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Sinusoidals Unit 6

Tentative TEST date

Big idea/Learning Goals

In this unit you will learn how trigonometry can be used to model wavelike relationships. These wavelike
functions are called sinusoidal. You will study key properties that these functions have and use these properties to
sketch these functions, to model real life situations and to solve trigonometric equations. In grade 12 you will
continue studying these functions but instead of degree mode you will learn how to use the radian mode.

Corrections for the textbook answers:

Sec 6.1 #2b) period = 3 #4e) period =5

Sec 6.3 #6 all should start at MIN

Sec 6.6 #13 y=-30cos(1.9x)+30 58.9 without rounding, if you round you can get very different answers!! #14 y=7cos(22.7x)+8
Sec 6.7 #5a) -30cos(18(t-2)) #5b) -9cos(18(t-2)) #9 a) k=1.4

Success Criteria

O | understand the new topics for this unit if | can do the practice questions in the textbook/handouts

Questions I had
difficulty with
ask teacher before test!

Date | pages | Topics # of quest. done?

You may be asked to show them
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Periodic Function Properties

a There are many situations in real life that repeat in cycles.For example, tides, daylight hours, temperature for the year,
heartbeat, volume of air in lungs, rides on ferris wheels, the list can go on. This trend that repeats in cycles is called
periodic phenomenon_Th ;@. of the cycle is called the period. The average value of peaks and troughs is the axis of
the function, and the d rof) the axis to the maximum, or from the axis to the minimum is called the amplitude.

< O

1. Summarize the equatlons that you can use to find the period from the graph, the axis, the amplitude and the range.

(\.9 \O\b '“Ak\'
Qt 4= (\r\ A sy \att %deat o;o\u

ude = (WA -axs

= 0Ky - MV

2. Decide if each graph or description or table of values is periodi .
%a g \s- 5165 b. NO)- a_w\;m nt (c. N
BT DU ,
Al s
S
- “’**’/‘\.". e,
-\= V»‘L'S-:j—“‘--s-—‘ __l_x&: 4 5z t
T =l
"} - MmN ~ - :, T
9:‘&? \2eye \\3
e. Depende the horizontal distance travelled by the h. X y i X y
grandfather clock’s pendulum \bé&
,Llndependent =time  \g§, -3 (Z) 0 -2
1 4 2
f. Dependent = interest on the money invested at 5% 5 @ 4 0
Independent = principal deposited \\\0 / / 9 4 6 2
13 (™) 8 -4
g. Dependent = the height of the pedal on a moving bicycle 17 4 10 0 )
Independent = minutes 0SSUme lwh&
1es Spad 2 | @ 2 | NES w
2
3. Forall th@an@ of periodic situations state the values of the perlod a\)&s amplitude, and range.
® ?(y‘vd \":— "5 \(O
N - ! ﬁ - 3— -
NS = 3 2 \‘\
Bimg = MAR- 0 = Y-N=)
?\(w&'— 3\5&\ \ eyﬂ\
2
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m : The movement of a factory machine that cuts grooves in metal to create a required template pattern is shown on the

following graph. What is the axis, amplitude, range and period?
axes MAR+MID = 4 -F - -3

ﬁ_; e S e

£

iuu 1213 1415 16 17 18 19 20 21 22/23 {4 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 x Xime Q’u’)
£ . Qmp r\vp\l'- “5"‘3« \‘\mm

L) L U MlN

o

: ,\:\:::::f':::.'.:::::::‘:::_.:..::'o\\st\mww,,',,wnbw)
f;fiﬁ\.;;"fifﬁﬁﬁﬁ\_'/ﬁﬁﬁ Ris@“?\ “‘3‘?\
A \3 0=\

5. After the sun rises, its angle of elevation increases rapidly at first, then more slowly, reaching a maximum in 26 weeks.
Then the angle decreases until sunset.

70

l
l

angle of elevation
(degrees)

a. Would you consider this trend periodic? YES

b. When does sunrise occur at this time of the year, for this particular spot on Earth?
M eds Som now
c. What is the period? What is longer the night or the day for this situation? \L
R 22 Ghnie Ly, Nigimes W< 2 wedt

d. What is the axis? What does it represent'7 e < 2M \r“-‘(l\"S

AN < S§x-bt _ —o° _
7 N -ow ""&” e
e. What is the amplitude?
mv«(\\\m-— MAX- ok ~ 5% - - 7' = 60

f. Whatis the range'?
i\\f@\\\ @ L Q‘Z?S

g. Extrapolate the angle of elevation in 32 weeks

o Pk P g oo 4 de)
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m 6. Sketch a periodic graph with the following characteristics:

a. period of 8 units, amplitude of 3, and axis at —2 b. period or % units aynd range between —4 and —1

_74\ \w "b-' - 7]

- A
A ’

-2 - — - - "Z\g _—
3

5 — - 7 -y = == -

7. A buoy, bobbing up and down in the water of a depth of 18€et. As waves move past it, the buoy moves from it

highest point to its lowest point and back to its highest point. The water on average has 5 waves every 40 seconds.
The distance between its highest and lowest points is gfeet.

a. Skejfch for 3 cycles and state the domain. - ‘7/(,5_03('\“ = \103‘6 2 15
\ cn(—\* - 7

_ -
"‘l
Fa
l/ — ‘l’-/ ‘
| l
7 |
— = = — ‘
' )
\
)
“ Lt

&w Y Bsec. \z lo 20
D= RM?\\ oct ea‘«r\S
b. State the iiicreasing and decreasing intervals.

ooy o Moy et 2 Ly e

)
duorasie OLYeM gtden  \eien

sinusoidals Page 5



5]Unit 6 11U Date: Name:

Sinusoidal Function Properties

a Some of the questions in the textbook require you to graph with technology. There are lots of applets you can use online
desmos.com

1. Use technology to graph the following and decide if they are periodic or not. Sketch small pictures below.
a. pot ?eﬁo \C b.gece N c. peiedic d. pesiedit e. oeiodi
y=(1.1)"sin2x y=10smx—15 y=tanx y =4sin’2x —cosx Y =-3cos(2x —4)

S

2. Sinusoidal graphs resemble asimplest symmetrical looking waves. Only two of the

€ periodic functions are
considered sinusoidal. Can yo}i guess which we will study in this course?

» @ ™ ot %"*‘\"‘)‘\‘0 D s\ﬂv%o\A&.

u 3. Recall the meaning of sine and cosine ratios and fill in the table

q Ay x 0° 90° 180° 270° 360°
Sl Sy | oW | 42V | sm Ao
g L -.% = o ==\ =0
(30
coskT ek =
L2400 R

4. PARENT GRAPHS of the functions that give a sinusoidal wave. For each function, outline one complete cycle and
highlight the 5 key points on the cycle. State reminders of how to begin sketching each type of graph.

&SM (‘n'“(\\/ = ks oy oo e %\U W@ Cosivt G‘Wé\f—‘ = stk oX L ,;: r\0\0\-"‘

Y

5. Note about Input

3: wa*gw\’ OB“..L
g Oh= \rQ\«k ﬂx)(\rt ity &X\A "N’§L %’B
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u 6. In general any point on the circle can be defined as |(x,y) = (rcos@,rsin0) | Explain why.

O - Y
sfr=2 Y\ e

\(S|\r\9=\ﬁ cof = x

.
7/

(@)

To %e,\' 'X\,-\. QW\M A M\Q&«S' ) (.
scde down M oy B Jy T )

m a. What is the new location of the point (6, 0) that was rotated about 165°? approximate to 2 decimals
L
Y V= (‘O
W v"»&mﬁe ) ““\9\ = (bw\\s ) (osw&os} (4.70 y\S5) -
m b. What is the new location of the point (3, 0) that was rotated about 340°? approximate to 2 decimals
=2

e (\.-; (roos% )rsw\%\-;%m%&oo)'bw“)\m)-; (2.‘6& ‘—\‘0’))

ﬁ 7. For f(x)=sinx and g(x)=cosx Sketch on the same grid to find all the x values in the domain —180” < x <180°
such that

a. f(x)=0
b. g(x)=-1
c. f(x)=g(x)
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8. All towers and skyscrapers are designed to sway with the wind. When standing on the glass floor of the CN tower the
equation of the horizontal sway is /(x) = 40sin(30.023x)°, where h is the horizontal sway in centimetres and x is

the time in seconds. . \VUW‘)
a. Use table of values to help you graph this:

"o
=99
o

OO W O|X

ala
anN

. ' Y
b. What is the period? What does it represent? "
~ W Sw
p=15-% P g ot “)
-~ \& RU \wl

c. State the maximum and minimum values off@ and the times at which they occur.

MEX =40 ot xx 3,90, ~ X< - \an -1 )né2
MN=-yvy o =9 \7/\, -

d. Statethe%?mv;st.aofiw:;?\:d;heetm;e:twhi |toIc:::1rs . \’L \Q‘ 'L\I\) g (Dn-ﬁ:)he%
*Q/

m e. uest arrives on the glass floor at time = 0, how many seconds will have elapsed before the guest has swayed
20 cmyfrom the horizont

USING GRAP 0»%‘7\1\‘"\{5*'0 l “(‘\“ USING EQUATION 5\/.90 \'\' ADem

X = 40 om @Dfﬁézg

Mm\]a.(\ﬁ m%_goo’b’)df
WLC\MO\/\'L "S"”» = 4o SN ]

AT W Wo
d,';>< Q \’5‘g ae @ A
‘/) ! _Lcs\\e' \3—.\ e B ¥
z

Y e (N %F@

30 03—2:C
\ =X

f.  Find /4(2.034), what does it represent? % \QQ 39"/%}2
\\&’1.03‘1 < \03\@.\)'1«’) (’?—-03"‘) ‘oA 2>~ w; 20073
4 N
W) < o £ -1,
‘\‘l‘\r(‘;k ONA % \oi ¥ Sv"”j‘ )‘“ w V'b z\(\*\l = \'b
oy ‘L»‘ =Y X\, = \"\' 7
W ri(rw—-h M v Ywe 20M '\‘C’M a Vg= XaxW = 1%
A :

. [y
.
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11

As you ride a Ferris wheel, your distance from the ground varies sinusoidally with time according to the equation

h(t) = 14sin(5(r — 24))° +:16 where h is height in meters and t is time in seconds. The graph of this model is below

MAR< 30

AN

\| 4

)

E] £l El @ 0

«
time (seconds)

What is the radius of the wheel? What part of the equation gives

VWS = e (a0

= % -\b =\

How long does it take for this Ferris wheel to complete, one full revolution? What parte

Qe A=

If the Ferris wheel was sped up, what part of the equation will change?
ol %L QN&N

If the Ferris wheel rotated in the other direction, sketch the resulting graph on the same grid. What part of the
equation will change? . \/\ \"_ QE
/\\M & Wl e (’NXL AN S@r (ﬂf\\,ﬂ

How far off the ground did you board the Ferris wheel?
o W25

You took a video of the whole ride. The video iﬁ 7 minutes 12 seconds long, how many revolutions did the wheel

make during this ride? *bo
I -} 9
\’\10 ‘%\()\ = Ll?)l 03 "\'A %L wo (O‘(QVO\W\\W‘S
Atm and 14 sec of the video you were level with a nearby building, how tall is that building?
P W ‘\‘1) - \‘1\1—1\«) e = 96 w
\® <M =\ W5 \fie) - W&SK )
Wheg was the last time you were at maximum height before you had to get off?
=" MAY @ Wsee 5t s ok Reqnes,
REPY Noid: o UL s g

) /7 (ﬁ( 4o ®¢

M yon e (S sz)

:b_tlo—‘ﬁj‘l
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D 5. Summarize how to sketch by finding all the key characteristics from a given equation.
OD*(W ?) &J(\“l \W’A;ov\\ml /Q —_ = —- JV\Pr)lzc-\-\q\

- —— —-whs= C
Q ?\‘A ?&Nl 3\(\73 o __--MN= C—\ﬂ\

SN Cosint .'s\v-l ‘(“w\uj CosTt veledrd Q \w\h‘& Me G Yon :b-:)"‘p' s\'\ S(.\,

AP PR Lo
AV VAR BEA A 2 e Ly ot
6. State all the key characteristics of the following then sketch othar wﬁ\\::lﬁiﬁ% = geriﬂc\
ﬂ a. y=—251n(_ﬁ+180) 4 o ’%\3 ant U
- \ L\ 9_/ k\h{,\s& s\v\’\“' < "'Q)O =d

U“(\S \1 3(5 4 60) %&A’\)A PZACR

20 9 A Y 2
J At
%’»" 0 »n
@ b.v=3cos(2x—120)° +3 e
Bwng= Y ‘\\w& Ml < 3= 60
ofis=5 gedvd < £ -8V

11
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€. y=-50cos(26-270)-10

Arng = f‘r@x& it =
axiy = - |0 QMWX“* }&@V - \xoo
2
ST T \
ReRRESE
= B e N Y BT

e W % Wy

d. y=235sin(8x + 288)° +300

amp = 835 ‘\w W=
152 00 VI R
o V‘l‘ %
%00 — 06— o — o~\(—— —
W — -

g, 7. Find the equation for cosine graph lfyou are told that the range is —6 < v < 2 and period is 240° Assume there are
no reflections or henizoatal shifts.

9\ owos \ w\\xc

1= i lsked)) -2

12
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Modelling with Sinusoidals

Mame:

1. Summarize how you can find the equati i : Py
D C=oaws= (“M*«M\\B | od= \as)( Y _ \s\' X, S(\b \C= ?3_th
g (% \e!

a= amylihule < M“’ RORAE WA QxQ\mw\A\@ eyl

2. Find two iple equations fné sine and
" Mw\'l\a. =4 Q:\RQ
\, - -—/_T'L i s'{ Eﬂ."' :

‘t % {)\ b\\dl%o

-2
-2

Dy~ V¥ k(o) &) o ey

ibleyequations for cosine for each of the following

(\)_; 9 $\r\§:5 (- 5@&* ©

\j #0)\ sw\ﬂ}(ﬁf%"n +10
iw.

\j.-_-. ,—ﬂ Co&’-'"}d ’\'lo
@ 49 ey o

Y= gg»\{%"bw‘“j\ —S

=)} -5

)
(1-2)

, 4 ...... ........ \r{ q bos &%o (’1—\ ’JB’S )

ué.l

\i/ 2 \i/ i -

ya 2 w] sd-s

(1t)
(6

6\

.\(
Yot X s

sk o WIS

n the graphs above, notice that x-axis is labelled differently, how does that affect the equation that you write down?

@ = \20° e =% s "
IR SR

@ KNN()’/H :'V{"B_“ﬁ-:o\s w\“" (;\06)\'!1 o,\\{..
Y
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14| Unit 6 11U Date:
4. Find ssible equation for sine and one for cosine for each of the following

a. ﬁ more complicated example

T y¥ 1S st YW (=) -2

E 5. Find an equation for the following graph

‘1 3 B H N \:b & 0-\S o)/x )

_"\1 (oS —2

sinusoidals Page 15

14



15| Unit &6 11U Date: MName:

6. The average monthly temperature of a city in degrees Fahrenheit are given below
oSSune Yuan< |

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
32 35 44 53 63 T3 ir 76 69 57 47 37
6\#"‘"
a. Sketch the data s *

Find an appnljximalie eqllaiion Ithal 'm:ruuld Irnodell this data ASSI.II‘I'IIE thatl x=1 ls the start of January.
- W= -0 w{ (k-1 £ 54S
( A

waerdhs
m ¢. Use the equation to find the approximate menthly temperature for me@mdle of hugu@

K= ¢!
3—.-;\33 os [0 (5= )Y *SUS ¥s
rees Todrtnbat
d.  Most of the households turn on Ihe heat’if the temperature falls belovf 64°F )For what domain do most households
use heating in their homes? \ % . ( \a —_—
= =20 w238 (x= D\ 548 cong W= G {ounz))
GV\ ” %M % - (DSG
b= 311 ” &
M= = + Y. o= \\S WK
sg&{ EESS LOS& 4SS __’ +\ ey O %= 1,‘66 uJ) %;\?(
A5= -N “NS Cosd .
-115 ’I’l S %,_'&“\S R\ \i; $o° 29 o) X,Q,G)\N\“’\ 6&%\
= U
—dM = cosly a@@ Y= hg o 4 )
\+ \\1&‘ NS \\MV\¢5 . 4
e. What part[a] of the equation will change if the data was taken from a warmer climate? S\"‘ A2 Lqe \

b - x‘ \/\ %\w &WNVN,( ().\lu“‘g- 3&w~‘w\\m)

/\\-l '0»“ Cln &\‘ S\IM&QQ )(\rl %(vb«\"\*
'\\"’ “d" cln )’L Q\ﬁ&‘ﬂd &KMM{‘::F a}\h twoXha MWX]N\
Wt swe S velaked B paed = W ey,

ey Qs )
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u 7. Summarize how to find the period and the k value if you are given the speed in revolutions per sel:ua.d. Usa the

example, 10 revolutions)in 35 seconds to help you explain. ﬂa\l{ e
C*ac(t / o o
o) 160 (222

18 -
\0?1332(' . R-—OJSSQC«

8. A conveyor belt is powered by a pulley of radius 5m. The pulley has a sbr ber on the edge, starting at maximum
) height, minimum height is 2m away from the floor. The pulley completes 5 revolutions in 2 minutes.
a. Skelch height versus time + label period in minutes SQ = ALwin
b, Skelch height versus distance traveled by the serial number + label period in meters 2
N\¢&.  Whal is the speed, in mimin, with which the serial number proves along the circle? . ?‘ /5

\{ Ckl Fin uation fo ‘ ()
[

ebis\w‘(‘ ’\YML\ e
F s QAT
}st C/” 3:“

oL
@ idonee
E\l v Yve .

"3 ST sy \of D )

b Ny \[/7 (OT :35"(
S% 1./5 —;:T‘g,gw/w%

e. Analyze the meaning of all constants and variables for the equation that describes guestion a, in the contex] of the
problam. Do not use words like amplitude or axis, describe in relation fo real life.

@\E\agusw’\i‘)erjr Nos o cone
@3: . \m(,s\n‘v fov o apen L \‘ ‘% oo W

S\ G e

_ eodivs 6 wWha YA M Wm 4 Yy
}: C\,‘/~\Q, Gx \")\‘u)‘ 16

o _ X WL ~ w0 WRAWRR n }&"b‘us
W = STvadinny \'\m\»wu W Rl T M\%\A‘“ 5‘?’“”‘)
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Solve Problems with Sinusoidals

ET

A weight attached to the end of a long spring is bouncing up and down. As it bounces, its distance from the floor varies
sinusoidally with time. You start a stopwatch. When the stopwatch reads 0.3 seconds, the weight first reaches a high
point 60 cm above the floor. The next low point, 40 cm above the floor, occurs at 1.8 seconds. (Don't assume that at
time zero the weight is at the minimuml)

a. Sketch a graph of this sinusoidal function.

1O e T o= -

A7}

%
&L\g—b

DR 0%, \0% L% Y '5-"5 Time &S%

b. Write an equation expressing distance from the floor in terms of the number of seconds the stopwatch reads.

L \%Q\‘,\-O’I)X‘th
'7\‘3*'\‘% Lo Suwés

c. What was the dttann:e from the floor when you started the watch?
S\Ae %=9
0 oo (18 (0 -0»’3> £SO = 5% lom

d. Predict the time at which the object was 59 cm above the floor for the first time and for the second time.
St 0 wlplond] <
2 b=\ (3-03)

9= 10w
o= WY

" o)
=%

0 _ r -0
6\"‘)*% = \’10 (’(\ o )u Y\= DS sec

& 3 < \20° (h-0)
Ay \1_"-'- q.)\" sec

A0
23S
SN

17
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F= 2. You are on an 8-seat Ferris wheel at an unknown height when the ride starts. It takes you 24 seconds fo reach the top
— of the wheel 26m above the ground. The loading platform is 4m high. Your seat revolves at a speed of 4km'h.

a.  Convert speed 0 misec d. Sketch height versus time + label period in seconds
k. Find the distance travelled in one e, Find the sinusoidal egualions that models height versus
revalution time

c. Find time it takes for one revolution

\I L‘km+\w0m e —
Co W\ %09 @ Vg

- \0
e $= -

@D: Wy Uﬁy\{ w“_ o
V> VA

AN SecC o° e fe)
© -7 z@ “%\4 g = (L L k3 - 62 . )Qi A &\L«;\«\\* \5

v
How high above the ground will your seat be after 90 secon \-'-\‘\\)( Lo ce

3= o 22002 s = 260
A
g. Find the two times within one cycle when the height is at 24m.

M= | cos \2% k""‘% A5 e z(;o,\d(i 2v)
Lol

18
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A}
ﬂ 3. You are at Risser's Beach, N.5., to search for interesting shells. At 2:00 p.m. on June 19, the tide ismin [’i\.e., the water
is at its deepest). At that time you find that the depth of the water at the end of the breakwater is@ﬁmeters. At 8:00
p.m. the same day when the tide is out, you find that the depth of the water i@neters. Assume that the depth of the
water varies sinusoidally with time. N
a. Derive an equation expressing depth in terms of the number of hours that I'(;lve elapsed since 12:00 noon on

June 19. L nd = \2= \/)z—,o—a}r\oar\ Ly
h- - — — % azacos[w(x«a}% 3
n o v X
A9 Zpm fw'l
b. Use%}%amemgnvaﬂ\?nudel to predict the dep%lw;f tﬁe water at 7:00 a.m. on June 20.
et "W"'_

= ws[3o°(l“’2)j‘\ 13 =3 m

c. At what time willthe firstdow tide occur on June 207
@ what tim dow Tide

wo Y= Il < solie for %
DR st Sgmrty

‘02 )(::20
sk x=8 TP w
Min §pm L gam on Qw20
Jwe (§

d. What is the earliest time on June 20 that the water will be at 12.7 meters deep?

R¥=w B 113 X 0=3 (x-2)
)N

-0 _ .
ey 9 ws"(’%);qqo:?@("'z)

(£33 fpm -

s

3

(313~ San on Tue :

-
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