
��� � � � � � �� 	
 �� 	� � 
 
 �� � �� � 	� � 
 �� � � �
 � � � � � 	 � � �� 	 	 � 
 	� � � �� �
 	� � � � � 


� ��� �� �� ��� ��

� !#" $ %& � � ' � $ �& (*) �� +,- .� ' ��/ 0 1� 2 +3 0 � +,- .� 4 �� � �65 7� �� � 0, 7� �� � 0�98 (*) �� : 0 2 �� + 4 ,- .� ' ��0" 3 � � �; �� �� �� � �� < 1 '=� �- � =� +> 0? " 1� @ 0 ; > > > = 1� ', :� =� �- 3 =� + A �� �� �� � �� A

�, � �� ? , 2� +� , � >� +� ;% 2� � � 0 �� , B � � � �, + +, C .� ' �� ) �� : 0 2 �� + 4 D � � , �� & � � � � � C& � �� � ) �� : 0 2 �� + 4 D% �� :� , E, � @, C .� ' �� ) � � : 0 2 �� + 4 D

.� 2 +� � � � � 1 1, 2 + ; � B ! $ . B ! F %, � � '� +� , � � � ' 7  %& " $ ' B &

E� �G � + � .HI �KJ LM (*N � � 4PO (O L LM



�� � � �� �

� H 4 ' 2, ' 4 �� 3 � � � ,- % 0 23 � � � 1 0 2� �� ' �� +� 0 2, " + 0 3 1 0 2� + � 2 0

�  , � �� � 0� 2 � �� 2
	, '� � @ 0 2 0 � �� +� , � - , 2 +� 0� � �" �  � � 2, � �, : 0 2

� /� 2 0� + � � 2 2 0 � + N , � 0 1� �, � 0� 0� +

� B � + 0 2�� + 0 � � 2 2 0 � + N , � 0 1� �, � 0� 0� +

� �, � � � � �� , � �



� ��� � � � ��� � � � �� �	 
 � � � � � � � � � � �� � �� � � � ��� � � � � � � �� � � �

B +� 0 2, + 0 3 1 0 2� + � 2 0 (� 4 ' 2, ' 4 �� 3 � � � 0 � �� +� , � �,- � + >, " � , 3 1, � 0 � +- 0 23 � , �� �� � 1 0 2 � �� ' 3 � ' 0 ,- � +, 3 � ,- 3 � � �� � 2 0 @� : 0 � ? 4

�
���� � � � C� � D�� L C�� D

� �
� � � � � �

�
O �  "! � # C�$ D � % C� &�' ( D ) � L CO D

>� 0 2 0� C�$ &� D� � +� 0 �, � � � ' 0 � �� + 4� � ' � C�$ &� D� � +� 0 �, �� � � � 1 0 2 � �� ' : 0 �, � � + 4= H 0 2 0

� C�$ &� D*� � + C�$ &� D �� , C�$ &� D >� +� � + C�$ &� D � � , C�$ &� D� � ' � C�$ &� D� � + C�$ &� D � � , C�$ &� D=

# C�$ D� � +� 0 0- + 0 2�� � 1, + 0 � +� � �� � ' % C� &' ( D� � +� 0 ? � �G � � 0 3 � � � � 1, + 0 � +� � � (� = 0=+� 0 � 0 2, " + 0 3 1 0 2� + � 2 0 0 � �� +� , � ,- � +� + 0 ,- +� 0 � � �- , 23 � 4 � + 0 3 ( >� � � � ' 0 1 0 � ' �, � +� 0 % 0 23 � " % 0 23 � �� � + + 0 2� � @ � 0 � @ +� ' ( =

E� 0 ' 0 � �� + 4� C�$ &� D� � � ��� +� � +
. � � C�$ &� D0/ 1 $ C32 D

� � +� 0 +, +� � � � 3 ? 0 2,- � +, 3 �� � +� 0 � �� '= $� - � � + ( ' � 0 +, +� 0� ? � 0 � � 0 ,- +� 0� , 23 � �� , 3 1, � 0 � + ( +� 0 � � 1 0 2 � �� ' ' 0 � �� + 4 � , � � � � ' 0 � >� +� +� 0 +, +� � ' 0 � �� + 4� � '+� 0 � � 1 0 2� �� ' � � 2 2 0 � + >� +� +� 0 +, +� � � � 2 2 0 � +=



H 4 ' 2, ' 4 �� 3 � � � 0 � �� +� , � �,- � � 1 0 2� �� ' �� 2 0 � , +� � � @ 0 � � 0 +� � � +� 0  � � 0 2 0 � �� "

+� , � � ,- � � � � :� �� � ' C� = 0= � , +" :� �� , � � D� � '� 2 2, +� +� , �� � � �� '= E� 0 � , � '� +� , � ,-

� 2 2, +� +� , �� �� + 4

� � � � L C�� D

3 0� � � +� � + +� 0 : 0 �, � � + 4 � �� � ? 0 > 2� + + 0 � � � +� 0 @ 2� '� 0 � + ,- � ��� �� 2 � 0 � '=

E� 0 � , � � 0� +� , � ? 0 + > 0 0 � � � 1 0 2 � �� '� 4 ' 2, ' 4 �� 3 � � �� � ' � �� � + � 3 3 0�� � � � � �

� � 3 � ' 0 ? 4 +� 0- , 23 � ��

� � �
O � � � C�� D

>� 0 2 0 � C�$ &� D� � +� 0 1� � � 0 ,- +� 0 � , � ' 0 � �� + 0 >� : 0"- � � � +� , �

� C�$ &� D*� 	 � C�$ &� D 	�
 � ��� ��� �� �
�

� + C�$ &� D � � , C�$ &� D � C�� D

>� +� �
�� C�$ &� D +� 0- 0 23 � , �� � � 0 � ' , 1 0 2� +, 2 >� +� � 1� � � , 3 1, � 0 � +� � � &� = , +� � 0O � C �, , 1 0 2 1� � 2 � D� � � + 0� ' ,- � � �  �= C�� D=

E� 0 � , � ' 0 � �� + 0- 2� � +� , � ,- +� 0 % 0 23 � � � 1 0 2 � �� '� �

. �
. � O
. 	 � C�$ &� D 	! / 1 $ C � D



-4 -2 0 2 4

y=(a
F
 k

F
)
-1

0

0.2

0.4

0.6

0.8

1

co
nd

en
se

d 
fr

ac
tio

n

�� � �� � �� �� �	 � 
 ��� � �  � � � �� � 	� � � � � 	 � � � �� � � � ��� �� � 
 	 � � �� �� 	 � � � � � � 
 � �� � � � �� �

� � �� 	 �� � � �� 	 � 
 � �� � � � 	 � � � �� 	 ��� ��� � � �"! # � �� $� � $� �� � � � %� � �� � � � � � � � � � �'& ( �� � 
 � 	 
 $� �

) � �� � 	 	 � 	 * � 	 �+ �� � �� � � , � � � � � � - �	 � � �� � ./ 0 � 1 �� 	 �� � � � 2 . & 3 &4 ) � � 	 $� � � 56 789 :; <=

>? :@ A �B �@ �! � �C �D &

� 	 � � = & � & :E & . � � � � � :F & ; � 	 � $� :; < F GH : �! 1I ! @ �! � � C �&



$� +� 0� � �" �  � � 2, � �, : 0 2 +� 0 ? � �G � � 0 3 � � � � 1, + 0 � +� � � �� � ? 0 > 2� + + 0 � � �

% C� &�' ( D � �!
O � �2 � ! � �

! � 1
�� C� D � �
� � � C� D � CM D

>� 0 2 0 � C� D� �� '� 3 0 � �� , � � 0 � � � � � : 0 2 �� �- � � � +� , � ,- +� 0 � � : 0 2 � 0 � � + 0 2� � +� , �

1� 2� 3 0 + 0 2

� � �
	 ( ' (

� �
C32 � ! � D@ � 1 ' ( C�
 D

>� +� 	 ( � C32 � ! � D@ � 1 +� 0 % 0 23 � >� : 0 � � 3 ? 0 2� � ' ' ( +� 0 % 0 23 � " % 0 23 � �� � + + 0 2"

� � @ � 0 � @ +� =

� 0 1� 2� 3 0 + 2� � 0 � C� D� �- , � �, > �

� C� D �  @ �  ! � 2� +� �  1 ��� @ � 	� 	

� ! � 	� 	 C�� L D

>� 0 2 0 +� 0 :� � � 0 �,- +� 0 1� 2� 3 0 + 0 2 �  @ &  ! &  1 &� @ &� ! � 2 0 2 0 1, 2 + 0 '� �  = & � � � � �

� � ' � = � = ( . ! B �� ( L 2 2 � O � CO L L � D= E� � � 2 0 �� � ? � 0 � + +� � @- � � � +� , � � � ? � � 0 '

, � � � 4 3 1 +, +� � �� � ' � - 0 '" � , ' 0 & , � + 0" �� 2 �, '� +� � 7 =  = B � + 2� G� � 2�� � G �� ��� (. ! � �� (O L L � L � CO L L � D� =



H 4 ' 2, ' 4 �� 3 � � � 0 � �� +� , � � ,- � � 1 0 2 � �� ' � ' 0 �� 2� ? 0 0� � � 0 � + � 4 ;� D � +� +� � 1 2, 1 0 2 +� 0 � �� � D �, > " 0 � 0 2 @ 4 � , � � 0� +� : 0 ' 4 �� 3 � � � >� +� � � � (>� 0 2 0 �� � +� 0 >� : 0 � 0 � @ +� ,- +� 0 3 , ' 0 ( �� �� 0� �� � @ � 0 � @ +� ,- +� 0 � � 1 0 2� �� '

C 0= @= +� 0 4 @� : 0 +� 0 � , 2 2 0� +� , @, �� � ? , :" B � ' 0 2 �, � " 7, � ' � +, � 0 3 , ' 0 D=�, 3 ? 0 �� , + (�� � @� � � � ' � + 2� � @� 2� � . ! B �� ( L � O � � � CO L L � D� � � @ @ 0 � +

� � �
�  �	 C�� � D

>� 0 2 0  �	 � � +� 0 �� � '� � � 2� +� �� � : 0 �, � � + 4 C �� � '� � � 2� + 0 2� , � - , 2 '� � �� 1� +� , � D=$� +� 0 �  � 2 0 @� 3 0 ,- ? , �, �� � '� 3 0 2 �  �	 � , � � � � ' 0 � >� +� +� 0 �, � � ' : 0 �, � � + 4 (� = 0=

 �	 � 
 �� �
�

� %
�� C�� O D

$� +� 0 � � � 2 0 @� 3 0  �	 � �� � � + 0� ' 2 0 �� + 0 ' +, +� 0 ? 2 0� G� � @ ,- �, , 1 0 2 1� � 2 �+� 2, � @� +� 0- , 23 � ��

 �	 �

�
�

% ! � 	�� 	! � %

� C�� 2 D

>� 0 2 0 	 � 	� � +� 0 0 � 0 2 @ 4 @� 1 ,- �, , 1 0 2 1� � 2 �= ) �- , 2 + � �� + 0 � 4 ( +� 0 0 � �� +� , � �,-� � 1 0 2 � �� '� 4 ' 2, ' 4 �� 3 � � � ', � , + +� G 0� � +, � � � , � � + +� 0 0� 0� +,- 1� � 2 ? 2 0� G� � @=



= � � � � ��� � 
 	 � �� 
 � $ �� $� 
 � � - �� � � � � � � � �� � 	� � �� $� 
 � � - � 
 � $ 
 � $� �� � � $� � � �� � � � ��� �� � 
 	 � � �� �� 	 &

0 � � � � � 	 � 
 $� � 	 $ - � � � ) � �� � � �� � 
 	 � � � 
 � $ �� $� 
 � � - � � $� 	 � � � � 
 $� �� �� � � � �� 	 � � - &

� 	 � � < & �� � *� � 
� � : . & � � & � � � � � � � � � & � � 	 � � � � 	 � :; < F G? : � B ! �@ � �! � �I �'&



�� � � � � �� � � �� 	 �� � � � � � �	� � � � 
� �� � � ��

�� � ���� �� � ��� � �� �� � � � ! " � � "� #$ �% � �& � � � � � �� # �(' � � ) #� % � "* #$ �% � � +-, ./ 0& " � �

� � * % 1 � � � �� � � �2 � ) #� 3 �4 �* � #$ �% � � +-5 ./ 0& 1 � � � #� % � � ) � #$ � )% 6 �* �7 1 " 3 �

' � � ) #� % �

8 +-9 :<; 0>= ? +-9 :<; 0
@ ACBD EGF HJI K +-LM 0

1 $ � ) $ � � � )� � � � � � % �% � � * �N �O % % � �� � "�� � 1 � #$ #$ � � % � 6 "* �� " #� % �

P 8 +-9 :<; 0 PRQ SUT 9 = V
@ +-L W 0

#$ " # � � X � � # � � � 2 �� � � #' � % 6 #$ � � % � 6 "* �� " #� % � % ' #$ � )% � � � � � " # � 1 " 3 �' � � ) #� % �

Y +-9 :; 0& �� # #$ � � $ " � �Z +-9 :<; 0 � � #$ � � " 6 �[

\ � � 6 � % �� � � #$ � +' �� 6 � % � � ) 0 3 �* % )� # �� � $ " � � � �* " #� % � � $ � �

] = ^
@ _a` Z +-L b 0

% � � ) " � � � "� ) $ #$ � �� 6 ��* � � # � % � * � � � "� c ) $ � d% � � � � �� � X � " #� % � % ' 8 +-9 :<; 0 1 $ � ) $

� " #� �4 � � 5 X [ +-L b 0 " � � � � �� % � � ) � � #$ � � X � " #� % � � % ' �� � �� e � � � $ � � � % � � � " 6 � ) �

� � #$ � )* " � �� ) "* * � 6 � # + ^ f g 0[



� �4 � � #$ " # #$ � � % � * � � � "� c ) $ � d% � � � � �� � X � " #� % �

� ^��� ; 8 +-9 :<; 0= �
� ^ Q

M _ `
Q � @ � +-9 0 � @ � + ? +-9 :; 0 :
	 � 0 �

8 +-9 :<; 0 +-L  0

� � 3 � � #$ � � X � " #� % � � % ' �� � �� e � � � $ � � � % � � � " 6 � ) � � � #$ � )* " � �� ) "* * � 6 � # + ^ f g 0[

�� � � � �� "* & % � � �� � �� e � � � � ! c 5 � � 3 � � #$ � $ � � � % � � � " 6 � ) � � X � " #� % � � 1 � #$ " �

" � � � #� % � "* X � " � #� 6 �� � � �� � � # �� 6
� ��� = � ^ Q

� _
` Q � ?

� ? +-L � 0

1 $ � ) $ � � � � � � � �7 ��* � )� #* � % � #$ � � � � � ) � � � * " � )N )% � � # " � # ^ + �� " � � � � # )% � � � )�

#� % � � � , ./ & � �7 #� #% � * � " � � � � )% � � � ) #� % � � � * % 1 � � � �� � � 5 ./ 0[

�� #$ � � � � � \ 5 O � � � � 6 � ' � % 6 5 X [ +-L  0 % � � � � )% 3 �� � #$ � ' " 6 � * � "� � � % � ��

� � # " � 3 �N � � � X � " #� % � ' % � \ % � �� )% � � � � � �� � � 6 �� � + 6 % * � )� * � � % ' # 1 % ' �� 6 � % � � 0&

1 $ �� �

� + ? :	 � 0= M � ^ Q 	 � � +	 � 0

@ _ ? +-L � 0

1 � #$ 	 � � +	 � 0 #$ � � � 6 �� � � � 6 �� � ) " # # �� � � � * � � � #$ & 1 $ � ) $ � � � � � � � % � #$ � . �� 6 � �

. �� 6 � � ) " # # �� � � � * � � � #$ 	 � [ � � " � � 4 �* � #$ �% � ��� 	 � � +	 � 0 = @ 	 �� ' % � � � � % � �

#$ �% � � " � � "* �% �O � " # "� 	 � � +	 � 0= g� b 	 � [



�� � � 
� 
� � � �� � � �� � �	� � � � �
 � 
 �

� � � � � % � � #� 6 �� � � � � � � � � # �� � �� e � � � � ! c 5

� ^��� ; 8 +-9 :<; 0= �
� ^ Q

M _ `
Q � @ � +-9 0 � @ � + ? +-9 :; 0 :
	 � 0 �

8 +-9 :<; 0 + @ g 0

#% � #� � � #$ � , O � % � � � $ �% � �2 � ) #[ � � ) $ % % � � " � X � "� �� 1 �* * � "� � � ��

� +-9 0= �  ' % � P�� P�� S

g �* � � 1 $ �� � + @ L 0

1 $ � ) $ � � � "� " # � � #$ � �� � �� e � � � � � #% # 1 % � � � � % � � & " � � * % % N ' % � " � # " #� % � "� �

�% * � #� % �

8 +-9 :<; 0>= � +-9 0 ABD EF K A�� B Q�� � I ��� + @ @ 0

1 � #$ )% � � # " � # " � � � � �' % � 6 �� � �� )� � � � � #

� = ? +-9 0 ] +-9 0>= @ � +-9 0 Q ^
@ _ ` Z +-9 0 + @ � 0

� #' % * * % 1 � +` Z 0 Q = � Q � ��� " � � "* �%

�
� ^ Q

M _a`
Q � _

M

� Q
� +-9 0� � @ � +-9 0 � @ � + ? +-9 0 :
	 � 0 �

� +-9 0= @! � � +-9 0 + @M 0



� � �% * 3 � #$ � � # " #� % � "� � �� � �� e � � � � ! c 5 � � � 6 � % �� � � " )% � � # " � # " � � � � �' % � 6

� � � �� # �  ? " # � �4 � � # ���

� +-9 0 f
 ?

@ ' % � P9 P f � + @ W 0

� � 3 � � � +-9 0 " #4 7 � � � & #$ � � $ " � �Z +-9 0 � � #$ � � % � # "� � �� ' � % 6

Z +-9 0= Z +-9  0 � _ �
^

F
F �

L
� +-9 0 Q S 9 + @ b 0

/ $ � � $ " � � � � 2 �� � � ) � " )� % � � #$ � � "� � � �� � � � �4 � � � " �

� Z = Z + � = � � 0 � Z + � = � � 0 + @  0

�� #$ � � 1 " � 1 � "� � " �* � #% � � # �� 6 � � � #$ � � �* " #� % � � $ � � � � # 1 � � � #$ � )� � � � � # �

" � � #$ � � $ " � � � � 2 �� � � ) � � Z [

� � � 7 � � ) # #% � � )% 3 �� #$ � � % � � � $ �% � � X � " #� % �

� = �  �� � + � Z 0 + @ � 0

� � #$ � � � � � 6 � % ' $ � � $ � "� � � �� + � 6 "* * #� � � �* � � � & 1 � "N � * � � N 0[ �� � # � " � & � � #$ � * � 6 � #

% ' 3 �� � � 6 "* * � "� � � �� + X � " �� � ' � � � #� " � � � % � # & � #� % � � � * � � N 0 �  $ " � � # � 6 " 7 � 6 � 6

3 "* � �

��� �� =  ?� �	 + @ � 0

1 $ �� �� �	 � � #$ � ! " � � "� )� � #� ) "* 3 �* % )� # �[



� � �� �� �� �� � 	
 � �� � �  � � �� � � � �� � � �� � 	 � � D �� � � �
 � � �� 
 � �� � �� � � � � � � 
 �� � � �� � � E� �  K��

� � �� � � �� 
 � � � � �� � � � � � � � � � �� � � ! " :# � �� $ % � �'& ET (& � ) K& *,+ � E Q � K �� � � � �� � � � � � � � � - � � ��

� � �� �  � � �� � �./ 0 % � � �

� �� � . � �� � � � � � � � � �� �
 � � � � �� �1 � 	� � � � �� :2 � 3 � :� � � � � � � E � 
 � � Q  4 K�



� �� � � �� �� �� �� �� � 	
 � �� � � �� ��" � � � � � � � � � � � �� � � 	 �� � � � � � � � � �� � � � � � E 0 % � % K � � �� � � � 3	�

�
 � 	 �� � �� � � �� � 
 � � � � . �
 � � �� 
 � � � 2 3
 � 3 � �  � � � . � � 	 �� � 	� �� 	 � � � �� � � � � 	 �� 	
 � � �� � � � � �

3 � 
 � � � �� � � � :; � � �� : 3 � �� � � �� ; < 2 � � : � �  � E Q  � K� � � � 
 � � �� 
 � � � � �� � � � � � � � � � �� � � ! " � $ % .

�  Q � : � �  : � Q : �� � - � � �� � � �� �  � � �� � �./ 0 % � � �

� �� � . � �� � � � � � � � � �� �
 � � � � �� �1 � 	� � � � �� :2 � 3 � :� � � � � � � E � 
 � � Q  4 K��



�� � � �� � � � 
� � � � � � � � � � �	� � � � �
 � 
�

! � # � � � % 1 )% � �� � �� " $ � � $ � "� � � �� + � 6 "* * #� � � �* � � � & 1 � "N � * � � N 0 1 � #$ % � # � 6 �

� % �� � � " )% � � # " � # �� � �� )� � � � � # � [

� � � # "� #' � % 6 % � � #� 6 �� � � � � � � � � # �� � �� e � � � � ! c 5

� ^��� ; 8 +-9 :<; 0= �
� ^ Q

M _ `
Q � @ � +-9 0 � @ � + ? +-9 :; 0 :
	 � 0 �

8 +-9 :<; 0 + � g 0

" � � * % % N ' % � " #� 6 �� � � � � � � � � # �% * � #� % � % ' #$ � ' % � 6

8 +-9 : ; 0= � � +; 0 � � +-9 0 � � � +; 0 � � +-9 0 + � L 0

1 $ �� � � � +-9 0 " � � � � +-9 0 � � #$ � X � " �� � � # " #� % � "� � �% * � #� % � � � % � 6 "* �� �� #% % � �

" � � * % ) "* �� � � � � � � � � % � � " � � � � � � � � ) #� 3 �* �[

�� #$ � � 1 " � 1 � % � # "� �	� #$ � ' % * * % 1 � � � # 1 % � � # " # � 6 % � �*

� ^��� ; � � +; 0= 
 � +; 0 � � +; 0 � � � � +; 0 + � @ 0

� ^��� ; � � +; 0>= 
 � +; 0 � � +; 0 � � � � +; 0 + � � 0

' % � #$ � # 1 % )% 6 �* �7 )% �� )� � � # � � � +; 0 " � � � � +; 0& 1 $ � ) $ � � 3 � #$ � � � 6 � �� % '

" #% 6 � � � #$ � # 1 % � � � � % � �[

2 � 3 � � � � � � �� �� �� � � � � � � �; <1 � � � � T� � E Q  4 K��



�� % � � # 1 % � � # " # � 6 % � �* & 
 � +; 0 � � #$ � #� 6 �� � � � � � � � � # � � �� � � � � � � � � % � � & � � 3 � �

� �

 � +; 0�� � � +-9 0 �
� ^ Q

M _`
Q � @ � +-9 0 � @ � � @ P � � +; 0 PRQ � � +-9 0 Q :	 � � �

� � +-9 0 SUT 9
+ �M 0

/ $ �� � � � % � 3� % � �* � " �� 6 � * "� �7 �� � � �� % � ' % � #$ � #� 6 �� � � � � � � � � # � � �� � � 
 � +; 0[

/ $ � )% � � # " � # )% � ��* � � � � � �� � � � � � � )� � � � � � � � # � " � #$ � #� � � �* � � � � � # 1 � � � #$ �

# 1 % � � � � % � � � " � � \ �
� � � � +-9 0 �
� ^ Q

M _a`
Q � @ � +-9 0 �

� � +-9 0 SUT 9 + � W 0

.� % 6 % � � �� � 3� % � � " � "* � �� � % ' #$ � , O � % � � � $ �% � �2 � ) # & 1 � � 7 � � ) # #$ " # #$ � �

� 7 �� � � �� % � � � )% � � � ) # % � * � � � #$ � � � � $ # �� � � % ' #$ � \O c � \ 5 O )� % � �% 3 �� [

/ % � #� � � #$ � � % � � � $ �% � �2 � ) # � � #$ � * �' # �� � � % ' #$ � \O c � \ 5 O )� % � �% 3 �� % � �

) " � � � � � " � " � $ � � % 6 � � % * % � � ) "* � "� " 6 � # �� �" * " . � � � 6 " � [ �

� < � ; � � � � � � � � � < � 2 � � � � �� � � � � 3 � � � � �� 	 
��  �� � 	� ��� 	� �� �� 
 �� � � � �� � � T E1 � �� �� �- � �� � � � < � � �� � � � ��� � K�< � ; � � � � � � � � �� � � �� � �� � �� � 	� � �� � � �� � � 	 � �� � 	� ��� 	� E � � �  � � � � � < � � �� � � � �� � T K��



� � ) " � 1� � # � #$ � )% 6 ��* � 7 )% �� )� � � # � � +; 0 " �

� � +; 0>= V � +; 0
@ ACBD � E I K + � b 0

1 � #$ V � +; 0 � � 6 � �� % ' " #% 6 � " � � Z +; 0 � $ " � � � � � � � � % � � [ � � "� � & #$ �� � � � "

�� 6 � * "� �7 �� � � �� % � ' % � � � +; 0[

�� # �� 6 � % ' #$ � � $ " � � � � 2 �� � � ) �
� +; 0>= Z � +; 0 � Z � +; 0 + �  0

" � � � �* " #� 3 � � � 6 � �� � 6 � "* " � ) �

� +; 0= V � +; 0 � V � +; 0

V � +; 0 � V � +; 0
= V � +; 0 � V � +; 0

V : + � � 0

#$ � # 1 % � 6 % � � � X � " #� % � � � � 3 �

�� +; 0 = � @ �
^ L � � +; 0 Q �� � � +; 0 :

�
� +; 0 = @

^ � � �
V

@ � +-L � � +; 0 0 �
� � �
V

@ � +-L � � +; 0 0 ��
� @ �

^

� +; 0

L � � +; 0 Q
)% � � +; 0

/ $ � � � "� � #$ � " #% 6 � ) � % � � � $ �% � �� � ) #� % � + � � � 0 � X � " #� % � � � � � )� � �� � � #$ �

% � )� * * " #� % � � % ' V . �� 6 � " #% 6 � #� � � �* � � � � � #$ � �� � �� e � � � � # " # � � � # 1 � � � � � � � % �

� " � � � � � � % � � & � % #$ 1 � #$ 3 % * � 6 � � [



� � � � % � * � � � "� � � � � X � " #� % � � ) " � � � * � � � "� �� �� "� % � � � #$ � � # " �* � � # " #� % � "� �

�% * � #� % �

 � = g " � �  
� = @ � � + � � 0

1 $ �� � � � � " � � � # � � �� [ � � �4 � � � #$ � ' % * * % 1 � � � ' � � X � � � ) � % ' � 6 "* * % � )� * * " #� % �

�  = �
� ^ L � @ _ � Q �
� +M g 0

1 $ � ) $ � � ) "* * � � � �� % � 6 % � �[ � �� � � � � � #$ � �% � � � 3 �* % )� # � )% 6 �� # �� " # #$ �

6 � " � � � � �� # � ? = V � � % ' #$ � �� � �� e � � � [ / $ �� �� % � 6 % � � � � #$ � " � "* % � % ' #$ �

� % � � � $ �% � �* " � 6 " ' � � X � � � ) � � � �� � �� )% � � � ) #� � � �� � ) #� % � �[

.� % 6 % � � � � � � X � " #� % � �� % � � 4 � � � "* �% #$ � � � 6 % � � �% * � #� % � 1 � #$  � = g

" � �  
� = � + @ � � L 0 " � � #$ � � �*' � #� " � �� � � �% * � #� % � 1 � #$ � % �� * " #� % � � 6 � "* " � ) �

+ � �= g 0[

� % #� ) � #$ " # % � � � � � � X � " #� % � � � � � �� "* �� � #$ � \ � � � X � " #� % � � % � # "� � � � � �

c 6 �� � � �� 	
� � � � � � �M � W g �-L � �  �� � �� \ �� ��� �� �� � �� �  � � ! � �� " � �� #

$2 � 3 � � � � � � �� �� �% � � � � � � �; <1 � � � � &� � ')(  4 *��



0 50 100
time [ms]

-1

0

1

2
z 

  a
nd

   
ϕ 

[r
ad

]

0 50 100
time [ms]

a
F
=1µm  y=1.19  ν=51.4 Hz a

F
=1µm  y=1.19  ν=41.3 Hz

� � �� � � � � � � � �� � 1 � �� �� � � �� � � � � 	 � � �� � �� � �1 � � � � 
 � �� � � � � � � � �� � " � � �� � � � �# � � �

�# � � � � � � � �� 	 �� �� � � � � � � � � 
 � � ( �	� �  � � � + � �
 � � � � � � � � � � � � � �� � 
 � 0 � � � � � � � � �� � � � �

% � �� � � % � � �� � 	 � � �� �� � � � � � � �� � % � � � � � 	� � �� � � � � �� � � �� � � �� �� � 3 � � � � � � � � . � � � 
 � � �� � �

� �  �� � � 	 � � '�� * � � � �� � � � � � � . �� � �� �� � � �� � 	 � � '� *�� � �� �� �� 	� � �� �� � � � . � '  * �  � � � � '  * � � �

'� � � � *� � '  * �  � � � � '  * � � � � � ' �� � � � *��

% �� � 2 � 3 � � � � � � �� �� �% � � � � � � �; <1 � � � � &� � ')(  4 *��



�� � �� �� �� ��

� 	 �
 "� � !� �  � � � � ! " � �  ��� � � !� � � � �
 �  
 �� � �� 
 � ! � � ! � � "� �  � � � " �� � ��

� �� �� � � � �  ��� � � !� �� � � " � � " !� � � �  �� � �  �� � � #

� � � ! � � ! � � "� �  � � � � " �� � �� " � ! � �  ��� � � ! � � � � "� � � �� � "� � � � � � �� �� �� � " � ��

� � � � " ��  � �  �� �� �� �

� � � � � � � � � �� � �  � � � �  �� � � ! � � "� �  � #

� � � �
 � � �� ! � � � �
 �� �  � � � 
 � � � �! �  � � � � � � �  ��� � � ! � � � � � ��" � � � � � �

� �� � � � �
 � � � �
 � � � ! � � � �
 �# � � �# � �  � �� � � � �� #

� � � �
 � � �� ! � � �� � " � !$ �  � � � 
 � � � �! �  �� � � � � � �  ��� � � ! � � � � � � �" �

�%  � � � �� � � �� �
 � �� � � # � � �# � �  � � � � � � �� � � � � � � � " 
 �� � � � � � ��  " � �� � �

� �� � � �  "� "� � � �� � � �
 � � � � � � � ! � � � �
 �  � �� � � � �� # � � �
 � � � " � � � � � � �
 �

$   � � � " �� � �� #

& �$ � ' �( (


