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ELF 3D Magnetic Field and Eddy Current Calculation of Human Body
Around Transmission Lines

VIR R G S LI TNE - i A
(Sung-Ho Myung * Dong-IL Lee -+ Koo-Yong Shin - In-Soo Han - Jong Keun Park)

Abstract - Since Wertheimer and Leeper reported possible adverse health effects of magnetic field in 1979, worldwide
researches on this issue have been conducted. More recently, the U.S. Congress instructed the NIEHS (National Institute
of Environmental Health Sciences), NIH (National Institute of Health) and DOE (Department of Energy) to direct and
manage EMF RAPID (Electric and Magnetic Fields Research and Public Information Dissemination) program aimed at
providing scientific evidence to clarify the potential for health risks from exposure to extremely low frequency electric
and magnetic fields(ELF-EMF). Although they concluded that the scientific evidence suggesting adverse health risks of
ELF-EMF is weak, the exposure to ELF-EMF cannot be recognized as entirely safe. Therefore, the purpose of this
article is to describe magnetic field 3-D calculation and to evluate eddy current of human body compare to international
guide line recognized one of the basic problems. In open boundary problem, Magnetic field using FEM is not
advantageous in the point of the division of area and the proposition of the fictitious boundary. Therefore, we induced
the analytic equation of magnetic field calculations so but the finite line segment based on Biot-Savarts law. Also, Eddy
currents induced due to ELF-EMF magnetic field are computed. To calculate induced currents, impedance method is
used in this paper. An example model of human head with resolution of 1.27cm is used. In this paper, We evaluate the
magnetic field and eddy current of human head around 765 kV transmission lines compare to international guide line.

Key Words

! ELF(Extremely Low Frequency), EMF(Electric and Magnetic Field), Eddy Current, Biot-Savarts law.

Impedance Method, ICNIRP(international Commission on Non-Ionizing Radiation Protection)

.M 8

HZ "AAA #& A7 FAEL FANGE F2
AHAIZE BA kAo FEE W ges AMEE W Eun 9l
th Ed] olfu UdAYg FrAMY =HE(0) AolE
order7t 10°4E2] Aol YA AAME 7JBAoZ vz}
dolm 2 FR&(p)9 Aol A9 glo] A= =79 ¥
ghglo] AAE 1F FH8y] gEojth agln AAE A
ABTE ¥ (Shielding)o] 1@ 7] W&o ojd] g P&
987l oJYrh[1-2] old wel wF F AR ZAIZdME
'Prudent Avoidance’ (8% 33]) AHolad HAA(EMF)
&% Hege, EMF 94 9% 2 AR7$8 F4o=
AEHY AFHFE g3tz ¢rh(3-4] fedalda =
FAFgG WAAGNE AR A 87 EAZ gFH A
gRo T nigdel dAstm e oA E FAF ZA}
A7 A5/ &3 ZREY dHE HAAA FA 2
< EE AZAczE & #4uE o] o/ d: Yy
ole £ E=#oAe WX HAYPMu] FRHY FIGARNH

* IE & R BEERWRRE BERER
w & B @ BEENAL EHWARKE BEEHRES
w0x IE & B BREDIQN BENHEE LEHEKEE
§ E & B AERER ERATEM M LRE
§§ IE & B ARER ERTEN #E
¥Za7 0 20026 54 228
R 200242 8H 10R

op

U2 FH 3xtal A0 F 2 oM R A™F AN

Atel o] o]&E = Biot-Savart’s lawol 23 3349 =
714 A sty Rz gi[5-6] EE d7|Eold
A durd oz 27)F &M FEME ®o| Algstz 3le
1} FEM® 949§ 83t Adsez A7ri214d #8
BARE Ze Yo HgYsAT $HHAR Fe A7|F

T BN dgel w9 Hol 334 JdR el oy
o] doenz FAAN EAA g @ AN 2
o A Biot-Savart's lawd AF&3lE Aol AL
Alroly A= SlHo] Yk =E3, HIZoE Finite
Diffenrence Time Domain®} Moment Method & °o]&3}
o, QA AR A4S I glov o WHEsLe g
At Az Wizz] @9e dez & Byl olyg F
RFY HFl Ao At o] §83 Quh[7] wdal B =
AME AA 2ARE S AV Y 2L /A de FS
Al A2 sl Z QA ZA S Impedance Network® =
983l Maxwell Equationg Circuit Equation©. 2 1 3ts}
€ WY E olgdtd A AF FE A4de dux g
8-111. Impedance Method¥ 2& F349 AL 570 ¢l
Aol Z7e) vs R =27 G Ui AF Bxy
= A71E FIE d d$ anFelgtn @ £ gl
A zF o] Azt me} Wil A/ F =E2E 0, A=
2 vzstgdolr] el x=&HE A7)Fo 9 wags
FAIE 5+ Qe A7 " o) diolA A 24 wa
BEAXNEE o+joe @FL2RH I2Pe FAsA, T
WE A F S AMdSA "o $AEMR FEe QA9
FEHT G317 9 J & dEaAE AAY B3 29 E 1)

—

2 Jo

485



BRPSR/GE S1CH 105 20024 10R

He] AEsd e SHFE At A 5
2AH 712 279 vastel Wrte s

7z
AE
2. 3z R7IE AN

a9 19 go] o}F AL HAFL diZFE r WF @
oJx AW PAMY A7F dB: te A} Zon
&8 AR AQ 4l 9 AR (29 Arez o
olAm 1 AdE AQ)FH 7t

= Mo idix7r
dB = i ¢))
— i pdzuy
dB= ————55 )
T (ot+2H"
B Ao (sina; + sinay) (3)

iAl

a1 idlol olsi LEhHE X2 RS A A

Fig. 1 Calculation of the magnetic field by z'A7

dw g2 om AolA 3 A4 WA WE Be L
Ae 7 z7e) YARE AT VY FAFE A
A4 gew go) EdAT

B(t) = V2 B,sin(wt) i+V2 B, sin(wt + a)j
+v2 B,sin(wt+ Bk (4)
7 % 2o] 00] obd 349 AANAE a= =10 %
O AXAAE Hu, g2 2AdME gdA44 B 4R
Az ok E 7 A9 2A wE Be AFHE eE
the 3 o] Fojrh,
e(ey eye,) =e{B,sin(od), B,sin(wt+ a),
B, sin(wt + 8)} (5)

A4 Be A&x Brms: B9 WA 1 F71 T( =1/ =
27/l g HFes e 2.

_ L T/2 . Jw 7w ]
B e = & J ., B-Ba=| x| B-Bd

nlw
=\[am’f_ , { Bsin %t + Blsin(wt+ @) + BZsin *(at + )} dt

(6)

486

AEUT o HE

a3 2 32t Ao ™ol el KiAIHE S HH
Fig. 2 Trace of magnetic field vector at any arbitrary point

H4E)e B TaE 3349 AANE Bl 2EA B
= e 2ol FolAA Bk

B, =V B2+B2+B? D

IEEE Standardi A e 2 5 A A& 459 259
o] g Resultant AA(FAAA) BpEA A3t
g3, A= ved 3349 AAEE B A& A9
9 2A @k

Bg = V B%+B2+B? ®

olsh o] Bpe 7 & 7t $iaRel oshA @m AA
7 & gype AEAd ANT AFHL oA By
ol Be AR(TE A A
22 yBad 98 2
b Zolth.

4 e o to
dm e
o ol

Aoses

Bmin Br

@
wo
'y
10
>
ol
&

o /N

Bmin e /\,.f

a3 3 1F EldXbA el diebo gt
Fig. 3 Parameter of AC magnetic field ellipse



3. Impedance Method 2 12|&

Impedance Method Maxwell equations ZFet3l Circuit
Equation®® w#}to} 3= TLM(Transmission Line
Modelling)¢} & #Heolg} & £ o} Impedance Method
g A8 ZH ACel)e] Z7Y ZdL Aldo] glon A
3] A REo] Jdutd, 98 MK RYor FF3I] A4
g g d3, AE OE Oggg 22o] Eo] v A4 A
AdAAE Z+ ACelld A7IE & ¢ A FoEx &
< 9t}h o]2]d Impedance MethodE A&  Aell(Steady
State)ell &) EAE EA HE2=Z #o]X(Phasor)E ©] &3}
A Aot 27 LoopielA, BAHARE AHostd 49 #
2(10)7 72 sz s

EMF; ;= Z;(L; = Loy )+ 237 ML = Liv )
+Zi+1,/'(1“,_.[i_lj)—f—Zj;i(I,"j_Ii,j—l) 9
EMF, = — 2 f e 10)

wEEte 2 FE gig 3z wygae] T3
A, ol& Q3 FEiAE PE A9 dzwt Y4t de
Diagonally Dominant 3 #e] t} o]Xz ulzbsjo] FE
o] FE L AL SOR(Successwe OverRelaxation)
£ o)l &3td EW zrEs. o] W Zhzhel F = (Loop)
o] AF#Y 2V|AE UUT F, ]é.\- A A L% ’ll(Updated
Equation)& Zo] AAE = A9 22 Ftoll €33,
#rol a7t &= Holn

ot o] 17 4L QA E
skl el Aol

Yetdl= 238 234 3273

41

i+
7z

a8 4 QAN E 2Xt2 3| Zotalsto] LIEIH BhH
Fig. 4 Cross section represented by 2-D network

A A(10)& +&3o FEHE SOR(Successive
OverRelaxation)4 & 33 Zu

I,~_,-"+l=a/K,-‘,-+(l—a) I,"j” 11

op
kA

r
[
Hu

Wl 3xtal A2|E H oA R AXF AN

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

of 7] off A
ZTir 4 23 iy 2L 2T+ EMF
Zr J+Zj,'j+1+Zi+1’j+Z;‘j

2 (3)ellA ne  AAZASF(teration Number), o+
Relaxation Factor o]t} tHEE2] Over Relaxation® A&
a ko] 13} 2Atol7} dAth

gzl Zk A(Celhell w3t Impedance F-2> ob 43
Zo] ),

Kzf'_

ij_ 1
z _( O'i'i'f' j(l)&i'i) A‘vaA)(n 12

fe AoM  ZWe x¥Poez zak AFel He i
WA A(Cel)®) ImpedanceE =38 ¢“/9 g/e i i
A Al =43 Fx&£E el A X7
A XS % X, X, WEe ACezZ7E YERY
A X 2 layer®] Zeol(depth)olt}.

gtH, ALEnA sle T34 d9go] Power Frequency
(50/60 Hz) HSIOIEZ, jo e &2 o Fol v&A, A3 =
7] Wi FAE 4+ gomg A12)E ot ol H(13)
o2 "y

Ri=—L 220 (13)

AxE 9o 2o

1. 27 Fx A%
gdoz Fod

£ SOR(Successive Over Relaxation)

2. 4Cel)e] &+ BAH 322 AFS F Mo 32+
AFE Hgoe=H, Zte JdAFE A4l
AAFE datd HFFS 73t A(Cell

3.7 3% F 4
.

41, SHAFH X1 7|EX]

FAAA FAF A1 dF FAH A AL
iR gov AA ZEdMe dEdE 71EAY dagt
< 7HAA Ao 53] ‘AF% F3I° (Prudent Avoidance)
AdE Zu Jde vaes A9 dujg dde oA e
std AAAE HASESE FEs ok 2yy 7EA
W Aacte] AlgFu HMA 32 AAY febH ‘A, ‘B
gtA’el tigk AAR otUH otAAX = BT ZA VL
A% A8E FEAY AFRE B el

A ARG 71E dis] AAHeE g G &
7l#& WHO &3 7]3#¢l ICNIRP(international Commission
on Non-Ionizing Radiation Protection)& € $ d&d

19906l Yukelol B3t ALEFT A ATA 1,000 mGE
AN AT 19970] AR Fnsde AnAE Hzol A
487



BRPBEHRNE 51CH 105k 20024 108

Aakg ot ool ws) 2A et vhe gow 4§
AAe A3 A G wESAS. 87} 2AY F
S5 dedel Agets ARAE ©e ® 1o G,
olel @ 9 UeklH AgsHE AF Fase 60 He
24 £ 19 gstm dwele] A9 A N EAE 833 mG
olch,

i 1 ICNIRP2| A 11X|(19974)
Table 1 ICNIRP guidelines(1997)

TAF S gwd M(mG)wﬂ u] 31
0~ 1Hz 400,000 2,000,000
1 ~8Hz 400,000/ # | 2000000/ # | fin Hz
8 ~ 25 Hz 50,000/ f 250,000/ f d
25 ~ 820 Hz | 50,000/ f 250,000/ f "

vse AL AW HE AddAg gEE gley
ZAAS] WSt = F29F Zo] 271 FeolA B X (guideline)
5& ZFA(standard)E AA AT 53| v FAM=Z
_]
o

o dgsm HE gixsh dwelel de w3
. d2ta 7 FolHE ojzld ROWE 7
sesta g,

A
(o
il
=]
AN

i3 2 ol= Zt Fo| XpAHof st Fnx| Y EZEX
Table 2 Magnetic field guidelines and standards in U.S.A.
2+ Al (mG)
State ROW | ROW Hl 3
+9 ZAA
- 150 —~
Florida 69~230 kV
- 200 500 kV
- 250 =
New York - - 500 kV(53 ROW)

ez A74 AnAE e E3H 2.

k3 3 Zt=Ze| XA of oist 7| =
Table 3 Magnetic field standards

a2 1000 (4Anz| ICNERE =&
A =} ICNIRP &-&
33 4,166 833 Azt (1999)
e 50000 | BZE | WHO1987)
93
(NRPB) 13,300 | 13,300 | ®x<t
50000 | 50,000 | EFA
9 — =
1,000 - FAZAE_ 100mG
O RN s

£

42. AdH REVF H

o

x|

ARz e FEAFY ABA 10 mA/mE 55U
Erlangen-Nitrnbergt 8t 2] Bernhart@ =0l 2)3 o] Fo] 2
AT A AlzEPon, 19 BEA& 53 30 kHz ©l3t9
Fat FHHlolA, AAe MAA 2"l FF 2F{F A7
ZHFLEHN AFE F ASS dAEAT 19798 =5
A AELE 1~100 Hz F34¢ YA & 22 ds
FEAF ATAZ 10 mA/m’E ALsATt o] FPe o
< FFAH ofdlel #o] 19879 WHOAARA 7T 3
7 RAZE 63EHC 69)° EFHUEH, 1AL HEI}E
g7 fdold WHO/IRPA Task Group on Magnetic
Fieldsell &3 nmt& =it

«1~10mA/m° : #e AEEA Fato] By,

+10~100mA/m” @ Alztzp A7A Az=d ZFHE TP
AYE Fast veldd

-+ 100~1000 mA/m® : 8317 4&
i A7 989 el Ae.

- 1000 mA/m’ o]4 : FHok AFFE TEZY,
738 7t Jerd

279 x}Fo] By

A

Az

5. $TM FHo| XA XI|F AL E "I}

a9 59 1¥6L WL nYde FANZ FH A
g A7) AT 765kV AR FUWA R = E
a2 765kV FAHNRS HA AGLE VFe2d &9
X zelch Ed, 1y 7 FHe 2949 765kV £AMR
9 g8 FEEoth B =& A dAXdMe $dME
AT A71FE Hrisor st dHo ddn Mg
I 765kV e FAFE 3000A2 HAFHAL

NO.5
150m
b B8{50,1200
F 2 448m ) ¢(200.200)
SENO B
s
2t 419m 38
B}
o
-t
0
0.B
d2:502m
D(200,1200)
A(50,200)
NO.2
o |
2 E T m NO.1
(0,0)

% 5 765kV SMME HEuxE
Fig. 5 A plane figure of 765kV transmission line



= AFAA 32 AN s Ae] MR} oY S

IR R XEANS 187 o & Ao TEHL 100
43 M2z Axkssido.

X gd
86 765kV SMME XEHY SHuii T
Fig. 6 A side view of 765kV transmission line

G, G
{-15.25, 82.6) o— o (15.25, 82.6)
c
(-13.25, 7400 Gy(13.25,74.1)

B
(-13.75,57.05— |} Bq(13.75, 57.05)
A

(~14.25, 40.0) * A o(14.25, 40.0)

e
-7 HE 200Me) SHME M 1z
Fig. 7 Cross sectional layout of 765kV T/L (Tower No. 2)

" 8ol FHME FHdA Hrk 499 VY BEIE
€ UEhhdth A4 Im A7 £X ALERE B9 $31
Adsh Ao A71RFRLS 162mGE UEhen, H71 g A
¢ HHge 79ImGEM ICNIRP dxZA 833mG<l 10 ~
20% A= F AAT W, 29 59 H (50,2000 4 33}

9 ZRAA 9 B ANE 19 99 o] H4 AAE
ek

deree o 4

Y Distance [m]

300
200

50 100 150 200
X Distance [m]

T8 8 HIt ¥oel X7|E EZ T (79mG)
Fig. 8 Magnetic field profile of the evaluation area(79mG)

SHUR FHo 3 X2\ & QA g5 oHEF AN

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

Bz[mG)

40 -2 By[mG]

B{mG]

a3 9 AX|™EolMel S ™AA #E Bl HH
Fig. 9 Trace of rotating magnetic field vector at point A

6. ¢lxl FRolA M F AHA 2 H

A7 Aol whg A 93} ANEs) fstd B
=AM E o Bdoq X4 1L7m EoldA AT 3
Aske] Hg 16TmGe) AN A3 Hrigde] Hygkel
82mGe A7 x=&F9E& wWE 71A&d Impedance
MethodE Al&8-3le] AA FRe F7189&= 944dF 2=
AAEHch A oy 2de 29 103 2L R ¥
& AMEEdoed o m Celld 9L 1R2inch ¥ Yy
JA FHo AAslE 4 79 MERE E 49 %S A
&34 th[1,9]

x 4 60 Hzoll A 2] Qx| &5 =X Mz
Table 4 Conductivity of in human brain model at 60 Hz

22| (Tissue) S0/60H:
o (S/m)
1. Brain 0.12
2. Bone 0.04
3. Skin 0.11
4. Eye 1.66
5. Blood 06
YA FHI7F 167TmG A7 Fe] =2HAS W $AF
95 £X8 ¥ 11d Jeded olg Hogizte 0.1088
MA/mMIe 24 & HEdA 38§ YEHe] A= AL
& F Uded ol w9 ARES 166 [S/mIEA tteE B
2ol s =27] W}

H7h 999 AN 82mGe A =EHYS o
SFAF DE Hoigke 0054 mA/mPE AXE AT, w23
E nFrh o 26 dide At FEAF A 10
[mA/m’]ol ICNIRPSI A 1€l Safety Factor(3td8) 10&
HE3A AA AFEAF AFANE 1 mA/MmY] H22, A4
FEAF AJA BHAM B =EoA A JAF e
B71ed ICNIRP 2A4X9 5 ~ 10% A=YS & & 94
o},

489



BRPEMEE S51CH 108 20025 108

Figure 1: Pro-testfor both Growp A and Grep B

Identify and rocognize the
rehtionship efhrain hyers /
struc tures of 2 head
transerse section from
swperfciaits deep.

a3 10 X £ cdH
Fig. 10 Cross section of human head

Y Distance [m]
, o o o
o ) o o =
. G o a - %

o
-
o

-02 -0.1 0 0.1 02
X Distance [m]

a7 11 A ctof R x| REoMe NF B
Fig. 11 Distribution of eddy current in human brain model

7.2 &

2 =FdAe FASTG AAA FH FIAH Hrbd
o] 7|Eo| HE £AH FHY 349 A7F AT 2]
Foz Q& dA FE=HE ddF M L o] FHAFG
ZA 71E% vlaste Fristdch $HAM FHY FEAY
FAFI 271 ANE AdA = Biot-Savart's lawol] ¢
g 33 A ALY S ALt e, dAd FEHE
A7 A4S 9l E Impedance ) 2Ho 43 =33
A g Algstoh £, aFxA HE e Fag de
] B¢l elliptical polarized 4 W3l x &3 HA T},

339 A A dEAs $EI o)xE 118 sld
3,000[A]F 765[kV] $AM=Re FH AV EXE A4t
stttk AxE B =89 RdiMe £AME Hrtgd
oA Hhztel 82mGZM ICNIRP B33 833mG< 10% A
= FEoen uiaA HEY AHE A RAE e
Wi,

gl A fFEHE 4HF oY daHE HxAE

490

—

AHozate AA TR A FEAFE A

LAY AR QA TR 16TmGY A Ao =E2HYL
o] Hjgke 01088 mA/MIZ ARHYEd 53] & #
Boxq o}dF "WEge]l aAtkE AL & £ A o=
%9 AEEsL 166 [S/mIEXN oa %‘i— of uja) =7 WE
oAtk o2 AA HEAF AgA BHAA Hrisid
ICNIRP ZAXRY 10% A=AE ¢ F U o&
ICNIRP 2714 Axx] #godlA Hrhgh 20%e] Hl#) th&
Fxlolth. o]& ICNIRP 7173 Axnx gt o9 2747 HE
FEAF AGA 43 Zﬁf;*w AN YA %7 PR
Zdo| ICNIRPOHH A &3} 1

o I

£ ol

il

rl

—

g wud 2ol oma 17 F2 mld 2P o
4 mde AYs 71 w2 o]t}

F ARZNE A IAME QA S} 2ol B
Zsk Tz, %"é° 71}"% A&s Y3 AL BrhEsta,
z2dsgte] A7 Utk SEFH AA Y RdA =, EA 33
49 A= o2 o, oA Z+ BUe EARER
S 9AF REoZ BEG Ailel AR ol FF QA
modehng°] (e R 4= | %174' Z2 9 @7 1
l H-4 7}0’“01 QovE 3

it

[1] Charles Polk, Elliot Postow, "Handbook of Biological
Effects of Electromagnetic Fields”, CRC Press

[2] Linet, M.S., Hatch, EE. Kleinerman, R.A., Robison,
LL. Kaune, W.T., Friedman, D.R. and Severson, R.K.
(1997). Residential
acute lymphoblastic leukemia in children. New Eng. ].
Med. 337:1-7.

[3] ICNIRP, “Guidelines On limiting Exposure to Non-

Reference Book, (1999).

[4] NIEHS, "Health effects from exposure to power-line

National
Institute of Environmental Health Sciences/Natinal
Institutes of Health, report No. 99-4493 (1999).

[6] T. Takuma, BEER sTEZ, 1980, Corona.

[6] Electric Power Research Institute, Transmission Line
Reference Book 345 kV and Above,” 2nd Ed. chap. §,
(1982).

[71 R. J. Spiegel, “Numerical determination of induced

exposure to magnetic fields and

Ionizing Radiation”,

frequency electric and magnetic fields,”

currents in humans and baboons exposed to 60-Hz
electric field,” IEEE Trans. on EMC ,Vol 23, pp.

382-390
[8] Matthew, N. O. Sadiku, "Numerical Techniques in
Electromagnetics”, CRC Press

[9] OM. P. GANDHI, JOHN F. DEFORD, HIROSHI
KANAI, "Impedance Method for Calculation of Power
Deposition Patterns in Magnetically Induced
Hyperthermia”, IEEE Trans. on BME, Vol 31, No. 10,

October 1984, pp. 644-651



{10] JOHN F. DEFORD, OM P. GANDHI, "An Impedance
Method to Calculate Currents Induced in Biological
Bodies Exposed to Quasi-Static Electromagnetic
Fields”, IEEE Trans. on EMC, Vol 27, No 3, August
1985, pp. 168-173

[11] Sung Ho Myung, "Analysis of magnetic field
distribution around electric power facilities”,
CRIEPI/KEPRI/KERI Joint Workshop on Electric &
Magnetic Field Effects, May 26-27 (1999).

HMds (HBR&

1959 39 20944, 19813 A& 34
A7l £ 1983d F Wt A
71883 4 (AAh. 199%6d & Wgd
AZ1Fsd 2H4FE). d=xA7149d7d
A7 R ASHAAT2ER

Email : shmyung@Kkeri.re.kr

o & & (F ® —)

195841 5¢ 159 A, 19963 g of
g Ad71FgE 243, 19783 g
TAEHFTAL YAL GA SHETA A
AT AgATdTY $EHV|En
F AYATY. KIEE 4184, CIGRE
23514,

Tel : 042-865-5881

Email : dilee@kepri.re.kr

M7 E2 (B ®A)

19673 7€ 84 A. 1993d ZAdd o
g d7iFEra S9(AAD. 1988 g
ZAFHFTA YAL A F=SAEFAL
APATY AEATATH FHAVE
aF AddTe

Tel @ 042-865-5885

H.P : 017-269-2775

Email : kyshin@kepri.re.kr

op

MMz FHe 3kt X7|F A A R SATF AN

Trans. KIEE. Vol. 51C, No. 10, OCT. 2002

gt el = (% ' %)

19759 14 1294, 1996 @=3487)=
4 A7 2 [7] dAgsts £4. 19984
Agd o Ar1Esy £4(Ah. ¥

A 5 ohetel A

u =2 (& & R

19523 10€ 2194, 19733 A& Fdi
A71FeH 9. 19799 42 FAY o
e Arlesta Ed(Ah. 19824 9
2 5 daEd Ar1edd 293, ¥
A Aed T A71EEE A

491



