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The sketch shows how waves

might travel to a point on a 

'zone plate' and to a detector.

We want the difference in




                      r

distances ADC - ABC as

waves might travel from a      A




         B                                                     C

source to a detector
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The notation is like optics with

o being the object distance and i the image distance.  

Now the difference in distances is written


(s = ADC - ABC = ( ( r2 + o2 ) - o + ( ( r2 + o2 ) - i   .

With both o and i both much greater than r, so we have approximately ( from ((1+x2) ( 1 + x2/2 ) 


( ( r2 + o2 )  ( o - r2/(2o),    and likewise for i.

Doing this for both o and i lets us write     (s = (r2/2) (1/o + 1/i). 

We want this to look like the lens equation 1/f = 1/o + 1/i, so we will write


1/f = 2(s/r2 = 1/o + 1/i .

Fresnel got the idea to build a 'zone plate' which would add together regions of 'mostly constructive interference' while blocking out regions of 'mostly destructive interference'. First he would open up a circular region of radius r1, in which the light would be mostly in phase, so he set the path difference (s equal to (/2, where ( is the wavelength we want to 'focus'. This gives us the equation


1/f = 2 ((/2)/r12 .

We have picked out the focal length we want, say its 30 cm, and the wavelength we want, say it's 0.86 cm, so we can calculate r1 = (((f)    (remember that f is focal length, not frequency!) . This means we would start with an open area of radius r1 = 5.08 cm.

Next we want to block off a region where (s is from (/2 to (.  In the first zone, the average phase difference was 90o, since at the outer edge (r1) the waves were 180o out in phase. In this second zone, the average phase will be 270o because the phase will vary from 180o to 360o, so the light (sound) from zone 2 will mainly cancel that of zone 1. If we block off this light (sound) more will show up at the detector.  The outer radius of zone 2 is where (s = (, and r2 = ((2(f). With the values we picked before, r2 would be 7.18 cm, and we would block off between 5.08 cm and 7.18 cm.


Zone 3 will stay open and runs from r2 to r3 = ((3f(), zone 4 will be blocked, 5 open, 6 blocked etc., until we get tired of putting in zones.

