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Equi-Inclination Weissenberg Intensity Correction Factors for Absorption in
Spheres and Cylinders, and for Crystal Monochromatized Radiation

By W. L. BoxDp
Bell Telephone Laboratories, Inc., Murray Hill, New Jersey, U.S.A.

(Received 3 March 1958 and in revised form 8 October and 21 November 1958)

Increased precision of intensity measurements through the use of counting methods calls for more
careful corrections. A new absorption correction table is presented for cylinders with xR running
from 0 to 8 by tenths and on to 20 by units; also a table for spheres, uR running from 0 to 10 by
tenths. In both tables 6 runs from 0° to 90° in 5° steps. For cylinders, the correction factor for upper
levels is gotten by entering the table with uR sec» in place of uR and 172 in place of 6, then multiply
this value by cos ». Tables are also given of the power series coefficients to be used in expanding
absorption factors for very large cylinders. A combined polarization Lorentz correction factor is
presented for the case of crystal monochromatized radiation.

Introduction

In recent years, there has been increasing emphasis
on obtaining highly accurate structure amplitudes
from single crystal X-ray data. In the course of work
in these Laboratories on a single crystal automatic
diffractometer (Bond, 1955; Benedict, 1955), several
problems arose with regard to the conversion of inten-
sities to structure amplitudes. These involved: (1)
A Lorentz-polarization correction for monochro-
matized radiation; (2) expanding and improving the
absorption tables for cylindrical and spherical crystals;
and (3) deriving the method for absorption correction
of upper level equi-inclination Weissenberg intensities.
In particular, the latter has, as far as can be ascer-
tained, been ignored. It is rather difficult to see how

even for very small crystals containing light atoms,
one can claim great accuracy (some claims have been
39, for F’s obtained say from layers with »230°
when such proper correction has not been made. As
an example for uR = 1, u = 20°, ¥ = 10° the absorp-
tion correction is 5:09 not 4-80 as is gotten from
uR =1, true 6 = 20-6°.

Absorption correction tables

Consider scattering from a very small element of
volume AV bathed in a uniform monochromatic
collimated beam of X-rays. Let the beam be of in-
tensity I watts cm.—2 and let the scattering power in a
direction parallel to a vector r be gr watts per cm.?
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per incident watt per cm.2. In these terms the total
power scattered parallel to r is

P, = Ip, AV 1)

watts. This is the power entering the radiation detector
RD, Fig. 1. Now consider scattering from a large body

YYVY

-
A Yy

Fig. 1. Power scattered in a direction r
from an element of volume.

of volume ¥ which has a linear absorption coefficient u,
Fig. 2. Choose an element of volume, AV in V. The

=

AN
/npz\

._/_P1 _\LQA v 4\$_>

Fig. 2. Power scattered from a finite volume.

intensity I’ falling on AV is I’ = I exp (—up,) where
p; is the path length, inside V of the incident radia-
tion. The power leaving AV in the direction r is
therefore AP, = I'g, AV but this is further reduced by
absorption along the path p, to AP, = AP, exp (—uP,).
Whence the total power received by a properly placed
radiation detector is

Pr = Ior Zexp (—up)AV where p = p,+p,. (2)
14

Cylindrical specimens

Fig. 3 shows a circular cylinder receiving rays in a

direction normal to its axis and scattering in a direc-

tion r also normal to this axis—the zero level case.

Now let AV = wAS where § is the cross sectional

area of the cylinder, the length w being the width of

the incident beam. Thus P, = Igw X exp (—up)A4S8.
s

Following Claassen (1930) we now replace S by s
where:
S = nR2%s
whence
Py = aR%lgrw 3 exp (—up)ds, (3)
s

where As is the fraction of the cross section in the
area element which has path length p. For Bragg

EQUI-INCLINATION WEISSENBERG INTENSITY CORRECTION FACTORS

Fig. 3. Power scattered out of a cylinder.

angles 6 of 0°, 22-5, 45°, 67-5 and 90° Claassen con-
structed curves of equal path length in a set of circles,
the path lengths being 1/5R, 2/5R, etc. A planimeter
was then used to measure the areas between suc-
cessive curves and hence compute a set of As’s. From
this small set of As’s with their associated path lengths
he computed values for A(u, ) = X exp (—ugR)4s
where gR is the effective path length associated with
As. Now making the proper substitution in (3)

.Pr = ﬂ;.Rz.IQr'lUAO (4)
or solving for g,
or = Pr(nR2Iw) A5 .
For relative values of g, the terms z, R?, I and w may

be omitted. These relative g,’s are the intensities
corrected only for absorption.

Fig. 4. Paths in a eylinder.

The accuracy of Claassen’s method is limited by
the necessity of drawing curves of equal path length
and the measurement of areas by means of a plani-
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Table 1. Areas As attributable to reduced paths g.

0° ° 10° 15° 20° 25° 30° 35" 4° 45°
] & [E] & 43 & 4s 8 a5 -3 05 & 5] 8 88 8 565 & £s &
+00005 .05  .00033 0.050  .00094 0.050 L0019 .05 400308 0,050 S00LST 9,050 063 .05 00828 0,05 201066 0.05) D129 05
20037 .15 00076 0.150  .0016k 0.150  .0028 .15 .00k23 0,150  .005%0 0.150  ,2078 .15  ,00986 9,15  .01210  0.15) BT S )
-0102 .25 ,00135 0.250  ,Q0248 0,250  ,0039 .25 <0059 0,250  ,00T32 0.250 L0093 .25 21146 9.259 1371 9.25) D160 .25
£20200 .35 ,00224 0,350  .003k9 0.350  .0051 .35 200689 0,350 .00 0,350 0110 .35  .0131k 2,350  .21539  0.35) L0177 .35
«20332  LL5 100360 0.450 L0065 0.L50 L0065 .i5 200843 0,450  ,01051 0,450 L0127 L5 018y  0.k5) 21712 .45 L0198 L5
00502 455 400527 0.550  .00600 0.550 0080 .55 401010 0,550  .01229 0.550  .0LL5 .55 01672 0.55) 2180 2.55) L0210 .55
«00713 .65 .00734% 0.650 00760 0,650 0097 .65 L01193  0.650 01819 0,650 L0164 L65 01861  3.650 DT 2.65 0227 .65
200968 .75 00985 0,750  ,01038 0,750  .0116 .75 401393 0,750  .01623 0.750 L0185 .75  ,02059 9.75)  .)2267 2,750 o2k 75
.01273 .85  .01285 0.850  ,01323 0.850 0137 485 .01612  0.850 401844 0,850 <0206 .85 02266 0. 422653 1.852 .0262 .85
<01635 .95  ,016h2 9,950  ,01663 0.950 .0160 .95 .01852 0,950  .02081 0,950 £0229 .95 £02i83 2,950 2652 2,950 0280 .95
102065 1,05 02064 1,050  .02066 1,050  ,0202 1.05 .02116 1,050  .023%0 1.050 .02k 1.05  .02712 1,050  .)2859 1,250 20298 1,95
$02577 1.15  %02568 1,150  .025k2 1.150  .0250 1,15 £02811 1,150  .02623 1,150 40280 1,15  .02953 1,150  .ONTE 115 L0317 1.15
«03191 1.25  L0317L 1,250  .03113 1,250 .02 1.25 202761 1,250  .02935 1.25%0  .0309 1.25  .03211 1,250  .73298  1.25) 20335 1,25
03939 1.35  .03905 1.350  .03806 1.350  ,0366 1.35 403333 1,350  .03284 1,350 .03kl 1.35  .03488 1.33 9353k 1.350 £0355  1.35
Ol Py 04816 1.LS0 LOLEBL 1,450 <OlL3 1.45 L0L1kl 1,450 .03681  1.h50 L0376 1.k5 203792 1.h50 .22785 1,450 20375 1,45
$06068 1.55 405989 1,550 405761 1,550 L0541 1.55 LO0L979 1,550  ,0L1LL 1,550 J0LlS 1,55 L0L123 1,553 ILISE 1,55 42396 1.55
«07698 1.65 L7578 1,650  .0723b 1,650  .0671 1.65 06072 1,650 .05099 1,650  JOB62 1,65  LO4S00  1.650  ,Ou3k8  1.65) L0b17 1,65
410138 175 ,099k2 1,750  ,09388 1.750 L0857 1.75 L07590  1.750  .06561 1,750  .0519 1.75  LOLOML 1,750  ,OLET8  1.75) LOu0 1,75
J14587 1,85 ,14195 1.850  .13113 1,850 L1154 1,85 .09962  1.850  .08320 1.850  .0595 1.85  .05498 1850  .75%5 1.85) LOu6S .85
439201 1.95  ,3L101 1.950  .245TT 1.950 L1967 1.95 L5198 1,950 L1805 1,950  .9880 1,95  .06k95  1.950 5592 1,939 2492 .95
2B6TL 2,004 «17033 2,015 .25k 2,036 .,24373 2,050  .17339 2.050 1243 2,05 20816k 2,15) 6257 2.55) 22511 2,05
207215 2,136 18668 2,150  .1318 2,15  .08641 2,15  .26372 2,137 51k 2015
01292 2,293 L1468 2.25 209563 2.25) 26503 2,252 51 2,25
WO1L0 2,305 L11033  2.35) 06641 2,350 J0512  2.35
WONTT9 2820 06BN 2.450 0506 2.5
OT912 2,550 2495 2,55
9L 2,605 OBTT 2,65
Obs2 2,75
D11 2,81k
55° 6° 65° 79° 75° 8 85° 90°

as as & as 8 as [3 as & R a3 & a8 & [ [

201530 D1786 2500 .020k .5 02551 L0500 L0278 .05 .029T8 L0500 .03126  .I500 03183 25

01686 201935 .150 L0217 .15 202657 150 0285 .15 £93040 150 223168 .150 +93181 015

.25 20230 .25 02731 .250 L0291 .25 .0305T .25 23151 .259 03177 .25

.350 D283 .35 02814 350 L0297 .35 L0308 .33 203155 L350 3171 .35

550 L0256 b5 .50 20302 bS5 L0312 LbSO L03152 k50 103163 L5

+550 W0267 .55 .550 L0307 .55  .03128  .550 L3186 .559 293153 .55

+650 20219 .65 650 .0310 .65 0312k .65) 23137 650 23161 .65

2730 0285 .75 750 L0313 .75 .03133 LT 3127 LT50 .23126 .75

50 +2300 .85 850 L0314 .85 .03126 .850 93113 .850 293110 .85

953 20310 .95 950 L0315 .95 L0318 950 203997 .95) 03092 .95

L0319 1.95 1.05 L0315 1.5 .03105  1.05 203078 1,05 23071 1,05

0328 1.15 115 .031k 1,15 .03089 1.15 23257 115 L0304 1,15

20335 1.25 1,25 20313 1,25 ,0307)  1.25 L3038 1,25 O32k 1,25

032 135 1.35 L0312 1,35  .03048 1.35 .03208 1,35 22996 1.35

038 1.bS5 1,55 L0310 1,55 L0%022  1.b5 02979 145 2967 1.L5

23353 155 1,55 20307 1,55 .0299h 1,55 L2988 1,55 02936 155

.0356  1.65 1.65 L0305 1.65  ,02962 1.65 2918 1,65 2839 1.65

L0356 1.75 175 0301 175 92927 1.75 202817 175 02862 175

20355 1.85 1.85 20298 1,85 02889 1.85 202837 1.8 02822 1,85

L0352 1.95 1.95 L0294 1,95  .02847 1,95 22795 1.95 D279 195

.03kg  2.05 2.05 20289 2,05 .02801  2.05 L0279 2.95 02733 2.5

L0345 2,15 2.15 20285 2,15 L2752 2,15 22700 2.15 L0268 2,15

0380 2.25 2,25 0219 2,25 02699 2.25 D26HT 2,25 2632 2,25

20333 2.35 2,35 L0213 2,35 J026k2 2,35 2591 2.35 292576 2.35

20326 2.45 2,45 L0267 2,45 02581 2,b5 2531 2,45 22516 2.Ls

L0316 2,55 2.55 L0260 2,55 L0251k 2.55 .o2b 2.55 202h52 2,55

L0306 2.65 2,65 0252 2,65 L02ub3 2,65 202398 2,65 .0238s  2.65

20293 2.75 2.75 L0244 2,75 .02366  2.75 2232k 2.75 20231 2,75

20218 2,85 2,85 .0235 2,85  .02283 2.85 .J22u5  2.85 202233 2,85

65 2.95 L0260 2.95 2,95 20226 2,95  .0219h 2,95 2159 2,95 D225 2.95

2106k 3.032  ,02k20 3.05 L0280 3,05 3.05 20215 3.05  .0209T7  3.95 L2067 395 D259 3,95

401907 3,15 02k 3.15 3.15 2203 3.15 L0191 3,15 1968 3,15 1961 3.15

78087 3.238 L0181 3.25 3.25 D190 3,25 01875 3.25 201859 3.25 .01855  3.25

20135 3.35 3.35 .0175 3,35 JIITT  3.35 DLTH) 3,35 DOLTI9 3,35

.00k5 3,432 3.45 L0158 3,45 L01603 3.5 21638  3.45 1610 3,b5

3.55 20139 3,55 L1k 3,55 216D 355 1466 3,55

3.65 U6 3,65  .01250 3,65 .01289  3.65 .01301 3,65

3.729 22085 3.75  .01016  3.75 201085 3.75 D106 3,75

27 3,832 .006952 3.85 .0032k7 3,85 $00859 3,85

2201226 3.92 #203737  3.982 SBT3 3,95

meter. To avoid this graphic approach the IBM % 650
has been used to make the computations. Consider a
circle, (Fig. 4) about the origin and a beam entering
from the upper right reflecting from an element of
an area about the point z, y, hence leaving towards
the lower right, the deflection angle being 26. The path
length inside the circle is:

p = R.{1—(x cos O—y sin )2}}
+R{l1—(x cos O+y sin 6)2}4—22Rsin §..., (5)
where z and y are now fractions of R.

For 0 values of 0, 5°,10°, ..., 90° and path lengths
1R, .2R... an I.B.M. card Programmed Electronic
Calculator solved equation (5) and integrated to give
the areas of the regions. If a mean path length is
attributed to each region the results are as in Table 1.

As an example of the use of this table consider the case
uR =2, 0 = 0. Now

A = 0-00005 exp (—2x0-05)+0-0037 exp (—2 x0-15)
+0-00102 exp (—2x0-25)+
+0-39101 exp (—2x1-95)+... .

It is more convenient in use to replace 4 by the
correction factor 4*, i.e. the number by which the
observed intensity should be multiplied to get the
‘absorption free’ intensity. In this way Table 2 has
been prepared.

For values of uR > 8, the above method gives
erroneous results since too much of the scattering is
from the surface of the element of area of the shortest
path length. For uR large then, the first zones are
too large and should be subdivided to give a better
evaluation of 4. This subdivision can be approx-
imated by finding s (see (3)) as a function of g near
s=0.If s = ag+fg?+yg3. .. then

ds = (x+2fg+3yg2...)dg
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Table 2.

Absorption correction factors A* for X-ray tntensities

Cylinders of radius R

pR 00 5° 10° 150 20° 25 30° 350 40°  45° 50° 550  60°  65° 20°  75°  80°  8se 90° R
o 1.00 1.00 1.00 1,00 1,00 1,00 1,00 1,00 1,00 1.00 .00 1.00 1,00 1.00 1,00 1,00 1.00 1,00 1.00 0
.1 1,18 1.18 1.18 1.1¢ 1.18 1.8 1,18 1,18 1.18 1,18 1.18 1,18 1.18 1,18 1..18 1.18 1.1 1.18 1.18 .1
.2 1.40 1.40 1.0 1.40 1.40 1,40 1.39 1,39 1.39 1..39 1.39 1.38 1.38 1.38 1,38 1.38 1,37 1.37 1.37 .2
.3 1.65 1.65 1.65 1,65 1.65 1.6, 1.6L 1.63 1,63 1,62 1.62 1.61 1.6l 1.60 1.59 1.59 1.59 1,59 1.59 .3
oL 1.95 1.95 1.95 1.94 1.9 1.93 1.92 1,91 1,90 1.89 1.87 1.86 1.85 1.8, 1.83 1.82 1,82 1.81 1.81 b
.5 2.29 2.29 2.29 2.28 2.27 2.26 2.2, 2,22 2.20 2.1& 2.16 2.13 2,12 2.10 2,08 2.07 2.06 2.05 2.05 .5
.6 2,69 2.69 2.69 2.67 2.65 2.63 2.60 2.57 2.53 2.50 W47 243 2,40 2,37 2.35 2.33 2.31 2,30 2.30 6
.7 3.16 3.16 3.15 3.13 3.09 3.05 3,01 2.96 2,91 2,85 2.80 2.75 2.71 2.66 2.63 2,60 2,58 2.56 2.56 .7
.8 3.70 3.70 3.68 3.65 3.60 3,54 3.47 3.39 3.32 3.2k 3.16 3.09 3.03 2.97 2.92 2,88 2,85 2.8, 2.83 .2
4.30 L.17  4.08 .98 .87 .76 6 55 3.46  3.37 3.29 3.23 3.18 3.4 3.11 3.1 K-S
1. . 55 4.92  4.81 & Lo5, 4.39  Le2h bl 8L 3.73  3.63 3,55  3.48  3.43  3.40  3.39 1.0
1.1 5.90 5.98 5.81 5.69 5.5L 5.36 5.16 4.96 4.76 4.58 L.40  L.24  4.10 3.97  3.87  3.79  3.73  3.69 3.68 1.1
1.2 6.86 6.8, 6.7, b.57 6.35 6,10 5.8, 5.57 5.32 5.08 4.86 4.66 4.49 4.33 4,20 4.1 L.03 3.98 3,97 1.2
1.3 7.96 7.93 7.79 7.55 7.25 6.92 6.58 6.23 5,91 5.61 5.3% 5.09 4.88 4.70 4.54 4.3 4L.3L 0 L.28 .27 1.3
1.4 9.23 9.18 8.97 8.65 8.25 7.82 7.37 6.94 6.53 6.16 5.83 5.5k 5.29 5,07 4.89 4.75  L.65 L.58  4.57 1.
1.5 10.7 10,6 10.3 9.88 9.35 8,79 8.22 7.68 7.19 6.7, 6.35 6,00 5,71 5.45 S.2% 5.08 L.96 4.89 4,87 1.5
1.6 12,3 12.2 11.8 11.2 10.6 9.84 9.13 8.47 7.87 7.3k 6,87 6.47 6,13 5.8, 5.60 5.42 5.28 5.19  5.17 1.6
1.7 4.2 14.0 13.5 12.7 11.9 11,0 10.1 9,30 8.58 7.96 7.42 6.95 6.57 6.23 5.96 5.75 5.60 5.50 5.48 1.7
1.8 16,3 16.0 15.4 1h.k 13.3 12.2 11.1 10.2 9.32 8.59 7.97 7.45 7,01 6.63 6.33 6.09 5.92 5.8l 5.78 1.8
1. 17. 6.2 1&.83 13, 1l.1 10,1 9,25 8.54 7. 7.45  7.03 6.69  6.uL  b.2L. 6,12 6.0 1
2. .3 20,9 19. .2 5 1. 13.3 1. .9 9.91 . b5 . g T 7ekh 7,06 6.78  6.56  6.43  6.40 2.0
2.1 24,2 23,7 22.3 20,3 18.2 16.2 1.5 12.9 11,7 10.6 9.71 8.97 8.36 7.8, 7.u4 7,13 6.89 6.75 6.71 2.1
2.2 27.5 26.9 25.1 22,6 20.1 17.7 15.7 13.9 12.5 11.3 10.3 9,49 8.82 8.26 7.8l 7.47 7.22 7.06 7.02 2.2
2.3 31,2 30.4 28.1 25.1 22.0 19,3 16.9 1i.9 13.3 12.0 10.9 10.0 9.29 8.67 8.19 7.82 7.5, 7.38 7.33 2.3
2.4 35.3 34.2 3l.4 27,7 241 20,9 18.2 16,0 14.2 12,7 11l.5 10,5 9,76 9.09 8.57 8.17 7.87 7.69 7.bL 2.k
2.5 39.8 38.5 34.9 30.5 26.2 22,5 19,5 17.0 15,0 13,4 12.1 11.1 10.2 9.51 8.95 8,53 8.20 8.0l 7.96 2.5
2.6 4.7 b3.1 38.7 33.4 28.5 2.2 20.8 18.1 15.9 1i.2 12.8 1l.6 10.7 9.93 G.33 8.88 8.53 8.33 8.27 2.6
2.7 50.1 48.1 i42.8 36,5 30.8 26,0 22,2 19.2 16,8 14.9 13.4 12,2 11.2 10k 9.72 9.23 8.87 8.6, 8.58 2.7
2.8 55,1 53.5 47.2 39,7 33.2 27.8 23.6 20.3 17.7 15.6 1i.0 12.7 11,7 10,8 10.1 9,59 9.20 8.96 8.9 2.8
2.9 62.5 59,4 51.8 43.1 35,7 29.6 25,0 21. 18.6 16, 14,6 13.2  12.1 11.2 10,5 . 9. .28 9.2) 2
3.0 69.5 65.8 56.7 6.6 38.2 3L.5 26.4 22.5 19.5 17.1  15.3  13. 12.6  11.6 10.9 10.3 9. 9.60  9.53 3.0
3.1 77.2 72.6 6.8 50,3 40.8 33.4 27.9 23.7 204 17.9 15,9 1i.3  13.1 12,1 11,3 10.7 10.2 9.92 9.8 3.1
3.2 85.4 79.9 67.3 54,0 43.5 35, 29,3 2,.8 2l.. 18,7 16.6 1.9 13.6 12.5 11,7 11.0 10.5 10.2 10.2 3.2
3.3 9,,2 87.6 72.9 57,9 6.2 37,3 30.8 26,0 22,3 19, 17.2 15.5 1i.1 12.9 12,0 1l 10,9 10,6 10.5 3.3
kA 106 95.9 78.9 61.9 48.9 39.3 32,3 27.1 23,2 20.2 17.9 16,0 1.6 134 12,4 11,7 11,2 10.9 10.8 3.4
3.5 11, 105 85.0 65.9 51.7 4l.3  33.8 28.3 2,.2 21.0 18,5 16.6 15.1 13.8 12,8 12.1 1ll.5 1l.2 1l.1 3.5
3.6 125 114 91  70.1 54,6 43.3  35.3 29.5 25,1 2.7 19,2 17.1 15,6 1li.2 13.2 12,5 11.9 1l.5 1ll. 3.6
3.7 136 124 98.0 74.b  57.4  45.4  36.9 30,7 26,1 22,5 19. 17.7 16,1 1.7 13.6 12,8 12.2 11.8 11.7 3.7
3.8 149 134 105 78.7 60.4 47.5 38.4 31.9 27,0 23.3 20. 18.3  16.6 15.1 14.0 13.2 12.6 12.2 12.1 3.8
3.9 162 145 112  83.1  63.3 49.5 39.9 33.1 28.0 24.1 21.2 18.8 17.1 12.6 15.§ _13.6 12,9 12,5 2.4 3,9
4.0 175 156 119 87.6 6b6.3 51.6 Ll.5 34.3 28.9 24,9 2L, 19.4  17. 16,0 1i. 13.9 13.2  12. 12. 4.0
Ll 190 168 127 92,1 69.3 53.8 43.1 35.5 29.9 25,7 22,5 20.0 18.1 1é.4 15.2 1.3 13.6 13.1 13.0 4.1
4.2 206 180 134 96.7 72.3 55,9 uL.6 36,7 30.9 26.5 23.2 20.6 18.6 16.9 15.6 1lu.b6 13.9 13.5 13.3 4.2
L3 222 193 142 101 75.L 58.0 46.2 37.9 31.8 27.3 23.8 21.1 19.1 17.3 16.0 15.0 1i.3 13.8 13.7 L.3
Lok 239 206 150 106 78.5 0.2 47.8 39.1 32.8 28,1 2i.5 21,7 19.6 17.8 16,4 15,4 1.6 1kl 14,0 Lo,
L5 257 220 158 111 81,6 62,3 49.4 0., 33.8 28,9 25.2 22.3 20.1 18.2 16.8 15.7 1k.9 lhe 143 4.5
Lb 275 23k 166 116 84.7 64.5 51.0 41.6 3L.8 29.7 25.8 22.9 20.6 18.7 17.2 16,1 15.3 1lu.8 1.6 1.6
Lo 295 2,9 175 121 87.8 66.7 52,6 42.8 35.8 30,5 26,5 23.4 211 19.1 17.6 16.5 15.6 15.1 1.9 4.7
4.8 316 26, 183 125 91,0 68.9 54.2 4L, 36,7 31.3  27.2 24.0 21,6 19.6 18.0 16.9 16.0 15.4 15.3 L.8
280 192 130 .2 71.1  55.8  45.3 15.7 32,1 27. 2 . . 18. 1 16, 15, 15.6 .
5.0 359 29 200 135 97.4  73.3 57.5 46,6 38,7 32.9 28, 20.5 . 16.7 16.1 15.9 5.0
5.1 383 313 209 1,0 101 75.5 59.1 47.8 39.7 33.7 29.2 25.8 23.1 20.9 19.2 18.0 17.0 16., 16.2 5.1
5,2 407 330 218 1.5 104 77.8 0.7 49.1 40.7 3k.5 29.9 26.3 23.6 2l.k  13.6 18.3 17.3 16.7 16.6 5.2
5.3 432 3,8 228 150 107 80.0 62.4 50.3 &l.7 35.3 30.6 26.9 2.1 21.8 20.0 18,7 17.7 17.1 16.9 5.3
5.4 458 366 237 156 110 82.3 64.0 51.6 42,7 36.1 31,3 27.5 24.6 22,3 20,4 19,1 18.0 17.% 17.2 5.k
5.5 485 38, 246 161 114 8,.5 65.7 52.9 43.7 37.0 32,0 28.1 25.2 22.7 20.9 19.5 18.4 17.7 17.5 5.5
5.6 513 403 255 166 117 86.8 67.3 5u.1  uk.7  37.8 32,7 28,7 25.7 23.2 21.3 19.8 18.7 18.0 17.9 5.6
5.7 5,2 422 265 171 120 89.1 69.0 55.L 45.7 38.6 33., 29.3 26.2 23,6 21,7 20.2 19.1 18., 18.2 5.7
5.8 573 4s2 275 176 124 9l 70.7  56.7 u6.8 39.4  3L.0 29.9 26,7 2.1 22.1 20.6 19.. 18,7 18,5 5.8
2.2 602 462 285 182 127 93.6 72,4 58.0 47.8 40.3 34,7 _30.5 27.2 24,5 22,5 21,0 19.8 19,0 18.8 5.9
.0 3 483 204 187 1300 95.9 74.0 59,2 48,8 LI.1  35.% 3I.§ 27.7 26.0 22.9 2I.3 20.I '19.. 19.2 6.0
6.1 670 50L 304 192 13 98,3 75.7 60.5 49.8 4l.9 36,1 31.6 28,3 25.4 23.3 21,7 20.5 19.7 19.5 6,1
6.2 70, 525 3l 198 137 101 77.4, 61,8 50.8 42.7 36.8 32.2 28.8 25.9 23.7 22.1 20.8 20.0 19.8 6.2
6.3 70 547 324 203 140 103 79.1 63.1 51.9 43.6 37.5 32.8 29.3 26,k 2L.1 22,5 21.2 20.4 20,2 6.3
6.4 777 569 334 209 pUNN 105 80.8 644 52.9 Ll 38.2  33.4  29.8 26.8 2u.6 22.8 21.5 20.7 20.5 - A
6.5 814 591 345 214 1.7 108 82.5 65.7 53.9 45.2 38,9 34.0 30.3 27.3 25.0 23.2 2.9 21.0 20.8 6.5
6.6 853 61, 355 219 151 110 84.2 67.0 5.9 4b.1 39,6 4.6 30.9 27,7 25.4 23,6 22,2 214 2l 6.6
6.7 89, 638 365 225 15, 112 85.9 68.3 56.0 46.9 L0.3 35.2 3l.. 28,2 258 2,.0 22.6 2.7 2.5 6.7
6.8 935 661 376 231 158 115 87. 69.6  57.0 47.8 41.0 35.8 31.9 28,7 26.2 2L.L 23.0 22.1 21.8 6.8
6.9 978 685 386 236 161 117 89.4 70.9 58.0 48,6 41,7  _36.4 32,4 29,1 26.6 24,8 23.3 22.4, 22,) 6,9
7.0 1022 710 397  2h2 165 119 91,1 72.2 59.1 49.h 42,4 37.0 33.0 29.6 27.0  25.1 23.7 22.7 22.5 7.0
7.1 1067 735 108 24,7 168 122 92.8 73.6 0.1 50.3 43.1 37.6 33,5 230.1 27.5 25.5 24.0 23.1 22.8 7.1
7.2 1113 760 418 253 172 124 94,6 74,9 6l.2 511 43.8 38.2 34,0 30.5 27.9 25.9 2Lk 23,4 23,1 7.2
7.3 1161 785 429 259 175 127 96.3 76.2 62.2 52.0 4k.6 38,3 34,6 31.0 28.3 26,3 2u.7 23.8 23.5 7.3
70k 1210 811 440 26k 179 129 98.1 77.5 63.3 52,8 45.3 39.5 35.1 31,5 28.7 26,7 25.1 2L.1 23.8 7.4
7.5 1260 837 451 270 182 131 99.8 78.9 64,3 53.7 46,0 40.1 35.6 31.9 29.2 27.1 25.5 2L.L 2.1 7.5
7.6 1311 86y 4b2 276 186 134 102 80.2 65.5 54,5 46,7 40.7 36.1 32,4, 29.6 27.4 25.8 24.8 2.5 7.6
7.7 1364 891 473 281 190 136 103 8l.5 6b.4  55.4  47.4  ul.3 36.7 32,9 30,0 27.8 26,2 25.1 24.8 7.7
7.8 1418 918 48, 287 193 139 105 82.9 67.5 56.2 48.1 41.9 37.2 33,3 30.4 28.2 26,5 25,5 25.2 7.8
7.9 176 945 495 293 197 11 107 84.2 68.2 57.1 48.9 42,5 3%.8 33.8 30,8 _28.6 26,9 25.8 25.5 7.9
8 1530 974 507 299 200 144 109  85.5  69. 58,0 L9.5 L3.1  38.3  34.3 31,3 29.0 27.37 26.1 25.8 8
9 2200 1270 623 357 236 167 126 98,1 79.6 65.6 56,3 48,7 L3.2 38,6 35.2 32.5 30.6 29.2 28.9 9
10 3050 1600 743 k17 272 191 1.3 111 89.7 7h.2 63.0 54,3 48,2 43.0 39.1 361  33.9 32 3L.9 10
1 L080 1950 868 478 300 215 160 12k 97.7 82.4 69.8 60.0 53.2 47.4 k3.1 39.7  37.3  35.5 35.0 11
12 5320 2320 995 Sl 3,5 20 178 137 110 90.6 76.5 65.6 58.2 51.7 47.0 43.3 uQ.6 38,7 38.1 12
13 6790 2710 1130 604 381 264 195 150 120 98,8 83.4 71.3 63.2 56,1  50.9 46.9 43,9 419 4l.2 13
1% 8500 3110 1260 667 419 289 212 163 130 107 90.1 77.0 68.2 60.5 54.9 50.5 47.2 45.1 443 1
15 10500 3530 1400 731 457 313 230 176 10 115 97,0 82.7 73.2 648 58.8 5.1 50.6 483 L7.5 15
16 12700 3910 1540 795 495 338 29 189 151 2, 10, 88.4 78,2 69.2 62.8 57.7 5..0 51.5 50.6 16
17 15300 4410 1695 860 533 362 265 203 161 132 111 9.0 B3.2 73.6 66.8 61.3 57.3 54,6 50.7 17
18 18300 4860 1820 925 57z 387 282 216 171 10 118 99.7 88.2 78.0 70.7 6L9 60.7 57.8 56.8 18
19 21400 5320 1960 gé 610 412 300 229 181 148 124 105 93,2 82.4 74,7 68.5 6L.1 61.0 60.0 19
20 25000 5790 2100 1 649 438 317 2,2 192 157 131 111 98,4 86.8 78,7 72.3 67.6 643 63.1 20
TR T° 35 I0°  15°  20°  25° 30 33° L0%  45° 30° 355 60° B5e 700 75 B0®  85°  90° TR
and A = o/uR+2B/(uR)*+6y/(uR)*+240/ (uR)*
4= Sexp (—ugR)ds +120¢/ (uR)®+7208/ (ur)® etc.
becomes

4

etec. or

ocS exp (—ugR)dg+28
0

Ko exp (—ugR)gdg

+3y§ exp (—ugR)g%dg
0

If we plot, from Table 1, the sum of the first ¢ values
of As against the ¢th value of g(1 =1,2,3...) we
have a graph of s as a function of g. Empirical means
can be used to find from these data a power series
expressing s as a function of g. The first coefficient
« can be computed exactly and using this value the
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Fig. 5. Path lengths in a semi-infinite solid.

next few coefficients may be found empirically.
Consider scattering from an element of volume AV
inside a semi infinite solid, Fig. 5,

AP, = Igr exp [—u(p+py)]AV
but z = p, sin @ = p, sin (20—D) so

sin @
AP, = Ip exp [_"“’1 {1+m43)}} v

Fig. 6. Scattering from an element of volume
in a semi-infinite solid.

A beam of cross sectional area ¢ (see Fig. 6) sends

power
Sl ' sin @
P, = IQrGS exp {“ﬂpl {1+ WQT)H dp,

in the direction r.

Integrating:
P Igrosin (26—-@)
" u[sin @+sin (260—D)]

Now consider the effective scattering section, of the
cylinder, Fig. 7, the part between @ = 0 and @ = 26.
We can compute the power sent parallel to r by an
infinity of blocks of length RA®D. Here ¢ of the pre-
ceding equation is replaced by do = wR sin AP so
that the power increment is

379

kew

Fig. 7. Scattering from a cylinder of large u.

_ IorwR sin @ sin (20— D)

APy u sin @+sin (20—P)

AD
and

Py

_ ITorwR Rz" sin @ sin (20— @) iD
" 4 Jpposin @+sin (20— D) ’
Integrating

2
P, = Torwk {1 — c_osj In tan (71 + Q)
H sin 6

Comparing this with equation (4)

1
=——11
Ao n,uR{

Hence the coefficient of (uR)-! is

cos? 0 n 0
~ g In tan (Z + 5)} for uR large.

_1J,  cos? 0 (n B 6)]
7 {1 —sinelntan4'2f'
Table 3. Coefficients for 5° intervals of 0

0 o« 28 6y 248  120¢ 50407
0 0 0 0-3183 0 0955 0 7-1
5 0-001615 0-0314 0-0648 0-835 0-14

10 0-00642 0-053 0-179 0-057

15 0-01442 0-086 0-061 0-33

20 0-0254 0-105 0-080 0-13

25 0-0394 0-123 0-073 —0-16

30 0-0560 0-139 0

35 0-0752 0-150 —0-022

40 0-0966 0-159 —0-10

45 0-1199 0-164 —0-16

50 0-1448 0-16 —0-20

55 0-1741 0-13 —0-30

60 0-1984 0-11 —0-21

65 0-226 0-10 —0-33

70 0-250 0-105 —0-48

75 0-274 0-08 —0-52

80 0-295 0-064 —0-64

85 0-3107 0-03 —05

90 0-3183 0 —0-53

For small 0, x = 202/(3x). = af(uR)+28[(u2R?. . ..



380

Table 3 gives the values of the coefficients for 5°
intervals of 6. We can find 4 and hence 4* for inter-
mediate values of 6 by plotting 4 against sin?0
(Bradley, 1935).

Optimum size of cylinders for the zero level

Equation (4) indicates that the power received by the
radiation detector is proportional to (uR)240. Plots
of (uR)?/A* show that for § = 0° the optimum size is
uR = 1:35, for § = 10° it is uR = 1-45 and for § = 20°
it is uR = 1'9. Above 0 = 25° there is no optimum
since (uR)?/A* rises continuously from pR =0 to
uR = oo if 6 > 25°. Hence a practical optimum for
cylinders is uR = 1-5.

Absorption corrections for upper levels of the equi-
inclination Weissenberg-cylindrical specimens
In the equi-inclination case, Fig. 8 both the on com-
ing and the departing rays make an angle 90°—v
with the cylinder axis. Hence the path lengths p,
and p, of Fig. 3 become p, sec v and p, sec v in Fig. 8.

f
7

Fig. 8. Path lengths and angles for upper levels.

Also the volume element is w sec »AS. Hence the
power received by a properly placed radiation detector
is from equation (2):

P, =Ig- Xexp (—usecv.p)4V
v

or
P, = 7R Ig,wsec» 3 exp [(—pusecv)p]ds. (6)

Setting pu’ = u sec v it is seen that the function under
the summation is A(x'R, ¥/2). If v goes to zero ¥/2
becomes § and ' becomes u so that A(u'R, ¥/2) goes
to A(uR, 0). To compare reflections in the same level
it is necessary only to compare the respective values

EQUI.INCLINATION WEISSENBERG INTENSITY CORRECTION FACTORS

of P,A*(u'R, ¥|2) = 0,xconst. However if we wish
to compare reflections in different levels we must use

or x const. = P, cosv A*(uR secv, 1]2).

Spherical specimens
If we take V = 4/3nR% we may re-write equation (2)
as
P, = 4/13nR31p, 3 exp (—up)dv .

A machine integration of 3 exp (—up)dv gives the

data of Table 4. It is worth noting that for 6 = 0
and O = 90° the equation is integrable. For 6 = 0 the
absorption factor is

3
= 5akp (05D (~2uR)+uR-+ (WEYT,

While for 6 = 90°:

3 1 1
_ 4/73{5_ T (1~ (144 B) oxp (~4uR)]

Optimum size for spheres

Plotting (uR)3/A* shows that there is no optimum
size for spheres, the total reflected energy rises
continously from uR = 0 to uR = oo for all values of 6.

The concept of ‘optimum size’ is misleading. The
desirable condition is that the correction factor for
6 = 0 be not too different from the correction factor
for 6§ = 90°. This is met if uR < 2, when the ratio of
front to back factors is less than 2-6.

The polarization correction

The polarization correction using a monochromator
(Whittaker, 1952) can be combined with the Lorentz
factor as follows: Whittakers result for the equi-
inclination case may be written as a correction factor as

P = (1-+cos? 2¢)~! {cos? 2¢(1—cos? v sin? V)
+1—sin? v cos? (1 4-cos 13} ,
where ¢ is the Bragg angle for the monochromator.
The Lorentz factor as adapted to the equi-inclina-
tion Weissenberg by Tunnel (1939) is L = cos?» sin V.

Since cos § = cos ¥ cos ¥/2 we can write the combined
correction factor as

—ain2
P, —Tsin20/f1~ (HI’L>
(1+g cos? v)

2
x (14 cos 26)2 — ' (1+cos 26)} ,
1+g
where ¢ = cos? 2e

and T = (sin2 §—sin? v)¥/sin 6 .
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Table 4. Absorption correction factors A* for X-ray intensities
Spheres of radius B

uR 0° 50 10°  15°  20°  25°  30° 35° LO°  45°  50°  55°  60°  65°  70°  75°  g0°  85°  90° uR
0 1.00 1.00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1.00 1.00 1.,0¢ 1,00 1,00 1,00 1,00 1.00 0
.1 1.16 1.16 1.16 1.16 1.16 1.16 1,16 1..16 1..16 1.16 1,16 1,16 1,16 116 1.16 1,16 1,16 116 1,16 .1
.2 1.35 1.35 1.35 1.34 1.3 1.34 1,34 1.3, L34 1.34  1.33  1.33  1.33 1.32 1.33 1.33 1.33 1.33 1.3} .2
3 1.56  1.56 1.56 1.55 1,55 1,55 1,55 1.5, 1.54 Ll.54 1.53 1.53 1.52 1.52 1.51 1.51 1.51 151 1,51 .3
o 1.80 1.80 1.20 1.7 1.7 1.78 1.78 1..77 1.76 1.75 1l.74 1.73 1.73 172 1,71 1.70 1.70 1.70 1.70 o
5 2.08 2.07 2.07 2.06 2.06 2.05 2,03 2,02 2,01 1.99 1.97 1,96 1.9 1.9: 1.92 1.91 1.90 1.90 1.90 .5
W6 2.39  2.39  2.38  2.37 2.36 2.3k 2,32 2,30 2,27 2.25 2.23 2.30 2.18 2.1& 2,14 2.13 211 2.1 2.11 .6
.7 2.75 2.7, 2,73 2,72 2,70 2,87 2.6, z.60 2.57 2,53 2,50 2.46 2.43 2.4C 2.37 2.35  2.33 2,32 2.3 .7
.8 3.15  3.15 3,13 3.11  3.07 3.03 2.99 2.9, 2,89 2,83 2,728 2,73 2.69 2,6t 2,61 2,58 2,56 2,55 2,55 .8
.9 3061  3.60 3,58 3.5k 3.50 3.4k 3.37 3.30 3.23 3.16 3.09 3.02 2.9 2.91 2.86 2.82 2.80 2,78 2.77 )
1.0 L.12  L.11  L.08 4,03 3.96 3. 3.79  3.70  3.6)  3.50 2.L1  3.33  3.25 3.1¢ 3.12 3,07 3.02 3,02 3,01 1.0
11 5270 4.69  h.6L  L.57 kb8 L37 Le25 k.12 3,99 387 375 AL 55 3.6 3.39 2.33 3.28 3.26 3.2 1.1
1.2 5.35  5.33 5,27 5.17 5,05 4.90 4.7k 1,57 L.l L.25 Al 7L97 0 3,85 375 266 3.59 3.5k 350 3.19 1.2
1.3 6.08  6.05 5.97 5.8L 5.67 5.47 5.27 5.06 L4L.85 4.66 4.48 L,32 4.7 L.0L 3.94  2.85  3.79  3.75 3.73 1.3
1.4 6.90 6.86 6.75 6.57 6.35 6.10 5,83 5,57 5.32 5,08 4.86 L.67 L.L9 ko3 4.22  L.12  4.05 L.Og 3.98 1.4
1.5 7.80  7.75 7.60 7.38 7.09 6.77 6.4k 6,11 5.8l 5,52 5.26 5.03 L.83 4.6 L.51  L.39 4.3l L2 4.23 1.5
1.6 8.81 8.7, 8.55 8.25 7.89 7.49 7.08 6.69 6.32 5.98 5,67 5.40 5.17 4.97 4.80 L.67 L.57 L.51 L.L8 1.6
1.7 9.92 9.83 9,59 9.21 .76 8.26 7.76 7.29 6.85 6.45 6,10 5,78 5,51  5.26  5.09 L.9L  L.83  L.77  L.7L 1.;
1.8 1.2 11.0 10.7 0.3 9.69 9.08 8.48 7.92 7.,0 6.9L 6,53 £.17 5.87 5.6 539 5.22 5,10 5.02 .97 {
1. 2. 12,6 12,0 11.4  10.7 9.9 .2 8.58 7,98 7.4k  6.97  6.57 Aéizz___g;gg 5.69  5.50 5.37 5.28 5.25 7-3
2.0 1.0 13.8 13.3 12.6 L 10,9 10. 2 . 7 7437697 6,59 6.26 5.9 5.78 5.0 5.§g ;.52 2.9
2.1 15.6 15.4 14.8 13.9 12.9 11.8 10.9 9.97 9.18 8:9 7.89 7.38 6.95 6.5¢ 6.30 6.07 5.90 5. ;.72 2.1
2.2 1704 1721 16..  15.3  1..1  12.9 11.7 10.7 9,30 9.03 3.36 7.80 7.33 6.9 6.6l 6.36 6.17 6.06 6.08 B
2.1 19, 19.0 181 168 15.3 13.9 1z.0 1l +10.k  9.57 8.8, 8.22 7.70 7.27 6.92 6.8L  o.45  6.32 6.2 .3
2.4 21.6  2i.0 19.9 18.4, 16.7 15.0 13.5 12,2 1l.1 10.1 9.32 8.65 8,08 7.61 7.23 6.93 6.72 6.59 g‘§“ 2.4
2.5 23.8  23.3 21.9 20.0 18.1 16.2 1k.5 13.0 11,7 10.7 9.8l 9.07 8.46 7.95 7.54 7.2} 6.99 6.85 6. 2 .g
2.6 26,3 25, 24,.0 21.8 19.5 17.3 15., 13.8 12.4 11.3 10,3 9.51 8,85 8,30 7.86 7.52 7.27 7,12 7.0 g.
2.7 290 28.2 26.2 23.7 2.0 186 16.4 1.6 131 11.8 10,8 9.9, 9.23 8.6L 817 7.8l 7.5 7.38 7.33 é.g
2.8 31,9 30.9 28.6 25.6 22.6 19.8 17.L 15., 13,8 12.4 11,3 .10,k 9.62 8.9¢ 8.9 2,10 7.82 7.65 3.39 2.
2.9 35.0 33.9 31,2 27.7 2b.2 21,1 18,5 16.3 1k.5 13.0 11.8 10.6 10.0 9.3, 8.81 A.40 4.10 7.92 7. ? ztg_
3.0 38.L  37.0 33.9 29.9 25.9 27.4 19.5 17.1 15.2 13,6 12.3 1l.3° 10,4 9.7C Q.12 é'7° g.gg 7.8 g1 ;.1
3.1 12,0 LO.L 36.7 32.1 27.7 22.8 20.6 18:0 15,9 1li.2 12,8 11.7 10.8 10,0 9..5 8,99 A, s.us 3'2 o
2.2 45.8  43.9  39.7 2k 29.5 25,2 217 18.9 16.6 148 Ly 12.2 1Lz 10 977 9.29 8.9. 8.72 8.6 32
3.3 19.9 4L7.7 L2.8 36.8 31,3 26.6 22.8 19.8 17., 15,4 13.9 12.6 11.6 10.2 10.1 9.33 9.21 .39 .?7 33
3.4 s,.3 5107 46,0 39.3 332 28.1 239 207 181 161 L.k 131 12,0 1L1 10 9 9..9 G, 3 g.L’ 3k
3.5 58,9 56,0 49.5 Ll.9 352 29.5 25.1 2L.6 189 167 L9 13.5 lz.i 1l.p 10.7 18.2 977 5.52 942 32
3.6 63.8 60.4 53.0 4L.6 37,1 31.0 26,2 22.5 19.6 17.3 15.5 1..0 12.8 1l.2 1L -2 lo. ?6 9 96 3.6
3.7 69.0 65.1 56.8 47.3 39.2 32.6 27.4 23.4 20,4 17.9 16,0 1.5 13.2 12.z  1l..  10.8 1 .g . ?59? 37
3.8 74,6 70.1 60.6 50.2 4l.2 34.1 28,6 2h.. 21.1 18.6 16.5 1.9 13,6 12.¢ 11,7 1l.1 10. 10.2 9.2 3
21— 50t g Sl Rl dd 2l %%?%"‘%é‘%“‘%%‘g“‘%g:%' P2 Jed g 2D 198 18-8 162 2:3
P 8.2 Sor 551 390 132 3R 32 3 ih zois 162 18.3 18 13 12,7 12,0 11l5 l.i 1110 L1
L2 99.8  92.4 77.5 62,2 49.9 40.5 33.4 28.2 24,2 21,1 18,7 16,8 15,2 1.0 13.0 12,3 11.7 1l.. 11.3 L2
L3 10,7 98.6 82.1 65.3 52.1 42,1 3.7 29.2 25.0 21.8 19.3 17.2 15.7 1li.L  13.4 12,6 12.0 11,7 11.5 L3
Lol 11,4 10.5 86.8 68.6 544 43.7 35.9 30,1 25.8 22,4 19.8 17.7 16.1 1.7 13.7 12.9 12.3 11.9 11.8 Lok
L5 12,2 1l.2 917 71.9 56.7 45.6 37.2 31.1 26,6 23.1 20.3 18.2 16.5 15.1 14.0 13.2 12,6 12.2 12.1 L5
4.8 13,0 11.9 96.7 75.2 59.0 u7.1 38.4 32,1 27.4 23.7 20,9 18,7 16,9 15.5 1u.3 13,5 12,9 12.5 12.3 L.6
4.7 13.9 12,6 10.2 78.6 61.3 48.8 39,7 33.1 28.1 2.4 2L,k 19,1 17.3 15.8 14.7 13.2 13.2 12.8 1°.6 4.7
2.3 ig.g {3.% ig.g gg.é gg.; 50,5 11,0 3.1 28.2 Eg.o gg.g %g.g %g.z %g.z 15.0 L.l 134 1.0 12,9 L.8
. . ke . . . 52.2  42.2  35.1 29. . . . . . . L. 13. 1 13.1 4.9
5.0 16.7 15.0 11.8  89.1 68.5 53.9 43.5 36.1 30.5 26—7——‘_6ﬂ—6—.1. 23,1 20. 18,5 16,9 15.7 1L.7 14.0 13 3.4 5.0
5.1 17.7 15.8 12 92,7 71,0 55,6 4L.8 37.1 31.3 27.0 23.7 21.0 19.0 17.3 16.0 15.0 14.3 13. 13.7 5.1
5.2 18.8  16.7 12.9 96.4 73.4  57.4 46.1 38.1 32.2 2z7.7 2L.2 21,5 19.4 17.7 16.3 15.3 14.6 k.1 13.9 5.2
5.3 19.9 17.6 13.5 10.0 75.9 59.2 47.h 39.1 33.0 28.3 2u.8 22.0 19.8 18.G 16.7 15.6 14,.9 4.4 1i.? 5.3
5.4 21,0 18.5 1u.1  10.6 78 60.9 8.8 40.1 338 29.0 25,3 22.5 20,2 18., 17.0 15,9 15.1 1L.6 1i.5 5.4
5.5 22.2  19.4 1.7 10.8 80.9 62.7 50.1 41,1 3L.6 29.7 25.9 22.9 20.6 18.& 17.3 16.2 15.4, 14.9 14.7 5.5
5.6 23,4 20,4 15.3  11.1 83.5 64,5 5luk L2.2 35,4 30,3 26,4 23.4 21.0 19.1 17.7 16.5 15.7 15.2 15.0 5.6
5.7 24,7 2L, 16,0 11.5 86.0 66,3 52,7 u3.2 36.2 31.0 27.0 23.9 2l.5 19, 18.0 16,8 16.0 15.5 15.3 5.7
5.8 26,0 22.4, 16.6 11.9 83.6 68.1 54,1 LL.2 37,0 31.7 27.6 2i.4 21.9 19.§ 18.3 17.2 16.3 15.7 15.5 5.8
22 27,4 23,5 17.3 12,3 9l.2  69. 55.4  45.2 37,9 32,3 28.1 24,9 22,3 20.2 18.7 17.5 16.6_ 16.0 15.8 5.9
.0 28,8 24.6 17.9 12.7 93.8 71.7 6.8 46.3 38.7 23.0 28.7 25.3 22.7 20.6 19.0 17.8 16.8 16.3 16.1 6.0
6.1 30.3  25.7 18.6 13,1 96.4 73.6 58,1 47.3 39.5 33.7 29.3 25.8 23.1 21,0 19.3 18.1 17.1 16.5 16.3 6.1
6.2 31.8 26,9 19.3  13.5 99.1 75.4 59.5 48.4  LO.3  3k.4 29,8 26,3 23,6 2l.4  19.7 12.4, 17,4 16, 16.6 6.2
6.3 33.5  28.0 20.0 13.9 10.2 77.2 60.8 49.4 4l.2 35.0 30.. 26.8 24,0 21.7 20.0 18.7 17.7 17.1 16.9 6.3
6.5 35,0 29.3 20.7 143 104 79.1 62.2  50.4 42.0 35,7 31.0 27.3 244 22,1 20.3 19.0 13.0 17., 17.1 6.1
6.5 36,6 30.5 2l.  1..8 10.7 8l.0 63.5 51.5 42.8 3b., 31,5 27.8 24.8 22.5 20.7 19.3 1.3 17.6 17.4 6.5
6.6 38.3  31.8  22.1 15.2 11.0 82,8 64,9 52.5 43.6 37.1 32,1 28.2 25,2 22.9 21.0 19.6 18.5 17.9 17.7 6.6
6.7 40.1 331 22,9 15,6 1l.2 847 66.3 LL.5 37.8 32,7 28,7 25.7 22.2 2l.3 19.9 13.8 13.2 17.9 6.7
6.8 41.9  34.4 23,6 16,0 11,5 86,6 67.7 5h.6 45.3 38.4 33.2 29.2 26.1 23.6 21,7 20.2 19.1 12, 18.2 6.8
6.9 43.8 35.7 244 16.5 11.8 88.5 6g.o 53.7 L6.1 39,1 33,8 29.7 26.5 24,00 22.0 20.5_ 19.4 18.7 _18.4 6.9
7.0 15,7 37.1 25.1 16.9 12.1 90.k 70.k 56.7 47. 39, 34.b . . I .3 20. 19.7 19.0 18.7 7.0
7.1 47.7 38,5 25,9 17.3 12.3 92.2 71.8 57.8 47.8 L0.5 34.9 30.7 27.3 24.7 22.7 2l.1 20.0 19.3 19.0 7.1
7.2 49.8  40.0 26,7 17.7 12.6 94,1 73.2 58.9 L8.7 4Ll.2 35.5 311 27.8 25.1 23.0 2l.u 20.3 19.5 19.2 7.2
7.3 51,9 41,5 27.5 18.2 12.9 96.0 7L.6 59.9 49.5 1.8 36.1 31.6 28,2 25,5 23.4 21,7 20.5 19.8 19.5 7.3
7.4 54.0 43.0 23.3 18,6 13.2 98.0 76.0 61.0 50.3 42,5 36,6 32.1 28.6 25.8 23.7 22.1 20.8 20.1 19.8 7.4
7.5 56.3 4k.5 29.1 19.1 13.5 99.9 77.L 62,0 51.2 143.2 37.2 32.6 29.0 26.0 24,0 22., 21.1 20.3 20.0 7.5
7.6 58.5 46.0 29.9 19.5 13.7 10.2 78.8 63.1 52.0 43.9 37.8 33.1 29.4. 26.6 2., 22.7 2l.4  20. 20.3 7.6
7.7 €0.9 47.6 30,7 20.0 1.0 10,4 80.2 4.2 52.8 44,6 38.4 33.6 9.9 27.0 2u.7 23.0 21,7 20,9 20,6 7.7
7.8 63.3  49.3  31.5 20.. 143 10,6 8l.6 65.2 53.7 L5.3 38,9 34.1 30.3 27.3 25.0 223 22,0 21.2 20.8 7.8
7.9 65.7 50.9 32.L 20.9 14.6 10.8 83.0 66.3 54,5 45.9 39.5 .6 0.7 27.7 25.4 23.6 22,3 21,4 _ 21.1 7.9
A0 68.3 52.6 133.4 21.3 14.9 11.0  84.4 07.4 5.4 L6.6 40.17 35.00 3I.T  28.1 25.7 23.9 22,5 21.7 2L.4 T80
2.1 70.9  54.3 3.1 21,8 15,2 11,1 85.8 68,4 56.2 47.3 40.6 35.5 31.6 28.5 26.0 2L.,2 22,8 22,0 21,6 8.1
8.2 73.5 56,0 34.9 22.2 15.4 11.3 87.2 69.5 57.1 48.0 4l.2 36.0 32.0 28.8 26.L 24.5 23.1 22.2 21.9 2,2
8.3 76,2 57.8 35.8 22,7 15,7 11,5 88.5 70.6 57.9 48.7 41.8 36.5 32.L 29.2 26.7 24,.8 23.L 22.5 22.2 8.3
. 79. 59.6 .7 23,2 16,0 11.7 90.1 71,7 5%.% 49,4 424 37.0 32,9 29.6 27.1 25.1 3.7 22,8 22.L 8.4
8,5 81,9 6l., 37.5 23.6 16.3 11.9 9l.5 72.7 59.6 50.1 42.9 37.5 33.3 30.0 27.4 25., 24.0 23.1 22.7 4.5
8.6 4L.8  63.2  38., 24,1 16,6 12,1 9.9 73.8 60.. 50.7 43.5 38.0 33.7 30,3 27.8 25.7 2u.3 23.3 23.0 2.6
9.7 87.8  65.1 19.3 24,6 16.9 12,3 94,3 74,9 61.3 51.4 44,1 38.5 34.1 30.7  28.1  26.1 2u.5 23,6 23,2 8.7
8.8 90.9 67.0 40.2 25,0 17.2 12,5 958 76,0 62.1 52,1 &4.7 39.0 34,6 31.1 28.4 26,4 24.8 23.9 23.5 8.8
. 0 69,0 ] 2 7 12 Q7.2 77.1 _63.0 52.8 45.2 39.5 35.0 31.5 28,7 26.7 2°.1 2L.2 23.8 8.9
9. 97.2 70.9° 42.0 20,0 17.8 12.9 98,6 78,2 63.9 . 53.5 L5.8 39.9  35.k 31.8 29.1 27.0  25.h 7L,k 2L.0 9.0
9.1 1005 72,9 42,9 26.4 18.0 1 10,0 79.3  6h.7  5h.2  kb.e LO.L 35.8 32,2 2004 27,3 25.7 24L.7  24.3 9.1
9.2 1038 74.9  43.9 26,9 18,3 13.3 10.1 80.4 5.6 54.9 46.9 40.9 36.2 32,6 29,7 27.6 26,0 25.0 2u.6 9.2
9.3 1072 77.0 4.8  27.4 18,6 13.5 10.3 8l.5 66.L 55.6 7.5 4l.3 36.6 32.9 30,1 27.9 26,3 25.2 24.2 9.3
9.4 1107 79.1 45.7 27.9 18.9 13,7 10., %2.6 67.3 56.3 48.0 4l.8 37.0 33.3 30.4 28.2 26.5 25.5 25.1 9.ds
9.5 1.3 8l.2 46,7 28.4 19.2 13.9 10,6 83,7 68.2 57.0 8.6 2.2 37.. 33.6 30,7 28,5 25.8 25.8 254 9.5
9.6 1180 83,3 47.6 28.8 19.5 li.1 10,7 8L.8 69.1 57.7 49.1 L2.7 37.7 33.9 31.0 28.8 27.1 26.1 25.6 9.6
9.7 1217 85.5 48.5 29,3 19.8 14.3 10,9 85.0 69.9 58.4 49.6 43.1 381 3.3 314 291 27.h 26,3 25.9 9.7
9.8 1255  87.7 .9.5 29.8 20.1 1li.5 11.0 87.0 -70.8 &9.1 50.2 4L3.5 38.k 34,6 31.7 29.5 27.7 26.6 6.2 9.8
9.9 1295 89,9 50,5 30,3 20.4 14,7 11,2 88,2 71,7 59.8 50.7 43.9 38,7 34.9 32.0 29.8 28.0 6.9 26.4 9.9
10.0 1333 92.1  51.4  30.8  20.7 14,9 11.3  89.3 72.6 60.5 51.2 4L.2  39.0 35.2 32,3 30,1 38,3 27.2 26.7 10.0
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