6.6 Combining Transformations

Combining Transformations of Sinusoidal
6.6  Functions

m Apply all transformations to graphs of sinusoidal functions.

Get Started
The graph of y = flx) is shown.
On the same grid, sketch the graph of y + 3 = —; A2(x — 4)).
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Construct Understanding



Construct Understanding

The graph of y = sin x is shown below.
On the same grid, sketch a graph of y = sin 2x.
On the second grid, sketch graphs of:

1. 1. =
y =3sin2x y=-zsm2(r—;)

y= —;sm Zér - %) -3

Label each image graph with its equation.

Describe how the graph changes with each transformation.
Complete the table below.

“ - y ‘y
4 )= Binle N
\ ’ A\ ’
h . .
3
4 =t
Equation of Function
Characteristic i L 1. = 1. B
y = sin 2x y--ismz:: y-isn2x-7 y--ismzx-f -3
Perlod 21T _
= =T
Amplitude 1 %
Domain of functicn xeR
I 1 Suvact 3 from max7mm)
Range of function —1éyél ‘zéyéz -354y£-25
Phase shift none _1:_
- 0)% )T, [(add 4 To each zew)
T ,%mT SN IKX..
L1 -0
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The graph of a function y = af(b{x — c)) + dis the image of the graph
of y = flx) after transformations. The transformations depend on the
values of the constants a, b, ¢, and d.

y = af{b(x = ) + d

Constant a b (4 d
Trarsformation | vertical stretch | horizontal horizental | vertical
appliedtothe | or compression | stretch or trangatlon | translaton
graph of by afactorof | compression by | of cunits | of d units
y= ial; factor of -

fa<otee |2 b

lsalso a if b « 0, there &

reflection In the | also a reflection

x-axis In the y-axis

In Lesson 6.5, these transformations were applied to the graphs of

¥ = sinx,y = cosx,and y = tan x. The transformations may change the
period, the location of the centre line, any zeros, and the amplitude of a
sinusoidal function. As a result, the range may also change.

The appearance of the graph of a trigonometric function can be
predicted from its equation.
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Check Your Understanding
1. a) Predict hows the graph of
ya%cosB(x +%) +2

is related to the graph of
y = CosX.

b) Sketch the graph of
y=%ms3(x+%) +2
for 2= < x < 2, then

list the characteristics
of the function.
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Example 1 Using Transformations to Sketch a Graph
of a Trigonometric Function

a) Predict how the graphof y = Zsin%(x —-—;) — lisrelated to the
graph of y = sin x.

b) Sketch the graph of y = 2sin%( —;)— 1for0 < x < 4, then
list the characteristics of the function.

SOLUTION
a) Thegraphofy = 2dn%(x - ;) =
graph of y = sin x after the following transformations have heen
applied:
* avertical stretch by a factor of 2
* a horizontal stretch by a factor of 2
* ahorizontal translation (phase shift) of% units right
* avertical translation of 1 unit down

b) Sketch the graph of y = sin .

Since the p::asc shift is%, use a horizontal scale of 1 square
3.
The horizontal stretch doubles the spacing between the zeros.
The phase shift translates these points% units right, then the

vertical shift moves them 1 unit down. Plot these transformed
points; they lic on the line ¥ = —1, which is the centre line of the
image graph. Choose other points on the graph of ¥ = sin x. For
cach point: double the x-coordinate; double the y-coordinate; shift
the point-; units right; then 1 unit down

1 is the image of the

represents

Plot the points on the grid and join them.

Y

. = ainl x
AN N LA N

-
o
P

:
£
wl
50
|
F 1

1
A
N



-

ij.:z - 19 Y

+5 i

2

arca

The amplitude is 2; the period is 41r; the phase shift isg; the zeros
and 2m; the domain is xe R; and the rangeis =3 =< y < 1.
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Write an equation for the sinusoidal function graphed below, in terms
of sin x.

Vi /
N N N
SOLUTION

An equation has the form: y = asinb{x — ) + d

The equation of the centre line is y = —3, so the vertical translation is

3 units downand d = —3.
The amplitude is the distance between the centre line and a maximum
or minimum point. This distance is: 2 = g
For the period, choose the x-coordinates of two adjacent minimum
points, such as —% and%:. The period is:% - (—:) - 1_2:'
- periodof y = ginx 2=
18- period of given graph = oré

2
Draw the line y = —3. Look for the closest point on either side of the
y-axis where the sine function begins its cycle; that is, where the curve

moves up to the right above the line. This pointisatx = —% on the
-

given graph, so a possible phase shift is —-E. andc = —3.

b

Anequaﬁonia:y=§sin4(x+§)—3
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Checdk Your Understanding

2. Write an equation for the
sinusoidal function graphed
belowy, in terms of sin x.
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QA amplitude: 5 » a=5

max-min_ 6-C4) 10 B

2 2 z

Perigd: ZIL 4 b =2n = period
- - 2K
<2< S

vertical translation : 1 unit wp
(locate centre line) bLd=1
ase shift :
m positive Sine jon - look for
a point on the centre line after
which the SmPh goes up (c=£i)
— Ea _I
y = SSm(s(x t+))*1
® neqative sine equation - look for

adint on the centre line affer“
which 'rheﬂrnph goes down (c=-%)

g =oreinfAN+EY ¢



Ancquaﬁonis:y=§sin4(w+-;)—3

Y y=111 |

) P

Py { B, _q Py dr Py

y=-3
S : E\/I ‘\/I
= AmpHese
[ 1
©P DO NOT COPY.

(po)y=2{sim( b) y = sin(x-%) -2
7=-is»'n(’x-1t) y =-sin(x-£)-2

---lCOS(X-?’“)

)

c) Y= sm(4 (x+ —))
y =—S|n('-} (x— %))

= Cos 4x
Y= -Cos('-i (x—&))

apbmt on the centre line anerﬂ
which the graph goes down (¢=-%)

=-5$m(3(x+ ))+1

¥ oSl‘hve cosine equation - look
for a maximum Pom’r (c= 3%

y = 5cos(3(’X ))+1

u negative Cosine on-»look
for'a minimum pont (c=5

y =-5cos(3(x-’.%)> +]

p.535/936 #0 (alr) - write
four eq_ua‘hons for each graph

(2 sine, 2 cosine [2pos., 21eg)
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Y : - cos(x-T)-2

d) y= sin(x ')
y = -an(x —‘-L">
y = cos(x-1)

' -cos(x-1F)



