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Abstract In this paper, we introduce a non-destructive method to measure time dependent 2D temperature distri-
bution with micro-encapsulated thermo-chromic liquid crystal (MTLC). As an example, it is shown that exposure
experiment performing with the transparent phantom, witch contains MTLC, adjusted its complex permittivity
to the muscle value at 1.45 GHz. As a result, time dependent 2D temperature distributions are quantified from
captured images, and a 2D SAR distribution is estimated by the 2D temperature elevation. As another application,
simultaneous measurement of temperature and fluid velocity distributions are shown under the 75GHz millime-
ter-wave exposure. It is shown that in situ measurement is available for aqueous humor inside anterior chamber of
rabbit eye by this method.

Key words dosimetry, micro-encapsulated thermochromic liquid crystal, SAR estimation, non-destructive tem-

perature measurement
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2.1 Micro-encapsulated Thermochromic Liquid
Crystald MTLCO
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Fig.1 Principle of temperature visualization with MTLC.
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Fig.2 Examples of color changes of scattered light depending on
the temperature with MTLC
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Fig.3 The block diagram of measurement system for scattering

light from MTLC. 90 °C scattering light to the incident

light source is observed.
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Fig.4 Dependence of scattering light spectrum on the tempera-

ture. MTLCs with measurable temperature region from
25 °C to 30 °C are used. This graph is normalized by the

incident light spectrum.
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Fig.5 An example of visualization system for 2D temperature

distribution inside transparency objects.
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T = 17.8 + 23.90 — 13.96°
+3.916° — 0.5150" + 0.02596° (1)
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Fig.6 Trajectory of RGB value depend on the tone change of
MTLC in the RGB color coordinate.
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Fig.7 The projection of the 3D-trajectory onto the 2D plane

which is obtained by appropriate coordinate transforma-

tion with Euler angles.
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Fig.8 The calibration curve based on the relationship between T'
and 6.
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Fig.9 The block diagram of measurement system for 2D temper-

ature distribution under the high frequency electromag-
netic field exposure with transparency phantom containing
MTLCs.
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Fig.10 The time course of 2D color distribution from the onset

of exposure up to 30 s.
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Fig.11 The 2D distribution of temperature elevation obtained

by calculating differences between 0 s (onset of exposure)
and (a) 4s, (b) 8 s, and (c) 20s.
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Fig.12 The 2D SAR distribution estimated from the tempera-

ture elevation during 4s onset from the exposure.
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Fig.13 The SAR distribution estimated from the temperature

elevation at y = 47 [mm).
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Fig.14 Schematic view of the visualizing system for anterior

chamber of rabbit eye exposed to millimeter-wave.
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Fig. 15 The result at 75GHz, 150mVV/cm2 exposure. Upper row;

The visualization with MTLCs. Center row; The temper-
ature distributions. Bottom row; The velocity distribu-

tions.

gobooooooboooobooobooooboooo

(1]

] g

International Commission on Non-Ionizing Radiation Pro-
tection: ”Guidelines for limiting exposure to time-varying
electric, magnetic, and electromagnetic fields (up to
300 GHz)”, Health Phys., Vol. 74, No. 4, pp. 494-522 (1998)
goooooooo0oo:”0o0oo0ooooooooo”,
000 380 (1990)

T. Schmid, O. Egger and N. Kuster: ” Automated E-Field
Scanning System for Dosimetric Assessments”, IEEE Trans.
Microwave Theory Tech., Vol. MTT—-44, No. 1, pp. 105-113,
(Jan. 1996)

C. Polk and E. Postow: ”Handbook of Biological Effects
of Electromagnetic Fields”, CRC Press, Inc., pp. 314-315
(1996)

C. Polk and E. Postow: ”Handbook of Biological Effects
of Electromagnetic Fields”, CRC Press, Inc., pp. 318-322
(1996)

A. W. Guy: ”Analysis of electromagnetic fields induced in
biological tissues by the themographic studies on equiva-
lent phantom models”, IEEE trans. Microwave Theory and
Tech., Vol. MTT-19, No. 2, pp. 205-214 (1971)

M. Miyakawa, S. Hoshina and Y. Kanai: ”Visualization and
3-D measurement of local SAR using a gel phantom”, Proc.
1998 IEEE EMC Symposium, Denver, Co., Vol. 2, pp. 751—
756 (1998)

Y. Suzuki, M. Baba, M. Taki, K. Fukunaga, and S. Watan-
abe, " Imaging the 3D Temperature Distributions Caused by
Exposure of Dielectric Phantoms to High-Frequency Elec-
tromagnetic Fields” , IEEE Trans. Dielectr. Electr. Insul.,

016 000000 150mW/ecm? 000000000000000

gooooOoooooo,ooo0o0

Fig.16 The comparison of the growth of the flow speed and tem-

(9]
[10]

(11]

(12]

(13]

(14]

perature atlSOmW/crn2 : upper row) temperature, lower

row) flow speed.

Vol. 13, pp.744-750, (2006)
0000:”00000000007, 0000 (2003)

J. L. Fergason: ”Liquid Crystals in Nondestructive Test-
ing”, Appl. Opt., Vol. 7, No. 9, pp. 1729-1737 (1968)
goooD,0000: 0000000000000 DOOooOoOd
070000000000 00, Vol. 21, No. 40, pp. 163-168
(1970)

goo0o:”000000000D000O000OO”, 0200
0000o0ooOooooooag, (1974)

P.T. Ireland and T. V. Jones: ”Liquid crystal measurements
of heat transfer and surface shear stress”, Meas. Sci. Tech-
nol., Vol. 11, No. 7, pp. 969-986 (2000)

D. Dabiri and M. Gharib: ”Digital particle image thermom-
etry: The method and implementation”, Exp. Fluids, Vol.
11, pp. 77-86 (1991)

gooO0,R.J. Adrian: 7 000000000000 300
gooooooooooooor,ooooooooooBOO,
Vol. 63, No. 607, pp. 818-823 (1997)
gooo0,0000:700000000007, 0000000
(1985)
ooooobogo
(2007)
go0o0,000,0000,000:700000000000
goooooOoOo0oboOooOoooooooooor»,00o0Od
00ooooBOO, Vol. 66, No. 643, pp. 761-767 (2000)
000000:7’0000 00O 2407, 0000 (2011)
gooooooo,pPIvOUOOOOO",00O0O0oOooDO
(2002)

000000007, 000,ppl22-126,





