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Abstract

Radio Frequency Identification(RF/ID) is a technique to identify
non-contact information by RF wireless transmission. In this paper, a RF/ID card
operating from 2.435GHz to 2.465GHz is studied. The RF/ID card has the merits
of non-contact, long distance, high accuracy, rapid information-collection and
can be used in RF/ID systems such as Electronic Toll Collection Systems(ETCS)
and railway automatic identification systems.

In this paper, the key technique of the Reading/Writing(R/W) RF/ID card is
studied, which contains four parts: the passive reflection modulating technique,
W-circuit demodulating technique, signal processing circuit and the
Receive/Transmit(R/T) antenna of RF/ID card.

In the passive reflection modulating technique of RF/ID card, the match of
impedance can be controlled by the output signal of the information source
coding circuit, thus the radiating microwave signals are modulated and then sent
back, so the information on the card is transmitted to the main computer.
W-circuit demodulates the information from the main computer to the card with
the envelope detection. In the signal processing circuit, the signals from the
demodulation circuit are amplified by difference amplifier and then are adjusted
by Smith trigger. At the same time, the characteristic of the signal resource
coding circuit is discussed. Coding circuit and decoding circuit are designed with
single-chip 89C2051. Extracting and writing of the information are completed by
using software coding and decoding.

In order to adapt to vehicle, the micro-strip antenna with rectangle circular
polarization is used as the R/T antenna in the RF/ID card. For simplification,
radiating unit is regarded as two slots, which are connected with transmission
lines of the low impedance. As rectangle micro-strip antenna that is fed-in with
one point, the condition of the circular polarization is described in detail in this
paper and the designing process of this antenna is given. More over, the

directivity, gain and impedance of the antenna are discussed.
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“HRESH, FHNRERCHRE. ATF-RESENKABEIMR/AD, BEAZEE
B, R, ZRBFHWE -1, FREZLMBE Yy, ERERE
AR ELE M BEENBRARE, SN BERLEELFSHEEE, R
BRE DHFR. XN ZRESEST, HARES C LHBEy, MMAE

-13-



2hEy, EFRRE. AEHAREHBRRETHIDTRES LNALN, =
WmEmEil, HARMSETARHEMREE, ATHRAEREKE RCIZEX
T R B A MR RS. HHRER ENBETERSN, SH%E A
EEAMBENET HE LWAE, FZRENTE. B 3-10)F 1 Bl 1
e R E @], fELLET R N XTEARERE, AAES DB ENER
EEEE A EHEENERE. SERFBEIRE, RAZE 3-1b)F
MLy, MR, Fik, REEYEF RCH_RE D, UEXTAREEHR,C
(RyAZHRERERMWIED B/, FEMBE, MRENEEE 0 L%
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Wy 4R iR Tl K T A - 0 18 X

R = (1.06)(8.332— 5XTemp) (3-2)
I,=1+1I, (3-3)

AW Temp—4XHA M HK):
L— AR E A R(A);
L—5h 5w E B H(A)

HPRFREBERBBMAGESE, FLEBAHEIE, FRREEEM
RS S A ERTR, SMERRERR L FHEREEN 25 %, FRH TR
% D, (FEFE 25°C B W Zp 9 74.50—7205.56Q; {5 BFRRIDEHS
HEE S ARESER, B 5, RER 1 R, XNPEHR Zn b 2145
7219.36Q.

D5 D RELHRK, MEE 3-2, Zn5 C BB, BS5 Zn ¥
Bt, BRbfrsh R B RIBEIL Z, BB RE HIR 25 B, Z 8 37.29—/106.5Q;
RERE | MZH, Z X 10.74—5113.4Q. XHMED G RE S EHD E R
i b4 A {1 B S S AR RS Y BH B A

3.3.3 #MIRERUENS
HSMS-2850 ## B H R BE f RIS WF:

. 052
A R
2
I(1+e'C, R,Rj)(l+ %L)

XEREBEAGHT, SRERNERLREERNMRER. AERXEFH,
R ARBIR R, —EELZRENLEBRME RX, RAERHR 100KQAESR,
ERRABERAERERE R W, 2TUETREREBRE L, KEK R,
BRE =L+, FURERAARESREREE. b THEHFUHLLE,
NAGEE LB TEETH, WMEBIEE 2.50A ~35pA ZMH. My BIEIE
XATLAE W, C R R BOLFRE /D, XA KRG, WEAME.

ZEBINIMBIT, WEBREN 25pA, X KR RBHE N 28mV/pW,

(3-4)

- 16~



My R b A% Tl AT iR

3.4 KRE/GE

AESH SN ESREMEARARBIT TRERINST, RIERSR
W R R, AT T A A I AR BRSO B ¥ A W] AE PR HSMS-2850, B TAE

2.45GHz 3R T MR EE NP, Bk 7 HHEHTM E A E B RS,
HIRHRBRERERENFTE.
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R TN T8 L X
#4E HIRRAFIRAREBIITR

4.1 BLHR
4,1.1 8|

KERSPANRATLRTLHTTH. SR F LRREI THE
T HREWT @B THREEERE REXREEN. ENOMRESERPWE
BARENTERARSHE, MTAEE. RAE, RUFTAE. KRR
RIRERE, HERMIRAERE, NENBEHRRETENTEHR, N
REVNTIMAMRER. TARIFRANRE, REALABTWEERAEA
ff, R FEREERENBREB L, AR FRERORBESERREER
BRERLSE, FREMIZHENEFERL, BERREENRTFEHTY
A M. HTFMBREEN M PABRMRL, BHEWT SR S8,
EBRZ, KHE, se5REILR, SIERE, RAE, HTHHFREENK,
5 FEMERALMB RN, XS R ERBRAHT T il B,
B AR U MR R RERF R REE .

MEREHEAGEHRNE 4-1 FTRD, TRE-SHEEZDTHEKHT
T A ERREKEERER T, SISl eBERERR.
BHAREMRFASB L ARBENRE. BHFTRENRAOERE
TR A R

B 4.1 WHMARENESLEHY
WHRENEERBFRAEHH, —HEWR, H—HERE. MRE
WMWREESSRMFONEEE: RIBEMFEHRMELE, FHASGTLE
iR A RER SR HE, RMKSFANSEBRALE.
WHEREMES FTERLASHIMBEIER, BRE Q&4 FLEH
WHRE, REES4ZFANETSZ /L. BEX T 8 &R E B 2w n] #
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WA R Tl A T - P Ar iR X

AR R, TEMR, MM EERAENEENRL. Bk
FW, AN, BHBHETKTSENNRNBRE. BOFRERRTFEN
K, WA, NEFENSHRA, EETFSEENHAS, BOFRENHA
EEARE C R A, CEE M RE, AT ARG TR .

4.1.2 SEHMENR BRI

B RS T LU E 42 FIRR MR ERREHEY. XE—MER
WA KRG, SHEBMAELSZ B, BERBEHHELEMNEESE
EHRAREZL, WEHRORGEMTERR. BHNARNERKIMA
KB MTL. BATEA R B FRIGERE%S5I RN, ERRKS
FX TR T A R A BRI R 4B, BRI, FelE
¥ ] 43 B P A T (X 45 76 IF T ) B E ARSI PAT SRR AT Ul [ - B FI A
B, &M%EE, ANTEEESSEHRERY M EENDRE. L, W
FRTEAZ R A MEEE H /2, FIABSRD 3 ) M AR BL b 2 25 (R 4R B 1 3 2B

z’1"43/2 I->zzlg/2<—l

&l 4-2 HEHEMHTRENHE

WA RS RSN HES FHE. WA, MiE. FR. W
B, WL, REMN QHE KRR, HEBRARMNFERE, HE, MRt
AR RERETE, E— 1 RENE, NTHBRMRANEERESH
HETRBINERMA—H. REMSINMHTEIEFTRBME. HFREEKE
¥k, BRMERNE. BHILEE. BARE., EXRFENEREHELE
S RN MRS S ARSI R EK
KB E, Munson 1 Derneryd BB BIEE NS R ITENA
MR, HAEENTHEELSK. ERBHMEREWAME T L IRITEN
W, XMORFEYEMSEN, HERR, TLSHFRAMNIERT
iE, WULBRHERNTHIERBEN NS, AR, XMEEFHRRA,

’///7////7;;/////////,74{/////‘/'////////////% [

<2

B e A e el
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MREIUERFER (BRIETE) W

BB IR ST S ML B R - MR A H R RN KA RLIERSE, HREK
B, BEKEEEANBK, B EEATRRNZES. BHRTR
SRERTE X-Y FEW, R L AEASER. GNERNES S RF>—E M
BT RBH T . SRKJLATRRMARRME 4-3 BT,

YA

B 4-3 B REEARRE LA R AT R

M =z2E, =22V, [h (4-1)

AF 2——FH, ATERROER, H4TE G R LR EE
Vi—HEMR AR A R E R AT B, Vo ABE x B4k
h—NAEE :

TR, BEEN r RHERZR:

= hor

. e
E, = —j2V,wk, —— F(8,¢)
4r
E,=0
sin(%ﬁsinecosgs) sin("*’Twcose)

A FO. ¢)=—1F : -sin@ (4-2)

——sinfcosg k“—wcosﬂ
2 2
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M R Tl N Tt i X

K T T R R AR S R T S RO (B BE R L R SR RR R A, B
b, ERMERENBEHNDRTGERERRENT A PRU ZTHEAER
¥, BlA

sin(ﬂE sin @ cos¢) Sin(lcﬂ cos ) k7
F(O,)=— —2 cos(~L-sin B cos ) -sin
4;—sin6’cos¢ °Tcosl9

4.2 WHERERNEBLEA
421 518§

B R AL O R R T AU EE AP i T A S 5 RS
FTEZEETENER L, AERNCEREAEE, FUERLER, E
BE. RRATEREARRAERE. BERGHITRER2ERHLXEE
RELLB AR L

R R &M= AR R = AR B IEATH, EEHES
M, MIRIAIE 90° MRS, WIBXFMEELE, SWAMTRES
AR BHPGETESR: EXBANEFRREMTERE: —RABHEN
B BARACBIT R : 3 M S0 M R I T840 AR AL Rk O R &
REF P RS ) [ AR AL T T R R

AT ERA SRS ERR R AR A L BATRA - ARE R ERA
o R,

RIBEEBR BT, — MR R HOHF RS B — RS = A 1R
WIERBEHEHHE N EFE, ERERR 90 Mz, AT HEMFRZE
R 90° MfLE, EMNERIEFMHERE LN —WHESI AT,
B EXEMERAEESE. TEHREERMERARZ M. H0HF
HOBETHADEEREEN, NTEHSRTE, —MENFHETEAE
A 45° , MA—MERSEREAHEAME 46° . ZRRBR T BRMAES.

P58 B B AR TR /NN B DL R AG R e A B R R XA R
MU HEREAEEAR, FRETE LGB AER S H RN
WA KE, AT X BAT 247,
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pERE LA RS TR A A
422 HHPE

M 4-4 PR, Bh@BREBMEREQALIEEE: BO)RRH E
HAM B HIE As (OB R4, B oh i o A ZE x ARy B b B TR K 4
B AR, R AN AL LR RE N B R, A= As, +As, AR
HEHT. FERMEREERRDOFFSBRTIERS, BAs<0; &
ST R A TR MMM H BB TIE AT, MAs>0. FEA A4
358 18 43 85 B TT As AR T 4 R IO 08

Awlz c ’"‘w/2
v > I >
¢ 7< ™ o™
As, F = -
¥ 2> fa] >
S" ¢l ’|‘ S/
AR B#Y

(b)
B 4-4 —URBEERELEERE
HE 4-4@T R, Yw=I=aqabt, iﬁiﬁﬁ#ﬁﬂ‘]}ﬁﬁlﬁx=igﬁﬂy=igo
HET E 2GRS TR N

{wm=PBﬁnhx

. 4-3
Wy = Vysink,y )

AHV, =v2/a, k,=k, =nlao
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wIRIR Dk A LR

M A RIS B R As LR, B LR ERART. THEE
o FreEfIfEL.
HIB IS A, SR RETER ISR TRG A NS,

Vo i+ eV = 0 (4-4)

a an :: 0
on

{ULE B U by A TEAEAR D BHIBE A o (LT B — P AE B B L5 (4-4)
Ph RS IE R B y,, REEBRGER LAY BEERAE A
ERS 588 x, y XK, FNABKEEERXNE:

[V VW + Kl Vs’
=¥ ag:m de= [0 Vin| 9 (4-5)

ki ([ W al s’ =0

R @-OME ZNTH, EERBEHREAR ¢ LR AT, A@-5H21T8
HEE

2 _ JL_IVanIZdS’
" Wl s

B ki RERAER . HE-6)H knn RS REL. Ek, REHRH—E
R AT SR TR R F N As JE R FIEE Ko (RFIEAED ©
WO R R EE, ERMAERT AR, 125 HFHER
Ay, MRS FIEE)Y & £, MR
' =Py +Q0y, (4-7)

(4-6)

ERE-DRAR@-6)5H:

2 IJ;'(PVWUI +QVW10)2dS'

k=
_U;.(P'/’m +QW10)2dS'

(4-8)
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Wy IRIE Tk A& T A G i X

itq:ly S’=S+AS]+AS2-n
[PV +QVy ) ds+ [[ (PVwo +OVi) ds

2 _ )
' J..[-(PW‘“ +Qy,) ds+ .”m(PWm + Q) ds

ﬁl:':l: Sr=AS] +A320 I/"I—LE/?\:

([ (Vwo)ds =g,
[[.Vyo)ds=q,
[[ vl ds=p,
(] ol ds = 2,
[[ wowiods = p,

| ”A’ Vi, Vig,0ds = 4,

(4-10)

R @-10yRA R (4-9), W3R (4-9)7] 18 F L
pr = WO (4-11)
SH(P-OD)
8 _E AR A
HP-Q) -k f(P-0)=0
St ERFHRXT PR QHSE, BEHAXRT P, Q —RABEIKRTTE,
MR P, QFHK, LE

detkmz'*'%"k'z(l"'Pl)’ ‘hz"k’zpu ~0 (4-12)
d1, — k" pip» km2 +q, —k"*(1+ p,)
Xt 4-2(b)A BIREHHER:
§i=q,=¢q =0
Py = py = 24s/s) (4-13)
P ==2(4s/s)

ERE-13)ARE-12), H—KELUTS,
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My AR Tk A T 420 18 3

b4

kot = ko (1—44s/s)
k(?l = klzo = ("’"
[4)

)2 (4-14)

H 4 0E R $4 H IE 3 R 0

IL,wst' = _[L(PWOI +Q'I/|o)2d5' =1

R Gk
Pl +Q? =1
KU T RHER
P=0=1/"2
4-15
{P=Q=—1/x/5 i)
TRBANE B2 & 8705 BRHL R EOA -
('f’; = (Vo ""r’/m)/"[5
:P}@mkmx—ﬂnkww/Ji (4-16)

vy = Wo +¥10)/2
| =V (sinkg,x +sinky, )/+2

LEf R EEREM A RE LMY B AT As G, AR
. EATAR DY BORFE BRSO (RHIE(ED n@-16)FK(4-14). FIMHFE
R O () 1 4 AT 3 i A -
Ja=Jo + A&, = fo,(1-245/s)

4-17
f;=f0r+Afb'=fo,! f;l,,=2c ( )
a,E

r

423 MO BHENEYERRAEEYSE

WIEERE R, SFRLTREIETSEN —ERERR, FmoEERE
HrapginkE 4-5 . HEXSBNOT:
fo= Lo+ &5 A/ Sy = 24s/s
fi=Jo v A Ayl f, =0
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AR T ALK TP LS
N; = \/;/w(sin(g xJ —sin[EyD
w w
Ny =+s / w(sin(£ x) + sin[E yD
w w

L =Vwc L =Yaolc
G, = 0,4 [Cvas Gy = 03¢5 /Oy
cy =¢&,5/s

o, =2fs @) =21
Y, =G, +j (acy -lfal,)
Y, =G, +j (ax, -1lwl,)

4-5 fa3F 5 B A0 S5 3 v B

W B MEBRETME, & & ¢ =V,6nlrisin’y) ,

a
v =Voo(—sin%x+sin£—y) y Vo=la . #EE A BMHRHEFLERS.

[Py = py = (3/2)(4s/s)
Py =—(1/2)(4s/s)

g =4, = (lfz)ms/s)(ﬁj
w

(4-18)
2
g, = (1/2)(As/s>(1]
L w

A
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(4-19)

{ﬂ=ﬁwﬂq=ﬁﬂ—mﬁ) 420,
fb' =f0r +Af;b =f0r

(! = (J2/w)(1 - ds/s)sin(ky, x)

v} = (N2/w)(1 - As/5)sin(ky, )

VN = sy, =2 sin(=x) @-21)
w

LN,', = 's/;l//;, =2 sin(£ ¥)
w

BESHHEES ANELHARREHSENAGHMERRRE TP,

LR ERUE, B[R REMME 2B BT As LG, HERHEREH
TR I ARALIE R R R IR IR R LT HHE, 2BRKDRET As/s B
Ko, e BB THIDPAFNERRBEARLSE. THHTIRE
BT AR As/s (A REIRB R RALTRST

4.2.4 —R iR BERNEREIRERLAOEMS

S ERSFERE y, My, MREXTUERY, ENRBEASKIE
AR, A ERERL, WoBREEENAL90° , EEHNARED (R
B 4-YHBRG MG HEIERSREHASE, BEMEIG MG, LHHEY,

V, T FEEZNy, My, HEHE. BOREEERY, BEdEERERE
B R ESMAEBNREY, AV, BV, MV, ZWaTRR:

(Y (. )]
V. _Nip, _N; (Q_o,,)”[f_ﬂ

== ——t = —=
vV, N.Y, N, ' 2
y N, [_),[ f_iJ
L J

——

(4-22)
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A SRR Tk A T 22T 3C
ettt ———t————————— e ———

R [7, /7, | F0 arg( ¥, /V, > AH 24 T4 55 (0 A K06 BE RS ARG 7 LA 444

R TAYERAEA
W, /v, =1 (4-23)

, M\ﬁ%zil, h 7, /7, =+ AT MR

WA BEERERHE, P,/7, =1

BF E‘Jélé*fiﬂa(i%ﬂ): &7, IV, = TBMELE F aqwm[o,i%]c i
FRRNERARRERS, BEHDO, =0, TR

5) %)
" (4-24)

(Qo]”[f f}
WRBE £ = f,,(A+mAs)s), f; = fo,A+nAs/s), (m\n RO, WL
fiF £ R BRAANBRNEE, B3

2 2 2
@’ -1, (mz+nz)=mn{1+M} (4-25)

20,° -1 m® +n’

S ABBEMERENS, BRG-1DATR: m=-2, n=0. FTLTEm=-2F
n=0AR4-25)H 2T EHATE:

Vs .
v,

{2(45/9)0, ' = 1/{1+ 2(As/s) - A(As/s)} (4-26)

MR 4-260)TLLES, HehE (As/s) HERI A, HEARCTHELFGRR
W), ZERXFHELR, N@-26000T#—HREL.

|As/sl0, =1/2 (4-27)
B BHRENS, KLRPBETREERA KR

|as/sl0, =1 (4-28)
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=

A
1

SR Tk K% T 280 L 4ie

2% H038 1

43 —EimBREIRILR

KELRIR LR T

1 TREHAEI FEAMBRERITHE P REEEEN FERHA
Wit LB h, XREANERMEN ¢, R an SEREEE h EELHEY
WRERS. BEE. Fatk. S, BRSNS BT BERE T LR T F i
BE, RITEA ,~2.6 MEFRENER, BHEEN =lmm, E XK B
# % 2.45GHz.

2. MERST RELEN TERENERNAST N EEYR ¢ BEHE
T R w.

3. MERB AR GE A M BE. BEERAIESMETEHRMER
WEREMHBAS/S, QHIHIET MM HBREE H. RAEM A BB
B R

4. BERSBEE BRNFAMFEHAFTR, EREGRFRATE 2P0
e, X5 UL AC H BE SR SEIR L AC.

5. MIANSM EHENERBIEEX T W R5, ATRESH IR, Z <<
A, FRETTHER:

=1

A

b= Sa0n7 (429
A
= j”sinz(ﬂcose)rgze sin 46 (4-30)
0 2
EATERBEA-
V 2
=l .
R = 2P (4-31)
"R, 1207°
HBRRENBNTT U —-BERER:
oo A _ AN, (4-32)
vZ, ¢Z,

X v
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M ARIR Tolb A% T A0 L2240 10 3

Z— B R M A AL M T IR FE A
R BB R, R AR SRA S AR TE 4-6,
WA TR AR ERENHN S,
R R 43810 By B BRI A -
G + j(B+7Y, tan )

O ey G T By A
R £ BRFRER W
G':Gr = 1 ’ YD :L
R, Z,
B=M~\/~€—_"_ (4-33)
ZU
ﬁ=2ﬁﬁ; (4-34)
G
WHRES, BB BT S50
Y, =2G (4-35)
T i A
Y, G JjB jB% %G
le I >

4-6 PR W R AR S RO
6. EEAEEITE NKXSHETREMAXE, HRMERLEEES
R CEBS AR, BRI AT HE S 77 1 B 7T 4R AR ST R %
(4-2)F LR ETREIH . SETRRT PRI W R A .

h
sin(kL sin@cos @) sin(-”ﬂ cosd) k]
2 - 2 : cos(—;— sin@cos@)-sind (4-36)

F(8,9) = -~
—2-sinfcos¢ 2" cosd
2 2

26, dHHET /2, ATUKRBHEAN T LR, HBET LD
AAER A B, R 4-7 BT,
T.AEERBESMENERE RENFTAEREEX AEERTH
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R R Tl A TR L iR

AN
B 5T RS 2t AT LR 3 SRR R LR I 77 ] 1 R A
A

D= 4"}’; (4-37)

A, 7THRE-30)HERR.
LIRIEE 30 L f AR B R 4 S B R 75 AL R BN
D, =2D (4-38)
AR RERM B BB
G, =nD, (4-39)
A p— REME .
fERAR NP EEXN REHEREFREER., LR EERE
1259/ 3 4 TUERAR S35 3R RN B KA Y 0.707 B P J5 [n) Z (B RO &, X
FHaTRETHTRIE:

8., = 2arccos(/(2 + k,w))s (4-40)

1
0, = 2arcc0s(7.03/(3k, 1 + k k) P (4-41)

33 LA SR, ERRARAEERERRIFE5ER. HEFBRE
Rtk 4-8 Fix. '

(dB) 0 o (dB) 0 "
A B _jof
o~ el
%»2.5 ‘;}J
s {ﬁ ~20
-5 & 1 i 1 = =30 1 | |
0° 90° 180° 0° 9Q° 18P
0 = 7/ 25 K75 B ¢ = nf 20t 7 A

4.7 RERF R E
BAEA e, =26, BER = 1mm PERBEA S REER, K415
THENHABNARNTEHNRTRENEESH.
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WY IR T e N T2 AR IR

0.40cm
pVﬂfb
8
<
E [
B
=~
o
{ S
A
_J =
he—
0.40cm
M 4-8 BIRALHE K&
#4-1 BRRGENBEEESH
BEw 37.6mm
KE !/ 37.6mm
SBETKE 4.0mm
FILBTF 1o 0.174
HHBE G 9.86 X 10
LB B 7.2%10°
SN Z, 507.14j1.99
EIHEMERE | 20,5, =131°, 20, =108°

4.4 LA

WBELHERS AGEE, YEeRBE-RENRERRE, REEHA
M SREMNBMAERALE, fRRIEFREEABREBTRKRERE. HE
3EBUMBEEREN ZFY, EERRELMNBENTHE, LIHE_&2
EMA—BEWMETRREENMELE. TR, RINERTFREEN THERE
FLBE 2 IR LD — /N 28 .

EREMWFEEBRAERAD TR, $EAFRER. BHESE, 74
X B R PSR Z, K E L
2L+ jZo18PL
2, + jZ, tgfL
A Zi—— REMBAMEP(Q);
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Wy A8 Tk A T AR e 3

Z—— B IBR L Q)
AT ER I B AL O] ey T 3K
-1
1200 | W 2 W
= L i 4-4
Z, \/E{h+x[l+ln(l+ 2’1]}} (4-43)
1
£, = g’;l + 8’2_1[1 + I;h] i (4-44)

EEANMYLREKEKERE [=12mm, BF #=2.32mm.
XHE, L6 ERHAEEBEHHAMEETN, RESRmAMETHELEE,

ESREEHR 0; HERFERGLEH S FEFN, REMARKN RN ALY
0.91.

4.5 KJIE

AT ERS TR FREETENERENER, BRI ABEH L
WHRL. o T RUERM T REBHHHRN, 24T HEHE KL
SERR ARG A, FHEE T — SRR KE R P&,

HTFRENMAEIS R BB AETIALE, FRERLKHA R

Sty B Z BIA T [LEC s, ILREBRRA—/PRIMTEL, FitEW
EHZH
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M ARIR Tolk K T2 - 23k 3

%5 % (FSMERBOIRR

51 E9MABHAR
5.1.1 81

BT AR I 58 A 0 L ok 048 SR AR LU NS, — R e R S5 4L & F
XS SREMER, FTUSHHITE SRR, LIHREREFa
PEERE] T diak -3

FEREREZERLY, BARDHEATSHLEREERLTEL,
FERIRFEEEH I M R ERNARBTRAD . XFERFHENR ST
BHSFIESNEYS XHASEHRAIEE. BEHERELSEFEERE
FRE. SNEENEPHELRTEN, ERIERGRANEN. EFE
(1, WMBHAMRBBESH, HTEERMARED. HRBEIZHHAH
B4 95 LB RN BT AER Y, BTUEARE S, RIMEAZ K
[/IERE SRR,

512 EXWARNHTEREBRE

RACLMERBEERBRETELZAER, FERHTEBEEDN
Vees Icpos by, BEREBIZWHTGIRA. X WA RO EBR A MA N
M—ABEEEEE. YEEATRNREESEEMS, LA, JELREY
WK, W& 5-1 IRESBARFBRUERTF MG T AES, 2T R
e BREE A H(E 5 AF A SRS R R Z A R &

VBREBAESIAN (Bfu, =u,,=0) &, BTHRENSEELXR,
B NREENERRRTAMEBRREMTZAETN, i, =i, =t
FUBABRMBERHBEEETE, My, =u,, —t,, =0.

LR E A B, FEAERRATEENSR, SEaRas TR,
Bl Ai, =Ai,,» Au,, =-Ai R., Au,,, =-Ai,R., HTEEFESIZHEH
BRI E R

Au, = Au

ot

- AuourZ = _AicI‘RC - (_AiCZRC) =0

ourl
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Wy S0 Tl K2 DA i 3

HILET R, ERNRERABRNSET ENRMELT, HTHEELRD
fr R R TE A i ST 2R, TR R ER AT RER.

Vee

Rc? EECC

Uouti-—- T Uour2

um[% T Tf J&/j—)—“ Uin2

Vi e 2
T

1

B 5.1 ZEaIRe

Z O TORRR T B RN RAER S 5FAMMEIS, *F-TFHRE
HIE R EF 5 ERE B~ LR T AN E SRS S Rr Mz, pril
REREIR, E0RKSENFENEBESLTIMIER.

513 ZE2RHMABRISH

THMEANESBRBHITERMZR . ZEBEE ¢ = axl,
B & 5-1 8

i,y = I[exp(mg,) - 1] (5-1a)
i,y = Ilexp(me, )-1] (5-1b)
Ip =i, +i, (5-1c)

AR L—— AR E B S[R3
—
-nKT
B IREB E
e HBFHRBHE:
T —RERER GHEEERE, 5=1);
¢——Fe M — R O 4% o T %
#F exp(mgy>>1, K (5-1a)AI(5- 1) K FFI K

i, =1 exp(mgﬁl) (5-2a)
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2R3 Dol K T2 e
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