Trigononetry 2nd Edition Blitzer Sol utions Manual

Chapter 2
Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

Section 2.1 . 1 . ) .
2. The equation y = —Esmx is of the form y = Asinx

Check Point Exercises |
with 4 =——. Thus, the amplitude is
1. Theequation y =3sinx is of the form y = Asin x with 2

A = 3. Thus, the amplitude is |A| = |3| =3 The period for | 4= ‘_l = 1 . The period for both y = —lsinx
2| 2 2

both y=3sinxand y =sinx is 27. We find the three o
. . . .. and y=sinx is 27.
x—intercepts, the maximum point, and the minimum

point on the interval [0,27] by dividing the period, Find the x—values for the five key points by dividing
period 27 &

- i . i 2
27, by 4, 1 VT then by adding quarter- the period, 27, by 4, peZOd = Tﬂ = % , then by
periods to generate x-values for each of the key points. adding quarter- periods. The five x-values are
The five x-values are x=0
x=0 0457
x=0+==—
x=0+—= z 2 2
2 A
«=Z+%_, 2 2
2 2 3z
T 3w X=r+—=—=
X=r+=== 2
3 22 mLEL 2r
R 2 2
2 2

Evaluate the function at each value of x.
Evaluate the function at each value of x.

X |y=3sinx coordinates x |y= —lsin X coordinates
0 [y=3sin0=3-0=0 (0,0) )
O y= —Esino (O$ 0)
/4 /4 V4
= =3sin—=3-1=3 =3 1
2 2 ( 2 J I P
2
7 |y=3sinx=3-0=0 (7, 0) P 7 (rz 1]
= |y=—=sin— — =
RY/4 . 3 kY2 2 2 22
— |y=3sin— —.,-3 _ 1 1=
2 2 2 - _E' - _E
=3(-1)=-3
2n |y =3sin27=3-0=0 (27,0) V4 yz—%sinﬂ' (7, 0)
Connect the five points with a smooth curve and = _l. 0=0
graph one complete cycle of the given function with 2
the graph of y =sinx. I 1 37 1
— |y=——sin— = -
%, 3> 2 272, 272
TS = (-1)==
H5 /y = 3 sinx 2 2
T
©.9 Y\ o @m0 L.
J z 27 |y =——sin2x 2z, 0)
HHHHD x 2
([”’0}) __Loop
6 2
R
9
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

56

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sin x . Extend the pattern of each

graph to the left and right as desired.

[
(7790) ~ /
H -2 0)
e
(0, 0) N1 g
i Yo2
T [T

. N
The equation y = 2smzx is of the form

y = Asin Bx with 4 =2 and B:%.
The amplitude is | 4 |[=] 2 |=2.

The period is 2z = = =4r
B3
Find the x—values for the five key points by dividing
period 4rx

the period, 47, by 4, 1 vy =, then by

adding quarter-periods.

The five x-values are

x=0

x=0+7mr=rx

X=rm+rn=21w

x=2r+rw=37

x=3r+rx=4r

Evaluate the function at each value of x.

x yzZsin%x coordinates
. (1
0 y:2sm(5-0j (0,0)
=2sin0
=2-0=0
. (1
4 y=251n(5-ﬂ'j (7, 2)
—2sinZ=2.1=2
2
. (1
27 |y =2sin 5'271' (2r, 0)
=2sinz=2-0=0

3z y=2sin[%'3ﬂ'j Bz, -2)
:2sin3—”
=2-(-1)=-2
(1
4r |y =2sin ;47[ (47, 0)
=2sin27=2-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function. Extend
the pattern of the graph another full period to the right.

35 |(”’2) 11
SRR e
.0
— X
@2m, 0) V0
25HHT G, -2)
=2 sinlx
y = 2

The equation y =3 sin(Zx —gj is of the form

y = Asin(Bx—C) with 4 =3, B=2, and c=§. The

amplitude is | 4 |=|3[=3.

The period is 2 = 2z =
B 2
z
The phase shift is < =3 —E-lzz.
B 2 32 6
Find the x-values for the five key points by dividing

the period, 7, by 4, pezod :% , then by adding

quarter-periods to the value of x where the cycle

T
begins, x =—.
& 6

The five x-values are

V.4
X =—
6
r r© 2 3n S«
6 4 12 12 12
S n 5Sm 3n 8nm 2«
12 4 12 12 12 3
. 2r m 8rm 3xm 1lx

+o="t==
3 4 12 12 12
_lir 7 _fir Sn_far_7x

12 4 12 12 12 6
Evaluate the function at each value of x.
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Section 2.1 Graphs of Sine and Cosine Functions

P x=0
by y:3sin(2x——j coordinates 1 1
3 x:0+—:_
112
T |y =3sin[ 2. 2% Z 0 T
6 ' 6 3 6 x—l+l—§
=3sin0=3-0=0 s 21 )
S . Smo« b1 xX=—4+—=2
— |y=3sin| 2-——— —,3 2 2
12 3z 123 4 12 Evaluate the function at each value of x.
=3sin— =3sin— -4 &
s l_g 2 x |y=-4cosmx coordinates
0 |y=—4cos(7-0) 0,4
2r . 2r «w 2r =—4cos0=-4
— |y=3sin| 2-——— —,0
3 3 3 3 1 1 1
:3sin3—”=3sin7r 2 y:—4cos(7r-5j (E’ Oj
=3:0=0 =—4cos§=0
17z . iz =« 17z
E y=3Sll’l 23—3 E,—:S 1 y=—4COS(ﬂ"1) (1’4)
or e =—4cosr=4
=3sin— =3sin—
3 =—4cos 7[g 3 0
=3(-1)=-3 2 ; Y
17 . Tt 17 =4 cos3—ﬂ- =0
— |y=3sin|2-——— —,0 2
6 6 3 6
s 671'_ . 2 y:—4cos(7z'-2) (2, *4)
—3smT—3sm27z — A0S AT — —4
=3:0=0 Connect the five key points with a smooth curve and

graph one complete cycle of the given function. Extend

Connect the five key points with a smooth curve the pattern of the graph another full period to the left.

and graph one complete cycle of the given graph.

(z.9) (5) "R

’ J
T ); 1% T St L4 3
<E!0> J (T,ﬂ) I\ \ ’<E, 0)
/N =
2 - x
TN ;;_x | i \ 1,
; RaRYOIL, _3) O~ TS ™0
12° y=—4dcosmx

y=3sin(2x—%>

. . 6. y= gcos(Zx +7)= gcos(Zx —(—n))
The equation y =—4coszx is of the form 2 2

y=AcosBx with A=—4,and B=1. The equation is of the form y = Acos(Bx—C) with

Thus, the amplitude is | 4 |=| -4 |=4. A:g B=2 and C=—-rx
2’ b .

The period is 2—ﬂ-=2—ﬂ-=2. 30 3
B Thus, the amplitude is | 4 |:‘ = ‘:—.
Find the x-values for the five key points by dividing 2102
the period, 2, by 4, P10 _2_ 1 o1 by addin The period is 2% =% = 1
p s £ y > 4 4 2 s y g B 2
quarter periods to the value of x where the cycle The phase shift is C_—rn__rm
begins. The five x-values are B 2 2
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

Find the x-values for the five key points by dividing (ﬂ 3>
the period, 7, by 4, period _ % , then by adding 3 Y 2’2
w on)
quarter-periods to the value of x where the cycle < 2’ 2)‘*~ =
begins, x =2 M ’(7’())
egins, x = -5 <_ %, 0) TN EBE v
The five x-values are sl T (g, _3
. 2 =3
xZ—E y=%cos(2x+77)
T, T_*
2 4 4 7.  The graph of y =2cosx+1 is the graph of
x= —%+% =0 y=2cosx shifted one unit upwards. The period for
0457 both functions is 27 . The quarter-period is
x=0+—==—
2 .
T 4ﬂ- 4,, Tﬂ or g . The cycle begins at x = 0. Add quarter-
X =— _—=—
4 4 2 periods to generate x-values for the key points.
Evaluate the function at each value of x. x=0
3 . x=0+—= z
X |y==cos(2x+7) coordinates 2 2
2 T T
x==+==r
-—— |y=—cos(-w+7x -, = =g+=="=
5 y 5 ( ) ( > 2] xX=r+ >
3 3 3 &
=—-1== =—+—=27
2 2 2 2
Evaluate the function at each value of x.
V4 3 V4 V4
7 y=5005(—5+75j (_27 0] x |y=2cosx+l coordinates
3
=—-0=0 0 |y=2cos0+1 0, 3)
2 =2-1+1=3
3 3 V4 V4 V1
0 |y==cos(0+7) 0,—= = |y=2cos=+1 -1
Z 3 2 2 2 2’
=Z.1==-= =2-0+1=1
2 2
T |y=2coszm+1 (z, -1)
V4 3 b3 V3 =2-(-D+1=-1
— |y==cos| —+7 —,0
4 2 2 4
3 Iz | 3z 3z
_2. 0= — |y=2cos—+1 —,1
=50=0 2 2 2
=2-0+1=1
3 7 3 27 |y =2cos2m+1 27. 3
z y—zcos(ﬂ'+7r) [E’Ej 514123 ( s )
2 = 3 1= 3 By connecting the points with a smooth curve, we
2 2 obtain one period of the graph.
Connect the five key points with a smooth curve and
. K|
graph one complete cycle of the given graph. (2 ’ ) (3777 , 1)
y
/
| /
(0,3) 7/ 2w, 3)
N\ I /A
2
LEAENRE Y
) (m, —1)

y=2cosx+1
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Section 2.1 Graphs of Sine and Cosine Functions

8.  Select several values of x over the interval.

w | 7m| 37 S |3n | Tw
x 0| —|—=| —|7m| — |—| — |27
4 |2 4 4 2 4
Y =2sinx 0114214 |0 |-14|-2|-14]0
Yy =COSX 11070 [-07|-1{-071] 0 | 0.7
y=2sinx+cosx |1 |21|2] 07 |[-1|-21|-2]|-07] 1

y=2sinx + cosx

T

)

y <2 >y=25inx
&[T/ ]
P |

' 3= (27, 1)

\ y=-cosx
\\ / X

|
I
JIR: 1

4

I\
@ =1 (3
-

9. A, the amplitude, is the maximum value of y. The graph shows that this maximum value is 4, Thus, 4 =4 . The period is

z , and period = 2z .
2 B

Thus, z_2z
2 B
B =4rx
B=4

Substitute these values into y = Asin Bx . The graph is modeled by y =4sin4x .

10. Because the hours of daylight ranges from a minimum of 10 hours to a maximum of 14 hours, the curve oscillates about
the middle value, 12 hours. Thus, D = 12. The maximum number of hours is 2 hours above 12 hours. Thus, A = 2. The
graph shows that one complete cycle occurs in 12—0, or 12 months. The period is 12.

Thus, 12=2F
B
12B =27
B=2—7Z=£
12 6

The graph shows that the starting point of the cycle is shifted from 0 to 3. The phase shift, %, is 3.

3=

¢

3=—

A

6

T_c
2

Substitute these values into y = Asin(Bx —C)+ D . The number of hours of daylight is modeled by y = 2sin (%x —%) +12.
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

Concept and Vocabulary Check 2.1

10.

2
|4]; “z
B
3, 4rx
z; 0 Z; Z, 3—”; b4
4 2 4
; right; left
2
|4[; e
B
1 2z
273
false
true
true
true

Exercise Set 2.1

1.

60

The equation y =4sinx is of the form y = A4sinx
with 4 = 4. Thus, the amplitude is | 4 |=| 4 |=4.

The period is 27 . The quarter-period is %T” or % .

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+£=Z
2 2
T T
x=—+==rx
2 2
3z
X=T+—=—
2 2
3 &«
X=—+—=27
2 2
Evaluate the function at each value of x.
x |y=4sinx coordinates
0 |y=4sin0=4-0=0 (0,0)

NN

y=4sint=4.1=4 (f, 4]
2 2

T |y=4sint=4-0=0 (7, 0)

3—” y:4sin3—7Z (3—7[, —4]
2 2
=4(-1)=-4

27 |y=4sin2x=4-0=0 (2xz, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

The equation y =5sinx is of the form y = Asinx
with 4 = 5. Thus, the amplitude is | 4 |=| 5|=5.

Lo L. 2
The period is 27 . The quarter-period is Tﬂ. or %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x==+==r
2 2
T 3z
X=T+—="
3 2
x=—7z+£:27r
2 2
Evaluate the function at each value of x.
X |y=35sinx coordinates
0 |y=5sin0=5-0=0 0,0)
T y=ssinf=51=5 s
2 2 2
T |y=5sinr=5-0=0 (7, 0)

kY4 . 3rx kY4
— =5sin—=5(-1)=-5 —, -5
y 2 (=D (2 ]

27 |y=5sin27=5-0=0 (27, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.
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Section 2.1 Graphs of Sine and Cosine Functions

<%,5> (Z 1) y y =sinx
ol =5 273 i3 /; = % sin x
P y;=. :::z ©, 0 PN /2 Q2m, 0)
(0,0) 51 r N7 *
T N -; ) n JAR AN
/ @m,0) mmmy
o 7 (77’ 0)

. | .
4. The equation y = Zsmx is of the form y = Asinx

C )

o Y The period is 27 . The quarter-period is TorZ,

The period is 27 . The quarter-period is — or —. 4 2
4 2 The cycle begins at x = 0. Add quarter-periods to

generate x-values for the key points.

. . . .
The equation y = Esmx is of the form y = A4sinx

=
N

) 1 ) ) 1 with A4 =l . Thus, the amplitude is | 4 |:‘
with 4= 3 Thus, the amplitude is | 4 |=| = |= 3 4

W | —

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

0 x=0
t V4 x=0+—=£
x=0+—=— r 2
T 27[ 2 X=—4+—=7r
2 2 _ _3
T 3 X=r+t_-=—
X="T+—=— 2
2 x=3—ﬂ- -y
3L, 2 2
202 Evaluate the function at each value of x.
Evaluate the function at each value of x.
X 1. coordinates X |y=-—sinx coordinates
y==sinx 4
3
1 1
0 0,0 0 =—sin0=—-0=0 0,0
y=—sin0=%-0=0 0.0 =7 4 (0,0)
A N S . (z 1) 3 el [gij
2 PTTTs (20
1
" y——sinn=%-020 (7, 0) 4 J’——SIU”ZZ'OZO (7, 0)
2 2 27 3 2 412 4
=5(ED=—2 . 1
3 3 27 y=—s1n27r=z-0=0 (27, 0)
2 Lo Lol @m0
y=3smen 3 Connect the five key points with a smooth curve and

graph one complete cycle of the given function with

Connect the five key points with a smooth curve and the graph of y =sinx.

graph one complete cycle of the given function with
the graph of y =sinx.
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y y=sinx
a 1 1
27 a4t y=7siny
v 4
©, 0 PR\ 15
s \ X
= (77, 0 \ Q. 0)
b
[T11

3w _ 1
2° 4

The equation y =—3sinx is of the form y = Asinx

with 4 =—3. Thus, the amplitude is | 4 |=| -3 |=3.

Lo L. 2
The period is 27 . The quarter-period is oor %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x==—+==rx
2 2
T 3z
X=m+=—="
3 2 2
=—Z+£=2ﬁ
2 2
Evaluate the function at each value of x.
X |y=-3sinx coordinates
0 |y=-3sinx 0, 0)
=-3.0=0
Z ly=-3sinZ (f,—3j
2 2 2
=-3.1=-3
T |\y=-3sinx (7, 0)
=-3.0=0
3z y=-3sin— (3—”,3j
2 2
=-3(-1)=3
27 |y =-3sin2x (2r, 0)
=-3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

3
y o7
TTTIT (2’3>
HHy = sinx b
(0, 0) l;{ \ (27, 0)
. P *
'y = =3 sinx
(77, 0) TS+

Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

The equation y =—4sinx is of the form y = Asinx
with 4 =—4. Thus, the amplitude is | 4 |=| -4 |=4.

Lo L. 2
The period is 27 . The quarter-period is Tl

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x=—+Z=r
2 2
7T 3
X=r+===
3 2 2
=—”+£=2ﬂ'
2 2
Evaluate the function at each value of x.
X |y=-4sinx coordinates
0 |y=-4s5in0=-4-0=0 (0, 0)
T oly=asinZ=—v1=-4 [T 4
2 2 2
T |\y=—4sint=-4-0=0 (7, 0)

37, :—4sin37”: —4(-1)=4 [37” 4)

2z |y=—4sin2x=-4-0=0 (27, 0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =sinx.

y (3_"’4>
51y = sin x4 2

(0, 0) NS G, 0)

X
Q2m, 0)
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The equation y =sin2x is of the form y = Asin Bx
with 4 =1 and B =2. The amplitude is

| 4|=|1|=1. The period is 2?”227”27[.The

quarter-period is % . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+—
T T T
x=—+—==
4 4 2
T T 3x
x=—+—="=
2 4 4
3 &«
x="+"=rx
4 4
Evaluate the function at each value of x.
X |y=sin2x coordinates
0 |y=sin2-0=sin0=0 (0,0)
z y =sin Z-Z Z,l
4 4 4
= sinZ =1
2
z y =sin 2~Z z, 0
2 2 2
=sinz =0
3—” y=sin 23—”j 3—”,—1
4 4 4
=sinZ =1
2
7T |y=sin(2-7x) (, 0)
=sin2r =0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

T
_,1>
y Q

a
B / (f’ 0)
(0,0) (17, 0)
- P~
)
o 4
y = sin 2x

Section 2.1 Graphs of Sine and Cosine Functions

The equation y =sin4x is of the form y = 4sin Bx
with 4 =1 and B = 4. Thus, the amplitude is

L2 2
| 4|=|1|=1. The period is T T The
B 4 2
2 11 =z
uarter-period is = = =-— == The cycle begins at
a P 4 2 4 8 Y g
x = 0. Add quarter-periods to generate x-values for
the key points.
x=0
x=0+2="
8 8
T T T
x=—+===
8 8 4
T & 3w
X=—+—=—
4 8 8
Iz,
8 8 2
Evaluate the function at each value of x.
X |y=sindx coordinates
0 |y=sin(4-0)=sin0=0 0,0)

z y =sin 4-£ :sinzzl Z,l
8 8 2 8
z y=sin 4.7 =sinz =0 1,0
4 4 4

3z y=sin 43—7[) 3—”,—1
8 8 8

=sinZ =1
2

—sin27=0
y=sin27w (z’oj

2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y (%,1) <%’0>

i |
o p) l 1
o
0072 "’>
T T X
2.5 3?779 _1>
y = sin 4x
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

64

. 1 .
The equation y = 3sm5x is of the form y = Asin Bx

with 4 =3 ande%.The amplitude is | 4 |=| 3 |=3.

.. 22
The period is ?’[ = T’[ =2x-2=4r . The quarter-
2

period is %r =7x. The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.

x=0
x=0+mr=rx
X=rw+rn=21w
x=2r+rw=3m7
x=3r+rx=4r

Evaluate the function at each value of x.

X .1 .
y=3sin 5 X coordinates
0 (1
y =3sin E-O (0,0
=3sin0=3-0=0
T (1
y =3sin (57[) (7, 3)
—3sinZ=3.1=3
2
2w (1
y =3sin E-Zﬂ' 2r, 0)
=3sinr=3-0=0
RY/4 (1
y =3sin 3375 Bz, -3)
=3sin3—7z
2
=3(-1)=-3
4r (1
¥ =3sin 5-4% (4r, 0)
=3sin27x=3-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

y
5 TTT I__'_J_l
(77’ 3)—(217’ 0)
0, 0) @, 0)
—+7 7w \3w7/ x
4 (P\ﬂf -3
y = 3sin %x

10.

. N
The equation y = 2S1IIZX is of the form

y = Asin Bx with 4 =2 and B:% . Thus, the

amplitude is | 4 |=| 2 |=2. The period is

2 2 L

o Tﬂ =2x-4=8x . The quarter-period is
B

87

1 =27 . The cycle begins at x = 0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+27=2x

x=2r+2r=4r

x=4rn+2xr =61

x=6r+2x =87

Evaluate the function at each value of x.

x y=25in%x coordinates
0 y:2sin(%-0 (0,0)
=2sin0=2-0=0
!
2 y=251n(z-27rj (2r, 2)
—2sinZ=2.1=2
2
4z |y=2sinr=2-0=0 4z, 0)
. 3
6m |y=2sin=>=2(-)=-2 | (67,-2)
87 |y=2sin27=2-0=0 @87, 0)

Connect the five key points with a smooth curve and

graph one complete cycle of the given function.
y

©,0) 16w 0

Pl

9
)

ar ./i' i x
/ (6775 _2)
81 (4w, 0) T

y = 2sin %x
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11.

The equation y =4sinzx is of the form

y = Asin Bx with 4 =4 and B =z . The amplitude is

| 4|=| 4 |=4.The period is 2—”=2—”=2.The
B

quarter-period is % = % . The cycle begins at x = 0.

Add quarter-periods to generate x-values for the key

points.
x=0
x= O+l 1
21 2
x=—+—=1
2 12 3
=1+ 2
3 1 2
2 2
Evaluate the function at each value of x.
x |y=4sinzx coordinates
0 |y=4sin(r-0) (0, 0)
=4sin0=4-0=0
1 y=4sin 7r~l 1,4
2 2 2
= 4sinZ = 4(1) = 4
2
1 |y=4sin(z-1) (1,0)
=4sinzt=4-0=0
3 y =4sin 7;-i é’_4
2 2 2
=4sin3—”
=4(-1)=-4
2 |y=4sin(r-2) (2,0)
=4sin27=4-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

H
_
=
C
-
11
|
—_
~e IV
C

Section 2.1 Graphs of Sine and Cosine Functions

The equation y =3sin27zx is of the form
y = Asin Bx with 4 =3 and B =2x . The amplitude
2r

is | 4|=|3|=3. The period is 27 27 | The
B 2r

quarter-period is % The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x= O+l 1
4 4
1 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
31
x=—+—=1
4 4
Evaluate the function at each value of x.
X |y=3sin27zx coordinates
0 |y=3sin2z- 0) (0, 0)
=3sin0=3-0=0
1 1
— 3sin| 27 - -, 3
e ( j (4 j
—3s1n—= ‘1=
2
1 y =3sin 27Z'-l 1,0
2 2 2
=3sinr=3-0=0
3 3
— 3sin| 27 - —, -3
ool J (4 )
=3sm—:( =
1 |y=3sin2z-1) (1,0)
=3sin27=3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

N

0,0)\-(1,0)
{ 7
1 3

O o

y =3sin2zw x
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13.

66

The equation y =—3sin27zx is of the form
y = Asin Bx with 4 =-3 and B =2x . The amplitude
2r

is | 4|=|-3|=3. The period is 2727 | The
B 2r

quarter-period is % The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.

x=0
x=0+1=l
4 4
1 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
31
x=—+—=1
4 4
Evaluate the function at each value of x.
X |y=-3sin2zx coordinates
0 |y=-3sin(27-0) (0, 0)
=-3sin0
=-3-0=0
1 y=—3sin[27z’~lj 1 -3
4 4 4’
= 3sin’
2
=-3.1=-3
1 y=—35in(27z-lj 10
2 2 2’
=-3sinxw
=-3-0=0
3 y=—3sm(2ﬂéj (é 3)
4 4’
=—3sin3—ﬂ-
2
=-3(-1)=3
1 |y=-3sin2z-1) (1,0)
=-3sin27x
=-3.0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

; (%’391

(0, 0) / (.1.’ 0)

1 -
—, =3|7 1
(4 5 (2’0>

y = —=3sin27 x

14.

The equation y =-2sinzx is of the form
y = Asin Bx with 4 =-2 and B = . The amplitude
2r

is | A|=| -2 |=2. The period is 2—71-:—:2.The
B

o201
quarter-period is 2 =—.

The cycle begins at x = 0. Add quarter-periods
to generate x-values for the key points.

x=0
x=0+l=l
2 2
1 1
x=—+—=1
2 2
1 3
x=14+—=—
31 2
xX=—4+—=—=2
2 2
Evaluate the function at each value of x.
X |y=-2sinzx coordinates
0 |y=-2sin(z-0) (0,0)
=-2sin0=-2-0=0
1 y=-2sin ﬂ'l l,—2
2 2 2
=2sinf=-2.1=-2
1 |y=-2sin(x-1) (1,0)
=2sinr=-2-0=0
3 y=-2sin ﬂ"i 2,2
2 2 2
:—251n3—ﬂ-=—2(—1)=2
2
2 ly=-2sin(r-2) (2,0
=-2sin27x=-2-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y 3

51 (1,07 <3,2)
I

(0, 0) 2,0)
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. .2 .
15. The equation y = —smgx is of the form y = Asin Bx

with 4 =—1 and B=§.

The amplitude is | 4 |=| -1 |=1.

The period is 2—7z=2—7z=27r-§=37r.
B 3 2

The quarter-period is 377[ . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key points.

x=0
x=0+3—”=3—ﬂ-
37. 37 3m
X=—F—=—
4 4 2
3. 3m 9@
x:—+_:_
2 4 4
9r 3r
X=—+—=37
4 4
Evaluate the function at each value of x.
X 2 coordinate
y=—sin—x S
3
0 .(2 j (0,0)
y=—sin| —-0
3
=—-sin0=0
RY/4 . (2 37 RY/4
— |y=-sin| —— —, -1
4 3 4 4
.
=—sin—=-1
2
kY4 2 3z kY4
— |y=-sin| —— —, 0
2 3 2 2
=—sinz =0
7/4 . 2 97 o
— |y=-sin — — —, 1
4 3 4 4
=—sin—=—(-1)=
2 (G
kY4 3z, 0
y=—sin(§~37rj (67, 0)
=—sin2x =0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

oy

Section 2.1 Graphs of Sine and Cosine Functions

. .4
16. The equation y = —smgx is of the form

y = Asin Bx with 4 =-1 and B=§.

The amplitude is | 4 |=| —-1|=1.
Theperiodisz—”=2—7z=27r.§=3_”
B 4 4 2
3
T 31 3z

The quarter-period is

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0

3. 3w

x=0+—=—

3. 3x 3w
x:—+_:_

8 8 4
3. 3xr &
X=—*F—=—
4 8 8
_om 3r_3x
8 8 2
Evaluate the function at each value of x.
.4 .
X |y=-— smg X coordinates
. 4 .
0 |y=-sin ?0 =-sin0=0 (0,0)
RV . 4 3m . T kY4
— |y=-sin —-— =-sin—=-1||—, -1
8 3 8 2 8
3_7[ y =—sin i3—ﬂ- =—sinr=0 3—”,0
4 3 4 4
9 . (4 97 o
— |y=—sin| —— —, 1
8 3 8 8
. 3
=-sin—=—(-1)=1
5 (=1
3—” y:—sin i3_7[ =—sin27z=0 3_7[,0
2 3 2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

)
8 o

-
N——

/O~
|

N———

0,0) o

1Y)
=
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17. The equation y =sin(x—x) is of the form
y=Asin(Bx—C) with4=1,B=1,and C=x.The
amplitude is | 4 |=|1|=1. The period is

18. The equation y =sin (x —%j is of the form

y=Asin(Bx—C) with 4=1, B=1, and c=%. The

2r _ 2x .. C 1
5 = ~ %% Thephase shiftis — =--=7 . The amplitude is | 4|=|1|=1. The period is
o2 . z
quarter-period is T’[ = % The cycle begins at 2?” - 2T” — 27 . The phase shift is %: % _ % The
x =7 . Add quarter-periods to generate x-values for Py
the key points. quarter-period is — = —. The cycle begins at
=1 4 2
x=g+Z = 3z x= % . Add quarter-periods to generate
2 2
‘= 3 R o x-values for the key points.
2 2 5 c=F
x=2x+Z=2 2
=T 3 22
22 e Edm
Evaluate the function at each value of x. =7 2
. 3 &
x |y=sin(x—7) coordinates X=to= 2z
- T Sz
T |y=sin(r—7x) (7, 0) x=27z’+5=7
=sin0=0 .
Evaluate the function at each value of x.
3z . (37 3z
— |y=sin| —-7 —, 1 . T .
2 2 2 X |y=sin (x - Ej coordinates
=sinZ =1
’ L y=sin| Z-Z|=sin0=0 Zo
27 |y =sin2r—1) (r, 0) 2 7 272 2
=sinz =0
51 57 sz 7 \y=sin| z-Z |=sinZ =1 (7. 1)
= |y=sin| =-7x =, -1 2 2
2 2 2
. 37
=sin—=-1 3z y =sin z_z =sinz=0 3—7[,0
2 2 2 2 2
3z |y=sinBr-r) 3z, 0) ju 3
=sin27=0 27 |y =sin 27[—5 :sin7:—1 Q2r, -1)
Connect the five points with a smooth curve and
graph one complete cycle of the given function. 5 ST or . 57
— |y=sin ——— =sin2zx=0 —, 0
(3_77 1) 2 2 2 2
yp\2’
HSHHH @, 0) Connect the five key points with a smooth curve and
. |0|} : /, }( 31 N graph one complete cycle of the given function.
N |m (m, 1) (3w
T 7 = x 2 0
(5_77’ ! Ty
2 = ooy \\ 5_77 0
y =sin (x — ) 5’0\ 0 /“ 2’
o X
Qm, -1
2:5 HH
y = sin (x - %)
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19. The equation y =sin(2x—x) is of the form

y=Asin(Bx—C) with4=1,B=2,and C =7 . The
amplitude is | 4 |=|1|=1. The period is
2—7[:2—7[=7I.Thephaseshiftis gzz.The

B 2 B 2

quarter-period is % . The cycle begins at x = % Add

quarter-periods to generate x-values for the key points.

.4
xX=—
2
nr T 3x
x:—+_:_
2 4 4
3 &«
4 4
V)
X=r+—=—
St 3w
=t —=—
4 4 2

Evaluate the function at each value of x.

x |y=sin(2x-7) coordinates
z y=sin 2 Xz E,O
2 2 2
=sin(z —7)
=sin0=0
3z y=sin 2-3—”—7r 3—”,1
4 4 4
. (37 j
=sin| —-7x
2
:sinzzl
2
T \y=sin(2-w—x) (7, 0)
=sin(2z —7x)
=sinz=0
5—7[ y =sin 2~5—ﬂ-—ﬂ' 5—7[,—1
4 4 4
. (57 )
=sin| —-7x
2
:sin3—”:—1
2
3—” y =sin 2~3—ﬂ—7r 3—”,0
2 2 2
=sin(37z —7x)
=sin27 =0

20.

Section 2.1 Graphs of Sine and Cosine Functions

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

Hd

Ia
=

y =sin 2x — )

The equation y = sin(Zx—%j is of the form

y = Asin(Bx—C) with 4 =1, B=2, and czg. The

amplitude is | 4 |=|1]=1.

Lo 2 2
The period is T g
B 2

c Z
The phase shift is — = 2
B 2

P 4
The quarter-period is T

The cycle begins at x = % . Add quarter-periods to

generate x-values for the key points.

V4
X=—
4
T T T
X=—+—==
4 4 2
T T 3x
X=—+—=—
2 4 4
3 T
X=—+—=7
4 4
T S
X=m+—=—
4 4

Evaluate the function at each value of x.

X |y= sin(Zx—%j

coordinates

Z y:sin 2£_£ 1’0
4 4 2 4
=sin Z—£)=sin0=0

2 2
T y=sin[2. 5% (1,1
2 2 2 2

. V.4 .
=sin| r—— |=sin—=1
2) 2
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21.

70

3z y=sin 2. 2E X 3—”,0
4 2 4
i &«
=sin| ——-—
2
=sinr=0
7 |y=sin 2-71'—%) (z, 1)
=sin ZE—ZJ
2
:sin3—”:—1
2
5z y =sin 2~——£ 5—7[,0
4 2 4
5t IIJ
=sin| —-=
2
=sin2z =0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

5 e
LB Ay

y= sin(?x—%)

The equation y =3sin(2x—7) is of the form
y=Asin(Bx—C) with4=3,B=2,and C=x.The

amplitude is | 4 |=| 3 |=3. The period is

2 = 2 = . The phase shift is < =7 The quarter-
B 2 B 2

period is % . The cycle begins at x = % Add quarter-

periods to generate x-values for the key points.

T
X =—
2
T r© 3x
2 4 4
RV 2 4
=—d4—=
4 4
7 5
X=m+—=—
4
St & 3r
4 4 2

Evaluate the function at each value of x.

X |y=3sin(2x—x) coordinates

T y=3sin|2.E 7 Z 0
2 2 2
=3sin(r—x)
=3sin0=3-0=0
3z y=3sin 2-3—ﬂ-—75 3—”,3
4 4 4
=3sin 3—”—7[}
2
=3sinZ=31=3
2
T |\y=3sin2-r—-1x) (7, 0)
=3sin(2z — )
=3sinr=3-0=0
3z y =3sin 2-5—”—7[ 5—”,—3
4 4 4
=3sin 5—”—%)
2
=3sin3—”
2
=3(-1)=-3
3z y=3sin 2-3—7r—ﬂ'j 3—7[,0
2 2 2
=3sin(37 —7x)

=3sin27=3-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

(S

e e
2’ /32

(5
T _3
st )

y =3sin (2x — )

22. The equation y = 3sin(2x—%) is of the form

y = Asin(Bx—C) with 4 =3, B=2, and c:%.

The amplitude is | 4 |=] 3 [=3.

The period is 2z = 2z =7
B 2

(SRINTE

The phase shift is < _2_Z
B 2

&N

1
2
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The quarter-period is % .

The cycle begins at x = % . Add quarter-periods to

generate x-values for the key points.

T
xX=—
4
T T T
X=—4+—=—
4 4 2
r T 3x
x:—+_:_
2 4 4
3 &«
X=—+—=r
4 4
T Sr
X="T+—=—
4

Evaluate the function at each value of x.

X y=35in(2x—%j

coordinates

IS

S
<
I
(98]
@
=
VR
[\o]
ISy
I
NN
N
N\
3
()
N

—3sm0 3 =0

NN

T T
3sin| 2-———
I 2 2)
=3sin ﬂ'——j
2

—3sinZ=3.1=3
2

37 = 3sin[ 2.3 %
4 4 2

. (37 ﬂ'j
=3sin| ———
2 2

=3sinr=3-0=0

7 |y=3sin 2-;:—%) (7, =3)
=3sin 272’—£j
2

=3sin37”=3-(—1)=—3

S Zasin[ 2.2 7
4 4 2

=3sin 5—”—5)
2 2

=3sin27=3-0=0

5

23.

Section 2.1 Graphs of Sine and Cosine Functions

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

5 (s
(Rkin v gy

y=3$in(2x—%)

1. [ ﬂ'j 1. ( ﬂ'j
y=—sin| x+= |=—sin| x—| - =
2 2 2 2

The equation y = %sin(x—[—gn is of the form

y = Asin(Bx—C) with A=%,B= l,and C=——

The amplitude is | 4 |=‘ % ‘z% The period is
_z
27 _ = = =27 . The phase shift is < =27
B 1 B 1 2

Lo 2 .
The quarter-period is sz = % . The cycle begins at

V4 .
X = 5 Add quarter-periods to generate x-values

for the key points.
V4
X=—=
2
T T
x=——+—=0
2 2
T T
x=0+—=—
2 2
T T
x==+==r
2 2
T 3
X=m+—="—
2 2

Evaluate the function at each value of x.
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24,

72

V4 .
X y_—sm(erEJ coordinates
T 1 ( T T
-— |y=—sin| ——+— -—,0
2 2 2 2 2
:lsin0=l~0=0
2 2
0 ——sm(0+£) (0 lj
7 2 "2
r 1 1
=—sin—=—-1=—
2 2 2
T 1 (7[ T (ﬂ'
— |y=—sin| —+— ,0
2 2 2 2 2
1. 1
=—sinr=—=-0=0
2 2
7 y——sm(n-%zj (ﬂ,—lj
2 2
1. 3z
=—sin—
D
= (=D=-=
2( )
kY4 1. (37 & 3z
— |y=—sin| —+— —.,0
2 2 2 2 2
=lsin27r
i
=—.0=0
2

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

1. 1.
=—sin(x+7) =—sin(x— (-7
y=5 (x+7) 2 (x=(=7))
The equation y = %sin(x —(—x)) is of the form
y = Asin(Bx—C) with A=%,B=1,and C=-rx.

The amplitude is | 4 |:‘ % ‘:% The period is

2—”:2—”:271'.Thephase shift is £=i=—7l'.
B 1 B 1

Lo 2 .
The quarter-period is Tﬂ- = % . The cycle begins at

x =—z . Add quarter-periods to generate x-values for

the key points.
X=-7
V4
x=—T+=—=-=
2 2
x=-Z4+% -9
2 2
x=0+2=2
2 2
T T
xX=—+=—=r
2 2

Evaluate the function at each value of x.

x |y= %sin(x +7) coordinates

1.
T |y= Esm(—ﬁ +7) (-7, 0)

=lsin0=l-0=0
2 2

T T 7 1
—— |y=—sin| ——+7x -, =
2 2 2°2
.1 1
=—sin—=—1=—
2 2 2

0 |y :%sin(0+ﬂ)

—Lsinz=L.0=0
2 2

T 4 T 1
— |y=—=smn|—+7x —, ==
2 2 22
1 3 1
=—sin—=—-(-1)=—=
2 2 D 2
1.
V4 y=5s1n(7r+ﬂ') (7, 0)

1
:—sin2ﬂ=l-0=0
2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

(%3
2°2)

o p)

m|
|
(=, 0) (s, 0)

(78]
5]
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Section 2.1 Graphs of Sine and Cosine Functions

25. y:—2sin(2x+£j:—2sin(2x—(—£D T |y=2osin[2.Z4+Z L)
2 2 2 2 2 2
ju _ o4 V3
The equation y =-2 sin[zx—(—gn is of the form =Tesmy 7 +5
. 3z
y = Asin(Bx—C) with 4 = -2, =—2sin—-
- =-2(-)=2
B=2,and C =—--—. The amplitude is
2 RV 4 . I & RY/4
2ﬂ' Zﬂ' T y=—251n 274‘3 —’0
| 4|=|—-2|=2.The period is = ==—=7. The 4
B 2 . (3r &«
i =-2sin - + Ej
phase shift is < -2 1 =" The quarter- =-2sin2x
B 2 2 2 4 =-2.0=0
period is 7 The cycle begins at x = — 7 Add Connect the five points with a smooth curve and
graph one complete cycle of the given function.
quarter-periods to generate x-values for the key
points. (%, > (E )
2 b
X = _% ,y Ik T
T r - kI
=17 _p <_4’0> \ (T’())
4 4 =
T T T T X
x=0+Z=Z 0, -2y T2\lf 2
LEL T Z3
=—4+2== L -
3, 3, ?%7[ y= 251n(2x+2)
X=—+—=—
2 4 4
26. y =—3sin[2x+£j =—3sin(2x—(—£D
Evaluate the function at each value of x. 2 2
¥ . Caw RN
y=-2 sin[2x " % j coordinates The equation y = 351n[2x ( 5 is of the form
7 o\ - y=Asin(Bx—C) with A =-3, B=2,and C=-2 .
—— |y=-2sin 2-(——j+— (——, O] 2
4 4) 2 4 The amplitude is | 4 |=| =3 |=3. The period is
. T T
=-2sin| ——+—
2 2 =4 = =4 = 7 . The phase shift is
=-2sin0=-2-0=0 B 2
0 =-2sinl| 2-0 r 0.2 C _g 1 T T
y=—asiy 2 +3 0,-2) —=—%=-".—=-"The quarter-period is — .
. B 2 22 4 4
=-2sin| 0 +Ej The cycle begins at x = —% . Add quarter-periods to
.
=-2sin— generate x-values for the key points.
=-2.1=-2 oz
Ty
V4 . T T pid
= =-2sin| 2-=+= Z0 __ T T_
P 42 j (4 ’ j Xx=——+==0
- 4 4
. T
=-2sin| —+— =0+===
2 2) ¥ 4 4
=-2sinx (ELE_E
=-2:0=0 4 4 2
T 1w 3w
x=—+=="=
2 4 4
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27.

74

Evaluate the function at each value of x.

X |y= —3sin[2x+%)

coordinates

T V4 T T

4 Y Sm(4j2j (4}
=3sin| - Z+Z

2

=-3sin0=-3-0=0

0 |y=-3sin 2-0+%) 0,-3)
=-3sin 0+£)

2

= 3sinf=-3.1=-3
2

z y=-3sin 2.2 Z,O
4 4 2 4
(o
=-3sin| —+—
2 2)
=-3sinr=-3-0=0
z y =-3sin 2.2 £,3
2 2 2 2
=—3sin ”+ZJ
2
:—3sin3—ﬂ-=—3~(—1):3
2
3z y =-3sin 2'3—”+Z 3—7[,0
4 4 2 4
. (3r «
=-3sin| —+—
2 2

=-3sin27=-3-0=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y <?’0> <%3>
N

/

&

=\ 1 X
2N (3
(ﬂs _3)‘ 5 4 ’

y = —3sin (Zx +§)

y=3sin(rx+2)

The equation y =3sin(zx —(-2)) is of the form
y=Asin(Bx—-C) with4=3, B=x,and C=-2.
The amplitude is | 4 |=| 3 |=3. The period is

2r 2w
B

2

=—=2. The phase shift is < = =2 =——_.The
V4 B

/4 /4

o201 )
quarter-period is 2 = 5 The cycle begins at

2 .
x =——_. Add quarter-periods to generate x-values
V4

for the key points.
2
xX=—-—
T
2 1 n-4
X=—"4+—="——
2r
-4 1 -2
=t —=—
2 2 V4
7—-2 1 3z-4
X = —_=
2 27
. -4 1 27x-2
2 2 V4

Evaluate the function at each value of x.

X |y=3sin(rx+2)

coordinates

=3sin(-2+2)
=3sin0=3-0=

 ponl-g)e
—— |y=3sin| 7| —— [+2
V4 V1

2

—3sin| £-2+2
2

=3sinz
2
=3.1=3

0
r—4 -
—— |y =3sin ﬂ(”—4j+2j

_3sin| F=4 12
2

=3sin2Q7r—2+2)

=3sin27=3-0=0

T T
=3sin7r=3-0=0
3r—4 35 3r—4 (5ﬂ 3j
=3sin| 7 —, -
2r res 2r 4
=3sin z—4 2
2
= 3sin[ 2F - 242
2
—3sin>Z
2
=3(-1)2-3
2r—2 ] ( (2;;—2 (27[—2
y=3sin| z , 0
T T T

Copyright © 2018 Pearson Education, Inc.




28.

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

2
(_3+1’3> <—;+1,0>
T 2 y

(2 ) I /
) N
T ~

[~

y = 3sin (wx + 2)

U

a1/

/'
N
/‘ﬁ
ENIN
+
(Y%
|
N

y =3sin(2zx+4) =3sin(2zx — (-4))

The equation y =3sin(2zx—(—4)) is of the form

y=Asin(Bx—C) with4 =3, B=2x,and

C=-4. The amplitude is | 4 |=| 3 |=3. The period
2r  2rw c -4 2

is — =—=1. The phase shiftis —=—=——.
B 2z B 2r V4

The quarter-period is % The cycle begins at

2 .
x =——. Add quarter-periods to generate x-values

V1
for the key points.

2
X=—-——

V1

2 1 7m-
X=——t—=——

4r

x_ﬂ'—8 1 _7-4

4r 4 2z
x_ﬂ'—4 1 _37z-8

2r 4 4r
. 3-8 1 _7m-2

ar 4 T
Evaluate the function at each value of x.

X |y=3sin(2rx+4)

2 . 2
- y=351n(27r(——}+4j
V4 V4

coordinates
-2
T
=3sin(—4+4)
=3sin0=3-0=0

T—38 T—8
“ar y =3sin 27[[” 8)4—4] (?, 3)

=3sin| —— j

=3sin ——4+4j

—3s1n—= =3

Copyright © 2018 Pearson Education, Inc.

29.

Section 2.1 Graphs of Sine and Cosine Functions

-4 T—4 -4
=y =3sin| 27| 22 ha| | | 220
w Y Sm[ ”[ 2w j J ( 2z j

=3sin(r-4+4)

=3sinr=3-0=0
3-8 3r—8 3-8
=3sin| 2 +4 ,-3
yp y =3sin 71'[47[) j(47f j
= 3sin 3'7’_8+4J
2

=3sin 3—”—4+4j
2

= 3sin37” =3(-1)=-3

- T
T | =3sin2r—4+4)
=3sin27=3-0=0

-2 |y=3sin 2z(”—_2j+4J (;z—z J

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

2.1 ) 2 1
A 2.1
( 4 y <17+2’0

= 2
(2. - [2+10)
IV

y =3sin Cwx + 4)

=
J
n

y=-2sin(2rx+4rx)=-2sin(2wx —(-4x))

The equation y =-2sin(2zx —(—4rx)) is of the form
y=Asin(Bx—-C) with4=-2, B=2x,and

C =—4r . The amplitude is | 4 |=| =2 |=2. The

period is 2z =— 27 =1. The phase shift is
B 2z
—4 Lo
< =~ — 2 The quarter-period is l The cycle
B 2z 4

begins at x = -2 . Add quarter-periods to generate x-
values for the key points.

x=-2
1 7
X=-2+—=——
4 4
7 1 3
Xx=——+—=-=
4 4 2
3 1 5
X=—>+—=-=
2 4 4
5 1
xX=——+—=-1
4 4

Evaluate the function at each value of x.
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

30.

76

X |y =-2sin(2rx+4r) coordinates

-2 |y =-2sin(2x(-2)+4r) (-2,0)
=-2sin(—4r+4r)
—2sin0

-2-0=0

7 7
2 —2sin 27[(—%j+47r) (—27—2)

—2sin —77” + 47[)

|
[
<
[

=2sinf=-2.1=-2
2

2 =2 2o (2]

—2sin(-37 +4rx)
2sint=-2-0=0

5 5 5
- —2sin| 2| —— |+4 -, 2
4 y sin ﬂ'[ 4) IZ'J ( 4 j

—2sin —57” + 47[)

—2sin 3—7[

—2(-1)=2

|
[
<
[

=2sin(2z(-1)+4r) (-1,0)
—2sin(—27w +4rx)
—2sin27x
-2-0=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

2’ y
111
\ [
I T 11
(-2,0) (=1L,0
=
X
7 A
1 _2>
.l :
y=

—2sin Qmx + 4m)

y=-3sin2Qzx+4rx) =-3sin(2rx — (—4r))
The equation y =—3sin(2zx —(—47x)) is of the form
y=Asin(Bx—C) with4=-3, B=2x,and
C =-4rz . The amplitude is | 4 |=| =3 |=3. The
period is 2z = 2z =1. The phase shift is

B 2z

—4 Lo
< ="~ 2 The quarter-period is 1 . The cycle
B 2z 4
begins at x =—-2 . Add quarter-periods to generate x-

values for the key points.

x=-2
1 7
xX=-2+—=——
4 4
7 1 3
Xx=——+—=-=
4 4 2
31 5
X=—>+—=-=
2 4 4
51
X=——+—=-1
4 4

Evaluate the function at each value of x.

x |y=-3sin(2rx+4r) coordinates

-2 |y =-3sinR7(-2)+4r) (-2,0)
—3sin(—4x +4rx)
—3sin0=-3-0=0

7 7 7
—Z |y =-3qj L -, -3
4 Y 3sin 275( 4j+475j ( 1 J

—3sin —777[ + 47[}

= 3sinZ=-3-1=-3
2

sulof ] (2

—3sin(-37+4r)
—3sinzt=-3-0=0

3 3sin| 272 =2 |+ 4 23
7 Y smﬂ'4 v/ e

—3sin —57” + 475]

|
[
<
[

-3 sin%[ =-3(-1)=3

=3sin(2z(-1)+4rx) (-1,0)
—3sin(—27x +4rx)
—3sin27=-3-0=0
Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

~9~

(- i
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Section 2.1 Graphs of Sine and Cosine Functions

31. The equation y =2cosx is of the form y = Acosx 32. The equation y =3cosx is of the form y = Acosx
with 4 = 2. Thus, the amplitude is | 4 |=| 2 |=2. with 4 = 3. Thus, the amplitude is | 4 |=| 3 |=3.
The period is 27 . The quarter-period is %Tﬂ- or % The period is 27 . The quarter-period is %Tﬂ- or %
The cycle begins at x = 0. Add quarter-periods to The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points. generate x-values for the key points.
x=0 x=0

V4 T T
= —_—=— x=0+—=—
x=0+ 232 275
x=£+£:7z x=£+£=7r
2 2 2 2
3z - _3
X=r+—=— x—7r+——7
2
SN SELSA Y
2 2 2 2
Evaluate the function at each value of x. Evaluate the function at each value of x.
X y= 2¢COS X coordinates X y= 3cosx coordinates
0 |y=2cos0=2-1=2 (0,2) 0 |y=3cos0=3-1=3 0, 3)
V1 V4 V4
V3 V3 V3 = =3cos—=3-0=0 —, 0
= =2c0s==2-0=0 =0 y ( > J
2 2 ( 2 j 2 2 2
7T |y=2cosm (. -2) 7T |y=3cosm=3-(-1)=-3 (7, -3)
—reh== 3 3 3
2y =3c0s X =3.0=0 R
3z 3z RY/4 2 2 2
7 y= 2 COS? 7, 0
=2.0=0 2 |y=3cos2mr=3-1=3 (2r, 3)
2z |y =2cos2m (27, 2) Connect the five key points with a smooth curve
=2-1=2 . .
and graph one complete cycle of the given function
Connect the five points with a smooth curve and with the graph of y =cosx .
graph one complete cycle of the given function with B S
the graph of y =2cosx. . l3)5,y I= deosx 5 3)
vy (0,2) <z 0) N
[T5 =2cosx 2’ Ean
Vi y 2m,2) 553 N <3—", 0)
(E’ 0 2
EAREL VAP e (3%7 0) S1 2 O X P (ar, -3)
2 \\»7i X
AL, —2)
251 y'= cos x-

Copyright © 2018 Pearson Education, Inc. 77



33. The equation y =—2cosx is of the form y = Acosx

with 4 =-2. Thus, the amplitude is
| A|=|-2|=2.The period is 27 . The quarter-

period is %Tﬂ- or % . The cycle begins at x=0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+2=2
2 2
T T
x==+—=rx
2 2
T 3z
X=r+—=—
3 2 2
:—”+£:27r
2
Evaluate the function at each value of x.
x |y=-2cosx coordinates
0 |y=-2cos0 (0,-2)
=2.1==2
z y=—2005Z E,O
2 2
=-2-0=0
T |y=-2cosxm (7, 2)
=-2-(-1)=2
3—” y=-2cos— 3—”,0
2 2 2
=-2-0=0
2w |y=-2cos2x 2r,-2)
=-2-1=-2

Connect the five points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =cosx.

y
sFy 2ol (72

s 2 (3
(2,0)\ o /(T">
X

(Oa _2)

13

34. The equation y =-3cosx is of the form y = Acosx

with 4 = 3. Thus, the amplitude is | 4 |=| -3 |=3.
The period is 27 . The quarter-period is %Tﬂ- or % .

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

3s.

Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

x=0
x=0+£=Z
2 2
T T
x==+==r
2 2
r 3z
X=r+—=—
3 2
=—7[+£=2ﬂ'
2 2
Evaluate the function at each value of x.
x |y=-3cosx coordinates
0 |y=-3cos0=-3:1=-3 (0,-3)
2 y=-3c0sZ=-3.0=0 Zo
2 2 2

T |y=-3cosmt=-3-(-1)=3 (7, 3)

— y=—3cos3—ﬂ-=—3'0=0 3—”,0
2 2 2

27 |y=-3cos2r=-3-1=-3 (27, -3)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function with
the graph of y =cosx.

y
5y = =3 cos x
(ﬂa 3) I e <3_7T 0)
7)== 2’
(2’ >_1_ x
(0, =3y ¥y = cosx] 2m, =3)
PITTTTTTT

The equation y =cos2x is of the form y = Acos Bx

with 4 =1 and B = 2. Thus, the amplitude is

| A|=|1]|=1. The period is 2?7[227”:71'.The

quarter-period is % . The cycle begins at x=0. Add

quarter-periods to generate x-values for the key

points.
x=0
T T
x=0+—=—
4 4
T T T
x=—+—==
4 4 2
nr T 3x
X=—+—=—
2 4 4
3 &«
X=—+—=7
4 4

Evaluate the function at each value of x.

Copyright © 2018 Pearson Education, Inc.



x |y=cos2x coordinates
0 |y=cos(2-0) 0, 1)
=cos0=1
z y =co0s 2~£ (Z, 0
4 4 4
=cos£=0
2
z y =Cos 2-z z, -1
2 2 2
=cosm=-1
3—” y =cos 2-3—” [3—”, 0)
4 4 4
=cos3—”=0
2
T |\y=cos(2-7) (7, 1)
=cos2rwr =1

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

y

]
0,1) (77, D] (377 0)

36. The equation y =cos4x is of the form y = Acos Bx
with 4 = 1 and B = 4. Thus, the amplitude is

|A|:|1|:1.Theperi0dis2—”:2—”=£.The
B 4 2
>l =z
uarter-period is = ==-— == . The cycle begins at
Ararerp 472478 yelenes
x = 0. Add quarter-periods to generate x-values for
the key points.
x=0
x=0+2=2
8 8

T T T
X=—+—==

8 8 4

T 7w 3w
X=—+—=—

4 8 8

In 7 &
X=—4+—=—

8 8 2

Evaluate the function at each value of x.

37.

Section 2.1 Graphs of Sine and Cosine Functions

X |y=cos4x coordinates

0 |y=cos(4-0)=cos0=1 0, 1)

y =cos 4% )= cosZ =0
8 2

z y =cos 4~Z =cosz=-1 Z,—l
4 4 4

z y =Co0Ss 4~Z =cos2wr =1
2 2

B

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y
©, 1) [T35 (z 1)

2’ 3
37 )
) ,<s )
8’ T

X

NN

o z _1
y = cos 4x 4’

The equation y =4cos2zx is of the form y = Acos Bx
with 4 =4 and B =27 . Thus, the amplitude is

| 4|=|4|=4. The period is 2—”=2—”=1.Thequarter—
B 2r

o1 .
period is T The cycle begins at x =0. Add quarter-

periods to generate x-values for the key points.
x=0

1 1
x=0+—=—
4 4
1 1 1
X=—+—=—
4 4 2
I 1 3
X=—+—==
2 4 4
3.1
x=—+—=1
4 4

Evaluate the function at each value of x.
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

38.

80

x |y=4cos2xx coordinates

0 |y=4cos(27-0) 0,4)
=4cos0
=4-1=4

1
=4cos| 27—
g ( 4)

:4cos£
=4-0=0

1
=4cos| 2mw-—
g ( 2)

=4cosx
=4.-(-1)=-4

3
=4cos| 27w-—
g ( 4)

:4cos3—”
=4-0=0

1 |y=4cos(27-1) (1,4)
=4cos2x
=4-1=4

|-

N | —

AW

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

vy (0,9)
T1
2 (1,4)

P
FNE)
=

/
/
/
/
|
ENIN)

ke

X
\¥l
== (1
LB

y =4 cos 2mx

The equation y =5cos27zx is of the form
y=AcosBx with4=5and B =2x. Thus, the

amplitude is | 4 |=| 5 |=5. The period is

2 2 P |

% 1 The quarter-period is —. The cycle
B 2 4

begins at x = 0. Add quarter-periods to generate x-
values for the key points.

x=0
1 1
x=0+—=—
4 4
I 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
31
x=—+—=1
4 4

Evaluate the function at each value of x.

39.

x |y=5cos2xwx coordinates
0 |y=>5cos(27-0) 0,5)
=5c0s0=5-1=5
1 y=5cos 27r'l 1,0
4 4 4
=5c0s 2 =5-0=0
2
1 y=5cos 27[-l l,—S
2 2 2
=5cosr=5-(-1)=-5
3 y=5cos 27r'3—ﬂ- 2,0
4 4 4

=50053—”=5~O=0
2

I |y=5cos(2z-1) @, 3)
=5cos2x=5-1=5

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

e ©.5) 1,3

1 \ 1 3
(7’0>\ /(4’0)

A

y = 5cos 2zx

. 1 .
The equation y =—-4 cosax is of the form

y=AcosBx with4=—4 and B:% . Thus, the

amplitude is | 4 |=| —4 |=4. The period is

2z = 2z =2m-2=4rm . The quarter-period is

N —

477[ =7 . The cycle begins at x =0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+7w=rx

X=rn+r=217

x=2r+r=3xw

x=3r+r=4r

Evaluate the function at each value of x.
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Section 2.1 Graphs of Sine and Cosine Functions

X 1 coordinates x=0
y=—-4cos—x -0 3. 3mw
T2 2
0 1 (0,-4) 3r 3w
y=-4cos E-O x:7+?=37[
=—4cos0 — 3+ 3_7[ _ 9_75
— 4.1=—4 =
4 1 (7, 0) x=9—”+3—7z=675
y=-4cos| -7 2 2
Evaluate the function at each value of x.
=—4 COSE x 1 coordinates
=—4.0=0 y=—3cos§x
2w 27, 4
y=-4cos L 2 ( ) 0 1 0,-3)
2 y =-3cos 3 0
=—4cosxw
=—4.(-1)=4 =-3cos0=-3-1=-3
37 37, 0 3 3c0s| L.37 3
y=—4cos(%~3ﬂ) (37, 0) > 7= 3cos(3 > 5 , 0
a3 =—3cosZ=-3.0=0
=—4cos— 2
=—40=0 3 1 (7, 3)
Ar 1 (4, —4) y=-3 COS(E 3z
y:—4cos(—-47rj = 3cosm=-3-(-1)=3
=—4cos2rx 9 1 9 9
=—4-1=-4 7” y:—3cos(§-7ﬂ-j [Tﬂ’oj
Connect the five points with a smooth curve and I
graph one complete cycle of the given function. =-3 0057 =-3:0=0
Yy Qw9
5 i (3m,0) 67 1 (67, —3)
(7, 0) y=-3cos| —-67x
fo I\ 3
2\ A =-3cos2r=-3-1=-3
7 X
0, —4){L / \ Connect the five key points with a smooth curve and
5 (@, —4) graph one complete cycle of the given function.
= —4cosd y
y = —4 cos 7% ) O
3_77 0 ) (3, 3)] (- 0
1 275 2’
40. The equation y =-3cos—x is of the form mran ~
3 3mo\orm
o, -3) °
' 6, -3
y=AcosBx with4=-3 and le.Thus,the R ® =3
3 _ 1
y = —3cos 3¥
amplitude is | 4 |=| =3 |=3. The period is
2r 2w L
31 27-3 =67 . The quarter-period is 41. The equation y = —%cos%x is of the form
3
6r 3rx . _ ith — 1 d _ z h h
2 The cycle begins at x = 0. Add quarter- y = Acos Bx with 4= 5 an B= 3 Thus, the
periods to generate x-values for the key points. amplitude is | 4 |= ‘ _% ‘ _ % . The period is

2—7[=2—7[=27r~2=6.Thequarter—periodis E=§
Bz r 4 2

3
The cycle begins at x = 0. Add quarter-periods to
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

generate x-values for the key points. Connect the five points with a smooth curve and
x=0 graph one complete cycle of the given function.
3 3 y
x=0+—=— 3 1\
3 23 2 2:5 ’2)::: (2 0>
2 2 2 -
_3+3 9 ) 4130 X
R 1 ( -l>
9.3 ' T2) 125 T2
xX=—+=-=6 1
2 2 y=-zcos3x
Evaluate the function at each value of x.
1 V4 . . 1 T .
X y=__cosg X coordinates 42. The equation y:_ECOSZx is of the form
. 1 V.4
1 P 1 y=AcosBx with 4=-— and B =— . Thus, the
0 |y=—=cos| =0 [0,—5) 2 4
. . 1 1 L
__Lioso amplitude is | 4 |—‘ - ‘_E The period is
2
:—l-lz_l —”:2—”=27r-i:8.Thequarter—periodis 8-2.
2 2 B % V3 4
3 1 73 3 The cycle begins at x = 0. Add quarter-periods to
2 J’—__COS[E E) (57 OJ generate x-values for the key points.
1 x=0
=——C0S— x=0+2=2
% 2 x=2+2=4
——~.0=0 x=4+2=6
2 x=6+2=8
) ] Evaluate the function at each value of x.
3 y=——cos(— 3} (3, —J X 1 T coordinates
2 y=——CO0S—X
=——Cos7
1 1 0 ——lcos(—~ 0 1
=——(-D=> YT "2
2 2 1 1 1
=——cos0=——1=——
9 (7[ ) (9 2 2 2
— |y=——cos| —— —,0
2 32 2 2 1 (;z J (2,0)
1 3z y=-—cos| —-2
=—Ecos7 %
V4
=_l'0=0 =——cos—=—-—-0=0
el Y
=——cos| — , —
6 yz—lcos(— 6} (6,—1) 4 2
i ? Ln=1
=——cosm=——-(-1)==
=—%coser 2 2
1,1 6 _ 1. (7, (6, 0)
> > y=——cos T
=——c0s 3—”j=—l-0=0
2 2
8 T 1
=——cos| —-8 8, ——
g (4 j ( 2j
=—100527r:—l-1:—l
2 2 2
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43.

Connect the five key points with a smooth curve and

graph one complete cycle of the given function.

B2 THHH
N 111(6, 0)
2,0) 4
! 2 X
- _1
(’ 2) 5 (8’ 2)

The equation y = cos (x —%J is of the form
y=Acos(Bx—C) with4=1,and B=1, and
C=%. Thus, the amplitude is | 4 |=|1|=1. The

period is %[ = 2T” =27 . The phase shift is

)
=% =" The quarter-period is Tﬂ- = % The

® A
NN

cycle begins at x = % Add quarter-periods to

generate x-values for the key points.

V4
x==
2
T T
xX=—+—=r
2 2
w3
X=r+—=—
3 2 2
T T
2 2
T S
X=2r+—=—
2

Evaluate the function at each value of x.

X coordinates
z (z, 1)

2 2

™ (7, 0)

N|§
VR
t\>|§
|
5
N

27 (27, 0)
s (S_ﬂ 1)
= 2

2

44.

Section 2.1 Graphs of Sine and Cosine Functions

Connect the five points with a smooth curve and
graph one complete cycle of the given function

5l (. 0) 1 (2,”’ 0)

] " 5w
(5. S (3

1%
1

n
k|
=

The equation y = cos(x+§] is of the form
y=Acos(Bx—C) with4A=1,and B=1, and
C= —% . Thus, the amplitude is | 4 |=|1|=1. The

period is %[ = ZTE =27 . The phase shift is
_z

g TZ = —%. The quarter-period is %T” = % The

cycle begins at x = —% . Add quarter-periods to

generate x-values for the key points.

T
xX=——
2
T
x=——+—=0
2
Tz
x=0+—=—
2 2
T T
x==+==1
2 2
Iz
X=m+=—="
2 2

Evaluate the function at each value of x.

X coordinates

-z [_z, 1)
2 2

0 (0,0)
z (z, ‘IJ

2 2

™ (7, 0)
kY3 (3—” 1)
— 2

2
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

Connect the five points with a smooth curve and
graph one complete cycle of the given function

y4 (0,0) (w,0)
/
3
<_£’1> /I (7775 )
2 /I 5
& 4
e 737 v
s w
£ .,-1
St 7Y
y= cos(x+ 5)

45. The equation y =3cos(2x—x) is of the form

84

y=Acos(Bx—C) with4=3,and B=2, and
C =7 . Thus, the amplitude is | 4 |=| 3 |=3. The
period is 2z = 2 = xr . The phase shift is < -z .
B 2 B 2
P 1 . /4
The quarter-period is T The cycle begins at x = R

Add quarter-periods to generate x-values for the key

points.
4
x=—
2
T 1 3z
XxX=— 4+ —=—
2 4 4
3 &«
x="—+==r
4 4
7 5
X=r+—="—
St & 3w
X = _—t =
4 4 2
Evaluate the function at each value of x.
X coordinates
z (z, 3j
2 2
()
4 4
a (ﬂ-a - 3)
s (52.0)
4 4
kY4
kY4 [—, 3)
— 2
2

46.

Connect the five points with a smooth curve and
graph one complete cycle of the given function

3 >
=.,3
. .
53 o Y
) \ 5_17
i 4’
7 7| x

5 (m,=3)

y =3cos 2x — m)

RN
(%)
=3
=
/
Ji
/
\

The equation y =4cos(2x—7) is of the form
y=Acos(Bx—C) with4=4,and B=2,and C=r.
Thus, the amplitude is | 4 |=| 4 |=4. The period is

2—”:2—”:7r.Thephaseshiftis E:Z.The
B 2 B 2

quarter-period is % . The cycle begins at x = % Add

quarter-periods to generate x-values for the key points.

T
xX=—
2
nr T 3x
=t —=—
2 4 4
3 &«
X=—4+—=
4 4
hY/4
X=T+—=—
4 4
St 3m
X=—+—=—
4 4 2

Evaluate the function at each value of x.

x | coordinates

(7[3_4)
| (5.
4 4
ew
2 2
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47.

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

54 2.4

s\ 27
\
Sar
CRE (52.0)
4 COETENRE Y
\[1 2
5 (7, —4)

y=4cos Qx — )

o))
y=—cos|3x+— |=—cos| 3x—| ——
2 2) 2 2

The equation y = %cos(h—(—%)] is of the form

y = Acos(Bx—C) with A:% ,and B =3, and

Cz—%.Thus, the amplitude is | 4 |=‘ ‘:% The

1
2

L. 2 2 o
period is ?ﬂ = Tﬂ The phase shift is

C —% 1 V1 L
—=—==——.—=——_The quarter-period is
B 3 23 6
x 2r1 & V3
iz—-—z—.Thecyclebeginsatx=——.Add
4 3 4 6
quarter-periods to generate x-values for the key points
V4
x=-2
6
x=-24+% 9
6 6
x=0+2=2
6 6
T T T
=t —=—
6 6 3
T T T
X=—+—=—
3 6 2

Evaluate the function at each value of x.

48.

Section 2.1 Graphs of Sine and Cosine Functions

x | coordinates

Connect the five points with a smooth curve and
graph one complete cycle of the given function

y

T S

_m 1 <3’0>::,
6’ 2 1 | (= L
\2° 2

(0, 0)=

o _ 1)
6’ 2 1
y=—c05<3x+£)

9]
k]
=

2 2
1 1
y= Ecos(Zx +7)= Ecos(Zx —(—n))
The equation y = %cos(Zx— (—x)) is of the form
y=Acos(Bx—C) with 4 =% ,and B=2, and

C =—-r. Thus, the amplitude is | 4 |:‘ % ‘:%.The

period is 2 = 277[ =7 . The phase shift is
—=—-= —% . The quarter-period is % . The cycle
begins at x = —%. Add quarter-periods to generate x-

values for the key points.

T
xX=—=
2
T T T
X=—"t—=-=
2 4 4
T T
x=——+—=0
4 4
T T
x=0+—=—
4
T T T
X=—+—=—
4 4 2

Evaluate the function at each value of x.
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

49.

86

x | coordinates

z (Z,OJ
4 4

z z 1
2 272

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

<_%’0) y (;%0)

o 1 i = 1
<_7’E>\ Ji T 2,2

e fﬂ!’zv—x

ey

[

y=%c05(2x+ﬂ')

The equation y =-3 cos(Zx —%) is of the form
y=Acos(Bx—C) with 4 =-3, and
B=2,and C = % Thus, the amplitude is

| 4|=|-3|=3. The period is %[=277[=7[.The

phase shift is

%[O
(SRINIE

_r
2

&N

1
2

The quarter-period is % . The cycle begins at x = %

Add quarter-periods to generate x-values for the key
points.

T
xX=—
4
T T T
X=—+—=—
4 4 2
T 1 37
x:—+_:_
2 4 4
3 &«
X=—+—=r
4 4
w St
X=r+—=—
4 4

50.

Evaluate the function at each value of x.

x | coordinates

z (1, _3)
4 4

= ()
4 4

T (70)

= (22,
4 4

Connect the five points with a smooth curve and
graph one complete cycle of the given function

R7:

273
y (4>
(&0

N I\ (77, 0)
L 29 x
a
_a_3> = = 5_77 -
95 )

y=-3 cos(Zx - %)

il
2

The equation y =—4 cos(Zx _%j is of the form
y=Acos(Bx—C) with 4 =—4, and B =2, and
ng. Thus, the amplitude is | 4 |=| —4 |=4 . The

2r 2@

period is — =—— =z . The phase shift is
B 2
z
< -2 1 =7 The quarter-period is 7 The
B 2 22 4 4

cycle begins at x = % Add quarter-periods to

generate x-values for the key points.

V.4
xX=—
4
T T T
X=—+—==
4 4 2
T T 3x
x:—+_:_
2 4 4
3 &«
xX=—+—=7
4 4
T Sr
X=r+—=—
4 4

Evaluate the function at each value of x.

Copyright © 2018 Pearson Education, Inc.



51.

coordinates

=

=

NG

N
7\
N
o
Ne—

e (2.
4 4
a (7, 0)
(52, 4)
4 4

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

(9
v, \4

/
ko i~
T
Fo) A
(7, 0)

T T X

™ T2
- —4) —] Sm

’ - SN |
F-9% e

y=-4 cos(Zx - %)

y=2cos(2rx+8r)=2cos(2xx —(—8x))
The equation y =2cos(2zx —(—87x)) is of the form
y=Acos(Bx—C) with4=2, B=2x,and
C =-8r . Thus, the amplitude is | 4 |=| 2 |=2. The
period is 2 = 2 =1. The phase shift is

B 2

Cc -8 o1
ST 4 The quarter-period is —. The cycle
B 2z 4
begins at x =—4. Add quarter-periods to generate x-

values for the key points.

x=—4
1 15
Xx=—dto=—22
4 4
15 1 7
=t —=——
4 2
7 1 13
X=——t—=——
123 41 !
4 4

Evaluate the function at each value of x.

Copyright © 2018 Pearson Education, Inc.

52.

Section 2.1 Graphs of Sine and Cosine Functions

x |coordinates

-4 | (4,2

5 (-2,0)
4 4

3 (3,2

Connect the five points with a smooth curve and
graph one complete cycle of the given function

(_4’2) ] TTTTT Iy
1 (-3,2) P 13 0
15 L\ 47
- T’O \ NN} =
B o R & X
7
(3 JEEE

y =2cos 2ax + 8m)

y=3cos(2rx+4rx)=3cos(2rnx—(—4rx))
The equation y =3cos(27x—(—4x)) is of the form
y=Acos(Bx—C) with4=3,and B=2x,and
C =—4r . Thus, the amplitude is | 4 |=| 3 |=3. The
period is 2z = 2z =1. The phase shift is

B 2z

Cc -4 o1
ST ) The quarter-period is —. The cycle
B 2z 4
begins at x =—2. Add quarter-periods to generate x-

values for the key points.

x=-2
x=—2-+—l=—z
4 4
7 1 3
X=—1—+—=——
4 4 2
3.1 5
x=—"+4—=-=
2 4 4
5.1
X=——=+—-=-1
4 4

Evaluate the function at each value of x.

87



Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

53.

88

x | coordinates

2 | (2,3)

21 (2
4 4

1 (1,3)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

-1,3)

(-2,3 \[P (_i 0)
7 4°
. \ 1] =
e

2 5
y =3 cos Qmx + 4a)

The graph of y =sinx+2 is the graph of y =sinx
shifted up 2 units upward. The period for both
functions is 27 . The quarter-period is %Tﬂ or % .

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2%
2 2
T T
x==+=—=1
2 2
RY/4
x=r+=—===
3 2
x=—”+£:27r
2 2
Evaluate the function at each value of x.
X |y=sinx+2 coordinates
0 |y=sin0+2=0+2=2 0,2)
Z o y=sinZi2=1+2=3 Z3
2 2 2
7w |y=sinz+2=0+2=2 (7,2)
3z y=sin3—ﬂ-+2=—1+2=1 3—”,1
2 2 2
27 |y=sin2x+2=0+2=2 (27, 2)

54.

By connecting the points with a smooth curve we
obtain one period of the graph.

w
ﬂﬂ
y <2, (37’71)
g
(()" '2) (27,2)
LT T2
y=sinx +2

The graph of y =sinx—2 is the graph of y =sinx
shifted 2 units downward. The period for both
functions is 27 . The quarter-period is 27” or %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
2 2
T T
x==+==r
2 2
T 3z
X=m+—="
3 2
=—”+£=2ﬂ'
2 2
Evaluate the function at each value of x.
x |y=sinx-2 coordinates
0 |y=sin0-2=0-2=-2 0,-2)
T y=sinfo2=1-2=11 z
2 2 4
T |y=sint-2=0-2=-2 (m,-2)

— y=sin3—7[—2=—1—2=—3 (3—”, -3
2 2

27 |y=sin2r-2=0-2=-2 | (27, -2)

By connecting the points with a smooth curve we
obtain one period of the graph.

\ | ’
/
iz \ P X
I~ (2779 _2)

) 3_17_
y=sinx —2 2’
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5S.

The graph of y =cosx—3 is the graph of y =cosx
shifted 3 units downward. The period for both

Lo Lo 2
functions is 27 . The quarter-period is Tﬂ or %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+—=Z
2 2
T T
x=—+==rx
2 2
T 3z
X=r+—=—
3 2
=T
2 2
Evaluate the function at each value of x.
X |y=cosx—3 coordinates
0 |y=cos0-3 (0,-2)
=1-3=-2
z y=cos£—3 Z,—S
2 2 2
=0-3=-3
T |y=cosm—3 (7;’_4)
=-1-3=-4
kY4
=cos——3
3z |y cos2 (3_7r,_3J
2 =0-3=-3 2
27 |y=cos2x-3 (27, -2)
=1-3=-2

By connecting the points with a smooth curve we
obtain one period of the graph.

v G_W’ _3>

2
ﬁ{z,—sfé
0. -2 P2 i
N / 73
\(2779 _2)
5 TS (o, —4)

Section 2.1 Graphs of Sine and Cosine Functions

56. The graph of y =cosx+3 is the graph of y =cosx
shifted 3 units upward. The period for both functions

is 27 . The quarter-period is %T” or % The cycle

begins at x = 0. Add quarter-periods to generate x-
values for the key points.

x=0
T
x=0+—=—
2 2
T
x==+=—=rx
2 2
T 3
X=r+—=—
3 2
T T
=—+—=2r
2 2

Evaluate the function at each value of x.

X |y=cosx+3 coordinates
0 |y=cos0+3=1+3=4 0,4)
2 ly=cosZ+3=0+3=3 Z3

2 2 2

T |y=cosm+3=-1+3=2 (7, 2)
3z y=cos3—”+3=0+3=3 3—”,3

2 2 2

2 |y=cos2zr+3=1+3=4 (2r, 4)

By connecting the points with a smooth curve we
obtain one period of the graph.

o

y (7,’3> (m.2)
3 /
P

)

/

Q2m, 4

/

7 ey

= /

37 -
S

y=cosx+3

X

Ty
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57.

90

The graph of y = ZSin%x +1 is the graph

1
2

amplitude for both functions is | 2 |=2. The period

of y =2sin-x shifted one unit upward. The

for both functions is ZT” =2m-2=4r . The quarter-
2

period is %[ =7 . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key
points.

x=0

x=0+7w=rx

X=rn+mr=217

x=2r+r=3x

x=3r+rx=4rx

Evaluate the function at each value of x.

X 1 coordinates
y=2 smzx +1

0 0,1
yzZsin(%'0j+l ©.1)

=2sin0+1
=2-0+1=0+1=1

4 .3
J’=2sin(%-7zj+l (7. 3)

zzsin£+1
=2-1+1=2+1=3

2
d 29n(%-2nj+¢ (27.,1)

=2sinz+1
=2-0+1=0+1=1

<
I

3 Bz, -1

y= 251n(%-3ﬂ')+1
:2sin3—”+l

2
=2-(-)+1
=—2+1=-1

4z (47, 1)

y= 251n(%-47zj+1
=2sin2z+1
=2-0+1=0+1=1
By connecting the points with a smooth curve we
obtain one period of the graph.

y
St 3 07
. dm, 1)
0,1
F 257 mp
\
5 |(|31\T’ _1)

y=25in%x+1

58. The graph of y = 2005%x+1 is the graph of

1 . . .
y=2 cosax shifted one unit upward. The amplitude

for both functions is | 2 |=2. The period for both

o2 L
functions is Tﬂ =2m-2=4r . The quarter-period is

2

%r =7 . The cycle begins at x = 0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+7m=rx

X=m+n=2r

x=2r+rn=37

x=3r+rw=4r

Evaluate the function at each value of x.

x |y=2 cos% x+1 coordinates

0 y=2cos[%-0j+1 (0,3)

=2cos0+1
=2-141=2+1=3

4 y=200s[%-7£]+1 (z, 1)

=2005£+1
=2-0+1=0+1=1

2r y:2005(%~27r)+1 2r, -1)

=2cosm+1
=2-(-D+1==2+1=-1

Iz |\y= 200s(%-37£j+1 3z, 1)
=2.0+1=0+1=1

dr |y = 2005(%- 4IZ'J+1 (4r, 3)

=2cos2rw+1
=2-141=2+1=3

By connecting the points with a smooth curve we
obtain one period of the graph.

y

-1(0,3) - (4m, 3)
\
@ DTN o/ Eﬁ’l)
7 4 x
5 Q2m, -1)
2 T

y=2cos%x+1
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59.

The graph of y =-3cos2zx+2 is the graph of 60.

y=-3cos2xx shifted 2 units upward. The
amplitude for both functions is | =3 |=3 . The period

L2 C
for both functions is 2—” =1. The quarter-period is
T

%. The cycle begins at x = 0. Add quarter-periods to

generate x-values for the key points.

x=0
1 1
x=0+—=—
4 4
I 1 1
X=—+—=—
4 4 2
I 1 3
X=—+—==
2 4 4
3.1
x=—+4+—=1
4 4

Evaluate the function at each value of x.

x |y=-3cos2mx+2 coordinates
0 |y=-3cos(2z-0)+2 0,-1)
—3cos0+2
3142
-3+2=-1

A=
<
|

——3c0s(27r-lj+2
4

—3cos£+2
2

-3-0+2
0+2=2

N | —
<
1l

—3cos[2ﬂ'-lj+2
2

—3cosm+2
=3-(-1)+2
3+2=5

y=—3cos(27r-ij+2 (é, 2]
4 4

=—3cos3—7[+2

Nlw

1 |y=-3cosQr-1)+2
—3cos2zm+2
-3-1+2
—3+2=-1

By connecting the points with a smooth curve we
obtain one period of the graph.

e

1 P 3
PR 33

Ji T\

(13 _1)

=1 *
o, -1) 1, -1)
e —H
IT» 1
y=-=3cos2mx + 2

Section 2.1 Graphs of Sine and Cosine Functions

The graph of y =—3sin27zx+2 is the graph of
y=-3sin2zx shifted two units upward. The
amplitude for both functions is | 4 |=| =3 |=3. The

period for both functions is i—ﬂ =1. The quarter-
T

period is % The cycle begins at x = 0. Add quarter—

periods to generate x-values for the key points.
x=0

I 1
x=0+—=—
4 4
1 1 1
X=—t—=—
4 4 2
1 1 3
X=—t+—==
2 4 4
3.1
x=—+—=1
4 4

Evaluate the function at each value of x.

X |y=-3sin2wx+2 coordinates

0 |y=-3sin27r-0)+2
=-3sin0+2
=-3.0+2=0+2=2

0,2

y=—3sin(27r%)+2

A=

=—3sin%+2
=-3.142=-3+2=-1

y=—3sin(2n’%)+2

=-3sinz+2
=-3.0+2=0+2=2

| —

AW

y =—3sin(2ﬂ'~%j+2

=—3sin37ﬂ-+2
=-3.(-)+2=3+2=5

1 |y=-3sin27z-1)+2
=-3sin27r+2
=-3-0+2=0+2=2

1,2

By connecting the points with a smooth curve we
obtain one period of the graph.

3

y 3.
T (4 )
S AT
EERER /W8
1(0,2) ?11,2)
H x
i
S 4

y = —=3sin2wx + 2
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61. Select several values of x over the interval.

T |7 | 37w S |3n | T
X 0 — —
4 4 4 2 4

2

Y1 =2cosx 211410 |-14|-2|-14| 0 | 14 | 2
1
1

07 10 |-07|-1]-07]| 0
-07(-2|-21|-1] 07 | 2

Yy =sinx 0107

y=2cosx+sinx | 2 | 2.1

y=2cosx +sinx

y y=2cosx
3 &1/
%D

[
0. 2R

(=
\2° w2

/ y =sinx

\ /
A\ X
/

)
/ﬂ

e

|
(m,=2)

62. Select several values of x over the interval.

|\ 7m| 37w Sz |3n | Tx
X 0| — —
4 4 4 2 4

2

¥y =3cosx 31210 |-21|-3|-21| 0| 21 }3
1
1

07 101|-07|-1]-07] 0
-14|-3|-28|-1|14 |3

Yy =sinx 010.7

y=3cosx+sinx | 3 | 2.8

=3cosx + sinx

y
Y //n- y =3cosx
ey /al PR
e ?
(%) a2, 3)
(1 y=sinx
\ 2 *

o

3
(m-3) (T’ ‘1>

63. Select several values of x over the interval.

r |m| 37 Sr |3x | Tm
X Ol —|=| — |#n| —|—| — |27
4 |2 4 4 2 4
Yy =sinx 007|107 |0|-07|-1]-07|20
Yy =sin2x 0| 1 0O -1 (0 1 0 -1 0
y=sinx+sin2x (0171 |-03{0] 03 |-1|-1.7| 0
y/= sin x + sin 2x
N = )
= =,1
25 Z 2 :)i’jl=sin2x
HANA 2 0)
(’0) \ )\\ #x
2.51) =si11;—— <3Tﬂ,—1>
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Section 2.1 Graphs of Sine and Cosine Functions

64. Select several values of x over the interval.

T | x| 37 S |3x | I
X 0|l —|—=-| —|#7| — |—|— |27
4 |2 4 4 2 4
Y| =cosx 110710 (-07|-1{-07] 0 [07] 1
Yy =c082x 0 |-1] O 1 0 -11 0 1
y=cosx+cos2x | 2]0.7|-1|-07]0 |-07|-1]07]| 2
y = cos x + cos 2x
y y = cos 2x
Bk (7,011
o @) W e
1 2) = (1=, 2
/A 4’ 2
(3_,., \ﬁ) NN 2m
Y |
Y2 s Sm 2
y=cosx 4’ 2
65. Select several values of x over the interval.
4 | 2| 4 4 2 4
y| =sinx 0/07|11]07(0|-07|-1|-07]20
Yy =c0s2x 1{o|-1,0 (1| 0 [-1] O 1
y=sinx+cos2x [1]0.7]0 [07|1|-07|-2]-07] 1
= N2
4’ 2)(3= \2
4’ 2
Y /
35D
O, DL —2m, 1)
y =sinx h ]
T = —
5071 (o)
¥y = cos 2x L 4 2
JEL I/ y =sinx + cos 2x
sz 2 (3_",->
4’72) \2
66. Select several values of x over the interval.
T | x| 37 Sz |3x | T«
x ol —|=| —|#7n| — |—|— |27
4 |2 4 4 2 4
Y| =cosx 1107|10(-07|-1{-07| 0 | 0.7 | 1
Yy =sin2x 0|1 |0 -11]0 1 0 -110
y=cosx+sin2x [ 1170 |-1.7|-1] 03 | 0 |-03| 1

cos x + sin 2x
= sin 2x

/

/|

@, 1)

g
A

y.

X

H
1°

y=cosx

i
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

67. Select several values of x over the interval.

X 0 1 1 3 2 > 3 7 4
2 2 2 2
Y| =sinzx O 1 (0] -1 ]0 I [0 -1 |0

y2=cosgx 1107]0]-07[-1]-07]0] 07 |1

y=siniz'x+cos%x 1[17]0]-17|=1] 03 [0]-03]1

y = sin 7x + cos Ty

2
Y4 | y=sinmx
=S G,0)
/ I
0, 1) / 4,1)
i iz [
O N
1,0) ]
(’{i 2\ -y =cos Ly
= 2,-1

68. Select several values of x over the interval.

X 0

SN —
(=3 I SN OS]

Y] =COSTX 1

y2=sin§x 0/07]1]07]0[-07|-1]-07]0

y=c057rx+sin§x 1{07(0107|1]-07|-2]-0.7]1

(0, D 41

1,0)7 B

- y = cos mx + sin Zx

y = cos n'xl 3,-2) 2
5.2
272

69. Using y = Acos Bx the amplitude is 3 and A =3, The period is 4z and thus

4

2r 27 1

- period CAr 2
y = Acos Bx

=3cos—x
7 2
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Section 2.1 Graphs of Sine and Cosine Functions

Using y = Asin Bx the amplitude is 3 and 4 =3, The 76. (3,_,, 0)
period is 4 and thus yp\4
TR 37 3
_ 2r _ 21 _ 1 P ’, s 2’
period 4zm 2 0, I
y = Asin Bx 20 x
!
y=3sin—x 5
2 y= |3 cos 2x
3
Using y = Asin Bx the amplitude is 2 and 4=-2,
The period is 7z and thus 77. Y
T TTT 1]
po 2w _2m_, (0, 0) T (1,001
period 7 ==l x
y = Asin Bx
y=-2sin2x “(1, —3>
2
Using y = Acos Bx the amplitude is 2 and 4=-2, y = —|3sin mx|
The period is 47 and thus
2r 2« 78. Y
B = - =—= 2 Z.J
period 7
y = Acos Bx 0, 0) 2,0) ]
y=-2co0s2x \ 1/ 34 x
. . o > a1, -2) "
Using y = Asin Bx the amplitude is 2 and 4 =2, The =i 2d P )x
- .
period is 4 and thus y=- |2 sm ==
2r 2r &
B =—=—=—
period 4 2 79. (3_77 2)
y = Asin Bx y h|=f+|g 2’
A4 1] a3
y =2sin (— x) = -
2 (0,0 z \ 2, 0)
7 X
Using y = Acos Bx the amplitude is2 and 4=2, 2 A\ N I
The period is 4 and thus ( @, _2> AR, 0)
2 2 2 f(x) = =2sinx
- period T4 2 g(x) = sin 2x
= AcosB.
d ,),C 80. Yy @Qm,3)
y=2005(—xj ,3) =f+g
2 2 IS
KL g
y (3 4
1B (7, 0 e 3
HPE . 2 o O (32,
(0,2) I ’ 1w, =D
s (&) =2cosx
13 * g(x) = cos 2x
y= |2 cos El
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81.

82.

83.
84.
8s.
86.

87.

88.

89.
90.
91.

96

A \

|
|
,g|
ns
~
I
o

L)

—
()
3
|
[
-

|
T, —1) G
f(x) =sinx
g(x) = cos 2x

(& E

I fr @, 1)
5 I

\ /
7 /] X
n / "I =8
a (77, = 1)
f(x) = cosx
g(x) = sin 2x

The period of the physical cycle is 33 days.
The period of the emotional cycle is 28 days.
The period of the intellectual cycle is 23 days.

In the month of February, the physical cycle is at a
minimum on February 18. Thus, the author should
not run in a marathon on February 18.

In the month of March, March 21 would be the best
day to meet an on-line friend for the first time,
because the emotional cycle is at a maximum.

In the month of February, the intellectual cycle is at a
maximum on February 11. Thus, the author should
begin writing the on February 11.

Answers may vary.

Answers may vary.

The information gives the five key point of the graph.

(0, 14) corresponds to June,

(3, 12) corresponds to September,

(6, 10) corresponds to December,

(9, 12) corresponds to March,

(12, 14) corresponds to June

By connecting the five key points with a smooth
curve we graph the information from June of one
year to June of the following year.

y4 (Jun, 14) (Jun, 14)

16 T T T
(Mar, 12)

14

12

10 /

8((Sept, 12) — (Dec, 10) 1

6t

JJASONDJ FMAMJ ¥

92,

93.

The information gives the five key points of the graph.
(0, 23) corresponds to Noon,

(3, 38) corresponds to 3 P.M.,

(6, 53) corresponds to 6 P.M.,

(9, 38) corresponds to 9 P.M.,

(12, 23) corresponds to Midnight.

By connecting the five key points with a smooth curve
we graph information from noon to midnight. Extend
the graph one cycle to the right to graph the information
for 0 <x <24,

y (3,138) (s, 38)
6,53)__ |
18,53
s i
] ] -
§ BLAEATRCL3Y)
8 53¢t 938) (24,23)
] (12, 23)
g (0, 23) 4
[ 11 I 11

6 12 18 24x
Hours after noon

The function y =3sin % (x—=79)+12 is of the form

y=dsinBl x-S |+D with4=3and B=2Z .
B 365
a. The amplitudeis | 4 |=|3|=3.
b.  The period is 2—ﬂ-=2—”= ﬂ'ﬁ=365.
B 3% 2z

c.  The longest day of the year will have the most
hours of daylight. This occurs when the sine
function equals 1.

. 2
=3sin—(x—=79)+12
y 365 (x=79)
y=31)+12
y=15
There will be 15 hours of daylight.

d.  The shortest day of the year will have the least
hours of daylight. This occurs when the sine
function equals —1.

. 2z
=3sin—-(x—79)+12
y 365 (x=79)
y=3(-D)+12
y=9
There will be 9 hours of daylight.

e.  The amplitude is 3. The period is 365. The
phase shift is % =79 . The quarter-period is

% =91.25. The cycle begins at x = 79. Add

quarter-periods to find the x-values of the key
points.

Copyright © 2018 Pearson Education, Inc.



94.

x=79
x=79+91.25=170.25
x=170.25+91.25=261.5
x=261.5+91.25=352.75
x=352.75+91.25=444

Because we are graphing for 0 < x <365, we
will evaluate the function for the first four x-
values along with x = 0 and x = 365. Using a
calculator we have the following points.
(0,9.1) (79, 12) (170.25, 15)

(261.5, 12) (352.75,9) (365,9.1)

By connecting the points with a smooth curve
we obtain one period of the graph, starting on

January 1.

g v

Z 16k, 9.1y, 170 115)‘\7}

& M/ N (353,9)

s 2/ NC

gz 107 N

ER (365,9.1)
=0 73 146219 292 365 ¥

Day of the year
The function y =16sin (%x - %j +40 is in the
form y = Asin(Bx—C)+D with A= 16, B =%,

and C:%[.Theamplitudeis | 4|=]16|=16.The

period is 7 _2r_ 27[-E =12 . The phase shift is
B % T
2
£=i=2—-£=4.Thequarter-periodis 2=3.
B % 3 4

The cycle begins at x = 4. Add quarter-periods to find
the x-values for the key points.

x=4
x=4+3=7
x=7+3=10
x=10+3=13
x=13+3=16

Because we are graphing for 1< x <12, we will
evaluate the function for the three x-values between 1
and 12, along with x =1 and x = 12. Using a
calculator we have the following points.

(1,24) (4,40) (7,56) (10,40) (12, 26.1)

By connecting the points with a smooth curve we
obtain the graph for 1< x<12.

95.

96.

Section 2.1 Graphs of Sine and Cosine Functions

y
60 (7, 56)
56
52 -/ \
48
44
40
36
32
28/
248711, 24)

12345678910112x

Month of year

™~
>

S~
=

Average temperature

-

(12, 26.1)

The highest average monthly temperature is 56° in
July.

Because the depth of the water ranges from a
minimum of 6 feet to a maximum of 12 feet, the
curve oscillates about the middle value, 9 feet. Thus,
D =9. The maximum depth of the water is 3 feet
above 9 feet. Thus, 4 = 3. The graph shows that one
complete cycle occurs in 12-0, or 12 hours. The
period is 12.

Thus,
12=2%
B
12B=2rx
_n_*
12 6

Substitute these values into y = Acos Bx+ D . The

depth of the water is modeled by y =3 cos%+ 9.

Because the depth of the water ranges from a
minimum of 3 feet to a maximum of 5 feet, the curve
oscillates about the middle value, 4 feet. Thus, D = 4.
The maximum depth of the water is 1 foot above 4
feet. Thus, 4 = 1. The graph shows that one complete
cycle occurs in 12-0, or 12 hours. The period is 12.
Thus,

=27
B
12B=2x
_r_7
12 6

Substitute these values into y = Acos Bx+ D . The

depth of the water is modeled by y = cos% +4.

97.-110. Answers may vary.
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

111. The function y =3sin(2x+7) =3sin(2x—(-7x)) is of We choose —10<x<30,and —-1< y <1 for our
the form y = Asin(Bx—C) with4=3, B=2, and graph.
e
C =-rx. The amplitude is | 4 |=| 3 |=3. The
1
.. 2 2 .
period is ?ﬂ = 77[ = 7. The cycle begins at l
- A, |
ngz—”z—z.Wechoose —ZSxS3—”,and g S 40
B 2 2 2 2
—4 < y<4 for our graph.
NORMAL FLOAT AUTO REAL RADIAN MP n =
4
114. The function y =3sin(2x—m)+5 is of the form
/\ /\ y=Acos(Bx—C)+D with A=3,B=2, C=7, and

! \/ In D=>5. The amplitude is | 4 |=| 3 |=3. The period is
2r  2rmw
—4 n

=— =1 . The cycle begins at x = < =7 Because
B 2 B

D =5, the graph has a vertical shift 5 units upward. We

V4 S
112. The function y =-2 cos(Zﬂ'x —gj is of the form choose 5 sxs 5 and 0< y<10 for our graph.

= Acos(Bs—C) with =2 B=2r .and €=
B - B _2 .

10-
The amplitude is | 4 |=| =2 |=2. The period is [

2—7[=2—7[=1.The cycle begins at
B 2z [
z L
x:E:L:£~L=l.Wechooselesg, z-
B 2n 2 2nm 4 4 4 2,

and -3 < y <3 for our graph.
NORMAL FLOAT AUTO REAL RADIAN MP n 115.

AN N
2R\ —

The graphs appear to be the same from —% to —.

113. The function

y=02 sin[£x+ﬂ'j =0.2sin (1x—(—z)j is of the
10 10

) B (I NORMAL FLOAT AUTO REAL RADIAN MP D

2

form y = Asin(Bx—C) with 4 =02, B= % and

C =-r. The amplitude is | 4 |=] 0.2 |=0.2. The y J Y
o

period is 2 = 2 = 27r~£ =20. The cycle begins
B V3
10
at x = % _ % _ _ﬂ._& —_10. The graphs appear to be the same from r to % .
AL V4

10
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117.

118.

119.

120.

121.

122.

123.

124.

NORMAL FLOAT AUTO REAL RADIAN MP

1]

=

N
SRR

The graph is similar to y =sinx, except the

amplitude is greater and the curve is less smooth.

NORMAL FLOAT AUTO REAL RADIAN MP n

/\

—2x

2

2w

\

The graph is very similar to y =sinx, except not
smooth.

a. see partc.

b. y=22.61sin(0.50x—-2.04)+57.17

127.

c.  graph for parts a and c:

NORMAL FLOAT AUTO REAL RADIAN MP n

85

Answers may vary.
makes sense

does not make sense; Explanations will vary. Sample
explanation: It may be easier to start at the highest
point.

makes sense

makes sense

Copyright © 2018 Pearson Education, Inc.

125.

126.

Section 2.1 Graphs of Sine and Cosine Functions

a. Since A=3 and D =-2, the maximum will
occur at 3—2 =1 and the minimum will occur

at —3—2 =-5. Thus the range is [-5,1]

Viewing rectangle: [—%,23?”,%} by [-5,1,1]

b. Since A=1 and D =-2, the maximum will

occur at 1-2 =-1 and the minimum will occur
at —1—2=-3. Thus the range is [-3,-1]

Viewing rectangle: [—%,%,%} by [—3,—1,1]

A=rx

po_27_ 27 o,
period 1

c_¢_,

B 2r

C=-Ar

y=Acos(Bx—C)
y=mcos(2rx+4r)

or
y =7mcos[27(x+2)]

=sin x—l—lcos2x
Y 2 2

5
2’
= 1) Y 3 1
4’ 2){T% 4’2
ol
0,0 L, 0)
27 x
2
y = sin’x
0ry=%—%c0s2x

99



Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

1 1 4r .. . .
128. y= cos® x = E+ECOS 2x 132. Tﬂ lies in quadrant III. The reference angle is
o = 4r  _4m 3m _ 7w
ks 3 3 3 3
yp\2’ x
©, )T tan—=+/3
1 i / ‘I T |1f (3_1-,’ l) 3
(?’ E)‘“ —=\4 2 Because the tangent is positive in quadrant I11,
72 X b4 4
tan = = +tan—=+/3
2 4 4
y = cos*x x -
0ry=%+%cos2x 133. _5<X+Z<E
T T T T
2 4Tty
129. Answers may vary. 2R b ’x
0 0 0 4 4 4 4
130. a.  cos47 secd47" =cos47 5=1 —3—7[<x<£
cos47 4 4
b. sin?@+cos =1 {x——<x<£} or (_E,ZJ
474
sin? %+ cos? % =1
. 2 7
V4
131. Use the Pythagorean Theorem, ¢ =a®+5%,to 134. % = 74 = 72 =
find b.
a?+b* =c? 135. a. (7. 0)
24 p2 =22 e G 0
b =2 SHI 2, 3)-
1+b° =4 ‘ H
b =3 (=,0) (57, 0)
b=3=3 4] X
Note that side a is opposite 8 and side b is adjacent 0, -3) @, —3)
to 6. H .
ite 1 y = =3 cos—
sing = PPOSTC 2
hyp(')tenuse 2 b.  The reciprocal function is undefined.
cosg — Adiacent ﬁ

hypotenuse 2
_ opposite 1

b=

tan @

adjacent 3
csch = hypoten.use _ 2
opposite 1
hypotenuse 2 23
secd=—"""—"—=—+=
adjacent 3 3
cot = adJace.nt :ﬁ _
opposite 1

Il
N W
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Section 2.2 Graphs of Other Trigonometric Functions

Section 2.2 .
y =tan [x - %] from 0 to 7. Continue the pattern

Check Point E i . .
eck Toint Exerases and extend the graph another full period to the right.

1.  Solve the equations 2x = —% and 2x=
V4
x=—= x=

. T
Thus, two consecutive asymptotes occur at x = —Z

T o .
and x = T Midway between these asymptotes is

x = 0. An x-intercept is 0 and the graph passes
through (0, 0). Because the coefficient of the tangent
is 3, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of
-3 and 3. Use the two asymptotes, the x-intercept,
and the points midway between to graph one period

of y=3tan2x from —% to % . In order to graph for

V4 3z .
. <x< 7 Continue the pattern and extend the

graph another full period to the right.

o (&9

O, 0y
s TFHERPFET X
41]
|
e
8 y =3 tan 2x
Solve the equations
T T T T
X—==-= and x——==
2 2 2
T 7 T T
= X=—+—
2 2 2 2
x=0 X=7r

Thus, two consecutive asymptotes occur at
x=0and x=7x.

. O+7 ~«
x-intercept =———=—
2 2

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the tangent is 1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1
and 1. Use the two consecutive asymptotes,
x=0and x =, to graph one full period of

Xy
s \d

\
\

\
\

13

—

[l
I

T
Z 1 ol
(&) e

y= tan(x— %)

TX

Solve the equations

£x=0 and Zxzfc
2 2

x=0 xX=

SRS

x=2
Two consecutive asymptotes occur at x =0 and x = 2.
Midway between x =0 and x =2 isx = 1. An x-
intercept is 1 and the graph passes through (1, 0).

Because the coefficient of the cotangent is %, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of —% and %
Use the two consecutive asymptotes, x = 0 and x = 2,
to graph one full period of y = %cot%x . The curve
is repeated along the x-axis one full period as shown.
e
272 2)

1, 0)—=

b4

1)
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

4. The x-intercepts of y = sin[x +%) correspond to

vertical asymptotes of y = csc [x +%) .

y
T A A A
_1> \[f \
R G e
INE
-z z N R x
S~ (57 )
ST _q
. <4
y=csc(x+z)

5.  Graph the reciprocal cosine function, y =2cos2x.
The equation is of the form y = Acos Bx with A =2
and B =2.
amplitude: | 4 |=]2]=2

2r 2w

eriod: —=—=7x
P B 2

Use quarter-periods, % , to find x-values for the five

key points. Starting with x = 0, the x-values are

,%,%, %r, and 7z . Evaluating the function at each

value of x, the key points are

(0,2), E,O , Z,—Z , 3—”,0 , (m,2) . In order to
4 2 4

graph for —377[ <x< 377[, Use the first four points

and extend the graph —% units to the left. Use the

graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =2sec2x.

vy (0,2)
bl
- 5
N
4
7
_3 4 7 A x
T, -2
FEE (5
y =2sec2x

Concept and Vocabulary Check 2.2

3. (0,2); 0; 2

r3r), m 37
4)4 b b

g

3sin2x

6. y=2cosmx

7. false

8. true

Exercise Set 2.2

1. The graph has an asymptote at x = —%.

The phase shift, %, from z to z 1S —7 units.

Thus, £:£:—7Z'
B 1
C=-rx

The function with C=—-7x is y =tan(x+7x).

2.  The graph has an asymptote at x=0.

.. C . .
The phase shift, rk from % to 0 is —g units. Thus,

c.c_.z
B 1 2
c=-Z

2

ﬂmﬁmamnwmlc:—gisy=m4}+%j.

3.  The graph has an asymptote at x =7 .

ﬂ:£+C
2
c==
2

The function is y = —tan(x —%j .

4. The graph has an asymptote at z .
. . C
There is no phase shift. Thus, = = T° 0
0

The function with C=01is y=—tanx.
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Solve the equations x-_z and 2=Z
4 2
x=[-Za x=|Z1a
2 2
x=-2r x=2r

Thus, two consecutive asymptotes occur at x =27

and x=2rx.

—27+2r 0 _ 0
2 2

An x-intercept is 0 and the graph passes through (0,

0). Because the coefficient of the tangent is 3, the

points on the graph midway between an x-intercept

and the asymptotes have y-coordinates of -3 and 3.

Use the two consecutive asymptotes, x = -2z and

x-intercept =

x =2 , to graph one full period of y =3 tan% from

=27 to 2rx.

Continue the pattern and extend the graph another
full period to the right.

9,

1
(7, 3}

©, O3

(_775 =3)

x T x

—=—— and —=—

4 2 4 2

A
2

x=-2r x=2r

Thus, two consecutive asymptotes occur at x =27
and x=2rx.

. 2r+2zr 0
x-intercept = ——=—=0

2 2
An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is 2, the
points on the graph midway between an
x-intercept and the asymptotes have
y-coordinates of —2 and 2. Use the two consecutive
asymptotes, x =—27 and x=2r,

to graph one full period of y =2 tan% from 27 to

2r.

Section 2.2 Graphs of Other Trigonometric Functions

Continue the pattern and extend the graph another
full period to the right.

y
=
(m,2) hf
(0, 0)
=2af| 27 - x
(== =2
) i 0
y=2mn%
Solve the equations o, — _ 7% 204 2x=%
2 2
_z T
2 2
r r
x=-= x==
4 4

. T
Thus, two consecutive asymptotes occur at x = _Z
T
and x=—.
4

/Ay 0
x-intercept = —+ 4 =~ =

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the tangent is %, the
points on the graph midway between an x-intercept

. 1 1
and the asymptotes have y-coordinates of =3 and 5

. V4
Use the two consecutive asymptotes, x = 1 and

. 1
X = %, to graph one full period of y = Etan 2x from

—% to % . Continue the pattern and extend the graph

another full period to the right.

y
e D
8§’ 2 \'i’
,0)
p 7 B
o _ 1\ EF A
8 2) il
Y A4
_1
y—ztaan
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

8.  Solve the equations graph another full period to the right.
y
2x=-% and 2x=2 T o) [TWRE[TIR
2 2 2 |/
_z T
x=_2 x=l (0,0)3 -
2 2 T \3m | X
- =
T T <2 s = )’ \ \|
XxX=—— X =— Y Y
4 4 1
ju y = —2tan 3%
Thus, two consecutive asymptotes occur at x = 2
10. Solve the equations
V1
=z 1
and x R Sx=-=Z and —x=2=
2 2
T,
x-intercept = —2 4:9:0 x=|-Z]2 =22
2 2 2 2
An x-intercept is 0 and the graph passes through (0, x=—1 =1

0). Because the coefficient of the tangent is 2, the

points on the graph midway between an x-intercept Thus, two consecutive asymptotes occur at x = -7

and the asymptotes have y-coordinates of —2 and 2. and x=7.
P . _—7+x 0 _ 0
Use the two consecutive asymptotes, x = - and x-intercept = 5 o
. An x-intercept is 0 and the graph passes through (0,
x =—, to graph one full period of y=2tan2x from 0). Because the coefficient of the tangent is —3, the
4 points on the graph midway between an x-intercept
T and the asymptotes have
4 4 y-coordinates of 3 and —3. Use the two consecutive
Continue the pattern and extend the graph another asymptotes, x =—z and x = 7, to graph one full
full period to the right. ) 1 )
<7T y period of y =-3 tanzx from -7 to 7. Continue the
z 2>
8 EH-— pattern and extend the graph another full period to the
. 0) right.
Ja B x ¥
T 27 T
52 53k
Yy
y =2tan2x (0, 0) 1N
3 X
\ d \J U
9. Solve the equations (%, —3>-~ |
1 V.4 1 V4
Exz—z and Ex=— y=—3tan%x
x= (—ZJ 2 X = Ej 2
2 2 11. Solve the equations
X=-7 X=7 x x
Thus, two consecutive asymptotes occur at x = —7 X-—7m= Y and x-7= 5
and x=r. V3 V3
x=—=+rx x==+rx
. -r+7x 0 2
x-intercept = =—=0 T 37
2 2 X =— X =—
2 2

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the tangent is —2, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 2 and —2. T
Use the two consecutive asymptotes, x =—z and and x = 5

. T
Thus, two consecutive asymptotes occur at x = 5

ar
4

. 1
x =1, to graph one full period of y=-2tan—x ) % +
2 x-intercept = =

\S) |I\J‘§
N

from —7z to 7. Continue the pattern and extend the
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12.

An x-intercept is z and the graph passes through
(7, 0). Because the coefficient of the tangent is 1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1

and 1. Use the two consecutive asymptotes, x =%
KY/4 .
and x = > to graph one full period of

y=tan(x—7) from % to 37” Continue the pattern

and extend the graph another full period to the right.

(5
4

=
PN L
(7, 0) -
<3ﬂ' _1>——_ iy 2y | X
4 |
=230 o
y=tan (x — m)

V4 V4 T T
X——=—— and x——=—
4 2 2
2r 2r
X=——+4— =4
4 4 4 4
T kY4
X=—— xX=—
4 4

. V4
Thus, two consecutive asymptotes occur at x = 2

and x=3—ﬂ-.
4

n 3m 2x

_7+7 -

x-intercept= — 44 _ 4 _ 7

2 2 4

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the tangent is 1,

the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1

and 1. Use the two consecutive asymptotes, x = —%
KY/4 .
and x = ik to graph one full period of

y:tan[x—%j fromOto 7.

Section 2.2 Graphs of Other Trigonometric Functions

Continue the pattern and extend the graph another
full period to the right.

T
©, —) I ,(Z’ 0)

There is no phase shift. Thus,
<
1

C_Cy
B

Cc=0
Because the points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of
—1 and 1, 4 =—1. The function with C=0and 4 =-1
is y=—cotx.

The graph has an asymptote at % . The phase shift,

g, from 0 to z is z units.
B 2 2

Thus, gzczg

B 1
c==~
2

The function with C :g is y= —cot(x —%j .

The graph has an asymptote at —% . The phase shift,

g, from 0 to z is _z units. Thus, £:E: _r
B 2 2 B 1

c=-=
2

The function with C = —% is y= cot(x +%) .

The graph has an asymptote at —z . The phase shift,
%, from 0 to —z is — units.

Thus, < = < =-7
B 1
C=-rx
The function with C=—-7 is y =cot(x+ 7).
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

17. Solve the equations x =0 and x =7 . Two

18.

106

consecutive asymptotes occur at x=0and x=7.

. 0O+7 ~«
x-intercept =———=—
2 2

An x-intercept is % and the graph passes through

(%, O] . Because the coefficient of the cotangent is

2, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of 2
and —2. Use the two consecutive asymptotes, x = 0
and x = , to graph one full period of y =2cotx.
The curve is repeated along the x-axis one full period
as shown.

. (59)

/

o % \
s \ \
4 ) —— /

T | AT X
\ \
| |
o Y Y
y =2cotx (3 2
-
4

Solve the equations

x=0 and x=7x

Two consecutive asymptotes occur at x =0
and x =71 .

. O+7 «
x-intercept = —— =—

2
An x-intercept is % and the graph passes through
(%, O] . Because the coefficient of the cotangent is
1 . .
> the points on the graph midway between an x-
. . 1
intercept and the asymptotes have y-coordinates of 5

1 .
and 5 Use the two consecutive asymptotes, x =0

and x =7, to graph one full period of y = %cotx .

19.

The curve is repeated along the x-axis one full period
as shown.

27 X
1 \ AR (3_77 — l)
o \ \ 4 ’ 2
=1
y= 3 cotx
Solve the equations 2x=0 and 2x=rx
x=0 o
2
Two consecutive asymptotes occur at x = 0 and
/4
xX=—.
2
o+ Z .
x-intercept = 2-2_2
2 2 4

An x-intercept is % and the graph passes through

(%, O] . Because the coefficient of the cotangent is

1 . .

5 the points on the graph midway between an x-

. . 1

intercept and the asymptotes have y-coordinates of —
2

1 .
and 5 Use the two consecutive asymptotes, x = 0

and x = %, to graph one full period of y = %cot 2x.

The curve is repeated along the x-axis one full period
as shown.

y
(E l) 4
’ T
82500
A(HA}
ks
—,0>“. H B2 X
s AT
]
3w L ;
8’ 2 y =5 cot 2x
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20. Solve the equations 2x =0 and

21.

2x =
x=0

oNN

X

. V4
Two consecutive asymptotes occur at x =0 and x = R

V.4
x-intercept = 5 z =

T
2_7
2 4

An x-intercept is % and the graph passes through

(%, 0] . Because the coefficient of the cotangent is 2,

the points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 2 and —2. Use

. V4
the two consecutive asymptotes, x =0 and x = EX to

graph one full period of y =2cot2x. The curve is
repeated along the x-axis one full period as shown.

y
T
Fo)

.~
INE
=
|
|
)
1)
=

2 ||
R
3T ) 5
5

y =2cot2x
Solve the equations Zy—0  and Lx=rx
2
x=0 T
xX=—
T
2
x=2

Two consecutive asymptotes occur at x =0 and x = 2.

. 0+2 2
x-intercept = ——=—=1

2 2

An x-intercept is 1 and the graph passes through (1, 0).
Because the coefficient of the cotangent is —3, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of -3 and 3.
Use the two consecutive asymptotes,
x =0 and x = 2, to graph one full period of

V4 . .
y=-3 cotEx . The curve is repeated along the x-axis

one full period as shown.

22.

23.

Section 2.2 Graphs of Other Trigonometric Functions

Solve the equations % x=0 and % X=7
x=0 T

xX=—

T

4

x=4

Two consecutive asymptotes occur at x =0 and
x=4.
. 0+4 4
x-intercept= ——=—=2
2 2

An x-intercept is 2 and the graph passes through
(2, 0) . Because the coefficient of the cotangent is —

2, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —2
and 2. Use the two consecutive asymptotes, x =0
and x =4, to graph one full period of

y=-2 cot%x . The curve is repeated along the x-

axis one full period as shown.

Tz
SECE]
[
(2,0)
! 10 x©
1, -2)5
S
=y
Sy
y=—2c0t%x
Solve the equations
V4 V4
x+—=0 and x+—=7
2 2
T V4
x=0-— X=r——
2 2
V4 V4
xX=—-— xX=—
2 2

. T
Two consecutive asymptotes occur at x = _E and

x=—.
2

NN

+Z
x-intercept = 2 = g =0

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the cotangent is 3, the
points on the graph midway between an x-intercept

and the asymptotes have y-coordinates of 3 and —3.

. V4
Use the two consecutive asymptotes, x = 5 and

x= %, to graph one full period of y = 3cot[x+§j .
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24.

108

The curve is repeated along the x-axis one full period
as shown.

_m 3 Y
R

0, 0) N\ \

=
1
| o
I
-

Tz 3|
FRNiEE

y=3c0t(x+%)

NES
|
[
=

Solve the equations

x+Z=0 and x+i=rx
4 4
x=0-2 x=n-=
V4 RY/4
X=—— X=—
4 4

. V4
Two consecutive asymptotes occur at x = 2 and

RY/4
x=".
4
x4 3t 2z T
x-intercept = —4 4 =4 =
2 2 4

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the cotangent is

3, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of 3

and —3. Use the two consecutive asymptotes, x = z
4
KY/4 .
and x = R to graph one full period of

y=3cot (x + %] . The curve is repeated along the x-

axis one full period as shown.
Y4 (0,3)

D

25.

26.

27.

. 1.
The x-intercepts of y = 3 sm% corresponds to

. 1 X
vertical asymptotes of y = —ECSCE. Draw the
vertical asymptotes, and use them as a guide to

sketch the graph of y = —%csc%.

=2
—47 Y4 2m 4m <3ﬂ. l)
| ’ 2
(-3
> 2)B = —=gin X
A y 2sm2
= X
.
L 1
2
=L
)

The x-intercepts of y =3sin4x correspond to
vertical asymptotes of y =3csc4x . Draw the vertical

asymptotes, and use them as a guide to sketch the
graph of y=3csc4x.

-

5]

_z s

4 / 2

o A TE Z.\¥ X

<_z,_3>, ¥Ry = 3sin v
P
9
y =3 cscdx 8

. 1
The x-intercepts of y = ECOS 27x corresponds to

. 1
vertical asymptotes of y = Esec 27x . Draw the
vertical asymptotes, and use them as a guide to

sketch the graph of y = %sec 27x.

o
L

sec 2ax

<
I
=
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28. The x-intercepts of y = -3 cos%x correspond to

. V4
vertical asymptotes of y =-3 secEx . Draw the
vertical asymptotes, and use them as a guide to

sketch the graph of y =-3 sec%x .

y
TR iy EpY
_ \[PIRI2, 3)
=23 Ry = =3 cos T
O, =3) LI 2
SR 5] x
\
(~4,-3)7 j? /e
y=-3 sec Ty

2

29.  Graph the reciprocal sine function, y =3sinx . The
equation is of the form y = 4sin Bx with 4 =3 and
B=1.
amplitude: | 4 |=]3|=3

2r 2w

eriod: —=—=21
P B 1

Use quarter-periods, % , to find x-values for the

five key points. Starting with x = 0, the x-values are
0, %, T, 37”, and 27 . Evaluating the function at

each value of x, the key points are (0, 0),
(%7 3)9 (”9 0)3 (377[, _3j, and (27[, O) . Use

these key points to graph y =3sinx from 0 to 2.

Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph
y=3cscx.

y

/O~
[
#/

/

|
N
\

30.

31.

Section 2.2 Graphs of Other Trigonometric Functions

Graph the reciprocal sine function, y =2sinx . The
equation is of the form y = Asin Bx with 4 =2 and
B=1.
amplitude: | 4|=]2]=2

2

period: 2z =—=2r
B 1

Use quarter-periods, % , to find x-values for the five

key points. Starting with x = 0, the x-values are
0, %, T, 37”, and 27 . Evaluating the function at
each value of x, the key points are

(0, 0), (% 2), (7, 0), (37” —2} and (27, 0).

Use these key points to graph y =2sinx from 0 to

27 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y = 2cscx.

y
T 5w
RIS EE i e
T W LY i
2 4
—+7F A N x
<3)_77’_>—::127 L HANSy = 2 sinx
2

T _
y=2cscx 2

. . . 1.
Graph the reciprocal sine function, y = Esm% . The

L . . 1
equation is of the form y = Asin Bx with 4= 5 and

B=1.
2
. 1 1
amplitude: | 4 |=| = [==
2 2
period 2—7[22—”:27[ 2=4r

Use quarter-periods, 7z, to find x-values for the five
key points. Starting with x = 0, the x-values are 0,
7, 27, 37, and 47 . Evaluating the function at each

value of x, the key points are (0, 0),
(7[, %j, (2r, 0), (37[, —%j, and (47, 0) . Use these

. I .
key points to graph y = Esm% from 0 to 4r.
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32.

110

Extend the graph one cycle to the right. Use the graph

to obtain the graph of the reciprocal function. Draw
vertical asymptotes through the x-intercepts, and use

them as guides to graph y = %csc%.
y

S

I~ 4

(377, -%>/ 2,

1
=L X (777’_7>
YT

[\%]
=
1
= w

Graph the reciprocal sine function, y = %sin% . The

equation is of the form y = Asin Bx with 4 =% and

B=1.
4
amplitude: |A|:‘§‘:E
21 2
period: 2—”=2—7Z=27z-4=87z
5]

Use quarter-periods, 27, to find x-values for the five
key points. Starting with x = 0, the x-values are
0, 27z, 4z, 6, and 87 . Evaluating the function at

each value of x, the key points are

(0, 0), (27;, %j (47, 0), (m, —%j and (87, 0).

Use these key points to graph y = %sin% from 0 to
87 . Extend the graph one cycle to the right.
Use the graph to obtain the graph of the reciprocal

function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

—3cscx
TERRy
Y (1017,%
2 S 2\\\1 A 3. x
Ty 2 T L _y =ESan
\ Y 1 o
(677,—%>‘ i M Y v
ST AL 3
TR (1477’_7>
y ==csc+

33. Graph the reciprocal cosine function, y =2cosx .

34.

The equation is of the form y = Acos Bx with 4 =2
and B=1.
amplitude: | 4 |=]2]=2

2r 2w

eriod: —=—=2r1x
P B 1

Use quarter-periods, g , to find x-values for the five

key points. Starting with x = 0, the x-values are 0,

%, T, 37”, 27 . Evaluating the function at each value

of x, the key points are (0, 2), (%, Oj, (z, -2),

(37”, Oj, and (27, 2) . Use these key points to

graph y =2cosx from 0 to 2z . Extend the graph

one cycle to the right. Use the graph to obtain the
graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as
guides to graph y =2secx.

yy Qm2)
s Wl (4m,2)
(0‘,|2)I " \ f—ﬁ‘% y=2cosx
E IRENY =i
(m, —‘2)|/ [y N G —2)
(I
y =2secx

Graph the reciprocal cosine function, y =3cosx.
The equation is of the form y = Acos Bx with 4=3
and B=1.
amplitude: | 4|=|3]=3

2r

period: 2z =—2=2r
B 1

Use quarter-periods, % , to find x-values for the five
key points. Starting with x = 0, the x-values are
0, %, T, 37”, and 27 . Evaluating the function at

each value of x, the key points are

T kY4
(0, 3), [5 Oj, (7, =3), [7 Oj, 2r, 3).
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35.

Use these key points to graph y =3cosx from 0 to
27 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =3secx .

vy @2m,3)

H:ISI MR (4m, 3)
0,31 )‘( ; y=3cosx
MR e x

7
(mr, =3 AN A= (3, -3)
(Bmisin 4 B4
y =3secx

Graph the reciprocal cosine function, y = cos% . The

equation is of the form y = 4cos Bx with 4 =1 and
1

B=—.
3
amplitude: | 4 |=|1]=1
period: 2—7[22—”:2775'3:67[
51

Use quarter-periods, %r = 37” , to find x-values for
the five key points. Starting with x = 0, the x-values

3 9 . .
are 0, 7”, 3, 77[, and 67 . Evaluating the function

at each value of x, the key points are (0, 1), [37”, OJ,
o
Bz, -1), (7, Oj, and (67, 1) . Use these key

points to graph y = cosg from 0 to 67 . Extend the

graph one cycle to the right. Use the graph to obtain
the graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as

guides to graph y = sec%.

y (677', 1
ST (127, 1)
0, 1= " \)*'Lﬂ‘% y= COS§
T ; Ay I'I__;;
Q@Bm, —1) ’/’, \i Y\ (97, —1)
ki
y =sec=

36.

37.

Section 2.2 Graphs of Other Trigonometric Functions

Graph the reciprocal cosine function, y = cos% . The

equation is of the form y = Acos Bx with 4 =1 and
1

B=—.
2
amplitude: | 4| =|1]|=1
period: 2—”=2—ﬂ=27z-2:47r
1

Use quarter-periods, 7, to find x-values for the five
key points. Starting with x = 0, the x-values are
0, 7, 27z, 37, and 4z . Evaluating the function at

each value of x, the key points are
0,1), (7, 0), 27z, -1), (37, 0), and (47, 1).

Use these key points to graph y = cos% from 0 to

4r . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,

and use them as guides to graph y = sec%.

vy @m0

[5 |
[RI |

@m, 1)
[

— \ X
0, DS y =cos=>
b 1% 2

107

X
(6775 _1)

7 Ty

Qm, =17 A

T8

Graph the reciprocal sine function, y =-2sin7zx.
The equation is of the form y = Asin Bx with 4 =-2
and B=r.
amplitude: | 4 |=]| -2 |=2

2w

period: 2z ===
B

Use quarter-periods, % = % , to find

x-values for the five key points. Starting with x =0,
the x-values are 0, %, 1, %, and 2. Evaluating the
function at each value of x, the key points are (0, 0),

(%, —2j, {, 0), (%, 2}, and (2, 0) . Use these key

points to graph y =-2sinzx from 0 to 2. Extend the

graph one cycle to the right. Use the graph to obtain
the graph of the reciprocal function.
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38.

112

Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =-2csczx.

2. ERY s b

—y y = —2sin 7x
L oA ! X
(7’ _2) I I’i‘l \<%’_ >
y =—=2cscax

. . . 1.
Graph the reciprocal sine function, y = —Esm X .

The equation is of the form y = Asin Bx with

A:—l and B=rx.
2

. 1 1
amplitude: |4 |=|-—|=—
plvade: 4] =|- 3|3
period: 2—7[=2—7[=2
B V.4

. 2 1
Use quarter-periods, 2 = 5 to find x-values for the
five key points. Starting with x = 0, the x-values are
0, %, 1, %, and 2 . Evaluating the function at each

value of x, the key points are

1 1 31
(0, 0), (E, —Ej, (1, 0), (5, Ej, and (2, O) .

. 1.
Use these key points to graph y = -3 sinzx from 0

to 2 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,

. 1
and use them as guides to graph y = _ECSC X .

y 7 1
272

y

X

3 1)\? 1
27 2) =
20034

=—?sm17x
1 1\ S (s 1
2’7 2) T2 273

39.

40.

. . . 1
Graph the reciprocal cosine function, y = > COSTTX .

The equation is of the form y = Acos Bx with

A:—l and B=rx.
2

amplitude: | 4 |=‘ L ‘=l
21 2
period: 2—7[=2—7[=2
B

. 2 1
Use quarter-periods, 2 = 5 to find x-values for the
five key points. Starting with x = 0, the x-values are

3

0, %, 1, > and 2. Evaluating the function at each

value of x, the key points are [0, —%j,

[l, OJ, (1, l}, (E, OJ, [2, —l) Use these key
2 2 2 2

. 1
points to graph y = —Ecos zx from 0 to 2. Extend

the graph one cycle to the right. Use the graph to
obtain the graph of the reciprocal function. Draw
vertical asymptotes through the

x-intercepts, and use them as guides to graph

1
=——secmx.
7 2

£ 2
1 i
(15 E>\\ s y = —=C0S 7TX
1l ‘5 > ¥ 1
- [+-3)
5_7 2

e (73]
y = =5 secax 2

. . . 3
Graph the reciprocal cosine function, y = > COSTTX .

The equation is of the form y = 4Acos Bx with
A= _3 and B=r.
2
amplitude: | 4|=|-=|= 3
2

period: 2z = 2z =2
B
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41.

Use quarter-periods, % = % , to find x-values for the
five key points. Starting with x = 0, the x-values are
0, %, 1, %, and 2. Evaluating the function at each
value of x, the key points are
DG

Use these key points to graph y = —%cos zx from 0

to 2 . Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,

. 3
and use them as guides to graph y = —Esec X .

y 3
J -3
3

Graph the reciprocal sine function, y =sin(x—7x).
The equation is of the form y = Asin(Bx—C) with 4
=1l,andB=1,and C=r.
amplitude: | 4 |=|1]=1

2

period: 2z =—2=2r
B 1

phase shift: < Ly
B 1

. 2
Use quarter-periods, Tﬂ = % , to find
x-values for the five key points. Starting with x =7,
the x-values are 7, 37”, 2, 577[, and 37 .

Evaluating the function at each value of x, the key

points are (7, 0), (37”, 1], 2x, 0),

(57”, —1], (37, 0) . Use these key points to graph

y=sin(x—) from 7z to 3z . Extend the graph one

cycle to the right. Use the graph to obtain the graph
of the reciprocal function.

Section 2.2 Graphs of Other Trigonometric Functions

Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =csc(x—7).

: 7

T I
(3777, ) 2\ \El \I; y =sin(x —m)
5 V|

S LI
(”',—1) 5] (AR HE A} <9_ﬂ' _1>
2 2 0

Graph the reciprocal sine function, y = sin(x —%} .
The equation is of the form y = 4sin(Bx—C) with
A=1, B=1,and C:%.

amplitude: | 4| =|1]|=1

period: 2z = 2z =2z
B 1

phase shift: < = z
B 2

Use quarter-periods, % , to find x-values for the five

. . . b4
key points. Starting with x = > the x-values are

%, T, 37”, 27, and 57” Evaluating the function at

each value of x, the key points are

(% oj, (.1), [37” oj, (27, -1), and (57” oj.

Use these key points to graph y = sin(x —%} from

% to 57” . Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

=cse| x-Z
y 5

y

2 llil l\il PR ”')
Ly =sin(x — =

(m, 1) ::;Uw___‘*;,,ﬁ _: 2
-7 AN Sy
Q2m, —1)"’5— T\ ’I‘\‘(477, -1)
|
y= csc(x - 7)
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43. Graph the reciprocal cosine function,
y=2cos(x+ ). The equation is of the form
y=Acos(Bx+C) with4=2,B=1,and C=-x.
amplitude: | 4|=]2]=2
2r 2w

eriod: — =—"—=2r1x
P B 1

phase shift: ¢ =z -
B 1

. 2
Use quarter-periods, Tﬂ = % , to find x-values for the
five key points. Starting with x = -z, the x-values
are —, —%, 0, %, and 7z . Evaluating the function

at each value of x, the key points are (-7, 2),
(—%, OJ, (0,-2), (%, Oj, and (7, 2) . Use these

key points to graph y =2cos(x+7x) from -z to 7.
Extend the graph one cycle to the right. Use the graph
to obtain the graph of the reciprocal function. Draw
vertical asymptotes through the x-intercepts, and use
them as guides to graph y =2sec(x+ 7).

Yy (@,2)
}{ P { i\ Q3m,2)
LU A E R =2cos (x +m
(.2) \ y ( )
Jn— " — v x
K I_‘l_‘ 7
0, -2~ G -2
N |
|

y=2sec(x +m)

44. Graph the reciprocal cosine function,

y=2 cos(x +%j . The equation is of the form

y=Acos(Bx+C) with 4=2 and B=1, and

c=-Z.
2

amplitude: | 4|=|2]=2

. 2 2
period: iy
B 1

_
2__7
1 2

phase shift: < =
B

Use quarter-periods, % , to find x-values for the five

. . . V1
key points. Starting with x = 5 the x-values are

—Z, 0, z, 7, and 3—”
2 2 2

45.

Evaluating the function at each value of x, the key
points are

(2.2).0.0).(Z.-2) (m0),(L.2).

Use these key points to graph y =2 cos(x +%j from

3 .
—% to 7” Extend the graph one cycle to the right.

Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

T
=2sec| x+—|.
g ( 2]

I
T {l )
-—=,2 | [
<2’>\ /y=2cos<x+%)

LR Ny 477 X

N 55 A2
Z -2 ’7ﬁ AT (22, -2
N 2

/
Iy

TN
ENE
Nl

|

N
] iy
S|
=

—

N
HAN
ey
I
~~—
2253

T
W=
=

L
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47.

48.

49.

50.

51.

o~
|
3
|
p—
-
1
\

(A 1A

o]
r4

y = csc |x|

Section 2.2 Graphs of Other Trigonometric Functions

52. x=—mfx=n x=3x7
i
(‘E’l { l\/l' (727"1>
0,0)-
pemEng 27 x
=|tanLt
y—|tan2x|

53. y=(foh)(x)=f(h(x)) =ZSec(2x—%j

A\l
Al

e ol

54. y=(goh)(x)=g(h(x)= —Ztan(Zx—gj

y /<§’Z>

/

F)

N7
y 2

e
8 —Ztan( 11')

~T%

<}
3

L3

y = 2x — 2

55. Use a graphing utility with y; =tanx and y, =—1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax=2.

St _m 3 Ix

4° 47 4° 4
x=-3.93 -0.79, 2.36, 5.50
56. Use a graphing utility with y; =1/tanx and y, =-1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax=2.
St _x 3w Ir

4° 47 4° 4
x=-3.93 -0.79, 2.36, 5.50
57. Use a graphing utility with y; =1/sinx and y, =1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax=2.
RY/ 2 4

- >

22
x=-4.71, 1.57
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58.

59.

60.

116

Use a graphing utility with y; =1/cosx and y, =1.
For the window use Xmin = -2z, Xmax =27,
Ymin=-2,and Ymax =2.

x=-2x, 0, 27
x=-6.28, 0, 6.28

d =12tan 27zt
a.  Solve the equations
rt=-%  and 2m=Z
2 2
-z T
f=—2 t=-2
2r 2r
1 1
t=—— t=—
4 4
Thus, two consecutive asymptotes occur at
1 1
x=——and x=—.
4 4
1.1
—_L + 4
x-intercept = —4—4 = 0 =0
2 2

An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is
12, the points on the graph midway between an
x-intercept and the asymptotes have y-
coordinates of —12 and 12. Use the two

. 1 1
consecutive asymptotes, x = I and x = 7 to

graph one full period of d =12tan27¢. To

graph on [0, 2], continue the pattern and extend

the graph to 2. (Do not use the left hand side of

the first period of the graph on [0, 2].)

1 3

4 1=7 1= %

d (= l

(l 12> 15 i
,0) 2,0)

t

3 [ Y I 15
2 121 i IR I\ I T
(8 ' ) 15y (8 12

d = 12 tan 277t

=

—

—
—
—

b. The function is undefined for ¢ = 0.25, 0.75,
1.25, and 1.75.
The beam is shining parallel to the wall at these
times.

In a right triangle the angle of elevation is one of the
acute angles, the adjacent leg is the distance d, and
the opposite leg is 2 mi. Use the cotangent function.

d
cotx =—
d=2cotx
Use the equations x=0and x = 7.

61.

Two consecutive asymptotes occur at x =0 and

. . b3
x =7 . Midway between x=0 and x=7 is x:E'

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the cotangent is

2, the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —2
and 2. Use the two consecutive asymptotes, x =0
and x =7 ,to graph y=2cotx for O<x<r.

d

(F2=t

I}

d=2cotx

Use the function that relates the acute angle with the
hypotenuse and the adjacent leg, the secant function.

SECX =—

d =10secx
Graph the reciprocal cosine function, y =10cosx .
The equation is of the form y = Acos Bx with
A=10 and B=1.
amplitude: | 4 |=|10|=10
2r 2w

eriod: —=—=2r1x
P B 1

T V4 T T
For —5 <x< EX use the x-values —E, 0, and — to

find the key points (-% o), (0, 10), and [% oj .
Connect these points with a smooth curve, then draw
vertical asymptotes through the x-intercepts, and use

E

them as guides to graph d =10secx on {—% E]

y=-Z T
2 d x=E
H |
a a
10, 10)
B
d = 10secx

Copyright © 2018 Pearson Education, Inc.



Section 2.2 Graphs of Other Trigonometric Functions

62. Graphs will vary. 78 iod: ToT
. period: ===
Perot B4

ED lg V4
T Graph y=tan4x for 0<x<—.
210 2
=) NORMAL FLOAT AUTO REAL RADIAN' MP n
z 5
2 6
= T 2%
Number of Years
ko
0 _—
63. 1 2
(7’ 10) (% 0)
©,0 Yy 1,0 -
= \[10 I
g AN
£ W’
e : T
; 79. period: —=—
e b 2s B 2
2 —
T il VLV (%, _10> Graph y =cot2x for 0<x<r.
6
64. Graphs will vary.
G :
0, 0) 0 o)
= \15] i
S N
3 2,0 i
s time (sec)
s [ [ [
o= AR I IR
S 15| AF \<E,—1z> -
(3 12) 8 80. period: —=—-=7-2=271
3 - 21
8 2
X
65.—76. Answers may vary. Graph y = COtE for 0<x<4r.
PR A
77. period: —=—=rx-4=4r
B3

Graph y=tan§ for 0<x<8x.

NORMAL FLOAT AUTO REAL RADIAN MP n

1

|
|

-10
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

81. period: Z=£=1 84. period: 2—”:2—”:27r-2=6
B B % T
Graph y = ltan 7x for 0< x<2. Graph the functions for 0 < x < 12
2

NORHMAL FLOAT AUTO REAL RADIAN MP
NORMAL FLOAT AUTO REAL RADIAN MP n
6 >~< >~<

—6

—6

i 2 2
82. Solve the equations 85. period: ;_r_
7rx+1=—% and ﬂx+l=§ B 2 .
P P phase shift: < -6_7
7Z'x=—5—1 ﬂx=3—l B 2 12
. 2 .
-z T_y Thus, we include z <x< ﬂ in our graph, and
= o - ‘= o 1 12
T T b4
h f <x<—.
Cr-2 T2 graph for 0 < x 3

o o
x =-0.82 x=0.18 i
period: 7 "< R Riﬂ
B i 2
Thus, we include —0.82 < x <1.18 in our graph of \
y= %tan(ﬂ'x+l) , and graph for -0.85<x<1.2. /

j J J } } 86. period: 2—”:2—” 2
B

V4
phase shift: £ izf.l:l
B 7 671 6
Thus, we include %S x< % in our graph, and graph
83. period:%:zT”:ZﬂQ:M[ for OSxS%.

2

. NORMAL FLOAT AUTO REAL RADIAN MP
Graph e funcions o 0< <. e |

s N v
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87.

88.

89.

90.

91.

92.

93.

NORMAL FLOAT AUTO REAL RADIAN/ MP

!

|

310: ; 3 A
30 48

The graph shows that carbon dioxide concentration
rises and falls each year, but over all the
concentration increased from 1990 to 2008.

1
y=sin—
X

NORMAL FLOAT AUTO REAL RADIAN MP n

1.2

—1.2

The graph is oscillating between 1 and —1.
The oscillation is faster as x gets closer to 0.
Explanations may vary.

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: To obtain a cosecant graph,
you can use a sine graph.

does not make sense; Explanations will vary.
Sample explanation: To model a cyclical
temperature, use sine or cosine.

The graph has the shape of a cotangent function with
consecutive asymptotes at

x=0and x:z—”.Theperiodis 2—”—O=2—”.Thus,
3 3 3
z_2
B 3
2rB=3rxw
p=r_3
2r 2

The points on the graph midway between an
x-intercept and the asymptotes have y-coordinates of

94.

9s.

96.

97.

Section 2.2 Graphs of Other Trigonometric Functions

1 and —1. Thus, 4 = 1. There is no phase shift. Thus,

C = 0. An equation for this graph is y = cot%x .

The graph has the shape of a secant function.
The reciprocal function has amplitude | 4|=1. The

period is 8—”.Thus, 2z _3n
B 3
8nB=6r

p=7_3

8z 4

There is no phase shift. Thus, C =0. An equation for

the reciprocal function is y = cos%x . Thus, an
. . . 3
equation for this graph is y = seczx .

The range shows that 4=2.
Since the period is 37, the coefficient of x is given

by B where % =3z

2_”:37'[

B
3B =2rx
2

Thus, y = 2CSC%

The range shows that 4 =r.
Since the period is 2, the coefficient of x is given by

B where 2—” =2
B

2z _,
B

2B=2x
B=rx

Thus, y=mcsczx

a.  Since A=1, the range is (—oo,—1]U[1,0)

Viewing rectangle: —%,7[,7?”:] by [-3,3,1]

b.  Since A=3, the range is (—eo,—3]U[3,0)

Viewing rectangle: —%,%,1} by [-6,6,1]
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Chapter 2 Graphs of the Trigonometric Functions; Inverse Trigonometric Functions

98. y=2""sinx

27* decreases the amplitude as x gets larger.
Examples may vary.

99. The formula s =76 can only be used when 8 is
expressed in radians. Thus, we begin by converting

150° to radians. Multiply by 7 radians
180°
1500 = 1500, 7. radians 150 - tians

180° 180

= 2 7z radians
6

Now we can use the formula s =76 to find the
length of the arc. The circle’s radius is 8 inches :
r = 8 inches. The measure of the central angle in

radians is %7[ 10 = %7[ . The length of the arc

intercepted by this central angle is
s=rd

= (8 inches) (% 7[)

= 2077[ inches

=~ 20.94 inches.

100. 25—7[—27r-4=25—”—87r
3 3
_ 25 24r &
3 3 3
101. tan35° =L
120

a =120tan35°
a =120(0.7002) ~ 84 m

102. a.

103. a.

104. a.

|
O
9
o

=

y =sinx, —%st%
yes; Explanations will vary.
The angle is —%.

This is represented by the point (—%, —l]

2
12510, 1)
i
\ oy <E’ 0)
LK 3 X
)
T
125 (7, -1)

y=cosx,0=x=m

yes; Explanations will vary.

The angle is 5?”

This is represented by the point [%,—g]

E

2 2
yes; Explanations will vary.
The angle is —%.

This is represented by the point (—%,—\/5 j
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Mid-Chapter 2 Check Point

1.

The equation y =4sin2x is of the form y = Asin Bx
with 4 =4 and B = 2. Thus, the amplitude is

L. 2 2
| A|=|4|=4.The period is ?ﬂz%zﬂ.The

quarter-period is % . The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key
points and evaluate the function at each value of x.

=4sin2
X Y smex coordinates
4sin(2-0)=4-0
0 0 0,0)
. V4
z 4s1n(2-2)=4-1 (234)
4 —4 4

SIS
n
@,
=
N\
[\
SIS
N—
1l
i
()
N\
S
(@)
N—

=0
3z
4sin(2 —j =4(-1)
3z 4 (3_7[’_4)
4 -4 4
x 4sin(2-7)=4-0 (7., 0)

=0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

54

o
(0, 0)-f/--1\ (7, 0)
X
(z.0]
’ — (3
——:"\I LI |/ (Tﬁ’_“)

y = 4sin 2x

Mid-Chapter 2 Check Point

. 1 .
The equation y = Ecos%x is of the form

y = Acos Bx with 4 :% and B= % The amplitude

2r
y4
3

. 1 1 L
1s|A|=‘—‘=—.Theperlodlsz—”= =6.The
2 2 B

. .. 6 3 .
quarter-period is 7 = 7 Add quarter-periods to

generate x-values for the key points and evaluate the
function at each value of x.

1 V4
X yZECOSEX

coordinates

| W
N |

o

o

w2

w |y
VR
0o | W
N—
1l

N | —
—_~
SN—
Il

o
N\
| W
o
Ne—

0| o
N | —
(e}

)

[2]
N\
w|N
0 o
Ne—
Il

N | —
—_~
S—"
Il

o
/N
NN}

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

1.25 A

SN

/.

3 mm|
(2"})—12 (s _l:::<2’0)
U2
=L =
y=5coszx
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122

The equation y = 3sin(x — ) is of the form
y=Asin(Bx—C) with4=3,B=1,and C=r. The

amplitude is | 4 |=| 3 |=3. The period is

2r 2w
B

=T =27 . The phase shift is %

%=7I.The

L2 .
quarter-period is Tﬂ = % . The cycle begins at x = 7.

Add quarter-periods to generate x-values for the key
points and evaluate the function at each value of x.

x y =3sin(x - 7) coordinates
3sin(z— ) = 3sin(0)
z =3.0 (7.0)
=0
3sin (3—”— ﬂ'j = 3sin(£j
3z 2 2 (3—” 3)
2 =3-1 2
=3
3sin(27 - 7r) = 3sin(7)
27 =3.0 (27, 0)
=0
3sin(5—” - ﬂ') = 3sin(3—”)
g ) e
2 = 3(-1) 2
=-3
3sin (37— ) = 3sin(27)
37 =3.0 (37, 0)
=0

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

(%)
y
SHHHHH
(9) (3w, 0)
—f X
-5} 0) (57”"3>

y =3sin(x — )

The equation y =2cos (Zx - %j is of the form
y = Acos(Bx—C) with 4 =2, and B=2, and
C=%.Thus,theamplitudeis | A]=|2|=2.The

.. 2 2 o
period is ?ﬂ = 7” = 7. The phase shift is

C_4_=x
.

B 2
.. T . V4
The quarter-period is e The cycle begins at x = e

Add quarter-periods to generate x-values for the key
points and evaluate the function at each value of x.

X coordinates

B

o[y

Connect the five points with a smooth curve and
graph one complete cycle of the given function

@ <%,°>/<%, )

y

5
Sar
Sm _p
R
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5.

The graph of y =cos2x +1 is the graph of y =cos2x shifted one unit upward. The amplitude for both functions is

| 1|=1. The period for both functions is 2—2” = 7. The quarter-period is % . The cycle begins at x = 0. Add quarter-

periods to generate x-values for the key points and evaluate the function at each value of x.

x y=cos2x+1 coordinates

y=cos(2~0)+1=2 0,2)

y=cos(2-£)+l=l (ﬁ,l)

4 4

y=cos(2-£ +1=0 1,0)
2 2

y=cos(2-3—ﬂ-)+1=1 (3—”,1)
4 4

y=cos(2~7r)+l=2 (m,2)

(=]

SN IS E RPN

By connecting the points with a smooth curve we obtain one period of the graph.

y

[ l/"’ 1) H
0,2) ¢ 47" ) (m,2

T X
N (%,0\.
y=cos2x +1
Select several values of x over the interval.
| x| 37 St |3m | I
X Ol —|—| — | 7| — |—| — |27
4 12 4 4 2 4
¥, =2sinx 0|14 2|14 |0 |-14]|-2]|-14
Y, =2c08X 211410 |-14|-2|-14| 0 | 14
y=2sinx+2cosx |2 |2.8| 2 0 |-2|-28|-=2 0 2
y=2sinx + 2cosx
g 3
z 2\ (20
y /(2 )(4 )
| @m,2)
0,2 (7_17,())
y = 2 sin x = 5\ 4
- \\ 4,.,.x
y=2cosx- -

T8 1(er, —2) 1 <3n )

Solve the equations

b4 T T 7
—Xx=—-—= and —x=—
2 4 2

Thus, two consecutive asymptotes occur at x =—2 and x=2.
-2+2 0
= —= O
2

x-intercept =

Copyright © 2018 Pearson Education, Inc.
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124

An x-intercept is 0 and the graph passes through (0, 0).
Because the coefficient of the tangent is 2, the points
on the graph midway between an x-intercept and the
asymptotes have y-coordinates of —2 and 2. Use the
two consecutive asymptotes, x =—2 and x =2, to

graph one full period of y = 2tan%x from -2 to 2.

Continue the pattern and extend the graph another full
period to the right.

¥=2y x=2x=6

15 5,2)
1,251/ / |
(0, 0) L, 0)
| T x
1, -2 e -2
[ o ]

y=2tan%x

Solve the equations 2x=0 and 2x=7x

x=0 T
xX=—

2

. 4
Two consecutive asymptotes occur at x =0 and x = 5 .

T 4
x-intercept = 2_2_
2 2

&N

An x-intercept is % and the graph passes through

(%, 0) . Because the coefficient of the cotangent is 4,

the points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 4 and —4. Use

. V4
the two consecutive asymptotes, x =0 and x = 2 to

graph one full period of y =4cot2x . The curve is

repeated along the x-axis one full period as shown.
w

X == Sw
y 2x=ﬂ' <?’4>

FoR (.0

Ta

N
ENE]
=

|
{
=
=
)
f
=

8 y =4 cot2x 8

Graph the reciprocal cosine function, y =—-2coszx.
The equation is of the form y = Acos Bx with
A=-2 and B=r.
amplitude: | 4|=|-2|=2
2

T_,

. 2w
eriod: —=—
P B T

10.

. 2 1
Use quarter-periods, 1 = > to find x-values for the

five key points. Starting with x = 0, the x-values are

0, %, 1, %, and 2 . Evaluating the function at each

value of x, the key points are

1 3
0,-2),|=,01{,(L2),|=,01,(2,-2).
0.-2)[3.0}. 0.2, (3.0} 2-2)

Use these key points to graph y =—-2coszx from 0

to 2. Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =—-2sec7x .

v=2
2
xX= l X= i
2 T2 -
y /x = ?
\ L] ]
1,2)+—=—
2 =3,2)
@, -2)-= %
0, -2) HHHHHH @, —2)
y = —2secmx

Graph the reciprocal sine function, y =3sin27zx . The
equation is of the form y = Asin Bx with 4 =3 and
B=2r.
amplitude: |A | = |3| =3

2r

.2
period: Z_Z
B 2z

. 1
Use quarter-periods, 7 to find x-values for the five key

. . . 11
points. Starting with x = 0, the x-values are 0, 772 %, and

1. Evaluating the function at each value of x, the key

1 1 3
oints are (0, 0),| —, 31|, |=,0],|—,3], and (1, 0).
pe! ()(4)(2)(4)2’“()

Use these key points to graph y =3sin27zx from 0 to 1.

Extend the graph one cycle to the right. Use the graph to
obtain the graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as
guides to graph y =3csc27zx .

1 =3
x:?x=1x—2
y x=2

—

Ry
G’ _3> Ein ‘;Zl, _3>

[} (I}
24 Y Y|

y =3csc2ax
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Section 2.3 Inverse Trigonometric Functions

Section 2.3

Check Point Exercises

1. Let @=sin"" % , then sin @ =

3

The only angle in the interval —E, % | that satisfies sin@ =" is 2 | Thus, 6= z , or sin”! ﬁ =Z.
22 2 3 3 2 3
2. Let @=sin"' —Q , then sin@ = —Q.
2 2
The only angle in the interval [—%, %} that satisfies cos@ = —g is —% . Thus 8= —% ,or sin”! (—QJ = —%.

3. Let 6=cos! (—%j , then cos@ = —% . The only angle in the interval [0, 7] that satisfies cosé = —% is %[ . Thus,

0=2—”,0r cos”! —l =2—7[.
3 2 3

4. Let 6= tan_l(—l) , then tan @ =—1. The only angle in the interval [—%, %) that satisfies tan@ =-1 is —% . Thus

o9=—£ or tan~! 6’=—z
4 4

5. Scientific Calculator Solution

Function Mode Keystrokes Display
(rounded to four places)

a. COS_l (%j Radian 1 E 35 COS—I 1.2310

b. |tan”'(-35.85)| Radian 35,8557 ][ TAN! ~1.5429

Graphing Calculator Solution

Function Mode Keystrokes Display
(rounded to four places)

a. cos™! (%) Radian cos™! IE 3 1.2310
b. tan~'(-35.85)| Radian TAN™! E| 35.85 ~1.5429

6. a. cos(cos_1 0.7)

x=0.7,xisin [-1,1] so cos(cos_1 0.7)=0.7
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126

b. sin”! (sin )

. . T . .
X =7 ,xisnotin {—3,5} . x is in the domain

of sin x, so sin_l(sin )= sin_l(O) =0

c. cos(cos_1 71')

x=7m,xisnotin[-1,1] so cos(cos_1 ﬂ') is not

defined.

Let @=tan™! (%), then tan@ = % Because tan @ is

positive, @ is in the first quadrant.
¥

r=5
(4.3)

) 3

4 X

Use the Pythagorean Theorem to find 7.
r? =32 +42=9+416=25
r= \/E =5
Use the right triangle to find the exact value.

sin(tan_l Ej g side opposite 6 _ 3
4 hypotenuse 5

. 1
Let 6 =sin"! [—%) , then sin@ = X Because sin 8

is negative, @ is in quadrant IV.
y

Use the Pythagorean Theorem to find x.
X2 4(-1r=22
2+1=4

2 _
X" =

3
x=43
Use values for x and r to find the exact value.

cos {sin_1 [—%ﬂ =cosf = X ﬁ

r 2

9.

_ x
Let 6 =tan 1x, then tan6’=x=T.

Use the Pythagorean Theorem to find the third side, a.

a? =x>+1?
_J.2
a=\Nx"+1
Use the right triangle to write the algebraic expression.
2
_ +1
sec(tan 1x):secﬁz xl =vx? +1

Concept and Vocabulary Check 2.3

10.

St

false
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Exercise Set 2.3

1.

.ol . 1 .
Let @ =sin"" 5 then sin @ = 3 The only angle in

T

the interval {—%, E} that satisfies sin@ =— is

K

1
2
Thus, sz,or sin_llzz.

6 2 6

Let @ =sin"' 0, then sin@=0. The only angle in the

interval [—%, %} that satisfies sin@ =0 is 0. Thus

#=0,0rsin"'0=0.

Let 6 =sin"! % , then sin@ = % . The only angle
in the interval —Z, Z | that satisfies sin 6 = Q is
22 2
Z.Thus sz, or si _IQ:Z.
4 4 2 4
Let 6 =sin"! 73 , then sin@ = g The only angle in

the interval [—%, %} that satisfies sin@ = ? is

Z.Thus 0=£,or sin_1£=£.
3 3 3

Let 6 =sin™! [—%j , then sin@ = —% . The only angle

. . . . 1.
in the interval [—%, %} that satisfies sin@ = 3 is

_z . Thus 8= _z , or sin”! (_lj __r .
6 6 2 6

B3

Let 6= Sin_l (‘?j , then sin@ = —7 .

The only angle in the interval [—E Z} that satisfies

3

sin@=-""is -% Thus g=-=,
2 3 3

. -1 \/g T
or s —_—— ==
2 3

10.

11.

12.

Section 2.3 Inverse Trigonometric Functions

Let 6 =cos™! % , then cos@ = g . The only angle

in the interval [0, 7] that satisfies cos@ = 73 is %
Thus §=—, or cos_lﬁzz.

2 6
Let 6 =cos™! % , then cos@ = g . The only angle
. . . 2 .7
in the interval [0, 7] that satisfies cos@ = - 57

_ 2
Let 8=cos 1{—%}, then cos6=—g. The only

angle in the interval [0, 7] that satisfies

NG

cos@=——1s 3—7[ Thus 49=3—7[,0r
2 4 4

cos™! (—ﬁ] = 3—”

2 4

3

Let 8 =cos ™! (—g} , then cos@ = -

The only angle in the interval [0, 7] that

3

satisfies cos@ =—— is B2 . Thus @ =5—ﬂ- , or
2 6 6

cos”! (—QJ = 57 .

2 6

Let @ =cos™' 0, then cos@=0. The only angle in

the interval [0, 7] that satisfies cos@ =0 is %

Thus sz,or cos_10=£.
2 2

Let @ =cos '1, then cos@=1. The only angle in the
interval [0, 7] that satisfies cos@=1 is 0.

Thus =0, 0r cos '1=0.
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13.

14.

15.

16.

17.

18.

19.

128

. The only angle in the interval (—% %J that satisfies tan @ =

s

B
3

w|&

Let 6 =tan"! ? , then tan@ =

L3
3

is z . Thus
6

V4
6 =—,or tan
6

oy

Let 6=tan"'1, then tan@=1. The only angle in the interval (—%, %] that satisfies tand=1 is % .

Thus H:Z,or tan_llzZ
4 4

Let @ =tan"' 0, then tan@=0. The only angle in the interval [—% %j that satisfies tan@ =0 is 0. Thus =0, or

>

tan"'0=0.

Let 6= tan_l(—l) , then tan @ =—1. The only angle in the interval [—%, %) that satisfies tan8 =-1 is —% . Thus
0= z , or tan”! D= z .

4 4
Let 6 =tan™" (_\/3) , then tan @ = —/3 . The only angle in the interval [—%, %j that satisfies tan@=—/3 is —% .

Thus 6:—% , or tan~! (—\/5) = —%.

\/§ VA VA

Let 6=tan"' (—?j, then tan @ = —?. The only angle in the interval [—% Ej that satisfies tan @ = —? is ——.

’ 6
Thus 9=—£ , or tan™! —ﬁ =—£.
6 3 6

Scientific Calculator Solution
Function Mode Keystrokes (roun de!l)iiptl\?zz places)
sin10.3 Radian 03|SIN! 0.30
Graphing Calculator Solution
Function Mode Keystrokes (roun de!l)iiptl\ilfz places)
sin10.3 Radian SIN™' | 03[ ENTER | 0.30
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20.

21.

22.

23.

Section 2.3 Inverse Trigonometric Functions

Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
sin"10.47 | Radian 0.47| SIN™! 0.49
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
sin'0.47 | Radian SIN"! | 0.47 | ENTER 0.49
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
sin™!(=0.32) | Radian 0324/ || SN -0.33
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
sin"!(~0.32) | Radian SIN! El 0.32[ ENTER ~0.33
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
sin"!(=0.625)| Radian 0.625( 4/ || SIN”! —0.68
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
sin”'(=0.625)| Radian SIN"' | J0.625 ENTER ~0.68
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 é . 1
cos (8j Radian 3 El gEl Cos 1.19
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 é . -1
cos (8j Radian | |COS 3[+]8[) |[ ENTER 1.19
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24.

25.

26.

27.

130

Scientific Calculator Solution

. Display
Function Mode Keystrokes (rounded to two places)
_1(4
cos 1(5) Radian 4E|9|E| cos™ 1.11
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 i . 1
cos (9) Radian cos™ |[(J4[+]o]) | [ ENTER 111
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
Y5 , T
A R 1.2
cos - adian 5 f EI 7 EI COoS 5
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
NG . -
N R. 1.2
cos™! % adian | | COS J_[s[+]7]) | ENTER 5
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 ﬁ i -1
cos 0 Radian 7|y EIlOEl COS 1.30
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 ﬁ - -1
cos 0 Radian COS f 7E|10 ENTER 1.30
Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan"'(=20) | Radian 20[+/ | TAN"! -1.52
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan~'(-20) | Radian TAN™! El 20 [ ENTER ~1.52
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28. Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan"!(-30) | Radian 30[+/ || TAN"! ~1.54
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)

tan"'(=30) | Radian TAN™! |2|3o ENTER ~1.54

29. Scientific Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
tan”' (—v473) | Radian 473 |\ |[ /]| TN -1.52
Graphing Calculator Solution
. Display
Function Mode Keystrokes (rounded to two places)
-1 . -
tan”™' (—473) | Radian | | TAN! [(][=]| V" |473]) | ENTER “152
30. Scientific Calculator Solution
Function Mode Keystrokes Display

(rounded to two places)

tan”! (—M)

Radian 5061/ v || /] TAN"! ~1.56

Graphing Calculator Solution

Display
(rounded to two places)

1
tan” (5061 b tian | [Anc] [([=][Y ]soe1]) ] ENTER ~1.56

Function Mode Keystrokes

31. sin(sin_1 0.9)
x=0.9, x is in [-1, 1], so sin(sin™! 0.9)=0.9

32. cos(cos_1 0.57)
x=0.57, xisin [-1, 1],

) cos(c0571 0.57)=0.57

33. sin_ltsinzj
3
T . T ... &
x=—,xisin|——, —|,so sin” | sin— | =
3 [ 2 2} [ 3)

Wy
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34.

35.

36.

37.

38.

39.

40.

132

-1 [ Zﬂ'j
Cos COS—
3

2 ..
x=—ﬂ,xls in [0, 7],

_1[ Zizj 27
50 cos™ | cos == ===

3
. _1£. 571')
sin sin—-
6

E)

41.

42,

x =%[, X is not in [—% %} , x is in the domain of

. . 1 . 5w . -1
Sin x, SO Sin s1n? =S -

-1 4
cos COS——
3

4 . .
x=7ﬂ-, x is not in [0, 7],

x is in the domain of cosx,

—1( 47[) _1( lj 2w
SO COS COS— [=COS —_ =
3 2

tan(tam_1 125)

S

43.

3

44.

x =125, x is a real number, so tan(tan_1 125) =125

tan(tan_1 380)
x =380, x is a real number,

so tan(tan™! 380) =380

(-5
tan tan| ——
ol
T .. T T
X=——,Xx1sin|——,— |, SO
6 ( 2 2)
-1 T V3
tan tan| —— | |=——
on(-£])--5
(-5
tan tan| ——
EE
V4 .. /2
X=——,Xx1sIn| ——, s
3 2 2)
-1 T
SO tan tan| —— | |=——
(5]

45.

46.

-1 ( 27'[]
tan tan —
3

2 . . Tz
X=—,x1snotmm | ——, —
3 22

j , X is in the domain of

-1 2 -1 V4
tan x, so tan~' | tan == |=tan "} (=/3) ===
(0% ()=

1 ( 37[)
tan tan —
4

Iz . . T T
X=—,x1snotmn|f —, —
4 22

x 1s in the domain of tan x

so tan”! tan3—” = tan_l(—l) =——
4 4

sin”! (sin )
T T

x=x,xisnotin | -—, —
22

|

>

T

x is in the domain of sin x, so

sin”! (sinrz) = sin"'0=0

cos”! (cos2rx)
x=2x, x is not in[0, 7],

x is in the domain of cos x,

SO cos_l(cos 2r) = cos ' 1=0

sin (sin_1 7[)

x =, xisnotin[-1, 1], so sin(sin_1 7[) is not

defined.

COS(COS_l 37)
x =37, x is not in [—1, 1]

SO cos(00571 37) is not defined.
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47. Let =sin"! % , then sin @ =§ . Because sin @ is

positive, @ is in the first quadrant.
¥

r=5X(34)
4

48. Let O=tan"' 7 , then tan @ = l
24 24

Because tan @ is positive, € is in the first quadrant.

49. Let 6=cos™" % , then cosé@ = % . Because cosé is

positive, @ is in the first quadrant.
r=13

(5.12)

12

NS}

x2+y =2
5242 =132
3% =169-25
y? =144
y=12

NN N

tan cos_li =tan6?=1=—
13

Copyright © 2018 Pearson Education, Inc.
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50. Let @=sin"' > then sin@=—-.
13 13

because sin @ is positive, € is in the first quadrant.

r=13
(12,5)
e | i
2
x2+y2 2
x> +57 =132
x> =144
x=12
cot(sin_1 i):cotgzizﬁ
3 y 5

51. Let @=sin"! [—gj , then sin@ = —% . Because sin @

is negative, @ is in quadrant IV.

¥
94 *
3
(4, -3}
r=35
2y =s2
X2 +(-3)* =5
x> =16
x=4
3

52. Let @=sin"' (—%j , then sin @ = —%.

Because sin @ is negative, € is in quadrant ['V.

Y
3
X
[
4
3,4
r=3 &)
2yt =r?
x4 (—4)? =57
x“=9
x=3
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53.

54.

5S.

134

.1 . 1
Let, 6 =cos ! 72 , then cos@ = % . Because cos@ 56. Let 6=sin"' [—Ej, then sin@ = 5
is positive, € is in the first quadrant. Because sin @ is negative, € is in quadrant I'V.
y
\E]
/0 y
1
{(¥3,-1)
r=2
24yt =2
X2 4(-1r=22
x°=3
x=+/3
.- 1 2 2
sin cos_l—2 =Sin6=1=£ sec{sm 1(_5H=56C0=£=T=$
2 r2 * N3
.1 . 1 1 1 1
Let € =sin 5 then sinf = 5 57. Let 8 =cos “3) then cosé = 3 Because
Because sin @ is positive, 8 is in the first quadrant. cos@ is negative, @ is in quadrant II.
y y
r=2 (-1,29) N
(¥3,1)
w3
8 ! .
V&l 19 .
x22+yj=ri W4yt =2
x“+1°=2 (_1)2+y2:32
xz =3 y2 =8
X = \/3 y= \/g
1Y) 0_x_\/§ y=2\2
Ccos| sin 2 cosv = 2 Use the right triangle to find the exact value.
.1 1 . 1 . tan | cos™! [—l) =tanf = P —2\/5 = —Zx/z
Let @ =sin 1 , then sm9=—z. Because sin @ 3 x -1

is negative, @ is in quadrant ['V.
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Section 2.3 Inverse Trigonometric Functions

1 2, .2 _ 2
58. Let 6’=cos_1[—1j,then cos@=——. X +y2 =r
4 4 x2 +( 2) = 22
Because cosé is negative, 6 is in quadrant I1. 2_,
y ro=
=4 =
(1,375 N x=2
. 1 2 r 2
sec|sin™!| == || =secf=—=—"—=2
i
i i 2 2
61. Let =tan"'| -= |, then tanf=—=.
2,.2_ 2 3 3
X +y =r . . . .
2 79 o Because tan @ is negative, € is in quadrant IV.
=D +y =4 T
y? =15 3 x
y= \/E 0 )
tan{cos_1 (——ﬂztan@z%z_ﬂlsz—\/g r=+13
2_.2, 2
rr=x"+y
- 3 2
59. Let 6=cos 1{—£J , then cos@ = —ﬁ . Because r? =37 +(-2)
2 2 2-9+4
cos @ is negative, @ is in quadrant II. 2 =13
y r=+13
Fr=2
(4\5,1) cos| tan 1[_2J :COSH:E:L:@
3 13 13
1
s % 3 3
V3 62. Let 6= tan_l(—zj, then tané?:—z.
24 yz =2 Beca;use tan @ is negative, € isin quadrant IV.
2
(42 4
y2 =1 ] *
y=1 ’
(4$_3)
cs{cos 1(—£]:|=csc0—i=z=2 =5
2 % r=
2 2 2
re=x"+y
.- 2
60. Let 6=sin 1(—%}, then sinez—%. 2 =42 +(_3)2
N , L r2=16+9
Because sin @ is negative, @ is in quadrant IV. w2 =25
3 a r=>5
2 —
G : sin tan™! [—Ej :Sine:zz—3:—§
\f_i 4 r 5 5
(2, —2)
r=2
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63. Let 8 —cos! x then cos@=x=> 65. Let 6 =sin~! 2x, then sin@ = 2x
1 y=2x,r=1
Use the Pythagorean Theorem to find x.
¥+ (2x)? =12
b=AT—. x©=1-4x

x=v1- 4x2
[
cos(sin 1 2x) = V1 — 4x?

Use the Pythagorean Theorem to find the third

side, b. -1
222 66. Let &=cos " 2ux.
A »2 _1 2 Use the Pythagorean Theorem to find the third side,
=iy b.
b=1-x*
Use the right triangle to write the algebraic
expression. 1
5 opp
_ 1-
tan(cos 1x)=tan9= al
X
. 2x
64. Let O=tan"' x,then tan@d=x =T (2x)2 b2 =12
b =1-4x2
b=1-4x2
c=Vxl+ 1 -4 >
* sin(cos_1 Zx) =T -4y
/% ]
1
s .11 . 1
Use the Pythagorean Theorem to find the third side, c. 67. Let @=sin"' —, then sin@=—.
X x
A =x*+1°
c=vx*+1
Use the right triangle to write the algebraic expression.
sin(tan™') =sin @ y 1
X
X2 +1 0
x A el a= =T

Use the Pythagorean Theorem to find the third side,

2 A +12=x°
X a* =x* -1
a=+x*-1
Use the right triangle to write the algebraic
expression.
2
.11 -1
cos| sin™! = | = cos @ = 1=
X X
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68. Let 6=cos’ll, then cost9=l.

x x 72-
X b= — |
/A ]
1
Use the Pythagorean Theorem to find the third
side, b.
2 +b*=x*
br=x* -1
b=+x?-1
Use the right triangle to write the algebraic
expression.
sec(cos_1 l) =secH="=x
x 1
69. cot(tan_1 i] = ﬁ
NEYRE:

><|§‘

70. cot[tan_1 ij =

ND 73.
71. Let =sin"" , then sin6 =
x> +4 x> +4
Vx? 4+ 4 x
a=2
Use the Pythagorean Theorem to find the third side,
a.

2
a® +x* 2( x2 +4)
a?=x*+4-x> =4
a=2
Use the right triangle to write the algebraic

expression.
2
x“+4
J =secl =

[. aox
sec| sin
\/x2+4 2

Copyright © 2018 Pearson Education, Inc.
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x2 -9 x2 -9
Let @ =sin"! , then sin@ = .
X X
* Nt — g
[]
a=173

Use the Pythagorean Theorem to find the third side,
a.

2

a2+( x2—9) = x?
a>=x>-x*+9=9
a=3

Use the right triangle to write the algebraic
expression.

cot| sin™! x2_9 = 3
X \lx2—9
_ 3 .\/x2—9=3\/x2—9
\/x2—9 \/x2—9 x* -9

a.  y=secx is the reciprocal of y =cosx . The x-

values for the key points in the interval [0, 7]

are 0, z, Z, 3—”, and 7. The key points are
4 2 4

.0, (z, QJ, (z, Oj’ (3_” _ﬁ} ind
4 2 2 4 2

(7, —1), Draw a vertical asymptote at x = % .
Now draw our graph from (0, 1) through
(%, \/Ej to o on the left side of the

asymptote. From —eo on the right side of the

asymptote through (37”, -2 ] to (7, -1).

x==
Yy 2
E
I
| I

H(0,1) ¢

L 7 e 37 x

\\_v"

-5 D
y =secx

b.  With this restricted domain, no horizontal line
intersects the graph of y =secx more than

once, so the function is one-to-one and has an
inverse function.
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C.

74. a.

138

Reflecting the graph of the restricted secant
function about the line y = x, we get the graph

of y=sec_1 X.

y
37

(-1, 77)\\2

L=

—

Y =
I}
STE]

a,0)1
I

-1
y=sec «x

Two consecutive asymptotes occur at x =0 and
x =7 . Midway between x =0 and x =7 is
x=0 and x =7 . An x-intercept for the graph

S (%, Oj . The graph goes through the points

(%, 1] and (37”, —1] . Now graph the function

through these points and using the asymptotes.

Y x=m
z 5
(&)

o)
N

—

\
()
S 4

y =cotx

With this restricted domain no horizontal line
intersects the graph of y =cotx more than
once, so the function is one-to-one and has an
inverse function. Reflecting the graph of the
restricted cotangent function about the line y =

x, we get the graph of y = cot ' x.

75. y

7 e (1, 7)

.

11
==31 E)

(-1,0) ( 2
HT x

|
fx) = sin'x + %

domain: [-1, 1];
range: [0, 7]

76. y

77. y

domain: [-2, 0];
range: [0, 7]

78. Yy

T 7
-3

gx) =sint(x + 1)

domain: [-2, 0];

range: [—Z Z}
272

Copyright © 2018 Pearson Education, Inc.



Section 2.3 Inverse Trigonometric Functions

79. y 83. y
T TTTT I_
; (-2,m) L <0 )
1, 3) il 0,0 S 1
( 2 1 e = 2,0
- = -2 2x
i -3
Sfx) =-2 tan_lx gx) = COS_I %
domain: (—co, co); domain: [-2,2];
range: (-7, 71) range: [0, 7]
80. Y 84. y
> 1] »
(_1’ 3%) —— ] _: (0’ 0):_)<2’ ?)
07 0) T == ul >
& 1 L X -2 T 2X
um (1,37 = :
—— < 4) <‘2’_7>
h(x) = -3 tan Ly glx) = sin”~! %
domain: (‘3°°’ °;’); domain: [-2, 2];
range: (—?ﬂ-,g} range: rr
272
81. Yy ) ) 1
. | 85. The inner function, sin™ x, accepts values on the
G.0 interval [—1,1] . Since the inner and outer functions
/X . .
y ann] = are inverses of each other, the domain and range are
F y4 B < ’ _E> as follows.
Y o7 domain: [-1,1]; range: [-11]
Jix) = sin”! (x=-2)— %

86. The inner function, cos ! x, accepts values on the
domain: (1, 3]; interval [—1,1] . Since the inner and outer functions
range: [-7, 0] are inverses of each other, the domain and range are

82 as follows.
’ y <1, %) domain: [-1,1]; range: [-11]

/
/

- 87. The inner function, cos x, accepts values on the

(2,0’ interval (—eo,o<). The outer function returns values
)(;) ,.,) on the interval [0, 7]
: 2 domain: (—co,0); range: [0,7]

fx) = cos ! x=-2)— %
88. The inner function, sinx,accepts values on the
domain: [, 3]; interval (—eo,o0). The outer function returns values

. T
range. {_5’5} on the interval —E,Z
2°2

: Tz
domain: (—oo,%0); range: | -=,=
(—oo,00); Tang [ 5 2}
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89. The inner function, cos x, accepts values on the
interval (—oo,oo) . The outer function returns values

on the interval _E,f
2°2
: T
domain: —oo,00) ; Tange: | ——,—
(—oo,00); Tang [ : 2}

90. The inner function, sin x,accepts values on the

interval (—eo,o0). The outer function returns values
on the interval [0, 7]

domain: (—eo,c0); range: [0,7]

91. The functions sin~' x and cos™' x accept values on
the interval [—1,1]. The sum of these values is always

T

2
domain: [-1,1]; range: {%}

92. The functions sin~' x and cos™' x accept values on

the interval [—1,1] . The difference of these values

T 3z
range from —— to —
2 2

. 7 3rx
domain: [-1,1|; range: |-=,=~—
[-1,1]; rang [ > 2}

93. @=tan"! 2— tan™! §
X X
X 0
5 tan”! 2— tan~! § =~ (.408 radians
5 5
10 tan ! 2— tan ™! i =~ 0.602 radians
10 0
15 | tan”! 2— tan”! i =~ 0.654 radians
15 1
20 | tan”! 2— tan ! i =~ (.645 radians
20 20
25 tan ! E—tan_1 i =~ (0.613 radians
2 25

94. The viewing angle increases rapidly up to about 16
feet, then it decreases less rapidly; about 16 feet;
when x =15, 8 =0.6542 radians; whenx =17,

6 =0.6553 radians.

95. @=2tan"! 21.634 ~1.3157 radians;
1.3157(@j =754°
V1
96. 6=2tan"" 21.634 =~ (.1440 radians;
0.1440(@j ~8.2°
V4

97. tan 'b—tan'a=tan"'2—tan"'0

=~1.1071 square units
"a=tan"1-tan™! (-2)
=~1.8925 square units

98. tan 'h—tan”

99. - 109. Answers may vary.

110. y = sin”! x
y= sinT!x+2

NORMAL FLOAT AUTO REAL RADIAN MP n

The graph of the second equation is the graph of the
first equation shifted up 2 units.

111. The domain of y = cos ! x is the interval
[-1, 1], and the range is the interval [0, 7z]. Because
the second equation is the first equation with 1
subtracted from the variable, we will move our x

max to 7z, and graph in a [—%, T, %} by [0, 4, 1]

viewing rectangle.

NORMAL FLOAT AUTO REAL RADIAN MP n

4

\
AN

2
The graph of the second equation is the graph of the
first equation shifted right 1 unit.

140 Copyright © 2018 Pearson Education, Inc.



Section 2.3 Inverse Trigonometric Functions

. = s

y=-2 tan~ x 3

NORHMAL FLOAT AUTO REAL RADIAN MP n

4 —_—

-10 10 =7 2

. _ .4
It seems sin~ x +cos IX:E for -1<x<1.

The graph of the second equation is the graph of the
first equation reversed and stretched. 116. does not make sense; Explanations will vary.
Sample explanation: The cosine’s inverse is not a

113. The domain of y =sin™' x is the interval function over that interval.

[-1, 1], and the range is | — z ; 7 | Because the 117. does not make sense; Explanatigns wil.l vary.
Sample explanation: Though this restriction works
second equation is the first equation plus 1, and with for tangent, it is not selected simply because it is
2 added to the variable, we will move our y max to 3, easier to remember. Rather the restrictions are based
and move our x min to —7 , and graph in a on which intervals will have inverses.
[ o
-7, =, —| by 118. makes sense
2°2
[-2, 3, 1] viewing rectangle. 119. does not make sense; Explanations will vary.

NORMAL FLOAT AUTO REAL RADIAN MP [ Sample explanation:

i : —1(. 57[) . _1( \/EJ V4

sin” | sin— |[=sin” | ——— |=——

/ 4 2 4
_./ . )

120. y=2sin"'(x=5)
Yol
==sin (x—5
5 (x=5)

Y —x-5

sin—=x—

SIE]

-2

The graph of the second equation is the
graph of the first equation shifted left y=sinZ +5
2 units and up 1 unit. 2

1

114. y=tan x V4
121 2sin'x ==
o
. -1 T
™ sSin x=§
.
X =S8mn—
8

=50 i 50

—

Observations may vary.
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122. Prove: If x > 0, tan”' x+tan”! 1 =%

X
Since x > 0, there is an angle 8 with 0< & <§ as

shown in the figure.
Z-9

2
x
L]
1
tan @ = x and tan [E—Hj =l thus
2 X
tan"! x = @ and tan™! (lj ZE—H SO
x 2
x+tan_ll=9+£—6’=£
X 2

tan~!

123. Let o equal the acute angle in the smaller right

triangle.
8
tana =—
X
18
so tan —=«o
L
tan(ax +6) =—
3 X
sotan ' =g +0
X
6’=0H—6’—0{=tan_lﬁ—tan_1§
X X

124. Because the tangent is negative and the cosine is
negative, 6 lies in quadrant II. In quadrant I, x is
negative and y is positive. Thus,

2 2

tan@=-——=2="2

x -3
x=-3,y=2
Furthermore,

rex? 3% =y(=32 +22 =914 =413

Now that we know x, y, and r, we can find
sin @ and sec@ .

ingoto 2 _ 2 N3 213
roJ13 V13 1313
r 13 13
secl=—=—=———
x -3 3

125. 210° lies in quadrant III. The reference angle is
6’ =210°-180°=30°.

. 1
sin30°=—
2

Because the sine is negative in quadrant III,

sin210° = —sin30° = —% .

126. The equation y =3cos2zx is of the form y = Acos Bx

with 4 =3 and B =2x . Thus, the amplitude is

A |=|3 |=3. The period is 2—7r=2—7[=1.The uarter-
p q
B 2r

o1 .
period is 7 The cycle begins at x =0. Add quarter-

periods to generate x-values for the key points.
x=0

x=0+l=l
4 4
1 1 1
X=—+—=—
4 4 2
1 1 3
X=—+—==
2 4 4
31
x=—+—=1
4 4
Evaluate the function at each value of x.
x |y=3cos2zmx coordinates
0 |y=3cos(27-0) (0,3)
=3cos0
=3.1=3
1 y:3cos(2ﬂ'-l] 1,0
4 4 4
=3cosZ
2
=3.0=0
1 y=3cos 27r~l l,—3
2 2 2
=3cosmw
=3-(-)=-3
é y=3cos(27r-§j 3,0
4 4 4
:3cos3—”
2
=3.0=0
1 [y=3cos(2rz-1) (1,3)
=3cos2xw
=3.1=3

Connect the five points with a smooth curve and
graph one complete cycle of the given function.

(}L 3)

<

(-4,3) 4,3)

\ o

|
|

3

A I

y = 3 cos 2mix
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127.

128.

129.

tan 4 -4
b
tan22.3° =
12.1
a=121tan22.3°
a~496

cosA=

—_
le@

c0s22.3° = 1

c
12.1

c0s22.3°
c=13.08

Cc=

opposite
tan@ = L
adjacent

tané’:ﬁ

25 .
6 =tan"" [—Sj
25

6 ~358°

1OCOS[£)C]
6

amplitude: [10/=10

period: 2z = 27z'E =12
% V3

Section 2.4

Check Point Exercises

1.

We begin by finding the measure of angle B. Because
C =90° and the sum of a triangle’s angles is 180°, we
see that 4 + B =90°. Thus, B=90°— 4 =90° — 62.7°
=27.3°.
Now we find 4. Because we have a known angle, a
known opposite side, and an unknown adjacent side,
use the tangent function.
tan 62.7° = 8.4

b

8.4

tan 62.7°
Finally, we need to find c. Because we have a known
angle, a known opposite side and an unknown
hypotenuse, use the sine function.

~434

sin 62.7° =ﬁ
‘84
c=—=945
sin62.7

In summary, B =27.3°, b~ 4.34, and ¢ = 9.45.

Section 2.4 Applications of Trigonometric Functions

Using a right triangle, we have a known angle, an
unknown opposite side, a, and a known adjacent side.
Therefore, use the tangent function.

tan85.4° = L

0
a =80tan 85.4° = 994
The Eiffel tower is approximately 994 feet high.

Using a right triangle, we have an unknown angle, 4,
a known opposite side, and a known hypotenuse.
Therefore, use the sine function.

6.7

sind=——
13.8

A=sin 1 07 _ 29,0
13.8

The wire makes an angle of approximately 29.0° with
the ground.

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, an
unknown opposite side, a in the smaller triangle, b in
the larger triangle, and a known adjacent side in each
triangle. Therefore, use the tangent function.

tan 32° -4

800
a=800tan32°=499.9

tan 35° =L

800
b =800tan35° =~ 560.2
The height of the sculpture of Lincoln’s face is
560.2 —499.9, or approximately 60.3 feet.

a.  We need the acute angle between ray OD and
the north-south line through O.
The measurement of this angle is given to be
25°. The angle is measured from the south side
of the north-south line and lies east of the north-
south line. Thus, the bearing from O to D is
S 25°E.

b. We need the acute angle between ray OC and
the north-south line through O.
This angle measures 90°—75° =15°.
This angle is measured from the south side of
the north-south line and lies west of the north-
south line. Thus the bearing from O to Cis S
15°W.
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a.  Your distance from the entrance to the trail
system is represented by the hypotenuse, ¢, of a
right triangle. Because we know the length of
the two sides of the right triangle, we find ¢
using the Pythagorean Theorem.

We have

2 =a?+b* =(23)* +(3.5)% =17.54
c=+/1754 =42

You are approximately 4.2 miles from the

entrance to the trail system.

b. To find your bearing from the entrance to the
trail system, consider a north-south line passing
through the entrance. The acute angle from this
line to the ray on which you lie is 31°+6.
Because we are measuring the angle from the
south side of the line and you are west of the
entrance, your bearing from the entrance is
S(31°+8) W. To find 8, Use aright triangle

and the tangent function.

tan @ =£
f=tan"! 2 =~ 56.7°
2.3

Thus, 31°4+6 =31°+56.7°=87.7°. Your
bearing from the entrance to the trail system is S
87.7° W.

When the object is released (¢ =0), the ball’s

distance, d, from its rest position is

6 inches down. Because it is down, d is negative:
when ¢ =0, d =—6. Notice the greatest distance from
rest position occurs at # = 0. Thus, we will use the
equation with the cosine function, y = acosat, to

model the ball’s motion. Recall that |a| is the

maximum distance. Because the ball initially moves
down, a =—6. The value of @ can be found using the
formula for the period.

periodzz—”:4
W
2r=4w
_r_z
4 2

Substitute these values into d = acoswt. The
equation for the ball’s simple harmonic motion is

d= —6cos£t.
2

8.

We begin by identifying values for a and .

d= IZCoszt, a=12 and a)=£.
4 4

a.  The maximum displacement from the rest
position is the amplitude. Because
a =12, the maximum displacement is 12
centimeters.

b.  The frequency, f, is
V4
o G oz 11
T2 2m 4 2w 8

1
The frequency is P cm per second.

¢.  The time required for one cycle is the period.

period =2_7[= & =27[.i=8
w

b4
= V4
4

The time required for one cycle is 8 seconds.

Concept and Vocabulary Check 2.4

1.

2.

sides; angles

north; south

simple harmonic; |a ;

B >

Exercise Set 2.4

1.

Find the measure of angle B. Because

C=90° 4+ B=90°. Thus,

B =90°-A4=90°-23.5°=66.5°.

Because we have a known angle, a known adjacent
side, and an unknown opposite side, use the tangent
function.

tan23.5° = £

a= 1(())tan 23.5°=435
Because we have a known angle, a known adjacent
side, and an unknown hypotenuse, use the cosine
function.

10
cos23.5°=—
c
10
c=———
cos23.5°

In summary, B = 66.5°, a = 4.35, and ¢ = 10.90.

=10.90
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Find the measure of angle B. Because C = 90°,

A+ B=90°.

Thus, B=90°—4=90°—-41.5°=48.5°.

Because we have a known angle, a known adjacent
side, and an unknown opposite side, use the tangent
function.

tan41.5° = -~
2

a= 2(())tan41.5° =17.69
Because we have a known angle, a known adjacent
side, and an unknown hypotenuse, use the cosine
function.

cos41.5°= E

c
20

c=—F—
cos41.5°
In summary, B =48.5°, a=17.69, and ¢ = 26.70.

=26.70

Find the measure of angle B. Because
C=90°4+B=90°.

Thus, B=90°—4=90°-52.6°=37.4°.

Because we have a known angle, a known
hypotenuse, and an unknown opposite side, use the
sine function.

§in52.6 = —
54
a =54sin52.6° = 42.90
Because we have a known angle, a known
hypotenuse, and an unknown adjacent side, use the
cosine function.

c0s52.6° = i

54
b=54¢c0s52.6°=32.80
In summary, B =37.4°,a =~ 42.90, and b ~ 32.80.

Find the measure of angle B. Because C = 90°,

A+ B=90°.

Thus, B=90°—- A4 =90°-54.8°=35.2°.

Because we have a known angle, a known hypotenuse,
and an unknown opposite side, use the sine function.

sin54.8° = L
80

a =380sin54.8° = 65.37
Because we have a known angle, a known hypotenuse,

and an unknown adjacent side, use the cosine function.

cos54.8 = i
80

b=80c0s54.8°=46.11
In summary, B =35.2° a=6537,and ¢ =46.11.

Section 2.4 Applications of Trigonometric Functions

Find the measure of angle 4. Because
C=90° 4+ B=90°.

Thus, 4=90°-B=90°-16.8°=73.2°.

Because we have a known angle, a known opposite side
and an unknown adjacent side, use the tangent function.

tan16.8°=m
%05
a=——"=101.02
tan16.8°

Because we have a known angle, a known opposite
side, and an unknown hypotenuse, use the sine function.

sin16.8° =£
30.5
c=———"—=105.52
sin16.8°

In summary, 4 =73.2°, a = 101.02, and ¢ = 105.52.

Find the measure of angle 4. Because C = 90°,

A+ B=90°.

Thus, 4 =90°—-B =90°-23.8°=66.2°.

Because we have a known angle, a known opposite
side, and an unknown adjacent side, use the tangent
function.

tan23.8° = ﬂ
0.5
a=———=91.83
tan 23.8°

Because we have a known angle, a known opposite
side, and an unknown hypotenuse, use the sine
function.

In summary, 4=66.2° a=91.83, and ¢ =100.36.

Find the measure of angle 4. Because we have a
known hypotenuse, a known opposite side, and an
unknown angle, use the sine function.

sin4 = &
A=sin [ 204 23730
50.2

Find the measure of angle B. Because
C=90° A+ B =90° Thus,
B=90°-A4=90°-37.3°=52.7°.
Use the Pythagorean Theorem.
a® +b* =c?
(30.4)> + 5% =(50.2)*
b2 =(50.2)* — (30.4)*> =1595.88
b=+/1595.88 =39.95

In summary, 4 ~37.3°, B~ 52.7°, and b =~ 39.95.
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10.

146

Find the measure of angle 4. Because we have a 11.

known hypotenuse, a known opposite side, and an
unknown angle, use the sine function.

sinA:—H'2

65.8
A=sin"! (EJ ~9.8°
65.8
Find the measure of angle B. Because C = 90°,
A+ B=90°.
Thus, B=90°-4=90°-9.8°=80.2°.

Use the Pythagorean Theorem.

a*+b* =c?

(11.2)% +b% = (65.8)*
b =(65.8)% —(11.2)> =4204.2
b=~/4204.2 =~ 64.84

In summary, 4 =~ 9.8°, B~ 80.2°, and b =~ 64.84.

Find the measure of angle 4. Because we have a 12.

known opposite side, a known adjacent side, and an
unknown angle, use the tangent function.

tanAzﬁ

A=tan™! (ﬁj ~23.6°
247

Find the measure of angle B. Because

C=90° 4+ B=90°.

Thus, B=90°— 4 =90°—-23.6°=66.4°.

Use the Pythagorean Theorem.

2 =a? +b* =(10.8)> +(24.7)> =726.73
¢ =+/726.73 = 26.96

In summary, 4 = 23.6°, B = 66.4°, and
c=26.96.

Find the measure of angle 4. Because we have a
known opposite side, a known adjacent side, and an

unknown angle, use the tangent function. 13.

tanA=§

A=tan! Ej ~41.0°
17.6

Find the measure of angle B. Because C = 90°,

A+ B=90°. 14.

Thus, B=90°—4 =90°—-41.0°=49.0°.

Use the Pythagorean Theorem.

2 =a? +b* =(15.3)> +(17.6)*> = 543.85
¢ =+/543.85=23.32

In summary, 4=41.0°, B=49.0°,and ¢ =23.32.

15.

Find the measure of angle 4. Because we have a
known hypotenuse, a known adjacent side, and
unknown angle, use the cosine function.

cos A :E
A=cos”! (%j = 73.4°

Find the measure of angle B. Because
C=90°,4+B=90°.
Thus, B=90°-4=90°-73.4°=16.6°.
Use the Pythagorean Theorem.
a® +b* =c?
>+ =(7)
a*=(7)* -(2)* =45
a=+45~671

In summary, 4 =~ 73.4°, B~ 16.6°, and a = 6.71.

Find the measure of angle A. Because we have a
known hypotenuse, a known adjacent side, and an
unknown angle, use the cosine function.

cos 4 :i
A=cos”! (gj ~63.6°

Find the measure of angle B. Because C = 90°,
A+ B=90°.

Thus, B=90°-4 =90°—-63.6°=26.4°.

Use the Pythagorean Theorem.

a>+b*=c?

a® +(4)> =(9)°
a® =(9)> —(4)* =65
a=+/65~8.06
In summary, 4 =63.6° B=26.4°,and a =28.06.

We need the acute angle between ray OA and the
north-south line through O. This angle measure
90°—75° =15°. This angle is measured from the
north side of the north-south line and lies east of the
north-south line. Thus, the bearing from O and 4 is
N 15° E.

We need the acute angle between ray OB and the
north-south line through O. This angle measures
90°—-60° =30°. This angle is measured from the
north side of the north-south line and lies west of the
north-south line. Thus, the bearing from O to B is N
30°W.

The measurement of this angle is given to be 80°.
The angle is measured from the south side of the
north-south line and lies west of the north-south line.
Thus, the bearing from O to Cis S 80° W.
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16.

17.

18.

We need the acute angle between ray OD and the
north-south line through O. This angle measures
90°—35°=55°. This angle is measured from the
south side of the north-south line and lies east of the
north-south line. Thus, the bearing from O to D is S
55°E.

When the object is released (¢ =0), the object’s
distance, d, from its rest position is 6 centimeters
down. Because it is down, d is negative: When

t =0, d =—6. Notice the greatest distance from rest
position occurs at ¢ = 0. Thus, we will use the
equation with the cosine function, y = acos @t to
model the object’s motion. Recall that |a| is the
maximum distance. Because the object initially
moves down, a = —6. The value of @ can be found
using the formula for the period.

periodzz—”:4
w
2r =4w
_r_z
4 2

Substitute these values into d = acos wt. The
equation for the object’s simple harmonic motion is

d= —6cos£t.

When the object is released (¢ = 0), the object’s
distance, d, from its rest position is 8 inches down.
Because it is down, d, is negative: When

t =0, d=-8. Notice the greatest distance from rest
position occurs at £ = 0. Thus, we will use the
equation with the cosine function, y =acosax , to

model the object’s motion. Recall that | a | is the

maximum distance. Because the object initially
moves down, a = —8. The value of @ can be found
using the formula for the period.

. 2r
period = — =2
w
2r=2w
2r
w=—"=7
2

Substitute these values into d = acos .
The equation for the object’s simple harmonic motion
is d =—8cosrt .

19.

20.

21.

Section 2.4 Applications of Trigonometric Functions

When =0, d = 0. Therefore, we will use the
equation with the sine function, y = asin wt, to
model the object’s motion. Recall that |a| is the

maximum distance. Because the object initially
moves down, and has an amplitude of 3 inches,
a =-3. The value of @ can be found using the
formula for the period.

period = 2z =1.5

1)
2r=1.5w
2 _dx
1.5 3

Substitute these values into d = asin @t. The
equation for the object’s simple harmonic motion is

d=—3sin %,

When ¢ =0, d = 0. Therefore, we will use the
equation with the sine function, y = asin wt, to
model the object’s motion. Recall that |a| is the

maximum distance. Because the object initially
moves down, and has an amplitude of 5 centimeters,
a =-5. The value of @ can be found using the
formula for the period.

period = 2z =25

w
2r=2.5w
2n 4w
Q=—=—
25 5

Substitute these values into d = asinax . The
equation for the object’s simple harmonic motion is

d= —55in4—ﬂ-t .

We begin by identifying values for a and w.
d= 5COS£t, a=5and a)=z
2 2

a. The maximum displacement from the rest
position is the amplitude. Because a = 5, the
maximum displacement is 5 inches.

z
2

S

T
. o 5 1
b. The frequency, f,is f=—=— —
1 b 2r 2w 2r
1
The frequency is 7 inch per second.

c¢.  The time required for one cycle is the period.

. 2 2 2
perlod:_”:_”ZZﬂ-._:4
[0 % V4

The time required for one cycle is 4 seconds.
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22. We begin by identifying values for a and @.
d=10cos2xt,a=10 and w=2x

a.  The maximum displacement from the rest
position is the amplitude.
Because a = 10, the maximum displacement is
10 inches.

. 2
b. The frequency, f, is f = @ _T_y
2r 2w
The frequency is 1 inch per second.
c.  The time required for one cycle is the period.
. 2r 2
period = Z-Z
o 2z
The time required for one cycle is 1 second.
23. We begin by identifying values for a and .

d=-6cos2xt,a=—6and w=2x

a.  The maximum displacement from the rest
position is the amplitude.
Because a = —6, the maximum displacement is 6
inches.

b.  The frequency, £, is
o 2r

/= 2 21

The frequency is 1 inch per second.

1.

c¢.  The time required for one cycle is the period.

. 2 2
penodz_ﬂ-z_ﬂ-zl
o 2z
The time required for one cycle is
1 second.

24. We begin by identifying values for a and @.
d= —8cos£t, a=-8and w= z
2 2
a. The maximum displacement from the rest
position is the amplitude.

Because a = —8, the maximum displacement is 8
inches.

. 1
b. The frequency, f, is f -9 —.
2r 4

N
The frequency is 7 inch per second.

c¢.  The time required for one cycle is the period.

. 2 2 2
period = —”:—”:275._:4
w % T

The time required for one cycle is 4 seconds.

25. We begin by identifying values for a and .

dzlsin2t, azland w=2
2 2

a.  The maximum displacement from the rest
position is the amplitude.

1 . . .
Because a = > the maximum displacement is

1 inch.
2

b.  The frequency, £, is
r=2_2_ 1 43

2r 2 1w
The frequency is approximately 0.32 cycle per
second.

c¢.  The time required for one cycle is the period.
. 2 2

perlodz—ﬂz—ﬂzﬂ =~3.14

o 2

The time required for one cycle is
approximately 3.14 seconds.

We begin by identifying values for a and @.
d =lsin2t, a =l and w=2
3 3
a. The maximum displacement from the rest

position is the amplitude.

1 . . .
Because a = 3 the maximum displacement is

1 inch .
3
b.  The frequency, f, is f = @ _ 2 = 1 =0.32.
2r 2w 7w
The frequency is approximately 0.32 cycle per
second.

c¢.  The time required for one cycle is the period.
period = 2—”=2—”=7r =~3.14
o 2
The time required for one cycle is
approximately 3.14 seconds.
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27.

28.

29.

30.

31.

32.

We begin by identifying values for a and .

d =—5Sin2?ﬂ.t, a=-5and a):z?ﬂ-

a.  The maximum displacement from the rest
position is the amplitude.
Because a = -5, the maximum displacement is 5
inches.

b.  The frequency, f, is
T a1

w 1
=5 3 21 3

27[25

1
The frequency is 3 cycle per second.

¢.  The time required for one cycle is the period.

period = Z =27 _op. 3 3
o 2 2z
3

The time required for one cycle is 3 seconds.

We begin by identifying values for a and @.

d :—4sin3—ﬂ-t, a=-4 and a)=3—ﬂ-
2 2

a.  The maximum displacement from the rest
position is the amplitude.
Because a = —4, the maximum displacement is 4
inches.

b.  The frequency, f, is
PO 3
2 2 2 2rm

w13
2
.3
The frequency is 7 cycle per second.

c.  The time required for one cycle is the period.

. 2r 2z 2 4
period= —=—=27r-—=—
1) 37” 3z 3

. . .4
The required time for one cycle is 3 seconds.

x =500tan 40°+ 500 tan 25°
x =653

x =100tan 20°+100 tan 8°
x =50

x = 600tan 28°— 600 tan 25°
x =39

x =400tan 40° —400tan 28°
x =123

33.

34.

3s.

36.

37.

38.

Section 2.4 Applications of Trigonometric Functions

‘= 300 3 300
tan34° tan 64°

x =298

o= 500 : 500
tan20° tan48°

x =924

‘= 400 tan 40° tan 20°

tan 40° —tan 20°
x =257

o= 100tan 43°tan38°
tan 43°—tan 38°
82

X =

>

0, 0)Jf

U
~
|
/.~
|
|
N~

a. 4in
b ! in. per sec
- i p
c. 2sec
a. L
2

. 0f (2,0)

-t
(1

J (53

d=3cos(ﬁt+%)

a. 3in.

1.
b. —in. persec
5 p
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c. 2sec
4 -1
2

d
[ 4,2)T ]
2 i

(2, 0) A (‘6, 0)

0, —2) 7 \ Ht
8, -2)
|

d= —25in<%t+%)

a 2in

b. —in. persec

c 8 sec

d =2

£0. d=-Lsin[Z_Z
2 4 2
d
6,0/ g
1\ —
<0’ 2) N ”’(8’ 2)
2,00 !
( 0) 1 H = 4 _l
) 8 b 2
—_lg,(@mt _ =@
d= sm(4 2>
1.
a — in.
2

1
b. —in. persec
3 p

c. 8sec
d 2

41. Using aright triangle, we have a known angle, an
unknown opposite side, a, and a known adjacent side.
Therefore, use tangent function.

tan21.3° = ——

5280
a=5280tan21.3° = 2059
The height of the tower is approximately 2059 feet.

150

42.

43.

44.

45.

46.

30yd 1~ 90 i

1yd
Using a right triangle, we have a known angle, an
unknown opposite side, a, and a known adjacent
side. Therefore, use the tangent function.

tan38.7° = £

0
a=90tan38.7° = 72
The height of the building is approximately 72 feet.

Using a right triangle, we have a known angle, a
known opposite side, and an unknown adjacent side,
a. Therefore, use the tangent function.

tan23.7° =ﬁ
“305
a=———=695
tan23.7°

The ship is approximately 695 feet from the statue’s
base.

Using a right triangle, we have a known angle, a
known opposite side, and an unknown adjacent side,
a. Therefore, use the tangent function.

tan 22.3° =ﬂ
“200
a=———=488
tan 22.3°

The ship is about 488 feet offshore.

The angle of depression from the helicopter to point P
is equal to the angle of elevation from point P to the
helicopter. Using a right triangle, we have a known
angle, a known opposite side, and an unknown
adjacent side, d. Therefore, use the tangent function.

tan36° = m
1%00
d= =1376
tan 36°

The island is approximately 1376 feet off the coast.

The angle of depression from the helicopter to the stolen
car is equal to the angle of elevation from the stolen car
to the helicopter. Using a right triangle, we have a known
angle, a known opposite side, and an unknown adjacent
side, d. Therefore, use the tangent function.

tan72° = @
d= 800 =260
tan 72°

The stolen car is approximately 260 feet from a point
directly below the helicopter.
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47.

48.

49.

50.

51.

Using a right triangle, we have an unknown angle, 4,
a known opposite side, and a known hypotenuse.
Therefore, use the sine function.

sin 4 :i
A=sin"! (ijzls.r
23

The ramp makes an angle of approximately 15.1°
with the ground.

Using a right triangle, we have an unknown angle, A4,
a known opposite side, and a known adjacent side.
Therefore, use the tangent function.

tanA:@

A=tan"! (@j ~80.9°
40

The angle of elevation of the sun is approximately
80.9°.

Using the two right triangles, we have a known angle,
an unknown opposite side, @ in the smaller triangle, b
in the larger triangle, and a known adjacent side in
each triangle. Therefore, use the tangent function.

tan19.2° = 4

125
a=125tan19.2° = 43.5

tan31.7° = L

25
b=125tan31.7°=77.2
The balloon rises approximately 77.2 —43.5 or 33.7
feet.

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, an
unknown opposite side, a in the smaller triangle, b in
the larger triangle, and a known adjacent side in each
triangle. Therefore, use the tangent function.

tan 53° -4

330
a=330tan53°=437.9

tan 63° =L

330
b=330tan 63° = 647.7
The height of the flagpole is approximately
647.7 —437.9, or 209.8 feet (or 209.7 feet).

Using a right triangle, we have a known angle, a
known hypotenuse, and unknown sides. To find the
opposite side, a, use the sine function.

sin53° =L

150 .
a=150sin53° =120
To find the adjacent side, b, use the cosine function.

52.

53.

54.

5S.

Section 2.4 Applications of Trigonometric Functions

cos53° = i
150

b=150co0s53° =90
The boat has traveled approximately 90 miles north
and 120 miles east.

Using a right triangle, we have a known angle, a
known hypotenuse, and unknown sides. To find the
opposite side, a, use the sine function.

sin 64° = -

0
a=40sin64° = 36
To find the adjacent side, b, use the cosine function.

cos64° = i

40
b=40cos64°=17.5
The boat has traveled about 17.5 mi south and 36 mi
east.

The bearing from the fire to the second ranger is N
28° E. Using a right triangle, we have a known angle,
a known opposite side, and an unknown adjacent
side, b. Therefore, use the tangent function.

tan 28° = 1
b

b= LA 13.2
tan 28°
The first ranger is 13.2 miles from the fire, to the

nearest tenth of a mile.

The bearing from the lighthouse to the second ship is
N 34° E. Using a right triangle, we have a known
angle, a known opposite side, and an unknown
adjacent side, b. Therefore, use the tangent function.

tan 34° = 2
b

b= . 13.3
tan 34°
The first ship is about 13.3 miles from the lighthouse,

to the nearest tenth of a mile.

Using a right triangle, we have a known adjacent
side, a known opposite side, and an unknown angle,
A. Therefore, use the tangent function.

tan,éI:l;5
2 1.5
A =tan('—jz37°
2

We need the acute angle between the ray that runs
from your house through your location, and the
north-south line through your house. This angle
measures approximately 90°—37°=153°. This angle
is measured from the north side of the north-south
line and lies west of the north-south line. Thus, the
bearing from your house to you is N 53° W.
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56.

57.

58.

152

Using a right triangle, we have a known adjacent
side, a known opposite side, and an unknown angle,
A. Therefore, use the tangent function.

tanA=E

> (6
A=tan”! (—j ~34°
9

We need the acute angle between the ray that runs
from the ship through the harbor, and the north-south
line through the ship. This angle measures
90°—34°=56°. This angle is measured from the
north side of the north-south line and lies west of the
north-south line. Thus, the bearing from the ship to
the harbor is N 56° W. The ship should use a bearing
of N 56° W to sail directly to the harbor.

To find the jet’s bearing from the control tower, consider
a north-south line passing through the tower. The acute
angle from this line to the ray on which the jet lies is
35°+ 6. Because we are measuring the angle from the
north side of the line and the jet is east of the tower, the
jet’s bearing from the tower is N (35°+6) E. To find 6,

use a right triangle and the tangent function.

tan @ =Z
f=tan"! (%) =~ 54.5°

Thus, 35°+6 =35°+54.5°=89.5°.
The jet’s bearing from the control tower is N 89.5° E.

To find the ship’s bearing from the port, consider a
north-south line passing through the port. The acute
angle from this line to the ray on which the ship lies
is 40°+6 . Because we are measuring the angle from
the south side of the line and the ship is west of the
port, the ship’s bearing from the port is

S (40°+6) W . To find @, use a right triangle and

the tangent function.

tan @ = E
6 =tan"! (%) ~57.5°

Thus, 40°+6 =40°+57.5=97.5°. Because this
angle is over 90° we subtract this angle from 180° to
find the bearing from the north side of the north-
south line. The bearing of the ship

from the port is N 82.5° W.

59. The frequency, f, is [ =£, SO
2r
l_o
2 2r
w=—-2T=1
2

Because the amplitude is 6 feet, @ = 6. Thus, the
equation for the object’s simple harmonic motion is
d = 6sinxt.

60. The frequency, f, is f :22, S0
V4

1l o

4 %ﬂ'

w=—21="
4 2

Because the amplitude is 8 feet, @ = 8. Thus, the
equation for the object’s simple harmonic motion is

d=8sin£t.
2

61. The frequency, f, is f=2ﬁ, o)
/4

264 =2

2r
w=264-27w=528%
Thus, the equation for the tuning fork’s simple
harmonic motion is d =sin5287xt.

62. The frequency, f, is [ =2£, SO
V4

98,100,000 = Zﬂ
T
w=98,100,000- 27 =196,200,0007z
Thus, the equation for the radio waves’ simple
harmonic motion is d =sin196,200,0007x¢ .

63.-69. Answers may vary.

70, y=4e" cos2x

NORMAL FLOAT AUTO REAL RADIAN MP ]
4
\/ \/ \/ 1

3 complete oscillations occur.

0
=}

Copyright © 2018 Pearson Education, Inc.



71.

72.

73.

74.

75.

76.

71.

y=—6e"09% cos27x

NORMAL FLOAT AUTO REAL RADIAN MP n

6

-6

10 complete oscillations occur.
makes sense

does not make sense; Explanations will vary.
Sample explanation: When using bearings, the angle

must be less than 90°.

does not make sense; Explanations will vary.
Sample explanation: When using bearings, north
and south are listed before east and west.

does not make sense; Explanations will vary.
Sample explanation: Frequency and Period are
inverses of each other. If the period is 10 seconds

then the frequency is % =0.1 oscillations per

second.

Using the right triangle, we have a known angle, an

unknown opposite side, , and an unknown hypotenuse,
r + 112. Because both sides are in terms of the variable r,

we can find 7 by using the sine function.
§in76.6° = —
) r+112

sin76.6°(r+112) =r
rsin76.6°+112sin76.6° =r

r—rsin76.6°=112sin76.6°

r(1-sin76.6°) =112sin76.6°

e 112sin76.6°

1—-sin76.6°

The Earth's radius is approximately 4002 miles.

= 4002

Let d be the adjacent side to the 40° angle. Using the
right triangles, we have a known angle and unknown
sides in both triangles. Use the tangent function.

tan20° = L

75+d
h=(75+d)tan 20°

Also, tan40° = ﬁ
h = d tan 40°

78.

79.

80.

81.

82.

83.

84.

Section 2.4 Applications of Trigonometric Functions

Using the transitive property we have
(75+d) tan 20° = d tan 40°
75tan 20°+ d tan 20° = d tan 40°
d tan 40° — d tan 20° = 75 tan 20°
d(tan 40° — tan 20°) = 75 tan 20°
_ 75tan20°

* tan 40°— tan 20°

Thus, & = d tan 40°
75tan 20°

- tan 40° — tan 20°
The height of the building is approximately 48 feet.

tan 40° = 48

Answers may vary.

r=\1x2+y2
r=+(=3)? +4% =J9+16 =25 =5

Now that we know x, y, and r, we can find the six
trigonometric functions of 4.

siné’=z=i

r 53 3
cos0=£=_—=——

;13
tan9=2=—=——

X 53 3
csch=L=>

y 4
sec@=£=i=—§

=N
cot9=£=_—=——

y 4 4
13_”_47; _Br ez _z lies in quadrant .
3 3 3 3

Because the tangent is positive in quadrant I,
tanZ = \/§ .
3
sin26° = 20

C
csin26° =46
46

sin 26°

CcC=

~105 yd

1 cosx 1
secxcotx = . =

- —— Or cscx
cosx sinx sinx

sinx 1 cosx
tan xcscxcosx = . . =1

cosx sinx 1

1 sinx l+sinx
secx+tanx = + =

COSX COSXx COS x
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Chapter 2 Review Exercises

1.

154

The equation y =3sin4x is of the form y = Asin Bx
with 4 =3 and B = 4. The amplitude is |4|=|3|=3.

Lo 22 L
The period is ?’[ = T’[ = % The quarter-period is

z
2= zl1 =7 The cycle begins at x = 0. Add
4 24 8
quarter-periods to generate x-values for the key
points.
x=0
x=0+£=z
8 8

T T T
X=—4—=—

8 8 4

T m 3w
X=—+—=—

4 8 8

In 7 &
X=—+—=—

&8 8 2

Evaluate the function at each value of x.

X coordinates

0 (0, 0)

z [z, 3j
8 8

z [z, Oj
4 4

3 (3_” _3j
8 8

2, 0)

(SR

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

&) (5.9

I \ ’
o, 0 J 1 2

\
2 3w _3

.-
y = 3sin4x

-

9

Sk

The equation y =—-2cos2x is of the form
y = Acos Bx with A =-2 and B = 2. The amplitude

is |A|=|—2|=2. The period is 2_71':2_7[:”' The
B 2

quarter-period is % The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
x=0+2=2
4 4
T T T
X=—+—==
4 4 2
T T 3x
x:—+_:_
2 4 4
RV 2 4
X=—+—=
4 4

Evaluate the function at each value of x.

x | coordinates

0 (0,-2)

T (”3_2)

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

w57
Fo A Y

7 -\ X

[\2)

o, — 1™ 2
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. |
The equation y =2cos Ex is of the form

. 1 .
y=AcosBx with4=2and B= 5 The amplitude

is |A|=|2|:2. The period is 2—”=2—”=27Z'-2=4ﬂ'.
B3

... 4 .
The quarter-period is Tﬂ- = 7. The cycle begins at

x =0. Add quarter-periods to generate x-values for

the key points.
x=0
x=0+7r=rx

X=rn+r=2rx
x=2r+rw=37w

x=3r+rx=4r
Evaluate the function at each value of x.

x | coordinates
0 0,2)

r (7, 0)
2 | 27, -2)
3z (37, 0)
dr | (4r,2)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

_ a2
b 4w, 2)
(77, 0)< L\ /] 3, 0)
T \27/ F X
e )

Chapter 2 Review Exercises

. 1. .
The equation y = Esm%x is of the form

y = Asin Bx with 4 = % and B = % . The amplitude

1

is |A| :H :%. The period is %z: 27 = 3

7 27-—=6.
3 T

2

The quarter-period is g = % The cycle begins at

x = 0. Add quarter-periods to generate x-values for
the key points.
x=0

N | W

=
[
0o | W
+
NW Hlw W
[
(9%)

x=3+—= 2
2
x—2+§=6
2 2
Evaluate the function at each value of x.
X coordinates
0 (0, 0)
3 31
2 272
3 (3,0)
2 1 (2 _1
2 27 2
6 (6,0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

31
ya\27 2

1T
23,00

0, 0) - I(6, 0)
e X

=

152)
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156

The equation y =—sinzx is of the form
y = Asin Bx with 4 =—1 and B = x . The amplitude
2r

is |A|:|—l|:1. The period is 2—”:—:2. The
B

quarter-period is %= % The cycle begins at x = 0.

Add quarter-periods to generate x-values for the key

points.
x=0
x=0 +l _L
2 2
x= 1 + 1 =1
2 2
x=1 +l = 3
2 2
x=§+l=2
2 2
Evaluate the function at each value of x.
x | coordinates
0 (0,0)
.
2 2
1 (1,0)
3 (E, 1}
2 2
2 (2,0)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

y 341

/
o) /
= I
(0,0) 2,0
x
RYEE EcEprnce
<7’ _1> (.l’. (.').__
y = —sin wx

6.

The equation y = 3005% is of the form y = Acos Bx

with 4 =3 and B = % . The amplitude is |A| = |3| =3.

2r

The period is 2?7[ =0 = 27 -3 =6x. The quarter-
3

period is %[ = 377[ The cycle begins at x = 0. Add

quarter-periods to generate x-values for the key

points.
x=0
04 kY4 _ kY4
2 2
2 2
3z 9rx
X=3T+—=—
2 2
= 9—” 3—” =6r
2 2
Evaluate the function at each value of x.
X coordinates
0 (0, 3)
| (32
2 2
3z | (B, -3)
s | (22.0)
2 2
o7 (67, 3)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

0,37 (67, 3)

2 97
3 \ <— s 0>
<—2 , 0>\ 2

3 3 657 X

~_

/

——
~

/—(3775 _3)

y=3005§
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The equation y =2sin(x—7) is of the form
y=Asin(Bx—C) with4=2,B=1,and C= x. The
amplitude is |A| = |2| = 2. The period is

2r 27w

=——=2x. The phase shift is < =% _ 7 The
B 1 B 1

uarter-period is m_z
a P 4 2
The cycle begins at x = 7. Add quarter-periods to
generate x-values for the key points.

X=7
T 3
X=m+—="—
2 2
= S =2r
2 2
x=2r +£ = 5—”
2 2
X = 5—ﬂ+ z_ kY4
2 2
Evaluate the function at each value of x.
x | coordinates
r (7, 0)
[ ()
2 2
2 27z, 0)
e
2 2
3z (37, 0)

Connect the five key points with a smooth curve

and graph one complete cycle of the given function.

NG

5

/|\|||
2, 0)
Ja i

(7, 0)- (3, 0)

[\2)

\/
2V (57 —2)

y=2sin(x — )

Chapter 2 Review Exercises

y =-3cos(x+7x)=-3cos(x—(-x))

The equation y =—-3cos(x—(-7x)) is of the form
y=Acos(Bx—C) with4=-3,B=1,and C= —r.
The amplitude is |A| = |—3| =3.

The period is 2?7[ = ZTE = 2x. The phase shift is

< =% — 1 The quarter-period is %T” = % The

B 1
cycle begins at x = —z. Add quarter-periods to

generate x-values for the key points.
X=-7

x=-24+%-0
2 2
x=0+2="2
2 2
T T
x==+==rx
2 2

Evaluate the function at each value of x.

x | coordinates
- (—m, =3)
_z (_z, 0)

2 2

0 0, 3)

z (z, 0]

2 2

.4 (7, =3)

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

"4 (0,3
T
T = E,O)
i
LAy \[ 3 ¥
/ \
(—ﬂ', —3) (779 _3)

y=-=3cos (x + )
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3 ) 3 T Connect the five key points with a smooth curve and
9. y= —cos(2x +—j =—cos| 2x _(_Zj graph one complete cycle of the given function.

3 V4 <7—ﬂ’ i)

The equation y = Ecos[2x —(—ZD is of oz 3 y 82
8’ 2 n /
. 3 < 5o
the form y = Acos(Bx—C) with 4=—, = u /(8 ’ )
2 8T e

B=2,and C= -7 The amplitude is |A|=‘ 3 ‘=§ > === (3w _ 3

4 21 2 8’ 2
The period is 2?7[ = 277[ = 7. The phase shift is y= %COS (2’5 + %)

-

gzi:—£~l:—£. The quarter-period is z 5 . ) 5. V4
B 2 4 2 8 4 10. y=551n 2x+5 =Esm 2x— 5

The cycle begins at x = T Add quarter-periods to 5 T
8 The equation y = —sin(Zx —[——D is of
generate x-values for the key points. 2 2

x:—% the form y = Asin(Bx - C) with A:%,
V4 . . 5 5
__rrE_Z B=2,and C= —=. The amplitude is |4]=| = |==.
r= = 2 21 2
8 4 8 5 5
T 7 3 The period is ;_E 7. The phase shift is
X=—+—=— B 2
8 4 8 .
3 c. 2 _z1l__7 The quarter-period is z
8 4 8 jn
sk x I The cycle begins at x = e Add quarter-periods to
8 4 8 generate x-values for the key points.
Evaluate the function at each value of x. c=_=
4
x |coordinates = FL7_p
4 4
T3
4 4
21 (5] (L ET_T
8 8 4 4 2
3r (37r 3 r & 3w
= || =, -= x=—4====
8 8 2 2 4 4
Evaluate the function at each value of x.
5t (57[ J
- — 0
8 8
iz | (1z 3
8 872
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11.

x |coordinates

T
-5 50

° | (+3)
i

3

s | (3
4 4

Connect the five key points with a smooth curve and

graph one complete cycle of the given function.

3 Ny
2

7 i X

n m _ 3
< =EE\2° 0 2

=3 ks
y= 251n(2x+ 2)

The equation y =—3sin (%x - 37[) is of
the form y = Asin(Bx—C) with 4 =-3,
B= %, and C = 3z. The amplitude is |A| = |—3| =3.
The period is 2z = = =2r- 3 = 6. The phase shift
B % V4
C 3x 3 6 3

is 3 =—=37-—=9. The quarter-period is —=—.

/A
2 T 4 2

The cycle begins at x = 9. Add quarter-periods to
generate x-values for the key points.

Chapter 2 Review Exercises

27 3
X=—+—=

2 2
Evaluate the function at each value of x.

15

x |coordinates

9,0
2 (2)
2 2
12 | (12,0
z[(z,y)
2 2

15 | (15,0

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

27
w3
19, 0) 1\, (15,0)

N

\ X
(1
5 (7’ 3)
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12. The graph of y =sin2x+1 is the graph of y =sin2x 1 .
13. Th h of y=2cos—x—2 is th h of
shifted one unit upward. The period for both € BHAPROT )= 2e08 3 g e BHapR O

.. 2 L. T 1
functions is — = 7. The quarter-period is T The y=2 cos shifted two units downward. The period
cycle begins at x = 0. Add quarter-periods to generate o0
x-values for the key points. for both functions is - = 27 -3=6x. The quarter-
x=0 3
. .. 6 31m .
c=04+E_T period is e = > The cycle begins at x = 0. Add
4 4 quarter-periods to generate x-values for the key
T T points.
x="+===
4 4 2 x=0
x=£+£=3_ﬂ. =O+3ﬂ'=3ﬂ'
2 4 4 22
I @
4 4 2 2
Evaluate the function at each value of x.
iz 9z
X=3T+—=—
x |coordinates 2 2
or 3&@
0 0, 1) x=7+7=6ﬂ'
Evaluate the function at each value of x.
V4 V4
i 67
4 4 x  |coordinates
V4 /4
r 1 0 0,0
2 > ) (0,0)
sr|(3
337 2 L2
4 4
V4 (ﬂ', 1) 3” (37[9 _4)
By connecting the points with a smooth curve we o 9
. . = 1=, =2
obtain one period of the graph. P 2
5 (2.
4’ 7 ’
" 6z | (67, 0)
M n
AN (7, 1) By connecting the points with a smooth curve we
0,1 \ obtain one period of the graph.
il LAk y
A (3 0
o) (22, 0] 1 (67, 0)
FE\4 ) H 0,0t i
y=sin2x+1 - \3HI q X
3w _,) LA un} (9_", —2)
3 SN 2
1 - Q@m, —4)
y =2 cos 3r- 2
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14. Select several values of x over the interval.

Chapter 2 Review Exercises

T | x| 37 Sz |3x | Tx
X Ol —|=| —|7w| — |—| — |27
4 |2 4 4 2 4
y =3sinx 021|321 |0 |-21|-3[-21]0
Yy =COSX 11070 (-07|-1|-07] 0 | 0.7
y=3sinx+cosx |1 |28 |3 |14 |-1|-28|-3|-14]1
3
y=3sinxy+cosx \2
y y=3sinx
5| y=cosx
o, 1) ¢ 2w, 1)
- X
/ ywu)
n) ’/
(77, _1) 37 _
5
15. Select several values of x over the interval.
T | m |37 Sz | 37 | T«
X ol —|—=|—|#x| — | — | — |27
4 2 4 4 2 4
Y =sinx 0107 1 |07 -07| -1 [=07] 0
y2=cos%x 1/09(07(04(0|-04|-07|-09| -1
y=sinx+cos%x 111617110 |-1.1|-1.7|-1.6]-1
y T
5%.F /=coslx
(0, 1) 5= G-
/ 2m
N x
. !\\..4 s =
y =Ssinx \J(Tl’(l))l Qm, -1)
y=sinx+c0s%x
16. a. At midnight x = 0. Thus, y=98.6+0.3sin(%~0—%)

The body temperature is about 98.52°F.

b. period: 3 =—

2r 2w

12

=98.6+0.3 Sin(

_lix
12

= 98.6+0.3(—0.2588) = 98.52

27&'-2 =24 hours
T
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162

Solve the equation
ﬂ' iz _=m

12 12 2

r _x llr_o6rx llz _177

27 2 12 12 12 12
_lz 12

12 z
The body temperature is highest for x = 17.

=17

. 1
1 =98.6+03sin| 17—~
12 12

=98.6+0.3 sin% =98.6+0.3=98.9

17 hours after midnight, which is
5 P.M,, the body temperature is 98.9°F.

Solve the equation
V3 11z 37
L2
12 12 2
x, 3 llr 187 lir_29%
12 2 12 12 12 12
297 12

=——=29
12

The body temperature is lowest for x = 29.

1 =98.6403sin| Z.29- 17
12 12

=98.6+0.3sin [3—7[)
2
=98.6+0.3(-1) =98.3°
29 hours after midnight or 5 hours after

midnight, at 5 A.M., the body temperature is
98.3°F.

The graph of y =98.6+0. 3sm(%x—ll—”j is

12
of the form y = D+ Asin(Bx—C) with 4 =0.3,
=" c-= 117[ and D = 98.6. The amplitude

127
is | 4|=| 0.3 |=0.3. The period from part (b)

is 24. The quarter-period is 27? =6. The phase

1z
shift is £=1—=11—7Z 2—11 The cycle
% 12 z

begins at x = 11. Add quarter-periods to
generate x-values for the key points.

17.

18.

x=11
x=11+6=17
x=17+6=23
x=23+6=29

x=29+6=35

Evaluate the function at each value of x. The
key points are (11, 98.6), (17, 98.9), (23, 98.6),
(29, 98.3), (35, 98.6). Extend the pattern to the
left, and graph the function for 0 < x < 24,

y
o 99.0°[—(11,98.6)-(17, 989"

£ 98.8°l 0 08 50\ H

S ol ) < (23,98.69
2 e s ht

E oo 40 " (24, 98.5°)
& 982 o T

0t

0 4 8 12 16 20 24 ~
Hours after midnight

Blue:
This is a sine wave with a period of 480.
Since the amplitude is 1, 4=1.

2 _2m _m

perlod 480 240

. T
The equation is y =sin——x.
q 70

Red:
This is a sine wave with a period of 640.
Since the amplitude is 1, 4 =1.

2 _2m_ %
period 640 320

V4
The equation is y =sin—x.
a =00

Solve the equations

2x=-2 and 2x=Z
2 2

-z V.4
x=—2 x=2%
2 2

b4 b4
x=—— x==—
4 4

Thus, two consecutive asymptotes occur at

x=—Z and x =
4

_r
4

x-intercept =
2 2

An x-intercept is 0 and the graph passes through
(0, 0). Because the coefficient of the tangent is 4, the
points on the graph midway between an x-intercept
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19.

and the asymptotes have y-coordinates of —4 and 4.

. V4
Use the two consecutive asymptotes. x = 2 and

x= %, to graph one full period of y =4tan2x from

T, 7
—-— to —.
4 4
Continue the pattern and extend the graph another

full period to the right.

T o
xX=-— xX=— _32
1 4 x=7
w
(# 4
(|
0,0+ P e
= 2
<_§’_4>’ CliRi
y =4 tan 2x

Solve the equations

V4 V4 T T

—x=—= and —x=—

4 2 4 2
T 4 T 4
X=——— X=— —
2 2

Thus, two consecutive asymptotes occur at
x=-2andx=2.

-2+2 0

2

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the tangent is —2, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 2 and 2.

x-intercept = 0

Use the two consecutive asymptotes, x =—2 and x =
2, to graph one full period of y =-2 tan%x from -2

to 2. Continue the pattern and extend the graph
another full period to the right.

Xx==2Y4x=2x=6
(1Y
(-1,
©,0)
} X
\ >
a, -2) AR
\ STV A[
y=—2tan%x

20.

21.

Chapter 2 Review Exercises

Solve the equations
V4 V4
X+r=—= and x+7=—
2 2
/4 V4
X=——-7 X=—-71
2 2
3z 4
X=—— X=—=
2 2
Thus, two consecutive asymptotes occur at
3z V4
x=——and x=——.
2 2
. —37” - % -2
x-ntercept =—=—~=——=-7
2 2
An x-intercept is —z and the graph passes through
(-7, 0) . Because the coefficient of the tangent is 1,
the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of —1
and 1. Use the two consecutive asymptotes,
3z V4 .
x= > and x = 5 to graph one full period of
3z V1
y=tan(x+x) from —— to ——.
2 2
Continue the pattern and extend the graph another
full period to the right.
==
3w 2 __®
= —— X=—-=
X y 2
3w <
o5
(=m,0) =
1 =7 X
Sa@ _
e
y =tan (x + &)
Solve the equations
V3 V3 T T
X——=—— and x——=—
4 2 4 2
T T T
x=—-—+= x==—+=
2 4 2 4
V4 3z
X=—= Xx=—
4 4
Thus, two consecutive asymptotes occur at
T 3z
x=——and x=——.
4
_r_3n & T
x-intercept = —4—4 =2 -2
2 2 4

An x-intercept is % and the graph passes through

(%, Oj . Because the coefficient of the tangent is —1,
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the points on the graph midway between an x- 23.

intercept and the asymptotes have y-coordinates of 1
and —1. Use the two consecutive asymptotes,

x= —% and x = 377[ , to graph one full period of

y=—tan -2 from - % to 3—” Continue the
4 4 4

pattern and extend the graph another full period to the
right.

c=_E  2dm o Im
4 y 4 4
0, 1)
1 1
24 \ \
(59)
_a 27 X
\ \
o 1 |
(?‘1)

y=—tan( —%)

Solve the equations
3x=0 and 3x=rx

x=0

X=—

3
Thus, two consecutive asymptotes occur at

x=0and x= 1.
3

) 0+%
x-intercept = 5 =

An x-intercept is % and the graph passes through

T
(g’ OJ : 24.

Because the coefficient of the tangent is 2, the points
on the graph midway between an x-intercept and the
asymptotes have y-coordinates of 2 and —2. Use the

. T
two consecutive asymptotes, x = 0 and x = ?’ to

graph one full period of y =2cot3x from 0 to % .

Continue the pattern and extend the graph another
full period to the right.

ko
x== 2z
- y 3 x= 3
12 %) [
|| WH
- ANl
— ——l 1 1
(6’>_:: NI 7] X
Eall
,/. |
5
y =2cot3x

Solve the equations

szO and szir
2 2
x=0 X=m-—
T
x=2

Thus, two consecutive asymptotes occur at
x=0and x=2.

. 0+2 2
x-intercept = ——=—=1
2 2

An x-intercept is | and the graph passes through
(1, 0). Because the coefficient of the cotangent is

1 . .
5 the points on the graph midway between an x-
intercept and the asymptotes have y-coordinates of

1 1 .
3 and 5 Use the two consecutive asymptotes,

x =0 and x = 2, to graph one full period of
y= —%cot%x from O to 2. Continue the pattern and

extend the graph another full period to the right.

31 Yp x=2 x=4
2° 2){h
< | ||
] |
1,0)
Sx
| [
1 _ O\l
27 2

= 1l.wm
y= 2c0t2x

Solve the equations

.4 T
x+—=0 and x+—=71x

x=0—Z
2

V4 V4
X=—=

2 2
Thus, two consecutive asymptotes occur at

x-intercept = 5 =—=0

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the cotangent is 2, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of 2 and —2.

. V4
Use the two consecutive asymptotes, x = 5 and
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25.

xX= % , to graph one full period of y =2 cot(x +%j

T, T .
from 5 to 7 Continue the pattern and extend the

graph another full period to the right.

/I_\
ENE]
~
LTS
s~

=

Graph the reciprocal cosine function, y =3cos27zx .
The equation is of the form y = Acos Bx with 4 =3
and B=2r.
amplitude: | 4 |=]3|=3

2r

period: 2z =—=1
B 2z

. 1
Use quarter-periods, 7 to find x-values for the five

. . . 1
key points. Starting with x = 0, the x-values are 0, 7

%, %, 1. Evaluating the function at each value of x,

the key points are (0, 3),
L
4 2 4

Use these key points to graph y =3cos2zx from 0
to 1. Extend the graph one cycle to the right. Use the
graph to obtain the graph of the reciprocal function.
Draw vertical asymptotes through the x-intercepts,
and use them as guides to graph y =3sec27zx.

x == x=—=

4 4
v \L3) 7
]

el x=
4 MR
(0, 3) ¢+ ¥i--»(2,3)
-
2 X
N7 17
1 j AT T TAT— (3
(2, 3) s <2, 3)

Chapter 2 Review Exercises

26. Graph the reciprocal sine function, y =—-2sin7zx.

The equation is of the form y = Asin Bx with
A=-2and B=r.
amplitude: | 4 |=| -2 |=2

2r  2rx

eriod: —=—=2
P B T

Use quarter-periods, % = % , to find

x-values for the five key points. Starting with

x =0, the x-values are 0, %, 1, %, 2 . Evaluating the
function at each value of x, the key points are (0, 0),

(%, —2j, (1,0), (%, 2), (2,0) . Use these key points

to graph y =-2sinzx from 0 to 2. Extend the graph

one cycle to the right. Use the graph to obtain the
graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as
guides to graph y = —2csczx.

x=1*¥=
y xr=3 x=4
(%,2) J\\l | <%,2>
T\ fas\
! X
1 /)ﬂ_—_%\ 5
7,—2‘ [ ARV A \<7,_2>
y=—-2cscax

Graph the reciprocal cosine function,
y =3cos(x+ ). The equation is of the form
y=Acos(Bx—C) with4=3,B=1,and C=-x.
amplitude: | 4 |=]3|=3

2r 2w

eriod: —=—=21x
P B 1

phase shift: < ——Z_ -
B 1

Use quarter-periods, 277[ = %, to find

x-values for the five key points. Starting with

x =—r , the x-values are —r, —%, 0, %, V.4
Evaluating the function at each value of x, the key

points are (-7, 3), (—g, Oj, (0,-3),

(%, Oj, (7, 3) . Use these key points to graph

y=3cos(x+rx) from —z to . Extend the graph
one cycle to the right. Use the graph to obtain the
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graph of the reciprocal function. Draw vertical
asymptotes through the x-intercepts, and use them as
guides to graph y =3sec(x+ 7).

y=_m @ | _3m
T2 T2 2
y / _517
r==
%I Y 2
(-, 3) L | Il \
A = (37, 3)
(7, 3)1
7 B x
i Uan
0, -3) ’_5 ”h 11\ =Q2m, —-3)
| \dl

y=3sec(x + m)

Graph the reciprocal sine function, y = %sin(x -7).

The equation is of the form y = Asin(Bx—C) with

Az%, B=1l,and C=rx.

amplitude: | 4 |=‘ 3 ‘=§
21 2
period: 2z = 2z =2r
B 1
phase shift: < Ly
B 1

. 2
Use quarter-periods, Tﬂ = %, to find

x-values for the five key points. Starting with x =7,

the x-values are 7, 37”, 2, 57”, 37 . Evaluating the

function at each value of x, the key points

3z 5 57 5
are(r, 0),| —, = |, 27, 0), | —, —— |, (Bx, 0).
( )(2 2)( ) (2 2] ( )

Use these key points to graph y = %sin(x —7x) from

7 to 3 . Extend the graph one cycle to the right.
Use the graph to obtain the graph of the reciprocal
function. Draw vertical asymptotes through the x-
intercepts, and use them as guides to graph

5
=—CSC(Xx—T).
y=5 ( )

x=2r x =4
x=yﬂ x = 3m x =57
[ ' T S
3_77’§_i___l”__|” =y T’ ?>
22 ||

.~
|3
|

N———

‘=
mE
INN
yak
—e
R]
7
SN—————

29.

30.

31.

32.

33.

34.

Let @=sin"'1 ,then sin@=1.

The only angle in the interval [—%, %} that satisfies

sind =1 is Z.Thus sz,or sin_llzz.
2 2 2

Let @=cos I ,then cos@=1.
The only angle in the interval [0, 7] that satisfies

cos@=11is 0. Thus =0, or cos'1=0.

Let 6=tan"'1 ,then tan@=1.

The only angle in the interval (—%, %j that satisfies
tand =1 is Z.Thus 0=£,or tan_llzz.
4 4 4

B3

Let @ =sin"! (—g], then sin9=—7.

The only angle in the interval (—%, %j that satisfies

3

sin@=——is —Z.Thus 6=—£,0r
2 3 3

sin~! [—ﬁj -z .

2 3

Let @ =cos ! [—lj , then cos@ = _1
2 2

The only angle in the interval [0, 7] that satisfies

cosé’z—l is 2—”.Thus Q:Z—E,or
2 3 3

_1[ 1) 2
cos | ——|=—.
2) 3

Let 6 =tan”! (—g] , then tan 8 =—

B

3
. . T T .
The only angle in the interval (—— E] that satisfies

2 b
V3o«

tanfd=——is ——.
3 6

3

Thus Hz—z,or tan” | -2 |=—=.
6 3
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35.

36.

37.

38.

39.

Let € =sin % then sin@ = % The only angle
in the interval Z z that satisfies sin @ = —2 is
272 2
z
e
Thus, cos sin”! Q = cosZ = Q .
2 4 2

Let 6 =cos ' 0, then cos@=0. The only angle in

the interval [0, 7] that satisfies cos6 =0 is %

Thus, sin (cos_1 0) = sinZ =1.
2

Let 6 =sin~! (—%j , then sin@ = —%. The only

angle in the interval {—%, %} that satisfies

sin@:—l is —z.
6

Thus, tan sin_l(—lj :tan[_sz_ﬁ_
2 6 3

Let 6 =cos™! [—?J , then cos@ = —? . The only

angle in the interval [0, 7] that satisfies

B sz
cosf=———is —.
2 6
Thus, tan cos! —ﬁ :tans—ﬂ-:—ﬁ.
2 6 3
Let @=tan™ 173 then tan9—\/_

The only angle in the interval (—% gj that satisfies

tan @ =

Chapter 2 Review Exercises

40. Let & =tan™" % , then tan @ =

AW

Because tan @ is positive, @ is in the first quadrant.
y

r=>5 (4,3)

41. Let @ =cos % then cos@ =

n.nlm

Because cos@ is positive, @ is in the first quadrant.

y
r=>5 (3, 4)
4

%)

3 X
2y =2
3242 =52

32 =25-9=16
yzx/E:4

sin(cos_1 gj =sin@ = Y i
5 5
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42. Let @=sin"! (—%) , then sin@ = —% . 44.

Because sin @ is negative, 6 isin
quadrant I'V.
y

4
6

(4.-3)
r=S5

X2 +(=3)* =57

24yt =i
x*=25-9=16 45,
x=\/ﬁ=4
tan{sin_1 (—Eﬂ —tanf=2 = 3 46.
5 X 4

43. Let 6=cos ! (—?j , then cos@z—%.

Because cos@ is negative, 6 is in

quadrant II.
y 47.

r=>5

(=4.3)

3
3 o *
24yt =i
(-4 +y% =5°
32 =25-16=9

Use the right triangle to find the exact value.

tan| cos™! [—ij =tan@ = _2
5 4

168

Let @ =tan™! (—lj s
3

Because tan @ is negative, 6 is in quadrant IV and
x=3andy=-1.

2_ .2
r-=Xx

+y2
r? =3+ (-1)?
=10

r=+10

sin{tan_1 (—iﬂ =sinf =
5
-1 . T T
,80 sin” | sin— |=—
} ( 3) 3

~ =
|

T .. T
X=—,xisin | ——,
3 2

NN

2 . . .. .
x=—ﬂ,xlsnotm —z,z . x 1s in the domain of
3 22
sinx , so
-1 2 N3 &
sin” | sin— |=sin" —=—
3 2 3

Let 6=sin"! (—%j , then sin@ = —%. The only
angle in the interval {—%, %} that satisfies
sin@ = L is _r . Thus, 8= _r , or

2 6 6

. _1[ 27[) . _1( lj T
sin COS— |=SsIn - ==
3 2 6

Let 6 =tan”! X , then tan @ =X .
2 2

r=\Nx+4
X
[
7 =x?+2?
r2:x2+y2
r=vx*+4
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49.

50.

51.

Use the right triangle to write the algebraic
expression.

2 Wi +4

-1 X
cos| tan  — |=cosf = ==
2 244 xT+4

.1 . 1
Let 8 =sin 1—,then sinf=—.
x x

A [

b=\x"—1
Use the Pythagorean theorem to find the third side, b.
2 +b%=x*

p? =x%-1
b=~x*-1
Use the right triangle to write the algebraic
expression.
sec(sin_1 lj =secf=—n—=> 21
X NP X2 -1

Find the measure of angle B. Because C =90°,
A+ B=90°. Thus, B=90°—4=90°-22.3°=67.7°
We have a known angle, a known hypotenuse, and an
unknown opposite side. Use the sine function.
§in22.3° =~
10
a=10sin22.3°=3.79

We have a known angle, a known hypotenuse, and an
unknown adjacent side. Use the cosine function.

c0s22.3°= i
10

b=10c0s22.3°=9.25
In summary, B=67.7°, a=3.79 ,and b =9.25.

Find the measure of angle 4. Because C =90°,
A+B=90°. Thus, 4=90°—B=90°-37.4°=52.6°
We have a known angle, a known opposite side, and
an unknown adjacent side. Use the tangent function.

tan37.4° = E
a
a= L ~7.85
tan 37.4°

52.

53.

Chapter 2 Review Exercises

We have a known angle, a known opposite side, and
an unknown hypotenuse. Use the sine function.

sin37.4° =§
c
c= L =~9.88
sin37.4°

In summary, 4=52.6° a=7.85,and ¢ =9.88.

Find the measure of angle A. We have a known
hypotenuse, a known opposite side, and an unknown
angle. Use the sine function.

sinAzz
7

A=sin"! (Ej ~16.6°
7

Find the measure of angle B. Because C =90°,

A+ B=90°. Thus, B=90°-A4=90°-16.6°=73.4°
We have a known hypotenuse, a known opposite side,
and an unknown adjacent side. Use the Pythagorean
theorem.

@ +b*=c?

22+ =77
b =72-22=45

b=+/45=6.71

In summary, 4=16.6°, B=73.4°,and b=6.71.

Find the measure of angle 4. We have a known
opposite side, a known adjacent side, and an
unknown angle. Use the tangent function.

tan 4 = ﬁ
3.6

A=tan™! 14 =~21.3°
3.6
Find the measure of angle B. Because C =90°,

A+B=90°. Thus, B=90°-A4=90°-21.3°=68.7°

We have a known opposite side, a known adjacent
side, and an unknown hypotenuse.
Use the Pythagorean theorem.

A =a?+b* =142 +(3.6)> =14.92

c=+/14.92 =3.86

In summary, 4=21.3°, B=68.7°,and ¢ =3.86.
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54.

55.

56.

57.

58.

170

Using a right triangle, we have a known angle, an
unknown opposite side, 4, and a known adjacent side.
Therefore, use the tangent function.

tan 25.6° = i
80

h=80tan 25.6°

~38.3
The building is about 38 feet high.

Using a right triangle, we have a known angle, an
unknown opposite side, #, and a known adjacent side.
Therefore, use the tangent function.

tan 40° = i
60

h=60tan40° = 50 yd
The second building is 50 yds taller than the first.
Total height = 40+ 50 =90 yd.

Using two right triangles, a smaller right triangle
corresponding to the smaller angle of elevation drawn
inside a larger right triangle corresponding to the
larger angle of elevation, we have a known angle, a
known opposite side, and an unknown adjacent side,
d, in the smaller triangle. Therefore, use the tangent
function.

tan 68° =£
d
d= 125 =~ 50.5
tan 68°

We now have a known angle, a known adjacent side,
and an unknown opposite side, 4, in the larger
triangle. Again, use the tangent function.

tan71° = L
50.5
h=50.5tan71° = 146.7
The height of the antenna is 146.7—125, or 21.7 ft,
to the nearest tenth of a foot.

We need the acute angle between ray OA and the
north-south line through O. This angle measures
90°—55°=35°. This angle measured from the north
side of the north-south line and lies east of the north-
south line. Thus the bearing from O to 4 is N35°E.

We need the acute angle between ray OA4 and the
north-south line through O. This angle measures
90°—55°=35°. This angle measured from the south
side of the north-south line and lies west of the north-
south line. Thus the bearing from O to 4 is S35°W.

59.

61.

Using a right triangle, we have a known angle, a
known adjacent side, and an unknown opposite side,
d. Therefore, use the tangent function.

tan 64° = i
12

d =12tan64° = 24.6
The ship is about 24.6 miles from the lighthouse.

a.  Using the figure,
B=58°+32°=90°
Thus, use the Pythagorean Theorem to find the
distance from city 4 to city C.
8507 +960% = b*
b* =1722,500+921,600

b* =1,644,100

b=14/1,644,100 =~ 1282.2
The distance from city A to city B is about
1282.2 miles.
b.  Using the figure,
opposite _ 960
adjacent 850

tan A = =1.1294

A=~tan"1(1.1294) = 48°
180°—58°—48° =74°
The bearing from city A to city C is S74°E.

d=20005£t
4

a=2Oanda)=Z
4

a. maximum displacement:
| a|=]20|=20cm

@ v
b. =— =4
S 2 2rx

1
4 2

1
frequency: 3 cm per second

.2 2 4
c. period: el Y B
T ¥4

The time required for one cycle is 8 seconds.
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62.

63.

64.

d =lsin4t
2
1
a=—and w=4
2
a. maximum displacement:
1 1
|a|=|=|==cm
2 2
b f=2-%_2 o

2r 2 &
frequency: 0.64 cm per second

c. period:z—”=2—”=£zl.57
o 4 2

The time required for one cycle is about 1.57
seconds.

Because the distance of the object from the rest
position at ¢ =0 is a maximum, use the form

L2
d =acoswt . The period is il S0,
w

Because the amplitude is 30 inches, | a | =30.

because the object starts below its rest position
a =-30. the equation for the object’s simple
harmonic motion is d =—-30cos ¢ .

Because the distance of the object from the rest
position at £ =0 is 0, use the form d = asin @t . The

... 2
period is — so
w

2
s 27
@
2r
w=—
5

. 1. 1 .
Because the amplitude is 7 inch, |a | =Z. ais

negative since the object begins pulled down. The
equation for the object’s simple harmonic motion is

d =—lsin2—ﬂ-t.
4 5

Chapter 2 Test

Chapter 2 Test

1.

The equation y =3sin2x is of the form y = Asin Bx
with 4 =3 and B = 2. The amplitude is |A| = |3| =3.

2r

L2 L
The period is ?ﬂ- = By = . The quarter-period is %

The cycle begins at x = 0. Add quarter-periods to
generate x-values for the key points.

x=0
x=0+2=2
4 4
T T T
X=—+—==
4 4 2
T 37
X=—+—=—
2 4 4
3 &«
X=—+—=
4 4

Evaluate the function at each value of x.

x | coordinates

0 (0, 0)

L]
7N\
-lku|§|
W
N—

K
VR
l\)u|§|

(e
N—

T (7, 0)

Connect the five key points with a smooth curve
and graph one complete cycle of the given function.

(59

a
sH/ (7"’)
0,0) (7, 0)
7 a\Jr X
4 2
T T (37 _
+5 (T’ 3)
y =3sin2x
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The equation y =-2 cos(x—%j is of the form
y=Acos(Bx—C) with4=-2, B=1, and
= % The amplitude is |A| = |—2| =2.

The period is %[ = ZT” = 27. The phase shift is

= E. The quarter-period is 2—” = Z.
2 4 2

WO

The cycle begins at x = % Add quarter-periods to

generate x-values for the key points.

V4
x=—=
2
T T
x==—+==r1
2 2
T 3
X=m+=="=
2 2
x= .z =2r
2 2
x=21+%= 5z
2 2
Evaluate the function at each value of x.
x | coordinates
z (z, _2)
2 2
7o (70)
e
2 2
2z (27, 0)
= (o)
2 2

Connect the five key points with a smooth curve and
graph one complete cycle of the given function.

R7d
y <7”%

Solve the equations

X V4 X 7
—=—— and —=—
2 2 2 2
x=—£~2 x=£-2
2 2
X=-7 X=7r

Thus, two consecutive asymptotes occur at
x=—7x and x = 1.

. -r+7x 0
x-intercept = =—=0

2 2

An x-intercept is 0 and the graph passes through (0,
0). Because the coefficient of the tangent is 2, the
points on the graph midway between an x-intercept
and the asymptotes have y-coordinates of —2 and 2.
Use the two consecutive asymptotes, x =—7 and

x =7, to graph one

full period of y = 2tan§ from -7 to 7.

x=-a Yy xX=m
(57
<—£ —%’”rﬂ }02)
2 H
y=2tan%

. . . 1.
Graph the reciprocal sine function, y = —Esm T X.

The equation is of the form y = Asin Bx with 4 =

1 and B=r.
2
amplitude: |A| =‘ 1 ‘zl
21 2
period: 2z = 2 =2
B 4

. 2 1
Use quarter-periods, 2 = > to find x-values for the
five key points. Starting with x = 0, the
x-values are 0, %, 1, %, 2. Evaluating the function at

each value of x, the key points are

I 1 31
(0, 3), (E, _Ej’ (L 0), (E, Ej’ (2,0).
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Chapter 2 Test

Use these key points to graph y = —%sinﬂx from 0 to 2. Use the graph to obtain the graph of the reciprocal function.

Draw vertical asymptotes through the x-intercepts, and use them as guides to graph y = —ECSCﬂ'x.

ypx=1 =2

D
7

1 _1) =7
272
[~

on) il
= \27 2

Select several values of x over the interval.

T | & | 3w Sz | 3xr | T«
X o|—|—| —|#x|— | — | — |21
4 2 4 4 2 4
1 .
y1=5s1nx 0(04(05]04 |0 (|-04|-05|-04]0
yy =2c0sx 21141 0 |-14|-2|-14 0 1.4 2
y=%sinx+2005x 2118105 -11|-2|-1.8|-05] 1.1 2
=%sinx+2c0sx
= 1
y 272
F25H/ 2m,2)
0,2) N\
=lsinx———~‘ ;
Y 2 \ S x
/i
25 <3_“ _l>
A 2’ 2
y=2cosx (@ =2)

Let 0:cos_1(—lj, then cosé’z—l.
2 2

Because cos@ is negative, 6 is in quadrant I1.

x2+y2 —7'2
(1% +y% =22
y2=4-1=3
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7. Let HZCOS_I(gj, then cosé’:g.

Because cos@ is positive, @ is in quadrant .

24yt =i
24yt =3?
J =9y
y= 9—x?

2
sin| cos™! (fj =sinf = R 9—x
3 r 3

8.  Find the measure of angle B. Because
C=90° 4+ B=90°.
Thus, B=90°-4=90°-21°=69°.
We have a known angle, a known hypotenuse, and an unknown opposite side. Use the sine function.

sin21°=-2
13
a=13sin21°=4.7
We have a known angle, a known hypotenuse, and an unknown adjacent side. Use the cosine function.
cos21°= i
13

b=13cos21°=12.1
In summary, B=69°, a=4.7, and b=12.1.

9. x=1000tan56°—-1000tan51°
x=247.7 ft

10. We need the acute angle between ray OP and the north-south line through O. This angle measures 90° — 10°. This angle is
measured from the north side of the north-south line and lies west of the north-south line. Thus the bearing from O to P is
N80°W.

11. d=-6cosnt
a=—-6and w=rx

a. maximum displacement: | a |=| =6 |=6 in.

w 1
b. =—= —
Y 2r 2

z
2r

1.
frequency: 5 in. per second
2

T
The time required for one cycle is 2 seconds.

. 2
c. period= . 2
w
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