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1.4.1.1 Réflexion et réfraction à la jonction de deux cordes
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1.4.1.2 Ondes planes

✓i
<latexit sha1_base64="WyogJeT8+RaRViNgGq6hie/pK20=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQpLWPnZFNy4rWBtoQ5lMJ+3QycOZG6GE/oQbF7oQt/6NO//GSVtBRQ9cOJxzL/fe4yeCK7CsD2NldW19Y7OwVdze2d3bLx0c3qo4lZR1aCxi6fpEMcEj1gEOgrmJZCT0Bev6k8vc794zqXgc3cA0YV5IRhEPOCWgJbcPYwZkwAelsmU2GzXn3MGWaVl1p1LLiVOvOhVsayVHGS3RHpTe+8OYpiGLgAqiVM+2EvAyIoFTwWbFfqpYQuiEjFhP04iETHnZ/N4ZPtXKEAex1BUBnqvfJzISKjUNfd0ZEhir314u/uX1UggaXsajJAUW0cWiIBUYYpw/j4dcMgpiqgmhkutbMR0TSSjoiIo6hK9P8f/EdUy7Yjpm87pabl0sAymgY3SCzpCN6qiFrlAbdRBFAj2gJ/Rs3BmPxovxumhdMZYzR+gHjLdPuAKQuw==</latexit>

✓r
<latexit sha1_base64="1VRajI8Yi1jdr69IfggJ7J4jkMQ=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFdI09LErunFZwdpAG8pkOmmHTh7O3Agl9CfcuNCFuPVv3Pk3TtoKKnrgwuGce7n3Hj8RXIFlfRiFtfWNza3idmlnd2//oHx4dKviVFLWpbGIpesTxQSPWBc4COYmkpHQF6znTy9zv3fPpOJxdAOzhHkhGUc84JSAltwBTBiQoRyWK5ZpNe26XceWWXdqjVZObKfhWE1cNa0FKmiFzrD8PhjFNA1ZBFQQpfpVKwEvIxI4FWxeGqSKJYROyZj1NY1IyJSXLe6d4zOtjHAQS10R4IX6fSIjoVKz0NedIYGJ+u3l4l9eP4Wg6WU8SlJgEV0uClKBIcb583jEJaMgZpoQKrm+FdMJkYSCjqikQ/j6FP9PXNus1kzbbF07lfbFKpAiOkGn6BxVUQO10RXqoC6iSKAH9ISejTvj0XgxXpetBWM1c4x+wHj7BNxfkNQ=</latexit>

✓T
<latexit sha1_base64="FQSSJ9i3vDnsrJVoE9NvI2S8NSQ=">AAAB8XicdVBNS8NAEN34WetX1aOXxSJ4CkkrtL0VvXis0NpAG8pmu2mXbjZxdyKU0D/hxYMexKv/xpv/xm0boYo+GHi8N8PMvCARXIPjfFpr6xubW9uFneLu3v7BYeno+E7HqaKsQ2MRKy8gmgkuWQc4COYlipEoEKwbTK7nfveBKc1j2YZpwvyIjCQPOSVgJK8PYwZk0B6Uyo7tLIBXSKNWqbtV7OZKGeVoDUof/WFM04hJoIJo3XOdBPyMKOBUsFmxn2qWEDohI9YzVJKIaT9b3DvD50YZ4jBWpiTghbo6kZFI62kUmM6IwFj/9ubiX14vhbDuZ1wmKTBJl4vCVGCI8fx5POSKURBTQwhV3NyK6ZgoQsFEVDQhfH+K/ydexXardsVu3F6Wm1d5IAV0is7QBXJRDTXRDWqhDqJIoEf0jF6se+vJerXelq1rVj5zgn7Aev8CX0GQgA==</latexit>

✓i = ✓r
<latexit sha1_base64="EiRUVmZDxxvJLchDfXhbA1y8oM0=">AAAB/nicbZDNSsNAFIUn9a/Wv2iXbgaL4CokVVAXQtGNywrWFtoQJtNJO3QyCTM3Qij1Vdy40IW49Tnc+TZO2yy09cDAx7n3cu+cMBVcg+t+W6WV1bX1jfJmZWt7Z3fP3j940EmmKGvRRCSqExLNBJesBRwE66SKkTgUrB2Obqb19iNTmifyHvKU+TEZSB5xSsBYgV3twZABCTi+wgWqwK65jjsTXgavgBoq1Azsr14/oVnMJFBBtO56bgr+mCjgVLBJpZdplhI6IgPWNShJzLQ/nh0/wcfG6eMoUeZJwDP398SYxFrncWg6YwJDvVibmv/VuhlEF/6YyzQDJul8UZQJDAmeJoH7XDEKIjdAqOLmVkyHRBEKJq+KCcFb/PIydOqOd+rUncu7s1rjugikjA7RETpBHjpHDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzFTRH1mfP04alNY=</latexit>

sin ✓i
sin ✓T

= n21
<latexit sha1_base64="vvnn+WCW8ghBdfzgU5ZgLgoUJQw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAjioiRVUBdC0Y3LCq0tNCVMppN26GQSZm6EEvIPbvwVNy50IW4Fd/6N08fCth64cOace5l7T5AIrsFxfqyl5ZXVtfXCRnFza3tn197bf9Bxqihr0FjEqhUQzQSXrAEcBGslipEoEKwZDG5HfvORKc1jWYdhwjoR6UkeckrASL596oWK0MzTXGIP+gyIz/OZZz2/ln5WcXPfLjllZwy8SNwpKaEpar797XVjmkZMAhVE67brJNDJiAJOBcuLXqpZQuiA9FjbUEkipjvZ+KYcHxuli8NYmZKAx+rfiYxEWg+jwHRGBPp63huJ/3ntFMLLTsZlkgKTdPJRmAoMMR4FhLtcMQpiaAihiptdMe0TExKYGIsmBHf+5EXSqpTds3KlfHV/XqreTAMpoEN0hE6Qiy5QFd2hGmogip7QC3pD79az9Wp9WJ+T1iVrOnOAZmB9/QLQjZ76</latexit>



1.4.1.3 Principe de Fermat

Pierre de Fermat
(1607-1665)

“… que la nature agit toujours par les moyens les 
plus aisés, c'est-à-dire ou par les lignes les plus 
courtes, lorsqu'elles n'emportent pas plus de 
temps, ou en tout cas par le temps le plus court, 
afin d'acourcir son travail et de venir plus tôt à
bout de son operation. ”

Lettre de M. de Fermat à M. de la Chambre,
1 janvier 1662



1.4.2 Diffraction

Diffraction de Fraunhofer Diffraction de Fresnel





1.4.2.1 Diffraction de Fraunhofer à une fente

 10.2 Fraunhofer Diffraction 467

one coming from just below the top, and so on; all across the 
aperture such wavelet pairs will cancel, yielding a minimum on 
the viewing screen at angle u1. In other words, the resultant 
electric-field amplitude at angle u1 will be zero on the viewing 
screen. And since the irradiance goes as the electric-field ampli-
tude squared, at the angle u1 above and below the axis, there 
will be no light, and we say that the irradiance of the central 
maximum has dropped to zero at those first minima.

As u increases further, there will again be a net electric-field 
amplitude, albeit small, and the irradiance will rise once more 
to form a secondary, or subsidiary maximum. We’ll see how that 
happens presently when we study the corresponding phasors.  

With light emerging from the slit in all directions, let’s ex-
amine the particular beam depicted in Fig. 10.9b. There is now 
a difference in OPL to the viewing screen for EM wavelets 
emitted across the aperture, and that difference depends on the 
angle of the beam, u, measured from the central axis. For the 
particular beam in Fig. 10.9b traveling at u1, the variation in 
path length between wavelets from the top and bottom of the slit 
was arranged to be equal to l. Since b is the slit width, that 
path-length difference is expressible as b sin u1 = l. Wavelets 
from the middle of the slit will arrive at the viewing screen lag-
ging wavelets from the top by 1

2l, and so cancel each other.
Similarly, a wavelet emitted from just below the center will cancel 

Figure 10.7  (a) Point-P on s is essentially infinitely far from g . (b) Huygens wavelets emitted 
across the aperture. (c) The equivalent representation in terms of rays. Each point emits rays in all 
directions. The parallel rays in various directions are seen. (d) These ray bundles correspond to plane 
waves, which can be thought of as the three-dimensional Fourier components. (e) A single slit illumi-
nated by monochromatic plane waves showing the resulting irradiance distribution.
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1.4.2.2 Diffraction de Fraunhofer par deux fentes parallèles 
478 Chapter 10 Diffraction

sponding phasors—numbered 1, 2, 3, and 4, each of amplitude 
E01—then lie on a line, and the net amplitude (4E01) is maxi-
mum and positive (Fig. 10.23b). This establishes the reference 
direction, even though there is no central slit, and so no specific 
reference phasor. 

In part c, u is such that the phase difference between succes-
sive phasors is d4 = 90°. Because N is an even number there is 
no central wavelet. Accordingly, phasors-2 and -3 are shifted 
d4>2 = 45° with respect to the reference direction, phasor-2 ro-
tated clockwise and phasor-3 counterclockwise from the hori-
zontal. The four phasors, shifted by 90° with respect to each 
other, then form a polygon, a square, closing on themselves and 
producing the first zero of field amplitude (Fig. 10.23c). This is 
plotted in the graph (Fig. 10.23a) at d4>2 = p>4 = 45°. That 
result accords with what we saw earlier, namely, that the first 
zero occurs when d4 = m′2p>N = 2p>4. 

and d3 = m′2p>N = 4p>3, or at d3>2 = 120° in Fig 10.20b. 
Squaring the electric-field amplitude (except for a constant) 
produces the irradiance distribution.

Figure 10.21 illustrates the normalized irradiance for N = 2, 
3, 4, 5, and 6. For the moment, the slit widths are idealized to be 
infinitesimal, and single-slit diffraction is therefore ignored. 
The separations between consecutive slits, a, are the same in all 
setups. Recall that the analyses for odd and even numbers of 
slits were slightly different in that in the first instance there was 
a central reference slit and in the second there wasn’t. To take 
that into consideration Fig. 10.21 is a plot of relative irradiance 
against 1

2 dN. Notice that the principal maxima in the three-slit 
pattern are at the same locations as in the two-slit pattern. Be-
cause the former has more phasors, its field amplitude reaches 
its first zero value sooner than does the latter. As we’ll see pres-
ently, the more slits, the more ways for the wavelets to fall out-
of-phase. The principal irradiance maxima thus become nar-
rower and taller as N increases, and only a small amount of 
energy appears in the (N - 2) subsidiary maxima. The actual 
diffraction patterns are shown in Fig. 10.22.

Figure 10.23 treats the four-slit system, and the graph in part 
a again represents the amplitude of the electric field at various 
values of u. As always, on the central axis (u = 0), the four 
wavelets arrive in-phase [d4 = (2p>l)a sin u = 0]. The corre-

Figure 10.22  Diffraction patterns for slit systems shown at left. (Francis 

Weston Sears, Optics. Reprinted with permission of Addison Wesley Longman, Inc.)

Figure 10.21  Multi-slit irradiance patterns ignoring single-slit diffraction. 

Here, dN>2 = p

l
 a sin u and N is the number of long, parallel, very narrow 

slits. Notice how the principal maxima increase as N2.
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stant relative phase difference between the secondary sources. 
At normal incidence, the wavelets are all emitted in-phase. The 
interference fringe at a particular point of observation is deter-
mined by the differences in the optical path lengths traversed 
by the overlapping wavelets from the two slits. As we will see, 
the flux-density distribution (Fig. 10.18) is the result of a rap-
idly varying double-slit interference system modulated by a 
single-slit diffraction pattern. 

To obtain an expression for the optical disturbance at a point 
on s, we need only slightly reformulate the single-slit analysis. 
Each of the two apertures is divided into differential strips (dz 
by /), which in turn behave like an infinite number of point 
sources aligned along the z-axis. The total contribution to the 
electric field, in the Fraunhofer approximation [Eq. (10.12)], is 
then

 E = C3b>2
-b>2 F(z) dz + C3a + b>2

a - b>2  F(z) dz (10.22)

where F(z) = sin [vt - k(R - z sin u)]. The constant-amplitude 
factor C is the secondary source strength per unit length along 
the z-axis (assumed to be independent of z over each aperture) 
divided by R, which is measured from the origin to P and is 
taken as constant. We will be concerned only with relative flux 
densities on s, so that the actual value of C is of little interest to 
us now. Integration of Eq. (10.22) yields

E = bC a sin b
b

b [sin(vt - kR) +  sin (vt - kR + 2a)] (10.23)

pattern. Suppose now that we have two long slits of width b 
and center-to-center separation a (Fig. 10.17). Each aperture, 
by itself, would generate the same single-slit diffraction pattern 
on the viewing screen s. At any point on s, the contributions 
from the two slits overlap, and even though each must be es-
sentially equal in amplitude, they may well differ significantly 
in-phase. Since the same primary wave excites the secondary 
sources at each slit, the resulting wavelets will be coherent, and 
interference must occur. If the primary plane wave is incident 
on g  at some angle ui (see Problem 10.2), there will be a con-

Figure 10.17  (a) Double-slit geometry. Point-P on s is essentially infinitely far away.  
(b) A double-slit pattern (a = 3b). A detailed view of a missing order.
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Figure 10.16  The double-slit setup.
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1.4.3 Diffusion



Exemple: diffusion des rayons X

Wilhelm Conrad Röntgen
(1845-1923)




