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Chapter 5 REVIEW – TRIGONOMETRIC FUNCTIONS AND GRAPHS
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5.4 Equations and Graphs of Trigonometric Functions

KEY IDEAS

* You can use sinusoidal functions to model periodic phenomena that do not involve angles
as the independent variable. Examples of such phenomena include
— wave shapes, such as a heartbeat or ocean waves
— pistons in a machine or the swing of a pendulum
— circular motion, such as a Ferris wheel

* You can adjust the parameters a, b, ¢, and d in sinusoidal equations of the form
y=asinb(0®-c)+ dory = acos b8 - c) + dto fit the characteristics of the phenomenon

being modelled.

* Graphing technology allows you examine how well the model represents the data. It also
allows you to extrapolate or interpolate solutions from the model.

* You can find approximate solutions to trigonometric equations using the graphs of
the trigonometric functions. Express solutions over a specific interval or give a general

solution.
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5.1 Graphing Sine and Cosine Functions, pages 149-157

1. Graph at least two cycles of y = 3 cos (% ) State the amplitude and period in degrees.

3. Without graphing, determine the amplitude and period, in radians and in degrees, of each
function.

a) y = 2sin 3x b)y=%cosx

c)y=%cos2x d)y=—4sin%x
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5.2 Transformations of Sinusoidal Functions, pages 158-166

4. Determine the amplitude, period, phase shift, and vertical displacement with respect to

y = sin x or y = cos x for each function.

a)y=55in%(x+%)—l b) y = -3 cos 2(x—m) -3

¢) y=3cosd(x+ 50°)+ 6

5. Graph at least two cycles of y = sin Z(x + %) -04.

6. Write two equations of the form
y = acos b(0 - ¢) + d that represent the
function shown below.
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5.3 The Tangent Function, pages 167-174

Sw
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8. For each diagram, determine tan 6 and the value of 6, in degrees. If necessary, round your
answer to the nearest tenth.

" . Q(1,0.58)
L

5.4 Equations and Graphs of Trigonometric Functions, pages 175-182

9. Write a sinusoidal function to model the average temperature in Nanaimo, BC.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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10. Solve each equation by graphing.

0,0=x=<2m

a) sin 2x
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0, general solution in degrees

¢) sin 2(x-30°) + 0.5
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amplitude: 3; period: 720°

amplitude: 2; period: 120° or 3
amplitude: %; period: 360° or 27

amplitude: %; period: 180° or 7

amplitude: 4, period: 540° or 3w

amplitude: 5; period: 8w; phase shift: % units to
the left; vertical displacement: 1 unit down
amplitude: % ; period: ; phase shift: 7 units to

the right; vertical displacement: 3 units down

amplitude: 3; period: 90°; phase shift: 50° to the
left; vertical displacement: 6 units up
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6. Examples: y = 10cos4 (6~ ) =3,
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10 cos 4
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0.58; 6 = 30.1°
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5.1 Graphing Sine and Cosine Functions

» Sine and cosine functions are periodic or sinusoidal functions. The values of these functions
repeat in a regular pattern. These functions are based on the unit circle.

* Consider the graphs of y = sin 8 and y = cos 6.
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— The maximum value is +1. — The maximum value is +1.

— The minimum value is —1. — The minimum value is —1.

— The amplitude is 1. - The amplitude is 1.

— The period is 2. — The period is 2.

— The y-intercept is 0. — The y-intercept is 1.

— The 6-intercepts on the given domain — The 6-intercepts on the given domain
are —m, 0, m, 2w, and 3. are-X T 3w and 57’"'

—The domain of y = sin 6 is {6 |8 € R}. 2’2 2 _ :
_ The range of y = sin 8 is — The domain of y = cos 8 is {8 | 6 € R}.

b — The range of y = cos 0 is
l-1=y=1LyeR} {y|-1=y=1,y€ER}.

» For sinusoidal functions of the form y = a sin bx or y = a cos bx, a represents a vertical

stretch of factor |a| and b represents a horizontal stretch of factor I%l Use the following key
features to sketch the graph of a sinusoidal function.

— the maximum and minimum values

— the amplitude, which is one half the total height of the function

. __ maximum value — minimum value
Amplitude = S
The amplitude is given by |a|.
— the period, which is the horizontal length of one cycle on the graph of a function

Period = iTTlr or 3|6b(|)

Changing the value of b changes the period of the function.
— the coordinates of the horizontal intercepts
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5.2 Transformations of Sinusoidal Functions

* You can apply the same transformation rules to sinusoidal functions of the form
y=asinb(0—c)+dory=acosb(0-c)+d.
— A vertical stretch by a factor of |a| changes the amplitude to |q|.
y=asinb y=acosb

If a <0, the function is reflected through the horizontal mid-line of the function.

— A horizontal stretch by a factor of L changes the period to 3I6b(|) or %ﬁ radians.

||
y = sin (b0) y = cos (b)

If b < 0, the function is reflected in the y-axis.
— For sinusoidal functions, a horizontal translation is called the phase shift.

y=sin(0-c¢) y=cos(0—c)

If ¢ > 0, the function shifts ¢ units to the right.
If ¢ <0, the function shifts ¢ units to the left.
— The vertical displacement is a vertical translation.

y=sin0+d y=cosO+d
— If d > 0, the function shifts 4 units up.
— If d <0, the function shifts 4 units down.

d= maximum value + minimum value
- 2

— The sinusoidal axis is defined by the line y = d. It represents the mid-line of the function.

Apply transformations of sinusoidal functions in the same order as for any other functions:

i) horizontal stretches and reflections, ﬁ
ii) vertical stretches and reflections, |q|
iii) translations, ¢ and d

The domain of a sinusoidal function is not affected by transformations.

The range of a sinusoidal function, normally {y |-1 =< y < 1, y € R}, is affected by
changes to the amplitude and vertical displacement.

Consider the graph of y = 2 sin 2(x - -%) + 1.

a = 2, so the amplitude is 2

b = 2, so the period is 2—'“, or

c= %, so the graph is shifted % units right

d = 1, so the graph is shifted 1 unit up

domain: {x| x € R}

range: {y|-1=y=<3,y€ER}
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5.3 The Tangent Function

» These are the characteristics of the tangent function graph, y = tan x:
— It has period 7 or 180°.
— It is discontinuous where tan x is undefined, that is, when x =

n € 1. The discontinuity is represented on the graph of y = tan x as vertical asymptotes.

— The domain is(x|x ;&% +nm,xER,nE I).

— It has no maximum or minimum values.

—The rangeis {y | y € R}.

— It has x-intercepts at every multiple of m: 0, =, 27, ..., nw, n € 1. Each of the x-intercepts
is a turning point, where the slope changes from decreasing to increasing.

« On the unit circle, you can express the coordinates of the point P on the terminal arm
of angle 0 as (x, y) or (sin 6, cos ). The slope of the terminal arm is represented by the
tangent function:

slope =

-0
0

Therefore, you can use the tangent function to model the slope of a line from a fixed point to a
moving object as the object moves through a range of angles.





