Oscillating functions
and Modelling 5.3

i
\!ﬁ‘ Introduction

This section describes ways in which trigonometric functions can be used to model motion
involving periodic motion.

\- Prerequ isites O be familiar with algebraic manipulation

Before starting this Section you should ... [ be familiar with trigonometric functions

\ - U Use trigonometric functions to model
\=) Learning Outcomes beriodie motion
After completing this Section you should be 0 Define terms associated with the

able to ... description of periodic motion



1. Oscillating Functions: Amplitude, period and frequency

Particular types of periodic functions (Workbook 2, section 2) that are important in engineering
are the sine and cosine functions. These are possible choices when modelling behaviour that
involves oscillation or motion in a circle. The usefulness of these functions is rather limited if
we confine our attention only to sin(x) and cos(z). Equal acquaintance with functions such as
3sin(2z), bcos(3z) and so on, and other functions made up of sums of functions of this type,
enables the modelling of a great variety of situations where the quantity being modelled is known
to change in a periodic way. In this engineering exercises section we will examine the behaviour
of sine and cosine functions and consider a modelling context where choice of a sine function is
appropriate. The following diagram shows how the terms amplitude, period and frequency are
defined with respect to a general sinusoid.
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Figure 12 Defining amplitude and period for a sinusoid

Sketch the sinusoids: (a) y = sinx (b) y = cosz  (¢) y = 2sinz  (d)

— z
Yy = cos g

Your solution

HELM (VERSION 1: March 18, 2004): Workbook Level 0 2
5.3: Oscillating functions and modelling



"SI97[)0
o[} Jo potrad o1 9otm) pue Aduenbaiy oy Jrey sey () uorouny pue opnjrydure o) 9otm) seyy (¢)
uorjounj JeIY) 90N "SUOIIOUILY SUISOD 9] I10J (q)g] PU® SUOIOUNJ ouls o) I0J (®)g] o3I 990G

1y = pouad ‘1f/T = Adouenbery ‘T = opngydure  (§

4

(%)
"1y = pourad ‘g /T = Aduenbaiy ‘g = epnyduwe  (¢)
‘1z = pouad ‘rg/1 = Aduenboyy ‘T = opnjrydwre  (g)

(1)

‘1z = pouad ‘rg /1 = Aduenboy ‘T = opnjrdure (T

g = 1w 10) 0 @ (e 10 (2)f = (L + )/
1R} yons st porrod 9 T, " Ul 98URYD JIUN DR UL UOIIDUNJ 9} JO S9[DAD 939[duod JO Ioquunu oy}
syuasoxdar Aouenboxy oy T, - (sojdurexe 9so1[) 10J 0I9Z ST YOIYM ) SN[RA URSUI S)I PUR UOIJOUNJ [RPIOS
-TUIS B JO SON[RA WNWIUIW 10 WNWIXBW o1} WOdMID( dOUIIPIP oY) sjuasardor opnjriidue oy J,

A

2

Yy =2sinz

N—y = sinx

1

>

Figure 12(b)
Note that cosine functions have the same shape as the sine functions but, at x = 0, the cosine
functions have a peak, whereas sine functions have the value zero, which is the mean value for
both of these functions. Indeed the graph of y = cosx is like that for y = sinx with all the x
values displaced by /2.
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More general forms of sine and cosine function are given by y = asin(bz), and y = acos(bx)
where a and b are arbitary constants. These are functions with frequency b/27, period 27” and
amplitude a. The peak values of the sine functions occur at z values equal to 7, 57”, 97“ etc. The
minimum values occur at x values equal to 37”, 77”, HT” etc.

When period is measured in seconds, frequency is measured in cycles per second or Hz which
has units of 1/time.

Exercises

Figure 12(a) shows on the same axes the graphs of y = sinz and y = 2sin .

1. (a) State in words how the graph of y = 2sinz relates to the graph of y = sinx
(b) Sketch the graphs of (i) y = 3sinz, (i) y = 1 cosz + 3

z

2. Figure 12(b) shows on the same axes the graph y = cosz and y = cos §

(a) State in words how the graph of y = cos z relates to the graph of y = cos 3

(b) Sketch graphs of (i) y = sin2x, (ii) y = sin §
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2. Oscillating Functions: Modelling tides

Let’s consider how the function
h = 3.2sin(2.7t + 8.5)

might be used to model the rise and fall of the tide in a harbour.
Figure 13 shows a graph of this function for (0 > ¢ > 5).
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Figure 13
Let’s consider some aspects of this graph and model. It seems reasonable to suppose that the tide
creates an oscillation of the water level in the harbour of hm about some mean value represented
on the graph by h = 0. There seems to be a low tide near ¢ = 1 and another just after ¢ = 3.
Since we expect intervals of 12 to 14 hours between low tides around the U.K., this suggests
that time is specified in 6-hour intervals.
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II‘$-; Write down the amplitude, period and frequency of the function.
A

Your solution
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The peak levels of the graph correspond to times when the sine function has the value 1. The
lowest points correspond to times when the sine function is —1. At these times the arguments
of the sine function (ie 2.7t + 8.5) are an odd number of 7/2 starting at 37/2 for the first low
tide.

So far all of this may be deduced from the general form y = asin(bx) and from the modelling
context. However there is an additional term in the function being considered here. This is a
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constant 8.5 within the sine function. When ¢ = 0 the presence of this constant means that the
intercept on the height axis is 3.2sin(8.5) = 2.56, implying that the water level is 2.56 m above
the mean value at the start of non-zero positive constant effectively has displaced the sine curve
to the right. It is known as the phase of the function. Phase is measured in radians as it is an
angle.

As remarked earlier, at ¢t = 0, this function has the value 3.2sin(8.5). Since sin(8.5) = sin(8.5 —
27) ~ sin(2.2168), we can replace the constant 8.5 by 2.2168 without altering the values on the
graph. This means that the function

h = 3.2sin(2.74t + 2.2168)

does just as well as the original function in representing the tidal variation in the harbour. Let’s
rewrite this latest form of the function, representing the variation of water level in the harbour,
so that time is measured in hours rather than in six-hourly invervals. The effect of changing the
units of time to hours from 6-hours is to decrease the coefficient of ¢ in the sine function by a
factor of 6, so that the new function is

h = 3.2sin(0.45¢ + 2.168).

See Figure 14.

ol time

Figure 14
We can use the latest form of the function to calculate the time of the first low tide assuming
that ¢t = 0 corresponds to midnight. At the first low tide, h = —3.2 and

sin(0.45t + 2.2168) = —1,
or
(0.45¢ + 2.2168) = 37 /2
0.45t = 372 — 2.2168 = 2.4956
t = H.5457TTTT77778 = 5.55 to 2d.p.

so the first low tide is a little before 6a.m.
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|$; Assume that t = 0 corresponds to midnight. Calculate (i) the time of the first
I"\h —_ high tide after midnight (ii) the times either side of midnight at which the
water level is at the mean level.

Your solution
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There are various rules connected with sine and cosine functions that can be summarised at this
point.

(1) Placing a multiplier before sinx or cosx changes the amplitude without changing the
period.
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(2) Placing a multiplier before z in sinz or cos z, i.e. inside a sine or cosine function, changes
the period or frequency without changing the amplitude.

(3) As with any function, the addition of a constant raises or lowers the whole graph of the
sine or cosine function. It alters the mean value without changing the amplitude.

(4) Changing the sign within a cosine function has no effect, i.e. cos(—z) = cosz.

(6) Placing a constant or altering the constant b in sin(ax + b) or cos(az + b) changes the
phase and shifts the sine or cosine function along the z-axis.

(a)  Write down the amplitude and period of y = sin(3x)
(b) Write down the amplitude and frequency of y = 3sin(2x)
(c) Write down the amplitude, period and frequency of y = asin(bz)
(d) Write down the amplitude, period, frequency and phase of
y =4sin(2x + 7).

(e) Write down an equivalent expression to that in (d) but with the phase
of less than 27.

Your solution
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3 * | Write down a function relating water level (L m) in a harbour to time (T
—'/ hours), starting when the level is equal to the mean level of 5m, that has an
amplitude of 2m and a period of twelve hours.
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Your solution
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