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CHAPTER 5:
Analytic Trigonometry

(A) means Orefer to Part A,O (B) means Orefer to Part B,O etc.
(Calculator) means Ouse a calculator.O Otherwise, do not use a calculator.

Write units in youifinal answers where appropriate. Try to avoid rounding intermediate
results; if you do round off, do it to at least five significant digits.

SECTION 5.1:
FUNDAMENTAL TRIGONOMETRIC IDENTITIES

Ignore domain issues in these problems.

1) Complete the Identitg Fill out the table below so that, for each row, the left
side is equivalent to the right side, based on the type of identity given in the last
column. (A)

Left Side Right Side Type of Identity (D)
csc(x) Reciprocal ID
tan(x) Reciprocal ID
ten(x) Quotient ID

tangg " x( Cofunction ID
an X
¥ ofunction
cos(x) Cofunction ID
sm(! x) Even / Odd (Negativ&ngle)
ID

cos(! x) Even / Odd (Negativéngle)
ID

tan(—x) Even / Odd (Negativéngle)
ID

sin” (x)+ cos®(x) Pythagorean ID
tanz(x)+1 Pythagorean ID
1+ cot’ (x ) PythagoreatD
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2) Simplify the following. Find the most OcompactO equivalent expressigi. (A
) 16 sec(! x) . tan(6)+cot()
1! cos(! x)’ cot(6)

sin#! " tf‘
d) cot’(x)+2cot*(x)+1; e) ﬂ; f) gesc(! ) +cot(" / )L+ cos(" ! )%

cot(7)

© C) sec’ (X) —sec’ (X) sin® (X) :

3) Use the given trigonometric substitution to rewrite the given algebraic expression as a
trigonometric expression i, where! is acute. Simplify. (These types of
substitutions are used in an advanced integration technique in calculus.) (G)

a) Substitutex = 4sin(! ) in the expression/16 — X .
b) Substitutex =6tan(/ ) in the expression/x” + 36.
c) Substitutex = 3sec(6) in the expressior/x* ! 9.

SECTION 5.2: VERIFYING TRIGONOMETRIC IDENTITIES

Ignore domain issues in these problems.
1) Verifying the following identities. (AC)
I gnl!
a) 1! sm(. x)
cos{! x)
i I
b sm(y)cos(u?.zcos(u) _ 1 cot(u)
sn(u)! sin®*(u)
1
tan(!
1 1

9 csc(x)+1+csc(x)! 1:ZSec(x)tan(x)

1-cog(6) 1-cos(6)
1+cos(6) ‘sin(e)‘
f mﬂf(ﬁ)m&(ﬁ)mt(m

9) tans’z(x)+tan”2(x):[sec2(x)] tan(x)

= sec(x) + tan(x)

! tan(" ! ):csc(! )sec(! )

C)
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SECTION 5.3: SOLVING TRIGONOMETRIC EQUATIONS

Use radian measure for angles in the following problems. Give exact solutions.

1) Find all real solutions, and find the particular solutions in the inte{ﬂ/,zﬂn).
a) 2sin(x)! vV/3=0. (A)
b) 6cos(! )+3v2=0. (A)
c) cos(! )="#.(A)
d) sn(u)=!1. (A)

e) cos(u)=0. (A)

f) 2+csc(u)=0.(A)
0) sec(x) =2.(A)

h) csc(x):%. (A)

i) 3tan(x)=+/3. (A, B)
j) cot(!)=0.(A, B)
k) cot?(!)=3. (A-C)

)
) tan®(!)+tan(/)=0. (A, B, D)
m) csc*(x)! 3esc®(x)+2csc?(x)=0. (A, D)
n) 2cos’(x)+sin?(x)=1+cos(-x). (A, D, E)
0) 2cos(4x)! 1=0. (A, F)
p) csc(3x)=1. (A, F)
q) tan’(3x)=3. (B, C, F)
2) Consider the equatioan(x)=2. (A, B, G)
a) Find the solutions of the equation in the inter[\ial2! )

b) Approximate the solutions you found in a) to four significant digits.
(Calculator)

¢) Find all real solutions of the equation.
3) Consider the equatiaficos’(x)! 14cos(x)! 3=0. (A, D, G)
a) Find the solutions of the equation in the inter[\ial2! )

b) Approximate the solutions you found in a) to four significant digits.
(Calculator)

¢) Find all real solutions of the equation.
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SECTIONS 5.4 and 5.5:
MORE TRIGONOMETRIC IDENTITIES

1) Complete the Identities. Fill out the table below so that, for each row, the left
side is equivalent to the right side, based on the type of identity given in the last
column. (A, Handout)

Left Side Right Side Type of Identity (ID)
sin(u+v) Sum ID
cos(u +v) Sum ID
tan(u +v Sum ID

Difference ID

Difference ID

tan(u—v Difference ID
sin(2u) DoubleAngle ID
DoubleAngle ID
cos| 2u
S< ) (write all three versions)
tan(2u) DoubleAngle 1D
smz(u) PowerReducing ID (PRI)
COSZ(u) PowerReducing ID (PRI)
. [0
sm[E) Half-Angle ID
||! (%
oS ﬁ?& Half-Angle ID
tan" % Half-Angle ID
ﬁz& (write all three versions)
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2) Use the Sum Identities to find tlegact values of the following. (A, B)
a) sin(75!)
b) cos(75°)

C) tan(75°). Remember to rationalize the denominator.

. . "1y
3) Find the exact value cﬂn(22.5), or snﬁgé{ (A, B)

"l Q
4) Find the exact value afos(22.5), or cos&'g-&ﬁ. (A, B)

5) Find the exact values of the following expressions. (A, B)

a) sin(80')cos(20')—cos(80')sin(20')

b) cos(55 )cos(5)! sin(55) sin(5')

. "3l "3y
C) 2sm§?'&cos ?&

d) 2cos’ (lj —1
12

6) Simplify cos'(6)-sin*(8). (A, B)

sin(2x)cos(2x)

7) Simplif
) P 3cos” (2x) - 3sin® (2x)

(A, B)

8) Verifying the following identities. (A, B)
a) sin(! +" ):#sin(! ) (Also, try to see why this is true using the Unit Circle.)
sin(ZX)

b) m(;) = 2sin’ (X)cos(x)

c) Verify the Sum Identity for tangentan (u+v) = tan(u) + tan(v)

1- tan(u) tan(v)

, by using the

Sum ldentities for sine and cosine.
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9) For each of the equations below, find all real solutions, and find the particular
solutions in the interva[IO, 21! )

a) 4sin(x)cos(x)! 1=0
b) cos(2x)+3cos(x)+2=0

c) sin(2x)=sin(x)

10) Rewritesin!.Zarcsin(x)§ as an equivalent algebraic expression. Assuigen

# 118,

11) Use thePowerReducing Identities (PRIS) to rewrite the expressiesi x using
only the first power of cosine expressions (and no other powers). Fill in the blanks
below with real numbers:

cos” (X) = + cos(2x) + cos(4x)

12) Rewrite each expression below using either a PremeStum Identity or a
Sumto-Product Identity. Use Even / Odd (Negati&egle) Identities where
appropriate.

a) cos(39)cos(50)
b) cos(5¢)+ cos(3ax)
c) sin(3x)+sin(x)
d) sin(9!)cos(10/)
e) sn(4x)sin(x)

f) cos(7x)—cos(x)
g) sin(8/ )" sin(2!)
h) cos(5! )sin(4!)

YOU DO NOT HAVE TO MEMORIZE THE PRODUCT -TO-SUM IDENTITIES;
THEY WILL BE PROVIDED TO YOU IF NECESSARY ON THE EXAM. THE
SAME GOES FOR THE SUM-TO-PRODUCT IDENTITIES.
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CHAPTER 6:
Additional Topics in Trigonometry

(A) means Orefer to Part A,O (B) means Orefer to Part B,O etc.
(Calculator) means Ouse a calculator.O Otherwise, do not use a calculator.

Write units in your final answers where appropriate. Try to avoid rounding intermediate
results; ifyou do round off, do it to at least five significant digits.

SECTION 6.1: THE LAW OF SINES

1) (Given AAS information). Consider the triangle below. The line segmsrites
along a riverbank. A canoe leaves Pairgnd takes a sdrght path along the line

segment@. A swimmer leaves Poit and swims along a straight path represented

by the line segmerB_C. The canoe and the swimmer meet at PGindVe know that
the swimmer swims 3B.meters to meet the canoe. Thatais, 36.2m. Also, Angle4

has measure 75 degrees, and Amgleas measure 36 degrees-CAF) (Calculator)
B

A b C

a) Findc, the length ofAB. This is the distance between the starting point of the
canoe and the starting point of the swimmer along the riverbank.
Round off the answer to the nearest tenth of a meter.

b) Find b, the length ofAC . This is the distance traveldy the canoe until it
meets the swimmer. Round off the answer to the nearest tenth of a meter.

c) Find the area of triangleéBC. This is the area of the portion of the river
enclosed by the riverbank and the paths of the swimmer and the canoe. Round
off the answer to the nearest square meter.
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2) (Given ASA information). Consider the triangle below. Soldiers at Poarid
PointC fire antiaircraft missiles simultaneously at an enemy aircraft at Boivile
know that the soldiers are 273 feet apart. That 273 ft. The paths of the missiles

are represented by line segmenfs and CB below. Angle4 has measure 41 degrees,
and AngleC has measure 55 degrees:CAF) (Calculator)

A

A b C

a) Finda, the length ofCB. This is the distance traveled by the missile fired by
the soldier at Poinf. Roundoff the answer to the nearest hundredth of a foot.

b) Find ¢, the length ofAB. This is the distance traveled by the missile fired by
the soldier at Poind. Round off the answer to the nearest hundredth of a foot.

c) Find the area ofitangle4BC. This is the area of the region in the air
enclosed by the missile paths and the strip of ground connecting the soldiers

represented by\_C. Round off the answer to the nearest square foot.
(Note: You will not be testedn the OAmbiguous SSA CaseO on your exam.)

SECTION 6.2: THE LAW OF COSINES

1) (Given SSS information)Consider the triangle below. A hill with a smooth incline of

length 52.7 feet is represented by line segnti?htAn observer stands at poit The
observerOs shoes are 29.4 feet from the base of the hill and are 77.6 feet from the tof
of the hill. That is,a =52.7ft, b =29.4ft, andc= 77.6 ft. (Calculator)

B

/

a

A C

a) Find the measure of Anglé the angle of elevation from the observerOs shoes
to the top of the hillRound off the answer to the nearest tenth of a degree.
(A-G)

b) Find the measure of Anglg, the obtuse angle between the ground and the hill.
Round off tle answer to the nearest tenth of a degreds)A

c) Someone claims that the observerOs shoes are actually 9.4 feet from the base ¢
the hill. Could s/he be correct? Why or why not? (D)

d) ADDITIONAL PROBLEM. Find the area of triangléBC using HeronOs
Formula Round off the answer to the nearest square foot. (H)
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2) (Given SAS information)Consider the triangle belowwo drivers Iezﬂe their home
at PointB and drive along straight roads, resgated by line segmenBA and BC .

The angle between the roadsig . At noon, one driver has driven 12.6 miles, and the
other driver has driven 15.8 miles. In the figure below,12.6 mi, anda=15.8 mi.
What is the distance between the two cars at noon? (That is, wh#teslength of

line segmentA_C ?) Round off the answer to the nearest tenth of a mile. RPoantsl
C represent the positions of the cars at noon. (Calculator)
B

&

A b C

SECTION 6.3: VECTORS IN THE PLANE
Direction angles should be given in the inte@l 360°).

1) Consider the vector [representation] that is directed from the b%)iﬂﬁ) to the
point (5, —4) in the usuaky-plane, where distances are measured in meters. (A, D, E)
a) Give the component forr(vc, y> of the vector.

b) Find the length (or magnitude) of the vector.

c) Find the direction angle of the vect®ound off the angle measure to the
nearest tenth of a degree. (Calculator)

2) Consider the vector [representation] that is directed from the ()olnﬂ)

to the point(—6,1) in the usuaky-plane, where distances are measured in meters.
(A, D, E)
a) Give the component forr(vc, y> of the vector.

b) Find the length (or magnitude) of the vector.

c) Find the direction angle of the vect®ound off the angle measurethe
nearest hundredth of a degree. (Calculator)

3) Consider the vectorsandw, wherev =(1,2) andw =(3,1).

1 " : .
a) Drawv, EV’ and-3v as position vectors in three differeptplanes. Use the

same scale on all of the coordinate axes. (A, B, D)
b) Give the component forr(vc, y> of the resultant vectov +w. (D, F)

c) Show howv +w can be obtained graphically by using the Triangle Law. (C, D)
d) Repeat c), but uske Parallelogram Law. (C, D)
e) Give the component forrfw, y) of the vectordw! 4v. (D, F)
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4) Find the<x, y> component form of the vectorthat has magnitude 12 feet and

direction angle48 in the usuaky-plane. Distances are measured in feet. Round off
thex andy components to the nearest tenth of a foot. (D, E) (Calculator)

5) Let v=1! 2i+5j. (D-G)
a) Find the unit vector in the direction of Write it in <x, y> component form.

Give anexactanswer; danot approximate. Rationalize denominators.

b) Find the direction angle af Round off the angle measure to the nearest tenth
of a degree. (Calculator)

c) Find the vector of magnitude 4 in the directiorvo¥Vrite the vector ir(x, y>
componat form. Give arexactanswer; doot approximate. Rationalize
denominators.

6) A vectorv is represented by a directed arrow in the usprglane with initial point
(! 4,2) and terminal poin{7,-5). (A, D-G)

a) Find the direction angle of Round off the angle measure to the nearest
hundredth of a degree. (Calculator)

b) Find the vector of magnitude 20 in the directiorvoiVrite the vector in
(x, ) component form. Give aexactanswer; doot approximate.

Rationalize denominators.

7) Do the vectorsi+4j and15i+20j have the same direction? (A, B, G)
8) Do the vectors3i +4j and! 15! 20j have the same direction? (A, B, G)

9) A rock is thrown with an initial velocity of 27.3 miles per hour, at an angk2of
from the horizontal. (D, E) (Calculator)

a) What is the rockOs horizontal component of initial velocity? Rodrd tifree
significant digits.

b) What is the rockOs vertical component of initial velocity? Round off to three
significant digits.
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SECTION 6.4: VECTORS AND DOT PRODUCTS

1) Let v=(2,4) andw=(! 35). Evaluate the dot produst¥w. (A)

2) Assume thav andw are vectors in the plane. For each expression below, write
OscalarO if it represents a scalar, OvectorO if it repeegectisr, or OundefinedO if it
is undefined.

a) (v¥w)|w|; b) (v¥w)w; c)vw; d) (v+w)¥w; e)(v+w)¥|w|
f) (v¥w)¥v

3) Assume thav is a vector in the plane such tha¢ v =100. Find| v |. (B)

4) Use the properties of the dot product to prove thataiidw are vectors in the plane,
thenH vV+w H2 = H A H2 + 2(v ¥W) + H w H2 (B).

5) Refer to Exercise 4. if andw are orthogonal vectors in the plane, then how does the
expression| v +2(v¥w) +|w|’ simplify? (C)

6) Refer to Exercise 5. if andw are nonzero orthogonal vectors in the plane, then what
famous theorem is represented by the statefhentw | =| /v | +|w | ? Experiment
and sketch some vectors to demonstrate the statement.

7) Find the angle betweanandw, wherev =(4,1) and w =(3,2), to the nearest tenth
of a degree. (First sketch the vectors as posuemtors using the same scale for the
coordinate axes. Will the angle be acute, right, or obtuse?) (A, C) (Calculator)

8) Find the angle betweanandw, wherev =(! 2,5) andw=(1,-6), to the nearest
tenth of a degree. (Firsketch the vectors as position vectors using the same scale for
the coordinate axes. Will the angle be acute, right, or obtuse?) (A, C) (Calculator)

9) A triangle has verticeé\(4, 7), B(1,2), andC (6, 3). Find the measure of Angle
ABC to the nearest tenth of a degree. (A, C) (Calculator)
10) For each of a) through c) below, assume wetdw are nonzero vectors in the
plane, and find the angle betweeandw. (C)

a) Find the angle betweanandw, wherew = 5v .
b) Find the angle betweenandw, wherew =! v.

c) Find the angle betweanandw, wherev ¥w =0.
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11) Are the vectorg2, 6) and(3,—1) orthogonal? (A, C)
12) Are the vectorg3, 7) and(! 7,2) orthogonal? (A, C)

13) What real values far will make the vectorgc, ! 1) and(c, c) orthogonal? (A, C)
14) Assume thav andw arenonzerovectors in the pland.he component ok alongv
is given by:comp w :HWHCOS(! ) where! is the aglebetweenv andw.

Prove thak:ompvw=v.—w. (A, C,D)

vl
15) Refer to Examples 7 and 14. Let <4, 1> andw = <3, 2>, as in Example 7.
Find comp w. (A, D)

SECTION 6.5:
TRIGONOMETRIC (AND EULER / EXPONENTIAL) FORMS
OF A COMPLEX NUMBER

(Skip; no homework)



