Check Your Understanding

Practise 4. Match each function with its description in
1. Determine the phase shift and the vertical the table.
displacement with respect to y = sin x a) y=—2cos 2(x + 4) -1
for each function. Sketch a graph of b) y = 2 sin 2(x — 4

each function.

) —
a) y = sin (x — 50°) + 3 vy s%n(x ) —
b) y = sin (x + ) d) y =3 sin (3x — 9) —
o e) y=351n(3x+7()_

2T
€) y=sin (X + T) +5 Phase Vertical
d) y = 2 sin (x + 50°) — 10 Amplitude Period  Shift = Displacement
e) y=—3sin (6x + 30°) — 3 A 3 %‘T 3 right 1 down
f) y =3 sin %(x - %) —~10 B 2 x  2rght 1 down
2. Determine the phase shift and the vertical C e ™ 4right 1 down
displacement with respect to y = cos x D 2 7‘ 4 left 1 down
for each fu.nctlon. Sketch a graph of 3 Z?w % left 1 down
each function. 3
a) y = cos (x — 30°) + 12 5. Match each function with its graph.
. T
b)y:cos(x—%) a)Y:SID(X_Z)
€¢) v = cos X+5—7T + 16 b)y:sin(x—kﬂ)
d) y=4cos (x + 15°) + 3 ) y=sinx—1
e) y=4cos(x— 7 + 4 d) y=sinx+1
f) y=SCos(X——)+7 A "
6 >
3. a) Determine the range of each function. =
i) y=3COS(X—£)+5 T 0 7 | 3m| 2m | %
2 2 v 2 2
ii) y=—-2sin(x+m — 3 B 73
iii)y=15sinx+ 4 <
H 2 3 & Z N
Iv)yzgcos(x+50°)+z % 0| | ® N 3% 2n X
2 P
b) Describe how to determine the range 1 & T i
when given a function of the form C K
y=acos b(x—c)+dor
y=asinb(x —c) + d. |0 T NG | 3m | 257X
2 A 2 2
\ 4
D 7N
[4
_‘r T T @ | 2nC X
2 | 2 2
B 2
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Apply

6. Write the equation of the sine function in

the form y = a sin b(x — ¢) + d given its
characteristics.

a) amplitude 4, period 7, phase shift g to

the right, vertical displacement 6 units
down

b) amplitude 0.5, period 4, phase shift
s
6
1 unit up

to the left, vertical displacement

¢) amplitude %, period 720°, no phase

shift, vertical displacement 5 units
down

. The graph of y = cos x is transformed

as described. Determine the values of
the parameters a, b, ¢, and d for the
transformed function. Write the equation
for the transformed function in the form
y=acos b(x —c) + d.

a) vertical stretch by a factor of 3 about the
x-axis, horizontal stretch by a factor of
2 about the y-axis, translated 2 units to
the left and 3 units up

b) vertical stretch by a factor of % about
the x-axis, horizontal stretch by a factor
of % about the y-axis, translated 3 units
to the right and 5 units down

) vertical stretch by a factor of % about

the x-axis, horizontal stretch by a factor
of 3 about the y-axis, reflected in the
T

x-axis, translated 2

units to the right

and 1 unit down

8. When white light shines through a prism,

the white light is broken into the colours
of the visible light spectrum. Each colour
corresponds to a different wavelength of
the electromagnetic spectrum. Arrange
the colours, in order from greatest to
smallest period.

Green /\/\/\/\/\

Violet /\/\/\/\/\/\/‘

Orange

Yellow

. The piston engine is the most commonly

used engine in the world. The height of
the piston over time can be modelled by
a sine curve. Given the equation for a
sine curve, y = a sin b(x — ¢) + d, which
parameter(s) would be affected as the
piston moves faster?
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13.

14.

15.

16.
17.

18.

19.

20.
21.

22.
23.

a B(Z.3).c(3 o). D(%’T, —3), E(r, 0)

b C(%. o). Dim, —2), E(%‘ 0), F(2m, 2)

c¢) B(-3m, 1), C(—2T, 0), D(—m, —1), E(0, 0)
v £ sin2x %/A Yy =sin 3x

A A

N 2ZE JEX} A/ 3\

! [V AN [V INAL T
|

\J 2 AN/ \J 2

I
Y

The amplitude, maximum, minimum, y-intercepts,
domain, and range are the same for both graphs. The
period and x-intercepts are different.

4T

?.

b) Amplitude is 4; Period is %‘T

a) Amplitude is 5; period is

a) Amplitude is 20 mm Hg; Period is 0.8 s.
b) 75 bpm
Answers may vary.

a) 173
2
/ N\
: A
0 9 0° x
N /
2
Y
b) 173
5
< >
180° 360° 40° X
—1.5
i 4
a) (_7_w ﬁ) (_s_ﬂ ﬁ) (3 ﬁ) (9_7r ﬁ).
47 2 )\ 4’ 2 /)\4 2 )]\4° 2)
Find the points of intersection of y = sin 6 and
_ V2
v="3
b) (_n_ﬂ ﬁ) (_3 ﬁ) (n_ﬂ ﬂ) (w_w ﬁ).
6> 2/)\V 6> 2)\V6" 2)\6" 2)
Find the points of intersection of y = cos 6 and
_ V3
y==
y=sin® A
/ N\ / N\ / (
< »
2|3 — T T T m | 2m | O
/ 2 2/, 2\ 2/
vy =cos 6 ¥

a) The graphs have the same maximum and
minimum values, the same period, and the same
domain and range.

b) The graphs have different x- and y-intercepts.

¢) A horizontal translation could make them the
same graph.

12
27
a) b) 12
0.9
a) Example: The graph b) [ri=Ttsinitin
of y = Vsin x will
contain the portions |~ -

of the graph of
y = sin x that lie on

or above the x-axis. u=i EFO7O5% [y=1
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24.
a1

c2

a

c4

cs

¢) Example: d) f=TGiniHI+dx
The function i
- — e
y=Vsinx+1 T, e -

is defined for all
values of x, while

the function H=1EFOPEEE L:i.qiqzizs

v = Vsin x is not.

It is sinusoidal and the period is 2.

Step 5

a) The x-coordinate of each point on the unit circle
represents cos 0. The y-coordinate of each point
on the unit circle represents the sin 6.

b) The y-coordinates of the points on the sine graph
are the same as the y-coordinates of the points on
the unit circle. The y-coordinates of the points on
the cosine graph are the same as the x-coordinates
of the points on the unit circle.

The constant is 1. The sum of the squares of the legs

of each right triangle is equal to the radius of the unit

circle, which is always 1.

a) Cannot determine because the amplitude is not given.

b) f(4) = 0; given in the question.

c) f(84) = 0; the period is 40° so it returns to 0 every
40°.

a) Sine and Cosine b) Sine and Cosine
¢) Sine and Cosine d) Sine and Cosine
e) Sine f) Cosine g) Cosine h) Sine
i) Cosine j) Sine k) Cosine 1) Sine
m) Sine n) Cosine
a) [yt |cos x| YA
\\ / N\ / N\ / N\ / N\
< >
3, - |_ 7w |0 T | wm | 3w 2w | X
2 2 Y 2 2
The parts of the graph below the x-axis have been
reflected across the x-axis.
b) v = |sin x| 51/1\
/ N\ / \I /| N\ / N\ /
¥ 3
NENEE S w | m | 3| 2m | X
2 2 |y 2 2

The parts of the graph below the x-axis have been
reflected across the x-axis.

5.2 Transformations of Sinusoidal Functions,
pages 250 to 255

1.

a) VA The phase shift
4 is 50° right.
\\ The vertical
4 y=sin(x—50°+3 displacement is
P |3 units up.
N L
0 180° X
A4

The phase shift

is T units left.
There is no vertical
displacement.

b TR ySsihx+

A
/
£ /'

N
f




0 YK T 1. 7] 2w\ | .| The phase shift d) YAy=4cds (k+/157) + 3| The phase shift is
S1P PRI T2 is 2T units left. Pa o 15° left. The V.ertlcal
~ _— 3 . ‘\ displacement is
4 The vertical 4 \ 3 units up.
displacement is \ /
& 3 5 it . & Z N
) T ™ | 3m X I ~ 0 30° x
v | 2 2 Y
d) 7% The phase shift is e) WKy=Fcos(xLm {4 The phas.e shift
< 0 T80° § 50° left. The vertical ° p \ T units r}ght.
displacement is B T.he vertical .
=4 10 units down. x| dlspl.acement is
|v=2sinx+507) =10 oL Ny | Aumitsup.
T N > 0 m | m 3w X
Vs AN % vy 2 2
- 2\, f) VA The phase shift is
e) VA The phase shift is AN /\ 4 1ﬂ_2 units right.
7 /\ 50° E( 5° left. The vertical 7 \\ / \\ / The vertical
v\ \ displacement is 4 \/ \/| displacement is
T4 \ \ 3 units down. y= COQ( X = IE) + 7| 7 units up.
Pl A
ANFIEA AN < >
T3 pin (6x\r 307 — 3\ R R S
Y [4 [4
-6y 3.a) i){y|2<y=<8,yeR]
. i) y| 5<y<-1,y€R}
f) < VA N '}"hﬂiphése s.hllft i) {v| 2.5 <y <55 yeR)
0 ™ | 2| 3™ x| 18 2 units right. iv) {y | 1 <y< ﬂ’ ye R}
4 - The vertical 12 12
yE 3sins(x=T]-10 displacement is b) Take the vertical displacement and add and
o — [ 10 units down subtract the amplitude to it. The region in
1/ AN ' between these points is the range.
7/ \\ P 4.a) D b) C ) B d) A e) E
i 7 ~— 5.a) D b) B ¢ C d) A
2. a) UK The phase shift 6.a) y=4sin Z(X _ E) _6
[ _, is 30°right. 2
4P ~ The vertical b) y = 0.5sin %(X + %) +1
y=cos (x+30%)+ 12 displacement is 3 |
8 12 units up. ) y= Zsin EX -5
4 7. a) a=3,b=%,c=—2,d=3;y=3005%{x+2]+3
< % b) a=1 b=4,c=3d=-5
0 180° X a=5,b=4c=3d=-5
Y 1
== 4(x—-3) -5
b) VA The phase shift Y=g 008 (x=3)
L iy . P 3 1
; V= cos lX— 3) 1sh§ units right. 1 0 a= -5 b= 3C= % d=—-1;
AN There is no vertica _ 3 1, m\ _
< \ displacement. y=7g00 3(X 4) !
/0 T r | 3n/x 8. red, orange, yellow, green, blue, indigo, violet
2P 2 7 9. b
v 10. a) Stewart is correct. He remembered to factor the
) VA The phase shift expression in brackets first.
~35 . 5m . b) [A=usinizi-Ei+iz
|, N Is &= units left. s I."""' Sy
5T i N o \
gV = OsIX+ 2+ 116 The vertical .I"l Y y ;?E .I"n !
© N ! ; . wAORA A S
displacement is
< »| 16 units up.
o T x| 3m | P n=z ly=1z
v |2 2 == —=

M.a) {y|-1<y<5yeR b) {y|-6<y<0,yecR}
0 {v|-183<y=<-7,yeR}
d) {yv|5<y<1l,y€eR}
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