Unit 8 - Complete.notebook

Math 3201 Unit 8: SINUSODIAL FUNCTIONS

Section 8.1: Understanding Angles p. 484

How can we measure things?
Examples:

» Length - meters (m) or yards (yd.)

¥ Temperature - degrees Celsius (°C) or Fahrenheit (F)

How can we measure angles?

Up until now we can measure angles using “degrees”.

There is an alternative unit of measurement for measuring angles, that is, “RADIANS™.

RADIAN:

- One radian is the angle made by taking the radius and wrapping it along the edge (an

arc) of the circle.

, a0

1 radian ~ GU . Degrees

INVESTIGATE:

How many pieces of this length do you
think it would take to represent one
complete circumference of the circle?

To help, cut a piece of pipe cleaner/string
to a length equal to radius CA and bend it
around the circle starting at point A.

1. Approximately, how many radius
lengths are there in one gomplete
circumference? é

2. How many degrees in one 60mplete
circumference?

3. Therefore, approximately, how dggrees
are in one radian? 3‘ !ész ‘ 00
‘ -
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NOTE: 1. The size of the radius of a circle has NO effect on the size of 1 radian.

2. The advantage of radians is that it is directly related to the radius of the circle. This
means that the units of the x and y axis is consistent and the graph of the sine curve
will have its true shape, without vertical exaggeration.

. . -
PR CHUSEE . WS- L

Let’s consider a circle with radius 1 uni (We refer to this as the unif circ.

1. What is the circumference of a circle'? ‘2 {\ ( o ¢ C-a' X

2. What is the circumference of the unit circle?< - 1 !It‘ ’ = 1¢

3. How many degrees are there in a complete revolution of a circle? 3 Q 0

4. f must the two equationg be equal to each other? ’l = ‘

< C QLS ot 'k\\ Sawme,,

5. State the proportion: Z ( 3 GO

6. Divide both sides by 2z radians to determine the m a%re of | radianl \ OL
15 -3‘__0 = | &= |(¢&...«
-
T~ 2a -
7.

Complete the follow'&ng and add the equivalent radian measures on the unit circle below:

b. == JLOO Tl L 1o N
. -90° £ E s aR e baNes
d. %= q,sa ; o A
e To 300 18(1]50 £ .05 - =l.00'360'
- 60°
-;E—/--‘g—-(2 T\ | el 1%0
¢ 7 > A
- |3_9_ o
- € - 30 ':I_Q _ 600 - I?Oo
3 -

L\

F'.P 3 JeA cc\}\-“ws) W"“\\' P\ )OV)

\CGO Yo gakvtfl' "'0 Atﬁrus‘
\
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~
Converting Degrees <——,> Radians ° \‘o a x \—%B

gm— G—

| .
1. Degrees to Radians:
C—

. . T
o To convert from Degrees to Radians multiply b

\10 2. Radians to Degrees: 2/'71 ’L
= [
\10 o To convert from Radians to Degrees multiElx b< % ’ “I' 72- z
Exampies: NS

1. Convert to radians:

120° 240°

120 « & _ (0% 40,&\
’(Wo = ri_"aj_ ‘tOxL\_

2. Convert to degrees:

3T

LY SO CRSI 1
.+. Ig0 :5{_}9 : (350 e

3. For each pair of angle me

.G

ASSIGN: p. 489, #1,2, 5,7 - 10
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Section 8.2: Exploring Graphs of Periodic Functions p. 491

Terms to Know:

Periodic A function whose graph repeats in
Function regular intervals or cycles.
4
Midline / The horizontal line halfway between
. .. maximum
the maximum and minimum values of
Sinusodial .. .
a periodic function. L
Axis ® ~ S
S A midline \‘/—x
minimum S a
v4
Amplitude The distance from the midline to .
. . .. maximum
either the maximum or minimum | e o e L B )
value of a periodic function; the ,"I
amplitude is always expressed as a amiﬂlitulde W X
positive number,. 00| === =—=——— D ot St B
minimum
¥
Period The length of the interval of the
domain to complete one cycle.
Sinusodial Any periodic function whose graph
Function has the same shape as that of y = sinx.




Unit 8 - Complete.notebook

Section 8.2: EXPLORATION — The Sine Curve 5

1. Complete the table of values below for the function y =siné

e|0° 30° | 45° |60° |90° |120° |135° | 150° | 180° | 225° | 270° | 315° | 360°

1O 105020044 T 03602105 O M-1 0 O

8 | 390° | 420° | 450° | 480° | 510° | 540° | 585° | 630° | 675° | 720°

»OSIo% | 00| O O +

2. Sketch the graph of y =sin6 on the graph below:
- =\ (\)
Qo, |) 40,
gclr" 180 2?6“ ; : N
@) (¢

-
-
E2)

¥

630 °

30;1)

S <
3. Complete the tablgl%l‘ow by Qgraph. If you wanted to quickly graph 0“
the sine curve, which five points would allow you to easily graph the entire curve? L ‘ﬁ\c

“Five Key Points

y=sin@
Period N Y
Sil?us.oidal Axis o° O
(midline) »
Amplitude
Domain q 0° ‘
R K0
Local Maximums .. Z 70 — I
Local Minimums

x-intercepts

y-intercepts
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Section 8.2: EXPLORATION — The Cosine Curve 6

1. Complete the table of values below for the function y = cos 7

a8 |0° 30° | 45% |60° |90° 120° | 135° | 150° | 180° | 225° | 270° | 315° | 360°
1) 16866290 05] O H0.5H03-08 e

6 | 390° | 420° | 450° | 480° | 510° | 540° | 585° | 630° | 675° | 720°

=\

O

aph of y=cos@ on the graph below:

Q- 360
2. Sketch the
Y

\

3. Complete the tables below by using the graph. If you wanted to quickly graph

the cosine curve, which five points would allow you to easily graph the entire curve?

Local Maximums

Local Minimums

x-intercepts

y=cosf
AN y N
Period ‘S 6 O b
Sinusoidal Axis o
| (midline) IO (@)
Amplitude
' Domain x
Range

y-intercepts

“Five Key Points”

X
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OBSERVATIONS:

¥ For SINE, one complete wave can be seen from an X-INTERCEPT at (0, 0) to the
X-INTERCEPT at (360°, 0).

» For COSINE, one complete wave can be seen from the MAXIMUM point (0, 1) to the
next MAXIMUM point at (360°, 1).

% The graph of y=cos@ is related to the graph of ¥y =sin& by a shift of 90° to the left.

Label the following as periodic, sinusoidal or both.

0 n N py

i {\ 1~y
o3 084
063
[+X] i 1 { 04
0z
0.4 {
T T S‘JT
\/ 08
=210 1 2 34 05 & 7T 8 9 1011 1212 M4 15

e \';i( N %0\\'\

129 . Uf['z)

b P C .00 d Pc r'.oA'\g

CONCLUSION:

All sinusoidal functions are periodic but not all periodic functions are sinusoidal.

ASSIGN: p. 494, #2,5-8
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Section 8.3: The Graphs of Sinuscidal Functions p. 497

Examples:
1. For the sinusoidal function shown, determine: (Example 1, p. 499)

QX wa. m:ng“e)ﬁ\-3£3< 7 jéﬁg
Sied e Max—min =213 (-)..

b. Equation of Midline/

. Sinusoidal Axis: 44
'“S &\"c ﬂ“x +M 7‘.‘—3)——— 24
4 "1
A o amlinde, WAZE) L enir [ a0faortebasdoo b
~pP = MA)\ - < of =5
d Period: = -4 ’3

Pct-"‘"\%o Pc ol = (g0°

2. While riding a Ferris wheel, Mason’s height above the ground in terms of time can be

represented by the following graph.
y

Time (Seconds)

=l AL
a. How far¥is the ferris wheel off the ground? \ (4 )

b. What is the ra.nge of the function? What does it represent'? MM“\ - 7’ = C
ANM- Qs °‘¢ uc.\w
¢. What is the height of the ferris wheel? —m“’\ -é) 7 [
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7]t | € ° v..f
— w——
d. What is the equation of the midline? What cﬁs it represent? 1 1

\3—_\’\ v ot N \'J"\\t\_

e. How long does it take for the ferris wheel to make one complete revolution?
‘What characteristic does this correspond to?

S?_& l“.a&s

3. Alexis and Colin own a car and a pickup truck. They noticed that the odometers of the
two vehicles gave different values for the same distance. As part of their investigation
into the cause, they put a chalk mark on the outer edge of a tire on each vehicle. The
following graphs show the height of the tires as they rotated while the vehicles were
driven at the same slow, constant speed. What can you determine about the

characteristics of the tires from these graphs? (Example 4, p. 504)
Pickup Truck

32 32
_ 1 ‘02. 28 ! \"-.I ;5\\‘ 4

)
£
Height of tire (in.)
o

f \ 4 \ \
/ \ x"l \f

0 04 08 12 16 20 24 28
Time (s)

04 08 12 1.6 2.0 24 28
Time (s)

Cor T-(V‘('\(\
Y& -

24
e \ €

1.2 S¢¢
‘.6 Sg(

ASSIGN: p. 507, #4, 5,7 - 10, 13 - 15
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10

Section 8.4: The Equations of Sinuscidal Functions p. 516

INVESTIGATION:
Using technology, we will explore how the parameters a, b, ¢ and d affect the graph of
sinusoidal functions written in the form:

‘ v=asinb(x—c)+d \ and yzac—ogb(x—c}+d
(A) The Effect of ‘a® in y = agsinx on the graph y = sinx whe

1. Sketcha graph of: y=sinx, y=2sinx, y=4sinx, y=0.5sinx

N y=sinx y=2sinx
o I 1
Of 4~ A

2. Compare the amplitudes in each graph with its equation.

3. Piscnbe the gffect the value of ‘@’ has on the graph of y =sinx.

e d\'«o\‘\'u’\\ A= Gm?\‘,-l-q.\

4. Will the value of ‘a’ aﬂect the cosine graph in the same way that it affects the sine graph?

el

C\ = C»“'\?\\'-«Ae \]c(' tc;\\'\
SkreXd
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(B) The Effect of ‘4’ in y = sinx + d on the graph y = sinx

11

5. Sketch a graph of: y=sinx+2 and y =sinx—3and compare it to the graph of y =sinx
E—

< y=sinx+2 ’

( y=sinx—3

O(n S.OU\X *

" 2 " FI) 3

at

VT 3ea),

Veeboced Teoms\abcan g‘ -

6. How does each graph change whe:m ]

7. How is the value of ‘d” related to the equation of the midline?

8. Isthe M of the graph or the graph affected by the parameter ‘a’?

oc.«\"w‘

9. Is the period affected by changing the value of *‘d’? V\ 0O c‘

10. Will the value of ‘@ affect the gosine graph in the same way that it affects the sine graph?

v .
noad |
= W

A\ e (\J(r\':c'\\

'rmks\n*-‘ M
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12
(C) The Effect of b’ in y = sinbx on the graph y = sinx
11. Sketch a graph of: y=sin2x and y =sin0.5x and compare it to the graph of y =sinx
0 N
=l Tk
¥ -~
e e o e . \ Swk=z

12. What is the Eerlog of y=sinx? _ ‘What is the “b” value? s’ "

(¢}
13. What is the period of y =sin2x? \% O ‘What is the ‘5° value? l

~ o =V
14. What is the period of y =sin0.5x ? 72-0 What is the ‘5” value? O'S - z
= .
15. What is affected by the value of *5°?7 pc C. aA

16. Write an equation that relates the ‘6’ value to the period of the function.

aﬁax oS

Period = or Period =

17. Will the value of ‘4 affect the cosine graph in the same way that it affects the sine graph?

WN\es
Cﬁ"\C\“S:""\\_J-_ /\_c\t Uc\\v\\ o? E OH‘QQ\'> ‘H‘(
T pedod. Peciod = 3407 s Horzpa)
b Stretd
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13

(D) The Effect of ‘¢’ in y = sin(x — ¢) on the graph y = sinx

‘N 18. Sketch a graph of: y =sin(x—60°) and y =sin(x+30°)and compare it to the graph of

\JSS' y =sinx _— —

( y:sin(x@)) ( z_:sin(x+3o")=sin(x—(&n9))>
s [
o ’w i ﬂ;s.

minimum

,H° ¢ 20k -
60° -

19. How is the ‘¢ Ae affecting the graph? 3\ I | *

G forzontat Fransiaten

This horizontal shift is also called the phase shift of the graph. In order to determine the phase
shift of the graph, you need to compare a KEY POINT on the sine graph to determine if it has
shifted left or right.

One key point on the SINE graph is the point (0, 0) which intersects the
midline at x = 0 going from a minimum point to a maximum.

) \,\*
20. If the ‘¢’ value is positive, the graph shifts to the n ;

21. If the ‘¢’ value is negative, the graph shifts to the <

22 _Will the valueof * affeg l“:n in the same way that it affect;l P} ‘ne graph?
Yes ' o t& ﬂ« same, Trahsia

(L\D“'Z“\ q\) L".\' A O\-G; f't-'\.'} kfb?‘m‘\.
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(E) The Effect of ‘¢’ in y= cos(x — g) on the graph y = cosx

23. Sketch a graph of: J:_c:@ and y= cos(x+ 60" comparg N\to the graph of
- 2 eosly- (- 60)

y=sinx

¥ =cos(x—90%) ¥ =cos(x+60°) = cos(x— (—60%))

|:> maximum

24 1If the ‘¢’ value is positive, the graph shifts to the r“\»\

One KEY point on the COSINE graph is the point (0, 1)

which is a maximum point. ‘ \5-‘ COS‘X _ﬂO)

25. If the ‘¢’ value is negative, the graph shifts to the ’t‘?.l. « <,
z(os()&-&éd

CONCLUSION: For the sinusoidal functions written in the form:

yzgsinﬂxG»Q and y=acoshb(x—c)+d

(&) amplnage = 72 min
2
2®1ects the period: period = 36;) or period = 2{

3 ‘ horizontal shift (need to compare a Key point)

4, 6 vertical translation, y =d= Y = equation of the midline/sinusoidal axis

5. maximum value = d+ g; minimum value = d—a

max-+ min
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VAN /I o «d
N W

NOTE: Beware of the brackets! y=cos(x+2) versus y=cosx+2

y=cos(x results in a horizontal translation
c
y=c0sX esults in a vertical translation
\3, ans\p(x C—) + &
1. For the function, y =2cos4x+1, state: (Example 1,p,518 - =

a—-q amplitude: Z -

ﬂ equatlon of the midline:
& c. range A‘-‘.Z
=0 = =2 -—I Rﬁﬁt-

o ety ,_; % 360 )
e p:zsh‘i_7v£9\«u S\‘P (L\Oﬂlﬂ'\‘\\ %““\

2. For the function, y =3sin2(x @) state: (Example 2, p.519)

a. amplitude: 5

b. equation of the midline: = O
ngsm-{g— _ Wax
c. range: M.v\ - 0’3 - ?3 R‘ (N ’3 -&

period:_—.l&q,'%g’ |%O° =
phase shift: (g ‘B" ‘+S re

How would the graph of y =3cos2(x+45°) g the same? How would it be

dlfferg’c\ :”\ ' d,“;f N\-\'

ohiee e [PestE Ys? |y
Ptr!od
r.'IJ( 1

Examples:

g

o

=
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2 0ab{x-) A Y= ALIXC) 4,
TRt W At v VI

3. Match each h with the gerresponding equation below. (Example 3, p. 522
o= L‘. f,c grap CO§ T ing (Example 3, p. 522)

L; 3 a) ‘ w Graph1 ¢, _qo b) , Graph 2
614 7 6]
f— 4 [ 4 llll,f‘-.\l‘ Ill,r‘ \'. 4 y /_\‘ y //\\ 4
A« | N A A ISR N e
m“o . | 1 é.‘l Wl I | I\ X 0 \.". .f': T\ ja"' . X
\ [90°\ 180" 270" 360" 180, A60° 5400 720
Pcl .4*1.3‘Q.'2 1 \"'\,-'; V 5\-\/ EE"a. 21 A\ 0\\/
L -4 -4

- o (4
’ZO = }-‘Q- w ¥ =4cos(x—90°)+1 il ¥ =5sin3(x—60°)

b=
3‘0 - y=4sin3(x—60")+1 iv. y=4cos3(x—60°)+1

9° il

function #(x)=1.5(cos15°x)+20, where x is the time in minutes after the air conditioner

5. The temperature of an air-conditioned home on a hot day can be modeled using the

turns on and #(x) is the temperature in degrees Celsius.

o
M.“\&hat ;re % W[jsandg mini.t:lgl temperatures in the home? b
Min = 20-1.5 « [§S c

t ( \ What is the teG ture 10 minutes after the air conditioner has been turned on? A’

¥ ssc.s\s +20

c. What is the penod of the functlou“’ Interpret this value in this context?

Decsd = 360 = 3 : 24 D 24 e

‘ ASSIGN: p. 528, #1 - 15,1719 ‘
I'(' Fohes 24 AR 1 "‘ cow\\:\\k

1 “3"‘" de 2 MmaX

M.\p\.—? M.v\
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