A2TH Trig Packet — Unit 1

In this unit, students will be able to:

Use the Pythagorean theorem to determine missing sides of right triangles
Learn the definitions of the sine, cosine, and tangent ratios of a right triangle
Set up proportions using sin, cos, tan to determine missing sides of right triangles
Use inverse trig functions to determine missing angles of a right triangle
Solve word problems involving right triangles

Identify and name angles as rotations on the coordinate plane

Determine the sign (+/-) of trig functions on the coordinate plane

Determine sin, cos, and tangent of “special angles” (exact trig values)
Determine reference angles for angles on the coordinate plane

Determine the sine, cosine, and tangent of angles on the coordinate plane
Do all of the above, using the reciprocal trig functions
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Day 1 — Reciprocal Trig Functions

Warm Up

Determine the trigonometric ratios for the following triangle:
(a) Sin A= A
(b) Cos A=
(c) Tan A =
(d) SinB=

(e) CosB=

(f) TanB =

e What are the 3 trigonometry ratios?
e What are the purposes of these ratios?

s 0 (A A T 0
H H A
e What does O represent?
Algebra REVIEW
Problem 1: Using Trig to find a missing side Problem 2: Using Trig to find a missing angle

Find x. Find x.

tad




LEARNING GOAL: How Do We Use the Reciprocal Trig Functions?

e SECANT is the reciprocal trigonometry function of

e COSECANT is the reciprocal trigonometry function of

e COTANGENT is the reciprocal trigonometry function of

Secant Cosecant

sec @ = csc @ = cot @ =

Cotangent

sec = csc @ = cot @ =

Problem 3: Find the 3" side first, then find all six trigonometric ratios.

sinf = csch =
12 cosf = secl =
tan@ = cotf =

5

Problem 4: [f sinf = g, find the other 5 trigonometric ratios.




Regents Question Show work here!

1. Ifcse @= -2, what is the value of sin #?

1) =2
2) 2
1
3) -3
1
4) >
2 The expression cot & - sec ¢ is equivalent to
) cos 8
sin’ @
sin @
2
) cos @
3) cscd
4) smné

LEARNING GOAL: Converting Angles into Degrees, Minutes, and Seconds

» Angles are measured in degrees, minutes, and seconds.

14.288264119 14¢32'57. 588"

e  Where do you find all the degree, minute, and second buttons in the calculator?

]
X18n STATY gg:DMS
‘ : Rl SIRMPrC
" i GiRMPEC
MATH ARPS PRGM ?J,P 'Rx (
a. Round to the nearest thousandth: | b. Round to the nearest tenth: ¢. Round to the nearest hundredth:
sin 30°45’ tan 60°23'37" c0s210°15'37.025"

d. Round to the nearest thousandth: | e. Round to the nearest hundredth: | f. Round to the nearest tenth.

sec 62°25' cot 125°5'48" csc 280°31'20.125"




ROUNDING WITH MINUTES, SECONDS

14.58264119

14°32'57.508"

Rounded to the nearest minute:

14e52'57.568"

Rounded to the nearest second:

14e52'57.5088"

Rounded to the nearest ten
minutes:

14¢32'57.35688"

ing = —
sin 73

Rounded to the nearest minute:

Rounded to the nearest second:

tan8 ==
an 3

Rounded to the nearest ten

minutes:
cosf =0.7125689

Rounded to the nearest minute:

Rounded to the nearest second:

Rounded to the nearest ten
minutes:

cot 6 = .4663 csc 6 = 7.1853
sec 8 =1.2521
Challenge
. P
In rectangle PORS. if tan LOPT = Ig*-m{l Q
tan ZTSR = % then tan £ PQOS = r
9 4 ~ 1
(A)1g (B)s (O) 1
2 S R

(D)1 (E)?




Summary

The Basic Trig Definitions

: A 2 0 ite : hypotenuse
the sine function:  sin@ = —PPoSC the cosecant function : ¢sc = —————
hypotenuse opposite
. : adjacent . hypotenuse
the cosine function: cosf = ot o the secant function: secH = L
hypotenuse adjacent
. opposite . adjacent
the tangent function : tanf = & the cotangent function : cotf = J—
adjacent opposite
¥» Angles are measured in degrees, minutes, and seconds.
EXAMPLE 6 Convert 72.18° to D°M’'S" notation.
14.88264119 14°52'57. 508"

=  Where do you find all the degree, minute, and second buttons in the caleulator?

seconds!

] a. Round to the nearest thousandth: | b. Round to the nearest tenth: | <. Round'to the nearest hundredth:
5in30°45" tan 60°23'37" cos 210°15'37.025"
: G EEEET (218°15'37.62
£in(3@°43' ) tan(e@323TIFS T | ERS
‘siizsseset | 1.739861599 7 - sezraseezr
=

Exit Ticket

Which ratio represents cscA in the diagram below?

B

25 7

A 24 C
2
1) ﬁ
2
2) 75
24
) 2
4y L

Solution On a calculator, we enter 72.18. The result is
72.18° = 72°10'48".
Without a calculator, we can convert as follows:

72.18° = 72° + 0.18 X 1°
=72+ 0.18 X 60’ 1° = 60
=72°+ 10.8
=72+ 10"+ 08 x 1’
=72+ 10" + 0.8 X 60" 1 = 60"
=72+ 10" + 48"
= 72°10'48".




Homework—Day 1

1. The angle of elevation from a point 25 feet from the

base of a tree on level ground to the top of the tree is

30°. Which equation can be used to find the height of

the tree?

1) o X
tan30° = 55

2 3= 2

3) o X
cos30% = 5%

4) 307 4257 = »*

2. Cassandra is calculating the measure of angle A in
right triangle ABC, as shown in the accompanying

diagram. She knows the lengths of BC'and AC.
c

El_l A

If she finds the measure of angle A by solving only one
equation, which concept will be used in her
calculations?

1) Pythagorean theorem

2) sind
3) cosd

4) tand

3. Infigure 7, if @ = 44°, what is the value of c?

(A) 6.94
(8) 7.19
(€) 9.66
(D) 10.36
(E) 13.90

10

Note: Figure not drawn o scale

Figure 7

4. In the right triangle shown in the diagram below, what is the value of x to the nearest whole number?

X

30°

24

L]




5. Convert to DMS form. Show work. 6. Convert to degree form. Show work.

a 37285 a 8r4y
b. 314.42 b. 2131556

7. Use a calculator to determine the value of each trigonometric ratio: Round answers to the nearest ten-thousandths.
a) sin52°47' b) cos79°15'45" c) cot36°

8. Ifsinf = g find csc 6.

If sec @ = 1.5, find cos 8.

9. A person measures the angle of depression from the top of a wall to a point on the ground. The point is located on
level ground 62 feet from the base of the wall and angle of depression is 52°27 . How high is the wall, to the nearest
tenth of a foot?

10.
In a right triangle, 6 is an acute angle and csc = % Evaluate the other five trigonometric functions of 6.
. 18 19
a. smS—E C. secé’—ﬁ
o AJ37 o 194/ 37 o 194137 . o ~J37
cosf=—5— secf=—r cosd=— sinf=—5~
18437 ~J37 ~ 37 18437
an &= 37 cotB:T tanB:T cotd= 37
. 18 18
b. st_E d. secQ_E
. 19+/37 0 37 o N3 o 194/37
08 0= —=5 secf=—g~ cosf=—g— sinf=—=
~f37 184/37 18~/37 ~f37
tanQ:T cotd= 37 tan @ = 37 cotB:T



Day 2 — Arcs and Angles as Rotations

Warm - Up

Write each decimal degree measure in DMS form and each DMS measure in
decimal degree form to the nearest thousandth.

1. 28.955° 2. —57.3278°

3. 32° 28’ 10” 4. —73° 14’ 35"

AIM: ANGLES OF ROTATION
PART I: Initial vs. Terminal Side

e Initial Side - the ray (side) at which an angle of rotation begins

o Terminal Side - the ray (side) at which an angle of rotation ends

initial side

Standard Position I

1

e Standard Position - an angle is in standard position if its vertex is
located at the origin and one ray is on the
positive x-axis

* Clockwise vs. Counter Clockwise

Counter Clockwise (positive angles) Clockwise (negative angles)




* Quadrantal Angles -

Counter Clockwise

Clockwise

You Try It!

Draw an angle with the given measure in standard position and determine the

guadrant in which the angle lies.

1. 60°

A
=Y

3. 450°

A
= Y

2. 210°

A

4. -40°

A

Y

=Y



LEARNING GOAL: How Do We Convert Between Radian and Degree Measure?

# What is a radian? - a radian is the measure of an angle that, when drawn
as a central angle of a circle, intercepts an arch whose length is equal to

the length of a radius of the circle. arc length = radius

The circumference of any circle is 2mr, where r is the
radius measure. So the circumference of a unit circle is
2w(1) or 2w units. Therefore, an angle representing one ‘
complete revolution of the circle measures 27 radians. -
This same angle measures 360°. Therefore, the following
equation is true.

2+ radians
or 3g0°

2% radians = 360"

To change angle measures from radians to degrees or vice versa, solve the
equation above in terms of both units.

27 radians = 360° 27 radians = 360°
1 radian = = 1°
1 radian is about 1 degree is about

These equations suggest a method for converting between radian and degree
MEeasure.

* How do we convert between radian and degree measure?

Examples: Convert the following to radian measure.

50° —120° 270°

10



Examples: Convert the following to degree measure.

T 2n 1.7m

6 5

1. Find, to the nearest minute, the angle whose measure is 3.45 radians.

2. What is the radian measure, in terms of m, of the angle formed by the hands of a clock at 4:00 p.m.?

3. Sketch and label 6 in standard position if 8 = 76—n

A
= Y




PART IV: Coterminal Angles

Coterminal Angles- @ngles in standard position that have the same
terminal side

—

Coterminal Angles

Find one angle with positive measure and one angle with negative measure
coterminal with each angle.

a. 240°

Regents questions

1. In which quadrant does a -285° angle lie?

@ I

(2) I
(3 I
@ W

Explain your answer below.

2. Which angle is not coterminal with an angle that measures 300°?

@  -420°
@ -300°
3 -60°

¢4  660°

12



3. Which angle is coterminal with an angle that measures -120°7?

Explain your answer below.

4. Stateif the given angles are coterminal.

23n 1ln
187 6
A) No B) Yes

Explain your answer below.

5.

Find a coterminal angle between 0 and 21 for each given angle.
im
6
3T IT
Ay — B) —
) 3 ) 6
T o
= Dy -
© 6 ) 6

13



Challenge

ENTERTAINMENT Suppose

the gondolas on the Navy Pier
Ferris wheel were numbered from
1 through 40 consecutively in a
counterclockwise fashion. If you
were sitting in gondola number 3
and the wheel were to rotate
counterclockwise through 846

degrees, which gondola used to be
in the position that you are in now?

SUMMARY:

(22T LIBY Draw an Angle in Standard Position ZELTE) Convert Between Degree and Radian Medsure
Draw an angle with the given measure in standard position. Rewrite the degree measure in radians and the radian measure in degrees.
a. 240°  240° = 180° + 60° y a 60° b, —Im

Draw the terminal side of the 2400 4
angle 60° counterclockwise } o _ oo/ T radians 7w _ (7w 4. 180°
past the negative x-axis. 5} 7 60° =60 ( 1807 ) 4 ( 4 mdm}(;f .l:ad‘ra.tié)
60° _ 60w .. e _1260°  airg
=180 radians or 3 = 3 or 315
b. —30° The angle is negative. ¥
Draw the terminal side of the
angle 30° clockwise from the X
positive r-axis. "_o'wgn
c. 450° 4507 = 360° + 90° y
Draw the terminal side of the 90°
angle 90° counterclockwise past
the positive x-axis. _e s} %
450°

Find Coterminal Angles

Find one angle with positive measure and one angle with negative measure
coterminal with each angle.

a. 240°
A positive angle is 240° + 360° or 600°.
A negative angle is 240° — 360° or —120°.

9w
" N 9 17
. . T w S 8w _ 17w
A positive angle is 2t 2mor 1 T+ =
. 9w _7m 9 [ _1&m\_ _TI=
A negative angle is 3 2(27w) or il ( T__] =7

Exit Ticket

What is the radian measure of an angle whose
measure is —420°7

1) —?T”
2) —%’E
3y
y =

3



Day 2 - Homework

Page 15#4 —16 and Page 16 #'s 29, 33, 36, 38, 41, 42, 45, 54, 62 and 63

Check for Understanding

{:-ﬂ.l".lf:t?pf Check 1. Name the set of numbers to which angle measures belong.
2. Define the term radian.

3. OPEN ENDED Draw and label an example of an angle with negative measure
in standard position. Then find an angle with positive measure that is
coterminal with this angle.

Guided Practice Draw an angle with the given measure in standard position.
4. 70° 5. 300° 6. 570° 7. —45°

Rewrite each degree measure in radians and each radian measure
in degrees.

8. 130° 9, —10° 10. 485°
In T 197
11. ry 12. % 13. S

Find one angle with positive measure and one angle with negative measure
coterminal with each angle.

14. 60° 15. 425° 16. %

Application ASTRONOMY  For Exercises 17 and 18, use the following information.
Earth rotates on its axis once every 24 hours.

17. How long does it take Earth to rotate through an angle of 315°7
18. How long does it take Earth to rotate through an angle of %?

* indicates increased difficulty

Practice and Apply |

Draw an angle with the given measure in standard position.

19, 235° 20. 270° 21. 790° 22, 380°
23. —150° 24, —50° * 25. T * 26. —%“

15



Rewrite each degree measure in radians and each radian measure in degrees.

27. 120° 28. 60° 29, —15° 30, —225°
31. 660° 32. 570° 33. 158° 34, 260°
35. %‘ 36. "T“ 37. —g 38. —%
39. 2% 10. 2% *41. 9 * 42, 3

Find one angle with positive measure and one angle with negative measure
coterminal with each angle.

13, 225° 14. 30° 15, —15°
46, —140° 47. 368° 48. 760°
49, 34“ 50. %’" 51. —i“
_2w 9w 17w
52. - % 53. 27 5a. 12

= 55. DRIVING Some sport-utility vehicles (SUVs) use 15-inch radius wheels. When
driven 40 miles per hour, determine the measure of the angle through which a
point on the wheel travels every second. Round to both the nearest degree and
nearest radian.

GEOMETRY For Exercises 56 and 57, use the Sector
following information. frea
A sector is a region of a circle that is bounded by a -

central angle § and its intercepted arc. The area A of
a sector with radius r and central angle @ is given by

A= %rzr?, where 0 is measured in radians.

56. Find the area of a sector with a central angle of % radians in a circle whose
radius measures 10 inches.

57. Find the area of a sector with a central angle of 150° in a circle whose radius
measures 12 meters.

62. QUANTITATIVE COMPARISON Compare the quantity in Column A and the
quantity in Column B. Then determine whether:

(& the quantity in Column A is greater,

the quantity in Column B is greater,

(> the two quantities are equal, or

(D> the relationship cannot be determined from the information given.

14w
45

56°

63. Angular velocity is defined by the equation
w= % where # is usually expressed in

radians and t represents time. Find the
angular velocity in radians per second of
a point on a bicycle tire if it completes

2 revolutions in 3 seconds.

T T 2
® 3 ® 3 © 5




Day 3 — Arc Length and the Unit Circle

Warm - Up
Draw an angle with the given measure in standard position.
1. 160° 2. -2 3. 400°

Rewrite each degree measure in radians and each radian measure in degrees.

S 7 11w

4, 140° 3. —860° 6. — 5 -3

Concept 1: Arc Length

To find the measure of an angle in radians when you are given the lengths of the arc and
radius:

Measure of an angle in radians = length of the intercepted arc

length of radius

In general, if 8 is the measure of a central
angle in radians, s is the length of the
intercepted arc, and r is the length of a
radius, then:

17



Examples

1) Inacircle, a central angle of 3 radians intercepts an
arc of 18 centimeters. What is the radius, in
centimeters, of the circle?

2) As shown in the accompanying diagram, a dial in
the shape of a semicircle has a radius of 4
centimeters. Find the measure of 0, in radians,
when the pointer rotates to form an arc whose
length is 1.38 centimeters.

3) Circle O shown below has a radius of 12
centimeters. To the nearest tenth of a centimeter,
determine the length of the arc, x, subtended by an
angle of §3°50".

1.38cm ;llll

18



Concept 2: Unit Circle

4.

UNIT CIRCLE

WHAT IS THE UNIT CIRCLE?
* A unit circle is a circle with a radius of one (a unit radius).
In trigonometry, the unit circle is centered at the origin.

* In the unit circle, the coordinates (x, y) can be rewritten as (cos & ,sin @)

sin@ = cosf = tan6 =
PRACTICE WITH THE UNIT CIRCLE y
The accompanying diagram shows unit circle O, with radius OB = 1. i
Which line segment has a length equivalent to sin 87 .0
(1) OB (3)0D 5/
SIS
(2) CD (4)BA
/M
- t ~ paay l_} -
i . A L

Which line segment has a length equivalent to tan 87

(1) OB

(2) CD

(3) OC

(4) 04

19



In questions 6 - 9, you are given the coordinates of point P, where OP =1, and m4ROP = 0.

Find a) sin® b) cos 6 c)tan6

6. P(—%,gJ
sin@ = ,because = -coordinate on the unit circle.
cosO = ,because ___ = -coordinate on the unit circle.
tan0 =
because = = —
cscO =, because it'sthereciprocalof
secO =, because it'sthereciprocalof
cot0 =__ ,because it'sthereciprocalof
(88
sin@ = ,because __ = -coordinate on the unit circle.
cosO =__ ,because ____=__ -coordinate on the unit circle.
tan0 =
because == = ——
csc® = because it's thereciprocalof
secO =, because it'sthereciprocal of
cot®0 = because it’s the reciprocalof

N
N

— X

S

20



8. P(.6, -.8)
sin9 =
cosO =

tan0 =

csc O

secO =

cot O

Concept 3: Points not on the Unit Circle

(A (08 Trigonometric Functions, 6 in Standard Position

Let 6 be an angle in standard position and let P(x, y)
be a point on the terminal side of §. Using the Pythagorean
Theorem, the distance r from the origin to P is given by

r = Vx% + y2 The trigonometric functions of an angle
in standard position may be defined as follows.

a_ Y _Xx _Y
sm(:?—r t:t:as(:?—r tan&—x,xio

r F X
=—y#0 =—x#0 otd==,y+0
csc y,y sec 6 X X cot 6 y,y

LI

9) Find all 6 trigonometric function values of the angle formed by the point (-3, 4)

21



Draw each of the following points on a coordinate plane. Let 8 be the angle in standard position that
terminates at that point. Determine the sine, cosine, and tangent of 6.

10. (5, 12)

11. (-8, 15)

Concept 4: Quadrantal Angles

TRIGONOMETRY WITH QUADRANTAL ANGLES (DO NOT NEED TO MEMORIZE)

o0° a0° 180° 270° 360°
sind
cos !
tan ¢
**YOU CAN JUST PLUG THESE INTO YOUR CALCULATOR (in degree mode)**
Angle Coordinates
00
90°
o 180°
90°1 (0, 1) 707
360°
(-1, 0) 0° (1,0)
180° 360°
270°1 (0, -1) 22




Concept 5: Signs of Trig Functions in the Quadrants

As point P(x, y) moves around the unit circle, and O increases from 0° to 360°, x and y change signs, and thus the
signs of sin0, cosO, and tan® also change.

Quadrant Il Quadrant 1l Quadrant IV
y y y
90° 90° 90°
0/360° 180° 0/360° X 180° 0/360°
P(x,y) Pe.y)
210° 270° 270°
_andyis___ X is andy is X is andyis
~cos@is___andsinfis___. ~cosf@is___andsinfis . ~cosfis___andsinfis .
tanfis tan @ is tan @ is

There is an easy way to remember the signs of sin, cos, and tan in the different quadrants.

isfare +in QI

is/fare are + in Qll

A

v

is/are are + in QI

is/fare are + in QIV

NOTE: * Reciprocal Functions have the same sign values as each other.*

23



Determine the sign (+/-) of trig functions on the coordinate plane.

IMPORTANT: “>0” means “is positive” “<0” means “is negative”

Example 12: In what quadrant(s) could 8 be when...

a) sinf > 0and cosf >0

sin & All

x
m v
tan & cos @

C) Ifcosx = —% and tanx > 0, then Zx terminates in

Quadrant
1) 1

2) 1

3) 10
4) 1V

e) If tanx = —~/3, in which quadrants could angle 2

terminate?

1) TandIII
2) IlandIII
3) landIV
4) Il and IV

b) tan6 > 0and cosf <0

sin 8 All

x
m 1w
tan & cos 6

d) Ifcosx=-0.7 and cscx > 0, the terminal side of

angle x is located in Quadrant
1) 1

2) 1
3) I
4) 1V
f) Ifsinf= #, then angle @ lies in which
quadrants?

1) TandIl only
2) Iland IV, only
3) Iland1V, only
4) LILIL and IV

24



Concept 6: Let’s put this all together!

Let point P be on the terminal side of 8. Draw a picture, and determine the sine, cosine, and tangent of the
angle.

13.If sin@ = % where 6 is in Quadrant I, find 14. If cos @ = g where 0 is in Quadrant IV, find
cos 8 and cotf cscO and tan 9.
15.If tan @ = 3, where 6 is in Quadrant ”I, find 16. If sin@ = E' where 8 is in Quadrant ||1 find
6

sin@ and sec¥. cotd and secé.

25



SUMMARY

Radian Measure

The radian measure ) of a rotation is the ratio of the distance s

traveled by a point at a radius r from the center of rotation, to the
length of the radius r:

When using the formula # = s/r, # must be in radians and s and
r must be expressed in the same unit.

EXAMPLE 7 Find the measure of a rotation in radians when a point

2 m from the center of rotation travels 4 m.

Solution We have

= = 2. The unit is understood to be radians.

Exit Ticket

Evaluate Trigonometric Functions for a Given Point

Find the exact values of the six trigonometric
functions of @ if the terminal side of 8 contains
the point (5, =12).

From the coordinates given, you know that x = 5 and
y = —12. Use the Pythagorean Theorem to find r.

(5, -12)

r=Va2+2 Pythagorean Theorem
=V52 + (—12)2 Replace x with 5 and y with —12.

=V169or 13 Simplify.

Now, use x = 5, ¥ = —12, and r = 13 to write the ratios.
y

ing =2 X -y
sinf =< cos # . tan @ e
=3

2B _ -2, 12
13 13 13 5

Find Sine and Cosine Given Point on Unit Circle

Given an angle 8 in standard position, if
P(%é, —%) lies on the terminal side and

on the unit circle, find sin # and cos @.

P( %, 7%) = P(cos @, sin #),
s0 sin § = 7%and cosfl = %

If sin @ is negative and cos @ is negative, in which

quadrant does the terminal side of @ lie?
1) 1

2) 1T

3) 1

4) IV

26



Day 3 - Homework

1. What 15 235, expressed in radian measure?

l6m

1y 235 3y —
(1) m {}4?
T 47n
2) — 4y —
{}235 {}36

2. What 1s the number of degrees in an angle whose

2
radian measure 15 %‘?

3. Find, to the nearest minute, the angle whose

measure is 2.75 radians.

4. An art student wants to make a string collage by
comnecting six equally spaced points on the
circumference of a circle to 1ts center with string.
What would be the radian measure, in terms of m, of
the angle between two adjacent pieces of string?

5. Asprinkler system is set up to water the sector
shown in the accompanying diagram, with angle ABC
measuring 1 radian and radius AZ = 20 feet.

What is the length of arc AC, in feet? A
1} &3 &
I.E\
2] 31
i
3} 20 B
4] 10

6. In a circle of radius 8, find the length of the arc
intercepted by a central angle of 1.5 radians.

7. Cities H and K are located on the same line of
longitude and the difference in the latitude of these
cities is 9%, as shown in the accompanying diagram.
If Earth’s radius is 3,954 miles, how many miles
north of city K is city H along arc HK? Round your
answer to the nearest tenth of a mile.

H

/—sﬂ‘l/ﬂA]
A a

(Mot drawn to scale)

K

27



8. The accompanying diagram shows unit circle O, 9. If f(x) = sin 2x + cos x, then f(mr) =
with radius OB = 1. 11 3) 0
2) 2 (4) -1

10. Ifsecx < 0and cotx < 0, in which quadrant does the
terminal side of angle x lie?
1

— —_— 2) 1

(1) AB (3) OC 3) Il

4) IV

Which line segment has a length equivalent to cos 87
(2) OB (4) 04

Find the exact values of the six trigonometric functions of @ if the terminal side of
@ in standard position contains the given point.

11. (—15, 8) 12. (=3, 0) 13.(4, 4)

Suppose @ is an angle in standard position whose terminal side is in the
given quadrant. For each function, find the exact values of the remaining
five trigonometric functions of @.

14. cos f = —%, Quadrant II 15.cot = — TE, Quadrant IV

28



16. If sin &= cos @, in which quadrants may angle ¢

terminate?
1y L1
2) 1L 110
3) L1
4y LIV

18. An angle that measures ST‘T radians is drawn in

standard position. In which quadrant does the
terminal side of the angle lie?

20. If fix) = cos 3x + snx, then F[E] equals

2
1 1
2) 2
3) -1
4) 0

17. Ifsnx= —% and sinxcosx > 0, in which quadrant

does angle x lie?
1) 1

2) 11
3) 1l
4) 1V

19. If fix) = sin’x, then T[g] equals

1)

1
y 3
p |
b 1

3
21. If B is an angle in standard position and its terminal side passes through the point (7 ,—E] on a unit circle, find all

6 trigonometric functions.
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Day 4: SWBAT apply “Special” Angles to find the exact value of Trig Functions

Do Now: Recall the following theorems from Geometry:

45°-45°-90° Triangle Theorem)

LI R B A 30°-60°-90° Triangle Theorem

0_AC0.Q0° fri B
In 3 4& fs 9?] t;'aagllf' both Iegs.arehcolngruﬁnt, In a 30°-60°-90° triangle, the length of the hypotenuse is
e G ‘?ngt ogtieuvpctentsel sitheleqot . is 2 times the length of the shorter leg, and the length of
of a leg times V2. w2z 85 0 the longer leg is the length of the shorter leg times V3.
AC=BC=¢ AB = £V2 AC=s AB =25 BC=sV3
ALE ¢

Complete the tables with a partner:

a) Find the lengths of the missing sides.
b) Find the sine, cosine and tangent of each acute angle in each triangle.
c) What relationship do you notice?

1 Bily
2
L1

&0F
sin 30° = sin 30° = sin 30° =
cos 30° = cos 30° = cos 30° =
tan 30° = tan 30° = tan 30° =
sin 60° = sin 60° = sin 60° =
cos 60° = cos 60° = cos 60° =
tan 60° = tan 60° = tan 60° =

Conclusion:
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45
5 45°
4
[
| 45"
] 45
sin 45° = sin 45° = sin 45° =
cos 45° = cos 45° = cos 45° =
tan 45° = tan 45° = tan 45° =
Conclusion:

Use these triangles to determine the following trigonometric values:

30°

45°

60°

Sine

Cosine

Tangent

Cosecant

Secant

Cotangent
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Putting it all together (only QI)

OO

30°

45°

60°

90°

Sine

Cosine

Tangent

How to construct this table:

e For Sines and Cosines only, write a denominator of “2” for each.
e For Sine, fill in the following numerators, left to right: v/0,v1,v2,v/3,V/4.

e For Cosine, fill in the following numerators, left to right: v4,+/3,v/2,/1,/0.

. Simolify
. 2:nmcpe“?;ngent = sin/cos, each tangent box is sin/cos. Divide, and rationalize the denominators.
0° 30° 45° 60° 90°
Sine
Cosine
Tangent

Exact Values/Aprroximations

sin 60° = This is exact!

“"|fﬁ

Model Problems:

sin 60° = 0.8660254038.

This is an approximation!

1. Find the exact value of
(sin 30°)(cos 60°).

2. Find the exact value of csc?60°.

3. 06is an angle drawn in standard position and intersect a unit circle at point A.

If the coordinates of point A are [%?J , What is the smallest positive value

of 07
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Find the EXACT value of each expression.

a) cos 60° + 3 tan 45°

a) sin ?45° + cos 245°

T T
b) 2cos — +4tan =
) 6 3

c) (sec % )(cos %)

d) Letf(x) =csc 2x. Determine f(%)

T

e) 2sinw + sec 5

cos180° —sin90°

f)
cot 45°

g) If f(x) =csc x + cot x, find f[%) .

h) An acute angle is drawn in standard
position. The coordinates of the

terminal side are (?%} what does

the angle measure?

Exit ticket: The value of 2(sin 80°)(cos 30°) is equal to the value of:

(1) sin 60°

(2) cos 60°

(8) sin90°  (4) tan 30°
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Day 4 - Homework

1. If f(x)= tang + cosx, whatis f(180°)

. . T T . T . T
2. Express as a single fraction the exact value of: cos gcos 1 - sin gsm 1

3. What is the value of cot(%) in simplest radical form?

4. If g is an angle in standard position and its terminal side passes through the point (% : %J on a unit

circle, a possible value of 8 is
(1) 30°(3) 120°
(2) 60° (4) 150°

5

If £() = 2 cos (2), find £(180).
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The value of (sin 60°)(cos 60°) is

Copy and complete the table.

0

0°

30°

45°

60°

90°

180°

270°

360°

Radians

Sin 8

Cos 8

Tan 6

8. Find the exact value:

cos?30° +sin30°

sec60°

9.

Find, in simplest radical form, the exact value of

T
cse—
3

35



10.

If f(x) = sin 2x + cos x, then f(7) =

1) 1 )0
2) 2 (4) -1
11.
If the coordinates of point A are (—\;—i, %—ﬁ)
What is 87
12.

If @ is an angle in standard position and its terminal side passes through the point

3 . . .
{% | %) on a unit circle, a possible value of @ is
(1)30° (3)120°
(2) 60° (4)150°
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Day 5: SWBAT apply Reference Angles to find Trig Values in All Quadrants

Do Now:

1) In the diagram, the center of circle O is at the origin, radius OB = 1, and m «40B = 30.

D
N

What are the coordinates of point B?

L[L B
R
2. (£ £
3" 2
3. (51
L2 2
4. (1,1)

2) a) Draw an angle of 150° in standard position.
b) Draw a line parallel to the y-axis and perpendicular to the x-axis. What is measure of
the angle formed?

0.1)

(-1,0) (1,0 X

(0,-1)



How Do We Find and Graph Reference Angles?

'

) 1 sin30= —
sin150 = - 2
2
3 | 3
cos 150 = - cos 30 = E
2 2
V3 _
tan 150 = —— V3
3 tan30= —
3
: _ 1 1
sin210 =-3 sin330 = ——
2
V3 =
- _ " 3
cos 210 > c0s 330 = —
2
-~ 1
V3 =
tan 210 = — V3
3 tan 330 = —?

What is happening in this example above? Why?

What is a reference angle?

The reference angle is the positive acute angle formed by

the terminal side of the given angle and the x-axis.
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Practice: Find and graph the reference angle of each given angle in standard position.

1. 50° 2. 105°
3. 260° 4. 300°

] = ] =
5. —160° 6. 555°

F

F
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Refer to the diagram. Fill in the chart below.

Reference angles look different in each quadrant. In QlI, the reference angle for 8 is @ itself. Every

. _120° Quadrant |
Ny
¢ ’ b X ¢ L X
reference | |Quadrant 11 1 m: my own
angle reference
| angle
1y sy
Quadrant 111 Quadrant IV

LI\

reference
angle

angle in QI is acute, so any angle in QI (6,) doesn’t need a reference angle.

Reference angles for other quadrants

Qll Qlll QIvV
y y Y
90° 90° 90°
P(x,y)
180° 0/360° X 180° 0/360° X 180° 0/360° X
PO Y) P(x.y)
2r0° 270° 270°
In QII, 6= In QIII, 6= In QIV, 6=
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REMEMBER: Reference angles are ALWAYS formed between the terminal side of the original
angle and the x-axis. NEVER with the y-axis!!

Also, there are no reference angles for quadrantal angles (0°, 90°, 180°, 270°...)

y
90°

0/360° X

|
|
|
1
| Or Or
|
|
|
|
|

270°

Reference Angles

We already know that we can have trigonometric values of any angle, in any quadrant, and we’ve
already determined what the signs (+/-) of each of them are. But we can also find the actual trig
function values.

Model Problem: Find the exact value of cos 135.

a) Find the reference angle:

b) Express as the function of a positive acute angle:

c) Use your special angle values to find the exact value of the function:
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Examples:

1. Find the exact value of cos (135°).

2. Find the exact value of sins?”

3. Find the exact value of tan (—150°).

4. Find the exact value of sec 7?”

5. Find the exact value of cot(300°).

6. Find the exact value of csc %
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7. Find the exact value of csc 750°

8. Find the exact value of tan (—%}

9. Find the value of cot (-840°).

10. Find the smallest positive angle
drawn in standard position that

\/§1J

intersects the unit circle at (7,—5 )

11. Express sin 225 as the function of
a positive acute angle:

12. Express sec -80 as the function of
a positive acute angle.
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SUMMARY

If 0 is the measure of an angle greater than 90° but less than 360°:

90°< 6 <180° 180° < 0 < 270° 270° < 6 < 360°
Quadrant 11 Quadrant 111 Quadrant IV
sin 6 = sin (180° - 6) sin 6 = -sin (0-180°) sin 6 = -sin (360° - 0)

cos 6 = -cos (180°-6) | cos 6 =-cos (6-180°) cos 6 = cos (360° - 0)

tan 6 = -tan (180° - 0) tan 6 = tan (6 — 180°) tan 6 = -tan (360° - 0)

Reference triangles
are drawn|to the x-axis.

Remember:
vour triangle should
be part of a bowtie

Exit Ticket:

E}sr_pr{*ssvd as a function of a positive acute mlgl{n cos (—3057) is vqlml
to

(1) —cos 557 (3) —sin 33"

(2] cos 53" (4) sin 55°



|

Day 5 - Homework

Find the exact value of each trigonometric function.

1) sin 765°
3) csc 930°

5} csc —480°
T
T} csc——
) )

9) sin —210°

Find the reference angle.

131
11y —
) 4

28m
13y ——
) 9

15) —430°

17) Find the smallest positive angle drawn in standard position that intersects the unit circle at (—

18) Find the smallest positive angle drawn in standard position that intersects the unit circle at

-2 -2
2 "2 )

2) tan 315°
4y esc 600°
6) tan —990°

&) cot 14n
3

T
10} sec —
) 6

1T
12y ——
) 9

14) 640°

16} 335°

N |-
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Homework #1

Answer Keys

1. The angle of elevation from a point 25 feet from the
base of a tree on level ground to the top of the tree is
30°. Which equation can be used to find the height of

o
"'ﬁnrgl r_';';

X }
"“GA 0= z‘s

2. Cassandra is calculating the measure of angle A in
right triangle ABC, as shown in the accompa nying

diagram. She knows the lengths of BCand AC.
C,

hyp

“P ‘!l

X
(e,
8 Gl;

If she finds the measure of angle A by solving only one
equation, which concept will be used in her
calculations?

1) Pythagorean theorem E ofp
v

3) cosd

4) tand

Sa. 37 degrees

0.285 degrees

.60 minutes
| degree

0:F ninuite S0 200008 _ - cecunids
I minute
5b. 314 degrees
: 60 minutes

0.42 degrees

0.2 minutes -

6a.

6b.

60 seconds

82 degrees +42 minutes-

213 degrees +15 minutes-

degree

, =12 seconds
| minute

1 degree
60 minutes

degrees
minutes

e

= 25.2 minutes

+ 56 seconds

In figure 7, if 8 = 44°, what is the value of c?

o
4aa0: T
(A) 6.94 = | ady
2 o < 3
2 6 C ¥ dan itz o
(0) 10.36 . u!
(€) 13.90 Cz 10-4eatt 10

10 Note; Figure not drawn to scale.

“li Figure 7

4. In the right triangle shown in the diagram below, what is the value of x to the nearest whole number?
o]
X

ad, @ ]
cos®: —,
hp opf
24
X hy
Cos 30247 P

Xz 24-cos 30

lx::ZI

=17.1 minutes

Answer: 37176"

Answer: 3142512

=82.7

| degree

. ~213.266
3600 seconds
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7. Use a calculator to determine the value of each trigonometric ratio:

a) sin52°47

. 796

b) cos79°15'45" c) cot36°

—_— ] _
|- 196 ey

8. cscO=

N | o1

w| N

9. A person measures the angle of depression from the top of a wall to a point on the ground. The point is
located on level ground 62 feet from the base of the wall and the angle of depression is 52° 27°. How high is the

wall, to the nearest tenth of a foot?

0
Loz B

aoly
& B
fan(s2°27)= 73

Y= 62 - Fan(52°27)

10. A

\17;-80.7
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Homework #2
Diraw an angle with the given measure in standard position. 4—7. See margin.
4. 7F 5 3007 f. 570 7. —45°

Rewrite each degree measure in radians and each radian measure
in degrees.

o 1dm ;T o U=
n. 2T 135° 1 - - 13 197 1140

Find one angle with positive measure and one angle with negative measure
coterminal with each angle. 14-16. Sample answers are given.

14. &0 420°, —300° 15 425° 7857, -296° 16 T TT" —%
Rewrite each degree measure in radians and each radian measure in degrees.
7. 10 5 6, 607 20, —15° —5 30, -z — 2%
e 10w T0a” 13 1

3L 6607 T"‘ 3z 570° 33, 156" 34, 2607 g

Sw ® 11w a w a w =
35 160 36, 5 445 37. -1 —45 38, -5 =G0
30. BT 1305° a0 T 5100 an 0 *42 3

Find one angle with positive measure and one angle with negative measure
coterminal with each angle. 43-54. Sample answers are given.

43. 2757 b#5°, —1356° 44. 3¢ 390°, —330° 45. —15° 345°, —375°

46, —140¢ 220°, —500° 47, 38 B°, —352° 48, 7elr 400°, —320°
sn Hmw 5= 7a 1br 5= _5n 3w _1im

JSE S S A A NN S
2z 4w B gz lim _3m 17m I6w _Tw

L3 3071 s T I S R S

535 DRIVING Some sport-utility vehicles {SUVs) use 15-inch radius wheels. When
driven 40 milss per hour, determine the measure of the angla through which a
point on the wheel travels every second. Round to both the nearest degree and

nearest radian. 2669° per second; 47 radians per second

GEOMETRY For Exercises 56 and 57, use the Sachor
following information. _ fza
A sector is a region of a circle that is bounded by a {
central angle # and its intercepted arc. The area Aof |
a sactor with radius r and central angle # is given by~
A= %rlﬁ where ¢ is measured in radians. \_______

)

56. Find the area of a sector with a central angle of % radians in a circle whose
radius measures 10 inches. 209.4 in®

57. Find the area of a sactor with a central angle of 150 in a circle whose radius
measures 17 meters. about 188.5 m?

62 QUANTITATIVE COMPARISON Compare the quantity in Column A and the
quantity in Column B. Then determine whether:

CE the quantity in Column A is greater,

(&3 the quantity in Column B is greater,

(T the two quantities are equal, or

(I» the relationship cannot be determined from the information given.

Column A Column B

- ldw
= -3 H

63. Angular velocity is defined by the equation
o = % where # is usually expressad in
radians and ¢ represents tme. Find the
angular velocity in radians per second of
a point on a bicycle tre if it completes
2 revolutions in 3 seconds. [

® 3 ® 7 @ 7

2

3

In a circle of radius r units, on
radian is the measure of an a1
whose rays intercept an ar le
of r units.

F
290, \\
o H
e\ =70
¥,
\?0'
o F
¥
300"~
i
SN
¥
/7\5712'
7@9 P
¥
o X
—15"
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Homework #3

L. What is 235° expressed in radian measure?

Masx 336 p 4o
47 R~ 7
G- 2% _ 4o
235 R ~ W
le: 23S
O

radnnmusureisz? D _ ¥
12 R~ 1

o _ ue

2T W

Ta——-" :
)D =32y \‘;;g: o5y

3. Find, to the nearest minute, the angle whose
measure is 2.75 radians. D | %o

152°33'92.207"
) &
<r

4. An art student wants to make a string collage by

connecting six equally spaced points on the
ircumference of a circle to its center wi i

W hat would be the radian measure, in terms of 7, of

the angle between two adjacent pieces of string?

340" s & cwele
+-
b QM'

A0
N
Comart H m’cw’ns.’
L
R
d_o
R

shees

1R 60T

-

S. A sprinkler system is set up to water the sector
shown in the accompanying diagram, with angle ABC
measuring 1 radian and radius 4B = 20 feet.
—\_ —————

What is the length of arc AC, in feet?

B

TR ey

6. In a circle of radius 8, find the length of the arc
intercepted by a central angle of 1.5 radians.

¥ =
S eSn.sJ be ia fadicast
S= [9)(’-§)
!S =2

7. Cities H and K are located on the same line of
longitude and the difference in the latitude of these
cities is 9°, as shown in the accompanying diagram.
If Earth’s radius is 3,954 miles, how many miles
north of city K is city H along arc HK? Round your

—\
answer to the nearest tenth of a mile.

mi H
e
A K
(Not drawn to scale)
S:re' e:=9

QG musk be adiess! Coaverd b rodias

D 1§O
S = (3951 E) rEE o
T o
S:éZi..O‘iZ/(,’)Q, i

v
e
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8. The accompanying diagram shows unit circle O,
with radius OB = 1.

Which line segment has a length equivalent to cos B?

9. If f(x) = sin 2x + cos x, then f(7r) =

(11

3)0
C !4) o Gy

(2) 2
)= 2 Ha =i
J&O POTT
| )) Sin 200 T ('(‘S \
g - 03/ + looncﬁf 0 '9‘)/
‘F(’%O) \\ '(Wd 1 ¥ o
(Oa'd‘mlc = /O)
'F(llb):- b o=l=A 3| (1)
10. (f < 0,In which quadrant does the

(1) AB (3) OC (00 = X =0°04
Q08
(2) OB @ 0

tcnmna side of angle x lie?

A
i
) o

Find the exact values of the six tngonomctnc functions of @ if the terminal side of
0 in standard position contains the given point.

11. ( —-15, 8) ‘ 12. (=3,0) 13.(4, 4) il
=-15! ﬂ 8 = f==H \j T ',-r; % =4 (d:—?’rf %
s =42
i ;<+1 W 1| r={E3¥ro*= 5 A =R *_—_LJs‘(Z_;W/iJ_ -
-9 =0= ‘2— ( -\ 2. 2
Gno=E=2 (O = 0= 4 =2=0;6C3=mIgng = - e L1 (@)
=% - IS - s i -.'é: X V2=
mo—%- AN S S-S S PECEE g M1 SR %;.m—r’;‘ )
Y o= -5 - 4 e 28 =3 _ & Jr ' =
Tung=—-= ‘E. ) (O lg’ lh’ﬂ@ i:Q:O (o6 5= od [4ang 7= ,.,.:ﬁ_\ ) Cot@
Suppose 0 is an angle in standard posmon whosc terminal side is in the 1
given quadrant. For each funcfion, find the exact values of the remaining $ 7
five trigonometric functions of 0. v
14. cos @ = —l, Quadrant II 15.cot f = — —2, Quadrant IV r
2 2 , Sino: -
Coso="1 _ So=t Hnd=-2=1_. [':x \f }09 1
s gy 2 X = GFH  Hee
Xea "‘ Xz+1z:r r;:' R‘*“{
F= Za . 2 rz-:@
=7 " ([eapr 2 i
Y= o= -2 [Gno=2 26 -, 6s(6=12
Y= 3 2 o ©~ 3
y=i3 [0 o= 80502 3 B4 B geco- 3
T o3 & & - 6°2 e
=13 s ot0= "=

-2 ::'lﬁ._" 2
\Mno_‘__ 2 iz

2

2



g = + SN@ =

T = ol ==
16. If sin@= msi? in which quadrants may angle &
terminate? = Ao
1y Lu - /
11l
LIV
T .
v

18, Anangle thal measures ST' radians is drawn in

standard position. In which quadrant does the
lerminal side of the angle lie?

él‘_—';g‘iég.:I@h—-‘P ol
b =
- | T

20. If fix) = cos 3x + sinx, ltwnf[;]eqmls

2) 2
3) -l ‘
Y0 Hao)= tus(>-%0) T IInC40);
£(q0) = 095115 umfﬂ §
it ”::::d_f
= O 4 A\

21. If 6 Is an angle in standard position and its terminal s:de passes through the point

& trigonometric functions.

+

17. Ifsinx= —% and sinxcosx = 0, in which quadrant

does angle x lie?
1 1
2y 1

4 IV

19. If fix) = sin’x, then I'[%] equals
C 1 >

I—‘}_‘_EE-‘%‘?DD
=

2) % P ~
| o
4 3 ’FWD}:@M:‘G)
9 5
£(90°)=(1)
(40°) =
Dy [P
(0,1
130 (-,0)
a0 tu,-l)__
SHJ (]ID)

=

ﬁ —l ﬂﬂﬂ!ﬂ[{cfrﬁl&.fnd all
2 2 S

3 und-ewrele =2 059) = (ons, 0x9)

ooy 12
OSC = X — Ei_]
2

SCO="= I:_hil
¢ = |
o= A _l2s
rbft‘.@- q—;g*'\_;;{



Homework #4

1.

MA(L?) + (oS 180

+&aw t

l

EN

l._]+J'§L

3. (otb0= Jorpo F‘; -

5.

possible value of @ is

(2) 60° (4) 150°

6. ($ia 60)(cos 60)

w |5

(x,y) =(to36, $139)

2.

cos 30° cos 45° — sin 30° sin 45°

E
2

A ER N Y
- 2

2

4 £000)= 2 ()

(oJ@ =y

(oig: {Ei

e=830

-
—

If @ is an angle in standard position and its terminal side passes through the point [El} on a unit circle, a
t2 —_—e

2 ¢of 30

2 .

Z

NS e

s*"b:j
\
Swe = 3

&:=30"
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7. o | 0°|30°] a5° [ 60° | 90° | 180°|270° | 360°

Radians

Sin 8 C E '&. - O

Cos#

Tan 9

2
g \2) 2 _42_4_5
2 2 2 8
0. csc60:¥

10. sin2n+cosm =sin 360 +cos 180= 0+-1=-1

V2 V2

11. sin 6 =7andcose =7 © 09 =45°
12.sin O :gandcose :%; 0 =60°
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Homework #5

Find the exact value of each triconometric function.

1) sin 765° - 2) tan 315°
2 B |
3) ese 930° 4) csc600° — =
) 2 J3 A
3) csc —480° — 6) tan —990°
- Undefined
141 3
7} c5c—£ g) cot Enili
6 3 3
9) si e n 243
S 2 10) sec — ——
6 3
Find the reference angle.
1) I3n = 12) _Tm Im
4 g 9
3 £ ANe
13) 28T W 14) 640
9 80°
15) —430° 16) 335°
70° 25°

17) 120° 18) 225°



