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Equipment setup

Vertical Double slits
filament
bulb kit Retort stand,

boss and clamp

DC power

supply (10v)  Blocks Magnification

Mounting board for ,
Eyepiece

Young’s double slits

Measure slit to eyepiece displacement accurately (with a
metre rule) once you have successfully located coloured
fringes in the eyepiece.

Green laser (a follow-
on experiment)



Vertical
filament
bulb kit




Vertical
filament
bulb kit




Each board has a different ;
pair of double slits. Spacing varies |
from about 1 to 5mm.

Measure spacing precisely
with a digital caliper.
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Look through slits with your eye
and line up the filament.

You should be staring at the

filament shining through the slit.

Then position the magnifying
eyepiece where your eye was.
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Turn off ambient lighting first!

Stare though the eyepiece, and hopefully you will see coloured fringes formed by the
interference of light emerging from the double slit....




Note scale in field of view of eyepiece is 1mm (divided up into 100 lines)

Fringes resulting from the interference of the to wavelengths of light passing
through the pair of thin slits of spacing s.




Count the fringes relative to the 1mm scale and hence determine
the wavelength(s) of I| ht. It is easier to achieve this is you select a single
colour first .. |




Colour filters
in glass

Select a single wavelength
using coloured filters
placed after the filament




Count the fringes relative to the 1mm scale and hence determine
the wavelength(s) of light. It is easier to achieve this is you select a single
colour first ...




1mm




Young’s slits

ssin@ =nA
l

integer

x=Dtan @

Young’s double
slits of spacing s
and slit width w

wavelength

Fringe maxima
(constructive interference)

From geometry of eyepiece and slit

DnA

S

Note since angles are small x ~ D6 ~ Dsin@ ~



Diffraction Essentials

2
Wavenumber k:7 Frequency

w=ck

c=fA
Wave speed f Wave power input

The Huygens-Fresnel Principle states: “Every unobstructed point of a wavefront, at a given instant, serves as a source of spherical secondary wavelets (with the same frequency as that of the primary
wave). The amplitude of the optical field at any point beyond is the superposition of all these wavelets (considering their amplitudes and relative phases).”

Hence to determine the wavefield beyond an illuminated edge of a slit, we need to add up the effect of spherical wave sources in the vicinity of the slit or aperture.

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

Incident plane
waves
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Hence expect maxima in the resulting Diffraction of a red laser via a diffraction grating.
Aperture Far Field Diffraction pattern (e.g. spots of This consists of thin slits separated =

(in this case an
opaque wall with
two infinitesimally
thin slits)

a laser on a wall) at angles by a fixed spacing. Note there are
clear maxima at particular angles. ;
. ni .
sinf = — =
d -
Since the diffraction angle

is inversely related to spacing d /

we can use diffraction patterns to measure
small periodic structures (e.g. atomic
layers, structure of DNA....) in the laboratory!
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youngs slits fringes
Simulates the coloured fringe pattern produced from a white light source
which illuminates a pair of (thin) double slits of spacing s and width w.
It i1s assumed all spectral components contribute equally to the resulting
image, over the range of frequencies 405THz (red) to 680THz (Purple).
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LAST UPDATED by Andy French May 2024.
function youngs slits fringes

= 1.00; %Distance from slit to magnifying eyeplece (1in m).
2.998e8; %Speed of light /ms”-1

= 10; %Slit spacing /mm

= 0.1; %Slit width /mm

xw = 1.5; SWidth of (magnifying) eyeplece scale

P = 5000; %Data points for eyepiece scale plot

5 QJ
Il

o\°

$Define an array of frequencies /THz which comprise the white light source
$incident to the double slit
f = linspace (405,680,50);

$Compute wavelengths /nm
lamda = 1le9*c./(f*1lel2);



$Determine distance along magnified scale (-xw/2 ... xw/2)
% (in mm) corresponding to light of wavelength lamda (in nm)
%illuminating the double slit.

function x = fringes( lamda, D, s, xXw )

n=0; x=0;

while x(end)<xw/2

n = n+l;

$Angle of fringe maxima /rad

theta = asin( n*lamda* (1le-9)/(s*1le-3) );
$Fringe distance in frame of eyepiece /mm
X = [x,D*1000*tan (theta) ];

end

$Add negative n values to make the fringe pattern symmetric
xx = fliplr(x); x = [-xx(l:end-1),x];

Young’s slits



$RGB colour from light frequency /THz
function RGB = RGB from f (f)

F = [405,480,510,530,600,620,680];
R=101,1,1,0,0,0,137/255]1;

G = [0,127/255,1,1,1,0,071;

B = 10,0,0,0,1,1,17;

RGB = zeros( numel(f),3 );

r = interpl( F,R,f ); g = interpl( F,G,f );

b = interpl( F,B,f );

RGB(:,1) = r(:); RGB(:,2) = g(:); RGB(:,3) = b(:);

Youngs slits with white light s=3mm

$Plot vertical lines for each fringe
for n=1:1length(f)

x = fringes( lamda(n), D, s, xw ); |

f O r m: :I_ : l e n g’t h ( X ) e o I—;;jpiece distaonce scale /Snin
plot( x(m)*(1,1],([0,1], 'color',RGB from f(f(n) ) );

end

end
plot( [0,0],[0,1], 'color',[1 1 1] );




Youngs slits with white light s=3mm

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
Eyepiece distance scale /mm

Youngs slits with white light s=7mm

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

Eyepiece distance scale /mm

Youngs slits with white light s=5mm
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Youngs slits with white light s=9mm
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Eyepiece distance scale /mm



$Far-field diffraction pattern of N slits of width w (mm)
$and spacing s (mm). Note intensity I 1s normalized to unity
%at theta=0. wavelength in nm and angle theta from boresight
%$1in radians.

function I = fraunhofer (theta, lamda,w, s, N)

lamda = le3*lamda*le-9; %Convert wavelength to mm

a = pi*w*sin(theta)/lamda;

= pi*N*s*sin (theta)/lamda;

= pi*s*sin(theta)/lamda;

= ( sin(a).*sin(b)./( a.*sin(c) ) )."2 ;
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Youngs slits with white light s=1mm, w=0.1mm
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Youngs slits with white light s=5mm, w=0.1mm
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$Initialize R,G,B colours for each position along eyepilece
scale
R = zeros(l1l,P); G = zeros(l,P); B = zeros(l,P);

$Plot far-field pattern
thetamax = atan(0.5*xw/ (1000*D)) ;
theta = linspace( -thetamax, thetamax,P );
x = 1000*D*sin (theta);
axes ('nextplot', "add');
for n=1:1length(lamda)
$Compute far-field intensity pattern
I = fraunhofer (theta,lamda(n),w,s,?2);
RGB = RGB from f( f(n) );
plot( x,I,'color', RGB ); SOverlay pattern
$Add to total colour intensity,
swelighted by far-field pattern
R =R+ I*RGB(1l); G =G + I*RGB(2); B =B + I*RGB(3);
End
SNormalize colour values
R = R/max(R); G = G/max(G); B = B/max(B) ;



Youngs slits with white light s=1mm Youngs slits with white light s=2mm
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Youngs slits with white light s=4mm
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Youngs slits with white light s=5mm Youngs slits with white light s=6mm

Youngs slits with white light s=7mm Youngs slits with white light s=8mm
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Colour fiters
In glass

Extension: Shine a green laser at the double slit, and observe the
Resulting interference pattern on a screen.



Extension: Shine a green laser at the double slit, and
observe the resulting interference pattern on a screen.




Note the
detailed
structure of

maxima and
minima since

s =10,0004




Watch out for backscatter — an interference pattern not an alien infection!
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Normalized wave power /dB

We shall model this by adding up the effect

of an infinite number of thin slits, which make up
the slit. This requires some Calculus, which we will
not do here (see the full Diffraction note).

The end result is a envelope to the diffraction pattern which
has zeros at

sinH:m—;{
w

m is any integer
w is the slit width

Fraunhofer far field diffraction: .. = 650nm, W= 5i

N
[=] (%)) o (3]

o
[

&
S

There are N slits (i.e. not just one or two...)

This will result in a fine structure (i.e. lots of

extra little maxima). The maxima due to the slit spacing
will appear sharper, and their will be additional

zeros when

sinf = pA pis any integer
Nd N slits of slit width d

Slits of width w
and spacing d
Grating Fraunhofer far field diffraction
A =650nm, d =31, w=2LN=5
w 1 T
/ ‘I i
_ 08
o
d :

a

206 1
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3 Maxima due to;lit spacing d
w % 0.4F A@ =sin™ —) ~19.5°

£
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-
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-50 {

AfQ=sin" 1(—} 30"/

Minima of envelope
due to finite slit width w

I caveat: there is a maximum |
: when p/N is an integer :
| ie.angles correspondingto
| the maxima due to the |
I |

! I Joseph von Fraunhofer
L_sllt spacing.

1787-1826

Fine structure due to

overall size of aperture,

which comprisesof N=5

slits in this case.

The extra minima (see the red
stars) are at

0 =sin™ (ﬁ]
Nd

.. but are maxima (green stars)
when p/N is an integer.



This is the actual formula for the diffraction pattern wave power. It

Far-Field diffraction summary incorporates all the maxima and minima effects described above.

K
2
5 P . : .
Mz _ M4 sin( £ wsin 6) y sin(Z Nssin @) n,m,p areintegers
N’ Zwsin@ sin(Z ssin @)
Envelope due to finite slit width
. . : : nA
Grating Fraunhofer far field diffraction Zerosat: @ =sin"' [_], n=0
A=650nm, s=3L, w=2), N=5 w
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27 )
Diffraction Wavenumber  k=—""— @w=27f Frequency Wavespeed c=fA1 w@=ck Wave power input P = %Zflzmz Z = Wave impedance

The Huygens-Fresnel Principle states: “Every unobstructed point of a wavefront, at a given instant, serves as a source of spherical secondary wavelets (with the
same frequency as that of the primary wave). The amplitude of the optical field at any point beyond is the superposition of all these wavelets (considering their
amplitudes and relative phases).”

Hence to determine the waveffeld beyond an illuminated edge of slit, we need to add up the effect of spherical wave sources in the vicinity of the slit or aperture.
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The diffraction pattern of a finite width slit

The analysis of the double slit can be extended to include
pairs of infinitesimal slits which cover the whole aperture
width a

Define A/a in this case to be the illumination amplitude
per unit length of the aperture

N Assuming ¥ >a
-lan Li
N o dl’y N éarze—ef [H'; r ] (e_fk:sin{) + er’k:sinﬂ)
P a r
AT 5 /// i.e. from Double slit analysis, but use %d Sz
Z ///q
% 0 -
A 7 >
= 2
d it 1z
YV - . J.d]],g,r _ ‘[ng Ae eg{{r+3 - J (e_i.ku_sing N eiksinf} )dz
0 ar
[ k-t ) k=
p— l,.!f = & Ija eizT (e—!'at:sina + e:’k:sinﬂ‘ )d.:'
ar
W

‘ This integral can be simplified into two regimes:



Fraunhofer — or ‘linear phase’ with z

Ae:’(kr-wr}

e " ~ constant

dB(x)=10log,, x

lim[ SinxJ =1
x—+0 X

k(%ﬂ)z 1 W= J'Eﬂ(e—m:sin() +erk:sin0)dz
27 < ar 0
2Ae:[kr an ) ;d
2ra’ <1 yf:— cos kzsm@]a’
8AF
2 g o) sm kzsm 9)
W =
"> ksin@ |
2
s & Wf = sin (L kasin 9)
r Thkasm@
Fraunhofer far field diffraction: .. = 650nm, a = 5.
2 A 0
=0, || =l =%
2 2 -5 |iI
w| [sin(%kasiné’)) [
v, lkasin@ -10 fl |

Hence zeros when:
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Normalized wave power /dB
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