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ABSTRACT

Physical and chemical analysis, x-ray astronomy and high temperature

plasma diagnostics which utilize the ultrasoft x-radiations have made

evident a strong need for filling the gap in measured absorption

coefficient data for the radiations between the conventional x-rays and

the extreme ultraviolet. More than one hundred new coefficients have been '
recently measured in this laboratory on the gas state, atomic or molecular, |
containing He, C, N, O, F, Ne, S, C1, Ar, Kr and Xe using eleven fluores-

cent, characteristic wavelengths Al-Ka (8.34 A) through Be-K (113.8 A). The

radiations were isolated by Bragg reflection from multilayer analyzers of

the Langmuir-Blodgett type and by pulse height discriminating proportional

counter intensity measurements. Using these data and data previously

published, a complete table has been determined for He through Ar and for

wavelengths below the L edges and in the region 2-to-200 A. Absorption

III
cross sections have been calculated for many compound materials which are
commonly encountered in low energy x-ray analysis. The transmis:ion of

x-rays from a source above the earth has been tabulated as a function of

altitude and wavelength.

Distribution of this document is unlimited.
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37.0 1860,
38,0 2020.
39,0 2190,
40,0 2360.
42,0 2750.
44,0 3170.
46,0 3s20.
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90.0 25800,
9240 27400,
94,0 29100,
96,0 30800,
98,0 32600,
100,0 34500,
105.0 39400,
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150.0 100000,
155.0 108000,
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99,

84,

12,
36.0
20,5
12.7
8.4
5.9

3.2
244

BORON

161000,
118000,
90000,
71000,
57000,
“6800,
39100,
33100,
28600,
26600,
21500,
19000,
16800,
15000,

13500.
12200,
11000,
10000,
9100,
8300,
7600,
7000,
6400,
5900,

5500,
5100,
4690,
4350,
4060,
37604
3500,
3260,
86000,
82000,

77000,
70000,
63000,
$7000,
52000,
47000,
42900,
39300,
36100,
33200,

30600,
28300.
26200,
24300,
22600,
21000,
19600,
16300,
17100,
16000,

15100,
13300.
11800,
10500,
9400,
8400,
7600,
6900,
6200,
5700,

5200.
4150,
3380,
2790,
2320,
1960,
1660,
1420,

1230,
930,
720,
570,
4«58,
373,
307.
256,
216,
183,

157,

80,
45,5
2844
18.8
13,1
9.5
7.0
Seb

CARBUN

290000,
221700,
172000,
137000,
111000,
91000.
76009,
64000,
55000,
47100,
40900,
35900,
31700,
28200,

25200,
22600,
20600,
18500,
16800,
15400,
16100,
13000,
12000,
11000,

10200.
9500,
8800.
8200,
7700,
7200,
6700,
6300,
6000,
5600,

5300,
4700.
4210,
3780.
3400.
3080.
2790,
2530,
2310,
51000,

47500,
44100,
©1000.
38200,
35700,
33300,
31200,
29200,
27400,
25800,

26300,
21600,
19200,
17200,
15500,
14000,
12700,
11500,
10500,

9600.

8800,
7100,
5900,
“HB0,
4100,
3480,
2970,
2560,

2220,
1700.
1330.
1060,
860,
700.
580,
“87,
4l2.
351.

302,

155,
90,
S6.
3745
2642
19.0
14,2
10.9

NTTRUGEN

340000,
312000,
255000,
210000,
175000,
146000,
124000,
105000,
91000,
79000,
69000,
60000,
$3000.
47300,

%2200,
37900,
34100,
30900.
28000,
25600,
23400,
21400,
19700,
18200,

16800.
15600,
14500,
13500,
12600,
11700,
11000,
10300,

9700,

9100,

8600,
7600,
6800,
6100,
5500.
5000.
«560.
4160,
3800,
3490,

3210,
2960,
2730,
2530,
2350,
2180.
2030,
1900.
1770.
1660,

15.0.
29600,
26500,
23800,
21500,
19500,
17100,
16200,
14800,
13600,

12500,
10200,
8500.
7100,
6000,
5100,
4390,
3800.

3310.
2560,
2020.
1620,
1310,
1080,
900.
760,
640,
550,

“«76,
249,
145,
92.
62,
43,
32,
264,
18,

UXYGEN

39%0n0,
3648000,
303000,
262000,
226000,
196000,
170000,
148000,
130000,
114000,
101000,

90000,

80000,

72000,

65000,
58000,
53000,
47900,
43600,
39800,
36500,
33500,
30900,
28500,

26400,
26400,
22700,
21100,
19700,
18400,
17200,
16100,
15100,
14200,

13400,
11900,
10600,
9500,
8600,
7800,
7100,
6400,
5900,
5400,

4950,
4560,
©210.

FLUNR]NE

299000,
324000,
297000,
269000,
242000,
217000,
195000,
175000,
157000,
141000,
127000,
115000,
104000,

94000,

86000,
78000,
72000,
66000,
60000,
55000,
51000,
47100,
43600,
40400,

37500,
34900,
32500,
30300,
28300,
26500,
24800,
23300,
21900,
20600,

19400,
17300,
15400,
13900.
125C0.
11300.
10200,

9300,

8500,

7800,

7200,
6600,
6100,
5600,
5200,
©A20.
4490,
4180,
3900,
3650,

3620,
3010.
2670,
2380,
2130,
1910.
1730,
1570,
1430,
1300,

1190,
970.
14100,
11900,
10100.
8700,
7500,
6600,

5800,
4510,
3590.
2910,
2390,
1990,
1670,
1420,
1210,
1050.

910.
4«87,
291.
187,
127,
90.
66,
50,
39,

NEON

283000,
270000,
253000,
270000,
251000,
233000,
215000,
198000,
183000,
168000,
155000,
1643000,
131000,
121000,

112000,
104000,
96000,
89000,
83000,
77000,
71000,
66000,
62000,
58070,

54000,
51000,
©7500,
44600,
«1900.
39400,
37100,
34900,
32900,
31100.

29400,
26300,
23600,
21300,
19300,
17500,
15900,

ENERGY (EV)

30,
35,
40,
45,
50,
5.
60,
65,
70.
75,
a0,
8o,
90,
95,

100.
105,
110,
115,
120,
125.
130.
135,
140,
165,

150,
155,
160,
165,
170.
175,
180.
185,
190,
195,

200,
210.
220,
230.

Henke ot al (1967)




w (cm?gram) vs. E (ev.)

MASS ATTENUATIUN COEFFICIENTS BELOW L) EDGE

4 ENERGY (EV) SODIUM MAGNESIUM  ALUMINUM SILICON PHOSPHORUS SULFIIR  CHLOUR INe AMGUN ENERGY
35, 190000, . . . . . . . 35,
40, 197000, . . . . . . . 40,
45, 198000, . . . . 0 . . o,
50. 194000, . . . . . . . 0.
55 187000, 166000, . . . . . . 95,
60, 1768000, 164000, . . . . . . 60.
65, 195000, 161000, . . . . . . 65,
70, 185000, 156000, . . . . . . 70,
75. 175000, 150000, 135000, . . . . . 7%

o 80, 165000, 143000, 133000, . . . . . 0.
85, 155000, 137000, 129000, . . . . . 85,
90. 165000, 151000, 125000, . . . . . 90,
95, 136300, 144000, 121000, . . . . . LI N

. 100, 128000, 137000, 116000, 118000, . . . . 100,
105, 119000, 131000, 111000, 114000, . . . . 105,
110. 112000. 124000, 106000, 111000, . . . . 110.
115, 105000, 118000, 102000, 107000, . . . . 115,
120. 98000, 112000, 114000, 106000, . . . . 120,
125, 92000, 106000, 109000, 100000. . . . . 125,
130. 86000, 100000, 105000, 96000. . . . . 130.
135, 81000, 95000, 100000, 93000. . . . . 135,
140, 76000, 90000. 96000, 89000, 90000. . . . 140,
165, 72000, 86000, 92000, 85000, 87000. . . . 145,
150, 67000, 81000, 88000, 82000, 84000. . . . 150,
155, 64000, 77000. 84000, 92000, 81000, . . . 155,
160, 60000, 73000, 80000, 89000, 78000, . . . 160,
165, 56000, 70000, 77000, 86000, 76000, 83000, . . 165,
170, 53000, 66000, 73000. 82000, 73000, 81000, . . 170,
175, 50000, 63000, 70000, 79000, 70000, 78000, . . 175,
180, 47600, 60000, 67000, 76000, 6A000, 76000, . . 180,
185. 45000. 57000, 64000, 73000, 65000, 73000, . . 185.
190, ©2600, 54000, 61000, 71000, 63000, 71000, . . 190,
195, 40400, 52000, 59000, 68000, 72000, 69000, . . 195,
200. 38300, 49100, 56000. 65000, 69000, 66000, . . 200,
210, 34600, 44700, 52000, 61000, 65000, 62000, 65000, . 210,
220 31200, 40700, 47400, 56000, 60000, 50000, 61000, . 220,
230. 28300, 37200. 43700, $2000, 56000, 54000, 53000, . 230,
240, 25700, 34000, 40200, 48300, 53000, 60000, 54000, . 260,
250, 23500. 31200, 37100. 44900, 49300, 57000, 51000, $3000. 250,
260, 21400, 28700. 34300, 41700, 46100. $3000. 47900, 50000, 260,
270. 19600, 26400, 31800, 38900. 43200, 50000, 45000, 47500, 270,
280, 18000. 24300, 29500, 36200. 40500, 47100, $0000, 44800, 200,
290. 16600, 22500, 27300, 33800, 37900, 44400, 47600, 42400 290.
300, 15300, 20800, 25400, 31600, 35600, 41800, 45000, 40000, 300.
310. 14100. 19300, 23700, 29500, 33400, 39400, 42600, 37800, 310,
320, 13100, 17900, 22100, 27600, 314600, 37200, 40300, 35700, 320.
330. 12100, 16700, 20600, 25900, 29500, 35100, 38200, 40200, 330,
340, 11200, 15500, 19200, 24300, 27800, 33200. 36200, 30200. 340,
350, 104600, 14500, 18000, 22800, 26200. 31300, 34300, 36300, 350,
360, 9700. 13500. 16900, 216400, 26700, 29700. 32500, 34600, 3%0.
370. 9100. 12600, 15600, 20200. 23300, 28100, 30900, 32900, 370,
380, 8500, 11800, 14800. 19000. 22000, 26600, 29300, 31300, 360,
390. 7900. 11100, 14000. 17900, 20800, 25200, 27900, 29800. 390.
400. T400. 10400, 13200. 16900, 19700. 23900, 26500, 28400, 400,
420, 6600, 9200, 11700, 15100. 17700, 21500, 24000, 25800, 420,
440, 5800. 8200, 10400, 13500, 15900, 19500, 21000, 23500, 440,
460 . 5200, 7300, 9300, 12200, 14600, 7600, 19800, 21500, %60,
480, 4630, 6600, 8400, 11000, 13000. 16100, 10000, 19600. 480,
500, 4150, 5900, 7500, 9900. 11800, 14600, 16500, 18000, 500,
520. 3740, 5300. 6900, 9000, 10800, 13300, 15100, 16500, 520,
540, 3380, 4820, 6200, 8200. 9800, 12200, 13900, 15200, 540,
560. 3070. 4380, 5700, 7500, 9000, 11200, 12700, 14000. %60,
580, 2790, 3990, 5200, 6800, 8200, 10300, 11800, 12900, 500.
600. 2550, 3650, «730, 6300. 7600, 9500, 10900. 11900. 600,
650, 2050, 2940, 3830, 5100, 6200, 7800, 8900, 9900. 650,
700. 1680, 2610, 3140, 4190. 5100, 6500, 7500. 8300, 100,
750, 1390, 2000, 2610, 3490, 4270, 5400, 6300, 7000, 750,
800, 1170. 1670, 2190, 2940, 3600, 4500, $300, 6000, 800,
850, 990, 1429, 1860, 2500, 3060, 2900, 4550, 5100, 850,
900. 850, 1210, 1590. 2140, 2630, 3360, 3920, 4410, 900.
950. 730. 1050, 1370. 1850, 2210, 2910, 3400, 3830. 950,
1000, 630, 910, 1190. 1610, 1980. 2540, 2910, 33%0. 1000,
1100. 7300, 700, 920, 1240, 1530, 1960, 2300, 2610, 1100.
1200, 5800, 550, 720. 980. 1210, 1550, 1820, 2070. 1200.
1300. 4760, hib, 580, 100, 970, 1250, 1470. 1670, 1300.
1400. 3930, 5000, 475, 640, 790. 1020. 1200, 1370. 1600,
1500, 3280, 4190, 394, 530, 660, 850, 1000, 1130, 1500,
1600, 2770, 3540, “210,. 466, 550, 710. 840. 950, 1600,
1700, 2370. 3020, 3600, 379, 468, 600, 710, 010, 1700,
1800, 2030, 2600, 3100, 325. 401, 520, 610, 690, 1800.
1900, 1760, 2260, 2690. 3350, 367, 447, 530, 600, 1900,
2000, 1540, 1970, 2350, 2930. 303, 390, 459, 520, 2000,
2500, 840, 1090. 1300. 1620, 1880, 2280, 255, 289, 2500.
3000, 510, 660, 800, 1000, 1150, 1400. 1570, 181. 3000,
3500, 332. 434, 520, 660, 760, 930, 1060, 1130, 3500,
4000. 228, 300. 363. “57., 530, 650, 720, 790. 4000,
] 4500, 164, 216, 263, 33l. 386, 470, $30. 570, 4500,
5000, 121, 161, 196, 268, 289, 353, 396, 431, 3000,
5500. 92. 123, 150, 190. 223, 272, 306. 333, 5500,
6000« T2, 96, 118, 150. 175, 214, 261, 263, 6000,
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T (Barns) vs. E (ev) i1
ATUMIC CRUSS SECTINONS RELUW L3 it
ENERGY (EV)  MELIUM  LITHIUM RFRYLL TUN HUREN CAKHUN NTTRUGEN UXYLEN  FLUDR (NE NEUN ENERGY (rv)
30, $740000, o 1LY00N0,  28BOOLO. S IHOOOU, HHS00UN0, JUSILOUD.  Y64lON0,  94¥0UUD, 0,
35, 4360000, o HBUUDO, 2120000, 4200004 7250000, 9250000, 10220000, Y060ULL, 29,
40, 3390000, « 670000, 160000, ILONOU, 59301000, 8040000s “3TO0U0UG.  H&BOVUU 40,
45, 2670000, o 560000, 1270000, 2730000, 4890000, 6950000,  K49000Us  Y0G0UUU, 45,
50, 2160000, o 435000, 1020000, 2210000, 060000, HOVDOUD. 7440000s  ~520000, 50,
58, 17640000, 5270000s 361000,  H40000. 1H]10000. 3400000, 5200000, &HEO0T0,  THUONUY, 59,
60, 14300004 4490000, 303000, 700000 14510000, 2880000, 4520000, &15000u,  T2100uu. 6U,
6%, 1190000, 3860000, 256000,  5900U0. 1280000 2450000, 3940000, 551000u. 6650000, 65,
0. 1000000, 3340000, 241000, 5140000 1090000, 2110000s 3450000, 49%0000. 6)<¢0LUO. 70,
75, 840000, 2910000, Ivl000, 462000, 940OUU, 1430000, 3040000, 44650000, 5630000, 75,
80, 720000, 2550000, 166000,  3H7000., w20000, 1590000, 2690000 &UI00D0UG  S1YULLL 8o,
8%, 620000, 2250000, 145000, 341000, T2LN0U, 1400000, 2390000, 3630000, &78000L0, Hh,.
90, 540000, 1990000, 127000, 302000, 630000, 12640000, 2130000, 3I2R0N00. 4410000, 40,
95, 466000, 1770000, 112000, 270000, 560000, 1100000, 1v1000U, 29R00NL,  &0OT0VO0, 95.
100, 408000, 1580000, Y9000, 242000, S10000, 9o0000. 1710000 2710000, 3760000, 100,
105, 350000, 1410000, 87000, 218000, 451000, 88000Q. 155%0n00. 24T70000s 3470000, 10%,
110, 317000, 1270000, 771000, 197000, 407000, 790000, leuU000. 2260000, 3220000, 110,
115, 281000, 1150000, 2480000, 179000. 369000, Te0Cuu. 1270000, 2070000, 2980000, 115,
120, 251000, 10640000, 2270000, 163000, 336000, 650000, 1160000, 1900000, 27/0u00, 120.
125, 2264000, 940000, 2090000. 149000, 307100, $90000. 1060000 L750000s 2570000, 125,
130, 201000, 860000, 1930000, 137000, 281000, 540000, 4970000, 1610000, 2390000, 130.
135, 181000, 740000, 1750000, 1246000s 259000, L9B0U0, 490000, 1490000, 2230000, 135,
140, 1664000, 720000, 1650000, 115000, 238000, 458000, 620000, 137000U, 2080UUU, laU.
165, 148000, 660000, 1530000« 106000, 220000, 423000, 760000, 1270000« 1940000, 145,
150, 135000, 600000, 1420000, 94000, 204000, 391000, 700000, 1180000, 1820000. 150,
155, 123000, 560000, 1320000, 91000,  190000U. 362000, 650000, 1100000, 17U0000, 155,
160, 112000, 510000, 1230000, HeNOD, 176000, 336000, 600000, 10200060, 1590000, 160,
165, 103000, 476000, (150000, 78000, 164000, 313000, 560000 960000, 1690000, 165,
170, 94000, %41000. 1070000, 73000, 154000, 292000, 520000, 890000, 1400000 170,
115, 87000, 4UY0U0, 1000000, 68000, 14400V 273000, 448000,  H40000, 1320000, 175,
180, 80090, 3800V,  Y4ULLU. 63000, 135000, 255000, 457000,  780000. 1240000, 180,
185, 74000, 354000, 880000. 59000, 126000, 239000, ©2R000, 740000, 1170000, 185,
190, 68000, 330000, 830000. 1550000 119000, 2250004 02000, 690000, 1100000, 190,
195, 63000, 308000, T780000. 1470000, 112000. 211000, 377000,  £50000. 1040000, 195,
200, 59000, 288000, 740000, 1390000. 105000. 199000, 355000, 610000, 680000, 200,
210, 51000, 253000, 650000, 1250000 94000, 177000, 316000, 540000, 860000, 210,
220, 44600, 2264000, 590000, 1130000, 84000, 159000, 282000, 87000, 790000, 220.
230, 38900, 198000, $30000, 1020000, 75000, 143000, 253000, 437000, 710000, 230,
240, 34200, 177000, 473000, 930000, 68000, 129000, 228000, 394000, 650000, 240,
250, 30300, 158000, 427000.  H40000, 61000, 117000, 206000, 356000, 590000, 250,
260, 26900, 142000, 387000, 770000, 56000, 106000, 187000, 323000, 530000, 260,
270, 26000, 128000, 352000, 710000, 51000, 97000, 171000, 294000, 485000, 270,
280, 216400, 115000, 321000, 650000, 46000, 88000, 156000, 268000, 444000, 280,
290, 19300, 104000, 293000, 600000, 1020000, 81000, 143000s 246000, 407000, 290,
300, 17400, 95000, 269000+ 550000, 950000, 75000, 131000, 226000, 374000, 300, {
310, 15700, 86000, 247000, 510000, FBOODOO. 69000, 121000. 208000, 344000, 310.
320, 14200, 79000, 227000, 471000, 820000, 64000, 112000, 191000, 317000, 320,
330. 12900, 72000, 209000, 437000, 760000 59000, 106000, 177000, 293000, 330,
340, 11800, 66000 1964000, 406000, 710000, 55000, 96000. 184000, 272000, 340,
350, 10800, 61000, 179000. 378000, 660000, 51000, 89000, 152000, 252000, 350,
360, 9900, 56000, 166000. 352000, 620000, 47300, 83000, 142000, 234000, 360,
370. 9100, 52000, 154000, 329000, 580000. 44100, 78000. 132000. 218000, 370.
: 380, 8600, 48100, 1464000, 308000, 550000, #1200, 73000, 123000, 204000, 380,
{ 390. 7700, 44800, 134000. 28R000., 510000, 38500, 68000, 115000, 190000, 390, i
t
| lg. 400, 7100, 41400, 125000, 270000, 484000, 36100 64000, 108000, 178000, 400.
il 420, 6100, 35900, 109000, 238000, 430000, 690000, 56000, 95000. 157000, 420,
{ i 440, 5300, 31300, 96000, 212000, 384000, 620000, %0000, 864000, 134000, 440,
i1 460, 4590, 27400, 85000, 18B8000. 344000, 550000. 44600, 75000. 123000, 460,
= 480, 4010, 24200, 76000, 169000, 309000, 500000, 40000, 67000, 110000, 480,
500, 3530, 21400, 67000. 151000, 279000, 454000, 36000. 60000, 99000, 500,
4 520, 3120, 19000. 60000, 136000, 253000, 13000, 32600, $5000, 89000, 520,
540, 2760, 17000, 56000, 123000, 230000, 376000, $70000. 49400, 80000, 540,
560, 2460, 15200, 48900, 112000, 210000 344000, 530000, 45000, 73000, 560,
580, 2200, 13700, 44200, 102000, 191000, 316000, 483000, 41100, 66000, 580,
600 . 1980, 12400. 40100, 93000. 175000, 290000, 445000, 37600, 61000, 600, ]
650. 1530, 9700. 31900, 74000, 142000, 237000, 366000, 30600, 48900, 650,
700, 1210, 7700, 25700, 61000, 117000, 197000, 305000, 444000, 40200, 700,
N 750, 970, 6300, 21000. 50000, 97000, 165000, 257000, 375000, 33500, 750.
i 800, 790, 5100, 17300, 41700, 82000, 139000, 218000. 319000, 28300, 400,
850, 650, 4250, 14500, 35100, 69000, 119000, 187000, 274000, 26200, 850,
900 . 540, 3560, 12200, 29900, 59000, 102000, 161000, 238000,  334000. 900,
950, 458, 3010, 10400, 25600, 51000. 84000, 140000, 207000, 292°00, 950,
1000, 390, 2570. 8900, 22100, 44300, 77000, 123000, 182000, 257000, 1000.
1100, 288, 1910. 6700, 16700, 33900. 59000, 95000, 142000, 202000 1100,
1200. 219, 1460, 5100. 13000, 26500, 46900, 76000, 113000, 161000, 1200.
1300. 170, 1140, 4030, 10200, 21100, 37600, 61000, 92000, 131000, 1300,
1400, 135, 900, 3210, 3200, 17100, 30600, 49900, 75000, 108000, 1400,
’ 1500, 109. 730, 2600, 6700, 14000, 25200, 41300, 63000, 90000, 1500.
1600, 89, 600. 2140, 5500, 11600, 21000, 34600, 53000, 14000, 1600.
{ 1700, Ta, 496, 1770, 4600, 9700, 17700, 29200, 44700, 65000, 1700,
i 1800, 62, 413, 1490, 3470, 8200, 15000, 24900, 38300, 55000, 1800.
1900, 52 350, 1260, 3290, 7000, 12800, 21400, 33000, 48000, 1900,
t 2000, 6b 7 298, 1070, 2820, 6000, 11100, 18500, 28600, 41700, 2000,
25004 2244 150, 540, 1430, 3100, 5800, 9800, 15400, 22600, 2500,
3000, 13.3 86, 307, 820, 1790, 3380, SR00. 9200, 13600, 3000,
3500, 8.5 54, 191, 510, 1120, 2140, 3700, $900, 8800, 3500,
000, 5.8 36,3 127, 338, 750, 1430, 2500, 40104 6000, 4000,
4500, “e? 2546 89, 236, 520 1010, 1770, 2660, 4300, 4500,
5000, . 18.9 b6, 171, 380, 730, 1290. 2090, 3180, 5000,
5500, . 14,3 “8, 128, 284, 550, 970, 15R0, 2410, 5500,
6000, . 11.2 37. 98, 218, 423, 750, 1220, 1870, 6000,
Henks of ol (I967)
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T (Barns) vs. E(ev.) Il

ATUMIC CKUSS SECTIUNS BELUW L3 FUGF

ENERGY (EV)  SUDTUM MAGNESIUF ALUAINUM  STLICON PHUSPHUKUS  SULFUR  CHLUKINE ARGUN  ENENGY (EV)
Y. 7240000, . . . . . . . as, i
“0, 7530000, . . . . . . . 40, X
45, 1560000, . . . . . . . «3,
50 7410000, . . . . . . . 80,
55, 7140000, 6690000, . . . . . . 55,
60, 6810000, 6630000, . . . . . . 60,
65 7450000s 6490000, . . . . . . 65,
70. 7070000, 6290000, . . . . . . 70,
75, 6680000, 6050000, 6070000, . . . . . 75,
RO, 6290000, 5790000, 5940000, . . . . . 80,
85, 5910000, 5510000, 5790000. . . . . . S,
90. 55640000, 6100000. 5600000, . . . . . 90,
95, 5200000, 5820000, 5400000, . . . . . 9.
100, 4870000, 5540000, 5200000, 5480000, . . . . 100, k
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185, 1720000, 2290000, 2870000. 3430000. 3350000, 3900000, . . 185,
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200, 1460000, 1960000, 2520000. 3050000, 3560000, 3530000, . . 200,
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260, 820000, 1160000, 1540000. 1950000, 2370000, 2830000, 2820000. 3330000, 260,
270. 750000, 1070000, 1420000. 1810000, 2220000, 2670000, 2650000, 3150000, 270,
280, 690000, 980000. 1320000. 1690000, 20800000, 2510000, 2960000, 2970000, 280,
290, 630000, 910000, 1230000. 1380000, 1950000, 2360000, 2800000, 2810000. 290,
300. 560000, 840000, 1140000, 1470000, 1830000, 2230000, 2650090, 2650000, 300,
310. 560000, 760000, 1060000, 1380000, 1720000, 2100000, 2510000, 2510000, 310.
320. 498000, 720000, 990000. 1290000, 1620000+ 1980000, 2370000, 2370000, 320,
330, 462000, 670000, 920000. 1210000, 1520000, 1870000, 2250000, 2670000, 330.
340, 429000, 630000, 860000, 1130000, 1430000, 1770000, 2130000, 2540000, 340, [
350, 599000, 580000, ©10000. 1060000, 1350000, 1670000, 2020000. 2410000, 350,
360. 372000, 550000, 760000, 1000000. 1270000, 1580000, 1920000, 2290000, 360,
370. 347000, 510000, T10UD0. 940000, 1200000, 1490000, 1820000, 21A0000. 370.
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4u0e 177000, 265000, 376000, 510000, 470000, 850000, 1060000, 1300000, 480, 1
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650, 78000, 119000, 171000, 237000, 318000, 614000, 530000, 660000, 650, 1
700. 664000, 97000, 141000, 196000, 263000, 343000, 439000, 550000, 700,
750. 53000, 81000, 117000, 163000, 219000, 288000, 369000. 465000, 7500
800, 44500, 68000, 9PU00. 137000, 185000, 264000, 313000, 395000, 800,
850, 37700, 57000,  53000. 116000, 158000, 208000,  268000.  339000. 850, 1
900, 32300, 49000, 71000,  1€0000. 135000, 179000, 231000, 293000, 900, i
950, 27900, 42200, 61000, 86000, 117000, 155000, 200000, 254000, 950.
1000. 26200, 36700, 53000. 750004 102000, 135000, 175000. 222000, 1000,
1100, 278000, 28300, %1100, 58000, 79000, 104000, 136000, 173000, 1100, 3
1200, 223000, 22300, 32400, 45500, 62000, 83000, 107000, 137000, 1200,
1300, 1820004 17900, 26000, 36600, 49900, 66000, 87000, 111000, 1300, 1
16400, 150000, 202000, 21300, 29900, 40800, 54000, 71000, 91000, 1400,
1500, 125,00, 169000,  17700. 24800, 33800,  45000. 59000, 15000, 1500, 4
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1700, 90000, 122000, 161000, 17700, 241C0, 32100, 41800, 54000, 1700.
1800, 78000, 105000, 139C00,. 15100, 20600, 27500, 35900, 5900, 1800,
1900, 67000, 91000, 120000, 156000, 17900, 23800, 31000, 39700, 1900. ;
2000. 59000, 80000, 105000, 136000, 15600, 20700, 27000, 34600, 2000, B
2500, 32100. 43900, 58000, 76000, 96000, 121000, 15000, 19200. 2500,
3000, 19500, 26800, 35700, 46500, 59000, 75000, 93000, 12000, 3000, .
3500. 12700, 17500, 23500, 30700, 39200, 49300, 61000, 75000, 3500, i
4000, 8700. 12100. 16300, 21300, 27300, 34400, 42700, 52000, 4000, [
«500, 6300, 8700, 11800, 156400, 19800, 25000, 31000. 348000, 4500, i
5000, 4630, 6500, 8800, 11600, 14900, 18800, 23300, 20600, 5000,
5500, 3530. 4950, 6700, 8900, 11400, 14500, 18000, 22100, $500.
6000, 2750, 3870, 5300, 7000, 9000. 11400, 164200, 17400, 6000,
Honke o o (1967) |




Table IV
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Comparison of Referenced Experimental Data with Values
Predicted by the Weighted "Best Fit" Function Expressed i-
Tables I, II, and III

The following designations are used:

Experimental values, the letters referring to the sources

as listed in the references presented at the end of Table IV.
An average, predicted value,

The percentage deviation of the predicted value from the
experimental value,

Values read from another author's graphical presentation of
data.

Values corrected for impurities by authors of this paper.

Values that are not plotted in Figures 4 and 5.
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5.36 1567, 81 1600, 2.1 110,0 [ 0,2
1598, tn 0.1 1.9¢ 235.0 A 221, =5.9
1600, bWl =0.0 274640 [ -19,3
6.13 2247, 6l 228u. 1.5 2,08 282,0 [ 266, 5.2
6,97 2800, A= 3200. 14,1 2,29 344 ,0 v 347, 1.0
7.13 3429, ¥l 3390, -l 339.4 cL 2.4
3370, [ 0.6 354,0 [] “1.9
7.50 3890, c 0, =05 422.0 8 =17.7
7.95 3600, A= 1500, 25,0 36240 wu N
7.95 200. A= 389, 26,7 2.5 675,0 A “i, “Tee
8436 330, A- “04, 22,3 4TR.0 wy =7.8
396, 81 1.9 2.7% 8670 s 71, -16,5
390, 6wl 345 631.0 wJ ~9.6
396, u 1.9 3.60 1210.0 " 1180, 2.6
8.60 %30, c 43y, 2.0 1192,.u Wy 0.9
9465 556, 4 507, 1.9 16470.C (] ~19.7
9.89 500, A= 642, 2u.3 3,72 1320,0 sP 1290, ~2.2
832, 7] 1.5 3.R6 1665.0 (Y1 1630, =2,7
632, wl 1.5 16490.C W -4)
630, u 1.9 3.87 167,0 P 154, 4.0
630, 8 19 146,0 L1Y] 5.3
11,00 862, 4 B5Y. 0.4 3.93 15247 w 160, “.7
11.90 850, A= 1070, 2%.) 3.9% 153.¢ W 162, 5.8
12.25 1150, Bawl 1150, 0,3 151.0 P 1.2
12.50 1200, 4 1220, 1.6 4,00 151.6 L 1e7, 10,3
13.35 1610, u 1460, 3.9 156.0 wu 7.1
1440, Bywl 1.3 .15 171.0 sP 183, 7.1
14,05 1700, 4 1660, -1.3 174.3 " 5,1
164,55 1830, wl 1850, Vel 174,0 (] 5.3
1840, 8 0,3 179.0 wu 244
15.50 2200, 4 2190, =Vt 4436 202.0 " 208, 2.8
17.00 2840, [4 2810, “1.0 9400 2685.2 L 290, 3.7
80,00 17500, Tee #3800, 3788 286,0 wy 3.4
150.00 115000, W~ 131000, 13.4 5417 32440 ] 323, 0.
160.00 28000, Ts- 134000, 3719.1 5e6l 360,.C " Jona, 1.0
165,00 90000, He- 135000, 50.4 320,09 wy 13.6
315.0 [} 156
SILICON 6,97 762.0 sp 715, 8.1
T4R.0 " 4.4
1.00 17, A 19.3 13,4 7,00 726.0 w 724, =043
1.39 o, A 49,2 1.7 6H3,9 L 5.8
1.94 111, A 126. 13.0 T.96 1030, ] 1020, 0.6
8,34 1157, ] 116u, 0.6
PHOSPHORUS 1159, [ 1.0
1180, h =le8
1.00 2142 A 23.0 nee 9,00 131A, L 1430, 8.2
1.39 She A S8.2 T.6 9.9 1165, L] 1840, =l.%
1.94 134, A 141, ¥.7 1770, [’ 3.9
1850, H “046
SULFUR 12,00 2726, L 3060, 13,0
12,25 3200, [ 3250, 1.5
1,00 2648 STes 28,6 T8 13.3¢ 4040, ] «070, 0.7
1.26 49,2 $Twe 52.2 6.0 070, 5 =041
1.39 65.5 A Ti.7 [0 16,55 4600, 8 508U, 10,4
69,2 STae 3.8 15,00 %732, L 5490, 16,0
1.54 90, A 95,3 5,4 16,00 6390, H 648U, le1
93, STee 2.4 18,32 4940, M 9020, 0.9
88, cuee 8.2 20,00 9886, L 1110v. 11.9
1494 173, A 18U, LIS} 23,57 15900, H 1610v, 1.2
179, STes [/ 25,00 16220, L 18300, 12,8
2,29 209, wWee 284, =1.8 J0.,00 26800, L 26700, 7.%
2450 355, A 361, 1.6 31,68 30200, “ 29600, =1.9
3,38 7. nee sle. 3.7 35.00 3e30N, L 35600, =2.0
3.60 900, A 967. 7.5 44,60 45700, v 48400, ~0,7
949, wee 1.9 40740, L 11,3
3.93 1139, wes 122u. T4 45600, M -0.5
6,15 1350, wee 1620, 4.9 6,50 46800, L 4860V, 34
“edb 1562, wee 120, 3.4 ©Y¥,50 53090, L 51500, -2,9
5,01 2100, A 234U, 114
5,01 210, A 223, b.0
5,17 221, wee 241, ve2
5.6l 250, wee 272, 8.7
6.97 500, wee 533, 6.6
Be3b 793, wee 867, (T3
868, H =2
9.89 1270, wee 1380, Heb
1390, W “U.Y
o sl NI TP Ehaall St T 9 -
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Element

@w N oo u»n £

10
11
12
13
14
15
16
17
18
19
20

Cl
Ar

Ca

A(4)

112.

66.0
43.7
30.9
23.3
18.1
14.3
11.56
9.50
7.95
6.7u
5.77
5.01
4.38
3.87
3.44
3.07

ABSORPTION AND ABSORPTION-JUMP RATIOS (r) AT K-EDGES

- ut+
179000. (5000)
88400. 3130.
53900. 2230.
32800. 1540.
22400. 1160.
14800. 8U6G.
10950. 687.
7760. 525.
$000. 440,
4500. 355,
36u40. 307.
2800. 251.
2340. 222.
1840. 185.
1440, 154.
1300. 148,
1120. 135.
——

Table V

(35)
28.3
24.2
21.4
19.3
17.5
15.94
14.78
13.63
12.68
11.89
11.18
10.52

9.92

9.3u

8.79

8.26




WAVELENGTH

2.0
4.0
6.0
8.0
10.0
12.0
14,0
16.0
18,0
20,0

2240
26,0
2640
28.0
30.0
32.0
34.0
36.0
38.0
40,0

‘2 .0
44,0
46.0
48.0
50.0
52.0
54 .0
5640
58.0
60.0

62.0
6440
6640
68,0
70.0
72 .o
7‘.0
76 .0
78.0
80.0

82.0
84.0
86.0
88.0
90,0
92.0
94,0
96.0
98.0
100.0

105.0
110.0
115.0
120.0
125.0
130.0
135.0
140,0
145.0
150.0

155.0
160.0
165.0
170.0
175.0
180.,0
185.0
190.0
195.0
200.0

FUORMVAR

14,
113,
3r2.
850,

1580,
2600,
3220,
5600.
7500,
9900.

12500,

8200,
10100,
12000.
14300,
16700,
19300.
22100.
25000,
28200,

31500,
3250,
3640,
4050,
4450,
4910.
56400,
5900,
6400,
7000.

7500.
8100.
8700.
9400.
10000.
10700.
11400,
12200.
12500.
13600,

14500.
15300,
16100,
17000.
17800.
18800.
19700.
20600.
21600.
22600,

25200.
27900,
30700.
33600,
36800,
39800,
43200,
46700.
50000.
54000,

57000,
61000.
65000.
69000,
73000.
77000.
82000.
86000,
90000,
95000,

MASS AITENUATION COEFFICIENTS

COLLODION PULYPROPYLENE
(C5HT02)X (C12H11022N6) X

20,
156,
510,

1140,
2110,
3450,
5200,
7300.
9800,
12800,

16200,
6400,
7900.
9400,

11100,
8200,
9500.

10800,

12300,

13900.

15500,
4540,
5100,
5600.
6200,
6800,
7500,
8200,
8900.
9700.

10500,
11300,
12100,
13100.
14000,
14900.
15900.
17000,
18000,
19100,

20200.
21400,
22600,
23700,
25000,
26300,
27600,
28900,
30300.
31700,

35300,
39100,
43000,
47000,
52000,
56000.
60000,
65000,
70000.
75000,

80000,
85000.
90000,
96000,
101000.
107000,
113000,
118000,
124000,
130000.

(CH2)X

e
69,
23‘.
550,
1040,
1740,
2660,
3830.
5200.
6900,

8800,
11000,
13500.
16200,
19200,
22400,
25900.
29600,
33600.
37800,

42200,
1940,
2180,
2430,
2690.
2960.
3240,
3540,
3860.
4190,

4540,
4880,
5200,
5700,
6000.
6400,
6800,
7300.
7700,
8100.

8600,

9100,

9600,
10100.
10600.
11100,
11700.
12200,
12800
13400,

15000.
16600,
18200.
20000.
21900.
23900,
25900,
28100.
30300.
32600,

35000,
37600.
%0200.
42800,
45400,
47900.
51000.
54000,
57000.
61000,

CELLULOSE ACETATE
(CI10HZ1015)X

19,
150.
489,

1100,
2020,
3310.
4950,
7000,
9400,
12300,

15500.
4850,
5900.
7100,
8400,
9900,

11400,

13100.

14900,

16800,

18700.
4370,
4900,
56400,
6000,
6600,
7200,
7900.
8600,
9300.

10100.
10900,
11700.
12600,
13500«
14400,
15400,
16300,
17300,
18400,

19500,
20600.
21700.
22900.
24100,
25300.
26500,
27800.
29200,
30500

34000.
37600.
41300.
45100,
49600.
53000,
58000,
63000,
67000.
72000,

76000,
82000.
87000,
92000.
97000,
102000,
108000,
112000,
118000.
124000,

v

MYL AR

TEFLON

(C10HB04)X (CF2)X

l4.
116.
384,
870.
1630.
2680,
4040.
5800.
7800,
10200,

12900.

8500.
10400,
12400,
14700,
17200.
19900.
22800,
25800,
29100,

32500.
3350,
3760,
4170,
4590,
5100.
5600.
6100.
6600,
7200.

7800.
8400.
9000.
9700,
10300,
11100,
11800,
12500.
13300.
14100,

14900.
15800.
16600.
17500.
18400.
19400.
20300.
21300,
22300.
23300,

26000,
28800,
31600.
34600,
38000.
41100.
44600,
48200.
52000.
55000

59000.
63000.
67000,
72000,
75000.
80000,
84000.
88000.
93000.
98000.

HENKE

28,
220,
700,

1540,
2800,
4520,
6700,
9400,
12600,
27H0.

3540.
4430,
5400.
6500,
7800,
9100.
10600,
12100.
13800,
15600,

17500.
6900,
7800,
8600,
9500,

10500.

11500,

12500,

13600,

14800,

16000.
17300,
18600,
19900.
21300,
22700,
264200,
25700.
27200,
28800,

30500
32100.
33800.
35500.
37300.
39100,
40900.
43000.
44600,
46300,

51000.
56000,
61000,
67600,
72000,
78000.
83000.
€9000.
95000,
101000.

106000,
112000,
118000,
124000.
130000.
136000.
141000,
167000,
153000.
159000.

ET AL (1967}

ENERGY(EV)

6199.0
3099.5
206643
1569,.8
1239.8
1033,2
885.6
T774,9
688.8
619.9

563.5
516.6
476.8
442.8
413.3
3R7.4
36446
3444
326.3
309.9

295.2
281.8
269.5
25843
2‘.8.0
238.4
229.6
221 44
213.8
20646

200.0
193.7
187.8
182.3
177.1
172.2
167.5
163,.1
158.9
155.0

151.2
147.6
144,2
14049
137.8
134,8
131.9
129,1
12645
124,0

118.1
112.7
107.8
103.3
99.2
95.4
91.8
88.6
8545
82.7

80.0
775
75.1
72.9
70.8
68’9
67.0
65.3
63.6
62.0




MASS ATTENUATION COEFFICIENTS

WAVELENGTH POLYSTYRENE NYLON VYNS SARAN ALUMINUM OXIDE QUARTZ ENERGY(EV)
(CH’)X (C12HZ203N2)X  (C22H3302CL9)X (C2H2CL2)X AL202 (s102)x

2.0 9, 12 114, 164, 68, 7. 6199,0
4.0 T4, 96, 750, 1070, 40, 530, 3099.5 1
6.0 252, 318, 350, 375, 1440, 1600, 206643 i
8.0 590, 730. 780. 820. 860, 980. 15649 ,8 ]
10.0 1120, 1370, 1440, 1520, 1580. 1810, 1239.8

12.0 1870, 2270, 2370, 2490, 2570, 2950, 1033.2

14 .0 2870, 3440, 3590, 3760, 3840. 4400, 885.6 1
16.0 4120, 4910, 5100. 5400, 5500, 6200, 77449

18.0 5600, 6700 . 6900 7200, 7300, 8400. 688.8

20.0 7500, 8800. 9000, 93004 9600, 11000, 619.9 !

2240 9500, 11100, 11400, 11800. 12100, 13800. 563.5 1
24 .0 11900. 10600, 12800. 14400, 4290. © 4920. 51646

2640 14600, 13000. 15500, 17300. 5200. 6000, 476.8

28 .0 17400, 15500. 18400, 206400, 6300, 7200 462,.8

30.0 20700, 18400, 21400, 23700. 7500 8500. 413,.3

32.0 24200, 17300. 24700. 27100, 8700, 9900, 387.4

34.0 28000. 20000. 28100. 30800, 10100, 11300. 364.6 |
36.0 31900. 22800. 31600, 34400, 11500. 12900, 36444

38.0 36200, 25800, 35400. 38200 13100. 14500, 32643

40,0 40700. 29100, 39100. 42100. 14700, 16200, 309.9

42.0 45500, 32500. 43100, 46000. 16300, 18000, 295.2 |
44.0 2090, 2730. 25700, 37000. 18100, 19800. 281.8
46,0 2350, 3060. 23600. 33600. 19900. 21700. 269.5
4840 2620, 3400. 25300. 36100. 21800, 23600. 258,3
50.0 2900, 3750. 27300. 38800. 23700, 25500. 248.0 {
5240 3190. 4130, 28900, 41100. 25700. 27500. 23844
5440 3500, 4540, 30600. 43400, 27700. 29400, 229.6
5660 3820. 4950, 32200. 45700, 29800, 31800, 22144
58.0 4160, 5400, 33900, 47900, 31800, 33700. 213.8
60.0 4510. 5800 35100. 49500, 33900. 35600. 206.6 i
62,0 4890. 6300. . . 35900. 37500. 200.0
64 .0 5300. 6800. . . 38000, 39900, 193.7
66.0 5600. 7300. . . 40600, 41900. 187.8
68,0 6100. 7900, . . %2800, 44000. 182.3
70.0 6500. 8400, . . 44900, 46000, 177.1 N E
7200 6900, 9000. L] . ‘07100- 48000, 172.2 1
T4.0 7400, 9600. . o 49300. 50000. 167.5
76.0 7800, 10200. . . 51000 52000. 163.1
78.0 8300. 10800, . . 54000. 54000, 158.9
80.0 8800, 11400. . . 56000, 56000, 155.0
82.0 9300, 12100, . . 58000, 52000, 151.2
84.0 9800. 12800, o . 61000, 53000. 147.6
86,0 10300. 13500. . . 62000, 56000. 14442
88.0 10900, 14200. . . 65000, £7000. 140.9
90.0 11400. 15000, . . 67000, 59000. 137.8
9240 12000, 15700. . . 69000, 61000, 134,8
94,0 12600, 16500, . . 71000, 63000, 131.9
96.0 13200, 17300, . . 73000, 65000, 129.1
98,0 13800, 18100, . . 75000. 67000, 1265 !
100.0 14500, 19000, . . 77000. 69000, 124,0
105.0 16100, 21100. o . 83000, 73000. 118.1
110.0 17900, 23400, . . 79000. 78000. 112.7
115.0 19600, 25800, . . 84000, 82000. 107.8 i
120.0 21600, 28300. . . 88000. 86000, 103.3
125.0 23600, 31000. . . 93000. . 99.2 .
130.0 25700, 33600, . . 97000. . 95 .4
135.0 28000, 36500, . . 101000. . 91.8
140.0 30300. 39400. . . 106000, . 88.6 !
145.0 32700. 42400, . . 110000, . 85.5
150.0 35100. 45600, . . 114000. . 82.7
155.0 37700. 48900. . . 118000. . 80.0
160.0 40500, 52000, . . 122000. B T745 1
165.0 43300, 56000. . . 125000, . 75.1
170.0 46100, 59000. . . . . 72.9 .
175.0 48900, 63000, . . . . 70.8
180.0 52000. 66000. . . . . 68.9
185.0 55000. 70000, . . . . 67.0
190.0 58000, 74000. . . . . 6543
195.0 62000, 78000, . . . . 6346
200.0 65000. 82000, . . . o 62.0
HENKE ET AL (1967} 4
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MASS ATTENUATION COEFFICIENTS
? WAVELENGTH STEARATE ANIMAL PROTEINS AlR P 10 METHANE 0 GAS ENERGY(EV)
CH3(CH2) 16C0U C52.5%¢H7%yS1.5% 021%,N78% {CH4) 1 0% CH4 (C4HLIO0) 1.3%
022 .5¢9N16.5% AR1% ARG OX HE9B.7%
2.0 10. 16, 21, 230, Te | 6199.0
4.0 84, 126, 148, 162, 60, 12, 3099.5
6.0 281. 361, w81, 467, 205, 4l. 206643
840 650. 820, 1090. 1020. 479, 97. 1549.8
10.0 1220. 1530. 2020. 1850. 910. 185, 1239.8
12.0 2030, 2530, 3310, 3010. 1520, 313, 1033,2
14.0 3080. 3830. 4980, 4500, 2330, 4Bh4. 885.6
16.0 4410, 5500, 7100. 6400. 3350. 700. 774.9
18.0 6000. 7400, 9500, 8400. 4570, 970, 688.8
20,0 7900, 9700. 12400, 10900. 6100, 1300. 619.9
22.0 10100, 12300. 15700, 13500. 7700, 1670. 563.5
26,0 10000, 10300, 14100, 16400, 9700. 2110, 516.6
2600 12200. 12600, 17100, 19600. 11800. 2620, 476,.8
28,0 14600, 15100. 20400, 22800, 14100, 3160, 442.8
30.0 17300, 17800, 24000, 26300, 16800. 3780. 413.3
32.0 20300. 15500. 2290, 29700, 19600. 4460. 387.4
34.0 23400, 17900, 2650, 33300, 22700, 5200, 364.6
36.0 26800, 20400, 3040, 36900. 25900, 6000. 364,.4
38.0 10300, 23100, 3460, 40500, 29300. 6900, 326.3
40.0 34100, 26000. 3810. 37600, 33000. 7800, 309.9
42.0 38200. 29100, 4270, 40900, 36900, 8800, 295.2
4440 2390. 3750. 4780, 42600, 1700. 2960, 281.8
46.0 2680. 4180, 5300, 45600, 1910. 3380. 269.5
48.0 2980. 4610, 5900. 48900. 2130. 3840, 258.3
50.0 3290. 5000, 6400, 52000, 2350, 4340, 248.0
52.0 3620, 5500. 6300, . 2590, 4910, 238.4
54 .0 3970. 5900. 7000. . 2840, 5500, 229.6
56.0 4340, 6400, 7600, . 3100. 6100. 221 4
58 .0 4730. 6900, 8200. . 3380. 6700, 213.8
60,0 5100, 7500. 8900. . 3660. 7400, 206,6
r 62.0 5600. 8100. 9700, . 3970. 8200. 200.0
64.0 6000, 8700. 10400, . %270, 8900. 193,.7
66,0 6400, 9300. 11200, . 4570, 9700. 187.8
68.0 6900. 10000, 12100, . 4940. 10600. 182.3
70,0 7400, 10600. 12900, . 5200. 11500, 177.1
72.0 7900. 11300, 13800, . 5600, 12500, 172.2
74.0 8400. 12000, 14700, ‘ 6000, 13500. 1675
76.0 8900, 11600, 15600, . 6400. 14600, 163.1
78.0 9500. 12300. 16600, . 6700, 15600, 158.9
80.0 10000. 13000, 17600. . 7100. 16800, 155.0
82.0 10600. 13800. 18600, . 7600, 18000, 1512
84.0 11200. 14600, 19700. . 7900. 19300. 147.6
86.0 11800. 15400, 20800, . 8400, 20500, 144,2
88.0 12400, 16200. 21900. . 8800. 21900. 140.9
90,0 13100. 17000. 23100. ’ 9300 23300, 137.8
92.0 13700. 17900. 24200, . 9700. 24700, 134,.8
9.0 16400, 18800, 25400. . 10300. 26200, 131.9
96.0 15100, 19700, 26700, . 10700, 27800, 129.1
98.0 15800. 20700. 28000, . 11200. 29400. 12645
100.0 16600. 21600, 29200, . 11800, 31000. 124,0
105.0 18400. 24100, 32700. . 13100. 35400, 118.1
110.0 20400, 26700, 36200, . 14500, 40100, 112.7
115.0 22500. 29300, 39900. . 15900, 44800, 107.8
120.0 24600, 32200. 43800, . 17500. 50000, 103.3
125.0 27000. 35300. 48000. . 19200. 56000, 99.2
130.0 29300, 38200. 52000. . 20900, 62000, 95.4
135.0 31800. 41500, 57000, . 22700. 68000, 91.8
140.0 34400, 44800, 61000, . 24600, 75000, 8846
145.0 37000. 48200, 65000, . 26500, 82000, 85.5
150,0 39800, 52000. 71000, . 28500, 89000, 82.7
155.0 42600, 55000, 16000, . 30600. 96000, 80.0
16040 45700. 59000. 80000. . 32900. 104000, 77.5
165.0 48600. 63000, 86000, . 35100, 112000, 75.1
170.0 52000. 67000, 91000. . 37400, 121000, 72.9
o« 175.0 $5000. 71000. 96000, . 39700. 130000, 70.8
<) 180.0 58000. 75000. 102000, . #1900, 138000. 68.9
= 185.0 62000. 79000. 108000, . 44900. 147000, 67.0
190.0 65000, 83000. 114000, . 47200, 157000, 65,3
195.0 68000, 88000. 119000. . 50000. 167000. 63.6
200.0 72000. © 92000, 125000. . 53000, 177000, 62.0
HENKE ET AL (1967)




Table VII

MASS ABSORPTION COEFFICIENTS MEASURED FROM GAS STATE

WAVELENGTH HELIUM C,He CARBON NITROGEN Asz OXYGEN (0,) ¥, FLUORINE NEON
8.3u4 575 720 1121 1604 1800 2030 2780

9.89 933 1167 1800 2540 2800 3140 4310

13.35 2190 2740 4040 5560 6140 6850 Q770

16.00 3570 4470 6550 8850 9800 11000 897

18.32 5100 6400 9100 12620 1830 860 1310

. 23.57 9700 12200 17200 1440 3526 1700 2600
. 31.68 20300 25400 1730 2550 7500 3700 5540
4y .6 3320 1830 2280 3940 6250 7650 £780 13630

| 67.9 11300 5230 65650 10270 16500 18700 22600 35900
i 84.2 21500 8300 10350 17000 26500 32000 36600 56800

e

17000 21200 36500 56000 59000 67000 102000
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Table VII (continued)

MASS ABSCRPTION COEFFICIENTS MEASURED FROM GAS STATE

WAVELENGTH H,S SULFUR ey CHLORINE ARGON KRYPTON XENON
8.34 820 868 984 1010 1180 1080 4500
9.89 1320 1390 1580 1610 1850 1710 6200

13.35 2820 3090 3250 3300 4070 3550 8800
16.00 4670 4940 6390 5450 10900
18.32 6600 6990 8940 7270 3580
23.57 12200 13000 15900 12300 4250
31.68 24000 25400 30200 21500 6200
44,6 45000 47500 45600 31400 7130
67.9 65000 69000 9170 35800 4000
8u.2 8000 8400 12700 32400 10200
113.8 14000 15000 19500 13000 87000

s e




II. METHODS ADOPTED FOR THE MEASUREMENT AND THE EXTENSION BY INTERPOLATION
OF ULTRASOFT X-RAY ABSORPTION DATA

1. Measurement

Because of the relatively high absorption of the radiations in the
10 - 100 A region, very small absorber mass thicknesses must be used
(~1o'“ grams/cm2). For such, it is generally not possible to obtain thin
films of material of the necessary uniformity to allow precise measurement
of mass attenuation coefficients. In the work reported here, all measure-
ments have been made upon the gas state for which the mass thickness values
could be determined accurately from a knowledge of the absorption cell
length, the gas temperature and pressure.

In Figures 1 and 2 are shown a photograph and a schematic of the
measurement system.1’2’3 Here a specially designed, high intensity source
of low energy x-radiations is utilized to efficiently excite eleven fluores-
cent radiations from the following solid radiators: Aluminum Al-K (8.34 A),
magnesium Mg-K (9.89 A), copper Cu-L (13.35 A), cobalt Co-L (16.0 A),
Teflon F-K (18.32 A), quartz 0-K (23.57 A), boron nitride N-K (31.68 A),
graphite C-K (44.6 A), boron nitride B-K (67.9 A), sulfur S-L (84.2 A), and
beryllium Be-K (113.8 A). These radiations were isolated by Bragg reflection
from Langmuir-Blodgett type multilayer analyzers of lead stearate and lead
lignocerate which have been made in this laboratory and which are typically
of 2d-spacings 100 A and 130 A respectively. The wavelength values used
here are effective, mean wavelengths as passed by these analyzers and deter-
mined from the Bragg equation. Second-order reflected radiation background

was effectively eliminated by pulse height discrimination in flow proportional

counter intensity measurement. Methane counting gas was employed at 9
pressures just sufficient to insure nearly complete absorption of the

measured radiation within the total gas path of the counter.

The pressure of the sample gas within the absorption cell was
measured with either a mercury or a di-butyl phthalate oil manometer for which
calibrations were corrected for changes in ambient temperature. The
absorption cell temperature was measured by a precision thermometer placed on
the spectrograph exterior near the position of the cell and by a sensitive

thermocouple measuring between this thermometer and the absorption cell.




Cell pressure and temperature measurements were with accuracies which were
probably better than 0.25%.

By operating the x-ray excitation source with a clean, high vacuum
in order to eliminate any contamination build-up and by regulating both
tube voltage and current, such source stability was gained to permit easily
the collection of sufficient counts to reduce the counting statistical
errors to well below 0.5% for most measurements. Minimum statistical error
was obtained by adjusting the sample pressure to effect optimum transmission
as shown in Figure 3 to be in the 2% to 20% range and according to a
straightforward error analysis. Here the error in an absorption measurement
due to counting statistics is plotted as a function of sample transmission
for the optimum conditions of negligible background counts and the ratio of
counting times with sample-in to that for sample-out, t/to, equal to 3.6.

In a few measurements for which background was not sufficiently small, other
optimal ratios of counting times had to be used. "

A source of systematic error that could become of the same order of
size as that fixed by the counting statistics was determined to be that due
to sample contamination within the system. The samples were of reagent
grade and of purities typically better than 99.9%. Because the effect on
the measured attenuation coefficient of a possible contamination should
increase as the sample pressure is decreased, measurements were routinely
carried out by systematically reducing the sample pressure through a series
of absorp%ion measurements and within the 2% to 20% transmission range. If
a systematic variation in the attenuation coefficient was evidenced, the
data would be thrown out and the system would be checked for leaks and
thoroughly flushed with the gas under measurement. Each set of measurements,
on an optimal range of sample pressures, was immediately entered into a
laboratory digital computer (Bendix G-15) which was programmed to calculate
an average coefficient based upon a statistical weighting, the standard
deviation to be expected according to the counting statistics and the
experimental standard deviation. That data would be thrown out for which
there was a significant difference between the two standard deviation values.
In Table VIII are listed the formulae which have been used in the computer

program for this data reduction.




2. Interpolation

An objective of this work has been to obtain a "state of the art"
table for the photoelectric cross sections in the 10 to 100 A region and
for the light elements as can be interpolated from experimental data on
elements obtainable in the gas state. Among the high purity gases which
were available commercially, the following were chosen: Helium, ethane,
nitrogen, oxygen, freon, neon, hydrogen sulfide, carbon tetrachloride,
argon, krypton, and xenon. The mass attenuation coefficients for these
gases and for the eleven ultrasoft wavelengths cited above have been listed
in Table VII.

For this wavelength region and for the elements involved, coherent
as well as incoherent scattering has a negligible effect on the measured
attenuation, and the calculated cross sections can be considered to be
essentially photoelectric. Because many of the photoelectric absorptions
which are measured here are involved with the valence electron levels, it
might well be expected that the particular molecular state will change some-
what the total photoelectric cross section from simply the sum value of
atomic or "free atom" cross sections. As a preliminary test for the
magnitude for such an effect the atomic cross sections-vs-wavelength were
deduced for carbon by simple subtraction from measurements on methane,
carbon monoxide, carbon dioxide as well as for ethane. Internal consistency
upon neglecting possible chemical effects on such data was within a few
percent. Large effects would not be expected because the photon energies
which are involved here are still large as compared to the first ionization
energies. In Table VII, atomic cross sections have been deduced from
measurements on the molecular gas states completely neglecting possible
chemical effects. An investigation is now underway on the detection and
evaluation of such effects as an extension of the present work.

In order to determine the "best fit" as have been presented in
Tables I, II, and III, the following procedure was adopted: In all regions
for which data was measured in this laboratory that data alone was used.
For the remaining regions all data that could be found was plotted on large
sheets and graphically averaged. The averaged values were then read at
approximately 30% wavelength intervals (e.g. 10, 13, 17, 22, ...) between

2 and 400 angstroms. This laboratory's data was given statistical weights




between .7 and 2% or roughly two standard deviations of all internal errors.
Other data was weighted from 2 to 4% depending upon the amount and consistency
of the data available. In total there were 168 points with weights correspond-
ing to 3% or less and approximately 75% of the weight was for points measured
in this laboratory.

Many attempts were made to utilize the available theories for pre-
dicting the photoelectric cross sections to assist in the interpolation
procedures.5 It was found, however, that the quality and extent of the
experimental data which are now available does permit prediction of cross
sections for the 2 to 200 A region with considerably more precision than that
which can be obtained with present theory. For wavelengths below the K edge,
theory typically predicts values which vary within 10% of measured values.
For wavelengths above the L edges, theory is typically only within 50% to
100% of measured values. Nevertheless, in establishing the polynomial fits
expressed here, it was found useful to work with the experimental data as
expressed in ratios to corresponding values calculated by the unmodified
Stobbe theory6 (based upon hydrogen-like wave functions). Because of the
relatively large range in both variables, wavelength and atomic number, the
logarithms of these values were used in the fitting programs. The most
efficient fitting was typically obtained with polynomials of third degree in
the logarithm of wavelength and of second degree in the logarithm of the
atomic number. Separate fits (least square by an IBM 360/40 computer) were
determined for the regions below the K edge, above the K edge, for inner
electron shell absorption, and for valence electron shell absorption. The

absorption jump ratios at the L., edge were taken as predicted by Stobbe theory.

It is to be emphasized ihat the tables thus determined must simply
reflect the present '"state of the art" and for certain elements, particularly
among the lightest group, these cculd be in error by an amount greater than
10%. Nevertheless, in many regions the predicted values could be appreciably
more accurate than certain individual experimental values. In order to
suggest the precision of these interpolations, all of the available experi-
mental data that could be found for this wavelength region of interest here
have been tabulated along with reference to their sources, and with the

corresponding predicted values by these "best fit" functions. The percentage

deviation of the predicted values from the individual experimental values are
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also presented.

Because of the strong possibility of enhanced chemical effects or
other anomalous effects being present for the absorption of wavelengths
near an absorption edge wavelength, such data were not used in the polynomial
fitting, but are listed in Table IV. By simple polynomial extrapolation,
the values for the predicted cross sections at the K absorption edge were
determined along with their associated absorption jump ratios. These have
been presented in Table V.

Ignoring possible chemical combination effects, the mass attenuation
coefficients for many compound samples which are often encountered in the
application of ultrasoft x-ray analysis have been tabulated in Table VI.
Here the percentage composition values for the gases are given, as conven-

tional, in percentage by volume.

III. ATMOSPHERIC ABSORPTION OF EXTRA TERRESTRIAL RADIATIONS IN THE

2 TO 200 A REGION

For the wavelengths of interest here, the effective atmospheric

composition with respect to x-ray absorption is nearly constant below 150 km
altitude where most of the absorption takes place. Above 150 km, the
relative numbers of nitrogen, oxygen, and argon atoms begin to change
because of diffusion and the mean molecular weight decreases. Because the
measurements reported here were directly on the gas state of N2, 02, and Ar,
it is particularly appropriate to apply these data to the prediction of
atmospheric absorption. In Table IX is presented the transmission of
x-radiations from a source directly above the effective absorption region
of the atmosphere as a function of wavelength, of the mass per unit area
thickness above the given position, and of the associated altitude. The
relation between the mass thickness, m, and altitude, h, is that deduced from
the U. S. Standard Atmosphere Tables.7 The assumed, effective composition,

by volume, is 78% N,, 21% 0,, and 1% Ar, and with negligible water vapor.

2° 2
The number of photons absorbed within an atmospheric layer thickness,

dh, is given by:
-um(h)

dl = upIoe

dh

dhbnias
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where I° is the number of photons incident from above the earth, u is the
mass attenuation coefficient end p is the atmospheric density at a given

altitude. Thus the fractional loss of photons or energy can be calculated
from

(dI/Io)/dh = upt

where exp[-um(h)] or transmission, t, is given in Table IX.

The fractional loss per centimeter has been tabulated in Table X
as a function of wavelength and altitude, and of the atmospheric density
which has been taken from the U. S. Standard Atmosphere Tables for its
dependence upon altitude.

Tables IX and X should be considered as very approximate for
altitudes above 150 km, where the assumption of sea level atmospheric compo-

sition no longer obtains and the actual composition is not known with

sufficient accuracy at this time.
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Table VIII

I exp(-um)
xo/to - bo/tbo
X/t - b/to

.7e1su(s2 - 81)/(1 + .oooaTm) for oil

1
protecting open end)

MP/(273.15 + TS)6228
7

where 6228 = R/gpl; R = 8,3143 x 10 3 g = 979.52; p =

2 = length of cell = 10.025 cm
therefore
(1/m)2n(Io/I)
X_ + (t_/t, )%
(1/m) x (2O D00

DATA REDUCTION FORMULAE

- .02)/(1 + .000182Tm) for mercury (with .26 cm of oil

13.595; and

2
X + (t/tb) b 1

2
[Xo- (to/tbo)bo]

2
(u/oc)
(zwui)/(zw)
2
[ = u)) ];§
(zwd®)/(n - 1)IW
u2/Tw
DEFINITIONS
- absorption coefficient 82
in cm</gm s
: 1
- mass per unit area of sample p

With no gas in cell:

I - effective x-ray intensity Ts
o :
in counts/sec M
to - time of count A
Xo - total count .
including background
tbo - time of background count o
o total background count
With gas in cell use: .
I, t, X, tb, &€ b respectively
T

s Lol e T L N B ¥ L e oo e

hakahel sekeiihdis

: 2
[x - (t/t))p]

high reading on manometer in cm
low reading on manometer

gas pressure of sample
in mm of Hg at 0° C

temperature of manometers
molecular weight of gas sample
wavelength of radiation in Angstroms

standard deviation as computed
from counting rates

experimental standard deviation of mean

data weight or effective number
of counts

atomic absorption coefficient in
cm?/atom

transmission in percent
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FIGURE 2
PHOTOELECTRIC CROSS SECTION MEASUREMENT
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FIGURE 4
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FIGURE S

ATOMIC CROSS SECTION,T: IN K-Ly REGION
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TRANSMiISSION THROUGH ATMOSPHERE

WAVELENGTH 2-A

VERSUS
ALTITUDE

MASS THICKNESS - M(h) - GRAMS/CM>

h- METERS

ALTITUDE 500000 60,000 80,000 100,000 120,000 140,000 160.000 180,900 200,000 220,000
WAVELENGTH
2.0 . . 7.925E-01 9.933E-01 9.994¢-01 9.998E-01 9.999€-01 1.000€ 00 1.000t 00 1.000€ 00
4,0 . . 1,942E=01 94534E-01 9.960E-01 9.98BE=-01 9.994E-01 9.997E-01 9.998E-01 9.999t-01
6.0 . . 4.859E-03 B.564E-01 9.870F-0l 9.962E-01 9.981E-01 9.9H9E-01 9.993t-01 9.995¢-01
B0 . . . 7.038E-01 9. 709E-01 9.913E-01 9.95TE=01 9.975E-01 9.984E-01 9.990E-01
100 . . . 5.215E-01 9.467E-01 9.840€-01 9.920E-01 9.953E-01 9.971E~01 9,981E-01
12.0 . . . 3.6441E-01 9.142E-01 9.739E-01 9.869E-01 9.923E-01 9.9526-01 9.969E-01
14,0 . . . 2.009E-0L H.737F-01 9.610E-01 9.B03E-0l 9.884E-01 9.9286-01 9.953E-01
16,0 . . . 1.014E-01 B.249E-UL 9.44BE-01 9.720E~01 9.835E-01 9.897E-01 9.934E-01
18.0 . . 5 4¢680E-02 74730E-01 9.269E-01 9.628E-01 9.780E-01 9,863E-01 9.911E-01
20.0 . . . 10838E~02 7.145E-01 9.0576-01 9.517E-0L 9.714E-01 9.822E-01 9.885E-01
22,0 . . . 6.364E-03 6,534E-01 B.621E-01 9.392E-01 9,640E-01 9.7756-01 9 .854E=-01
2440 . . . 1.062E-02 6.823E-01 B.934E-01 9.452E-01 9.676E-01 9.797E-01 9.869E-01
2640 . . . 4.040E-03 6.290E-01 B.T723E-01 9.340E-01 9.608E-01 9.7556-01 9.841E-01
26.0 . . . 1.395E-03 5.7526-01 B.496E~01 9.217E-01 9.5356-01 9.708-01 9.811E-01
30.0 . . . 4.370€-04 5.217E-01 B.2556-01 9,086E-01 9.4556-01 9.658E-01 9.778E=-01
32.0 . . . 4.7B0E-01 9398E-01 9.B19E-01 9.909E-01 9.947E-01 9.967E-01 9.979E-0L
34.0 . . . 40257E-01 9.307E-01 9.790E~01 9.895E-01 9.93BE~)1 9.962E-01 9.9756-01
36.0 . . . 3.754E-01 9.209E-01 9.760E-01 9.879E-01 9.929E-01 9.956E-01 9.972E-01
38.0 . . . 3.278E-01 9.105F-01 9.727E-01 9.863E-01 9.919E-01 9.950E-01 9.968€-01
%0.0 . . . 2.929E-01 9.019E-01 9.700E-01 9.849E-01 9.911E-01 9.945E-01 9.964E-0l
42.0 . . . 2.525E-01 8.9075-01 9.665E-01 9.831E-01 9.901E-01 9.938E-01 9.960E-01
44,0 . . . 2.142E-01 B.765E-01 9.6256-01 9.B11E-01 9.889E-01 9.931E-01 9.955E-01
46.0 . . . 1.812E=61 B4662E-0L 9.585E-01 9.790E-01 9.877E-01 9.923E-01 9.950E~01
48.0 . . . 1.493E~0) B8.522E-01 9.539E-01 9.767E-01 9.863E-01 9.915E-01 9.945E-01
50,0 . . c 10271E-01 B.40TE-0l 9.501E-01 9.74BE-01 9.852E-01 9.908E-01 9.940E-01
52,0 . . . 10313E~01 B,430E-01 9.509E-01 9.75S1E-01 9.854E-01 9.909E-01 9.941E-01
54,0 . . . 1.047E-01 B.272E-01 9.456E-01 9.724E-01 9.83BE-01 9.899E-01 9.935E-01
56.0 . . . 8+633E-02 8.13BE-01 9.411E=01 9.701E-01 9.824E-01 9.890E-01 9.929E-01
58.0 . . . 7.1156-02 B.007E-0! 9.366E-01 9.67BE-01 9.B810E-01 9.882E-01 9.924E-01
60.0 . . c 5.678E-02 T.856E-01 9.314E-01 9.651E~01 9.T94E-01 9.8T2E-01 9.917E-01
62.0 . . 5 44387E-02 7+6BBE-01 9.254E-01 9.620E-01 9.776E-01 9.860E-01 9.910E-01
64.0 . . . 3.501€-02 7.543E-01 9.203E-01 9.593E-01 9.760E-01 9.850E-01 9.903E-01
6640 . . . 2.705E-02 7.381E-01 9.144E-01 9.562E=01 9.7642E-01 9.839E-01 9.896E-01
68.0 . . . 2.024E-02 7.203E-01 9.078E-01 9.52BE~01 9.721E-01 9.826E-01 9.887E-01
70.0 . . . 1.564E=02 7.049E-01 9.021E-01 9.498E-01 9.703E-01 9.814E-01 9.880E-01
72.0 . . . 1.170E=02 6,879€-01 B.956E~01 9.464E~01 9.683E-01 9.802E-01 9.872E-01
74,0 . . . 8.756E-03 6.713E-01 B.B92E-01 9.430E-01 9.662E-01 9.789E-01 9.863E-01
76.0 . . . 6.551E-03 6.5516-01 B.B2BE-C1 9.396E-01 9.642E-0) 9.776E-Cl 9.855E-01
78,0 . . . 4.766E-03 6.376E-01 8,758E-01 9.358E-01 9.620E-01 9.762E-01 9.846E-01
80.0 . . . 3.439E-03 6.206E-01 B.688E~01 9¢321E-0! 9.597E-01 9.74BE-01 9.837E-01
82.0 . . . 2.491E-03 6.040E-01 B,619E-01 9.2B4E-01 9.575€-01 9.734E-01 9.827E-01
84,0 . . . 1.7648E-03 5.862E~01 8.54%E=01 9.243E-01 9.550E-01 9.718E-01 9.817E-01
86.0 . . . 1.226E=03 5,690E-01 8.469E-01 9.203E-01 9.526E-01 9.703E-01 9.807E-01
86.0 . . . B.S99E-04 5.523E-01 8.395E-01 9.162E-01 9.501E-01 9.687E-01 9.797E-01
90.0 . . . 5,841E-04 5,346E-01 B.315E-01 9.11BE-01 9.475E-01 9.670E-01 9.786E-01
92.0 . . . 4.097E=04 5.1B9E-01 8,242E-01 9.078E-01 9.450E-01 9.655E-01 9.776E-01
94.0 . . . 2,783E-04 5,023F-01 8.163E-01 9.035E-01 9.424E-01 9.63BE-01 9.765E-01
96,0 . . . 1.831E-04 4.849E-01 8,079E-01 8.98BE-01 9.3956-01 9.620E-D1 9.753E-01
98.0 . . 5 1.204E-04 4,6B1E-01 7.995E~01 B.942E-01 9.367E-01 9.602E-01 9.741E-01
100,0 . 5 c . 4.531E-01 7.919E-01 B.B99E-01 9.340E-01 9.585E-01 9.730E-01
105.0 . . . . 4,121E-01 7.701E-01 B.77SE=01 9.264E-01 9.536E-01 9.698E-01
110.0 . . . 5 3.748E-01 7.48BE-01 Bo553E-01 9.189E-01 9.48BE-01 9.667E-01
115.0 . c . . 3.390E-01 7.270E-01 8.526E-01 9.110E-01 9.437E-01 9.633E-01
120.0 . . . . 3.050E-01 7,047E-01 B.395E-01 9,027E-01 9.384E~01 9.598E-01
125.0 . . . . 2.722E-01 6.814E=-01 B.255E-01 B.939E-01 9.327E-01 9.561E-01
1300 . . . . 2.442E-01 6.600E-01 B.124E-01 B.B56E-01 9.273E-01 9.525E-01
135.0 . . . . 2.133E-01 6.342E-01 T.963E-01 B.753E-01 9.206E-01 9 .4B0E-01
140.0 . c . . 1.913E-01 6.142E-01 7.837E-01 8.672E-01 9.153E-01 9.445E~01
145.0 . c . . 1.717€6-01 5.949E-01 7.713E-01 B.591E-01 9.100E-01 9.410E-01
150.0 . . . . 1.459E-01 5.670E-01 7.530E-01 8.471E-01 9.021E-01 9.357E-01
155.0 . . . C 10274E~01 5,44BE=01 7.381E-01 8.373E-01 B.955€-01 9.313E-01
160.0 . c . . 1.143E-01 5.277E-01 7.264E-01 B8.295€-01 B8.904E-01 9.278E-01
165.0 . . . c 9.716E-02 5.030E-01 7.092E-01 8.180E-01 8.826E-01 9.226E-01
170.0 . . . c Bo4B4E-02 4.833E-01 6.952E-01 B.0B56-01 B.763E-01 9.183E-01
175.0 . . s . 70409€-02 4.644E=01 6.814E-01 7.991E-01 8.699E-01 9.140E~01
180.0 . c 5 c 60297€-02 4.426E-01 6.653E-01 7.879E-01 B.624E-01 9.089E-01
185.0 . . . 5 5.351E-02 44219E-01 6.495E-01 7.770E-01 B.549E-01 9.038E-01
190.0 . . . . 4.548E-02 4.,022E-01 6.341E-01 7.662E-01 B.475€-01 8.9BBE-01
195.0 . . c . 3,972E-02 3.864E-01 6.216E-01 7.573E-0l B.414E-01 B.946E-01
200.0 . . . . 3.3756-02 3.683E=01 6.069E-0L 7.467E-01 B.341E~01 8.896E-01
MASS B.4T2E-01 24393E~01 1.107E=02 3.223E-04 2.711E-05 7.991E-06 3.996E~06 2.337E-06 1.452E-06 9.363E-07
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ALTITUDE
WAVELENG TH
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.0
1840
20.0

22.0
24,0
26,0
28.0
30.0
32.0
34.0
36,0
38,0
40,0

42.0
44.0
46.0
48.0
50.0
52.0
54.0
56.0
58.0
60.0

62.0
64.0
66,0
68.0
70.0
72,0
74.0
76.0
78.0
80.0

82.0
84,0
86.0
88.0
90.0
92.0
94.0
96.0
98,0
100.0

105.0
110.0
115.0
120.0
125.0
130.0
135.0
140.0
145.0
150.0

155.0
160.,0
165.0
170.0
175.0
180.0
185.0
190.0
195.0
200.0

DENSITY

FRACTIONAL

I Y P

T A ———"

ENERGY LOSS PER CM.

WAVELENGTH
DENSITY

504000 60,000 80,000
4. 049E=-10 &,225E-05 3.327E-0¢

. 1.896E~17 5,744E~-04
. 4.672E=05
1.,246E-07
TeT72E-12
T7.9572F~18

9.513E-15
1.453E-16
1.579€-18
3.604E-20

1,027€E~03 3.059E-04 1.999€-05

L g e s o T

VERSUS
A=A  ALTITUDE
P - GRAMS/ CC
100,000 120,000 140,000

1.037€~05 4,924E-07 7.126E-08
7.019E-05 3.458F~06 5.,017E-07
2.049E~04 1.114E-05 1.626E~06
3.816E-04 2.4B83E-05 3.667€-06
5.260E~04 4,4B6E-05 6.,746E-06
5¢665F=04 7,099€-05 1.094E-05
L.976E-04 1.021E-064 ).624E-05
3.582E=04 1.374E=04 2.277E-05
24211E=04 1.,723E~04 2.989€E-05
1.133€-04 2.079E-04 3,812E-05

4,954E-05 2.406E-04 4.700E-05
T2451€=05 2.257E-06 4,276E-05
3.436E-05 2.523E~064 5.063E~05
1,415€-05 2.753E-04 5.882E~05
50217E=06 2.938E~04 6,724E-05
5.645E~04 5,0649E-05% 7.631E-06
5.611E-04 5.786E-05 8,806E-06
5.6T6E-04 6.56BE-0F 1.007E~0S
5.642E~04 7,390F-0% 1.142E-05
5.550E=04 B.,061E-0% 1.,254E-05

5.363E-06 8,922E-05 1.401E-05
5.094E~04 9.851E~05 1.562E-05
4o TT6E-04 1.077E=0% 1.724E~-05
44382E=04 1.1B0E~-04 1.,910E~05
4.046E-06 1.262E-06 2.,064E-05
4a113E~06 1.246E-04 2,033E~05
3.647€E-04 1,358E-04 2.247E-05
3.263E-04 14451E~-04 2,427E-05
2:902E-04 1.540F~04 2,607E~05
2+514E~06 1.,6406-06 2.813E-05

2.117€=04 1,749E~04 3,047E=05
1.811E=04 1.840E-04 3.,248E-05
1.507E-04 1.939FE~04 3.476E=05
1.218E~04 2.,045E-C4 3,728E-05
1,004E-04 2,133E-04 3,949E-05
B.033E~-05 2.227€-04 4.,195E=-05
6.402E-05 2,315E~-04 4.436E~05
5.084E~05 2,39BE-04 4,674E~05
3,919€-05 2,483FE-06 4.934E-05
3,010E-05 2.,562E-04 5,190€-05

2.305E-05 2,635E-06 5,.441E-05
1.712E-05 2.709E-04 5.712E-05
14268E-05 2.77TE-04 5.,979E-05
94367E-06 2.837E-04 6.240E-05
6.711E-06 2.89TE-04 6.,519E-05
4s932E-06 2.946E-04 6.769E-05
3.516€-06 2.993E-04 7,037E-05
2.431E-06 3,037€-04 7.321E~05
1+677€E-06 3.075E-04 7,598E-05
1.188E=-06 3,104FE-04 7.848E-05

44305E-07 3,161E-04 B8.546E-05
1.5642E-07 3.183E=-04 9,200E-05
5.159€-08 3.174E-04 9.845E-05
1e611E-08 34134F-04 1.048E-04
44560E-09 3.065E-04 1.110E-04
1.361E-09 2,979E-04 1.165E-04
2.977€E-10 2.852F-04 1.227E~04
R.T7775-11 2.738F=04 1,272°-04
2.576E-11 2.618E-04 1,312E-04
4,0069E-12 2.430E-04 1.366E-04

Be693E-13 2,272E-04 1.405E-04
24521E~13 2.146E-04 1.433E-04
3.918E-14 1.960E-04 1.468E-04
8,274E-15 1.811E-04 1.493E-04
1.7426-15 1.669€E-04 1.513E-04
2.676E-16 1.507€-04 1.532E-04
4,09TE~17 1.356E-04 1,567E-04
6.253E~18 1.216E-04 1.556E~04
1.303E-18 1.109€-04 1.561E-04
1.978E=~19 9.89BE-05 1.563E-04

4,974E-07 2.346E-08 3.394E~09

h- METERS

160,000

244364E-08
1.714E-07
54564E-07
1.258E=-06
24322E~06
3.786E-006
5.658E~06
7.999€E~06
1.060E-05
1.368E-05

1.709E-05
1.5645E=05
1.851€=-05
2.179€-05
2.527E~05
2.,630€-00
3.,039E~-06
3.481E-06
3.955€E-06
44349E~06

4.,865E-06
5.435E~06
6.014E-06
6.679E-06
71.230E-06
7.120E=-06
7.889€E-06
84545E-06
9.197E-06
9.955€~06

1.081€-05
1.156€-05
1.241E~05
1.336€-05
1.420E-05
1.514€E-05
1.607E-05
1.699E-05
1.800E-05
1.901E~05

2.,001E-05
2.110E-05
2.218E~05
24326E-05
2.,441E=05
2+546E-05
2.660E-05
24781E-05
2.902E-05
3.012€E-05

3.326E-05
3.631E-05
3.943E~05
4.261E-05
4¢592E-05
4 .896E-05
54261E-05
5.561E=05
5.810€-05
6.196E-05

64502E-05
6.735E~-05
7.069€-05
T4332E-05
7.582€~05
7.865E-05
8.130E-05
8.379€-05
8.573E~05
8.792E-05

1.159€-09

180,000 200,000

1.230E-08 6.968E-09
B.667E-08 4.910E~08
2.,8156-07 1.595€E-07
6369E-07 3,611€-07
1e17BE=06 6.,683E~07
1.924€E-06 1.093E-06
2.884E-06 1.640E-06
4.091E-06 2.332E-06
5.463E-06 3,109€E~06
T.056E=06 4.041E-06

B+8B66E-06 5.0926-06
T.992E~06 4.584E~06
9.625E-06 5.535E-06
1.139E=05 6.,571€-06
1.329E~05 7.691E~06
1.334E-06 7.,573E-07
1.543E-06 8.759E-07
1.T68E-06 1.,004E-00
24011E=06 1.142E~-06
24212E-06 1.257E-06

2.477E-06 1.408E-06
2+ T69E-06 1.575E-006
3.067E-06 1.745E-06
3.409E-06 1.941E-06
3.693E-06 2.104E-06
3.637€E-06 2.071€E-06
4 .,034E-06 2.299E-06
“e374E-06 2.494E-06
4.T12E-06 2.689E-06
5.106E-06 2.915€-06

5.555E-06 3,173E-06
5.966E-06 3.399E-06
6+391E-06 3,656E-06
6.891E-06 3.945E-06
T+332E-06 4.201E-06
T.82BE~06 4.488E-06
B8.321E~06 4,774E-06
B.811E-06 5.060€-06
9.354E-06 5.377E-06
9.895E-06 5.692E-06

1.043E-05 6.007E-06
1.102E=-05 6.352E=-06
1.161E-05 6.676E-06
1.219€-05 7.039€E-06
1e282E-05 T.412E-06
1+340€E-05 7.752E-06
1.402E-05 B8.123E-06
1.469E-05 B8.322E-06
1.536E-05 8.920E~06
1.598E-05 9.,286E-06

1.775€E-05 1.035€~05
1.949E-05 1.140E-05
24129E~05 1.249E~05
2.316E-05 1.364E-05
2.514E-05 1.485€E-05
2.698E-05 1.600€E-05
24923E-05 1.741E~05
3,099€~05 1.852E-05
3,271€E-05 1.,963E-05
3.523E-05 2.125E-05

3,728E-05 2.258E-05
3.8B7E-05 2,363E-05
4,121E-05 2.519E-05
4.310E-05 2.,646E-05
44 94E-05 2,771E-05
4.TOBE-05 2.919E~05
4¢916E-05 3.,063E-05
54116E-05 3.206E-05
5427T9E~05 3.322E-05
5.468E-05 3.459E-05

5.858E-10 3,318E-10
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220,000

4.1B81€-09
2.946E-08
9.572E-08
2.168E-07
4014E-07
6.570E-07
9.809E-07
1.404E-06
1.8075€-06
24440E-06

3.080E-06
2.7706-06
3.,351€-06
3.985E-06
bo672E-06
4 ,550E~07
54263E-07
6.035€-07
6.867E-07
7.559E-07

8.468E-07
9.474E-07
1.050E-06
1.168E-06
1.267€-06
1.24TE~06
14385€-06
1.502€E-06
1.620E-06
1.757E-06

1.914E-06
2.051E~06
2.207E-06
2.382E-06
2.538E-06
2.712E-06
2.887E-06
3.061E-06
3.,254E-06
3.44TE~06

3.639E-06
3.851E~06
4.061E-06
44272E-06
4 501E-06
4.710E-06
4 .938E-06
5.185E-06
5.431€6-06
5.,657E-06

6.314E~06
6.967E=06
7.653E-06
B8.370E-06
9.137€-06
9.861E-06
1.076E-05
1.147€-05
1.218E-05
1.323€-05

1.409E-05
1.478E=05
1.580E-05
1.664E-05
1.747€-05
1.846E-05
1.943E-05
2.040E-05
2.119€-05
2.214E-05

1.991€-10

P
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