Applied Math 30 Unit 6: Sinusoidal Data

Unit 6: Sinusoidal Data

5-1: Collecting and Plotting Periodic Data

Periodic Data: - data that contains cycles which repeat at a regular interval.

Example 1: Classify and explain whether the graphs below are periodic.

a. b.
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Year Time (s)
NOT Periodic. The Pattern does NOT repeat. NOT Periodic. The Pattern does NOT repeat.
The graph keeps going up. The graph goes up and down, and then stops.
C. d.
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PERIODIC. The Pattern REPEATS. The PERIODIC. The Pattern REPEATS. The
graph goes up and down and continues to graph goes up and down and continues to
be the same way if the x-axis is extended. be the same way if the x-axis is extended.
e. [ f.
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& |l g
2 | , , , , =
;§ i Time Eﬂ
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Distance (cm)
PERIODIC. The Pattern REPEATS. The PERIODIC. The Pattern REPEATS. The
graph goes up and down and continues to graph goes up and down and continues to
be the same way if the x-axis is extended. be the same way if the x-axis is extended.
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Sinusoidal Data: - periodic data, when graphed, looks like a Sine Wave (the graph of an equation using the

Sine function).

Example 2: Using the graphing calculator in DEGREE Mode, complete the following table for the
equation y = sin 0. Grpah the equation between —90° to 720°.

Step 1: Enter the Equation.

Step 2: Enter Table Setting

Step 3: Display Table

T g ot 2nd  |'TBIStarich ond |l
Y= QNN aTl 5 it | zemRz
M= Lhdemt s [IIGEE A=k ie Faris
W= Derend: [EMAL A=k 1) -BEBNE
we= TABLE it 658
“NE= =
M= WINDOW GRAPH [t
0 y 0 y 0 y 0 y
0° 0 105° 0.96593 195° —0.25882 285° —0.96593
15° 0.25882 120° 0.86603 210° -0.5 300° —0.86603
30° 0.5 135° 0.70711 225° -0.70711 315° -0.70711
45° 0.70711 150° 0.5 240° —0.86603 330° -0.5
60° 0.86603 165° 0.25882 255° -0.70711 345° —0.25882
75° 0.96593 180° 0 270° -1 360° 0
90° 1
Step 4: Set the Proper Windows. Step 5: Graph _Maximum

WINDOW

W IHOOW
Anin=-94
Amax=rLH
nec1=30
Ymin=-1.5
Yrmax=1.9
Yoo l=.3
Ares=1

x: [-90, 720, 30]
y: [-1.5, 1.5, 0.5]

GRAPH

Median Line — |

Minimum

Amplitude

Period: - the length or the time it takes to complete one cycle of the wave

Amplitude: - the height of the wave from the median line (middle line) of the wave.
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Example 3: A particular beach has various depth of water because of high and low tides. The depths of the

water in metres and the times of the day is recorded.

Time Midnight | 2:00 AM | 4:00 AM | 6:00 AM | 8:00 AM | 10:00 AM
Depth (m) 3.5 4.25 5.75 6.5 5.75 4.25
Time 12:00 PM | 2:00 PM | 4:00 PM | 6:00 PM | 8:00 PM | 10:00 PM
Depth (m) 3.5 4.25 5.75 6.5 5.75 4.25

a. Graph the data using a graphing calculator. Label all scales and axis.

b. Describe the pattern of the graph by stating its period, amplitude, maximum and minimum.

c. What is the depth of the water at 4:30 PM? How many cycles has it been since midnight of
the same day?

Water Depth versus Time of Day

Maximum = 6.5 m

A

Minimum =3.5m

Period =12 hours

/

Median Line

Amplitude = 1.5 m

1- :
Time
O I I I I I I I I : I I I 1
1200 200 400 600 800 1000 1200 200 400 600 800 1000 12:00
AM AM AM AM AM AM PM PM PM PM PM PM  AM

a. The graph is SINUSOIDAL.
Period = 12 hours
Maximum = 6.5 m Minimum = 3.5 m

3.5m+65m

c. At 4:30 PM, the depth of the water is
at around 6 m.

There had been 1 cycle of high tide

M BT = and low tide since midnight.

=5m

Amplitude =6.5m-Sm=15m

5-1 Assignment: pg. 216 — 217 #1 to 7
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5-2: Radian Measures and Sine Curves

Radians: - a unit (rad) to measure the size of an angle.

0 T
mtrad =180 OR 180 rad =1°

\\/_/V

Divide both Sides by 180

Converting Degree to Radian Using Graphing Calculator.

Step 1: Set Mode to RADIAN. Step 2: Enter Degree Step 3: Specify Degree Unit and Convert

Jorms fz] a
MODE [Eloat 2nd W Select{Option 1
. 3; r'
' ANGLE 4z r0OMS
APPS EIRFPEL
TP FR
k5D
. 5235987756
Converting Radian to Degree Using Graphing Calculator.
Step 1: Set Mode to Degree. Step 2: Enter Radian  Step 3: Specify Radian Unit and Convert
Sci Eng 1.25 E]
MODE $9123455?59 2nd  fEIRS
el EWSE@ s Select|Option 3
LA =) 4+—
£z ot ANGLE Eﬂ 0 e
i : b
.:-=-.=|1 -E|+1.- e, APPS e a1
Il Horiz G-T TP FR
1.25%
71.61972439
Example 1: Convert the following into radian.
a. 90° b. 120°
7T Eh T
9= 2 e (oge 157BPRE327 1°= " 1ad
180 o 2. 6943595162 180 20
90°=90 x —— rad = — rad 120° = 120 x 2 rad = ” rad
180 180 180
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c. 135° d. 225°
1357
1°= 7 rad e 2035619449 1°= % rad
180 s 3. 926998517 180 ”
1350—135><—rd— T rad 225° = 225><—rd— ol
180 180
e. 240° f. 330°
Za6e 7[
1°= " ad ape 4188790225 1°= " rad
180 o 5. 7S9526532 180
240° = 240 x —*— rad = ﬁ o 330° = 330 x —— rad = % rad

Example 2: Convert the following into degree.

330° = 117[ rad ~ 5.76 rad

a. 2mrad b. 7% rad
n rad = 180° Zn”
366 — o Lrmedatr
2 rad = 2(180°) 7“"1‘1 180° " 315
= TZ = 7!180 ’
2w rad = 360 4 4
c. 377[ rad d. 3.42 rad
n rad = 180°
. ® A ZaF S.42r
nrad = 180 T 270 3.42 rad = x degrees 195,9515659
37 aq= 2U80 7 180°
2 2 3.42 X
3 ) ~ 3.42x180
Bl rad =270 -

3.42 rad = 195.95°
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e. 1.25rad f. 7.94 rad
m rad = 180° L e1oPoazs n rad = 180° 79 454, 9z48n3
1.25 rad = x degrees 7.94 rad = x degrees
& 7z 180°
1.25 X 7.94 X
1.25%180 7.94x180
X=—- X=—-

T V4

1.25 rad = 71.62° 7.94 rad = 454.93°

Example 3: Draw y = sin 0 for —360° < 6 < 360° in Degree mode and —27 < 6 < 27 in Radian mode. What
are the maximum and minimum coordinates for both graphs?

a. Find the value of sin (120°) and other values of 0 that produce the same value of sin (120°).

b. Find the value of sin (777[} and other values of 0 that produce the same value of sin (?) .

Graph 1: y =sin 0 for —360° < 0 < 360°

Step 1: Set Mode to Degree Step 2: Enter the Equation Step 3: Set the Proper Window
MODE Sci Eng Y= Flotl Flokz Flatx WINDOW x: [-360, 360, 50]
walzmﬁﬁmg \ﬁ‘ Bzin(H y:[-1.5,15,0.5]
01 3an =M=
Fat ED% Sey wha= W T MO
Dot ~Ny= Bmin=-358
Simul wNe= mmax=360
= S+b. pemElL ~“Ne= nec1=909
Horiz G-T =Ne= Ymin=-1.5
Ymax=1.3
Yecl=H.5
mres=1

Step 4: Graph

Maximum | Sy Maximum OR Using Zoom Trig (automatically
T select the above Window Setting)
1.0k ZOOM B DEEHDEH’
Z2iZoom Ik
05k S5 Zoom  Out.
4:f0ecimal
360° Seloct O E= %EEHEEE‘ ’
L i i : andar
~360° —270° —1 0 Sclect Option § 105255

Maximums at (-270°, 1) and (90°, 1)
Minimums at (-90°, —1) and (270°, -1)

. . 5 . .
Minimum Minimum

Page 138. Copyrighted by Gabriel Tang B.Ed., B.Sc.




Applied Math 30

Unit 6: Sinusoidal Data

Graph 2: y=sin0for 2n<0<2n

Step 1: Set Mode to Radian

MODE

Step 2: Enter the Equation

Y=

Step 4: Graph

GRAPH

-2t —37/2

a.

Maximum

r'd

1.5

1.0

0.5

wNe=
wNr=
=Ny=
wNe=
=N E=
wNe=

Flokl Flok Plots
=iBsintKa

Maximum

OR Using Zoom Trig (automatically
select the above Window Setting)

Z00M

—1t/2

Minimum

" —1.5

Minimum

graphing calculator after entering Y, = sin(120).

Step 1: Set Mode to Degree

MODE

Step 2: Enter the Equation

1 6

Step 3: Set the Proper Window

WINDOW

Select Option 7>

Y=

Flatl Flakz Flot:
MiBsincE)

wMeBsincl2@l
W=
wMy=
wMe=
“ME=
wMe=

Step 4: Run INTRESECT at all Intersecting Points

2nd

CALC
TRACE

i.

ii. Press ENTER 3 Times.

yil

x: [-2m, 21, /2]
-1.5, 1.5, 0.5]

W I MO

HBMaxN=h.

Ymax=1.

“res=1

Vecl=.5

Bmin=c6. 283185

2831833..
2

wecl=ns2
Ymin=-1.

3

MEMOREY

Maximums at (% , 1) and (% , 1)

Minimums at (%, —1) and (37” ,—1)

WINDOW

Take Cursor close to each intersecting point.

Since we are given y-value to find other angles (0), we have to run the INTERSECT function with the

Step 3: Set the Proper Window

1 THOI
amin=-36
mmax=1aH
wec 1 =91
“Ymin=-1.

]

3

x: [-360, 360, 90]

y: [ 1.

5, 1.5, 0.5]

sin 120° = 0.8660254_>

Select
Option 5

ua =)
2izero
Jiminimum
45 maximum
intersect
oo
F:IFEx}dx

A

4

L\

4

L

i

Inkerseckion
NG =~

A

T=.BaA0ZEY
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b. Since we are given y-value to find other angles (0), we have to run the INTERSECT function with the

graphing calculator after entering Y, = sin (777[) .

Step 1: Set Mode to Radian Step 2: Enter the Equation  Step 3: Set the Proper Window

R 755450200 PrBeinCH e -6, 283185
3T - ~v1HE=Z1N M1N="o.
MODE g -7 2 it Y= IRV WINDOW - J b e S =

ar Pol Seqy wNz= wescl=ms2
 [ot. wNy= Ymin=-1.5

Simul =Ne= Ymax=1.5
athi e, “ME= Veol=.5
iz G-T Ne= swres=1
x: [-2x, 2w, /2]
Step 4: Run INTRESECT at all Intersecting Points y: [ -1.5, 1.5, 0.5]

i. Take Cursor close to each intersecting point.

TRACE ii. Press ENTER 3 Times.

tualue
AN ANA
Option 5

",

"|'= s

e

cckion "n'
ﬁ-E.BEEBBﬂZ =-.7071068

—0.7853982 rad = —45°

450 = 45 % = ad= 45 rad
180 180
—0.7853982 rad =¥
—2.356194 rad = —135° 3.9269908 rad = 225°
T —-1357 a T 2257
—-135°=-135x — rad= rad 225°=225x — rad= rad
180 180 180 180

2356194 rad =@ 3.9269908 rad = %”

5-2 Assignment: 5-2 Worksheet: Radian Measures and Sine Curves
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5-2 Worksheet: Radian Measures and Sine Curve

1. Convert the following from degrees to radians. Express the answer in terms of 7.

a. 30° b. 45° c. 60° d. 150° e. 180° f. 210°

g. 270° h. 300° i. 315° j. 360° k. 390° 1. 405°
2. Convert the following from degrees to radians. Express answers in two decimal places.

a. 100° b. 225° c. 57.3° d. —125° e. —65° f. 150° g. 30°
3. Convert the following from radians to degrees.

a. Z rad b. 3z rad c. 2z rad d. i rad e Z rad f. 3 rad

3 6 4 2
g. 2mrad h. _z rad 1. R rad ] 7 rad k. = rad
3 4 6 6

4. Convert the following from radians to degrees. Express answers to 1 decimal place.

a. 2rad b. —5rad c. 3.2 rad d. 1.8 rad e. -0.7rad f. 6.7 rad

5. Find the value of sin30° and other values of 0 that give the same value of sin30° for —360° < 6 < 360°.
6. Find the value of sin (%) and other values of 0 that give the same value of sin (%j for -2m <0 < 2m.
7. Find the value of sin240° and other values of 0 that give the same value of sin240° for —360° < 0 < 360°.

8. Find the value of sin (%) and other values of 0 that give the same value of sin (%) for 2n <0 <2n.

Answers
1 a. z rad b. %rad c. z rad d. 5—7[ rad e. mrad f. 7?7[ rad
RY/4 Y4 . I ) 137 97z

—

g.— rad h. — rad —rad j. 2mrad k. — rad 1. — rad
2 3 4 6 4

2 a 1.75rad b. 3.93rad c. 1.00rad d. —2.18rad e. —1.13rad f 2.62rad g 0.52rad

3 a. 90° b. 135° c. —120° d. 210° e. 45° f. —270°
g. 360° h. =300° i. 225° j. 30° k. —330°

4 a. 114.6° b. -286.5° c. 183.3° d. 103.1° e. —40.1° f. 383.9°

5. sin30°=0.5, at =330°, —210°, 150° 6. sin| % | =0.86603, at - 2% 3% 27
3 3 373
5
7. sin240° = —0.86603, at —120°, —=60°, 300° 8. sin(%jz—o.s, at—?ﬂ,—%,%
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5-3: Fitting Sine Curves to Data

Recall finding an equation from a list of data, we have to use the REGRESSION function of the graphing
calculator.

Linear Regression Quadratic Regression

y=ax+b (thesame asy=mx+b) y=ax2+bx+c

[ NS ON
U

i [rise

rise
m = slope = —
run
Exponential Regression
t
y=ab* OR A=P(M)T A = Final Amount at time¢ P = Initial Amount at time 0
M = Multiplying Factor T = time per multiplying period
yorA yorA
aorP
aorP
torx torx

Sinusoidal Regression (Calculator automatically generate equation in RADIAN measure.)

2
y=asin(bx+c¢)+d <4+ ?”=Peri0d —

= Horizontal/ Displackment a =\ amplitude

o |e

d = vertical displacement
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Example 1: The following is the hour of sunrise for Calgary at the beginning of each month in 2001.

2001 | Day Number | Hour of Sunrise | 2001 Day Number Hour of Sunrise
Jan 1 1 8.77 July 1 183 4.20
Feb 1 32 8.20 Aug 1 214 4.63
Mar 1 60 7.30 Sept 1 245 5.54
Apr 1 91 6.13 Oct 1 275 6.66
May 1 121 5.08 Nov 1 306 7.78
June 1 153 4.35 Dec 1 335 8.54

Conversion of 12-hour Clock to Decimal Time:

26

6:26 AM = 652 6.43 hour 4l

8:41 PM = 20:41 (24 hour time) = ZO% = 20.683 hour

a. Graph the data above and obtain an equation from your graphing calculator. Label your scales and your
mode used.

b. Explain parameters a, b, ¢, d in terms of the data above.
c. Use your equation to calculate the hour of sunrise for May 14, 2001.
d. On what date did the sunrise the earliest?
e. How many days out of the year 2001 did the sun rise before 7:30 AM?
1. Enter Table in Stat Editor 2. Set WINDOW (0, 365, 30] 3. Turn Stat Plot ON
X: 1Y, )
STAT ENTER WINDOW . 2nd STAT PLOT
y:10,10,1]
Y=
L1 Lz [ & I T HOICH
iEz . mmin=g Flotz  Flobz
CE: Yz HMax=350 EDFF
i | jeci=30 srel B L iy
E7E B.56 Ymin=8 R . ) Pl
306 Ymax=18 aliztili
325 : Yaol=1 Wlistilz
Ladiz) =5, 54 Hres=1 Mark: B -«
4. Graph Scatter Plot 5. Run Sinusoidal Regression
GRAPH STAT o o ENTER
o a” EDIT TESTS Sinkeq
. a Select T MEuartReg d=gksintbx+c i+d
o o elec ZilLinkeglatbx =2, 3297AF443
og® Option C 3:LnRkeg b=.B165093197
A:ExFR=9 c=1.886 28807
A:FPurkea d=6. 514576035
Bi:lLodistic
M5 inEe3
6. Copy Regression Equation onto Y= Editor
AME Flokz Flot: ?:I% Y-WARS wy E TEST PTS
\ ' W= VARS  W1mndon... EHEE"E'
wMe= 25 Z00mM... i3
5= 3:E0E.. b N
‘*-E'-l= Select g4 Eic’tl_;rﬂi.:. %5 Select
wWe= Option 5 atistics. : elec
wWe= tTable.. =HI= ‘
N 7i5trind.. Fir Option 1
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7. Graph Regression Equation along with Scatter Plot (A Good Fit!)
AL Flekz Flobs GRAPH
=Y 82, 3297874434
Ba24sint . B1E5H9E
19663 390+1, SAEZE
BETAREI 7 +E. 5145

10 2001 Sunrise Time in Calgary y = 2.329 sin (0.01651x + 1.806) + 6.515

Sunrise Time (hour)

0 Time of Year (day)
I I

0 30 @& 9 120 0 18 210 240 20 300 330 30

b. Explanations of Parameters
a = amplitude (amount of variance from the median sunrise time) = 2.329 hours (2 hrs 20 mins)
d = vertical displacement (median sunrise time) = 6.515 hours (6:31 AM)
b = parameter needed to find the Period (b is NOT the PERIOD)
2

Period = 27 _ Period = 380.58 days (should be 365 days = 1 year)
b 0.01650931966339

¢ = parameter needed to find the Horizontal Displacement (¢ is NOT the Horizontal Displacement)
_ 1.8062000700217

c
b 0.01650931966339

Horizontal Displacement =

Horizontal Displacement = 109.4 days (April 19)
(should be 80.9 days = March 22 = Spring Equinox)
Spring Equinox: - when the sun rise at the median sunrise time, d = 6.515 hrs, for the first time of the year)
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¢. Sunrise Time for May 14, 2001

May 14" =31 days (Jan) + 28 days (Feb) +31 days (Mar) + 30 Days (Apr) + 14 days (part of May)
May 14™ =134 days

Use TRACE Function (Be sure Y1 is selected — Use o to switch equation)

= - Y12 2297 0r Y EYeZEEFsint.
1= EEBP 0PSB EE SN -
\ =134 =13y Y=l 72IEEEY

OR  Substitute x = 134 into Equation (in RADIAN Mode)

2. 22FsincA, Ale5l
§134+1.BEE}+6.51

4. 724783332 @ime on May 14™ = 4,72 hours = 4:43 AM

d. Earliest Sunrise Time

1. Use MINIMUM Function 2. Set Left and Right Boundaries by using o o
2nd CALC

(Take cursor left of the minimum, then right of the minimum point)
TRACE

;F;]!g{j!}]lg 1=z 327 0PN EHEFE kSN o Y1=2. 327 0P FUEFERsin. o
tualue ENTER k /,r‘ ENTER

2 zero
Fiifge
fmaximum

Siintersect

£ dgsdy Left Eaund?
: Fidht Eo
FRrfiwids Ho13E O0NEE LYSH.EFPPOE 4Zzpd -:55?L| JEEOEEOPES o

3. Press @MY NE again for Minimum Point

e

< :-:'ni'?s 03322 .¥=4.1A4B6BE . > Actual Date for Earliest Sunrise Time = June 21 (Summer Solstice)
——— ~ — =

Earliest Sunrise Time = 4.185 hours on 176" day
Earliest Sunrise Time = 4:11 AM on June 25™

Copyrighted by Gabriel Tang B.Ed., B.Sc. Page 145.




Unit 6: Sinusoidal Data Applied Math 30

e. Number of Days Sun Rose before 7:30 AM (7.5 hrs)

1. Enter y=17.5 2. Find the First Intersecting Point
Take cursor near first intersecting point
2nd ( &P
by using )
ENTER
Flotz Flobs F]EEI!}": ¥1=z.ZEBTOF UM EHEZE A sint. -
B2, 3Z297E7T 454 fualue =, el
EA2¢sint . A16SAIT 2izero "o ENTER
12663398 +1. BHEZ2E Jiminimum
BEVEAZ] ¥ 2 +6. 5145 4= mazximum
?EEE%B%E énjr;gr*E.ect
o - =od * i =
W= PR ] b Ro7t FPEEaE 4 V26.7BPYIEE o ENTER
E’“‘. il
3. Find the Second Intersecting Point M\‘\"Wf/
(Take cursor near the second intersecting point by using ) .
Inkgrsieckion
HSEHAZIHHLANSRE o .

Fi]!!{.l!ﬂl! Y=z 32T 0P U FYEZE SN -
tvalue F=, il
2izero

Jiminimum

d: maxinum

[‘w’i

éﬂtEPEEEt
R R FiFstcurveT Inkerseckion
VESE O s H=EB7.3404% L¥=7 1ZBB16E SiiSS i

Number of Days Sun Rose Before 7:30 AM (7.5 hrs) = 298" day — 54™ day

@of Days Sun Rose Before 7:30 AM = 244 days

5-3 Assignment: pg. 229 — 232 #1 to 6

Page 146. Copyrighted by Gabriel Tang B.Ed., B.Sc.




Applied Math 30 Unit 6: Sinusoidal Data

5-4: The Characteristics of y=a sin (bx +c¢) +d

y=sinx

-360 -270 -18 -90 90

4% y=asin (bx+c)+d

3,

T T T T T T T T o T T T T T T T T T 1 X
—3!0 -270 -180 -90 / 90 1 270 360

y=asin(bx+c¢)+d

a = Amplitude d = Vertical Displacement (how far away from the x—axis)
Period = 27” = 361)0 % = Horizontal Translation / Displacement
% >0 (shifted left) % <0 (shifted right)

Range = Minimum < y < Maximum
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Example 1: Graph y = sin x in DEGREE mode along with each of the following equations. Use the
specified WINDOW setting.

a. y=3sinx 4y
= %= y=sinx

x: [ =360°, 360°, 90°] =1, = 3 sin x

y: [_43 4: 1]

a

b

d

3
1
c 0
0
3

Maximum

Minimum -3 4

Amplitude =3 Vertical Displacement = 0 Range: -3 <y <3

Horizontal Displacement = — =
Period = 360° b
Horizontal Displacement = 0

c 0
360° _ 360° T
b 1

Period =

b. y=sin2x 27y

x: [-360°, 360°, 45°] =@y = sin 2x
i2 [_27 2: 1]

a

b

d

1
2
c 0
0
1

Maximum

Minimum -1

Amplitude =1 Vertical Displacement = 0 Range: -1 <y <1

Horizontal Displacement =
Period = 180° b
Horizontal Displacement

360° _ 360°
2

Period =
=0
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c. y=sin (x — 60°)
x: [ =360°, 360°, 30°]

27y = %= y=sinx
=@, = sin (x - 60)

vi[-2,2,1]
a
b
c
d
Maximum 1
Minimum | -1 2
Amplitude =1 Vertical Displacement = 0 Range: -1 <y <1
360°  360° Horizontal Displacement = — = ﬂ =—60°
Period = == Period =360° 0 ! .
Horizontal Displacement = 60" to the right
d. y=sinx—1
x: [ =360°, 360°, 90°] 3y - ®= y=sinx
- [_3’3’ 1] 2 —.—y=sinx-1
a 1
b 1
c 0
d -1
Maximum 1
Minimum | -1
Amplitude =1 Vertical Displacement = 1 down Range: -2 <y <0
0 0 Horizontal Displacement = ¢V
Period = 200 = 380" period = 360° b1
I Horizontal Displacement = 0
Copyrighted by Gabriel Tang B.Ed., B.Sc. Page 149.
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e. y=3sin(2x—-60°) —1

x: [ =360°, 360°, 30°]
Y [ _49 49 1]

4.y = =& -y=sinx
=@y = 3 sin (2x - 60) - 1

a
b
c
d
Maximum
Minimum
Amplitude =3 Vertical Displacement = 1 down Range: -4 <y <2
Horizontal Displ (= €2 700% _ a0
Period = > 6b00 =3 6200 Period = 180° OrZOMaT spracemen 5

Horizontal Displacement = 30° to the right

Example 2: Find the equation of the following graph in radians.

Amplitude =2

Vertical Displacement = 1 up
Range: -1 <y <3

Period = 14 rad

Periodzz—ﬂ b=2ﬁrad=2frrad b=£
b Period 14 rad 7
x: [ =7 rad, 7 rad, 1 rad] Horizontal Translation = <
yv:[—-4,4,1] B b
- ¢ = Horizontal Displacement x b =5 rad x % c= 57”
a b c d Maximum Minimum
5
2 z 7 1 3 -1
7 7

Page 150.
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Example 3: Graph y = 3 sin (3x + g) + 2 for —21 < x < 2. Select and write down the proper scales for

your WINDOW settings. What are the values of a, b, ¢ and d? How are they related to the amplitude,

horizontal translation, vertical displacement and the range?

a b c d Maximum Minimum
V4
3 3 5 2 5 -1
Amplitude =3 Vertical Displacement = 2 up Range: -1 <y <S5
/4
period = 2 _ 2% Period — 2 iad orizontal Displacement = 5- 3 6
b 3 3
Horizontal Displacement = % rad to the left

3z
2 .

Z
2
L -

2

3

VAN

= ®- y=sinx
V4
—.—y=3sin(3x+ — )+2

i
2 ~.’2

5-4 Assignment: pg. 238 — 240 #1 to 8
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5-5: Applications of Sinusoidal Data

Sometimes, a data table is not provided for the sketch of a scatter plot. But instead, a description of the
periodic pattern is given instead. In these cases, it is very important to determine the features of the
graph (amplitude, period, horizontal displacement, and vertical displacement). They will be used to
generate the parameters needed for the basic sinusoidal equation, y = a sin (bx + ¢) + d.

Example 1: A mechanical pendulum has a height of 3 m off the ground. When it is swung to the highest
point, its height is 7 m off the ground. It makes 15 complete swing per minute, and the starting
point is on the right side of the rest position.

What is the period of the pendulum?

Draw a graph to describe the height of the pendulum versus time for 3 complete cycles.
Explain all the features of the graph and determine the equation of height in terms of time.
Find the height of the pendulum at 10.3 seconds.

At what time(s) will the height of the pendulum be at 5.5 m during the first complete cycle?

opo o

15 swings 1 swing

a. Frequency = 15 swings / min =
60seconds 4 seconds

Period = time in secorilds B 4sec?nds @ d =4 sec /E
1 cycle (or swing) 1 swing

Height of Pendulum Swings versus Time

Height (m)

Time (seconds)
O T T T T I I I I I I I 1

0 1 2 3 4 5 6 7 8 9 10 11 12
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c. Characteristics of the Graph

Amplitude = a =2 m (how far the height is varied from one side of the swing to the rest position)
Vertical Displacement = d = 5 m (the height between the rest position and one side of the swing)

Range: 3m < /4 < 7 m (the minimum and maximum heights of the pendulum)

Period = 4 seconds (time to complete one full swing) Horizontal Translation = -3 second (right) = %
Period 2z b= 2rrad _ 27 ¢ = Horizontal Displacement x b =-3 x —
b Period 4
OR
Period = 360 b= 369 _ 360 ¢ = Horizontal Displacement x b = -3 x 90°
b Period 4
a b c d
T o RY/4 o
2 — or 90 —— or—-270 5
2 2
@n Mode: /i =2 sin (%t - 37”) +5 In Degree Mode: /2 = 2 sin (907 —270) + 5
d. Height at 10.3 seconds e. When will the pendulum reach 5.5 m?
1. Enter equation in Degree Mode 1. Enter equation in Degree Mode
2. Run TRACE. 2. Enter Y; equation as 5.5
Flotl Flokz Flok=
Y1=Zsin(I0H-Z70+E sN1BZ2=inC9EK-278 x: 10,12, 1]
TRACE ylEs.s PRI SR
3T

x: [0,12,1] |} 3. Run Intersect twice on the first cycle.
yi10,81 |
I L o o )] oS [\..

Height = 3.218 m IM \"’/Ir U l\/ﬂ\'j
Il'lt'z Kidgn Et'ﬂ"i Lin

e L1
B1ZEPE JYSEE n=r1e0BEie JNEEE o

3-5 ASSignment t = 0.839 seconds and 3.161 seconds
pg. 244 — 247 #1 to 7
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Unit 6 Project: Sunrise and Sunset

Purpose: To analyze the patterns of sunrise and sunset times throughout a year, and to compare sunrise and sunset
times at different locations around the world.

Procedure:

1. Select three cities from the list below, one from the Northern Hemisphere (above the Tropic of Cancer 23°N),
another from the Southern Hemisphere (below the Tropic of Capricorn 23°S), and the last one from the equatorial
region (between the Tropic of Cancer and Capricorn).

Northern Hemisphere

City, Country Longitude Latitude Time Zone
’ (Degree °, Minute ‘) | (Degree °, Minute °) | (Hours East/West of Greenwich)

Calgary, Canada W 114° 09 N51°10° 7 Hours West
San Francisco, USA W 122°18° N 37°40° 8 Hours West
Houston, USA W 95°25° N 29° 45’ 6 Hours West
Beijing, China E 116°26’ N 39°55° 8 Hours East
Berlin, Germany E 13°25° N 52°32° 1 Hour East
Rome, Italy E 12° 30’ N 41°53 1 Hour East
Moscow, Russia E 37°45 N 55°36° 3 Hours East
Yellowknife, Canada W 114°29° N 62° 30’ 7 Hours West
Tokyo, Japan E 139° 45’ N 35°40° 9 Hours East
Toronto, Canada W 79° 46° N 43° 42’ 5 Hours West

Southern Hemisphere

City, Country Longitude Latitude Time Zone
i (Degree °, Minute ) | (Degree °, Minute ’) | (Hours East/West of Greenwich)
Falkland Island, UK W 60° 00° S 52°30° 4 Hours West
Wellington, New Zealand E 174° 47 S41°17 12 Hours East
Santiago, Chile W 70° 40° S 33°30° 4 Hours West
Buenos Aires, Argentina W 58°30° S 34°40° 3 Hours West
Cape Town, South Africa E 18°28’ S 33° 56’ 2 Hours East
Sydney, Australia E 151°10° S 33°55 10 Hours East
Melbourne, Australia E 144° 58’ S37°45 10 Hours East
Faraday, Antarctica W 64° 16° S65°15 4 Hours West
Johannesburg, S. Africa E 28°02° S26°10° 2 Hours East
Perth, Australia E 115°49° S31°58 8 Hours East

Equatorial Region

City, Country

Longitude

(Degree °, Minute )

Latitude

(Degree °, Minute °)

Time Zone
(Hours East/West of Greenwich)

Hong Kong, China E114° 10 N 22°10° 8 Hours East
Singapore, Singapore E 103° 40° N 1°20° 7 Hours East
Honolulu, USA W 157° 50° N21°19° 10 Hours West
Kingston, Jamaica W 76° 48’ N 17°58 5 Hours West
Manila, Philippines E 120° 58’ N 14°37 8 Hours East
Lima, Peru W 78° 40° S 12°06° 5 Hours West
Darwin, Australia E 130° 44’ S 12°23° 8 Hours East
Mexico City, Mexico W99° 10° N 19°25 6 Hours West
Galapagos Isles, Ecuador W 90° 00° S0°05° 6 Hours West
Colombo, Sri Lanka E 79° 52 N 6° 55’ 6 Hours East
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2. Go to the U.S. Naval Observatory Astronomical Applications Department Data Service’s web site

http://aa.usno.navy.mil/data/docs/RS_OneYear.html and print out the table for the sunrise and sunset times of
the current year for your selected cities. Make sure you print out your tables in Landscape. If you have to save
your files on your desktop first, open them with Microsoft WORDS, select the entire table, change the font size
to 8, and change the Page Set-up to Landscape before printing. Attach these printouts to your final report.

3. Copy and complete three different tables as shown below. The first one is for sunrise times, the next one is for
sunset times, and the last one is for amount of daylight. Convert all calendar dates (the 1* of each month) to day
numbers, and all 24-hour times to decimal times. Sample conversions must be included. Explain and show how
you would calculate the amount of daylight.

Sunrise Times

Date

Day City 1:

City 2:

City 3:

Number

24-hour Time

Decimal Time

24-hour Time

Decimal Time

24-hour Time

Decimal Time

Jan 1

1

Feb 1

32

Mar 1

60

Apr 1

May 1

June 1

July 1

Aug 1

Sept 1

Oct 1

Nov 1

Dec 1

Sunset Times

Date

Day City 1:

City 2:

City 3:

Number

24-hour Time

Decimal Time

24-hour Time

Decimal Time

24-hour Time

Decimal Time

Jan 1

1

Feb 1

32

Mar 1

60

Apr 1

May 1

June 1

July 1

Aug 1

Sept 1

Oct 1

Nov 1

Dec 1

Amount of Sunlight (in Hours)

Date

Day Number

City 1:

City 2:

City 3:

Jan 1

1

Feb 1

32

Mar 1

60

Apr 1

May 1

June 1

July 1

Aug 1

Sept 1

Oct 1

Nov 1

Dec 1
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4.

10.

11.

12.

Enter the sunrise data table into your graphing calculator. Select the appropriate WINDOW settings for your
graph. Be sure to set the MODE to RADIAN. Draw out your graph on a fine graphing paper. Write out a title
along with all the proper labeling on your axis and sine curves. Run Sinusoidal Regressions on all three curves.
Include them on your graph paper. Select the appropriate variables.

Repeat Step 4 with the sunset, and the amount of sunlight tables.

What are the range, amplitude, phase shift, vertical displacement, and period of each of the sine curve in the
amount of sunlight graph?

What do the parameters a, b, c, d represents for each of the three graphs?

Define and Explain Longitude, Latitude, Time Zone from Greenwich, Summer and Winter Solstices, Spring and
Fall (Autumn) Equinoxes.

For each of the three cities, on which calendar dates has the most and least amount of sunlight? Locate and label
them on your graph. How do these dates relate to some of the terms you define in the previous step?

When (calendar dates) did the spring and autumn equinoxes occur for each of the three cities? Locate and label
them on your graph. Which feature(s) and/or parameter(s) from the Sinusoidal Regression Equation,
y=asin (bx +¢) + d, corresponds with the definition of equinox? Explain.

Explain why the northern and southern hemispheric cities you have chosen have bigger ranges of sunlight
amount annually compare to that of the equatorial city. Include any diagrams you may come across in your
research to help illustrate your explanations.

Bonus Marks: Determine the longitudes, latitudes, and time zone for the Greenwich Meridian at the Equator, the
North Pole, and the South Pole. Go to the same web site in Step 2. Print the tables. Determine the amount of
sunlight for the 21 of each month. Explain your results. Again, you may use diagrams to enhance your
explanations.

Note:

1.
2.

All graphs drawn must be properly labelled.

Please read carefully and do not omit any steps in the Procedure. All sample calculations, explanations, diagrams
must be shown clearly.

Include all printouts from the Internet with your final report.

Students can work together to discuss the project, but they should each have their own numbers to work with and
do their own calculations. Students who copied from each other will end up sharing the mark. Let’s say the mark
was 70% and two students were involved in copying each other’s work. They each get 35%.

Late Project handed in one day after the due date is counted as 30% off the total mark. Project handed in two
days and later will not be marked.

Due Date:
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Sample Tables of Calgary’s 2001 Sunrise and Sunset Times

(From the U.S. Naval Observatory Astronomical Applications Department Data Service’s Web Site)
http://aa.usno.navy.mil/data/docs/RS_OneYear.html

Q L4
Locaticm: Wll4 03,

Tam. Feh

o -
NEl 10

Day Pise Set Rise Set Bise

hm hmn hm hm hmn
0l 024l le40 02813 1728 07EZ1
0Z 0240 led4z 081z 1730 0715
02 0240 le42 0210 1731 07le
04 0240 1544 0809 1733 0714
0& 0240 1845 0807 1735 0712
0& 0833 le4e 0805 1737 0710
07 0833 143 0804 1733 0708
08 0833 1429 0802 1740 0706
0% 0838 lek0 0800 1742 0703
10 0237 lefz 0788 1744 0701
11l 0837 leBx 0787 174e 0559
1& 0836 lek4 0785 1748 0&857
13 0835 leke 0783 1750 0554
14 0835 1657 0781 1751 O0&52
1& 0834 1652 0749 1753 0850
le 0232 1701 0747 1755 Oc4e
17 0832 1702 0745 1757 0c54b
12 0831 1704 0743 1758 0543
1% 0230 1705 0741 1900 054l
Z0 02ED 1707 07359 la0z 0535
Z1 02ER 1702 0737 la0d 0536
ZE 02E7 1710 0735 lade 0534
£3 08E& 171 0733 1807 0632
Z4 08E4 1714 0721 1903 0530
ZE 0BEZ 1715 07E5S l9ll  0s5E7
Ze  0BEz 1717 07E7 l8l3  0sSER
Z7 0BEL 1712 07EE l9ld  0s5E3
Z8 02ld 17Z1 07E3 lole 0s5El

Bet  Rise
hm hmn
1212 0glZ
1220 0s03
12zl 0e07
1823 0805
1825 0803
1827 0801
1828 0558
1830 0556
183z 0554
1232 O0EEE
1235 O0EED
1837 0547
1838 0545
1840 0543
1847 0541
1244 05329
1245 05327
1247 0E3E
1245 0533
1280 0531
128z O0Ezs
1284 O0Eze
1885 05z4
1287 O0EzZZ
1285 0Ez0
1300 O0Els
130z 0E1L7
1302 O0ElE
1305 0513
1207 0511

il

hn
1210
121z
1213
131k
1317
1318
13E0
192z
13E3
19258
1927
13E8
1330
1331
1333
1925
1236
1228
1240
13241
1943
1245
1348
1245
1250
1251
1253
1254
1388
1388

CALGARY, CAMADAL

Pize and Set for the Sw for 2001

Zmme: Th West of Greenwich

Jume

Rise

hm
0427
Odzg
04zt
0424
0424
0423
0423
04zz
04zz
Odzz
04zl
041
041
041
041
04zl
04zl
04zl
04zl
04zl
04zl
04zl
04zz
Odzz
Odzz
O4dz3
O4dz3
Odzd
0424
04z5

Set

Lhn
Z043
Z044
Z04E
z048
2047
z042
z2043
z2043
Z0E0
Z0OBL
Z08Z
Z0EE
2053
2053
z0E4
Z054
ZOBE
ZOBE
ZOBE
Z08E
Z08E
Z08E
Z0EE
Z08E
Z08E
Z08E
Z08E
Z08E
Z0EE
Z0EE

July

Bise

hm
0425
0425
0427
04z8
0429
0430
0431
043z
043z
0433
0435
0436
0437
0438
0439
0440
0441
0443
0444
0445
0447
04458
0443
0451
045z
0453
0455
0455
0458

Set

hom
Z0EBE
Z0EBE
Z054
z0E4
2053
2053
Z0EE
Z0E1
Z0E1
Z0E0
Z043
z043
z047
z046
z045
Z044
Z043
Z04z
Z041
Z040
033
2037
2036
2035
2033
2032
2031
Z0z3
Z0Z3

Bept.
Di=ze Set
hw hn
OEE0 102z
OBz 1915
0EEZ 1917
OESE 1915
0E5E 1913
0558 1511
0&00 1908
0&01 1906
0&03 15904
004 19502
0s0s 1885
o&07 1887
0&0% 1885
0511 1882
051z 1880
0sld 18242
0s1lE 1o4e
0E17 1843
0518 1841
0Sz20 1835
OSZz 1838
0522 1834
0525 1832
OSZs 1820
0SzZ8 1827
05230 18ZE
0521 1823
05232 1821
0534 1818
0536 1816

Astronowical Applicacions Dept.
T. 5. Naval Obzervatory
Tashington, DC

Z039Z2-5420

HNow

Dise

hm
o720
73z
o733
o735
o737
o73e
o740
074z
0744
0745
0747
o749
0751
o758z
0754
07te
a7s?
0755
o201
020z
0204
[ul=lupy
o=07
o059
0210
0zlz
0213
0z1lE
021&
0s17

Lhm
1710
1708
1706
1705
1703
1701
1700
1ak3
1887
1858
1554
168E
1681
1643
1e43
147
145
led4
le43
le4z
le4l
140
1633
1838
1837
1836
1838
1534
1634
1633

Dec.
Dise Set
hnw hmn
0210 1le3z
0220 132
022z 1631
0223 1631
0224 1630
0225 1630
02Z6 1630
0228 1630
0229 1629
0230 1&29
0231 1629
0832 1629
0833 1629
0234 1629
0234 1629
0235 1e30
0235 1630
0237 1&e30
0237 1631
0238 1631
0238 1631
0230 1e3z
0839 1633
0240 1633
0240 1634
0240 1635
0240 1635
024l 1&3e
0241 1637
0241 1638
0241 1639

LM Y] X
i
o
i
=
=
Ei. —
= W =
i =
7 2
Mo M g
T -
R !
Ll X 3
S —
< W =
M, =
M ::
f/”b =
STANDARD TIME ZONES Standard Time = Universal 'II ime + value from table M - j
. . . m h 1 m 1 h 1
Corrected to April 2001 C z .': - : - K 10 N _: " -| e H
Zone houndaries are approsinm b A 1 F & K D (4] L E
Daylight Saving Time (Sunmer Time), :" : E s : . : : . :: w i
II*SLI.I“}'"\.IH\:‘ |:Il.'\|!r in :Ill'\:'.ll'l:\-.' of T-!.!nl.:rn.l e 13 H s ¥ 12 ] 4 E
~ lime, is kept in some places o 1 1 o e 1 R _x w H
Map outline © My in Flgoh Maps I L -: 3 1* 930 1 14 s - X i
- Compibed by HAE Almawac Qfflce |4 E ¥ o Stamdard Time legally sdopted L e i
IKIEI: 150°W I_'»'f.i”\‘u' 't.lf_ll”-.‘t-' {10"‘-.".' _‘:l‘JI’ W |'11' .‘-I'JI'I{ {1f.ll'lf 90°'E |_?-|' ISIiJ:I- ISII'J:
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