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Sinusoidal Functions Unit
Tentative TEST date

Reflect - previous TEST mark . Overall mark now
Looking back, what can you improve upon?

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 functions. You will study key properties of the sine function and use these
properties to sketch these functions, to model real life situations and to solve problems. If you go on studying
math you will learn that the cosine function iz very similar to sine function, however the tangent function is very
different.

Success Criteria
O | am ready for this unit if | am confident in the following review topics

{circle the lopics vou are good at & ravlew e onas you left unciroled befors vou get tod far bahind)
Reading graphs, simplifying expressions, salving equations, transformations, funciion nofsfion, domain & range

O | understand the new topics for this unit if | can do the practice questions in the textbook/handouts
{chack off the topies for whizh you hava inishad 1ha practics)

Date | Topics Done?

CBR Investigation of Motion

Handout & EXTRA “Roll the Shape® Experiment

Periodic Behaviour

Section 6.2 p331 #4,5,6,7.6 & EXTRA Handout

Sine Function Investigation

Seclion 6.3 p3389 #1,3.46.7 9 & EXTRA Handout

Comparing Sinusoidal Functions

Section 6.4 p345#34567

Translating/Shifting the Sine Function

Section 6.5 p365 #3,46.9.11

Stretching/Compressing the Sine Function

Section 6.6 p375 #13 15,17 19 & Exira Handout

one EXTRA group Aclivity — if there is fime
one EXTRA Handout on KU APP COMM TIPS

O | am prepared for the test/evalutation if
= |l understand the main concepts from each lezson
" Tnaot, ask other studenis In dass 1o help you study or vish the peer twtanng room ar 2sk tha t2acher far help or get 3 private fusar
= aleo pracice “Lnowlsdge-undarsanging” PUSEmans from the exIbogk — 100k far quastions marked oy K
| can explain/communicate the ideas clearly
= Tnol, practice expiaining 2 soived QUSET0N 10 E0ME3na els2 Or comeleis e assigned joumal questians

" aleo pracice “sommunication® questiars from the texibock — look for guzsstione marked by
o | can apply these concepts in word problems
" 1nat, practice “applcation” quaslions from the iexiibook — kaok Tor questions marked by A
= | did not just memorize steps to do for different types of questions, | understand the ideas behind
each concept and therefore can do problems in new contexts
" 1nal, practice “thinking-ngury-proglsm-eoling” questions from the texbook — ook for gussians marked oy T
o | can do questions independently
" Tnat, try redoing an alraady ecived axamgle without Iooking a1 sciutions
o | can complete questions guickly and with confidence
" 1nat, try timirg yoursslf for elmilar type queslizns bo 22 prograss
= | completed the review and/or practice test

Caormections for the texdbook answers:
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CEBER Investigation of Motion

a The Calculator Based Ranger - CBR is a distance sensaor that acts much the same as a submarine or bat to

determine its location with respect to an object (it sends out sound waves then determines the time it takes for
them to hit the object and bounce back, thus giving its location, or distance from the CER).

CBR Set-up: (get program to work between calc and ranger) Calc: 2™ Link, -> , Enter
ranger: 82/83

{get into program} Program, Ranger, Enter
{get sample) Set up, up, start now, .. repeat sample
{matching graphs) Applications, meters, dist. match
m Instructions: create a clear area for walking in front of CBR, hold a flat surface(ie book) in front yourself as you walk,

walk steady, ignore jumps in the graph, the instrument is not very precise.
Sketch the graph first, then walk,. then compare if your pradiction was correct.

1. Student walks slowly away from CER 2. Student walks slowdy toward the CER 3. Students walks quickly toward the CER
]
: 4
3 % i % .'
i v : L= .
E E 1 E T
2 g I 2 I
= — T -— T
da a 1 u T
£ < | 3 1
E el [ el !
5 a8 j a i
Tim= (s} Time (5] Time 5]
4 Student increases zpeed while walking 5. Student decreases speed while walking away 6. Student walks away from ranger, at 2
toward the CER from CEBR meters stops for 5 seconds, then retums
4 s al the same pace
i 3 I
. = ] I
@ @ T
2 [ - g
g g I £
c = L W -
g il t 5 [
=i & ; g I
AT T T B T ; =]
Time (s) Time (5]

Time [s)
Do some match the graph activities on the CBR for practice, then answer the following questions.
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Describe how to create or explain why it is impossible to create the following graphs.

i 8

DM 3 i3

1| 1

9. 10.

[T ' DNy —

’J 1

.......... TiE)

11 12.
¥

v'i 40

£

.-

£ a0

F

A

¥ 208

E

e

¥

£ w0

L]

(=]

° 1 2 3 4
Ti Pl (B0 0nOG )

[,; #) od T\ oae F»\»Foo‘fc, h

The last two graphs are examples of periodic motionﬂiﬂce tiey repeat in exact same cycles. A cycle is a series of
events that are regularly repeated, a complete set of changes, starting from one point and returning to the same point in
the same way. The period is the interval of the independent variable (usually time) needad for one complete cycle. Peaks
are values and troughs are v, values of the graph. The axis is the average value of the peaks and troughs,

and the amplitude is half of the distance between peaks and troughs.
State the formulas that are important to know for the following: o
—VAX=axis £am Y

= ois — Ale\"\'\J‘-L

Amplitude
= MAX- XS

SRR g S - S

| —— Period ————— 1 e
preivd = logk gt — 1°° ot (k:%nﬂ VA“‘-‘)

Sinusoidals Page 4



4|Unit 6 1MUC Date: Mame:

13. Find the period, max& min, axis and amplitude of the these periodic functions.

. @ \r\ica\\\cﬁ\,* o L34 cnc\b b, |

7
T pscodk = | ¥ — O
MN% =¥ see N
— e
m:né '
: MiN= QO ' =
3 +
| Time fseconds) LY\ = 3_\«;&2_—0 ._.g_-: a:}—-
Q a

am‘p%‘uﬂb- = ?' Ao

=t 14, What real life relationships can be represented by periedic functions?

=
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Periodic Behaviour

a There are many situations in real life that reapeat in cycles.For example, ocean tides, daylight hours, average temperature
for the year, heartbeat, volume of air in lungs, rides on ferris wheels, pendulum swings, frequency of musical notes, the list
can go on.

ﬂ 1. 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
i a | 58 =MAX b. What is the period? What is longer the night or the
” 60 2 - = e
~ é = 1 day far this situation? N \“Dkr': 2.8 weeks
\ ET % - _
\ S ' prend=dl+3b = 5Q weaks Doy =AY weag
X s / % Nk s Aonger
A : :“‘ f i _ﬂ i PO '}'r L iig e c. What is the axis? amplituda? range?
-1h N oKS Ll 'Z—"“—"t"ﬁ'-;) N e e ML = SE£ 62 Omplitude =60’
i / 2 °
\ -2 ° A g3 1}
\ g / == Ronsya S\GHR(-BZ L besE
\'\ :E 7 d./Extrap{:Iate the angle of elevation in 'Ii?-.reeks and
\‘“":5524,‘,;-’:/— MmNz -62 ﬂiﬂr;%tgwglﬂfﬁvatinn in 32 waeks.
70 C Cred Siin gee Aot B(0) =48’
a. When does sunrise occur at this time of the year, for = °
this particular spot on Earth? SUU) %’{20) e

I e. During what times is the angle of elevation of the sun
aflz, | weeks above 30 degrees?

(Nm’ﬁ\ Po&L oy Aigu/ } Of‘:rom Nrefrea s
T e o) T e e
Az w-ua»q’k S o Wit clae b o~k 20 weles :
Noeva /gwd/L V)ol.'e_\ .°° ):g'\'\ldu'v\ b urinit-‘ oo 32_01@
fle Sun Ll"_fj/“’ M 30°

2. The Bay of Fundy, which is between MNew Brunswick and Mova Scotia, has the highest tides in the world. There can
be no water on the beach at low tide, while at high tide the water covers the beach.

b. What is the change in depth of water from low tide to
high tide?

=)

Height
of Water (m)

J

¢. Determine the equation of the axis of the curve.

L

b 4

]’I'T':(I (h)

a. :‘gr‘;ysf;an you use periodic functions to model the d. What is the amplitude of the curve?
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Name:

3. Determine if the following represent periodic functions or not.

. &

A Distance (

ot privdics, ampliwie b

ot Tt

Sane

2cm i ,-""-Il i p céc\{

E e. Dependent = the horizontal distance travelled by the
grandfather clock’s pendulum
Independent = time

g. Dependent = interest on the money invested at 5%
Indepandent = principal deposited

nst™ P&rfbd{c, («QW—W>

hh") ol o L ds | de | ds | 4o

i X ¥
chadep 3 MM
2 vodds 1 4
Ot ™ 5 1 MV
ot g 4 ex\'\w\\“'f
© SSAN 13 7 MAN \-e‘ﬂ-"\"*‘v'
w};\\: 17 4 pottier?
21 1 M
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 Distance

2em A ~ ™ N\ i)
i o\ 14 A 1

temf -+ \ ) f--% -

i

-1 em i |I Il i | |II : .I'
\ -/

2 cm-

k4
d.
¥ !
) /
i {
LE Y ,-'lr
LY
f’ \ /
! 1 |
I: "I| ~ ] x
f -1
|
|I %
| 2
] —=4
'll -
N/

f. Dependent = cost of riding a taxi
Independent = distance travelled

an’bo\{c, /)-e,eeoil e same way WL fle bhe

h. Dependent = the height of the pedal on a moving bicycle
Independent = minutes

] X ¥
] -2
2 3
4
G -2
g -4
10 0
12
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Sine Function Investigation

a Introduction: In this investigation you are going to learn how the sine function you used to solve triangles in the last unit
will relate to circular motion and how it creates wavelike graphs.

Equipment needed:

Template of circle with degrees on it shown to be halfway submerged in water.
Template of circle with a drawn nail on it — to cut out

Template of the ruler of the same size as the radius of the circle — to cut out
Cardboard — to tape on it the circle submergad in water

Tape

Thumbtack — to pin the circle with nail to the centre of the circle submerged in water.
Scientific calculator (with sin cos tan buttons)

Steve uses a generator powered by a water wheel to
produce his own electriciry.
» Half the water wheel is below the surface
of the river.
* The wheel has a radius of 1 m.
* The wheel has a nail on its circumference.
As the current flows, the wheel rorares in a

. angle of rotation

@,
(e

A

e e e

counterclockwise direction to power the generaror.
The height of the nail, relative to the water level, as
the wheel rotates is graphed in terms of the angle of

rotation, x.
m Performing the Experiment: Reading the ruler

1. Tape the circle that is shown to be halfway submerged —
in water onto the cardboard S o L

2. Cut out the other circle with the nail drawn on it and cut —0 0\ [
out the ruler along the edge. —\e

3. Pin the centres of the circles together in such a way so —\M
that the top circle, with the nail on it, can rotate and so — O .\ L
that the degress on the bigger circle are still visible. — .\

4. Rotate the nail from the initial position at 0° to differant _—DO%
degree measurements and record in the table below the ——10.0k
heights of the nail above the surface of the water at — 0,0
these different angles. _— Q.0

Observations:

Angle 0 30 16D [90 | 120 (150 [ 1380 | 210 | 240 | 270 | 300 | 330 | 360 | 390 | 420 | 450 [ 480 | 510
Height

Sinusoidals Page 8
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380

420

450

480

510

5. Now use the calculator in degree mode to calculate:
210

Angle ) | 0 30 | 60

a0

120 | 150 | 180

240

270

300

330

380

Sin(x)

6. What do you notice?

7. Graph the data below

DQ.

What is the period, max&min, axis, and amplitude of this function?

. I F\V‘S)f‘ QW&
° ‘nﬂb 2. Loasr eo\‘f\t a‘hl_
[PL AN

3. MQA\;P po\'hf =

10. Classify 2ach as periedic or nonperiodic and sinusoidal or nonsinusocidal

- @
_ ?"(Mic,
—Srewsoidal

b. - (n(mht,

~ roY SRt
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You will be studying sinusoidal functions — which are created by transforming (stretching/compressing, reflecting and
shifting) this parant sine function. |dentify the 5 key points on the graph of the parent sine function.

—_——f— — —
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Comparing Sinusoidal Functions

E] Some of the questions in the textbook require you to graph with technology. There are lots of applets you can use online,
or you can download a free program to use on your computer offline.

Graphing technalogy often does not have degress as

independent variable. it has radians — which you will

Online Graphing Calculator
http:imy.hrw.com/math06 07insmediaftools/Graph Calculator/graphCalc.html

leam in gr.12 {if you go on studying math — college

technalogy ther advanced functions)

Download GeoGebra {Dmine and on |i|'|e-] Far naw, if the eguation has a degree symbol in it
http:iiwww.geogebra.org/cmsien/download, select webstart, for offline T
select auﬂletstartl for online et k= W a5 a multiple of the given k value

£X. a—= 3552 -2
- i v - -;L h e
ecttr 08 4 3 (s -5 ,1) alorl.m-.
gress
ﬂ 1. The population, F, of foxes in the region is modelled by the function F(f) = 300sin{15)" + 1000 , where t is ths time
in months. The population, R, of rabbits in the same region is modelled by the function,
R(t) = 5000sin(15¢ —30)° + 10000

a. Graph F{t) and Rft). Use technology to help you. From technology note where the cyadle starts and ends on the axis,
what the max anfd min values are, then use that information to sketch below:

e shuly ok 2 ends ok 26 m S\
MRk \S0o0 i OO Lo

VU \Q'bdb N\?\“N'I a0 o

ad = \0®
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o o o o e e

Two weights attached to the end of two springs are bouncing up and down. As they bounce their height, in cm, varies

with time, in sec, as shown in the graph:

-1---------|------1-01‘]---------1---------l---------1--------|---------

Compare and contrast the bouncas of these weights.

m Start the homework practice in class.

Sinusoidals Page 11
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Name:

Translating/Shifting the Sine Function 7= SZ2) 6)

T Part 1: Vertical Displacements (Up & Down)
1. Onthe graphing calculator, draw the functions y=siné, y=sm&+3,and y=sin&—1. Sketch the graphs below
on the grid provided ol

m

STEPS USING THE GRAPHIMNG CALCULATOR:
i Put the calculator in degree mode.

Press moDE. Scroll down and across to DEGREE. Press

EMTER.

il Adjust the window to correspond to the given
domain. Use the following settings:

Xxmin=—350
Xmax=360
¥ecl=90
Ymin =—2
Ymax=4

jili. Enter y = sin x into the equation editor.
Press GRAPH. Enter remaining eguations

2. Describe how the graphs of y =sin&, y =sinF+3, and y =sind—1 are related.

é: STnog

IS Ler\silhrla e Basic o<

Jroerxd X\e fm shibted w2

338\\\1—\

u 3. Summarize what the letter c representsin y=sinf+c

c=oaxs of the wolble (midile 4 M ord i )

4. Fillin key characteristics of each graph.

B A Qv&i thikted down 3

PoeY Fundron

y=sinf y=smf+3 y=sind-1
axis 0 ) -\
Max&Min M=t MiN=- MAL=U Miw= A MAY=0 Miwv=-2
Ty 30 %0’
Amplitude | ] ’
Where 1% and last pts occur Wz 0° \p,\— =50" =0 \0&\‘? %0. \“‘: 0° lag\-; 360°

5. Out of all the properties {axis, Max&Min, period, amplitude, five points of cycle), which get affected by c?

([t
C afleds - MpX « (N vedus

S 'XY
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(3 Part 2: Phase Shifts (Left & Right)
6. ©Onthe graphing calculator, draw the functions y =siné, y =sin(f—-90%), and y =sin(6+180%). sketch the
graphs below on the grid provided.

i 7. Describe how the graphs of y=sing&,
y=sin{d—-90%), and v =sin{f+180%) are related.

u 8. Summarize what the letter d represents in y =simn(f—d)

d= st Fom‘\‘ g Y C'af'/(b

9. Fill in key characteristics of each graph.

y=sind sin(6—90°) y =sin(6 +180%)

L]

axis
IMax&Min

Period

Amplitude

Where 1% and last pts ocour

10. Qut of all the properties (period, Max&Min, axis, amplitude, five points of the cycle), which get affected by d?
— Kyl
b eo\\-\\'s % m c__a @\L g,l)' &%ﬁbw % &’

11. Sketch and state the equation for the following
then identify the period, axis, amplitude, range, domain for the first cycle.

a. Mthe sine function has been moved 35 units down and D mthe sine function has been moved 30 units up and
237 to the left 58° to the right.

3= sie S +3‘5’> —239
?xnbd = 36@0 \ot ?t - - g;);
QX‘\S ~ —24 \o.S\” ef = —33; t%@—;%"ﬁa
&mgW\w\L‘v \
-YpL L:’.%B
op AR, oI

Adwam \&e\?\l ﬁ; L,@L,%@Qﬁ
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Stretching/Compressing the Sine Function - s» @

71 Part 3: Amplitude

1. On the graphing ca

providad.

4 t + }
=360 -I70 ~-130  -§0

lculator, draw the functions ¥ =siné& and y=4sin&. Sketch the graphs below on the grid

wv m
2. 3. How do these graphs differ from each other?
Calculate the amplitude for both functions
3=V\S\V\5 3 o S\.@\'u\\d(\‘\)\-’—' Pu:e;&
o_v\\e\m ’Ya-fg\b =\
Rude o shvelred = Yy
b. hat is the demain and range for both graphs
f lst les _ 0 0
or 1% cyc E?'DG;\?\BGR’ od eaeo}
=) 4eR -leys vy
Reonc 14
" Ry = YR, 4 £9£H)

3. Onvyour graphing calculator, draw the function y = 0.5sin &. Sketch the graph on the same grid above.

4. How does y=0.5sin
VA

differ fromy = sin@?

] WQX\W B mrow 0S5

5. Using your graphing calculator, draw y = sin &. Sketch the graph below.

@erendr AR S
—s\ets o oS

—\1&«5*3"‘6

-3

S K owa ogt yekleded i a—owd

_,_\4_1‘\ DQQS ol-DV"w

oo O3
-9
;‘\%&JL B
L

u 3. Summarize what the letter a representsin y=asingd
N WB:QE\KS \\Ouvx T (S T WW
0«:\()\ ecIInS N LA (N \ M@\-
12. Fill in key characteristics of 2ach graph. g o
y=sind y=4smd& y = 0.5sin &.
axis (o] @) (9]
Max&Min MM:\ [V\I\\lt—\ [V\.Al-: 94 /\/\N\]: - Mky\c 0  Min=-Dls
Pericd MO’ Yo ° 2bp°
Amplitude \ | 0.S
Where 1% and last pts occur \“~ =0° \mﬂ\""%oa \5\2()° \os—= 3600 \sv=p° \ILS&‘ =0’

4. Out of all the properties |period, Max&Min, axis, amplitude, five points of cycle), which get affected by a?

ML« MIN
B

\Szy)r adleded % g
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(3 Part 4: Horizontal Stretch or Compression
H. 0Onthe graphing calculator, draw the functions y = sin @ and y = sin3 &. Sketch the graphs below on the grid
provided.
1 ©. How do these graphs differ from each other? Calculate
Ean [ the period for both graphs.

4 | 4 | | 5 | b
t I ¢ I 1 t 1 t
-360 =170 -130 -BD 1 50 150 7o 360

7. Onvyour graphing calculator, draw the functions y = sin & and y =sin0.5 &. sketch these graphs below.

+ 8. How do these graphs differ from each other? Calculate
e the period for both graphs.

—i—

u 9. summarize what the letter k represents in y =simnké
W SWU/W@KSW ’\‘LJL ’(:knt)h\f\ \N’ﬁ%.%

13. Fill in key characteristics of 2ach graph.

y=sing y=sin3&. y = s5in0.5 8.

auis
IaxEMin

Period

Amplitude

Where 1™ and last pts ocour

10. Out of all the properties (period, Max&Min, axis, amplitude, five points of cycle), which get affected by k?

T e e e e
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11. Describe each equations key characteristics then sketch

@

a.y=-3sin(x +45)+1 1
% { ! b.yzsinZ{x—EuD]—l

12. Find the equations for the following

. E b.

05y - — T >
~170-180-90 DO | |ox &
=3 770-180-90 0| 90 180 270
40' =]
30- -9
20+ 124
10 -15-
"
T T T ni - mm
-270-180-50 . 90 1% o =i
3 14
&il=

Sinusoidals Page 16
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g

c. ¥ =sin(—3x —90)
Hint: factor the k out

Jelsmalrw) to

O~=‘ \A_z—s d'—f'30 e=0

axis=¢ = 0O
am,,lim == |
d= 307 - 3_@.:'- ._aéc.fc )20’
LA TR =
\S\" et_z B— - _309
T d+ pred
=-38+10 =70

&\\(\@L mmm.\a /\\/

L ao\‘ eflecled .\//\

2D —O— — T
\\ /\' { \
- C, el L d
~1 A . ¥ L Va A‘k’
“30 D' %n (b"
- s
< z

no w“\v
ooo g’ -% Sm\_\k&*\%o)\{ O
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