
The TA is still preparing the solutions for PS#4 and they should be ready on Sunday or early Monday.  Meanwhile here are some materials and 
comments from me.   -RSM

Q2 (Michelson) - solution here

some notes/comments
a) an extended source means different angles are available through the Michelson -- so the orders like a Fabry-Perot are explored by changing through 
angles where different wavelengths are resonant.  Tilting one mirror should just tilt the whole angle-set of one arm, and shift the centre.  Note that this is 
available in the 2nd year labs.

b) adding a layer coating makes TWO Fresnel reflections;  getting the index right (the geometric mean of the air and the glass) makes the two reflections 
of equal strength (equal steps in ratio of index, at each surface).  Getting the thickness right makes the phasing correct for destructive interference going 
forward.  Note that the thickness is not a quarter-wavelength of the VACUUM wavelength, it's the wavelength in the material.

c) the visible spectrum is roughly 400nm;  any value within 25% of this is fine.  Set the distance between mirrors to meet the FSR, the finesse will 
determine the resolution;  we sometimes refer specifically to the "Rayleigh criterion" for the resolution, but any approximate form with the right principles 
is acceptable here.

Q3 (Diffraction, pointillism) - solution here

Q4 some notes/comments only
a) Babinet's principle is about complementary apertures -- that means OPENINGS.  People, even texts, make silly errors adding the screens (blocking 
parts) and say, for instance, that the diffraction pattern for a slit and a wire are the same.  They're not, of course, they look like E(u,v)^2 and (1-E(u,v))^2.  
On the Cornu spiral, which is a particular "vibration curve", the vibration-curve for straight-edge apertures, light for a given aperture looks like a line 
between two points on the Cornu spiral (each edge of the aperture, relative to the observation point, determines the parameterization point along the 
curve -- you should quote the formula).  Two apertures then means two straight lines on two portions of the spiral.

For Babinet's principle on the slit, the TA will accept any version of complementary apertures which are relevant -- the most 'natural' is perhaps:  
(slit from A to B) U (half-plane from B to infinity) =  (half-plane from A to infinity)

where U is "union" in set-theory sense;  the first two are 'complementary' in the last;  this requires the intersection of the first two be null/empty.

Graphically this then looks like this for a specific observation point:  parameterize A, parameterize B, draw a straight line between these two on the 
Cornu spiral;  draw also a straight line from the parameter for B to the centre of the spiral, the horn, which corresponds to INFINITY on the open side.  
Babinet's principle is that the VECTOR SUM of these two lines is the line from parameterization for A direct to the INF-point.

b) The diagram contains two rectangles  RectLarge and RectSmall.  Babinet's principle says:
E-RectLarge(u,v) = E-Diagram(u,v) + E-RectSmall(u,v)

so that
E-Diagram(u,v) =E-RectLarge(u,v) - E-RectSmall(u,v)

and
|E-Diagram(u,v)|^2 =|E-RectLarge(u,v) - E-RectSmall(u,v)|^2

Each of E-RectLarge(u,v) and E-RectSmall(u,v) give a slit-pattern;  you are looking for a product of separate patterns for x and y.  Each breaks down into 
a simpler slit-pattern in the open areas, and two-slit interference where the line crosses the central bit.

There are many fringes, and any sketch showing many fringes is OK -- the TA will give full marks for any effort to draw it, if the principles are right.  He'll 
accept numerical solutions too,  if the student notes first that it's quite complicated to do manually.

Explore with Java applet for rectangles (you have to trick it:  multiply all lengths by 100x):  http://www.falstad.com/diffraction/
Also see Demo posted on website (lower part of site, look for Diffraction Demo).

For square aperture of similar general dimensions:

Q5 (Gaussian mode-matching) - solution here















Q5  

a) For stability, find parameters g1, g2: 
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The product g1g2 = 0.67 satisfies stability for the cavity 0< g1g2<1. 

 

The Gaussian beam matches the mirror curvature at either end, with formula: 
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z0
2

z
 

R=! at flat mirror, z=0 there;  R(1m)=3m, so 

z0(oscillator) = 3!1 = 2  

Then the beamwaist on the flat mirror is: 
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where we’ve chosen an example wavelength " = 1 !m.  The far-field divergence angle is: 
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b) The second cavity has these parameters: 
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The two flat mirrors with the output of the oscillator and input to the regen are facing 

each other 4 m apart.  We need to find where to put a lens and with what focal length so 

that we can relay the flat-wavefront beamwaist from the output flat mirror to the right 

diameter flat-wavefront beamwaist at the input to the regen. 

From that point, this can be done the hard way or the not-so-hard way:  the hard way is to 

write the general ray-matrix for an unknown lens an unknown distance x along the 4 m 

separation: 
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and then use the new ABCD matrix in a fractional-linear transformation  

qregen = T (qosc ) =
Aqosc + B

Cqosc + D
 

to map the beam-parameter qosc at the first flat mirror onto the required parameter qregen 

on the second flat mirror, using: 
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Since both these q’s are imaginary-valued, the real part of T(qosc) must vanish and you 

can get formulae for x and f. 

However, it’s always easier to split the problem up in a physical sense, if it will make two 

decoupled equations.   

Here, we do that by noting that when crossing the thin lens the beam does not change 

diameter.  So the position of the lens must be where the beam of the oscillator is the same 

size w as the beam of the regen, working backwards from the flat input mirror.  That is, 

for each cavity separately we use: 
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where blue is for the oscillator parameters, red for the regen.  This can be rewritten as the 

quadratic equation: 
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which for our parameters becomes 
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and the lens goes at z=1.95 m, measured from the output flat mirror of the oscillator. 

The lens must then change the curvature of the beam from positive (expanding) to 

negative (converging) to go to the second beamwaist.  We find the curvatures at this 

location: 
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The relation for the focal length is then 
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which gives a focal length of 1.77 m. 

 



c) The oscilloscope will show the beat-frequency between the two transverse modes of 

the regen if the detector sees just a spot in the beam (and doesn’t average the whole 

thing).  The frequencies of different transverse modes are given by: 
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For the regen, g2 = 1–1.25/5=0.75, and cos!1 g1g2 =0.72.  The frequency difference of 

transverse modes is smaller than the difference between longitudinal modes, and the net 

difference between TEM00 and TEM10 modes is 
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= 27.5MHz  

This shows up as a modulation in the photodiode signal with a period around 36ns, which 

is about 4-5 roundtrips. 


