Name:

   Group Members:

Exploration 6-1a: Sine and Cosine Graphs, Manually

Date:

Objective: Find the shape of sine and cosine graphs by plotting them on graph paper.
1. On your grapher, make a table of values of y H sin θ for each 10− from 0− to 90−. Set the
mode to round to 2 decimal places. Plot the values on this graph paper. Also plot
y H sin θ for each 90− through 720−. Connect the points with a smooth curve, observing
the shape you plotted for 0− to 90−.
y
1

90°

180°

270°

360°

450°

540°

630°

θ
720°

540°

630°

θ
720°

1

2. Plot the graph of y H cos θ pointwise, the way you did for sine in Problem 1.
y
1

90°

180°

270°

360°

450°

1

3. Find sin 45− and cos 65−. Show that the
corresponding points are on the graphs in
Problems 1 and 2, respectively.

5. What are the ranges of the sine and cosine
functions?

6. Name a real-world situation where variables are
related by a periodic graph like sine or cosine.
4. Find the inverse trigonometric functions
θ H sin D1 0.4 and θ H cos D1 0.8. Show that the
corresponding points are on the graphs in
Problems 1 and 2, respectively.
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7. What did you learn as a result of doing this
exploration that you did not know before?
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Name:

   Group Members:

Exploration 6-2: Periodic Daily
Temperatures alternate version

Date:

Objective: Apply a transformed sinusoid to model the average daily high temperature at a
particular location as a function of time.
Here are average daily high temperatures for San Antonio, by month, based on data collected
over the past 100 years and published by NOAA, the National Oceanic and Atmospheric
Administration. Such data are used, for example, in the design of heating and air
conditioning systems.
Month Temperature (−F)

Month Temperature (−F)

Jan.

61.7

July

94.9

Feb.

66.3

Aug.

94.6

Mar.

73.7

Sept.

89.3

Apr.

80.3

Oct.

81.5

May

85.6

Nov.

70.7

June

91.8

Dec.

64.6

4. The temperature graph in Problem 1 has a high point
at x H 7 months. What transformation would you
apply to the sinusoid in Problem 2 (dashed in the
next figure) to make it have a high point at θ H 7−
(solid) instead of at θ H 0−? Write the equation and
confirm it by plotting it on your grapher.
y
1
θ
12°

1. On the graph paper, plot the average daily high
temperatures for two years. Assume that January is
month 1 and so forth. Determine a time-efficient way
for your group members to do the plotting. What
should you plot for month zero? Connect the points
with a smooth curve.
y

1

24°

7°

5. The average of the highest and lowest temperatures
94.9 C 61.7
in the table is  ________
       H 78.3. Write an equation for
2
the transformation that would translate the graph in
Problem 4 upward by 78.3 units.

100
90
Temperature (°F)

80
70
60
50
40
30
20
10

x
6

12
Months

18

24

2. The graph of y H cos θ completes a cycle each 360−
(angle, not temperature). What horizontal dilation
factor would make it complete a cycle each 12−, as
shown? Write an equation for this transformed
sinusoid and plot it on your grapher.
y
1
θ
12°

6. The 94.9 high point in Problem 1 is 16.6 units above
78.3, and the 61.7 low point is 16.6 units below 78.3.
Write an equation for the transformation that would
dilate the sinusoid in Problem 5 by a factor of 16.6
so that it looks like this graph. Confirm your answer
by grapher.
y

94.9

78.3
61.7

θ

7°

7. On your grapher, plot the points you plotted in
Problem 1. How well does the sinusoidal equation in
Problem 6 fit the points?

24°

1

3. Earth rotates 360− around the Sun in 12 months.
How do these numbers relate to the dilation factor
you used in Problem 2?
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8. What did you learn as a result of doing this
exploration that you did not know before?
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Chapter 6 Notes

Section 6.2 Notes
General Sinusoidal Equations

𝒚 = 𝑪 + 𝑨 𝐜𝐨𝐬 𝐁(𝜽 − 𝑫)

𝒚 = 𝑪 + 𝑨 𝐬𝐢𝐧 𝐁(𝜽 − 𝑫)

|A| is the __________________________ (A is the _____________________________________,
which can be positive or negative.)
B is the ____________________ of the ________________________ dilation.
C is the location of the _______________________________________ (vertical translation).
D is the _____________________________________________ (horizontal translation).

Examples:
Write the equation of the sinusoid
using cosine & sine.

Sketch the sinusoid on the graph below.
𝒚 = 𝟓 + 𝟒𝐬𝐢𝐧𝟐(𝛉 − 𝟑𝟎°)

Name:

   Group Members:

Exploration 6-3a: Tangent and Secant Graphs

Date:

Objective: Discover what the tangent and secant function graphs look like and how they relate
to sine and cosine.
No graphers allowed for Problems 1–7.
1. The reciprocal property states that

4. Based on the quotient property, find out where the
θ-intercepts are for the graph of y H tan θ. Mark
these intercepts on the figure in Problem 3.

1 
sec θ H  ______
cos θ
Without your grapher, use this property to sketch the
graph of y H sec θ on the same axes as the graph of
the parent function y H cos θ. In particular, show
what happens to the secant graph wherever
cos θ H 0.
y

5. At θ H 45−, sin θ and cos θ are equal. Based on this
fact, what does tan 45− equal? Mark this point on the
graph in Problem 3. Mark all other points where
sin θ H cos θ.
tan 45− H

6. Use the points and asymptotes you have marked to
sketch the graph of y H tan θ on the figure in
Problem 3. (No graphers allowed!)
7. Check your graphs with your instructor.
Graphers allowed for the remaining problems.

1
θ
90°

90°

180°

270°

360°

450°

540°

8. On your grapher, plot the graph of y H csc θ. Sketch
the result here.

9. On your grapher, plot the graph of y H cot θ. Sketch
the result here.

2. Write the quotient property expressing tan θ as a
quotient of two other trigonometric functions.

10. At what values of θ are the points of inflection for
y H tan θ? Explain why the tangent function has no
critical points.
3. The next figure shows the parent functions
y H sin θ and y H cos θ. Based on your answer to
Problem 2, determine where the asymptotes are for
the graph of y H tan θ, and mark them on the figure.
y

11. Explain why the graph of y H sec θ has no points of
inflection, even though the graph goes from concave
up to concave down at various places.
1
θ
90°

90°

180°

270°

360°

450°

540°

12. What did you learn as a result of doing this
exploration that you did not know before?
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Name:

   Group Members:

Exploration 6-3b: Transformed Tangent
and Secant Graphs

Date:

Objective: Sketch transformed tangent, cotangent, secant, and cosecant graphs, and find
equations from given graphs.
1. For y H 3 C  __12  tan 5(θ D 7−), state

5. For y H 1 C 3 csc 4(θ D 10−), give

The horizontal dilation:

The horizontal dilation:

The period:

The period:

The horizontal translation:

The horizontal translation:

The vertical dilation:

The vertical dilation:

The vertical translation:

The vertical translation:

2. Sketch the graph of y H 3 C  __12  tan 5(θ D 7−), showing
vertical asymptotes, horizontal axis, points of
inflection, and other significant points.

6. Sketch the graph of y H 1 C 3 csc 4(θ D 10−), showing
vertical asymptotes, horizontal axis, and critical points.
y

y

θ
θ

7. For the next graph, give
3. For the next graph, state

The horizontal dilation:

The horizontal dilation:

The period:

The period:

The horizontal translation (for secant):

The horizontal translation (for cotangent):

The vertical dilation:
The vertical translation:

The vertical dilation:

y

The vertical translation:
y

7
4
6°

9°

21°

36°

51°

1

4. Write a particular equation for the graph in
Problem 3. Check your answer by plotting on
your grapher.

θ

1
20°

θ
70°

160°

8. Write a particular equation for the graph in Problem 7.
Check your answer by plotting on your grapher.

9. What did you learn as a result of doing this
exploration that you did not know before?
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Chapter 6 Notes

Trigonometric Graphs
𝒚 = 𝐬𝐢𝐧 𝜽

𝒚 = 𝐜𝐬𝐜 𝜽

𝒚 = 𝐜𝐨𝐬 𝜽

𝒚 = 𝐬𝐞𝐜 𝜽

𝒚 = 𝐭𝐚𝐧 𝜽

𝒚 = 𝐜𝐨𝐭 𝜽

Pre-Calculus

Chapter 6 Notes

Radian Lab

Pre-Calculus

Chapter 6 Notes

Section 6.4 Notes
Radian-Degree Conversion
To find the radian measure of 𝜃, multiply the degree measure by _________.
To find the degree measure of 𝜃, multiply the radian measure by _________.
Examples:
Find the exact radian measure.

Find the exact degree measure.

135°

5𝜋
6

Find the approximate radian measure.

Find the approximate degree measure.

34°

0.33 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

Examples:
Find the exact values.
2𝜋

sin ( ) =
3

5𝜋

csc ( ) =

sec(4𝜋) =

sec(2) =

cot −1 (4) =

4

Find the approximate values.
cos(4) =

Name:

   Group Members:

Exploration 6-5a: Circular Function Parent Graphs

Date:

Objective: Plot circular function sinusoids and tangent graphs.
1. Sketch the parent trigonometric function y H sin θ.
y

1

6. With your grapher still in radian mode, plot the
graph of the circular function y H tan x. Sketch the
result.
y

θ
360°

720°

1
1

2. Sketch the parent trigonometric function y H cos θ.

x
π

2π

3π

4π

1

y

1
θ
360°

720°

1

3. Sketch the parent trigonometric function y H tan θ.

7. The only difference between the parent graphs for
the circular function sinusoid and the ordinary
trigonometric function sinusoid is the period.
Explain how the periods of the two types of sinusoid
relate to degrees and radians.

y

1

θ
360°

720°

1

4. Set your grapher to radian mode. Set the window
with 0 K x K 4π and the y-values as shown on the
given graphs. Then plot the graph of the circular
function y H sin x. Sketch the result.
y

8. The graph here is a transformed circular function
sinusoid. Using what you have learned about
transformations, find a particular equation of this
sinusoid. Confirm by grapher that your equation is
correct.
y

1
x
π

2π

3π

4π

1

5. With your grapher still in radian mode, plot the
graph of the circular function y H cos x. Sketch the
result.

1

x
10

9. What did you learn as a result of doing this
exploration that you did not know before?

y
1
x
π

2π

3π

4π

1
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Pre-Calculus

Chapter 6 Notes

Section 6.5 Notes

Trigonometric Functions
Inputs:

Inverses:

All 3 Inverse Trigonometric Functions

Pre-Calculus

Chapter 6 Notes

Circular Functions
Inputs:

Inverses:

Name:

   Group Members:

Exploration 6-6a: Sinusoids, Given y,
Find x Numerically

Date:

Objective: Find a particular equation for a given sinusoid and use it to graphically and
numerically find x-values for a given y-value.
y
16

2

x
5

5

10

15

1. For the sinusoid shown, draw the line y H 5. Read
from the graph the six values of x for which the line
crosses the part of the graph shown. Write your
answers to one decimal place.
xH

,  

,  

,

,  

,  

.

2. Write an equation for this sinusoid.

20

7. Put a box on the figure at a point whose x-value is
not an answer to Problem 5 or 6. Use the intersect
feature to find one of these x-values.
xH
8. Add multiples of the period to the x-values in
Problem 5 or 7 to find the other two x-values that are
also on the graph. Tell what multiple of the period
you added.
Multiple, n H

Multiple, n H

3. Plot the equation from Problem 2 on your grapher.
Does it look like the given graph?
4. Trace your graph in Problem 3 to x H 17. Does your
graph have a high point there?
5. Circle the leftmost point on the given graph at which
y H 5. Plot the line y H 5, and use the intersect
feature to find the value of x at this point.

25

:   x H
:   x H

9. By adding an appropriate multiple of the period to
the answer to Problem 5 or 7, find the first value of x
greater than 1000 for which y H 5. At this value of x,
will y be increasing or decreasing? How can you tell?
Multiple, n H

:   x H

xH

6. Other values of x for which y H 5 can be found by
adding multiples of the period to the value of x in
Problem 5. Let n be the number of periods you add.
Find two more values of x for which y H 5. Circle the
three x-values in Problem 1 that are also answers to
Problem 5 and this problem.

10. What did you learn as a result of doing this
exploration that you did not know before?

Multiple, n H 1:   x H
Multiple, n H 2:   x H
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Name:

   Group Members:

Exploration 6-6b: Given y, Find x Algebraically

Date:

Objective: Given the particular equation for a sinusoid and a value of y, calculate the
corresponding x-values algebraically.
y
16

2
5

x
5

10

15

1. The sinusoid has the equation
2π  (x D 4)
y H 9 C 7 cos  ___
13
Confirm that this equation gives the correct value of
y when x H 15.

20

25

3. Write the two values of x from the general solution
in the n H 0 row of this table. By adding and
subtracting multiples of the period, fill in the other
rows in the table with more possible values of x.
n

x1

x2

D1
0

2. Your objective is to find algebraically the values
of x given y H 5. Substitute 5 for y. Then do the
algebra necessary to get x using an arccosine.
Write the general solution in the form
x H (number) C (period)n   or   (number) C (period)n

1
2
4. Circle the points on the given graph where the line
y H 5 cuts the graph. For each point, tell the value of
n at that point.

5. Find the two values of x if n H 100.

6. Find the first value of x greater than 1000 for which
y H 5. What does n equal there?

7. What did you learn as a result of doing this
exploration that you did not know before?
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Chapter 6 Notes

Section 6.7 Notes
Examples:
Find the first five positive values of the
inverse circular function.
arccos 0.9

Solve the equation for the 5 values of x
shown on the graph below.
𝜋
1 − 3 cos (𝑥 − 1) = 1.5
8

Name:

   Group Members:

Exploration 6-7: Chemotherapy Problem

alternate version

Date:

Objective: Use sinusoids to predict events in the real world.
Chemotherapy Problem: A woman has cancer and must have a chemotherapy treatment once
every 3 weeks. One side effect is that her red blood cell count goes down and then comes back
up between treatments. On January 13 (day 13 of the year), she gets a treatment. At that time,
her red blood cell count is at a high of 800. Halfway between treatments, the count drops to a
low of 200. Assume that the red blood cell count varies sinusoidally with the day of the year, x.

y (red cell count)
1000

x (days)
10

20

1. Draw the graph of the sinusoid on the given axes.
Show enough cycles to fill the graph paper.
2. Write a particular equation for the (circular) sinusoid
in Problem 1. It is recommended that you use the
cosine function.

3. Enter your equation into your grapher. Plot the graph
using the window shown. Explain how the graph
verifies that your equation is correct.

30

40

50

5. Show on your graph the interval of dates between
which the woman will feel “good” as she comes back
from the low point after the January 13 treatment.

6. Find precisely the values of x at the beginning and
end of the interval in Problem 5 by setting y H 700
and using appropriate numeric or graphical
methods. Describe what you did.
xH

and x H

4. The woman feels “good” if the red blood cell count is
700 or more, “bad” if the count is 300 or less, and
“so-so” if the count is between 300 and 700. How
will she be feeling on her birthday, March 19? Explain
how you arrived at your answer.

7. What did you learn as a result of doing this
exploration that you did not know before?
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Name:

   Group Members:

Exploration 6-7a: Oil Well Problem

Date:

Objective: Use sinusoids to predict events in the real world.
The figure shows a vertical cross section through a piece of land. The y-axis is drawn coming
out of the ground at the fence bordering land owned by your boss, Earl Wells. Earl owns the
land to the left of the fence and is interested in buying land on the other side to drill a new oil
well. Geologists have found an oil-bearing formation, which they believe to be sinusoidal in
shape, beneath Earl’s land. At x H D100 feet, the top surface of the formation is, at its deepest,
y H D2500 feet. A quarter-cycle closer to the fence, at x H D65 feet, the top surface is only
2000 feet deep. The first 700 feet of land beyond the fence is inaccessible. Earl wants to drill at
the first convenient site beyond x H 700 ft.
y

Fence
Inaccessible land

100 65 30

Available land

x

x = 700 ft
y = 2000 ft
y = 2500 ft
Top surface

1. Find a particular equation for y as a function of x.

4. Find algebraically the values of x at the ends of the
interval in Problem 3.

2. Plot the graph on your grapher. Use a window with
D100 K x K 900. Describe how the graph confirms
that your equation is correct.

3. Find graphically the first interval of x-values in the
available land for which the top surface of the
formation is no more than 1600 feet deep. Draw a
sketch showing what you did.

5. Suppose that the original measurements were
slightly inaccurate and that the value of x shown at
D65 feet was at x H D64 instead. Would this fact make
much difference in the answer to Problem 3? Use a
time-efficient method to reach your answer. Explain
what you did.

6. What did you learn as a result of doing this
exploration that you did not know before?
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