Curriculum Expectations (2006)

Trigonometry

Grade 11

Determining and Applying Trigonometric Ratios
1. determine the exact values of the sine, cosine, and tangent of the special angles: 0º, 30º, 45º, 60º, and 90º

2. determine the values of the sine, cosine, and tangent of angles from 0º to 360º, through investigation using a variety of tools (e.g., dynamic geometry software, graphing tools) and strategies (e.g., applying the unit circle; examining angles related to special angles)

3. determine the measures of two angles from 0º to 360º for which the value of a given trigonometric ratio is the same

Connecting Graphs and Equations of Sinusoidal Functions

1. describe key properties (e.g., cycle, amplitude, period) of periodic functions arising from real-world applications (e.g., natural gas consumption in Ontario, tides in the Bay of Fundy), given a numerical or graphical representation

2. sketch the graphs of f (x) = sinx and f (x) = cosx for angle measures expressed in degrees, and determine and describe key properties (i.e., cycle, domain, range, intercepts, amplitude, period, maximum and minimum values, increasing/decreasing intervals)

3. determine, through investigation using technology, and describe the roles of the parameters a, k, d, and c in functions of the form y = af (k(x – d )) + c in terms of transformations on the graphs of f (x) = sinx and f (x) = cosx with angles expressed in degrees (i.e., translations; reflections in the axes; vertical and horizontal stretches and compressions)

a. Sample problem: Investigate the graph f (x) = 2sin(x – d ) + 10 for various values of d, using technology, and describe the effects of changing d in terms of a transformation.

4. determine the amplitude, period, phase shift, domain, and range of sinusoidal functions whose equations are given in the form f (x) = a sin(k(x – d )) + c or f(x)= a cos(k(x – d )) + c

5. sketch graphs of y = af (k(x – d )) + c by applying one or more transformations to the graphs of f (x) = sinx and f (x) = cosx, and state the domain and range of the transformed functions

a. Sample problem: Transform the graph of f (x) = cos x to sketch g(x) = 3cos2x – 1, and state the domain and range of each function.

6. represent a sinusoidal function with an equation, given its graph or its properties

a. Sample problem: A sinusoidal function has an amplitude of 2 units, a period of 180º, and a maximum at (0, 3). Represent the function with an equation in two different ways.].

Connecting Graphs and Equations of Sine Functions

1. describe key properties (e.g., cycle, amplitude, period) of periodic functions arising from real-world applications (e.g., natural gas consumption in Ontario, tides in the Bay of Fundy), given a numerical or graphical representation

2. make connections between the sine ratio and the sine function by graphing the relationship between angles from 0º to 360º and the corresponding sine ratios, with or without technology (e.g., by generating a table of values using a calculator; by unwrapping the unit circle), defining this relationship as the function f (x) = sinx, and explaining why it is a function

3. sketch the graph of f (x) = sinx for angle measures expressed in degrees, and determine and describe its key properties (i.e., cycle, domain, range, intercepts, amplitude, period, maximum and minimum values, increasing/decreasing intervals)

4. make connections, through investigation with technology, between changes in a real-world situation that can be modelled using a periodic function and transformations of the corresponding graph (e.g., investigating the connection between variables for a swimmer swimming lengths of a pool and transformations of the graph of distance from the starting point versus time)

a. Sample problem: Generate a sine curve by walking a circle of two-metre diameter in front of a motion sensor. Describe how the following changes in the motion change the graph: starting at a different point on the circle; starting a greater distance from the motion sensor; changing direction; increasing the radius of the circle; and increasing the speed.

5. determine, through investigation using technology, and describe the roles of the parameters a, c, and d in functions in the form f (x) = a sinx, f (x) = sinx + c, and f(x) = sin(x – d) in terms of transformations on the graph of f (x) = sinx with angles expressed in degrees (i.e., translations; reflections in the x-axis; vertical stretches and compressions)

6. sketch graphs of f (x) = a sinx, f (x) = sin x + c, and f(x) = sin(x – d) by applying transformations to the graph of f (x) = sinx, and state the domain and range of the transformed functions

a. Sample problem: Transform the graph of f(x) = sinx to sketch the graphs of g(x) = –2sinx and h(x) = sin(x – 180°), and state the domain and range of each function..

Grade 12 

1. graph, using angles expressed in radians, the trigonometric functions and the reciprocal trigonometric functions and describe the key features of their graphs (e.g., state the domain, range, and period and identify and explain the occurrence of asymptotes)

2. graph the function f(x) = tan x and the reciprocal trigonometric functions and describe their key features

3. determine the amplitude, period, phase shift, domain, and range of sinusoidal functions with domain expressed in radians and represented in the form f (x) = a sin(k(x – d )) + c or f (x) = a cos(k(x – d )) + c

4. sketch graphs of y = af (k(x – d )) + c by applying one or more transformations to the graphs of f(x) = sin x and f (x) = cos x, and state the domain (in radians) and range of the transformed functions

a. Sample problem: Transform the graph of f (x) = cos x to sketch g(x)=3cos2x – 1, and state the domain and range of each function.

5. recognize that a sinusoidal function can be expressed using either the sine or the cosine functions and represent a sinusoidal function algebraically, given its properties or given its graph with domain expressed in radians

a. Sample problem: A sinusoidal function has an amplitude of 2 units, a period of π, and a maximum at (0, 3). Represent the function with an equation in two different ways..

6. pose and solve problems involving situations that can be modelled by trigonometric functions, expressed in radians, arising from real world applications (e.g., seasonal changes in temperature, tides, length of day, oscillating spring), with and without technology; 

a. Sample problem: The population (P) of owls (predator) in a certain region can be modelled by the function P(t) = 1 000 + 100 sin (πt/12) where t represents time in months and the population of a mice (prey) in the same region is given by p(t) = 20000 + 4 000 cos (πt/12). Sketch the graphs of each of these functions and pose and solve problems related to the relationships between the two populations over time.

7. recognize, whether or not two trigonometric expressions are equivalent, and verify using graphing technology ( e.g., recognize that sin x and cos( x - π /2) are equivalent by graphing f(x) = sin x and f(x) = cos( x - π /2)).

Mathematics for College Technology

1. make connections between the cosine ratio and the cosine function by graphing the relationship between angles from 0º to 360º and the corresponding cosine ratios, with or without technology (e.g., by generating a table of values using a calculator; by unwrapping the unit circle), defining this relationship as the function f (x) = cos x, and explaining why the relationship is a function

2. graph the sinusoidal functions f (x) = sin x and f (x) = cos x for angle measures expressed in degrees, and determine and describe key properties (i.e., cycle, domain, range, intercepts, amplitude, period, maximum and minimum values, increasing/ decreasing intervals)

3. determine, through investigation using technology, and describe the roles of the parameters d, and c in functions of the form y = sin (x – d ) + c and y = cos (x – d) + c in terms of transformations on the graphs of f (x) = sin x and f (x) = cos x with angles expressed in degrees (i.e., vertical and horizontal translations)

a. Sample problem: Investigate the graph f (x) = 2sin(x – d ) + 10 for various values of d, using technology, and describe the effects of changing d in terms of a transformation.

4. determine, through investigation using technology, and describe the roles of the parameters a and k in functions of the form y = a sin kx and y = a cos kx in terms of transformations on the graphs of f (x) = sin x and f (x) = cos x with angles expressed in degrees (i.e., reflections in the axes; vertical and horizontal stretches and compressions)

a. Sample problem: Investigate the graph f (x) = 2sin kx for various values of k, using technology, and describe the effects of changing k in terms of a transformation.

5. determine the amplitude, period, phase shift, domain, and range of sinusoidal functions whose equations are given in the form f(x) = a sin(k(x – d )) + c or f(x)=a cos (k(x – d )) + c

6. sketch graphs of y = a sin (k(x – d )) + c and y = a cos (k(x – d )) + c by applying transformations to the graphs of f (x) = sin x and f (x) = cos x, and state the domain and range of the transformed functions

a. Sample problem: Transform the graph of f (x) = cos x to sketch g(x)=3cos2x – 1, and state the domain and range of each function.

7. represent a sinusoidal function with an equation, given its graph or its properties

a. Sample problem: A sinusoidal function has an amplitude of 2 units, a period of 180º, and a maximum at (0, 3). Represent the function with an equation in two different ways.

Curriculum Expectations addressed by Trig. &Log. Interactive

MCR3U

· CF1 – determine the exact values of the sine, cosine, and tangent of the special angles: 0º, 30º, 45º, 60º, and 90º

· CF11 - sketch the graphs of f (x) = sinx and f (x) = cosx for angle measures expressed in degrees, and determine and describe key properties (i.e., cycle, domain, range, intercepts, amplitude, period, maximum and minimum values, increasing/decreasing intervals)

· CF12 – determine, through investigation using technology, and describe the roles of the parameters a, k, d, and c in functions of the form y=af ( k ( x – d )) + c in terms of transformations on the graphs of f (x) = sinx and f (x) = cosx with angles expressed in degrees (i.e., translations; reflections in the axes; vertical and horizontal stretches and compressions)

· Sample problem: Investigate the graph f (x) = 2sin(x – d ) + 10 for various values of d, using technology, and describe the effects of changing d in terms of a transformation.

· CF13– determine the amplitude, period, phase shift, domain, and range of sinusoidal functions whose equations are given in the form f (x) = a sin(k(x – d )) + c or f (x) = a cos(k(x – d )) + c 

· CF14– sketch graphs of y = af (k(x – d )) + c by applying one or more transformations to the graphs of f (x) = sinx and f (x) = cosx, and state the domain and range of the transformed functions 

· Sample problem: Transform the graph of f (x) = cos x to sketch g(x) = 3cos2x – 1, and state the domain and range of each function.

· CF15 – represent a sinusoidal function with an equation, given its graph or its properties

· Sample problem: A sinusoidal function has an amplitude of 2 units, a period of 180º, and a maximum at (0, 3). Represent the function with an equation in two different ways..

· CF16 - collect data that can be modelled as a sinusoidal function (e.g., voltage in an AC circuit, sound waves), through investigation with and without technology, from primary sources, using a variety of tools (e.g., concrete materials; measurement tools such as motion sensors), or from secondary sources (e.g.,websites such as Statistics Canada, E-STAT), and graph the data

· Sample problem: Measure and record distance-time data for a swinging pendulum, using a motion sensor or other measurement tools, and graph the data.

MCF3M

· TF9 - sketch the graph of f (x) = sinx for angle measures expressed in degrees, and determine and describe its key properties (i.e., cycle, domain, range, intercepts, amplitude, period, maximum and minimum values, increasing/decreasing intervals)

· TF11 – determine, through investigation using technology, and describe the roles of the parameters a, c, and d in functions in the form f (x) = a sinx, f (x) = sin x + c, and f(x) = sin(x – d) in terms of transformations on the graph of f (x) = sinx with angles expressed in degrees (i.e., translations; reflections in the x-axis; vertical stretches and compressions)

· TF12 – sketch graphs of f (x) = a sinx, f (x) = sin x + c, and f(x) = sin(x –d) by applying transformations to the graph of f (x) = sinx, and state the domain and range of the transformed functions 

· Sample problem: Transform the graph of f(x) = sinx to sketch the graphs of g(x) = –2sinx and h(x) = sin(x – 180°), and state the domain and range of eachfunction.

· TF13 – collect data that can be modelled as a sine function (e.g., voltage in an AC circuit, sound waves), through investigation with and without technology, from primary sources, using a variety of tools (e.g., concrete materials; measurement tools such as motion sensors), or from secondary sources (e.g.,websites such as Statistics Canada, E-STAT), and graph the data 
· Sample problem: Measure and record distance-time data for a swinging pendulum, using a motion sensor or other measurement tools, and graph the data.
