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Modeling with more than One Function - Activities
This bank of activities/questions mirrors those provided in the bank of summative assessment questions for Unit 6 posted on the OAME website, and are tied to specific lessons in that Outline. Mathematical Processes like Connecting and Reasoning can be best assessed when questions have not been practised and become routine. Therefore teachers are advised to select only some of the Connecting and Reasoning types of questions for both instruction and evaluation, leaving others for only summative evaluation.
Each question is prefaced by an indication of curriculum expectations, including Mathematical Process expectations addressed, and an indication of when facts and procedures are a focus. More questions requiring facts and procedures would be appropriate to include in the lessons and for home extension, and can be created by the teacher.
Scientific calculators are acceptable throughout; graphing technology is allowed where indicated.  
Day 2 Expectations: C4.3, D3.2, Selecting Tools and Computational Strategies,

Connecting concepts and procedures

1.  Solve (graphing technology permitted)

 
2 > (x-1)(x+4)(x-4); 
(x-3) < (x+1)(x-2); 
-x3 + 4x > 2(x - 2)2 


Day 2 Expectations: D3.2, Connecting concepts and procedures, Reasoning and Proving
2. Solve,   -2( ≤ x ≤ 2(  (graphing technology permitted)          

3cos(x) < 2x; 
sin(x) = x; 
2x ≤ x; 
-cos(x) = x ; 
cos(x) < x
Day 2 Expectations: D3.2, D3.3, Connecting to real life

3.  Sue is investing $1000.  She visits Bank A, which offers an investment at 9% simple interest.  The equation representing this accumulated amount is: A = 90t + 1000, where t is time in years after the investment is made.  Bank B offers her 6% compounded annually.  The equation representing her accumulated amount is A = 1000(1.06)t, where t is time in years.  During what time interval will the value of her investment be greater if invested with Bank A rather than Bank B? (graphing technology permitted)

Day 2 Expectations: C1.7, C4.3, D3.2, Connecting concepts and procedures, Representing
4. [image: image21.png]The Geometer's Sketchpad - [Untitled 1]
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The highlighted values on the x axis represent the solution to an inequality connected to the 2 functions shown on the grid.


a) State the equations of the 2 functions shown on the grid.

b) Determine the algebraic representation of the associated inequality 

Day 3 Expectations: D3.1, D3.3, Connecting to real life, Representing
5. The results of the CO2 mixing ratio from the years 1006 to 1978 are shown in the figure below. 

http://www.john-daly.com/bull120.htm

If you were to represent this data algebraically, identify each type of function you would choose and state the domain over which this model is appropriate.  Explain the reasoning for your choice of function model.
	Domain

 (in years)
	Algebraic (function) Model
	Reasoning

	
	
	


Day 4 Expectations: 2.1, Connecting, Representing

6.      Given f(x) = x and g(x) = cos(x)

a) Sketch the graph of h(x) = f(x) + g(x) = x + cos(x) without technology.

b)  Describe the key features of your graph with reference to f(x) and g(x). 

Day 2, and 4 Expectations: D 2.2, D3.3, Reflecting, Connecting to real life, Representing 
7. Given 2 functions that deal with a company’s daily production costs and revenue:
· C(n) = 0.00004(n-100)3 +100, gives the total cost, in thousands of dollars, of producing n widgets, in hundreds, 0 ≤ n ≤ 300.
· R(n) = n+25 , represents the total revenue, in thousands of dollars, received by the firm from selling n widgets, in hundreds.
     (graphing technology permitted)
a) Interpret, in context, the intersection points of C(n) and R(n).

b) What does R(n) – C(n) represent in this context? 
c) How many widgets must be produced for the company make a profit?  
d) What number of widgets will produce the largest profit?  

e) Should the company have any concerns? Explain.
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Day 2 and 5  Expectations: D 2.2, D3.3, Reflecting, Connecting to real life, Representing 
8.  In a variation of a Filipino pole dance called Tinikling, http://en.wikipedia.org/wiki/Tinikling two pairs of parallel bamboo poles, perpendicular to each other, are moved back and forth at floor level, making a rectangular figure. 
A dancer steps into and out of the region between the poles trying to avoid being   pinched between them as they come together, The area, A(t), in square feet, varies with time, t, in seconds. Suppose W(t) = 2 + 2cos t and L(t) = 3 + 2 sin 2t, represent the width and length, in feet,  at time t, in seconds, 0<t<10.
a) At what times, during the first 10 seconds, is the region a square?

b) During the first 10 seconds, when is the width greater then the length?
c) At what rate is the area changing when t = 3 sec.?     (graphing technology permitted)
d) Is the area increasing or decreasing at t = 3 sec.?
Day 4, 5 or 10-12 Expectations: D2.1, D2.3, Connecting procedures and concepts, Reasoning, Representing 
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9.  Given the provided graphs of y = f(x) (quadratic)  and y = g(x) (exponential).
[image: image1.wmf]
Complete the given chart by selecting appropriate x-values and x-intervals, and stating associated properties relevant for sketching a graph of 
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-3 ≤ x ≤ 3, and sketch y=h(x) on the same grid.  
REPEAT for f(x)+ g(x) and f(x) – g(x) and g(x) – f(x).
Some properties to consider are: 0, 0 < y < 1, -1< y < 0, y>1, y<-1 positive, negative, increasing, decreasing, asymptotic, approaching infinity, large size, small size. 
	x  or interval
	Properties of f(x)
	Properties of g(x)
	Inferences about h(x)

	add rows as needed 
	
	
	 


Day 4 or 5 Expectations: Selecting Tools and Computational Strategies, Connecting concepts and procedures

10.  If f(x) - g(x) = - x3 + 4x2 + 2, and f(x) = 2x3 – 6x2 + 1, determine g(x).  (graphing technology permitted)
 
This question should be modeled graphically and several ways algebraically.
Day 4 or 5 Expectations: D2.1, Selecting Tools and Computational Strategies , Reasoning and Proving

11. The following graphs are combinations of the functions  f(x) = sin(x) and 

g(x) = 2x and the operations of addition and subtraction. 

State the resulting function as a combination of these using addition or subtraction.  Justify your answer by making reference to the key features of the graphs as related to the given functions. 

Predict the behaviour of each graph for large negative values of x.

	Graph 
	Equation and Explanation

	[image: image3.png]noname1.wp2
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Day 5 Expectations: D2.1, D3.1, Reasoning and Proving, Connecting concepts and procedures

12.   Compare and contrast the given graph of h(x)*g(x) = x(2x), to the graphs of        h(x) = (x) and g(x) = 2x  with respect to each of the following. 

i)  domains and ranges

ii) maximum and minimum values
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iii) asymptotes 


Day 5  Expectations: D2.1, D2.3, D2.5, D2.8, Connecting concepts and procedures, Reasoning and Proving, Reflecting

13. For each of the following, state whether it is True (T) or False (F). 

 
If it is True, explain how you know.  
 
If it is False, correct the statement OR provide a counter example. (Graphing  
 
technology permitted)

a)  If f(x)*g(x) = f(x), then g(x) = x.                                                              
T    F 
b) f(x) - g(x) = g(x) - f(x) .  





T    F 

Day 6 Expectations: D2.1, Connecting concepts and procedures, Reasoning and Proving, Reflecting

14.  Consider the given graph of   
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   (graphing technology permitted)
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a) Explain why it makes sense that the graph is in only the 1st and 3rd quadrants

b) Approximate the co-ordinates of the local maximum in the first quadrant. ____ 

c) Explain the behaviour of the curve in the first quadrant by making reference to the original functions. 

d) Explain why the graph goes through the origin.



Day 6 Expectations: D2.2, Connecting to real life, Representing

15.  The Employment Rate of Canadians is seasonal and seems to be increasing 

as shown in this graph.  
a) Discuss the reasons why the graph might fluctuate throughout the year.  
b) What 2 function families might be combined to produce this graph?  _______

c) What operation might be used to combine these functions?

d) Use your knowledge of functions and graphing technology to determine a combination of functions which will produce this graph.  
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.
Note to teachers:  The following 2 sets of data may be used to develop further questions for students to investigate, as per #15
DATA SET 1:
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DATA SET 2:

Population of 20-24 year olds is roughly sinuosoidal. This can be represented as the sum of the male 20-24 year old population  and the female 20-24 year old population  

All 3 curves can be approximated by sine curves. The sine curve for the total population has the sum of the amplitudes of the male and female sine curves. The period and phase are the same for all 3 curves.
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Day 6  Expectations: D2.1, D3.1, Reasoning and Proving, Connecting concepts and procedures
16. Compare and contrast the given graph of h(x) ÷ g(x) = 
[image: image11.wmf]x

x

2

, to the graphs of h(x) = (x) and g(x) = 2x  with respect to each of the following. 

i)  domains and ranges

ii) maximum and minimum values
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iii) asymptotes


Compare and contrast this graph with the graph in question 12.

Day 8 Expectations: D2.7, Selecting Tools and Computational Strategies, Reasoning and Proving

17.  Given f(x) = 3x - 4, determine f-1(x).  Show that f(f-1(x)) = x.  (Graphing technology permitted)

18.  Numerically, graphically or algebraically, the inverse of a function can be determined by interchanging the values of “x” and “y”. (interchanging specific values of the domain & range).  Use this procedure / definition / strategy to explain why f(f-1(x)) = f-1(f(x)) = x.
Day 7 - 9 Expectations: D2.4, D2.5, Connecting concepts and procedures, Reflecting, Reasoning and Proving 
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19.  Given the following graphs of f(x) = 2x  and  g(x) = cos(x) 

a) Predict the graph of f(g(x)).  Sketch your prediction on the grid below.  
Explain your thinking about the key features directly on your graph. 
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b) Use graphing technology to graph f(g(x)).  Sketch a copy of this graph on the grid provided and compare it to your graph.
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Fle Equa View Bins One Two Anim Misc





c) If your graph is different from the one created using technology, analyze the differences and describe any aspects you did not initially think about when making your sketch.  Explain what you understand now that you did not consider originally.

If your graph is the same as the one created using technology, explain how you determined the domain and range.

Day 7-9 Expectations: D2.4, D2.5, Connecting concepts and procedures, Reasoning and Proving 
[image: image27.jpg]


ALTERNATE 19. Given f(x) = 2x and g(x) = cos(x), the following graph is a sketch of the of f(g(x)).  

State each of the following and explain the connections between the properties of the above graph and the original functions f(x) and/or g(x):

a) The domain

b) The range

c) The x intercepts (zeros)

Other functions and operations (addition, subtraction, multiplication, division)can be considered as well.
Day 4-9 Expectations: D2.1, D2.3, Connecting concepts and procedures

20. Create a combination of 2 functions, selected from different function families (i.e., linear, quadratic, cubic, trigonometric, logarithmic, exponential), such that when they are combined the resulting function will have the indicated property or characteristic.  Include the functions and the combination (addition, subtraction, multiplication, division, composition)
  

Example: Create a combination of 2 functions that results in a function that is always increasing.  
 
Sample Answer:
 

h(x) = 2x + x is always increasing.

a. A vertical asymptote at x = 2

b. Asymptotic to the y axis

c. An even function

d. An odd function

e. Has a y intercept at y = 3.

f. The function is always decreasing

g. The rate of change is constant

h. The rate of change is exponential

i. Is periodic

Day 7-9 Expectations: D 2.4, D2.5, D2.6, Connecting to real life

Graphing technology permitted

21.  The speed of a car, v kilometers per hour, at a time t hours is represented by v(t) = 40 + 3t + t2.  The rate of gasoline consumption of the car, c litres per kilometer, at a speed of v kilometers per hour is represented by c(v) = 
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.  Determine algebraically c(v(t)), the rate of gasoline consumption as a function of time.  Determine, using technology, the time when the car is running most economically during a four-hour trip.
Day 8 Expectations: D2.5, Facts and procedures         
22.  Given f(x) = x3 – 1,  g(x) = sin(x),  h(x)=logx,  determine the following: 

(a) f(g(x))                


     (b) g(h(x))  
Students may need to do more of these.  Choose different functions.      

Day 8 or 9 Expectations: D 2.5, Connecting concepts and procedures, Reasoning and Proving
23.  a) If f(g(x)) = log(x-1)2, determine expressions for f(x) and g(x), where g(x) 
[image: image15.wmf]¹

x
b) If f(g(x)) =  (x-1)2 -3(x-1) +4, determine expressions for f(x) and g(x), where g(x) 
[image: image16.wmf]¹

x
c) If f(g(x)) = (x+5)3 – 2(x+5)2 +(x+5) determine expressions for f(x) and g(x), where g(x) 
[image: image17.wmf]¹

x
d) Check your answer for each of the above by choosing a value for x and evaluating the numerical answer for g(x), then f(g(x)).  Then evaluate by substituting directly into your expression f(g(x)).


Day 10-12 Expectations: D2.3, D2.4, Facts and procedures, Selecting Tools and Computational Strategies         

24.  Complete the following chart: (Graphing technology permitted)

	Function
	State: even / odd / neither
	Explain/show how you know

	f(x) = 
[image: image18.wmf]2

1

x2 + 2
	
	

	g(x) = x3
	
	

	f (x)g(x)
	
	

	f(x)/g(x)
	
	

	f(x) – g(x)
	
	

	f(g(x))
	
	Explain using 2 methods




Do more of these by choosing different functions      
Day 10 – 12 Expectations: D2.1, Reasoning and Proving, Connecting concepts and procedures

25.  State a combination of two (2) of the following functions which will produce each of the following graphs.  Justify your answer by making reference to the key features of the graph as related to the given functions. 

Select from functions: f(x) = x, g(x) = x2 - 4,  h(x) = sin(x),  j(x) = 2x .
Select from operations: addition, subtraction, multiplication, division.
a) 
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b) 
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Day 10-12 Expectations: D2.1, D2.3, D2.5, D2.8, Connecting concepts and procedures, Reasoning and Proving, Reflecting

26.  For each of the following, state whether it is True (T) or False (F). 

If it is True, explain how you know.  
If it is False, correct the statement OR provide a counter example. (Graphing technology permitted)
a) If f(x) is even and g(x) is odd, then f(x) + g(x) is not even



T    F 
b) If f(x) is even and g(x) is even, then f(x)*g(x)) is even  



T    F 
c) If f(x) is a linear function and g(x) =x3+1, 
then the graph of g(f(x)) is the same as a vertical translation of g(x)  

T    F
Day 10-12 Expectations: D2.2, Connecting concepts and procedures, 

Reasoning and Proving, Reflecting

27.  State if each of the following statements is always true (A), sometimes true (S), or never true (N).  Justify your answer. (Graphing technology permitted)

a) f(x) *g(x) = g(x) * f(x)






A  S  N
b) If f(x) is an even function, then –f(x) is an odd function.


A  S  N
c) If f(x) is even and g(x) is even, the f(g(x) is even    


A  S  N
d) If f(x) is odd and g(x) is odd, then f(g(x)) is even    


A  S  N
e) f(f-1(x)) = 1    







A  S  N
f) If f(x) is a function, then f-1(x) is a function



A  S  N
Day 4 Expectations: D 1.8, D1.9, Connecting concepts and procedures, Selecting Tools and Computational Strategies, Reasoning and Proving

28. Provide evidence of the truth of the following statement using at least 3 different instants, or refute it with a counter-example. (Graphing technology permitted)


The slope of the tangent at x1 on the sum of y= 2x and y=x2 is equal to the sum of the slope of the tangent at x1 on y=2x and the slope of the tangent at x1 on y=x2.

A question which assesses the same mathematical concept in context would be appropriate.
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