Introduction to Periodic Trig Functions:

Sine and Cosine Graphs
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Notes/examples of trig values and the 4 components of trig graphs
(amplitude, horizontal (phase) shift, vertical shift, and period).

Includes 2 practice tests (and solutions)
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Periodic Functions: Sinusoidal Graphs

Sketching the Parent Function:

y= sin(x) y= sin=

(radians) (degrees)
. opposite . .
Sine = Typotenuse A few examples of common angles:

2

5 7T 120°
/Kll 50

RO .
sin30 = — sin120° = "/2_3_

The following is a table of chosen values:

= | 0|30 |60 | 90120 (180| 210| 270 | 330 | 360

y= sin &
y lo | LA, 1 [ Mo |=L]a |=L] o
2|72 P 2 2
Then, plot the points...
1__
i f i
90 18 270 360 =
(degrees)
-1 —+—
y

It's a periodic function -- it will repeat the pattern of y- values at a regular interval of 360°. (The period is 360° )

y = sinx

[}
330

I\.J|:t 1
=
=z

sl

A cycle is a complete pattern repetition. This graph contains 2 cycles.
The period is 2°N (Horizontal length of one cycle)



Sine functions: 4 components

y =sin(x) is the parent function.

y=AsinB(x—C)+D

A: Amplitude (magnitude)
B: Period
C: Horizontal Shift

Vertical Shift:
D: Vertical Shift
y =sinx + 4
st
¥ —_ — _ . v =4
v
Ifx= B
. ﬁ y=sinx
m y=sinx sin T =1
i y=0 2
\‘-‘4‘1’ (x-axis)
W y=sinx+4 smzﬂ+4=h
y = sinx — 3 y=sinx—3 sjnzﬂ—3—-2
Amplitude:
, 1.
X | sinx 4sinx | 5 SIX | —2sinx
0 0 0 0 0
T M2
T E 242 V2 A2
J J - 2 4
T T T T T T - - ‘T‘I’
i s XS T 4 R
2 2 2 2
-1 +
e ) 0 0 0
2+ 37 1
2 | ! 4 2| 2
-3 L
4L
14+ ¥ When the coefficient is negative, the output
is reflected over the x-axis.
3 —+
21
v = sinx
1 __/\
; t I t > t t t .
i 31 21 X-axis
2 2
-1 +
-2 4
y = —2sinx
-3 L
4L




Sine Functions: Amplitude and Vertical Shift Illustrations

I. Sketch one cycle of the function f{x) = 3sinx + 2
¥
vy = 3sin(x) + 2
q_ . : 3y
. 1) Sketch the parent function y = sin(x)
47 2) Increase ("stretch”) the amplitude y = 3sin(x)
5 by a factor of 3 i
5 3) Shift the graph up 2 units y = 3sin(x) + 2
y = sin(x)
14
X-axis
.1 -
-2 —
- n3T L3,
-3 Notice, sin 7 =1 35m7+2 = -1
4 L
Also, sin(x) and 3sin(x) intersect at 0,77 ,and 2'T7
II. Sketch y=-2sinx+35

y=35 1) Parent Function y = sinx
2) "Stretch" and "Reflect" y = —2sinx
3) Vertical Shift y=—2sinx + 5
X-axis

y = —2sinx




Sine functions: 4 components (continued)

Horizontal ("Phase”) Shift:

Question: If sin 90° = 1, then where does sin (< + 300) =17

y=AsinB(x—C)+D

. Amplitude (magnitude)
: Period
: Horizontal Shift

gnwe

. Vertical Shift

Answer: < = 60", because sin (600 +30° =1

Implication: 90° == 60" (shift 30°to the left)

ExampleI: y= sin (& +30°)

Compare the values of the

shift 30" to the left
1 4= = —
= sine
/ — — —
-30 [0 60 90 g 270 60
a1
. O
y=sin(=+30)

Example II: y=sin <X -

Note: The horizontal shift is the opposite
direction of the sign.

7)

y = sinx
i y=sjn(x - g)

parent function sin < to
the values of sin (& + 30°)

(horizontal shift of 30° to the left)

v = sinx crosses the x-axis at 1"

and

y=sjn<x— 1) crosses at %T

3

P sin < sin (< + 300)
-1
-30 ? 0
0 0 1
2
30 1 N3
2 2
60 ﬁ 1
2
90 1 ﬁ
2
(horizontal shift of - to the right
sin T =0
sin ﬂ_ w =0
3 3



Sine Functions: Amplitude, Horizontal and Vertical Shifts Illustration y=AsinB(x—C)+D

A: Amplitude (magnitude)
B: Period

C: Horizontal Shift

D: Vertical Shift

Sketch y= 3sin(< +60°) — 2

¥y
3sin&
1) Parent function: ¥ =sine
2) Amplitude (A =3):
) P e ( ) y=3sine
sine ("Stretch by 3x")
/ 3) Horizontal Shift (C = — 60°): i
=3sin(e +
; ; w [ ("Shift 60 degrees to the left") y=3sin(<+607)
0 18 270 60

4) Vertical Shift (D=-2):

1 A ) ©=-3 y=3sin(S +60°)-2

("Shift down 2 units")
2+
(-60°, -2)
3 L To check your sketch, plug a few points into the equation:
y = 3sin(S +607) — 2
-4 L . o
3sin(ES+60° ) -2 & =—60° 3sin(-60 + 60) — 2 =
51 3sin(0)—2 = -2 v’
210, -5) i
= = 30 3sin(30 +60)—2 =

3sin(00) — 2= 1

S = 210" 3sin210+60)—2 =

35in(270) —2 =5 v/

Period: Horizontal distance required for a periodic function
to complete one cycle.

y=sinBx —— period= 2TJH—
. 3 For the parent function y=sinx (where B=1) the periodis 2T
Example: y=sin3x  Period: ?Tr
3 cycles between 0 and 2TF As B increases, _the period dﬁ?creases.
In other words, it takes less time to complete one cycle.
And, for y =sinBx , as B decreases, the period increases.
y sinx In other words, it takes more time to complete one cycle.
1 i
| | X
0 R i 3T
2 3 2
-1+
sin3x




Defining Periodic Sine Graphs

Write equations to describe the graphs below:

Example I

Example IT:

Example III:

y=AsinB(x—-C)+D

Use the above general equation as a guide:

T D (vertical shift) : The center that the sine
wave is oscillating over is y = 2. Therefore,

41 o the vertical shift is up 2 units.
3T A (amplitude) : The maximum y-value is 4,
5 and the minimum y-value is 0 --- a total span

of 4 units. The amplitude is 1/2 of that
amount: 2 units

1 +
0 C (horizontal shift) : Sincey=2at0
' ' ' ' ' y ' ‘ ' ' ' radians, there is no horizontal shift.
T 2T 37 47Tr 517 X '
1 (radians) B (period) : The horizontal distance of one
' cycleis 477
21 7 T since 2T _ 4y gL
B : 2
31
iy 1
=2sin —x+2
4 2
y Vertical Shift: The center of the sine wave is
34 y=-3. So, D=-3
21 Amplitude: The height from max to min is
2 units. 1/2 of the height is 1
] +
Then, because the cycle goes down
0 : : : : : : : : } : } o THEN up, it is negative. A=-1
45 90 180 270 360 d
-1+ (degrees) Horizontal Shift: Aty = -3, the first positive
< value is 45°
2T (45° shift to the right)
3 c=45"
al Period: 360 degrees to complete one cycle
B=1
54 .
y=—sin(&-45)-3
%) Vertical Shift: None (centeris y=0)
4 Horizontal Shift: None (Cycle begins at (0, 0))

Amplitude ("Stretch"): Magnitude of 3x

A=3
Period: 211" = horizontal distance
B of one cycle
21 _g
B
f f f f f — x -
5 6 7 9 10 11 (units) B= e
24 £(9 = 3sin'Tx
31
To check the equation, plug in a few points:
-4
2.3) £Q2)= 351'111{(2) =3sin T =3 v
' (6. -3): £(6)= 3sm’ff(6) = 35in 3T =3



Study Break:
Math Snacks

Preferable to ordinary computer cookies...

Essential part of a well-rounded, academic diet.

Try with (t), or any beverage...

Also, look for Honey Graham Squares
in the geometry section of your local store...

Sine Function Practice Test

(Next page)



Graph the following function:  4sin(x — g—) +3

uER!
3

o5
5

Identify the following sine functions:

1)
270 360
2T
2)
y
4 4
24

radians

N|j 4
3
w51
o
3

radians



Graph the following Sine Functions. Then, use the given points to check your answers algebraically and graphically.

A) y=-5sinx + 3

w|j——

27 X
radians

C) y=3sns|

N|j——

radians

Check: = = 900

&= 270°

degrees



Characteristics of Sine Function

A) For the graph y = sinx,

1) Domain:
2) Range:
3) x-intercepts:
4) y-intercept:

5) the graph of the function is positive on the intervals that
correspond to which quadrants?

B) fix)= asinb(x—c)+d

. ) 4+
Write an equation where a < 0. \

Write an equation where a > 0.

N|j 1
3
ot
o
3

radians




Ve Olde

Tiig Homework

"The angle of elevation is 68 degrees.
And. I've used 1890 feet of string.
Look, we can estimate how high the kite is!"

"Benny, I think a storm is coming.
Perhaps we should go inside?"

"Where is the key to the cabin?”

During his math assignment,
3 5-20-12 Franklin makes another shocking discovery!
.mathplane.com

Practice Test SOLUTIONS

(Next page)



e Amplitude (A) = 4
Graph the following function:  4sin(x — 2—) +3

Period (B) = im
y=AsinB(x—C)+D 1 cycle per 211 1
Horizontal T
y__ Shift (C) = Jz_
T Vertical —3
Shift (D) B

The vertical shift is up 3 units. (The center of
the sine fimetion will be y = 3)

Since the amplitude is 4, the function is
stretched by a factor of 4. Therefore, the
maximum will be 7 (center 3 + 4) and the
minimum will be -1 (center 3 — 4).

The shift is % to the right. So, we can begin the

sketch at x = g And, the period is 217
Identify the following sine functions:
Steps: 1) Identify the center

Max y-value: 5 Min y-value: -1
D=2 Midpoint is 2, so vertical shift is +2

D y= 3snS +2

-

2) Find the amplitnde
The span of the wave is 6 units (from
A=3 peak to bottom). The amplitude is 1/2
that value ----> 3

3) Horizontal shift? None, because at Oo,
S Cc=0 y = 2 (the center)
degrees

4) Period? Since there is 1 cycle from 0'to
360°, the period is 360°.

2)

1) Find the center: max value -- 5
D=4 min value -- 3

4+ \ y=4
1 2) Amplitude ('stretch’): the height of the wave
2+ A=1 is 2. And. the amplitude is 1/2 that value.

I I I ‘ Cc= 37 3) Horizontal shift: 37T
3T 217 4

3 radians

is a starting point
of the cycle.

N|j 4
3

B=2 4) Period: the length of one cycle is 1T .
(there are 2 cycles every 2177)

y= sin2(x — %} +4




A) y=-3smx+3

y=AsinBx—C)+D

amplitude A = -5
(negative: function faces down)

vertical shift D=3
horizontal shift C = none

period = 297/B =2TI"

(max: 8 min: -2)

B) y=sin(2x + ’—EL) —= change to "standard form"
amplitude A = 1 (factor out the 2)

horizontal shift C = —% y y = sin2(x + %}
(shift to the left) 1
vertical shift D = none g+
period = 277 /2 =1Tr 6 1
(max: 1 min: -1) 47
2 4
| L ._\\.l I /T-\\ I | |
I T N .
P B 2 radians
-4 4
C) y=3sns|
amplitude A =3 y
period: . 180 degrees 3
vertical shift: none 2 —
horizontal shift: none Sy
| | |
| I | 1 1 I
5 90 180 270 360 =]
(max: 3 min: 0) T degrees

Check: x= 1T
=3
T
y=—5sinx + 3
v =—5sinTr + 3
y=-5(0)+3=3 |/
3
y=—5sin>1 + 3
y=-5¢-1)+3=8 [
I
Check: x= —
eckk x=
X= 1Ir

y=sin(2x + 1;‘—)

y = sin@- T+ 15
—sin(4tr/H=0 |7
y=sin(2- " + 1;‘—)

—sin(5m7/2 ) =1 v~

Check: ©—= = 900
&= 270°
y = 3jsin |
y = 3|sin 90 |
=3/1|=3 |~
v = 3|sin27(

=311=3 |,/



Characteristics of Sine Function SOLUTIONS

A) For the graph y = sinx, y

1) Domain: all the x-values: all Real Numbers { i y = sinx

2) Range: il the y-values: [-1,1] or -1<y=<1

ra

3) x-intercepts: The points where the function -1

crosses the x-axis: ("TT'k, 0) where k < 1.57

. ] is any integer — 2

4) y-mtercept  The point where the function

crosses the y-axis: (0, 0) T

L .. . 2
5) the graph of the function is positive on the intervals that I
correspond to which quadrants? I
Sine is positive in quadrants I and II
T 0
I v

B) fix)= asinb(x—c)+d

Write an equation where a << 0.

If a < 0, then sin function will go down
first... Here is one possibility...

SX) = —1sin2(x - :LI )+4 T

. . f
Write an equation where a = 0. | v v 311 27 r); sians
If a = 0, then sin function will go up first. 2 2
22T
Here is one possibility...
)= 1sin2(x — 3—11 )+ 4 amplitude is 1 ---- 'a' canbe 1 or -1

vertical shift is up 4 --- 'd" will be +4

(TO. check equations, test period is “T[" - b’ will be 2
points on the graph)
***the horizontal shift will correspond to where the graph starts



Use the following points to write and graph a sinusoidal model.

maximum (0, 10) and minimum (27 , 0)

maximum ( T[ , 4) and minimum (0, —2)

T,

maximum (ﬂTH, 8) and minimum (

maximum (2, 22) and minimum (8, 14)

Identifying Cosine and Sine Functions




The following trig function models the position of a rung on a waterwheel:

a) What is the diameter of the wheel?

T
y="20sin( "5 t)+16

where t = seconds
v = number of feet above water level

b) At the top of the wheel, how high is the rung above water level?

¢) How many rotations per minute does the wheel make?
d) What percentage of time does a rung spend under water?

Step 1: Draw a sketch
B

Step 3: Answer the questions

a) Since the amplitude is 20 feet, the|diameter of the wheel is 40 feet

b) Since the vertical shift is up 16 feet, the new 'wave center' is y = 16.

Step 2: Identify the measurements

amplitude: 20 feet (distance from middle to peak)

vertical shift: up 16 feet (position of sine wave center)

horizontal shift: None

period:

Therefore, the top of the waterwheel is 16 + 20 =|36 feet above the water level. |

(and, the bottom is -4 feet or, 4 feet under water.)

27 _ 21
B

= 12 seconds

T

c) The period (one rotation) is 12 seconds. Therefore, the‘ wheel rotates 5 times per mjnute.‘

d) To determine when the rung is under water, let's sketch the graph:

36 —
height

(feet above
water level)

16 —

(1.23 left of
the minimum)

(1.23 right of
the minimum)

time

(seconds)

To find when the rung is at water level,
lety=0

T
0 =—2031’n(76t)+ 16

-16 = —20sin( ’(l}it)

4 _ T
BT
. _
(radian sin”(80)= (60
mode) 927 24 523t

t w177

Then, the rung is under water level from
1.77 seconds to 4.23 seconds.

Therefore, every 12 seconds, the rung is
under water approximately 2.46 seconds.

2.46

Iz - 205 or | 20.5% of the time




Thanks for checking out this preview.

To learn about Cosine Functions and see a few word problems, visit the
trig section at mathplane.com. Or, purchase materials at the mathplane
stores at TES.com and TeachersPayTeachers.com. All proceeds go to
site maintenance and improvement. (Plus, treats for Oscar the dog!).
We appreciate your support.
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"Find the weekly webcomic
and more at Math Plane."

z mathplane.com

Are you looking for tangent and the reciprocal trig functions?
Check out “Introduction to Periodic Trig Functions 2”

At TeachersPayTeachers, TES, or the mathplane site



