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Math 30-1

Unit: Trigonometry Functions and Graphs
Topic: Graphing Sine and Cosine Functions
Objectives:

o To sketch the graphs of y = sinx and y = cos x
o To determine the characteristics of the graphs of y=sinxand y = cosx

o To demonsirate an understanding of the effects of vertical and horizontal siretches on the graphs
of sinusoidal functions

*  To solve a problems by analyzing the graph of a trigonometric function

Periodic Functions:
A periodic function is a function whose graph repeats regularly over some interval of the
domain.

Graph y=sinf and y=cosé for 0<0<2x
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Graph y=2sin@ for 00 <2x

For y =asin@
9t amplitude As a increases or
decreases, the period stays
the same and the
amplitude increases or
| | | [ . decreases.
7 I 2 AT a9, a is a vertical stretch.
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Example

Compare the graphs given 0<6 <27z

a. y=sind and y=3sinf Any changes in domain, period, range or
amplitude?
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b. y=cosf and y = 3 cost Any changes in domain, period, range or
amplitude? L
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Note

e Vertical stretches of the sine and cosine graphs work exactly the same way as they did for
the functions we graphed in our translations unit.

e Remember that vertical stretches affect only the y-coordinates, not the x coortinate.
o Vertical stretches affect amplitude and the range.
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Example
Compare the graphs given 0<0 <2x

a. y=sind and y =sin(46) Any changes in domain, period, range or
amplitude?

fud s from A 1 i

b. y=cosf and y=cos (%9] Any changes in domain, period, range or

amplitude?

/CWQA CLVI/?U 7o L/TT

Note
» Horizontal stretches also work the same way as before. Since these stretches affect the x
coordinates, they change the period of the sine or cosine function.

e Horizontal stretches affect period

. . . . . 36
® The period of the sine and cosine functions will always be 27” or 390
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Example
Consider the graph of y=4cos2x.0<x <27

a. State the amplitude and period.
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b. Sketch the graph.



Example: Complete the Table (0<0<2r)

Equation Descri‘t_:e Amplitude Pzr'qﬁ P:;r'i ;n isn x - intercepts . -
e | g | e - |
o y=sinf
y=2sin460 VNX( S)M }ﬁ :1 Q
Wit #59 (,1’2] ;.
y=4cos30 [/WJ( i éﬁ L( L( 3
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Complete the table comparing y =sinx and y=cosx

y=sinx y=cCosx
Maximum
AT £
(”i / w (“’/ by
Minimum /3
(22 ,-1 | (m,-1)
Amplitude
\ |
Period
9 % =
y-intercept
(0,0) (0, 1)
x-intercept(s) P =
- i ST
0 P ) L '% y /2‘“
domain
K< Il e/
range

Textbook Page 233 #4-11







Math 30-1

Unit: Trigonometry Functions and Graphs
Topic: Transformations of Sinusodal Functions
Objectives:

e Graph and transform sinusoidal functions
o Identify the domain, range, phase shift, period, amplitude, and vertical displacement of sinusoidal
Junctions

Recall the following equation from transformations:
y=af[b(x—c)|+d

What the letters a, b, ¢, and d mean in trig . ..
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Example: Complete the Table

Equation transformations to range x - intercepts in V- intercept
graph of y=sind degrees i
DE yEIRY
y =sin(x—30°) ; ) o 1 3
HO(\Z. shEF 20° 97]70 gm(’EO)
o - ) "’ ") / / :
%" rgnt # 5 =h
£
y=sinx+2 of
\Vert . Shtf /[ }]
]
( ;7 o O/
ok up v
y =sin(x+60°) -1 ho® (ef ) | B _§M(EO) =
). i O} 5(] -~ 5/?2 .
\ AQ‘* £ . S2=d
s
—45 =sin(x —45°) .
¥ [/>/0 j/n'jl’l f i )u\’(”’5> rast
(3 = §its (x-") 445 Ub‘ ) %] \one ) -
l‘({ uf \l’/;) oY
=4y .74
Summary of the Effect of the Parameters a, b, ¢ and d: amplitude = |a| = max—min
2

For:

y:asin[b(x—c)]+d
y:aoos[b(x—c):|+d

o

Period =

Period =

2
i

Horizontal phase shift = ¢

3|6bT (for degrees)

(for radians)

10

e torightifc>0
o toleftifc<0

Vertical displacement = d
e upifd>0,downifd
<0

—ee——
max+ min
L] d =
‘ 2




Example
Write the equations of the following.
a. A cosine function having a horizontal phase shift of 75° right:

gug [of =75 )

b. A sine function having a horizontal phase shift of 3?” radians left, and a vertical

displacement 4 units up.

sin(x +5) +Y

fust
c. A sine function that has a vertical displacement of 2 units down, a horizontal phase
shift of 30° to the left , a period of 120° and an amplitude of 1.

kgoé |20t:(/<,£“i9 3 b:g Ol:'f

-~

S-‘H/\U(_x 1 SO")\ -3

o |

d. A cosine function that has reflected in the x-axis, has had a horizontal phase shift of

T radians to the right, a period of 3 and an amplitude of 4., —\|
s v

-1 5. W ;Lo
¢ ;/b = b 5

—L{COS[ f%f(x = %)]
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Example

Equation

-~

Describe

transformations

amplitude

Period (use same units
as in equation)

range

| T
=2¢co8—| x—— |43
o 64[ 121‘

Yorve. shitf Kjw une

p?'n/
O I L), 5)
L ?J - g,“,
Ug 5
y:—Sin|:3(x+7r)]—4 WH-{‘Q(«

H)HL TLr

Left 7
| (bt =
y=%cos@)+l Zas gh('l AJ JZ 500
: o Horit 7 | ‘ ”’;”“ P
st g | 2 fes]
| Up ( - .\@OO
y:sin(49—ﬂ')+5 _{,b,p& She :L,vj J{; é)j‘f
gzﬁﬂ(t/(@ -1;5)).,,{ %jvﬁr 7—51' { Yy Zu), o ]
W/? ¢ & /I’E

Textbook Page 250 #1-7,11, 13

12




Math 30-1

Unit: Trigonometry Functions and Graphs
Topic: Transformations of Sinusodal Functions
Objectives:

o Develop equations of sinusoidal functions, expressed in radian and degree measure, from graphs

and descriptions

e Recognize that more than one equation can be used to represent the graph of a sinusoidal

function

Example

Determine the following characteristics for the graphs shown below. Then, write the equation of
the function as both a sine AND cosine function and there is a minimal horizontal phase shift.

Assume a scale of 1 on the y-axis.

(a) i. Amplitude 5

g= g
- )
2/,‘35 * b ii. Period DHTI'
b= |

iii. Vertical displacement 0

Nob

Py S'hﬂ’h at q M) = (it

’/\{} f\{ﬂ}ﬂf“f( 6\]

F

Y

A\

(Vn In 1.5 n 2.45n

d= O

. r _

iv. Range i } _?/ Lﬂ'jf g
AR

Sine function (1>0/

3
Cosine function/a >0)

Shifhed ’5’ iy wr

- 35o[1(x-))
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%C@[\ (X‘“ 'T)l




() i/ Amplitude |

a= |

ii/ Period i

b= g

iii/ Vertical displacement

O

d= 9

=l e
iv/ Range ! i 7

\ N

2.5n

v

Sine function a>0

Cosine function a>0

f/ulfaLt(J/ jL:; [e£+

% = ;mf‘;)(x *’TCE( )]

3 ~ 608[07)("_}

=
Sine function 4 <0/

f}\ ”/ﬂ[‘é fai e f? \ﬂ/

2// ~Sin [2(?? ’ic{;)]

Cosine function(a <0)

{ Afec 12'? g

?// = QQJ[Q(I/\’ - %)j
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(c) i/ Amplitude

o
e

=
2 ii/ Period Z
7, i
# T b= M
2 b ,
b~ g ot i 7 g
iii/ Vertical displacement (L\_/_ X

—

d=

iv/ Range "‘Sf gl £ /
J

Sine function a>0

Cosine function a>0

No fhith [el/ ey ¢
g2 3l i(x)] =2

N,

e rgwk T
Shite rynt 3

9.«, 2 o (/‘f( X P )1 =&,

.\

Sine function A <0 )

Cosine functim{ a<0 L

(htkd gt ,Ij“/

4 23 S/W[\((.X" 1‘5)}, o

5
2{ /’/ } |

,ﬂ e Hj hf '3%

Textbook Page 252#14-16 and assignment
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Math 30-1

Unit: Trigonometry Functions and Graphs
Topic: The Tangent Function
Objectives:

o Learn to sketch the graph of y =tan @
e Learn to determine the amplitude, domain, range and period of y = tan

o Learn lo determine the asymptotes and x-intercepls for the graph of y =tan 7]
o [Learnlo solve a problem by analyzing the graph of the tangent function

Graph the functi@&or \\< i) irzygscribe the period, max/min values, the

range, domain, vertical asymptotes x an ndy intercepts

e Period is /rr

—

e there is no amplitude (or max/min)

e Range is ] OO>
g (, A

e Asymptotes at —
T ¥ A

e

R A ) e Domain: X
T ﬁ & i)
Window: x: [—3—” = E] [ -9,9,1] \
2°28° * x-intercepts:

R
Qe

S NLT
— Th

10,
I

e y-intercept at

17



The value of the tangent of an angle, @ , is the slope of the line passing through the origin and
the point on the unit circle (cos@ , sin 9) . You can think of it as a slope of the terminal arm of

angle 6 in standard position.

sinf
tanf = —
cost

e When sin@ =0, what is tan@? For what values of # is sind=0?

//me/ = ¢

7= ain, n<T

e When cos# =0, what is tan@? For what values of 8 is cos@=07?
) /" ( e ( g 'rr o
/‘%ﬂ/?ﬁ/ (/?"lcf{ & ﬁ/ ’2/ 7LT/V7

For tangent graphs, the distance between any two consecutive vertical asymptotes represents on

complete period.

Example

 fhind

%a mighy Jhak =8 wmun) //7//// bt 5 ine

3

é&f/ {'{kf

Summary of the Effect of the Parameters a, b, ¢ and d:

For y =atanb[(x—c)]+d

1

amplitude — not applicable
a value represents:

Period = 180

Period = Z.
horizontal phase shift = ¢

vertical displacement = d

e a vertical stretch

(degree measure)

bl

(radian measure)

[
e rightifc>0,leftifc<0

o upifd>0
o downifd<0

}[ -3,3,1] and state the amplitude and period.

At L

v ln it '“{'
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e 1)
st 0 L
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The following graphs have an equation in the form y =tanb(x—c) . Determine the equations of
both graphs.

rW’j\A"f chfr
a) ¥ |
foriod = 1T
—> }9 - N
Vs }W‘ (}(" m ) /)
b —

1
v/
b R -3
b
e — \]
7Z o g X {’
L~

vertical displacement -3. @/

fﬁq(3X)“*3

Textbook: pg. 262-265 #1-4, 6,8, 9, 12
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Math 30-1

Unit: Trigonometry Functions and Graphs
Topic: Equations and Graphs of Trig Functions
Objectives:

e Learn to analyze a trigonometric function to solve a problem
o Learn to determine a trigonometric function that models a problem
o Learn to use a model of a trigonometric function for a real-world situation

o,
One of the most useful characteristics of trigonometric functions is th@wnty . /With a

partner, name as many situations in the world around us that can be represented’in a sinusoidal
graph.

Mathematics and scientists use the periodic nature of trigonometric functions to develop
mathematical models to predict many natural phenomena.

You can identify a trend or pattern, determine an approximate mathematical model to describe
the process, and use it to make predictions (interpolate or extrapolate)

You can use graphs of trigonometric functions to solve trigonometric equations that model
perlOdlC ‘phenomena, such as the swing of a pendulum, the motion of a piston in an engine,
itinie Ruollnd mti ot

““motion of a ferris wheel, variations in blood pressure, the hours of daylight throughout a year,

and vibrations that create sounds. B

e ——————

ﬁ)ﬁf/[f//é% ﬁﬂﬁ ff’d/f’({’/mg IV[HRKQ'
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Example

The pendulum of a grandfather clock swings with a periodic motion that can be represented by a
trigonometric function. At rest, the pendulum is 16 cm above the base. The highest point of the swing is

20 cm above the base, and it takes 2 s for the pendulum to swing back and forth once. Assume that the
pendulum is released from its highest point. e

e \/‘fC (n )d/J ((frc jend ijw nd
“ X (C?e’ﬁg(n ),.3 ge QCM
D ~l ) = ‘g = a h
A0cm mJMMQ o

[ em s hich, mé[\% =2 ]05’(’0“ = | W -

a) Write a cosine equation that models the he1ght of the pendulum as a function of time.

/ 397 (0] + l%j

b) Write a sine equation that models the height of the pendulum as a function
of time.

0!\/2 nj '%/mL (W]/) (f //}qmc jq,{/’ ((

W(M dime b&dx hatd 4 Slond
s ClH" 05

22



Example

At the bottom of its rotation, the tip of the blade on a windmill is 8 m above the ground. At the top of its

rotation, the blade tip is 22 m above the ground. The blade rotates once evefy 5s. ) n, (o J
a) Draw one complete cycle of this scenario. ﬂ

AR
4‘) ‘D/a s
92“ L ’7
/ == T
/ = .
= ¢
$n | _ |
| . | A=5  azr7
b) A bug is perched on the tip of the blade when the tip is at its lowest point. Determine the cosine
equation of the graph for the bug’s height over time. —

Coyee ('/IJM//? Facly at Top. eIl catl Jhis a /MM Shif J?yw Ay

[ 9= Feasl(-25)] + 7 |

¢) What is the bug’s height after 4 s?

)~ 4.8 m
d) For how long is the bug more than 17 m above the ground?
f)(’JJf Wﬂﬂ o Jo This 7 DMF’\ fle K?[////un 1r1m b/
gad  alfo jﬂ/ﬂ 2;/7 | ’ .
'é’né inlerects o %jur(; Jow /0"9 i} ] goree That
%(7MJ\
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Example
The depth, d, in meters, of water in a harbor can be approximated by the equation

1
d(f) = Scos[it)+l2 , where ¢ is the time, in hours, after the first high tide.

6;/?’/ — WcﬁaJ:’ (?/'-‘T
oo agly = £

a. Graph the function for two cycles.

i i

] %9 '

re

b. What is the maximum and minimum epths of the hagor‘?
|2 S michee , S5 amp .

7 max , ] min

c. What is the period of the tide?

WM@J? Y1 hours

Example

The motion of a point on an industrial flywheel can be described by the formula () =13 cos 3—:t +15,

where / is height, in metres, and # is the time, in seconds.

a. What is the range of the flywheel?

A=Y= 28

b. What is the period of the functlon‘? e

;62%: /%’n‘oJ (,,-—_—,*_) ”U_l'.‘-_oi/)

c. What is the flywheel’s height at 1 mmute'?

=60




Example

The fox population in a particular region can be modelled by the equation F(¢) = 500 sin %t +1000,

where F is the fox population and ¢ is the time, in months. |
l}

a. What is the maximum fox population throughout the year? What month(s) does the maximum

number occur in? ( Nex. ( SOU

SVl ndh 0

b. What is the period of the cycle?

2
b 'T’ w2 ﬁ%ﬁJ" ;;;L

Example

In some Caribbean countries, the current makes 50 complete cycles every second and the voltage
is modeled by V = 170 sin 1007t.

a. Graph the voltage function over two cycles. Use the window settings given. Explain
what

the scales on the axes represent.

: LIIHDOW
Y Sale is fime #min=N. 061
. , Amax=.H85
 §e(on o’ ¥ecl=.01
¥m1n=£égﬁ
‘ : Max=
0 Sle 0 WJHQQC Yecl=28
} # sres=1
% )

b. What is the period of the current in these countries?

(s 7«1’ ]
vl < = | gcma;}
pﬁ’(oé ‘00]r E’E___W_,,_.__-.

c. How many times does the voltage reach 110V in the first second?
’7&M6ih 0r¥. fkmoé

§O ﬁ/ogj jn 1€ I(CMA
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/ﬂﬂﬁ &Y(’J (()r’IWO/\ an A\}a/omd exXgms

Example: The graph at right shows the height, A, in metres above the ground, over time, £, in
seconds that it takes a ferris wheel to make one complete revolution of the ride. The maximum
height of the ferris wheel is 19 m and the minimum height is 1 m.

) oz d 4
T i8]
T

\, =~
\ 3
\
Metres (A}

T3 & 12 16120 20 28 37 36 40 44 48 52 56 &0
Secands (1)
(a) What is the period for 1 revolution of the ferris wheel?

- T ——

|38 seconds ]

(b) How high is the hub or centre of the ferris wheel off the ground?

- //‘-_‘
M dling: ‘UO %
(c) Write an equation for the height, 4, of the ferris wheel as a function of time, #. Use the

sine function for A in terms of £.  §,ne cfuvt at mMidling.  Noke the F{mo{% i)
Pl s’ b

32 nd v shet AT MUINET e Shil

— gz Asin[F(x-)+lo

(d) find the distance from the ground, to the nearest tenth of a metre, of a particular point on
therideat r=10s.

(124

(e) using technology, find the first time, to the nearest tenth of a second, that a particular
point on the ferris wheel is 6 m above the ground. -

g(}’ l)/mé_bw (rbk{ o §eC amv@.
Sf,-\/ jL: b F Solve 1[0/ /flh"ff(CJ.

R
e ——
o ———

;e 5.7 seionds | 5




Example
A nail is caught in the tread of a rotating tire at point V in the following sketch.

beight inomm

N :

Liree i saconds

: | | é) 18 _

Night Perod = (o Seconds = ’(

The tire has a dlameter of 50 cm and rotates at 10 revolutions per minute. Aﬁer 4.5 seconds the
nail touches the ground. ——— ﬂ ol g

eyt < 1id in €
Min W()j/fﬂl Midh T L
a. Determine an equation for the height of the nail as a function of time in the form k P
h(t)=asinbt+d, a>0.

b. How far, to the nearest tenth of a centimeter, is the nail above the ground after 6.5
seconds'? e,

I
P

Textbook: pg. 275-279 #1-6, 9, 10, 12, 13, 15, 16, 19 and handout
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Math 30-1 5 1
Unit: Trigonometry Functions and Graphs Jj
Topic: Equations and Graphs of Trig Functions [
Objectives:

e Learn fo use the graphs of trigonometric functions to solve equations
F | B
Example T L

Solve the following first degree trig equations.

i & R -
a. sind= J_ f(0<x<2?rasexactvalues. ﬂd%} yamf it /W?" f/fmul
" triamles o7 @/fz,ﬁjm; 2
0 - s = T it
R= 12 T Y invelved .

(RT: Qi or T
R

q

b. tan@=-524, —360°<x<360° . N ‘Chack val )MJWJJ Ty 1§ Aice,
Jommh al ;{/0-4-’

—— Graph A U wilk o
fn 5 =0 & mic Fmé X {m Jeqree mote |

— e T F_\

P

[ - 254, V%ﬂ/ /meﬁ(udj i could wie Caverse Jein

\O\O '7g)o gﬁL juuv f”t"ﬁ’h’m,@ C(”j/r’ /}?{;:?A( g
‘”'””"“/"'" T [/Jbo Ky yUU ' ﬂd &’lm’f/
c. x/gsecBJrZ 0, —m<x<n rounded to the nearest hundredth.
= i an ¥ ﬂo A% yau;/ (a ((1/47/0/ /Pcf//
ra | / )’(’(@ vz @ r —’\@ — j/f(/&?/ //f‘qy/c ‘f
fe= 2 e L T
0, 250 % %
29 7 7w |52
"l'/’%f/[.%—r —rr+;;»L/(0



}/{)a an Solve fHese 7,%/1; yé//y

or b hord . WAt Joph
ma”' @ hind 1 beter
wéf “exact W/bt( e @MJ/MJL;‘

Example
Solve the following second degree trig equations.

a. 4sin*x—-3=0, 0°<x <360° .

. 3 , . &
"= SN T T e oy quadied
2<f( = (ﬂf)o

J o o

y-40°, 10, 240", 200

b. 2cos’x+3cosx+1=0, -7 <x<27 ,asexactvalues. [y fiund
Y

ﬂcl«pté S/P yule / | /wwm:
(OQCDJ":X + 2(05”)4’ 6(/05X L)) = 0 vaf{"( 0'/0-'/”{,0
QCoéX((O)X~i-H + 1 (cosx +1) =9
[-960)»( F ) ((osx+1) = O
VN
(X = % (oK =~
Spao) A2 y<ifo = 7

@np bOg: %( @ =
(rpr: o 3

w12 ; &
o
B\ wd |5 |



c. tan’x+tanx=0 . Expressyour answer as a general solution in degrees.

—

mm——

danX (Hanx +1) = O 5/}ﬁ
% ™ N

,'Lg\ﬂ)( B '“( 6\ jf[ o AN 7L

%anx = > B
s 0 X B //S (P//’f/ﬁ it (AR

% = O igo ’ ouv [d((L

X / ) /Q L 3 S 2 }/[; Wla! 7/ ’
X . /jfLuf_ S / s (Lftk

=100, =05 1 %0n, 0T
s 2 s S

d. sec’x=1, 0<x<27 Express your answer as a general solution in radians as exact

values.
SecX = 4
(/0)% ot o (
X\=©C, T

bm’m | Solulron

Textbook page 211# 1,2,4,5,7
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