HESEFSSTEISSSTEISSSEHSS
% "#

PEEITEIPTEISTSSTESSEEESESS
& % () "

PETEIESTISSTISSTEI$SSSES
% "!

PEEITEIPTEISTSSTESSEESSESS
) *

PETEIESTISSEISSTEI$SSSES

+

PEEITEIPTEISTESSTESSEEESESS

/012



%

%) %

HESTFSSTEISSSTISSSEHSS
% "#

PEEITEIPTEISTESSTEESEEESESS
& % ' () "

PETEIESTEISSTISSTEI$SSSES
% "!

PEEITEIPTEISTESSTESSEESSESS
) *

PETEIESTISSTISSTEI$SSSES

+

PEEITEIPTEISTISTESSEEESESS

/012



/012



3) 4 5

8

3)) 4

(5

5"



)



%

11 s *
111""5 "
11/ "5 *5)
11/1+*

11//% -
11/2% "
11/;9 -
11/<9 ) !
11/=

11/> =

11/@

1/%

12

121

12/*

122 )

10
11

11

1@

I



2)

/11
/111

/117

/111; %-

11/

/112

I, ).

111 ).:

1))

112
/1121
1270

/] *

21) )

%

/<

/<

/>

/>

21

2/

2/

2/

22

</

<<

<?



211) ) L7 <?

217/) 7" .5 =0
212) 7" 7 5 A % =2
21;A =@
21<% ) =?
21) ) 7" : >0
22 ) 7" .5 >/
2 @0
9 @1
1 9 @;
;11 @<
o Y @=
12* 7 @>
/ 9 8 ?2
2 9 8 2=
- 9 101
i< 10<
) 10>
<1% |, " x5 10@
</ ") ; 111
</1 ) . 111

</l ), . 112



</2), )

=1/1
=1//:

=1/2+

=1/<9

=127
=121
=12/+

=1229

11<
11>

1/0

1/
1/<
1/<
% 1/@
% - 120
), " 121
* 12/
12;
' 12=
+ 12@
12?
% - : 12?
1,0

1:1

1:1
1@

11



>1:

>/

>2

1</

1<2
1<<
1<@
1=0
1=1
1=2

1@1



1#)

?/



1#:
[#

2#

SH) .

@#

M,

10# "5
11#:

1/#.

12#

I<#.'

1>

27

1@
/0

/1

2<

2<

2>

2@



I1#) 5" >=

11# . ! >?
12# " ?1

[#) , 5 , 7=

I<# 8 5" ?7?

=# ] " 100

I># %8 ) " 102

|@# , 5 110
12# ), 112
20# ), 11;
21# ), 11=
2% ), 117
22# ), )* 1/ 0
2:#) ) 1/=
2<# 8 1/>
2=# 8 P 120

2># 8 , 12/
20# 8 + P " 12;

27# 8 12=
;0# 127
1# B 1 1,2
7 "5 * 50 1;;



n# "5 * 2 1<
<# T 8 1=
=HT 8 1>
SHT 8 1;>
@# 7 5 1@

SOH @;, , : 1<>
<0#). : 1<@



8 .
( 5
5 5
(5
3C<D4 " 3C /00D 4 5"
E1F C20
E/F
E2F
5
E;F( E<F( , E=F(
E>F (
E@F



-6

3 4EI10F

5"



%

E11F



E1/F

non

E1F

%

E<F( *

3*4



C/IO H(

El<F El1=F



E1>F

5" (

E<F "

(5

%

% " 3% 4

E/OF "

3%)9 4

5 "

)9 4E1@(1?7F -

8 5

% " )9

" E/1F

5 E/IF

n



%)9

E/2F %

8 E/

()9

F

3C1,/14

%

(5

39 4



9 5 39+%4
5( B
5 B
9
5

9 (

non



5 9%

E20F 5

5" (

B E/M?F

19 (

"E21F 5" (

E/>F

E/@QF

(9~



E2/F

E2;F(

5||

10

%
8

" (

5%
5E22F 7

55



( b 5
% B
B
B 5
E2<(2=F " ! (
5" ( - 5
6
5
E2>F(
!
0! Nk

%

11

5(



7 (

5 E2@F

" 5 n

5(

:ODH

3/0,<0!'4

/ , B

E2?(;0F %

1/



E;/(;2F

5 E;
E;>F(
" 5
5" ( 2,
5
5
%
55 ) "
E:?F 5
E<OF 5
" !
% " 5 "
5 mn

=F 5" (
- " 5
- 5
5
5
( EQ@F
" " " E<1F
" E</(<2F

12



8 5
E<>(<@F E<?F
( 5 ' B
n ( 5
(5 (!
n L) ) B
- 47
5 e ,



E=0F( E=1( =/F(* E=2( =F(

E=<F( E==F "

" E=>(=@F 5" (

" 8

8
(

5
5

" 1?20 E10F 5 l'5

3 4 8 5

v * 3* 4 E=?>1F(5

1<



3) 4 5, 3)) 4 5

W 5
$ kx| x m
% 5 * 1
9 3 <0#<0
4 5
5, ( "
" 5 5
5 3 (
4% « ., " "
( 4 8
( : 3 4 *
3 4(
* 3* 4 ( ("
" 8 K "
5 %,
5, 3, 4 ,



Broadband
Source

Reference mirror

!

Beamsplitter

v

Photodiode
Detector

5 B
*
Sample
5 M
Z‘l ZZ ZS



o
4]

Intensity (a.u.)
i

o
[

Z, Z,

) 100 200 300 400
Reference Mirror Position (um)

" $
&

%

(*

3) 4 5,

500

Signal
processing

_—

1 T
Za’
- 05 Z,
3 »
8 Z /\
| I N
z
3
=
= 05
Zl Z2 23
o 100 200 300 400

Reference Mirror Position (um)

& |
+
+ , &
3* 4
5" 5
#
* 2%
( 5" 5
* n
/0o "

1¢

500



1] 5 n

4*

I(!5

17

E=
?,>1F 8

5"

%

E>/( >2F



(*

" 15 8 B

8 B

E>;>@F )

Spectral domain OCT

Reference mirror

Beamsplitter

Broadband
Source

Diffractive
Element

AR

Spectrometer

Sample

I
2 4, 4

Swept-source OCT

Reference mirror

Beamsplitter

Wavelength
Swept Source

Photodiode
Detector

Sample

2 2,2

$ )* (S

)*((

/0




Wavenumber pm- \

Z,

Wavenumber um

/ Wavenumber pm-

0.8
I Detected Spectral
208 Interferogram
z
£ 04
£
0.2
9. 7.4 7.6 7.8 8
Wavenumber (um™1)
Depth-resolved A-scan
FFT of scattering structure
250 T T T T T T T T T
200+ B
3 150F .
2
2
8 100F 1
£
50 Zy Z, Zs
A Py T T
! ! : ! :
" H A H L fi | fi L H A! A‘
-gOO <400 -300 -200 -100 0 10 200 300 400 500
Depth (um)
& !
% !
b
! &
1
: 1 , $
+
$ 2 ! '
1

/1



$$

11

(15

*

%1

(5

8 (

E>?F

5

-11

I

3114



(L

5 (L

12

3124



E>?( @OF

1 5(
— 314
5 5 8
( ( 8
L 5
( (
— 31<4
5 E>?F
—J 7 > 31=4
5 (
(
5

E>:F



31>4

5 P 5 %, )
8 ( 5 ( 9
5 ( 5
5 E2@(;1(>;( @1,@2F
5 E2@F 5 E>F % (
5 !
E@(@<F - 5 E@=0@ F A"
5 " 5 5 E@?(?0F
5 1 ! 8
o
& n
% 5
5" (
EJP(QP4 . 5 5

/<



( o<
5" 5 5 )5
5 n ( 8
" E?1F % - " /P 5
' 5
- 5 5
' 5 8
A True object
phase profile
e T T 3A AOPL
T {wavelengths)
Phase 4. -+ + o
(rad) £ i
n T =1 -1 T A
0 =" Le="""A L= 8
| Detected wrapped Lateral
profile Position
B €
[0 True object - 3k AOPL
T phase profile b (wavelengths)
Phase . ¢ + o
(rad) £ | i
21 + === | -+ A
0 1 e —
T Detected wrapped Latt?rlal
profile Position
3 4 $ 56

"78



% 5 " "
7 5 5 5 - % 8
P( 5 "
" % * 5 " 5
)A E?/( ?22F(5 M
5 N "
] . 5
. . 8 (
" - 11
" 5
(! *
5 | "
5 #
( ' s& &
5 E,P(QP4(
5 " 5
5 5" " 5 (

/>



%

%

(5

/@

%

1

5



$&

I $&

1?

%



%

20



(5

" (5

3 .
) 4 E?;( ?<F
><F 5

(

21

%

5
<2 E?F

(



*1 N

515 ).

*

%

5

. E>?(?=F 5" (

51

5 < 1,/

2/



"8
5
2>l . 5
- <,/0 10
" $4 (0 $
) 5
5
3* 9 45 R 00 >@0
(5 5
5
/004 O (
/ID 8
5
"o %
5 8
5 5

5
0<
* = 0p
5 #) !
LRO>0 %/81
" 3G (%8 "

/08 B "5 5
5:D "

3.8 1%=/4 5
3% (/0;@ 8 45

o

22



" 5 3+ 9 ( SO0/<T4

E?>F
"I$ % 4
L 5 ]
5 8 5
, 7 "5
«
* 1/0%, H, 5 1=0D
5 - 5 100, /< 5 8
, < " %, !
" - 100 |, -
5 1 -
100 , 5 5
- * > 5



-
9 (%4
TEMPERATURE | OCTENGNE |
/ NL |/ scannING
[ cEL T oercs
| CLIAMDED ! s
\ AT NV =i ', — — —]
— COMPUTER
[ cp ) _[POT CPUSE
\ / SUPPLY \ GENERATOR |
MICROSCOPE = » m » Opticai signai

— clectrical signal

D (%4

2<




%



* 13 4(

" * 1/3 4(

1020 ms
1620 ms
Amplitude [log(signal)] Phase [rad]
< | I
! &
# "
, 6"
% |



1020 ms
1620 ms
Amplitude [log(signal)]
60 &
! &
# "
& & !
6" %
&

2(¢



%

%

%

"6

27



Phase (rad)

E?@,100

Depth (um)

Phase (rad)

0 20 40 60 80
X Lateral Position (um)

Coverslip
—57um
7.6um
11.4 um
———15.2um

Time (sec)

F)



% - " 5
5 1<0!" ( - 55 A
% ! 5
* ( ) - 10 (
)
).
(5
% ) S
(
!
$ # &&WN$" $ % % $
7 )..5
( (



8 ).
)
E102,10<F
3).4 5
8 5
).
1" %
).
(

E101F

E10 IF

(5

%l

(5



(

- 3/ 14(

5

3/ 14



N J o 3/ /4

- 5
"y ,
E10=F
1'% " *' ]
) .
(5 5 K 5 :
(
) ( 5 3 4( 5
5 5 5 (
5 )
5 3 )1
5 %, 45 0 1@ 7( 5
3)/45 02> 7 B
3C<0D 4 , 5
5 ) )5 5
5 I<OD  * %, (



$ $0($4 & )* (

$0(%4 "6/; + 6,71 $
(@% A B;/ CAB/k *@ (
( 4
« c1 (+ Cl ¢#
X
& )
& ! )*
$0($4
D E(
& ( & & &
|
$



8 n mn
"5 5% % , '
( 2< H 27 H 5 5
" no 5 x o
/41 1
1 & &
& & 3
FG
$ ' 1'% /3! *
mn 0+
“ 5 5 5" (5

5 ( 5 * 1<)15 "



5

)1

5

100 (0 0=
*  1<34 *
) 5
- 3/14
100 (@ 5"
* 1<34 34
(
5
%,
5 100 D
( 5"
5
(5 <@;
5
5 )A

Y5 @0 '(01

1<34

)1

)1

@0 '(?

<0

2:?

5" )5

%1

)

E>?F



)*

C/D

341

()
% !

*H#
!
%

&

$0($4 $

$0(%4 ) *$
(s )
)* )

5 34 %

% /08(0<A% B

%



" 10



o $0($4
9 $0(%4 ! '
' | . <?1)*
) * $0($4 !
; /2?1 .
$0($4

<C



! 5
5 5
1/
C1D
/ n
1=@ :
2
(
5 (
55 "
¥ 1=34
E?=F 5

34
34 5 -
34 8
1:2
34 5
" 5
5
! n
"5
1/ %

<1

117 1

T %



)A

%1

@H( 0@ H E10@F

8

)A

E10

%, /0

E10?( 110F 5

1" %

(

>F
5
5 1
cL (1!
H(
8
% ) ()
E>>F 5
(5 5
% (

</



A%

)A

5" (

B

n

%

<2

10D

%

(5



(5

%,



$ n 1 *
5 1
- 5"
- E<>F
E111F "
E=0F(
E=2( =;F(
!
* , 3*
, 5
A E=?,>1F
5 ( ,

"%
(
E=1(=/F(*
E =<(11/F
!
4(
3 ,

3) .4

<<

4(



5" (

B

%

%

3) CAE?(7?<

E?<F(
5E

E?=

E?:F

S?PF( !

JP QP.

E112F(



5" 5 5
5 ) .(
" E?U(?<F % - "P
5
E11;F - 5
! (5 8
£
5 E11<F
5" 5
E11=F
E1/0F
5 5"
5
5" 55
UH/(5
5" % -

) 5

E11>,117F

5" (U(5



5
(5
5
E1//F
5 n
5
R
5 5
!5 "
( (

H/

5

" E11

<(

85

%

%



%$ % (" )*

$ * 11
* ()
5 »
J 3214
5 ( %
( 8 ( ! 5
8, 5 !
E>?F 5 - 3214 5
-
3214 " (15
%, (5 ! v/ 8 !

N 32/4



— 3224

5 ! (
5 ( 1& 5 (
5" /
)
% " " L
! 5 7 "(( !'5
( 5 15 8 -
32 24( H/ 5 5 o)
V( P 5
5" ( ))* (5 5
% ! 5 5
5" 5
5
$ " 1 ,
* 5 "5 + ( 5 U



/P

( 1& o, (

32:4

1& %,



)A

%

- 321

E1/2( 1/;F %

(5

5

5

55

32<4

(+



)A

5 (
5 (5 +
X
' 1 1
(
E>?F
"
(
5
E?;F
-32=45 -3224

& (

E>0F )A

oo "

)A

32=4

32>4

32 @4



5 /| & +&

5 34

5 WO3L!/QNL! 14 H3LQL!/4

L!

. 32=4(32>4( 32 @4

10 L(

5 ( &
5 5 ( & & (
18 % & #E&( 5" ( &
5
55 5(5
( 5
J ( 32724
5 5 %
(5
( 32104
5 +
( 32114
5 55 5



)A

"

- 32 @4

%, ( 1]

0 0(

&% OO0

/I &

& w,

& %,

&(

+& & &

321/4

32124

3214



% (U
55 5
5 n
5" (-32124 " %,
5
& %, 0 5 5 5
5
57 5 5 "
- 3274 &% O0 5" (
* 5 5 5 (
JA. 5 5
( - & »,
U

9 n
)A
5 R
& %, %,
n (5
% ' - X
- 5 & %,
5
(! %,
5 5 "
5 5
5 8 B
w, 5* 1@



5 5 3YR

- 32124

8 & w, )A
=2 2 ?2: 5
== 2 5"
5 5"
5
& w, "
%, 3 4 55 5
A, "5
0 5"
8 %

1, RYS/0 4 & %,

- ! - 32104 32114

1] 5 5 n

Il
\

1& 9%,



$ &4

* H+



E11>(1/0(1/<F % 5 5" (

- 3224 " ) "
5" 5
" 5
5" 5 " 8
5" 5" ( "
Z 05 !
5" ! 5 QH,15
" 5 _
$ ( * k% U
: 5 #
1%- 5
/ " |
2 Kk ( 5 ( *k
<% 5 + 5 5
=, = 5 5

)



@ )
5 5
- .
5 5"
%$ % ( &
) 5 * 17
c .
3G %8 " /004 % !
* (R C>?0 LRC>0 45
<>D
% %(/0;@ 8 (1?!'4 5
% B " 3G
" 5
B "5 "
3C//ID 4

1& o,

>C

/P

L& #&

- 3224

3*

3% (

(;08( 0 = A%4



< (34 !
) $ 4+ @,

I

%;

- 32124

@ @" @* -

>1

) @*
5"
<00 %,
%, * 5
"( + 55
5 55
!
& %,
%, 5



JA(5 5 ! %, - "

% 5 - 32=4(3274 32124 * 1@ 5
% ( )T
% 3%*:4 3G011(:! (
CloD (C1<D 45 " 5"
- 5 1<0D 5 " "
E?>F "6
5 8 ! 5
E1l/=F " A @ ; - 32>4(
" [00?25 <
75 1<0 D ( 120 "
5 B "
7 5" 5
(
5 ) / 5 ) oA 5 (
1008<0%, " /08=D 5 1<0
D 1<D 5 5"

>/



5 o1

11 O <816

( 102 =>2

8 >?0 E1/>F(
5" (

=>2 1 O <810 2 4 E1/>F

" P

El/@F
32 1<4
321=4

8 (

1 (
4  (
5 8
5" 5 5
-0:1D

>2



>0

1</

1& %,

)A

1=<D

2/ 2 220

5 11=

1<1QH,01;D

P

2100( 0 <\

("

?:>D 3YR

1,RY O :0



Step Height (nm) b Step Height (nm)
( a) 500 0 500 1000 1500 ( ) 500 0 500 1000 1500
[N T L

2000~
’E -
< 1000~ g 2000~
E‘ H % 1000~
g 0 6 3 05
@ B 1000 —__

20
-1000 = f
20 " 0
15 10 5 " XPosiion m) ¥ Position (um) 0
Y Position (.m) 0
(C) —— Synthetic Wavelength Unwrapping

""" Simple 2n Unwrapping (Matlab)

2000

1500

1000

500

Step Height (nm)

0 2 4 [} 8 10 12 14 16
Scan Position (um)

"6 4 ) * #
)* (! &

/P (

><



(a)

_ao00- o, 4000-

E =y £

= 2000- - = 2000~

£ : s £

5 2

I 0- I oo~

g g

@ 2000

. -2000
20 . z
15 10 . o X Posiion Gum) 20 15 10 s o X Position (um)
Y Position (um) 0 Y Position (um) 0

Step Height (nm)
-500 0 500 1000 1500

! 1JF "7 )* (,

& !+ )*
IJF

AF" &
( &



5" 5
5 mn
/134 5
8
3 -" (QH,R
5 5
5
8 mn
8 YPY5
/P
(1
(5 2
D .

(

5"
YPY 5" (
E11>F

H/4

2825 55

- 3224

5

QH,/P

QH,/P5

E1l/<F %

* /134

5 1<1QH, 001

5

H/



( "
5" 5 5"
5 5
7 5" 5
| 5 "
5 , " E?>F
5 ~* I 10008100
- /08 B " 3A%00<(1?D '4 " 5 "5
" 5 5 *
1134 5 5 5 " 5
% * 113 4(
I 8
5 I 5
5 % 5" (
5" 5 % ( 282
5 % " "
* 1134

"5

>(



* /1345 21 5" >

(@) o— I ) e

-150 -100 -50 0 50 100 500 0 500 1000 1500 2000
Cell Height (nm) Cell Height (nm)

(c)

& = )* )*



EV/F( 5"



&' 5 " *

E1/?( 120F
) 5"
E=2,
5
@@(121( 12/F( E?0F(
12;F(C " 5 E<(@;
(
E12=(12>F
(
* (
5

>1F

E@-=,
E><(122(

(@<(12<F - 5

E>?F *



E@;(

@-<F
5
! E2@( 2?( <OF
5 5 " E;1F
5 - 5
( 5 E1IF5
5 .
5 5
5 5
(
5 5
5 5
E12@F(
)A )5,
5
, E2/IF



5" (



8 8

57

3:/4



8 B "
D 3; 24
5 " 8 (
5" ( L (5 - %,
" 5 - 8
( ( !5 E>?F
3;:4
5 " 0%, ( 5 - -
%1
5
" 5" 5 5,
& % **' 5 "
5 "3 " " 4 "
" ( + *
" E127F( E1;0F(



)A EL:1( 1;/F(

E?2F %

P(

8

(-3;<4 8

)A

E>( @1( 1:2F

E>?F

E?:F % , (

E,P(PF(

P 5 -

- 3; <4(

3;

3;

<4



5

E?<( 1;;F(

E2@F

%l

(8

)A

%

14

- 3, @4 E?IF

)A

3;:>4

3; @4



- 3;,>4

3.

2

21( 22F(
5 n

%, (

5

El.<F :

)A

El<F

5

- 3;104

3; 74

3; 104



5" 5 - -
(5 8 5"
5, 5 5
5 - %,
x5 y
%, - - 3,104
15 8 "
« 5 35
5 4 ( 5 5
8 P
' " - 3,104
" 5
5 - 3;=45 8 4%
] 5 %, -
(] 5 A- -
(5 * :

3; 114



4'%$

5

)A

4'%3$

12

/101" %,

(

A

2+

3SS

1H

?C

5" ( 5,
2
5

8

S,
- 35 <(; =(
(@20 (107
( 5,

;114



%

%

5(,"

(5,

?1

%l

3;1/4



5 5 5
5 5 ,
1 8
8
, 5, A a8
8 5 5
(! $ & !
) ; S )
9 8 8 *
)A
3 4 \/_ ‘/_
7 5 0,
3s5 4 -
. ]
35 4
W v A
3s H 4

?/



8 5,
( 5 1T 5
5 * :
3) 9 ( ;0@20 (! O=0 4 3 (100!
(@>T (0@ 8 4 (
5 5 )A <2
' 1000%, 5 - ( 5
E<0( ?2F(
5, 5" 5 3 %8 ( 0100 (! 0100 (
100! '(<0T (12>=  H5 4
3A5* (@0:' 5 45 1/ ' 3% ' (<00
) HA4
- ( 8
5 5 5 39 (R O0?@? (LROO0OO; 45
- 5 5 5,
5 ,
5 -

?2



*5 " " 5
% 4 ‘
0>2>15 )
S5,
"5 5 -
8? "
" 8 5
E@OF( ! 5
5 "
* " 5
5 ' 5 !
$
DA 5 7<
5 5 @? ( 5
5,
% 5 B

5"
5
/00 %, "
- 5
- 0/0,
- 34
! mn
5 ( "
-3;,=4
(
5 <<
(

5

O0=?,15

3:124



95

% 282

5

20>

%

0@;0 (LRO;? (/0145

5
- 5
5
<1/8<0 5 8=
>=@ 5
* 5
" %,
5
El,=F

%

/<=8/00 5 8=

?<






%

5, % "
" "-312
- 3;114(
5
5, 5
" 5
5 5 -
, 5
5
, 5
"
5 * /<34 5
5

4 % - 3;=4(
5 89.1
5
89:1
5 * <34
5
E?1F
5 8
5 * /<3%4 %
5
A
8 :
" "5



, /01'3 ( 4%"
<1/8/00%, 5 - " "
" B 3).4 5 1=3%4 %
" <1/8<0%, 5 8=" 5
- , 5 " 5
* =34 34 5 " 55
! 5, * 5
5 - B /<=8/00
5 8=" , ). 5 *
|=34 * |=34 3*4 5 , *
I=34 34 % 02 5 *  [=34
34 0> *  [=34 3*4 B !
5 5 5, (
5 5 B " "

2



?7?



'O # % &

® ') *

I )$ * )*# (G4 3"+"66
¢ ! $

) ) *)$F (G4 "39+"66

I $

Y0* )* K !

(%
&

10C



I'$ $

)5, "
5 %
5,
("
7 5
5" P %
5,
A
5 - "5
5 " .-
8
%8
8 " (
E?/F

14(

101

E@;F(

4'%$



5 I 5" 5, ! 1 5"
" 1OLH( 5 5 "
5 5 * 5, (!
11 1011=>81®@ 11 g "
5 /;= H( 8 1/=D( /28
") ( 8
=00 D 5" (
8 ) ( 8
" %, 5 "8 "
3; 14 m
"%, % " " "
5 ( 5( " %
(* /I 5 :
5" 8 % "
( "
8 " * >34 5

10/

8

3:1:4

0 =02>810



5
= « $ 1& !
o8
).* $ & !
)*G ! , )* ).*
+ | |
@20
10;0 * (
8 5 5 55" 3 ;%
c/00 1 @20 ; «C 100 1 10,0 4E1>F
5" 3 ;000 * @20 ;001 1 10,0 4E1,@F

10z



o 3 %O /@0 A(; w=> 010

;. 12 1 @20 %0 /00 A(;u>00@ (;u=.12 1 100
AE1?F 7 ( c
/10T "
- 5" ( ("
, 5 * <34 5
" g ,
5 "
15 5 "
5
5 E1<OF
, .+ |=5 _ "
5 5, 5" ( * [=3%, 4
" - 3, =4( 4
100!' 5 5 1?2/ H 012@ R 0 10;0
* , 100! RO@20 ( « O1<0 H
5 5 5, ( 5

10;



, - 5" ("

: 5 B "
5
* , ( w022 H (5 01
* 5, ( 290 >/810 H
( 55 5 a%s 5
5" ( , 5
" 5 5" B
o 20,100 H E1(/<F
: )5,
5 ( 5
% 5 5 5
7 5, " 5 (
" 5 ,
" 5 5
|
7 " 5 " 5
" ; 5
5 5 (

10<



%l

%l

)5

10



(5

5
(5 -
E1<1F4
(5
"(
5
( 5
B E<OF
7
( " (

(
3) 4E1</(1<2F
;0 "E1<F

310 ‘4 8 5

10>



5

7@

(5

” *
( 5"
5 5 15¢
- 3<14
5" ( 5" ( !
5 ( 8(
( ? ( 5
5
(5 8 (
5 5
5 5 - 3</4
$ I # # #
(
( A

10¢

3<14

3</4



" _5
n 6 ,
o

5
15
-5
E<OF
!
1@ %
" 4 55

4 E;?F

107

E.@F



11C



%

%

(5

#%

3),

(

4

),

111



5 (
" B

5
" %
, 8 E1</F
: 4 E1<2(1<F
5 (
), 5 * /?

11/



SamEIe

Phase
modulator

Source

N

Beamsplitters

]

N

Reference
Arm
Reflectors

; ; Photodiode

112



3),*45

%8

n

11;

20



- ()l ' ’
*
(
5
5 n n
5 - mn
( $I 2 LI | |
7 )!
@20 3) 914
5 /I
5 % : -
- % : 5
3 (.%1/0%4 ' b
3% ' 4

11<

1/, (<00:)

21

%H



11

1,/ (

10,/0 '



$ %o#

*

21

5

2/%

3C=00D

3C,00D 4

2/

- 3<14

01

5

45

(1T

"8/ %

9H J< 9H

11>



%

2/

11¢



%) *

1/<0

),*

(5

5

117

<0

‘*O



- 5" " 8
5" 5 * 22 8 /0
" 5" 5
5 " -3;24 "
5 - " - 3<14
$( C )
& ).*
G ! 1 & &
3671 & "6
|
8
), - -1
g " (

1/0



(5

(5

1/1



E<OF

El<<F

"' B

E1<>F

5" (

El<=F

E2?F

1/



El<@F

E@?F( ! " E<<(@;F( 5
- E12<(1;=F
( ]
E1<?F
5
B - . 5" ( -
] ("5
* B ( 8
-
5 '3 4(
- 3 4 " 3  4E1=0F
) B
! 8
% (
( 5

1/2



E1=1F
(
"
5 n
%8
., El=/F
, E100F 5" (
%
E1=2F
5 "5
n )9
" E<=F
8
B 6

)9 El=F

) (5T

%

1/;



" 5
5
3+ 4 ,
El==1=@F(
B mn
7 8 5
/ &
+ LU | !
% 5 * 2
5, 3%8 (R
7 5
5 -
%, 8 %

5
El=<F (5
|
5
010=0 (LRO100 (100!45
%A) %
_—

1/<

1@



"5
/(!
/ <8/ <
: (
@2D
5
B 5

((

%

200%, H, (2

?00 ,

2>< @0T



El1=>

200"

1/>

|*#

9>
=@ (

).



5 8 E1=>F5 "
, % 5
3 A94 B % 1=D
A9( A9( 1=D
5 ( 5 * 2< 5 A9
" 3A*94 8 3.945 1
B 5 A*9 9 )
" B 3).45
, 5 * 2<
). +9Q .9 "
+  * *
- &

l/@



2=(

5||

5
5
5
5
B 5

1/?

)A



5
9 0+
& %
1 :
9 "% "%
5
a,8 5 - )
A9, 95
5 5
5
A9, .9

8 ")
&
5 .
.9( .9, A9(
) 9(
). 9, A9

12C



- ( $&

8 8 , 5
8
7 5
# , |
8
5 (
5 ).5
( - 5
5 5 '3S5/0 , 5 45
5 5
- 5
% 8 5 * 2>
(
). . 9,A9 A9, 9B
9

121



9 " E

% +

E1=?F

: 0+

%

12/

14

14



8
8
I 5
5 |
+ |
n 5 n
8 - 3=24(
+
| 5 "

! %

(10 -

<8< <08<0 +

122

24



"IE

(

%

; O+

#
5
5|
(
6
6( +, (5
, 8

;008;00 8

I

12;

(

).5 2008200 8 (

% I( =+ (5

5 5 E1>0F %



; % %
(
6 65 I "
& N 0
& $ %
| * 6( +,
- E : D(5

: e et

12<

' (L'

3=:4

3=<4

>4



E1=<F(5

< 0+

12

3% 4

E1>1F +"



*%*

%

N N N N

6 +,

12>

/08/0

(

3= @4
+&
3=74
69 9+,9(
3=104
60 I+, !



% 8 *%
9 "9 - E
% 5 5
" ( =1/; =1/<5
8
5
85 "
n 6 +’
) "
9 5 8

9,A9 A9, 9B

12

""5

27



+ $1

%

16 $

12

<0T



- ) =1/15 % - ( 5
) =1/5 , .9( .9, AY(
A9, .9 95
5 ( F+ 5
: 9
R+ ( ( 5
5 5 (
1 5
).
9 "E #
F+ 5 Rk o+,
) =1/; 5 -
5 5 5" ( 8
F o+ " kF+ 5 15¢( 5 5
| 1<081<0 8 '5
F+ 5 Rk +, 15

1.0



% (
=1/<5

*xk N

9 |/ E

) =12/ =1225

9,A9 A9, 9B

1.1

%



%
%

()

A9

"5

(5
9 %

2( 5 28,

1;/

n

2,



/

1;2

(G4
%

&



(G4

/

/Il

%



(G4

1o



O+/



/9 D

1>



2<

5"

(5

</@+"'

5

NG

3+.4 "



(5
El1>:F
% +
D (
5
8
E<2F 5" (

10,/0

E1>/( 1>2F

1;?



%1

% -

B (

1<(

%



/!

11



%

E:O

E=>(1><,1>@F 5"

(:2( 1>?F(
8
(
2,
|5  E1@OF
8

1</



(2

(

200 ,

(5

(5

5

1<2

[ <8/ <

200 %,

H ,



El=>F

1<;



5 ,
( " " 8 /, 8, 5
% 3A9%4(). 5
8 " /<D .9, A9 A9,
9B % ). 5 8 " 20
D 5 , % ). 5
8 5
0
% 8 @;, , : 5 *
%=8= " 5 - 310008200 4 " "
5 * 2% %= , " " /0 !
I 3* 7?4 ,
" " - " /<8< ! 5 *
;2 5 E1@OF( " 85 "
% 5 " " ( " "5
" " 8 3.94

1<«



1<=



L N DA e R
e e, 41 8 Tt A T

500 pm

/< i) )* & (G4
& 9+9 ).*9 . "6 & %
, ! )*)*. % & "3
& ' & )$'"3 . ! ) *
& 1 !

1<



5 (5" (

1<(

&

"3+"3



5, H (

E12=(12>F 5" (

5
"8 5 5"
%
5 5" (
5
" 5 "55
5
)A 5
% 5
% B
5 5

1<%

E??F *

(

)A



1

C



5% " .

%

1=1



1

/



1 "(& +5 () ) ( 9. (b

* 5 (b n
) "9(11/;,112/ 31?@<4
/ 7 9 (b b
A % 9(10<?,10>1 31??@4
2 & . ( , C ( " ( ) (
) (b 5 (b.

" (/@;,220 3/00@4

&* () d( . (A " ( + (9:) (&,

( )e (b 5 0.
" (2<?,2?2 3/00/4

< 9) ( :7"'(b 5
" (b I" (2@>,,0< 31?7?74
= % (% c)y . (9 _ (9:A (9:
. ( &: (b 5
" 8 " (b % &
" (><,@0 31?7?74
> ) 9) ( %) +5 ( b"5 #
5 (b ;6 (2@:;,,01 3/00?4
@ &). (b ( ( (b& _ (3 (/00/4
? 7 ( % (b 5 (b
& 5 (?72?2,?7,<317?2:4
10 ( %)5 ( .9(&)) (7+) (7 (:
(* (+ (%. &+*B (b
(b) "3/ (11>@,11@1 31?7?14
11 &* () d(b " 5 (b

D ([=>,/@7? 31?7@4

1=2



1/ &. ( "“(b *5" (b
"< (=1,>; 3/0124

12 ++ ( %+ (+ &+ 5 (. & (
_ (- C9'(& 9" IC A (7. O (9
) (b " ' 5 (b%
5 (>1>,>//3/0104

1; +9 (% & (. + ( ( b -

5" B *

3*4(b " (/11,/1< 3/01/4
1< A" ( 9 %" (b%: . *
(b "I (@/,@=317=14

1= * (b% 5 (b %

19 (<=;,<=< 31?7>14

1> Y7 (*& ( _ 5 (A _f ( (b
#: (b + g % 8 "
1:<,1<1 31?7@74

1@ *% B( & ." ( 9 + " (b
% " . + (b8
9<( 1:<,1<2 317274

1? Y7 ( % ( : (b: 5
# " " (b)"
( ()?<,)100 31??;4
/0 % (a) (&9 A ( * ( %: (7 ( &
(bA " "
" (b 8 "(1@=;,1@>=3/0114
/1 &% : ( % (b A" " % )
9! (b " (111?,/1l; 3/00<4
I GG (9. (""" Ynw ( b ""
n 5 mn
(b 8 9 (1/>;=,1/><=3/00@4

1=;



12 GG () ( a. ( ( ) %  (bA
: % (b
h ) 3"(;1<1,;1<>3/0114
/; ( %: (b
5 (b 8 (2/=;,2/>> 3/01/4
/< +  *I( 5( : ( + (&) ( & &7 (
b *5 A (b " "
) 6(<@,=<31?@7?4
I= &+ & (.+ ( * 5 A
9 *5 (b I (/1?<,/?? 3/00/4
/> ( A (b: 5
(b % "6(/0?>,/10>31?@14
@ 0O 9. ( ) (b9 5
"(b 8 33(;??,<0=317??/4
? )+ )% * &) (b 5
B (b% ; (/11,/1< 3/0004
20 a !'(:% ( _5 () ( *B (bA (5,
! (b
h ) 3(2@/<,2@2; 31??;4
21 a !'(:% ( _5 () ( *B (bA, (5,
! (b 8 96(2>2,2@2 31?7<4
2/ 7 (+ 8 ( + ( b
" (b ((>;,>? 31?7724
22 e (. ( ( 9) (b
n (b
% & "6 (1, 15>
3/0014

1=<



2, )" (b, 1

h 8 1 (<;,=>3/00?4
2< "( . (b
b& ) % :6(1/2;,12@ 31?@04
2= & + 5 (&.'(A. () ( "(b
# (b
h ) [ (2=07?,2=12 31?724
2> _oa( 5(b At
. : : : * 5(b
h ) s (2,5,2,?731??:4
2@ a7 ( % 5(&% " ( ( (b ™
5 * (b
& " 3/00>4
2? a7 ( % 5(&% " ( ( (b 5
(b & (0=;002 3/00@4
;0 a7 (%9(&+,* ( (&% ' ( (b:
5 o,
(b & < (=2;,=2> 3/00?4
i1 a7 (% *5( (&+,* ( (b 5
(b 8 : (;0=1,;0>2 3/00?4
i a7 (% % *5'( (% %) ( G ( (&% ' (
(b. ) ;
*5 A" (b
) 3'(@;0,@;< 3/0114
;2 a7 ("G ( ( (b " 5
R (b>@@70+,

>@@7?0+ 3/0114



. NORICE (% 17 (9
) (b *5 1 .7 A

(b (102@,/0; 3/0104
<  )*BI(__ (AA I5( a ) (b 5
* 5
% )" A " b& & 36(

21/,21> 3/00=4

= & +5( "(& ( %& I (b
5 5 b "
h ) (2<=,2=2 31?7/4
;> % : i" ( ( :.:10"(b 5"
5 " "
b & <(;12,;1= 31?27<4
;@ &) " O)Hik(C + () (7T T7(&+*B |
% (b~ " 55 (b
8 ; (1;>>,1;?; 3/0104
2 a)(.%!( & )B (9 " (9 7 (
b x5 )
b& % ) (20;,71;
3177<4
<0 (. (*_ (&&9( (& (%
(&) '( &+*B (b 5 5
5 H* (b 8 "(1<2?,
1<</ 3/0114
<1 7 ( (& & 9 (% ( Y (&) V(& +
*B (b 5 5
H* (b 8 (10;>,10=1
3/01/4
< ~7T (. ( (& ( )& (7 +(
: (b :
% " (" " h ) 3"(

=/?/,=/?? 3/0114

1=>



<2 __5() tO) s (a& (

5 " (b
< &* ( &G5'"1(&)7 ()
- (b 8
<< a_(&* (&)7 ( :)5
G5'l(b """
(b 8
<= (_ ( ) (/\a (_
7% (% ( &* (b,
" 5 1 )90
3/01/4
<> 7 (b. : (b
<@ *G (b5 " . (b
<? C9) (&% (b
8 n
(b& ) %
=0 _ (b. !
31?2@<4
=1 (* " - ( (b
- " b 9
=/ &: (9a( ,-9( :_ _(b
(b
=2 + . (9. (& (_
:)* (b* n
b 9 "<(/<02,/<0< 3/00;4

aa (b
5
8 "6(/[>?=,/l@1/ 3/01/4
5'C ) * (b
5

: (//120,///00 3/00?74

1=-@

0 &
5 "
"(1<0;,1<12 3/0114

% (. "
8 /(<1l=<
A 3/ (=>/317;;4
) " (25,27 317<<4

% 9(/1@<,/1?? 31?7?74

(b % " (20<2,20<@

" (1?1,/?2 31?7?74

g (@=22.@=2@ 3/00<4

( 5( (



= A9(7 (+. (! ( (_ ()
* (b’\ " * (b
% 9 (1@2=,1@;/ 3/00>4
=< P(+. | ( ) (b
" ( b 9 6(11=<,11=>3/00<4
= A9 (7 (_ " ( ( )0+ |
b " (b 9 (/0>;,/0>=3/00@4
=> % (+A ()% (: (& +*B (

( . ( 7. (b%
: "5 9 (b
% " 3 (L;/k,1;/@ 31?7>4
=@ 7 8 ( &+ *B (b)

(b. " (<,@0@ 3/00@4
=? 9 ( _ ( % ** (b.

(b 8 (@@7?,@7; 3/0024
>0 % (: ) (a( &% " (b)
5 * (b 8 (
11@2,/1@7? 3/0024
> &*  ( ( I( (+& (
b ' 5 :
(b 9 " (/0=>,/0=? 3/0024

>/ G ( %: (b* 5

5" (b 9 " (2</<,2</> 3/00>4
>2 : 5 ( (+. ( (b_,
* ! (b

8 9(@?1=,@7?2> 3/00@4
> % 5(:G ( &G5'"( &% " (b

(b& " 3/00>4

1=



>< aa ():!( (+%!(: ( a (b)
(b % 3(1@=1,1@=< 3/00=4
>> ) (% (&% (b, - B
8 B "X (b
9 (/;/=,1;/@ 3/00=4
>> %: "% ( &% ' (b 5,
8 B "(b&

6 (0=;00< 3/00<4

>@ _ 7 (b " 8~
(b % ) 9 <63/00>4
>? © % (% _ ()a" (
(0/;01; 3/00=4
@0 97 (a7 () + (&G (: (
b* - "
"I" (2;<,2<0 3/00;4
@1 %9 (9) (7 8 (% *
B '5!(b
21/1 3/0024
@/ ST (A (:.
%9 ( 9) (b
(b 9 (/?=>,?=? 3/00@4
@2 ya' (% : ( &% ' (b
5
9 "3(1;;@,1;<0 3/0004

1>0

&% ' (b 5
(b &

* (& G5
55 -

b 8 (211=,

(b



@; % : ( %) ( (:_ (A = (:
9 (&& (% (7T (% P ( " a (b) !
" " 5

(b 9 (1<20,1<2/ 3/00@4
@< &* ()5 '(Ca( ) * (b: " 5
" " 5

(b 8 3(1/=2=,1/=<2 3/00>4
@= _7( 9%(b

" " (b 8 : (@7?/=,@7;0 3/00?4
@> a_ (%: "( &% ' (b

5

(b 8 9(1/2<0,1/2=1 3/00@4
@@ ) 51 (% )" 5!( B '5! (% _5 '\
7B!5!1(b* 5" B )

(b 8 9 (=00@,=0/< 3/00@4
@? 7 (9% (.* ( & 7 (b ,
51 "
(b 9 3(1;=>,1,=?3/0104
20 + 1501 (C + " I(:) 5I( ) (% )" 5'( %
9 (% _5 'Y :7B!5!(b)
" ) (b 8 : (/2>2=,/2><; 3/00?4
?1 + (. 4# % '5G$% H4( 6l $ (+
@56 ( $%+'? 4'( 37 , (1??7@4
?/ ) a(+ & (& * ( (b:
5 - (b 8
[?>>,[??@ 3/00;4
?22 & () a(&* (+ & ( (b.
" - (b 8 (<;@2,<;?2 3/00<4
?; % (% _ (a( 9 "( &% ' (b)
(b 9 6(11=/,11=; 3/00<4

1>1



2< &( W ( ( .Y & * (b))
S GO 9

/121,/122 3/00<4
?= % _ (9 "( &% ' ( b "
5 , (b 8
@11<,@1/; 3/00>4
?> % _ ( &% ' (b " 5,
(b 9 "(2@@,270 3/00>4
?@ - C O (% (&)) (&)
'( &+*B (b 10<0 5 H*
100(000 ;00(000 8 (b
8 ; (/00/?,/00;@ 3/0104
?? _ (77 (: 5 ( ( (
b: 5, 5 10<0 * :
! (b 8 <(20;;,20=/ 3/0114
100 o+ &) " (a (& & (% ( &+
*B (b ) H* >0(000
21/(<00 8 (b 8 9(1<1;?,1<1=? 3/00@4
100 : ) O7 ( &% ' (b *, b
(b 9 (1;=/,1;=; 3/00=4
10/ Ga- (7 () (A9 (a.X *a ( (_
( :)* (b "
: , (b 8
10=@1,10=@> 3/00?4
102 ): A" ( & '"(% B (+ & ( (
b - - (b
9 " (/>=@,/>>0 3/00>4
10; 7 (a.( %: (b8
* 5 (b 9

(1=21,/=2; 3/00@4

1>/



10< % (: (9 ( %9 (b

* b 8
?/==3/00>4
0= ) a(+& ( ( . i &* (b,
: 12 5 (b 8
(2<?@,2=0; 3/0024
10> wl (& ( &* (b :
) % .. (b &
12<2 3/00>4
10@ __( 19" (b )
+ * 5 ) ) * 8 % (b
& " A " (;@1,;?;31?>14
10? (: 7B!51( &+ *B (b * . 9
3*:94#% 5
b 8 I (2/I<,2/2> 3/00=4
110 + 151+ (0) 5I( + )Y O (%
5 'l :7B!5!(b% 5 )
., ) b 8 . (:@:],;@<@ 3/00?4
111 + (b
(" ( (b
" (2/12,2ll@ 31?724
1/ +. (' (% (_ ° ( () * (
b - b&
9 6 3/00<4
112 &:5 (% _ (% ( % ( &% ' (
b) !
(b& " 3/00>4
1 ' ()Y (%9 ( % ** (b
5, 5 (b
9 "9(1@=;,1@== 3/0014

1>2

3(7I<;,

< (12;>,



11< (b%

(b % 9(1@<>,1@=031?>>4
11= a,a ( & 7 (b5,5" (b
% " (;<2?,52317@:4
11> &+ (% ! ( _ (b. 5
5" (b 9 " (11;1,11;2 3/0024

11@ & _d( (*: (% I ( a (.- (

(b , 5" 5

- (b 8 3 (>/21,>/;/ 3/00>4
11?7 ) (: !'( a '(b5,7" C) 95,

b& & % . I (@@;.0@;>
3/00@4
/0 A7 ( :_ _ (b9, 5"
(b 8 3(?/2?,?1;> 3/00>4
1/1 a (% 78( ( ) *( b/ :
5 5 " : 5
(b 9 " (>>,>? 3/00/4
1/ 9:1() ) (% : G| ) % (b+
8 5 (b &
) % % "3(11<=,11=; 3/00@4
1/2 (AA (&)A ( . I &* (b)
+ (b 9 " (
:0=,;0@ 3/00/4
1/; (L) ( )% (b%
(b&
<(1/@1,1/@> 3/00;4

< % _ (% a0 ( m( % n(
b) 5"

(b % /> (2/02,2/10 3/00@4

1>;



1= &% ' ( :% (b
> 53$(/ 6($) /$56'?@ 5/

3) (/00@4
1/> 9 ( Ji< 7=

l@ (_ ( a (b

5" P (
31?77>4
172 G ( : ( "( &)A
X
120 &% ' (: _! ()Va'" (&
5
b 9
121 _709%9&-(G:() O
b 8
12/ a_ (_:_ ( &% ' (b
b 8 |
122 % (: 9 ( (
5

3(;0@,;// 3/00>4
12, *& ():!' (ra !'( aa
; (12<@,12>/ 3/0104

12< 9a( G (b
(b &

122= )YG (. ( "I(: (
(b

(b
% (7 8 ( &+ *B

J$ % (,'?G$,% /% 3 (/001,/00/4
0

b % 9(>1<>,>1=1

(b

(b 9 " (=,==3177>4

( %&7 (b ""
" (1;,2?,1;;131??7>4
( %+ (b

3(;0@2,;0?> 3/00>4

"2

(1> 1@@ 3/00?4

9 ( %9 (b
" (b 8

(b. , -

3 (01=0/? 3/0104
H (%9 (

<(1/1>,1//> 3/0114

1><



12> )V (*& (:a (i ( aa (b

b 8 <(1/>1,1/@2 3/0114

120 &7 (+: ( :5°'( _ (b) 5
5 8 5
(b & 3(0:1<11
3/0104
122 . ( ( +' () «
b " b 9 I (

1><0,1></ 3/00?4

1,0 & 1 (+& ( (b ) .
" ®
" (@1;,@/1 3/00?4
1 HYa' (a(: ) ( &% " (b* -
5
(b 8 (;10,;1=3/00<4
1;/ A U { (), a( B (+ & (
( &~ (b, : ,
12D (b 8 (2?21,27?;; 3/00<4
1;2 7 (: . (AA ( ( ! (+ & (
( (& (b 5
o (b
8 (2;?0,2;?> 3/0024
1; (G (A) ( &% " (b) 5"
5 (b
8 : (<027?,<0<1 3/00?4
1< ) a(+& (& * ( (b. , 5,
5 (b
8 " (<=1;,<=/; 3/00;4
1= ):' (a (:a ( a ( aa (b
(b 8 | (>@/1,>@;0 3/00=4

1>=



1:> ) *1()9 & - ( 7 (7: ) (& "+ |

b . #% . 9 ) (b
9 ) : " (<10,<1? 31??/4
1@ &% ( . (b A % ) 9-
7 b& ) % / (20/,20; 31?<14
1,7 % (:* (_f (% ( +:d (b

7" ;00,/<00 (b &

[ (2=,=31???4
<o . " (% %") "(*A " ( + (
b) 5 " (b& * : w(122,,=31?2@>4
1<1 & . ( (:%) ( % : (b:

5" " ) ( 1
(b 9 " (<0=,<0@ 3/00>4
1</ % + . (+: ( % & ! (b,
" (b 9 " (1;>,1,?31?7@4
1<2 ! (. (.,79( ~ G (b
: (b 8

[><2,/>=1 3/0024
1<; .o () (%9 ( _ (b
e 5 )9O H 5
2 " (b 8 ; (12?2<,127;; 3/0104
1< G ) )& (b "#

(b & 33(>/1,>22
31?>14
I<= &))!' (9% a "( ) (& %) (% (
+ ) (L % ! (b

: (b
6: (>;/,><2 3/0004

1>>



1> 05 I (b 5 )

) b "
) " (1=7@,1>0< 31?@=4

@+ ( 7+ (b

(b A /; (?=0,2==3/00<4
1<? a&(& : (& ' ( (9 9 ( 9(7
(& + *B ( (b "
5(b 8 (21/>,212> 3/01/4
1=0 ):  ()9:!'Y (b *8
(A "5A 3(//?,/:0 3/00;4
1=1 % . ( (9. (% ( (b
. :
I<( 1/>>,1/7; 3/00;4
1=/ & G5 (% * ()) ( * 7 ( ( &)7 (
b 2
(. ). 9/'9 3/00>4
1=2 :* (. (G%: ( X (& & 9 (& (
& +*B (b "
%, (b 8 (11@/,
11?7 3/01/4
1= ) (: ( '5(+7 ( &) (b
. % ) n
(b 2?2/5F6J E 6'?2] E (#@%% % ? F ( 4
2FJJ@F3)  (/00?4( 100,10>
1=< 1 (9) ( (9 (: 9 (5! (bA
x #% S
: . (>1/,>/1 317274
1== )& ( % ( I (& % () * (b%
(b 8 (11/>,11:0 3/01/4

1>@



1=> )& ( 9(.A ( % ( &% ' ( )* (b%

) 5 8
(b 8 p (1?;12,1?;/@ 3/0104
=@ )& (&% " ( g9 (_. 7% () (
b % ) %: .
+ % ), (b "
) 3 (<2,=13/01/4
1=? ( (: ( _7 O** ()
* (b " 3 4" (b
8 "(/@>1,/@@> 3/0114
>0 :+") () ( & * (b 8
(b 9 (1<=,1<@ 3/00@4

1>1 )9 (+7 ( )a) (b) 5 "
. (b + (lhe.r;
31?77>4

1>/ G ( & _ (b

| % (b
8 ; (11>>/,11>@; 3/0104
152 &9(. (& (: ) ( 9 ) (b.
(b % 36(1@2/,1@2@ 3/0114
> % _( ( &' (b )
8 " (b %
/011
> %% (%*_ (&% ' ( % (b
5 ) % ,
(b 3(lo@2,1@7?0 1@@1 3/00@4
1>= O _ ( a: (b. 5
(b % & " (= @@,=?2
317774

1>?



1> +&& (& (b
(b % &

1>@ ) %+ (L

B8 "

"3 (>@2,>@@ 3/00>4

- 6 ( (
)+ 0O ) ( (b

A ) + (b
) 3 (20/0,20/=3/01/4
1@0 . (: + (a 5%
' .A) (b

1@0

: (1<=,1=?3/00;4

b+ g% 8

%* () (
A G
! h
( (. (+
Ib.



5 % (% & 1 0(1?@;
) (
% /00= 5
. /00= 5
"5 (1!t (1 5
22 (% (.:A (A) (&% ' (M
5 (N K ?2/5> /% (%% (/3@4(/1><,/1@@(/011
? 7 (% 5 (%) (A) (a_ ( & %' (M
(N > /%) EI %t /@;31?4(,@;>,;@<(
/011
22 (%_ ( &% ' (M) (N
9 A % N
* (%78 GG "I() (/011
? 2 (:G (A) ( &% "' (M) 5"
5 (N > /% (%% (1>3>4(
<02?,<0<1(/00?
)N (% * ( ?2 7 (75 ( &% ' (M
(N > %L (% (2;324(/@7,/?1(/00?

1@1



