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A car's tire has a diameter of 32 inches. It runs over a nail, but it is able to continue moving.
Wite the cosine function that describes the height of the nail above the ground as a function of
the wheel's angular distance.

For discussion: Assume the tire rims cover the top 1/2 of each tire. When will the nail be visible?

Step 1: Identify the vertical shift y=AcosB(x— C)+D

‘The tire is on the ground. (the minimum s 0 fect above ground)
The top of the tire is the highest the nail will reach. (the maximum is 32 inches above ground) ~ Vertical shift D=+ 16

The vertical shift is the halfway point between min and max. 16 inches

Step 2: Identify the amplitude
Amplitude A = 16~
‘The radius of the tire is 16 inches.

A=-16
Since the nail begins at the bottom of the tire (i.e. the minimum), the cosine function is negative!

Step 3: Find the horizontal shift

At the instance of the nail sticking into the tire, we begin the cosine function.

Therefore, there is no horizontal shift. horizontal shift C = 0

Step 4: Find the cycle (distance of each rotation) and period

Since the function will consist of angular distance, we'll use 360 degrees for each cycle. B=1
217
TheBvalue= So————
360 degrees 329 of the wheel
The cosine function is height of
nail
y=—16c0s1(£—0)+ 16 (@n inches)
164
where y = height of nail above ground
© is angular distance traveled
y=-16c0sS + 16
ground 0 \
Tevel 9 180 270 360 450
/ distance traveled
one i (in degrees)
If the tire's rim covers the top half, then the nail will be visible otation

in the following intervals:
0<© <90  270< ©<450 etc..
AND S+ 360n

because the nail is under the tire!
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Each day, the tide continuously goes in and out, raising and lowering a boat (sinusoidally) in the harbor.
At low tide, the boat is only 2 feet above the ocean floor.

And, 6 hours later, at peak high tide, the boat is 40 feet above the ocean floor.

Write a sine function that describes the boat's distance above the ocean floor as it relates to time.

For safety, the boat needs 14 feet of depth to sail.
If high tide occurs at noon, between what times can the boat go out to sea?

Step 1: Find the vertical shift y=AsinB(x~ C)+ D

The low point is 2 feet. (function minimum)
The high point is 40 feet. (function maximum) Vertical shift D: + 21
‘The median (halfway point) is 21 feet.

Step 2: Find the amplitude

The low point is 2 feet. The high point is 40 feet. )
Amplitude = 1/2 the range  1/2(40 - 2) = 19 Amplitude A: 19

Step 3: Find the period
The tide goes from low to high to low in 12 hours. (i.e. one cycle is 12 hours)

L
B= 21 _ 2T B ;(,r
period 12 hours
Step 4: Determine a horizontal shift
High tide occurs at noon. (max)
Low tide occurs at 6:00am (min) or 6:00pm.
Then, the middle occurs at 9:00am or 3:00pm.
In this case, we'll use a 3 hour horizontal shift to the left. Horizontal shift C: 3

Step 5 Write the equation (and check)

T

y= leinJg(XJr 3)+21
height above sea floor

We can sketch the graph and 40
check points to confirm our model:

letx =-6: y:19siuﬂ6(-6+3)+21

y=10sinT+21 = 2 |/
2

letx=0: y:19siuﬂ(o +3)+21

(noon) ¢
y=19sin T421 =40 |/
2
letx=9: T
(9:00pm) ¥ =19sing (9 +3) +21

y=10s0 2 421 = 21" (noon) (©:00pm)

hours
(after 12:00 noon)
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‘The following trig function models the

position of a rung on a waterwheel:

y:*ZOSm(%t)Jrlé

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

a) What is the diameter of the wheel?

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
N

A

Step 3: Answer the questions
a) Since the amplitude is 20 feet, thel

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

periog: 271 _ 21

diameter of the wheel is 40 feet

b) Since the vertical shift is up 16 feet, the new 'wave center’is y = 16.
Therefore, the top of the waterwheel is 16 + 20 =[36 feet above the water level.

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

©) The period (one rotation) is 12 seconds. Therefore, the]

= 12 seconds

Ts

wheel rotates 3 times per minute,

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

(1.23 left of
the minimum)

time
(seconds)

(1.23 ight of
the minimum)

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

OZ*ZOSm(%t)Jrlé

-16 = —20sin( ’GL )

4 g T
5 Tt
in -1 -
(i S271C50) (e}
mode) 927 %% 523t

t X177

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

I = 205 or
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For safety, the boat may go out to sea whenever
the graph is above y = 14

y= leinJ;I(x+3)+Zl

To find critical values, let y = 14

4= leiuT(x +3)+21

19siu16r(x +3)

Z- smfr(xﬂ)

7\ 1T
<19>: T

-72=(x+3)
x=-3.72 approximately §:17am
Then, to find other critical values,
observe the graph...
-3.72is 2.28 from -6 (the minimum)

And, 2.28 from 6 is 3.72...

x=3.72 approximately 3:43pm

The boat is safe to sail out to sea
between 8:17am and 3:43pm..

And, between 8:17pm and 3:43am...

height above sea floor

40,

height above sea floor

40,

hours

(after 12:00 noon)

-6 -3.72

0
(noon)

372 6 8.28

hours
(after 12:00 noon)
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A ferris wheel is 4 fect off the ground. It has a diameter of 26 feet, and rotates once every 32 seconds.
If you begin the ride sitting in a chair that s 6 feet above the ground, how high will you be 10 seconds
info the ride? During the first minute, when will you be 20 fect high?

To solve, let's model your position. (write an equation that shows your height as a function of time)
Step 1: Find the vertical shift y=AsinB(x — C) +D

The bottom of the ferris wheel is 4 feet off the ground.
Since the diameter is 26 feet, the top of the ferris wheel is 30 feet off the ground.
vertical shift D=+17

The 'wave center' of the sine function is -4+39) (aifivay between the maximum and minimum)
Step 2: Find the amplitude ?

The diameter of the ferris wheel is 26 feet. The amplitude is 1/2 the distance from top to bottom. amplitude A =13
Step 3: Find the period

The ferris wheel rotates once every 32 seconds. The period is 32 seconds.

oL 2 2T B
Since B = od = 32sec. The value B = 6
(B is the cycles per 2°T7)
30—
30 height
(eet)
13
vt -—————
17 26"
13
s
P
4 T
f t t f f
0 8 16 24 32 40
Step 4: Find the horizontal shift time
(seconds)

To find the horizontal shift, we'll plug in the initial position:

X 6=13sin I(0—c)+17
y=AsinB(x - C) +D 16
-11= 13sin %(ofc)

I
(verse 2 singg0-0
sine of

i . s
both sides) 1,009 radians = 160-0

The horizontal shift is C=5.14 —514=(0-0
(5.14 seconds to the right!) Cosi4

Step 5: Answer the questions using the function!

e

—13sin L (x— 5.14) +

y=13sin o (= 5.14) +17

Ten seconds into the ride: y = ISSmTE(IO* 5.14)+17
x=10

y=13sin(.954)+17  =27.6 feet
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y=13sin %(r 5.14)+17

When will you be 20 feet high?  y =20

20 = 13sin 1 (x—5.14)+17

3 .17
15 =g B7519 x=63seconds...

y y | y
y f —— f
the same height every 32 seconds afterwards.... [ % oiide 2 4
6.3 seconds, 38.3 seconds, 70.3 seconds, efc... time

(seconds)

Since you're 20 feet high at 6.3 seconds. you'll be

‘That accounts for the chair going up..

The difference between 5.14 and 6.3 is 1.16 seconds...
Considering the symmetry of the sine function, subtract 1.16 seconds from 21.14 - 19.98 seconds

Since you're 20 feet high at 19.98 seconds, you'l be the
same height every 32 seconds afterwards.... Duting the first minute, the chair will be 20 feet
19.98 seconds, 51.98 seconds, 83.98 seconds, efc.... above ground at 6.3, 19.98, 38.3, and 51.98 seconds....

‘That accounts for the chair going down...




