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A three-dimensional electric field measurement system in vivo

LU Lu WANG Xianghui QI Hongxin REN Zhipeng ZHANG Jie
(Laboratory of Biophysics, Department of Physics and Materials Science, East China Normal University, Shanghai 200241, China)

ABSTRACT In order to ascertain the dosimetry of animals exposed to an electromagnetic field (EMF), a three-
dimensional electric field measurement system in vivo was designed. The proposed system can be used to measure
the electric fields in rats exposed to an EMF of 1 800 MHz. In addition, several parameters of the proposed system
were measured, including direction and sensitivity. The isotropy of the proposed system was found to be less
than -3 dB. The measurement range and system sensitivity were 0~605.95 V/m and 0.96 mV/m, respectively.
Further, the magnitude, direction, and three-dimensional components of the electric field were determined by several
tests using different solutions. The results indicated that the response coefficient of the measurement system in
different media decreased as the relative permittivity increased. When the relative permittivity was higher than 20,
no significant change in the response coefficient was observed. The difference in maximum relative errors of the
electric field between the measured values in the brain and liver of rats exposed to EMF of 1 800 MHz and the
calculated values was small, 5.1% for brain and 13.1% for liver. The results indicated that the measured electric field
values were in good agreement with the calculated values. Therefore, it is demonstrated the proposed three-

dimensional electric field measurement system can accurately measure the electric field in animals irradiated by
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F1 NEEE A BB E KT (5 E, P=50 W)
Table 1 Electric field in different rotation angles (air, /=50 W)
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angle of E, of E, of E, measuring £ and  measuring £ of E,
0-XYZ axies in the air in the air
0 v
90 62.7 -21.9 18.1 -24.6. 765 78.0 85.7 -0.41
105 75.5 -17.7 21.2 -18.3 75.1 82.2 85.7 -0.18
120 71.2 -14.7 239 -15.5 72.1 77.6 85.7 -0.43
255 59.7 -31.9 24.0 -36.9 72.2 78.5 85.7 -0.38
270 65.8 -29.5 274 -32.3 70.5 80.7 85.7 -0.26
285 68.8 -24.4 27.9 -26.2 70.0 81.7 85.7 -0.21
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Table 2 Measurement and theoretical values of E in rat brain exposed to 1 800 MHz EMF

H B 7S A Hg R AR R O-XYZ R A/ (°)  REKRALRN UNEPNILEHEEAT EFip
E,/V-m Angle between measuring £ and ~ FLISEIR{EE, / V- -m™ M HEWEE, /V-m’! Pl %
Magnitude of £,  O-XYZ axies Magnitude of measuring Magnitude of theoretical Percentage
in the air 6 v E in the brain of rat E, in the brain of rat error

36.9 -15.4 79.9 6.4+0.6 6.35+0.03 0.5

527 -13.7 81.0 8.8+0.6 9.05+0.04 3.2

57.7 -14.0 80.7 9.4+0.3 9.92+0.04 5.2

71.7 -14.2 80.3 11.6+0.4 12.33+0.03 5.8

75.9 -14.2 80.2 12.3+0.4 13.05+0.04 5.5

85.7 -14.2 79.9 13.8¢0.4 14.72+0.05 6.1

3 1 800 MHz AR R A R E R 35 B I AL A o B4R
Table 3 Measurement and theoretical values of E in rat liver exposed to 1 800 MHz EMF

H 2 5 B3 I SRR O-XYZ ISy 1 (°)  KERAPIEALZA KEAFHEH LN EFi =
E,/V-m Angle between measuring £ and ~ HIZSLEMEE, / V- -m™ HIHEISEE,/V-m’ Pl %
Magnitude of E, O-XYZ axies Magnitude of measuring Magnitude of theoretical Percentage
in the air 0 14 E_ in the liver of rat E, in the liver of rat error

36.9 -17.2 70.7 6.9+0.6 6.50+0.04 6.0

52.7 -16.7 80.8 10.1+0.5 9.26+0.04 13.1

57.7 -19.9 82.6 11.3+£0.5 10.15+0.03 11.3

71.7 -16.9 84.8 13.540.5 12.62+0.04 7.2

75.9 -16.0 85.3 14.3£0.5 13.36+0.05 6.7

85.7 -17.5 86.5 16.4+0.5 15.07+0.04 8.8
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