
Problem Set 4 
 
Q1 a) Hecht 12.9 
The coherence length is   Lc = 0.26 λ L / R 
      = 0.26 x 589.3E-9 x 1 / 5E-5 
     = 3.06 mm 
 
b)  Hecht 12.15 
 
Visibility = | sinc (a π b / l λ )| = 0.85 
 
=>    (a π b / l λ) = 0.97 
 b = l λ 0.97 / a π = 1.5 x 500E-9 x 0.97 / (0.5E-3 x π)  
  = 0.463 mm 
 
c)  Hecht 12.17 
 
Define the x-axis along the axis of the two pinholes so that k.r = kx tan α for each 
source.   Then the Cittert-Zernicke theorem gives: 
 

 
with I0,1 = I0,2 and the Visibility proportional to the above mutual coherence 
function, we can write   

 
which is minimum for cos (k a(α1 – α2)) = -1 

   a(α1 – α2) = ½ m for odd m integers
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Q 2  c)  We require the resolution to distinguish between 589.59 and 588.99, a 
difference of 0.60 nm 
 

(Δλ)res = λ0
2 / Finesse x 2nf d = 0.60E-9 

 
We require a free spectral range over the visible spectrum~ 400 nm 
 

(Δλ)FSR = λ0
2 / 2nf d = 4E-7 

 
nfd =   λ0

2 / 3E-7 x 2 
= (5E-7)2 / 3E-7 x 2 

assuming central wavelength in middle of spectral range 
= 416.67 nm,  

which is very small – it’s unusual to have FSRs as big as the whole visible 
spectrum. 

 
The finesse required for the desired resolution is then 
 

Finesse =  λ0
2 / (Δλ)res x 2nf d 

= (5E-72) / 0.6E-9 x 2 x 416.67 E-9 
= 500, quite reasonable 

 
sqrt(F) = (2 x Finesse / π ) 

= 318.47 
 

sqrt (F) = 2r/(1-r2) 
 

(1-r2) 318.67 = 2r 
 

318.47 r2 + 2r – 318.47 = 0 
Solve with quadratic formula, formally get: 
 
r = 0.997, or –1.003  (2nd is non-physical) 
A mirror of 99.7% reflectivity is quite possible for a range of wavelengths, 
perhaps 40nm, but maybe not the whole visible range.  I’m not sure metallic 
coatings have such a high value, though they can span a bigger range.  It’s 
certainly a demanding design criterion… 
 

 



 

 

Q3 a) 

Q3 b) 

Q3 c) 



 

 



Q4 a)Babinet’s principle states that the sum of the optical disturbances (alias E-
fields) due to two complementary apertures is equal to the undisturbed field. 
 

E1 + E2 = E0  
 

The integrals of the disturbance 
for an aperture can be found on 
the Cornu spiral.  To 
demonstrate Babinet, the 
phasor representing a narrow 
slit is shown on the spiral below 
between points B1 and B2.  A 
half-infinite aperture ending at 
one edge of the slit is 
represented by B-B1, another 
taking up at the other slit-edge 
by B2B+.   
 
 

We can see that  
B1B2 + B-B1 + B2B+ = B-B+ 

which is the phasor for the 
undisturbed field:  Babinet’s principle is basically the vector sum. 
 

Another drawing shows the same 
situation from a different observation 
point – it only changes the location of 
B`1 and B`2, not the result (or the 
length along the spiral of B1B2 = 
B`1B`2) 
 
 
[RSM NOTE: B1 and B2 slide together 
along the Cornu spiral, as we change 
observation point…  we shift only the 
parameterizations, both at once] 
 
 

 
b)  Fraunhofer diffraction becomes valid when R >> a2 / λ 
      >> (50E-6)2/ 5E-7   = 0.5 mm from screen 
 

B+ 



 
The diffracted disturbance (E-field) from the small rectangular aperture, seen at 
the observation plane, will be subtracted from that of the large rectangular 
aperture.  The intensity at each point can be found by sliding B1, B2, 
corresponding to edges of slit, together along the Cornu spiral, the intensity given 
by the square modulus of the difference of the complex numbers between them 
for each observation point (i.e., the square of the length of the vector between B1 
to B2).  The disturbance in each axis for each rectangle is simply a near-field slit 
pattern, and the two patterns interfere, after which the square modulus gives the 
intensity, for the pattern.  So you have a grid-like structure of fringes for the 
superposition (interference) between the separate solutions for each rectangle, 
smaller and larger.  Remember that first the E-fields add and interfere, then 
taking the intensity of that gives the pattern. 
 
The patterns can also be plotted numerically, and will resemble this (which has 
wrong proportions, just an illustration): 



 



 



 


