Chapter 5 Trigonometric Functions
Chapter 5 Prerequisite Skills
Chapter 5 Prerequisite Skills

a) 0.5878

¢) —5.6713

Chapter 5 Prerequisite Skills

a) 59108

¢) 0.3773

Chapter 5 Prerequisite Skills

.S T
a) sin—=sin| T+—

. T
=-—Smn-—
4

33
= 005[27:—2]
3
T
=Ccos—
3
_1
2

Question 1 Page 250
b) 0.9659
d) —-0.4142

Question 2 Page 250
b) 32.4765
d) —1.4479

Question 3 Page 250

3
2

T
b) cos— =
) 6
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Chapter 5 Prerequisite Skills

5
a) csc—ﬂ=csc 27r—E
3 3

T
=—csc—
3

c) cot7—ﬂ=cot 27r—£
4 4

T
=—cot—
4

=-1
T T
e) cot— =cot—
2 2
=0
Chapter 5 Prerequisite Skills

y=sinx
M1=siniy)

w=an =1

Chapter 5 Prerequisite Skills

y =COS X
Mi=Cosiyl

R

w=an =i

Chapter 5 Prerequisite Skills

Question 4 Page 250

r /4
b) sec—=sec| T+—
6 6

T
=—sec—
6

d) sec2m=sec0
=1

1] csc%zx/z

Question 5 Page 250

Question 6 Page 250

Question 7 Page 250

The graphs of the sine and cosine functions are periodic because they repeat a pattern of y-values

at regular intervals of their domain.
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Chapter 5 Prerequisite Skills Question 8 Page 250

o

is the

a) Since the equation is in the form: f(x)=a sin[k(x - d)] —c, a is the amplitude,

period, d is the phase shift, and c is the vertical translation.
Amplitude is 3; period is 180°; phase shift of 30° right; vertical translation of 1 unit down.

b) Since the graph has amplitude of 3 and is shifted down 1 unit,
Maximum: 3 — 1 =2; minimum: -3 — 1 =-4
¢ 0=3sin[2(x—30°)]-1
1=3sin[ 2(x—30°) |
1
—=sin| 2(x—30°
S =sin[ 2(x-30%) ]
1
—=2x-60°
3

19.47°=2x-60°
79.47°=2x
x=39.7°

A AN A A AN A

AL TR

Fi
218,756 AY=0

sin”!

The first three x-intercepts are 39.7°, 110.3°, and 219.7°.
d) y=3sin[2(0-30°)]-1

y =3sin(—60°) -1

y=-3.6

The y-intercept is approximately —3.6.
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Chapter 5 Prerequisite Skills Question 9 Page 250
a) Amplitude is 2; period is 360°; phase shift of 90° left; vertical translation of 1 unit up.
b) Maximum 2 + 1 =3, Minimum -2 + 1 =-1

) 0=2cos(x+90°)+1
—1=2cos(x+90°)

1
~3 =cos(x+90°)

cos ™! (—lj =x+90°
2

120°-90° =x
x=30°
180°—x =150°

360°+ x =390°
The first three x-intercepts are 30°, 150°, and 390°.

d) y=2cos(0+90°)+1
y=2(0)+1
y=1

The y-intercept is 1.
Chapter 5 Prerequisite Skills Question 10 Page 250
a) x=31.3°
b) x=141.3°
c) x="74.3°
d) x=27.9°
Chapter 5 Prerequisite Skills Question 11 Page 250
a) x=0.2
b) x=223
¢) x=09

d) x=0.2
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Chapter 5 Prerequisite Skills Question 12 Page 251

a) ¥ 4+x-2=0
(x+2)(x-1)=0

The equations of the vertical asymptotes are x =-2 and x = 1.
b) y=0

)

1=l (R +H =20

-1

Chapter 5 Prerequisite Skills Question 13 Page 251

a) The instantaneous rate of change at x =2 is 3. The function is linear so the rate of change is
the slope of the line.

b) The instantaneous rate of change is the same as the average rate of change.

Chapter 5 Prerequisite Skills Question 14 Page 251
a) 6X 60 _ 14.4
25

Justine rode at a rate of 14.4 km/h.
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Chapter 5 Prerequisite Skills Question 15 Page 251

a) h(0.1)=20(0.1)-5(0.1)* h(0.5) = 20(0.5)—5(0.5)
=2-0.05 =10-1.25
=195 =8.75

J5-1.
Average rate of change =M
0.5-0.1
_68
0.4
=17

The average rate of change from 0.1 s to 0.5 s is 17 m/s.

b) £(0.499) = 20(0.499)—5(0.499)? 7(0.4999) = 20(0.4999) — 5(0.4999)
=9.98—1.245005 =9.998—1.249 500 05
=8.734 995 = _8.748 499 95

8.75-8.734 995

0.5-0.499
~0.015005

0.001
=15.005

8.75-8.748 499 95

0.5-0.4999
~0.001500 05

0.0001
=15.0005

Average rate of change =

Average rate of change =

The instantaneous rate of change of height at 0.5 s is approximately 15 m/s.

¢) The speed at 0.5 s is represented by the instantaneous rate of change.
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Chapter 5 Section 1 Graphs of Sine, Cosine, and Tangent

Functions
Chapter 5 Section 1 Question 1 Page 258
. . . 3r b4

a) The maximum value is y =4 + 1 = 5; the values of x where it occurs are x = -y and 7

3

Maxima: ——ﬂ,S , Z,S
2 2
3z

b)

d)

.. . . T
The minimum value is 4 + (-1) = 3; the values of x where it occurs are x = >y and —.

2
Minima: —1,3 , 3—ﬂ,3
2 2

The maximum value is y = -5 + 1 or —4.
The values of x where it occurs are x = —2x, 0, and 27.
Maxima: (-2z, —4), (0, —4), 2z, —4)

The minimum value is y =-5 + (-1) or —6.
The values of x where it occurs are x = —x and 7.
Minima: (-, —6), (z, —6)

The maximum value isy=1-2 or —1.

) R4 b4
The values of x where it occurs are x = —7 and 5 )

. 3 T
Maxima: | ——,—-1{, | —,—1

The minimum value is y =—1 — 2 or —3.

. . T 3
The values of x where it occurs is x = _E and 7 )

Minima: —z,—3, 3—7[,—3
2 2

The maximum valueisy =1+ 1 or 2.
The values of x where it occurs are x = -2, 0, and 27.
Maxima: (—2z, 2), (0, 2), 2z, 2)

The minimum value is y =—-1+1 or 0.
The values of x where it occurs are x = —x and 7.
Minima: (-, 0), (z, 0)
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Chapter 5 Section 1

a)

)

W1=sinCHi+Y

H=0 ¥=4
W1=sin(i-2

H=0 ¥=-z

Chapter 5 Section 1

a)
b)
)

d)

y=3sinx
y=5cosx
y=—4sinx

y=-2C0SX

Chapter 5 Section 1

a)

M1=Z5in(H)

n=0

1= "4sinCil

n=0

b)

d)

b)

d)

MHR e Advanced Functions 12 Solutions

Question 2 Page 258

M=cas(Hi-E

"2 %

n=0 =4

Mi=cosiii+l

n=0 Y=g

Question 3 Page 258

Question 4 Page 258

M1=Ecasiyl

n=0 ¥=E

L S ]

ANVAS
A

=-z
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Chapter 5 Section 1

a) y=sin x+z
d 3
b) y=cos[x—5§j

¢) y=sin x+3—7r
4 4

d) y=cos[x—4?nj

Chapter 5 Section 1

a)
Ni=sinCH+m/3)
Ry Sy
n=n Y=.BBE0ZEY
)

WM=sinCHi+3Tm Y0

b,

S e

fn=0 ¥=.7071067H

Chapter 5 Section 1

2r

a) k=—=4
i
2
So, y=sindx .

b)

d)

Question 5 Page 258

Question 6 Page 258

M=cos(H-Em/a)

=

n=0 ¥=-.HEE0ZEY

M-

M=Cos(i-4HT/ 2]

Vot B

n=i ¥=-.K

Question 7 Page 258
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b) k=

SIEIE
[SSH NN

So, y=cos—x.

¢) k=

SN
W | =

1
So, y=sin—x
Y=g

2
a k=L-2
T

So, y=cos2x
Chapter 5 Section 1 Question 8 Page 258

a) b)

M1=5iniyHD L=t Pac b

FANIVILNWAN
Vi

n=0

fF=sinii1 ZI0Y M1=cos(Zi)

\WAW/WAW
[VRVIRVRY)

Kz Wz Kz wzi
Chapter 5 Section 1 Question 9 Page 258
2
a) k="L-2
T
So, y =3sin2x
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b)

M1=Z5inlZHl

A
VIRV

n=3.9269808 Y=

Chapter 5 Section 1 Question 10 Page 258

The amplitude is 5.

b) 7-5=2
The vertical translation is up 2 units.
¢)
W1=ECas(il+z
n=3ANis8e? 1Y=-2
Chapter 5 Section 1 Question 11 Page 258
. /4 4
a) Period= ——| —— |=—
3 6 2

b) Since one cycle of y =sinx begins at x = 0, this function has a phase shift of % to the left.

¢) k=

So, y= sin{4(x + %H

Wi=sinCyCH+TT 600

=4

t\)\<‘~||'§f

d)

N

)
AV

n=1.4>98966 Y=1
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Chapter 5 Section 1 Question 12 Page 258
. .1
a) The period of the A-note is —.
440

="

by L
440
=880m
Chapter 5 Section 1 Question 13 Page 258

a) The amplitude of the model is 120.
. 1
b) The period of the model is s

2
o) k:T”=120n

60

y=120sin(1207x)

d)

Mi=1z0sintlz0mHl

ANA
VRY

AS0Z0EZEEE YS1z0

Chapter 5 Section 1 Question 14 Page 259

a) The function is odd. The graph of y =sin(—x) is equivalent to the graph of y =—sinx .

Proof
L.S. =sin(—x) R.S. =-sinx
=sin(0—x)
=sin0cosx —sinxcos0
=0—sinx
=—sinx

L.S.=R.S.
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b) The function is even. The graph of y =cos(—x) is equivalent to the graph of y =cosx.

Proof:

L.S. =cos(—x) R.S. =cos x
=cos(0—x)
=cos0cosx+sin0sinx
=CO0SX

L.S.=R.S.

¢) The function is odd. The graph of y =tan(—x) is equivalent to the graph of y=—tanx.

Proof:
L.S. = tan(—x) R.S. =—tan x
=tan(0—x)
tan0 — tan x

" I+tanOtanx
B 0—tanx

1+0
=—tanx
L.S.=R.S.
Chapter 5 Section 1 Question 15 Page 259

Answers may vary. Sample answer:

Flotl Flotz Flots
;V1Esin(H)£cos(H
MY zBsindR)
~NrBocosCE

“Ny=

“Ne=

~NE=

Where y = cos x and y = sinx intersect, y = tan x equals 1.

Where y = cos x equals zero, y = tan x is undefined.
Where y = sin x equals zero, y = tan x equals 0.
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Chapter 5 Section 1

a)-f)

Question 16 Page 259

AR

%

g) For positive x4, the amplitude gets larger as x, gets larger.
For negative x4, the amplitude gets larger as x4 gets larger, but sin x is reflected in the x-axis.

h) The amplitude range changes if you use a circle other than a unit circle.

Xa®
fx
Xg®
g%

Xa®
fx
9% 4

%ﬁ\ﬁ
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D

Xp®

3

Ya?

Chapter 5 Section 1 Question 17 Page 259
4-1
a) a=——
_3
2

3
The amplitude of the function is 5

3
b) c=4->
) ¢ >

. . T B
The vertical translation of the function is ) units up.

¢) The desired period is 60 s, since it take 60 s to complete one revolution.

2
d k="
60

T

30
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Chapter 5 Section 1 Question 18 Page 259

60
a) period= — =3 s/cycle
)P 20 y

k==
3

1.2

a=—
2
=0.6

d=0.6 sin(z?ntj

M1=0.BSin((Z T 330D

A
=\/=\/

b)

H

60
¢) period =—=2 s/cycle
) p 30 y

2
k:—ﬂ:ﬂ
2

The amplitude remains the same.

The waves will be closer together. The equation becomes d = 0.6sin(7t) .
F1=0.65iRCTTH)

AN N
MY

Chapter 5 Section 1 Question 19 Page 260

The solutions for Achievement Check can be found in the Teacher’s Resource.
Chapter 5 Section 1 Question 20 Page 260

a) Answers may vary. For example, I predict that there will be no values of the function below
the x-axis.
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b)

M1=absisinlHl

f=1 ¥=.84147 098

¢) The relation is a function since it satisfies the vertical line test.
d) The relation is even; it is symmetrical about the y—axis.
Prove that |sin(—x)| = |sin x| .
L.S.= |sin(—x)| R.S.= |sin x|
=sin(0—x)|
= |sin000sx - sinxcosO|
= |— sin x|

= |sinx|
Since L.S. =R.S., y= |sinx| is an even function.

Chapter 5 Section 1 Question 21 Page 261

a) b)

v P2,

S odial |
)

T Tl
N O
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Chapter 5 Section 1

a) The graph of y= ; will intersect the graph of y = sin x 3 times: at the origin and 1 point either

side of the origin.

Fiv| F2v |[F3~| F4»| FE Fé~
Tools|A13¢bralCalc|0ther|PramiDjClean Up

. solve[—;- =sin(x), x]

7esin(x)-x=0

- solve[% =sin(x), x]
X = "2,73949 or x=0. or p

- s B e 3 I
solvel(x/7=sin(x), x)
arnind: o o

b)

Question 22 Page 260

Fiv] F2v |[F3~| F4vr | FE Fé~
Tools|A13¢bralCalc|0ther|Pr3mi0jClcan Up

. solve[;- =sinlx), x]

7rsin(x)-x=0

'solve[%=sin(x),x]
49 or x=0. or x=2.73949

A A%

. IRY,

Intgrseckion
n= 2.7 9489 IY=-F9ixECE

Intgrseckion
n=g./FO4EEE IY=.Z013EEL

A RNAY
¥,

Chapter 5 Section 1

a) sin”' Lﬁj _r
2 3

-1 _ E
¢) tan ()= 2

d) cos™ [—%] = %t

Chapter 5 Section 1
a) i) xz+y2=r2
=4

r=2

Question 23 Page 260

Question 24 Page 260
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ii) x=rcos6
y=rsinf

3x+4y=5
3rcos@+4rsinf=>5
r(3cosO+4sinf) =5
5
r=——M8——
3cosO+4sinb

i) x* + y* —4y =x* + )’

r2—4rsin9:\/r_2 & +y* =r*, y=rsinf)
r’ =r+4rsinf
r* = r(1+4sin@)

r=1+4sin0O
b) i) x*+)* =36 (P =x"+%)
ii) x=rcosf
cos@=£
r
r=3cos0
r
r? =3x
x2+y2=3x (r2=x2+y2)
iii) y =rsin0 x=rcos6
Zzsin9 x=rcosf

r

r=2sin0+2cosf

SR

2y+2x
y=——
r
r?=2y+2x (P =x>+y)

x4yt =2x+2y
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Chapter 5 Section 2 Graphs of Reciprocal Trigonometric
Functions

Chapter 5 Section 2 Question 1 Page 267

Flotl Flokz Flots J
~V1BlAsinCED
~NzB5
W=
“Ny=

“MNe=
M= Interseckion m Inkerseckion m
~Ne= n=.enizEfe: Y=£E N AY0z3ys Y=E

The values of x such that cscx=5 are x=0.20 and x=2.94.

Chapter 5 Section 2 Question 2 Page 267
Flokl Flakz Flok:
~“MMiBlAcos R
~MNeB2
“MNe=
~WE= Int-tr's-t-ct/::-dn_\|II Int-tr's-t-ct/::-dn_\|II
W= w=1.0471978 Y= w=E.23E09878 Y=2

The values of x such that secx=2 are x=1.05 and x=5.24.

Chapter 5 Section 2 Question 3 Page 267

Flotl Flotz Flots
~V1B1AtancE
~NVzB-4

W=

“Ny=

“Ne=

~WE= Inkerseckion ]| Inttr’s-tcti¢n]|
W= n=c.B96614 1Y=-Y n=a.0ZA2066 | Y=Y
The values of x such that cotx=—4 are x=2.90 and x=6.04.

Chapter 5 Section 2 Question 4 Page 267

a) Answers may vary. For example, the cosecant function is the reciprocal of the sine function

and sin™' is the opposite operation of sine.

1
b) csc—= = 1.5393

V2

sin”! [LJ = r or about 0.7854
2 4
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Chapter 5 Section 2

Question 5 Page 267

a) Answers may vary. For example, the secant function is the reciprocal of the cosine function

b)

and cos™' is the opposite operation of cosine.

secﬁ =1.5425
2

cos™! [ﬁj = % or about 0.5236

2

Chapter 5 Section 2

Question 6 Page 267

a) Answers may vary. For example, the cotangent function is the reciprocal of the tangent

b)

function and tan™' is the opposite operation of tangent.

cot1l = 0.6421

tan”' (1) = % or about 0.7854

Chapter 5 Section 2

T RY/4
a) secx=csc[x+5j or secx=csc[x—?J

b) Answers may vary. Yes, the phase shift can be increased or decreased by one period, 27 .

Chapter 5 Section 2

a)

b)

Question 7 Page 267

Question 8 Page 267

Flotl Flotz Flots
~MiELAsincRD
M zBsin 10K

W=

U

U

wNy=
“Ne=
“NE=

~Ne=

Intgrseckion
=-.9440281

3

-1.2x4669

Intgrseckion
f=. 94402807

'|'=1.23'1Q

The values of x where cscx =sin™' x are x =—0.9440 and x = 0.9440 .

csc(0.9440)=1.235
sin™'(0.9440) =1.235

and

csc(—0.9440) =1.235
sin”'(—0.9440) =1.235
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Chapter 5 Section 2 Question 9 Page 268

d
a) secx=—
w

d = wsecx

b) The minimum value of x is 0.

tan™'(2)=1.1071
The maximum value of x is approximately 1.1071.

The range is approximately 0 <x <1.1071.

¢) The minimum distance is w/

d>=w"+(2w)
d* = 5w

dzx/gw

The maximum distance in terms of w is \/gw .

Assuming the lifeguard swims a portion of the distance, then w<d < \/gw.

d) Answers may vary. A sample solution is shown.
W1=10(Cos(H)I

w=1 . ¥=12. .

e) Answers may vary. A sample solution is shown.
The total distance will be shorter.
It is dangerous to run on the deck; it would be easy to fall and get hurt and thus take longer to
get to the troubled swimmer.
The lifeguard can swim faster, than she can run.

Chapter 5 Section 2 Question 10 Page 268
d
a) cotx=—
2
d=2cotx
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b) a’=2cotE
3
=1.15

The awning must project approximately 1.15 m from the wall.

)

M=z taniiy

a=1.0471878  Y=1.1E847005

d) As x approaches 0, d approaches infinity. This means that the angle of elevation on the
summer solstice approaches the horizon and so the length of the awning approaches infinity.

T . .
As x approaches 2 d approaches 0. This means that the angle of elevation on the summer

solstice approaches an overhead location and the length of the awning approaches 0.

Chapter 5 Section 2 Question 11 Page 268

7
a) cotxz—‘g

Y
3.5(9.8
cotx = ( )
(5.4)?
cotx=1.1763
1
=1.1763
tan x
tanx =
1.1763
tanx = 0.8501
x = tan™' (0.8501)
x=0.70

b) No, the angle does not double.
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¢) No, the angle is not halved.

Proof: cotx = % Proof: cotx = %
v \%
5% 2)(9. .5(9.
£ (5X208) o= 2508
5.4 (5.4x2)°
cotx =2.3525 cotx =0.2941
1
=2.3525 =0.2941
tanx tan x
tanx = =
23525 X = 2041
tanx = 0.4251 tanx = 3.4006
x = tan"'(0.4251) x = tan”'(3.4006)
x=0.40 x=1.28

Chapter 5 Section 2 Question 12 Page 268

a)

Flotl Flotz Floks
V1Bl AsincEaE
“YeELAtancEne
W=

“Ny=

“Ne=

~Y5=M

~Ne=

Wi=1/5inCHaz

a=1.570786: IY=1

So, by looking at the graphs, csc” x # cot” x .

Answers may vary. For example, csc’ x—1=cot” x .

b) L.S.= csc’x—1 R.S.=cot’ x
1 sin® x 1
= - - 2
sin®x  sin®x tan” x
1-sin’ x _cos” x
sin® x sin® x
2
cos” X . .
=— (Pythagorean identity)
sin” x

Since L.S. = R.S., csc> x—1=cot’ x is an identity.

Chapter 5 Section 2 Question 13 Page 269

a) secx=——
500

d =500secx
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b) d =500sec T
12
RY/4 27:}

d=500sec| —+—
12 12

d =500sec £+£
4 6

500

n oz .. T
COS—COS— |—| sin—sin—
4 6J [ 4 6J

(
@Mf;)

100072
J3-1

d=

d=

d=

d

=500/ CosiHl

W=.7BEZBB16 Y=FU7.1067E

Chapter 5 Section 2 Question 14 Page 269
Solutions for the Achievement Check questions are shown in the Teacher’s Resource.

Chapter 5 Section 2 Question 15 Page 269

'f‘!l.iiujlsinﬂ'lil '. FI

a)

f=1 m ¥=1.188=851
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b) i) For each x value, the y value will be multiplied by 3.

W1=Z/5inCHd

{9

A

¥=3.CeE1HE:

ii) The period is 7.

M1=1/5inlzHl

U U

LU AL

iii) The graph is shifted up 1.

'|'1=l21."5ir|IIHZIJ+F.k‘_/'|'

f=1

[

¥=c.1BB=851

iv) The graph has a phase shift of 3 to the right.

M=1/sincs-21]

W

M=y

¥=1.188=851

Chapter 5 Section 2

a) y=tanx

Mi=kanil

/

f=1

¥=1.BE7H077

Question 16 Page 269
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Mi=ztanii)

f=1

¥=3.114815Y

ii) The period is 7.

1 kanizsl

/)

i

¥=1.BE7H077

iii) The graph is shifted up 3 units.

[=taniie:

/I

//

|

f=1

'|' ‘1 55.'-"10??

b) i) For each x value, the y value is multiplied by 2.

iv) The graph has a phase shift of 1 unit left.

Mi=tanii+1)
[ L
n=0 "|'=1.55?‘|IJ.'-‘?
Chapter 5 Section 2
a) Proof:
L.S.=sin"'(sin0.5) R.S.=0.5

=sin"'(0.4794)
=0.5

L.S.=R.S.

Question 17 Page 269
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. T
b) No, the equation is only true for x € {—5,5} .

W 1=5in-15inCH) =i

a=-1.570786 IY=-1.570796 a=1.57078e: IY=1. 570796

Chapter 5 Section 2 Question 18 Page 269

Using the Pythagorean theorem, the measure of the unknown side is 3 units.
a’=25-16
a=+9

a=3

sin(x) = g

Chapter 5 Section 2 Question 19 Page 269
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(2] r=2cos 0 (r, 0)
0 2 2, 0)
T T
s = [5)
T T
i = )
T T
3 ! ( 5)
T T
2 ! ( EJ
2 1
3
3 3n
T 2 )
Sm Sr
% s e
T —2 (_29 7'l:)
b) i) ii)
= 2 x
3 3

CAE]
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iii)
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Chapter 5 Section 3

Chapter 5 Section 3

2
a) Amplitude = 5; Period: ?ﬂ:

n=.E2ZE0EFE IY=E

WM1=EsinlZHa

AAARARS
VYV

n=.CZZE0EFE IY=z.991750:

M1=Z5inlTHl)

2
e) Amplitude = 1.5; period: el 10
027

/

1= -1.Esinl0.2 il

¥=-1.t

Chapter 5 Section 3

a) From the graph it is a sine function.

The amplitude is 3 and the period is g

2r

k===
2
2

=4

Equation: y =3sin4x

Sinusodial Functions of the Form
f(x)=asin[k(x—d)]+c and
f(x)=acos[k(x—d)]+c

Question 1 Page 275

2 3
b) Amplitude = 3; Period: Tﬂ = ?71'

3

1= =Z2Cos(ih 2000

WANIAW

ey - L I K

1 2
d) Amplitude = 5 ; period: Tﬂ =8r

4

W=/ Zcos (il a0

2
f) Amplitude: = 0.75; period: el 2.5
0.87

M=0 FECosi0 BITH)

Question 2 Page 275
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b) From the graph it is a cosine function.

1
The amplitude is 5 and the period is 1.

1
Equation: y= ECOS 2rx

Chapter 5 Section 3 Question 3 Page 276
a) The amplitude is 4.

2
b) The period is ?ﬂ:

¢) The phase shift is % rad to the left.

d) The vertical translation is 2 units down.

e)

M=ysinECH+ T/ 200-2

a=1.570786: Y=g

Chapter 5 Section 3 Question 4 Page 276

a) The amplitude is 3.
2
b) The period is o 2.
/4
¢) The phase shift is 2 rad to the left.

d) The vertical translation is 1 unit down.

e)

M=z cosimid+21-1

N

S AN S

VAV

n=Z Y=z
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Chapter 5 Section 3 Question 5 Page 276

a) y= 3s1n[x+ZJ—l : amplitude is 3; period is 27; phase shift is — rad left; vertical translation

is 1 unit down.

M=Zsin(H+mT -1

N A
VAV

n=.7HEZ0E1E Y=z

1 5 2 5
b) y=-2 sin{z(x—?ﬂﬂ+ 4 : amplitude is 2; period: Tﬂ = 4m; phase shift is ?ﬂ rad to the

2
right; vertical translation of 4 units up.

1= -Zsinlil 2 -Emr adi+ .

N\

n=lz 0NEFPE YSB

) y= 2sm[2n’ (x+ 3)]—2 : amplitude is 2; period: 2—71- = 1; phase shift is 3 rad left; vertical
/4

translation of 2 units down.

Mi=ZsinZwiH+310-2

% \/

£ =4
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Chapter 5 Section 3 Question 6 Page 276

a) y= 3cos£x— %j + 6 : amplitude is 3; period: 27; phase shift is % rad to the right; vertical

translation of 6 units up.

M=Zcosid-T/4)+8

n=.7HEZ9H1E Y=9

1 4 2 4
b) y= _SCOS{Z[)H_?”H_S: amplitude is 5; period: Tﬂ = 8m; phase shift ?ﬂ: rad to the left,

4
vertical translation 5 units down.

1= "ol HICH+Y T 200-1

AVAY

fn=20.943881 ¥=-10

2 2
¢c) y= 7cos[3ﬂ:(x - 2)]+ 7 : amplitude is 7; period: £ = 3 ; phase shift 2 rad to the right;

vertical translation 7 units up.

M= Cos(Zmwid-210+7

\/\/

n=.BBEEERES  Y=1Y

Chapter 5 Section 3 Question 7 Page 276

a) The amplitude, period and vertical translation will be the same. The phase shift will be
different. Since the maximum value of the cosine function normally occurs at the beginning
(end) of the period. There is no phase shift.

Equation: /4 =3cos(0.47t)+4.5
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b)

M= Cosi YrHI+Y4 B

n=n |'1‘=?.5

Chapter 5 Section 3

Question 8 Page 276

a) The amplitude is 3, the period is 4, the phase shift is 1 right, and the vertical translation is up

1 unit.

b) Equation: y =3sin [g (x - 1)} +1

)

WMi=Zsin(lm zaiH-110+1

W

n=Z =Yy

AVTAW
v

d) Yes, the graphs match.

Chapter 5 Section 3

a) The amplitude is 2, the period is 12, the phase shift is 4 right, the vertical translation is up

1 unit.

b) Equation: y = Zcos[%(x - 4)}+1

)

WMi=Zcos(im/BIH-410+1

Y

n=H \_/t Y=

S

Question 9 Page 276
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Chapter 5 Section 3 Question 10 Page 277

a) The amplitude is 3, the period is w, the phase shift is 1 to the right, and the vertical translation

is 1 unit down.

2
k=222
T
. . T
Equation: y = 3s1n{2(x - ZH— 1
Check:

WM=ZsinZH-m/400-1

el o b A i e |

b) The amplitude is 2, the period is 6, the phase shift is 2 to the left, and the vertical translation is
2 units up.

p=2E_T
6 3

Equation: y=2sin {% (x+ 2)} +2

Check:
Mi=Zsinf(mAZIH+ 200+

VAV

n=l |:'1'=2

Chapter 5 Section 3 Question 11 Page 277

4
a) The amplitude is 4, the period is ?ﬂ: , the phase shift is % to the left, and the vertical

translation is up 1 unit.

Equation: y = 4cos{%[x + %ﬂ +1
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Check:
Mi=YCos(E 2 IH+ A 200+1

AW

n=1.0471876 M3

5 o . .
b) The amplitude is 5 the period is 8, the phase shift is 2 to the right, and the vertical

.. 3
translation is 5 units down.

k:z—n:
8

NI

Equation: y = %cos {% (x— 2)} —%

Check:
M= E A2 D as (T A YICH=-200-

A%

Chapter 5 Section 3 Question 12 Page 277

7+1 3 . .
a) Amplitude: - =4; period = g; phase shift is Tﬂ rad to the left; vertical translation is 3

units up (7 —4 = 3).

Equation: y = 4sin{4[x + %H +3
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b)

L HTE TR | s KR

SAAS

fn=1.17g087: L=?

Chapter 5 Section 3

1+5 s . . S
a) The amplitude: - =3, period is 3, phase shift is 2 rad to the right, vertical translation is

b)

2 units down (3 — 1).

k===
3

Equation: y = 3c0s{2?ﬂ(x— 2)}— 2

W= Cos(iZm 3 IH-200-2

n=Z =i

Chapter 5 Section 3

Answers may vary. Sample answer:

a)

period is

y=1.55in{2(x+%j:|+1.5

Question 13 Page 277

Question 14 Page 277
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b)

WMi=1.Esinfz(H+ T 400+1.E

VAViiYAY

n=n L‘=3

¢) Yes, there are other sine functions have match the given properties. For example,

y= 1.55in[2(x—%r)}+ 1.5

Wi=1.Esinfz(i-7m/4i+1.E

VAViiYAY

n=n L‘=3

Chapter 5 Section 3 Question 15 Page 277

a) The number of points of intersection is 2, one at the beginning of the period and one other
point.

b)

n=0 =1 n=4.188780z Y¥=-.E

4 1
The points of intersection are (0, 1), and [%,—Ej

Chapter 5 Section 3 Question 16 Page 277
Answers may vary.
Chapter 5 Section 3 Question 17 Page 278

Answers may vary.
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Chapter 5 Section 3 Question 18 Page 278

Answers may vary. A sample solution is shown.
a) Suppose the rotation starts at (4, 0) and goes counter clockwise.

. . .. 2m
amplitude is 4, the period is - =7 ;x=4cos nt

b) y=4cosnt y=4sinnt

)

ANIANE N AN
VARV AVARY.

n=.k V=4 n=1 =4

d) L.S.=(4sinmt)> +(4cosmt) R.S.=16
=16sin’ 7t + 16 cos® 7t
=16(sin’ 7t + cos” 7t)
=16 (Pythagorean identity)

Since L.S. = R.S., x>+ y*> =16 is true for all values of 7.

e) The relation in part d) is always true since it is an identity.

Chapter 5 Section 3 Question 19 Page 278
1.5
a) amplitude= >
_3
period: 6
2
k==
6
_r
3

Since the buoy is on its way down instead of up, it is reflected in the x-axis.

. 3. &
Equation: v=——sin—¢
4 3
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b)

=02 Y I5in 0TS 200D

FANTITAN
N

ik B3 =7k
Chapter 5 Section 3 Question 20 Page 278
. . 60 1 2 . . .
a) Amplitude = 25; period: ——=—; k- — =707 ; vertical translation: 75 — 25 = 50 units up
2100 35 1
35

Equation: A =25sin(707¢)+ 50

b)

M=ZEsin(FOmRI+E0

R=.007i4ZBE Y=FE

¢) Ifthe engine speed increases to 2400 rpm, only the period changes.

) 60 1
period: ——=—
2400 40
2
ke 2% —gon
T
40

Equation: /= 25sin(807¢)+50

Chapter 5 Section 3 Question 21 Page 278
The solutions for Achievement Check can be found in the Teacher’s Resource.

Chapter 5 Section 3 Question 22 Page 279
y= acsc[k(x— d)]+c
a: multiply the y-value by a
2
k: changes the period to 7”

d: phase shifts work the same as for sinusoidal function
c: vertical translations work the same as for sinusoidal functions
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Chapter 5 Section 3 Question 23 Page 279

a) The phase shift required is 2.5 to the right.

Graph /= 105in%t+ 12 and 4 =7 to find at which ¢ value, the height is 7 m.

) AN

) S

Intgrseckion
=gk =7

When ¢t =-2.5 s, the height is 7 m, so shift the graph 2.5 units to the right.

h=105in[%(f—2.5)}+12

WMi=10sinlim L EMH-2 B0+l

3
n=n =7

b) Another method to determine the phase shift is to solve for d when 42 =7 and ¢ = 0.

h=10sin 1(t—d)}+12
15

7=10sin %(O—d)}tlz

T
—5=10sin| —(-d
S )}

1 |\
57 s1n[E(—d)}

T
—0.5236 =—(—d
509

-25=-d
25=d

Therefore, the phase shift is 2.5 to the right.
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Chapter 5 Section 3

a)

b)

)

d)

WM1=EsinlH+1]

WA,
VARV

n=.t ¥=4.9874749

y=>5sin(x+1)

y= 5[sinxc0s1+sinlcosx]

y=5coslsinx+5sinlcosx

Since y = asinx + bcos x,
asinx =5coslsinx
a=>5cosl
a=2."7

WM1=Ecosisintii+Esin(iica_

AV AN/
AR

¥=4.9874749

a=27,b=42

Question 24 Page 279

bcosx =5sinlcosx
b=5sinl
b=42

WM1=Ecosisintii+Esin(iica_

AV AN,

ARV,

n=0 ¥=4.207 254D

We=Esin(H+1)

A
WS

n=0

N/
Y.

¥=4.207 2549

Flotl Flokz Flots
“MiBsincE FcosCE

2
:E:EI(E}sin(K+nf

WMr=
why=

~Ne=

N\

AN,

\J

Vi
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Chapter 5 Section 3 Question 25 Page 279

r=2sin0:
Fi=Zsinia)

=i
n=.908z28742 IY=1.4161468

-

T T
a) Ostep=— Ostep = —
10 100
Fi=Zsinial ] Fi=Zsinial ]
=i =i
n=.90929742 1Y=1.4161468 n=.90929742 1Y=1.4161468

Smaller increments of Gstep make the graph smoother and more circular.

b) i)

THDOL Fi=8
2min=a
BMax=6. 283
Bster=, 261
Amin=-7
AMAX=T
necl=1
Ymin=-20

Ymax =8

=T
Q93

==

V=0

iii)

THODW Fi=1-ginci)
2min=a
BMax=6. 283
Bster=, 831
Amin=-2
Amax=2
necl=1
Ymin=-30

Ymax =1

b
=00
nen
v

===
mni

-

V=0

iii)

THDOL FA=Z(d-ginian
2min=a

BMmax=6, 2283

Bster=, 831

Amin= -4

Amax=d4
necl=1
Ymin=-cll ¥z

Ymax =2

b
=00
nen
v

==
mni

[V L]

y,
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Aascl=1

V)

vi)

Ymin= -2l

¥=-11zHE-9

Ymax =4

THOOL
2min=a
BMax=6. 283
Bster=, 831
Amin=-2
Amax=2
necl=1
Ymin=-Z0

Fi=Comizal

2]

Ymax =2

THOOL
2min=a
BMax=6. 283
Bster=, 831
Amin=-2
Amax=18
necl=1
Ymin= -6l

Fi=Z&Ecaria)

Ymax =6

Chapter 5 Extension

The solutions for the Extension can be found in the Teacher’s Resource.
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Chapter 5 Section 4

Chapter 5 Section 4

1
a) sinx=-—

.1
sinn —=x
4
x=0.25
or
x=mw—-0.25
x=2.89
x=0.250rx=2.89

N

¢) tanx=5
tan”'5=x
x=1.37
or
x=mr+1.37
x=4.51
x=1.37 orx=4.5I

x=5.30
or
x=530-7m
x=2.16
x=2.16 orx=5.30

Solve Trigonometric Equations

Question 1 Page 287

b) cosx=-0.75
cos ' (-0.75) =x
x=242
or
x=2r-242
x=3.86
x=2.42 orx=3.86

x=1.32
or
x=2m—1732
x=4097
x=1.32 orx=4.97

f) 2cscx=-5
15

sin x 2

. 2
sinx=——

5

x=—-041=x=5.87
or

x=m+0.41

x=3.55

x=3.550rx=5.87
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Chapter 5 Section 4

a)

b)

d)

x=0.250rx=2.89

Question 2 Page 287

2k
n=.2RZEA0EE V=0

2k
n=c.BEE91EY V=0

x=2.42 orx=3.86

N

H ?.‘ '-IiEBSB‘i =0

N

H 3 EE"I3255 =0

x=137 orx=4.51

Walla

a=1.:734008  Y=0

»

2k
f=4.51498%Y  Y=0

x=1.32 orx=4.97

L

L

S R

cekFo f—\\
fn=1.2101161 Y=o

e e

2k f_\
f=4.9650692  Y=0

x=2.16 orx=5.30

\\

Ty
f= ?.‘ 158?555 =0

\\

el
n= 5 3003516 =0
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f) x=3550rx=5.87

2k ZeFi
A= EEZ108E Y=0 n=E.BF166BE Y=0

Chapter 5 Section 4

Question 3 Page 287

b) cosx =

1
2

ar 5 T S5
X=—0rx=— X=— 0orx=—
3 3 3
¢) tanx=1 d) cotx=-1
1
=-1
tan x
tanx =—1
A A
L [_L,LJ
54 Fd
1/ AN
1 Pl 2 1
\/E |\/§ | —
T ( T : > < hl 2 =raie
{_L_L] [L_L
N N
Sr 3 r
X=— orx=— X=— orx=—
4 4 4
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Chapter 5 Section 4

a)

b)

)

d)

3
sinx+—=0
2

Question 4 Page 287

/_\,,_ﬁ/

2k
fa=4.1887802 Y=0

/_\J/

2k
n=E.ZZE0EFE V=0

cosx—0.5=0

M=cos(ii-E

S

f=1 A Led i |

[ . e

T

2k
n=E.ZZE0EFE V=0

tanx—1=0

gk /
n= ?8535516 =0

-

.

SxFo / /
H=2.9269908 Y=o

cotx+1=0

el
f= ?.‘ 35515‘15 =0

\\

gl
n= 5 '15.'-‘?5?1 =0
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Chapter 5 Section 4

a) sin’x=0.64
sinx = +40.64

sinx = +0.8
Case 1:
sinx =0.8

x=0.930orx=2.21
Case 2:

sinx =—0.8
x=5360orx=4.07

¢) tan’x =144

tanx = v1.44
tanx==%1.2
Case 1:
tanx=1.2

x=0.88 orx =4.02

Case 2:
tanx=-1.2
x=541lorx=227

b)

d)

Question 5 Page 287

0082 X =

NoR NN

cosx ==

NoR N

cosx ==

W N

Case 1:

2
COsSX=—
3

x=0.84 orx=5.44

Case 2:
2

COSX=——
3

x=2.30 orx=3.98

sec’x=2.5
1
> =25
cos“ x
) 4
cos“ x=—
10
2
cosx=+—
J10
Case 1:
cosx =

§‘N
o

x=0.89 orx=5.40

Case 2:

COSX = —

S‘N
(e)

x=2.26 orx=4.03
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e)

cot’x=1.21
1

tan2 X

=1.21

‘ -

tan® x =

1.21

tanx =+ —

— .
—_
— D

tanx =+ —
11

Case 1:

10
tanx = —
11

x=0.74 or x =3.88

Case 2:

10
tanx =——
11

x=5.550rx=2.40

Chapter 5 Section 4

a)

Question 6 Page 287

L e

ZeF i
- et e )

L T

2k
n=2.214287Y Y=o

L e

el L
#=4.060BB79  Y=0

S e T

2k
n=E.ZEEAT0L  Y=0
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b)

)

d)

R e

ZeF i
n=.B4106867 Y=0

AN .
S e

2k
n=g E00EEY Y=o

-

AN V.
S S

2k
n=z.9826612 Y=0

N .
S .

2k
a=E4y2iies Y=o

AN
VAV

= BFE0EE0E  Y=0

ANA
C

1A
VRV

n=.BEE0FFIE  Y=0

ANA
\
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2k
a=.FErELE0E V=0

2k
i LUcttr I

2k
e -l Ll L)

ZeFi
A=EEHEEFOZ V=0

Chapter 5 Section 4

1
a) sinx=—
4

. 1
smx=x—

\9J

Question 7 Page 287

b) coszng
4
cosx:iﬁ
2
Case 1:
NEY
cosx=—
2
T 11
X=— orx=——
6
Case 2:
cosSx=——
5 r
X=— orx=—
6
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¢) tan’x=3
tanx = i\/g

Case 1:
tanx = \/g
ar

T
X=—orx=—
3 3

Case 2:

tanx = —\/5

Chapter 5 Section 4

a)

d) 3csc’x=4

1 4
sin®x 3
sin2x=E

i
sinx:i—3
2
Case 1:
A3
sinx = —
2
T 2n
X=— orx=—
3 3
Case 2:
. 3
sinx =——
2
ar 5
X=— orx=—
3

Question 8 Page 288

2k
fn=2.865191Y4 Y=o

ZeFh
#n=E.FEOCEEE Y=
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b)

)

d)

:aa . Fmalia . =

R N

2k
n=.EZZEOEFE V=0

2k
f=2.8179828 Y=o

T~~~

2k
fn=2.865191Y4 Y=o

T~~~

2k
#n=E.7EOCHEE V=0

A

T C

a=1.0471876 Y=o

1l

T C

=2 0843881 Y=o

1l

T C

fa=4.1887802 Y=0

AN

T

n=E.ZZE0EFE V=0

— |
.;-4-’_'__'-
--.,_\___

WAN

2k
a=1.0471876 Y=o

— |
.;-4-’_'__'-
--.,_\___

WAN

2k
=2 0843881 Y=o

WAW)

S

2k
fa=4.1887802 Y=0

WAW)

—

2k
n=E.ZZE0EFE V=0
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Chapter 5 Section 4 Question 9 Page 288

sin® x—2sinx—3=0
(sinx —3)(sinx+1)=0

sinx=3or sinx =-1

Case 1: Case 2:
sinx =3 sinx =-1
R/
x=—

Since the maximum value possible for sin x is 1, there are no solutions.

3
The only solution on the given domain is x = °r .
Chapter 5 Section 4 Question 10 Page 288
csc’ x—cscx—2=0
(cscx—2)(cscx+1)=0
cscx =2 orcsex =—1
Case 1: Case 2:
cscx =2 cscx=-1
1
—=2 sinx =—1
sinx
. 1 RY/4
sinx =— xX=—
2 2
T S
X=—orx=—
6 6
Chapter 5 Section 4 Question 11 Page 288

2sec’ x+secx—1=0
(2secx—1)(secx+1)=0

2secx=1or secx=-1
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Case 1: Case 2:

2secx=1 secx=—1
1

secx =— cosx=-1
2
1 1

= — X=T
cosx 2
cosx=2

Since the maximum value for cos x is 1, there are no solutions.
The solution is x = 7.

Chapter 5 Section 4 Question 12 Page 288

tan’ x +tanx —6=0
(tanx +3)(tanx—-2)=0

tanx=-3 or tanx =2
Case 1: Case 2:
tanx = -3 tanx =2

x=1.89 orx=5.03 x=1.11lorx=4.25

The solutionisx=1.11orx=1.89 orx=4.25 or x =5.03.

Chapter 5 Section 4 Question 13 Page 288
a) sin2x =0.8
2x =sin"'(0.8)
2x=0.93
x=0.46
or
=046
2
x=1.11

The solutionisx =0.46 orx=1.11.
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b) 5sin2x=3

sin2x =—
5
2x =sin"! (Ej
5
2x=0.64
x=0.32
or
x=2_032
2
x=1.25

The solution is x =0.32 or x =1.25.

c) —4sin2x =-3
sin2x =—
4
2x=sin"" (EJ
4
2x=0.85
x=0.42
or
=2 042
2
x=1.15

The solution is x =0.42 orx =1.15.

Chapter 5 Section 4 Question 14 Page 288
2tan’ x+1=0
2tan” x =—1
1
tan® x =——
2

/ 1
tanx =,[——
2

There is no solution since there are no real roots.
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Chapter 5 Section 4 Question 15 Page 288

3sin2x—-1=0
3sin2x =1
sin2x = l
3
1
2x=sin"! (—j
3
2x=0.34

x=0.17 or xi%—0.17 or x=7+0.17 or xi%”—o.n

=1.40 =3.31 =4.54
The solutionis x=0.17 orx=1.40 orx=3.31 orx =4.54 .

Chapter 5 Section 4 Question 16 Page 288

6cos> x+5cosx—6=0
(2cosx+3)(3cosx—2)=0

2cosx=-3or3cosx=2

Case 1: Case 2:
2cosx =-3 3cosx=2

3 2

cosx=—— x=cos  —
2 3
x=084 or x=27-0.84
=5.44

Since the minimum value for cos x is —1, there is no solution.
The solution isx =0.84 orx =5.44 .
Chapter 5 Section 4 Question 17 Page 288

3cse? x—5cscx—2=0
(cscx—2)(3cscx+1)=0

cscx=2or3cscx=-1
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Case 1: Case 2:

cscx=2 3cscx=-1
1 1
—= cscx=——
sinx
. 1 1 1
sinx =— —_—=—
2 sin x 3
1
x=sin"! (—] sinx =-3
2
T S5
X=— orx=—
6 6

Since the minimum value for sin x is —1, there is no solution.

The solution is x = r orx= S—ﬂ: .
6 6
Chapter 5 Section 4 Question 18 Page 288
sec’ x+secx+6=0
(secx+3)(secx+2)=0
secx=-3o0or secx=-2
Case 1: Case 2:
secx =—3 secx=-2
1 1
COSX cosx
1 1
cosx=—— cosSx=——
3 2
x=cos | —— x=cos | ——
2
x=191 x:—ﬂ01rx:—7r
3 3
or
x=2mr-191
=437

2 4
The solution is x =1.91 orx =4.37 orxz?ﬂ orszﬂ.
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Chapter 5 Section 4 Question 19 Page 288

2tan’ x—5Stanx—3=0
(2tanx+1)(tanx—3)=0

2tanx=—1or tanx =3

Case 1: Case 2:
2tanx =—1 tanx =3
tanx=—l x=tan'3
) 1 ) )
X =tan _E x=1250rx=4.39

x=5.82 orx=2.68

The solutionis x=1250orx=2.68 orx =4.39 orx =5.82.

Chapter 5 Section 4 Question 20 Page 288

a) The left side cannot be factored since there are no two integers that have a product of -3 and a

sum of 1.

—1+12 —4(3)(-1)
2(3)
-1+ \/B
6
sinx =0.43 or sinx =-0.77
x=045 or x=-0.88

b) sinx =

sinx =

¢) x =045
x=2mr—0.88
=541
x=mx—-0.45
=2.69
x=mw+0.88
=4.02

The solutionis x=0.450rx=2.69 orx=4.02 orx=5.41.
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Chapter 5 Section 4

a)

Fiv| F2v [F3~| Fy~| FS Fé~
Tools|A13¢bra|Calc|Other|PramiDjClcan Up

= NewProb Done

] solve[S -(sin(x))2 +sin(x) P
X =6.28319-Bnl + 4.01667 )

L. (351in{x)"2+sin(x)—-1=0, x)

MAIN  FEADAPPRON  FUNC 2730 |

Fiv| F2v [F3~| Fy~| FS Fé~
Tools|A13¢bra|Calc|Other|PramiDjClcan Up

= NewProb Done

n CsinGO)Z +sinG) -1 =0, x|
4= 6.28319-Bn2 + 2.69232 )
L. (35in{x)"2+sin(x)—-1=0, xJ]

MAIN  FEADAPPRON  FUNC 2730 |

Question 21 Page 288

Fiv| F2v [F3~| Fy~| FS Fé~
Tools|A13¢bra|Calc|Other|PramiDjClcan Up

= NewProb Done

# CsinGO)Z +sint) -1 =0, x|
(% =6.28319 -Bnl - . 87507

L. (35in{x)"2+sin(x)—-1=0, xJ]

MAIN  FEADAPPRON  FUNC 2730 |

Fiv| F2v [F3~| Fy~| FS Fé~
Tools|A13¢bra|Calc|Other|PramiDjClcan Up

= NewProb Done

# CsinGO)Z +sint) -1 =0, x|
¢ %=6.28319-Bn2 + .449219
L. (351in{x)"2+sin(x)—-1=0, x)

MAIN  FEADAPPRON  FUNC 2730 |

b) When checking with a graphing calculator, technology allows you to check all the zeros on the

graph within the domain. The CAS gives you the solution within the interval x € [0,2%].

Chapter 5 Section 4

2) 105in[%(f—7.5)}+12 =20

T
10sin| —(¢—7.5) |=8
LS( )

T
sin| —(¢=7.5) |=
[15( )

Question 22 Page 288

4 T

. -1

sin= | — |=—(t=7.5
( (=75)

T T
=(t-75)=093  or —(t-7.5)=221
15¢ ) 150 )

20934+ 2% T g0 O
15 15
X 2250 22379
15 15
£=11.93 £=18.07

The solutionis ¢ = 11.93 or ¢t = 18.07.
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b)

Flotl Flotz Floks
~Vi1E18sincCns150

Ca=Feaaa+12
~NzBz8
W=

“Ny=

wWE= Inkerseckion Int-zr's-tctmn
~Ne=l ¥=1i.827508 _y=z0

prich - e | by | —

Chapter 5 Section 4

4sinxcos2x+4cosxsin2x—1=0

Question 23 Page 288

4sin(x+2x)—1=0 (compound angle formula)

4sin(3x)=1
1
sin3x=—

3x=sin""

NI

3x=0.25
x=0.08

The smallest possible solution is x = 0.08.

Chapter 5 Section 4

2
r=v—sin29
g

20= §sin20
9.8

0.87 =sin26
20=1.06

0=053 or 9i§—o.53
=1.04

Question 24 Page 288

The angles that the cannon can be aimed to hit the target are approximately 0.53 and 1.04.

Chapter 5 Section 4

Question 25 Page 289

Solutions to the Achievement Check can be found in the Teacher’s Resource.
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Chapter 5 Section 4 Question 26 Page 289
tan x cos® x — tanx = 0
tan x(cos’ x—1)=0

tanx(cosx —1)(cosx+1)=0

tanx=0 or cosx=1or cosx =-1

Case 1: Case 2: Case 3:
tanx=0 cosx=1 cosx=-1
x=-2mr,-1m,0, 1,21 x=-2m, 0,21 X=—-T,T

The solutionis x=-2w orx=—morx=0orx=mw orx=27.

Chapter 5 Section 4 Question 27 Page 289

a)

e P

AN AN

Interseckion \/ Interseckion \/

n=.00zizeEs  Y=1z0 = 00e2086E"  Y=1z0

By looking at the graphs, the voltage is greater than 120 V from approximately
0.002 s to 0.006 s.

t=0.006-0.002
=0.004

The voltage is greater than 120 V for approximately 0.004 s.

b) No, it is not safe to use this component because the voltage is greater than 120 V for longer
than the safety limit.
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Chapter 5 Section 4 Question 28 Page 289

CcoS X 1+sinx
+ =2

I+sinx  cosx
cos’ x N (1+sinx)?

cosx(1+sinx) cosx(1+sinx)
cos” x + 1+ 2sinx +sin” x

2
cos x(1+sinx)
1+1+2si
—sm =2 (Pythagorean Identity)
cos x(1+sinx)
2(1+sinx)
cos x(1+sinx)
2
=2
COSX
cosx=1
x==2rorx=0o0rx=2m
Chapter 5 Section 4 Question 29 Page 289
a)
Flatl Flakz Flok:
w1 EZ2cosCE)
MezBZcosd 80 r’Fﬂ“\\
P E=
Y=
~re=l
==
Since 2cos 8 = 2cos(—6) , the function is even and thus is symmetric about the polar axis.
b) r*=tan6

Replace  with —r and 6 with 0 + 7.
(-r)* =tan(6 + 1)
r’ =tan@ (cofunction identity)

e —

There is symmetry about the pole.
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¢) r’sinf=2

Replace 0 with 7 —6.
P sin(r —0)=2
rsinf=2 (cofunction identity)

Fi=(z sinladi (1,32

gzl Br0raE:
n=0 ¥=1.2589:z1

b4 .
There is symmetry about 0 = 5 (the y-axis).

MHR e Advanced Functions 12 Solutions 539



Chapter 5 Section 5 Making Connections and Instantaneous
Rate of Change

Chapter 5 Section 5 Question 1 Page 296

a)

M=Casiil

™, s
S

a=1.5F0786:  Y=0

b) The instantaneous rate of change appearstobe 0 at x=0orx=7m orx =27 .

. . 3r . . b4
¢) The maximum value is x = > and the minimum value is x = 7
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Chapter 5 Section 5
a)

Question 2 Page 296

Angle x fix)=cos x Instantaneous Rate of Change

0 1 0

r 0.87 ~0.50
6

r 0.71 ~0.71
4

r 0.50 ~0.87
3

z 0 |
2

2 -0.50 —0.87
3

3z -0.71 -0.71
4

oz —0.87 —-0.50
6
T -1 0

i —0.87 0.50
6

R -0.71 0.71
4

i —-0.50 0.87
3

L : 1
2

oz 0.50 0.87
3

iz 0.71 0.71
4

1z 0.87 0.50
6

2r 1 0

b)
M=cos(il

a=1.570786: V=0
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¢) Yes. The instantaneous rate of change of the cosine function is y = —sin x.

M= =sinlHl

B

a=1.570786: Y=-1

Chapter 5 Section 5 Question 3 Page 296

30.9904 - 31.8582
20-15
_ —0.867812

5
=-0.174

a) i) Average rate of change =

30.9904 —31.1823
20-19
_ —0.191876

1
=-0.192

ii) Average rate of change =

30.9904-31.01

20-19.9
001959

0.1
=-0.196

iii) Average rate of change =

30.9904 —30.9923

20-19.99
_ —0.001963

0.01
=-0.196

iv) Average rate of change =

b) The instantaneous rate of change of 4 at t =20 s is about —0.196 m/s.

¢) This instantaneous rate of change represents the vertical speed of the car at ¢ =20 s.

d) No. The graph of the sine function changes its slope continually and would not likely yield the

same value at a different value of ¢.
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Chapter 5 Section 5 Question 4 Page 297

a)
Daylight in Sarnia, ON
Month Duration (decimal values)
1 9.08
2 9.95
3 11.20
4 12.73
5 14.10
6 15.13
7 15.32
8 14.52
9 13.18
10 11.75
11 10.30
12 9.25
15.32-9.08
b) Amplitude, a: — =3.12
Period: 12
2
p=2"
12
_r
6
15.32+9.
Vertical translation, c: 15.32+9.08 3 2+9 08 =12.2

. . . . 1 .
Phase shift: The maximum value of the sine function occurs at 7 of a period, or ¢ = 3.

However, the maximum occurs at ¢ = 7. The phase shift is 7 — 3, or 4 months to the right, d = 4.
. |
Equation: 7= 3.12 s1n{g(m - 4)} +12.2

¢) The equation fits the data well.
Mi=z.1zsin(mw/alH-411+1z.2

L,

:':=1 .._a_a_._.'l'=5.ﬁﬂ [ ——1

d) 7= 3.11sin[o.51(m—3.63)]+12.14

The values for a, £, ¢, and d compare well with those in the model.

e) I would use a phase shift to model the data using a cosine function.
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f) Phase shift: The maximum value of a cosine function occurs at the beginning of the period, or

t=0. The phase shift is 7 — 0 = 7 to the right.
Equation: 7= 3.12sin{%(m—7)}+ 122 or T = 3.11 cos[o.51(m—6.71)]+12.14
Chapter 5 Section 5 Question 5 Page 297

3.1251{76?(4-4)}12.2-[3.12@{’;(3.9—4)} 12.2}

4-39

Average rate of change =

=1.63

3.12sin{z(4—4)}+12.2—[3.12sin{z(3.99—4)}+12.2}

4-3.99

Average rate of change =

=1.63

The rate of change of the number of hours of daylight on April 1 is approximately 1.63 h.

Chapter 5 Section 5 Question 6 Page 297
7-1
Amplitude: a = -
=3
Period is 2
2
k="
2
=T

Vertical translation: 7 -3 =4
Equation: 4 =3cos(xt)+4
Chapter 5 Section 5 Question 7 Page 297

a) The instantaneous rate of change seems to be a maximum at (1.5, 4).

3cosl.5m+4—(3c0s1.4997 +4)
1.5-1.499

9.4

b) Average rate of change =

3cosl.5m+4—(3c0s1.49997 +4) 19
1.5—1.4999 '

Average rate of change = 4

The instantaneous rate of change at this point is approximately 9.4 m/s.

¢) This instantaneous rate of change of the height represents the speed of the spring.
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Chapter 5 Section 5 Question 8 Page 297
Answers may vary. A sample solution is provided.
Data for Port Alberni, Friday July 11, 2008

a) Times and Heights for High and Low Tides

Time (PDT) Height (m) Time (PDT) Height (m)
00:00 1.4 12:00 1.5
01:00 1.1 13:00 1.4
02:00 1.0 14:00 1.4
03:00 1.0 15:00 1.6
04:00 1.2 16:00 1.8
05:00 1.5 17:00 2.2
06:00 1.8 18:00 2.5
07:00 2.0 19:00 2.7
08:00 2.1 20:00 2.8
09:00 2.0 21:00 2.8
10.00 1.9 22:00 2.5
11:00 1.7 23:00 2.1

b)
(x € [0,23],y € [0,3], Yscl =0.1)
¢)
Einked
g=3%s1nibx+ci+d
=. 4181238342

b=.247e529262

c=-2.43259c854

d=1.888845511

y = 0.41sin(0.55x — 2.43) + 1.81
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d)

e) The equation obtained by performing a sinusoidal regression on the data is an approximation of
a symmetrical sinusoidal function that best models the tide height data.

My equation is a model for only part of the graph. My equation models the average of the
height data. My equation is not the best model.

Chapter 5 Section 5 Question 9 Page 298

Answers may vary.

a) Point selected from the data in question 8 is (02:00, 1.0).

b) y = 0.41sin(0.55x — 2.43) + 1.81

hz — hl
Average rate of change =

L=t
_[0.41sin(0.55(2) - 2.43) +1.81] —[0.41sin(0.55(1.99) — 2.43) +1.81]
- 2-1.99
L 1.42-141

0.01

=1

The instantaneous rate of change at 02:00 is 1 m/h.

¢) The instantaneous rate of change in the water level at 02:00 represents the vertical speed of the
tide at # = 02:00 h.

Chapter 5 Section 5 Question 10 Page 298
4+4
a) Amplitude: a = -
=4

2
Period is —
5
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u]\l\)|§|’

=5r
b) Equation: d =4sin5xt
Chapter 5 Section 5 Question 11 Page 298

a) It is the graph of y = x”reflected in the x-axis and shifted up 8 units.

Equation: y=—x”+8

6-2
b) Amplitude: a = -

=2
Period is 4

k=2

Vertical translation: ¢=6-2
=4

Equation: y=2 sin(%x] +4

¢) The models are a good fit.
Flotl Flokz Flokz Mi=-H"z+B ME=Zsin(im /2 ai+Y
MY B K2

:325251n((nf2>K}

W=
x$q=
“HNe=
LYe= nzz A ¥zy nzz A ¥zy

Chapter 5 Section 5 Question 12 Page 298

~(2)? +8- [—(1.999)2 +8}

a) Average rate of change =
) Averag g 2-1.999

=4

The instantaneous rate of change at x = 2 is approximately —4.
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2sinB(2)}+4— [25in[§(1.999)}+4}

2-1.999

b) Average rate of change =

=-3.14
The instantaneous rate of change at x = 2 is approximately —3.14.
¢) The answers in parts a) and b) are different.

d) Answers may vary. A sample solution is shown.
If the instantaneous rate is considerably different, the cars may fall off the track.

Chapter 5 Section 5 Question 13 Page 298
Answers may vary.
b) The data selected is Internal Travellers to Canada, Years: 1999 to 2005, Table 387-0004.

Travellers from the United States who stayed overnight in Canada. Unadjusted figures are
shown.

Year Number of Visitors
1996 12 909 000
1997 13401 000
1998 14 892 000
1999 15180 000
2000 15189 000
2001 15570 000
2002 16 167 000
2003 14 232 000
2004 15 088 000
2005 14 390 000

J(x e [0, 9],y € [10 000, 17 000], Yscl = 500)
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d)

M

S 000
= =
oo 5

Lo I L -
numnmunmnz=
— g ===

Fupsn
=J=

y = 1080.75sin(1.42x — 1.46) + 14 718.41

e)

f) The equation obtained by performing a sinusoidal regression on the data is an approximation of
a symmetrical sinusoidal function that best models the number of travellers data.

My equation models the average of the number of travellers data. My equation is not a very
good model.

Chapter 5 Section 5 Question 14 Page 298
Answers may vary.

a) Point selected from the data in question 13 is (2000, 15 189 000).
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b) y = 1080.75sin(1.42x — 1.46) + 14 718.41

Average rate of change

_ hz_hl
L

[1080.75sin(1.42(2000) - 1.46) + 14 718.41] - [1080.75sin(1.42(1999) — 1.46) + 14 718.41]

L 1364432 -

14 438.66

1
=_-794.34

The instantaneous rate of change at year 2000 is —794 340 travellers/year.

2000—-1999

¢) The instantaneous rate of change in the number of travellers at year 2000 represents the vertical

speed of the change in the number of travellers to Canada. This represents a rate of decline.

Chapter 5 Section 5

Solutions to the Achievement Check can be found in the Teacher’s Resource.

Chapter 5 Section 5

a)

y=sin~1(x)

-

yh

4 02

0 2x

Y

Question 15 Page 299

Question 16 Page 299

b) No, it is not a function because it does not pass the vertical line test.

¢) When x = 0, the instantaneous rate of change appears to be at a maximum.

In order for it to be a function, restrict the range to the interval {

WM 1=5in-10H)

n=.t

¥=.5z>E0E7H
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sin”' 0—sin"10.001
0-0.001

d) Average rate of change =

=1
The instantaneous rate of change at x =0 is 1.

Chapter 5 Section 5 Question 17 Page 299

a)

Me=kaniyl

A= A415827 Y=o

b) The instantaneous rate of change does not appear to equal 0 at any value of x.
There is no maximum or minimum value.
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d)

Angle x fix)=tan x Instantaneous Rate of Change
0 0 1
r 0.58 1.33
6
2 1 2
4
r 1.73 4
3
b4
E undefined undefined
2—” -1.73 4
3
3 9 2
4
S—E —0.58 1.33
6
T 0 1
7—” 0.58 1.33
6
o 1 2
4
4—” 1.73 4
3
37” undefined undefined
S—E -1.73 4
3
7—” -1 2
4
iz 0.8 1.33
6
2n 0 1
We=kaniyl
a a
nﬂ a o c

a=3.A418827 Y=o [
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e) Answers may vary. For example, the instantaneous rate of change follows the same pattern as
y=sec’ x.

'?.’COSIIHJ“E \

el o b A el o |

Chapter 5 Section 5 Question 18 Page 299

a)

M1=1/5inCHa

n=1.5F0786S '.'m

b) The rate of change appears to be zero when x =

3n
2

(SR

. There are no maximum or minimum

b

values.
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d)

Angle x fix)=cscx Instantaneous Rate of Change
0 undefined undefined
T 2 ~3.46
6
r 1.41 _1.41
4
r 1.15 ~0.67
3
r 1 0
2

2—” 1.15 0.67
3

3r 1.41 1.41
4

ST 2 3.46
6
b4 undefined undefined

m 2 3.46
6

S—TC —-1.41 1.41
4

4—” -1.15 0.67
3

3z _1 0
2

S—TC -1.15 -0.67
3

m _1.41 ~1.41
4

tr ) ~3.46
6

2w undefined undefined

f1=1/5inCH)
ol o
L
C . o

n=1.5F0786S

)
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cotx

e) Answers may vary. For example, the pattern that is formed is the same as y=———-.
sinx

M= =CostHd siniil" e

n=2. 9269908 Y=1.41421z6

Chapter 5 Section 5 Question 19 Page 299
2
2
+1
w
wh+2w +1 _3
T =

1
w+2+—=3

w
1
w+—=3-2
w
2
w+—=1
WZ

The value is 1.
Chapter 5 Section 5 Question 20 Page 299
a) sin(P + Q) =sin P cos Q +sin Q + cos P

(3sinP +4cosQ)* =6°
9sin® P+ 24sinPcosQ+16cos’Q=36 @

(4sinQ+3cosP)* =1
16sin® Q +24sinQcosP +9cos’* P =1 @

9sin” P +24sin PcosQ+ 16cos” Q+16sin” Q+24sinQcosP+9cos’ P=36+1 @ + @
9(sin® P+ cos® P) +16(sin® Q + cos Q) + 24(sin P cos Q + sinQ cos P) = 37
9+16+24sin(P+Q)=37
24sin(P+Q)=12

sin(P+Q)= %
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b) sin(P+Q)=sin(r—R)

=sinR (cofunction identity)

sinR = 1

2

R=Z

6

Chapter 5 Section 5 Question 21 Page 299

rcosf=x rsin@=y
cosf="2 sing=2
r r

r=asin@+bcosO

_ax by
ror
r* =ax+by
x*+y P =ax+by P =x*+y?)
xP—ax+y*—by=0
2 2 2 2
) a a ) b b
—axt+— |24 —by+— |——=0 complete the square
[xax4]4[yy4j4 (comp quare)

2 2
a b a’ + b
x—— | +|ly-—=| =
2 2 4
2 2
b a a+b .
x—— | +ly—=| = is a circle.
2 2 4

at+b

The centre is [g,%} and the radius is

b

Therefore, r = asin@+ bcosO is a circle with centre [g gj .
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Chapter 5 Review

Chapter 5 Review Question 1 Page 300

6-2
a) Amplitude: a= —

=2
. . +2
b) Vertical translation: ¢ = -
=4
Chapter 5 Review Question 2 Page 300
2 2
Lo2m_2
3 3
Equation cos 2 + d
Y= —| x+—=
q y 3 3
Chapter 5 Review Question 3 Page 300

1
a) Amplitude: a:?O
=5
NPT |
Period is —
30
2z
1

30
=601

k

Equation: y = 5sin607¢

b) No, a phase shift of the period can generate another possible equation.

M1=Esin(B0TH) We=Esin(a0TriH+1,/200

ANVA A
ARV IV,

ns00EZEEEE YeE ns00EZEEEE YeE
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Chapter 5 Review

cscx=4
1
—=4
sin x
. 1
sinx =—
4

x=025 or x=m-0.25

x=2.89

The solution is x =0.25 orx =2.89.

Chapter 5 Review

Question 4 Page 300

Question 5 Page 300

a) The secant function is a reciprocal of the cosine function and cos™ is the opposite operation

of cosine.

b) sec[%} =1.32

(4]

Chapter 5 Review

s
a) cotx=—
12

s=12cotx

b)

=1z /tanik)

n=.PHEZ0E1E V=i

Question 6 Page 300
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¢) As x approaches 0, s approaches infinity. This means that the angle of elevation of the Sun

. e b4
approaches the horizon so the length of the shadow approaches infinity. As x approaches 2

s approaches 0. This means that the angle of elevation of the Sun approaches an overhead
location so the length of the shadow approaches 0.

Chapter 5 Review Question 7 Page 300

2+4
a) Amplitude: a = -
=3
Vertical translation: ¢ =2 — 3
=—1
Period is 2

k=2
2

=T
Phase shift: The maximum of a cosine function occurs at the beginning of the period. For this
function it occurs at x = 1, so the phase shift is 1 unit to the right, d = 1.

b) Equation: y= 3cos[ﬂ(x - 1)]— 1

)

M=Zcosimid-11-1

f=1 Y=g

d) Answers may vary. For example, they match for all values of x.
Chapter 5 Review Question 8 Page 300

a) The amplitude is 3.
2
b) The period is )
/4
¢) The phase shift is 4 rad left.

d) The vertical translation is 1 unit down.
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e) All the characteristics are met.
1= =Z5in(riH+420-1

i ¥=-1

Chapter 5 Review

32 or x=2m-1.32
=497

So,x=1.32 orx=4.97.

Oy vl

28ro
w=1.218116 ¥=0

b) sinx=0.6
x=0.64 or x=m-0.64
=2.50

So, x =0.64 or x = 2.50.

LN
/

2&ro
n=.643501 ¥Y=0

Question 9 Page 300

™ v

2&ro
w=4.965069 Y=o

TN

Y

2ero
nw=g.48809z Y=o
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¢) cotx=2

=2
tan x
1
tanx = —
2
x=046 or x=m+0.46

=3.61

So,x=0.46 orx =3.61.

&Ko 2¢ro
w=.463648 Y=0 w=3.6052Y4 Y=0
d) 4secx=-3
secx=——
13
cosx 4
4
cosx=——

There is no solution.

bt N

~
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Chapter 5 Review
a) (2sinx—1)(sinx+1)=0

2sinx =1 or sinx =-1

Case 1:
2sinx =1
. 1
sinx =—
2
T S5
X=— or x=—
6 6
T St R/
X=— Orx=— orx=—
6 6

b)

Question 10 Page 300

M=zsin(iI~z+5inlHi-1

M=zsin(iI~z+5inlHi-1

M=zsin(iI~z+5inlHi-1

fn=.EZZEOEFE V=0

TR T

T e e

f=2.6179828 Y=0

P N .

n=4.712xH89 Y=o

Chapter 5 Review

T S5 r

Question 11 Page 301

11

X=— 0 X=—"T"0rX=—"0rx=—+-

Chapter 5 Review

Equation: y = 0.9sin [gtj

Question 12 Page 301
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b)

i

N

i
e

IntgFseckion
n=.27498E7E  Y=.E

S

Interseckion
n=il.625011z Y¥=.F

t=0.37o0rt=1.63

The boat is 0.5 m above ground at approximately 0.37 s and 1.63 s.

Chapter 5 Review

Question 13 Page 301

=95 200D

=95 200D

S

f=1 ¥=.9

S

n=z =-g

The instantaneous rate of change is equalto 0 at t=1and t=3.

1= 95T 200

=

1= 95T 200

S

n=0 =0

=4 =0

The maximum instantaneous rate of change occurs at t=0 and t=4.

Chapter 5 Review

a)

Question 14 Page 301
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261-209

2
=26

b) Amplitude: a =

Period: 8

2

Vertical translation: ¢=261-26
=235

1 1
Phase shift: The maximum of the sine function occurs at 7 of the period. 7 of 8 is 2. The

maximum for this function occurs at 3, so the phase shift is 1 unit to the right. d = 1.
. .|
Equation: y = 26sin {Z(x - 1)} +235

¢) The equation fits the data reasonably well.
M=ZEsinCCT A Y0 -100+23E

W

n=z F=eal

d) Using sinusoidal regression, an equation that better fits the data is
» = 22.68 sin| 0.83(x—0.96) |+230.61.
Mi=zz.eBsin( . BZ(H-9601+23_

W

n=k ¥=ezt.B4648

e) Answers may vary.
Chapter Problem Wrap Up

Solutions for the Chapter Problem Wrap-Up can be found in the Teacher’s Resource.
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Chapter 5 Practice Test
Chapter 5 Practice Test Question 1 Page 302
The correct solution is B.

Since the maximum of y = cos x is 1 and this function is vertically transformed 2 units down, the
maximumis 1 —2 =-1.

Chapter 5 Practice Test Question 2 Page 302

The correct solution is C.

Chapter 5 Practice Test Question 3 Page 302

The correct solution is C.

. 2r 2
period: —=—
3 3

Chapter 5 Practice Test Question 4 Page 302

The correct solution is A.

3cos[2(x—%)}d:£

N

Chapter 5 Practice Test Question 5 Page 302
The correct solution is D.

y =tan x y =Secx

'|'1=l:qnlrll 'ﬁcrﬂ{l k

A= A415827 Y=o a=3A41E827 Y=-1.
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Chapter 5 Practice Test Question 6 Page 302

The correct solution is C.

T bid
x=—andx=—
2

W1=1/5inlH) We=cosii-1/2)
n=1.570796 =i briche M 0o - I et |
Chapter 5 Practice Test Question 7 Page 302

The correct solution is A.

3

1
sinx=—; x
J2 4
-

11 T

.....

e R

Chapter 5 Practice Test Question 8 Page 302

a) The cosecant function is a reciprocal of the sine function and sin™' is the opposite operation of
sine.

b) csc(ﬁ]i 1.31 sin_{ﬁjzE
2 2 3

Chapter 5 Practice Test Question 9 Page 302
/
a) cscx=—
4
I=4cscx
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b)

=4/ 5inCHD

n=.7EEZ0E1E Y=C.BEEHEYE

¢) As x approaches 0, ¢ approaches infinity. This means that the angle of inclination of the wire

. . . . T
approaches horizontal and so the length of the wire approaches infinity. As x approaches 2

t approaches 4. This means that the angle of inclination of the wire approaches vertical and the
length of the wire approaches 4 m.

Chapter 5 Practice Test Question 10 Page 302
a) Amplitude: a =2

2
b) Period: A2

4 2

-2 2
¢) d :Tﬂ: ; The phase shift is ?ﬂ: rad to the left.

d) ¢ =-3; The vertical translation is 3 units down.

e) The graph satisfies all the given parameters.

1= '2-:-:-5('1(3}211’."333!-3

n=z.Aiyiener I¥=-z
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Chapter 5 Practice Test Question 11 Page 303

1
a) a:i

T
Equation: y =2cos| —(x—1) [+1
quation: y L( )}

b) The graph satisfies all the properties given.

?1=2c¢5(n#2(ﬁ+1 '.'1:2.:-:.:((11-.-'2')}(;-\1:114-1
LTV BV, v u' v
n=0 =1 f=1 V=2
Chapter 5 Practice Test Question 12 Page 303
442
a) a= 2
3
c=4-3
=1
2
p=2"
T
=2
i=-2
6

5
Equation: y = 3sin {ZKx + ?ﬂﬂ +1

b) The graph satisfies all the given properties.
M1=Z5inlZCR+Em/a10+1

ARVER' SRVEARY

n=0 ¥=-1.E0807E

MHR e Advanced Functions 12 Solutions 568



Chapter 5 Practice Test

cos’x=0.49
cosx==0.7

Case 1:
cosx=0.7
x=0.8 or x=27-0.8
=549

x=0.80orx=2350rx=3.94 orx=5.49
Chapter 5 Practice Test
(2sinx —1)(sinx—1)=0

2sinx=1or sinx=1

Case 1: Case 2:
2sinx =1 sinx=1
. 1 b4
sinx =— x=—
2 2
b4 Sr
X=— or x=—
6 6
b4 S5
X=— Orx=— orx=—
6 2 6

Chapter 5 Practice Test

a)

Question 13 Page 303

Case 2:
cosx=-0.7
x=235 or x=2m-2.35

=3.94

Question 14 Page 303

Question 15 Page 303
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b) Amplitude, a:

Period: 12

2
k=2
12

21.9+4.38

=13.35

Vertical translation, ¢: 21.9 — 13.35=8.55

1 1
Phase shift: The maximum value of a sine function occurs at 7 of a period, 7 of 12 is 3.

The maximum of this function occurs at 7. The phase shift is 7 — 3 = 4 to the right; d =4.

Equation: y = 13.35sin {%(x - 4)} +8.55

¢) The model appears to fit the data well.

=1z ZEsinim/B0H-410+0.5

n=a

¥=1t.22t '\q""-

Chapter 5 Practice Test

a), b)

Question 16 Page 303

Phases of the Moon 2007
Date
.. Phase
(days from beginning of (percent illumination)
year)

3 100
11 50
19 0
25 50
33 100
41 50
48 0
55 50
62 100
71 50
78 0
84 50
92 100
100 50
107 0
114 50
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100-0

¢) Amplitude, a: =50

Period: 30
B 2r

T30
T

15
Vertical translation, ¢: 100 — 50 =50

1 1
Phase shift: the maximum value of a sine function occurs at 7 of a period, 7 of 30 is 7.5. The

maximum for this function occurs at 3, so the phase shiftis 7.5 — 3 =4.5; d =4.5.

Equation: y = 50sin {%(x + 4.5)} +50

d)

(M=S05inClmALEI(H+4. 50045

=3 =100

e) Using sinusoidal regression, the equation is y =49.75sin [0.2 I(x+ 4)]+52.74 . The values of

a, k, ¢, and d compare well with the model.

F1=48, Peinl 2 L0h+400+E2. 7Y

=3 ¥=10z.2648Y

Chapter 5 Practice Test Question 17 Page 303

a) Answers may vary. Sample Answer: Using your model, first find the average rate of change of
the percent of illumination, then estimate the instantaneous rate of change.

50sinL”5(25+4.5)}—50 sin[l”s(24.999+ 4.5}

b) Average rate of change =

=104
The instantaneous rate of change on January 25 is approximately 10.4% per day.

25-24.999

¢) This instantaneous rate of change represents the percent change in illumination of the moon
on January 25.
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Chapters 4 and 5 Review

Chapters 4 and 5 Review

a) 100°x =%
180° 9
77 180°
by ~Ex18%_jps0
12

Chapters 4 and 5 Review

The sector angle is 3 radians.

Chapters 4 and 5 Review

(L) dEE

V2 U) Ve

Question 1 Page 304

Question 2 Page 304

Question 3 Page 304
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Chapters 4 and 5 Review

Chapters 4 and 5 Review

I3

AC =253
AB=AC - BC
=25\3-25
=25+/3-1)

Question 4 Page 304

Question 5 Page 304

. 9 . . . /4
Since T lies in the second quadrant, it can be expressed as a sum of ) and an angle a.

z
2

a

a

297
30
29«

30 2
_297r 157

T30 30
_l4r
T30

_In

15

Now apply a trigonometric identity.

sin — =si

29 . (77r T
n

15
T
= cos—
15
= 0.1045

—_t —

2

)
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Chapters 4 and 5 Review

Question 6 Page 304

Answers may vary. A sample solution is shown.

'!'1=sinl::-!2l

|

n=.29z269908 Y= ZHeEEEYE

'!'2=-:¢si3:-::l

|

n=.29z269908 Y= ZHeEEEYE

_r
TR

Chapters 4 and 5 Review

x*=13*-12% 2

Question 7 Page 304

y
x* =169 —144 y’
x*=25 y
.x:5 y=
13
12
a
5 >
5 3
cosa=—— sinb=——

sin(a+b)=sinacosb+sinbcosa

(S5 )

48 15
__+_
65 65
_ 3
65
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Chapters 4 and 5 Review Question 8 Page 304

i S5m
/ i
/ : R
sin2c=E sinc=z
5
x=15sin2c y=35sinc
x=35(2sinccosc) double angle formula
x+y=5(2sinccosc)+5sinc
=5sinc(2cosc+1)
Chapters 4 and 5 Review Question 9 Page 304
sinfx ., )
a) S—+sin” x=tan” x
cot” x
sin® x
b) LS.=——+ sin” x
cot™ x

=sin’ xtan’ x+sin’x  reciprocal identity

., [sin®x) ., [cos’x .
=smn" x +sm” x quotient identity

cos’ x cos® x

B sin® x(sin” x + cos” x)

cos’ x
s 2
sin” x(1 . .
= —2() Pythagorean identity
cos” X
= tan” x quotient identity

R.S.=tan’ x
.2
i sin”x . . . .
Since L.S. =R.S., ——+ sin® x = tan” x is an identity.
cot™ x
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Chapters 4 and 5 Review Question 10 Page 304

sin2x

L.S.

S€C X

25
- m double angle formula and reciprocal identity

COS X
=2sinxcos’ x

2 2
RS. = COS X

csC X
2cos’ x
B 1

sin x

reciprocal identity

=2cos” xsinx

in2 2cos’
Since L.S. = R.S., SIMEx _ £€08 X

is an identity.
secx cscx

Chapters 4 and 5 Review Question 11 Page 304

L.S. =sin(x+ y)cos(x—y)
=[sinxcos y+sinycos x|[cos xcos y+sin xsin y]
= sinxcosxcos” y+sin ycos ysin® x +sin ycos ycos® x + sin x cos xsin” y
= sin x cos x(cos” y+sin’ y)+sin ycos y(sin® x + cos” x)

=sinxcosx+sinycosy Pythagorean identity

sinx cos
R.S.= + o5y
secx cscy

sinx cosy
I 1

cosx siny

reciprocal identities

=sinxcosx+cosysiny

sinx cos
+ y

Since L.S. =R.S., sin(x+ y)cos(x—y)= is an identity.

S€Cx CSCy
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Chapters 4 and 5 Review Question 12 Page 304

T T
eriod=——| ——
P 3 ( 4)

T T
= —4—

3 4

4 3w
= —4 —

12 12
_Iz

12

a)

b) The function y = sin x begins the period at x = 0. This sine function starts at R so the phase

shift is 42 to the left. d = _r
4 4

Chapters 4 and 5 Review Question 13 Page 304

12

a =—
) a >
6

1
b eriodis — s
) P 100

2T
O k=T
100

=200r
d ¢c=6-0;y=6cos200zx + 6

e)

W1=BCos(Z00THI+E

u=.0d y=iz
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Chapters 4 and 5 Review Question 14 Page 304
a) a=3

2
b) The period is T
4 2

¢) d=

L
L

radians to the right

b

d) c¢=2; vertical shift of 2 upwards

Mi=ZsinlqCH -T2+

n=.29z269808 1¥=-1

The graph satisfies the characteristics expected.
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Chapters 4 and 5 Review Question 15 Page 305

d
a) cscx=——
500

d =500cscx

b) 0<d< 250\/ﬁ; Contestants have a choice not to go cross country so the lower limit is 0.
The upper limit is when d = AC.

AC? =750% +500°
AC? =562 500 +250 000
AC? =812 500

AC =+/812 500
AC = 250413

¢) Total time on pavement:

t=—
N

_ (750 +500)

10
1250

10
=125

Total time cross country:
d

(=2
v
_(2504/13)
6
=150 s

749 m on pavement the rest cross country:
d’ =500" +1°

d* =250 000 +1

d*> =250 001

d =500.001
749 N 500.001

0 6

=158

The total time will be a minimum when the contestant stays on the pavement.
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Chapters 4 and 5 Review

e T . .
The phase shift is 3 radians to the right.

b)

Ni=Zsin(ZCH=-C(m/2000+1

n=1.0471978 1¥=1

Question 16 Page 305
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Chapters 4 and 5 Review

a)

b)

120
a=—-
2
=60
2
period is 5s; k= ?n'

2
h(1) = 60 sin ?’”

1=605in(2wH/E)

. . 2r 2rm .
Increasing the speed to a cycle in 3 s changes the value of & from 5 to = making the

2t
equation A(f) = 60 sin % .

Question 17 Page 305
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Chapters 4 and 5 Review

a) secx=5

1
=5
cos x
1
CcosSx=—
5
(3]
x=cos | —
5
x=1.37
or
x=2m—-1.37
x=491

x=137 orx=4091

Question 18 Page 305

b) Bsinx—1)4sinx+1)=0

3sinx=1or4sinx=-1

Case 1: Case 2:
3sinx=1 4sinx=-1
sinng sinx:—z
x=0.34 x=2mr-0.25
or x=6.03
x=r-0.34 or
x=2.80 x=m+0.25
x=3.39

x=0.34 orx=2.80 orx=3.39 orx=6.03
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Chapters 4 and 5 Review Question 19 Page 305

a)

1=4.25inl0F el +0.21+0. 3

3
S ————————— ——————————————————————

n=4 ¥=8.5EHEZER

b)

1=4.25inl0F el +0.21+0. 3

Hz0 Yz7.1344112
The demand in 1990 was approximately 7134 cones.

aNs
BVARY,

Il‘lttl"!'t':l'll:ll‘l
n=H.0BEEYHEY Y=oR.E

The average demand for ice-cream cones is 6300 cones.

2
d) period = %, which is approximately 8.7

The period of the model is approximately 8.7 years.

e) Answers may vary. A sample solution is shown.

Haxim Haxirum
H= 1503555? ¥=10.E n=1n, 53053 ¥=10.E

The model forecasts a peak demand in approximately Oct 1991 and June 2000.

f) Answers may vary. A sample solution is shown.
The temperature follows the same trend.
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Chapters 4 and 5 Review

30-10

a) a= 2 or10; c=30-10o0r 20

2
period is 24 hours; k= Tor X
24 12

Question 20 Page 305

1 1
The maximum of y = sin x occurs at 7 of a period, 7 of 24 is 6. The maximum of this

function occurs at 18, d = 12 (since d = 18 — 6), so the phase shift is 12 units to the right.

C(t)=10 sin[%(r— 12)}20

b)

1=10sinl0mALEdi =120+

n=h

Chapters 4 and 5 Review

Question 21 Page 305

a) Answers may vary. A sample solution is shown.

1=10sinl0mALEdi =120+

The first point on the graph where the instantaneous rate of change is a maximum is at = 12.

b)

IOsinLT;(12—12)}+20—[105in[1ﬂ;(11.999—12)}+20}

Average rate of change =

=2.6

12-11.999

The instantaneous rate of change at this point is approximately 2.6 ppm/h.
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