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4.6H Warm-up

Degrees to Radians

During the spring runoff of melting snow, the stream of water powering this waterwheel causes it to

make one complete revolution counterclockwise every 3 seconds. 29_(? [ 2 Oo
- -

Write an equation to represent the height of a particular paddle of the waterwheel above or below the water
level at any time, ¢, after the paddle emerges from the water.

18. Write your equation so the height of the paddle will be graphed correctly on a calculator set in

degree mode. 3: S\{\ ( l’LOt)

19. Revise your equation so the height of the paddle will be graphed correctly on a calculator setin

radian mode. 3 _ S,\m (%% t>

During the summer months, thé€ stream of water powering this waterwheel becomes a “lazy river”
causing the wheel to make one complete revolution counterclockwise every 12 seconds. 300 _ 5 O o
P et -—

Write an equation to represent the height of a particular paddle of the waterwheel above or below the water
level at any time, ¢, after the paddle emerges from the water.

20. Write your equation so the height of the paddle will be graphed correctly on a calculator set in
degree mode. . ( 8 t)
21. Revise your equation so the height of the paddle will be graphed correctly on a calculator set in
radian mode. . ( f""—!\ T’/ >
Given the graphs below, write at least one function that can be used to model the graph.

8. Y=ACOSX — 3 o == CO5X + |

w“‘“ 48 (\r}

e 4 -
{35 e 5

= Y -
25 . 3.8 . \ -
35 0 1 O O " M
- P N
- -
b £33 8 S 11

3 4 T

SO0 I 4 60 60 10D IR0 IR S0 TR0 AW 230 240 280 2/ IO I3V 340 W -23 T8 20 48 83 &8 3D 13D 90 D 180 200 220 240 2850 382 200 330 34 3
s A L bde
e 28 N /, ( """" Er
L ins \ - {35
oo iodt B 4.5
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4.6H High Noon and Sunset Shadows
7™ ADevelop Understanding Task

In this task, we revisit the Ferris wheel that caused Carlos so much anxiety. Recall
the following facts from previous tasks:

e The Ferris wheel has a radius of 25 feet.

_— L ——

e The center of the Ferris wheel is 30 feet above the ground.

e The Ferris wheel makes one complete rotation counterclockwise every 20 seconds. 20 = \8
The Ferris wheel is located next to a high-rise office complex. At sunset, a rider casts a shadow on the
exterior wall of the high-rise building. As the Ferris wheel turns, you can watch the shadow of the rider rise
and fall along the surface of the building. In fact, you know an equation that would describe the height of this

©2014www.flickr.com/photos/Takashaes256

“sunset shadow.”
1. Write the equation of this “sunset shadow.” ®
. 5 Vax
\ AN
' | - fH £\ £+
=2551\8x + 20 NE A=k ; /

44 y ,l “ \

SRS IV A \ / \

8 Ll \ 1 \ |

= I Y / \ /

_-:’:° 2 / \%

- \ / \ ! \7
- \\ II \\ l’ a
» \ \ ]
16 \ /
* g \ 7
. VY

\ N
. hl
S L] : £
a 4 0 12 14716 18 20 22 24 26 28 30 32 234 36 3B 40 42 44 46 48 60 52 54 56 68 60

Time {seconds)

At noon, when the sun is directly overhead, a rider casts a shadow that moves left and right along the

ground as the Ferris wheel turns. In fact, you know an equation that would describe the motion of this “high
noon shadow.”

2. Write the equation of this “high noon shadow.”

8 8 B

\r 15 (0SIRX

N

2
=

IS
o

Height (feet)
B B 8

%

3
<]
-

&

o~
o

"

o

N
=
| i
i
[ oy

I{E"

IS

" A

B 20 22 24125 8 30 32 34 36 3 40 42 44 46 48 50 62 64 56 68 &0
Time (seconds)
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3. Based on your previous work, you probably wrote these equations in terms of the angle of rotation
. being measured in degrees. Revise your equations so the angle of rotation is measured in radians.

a. The “sunset shadow” equation in terms of radians:

=55 }’l/ /0X+30

b. The “high noon shadow” equation in terms of radians:

Y=a5¢S 151

4. Inthe equations you wrote in question 3, where on the Ferris wheel was the rider located at time t = 0?
==

We will refer to the position as the rider’s initial position on the wheel.

a. Initial position for the “sunset” shadow equation:

(0,20)

b. Initial position for the “high noon” shadow equation:

(45,0)

=

( ™ 5. Revise your equations from question 3 so that the rider’s initial positionatt = 0
-wheel. Sketch a graph of the new functions.

a. The “sunset shadow” equation, initial position at the top of the wheel:

g QSSW(IEXm 30/ ) = =S SIN f“‘"*(X’r5)+30 ®

b. The “high noon shadow” equation, mltlal posmon at the top of the wheel:

Y= =2500S )wz,)/u 45 C0S 7y (7C+5)

is at the top of the

Makes T
mewmaQS

e (Sl
%m.{)‘a

60 &
= A *
2 FAR s
\
. \\ I/ \\ .
“1TEY 7 \ “
$° k3
9 2 a5
P / i Pt
BE py T e il 5
2= - 7 X z
2 / A 2 f\\
\ \ \
\\ | \Q ¥
: / \ ' \
” Y / Ll £ ) 7 \\
8 . - e l)
“ 3
4 4 H
o N L
° Us 2 14V 18 18 2 24 % 28 32 36 3 38 40 42 44 46 43 8¢ 52 54 66 68 60 4 AT 2 24 2

Time {seconds)
e ———
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Height (feet)

Height (feet)

(k) Lok on Aesnos o e e o

6. Revise your equations from question 3 so that the rider’s initial position at t = 0 is at the bottom of the
wheel.

42

a. The “sunset shadow” equation, initial position at the bottom of the wheel:

=45 siNT5 (xt1)20 & )=258Mp(k 5N

b. The “high noon shadow” equation, 1n1t1al position at the bottom of the wheel:

_ - ht
9: 25 (0570 (% 5) o oniff g w(\?ﬁ

DZ48620424‘5:iml(s;:;dizlﬁ042445550248860 0124165m2426:1"‘4;(52em4"d338042 4 46 48 60 652 54 56 &8 B0
7. Revise your equations from question 3 so that the rider’s initial position at t = 0 is at the point farthest
to the left of the wheel.
a. The “sunset shadow” equation, initial position at the point farthest to the left of the wheel:
N g

y=a54HNnJ (x+10) or Y2551 5 (x-10)

b. The “high noon shadow” equation initial position at the point farthest to the left of the wheel:
v /ﬂ”
Yz 25008 & (XHI0) of Y225 COS 35 (xt0)
Xk swffsgraph N (ov Leﬁ) 0 wnrts
28 T

4 0 12 14 16 18 20 22 24 26 28 30 32 34 I6 33 4D 42 44 45 48 50 52 54 %6 58 60 0 0 12 14 16 18 20 22 26 26 28 30 32 36 36 38 40 42 44 46 48 50 52 54 56 58 €0
Time (seconds} Time {seconds)
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{
/

N

N

Height {feet)

R OB 8

Height (feet)

43

8. Revise your equations from question 3 so that therider’s initial position at t = 0 is halfway between

the farthest point to the right on the wheel and the top of the wheel.

a. The “sunset shadow” equation, initial position halfway between the farthest point to the rlght on the
wheel and the top of the wheel:

Q;ZSQH%'K*QS>*3O

b. The “high noon shadow” equation, initial position halfway between the farthest pomt to the right on

the wheel and the top of the wheel: .
= 25C0S I(}C-PQS) ‘ %5\«,«,6[’5 %‘t QS wnuda
|o ' ,
2 3.

Time (seconds) Time (seconds)

9. Revise your equations from question 3 so that the wheel rotates twice as fast.

a. The “sunset shadow” equation for the wheel rotating twice as fast:
Y= a5 s u(\ =X T30

b. The “high noon shadow” equation for the wheel rotating tw1ce as fast:

Y= QSCOS%?

+peiod 18
%ggﬂfwﬁzo

5 £ 5 3 8 8B

Height (feet)

[
0 12 14 16 16 20 22 26 26 25 30 32 3¢ 36 38 40 42 44 45 4B 50 52 54 56 58 €0 D)
Time (seconds)

D 12 14 16 18 20 22 24 25 28 30 32 3t 36 38 40 42 44 45 48 50 52 94 56 54 60
Time (seconds)




radius= 25 £+
center = (o Fraboe Sruﬁ.d

10. Revise your equations from question 3 so that the radius of the wheel is twice as large and the center

Height (feet)

of the wheel is twice as high,

a. The “sunset shadow” equation for a radius twice as large and the center twice as high:

y = 5osm11 X + (0

b. The “high noon shadow” equation for a radius twice as large and the center twice as high:

ﬂ =50 (,oS X

midline o 6O, ap and dWJmS)’fY“m miclline *nudlime ax 0, W tdan ?’E\"WY\

\

8 8 B 5 £ & 8 8 8

Height (feet)

"
&

D 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 45 4B 50 52 54 56 58 €0 [ D 12
Time (seconds)

Time {seconds)

11. Below is the standard form for a sine and cosine trigonometric function. Explain how to find the

following features on a graph using standard form.
y=Asin(Bx—C)+D

a. y—intercept[‘—’d\,ﬁpﬂf\dg m PV\QS& Q\/"Lf*
(0,D)

b. Midline{Vertical Shift):

y="D

y = Acos(Bx—C)+ D

(0, DA

3=D

c. Amplitude:
AL | Al
d. Period:
2T . BLO zr . 2D
‘/B' or =5 B g

e. Phase (Horizontal) Shift:
% Fachr the B value oul

'% phase < hif+

SDUHSD CCA Math 3 Honors
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4.7H Warm Up
N Getting on the Right Wavelength - A Practice Understanding Task

Below is a new Ferris wheel that has aEgdius of 40 fee‘d whose @nter is 50 feet from th
ground, and makes one revolution counterclockwise every 18 seconds.

_(QQ 20 2\'\“%%‘

1. Write the equation of the height from the ground of the
rider at any time t, if at ¢ = 0 the rider is at position A. Use
radians to measure the angles of rotation.

H: 40 9N 20x+ 50

3)—, L{OS{\%X’\'50

2. Atwhat time(s) is the rider 70 feet above the ground? Show
the details of how you answered this question.

©2014www.ﬂickr.com/iﬁhofos/quapaﬁ )

70 = YO N 20x+50 = =SNuU

{
- : u=20 u=1s0
20 = 40 siN20x 20%=20_ax=150

. =20X Hs f}ebé‘nds
- sinaon e EREis

3. Use your answer from question 2 to write an equation to show when the rider is 70 feet above the
ground if the Ferris wheel goes around forever.

X=15+18Nn
x=151 18N

4. Ifyouused a sine function in question 1, revise your equation to model the same motion with a cosine
function. If you used a cosine function in question 1, revise your equation to model the motion with a
sine function.

“Aﬁ 4o COS(ZOX—%)*SO

J
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! 5. Write the equation of the height of the rider at any time ¢, ifat t = 0, the rider is at position D. Use
radians to measure the angles of rotation.

Y= LlOsm(”%J")%O
Y= L/Oge'ﬂ(g&,+;«7»))+$0

Queshun S
6. For the equation you wrote in gtrestiom=4-at what time(s) is the rider 80 feet above the ground? Show or
explain the details of how you answered this question,

X z = T 3T
0= U0 sin(Fxr ZF)re0 WIS _ .
3 ’T b = E X+3— ’ 80(02;
30=4osS1N («‘q Xt 2%\:,) 3&4&53 q S &4 s
2 =11S =-2.913
4/ q%i,’), 3 ’S\Y\(qx»\— X x ij
a Q'q?) 3 _.\-:\- :%\(\\)\ U'p%qXOln'Z
N 7. Use your answer from question 6 to write an equation to show when the rider is 80 feet above the
( -/ ground if the Ferris wheel goes around forever.
ﬂ: 27-a X:“_{ +‘8n
T 7

r=-2.471 + &N
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4.7H Graphing Sine and Cosine
.~ A Practice Understanding Task

Graph the following functior}% using radian;\and identify the listed features.

©2014www.flickr.com/pho

1. y=-—sin2x+3
Domain: (’oo, m)

yaNy /N :
nY y : Range: L2,4-]
g 2
1 Amplitude: i
2T LT
e iz e~ 12 0o T o "N a2 on Period: *-Z—’ = Sale: 4
1 4
2 Phase Shift: NoNE
3
4 Midline: 5

2. y=-3sin2x+1
Domain: (— e° oo)

.
/ ‘Y [\ Range: [_. 2 ’4]
[ }*_ . \ Amplitude: 3
= NRREN CERNRE" WE. /l;/z N % period: . ek
1
\_9// : 2 Nl Lol SR OE N Phase Shift: \OV\-€.
: Midline:
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N 3. y=3cos3x—2 Domain: (_— 0 | oo)
4
Range: [ — \
; g: [~ 5, 1]
i Amplitude: 3
X i / . seale
Zm) 3m ™ ’ 12 1o 7Y AR W £ ] 2 Period: o) G
\ I %
; { |
H \ iN RN ,7 f nE ,\\ - Phase Shift: NON.L
7 '; ! 3 7 b J 7
\ [ Jo Midline: —
\ \ ‘ 4 \ 1} § 3
A% \ A4
y :%Qosz"f(x’&“') + \
3 x
4, ==cos|{-—m)+1
(\ ik (2 ) Domain: (—o<, CQ)
/
- 4
3 Range: [:—-,, 5 ; Vo 5]
AT - ?‘ - : e .
= g 2 Ny ] 3
h ) g - Amplitude: -5
~
L ™ » —~ 3.3 ‘ -
N@ e e ..‘;Tlafﬁhs‘.o#—,—fffﬁ TTh T EE =T _\ Periog: AW &= 4T =¥ ve =y
1
2 Phase Shift: N'CAW' Al
3
“ Midline: |

* 1t oy be easier 4o ampn the cuve Wil prase st
At with A doted Lne ) then nciude the phase sWft as
Newn AL T
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Domain: (-2 )
Range: [-,5, 5]
Amplitude: \Iz_
Period: 9

Phase Shift: lecy T
T
o

Midline: O

Domain: (—-oO, oo)
Range: [— 2, oj
Amplitude: \
Period: _ﬂ
Phase Shift: .
‘(‘\C\\ W+ —ﬁ/g

Midline: __ j



-

w2

2sm 2( X+ 7 )>~x

8. y =Esin(2x+5) -

1

~3m/2 -T2

b
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( °°)
1\

Amplitude: 1

Domain: (-~ eo
Range: [—

L 2T w3
Period: —— = 5

2

\

Phase Shift: rigm' LZV-

Midline:

Domain: (—oo, 00)

. 51

Range: [, b S

L

Amplitude: -

<pll
. %5

Period: = 4

Phase Shift: le{+ E

Midline: - |

550‘9-‘

AN\



T Phase Shift: 11 bt —
— 1 ¥ OI"

Y=3an(2(x-m) -2

10. y = 3sin(2x —2m) —2

i

'Z"[ \\3“’2 NERE ) .\‘,""’2

LA,

T
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Domain: (-2, 0°)

Range: [: - lJ
Amplitude: !
Q\T o :‘/’;3_}-4'1 "‘"‘

Period: =7 = 4

P

Midline: — 7

Domain: ("’ml @ )
Range: | -5, lj
Amplitude: %

g 2 g
Period: = = ™ -+
Phase Shift: ncz}\r\‘\ m

Midline: -7
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4.8H Warm Up
r—  Transformations of Sine and Cosine & Solving trigonometric equations
| 209 _ 390
Write Wequation for each of the graphs below. E> -

———

¥ Use degrees. ) _ 33
dline = o 9 &SIH(”’X}*Z \
o = 2
pened =370 \5= acos\?;xf%)-rz

N e D

4 | 7

-90 0 90 180 2’70 360 450 540 630

or
-1 ' an ., 2 |35
> — Y H = 0’(‘ COS% X if_)j}_.
-3

| .
g Pzﬂm;"f Y= 4cos(ex)-|

A , JA‘ , ,’\ omdling = - W%gw‘\i%)ﬁl’i)"

(\> {2 | 1¢ “‘.2 Y E T 5412 | snf 742 bﬂqS)m(%(X+%)>mi

v

\l. ARV
VIV
3.~Use‘r;itja? P@V\Od’r 5”*&’5‘”0/0(_\

: amp = & 5-«acosa>< 5|
EVAVERVAYERTA wid - -

-2 \o = 3 sif2 Y 72 M 4.))—' {
"13. / e

\J \VEE\V/EE\V/
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ach of the equations below and write the general solution.

ah
4, 2sin3xsec3x = sec3x

2SN BXSe CPH%— I0C DR =0

coc () (28INBx =170 .
sec@x)=0  SNDA=

L NS u= %X 3 T

cos>< O qhlt  snu= EAAQ

Not P 5)(-——IE' 427N 2X= (o +1TN

anwéu\a 5. sin2x+2cosx=0 = SE - lgh
asmxcosxﬂcosx—o
ACOS X(SNX + 1) =0
ACOSXY =0 <SINX = !

cosx=0 < =%
BJ{, T 4
@ 6 tan’x + 3secx +3 =0 SN -\-COS = |
?_ =0 @+ o8t s’
(sec’-1)+55ecx v? Jntr | = sect
sec?+3secx +2 =0 tan?* = sec’ -

(seo V)(secx+1) =0
cecx=-a Secx="1

osx=-% (os¥ ="

= \x~ oﬂmm\m']

Mﬁ"m
7. 4sin®x+ 3sin*x—1=0

(L! S~ Ysin* +1): 0
5’”’) :
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53



4.8H High Tide
A Solidify Understanding Task

Perhaps you have built an elaborate sand castle at the beach only to have it get swept
away by the in-coming tide.

Frustrated by having your sandcastle knocked down by the tide, you decide to pay attention to the tides so
that you can keep track of how much time you have to build and admire your sand castle.

You have a friend who is in calculus who will be going to the beach with you. You give your friend some data
from the almanac about high tides along the ocean, as well as a contour map of the beach you intend to visit,
and ask her to come up with an equation for the water level on the beach on the day of your trip. According
to your friend’s analysis, the water level on the beach will fit this equation:

f(©=20sin (1)

In this equation, f(t) represents how far the tide is “in” or “out” from the average tide line. This distance is
measured in feet and ¢ represents the elapsed time, in hours, since midnight.

P ——

An example of the waterline—> _
at some time t

1. Whatis the highest up the beach (compared to its average position) that the tide will be during the day?

This is called high tide. What is the lowest that the tide will be during the day? This is called low tide.
flt)= 20 sin (—& Jg) tghest (s 20 dbove Average
Lowa St 1s - 20 below awerage

2. Suppose you plan to build your castle right on the average tide line just as the water has moved below
that line. How much time will you have to build your castle before the incoming tide destroys your

work? A% G _
Pl b howrs

SDUHSD CCA Math 3 Honors
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3. Use the given function and your answers to questions 1 and 2 to sketch the graph of two complete tide
cycles. Label and scale the axes.

55

]
2 AN \
s e A | g e S
- \EREE F : , 0= 20sW 0
= ! —10
/ |
/ / \ L-ognkt
\\ [ i
. b A\ = Sin w
Ve 2 Z) 19 ,’(\‘/lq ‘” }I\ oY ) . . 7,
REEw i 5 g%+ 2m
\ \ I G~ o
// ] \t {1 +I17
\ /
\ L/ 5T
T Tn \\“ % E t + 2Wh

0 g @ @
t=5+12
4. Suppose you want to build your castle 10 feet below the average tide line to take advaritage of the damp

sand. What is the maximum amount of time you will have to make your castle? How can you convince
your friend that your answer is correct? Use your graph to estimate this amount of time and then use
algebra & the inverse sine function to find the exact answer.

¥ hours

use t=dHove g\, 5,151
Ve ad

= Al -
L= 5412 Rieknest time
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5. Suppose you want to build your castle 15 feet above the average tide line to give you more time to
. admire your work. What is the maximum amount of time you will have to make your castle? How can
' you convince your friend that your answer is correct? Use your graph to estimate this amount of time
and then use algebra & the inverse sine function to find the exact answer.

(uging gwh) APPYOX A nowrs B=205NE g

= 0 é_
(i 0K & calemhoton) %—ﬁ; f-:“;%Y : \(;A
\'Q’W’“‘&% L)Ly 227 35 (£

924 hrs t= 428031 20

6. Suppose you decide you only need two hours to build and admire your castle, Whaf is the lowest point
on the beach where you can build the castle?

(M Poprox 13 f+ below 0\vem6@ +oe

N
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4.9H Warm Up

Graphing Trig Functions where the Period is rational

57
. N\
acin (5 xam) 230 (x+2)
1. y—Zsm( x + ) 2. y=25in(§x+?‘3f)
- . 2 —F & N ’//s\\\/ B N { ‘@\\\ ——8 ¢ & \
/| ~ I\ / N =
/g T & ’I”M(T?&'r \4q m,.‘.!‘g\n . W \,% -l \Q\ TS - a Ng ]
& g / \";// i f.w ) g f“\v : J ) A \\ :7 ,"_g/, al
amp = 2 per nd= TR =2
midline =0 ’f/tﬂ _ e m =0 b 2
phase SWft= \ept 2w w2 08 2 et y ol
- 27, & - (
pram 2y
3. y=2cos(2x+m) =

2 cos (z(x+ 1))

4. y = 2cos(2mx + 1)

LN

=)
—
LD
=i
M

/ \ \
, \
¥ ‘,/Ar‘t. 1 \;y ;l A .,_:BL,._/ ' ( % /'ﬂ

\“(7

ke
\!
&£
\Y
-«
N

N

scale
g = i ‘/
4 29 4
5. Why does the period become rational instead of irrational(in terms of pi) on problems 2 and 4?

SDUHSD CCA Math 3 Honors
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4.9H Off on a Tangent

A Develop and Solidify Understanding Task

Recall that the right triangle definition of the tangent ratio is:

length of side opposite angle 6
Iength of side adjacent to angle 6

tanf =

1. Revise the right triangle definition of tangent to find the tangent of
any angle of rotation drawn in standard position on the unit circle.
Explain why your definition is reasonable. T2y

ﬂ‘ 090
X
S8

[0SO

©2014www.flickr.com/photos/knightsublime

W

Tond

fand =

2. We have observed that on the unit circle the value of sine and cosine can be represented with the length
of a line segment. Indicate on the following diagram which segment’s length represents the value of sin 8
and which represents the value of cos 8 for the given angle 6.

by

wv\agomamw’
... Sne s

£ ThLs 16 whnere

e deniy
LS Ao .
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3. There s also a line segment that can be defined on the unit circle so that its length represents the value
S of tan 6. Consider the length of DE in the unit circle diagram below. Note that AADE and AABC are similar
{ i right triangles. Write a convincing argument explaining why the length of DE is equivalent to the value
of tan @ for the given angle, 0.

—

DE
5 ton6 = T
B 3
%\ ¢ 4o = DE

/
\A%ZE swce tan® - gj‘a

and we are o e wt curele, e ad 7o
¢ R P - DL

4. Extend your thinking about y = tan 8 by considering the length of DE as 8 rotates through positive
angles from 0 radians to 27 radians. Using your unit circle diagrams from the task, Water Wheels and the
Unit Circle, give exact values for the following trigonometric expressions:

a. tang = %3 b. tanZ = - NER c. tanZ= ‘[_:3.
6 3 6 3
d. tan%¥ \ e. tanZ= - | f. tanZ= — ,"_?_’..
O ‘* -3
| & tang = U\V\A@fwmﬂ\ | h. tantr= O I. tan%7r = ﬁ
. T 3 . T
j tan—c= JS k. 'can-—zf—r = uy\ae-ﬁncd L tan——= - |
5. On the coordinate axes below, sketch the graph of y = tan 8 by considering the length of DE as
rotates through angles from 0 radians to 2r )’"\adians. Explaingny interesting f;iatures you notiﬁ in your
graph. ,‘
4
x-intercepts: 0 + Tin. | 3
1 2
Period: /
T 4 5
Asymptotes: ) +Tin 7 e —# . /% - - f!é
Domain: v - IU, G g
X ‘Ii .1 T I/ [
Range:
8 (-0 ) ’
4
1
L \ ( \J, \‘L
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Based on these definitions and your work in this module, determine how to classify each of the following
trigonometric functions.
e Afunction f(x) is classified as an odd function if f(—0) = —f(0).

e Afunction f(x) is classified as an even function if f(—8) = f(6).

a. The function y = sinx would be classified as an [odd function, even function, neither an even or
+ odd function]. Give evidence for your response.

S;Y;Pv@ % = M;]V:/ =
|
/4

b. The function y = cos x would be classified as an [odd function, even function, neither an even or
odd function]. Give evidence for your response.

¢. The function y = tan x would be classified as an [odd function, even function, neither an even or
odd function]. Give evidence for your response.

7. Graph each tangent function. Be sure to identify the locations of the asymptotes.

a. y=tan26 ' T sl
y. / N Period: 2

0|

Phase Shift: novuL

Vertical Shift: ywsyw

; . . hin
> o - Yo fg L A 1> x-intercepts: ot Zn
{ VARREBY4 I
Asymptotes: = n
<2 : 4 + $
3 Domain:
<4
Range:
|}
v \‘r I\
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b. y=2tan6 -3 /

>~

o

3nf2

(9]
<
Il
U
+
o+
23]
=
| =
D

N

i

i

e
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Period: TV

Phase Shift: nyne

Vertical Shift: =

x-intercepts:
Asymptotes:
Domain:

Range:

™
Period: ,-7./ z 0

Phase Shift:

Vertical Shift:

X-intercepts:
Asymptotes:
Domain:

Range:

Period:

av
7

Phase Shift: ;[LE V\lﬂ\/\f

Vertical Shift:
x-intercepts:
Asymptotes:
Domain:

Range:

-
re
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4.10H Warm Up
Reciprocal Trigonometric Values

Use the triangle below to identify the following trigonometric ratios. Be sure to give exact values.

_ 27—
1. sin@Q = 4 - E_ 2. csc@Q = LNI_(') :m C —ZL{ +
Yo 10 Y PV C= o
3. cosQ= 12 _ 3@_ 4. secQ = YJio ,_\5"0 C= Y Jio
4o 10 12 3 4
5. anQ= 4 _ | 6. cotQ='2 _3
\ 3 4 R 12 Q

Recall how we extended the definitions of sine, cosine, and tangent for all angles of rotation:

- X
sing =2 cosf == tang =2
r T x

7. How might the definitions of cosecant, secant, and cotangent be extended
to all angles of rotation?

o
2

(=)

csc9=£— ' #O
5

-
secd= | X # O

X
cot9=l_ , 3#-0

9
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4.10H Reciprocating the Graphs

A Develop and Solidify Understanding Task

Carlos and Clarita were graphing trigonometric functions on their math homework and were wondering
what the graphs of the reciprocal functions would look like.

Carlos stated: “Since sin € and cos 8 both have maximum and minimum values of 1 and —1, [ think these will
be the maximum and minimum values for csc 8 and sec 8 as well.”

Clarita disagreed: “No way! Think about the values between the zeros and the maximum or between the
zeros and the minimum. What happens if you take their reciprocals? The numbers become really large.”

1. Who do you agree with? Explain.

Clocito,  sin (1)7._\5_ so Qsc;( ) 2 Yne num\ows between

(PL ) will  becomw QVL/(‘
2. Complete the table of values for angles in quadr ory =sinf and y = csc. Graph these

functions in different colors on the coordinate plane. Use symmetry to complete the sketch of each

: . . 1
function for angles on a domain of [—27, 27t]. Reminder: csc8 = s

0 | sinf | cschB | | | 'Cﬁce ‘k
1 B ) | | |
0[O Jondef | 1T, I ;
| i 1 |
|3 2. -3 - .
3k 2 /
2| 2 NS EEN N ></ ,“ B
E \“—}Z_ZE - g2 S<CEES b 1y /’]*\ NG L
i —g “3mf2 \é:} w2 i % w2 3w/2 _//#
2| | | LIl T N
N\
| l /
{
| i t
) 2!

3. What happens to the graph of y = csc 6 when the graph of y = sin 0 crosses the x-axis?
Yresee  hos ves feod asymplotes  when
k\ —

SiNB =0 af  x=O0+ TN

4. Explain why y = csc 6 has the shape that appears in your graph in question 2.

SDUZS;)D Ci{\\nMgthil?:fors @S‘: sind Qf??mach'@ O i+ rec,xp o) Q(/\/(

(8 will approach *0o.
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5. Complete the table of values for angles in quadrant I for y = cos 8 and y = sec. Graph these two

functions in different colors on the coordinate plane. Use symmetry to complete the sketch of each function

for angles on a domain of [—27, 27z]. Reminder: sec8 = pr

:,@,c@

0 | cosB | secl \ / 1T
0 ] \ J Q 4 : 3
T |3 ?.ﬁ ‘ | 3
| 72" / TR
A A | annpZan EARARD NE R T
™| L ol EER NG NN REPN ‘ : <
E 1 1 2 : z\\‘\ : § /( ’n ] \\‘Q g E }4?, ..... i
m ‘\6@( -2 3R “w % HEE 72 " r2 P
2 O v S / ’ n ; -
l/ ........ .
2
/ 5 |
<4 -
J T
|

6. What happens to the graph of y = sec 8 when the jr ph of y = cos 6 crosses the x-axis?

\/Q/(N\'"\C,OA a-gzjm'P*D - va % = %C«Q-Wr)’
7. Explain why y = sec has the shape that appears in your graph in question 5.

ad Coso Q@@m&d&b O, ses a@pr@@@@id@
when Cose =T | secE == |

Clarita says: “The graphs of y = csc8 and y = sec 6 look so strange. What would happen if we take the
reciprocals of the values of tan 6?”

Carlos adds: “That graph will look crazy because y = tan 8 has asymptotes. What is the reciprocal of an
asymptote?”

8. Answer Carlos’ question: What is the reciprocal of an asymptote? Hint: think about what type of ratio
creates an asymptote.

“The Ndprow oF o vesrheal C@;jr\m@)h{*ﬁ,
[ION X'i‘fﬁ‘ecce@“r
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9. Complete the table of values for angles in quadrant I for y = tan 6 and y = cot#. Graph these two
functions in different colors on the coordinate plane. Use symmetry to complete the sketch of each

function for angles on a domain of [—m, 7]. Reminder: cotf = ﬁ. 9
A +0ﬂ
N\
] tanf | cotf : | C'O‘t & / |
0 O |undes BRI RRERENE] ] ¥ {
Lo CANC
¥

Bz
wedsS |

N[R [w[d | »]d | ]d

10. What happens to the graph of y = cot 6 when the graph of y = tan 6 crosses the x-axis?

wf o s o vertical @ ymprote
when B =0

11. What happens to the graph of y = cot 8 when the graph of y = tan # has an asymptote?

oYO=0 wher ton®
has o wvesTicad 0\58“\(9%\?

cot e vestiead as%m@”roks: K= O+ (38
ton®  verticad o@avw@%o\*tsz x:%quﬂ
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Carlos: “Now that we have seen the basic graphs of y = csc6,y = sec8,& y = cot 8, what would happen if
we change the numbers in the functions?”

Clarita responds: “Okay. Let’s try graphing(y = 2 csc 0 by first graphingy = 2sin8.”

12. Gaaph the functiog y = 2 csc 6 using;’Clarita's reconynendation. :
N\ ; / ST /
N / ’ \. 4
] \> :‘ P . % 4
1 AN 3 ATIN T |
/. ' N\ ANV N
4 ] / : i ,
R rr: 3T : Poiwmi : ioi3mie H é
’ : \ ¥ 4
......... NG b ¢
; N =

mviE
NN

Carlos says: “I'm starting to understand. Let’s try a few more.”

Graph the following functions by first graphing the associated sine, cosine, or tangent function.

skerch  cos (26) —= Priied = 28 _ ¢
L YNNEN NRNAR! TR 2

13. y =sec286 'f‘
FTTETT w7 .
| T - scode = @
s yi Y
aNVERERNE e NS
~27 L 3l }i i ew ‘Tt' | 3w 21;
H ] \ H 3 % %
s INEN
A\
I [MEREL IRRE §
AR 18
; )
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14.y=‘3c10t9' ¢ \

po

~2T,

2%

N\

-2 G -3/ T

P
g
s
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4.11H Warm Up
7\ What's Your Equation?

For each graph below, write the indicated function.

1. Tangent

/ AN

gesiod =
L ! av_c o=+
2. Cosecant = {ia 3. Secant = o == 2
\VARBAV: 3sin(x-2) Jeos 1+
3 Y= Sswnix-2 = ; Y= L(o]
//\\ 2 //\\ u -~ L) |
B ) = 3o (x-%) ’ - 1sec
(} RSN ARES V= 3ese (-5 ] L L;h GXHIF | E,’_%_S_‘ix_ﬂ
/ \: / \ / _1 ...........
W7< \/
I\ [T\ [\
4, Cotangent
s ' P+ 2w
& 2 _' AN j _ﬁ:—' &0
N IR
¥ 2
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4.11H Modeling and Inverses
A Solidify and Practice Understanding Task

Partl:

1. Ateam of biologists have discovered a new creature in the rain forest.
They note the temperature of the animal appears to vary periodically over
time. A maximum temperature of 125° occurs 15 minutes after they start
their examination. A minimum temperature of 99° occurs 28 minutes later.
The team would like to find a way to predict the animal’s temperature over time in minutes.

a. Create a graph of one full period.

A
130
Gy A\‘\\
110‘ ’~ “
N 1
w : =
30
®
X 3%
E3
g
H 78
%
g o)
= 50
]
30
Fal
19
0
9 10 45 26 25 30 3/ 40 45 50 55 &0 65 70
Minutes

b. Write an equation of temperature as a function over time in minutes using sine.

1= Bsng(e-O)e 112 . T

56 2%

c. Write an equation of temperature as a function over time in minutes using cosine.

y= 1 ’Scos (t 5)3

d. Use your sine or cosine equations from parts a and b to write an equation to represent all the times

when the temperature will be 108°. sm(ﬁ“t ) = ;%’
l?)mm[/f,, iy 4 1\z =108 /"’ \ \
b o) o =)
%Sw\(w (£- \D 28~ Y N
e. Give atleast two times when the temperature will be 108°. t-t= —_‘2;_—(‘?5‘/\ '(’%1)
+% —1718%158%.. T =Y. 1\7:“\ t = %—Tis,nf’;j‘%! \

S

£ Bt 2.3¢15% —)3\ '7‘;" 158
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PartIl:

Perhaps you thought about the unit circle or used a calculator to answer the previous question. For periodic
functions, there are many answers to this type of question. Therefore, this question, by itself, does not define
an inverse trigonometric function.

Suppose we have a simplified equation:

sin8 = 0.75

Using your calculator, sin~1 0.75 = 0.848 radians. However, the following graph indicates other values of 8
for which sin8 = 0.75

/ J

572 /217 3w A /2 o T2 3n/2 T 5mR

1. Without tracing the graph or using any other calculator analysis tools, use the fact that
sin~10.75 = 0.848 radians to find at least three other angles, 6, where sin 8 = 0.75. Each of these angles
shows up as a point of intersection between the sine curve and the line y = 0.75 in the graph shown

above. 9 - - g4%

O~ gat+ 2™

9$ _-“-,.%"\%
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Your calculator has been programmed to use the following definition for the inverse sine function, so that
each time we find sin™! of a number, we will get exactly one solution.

Definition of the Inverse Sine Function:
x means, “find the angle y, on the interval ——725 <y< g, such thatsiny = x.”

y =sin~1
2. Based on the graph of the sine function, explain why defining the inverse trigonometric function in this

way guarantees that it will have a single, unique output. , !

. ) - . . ~ 3 e {

1@\{ vestrch " dow  1OVErSES reags o new & i"\ﬂi'é?:,zf‘a”_?

[S—
e

3. Based on this definition, what is the domain of this inverse trigonometric function?

BN

4. Based on this definition, what is the range of this inverse trigonometric function?

[’"% ! % :}

5. Sketch a graph of the inverse sine function. Label your axes.

> /If
/
/
|4
Ly/
e | 7
’
/
o =
1
6a. Solve the equation.
0 = Z-p,' 4+ 2en
ing = 1 b
Smb = —>. 8= Vgt 2rin
G
h . 1 1 > ‘&1’
6b. Evaluate the expression, sin (_E) - ,:% e -0 .

(D

7S,

6c. How are the answers to 6a and 6b different?

! [V hon .
§) We ore Bading all @ Hup mekes he efuenon Fue

iy
N Y - o Lot i -Qrom E‘g 1 ”1
.'9) lzJé’, SJ,'N{' wibh S‘}"l ‘(i__. :i 3 \,J"\\(',L( hos (656155,"#;&‘4 (o je' T K
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Examine the graphs of the cosine and tangent functions below. How would you restrict the domains of these
N trigonometric functions so that the inverse cosine function and the inverse tangent function can be
{ constructed?

Complete the definitions of the inverse cosine function and the inverse tangent function below. State the
domain and range of each function, and sketch its graph.

4 v any

Definition of the Inverse Cosine Function:

O

Domain: -\, (] Range: [0 | 'ﬁ]
Graph:
\\
\f“'\\
\
AN
N\
=
7. Find: cos™! (— ‘/75) cos™1(-1) cos™t (%)
Ly - A i
L G ?
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Definition of the Inverse Tangent Function:

(

< T
Domain: («M, Oo) Range: ('}Z | ’7;3
Graph:
- 5 =
A
7 4
Ve
o

4
)i
=
il
8. Find: tan~1(—v3) tan~?(-1) tan~1(1)
-1 - u
— — —

O 3 4 4

Another way to write the inverse trigonometric functions is by using the following notation:
sin~1(x) = arcsin(x)
cos™1(x) = arccos(x)

tan~1(x) = arctan(x)

Find the exact values of the following:

9. arccos (— \/Z—E) 10. arctan (‘?) 11. arcsin %)
3 T i
2 b G

Find the values of the following correct to four decimal places:
12, arctan(—v473) 13. arcsin(—0.625) 14. arccos (\/7

10

-1.524% -.67%1 3030

h
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Practice:

Find the exact value without a calculator.

1. cos (sin‘1 G))

cos (£)

2

4, sin™! (cos (g))
sin” (%\
e

———

3]

7. tan ~(sin(n))
ton ' (0)

Lo}

Vaid

10. arccos (sin (——

NS
cr{ Coys ( L>

g
Li
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)

2. sin (cos—l (g))

sin ()

5. sin™t (sin (%))
s ()

e

iR
V)
8. sin (arctan(\/@)
ia(3)

&

2

11. sin (arccos (15—2))
$in (9\

ha

\2.

9.

12,

74

cos™t <sin (g))

C,OJ"(-{E)

cos™! (sin (53-75))
o 5

@

cos (arctan(—l))

(%)
5

w

sin (arctan (— I7I)>
S l'f\b (e)

-
vio




