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hx 2 2 2 Y,
% ! ! $ % 1 $
! ! $ 1o !
V4 ! % , % % @, ], K,
4 . 0 $ (!
$) %1 ! +
as< 5 5 ! $ 1 +0,
cV3

! [33].
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2.1
%
/ % o1 %o $ ( 1)
(1.21) $ % (1.22) $ C 7/
oT
pCE=DKDT+pSAR+Ab—B(T—Tb) (1.22)
$ T ! , To !  ( ! %
1 % 1 ), k * & 11 D Co
%o B * & ! A- * &
6 % % 3 ! ! w, %) 1 1
! Y€ 1o o1 O
% %C % 1 .0 ! O ! h 18 )
27* $ (! « ', %) ! !
- O % 1 1 1 1 D
! 1S o, Y ¢ ! :
! % ! & !
%31 1 ( ) N 1 & ,
$ ! ) ! C %
% * $Q ! , !
* & 3 ) .
121% % % & 1 1 [44]. 2 %% %
1 ;! o % o1 b ool
$ .0 , Ch! 1 U !
[45], $ [46],
[47], % ;! , $
$ ! ! 1§ ) %2/* § ! % $
1 ! 1 % .0
! ! % %
1o ! 1% [48], [49]. 1 s &
ho% %1% ! .
% % & W2/ 1 % $
I * & $ , $ !
! 1) 1.21,% % % ! !
0 $ $ U T ! t
&
oT
Ko h(T-T,) (1.22)
% % 1 ! ! t ! %
! 7/ C ) % % &

% oot ! $
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thea thea thi tha
dt ,oEDa—TdV =— dt Gds+ dt p[BARIV+ dt AdV
oV ot t, S t, Vv t, Vv
(1.23)
tn+1
- d BOT-T,)dv
t, Vv
4 * %, S-1 . G=-KOT- 1 !
oo % (1.21-1.22)
b b $ o , % (1.22)

e 7%(32 _______
7 5
]
t i}* =
« _ .

151 % % % % ! % 1

& % (1.21) & &
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At

n+l — TN n _n
Ti+1/2,j+l/2,k+1/2 - Ti+1/2,j+1/2,k+1/2 + (Gx,i,j,k Gx,i+1,j k IC
i+1/2,j+1/2,k+1/210i +1/2,j+1/2,k+1/2

+(X > Y& X - z terms)

(1.24)
At

n —
C Bi+1/ 2,j+1/2,k+1/2 (Ti+1/2,j+1/ 2,k+1/2 Tb )
i+1/2,j+1/ 2,k+1/ 22411 2,41/ 2, k11 2

At
+

C (pi+1/2,j+1/2,k+1/2 [SA‘R+1/2,j+1/2,k+1/2 + A\),i+1/2,j+1/2,k+1/2)
i+1/2,j+1/2,k+1/210i+1/2,j+1/2,k+1/2

$ n - ki—l,j,kki,j,k D1-i21/2,j+1/2,k+1/2_Ti21/2,j+l/2,k+1/2
x,i,',k_
M ke ki) Ah,
& $$ $ % O% ! %%
& ( (1.22). 0 1241 1 ) ho* &
$ % ( &¢G1v % (C 1 ,

$ )-
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0 $ ! 7/ 1 s
% * % %
% o.# & % % !
LI $ ! FDTDLab
! / (Motorola Corporate EME Research Laboratory),
V4 , % V4
$ . 0 ! , ! $ $ :
% 7/
/ U
g , ! § 1 > +'0, !
% & % % % ! :
& : +"0, : % !
& $ $ I &
O $ % % % %, 1 /70
% $ ! %
& 1 ! : C % &
% %
$ % : % $ %,
$ [34]. O !
, ! D ! C
! % 1 9 2.1 $
! : $ , " "
(N). - $ [34], $ % % v % +
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+ , % & %, ! O
6 5 [14], ! 1 & %1 $ $
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! ! $ ! : !
1 * $ ; ,
. % ! :
I N © I D C
1
0 $ C% % & W2/
1 %! ! O &
! , 1! , % : % .2
! ! % 6 ! * (
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(WP3) - ! LI 1 7/
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L % [56]- [59]. ,
O % !
! : $ : !
! $
3.230
+ , +"0, % %% ! %)
% $ & %
, -~ 1 & +"0, FDTDLab
! % % Yee [33]. % $
$ 1 $ $ ! % O ¢
$ - UPML (Uniaxial Perfect Matching Layer)
[33]. O %o 10 UPML.0 (
UPML % 30 % o+ C %, * $
% nO % 10
UPML, % SAR * D % .0
! $§ 1 % , %, !
, FDTDLab ! $  $
! (Total-Field Scattered-Field technique) [33].
' b !
$ ! ! & + -+ [54]- [55]. " %
* ! ! & 1 2 " . 331!
* ! & 1 .+
, * % 1 , %
! ,
30 $ 5 $ 100 $ 150  $
ag a ag a
# 0) Er (S/m) &r (S/'m) &r (S/m) | &r (S/'m)
1 | Airinterna 1 0 1 0 1 0 1 0
2 | Bladder 30.3 0.28 23.8 0.29 227 | 029 | 214 0.30
3 | Blood 1195 | 1.16 82.5 1.22 76.8 123 | 713 1.26
4 | Blood vessel 86.5 0.38 65.2 0.44 508 | 046 | 540 0.49
5 | Bone (Cancellous) 40.2 0.14 29.6 0.16 276 | 017 | 255 0.19
6 | Bone (Cortical) 20.9 0.05 16.1 0.06 153 | 0.06 14.4 0.07
7 | Bone Marrow 9.9 0.02 6.9 0.02 6.5 0.02 6.1 0.02
8 | Cartilage 85.6 0.42 60.0 0.46 558 | 047 | 514 0.50
9 | Cerebellum 2028 | 059 105.4 0.74 808 | 079 | 746 0.85
10 | Cornea 121.8 | 0.95 82.8 1.01 76.0 1.04 | 69.0 1.07
11 | CSF 1057 | 2.02 945 2.08 889 | 211 | 812 2.16
12 | Fat 8.1 0.03 6.3 0.04 6.1 0.04 5.8 0.04
13 | Fluid 69.3 1.50 69.1 1.50 69.1 150 | 69.1 1.51
14 | Gall 1159 | 1.42 102.0 1.50 95.0 154 | 853 1.60
15 | Glands 90.5 0.75 71.9 0.78 688 | 079 | 657 0.81
16 | Grey matter 1526 | 0.42 90.3 0.53 80.1 | 056 | 70.1 0.60
17 | Heart 150.4 | 0.60 100.3 0.70 908 | 073 | 807 0.79
18 | Intestine( large) 1329 | 057 89.5 0.65 818 | 068 | 738 0.72
19 | Intestine (small) 1881 | 1.49 109.5 1.61 96.5 166 | 834 1.72
20 | Kidney 1769 | 0.64 110.4 0.77 981 | 081 | 850 0.88
21 | Lens 79.8 0.56 58.3 0.59 551 | 060 | 520 0.61




22 | Liver 113.5 0.39 76.0 0.46 69.0 0.49 61.7 0.53
23 | Lung inner 54.2 0.26 34.9 0.29 31.6 0.31 28.3 0.32
24 | Lung outer 98.9 0.49 72.0 0.54 67.1 0.56 61.9 0.59
25 | Lymph 90.5 0.75 71.9 0.78 68.8 0.79 65.7 0.81
26 | Membrane (Dura) 114.3 0.64 67.9 0.72 60.5 0.74 53.7 0.76
27 | Mucous Membrane 108.3 0.43 72.4 0.50 66.0 0.52 59.2 0.56
28 | Muscle 91.8 0.66 69.7 0.69 66.0 0.71 62.2 0.73
29 | Nail 20.9 0.05 16.1 0.06 15.3 0.06 14.4 0.07
30 | Nerve 77.6 0.27 519 0.32 47.3 0.34 42.3 0.36
31 | Pancreas 90.5 0.75 71.9 0.78 68.8 0.79 65.7 0.81
32 | Sclera 99.5 0.85 72.3 0.89 67.9 0.90 63.5 0.93
33 | Skin 152.9 0.34 84.3 0.46 72.9 0.49 61.5 0.54
34 | Spleen 175.0 0.65 102.4 0.76 90.7 0.80 78.8 0.86
35 | Stomach 113.3 0.84 82.6 0.89 77.9 0.90 73.3 0.92
36 | Testicles 113.9 0.84 80.9 0.89 75.6 0.91 70.3 0.94
37 | Tooth 20.9 0.05 16.1 0.06 15.3 0.06 14.4 0.07
38 | Urine 69.3 1.50 69.1 1.50 69.1 1.50 69.1 151
39 | Vitreous humor 69.3 1.50 69.1 1.50 69.1 1.50 69.1 151
40 | White matter 100.6 0.23 63.3 0.30 56.8 0.32 50.3 0.35
& 1.° *
30/ &, 75/ &, 100/ &,150/ &
30 $ 75 $ 100 $ 150 $
o g o g

# 0) &r (S/m) Er (S/'m) Er (S/m) Er (S/m)
1 | Airinterna 1 0 1 0 1 0 1 0
2 | Bladder 20.1 0.32 19.6 0.33 19.0 0.37 18.9 0.40
3 | Blood 65.7 1.32 63.7 1.37 61.7 1.50 61.1 1.58
4 | Blood vessel 48.3 0.54 46.6 0.57 45.0 0.67 44.6 0.73
5 | Bone (Cancellous) 23.2 0.22 22.2 0.24 21.0 0.32 20.6 0.36
6 | Bone (Cortical) 134 0.08 13.0 0.10 12.6 0.13 12.4 0.16
7 | Bone Marrow 5.8 0.03 5.6 0.03 55 0.04 55 0.04
8 | Cartilage 46.8 0.55 45.0 0.60 43.0 0.74 42.3 0.83
9 | Cerebellum 59.7 0.97 54.7 1.06 50.2 1.22 489 131
10 | Cornea 61.4 1.15 58.5 121 55.7 1.35 54.8 1.44
11 | CSF 72.7 2.22 70.5 2.26 68.9 2.37 68.4 2.46
12 | Fat 5.6 0.04 5.6 0.04 55 0.05 54 0.05
13 | Fluid 69.0 152 69.0 154 68.9 161 68.9 1.67
14 | Gal 74.9 1.67 72.2 171 70.4 1.80 70.0 1.88
15 | Glands 62.4 0.85 61.2 0.89 59.9 1.00 59.5 1.08
16 | Grey matter 60.0 0.69 56.6 0.76 53.3 0.90 52.3 0.99
17 | Heart 69.3 0.90 65.0 0.99 60.6 1.18 59.3 1.28
18 | Intesting( large) 65.0 0.81 61.7 0.88 58.5 1.03 57.5 1.13
19 | Intestine (small) 69.8 1.84 64.9 1.93 60.2 211 58.9 2.22
20 | Kidney 70.5 1.02 65.0 1.13 59.6 1.33 57.9 1.45
21 | Lens 49.0 0.65 47.9 0.68 46.8 0.76 46.4 0.82
22 | Liver 53.5 0.61 50.4 0.67 47.3 0.81 46.4 0.90
23 | Lunginner 24.8 0.36 235 0.38 22.2 0.44 21.8 0.47
24 | Lung outer 56.2 0.65 54.0 0.70 51.8 0.82 51.1 0.90
25 | Lymph 62.4 0.85 61.2 0.89 59.9 1.00 59.5 1.08
26 | Membrane (Dura) 48.0 0.80 46.2 0.84 47 0.93 442 0.99
27 | Mucous Membrane 51.9 0.63 49.2 0.69 46.5 0.81 45.7 0.88
28 | Muscle 58.2 0.77 56.8 0.81 55.3 0.91 54.8 0.98
29 | Nail 134 0.08 13.0 0.10 12.6 0.13 12.4 0.16
30 | Nerve 36.9 0.42 34.9 0.46 329 0.55 32.3 0.60
31 | Pancreas 62.4 0.85 61.2 0.89 59.9 1.00 59.5 1.08
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32 | Sclera 58.9 0.98 57.2 1.02 55.6 1.13 55.0 1.21
33 | Skin 49.8 0.64 45.8 0.71 42.0 0.83 40.9 0.90
34 | Spleen 66.5 0.97 62.1 1.05 57.9 1.22 56.6 1.32
35 | Stomach 68.7 0.97 67.1 1.02 65.4 1.14 64.8 1.23
36 | Testicles 64.8 0.99 62.9 1.04 60.9 1.17 60.3 1.25
37 | Tooth 134 0.08 13.0 0.10 12.6 0.13 124 0.16
38 | Urine 69.0 1.52 69.0 1.54 68.9 1.61 68.9 1.67
39 | Vitreous humor 69.0 1.52 69.0 1.54 68.9 1.61 68.9 1.67
40 | White matter 43.8 041 41.5 0.46 39.3 0.56 38.6 0.62
& 2.7 *

300/ &,450/ &,800/ &,1000/ &

Grey Matter
1.0E+& —
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. ! $ % SAR ! .0 %
! % $ , |EEE [39]. ,
* 1 0! * 11 4
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. Heat
ecific . Basal Blood flow
. Sﬂeat, Conductivity, | 1 eeaolic related
Issue/Organ C K Rate, A coefficient, B
J(sem+C) N N
J(kg e C) J(se nt) J(seCent)
1 | Mucous Membrane 3300 0.43 1600 9000
2 | Gal 3900 0.55 0 0
3 | Membrane (Dura) 36807 0.579 10009 17700
4 | Cornea 4200 0.58 0 0
5 | Fat 2500 0.25 300 1700
6 | Lymph 3900 0.51@ 0® 0%
7 | Airinterna 1000 0.02® oW oW
8 | Nall 1590 0.657 3009 1009
9 | Nerve 3500 0.46 7100 40000
10 | Muscle 3600 0.5 480 2700
11 | Heart 3700 0.54 9600 54000
12 | White matter 3600 0.5 7100 172807
13 | Stomach 3600 0.53 5200 29000
14 | Glands 3600 0.53 64000 360000
15 | Blood vessel 3900 0.51@ o® 0®
16 | Liver 3600 0.51 12000 68000
17 | Bladder 3300 0.43 1600 9000
18 | Spleen 3700 0.54 15000 82000
19 | Cerebellum 3700 0.57 7100 40000
20 | Bone (Cortical) 1300 0.4 610 3400
21 | Cartilage 3500 0.47 1600 9000
22 | Fluid 3900 0.51@ o® 0®
23 | skin 3500 0.42 1620 9100
24 | Intestine 3700 0.56 9500 53000
25 | Tooth 1300 0.4 610 3400
26 | Grey matter 3700 0.57 7100 40000
27 | Lens 3000 0.49 oW o?
28 | Lung outer 3600 0.14 1700 9500
29 | Intestine 3700 0.56 9500 53000
30 | Sclera 41789 0.6Y 142509 103000V
31 | Lunginner 3600 0.14 1700 9500
32 | Pancreas 3500 0.54 7300 41000
33 | Blood 3900 0.51? 0% 0®
34 | CSF 4200 0.62 0 0
35 | Vitreous humor 4178 0.59 0 0
36 | Kidney 3900 0.54 48000 270000
37 | Bone Marrow 2700 0.22 5700 32000
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38 | Urine 4186 0.49% o® ¥
39 | Testicles 3800 0.53 64000 360000
40 | Bone (Cancellous) 1300 0.4 590 3300
& 3.° : b, )
% [56], 1- [57. - [58,3)- [59]
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$ H Ts T C , * & & ! !
C ! [61]-[62], n ! !
ho* & & ) 830 2°Ct[56].
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1 , ! C , b
& , h* 8 %
1 $ % ) )
, C % :
/ + 1 ") O % (the International
Commission on Non-lonizing Radiation Protection, ICNIRP) [5],
1 2 2 (the Institute of Electrica and Electronics
Engineers, IEEE) [6-12]. - § % w( ! %% SAR,
108. $ .0 , 2005% IEEE !
SAR, ! 13. IEEE SAR ! % $
, ! ! % 40/8% 1 !
10, 040/% % $ (Whole Body average).
2 ! % $ %. + ,
D %o, & % 1
(1 A ) ) D & ), )
D .0 * ! 5, ! 0.08
0/8$. $ - 25 !
, 1 , $ $ % 1 %
SAR, % 1$ SAR ! 20
Localized SAR_Limits
S 0 \ ICNIRP /WHO /ITU
USA, Cansds, Soutt Kores IEEE /CENELEC
EU, Agswales, Srazil efc.
SAR Head and Trunk 1,6W./kg
over 1g SAR Hesd and Trunk
2,0 Wskg over 10g
SAR Limb and Pinna 4,0W/kg— 8
over 10g | ® . SAR lmb
iy 4.0 W/kg over 10g
Definition Limb: Definition  Limb:
Amm down  from elbow Am
Leg donn from knee Leg
Cihina yet open;
draft under preparation
i P, with 2 Wokg over 10g
.38- !
, % 1$ SAR! % 160/ §.
8 % 10$ SAR, ! C % $ % ( %IEEE
2005 $ [12]) : *
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$ : : ! !
% 1$ ) 27 * % I
1$ ) ) : 108.
( 10, ! 100/8% % 10$ SAR
$ %, ™ D 5, 1 1
, 20/% % 10$ SAR. 7 ( -54#,
> + ), 1 C * ( .™ .38).8 th *
C %! $ b %1%,  * ,
%.
, ! |EEE [12]
$ % O , 3.1.75 $ ! %
% ! 1°C. 1 * §, $
% & 4.
,$ ) 0 %
o 7%/ (°C,0/ 9) %
8 >42°C Txt [57]
(! )
8 240.5°C Txt [58]
( 1. %)
8 42-43°C Txt [57]
8 43°C 10-12 [59]
8 55-50°C 3-10
$3 1 8 43°C 100
$3 1 8 60°C 5
7 8 45°C 3-10
i1 + 43-44°C 1 80 [59]
(1 s,
$ $)
+ ( ) 2-25°C | , 10 1 [60]
%1 % | + ( ) 1°C, 40-60 [61]-[63]
4% ( 40/ $
)
+ $ ) >41°C >30 [64]-[66]
(>150 O / §)
7 44°C [67]
+ >40°C 4 [68]-[71]
! !
BBB $ (>401/%$
WBA SAR)
& 4 1 $ % |IEEE 2005%  [12]
4 1o & o 1
O $ :
! $ :
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3.4.10
% ! $ & ! :
! : % !
oo ) 107 % 0 $ (
% .0 , , ! 4 , ! ,
: (% E H!% & . 8 !
30 1000/& 30, 75, 100, 150, 300, 450, 8001000/& .0
! , SAR,
% % $ ! !
I % : % % %(
! : ", 3.9-312 !
% $ ,1 10% s $ $
! SAR N $ ! () :
! % % ' % ! ! :
' E1% & : - H! % &
. 3.9/ % SAR, 4 1% &%
EC ) H( )
. 3.10/ %  1$SAR, 4 1% &%

EC ) H(E )



