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Reciprocal Identities:
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Quotient |dentities:
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cotB= =2
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cot (— &) =—cot &
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tan (ot =
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Accelerated Precalculus
[nvestigation: What is a radian?

L Lab Activity
Materials for each group of 3 students:

e One length of string e Ruler (metric) ° Pencil/ Pen
Steps:
1. Tiethe string around a pencil. Tie a knot at the other end of the string.
2. Drawa point on the paper.
3. Have one student hold the knotted end of the string on the point drawn and another student hold the
pencil.
4. With the string pulled taut, carefully draw a circle around the point.
5. Mark a point on the circumference of the circle.
6. Drawaradius connecting the point in step #D to the center point.
7. Place one end of the string on the point in step #D. Wrap the string along the circle. Mark another point on

the circle at the other end of the string, You have now marked off a length equal to one radius along the

circumference

o

Now move the string so that it starts at the point found in #7 and wraps further around the circle. Mark the

end of the string.

9. Continue mapping the length of the string around the circumference of the circle making sure that you
mark the end of the string as you go.

10. Draw radii from the center of the circle to each of the marks that you made around the circumference of

the circle. Label these angles, starting with angle #1, then angle #2, and so on.

Observations about the Circle & the Angles

a. How many of your angles are approximately the same measure?

b. Ifyou were to cut the circle in half (having only 180°), how many of these congruent angles can be
completelg (no partial angles) drawn within the half circle?

c.  Again thinking of only a half circle, how many of these congruent angles would it take to completely fill
the half circle? (A decimal answer is appropriate 11ere.)

d. With your previous observation in mind, how many of these same angles could you then draw within the
entire circle?

II. Notes

A new unit of measurementior angles: a radian is the measure of an angle in a circle whose intercepted arc has a length
equal to the radius.

Remember the formula relating the length of a radius of a circle to the circumference of the circle:

C=
An arcof
length equal About the center of a circle is degrees.
to the radius Also about the center of a circle is radians.
Therefore: ° is equivalent to radians
0 =1vradian Or simplified, °= radians

(This is our conversion unit!)
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II. Practice

Plot the approximate location of each radian angle on the circle to the right, measured in standard position.

s s A
1 7— radians Q. i radians

6 3
3 - 5—11 radians 4 — 3_11 radians

4 2
5 — 13—n radians 6. 1radian
12

7. 4D vadians 8. -2 vradians
0. ~12 radians 10 1_710 radians <
1L 5—n radians 12 — 8—n radians

18 15
Convert each of the radian measurements above
(# 1- 19) into clegyee measurements.
1b. 2b.

Y

3b. 4b.
Sh. Ob.
b 8b
Ob. 10b.
11b. 125.

How were your approximations
of the locations of the angles?



Accelerated Pre-Calculus Date:

11.01: Building the Unit Circle

Unit Circle
1) Draw a radius from the origin to a point on the unit circle in Q.

What is the length of the radius? Why?

2) Draw a line from that point perpendicular to the x-axis. What is the result?

What are the coordinates of the point (and every point) on the circle?

3) Label the reference angle, ©.

Define the following in terms of x and y:

sin © = cos 6 = tan © =

csc O = sec© = cotB =

Given that (x, y) represents (cos®, sin®), use the coordinates to
answer the following:

sin 90° = COSTU =

tan 270° = tan 180° = sec2m =

Let’s take a look at the unit circle a special triangle, 45 — 45 — 90.

Now draw © = 45° on the unit circle. What is 45° in radians?

4
NI

The coordinates for 45° are:

sin 45° = cos 45° =
csc 45° = sec45° =
tan 45° = cot 45° =
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Let’s take a look at the unit circle and another special triangle, 30 — 60 — 90.

Now draw 8 = 30° on the unit circle. What is 30° in radians?

The coordinates for 30° are:

sin 30° = cos 30° =
csc 30° = sec 30° =
tan 30° = cot 30° =

ah
N

Now draw 6 = 60° on the unit circle. What is 60° in radians?

The coordinates for 60° are:

sin 60° = cos 60° =
csc 60° = sec 60° =
tan 60° = cot 60° =

ah
N
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HW: Unit Circle Trigonometry

Simplify the following using what you know about trigonometry and the unit circle.

1. cos3—n 2. cosO 3. sinz—7r 4, sinll—n
4 3 6
5. cos7—n 6. cosS—7r 7. sinm 8. sins—n
6 3 4
5
9. sec7—n 10. secZ 11. csc4—” 12. csc=
4 2 3 6
13. sec= 14. secz—” 15. csc3—n 16. csc3—n
6 3 2 4
5
17. tan:" 18. tan%ﬂ 19. cotllTn 20. cotO
5
21. tan?n 22. tanm 23. cot%ﬂ 24, cot%ﬂ

25. cscs?n 26. tan%ﬂ 27. cot%ﬂ 28. sec%ﬂ



State all angles in the interval [0, 2m) that solve each of the following equations.

29. cos 6 =%
33. cosf8 =0
37. secf = —1
41. tanf =1

45, sinf =5

11

30. cos§ = — 2 31 sing = -1
34. cos@=—g 35. sin0=§
38. secd = -2 39. csct9=—%§
42. tang = —/3 43. cotf =

46. csc0 =0

32. sinf =1
36. sing =2
40. cscd = —/2
44, cot =0



Accelerated Precalculus

Unit Circle Trigonometry & Coterminal Angles

State two co-terminal angles, one positive and one negative, with the given angle.

7
10

a.

State the co-terminal angle between [0

b.

21T

9

31w

f. ——

8

, 21r) with the given angle.

591

& 10

17

d. ——
7

33w

h. ———
7

Simplify the following using what you know about trigonometry, the unit circle, and coterminal angles.

177
1. cosT

5. cos (— 17—”)
6

177
9. sec—
4

13. sec (— 137”)

17. tan 1om
4

21. tan (— ”T”)

2.

6.

10.

14.

18.

22.

cos 6T

CoOS | ——
3

o
seC—
2

17

291
tan—
6

tan(—9m)

)

. 191
3. smT

7. sin(—7m)

147
11. csc—

15. csc (— 5m

19. cotll—n

o

23. cot (— e

. 21w
4, sin—
4

251
12. cscT

16. csc (— %ﬂ)

20. cot8m

24, cot (— Lin

5
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State all angles that solve each of the following equations.

25. cos @ =\/2—§ 26. cosf = —\/2—5 27. sin@ =% 28. sinf = —1
29. cosf =1 30. cosf = —% 31. sinf = —g 32. sinf = —\/;
2V3
33.sec0 =1 34, secO =2 35. cscl =0 36. csc =+/2
V3
37. tanf = —1 38. tanf =+/3 39. cotf = ey 40. cscf =1
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Pythagorean Identities

Use the following to develop the Pythagorean Identities.
1a. On the arc mark a point and label it (x, y).

b. Connect the origin to your point.

c. From your point draw a segment perpendicular to
the x-axis, forming a right triangle. |

d. Given that the radius = 1, use the Pythagorean Theorem to write an equation representing the sides of
the triangle.

2a. Using your equation from #1d, substitute x and y with cos © and sin 6, respectively. This is one of the
Pythagorean Identities.

b. Solve for sin? ©, and write this new form:

c. Solve for cos? ©, and write this form:

3a. Using your equation from #2, divide each term by cos? ©.

b. Simplify. Your equation should not contain any fractions. This is another Pythagorean Identity.

c. Give 2 additional forms (see #2b-c):

4a. Using your equation again from #2, divide each term by sin? ©.

b. Simplify. Your equation should not contain any fractions. This is also a Pythagorean Identity.

c. Give 2 additional forms:
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Simplify each, using a Pythagorean ldentity.

1+ tan?x 1- cos?x
- 2. ——
CSC~ Xx sSinx
3.sinx — sin3x 4. cos3 x + cos x sin? x
1-sin?x 6 sin? x+ tan? x+ cos? x
" csc2x—1 ’ secx
cot?x . 2 . 2
. 8. (cosx —sinx)“ + (cosx + sinx)
14+cscx
secx+1)(secx—1 1—-sin?x
9. ¢ _)g ) — - *tanx
Sin“ x 1—cos* x
Answer Bank: sinx COSX sin2x tan?x cotx

secx csex—1 sinxcos2x 2 secx
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Double Angle Identities

Double angle identities: sin 26, cos 26, and tan 26. Where do they come from? Derive each.

For sin 20, use the angle sum formula: sin (x +y) =sinx cosy + cos x siny
*sin 20 =

For cos 20, use the angle sum formula: cos (x +y) = cos x cos y —sin x siny

*cos 20 =
There are two additional forms for cos 26.
To find one, replace cos?8 with 1-sin?®. or cos 20 =
To find the other, replace sin?0 with 1-cos?8. or cos 20 =

tan (x)+ tan (y)

For tan 20, use the angle sum formula: tan(x + y) = T—tanGe) tan )

*tan 20 =
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Practice
a. Draw and label the reference triangle in the appropriate quadrant for the given trig information about theta. (You will
need to determine the length of the third side of the triangle.)
b. Find the exact values of sin 26, cos 20, and tan 20 using the double-angle formulas.

. 5 bis
1.sin6=—and — <B<m
13 2

ﬂk

A
v

}

4 3
2.tan6:§ andn<e<?n

ﬂk

A
v

!

15 31
3. cosf=— and —<0<2n
17 2

A

v

!

4, tanB®=-2 andcos©>0
ﬂk

A

\ 4

}

5.sinB= 3 andE <B<m
5 2

Using the tan 26 formula, find only tan 26
ﬂk

A
v

}

i -_7
6. sinB6<0andcosb = e

Using the tan 26 formula, find only tan 26
ﬂk

A
v
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Solving Trig Equations Review Date Period

Solve each equation for the variable on the interval from [0, 2rt). Use Pythagorean and/or Double Angle
Identities to rewrite as needed.

1.2sin?x=1 2.2sin%x + 3sinx+1=0

3. sin?x + 1 = cosx 4.sec’x+tanx—1=0

5.cot?x —csex =1 6. 5sinx — 5 = cos?x
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7.tan’x +3secx+3=0 8. 3sinx = 2cos?x — 3cotxtanx
9.c0s206-1=0 10.sin20—cos6 =0
11. cos26 +cosB =0 12.sin@ =cos26 -1

13.sin26—-tanB =0 14.5sin 6 —2cos?20=1
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Accelerated Precalculus Name:
Quiz: Trigonometry Review Date: Period:
Evaluate.

4 3 . 5
1. tan— 2. sec= 3. sin (— —n)

3 4 6

5 23
4, csc?n 5. cot(—m) 6. cosTn

13 7
7. cot—= 8. csc (— E) 9. sec=

3 2 2

10. If sec8 = —Eand tan @ > 0, find sin 26, cos 20, tan 26.
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Solve each equation for the variable on the interval from [0, 27).

11. 4cos?6 —4cosH =3 12. 1 =cot? 60 + csch

13. sin2x cosx = sinx



