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PhD

StT

50 mm

Ti-Saphir-Kristall

51,5 mm

61 mm

60 mm

375 mm

160 - 190 mm
Brewster Winkel 
Prismenpaar

Spalt

P2

P1

Spiegel

Strahlblocker

Konkavspiegel

RSp5

RSp3

RSp2

Sp3

RSp4

Sp2 Sp1

L1

Argonionen-Pumplaser
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FR

λ/2

Pockels-Zellen-
Steuergerät

Ti-Saphir-
Kristall

Zelle
Pockels-

3 nJ / Puls
96 MHz

60-100 fs

100 fs
1 mJ

FR :  Faraday-Rotator
Sp:    Spiegel

PSp: Parabol-Spiegel

96 MHz
1 nJ

Ti-Saphir-Oszillator

PSp

Retroreflektor

Nd:YAG

Güte-geschaltet
Regenerativer
VerstärkerGitter

Sp

Sp Sp

Sp

Pulskompressor

Sp

Gitter
1200 / mm

Pulsstrecker

P P

P:     Polarisator

600 Hz / 1kHz
9 W

Pulsisolator 1,5 mJ / Puls
600 Hz / 1kHz

Argonionen-Laser

frequenzverdoppelt
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^*1 > B:1 > ;@9B1D)+-.9B,.)]; /+9 = m 9 >?>@< 0)( ) < 0 < 0 > ^*)+)+,.-./+0+1+2"c43 cV0+1i?:9 = 9< 1+/+9 = ;K3
���! "��� ���(1 � "%$L35-�� ����� 143�� 1'"]"K-�
���F-�


^*)+)+,.-./+0+1+2Cc43 �]5u�^]`_a_`bdc�e�fgbdc #�]`_kjdl + ��z{~�i;t7_a~�t '"]`_X�
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$[A m ,�; = B > ;+B>0+,.9 < 1�-.9B)M9B1+/+9B1NH 9B-.- > � > ;@9BAC9B1�/+0 = FHG�UB0)(e90+G = 9B1Sl , > ;T9B,.1yUbV89B, > ; =@< G+-.,.2:9 = m 9 > 2>@< 0)( ) < 0N\ > ,.9BG+9�� < 0+,J;@9B-�d+3 d<_�?>B:1Z67B = ;@9B,.-v\ > ,.9BG+9X^*)+)+,.-./+0+1+2zc43 �i_W3>f�,.9T�%; =@< G+-J;@9B,.-.0+1+2�9 = (*B:-.2�;< 1 9B,.1+9 = ? <�= , < )+-.9B1D�%; =@< G+-J;@9B,.-.9 = 0+- < ;?;@9Z\h�E,.1�B > 3PG�B�;$B:1+,.F > _el < 1 /+9 = / <�> P 9B,.-.0+1+2 > ?:9 = G�9< -J;@1+, >1 < G+9 UB0_)M9B-.,.9B)+,.2�9B,.1 > ;@9B-.-.) <�= , > ;K3�&OA s��)0M9 = ,.AC9B1I;WV89 = /+9B1b/+,.9|?:9 =?> ;:9<�= ;I;@9B1 P ,J; < 1N5 � < 0+G+, = 2
T > UB,.-.- < ;$B = 0+0+- > 9 9B,.1+2:9 > 9Z;$UZ;M\ > ,.9BG+9 � < 0+,J;@9B-1c43@I:3@I:_W3<f�9 = UbV89B, > ; =@< G+-.,.2:9R^*0)( ) < 0 )M9B1�9B�;@,.2�;7/ <�>2:9 >@< A`;@9z� <�> 9 =?> � > ;@9BA \LT > UB,.-.- < ;$B = AC,J; = 9B2:9B1+9 =@< ;@,@?:9BA�679 =?> ;:9<�= ;�9 = _W3
f�,.9 > 9 > � <�> 9 =?> � > ;@9BA G < ;[9B,.1+9znT9 0M9Z;@,J;@,�B:1 >?=@< ;@9?>B:1�I 6)� � < 1 > ;@9B-.-.9 /+9 =*< - > ;+B:1I;@,.1%0+,.9 = -.,.FHG< 1�UB0 > 9BG+9B1+/+9B1��>����� � /+9 > P ,J; < 1N5 � < 0+G+, = 28T > UB,.-.- < ;$B =?> 3\089B,\9B,.1+9 = 3P0+- > / < 0+9 = ?>B:1QIkj>j �21>l
V <�> 9B,.1+9BA �E,.FHGI;�V89B2.?>B:1oO>j�%S� 9B1I; > 0 = ,.FHGI;rl1�#1+/+9Z; A < 1}(e90 = I 6)� �"nT9 0M9Z;@,J;@,�B:1 >?=@< ;@9^9 =?> ;1 < FHG�O>j>j�6�� /+9B1 1�9< FHG > ;@9B1=3P0+- > 3 &O1I;@9 = ( 9 = 9B1�Ub(&9< G+,.2bAC,J;C/+9Z;@9 ;I;@,.9 = ) <�= 9 = &O1I;@9B1 > ,J;:9< ; > ,.1+//+,.9*)M9B,./+9B1{P 9B,.- > ; =@< G+-.9B1 > B:AC,J;81%0 = l)V89B1+1�/+,.9*2:9Z;@9B,.-J;@9B1{3P0+- > 9�_9B2:9�/+0 = FHG+- < 0)( 9B1Sl]/+,.9�V89e21+,.2:9 =V< - > O>j�%S����9< 1+2:9B1+/+, � 9 = 9B1�U < 0)( V89B, > 9B1N3�$[A 9B,.1+9{^*0 > 2:-.9B,.FHG >?> ; = 9BF�;�9y(e90 = 9B,.1+9B1b/+9 =)M9B,./+9B1CP 9B,.- > ; =@< G+-.9B1ZUB0 9 = G < -J;@9B1Sl>VT0 = /+9X(e90 = /+9B1CUbV89B, > ; =@< G+-.,.2:9B1C^*0)( ) < 0 9B,.1 m ,�; = B:AC9Z;@9 = 2
3GB > ,J;@,�B:1+,.9 = ;@, > FHG AC,J;V9B,.1+9 = ^*01RG9B > 0+1+2o?>B:1=I�%S�Y9B,.1+2:9B) < 0];rl < 0)(*/+9BA > ,.FHGQUbV89B,T��0+,.9B2:9B-)M9b�#1+/+9B1N3�f�,.9 > (e90+G = ; < )M9 =C< 0+FHG / < UB0Sl7/ <�>?> /+,.9�9 � 9 ;I;@,@?QUB0 0+1I;@9 =?> 0+FHG+9B1+/+9ow -�9< FHG+9�9B,.1
0 < 1+/F?>B:1|O>j�%S� 0 = 9B,J;@9�/ <�=?> ;@9B-.-J;R\ > ,.9BG+9/^*)+)+,.-./+0+1+2Mc43 �i_W3p$[AL/+,.9 > 9]w -�9< FHG+9�UB0a?:9 = 2 = 9Bg�:9 = 1Sl9 = G�9B:GI; A < 1 /+,.9M3P0+- > ) = 9B,J;@9+l�V <�> /+,.9���0 > ; < 2:9�?:9 = 9B,.1)( < FHGI;rl < )M9 = < 0+FHG�/+,.9�E9B, > ;@0+1+2 > /+,.FHGI;@9
0 = B{3P0+- > ?:9 =?= ,.1+2:9 = ;K3vf�9 = P ,J; < 1N5 � < 0+G+, = 24� <�> 9 =?> ; =@< G+- G < ; G+,.1I;@9 = /+9BA �MB:AC0 = 9 >?> B = 9B,.1 9B-�2-.,�0];@, > FHG+9 > �%; =@< G+-�0 = B+�#- AC,J;V9B,.1+9BA 2 = Bg�:9B1 f�0 = FHG+AC9 >?> 9 = ?>B:1 c|�1Ikj����
� G�B = ,�U B:1I; < -80+1+/9B,.1+9BA ;%-.9B,.1+9B1`f�0 = FHG+AC9 >?> 9 = ?>B:1 du�GIkj����
� ?:9 = ;@,�; < - 3*��B:AC,J; 9 = 2:,.)]; > ,.FHG 9B,.1+9 w -�9< FHG+9
?>B:1 Ik�C�~Ikj����~�.-C0+1+/ )M9B, 9B,.1+9 = 3P0+- > -.9B, > ;@0+1+2o?>B:1 d��VU 9B,.1+9}3P0+- > -.9B, > ;@0+1+2 > /+,.FHGI;@9{?>B:1
Oy��Ikj�(�� U + �.-Q\ > ,.9BG+9 � < 0+,J;@9B-zc43@I:3 q>_W3*�4,.9[V89 = /+9B1 AC,J;?;@-.9 > UbV89B,.9 = ,./+9B1I;@, > FHG+9 = t < -.,.-.9 B�2
w#9 = 1 = B:G = 9DAC,J; /+9B1=�E,.1 > 9B1%) = 9B1+1iV89B,J;@9B1 �aIkj>j5�{� 0+1+/ ��O>j5�{� < 0)(�9B,.1=f = ,J;?;@9B-T,.G = 9 >
f�0 = FHG+AC9 >?> 9 =?>^= 9B/+0�UB,.9 = ;rl > B�/ <�>?> /+,.9 < 0 > 2:9B-.9B0+FHGI;@9Z;@9"w -�9< FHG+9{Ikj ��� � - )M9Z; = 9< 2�;rl1V <�> 9B,.1+9
�E9B, > ;@0+1+2 > /+,.FHGI;@9N?>B:1�O"�EIkj�(*� U + �.- 9 = 2:,.)];K3�f�,.9�)M9B,./+9B1 P 9B,.- > ; =@< G+-.9B1�G < )M9B1Sl�)M9b?>B = > ,.9< 0)(7/+,.9|3 = B:)M9B1U0+1I;@9 = 9B,.1+9BA t - < 1�UbVT,.1�;�9B-�?>B:1��n� q>K��*; = 9 � 9B1Sl<�?9bV89B,.- > 9B,.1+9V2:9BAC9 >?> 9B1+9AC,J;?;@-.9 = 9�E9B, > ;@0+1+2Z?>B:1N�5� U \ > ,.9BG+9W^*)+)+,.-./+0+1+2"c43@Ikji_W3
f <�> 9B1I; > 0 = ,.FHGI;*9B,.1+9 = 3P0+- > 9B1+9 = 2:,.9
?>B:1 ��%	�\3�089B/+9B1�;I; A < 1SlP/ <�>?> G+,.1I;@9 = /+9BA �MB:AC0 = 9 >?> B = /+9 > � <�> 9 =?> � > ;@9BA > dij>j�%	�=UB0 =
679 = (e90+2:0+1+2 > ; < 1+/+9B1Sl > B > ,.1+/R/+,.9|679 = -.0 > ;@9C/+0 = FHGb�%; =@< G+-J;@9B,.-.9 = l'��0+,.9B2:9B-P0+1+/��E,.1 > 9B1 > � > ;@9e2AC9�G�B4FHGN37f < AC,J;`9 = 2:,.)]; > ,.FHG�9B,.1+9y3P0+- > -.9B, > ;@0+1+2 > /+,.FHGI;@9F�?9��%; =@< G+- <�= A < 0)(*/+9 = 3 = B:)M9yUB0
K�>Ikj�(*� U + �.- 3

^*)+)+,.-./+0+1+2"c43 �]5� bp_�
.]=8�s�_;]`v��z{ia~uc�o1,B_X|}t7v c7?.]`o #�]`i�fd]`z +#�]`oJ��c�o3#db@?.]`oux bpv{_Xx*i`bps�vw]`o>]`iS,Bzyfdx�_az$8�s
bdc�_ #�]&? ��z{o�e*bpv{v{_���z{o�~�]`v�� c�o3# #�]`i
��c�v{_av0/bpo1,d]7�

H 0 = m ,�; = B > ;+B>0+,.9`/+9 = 3 = B:)M9B1uVT, = /D/ <�> -R-]f�2�� < AC9 =@< 2�08,.-./)?:9 =?> ;:9<�= ;�9 =?> � > ;@9BA AC,J;X?>B = 2:9e2> FHG < -J;@9Z;@9BA m ,�; = B > ;+B>01B:)<�?9 ;I;@,@?�9B,.1+2:9 > 9Z;$UZ;K31f�,.9M3GB > ,J;@,�B:1+,.9 = 0+1+2Q/+9 = 3 = B:)M9B1 ,.A �_9BFHG > 9B-�2
VT, = ;%0+1+2 > ?>B:-.0+AC9B1�/+9 = � <�> 9 = 0+0+- > 9P9 = (*B:-.2�;E/+0 = FHG^9B,.1+9\AC9BFHG < 1+, > FHG+9��al �|l H~243GB > ,J;@,�B:1+,.9 = 9B,.1+G+9B,J;AC,J;{c+j5�E� ^*01RG9B > 0+1+2�/+9 = /+, � 9 = 9B1I;@,.9B-.-.9B1 m ,�; = B:AC9Z;@9 =?> FHG =@< 0+)M9Q\ � < 1�B m < �<2�P[�1l m 9B-.-.9 >
t = ,�B�;e_W3 f�,.9���0 > ; < 2:9�/+9 = 3 = B:)M9�,.A � <�> 9 = 9 = (*B:-.2�;a0+1I;@9 = ;+B:1i?:9B1I;@,�B:1+9B-.-.9 = f�0+1�;�9B-@( 9B-./+)M9e2-.9B0+FHGI;@0+1+2CAC,J; /+9BA m ,�; = B > ;+B>0N3
^*-.-.9 m 9 >?> 0+1+2:9B1��#1+/+9B1R,.1U9B,.1+9 = > 9B-.) > ;^G+9 = 2:9 > ;@9B-.-J;@9B1r�{90)?:9Z;?;@9+l'/+,.9a� < G+-@V89B, > 9aAC,J;WnT,.1�2
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2:9 = -�9B > 0+1+2zB4/+9 = lI1 < FHG 0+A > FHG < -J;@9B1 9B,.1+9 > 679B1I;@,.- > lIAC,J;79B,.1+9 = )M9B-.,.9B)+,.2:9B1'���~24��9B > 0+1+2^/+0 = FHG�2> 0�90+-J;ZVT, = / > ; < ;?;K3�3[,.9 = )M9B,]VT0 = /+9�2 =@< ?4,J; < ;I;@, > FHG�9B,.1�AC,J;?;@-.9 = 9 = 67B:-.0+AC9B1 > ; = B:A ?>B:1�9Z;�V <
��� c���� + � �L��9B,.1+2:9 > ;@9B-.-J;K3�f�,.9Z��9B > 0+1+2:9B1�VT0 = /+9B1�90+)M9 = 9B,.1+9"nXB:-.-.9B1�0+0+AC0M9 < )+2:9 >@< 0+2�;K3

^*)+)+,.-./+0+1+2�c43@Ikj]5}��i;tdfd]`o�s\bpv xy]`i�c�o3#�!�]`vw]7c98�suxac�o1,5#�]`_"jdl + ��z{~�i;t7_a~�t '"]`_X� ��]`i m v bpo�h
_���z{o�~�]`v
fd]7x*i /b ,\x � ��q>K�� fd]`z�]`z{ou]`iD?�z xax*vw]`i;]`o��]`z{_Xxac�o1,�|}t7oN�5� UG'/i;t'j/x*i`bps�v bpiC?��
f <�> �{90)?:9Z;?;@9B1i?>B:-.0+AC9B1 )M9Z; = 9< 2�;C(e90 = ;%-.9B,.1+9@�{90)?:9Z;?;@9B1 9Z;�V < q>c+j�%���0+1+/ (e90 = 2 = Bg�:9 9Z;�V <
I����O3�H 0 = 679 = AC9B,./+0+1+2z?>B:1{w�90+-.-.G�9B:G+9 > FHGiV < 1�;%0+1+2:9B1�, > ;8/+,.9��{90)?:9Z;?;@9�AC,J;�9B,.1+9BA f�9BF�;%2:- <�>< )+2:9B/+9BF�;I;K3
f�9 = 0 <�=@< -.-.9B-#/+9Z;@9 ;I;@,.9 = ;@9MnT9b( 9 = 9B1�U UbV89B,.2Q, > ;�VT,.9*,.A 9B,.1 > ; =@< G+-.,.2:9B1.s��)0M9 = ,.AC9B1I;
< 0 > 2:9B-.9B2�;K3
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Graph 1
Referenz: BBO 0,7 mm
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Leistung / mW

 0,4000 V / 12 x2

 0,4100 V / 15 x2

 0,4200 V / 18 x2

 0,4300 V / 22 x2

 0,4400 V / 26 x2

 0,4500 V / 30 x2

 0,4600 V / 36 x2
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089B, >4365< ;@9 = 9B1R�d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; > AC9 >?> 0+1+2:9B10989 = /+9B1 >4: 9 : G+-<; : A>=PG : ; : AV0+-J;@, 3 -.,.9 =@?#< - >< 0+FHG$; : 1 /+9 =BA8ADC 7�� < AC9 =@< 1%0 = � 3#< 1+1%0+1+2:9B1 3+=4:E3F::= ;@, : 1 < -�GB0 = 9B,.1-H < -.-.9B1+/+9B1@&O1I;@9B1 > ,J; 5< ;< 1R/+9B1 < 0-H2GB9B,.FHG+1+9B1+/+9B1�= A < 0 > 2:9B2:9B)M9B1N3 &O1r� 9B1+1I;@1+, > /+9 = 9B,.1+2:9 > 9Z;IGZ;@9B1 �E9B, > ;@0+1+2�, > ;^9 >A 5: 2:-.,.FHG^AC,J;?;@9B- > GB0-; ::=P< 0-H 2:9B1 : ACAC9B1+9B1D� < -.,.) = ,.9 = 0+1+2:9B1^9B,.1+9KJ*0 >?>@< 2:9 50+)M9 = /+,.9�/+9Z;@9@LI;@,.9 = 7;@9��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;MGB0 ; = 9 � 9B1N3 C ,.9 �d387��4,.2:1 < -.9 < 0 > /+9B10= =4: )M9B1N989 = /+9B1O; : 1�9B,.1+9 = %QP����	�R7

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50

0

200

400

600

800

1000

1200

1400

1600

1800

2000

230201_7
Graph 1
Referenz: BBO 0,7 mm
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Leistung / mW

 0,4000 V /  8500 x2

 0,4100 V / 10200 x2

 0,4200 V / 12400 x2

 0,4300 V / 14800 x2

 0,4400 V / 17600 x2

 0,4500 V / 20500 x2

 0,4600 V / 25800 x2
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W ]`o ��sF1�xX1 ?.c�v x*z '/v{zw]`i-+ j7'�bpo�ouc�o1,d]`o
|Y17o[Z-,I\]ZEZEZ �Pfpz{_^Z-,I\i�EZEZ � ��c�i-+#�]`o_.
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J C 
 C Ja7�$[A > 9Z;IGB9 = L <�= ;@9C0+1+/_9B,.1+9BAb= A < 0-H 2:9@GB9B,.FHG+1+9Z;K3 C < G+9 = 9 = H : -.2�;^9B,.1+9 C <�=?> ;@9B-.-.0+1+2
�]c
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AC,J; G 989B,.A < -�P Z \B� =P0+1 LI;@9B1 H 50 = �Bc0���P,.1+2 < 1+2 >?> ,.2:1 < -N,.1 /+9 =�� 9 >?> L <�= ;@9�3 C <�> �d387��4,.2:1 < -9T0 = /+9�AC,J;`9B,.1+9BAJ0�0�� 7	� = 9�
%0+9B1 G ;:9 = / :E3 3 -.9 = L = , > ; < -.-DL < -.,.) = ,.9 = ;K3 C < H 50 = 9T0 = /+9�/+,.9 = 9 > 0+- 7;@,.9 = 9B1+/+9��d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; ? /+,.9C/+9 = =PG : ; : AV0+-J;@, 3 -.,.9 = 50+)M9 = /+9B1 < 0 > -.9 > 9B1+/+9B1 � : F LE7y&O1 7
� 9 =?> ; 5<�= L�9 =a< 1_/+9B1V= A < 0 > 2:,.)]; ? )M9B, ;:9 =?> FHG+,.9B/+9B1+9B1�=PG : ; : AV0+-J;@, 3 -.,.9 = 7 � 9 =?> ; 5<�= L%0+1+2 >?>43#< 1 71%0+1+2:9B1� Z-,I\]ZEZEZ � )+, > Z-,I\i�EZEZ ��� < 0-H 2:9@GB9B,.FHG+1+9Z;K3 C 9 = � : F LE7y&O1 7 � 9 =?> ; 5<�= L�9 = 9T0 = /+9`,.A��T9 7
H 9 = 9B1 G@G 989B,.2 AC,J;�9B,.1+9 = �P,.1+2 < 1+2 > 9BA 3 �#1+/+-.,.FHG L�9B,J; ; : 1�%U� )M9Z; = ,.9B)M9B1� > ,.9BG+9 J*)+)+,.-./+0+1+2
�]3&%��W3�� 0 = � < -.,.) = ,.9 = 0+1+2 /+9 >�� 9 >?> G 989B,.2:9 >  > ,.9BG+9 J*)+)+,.-./+0+1+2 c43Sc��<9T0 = /+9[/+9 = 0�0�� 7�� = , > ; < -.-

J*)+)+,.-./+0+1+2Z�]3 T]5
��bpv{zyfpiazw]`iXc�o1,B_a~uc�iX|}]`o #�]`_��^]`_a_ah ��]`z +,d]`_�fd]`z %���� '�T7� �^<1.8�~.+*�yo ��z{o4+,�bpo1,B_;]&?V'+*�o3#�v{z$8�s�~�]`z xa�
W ]`o ��sF1�xX1 ?.c�v x*z '/v{zw]`i-+ j7'�bpo�ouc�o1,d]`o
|Y17o[Z-,I\]ZEZEZ � fpz{_ Z-,I\i�EZEZ � ��c�i-+#�]`o .
] ��]`z{v{_�/�cBbE#�i`bdx*z{_"8�su] ��c�o�~ux*z21@+
ou]`o@bpo1,d]['�bp_a_Xxa�
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� 50 = 9B,.1 # < 0�� 7RH 5::= AC,.2:9 > �%; =@< G+- 3+=4: �#-�0+1+/�9B,.1+9 =�>43 9@LI; =@< -.9B1 3 < -.)]989 = ; > ) = 9B,J;@9  �G�43 � �; : 1 P Z5�E� /+9 = �#0+1+/ < AC9B1I; < -.9B1b9 = G 5< -J;QA < 1b9B,.1+9 >43 9@LI; =@< -.9�3 < -.)]989 = ; > ) = 9B,J;@9  �G�43 � �/+9 > �d387��4,.2:1 < - > ; : 10\ ,I\7�E� 3 C ,.9�3 < -.)]989 = ; > ) = 9B,J;@9�/+9 > �d387��4,.2:1 < - >8> L < -.,.9 = ; AC,J; /+9 = �_0 = 7GB9B-[/+9 = 3 < -.)]989 = ; > ) = 9B,J;@9 /+9 = �#0+1+/ < AC9B1I; < -.9B1 5 c Zp6 3 C <�> �PAC, >?> , : 1 >?>43 9@LI; = 0+A�GB9B,.2�; 9B,.1+9
3 < -.)]989 = ; > ) = 9B,J;@9�/+9 > �d387��4,.2:1 < - > ; : 1��5�E� 3 C ,.9 > 9�2 =Y5: �:9 = 9�3 < -.)]989 = ; > ) = 9B,J;@9�, > ; < 0-H*/+,.91+,.FHGI; 7!# < 0�� H 5::= AC,.2:9B1 =P0+- > 9 /+9 >$� ,J; < 1N5 � < 3 G+, = 74� <�> 9 =?> GB0 = 50+F L GB0-H 50+G = 9B1N3 C 9 = � 9 = 2:-.9B,.FHG G 9T, 7
> FHG+9B1 �d387��4,.2:1 < - 0+1+/ � = � � GB9B,.2�;�/+9B1 < 0 > 2:9@GB9B,.FHG+1+9Z;@9B1 �P,.1+- < 2:9 = 0+1+2 > AC9BFHG < 1+, > AV0 > /+9 =
3F: ;@9B1I;@, < - > 9B1 > ,J;@,&;:9B1C/+, 7X\ 7XJ = � = =��]7	� <�= ) > ; : � A : -.9@L 50+-.9 ? /+9 = � ::=@< 0 >?> 9Z;IGB0+1+2 H 50 = 9B,.1+9 > 9B1 > , 7)+-.9 0+1+/ <�= ;@9 H < LI;@9 <�= AC9 = : ;@9B1I;@, < - > 9B1 > ,J;@,&;4,J; 5< ;8, > ;K3 C ,.9 � 3 9@LI; = 9B1O9T0 = /+9B1�AC,J; 9B,.1+9BA#= : -  7FHG =4: A < ; ::=P< 0-H 2:9B1 : ACAC9B1 ? /+9 = 9B,.1 # ,J;?;@9 = AC,J;�\]ZEZ��U����� ���
	r� + �{� 0+1+/C9B,.1+9 A8ADC 7�� < AC9 =@<
w&O1 > ; < � 3 9BF�& � ? � = ,.9B- ��9B1I;@G 5< -J;  > ,.9BG+9 C , >?> 9 = ; < ;@, : 1�0 : F L 5 �g�p6 �W3
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� 9;: 	nWXN^T
C�
'G�H�=^N�
 WXN�� G�=^H�S�N@G�N
J*0+FHG < 1^08-.0];@9B2:9B- 7 � 9B0 =4: 1+9B1 9T0 = /+9V/+9 = � ,.-J;@9 = ;@9 > ; >4: 9 : G+-�H 50 = /+,.9 C 9Z;@9@LI;@, : 1DAC,J;[9B,.1+9BA
=PG : ; : AV0+-J;@, 3 -.,.9 = < - >^< 0+FHG AC,J; = : -  FHG =4: A < ; ::=?>43 9@LI; = 9B1 /+0 = FHG+2:9 H 50+G = ; ? 9 : )M9B, > ,.FHG 50+)M9 = 79B,.1 > ;@,.ACAC9B1+/+9�&O1-H ::= A < ;@, : 1+9B1�9 = 2 < )M9B1N3
C <�> �PAC, >?> , : 1 >?>43 9@LI; = 0+A /+9 = /+, 7X\ 7XJ = � = =��]7 = : ;@9B1I;@, < - >4: 1+/+9B1 ? /+,.9 ,.1�08-.0];@9B2:9B- 7 � 9B0 =4: 1+9B1

J*)+)+,.-./+0+1+2 �43 \+5 ��?�z{_a_az217o�_a_('"]`~ux*iXc7? #�]`i�z{o #�zw]�!#v c�xy]-,d]`v + ��]7c�i 17ou]`o ?.]&?�fpi`bpo�]`z{o1,d]`v b ,d]`i-+
xy]`o�#�z +��@+*��������� j1+ � 1�xy]`oux*z bpv{_ 17o3#�]`o�� #dbp_ #uc�i"8�s^�ko�i;]-,\c�o1, ?�z x�	 z x bpo<; j�b='/s�z{i-+-��_ah
z{v{v bdxX17i-+
��c�v{_;]`o fd]`z��]PEP��E� ]`ias\bpv xy]`o ��c�i"#�]7�
9B,.1+2:9B- < 2:9 = ; 9T0 = /+9B1 ? 0+1+/�AC,J; � ,J; < 1N5 � < 3 G+, = 7!� > GB,.-.- ::= 7 =P0+- > 9B1_)M9B,�
 � �]PEP��E� < 1+2:9 = 9B2�;9T0 = /+9B1 , > ;*,.10J*)+)+,.-./+0+1+2 �43 \ / <�= 2:9 > ;@9B-.-J;K3u3[,.9 = 9 = G 5< -J;*A < 1 /+,.9 > 9B-.)M9B1 >43 9@LI; =@< -.9B1 �P,.2:9B1 7
> FHG < H ;@9B1R/+9 = = : ;@9B1I;@, < - >4: 1+/+9B1 9T,.9V/+0 = FHG �P,.1+- < 2:9 = 0+1+2�,.1 9B,.1+9 A G : -.9 > ;@9 = ,.1];:9 > , L�9B-  > ,.9BG+9J*)+)+,.-./+0+1+2 �43 T��W3 C <�> � 9 = G 5< -J;@1+, > /+9 = &O1I;@9B1 > ,J; 5< ;@9B1 ; : 1 �d3�# 0+1+/ � = � � , > ;P,.1a/+,.9 > 9BA�� < -.-2:9 = ,.1+2 H 50+2:,.2 2 50+1 > ;@,.2:9 = H 50 = /+,.9C�d3�#a3 C ,.9'��0 < 1I;@9B1 < 0 > )M9B0];@9C/+9 = � -.0 ::= 9 > GB9B1 Ga1+,.ACA`; < )N3
J*0+FHGQ/+,.9��PAC, >?> , : 1 > ) < 1+/+9 /+9 = � = � � , > ;PG+,.9 = 0+A �5�E� =4: ;4;:9 =?> FHG : )M9B1  )M9B,4
Z�^cEcEc��E� �W3
$[A /+9B1�� -.0 ::= 9 > GB9B1 GBAC9BFHG < 1+, > AV0 > GB0VL%- 5<�= 9B1 ? )M9Z; =@< FHGI;@9Z;VA < 1_/+,.9C9;� < LI;@9"�P,.1+- < 2:9 = 0+1+2,.1 /+,.9 � 9BAV) =@< 1U0+1+/U/+,.9 < 1U/+,.9 > 9 = �%;@9B-.-.9V9;�], > ;@,.9 = 9B1+/+9B1U9B-.9@LI; = , > FHG+9B1 �#9B-./+9 =  > ,.9BG+9'� < 7
3 ,J;@9B- P43 T 0+1+/_J*)+)+,.-./+0+1+2 �]3SP��W3 � -.0 ::= 9 > GB,.9 = ;�/ <�> � <�= ) > ; : � A : -.9@L 50+- ?�>4: 9 = H : -.2�; 9B,.1=� < 7/+0+1+2 > ; =@< 1 > H 9 =V< 0 > /+9 = = 4= ,./+,.1+2 = 0 3 3 9C,.1_/+,.9 J*1+,.-.,.1+2 = 0 3 3 9  > ,.9BG+9Z� < 3 ,J;@9B- \+3SP��W3 C ,.9 > 9 =
� < /+0+1+2 > ; =@< 1 > H 9 = 9T, = / /+0 = FHG�/ <�> / ::= ; G+9 =?=?> FHG+9B1+/+9 C , 3F: -&H 9B-./a/+9 =�� 9BAV) =@< 1 0+1I;@9 =?> ; 50];IGZ; ?9 <�> GB0�9B,.1+9 = � : ;4;:9 =?> FHG+,.9B)+0+1+2_/+9 = �PAC, >?> , : 1 > ) < 1+/+9NH 50+G = ;K3�08, : AC9BAV) =@< 1+9B1 )M9B,.1+G < -J;@9B19B,.1+9 � ,.9B- G < G+-aH 0+1 LI;@, : 1+9B-.-.9 = �0: -.9@L 50+-.9 ? /+9 = 9B1 � < /+0+1+2:9B1 / <�> ��)M9 = R 5< FHG+9B1 7C0+1+/ C , 3F: - 7
3F: ;@9B1I;@, < - 2:9B2:9B1 50+)M9 = 9B,.1+9 =�= 9B,.1+9B1 �0: /+9B-.-.AC9BAV) =@< 10;:9 =Y5< 1+/+9 = 1N3�&OA # 9B2:9B1 >@< ;IG GB0 =BA G : 7-.9 > ;@9 = ,.1];:9 > , L�9B-7)M9 > ,J;IGZ;^/ <�> � 9B0 =4: 1R9B,.1 �T0+G+9BAC9BAV) =@< 1 3F: ;@9B1I;@, < - 3 C <�> 2 =Y5: �:9 = 9 C , 3F: -&H 9B-./
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/+9 = � 9B0 =4: 1+9B1+AC9BAV) =@< 1 H 50+G = ;MGB0 9B,.1+9 =7> ; 5<�= L�9 = 9B1"� : ;4;:9 =?> FHG+,.9B)+0+1+2V/+9 > � -.0 ::= 9 > GB9B1 G >43 9@LE7; = 0+A > ,.A � 9 = 2:-.9B,.FHG GB0 = �P,.1+- < 2:9 = 0+1+2R,.1 /+,.9 A G : -.9 > ;@9 = ,.1+AC9BAV) =@< 1N3 C ,.9OJ*)+1 < G+AC9 /+9 =
� -.0 ::= 9 > GB9B1 G�
%0 < 1I;@9B1 < 0 > )M9B0];@9 L < 1+1CAC,J;P9B,.1+9 = $[A ::= ,.9B1I;@,.9 = 0+1+2 /+9 = � <�= ) > ; : � A : -.9@L 50+-.9 ,.1 71+9 = G < -.)U/+9 = R#0+,./+9 = 9B1 � 9B0 =4: 1+AC9BAV) =@< 1R,.A � 9 = 2:-.9B,.FHG GB0 =�= ,.2:,./+9B1 A G : -.9 > ;@9 = ,.1+AC9BAV) =@< 19 = L%- 5<�= ; 989 = /+9B1N3 � 0 >Y5< ;IGB-.,.FHG 9T, = /D,.1D/+9 = � 9B0 =4: 1+AC9BAV) =@< 1 /+,.9 > ; =@< G+-.0+1+2 > - ::> 9 C 9 < LI;@,&;4,.9 7= 0+1+2^,.1 3F: - <�= 9 = 9B1 �T9B2:, : 1+9B1 50+)M9 = � & A � 7!� 0 > ; 5< 1+/+97(P)M9B2 50+1 > ;@,.2�; 5 %E%Qc76 3 C ,.9 > 9 �"� 9@LI;@9a9T0 = 7/+9B1 ; : 1 � =4: ACG+9 = G >�4> ;@9BA < ;@, > FHG H 50 = 0+1I;@9 =?> FHG+,.9B/+-.,.FHG 3F: - <�= 9R� 5::> 0+1+2 > AC,J;?;@9B-#0+1+/ ;:9 =?> FHG+,.9 7/+9B1+9 � 9BAV) =@< 1I;  3 9B1�0+1I;@9 =?> 0+FHGI; 5 %E%E%
6 3"&O1}�?9B/+9BA � < -.-ML < 1+1�G+,.9 = 2:9@GB9B,.2�; 989 = /+9B1 ? / <�>?>/+, 7X\ 7XJ = � = =�� >4: 9 : G+-�H 50 = A G : -.9 > ;@9 = ,.1];:9 > , L�9B- < - >*< 0+FHG H 50 = � 9B0 =4: 1+AC9BAV) =@< 1+9B1D9B,.1+9^G+9 = 7; ::=?=@< 2:9B1+/ 2:9B9B,.2:1+9Z;@9 � 9BAV) =@< 1 3F: ;@9B1I;@, < - >4: 1+/+9�/ <�=?> ;@9B-.-J;K3
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C , = 9@LI;�1 < FHG /+9 = � = GB9B0+2:0+1+2V/+9 =KA G : -.9 > ;@9 = ,.1];:9 > , L�9B-M-.,.9B2�;71 : FHG L�9B,.1+9 C :E3 3 9B- > FHG+,.FHGI;@AC9BA 7) =@< 1 ; ::= 3 C ,.9 � 9 > , L�9B-^, > ;OGB0 089B2:,.1+1 L : A 3 -.9;�]9B1 C  1 < AC, L�9B1 0+1I;@9 = 9 ::= H 9B1 ? )M9 ; ::=�> ,.99B,.1+9 > ; < )+,.-.9 � < ; = , �0H 50 = /+,.9 �P,.1+- < 2:9 = 0+1+2 ; : 1�� <�= ) > ; : � A : -.9@L 50+-.9B1 / <�=?> ;@9B-.-J;K3 C ,.9^9B-.9@LI; = , 7> FHG+9B1��P,.2:9B1 > FHG < H ;@9B1�/+9 = � 9 > , L�9B-TG 5< 1+2:9B1�; : 1�/+9 = C ,.F L�9�0+1+/ �%; < )+,.-.,J; 5< ;`/+9 = � 9BAV) =@< 1< )N3 �P,.1+9 � 9 >?> 0+1+2R/+9 > J*0 > / 50+1+1];:9 = G < -J;@9B1 > 50+)M9 = /+,.9 � 9B,J;V, > ;V,.1�J*)+)+,.-./+0+1+2^�]3&%�/ <�= 2:9 7> ;@9B-.-J;K3 C ,.9 � 9 >?> 0+1+2:9B1_9 = H : -.2�;@9B1 /+0 = FHG	J*1+-.9B2:9B1U9B,.1+9 = �_9BFHG > 9B- >43#< 1+1%0+1+20; : 1�%YTEZ5�������0+1+/�T-, P T�6)� ��AC,J;?;@9B- > �4,.2:1 < -.2:9B1+9 =@< ; ::= 3'� : 9 : G+-�/+,.9 � 3#< 1+1%0+1+2 >@< A 3 -.,J;@0+/+9 < - >^< 0+FHG /+,.9
=PG <�> 9*/+9 >�� 9 >?>?> ,.2:1 < - > 9T0 = /+9B1 AC,J;?;@9B- > 9B,.1+9 >�> 9B-.) > ;89 =?> ;@9B-.-J;@9B1 � ::= ;:9 =?> ; 5<�= L�9 =?> 50+)M9 = 9B,.1+9B1
� : F LE7y&O1 7 � 9 =?> ; 5<�= L�9 =�< 0-H 2:9@GB9B,.FHG+1+9Z; ? 0+A�J*0 >?>@< 2:9B1 50+)M9 = /+9B1 � 9BAV) =@< 1]9T,./+9 =?> ; < 1+/Q0+1+/Q/+,.9
� 9BAV) =@< 1 L < 3#< GB,J; 5< ;T; 5< ;@,.2:9B10GB0 L 5: 1+1+9B1N3 � 0�089B2:,.1+1 /+9 =�� 9 >?> 0+1+2�9 = H : -.2�;@9 9B,.1+9 � < -.,.) = ,.9 7= 0+1+2 /+9 =�� 9 >?>@< 3 3#<�=@< ;@0 = 2:9B2:9B1 9B,.1+9B1N� ,./+9 =?> ; < 1+/ ; : 1���� ����� � %E,�� \86 ��3 � < 1D9 = L�9B1+1I;1 < FHG�9 = H : -.2�;@9 = � < -.,.) = ,.9 = 0+1+2`/ <�> �P,.1I; < 0+FHG+9B1�/+9 = � 3+= ,J;IGB9�,.1�/+,.9�� <�= ) > ; : � 74�E9B,J; >@< - GB- 5::> 0+1+2
< - > /+9B0];@-.,.FHG+9B1�=PG <�> 9B1 >43+= 0+1+2+3�J*1 > FHG+-.,.9
�:9B1+/V9T0 = /+9 /+,.9 � 9 > , L�9B-�2:9B2:9B1b/+,.9"� 5::> 0+1+2 < 0-H 72:9 3 0+A 3 ; ? 9 <�> GB0+1 5< FHG > ;�9B,.1+9B10J*1 > ;@,.9B2C/+9 = =PG <�> 9 GB0 = � : -.2:9 G < ;K3 J*) 9B,.1+9BA � < /+,.0 > ; : 19Z;X9 < P , c��{� 9T0 = /+9�/+,.9 � 9 > , L�9B- > ,.FHG > 9B-.) > ; 50+)M9 = - <�>?> 9B1 ? 0+1+/�9 > H : -.2�;@9�/+,.9 J*0 > / 50+1+1 3 G < 7> 9 GB0 =NA G : -.9 > ;@9 = ,.1 7 C :E3 3 9B- > FHG+,.FHGI;K3 C ,.9 > , > ; < 1 9B,.1+9 = J*)+1 < G+AC9�/+9 = =PG <�> 9 0+1+/ 9B,.1+9BA
J*1 > ;@,.9B2U/+9 = � 3#< 1+1%0+1+2 >@< A 3 -.,J;@0+/+9NGB0 > 9BG+9B1N3 � < FHG�9Z;X9 < %YZEZEZ 1 , > ;a/+,.9 � 9 > , L�9B- /+9 H 9@LI; ?>4: / <�>?> =PG <�> 9Q0+1+/�J*A 3 -.,J;@0+/+9V/+9B1r� 0 = G > FHG+-.0 >?> H < -.-�9T,.9B/+9 = 2:9B)M9B1N3 � < FHGR9Z;X9 < %QP Z 1a)M9 7
�#1+/+9Z; > ,.FHG�/+,.9 � 9 > , L�9B- ,.1b9B,.1+9BA > ; < )+,.-.9B1�� 0 > ; < 1+/N3"&O1b/+,.9 > 9 = =PG <�> 9�)+,.9Z;@9Z;V/+,.9 � 9 > , L�9B-/+9B1�9B,.1+2:9B- < 2:9 = ;@9B1�� <�= ) > ; : � A : -.9@L 50+-.9B1 9B,.1+9 > ; < )+,.-.9 � < ; = , � ? /+,.9 � ::=@< 0 >?> 9Z;IGB0+1+2 H 50 = /+,.9�d3�# 7 � 9 >?> 0+1+2:9B1D, > ;K3

"�$# ��� 	�
� -���% ��8� 1'"%$L143 ��� ! 1'"+� ( 1 ���

J*)+)+,.-./+0+1+2'�]3SP45
��z{~�i 17_a~ 1 '/z{_"8�su]`i�� 1�xy]`oux*z bpv +
|}]`iav bdc�e /c fd]`i�]`z{ou]��^]&?�fpi`bpo
bdc�_ 1"!dz$#�zw]`iXxy]`o q�sF17vw]`_Xxy]"+
iaz{o ?�z x']`z{o1,d]`v b ,d]`iXxy]`o #�z +��@+
��������� j1+ � 1�xy]`oux*z bpv{_ 17o3#�]`o

C ,.9 < A 3 G+, 3 G+,.-.9B1 = : ;@9B1I;@, < - >4: 1+/+9B1 ,.1 /+9 = � 50-;:9Z;?;@9 - < 2:9 = 1 > ,.FHG =@< /+, < - >� ACAC9Z; = , > FHG ?%> ; < )+,.-
::= ,.9B1I;@,.9 = ;E,.1 /+,.9 5< 0��:9 = 9��4FHG+,.FHGI; /+9 =�A G : -.9 > ;@9 = ,.1+AC9BAV) =@< 1 9B,.1  > ,.9BG+9 J*)+)+,.-./+0+1+28\+3 \ �W3 � < 1
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9 = G 5< -J;�9B,.1+9 # = 9B1 G R 5< FHG+9CAC,J; 9B,.1+9 = 1+,.FHGI;IGB9B1I; =4::>� ACAC9Z; = , > FHG+9B1��%; = 0 LI;@0 =@? 9T,.9 > ,.9 H 50 = /+,.9
� = 9�
%0+9B1 G ;:9 = / :E3 3 -.0+1+2�1 : ;X989B1+/+,.2�, > ;K3 C ,.9z�_9BFHG > 9B-&9T, = L%0+1+2�/+9 > /+, 7X\ 7XJ = � = =���AC,J;�/+9BA9B-.9@LI; =4: A < 2:1+9Z;@, > FHG+9B1 �#9B-./ /+9 > � ,J; < 1N5 � < 3 G+, = 74� <�> 9 =?> ,.1+/+0 GB,.9 = ;*9B,.1+9B1D9 � 9@LI;@,&;:9B1 ,.1I; =@< A : 7-.9@L%0+- <�= 9B1u� < /+0+1+2 > ; =@< 1 > H 9 =@? /+9 = 9B,.1+9^2 =4: �:9 3  3 9 =43F: - <�= , > ,.9 = ) <�= L�9B,J; GB0 = � : -.2:9^G < ;K3u� : 1 7> 9�
%0+9B1I;@9 = 989B, > 9 )M9 > ,J;IGZ;Q/+,.9"� = 9�
%0+9B1 G ;:9 = / :E3 3 -.0+1+2 >4: AC,J;VG : G+9 ��� GB,.9B1 G�3 C ,.9 ,.1+G 5<�= 9B1I;@9�49B1 > ,J;@,&;4,J; 5< ;T/+9 = � <�= ) > ; : � A : -.9@L 50+-.9 2:9B2:9B1 50+)M9 =�� 9BAV) =@< 1 3F: ;@9B1I;@, < - 5< 1+/+9 = 0+1+2:9B1 = 9 > 0+-J;@,.9 = ;< 0 > /+9 = ,.1+/+0 GB,.9 = ;@9B1�5J*1+/+9 = 0+1+2 /+9 = 3  3 9 =43F: - <�= , > ,.9 = ) <�= L�9B,J; ? /+,.9�/+,.9V�d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;9B1I; >43+= 9BFHG+9B1+/�A : /+0+-.,.9 = ;K3 C ,.9 > ; < )-H 5::= AC,.2:9QA : -.9@L%0+- <�= 9 �%; = 0 LI;@0 = /+9 = = : ;@9B1I;@, < - >4: 1+/+9B1

J*)+)+,.-./+0+1+2 �]3 T]5�	������\+*�Dc�e o\bps ?.]4]`z{ou]`i q�sF17vw]`_Xxy]`iaz{ou|}]`_az{~�]`v ?�z x�]`z{o1,d]`v b ,d]`iXxy]&? #�z +��@+
��������� j/� W zw]���v c 17i;]`_ah7]`o�hBfpz{v$#�]`i ��c�i"#�]`o�e /c�i�]`z{o�'�17_az x*z |}]`_^c�o3# ou]-,�bdx*z |}]`_��^]&?�fpi`bpo4+'�1�xy]`oux*z bpv�c�o3# bpo�_"8�s�v{zw]&6�]`o3# ]`z{o\bpo3#�]`i /c fd]`iav b ,d]`iXx�#dbpiS,d]`_Xxy]`v{v xa� W ]`iZ�kbE#�z c�_ahgc �"bE8�s�_ #�]`i�/]`_az{~�]`v�~ 17iai;]`v{zw]`iXxV?�z x #�]`i�bpo1,d]`vw]-,\xy]`o �^]&?�fpi`bpo�_('�bpo�ouc�o1,\� W zw]��Dc�e o\bps ?.]`o ]`iae 17vN,\xy]`o
_;]`o�~�i;]=8�sux hgc7? bpo�i;]-,d]`o3#�]`o 	 z x bpo<; j�b='/s�z{i-+  bp_;]`ia_Xx*i`bps�v �

J*)+)+,.-./+0+1+2��]3 \+5��z$#�]@1 ?�z{~�i 17_a~ 1 '/z{_"8�sZ]`iC?�z xaxy]`v xy]`i �/]"+
_az{~�]`v{i`bE#�z +
c�_ahgc �"bE8�s�_�e /c�i � 1�xy]`oux*z bpv0/bpo3#�]`iXc�o1,d]`o
|Y17oJ� \]Z5��� fpz{_ � % \]Z5����� W zw]��ko4+'�bp_a_Xc�o1,B_S,d]`i`bE#�] ��c�i"#�]*#uc�i"8�s #�]`o
��ia_('/iXc�o1, ,d]`vw]-,\xa����z{ou] /�cBbE#�i`bdx*z{_"8�su]
�koE'�bp_a_Xc�o1, � /c�i"#�]�bdc98�s 17s�ou]"� 1�xy]`o4+
x*z bpv0/bpo3#�]`iXc�o1, ]`z{ou]`o �kbE#�z c�_ahgc �"bE8�s�_
v{zw]`e ]`iao�� W bpsu]`i�_"8�su]`z{ou]`o #�zw] ,d]`iaz{o1,d]`o
�kbE#�z c�_X|}]`iS,Bi /1 6�]`iXc�o1,d]`o�]`z{ou]`o _ H�_Xxy]"+?Zbdx*z{_"8�su]`o��/]`s�vw]`i hgcZ]`oux*s\bpv xy]`o��

9 = A 5: 2:-.,.FHGI; 9B,.1+9 1 < G+9@GB0�0+1+2:9 > ; 5::= ;@9 �P,.1+- < 2:9 = 0+1+2a,.1�/+,.9 � 9BAV) =@< 1N3 C ,.9 > 9�9 = H : -.2�; AC,J; /+9 =A : -.9@L%0+- <�= 9B1 3 < 0 3 ; < FHG > 9 3#<�=@< -.-.9B-<GB0 = � 9BAV) =@< 1+1 ::= A < -.9B1N3 C < H 50 = ; < 0+FHG+9B1 > ,.9aAC,J; /+9BAFHG =4: A :E3 G ::= 9B1 � 4> ;@9BA )M9B,.1 < G+9a; : -.- > ; 5< 1+/+,.2 ,.1C/+,.9 5< 0��:9 = 9 A G : -.9 > ;@9 = ,.1 > FHG+,.FHGI;89B,.1N3�&O1C/+,.9 7
> 9 = �P,.1%) < 0+- < 2:9 > ,.1+/ > ,.9�)M9 >4: 1+/+9 =?>*> 9B1 > ,J;@,&;�2:9B2:9B1 50+)M9 = /+9B1 C , 3F: - 3F: ;@9B1I;@, < -.)M9B,J; =Y5< 2:9B1C/+9 =
� 9BAV) =@< 1  > ,.9BG+9�� < 3 ,J;@9B- P43 T��W3 C ,.9 C , 3F: - 3F: ;@9B1I;@, < -.)M9B,J; =Y5< 2:9 G 5< 1+2:9B1 L : 1 > ; < 1I;O; : 1�/+9 =



�+� �������
	������������	�����	 �y�����!�l /���Dm � m��4��� j�j"� �Dm������������ ��!������k���

A G : -.9 > ;@9 = ,.1+/ :E3 3 9B- > FHG+,.FHGI; < ) ?+>4: / <�>?> /+9 =aC , 3F: - 3F: ;@9B1I;@, < -&;:9 = - < 0-H 3+=4:E3F::= ;@, : 1 < - /+0 = FHG�9B,.1
� 9BAV) =@< 1 3F: ;@9B1I;@, < -+)M9B9B,.11R#0 >?> ;M9T, = /  > ,.9BG+9aJ*)+)+,.-./+0+1+2 �]3SP��W3 C < G+9 =7< 1I;X9 ::= ;@9B1C/+,.9a= : ;@9B1 7;@, < - >4: 1+/+9B1 < 0-H 5J*1+/+9 = 0+1+2:9B1 /+9 > � =@< 1 > AC9BAV) =@< 1 3F: ;@9B1I;@, < - > 3
$[A 9B,.1 � 9BAV) =@< 1 3F: ;@9B1I;@, < - 50+)M9 = /+,.9 A G : -.9 > ;@9 = ,.1+/ :E3 3 9B- > FHG+,.FHGI; GB0U9 = GB9B0+2:9B1 ? 9T, = / 50+)M9 =/+,.9 �P-.9@LI; =4: /+9B1 0+1+/ >4: AC,J; 50+)M9 = /+,.9a�E9B,J; >@< - GB- 5::> 0+1+2 9B,.1+9a� 3#< 1+1%0+1+2 < 1+2:9B-.9B2�;  > ,.9BG+9 J*) 7)+,.-./+0+1+2 c43 ���W3 C <�> J*1+-.9B2:9B1b9B,.1+9 = )+, 3F: - <�= 9B1��T9BFHGI;@9BF L >43#< 1+1%0+1+2�; : 1 �W�EZ5��� 50+)M9 = /+,.9

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6 2,8
-0,4

-0,3

-0,2

-0,1

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1

140 mV

120 mV

100 mV
80 mV
60 mV
40 mV
20 mV

Potential-+

 

 

re
l. 

S
H

G
 In

te
ns

itä
t

Zeit / s

J*)+)+,.-./+0+1+2'�]3Sc45
jdl + j�zN,Bo\bpv fd]`z �^]&?�fpi`bpoE'�1�xy]`oux*z b7+
vw]`o |Y17o �BP Z5��� fpz{_ � % \]Z5�����
W zw]�bpo1,d]`vw]-,\xy]���]=8�suxy]=8�~�_('�bpo�ouc�o1,,d]-,d]`o /c fd]`i #�]&? �/]`_az{~�]`v{z{o�ou]`i;]`oRz{_Xx
z ? c�ouxy]`i;]`o@	u]`z{v4#�]`_�!#z{v$#�]`_ hgc�]`ia~�]`o4+
ou]`o]K � �-Oa�

� 9 > , L�9B-.AC9BAV) =@< 1�)M9 9T, = LI;[9B,.1+9B10J*1 > ;@,.9B2Q/+9 > �d387�0+1+/�/+9 > � = � �67��4,.2:1 < - > 3 � ,./+9 ::> 9�
%0+9B1 7
GB9B1 /+9 = � -.0 ::= 9 > GB9B1 G$GB9B,.2�;@9B1 9B,.1+9 � < /+,.0 > ;:9 = 2 =Y5: �:9 = 0+1+2b/+9 = � 9 > , L�9B- ; : 1 P Z�%S� 3 C ,.9 > 9
� < /+,.0 > ;:9 = 2 =Y5: �:9 = 0+1+2	9T0 = /+9 /+0 = FHG � 9 = 2:-.9B,.FHG > )+,.-./+9 = AC,J;a9B,.1+9 = � , L =4::> L :E3 AC, L =4: AC9Z;@9 =?> 7L < - < 9 = AC,J;?;@9B-J;a0+1+/�)M9B,.1+G < -J;@9Z;Q9B,.1+9B1 < )+2:9 > FHG 5< ;IGZ;@9B1��#9BG+-.9 = ; : 1 �BP"%S� 3 C ,.9 �T9 < LI;@, : 1/+9 = � 9BAV) =@< 1 < 0-H /+,.9�$[A 3F: -.0+1+2�/+9 > � 9BAV) =@< 1 3F: ;@9B1I;@, < - > 9 = H : -.2�; > FHG+1+9B-.-.9 =^< - > %�1:3 C </+,.9D089B-.,.FHGI;@0+1+2 > / < 0+9 = 3+=4: 08,.-./�%�1V)M9Z; = 0+2 ? 9 <�= 9B,.1+9 GB9B,J;@-.,.FHG+9BJ*01R 5::> 0+1+2�1+,.FHGI;�A 5: 2:-.,.FHGN3
�P,.1+9 �T9BFHGI;@9BF L >43#< 1+1%0+1+2N; : 1 � % \]Z5��� )M9 9T, = LI; >4: 2 <�= 9B,.1+9B1 � < /+,.0 > GB0]9 < FHG > ; : 1N�]c"%S�
 > ,.9BG+9NJ*)+)+,.-./+0+1+2@�]3 T 0+1+/ �]3 \ �W3 C <�> 9B1I; >43+= ,.FHGI;a9B,.1+9BA � : -.0+AC9B1 GB0]9 < FHG > ; : 1bA < �],.A < -�B� 3 5J*1+/+9 = ; > ,.FHGb/ <�> � ::= GB9B,.FHG+9B1b/+9 = 50+)M9 = /+,.9 � 9 > , L�9B-.AC9BAV) =@< 1 < 1+2:9B-.9B2�;@9B1�� 3#< 1+1%0+1+2
; : 1	=P-.0 > 1 < FHG � ,.1%0 > )M9@G 50+2:-.,.FHGD/+9 > � 9 > , L�9B-.,.1+1+9 = 9B1 ? >4: ;:9 = 2 =Y5: �:9 = ; > ,.FHG /+9 = � < /+,.0 > /+9 =
� 9 > , L�9B-P0+1+/U/+,.9 � 9BAV) =@< 1D; < 0+FHGI;�;@,.9 H 9 = ,.1D/+9B1Y� <�> 9 =?> ; =@< G+-\9B,.1N3'� : AC,J;*, > ; /+,.9V)M9B-.9B0+FHG 7;@9Z;@9 � - 5< FHG+9�2 =Y5: �:9 =@? 0+1+/�/ <�> �d387^0+1+/ � = � �67��4,.2:1 < - > ;@9B,.2:9B1 < 1N3 C ,.9O= : ;@9B1I;@, < - >4: 1+/+9B1
> ,.1+/ > ,.FHG+9 = H 50 = /+,.9 � 9 > , L�9B-.)M9 989B2:0+1+2�;:9 =@< 1I;X9 ::= ;@-.,.FHG ? / < AC, L =4::> L :E3 , > FHG+9@089 : ) < FHGI;@0+1 72:9B1 ; : 1U0+1+2:9 H 5<�= )];@9B1 � 9 > , L�9B-.1 L�9B,.1+9�089 989B2:0+1+2�,.A 089 = 9B,.FHGU/+9 = 089 : ) < FHGI;@0+1+2 > 2:9B1 < 0+,.2 7
L�9B,J;K; : 1 �BP"%S� )M9B,.A $[A > FHG < -J;@9B1 /+9 >�� 9BAV) =@< 1 3F: ;@9B1I;@, < - > GB9B,.2�;@9B1N3 � 9 = AV0];@-.,.FHGCG < 1+/+9B-J;9 >Q> ,.FHG�G+,.9 = )M9B, 0+AS9B,.1+9 �P-.9@LI; =4::> ; = , LI;@, : 1 /+9 = � <�= ) > ; : � 7O)M9B- < /+9B1+9B1 � 9BAV) =@< 1N3 �P-.9@LI; =4: 7> ; = , LI;@, : 1�, > ;[9B,.1+9�AC9BFHG < 1+, > FHG+9 C 9 H ::= A < ;@, : 1 /+9 =�� 9BAV) =@< 1 < 0-H 2 = 0+1+/�9B,.1+9 = � : 1I; =@< LI;@, : 1/+9 > 0+AC2:9B)M9B1+/+9B1 � : -.0+AC9B1 >@? /N3 GN3�/+9 > � 5::> 0+1+2 > AC,J;?;@9B-&; : -.0+AC9B1 > 0+AY/+,.9 � 9BAV) =@< 1 G+9 = 70+A�3 � > �#1+/+9Z;V9B,.1+9 3F: ;@9B1I;@, < -.2:9 > ;@9B0+9 = ;@9 � : -&; < ; < ;@, : 1 >Y5< 1+/+9 = 0+1+2�/+9 = 2:9B- < /+9B1+9B1�# = 0 3 3 9B1/+9 = � <�= ) > ; : � 7 : /+9 =�� 9BAV) =@< 1+A : -.9@L 50+-.9 > ; < ;?; 5 %YTg� ? %YT>�76 3 C ,.9[2:9B- < /+9B1+9B1"�P1+/+2 = 0 3 3 9B1�/+9 == 9B,.1+9B1 A G : -.9 > ;@9 = ,.1];:9 > , L�9B- > FHG+9B,.1+9B1 /+,.9 > 9`� : -&; < ; < ;@, : 1 >Y5< 1+/+9 = 0+1+2:9B1�1%0 = ,.1 > 9BG = 2:9 = ,.1+2:9BA
� < ��GB0 9 = H < G = 9B1N3�� =?> ;�/+,.9 �P,.1+- < 2:9 = 0+1+2 /+9 =�< A 3 G+, 3 G+,.-.9B1 = : ;@9B1I;@, < - >4: 1+/+9B1 AC,J; ,.G = 9B1> ; 5<�= L�9 =83F: - <�= 9B1.� :E3 H 2 = 0 3 3 9B1�0+1+/�/+9BA < 0 > 2:9 3+=Y5< 2�;@9B1 �+7	�P-.9@LI; =4: 1+9B1 >�4> ;@9BA 9 = A 5: 2:-.,.FHG+9B1/+,.9 )M9 : ) < FHGI;@9Z;@9B1 �P-.9@LI; =4::> ; = , LI;@, : 1 > 7	�"� 9@LI;@9�3 C 9 = 9B-.9@LI; =4::> ; = , LI;@,&;:9 C�= 0+F L��a)M9 = 9BFHG+1+9Z; > ,.FHG



�����g����� j�j"� �Dm����n��� q"l�� �� j�	����������"� j���� ���� � �

J*)+)+,.-./+0+1+2��]3 �]5
!�]`i;]=8�s�ou]7xy]`i ��v0/bE8�su]`o4+
hgc �"bE8�s�_ fd]`z*�/]`_az{~�]`v{i`bE#�z c�_X|}]`i-+,Bi /1 6�]`iXc�o1,Q,d]&? /b@6'�ko�s\bpo1, �D�

1 < FHGN5
�.� � � � �

P � � *�]3&%��
AC,J;'� � /+9 =Q>43 9@GB,@� > FHG+9B1 � 9BAV) =@< 1 L < 3#< GB,J; 5< ; 3+=4: �P,.1+G+9B,J; > R 5< FHG+9 ? � � /+9BA � 9BAV) =@< 1 7
3F: ;@9B1I;@, < - 0+1+/ � � /+9 = � 9 > , L�9B- =@< /+,.0 >Y5< 1+/+9 = 0+1+2 5 %YTg�76 3'� : 1 < FHGI;@9B,.-.,.2 /+,.9 > 9 = �"� 9@LI; H 50 = /+,.9
� 9 >?> 0+1+2:9B1 /+9 = = : ;@9B1I;@, < - > 9B1 > ,J;@,&;4,J; 5< ;T/+9 = � <�= ) > ; : � A : -.9@L 50+-.9 < 0+FHGD, > ; ? >4: < 0 >?>@< 2:9@L =Y5< H ;@,.2, > ;�9 = �?9B/ : FHG	H 50 = /+,.9 �P,.1+- < 2:9 = 0+1+2�/+9 = � <�= ) > ; : � 9Q,.1U/+,.9 � 9BAV) =@< 1N3 C 9B1+1_1%0 = 9B,.1+9 > ; < 7)+,.-.9 �P,.1+- < 2:9 = 0+1+2 0+1+/ � 9 =@< 1 L�9 = 0+1+2�/+9 = � <�= ) > ; : � 9V,.1 /+,.9 � 9BAV) =@< 1 L < 1+1 9B,.1+9a/+9 =@<�= ;@,.2< 0 > 2:9 3+=Y5< 2�;@9��P-.9@LI; =4::> ; = , LI;@, : 1 )M9 9T, = L�9B1N3 C ,.9 � 9 > , L�9B- : )M9 = R 5< FHG+9B1];:9 = 2 =Y5: �:9 = 0+1+2 L < 1+1 < 0+FHG/+0 = FHG C 9Z;@9@LI;@, : 1^/+9 > �d387��4,.2:1 < - > )M9 : ) < FHGI;@9Z;<989 = /+9B1  > ,.9BG+9MJ*)+)+,.-./+0+1+2k�]3Sc��W37$[A /+,.9�9B-.9@LE7

J*)+)+,.-./+0+1+2��]3 �45
!�]`i;]=8�s�ou]7xy] c�o3# /�cBbE#�iazw]`iXxy] �ko4+
h}bps�v #�]`i ? 17vw]`~uc�v bpi;]`o@� 1�xy]`oux*z bpv{_ 17o4+#�]`o�z ?  bp_;]`iae 17~uc�_kz{o���fpsD/bpo1,BzN,B~�]`z x
|Y17o #�]`i��^]&?�fpi`bpoE'�1�xy]`oux*z bpv$#�z���]`i;]`o�h/c fd]`i ]`z{ou]�q�sF17vw]`_Xxy]`iaz{ou|}]`_az{~�]`v � W bpe /c�i
��c�i"#�] ]`z{onv bdxy]`i`bpvw]`i^�$17vw]`~D/c�v{i`bE#�z c�_
|Y17o � �)Z-,I\7�E� c�o3# ]`z{ou]V%7� +*zN,d]
!�]`v bE#uc�o1, #�]`i��^]&?�fpi`bpo bpo1,d]`oF1 ?J+?.]`o��

; =4::> ; = , LI;@,&;:9B1 089B,J; =Y5< 2:9 GB0+AS�d387�0+1+/�GB0+A � = � �67��4,.2:1 < -�; : 1 /+9B1 3F: ;@9B1I;@, < -.,.1+/+0 GB,.9 = ;@9B15J*1+/+9 = 0+1+2:9B1 /+9 = 3  3 9 =43F: - <�= , > ,.9 = ) <�= L�9B,J;DGB0 > 9B-.9@LI;@,.9 = 9B1 ? 9T0 = /+9 < 1+G < 1+/�/+9 = 2:9BAC9 >?> 9B1+9B1
� 9 > , L�9B-&;:9 = 2 =Y5: �:9 = 0+1+2D9B,.1 3F: ;@9B1I;@, < - < )+G 5< 1+2:,.2:9 = � - 5< FHG+9B1 GB0]9 < FHG > 0+1I;@9 = 089 = 50+F L > ,.FHGI;@,.2:0+1+2/+9 > )M9@L < 1+1I;@9B1 � 9 > , L�9B- =@< /+,.0 > 0+1+/�/+9 = � <�> 9 =?> ; =@< G+-J; < ,.-.-.9 )M9 = 9BFHG+1+9Z;K3 � ,J;KH = 9B0+1+/+-.,.FHG+9 = $[1 7;@9 =?> ; 50];IGB0+1+2 ; : 1�3[9 =?= 1 C�= 3 A G = , > ; :E3 G # - : 9 < ;IG 5 % 6�9 <�= 9 > A 5: 2:-.,.FHG ? 9B,.1+9 � 9 =@< -.-.2:9BAC9B,.1+9 7
= 0+1+2�/+9 > � ,&;4, < 1+, 7	�#9B1 > ;@9 =?> ( GB0_)M9Z; =@< FHGI;@9B1 0+1+/R/+,.9 � - 5< FHG+9 ? /+,.9 < )+G 5< 1+2:,.2 ; : 1_/+9 = �P,.1 7
[�� C D�� A$D�' O � C M C ?WD C "���?�@!= A���?�@!C �A��#"�	 V�
 PP C D�� � O �!A$D�'&0��� �,A��!A#� = D A @!A%�RC A���� = D C @	@�� /?&� = A�A$C D A#	�� ��� C D��RA���	� C @4A$C D A��)+ ���A�� *�/���������������! �P#"%$'&(� ) *,+(�.- "�$ O �,A$C �RA��/� ��� C D��RA��)�RC A + ���A�� �,A$C�V _ P0����������� 	�� = D A$C��RA @#0



��� �������
	������������	�����	 �y�����!�l /���Dm � m��4��� j�j"� �Dm������������ ��!������k���

; < 0+FHGI;@,.9 H 9�/+9 > � <�> 9 = H : L%0 > ,.1 /+,.9 � 9 > , L�9B-.AC9BAV) =@< 1b, > ; ? 1%0+AC9 = , > FHG�GB0�)M9 = 9BFHG+1+9B1  > ,.9BG+9
J*1+G < 1+2 J��W3�� 50 = /+9B1 � - 5< FHG+9B1 GB0]9 < FHG >@? /+9 = ; : 1a/+9 = �P,.1I; < 0+FHGI;@,.9 H 9 /+9 >7< - > G  -.,.1+/+9 = H 5::= AC,.2 ?AC,J;^G : A : 2:9B1+9B1b�%;@0-H 9B1 7��%; =@< G+- 3+=4: �#- < 1+2:9B1 : ACAC9B1+9B1�� <�> 9 =?> ; =@< G+- >`< )+G 5< 1+2�; ? 9 = 2:,.)]; > ,.FHG/+9 = ,.1 J*)+)+,.-./+0+1+2D�]3 �`2:9@GB9B,.2�;@9 � 9 = - < 0-H$ /+9 = ;:9 = 989B1+/+9Z;@9B= <�=@< AC9Z;@9 =?>@< ;IG�, > ;8,.1 /+9 = J*)+)+,.- 7/+0+1+2 < 0-H 2:9 H 50+G = ;��W3\3[,.9 = 9T0 = /+9 < 0-H 2 = 0+1+/�/+9 = ;:9 = 989B1+/+9Z;@9B1 - < 1+2:) = 9B1+1]989B,J;@,.2:9B1}�E,.1 > 9�AC,J;
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J*)+)+,.-./+0+1+2'�]3 �]5
W bpia_Xxy]`v{v c�o1, ]`z{ou]`_4]C!2xy]`iao bpo1,d]`vw]-,9+
xy]`oM�^]&?�fpi`bpoE'�1�xy]`oux*z bpv{_ /c fd]`iB#�zw]�/]`_az{~�]`v bdc�_N1"!dz$#�zw]`iXxy]`o q�sF17vw]`_Xxy]`iaz{o��
W zw] T-, P T�6)� �^j�z{ouc�_a_('�bpo�ouc�o1, ��c�i-+#�]�?�z x�]`z{ou]`i \�� �4j�z{ouc�_a_('�bpo�ouc�o1,? 1.#uc�v{zw]`iXxa��4� � %}�EZ5�{�Y9B,.1+9y� <�> 9 =?> ; =@< G+-J; < ,.-.-.9 ; : 1_%Qc T�%S�Y0+1+/�9B,.1 � 9 > , L�9B- =@< /+,.0 > ; : 1 P , c��{�

; ::=@< 0 > 2:9 > 9Z;IGZ;  > ,.9BG+9 5 P+�76 �W32$[1I;@9 =?> 0+FHGI;^A < 1 9;�]9BA 3 - <�= , > FHGD/+9B1 � < -.-'/+9 > � < /+,.0 > GB0]9 < FHG >H 50 = 9B,.1+9N= : ;@9B1I;@, < - 5< 1+/+9 = 0+1+20; : 1`P��EZ5��� ? >4: 9 = H : -.2�; < 0 > /+9 = 089 = 9BFHG+1%0+1+2 9B,.1�� - 5< FHG+9B1 7
GB0]9 < FHG > ; : 1 Z-, %}�5�{� - ? / < /+,.9 � 9 > , L�9B-TG+,.9 = ,.G = 9B1 � < /+,.0 > ; : 1 P , c��{� < 0-H P , c+�5�{�
;:9 = 2 =Y5: �:9 = ;�G < ;K3 � < 1 )M9b�#1+/+9Z; > ,.FHG / < AC,J;T,.10J*)+)+,.-./+0+1+2 �]3 � < AUJ*1-H < 1+2 /+9 =*< 0-H > ;@9B,.2:9B1 7/+9B1�� - < 1 L�9�3 �49B-.) > ;4;:9 =?> ; 5< 1+/+-.,.FHGR, > ;^9B,.1+9 989B,J;@9 = 9 � < /+,.0 > GB0+1 < G+AC9Q/+9 = � 9 > , L�9B-7AC,J; 9B,.1+9 =9B1I; >43+= 9BFHG+9B1+/+9B1 � - 5< FHG+9B1 GB0+1 < G+AC9N;:9 = )+0+1+/+9B1N3 � ,./+9 :I< 0-H 1 < G+AC9B1b)M9 > ; 5< ;@,.2:9B1u�?9B/ : FHG�/+,.9,.1NJ*)+)+,.-./+0+1+2��]3 \a2:9@GB9B,.2�;@9B1 � < /+,.0 > GB0+1 < G+AC9B1 < - >�� < �],.A < -&989 = ;@9�3 C < G+9 = > ,.1+/ /+,.9�9 =?> ;@9B1PEc Z5��1 < 0 > J*)+)+,.-./+0+1+2��]3ScV/+9 = �P-.9@LI; =4::> ; = , LI;@, : 1 GB0 GB0 > FHG = 9B,.)M9B1N3
&OA � 9 = 2:-.9B,.FHG�GB0�/+9 = -.,.1+9 <�= 9B1VJ*)+G 5< 1+2:,.2EL�9B,J;a/+9 > � -.0 ::= 9 > GB9B1 G > ,.2:1 < - > ; : 1�/+9 = J*1 G < G+-
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Graph 15
0,1M KCl
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 SHG Signal
 Potentialmodulation ca. 4 Hz (ν

rel.
 = 0,125)

 Bandpassfilter (∆ν
rel.

 = 0,1 - 0,15)
J*)+)+,.-./+0+1+2'�]3 �]5
W zw] 1dfd]`i;] �'c�iX|}] h7]`zN,\x)#�zw] jdl +
j�zN,Bo\bpv{z{o�xy]`o�_az x7/bdx*_ /bpo3#�]`iXc�o1, |Y17o	#�z +
�@+*��������� j
�B#�zw]�z{o ]`z{ou] q�sF17vw]"+
_Xxy]`iaz{ou|}]`_az{~�]`v>]`z{o1,d]`v b ,d]`iXx ��c�i"#�]`o��
z{o ��fpsD/bpo1,BzN,B~�]`z x |Y1 ? bpo1,d]`vw]-,\xy]`o
�^]&?�fpi`bpoE'�1�xy]`oux*z bpv � W zw] ?�z xax*vw]`i;]`o
�'c�iX|}]`o _Xxy]`v{vw]`o #dbp_'! bpo3#@'�bp_a_-+$,d] *�v +
xy]`iXxy]Djdl + j�zN,Bo\bpv#c�o3# #�zw]���z{o�s /c�v{vw]`o4+#�]5#�]`ikbpo1,d]`vw]-,\xy]`o�j7'�bpo�ouc�o1, #dbpiX�

/+9 =C> ,.2:1 < -.2:9B)M9B1+/+9B1 � <�= ) > ; : � A : -.9@L 50+-.9 )M9 > ,J;IGZ;C/+,.9 �d3�# 9B,.1+9 
%0 < / =@< ;@, > FHG+9 J*)+G 5< 1+2:,.2 7
L�9B,J;$; : 1L/+9 = J*1 G < G+-V/+9 = � <�= ) > ; : � A : -.9@L 50+-.9  > ,.9BG+9,� < 3 ,J;@9B- \+3 T�� ? /+,.9�9T,.9B/+9 = 0+A ; : 1/+9 =@?7< 0-H[/+9 = � 9BAV) =@< 1 < 0 > 2:9B-.9B0+FHGI;@9Z;@9B1�� - 5< FHG+9 < )+G 5< 1+2�; ?P< - >4: ; : 1�/+9 = # =Y5: �:9 /+9 = � 9 7
> , L�9B- 3 C ,.9 ��0 < / = ,.9 = 0+1+2V/+9 =83F: ;@9B1I;@, < - < )+G 5< 1+2:,.2:9B1 � - 5< FHG+9B1 GB0+1 < G+AC9�, > ; /+, = 9@LI; 3+=4:E3F::= ;@, : 7



�����g����� j�j"� �Dm����n��� q"l�� �� j�	����������"� j���� ���� �+�

1 < -�GB0 =�= 9 > 0+-J;@,.9 = 9B1+/+9B1_�d387��4,.2 < 1+-.,.1I;@9B1 > ,J; 5< ;K3 089 = 50+F L > ,.FHGI;@,.2�;�A < 1 GB0 >Y5< ;IGB-.,.FHG /+,.9 < 0 > � , 7/+9 :I< 0-H2GB9B,.FHG+1%0+1+2:9B1 9 = G < -J;@9B1+9 3F: ;@9B1I;@, < - < )+G 5< 1+2:,.2:9 � 9 > , L�9B- =@< /+,.0 > GB0+1 < G+AC9 ? /+,.9 < - > -.,.1+9 <�=< )+G 5< 1+2:,.2 ; : 1�/+9BA < 1+2:9B-.9B2�;@9B1 � 9BAV) =@< 1 3F: ;@9B1I;@, < - < 1+2:9 > 9BG+9B1�9T, = / ? >4: 9 = G 5< -J;QA < 1b9B, 71+9 3F: ;@9B1I;@, < - < )+G 5< 1+2:,.2:9��d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; ? /+,.9 < 0 >?> FHG+-.,.9
�:-.,.FHG ; : 1�/+9 = � 9 > , L�9B-&;:9 = 2 =Y5: �:9 7= 0+1+2 < )+G 5< 1+2�;a0+1+/ 3+=4:E3F::= ;@, : 1 < - GB0+A���0 < / =@< ;a/+9 = J*1 G < G+- /+9 = � <�= ) > ; : � A : -.9@L 50+-.9C, > ;K3
� 50 = 9B,.1+9 %7�B7O,.2:9�089B- < /+0+1+2Q/+9 = � 9BAV) =@< 1�AC,J;�� <�= ) > ; : � A : -.9@L 50+-.9B1�, > ;T/+,.9 > 9 = � < -.- ,.1OJ*) 7)+,.-./+0+1+2^�]3 �D/ <�= 2:9 > ;@9B-.-J;K3�08, > GB0�9B,.1+9 = = : ;@9B1I;@, < - 5< 1+/+9 = 0+1+2 ; : 1�9Z;X9 < TEZEZ5��� G 5< 1+2�;Q/+,.9�d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; >Y5< 1+/+9 = 0+1+2 ? ,.A � < G+AC9B1 /+9 = � 9 >?> 2:9B1 < 0+,.2EL�9B,J; - 0+1+/b/+9 = ,.1 /+9 = 089 7; =@< FHGI;@0+1+2a9B1I;@G < -J;@9B1+9B1 �#9BG+-.9 =@? -.,.1+9 <�= ; : 1�/+9 = # =Y5: �:9*/+9 > � 9BAV) =@< 1 3F: ;@9B1I;@, < - > < )N3 C ,.9 > 9 =

%0 < -.,J; < ;@,&;:9 � 0 >@< ACAC9B1+G < 1+2 9T0 = /+9V)M9 = 9B,J; > GB0-; ::= /+0 = FHG$J*0 > 989 = ;@0+1+2�/+9 >�> FHG+1+9B-.-.9B1U�d387�4,.2 < 1+- < 1 > ;@,.9B2 > )M9 : ) < FHGI;@9Z; 5 P+�p6 3�J*0-H /+9 = # = 0+1+/+- < 2:9a/+,.9 > 9 = J = 2:0+AC9B1I; < ;@, : 1 989 = /+9B1 /+,.9
> FHG+1+9B-.-.9B1 J*1 > ;@,.9B2:9^,.1 J*)+)+,.-./+0+1+2 �]3ScQ/+0 = FHG �P-.9@LI; =4::> ; = , LI;@, : 1 /+9 =�� 9BAV) =@< 1D9 = L%- 5<�= ; ? /+,.9/+0 = FHG�/+,.9�9B,.1+2:9B- < 2:9 = ;@9B1 � <�= ) > ; : � A : -.9@L 50+-.9�)M9 9T, = LI;a9T, = /N3
C ,.9 J*0 > -.9B1 L%0+1+2�/+9 = � 9 > , L�9B- : )M9 = R 5< FHG+9Q,.1$J*)+)+,.-./+0+1+2��]3Sc = 9B- < �],.9 = ; ,.1 2:9B/ 5< A 3 H ;@9B1 � > 7
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Graph 18
0,1M KCl
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 SHG Signal
 Potentialmodulation ca. 4 Hz (ν

rel.
 = 0,125)

 Bandpassfilter (∆ν
rel.

 = 0,1 - 0,15)

J*)+)+,.-./+0+1+2��]3&%YZ]5]P , c�1�v bpo1,d]��Dc�_a_"8�s�o�z xaxa|}]`iS,Bi /1 6�]`iXc�o1,.|Y17o'��f�fpz{v$#uc�o1, ����� KNM"Oa� W bpiS,d]`_Xxy]`v{v x
_az{o3# ��zw]=#�]`i #dbp_�jdl + j�zN,Bo\bpv �9#dbp_\,d] *�v xy]`iXxy]#jdl + j�zN,Bo\bpv/c�o3# #�zw] ��z{o�s /c�v{vw]`o3#�]�#�]`i bpo1,d]`vw]-,\xy]`o
j7'�bpo�ouc�o1,\�
GB,.-.- < ;@, : 1+9B1 AC,J;^9B,.1+9 = J*A 3 -.,J;@0+/+9 ? /+,.9 3+=4:E3F::= ;@, : 1 < -�GB0 =V< 1+2:9B-.9B2�;@9B1b� 3#< 1+1%0+1+2 ;:9 = - 5< 0-H ;K3
C ,.9 2:9B/ 5< A 3 H ;@9 � > GB,.-.- < ;@, : 1 G < ;[9B,.1+9�� = 9�
%0+9B1 GB; : 1@�7� �  /+,.9�9 =?> ;@9 = 9 = , : /+9�)M9B2:,.1+1I;[AC,J;
J*1-H < 1+2 >43 9 < L ,.1 J*)+)+,.-./+0+1+2'�]3Sc��W3-J*0-H 9B,.1+9 = � 9B,J; > L < - < ; : 1 �49@L%0+1+/+9B1 9 = L�9B1+1I;*A < 1 9B,.1+9B1
H �5A����&� A$C�� = A �)��� C ����� D�����0 ��0
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	������������	�����	 �y�����!�l /���Dm � m��4��� j�j"� �Dm������������ ��!������k���

989B,J;@9 = 9B1 �d387��4,.2:1 < - < 1 > ;@,.9B2+3 C 9 = �P-.9@LI; =4::> ; = , LI;@, : 1 L < 1+1Q/+,.9 > 1+,.FHGI; GB0+2:9 > FHG = ,.9B)M9B1 989 = /+9B1 ?/ < /+,.9 > 9 > FHG+1+9B-.-.9 =^< - > %�1Q9 = H : -.2�; ? 9 5< G = 9B1+/_/+9 = � < �],.A < -&989 = ;�9 =?> ;^,.1�� 9B,J;@9B1U2 =Y5: �:9 = %�19 =?= 9B,.FHGI;K9T, = /N3 C < G+9 = 9T, = / 9B,.1+9aGB0 >Y5< ;IGB-.,.FHG+9 ? 3F: ;@9B1I;@, < -.2:9Z; = ,.9B)M9B1+9 �P,.1+- < 2:9 = 0+1+2^/+9 = = : ;@9B1 7;@, < - >4: 1+/+9B1_,.1_/+,.9 5< 0��:9 = 9 � 9 > , L�9B-.AC9BAV) =@< 1�;:9 = AV0];@9Z; ? /+,.9C0+1 < )+G 5< 1+2:,.20; : 1b/+9BA 3F: ;@9B1 7;@, < -.,.1+/+0 GB,.9 = ;@9B1 � < /+,.0 > GB0]9 < FHG > , > ;K3��_9B,J;@9 = G+,.1V- < 0-H 9B1`;@G+9 = AC, > FHGa,.1+/+0 GB,.9 = ;@9 � =@< 1 > - < ;@, : 1 > 70+1+/ � : ; < ;@, : 1 > )M9 989B2:0+1+2:9B1 ;  3 , > FHG+9 = 989B, > 9 < 0-H'/+,.9 > 9 = � 9B,J; > L < - <`< ) ?4>4: / <�>?> /+,.9� <�> 9 = )M9 7
> ; =@< G+-.0+1+2 9B)M9B1-H < -.- > 9B,.1+9VA 5: 2:-.,.FHG+9�$ =?>@< FHG+9a/ < H 50 =�> 9B,.1$L 5: 1+1I;@9�3 C ,.9a�d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;,.1a/+9B1C-.9Z;IGZ;@9B1O%YZEZ5��1 /+9 =MC 9Z;@9@LI;@, : 1aG 5< 1+2�;�H 50 = �?9B/+9B1Z�_9 = ;7/+9 >$� 9BAV) =@< 1 3F: ;@9B1I;@, < - > 
%0 < 7/ =@< ;@, > FHGO; : 1�/+9 = J*A 3 -.,J;@0+/+9�/+9 = 9;�4;@9 = 1 < 1+2:9B-.9B2�;@9B1D� 3#< 1+1%0+1+2 < ) 5 P+�76 3
$[A �P-.9@LI; =4::> ; = , LI;@, : 1U/+9 = � 9BAV) =@< 1R0+1+/ 3F: ;@9B1I;@, < -.2:9Z; = ,.9B)M9B1+9 �P,.1+- < 2:9 = 0+1+2:9B1$; : 1 � <�= ) 7> ; : � A : -.9@L 50+-.9B1 < 0-H[9B,.1+9 = �49@L%0+1+/+9B1�)+, > � ,.-.-., > 9@L%0+1+/+9B1�� 9B,J; > L < - < GB0V;:9 = AC9B,./+9B1 ? 9T0 = /+99B,.1+9 > ,.1%0 > H 5::= AC,.2:9�� 3#< 1+1%0+1+2 AC,J;aT-, P T�6)� � < - >�� =Y5< 2:9 = H = 9�
%0+9B1 G < 1�/+,.9 � 9 > , L�9B- < 1+2:9B-.9B2�;K3
C ,.9 > 9 � =Y5< 2:9 = H = 9�
%0+9B1 G 9T0 = /+9aAC,J;*9B,.1+9 = \�� ���4,.1%0 >?>43#< 1+1%0+1+2�0+1+/ � �EZ5��������A : /+0+-.,.9 = ;
 > ,.9BG+9DJ*)+)+,.-./+0+1+2��]3 ���W3 C ,.9 � 9 > , L�9B-], > ;�GB0V; =Y5< 2:9 ? 0+A�/+,.9 > 9 = G : FHG-H = 9�
%0+9B1I;@9B1Z�_9BFHG > 9B- >43#< 1 71%0+1+2a/+9 =$� =Y5< 2:9 = 989B-.-.9*/+0 = FHG 9B-.9@LI; =4::> ; = , LI;@,&;:9��P,.11R 50 >?> 9 GB0 H : -.2:9B1N3 C <�> 9T0 = /+9*AC,J; � ,./+9 : 7> 9�
%0+9B1 GB9B1Q9 = 9T,.9 > 9B1N3 C ,.9P1+,.9B/+9 = H = 9�
%0+9B1I;@9 �0: /+0+- < ;@, : 1 >?>43#< 1+1%0+1+2aH 50+G = ; ,.A � = 9�
%0+9B1 G =@< 0+A
GB0$G 989B, > FHG+A < -.9B1 �49B,J;@9B1%) 5< 1+/+9 = 1 /+9 = � =Y5< 2:9 = H = 9�
%0+9B1 Ga)M9B,<T-, P T�6)� � � \�� �]3 C ,.9 > 9V�49B, 7;@9B1%) 5< 1+/+9 = /+9 =\< 1+2:9B-.9B2�;@9B1V� 3#< 1+1%0+1+2 < 1^/+,.9 � 9 > , L�9B- 989 = /+9B1aAC,J;?;@9B- > � : F LE7y&O1 7 � 9 =?> ; 5<�= L�9 = 1 ?/+,.9 < 0-HM/+,.9 � =Y5< 2:9 = H = 9�
%0+9B1 GT9B,.1+2:9B- : F LI;�9 <�= 9B1 ? AC,J;\9B,.1+9 = � 9B,J;IL : 1 > ; < 1I;@9B1 ; : 1 \7��1 2:9BAC9 > 7> 9B1N3 �P,.1+9*;  3 , > FHG+9`�d387XJ*1I;X9 ::= ; < 0-H 9B,.1 G : FHG-H = 9�
%0+9B1I;@9 >@?M> ,.1%0 > H 5::= AC,.2:9 > 9B-.9@LI; = , > FHG+9 > �#9B-./

J*)+)+,.-./+0+1+2��]3&%E%:5
�"��	 #�]`_
c�o1,d] *�v xy]`iXxy]`o jdl + j�zN,9+
o\bpv{_ bdc�_ ��f�fpz{v$#uc�o1,
������KNM"Oa� W bp_ �yo�vw]7xuh7]`zN,\x#�zw]k�"��	 #�]`i��$1.#uc�v b7+
x*z217o�_a_('�bpo�ouc�o1,\�

50+)M9 = /+,.9 � 9BAV) =@< 1 /+9 = � 9 > , L�9B- ? / <�> /+0 = FHG 9B,.1 1+,.9B/+9 = H = 9�
%0+9B1I;@9 > �#9B-./CA : /+0+-.,.9 = ;�9T, = / ? , > ;,.1OJ*)+)+,.-./+0+1+2��]3 �a/ <�= 2:9 > ;@9B-.-J;K3 C ,.9 : )M9 = 9�� 0 = ;:9 GB9B,.2�;[/+,.9^�d387��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; >Y5< 1+/+9 = 0+1+2/+9 = /+, 7X\ 7XJ = � = =��]7	� <�= ) > ; : � A : -.9@L 50+-.9 ? /+,.9U,.1 9B,.1+9 � 9 > , L�9B- < 0 >O: �],./+,.9 = ;@9B1 A G : -.9 > ;@9 = ,.19B,.1+2:9B- < 2:9 = ; 9T0 = /+9B1 ? ,.1�J*)+G 5< 1+2:,.2EL�9B,J; ; : A < 1+2:9B-.9B2�;@9B1 � 9BAV) =@< 1 3F: ;@9B1I;@, < - 3 C ,.9QAC,J;?;@-.9 7
= 9B1�� 0 = ;:9B10GB9B,.2:9B1�/+,.9��P,.1+G 50+-.-.9B1+/+9*/+9 =T< 1+2:9B-.9B2�;@9B1�� 3#< 1+1%0+1+2 ; : 1O\�� �V0+1+/ � �EZ5�������AC,J;^9B,.1+9 =050+)M9 = - < 2:9 = ;@9B1�� 3#< 1+1%0+1+2 >?=@< A 3 9 ; : 1�Z5��� )+, > � %YZEZ5���Q3 C ,.9CG : FHG-H = 9�
%0+9B1I;@9
� =Y5< 2:9 = H = 9�
%0+9B1 G$; : 1 T-, P T�6)� �_0+1+/ � %QP Z5���[9T0 = /+9 ; : 1 /+9 = � : H ;X9 <�= 9 /+9 = J C 
 C Ja7$[A > 9Z;IGB9 = L <�= ;@9T0+1+/C/+9BA = A 1+,.FHGI;7AC9BG = 9 = H <�>?> ;70+1+/C, > ;7/ < G+9 = 1+,.FHGI; > ,.FHGI;@) <�= 3 C ,.9 0+1I;@9 = 9� 0 = ;:9 GB9B,.2�; / <�> 0 < 1+/ 3#<�>?> 7O2:9b�#-J;@9 = ;@9`�d387 � 9 >?>?> ,.2:1 < - 3 �k� 9B1 > ,.FHGI;@-.,.FHG H : -.2�; / <�> �d387��4,.2:1 < -
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J*)-H 5< -.-.9 0+A P\�$2�
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 � �_,.1I;@9B1 > ,&;:9 = � <�> 9 = )M9 > ; =@< G 7-.0+1+2 1 : FHG < 0-H^,.ACAC9 = G+,.1 � \�� > 9B,.1+9 = J*0 > 2 < 1+2 > ,.1I;@9B1 > ,J; 5< ;OGB0 = 50+F L 3 C <�> )M9B/+9B0];@9Z;0GB0+A9B,.1+9B1 ? / <�>?> /+,.9 � <�= ) > ; : � A : -.9@L 50+-.9 9 5< G = 9B1+/�/+9 = � <�> 9 = )M9 > ; =@< G+-.0+1+2Q1%0 = ;:9 = 1 < FHG+- 5<�>?> ,.2:) <�=< 0 > )+-.9B,.FHG+9B1N3 � 0+A < 1+/+9 = 9B1b)+-.9B,.)];`/+,.9 � <�= ) > ; : �+L : 1 GB9B1I; =@< ;@, : 1 ,.1+1+9 = G < -.)_/+9 = � 9BAV) =@< 1; =4: ;IG �P1+/ : G  ; ::> 9 1 < G+9@GB0�L : 1 > ; < 1I;K3 �O1 � -.0 ::= 9 > GB9B1 GBAC9 >?> 0+1+2:9B1 9 = H : -.2�; 9B,.1	J*0 > )+-.9B,.FHG+9B1/+9 = � <�= ) > ; : � A : -.9@L 50+-.9 > FHG : 1 > ,.2:1+,  L < 1I;T1 < FHGO989B1+,.2:9B1D�49@L%0+1+/+9B1� > ,.9BG+9�� < 3 ,J;@9B- \+3Sc��W3
� 0 >@< ACAC9B1-H <�>?> 9B1+/ L < 1+1QA < 1 H 9 > ;@G < -J;@9B1 ? / <�>?> /+,.9 �8-.0];@9B2:9B- 7 � 9B0 =4: 1+9B1a,.A �49B2:AC9B1I; < -.2 < 1 72:-., : 1 < 0+FHG^1 < FHG�9B,.1+9 = ,.1I;@9B1 > ,&;:9B1 �P,.1-H 5<�= )+0+1+28; : 1�;@9B,.-&989B, > 9\AC9BG ='< - > % ��0+1+/ 9T,.9B/+9 = G : -J;@9B1
C 9 3F: - <�= , >@< ;@, : 1+9B1 AC,J; 9B,.1+9 = � ��
�/ � � 7�� 5::> 0+1+2 9 5< G = 9B1+/�/+9 = �7687�� 3 9@LI; =4::> L :E3 ,.9^,.ACAC9 =1 : FHGU9B,.1 �T0+G+9 3F: ;@9B1I;@, < -\)M9 > ,J;IGB9B1U0+1+/R,.1 /+9 = � < 2:9 > ,.1+/ ? 9 = 1+9B0];BGB0R/+9 3F: - <�= , > ,.9 = 9B1 ? 9 <�>9B,.1+/+9B0];@,.2 < 0-H � ,J; < -.,J; 5< ;[G+,.1]989B, > ;K3 C ,.9 ��: �], GB,J; 5< ; /+9 = G+,.9 = 0+1I;@9 =?> 0+FHGI;@9B1V= : ;@9B1I;@, < - >4: 1+/+9B1
L < 1+1Q/ < G+9 = )M9B, L%-.9B,.1+9B1�� : 1 GB9B1I; =@< ;@, : 1+9B1 < - > ;:9 = 1 < FHG+- 5<�>?> ,.2:) <�=�< 1+2:9 > 9BG+9B1 989 = /+9B1N3]� : AC,J;

J*)+)+,.-./+0+1+2 � 3SPEc45
��]`_Xx*z ?�?.c�o1,5#�]`i���]`z x*e /b7+
s�zN,B~�]`z x*_ /bpo3#�]`iXc�o1,�z{o #�]`i
��/c�|}]7xaxy] � PEc Z����*�+17v c +?.]`o4� fd]`z �"c7%�c�_a_�]`z{ou]`i
� ��
�/ ��� + �5/17_Xc�o1, �

L : 1+1I;@9*2:9@GB9B,.2�; 989 = /+9B1 ? / <�>?> /+,.9*�7687�� 3 9@LI; =4::> L :E3 ,.9*9B,.1+9TAC,.1+,.A < -.,.1]; <�> ,&;:980+1+/ G : FHG+2:9 =@< 7/+,.2 > 9B1 > ,J;@,&;:9 � 9 >?> AC9Z;@G : /+9 H 50 = � 9BAV) =@< 1 3F: ;@9B1I;@, < - 5< 1+/+9 = 0+1+2:9B1_/ <�=?> ;@9B-.-J; ? /+,.9CG+9 = ; ::=?=@< 72:9B1+/ AC,J;ML : 1];:9B1I;@, : 1+9B-.-.9B1 � 9 >?> AC9Z;@G : /+9B1 50+)M9 = 9B,.1 > ;@,.ACAC9B1+/+9 � = 2:9B)+1+, >?> 9�-.,.9 H 9 = ;K3�� 0+/+9BA)+,.9Z;@9Z; > ,.9 /+9B1 � ::= ;@9B,.-+/+9 = 1 < G+9@GB0C0+1%)M9B2 = 9B1 GZ;@9B1"� 0+2 5< 1+2:-.,.FHG L�9B,J; ? / < 1 < FHGC/+9BA �P,.1-H 5<�= )M9B1/+9 = � 9B-.-.AC9BAV) =@< 1a-.9B/+,.2:-.,.FHGa/+9 = � <�> 9 = H : L%0 >8< 0-HN/+,.9[2:9 9 50+1 > FHGI;@9 � 9B-.- 3F::> ,J;@, : 1�0?0 > ;@,.9 = ; 989 = 7/+9B1 AV0 >?> 3 C <�> )M9B/+9B0];@9Z; ,.A # 9B2:9B1 >@< ;IG GB0 = � , L =4: 9B-.9@LI; =4: /+9T9B,.1CAC,.1+,.A < -.9 = � < 0+AV)M9B/ <�= H 3
C ,.9 > GB9B,.2�;�/+,.9aG+9 = ; ::=?=@< 2:9B1+/+9 �P,.2:1%0+1+2�/+,.9 > 9 = � 9BFHG+1+, L H 50 = /+,.9 J*1]989B1+/+0+1+2 H 50 = � 9B-.- > 0 > 7
3 9B1 > , : 1+9B1N3
J*0-H 2 = 0+1+/�/+9 = � 9 = 989B1+/+0+1+2 ; : 1�- < 1+2 989B-.-.,.2:9BA �E,.FHGI; L < 1+1�A < 1 < 0+FHG�;@,.9 H ,.A � 9B-.-.,.1+1+9 = 9B12:9B-.9B2:9B1+9 ��) 0?9@LI;@9_AC,.1+,.A < -.,.1]; <�> ,&;b0+1I;@9 =?> 0+FHG+9B1 ? 989B1+1 9B,.1+9 > 9B-.9@LI;@,&;:9 �P,.1-H 5<�= )+0+1+2�)M9B, 7
>43 ,.9B- > 989B, > 9 50+)M9 = � =@< 1 >43F::= ;4;:9 > , L�9B- 2:9B-.,.1+2�;K3
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�*) � ��� � 1 � �
C < ,.1 < -.-.9B1��76�# 7 � 9 >?>?= 9B,.G+9B1�/ <�> �7687��4,.2:1 < - /+9 > � ��� 7	�T9 H 9 = 9B1 G@L = , > ; < -.- > /+9Z;@9@LI;@,.9 = ;D9T0 = 7/+9 ?]> ;@9BGI;T,.A 1 < FHG+G+,.1+9B,.1 9B,.1+9�8[A = 9BFHG+1%0+1+2Q/+9 = ; ::= A < - >�= 9B- < ;@,&;:9B1��7687��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;@9B1,.1 �P,.1+2 < 1+2 > -.9B, > ;@0+1+2:9B1�)M9@G 50+2:-.,.FHGb/+9 > � ��� 7�� = , > ; < -.- > GB0 = � 9 = H 50+2:0+1+2+3Mcg� /+9 = � <�> 9 = -.9B, 7

J*)+)+,.-./+0+1+2 � 3SP 2]5
jdl + j�zN,Bo\bpv{z{ouxy]`o�_az x7/bdx*_X|}]`iav bdc�e"bdc�_
��f�fpz{v$#uc�o1, ����� � � #�]`i bdc�e#�zw]�
�z{o1,�bpo1,B_avw]`z{_Xxac�o1,�b@?)�"���D+
��iaz{_Xx bpv{v"c7?Q,d]`i;]=8�s�ou]7x ��z{i"# �

> ;@0+1+2 9T0 = /+9B1 < 0-H'/+9B1�� ��� 7�� = , > ; < -.- H : L%0 >?> ,.9 = ;K3 C <�> )M9B/+9B0];@9Z; ? / <�>?> F < 3 �]cg� /+9 = � <�> 9 = 7-.9B, > ;@0+1+2^,.A � 9 >?> G 989B,.2a/+9 > ��� 3 9 = ,.AC9B1I;@9 > GB0 = � 9 = H 50+2:0+1+2 > ;@9BG+9B1N3 J*0 > /+9B1 < 0-H 2:9B1 : ACAC9 71+9B1'� < -.,.) = ,.9 = 0+1+2 > L%0 = ;:9B1" > ,.9BG+9 � < 3 ,J;@9B-�2���L 5: 1+1+9B1a/+,.9�)M9B-.,.9B)+,.2:9B1V�7687��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;@9B1/+0 = FHG 9B,.1-H < FHG+9*8[A = 9BFHG+1%0+1+2 < 0-H /+,.9 � ��� 7	�P,.1+2 < 1+2 > -.9B, > ;@0+1+2�)M9@G : 2:9B1�989 = /+9B1N3 � 50 = /+,.9
� 9 >?>?= 9B,.G+9�,.1 J*)+)+,.-./+0+1+2 � 3&% � , > ;E/+,.9 > ,.1 J*)+)+,.-./+0+1+2 � 3SP 2 /+0 = FHG+2:9 H 50+G = ;69 ::= /+9B1N3 C 9Z;@9@LI;@,.9 = ;

J*)+)+,.-./+0+1+2 � 3SP �45
jdl + j�zN,Bo\bpv{z{ouxy]`o�_az x7/bdx*_X|}]`iav bdc�e"bdc�_
��f�fpz{v$#uc�o1, ��� ��+ � #�]`i bdc�e#�zw]�
�z{o1,�bpo1,B_avw]`z{_Xxac�o1,�b@?)�"���D+
��iaz{_Xx bpv{v"c7?Q,d]`i;]=8�s�ou]7x ��z{i"# �

A < 1�1 < FHG 8[A = 9BFHG+1%0+1+2[9B,.1+9 �P,.1+2 < 1+2 > -.9B, > ;@0+1+2 < A � ��� 7�� = , > ; < -.-Q; : 1 c ,I\ 
 U ?B>4: G < ;'/+9 =
� 9 >?> G 989B,.2 9B1I; >43+= 9BFHG+9B1+/ %YZ]P�
 U 3 � 9 = 2:-.9B,.FHGI;^A < 1_/+,.9Q2:9BAC9 >?> 9B1+9��7687��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;< A � 9B0 =4: 1 2G�3 �*3 � ZEZ � � � �
	 �	� 	�� �'AC,J;'/+9 = 9B1I; >43+= 9BFHG+9B1+/+9B1 �7687��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; < A � ��� 7
� = , > ; < -.- < 0 > /+9B1 �T9 H 9 = 9B1 GBAC9 >?> 0+1+2:9B1 50+)M9 = /+,.9 < 1+2:9 3#<�>?> ;@9�� 0 = ;:9 ?I>4: 9 = G 5< -J;PA < 1V/+,.9��P,.1 72 < 1+2 > -.9B, > ;@0+1+2 < 1�9B,.1+9BA � ��� 7�� = , > ; < -.- ? /+9 = 9B,.1+9�,./+9B1I;@, > FHG+9a�7687��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ; 9 = GB9B0+2�;G 5< ;?;@9� G+,.9 = Z-, %E% 
 U �W3 �P,.1 � 9 = 2:-.9B,.FHG^/+,.9 > 9 = �E9B, > ;@0+1+2[AC,J;E/+9 = ; < ; >Y5< FHG+-.,.FHG < 1+-.,.9B2:9B1+/+9B1  ,.1/+,.9 > 9BA � < -.-+%YZ]P�
 U � -.,.9 H 9 = ;P9B,.1+9 � : 1];:9 =?> , : 1 > 9� GB,.9B1 G H 50 = /+,.9T,.1a/+,.9 � 9B0 =4: 1+9B1+AC9BAV) =@< 1
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9B,.1+2:9B- < 2:9 = ;@9B1 = : ;@9B1I;@, < - >4: 1+/+9B1� %7��� � ? )M9@G : 2:9B1 < 0-H /+,.9'� : 1];:9 =?> , : 1 > 9� GB,.9B1 GC/+9 > � ��� 7� = , > ; < -.- > 3 J*0-H 2 = 0+1+/ /+9 = / :E3 3 9B-J; >4: G : G+9B1�� <�= ) > ; : �+L : 1 GB9B1I; =@< ;@, : 1 )M9B,.A �P,.1-H 5<�= )M9B1D/+9 =
� 9B0 =4: 1+9B1 0+1+/ /+9B0];@-.,.FHG�- 5< 1+2:9 = 9B1 �O1 L%0+) < ;@, : 1 > GB9B,J;@9B1 9 = G 5< -J;CA < 1�H 50 = /+,.9�8[A = 9BFHG+1%0+1+2/+9 = �7687��4,.2:1 < -.,.1I;@9B1 > ,J; 5< ;@9B1 < 0 > J*)+)+,.-./+0+1+2 � 3SP Z0H 50 = /+,.9��7687��4,.2:1 < -.9 < 0 > /+9B1 � 9B0 =4: 1+9B1/+9B0];@-.,.FHGVG 5: G+9 = 9 �_9 = ;@9 < - > H 50 = /+,.9�,.1 J*)+)+,.-./+0+1+2 � 3SP 2[/ <�= 2:9 > ;@9B-.-J;@9B1 � = 2:9B)+1+, >?> 9  > ,.9BG+9DJ*) 7)+,.-./+0+1+2 � 3SP ���W3 �P,.1+9 J*) > FHG 5< ;IGB0+1+2�/+9 = � : 1];:9 =?> , : 1 > 9� GB,.9B1 Ga,.1 /+,.9 > 9BA � < -.-E-.,.9 H 9 = ; > FHG : 1P , 2B����)M9@G : 2:9B1 < 0-H`/+,.9^� : 1];:9 =?> , : 1 > 9� GB,.9B1 GU/+9 > � ��� 7�� = , > ; < -.- > 3 �89 = 50+F L > ,.FHGI;@,.2�;�A < 1
0?9B/ : FHG�/+,.9�# =Y5: �:9 /+9 = � 9B0 =4: 1+9B1 ,.A � 9 = 2:-.9B,.FHGOGB0+A � <�> 9 = H : L%0 > 0+1+/ /+,.9 J*1 G < G+-E/+9 =[< 0-H 72 = 0+1+/�/+9 > � , 3 3 9T,.1 L�9B- > GB0 = � <�> 9 =43F: - <�= , >@< ;@, : 1 9 � 9@LI;@,&; )M9B,J; =@< 2:9B1+/+9B1 � <�= ) > ; : � A : -.9@L 50+-.9 ?>4: -.,.9B2�;P/+,.9�� : 1];:9 =?> , : 1 > 9� GB,.9B1 G*9Z;X9 <�> G 5: G+9 = 3 6[,.9 = 1+,.FHGI;�)M9 = 50+F L > ,.FHGI;@,.2�;@9 � 9 = -.0 > ;@9 /+0 = FHG� 3 ,.9B2:9B- 0+1+/ �E,.1 > 9B1 ,.A � 9 >?> G 989B,.2aAC,.1+/+9 = 1C/+,.9 J*0 > )M9B0];@9 9T,.9B/+9 = 3-= = ,.1 GB, 3 ,.9B-.-+, > ;�9 >K: G+1+9989B,J;@9 = 9 > A 5: 2:-.,.FHG ? 
%0 < 1I;@,J; < ;@,&;:9 � 9 >?> 9 = 2:9B)+1+, >?> 9 ; : 1 � 9B0 =4: 1+9B1+AC9BAV) =@< 1+9B1 GB0�9 = G < -J;@9B1N3
C ,.9 )+, > G+,.9 = G+9 = / <�= 2:9 > ;@9B-.-J;@9B1 � 9 >?> 9 = 2:9B)+1+, >?> 9	GB9B,.2:9B1 ? / <�>?> A < 1 AC,J; < 0 >?= 9B,.FHG+9B1+/�G : 7G+9 = GB9B,J;@-.,.FHG+9 = J*01R 5::> 0+1+2 = : ;@9B1I;@, < - 5< 1+/+9 = 0+1+2:9B1 /+9Z;@9@LI;@,.9 = 9B1�L < 1+1N3 � : 1 )M9 >4: 1+/+9 = 9BA �O1 7;@9 = 9 >?> 9 > ,.1+/ < 0+FHG 5::= ;@-.,.FHG < 0-H 2:9B- 5::> ;@9 � 9BAV) =@< 1 3F: ;@9B1I;@, < - 5< 1+/+9 = 0+1+2:9B1 ? 9T,.9 > ,.9�AC,J;?;@9B- > �7687
� , L =4::> L :E3 ,.9�/+9Z;@9@LI;@,.9 = ) <�=T> ,.1+/N3
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J*)+)+,.-./+0+1+2 � 3SP � 5
jdl + �youxy]`o�_az x7/bdx*_X|}]`iav bdc�e�#�]`_.sF17iaz +
hQ17oux bpvw]`oMj48�s�o�z xaxy]`_ #uc�i"8�s #�zw]
jdl�� #�]`i���f�fpz{v$#uc�o1,d]`o ��� � ��c�o3#
��� M + �

C ,.9�AC, L =4::> L :E3 , > FHG+9B1 J*0-H 1 < G+AC9B1�9B,.1+9 > �8-.0];@9B2:9B-.2 < 1+2:-., : 1 > 9T0 = /+9B1 AC,J;Q9B,.1+9BAX9;� 3 9 = , 7AC9B1I;@9B-.-.9B1 J*0-H ) < 0 ? 9T,.98,.1D� < 3 ,J;@9B--c43 T]3 \�)M9 > FHG = ,.9B)M9B1 ? /+0 = FHG+2:9 H 50+G = ;K3 C < /+9 =�C 0 = FHG+AC9 >?> 9 =9B,.1+9 > �49B2:AC9B1I; < -.2 < 1+2:-., : 1 > 9Z;X9 < 2EZEZ���
 )M9Z; =Y5< 2�;<9T0 = /+9 /+,.9 � ,J; < 1N5 � < 3 G+, = 7�� <�> 9 =43 0+- > ) = 9B,J;@9/+0 = FHG�9B,.1+9 C 9�0?0 > ; < 2:9�/+9 = ;:9 =?> ; 5<�= LI;@9B10=P0+- > 9�,.A � : A 3+= 9 >?>4::= < 0-H<P�� 5�9 = G 5: GI; ? / < AC,J;8/ <�>2:9 >@< A`;@9 �49B2:AC9B1I; < -.2 < 1+2:-., : 1 < 0 > 2:9B-.9B0+FHGI;@9Z; 989 = /+9B1_L < 1+1N3 �P,.1+9 �76 � 7XJ*0-H 1 < G+AC9D9B,.1+9 >�49B2:AC9B1I; < -.2 < 1+2:-., : 1 > ,.1��T,.1+2:9 = - 5::> 0+1+2D, > ;V,.1�J*)+)+,.-./+0+1+2 � 3SP �D/ <�= 2:9 > ;@9B-.-J;K3�6[,.9 =V> ,.1+/b/+,.9)M9B,./+9B1��T9Z;IGB,.0 > 7 � 9B0 =4: 1+9B1 0+1+/ 9B,.1�989B,J;@9 = 9 > 2 =Y5: �:9 = 9 > � 9B0 =4: 1  9B,.1 � 7 : /+9 = � 7 � 9B0 =4: 1
 > ,.9BG+9NJ*)+)+,.-./+0+1+2$P43&%QP�� ��1+9B)M9B1b9B,.1+9BA �T9Z;IGB,.0 > 7 � 9B0 =4: 1�GB0b9 = L�9B1+1+9B1N3 C ,.9 )M9B,./+9B1 � 9B0 7
=4: 1+9B1`L 5: 1+1+9B1 1+,.FHGI;Q2:9Z; = 9B1+1I; < 0-H 2:9B- 5::> ; 989 = /+9B1N3 C ,.9 � 0 ::= /+1%0+1+2R9 = H : -.2�; < 0-H 2 = 0+1+/�/+9 =
� < 2:9�0+1+/�# =Y5: �:9 /+9 = � 9B0 =4: 1+9B1N3$�T9Z;IGB,.0 > 7 � 9B0 =4: 1+9B1 > ,.1+/�AC,J;a9B,.1+9BA C 0 = FHG+AC9 >?> 9 = ; : 1
� Z���
 /+,.9 2 =Y5: ��;@9B1 � 9B0 =4: 1+9B1 0+1+/ -.,.9B2:9B1�1+9B)M9B1+9B,.1 < 1+/+9 = GB9B1I; =@< -',.1�/+9 = # < 1+2:-., : 1 L < 3+> 9B- 3
C ,.9�1 5< FHG > ; 2 =Y5: �:9 = 9B1 � 9B0 =4: 1+9B1 ,.1�1 5< FHG > ;@9 = � < FHG%) <�=?> FHG < H ; GB0 /+9B1 �T9Z;IGB,.0 > 7 � 9B0 =4: 1+9B1
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50,00
56,10
62,95
70,63
79,24
88,91
99,76
111,9
125,6
140,9
158,1
177,4
199,1
223,3
250,6
281,2
315,5
354,0
397,2
445,6
480,0

J*)+)+,.-./+0+1+2 � 3SP �]5#jdl�� #�]`i #�z +��@+ ���
�� j �ubpi}fp_XxX1 ��]�]`z{ou]`_.bpo1,d]`_"8�s�o�z xaxy]`ou]`o��#v c�xy]-,d]`v +
j ]-,E?.]`oux bpvN,�bpo1,Bv{z217o�_�z{o�!�z{o1,d]`iav0/17_Xc�o1, � W zw] �youxy]`o�_az x7/bdxy]`o ��c�i"#�]`o@z{ou|}]`iXx*zw]`iXx,� W zw]�,d]`_`b@?.xy]
��f�fpz{v$#uc�o1,>?�z{_a_Xx %E, P \ 
 
 ��Z-, � � 
 
 � �"c�i��Dc�e o\bps ?.] ��c�i"#�]�]`z{o�P���P �#z{o�o�z{o1,�#�]`i
��z !\]`v fd]`z�c5���]`v{z$8�suxac�o1,B_ah7]`z x#]`z{o1,d]`_;]7x*hgx,�
> ,.1+/ /+,.9 � 7`0+1+/ � 7 � 9B0 =4: 1+9B1N3$�P,.1+90J*0 > 989 = ;@0+1+2b/+9 = � -.9BF L%2 =Y5: �:9B1�9 = 2:,.)]; H 50 = /+9B1 -.,.1 7
L�9B1 � -.9BF LR9B,.1+9B1 C 0 = FHG+AC9 >?> 9 = ; : 1�9Z;X9 < T 2���
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