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=Wave Fourier components are translated sinusoids

Wave speed

Wavenumber

Frequency = 1/period

c

r k



A = 1;           %Amplitude

lambda = 0.5;    %Wavelength /m

c = 340;         %Wavespeed /ms^-1

f_unit = 'kHz’;  %Frequency unit

t_unit = 'ms’;   %Time unit

 

%Spatial sinusoid separation (fraction of 

wavelength)

dx = lambda/8;

fsize = 18;     %Fontsize

N = 1000;       %Number of data points 

Nwaves = 3;     %Number of waves to plot

linewidth = 2;  %Line width

 

%

 

%Determine period /s and frequency /Hz

f = c/lambda;

T = 1/f;

 

%Determine time delay associated with dx

dt = dx/c;

 

%Generate x,y and t,y data vectors

x = linspace( 0, Nwaves*lambda, N);

t = linspace( 0, Nwaves*T, N);

yx1 = A*sin( 2*pi*x/lambda );

yx2 = A*sin( 2*pi*( x- dx)/lambda );

yt = A*sin( 2*pi*t/T );

 

%Plot y vs x graph

figure('color',[1 1 1],'name','waves anatomy')

plot(x,yx1,'b-',x,yx2,'r-','linewidth',linewidth);

legend( {'t = 0','t = \Deltat'},'fontsize',fsize )

xlabel( 'x /m','fontsize',fsize )

title([' A = ',num2str(A),', \lambda = ',num2str(lambda),...

    ',m, c = ',num2str(c),'m/s'],'fontsize',fsize )

grid on;

set( gca,'fontsize',fsize )

axis tight

print( gcf,'wave y vs x.png','-dpng', '-r300' )

clf;

 

%Plot y vs t graph

plot(t/tuf( t_unit ),yt,'linewidth',linewidth);

xlabel( ['t /',t_unit],'fontsize',fsize )

title([' A = ',num2str(A),', \lambda = ',num2str(lambda),...

',m, c = ',num2str(c),'m/s, f = ',...

    num2str( f/fuf( f_unit),5),f_unit,', T = ',...

num2str(T/tuf( t_unit ),5),t_unit],'fontsize',fsize )

grid on;

set( gca,'fontsize',fsize )

axis tight

print( gcf,'wave y vs t.png','-dpng', '-r300' )

close(gcf);

 

%%

 

%Frequency unit factor

function m = fuf( f_unit )

if strcmp( f_unit, 'THz' )==1

    m = 1e12;

elseif strcmp( f_unit, 'GHz' )==1

    m = 1e9;

elseif strcmp( f_unit, 'MHz' )==1

    m = 1e6;

elseif strcmp( f_unit, 'kHz' )==1

    m = 1e3;

else; m = 1; end

 

%

 

%Time unit factor

function m = tuf( t_unit )

if strcmp( t_unit, 'ps' )==1

    m = 1e-12;

elseif strcmp( t_unit, 'ns' )==1

    m = 1e-9;

elseif strcmp( t_unit, '\mus' )==1

    m = 1e-6;

elseif strcmp( t_unit, 'ms' )==1

    m = 1e-3;

else; m = 1; end



Length is a whole number of half wavelengths
1
2

1,2,3,4...

L n

n

=

=



Length (plus end correction) is an 

odd number of quarter wavelengths
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Left and right stereo channels of a sound wave recording

Plot of frequency content of waves vs time. 

Colour scale is decibels (dB) with max power set at 0dB.
( )10dB 10log signal power=



Musical harmony

• The mathematics of music has been known 
since the time of Pythagoras, 2500 years ago

• Frequency intervals of simple fractions e.g. 3:2 
(a fifth) yield ‘harmonious’ music

• An octave means a frequency ratio of 2. An 
octave above concert A (440Hz) is therefore 
880Hz. An octave below is 220Hz.

• The modern ‘equal-tempered scale’ divides an 
octave (the frequency ratio 2) into twelve parts 
such that

12/122 2
n

n

nf = =



Violin  A 440Hz



Guitar  A 440Hz



Flute  A 440Hz



Chromatic

scale (played on 

a piano) over 

two octaves

C,C#...Bb,B,

C,C#...Bb,B,C

/122n

nf =

Notice

power law of 

harmonics
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The travel time is minimized when 0
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REFLECTION
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The travel time is minimized when
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OPTICS:

THIN

BICONVEX 

LENS

( , )x y

( , )X Y 1

1 1

y
Y X

x

X
f x

−

= −

 
= − 
 



1 1 1

u v f
+ =

1

1 1

H h

v u

v
f u

−

=

 
= − 
 

1

1 1

y
Y X

x

X
f x

−

= −

 
= − 
 

THIN LENS EQUATION

Image is a 

coordinate

transformation

object

image



( , )x y
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Convex mirror object to virtual image 

transformation (and reverse transformation)
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Wave power

Z c= acoustic impedance



https://ophysics.com/w11.html DOPPLER EFFECT

Christian Doppler

1803-1853

https://ophysics.com/w11.html


Consider a receding 

wave source of 

frequency  f . It crosses 

the x axis of a Cartesian 

reference frame at angle 

 with speed u. The 

receiver of the waves is 

stationary at the origin of 

the Cartesian frame. 

The speed of waves, 

relative to the observer, 

is w. 

Depending on the velocity of the wave source relative to the observer, the 

observer will experience a frequency shift  from  f. If the source recedes, 

the frequency diminishes and the wavelength increases (‘redshift’). If the 

source is approaching, the observed frequency will increase and the 

wavelength will decrease (‘blueshift’).

Receiver



Excel model of Doppler Shift

• Plot the circular wavefront(s) when the source has got to position 8.

• i.e. you see a wavefront radius which increases as the initial position decreases, 

and also a shift of wavefront centre. The combination of these two effects causes the 

bunching up of wavefronts



From geometry:
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wave speed
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u

( )1 0.6o e = +

1 coso

e

u

w





= +

Observed 

wavelength

Emitted 

wavelength

Recession velocity from observer

wave speed

In this example:

0
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Angle of 

source velocity

from horizontal



Mach’s construction

ct

c    is the wave speed
u    is the velocity of the 
      object making the waves



Mach number
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Ernst Mach 1838-1916

//upload.wikimedia.org/wikipedia/commons/b/be/Ernst_Mach_01.jpg
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For sub-sonic 

speeds we get the 

Doppler effect!



http://en.wikipedia.org/wiki/Wake

A wake is an interference pattern of waves formed by the motion of a body through
a fluid. Intriguingly, the angular width of the wake produced by ships (and ducks!) in 
deep water is the same (about 38.9o). A mathematical explanation for this 
phenomenon was first proposed by Lord Kelvin (1824-1907). The triangular 
envelope of the wake pattern has since been known as

the Kelvin Wedge

http://en.wikipedia.org/wiki/Wake
http://en.wikipedia.org/wiki/Lord_Kelvin
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=EC9Lh1EiKZwiFM&tbnid=Q2zkD6vBxy7KjM:&ved=0CAUQjRw&url=http://www.cruiseshipjob.com/personne.htm&ei=gMkAUuebFeeR0QX3sIHoCg&bvm=bv.50310824,d.d2k&psig=AFQjCNFWw8_-Ig3gAqKUiveA-3HLO2_VXA&ust=1375869666652945
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The Kelvin Wedge
William Thomson, 1st Baron Kelvin

1824-1907

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=EC9Lh1EiKZwiFM&tbnid=Q2zkD6vBxy7KjM:&ved=0CAUQjRw&url=http://www.cruiseshipjob.com/personne.htm&ei=gMkAUuebFeeR0QX3sIHoCg&bvm=bv.50310824,d.d2k&psig=AFQjCNFWw8_-Ig3gAqKUiveA-3HLO2_VXA&ust=1375869666652945
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