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Abstract

In the thesis, we propose two new electromagnetic analysis strategies to evaluate the
performance of multiple antenna systems. The' first is a new antenna spatial correlation
formula, and the other is a new analysis strategy of radiation efficiency and the matching
network. All case studies are simulated using a dipole pairand a patch pair as the benchmark.

First, we compare the spatial correlation formula of the receiver with the transmitter, and
a new representation of spatial“correlation formula is proposed. Replace of the radiation
pattern, the formula of the receiver computes spatial correlation from the scattering matrix
description of the antenna system. Because the scattering matrix is easier measured than the
radiation pattern, this approximation formula can effectively reduce computation complexity
and measurement difficulty.

We further propose a new analysis strategy and physical meaning of radiation efficiency
and the matching network. It evaluates how the radiation efficiency may change when the
antenna ports excite signals with different phases. Besides, we also investigate how different
matching networks influence the radiation efficiency, and then derive a formula to describe
the relationship. Moreover, we provide a new matching network for optimum radiation
efficiency by microwave theory and mathematical deduction, and then prove it by applying

them in real examples.
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(Overview of Multiple Antenna Systems)
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2.3.2 % Mg 351

T AR S F O & T 3% X AR 44§ 51k ¥-(Radiation Far Field)® = & 22 4p 4 &
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(New Spatial Correlation Formula)
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(Overview of Radiation Efficiency and Matching Network)
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FId BMRFEHALEN T RRR
(Discussions of Radiation Efficiency and Optimum Matching

Network)

WE R AL S B SR MRS R R e e L F 0 A T B T e e B ek
DHBERORE DL LR AR 0§ FEOT 0 A5 &Y Ty g st
PaF R R BRI P ST R TR > A 52 52 53 §RA0 2

e % ¥ BB HE S 2 8 DRILG » F 45 b T e B B 1 IR 613
4 v v 7

5.1 15 o< ¥ 4 ¢

Agd o AR B RCE S 02 B e R o 1T BT o T g iR T e
K HENC R o U E s ] A
BARS Sl Lt

{Sn =RS11+jXS11 5.1)

S12 = RSIZ + jXSlZ

BB DRMNA14) 0 e TE Y

S, +Spel +]S,+8,e"[
11+ lZe + 12+ lle

e=1-

2
B |RS11 + RS, cos @ — XS, sin 0 + j(XS,, + RS, sin @ + XS, cos 6‘)|2
2
|RS12 + RS, , cos @ — XS, sin @ + j(XS,, + RS, sin @ + XS, cos (9)|2
2
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RS, +RS,,” + XS, + XS,,” +2(RS,,RS,, + XS,,XS,,) cos &
+2(XS,,RS,, — RS,, XS,,)sin &

2
RS, +RS,)’ + XS, + XS,,> + 2(RS,,RS,, + XS, ,XS,,) cos &
—2(XS,,RS,, — RS, XS,,)sin 0

2

B Ao T R

a=RS,’+RS,” + XS, +XS,,> +2(RS,,RS,, + XS,,XS,,) cos 0
B =2(XS, RS, - RS, XS,,)sin 0

il

ezl—%(|a+ﬂ|—|a—ﬂ|) (5.2)
ek a20a 2 axp o Mo+ Bl+la=p|=26. > 2T UEP e 30 - o
Flpt T A BB RN g 208 a2 B -
HA T E AT ENEP @20
" (RS,” +RS,,”) = 2|RS, RS},
= RS,’+RS,," + XS,” + XS,,” =2|(RS, RS, + XS, XS,,)|

= RS, > +RS,," + XS,’ + XS,,” 2 2|(RS,,RS,, + XS, XS,,) cos 6
= RS, +RS,," + XS,” + XS,,” + 2(RS,RS,, + XS, XS,,) c0s 6 > 0

BFR*EX2ENEHLEIEN FPa>p

stepl:
(RS, +XS,*)+(RS, +XS,,7)> 2\/(RS”2 + XS,/ )RS,,” + XS,,)

and (RS, ? + XS, 2)(RS,,> + XS,,7) =[RS, ’RS,, + RS, > XS,,> + XS, ’RS,,’ + XS, 2 XS,

= (RS,>+XS,>)+(RS,,” + XS,,>) > 2\/1351121’35122 +RS,*XS,)> + XS, ’RS,,” + XS,° XS,,?
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step? :
2.1
o {XSHRS12 —RS, XS, =a
RS, RS,, + XS, XS, =b

_ Ja® +b* = \[XS,’RS,,> + RS, >XS,,> + RS, RS’ + XS, ’ XS,
|asin 6+ bcos 6| =|(XS, RS, — RS, XS,,)sin 0+ (RS, RS,, + XS, XS,,) cos 6|
2.2

sin 6+ cosf| <1< Ja’ + B° >|asin+ Beos )|

a9 B
Ja+p B

= a® +b* >|asin 6+ bcos b

= /XS, RS,,’ + RS, XS,,> + RS, RS,,* + XS, 2 XS,> >
|(XS,,RS,, - RS, XS,,)sin 0 + (RS, RS,, + XS, XS,,) cos 6

step3:

by stepl and step?2

= RS,’ +XS,” +RS,,” + X8, 2 2|(XS,,RS,, =RS,; XS;5) sin 0+ (RS, RS, + XS, XS,,) cos
= RS,> + XS, +RS,,’ +XS,,* —2(RSRS,, + XS, XS,,)cos 0 > 2( XS, RS, — RS, XS,,)sin &

B EE
e=1-(RS,>+RS,,> + XS, + XS,,> + 2(RS,,RS,, + XS,,XS,,) cos ) (5.3)

FLENGE) AP F IR F AN ez g I 4 F S0 0 T B AR I 3B

PR 4T N

B 5.1 452 23257 & B

iz IR - B £ BE Bk khl
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¢’ =a*+b* —2abcos(r) (5.4)
EFISHHET LG EE T REAEETIE FIMEEEREANTETRAT

0'=6 , RS, RS, >0 0"=0 , XS, XS, >0
0'=0+180° | else 10" =0+180° , else

Ma oo NPT RSB T NI N s F e R !

RS, =[RS, [ + RS, ~2RS, [R5, |cos”
XS,,.2=| XS, +|XS,,[ —2]XS,, || XS, |cos 0"

2

S

new

=e=1- (5.5)

HHA AT BT

@5'25'”614/7%%%]

BT A Sy B Sy fr S p 2 6 7eha BEE B L S H 4 b i
BT E o 1% LA 0 AP FFARL PEEI - LRG> T RERRL
1. 0°~180° g4t

(43 8 A 5 L S0 B AT R B p 0 AT R BB AR 6 SEF AR (L & A e

B4 > Hig s 2 "5 K > | Fldo™ BlH7T

6’
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6 >6,>0,=|S

newl

N

new?2

S

new3

B 5.3 fpimib }ié&‘g{’ﬁw

>

dj@?f;’r;_’;‘]é SllerIZ{%]iﬁj’ » T E];’L&" Snewg E'ﬂg’-ﬁ‘&mﬁét
IR REIEIENS TR Ui SR DS S@,ml—' ) ”Tlli&ﬂﬁf{ L gl&i'g#ﬁslﬁ &R B e @
11
£ o
2.90°& T aE
43 &P F IR T 35S & {r 90T ES FRars AT AN (5.3) A A A A
990" g :

e(0)=1-(RS,> +RS,,"+ XS, + XS;,° + 2(RS,,RS;, + XS, XS,,) cos 0)

1-(RS,>+RS,,” + XS, > + XS,,” + 2(RS,,RS,, + XS,,XS,,) cos 0) d&

=1—(RS,” +RS,)> + XS, + XS,,%)
2 2
:1_|Su| _|S21|
=e(90°)
d FSVAPE T g T S e 90" g A Ap e o
3044 fRofrafirip iz L g M
WG Y G AP GBIEE 0 F LM 50 Bl T e R LR R e Bk e0

ZREARRE hlcEk T AT S
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0.7 T T T
—&— 50-Ohm

—<— Self Impedance
0.6 8

Spatial Correlation Coeficient

| e — — S 2
0.4 0.5 0.6 0.7 0.8 0.9 1
Element Spacing (wavelength)

B 5.4 50 B T fe i B jadn T fe e ¢ o0 AR M (ke

FRA 04N > 3§ AZEMGEAIFRET >~ 2PN Gt LT 5 28
g b M R § AR RN AT A e B P - ) (32) T

HAS > Lt o™

S;.S,, +S,.S,,|=2RS,,RS,, + XS, XS,, (5.6)

NG PHERAET Z TN GERARTER gt g foip L & &
-t
SRS TR U O FEAE R R R

N (418) %~ 5(4.19) > @
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_ (Zn _Zpl*)(ZZZ +Zp2)_ZIZZZI
" (le +Zp1)(Zzz +Zp2)_lezzl

_ (Rn2 _Rp12 _(Xll +Xpl)2 +j2R11(X11 +Xpl))_(R122 _X122 +2jR12X12)
(Zu + Zp1)(Zzz +Zp2) _lezm
_X122 +j2R12X12)—(R122 _X122 +2J.R12*X712) -0
(le +Zp1)(Zzz +Zp2)_ZIZZZI

— (16122

B B~ LT e BT LR S R 00 @ R 5.2

¥ J‘,(’;f;ﬂ_‘ Snew g FI); %‘\E‘%ﬁ%? S]2 ’
Higofrad p RapinZ apf -
AIEHY AP SRR T T R LR (- 4

PTG o AR E RGP APRRSNEY

LRSS Sl ¥ R
L

7
“~

=k
o

L SU Ok
5.2 B i 1 ™ fo e i —iKk (& f2
438 > APFRGRSAT fe R ? LEARE G A LiTBR S

> 2N 0P g
Mg S IRAL R T o &S RS T Foleil 3 2 BT o R U R

5.2.1 T_& B 457 & * #3]

iH A
—O
LEL i | ﬁ; - | =1
5Lk 2 * A2
Xty
B 5.5 7 perr L@

e B AP CURRALL AT b X M Z R SUELIR s i 4

T KRR By
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LB RRR AL Aeif g R A Sl (0 AT ¢ ARk B S R ALE

B g A
— o — o

B 56 % K |
wn 11 1 Zyy

HPpR@E Aoz F BT 0 BR - domit o Vs Vo AR 7@‘%?])‘ TG Zol) ~ 2l
ABERRASLBESTRDEE LS A X R AL g Zyy Pl A R A TR
PR NSRS X F oA R Vﬁl%i‘*ﬁ FF’ZTQEQEE‘“ Zy > Zi2 é‘ZQd]ﬁf fo ¥ it V2

1
ES I

522 & it

2&] 222

F] % 2\ ie ,vg;l‘,t;;g_x ;E‘a‘@ﬁ'{mﬁ e;;,,,ha}& R @ MTP mﬁ‘&@; "‘aﬁ'{, , é%‘v_fr

TFE\?‘;{&r’T :
{alszn+jXZH,azzRZn+;naz 57
Su = RSII +jXS11> S12 = RSIZ +jXSl2 .
TS S S Z Sl AP Ry ENGT)R X E4.19) v E
B (K(»)—x*)+ jN(y)
1= .
(K(»)+x*+2RZ,x) +j(N(y) + G(y)x) (5.8)

¢ - 2(RZ,, + JXZ,))x
" (K(y)+ X +2RZ,x) H(N(y)+ G(y)x)

N
Ao
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K(y)=-y"-2XZ,y+RZ,’ - XZ,' -RZ,,’ + XZ,,’
N(y)=2RZ,y+2(RZ,\XZ,, - RZ,XZ,,))
G(y) = 2(y+ XZU)

BN (5.8)%k 2 8(5.3) 5 d w1

[—x* + K(p)][-x" +4RZ,, cos Ox + K(y)]

€, adiation = 1~ +N()IN(») +4XZ,, cos Ox]+ 4(RZ,," + XZ,,")x’
(2R Z,x+ K (7)) + (N () + Gy

(5.9)

BEEXR f(uy)=1l-e ., > FI R g 50 # flxy)d ] chx-~yo

5.2.3 # & f2

fp R F AP M) x A BNy A EES B RN LR S E
A B AN RS B Al ARSROEAR LIS £V T EAPRRE S fE
FOoHRA FFE D A X AN A R mE R R B Ao S0 R AR

N fRe u/%,ﬁ,;ti

\\\?{r

BB TIEE » BB A BRSNS R R R T
PEE Y PGl Ecs S 2 EI A HP O NE ) FIbA EEE R Y e RE T
2 AR uF B 2 £ Nelder-Mead % > g% B2 » ¢ = 2 £_J. Nelder fr R. Mead #
A f 1965 # ot - AR S SliciR B i > F G g v H A5 (Simplex
Algorithm) &4 5 Ad# > & 7 4L 5 T L E %452 (Downhill Simplex Method )
M. Huang ~ C.J. Aine ~ S. Supek, E. Best ~ D. Ranken #[! E. R. Flynn % 1998 & :xig 2 o
PRV g ) H AR R E (TS

TOLH AR B A s R T B R E o e s B R
Moo FIPGE A RS e R E R c T P 0 A 20 BB
Ao T LE SR AT BE S H’JF, E2— e

HpmE

RAE* B N B2 A28 7 e g - 35 N+l B gl @
q?%%ﬁﬁwﬁﬁﬁ%qﬂ*ﬁﬁ’#?ugﬁﬂ—%ii%%%@w»r%@Umm

value) » B~d £ ~ = if £ ﬁd%m BE BF B BHE ST 3REY LK
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st (reflection) ~ 3% /E (expansion) ~ H &4t & ( one-dimensional contraction) > *X

G P S Rz BB e F RS B FIRAE ) L

F R E e B T A e et BRI R T R
g% x BlP-ik el o B 5-7(b)? B S izinghs W s L gk GA K dongh CHH

MR s REF 5 E L3RR
524 %% &334

PUTE SN R R LT A% iR A vy o X-E B B T e e Bt R o
T AR 245GHz chiB te xS S A o

(a)
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Radiation Efficiency (dB)

Radiation Efficiency (dB)

Radiation Efficiency (dB)

Radiation Efficiency (dB)

S B sl
& ——g—a— g
os—& 5 o - ~ 1
— )
hA
- b ? 1 4
2
L2
1.5} T 15 1
—FH— Numerical ,§ —FH— Numerical
21 —=&— Character-impedance % 2 —&— Character-impedance 1
—4— Self-impedance & —4— Selfimpedance
25L —=— Input-impedance 25 —=— Input-impedance |
. . . . . . . . . . . . .
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
Element Spacing (wavelength) Element Spacing (wavelength)
(a) (b)
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)
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>
.1[, é -1
4 2
1.51 w -1.5
——H&— Numerical _§ ——H&— Numerical
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—=&— Self-impedance g —4— Self-impedance
25l —=%— Input-impedance 2 —=— Input-impedance |
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01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
Element Spacing (wavelength) Element Spacing (wavelength)
(©) ()
-0.5
X g
>
15 2 1
e
o
-2 E
b} i
2.5 —FH— Numerical :93 —H— Numerical
3 —©— Character-impedance £ —©— Character-impedance 1
—4— Selfimpedance & —4— Selfimpedance
35§ —=— Input-impedance —— Input-impedance |
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
Element Spacing (wavelength) Element Spacing (wavelength)
(e) ®
_. 05 J
% i
5 4 |
2
L2
b -15 4
——H&— Numerical _§ ——H&— Numerical
—=&— Character-impedance % 2 /// —&— Character-impedance 1
¥ —=&4— Self-impedance g // —&4— Self-impedance
—=%— Input-impedance 2 5/ —=— Input-impedance |
6}/ '
A . . . . . . . . . . . . . . . .
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09
Element Spacing (wavelength) Element Spacing (wavelength)
(& (h)

BlS. it far e ™ el ? b & B ¢ b gt %

() 0° (b)30° (c) 60° (d)90° (e) 120°(f) 150°(g) 180° (h)* T iz
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(a)~(g) B4 = £4p £ 07~ 30"~ 60°...180°ch/ % » @ (B R LT 2% > 7 115
SRL Il Rl RS S AE S MR SR ES R & F § R R S
i F] L EEMARIT 2 48 & A B ARG > T I T fe e A F 2§50 TR B
Pleap i A BERE R A T R T (B AT AR oo ERK
S R A S R U R S SLALIEN SE EAN Ak S p A S B
TRe el B P A E o HE sk et X 0 B4R E T ELeh s 0T A RS B T

MIMO s se¥ > % 2 F 3B /F

AN
=
‘.3;
bt
=
o

bk AP EIF FF S RBEAER F RN ERE AP § T g by
BRARDMEL AR BT g AL BIAR L G 0k T RIF A4

L5 OPF > AT F T EL AR L L

0p = = & = & e L e
J’JA’// — }
I S - ]
— /6/////
—~ //6///
>
% —+— Numerical
:g 151 ~— & Character-impedance | |
I —/A— Selfimpedance
_5 —=%— Input-impedance
ks
g -2 ]
v
-2.5 -
1
_3 | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Element Spacing (wavelength)

B 5.0 2/ 547 & 67 fie B e iy b i

P g o Bt BB R BT R F S o
Adek AP B MIMO ¥ enz F 5 1 Hiede B A el 5 > 7RA P ¢ 47 F
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v a o

OFDM #p =3 %( 72 ™ f§ £ OFDM-PM) 5 #][23]° & ¢

B AU > F] B b de

Ad U HL 2

SN s T g

¥ 4 gl * Matlab <5 randsrc

A2 0 REEs A 4 > 2 8UE A (Modulation index ) 3 0.6/2 w0 3518 ¥ #i(Memory constant)

L8 E R gk o T REH B

0 e
o 1
i
)
g i
>
% —+— Numerical
jg — & Character-impedance | |
h —/A— Selfimpedance
IS —#— Input-impedance
ks
S 2 f
o
-2.5 8
1
_3 | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Element Spacing (wavelength)
Bl S 105 F 53¢ 2467 feielami b i
LB B3¢ BB fEaka v BALhT e B A F S o AP R N EKE
f2 A g oY DRBS D HE & ’\'\ﬁ’;’ui‘géc i * BoiF T pR iRt o I o

5.3 % i1 TR B—iT 4 O AR

g 3t 3 fr \m,«bgwf; s eru:»\.,Fag’%gﬁQ_/{m K ad? > B H fgmg_qqé , :»\,,Fa;;g_
B* TR AR i@aj FE? fu E‘J‘JFB{E ]L\»u—,‘ﬁ*ff‘? , Eﬁ;“}i},}*fyﬁ*, mﬁﬁiﬁ;}z‘rf'} e
HEELBEITEEFEEL > RS AR 2 AR i { R LR 50 5
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Bl 5. 11 2 4533 00 3B 2 3 fR 7 A2 ]

531 fFsfm 1

FAAPRAL - BRI EL 0 T BT

El
— B F‘ﬁﬁiﬁ
ZMN [] [1 ZMN ZMN I]

v, C) Za; Zpod; C) Vi Vi C) Zpol;

Z]I

B S. 124p = £ 5 0" cnfic 3| B

Flatp A O'Fd FRREHFE V=V ERAFDORT IS 2400 > FPF F B
- FRF¥T o B RN Zph g B - BT RKDIEIALE S H K .ngzgiﬁ@ﬁz T

FPR i AT ST

Bl 5. 1344 % 0°ehfe it &7, B
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PR KT R RIEE LR S B T fe it

BEFAPIH- BAPE A 020 R > 180°

d 1w

Vi

BRI E

{Vl =71, +(Z11 +ZMN)II
Vz = Z12]1 +(le +ZMN)12

180" = V,=-V, :{

and Z,,+Z,+Z,,, #0

=1,=-1

£ L=A

S s 4o BlHTT

{x =Re{Z,,+Z,,}
y=-Im{Z, +le}

A o B

o
Zyn i I Zyn
> Z 21 Zol; C> V,
Zi Zi
B 514 4p = £ 27180 #rHc3| Bl

Vl = 212]2 +(Zn +ZMN)11
_Vl = lell +(le +ZMN)]2
= 0= le(lz +11)+(Z11 +ZMN)([2 +]1) = (12 +11)(Z11 +Z, +ZMN)

(5.10)

ik N w 180 i) §FME 02K Apin > WL - BE A
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—h B D

_
' C - o =
j E Zun], | ] Ly

B 5. 15424 5 180" chfedisr &

A F g i s AR ARG - BRI I B e 0 R R R

"R V] - éﬁlzﬂ} -Z]2]] VI

{x=Re 51y
y:—Im{Z”—le} '

=tk
szl ZFZ]]

PEEIS EEEEYY

140

—+H— Numerical (0 degree)
120[ —+=— Numerical (180 degree) |
=— New close form (0 degree)
—&— New close form (180 degree)

100

80
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! ! ! !
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0 | |

Element Spacing (wawvelength)
B 5. 164p0 4 0722 180 PF3+ 5 25\ e el f2 eng 3% o %
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50 ‘ ‘ ‘
—+H— Numerical (0 degree)
—=— Numerical (180 degree) 8
—<— New close form (0 degree)
—&— New close form (180 degree)

40+

30

20

Image Part of Matching Network (ohm)

| | | 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Element Spacing (wavelength)

B 5. 17 4 = £ 0" 180" FFaf i & 338 e @ 2 ehh 3000 U %

AT R R ERERSTE - R B FAPR-07E 1807 F I anfE ik
* N (4.19) > FhoT I E

RS, < 8(RZ,,+RZ,)[-RZ, RZ,, + Xlez]
RS, x8(RZ,, +RZ,)[RZ,|RZ,, _XZ122]

0=

XS, <8(RZ,,+RZ,))[-RZ, XZ,, —RZ,XZ , ]

XS, <8(RZ,,+RZ,)|RZ, XZ,, + RZ,XZ,,]

RS, =—RS
— 12 11

XS, =—-X§,,

912 12
‘S“ + Suefg‘ + ‘SZI + Szze-’g‘ 1S, + 512|2 +|S,, + Szz|2
and eradiation = 1 - = 1_
2 2

=>e =1

radiation

52



RSll oc 8(RZ11 —Rle)[RZ“RZu +Xle2]
RSlz o 8(RZII _Rzlz)[RZnRle + Xlez]

180° =

XS, c8(RZ,, - RZ,,))[RZ,\XZ,, - RZ,XZ,, ]

XS, «8(RZ,,—RZ,)[RZ | XZ,, —RZ,XZ,,]

RS, =RS,,

XS, = XS,

2 2
‘Sn +S12ej6‘ +‘S21 + Szzejg‘ |S11 _S12|2 +|S21 _S22|2
and emdzatzon - 1 - = 1 -
2 2

=e =1

radiation

» fj*u{;ru B0 R 180 A M e S B it T el o RiER P E O
B 1807 i St § S EEHLE M o T ARGTEREY R A1 RkEd T AR
PBAL > AR Y HFSS TR 2 A s it - #F M A 0.1 A 195 &3V P b i o
oo A EAEEAEY » BenfERRE AR E ST L S DR R A PR R b
T FR S N A I %o ] 512 A RS04 S Eca R oo

Flet o AN Ae b e RS 12 2 W] 5,14 e 4k L 4 e i ARITFEYEE & AR i
b ERAPENHEE AL IR A G e P £ 5 X R F S
S B RITFEHE T & IAE £ d&ii»%p FPehs M EAF 0 gETAE0IAZ
poodm 01 A TREAHREMN S SHRERSI2 AR S.I4 A o RR Rk

TR ]

25 P HSE 0752 180" ch R a6 W B &R 0 ¥ - A ERE HE

Ml ER2GEENREE TR FILBEREAP LT LY Z Sl A
;N 4ol
{Vl =Z1 + 7,1, and V, :Vleja
Vy=2Z,l + 2,1,
= e/ = 212[1 +Zn]2
Zid+ 2,1,
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]_2 _ Z,—-Ze
I Z.e"-Z
=2 T (5.12)
i _Zy,e" -7,
I, Z, _leejg

dRGI2)F A AR BN P FRAFTRDE LA o LA PR

b - PR R B TR Tt BT K ET R Y Uk

TR E L HH L RBREAR A L ASEA P i LA

f e 3 G- gk R
Lo R ETRERREfAEREDL P RLRE NG
2. HGTRRERE I St M 0 @ 4o A Sy, frcosO F OB
3. AN AP A ARBY - hBEEBRAF I HEAT LR

I, RZ,—-RZ cos® , L

1, _ A RZucose—RZHJF&go
I, RZ,cos@-RZ, I, RZ,—RZ cost

5.3.2 FFR % 2

5.1 o S A AR SO0 R SR ¥ 2t T ok o RS 2
Hehliy ~ [LPT R Rs S R b AT R 00 A0 B AR FR AT -
B F £ B A 4T 907 SR

F A FTLR A DE AL 90T » HAFCE B Sy thT S b ) ST o B
BE S, E0R Sy D 0t T AAEE 0 A PRERF 8.5k o TR e

;’g&a@?l »FEFLT fRenfE I3 K do T ol
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