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Derivation of Bragg's law. Consider a set of parallel planes of aiom
POIIS at a spacing d between two successive planes. Let a narrow mono.- ’

Fig. 5.6

chromatic X-ray beam of wavelength A be incident on the first plane at a
glancing angle 0 (Fig. 5.6). Consider the ray PQ incident on the first plane.
The corresponding reflected ray QR must also be inclined at the same angle
0 to the plane. Since X-rays are much more penetrating than ordinary light,
there is only partial reflection at each plane. The complete absorption takes
place only after penetrating several layers. Consider two parallel rays POR

and 7Z’Q°R’ in the beam, which are reflected by two atoms Q and Q'. Q' is |
vertically below Q. The ray P’Q'R’ has a longer path than the ray POR. To !
compute the path-difference between the two rays, from Q draw normals QT
and QS on P'Q" and Q'R’ respectively. Then i
the path-difference = 7Q" + Q'S = d sin 6 + d sin 0 = 2d sin 0. !
Hence the two rays will reinforce each other and produce maximum inten-
sity, if |
2dsinB=nA, , |
where n = 1. 2. 3...... The integer n gives the order of the scattered
beam, A is the wavelength of the X-rays used. This equation is called

Bragg's law.

5.7. The Bragg X-ray spectrometer

The essential parts of a Bragg spectrometer are shown in Fig. 5.7.1tis
similar in construction to an optical spectrometer. It consists of three part:..
(1) a source of X-rays (2) a crystal held on a cnrculgr t.abhf wm;grr)ad - |
ated and provided with vernier and (3) a detector (;pmsg]?;ns sl '.-am |
rays from an X-ray tube, limited by two narrow lead slits 5, .‘

¥




of wavelength 2. The glancing angles 0y, 0y,
Ay, A,, Ay are obtained M“m

der

O GLANCING MNGLE —*

X-ray
tube

Fig. 5.7

allowed to fall upon the crystal C. The crystal is mounted on the circular (a-
ble T. which can rotate about a vertical axis and its position can be deter-
mined by the vernier V. The table is provided with a radial arm (R) which
carries an ionisation chamber (/). This arm also can be rotated about the
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or reflections of the same wavelength. B, By, By are such (3%
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One has hexagonal sy . -
structure. The f“ihcr lll\\m::i: l.l )_ and s called o
A L I \‘,’Hllll\‘l[y an '
Spheres ma :
single clmcst-pac_l{cctl’c I;)T:ng';d :11-‘ "
ing cach_sphcrc In contact willin p
others (Fig. 5.14 a). The ccnlrcﬁm}
the spheres are at points marked g
A second and identical luyér of
can be placed over this, with
centres over the points marked B (or
equivalently C ). If the second layer
s in over B, there are two m{n-
equivalent choices for a third layer. It
can go in over A or over C. If the
third layer goes in over A, the se-

¥ :L“ i xagonal close-packed
s Calied the face-centred cubic

quence 1s ABABAB..... and the struc- Fig. 5.14 (a)
ture is hep (Fig. 5.14b).Exampl
. s ples of elements
A : :{lgnch have this structure are Cd, Mg, Ti, Zn,
8 I If the third layer goes in over C, the se-
w3 il quence 1s ABCABCABE and the structure is
. ‘ fce (Fig. 5.14¢). Elements having fcc structure
are Cu, Ag, Au, Al, Pd, P, etc.
In ecither structure, each atom has 12
Fig. 5.14 (b) nearest neighbours. So the coordination num-
ber is 12. The packing fraction is 0.74 for
both the fcc and hep structures.
_The Cesium Chloride Structure. A~lg”

The structure of CsCl is shown in Fig
5.144. The Cs* ions form an sc lattice in-
terlocked with another sC lattice formed
by the CI “ions. There is one molecule per
primitive cell with ions at the corners 000
mwnmd position -‘2--'--;- of the
simple cubic space lattice. Eac?l ion is at
the centre of a cube of jons of the op-

posite kind, sO that the coordination num- .
ber is 8. TIBr, TiI, NH4Cl, CuPd. CuZn—(ﬂ'hmss). AgMg, L;Hg,‘ AINi,
: BeCu are representauve crystals having the

CsCl arrangement.

511 X-rayspectra |
Urey and his co-workers

analysed the X-ray beam emitted from
an X-ray tube using different potential
difforences and same target. _US_._ g

tungsten as the target @

o Cs ions potential differences, the intensities
e C| ion : the rays produced are ploued agains
Fig, 5.14 (d) wavelength. Fig. SlSmpremts these
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& wavelengths (Ly. Ly, Ly €€ ). For heavier elements a third series,

w“m“m X-rays. /ihis can be understood in terms of
iw of characteristic in the thgcl of an X-ray tube is bombarded

Bohr s-m,l .W':':u‘“x' electron is removed. A vacancy is created

b’ . K-shell This vacancy can be filled up by an electron from either of L, }

:h:“s.u. free ela:uua These possible transitions can result in the

xc?ﬁ“ﬂ the limiung lincl Similarly, the longer wavelength L-seres

originates when an L electron is knocked out of the atom, the M-series when

an M electron is knocked out and so on (Fig. 53.17). |
Note. It is clear that continuous spectra and line spectra both emit

tod by the same target are of different origin. The continuous spectrum is the
result of the inverse photoelectric effect, with electron K.E. being trans- [
formed into photon encrgy Av. The line spectrum has its origin in electronic
transitions within atoms that have been disturbed by the incident electrons. ;
Example 1. An X-ray tube with Cu target is operated at 28 kV. The a
smallest glancing angle for NaCl crystal for the Cu K line is 15.8°. Find the
wavelength of this line. Also find the glancing angle for photons at the short
wavelengih limit. (d for NaCl = 0.282 nm).
Solution. From Bragg's relation, 2d sin ® = nA. Here,n = |
% A = 2d sin®=2x(0.282 nm) X sin 15.8°=0.153 nm
he  662x 10 x3x10°
h i — ey g - y .
¥V 16x10"”x28x10° S -
Let 6 be the glancing angle corresponding to A, Then
O = sin) [ 2n | _ i (0.0496 nm |
= sin ( 2 ): sin (2X0.282m = §.1°
et x-::,: g o i
-rays is very small comnared tr tha <
of visible 'lm Le., energy of X- 2 § efy - cw .’0 the wnvelengﬂ.\
visible light. Hence X-ra s 16 very high comp d 1o the energy of
ys are more penetrative than visible light,

5.]3. Mm.. L.'
Moseley plotted the square roor
of the frequencies (V) of a givep [ine
(‘.}f Kﬂ’ ""nﬂ the atomic m
Mol s ments emiting that lne,
l" k € a straight line “
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