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Abstract - The ANSI N13.32 recommends that a study of the angular response of a
dosimeter be carried out once, although no pass/fail criterion is given for angular response.
Gamma dose equivalent conversion and angular dependence factors were calculated by using
MCNP code for the case of ANSI N13.32 extremity phantoms(finger and arm) at the depth
of 7mg/cm®. Those extremity dosimeters were assumed to be irradiated from both
monoenergitic photons and ISO X-ray narrow beams. These calculated gamma dose
equivalent conversion and angular dependence factors were compared to B. Grosswendt’s
result calculated by using X-ray beams. The result showed that the dose equivalent
conversion factors of this study agreed well with that of B. Grosswendt for all energies
within 2% except 7% in the case of the low energies. In the case of angular dependence
factors comparison, they agreed within 3%. It was shown that angular dependence factors
of the finger phantom decreased as the horizontal angle of the phantom increased for the
ISO X-ray beams less than 60keV. For the higher energy X-ray beams range they decreased

slightly around 40 degree, but then increased from this energy to 90 degree.
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Table 1. Angular dependence factors of gamma dose equivalent conversion factors for horizontal angle(a)

between 0° and 120° in the finger.

E(keV) Angle(degree) 0 10 20 30 40 50 60 90 120
5 B. Grosswendt 1.000 0996 0993 099 0994 0991 0980 0.880 = 0336
This report 0.96 1006 1002 1005 099 0983 0981 0911 0350
30 B. Grosswendt 1092 1000 0991 0992 0994 0978 0982 - 0948 0.746
This report 1.01 1018 1.003 1005 0990 0988 0971 0980 0.758
50 B. Grosswendt 1.144 1004 1003 0996 0999 0990 0995 0966 0.818
This report 110 1009 0987 1002 0978 0988 0975 0984 0.813
80 B. Grosswendt 1183 0999 1001 1002 0997 0999 0993 0992 0.857
This report 1.16 1021 1001 1012 0998 0992 099 1008 0.862
100 B. Grosswgndt 1188 0997 0995 0992 0992 . 1001 . 0997 0988  0.862
This report 1.19 1.003 - 099 1000 0989 0994 0999 1000 0869
B. Grosswendt 1170 0998 0997 1006 1000 1004 1006 0999 0895
190 This report 117 1002 1002 1009 0994 1011 1005 1018 0.894
300 B. Grosswendt 1141 0998 0998 0998 1004 1002 1005 1003 0924
This report 114 1.008 1001 1009 0993 1012 1011 1026 0931
500 B. Grosswendt 1125 0999 0997 0997 1000 1004 1004 1012 0941
This report 112 1013 1002 1008 0997 1007 1012 1032 0952
200 B. Grosswendt 1114 1001 1001 1003 1005 1005 1009 1014 0.958
This report 1118 1012 1005 1006 0998 1011 1013 1030 0.958

1000 B. Grosswendt 1112 0999 0999 1000 1001 1001 1004 1006 0963
.This report 1115 1009 1002 1003 0992 1008 1011 1024 0964
1950 B. Grosswendt 1108 1003 1.001 1001 1002 1005 1005 1008 0.967
This report 1112 1011 1001 1006 0994 1009 1013 1026 0.969
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Table 2. Angular dependence factors of gamma dose equivalent conversion factors for horizontal angle{a)
between 0° and 120° in the arm.

E(kkeV) Angle(degree) 0 10 20 30 40 50 60 90 120
15 B. Grosswendt 1.003 1001 0999 1001 1004 0992 0983 0.766 0.016
This report 0.96 1025 1027 1039 1011 1038 1021 0846 0.015
0 - B. Grosswendt 1245 0997 0999 0990 0992 0982 0973 0.889 0357
This report 1.04 1007 1.042 1047 1031 1047 1028 0927 0314
50 B. Grosswendt 1437 1003 0999 0993 0989 0976 0972 0945 0511
This report 1.22 0998 1008 1007 0990 0984 0974 0956 0422
% B. Grosswendt 1433 1002 0999 0993 0994 0991 0991 0951 0575
This report 134 1020 1022 1029 1021 1030 1017 0965 0.523
100 B. Grosswendt 1398 0996 0999 0995 0995 0993 0994 0972  0.598
This report 1.35 1.033 1038 1041 1035 1043 1045 0997 0574
150 B. Grosswendt 1319 0995 099 1001 0999 1010 1006 1.001 0.649
This report 1.32 1.040 1042 1052 1042 1057 1057 1048 0.652
300 B. Grosswendt 1214 1003 1007 1006 1007 1015 1026 1032 0.734
This report 124 1.027 1.038 1.045 1.043 1.064 1.072 1.090 0.762
500 B. Grosswendt 1.17 1.000 1000 1004 1004 1009 1022 1036  0.789
This report 1.19 1.021 1031 1036 1037 1059 1067 1078 0.816
700 B. Grosswendt 1149 1002 1004 1.002 1009 1012 1019 1035 0.822
This report 1.165 1.021 1.034 1.045 1.034 1.056 1.057 1.071 0.862
1000 B. Grosswendt 1136 0999 1001 0999 1006 1006 1010 1029 0850
This report 1.15 1.016 1027 1038 1040 1050 1052 1080  0.896
1950 B. Grosswendt 1.125 1.000 1.001 1.004 1.007 1.009 1.014 1.032 0.866
This report 1.14 1019 1030 1041 1047 1054 1056 1078 0.908
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Fig. 2. Angular dependence for monoenergitic pho- Fig. 3. Angular dependence for monoenergitic pho-

ton in the finger phantom. ton in the finger phantom.
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Table 3. Angular dependence factors for 1SO narrow beams as dose equivalent conversion factors, horizontal

angle(a) and average energy {E) in the finger phantom.

EkeV) Angle(degree) A FEAAZ 10 20 30. 40 50 60 90 120
150 33 B. Grosswendt 1.096 1000 0996 0992 0992 0981 0984 0948 0.754
This report 1.022 1016 0999 1004 0988 0988 0972 0980 0.761
150 48 B. Grosswendt 1135 1001 0997 0995 099 0989 0987 0961 0.806
This report 1.084 1011 0991 1003 0981 0988 0976 0985 0.806
190 65 B. Grosswendt 1.168 1000 0997 0997 0993 0993 0989 0977 0.836
This report 1131 1015 0994 1007 0989 0990 098 0997 0.839
150 83 B. Grosswendt 1.183 1000 0998 0996 0997 0995 0993 0988 0.852
This report 1.165 1015 0998 1008 0994 0992 0995 1004 0.861
150 100 B. Grosswendt 1185 0998 0996 0995 0995 0999 0997 099 0.863
This report 1.180 1006 0997 1003 0991 0995 0999 1003 0.869
150 118 B. Grosswendt 1.180 0999 0995 0999 0997 1001 1001 0994 0877
This report 1175 1004 0999 1004 0991 1001 1001 1008 0.878
150 161 B. Grosswendt 1.166 1000 0998 1004 0998 1.002 1004 1002 0.899
: This report 1163 1003 1002 1009 0994 1010 1005 1019 0.897
190 205 B. Grosswendt 1155 1002 1000 1000 0996 1001 1001 1005 0.908
This report 1151 1004 1002 1009 0994 1011 1007 1025 0909
150 248 B. Grosswendt 1.148 1000 0999 0998 0999 1001 1002 1004 0915
This report 1145 1006 1001 1009 0993 1012 1009 1026 0919
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Table 4. Angular dependence factors for ISO narrow beams as dose equivalent conversion factors,horizontal
angle(o) and average energy (E) in the arm phantom.

E(keV) Angle(degree) AFFAA 10 20 30 40 50 60 90 120
15O 33 B. Grosswendt 1.261 0999 1000 0994 0991 0984 0975 0890 0.377
This report 1.064 1.006 1034 1038 1022 1034 1017 0931 0330
1S0 48 B. Grosswendt 1.400 1.000 1001 0994 0990 0982 0974 0907 0.492
This report 1.188 1.001 1014 1015 0999 0997 098 0952 0.410
150 65 B. Grosswendt 1450 1001 1003 0994 0989 0990 0982 0934 0.550
This report 1.282 1.009 1015 1018 1006 1008 0997 0961 0475
1SO 83 B. Grosswendt 1427 0998 0999 0996 0989 0992 0992 0958 0.579
This report 1334 1022 1025 1031 1023 1031 1022 097 0531
150 100 B. Grosswendt 1.394 0998 0998 0996 0995 099 099 0974 0.600
This report 1343 1031 1035 1039 1032 1042 1041 099% 0572
150 118 B. Grosswendt 1.361 0999 0998 099 1001 1003 1001 0988 0620
This report 1.334 1035 1039 1045 1037 1048 1048 1015 0.602
1S0 161 B. Grosswendt 1301 0996 0999 1003 1001 1010 1009 1008 0.662
This report 1.299 1024 1041 1051 1042 1057 1058 1051 0.661
B. Grosswendt 1.262 0999 1005 1006 1004 1011 1016 1022 0691
150 205 This report 1.263 1034 1041 1049 1042 1059 1063 1065 0.696
10 248 B. Grosswendt 1.236 1001 1007 1007 1006 1013 1022 1029 0713
This report 1.249 1031 1039 1047 1043 1062 1067 1077 0727
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Fig. 4. Dose equivalent conversion factor for I1SO
narrow X-ray beams in the finger phantom as ave-
rage energy of fluence.
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rage energy of fluence.
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