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% Sketch the graph of y = sin x.
A Skebch the graph of Yy = €OS X,
AGraPh transformations of Y = €OS X,
% Find Amplitude and Period of sine and cosine graphs.
2 Grraph vertical shifts of sine and cosine curves,

> Model Feri;ociw behavior.
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Graph of Sine Function

XThe sine function can be graphed bv plotting the points
(x, 3) from the unik circle onto the coordinate tho\meq

2 Slides
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T Ihe

Graph of y =
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T Ihe

X The sine function is periodic, with a period 2. That
means the graph continues forever in both directions,
repeating the pattern every 27,
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X The sine function is an odd function, sin(-x) = -sinx,

X The domain is (-o0, ©0); the range is [-1, 1].
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Graphing Variations of Yy = StAx

X The function £{x) = sinx is the parent function, The
/ ray!« of g(x) = asin(bx-c)+d btransforms Like any other
?uma&iow The rules for transformations (shift, sgr@.&«ch
or aompress) apply.

ZTo graph using values it is necessary to find the
F?ermci, maximum, and mininmum values.

X The maxinmum and minimum values come from the
amplitude of the graph. The amplitude is the
distance from the extreme values of sine and
cosine to the Line of equiubrmw\q
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Graphing Variations of Yy = StAx

ATo graph y = asin(bx-c)+d follow the procedure
A1, Identify period and amplitude

A2, Find § key x-values; the x-intercepts, x-value of
moaximum F(x), and x-value of mininmum £(x).
X To find the § x-values, divide the period into 4 sections,

The first, middle, and Last x are the intercepts. The 2nd
x will be the moaximum, the 3rd x is the minimum.,
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Graphing Variations of y = sinx

X Once the x-values have been debermined.
A3, Find y = $(x) for each of those § x-values.

X 4. Droaw Ehe sine wave.

2.8, f?;@;peo& the sine wave over the desired domain,
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Finding Amplitude

ZAWhen we graph y = sinx, the range for y is [-1 1].

X That meains the maximum value for sinx = 1. The
amplitude of sinx is 1.

A To graph y=sinx we find the § values for x by dividing the

| 2T T T 2
eriod bu 4. 55 = = ocur § values of x are ©¢ = 7w == 21
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Finding Amplitude

A1f we graph y = 3sinx, we mulkiply each §(x) by 3. You
should remember that this is a vertical skretch of factor
3. Thus the moaximum value of 3sinx = 3(1) = 3. Then
the amplitude of y=3sinx is 3. The period remains 2.
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Finding Period of sin(2x)

AWe know the period of sinx = 2. Bult what happens
with sin2x?

AFor the moment, let p=2x. We khow sinp has F?ermd 21T,
that means the graph begins a new period at 21

A p=2x, so when 2x = 2 the graph begins a new cycle.

AThus, the cycle repeats when x = 7. The period of
szLMZX LS 17




Finding Period of stn(2x)

X14 we graph y=sin2x we can see the F@.rwd.ﬂ

T =7

- — &7
* 2 2
Stiax 1|0 |-1]o

2 2 Ul oh!
S x ©| 0|0 |0
" T | T 3% T ST |31 7 o

4 | 2 |4 4 (2 | 4
Sth2x llo|-1|lo|l1|0 1|°

Our § values work, but we musk
remember we are working with 2x,
2x = 0, 2x = /2, AX = 1, X = 317/2,
2X = 21

Over the domain [02] the graph
of y=sin2x repeats itself. y=sinx
completes one cycle (permd) over
the tnterval [o,n]. The F?e.rmd Ls 7.
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Avw Fl Lbudes and Periods

AThe graph of $(x) = asinbx, where b>0 has:

e
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M&\s a Funckion
. asunbx

ZDetermine the amplitude and period of y = Zsm%x

Then graph the function for o<x<g .

Sl:ep 1 Id@.v\&ffv the ampii&ud& and khe P@.rmci«

The equ&%&om LS o»f Ehe ﬂfc;)rm Yy = a sinbx a = 2,b = i

ampi&ud@. = 2] = 2 P@"md = 2’% = 4T

Pd

The maximum value of y is 2, the minimum value of y is -2,
the graph «wmpl&%es ohe cycle (P@.rmd) un the tnterval [0,41]
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Graphing a Function
y 'z astnbx

Step 2 Find the values of x for the five ey points.

To generate x-values for each of the five key points,

divide the period(=4m) by 4. The cycle begins at x, = ©.
We add quarter periods to generate x-values for each of
the key points. 4,

4

The § x=values are O, o+ = , WHA=RW, LT+ =31, 3T+T=41
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hing a a Funckion
. asubx

X O | T |2m |3n |47

— :
4 y=2sih_x © |2 |© —& | ©
2

Step 4 Plot the points and draw the first period.

© & 20N\ 37 _4r St bm\_ 7% _Fm

S%@.P ereo& to cover the interval [o,%1].
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Anocther a ppro ach

Z Determine the amplitude and period of y= Zsm%x‘ Then graph

the function for o<x<¥ .

% o | |nx a7 2T
ZLet us start with the § y-values we 2 2
kiow are the critical § points for Six (©|1|0|-1]0
the parent function y = sinx,
X We find the x values for those L o g - % o

£ eribical Fmi;m%s‘ R




Anocther a ppro ach

ZNow we have the same table of values

% e T AT | B3m |41

szSEM%x O 2 © |2 o

Plot the points and draw the first Fv@.rwdq

T
© o 20 N3 4 ST bTNU7T wn
A pd

f&epeo& to cover the inkterval [o,%1].
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The

AThe graph of yzasin(bx-c) is identical to the graph of
3:asimbx, shifted right, (Just Llike any other function

shift.) The amount of shift is c/b.

’
X Think of 3zas£m(bx~c) As Yy = A& s b

X

)

b
X 1% c/b>o shift right (remember x-c:\/b)\, i c/beo shift Left,

X With a periodic function, this is kiowih as a “phase shift”

of e/b.

X The amplitude remains |af, and the period remains 2w/b.
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Graph of y = asin(bx - )
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Determine %}«@. ampt&uc&e, period, and phase shift

of y = 35l | 2x g then graph one period.
\ ’ )
Step 1 amplitude, period, and phase shift.
a=3b=2c=2
3
ampii@udez l&lzl@l:B F?érimiz %T = % =T
T
hase shift: £ -3 _ 7
P b b 2 &
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SE@.F 2 & Lf’@.v values cwf X« STUDY TIP

JU In general, to divide a
, T period-interval into four equal
FQT’&OC&I Z—ﬂ: - 2_727 =T Fk& Se SE‘\UFE -3 _ 2 parts, successively add
b 2 2 & “period/4,” starting with the left
endpoint of the interval. For
instance, for the period-interval
| — /6, w/2] of length 27/3,
X1 = O A n Xo = T T 571— X3 = Sr T RTT you would successively add
= | , 1 —
& 6 4 12 12 4 3 n/3  m
4 6
Xao = Rr 1w 1llrm “ to get — /6, 0, 7/6, 7/3, and
| 2 | — 12 | /2 as the x-values for the key
' 4 i points on the graph.
11t =« 7 T s

12 | e - & | =¥/ 27T llrn v (§ 7
12 2 12 &




Step 3 Find the points for the & ey values of x.

T sr RTT 11z 7
& 12 3 12 &

X

Yy = 38U | 2X o 2 O 2 O

2

Phase Shittk = 7
4 z Ampii&ud& = 3

6

0 -/ | \
Step 4 Graph B VA W ;:h .

one &3@:{@4 -7 e\ 1l T /7x
— & 2 12 / &




Anocther a ppro ach

Determine the amplitude, period, Fa(ko\se sl?iff&, " o % . 3?” >
JU
and qraph one period of y = 3sin|2x - = |. :
Jrap P ¥y L’\ 3, Sthx ([ © |1 | o |-1|0
X We find the x values for the § critical points,
T 3T
T T T T sn ox — - O | - | T |— |2
RX — — =0, x = — 2X— — = —,X=—— |
3 ' 6 3 2’7 12 — ; : Jj .
Y/ /9 TT T
. % A e A e L
Zx—zzn,xzz—n Zx—zzﬁ,x:ﬁ & |12 | 3 |12 | &
3 3 3 2 12 - .
Yy = sl 2X — g e 1 e -1 e
2x — — = RIT, X = n \
3 6 y=ssmfax 2/ © | 3|0 |-3 0
A We see the thase shift = g , the Permd LS 7: Z = 7,

and the ampt&ud@: Ls 3,
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T Ihe

X The cosine function is periodic, with a period 2. That
means the graph continues forever in both directions,
repeating the pattern every 27,

4_,_ per tod 21 _ ;,,

X The cosine function is an evein function, cos(-x) = cosx.

X The domain is (-o0, ©0); the range is [-1, 1].

RS s~ e R e, © o e R R, S D SR e 3|




Sinusoidal Grap

Lled
O are ca

. prackions

nd cosine fun

sthe a

s Of

he Jra hs.

A:;Mu,sai al grap

— P




Stnusoidal Gra Pl«s

AThe graph ﬂf = cosx is the graph of y= sinx with a

71'
phase shift of > o ([ x




Lods

A F}L Lkudes and Per

AThe graph of f(x) = acosbx, where b>0 has:

Ampl tbude/
| ' ’/

AmPLLEudé = |a] N/

Period = 27”




= ACOSIX

Determine the amplitude and period of y=—4cosmx, then
graph the function for -2¢x<2.
Step 1 ld.@.m&ffv the amplitude and the period.
The equﬁwm LS c:wf the &wm Yy = acosbx a = -4, b =1
RTT

amplitude = |-4| = 4 period = == =2
T

The maximum value of y is 4, the minimum value of Y
s ~4, the grapk camptea?.s one Cj&iﬁ (permc&) i the
interval [o,2]
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= =4-COSTX

Step 2 Find the values of x for the five ey points.

To generate x-values for each of the five key points,
divide the period (=2) by 4. The cycle begins at x; = o,
We add quarter periods to generate x-values for each of
the key points. ,

4 2

1 1

_1 1 | —
The § x-values are ©, O+ =ity " 1,

33/86



= =4-COSTX

SE@.F 3 Find the values of Y for the five Lmv PO&M&S.

3
1 5 | %

% O

1
pd
y=-—dcosax -4 0 4 | O -4

y = -4 cosn(0) = 4 coso =-4(1) = 4

(1\ T

Y o ﬂ\2) o5 (o)

y =4 cosn(l) = 4 cosn = —4(-1) = 4
(3) 37

Y o 71'\2) os = (o)

Yy = 4 cosn(2) = 4 cos2nr = —4(1) = -4
T e ST i GRS [ 1 ST i e TV - STL i R [ 1 ST i IR




= =4-COSTX

1

I 3
2 2
Yy = —4 cos X 4|0 | 4 | O |4

SE@.P 4 Plobk the poim&s and
draw the first cycle.

S&ep ] f&epeo& to cover bhe
tnterval [-2,2].




Anocther a ppro ach

X Determine the amplitude and period of y = -4 cosx . Then
graph the function for -2¢x£2.

A Lebt us start with the & 3*\/&1.%@5 we A |© % T 7” RTT
lhow are the critical § points for .
the parent function Yy = CosA, €OSA 1 | o |-1/0
X We find the x values for those T R
£ critical Fwi;m%s‘ 2 2
1 3
X O | — 1 — 2
T 1 £ 2
X = O, x =0 ﬂx:g;ng Tx = T,x =1 Y = €OS X 1 |l ol-1lo0 |1
ST I - B _ &4
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The

Graph of y = acos(bx - ¢)

AThe graph of j:&@@S(bX*C) is identical to the graph of
v:acosbx, shifted right, (Just Llike any other function
shift.) The amount of shift is c/b.

X Think of szaaas(bxmc) as v:&aos[b(x~c/ bY].
X 1§ c/b>o shift right (bx=c), f c/b<o shift Left.
X This is also a “phase shift” of /b,

X The amplitude remains o], and the period remains 21w/b.




acos(bx - ¢)

Crra F’!ﬂ © ”’: v
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= ALOS\ bX - &

Determine the amg»tiﬁuc&e, period, and phase shift

3

of Y = Eaas(Zx + ) then graph ohe period.

Step 1 amplitude, period, and phase shift.

=
A = — — 2. & =T
2} J

i1 |3 3 Qriadzz_”zz_”:
ampt&ud@m =3 4 A > =T
- (F & B — 7 B JC
FKQSQ Skﬁff& E = E = — E
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Step 2§ key values of x. amplitude: |- ==

h . . Ezi—_z
F aAse Shb"f&. b — Pﬁrimd; 2—71- — Z—ﬂ: — T




k. XA YW |

Graphing a Function
m 3
0¥ % k

“""O'T' Yy = - cos (ZX + 71:)

—— O

. ] k2
4 4
O

<

jzgcos(2x+n) O

AR IV VR S

3
2
_Perigd =27 *

Censfn T » 1)
rase st =% N/ pidite - 2

,x”
o

S@ep 4 Grapk 1 \:\
one cvd@.‘




Anocther a ppro ach

Determine the amplitude, period, phase shift, |5 o % w |2E |2
and graph one period of y = — cos (Zx + n) :
2 COSX o|-1|0 |1
X We find the x values for the § critical points.
X + T O = T sn 27T
2>nf.+7r:€>,;~<=—E 2x+n:£,x:—£ P P
2 2 4- AR T
, X 5 T Z | 5
2-%4‘7[:71',}(:0 2X+ﬂ:@;x:£ R e - 2
2 4. Yy = €os (2x + n) 1 o |1 o 1
2x+n:2n,x:£ y=§mS(2x+n) 3 o 3 o | 2
2 2 2 S
A We see the Fhase shift =- g, the permd LS Z Z = T,

and khe ampi&ud@. LS ?
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Vertical Shifts of Sinusoidal
Grraphs yzasin(bx-c

For sinusoidal grayhs of the form v:as&m(bx-"&)*d and
=zacos(bx-c)+d the constank & causes a vertical shift in
he graph.
These vertical shifts resullt in sinusoidals oscillating about
the horizownktal Line y = d (@.quii.ibrmm) rather than about the
X=AXLS,

The maximum value c:wf Y LS c:;’l.:-t—lokl‘. <—— period |

e % . h N 4
v “’ C/ ‘k‘ ’ A . ; A . o4 ﬁ/“'/ i - /"/‘
ja% - ‘ - e — : I ——— .‘T— f l—— , e - l %F J
J | ' !

The mininmum value oﬂf Y s d-|al.

RS s~ R e, & e e R R e, D S R T, 3| L




k. XYW "

A Vertical Shift y=2cosx+l

Graph onhe permd of the function Yy=Rcosx+l,

Step 1 amplitude, period, and phase shift.

a=2,b=1c=0,d=1

ampli&ud&: R| = Foeri;od: aT _ 2T
1
phase shift: 7 % = O vertical shift: A = +1




Example: A Vertical Shift y=2cosx+l

SE@.F & © key values of x,

o

period: — = 271 Fkase shift: =0

c_°
b 1




k. XA . A Vertical Sh Eff& j:ZCOSX*' 1

Step 3 Find the points for the & ey values of x.

y=z cos0O+1 =23 " ol T ﬂ-@zﬂ
—2cost+1=1 : ‘
J 2 N y=2cosx+1l | 3|1 -1 3
Yy = &cos ;+1 =1 4 Period =27
= 2¢ 1l =1 -
J > 1
y=2€052ﬂ+1:3 *

one ajﬁiﬁ-« |

4-&/66




A reqgion that is 30° north of the Equator averages a
minimum of 10 hours of daylight in December. Hours of
daylight are at a maximum of 14 hours in June. Let x
r@.irese!m& the month of the year, with 1 for January, 2 for
February, 3 for March, and 12 for December. If y
represents the number of hours of d&jligké A month x,
use a sine function of the form yzasin(bx-c)+c ko model
the hours of d&viigh&

Because the hours of daylight range from a minimum of
10 ko a maximum of 14, the curve oscillates about the
middle value, 12 hours, Thus, & = 12,

RS s~ e R R e, © o e R R, I SR T, 3|




A reqgion that is 30° north of the Equator averages a
minimum of 10 hours of daylight in December. Hours of
daylight are at a maximum of 14 hours in June. Let x
r@.irese!m& the month of the year, with 1 for January, 2 for
February, 3 for March, and 12 for December. If y
represents the number of hours of d&jligké A month x,
use a sine function of the form yzasin(bx-c)+c ko model
the hours of d&viigh&

The maxinmum number of hours of daylight is 14, which is
2 hours more than 12 hours. Thus, a, the amyli&ud&, s 2;
a = 2.
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A reqgion that is 30° north of the Equator averages a
minimum of 10 hours of daylight in December. Hours of
daylight are at a maximum of 14 hours in June. Let x
r@.irese!m& the month of the year, with 1 for January, 2 for
February, 3 for March, and 12 for December. If y
represents the number of hours of d&jligké A month x,
use a sine function of the form yzasin(bx-c)+c ko model
the hours of d&viigh&

One complete cycle occurs over a Pé.ri.od. of 12 mwomnkhs,

F?eréc;)d = 12mo = p="

b &
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A reqgion that is 30° north of the Equator averages a
minimum of 10 hours of daylight in December. Hours of
daylight are at a maximum of 14 hours in June. Let x
r@.irese!m& the month of the year, with 1 for January, 2 for
February, 3 for March, and 12 for December. If y
represents the number of hours of d&jligké A month x,
use a sine function of the form yzasin(bx-c)+c ko model
the hours of d&viigh&

The maxinum number of hours of dajtégk% occur
June, the minimum occurs i December.

RS s~ R s, © o e R A e, I SR T, 3| L




E. XAV - Mo Ael EV\S Periodic RBehavior

1f we lay a sine wave o

—

— —_—

e =
e =
— = —— —

n top of the points:

S
==

i >
) _
=
| >
> -
{ 5 i ~
) =7 TR
| 7 D
2 | = W
A7 h ) ~ 4 > _
., o >
o i - _ _ D
e — —_— — = — = — _—— = e ——————— —— = ———— = ——— e — = — — — == — —
== = == — _ _ _ - = B e A ——— — __— ————————  —__ __ — — p— S = — =

| March (x=3;

point of the cyele is

10 ’; — — 1 I N S— _ =
for a sine function.




Because the hours oﬂf davligh% range nfrom A mLlum oaf
10 ko a maximum of 14, the curve oscillates about the
middle value, 12 hours. Thus, Jd = 12,

The maxinmum hours is 14, mininmum 12 hours. Thus, a,
the ampii&ud&, is 2, a = 2.

One complete cycle occurs over a Périod of 12 momnths,
RTT

eriod = 12mo = — _2
P y b=1
Phase shift = 3= =12

y b 2
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A reqgion that is 30° north of the Equator averages a
minimum of 10 hours of daylight in December. Hours of
daylight are at a maximum of 14 hours in June. Let x
r@.irese!m& the month of the year, with 1 for January, 2 for
February, 3 for March, and 12 for December. If y
represents the number of hours of d&jligké A month x,
use a sine function of the form yzasin(bx-c)+c ko model
the hours of d&viigk&

Q:Zﬁ b:—
& Yy = 2sn Ix-Z+a2
T & z
C = —
2

T ST ¢ R R A 1 ST ¢ e R i L 1 STL © i R L . T i B e




Model g Stuso Ldal Behavior

Z Data Analysis: As&rov\och The percent of the moon’s face
that is illuminated on day of the year 2007, where x = 1

r@.premm&s January 1, is showi i the kable. <_

%(a) Create a scatter plot of the data. 3] 10
11| 05
Z(b) Find a Eriqonometric model that fiks the daka. | 19 | 00

26 | 05
ZA(c) Add the graph of your model in fc\r& (b) to the | 32 | 10
scatter plot. How well does the model fit the data? | 40 | 05

2{A) What is the period of the model?

% (e) Estimate the moon’s percent illumination for March 12,
ROO7,

RS s~ e R R e, © o e R R, & o I S R e, 3| L




ALooks like a sine wave, y = astn(bx—c)+d
X y

1.0

11 0.5

N | ot A 19 | 0.0

\ | amplitude a = & A

vertical shift 4 = .8 32 L.O

( 4 40 | 05
40

y = astn(bx-c)+d

y = Ssin((R167x+92)+.6

ZMar 3 = 71

X We could also estimate the point e .
ab which bhe curve comes backe ko J= Esin(2167(71)+921)+.5
equd&brmm (3 - 29/4) = 428 y = 21%2

-4 28-¢c/.2167=0 (sin(0) = o) 55/56




Modeling Sinusoidal Rehavior

with TI-¥4-

XlLeb us see f TI agrees with us. J=a*sin(bx+c)=c
XeEnker the daka ko bwo Lisks a= 5111434882

b=.2163933129

ZNow we will do a sine regression
c=./258071718

> CALC A C:SinReg[ j d= 488303521
lterations: 3 . . , ?> —
Xlist: L1 m v - ¢5111SLM(‘2 HE4-x+ 7286 + ) .
Ylist: Lo m Yy = S5t R167x+92)+.5
Period: 29

Store RegEQ: Y1 RZAGSE > Y-VARS @1:Function

Calculate | =2z
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