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1. Introduction 
A rapid in creasing use of electr omagnetic (EM) devices in recent years 

has being concerned a bout a potential biological hazards of EM radiation . 
and the radiation safety standards have been establish ed in many coun tries. 
Most of these standar ds have the exclus ion claus e for near field exposure. 

For example , concerning the low power radiatio n devices as a portable 
radio t ransmi tter, ANSI C. 95-1(1982) reco mmends as follows: "At frequency 
between 300 kH z and 1 GHz, the protection guides may be exceeded i f the 
radio frequency (RF) inpu t power of the rad ia t ing device is 7 W or less." 
However , this recommendation uncertainlY assures that the claus e is 
consistent with the basic limitatIon as t he localized specific absorption 
rate (SAR) of 8 W/kg. l\loreover, it has no r e laxation c l ause for the rad iation 
dev ices wi t h inpu t power of more than 7 W. Recently the r ecommendations 
including these r e laxation clauses have p r oposedl l][2]. 

The purpose of this study is to be clear how far a head should be kept 
away from antenna for the exclusion claus e consist ing with the basic 
limitation. and to confirm p r ope r ty of the relaxation c l a use in t he case of 
portabl e r adio transmitters. 

2. Theory 
In t he problem of EM exposu r e of a human head to the near fields of 

portable radio t r ansmitte r s. the t heoretical analysis is applicable. The 
theo retical fo rmula is given by Amemiya and Uebayashl[3] . However, th e 
expressions in t he paper is so complex that we rearrange them as follows. 

Fig.l shows the position of linear antenna respect t o a r ectangular and 
sphe r ical coordinate system having its o r igin at a cente r of sphere. Let P 
(R, e. ¢ ) in Fig.l be an observa t ion poin t , and Q (Ro. e 0 , ¢ 0 ) be a source 
point, where -1! /2<e <1! /2. and -1! /2< 8 o<1! /2. 

Fo r t he infinitesimal electric dipole in the radial di r ection. electric 
field of inside or outside sphere Is obtained from 

E ,= - ~o, - ' -, i l2ntl)h~" (k2Ro) b~,.~" (koR) 

E 2 = - '0'-'·' i \2ntl) A~ " (k2Ro) ( ,.~ " (~2R )tb~,.~" (k2Rh 
(2) 

where Eo='w It I Q /41l Ro. 1 Q is t he current moment, b n'- and b ,.,'" are the 
coefficients given by St ratton[ 4] and ref. [5 ], and h ,.,(1) (z) is the f irst kind 
spherical Hankel function. The spherical vector harmonics n n is ..... ritten by 
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D. (kR) ~ .(nt l)~ P.(cosr) i.t (kRZ1hkR)] ' -l P.(eosr)i. 

t( kRz1(k8lJ' -.1 a P ( osr)i R SInJ ow ft C ~ 

where cos r ""cos () cos 8 0 +51n e sin e c> cos( ¢ - ¢ "" ), Pn(X) is the first kind 
Leg e ndre f unction, and z,...(z) means either the first kind spherical Bessel 
function j,,(z) or h n OJ (z). 

For the infin i tesimal electric dipole in the direction of e, electric 
field of inside or outside sphere is obtained from 

E ,~-foe-'o' ~L .i~ t b I ( k.Roh~ 1) (k.Ro) ] .!a\!' (k ,R) 
t(k.Roh~"(k.Ro) ]' b~D~!'(k,R)1 

E. ~ -foe -Io ' i,. i:t b I ( k.Roh~" (toRo) ] (.~!' (k.R)t.~~' (k.R)] 
t (k.Roh~lI (k.R o)]' (D~!' (k.R )t b~D~~' (koR)JI 

(3) 

( 4) 

where an'" and an r are the coefficients given by refs. [4] and [5]. Th e 

spher ical vector harmonIcs m on and n .. n are given by 

I a' , ~ . a~ . ... (kR)~z.(kR) sinDsinDo ~P.(COST) .. -z.(kR) STnoo OUOfoP·(eosT)', 

D .. (kR) ~ .( I t l)~)atP.(COST) i.t (kRZlkkR)] , *"P.(COST) i. 

t(kRZI(U)J' -.L--.a.'- p (eosT)i R ~lnB ~ n ~ • 

Ref erring to e q s . (l) and (3), electric field inside sphere for the linear 
antenna located at y=O, Z=Z o . is derived as follows: 

I 5- - 2.tI E, ~ - Eoe - Io ' - dI' f(I' )eosOoE [.(.tJ)h~)) (k.Ro)b~D~lI (k,R)sinOo 
/' -- · " .(. t l) 

t I ( k.Roh~ )) (toRo)J a:'.~!' (k ,R) t (k.Roh~ 1) (toRo) J ' b~D~!' (k. R)I eosOo J 
where current distribution I= Iof(x), Eo= W IJ. 10 Q :0: /4,. Zo, and Q"" = J f(x')dx' . 
We assume t hat the curren t d istribution of A /2 dipole antenna is 

' ~ I.eosk.I , where - h<I <h and h ~ I/4 , 

3. Results 
3.1 Calculation of Peak SAR 

By use of E I , SAR is defined as 

SAR=a IE, I'/p [W/ kg] 

where p and a- is t he density and conductivity, respect Ively, of biological 
tissues. In following calcu lation we use the dielectric constants of 2/3 
muscle models[6]. The radius of sphere is a = 10 em. Fo r si mp lifying our 
discussion. we do not mention the perturbation of antenna impedance with 
approaching to the spher e . 

Fig.2 shows t he distance dependence of the peak SAR for a 
half-wavelength d ipole driven by J W. Fr om this figure we can see that the 
peak SAR is inversely as the squar e of distance. Fig.3 illustrates the 
f requency dependences of the peak SAR per watt, where s denotes the 
d istance between t he surface of sphere and antenna. 
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Fig.4 s hows the f r e quency dependence of the peak SAR normalized by 
<tncident electric field strength at the front of sphere. The normalizing.:' 

field strength is 61.4 Vim, corresponding to plane-wave equivalent power 
density of I mWlcm2

. In this figure dashed line denotes the SAR's peak values 
in the plate model exposed to plane wave . These cu r ves are almost 
convergent in the f r equency range of more than 3 GHz. 

3.2 L1m.1tatlon of Power of Transll1tter 
From Fig.3 we can calculate the upper limit of transmItter's power 

satisfying the limitation of localized SAR of 8 W/kg. The r esults are shown in 
Fig.5. The thick lines denote the limit for the peak SAR averaged over I cm3 

of tissue In plane-wave exposure. and dashed line denotes the exclusion for 
low power devices of Japanese guidelines[2J. From this figure we c an see that 
the distance for consisting the basIc SAR limitation is about 7 cm. 

3 . 3 Llmltation of Incident Power DensIty 
In a simHar way to 3.2. we can obtain the upper limit of incident electric 

field str ength from Fig.4. The results converted to plane-wave equivalent 
power density are shown in Fig.S. The thick lines denote the limit wIth 
regard to the averaged peak SAR in plane-wave exposure, and dashed line 
denotes the power density equivalent to the electric field strength limit of 
Japanese guidelines[2]. From this figure we can see that the r e laxation of 
limitatIon according to only electric field measurement Is dangerous when 
the distance Is very short. In this case, i t seems that the cont ribution of 
magnetic field become r elatively very large. 

4. Conclusion 
The exclus ion clause with regard to the low power radiation devices is 

consistent with the localized SAR limitation of 8 W/kg if only a human head 
is kept away from the antenna more t ha n 7 cm. In applying the relaxatIon 
clause. it Involves some r isk to evaluate fro m measurement of only electric 
field strength. 
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Fig.l The spherical human head model 
exposed by a dipole antenna. 
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Fig.3 Frequency dependence of peak 
SAR of sphere exposed to the 
near field of a A. /2 dipole. 
(Power'" 1 W, a " 10 em) 
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Fig.5 Transmitter's power satisfied 
with the limitation of peak SAR 
of 8 IV/kg . (a = )0 em) 
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Fig.2 Distance dependence of peak 
SAR of sphere exposed to the 
near field of a A. /2 dipole. 
(Power'" 1 W, a " 10 em) 
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Fig.4 Frequency dependence of peak 
SAR of sphere exposed to the 
near field of a ). /2 dipole. 
(E , = 61.4 Vim. a = )0 em) 
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Fig.S Plane-wave equivalent power 
density satisfied with the 
limitation of peak SAR of 8 
W/kg. (a = )0 em) 
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