erldtr. oy

#1355 FEef % # A Vol.18, No.§
1990 4£ 6 A NUCLEAR TECHNIQUES June, 1990

,**N‘N‘****k

R

N e e o ok

BHERZRZEHEBHITH

¥ ¥xl #HAEF
(LERADITN)

BHR/R XKLL B8 (SODS) RIE FREFH—MENEHE, ERENEREKZ —.
PI7 Wk ity SODS BEIREE M, WRAHFARREER 65 MEFRE 00, AHRTERE
BEGREUF, 315 SODS WEBEM B FRBITEIET e-Fe SRR ERRE 6o RES N
{28 TH SODS; TR HELRSNMER Fe RS EH RPN LEET LR, #TTHF
miTit.

X@iE: BREFHN —RSEHURB

—

—'\ﬁﬁ a

B RR-RE LY (SODS)RETHRIEHH—FRT BET. EEBRBRS K
Z—o Pound £ f] Josephson™ JL3F [ 5 ith T B B/RE h 4% SODS, W /Rl
—F=

Osops = — <V2y/2C &P
R, VD FGEEFEIHTIRBERERYTHEE, HERKBTRERE:C HLE & Q)
KA W, FIRHER KRB (RS B0 v H BT 07 Hsy i R 7 Irsh SR 1 i
VHUREHREREL. RIIPFF SODS HER R ALK, EnT fE rY O B08 I E Rlc ik
IR R O MIEREE b, NTIWAAXRTENETHEEURBRTRENEES, B3
ETEMEFETFREAIRIIER.

AR TEBFEEELIT, 5 SODS pFEEM k. A EIE T RMn 74, T
7£ Austin-C B HTE/R BN LR B/ o-Fe i lh OB AR, BEMKELE77.5~291K,
HRETES—WIERE T o-Fe iy SODS R HBFERE 0o, HEEXBRRETENSEX
WRO3, 4] MEEEAMT. HHME "Fe MRS L URBHAREMETHE, #TTHHK
Wi,

S BREMTE
$¥E a-Fe JbrkE, MRKEHBHEKIZRBD OBRRERTT .
6Ep= — 65 5:ry +O6E§ +830Ds (2)

A, OEp RELWHBIRERIERK P OLBA, EHk o FeENELMEMER P LME
RIEE R SdoosS,rr NERT o-Fe fy SODS, 0" 4 SR TR MR BAKRIF B+ 28



322 » ¥ N E1s %

830ps 2 FER BT ZE i) B LA i SODS,
FEE AR IO, EH R B EFE AR el R U IR T B3 07 BV SR BE Z [ ) K
. EHFEMTOXATERN

05oms= — v [ 1 4 (L ). X, 00/m) (3)

op/T

Kb, £ (X,00/T) =77 KXy Kpp/ra@sgn T HRMEE 0 REFRE

MAFEFHRR. RORRA@R, WBHB/KREZNHLBAL

OEp=C,~Cy8p— Ci0p3f (X, 0p/T) - T* (4)
A, Cop €1y C; 4 HIE LI
C,=6Ej2 - 05 F8rry C1=9K/16MC; C,=9K/2MC (5)
BaIX, 0/TYRTHIRBRIARIH, Hp B=0/T,
f(X, 8p/T)= n}:]l [6/n*~exp(—nB)(6/n*+6B/n*+3B%/n*+B%/n)] (6)

ERPSR/RBNLRT, RFEENEKENEREREGRERBAREE. oL HA
FRETHRBNE/KEBRNP LB, ARG ARTERERDPZRY A, PG
RPESH, PAERUTEGKEENFRAEERY o', BHRE O URES—RETE®
BHRR — KL E BB 0S0ns.

A TR B AR 56 B RB/D LI HE Co 160, Hop f(X, 60/T) HBLHEA R
FHEFHERS. EEHBEORXRB S ER, REMBTEMBM- 1IN M ELE 4
Su— Sy ATFR—HEER (—BRB 107 RBM I Z FFE RS

=, HEEH

ATHMH T 7% Austin-C BT R/RKB N EMBH c-Fe BB LBAMES, BEE
77.5—291K 2 fa], 1% a-Fe BB 0o J SODS Wil bl £ 1 5 T o-Fe §¥
5 OEp BB AR, XEREEERT 0Ep=0, BIEE I NEHFFTERERP R KN
&, B2 TRHOERE, B1AHTRRKENHLBA

%0.12
M. =
&
#1 o-Fe #&M OB, REMELL g o008t
Table 1 Dependence of JEp on temperature for a-Fe sample §
=
T(K) 7.5 113 183 193 233 273 291 004 \,
. a
0Ep(mm/s) 0.108 0.098 0.079 0.059 0.035 0.01+0.003 0.00 ] \
0 50 730 310
N 70 1
% . a-Fef R4 SODS BB M T @R (X)(K)Temperature

Table 2 Dependence of SOD5> on temperature for a-Fe sample
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Table 3 Theoretical values of second-order Doppler shift for *'Fe

T(K)
05(K)

4.2 20.0 30.0 40.0 50.0 60.0 70.0 7.0 90.0 100.0

20 —0.0059 —0.0153 —0.0224 —0.0296 —0.0368 —0.0440 —0.0513 —0.0564 —0.0658 —0.0731
40 -—0.0110 -0.0174 —0.0238 -—-0.0306 —0.0377 -—-0.0448 —0.0p19 —0.05T0 ~0.0663 -—0.0736
60 —0.0164 —0.0206 —0.0261 -0.0324 —0.0391 —0.04€0 —0.0529 —0.0579 -—0.0671 -—0.0743
80 —0.0219 -—0.0245 -0.0291 -—0.0348 —0.0410 —0.0476 —0.0544 -—0.0532 -—0.0683 -0.0753
160 —0.0274 —-0.0291 —0.032T —0.0377T —0.0435 -—0.0437 —0.0562 -—0.0608 —0.069T7 —0.0766
120 —0.0328 —0.0340 —0.0368 —0.0411 —0.0463 -—0.0522 —0.0583 —0.0628 ~—0.0714 -0.0782
140 —0.0383 —0.0391 —0.0413 —0.0449 —0.0496 —0.0550 —0.0609 —0.0651 —0.0734 —0.0800
160 —0.0438 —0.0443 —0.0460 —0.0491 —0.0533 —0.0582 -—0.0637 —0.0678 ~—0.0757 —0.0821
180 —0.0493 —0.0438 —0.0510 -0.0535 —0.0572 —0.0617 -—0.0668 —0.0706 —0.0782 —0.0844
200 —0.0547 -—0.0550 —0.0560 —0.0582 —0.0614 —0.065¢4 —0.0702 —0.0738 —0.0810 —0.0869
220 —0.06602 —0.0604 —0.0612 —0.0630 —0.0658 —0.0694 —0.0738 —0.0772 —0.0841 -0.0897
240 —0.0657 —0.0658 —0.0665 —0.0679 —0.0704 —0.0736 —0.0777 —0.0808 —0.0873 —0.0927
260 —0.0712 —0.0713 —0.0718 —0.0730 —0.6751 —0.0780 —0.081T —0.0846 —0.0907 —0.0959
280 —0.07¢6 —0.0767 —0.07T711 -—0.0782 —0.0860 —0.6826 —0.0859 —0.0886 -—0.0944 -0.0993
300 —0.0821 —0.0822 —0.0825 —0.0834 —0.0849 —0.0873 —0.0903 —0.0928 -—0.0982 —0.1028
320 —0.0876 -—0.0876 —0.0879 —0.0886 —0.0360 —0.06921 —0.0948 —0.0971 —0.1021 —0.1065
340 —0.0931 —0.0931 —0.0933 —0.0940 —0.0951 -—0.0969 —0.0994 —0.1016 -0.1062 —0.1104
360 —0.0985 —0.098 —0.0988 —0.0993 —0.1003 —0.1019 —0.1042 —0.1061 —0.1105 —0.1144
380 —0.1040 -—0.1040 —0.1042 —0.1047 —0.1055 —0.1070 —0.1090 —0.1108 —0.1148 —0.1185
400 —0.1095 —0.1095 —0.1097 —0.1100 —0.1108 -0.1121 —0.1139 —0.1156 —0.1193 —0.1227T
420 —0.1149 —0.1150 —0.1151 —0.1154 —0.1161 —0.1172 —0.1189 —0.1204 —0.1238 -06.1271
440 —0.1204 —0.1204 —0.1206 —0.1208 —0.1214 -—0.1225 -—0.1240 -0.1253 —0.1:85 —0.1315
460 —0.1259 —0.1259 —0.1260 —0.1263 —0.1268 —0.1277 —0.1291 —0.1303 -0.1333 —0.1361
480 —0.1314 —0.1314 —0.1315 -0.1317 —0.1322 —0.1330 -—0.1342 —0.1353 —0.1381 —0.1407
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110.0 120.0 130.0 140.0 150.0 160.0 170.0 180.0 190.0 200.0
20 —0.0804 —0.087T —0.0950 —0.1023 —0.1096 —0.1169 —0.1241 -—0.1316 ~—0.1387 —0.14€0
40 —0.0808 —0.0881 -—0.0953 —0.1026 —0.1099 -0.1171 —0.1244 -—0.1317 —-0.1390 —0.1462
60 —0.0815 —0.0887 —0.0959 —0.1031 —0.1103 -0.1176 —0.1248 —0.1321 —0.1394 —0.1466
80 —0.0824 -0.0895 -—0.0967 —0.1038 —-0.1110 -0.1182 -0.1254 —0.1327 —0.1399 —0.1471
100 —0.0836 —0.0906 —0.0977 -—0.1048 -0.1119 -0.1190 -—0.1262 -0.1334 —0.1406 —0.1478
120 —0.0850 —0.0919 —0.0989 —0.1059 —0.1130 -0.1200 —0.1271 —0.1343 —0.1414 —0.1486
140 —0.0867 -~0.0934 ~0.1003 —-0.1072 -—-0.1142 -0.1212 -0.1282 —0.1353 —0.1424 —0.1495
160 —0.088¢ -—0.0952 -—0.1019 -0.1087 —0.1156 —0.1225 -—0.1285 —0.1365 —0.1435 -—0.1506
180 —0.0907 -0.0972 -0.1038 —0.1105 -—0.1172 -0.1241 -0.1309 —0.1379 —0.1448 -—0.1518
200 —0.0931 -—0.0894 —0.1058 —0.1124 -0.1190 -0.1257 -—0.1325 —0.1384 —0.1463 -—0.1532
220 —0.0956 —0.101T —0.1080 —0.1144 —0.1210 -0.1276 —0.1343 -—0.1410 —0.1478 —0.154T7
240 —0.0984 —0.1043 —0.1104 —0.1167 —0.1231 -0.1296 —0.1362 —0.1428 —0.1495 —0.1563
260 —0.1014 -0.1071 -0.1130 —0.1191 -0.1254 -0.1317 -0.1382 -—0.1447 -—0.1514 —0.1581
280 —0.1045 -0.1100 -0.1158 —0.1217 -—0.1278 -0.1340 —0.1404 —0.1468 —0.1534 ~—0.1599
300 -—-0.1078 -—-0.1131 -—0.1187 —0.1245 —0.1304 -0.1365 —0.1427 —0.1490 -—0.1555 —0.1620
320 -0.1113 -~-0.1164 —-0.1218 —0.1274 —0.1331 -0.1391 -0.1452 —0.1514 -—0.157T —0.1641
340 —0.1149 —-0.1198 -0.1250 —0.1304 —0.1360 -0.1418 —0.1478 -—0.1539 -0.1601 —0.1664
360 —0.1187 -—0.1234 —0.1283 —0.1336 —0.1390 —0.1447 -0.1505 -0.1565 —.01626 —0.1688
380 —0.1226 —0.1271 -0.1318 —-0.1369 —0.1422 -0.1477 -0.1534 —0.1592 -—0.1652 -—0.1713
400 —0.1266 —0.1309 —0.1355 —0.1464 —0.1455 -0.1508 -—0.1564 —0.1621 —0.1679 —0.1739
420 —0.1308 -—0.1348 —0.1392 —0.1439 -—0.148% -0.1541 -0.1595 —0.1650 —0.1707 —0.1766
440 —0.1350 —0.1389 —0.1431 —0.1476 -—0.1524 -—-0.1574 -0.1627 —0.1681 -—0.1737 —0.1794
460 —0.1394 —0.1430 -0.1471 -—0.1514 —0.1560 -0.1609 -—0.1660 —0.1713 -0.1767 —0.1821
480 —0.1438 —0.1473 —-0.1511 —0.1553 —0.1598 —0.164> -—0.1694 —0.1746 ~—0.1799 —0.1854

T (X)
05(K)

210.0 220.0 230.0 240.0 250.0 260.0 270.0 280.0 290.0 300.0
20 -—-0.1533 -0.1605 —0.1683 —0.1748 —0.1825 -0.1897 -0.1965 —0.2040 -—0.2115 -0.2192
40 —0.1535 —0.1608 —0.1681 —0.1754 —0.1827 -0.1900 -0.1972 -—0.2046 —0.2118 -0.2191
60 —0.1539 —0.1611 —0.1684 —0.1757 -—0.1830 —-0.1903 —0.1975 —0.2048 -—0.2122 -—0.2191
80 —0.1544 —0.1616 —0.1688 —0.1761 -—0.1834 -0.1807 —0.1978 -—0.2052 -0.2124 -—0.2197
100 —0.1550 —0.1622 —0.1694 —0.176T7 —0.1839 -0.1912 -0.1984 -0.2056 —0.2129 -0.2202
120 —0.1558 —0.1629 —0.1701 —0.1773 —0.1846 -0.1918 —0.1990 —0.2062 —0.2135 -0.2207
140 —-0.1567 —0.1638 -0.1710 —0.1781 —0.1853 —0.1925 -—0.1997 —0.2069 -—0.2141 -0.2213
160 —0.1577 —0.1648 —0.1719 —0.1790 —0.1862 —-0.1933 —0.2005 -—0.207T -—0.2149 -—0.2221
180 —0.1588 —0.1658 —0.1730 —0.1801 —0.1872 -0.1943 —0.2014 —0.2086 —0.2157 -0.2229
200 —0.1601 —0.1671 —0.17T42 —0.1812 -—0.1883 -0.1953 —0.2024 —0.2095 -0 2167 —0.2238
290 —0.1616 —0.1685 —0.1755 —0.1824 —0.1895 —0.1965 —0.2035 -—0.2106 -—0.217T -0.2248
240 —0.1631 —0.1700 -0.1769 —0.1838 —0.1908 —0.1978 —0.2048 -0.2118 —0.2188 —0.2259
260 —0.1648 —0.1716 —0.1784 -—0.1853 —0.1922 -0.1991 -0.2061 -—0.2131 -0.2201 -0.2271
280 —0.1666 —0.1733 —0.1801 —0.1869 —0.1937 -0.2006 —0.20753 —0.2145 -—0.2214 -—0.2284
300 —0.168> —0.1752 —0.1819 -—0.1886 —0.1954 —0.2022 -0.2090 —0.2159 —0.2228 —0.2298
320 —0.1706 —-9.1771 —0.1837 —0.1904 —0.1871 -0.2039 —0.210T —0.2175 —0-2244 -0.2312
340 -0.1728 —0.1792 —0.1857 —0.1923 —0.1990 —0.205T —0.2124 -—0.2192 -0.2260 —0.2328
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(5:%3)

T(K)

an(K)
210.0 220.0 230.0 240.0 250.0 2%0.0 270.0 280.0 290.0 300.0

360 -0.1750 -0.1814 —0.1878 —0.1944 -—0.2009 —0.2075 -—0.2142 —0.2209 —0.22T7 —0.2345
330 —0.1774 -~-0.1837 ~-0.1901 —0.1965 -—0.2030 —0.2095 -—0.2161 —0.2228 —0.2295 —0.2362
400 —0.1799 -0.1861 -—0.1924 —0.1987 —0.2051 -0.2116 —0.2181 —0.224T7 —0.2313 —0.2380
420 -0.1826 -—0.1886 —0.1348 —0.201) ~—0.2074 -0.2138 —0.2202 —0.2268 —0.2333 —0.2399
440 -0,1853 -0.1913 —0.1973 —0.2035 ~0.2097 —0.2160 -0.2224 —0.2289 —0.2354 -—0.2419
460 —0.1881 --0.1940 -—0.1999 —0.2060 —0.2122 -—0.2184 —0.2247 -—0.2311 —0.2375 —0.2440
480 -—0.1910 ~0.1968 —0.2027 -—0.2086 —0.2147 —0.2208 —0.2271 —0.2334 —0.2397 —0.2462

T(K)

On(X)
310.0 320.0 330.0 340.0 350.0 360.0 370.0 380.0 390.0 400.0

20 —0.2268 -0.2341 -—0.2398 —0.2482 —0.2549 -0.2612 —0.2693 —0.2750 —0.2831 -—0.2880

40 —0.2266 --0.2338 -—0.2411 —0.2482 ~—0.2557 -—0.2631 —0.2700 —0.2774 —0.2846 —0.2919

60 —0.2267 -—0.2340 —0.2413 —0.2485 ~0.2557 —0.2631 ~0.2704 -—0.2777 —0.2850 —0.2922

80 -—0.2270 -0.2343 —0.2416 —0.2488 —0.2561 —0.2634 —0.2707 —0.2780 —0.2853 -—0.2925
100 —0.2274 ~0.2347 —0.2419 -0.2492 --0.2565 —0.2637 ~—0.2710 -—0.2783 —0.2856 —0.2928
120 —0.2279 -~-0.2352 —0.2424 —0.2497 -—0.2569 —0.2642 —0.2715 -—0.2787 -0.2860 —0.2932
140 —0.2285 ~0.2358 —0.2430 —0.2502 —0.2575 —0.2647 -—0.2720 -0.2792 —0.2865 —0.2937
160 —0.2293 -0.2365 —0.2437 —0.2509 —0.2581 —0.2653 —0.2726 —0.2798 —0.2870 —0.2943
180 —0.2300 —0.2372 -—0.2444 —0.2516 -0.2588 —0.2660 —0.2732 —0.2804 —0.287T —0.2049
200 -—-0.2309 ~—0.2381 —0.2452 —0.2524 -0.2596 —0.2668 —0.2740 —0.2812 —0.2884 —0.2956
220 —0.2319 -0.2390 —0.2462 —0.2533 -—0.2605 -—0.2676 —0.27/8 —0.2820 —0.2891 —0.2963
240 —0.2330 —0.2401 —0.2472 —0.2543 ~0.2614 —0.2685 —0.2757 —0.2828 —0.2900 -0.2972
260 —0.2341 —0.2412 —0.2483 —0.2553 ~—0.2624 —0.2695 —0.2767 —0.2838 —0.2903 —0.2983
280 —0.2354 —0.2424 —0.2494 —0.2565 —0.2636 —0.2706 —0.2T77 —0.2848 —0.2913 -—0.2990
300 —0.2367 ~0.2437 -0.2507 —0.2577 —0.2647 -0.2718 —0.2788 ~—0.2853 —0.2930 —0.5C01
320 —0.2382 ~—0.2451 —0.2520 —0.2590 -—0.2660 —0.2730 —0.2800 —0.2871 —0.2941 —0.3012
340 —0.2337 —0.2466 —0.2535 —0.2604 —0.26T4 —0.2743 —0.2813 —0.2883 —0.2954 —0.3024
360 —0.2413 -—-0.2481 —0.2550 —0.2619 -—0.2688 -—0.2757 —0.2827 —0.2897 —0.2866 —0.3036
380 —0.2430 ~—0.2487 —0.2566 —0.2634 -—0.2703 —0.2772 —0.2811 —0.2910 —0.2980 —0.305¢
400 —0.2447 ~0.2515 ~—0.2582 —0.2650 -—0.2719 —0.2787 —0.2856 —0.2925 —0.2994 —0.3064
420 —0.2466 —0.2533 -—0.2600 -—0.2667 —0.2735 —0.2803 —0.2872 —0.2940 —0.3009 —0.3078
440 —0.2485 ~0.2551 —0.2618 —0.2685 —0.2753 —0.2820 -—0.2888 —0.2956 —0.3025 —0.3093
460 —0.2505 —0.2571 —0.263T7 —0.2704 —0.2771 —0.2838 —0.2905 —0.2073 —0.3041 -—0.3109
480 —0.2526 ~0.2591 --0.2657 —0.2723 —0.2789 —0.7856 —0.2923 -—0.2991 —0.3058 —0.3126

TARIRE ER, M T<6pB, {i# SODS H{k#iT 6p, MTR:
dsops= — 9K8,,/16MC (8)
R, ERBUCREIFE R 6 B, THINIKE X S0 08 A URE 60 BERE.
RI[/HTHABTERII AN Fe _RELHRBHBINME. HES, ROTHITESR
—BEFRET "FeHARFEERERBETMNME. R4AMT HFFE oo ) 400K~
460K B} *'Fe [ i RE B BEIR BE AR LA B I0H, X B 5k e 200K (B R )™ K 0. HE 4
W, BMEFE{RER 77K B, 0p ARk 60K, o557 {UiH3E 0.0085mm/s, A T4k # &) o—Fe i
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Table 4 Theoretical values of dependence of SEp, on temperature for 3’Fe

T(K)
6o(K) |
| 17 110 150 190 230 210 290
100 0.1157  0.1047 0.0858 0.0634 0.0389 0.0132 0
420 0.1129  0.10%5 0.0844 0.0626 0.0385 0.0131 0
440 0.1101  0.1004 0.0830 0.0617 0.0381 0.0130 0
460 0.1072  0.0981 0.0815 0.0608 0.0376 0.0128 0
A 0.05481mm/(s-ch), H Y 0p ZE{L 60K BH{UMIZE 0.16 AL, LR RS
HEEZH.

EFEIMEL, WRELRERER O N 440—460K Z[HME 4 b, FRRH, &
2 v SODS Wy{f{ 53 3 #h 6p 7E 440—460K 2 [ #fy SODS M —B. AT, BRIV HME
0p(454K) SHRH—H. T LXMEMREZRHTES—BET XN B o™ HX
fie THISHE

GLR, EAH_RELHHYUMEEFRENTH SODS H, ERBEFEKEAX
WEWE R, JERNERE, UREMNBBE. FHIERTEERS THUEHR SRR
0o IR AEA, PR GBS B RALT 5162 6 BZRIG. BREET R 0o WX LB, —

EEELHEBRTEERRE.
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Calculation of the Méssbauer second-order Doppler shift

Jin Huijuan Chang Rugqin Xu Guigin
(Shanghai Institute of Iron and Steel Research)
Abstract

The Mossbauer second-order Doppler shift (SODS) is a relativistic effect of thermal
motion of atoms. It is one of the Mossbauer parameters. The isomer shift 6%, and De-
bye temperature 8, can be obtained by means of studying the dependence of the SODS
on temperature of the absorber.

The principle and method of evaluating the SODS are described by using the Debye
model in this paper. Debye temperature 6, and the SODS at each measuring temperature
for a-Fe sample have been calculated. The results are compared with the values reported
in literatures and the theoretical values of the SODS for 57Fe.
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