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% t1m,irv tmm” iry (1 +r n1 2jry )e
2B ey
(1+ r'rrm',iry rm"2,ir,v) + r1m,iry (rrrm',iry +r n1 2ir y)e
iB,shy
x trrl,SF se il (1+ rmm‘ ,SFsrm"Z SE s) L—
S AT o )@t - 2K
mm"SF s m'2SFs ImSFs\ mni' SFs m'2SFs
5.2d. m/2 (X =-+2n + DhtanB, s, 2= hy,) SFG
- - 0 0 l:1mvis[§ I:1m,ir,y (1+ rnQ,vis,B)(1+ r.m2,ir,y )ei(BMI’+BmIWS)hm
E 1p (0 ) = z E vis,BE iry 2i h 5B h
1 r Bm,v\s m 1+ r r Bm\r 'm
By ( lm,wsB mesB )( Imijry m2,ir,ye )
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(5.15b)

(5.164)

(5.16D)

(5.174)

(5.17b)



t ei m,§hm

mLSF,p - -
x 1+r1 ' iR (L 2mpxX gy + L 2mpzXp,) (5.183)
ImSF p m2SF p

H(Bnic *Brgvis )
- -\ _ 0. 0 t1m,vis[3 tlm,iry (1 + rmZ,ViS,B)(1+ rm2,iry )e
E 15(0 ) - ZE ws,BE iry 1+ 2B 1+ ZB i
By ( I"1m,vis,B r'm2,vis,[3 e )( r1m,ir y rm2,iry € )
t eiBm,thm
mLSFs -
x —— L amyX (5.18b)
2By, £y, & Aypy
1+ rlmS: ,srmZ,S:se s
5.2e [0<z<hg,, Ao X=-2nhtan8, ¢ - ZtanB,sr, B2 X = ~(2n + Dhtanb, o +
ztan@,, ] SFG
- - [ 0 0 tml SF ,ptlm,vis,ﬁ 1‘1mir Y
Elp(O):_ZEvis,BEiry>< B BT 0T
S 8 A+ plmes p€ T DA T isp Ti2visg® ™ )+ Ty Frniry € ")

1
Bm,S: - Bm,vis - Bm,ir

x{
x{ Xxpy Liljm,px[ Mmzvis. Tmairy (ei(Bm,sr +BrmistBmir )i _e2i([3m,ws+l3mn)hm) +losrp (ei(Bms:+l3m,ws+ﬁn..r)hm _eZiBm,schm)]

i (B, s+ Brmyis +Bmir ) P _ eZi(Bmv\s"'Bm‘ir)hm) I(Bmse+Bmyis +Bmir) hm _ eZiBm,schm)]}

+X By L_llmpZ[ r.m2,vis,[3 Mma2jr Y (e - rmgyg:'p (e

1

+
Bm,SF - Bm,vis + Bmir

- i (B, =+ Bmyis*Bmir Jm 21 Bmishm i (Bmsr +BmvistBmir )m 21 (B, s+ Brmir Jhm
X{ XxBy L 1/m,p><[ Iﬁm2,vis,[§ (e ¢ —e" ) + rm2,S:,prm2,ir\/ (e s —-€ ¢ )]

I (Bmse+Bmyis +Bmir Jm _ eZiBm‘\nshm) i (Bmse +Bm,vistBrmir Jim eZi(Bms: +Bmir )hm)]}

Xy L_l/mpl[rmz,vis,B € e s plmairy (e

1

+
Bm,SF + Bm,vis _Bmir

- i (Bmsr +BrmvistBmir )i 2i B, irhm I(Bms +Bm,vis*Brmir )m 2i(Bmss * B, vis) hm
X{ Xxpy L mimpx[ Fpiry (€775 7°7 -€ ) F Mzse plmzvisp (€1 " mrim -t )

i (Bm s+ Bmyis +Bmir)

_ eZiﬁm‘irhm) I(Bms *+Bmis B ir Jom _ e2i(Bm,s: *+ B, vis) hm)]}

+X By L mmpz [ Mmajr y (e ~ T s plm2yisp (e

1

+
Bm,SF + Bm,vis + Bm,ir

i (Bt Bmuis + B ir) P i(Bmse+Bmyis +Bm,ir Jm _ eZ i(Bmis*Bmir ) hm)]

X{ Xxpy L mimp:[ (€ =) + Moo plmovisp Tmairy €

[(ei(Bms: +Brm st Brmir Jhm _1) Mmairy (ei(BmSF+Bm‘vws+Bm‘u)hm _ezi(pmws+[3m‘u )P )]}

X sy L mmpz e 5 plmayisp

(5.199)

-1



tml,S: ,stlm,vis,B tlm jry
2|[3 h 2iBW5hm)

2By Pl
(l+ r1m,S:,srm2,SF ,se o )(l+ r1m,vis,[3 rm2,vis[3 )(l+ imijry m2|r ve

E s (0_) = Ig 2 Eovis,B Eoir,y X
By

1
Bm,S: - Bm,vis - Bm,ir

{

- i( Bmse +Bm,vis+Broir i 2i (Bmais *+ B, ir) P i(Bms *+Bm,vistBmir )Pm 2i B s him
X{ Xy[3y L ”m@’[rmZ,\/is,B Mejry (e s " —-€ ) + rmZ,SFs(e g " -e s )]

. 1
Bm,SF - Bm,vis + Bmir

iBme +Bmuis*Bmir Jm _ EZiBm,vlJ]m i(Bm, s+ Brmyis +Bmir ) P _ EZi(Bm§+Bm,lr)hm )]

X{ Xypy L umsy[Frisp (€ )+ Mo s sfmir y (€

1
+
Bm,S: + Bm,vis _Bmir

i(Brg +Bmis*Bmir Jm _ e2i(Bm,$+Bm,ws)hm)]

i (Bmse *Bm,vis+Brmir )i 2iBic
¥ " -€ ) + e s sfmayisp (e

X{ XyBy L_m/ms’[rm‘zjry (e

1

+
Bm,S: + Bm,vis + Bm,ir

x{ Xypy L*m/mw[(ei(ﬁn.s=+l3m.ws+l3m,w)hm _ 1) + I vo.s sTmaviss Meiry (ei(Bm.s: +Bmvis* Brmir )hm _eZi(Bm.ws+&n,\r)hm)]

(5.190)
5.2f. SFG
SFG SFG
SFG
5.3. SFG
SFG SFG x= 0~ h,tanf,, o
m/2
53a. 1/m (X = -2nhtanB, s, 2= 0) SFG
m\ns m 2|Bm”hm
+ + 0 0 (1+ 1mV|s[3)(1+ IFmZ,\/isB )(1+ Imjry )(1+ rm2|rye )
E'2p(h, )= z E-visg ECiry 218 o 21Byir
By (l lmwsBrmesBe )(1+ lmlryrmZuye )
t B
t1mSF,p m2 ,SFp (5203)

+ +
1+, r 2P [X gy L i+ X g L i ]

ImSFp m2Sp
v 2P
(1+ rlmviSB)(1+ IFm2,visﬁ Po )(1+ 1mir y)(1+ rm2 |ry )

@ Prmisn 2By
K )(1+ Imiry m2|rve )

E+25(hm+) = z EOViS,B Eoiry 1+
By ( M vis rm2ws[3

- 12



B N
tlm SF sth,SF se i

2i

140 o Frp 00

ImSF s m2SFs

.
. Xyﬁy L m/Lsy

m
2B s
+ y 0 0 t1n1,vis,[3 (1+ rm'm,vis,[s)(:l'-'- rrTQ,Vis,Be )
E2p(h )—ZE vis,BEir,y i
" 1+ r +(r 1 ien Minouiep® T
By Im'visB "m'myisB m'myis 8 1myisB 7/ m2yisf
21B et
t1m',ir,y (1 Mmlry)(1+ Iﬁm2,ir,ve )
2B
1+ r1m,ir,y rm'm,irv + (rm'm,irv + r1m',irv )rmz,irv
1 )e U
mZS:p( 1mS:p mmSFp
8 1+, r +r r +r ZiBm,schm)(U”m'PXXva + L+”'"’PZXsz)
1mMSF p m'mSF,p mZ,SF,p( mm'SF,p mlSF p )e
2B, idtn
+ + 0 0 t1m',vis,B (1 + r'm‘mvis,{;& )(1 + r'm2,vis,[3» € )
E ZS(h ):zEViS,BE iry ;
m 140, enl +(r i) i €07
By 1m'visB ' mmyisB m'myisB 1m'yvisB /' m2yisp
2B i
x tZlm',ir Y (1+ rmmvir Y )(1 + rm2,ir ,ve )
2B
1+ rlrﬂ,ir,y rm'm,iry + (rm'm,iry + r1m iry )rmz,iry €
B, 5=
X mZS:s(l lmS:s mmS:,s)e i )L IImS/X
21y, Wy
1+ rlm,SF ,srm'mSF S + rmZ,SF,s (rnm',SF S *r mlsF s)e i
53b. 1m (x = -2nh,tan6,,sr, = 0") SFG
@2 Prmusfhn 21BN
E+2 (h +) _ Z Eo isB Eo_ t1mvi's,[3t1m,iry (1+ m2vis[3 )(1+ rm2,ir,ve )
PUIm ) — VS| iy 21 Bryishn 2By, i
By (1+ r1m,\/is,[5 rm2,vis,[3 € )(1 + 1m|ry rm2|ry € )
t eiBm,§hm
m2,SF p + +
x o (L UmpcXogy + L umpzXp,)

1 + r1 mSF p rm2,SF ,pe

t1m Vis3 tlm,ir,y (

1+r ZiBm.vishm)(l +r_. %k |rhm)

2Vi 2,
E+25(hm+) = Z EOViS,B Eoiry m2|\[;|:i N = 2B
By (1+ Imyisf rm2ws{3 )(1+ Imiry m2|rye )
t o ePnet -
X - i Umsy X
2B, Ny YA ypy
1+ rlmS: ,srmz,szse s
53c. m/2 (x=+(2n + Dh, tanb, s, z=h,") SFG

el (B By

1:lm,vis,B tm2 Visp tlm iry m2ir Y

E+2p (hm+) = z Eovis,B Eoir,y
By

@+

r @2 Bemush "L+, eZIBmwhm)

Imyisf m2wws[3 Imjry m2|ry

- 13

(5.20b)

(5.21a)

(5.21b)

(5.223)

(5.22b)



2iB ey 2i[3m hy
x (1 r1mSF pe i )L Z/mpxxxpy +(1+ 1mg:p < )L+2/mvaXz(3y

2|[3m’ n
1+r1mSF prmZSF pe i

0 0 tlmvis Btm2vis[3tlmirv tm’z iry i(Bm'”JerVWS)hm
E+Zs(h +) = Evisg E iry : : 2,3 2iB. .h
" % (1+ r'1m,vis,[3 rm2,wvisB e m)(l 1m|ry m2|r)/el m m)
2 oy +
(1 M e s€ P )L 2msy Xypy
140, e oL
5.3d. m/2 (X =-(2n + Dh,tanb, s, z=h,,) SFG

(B * B, vis) i
tlmwthlmlry ( m2visB)(1+ rnﬂiry)e

E 2p(h ) ZEOVISB Eolryc

1mV|s[3 m2yisf 1m|rv m2jry

2i h 2i h
) (1+ rnisz‘pe iBs m)L+2/meXx[3y + (—1+ rml,s: ,pe iBn s m) L+2/m,PZX23y

(1 r eZI Brngishm )(1 +r r eZI B e

2B, hn,
1+rlmS:prm2,SFpe i

(B i Brnis )i
i (1+ m2vis[3 )(1+ m2irv)e ) ‘

t
E+25(hm+) = z EOViS,B Eoiryc 1msB Amiry
By

@ Prvisn 2B hin
(1+ ImyisB rm2ws[3 " )(1+ Imjry m2|r ye )
ATy &€ s X gy
2B, N
1+ r'1ms: srmZSF se T
SFG (m")
H . t - (1 )e myis! hn,
E2p(hm+) = 2 Eovis,[S Eoil’,v mep e m 268 2B,
By (1+ r.mm Vis n12v|s[3 ) 1mV|s[3(rmm "vis rm'z,vis,B)e )
IBm.\r hm
% t1m,irv tmm” iry (1 +r n1 2jry )e
2B ey
(1+ r'rrm',iry rm"2,ir,v) + r1m,iry (rrrm',iry +r n1 2ir y)e

2iB, <N,
ot Fp rr1,ZSF'p)[(l—rlm,SF'pe' L ampx X gy + (LH e o€

2B, ehayp +
€L

@+r o r
X

1+ rrrm',SF,prm'Z,S:,p + r1m,S:,p (rmm',S:,p m"2SF p

iBm,vishm
tlm NisB tmm” Nis3 (1+ rm”2 Vis3 )e

A ) PRI

EZS (hm+) = Z Eovis,B Eoiry
By

@+r r

mm"visf n12wsB) 1mV|s[3 ( mm" vis3 + r'm"2,\/is,[3 )e

t,oot o (LT B P

Imjry “mm"ry

X
A+ iy Ty ) 1

mnt'jry "m"2jry

' 2jry )e

2B ey
mijry (rrrm',iry tr n12|ry)e

2i| h
A+ g o O =T g €™ )L 2mgy X o

2|Bm h,
1+ rmm",S:,srrﬂ'Z,SFs + rlmS:,s(rmm',SF,s tr mzsps)e ¥
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2B ishn

(5.239)

(5.23b)

(5.243)

(5.24b)

(5.253)

(5.25b)



5.3e [0<z<hg, Aoz X=-2nhtan6, ¢ - ZtanB,sr, Bioig 12 X =-(2n + Dh tanb, o +
ztan®,, o] SFG

+ + [
E 2p (hm ) = g z Eovis,B Eoir Y
By

X 2B _.h tlmNiS’B tlm'irv elez:m h 2B N
@+ Nmsplmes & 7 m)(1+ Fmyisg movisg € YL+, iy iy € )
X{ L 2mpx X >13y[ el(_Bm'SchB"‘”‘;Bmvw)hm — 1] Ty SFprnrQ vis Vinzir v[eZI(Bmw;erir)hm B el(Bm'SFJrBWSJerN)hm]
Bm,SF - Bmvis_ Bm,ir
. ooy [e|( B+ Brnsist B ) P _ez|[3m‘,hm] + Fasr o Tmzsiss [eZIBm ishm _el(Bm,S:+[3mMS+Bm,‘,)hm]
Bmse = Bmyis * Brmir
T [P BB — @PP] gy p [Pl — gl (Prst BB
Bm,SF + Bm,vis - Bm,ir
Mmayisg Mmairy [ei(‘Bm‘;Jme,ws’mei,)hm B eZi(Bm‘V‘SJer'i')hm] + rml,SF,p[1_ei(Bm‘me‘w;erir)hm]

BmS: + Bm,vis + Bm,ir ]

i (=B *Progis +Bonic i _ 2 (Buis* B M _ @l Brnge * P vis* By My
[e o 1] mlSFprm’ZvnsB m2|ry[e € g ]

Bm,S: - Bmvis _Bmir

+L* 2mpz X zpy [

Ty [/ P Bruist B ) _ 2Bl o lmosies [€ Pl — B *Bns* B i |
Bmse = Bmyis + Brmir

+ Mmayisp [el(_Bm'erBm‘V'JBm‘" M _eZIBm‘V‘bm] ~ Nousr,p"mair V[GZIB"whm —g!Prs” m,w-;me‘,)hm]
BmS: + Bmvis - Bm,ir

Fvasisg Vmziey [ei(-Bm‘SF +BristBric N _ eZi(Bm‘m;Bm.,)hm] —r [1- elPns +Bm,ms+Bm.,)hm]

st I (5.264)

Bm,S: + Bm,vis + Bmir
E¥as (hm+) = é— 2 E%isp ECry
By

iBm, hm
I".lm,vis,[S tlm,ir,y i

2B @B udn 2B iy
imSFs mZS: ,se e )(1+ r'lm,\/is,[f» rm2,\/is|3y )(1 +r 1m|r Y rm2|ry € )

(1+ r

I(=Bng *BristPryic N _ 2i(BrnyistBrnis N _ (B +Bryuis* Brnie I
[e g " 1] + rmlszsrm2ws|3 m2|ry[e € s ]

Bm,SF _Bmvis - Bm,ir

(=B s Broyis*Brnie )y 2B
GRS o 1+ e sl pvisp

Bm,S: - Bmvis + Bmir

X L+Zm,st By {

2B — al(Bumse * B vis* Bryic iy
+ m2|ry € € i " ]

1 (Bing B st Broi My _ o21Bi vl 2B _ QB *Bryvis™ By )
+ rmz"’isz[e N e 1+ M s s"mair y[e elfne” ]
BmSF + Bmvis _Bmir
I B +Bin st Broic N — @21 (Brnis + B i) My (B + By vis* Broir Ny
rm2wsB m2jiry [e o K € ] + rmlS: [1 € o " ]

Bms * Bmuis + Bmir } (5.26b)

5.4. SFG
SFG

- 15



SFG

A
w t r Er, 1)
E (., t) = E lexp[i(wt - k-r)] +c.c. (A.1)
k C.C exp(+ia) =cosa i sina
(A2

O k A n €

k = 217\ = 2nTU\,, c=whk, €=, n=cklw. (A.2)

0

e=1+4mK, x=X +ix",
n=n(1+iK), n(1-k%=p+4muy, n*k=2my" (A.3)
(k: atenuation index, extinction index)

Born & Wolf
n(l+ik) APS n-ik
Sndl
Sndl n, 0, Born &
Wolf 1 2
1
n,=ny(1 +iK,) = n,+inxK, (A9
n,cosh, = U, + iV, (A.5)
Uy Vo (Lvw<0)
»_H1 2m 0, 2 _n20nn2Q 2 200 2y_ 22520212 2.2
u,” = > [n2 (1-k,%) —n"sin 91]+ n, (1-k,)—-n"sn el] +4n,K, (A.639)
1
v :QE@Q_[ N (L —K,") = nlzsmzelz] + \/[nz2 (L-«,") -n’sin’ 912]2 +4n,’k 22§ (A.6b)

Sndl

- 16



Fresnel

k E H
D (=¢E) B (=pH)

S p
Esi Epi Esr Epr Est Ept

() (r) ®

rp° = EJE = (Ky - k) (K, + k) = (n,0086; - n,008B,)/(n,0086; + n,cosB,)
=-sin(®, - 6,)/sin(6, + 6,)
1’ = EVER = (K, - €K,)/(Eky, + €1k,) = (nyC0SH, - N;0088,)/(n,cosH; + n,c0sB,)
= -tan(8; - 8,)/tan(B; + 8,) (A.7)

t,° = EVES = 2k,/ (K, + Ky,) = 2n,0088,/(n,c0sH; + n,00s0,)

= 2c0s0,sinB,/sin(B; + 6,)
t,P = EP/EP, = 2¢.k,,0090,/(gk;, + €K,,) = 2n,cosB,/(n,cos6; + n,cosb,)

= 2c0sB,sinB,/sin(B, + 6,)cos(6, - 6,) (A.8)

ry° Born & Wolf
—X, y N
€ k
Fy°= ", y” =15 (A .99
t,,° = (n,0080,/n,c080)t;,°, t,,° = (n,0086,/n,cos6,)t;,” (A .9b)
s

E.=F%cost,, E,=E,, E;=-Esin6,

- 17



Ex,r = Eprcoselv Ey,r = Esr! Ez,r = EprSi r'lel
Ex,t = EptCOSGZv Ey,l = Est: Ez,t = 'EptSi n92
o =150, ry’ =ryp, ' =5, (A.109)
P =1 1 =15 1’ =1, (A.10b)
t,* = (CosB/cosBt,’,  tY =15 1" = (SinB,/sind)ty,” =(n/ny) ty.° (A.119)
ty = (Nt t) =t t,” = (cosB,/cosh,) (ny/ny)t,,° (A.11b)
1+ =t T+ =), 1+ 1,7 = (n/n)ty,?
1+r,7,°= 1- (Y =t 5 1415 = 1- (1Y = ty, P, P (A.12)
n E°cosd Nn,008H; r 2 + N,c0sH, t,,? = N,00sH;
D: L
(4.29) ~ (4.32) SFG
L
(4.33) ~ (4.36) :
(4.29) ~ (4.32)
m SFG
¢)
(s P, )
Eg.= [LmmP + L mmyP, st
e [ i Y 1 - rmsrmz,s i Y 1_ rml.srmzs] me
P, (n, cosB, +n,, coD ,)(n, cosB, + n,, cosh ) 2n,, cosh,,
2n,, coso , 2n,, cosB,,(n, cosb, + n, cos ,) (n,cosB, +n,, cosb,,)
N 2n,, cosH,,
(n, cosB, +n,, coD,,)
il L v2yP,
~ (n cos8, +n,cos0,) MY
(P Py )
r
Eg,(fromP) = [L wmP, + L P Tt
1-Tmplmep ~Trap e p
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cosf , (n, cosB ,, + n_, cosB, )(n, cosB,, + n,,, cosO ,) 2n,,coso .,
2n,,cos8,, * 2n,, cosB .,(n, cosb, + n, cosb;) (n, cosB,, +n,, cosh,)

N 2n,, cos6 ,
(n, cosB,, +n,, cosb,)

B cosf,
" (n, cosB, + n,cosh,)

P, =L w2xP,

(P P, )
E¢,fromP) = [L mwm Pz—l -L rrWPZF”’¢]trnl )
! 1-Typfmep R o
sinB,, (n, cosB ,, + n,, cosh, )(n, cosB,, + n,, cosO ,) 2n,, coso ,,
2n, cos@,, ° 2n,, cosB ,(n, cosb, + n, cosb;) (n, cosB,, +n,, cosb,)

N 2n, cosh,,
(n, cosB,, +n,, cosb,)

(n,/n,)sin®,, _ (n,/ny)%sing,
" (n,cosB, +n,cos0,) > (n, cosh,+n,cosh,)

P, =L 2P,

SFG +)
(s P, )
E'gs= [L p—ms 4 * P;]t
s — m/my y 1 _ rmsrmzs m/my y 1_ rmls s m2s

_ R (n, cosB, + n,, cosB ,)(n, cosB, + n,, cosh ,)) 2n,, cosb,,
2n,, coso , 2n,, cosB,,(n, cosb, + n, cosh ,) (n,cosB, +n,, cosb,,)
N 2n,, coso,,

(n, cosB, +n,,coB,,)
P
= Y =L 12y R,

(n, cosB, +n, cosB,)

(P Py )
E'sofromP) = [L mm PX¢ + L' mimxP, ;]tmzp
! 1-Typlmep 1-Taplnep '
cos0 (n, cosB ,, + n,, cosB, )(n, cosb,,, + n,, cosb ,) 2n,, cos6,
2n,,cosf ,, * 2n,, cosB .,(n, cosB, + n, cosb;) (n, cosB,, +n,, cosh,)

N 2n,, cosh,,
(n, cosB,, +n,, cosb,)

_ cosf,
" (n, cosb, + n,cosh,)

P, = L'u2xP,
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(¢ P, )

E's p(f romP,) = [L mmzP, LY + Ler/mzPZ ;]thp
! (R O 1-rgplmep ’
-sing,, (n, cosB ,, + n_, cosB, )(n, cosB,, + n,,, cosO ,) 2n, cosO
"~ 2n,cos0,, ° 2n,, cosB .,(n, cosb, + n, cosb;) (n, cosB,, +n,, cosh,)

N 2n,, cosO,,
(n, cosB,, +n,, cosb,)

-(n,/n,)sinB,, _ —(n,/n,)’sinB,
"~ (n,cosb, +n,cos0,) > (n, cosh, +n,cosh,)

P, =Lv22P,

g.ed.
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