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[1] RDOEXLHFTAT, %F’ﬁk/@zi B, BEDEDIL, EEEERFTLEED
BB XEORBIZHHALTHS.

We study crystal structure through the ¥ diffraction of photons, neutrons, and electrons. The diffrac-
tion depends on the crystal structure and on the wavelength. At optical wavelengths such as 5000 A, the ? super-
poéition of the waves scattered elastically by the individual atoms of a crystal results in ordinary optical ? refrac-
tion. When the wavelength of the ® radiation is comparable with or smaller than the lattice constant, we may
find diffracted beams in directions quite different from

the @ incident direction. ‘

A)” W. L. Bragg presented a simple ex-

planation of the diffracted beams from a crystal. The
Bragg ® derivation is simple but is convincing only

because it reproduces the correct result. Suppose that

the incident waves are reflected specularly from paral-

lel planes of atoms in the crystal, with each plane re- ;
flecting only a very small fraction of the radiation, like . .. . .

] 9 Figure 1 Deviation of the Bragg equation 2d sin 0
a lightly silvered mirror. In ™ specular (mirrorlike) re-
flection the angle of incidence is equal to the angle of

= nA; here d is the spacing of parallel atomic planes .

] and 27w is the difference in phase between reflec-
reflection. The diffracted beams are found when the

_ ) 0. tions from successive planes. The reflecting planes
reflections from parallel planes of atoms " interfere

] — ) . have nothing to do with the surface planes bound-
constructively, as in Fig. 1. We treat elastic scattering,

11

ing the particular specimen.
in which the energy of the "’ x-ray is not changed on
reflection.

Consider parallel lattice planes spaced d apart. The radiation is incident in the plane of the paper. The

12 adjacent planes is 2d sin 8, where 6 is measured from the plane. Con-

' path difference for rays reflected from
structive interference of the radiation from successive planes occurs when the path dlfference isan mtegral num-

ber 1 of wavelengths A, so that
2d sin 6 = n A | N

This is g) the Bragg law, which can be satisfied onljl for wavelength 1 <2d.
c) Although the reflection from each plane is specular, for only certain values of 8 will the reflections

from all periodic parallel planes add up " in phase to give a strong reflected beam. If each plane were perfectly
‘reflecting. only the first plane of a parallel set would see the radiation, and any wavelength would be reflected.
But each plane reflects 10> to 10° of the incident radiation, so that 10° to 10 planes maV contribute to the for-
mation of the Bragg-reflected beam in a perfect crystal.

14)7penodicity of the lattice. Notice that the law does not refer to

The Bragg law is a consequence of the
the composition of the basis of atoms associated with every lattice point. We shall see, however, that the compo-
sition of the basis determines the relative intensity of the various orders of diffraction (denoted by 7 above) from
a given set of parallel planes.

(“Introductzon to the Solid State Physics, 8" Edition”, By C. Kittel, John Wiley & Sons 2004J: DR (—EeL

Hints:  diffraction [EI#7, 2 superposition Eiagid, refraction JEHT, P radiation FiEt, #ESL, O lattice #&
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[2] ko E#HAT, EBCELL. 2B, BEORDIL, ERESEN LIEED
ERAXEORBICHIA L Th 5.

A) The high Y conductivity of metals is due to electrons within the metal that are not attached to atoms

but are free to move through the whole solid. Proof of this is the fact that electric current in a copper wire--unlike
current in an jonic ? solution--transports no chemically identifiable substance. A current can flow steadily for
years without causing the slightest change in the wire. It couldronly be electrons that are moving, entering the
wire at one end-and leaving it at the other. ‘ o

We know from chemistry that atoms of the metallic elements rather easily lose their > outermost elec-
trons. These would be ¥ bound to the atom if it were isolated, but become 3 detached when many such atoms are

packed close together in a solid. gy The atoms thus become positive ions, and these positive ions form the rigid

lattice of the solid metal, usually in an orderly array. The detached electrons; which we shall call the conduction
electrons, move through this three-dimensional lattice of positive ions. '

c) The number of conduction electrons is large. The metal sodium, for instance, contains 2.5 x 10*

atoms in 1 cm’, and each atom provides one conduction electron. No wonder sodium is a good conductor! p) But
walit, there is a deep puzzle here. It is brought to light by applying our simple theory of conduction to this case.
As we have seen, the mobility of a charge carrier is determined by the time 7 during which it moves freely with-

out bumping into anything. If we have 2.5 x 10? electrons per cubic centimeter of mass m,, we need only the

experimentally measured conductivity of % sodium to calciilate an electron's ” mean free time 7. The conductivity
of sodium at room temperature, in CGS units, is 1.9 x 10" sec™. Solving a certain equation for 7, we find 7=3 x'
10™ sec. This seems a surprisingly long time for an electron to move through the lattice 6f sodium ions without

- suffering a ® collision. The thermal speed of an electron at room temperature ought to be about 10’ cm/sec, ac-
cording to kinetic theory, which in that time should carry it a distance of 3 x 10”7 cm. Now the ions in a crystal of
sodium are practically touching one another. The centers of adjacent ions are only 3.8 x 10® cm apart, with
strong electric fields and many bound electrons filling most of the ¥ intervening space. How could an electron
travel nearly 10 lattice spaces through these obstacles without being deflected? Why is the lattice of ions so easily
10 penetrated by the conduction electrons?

(“Electricity and Magnetism, 2" Edition”, By E. M. Purcell, McGraw-Hill 1985 X ¥ Hife (—Ee%). )

Hints: " conductivity f=EEE, ? solution ¥#E, ¥ outermost 5D, ¥ bind %ﬁ-ﬁ‘é; 9 detach i
5, Ysodium F + U 72, P mean free time SEHIE HFERE, ¥ collision 22, ¥ intervene (~DREIZ) A3,
1 benetrate B@ET %
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