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Wave speed C = f/

1
Frequency = 1/period f - —
T
w=2 pf
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Wave Fourier components are translated sinusoids



A=1; %Amplitude

lambda =0.5 ; %Wavelength /m

c =340 ; %WNavespeed / mst-1
f _unit = 'kHz 6; %Frequency unit
t_unit ="' mso; %Time unit

%Spatial sinusoid separation (fraction of
wavelength)

dx = lambda/8;

fsize =18; %-ontsize

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

dx)/lambda );

%Plot y vs x graph
figure( ' color ' ,[111], ' name', 'waves anatomy' )
plot(x,yx1, b - xyx2, 'r -', linewidth' Jinewidth);
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(/  tuf ( t_unit ), yt,'linewidth' Jinewidth );
xlabel ([ 't/ ,tunit ], 'fontsize ', fsize )
title([ A= ,num2str(A), \lambda =" ,num2str(lambda),
‘m,c=" ,num2str(c), 'm/s, f=" ) e
num2str(f/  fuf ( f_unit ),5), funit ,' T="
numa2str(T/tuf( t unit ),5), tunit ], 'fontsize ',fsize )
grid on;
set( gca, ' fontsize ',fsize )
axis tight
print( gcf , 'wave y vs t.png' ,'-dpng', '-r300" )
close(  gef ); A=1,1=05m, c=340m/s
%% 08/ ::iom
06
%Frequency unit factor 04
function m= fuf ( f_unit ) ’
if stremp ( f_unit , 'THz' )==1 0.2
m = 1lel?2; 0
elseif stremp (- f_unit 'GHz' )==1 02
m = 1e9; 04
elseif  stremp ( f_unit 'MHz'  )==1
m = 1e6; 0.8
elseif  stremp ( f_unit 'kHz'  )==1 0.8
m = 1e3; :
else ; m=1; end 0 0.5 o 1 15
% A =1, ) =0.5m, c=340m/s, f = 0.68kHz, T = 1.4706ms
%Time unit factor
function m = tuf( tunit )
if stremp ( t_unit "ps' )==1
m=1le -12;
elseif  stremp ( t_unit ns' ==1
m=1le -9;
elseif  strcmp ( t_unit "\mus )==1
m=1le -6;
elseif  strcmp ( t_unit 'ms' )==1
m=1le -3;

else ; m=1; end
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STANDING WAVES. A. French 2023
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Left and right stereo channels of a sound wave recording

4] File: DACOMPS MATLAB\CODE\SOUND\Physics is the best subject.mp3 loaded in 1.1008 seconds.
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Plot of frequency content of waves vs time.

/

Colour scale is decibels (dB) with max power set at 0dB.

dB=10log, (signal powe)




Musical harmony &)}bﬂ

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

A Frequency intervals of simple fractions e.g. 3:2
(a fi1fth) yield oOoOhar moni

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

AThe modertnemeagruead scal ed
octave (the frequency ratio 2) into twelve parts

/ J




Waveform signal

Normalized spectrogram /dB: Frequency spectrum variation with time
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Waveform signal

Normalized spectrogram /dB: Frequency spectrum variation with time
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Normalized spectrogram /dB: Frequency spectrum variation with time
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Normalized spectrogram /dB: Frequency spectrum variation with time
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LASER DIFFRACTION



Key geometrical idea from two infinitesimally thin slits (‘Young’s Slits’)

Incident plane - Spherical waves will emanate from
waves ThinslitA _ — - the slits, and interfere with each other.
. -~ dZ
[// -~ For distances such that: r>>—
¢ g (we call this the Far Field) A
\ we can assume waves from each slit
6\ r are plane waves, for any given observational
%d \\ angle 6.
\/ \ 6 N Constructive interference occurs when the
N \ i - phase difference between the waves from slits
\\ _ ,// A and B is an integer multiple of 27 radians.
>d \ 7
~Z 2—7rd sinf =2rxn

\/,‘{ ing / A f\ S Integer n

Wavenumber k Path difference between
Thin slit B waves from A and B

Hence expect maxima in the resulting

Aperture Far Field Diffraction pattern (e.g. spots of

A (in this case an a laser on a wall) at angles
opaque wall with 1
two infinitesimally sind = na
thin slits)




Grating Fraunhofer far field diffraction Number  Slit spacing  Slit width
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Grating Fraunhofer far field diffraction
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Envelope due to finite slit width

Zerosat: @ =sin' [ﬂj, n+0
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Fine structure due to number of slits
(i.e. overall size of aperture)

Zerosat: @ =sin" (p—/lj
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Modelling general diffraction effects from a finite width slit

We can use a computer to evaluate the wavefield in the vicinity of a finite width slit which is uniformly
illuminated. We are therefore not restricted to the limitations of the Fraunhofer and Fresnel regimes

’ pz\/zz+r2—22rcos(§7z—6’):\fzz+r2—22rsin6’

N\
Z ikp 2
p A . e . . .
/(\ w(r,f)=—e (orJ’ dz |W| in dB relative to the maximum
a I a 4
7 v
// The idea is to evaluate '
// the wavefield power
’ at various r and @ values.
\/ # The integral is 0.
e approximated by a sum
P -20
/9 based on a large number 40
> of finite dz values |
X = }"COSQ 200

In the examples below : 150

_ 1
dz=<za




REFLECTION
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REFRACTION

A
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C(cosq tan g, -cos ftann,f
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(nlsmq -n, sin

The travel time is minimized when
ML _

X

\ n;sing =n, sin |

Time of flight /s

Refraction: sin(61)/c1=0.00234, sin(ez)/02=0.00233
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c2=230m5'1
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THIN LENS EQUATION

optic axis
(normal to lens
curvature)
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transformation



Virtual image of object in a magnifying lens




Reflection in a concave mirror







Reflection in a convex mirror

We see an upright, distorted virtual e

image in a cylindrical mirror.

a=Ltan™ (%)
X
k =
cos(2a)
ksina
Y= —
X —cosa +sina
Y
X =3—
Y
Virtual
image from
object

coordinates

i.e. the apparent source of
(diverging) light rays from
the mirror



Convex mirror object to virtual image
transformation (and reverse transformation)

a=+tan” (&)

R(Ycosa—Xsina)
Y —Rsinax

X :kcos(2a)
y =ksin(2a)

a=Ltan™ (“‘;)

X
k =
cos(2a)
ksina
Y = .
x—cosa+singa
Y
X=x—

Y




Sybil the cat was unperturbed by this
anamorphic transformation.






