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Photoelectric Atomic Absorption Cross Sections for Elements Z = 6 to 54 
in the Medium Energy X-Ray Range (5 to 25 keV) — Part I 

G. Hildebrandt, J. D. Stephenson, and H. Wagenfeld 
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin 33, Germany 

(Z. Naturforsch. 30 a, 6 9 7 - 7 0 7 [1975]; received March 14, 1975) 

Photoelectric atomic absorption cross sections have been calculated by means of hydrogen-like 
eigenfunctions for the atomic K, L, M and N sub-shells of the elements Z = 6 to 54, using revised 
screening constants and an extension of the theory. The absorption cross sections have been further 
separated into dipole and quadrupole components so that the numerical data can also be applied to 
the Borrmann effect. 

1. Introduction 

Theoretical computations of photoelectric ab-
sorption coefficients for silicon and germanium have 
been reported in an earlier paper1 and shown to be 
in satisfactory agreement with experimental normal 
and anomalous X-ray absorption coefficients using 
perfect single crystals. In order to account for the 
angular dependence of the Borrmann effect it is con-
venient to expand the transition probabilities of the 
photoeffect into a series in which each term repre-
sents a certain multipole transition. This is based 
on Hönl 's2 treatment of the so called generalized 
scattering factor, i. e. the normal scattering factor 
which includes effects due to anomalous X-ray dis-
persion. The transition probabilities of each multi-
pole transition are evaluated by means of hydrogen-
like eigenfunctions. Theoretical calculations have 
been carried out for different atomic sub-shells by 
many authors 2. The surprisingly good agreement, 
found between our theoretical and experimental 
data in 1 , has encouraged us to extend the calcula-
tions to elements of atomic number Z = 6 to 54 using 
18 characteristic wavelengths between CrKa (5.4 
keV) and AgK^ (24.9 keV), with the restriction 
that the X-ray energy must be above the theoretical 
(hydrogen-like) energy of a 2s electron. This is 
due to the fact that hydrogen-like eigenfunctions 
are only approximately valid for the outer shell 
electrons. 

The accuracy of the results is strongly dependent 
on the choice of appropriate screening constants. 
The method used to determine these screening con-
stants is described in Chapt. 2 of this paper. Since 
the hydrogen-like energy eigenvalue of each sub-
shell is higher than the actual ionization energy, we 
have used an extension to the theory which accounts 

for cross sections between the theoretical and ioni-
zation edges. This extension is theoretically un-
justified but a comparison with experimental data 1 

shows that it works quite well for the K-shell. 
Although more rigorous and better theoretical 

absorption cross sections exist, it is emphasized that 
our computations are particularly useful for the 
theoretical calculation of the Borrmann effect. The 
agreement between the photoelectric absorption 
cross section data presented in this paper and those 
derived from alternative theories and also those 
deducible from experimental linear absorption co-
efficients is in many cases better than 5%; this will 
be shown in a following paper [Part II] 3. 

2. Atomic Sub-shell Screening Constants 

The atomic sub-shell screening constants are de-
termined by a semi-empirical method using Som-
merfeld's approach 4 and precise spectroscopic data. 
Spin doublets which are found in the X-ray spec-
trum of each element are grouped according to their 
(almost constant) experimental term differences. 
Sommerfeld shows for hydrogen, that these groups 
are accurately explained by means of selected elec-
tron transitions applied to a fine structure formula 
in which relativistic and electron spin terms are also 
considered. For the many electron atom, similar 
agreement is possible only, if the nuclear charge of 
the element Z is replaced by a reduced charge 
Z — sni; sni is an average screening constant for an 
electron in a sub-shell of quantum numbers n and I 
which is screened from the nuclear field by inter-
mediary electrons. Figure 1 shows the transitions 
used in these calculations where it can be seen that 
each kind of spin doublet is related to a particular 
sub-shell (n, I) according to appropriate selection 
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rules. A more detailed list of these transitions, in 
terms of Bohr and Coster's notation, is given in 
Table 1. Experimental term differences are obtained 
from the X-ray wavelength tables of Bearden 5 and 
substituted in the Sommerfeld term difference equa-
tions which are tabulated in the appendix of this 
paper. The sets of screening constants are listed in 
Table 2. In regions, where experimental spin dou-
blets are not available, we have taken a mean value 
(bracketed) of the first ten neighbouring screening 
constants within the same sub-shell. This can intro-
duce errors in the cross sections calculated for ele-
ments with low atomic numbers. 
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-b 
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Sommerfeld Spin Doublets 

Fig. 1. Grotrian diagram showing a series of spin-doublet 
transitions. 

Table 1. Spin doublet transitions selected for the evaluation 
of the average screening constants within each sub-shell. 

Sub-shell Screening 
constant (snl) 

Transition 

(2 s, p) 
(3 s, p) 
(3 d) 
(4 s, p) 
(4 d) 

s21 

5 3 1 
5 3 2 
Sil 
S 4 2 

KLu-KLiii 
KMn-KMiii 
KMiv-KMv 
LINII-LINiii 
LIIINIV-LIIINV 

3. Extension to the Theory for the K Shell 

Previous computations of atomic absorption cross 
sections by Guttman and Wagenfeld 6 contain incor-

Table 2. Sub-shell screening constants. Bracketed values are 
averages of the following ten screening constants. For the 
K-shell, we have taken the theoretical value, s10 = 0.30, 

given by Slater. 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

3.22 

3.16 
3.25 
2.88 
3.25 
3.30 
3.40 
3.34 
3.26 
3.34 
2.99 
2.87 
2.84 
2.84 
2.96 
3.12 
3.28 
3.38 
3.44 
3.42 
3.41 
3.43 
3.40 
3.42 
3.64 
3.45 
3.45 
3.44 
3.48 
3.51 
3.46 
3.50 
3.51 
3.51 
3.51 
3.53 
3.53 
3.54 
3.54 
3.55 
3.56 
3.55 
3.56 

8.20 

7.89 
8.62 
7.42 
7.98 
8.45 
8.37 
8.15 
8.34 
8.38 
8.41 
8.16 
8.26 
8.48 
8.57 
8.57 
8.60 
8.56 
8.56 
8.54 
8.60 
8.56 
8.50 
8.71 
8.34 

Sj 2 

12.9 

12.7 
12.8 
12.9 
12.8 
12.7 
12.7 
12.8 
12.8 
13.1 
13.0 
12.9 
13.0 
12.9 
12.9 
13.0 
12.9 
13.0 
13.0 

«41 

18.5 

14.5 

18.5 

rect quadrupole cross sections and do not include 
values beyond the theoretical (H-like) absorption 
edges. 

A convenient extension to the K-shell is obtained 
as follows: For the K-shell and for a region, where 
the incident X-ray photon wavelength X is less than 
or equal to the theoretical (eigenvalue) wavelength 
Ais, the atomic dipole absorption cross section for 
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a K-shell electron is 

D _ 27 „ / J _ \ 3 exp { - (4 [A] ar tan A} 
T i s - 3 " ' o ^ J 1 — exp { — 2n/A} ' 

(3.1) 

where r0 = e2\m c2 = 2.8179 • 1 0 - 1 3 cm_is^ the classi-
cal electron radius, A = l/n/ = Yx — 1, x = ^g/A 
and A1S = 1/ (Z — 0.3) 2 R^. 

Beyond this region, I is now greater than 
(i. e. x< 1 ) , and we rewrite A = i Y\x— 11 = iB. 

The dipole cross section for this region is then 

(3.2) 

where [1 — exp { — 2 a / ^ } ] is approximated to 1 
and use is made of the following identities: 

ar tan (i B) = i ar tanh (B) 
= ( i /2) In [ (1 + 5 ) / ( l — ß ) ] . 

( r ? s ) ' is further substituted into the quadrupole 
and dipole-octupole cross section equations related 
to the same condition. 

4. Applications 

4.1. Normal Absorption 

For the calculation of absorption coefficients in 
the X-ray energy region one has to take into ac-
count, besides the photoelectric absorption coeffi-
cient r 0 , the contributions / /0 (CS) due to Compton 
scattering (including plasmon excitation) and 
ju0 (TDS) due to thermal diffuse scattering such that 

Mo — To + jmo(CS) + / / 0 (TDS) . (4.1) 
The magnitude of these other scattering contribu-
tions to r0 is considered in Part II of this paper 3. 

Our calculations are restricted to the photoelec-
tric coefficient 

r o = j j I N i ( ° t o t ) i , (4.2) 

where Ni is the number of atoms (of type i) within 
a unit cell of volume Q (in Ä 3 ) , and ( < 5 t o t ) i the 
total photoelectric atomic absorption coefficient for 
the ith atom (in barn/atom). The summation is to 
be taken over all types of atom within the unit cell. 

In Table 3, the contributions of the K, L, M, and 
N shells to <3tot and the ratio Q = oQ/otot = TQ/r0 

are given, where rQ is the sum of the quadrupole 

contributions. Our calculations are based on the 
formulae listed in the paper by Wagenfeld 2. 

The close approximation of r0 to ju0 throughout 
the medium X-ray energy range (5 to 25 keV) has 
been shown for Si and Ge1 and will be further dis-
cussed for other cases in 3. 

4.2. Anomalous Absorption 

In diffraction experiments with perfect (or nearly 
perfect) crystals, wavefields are created with dif-
ferent absorption coefficients which are larger or 
smaller than / / 0 . The fields with small coefficients 
are able to traverse much thicker crystals (Borr-
mann effect) than in the normal absorption case. 
Similar to Eq. (4 .1) , two absorption coefficients 
related to fields with minimum absorption can be 
expressed by 

/<min = Tmin + i " m i n ( C S ) + / / m i n ( T D S ) . ( 4 . 3 ) 

C = _L or || refers to polarization perpendicular or 
parallel to the plane defined by the wave vectors 
KQ, K h (2-beam case). In the theoretical case of a 
crystal with extreme thickness, only the wave 
field with ẑ min will survive. 

In transmission experiments with perfect crystals 
of finite thickness, //min must be known in order 
to calculate the integrated intensities of the re-
flexions. 

One important fact is that the relative contribu-
tions due to Compton and thermal diffuse scattering 
are larger in (4.3) than in (4.1) and should be 
considered. Corresponding theory and data for 
/ / (CS) and / / ( T D S ) , for both normal and anoma-
lous absorption, have been calculated by Dederichs 7 

and Sano, Ohtaka and Ohtsuki8. 
The photoelectric contribution for the general 

two beam case can be written 

Y C O S 0 B , ( 4 . 4 ) 

with @B the Bragg angle of the diffracting planes 
H = h1,h.2,h.i and XiH? XiO the imaginary parts of 
the Fourier components of the dielectric suscepti-
bility. 

The angular dependence of Xiä/XiO i s discussed 
by Wagenfeld 2 ' *. In the case of the diamond type 

* The formulae given in this paper are invalid near an 
experimental absorption edge wbere for instance Kronig-
Kramer fine structure becomes important. 

( 1 + B ) I 

Tmin — TA I 1 — 
y c 

C „ I i AiB 
XiO 



Table 3. H-like photoelectric atomic absorption cross sections for the K, L, M and N sub-shells and total values T, given in barn/atom ( = 1 0 - 2 4 cm2 /atom), together 
with the quantity TQ /T 0=() used in anomalous transmission. Dashed and full line boundaries denote energy regions below the theoretical and experimental absorption 

edges, E ( l s ) [ ] , E(2s) and K [— ] , L, respectively. 
CrKal 

5 .415 

CrKßl 
5.947 

FeKal 
6.404 

CoKal 
6.930 

FeK01 
7.058 

NiKal 
7.478 

CoKßl 
7.649 

CuKal 
8.048 

NiKßl 
8.265 

ZnKal 
8.639 

CuKßl 
8.905 

ZnKßl 
9.572 

GeKotl 
9.886 

GeKßl 
10.982 

MoKal 
17.479 

MoKßt 
19.608 

AgKCll 
22.163 

AgKßl 
24.942 

2 .46 2 1 .83 2 1 .45 2 1 .13 2 1 .07 2 8 .88 1 8 .26 1 7 .03 1 6 .46 
1 -.23 9 .03 -1 7 .07 -1 5 .45 -1 5 .13 -1 4 .24 -1 3 .93 -1 3 .33 -1 3 .05 
0 .0 O .O O .0 0 .O 0 .0 0 .0 0 .O O .0 0 .O 
O • O O .0 0 .O o • O 0 .0 0 .0 O .O O .O 0 .O 
2 .47 2 1 .84 2 1 .46 2 1 .14 2 1 .07 2 8 .92 1 8 .30 1 7 .06 1 6 .49 
1 -.56 -2 1 .72 -2 1 .86 -2 2 .02 -2 2 .05 -2 2 .18 -2 2 .23 -2 2 .35 -2 2, .41 
4. .91 2 3, .67 2 2. ,92 2 2. .28 2 2. ,15 2 1. .80 2 1. ,67 2 1. .43 2 1. ,31 
4, .99 3. ,69 2. ,90 2. .25 2. .12 1. .75 1, ,63 1, ,38 1. ,27 
0. • O 0. ,o 0. ,0 0, .O 0. ,0 0. .O 0. ,o 0, ,0 0. ,0 
0. • O 0. ,0 0. ,0 0. ,0 0. ,0 0. ,0 0, ,o 0. ,0 0, ,0 
4, .96 2 3. .71 2 2. .94 2 2. . 30 2 2, .17 2 1. ,81 2 1, ,69 2 1. ,44 2 1. ,33 
1. .53 - 2 1. ,69 -2 1. ,82 -2 1, .98 -2 2, .02 -2 2, ,14 -2 2, ,19 -2 2. ,31 - 2 2. ,38 
8. .79 2 6, ,60 2 5. .26 2 4, .12 2 3, .89 2 3, .26 2 3, .04 2 2. ,59 2 2, ,39 
1 . ,43 1 1. ,06 1 8, .36 6, .49 6, .12 5, .09 4, .73 4. .02 3. .69 
0. .0 0 . ,0 0. ,0 O. ,0 0, ,0 0, .O 0. ,0 0. ,0 O. ,o 
0. ,0 0 . ,0 O. .0 0, .0 0, ,o 0, .0 0, ,0 O. ,o 0. .0 
8. .93 2 6. ,70 2 5. .34 2 4, .19 2 3. .96 2 3. .31 2 3. .08 2 2, ,63 2 2, .43 
1. ,48 - 2 1. ,64 - 2 1, .78 -2 1, .94 -2 1. .98 -2 2, .10 -2 2. .15 -2 2, .27 -2 2, .33 
1. .45 3 1. ,09 3 8. ,73 2 6, .86 2 6, .49 2 5. ,44 2 5, ,08 2 4, ,35 2 4. ,01 
3. ,31 1 2. ,46 1 1. .95 1 1, ,52 1 1. .43 1 1. .19 1 1, .11 1 9. .43 8. .66 
0. ,0 0. ,0 0. .0 0, .0 0. ,o O, ,o 0, ,0 O, .0 0. .0 
0, ,0 O, ,0 0, ,o 0, ,0 0, .0 0, ,0 0, .0 0, .0 0, • O 
1 . .48 3 1. ,12 3 8. ,93 2 7, .02 2 6, .64 2 5. .56 2 5, .19 2 4, .44 2 4, ,09 
1 . .44 - 2 1. ,60 -2 1, ,73 -2 1. ,89 -2 1, .93 -2 2, ,05 -2 2, .10 -2 2, ,22 -2 2, .29 
2, .25 3 1, ,70 3 1. ,36 3 1. ,07 3 1. ,02 3 8, .53 2 7, .96 2 6, .83 2 6, .30 
6. .58 1 4. ,91 1 3. ,90 1 3. ,04 1 2. ,87 1 2. .40 1 2, ,23 1 1. .90 1 1. ,75 
0. .O 0. ,0 0. ,0 O. ,o 0, ,0 0. ,0 0, .0 O, .0 o, ,0 
0. .0 0. ,0 0. ,0 O, ,o O, ,o O. ,o O, ,o O, .O o. ,o 
2. ,31 3 1. ,75 3 1. ,40 3 1. ,10 3 1, ,04 3 8, .77 2 8, .19 2 7. ,02 2 6. ,47 
1 . ,38 -2 1. ,54 -2 1. ,68 -2 1. ,84 -2 1. ,88 - 2 2, ,00 -2 2, ,05 -2 2, .17 -2 2. ,23 
3. 31 3 2. .51 3 2. ,02 3 1, ,60 3 1. ,51 3 1. ,27 3 1. ,19 3 1, .02 3 9, ,42 
1. , 18 2 8. .84 1 7. ,02 1 5. , 50 1 5. ,19 1 4, ,34 1 4. ,04 1 3, .45 1 3, , 18 
1, ,86 -1 1. .37 - 1 1. ,07 -1 8. ,29 -2 7. . 80 - 2 6. .45 - 2 5. .99 - 2 5. , 07 - 2 4. .64 
O. ,0 0. .O O. ,0 0 . ,0 0. ,0 0. .0 0. ,0 0, .0 0, ,0 
3. ,43 3 2. ,60 3 2. .09 3 1. ,65 3 1. .56 3 1 . .31 3 1. ,23 3 1. .05 3 9. .73 
1. ,32 - 2 1. ,48 - 2 1, .62 -2 1. ,78 -2 1. .82 - 2 1. ,94 -2 1 . ,99 -2 2. ,11 - 2 2. .18 
4 , .63 3 3. .56 3 2, .87 3 2, .27 3 2. ,16 3 1. .82 3 1. ,70 3 1. .46 3 1. .35 
1 .96 2 1, .47 2 1, .17 2 9. ,18 1 8, ,68 1 7. ,26 1 6. ,77 1 5. .79 1 5. ,33 
1 .48 1 .10 8 .65 - 1 6, .71 - 1 6, .32 -1 5. ,25 -1 4. ,88 -1 4, .14 - 1 3. , 80 
0 .0 0 .0 0, . o 0, .0 0, .0 O, .O 0. ,o O, ,o 0, .O 
4 .88 3 3 .71 3 2, .99 3 2, .37 3 2, .24 3 1, ,89 3 1. ,77 3 1 , .52 3 1. ,40 

1 .26 - 2 1 .42 -2 1, .56 -2 1, .72 -2 1, .76 -2 1, ,88 - 2 1. ,93 - 2 2, ,05 -2 2, .12 
6 .40 3 4 .89 3 3 .94 3 3, .13 3 2, .97 3 2. ,51 3 2. .35 3 2, .02 3 1, .87 
3 .14 2 2 .36 2 1 .88 2 1, .48 2 1, .40 2 1. .17 2 1, ,09 2 9, .35 1 8. .62 
4 .18 3 .11 2 .46 1 .91 1, .81 1, .50 1. , 40 1, .19 1. .09 
O.O 0 .0 0 .0 0 .0 o .0 0, .0 0, ,0 0. ,o 0, ,0 
6, .72 3 5 .12 3 4 .13 3 3 .28 3 3 .11 3 2, .63 3 2, ,46 3 2. .12 3 1. .96 
1 1 n 1 1 /in 1 c. e; c. o Ol 1 or no o nc 

5 61 i 5 09 1 4 05 1 3 65 1 2 .61 1 5 85 4 .04 2 .72 1 .86 K 
2 63 - i 2 38 - 1 1 87 - 1 1 69 - 1 1 19 - 1 2 54 - 2 1 .73 - 2 1 .15 - 2 7 .80 - 3 L 
O 0 O O O 0 O 0 0 O 0 O 0 O O .O O O M 
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 O N 

5 64 i 5 12 1 4 07 1 3 67 1 2 62 1 5 88 4 06 2 73 1 86 T 

2 52 - 2 2 60 - 2 2 79 - 2 2 89 - 2 3 20 - 2 5 03 - 2 5 62 - 2 6 30 - 2 7 03 - 2 Q 
1 14 2 1 04 2 8 26 1 7 46 1 5 35 1 1 22 1 8 45 5 71 3 91 K 
1 10 9 92 - 1 7 84 - 1 7 05 - 1 5 OO - 1 1 09 - 1 7 46 - 2 4 99 - 2 3 38 - 2 L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 M 
0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N 

1 15 2 1 05 2 8 34 1 7 53 1 5 40 1 1 23 1 8 52 5 76 3 94 T 

2 49 - 2 2 56 - 2 2 76 - 2 2 85 - 2 3 17 - 2 5 00 - 2 5 58 - 2 6 27 - 2 7 OO - 2 Q 
2 08 2 1 89 2 1 51 2 1 37 2 9 84 1 2 28 1 1 58 1 1 07 1 7 37 K 
3 20 2 90 2 30 2 07 1 47 3 26 - 1 2 24 - 1 1 50 - 1 1 02 -1 L 
0 0 O 0 0 O O 0 O O 0 O 0 O 0 0 0 O M 
0 0 O O 0 0 O 0 0 0 0 0 o 0 0 0 0 0 N 

2 11 2 1 92 2 1 54 2 1 39 2 9 99 1 2 31 1 1 60 1 1 09 1 7 47 T 

2 44 - 2 2 52 - 2 2 72 - 2 2 81 - 2 3 13 - 2 4 96 - 2 5 55 - 2 6 23 - 2 6 97 - 2 Q 
3 50 2 3 18 2 2 55 2 2 31 2 1 67 2 3 91 1 2 72 1 1 85 1 1 28 1 K 
7 52 6 83 5 42 4 89 3 49 7 83 - 1 5 41 - 1 3 64 - 1 2 49 - 1 L 
0 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0 0 0 M 
0 0 0 0 0 0 O O 0 0 0 0 O o 0 0 0 0 N 

3 57 2 3 25 2 2 60 2 2 36 2 1 70 2 3 98 1 2 78 1 1 89 1 1 30 1 T 

2 40 - 2 2 48 - 2 2 67 - 2 2 76 - 2 3 08 - 2 4 92 - 2 5 50 - 2 6 .19 - 2 6 97 - 2 Q 
5 51 2 5 02 2 4 03 2 3 65 2 2 64 2 6 28 1 4 39 1 3 .OO 1 2 07 1 K 
1 52 1 1 38 1 1 10 1 9 93 7 11 1 62 1 12 7 57 - 1 5 19 -1 L 
O O O O O O O O O O O O O O O .O O O M 
0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 .0 0 O N 

5 66 2 5 16 2 4 14 2 3 75 2 2 72 2 6 44 1 4 50 1 3 .07 1 2 12 1 T 

2 35 - 2 2 42 - 2 2 62 - 2 2 71 - 2 3 03 - 2 4 87 - 2 5 46 - 2 6 .14 - 2 6 88 - 2 c 
8 24 2 7 52 2 6 05 2 5 48 2 3 99 2 9 59 1 6 .73 1 4 .60 1 3 19 1 K 
2 77 1 2 51 1 2 Ol 1 1 81 1 1 .30 1 3 OO 2 .09 1 .41 9 71 - 1 L 
4 Ol - 2 3 63 - 2 2 86 - 2 2 57 - 2 1 82 =2 3 91 - 3 2 .67 - 3 1 .78 - 3 1 21 - 3 M 
0 0 0 O O 0 0 O o 0 O O 0 O O 0 O O N 

8 52 2 7 77 2 6 25 2 5 66 2 4 12 2 9 89 1 6 93 1 4 74 1 3 29 1 T 

2 29 - 2 2 37 - 2 2 56 - 2 2 .66 - 2 2 98 - 2 4 82 - 2 5 40 - 2 6 09 - 2 6 83 - 2 Q 
1 18 3 1 08 3 8 71 2 7 .90 2 5 76 2 1 40 2 9 87 1 6 77 1 4 71 1 K 
4 65 1 4 23 1 3 38 1 3 06 1 2 20 1 5 14 3 58 2 43 1 68 L 
3 29 - 1 2 98 - 1 2 36 - 1 2 12 - 1 1 51 - 1 3 31 - 2 2 27 - 2 1 52 - 2 1 04 - 2 M 
0 O O O O O O o O 0 O 0 o O O O O 0 N 

1 23 3 1 12 3 9 05 2 8 21 2 5 98 2 1 46 2 1 02 2 7 02 1 4 88 1 T 

2 23 - 2 2 31 - 2 2 50 - 2 2 59 - 2 2 91 - 2 4 76 - 2 5 35 - 2 6 04 - 2 6 78 - 2 ö 

1 64 3 1 50 3 1 21 3 1 10 3 8 04 2 1 98 2 1 40 2 9 62 1 6 70 1 K 
7 52 1 6 85 1 5 49 1 4 97 1 3 59 1 8 47 5 91 4 03 2 78 L 
9 48 - 1 8 60 - 1 6 83 - 1 6 .16 - 1 4 39 - 1 9 83 - 2 6 78 - 2 4 56 - 2 3 11 - 2 M 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N 

1 72 3 1 57 3 1 27 3 1 15 3 8 41 2 2.07 2 1 46 2 1 00 2 6 99 1 T 
o 1 r o o/i <•> A A o o oc /I 7n c; •30 c on 77 n 



Z CrKal CrKßl FeKal CoKal FeKfcil NiKal CoKfSl CuKOll NiKpi ZnKal CuKpi ZnKpl GeKal GeKül MoKal MoKt>l AgKUl AgKbl l i n e 

5 . 4 1 5 5 . 9 4 7 6 . 4 0 4 6 . 9 3 0 7 . 0 5 8 7 . 4 7 8 7 . 6 4 9 8 . 0 4 8 8 . 2 6 5 8 . 6 3 9 8 . 9 0 5 9 . 5 7 2 9 . 8 8 6 1 0 . 9 8 2 1 7 . 4 7 9 19 .608 2 2 . 1 6 3 2 4 . 9 4 2 keV 

8 . 4 9 3 6 . 5 0 3 5. 26 3 4 19 3 3 98 3 3 36 3 3 15 3 2 72 3 2 51 3 2 21 3 2 02 3 1 64 3 1 49 3 1 09 3 2 .72 2 1 .92 2 1 .33 2 9 26 1 K 
4 . 5 1 2 3 . 4 0 2 2 72 2 2 14 2 2 02 2 1 70 2 1 58 2 1 36 2 1 25 2 1 09 2 9 95 1 7 98 1 7 22 1 5 23 1 1 .25 1 8 .72 5 .96 4 12 L 
9 . 5 2 7 . 1 1 5 64 4 41 4 16 3 47 3 23 2 76 2 54 2 21 2 00 1 59 1 44 1 03 2 .35 - 1 1 .62 - 1 1 . 1 0 - 1 7 51 - 2 M 
0 . 0 0 . 0 0 0 0 0 0 0 O 0 0 0 0 0 0 O 0 0 0 0 0 0 o 0 0 0 O O 0 . 0 0 . 0 0 0 N 

8 . 9 5 3 6 . 8 5 3 5 54 3 4 41 3 4 18 3 3 54 3 3 31 3 2 85 3 2 64 3 2 32 3 2 12 3 1 72 3 1 56 3 1 14 3 2 85 2 2 .01 2 1 .39 2 9 68 1 T 

1 . 1 2 - 2 1 . 2 8 - 2 1 42 - 2 1 57 - 2 1 61 - 2 1 74 - 2 1 79 - 2 1 91 - 2 1 97 - 2 2 09 - 2 2 17 2 2 36 - 2 2 46 - 2 2 78 - 2 4 63 - 2 5 .22 - 2 5 .91 - 2 6 .65 - 2 Q 

1 . 1 0 4 8 . 4 5 3 6 85 3 5 47 3 5 19 3 4 40 3 4 12 3 3 56 3 3 30 3 2 90 3 2 66 3 2 15 3 1 96 3 1 44 3 3 63 2 2 .57 2 1 .78 2 1 .25 2 K 
7 . 3 2 2 5 . 5 3 2 4 42 2 3 49 2 3 30 2 2 77 2 2 59 2 2 22 2 2 05 2 1 79 2 1 63 2 1 31 2 1 19 2 8 64 1 2 08 1 1 46 1 1 . 0 0 1 6 .95 L 
1 .89 1 1 . 4 2 1 1 13 1 8 82 8 34 5 97 6 49 5 54 5 l o 4 44 4 04 3 22 2 91 2 10 4 83 - 1 3 35 - 1 2 .27 - 1 1 .56 - 1 M 
O.O O.O o 0 0 0 0 0 0 O O 0 0 0 0 o 0 0 0 0 0 O 0 O 0 0 O 0 0 0 0 . 0 0 . 0 N 

1 . 1 8 4 9 . 0 1 3 7 30 3 5 .82 3 5 .53 3 4 . 68 3 4 .39 3 3 .79 3 3 51 3 3 08 3 2 82 3 2 29 3 2 08 3 1 53 3 3 85 2 2 72 2 1 88 2 1 32 2 T 

1 . 0 4 - 2 1 . 2 0 - 2 1 .34 - 2 1 50 - 2 1 54 - 2 1 67 - 2 1 72 - 2 1 84 - 2 1 90 - 2 2 Ol - 2 2 09 - 2 2 29 - 2 2 38 - 2 2 70 - 2 4 56 - 2 5 15 - 2 5 85 - 2 6 59 - 2 e 
1.39 4 1 . 0 7 4 8 .73 3 6 98 3 6 63 3 5 63 3 5 28 3 4 56 3 4 23 3 3 73 3 3 42 3 2 77 3 2 53 3 1 86 3 4 75 2 3 37 2 2 34 2 1 64 2 K 
8 . 9 8 2 6 . 7 9 2 5 .44 2 4 29 2 4 06 2 3 41 2 3 19 2 2 73 2 2 52 2 2 21 2 2 Ol 2 1 62 2 1 47 2 1 07 2 2 59 1 1 82 1 1 25 1 8 67 L 
3 . 4 1 1 2 . 5 6 1 2 .04 1 1 60 1 1 51 1 1 27 1 1 18 1 1 Ol 1 9 29 8 10 7 37 5 89 5 33 3 84 8 96 - 1 6 24 - 1 4 24 - 1 2 92 - 1 M 
0 . 0 O.O 0 .O 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N 

1 . 4 9 4 1 . 1 4 4 9 29 3 7 43 3 7 05 3 5 98 3 5 61 3 4 85 3 4 49 3 3 96 3 3 62 3 2 94 3 2 68 3 1 97 3 5 Ol 2 3 56 2 2 47 2 1 73 2 T 

9 . 5 1 - 3 1 .11 - 2 1 25 - 2 1 41 - 2 1 45 - 2 1 58 - 2 1 63 - 2 1 75 - 2 1 81 - 2 1 92 - 2 2 00 - 2 2 20 - 2 2 30 - 2 2 62 - 2 4 48 - 2 5 07 - 2 5 77 - 2 6 51 - 2 Q 
1 . 7 3 4 1 .34 4 1 09 4 8 75 3 8 31 3 7 07 3 6 63 3 5 74 3 5 33 3 4 70 3 4 31 3 3 51 3 3 20 3 2 36 3 6 08 2 4 33 2 3 Ol 2 2 12 2 K 
1. 20 3 9 . 0 8 2 7 28 2 5 75 2 5 44 2 4 58 2 4 28 2 3 67 2 3 39 2 2 97 2 2 71 2 2 18 2 1 98 2 1 44 2 3 51 1 2 48 1 1 70 1 1 19 1 L 
5 . 7 3 1 4 . 3 1 1 3 44 1 2 70 1 2 55 1 2 14 1 1 99 1 1 71 1 1 57 1 1 37 1 1 25 1 9 .99 1 9 05 6 53 1 54 1 07 7 31 - 1 5 05 - 1 M 
O.O 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 N 

1.86 4 1 . 4 3 4 1 17 4 9 35 3 8 88 3 7 54 3 7 08 3 6 13 3 5 68 3 5 Ol 3 4 59 3 3 73 3 3 40 3 2 51 3 6 45 2 4 59 2 3 19 2 2 24 2 T 

8 . 6 0 - 3 1 . 0 2 - 2 1 16 - 2 1 32 - 2 1 36 - 2 1 49 - 2 1 54 - 2 1 66 - 2 1 72 - 2 1 84 - 2 1 92 - 2 2 11 - 2 2 21 - 2 2 53 - 2 4 40 - 2 4 99 - 2 5 69 - 2 6 43 - 2 Q 
2 . 1 2 4 1 .64 4 1 34 4 1 08 4 1 03 4 8 72 3 8 19 3 7 11 3 6 60 3 5 82 3 5 35 3 4 36 3 3 98 3 2 95 3 7 67 2 5 47 2 3 81 2 2 69 2 K 
1 . 5 5 3 1 .17 3 9 39 2 7 42 2 7 03 2 5 91 2 5 53 2 4 75 2 4 39 2 3 84 2 3 51 2 2 83 2 2 56 2 1 87 2 4 59 1 3 24 1 2 23 1 1 56 1 L 
9 . 1 6 1 6 . 8 9 1 5 50 1 4 32 1 4 08 1 3 42 1 3 19 1 2 73 1 2 52 1 2 20 1 2 00 1 1 60 1 1 45 1 1 05 1 2 48 1 74 1 19 8 20 - 1 M 
0 . 0 0 . 0 O 0 O 0 0 O O 0 0 0 0 0 O 0 O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N 

2 . 2 8 4 1 . 7 7 4 1 44 4 1 16 4 1 10 4 9 35 3 8 77 3 7 61 3 7 06 3 6 23 3 5 72 3 4 66 3 4 25 3 3 14 3 8 15 2 5 81 2 4 05 2 2 85 2 T 

7 . 6 3 - 3 9 . 2 6 - 3 1 07 - 2 1 23 - 2 1 26 - 2 1 39 - 2 1 44 - 2 1 56 - 2 1 63 - 2 1 74 - 2 1 82 - 2 2 02 - 2 2 11 - 2 2 44 - 2 4 31 - 2 4 90 - 2 5 60 - 2 6 35 - 2 Q 

2 . 5 5 4 1 . 9 9 4 1 62 4 1 31 4 1 25 4 1 06 4 9 97 3 8 66 3 8 05 3 7 11 3 6 53 3 5 34 3 4 87 3 3 62 3 9 52 2 6 81 2 4 76 2 3 36 2 K 
2 . 0 4 3 1 . 5 4 3 1 24 3 9 81 2 9 29 2 7 82 2 7 31 2 6 29 2 5 81 2 5 09 2 4 65 2 3 75 2 3 40 2 2 49 2 6 14 1 4 34 1 3 0 0 1 2 09 1 L 
1 . 3 6 2 1 . 0 3 2 8 21 1 6 46 1 6 11 1 5 13 1 4 78 1 4 10 1 3 78 1 3 30 1 3 Ol 1 2 41 1 2 19 1 1 59 1 3 79 2 66 1 82 1 26 M 
O.O O.O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 O 0 0 O 0 0 0 N 

2 . 7 7 4 2 . 1 5 4 1 76 4 1 41 4 1 34 4 1 15 4 1 08 4 9 33 3 8 67 3 7 65 3 7 03 3 5 74 3 5 23 3 3 88 3 1 02 3 7 27 2 5 07 2 3 58 2 T 

6 . 6 4 - 3 8 . 2 6 - 3 9 66 - 3 1 13 - 2 1 16 - 2 1 29 - 2 1 34 - 2 1 46 - 2 1 53 - 2 1 64 - 2 1 72 - 2 1 92 - 2 2 02 - 2 2 34 - 2 4 22 - 2 4 81 - 2 5 51 - 2 6 26 - 2 Q 

3 . 0 4 4 2 . 3 7 4 1 94 4 1 57 4 1 49 4 1 27 4 1 20 4 1 04 4 9 69 3 8 57 3 7 88 3 6 45 3 5 89 3 4 39 3 1 17 3 8 36 2 5 85 2 4 14 2 K 
2 . 6 5 3 2 . 0 1 3 1 62 3 1 28 3 1 21 3 1 02 3 9 56 2 8 22 2 7 60 2 6 66 2 6 0 9 2 4 91 2 4 46 2 3 26 2 8 11 1 5 74 1 3 97 1 2 78 1 L 
1.95 2 1 . 4 7 2 1 18 2 9 29 1 8 79 1 7 38 1 6 89 1 5 91 1 5 45 1 4 77 1 4 35 1 3 49 1 3 17 1 2 30 1 5 54 3 89 2 67 1 86 M 
O.O 0 . 0 0 0 0 0 O O 0 0 0 0 O 0 O 0 0 O O 0 0 0 0 0 O 0 0 0 O O O O 0 O N 

3 . 3 2 4 2 . 5 8 4 2 11 4 1 71 4 1 62 4 1 38 4 1 30 4 1 13 4 1 05 4 9 29 3 8 53 3 6 97 3 6 37 3 4 74 3 1 25 3 8 97 2 6 28 2 4 44 2 T 

5 . 6 0 - 3 7 . 2 3 - 3 8 62 - 3 1 02 - 2 1 06 - 2 1 19 - 2 1 24 - 2 1 36 - 2 1 43 - 2 1 54 - 2 1 62 - 2 1 82 - 2 1 91 - 2 2 24 - 2 4 12 - 2 4 72 - 2 5 42 - 2 6 17 - 2 Q 
3. 58 4 

|K 
, 2 . 7 9 4 2 29 4 1 86 4 1 77 4 1 51 4 1 42 4 1 24 4 1 15 4 1 02 4 9 39 3 7 70 3 7 04 3 5 26 3 1 41 3 1 Ol 3 7 11 2 5 05 2 K 

3 . 2 7 3 , 2 . 4 8 3 2 OO 3 1 58 3 1 50 3 1 .26 3 1 18 3 1 02 3 9 40 2 8 24 2 7 53 2 6 08 2 5 53 2 4 05 2 1 Ol 2 7 17 1 4 96 1 3 48 1 L 
2 . 7 0 2 1 2 . 0 4 2 1 64 2 1 29 2 1 22 2 1 03 2 9 61 1 8 25 1 7 61 1 6 66 1 6 08 1 4 89 1 4 43 1 3 23 1 7 84 5 52 3 79 2 64 M 
0 . 0 1 0 . 0 O O 0 0 0 0 0 O O O 0 0 O 0 0 0 0 0 O 0 0 0 0 0 O 0 O 0 0 0 0 O N 

3 . 9 3 4 1 3 . 0 6 4 2 51 4 2 03 4 1 93 4 1 65 4 1 55 4 1 35 4 1 25 4 1 11 4 1 02 4 8 36 3 7 64 3 5 69 3 1 52 3 1 10 3 7 64 2 5 42 2 T 

4 . 4 8 - 3 1 6 . 1 0 - 3 7 50 - 3 9 11 - 3 9 49 - 3 1 08 - 2 1 13 - 2 1 25 - 2 1 32 - 2 1 43 - 2 1 51 - 2 1 71 - 2 1 80 - 2 2 13 - 2 4 02 - 2 4 61 - 2 5 32 - 2 6 08 - 2 Q 



CrKal 

5 . 4 1 5 

CrKßl 
5 . 9 4 7 

FeKal 
6 . 4 0 4 

CoKal 
6 . 9 3 0 

FeKßl 
7 . 0 5 8 

NiKCll 
7 . 4 7 8 

CoKßl 
7 . 6 4 9 

CuKal 
8 . 0 4 8 

NiKßl 
8 . 2 6 5 

ZnKal 
8 . 6 3 9 

CuKßl 

8 . 9 0 5 

ZnKßl 
9 . 5 7 2 

GeKal 
9 . 8 8 6 

GeKßl 
1 0 . 9 8 2 

MoKal 
1 7 . 4 7 9 

MoKßl 
1 9 . 6 0 8 

AgKal 
2 2 . 1 6 3 

AgKßl 
2 4 . 9 4 2 

4 16 4 3 . 26 4 2 68 4 2 .17 4 2 .07 4 1 .77 4 1 .67 4 1 . 46 4 1 36 4 1 20 4 1 11 4 9 09 3 8 32 3 6 23 3 1 69 3 1 22 3 8 54 2 6 08 2 K 
4 35 3 3 .31 3 2 . 66 3 2 .11 3 2 • OO 3 1 . 69 3 1 . 58 3 1 . 3 6 3 1 26 3 1 10 3 1 Ol 3 8 16 2 7 42 2 5 44 2 1 37 2 9 71 1 6 73 1 4 73 1 L 
3 65 2 2 76 2 2 22 2 1 75 2 1 66 2 1 39 2 1 30 2 1 12 2 1 03 2 9 05 1 8 26 1 6 65 1 6 04 1 4 40 1 1 08 1 7 60 5 23 3 65 M 
0 0 0 0 0 0 0 0 O 0 O 0 0 0 O 0 o 0 O O O O O O O 0 O O O O O O O O O O N 

4 63 4 3 62 4 2 97 4 2 40 4 2 28 4 1 96 4 1 84 4 1 60 4 1 49 4 1 32 4 1 22 4 9 97 3 9 12 3 6 82 3 1 83 3 1 32 3 9 27 2 6 59 2 T 

3 41 - 3 5 04 - 3 6 43 - 3 
L 8 _ 

04 - 3 8 43 - 3 9 70 - 3 1 02 - 2 1 14 - 2 1 21 - 2 1 32 - 2 1 40 - 2 1 60 - 2 1 70 - 2 2 03 - 2 3 92 - 2 4 52 - 2 5 22 - 2 5 98 - 2 Q 

0 . O 3 . 77 4 3 . l o 4 2 . 52 4 1 2 40 4 2 . 06 4 1 94 4 1 70 4 1 58 4 1 40 4 1 29 4 1 06 4 9 74 3 7 31 3 2 00 1 1 44 3 1 02 3 7 24 2 K 
5 . 44 3 4 . 14 3 3 . 33 3 2 . 65 3 1 2 51 3 2 . 12 3 1 98 3 1 71 3 1 58 3 1 39 3 1 27 3 1 03 3 9 32 2 6 84 2 1 73 2 1 23 2 8 54 1 6 Ol 1 L 
4 . 81 2 3 . 64 2 2 . 93 2 2 . 32 2 1 2 19 2 1 85 2 1 73 2 1 48 2 1 37 2 1 20 2 1 IO 2 8 84 1 8 03 1 5 86 1 1 45 1 1 02 1 7 04 4 92 M 
0 0 O. O O. 0 O. O 1 ° 0 O. O 0 O o 0 0 0 0 0 O 0 O 0 0 0 0 0 0 0 0 0 0 0 0 O N 

5 92 3 4 . 22 4 3 . 47 4 2 81 4 1 2 68 4 2 29 4 2 16 4 1 88 4 1 75 4 1 55 4 1 43 4 1 18 4 1 08 4 8 05 3 2 19 3 1 58 3 1 11 3 7 89 2 T 

1 65 - 2 3 . 87 - 3 5 . 27 - 3 6 . 87 - 3 1 7 
1 

26 - 3 8 54 - 3 9 06 - 3 1 03 - 2 1 09 - 2 1 21 - 2 1 29 - 2 1 49 - 2 1 58 - 2 1 91 - 2 3 81 - 2 4 41 - 2 5 12 - 2 5 88 - 2 Q 

0 0 0 . 0 3 . 56 4 2 90 4 2 77 4 2 38 2 24 4 1 96 4 1 83 4 1 62 4 1 50 4 1 23 4 1 13 4 8 50 3 2 35 3 1 . 7 0 3 1 . 2 0 3 8 56 2 K 
6 60 3 5 . 02 3 4 . 05 3 3 . 21 3 3 05 3 2 57 3 1 2 41 3 2 08 3 1 92 3 1 69 3 1 54 3 1 25 3 1 14 3 8 34 2 2 12 2 1 .51 2 1 .05 2 7 38 1 L 
6 21 2 4 . 72 2 3 . 79 2 3 00 2 2 84 2 2 40 2 1 2 24 2 1 93 2 1 78 2 1 56 2 1 43 2 1 15 2 1 05 2 7 64 1 1 90 1 1 34 1 9 .28 6 50 M 
0 0 0 . 0 0 . 0 0 0 0 0 0 O 1 0 O o 0 0 0 0 0 0 0 0 O 0 O 0 0 0 0 O 0 0 0 0 0 N 

7 22 3 5 49 3 4 Ol 4 3 25 4 3 10 4 2 66 4 1 2 50 4 2 19 4 2 03 4 1 81 4 1 66 4 1 37 4 1 25 4 9 41 3 2 58 3 1 86 3 1 .31 3 9 36 2 T 

1 63 - 2 1 . 80 - 2 4 03 - 3 5 63 - 3 6 02 - 3 7 30 - 3 ' 7 82 - 3 9 03 - 3 9 69 - 3 1 . 08 - 2 1 16 - 2 1 37 - 2 1 46 - 2 1 79 - 2 3 69 - 2 4 29 - 2 5 Ol - 2 5 77 - 2 Q 

0 0 0 0 O. 0 3 31 4 3 16 4 2 72 4 2 56 4 2 24 4 2 09 4 ' 1 86 4 1 72 4 1 42 4 1 30 4 9 80 3 2 73 3 1 98 3 1 40 3 1 OO 2 K 
7 87 3 5 99 3 4 83 3 3 84 3 3 64 3 3 08 3 2 88 3 2 48 3 2 30 3 1 2 02 3 1 85 3 1 49 3 1 36 3 9 99 2 2 55 2 1 81 2 1 26 2 8 90 1 h 
7 89 2 6 OO 1 4 83 2 3 83 2 3 62 2 3 06 2 2 86 2 2 46 2 2 28 2 1 2 OO 2 1 82 2 1 . 47 2 1 34 2 9 79 1 2 44 1 1 73 1 1 20 1 8 41 M 
0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 o O o 0 o . 0 0 0 0 O o 0 0 0 0 0 0 0 N 

8 65 3 6 59 3 5 31 3 3 73 4 3 56 4 3 06 4 2 88 4 2 52 4 2 34 4 1 2 08 4 1 92 4 1 . 58 4 1 45 4 1 09 4 3 Ol 3 2 18 3 1 54 3 1 10 3 T 

1 61 - 2 1 78 - 2 1 93 - 2 4 33 - 3 4 72 - 3 6 OO - 3 6 52 - 3 7 74 - 3 8 39 - 3 !9-53 - 3 1 03 - 2 1 . 24 - 2 1 33 - 2 1 66 - 2 3 57 - 2 4 17 - 2 4. 89 - 2 5 65 - 2 Q 

0 0 0 0 0 0 0 O 0 .O 3 08 4 2 91 4 2 55 4 2 38 4 2 12 4 1 96 4 1 1 62 4 1 48 4 1 12 4 3 15 3 2 . 29 3 1 .63 3 1 17 3 K 
9 15 3 6 97 3 5 62 3 4 47 3 4 .24 3 3 58 3 3 35 3 2 89 3 2 68 3 2 35 3 2 15 3 1 1 74 3 1 59 3 1 17 3 2 98 2 2 13 2 1 .48 2 1 05 2 L 
9 87 2 7 51 2 6 05 2 4 80 2 4 .55 2 3 84 2 3 59 2 3 09 2 2 86 2 2 51 2 2 30 2 1 1 85 2 1 69 2 1 24 2 3 10 1 2 20 1 1 .53 1 1 07 1 M 
0 0 0 O 0 0 O 0 0 . 0 O O 0 0 0 O 0 0 0 0 O 0 1 0 0 o 0 0 0 0 0 0 . 0 0 . 0 0 0 N 

1 Ol 4 7 72 3 6 23 3 4 95 3 4 69 3 3 48 4 3 28 4 2 87 4 2 67 4 2 38 4 2 19 4 1 1 81 4 1 66 4 1 25 4 3 48 3 2 53 3 1 . 79 3 1 28 3 T 

1 59 - 2 1 76 - 2 1 91 - 2 2 07 - 2 2 11 - 2 4 62 - 3 5 14 - 3 6 35 - 3 7 Ol - 3 8 15 - 3 8 96 - 3 ! 1 10 - 2 1 19 - 2 1 52 - 2 3 44 - 2 4 04 - 2 4 76 - 2 5 53 - 2 Q 
L 

69 0 0 0 0 0 0 0 0 0 0 O 0 0 O 2 88 4 2 69 4 2 39 4 2 21 4 l" 83 4 ; I 68 4 1 27 4 3 62 3 2 63 3 1 87 3 1 34 3 K 
1 05 4 7 99 3 6 45 3 5 13 3 4 87 3 4 11 3 3 85 3 3 32 3 3 08 3 2 70 3 2 47 3 2 Ol 3 1 i 82 3 1 34 3 3 44 2 2 45 2 1 71 2 1 21 2 L 
1 22 3 9 28 2 7 48 2 5 94 2 5 63 2 4 76 2 4 45 2 3 83 2 3 55 2 3 11 2 2 85 2 2 30 2 1 2 09 2 1 54 2 3 87 1 2 75 1 1 91 1 1 34 1 M 
o 0 O 0 O 0 O 0 0 O O O O O 0 O 0 0 0 0 0 0 0 O 1 0 0 0 0 0 0 0 0 0 0 0 0 N 

1 17 4 8 92 3 7 20 3 5 72 3 5 43 3 4 59 3 4 30 3 3 25 4 3 03 4 2 70 4 2 49 4 2 06 4 1 1 89 4 1 42 4 4 OO 3 2 91 3 2 06 3 1 48 3 T 

1 57 - 2 1 74 - 2 1 89 - 2 2 05 - 2 2 09 - 2 2 23 - 2 2 28 - 2 4 90 - 3 5 56 - 3 6 70 - 3 7 51 - 3 9 53 - 3 L 1 . 05 - 2 1 38 - 2 3 30 - 2 3 91 - 2 4 63 - 2 5 40 - 2 Q 
0 0 0 0 O 0 0 O 0 O 0 0 O 0 O 0 O O 2 69 4 2 49 4 2 06 4 i ~9Ö" 44 4 4 12 3 3 Ol 3 2 14 3 1 54 3 K 
1 20 4 9 .12 3 7 37 3 5 86 3 5 56 3 4 70 3 4 40 3 3 80 3 3 52 3 3 09 3 2 83 3 2 29 3 2 09 3 1 1 54 3 3 95 2 2 82 2 1 97 2 1 39 2 L 
1 .49 3 1 .13 3 9 14 2 7 27 2 6 89 2 5 82 2 5 45 2 4 70 2 4 35 2 3 82 2 3 49 2 2 83 2 2 57 2 1 1 89 2 4 78 1 3 40 1 2 36 1 1 67 1 M 
0 • O 0 . 0 O 0 0 0 0 0 0 0 0 O 0 0 0 0 O 0 0 0 0 0 O 0 1 0 O O O O O O O 0 0 N 

1 .34 4 1 . 03 4 8 .28 3 6 .59 3 6 25 3 5 28 3 4 95 3 4 27 3 3 95 3 3 04 4 2 81 4 2 32 4 2 13 4 1 1 61 4 4 56 3 3 32 3 2 36 3 1 70 3 T 

1 .55 - 2 1 .72 - 2 1 .87 - 2 2 .03 - 2 2 07 - 2 2 20 - 2 2 26 - 2 2 38 - 2 2 45 - 2 5 19 - 3 6 0 0 - 3 8 03 - 3 8 98 
- 3 ! . 1 

23 - 2 3 15 - 2 3 77 - 2 4 49 - 2 5 26 - 2 Q 
0 . 0 0 .O 0 .O 0 .O O 0 O O O 0 O O 0 O O 0 O 0 2 31 4 2 12 

i— _ 
4 1 'ei 4 67 3 3 41 3 2 43 3 1 76 3 K 

1 .37 4 1 . 0 5 4 8 .44 3 6 . 72 3 6 37 3 5 39 3 5 05 3 4 36 3 4J04 3 3 55 3 3 25 3 2 63 3 2 40 3 1 77 3 1 4 55 2 3 25 2 2 27 2 1 61 2 L 
1 . 8 0 3 1 . 37 3 1 .11 3 8 . 8 0 2 8 35 2 7 05 2 6 60 2 5 70 2 5 27 2 4 63 2 4 24 2 3 43 2 3 12 2 2 29 2 5 83 1 4 15 1 2 89 1 2 04 1 M 
0 .O 0 . 0 0 . 0 O . 0 O O O 0 O O O O 9 02 1 6 86 1 o O 0 0 0 0 0 O 1 

I 0 O 0 0 9 02 1 6 86 1 N. 

1 . 5 5 4 1 .18 4 9 .55 3 7 . 6 0 3 7 21 3 6 10 3 5 71 3 4 93 3 4 65 3 4 08 3 3 67 3 2 61 4 2 39 4 1 81 
1 

4 1 5 18 3 3 78 3 2 78 3 2 Ol 3 T 

1 . 52 - 2 1 . 7 0 - 2 1 .84 - 2 2 . 0 1 - 2 2 05 - 2 2 18 - 2 2 24 - 2 2 36 - 2 2 38 - 2 2 50 - 2 2 62 - 2 6 49 - 3 7 44 - 3 1 08 - 2 I 3 Ol - 2 3 62 - 2 4 21 - 2 4 95 - 2 Q 



CrKcxl CrKßl FeKal coKal FeKßl NiKal CoKgl CuKal NiKßl 
5 - 4 1 5 5 . 9 4 7 6 . 4 0 4 6 . 9 1 0 7 . 0 5 8 7 . 4 7 8 7 . 6 4 9 8 . 0 4 8 8 . 2 6 5 

0 . 0 0 0 0 0 0 0 0 0 O 0 0 o 0 0 0 0 
1 .57 4 1 20 4 9 68 3 7 71 3 7 32 3 6 19 3 5 80 3 5 Ol 3 4 64 3 
2 . 1 5 3 1 64 3 1 33 3 1 05 3 1 00 3 8 46 2 7 92 2 6 83 2 6 32 2 
5 . 5 3 1 4 38 1 4 15 1 3 50 1 3 27 1 2 82 1 2 60 1 2 28 1 1 40 2 
1 . 7 9 4 1 37 4 1 11 4 8 80 3 8 35 3 7 06 3 6 62 3 5 71 3 5 41 3 
1 . 4 9 - 2 1 67 - 2 1 81 - 2 1 98 - 2 2 02 - 2 2 15 - 2 2 20 - 2 2 33 - 2 2 34 - 2 
0 . 0 0 0 O O 0 0 0 O 0 0 0 0 0 O 0 O 
1 .81 4 1 38 4 1 12 4 8 90 3 8 45 3 7 15 3 6 70 3 5 79 3 5 36 3 
2 . 6 8 3 2 05 3 1 65 3 1 32 3 1 25 3 1 06 3 9 91 2 8 55 2 7 92 2 
9 . 0 2 1 6 86 1 5 53 1 4 38 1 4 15 1 3 50 1 3 27 1 2 82 1 2 60 1 
2 . 0 9 4 1 59 4 1 29 4 1 03 4 9 74 3 8 24 3 7 72 3 6 67 3 6 18 3 

1 . 4 6 - 2 1 63 - 2 1 78 - 2 1 95 - 2 1 99 - 2 2 12 - 2 2 17 - 2 2 30 - 2 2 36 - 2 

O.O 0 0 0 0 0 O 0 0 0 0 0 0 0 0 O O 
2 . 0 7 4 1 58 4 1 28 4 1 02 4 9 68 3 8 20 3 7 68 3 6 64 3 6 15 3 
2 . 8 1 3 2 15 3 1 73 3 1 38 3 1 31 3 1 11 3 1 04 3 8 96 2 8 30 2 
1 . 4 0 2 1 06 2 8 47 1 6 68 1 6 32 1 5 31 1 4 96 1 4 25 1 3 92 1 

2 . 3 6 4 1 81 4 1 46 4 1 17 4 1 11 4 9 36 3 8 77 3 7 57 3 7 02 3 

1 .44 - 2 1 62 - 2 1 76 - 2 1 93 - 2 1 97 - 2 2 11 - 2 2 16 - 2 2 29 - 2 2 36 - 2 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 . 3 5 4 1 80 4 1 45 4 1 16 4 1 10 4 9 32 3 8 73 3 7 54 3 6 99 3 
3 . 9 0 3 2 99 3 2 42 3 1 93 3 1 83 3 1 55 3 1 46 3 1 26 3 1 17 3 
2 . 1 4 2 1 61 2 1 28 2 1 Ol - 2 9 50 1 7 95 1 1 41 1 6 34 1 5 84 1 
2 . 7 6 4 2 11 4 1 71 4 1 36 4 1 29 4 1 10 4 1 03 4 8 87 3 8 21 3 

1 .38 - 2 1 56 - 2 1 70 - 2 1 87 - 2 1 91 - 2 2 05 - 2 2 10 - 2 2 22 - 2 2 29 - 2 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 . 6 7 4 2 04 4 1 65 4 1 32 4 1 25 4 1 06 4 9 94 3 8 59 3 7 96 3 
4 . 1 8 3 3 20 3 2 59 3 2 07 3 1 96 3 1 66 3 1 56 3 1 35 3 1 25 3 
3 . 2 1 2 2 40 2 1 90 2 1 49 2 1 41 2 1 17 2 1 09 2 9 32 1 8 57 1 

3 . 1 2 4 2 39 4 1 93 4 1 54 4 1 46 4 1 24 4 1 16 4 1 OO 4 9 30 3 

1 . 3 6 - 2 1 53 - 2 1 68 - 2 1 85 - 2 1 89 - 2 2 03 - 2 2 08 - 2 2 21 - 2 2 28 - 2 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 . 0 0 4 2 30 4 1 86 4 1 49 4 1 41 4 1 20 4 1 12 4 9 69 3 8 98 3 
4 . 5 3 3 3 47 3 2 81 3 2 24 3 2 13 3 1 80 3 1 69 3 1 46 3 1 35 3 
4 . 7 1 2 3 51 2 2 78 2 1 17 2 2 04 2 1 70 2 1 58 2 1 35 2 1 24 2 

3 . 5 0 4 2 68 4 2 17 4 1 .73 4 1 64 4 1 39 4 1 31 4 1 13 4 1 05 4 

1 . 3 3 - 2 1 .51 - 2 1 66 - 2 1 .83 - 2 1 87 - 2 2 00 - 2 2 06 - 2 2 18 - 2 2 25 - 2 

0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 . 2 8 4 2 .51 4 2 04 4 1 .63 4 1 54 4 1 31 4 1 23 4 1 06 4 9 83 3 
5 . 2 5 3 4 .02 3 3 26 3 2 . 6 0 3 2 47 3 2 09 3 1 96 3 1 70 3 1 57 3 
6 . 7 7 2 5 .03 2 3 .98 2 3 . 1 0 2 2 92 2 2 43 2 2 26 2 1 92 2 1 76 2 

3 .87 4 2 .97 4 2 40 4 1 .92 4 1 82 4 1 54 4 1 45 4 1 25 4 1 16 4 

1 . 2 9 - 2 1 .47 - 2 1 62 - 2 1 . 79 - 2 1 83 - 2 1 96 - 2 2 02 - 2 2 14 - 2 2 21 - 2 

0 . 0 0 .0 O 0 0 0 0 0 0 0 0 0 0 0 O 0 
3 . 7 5 4 2 .87 4 2 33 4 1 86 4 1 77 4 1 50 4 1 41 4 1 22 4 1 13 4 
6 . 1 6 3 4 .73 3 3 83 3 3 .06 3 2 91 3 2 46 3 2 31 3 2 00 3 1 85 3 
8 . 5 8 2 6 . 39 2 5 06 2 3 94 2 3 72 2 3 10 2 2 88 2 2 45 2 2 25 2 

4 . 4 5 4 3 .41 4 2 76 4 2 21 4 2 10 4 1 78 4 1 67 4 1 44 4 1 34 4 

1 .24 - 2 1 .42 - 2 1 57 - 2 1 74 - 2 1 78 - 2 1 92 - 2 1 97 - 2 2 10 - 2 2 17 - 2 

ZnKal CuKgl ZnKßl GeKal GeKßl MoKcxl MoKßl AgKal AgKßl l i n e 
8 639 8 905 9 572 9 .886 l O . 9 8 2 1 7 . 4 7 9 19 .608 22. 163 2 4. 942 KeV -

O 0 0 0 0 0 2 .37 4 1 . 8 0 4 ' 5 . 2 6 3 3 .85 3 2 . 7 5 3 1 .99 3 K 
4 08 3 3 73 3 3 03 3 2 .76 3 2 .03 3 1 5 . 2 5 2 3 . 7 6 2 2 . 6 3 2 1 .86 2 L 
5 56 2 5 .09 2 4 .12 2 3 . 7 5 2 2 . 76 2 1 7 . 0 5 1 5 .02 1 3 . 5 0 1 2 .47 1 M 
1 06 2 5 .53 1 4 .38 1 4 .15 1 3 . 5 0 1 1 3 . 2 7 1 2 . 82 1 1 . 4 0 2 1 .06 N 
4 74 3 4 . 3 0 3 3 .49 3 2 . 68 4 2 .04 4 ' 5 . 8 8 I 3 4 . 3 0 3 3 . 1 9 3 2 .31 3 T 
2 47 - 2 2 .57 - 2 2 .77 - 2 5 .86 - 3 9 . 18 - 3 . 2 . 8 4 - 2 3 .45 - 2 4 . 0 2 - 2 4 .75 - 2 Q 
0 0 0 . 0 0 . 0 O . 0 2 . 0 0 4 | 5 . 8 9 3 4 . 32 3 3 . 1 0 3 2 .24 3 K 
4 72 3 4 .32 3 3 .51 3 3 .19 3 2 . 3 5 3 | 6 . 1 0 2 4 . 36 2 3 . 0 5 2 2 .16 2 L 
6 97 2 6 .38 2 5 .17 2 4 .71 2 3 .47 2 . 8 . 9 0 1 6 .35 1 4 . 4 3 1 3 .13 1 M 
2 28 1 2 08 1 1 .68 1 1 .52 1 1 .11 1 2 . 6 9 1 . 88 1 . 2 8 8 .87 - 1 N 
5 .43 3 4 .98 3 4 .04 3 3 .68 3 2 .27 4 j 6 . 5 9 3 4 82 3 3 . 4 5 3 2 .49 3 T 
2 .48 - 2 2 56 - 2 2 .76 - 2 2 .86 - 2 7 . 6 0 - 3 | 2 . 7 0 - 2 3 32 - 2 4 . 0 5 - 2 4 .83 - 2 e 
O O 0 0 O 0 0 . 0 K O .O UÄ6 3 4 82 3 3 . 4 7 3 2 .51 3 K 
5 41 3 4 96 3 4 02 3 3 .66 3 2 . 7 0 3 1 7 .02 2 5 03 2 3 . 5 2 2 2 . 5 0 2 L, 
7 30 2 6 68 2 5 42 2 4 .93 2 3 .63 2 | 9 . 3 2 1 6 65 1 4 . 6 4 1 3 .28 1 M 
3 43 1 3 13 1 2 51 1 2 .27 1 1 .65 1 | 3 . 9 2 2 74 1 . 8 6 1 .28 N 
6 17 3 5 65 3 4 59 3 4 .18 3 3 08 3 1 7 . 3 6 3 5 39 3 3 . 8 7 3 2 80 3 T 
2 47 - 2 2 56 - 2 2 76 - 2 2 86 - 2 3 .19 - 2 ' 2 . 5 4 | - 2 3 16 - 2 3 . 8 9 - 2 4 68 - 2 Q 
0 0 O 0 0 0 0 0 0 0 . 7 . 2 8 3 5 36 3 3 . 8 6 3 2 80 3 K 
6 15 3 5 64 3 4 58 3 4 17 3 3 .08 3 8 . 0 2 2 5 74 2 4 . 0 3 2 2 86 2 L 
1 03 3 9 40 2 7 64 2 6 96 2 5 13 2 1 1 .33 2 9 50 1 6 . 6 5 1 4 71 1 M 
5 09 1 4 63 1 3 70 1 3 35 1 2 42 1 1 5 . 6 3 3 92 2 . 6 6 1 83 N 
7 23 3 6 62 3 5 38 3 4 90 3 3 62 3 8 . 2 2 3 6 03 3 4 . 3 3 3 3 14 3 T 
2 41 - 2 2 49 - 2 2 69 - 2 2 79 - 2 3 12 - 2 j 2 . 37 - 2 3 00 - 2 3 . 7 3 - 2 4 52 - 2 Q 
0 0 0 0 0 O 0 O 0 0 I 8 . 0 4 3 5 93 3 4 . 2 8 3 3 11 3 K 
7 Ol 3 6 43 3 5 22 3 4 76 3 3 51 3 | 9 . 1 7 2 6 57 2 4 . 6 1 2 3 27 2 L 
1 10 3 1 Ol 3 8 17 2 7 44 2 5 49 2 I 1 . 4 2 2 1 02 2 7 . 1 2 1 5 04 1 M 
7 46 1 6 78 1 5 40 1 4 88 1 3 50 1 . 7 . 9 9 5 54 3 . 7 4 2 56 N 
8 18 3 7 50 3 6 09 3 5 55 3 4 10 3 | 9 . 1 1 3 6 70 3 

Ol co 3 49 3 T 
2 39 - 2 2 48 - 2 2 68 - 2 2 78 - 2 3 11 - 2 1 2 . 2 0 - 2 2 83 - 2 3 . 5 7 - 2 4 36 - 2 Ö 
0 0 0 0 O 0 0 0 0 0 8 . 8 4 3 6 54 3 4 . 7 2 3 3 44 3 K 
7 91 3 7 25 3 5 89 3 5 37 3 3 97 3 • 1 . 0 4 3 7 44 2 5 . 2 2 2 3 71 2 L 
1 19 3 1 09 3 8 85 2 8 06 2 5 95 2 1 1 . 5 4 2 1 10 2 7 . 7 2 1 5 47 1 M 
1 08 2 9 77 1 7 76 1 7 00 1 5 OO 1 1 1 . 1 2 1 7 74 5 . 2 1 3 55 N 
9 20 3 8 43 3 6 85 3 6 24 3 4 61 3 1 1.00 4 7 40 3 5 . 3 3 3 3 87 3 T 
2 37 - 2 2 45 - 2 2 66 - 2 2 76 - 2 3 09 - 2 2 . 0 2 - 2 2 65 - 2 3 . 3 9 - 2 4 19 - 2 Q 
0 0 0 0 0 0 0 0 0 0 | 9 . 6 9 3 7 18 3 5 . 2 0 3 3 80 3 K 
8 66 3 7 94 3 6 45 3 5 88 3 4 35 3 • 1 . 1 4 3 8 18 2 5 . 7 4 2 4 08 2 L 
1 38 3 1 27 3 1 03 3 9 38 2 6 93 2 1 . 8 0 2 1 29 2 9 . 0 3 1 6 41 1 M 
1 53 2 1 39 2 1 10 2 9 90 1 7 05 1 1 1 . 5 6 1 1 07 1 7 . 1 7 4 87 N 
1 02 4 9 35 3 7 59 3 6 92 3 5 11 3 1 . 1 0 4 8 13 3 5 . 8 6 3 4 27 3 T 
2 33 - 2 2 41 - 2 2 62 - 2 2 71 - 2 3 05 - 2 

i 2 46 - 2 3 . 2 1 - 2 4 00 - 2 Q 
0 0 0. 0 o 0 0 0 0 0 1 . 0 6 4 1 7 85 3 5 . 7 0 3 4 17 3 K 
9 93 3 9 11 3 7 41 3 6 75 3 5 0 0 3 1 .31 3 1 9 42 2 6 . 6 2 2 4 71 2 L 1 63 3 1. 49 3 1 21 3 1 11 3 8 18 2 2 . 1 3 2 1 1 53 2 1 .07 2 7 60 1 M 1 95 2 1. 77 2 1 41 2 1 27 2 9 03 1 2 . 0 0 1 . 1 38 1 9 . 2 2 6 27 N 
1 18 4 1 08 4 8 76 3 7 98 3 5 90 3 1 . 2 1 4 | 8 . 96 3 6 . 4 7 3 4 . 72 3 T 
2 29 - 2 2 . 37 - 2 2 58 - 2 2 68 - 2 3 Ol - 2 1 . 6 5 - 2 1 2 . 28 - 2 3 . 0 3 - 2 3 . 83 - 2 Q 



z CrKal CrKßl FeKal CoKal FeKßl NiKal CoKßl CuKal NiKßl ZnKal CuKßl ZnKßl GeKal GeKßl MoKal MoKßl AgKal AgKßl l i n e 

5 . 4 1 5 5 . 9 4 7 6 . 4 0 4 6 . 9 3 0 7 . 0 5 8 7 . 4 7 8 7 . 6 4 9 8 . 0 4 8 8 . 2 6 5 8 . 6 3 9 8 . 9 0 5 9 . 5 7 2 9 . 8 8 6 1 0 . 9 8 2 1 7 . 4 7 9 19 .608 2 2 . 1 6 3 2 4 . 9 4 2 keV 

0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 . 0 0 0 0 . 0 0 . 0 1 .15 4 8 .56 3 6 .22 3 4 .56 3 K 
4 17 4 3 20 4 2 60 4 2 08 4 1 97 4 1 67 4 1 57 4 1 36 4 1 26 4 1 .11 4 1 . 0 2 4 8 27 3 7 . 54 3 5 .58 3 1 .47 3 1 . 06 3 7 .42 2 5 .28 2 L 
6 85 3 5 25 3 4 26 3 3 40 3 3 23 3 2 74 3 2 57 3 2 22 3 2 06 3 1 .81 3 1 . 6 6 3 1 35 3 1 .23 3 9 . 1 0 2 2 .38 2 1 .71 2 1 . 2 0 2 8 .49 1 M 
1 07 3 8 00 2 6 34 2 4 95 2 4 . 67 2 3 89 2 3 . 62 2 3 . 08 2 2 83 2 2 . 46 2 2 . 2 3 2 1 .77 2 1 . 6 0 2 1 .14 2 2 .54 1 1 . 74 1 1 .17 1 7 . 96 N 

4 96 4 3 81 4 3 09 4 2 47 4 2 34 4 1 99 4 1 86 4 1 . 61 4 1 49 4 1 . 32 4 1 . 2 1 4 9 80 3 8 .93 3 6 .61 3 1 .33 4 9 . 8 0 3 7 .09 3 5 .18 3 T 

1 21 - 2 1 38 - 2 1 54 - 2 1 71 - 2 1 75 - 2 1 89 - 2 1 94 - 2 2 07 - 2 2 14 - 2 2 . 26 - 2 2 . 3 4 - 2 2 .55 - 2 2 .65 - 2 2 .98 - 2 1 . 46 - 2 2 L _ .09 - 2 2 .84 - 2 3 .65 - 2 Q 
0 O 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 . 0 0 0 0 . 0 0 0 1 . 2 5 4 9 . 3 0 3 1 6 .77 3 4 .97 3 K 
4 63 4 3 56 4 2 89 4 2 31 4 2 19 4 1 86 4 1 75 4 1 51 4 1 40 4 1 .24 4 1 . 1 3 4 9 .23 3 8 .41 3 6 .23 3 1 . 64 3 1 . 18 3 8 .31 2 5 .92 2 L 
7 70 3 5 91 3 4 79 3 3 83 3 3 64 3 3 09 3 2 89 3 2 50 3 2 32 3 2 .05 3 1 . 8 8 3 1 .53 3 1 .39 3 1 03 3 2 .69 2 1 .93 2 1 . 3 6 2 9 .63 1 M 
1 32 3 9 88 2 7 85 2 6 13 2 5 79 2 4 83 2 4 49 2 3 83 2 3 52 2 3 .06 2 2 . 7 8 2 2 21 2 1 .99 2 1 .42 2 3 .17 1 2 . 18 1 1 .47 1 9 .97 N 

5 54 4 4 25 4 3 45 4 2 76 4 2 62 4 2 22 4 2 08 4 1 80 4 1 67 4 1 47 4 1 . 3 5 4 1 . 1 0 4 1 . 0 0 4 7 . 4 0 3 1 . 44 4 1 .07 4 7 . 7 5 3 5 .67 3 T 

1 16 - 2 1 34 - 2 . 1 49 - 2 1 67 - 2 1 71 - 2 1 85 - 2 1 90 - 2 2 03 - 2 2 10 - 2 2 .22 - 2 2 . 3 0 - 2 2 51 - 2 2 .61 - 2 2 .95 - 2 1 . 26 - 2 1 .89 - 2 2 .65 - 2 3 .45 - 2 Q 
0 O 0 O 0 0 0 O 0 0 0 O O O 0 0 o 0 0 0 0 . 0 0 0 O . 0 0 0 0 . 0 . 1 .01 4 7 . 3 5 3 5 . 4 0 3 K 
5 10 4 3 92 4 3 . 18 4 2 55 4 2 42 4 2 05 4 1 93 4 1 67 4 1 55 4 1 36 4 1 . 2 5 4 1 02 4 9 .30 3 6 .89 3 1 . 8 2 3 1 .31 3 9 . 2 2 2 6 .57 2 L 
8 66 3 6 65 3 5 39 3 4 31 3 4 09 3 3 47 3 3 26 3 2 82 3 2 61 3 2 30 3 2 . 1 1 3 1 72 3 1 .57 3 1 15 3 3 .04 2 2 .18 2 1 .53 2 1 .09 2 M 
1 61 3 1 21 3 9 . 59 2 7 50 2 7 09 2 5 91 2 5 51 2 4 lo 2 4 32 2 3 76 2 3 . 4 1 2 2 72 2 2 45 2 1 .75 2 3 .93 1 2 .71 1 1 .82 1 1 .24 1 N 

6 13 4 4 71 4 3 . 82 4 3 05 4 2 90 4 2 46 4 2 31 4 2 00 4 1 85 4 1 63 4 1 . 5 0 4 1 22 4 1 11 4 8 22 3 2 . 16 3 1 . 16 4 8 .44 3 6 .18 3 T 

1 12 - 2 1 30 - 2 1 . 45 - 2 1 63 - 2 1 67 - 2 1 80 - 2 1 86 - 2 1 99 - 2 2 06 - 2 2 18 - 2 2 . 2 6 - 2 2 47 - 2 2 57 - 2 2 91 - 2 4 . 82 - 2 1 .69 
L i 

.45 - 2 3 26 - 2 Q 
o O 0 . 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 O.O 0 0 0 0 0 0 0 . 0 1 .09 4 f .9*5 1 " ! 5 86 3 K 
5 61 4 4 32 4 3 . 51 4 2 81 4 2 67 4 2 27 4 2 13 4 1 84 4 1 71 4 1 51 4 1 . 3 8 4 1 13 4 1 03 4 7 61 3 2 . 02 3 1 .45 3 l 02 3 1 7 28 2 L 
9 97 3 7 66 3 6 22 3 4 97 3 4 72 3 4 Ol 3 3 76 3 3 26 3 3 02 3 2 66 3 2 . 4 4 3 1 99 3 1 81 3 1 34 3 3 .53 2 2 53 2 l 78 2 | 1 27 2 M 
1 94 3 1 46 3 1 16 3 9 08 2 8 58 2 7 17 2 6 68 2 5 70 2 5 25 2 4 57 2 4 . 1 5 2 3 31 2 2 98 2 2 14 2 4 .81 1 3 32 1 2 23 1 | 1 52 1 N 

6 80 4 5 23 4 4 24 4 3 40 4 3 23 4 2 74 4 2 57 4 2 22 4 2 06 4 1 82 4 1 . 6 7 4 1 36 4 1 24 4 9 16 3 2 . 42 • 3 1 .26 4 9 17 3 1 6 72 3 T 

1 07 - 2 1 25 - 2 1 40 - 2 1 58 - 2 1 62 - 2 1 76 - 2 1 81 - 2 1 94 - 2 2 Ol - 2 2 13 - 2 2 . 2 1 - 2 2 42 - 2 2 52 - 2 2 86 - 2 4 77 - 2 1 .48 " 2 < 2 24 - 2 |K3 05 - 2 Q 

o 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 O 0 0 . 0 0 O 0 0 0 O 0 0 0 . 0 8 57 3 1 6 33 3 K 
6 19 4 4 77 4 3 88 4 3 11 4 2 95 4 2 51 4 2 35 4 2 04 4 1 89 4 1 67 4 1 . 5 3 4 1 25 4 1 14 4 8 44 3 2 24 3 1 .61 3 1 14 3 1 8 l o 2 L 
1 IO 4 8 49 3 6 89 3 5 51 3 5 23 3 4 44 3 4 17 3 3 61 3 3 35 3 2 95 3 2 . 7 1 3 2 20 3 2 Ol 3 1 49 3 3 92 2 2 .81 2 1 98 2 1 1 41 2 M 
2 31 3 1 74 3 1 39 3 1 09 3 1 03 3 8 61 2 8 03 2 6 86 2 6 31 2 5 50 2 5 . 0 0 2 3 98 2 3 60 2 2 58 2 5 84 1 4 .03 1 2 71 1 1 1 85 1 N 

7 53 4 5 .79 4 4 70 4 3 76 4 3 58 4 3 04 4 2 85 4 2 47 4 2 29 4 2 02 4 1 . 8 5 4 1 51 4 1 37 4 1 02 4 2 69 3 1 .93 3 9 .94 3 1 7 30 3 T 

1 03 - 2 1 21 - 2 1 36 - 2 1 53 - 2 1 58 - 2 1 71 - 2 1 77 - 2 1 .90 - 2 1 97 - 2 2 09 - 2 2 . 1 7 - 2 2 38 - 2 2 48 - 2 2 82 - 2 4 74 - 2 5 .33 - 2 2 03 - 2 2 85 - 2 2 

0 0 0 0 0 0 0 O 0 O O 0 0 .O O O 0 .O O 0 0 . 0 O O 0 0 0 0 0 0 0 . 0 9 23 3 6 82 3 K 
6 76 4 5 21 4 4 24 4 3 40 4 3 23 4 2 .74 4 2 .57 4 2 .23 4 2 .07 4 1 83 4 1 . 6 8 4 1 37 4 1 25 4 9 25 3 2 46 3 1 .77 3 1 25 3 8 91 2 L 
1 21 4 9 26 3 7 52 3. 6 Ol 3 5 71 3 4 .85 3 4 .55 3 3 .94 3 3 .65 3 3 22 3 2 . 9 5 3 2 40 3 2 19 3 1 62 3 4 28 2 3 08 2 2 16 2 1 54 2 M 
2 73 3 2 06 3 1 65 3 1 29 3 1 22 3 1 .02 3 9 .55 2 8 .17 2 7 .52 2 6 55 2 5 . 9 6 2 4 76 2 4 30 2 3 09 2 7 02 1 4 85 1 3 26 1 2 23 1 N 

8 24 4 6 34 4 5 15 4 4 13 4 3 92 4 3 .33 4 3 .12 4 2 .71 4 2 .51 4 2 21 4 2 . 0 3 4 1 65 4 1 51 4 1 12 4 2 96 3 2 13 3 1 07 4 7 89 3 T 

9 82 - 3 1 16 - 2 1 32 - 2 1 49 - 2 1 53 - 2 1 .67 - 2 1 .73 - 2 1 .86 - 2 1 .93 - 2 2 05 - 2 2 .13 - 2 2 34 - 2 2 44 - 2 2 78 - 2 4 70 - 2 5 30 - 2 1 81 - 2 2 63 - 2 Q 
— I 0 0 0 0 0 0 0 O 0 . 0 0 . 0 0 . 0 O . 0 O 0 0 . 0 0 0 0 0 0 0 0 0 0 0 9 9 0 3 7 33 3 K 

1 5 70 4 4 64 4 3 72 4 3 53 4 3 .OO 4 2 . 82 4 2 . 44 4 2 .27 4 2 00 4 1 . 8 4 4 1 50 4 1 37 4 1 02 4 2 71 3 1 95 3 1 38 3 9 82 2 L 
| 1 02 4 8 29 3 6 .63 3 6 30 3 5 .35 3 5 . 02 3 4 .35 3 4 .03 3 3 55 3 3 . 2 6 3 2 65 3 2 42 3 1 79 3 4 73 2 3 40 2 2 39 2 1 70 2 M 

1 2 . 4 2 3 1 .94 3 1 .52 3 1 .44 3 1 .21 3 1 .13 3 9 .65 2 8 .89 2 7 75 2 7 . 0 6 2 5 64 2 5 10 2 3 67 2 8 38 1 5 79 1 3 90 1 2 66 1 N 

1 6 .96 4 5 .66 4 4 .53 4 4 .31 4 3 . 66 4 3 .43 4 2 .98 4 2 . 76 4 2 43 4 2 . 2 3 4 1 82 4 1 66 4 1 23 4 3 . 26 3 2 35 3 1 . 16 4 8 . 51 3 T 

1 1 . 12 - 2 1 .27 - 2 1 . 4 5 - 2 1 .49 - 2 1 .63 - 2 1 .68 - 2 1 .81 - 2 1 .88 - 2 2 OO - 2 2 . 0 9 - 2 2 30 - 2 2 40 - 2 2 74 - 2 4 . 67 - 2 5 . 27 - 2 1 . 58 - 2 2 . 41 - 2 Q 
1 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 0 0 . 0 O 0 0 0 0 . 0 0 . 0 0 . 0 0 . O 7 . 86 3 K 
1 6 .22 4 5 . 06 4 4 .06 4 3 .86 4 3 . 28 4 3 .08 4 2 .67 4 2 .48 4 2 19 4 2 . 0 1 4 1 64 4 1 50 4 1 . 11 4 2 . 97 3 2 14 3 1 . 51 3 1 . 08 3 L 
1 1 .13 4 9 . 16 3 7 .33 3 6 .96 3 5 .91 3 5 .55 3 4 .81 3 4 .46 3 3 93 3 3 . 6 1 3 2 94 3 2 68 3 1 . 99 3 5 . 26 2 3 78 2 2 . 66 2 1 . 90 2 M 
1 2 . 8 2 3 2 . 26 3 1 .78 3 1 .69 3 1 .41 3 1 . 32 3 1 .13 3 1 .04 3 9 10 2 8 . 2 9 2 6 63 2 6 0 0 2 4 . 32 2 9 . 93 1 6 . 87 1 4 . 63 1 3 . 16 1 N 

1 7 .63 4 6 . 2 0 4 4 .97 4 4 . 72 4 4 . 02 4 3 .77 4 3 .27 4 3 .03 4 2 67 4 2 . 4 5 4 2 0 0 4 1 82 4 1 . 35 4 3 60 3 2 . 59 3 1 . 82 3 9 . 16 3 T 

1 •(2 
1 

•0 L_ 1 .07 - 2 1 .22 - 2 1 .40 - 2 1 .44 - 2 1 .58 - 2 1 .63 - 2 1 .76 - 2 1 .83 - 2 1 96 - 2 2 . 0 4 - 2 2 25 - 2 2 35 - 2 2 . 69 - 2 4 63 - 2 5 23 - 2 5 93 - 2 2 . 18 - 2 Q 



z crKUi LrKpi F eKUI COKUi jt eKpi NlKOU L-OXpi LUKUl NlApi ZnKui CuKpi znKpi oeKpi MOkUi MoKpi AgKUi AgKpl line 
5 . 4 1 5 5 . 9 4 7 6 . 4 0 4 6 930 7 058 7 478 7 649 8 048 8 .265 8 639 8 905 9 572 9 886 1 0 . 9 8 2 1 7 . 4 7 9 1 9 . 6 0 8 2 2 . 1 6 3 2 4 . 9 4 2 keV 

46 0 . 0 O 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 8 . 41 3 K 
' 5 . 5 1 4 4 42 4 4 20 4 3 58 4 3 36 4 2 91 4 2 70 4 2 39 4 2 19 4 1 79 4 1 63 4 1 21 4 3 25 3 2 34 3 1 65 3 1 18 3 L 
1 J . O l 4 8 09 3 7 68 3 6 53 3 6 . 12 3 5 30 3 4 . 92 3 4 34 3 3 98 3 3 24 3 2 96 3 2 20 3 5 . 82 2 4 . 18 2 2 . 9 5 2 2 . 1 0 2 M 
1 2 . 6 2 3 2 07 3 1 96 3 1 64 3 1 .53 3 1 32 3 1 .21 3 1 06 3 9 66 2 7 74 2 7 0 0 2 5 06 2 1 17 2 8 .09 1 5 . 46 1 3 .73 1 N 
' 6 . 7 8 
1 

4 5 44 4 5 17 4 4 39 4 4 12 4 3 57 4 3 . 32 4 2 93 4 2 69 4 2 19 4 2 00 4 1 48 4 3 95 3 2 . 84 3 2 . 0 0 3 5 . 84 3 T 
. 1 . 1 7 2 1 35 - 2 1 39 - 2 1 53 - 2 1 59 - 2 1 72 - 2 1 . 79 - 2 1 91 - 2 1 99 - 2 2 21 - 2 2 31 - 2 2 65 - 2 4 58 - 2 5 . 19 - 2 5 . 89 - 2 1 . 9 5 - 2 ß 

47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 . 0 0 . 0 
K K 

4 80 4 4 56 4 3 88 4 3 65 4 3 17 4 2 94 4 2 60 4 2 38 4 1 95 4 1 78 4 1 32 4 3 55 3 2 . 5 6 3 1 .81 3 1 . 29 3 L 
8 98 3 8 53 3 7 24 3 6 80 3 5 89 3 5 46 3 4 82 3 4 42 3 3 60 3 3 29 3 2 44 3 6 47 2 4 . 6 5 2 3 . 2 8 2 2 . 3 4 2 M 
2 38 3 2 26 3 1 90 3 1 77 3 1 52 3 1 40 3 1 23 3 1 12 3 8 97 2 8 12 2 5 87 2 1 37 2 9 . 46 1 6 .39 1 4 .37 1 N 
5 94 4 5 64 4 4 80 4 4 50 4 3 91 4 3 62 4 3 20 4 2 94 4 2 40 4 2 19 4 1 62 4 4 33 3 3 12 3 2 20 3 1 .57 3 T 
1 30 - 2 1 34 - 2 1 48 - 2 1 53 - 2 1 66 - 2 1 73 - 2 1 86 - 2 1 94 - 2 2 15 - 2 2 25 - 2 2 60 - 2 4 54 - 2 5 14 - 2 5 85 - 2 6 . 6 0 - 2 ß 

48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 K 
5 20 4 4 95 4 4 21 4 3 96 4 3 43 4 3 19 4 2 82 4 2 59 4 2 11 4 1 93 4 1 44 4 3 86 3 2 79 3 1 97 3 1 41 3 L 
9 86 3 9 37 3 7 96 3 7 47 3 6 47 3 6 0 0 3 5 30 3 4 86 3 3 96 3 3 62 3 2 68 3 7 13 2 5 13 2 3 61 2 2 58 2 M 
2 73 3 2 58 3 2 18 3 2 03 3 1 75 3 1 61 3 1 41 3 1 29 3 1 03 3 9 36 2 6 78 2 1 59 2 1 10 2 7 44 1 5 09 1 N 
6 46 4 6 14 4 5 23 4 4 91 4 4 26 4 3 95 4 3 49 4 3 20 4 2 61 4 2 39 4 1 77 4 4 73 3 3 41 3 2 41 3 1 72 3 T 
1 24 - 2 1 29 - 2 1 42 - 2 1 48 - 2 1 61 - 2 1 68 - 2 1 80 - 2 1 89 - 2 2 10 - 2 2 20 - 2 2 55 - 2 4 49 - 2 5 09 - 2 5 80 - 2 6 56 - 2 e 

49 0 0 0 O O 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 K 
5 63 4 5 35 4 4 56 4 4 28 4 3 72 4 3 45 4 3 05 4 2 80 4 2 29 4 2 09 4 1 56 4 4 20 3 3 03 3 2 14 3 1 53 3 L 
1 09 4 1 03 4 8 76 3 8 22 3 7 13 3 6 61 3 5 83 3 5 35 3 4 36 3 3 98 3 2 96 3 7 86 2 5 66 2 3 99 2 2 85 2 M 
3 11 3 2 94 3 2 48 3 2 32 3 1 99 3 1 84 3 1 61 3 1 47 3 1 18 3 1 07 3 7 79 2 1 83 2 1 27 2 8 61 1 5 90 1 N 
7 02 4 6 68 4 5 68 4 5 34 4 4 63 4 4 30 4 3 80 4 3 49 4 2 85 4 2 60 4 1 93 4 5 17 3 3 72 3 2 63 3 1 88 3 T 
1 19 - 2 1 23 - 2 1 37 - 2 1 43 - 2 1 56 - 2 1 63 - 2 1 75 - 2 1 84 - 2 2 05 - 2 2 15 - 2 2 50 - 2 4 44 - 2 5 05 - 2 5 76 - 2 6 51 - 2 Q 

50 0 0 0 0 o 0 0 O O 0 0 O 0 0 0 0 O O O 0 0 0 O O O 0 K 
4 93 4 4 63 4 4 02 4 3 73 4 3 30 4 3 03 4 2 48 4 2 27 4 1 69 4 4 56 3 3 29 3 2 33 3 1 67 3 L 
9 56 3 8 97 3 7 77 3 7 21 3 6 36 3 5 84 3 4 76 3 4 34 3 3 23 3 8 58 2 6 18 2 4 36 2 3 11 2 M 
2 81 3 2 63 3 2 27 3 2 09 3 1 83 3 1 68 3 1 35 3 1 22 3 8 89 2 2 10 2 1 46 2 9 92 1 6 80 1 N 
6 16 4 5 79 4 5 0 2 4 4 66 4 4 12 4 3 79 4 3 09 4 2 82 4 2 10 4 5 63 3 4 06 3 2 86 3 2 05 3 T 
1 32 - 2 1 37 - 2 1 51 - 2 1 58 - 2 1 70 - 2 1 78 - 2 2 00 - 2 2 10 - 2 2 45 - 2 4 39 - 2 5 0 0 - 2 5 71 - 2 6 47 - 2 ß 

51 0 0 0 0 0 0 0 O 0 O 0 0 O 0 0 0 0 0 0 0 0 0 K 
4 34 4 4 03 4 3 56 4 3 27 4 2 68 4 2 45 4 1 82 4 4 93 3 3 57 3 2 52 3 1 81 3 L 
8 50 3 7 88 3 6 96 3 6 39 3 5 21 3 4 76 3 3 53 3 9 42 2 6 79 2 4 79 2 3 42 2 M 
2 56 3 2 37 3 2 08 3 1 90 3 1 53 3 1 39 3 1 Ol 3 2 40 2 1 68 2 1 14 2 7 80 1 N 

5 44 4 5 05 4 4 47 4 4 10 4 3 35 4 3 0 6 4 2 28 4 6 12 3 4 41 3 3 12 3 2 23 3 T 

1 45 - 2 1 52 - 2 1 64 - 2 1 73 - 2 1 94 - 2 2 05 - 2 2 39 - 2 4 34 - 2 4 95 - 2 5 66 - 2 6 42 - 2 ß 
52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 K 

4 67 4 4 34 4 3 83 4 3 53 4 2 88 4 2 64 4 1 97 4 5 33 3 3 85 3 2 73 3 l 95 3 L 
9 32 3 8 65 3 7 64 3 7 Ol 3 5 72 3 5 22 3 3 88 3 1 04 3 7 46 2 5 26 2 3 76 2 M 
3 17 3 2 94 3 2 58 3 2 36 3 1 91 3 1 73 3 1 26 3 3 05 2 2 13 2 1 45 2 9 95 1 N 
5 91 4 5 49 4 4 86 4 4 46 4 3 65 4 3 33 4 2 48 4 6 67 3 4 81 3 3 40 3 2 43 3 T 

1 39 - 2 1 46 - 2 1 58 - 2 1 66 - 2 1 88 - 2 1 98 - 2 2 32 - 2 4 27 - 2 4 88 - 2 5 59 - 2 6 34 - 2 ß 
53 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 K 1 4 13 4 3 79 4 3 11 4 2 84 4 2 12 4 5 75 3 4 16 3 2 95 3 2 11 3 L 

1 8 18 3 7 51 3 6 13 3 5 59 3 4 15 3 1 11 3 7 99 2 5 64 2 4 02 2 M 
1 2 62 3 2 40 3 1 94 3 1 76 3 1 29 3 3 10 2 2 16 2 1 47 2 1 Ol 2 N 

1 5 21 4 4 78 4 3 91 4 3 57 4 2 66 4 7 17 3 5 18 3 3 66 3 2 62 3 T 

E ( 2 s ) ' 1 53 - 2 1 62 - 2 1 83 - 2 1 94 - 2 2 28 - 2 4 25 - 2 4 86 - 2 5 57 - 2 6 33 - 2 ß 



706 G. Hildebrandt et al. • Photoelectric Atomic Absorption Cross Sections 

lattice 

y/n/Xio = aBDH(l-2Q sin2 0B) , (4.5 a) 

Xiä/XiO = "ii D n { [ l - Q ] cos 2 @ B + Q cos 4 0B) , 
(4.5 b) 

where a / / = 1, if / / has all even indices with 
(ht + h2 + h3) an integer, or ajj = 1 / ] / 2 , if # has 
all odd indices, otherwise a# = 0 ; Q = and 
(1 - Q) = (Td + r D 0 ) / r 0 where T0 = RD + T d o + T« is 
the sum of the dipole, dipole-octupole and quadru-
pole components of the total photoelectric absorp-
tion coefficient ( r 0 ) . is the Debye-Waller factor, 
whose influence (at room temperature) on the jum-m 

value is usually larger than the influence of the 
bracketed terms of Eqs. (4.5 a) and (4.5 b ) . 

The value of Q = r^/r0 increases with increase in 
incident photon energy and its variation for Si and 
Ge over the medium X-ray energy range is shown 

Fig. 2. The theoretical variation of 0 = z ^ / r 0 with incident 
X-ray photon energy (in keV) for Si and Ge. 

From experiments with thick nearly perfect crys-
tals it is possible to obtain experimental values of 
/'min» but the comparison with theory is complicated 
by the uncertainty of the exact characteristic Debye 
temperature &M of the crystal (which is different 
from the value given from specific heat measure-
ments), and of the minimum Compton and thermal 
diffuse scattering contributions to Equation (4 .3 ) . 

In connection with measurements of linear ab-
sorption coefficients mentioned earlier in this paper, 
experimental determinations of Zin/Xio have also 
been made for germanium using several reflections 
and characteristic X-ray wavelengths. Taking r^m 
for //min and using an appropriate Debye tempera-
ture, a good agreement has been obtained between 
theory and experiment for low order reflections1. 

5. Conclusion 

Within the limits specified in this paper, the 
above theory provides a simple, quick and relatively 
accurate method for the determination of atomic 
photoelectric absorption cross sections and asso-
ciated constants. 

From the absorption cross sections given in 
Table 3, values of linear and anomalous absorption 
coefficients can be calculated with an accuracy suf-
ficient for many purposes. Actual agreement between 
our figures and similar results computed from more 
rigorous alternate theory or those estimable from 
experiment is in many cases better than 5% which 
will be shown in Part II of this paper 3. 

A p p e n d i x 

The Sommerfeld Term Difference Equations used 
in the determination of the average screening con-
stants (s„j) given in Table 2 are: 

I s : (s10 = 0.3) ( A . l ) 

2s , 2 P : (z — s 2 1 ) 2 = { ( 2 2 / a ) V21,/! 

- 5 F 2 1 } { 1 + ( 1 9 a 2 / 3 2 ) F21> (A.2) 

3s, 3 P : (z — s 3 1 ) 2 = { ( 3 / a ) F311/ l ( A . 3 ) * 
- (279 /16) V31} { 1 + (2807 a 2 /1024) VS1} 

3 d : (z — s32)2 = { ( 3 2 / a ) V32,/l (A.4) 
- (225/16) V32] { 1 + (589 a 2 /1024) F 3 2 } 

* In (A.3) Sommerfeld incorrectly gives (191 a2/32) in-
stead of (2807 a2/1024). 
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4s, 4p: (z —s4 1 )2 = { ( 4 / a ) — (40) V41} { l + (191 a 2 /32) V41} (A.5) 

4d: (z — 54 2)2 = { ( 8 / a ) F42,/ä - (112/3) F 4 2 } { l + (215 a 2 /96) F 4 2 } (A.6) 

where a = 1/137.04, = 109737.3 c m - 1 and Vni =AvnljR00. 
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