The equations generate the same graphs so have no real

T
= —1 +
D(t)=-6 cos 6t 115 differences other than the phase angle and reflection.

. . T .
The difference is thez— phase shift. 3. The equation found by hand is

LT : :
= —tt-2) + 12.
For question 17: H(t) = 7sin 6t(t 2) + 12.5and is close to the graphing

Li Lz Lz ] W HOOL calculator equation. The calculator generated equation is
b |G | M— EH;Q:E more accurate.
£ 45 e 1=, 25 Li Lzl Lz z
] 7E WMmin=-1 0 £EE | .
ize | Bz “Yrax=1 i g
1f BE zcl=,2 Z .
L= Hres= ] 6.3
£ 19
B i9.c
AMA Flotz Flok: Lz ={5.5.8.11.13..
=W 81, 8469230379
Zrodsint 9236713 .
I91227H+. 186018 Sinkeg
FI1952A1 2+ -, 1937 g=zksinthxtci+d
4434364401 a=6. 40527535
ne= b=. 5239257953
s E= c=-1.,584548375
- d=13., B9928365 a o
V(t) =0.85 sin §t
The equations are close but not the same. The calculator
equation will be more accurate. Chapter 5, Review and Practice,
, page 485
For question 18:
LI Lz Lz 1 Lz Lz L Y
1 1z 1z 1z 1z -9 1. If a function is self-replicating, then it is periodic.
c 1z 1y 1z 1y "B
] it 16 it 16 ]
i 18 18 18 18 in
£ zh # 2l 2 i 2.
& ] e o T el
7 EX) zh EX) 8 B y
L1 =112+ 3:4.5.6.. Ly =1 =9, "G Ha 16, .. ~— cycle —
maximum
} 2
For Athens amplitude axis of curve
Sinked } WA
== intbxtc i+d 0 1 2 3 4
a=18. 19725241
e :
c_:' - LT P}
d=23, 22142363 minimm
l— period — -
T(t) = -10.5 cos Nt + 225 (a) cycle - the exact portion of the curve that repeats
_ 6 (b) period - the length of one cycle
For Lisbon (c) amplitude - the distance from the axis of the curve to the
. - : max-= mi
maximum or minimum valueAmplitude :—r‘
(d) axis of the curve - the horizontal line that is halfway
between the maximum and minimum values.
Axis of the curve maxt min
L1
T()=-7 COSgt + 20 (e) maximum - the upper most point reached in one cycle
For MoSCow minimum - the lowest point reached in one cycle
Sinkeg . .
u=gpks i e 4o 3. (a) Ice cream consumption follows a regular pattern as it
a?i%ggg%&égg increases from a low in the cooler months, to a high in the
=-1. 773064691 warmer months and then decreases as the temperature cools.
d=f. IPEII3LE86 % This cycle repeats each year.
(b) If production were constant, natural gas use would be
P constant. However, as temperatures cool, natural gas for
T(t)=-16 cosgt +7 heating purposes would increase and as temperatures
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increase, heating needs would decrease. This cycle is repeatedc) negative angle: the angle is formed by a clockwise

each year.

(c) The pendulum swings from a point to the right of the
vertical, through the vertical position to a point on the left of
the vertical. It then swings back to its starting point. A spring
keeps the cycle going.

(d) When the string is plucked it moves away from rest, then
back through rest to the other side. This vibration, over a
short period of time could be considered as periodic, although
it will eventually stop.

(e) Temperatures rise and fall with the seasons in a
predictable manner from one year to the next.

(f) The sound is repeated over and over again for the same
length of time. The interval between sounds is also constant.

4. (a)
y

20+

vo oo NPl L\ |-~ — y=101
R
0 1b 2'0

10+
(b)
5
4
3 \ / \
2
1

t

0 50

00 (g

5. (a) maximum is 11 m; minimum is 1 m
(b) One cycle is 60 s. Therefore the ride goes around in a
circle once every 60 s.

©) |
Amplitude :M‘
= %_1 , radius of the Ferris wheel
=5m
(d) Axis of the curve:
max+ min
h=———
2
_11+1
2
_12
2
h=6 m

6. (a) angle in standard position: the vertex of the angle is
located at the origin and the initial arm lies along the positive
X-axis

(b) positive angle: the angle is formed by a counter
clockwise rotation of the terminal arm

244

rotation of the terminal arm

(d) co-terminal angle: angles which share the same terminal
arm

(e) principal angle: the anglé, which lies between 0° and
360°

(f) related acute angle: the angle formed by the terminal arm
and thex-axis. The angle is always considered to be positive.

7. (a) Quadrant I: 90°, since 8°6< 90°
Quadrant II: 180°, since 989 < 180°

Quadrant Ill; 270°, since 1889 < 270°
Quadrant IV: 360°, since 2799 < 360°

(b) Quadrant |:1_le since x O< T—ZT
Quadrant I, sincegs st
3n

Quadrant Ill: 37“ sincen< 6<

Quadrant IV: 2, since%-[s f<2n

8. ()

PA
N X

J—130°

)

50°

6=-130°
principal angle: 230°
related acute angle: 50°

(b)
y
PA
500°
40° XR) X
N>
6=500°

principal angle: 140°
related acute angle: 40°

(©)
y
NA
{250 \D X
-560°
6=-560°

principal angle: 160°
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related acute angle: 20°

(d)

y

PA

VRN

280° 80°

6=280°
principal angle: 280°
related acute angle: 80°

9. (a)
n 0=62° + 360n
-2 —658°
-1 -298°
0 62°
1 422°
2 782°
3 1142°
(b)
n 6=-137°+ 3604
-1 —497°
0 -137°
1 223°
2 583°
10. (a)
\
\ 17
S
—2501 470

Positive angles: 110°, 110° + 360° = 470°
Negative angles: —-360° + 110° = —250°

O the co-terminal angles are: —250°, 110°, 470°
(b)

g
(AR
< Kk _H70/|/
= \\ —
530

Positive angles: 190°, 190° + 360° = 550°
Negative angles: —-360° + 190° = -170°
and —170° — 360° = -530°

O the co-terminal angles are: —530°, —170°, 190°, 550°

Part 3: Trigonometric Functions

11. (a)
P(-11, 14) y

The angle terminates in Quadrant II.

® 14
tan = —
P -11
10140
[B=tan 110
B=-52°

O the related acute angle is 52°.
(c) 6= 180° — 52° = 128°

12. (a)

sinezz, cosezl, tarG:X x#0

r r X

wherer =4/x? +y?.

(b) Solvesin 8= y and cosé =X for x andy. Then,
r r

X =r cosBandy =r sin 6. Replacex andy with their
equivalent expressionsl. P(x, y) = P(r cos6, r sin 6).

13. (a)
y
l_-
/\ 0
. : : : ' '
-360° -270° -18%° -90¢ 90 18l 270
1+

(b) period: 360°; amplitude: 1; range: {<ly< 1,y OR};
axis of the curvey =0

(c) maximum values: (-270°, 1), (90°, 1)

minimum values: (-90°, -1), (270°, -1)

zeros: —360°, —180°, 0, 180°, 360°

14. (a)

y
\ /\ / e
+ + + +

—360° —ZWO" 0 QWOQ 366°

14

(b) period: 360°; amplitude: 1; {range: <ly< 1,y O R};
axis of the curvey =0

(c) maximum values: (-360°, 1), (0°, 1), (360°, 1)
minimum values: (-180°, -1), (180°, -1)

zeros: —270°, —90°, 90°, 270°
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15. (a)

&
S 4
=]
3
|
N
- — — — N4 - - - T=
o
=
®
=]
|
- — — —©
Q
3
©
-_——— — — 84+ - - - =
D
®
=]
N
~
o
o]
=]

(b) The functiontan@ = y is undefined wher = 0.
X

(c) There is a vertical asymptote at the points where the
graph is undefined.

16. (a)
by
o ~
-20 |-12 A 1p 20 x
// B
A L,
A1 T
’/ 20
“17]-2p) 3
r=x2 +y?
=\(-17) +(-20°
=689
sin @ = X :T—E = —?—L
r 689 /689
=17 17
cosf=—=——=—-———
r 689 /689
tan 6 __éf __::2!2 = 232
-17 17

(b) 6 terminates in Quadrant IlI.
tan 9:@ =49.6°
17

Then in quadrant lllf =180 +496 =230

17. P(x,y) = (20 cos (7.8}, 20 sin (7.5)
After 18 minutes the angle of rotatiéh+ (7.5(18))° = 135°
The radius ig = 20 m.

Then

P,

20

135°

P
20 1

The distanced, betweerP, andP, can be found using the
Law of Cosines.
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Then,
d? = 202 +20% — 220( 20cos 135

d=36.95
The shortest distance is about 37.0 m

Alternate Solution

Whent = 0:
P,(x;, y1) = (20 cos 0°, 20 sin 0°) = (20, 0)
Whent = 18:

P (Xy, ¥») = (20 cos 135, 20 sin 135 ) =(-14.142, 14.142)
Find the length of the line between the two pol(,,y;)
andP,(x,, ¥,):

d=(04 ~ )" +(% = )’
= (20— (~14 143)® +( 0- 14 14¢

=36.95
The shortest distance is about 37.0 m.

18. Both degrees and radians are used to determine the
measure of an angle. Degree measure is based on 360° in one
rotation of a point about a circle and does not depend on the
radius of the circle. Radian measure is also based on rotation
about a circle but is dependent on the radius of the circle. For
the unit circlejt= 180°.

19.

Let 6 be the angle formed as the point P rotates about the
circumference of a circle with radinsFor one complete
rotation about the circl® = 2rr. Whenr = 1,0 = 2r(1) = 2t

20. To convert back and forth between degree and radian
measure use the proportion:
degree measure radian measure

degree measure radian measure
with the fact that 180° s radians
()

200 _ x

180

Tt
x=2203
9
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21.To convert back and forth between radian and degree

measure use the proportion:

radian measure degree measure

radian measure degree measure
with the fact thatrt = 180° radians

x=180(33 . 1gq
Tt

Part 3: Trigonometric Functions

oy
W,

(b)
-1.4 _ X

n 180
X:180°(—149 - g
s

o

y

ahy

N

(c)

83_ x

m 180

x=180(89 . p0p
Tt

v

(d)

1;5_ X

m 180

= 180°(1 5 .
]

ey
W,

(e)

22_ x

mn 180

X:M':]_ZG’
Tt
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&

=

I

=

o

NEES

w.

=l

o,

E)

24. (a)

sin8=0.75

6 =sin (0.75)

6=0.8

There are four values:

6,=08 6,=m1-08=23
6;=-m-08=-39 6, =—2nM+08=-54
(b)

cos8=-035

6 =cos?t (035)

6=19 and 6=44

There are four values:

6,=19 6,=44

0;=19-2n=-44 6, =44-2m=-19
(©)

tan 6 =6 33

f=tan' 6 33)

6=14

There are four values::

6,=14, 6,=11+1.4=46
O;=-m+l4=-17 6, =2m+¥l4 =49

25. (@)
i LT 0.
h(22) = sin 5 (22)D 095 m
The vertical position of the ship is approximately 0.95 m.
(b)

1[t:2n
5

Then, the period =2%[ =10

5
The period is 10 s. This means that the ship rises and falls
with the waves and takes 10 s for one cycle.

248

(©
h(t) = -0.9

~0.9= sin I4C
O.9—st5t|:|

_— Tt
sin~ (-09)=—t
(-09) c
sin? (-09)=-1119
6=m+1.119=4 260
60=21-1119=5164

Then:

Mt -4260 and Zt= 5164
5 5

t=6.78 t=822

The curve has a period of 10 s, then fartd 60,t = 6.8 s,
8.2s,16.8s,18.2s,26.85,28.2s,36.85,38.25,46.8s,
48.25,56.8 5,58.2 s.

26.

» Use the curvg = sin 8 as the beginning graph.

» kdetermines how much of the curve is completed.
between 0° and 360°. For instancek # 2, 2 full curves

are completed. Ik = % only half the curve is completed.

» The amplitude is. All y values are multiplied bg.

» The curve is shifted horizontally a distancéafits to
the right ifb < 0 andb units to the left ib > 0.

» The curve is shifted vertically a distancedainits
upwards ifd > 0 andd units downward ifi < 0..

27. (a) The period is found using:

Et=21T
6

_ 60_
Thent = ZTIDDI—_[D— 12

The temperature is on a 12 month cycle. There are 12 months
in a year.
(b) y=cos6has a maximum of +1 and a minimum of —1.

Substituting +1 and -1 fomosgt will determine the
maximum and minimum temperatures of —24(-1) + 9 = 33
and —24(+1) + 9 = -15.

28. (@) y-coordinate is changed by a factor of —3

ot O
EE, —SD, (T[, O)

(b) y-coordinate is shifted up 1 unit
a0
DE’ZD (m, 9

(c) x-coordinate is shifted Ief-gunits

L L S I S
B 2 oo

n . J_[Bn 0
EF'Z' 05= Oa° 05
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(d) x-coordinate is changed by a factor%f

ar 0ot 0
o oo %o
29. (@)
y=sin@
y
1--
base curve
) ) ) 6
0 n 3n
2 ™ 7 T
-1+
y=sin36
y

NAN
IV

y=sin3(6-3)
y

AN
AVAVA:

o

o

o

YRV

y=2sin3 (8—%)—4
y

o
NEES
Ng
N
3

(b)
y=cos 6
y
1-
0 > s 7" 2n

Part 3: Trigonometric Functions

y=cos26
y

y:cosz(9+§)

14

=)

N
<
NS
<:l

3+

y:—3c052(e+;)+2
y

L

30. (@)
Amplitude : 2

Period :

92360°
2

o
N\:l-

6=720
Phase Shifty =2 cos% 6-120 )+1

120°to the right
Vertical Shift: up 1 unit

b
Amplitude : 3

Period :

26 = 360

6 =180

Phase Shifty=-3 sin 2@ +45)-1

45 to the left
Vertical Shift: down 1 unit
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(©)
Amplitude : 2

Period :
30 =21

=
3

Phase Shifty =2 cos SE? —gg+l

I to the right
6

Vertical Shift: up 1 unit

31. (a) Graphing the data gives the general shape of the
trigonometric model and whether or not it is sinusoidal. It
shows the maximum and minimum value and a starting point
for the typical sinusoidal curve. These are necessary when
completingy =a sink(6 + b) +d ory =a cosk(0 + b) +d.

(b) Key information: period, phase shift, amplitude, vertical
shift and axis of the curve.

Period: observe one full cycle and determine the length from

the beginning to the end of the cyckeriod= ZTT[

Amplitude :

max — mir‘

Also check if the curve is a reflection in the horizontal axis.
i

Axis of the curve fax * min

The axis of the curve is the vertical shift. The starting point of

the typical curve determines the horizontal or phase bhift,

the starting point is right of @,< 0. If the starting point is

left of 0,b > 0.

32. (a)

Y(C))

oD do & ho
N
YV

0° BR 90° D°

H O,
[0v]

I
N>

I
[¢Y)

/]

N

B

Y
Resembles the sine function.

The period is 120°. Then 1202 360°0 k=3
No phase shift. No vertical shift.

The amplitude is 4.

Of(h=4sinP

or f(6) = 4 cos 3¢— 30°)
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(b)

A f(t

L‘
|
ol b A

N
N
S
=
L~
—

4

y

Resembles the cosine curve with no phase shift.

The period is 12. Then k2z 2n0 k g

Max =6 and Min =4

+4

Axis of the curve i$(6) = GT of(6) =5

The vertical shift is up 5 units.

f(t):cosgt+5

33. (@) Ice cream production rises to a maximum with
warmer weather and then falls to a minimum with cooler
weather. Thus, it is cyclical.

(b)

[

Resembles a sine curve.

The period is 12. Then kZ 2n0 k g

The vertical shift is up 222 units.
Axis of the curve i(t) = %168: 222.

The vertical shift is up 222 units.
The phase shift is 3 units to the right. Then -3.

Amplitude : a= %168: 54

Then, P(t) =54 sin g t —3)+ 222

or P(t) = -54 cosg t+222
(c) Draw a scatter plot using the graphing calculator and plot
P(t) =54 sin g {t —3)+ 222 The scatter plot and graph

follow the same pattern with the graph touching over 70% of
the data points.

Flokl Flokz Flot: I THOO
MMiBSdzincmoelH- “min=8
Iaa+222 Bmax=2a
whe= nacl=1
WMr= Ymin=@
wMy= “max=3068
wHe= Ve l=23
wME= wres=1
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L1 Lz Lz ] (e)
1 168 (I : : 5 cosQ 5x )= 2
;|8 2
£ Ehg cos 0 5x )=—
& 76 5
? G4 2
Lxii= = ~ncl [e0
0.5x = cos 50
34. Solutions can be found by: 1 [P0O-
» Sketching the graph and interpolating cos 050 66.42

» Determining the points of intersection between two
corresponding functions that make up the original equation
» Determine the zeros of the single corresponding function

Then0.5x = 66 42
x=13284 = 1328

35. (@)

L.S =cosé@

Tl
= COSE%E
=05
=R.S

6= %T[ is a solution

(b)

L.S =5 sin@+6
=5sin25 +6
=8.11

R.S =10

L.S#R.S

0 6 = 25 is not a solution

36. (@)
1[0
30
Xx=418 (Quadrantl)
and x =180 - 418 = 138 2 (Quadrant Il)
(b)
_nct 050
x=cos” 5 a0
x=1287 (Quadrant II)

and x =180 + 51 3 = 231 3 (Quadrant Ill)

()
x=tan* @ 8)

X =70.3(Quadrant I)

and x =180 + 703 = 250 3 (Quadrant IIl)
(d)

sin 2x =_—4
3

X =sin

-1 040

2X =sin 030

O no solution sincesin 2x  oscillates between.

Part 3: Trigonometric Functions

(f)

XO_

3tanD§D—
xO 7

tan ——=—

e 3
X 1 070
— =tan i
2 (B0
X .

= 66.8 andg =246 8

7

2
Xx=1336 andx= 4936
0%

O since 0%< x< 360°,x = 133.6°

37. (a)

_ a0

X = CO0S B0

X =0.505 (Quadrant I)

x=0.51

and x =2m-0.51=5 78 (Quadrant 1V)
(b)

X =sin_1D_—3D

10
x = -0.276 (Quadrant 1V)
O does not satisfy the given domain
Thenx = 11 +0.276
x =3.42 (Quadrant Il1)
andx =21 -0.276 = 6 01 (Quadrant 1V)

()
2x =tan* (1)

2x=0.785
x =0.39 (Quadrant I)
and
2x=1+0.785
2x =3.926
X =1.96 (Quadrant IlI)

Period isE
2
. ) . . .
Thenx; =0.39 x, =Q 39+E =1.96 x3=1 96+§ =3.53

X; =3.53+ L =510
2
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(d)

5 sinx=-5
sin x=-1
x=sin* (-1)

x = -=1.57 (Quadrant 1V)
O does not satisfy the given domain
So,x=2m-157
X =4.71 (Quadrant V)

(e)
5cos3x = 2

cos3x = E
5

3x=1159
x =0.39 (Quadrant I)
There are 6 solutions:
X =0.39 X, ':%H—O.BQ': 171

Since it is%ﬂ periodic then:

Xg = 0.39+2?n 2248 x, =1 71+2?’T =3.80
- RN, - - 2T, -
Xg = 0.39+D?%2) =458 % = 173 0 (2) 55,90
()
(X0_
3 tanDED_7
xO_ 7
tan——_=—
(0 3
X 1 070
— =tan —
2 B0
Xz1165
2

X =2.33 (Quadrant 1)
There is only one solution f@r< x < 21t

38. (a) x=53.1° 126.9°

(b) x=104.5°, 255.5°

(c) x=71.6°, 251.6°

(d) x=30.0° 150.0°, 210.0°, 330.0°

39. (&) x=0.46 anck = 3.61
(b) x=1.05, 3.14,5.24

(c) x=0.52,2.62,4.71

(d) x=1.57,4.71
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40. (a)
The highest temperatures occur when:

. Tt
sin—(t-3)=1
l6( )
Then:
’—GT(t—a)zsin‘1 @

s _T " s
E(t 3) =5 Osin™ 3 2
6
2 0n0

t-3=3

t=6

The highest temperature is in July.
The lowest temperatures occur when:

LT
sin—(t-3)=-1
6( )

t-3=

’—GT(t ~3) =sin (1)
T 3n — 3n
—(t-3)=—, Osin~ (49 —
6( ) > (39 5
3neg
t-3=—=—
2 Ut
t-3=9
t=12
The lowest temperatures occur in January.
(b)

0=149 sing(t—3)+13

14.9 sin ’—GT t-3)=-13

. TT -13
sin—t-3)=——
6(t ) 14.9
T . 1 0-130
—(t-3)=sin" =——
A (14,90
. -1 0-130.
sin - =———=-1.06
[h4.90

O 1.06 is the related acute angle. Then,

. -1 0-130. .
sin”T =—— =1 +1.06 =4 20 and
(ha4. o0
. -1 0-130. .
sinT =—-—=21-1.06=522
(h4.90
So:
] )
—(t-3)=4.20
=(t-3)
t—-3=8.02
t =11.02 which is December
and
T )
—(t-3)=522
S(t-3)
t—-3=9.97

t =12.97 which is January
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(©)
25=149 sing t-3)+13

14.9 sin’—6T t-3)=12

sinl -3)= 22
6 14.9
T . 10120
—(t-3)=sin" =——
6= G g0
. 1012 0.
sin” 5——-=0.72
Lh4.90
O 0.72 is theelated acute angle. Then,
. 1012 O.
sin- =——=-=0.72 and
4,90
_— 012 .
sin® 5——=m-0.72
(14,90
=242
So:
s .
—(t-3=0.72
3
t-3=138
t =4.38 which is early to mid May
and
s .
—(t-3) =242
6( )
t-3=4.62

t =7.62 which is late August

Chapter 5 Review Test, page 491

1. (a) exponential

(b) linear

(c) quadratic

(d) periodic: Period is 4 s, Maximum is 25 cm,
Minimum is =25 cm

2. If the function models a sinusoidal function it will take on
the form of.y=asink(6 —h) +dory =a cosk(6 —b) +d. To
determine the amplitude, find the maximum and minimum

points of the grapha = M‘. To findk, first

determine the period of the graph and then solve:
period :2711 for k. To determine the phase shift.find a

typical starting point of the graph and determine how far that
point is from6 =0°. If the starting point is right of @,> 0. If

the starting point is left of @ < 0. To determine the axis of
symmetry or the vertical shift, find the maximum and

minimum points of the graph and sohg= 12X MIN

Part 3: Trigonometric Functions

3. (a) 6=47° (Quadrant )6 = 47° + 360° = 407°;
0 =-360° + 47° = -313°

(b) 6= %T (Quadrant Il) 8= -21t +%T = 3
(c) 8= 15° (Quadrant 1) = 15° + 360° = 375;
0 =15°+ 720° = 735°
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4.To convert back and forth between degree and radian
measure use the proportion:

degree measure radian measure

degree measure radian measure

with the fact that 180° mradians

(@)

260 _ x

180

X:260°n:@
180° 9

(b)

-15 X

180w

X:—15°n:_£
180° 12

5. To convert back and forth between radian and degree
measure use the proportion:

radian measure degree measure

radian measure degree measure

with the fact thatrt= 180° radians

(@)
51t
z X

m 180
X = —5(1;3@ = 450

Thus, 27 is approximately 0.47 radians.
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