Diffraction

Objectives:

Understand the physical basis for constructive gastructive
Interference when radiation passes through a grddnagg
diffraction) and know the corresponding equatiora{ig) equation).

Understand the mathematical construction usedpoesent diffraction
conditions (Laue equations and Laue cones).

From Last Time:

Draw a stereographic projection representing thetmroup3 (only
3-fold rotation).

Now, add a two-fold rotational axmerpendicularto that original
three-fold axis. Are any other axes/planes of sgtmpmmposed?
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FIGURE 3.3 Diffraction as the Interference of Waves.

{a) Diffraction from a single slit is illustrated by the superposition of selected
waves generated within the area of the slit. The variation in intensity with

increasing angle is shown by the different amplitudes of resultant waves at dif-
ferent anglea.



Seeing Double

(h) When diffraction occurs from two slits there are two effects to consider.

1. The variation in intensity with angle as a result of interference of the waves

] generated within each slit scparately, as shown in {(a) above. This gives the
%"(jﬁ.‘i; : “envelope” illustrated in Figure 3.4a.

5 & 2. The interference of scattered waves at a given angle with those at the same

% % E (Al angle from the adjacent slit. At angles of constructive interference when the

_ two resultant waves are in phase, “sampling” of the “envelope” occurs. At

; | FL certain other angles no diffraction is observed.

1 This figure should be compared with Figure 3.4a. Only the resultant
waves, illustrated in (a) above, are shown in this diagram. Those labelled A
are undeviated, and produce a bright central image. Those labelled C are, as
shown, in phase with each other because the path length difference is exactly
three wavelengths, and therefore a diffraction maximum is produced at the
corresponding angle. Those labelled B are about 90° out of phase, as indi-

= cated, so that the path length difference is not an integral multiple of the

g wavelength, and consequently the waves interfere partially with each other.

E (Al If there are many slits equidistantly spaced, the intensity in direction B will
he so small relative to that in the directions where all waves are in phase

|| (““diffraction maxima") that only the latter will be discernible (cf. Figure

IS IIIS S Y

Partially iy, o 3.4b). The reason the intensity in direction B is then so small is that the
out of St S phase differences in this direction range over all possibilities if there are
phase in phase I

many slits.
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(c) First, second, third, and higher orders of diffraction are obtained as scattered
waves differ by one, two, three, and more wavelengths. Readers should satisfy
themselves that with a smaller spacing, a, between scattering objects, the angle
at which a given order of diffraction occurs is increased.















Introducing the
Laue Equations

Incident radiation is scattered elastically,
Such that the wavelength remains unchanged
and the radiation is scattered in all directions.

While all anglesh are possible, only some
(one for each ) will give constructive
Interference and thus an observable reflection.

These angles are given by the Laue equations, the one dimensiaraion
being:



Laue Cones



Laue Cones
In Two Dimensions

The n, n, values (here 2 and 3, respectively) will, in thdgaensions, be the Miller indices.



Bragg Diffraction

If n is an overtone of the primary scattering (rptanar
spacing of d/n) then n drops out of the equation.



The optical diffraction of monochromatic, coher@aser) light froma 1 or 2
dimensional grating (Fraunhofer diffraction) is dilg analogous to X-ray diffraction

by crystals (Laue or Bragg diffraction). [Note thfai is the same as the previous
Laue equations, with (incident) = 90°, (scattered) = 90°-]



