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Note:

* Sinusoidal models apply to many real-world phenomena that do not
necessarily involve angles.

* The average and instantaneous rate of change of a sinusoidal funcon
can be determined using the same strategies that were used for other
types of funcons.
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Recall:
For a funcon, f(x), the average rate of change in the interval x; <x<x,

is £=f(x2)_f(x|)
Ax X, — X,

Example 1

The posion of a parcle as it moves horizontally is described by the
given equaon  s(?) =12sin 22 +151f sis the displacement, in metres,

and t is the me, in seconds:

(a) Determine the average rate of change of s(t) in the following me
intervals, rounded to three decimal places.
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(b) EsWﬂMH%tanpneous rate o change of s(t) att :Il O0s

: speed,
(c) What physical Mw%this stantarjeous rate of change

represent?
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Example 2

May 03, 2013

Melissa used a moon detector to measure the horizontal distance between
her and a child on a swing. She stood in front of the child and recorded the
distance, d(t), in metres, over a period of me, t, in seconds. The data she
collected are given in the following tables and are shown on the graph

below:

Time (s) 0 01 |02 |03 o4 [o5s |06 |07 |08 |09 |1 11
Distance(nb 38 /368 [ 333 | 281 |22 |[159 10707206 |072 107 ] 150
Time (s) 12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 |23 |24
Distance (m)| 22 | 281 | 333 | 368 | 38 | 368 | 333|281 |22 |15 107 | 072 | 06
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How did the speed of the child change as the child swung back and
forth?
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To determine how the child's speed changed as he/she swung back and forth
we can analyze the data or we can analyze the graph by drawing tangent
lines and seeing how their slope changes

When the child was at the farthest point and closest point
from the moon detector, the instantaneous velocity was 0.

Distance (m)

Time (s)

Between 0 s and about 0.4 s, the child’s speed was increasing.

On this interval, the tangent lines become steeper as

me increases. .
Adist

Atime

speed =| velocity I:‘

This means the magnitudes of the slopes are increasing.
The tangent lines have negave slopes, which means the
distance between the child and the moon detector

Distance (m)

connues to decrease.

® Time (s)

Between 0.4 s and about 0.8 s, the child’s speed was decreasing.

On this interval, the tangent lines are geng  less steep as

:Z me increases. This means the magnitudes of the slopes
g 254 are decreasing. The tangent lines sll have negave
¢ 204 slopes, which means the distance between the child and
£ 15 the moon detector is sll decreasing. The child is slowing
e 104 down as the swing approaches the point where a change
054 in direcon occurs. The slopes indicate a change in the

child’s posion from toward the detector to away from
the detector.

o

On this interval, the tangent lines are geng  steeper as me
increases. This means the magnitudes of the slopes are
increasing. The tangent lines have posive slopes, which
means the distance between the child and the moon

Distance (m)

detector is increasing. Therefore, the moon is away from the
detector.

Time (s)

Between 1.2 s and about 1.6 s, the child’s speed was decreasing.

On this interval, the tangent lines are geng  less steep as
me increases. This means the magnitudes of the slopes
are decreasing. The tangent lines sll have posive slopes,
which means the distance between the child and the
moon detector is sll increasing. The child is slowing down

Distance (m)

as the swing approaches the point where there is a change
in direcon from away from the detector to toward the
3 detector.

2
Time (s)
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Example 3

To model the moon of the child on the swing, Melissa determined that she
could use the equaon d(t)=l.6cos[g—81)+2.2Where d(t) is the distance from the
child to the moon detector, in metres, and tis the me, in seconds. Use this
equaon to esmate when the child was moving the fastest and what speed
the child was moving at this me.

The child must have been moving the fastest at around 0.4 s. Drawing a tangent line at
t = 0.4 supports this, since the tangent line appears to be steepest here.

Distance (m)

o4 | T.ime(s) ‘\ = 0.00|

To get a beer esmate of the child’s speed at this me, use the
difference quoent  d@+h-d@where a=0.4 Use avery small
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0.8
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The child was also travelling the fastest at around 1.2 s. Drawing atangent line
at t = 1.2 supports this, since the tangent line appears to be steepest here.
——
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Distance (m)

d(t)=1.6¢cos (Lt) +2.2
0.8

To get a beer esmate of the child’s speed at this me, use the

difference quoent  da+h-d@where a=1.2 Use averysmall
h

value for h.

Ad / ¢ Cos (;1% (1-2+o0. ou)) +22 - [I.Lfos (l_‘_":')-:-zﬂ
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Consolidate:

The approximate value of the instantaneous rate of change can be determined
using one of the stategies below:

e Sketching an approximate tangent line on the graph and esmang its slope
using two points that lie on the secant line.

e Using two points in the table of values (preferably two points that lie on
either side and/or as close as possible to the tangent point) to calculate the
slope of the corresponding secant line.

* Using the defining equaon of the trigonometric funcon and a very small
interval near the point of tangency to calculate the slope of the
corresponding secant line.

e Using the difference quoent.
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