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Physics of Biological Exposure to Millimeter-wave / THz Electromagnetic 
Field and Its Dosimetry  

Yukihisa SUZUKI%   Masao TAKI%  and  Masami KOJIMA- 

%Tokyo Metropolitan University  1-1 Minamiosawa, Hachioji, Tokyo 192-0397, Japan 
-Kanazawa Medical University  1-1 Daigaku, Uchinada, Kahoku, Ishikawa 920-0293, Japan 

E-mail:  %y_suzuk@tmu.ac.jp 

Abstract It is expected that new millimeter-wave (MMW) technologies, e.g. the 5th generation (5G) wireless systems, the 
Wireless Gigabit (WiGig) systems and so on, will be in wide spread use in near the future. Therefore, it is becoming public 
concern to consider the safety of the use of MMW / THz technologies. However, a few studies for corneal damage thresholds 
by MMW / THz exposure have been performed. Against this background, we conduct the study to estimate the threshold levels 
of ocular damage, especially within corneal region, under the MMW / THz exposure. The temperature elevation by relatively 
high power MMW exposure occurs the ocular injures. The characteristics of the temperature elevation may be influenced by 
the complicated structure in the front region of the ocular tissues. Therefore, it is required to investigate the heat transport 
mechanism considering the structure of ocular tissues and characteristics of energy absorption by MMW exposure. The 
purpose of this study is to investigate the temperature transport mechanism caused by the MMW exposure for the eye through 
the experiment and the computer simulation with the anatomical eye model. We discuss the dependence of heat transport 
mechanism on the incident MMW frequency and power density by comparing experimental results with the numerical results. 

 
 
Keyword  millimeter-waveKTHzKDosimetryKMicro-Encapsulated Thermo-chromic liquid Crystal, Electromagnetic field 
analysis, Heat transport analysis 
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>Main memory: 1TB 
>CPU core: 192 (Opteron 6174) 
>GPU: 16 (cuda core (8080)) 

 C2070 x 8, M2090 x 8 
>Inter-node connect: InfiniBand 40Gbps�

 GPU¦?@AXB@CD�

Voxel models for rabbit and human�

EFesh size is 50μm.(100-200million cell) 
EThese models are consists of 7 tissues, cornea, aqueous humor, iris, lens, 
vitreous humor, sclera, and skin. 
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•�	
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[7]A. A. Amsden and F. H. Harlow, Journal of Computational Physics, vol. 6, no. 2, pp. 322-325, 1970�

Comparison of heat transport mechanism �

�� Temperature distribution is highly 
influenced by aqueous humor flow. �

Heat Conduction only� Considering Heat Convection�
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[8]Sapareto SA, Dewey WC., Int J Radiat Oncol Biol Phys 1984; 10: 787–800. 
[9]Dewhirst MW et al. Int J Hyperthermia. 2003; 19:267–294. 
[10] Yarmolenko PS et al., Int J Hyperthermia. 2011;27(4):320-43. 
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����  ������ÉÆÇ��� Fiberglass-Reinforced Plastic Mortar (FRPM)È �×ØÙ!"#$É%&'Ú
Û(Ì)»Ö�*�FRPM È+É,-*ÒÓ(ÌÍÎÏÐÑ .ß(Ì/�012» 34�*0Ì56���Æ
Ç789É�Ì FRPMÈ:�ÆÇ;'FRPMÈ'<=>ÈÝ?@AB�CÌ 3DEFÝÍÎÏÐÑG½HIJKÑ
LÉCÌ6Ö .ß�*�FRPM È+MÉNOPQ��*ÒÓ(ÌÍÎÏÐÑÝRÌS0 TUÉ12�*�ÈL
ÝVW ÚÛ'ÔX(ÌYÝ!�Ì5Z[$%\É]^�ÆÇ;'FRPMÈ>_�`20mmA'<=>aÈ?MÝ<
bAB�CÌ 3DG½HIJKÑL��cÑd 2`6 GHz ÝÍÎÏÐÑÉe�*fg$hij>ÒÓij` dB/mA
!�Ì6Ö�ÈLÝk�! FRPMMÉlmnÝopq?rs'trsÉVu:�ÌÖ�ÍÎÏÐÑ:op'VuÉ
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Microwave Propagation Characteristics along Buried FRPM Pipes and their 
Applications to Nondestructive Diagnosis 

 

Hiroshi MURATAä   Yoshiyuki AZUMAä   Fumiaki UENOä   Tadahiro OKUDAä   
and  Masaya HAZAMAï 

äGraduate School of Engineering Science, Osaka University  1-3 Machikaneyama, Toyonaka, Osaka 560-8531 Japan 
ïKurimoto Ltd.  1 Koyagi, Higashiohmi, Shiga 527-0108 Japan 

E-mail:  ämurata@ee.es.osaka-u.ac.jp 

Abstract  We have proposed a new nondestructive inspection method for fiberglass-reinforced plastic mortar (FRPM) 
pipelines by utilizing microwave guided-modes propagating along a FRPM pipe wall.  This method is based on the precise 
measurement of the transmission and scattering of microwave guided-modes along a cylindrical dielectric waveguide 
composed of a FRPM pipe wall (core region), outer sand, and inner air region.  In the preliminary experiments, we have 
verified the microwave guided-mode propagation with a relatively low-loss (~ dB/m) from 2 to 6 GHz along the buried FRPM 
pipeline with a wall thickness of ~20 mm surrounded by standardized grade sand.  In addition, we have also verified 
microwave scattering and radiation into the inner region of a pipe (air) caused by a crack or foreign object although a crack or 
object is located at the outer surface of the FRPM.  Therefore, by adopting the precise microwave measurement techniques 
with an electro-optic (EO) sensor, we can detect and identify the position and size of the crack or object nondestructively.  In 
this paper, the experimental results for the buried agricultural pipelines are reported. 

Keyword  Guided Mode�Dielectric Waveguide�FRPM�Electro-Optic Sensor,  Nondestructive Inspection 
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