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Investigate, page 226

1. When the counterclockwise distance from A(1, 0) to P is 2.6, the
coordinates of P are aboui)(86, 0.52). Thus;os 2.6= —-0.86 and
sin2.6= 0.52

| o | 1200 o |

| o5 | o088 | 048 |

| 10 | o054 | 084 |

| 15 | o007 | 100 |

| 20 | -042 | o091 |

| 25 | -080 | 060 |

| 30 | 099 | 014 |

| 35 | 094 | -035 |

| 40 | -065 | -0.76 |

| 45 | -021 | -0.98 |

| 50 | 028 | -09 |

| 55 | o071 | -071 |

| 60 | 09 | -028 |

’ 1P y = CcOsX
X

o 1
Tt y =sinx

4. a) You can go around the circle in either direction, as many times as
you like. Thus, the domain is all real numbers. The range is the
first coordinates of all possible points Pdr< x < 1.
b) Since the point P goes around a circle, the peri@atis

¢) Thex-intercepts occur whey= 0. Thus,cosx = 0 when the first
coordinate of P is 0, which occurs wheg 1.57andx = 4.71

5. a) You can go around the circle in either direction, as many times as
you like. Thus, the domain is all real numbers. The range is the
second coordinates of all possible points P;log x < 1.

b) Since the point P goes around a circle, the peri@dtis

¢) Thex-intercepts occur whey= 0. Thus,sinx = 0 when the
second coordinate of P is 0, which occurs wkenO and
x=3.14
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4.1 Exercises, page 233

4. b) The two graphs are two different ways of representing the same
functions, so the values should be the same.

5. a) sSin0.5= 0.4794andcos 0.5= 0.8776mean that when the length
of arc AP in a unit circle is 0.5 units, the coordinates of P are
approximately (0.8776, 0.4794).

P (0.8776, 0.4794)

A (L 0)

AN
N %

b) sin 1= 0.841%ndcos 1= 0.5403mean that when the length of
arc AP in a unit circle is 1 unit, the coordinates of P are
approximately (0.5403, 0.8415).

P (0.5403, 0.8415)

A (1, 0)

aR
N

¢) sin2 = 0.9093andcos 2= —-0.4161mean that when the length of
arc AP in a unit circle is 2 units, the coordinates of P are
approximately £0.4161, 0.9093).

P (~0.4161, 0.9093)

A (L 0)

0
L

d) sin 2.8= 0.3350andcos 2.8= -0.9422mean that when the
length of arc AP in a unit circle is 2.8 units, the coordinates of
P are approximately-0.9422, 0.3350).

P (~0.9422, 0.3350)

A (1, 0)

R
L
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e) sin4.3= -0.9162andcos 4.3= -0.4008mean that when the
length of arc AP in a unit circle is 4.3 units, the coordinates of
P are approximately-0.4008,-0.9162).

dh
NP

P (~0.4008, —0.9162)

f) sin 10= -0.5440andcos 10= -0.8391mean that when the
length of arc AP in a unit circle is 10 units, the coordinates of P
are approximately-0.8391,-0.5440).

0 A (1,0
P (-0.8391, —O.W(KJ

g) sin (-0.5) = -0.4794andcos (0.5) = 0.8776mean that when the
length of arc AP in a unit circle is 0.5 units in the clockwise
direction, the coordinates of P are approximately
(0.8776,-0.4794).

A (L 0)
% (0.8776, —0.4794)

h) sin (-3.7) = 0.5298andcos (3.7) = —0.8481mean that when the
length of arc AP in a unit circle is 3.7 units in the clockwise
direction, the coordinates of P are approximately
(—0.8481, 0.5298).

AN

P (~0.8481, 0.5298)

i
NI
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7.

9,

13.

14.

a) 1

NAYIAVEN
VA

-1

a) It would look like a straight line with a small slope passing
through the origin. This is because the graph shows values only
for -6.28° < x < 6.28°, which are very small.

h) 1

L

_ZT[ l 2T[

-1

Explanations may vary. For image 1:

Since the distance travelled by the marked vertex is 1, the angle of
the marked vertex is 1 radian. Since the angle of each ve%ex is
greater than the preceding vertex, the angles of the other 3 vertices
arel + g radians,1 + ttradians, and + % radians. To find the
coordinates of the vertices, | took the cosine of the angle for the first
coordinate, and the sine of the angle for the second coordinate.
These were my results:

(-0.841, 0.54),40.54,-0.841), (0.841:-0.54).

a) 15
Vi=sincH l/r\
H::I..IJIEB\/]HE.E??

-15

a) 1.5

—21 Tmm m / 2n
VAR,

n=1.068 =.481
-15
¢) The cosine and sine graphs have positive value® fox < g and
2T <X < —E, or in the first and fourth quadrants. The common
angles 1.069 and5.214 are in these ranges, so they are the same
for both exercise 13b and exercise 14b.
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15. a) The graph ol = sinx is above the graph of= cosx at this
point.

b) No. The graph oy = sinx is abovey = cosx for

% + 2N <X < % + 2ntt, wheren is any integer. It is below for

%’T +2n1T <X < % + 2n1t, wheren is any integer.

16. a) 3.1 0.5

-4.7 l 47 -05 ’ 0.5

|

-3.1 -0.5

b) Thex- andy-coordinates are equal. Refer to the large scale
diagram of the unit circle. Whenis small, the circle is almost
a straight, vertical line, so the second coordinate sinR, is
almost equal to.

18. Prove thasin (x + 2m) = sinx.
Left side= sin (x + 2m)
= sinxcos A1 +cosxsin 21t
= sinx
= Right side
Prove thatos & + 21m) = cosx.
Left side= cos & + 2m)
= COSXCO0S AT —Ssinxsin 2rt
COSX
= Right side

Exploring with a Graphing Calculator, page 236

1. f) No. Tracing will not land on the exact maximums, minimums,
or intercepts.

2. f) Yes. The trace function will trace to the exact maximums,
minimums, and intercepts.

3. The first window setting lets you trace to ratioxatlues. The
second window setting lets you tracgalues which are multiples
of 1.

4. The functions have the same domain and range, they just use different

variables. Sinc®’ equalsx radians, the graphs are the same.
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Investigate, page 237

1. ¢) When 2 is replaced by > 1, ora < -1, the graph is vertically
expanded by a factor ef When-1 < a < 1, the graph is
vertically compressed by a factorafWhena < 0, the graph
is also reflected in theaxis.

When 1 is replaced by, the graph is vertically translated by
d units.

3. The properties of vertical expansions, compressions, and translations
are consistent regardless of the specific sinusoidal function to
which they are applied. Therefore, the solution to exercise 1 part ¢

holds here.
4. a) 8 h) 8
-8 -8
c) 8 d) 8

-8 -8
e) 8 f) 8
-211 2n —21 /_\V\ 2n
-8 -8
5. a) 2

A VAN .
L

-21 jf \‘l/

-2

b) When% is replaced by, the graph is horizontally translated
c units right, wherc < 0 andc units left, whernc > 0.

102 SELECTED SOLUTIONS



TABLE OF CONTENTS

ADDISON-WESLTEY

Mathematics 12| Selected Solutions — Chapter 4

1. 2

£

=21 ﬂl"‘ 2n
U\ N

The properties of horizontal translations and application to specific
sinusoidal functions is consistent regardless of the function.
Therefore, the solution to exercise 5 part b holds here.

8. a) 8 b) 8

I VAN

= |21 =21 L|2n
NN

-8 -8

c) 8 d) 8
21 21 -2 /\J/\_/ 2n

-8 -8

4.2 Exercises, page 245

2. When a graph is translated vertically up, its shape does not change,
but it moves up along theaxis and itg/-intercepts change. When a
graph is expanded vertically, its shape changes, but the graph does
not move up thg-axis and the-intercepts do not change.

6. a) 4

-4.7 4.7

=6 ¥=.EGE
-4
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7.

10.

1.

a)

4
Y=L 1isinti

-6
The graph ofy = 3cosx + 3 is a vertical expansion by a factor
of 3, then a translation of 3 units up of the grapl sfcosx.
The graph ofy = 2cosx + 2 is a vertical expansion by a factor
of 2, then a translation of 2 units up of the graply sfcosx.
The graph oy = cosx + 1 is a translation of 1 unit up of the
graph ofy = cosx.
The graph off = —cosx — 1 is a reflection in the-axis of the
graph ofy = cosx + 1.
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The graph ol = -2 cosx — 2 is a reflection in the-axis of the
graph ofy = 2 cosx + 2.
The graph ofy = =3 cosx — 3 is a reflection in the-axis of the
graph ofy = 3cosx + 3.

The graph ofy = 3sinx — 3 is a vertical expansion by a factor
of 3, then a translation of 3 units down of the grapi sfsinx.
The graph oy = 2sinx — 2 is a vertical expansion by a factor
of 2, then a translation of 2 units down of the grapi afsinx.
The graph ofy = sinx — 1 is a translation of 1 unit down of the
graph ofy = sinx.

The graph ol = —sinx + 1 is a reflection in the-axis of the
graph ofy = sinx — 1.

The graph oy = -2 sinx + 2 is a reflection in th&-axis of the
graph ofy = 2sinx — 2.

The graph ofy = =3 sinx + 3 is a reflection in the-axis of the
graph ofy = 3sinx — 3.

BN
\/l N

The graphs all look like the graph pf sinx.

12. a)

b)

2
-2

The graph ofy = sin (x — 1) looks like the graph of = —sinx.
The graph ofy = sin (x — 2m) looks like the graph of = sinx.
The graph ofy = sin (x — 3m) looks like the graph of = —sinx.
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€)

13.

2

-2
The graph ofy = sin (x — g) looks like the graph of = sinx
translated; units right.
The graph ofy = sin (x — 1) looks like the graph of = —sinx.
The graph ofy = sin (x - %) looks like the graph of = —sinx
translated; units right.

For part a:
2

\/hx’m

=21 ,\_/,. \\_/'l

-2
Yes. The graphs all look like the graphyof cosx. For part b:
2

o MN o
/\/\f\/\

Yes. The graph of = cos k — 1) looks like the graph of

y = —COSX.

The graph ofy = cos & — 2m) looks like the graph of

y = COSX.

The graph ofy = cos & — 3m) looks like the graph of = —cosx.

Notice that the graphs for parts a and b are the same as the graphs

in exercise 12 parts a and b transldfeahits right.

For part c:
2

o %% o

-2
The graph ofy = cos k - g) looks like the graph of
y = cosx translatecg units right.

The graph ofy = cos & — 1) looks like the graph of
y = —COSX.
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The graph ofy = cos k - %) looks like the graph of
y = —COSX translatedg units right.

Notice that this graph is the same as the graph in
exercise 12 part c.

16. Each function of the formg = sin(x + b) ory = cos k + b) can also
be written ay = sin(x + b + 2nm) ory = cos & + b + 2nm), wheren
is an integer, to give an infinite number of equations for the same
graph. As well, any sine function can also be written as a cosine
function, and vice versa:

sin(x + 5) = cosx andcos & - ) = sinx.

17. y
15
nn
63 X
Oftm 1™ 5 10
42
-15
19. a) y
5 y =5sinx
X
-5
b) y

c) h

h=0.25sind + 4
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d) f(x) = 2cosx - 3

y

<

y f(x) =4sinx -2

/N

x

T

f(xX) = 1.5cosx + 3
X

9)

h)

<
=] =
x

f() = 2sinx-1

h  h{t) =2+ 2snt

P

o
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y
a
T
y=s8n(x-7)

S IS

i)

N

y(a@) = 1+35cosa

i) y

k
) yy=5in(x—%)

/N /N
\—y_(l)\y o

y = 2sin(x + °F)

N
N~ T

Y y =3cos(x- ) +3

m) 5
\ / |
—TT O
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" |y y = 2cos(x + 1) - 2

-1t T 2

0) y

X
/ i 0\/ i Q
-3 yzScos(x—%)+2

21. From the formulas on page 241 and in exercise 20,

a=M_M andd = MM, whereM represents the value of the

maximum points andh represents the value of the minimum points.

Since | knowa andd, | can solve the equations fisk andm.

a= M-m
2a=M-m 0
d= M;—m
2d=M+m U
| added 1 and 2 to obtain:
2a+2d = 2M
M=a+d
| subtracted 1 from 2 to obtain:
2d —2a=2m
m=d-a

ThereforeM = |a] + d andm = d - |a|. The absolute value signs
are introduced for tha < 0 case. The position of maximum and
minimum points remains constant. Whare 0, the maximums
occur atx = 3% + 2nm and the minimums occur at= = + 2nTm,

for all integers. Wherea < 0, the coordinates of the maximum
and minimum points are reversed, because the graph is reflected

in thex-axis.

22. The maximum and minimum values are the same for
y = acosx +d andy = asinx + d:
M=l|a +d;,m=d-|a
Wherea > 0, the maximums occur at= 2nt, and the minimums
occur atx = Tt +2n1, wheren is any integer. Whera < 0, the
coordinates of the maximum and minimum points are reversed.
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23. a) y y=cos(x—g)

AN x
AN

NN A
I/

y=sn(x+ )

25. a) 5 b) 0.2
21 \/NMA 2n 21 U/\]l\_/ﬂ 2n

-5 -0.2

c) 10 d) 5
—21 j/\\v/\\ 2n -21n HU/\U/\ 2n

-10 -5

e) 10 f) 20

PN

-10 -10

SR VAVANE
i

21. There are two functions of the foryr= sinx + p whose graphs just
touch thex-axis. One has a maximum of 0, the other has a minimum
of 0. The graph has an amplitude of 1, so

M=a+d
0=1+d
d=-1

One function is/ = sinx — 1.
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28.

29.

2
—21 J.r'( \_/’r \_/ 2n
-2
m=d-a
0=d-1
d=1
The other function iy = sinx + 1.

-2

a) Sincea > 0, M = a + d. The maximum occurs when

x—c=g+2nn,orx=g+2nrr+c.

b) m=d —a. The minimum occurs when

x—c=%+2nn,orx=%+2nn+c.

a) The amplitude is 1 anlll = 3, sod = 2 by the formula
M = a + d. The functiony = sin (x — ¢) + 2 hasy-intercept (0, 2)
and maximum value 2 at= g + 2n1t, wheren is any integer.
So a translation of this graph lg—yunits left will result in the
maximum value 3 wher = 0. Thus, the function
y=sin(x + g) + 2 satisfies the constraints.

b) The answer is not unique singe= sin (X + g +2nm) + 2, where
nis any integer, will produce the same result.

Investigate, page 249

1.

a) 2

MMZH

b) The graph of any functiop = f(2x) is a horizontal compression
by a factor o% of the graph of = f(X).
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2. a) 2

2n

-2
b) The graph of any functiop = f(%x) is a horizontal expansion by
a factor of 2 of the graph gf= f(x).

4. a) bis the amount by which the graph is horizontally compressed or
expanded. It affects the period of the functionblf> 1, the
graph is compressed and its period is less 2marif 0 < |b| < 1,
the graph is expanded and its period is greateraftatf b < 0,
the graph is also reflected in thaxis.

b

The graph of any functioyp = f(2x) is a horizontal compression by a
factor of% of the graph o = f(X).

_ZH\/’\KZH
M\%

-2

The graph of any function = f(%x)is a horizontal expansion by

a factor of 2 of the graph gf=f(x). If b > 1, the graph is
compressed. See exercise 4 part b for a discussimn of

TAATA,
ViV BVIRY
AN

y = 0.5c0s2x + 2
X

-1t 0 T
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¢)

WW
y=sn3x+4
X
- 0 T
d
) HY
X
—N T
y = —2¢0s0.5x
4.3 Exercises, page 254
5. a) 1.5

b)

YZ=sinli

] R TZVARVA
A A A
VARV IRVRY
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d) y

AR
i

y:

4sin2x

- 1
/X4COSZX
X

jEaaiiis

e) y

N\

VY,

VA AT

f)

ATl

y = 5c0s2x

A

U AL

VEVEY.

y = 3c0s3x

10. First sketch the graph gf= sinx. For each pointq y) on the graph
of y = sinx, graph the corresponding poiﬁﬁbt, @y) on the graph of
y = asinbx. Connect the points with a smooth curve.

14. ¢) y

L\

L2\

/ \;/

N

= _I
y = 2c0s2(x 3) +4X

U

I T
2

3n
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15. ¢)

b)

d)

17. a)

116 SELECTED SOLUTIONS

yiy:35in2(x—%)+3
6| |
3 IZ
0 i

16. a) \ ;F\ ;

y

f(x) = 5cos(2x - g)

M\

5

0

5

-
f(x)gz\éos@x -3

y

/

S|

f(x) = 5sin(2x + 3)

AIy
o
‘1Mn(2x—n)
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Yy y=2cos(3x—-1m) +1

¢)

| \\/—Z[\ ://\\/A

y=2cos(3x—-m) +4
X

d)

o
N|=

A

x

19. a)

8

|
- N -]
|=

\

y=5sn@x+m) -3

18. Sketch the graph of = sinx. For each pointq y) on the graph of
y = sinx, graph the corresponding poiptx + ¢, ay + d) on the
graph ofy = asinb(x — ¢) + d. That is, translate units horizontally,
horizontally compress or expand by a fact
vertically, and vertically compress or expan
Connect the points with a smooth curve.

pfranslated units
by a facta. of

y

y = 4cos3(x - g) +4

X

b)

I
3

y

ENE

=2cos4(x+m) -3
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c) y

2 2
f(x) = 3sin2(x+ ) -6

d) y

—TU Tt
2 S 2
T f(x):4sin3(x—g)+2

21.

22. The graph o¥ = sin(4x + 1) is a translation of 1 unit left and then a
horizontal compression by a factor%)bf the graph o¥ = sinx.

The graph oy = sin4x + 1 is a horizontal compression by a factor of
% and then a translation of 1 unit up of the grapk sfsinx.

23. a) The maximum value if| + d. Wherea > 0, it occurs when

n 7 +2nm
b(x-c) = - +2nm, orx = p— *C Wherea < 0, the graph
is reflected in th&-axis and therefore, it occurs when

3 I+ 2nm
b(x—c)=7+2nn,orx= b +C.

b) The minimum value idl — |a|. Wherea > 0, it occurs when

I+ 2nm . .
+ c. Wherea < 0, the graph is reflected in the

b
. . 3 +2nm
x-axis and therefore, it occurs wherF r— *tC.

X =

24. a) The maximum value if| + d. Wherea > 0, it occurs when
b(x —c) = 2nm, orx = Zlbn + c. Wherea < 0, the graph is
reflected in the-axis and therefore, it occurs when
b(x - €) = 1T +2nm, orx = %2”" +cC.
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b) The minimum value isl — |a]. Wherea > 0, it occurs when

X = %2”” + ¢. Wherea < 0, the graph is reflected in tlxeaxis

and therefore, it occurs when= % +C.

25. y = 3sin2 + 1)
=3sin(X+ 1)
= 3(Sin X CcOoSTT +C0S X COST)
= 3(-sin )
= -3sinX
y = 3cos2k+ )
= 3cos (X + 7)
= 3(cos xcosy - sin Xsin7)
= 3(-sin )
= -3sin X
Thus,y = 3sin2& + 7) andy = 3cos 2k + ) represent the same
function.

26. f(X) = 3sin(x+ 1)
= =3 sin X, from exercise 25
f(x) = 3cos (X + 3)
= =3 sin X, from exercise 25
Thus,f(x) = 3sin(X + 1) andf(x) = 3cos (X + g) represent the
same function.

Investigate, page 260

laabal  adadd
VAYRVAY VAVILVAY

-1 i/\ 1 -15 i/\ 15
~ ~

== [~
S 4

-15 -15
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4.4 Exercises, page 267

12. a) 15 i=sin(z TRl

i
YARAR

e ¥=-1

o

-15

13. a) 15 YAS5inlTTHAE)

_15|k=rE Y=.8zY
14. a
| Wm
- x-1
y = 2c05211T a 4X
-4 -2 0 2 4
b) ] (x-4) y
y = 3C0S 2Tt 5 = 3 X
-3 3
3
—6
c) y _ (x+3) _
f(x) = 2.4cos2r—; 36 x
0 3 6 9 12 15
-1.2
-2.4
-3.6
-4.8
-6

d)

y
10/\/\

t() = 35sin2nl 5% 4+ 10
X

O 2 4 6 8 10 12
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15. a)

—

Y= 2003211% -3

=

y = ZSiHZTIL?’l) +6
t
-4 -2 0 2 4
d) y
6
3
ey -2 \j/ 2 4
T y= 5005211@ +2
19. 4
—21 2n
-4
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Modelling the Volume of Air in the Lungs

* Answers may vary; size of person, exertion, lung condition

« If a person had a smaller lung capacity, the graph would have a
smaller scale, and if the person had a greater lung capacity, the graph
would have a larger scale. Similarly, if a person over exerted
themselves the scale could be larger. If the lungs were in poor
condition due to smoke inhalation, emphysema, or other factors, the
graph could have a smaller scale.

21. a
) 2l”
y=40snT
20
1
0 2 4 6 8
-20
-40

24. The period of the function is immediately apparent when the
equation is in the forng = sin2Cx.

p
25. b) osl” y= O.SSin%x
/y = O.SSinlzg.’gx
X
0 0
y= O.SSin%x
-0.5

Modelling a Vibrating Guitar String
* Thex represents the distance from one end of the stringy The
represents the amount the string vibrates from its straight position.
« Strings of different tightness would attain greater or lesser
amplitudes, since they vibrate differently.

« A tighter string might produce a graph with a smaller amplitude, and
a looser string might produce a graph with a larger amplitude.
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26. y = 300321“%5) +2

=3cos @ ) + 2
— Tt 5n
= 3(cos - cos- + smz sm—) +2

= 3(005%(—%) +sin Tt (- %)) +2

= —i(cosE +sinl) +2
3)

y = 3sm21(t +2

=3sin(G - 3") +2
— ia T 31'[ _ T 3n
= 3(S|n7 cos cos™t 4 sin2 ) +2

= 3(sin%(—%) - cosf(ﬁ)) +2

= —i(sinE +cosTl) +2
5)

+2 andy = 3sin 2" ;3) + 2 represent

Thus,y = 3cos ZT(t
the same functlon

Mathematical Madelling, page 270

M-
2

=4.56

_|v|+

= 12.24
p = 355- (-10)
= 365
c=172
2. Substitute the values af d, p, andc from exercise 1 into the
equationh = acos 21” —C +d, to obtain

n-172
h =4.56cos 365 +1224

1. a=

3. 20

0

0 470

4. a) March 1 is day 60, so let= 60 and substitute to get
h = 4.56 cos 2[6036?2 + 12.24, or approximately 10.646.
Therefore, there are about 10.6 h of daylight on March 1.
b) July 15 is day 196, so let= 196 and substitute to get
h = 4.56 cos ﬁ%&n + 12.24 or approximately 16.416.
Therefore, there are about 16.4 h of daylight on July 15.
¢) November 11 is day 315, so et 315and substitute to get

h = 4.56 cos 2[315365172 + 12.24 or approximately 8.694.

SELECTED SOLUTIONS 123

Therefore, there are about 8.7 h of daylight on November 11.
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5. a) March 21 is day 80, so let= 80 and substitute to get

h = 4.56 cos 289272 + 12.24, or approximately 12.181.

June 21 is day 172, so let= 172 and substitute to get
h=456cosZt x0+ 12.24 or 16.80.
September 21 is day 264, sotet 264 and substitute to get

h = 4.56 cos 2292272 + 12.24, or approximately 12.181.

b) According to the model, there are approximately 12.18 h of
daylight on March 21, 16.80 h on June 21, and 12.18 h on
September 21. Discrepancies exist due to the fact that this is a
model based on partial information, not an exact equation of
the situation.

6. a) The amount of daylight on day 245, or September 2, is 13.649 h.

LY ey rr—r——pryyrry 20 [i=u Eaeostzmiti-17z1 65
o LF=Ee Y¥=10.646 o LF=1%8 ¥=16.416
0 470 0 470
20

=Y. EECosS(EmR-17E) 365

A

H=FLE W=H.604
0 470

0

7. a) Rewrite the table with cumulative days and hours from midnight
in decimal form.

RS 10 || 80 | 172 | 264 | 355

16.40||18.83||21.02(|18.62 || 16.40

SIS 872 660 | 4.22 | 6.32] 872

i)a= w
=231
— M+m
d= 2
=18.71
p = 355-(-10)
= 365
c=172
Substitute to obtain
s=2.31cos 2[%}572) +18.71
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i) a= w
=2.25
_ M+m
d= 2
=6.47
p = 355- (-10)
= 365
c=-10
Substitute to obtain
s=2.25cos 2" 19 + 6.47.
b) The sunset time for March 1$s= 2.31 cos 2[603_—6;72) +18.71,

or approximately 17.902 h.
The sunrise time for March 1 is

s = 2.25c0s 2182+ 19) 6.47, or approximately 7.275 h.

365 g
The sunset time for July 15$s= 2.31 cos ﬁ% +18.71

or approximately 20.826 h.

The sunrise time for July 15 $s= 2.25 cos
or approximately 4.402 h.

The sunset time for November 11 is

s=2.31cos ﬁ% + 18.71, or approximately 16.914 h.

The sunrise time for November 11 is

s=2.25co0s ﬂ% + 6.47, or approximately 8.207 h.

These results conclude that there Bf©02—- 7.275 or

approximately 10.627 h of sunlight on March 1. This is about 68 s
less than the original calculation in exercise 4. There are

20.826— 4.402 or 16.424 h of sunlight on July 15. This is
approximately 29 s more sunlight than the estimation in exercise 4.
There arel6.914- 8.207, or 8.707 h on November 11. This is
approximately 47 s more sunlight than the calculation in exercise 4.

{196+ 10)

35 T 18.71,

2. The graph of hours of sunlight would not be affected by daylight
savings time. The graphs for times of sunset and sunrise would have
a vertical displacement of 1 during daylight savings time.

4.5 Exercises, page 276
2. a) i) 2.5 is the amplitude. Double it to find how much the depth of
the water varies.

ii) 12.4 is the period. It is the time between consecutive maximums
or minimums.

iii) 1.5 is the phase shift. It is the time at which the first mean
depth occurs.

iv) 4.3 is the vertical displacement. It is the mean depth of
the water.
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6. a
) ol

04

Modelling the Motion of a Spring
e The amplitude of the spring would decrease during subsequent
cycles, till the spring would eventually stop.
» The graph would look something like this:
N B B 1 . .
Multiply the function by;=—. This creates a hyperbola shape with
asymptotes da@t= -1 andh = 0. The curve is sinusoidal.

1. a) h (t-25)

h=25 cosZTrT + 26
40
20
t
0 30 60 90
10. a) h
40
20
h= 16.5cos%t +29
t
0 4 8

12. Yes. Just substitute 360 fartin the equation. This converts the
angle to degrees instead of radians.

13. Yes. The function would bg= Asin[5 + 211@] + M, whereA,

S P, andM are defined in Example 1. This is true since
y =sin (g + X) andy = cosx represent the same function.

Problem Solving, page 280

1. The first graph iy = | sinx|, because all thg-values are greater than
or equal to 0. The second graplyis sin|x|, because thg-value for
—-X is equal to theg-value forx for all values oi.
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2. a) The graph ol = cos|x| would look like the graph of = cosx for
x = 0, andy = cos £x), which is the same as= cosx, for x < 0.

N/
VARV

b) The graph ofy = | cosx| would look like the graph of = cosx
with all the parts below theaxis reflected in thg-axis.
15

o MN .

-15

-15

3. The second graph is= (sinx)?, because all thg-values are greater
than or equal to 0. The first graphyis sinx?, because thg-value
for —x is equal to thg-value forx for all values oi.

4. a) The graph off = cosx? would look like the graph of = cosx for
values ofx near 0, and then similar to the graphycf sinx? in
exercise 3 for values afaway from 0.

15

-15

b) The graph off = (cosx)? would look like the graph of = (sinx)?
in exercise 3, with a phase Shiftﬂg.

\/\/I\/\/ zn

-15
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5. The graphs oy = (sinx)" for n = 4, 6, 8, ... get flatter near the
minimums and pointier near the maximumshascreases, but
otherwise look similar to the graph p& (sinx)?. The graphs of
y = (sinx)1% andy = (sinx)>® which follow, demonstrate this trend:

M'Mzﬂ ol

-15 -15
The same is true for = (cosx)" in comparison witly = (cosx)?.

6. Comparing to exercise 3, it appears that the first graph is the graph of
y = sinx®, and the second graph is the graply f (sinx)3.

7. a) The graph off = cosx® would look like the graph of = cosx for
values near 0, and then similar to the grapi afsinx® in
exercise 6 for values ofaway from 0.

15

-15

b) The graph of/ = (cosx)® would look like the graph of = (sinx)®
in exercise 6, with a phase shift-e§.

-15

| L.
VIV

8. The graphs of = (sinx)" forn =5, 7, 9, ... get flatter near the
points wherey = 0 and pointier near the maximums and minimums
asn increases, but otherwise look similar to the grapi af(sinx)°.
The graphs of = (sinx)!* andy = (sinx)>* which follow,
demonstrate this trend:

AAIA L L
V[V v

-15 -15

The same is true for = (cosx)" in comparison witly = (cosx)S.
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9. The first graph is of = 25"%, since they-values range frord™ to
2%. The second graph is pf= sin 2. As x gets large negativelg*
approaches 0, so s#f approaches 0. Asgets large positively2*
gets very large and positive, asith 2* fluctuates betweenl and
1 faster and faster.

10. a) The graph ofy = cos Z would approach 1 asgets large
negatively, and fluctuate betweeh and 1 faster and faster as
gets large positively.

15

—2m “ ‘l'll 2n
VI

-15
b) The graph ofy = 2°°> would look like the graph of = 25"
in exercise 9 with a phase shift-e§.
25

=21T | 2n

-0.5

11. a) sinx = x for small values of, so(sinx)? = x? for small values ok.
Let g = x? and follow the theory above. Thusng = g for small
values ofg, sosinx? = x? for small values ok?, which is
equivalent to small values &f

b) Similar properties exist for all the pairs of sine functions,
excluding the powers of 2. This is true, by application of the
theory in part a, sincesinx)" = x" andsinx" = x", for small
values ofx. Therefore, the functiong= sinx® andy = (sinx)?,
in exercise 6 follow the pattern.

This property does not apply to any of the cosine functions since

cosx = 1 for small values ok. Thus,(cosx)" # cosx" # x", for
small values ok.

Exploring with a Graphing Calculator, page 283

1. b) This is just a model, so these values may not exactly match the

results on page 270.

3. b) y=sinl1.57k representy = singx, ory = sin%x, an exact
sine function with period 4.
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Investigate, page 284
2-
Lo [ o |
| o5 | o5 |
| | 16 |
| 15 | 141 |
| 2 | 22 |
| 25 | -07 |
| 3 | -01 |
| 35 | 04 |
| 4 | 12 |
| a5 | 46 |
| 5 | 34 |
| 55 | -10 |
| 6 | -03 |

3. When0 < x < g andrt £x < 3—2" the graph ofanx increases from

0 to infinity and fails to reach the vertical asymptotesg and

X = % respectively. Whelg SX<T and% < X < 2m, the graph

of tanx increases from negative infinity to O. It never touches the
vertical asymptotet = 7.

4. 5

LU
Hia

-5

4.6 Exercises, page 287

Ny
NS

) .

TR
: : X : : :
3 éy:tanzb(*z :‘??0| I = X
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3.

b)

Tt

a)

Y

77

-5

/I é b) [
i i L 05
| x B

b)

a)

i a a
27;7/‘
5 - | y=5tanx

7

ik

’

v

-5

b)

i

y = tan(k+ T)

7

a)

---eo}-:lr--------

2
5

b)

o
éy:0.25:'tanx
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9. b) 7
i Mﬂjﬂ i
: - :
10. a) | y i ; b) y
x s X
A :
T3 y:tané%x T8 yztanfiﬂnx
1.
a) s | b) y
34
P \ / Q(1,0.264)
L
X X
0 A (1,0) 0 A (1,0)
P
|Q (1, -0.747) j
c) y

A (1,0)

The line passing through the origin and P and the tangent line at
A(1, 0) will eventually intersect each other at{14.101).
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d)

Q (1, 3.381)

f)

A (1,0)

h)

L

W,

A (1,0)

e)

9)

-

! m [A (1, 0)

A

P.Q(1,0)
X

The line passing through O and P (or yrexis) and the tangent

line at A(1, 0) will never intersect, since they are parallel.

15. a)

H/:i:unmj

}

JIER

Hn=

LI

[

16. a)

-4.7

-3

#=.0

1)
aa

V=3,

’JI'I 4.7

ol

—4
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17. b) d | / | /
05 1 1

18. b) The coordinates are equal; thatis; tanx. By definition,

tanx = 55, andsinx = x andcosx = 1 whenx is very small.

wW

o

Thereforetanx = 1, ortanx = x, whenx is very small.
c) Recall thatanx = Sg‘s’)‘( For small values of, cosx < 1 and so

COSX > 1. Multiply both sides binx and simplify to arrive at the
result,tanx > sinx, whenx is very small.

4.7 Exercises, page 291

\ \ )
\ \f DR

134 SELECTED SOLUTIONS



TABLE OF CONTENTS

ADDISON-WESLEY

Mathematics 12

Selected Solutions — Chapter 4

d)

e)

f)

T

y = 3csc4(x - )

X

E
o
old

_n

wlH

y=4sec2(x+ )

Nl

RVE

§ Jn :0
2 |

-1t
/—\ i r4

\ 5 &: cot 2x
X
%

]

\ 1 &: 0.5cot 3x
X
5

0 I
6

Nl

> &: cot 0.5x
X

X

0.5 0 0:5

i
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y = 2CsCTX
’ X

-15 | 0 15

Aln
TR T

ﬁso /,z\ = 303X

y = sec4mx

o
Wl

N|o

x ° —o.‘\%

h)
\ &: 2 cot 21X
X
o.)x

9. Explanations may vary. For exercise 8g:
First | graphed/ = tantx and then | reflected it in theaxis.
| translated the graph 0.5 units left and arrived at the graph of
y = COtTX.

W
R ""';-'—

N

11. Explanations may vary. For part a:
| chose to represent the graph with a cosecant function since both are
undefined ak = 0. The graph shows half a period, so the period is 6.
There is no phase shift, but there is a vertical translation down 1 unit.

Therefore, a possible equation of the graph iscscix - 1, or

3
y =cscgx - 1.
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12. a)

Draw a diagram to understand the situation.

O

12 noon

%) = tand

d = 100 cot@
The sun travelstradians in 12 h. Thus,
0 _t-6

T 12
- (t-6)
0 =T+
Then substitute to get
d=100com! % 6<t<18
Notice that this equation gives negative valueg forl2, so

the equation should k= |100 cotrid 1_26) l.
b
) 200 d
100
= (t-9)
d = |100cot Tt el
t
0 6 12 18
4 Review, page 293
5. a) y b) y
X
T 0 T
2 2

y=2sn3(x-3) -5
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c) y d) y

SLULREAY
VIRV

9() =3cos2(x + 7) +1 - 0

(ST

g(x) = 3cos3(x - %) +4

30
20

101h = 1650082t - 25) + 29
1

0 4 8

4 Cumulative Review, page 294

1. a) 20t

15

10
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y d)
D\\A(l ())() /0(/ AL ())()

9. a) The sine function is negative in the third quadrant.
b) The cosine function is negative in the third quadrant.
¢) The tangent function is positive in the first quadrant.
d) The sine function is negative in the fourth quadrant.
e) The cosine function is negative in the second quadrant.
f) The sine function is positive f@& < 6 < 180°.
g) The cosine function is positive in the first quadrant.
h) The tangent function is positive in the third quadrant.

¢)

5

0.5 ld 5
ds d = tan(66.5° - )
i
0 50° 100° 150°
05
-1
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