=77°
b 2.1

sin 77° sin 20°

o . 2.1
b= (sin77 )( e 200)
= 6.0 cm

So for one triangle, £ C is about 83°, £ B is
about 77°, and b is about 6.0 cm.

For the other triangle, £ C is about 180° — 83°,
or 97°, £ B is about 180° — (97° + 20°), or 63°,

and b is given by the formula
b 21
sin 63°  sin 20°
e 2.1
b = (sin63 )( in 200)

#= 55cm

30m
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h

tan41°® = —
a
h
tan41°
h
52° = —
tan b
_ h
tan 52°
a* + b* = 307
a = "\V30* ~ b?
h ”
= V30 — b?
tan41°

h 2
= z _
\/30 ( tan 52")

...___E..__ — 302 — ( h )2
(tan41°)? tan 52°
hz
B = 192 ( 302 — )
(tan 41°) (30 (an52°)
(tan41°)* ,
(tan 52°)

(tan41°)2> s ) X
1+ =———% jh" = 30°(tan41°
( (tan52°)? 30°(tan41°)

= 30°(tan 41°)> —

30%(tan41°)?
(tan41°)?
(tan52°)?
30%(tan41°)?
(tan41°)?
\/ Lt Cansoop
=722m

K =

h =
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CHAPTER 6:
Sinusoidal Functions

NOTE: Answers are given to the same number
of decimal points as the numbers in each
question.

1. a) x represents the number of times the price
is reduced by $2. The factor (30 — 2x) repre-
sents the price of one T-shirt in terms of the
number of times the price is reduced; the factor
(100 + 20x) represents the total number of
T-shirts sold in terms of the number of times the

price is reduced.
b) Since the revenue generated by T-shirt sales
can be modelled by the function
R(x) = (30 — 2x) (100 + 20x), for R(x)
to be equal to 0, one or both of the factors
must be equal to 0. 100 + 20x can only be
equal to 0 if x is negative, and this is not
possible. Therefore, 30 — 2x = 0.

- 2x = =30

x = 15 times

¢) Create a table with two columns. In the first
column put the number of price reductions.
In the second column, put the corresponding
revenue. Continue until the revenue starts to
decrease.

Number of Revenue (dollars)
Price Reductions R(x) = (30 — 2x)
(100 + 20x)

0 3000

i 3360

2 3640

3 3840

4 3960

5 4000

6 3960

The price will have to be dropped 5 times to
reach the maximum revenue.

d) From the table created in part c, it’s apparent
that the maximum revenue is $4000.
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e) The price of a T-shirt is equal to 30 — 2x,
so to obtain the maximum revenue, the
T-shirts will sell for 30 — 2(5) or 20 dollars.
f) The number of T-shirts sold is equal to

100 + 20x, so to obtain the maximum revenue,
100 + 20(5) or 200 T-shirts will be sold.

2.a i
) dlt) Puck Motion
180
E ] / N\
2
§ ]20 ‘, \\
3 / \
ke / \
/ \ .
0+ s
0 0.25 0.50
Time (s)

The puck travelled 180 cm to the opposite end
of the table in the first 0.25 s and 180 ¢cm back
in the next 0.25 s for a total distance of 360 cm.
b) The puck was farthest away from where it
was shot when it was 180 cm away, and this
occurred after 0.25 s.

¢) The puck travelled 180 cm in the first 0.25 s.
180 cm 720 cm

025s - 1s 720 cm/s
d) The domain is all possible values of the time,
or t, while the range is all possible values of the
distance, or d. Therefore, the domain is

{re R10 =1 = 2.5}, and the range is

{d € RI0 =d = 180}

3.a) O

Within the larger triangle there exist two
smaller right triangles. The smaller right
triangle with a hypotenuse of 15 cm has the
measurements of two angles given: 40° and 90°.
Therefore, the measurement of the unknown
angle within that triangle is 50°. With that angle
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known, the Sine Law can be used to find the
measurement of 8.
sin 50°  sin @
2 15
15 X sin350° =22 X sin @
15 X 0.766 = 22 X sin 8
11491 = 22 X sin @

0.522 = sin 6
g = 32°
b)
9 cm
522N\ 11emN\U

KN

Within the larger triangle there exist two
smaller triangles, one of which is a right
triangle. The right triangle has the measure-
ments of two angles given: 52° and 90°.
Therefore, the measurement of the unknown
angle within that triangle is 38°. With that angle
known, the Sine Law can be used to find the
measurement of the unknown leg.
sin 52°  sin 38°
9  x
9 X sin 38° = x X sin 52°
9 X 0.616 = x X 0.788
5.541 = x X 0.788
x=7cm
Now 1t can be determined that the measure-
ments of the legs of the larger triangle are 9 cm
and 18 cm, so by the Pythagorean Theorem,
9% + 18% = ¢?, and ¢ = 20 cm. With the
hypotenuse of the larger triangle known, the
Sine Law can be used to find measurement of
the angle supplementary to 6.
sin 90°  sin 3
20 9
9 X sin 90° = 20 X sin 8
9Xx1=20Xsinp
9=20Xsmnp
0.450 = sin B
B = 26°
The angle B is supplementary to 6,.
6 =180° - B
= 180° — 26°
= 154°
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If the hypotenuse of the larger triangle is c,
then the Sine Law can be used to find c.
sin 35°  sin 90°

7 ¢
7 X sin 90° = ¢ X sin 35°
7x1=c¢x0574
7 =c¢ x 0574
¢c=122m

Sincec =9 + x,122 =9 + x,and x = 3.2 m.
5. %

; 3
20
b) / 9
/
10
/L

20 \

a) The graph has been reflected in its axis.

b) The graph has been vertically stretched by a
factor of 3 units.

¢) The graph has been moved up 4 units.

d) The graph has been vertically stretched by a
factor of 2 units, moved to the right 3 units, and
reflected in its axis.

6.

58°

32
40m

Form a right triangle with the legs being the
building and the shadow. Since the angle of
elevation of the Sun was 32°, the measurement
of the unknown angle within the triangle is 58°.
The Sine Law can be used to determine the
height of the building.
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sin 58°  sin 32°
40  x
40 X sin 32° = x X sin 58°
40 X 0.530 = x X 0.848
21.197 = x X 0.848
¢ = 25m
7. Answers will vary and may include the
following: A vertical translation would move
the graph up or down and result in the equation
y = x>+ cory = x* — c. A horizontal
translation would move the graph left or right
and result in the equation y = (x + d)* or
y = (x — d)*. A vertical stretch or compres-
sion would make the graph thinner or wider and

result in the equation y = ax?.

1. a) It is periodic because the cycle repeats.
b) It is not periodic because the cycle does not
repeat.

¢) It is periodic because the cycle repeats.

d) It is not periodic because the cycle does not

repeat.
SN
LEVAY N N
7 VA VA Y VY R VY
\ \ [ [\
o] | , {
\/ A [\
2 Vv
8] T T S — o T >

T T
0 2 4 6 8 10 12 14 16 18 20

The range is all possible values of f(x). Since
f(x) oscillates between 2 and 10, the range is
{f(x) € R12 = flx) = 10}. The period is the
change in x that occurs as the function goes
through one complete cycle. Since the function
goes through one complete cycle as x changes
from 3 to 7, for example, the period of the func-
tion is 7 — 3, or 4. The equation of the axis is
the equation of the horizontal line that is
halfway between the maximum and the mini-
mum. Since the minimum is 2 and the maxi-
mum is 10, the equation of the axis is

1042
Y 2

or y = 6. The amplitude is the
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distance from the axis to the maximum. Since
the axis is y = 6 and the maximum is 10, the
amplitude is 10 ~ 6 or 4. The amplitude is also
half the distance between the maximum and
minimum values. Since the minimum is 2 and

the maximum is 10, the amplitude is 5 or 4.
3.
Bolt Machine Motion
R :
> i
SEPTT \ \
S 9
AR
£ 10 \ \ \
22 A\ \ \
82 o5 \ \ \
5 c \
t; w
a x
0 T t T H T 1
0 1 2 3
Time (s)

a) The period is the time it takes the bolt
machine to go through one complete cycle.
Since the bolt machine goes through one com-
plete cycle between about 0.95 s and 1.95 s, for
example, the period is 1.95 — 0.95 or 1 s.

b) The maximum distance d between the device
and the appliance is the maximum value of d on
the graph, which is 1.5 cm.

¢) The range is all possible values of the dis-
tance d between the device and the appliance.
Since d 1s always between 0 and 1.5 on the
graph, the range is {d € R10 = d = 1.5}

d) Since the bolt machine goes through one
complete cycle every second, the time 7 required
for it to go through five complete cycles is 5 s.
Therefore, the domain is {t € R10 = r = 5}.

e) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the mini-
mum is 0 and the maximum is 1.5, the equation
- 2+ 0 ory = 0.75.

f) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 0 and the maximum is 1.5, the

of the axisi1sy =

amplitude is or 0.75 cm.

g) The horizontal component of graph: the
device is not in motion; it remains fixed at

1.5 cm. The component of the graph with

a negative slope: the device is approaching the
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appliance and simultaneously attaching the bolt.
The component of the graph with the positive
slope: the device has finished attaching the bolt
and is moving away from the appliance.

4. a) The function is periodic because it repeats
at a regular interval. Since the function goes
through one complete cycle between about

x = 11 and x = 17, for example, the period is
17 - 11, or 6.

b) The function is periodic because it repeats
at a regular interval. Since the function goes
through one complete cycle between about

x = 0 and x = 3, for example, the period is

3 —-0,0r3.

¢) The function is not periodic because it does
not repeat at a regular interval.

d) The function is not periodic because it does
not repeat at a regular interval.

e) The function is periodic because it repeats
at a regular interval. Since the function goes
through one complete cycle between about

x = 5 and x = 10, for example, the period is
10 — 5, or 5.

f) The function is periodic because it repeats

at a regular interval. Since the function goes
through one complete cycle between about

x = 15 and x = 35, for example, the period is
35 - 15, or 20.

5. a) This would produce a periodic graph,
since the height of the tooth of the chainsaw
would ::se and fall at a regular interval.

b) This would produce a periodic graph, since
Alex’s height above the ground would rise and
fall at a regular interval.

¢) This would not produce a periodic graph,
since the cost of riding in the taxi would

keep rising.

d) This would not produce a periodic graph,
since the value of the Guaranteed Investment
Certificate would keep rising.

e) This would not produce a periodic graph,
since the ball would bounce a smaller height as
time goes on.

f) This would produce a periodic graph, since the
intensity of the antenna’s signal would rise and
fall at a regular interval as the antenna rotated.
6. a) This table does not represent a periodic
function, since there is no repeating cycle.

b) This table might represent a periodic
function, since there is a repeating cycle.
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¢) This table does not represent a periodic
function, since the values of y keep rising.

d) This table does not represent a periodic
function, since although the values of y repeat
in a cycle, the values of x are not evenly spaced.

7. Depth of Water Under Basement Floor

10 :

R SN \ \
3
£ ¢ \ \ \
5 ] \
o

2 ud

¢}

10 12 14 16 18 20 22 24
Time {min)

0O 2 4 6 8

a) Yes, the function is periodic, since it repeats
at a regular interval.

b) The pump turns on at 10 cm, since after the
depth hits 10 cm, it begins to decrease.

¢) The pump remains on for 2 min, since the
depth decreases from 6 to 8 min and from 14

to 16 min, for example. 8 — 6 = 2 min, and

16 — 14 = 2 min.

d) The period of the function is 8 min, since the
function goes through one complete cycle from
0 to 8 min and from 8 to 16 min, for example.

8 ~ 0 = 8min, and 16 — 8 = § min.

e) The range is all possible values of the

depth, or d. Therefore, the range is
{deRI4=d=10}

f) From the graph, at 3 min the depth is 7 cm.
g) The first time the depth of the water is 10 cm
is at 6 min. Since the period of the function is

8 min, the depth of the water will be 10 cm
every 8 min after that.

h) Since the period of the function is 8 min, and
since the depth is 4 cm at the end of each 8§ min
interval, it can be determined that at 64 min, the
depth will be 4 cm (64 is a multiple of 8).
Moving back 2 min from the end of each § min
interval, the depth is 10 cm, so the depth at

62 min is 10 cm.

8, Trevor's Height above the Ground
8 g g
¢z ™\ ' /
2E ¢ N /N /N
$E . \
3 \ \
% .1/ \ NS
YV ! NS
4]

"2 4 6 8 0 T2 M 16 18 20 2 24
Time {5}
a) The function goes through one complete

cycle from 8 to 16 s, for example, so the

o]
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period of the function is 16 — 8 or 8s.

The period represents one revolution of the
Ferris wheel.

b) The equation of the axis is the equation
of the horizontal line that is halfway
between the maximum and the minimum.
Since the minimum is 1 and the maximum
is 7, the equation of the axis

+
ish———1 7orh=4.

¢) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 1 and the maximum is 7, the

2

d) The range is all possible values of the
height 4 above the ground. Since & is always
between 1 and 7 on the graph, the range is
{(heRIl=h=T}

e) Since the period of the function is 8 s, after
24 s, Trevor will be at the lowest height again at
24 + 8or32s.

f) Trevor is at the top of the wheel when his
height above the ground is at its maximum.
From the graph, the first maximum occurs at
4 s, and since the period of the function is 8 s,
a maximum occurs every 8 s after that.
Therefore, Trevor is at the top of the wheel at
4,12 s, 20 s, and 28 s, for example.

g) It’s apparent from the graph that Trevor’s
height above the ground is 4 m at 2 s and

6 s after each minimum. Since a minimum
occurs at 24 s, Trevor’s height above the
ground will be 4 m at 24 + 2 or 26 s, and at
24 + 6 or 30s.

1
or 3 m.

amplitude is

9. Ay
15 ﬁ
n
.1 \\
4 \
5 \\\ /
N
0 Tt "

0 5 10 15 20
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10.  ,y

11. Since Maria’s riding at a speed of

21.6 km/h, she’s riding at a speed of

21.6 X 100 000 or 2 160 000 cm/h. Therefore,
she’s riding at a speed of 2 160 000 + 3600

or 600 cm/s, and 1n 15 s, she would travel

9000 cm. The circumference of her bicycle
wheel is 64 X 7 or about 200 cm. Therefore, in
15 s, her bicycle wheel would make 9000 + 200
or 45 revolutions, This means that her bicycle
wheel would make 3 revolutions every second,
so a graph that shows the stone’s height above
the ground would look like the following:

h
,g 60 FaY 7\ Fa Y l\\ Va9 N\
ot \
i BRVEVAVEVAVE
* 20‘/ VLoV \/ \/ o\
0 vV MV VNV VvV NV N
0 1 2
Time (s}
12. a) d
1000—
£ sooi/ -\ [\
§ 600'/“‘ \ ] \
§ swot —\ [ \
200 - -/ '
0 \/ :
e} 12’24F3‘6 48 60";2‘8’0

Time (min})

b) Yes, the graph is periodic because it repeats
at a regular interval.
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¢) The period of the function is 48 min,

since the function goes through one complete
cycle from 0 to 48 min, for example.

48 — 0 = 48 min. The period represents the
time of one orbit of the spacecraft around Earth.
d) From the graph, the approximate distance
between the spacecraft and Earth at 8§ min is
900 km.

e) From the graph, the spacecraft is first farthest
from Earth at r = 12 min, and since the period
of the function is 48 min, the spacecraft is far-
thest from Earth every 48 min after that time.

f) The domain is all possible values of the

time t. Since the period of the function is

48 min and this represents the time of one orbit
of the spacecraft around Earth, if the spacecraft
completes six orbits, the largest possible value
of tis 48 X 6 or 288. Therefore, the domain is
{tERI0 =1=288}

13. a) d
_ 40 7 \
E \\ \
%o \\ // \
° 0¥
O-U T T Tt .t

0 2 4 6 8 10 12 14 16 18
Time (min})

b) Yes, the graph is periodic because it repeats

at a regular interval.

¢) The period is the time it takes the graph to go

through one complete cycle. Since the graph

goes through one complete cycle between 1 = 7

and 1 = 14, for example, the period is 14 — 7

or 7. The equation of the axis is the equation of

the horizontal line that is halfway between the

maximum and the minimum. Since the minimum

is 10 and the maximum is 40, the equation

40 + 10

— 0

of the axisisd = 5 rd = 25.
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The amplitude is half the distance between the
maximum and minimum values. Since the
minimum is 10 and the maximum is 40, the

4 0
amplitude is s or 15.

d) From the graph, the depth of the water
increases from 10 cm to 40 cm as the time
increases from O min to 3 min, for example.
Therefore, the rate at which the depth of the
water is increasing as the container is being

40 — 10
d.w.._._..—..—.—.—-—-
filled is 30

e) From the graph, the depth of the water
decreases from 40 cm to 10 cm as the time
increases from 5 min to 7 min, for example.
Therefore, the rate at which the depth of the
water is decreasing as the container is being

or 10 cnvmin.

40-10
75
f) No, the container is never empty, since from
the graph, it’s apparent that the curve never
intersects the r-axis, which represents a depth of
0 or an empty container.
14. A periodic function is a function that
produces a graph that has a regular repeating
pattern over a constant interval. It describes
something that happens in a cycle, repeating in
the same way over and over. Example:

drained is or 15 cnymin.

40 : Vanm /

30 // \ / \ //

204/ \ \ /.
Yoo\ \

10 - ; ;

O T T T H ¥ H ¥ T 1

0 2 4 6 8 10 12 4 16 18 20

The example is periodic because its pattern
repeats every 7 units of the x-axis.
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15. a)
d
’E‘ 60 I
= V] | |
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0 T l H H

0 i 4 6 8 10 ' 12 14 16
Time (s}

b) The period of the function is 6 s, since the

function goes through one complete cycle from

0to 65, for example. 6 — 0 = 635,

¢) The range is all possible values of the dis-

tance d from the detector. Since d is always

between 30 and 60 on the graph, the range is

{d € R | 30 = d = 60}. The domain is all pos-

sible values of the time 7. Since the period of

the function is 6 s, if Denis repeats the process

3 times, the largest possible value of ris 6 X 3

or 18. Therefore, the domain is

{reR10 =r=18L

16. d

= A
E©1 N

"'--:
o

G T T ™

0 1 2 3 4

Time (s)

At time ¢ = 0, the paddle is 40 cm in front
of the CBR and doesn’t move for 1 second.
At 1 second, the paddle moves 30 cm further
away from the CBR and then returns to its
original position of 40 ¢m in front of the CBR
at 1.5 seconds. For 1 second, the paddle doesn’t
move. At ¢ = 2.5 seconds, the paddie moves
30 cm further away from the CBR and then
returns to its original position of 40 c¢m in front
of the CBR at ¢t = 3 seconds where it remains
for 1 second until 4 seconds.

1. a) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is —2 and the maximum is 4, the

Nelson Functions 11 Solutions Manual

or 3 m. The period is

4~ (=2
amplitude is M“zL——)—

the change in x that occurs as the function goes

through one complete cycle. Since the graph

goes through eight complete cycles in 1440°,

the period is 1440 + 8 or 180°. The equation

of the axis is the equation of the horizontal line

that is halfway between the maximum and the

minimum. Since the minimum is —2 and the

maximum is 4, the equation of the axis is

4+ (=2)
2

b) The amplitude is half the distance between

the maximum and minimum values. Since the

minimum is — 6 and the maximum is 2, the

2 - (=6)
2

y = ory = 1.

amplitude is or 4 m. The period is

the change in x that occurs as the function goes
through one complete cycle. Since the graph
goes through two complete cycles in 1440°, the
period is 1440 + 2 or 720°. The equation of the
axis is the equation of the horizontal line that
1s halfway between the maximum and the
minimum. Since the minimum is —6 and the
maximum is 2, the equation of the axis is
_2+(5)
2
2.a) If h(x) = sin(5x) — 1, then h(25°) =
sin(5 X 25°) -~ 1.
sin(5 X 25°) — 1 = sin(125°) - 1
=082 -1
= —~(.18
b) If f(x) = cos x and f(x) = 0, then cos x = 0.
Use a graphing calculator to graph the function
f(x) = cos x from 0° to 360°.
f(x)

ory = -2,

/s
01" 9% 180° :

T ¥
70°360°
f(x)=cosx -

It’s apparent from the graph that from 0° to
360° cosx = 0 atx = 90° and x = 270°.

3. a) Create a table with two columns. In the
first column put f from O s to 20 s in 2.5 s inter-
vals. In the second column, put A(r), which is
equal to cos (367)° m.
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t(s) h(t) = cos (361)° (m) The function is periodic because its graph
0 cos (36 X 0)° = cos 0° = 1 repeats at a regular interval. The function is
35 cos (36 X 2.5)° = cos 90° = 0 sinusoidal because its graph looks like smooth
3 cos (36 X 5)° = cos 180° = —1 symmetrical repeating waves.
75 cos (36 X 7.5)° = cos 270° = b)
10 cos (36 X 10)° = cos 360° = Y
12.5 cos (36 X 12.5)° = c0os450° = 0 : 5
15 cos (36 X 15)° = cos 540° = —1 ) M NP
75 | cos(6x 175 =cos630°=0] [\ A 2 A
20 cos (36 X 20)° = cos 720° = 1 j o\ \__ > / 3
Plot the points obtained in the table and graph a '#00'5*5“ °”'36\:/’8°°2 180860° S fgoqj ’
sinusoidal function about the points. ! M -3 Y. \
m
1 A ‘
RN /7 /s The function is not periodic because its graph
/1o 5/ 20 does not repeat at a regular interval. The func-
-1 d tion is not sinusoidal because its graph does not
look like smooth symmetrical repeating waves.

b) The period is the time it takes the graph to go
through one complete cycle. Since the graph goes
through one complete cycle between 7 = 0 and

t = 10, for example, the period is 10 — 0 or 10 s.
¢) Since the displacement at 20 s is the same as
the displacement at 0 s, the displacement at
20s + 15 s or 35 s will be the same as the dis-
placement at O s + 15s or 15 s. The displace-
ment at 15 s was —1 m, so the displacement st
35 s will also be —1 m.

d) From the graph, the displacement first reaches
—0.8 m at about 4 s.

4. Consider the point (0, 0) the centre of a circle
with radius 2, with the point (2, 0) lying on the
circle. Any point on a circle centred at (0, 0)
with radius r and rotated through an angle 6 can
be expressed as an ordered pair (r cos 6, r sin 6).
Therefore, the coordinates of the new point after
a rotation of 50° about (0, 0) from the point (2, 0)
are (2 cos 50°, 2 sin 50°) or (1.29, 1.53).

5.a)

y, .
5,., - .. e
\ : N
\ I\ L.\ 54\ I\ /)
\ o\ I\ |
H ‘x T ‘ I! T 1 ,i H |‘ 1 H .
72 Gf B80°~548%°-B60° ~18\2j”" . 1SV6Q°' 54&}80” ?2\“
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5

The function is periodic because its graph
repeats at a regular interval. The function is not
sinusoidal because its graph does not look like
smooth symmetrical repeating waves.

d) y
‘ 5
4
3 ~ /
SN "
, P ‘
: . \_/ X
~720 37&‘\ ; 1360 720
/ g1
/ '\\. / -1
( 4 o
o 4
5

The function is not periodic because its graph
does not repeat at a regular interval. The func-
tion is not sinusoidal because its graph does not
look like smooth symmetrical repeating waves.
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The function is periodic because its graph
repeats at a regular interval. The function is
sinusoidal because its graph looks like smooth
symmetrical repeating waves.

f) y
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~720 360° 720
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The function is not periodic because its graph
does not repeat at a regular interval. The func-
tion is not sinusoidal because its graph does not
look like smooth symmetrical repeating waves.
6. It cannot necessarily be concluded that a
function that possesses sine or cosine in its
equation is periodic or sinusoidal. In other
words, nothing can be concluded.
7. a) If g(x) = sin x, then g(90°)
This means that when x = 90°, y = 1, or that
the sine (y-coordinate of a point on the unit
circle) of 90° is 1.

b) If h(x) = cos x, then 1{90°) = cos 90° = 0.
This means that when x = 90°, y = 0, or that
the cosine (x-coordinate of a point on the unit
circle) of 90°is 0.

i
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sin 90° = 1.

Y

6
S .
NN N
3 |
: / /
1T\ VA
0 1 ¥ l 13 T |
S [ o 180° .360°.540°..720°.900° - 1080:.1260°.1440°
_2 B i

-/

The amplitude is half the distance between the
maximum and minimum values. Since the mini-
mum is 1 and the maximum is 5, the amplitude

is or 2. The period is the change in x that
occurs as the function goes through one com-
plete cycle. Since the function goes through one
complete cycle as x changes from 0° to 360°,
for example, the period of the function is

360 — 0, or 360°. It’s apparent from the graph
that the increasing intervals are 0° to 90°, 270°
to 450°, 630° to 810°, 990° to 1170°, and 1350°
to 1440°. It’s apparent from the graph that the
decreasing intervals are 90° to 270°, 450° to
630°, 810° to 990°, and 1170° to 1350°. The
equation of the axis is the equation of the hori-
zontal line that is halfway between the maxi-
mum and the minimum. Since *he minimum is
1 and the maximum is 5, the equation of the

.. + 1
axisis y = ory =3,
b) Ay
[
5
4
N\ N\
AN N LN
: \ \ .
0 I}‘ H LI il }
-1 4 189" 60’54U20° 900" P80 12 40

The amplitude is half the distance between the
maximum and minimum values. Since the mini-
mum is — 2 and the maximum is 4, the

. 4= (=2) C
amplitude is — or 3. The period is the

change in x that occurs as the function goes
through one complete cycle. Since the function
goes through one complete cycle as x changes
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from 0° to 360°, for example, the period of the
function is 360 — 0, or 360°. It’s apparent from
the graph that the increasing intervals are 0° to
90°, 270° to 450°, 630° to 810°, 990° to 1170°,
and 1350° to 1440°. It’s apparent from the graph
that the decreasing intervals are 90° to 270°,
450° to 630°, 810° to 990°, and 1170° to 1350°.
The equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum is
—2 and the maximum is 4, the equation of the

. 4+ (2)
axisisy = —=ory = 1.
2 -
C) y
6
5
4
3
2
1 X
0 ; ; r
-1 180°-360°-540°-720° -900°-1080° 1260%1440
-2 . ;

The amplitude is half the distance between
the maximum and minimum values. Since the
minimum 1s 1 and the maximum 1s 3, the

amplitude is or 1. The period is the change

in x that occurs as the function goes through one
complete cycle. Since the function goes through
one compleiz cycle as x changes from 0° to 720°,
for example, the period of the function is
720 — 0, or 720°. It’s apparent from the graph
that the increasing intervals are 0° to 180°, 540°
to 900°, and 1260° to 1440°. It’s apparent from
the graph that the decreasing intervals are 180°
to 540° and 900° to 1260°. The equation of the
axis is the equation of the horizontal line that is
halfway between the maximum and the minimum.
Since the minimum is | and the maximum is 3,
+1

the equation of the axisis y = ory = 2.
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The amplitude is half the distance between the
maximum and minimum values. Since the
minimum is —2 and the maximum is 0, the

0-(-2)
2

amplitude is or 1. The period is the

change in x that occurs as the function goes
through one complete cycle. Since the function
goes through one complete cycle as x changes
from 0° to 180°, for example, the period of the
function is 180 — 0, or 180°. It’s apparent from
the graph that the increasing intervals are 0° to
45°,135° to 225°, 315° to 405°, 495° to 585°,
675° to 765°, 855° to 945°, 1035° to 1125°,
1215° to 1305°, and 1395° to 1440°. It’s appar-
ent from the graph that the decreasing intervals
are 45° to 135°, 225° to 315°, 405° to 495°, 585°
to 675°, 765° to 855°, 945° to 1035°, 1125° to
1215°, and 1305° to 1395°. The equation of the
axis is the equation of the horizontal line that is
halfway between the maximum and the mini-
mum. Since the minimum is —2 and the maxi-
mum is 0, the

. . + (=2)
equation of the axisis y = ory=—1
e) y
6
5
4
3
2 S
1 o \\.
” N X
0 H T 1 ] H T /l
-1 180°-360°-540° ~720° Q0" 1080712607 1440°
-2 , : \G\ ‘)ﬁﬁ‘ ’

The amplitude is half the distance between the
maximum and minimum values. Since the
minimum 1s —2 and the maximum is 2, the

2-(-2)

amplitude is Méwm or 2. The period is the
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change in x that occurs as the function goes
through one complete cycle. Since the function
goes through one complete cycle as x changes
from 0° to 1440°, for example, the period of the
function is 1440 — 0, or 1440°. It’s apparent
from the graph that the increasing intervals are
(0° to 360° and 1080° to 1440°. It’s apparent
from the graph that the decreasing interval is
360° to 1080°. The equation of the axis is the
equation of the horizontal line that is halfway
between the maximum and the minimum. Since
the minimum is —2 and the maximum is 2, the
2+ (-2)

equation of the axisis y = > ory = 0.
f) %

6

5

4 £ , 9 Y i %
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The amplitude is half the distance between the
maximum and minimum values. Since the
minimum 18 —1 and the maximum is 5, the

5- (-1
amplitude is -—-——2L——) or 3. The period is the

change in x that occurs as the function goes
through one complete cycle. Since the function
goes through one complete cycle as x changes
from 0° to 720°, for example, the period of the
function is 720 — 0, or 720°. It’s apparent from
the graph that the increasing intervals are 0° to
180°, 540° to 900°, and 1260° to 1440°. It’s
apparent from the graph that the decreasing
intervals are 180° to 540° and 900° to 1260°. The
equation of the axis is the equation of the hori-
zontal line that is halfway between the maxi-
mum and the minimum. Since the minimum is
—1 and the maximum is 5, the

. . 5+ (~1
equation of the axisis y = -I—ZL——) ory = 2.

9. a) If f(x) = cos x, then f(35°) = cos 35°
= (.82

b) If g(x) = sin(2x), then g(10°)

= sin{2 X 10°) = sin 20° = 0.34.

Nelson Functions 11 Solutions Manual

¢) If h(x) = cos(3x) + 1, then A(20°)
= cos(3 X 20°) + 1
=cos60°+1=05+1

= 1.5.

d) If f(x) = cos x and f(x) = —1 then

cos x = —1. Use a graphing calculator to graph
the function f(x) = cos x from 0° to 360°.

fx)
X
Of " o 1803470° 360
i f{x) = cos x

It’s apparent from the graph that from 0° to
360°, cosx = —1atx = 180°.

e) If f(x) = sinx and f(x) = —1, then

sin x = —1. Use a graphing calculator to graph
the function f(x) = sin x from 0° to 360°.

F(x)

e

/ N\

90°-188;270°460

fix)=sinx

N
It’s apparent from the graph that from 0° to
360° sinx = —1 atx = 270°.

. . . opp
0. In aright t ] = ——, and
10. In a right triangle, sin x hyp an

4

cos x = —1. Therefore, for sin x to equal cos x,
hyp

opp  adj

hyp hyp or opp = adj. If the two legs of a
right triangle are equal to each other, then the
angles adjacent to them must also be equal, and
since the sum of the non-right angles must
equal 90°, each non-right angle must measure
45°. It can therefore be determined that

sin x = cos x when x = 45°. By viewing the
graphs of sin x and cos x, it’s apparent that
every 180°, both sin x and cos x are equal to
their opposites, so sin x = cos x at 180° incre-
ments from 45°. Therefore, for

—360° = x = 360° sinx = cos x at x = -315°,
~135°, 45°, and 225°.
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11. a) Consider the point (0, 0) the centre of a
circle with radius 1, with the point (1, 0) lying on
the circle. Any point on a circle centred at (0, 0)
with radius r and rotated through an angle 6 can
be expressed as an ordered pair (r cos 6, rsin 8).
Therefore, the coordinates of the new point after
a rotation of 25° about (0, 0) from the point

(1, 0) are (1 cos 25°, 1 sin 25°) or (.91, 0.42).
b) Consider the point (0, 0) the centre of a cir-
cle with radius 5, with the point (5, 0) lying on
the circle. Any point on a circle centred at (0, 0)
with radius r and rotated through an angle 6 can
be expressed as an ordered pair (r cos 8, r sin ).
Therefore, the coordinates of the new point after
a rotation of 80° about (0, 0) from the point

(5, 0) are 5 cos 25°, 5 sin 25°) or (0.87, 4.92).

¢) Consider the point (0, 0) the centre of a circle
with radius 4, with the point (4, 0) lying on the
circle. Any point on a circle centred at (0, 0)
with radius r and rotated through an angle 6 can
be expressed as an ordered pair {r cos 4, r sin 8).
Therefore, the coordinates of the new point after
a rotation of 180° about (0, 0) from the point

(4, 0) are (4 cos 120°, 4 sin 120°) or ( —2, 3.46).
d) Consider the point (0, 0) the centre of a
circle with radius 3, with the point (3, 0) lying
on the circle. Any point on a circle centred

at (0, 0) with radius r and rotated through an
angle 8 can be expressed as an ordered pair

(¥ cos 6, r sin 8). Therefore, the coordinates

of the new point after a rotation of 230°

about (0, 0) from the point (3, 0) are

(3 cos 230°, 3 sin 230°) or (—1.93, —2.30).

12. a) The period is the change in x that occurs

as the function goes through one complete cycle.

Since the period is 4 and the number of cycles is
2, the function should go through two complete
cycles over 4 X 2 or 8 units. The amplitude is
half the distance between the maximum and
minimum values, and the equation of the axis is
the equation of the horizontal line that is
halfway between the maximum and the mini-
mum. Since the amplitude is 3 and the equation
of the axis is y = 5, the maximum should be

6-12

5 + 3 or 8, and the minimum should be 5 — 3
or 2. Therefore, the graph should look as follows:

J

81/ \ ™\
f \/ \
d N/ \ 7
N/ \ /
, \. / \/
X
0 T

0 2 4 6 8

b) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the period is 20 and the number of cycles is
3, the function should go through three complete
cycles over 20 X 3 or 60 units. The amplitude is
half the distance between the maximum and
minimum values, and the equation of the axis is
the equation of the horizontal line that is halfway
between the maximum and the minimum. Since
the amplitude is 6 and the equation of the axis
is y = 4, the maximum should be 4 + 6 or 10,
and the minimum should be 4 — 6 or —2.
Therefore, the graph should look as follows:

Y
12
8_\;/\ [\
TN N )
¢] I\ T \ I s;{
-4 ;

¢) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the period is 80 and the number of cycles
is 2, the function should go through two com-
plete cycles over 80 X 2 or 160 units. The
amplitude is half the distance between the max-
imum and minimum values, and the equation of
the axis 1s the equation of the horizontal line
that is halfway between the maximum and the
minimum. Since the amplitude is 5 and the
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equation of the axis is y = —2, the maximum
should be —2 + 5 or 3, and the minimum should
be —2 -5 or —7. Therefore, the graph should
look as follows:

Y
O / [\ 1 'l T x
ARRSVARAP IR N
] \ /‘ S\
-6 \\/}" \ /

13. a) h(10) represents where Jim is on the
Ferris wheel at 10 sec. £(10) = 5 cos(18 X 10)°
= 5cos(180°) = 5 X —1 = —5. Since the
cosine of any angle can never be less than —1,
h(10) also represents the Ferris wheel at its
lowest point.

b) h(10) represents where Jim is on the

Ferris wheel at 10 sec. h(10) = 5sin(18 X 10)°
= 5sin(180°) = 5 X 0 = 0. Since 0 is halfway
between the maximum and minimum values of
the sine function, ~(10) also represents the
Ferris wheel at its midpoint.

14. The graph of y = sin x looks like this:

fx)

/ N

X

90°--188,270°460°

-~ F(x) = sin“x

The graph of y = cos x looks like this:
f(x)

X

180,

f(x)f-cosxg,

70°360°
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Both graphs have the same period, amplitude,
and equation of the axis. However, there is a
different starting point for each cycle.

15. When the water level was such that half the
wheel was exposed, the equation of the sinu-
soidal function that described the height of the
nail in m above the surface of the water in
terms of the rotation was y = sin x°. Since
three-quarters of the wheel is now exposed, and
since the radius of the wheel is 1 m, at the start
the nail will be 0.5 m above the surface of the
water. Therefore, the equation of the sinusoidal
function that describes the height of the nail in
m above the surface of the water in terms of the
rotation is y = sin x°+ 0.5.

16. a)
t(s) d(t) cm
0 0.5
0.5 0.25
1 -0.25
1.5 —0.5
2 —-0.25
2.5 0.25
3 0.5
3.5 0.25
4 -0.25
4.5 -0.5
5 -0.25
5.5 0.25
6 0.5
6.5 0.25
7 -0.25
7.5 —-0.5
8 —~0.25
8.5 0.25
9 0.5

b) Here is a scatter plot with a curve of good
fit.

y
03 Va\ 7\ /
oniy  f N N
o\ L AN J A ]
~0.25- ] 43 k\ }i ¢ \%
~05- \/ N \
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¢) A periodic function repeats at a regular inter-
val. Since the function repeats itself every 3 s,
the function models periodic behaviour.

d) The amplitude is half the distance between
the maximum and minimum values. Therefore,
the amplitude of the function is equal to the
maximum displacement of the spring from its
rest position (or the absolute value of the mini-
mum displacement of the spring from its rest
position).

Olivia’s Motion

dft
=" N NN
G R VR A W A A
g 6
N/ N/ \/ \/
2 : t
o 4 8 12 6
Time (s)

a) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the
minimum is 2 and the maximum is 14, the

14 + 2

equation of the axisis y = ory = 8.

In this case it represents the resting position
of the swing.

b) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 2 and the maximum is 14, the

or 6 m.

amplitude is

¢) The period is the time it takes the function
to go through one complete cycle. Since the
function goes through one complete cycle
between O s and 4 s, for example, the period
is 4 — 0 or 4 s. In this case it represents the
time to complete one full swing.

d) From the graph, the minimum distance
between Olivia and the motion detector was
2 m, so the closest Olivia got to the motion
detector was 2 m.
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e) Att = 7 s, the distance between Olivia and
the motion detector is 14 m. However, over

the course of the next 2 s, that distance will
decrease to 2 m. Therefore, whether it would

be safe to run between Olivia and the motion

detector would depend on how long it would
take and how close to the motion detector you
ran. If you ran less than 2 m from the motion
detector, it would definitely be safe.

f) If the motion detector was activated as soon
as Olivia started to swing from at rest, the
amplitude of each cycle of the graph would
increase up until the amplitude became 6 m.
Therefore, the graph would not be sinusoidal
because the amplitude would be changing.

2.

y Paddlq Wheeler B Paddle Wheeler A

= o\ LN

riks )

<

2 T\ \

52 \/{ \ Y

® 0 i ~

£ -1 24 48
Time (s)

The radius of each wheel is equal to the ampli-
tude of its respective graph, and the amplitude
i< half the distance between the maximum and
i7inimum values. Since the minimum is —1 and
the maximum is 5 for paddle wheel A, its radius

5—(-1
18 —————;——-)- or 3 m. Since the minimum is —1

and the maximum is 7 for paddle wheel B, its
7 - (-1
radius is ___é___)_ or 4 m. The height of the

axel of each wheel relative to the water is equal
to the equation of the axis of its respective
graph, and the equation of the axis is the equa-
tion of the horizontal line that is halfway
between the maximum and the minimum. Since
the minimum is —1 and the maximum is 5 for
paddle wheel A, the height of its axis relative to

5+ (-1
the wateris y = —-———é—-———)- or y = 2 m. Since

the minimum is —1 and the maximum is 7 for
paddle wheel B, the height of its axis relative to
74+ (-1)

> ory=3m.

the water is y =
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The time taken for each wheel to complete one
revolution is equal to the period of its respec-
tive graph, and the period is the time it takes
the graph to go through one complete cycle.
Since the graph for paddle wheel A goes
through one complete cycle between 0 s and

12 s, for example, the time it takes for it to com-
plete one revolution is 12 — 0 or 12 s. Since the
graph for paddle wheel B goes through one
complete cycle between 0 s and 16 s, for exam-
ple, the time it takes for it to complete one
revolution is 16 — 0 or 16 s. The speed of each
wheel is equal to its circumference divided by
the time it takes for it to complete one revolu-
tion. Since the circumference of paddle wheel A
is 7 X 2 X 3 m or 6 m, and since the time it
takes for it to complete one revolution is 12 s,

. . 6mm . .
1ts speed is s 1.57 m/s. Since the circum-
ference of paddle wheel Bis7 X 2 X 4 m
or 87 m, and since the time it takes for it to
complete one revolution is 16 s, its speed is

T m
16s or 1.57 m/s.

3. This is one possible answer:
y

\ l(\
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T ﬂ?\ifo

?é'f%
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1Y Y
4.
hit) Height of a Saw Tooth

94 ;

0—\‘ = , 7 | ‘/ ‘g
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a) The height above the cutting surface that
the blade is set is equal to the maximum of
the graph. Since the maximum is 1 in, the
blade is set 1 in above the cutting surface.

b) The period is the time it takes the function
to go through one complete cycle. Since the
function goes through one complete cycle
between 0 s and 0.04 s, for example, the period
15 0.04 — 0 or 0.04 s. In this case it represents
how long it takes the blade to make a full
rotation.

¢) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is —7 and the maximum is 1, the

1 - (=7
amplitude is ——-——é—“—l or 4 in. In this case it

represents the radius of the saw blade.

d) The speed of a tooth on the saw blade is
equal to the saw blade’s circumference divided
by the time it takes for it to make a full rotation.
Since the circumference of the saw blade is

7 X 2 X 4 in or 8 in, and since the time it
takes for it to complete one revolution is 0.04 s,

. . 8min o
its speed is o04s " 628 infs.
5.
y Oscilloscope Display
- I/\\ \

g " [\ [ )
8 0 \ [ ] \ X
‘g’ ‘\ [ 0.04 0.08%
3 \ \ \\

-3.0 / y \‘

-4.5 /

A Time (s)

a) The period is the time it takes the function
to go through one complete cycle. Since the
function goes through one complete cycle
between O s and about 0.0325 s, for example,
the period is about 0.0325 — 0 or 0.0325 s.

b) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the
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minimum is —4.5 amperes and the maximum is

4.5 amperes, the equation of the axis is
45+ (=45)

- 2

¢) The amplitude is half the distance between

the maximum and minimum values. Since the

minimum is —4.5 amperes and the maximum

or y = { amperes.

is 4.5 amperes, the amplitude is ié:_u.z(:ﬁ_sl
or 4.5 amperes.
6. a)
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7. a)

h Timmins

'E:o 16 \
._% - / '\
[a
‘*5 84"
3 4
T t
0 T
100 200 300 400
Day of Year
h Miami
w 16
) ——
= / :
.§\ 12 e \N-
S 8 :
§ 4
0 t
0 100 200 300 365
Day of year

b) The period is the time it takes the graph to
go through one complete cycle. Since the graph
for Timmins goes through one complete cycle
in about 365 days, its period is 365 days. Since
the graph for Miami also goes through one
complete cycle in about 365 days, its period

is also 365 days. The amplitude is half the
distance between the maximum and minimum
values. Since the minimum for Timmins is

8.3 hours and the maximum is 16.1 hours,

16.1 — 83

the amplitude is or 3.9 hours. Since

the minimum for Miami is 10.5 hours and the
maximum is 13.8 hours, the amplitude is
138 — 105 or 1.7 hours. The equation of the
axis is the equation of the horizontal line that is
halfway between the maximum and the mini-
mum. Since the minimum for Timmins is
8.3 hours and the maximum is 16.1 hours, the
16.1 + 83
— or

= 12.2 hours. Since the minimum for Miamu
is 10.5 hours and the maximum is 13.8 hours,

13.8 + 105

the equation of the axis is & = o

equation of the axis is & =

h = 12.2 hours.
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¢) The farther north one goes, more extreme
differences occur in the hours of daylight
throughout the year.

8. a)
y B
eI N NN
§4o .
§3OII
gzo, | |
& 10 .
a ) ‘\I \

100 200 300 400 500 600
Height of nail above ground (cm)

b) 0.1 km = 100 m = 10 000 cm. Since the car
travels 163.36 cm for each revolution of the
tire, after it has travelled 10 000 cm, the tire has
made approximately 10 000 + 163.36 or 61.21
revolutions. Since the height of the nail above
the ground is O cm after | revolution, it is also
0 cm above the ground after 61 revolutions.
Therefore, the height of the nail above the
ground after 61.21 revolutions is the same as it
is after 61.21 — 61 or 0.21 revolutions. During
1 revolution, the distance travelled is 163.36 ¢m,
so during 0.21 revolutions, the distance traveled
is 163.36 % 0.21 or 34.31 cm. From the graph
in part a, the height of the nail above the
ground after the car has travelled 34.31 cm is
approximately 29 cm.

¢) From the graph, when the nail reaches a
height of 20 cm above the ground for the fifth
time, the car will have travelled approximately
360 cm.

d) For the function to give an accurate height,
you must assume that the driver doesn’t spin the
wheels.

9,
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The reduced wind speed does not affect the
period or the equation of the axis. However, it
does change the amplitude from 3 cm to 2 cm.
Therefore, it can be determined that if the wind
speed is lowered, the distance the post shakes
back and forth decreases.

10. a) h(t)
E -
g 4 \ Pan '
2 LY N/ \
el 4 / \\ ;
5 /ot
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Time (s)

b) The time it takes for the wheel to complete
one revolution is the period of the graph, and
the period is the time it takes the graph to go
through one complete cycle. Since the graph
goes through one complete cycle between 0 s
and 30 s, for example, the period is 30 — O or
=0 s. Therefore, the wheel completes one revo-
iution in 30 s.

¢) The radius of the wheel is the amplitude of
the graph, and the amplitude is half the distance
between the maximum and minimum values.
Since the minimum is —0.5 and the maximum

3.5 — (—0.5)

is 3.5, the amplitude is or2m.

Therefore, the radius of the wheel is 2 m.

d) Where the centre of the wheel is located in
terms of the water level is the equation of the
axis of the graph, and the equation of the axis
is the equation of the horizontal line that is
halfway between the maximum and the
minimum. Since the minimum is —0.5 and

the maximum is 3.5, the equation of the axis is
y = 33+ (209) ; 05) or y = 1.5 m. Therefore, the
centre of the wheel is located 1.5 m above

the water.
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e) Since A(r) = 2sin(12)° + 1.5,
h(10) = 2sin(12 X 10)° + 1.5
= 2sin(120)° + 1.5
=2 X 0.866 + 1.5
= 3232
h(10) represents the height of the basket at
t = 10s, so the height at this time is 3.232 m.

11. a) () |

\ Wil

\ \
r 0 \ 5

\/ J \/

[

e

Displacement
of buoy {m)
o

|
NN

Time (s)

b) The time it takes for the buoy to travel from
the peak of a wave to the next peak is the
period of the graph, and the period is the time

it takes the graph to go through one complete
cycle. Since the graph goes through one com-
plete cycle between 0 s and 5 s, for example,
the period is 5 — 0 or 5 s. Therefore, the buoy
travels from the peak of a wave to the next peak
in5s.

¢) The number of waves that will cause the
buoy to rise and fall in 1 min is the number of
complete cycles that the graph goes through in
1 min. Since the period of the graph is 5 s and
since there are 60 s in 1 min, the graph goes
through 60 + 5 or 12 complete cycles in 1 min.
Therefore, 12 waves will cause the buoy to rise
and fall in | min.

d) The buoy at its highest point is the maximum
of the graph, and the buoy at its lowest point is
the minimum of the graph. Since the minimum
is —2.5 and the maximum is 2.5, the buoy drops
2.5 — (—2.5) or 5 m from its highest to its
lowest point.

12. a)

. Tl
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b) The period represents 12 months or 1 year.
¢) The highest temperature in Kingston is
the maximum of the graph, and the lowest
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temperature in Kingston is the minimum of the
graph. Since the minimum is — 8.3 and the max-
imum is 20.1, the average temperature range in
Kingston is 20.1 — (—8.3) or 28.4°C. In other
words, the average temperature range is
between an average high of 20.1°C and an
average low of —8.3°C.
d) The mean temperature in Kingston is the
equation of the axis of the graph, and the equa-
tion of the axis is the equation of the horizontal
line that is halfway between the maximum and
the minimum. Since the minimum is — 8.3 and
the maximum is 20.1, the equation of the axis is
= 20—1i5(—-§—3—2 or y = 5.9°C. Therefore,
the mean temperature in Kingston is 5.9°C.
e) Since T'(¢) = 14.2sin(30(r — 4.2))° + 5.9,
T(30) = 14.25in(30(30-4.2))° + 5.9
= 14.2sin(30(25.8))° + 5.9
= 14.2sin(774)° + 5.9
=115+59
=174
7(30) represents the average monthly tempera-
ture of the 30th month, or the sixth month of
the third year, so the average temperature of this
month is 17.4°C.
13. a) The period is the time it takes the graph
to go through one complete cycle. Since the
graph for ball A goes through one complete
cycle between ¢t = 0 and r = 8§, for example, the
period is 8 — 0 or § s. Since the graph {or ball
B goes through one complete cycle between
t = 0 and r = 6, for example, the period is
6 — 0 or 6 s. In this situation, the periods for
the graphs represent the time it takes for each
wrecking ball to complete a swing back and
forth.
b) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the mini-
mum for ball A is —4 m and the maximum is
4 + —(4)
2
or d = 0 m. Since the minimum for ball B is
—3 m and the maximum is 3 m, the equation

+ j—
§———-§—§lord20m. In this

\!

4 m, the equation of the axisis d =

of the axisis d =

situation, the equations of the axes represent
the resting position of each wrecking ball.
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¢) The amplitude is half the distance between £(s) d(¢) for smaller gear (m)

the maximum and minimum values. Since the 45 —1
minimum for ball A is —4 m and the maximum 5 0
is 4 m, the amplitude is -4 or 4 m. 3.5 1
2 6 0
Since the minimum for ball B is —3 m and the 6.5 -1
maximum 1s 3 m, the amplitude is 3= (23) or i 0
’ 2 7.5 1
3 m. In this situation, the amplitudes represent 8 0
the maximum distance the balls swing back and 8.5 —1
forth from their resting positions. 9 0
d) The range is all possible values of y. Since y 9.5 1
oscillates between —4 and 4 for ball A, the 10 0
range is {y € Rl —4 = y = 4}. Since y oscil- 10.5 —1
lates between —3 and 3 for ball B, the range is 11 0
{yeRI-3=y=3} 11.5 1
e) Ball A swings farther left and right than ball 12 0
B, and because of this, it takes ball A longer to 12.5 —1
complete a swing back and forth than it takes 13 0
for ball B. 13.5 |
14. You need to know 4 pieces of information. 14 0
They would be the amplitude, where the sinu- 14.5 —1
soidal function starts on the graph, the equation 15 0
of the axis, and the period. 15.5 1
15. a) The larger gear is turning clockwise. 16 0
b) The smaller gear has a radius of 1 m and a 16.5 —1
circumference of 2 X 7 X 1 or 27 m. The 17 0
larger gear has a radius of 4 m and a circumfer- 17.5 )|
ence of 2 X 7 X 4 ur 87 m. Since the period 18 0
of the smaller gear is 2 s, a tooth on the smaller 18.5 -1
gear travels 27r m in 2 s, and since a tooth on 19 0
the larger gear is traveling at the same speed, it 19.5 1
also travels 27 m in 2 s. With the circumference 20 0
of the larger gear being 87 m and with a tooth 20.5 —1
on it traveling at ZTW or 7 m/s, it would take 8 s gi G (1)
for the tooth to make a complete revolution, 22 0
Therefore, the period of the larger gear is 8§ s. 22.5 —1
¢) 23 0
23.5 1
tHs) d(t) for smaller gear (m) 24 0

0 0

0.5 ~1

1 0

1.5 1

2 0

2.5 ~1

3 0

3.5 1

4 0

Nelson Functions 11 Solutions Manual

6-19




tHs) d(®) for larger gear (m)
0 0 e
> ") 1. One possible answer:
4 0 y
6 4 PN
8 0 8 T )
10 —4 64 A\ /
- 5 \ / \ /
\_/ \_/
14 4 4
16 0
2
18 —4 o x
20 0 0 T T
b%) 4 0 5 10 15 20
24 0
y 22) 100"'}?(?) ey ; /
4] b n 80 /j N /
3 Srhaller Géar Larger Gear "é\_ : \ /
— / - 60 :
JSEnan e
g o Y i X 20
g i N ! 24 O T T H T H T T Ir
f_‘g;““é 0 2 4 6 8 10 12 14 16 18
'é 27 i Time {s)
-3
VRN b) It is periodic because the cycle repeats.
¢) The period is the time it takes the function

Time {s}

d) From the graph in part c, it’s apparent that
when the smaller gear first has a vertical dis-
placement of —0.5 m, the larger gear also has a
vertical displacement of about —0.5 m.

¢) From the graph in part c, it’s apparent that
when the larger gear first has a vertical dis-
placement of 2 m, the smaller gear has a
vertical displacement of about 0 m.

f) 5 min = 5 X 60 or 300 s. Since the period of
the larger gear is 8 s, in 300 s it goes through
300 + 8 or 37.5 revolutions. After 37 revolutions
(or any number of complete revolutions), the
vertical displacement is O m, so after 37.5 revo-
lutions, the vertical displacement is the same as
after 0.5 revolutions. 0.5 revolutions occur in

8 X 0.5 or 4 s, and from part c, the vertical
displacement after 4 s is O m. Therefore, the
vertical displacement after 5 min is O m.
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to go through one complete cycle. Since the
function goes through one complete cycle
betwe-n 0 s and 8 s, for example, the period is
8 —0or8s.

d) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the
minimum is 60 psi and the maximum is 100 psi,
100 + 60

the equation of the axis is P = >

or P = 80 psi.
e) The amplitude is half the distance between
the maximum and minimum values. Since

the minimum is 60 psi and the maximum is

100 — 60

100 psi, the amplitude is or 20 psi.

f) The compressor is on from ¢ = 1 s to

t = 3s, forexample. From¢ = 1stor = 35, the
air pressure increases from 60 psi to 100 psi.
Therefore, the rate at which the air pressure

is increasing when the compressor is

100 — 60
~—(-}(—)-_——1—-—~ or 20 psi/s.

onis
3
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g) The equipment is in operation from r = 4 s
tot = §8 s, for example. Fromt = 4stot = 85,
the air pressure decreases from 100 psi to

60 psi. Therefore, the rate at which the air
pressure is decreasing when the equipment is

00 — 60 .

P— or 10 psi/s.
h) No, the container is never empty because its
lowest pressure value is 60 psi.

in operation is

3. a) 52
AN /\ [/
\
\ [\ [/
1\ \
\ / \ ]/
\
0 ~S A4 X
o° 90° 180° 2700 360°

The period is the time it takes the graph to go
through one complete cycle. Since the graph
goes through one complete cycle between

0° and 180°, for example, the period is

180° ~ 0° or 180°. The equation of the axis is the
equation of the horizontal line that is halfway
between the maximum and the minimum. Since
the minimum is 2 and the maximum is 12 m,
+2
2
The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 2 and the maximum is 12, the

the equation of the axisis g = org =17.

2
possible values of g. Since g oscillates between
2and 12, therangeis {g € R | 2 =< g = 12}.
b) The function is sinusoidal because its graph
looks like smooth symmetrical repeating waves.
¢) Since g(x) = Scos (2x)° + 7,
g(125) = 5cos (2 X 125)° + 7

= 5cos (250)° + 7
SX (=0342) +7
-1.710 + 7

=53
d) From the graph in part a, g(x) = 12 at
x = 0°, 180°, and 360°.

1
amplitude is or 5. The range is all
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4. Consider the point (0, 0) the centre of a circle
with radius 7, with the point (7, 0) lying on the
circle. Any point on a circle centred at (0, 0) with
radius r and rotated through an angle 6 can be
expressed as an ordered pair (r cos 6, r sin ).
Therefore, the coordinates of the new point after
a rotation of 64° about (0, 0) from the point (7, 0)
are (7 cos 64°, 7 sin 64°) or (3.1, 6.3).
5. a) The period is the time it takes the function
to go through one complete cycle. Since the
function for mark 1 goes through one complete
cycle between 0 s and 0.25 s, for example, its
period is 0.25 — 0 or 0.25 s. Since the function
for mark 2 also goes through one complete
cycle between O s and 0.25 s, for example, its
period is also 0.25 — 0 or 0.25 s. In this situa-
tion the period represents the time it takes for
the tire to complete one revolution.
b) The equation of the axis is the equation
of the horizontal line that is halfway between
the maximum and the minimum. Since the
minimum for mark 1 is 0 cm and the maximum
60 + 0
2
or & = 30 cm. Since the minimum for mark 2 is
10 cm and the maximum is 50 ¢cm, the equation
50 + 10
2
this situation the equation of the axis represents
the height of the axle.
¢) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum for mark 1 is 0 cm and the maximum

is 60 cm, the equation of the axis is & =

of the axisis h = orh =30cm. In

0
or 30 cm.

60 —
is 60 cm, the amplitude is

Since the minimum for mark 2 is 10 ¢cm and the
0-10
0

L

maximum is 50 cm, the amplitude is

or 20 cm. In this situation the amplitude
represents the distance from the white mark to
the centre of the wheel.

d) The range is all possible values of h. Since
h oscillates between 0 and 60 for mark 1, the
range is {# € R | 0 = h = 60}. Since A oscil-
lates between 10 and 50 for mark 2, the range
is{h € R |10 =h = 50}.

6-21




e) The speed of each mark is equal to the
circumference of the circle it traces divided by
the time it takes for it to complete one revolu-
tion. Since the circumference that mark | traces
is X 2 X 30 cm or 607 cm,, and since the
time it takes for it to complete one revolution is

607 cm
. i i 4 cm/s. Si
0.25 s, its speed is 025 5 or 754 cm/s. Since

the circumference that mark 2 traces is
7 X 2 X 20 cm ¢m or 407 c¢m, and since the
time it takes for it to complete one revolution
407 cm

05 5 or 502 cm/s.
f) This graph would be periodic in nature and
have a smaller amplitude than the graph of
mark 2 (the red graph). However, it would have
the same period and the same equation of the
axis as the graphs for marks 1 and 2.

is 0.25 s, its speed is

6. a) y

_om v N\
w B 20 /£ \\
$3 w4 \
By 1
235 el N
5% /- A »
SE O Tt v "
6 3 A }6’ 1084135+ 165--195- 225 255% 285 - 315345
§. -
=228 - \\
2E 6 B0 0 O
=5 g : ; N

£ 1/ N

-4 s I R0 WO WO O O \\

Day of year

b) The period is the time it takes the function to
go through one compiete cycle. Since the func-
tion goes through one complete cycle between
0 and 365, its period is 365 — 0 or 365 days. In
this situation the period represents the amount
of time it takes for the Sun to return to its
original position at sunset with respect to due
west. This amount of time happens to be 365
days or 1 year.
¢) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the minimum
is —28 and the maximum is 28, the equation of
28 + (—28)
—— ©
situation the equation of the axis represents the
position of 0° with respect to due west.
d) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is —28 and the maximum is 28,
28 — (—28)
2

the axisis P = r P = 0. In this

the amplitude is or 28. In this
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situation the amplitude represents the maximum
number of degrees north or south of due west
the Sun can be at sunset for this particular
latitude.

e) The range is all possible values of P. Since
P oscillates between ~28 and 28, the range is
{PERI| -28= P <28}

f) February 15 is the 46th day of the year.
360 °
- ) ¥ T —
Since P(d) = 28 sin (360d 81)

3

. (360 ¢

P(46) = 28 sin (360 X 46 81)

= 28sin (45.37 — 81)°

= 28 sin (—35.63)°

=28 X —0.58

= ~163
Therefore, the angle of sunset on February 15
is —16.3°

1. a) Changing the value of a from 1 in the
function y = @ cos x results in a vertical stretch
or compression of the function. If lal > 1, a ver-
tical stretch occurs, and if lal < 1, a vertical
compression occurs. Since 131 > 1,y = 3 cos x
results in a vertical stretch by a factor of 3.

b) Changing the value of d from 0 in the func-
tion y = sin{x — d) results in a horizontal trans-
lation and slides the graph to the left or right. If
d is positive, the graph slides to the right, and if
d is negative, the graph slides to the left. Since
50 is positive, y = sin (x — 50°) results in a
horizontal translation of 50° to the right.

¢) Changing the sign of @ in the function

vy = g cos x results in a reflection of the func-
tion in the x-axis. Therefore, y = —cos x results
in a reflection in the x-axis.

d) Changing the value of k from 1 in the func-
tion y = sin{kx) results in a horizontal stretch
or compression of the function. If IKI > 1, a
horizontal compression occurs, and if 1Kl < 1,a
horizontal stretch occurs. Since 5] > 1,

vy = sin(5x) results in a horizontal compression

1
by a factor of 5
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¢) Changing the value of ¢ from O in the
function y = cos x + ¢ results in a vertical
translation and slides the graph up or down.

If ¢ is positive, the graph slides up, and if c is
negative, the graph slides down. Since —6

is negative, y = cos x — 6 results in a vertical
translation of 6 units down or a vertical
translation of —6.

f) Changing the value of d from 0 in the func-
tion y = cos(x — d) results in a horizontal
translation and slides the graph to the left or
right. If d is positive, the graph slides to the
right, and if d is negative, the graph slides to the
left. Since — 20 is negative, y = cos(x + 20°)
results in a horizontal translation of 20° to the
left or a horizontal translation of —20°.

2. a) Changing the value of ¢ from 0 in the
function y = sin x + c affects the equation of
the axis of the function, since the graph slides
up or down. Since the equation of the axis of

y = sinx is y = 0, and since the function

y = sinx + 2 slides up 2 units, the equation of
the axisof y = sinx + 2isy = 2.

b) Changing the value of a from 1 in the func-
tion y = a sin x affects the amplitude of the
function, since there is a vertical stretch or com-
pression. Since the amplitude of y = sinx is 1,
and since the function y = 4 sin x results in a
vertical stretch by a factor of 4, the amplitude
of y =4sinxis 4.

¢) Changing the value of k from 1 in the function
y = cos(kx) affects the period of the function,
since there is a horizontal stretch or compression.
Since the period of y = cos x is 360°, and since
the function y = cos(8x) results in a horizontal

1
compression by a factor of Y the period of

y = cos(8x) is §-§-9 or 45°.

d) Changing the values of k£ from 1 and d from
0 in the function y = sin (k(x — d)) affects the
period of the function, since there is a horizon-
tal stretch or compression. Since the period of
y = sin x is 360°, and since the function

y = sin(2x + 30°) results in a horizontal

1
compression by a factor of 5> the period of
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y = sin(2x + 30°) is —3’-%—0- or 180°. Also,

y = sin(2x + 30°) results in a horizontal
translation of 15° to the left or —15°.

e) Changing the value of a from 1 in the func-
tion y = a cos x affects the amplitude of the
funetion, since there is a vertical stretch or com-
pression. Since the amplitude of y = cos x is 1,
and since the function y = 0.25 cos x results in
a vertical compression by a factor of 0.25, the
amplitude of y = 0.25 cos x is 0.25.

f) Changing the value of k from 1 in the
function y = sin{kx) affects the period of the
function, since there is a horizontal stretch or
compression. Since the period of y = sin x is
360°, and since the function y = sin(0.5x)
results in a horizontal stretch by a factor of 2,

the period of y = sin(0.5x) is %959 or 720°.

3. A vertical stretch/vertical compression affects
the amplitude of a sinusoidal function, but not
the period or the equation of the axis. A vertical
translation affects the equation of the axis of

a sinusoidal function, but not the amplitude

or the period. A horizontal stretch/horizontal
compression affects the period of a sinusoidal
function, but not the amplitude or equation of
the axis. Therefore, the only two transforma-
tions that do not affect the period, amplitude,
or equa:ion of the axis of a sinusoidal function
are a) a reflection in the x-axis; and e) a
horizontal translation.

6.5 Using Transformations to
‘Sketch the Graphs of Sinusoidal
Functions, pp. 383-385

1. a) Changing the value of k from 1 in the
function f(x) = sin(kx) + c results in a hori-
zontal stretch or compression of the function.
If Ikl > 1, a horizontal compression occurs, and
if 1kl < 1, a horizontal stretch occurs. Since

14l > 1, f(x) = sin(4x) + 2 results in a

1
horizontal compression by a factor of T Changing

the value of ¢ from 0 in the function
f(x) = sin(kx) + c results in a vertical trans-
lation and slides the graph up or down. If ¢ is
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positive, the graph slides up, and if ¢ is nega-
tive, the graph slides down. Since 2 is positive,
y = sin(4x) + 2 results in a vertical translation
of 2 units up or a vertical translation of 2. These
transformations can be applied in either order.
b) Changing the value of ¢ from 1 in the func-
tion y = a cos(x — d) results in a vertical
stretch or compression of the function. If

lal > 1, a vertical stretch occurs, and if lal < 1,
a vertical compression occurs. Since 10.25] > 1,
y = 0.25 cos(x — 20°) results in a vertical

1
compression by a factor of T Changing the

value of d from 0 in the functiony = a cos(x — d)
results in a horizontal translation and slides

the graph to the left or right. If d is positive, the
graph slides to the right, and if d is negative,
the graph slides to the left. Since 20 is positive,
y = 0.25 cos(x — 20°) results in a horizontal
translation of 20° to the right. These transfor-
mations can be applied in either order.

¢) Changing the sign of a in the function

g{x) = asin(kx) results in a reflection of the
function in the x-axis. Therefore,

g{(x) = —sin(0.5x) results in a reflection in the
x-axis. Changing the value of £ from 1 in the
function g{(x) = a sin(kx) results in a horizon-
tal stretch or compression of the function. If

|kl > 1, a horizontal compression occurs, and
if 1kl < 1, a horizontal stretch occurs. Since
10.51 > 1, g(x) = —sin(0.5x) results in a
horizontal stretch by a factor of 2. These
transformations can be applied in either order.
d) Changing the value of a from 1 in the func-
tion y = a cos(kx) + c results in a vertical
stretch or compression of the function. If

lal > 1, a vertical stretch occurs, and 1if la} < 1,
a vertical compression occurs. Since {121 > 1,
y = 12 cos(18x) + 3 results in a vertical stretch
by a factor of 12. Changing the value of ¢ from
0 in the function y = a cos(kx) + cresultsina
vertical translation and slides the graph up or
down. If ¢ is positive, the graph slides up, and
if ¢ is negative, the graph slides down. Since 3
is positive, y = 12 cos(18x) + 3 results in a
vertical translation of 3 units up or a vertical
translation of 3. Changing the value of k from 1
in the function y = a cos(kx) + cresultsin a
horizontal stretch or compression of the function.
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If Ikl > 1, a horizontal compression occurs, and
if 1kl < 1, a horizontal stretch occurs. Since
18l <1,y = 12 cos(18x) + 3resultsina

1
horizontal compression by a factor of TS The

vertical stretch should be applied before the
vertical translation.

e) Changing the sign of @ in the function

f(x) = asin[k(x — d)] results in a reflection of
the function in the x-axis. Therefore,

1
flx)y=-20 sin{é— (x — 40")} results in a

reflection in the x-axis. Changing the value of a
from 1 in the function f(x) = a sinfk(x — d)]
results in a vertical stretch or compression of the
function. If lal > 1, a vertical stretch occurs, and
if lal < 1, a vertical compression occurs. Since

=201 > 1, f(x) = =20 sin[% (x — 40°)}

results in a vertical stretch by a factor of 20.
Changing the value of & from 1 in the function
f(x) = asin[k(x — d)] results in a horizontal
stretch or compression of the function. If

Ikl > 1, a horizontal compression occurs, and if
lkl <1, a horizontal stretch occurs. Since

-;—< 1, f(x) = —-20 sinB— (x = 40")} results
in a horizontal stretch by a factor of 3. Changing
the value of d from 0 in the function

f(x) = asinlk(x — d)] results in a horizon‘al
translation and slides the graph to the left or night.
If d is positive, the graph slides to the right, and
if d is negative, the graph slides to the left. Since 40

.. 1
is positive, f(x) = —20 sin {-?: (x - 40°)} results

in a horizontal translation of 40° to the right.
The horizontal stretch should be applied before
the horizontal translation.

2. Changing the value of @ from 1 in the
function f{x) = a cos(kx) + c¢ affects the
amplitude of the function, since there is a verti-
cal stretch or compression. Since the amplitude
of f(x) = cos xis 1, and since the function
f(x) = 4 cos(3x) + 6 results in a vertical
stretch by a factor of 4, the amplitude of

f(x) = 4 cos(3x) + 6 is 4. Changing the value of
k from 1 in the function f(x) = a cos(kx) + ¢
affects the period of the function, since there is
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a horizontal stretch or compression. Since the
period of y = cos x is 360°, and since the func-
tion f(x) = 4 cos(3x) + 6 results in a horizontal

1
compression by a factor of 3 the period of

flx) = 4 cos(3x) + 618 %6_9 or 120°. Changing

the value of ¢ from 0 in the function

f(x) = acos(kx) + c affects the equation of
the axis of the function, since the graph slides
up or down. Since the equation of the axis of

y = cos x is y = 0, and since the function

f(x) = 4 cos(3x) + 6 slides up 6 units, the
equation of the axis of f(x) = 4 cos(3x) + 6 is
y = 6. The domain is all possible values of x.
Since the period is the change in x that occurs as
the function completes one full cycle, and since
the period is 120°, the function completes two
complete cycles in 120° X 2 or 240°. Therefore,
the domain is {x € R|0 =< x = 240}. The range
is all possible values of y. Since the equation of
the axis is y = 6 and since the amplitude is 4, y
oscillates between 6 — 4 or 2 and 6 + 4 or 10.
Therefore, the range is {y € R12 = y < 10}.
3. If the graph of g(x) = 5sin(2(x-30°)) + 4
is transformed from the graph of g(x) = sin x,
there is a vertical stretch by a factor of 5, a ver-
tical translation of 4 units up, a horizontal

. 21 .
compression by a factor of 5 and a horizontal

translation of 30° to the right. Therefore, the
graph of g(x) = 5sin(2(x — 30°)) + 4 will
look as follows:

280

8 / . \ S SN SN SO S ST SO
/

6 / \
4 /

1 \ /
2 \ /
0 H 1 H T H E\ 1] / x

_2 :

4. a) Changing the sign of « in the function

vy = agsin(x — d) results in a reflection of the
function in the x-axis. Therefore, y = —2 sin
{x -+ 10°) results in a reflection in the x-axis.
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Changing the value of g from 1 in the function
v = asin{x — d) results in a vertical stretch

or compression of the function. If lal > 1, a
vertical stretch occurs, and if lal < 1, a vertical
compression occurs. Since [—2] > 1,

y = —2sin(x + 10°) results in a vertical
stretch by a factor of 2. Changing the value of
d from O in the function y = a sin{x — d)
results in a horizontal translation and slides the
graph to the left or right. If d is positive, the
graph slides to the right, and if d is negative,
the graph slides to the left. Since —10 is nega-
tive, y = —2sin(x + 10°) results in a horizon-
tal translation of 10° to the left or a horizontal
translation of —10°. The reflection and the
vertical stretch should occur one after the other
in either order.

b) Changing the value of k from 1 in the func-
tion y = cos{kx) + c results in a horizontal
stretch or compression of the function. If

Ikl > 1, a horizontal compression occurs, and if
Ikl < 1, a horizontal stretch occurs. Since

15/ > 1, y = cos(5x) + 7 resultsin a

1
horizontal compression by a factor of 5

Changing the value of ¢ from 0 in the function
y = cos{kx) + cresults in a vertical translation
and slides the graph up or down. If ¢

is positive, the graph slides up, and if ¢ is
negative, the graph slides down. Since 7 is
positive, y = cos(5x) + 7 results in a vertical
translation of 7 units up or a vertical translation
of 7. These transformations can be applied in
either order.

¢) Changing the value of a from 1 in the func-
tion y = a cos[k(x — d)] + cresults in a verti-
cal stretch or compression of the function. If

lal > 1, a vertical stretch occurs, and if lal < 1,
a vertical compression occurs. Since 191 > 1,

y = 9cos(2 (x + 6°)) — 5 results in a vertical
stretch by a factor of 9. Changing the value of
¢ from O in the function y = a coslk(x —d)| + ¢
results in a vertical translation and slides the
graph up or down. If ¢ is positive, the graph
slides up, and if ¢ is negative, the graph

slides down. Since —35 is negative,

v =9cos(2 (x + 6°)) — 5 results in a vertical
translation of 5 units down or a vertical transla-
tion of —5. Changing the value of k from 1 in
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the function y = a coslk(x — d)] + c results
in a horizontal stretch or compression of

the function. If Ikl > 1, a horizontal
compression occurs, and if 1kl < 1, a
horizontal stretch occurs. Since 121 > 1,
y=9cos(2 (x +6°))~Sresultsin a

1
horizontal compression by a factor of >

Changing the value of d from 0 in the function
y = acoslk(x — d)] + cresults in a horizontal
translation and slides the graph to the left or right.
If d is positive, the graph slides to the right, and if
d is negative, the graph slides to the left. Since
—6is negative, y = 9 cos(2 (x + 6°)) — 5
results in a horizontal translation of 6° to the
left or a horizontal translation of —6°. The ver-
tical stretch should be applied before the verti-
cal translation, and the horizontal stretch should
be applied before the horizontal translation.

d) Changing the value of a from 1 in the
function g(x) = asin(x — d) + cresultsina
vertical stretch or compression of the function.
If lal > 1, a vertical stretch occurs, and if

lal << 1, a vertical compression occurs. Since

1 1
‘—5-‘ <1l,g(x) = gsin(x — 15°) + 1 results in a

1
vertical compression by a factor of 5 Changing

the value of ¢ from 0 in the function

g(x) = asin(x — d) + cresults in a vertical
translation and slides the graph up or down. If

¢ is positive, the graph slides up, and if ¢ is neg-
ative, the graph slides down. Since 1 is positive

1
glx) = 3 sin(x — 15°) + 1 results in a vertical

translation of 1 unit up or a vertical translation
of 1. Changing the value of d from 0 in the
function g(x) = asin(x — d) + cresultsin a
horizontal translation and slides the graph to
the left or right. If d is positive, the graph
shides to the right, and if 4 is negative, the
graph slides to the left. Since 15 is positive,

1
glxy = gsin(x - 15°) + 1 resultsina

horizontal translation of 15° to the right or a
horizontal translation of 15°. The vertical
compression should be applied before the
vertical translation.
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e) Changing the sign of a in the function
h(x) = asinfk(x —d)] + cresultsina
reflection of the function in the x-axis.

Therefore, h(x) = —sinE (x + 37")} -2

results in a reflection in the x-axis. Changing
the value of ¢ from 0O in the function

h(x) = asin[k(x — d)] + c results in a vertical
translation and slides the graph up or down. If
¢ is positive, the graph slides up, and if ¢ is
negative, the graph slides down. Since —2 is

1
negative, h(x) = ~sin[z (x + 370)} -2

results in a vertical translation of 2 units

down or a vertical translation of —2. Changing
the value of &k from 1 in the function

h(x) = asin[k(x — d)] + c results in a hori-
zontal stretch or compression of the function. If
Ikl > 1, a horizontal compression occurs, and
if 1kl < 1, a horizontal stretch occurs. Since

<1,h(x)= -sinE (x + 37")} -2

results in a horizontal stretch by a factor of 4.
Changing the value of d from 0 in the function
h(x) = asin[k(x — d)] + cresults in a hori-
zontal translation and slides the graph to the
left or right. If d is positive, the graph slides
to the right. and if d is negative, the graph
slides to 1. left. Since —37 is negative

1.
hix) = ~sin{z (x + 37")} — 2 resultsin a

horizontal translation of 37° to the left or a
horizontal translation of —37°. The reflection
should be applied before the vertical transiation,
and the horizontal stretch should be applied
before the horizontal translation.

f) Changing the sign of @ in the function

d = acos(kx) + c results in a reflection of

the function in the x-axis. Therefore,

d = —6 cos(3r) + 22 results in a reflection in
the x-axis. Changing the value of ¢ from 1 in
the function d = a cos(kx) + cresults in a
vertical stretch or compression of the function.
If lal > 1, a vertical stretch occurs, and if

lal < 1, a vertical compression occurs. Since
[—6l > 1,d = —6cos{3t) + 22 results in a ver-
tical stretch by a factor of 6. Changing the value
of ¢ from 0 in the function d = a cos(kx) + ¢
results in a vertical translation and slides the
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graph up or down. If ¢ is positive, the graph
slides up, and if ¢ is negative, the graph slides
down. Since 22 is positive d = —6 cos(3t) + 22
results in a vertical translation of 22 units up or
a vertical translation of 22. Changing the value
of k from 1 in the function d = a cos(kx) + ¢
results in a horizontal stretch or compression of
the function. If 1kl > 1, a horizontal compres-
sion occurs, and if 1kl < 1, a horizontal stretch
occurs. Since 131 > 1, d = —~6 cos(3¢) + 22
results in a horizontal compression by a factor

of % The reflection and vertical stretch should

be applied before the vertical translation.
5. a) If the graph of y = sin (26 — 90°) is
transformed from the graph of y = sin 6, there

. . . 1
is a horizontal compression by a factor of 5 and

a horizontal translation of 45° to the right.
Therefore, the graph of y = sin (26 — 90°) will
look as follows, and the answer 1s i1:

LY
1+ .
0
0 T \ i
90" 180/ 270" \360"
-1 s
-2

b) If the graph of y = sin (36 — 90°) is

transformed from the graph of y = sin 6, there
1

is a horizontal compression by a factor of 3 and

a horizontal translation of 30° to the right.

Therefore, the graph of y = sin (36 — 90°) will

look as follows, and the answer is iii:

Y
2...
1
[\
IR7ARN
-2
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0
¢) If the graph of y = sin (E + 30") is

transformed from the graph of y = sin 6, there
is a horizontal stretch by a factor of 2 and a
horizontal translation of 60° to the left.

8
Therefore, the graph of y = sin <~2* + 30°> will

look as follows, and the answer is 1

y
2_
1 = ——
0 . T
120° 240 3%0°
__] 1
-2

6. a) The period of the functiony = 3sinx + 2
is 360°, since the period of the function

y = sin x is 360°. Changing the value of a from
1 in the function y = a sin x + ¢ affects the
amplitude of the function, since there is a verti-
cal stretch or compression. Since the amplitude
of y = sin x is 1, and since the functiony = 3
sin x + 2 results in a vertical stretch by a factor
of 3, the amplitude of y = 3sinx + 21is 3.
Changing the value of ¢ from 0 in the function
y = asin x + ¢ affects the equation of the axis
of the function, since the graph slides up or
down. Since the equation of the axis of

y = sinxis y = 0, and since the function

y = 3sinx + 2 slides up 2 units, the equation
of the axisof y = 3sinx + 21isy = 2. The
domain is all possible values of x. Since the
period is the change in x that occurs as the
function completes one full cycle, and since the
period is 360°, the function completes three com-
plete cycles in 360° X 3 or 1080°. Therefore, the
domain is {x € R10° = x = 1080°}. The range
is all possible values of y. Since the equation of
the axis is y = 2 and since the amplitude is 3, ¥
oscillates between2 — 3or —1and 2 + 3 or 5.
Therefore, the range is {y E R -1 =y = 5}.
b) Changing the value of k from 1 in the
function g(x) = a cos(kx) + c affects the
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period of the function, since there is a horizontal
stretch or compression. Since the period of

y = ¢os x is 360°, and since the function

g(x) = —4 cos(2x) + 7 results in a horizontal

1
compression by a factor of > the period of

360
g(x) = —4cos(2x) + 71s e or 180°.

Changing the value of a from 1 in the function
g(x) = acos(kx) + c affects the amplitude

of the function, since there is a vertical stretch

or compression. Since the amplitude of

y = cos x is 1, and since the function

g(x) = —4 cos(2x) + 7 results in a vertical
stretch by a factor of 4, the amplitude of

g(x) = —4 cos(2x) + 7 is 4. Changing the
value of ¢ from O in the function

g(x) = acos(kx) + c affects the equation of
the axis of the function, since the graph slides
up or down. Since the equation of the axis of

y = cos x is y = 0, and since the function

g(x) = —4 cos(2x) + 7 slides up 7 units, the
equation of the axis of g(x) = —4 cos(2x) + 7
is g = 7. The domain is all possible values of x.
Since the period is the change in x that occurs as
the function completes one full cycle, and since
the period is 180°, the function completes three
complete cycles in 180° X 3 or 540°. Therefore,
the domain is {x € R10° =< x < 540°}. The
range is all possible values ~f y. Since the
equation of the axis is y = 7 and since the
amplitude is 4, y oscillates between 7 — 4 or
3and 7 + 4 or 11. Therefore, the range is
{gERIZ=g=11}.

-1
¢) The period of the function & = > sint — 5

is 360°, since the period of the function

h = sin 1 is 360°. Changing the value of g from
1 in the function & = asin ¢ + c affects the
amplitude of the function, since there is a
vertical stretch or compression. Since the
amplitude of & = sin r is 1, and since the

function b = sin r — 5 results in a vertical

1 .
compression by a factor of > the amplitude of
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- 1
h = —2—1- sint — 5is > Changing the value of

¢ from O in the function & = a sint + c affects
the equation of the axis of the function, since
the graph slides up or down. Since the equation
of the axis of & = sin tis & = 0, and since the

-1
function A = -~2-~ sin f — 5 slides down 5 units,

the equation of the axis of & = N sint — 51s

h = —5. The domain is all possible values of .
Since the period is the change in ¢ that

occurs as the function completes one full
cycle, and since the period is 360°, the
function completes three complete cycles in
360° X 3 or 1080°. Therefore, the domain is

{t € R10° = r = 1080°}. The range is all
possible values of 4. Since the equation of the

!
axis is £ = —5 and since the amplitude is 5>
v oscillates between —5 — -;— or —5.5 and

-5+ -;— or —4.5. Therefore, the range is

{heRI-55=h=-45}.

d) Changing the value of k from 1 in the func-
tion A(x) = cos(k(x — d)) + c affects the
period of the function, since there is a horizon-
tal stretch or compression. Since the period of
y = cos x is 360°, and since the function

h(x) = cos(4(x — 12°)) — 9 resultsin a

1
horizontal compression by a factor of T the

period of A(x) = cos(4(x — 12°)) — 91is 3-2—9—
or 90°. The amplitude of the function

h{x) = cos(4(x — 12°)) — 9is 1, since the
amplitude of the function y = cosx is 1.
Changing the value of ¢ from 0 in the function
h(x) = cos(4{x — 12°)) — 9 affects the equa-
tion of the axis of the function, since the graph
slides up or down. Since the equation of the
axis of y = cosx is y = 0, and since the func-
tion h(x) = cos(4(x — 12°)) — 9 slides
down 9 units, the equation of the axis of
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h(x) = cos(4(x — 12°)) = 9ish = —9.

The domain is all possible values of x. Since
the period is the change in x that occurs as the
function completes one full cycle, and since

the period is 90°, the function completes three
complete cycles in 90° X 3 or 270°. Therefore,
the domain is {x € R10° = x = 270°}. The
range is all possible values of 4. Since the equa-
tion of the axis is 4 = —9 and since the ampli-
tude is 1, y oscillates between —9 — 1 or —10
and —9 + 1 or —&. Therefore, the range is
{heRI-10=h = -8}

e) Changing the value of &£ from 1 in the func-
tion d = asin{k(r — d)) + c affects the period
of the function, since there is a horizontal
stretch or compression. Since the period of

d = sin tis 360°, and since the function

d = 10sin(180(r — 17°)) — 30 results in a
horizontal compression by a factor of T}B_(S’ the
period of d = 10sin(180(r — 17°)) — 30 is
l;—g% or 2°. Changing the value of ¢ from 1 in the
function d = asin{k{(t — d)) + c affects the
amplitude of the function, since there is a
vertical stretch or compression. Since the ampli-
tude of d = cos tis 1, and since the function

d = 10sin(180(z — 17°)) — 30 results in a
vertical stretch by a factor of 10, the amplitude
of function d = 10sin(180(r — 17°)) — 301is
10. Changing the value of ¢ from 0 in the func-
tion d = a sin(k(r — d)) + c affects the equa-
tion of the axis of the function, since the graph
slides up or down. Since the equation of the axis
of d = cos tis d = 0, and since the function

d = 10sin(180(r — 17°)) — 30 slides down

30 units, the equation of the axis of

d = 10sin(180(z — 17°)) — 30is d = —30.
The domain is all possible values of 1. Since the
period is the change in ¢ that occurs as the func-
tion completes one full cycle, and since the
period is 2°, the function completes three com-
plete cycles in 2° X 3 or 6°. Therefore, the
domain is {x € R10° = ¢ < 6°}. The range is
all possible values of d. Since the equation of
the axis is d = — 30 and since the amplitude is
10, vy oscillates between —30 — 10 or —40 and
—30 + 10 or —20. Therefore, the range is
{deERI-40=d = -20}.
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f) Changing the value of k from 1 in the
function j(x) = asin(kx — d) affects the
period of the function, since there is a horizon-
tal stretch or compression. Since the period of
y = sin x is 360°, and since the function

j(x) = 0.5sin(2x — 30°) results in a

1
horizontal compression by a factor of > the

360
period of j(x) = 0.5sin(2x — 30°) is BN or

180°. Changing the value of g from 1 in the
function j(x) = asin(kx — d) affects the
amplitude of the function, since there is a verti-
cal stretch or compression. Since the amplitude
of y = cos x is 1, and since the function of

j(x) = 0.5sin(2x — 30°) results in a vertical
compression by a factor of 0.5, the amplitude of
function of j(x) = 0.5sin(2x — 30°)is 0.5.
Since the equation of the axis of

v = sin xis y = 0, the equation of the axis

j(x) = 0.5sin(2x -~ 30°) is j = 0. The domain
is all possible values of x. Since the period is
the change in x that occurs as the function com-
pletes one full cycle, and since the period is
180°, the function completes three complete
cycles in 180° X 3 or 540°. Therefore, the
domain is {x € R10° = x = 540°}. The range is
all possible values of j. Since the equation of
the axis is j = 0, and since the amplitude is

0.5, j oscillates between 0 — 0.5 or —0.5 and

0 + 0.5 or 0.5. Therefore, the range is
{JERI-05=j=05}

7. a) If the graph of y = 2 sinx + 3 is trans-
formed from the graph of y = sin x, there is a
vertical stretch by a factor of 2 and a vertical
translation of 3 units up. Therefore, the graph of
y = 2sin x + 3 will look as follows:

g

6

4 & &
2 - \\ »;»,\‘%l T 2
0 ] S, i

1-60° 120° 1Wm4w 480 54W7?’20°
PRI el tend () =5 ,
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b) If the graph of y = —3 cos x + 5 is trans-
formed from the graph of y = cos x, there

is a vertical stretch by a factor of 3, a vertical
translation of 5 units up, and a reflection in the
x-axis. Therefore, the graphof y = =3 cosx + 5
will look as follows:

Ay flxj=3cosx+5 flx)=~3cosx + 5
8 ' M
™ P ™\ S /S ™ Vs
6 ../ Nos A4 A 4
X XX
NG SN~ N Y AR
N A} = cosx : E\;' flx)=3cosx-fpm
Y IR T Ty
460 RO ; 3007360 42.0;‘&\ 54 660°720°
-3 ; e : . ) '

¢) If the graph of y = —sin(6x) + 4 is trans-
formed from the graph of y = sin x, there is a

. . 1
horizontal compression by a factor of i

vertical translation of 4 units up, and

a reflection in the x-axis. Therefore, the graph
of y = —sin (6x) + 4 will look as follows:

y fx) = —sin(6x) + 4

f{x) = sin(6x) + 4 g

7 ;«"\:If (A IR

v

3 4 f(x) = sinx f(x) = fjn(éx)f
X X
45802 N20°M80% Of 360°

d) If the graph of vy = 4 cos(2x) - 3 is trans-
formed from the graph of y = cos x, there is a
vertical stretch by a factor of 4, a horizontal

1
compression by a factor of > and a vertical

translation of 3 units down. Therefore, the
graph of y = 4 cos{2x) — 3 will look as
follows:

MY

2: Flx) = cosx flx)=4dcosx f(’f)’4505§2’f) SN
4 > YN
[l P it £, e X
o == e =
-2 16g TS0 60 S0 390" 360" 430 IRE 340 580" 680° 720°
-4 s ¥s s Fd % P ‘Vns i
-6 = st u '

TN e
fix)=3cos{x} - 3
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e} If the graph of y = -;-cos (3x — 120°) is
transformed from the graph of v = cos x, there

. . . 1
is a vertical compression by a factor of > a

. . 1
horizontal compression by a factor of 3
and a horizontal translation of 40° to the right.
1
Therefore, the graph of y = 5 cos (3x - 120°)

will look as follows:

y ¥ B
OTN fegseosty s i -0scosr 7
05wt e X
o Y / ‘ i \ 3 ! .'\ A \ ! X
-05 A % /BN \\ AV AVL MV
A & = - %’ ; & H
<10 4-fix) Teosx &, f(x) 0.5 cos: 3x: 120) ..

1
f) If the graph of y = -8 sin [5 (x + 500)] -9

is transformed from the graph of y = sin x,
there is a vertical stretch by a factor of §, a
reflection in the x-axis, a horizontal stretch by
a factor of 2, a horizontal translation of 50°
to the left or —~50°, and a vertical translation
of 9 units down. Therefore, the graph

1
y = —8sin {—Zﬁ (x + 50°):¥ -9 will look as

follows:
y g
flx} = 8sinx f{x} = ~8sinx
2 / \ 7N W
4 \ el / N
g 4. fx)=sinx N\ /
-2 \2y 00t ANy 10t B 4507 N IR
XD L o R i
-6 E . / . A Y S
-8 x 7, p, N
10 \ / =
T fix) = ~8sin{0.5x) 1/ f(x) = ~8 sin{0.5{x + 50}
T ] e
PR . '\ _‘,/ =
-8 Flx) = ~Bsin{0.5(x + 50} - 9

8. a) The period is 180°, so the difference
between X max and X min must be at Jeast
180°. The equation of the axis is y = 6 and the
amplitude is 1, so Y min cannot be greater than 5,
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and Y max cannot be less than 7. Possible
settings are as follows:

X min: 0°

X max: 180°

Y min: 5

Y max: 7

b) The period is 720°, so the difference between
X max and X min must be at least 720°. The
equation of the axis is y = 20 and the amplitude
is 5, so Y min cannot be greater than 15, and ¥
max cannot be less than 25. Possible settings
are as follows:

X min: 0°

X max: 720°

Y min: 15

Y max: 25

¢) The period is 4°, so the difference between
X max and X min must be at least 4°. The equa-
tion of the axis is y = 82 and the amplitude is 7,
so Y min cannot be greater than 75, and

Y max cannot be less than 89. Possible settings
are as follows:

X min: 0°

X max: 4°

Y min: 75

Y max: 89

d) The period is 1°, so the difference between
X max and X min must be at least 1°. The equa-
tion of the axis is y = —27 and the amplitude is
0.5, so Y min cannot be greater than —27.5, and
Y max cannot be less than —26.5. Possible set-
tings are as follows:

X min: 0°

X max: 1°

Y min: —27.5

Y max: —26.5

9. a) Changing the value of k from 1 in the
function OP(z) = a cos(kt) + ¢ affects the
period of the function, since there is a horizon-
tal stretch or compression. Since the period of
y = cos x is 360°, and since the function

P(t) = =20 cos(300¢) + 100 results in a

1
horizontal compression of 300° the period of

360
P(t) = =20 cos(3007) + 100 is 300 or1.2s.

In this case, the period represents one heart beat
of an individual.
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b) Changing the value of ¢ from O in the
function P(r) = a cos(kr) + ¢ affects the
equation of the axis of the function, since the
graph slides up or down. Since the equation of
the axis of y = sinx is y = 0, and since the
function P(1) = -20 cos(300¢) + 100 slides up
100 units, the equation of the axis of

P(t) = =20 cos(3007) + 1001s P = 100.
Changing the value of « from 1 in the function
P(1) = acos(kt) + ¢ affects the amplitude of
the function, since there is a vertical stretch or
compression. Since the amplitude of y = sin x
is 1, and since the function P(r) = -20
cos(300r) + 100 results in a vertical stretch by
a factor of 20, the amplitude of P(z) = -20
cos(300r) + 100 is 20. Since the equation of
the axis is P = 100 and the amplitade is 20,

P must be greater than or equal to 100 - 20 or
80 and less than or equal to 100 + 20 or 120.
Therefore, the range is {P € R180 = P = 120}.
This means that an individual has a maximum
blood pressure of 120 and a minimum blood
pressure of 80.

10. a) Since therange is {y ERI -1 =y = 7},
7+ (—1)
2
or y = 3. If the amplitude is a, then 3 + a must

equal the maximum, or 7, and 3 — a must
equal the minimum, or — 1. Therefore, the
amplitude, or a, must equal 4. Since the period
is 720°, there must be a horizontal stretch by a
factor of 2. Therefore, the function must be

y = 4sin(0.5x) + 3.

b) The sine function is the result of a horizontal
translation of the cosine function of 90° to the
right. Therefore, the cosine function that results
in the same graph of the sine function from part
ais 4cos(0.5x - 90) + 3.

-1
11. If the graph of f(x) = —cos (120x) + 30

the equation of the axis must be y =

is transformed from the graph of f(x) = cos x,
there is a reflection in the x-axis, a vertical

. 1 .
compression by a factor of > a horizontal

. 1 .
compression by a factor of 50 and a vertical

translation of 30 units up. Therefore, the graph
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-1
of f(x) = — c08 (120x) + 30 will look as

follows:

30 e e A e ~

20

10

0 T
0 3 6 9

1‘2 'IlS 1'8 21 2|4 . 27
12. If the functions y = sin x and y = cos x are
subjected to a horizontal compression by a fac-
tor of 0.5, the functions become y = sin (2x)
and y = cos (2x). Graph the functions

y = sin {(2x) and y = cos (2x) on the same
graph.

y f{x)=cos{2x) f(x)=sin(2x)
L . A 755 N /
Xy X [Yy [ [
VAV AY A
..9%0 \%/ 1 o\z 350 sro\e ) 7p0
,z J \\}& :\\,}% ;\v;&w \\}”

It’s apparent from the graph that in order to
map the sine curve onto the cosine curve, the
sine curve would have to undergo a horizontal
translation of 45° to the left or —45°.

13. a) The number of hours of daylight
increases to a maximum and decreases to

a minimum Iin a regular cycle as Earth revolves
around the Sun.

b) March 21 is the 80th day of the year, so if

. 1360
= — (1-80°)| + 12,
D) 45”{365 (r-80 )J 12, then

. 1360
D(80) = 4s1n[365(80—80)} + 12,
= 4sin(0°) + 12
=0+ 12
=12h
September 21 is the 264th day of the year, so if
. 1360 .
D) = 4811{365 (r-80 )} + 12, then
. 1360
D(264) = 45“{365 (264 - 80)} + 12,
= 4sin(181°) + 12
=0+ 12
=12h
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The significance of these days is that they are
the spring and fall equinoxes.
¢) June 21 is the 172nd day of the year, so if

, . 1360
= P — o -+
D(1) 45“{365 (1-80 )} 12, then

0
D(172) = 4Sin{%‘6~“(172 - 80)} + 12
365

= 4sin(91°) + 12,
=4+ 12
=16h
December 21 is the 355th day of the year, so if

360
— M o + 12
D(t) = 4811‘{365 (r-80 )] 12, then

- . 1360
D(355) = 48“{365 (355 80)} + 12,

= 4sin(271°) + 12

=4 + 12

=8h
The significance of these days is that they are
the longest and shortest days of the year, or the
summer and winter solstices.
d) 12 is the axis of the curve and is half the
distance between the maximum and minimum
hours of daylight.

a) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete cycle
between x = 0° and x = 90°, for example, the
period is 90 — 0 or 90°. The equation of the axis
is the equation of the horizontal line that is
halfway between the maximum and the mini-
mum. Since the minimum is 4 and the maximum
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8+ 4

is 8, the equation of the axisis y = or

y = 6. The amplitude is half the distance

between the maximum and minimum values.
Since the minimum is 4 and the maximum is 8,

the amplitude is or 2. Also, the function

crosses the y-axis at its maximum value, so the
equation for it should use the cosine function.
Therefore, the equation for the sinusoidal

-~

39600x) +6ory =2
cos(4x)° + 6. This can also be expressed as

y = 2sin(4x + 90)° + 6.

b) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete
cycle between x = 0° and x = 180°, for exam-
ple, the period is 180 — 0 or 180°. The equation
of the axis is the equation of the horizontal line
that is halfway between the maximum and the
minimum. Since the minimum is 1 and the
maximum is 3, the equation of the axis is

functionis y = 2 cos (

1
y = or y = 2. The amplitude is half the

distance between the maximum and minimum
values. Since the minimum is 1 and the maxi-

! or 1. Also, if

mum is 3, the amplitade is

the function had not been shifted 90° to the
right, then it would have crossed the y-axis

at its maximum value, so the equation for it
should use the cosine function. Therefore,

the equation for the sinusoidal function

o 360 .

is y = cos 7o (x-90)° + 2or

vy = cos (2x - 180)° + 2. This can also be
expressed as y = sin (2x-90)° + 2.

¢) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete
cycle between x = 0° and x = 120°, for exam-
ple, the period is 120 — 0 or 120°. The equation
of the axis is the equation of the horizontal line
that is halfway between the maximum and the
minimum. Since the minimum is —4 and the
maximum is 0, the equation of the axis is
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0+ (=9

2

half the distance between the maximum and
minimum values. Since the minimum is —4 and

0-(=4)
2 or

or y = —2. The amplitude is

the maximum is 0, the amplitude 1s

2. Also, the function crosses the y-axis at its
maximum value, so the equation for it should
use the cosine function. Therefore, the

equation for the sinusoidal function is

o

y = 2005(%—;—8—)() —2 ory = 2cos (3x)° — 2.
This can also be expressed as
y = 2sin(3x +90)° — 2

2. The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete
cycle between x = 0° and x = 180°, for exam-
ple, the period is 180 — 0 or 180°. The equation
of the axis is the equation of the horizontal line
that is halfway between the maximum and the
minimum. Since the minimum is 5 and the
maximum is 9, the equation of the axis is
_9+5
yET
distance between the maximum and minimum
values. Since the minimum is 5 and the maxi-

or y = 7. The amplitude is half the

mum is 9, the amplitude is or 2. Also, the

function crosses the y-axis at its maximum
value, so the equation for it should use the
cosine function. Therefore, the equation for the

3 sl
sinusoidal function is y = 2cos <£%x> + 7 or

y = 2 cos(2x)° + 7. This can also be expressed
asy = 2sin(2x + 90)° + 7.

3. Since the sinusoidal function has an
amplitude of 4 units and a maximum at (0, 9),
the equation of the axis mustbe y = 9 — 4 or
v = 5. Also, since the maximum is at (0, 9),
the graph crosses the y-axis at its maximum
value, so the equation for it should use

the cosine function. Therefore, since the
period of 120° is already known, the

equation for the sinusoidal function is
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360 \°
o= 4 s -+ = 4 3x)° + 5.
¥ c05<120x> Sory cos(3x) 5

This can also be expressed as
y = 4sin(3x + 90)° + 5.
4.2) e 8 y

/\ Vi /

i;i’\/

i) The period is the change in x that occurs as the
function goes through one complete cycle. Since
the graph for i goes through one complete cycle
between x = 4 and x = 10, for example, the
period is 10 — 4 or 6. The equation of the axis is
the equation of the horizontal line that is halfway
between the maximum and the minimum. Since
the minimum is 2 and the maximum is 8, the

. 2
equation of the axisis y = ory = 5. The

amplitude is half the distance between the max-
imum and minimum values. Since the minimum

is 2 and the maximum is 8, the arplitude is

or 3. Also, if the function had not been shifted
4 units to the right, it would have crossed the
y-axis at its maximum, so the equation for it
should use the cosine function. Therefore, the
equation for the sinusoidal function is

360 ©
y=3 cos{—-é*(x - 4)} + 5o0r

y = 3cos [60(x — 4)]° + 5. This can also be
expressed as y = 3sin [60(x — 2.5)]° + 5.

if) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph for i1 goes through one com-
plete cycle between x = 0 and x = 3, for exam-
ple, the period is 3 — 0 or 3. The equation of
the axis is the equation of the horizontal line
that is halfway between the maximum and the

6-34

minimum. Since the minimum is 0.5 and the
maximum is 1.5, the equation of the axis is
- 15+05

)

the distance between the maximum and mini-
mum values. Since the minimum is 0.5 and the

. . . . 1.5-05
maximum is 1.5, the amplitude is 5 or

or y = 1. The amplitude is half

0.5. Also, if the function had not been shifted
1.5 units to the right, then it would have crossed
the y-axis at its maximum value, so the equation
for it should use the cosine function. Therefore,
the equation for the sinusoidal function is

y = 0.5cos [229 (x - 1.5)} + 1or

y = 0.5cos (120x - 180)° + 1. This equation

can also be expressed as

y = [-0.5c0s (120x)]° + 1 or

y = [-0.5sin (120x + 90)]° + 1.

iii) The period is the change in x that occurs as

the function goes through one complete cycle.

Since the graph for iii goes through one com-

plete cycle between x = 0 and x = 4, for exam-

ple, the period is 4 — 0 or 4. The equation of

the axis is the equation of the horizontal line

that is halfway between the maximum and the

minimum. Since the minimum is —3 and the

maximum is —1, the equation of the axis is
=1+ (-3)
- 2

half the distance between the maximum and

minimum values. Since the minimum is —3 and

the maximum is —1, the amplitude is

-1 - (-3)

2

been shifted 3 units to the right, then it would

have crossed the y-axis at its maximum value,

so the equation for it should use the cosine

function. Therefore, the equation for the sinu-

or y = —2. The amplitude is

or 1. Also, if the function had not

360 °
soidal function is y = cos {34 (x —3)| —2or

y = cos (90x — 270)° —2. This equation can
also be expressed as y = cos [90(x —3)]° — 2
orasy = sin [90(x—2)° — 2.
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i) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph for i1 goes through one complete
cycle between x = 0 and x = 2, for example,
the period is 2 — 0 or 2. The equation of the
axis is the equation of the horizontal line that is
halfway between the maximum and the mini-
mum. Since the minimum is 20 and the maxi-
mum is 30, the equation of the axis is

30+ 20

)
the distance between the maximum and mini-
mum values. Since the minimum is 20 and the

or y = 25. The amplitude is half

2

Also, the function crosses the y-axis at its
midpoint and is reflected in the y-axis, so the
equation for it should use the sine function
and the value of k should be negative.
Therefore, the equation for the sinusoidal

. . . .3
maximum is 30, the amplitude is or 5.

function is y = 5 sin ( 0x> + 25 or

vy = 5sin (-180x)° + 25. This equation can also
be expressed as y = 5 cos [180(x — 1.5)]° + 25.
ii) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph for ii goes through one com-
plete cycle between x = 0.5 and x = 3.5, for
example, the period is 3.5 — 0.5 or 3. The equa-
tion of the axis is the equation of the horizontal
line that is halfway between the maximum and
the minimum. Since the minimum is 5 and the
maximum is 15, the equation of the axis is

1545
2

¥ or y = 10. The amplitude is half
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the distance between the maximum and mini-
mum values. Since the minimum is 5 and the
2

Also, if the function had not been shifted

2 units to the right, then it would have crossed
the y-axis at its maximum value, so the
equation for it should use the cosine function.
Therefore, the equation for the sinusoidal

1
maximum is 15, the amplitude is or 5.

function is y = 5 cos {320()5 - 2)} + 10 or

vy = 5co0s(120x—240)° + 10. This equation can

also be expressed as

y = 5cos[120(x — 2)]° + 10 or

y = 5sin [120(x — 1.25)]° + 10.

iif) The period is the change in x that occurs as

the function goes through one complete cycle.

Since the graph for iii goes through one com-

plete cycle between x = 0 and x = 1, for exam-

ple, the period is 1—0 or 1. The equation of the

axis is the equation of the horizontal line that

is halfway between the maximum and the

minimum. Since the minimum is —15 and the

maximum is 5, the equation of the axis is
5+ (—15)

half the distance between the maximum and

minimum values. Since the minimum is —15

and the maximum is 5, the amplitude is

5-(-15)

2

the y-axis at its maximum value, so the

equation for it should use the cosine function.

Therefore, the equation for the sinusoidal

ry = —5. The amplitude is

or 10. Also, the function crosses

function is y = 10cos (i?—ox> -5o0r

v = 10cos (360x)° — 5. This can also be
expressed as y = 10sin (360x + 90)° — 5.

5. a) The period is the change in x that occurs
as the function goes through one complete
cycle. Since the graph goes through one
complete cycle between x = 0° and x = 120°,
for example, the period is 120 — 0 or 120°. The
equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum is
1 and the maximum is 3, the equation of the
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3+1

axisisy = or y = 2. The amplitude is

half the distance between the maximum and
minimum values. Since the minimum is 1 and

1(}rl.

the maximum is 3, the amplitude is

Also, the function crosses the y-axis at its maxi-
mum value, so the equation for it should use the
cosine function. Therefore, the equation for the

360 \°
sinusoidal function is y = cos ( 130 ) + 2 or

vy = cos(3x)° + 2. This can also be expressed
asy = sin{3x + 90)° + 2.
b) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete
cycle between x = 0° and x = 720°, for exam-
ple, the period is 720 — 0 or 720°. The equation
of the axis is the equation of the horizontal line
that is halfway between the maximum and the
minimum. Since the minimum is 13 and the
maximurm is 21, the equation of the axis is
13+ 21
2
the distance between the maximum and mini-
mum values. Since the minimum is 13 and the

maximum is 21, the amplitude is % or 4.

or y = 17. The amplitude is half

Also, the function crosses the y-axis at its mini-
mum value, so the equation for it should use the
cosine function and be shifted 180° to the right.
Therefore, the equation for the sinusoidal func-

tionis y = 4cos {:]-é-a(x — 180)° } + 17 or

1
vy = 4cos b(x - 180)‘)} + 17. This can also be

1
expressed as or y = 4 sin (5)5)0 + 17.

¢) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete cycle
between x = —120° and x = 120°, for example,
the period is 120 — (—120) or 240°. The equa-
tion of the axis is the equation of the horizontal
line that is halfway between the maximum and
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the minimum. Since the minimum is —7 and the
maximum is — 1, the equation of the
ML%L“Q ory = —4. The
amplitude is half the distance between the max-
imum and minimum values. Since the minimum
is —7 and the maximum is — 1, the amplitude
s D) -7
2
crosses the y-axis at its midpoint, so the equation
for 1t should use the sine function. Therefore, the
equation for the sinusoidal function is

360 \° . (3 \°
)—sm(z40 )—4ory—3sm<2x) 4.

This function can also be expressed as
3 o
y = 3cos b(x—ﬂ))J -

d) The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete
cycle between x = —20° and x = 100°, for
example, the period is 100 — (—20) or 120°.
The equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum is
—1 and the maximum is 5, the equation of the

54+ (—1)
2

axisis y =

or 3. Also, the function

axisis y = or y = 2. The amplitude

is half the distance between the maximum and
minimum values. Since the minimum is —1 and
the maximum is 5, the amplitude is 27 ; 1)
or 3. Also, the function would cross the y-axis
at its maximum value, except that the function
is shifted 10° to the right, so the equation for
it should use the cosine function. Therefore,
the equation for the sinusoidal function is

y = 3cos {I}é—é—(x - 10)} + 2or

y = 3 cos[3(x — 10)]° + 2. This can also be
expressed as y = 3sin [3(x + 20)]° + 2

6. a) Since the amplitude is 3, g in the
function y = a cos (k(x — d)) + ¢ is 3. Since
the period is 360°, k in the function
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. 360 .
= X — + L — .
y=acos (k(x —d)) +cis 360 " 1. Since

the equation of the axis is y = 11, ¢ in the equa-
tiony = a cos(k(x — d)) + cis 11. Since the
horizontal translation is 0°, d in the equation

y = acos(k(x — d)) is 0. Therefore, the equa-
tion is y = 3 cos x° + 11. This can also be
expressed as is y = 3sin (x + 90)° + 11.

b) Since the amplitude is 4, a in the function

y = acos (k(x — d)) + cis 4. Since the
period is 180°, k in the function

y=acos (k(x —d)) + cis —:%g—g- or 2. Since
the equation of the axis is y = 15, ¢ in the
equation y = a cos(k(x — d)) + cis 15. Since
the horizontal translation is 30°, d in the equa-
tion y = a cos (k(x — d)) is 30. Therefore, the
equation is y = 4 cos [2(x — 30)]° + 15.

This can also be expressed as

y = 4sin[2(x + 15)]° + 15.

¢) Since the amplitude is 2, ¢ in the function

v = acos (k(x — d)) + cis 2. Since the
period is 40°, k in the function

0
y=acos{ki{x —d)) +c¢ is%%— or 9. Since the

equation of the axis is y = 0, ¢ in the equation
= acos (k(x —d)) + cis 0. Since the

horizontal translation is 7°, d in the equation

y = acos (k(x — d)) is 7. Therefore, the equa-

tion is y = 2 cos 9(x — 7)°. This can also be

expressed as is y = 2 sin 9(x + 3)°.

d) Since the amplitude is 0.5, a in the function

y = acos (k(x — d)) + cis 0.5. Since the

period is 720°, & in the function

vy =acos(k(x —d)) +cis 360 or l Since the

. 720 2

equation of the axis is y = —3, ¢ in the equa-

tiony = acos (k(x — d)) + cis —3. Since the

horizontal translation is —56°, d in the equation

y = acos(k(x — d)) is —56. Therefore, the

. 1 °
equation is y = 0.5 cos b (x + 56)} - 3.
This can also be expressed as

1 o
y = 0.5sin [5 (x + 236):1 - 3.
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7. Since the amplitude is 6, a in the function
y =acos (k(x — d)) + cis 6. Since the
period is 45°, k in the function

360
v =acos (k(x —d)) + CiS“Zg‘OI‘S.The
equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since a minimum is at
(0, 1), the maximumisat1 + 2 X 6 or 13, and

3+1

the equation of the axisis y = ory =17.

Since the equation of the axis is y = 7, ¢ in the
equation y = a cos (k(x — d)) + cis 7. Since
the function crosses the y-axis at its minimum
value, the equation for it should use the cosine
function and be reflected in its axis. Since there
is a reflection in the x-axis, the sign of a in

the equation y = a cos(k(x — d)) should be
negative. Since there is no horizontal transla-
tion, d in the equation y = a cos(k(x — d))

is 0. Therefore, the equation is

y = —6cos (8x)° + 7. This can also be
expressed as y = —6sin (8x + 90)° + 7.

8.a
) 501 T(0)
(@) ; /
bl /
g 10 / .
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b) A sinusoidal model fits the graph because it
changes with a cyclical pattern over time.

¢) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is —18.6 and the maximum is 17.0,

17.0 = (~186) or 17.8. Since

the amplitude is

the amplitude is 17.8, a in the function

T(t) = acos(k(t — d)) + cis 17.8. The period
is the change in 7 that occurs as the function
goes through one complete cycle. Since the
graph goes through one complete cycle between
t=0andt = 12, the period is 12 — O or 12.
Since the period is 12, & in the function
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T(t) = acos(k(x —d)) + ¢ isz)l%o- or 30. The

equation of the axis is the equation of the hori-
zontal line that is halfway between the maxi-
mum and the minimum. Since the minimum is
—18.6 and the maximum is 17.0, the equation

170 + (—186
of the axisis y = 70 2( 8 )ory=—0.8.
Since the equation of the axisis y = —0.8, ¢

in the function 7(¢) = acos(k(t — d)) + ¢

is —0.8. Since the function crosses the y-axis
at its minimum value, the equation for it
should use the cosine function and be reflected
in its axis. Since there is a reflection in the
x-axis, the sign of a in the function

T(ty = acos(k(t — d)) should be negative.
Since there is no horizontal translation, d

in the function 7(r) = acos(k(t — d)) is 0.
Therefore, the equation for the function is

T(t) = —17.8 cos(30r)° —0.8. This can also
be expressed as is

T(r) = -17.8 sin(30r + 90)° - 0.8.

d) The first cycle goes from month O to month
11. Therefore, the second cycle goes from
month 12 to month 23. Since each cycle is the
same, the average monthly temperature for
month 20 is the same as the average monthly
temperature for month 8. Therefore, the average
monthly temperature for month 20 is 10.3 °C.
9. a) The respiratory cycle is an example of a
periodic function because we inhale, rest, exhale,
rest, inhale, and so on in a cyclical pattern.

b) v

’ST 0.8
= 06 [\
5 /o \
5 .1/ \
[
_% 0.2
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o T T T T T
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The amplitude is half the distance between the
maximum and minimum values. Since the mini-
mum is O and the maximum is 0.85, the

> -0 or 0.425. Since the

0.
amplitude is 5
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amplitude is 0.425, a in the equation
v =acos (k(t — d)) + cis 0.425. The period
1s the change in ¢ that occurs as the function
goes through one complete cycle. Since the
graph goes through one complete cycle
between t = O and ¢ = 3, the period is 3 — 0
or 3. Since the period is 3, k in the equation
or 120. The

360

v =acos(k(x — d)) + cis

equation of the axis is the equation of the

horizontal line that is halfway between the max-

imum and the minimum. Since the minimum is

0 and the maximum is 0.85, the equation of the

0.85 + 0
2

equation of the axis is y = 0.425, ¢ in the

equation v = a cos(k(t — d)) + ¢is 0.425.

Since the function crosses the y-axis at its

minimum value, the equation for it should use the

cosine function and be reflected in its axis. Since

there is a reflection in the x-axis, the sign of ain

the equation v = a cos(k(t — d)) should be

negative. Since there is no horizontal translation,

d in the equation v = a cos(k(t — d))

is 0. Therefore, the equation is

v = —0.425 cos (120r)° + 0.425.

This can also be expressed as

v = —0.425sin {120f + 90)° + 0.425.

axisis y = or y = 0.425. Since the

o) =
); 10dY P
> 4 -
E 054 N
_9 . i 3 : > x
2 0¥ —rr
0O 05 1 15 2 25 3
Time (s}

The equation is almost an exact fit on the
scatter plot.

d) The first cycle goes from O s to 3 s.
Therefore, the second cycle goes from

3 s to 6 s. Since each cycle is the same, the
velocity of Nicole’s breathing at 3 s is

the same as the velocity of Nicole’s
breathing at 6 s. Therefore, the velocity

of Nicole’s breathing at 6 s 1s 0 L/s.
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e) Since the equation for this situation is

v = —0.425 cos (1201)° + 0.425,

0.5 = —0.425 cos (120r)° + 0.425
0.075 = —0.425 cos (120¢)°

—0.176 = cos (120r)°
100.164 = 120¢

t =08s
Since 0.8 s have passed when the velocity is
0.5 L/s, and since the maximum occurs at
1.5 s, the difference between the time at the
maximum and the time at velocity 0.5 L/s is
1.5s — 0.8 s or 0.7 s. Since the curve is sym-
metrical, a velocity of 0.5 L/s also occurs at
1.5s +0.7s0r2.2s.

10. a)

30_;,“ I 0% 00 0 SO O WO /- A ens
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b) i) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum for Athens is 12 and the maximum is

3-12

3
33, the amplitude is or 10.5. Since the

amplitude is 10.5, ¢ in the function

T(ty = acos(k(t — d)) + cis 10.5. The period
is the change in 7 that occurs as the function
goes through one complete cycle. Since the
graph goes through one complete cycle between
t=0and? = 12, the period is 12 — O or 12.
Since the period is 12, & in the function

T(t) = acos(k(t — d)) + cis —31—629 or 30. The

equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum
for Athens is 12 and the maximum is 33, the
Brl2 ory = 22.5.
) )
Since the equation of the axisis y = 22.5, ¢ in
the function T(r) = acos(k(t — d)) + cis
22.5. Since the function crosses the y-axis at its
minimum value, the equation for it should use

equation of the axis s y =
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the cosine function and be reflected in its axis.
Since there is a reflection in the x-axis, the sign
of a in the function T(#) = a cos(k(t — d))
should be negative. Since there is no
horizontal translation, d in the function

T(r) = acos(k(t — d)) is 0. Therefore, the
equation for the function for Athens is

T(t) = —10.5 cos 30r + 22.5. This can also
be expressed as

T(r) = —10.5sin (30r + 90) + 22.5.

ii) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum for Lisbon is 13 and the maximum

7—-13

2
is 27, the amplitude is or 7. Since the

amplitude is 7, @ in the function

T(t) = acos(k(t — d)) + cis 7. The period is
the change in r that occurs as the function goes
through one complete cycle. Since the graph
goes through one complete cycle between ¢ = 0
and r = 12, the period is 12 — 0 or 12. Since
the period is 12, & in the function

T(1) = acos(k(x — d)) + cis %%Qor 30. The

equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum
for Lisbon is 13 and the maximum is 27, the

27 + 13

equation of the axisis y = ory = 20.

Since the equation of the axis is y = 20, ¢ in the
function T(t) = acos(k(t — d)) + cis 20.
Since the function crosses the y-axis at its mini-
mum value, the equation for it should use the
cosine function and be reflected in its axis.
Since there is a reflection in the x-axis, the sign
of a in the function 7(¢) = a cos(k(t — d))
should be negative. Since there is no horizontal
translation, d in the function

T(t) = acos(k(t — d)) is 0. Therefore, the
equation for the function for Lisbon is

T(t) = —7 cos 30r + 20. This can also be
expressed as 7(r) = —7 sin (30t + 90) + 20.
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iii) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum for Moscow i1s —9 and the maximum

23 — (=9)
2

is 23, the amplitude is or 16. Since

the amplitude is 16, a in the function

T(t) = acos(k(t — d)) + cis 16. The period
is the change in 7 that occurs as the function
goes through one complete cycle. Since the
graph goes through one complete cycle between
r=0andr =12, the period is 12 — 0 or 12.
Since the period is 12, & in the function

3
T(r) =acos (k(x-d)) + ¢ is—-l%(—) or 30. The

equation of the axis is the equation of the hori-
zontal line that is halfway between the maxi-
mum and the minimum. Since the minimum for
Moscow is —9 and the maximum is 23, the
equation of the axis is

23 + (9)
y=—

2

of the axis is y = 7, ¢ in the function
T(t) = acos(k(t — d)) + cis 7. Since the
function crosses the y-axis at its minimum
value, the equation for it should use the cosine
function and be reflected in its axis. Since
there is a reflection in the x-axis, the sign of a
in the function 7(t) = a cos(k(t — d)) should
be negative. Since there is no horizontal transla-
tion, d in the function T(r) = aco<(k(t — d))
is 0. Therefore, the equation for the function
for Moscow is T(f) = —16cos 30r + 7.
This can also be expressed as
T(t) = —165sin (30 + 90) + 7.

¢) The latitude of a city affects its amplitude
and vertical translation.

d) Athens and Lisbon are close to the same
latitude; Moscow is farther north.

11. a) The amplitude is half the distance
between the maximum and minimum values.
Since the minimum is 5 and the maximum is

ory = 7. Since the equation

1, the amplitude is —=— or 3. Since the

amplitude is 3, a in the equation

y = acos{k{x — d)) + cis 3. The period is the
change in x that occurs as the function goes
through one complete cycle. Since the graph
goes through one complete cycle betweenx = O's
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and x = 0.04 s, for example, the period is 0.04 —0
or 0.04 s. Since the period is 0.04 s, k in the

. . 360
equation y = a cos(k{x — d)) + cis 001 ™
9000. The equation of the axis is the equation
of the horizontal line that is halfway between
the maximum and the minimum. Since the min-
imum is 5 and the maximum is 11, the equation

of the axisis y = or y = 8. Since the

equation of the axis is y = §, ¢ in the equation
y = acos(k(x — d}) + cis 8. Since the func-
tion would have crossed the y-axis at its maxi-
mum value had it not been shifted 0.01 units to
the right, the equation for it should use the
cosine function and be shifted 0.01 units to the
right. Therefore, d in the equation
y = acos{k(x — d)) is 0.01. Therefore, the
equation for the function is
y = 3 cos 9000(x — 0.01)° + 8. This can also
be expressed as y = 3 sin (9000x)° + 8.
b) The peaks of the function represent the max-
imum equivalent stress.
¢) Since the equation for this situation is
vy = 3¢0s 9000(x — 0.01)° + 8, at 0.143 s the
amount of stress the motor was undergoing was
y = 3¢0s 9000(0.143 — 0.01)° + 8

= 3 cos 9000(0.133)° + 8
3cos 1197° + §
—-1.36 + 8

= 6.64 MPa
12. Find the amplitude. Whatever the amplitude
is, a in the equation y = acos(k(x — d)) + ¢
will be equal to it. Find the period. Whatever
the period is, k in the equation
y = acos(k(x — d)) + ¢ will be equal to 360
divided by it. Find the equation of the axis.
Whatever the equation of the axis is, ¢ in the
equation y = a cos(k(x — d)) + ¢ will be
equal to it. Find the phase shift. Whatever the
phase shift is, d in the equation
v = acos(k(x — d)) + c will be equal to it.
Determine if the function is reflected in its axis.
If it is, the sign of ¢ will be negative; otherwise,
it will be positive. Determine if the function is
reflected in the y-axis. If it is, the sign of £ will
be negative; otherwise, it will be positive.
13. The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 0 and the maximum is 60, the
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6
amplitude is or 30. Since the amplitude

is 30, a in the equation y = a cos(k(x — d)) + ¢
1s 30. The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete cycle
between x = Ocmand x = 7 X 60 or 188.5 cm,
the period is 188.5 — 0 or 188.5 cm. Since the
period is 188.5 cm, k in the equation

y=acos(k(x —d)) +cis 360 or 1.909859.

188.5
The equation of the axis is the equation of the
horizontal line that is halfway between the
maximum and the minimum. Since the minimum
is O and the maximum is 60, the equation

. 0 .
of the axis is y = or y = 30. Since the

2
equation of the axis is y = 30, ¢ in the equation
y = a cos(k(x — d)) + cis 30. Since the func-
tion crosses the y-axis at its minimum value, the
equation for it should use the cosine function
and be reflected in its axis. Therefore, the sign
of a in the equation y = a cos(k(x — d)) is
negative. Therefore, the equation for the func-
tion is y = -~30 cos (1.909 859x)° + 30. This
can also be expressed as
y = —30sin (1.909 859x + 90)° + 30. The
height of the nail above the ground after 1 km is
y = —30 cos (1.909 859 x 100 000)° + 30

= -30X —1+ 30

= 60 cm
14. The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 1 and the maximum is 15, the
> L or 7. Since the amplitude
is 7, a in the equation i = a cos(k(t — d)) + ¢
is 7. The period is the change in 7 that occurs as
the function goes through one complete cycle.
The circumference of the Ferris wheel in m is
2 X 7 X 7 or 44.0 m. The speed of the Ferris

or 2.8 my/s.

15
amplitude is

heel in m/s i x 1 X
wheel in m/s 1s 10 000 3600

Therefore, since the graph goes through one
complete cycle between r = 0 s and

t =440 + 2.8 or 15.7 s, the period is 15.7 — 0
or 15.7 s. Since the period is 15.7 s, k in the
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360
15.7
or 22.9. The equation of the axis is the equation
of the horizontal line that is halfway between
the maximum and the minimum. Since the min-
imum is 1 and the maximum is 15, the equation
15+ 1
2
equation of the axis is y = 8, ¢ in the equation
h = acos(k(t — d)) + cis 8. Since the func-
tion crosses the y-axis at its maximum value,
the equation for it should use the cosine func-
tion. Therefore, the equation for the function is
h = 7 cos (22.97)° + 8. This can also be
expressed as & = 7 sin (22.9¢ + 90)° + 8.

equation & = acos(k(t — d)) + cis

of the axisisy = ory = 8. Since the

1. Distance Between the
A F) Tail Light and the Curb
3 /
= 15+ :
© _ \ / ) N\ /
§ 10 N/ /
% . ‘
0 05+
it
0 T T H H H H T EH
0 1 2 3 4
Time (s)

a) The equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum is
1.0 and the maximum is 2.0, the equation of the
20+ 1.0
2

tion it represents the distance between the tail
lights and the curb if the trailer isn’t swinging
back and forth.

b) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 1.0 and the maximum is 2.0, the

20-1.0
amplitude is

axisisd = ord = 1.5 m. In this situa-

or 0.5 m. In this situation

it represents the distance the trailer swings to
the left and right.

¢) The period is the time it takes the function to
go through one complete cycle. Since the func-
tion goes through one complete cycle between

6-41




0 s and 2 s, for example, the period is 2-0 or
2 s. In this situation it represents the time it
takes the trailer to swing back and forth.

d) Since the amplitude 15 0.5 m, g in the
function y = acos(k(x — d)) + ¢ is 0.5.
Since the period is 2 s, & in the function

y=acos(k(x —d)) +cis ég—gor 180. Since

the equation of the axis is y = 1.5 m, ¢ in the
function y = acos(k{x — d)) + ¢ is 1.5. Since
the function would have crossed the y-axis at its
maximum had it not been shifted 0.5 units to the
right, d in the equation y = a cos(k{x — d))
is 0.5. Therefore, the equation is d = 0.5 cos
[180(r — 0.5)]° + 1.5. The range is all possible
values of y. Since y oscillates between 1 and 2,
therangeis {d € RI1 =d =2}
e) The range is the distance the trailer swings
back and forth. The domain is the time.
f) Since the equation that represents the situation
isd = 0.5 cos [180(r — 0.5)]° + 1.5, the dis-
tance from the tail light to the curve at r = 3.2 s is
d =05c0s[180(3.2 — 0.5)]° + 1.5

= 0.5cos 486° + 1.5

=05X%X ~059 4+ 15

=12m
2. fre) Height above Ground
[\ [\ [ \
2 L] [\
A A W S W .
4:/ ' ',\vl \\/l \\
0 T H I H 1 1 H It
0 20 40 60
Time (s}

a) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the mini-
mum is 3 and the maximum is 17, the equation

.f_
17 3orh = 10 m. In this

of the axisis h =

situation it represents the axle height.

b} The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 3 and the maximum is 17, the

. .1 C
amplitude is or 7 m. In this situation it

represents the length of the blade.
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¢) The period is the time it takes the function to
go through one complete cycle. Since the func-
tion goes through one complete cycle between

0 s and 20 s, for example, the period is 20 - 0 or
20 s. In this situation it represents the time to
complete one revolution.

d) The domain is all possible values of 1. Since
Don Quixote remains snagged for 7 complete
cycles and each cycle takes 20 s, the domain is
{t € R10 =t = 140}. The range is all possible
values of &. Since £ oscillates between 3 and

17, therangeis {h € RI13 = h = 17}.

e} Since the amplitude is 7 m, ¢ in the func-
tion y = acos{k(x — d)) + ¢ is 7. Since

the period is 20 s, k in the function
y=acos(k(x —d)) +cis 22—669 or 18. Since
the equation of the axis is # = 10 m, ¢ in the
function y = a cos(k(x — d)) + ¢ is 10. Since
the function crosses the y-axis at its minimum and
is reflected in its axis, the sign of a in the equa-
tion y = a cos(k(x — d)) is negative. Therefore,
the equation is # = —7 cos(18x)° + 10.

f) If the wind speed decreased, the period would
be larger.

3. The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 4 and the maximum is 12, the

1
amplitude is or 4. Since the amplitude

is 4, a in the equation y = a cos(k(x — d)) + ¢
is 4. The period is the change in x that occurs as
the function goes through one complete cycle.
Since Chantelle goes through one complete
cycle between x = 1 s and x = 55, for example,
the period is 5 — 1 or 4 s. Since the period is
45, kin theequation y = acos(k(x — d)) + ¢

is ES—Q or 90. The equation of the axis is the

equation of the horizontal line that is halfway
between the maximum and the minimum. Since
the minimum is 4 and the maximum is 12, the
12 + 4

2
Since the equation of the axisis y = §, ¢ in the
equation y = a cos(k(x — d)) + ¢ is 8. Since
the function would have crossed the y-axis at its
maximum value had it not been shifted 1 unit
to the right, the equation for it should use the

equation of the axisis y = ory = 8.
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cosine function and be shifted 1 unit to the right.
Therefore, d in the equation y = a cos(k(x — d))
is 1. Therefore, the equation for the function is

d = 4cos(90(r — 1))° + 8.

4. Interior and
e Temperatures
07—~ —~—__
T 10
o , "
g 0 T ™7 T LI
& . 12 24 3648
o -10 :
g_ /// N //"\\\
U . o .
=207/ N\ / \
3047 N ‘ N

Time (h)

a) They have the same period (24) and the same
horizontal translation (12), but different ampli-
tudes (2.5 and 10) and different equations of the
axis (T' = 17.5 and T = —20). The top curve is
probably the interior temperature (higher, with
less fluctuation), while the bottom curve is
probably the exterior temperature.

b) The domain is all possible values of 1. Since
both curves cover a 48 h period, the domain for
both curves is { € R10 = t = 48}. The range is
all possible values of 7. Since T oscillates
between 15 and 20 for the top curve, the range for
the top curve is {7 € R 115 = T = 20}. Since

T oscillates between —30 and — 10 for the
bottom curve, the range for the bottom curve is
{TERI-30=T= —10}.

¢) i) Since the amplitude for the top curve is
2.5, ain the function y = acos(k(x — d)) + ¢
is 2.5. Since the period is 24 h, & in the func-

. . 36
tiony = acos(k(x —d)) + cis —5;? or 15.

Since the equation of the axis is y = 17.5,

¢ in the function y = a cos(k(x — d)) + ¢

is 17.5. Since the function would have crossed
the y-axis at its maximum had it not been
shifted 12 units to the right, d in the
equation y = a cos(k(x — d))is 12.
Therefore, the equation for the top curve is

T =25cos{15(h — 12)]° + 17.5.
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ii) Since the amplitude for the bottom curve is
10, a in the function y = a cos(k(x — d)) + ¢
is 10. Since the period is 24 h, k in the func-
tiony = acos(k(x —d)) + ¢ is%@f or 15,
Since the equation of the axis is y = —20,

¢ in the function y = a cos(k(x — d)) + ¢

is —20. Since the function would have crossed
the y-axis at its maximum had it not been
shifted 12 units to the right, d in the

equation y = a cos(k(x — d))is 12.
Therefore, the equation for the top curve

is T =10 cos[15(h — 12)]° — 20.

5. a) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is —30 and the maximum is 30,

30 — (=30)

the amplitude is or 30. Since the

amplitude is 30, a in the equation
v = acos(k(x — d)) + cis 30. The period is
the change in x that occurs as the function goes
through one complete cycle. Since the building
goes through one complete cycle between = 2's
and r = 22 s, for example, the period is 22 — 2
or 20 s. Since the period is 20 s, k in the
equation y = acos(k(x —d)) + ¢ is%%g or 18.
The equation of the axis is the equation of the
horizontal line that is halfway between the max-
imum and the minimum. Since the minimum is
— 30 and the maximum is 30, the equation of

-+ —_—
the axis is y = EQ__S___EQZ ory = 0. Since the
equation of the axis is y = 0, ¢ in the equation
y = acos(k(x — d)) + c is 0. Since the func-
tion would have crossed the y-axis at its maximum
value had it not been shifted 12 units to the right,
the equation for it should use the cosine function
and be shifted 12 units to the right. Therefore,
d in the equation y = a cos(k(x — d)) is 12.
Therefore, the equation for the function is
d = 30 cos (18(r — 12))°.
b) If the sway is reduced by 70 percent, the
amplitude of the function is reduced by
70 percent. Everything else about the function
remains the same. Therefore, the function
becomes d = 30 X 0.3 cos (18(r — 12))° or
d = 9cos (18(z — 12))°.
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6. a) The amplitude is half the distance between
the maximum and minimum values. Since
the minimum i3 1.5 m and the maximum is

2

Since the amplitude is 0.3 m, a in the equation
y = acos{k{x — d)) + ¢ is 0.3. The period is
the change in ¢ that occurs as the function goes
through one complete cycle. Since Milton goes
through one complete cycle between t = O s
and r = 2.5 s, for example, the period is 2.5 — 0
or 2.5 s. Since the period is 2.5 s, k in the

2. S
2.1 m, the amplitude is or 0.3 m.

equation y = acos(k(x —d)) + cis %@_SQ or

144. The equation of the axis is the equation of

the horizontal line that is halfway between the

maximum and the minimum. Since the mini-

mum is 1.5 m and the maximum is 2.1 m, the

21+ 15
2

Since the equation of the axisis y = 1.8,

¢ in the equation y = a cos(k(x — d)) + ¢

is 1.8. Since the function crosses the y-axis

at its minimum value, the equation for it

should use the cosine function and be reflected

in its axis. Therefore, the sign of a in the

equation y = a cos(k(x — d)) is negative.

Therefore, the equation for the function is

d = —03cos (144r)° + 1.8.

b) The amplitude is half the distance between

the maximum and minimum values. Since the

minimum is 1.5 m and the maximum is 2.1 m,

21 ~15
the amplitude is or (.3 m. In this

equation of the axisis y = ory = 1.8.

situation it represents the height of the crest
relative to the normal water level.
¢) Since the equation for this situation is
d = —03cos (1441)° + 1.8, at r = 4 s, Milton’s
height above the bottom of the pool is
d= —03cos (144 X 4)° + 1.8

= —03cos (576)° + 1.8
~03x ~-08+ 1.8

=02+ 1.8

=2m
d) If data are collected for only 40 s, there will
be 40 + 2.5 or 16 complete cycles.
e) If the period of the function changes to 3 s,
k in the equation y = acos(k{(x — d)) + c s
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22-9 or 120. Therefore, the equation becomes

d = —03cos (1201)° + 1.8.

7. The amplitude is half the distance between

the maximum and minimum values. Since

the minimum is —4.5 A and the maximum
45— (—45

is 4.5 A, the amplitude is -———;——-—) ord.5A.

Since the amplitude is 4.5 A, a in the eguation

y = acos(k(x — d)) + cis 4.5. The period is

the change in ¢ that occurs as the function goes

through one complete cycle. Since the function

goes through one complete cycle betweent = 0's

1 P!
and r = %0 s, for example, the period is 0 0

1 . .o, 1 .
or 56 s. Since the period is 0 s, k in the

360
equation y = acos(k(x — d)) + ¢ isTor

60

21 600. The equation of the axis is the equation
of the horizontal line that is halfway between
the maximum and the minimum. Since the min-
imum is —4.5 A and the maximum is 4.5 A, the
45+ (—4.5) or

2
y = 0. Since the equation of the axisisy = 0, ¢
in the equation y = ¢ ~0s(k(x — d)) + cis 0.
Since the function crosses the y-axis at its maxi-
mum value, the equation for it should use the
cosine function. Therefore, the equation for the
function is C = 4.5 cos (21 600¢)°.
8. a) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 4 cm and the maximum is 20 cm,

equation of the axisis y =

the amplitude is or 8 cm. Since the

amplitude is 8 cm, a in the equation

y = acos(k(x — d)) + cis 8. The period is
the change in t that occurs as the function goes
through one complete cycle. Since the function
goes through one complete cycle between

t =02sandr = 1s, for example, the period is
1 — 0.2 or 0.8 s. Since the period is 0.8 s, k in
the equation y = acos(k(x — d)) + cis %%Q
or 450. The equation of the axis is the equation
of the horizontal line that is halfway between

Chapter 6: Sinusoidal Functions



the maximum and the minimum. Since the min-
imum 18 4 ¢cm and the maximum is 20 cm, the
20 + 4

equation of the axisis y = ory = 12.

Since the equation of the axisis y = 12, cin
the equation y = a cos(k(x — d)) + cis 12.
Since the function would have crossed the
y-axis at its maximum value had it not been
shifted 0.2 units to the right, the equation for
it should use the cosine function and be shifted
0.2 units to the right. Therefore, d in the
equation y = a cos(k(x — d)) is 0.2. Therefore,
the equation for the function is
h = 8cos (450(¢ — 0.2))° + 12.
b) The domain is all possible values of 7. Since
there is no limit to the amount of time that
Candice can hold onto the spring with the lead
ball, the domain is {r € R}. The range is all
possible values of h. Since the height of the ball
oscillates between 4 cm and 20 cm, the range is
{h € R4 = h =20}
¢) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the mini-
mum is 4 cm and the maximum 1s 20 cm, the

+ 4

equation of the axis is & = orh =12cm.

In this situation it represents the resting position
of the spring.
d) Since the equation for the situation is
h = 8cos (450(r — 0.2))° + 12, the height
of thelead ball atr = 1.3 s 1s

= 8 cos (450(1.3-0.2))° + 12

= 8cos (450 X 1.1)° + 12

= 8 cos (495)° + 12

=8 —071 + 12

= —57 + 12

= 6.3 cm
9. a) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 10 and the maximum is 70, the
0—-10

7
amplitude is or 30. Since the amplitude

is 30, a in the equation y = acos(k(x — d)) + ¢
is 30. The period is the change in x that occurs
as the function goes through one complete cycle.
Since the graph goes through one complete
cyclebetweenx = Ocmandx =2 X 7w X 40 or
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251.3 cm, the period is 251.3 — 0 or 251.3 cm.
Since the period is 251.3 cm, & in the

. . 360

equation y = a cos(k(x — d)) + cis 5513 "

1.43. The equation of the axis is the equation of

the horizontal line that is halfway between the

maximum and the minimum. Since the mini-

mum is 10 and the maximum is 70, the equation
70 + 10

of the axisisy = or y = 40, Since the

equation of the axis is y = 40, ¢ in the equation
y = acos(k(x — d)) + cis 40. Since the func-
tion crosses the y-axis at its minimum value, the
equation for it should use the cosine function
and be reflected in its axis. Therefore, the sign
of a in the equation y = a cos(k(x — d)) is
negative. Therefore, the equation for the func-
tion is A = —30cos (1.43x)° + 40.
b) The domain is all possible values of d. Since
the wheel completes 5 revolutions before it
stops, it travels 2 X a7 X 40 X 5 or 4007 cm
before it stops. Therefore, the domain 1s
{d € R10 = d = 4007}. The range is all possi-
ble values of 4. Since the height of the circular
mark oscillates between 10 cm and 70 cm. the
range is {h € R110 = h = 70}.
¢) Since the equation for the situation is
h = —30cos (1.43x)° + 40, the height of the
mark when the wheel has traveled 120 cm is
h = —30cos (1.43 X 120)° + 40

= —30cos (171.6)° + 40

= —30x —0.99 + 40

= 69.7 cm
10. The periods of the two functions are the
same, so the population of rabbits and the popu-
lation of foxes both go through one complete
cycle in the same amount of time. That’s the
only way the population of rabbits and the pop-
ulation of foxes appear to be related. The ampli-
tudes, equations of the axis, and horizontal
translations of the two functions all differ.
11. The period and amplitude, as well as where
it starts on the x-axis and the position on the
y-axis when it started.
12. The amplitude is half the distance between
the maximum and minimum values. Since the
minimum is 7 cm and the maximum is 19 cm,

2

1
the amplitude is or 6 cm. Since the
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amplitude is 6 cm, a in the equation

y = acos(k(x — d)) + ¢ is 6. The period is
the change in x that occurs as the function goes
through one complete cycle. Since pulley A has
half the circumference as pulley B, pulley A
makes 2 rotations for every 1 rotation of pulley
B. Therefore, the change in x in terms of pulley
A that occurs as the function goes through one
complete cycle is 2 X 360° or 720°. Since the
graph goes through one complete cycle between

x = 0and x = 720, the period is 720 — 0 or 720.

Since the period is 720, k in the equation
60
y=acos{k(x —d)) + cis %5601" 0.5. The

equation of the axis is the equation of the hori-
zontal line that is halfway between the maxi-

mum and the minimum. Since the minimum is
7 cm and the maximum is 19 cm, the equation

7
of the axisis y = or y = 13. Since the

equation of the axis is y = 13, ¢ in the equation
y = acos{k(x — d)) + cis 13. Since the func-
tion crosses the y-axis at its minimum value, the
equation for it should use the cosine function
and be reflected in its axis. Therefore, the sign
of a in the equation y = a cos(k(x — d)) is
negative. Therefore, the equation for the func-
tionis £ = —6 cos (0.5x)° + 13.

13. a) The amplitude is half the distance between
the maximum and minimum values. “ince the
minimum is —4 and the maximum is Z, the

2~ (-4
amplitude is ___2£___.). or 3. Since the amplitude

is 3, ain the equation y = a cos(k(x — d)) + ¢
is 3. The period is the change in x that occurs as
the function goes through one complete cycle.
Since the graph goes through one complete
cycle between x = 0 and x = 360, the period is
360 — 0 or 360. Since the period is 360, k in the
equationy = acos(k{x — d)) + cis —;—g—gor 1.
The equation of the axis is the equation of the
horizontal line that is halfway between the
maximum and the minimum. Since the minimum
i1s —4 and the maximum is 2, the equation of the
2+ (—4)

> or y = —1. Since the

axisis y =
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equation of the axis is y = —1, ¢ in the equa-
tion y = a cos{k(x — d)) + cis —1. Since the
function crosses the y-axis at its minimum value,
the equation for it should use the cosine function
and be reflected in its axis. Therefore, the sign of
a in the equation y = a cos(k(x — d)) is nega-
tive. Therefore, the equation for the function is
flx) = —=3cosx — 1.
b) If f(x) = ~3cosx — 1, then

f(20) = =3 cos20° - 1

=-3X09%4 -1
=-28—-1
= —338

¢) f(x) first equals 2 when x equals 180°, and
the period of the function is 360°. Therefore,
f(x) = 2 when x = 180° + 360°, k € I, and
the answer is 1.

d) f(x) first equals —1 when x equals 90°, and
it equals —1 every 180° after that. Therefore,
f(x) = —1 when x = 90° + 180°, k € I, and
the answer is iv.

14. Ay
7 /
A VA A W
\ \
3
L N
ol A\ A [ x

From the graph, when f(x) = 7, x = 0°, 180°,
and 360°.

1. a)

Time (min)| 0| 12|34 (5]6]|7
Volume (L)| 0 |16]16|16]16]16] 0 |16

Time (min)| 8 | 9 [10111]12}13{14|15
Volume (L) |16116{ 0 {16]16]16}16]16

Time (min) [16]17|18]19]20
Volume (L) | 0 |16{16]16| 0
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b) Yes, the graph repeats itself, and so is periodic.
¢) The part of the graph fromx = Otox = 101s
an exact copy of the part fromx = 10 to x = 20.
So the period is of length 10 — 0 = 10 min.
In this case, the period represents the time to
complete one washing cycle.
d) The equation of the axis 1s
_ minimum + maximum
Y- 2
0+ 16
2
= 8L
e) The amplitude is
a = maximum — axis
=16 — 8
=8L

f) The range of y values is fromy = O to y = 16.

Thatis, {y € R10 =y = 16}
2. One such graph is:

y
8 K
6 A / \ / \
N\ \ /

1N\C
2
O ] H ] H IX

5 10 15 20 25 30 35 40
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3. One such graph is:

(4

2 (-\ {\ ! é"x
O / !\l H , \ | !I
_2 4 \
] \ T

4 \ / \
-6 \/ \J

4. Here is the data representing Colin’s height
(in meters) at a given time (in seconds), and the
corresponding graph:

Time (s) | 0 | 10]20|30]40]|50
Height (m)| 25 [22.4{ 16 |9.7| 7 |9.7

Time (s) | 60| 70| 80|90 {100{110
Height (m)| 16 [22.4] 25 |22.4] 16 | 9.7

Time (s) |120{130{140{150/160
Height (m)| 7 {9.7] 16 [22.4) 25

037 :
B " :
1 ™
E 204 \\ y 4
p
SRR
S
T 10
g
5
X
0

0 10 20 30 40 5¢ 60 70 80 90 100 O 120 150 40 150 160
Time (s}

a) The graph repeats itself every 80 s, and so

has period 80. In this case, the period represents

the time to complete one revolution of the

Ferris wheel.

b) The equation of the axis is

minimum + maximum

2

y:

25 + 7
2

=16m
In this case, the axis represents those times
when Colin is halfway between the peak and
bottom of the Ferris wheel (either moving in
an upward or downward direction).
¢) The amplitude is
a = maximum — axis

=25~ 16

=9m
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In this case, the amplitude represents the

amount of height gained or lost as Colin moves

from the halfway point of the Ferris wheel to

the peak or to the bottom. In other words, the

amplitude is the radius of the Ferris wheel.

d) Yes, because Colin was already at the peak

height of the Ferris wheel when data was first

recorded.

e) By part c), the radius of the Ferris wheel is

9 m, and therefore the circumference of the

Ferris wheel is 27 (9) = 187 m

By part a), Colin completes one revolution

around the Ferris wheel in 80 s, and therefore

the Ferris wheel is travelling at a rate of

187
80

) By observing the graph and accompanying

data, we see that the range of the function is

{y e RI7T =y =25}

g) The Ferris wheel is 7 m off the ground at its

lowest point. So if the building is 6 m tall, Colin

boarded the Ferris wheel exactly 1 m off the top

of the building. That is, the Ferris wheel is situat-

ed exactly 1 m off the top of the building.

5. a) Here’s the graph:

= .71 metres per second

Y
o
—~ 2N \ N\ /
SR A VY A VRN Y A0 VIR O
8 \
O V]
<« 8 '
ved N/ \/ \/
= \/ \V/ \V/
2 X
0 4 ¥ 1 T 4 1 T
90 180 270 300

x (degrees)
Since h(x) = 4 cos(3x) + 9, we have horizontal
compression factor k = 3, so
360°
k

_360°

B

= 120°
This makes sense from looking at the graph.
Also, a quick look at the graph and the equation
shows that we have amplitude g = 4, axis y = 9
and range {y € RI15 =y = 13}.
b) Yes. This is clear since the function A(x) is of
cosine-type.

period =
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¢) h(45) = 4 cos(3(45)) + 9
=4 cos(135) + 9

V2

=—4 5 +9

= 6.2
d) These are the degree measures x where the
graph has a minimum. This happens when the
argument of cosine is 180° + some integer
multiple of 360° (since at these angles cosine
will equal —1). So when

3x = 180
x = 60°
3x = 540
= 180°
3x = 900
x = 300°

In summary, A(x) = 5 at x = 60°, 180°, 300°.
6. Here’s the graph:

y
o
S 9 64
% s /
» E 4 \ ] [
~F /U
M 3
T 2
o 1 X
0+

5 10 15 20 25 30
t {Seconds)

a) The graph completes exactly one period from
30r = 0° to 30r = 360°, thatis from ¢ = 0 to

= %?09 = 12 seconds. So the period is 12 sec-

onds, which makes sense from looking at the
graph. In our situation, this means that the boat
rises, falls and returns to its original depth to
restart the cycle every 12 seconds. In other
words, 12 s is the time between waves.
b) If there were no waves, the propeller would
just sit at the depth representing the axis, which
is at

maximum + minintum
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¢) Just plug ¢ = 5.5 into the equation:
d(55) = 2sin(30(5.5)) + 5
2sin(165°) + 5

= 2(0.26) + 5

= 55m
d) By looking at the graph, we see that the
rangeis {y ERI3 =y =T}
e) A depth of 3 m occurs when the graph is
at a minimum. Restricting our attention to the
first 10 seconds, this only happens once, when
the argument of sine is 270°, that is, when
30t = 270

=90s

7. Consider the point (0,0) the centre of a circle
with radius 4, with the point (4,0) lying on the
circle. Any point on a circle centred at (0,0)
with radius r and rotated through an angle 6 can
be expressed as an ordered pair (r cos 6, r sin 8).
Therefore, the coordinates of the new point
after a rotation of 25° about (0,0) from the point
(4,0) are (4 cos 25°, 4 sin 25°) or (3.63, 1.69).
8. a) The axis has been shifted from y = 0 to
y = =3
b) The period has been changed from 360° to

360
== = 90°,
T =9

i

¢) The amplitude has changed from 1 to 7.
d) The graph of y = cos x has been shifted
horizontally to the right by 70°.

b) < AY X
i T TT T 1T T T
= 50100 -150 200250 300 350
T =35 \ ; ~ :
2 : p. "\

S —a )\ /. h
wy . \\ ,//

T -45 ~

1 4 ‘, ~

> N x {degrees)

The graph of y = sin x has its amplitude
changed from 1 to 0.5, its axis changed from
y = 0toy = —4, and is shifted horizontally
to the right by 30°.
10. a) y = —3sin(4x) + 2. The minimum
value the sine function achieves is—1, and
this happens when the argument of sine is
270° + an integer multiple of 360°. Whenever
this happens, we will have
y=-3(-1)+2
=35
So this is the maximum value of this function.
On the other hand, the maximum value the sine
function achieves is +1, and this happens when
the argument of sine is 90° + an integer multiple
of 360°. Whenever this happens, we will have
y=—3(+1)+2

= -1
So this is the minimum value of this function.
In summary, the range of y = —3 sin(4x) + 2

is{yeRI-1=y=5}
b) By reasoning similar to part a), we find the

9. a)
~T Y oy range of the function y = 0.5 cos(3(x — 40°)) to
= ESRN N\ Ve be {y ERI—-05 =y =05}
% 8 \ / / 11. a) Here’s a scatter plot, and the correspond-
§ 6 “"\‘\“—'“}i"“"\"""/""' ing data:
v 4 k \
> 2 . X Time (months) J F M A
0 i H i T

50 100 150 200 250 300 350
x (degrees)

The graph of y = cos x has its amplitude

changed from 1 to 5, its axis changed from

y = 0toy = 7, and its period changed from
360

360° to >

= 180°.
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Temperature (°C)|—13.1} —9.0{ ~1.1| 8.5

Time (months) M J J A
16.8121.612471229

Temperature (°C)

Time (months) S O N D
163] 93 |—-121-10.2

Temperature (°C)
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Temperature {"C)
wt

Time {months)

b) Here’s a “curve of good fit” to the scatter
plot in a):

25

ol ]

15

/
10 ,/ \

Temperature (*C)

-15
Tirme {months)

The curve appears to be periodic, of period
12 months. This makes sense, because temper-
ature cycles will roughly repeat themselves

every 12 months, as the seasons run their course.

¢) The maximum is 24.7°C, and occurs at
month 6, or July. The minimum is —13.1°C,
and occurs at month 0, or January.
d) The period is 12 months, and we discussed
why this makes sense in part b).
e) The axis is

maximum -~ minimum

y= 5
247 - 131
2
=5.8°C
6-50

f) Usually, the cosine function has its maximum
at x = 0. Now the maximum occurs at x = 6.
So if the cosine function acts as the base curve,
then its phase has been shifted by 6 units to the
right.
g) Using the previous parts,
amplitude = maximum — axis

=247 — 58

= 18.9
For the compression factor, k, we have period
12 so

. 360
period = X
360
12 = —
k
k=30

So the previous parts suggest that the sinusoidal
function

vy = 18.9 cos(30(x — 6)) + 5.8

might be a good fit for the data. Of course,
there are other equivalent possibilities here.
Here’s a graph of this function, together with a
“curve of good fit” from part b):

53

20

\

. ! 34 587 8 9%\1]12
_]O_‘ﬁ“ - Q

Time (months)

Temperature (°C)
(V4]

So this sinusoidal curve appears to model the
data quite well.
h) Plug x = 38 into the equation found in part g).
189 cos(30(38 — 6)) + 5.8

= 18.9 cos(960°) + 5.8

= ~3.7°C
According to the table, the 12" month would be
January, as would the 24" and 36™ months. So
the 38" month would be March, which had an
average daily maximum temperature of —1.1°C
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in the table. This is pretty close to what the
curve predicts, —3.7°C.

12.2) 4y
3 '/ \\
/ N
2
]... ;
X
0 T
5 ~10-

v =asin(k(6 — d)) + c. First of all, the
amplitude is still 1, so @ = 1. The sine graph

has been shifted upward by 2.5 units, so ¢ = 2.5.

The sine graph has been shifted to the right by
4 units, so d = 4. Finally, the period has now
changed from 360° to 12°, which means that

360
2 ==
! k
k =30

So we guess that y = sin(30(6 — 4)) + 2.5
might be a good fit. Here’s a graph of this
function:

y

0 T LI -
5 10

x {degrees)

It appears to be a pretty good match to the
given graph. There are other equivalent
possibilities here.

b) Ay
6 AWA \
, 1 L
O H H l 13 1 X
5 10

y = asin{k(8 — d)) + c. First of all, the
amplitude has changed from 1 to 2, s0a = 2.
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The sine graph has been shifted upward by
4 units, so ¢ = 4. The sine graph has been
shifted to the right by 1 unit, so d = 1.
Finally, the period has now changed from
360° to 3°, which means that

360
3= k
k =120

So we guess that y = 2sin(120(68 — 1)) + 4
might be a good fit. Here’s a graph of this
function:

N y

o \ N
s 00V N

= \ ./ \,
s \/ V'V
N ~ x
>\O T 1

5 10
x {degrees)

It appears to be a pretty good match to the

given graph. There are other equivalent

possibilities here.

13. a) At r = 1 s, Meagan is closest to the wall,

and at r = 1.75 s, she is furthest away. So after

another 0.75 s, or at 2.5 s, she will be back to

her original position, closest to the wall, and the

cycle will repeat. So, we see that the period is

2.5 — 1 = 1.5 s long. In this case, one period

represents one “back-and-forth” in the rocking

chair.

b) The closest she is to the wall is 18 cm, and

the furthest away is 34 cm. So when the chair is

at rest, it is halfway between these distances

34 + 18
2

from the wall. This is the axis of the sinusoidal

function.

¢) By part a), each “back-and-forth” accounts

for 1.5 s added to ¢t = 0 s. So going “back-and

forth” 40 times will take us to

r=40x 1.5

= 60s
So, in this case, the domain of the function
would be {r € R10 = r = 60}.

away from the wall, or = 26 cm away
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d) Meagan will go “back-and-forth” 40 times
in the case of part c¢), so will achieve both the
minimum (18 ¢m) and maximum (34 ¢m)
distances away from the wall. So the range of
the function in part ¢) is {y € R118 = y = 34}.
¢) By part b), the axis is y = 26. So the
amplitude is
a = maximum — axis

=34 - 26

=8§cm
This measures the distance travelled from the
rocking chair’s resting position, to either its
closest or furthest positions from the wall.
f) Let’s use sine as our base curve, for instance.
We wish to find all of the missing variables in
the equation d(¢) = a sin{k(t — d)) + c¢ {(other
than ¢, of course). The chair is closest to the wall
att = 1s, and is furthest away at t = 1.75 s.
This means that the chair is at rest at

1+ 175
=T

=1.375s
So the sine curve has been shifted to the right
by 1.375 units, that is, d = 1.375. We already
know that ¢ = 8 and ¢ = 26 from the previous
parts, so it only remains to find k. For this, we
know that the period is now 1.5 s, so

360

15 = —
k

k=240

So the sinusoidal curve we want is

d{r) = 8sin(240(¢ — 1.375)) + 26

Of course, there are many other equivalent solu-
tions here. Here’s a graph of this particular one:
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32

30

28

26 +1- 1

24

22

8 sin(240(t - 1.375)) + 26 (cm)

20

d(t)

18

X

0123456789107
t (seconds)

2) We need only plug r = 8§ into the sinusoidal
function we found in part g):
d(8) = 8sin(240(8 — 1.375)) + 26
= 8sin(1590°) + 26
1
=8 X 5 + 26
=30cm
14. We have seen how to do this time and again
above, but we will repeat the process here for
completeness. Let’s use the sine function as
our base curve. Then the general form of the
sinusoidal curve is y = asin(k(x — d)) + ¢
To find the axis, y = ¢, we only need to know
the minimum and maximum y-values of our
process. Then
y=c¢
_ maximum + minimum
- 2
This represents a sort of “midpoint” for our
process. The amplitude is just
a = maximum — axis, and i1s a measure of how
far our extreme values are from the “midpoint,”
or axis. The period is the length of one cycle of
our process (in x-values), and we find £ in the
following way:
k = 360° + (period length)
Finally, we think of being on the axis y = ¢ as
being at “rest,” in some sense. The measure-
ment d is how far to the right this resting point
has moved away from the y-axis, or x = 0,
which often serves as the “beginning” of our
process.
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h(t) Height of Step

_ N\ A\
E 3 /N hN
= / \ ; \
W / N / \ '
y /
I 0 T 1 1

-1 102030 M0 50 -60--70-N60-

Time (s}

1. a) The period is the time it takes the function
to go through one complete cycle. Since the
function goes through one complete cycle
between about 35 s and 75 s, for example, the
period is 75 — 35 or 40 s. In this situation it
represents the time for a stair to return to its
initial position.

b) The equation of the axis is the equation of
the horizontal line that is halfway between the
maximum and the minimum. Since the mini-
mum is —1 m and the maximum is 5 m, the
s+ (=D +§ 1) orh =2m.
¢) In this situation the peaks represent the
height at the top of the escalator.

d) The range is all possible values of A. Since
h varies between —1 and 5, the range is
{heRI-1=h=5}

e) The domain is all possible values of 1. If the
escalator completes only 10 cycles before being
shut down, it is operational for 40 X 10 or 400 s.
Therefore, the domain is {t € R10 = ¢ = 400}.
f) No, the stair will not be at ground level at

t = 300 s, since 300 is not a multiple of 40.
Since the stair started at the ground, it would
need to be for this to be true.

equation of the axis is A =

2. y )
2 | ﬁ
O ] ' //\‘ H 1] EH X
=y \ /  \

3. Consider the point (0, 0) the centre of a circle
with radius 7, with the point (7, 0) lying on the
circle. Any point on a circle centred at (0, 0)
with radius r and rotated through an angle 6 can
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be expressed as an ordered pair (r cos 8, r sin 6).
Therefore, the coordinates of the new point
after a rotation of 65° about (0, 0) from the
point (7, 0) are (7 cos 65°, 7 sin 65°) or
(2.96, 6.34).
4. a) If the graph of f(x) = —4 cos(0.5(x + 90°))
— 6 is transformed from the graph of
f(x) = cos x, there is a reflection in the x-axis,
a vertical stretch by a factor of 4, a horizontal
stretch by a factor of 2, a horizontal translation
of 90° to the left or —90°, and a vertical transla-
tion of 6 units down. Therefore, the graph of
f(x) = —4cos (0.5(x + 90°)) — 6 will look as
follows:

Ny X
1 H H ] H [] 1] H H H
0 ~90°-180%270%360%4507540%630
""2 Ja———
\\

...4 .

// N\
” // N\
-8y \

, N\

-10 :

b) The amplitude is the value of a in the function
f(x) = a cos(k(x—d)) + c. Since the value of a
in the function f(x) = —4 cos (0.5(x + 90°))

~ 6 is 4, the amplitude of the function is 4.

The period is the value of 329 in the function

f(x) = acos(k(x—d ) + c. Since the value of k in

the function f(x) = —4 cos (0.5(x + 90°)) — 6
3

is 0.5, the period of the function is 6%9 or 720°.

The equation of the axis is the value of ¢ in the

function f(x) = a cos(k(x~d)) + c. Since the

value of ¢ in the function f(x) = —4 cos
(0.5(x + 90°)) — 61is —6, the equation of the
axis of the functionisy = —6.

¢) If f(x) = —4cos(0.5(x + 90°)) — 6, then

£(135°) = —4 cos(0.5(135° + 90°)) — 6
—4 cos(0.5(225°))—6
—4cos(112.5°) — 6
—4 X —-038—6
153 -6

= —447

d) The range is all possible values of f(x). Since
f(x) varies between —6 — 4 or —10 and —6 + 4
or —2, therangeis{y E R -10 =y = -2}

i

it

i
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a) In this situation the troughs represent the
minimum distance between the tip of the metre
stick and the edge of the plywood.

b) The periods are the same. Even though you
are tracking different ends of the metre stick,
the ends do belong to the same metre stick.

¢) The distance of the nail from the top of the
plywood is equivalent to the equation of the
axis of either of the functions. The equation of
the axis is the equation of the horizontal line
that is halfway between the maximum and the
minimum. Since the minimum of the blue func-
tion is 110 cm and the maximum is 250 cm,
250 + 110
a—

y = 180 cm. Therefore, the distance of the nail
fror- the top of the plywood is 180 cm.

d) The amplitude is half the distance between
the maximum and minimum values. Since the
minimum of the blue function is 110 cm and
the maximum is 250 cm, the amplitude of the
250 - 110

the equation of the axisisy =

blue function is or 70 cm. Since the

minimum of the red function is 150 cm and the
maximum is 210 cm, the amplitude of the red

250 — 150

function is or 30 cm. In this case the

amplitudes represent the distance from the nail
to the ends of the metre stick.

e) The range is all possible values of d. Since
the blue function oscillates between 110 cm
and 250 cm, the range for the blue function is
{d € R1110 = d = 250}. Since the red function
oscillates between 150 cm and 210 cm, the range
for the red function is {d € R1150 = d = 210}.
f) The domain is all possible values of ¢, and
the period is the time it takes for one of the
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functions to go through one complete cycle.
Since both functions have the same period, and
since the blue function goes through one com-
plete cycle betweenr = Os and t = 5 s, for
example, the period of both functions is 5 s. If
Kerrie rotates the metre stick 5 complete revo-
lutions, it is being rotated for 5s X 5 or 25 s.
Therefore, the domain is { € R10 = 1 = 25}.
g) i) Since the amplitude for the blue function is
70 cm, a in the functiony = a cos(k{(x — d)) + ¢
is 70. Since the period is 5 s, & in the function

0
y =acos(k(x-d)) + cis é—?— or 72. Since

the equation of the axisis y = 180 cm, c in
the function y = a cos{k{(x — d)) + cis 180.
Since the function crosses the y-axis at its
minimum value, the sign of a in the function

y = acos(k(x — d)) + c¢ is negative. Since the
function has no horizontal translation, d in the
function y = a cos(k(x — d)) + cis 0.
Therefore, the equation for the blue function is
d = —70cos (72t)° + 180.

ii) Since the amplitude for the red function is
30 ¢m, a in the function y = a cos(k(x — d))
+ ¢ is 30. Since the period is 5 s, k in the

360
function y = a cos(k(x — d)) + cis — o 72.

Since the equation of the axis is y = 180 cm,
¢ in the function y = g cos(k(x — d)) + cis
180. Since the function crosses the y-axis at its
maximum value, the sign of ¢ in the function
y = acos(k(x — d)) + c is positive. Since the
function has no horizontal translation, d in the
function y = a cos(k(x — d)) + cis 0.
Therefore, the equation for the red function is
d = 30cos (721)° + 180.
h) Since the equation for the situation is
d = 30cos (72r)° + 180 ,at 19 s
d = 30cos (72 X 19)° + 180

= 30 cos (1368)° + 180

= 30 x 0.31 + 180

=93+ 180

= 189.3 cm
Therefore, the distance between the short end of
the metre stick and the top of the plywood at
t=19s1is 189.3 cm.
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4-27 +16 = —7

3(2(2)~1) — 33
=27
222 x 20D =72 x 24
=32
3. s [(eyen-m L
[(C) J (CZ)n
3m
— (2n - 3m) (C )
[(C) } (CZn)

= {(C)(Zn - 3m)} [(C)(Zm - 2n)}
— C((2n = 3m)+ (3m ~2n))

2. A, D

4. A; the estimate of the town’s population
is given by (15 000) (1.05)", where n is the
number of years.
(15 000)(1.05)* = 39799
= 40000

5. A; by the Pythagorean Theorem, the length
of the line from the origin to the point (—7, 24)
is V (—7)* — 24, or 25. By the Sine Law,

25
sin 90°
angle.

. ,](24>
=sin™ {52
= 74°
The principle angle is 180° — 74°, or 106°.
o 1
6. C; csc 300° = S 300°
sin 300° = sin (—60°)

24
= ——, where 6 is the related acute
sin ¢

1
300° =
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-2\V3
RVERVE)
-2\3

3

tan x sin x
7. B; —————— does not equal
tanx + s x

. tan x sin x | .
since ———— is 1, which would mean that
tanx sin x

tan x sin x

tan x sin x
tan x sin x

e {§ als0 1; that is, that tan x sin x is
tanx + sinx

equal to tan x + sin x, which is false.

12
6%
X
8. C;tan 63° = ~1-—?1
x
= 1.96
1.96x = 12
12
T 196
= 6.12
=6
22
7
g
7
A:sinf = —
9. A;siné >
= 18.6
= 19
% 5
(>
13

10. C; by the Pythagorean Theorem, the
unlabeled leg of the triangle is V'13% — 5%, or 12.
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11.
4 5
- 0
-3

) 4
B;iftan g = 3 then by the Pythagorean

Theorem, the hypotenuse of the right triangle in

question is V3% — 42 or 5. Since 6 lies in the
third quadrant, the lengths of each leg of the
triangle will be negative, i.e. the side of the trian-
gle adjacent to ¢ will measure —3, and the side
of the triangle opposite of 6 will measure —4.

3
This means that cos 8 is —-5-.

57° 83°

L4 &

A B

12. A; since supplementary angles add up to
180°, the supplementary angle to 83° must be
97°. Call the location of the weather balloon
(the top vertex of the triangle) C. Since the
angles of a triangle add to 180°, the angle C
must be 26°.

AB = 15 km, so by the Sine Law,

15 _ a
sin 26°  sin 57°
g 15sin 57°
sin 26°
= 287

Form a right triangle with the straight line from
the balloon to the ground, the line BC, and the

line from B to the point at which the line from the

balloon touches the ground. Call that point D.

6-56

k:
76
83° 90
B D

28.7 b
By the Sine Law, 8 =

sin 90°  sin 83%
the altitude of the balloon.
B = 28.7(sin 83°)
= 285 km
13. A; the complimentary angle to 35°, the
angle of depression, is 55°.

where b is

12
cos 55° = —
X
cos 55° = 0.57
12
0.57 = —
X
12
X = -
0.57
x = 209m
14. B
67°
a=24.1
32° 81°
A c

D; since all angles of a triangle add up to 180°,
the missing angle B must be
180°—32°—81°=67°.
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b c
th i provead s
By the Sine Law, sinA  sinB  sinC
a 241
sin A sin32°
= 455
b
=455
sin 67°
b = 45.5(sin 67°)
= 41.9
= AC
¢
= 45.5
sin 81°
¢ = 45.5(sin 81°)
= 449
= AB
Y
7 N
2 -
X
180°9] 180" 540" -

15. D; the graph of y = 2cos 2(6 + 45°) + 4 is
the graph of y = cos# with a vertical translation
of +4, a horizontal translation of 45° to the left,
a vertical stretch by a factor of 2 times the orig-
inal graph, and a shortening of the period to

360
-, OF
y
2
11\ / [
9

S0t [0 180 360°
| ! \/

)

16. A; the graph of y = 2cos 26 is the graph
of y = cos 6 with a vertical stretch by a factor
of 2 times the original graph, and a shortening

1o}

360
5 or 180°.

of the period to

17. C; given the equation
y = asin(k(6 — d)) + c, for a change in
amplitude to 5, there must be a vertical stretch
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by a factor of 5 times the original graph, mean-
ing a is 5; for a change in the period to 720°,

o

there must be a change of & to 0.5, since 05 is

720°; and for a change in the range to
{y € R12 =y = 12}, there must be a vertical
translation of + 7, meaning ¢ = 7. So the new
equation will be y = 5sin 0.56 + 7.
18. A; changing the value of « results in a verti-
cal stretch or compression, which affects the
maximum and minimum values, the amplitude,
and the range.
19. B; at t = 18, the coordinates of the woman’s
position are
(x,y) = (20cos 135°, 20sin 135°).

= (—14.14,14.14)
The woman’s starting coordinates were
(x,y) = (20,0).
For her to walk the shortest distance to retrieve
her purse, the woman should walk along the
hypotenuse of the right triangle formed by the
points of her starting location, her current loca-
tion, and the point (—14.14, 0).

14.14

34.14
The hypotenuse of this triangle will be

\V34.14% + 14.14> = 372

20. D; the range of y = sinx is
{yERI-1=y=1}

21. 85.7; The octagon can be divided into

8 isosceles triangles, each with two sides equal
to the radius of the circle, or 14. The angles of
the triangle are 67.5°, 67.5°, and 45°, since
360° divided 8 times is 45°. The length of the
unknown side of the triangle can be calculated
by splitting the isosceles triangle into two right
triangles and using the Sine Law:

14 X
sin 90°  sin 22.5°
x =535
2x is 10.7, which is the length of one side of the
octagon.

The perimeter of the octagon will be 8(10.7), or
85.7 cm.
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22. A; by the Cosine Law,
@ = 10° + 152 — 2(10)(15) cos 85°

= 208.85
a = \/29885
= 173 cm
23. A; cos(—420°) = cos(—60°)
= c0s(60°)
1
T2

24. B: sin?0 + cos?# is 1, so numerator of the

expression simplifies to 1.

cosf  xr
sin@ ry
R
y
o 1 _y
So the expression simplifies to .
. . y
sin x sin x
25.C; - -
(1 —sinx)(1 + sinx)
B sin®x
1 + sinx — sinx — sin®x
sin®x
1 — sin’x
sin®x
cos’x
2
= tan~ x

26. C; the period of the function y = si+ 46

o]

3640 , or 90°.

is

AN
Qo
S’

o[
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28.C; 3x = 12
y_ 12
*¥=3

=4
x =4
=16

29. The thickness of the paper is given by 0.1(2)",
where n is the number of folds.
Since 553 m is 553 000 mm, the number of
folds required will be the first n such that
0.12)y" > 553 000

= 23

30. The angle of the lawn chair is the angle sup-
plementary to angle A, so A = 180° — 6, where
6 is the angle of the lawn chair.
For each 6, by the Cosine Law,

BC = 752 + 55% — (2)(75)(55)co0s(180°—6).
So, for 8 = 105°,

BC = 757 + 55 — (2)(75)(55)cos(75°)

= §0.7 cm
For # = 125°,
BC = 752 + 55% — (2)(75)(55)co0s(55°)
= 62.6 cm
For 8 = 145°,
BC =75 + 552 — (2)(75)(55)cos(35°)
= 435cm
For 8 = 165°,
BC = 75% + 55 — (2)(75)(55)cos(15°)
= 26.1cm
For 6 = 175°,
BC = 75* + 552 — (2)(75)(55)c0s(5°)
=20.8cm
31.a) e
£,

0 2 4 6 B W 12 M Y 18 20 22 24
Time (h)

Chapter 6: Sinusoidal Functions



Given the original equation y = sin A, first, the
period must be changed from 360 to 12.

= =12

x =30
So, in the sinusoidal function
y = asin(k(h — d)) + ¢ modeling this situa-
tion, k is 30.
The amplitude should be changed from 1 to 2.5,
so a is 2.5.
The graph should be translated 1 to the right, so
that it starts at 1 instead of 0, so dis 1.
Finally, there should be a vertical translation
of 3.75, so ¢ = 3.75. Now the range will be
{vy ERI125 =y = 625}.
Or, given the original equation y = cos A, first,
the period must be changed from 360 to 12.
360

=12

x =30
So, in the sinusoidal function
y = asin(k(h — d)) + ¢ modeling this
situation, k is 30.

Nelson Functions 11 Solutions Manual

The amplitude should be changed from 1 to 2.5,
soais 2.5.

The graph should be translated 4 to the right,

so that it reaches its peak at 4 instead of 0, so
dis 4.

Finally, there should be a vertical translation

of 3.75, so ¢=3.75. Now the range will be

{y € RI1.25 =y = 625}

So the function modeling this situation is either
y =25sin(30(h — 1)) + 3.75 or

y = 2.5cos(30(h — 4)) + 3.75.

b) The maximum of the function is 6.25, so the
maximum depth of the water will be 6.25 m.

¢) The minimum depth of the water at this loca-
tion is 1.25 m. Therefore, since the hull of the
boat must have a clearance of at least 1 m at all
times, if the bottom of the hull is more than
0.25 m below the surface of the water, then this
location is not suitable for the dock. However, if
the bottom of the hull is less than or equal to
0.25 m below the surface of the water, then this
location is suitable for the dock.
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