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Math 30-1
Unit:  

Trigonometry Functions and Graphs
Topic: 
Graphing Sine and Cosine Functions
Objectives:


· To sketch the graphs of y = sin x and y = cos x

· To determine the characteristics of the graphs of   y = sin x and   y = cos x

· To demonstrate an understanding of the effects of vertical and horizontal stretches on the graphs of sinusoidal functions

· To solve a problems by analyzing the graph of a trigonometric function

Periodic Functions:

A periodic function is a function whose graph repeats regularly over some interval of the domain.  
Graph 
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Example
Compare the graphs given 
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a.  
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Any changes in domain, period, range or amplitude?



b.  
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Any changes in domain, period, range or amplitude?



Note

· Vertical stretches of the sine and cosine graphs work exactly the same way as they did for the functions we graphed in our translations unit. 
· Remember that vertical stretches affect only the y-coordinates, not the x coortinate.

· Vertical stretches affect amplitude and the range.
Example

Compare the graphs given 
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Any changes in domain, period, range or amplitude?

b.  
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Any changes in domain, period, range or amplitude?


Note

· Horizontal stretches also work the same way as before.  Since these stretches affect the x coordinates, they change the period of the sine or cosine function.
· Horizontal stretches affect period
· The period of the sine and cosine functions will always be 
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Example

Consider the graph of 
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a.  State the amplitude and period.

b.  Sketch the graph.

Example:  Complete the Table (
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	Equation
	Describe transformations to graph of  
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	Amplitude & 

Range
	Period in degrees
	Period in radians
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Complete the table comparing 
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Textbook Page 233 #4-11
Math 30-1
Unit:  

Trigonometry Functions and Graphs
Topic: 
Transformations of Sinusodal Functions
Objectives:


· Graph and transform sinusoidal functions
· Identify the domain, range, phase shift, period, amplitude, and vertical displacement of sinusoidal functions
Recall the following equation from transformations: 
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What the letters a, b, c, and d mean in trig  . . . 
a

b

c

d
Example:  Complete the Table

	Equation
	transformations to graph of  
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	range
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Summary of the Effect of the Parameters a, b, c and d:

For:  
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Example

Write the equations of the following.

a.   A cosine function having a horizontal phase shift of 
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 right:

b.  A sine function having a horizontal phase shift of 
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  radians left, and a vertical displacement 4 units up.
c.  A sine function that has a vertical displacement of 2 units down, a horizontal phase shift of 30o to the left , a period of 120o and an amplitude of 1.

d.  A cosine function that has reflected in the x-axis, has had a horizontal phase shift of 
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 radians to the right, a period of 
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 and an amplitude of 4. 

Example

	Equation
	Describe transformations
	amplitude
	Period (use same units as in equation)
	range
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Textbook Page 250 #1-7,11, 13

Math 30-1
Unit:  

Trigonometry Functions and Graphs
Topic: 
Transformations of Sinusodal Functions
Objectives:


· Develop equations of sinusoidal functions, expressed in radian and degree measure, from graphs and descriptions
· Recognize that more than one equation can be used to represent the graph of a sinusoidal function
Example
Determine the following characteristics for the graphs shown below.  Then, write the equation of the function as both a sine AND cosine function  and there is a minimal horizontal phase shift.   Assume a scale of 1 on the y-axis.  
(a) i/ Amplitude
____________


a = 
 



ii/ Period
____________

b = 
 



iii/ Vertical displacement   ____________

d = 
 




iv/ Range
 




	Sine function  
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(b)  i/ Amplitude
____________


a = 
 



ii/ Period
____________

b = 
 



iii/ Vertical displacement   ____________

d = 
 




iv/ Range
 





	Sine function  
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(c)  i/ Amplitude
____________


a = 
 



ii/ Period
____________

b = 
 



iii/ Vertical displacement   ____________

d = 
 




iv/ Range
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Textbook Page 252#14-16 and assignment on following page.

Assignment

1. Determine the amplitude, period, horizontal phase shift, and the vertical displacement for each function.

a) 
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2. a) Find the equation of a sine function that has a vertical displacement 3 units up,

a horizontal phase shift of 60° to the left, a period of 210° and an amplitude of 4.

b) Find the equation of a cosine function that has a vertical displacement 5 units down, a horizontal phase shift of 
[image: image71.wmf]2

3

p

 radians to the right, a period of 
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and an amplitude of 3.

3.   Graphs 1 and 2 each represent the graphs of trigonometric functions.
a)  Assuming a minimum possible phase shift, write the equation of each graph in the form
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b)  Assuming a minimum possible phase shift, write the equation of each graph in the form
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4.   The cosine graph shown has a range
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.The graph has an equation in the form
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, a > 0.  Determine the equation if the graph has a minimum possible phase shift.

5.   The sine graph shown has a maximum value of 20 and a minimum value of 10. The graph has an equation in the form 
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with a > 0. Determine the equation if the graph has a minimum possible phase shift. 

6.   Determine the range of the functions represented below.
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d) 
[image: image85.wmf]sin[()]

yabxcd

=-+


Multiple Choice

7. Which of the following graphs has the same x-intercepts as the graph of
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8. The equation 
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9. Which statement concerning the graph of 
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A. The maximum value is 6.
B. The period is 
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C. The amplitude is 
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D. The vertical displacement is 2.
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Math 30-1
Unit:  

Trigonometry Functions and Graphs
Topic: 
The Tangent Function
Objectives:


· Learn to sketch the graph of 
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· Learn to determine the amplitude, domain, range and period of 
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· Learn to determine the asymptotes and x-intercepts for the graph of 
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· Learn to solve a problem by analyzing the graph of the tangent function

Graph the function
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 Describe the period, max/min values, the range, domain, vertical asymptotes x and y intercepts.



Window: 


The value of the tangent of an angle, 
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 , is the slope of the line passing through the origin and the point on the unit circle 
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·  When 
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· When 
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For tangent graphs, the distance between any two consecutive vertical asymptotes represents on complete period.  

Example
Graph 
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 and state the amplitude and period.

Summary of the Effect of the Parameters a, b, c and d:

For 
[image: image121.wmf](

)

tan

yabxcd

=-+

éù

ëû



The following graphs have an equation in the form 
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 .  Determine the equations of both graphs. 
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Write the equation of a tangent function with a period of 
[image: image125.wmf]3
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 and a vertical displacement -3.
Assignment: pg. pg. 262-265 #1-4, 6, 8, 9, 12

Math 30-1
Unit:  

Trigonometry Functions and Graphs
Topic: 
Equations and Graphs of Trig Functions
Objectives:

· Learn to analyze a trigonometric function to solve a problem

· Learn to determine a trigonometric function that models a problem

· Learn to use a model of a trigonometric function for a real-world situation

One of the most useful characteristics of trigonometric functions is their periodicity.  With a partner, name as many situations in the world around us that can be represented in a sinusoidal graph.
Mathematics and scientists use the periodic nature of trigonometric functions to develop mathematical models to predict many natural phenomena.

You can identify a trend or pattern, determine an approximate mathematical model to describe the process, and use it to make predictions (interpolate or extrapolate)

You can use graphs of trigonometric functions to solve trigonometric equations that model periodic phenomena, such as the swing of a pendulum, the motion of a piston in an engine, motion of a ferris wheel, variations in blood pressure, the hours of daylight throughout a year, and vibrations that create sounds.

Example

The pendulum of a grandfather clock swings with a periodic motion that can be represented by a trigonometric function.  At rest, the pendulum is 16 cm above the base. The highest point of the swing is 
20 cm above the base, and it takes 2 s for the pendulum to swing back and forth once. Assume that the pendulum is released from its highest point.

a)
Write a cosine equation that models the height of the pendulum as a function of time.

b)
Write a sine equation that models the height of the pendulum as a function 
of time.
Example

At the bottom of its rotation, the tip of the blade on a windmill is 8 m above the ground. At the top of its

rotation, the blade tip is 22 m above the ground. The blade rotates once every 5 s.
a)
Draw one complete cycle of this scenario.
b)
A bug is perched on the tip of the blade when the tip is at its lowest point. Determine the cosine equation of the graph for the bug’s height over time.
c)
What is the bug’s height after 4 s?
d)
For how long is the bug more than 17 m above the ground?
Example

The depth, d, in meters, of water in a harbor can be approximated by the equation 
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 , where t   is the time, in hours, after the first high tide.

a. Graph the function for two cycles.

b. What is the maximum and minimum depths of the harbor?

c. What is the period of the tide?

Example

The motion of a point on an industrial flywheel can be described by the formula h(t) 
[image: image127.wmf]2
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 where h is height, in metres, and t is the time, in seconds.

a.  What is the range of the flywheel?

b.  What is the period of the function?

c.  What is the flywheel’s height at 1 minute?

Example

The fox population in a particular region can be modelled by the equation   F (t) 
[image: image128.wmf]12
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 where F is the fox population and t is the time, in months.

a. What is the maximum fox population throughout the year?  What month(s) does the maximum number occur in?

b.  What is the period of the cycle?

 Example

In some Caribbean countries, the current makes 50 complete cycles every second and the voltage is modeled by [image: image130.png]70 sin 1007t




a. Graph the voltage function over two cycles.  Use the window settings given.  Explain what

the scales on the axes represent.

b. What is the period of the current in these countries?

c.  How many times does the voltage reach 110V in the first second?

Example:  The graph at right shows the height, h, in metres above the ground, over time, t, in seconds that it takes a ferris wheel to make one complete revolution of the ride.  The maximum height of the ferris wheel is 19 m and the minimum height is 1 m.


(a) What is the period for 1 revolution of the ferris wheel?

(b) How high is the hub or centre of the ferris wheel off the ground?

(c) Write an equation for the height, h, of the ferris wheel as a function of time, t.  Use the sine function for h in terms of t.

(d) find the distance from the ground, to the nearest tenth of a metre, of a particular point on the ride at 
[image: image131.wmf]10
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(e) using technology, find the first time, to the nearest tenth of a second, that a particular point on the ferris wheel is 6 m above the ground.

Example

A nail is caught in the tread of a rotating tire at point N in the following sketch.

[image: image132.png]height in cm
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The tire has a diameter of 50 cm and rotates at 10 revolutions per minute.  After 4.5 seconds the nail touches the ground.

a.  Determine an equation for the height of the nail as a function of time in the form 
[image: image133.wmf](
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b.  How far, to the nearest tenth of a centimeter, is the nail above the ground after 6.5 seconds?

Assignment: pg. 275-279 #1-6, 9, 10, 12, 13, 15, 16, 19 & worksheet
Applications of Trigonometric Functions
1.  The alarm in a noisy factory is a siren whose volume, V decibels fluctuates so that t seconds after starting, the volume is given by the function 
[image: image134.wmf](
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a. What are the maximum and minimum volumes of the siren?

b.  Determine the period of the function.

c.  After how many seconds, to the nearest tenth, does the volume first reach 70 decibels?

d.  The background noise level in the factory is 45 decibels.  Between which times, to the nearest tenth of a second, in the first cycle is the alarm siren at a  lower level than the background noise?

e.  For what percentage, to the nearest percent, of each cycle is the alarm siren audible over the background factory noise?

2.  The depth of water in a harbor can be represented by a function 
[image: image135.wmf](
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 where d(t) is the depth in metres and t is the time in hours after low tide.

a. What is the period of the tide?

b.  A large cruise ship requires 14 m of water to dock safely.  For how many hours per cycle, to the nearest tenth of an hour, can a cruise ship dock safely?

3.  A city water authority determined that, under normal conditions, the approximate amount of water, W(t), in millions of litres, strored in a reservoir t months after May 1, 2003, is given by the formula 
[image: image136.wmf]
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a. On November 1, 2004, there was a serious fire which needed 300 000 litres of water to bring it under control.  How could you determine if the reservoir would have enough water?

b. If water rationing is not imposed, will the reservoir run dry?  If so, in what month?

4.  A satellite is launched into orbit and once in orbit, it follows a sinusoidal pattern that takes it north and south of the equator.  Twelve minutes after it is launched it reaches the farthest point north of the equator.  The distance north and south of the equator can be represented by the function 
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 where d(t) is the distance of the satellite north of the equator t minutes after being launched.

a. How far north or south of the equator is the launch site?

b.  Is the satellite north or south of the equator after 20 minutes?  What is the distance to the nearest kilometer?

c.  When, to the nearest tenth of a minute, will the satellite first be 2500 km south of the equator?

5. The first ferris wheel ever built had a diameter of 76 meters and the maximum height was approximately 80 m.  It had 36 carts on the wheel and each cart was able to hold about 60 people.  The wheel rotated at a speed of one revolution per every 3 minutes.

a. Sketch a graph to represent the height (in meters) of the cart as a function of time (in minutes).  Assume the cart is at its highest position at t = 0.

b.  Determine the equation of the graph in the form 
[image: image139.wmf](
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c.  How high is the cart 5 minutes after it starts rotating?  Answer to the nearest meter.

d. How many seconds after the wheel starts rotating does the car first reach 10 m from the ground?  Answer to the nearest second.

6.  A Ferris wheel at Westworld Theme Park has a radius of 15 m and travels at a rate of 6 revolutions per minute.  You get on the ride from a platform 1 m above the ground.

a.  Determine the equation of the graph in the form 
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b.  If the ferris wheel does not stop, determine the height above the ground after 28 seconds

c.  How long after the wheel starts rotating does the first cart reach a height of 12 m off the ground?

d.  How long does it take from the time the first cart first reaches 12 m until the next time it reaches a height of 12 m?

7.  A local gymnast is doing timed bounces on a trampoline.  The trampoline mat is 1 meter above ground level.  When she bounces up, her feet reach a height of 3 meters above the mat, and when she bounces down, her feet depress the mat by 0.5 meters.  Once she is in rhythm, her coach uses a stopwatch to make the following readings:

· At the highest point, the reading is 0.5 seconds,

· At the lowest point, the reading is 1.5 seconds.

a.  Sketch 2 periods of the graph which represents the girls height in meters as a function of time in seconds.

b.  How high was she above the mat when the coach started timing?

c.  Determine the equation in the form 
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d. How high, to the nearest tenth of a meter, was the gymnast above the ground after 2.7 seconds?

e. How high was she after 17 seconds?

f.  How long after the timing started did she first touch the mat?

Answers

1.  Answers

a.  max = 78dB, min = 42dB

b. 30 seconds

c. 2.8 seconds

d. 19.7 seconds – 25.3 seconds

e. 81%

2. Answers

a. 12 hours

b. 7.9 hours

3. Answers

a. Draw the line y = 0.3. if the line intersects the graph, the reservoir will run out

b. In month 26 (July 2005)

4. Answers

a. 2369 km north

b. 3765 km north

c. 35.3 minutes

5. Answers

a. Graph

b. 
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c. 23 m

d. 78 sec

6. Answers

a. 
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b. 11.4 m

c. 2.1 sec

d. 6 sec

7. Answers

a. Graph
b. 1.25 m

c. 
[image: image144.wmf](
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d. 3.7 m
e. 1.3 m

f. 1.3 seconds

Math 30-1
Unit:  

Trigonometry Functions and Graphs
Topic: 
Equations and Graphs of Trig Functions
Objectives:

·  Learn to use the graphs of trigonometric functions to solve equations

Example

Solve the following first degree trig equations.

a. 

, 
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 as exact values .

b.  

,     
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c.  
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  rounded to the nearest hundredth.

Example

Solve the following second degree trig equations.

a. [image: image155.png]4sin’x —




 ,  [image: image157.png]0° < x < 360°



   .

b. 

 ,  
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 , as exact values.
c.  

 .   Express your answer as a general solution in degrees.
d. 

, 
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   Express your answer as a general solution in radians as exact values.
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For � EMBED Equation.DSMT4 ���


As a increases or decreases, the period stays the same and the amplitude increases or decreases.


a is a vertical stretch.
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-1
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Period





amplitude = � EMBED Equation.DSMT4 ���





Period = � EMBED Equation.DSMT4 ���  (for degrees)





Period = � EMBED Equation.DSMT4 ���  (for radians)





Horizontal phase shift = c


to right if c > 0


to left if c < 0





Vertical displacement = d


up if d > 0, down if d < 0


� EMBED Equation.DSMT4 ���





Period is 








there is no amplitude (or max/min)








Range is 








Asymptotes at 











Domain: 











x-intercepts: 














y-intercept at 








amplitude – not applicable


a value represents:


a vertical stretch 


Period = � EMBED Equation.DSMT4 ���	    (degree measure)


Period = � EMBED Equation.DSMT4 ���    (radian measure)


horizontal phase shift = c


right if c > 0, left if c < 0


vertical displacement = d


up if d > 0


down if d < 0
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