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Abstract

In this thesis, we designed the semi-coaxial metal hole arrays with different lattice constant,
period, film thickness, and the arrangement of two metallic sectorial holes to study the
influence of these different geometrical parameters on the extraordinary optical transmission
phenomenon. We measured these samples by terahertz time-domain spectroscopy (THz-TDS),
and discussed the physical picture byrusing finite different time domain (FDTD) method.
When we varied the lattice constant and period of semi-coaxial metal hole arrays, the
extraordinary optical transmission is observed in those samples with the surface plasmon
frequencies higher or closed to the cut-off frequency of metallic sectorial waveguide, and the
electric field is distributed in the metallic hole. For the samples with the surface plasmon
frequencies lower than the cut-off frequency of metallic sectorial waveguide, the transmission
peaks are decayed rapidly as the period of hole arrays is increasing. As we varied the
thickness of metallic film, we found the transmission peaks decayed as the film thickness is
increasing, but the peak frequencies are unchanged. In the experiment of the variation of the
arrangement of two metallic sectorial holes in a unit cell, we observed the peak frequency
shifted to the lower frequency when the distance between two metallic sectorial holes of one
unit cell shifted from 40um to 300um in the horizontal direction. Also in the vertical direction,
the distance between two metallic sectorial holes of one unit cell shifted from Oum to 300um,

we found the peak frequency shifted to the lower frequency.
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(2.1.19)
$02 b R PR B E A T 0 LA e TR LRSS
(2.1.20)
fSPP
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22 5 & Bk 2%

TR 5 & B EAcR 221 41T o

221 - & RAHE g AEEE o HEEL o RE a0

EER s MmEo

TR S R T O

2

a2y
VA9, + 7+ k*¥ =0 (2.2.1)

P EHWT AT AR E A EES AV A HAXY TR P mAs R o @ SR

2T RYEA SV G,2) =V ¢) - Z(z) 0 ¥ T BEF A 2N (221)7 Feey h o

d’z 2.2.2
V%IPT+E=_1{2 (2.2.2)
g, 7z

N2 X I EEF B X2 efrydeda g A ¥ AS
Zze AR od WiEAa I adri - Yo FIPM AR LEL GG - Flic] 7o Fp

FBN(Q22DF A XA B S fRl
14



(2.2.3)

&z
d—ZZ = — 2 = — 2
Z k b
2
Vitr _ e (2.2.4)
Pr
BP9 Az BB AN AP +h2 =K% £33 258223) A7 W @3 22 5 ih
FoT G
Z(z) = F-eMP2 4+ G- e7IP (2.2.5)
P Ffe G E W ke A 2 ARN(Q25)VER G
10 0%\ 10°%;
— - = 2.2.6
rf)r( 6r)+r2 6¢2+hlPT 0 ( )
A BBECE BV A 7 S YRS R AD(D)  F PR xS RN (2.2.6)7 T A
d/ dR 1 d?d
r d/ dR@ @) _ 22 2.2.7)
R(r) dr dr d(Pp) do?

F0d o RN Q27)EE S B A F e F S R AQ2T) N EA T A S

5 Rl Ell

d*@(d)
2.2.
do®  _ - (228)
@ ()
r 4 ( dR(r)) (2.2.9)
dr dr ) _h2r2 4 p?
R(r) B
Ff2 2N (228)AFF UEFOD v ihRor N G
(2.2.10)

CD((I)) =C'Sin(l’l(|))+D-c05(n¢) =C-e+jn¢+D e ind
_};\.t‘g‘f’]CAfr' ?’#‘lﬁﬁiolfj‘?{t_h r,-rln;l‘g_tl])n)\_,ﬁi;\(zzg)ﬂ

B Ll

15
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d?R(r dR(r
e S 4 e RO 4 e — )Ry = 0 (22.11)

RiE #RQR2IAPTEI r 3 i 5
R(r) = A, - J,(hr) + B, - Y, (hr) (2.2.12)
2P Agfe By 5 ¥ Trdico Jo(hr) 5 Bessel #Ag5¢ 0 @ Yo(hr) 5 Neumann = 425 o
FR 0 & B Al (2.2.5) 0 (2.2.10) 0 12 E (2.2.12)R B E 0 #W(r, d,2) & T 5
¥(r, ¢,2) =¥r(r,¢) - Z(z) = R(r) - (P) - Z(2)
=[A-],(hr) + B- Y, (hr)] - [C-et"® 4 D - e7n¢] . [F-etP? 4 G- e7F7] (2.2.13)

0B g FRES HTM A 7 HEREE L

Yliey, =0, R(r;)'=A -], (hr) +B-Y,(hr) = 0 (2.2.14)
Ylyer, =0, R(ry) =A:J,(hr,)+B-Y,(hr,) =0 (2.2.15)
Wlp—0 =0, ®(0)=C+D =0 (2.2.16)

Ylpoq =0, ®(a) =Cretn%4 D-eine (2.2.17)

%_j » =0, aZa(Zz) =jp(F—-G) =0 (2.2.18)

d 24250 (2.2.14)r(2.2.15) A v L @ D] r 2o endE e f2 N B
Jn(hr,) - Y, (hry) = J, (hry) - Y, (hry) = 0 (2.2.20)
P d 3 f258(2.2.16)f0(2.2.17) A i v 2 (5
n=; ,v=0,1,2,.... (2.2.21)
mod 24558 (2.2.18)fr(2.2.19)F K

16



bp=7T 2 P=01,2,.... (2.2.22)
Fp A w2 8 ) TM RO S ’E‘kTEump Lo
Kty = B, + B, = O, V0 (2.2.23)
¥ OfFEFACE S A2 s m B EAT Shyy, 0 d S EAET T3 TM R
e ok ok £ (cutoff wavelength) 3 :
2n
)"CTMnm = H.&r (2224)
V-

&3 2 4254(2.2.13) 5 (2.2.20) > 11 % (2.2.21)F B3] ¢

Y(r, ¢,z) =Y - [Y,(hr)) - ], (hr) — ], (hry) - Y, (hr)] - sin(nd) - cos(Bz) (2.2.25)

4jACF
Y, (hr;)

He ¥ #Y, =

BEVIORNQLB)EF LV EHAE? TMHTii i~ 80

Er = —hpW, - [Y, (hry) - ] () —Jp (hiy) = Y (Br) | = sin(n) - sin(Bz)
Ep = —HTB‘PO * [Yn (hry) - (hr) = J (hrg) Y5, (hr) ] - cos(nd) - sin(Bz)
E, = h?W, - [Y, (hry) - Jn (hr) — J, (hry) - Yy (hr)] - sin(nd) - cos(Bz)

H, =2 1Y, () (hr) — o () - Y, (ho)] - cos(n) - cos(Be)
Hy = —joehWy - [Y, (hr) ]y (hr) = Ju (hry) - Y, (hr)] - sin(ng) - cos(Bz)

H,=0

38 g ohTE #07 LM o ﬁgﬂf’ﬁ{i’?} :

alp ’ ’ ’

- =0, R(ri)=A']n (hr1)+BYn (hr1)=0
ar I'=r;j

aLP ’ ’ ’

— =0, R(r,)=A-], (hr,)) +B-Y, (hr,) =0
or l—r,

17

B

(2.2.26)

(2.2.27)

(2.2.28)

(2.2.29)

(2.2.30)

(2.2.31)

(2.2.32)

(2.2.33)



v

—| =0, @0 =C-D=0 2.2.34
adly_, ( )

v =0 ' =C- +jna . a—jno
ERS e ®(a) =C-e’"*—D-e (2.2.35)
Y,0=0, Z(0)=F+G=0 (2.2.36)
Y|,_ =0, ZO)=F-eP +G-eP =0 (2.2.37)

d % 4258 (2.2.14)40(2.2.15) 5 1 7 v {8 B r 2 o e e A2 B
]n’(hro) ' Yn’(hri) - ]n’(hri) ' Yn’(hro) = 0 (2238)
Al 255 (2.2.16)10(2.2.17)F g

n=E, v=0,1,2,.... (2.2.39)

sz_' p=0,1,2, ...... (2240)

Flp A e 2 9 5] TE Rk o B Kop - 5 4

vmp

2 2
kTEvmp = \/Bp + hTEump 3 (DTEump +/ HE (2241)
bR OB RS AR 0 E M B EA T Shep,, 0 O S FAET @3] TE H0E

e ok ok £ (cutoff wavelength) 3 :

2n
chEnm = h E H.&r (2242)

vmp

£ = 4254 (2.2.13) » (22.20) » 1 & (2.2.21)F @ 5]

Y, d,z) =Y, - [Yn'(hri) -], (hr) —J,, (hry) -Yn'(hr)] - cos(nd) - sin(pz) (2.2.43)

4jACF
Yn'(hri)

P &Y, =

BEVI D RNQLEF AT EBAEY TEFELEDE AT TES

18



E, = “”T‘C’n% - [Yy (hry) - ], (hr) — ], (hry) - Y, (hr)] - sin(ndy) - cos(Bz) (2.2.44)

Ep = joshWo - [Y, (hry) -], (hr) = J, (hry) - Yy (br)] - cos(ndp) - sin(Bz) ~ (2.2.45)
E,=0 (2.2.46)

Hy = hp¥y - [Y, (hry) - (hr) = J,, (hry) - Yy, (ho)] - cos(ndp) - cos(Bz)  (2.2.47)
Hy =~ 2wy [Y, () Iy () = (b)Y, ()] -sinng) - cos(Br)  (2248)

H, = h?¥; - [Y, (hry) - ], (hr) — ], (hry) - Y, (hr)] - cos(nd) - sin(Bz)  (2.2.49)

23 pFig 3 *UEL 42 (Finite Difference Time Domain Algorithm) [46]
F

FIYRPE AR B ch B 5L BT T A B AN

=L
VXE=—— (2.5.1)
ot
. aD
UXH=—+7] (2.5.2)
ot
vV-D=0 (2.5.3)
V-B=0 (2.5.4)

¥ g Faraday #.& (= 4#2;4(2.5.1)) % Ampere =& (2 #2;8(25.2)) ¥ &7 &

B
F=——_ (2.5.5)
VxE=-—-],
. aD
VxH=—+], (2.5.6)
ot

Jm = sH (2.5.7)
1o = oF (2.5.8)

19



BERS AN (255)0E S AN (256)A A 2 B AT & LIRS B E S RN

0H, OH 9]
ayz - a_zy = (0 + €€, a) Ey (2.5.9)
JH, 0H d
azx T ox (G €0t &) By (2:210)
0H, O0H 9]
5f—a;=(o+%q59& (2.5.11)
0E, OE 9]
a_zy — 6yZ = (s + Moy a) Hy (2.5.12)
JE, OE d
oS (S + bk = Hy (2.5.13)
JE, OE, 9]

- = — 2.5.14

Bt AN BT RER AR S TR LR P R R
£ (1,5, k) =f(idx, jdy, kdzndt) (2.5.15)

Fp > S 428 (25.9) 1 * AN (25.14) 7 g A BT Y L UL A E AT S

X\ \ O ¢ 2GS
of(xy,z ) i35k = (i <5 k) (2.5.16)
aX - dx
nfii L nf.. 1
ot y,z " (1i+7.k) - (ij-7.k) (25.17)
dy B dy
N . 1
ofCeyzt) " (iik+5) - (Lik—5) (2.5.18)
aZ dz
Il+l P n—1 ..
Oy zt) 72000 - 200 (2.5.19)
ot N dt

MR R T H I ESEE BAE T T L Yee AN R F[4AT] 0 doB)

251 %557 o @ THME B L} oofe B Bl4cB) 2.5.2 #5F o

20



E (1 _,r k41

E(3+1_}+1 k)

.

LR T S LIy

I ’
1
B i k+1 1 (z jk+1)
B AR :fH """ Ey(i+1 7 k41
NS .36)
WA ’.k...
+ : E(x'j+1k+1) H(E"H—I ¥
EE SR kj I _'
s j : ; H-'('£+ljk)
LRSS =
;_\,z“f"(zjk) A - Eme ;;)
# JEfy I 5k i :
___________________________________ - E (1+1 A ENE
£ (zxfk) A (f 7 k)
/" b
B B, G0
) s J.
B 251 2 RFLAEDEELAf - THFALAE L
BHA R AT =S WA Y w8 o [47]

E E E E
' t t t
H H H
& & &

E E ) E
t t t t
H H H
{2 & -&r
E E E E
. t t ¢

v =) v = Ay x=24Ax x = 3Ax
B 252 RFLEIFLPFEE D el o

21
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AR ARY > LBRHFERFELERET LA 2T AA
af 1 1
ED (1 +§,],k) = qa(m) - E? (1 +§,],k) + gb(m)
nty o1, 1 nty 001 1
H, 2(1+§,]+§,k)—HZ 2(1+2] Z’k)
i — gb(m)
1
n+7 1 1 n+7 1 l
Hy ( 2],k+) Hy (1+2]k 2)
dz
a1 o
Ej (1,]+E,k)=qa(m)-Ey(1,]+E,k)+qb(m)
1 1
H:+ (1]+ k+1) H:+ (1]+1k %)
e — gb(m)
T (S T (e
VA 2] 1= 2:] 2;
dx
il 1 ~ /.=
E} 1,],k+§ = qa(m) - E} 1,],k+§ + gb(m)
Hn+%(i+ljk+1)—Hn+%(i 1k+1)
T — gb(m)

HZ+1 (1]+ k+1) H:+%(i,j—%,k+%)
dy

o(m)dt
"~ 2¢g0g,(m)
o(m)dt
2¢€p€,(m)

dt
€o&r (m)

o(m)dt
L+ 2gp€,.(m)

qa(m) =
1+

qb(m) =

22

(2.5.20)

(2.5.21)

(2.5.22)

(2.5.23)

(2.5.24)



1
T AT
H (1,]+2,k+2) (2.5.25)

-3 11
= pa(m) -] (i,j + 3,k + ) — pb(m)

| <E;1 (ij+1k+ %d)y— E2 (i), k+ %)) oo

<E; (ij+5.k+1) -2 (i +%,k)>

dz

n+l . 1 . 1
Hy 2(1+E’]’k+§) (2526)

e (o 1 1
= pa(m) - H <1+§,],k+§)—pb(m)

(E (i+55k+1)—Er(i+ 1,j,k)>_pb(m)

dz
(EQ (t415 k) = E? (i,j,k+%)>

N

dx

1
my(, 11
H, (1+2,]+2,k) (2.5.27)

1

n- 1 1
= pa(m) - H; 7 (1451745, k) - pb(m)

.<E§3 (i+1 +%'k) 57 (i) +%'k)> — pb(m)

dx

(E;g (i+%,j +1k) - E] (i+%,j,k)>

dy

s(m)dt
s(m)dt
1+ 2pop,(m)

dt
Mot (m) (2.5.29)
s(m)dt
1+ 2pg i, (m)

pa(m) =

pb(m) =

23



YR RERFH
3. 17 A3k

AR B - B E GRS R0 T 10748 % (0.1 THz~10 THz) T &t - 2
AEFEFE 3 3mm 2 [lun 2 F > & TR H Y E3v et Bk 2 B > 4ol 3.1, 1

o o

Electronics

Microwaves
MF, HF, VHF, UHF, SHF, EHF

Visible X-ray y-ray

100 108 106 10° 1012 1018 1018 1021 1024
kilo mega giga tera peta exa zefta yotta
Example Radio Radar 777 Optical Medical Astrophysics
industries: communications communications imaging
Frequency (Hz)

Bl 311 AR EARH T HE AR AR R iy o

TR S AT B AL PRSI R B Y AR Gk BL 0 T A B Y v g AL

(absorption spectrum spectroscopy) 2. ¢ #-¥ 4 7t F e Bl B 3 x 53 jidm
R PR SRS o B0 AR LR R AP FE L 0 AR R T
3B A A RS KRR AR - Y TR RS Menx kR 0 1
i T O] $W R G T PO] A F S R YA NRIT R PR G TRt % 2 o

AR T x kg AL Piengiie g 2 Pk bHdrdp R R -

24



AR e B B 1080 & 0w 2 UL D AT e SR Y I RIEE > T AR BE i
P?ﬂ?kfﬁ"ﬁ»‘") cd WAMITEY AL FTREA T ER HRBH T R IR AR
AL T EBAIE S A R B AT EERRA S CFHL L S FEga F)

21 %}{

[

F TS
EH
1k

2B ENPERBHRI T G EBGHz A 2 o Ra BRI A 1975 &£ prd
Auston frLee % 4 8411 iy - & P LT R IFR AL L Ep > @
IR A SLpR ek L E A A E PR M TR TR LRI R ER Y
(photoconductive switching or Auston switching) [48-49] - #] 7 1981 # > Mourou
AR ST T SR AR R MBI EA Y > X R
R L ER A S AR ?]t“i%fjf‘u’l plis I X MR L [50] o A 1988 &
Smith % 4 38 B &)V akd o5 i IRk A A e A 0 B RS B E G X AU Rk
FLEW - By AR ERIR T - By TR R TR D U A
A VAL IR ORIV AR UL o KEER VAL R R L RRADEREL S &
Bl F sy E i g aiis > NEFEF SRR A S B
(femto-second ) &'"% g B g -3 8 - B¢ » 5d &K EFF (Ti:Sapphire) #r&
B AR T M ED PR B R UE R h 2 — o F P A ¢ e chR R

ki s T A BKEFEATAL e

F_*

R I R EF R T RS L F sk (Kerr
Lens Mode Lock) # 2 4 % 5 100 #4) ¥k #eg &4 > &0 0 Bt g Sr 2 KT R FEX M
o g §m§\+ MR 0 FRisd b4 R HR H Seik @t st v BRI o A AR el
BIFAFY o AR kY @ chE L E X T d B BRSSPl Al o

25



3. 27 Akt e 5L 3 JR 0 i

TE RV IREENA 4 S RS B R RipE SR 5 S ARG AR LR
1 E - ﬁé F RGBT S~ 503 22 58 —Jz: TR (optlcal

rectification) A4 vk > @ % - f6 2 % 51 Q@R EET &~ 541 K EX R T

fEFFREIMLENY DT F —RFH T N RRPRGREAL LG R

B
3
T
s
=N

(\7

T g Ed TRIEH DA o AFKY > APRY DI R -5
A A v s Tt T A ) (current-surge model ) f§ i gt B i VAR
S el g R I

FOREEG S b3 L EHE e b X R e RS p(x y z ) Tin

T(x’y’z’t)~ e R =2 o

x5 = f 2 4258 (Maxwelll s Equations )~

0B
VXE==— (3.2.1)

at
V-E= g (3.2.2)

. . aD
VxH=]+- (3.2.3)
V-B=0 (3.2.4)

PR B

BE=VxA (3.2.5)

B AR5 (3.2.5) " B AR (3.2, DT 1 E 3

VXE=——= a(v><A) V><< %‘2) (3.2.6)

26



B AR (3. 2.6) R F

_, O0A
= 3.2.7
Vx<E+at> 0 (3.2.7)
FERpEEEEN TR ARN(E 2. iy

. 0A
—VW=E+— (3.2.8)
ot

FRERSENG2.8) R AN (8.2.3)¢ v iE T

Vx(VxK)=u<]+sg—t>—u[]+s < vv-%-‘i)l (3.2.9)

B AR (3. 2. DFLE ST T

92A oV
27 — _ (3.2.10)
VA — uaaz u]+V(V A+psat
gl 7 82 4258 (3.2. 8) 2 #4250 (3. 2. 2) B R
v2v+i(v-2\’) s (3.2.11)
ot €
T2 ki %R (Lorentz gauge) #1484
- oV
V-A+ = =0 (3.2.12)
ot
B AN (302.12) % 2258 (3.2.10) 0 2 2 4250 (3. 2. 1) 7 i 3
o OA (3.2.13)
VA — uea > =—W L
GEY p
2 - _F 3.2.14
VeV + usa 3 - ( )

;ﬁd 3 AEN(S.2.13)E 2 EN@G 21T U N T EA BRI REFEFER T

o

4y

|
=3
x

BACENR o L AL G o L g SRR R g A 4 R
oA 2203, 2. DR T # 1]

27



—.

. , dD
V-(VXH)=V-<]+E>

@, TIAR F AL EMNEG 0 FPV-J=00d 22N (3 28) 0 E s

=

= (3.2.15)

—w
ﬂ%

(3.2.15)7 1 @ o it s cnjk & & 225 pFSE i B AR e 0 enfl S e Tk
NGO EE R TR A ) AN (32T L vk N 2 ok p PR
S RB 0 TR LER R

E)rad ® = _ag_it) (3.2.16)

19yt #2 (Green Functions method)

1 0%y
VZW — C_ZW = —41- f(? ’ t) (3217)

H O f(F 1) 5 Rend Sl s WA A G ddic s T 08 B HanA ol s

e-f

d gt 3w s d 3 AR (3. 2.018)F iR

?w— “) (3.2.18)
dv

. 1 ﬂ(?’t—'“_rﬁ (3.2.19)
A=41Tsoc2f P—7 d

B 250 (3.2.19) " » 3 4250(3.2.16)F 1 7 1)

B () = — — ij“ )d (3.2.20)

4meyc2 Ot

B Jo 5 MY kg X PRI BT S L RIE 0 2T ZRAR LY G

Pl Stk s @ e & o F 4 ELg (D) g amc gl ¥ f§f 1 5

Lo I 3T (3.2.21)
F—r|=r|l1-2a,'F +—-=r(1-— T

=t
=




FEREE X RNT L IAERERF o Horped cndo o T s 48 RIIES TR

FORHET LT

A d d 3.2.22
rad(r t)__4ns cz(x2+y2+zz)1/2dtls( C) (3:2.22)

B AZERETRDBETE - BF > T RFTHT TRVAHARDERIZT R &2t

T x=y= O’Kt—>t—-’ FIrRHET AT 5

Era (P2 1) = — e Cz . dt]s( ) (3.2.23)
FRR-BECEY
- RACE (3.2.24)
S
0_s(t)nO
1+n +1

St

"o = £ %F P ek Frede Cintrinsic impedance of the free space) n 7 k=

Bt AL BT it S o og(D) B R EXMNL 5 TE By L S nBR T H o @ og(t)
T E G

—(t—t)
TC

o (t) = (e(lh—;R)f dtm(t > t) Loy (t')expl (3.2.25)

St

PerR T RAFORIARERERET T REX A DNE BT ho s EF gk £

m(tt) s wp Bt s P e g cnf + Lt P8 5 (mobility ) Ter

ETAS

S+ nd &9 (carrier time) o F Bk 4+ 88 5 5 § #c o Tm(t>t)=m

Bl Tear = 00 o F BB £ 5 % 27 (Gaussian) £ 7% fF > 7= 3

t'2
lope = lpexp (— r_2> (3.2.26)

#4230 (8.2.26) % » > AR50 (3. 2. 25) R 7 17 3



e(1-R) , t'2
Gs(t)_TIO dt m exp _’t_z

—00

B AR5 (3.2.24) 0 % B AR5 (302.2T) %~ B 4250 (3. 2. 23R T 7 F)

—> . )
rad (r t) = — By Ae(l R) [om - exp —t—
4megct z hw T2

e(1=R)Ipm (T
xll noe( )]

-2

Y rexp(—xz)dxl

—00

FEE ~ sfengeg k2 ki@ £ (light fluence) 5

® _tz 1:::opt
Fopt = f IOEXp ‘[_'_2 dt = \/EIO‘E = A

HY By 2 BRI BATRPIPE kT I00N £ 0 A A s kenk § A

SRR RS S S A R

_ Ae(l—R)m e e 2
- 4megcizhwV <E i N\ S/])
__ Moe(T=R)m A )
T ho (Vi g/

,J‘

(3.2.27)

(3.2.28)

(3.2.29)

o Byt AR

(3.2.30)

(3.2.31)

#eboaf e 4250 (3.2.30) 1 2 S AR (3. 2.3 R A 2 AR5 (3. 2. 28R T A 1 A

-2

g — FO t t’z t/‘[
Enq (T t) = —BE, Tp (— ‘t_> ll + DF f rexp(—xz)dxl (3.2.32)

g1 R de g FEy O fRd AQRIRERA A VAR s o ¥ o AP R4 B

GRIESE S S T p e BRI

PREIAL TR ERERAEF > BT EFog s - FR I T

R DT €

ik i3 Flm A 2 TR o FERK VALY FARE RO E T RBEPL oA

BUETE I AT R G S BH (convolution) #7831 a3t 5L
i(t,) =f Epaa (t) - og(t —t,)dt
%
Bk Rk X Mg H S5

30
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0 ,
' ift, >t (3.2.34)
— t —t p
oa(t —t,) = 90 axp [—( p)l ift, <t

Tq Tq

HoY oy BRI BT nﬁ,EﬂngﬁF"*ﬁx—\ﬂd% o B R B AL R BT R ] A ]
1i7f/ (DS), T g AR B e &1—%%%@ T A4 m§ FHA A% FP T L > Fp
2R(3.2.30)7F @i 5

0o . ,
) if t, >t (3.2.35)
ot =) = {@ if tl:, <t

Tq

PR AR (3.2.35) % » 2 4838 (3.2.33)F

oy @ , ,
j(tp)=§ f Eyaq () dt (3.2.36)
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