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


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

132 �4��56�0" ����	'�+*378	�$/�%���9� : ��	�� �+� ; 5�	��=<?>@� �+*

, ��$A	��

T
H

E
U N I V E R

S

I T
Y

O
F

E
D I N B U

R
G

H

BDC�EGFIHKJMLONQPSR�TUFICVJIW

XAY[Z]\_^a`b^c^[d]e0fQ`gY[YS\ihj`bkmlGd]npo]nbfq\_k�YKrsltYSZ]\vua\_w�d]`bua\_fq\_k�YS^

lGr=uxY[Z]\vh]\_ysu[\_\vrsl{z
r |}YSr=u~rsl{��Z]`pnbr=^ar=�]Z��

YSr6Y[Z]\

� k]`p�s\_ua^[`pY���rsl{��h]`pk�e]d]u[ysZ

�s�=�s�



� � �������
	��

� Z]\(Z�d0f�
sk nb`p�]^�lGr=uaf YSZ]\���
snp�s\�d]^[\ih YSrO|_rsk�Y[u[r=n
Y[Z]\�� r�� rsl�
s`bum`pk�Y[r e]u�
s^a^
`bk0^aYSuad]fq\_k�YS^�� � Z]`b^��anb`p�(ua\_\ih���`p^�
@|_r=fq�]nb\���^a��^ YS\_f rslKf�d]^[|inb\ � ^"!�`bk�
sk]h#� d]`bh$�mX

e%
s^a`b|&
sk%
sng��^[`b^vrsl YSZ]\Qnb`p�(ua\_\ih'�(
s^��I\_u lGr=u[fq\_h e��#) \_npfQZ]rsnpY�*6`pk Y[Z]\�+-, YSZ(|_\ik�Y[d]ua� �
e]d0YQYSZ]`p^�
 k%
snp��^a`b^Dl.
s`bnp\_h YSr \�� �]n/
s`pk�^ar=fQ\@`bfq�Ir=uaY�
sk�YQ| Z�
su�
s|}YS\iu[`b^ YS`p|_^ r l
YSZ]\@��
snp�s\
r=�I\_u"
 YS`pr=k�rslMY[Z]\�u[\i\_h0� � Z]\i^[\v| Z%
su"
s|iY[\_ua`b^aY[`b|i^1
su[\ `bk��=\i^aYS`py2
 Y[\_hj`bk Y[Z]\
�]ua\_^a\_k�Y3�~r=u4!5�
�c`pY[Z�
6lGr |id]^ rsk YSZ0\'r=�I\_u"
 YS`pr=k@rsl6�a`pk2�7
suah98�^ YSu[`:!�`bk]y;�&
sk]h<�ar=d0Y=�(
suah98�^aY[u[`:!�`pk]y;�qu[\i\_h

fqr h]\i^>�

� r `pk��s\_^ YS`by;
 YS\�Y[Z]\�nb`b��u[\_\ih0�?
su YS`go |_`@
sn fqr=d0Y[Z]^mZ%
 �=\�ua\_|_\ik�YSnp��e \i\_k \_fq�]nbr �=\ih

YSr@l.
s|_`pnb`gYA
 Y[\6^[|_`p\_k�YS`go | ^ YSd]h � rslKY[Z]\ eI\_Z�
 ��`pr=d]u�r lxYSZ]\Qu[\i\_h0� � Z]\_^a\mh]\i��`b|i\_^ fqr�h]\_n

YSZ0\�Z�d]f�
 k nb`p�]^�d]^a`bk]y�k%
 YSd0u�
sn n/
 Y[\B� u[d0e]e \iu�YSd0e \i^ o nbnp\_h'�c`gYSZ��(
 Y[\_u>� � Z0`b^ ^ YSd]h0�

d]^a\_^Kr=k]\ ^[d]| Zjh]\}� `p|_\ Y[r `bk��s\_^aY[`by2
VYS\ �0\B� � \iu[`pfQ\ik�Y�
snbng�6YSZ]\ u[\_n@
 YS`pr=k]^aZ]`b�]^ eI\iY=� \_\_kjYSZ0\

u[\i^[r=k�
sk]|_\i^6rslxY[Z]\�u[\i\_hC
sk0h YSZ]\Qu[\i^[d]ngYS`bk0y�^[\inpl/D ^[d]^ YA
s`pk]\_h rs^[|_`pnbn@
 YS`pr=kE�cZ]\_k+h]ua`p��`bk0y


skE
 |_r=d]^ YS`p| u[\i^[r=k%
VYSr=uFD1
QYSuar=f eIr=k]\'`bk�Y[Z]`b^ |-
s^a\ � � Z]\ ua\_^[rsk%
sk]|i\_^�rsl YSZ0\ u[\i\_h�
sua\
`bk0`pYS`@
snbng� `pk��=\_^ YS`py2
 YS\ih9e���fq\-
s^ad]u[`pk]yQY[Z]\G
sua\-
 rsl r=�I\_k0`bk]yQe \}Y=�~\i\_k�YSZ]\ np`b�]^F
s^ Y[Z]\i�

sua\ h]ua`p�=\ik e��'
H!�k]r��ck+r=^[|i`bnbn@
 YS`pk]yI
s|ir=d]^aY[`b|Q^[`bysk%
snJ�mX h]h]`gYS`brsk%
snbng�;� Y[Z]\ ua\_^[rsk%
sk]|i\_^
rsl{Y[Z]\ ua\_\_h�
su[\'`bk��=\i^aYS`py2
 Y[\_h�`pk Y=� rmh]`bfq\_k]^a`br=k0^ d]^a`bk]y�
 n/
 ^[\_u h]r=�0�]nb\iu ��`be]uar=fq\iYS\iu>�
K rsY[`br=k rsl YSZ]\�np`b�]^ `bk�Y=� rqh0`bfq\_k]^a`br=k]^ `b^1
 k%
snp��^a\_hjd]^[`pk]yL
 Z]`py=Z�^[�I\_\ih h0`by=`gYA
sn ��`bh]\ir
|-
 fQ\iu�
M�

� ^a`bk]y
Y[Z]\_^a\Ku[\_^ad]npY[^>��|ir=fQ�0d0YA
 Y[`br=k�
sn `pk��=\_^ YS`py2
 YS`pr=k]^ rslInb`b�'fQr�h]\inb^U�0u[r ��`bh]\1

ysu[\-
VY

`



h]\>
sn r l�`bk]^a`by=Z�YQ`bk�YSr(YSZ]\ e%
s^a`b|@fQ\i| Z%
sk]`p|_^ r l
YSZ]\ u[\i\_h0��� `pk]\-
 uQ^ YA
se]`pnb`gY��C
sk%
sng��^[`b^
^[Z0r �c^xY[Z%
 Y(
�fqr h]\in �c`gYSZ�
 Yxnp\-
s^ Y~Y=� r h]\_ysu[\_\i^Krsl lGua\_\_h0r=f `p^~ua\_w�d]`bua\_h Y[r u[\i�]u[r�h]d]|i\

\B� �I\_ua`bfq\_k�YA
snpnp��r=e]^[\iua�s\_h Y[Z]u[\i^[Z]r=nph �]n@
 � `pk]y�lGu[\iw�d0\_k]|i`b\_^�� � `bfq\ch]r=f&
s`bk6^a`bf d]n@
 YS`pr=k]^

sua\�d]^[\ih+YSr9`bk��s\_^aY[`by2
VYS\ Y[Z]\mu[\i^[�Ir=k]^[\mr l Y[Z]\�fqr h0\_nb^�� 
sk]h+|ir=fQ��
su[`p^[r=k]^�
su[\ f�
sh0\
�c`pY[Z+YSZ]\m\��0�I\_ua`bfq\_k�YA
 nbnp� r=e0Y�
s`bk0\_h u[\i^[�Ir=k]^[\@h%
 Y�
M����Y[u[r=k0y(^a`bfq`bn@
su[`gYS`b\i^ 
su[\�lGr=d0k]h

eI\iY=� \_\_k9Y[Z]\�
sua\-
 r l�r=�I\_k]`pk]yQlGd]k0|iYS`pr=k�rsl 
QY=�~rmh0\_y=ua\_\�r l�lGu[\_\ih]r=f fqr h]\in 
 k]h�YSZ0\


sua\-
xlGd]k]|}YS`brsk�ua\_|ir=u[h]\ih'`pkv\B� � \iu[`pfQ\ik�Y�
sn=^ YSd]h]`p\_^�� �cZ]\ik'Y[Z]\ r=� \ik]`bk0y3
su[\>
c`p^Mh]\_^a|_ua`beI\_h
e��I
sk 
s�]�0u[r=�]ua`/
 Y[\�k]r=k D nb`pk]\-
su lGd]k]|}YS`brsk@r l Y[Z]\vu[\_\ih �Ir=^a`pYS`pr=k0� � Z0\_^[\�u[\i^[d]ngYS^cy=ua\-
 Y[np�
`bfq�]uar �s\KYSZ]\ d]k]h]\iu[^aY�
sk]h]`pk]y�r l YSZ0\ fq\_| Z%
 k]`b|i^ rsl YSZ]\ nb`p�qua\_\ih0�M
 k]h �%
 �s\ YSZ0\F�(
 �DlGr=u

YSZ0\�h0\i�=\inbr=�0fQ\ik�Y rsltlGd]npnp��|>
s�%
se0nb\��]Z���^[`p|-
snM^ar=d]k]h ^a��k�YSZ]\i^[`b^ fqr h]\inb^��

`b`



� � 	�� � ��� �����	�


 h]rvZ]\_ua\_e�� h]\i|_n@
su[\xY[Z%
 Y{Y[Z]`b^tYSZ]\i^[`b^ �(
s^�|ir=fQ�Ir=^a\_h6e�� f���^a\_npl 
sk0hDY[Z%
 Y{Y[Z]\(� r=u"!
h]\i^[|_ua`beI\_hI�c`pY[Z]`bkj`b^Kf'��r��ck0� \B� |_\i�0Y �cZ]\_ua\'\��0�0nb`b|i`pY[np�q^aY�
 YS\ih�rsY[Z]\_u �c`b^[\��

�
������������������� ���!�#"

$ \_e0u[d%
su � �s�=�&%

`b`b`



� 	�� � ��� � ��� � ��� � � � �


 � r=d]nphOnp`@! \�YSr9YSZ%
 k�! f��+^ad]�I\_ua��`p^[r=ua^ K d]u[u"
 ���7
 fQ�]eI\_npn7
sk0h	�~np`p�=\�
�u[\>
 YS\ih
lGr=u�Y[Z]\_`pum`bk���
snbd%
 e]nb\H
s`bh8r �=\iu f���� \iu[`pr h#rsl�^aY[d]h0�;�
�sr�\_n�
�`bnpe \iuaYmZ�
s^ 
snb^ar+e \i\_k

Z�d]y=\inp�@`bk]^a�]`bu"
 YS`pr=k%
sn0
sk]h�Z0\_nb� lGd]n h0d]u[`pk]yQY[Z]`b^ �]u[r��a\_|iY>� � Z�
sk�!�^?
snp^[rDYSr K 
 u"!�� \>
snJ�
� \ir=k%
��~uar=f&
sy=\�
 k]h K 
;
 uaYS\ik���
sk���
snb^ YS`��ak@lGr=u Y[Z]\ f&
sk��@h]`b^a|_d]^a^[`brsk]^ YSZ�
 Y
^ar=np�s\_h
^[r'f�
 k�� �]u[r=e0nb\_fq^>�9
sk0h �]ua\_^[\ik�YS\_hmf&
sk��6rsY[Z]\_ua^ lGr=u `pk��s\_^ YS`by;
 YS`pr=k0� 
 �~rsd]nbh�
snb^ar'np`@!s\
YSr�Y[Z%
sk�! f���|ir=nbnp\-
sysd]\_^
`pk�YSZ]\6X |_r=d0^aYS`p|_^6
sk0h $ nbd]`ph9z ��k%
sfq`b|_^ u[\_^a\-
sua| Z ysu[r=d]��
VY
YSZ0\ � k0`p�=\iu[^a`pY�� rslc��h]`bk�e]d0u[y=Z�D��s`bf��~d0`b|A!5� �M
sk]h0u�
��7
suau�
sn � ��|_rsYaY��~r=ngYSf&
sk0���srsZ]k
�~r=^ay=u[r �=\��cz?
 � `ph $ r=ua\_Z%
 k]h0���7
 nbd]f 
�u�
 �;���sr=k%
 Y[Z%
sk��v\ifQ�$�~X n@
sk K 
su[^ar=k0� � r=f
K | 
v`pnbnp��
su �;��z?
-�ck"! r�|A!�nb`$# � � \ih � | Z]nb`p|A!s\�� z?
 ��`ph � !�d]nb`pk%
M� ��YS\}�=\_k � r=k]y=\6
sk0hmX n/
 k
� r r=npnb\}�;� � Z%
sk�!�^I
snp^[r Y[r&%
`pk]|_\9z
\}��`bk]\@lGr=u Z]`p^ Z]\inb�#`pk�h]\i^[`bysk]`bk]y YSZ]\E
 uaYS`go |_`@
sn
fqr=d0YSZ$�M
sk0h lGr=u~|ir=k]^ YSu[d0|iYS`pk]y `gY Y[r ^[d]| ZI
 k�`bk]|iu[\ih]`be]ng�DZ]`bysZ�^aY�
sk]h%
suah0��X np^[r���YSZ�
sk�!�^
YSr $ u�
 k�! K r=uau[`p^xlGr=uKZ]`b^xY[\_| Z]k0`b|-
 nMZ]\_np�H
sk0h�
 h0��`b|_\��

$ `bk�
sk]|_`@
sn ^ad]�]�Ir=uaY3�(
s^c�]u[r ��`bh0\_h@e��@� � �'!�� �


 � r=d]nph 
 nb^[rKnp`@! \{YSrKYSZ%
 k�!
f�� o5
sk]|)(\_\ $ `brsk%
*
vn@
s^[ysr �(lGr=u Z0\_u d]k0l.
sngYS\iu[`bk0yK^[d]�]�Ir=u Y
YSZ0u[r=d]ysZ]r=d0Y f�� � \iu[`br�h6rsl ^aY[d]h0�;� 
s^ � \_npn5
s^{lGr=u�Z]\iu \�� |_\_npnb\ik�Y �]uar r l ua\-
sh]`pk]y�� $ `bk%
 nbnp� �
d0Y[fQr=^ Y Y[Z%
sk�!�^
ysrQYSrQf��@�%
sua\_k�YS^�� X k0k]\G
sk]h�X n/
 k+!c`b| Z%
suah]^>�5�c`pY[Z]r=d0Y �cZ]r=f�k]r=k0\

rsltYSZ]`p^7�~rsu"! � r=d]nbhjZ%
 �s\'eI\_\ik �Ir=^[^a`be]np\ �

`g�



� �	� � � � � �

� �������
	���
����
��	�� �

+;� + 
 k�YSu[r�h]d]|}YS`pr=kmYSrDe]u�
 ^[^c`bk]^ YSuad]fQ\ik�Y 
 |_r=d]^ YS`p|_^ � � � � � � � �6� � � � � +

+;� � �~r=fq�]d0YA
VYS`brsk%
sn ��`bf d]n@
 YS`pr=k � � � � � �6� � � � � � � � � � �6� � � � � �

+;� � X `pfQ^1
 k]h |ir=k�YS\ik�Y[^ r l Y[Z]\_^a`b^ � � � � �6� � � � � � � � � � �6� � � � � %

� ��������������	 �"!#
����$�&%('*)+�����,�����-���.
�/102�3�
� 4

� � + �7
s^a`b| �8`bk0h 
 k0^aYSuad]fq\_k�Y X |_r=d0^aYS`p|_^ � �6� � � � � � � � � � �6� � � � � 5

� � � ! \i^[r=k�
 YSr=uc��Z���^[`p|_^ � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + +

� � � ! \i\_h ��Z���^a`b|_^ � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + �

� � % �7
s^a`b| K r�h]\_n � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � �s�

� �76 ��YSua`@!�`bk0y6e \iZ%
 � `pr=d]uKrsltYSZ0\�np`b�mua\_\_h � �6� � � � � � � � � � �6� � � � � � 6

�



� �����
0 ����	�'�������� 0 �.�$/102�3���	� � �
� %(��
 ���
�
� ����%(' !#	�
��
� �34

� � + 
 k�YSu[r�h]d]|}YS`pr=k � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � � 5

� � � � \i| Z]k]`p|-
sn z
\}YA
s`pnb^xrsltYSZ0\�X uaY[`po |i`/
sn K r=d0Y[Z � � � � � � � � �6� � � � � � +

� � � � u"
sk]^a�%
su[\ik�Y K r=d0YSZ0�]`b\i|_\ � � � � � � �6� � � � � � � � � � �6� � � � � ���

� � % � �0�I\_ua`bfq\_k�YS^ � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � % +

� � % �:+ �M`p�"! \i^[�Ir=k]^[\ K \>
s^[d]ua\_fq\_k�Y �6� � � � � � � � � � �6� � � � � % 5

� � % � � 
 k0�]d0Y 
 fQ�I\_h�
sk]|_\ K \>
s^[d0u[\_fq\_k�Y[^ � � � � � � � � � �6� � � � � 6 �

� � % � � � Z0u[\_^aZ]r=nph���n/
 ��`bk0y � \_Z%
 ��`br=d0u � � � � � � � � � � �6� � � � � 6�,

� � % � % K r=d0YSZ��7
 ��`pY��j� # \_|iY[^ � � � � �6� � � � � � � � � � �6� � � � � �s�

� � % � 6 �~rsk]|_npd]^[`pr=k]^ � � � � � � � � � �6� � � � � � � � � � �6� � � � � 5 %

� �����302�-����� % �
��	�� 	 � �
��0 ��� 	�� ����/102������	���% ' /1	(�
��	�� 	 � �
��0 '$�
��� 4��

% � + 
 k�YSu[r�h]d]|}YS`pr=k � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � 5�6

% � � � �0�I\_ua`bfq\_k�YA
 n�`bk��=\i^aYS`py2
 Y[`br=k�rsl YSZ]\q^[\inpl/D�^ad]^aY�
s`bk0\_h(r=^[|i`bnbn@
 YS`pr=k�rsl YSZ]\

nb`p�]^xd]^a`bk]y 
DZ]`by=Z9D�^[�I\_\ihj|-
sfq\_u"
 � � � �6� � � � � � � � � � �6� � � � � 5�5

% � � �:+ � � �I\_u[`pfQ\ik�YA
sn ��\iYSd0�#� � � � � �6� � � � � � � � � � �6� � � � � 5��

% � � � � 
 f&
sy=\�X k%
sng� ^a`b^ � � � � � � � �6� � � � � � � � � � �6� � � � � � �

��`



% � � � � X k%
sng� ^a`b^Krsl X w�d]`pu[\ih�z?
 Y�
 � �6� � � � � � � � � � �6� � � � � � �

% � � K \-
 ^[d]ua\_fq\_k�YS^Krsl Y[Z]\ lGu[\iw�d]\_k]|}�mu[\i^[�Ir=k]^a\�rsl YSZ]\?
 uaYS`go |_`@
sn nb`p�]^~d]^a`bk]y
n/
s^a\_ucz
r=�0�]nb\iu~��`be]uar=fQ\}YSu � � � � � � � �6� � � � � � � � � � �6� � � � � � ,

% � � �:+ 
 k�Y[u[r�h]d]|iY[`br=k � � � � � � � � � �6� � � � � � � � � � �6� � � � � � ,

% � � � � � � �I\_u[`pfQ\ik�YA
sn ��\iYSd0�#� � � � � �6� � � � � � � � � � �6� � � � � , �

% � � � � � � �I\_u[`pfQ\ik�YA
sn !c\_^ad]npY[^ � � � � �6� � � � � � � � � � �6� � � � � , �

% � � � % �~rsk]|_npd]^[`pr=k]^ � � � � � � � � � �6� � � � � � � � � � �6� � � � � , �

� � �
� ! 	���02'$'��$� � ���

6 � + 
 k�YSu[r�h]d]|}YS`pr=k � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � ,��

6 � � �~r=fq�]d0YA
VYS`brsk%
sn K \iYSZ0r h]^crsl K r�h]\_npnb`pk]y�� � � � � � � � � � �6� � � � � + �s�

6 � � �:+ � `pfQ\
z
r=f�
 `bk K r�h]\_npnb`pk]y � � �6� � � � � � � � � � �6� � � � � + �s�

6 � � � � �M`pk]\-
su ��YA
se]`pnb`gY��QX k%
sng� ^a`b^�� � �6� � � � � � � � � � �6� � � � � + �=�

6 � � �M`b� K r�h]\_np^ � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + ���

6 � � �:+ �
k]\vh]\iy=u[\i\vrsl lGua\_\ih]r=f fqr h0\_n � � � � � � � � � � �6� � � � � + ���

6 � � � � � � rqh]\_y=ua\_\�rsltlGu[\_\ih]r=f fqr�h]\_n � � � � � � � � � � �6� � � � � +;+�5

6 � % XAk]r=k98�nb`bk0\-
su~Y=� rqh]\_y=ua\_\�rsltlGu[\_\ih]r=f np`b�mfqr h0\_n � � � � � �6� � � � � + �#%

��`b`



6 �76 �~r=k]|inbd]^a`br=k]^ � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + %=�

� � 	3����'�
�����	���� %(������
���
��
0 ) 	 ��� � �3�

� � + � d]y=ys\_^aY[\_h@| Z%
sk]ys\_^cYSrDYSZ]\vX u YS`go |_`@
sn K rsd0YSZ � � � � � � � �6� � � � � + %��

� � +;�:+ K 
s`bk��~r-� �~r=k0^aYSuad]|iY[`br=kH� � � �6� � � � � � � � � � �6� � � � � + %��

� � +;� � $ uar=k�Y � n@
 YS\ � � � � � � � � � �6� � � � � � � � � � �6� � � � � + %=�

� � +;� � K r=d0YSZ0�]`b\i|_\ ) r=nph]\_u � � � � � �6� � � � � � � � � � �6� � � � � + %�%

� � +;� % � r=k]ysd]\ K \_| Z%
 k]`b^af � � � � � �6� � � � � � � � � � �6� � � � � + %�%

� � � 
 k��=\_^ YS`py2
 YS`pr=kjrsltYSZ]ua\_^[Z0r=nbh@e \iZ%
 ��`br=d]uG�6� � � � � � � � � � �6� � � � � + % 6

� � � K r=d0Y[Z+�7
 ��`pY�� � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + % �

� � % ! \i^[�Ir=k]^a\ K \-
s^ad]u[\ifQ\ik�Y � � � � � � � �6� � � � � � � � � � �6� � � � � + % 5

� �76 ) `py=Zm^[�I\_\ih ��`bh]\irQua\_|ir=u[h]`pk]y=^ � � � � �6� � � � � � � � � � �6� � � � � + % �

� � � �~r=fq�]d0YA
VYS`brsk%
sn �M`p� K r h0\_nbnp`bk]y � � � �6� � � � � � � � � � �6� � � � � + % �

� �75 $ d0YSd]ua\ �~rsu"! � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � +
6 �

� � � �~r=k]|inbd]^a`br=k]^ � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � +
69+


 ����0 ��� �	� �
�3���-��0 / � � �

� ��� ��
�� ��/ � 0 ��%(���&0 ! 0 %(��
��.02/102�3��� � � �

��`b`b`



� � �
��� 02� � 	�����0 ! 0 %(��
��.02/102�3��� � ���

` �



� � ��� ��� � � ��� � � �

� � + �7
s^a`b|~lG\i\_h]e%
 |A!6fQr�h]\_n rsl$
 �c`bk]hD`bk0^aYSuad]fq\_k�Y-� � Z0\7� r���|_rsk�Y[u[r=n � 
 np�=\
`b^ |_rsk�Y[u[r=npnb\ihqe��DYSZ0\ ^ad]�]�]ng�D�]u[\i^[^[d0u[\?
sk0hqY[Z]\ �]ua\_^a^[d]ua\ `bkDYSZ0\ `pk]^aY[u[d D
fQ\ik�Y-�%� � � � � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � �

� � � K 
sy=k0`pYSd0h]\{rsl�YSZ0\ `pk]�]d0Y `bfq� \ih%
sk]|i\{rsl 
xYS\_k0r=u YSuar=f eIr=k]\ �c`gYSZ�fqr=d0YSZ9D
�]`b\i|_\6
 YaYA
s| Z0\_h0�%�c`pY[ZmYSZ]\v^[np`bh]\�d0k]\B��YS\ik]h]\ih0�
� � � � � � � �6� � � � � + �

� � � ��Z%
s^[\�h0` # \_u[\ik]|_\ e \}Y=�~\i\_k@h]u[`g� `pk]y �]ua\_^a^[d]ua\6
sk]hI
sua\-
 rsl r=�I\_k0`bk]y6eI\BD
Y=�~\i\_k Y[Z]\Dnb`p�]^6
s^ 
jlGd0k]|iY[`br=k(rslxh0u[`p��`pk]ymlGu[\_w�d]\ik]|i� � � Z]\qe rsnbh�nb`pk]\_^

u[\i�]u[\i^[\_k�Y YSZ]\ 
sua\-
s^1�cZ]\iu[\�^[\inpl/D�^ad]^aY�
s`bk0`bk]y6r=^a|_`pnbn/
VYS`brsk `b^K�Ir=^a^[`be0nb\ �&� � +-,

� � % ��Z%
s^[\vh]`$# \iu[\ik]|_\�eI\iY=� \_\ik��=r=npd]fq\ � r�� 
sk0h@�0u[\_^a^[d]ua\'h0` # \_u[\ik]|_\6
 ^F

lGd]k]|}YS`brsk@r l �sr=nbd]fq\ � r��.lGua\_w�d]\ik]|i� �7� �6� � � � � � � � � � �6� � � � � �s�

� �76 � Z]\�nb`p�]^~|>
skje \�ua\_�]ua\_^a\_k�YS\ih�e�� 
 ^a`bfq�]nb\ h%
sfq� \ih@f&
s^a^xr=kI
6^[�]ua`bk]y

fQr�h]\inJ� � rvlGd]uaY[Z]\_u ^a`bfq�]nb`gl ��f&
 Y[Y[\_ua^>�=YSZ0\ Y[r=��
 k]hQeIrsYaYSr=f)nb`b� 
sua\ 
s^ D
^[d]fq\_h'YSr eI\_Z�
 �s\x^a��fqfQ\}YSua`b|-
 nbnp���	��
 �
��� � 
 k]h'Y[Z]\~r=�I\_k0`bk]y e \}Y=�~\i\_k
YSZ]\if YSrDeI\vu[\_|}YA
sk0y=d]n/
 u>��� � � � � � � �6� � � � � � � � � � �6� � � � � �#%

�



� � + �~d]nbnp\_k�� ^x�=\iu[^a`br=k@rsltYSZ]\ 
su YS`po]|_`/
 n fqr=d0YSZ$� � � � � � � � � � �6� � � � � � ,

� � � � \B�&�=\iu[^[`pr=k@rslUY[Z]\�
 uaYS`go |_`@
sn fqr=d0Y[Z0� � Z]`b^ch]\}� `p|_\�`b^ch]\i^[|_ua`beI\_h@lGd]nbng�

`bk�^[\i|iYS`pr=k � � � � � Z]\~`pf�
 y=\�r=k'Y[Z]\~np\il Yt^[Z0r �c^ YSZ]\ lGu[r=k�Y rsl0Y[Z]\7
su YS`go |_`@
sn
fQrsd0YSZ��c`gYSZ YSZ0\xYSu�
 k]^[�%
 u[\_k�Y fqr=d0YSZ0�]`b\i|_\1
 YaYA
s| Z0\_h � ^[\i\c^[\_|}YS`pr=k � � � � �
� Z]\ `pf�
sys\�rsk�YSZ]\'u[`py=Z�Y ^aZ]r��c^
YSZ]\ fqr=d0Y[Z��c`gYSZE
Qz
\_k]`p^ �8`b|A! � � �
fQrsd0YSZ]�0`b\_|i\6
 Y[Y�
s| Z]\ih0� � � � � � � � �6� � � � � � � � � � �6� � � � � � ,

� � � � | Z]\if�
 Y[`b|�h]`@
sy=u"
sf rsltYSZ0\�
su YS`go |_`@
sn fqr=d0Y[Z � lGu[r=k�Yc��`b\B� � � � Z]\'n@
 YS\��
nb`p�]^ � 
 � � \_ua\�fqr=d]k�YS\ih�r=k@YSZ]\vlGu[r=k�Y �]n@
 YS\vrsl{Y[Z]\�fQr=d YSZ � X � e��jYSZ]\

Z]r=nph]`bk]y'e]nbr�|A!�^ � h � �M�cZ]`p| ZmZ]\_nphjY[Z]\
e]u"
s^[^Kfqr=d]k�Y[^ � \ � 
sk]h �Gl � �cZ]`p| Z
�~\iu[\ ^anb`ph `pk]^[`ph]\�Y[Z]\ n@
 YS\��jYSd]eI\_^
r l{YSZ]\'nb`p�]^>� � Z]\ np`b�@y=d]`ph]\_^ � e � ^[\iY

YSZ]\ \_w�d]`pnb`pe]u[`pd]f.�Ir=^[`gYS`pr=kvrsl0Y[Z]\ np`b�]^�� � Z0\ ^a� \>
 !s\iu{fQrsd]k�Y �GZ � 
snbnpr � \_h

q^ YA
sk0h%
su[h@Z]r=uak Y����I\'^a� \>
 !s\iu YSrqeI\'fqr=d]k�YS\ih0� � Z0\'Z]rsnb\ � | � 
 nbnbr��c^
YSZ]\ 
s`pu~YSrG� r�� lGu[r=f Y[Z]\vfQrsd0YSZj|-
 ��`pY�� YSZ]uar=d]y=ZmYSZ0\�np`b�]^�� �6� � � � � � +

� `



� � % � | Z]\if�
 Y[`b| h0`/
sy=u"
sf rsl YSZ]\L
 uaYS`go |_`@
sntfQr=d YSZ � ^a`bh]\ ��`p\�� � � � Z]\Df&
s`bk
�]n/
VYS\_^~rslMYSZ]\�fqr=d0Y[ZmX��'� � � � k]r Yx��`b^[`pe]nb\ � � z��]� 
sk]h $ � \_u[\�eIr=ngYS\_h
YSr=ys\iYSZ0\_u?
sk0h(^a\-
snp\_hE�c`pY[Z���
s|_d]d0f y=ua\-
s^a\ � � Z0\6^[�I\-
 ! \_uvfQrsd]k�Y � Z �
�7
 ^
� rs^[`pY[`br=k0\_h�r �s\_u
YSZ0\ Z]r=np\ �.! � `bk�Y[Z]\�YSrs���]n/
VYS\'Y[r 
snpnbr�� 
�nbrsd]h D
^[�I\-
 ! \_u�YSr�lGrsu[|_\L
 `bu `pk�
sk]h�r=d0Y
rsl YSZ]\6fqr=d0Y[Z9|-
 ��`pY��;� � Z]\DZ]r=np\ � � �

snbnpr��~\ih�fQ\>
s^[d0u[`bk0y+h]\i��`b|i\_^mYSr+fq\-
 ^[d]ua\�YSZ]\9|ir=k]h]`gYS`brsk]^�`bk0^[`bh0\�YSZ]\

fQrsd0YSZ |-
 ��`pY��;� � Z]\�e]u"
s^[^ fqr=d]k�Y[^ �Gl � � \_ua\m�]n/
 |_\_h `bk]^a`bh]\qYSZ]\Qnb`b�0^>�

sk]h9YSZ0\_k(Z]\_nph(`pk9�]n/
 |_\6e���YSZ0\qZ0r=nbh]`pk]y�e]npr |A!�^ � h � � � Z]\Dnb`p��y=d]`ph]\_^

� e � ^[\}Y�YSZ]\x\iw�d]`bnp`be]ua`bd]f&rs� \ik]`bk]y � r=^a`pY[`br=k0� � Z]\xfqr=d0Y[Z]�]`p\_|_\ �7
s^UZ]\_nph
`bk Y[Z]\�Z]r=nph]\_u � f � �cZ]`b| Z �(
s^cfQrsd]k�YS\_hmrsk�
 �Ir=np\ � r � ^[\_|id]u[\ih `pk�YSZ]\

YSu"
sk]^[�Ir=u YcfQ\i| Z%
sk]`p^[f �Gk � � � Z]\�Z]\i`by=Z�Y 
sk]h�
sk]ysnb\
rsltYSZ0\�Z0r=nbh]\iu7�7
 ^
oM� \_h��c`gYSZ YSZ]\�� % � e r=ngY � � � � � Z]\ � Y[\_\}YSZ�� Z]r=nb\ �G| � 
 nbnbr�� \_h YSZ]\


s`bu YSrL� r��.lGu[rsf YSZ]\vfqr=d0Y[Z@|>
 � `gY��mYSZ]uar=d]y=ZmY[Z]\'np`b�]^�� � Z]\H� YSr=k0y=d]\>�
��
snp�s\ � ` � �0u[r ��`bh]\ihH
6^[`pfQ�0nb\
r=k�� r #9|ir=k�YSu[rsnMrsl Y[Z]\?� r��6� � �6� � � � � �=�

� �76 � | Z]\if�
 Y[`b|Dh]`@
sy=u�
 f rsl YSZ]\&
suaY[`po |i`/
snUfQr=d YSZ �GYSrs� ��`b\B� � � � Z0\ f&
s`bk
�]n/
VYS\_^~rslMYSZ]\�fqr=d0Y[ZmX��'� � � � z��0� 
 k]h $ � k]rsY~� `p^[`pe]nb\ � � \_ua\�eIr=ngYS\_h
YSr=ys\iYSZ0\_u6
sk]h9^a\-
snp\_hE�c`pY[Z9� 
 |_d]d]f-y=u[\>
s^[\�� � Z]\6^a� \>
 !s\iu'fqr=d]k�Y � ! �

snbnpr��~\ih�
�^[�I\-
 ! \_uvYSr�lGr=ua|_\L
s`pu YSZ]uar=d]y=Z9Y[Z]\6Z]r=np\ �.! � � � Z]\DZ]r=nb\ � | �

snbnpr��~\ih 
 `bu6YSr�� r�� lGu[rsf YSZ]\@fqr=d0YSZO|-
 ��`pY�� eI\iY=� \_\ik�YSZ0\ np`b�]^ � 
 � �
� Z]\�nb`b�0^3� \_ua\�Z]\inbh@`bk@�]n/
 |_\6�c`pYSZjYSZ0\'Z]rsnbh]`pk]yDe]nbr�|A!�^ �Gh � � 
sk]h@YSZ]\i`bu

\_w�d]`pnb`be0u[`bd0f � r=^a`pY[`br=kH�(
s^�^a\iY�e���YSZ0\6nb`b��y=d]`bh0\_^ � e � � � Z]\'� YSr=k0y=d]\>�
��
snp�s\ � ` � �0u[r ��`bh]\ihH
6^[`pfQ�0nb\
r=k�� r #9|ir=k�YSu[rsnMrsl Y[Z]\?� r��6� � �6� � � � � �s�

� `b`



� � � �Mr=d]h]^a� \>
 !s\iu�
sh%
 �0YS\iujlGrsu@fqr=d]k�Y[`bk]y 
 |_r=k]\(^[�I\-
�!s\_u r=k8YSZ]\(Z]r=uak

YSZ]ua\-
shjfqr=d]k�Y �]`b\i|_\��$� � � � � � � � � �6� � � � � � � � � � �6� � � � � �s�

� �75 � | Z]\if�
 Y[`b|{h0`/
sy=u"
sf rsl�YSZ]\ 
su YS`go |_`@
sn fqr=d0Y[Z � `pk]^[`ph]\U��`b\B� � � � Z]\ � YSr=k0y=d]\>�
fQ\i| Z%
sk]`p^[f �G` � �]u[r ��`bh0\_h 
@^[`pfQ�]np\6r=k � r # |_r=k�YSuar=n rslxY[Z]\ �]r �6� � Z0\
� r�� �7
 ^�^aY[r=�]�I\_h�e�� ^[nb`ph]`bk0y�Y[Z]\��I\_ua^[�I\B� �c`bk]h0r � �G` � � `bk�Y[r �]n@
s|_\
r �=\_ucYSZ0\H� YS\_\}YSZ��qZ]r=np\ �5
sk0h ^ YA
su YS\_h e��j^[nb`ph]`bk0y YSZ]\vZ]r=np\ � ` + � `bkmlGu[rsk�Y

rsl Y[Z]\ � YS\_\}YSZ���Z]r=nb\�� � Z0\ lGu[rsk�Y �]n@
 YS\ � X � �(
s^~eIr=ngYS\_hDYSr�YSZ]\ �]n/
VYS\_^ � �
� � z 
 k]h $ 
sk0h@^a\-
snp\_hI�c`pY[Zj��
s|id]d]f y=ua\-
s^a\ � � � � � � � �6� � � � � � 6

� � � � Z]\vYSu�
 k]^[�%
 u[\_k�Y fQrsd0YSZ]�0`b\_|i\vd]^[\ih�YSr&
snbnpr�� ��`p\��c`bk0yQrsl YSZ]\�nb`p�]^>� YSr�D
y=\iY[Z]\_u1�c`gYSZj`pY[^KfQr=d0k�Y[`bk]yL
 h%
s�0Y[\_u>� �6� � � � � � � � � � �6� � � � � � 5

� � , � | Z]\if�
 Y[`b|mh]`@
sy=u"
sf rsl YSZ0\@Y[u�
sk]^a�%
sua\_k�YqfQr=d YSZ]�]`p\_|i\ � � Z]\jfQr=d YSZ D
�]`b\i|_\ �(
s^xf&
sh]\ rslMYSZ]ua\_\��%
 uaYS^ D{YSZ0\
f�
 `bk e�
su[ua\_n r lMYSZ]\�fqr=d0Y[Z]�]`b\i|_\

�7
 ^ f&
sh]\@rslv� rsnb`b^aZ]\_hO�I\_u[^a� \�� � � Z]\ lGuar=k�Y��c`pk]h]r�� �7
 ^ f&
sh]\�r l

y=n/
 ^[^>�5
 k]h Y[Z]\�Y[Z]u[\>
sh]\ihE
sh%
s� YS\_u `bk�Y[rL�cZ0`b| Z�Y[Z]\'fqr=d0Y[Z]�]`p\_|_\v^aZ%
sk�!
�7
 ^
^[|iu[\�� \_h��(
s^�f�
 h]\�rsl �I\_ua^[�I\B� � � Z]\ �I\_ua^[�I\B�9��
suaY[^ �~\iu[\6y=npd]\_h

YSr=ys\iYSZ0\_u �c`pY[ZQ�I\_ua^[�I\B�Qy=nbd0\ �9
sk]hDYSZ]\ y=n@
s^[^ �c`bk0h]r��<�7
 ^~y=npd]\_hDYSrvYSZ]\

e%
suau[\_n d]^[`pk]yQ^a`bnp`b|_rsk�y=nbd0\ � � � � � � � �6� � � � � � � � � � �6� � � � � � 5

� � + � �~u[r=^a^ D ^[\_|}YS`pr=k r l Y[Z]\�YSu�
 k]^[�%
 u[\_k�Y fQrsd0YSZ]�0`b\_|i\6
sh%
s� YS\_u�� � �6� � � � � � ,

� � +;+ 
 k]�]d0Y�`bfq� \ih%
sk]|i\�rsl YSZ0\ YSu"
sk]^a�%
su[\ik�Y�fqr=d0YSZ0�]`b\i|_\'
sk]h.Y[Z]\ z
\ik]`b^

�8`b|A! � � ��fQr=d YSZ]�]`p\_|i\ � � � � � � � � �6� � � � � � � � � � �6� � � � � %=�

� `b`b`



� � + � 
 k]�]d0Y~`bfq� \ih%
sk]|i\ rslMY[Z]\��M� ) `py=Z%
sf Y[u[r=f eIr=k]\3�c`pY[Z YSZ0\ YSu"
sk]^a�%
su[\ik�Y
fQrsd0YSZ]�0`b\_|i\6
sk]hI�c`pY[ZjY[Z]\�z
\_k]`p^��8`b|A! � � � YSu[rsf e rsk]\�fQrsd0YSZ]�0`b\_|i\ ��� %=�

� � + � ��Z]rsYSrsy=u�
s�0ZQrsl \B� �I\_u[`pfQ\ik�YA
sn ^a\iYSd0�0� � Z]`b^ �%
su YS`p|_d]n@
su�^[\}YSd]���(
s^ d]^[\ih
YSr�fq\-
 ^[d]ua\�YSZ]\ Y[Z]u[\i^[Z]rsnbh �]n/
 ��`bk0y�lGu[\iw�d0\_k]|i`b\_^6r l Y[Z]\m^a��^ YS\_f �c`pYSZ
��
su[`pr=d]^x\�� Y[\_k]^a`br=k0^ rsltYSZ0\vY[u[r=f�e r=k0\�^[nb`ph]\ ��� � � � � � � � �6� � � � � %=�

� � + % �7
snb`pe]u�
VYS`brsk h%
 Y�
DlGrsuxYSZ]\v�]uar=e \�fq`b|iu[r=�0Z]r=k]\ � � � � � � � �6� � � � � % �

� � +
6�z
`/
sysu�
sf?rsl \B� �I\_u[`pfQ\ik�YA
snM^a\iYSd0�0� � � �6� � � � � � � � � � �6� � � � � % �

� � + � � Z]\vnb`p�]^1
sua\�h0u[`p�s\_k@e��mYSZ]\v�]ua\_^[^ad]u[\�h]`$# \iu[\_k0|_\���� 
������	��
C� � � 6 �

� � +
5 � Z]\6nbrsd]h]^[�I\-
�!s\_u |_r=d]�0nb`bk0y�h]\i��`p|_\ � � Z]`p^
h]\i��`p|_\L
s�]�0nb`b\i^ Y[Z]\6h]u[`g��`bk]y

�]u[\i^[^ad]u[\mlGu[rsf YSZ0\mh]r��ck]^aY[u[\-
 f3^[`ph]\mrsl YSZ]\mnp`b�]^�� � Z]\jfqr=d0Y[Z]�]`b\i|_\

^[Z%
 k�!
o]YS^t`bk�Y[rcY[Z]\ Z]r=nb\�rsk�Y[Z]\ np\il Y ^a`bh]\ rsl0Y[Z]`b^Mh0`/
sy=u"
sf � � Z0\ ^a� \>
 !s\iu
e r-��`b^{Z0\_nbh6`pk �]n@
s|_\xd0^[`bk0y YSZ]\Kfqr=d]k�Y[`bk]y Y[d]eI\xr=k YSZ0\Ku[`bysZ�YUZ%
sk]h6^a`bh]\

rsltYSZ]`p^Kh]`/
sysu�
sf �L� � � � � � � � � � � �6� � � � � � � � � � �6� � � � � 6 �

� � + � $ u[\_w�d]\ik]|i� u[\i^[�Ir=k]^a\ rsl 
DY�� �0`b|-
 nt|ir=k0o ysd]u�
 Y[`br=k$� � Z0\'�=rsnpYA
 y=\'r l{YSZ]\
h]`br�h]\j^[`py=k%
snc`p^Q�]uar=�Ir=uaY[`br=k%
 nxYSr Y[Z]\�
 u[\-
(rslvr=�I\_k]`pk]y(e \}Y=�~\i\_k#YSZ]\

nb`p�]^>� � Z0\
�=\_u YS`p|-
sn np`bk]\i^x^[Z0r � YSZ]\�h0\_^aY�
se]`pnb`b^a`bk]y�r=d0Y=�(
su[h 
sk]hj`pk �(
suah
^aY[u[`@!�`pk]y6u[\i^[r=k%
 k]|_\i^>� 
 Y6+ � 5 ) *6
sk]h �&%�� ) *�u[\i^[�I\_|iY[`p�s\_np� ��� �6� � � � � 6 �

� � +�,#� �0�I\_ua`bfq\_k�YA
 n0^[\}YSd]�6lGr=u YSZ]\Kfq\-
s^ad]u[\ifQ\ik�Y�rslI`bk]�0d0Y�`bfq�I\_h%
sk0|_\xd]^a`bk]y
YSZ]\ � 
 X �j^ ��^aYS\if�� � � � � � � � � � � �6� � � � � � � � � � �6� � � � � 6�5

�0`g�



� � �s� 
 k]�]d0Yj`pfQ�I\_h�
sk]|_\�|_d]u �=\9lGr=u Y[Z]\�YSuar=f eIr=k]\E
sk0h8z
\_k]`p^ �8`b|A! � � � �
�c`pY[ZjY[Z]\v^[np`bh]\�d]k0\B��YS\ik]h]\_h$�#� � � � � �6� � � � � � � � � � �6� � � � � 6��

� � � + � �0�I\_ua`bfq\_k�YA
 n ^[\}YSd]�@lGr=uKfQ\>
s^[d0u[`bk0yDY[Z]\�YSZ]ua\_^aZ]r=nbhj�]n@
 � `pk]yDe \iZ%
 ��`br=d]u�� �s�

� � �=� � �0�I\_ua`bfq\_k�YA
 nbnp��fQ\>
s^[d0u[\_hQYSZ]ua\_^[Z0r=nbhQe \iZ%
 � `pr=d]u�� �M`bk]\ � 
 � ^aZ]r��c^~YSZ]\
YSZ]ua\_^aZ]r=nbh9�0n/
 ��`bk]y lGua\_w�d]\ik]|i� � �M`bk]\i^ � e � ^aZ]r��)Y[Z]\6`bk0^aYSuad]fq\_k�Y�u[\i^[r�D
k%
sk]|i\_^�� � Z]\qZ]r=u[`:*_r=k�Y�
sn�nb`pk]\_^v^[Z0r � YSZ]\qu[\inb\i��
sk�Y�nb`p��u[\_^ar=k%
sk0|_\QlGua\BD
w�d]\_k]|i`b\i^>� `bh]\ik�YS`po]\_hj`bkmo y=d0u[\ � � + � � �6� � � � � � � � � � �6� � � � � �=�

� � �s� � �0�I\_ua`bfq\_k�YA
 n�^[\iY[d]� lGrsumfQ\>
s^[d]ua`bk]y+Y[Z]\�u�
sh]`@
 YS\ih8^[r=d]k0h lGu[rsf YSZ]\

YSuar=f eIr=k]\ � �c`pY[Z(��
su ��`bk]y fQr=d YSZ(|-
 ��`pY��9�=rsnbd]fq\ ����
 YS\iu �(
s^�
sh]h]\ih
YSr�Y[Z]\�^a��^ YS\_f YSZ]uar=d]y=Z�Y[Z]\6
s`bu `bk]np\iY YSr��cZ]`p| ZmYSZ]\��]d0fQ�m`p^1
 Y[Y�
s| Z]\ih
`bk�YSZ0`b^ h]`/
 y=u�
sf � ��
 YS\iu �(
s^t^[nbr��cng��u[\ifQr �=\ih�e���r=�I\_k]`pk]yKYSZ]\ ��
snp�s\ rsk
YSZ]\ �7
 Y[\_u�r=d YSnb\}Y 

^af�
snpnM
 fQr=d0k�Y>� � Z]\Ku"
sh]`@
 YS\ih ^[r=d0k]hG�7
s^�ua\_|ir=u[h]\ih
e���YSZ]\�� � uad]k]k]`pk]y K 
 YSn@
se0�M
sk]h�
sk%
sng� ^a\_h�
 YKYSZ0\�^"
sfq\
YS`bfq\ � � � � � ���

� � �&% X fq�]nb`gYSd]h0\ r l]YSZ]\ |_r=fq�Ir=k]\_k�Y[^Ursl Y[Z]\~u"
sh]`/
VYS\_h'^[r=d0k]h�lGu[rsf�Y[Z]\ Y[u[r=fGD
e rsk]\ 
s^'YSZ]\��(
 Y[\_u �=rsnbd]fq\ `p^�| Z%
sk0y=\_h0� � Z]\QYSZ]ua\_\�^a\_|iY[`br=k0^6rslKYSZ]\

y=u�
 �]ZQ^aZ]r���YSZ0\ ^ YS\-
 h0�q^aYA
VYS\ e \}lGr=u[\ 
sk]h�
 l YS\iu�YSZ]\ u[\inb\-
 ^[\crsl Y[Z]\3�7
 D
YS\iu 
sk]hDYSZ]\ch0��k%
sfq`b|K^ YA
 Y[\ 
s^{YSZ]\1�(
 YS\iu �(
s^ u[\inb\>
s^[\ih�
sk0hqY[Z]\c|-
 ��`pY��
�=r=npd]fq\ �~\ik�Y lGu[rsf �=�=� fQnIYSr � �=� fqn 
 Y 
6u"
 YS\vrsl 5�� � fQn�� ^[\i| � � � � � � �

� � � 6 
 fQ�I\_h�
sk]|_\ rsl 
��sr=nbd0fQ\ rsl 
s`pu(
s^(
�lGd]k0|iYS`pr=k�rsl lGu[\_w�d]\ik]|i� 
sk]h �sr=nbd0fQ\���5 �

���



� � ��� � Z]u[\i^[Z]rsnbhv�]n/
 ��`bk0yxlGu[\_w�d]\ik]|_`p\_^ 
sk]h��]u[\i^[^ad]u[\i^tlGr=u ��
su ��`bk]yKfqr=d0Y[Z�|>
 � D
`pY��Q�=r=npd]fQ\i^>��� � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � 59+

� � � 5 � Z]\ \ # \i|iY6r lKe]nbr��c`pk]y �0u[\_^a^[d]ua\I
sk]h |-
 ��`pY��(�=r=npd]fQ\qr=k(YSZ]\Q�]n/
 ��`bk]y
lGu[\iw�d0\_k]|}�;� � Z]\ f�d]| Z n@
su[ys\_u ^aZ]`pl YD`pk lGua\_w�d]\ik]|i�Oh]d]\mY[r�Y[Z]\je]nbr��7D
`bk]y'�]u[\i^[^ad]u[\�| Z%
 k]y=`bk0y�`bfq�]np`b\_^�Y[Z%
 Y~Y[Z]\ �0n/
 ��`bk]y�lGu[\_w�d]\ik]|i� `b^ n/
suay=\_ng�
`bk]h0\_�I\_k]h]\ik�Y r l Y[Z]\v|-
 ��`pY��m�=rsnbd]fq\ � � �6� � � � � � � � � � �6� � � � � 5 �

% � + � �0�I\_ua`bfq\_k�YA
 n ^a\iYSd0�jlGrsu Y[Z]\
Z]`py=Z�^[�I\_\ihj|-
sfq\_u"
'\B� �I\_ua`bfq\_k�YS^����6�7
 ^
^[\}Y Y[rI+
6��KlGr=uxYSZ]`p^K^aY[d]h0�;� � � � � � � �6� � � � � � � � � � �6� � � � � 5��

% � � � ���]`p|-
sn�`pf�
 y=\�YA
�!s\_k#�c`pY[Z�Y[Z]\DZ]`bysZ(^a� \i\_h |-
sfq\_u"
j^aZ]r��c`bk]y@Z%
sngl~r l
YSZ]\'nb`p� r=�I\_k0`bk]y�� � Z]\ f&
su4!�^ r=k�Y[Z]\�d]�0� \iu
nb`p� � \_ua\ h]u�
-�ck9r=k��c`pYSZ

'o k]\ YS`b�0� \ih�f�
 u"!s\iux�I\_k�YSr��]u[r ��`bh]\ ^[r=fq\ YS\���YSd]ua\ YSr Y[Z]\
rsY[Z]\_u �c`b^[\
^[fqr r YSZmnb`p�m^[d]u l.
s|_\�� � � � � � � � � � �6� � � � � � � � � � �6� � � � � 5�,

� ��`



% � � X k6\���
 fQ�]np\~rsl 

��
s`butrslI`bf&
sy=\i^ |>
s�0YSd0u[\_hDd]^a`bk]y YSZ]\xZ0`by=Z ^a� \i\_hD|-
 fLD
\_u"
6lGuar=f?Y=�~rqh]` # \_ua\_k�Y 
sk]ysnb\_^�� � Z]\_^a\'ua\_|ir=u[h]`pk]y=^7� \_ua\�^ ��k]| Z]u[rsk]`b^a\_h
d]^[`pk]yDYSZ]\�r=^[|i`bnpn/
 Y[`bk]y6�]ua\_^a^[d]ua\�^[`py=k%
sn `pk@Y[Z]\'fqr=d0Y[Z |>
 � `gY��;� � Z]\�`bfGD

sy=\i^ Z%
 �=\meI\_\ik+fQ`pu[u[rsu[\_h�
sk]h+uarsYA
 Y[\_h Y[rE
s|_|ir=d]k�Y6lGr=u�YSZ]\�| Z�
sk]y=\i^
`bfq� rs^[\_h(e���YSZ]\Q|-
sfq\_u"
 ^[\}YSd]�'8�YSZ]\Qnb\}l Y'`pf�
 y=\D`b^�fQ`pu[u[rsu[\_h'
seIr=d0Y
YSZ]\ �2D 
 � `b^ YSr |ir=fQ�I\_k0^�
 Y[\ lGr=u Y[r�YSZ0\
|-
sfq\_u"
�nb\ik]^~`pk��=\_ua^[`pr=k0��
 k]h�YSZ]\

u[`py=Z�Y�`pf�
sys\q`p^'`pk��=\_u YS\ihC
se rsd0Y'Y[Z]\�*�D 
 � `p^�eI\_|-
 d]^[\ Y[Z]\ |>
sfq\_u�
I�7
 ^
fQrsd]k�YS\_h6d0�]^[`ph]\ch]r��ckqrskDY[Z]\xYSua`b�Ir h$� � Z]\c^aw�d�
su[\i^ r l ua\�� \i|iY[`p�=\KY�
s� \
^[\i\_k Z]\iu[\ �~\iu[\ d0^[\_h lGrsuvY[Z]\Q��`pe]u[r=fq\iY[\_uv\B� �I\_ua`bfq\_k�YS^'�]u[\i^[\_k�Y[\_h+`bk

^[\i|iYS`pr=k % � � � � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � � +

% � % � Z]\7�(
 �s\ilGr=uafQ^�r l YSZ]\Knp`b��rs� \ik]`bk]y Z]\_`py=Z�Y 
sk]h6np`b��rs� \ik]`bk]y 
su[\>
 lGd]k]|BD
YS`pr=k]^xlGr=uc\-
 | Z�h%
 Y�
q^a\iY u[\_|ir=u[h0\_h��c`gYSZjYSZ]\�Z]`py=Zj^[�I\_\_h�|-
sfq\_u"
M� � Z0\

su[uar��c^ �Ir=`pk�Y~YSrDYSZ]\vk]r=k9D�nb`pk]\-
 u~�]Z]\ik]r=fq\_k%
 �H� � � � � � � �6� � � � � � %

% �76 �Mr=y � �Mr=yx�0nbrsYMr l0X u[\-
 � �=\_u YS`p|-
sn2
 �0`p^ � �s\_ua^[d]^ ) \_`py=Z�Y � Z0r=u[`:*_r=k�YA
 n;
 � `b^ � �
�c`pY[Z@^ YSu"
s`by=Z�Ycnp`bk]\ o0YS^1�cZ]\_ua\�
 �]�]u[rs�]u[`@
 YS\�� � � � � � � � � �6� � � � � �&6

% � � �
d0Y=�7
 u[h ��� � 
sk0h � �2�(
su[h � ��� fQr YS`brsk@r l{YSZ]\'nb`p�]^>� � 
 � `p^ h0\io k]\ih

lGr=uK\-
 | Z h%
VYA
6^[\}Y 
s^xY[Z]\vfQ`pk]`bf�d]f rs� \ik]`bk]y6Z0\_`bysZ�Y>� � � � �6� � � � � �&5

����`b`



% �75 � 
 �s\ilGr=uafQ^trsl0Y[Z]\ fQrsY[`br=kv`pk�Y[Z]\ � 
 k]h � h0`bu[\i|iY[`br=k]^�� 
 k]h'Y[Z]\ rs� \ik]`bk]y

su[\>
M� � Z]\_^a\xh%
 Y�
 Z%
 �s\xe \i\_k'k]r=u[f&
snp`b^[\ih�lGr=u |in/
sua`pY�� � z?
VYA
c^[\iY � �(
s^ 

Z]`bysZG
sfq�]nb`gYSd]h]\ YSr=k0\(�c`pY[ZL
 lGd]k]h%
sfq\_k�Y�
sn0lGu[\iw�d]\_k]|}�6rsl + � 5�)F* �Uz?
 YA

^[\}Y�, �7
 ^�
jnbr�� 
sfQ�0nb`pY[d]h]\ Y[r=k]\G�c`pY[Z�
mlGd]k]h%
 fQ\ik�Y�
sn{lGu[\iw�d]\_k]|}� r l

+ � � ) * �&� � � � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � ���

% � � � �0�I\_ua`bfq\_k�YA
 nM^[\iY[d]��d]^a\_h@lGr=uKYSZ]\v��`be]uar=fQ\}YS\iu \�� � \iu[`bfq\_k�Y[^>� � Z]\v��` D
e]u[rsfQ\}YS\_u7�(
s^c�]n@
s|_\ih `pkjY[Z]u[\i\vh]` # \_ua\_k�Y � r=^a`pY[`br=k]^��G� � � � �6� � � � � , �

% � , � �]Z]\iu[`p|-
sn � r=n@
su�|ir 8�r=uah]`bk�
 YS\�^ ��^aYS\if3d]^a\_h YSr9f&
s� YSZ]\m|>
sfq\_u�
��Ir�D
^[`gYS`brsk]^>� �8`pY[Z ua\_^a� \i|iY�YSrjo y=d]ua\ % � �mYSZ]\ � 8 
 � `b^�`p^�ua`b^a`bk]yjr=d0Y�rsl YSZ]\

�%
sy=\�� Y[Z]\ � 8 
 � `b^~y=r \i^xlGu[r=f?YSZ0\�nb`b� |_\_k�Y[u[\�YSr��(
su[h]^KY[Z]\�n/
s^a\_ux^ar=d]ua|_\ �

sk]hmYSZ0\

�
89
 � `b^cy=r�\_^Kd]�jYSZ]\v�%
 y=\v� \iu[�I\_k]h]`p|_d]n@
suxYSr6Y[Z]\vr=�0YS`p|-
sn u�
s`pnJ� , �

% � + � ! \i^[�Ir=k]^a\xrsl]Y[Z]\xr=�I\_k]`pk]y 
 u[\-
 � h]`pr h]\ ^[`py=k%
sn � 
 k]h�YSZ0\~�Ir=`bk�Y h]`b^a�]n/
s|i\BD
fQ\ik�YS^ � � rs^[`pY[`br=k0^ +�8 � � � � Z]\qu[\_h(�=\iuaYS`p|-
sn np`bk]\D^[Z0r �c^�YSZ]\DYSZ0u[\_^aZ]r=nph

�]n/
 ��`bk0yqlGua\_w�d]\_k0|i� � �&%�� ) * � �IY[Z]\��=\iuaY[`b|-
 n e]n@
s|A!jnb`pk]\_^ ^[Z]r���YSZ0\�u[\i^[r�D
k%
sk]|i\_^�`ph]\_k�YS`go \_h6`pk YSZ]\~r=� \ik]`bk0y6
su[\>

u[\_^a� rsk]^[\�� � Z]\3!s\}� u[\i^[r=k�
sk]|_\i^

su[\{Y[Z]\�r=d0Y=�(
suah'^ YSu[`:!�`bk]yKua\_^[rsk%
sk]|i\_^ 
 Y , � ) * � + �=� ) * 
sk]hL+ % 6�)F* � 
sk0h
YSZ]\v`pk �(
suah@^ YSua`@!�`bk]yDua\_^[rsk%
sk]|i\�
 Y � 6 +�)F*�� � � � � � � � � � �6� � � � � ,&6

6 � + � Z]\�^a`bfq�]nb\�nb`p� fqr�h]\_n �]ua\_^[\ik�YS\_h�`pk�^[\i|iYS`pr=k � � % �5�c`pY[Z�
 ua\_|iY�
sk]y=d0n/
su
|_uar=^[^c^[\i|iY[`br=k%
 n 
su[\>
DeI\iY=� \_\ik�YSZ0\�np`b�]^�� � � � � � � � � � � �6� � � � � + � 5

����`b`b`



6 � � � Z]\ Y[Z]u[\i^[Z]rsnbh �0n/
 ��`bk]yvlGu[\iw�d0\_k]|}� rsl Y=�~r�h]` # \_ua\_k�Y~rsk]\BD f�
s^a^ fqr�h]\_np^>�
� Z]\@|_u[rs^[^q^a��f eIr=nb^q^[Z]r�� 
 k�`bk2�(
su[hO^aY[u[`:!�`pk]y(fQr�h]\_n � �]n/
 ��`bk]y(r=k]ng�

��� � ��� Y[Z]\'`pk]^aY[u[d]fq\_k�YF
sk]h u[\i\_h�ua\_^[rsk%
sk]|i\_^>� � Z0\'h]`@
sfqr=k]h@^a��f eIr=nb^

^[Z]r��C
 k�r=d0Y=�(
suah�^aY[u[`:!�`pk]ycfQr�h]\inJ� �]n/
 ��`bk0y rsk]np� � � ��� � Y[Z]\ `bk]^ YSu[d0fQ\ik�Y


sk]hju[\i\_h u[\_^ar=k%
sk0|_\_^�� � � � � � � � � �6� � � � � � � � � � �6� � � � � +;+ �

6 � � $ u[\_w�d]\ik]|i�jua\_^a� r=k0^[\�r l 
Dr=k]\vh]\iy=u[\i\'rsltlGu[\i\_h]rsf `bk2�7
 u[h@^aYSua`@!�`bk0yqnp`b�

fQr�h]\inJ� � Z]\ u[\i^[�Ir=k]^a\ `p^ 
s^M\B� �I\_|iY[\_h�lGr=u 
Knb`bk0\-
su rsk]\BD fQr�h]\{r=^a|_`pnbn/
VYSr=u��

sk]hD|_rsk�Y�
s`bk0^ k0r=k]\crslIYSZ]\c|_rsfQ�]np\B� `pY���^[\i\_k `pkD\B� � \iu[`pfQ\ik�Y�
sn u[\i^[�Ir=k]^a\
fQ\>
s^[d0u[\_fq\_k�Y[^>�%� � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � +;+�5

6 � % � Z]u[\i^[Z]rsnbh�eI\_Z%
 ��`brsd]uxrslMY[Z]\ fqr h0\_nJ� �M`bk]\i^ � 
 � 
sk]h �Ge � 
 u[\ Y[Z]\ ^"
sfQ\


s^vYSZ]r=^a\ ua\_|_rsu[h]\ih \B� �I\_u[`pfQ\ik�YA
snpnp��
sk0h ^[Z]r��ck `pk o ysd]u[\ � � �s� � �M`bk]\
� | � ^[Z0r �c^ YSZ]\ ^[`bf�d]n/
 Y[\_hqYSZ]ua\_^[Z0r=nbh��0n/
 ��`bk]y�lGu[\_w�d]\ik]|_`p\_^��%
s^~rse0YA
s`pk]\_h
lGu[r=f nb`pk]\-
su~^aYA
 e]`bnp`pY���
sk%
sng� ^a`b^��M� � � � �6� � � � � � � � � � �6� � � � � + �s�

6 �76 �M`bk]\>
su ^ YA
se0`bnb`gY��mu[\i^[d]ngYS^ lGr=u Y[Z]\�r=k0\�h]\iy=u[\i\ rsl{lGua\_\_h0r=f 
 k]h�Y=� r�h]\BD
y=u[\i\�rslKlGua\_\_h0r=f fqr h0\_nb^�� � Z]\ Y[Z]u[\i^[Z]r=nph+�]n/
 ��`bk0y�lGu[\iw�d0\_k]|}�+rslcYSZ]\

r=k]\�h0\_y=ua\_\jrslclGu[\i\_h]r=f fQr�h]\inb^ h]r�\_^6k0rsYD|_uar=^[^6r �=\iu6YSZ]\mua\_^[rsk%
sk]|i\
lGu[\iw�d0\_k]|}�jrsl Y[Z]\6
s`pux|_r=npd]fqk0�0e]d Y Y[Z]\
Y=� rQh]\iy=u[\i\vrsl lGua\_\ih]r=f fqr h0\_n

^[fqr r YSZ]ng� |iu[r=^a^[\_^ r �=\iu>� � � � � � � � �6� � � � � � � � � � �6� � � � � + � �

�0` �



6 � � �Mr=d]^ fqr�h]\_ncrsl
Y[Z]\ �sr |>
snclGr=nbh]^�� � Z]u[r=d0y=Z 
s�]�0u[r=�]ua`/
 Y[\ ��
su�
sfq\iY[\_u

| Z]r=`p|_\DYSZ]`p^�fqr h]\in�|-
sk e \�
sh%
s�0Y[\_h Y[r�ua\_�]ua\_^[\ik�Y YSZ]\Qe]u�
 ^[^��0n/
 �=\iu[^ �
nb`p�]^>� � � � � � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + �#%

6 �75 � Z]\ `pfQ�0d]nb^a\6u[\_^a� rsk]^[\ �G`bk�YSZ]\qlGu[\iw�d0\_k]|}� h]rsf�
s`pk � rslxY[Z]\qh]`b^a�]n/
s|i\BD
fQ\ik�Y r l Y[Z]\ `pk]h]`g� `ph]d%
sn � rs`bk�Y f�
 ^[^[\i^ r l YSZ0\ np`b�6fqr h0\_nJ� X ^ \B� �I\_|}YS\_h$�
\-
s| ZAr l6YSZ]\ Y=� r#|_rsd]�]nb\ih&�Ir=`bk�Y�f&
s^a^[\_^�\B� Z]`be0`pYS^@Y=�~r#ua\_^ar=k%
sk]|i\_^��
�8Z%
 Y�|>
skL
snp^[r�eI\x^[\i\_kq`b^ Y[Z%
 Y{Y[Z]\_ua\3
su[\K|inb\>
su[ng�'`pk2�7
suahL
sk]h6r=d Y=�7
suah
^aY[u[`@!�`pk]y6| Z%
su"
s|iY[\_u[`p^aY[`b|_^c�]ua\_^a\_k�Y `pkmYSZ]\i^[\�u[\_^a� rsk]^[\�|_d]u �=\i^>�7�6� � � � � + � ,

6 � � $ u[\_w�d]\ik]|i�+! \i^[�Ir=k]^a\6rsl 
QY����]`b|>
snU|ir=k0o y=d0u�
 Y[`br=k0� � Z]\ �=\iuaYS`p|-
sn nb`pk]\_^
^[Z]r�� YSZ]\�h]\i^aY�
se]`bnp`b^a`bk]y rsd0Y=�7
 u[h 
sk]h@`bk2�(
su[hj^aY[u[`:!�`pk]y6u[\i^[r=k�
sk]|_\i^>� 
 Y
+ � 5 ) *6
sk]h �&%�� ) *�u[\i^[�I\_|iY[`p�s\_np� � � Z]`b^Ko y=d0u[\v`b^3
6u[\i� \>
 Y rslto y=d]ua\ � �:+ � �4+ �s�

6 � , ! \i^[�Ir=k]^a\qr l Y[Z]\ 
su[\>
jr l~r=�I\_k0`bk]ymlGd]k]|}YS`pr=k�rsl YSZ]\Dnb`p�9fQr�h]\in � y=ua\_\ik
nb`pk]\ � � � Z0\xu[\ihG
sk]h e0nbd]\ nb`bk0\_^t^[Z]r�� YSZ]\ u[\i^[�Ir=k]^[\~rsl]YSZ0\xh]`b^a�]n/
 |_\_fq\_k�Y

rsl]Y[Z]\~Y=� r
� rs`bk�YUf&
s^a^[\_^ � ^[\i\~o y=d0u[\ 6 �75 � � � Z]\~Z]`by=Z0\_u Y=� r��I\-
 !�^UlGr=uaf
YSZ]\ � o k]y=\iu[�]ua`bk�Y��DrsltYSZ]\vk]rsk D�np`bk]\>
suxZ]\i`by=Z�YKlGd]k]|}YS`pr=k0� � Z]\vnbr�� \_uKY=� r
u[\i^[r=k%
 k]|_\i^ lGr=uaf

D�%
s`puxrsl r=d0Y=�(
su[hH
sk]hj`bk2�(
su[h@^aY[u[`@!�`pk]yDu[\_^ar=k%
sk0|_\_^�� + �=�

6 � + � �8Z]\_k@Y=�~r r=d0Y rsl��]Z�
s^[\'^[`bk0\6�(
 �=\i^ � e]npd]\ 
sk]h�ua\_h nb`bk0\_^ � 
sua\'^ad]�I\_u D
� rs^[\_h@YSZ]\�u[\i^[d]ngYS`pk]yG�7
 �=\}lGr=u[f �Ge]n/
s|A!mnp`bk]\ � Z%
s^KY=�c`b|i\�Y[Z]\vlGu[\_w�d]\ik]|i�
rsltYSZ]\vr=ua`by=`pk%
snI^[`bk0\6�(
 �=\i^�� � � � � � �6� � � � � � � � � � �6� � � � � + �s�

� �



6 � +;+�! \i^[�Ir=k]^a\xrsl]Y[Z]\xr=�I\_k]`pk]y 
 u[\-
 � h]`pr h]\ ^[`py=k%
sn � 
 k]h�YSZ0\~�Ir=`bk�Y h]`b^a�]n/
s|i\BD
fQ\ik�YS^>� � Z]\cu[\_hD�=\iuaY[`b|-
 n]nb`pk]\x^[Z0r �c^ YSZ0\cY[Z]u[\i^[Z]rsnbhD�]n/
 ��`bk0y
lGu[\_w�d]\ik]|i�
� �&%=� )F* � � YSZ]\��=\iuaYS`p|-
sn e]n@
s|A!mnb`pk]\_^ ^[Z0r �AY[Z]\�ua\_^ar=k%
sk]|i\_^
`ph]\_k�Y[`po \ih�`bk

YSZ]\ r=� \ik]`bk0yE
su[\>
�u[\i^[�Ir=k]^[\�� � Z]\ !s\}�+u[\i^[r=k%
 k]|_\i^L
su[\ Y[Z]\�r=d Y=�7
suah
^aY[u[`@!�`pk]y ua\_^[rsk%
sk]|i\_^I
 Y , � )F*��6+ �=� ) *�
sk]h + % 6 ) * � 
sk]h�Y[Z]\�`pk �(
suah
^aY[u[`@!�`pk]y6u[\i^[r=k%
 k]|_\ 
 Y � 6 +-)F* � � Z]`p^xo y=d]ua\v`b^3
Du[\_�I\-
VYcrsl o]y=d]u[\ % � + � � + �&%

6 � + � �
� \ik]`bk]y 
sua\-
 �(
 �=\ilGrsu[f4�]u[r�h]d]|i\_h�e��qYSZ]\ � rsd]^ fqr�h]\_n � � Z]\
h0`b^[|ir=k D
YS`pk�d0`pYS`p\_^ r |i|_d]u �cZ]\_ua\
YSZ]\ �2D h]`b^a�]n/
s|i\_fq\_k�YKrsl rsk]\
f&
s^[^xeI\_|ir=fq\_^xnp\_^[^

YSZ%
 kjY[Z]\vrsYSZ0\_u>� � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + ���

6 � + � � Z]\�|ir 8�r=uah]`bk�
 YS\�^a��^aY[\_f-d]^[\ih�lGr=u 
sk�
snp��^[`p^ r l{YSZ]\�nb`b�@fqr h]\inJ� � ^a`bk]y
|_`pu[|_d0n/
su�|_r 8�r=u[h]`pk%
 Y[\_^ `pk]^aY[\-
sh r l |>
suaY[\_^a`/
sk+|ir 8�r=uah]`bk%
VYS\_^�
snbnpr��c^'lGr=u
^[`pfQ�]np\{\B��Y[\_k]^a`br=k'rsl0Y[Z]\ fqr�h]\_n=`pk�YSrF
clGr=d0uth0\_y=ua\_\�8�rsl@8�lGu[\i\_h]rsfAfQr�h]\_n �
� Z]\�����|ir 8�r=uah]`bk�
 YS\x`p^Uk]\iy2
 Y[`p�=\K`pk�YSZ0`b^{h]`@
sy=u"
sf�e \i|-
sd]^a\��Q`b^{h0\io k]\ih


s^KeI\_`bk0yq�Ir=^a`pYS`g�=\�`pkjY[Z]\v|_npr |A!2�c`b^a\vh]`bua\_|iY[`br=k$� � � � � � � �6� � � � � + � 5

6 � + % � Z]\~ua\_^a� r=k0^[\xrsl Y[Z]\~np`b��fQr�h]\in�`pk'lGr=d0u h]`pfQ\ik]^[`pr=k]^�� YSrsy=\iY[Z]\_u �c`pYSZ�YSZ]\
u[\i^[�Ir=k]^[\vrsl Y[Z]\�k]r=k98�nb`bk0\-
su(
su[\>
 rsltr=� \ik]`bk0y lGd]k]|iY[`br=k$� �
lt�%
 uaYS`p|_d]n@
su
`bk�YS\iu[\i^aY `b^xY[Z]\v�]u[\i^[\_k0|_\�r l 
sh0h]`pY[`br=k%
 n npr � lGu[\iw�d]\_k]|}�@u[\_^ar=k%
sk0|_\_^�� � � + %=�

� � + 
 k]�]d0Y(`pfQ�I\_h%
 k]|_\+fq\-
s^ad]u[\ifQ\ik�YS^�lGr=u�YSZ]\+Y[u[r=f eIr=k]\ �c`gYSZA��
su[`pr=d]^
fQrsd0YSZ]�0`b\_|i\�|_r=k o y=d]u"
 YS`pr=k]^>�?� � � � � �6� � � � � � � � � � �6� � � � � +
6�6

�9� `



� � � 
 k]�]d0Yj`pfQ�I\_h�
sk]|_\9fq\-
 ^[d]ua\_fq\_k�YS^mlGr=u Y[Z]\�fQrsd0YSZ]�0`b\_|i\_^md]^a\_h0�F�c`pYSZ

sk]h �c`pY[Z]r=d0YKY[Z]\ 
sh%
s� YS\_uc�]`p\_|i\ � � � � �6� � � � � � � � � � �6� � � � � +
6�5

� �:+ K \_| Z�
sk]`b|>
sn lGu[\iw�d]\_k]|}�@u[\_^a� rsk]^[\�rsltYSZ]\ 
su YS`po]|_`/
 n nb`p��u[\i\_h0�C�6� � � � � +
6��

� � � K \_| Z�
sk]`b|>
sn lGu[\iw�d]\_k]|}�@u[\_^a� rsk]^[\�rsltYSZ]\ 
su YS`po]|_`/
 n nb`p��u[\i\_h0�C�6� � � � � +
6�,

� � � K \_| Z�
sk]`b|>
sn lGu[\iw�d]\_k]|}�@u[\_^a� rsk]^[\�rsltYSZ]\ 
su YS`po]|_`/
 n nb`p��u[\i\_h0�C�6� � � � � +
6�,

� � % K \_| Z�
sk]`b|>
sn lGu[\iw�d]\_k]|}�@u[\_^a� rsk]^[\�rsltYSZ]\ 
su YS`po]|_`/
 n nb`p��u[\i\_h0�C�6� � � � � + �s�

� � 6 K \_| Z�
sk]`b|>
sn lGu[\iw�d]\_k]|}�@u[\_^a� rsk]^[\�rsltYSZ]\ 
su YS`po]|_`/
 n nb`p��u[\i\_h0�C�6� � � � � + �s�

� � `b`



� � ��� ��� � � � � � �

� � + ��Z%
s^[\�ua\_n@
 YS`pr=k]^[Z0`b�]^ e \}Y=�~\i\_k@h]u[`g��`bk]y'�]u[\i^[^[d0u[\ 
sk]hmnp`b� rs� \ik]`bk]y�
su[\>

lGr=uK`bk2�(
su[h 
sk0h r=d Y=�7
suah ^ YSua`@!�`bk]yDua\_\_hjY���� \i^<� � � � � � � �6� � � � � + �

% � + � 
 e]nb\ rslIZ]`by=Z�^[�I\_\_hDua\_|_rsu[h]`pk]y=^>�{z?
 YA
 ^a\iY[^1+(D � � \_u[\xl.
 |_\xr=k6ua\_|ir=u[h D
`bk]ys^>��z?
 Y�
'^a\iY + �]u[r ��`bh]\ih YSZ0\ |-
 nb`be0u�
 Y[`br=k6lGr=u YSZ]\i^[\
h%
VYA
�^a\iYS^�� z?
 YA

^[\}YS^ 5 D + � � \_ua\ ^a\iY[^ rsl lGu[r=k�Y 
sk0hQ^a`bh]\cu[\i|_r=uah]`bk0y=^>��z?
VYA

^[\}YS^ 5 
 k]h �
�]u[r ��`bh0\_h�Y[Z]\~|>
snb`pe]u�
 Y[`br=k�lGr=u YSZ0\_^[\~h%
 YA
 ^[\iY[^>� � Z0\������ � ���	� � � rsl \>
s| Z
h%
 Y�
�^a\iY �7
s^ \_`gYSZ]\iu �ad]^aY(
seIr �s\ Y[Z]u[\i^[Z]rsnbh � h%
 Y�
�^a\iY[^ � � � �5+;+ 
sk]h�+ � �
r=u7
VY~YSZ0\
f�
 �0`pf d]f e]npr��~\iux�]u[\i^[^ad]u[\ 8&
s�0�]u[r-� `bf&
 YS\inp� +;�76�!�� 
 �Gh%
 YA

^[\}YS^ 6 � � �0, 
 k]h�+ � � ��z?
 YA
Q^[\iY % d]^[\ih'
Qe]nbr��c`bk0y��]u[\i^[^ad]u[\L
s�0�]u[r-� ` D
f�
VYS\_ng� Z�
snpl �(
 �me \}Y=�~\i\_k@YSZ]ua\_^[Z0r=nbh�
sk]h@f�
 �0`pf d]f �'� � � �6� � � � � � �

% � � � 
 e]nb\�rsltYSZ0\�|>
snb|id]n/
VYS\_h���
snpd]\_^Kr l�
#
sk]h
� lGr=uxY[Z]\v^[r=npd0YS`pr=k�y=`g�=\_k@`bk

\_w�d%
 Y[`br=k % � � lGr=uxYSZ0\�h0` # \_u[\ik�Y ua\_|ir=u[h]`pk]y=^KrslUnb`p��fQr YS`brsk0�3� �6� � � � � � �

� � `b`b`



6 � + � 
su"
sfq\iYS\iu[^�d0^[\_h�Y[r+r=e0Y�
s`bkOYSZ]\�h�
 YA
 `pk�o y=d0u[\ 6 � % � � Z0\�
sk]y=d]n@
su
lGu[\iw�d0\_k]|i`b\_^ |_r=uau[\i^[�Ir=k]h�Y[rqY[Z]\�fq\-
s^ad]u[\ih�ua\_^[rsk%
sk]|i\'lGu[\iw�d]\_k]|i`b\i^
r=e D
YA
s`pk]\_h lGu[r=f YSZ0\�h%
 Y�
 ^[Z]r��ck8`bk�o]y=d]u[\ � � �s� 8 + � 5�)F*E
sk0h �&%�� ) * �
� `bfq`bn@
su[ng�;�UY[Z]\j� 
 nbd]\i^qr l�� 
sk]h � � \_ua\�fq\-
s^ad]u[\ih�\��0�I\_ua`bfq\_k�YA
 nbnp� �
� Z]\�u[\if�
s`pk]`bk0y �%
su"
sfQ\}YS\iu[^ �~\iu[\(| Z]r=^a\_k Y[r y=`p�s\(^ad]`pY�
se]np\9u[\_^ad]npY[^>�
r=e0Y�
s`bk]\ih e�� `pYS\iu�
 Y[`br=kC
 u[r=d]k0hO��
snpd]\_^Dr=e0Y�
s`bk0\_h+lGu[r=f \B� �I\_u[`pfQ\ik�YA
sn
fQ\>
s^[d0u[\_fq\_k�Y[^>�%� � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � + �s�

6 � � z
\_^a|_u[`p�0YS`pr=k]^6rsl YSZ]\j�%
 u�
sfq\iY[\_u[^qrsl YSZ]\@nb`p�+fQr�h]\inK^[Z]r��ck�`pkOo]y=d]u[\

6 � � � � Z]\ d]�]�I\_u(
sk]h npr��~\iu np`b�]^ 
sua\ 
s^a^[d]fq\_hQYSr�fQr �=\ ^a��fqfQ\}YSu[`p|-
snpnp� �
^[r6YSZ0\���
su�
sfq\iY[\_ua^F
 u[\�\_w�d]`g��
snb\ik�YclGr=uKeIrsY[Z@np`b�]^�� � � � � �6� � � � � + ���

� � + z
\_^a|_u[`p�0YS`pr=k�rsltYSZ0\
� 
 u[`brsd]^K|_r=k o y=d]u"
 YS`pr=k]^xrsltYSuar=f eIr=k]\?
 k]hjfQr=d YSZ D
�]`b\i|_\i^>� � � � � � � � � � � � � � � � � �6� � � � � � � � � � �6� � � � � +
6 �

� � � 
 fQ�I\_h�
sk]|_\'h%
 Y�
QlGr=ucYSZ]\�� 
 u[`brsd]^ Y[u[r=f�e r=k0\�|_rsk0o y=d]u"
 YS`pr=k]^��$
snpn �c`pYSZ

skjd]k]\�� Y[\_k]h0\_h�^anb`bh0\ � � � � � � � � � �6� � � � � � � � � � �6� � � � � +
6 �

� � � 
 fQ�I\_h�
sk]|_\ h%
 Y�
 lGr=uMY[Z]\ Y=� r fqr=d0Y[Z]�]`b\i|_\i^Ud]^a\_h0�=eIrsY[Z �c`gYSZ�
 k]h �c`gYSZ D
r=d0YKY[Z]\ 
sh%
s�0Y[\_uc�]`p\_|_\�� � � � � � � � �6� � � � � � � � � � �6� � � � � +
6 �

�9� `g�



� � ��� � � � �

� � ��� � � � 	<�����	�

����� 	�

������������������
 ��� ����� ���!�"
��#������$ %&

�'� �(�)���#���"�(�

�~u"
s^[^Q`bk]^ YSu[d0fQ\ik�Y[^ 
sua\H
(^[d]e0^[\iY�rsl
YSZ0\ �c`pk]h�`bk0^aYSuad]fq\_k�YQl.
 fQ`pnp�;� h]\}o k]\_h�e��OYSZ0\

fq\iYSZ0r h(rslK\ik]\_uays�(`bk]�]d Y'`pk�YSr Y[Z]\q^a��^aY[\_f 89YSZ0\Qnp`b�]^vrsl YSZ]\Q�]n/
 �=\iu�lGrsu[f YSZ0\Qua\_\_h$�
YSZ0u[r=d]ysZ �cZ]`b| ZI
s`pu~`p^xe]nbr��ckm`pk�Y[r�YSZ0\�`bk]^ YSu[d0fQ\ik�Y>� �8`bk]h `bk]^ YSu[d0fQ\ik�Y[^K|-
skmys\_k]\iu�
snpnp�
eI\�fQr�h]\inbnb\ih e���
�^a`bfq�]nb\DlG\_\ih]e%
s|A! ^a��^aY[\_f � �cZ0\_u[\�Y[Z]\�ua\_\_h 
s|}YS^G
 ^L
 ��
snp�s\ YSZ%
VY

snpnbr��c^1
skmr=^a|_`pnbn/
VYS`bk0y � r�� rsl 
s`bux`pk�YSr YSZ0\�`bk]^ YSu[d0fQ\ik�Y>�M�cZ]`p| Z@`pk�YSd]uakj�]u[r ��`bh]\i^KlG\_\_h9D
e%
s|A!qYSZ%
VYch]u[`g�=\_^xY[Z]\�fqrsYS`pr=k rsl Y[Z]\�u[\i\_h0� � Z]\vu[\i^[d]ngYA
sk�YK^a\_ngl@8�^[d]^ YA
s`pk]`bk0y r=^[|i`bnpn/
 Y[`br=k
`b^6Y[Z]\_ua\ilGr=ua\�
�u[\i^[d]ngYqrsl?
s\iu[r 8�\_n/
 ^aYS`p|m|_r=d0�]nb`pk]y�e \}Y=�~\i\_k�Y[Z]\ fq\_| Z�
sk]`b|>
snKr=^a|_`bnpn/
 Y[r=u
�GY[Z]\ ua\_\ih � �UY[Z]\ 
s|ir=d]^ YS`b|qr=^a|_`bnpn/
 Y[r=u �GY[Z]\ `pk]^aY[u[d]fq\_k�Y � 
sk]h YSZ]\ � r��?rsl 
s`bu�Y[Z]u[r=d0y=Z
YSZ0\�ua\_\ih0�

+



) \inbfqZ]r=npY"*�� ��%�� n@
s`bhOf d]| Z�r l
YSZ]\�y=u[r=d0k]hM� r=u"!+lGr=uqYSZ]\ d]k]h]\iu[^aY�
sk]h]`pk]y rsl YSZ]`p^

lG\_\ih]e%
s|A!6^ ��^aYS\if�� 
sk]hq`bkD�%
 uaYS`p|_d]n@
su{|>
 YS\iy=r=u[`p^[\ihDY[Z]\K��
su[`pr=d]^{Y���� \i^ r l u[\i\_h&
s^ �a^aY[u[`:!2D
`bk0y�rsd0Y=�7
 u[h]^4��r=u �a^ YSu[`:!�`bk]y�`pk �(
suah]^"��� � Z0\_^[\ h]\io]k]`pY[`br=k]^�ua\ilG\iu[u[\ihQY[r�Y[Z]\cu[\_^a� rsk]^[\ rsl


�ua\_\_hQYSrG
�^anbr��8`bk0|_u[\>
s^[\ `bkQ^[d]�]�0np�Q�]u[\i^[^[d0u[\F8 
��a^aY[u[`@!�`pk]y�r=d Y=�7
suah�� ua\_\_hmua\_^a� r=k0h]^

�c`pY[Z�
 kQ`pk]|_ua\-
s^a\ `pkqrs� \ik]`bk]y 
s�I\_u YSd]ua\ �9
sk]h�
H�a^ YSua`@!�`bk]yv`pk �(
suah��'ua\_\ih u[\i^[�Ir=k]h]^ �c`pY[Z

6h]\_|iu[\>
s^[\�`bkjr=�I\_k]`pk]y 
s�I\_uaY[d]u[\��

� Z]\_^a\Q|>
 YS\iy=r=ua`b\_^ rsl~ua\_\ih]^v|-
sk�eI\6fQr�h]\_npnb\ih�e���d]^a`bk]y 
�r=k]\6h0\_y=ua\_\Drsl lGu[\i\_h]r=f

fqr h]\inJ�c^[d0| Z 
s^�Y[Z%
 Yjd]^a\_h e��8��nbnb`prsY[Y�
sk]h �~r��c^aZ]\_u�� �=��� Y[r+fQr�h]\_n YSZ]\9np`b��ua\_\_h$�
� d]| Z@fqr h]\inb^ Z%
 �=\ve \i\_k@\B��YS\ik]^[`g�=\inp�md]^a\_hjYSrD�]uar h]d0|_\
�=\iua�mua\-
snp`b^ YS`b| ^a��k�YSZ]\i^[`p^[\_h `bk D
^aY[u[d]fq\_k�Y'^[r=d0k]h]^�� ��� � � + � � � � � � � , � � 6&6 � � 6&5 � 
sk]h'
snb^ar�
 ^'^a|_`b\ik�YS`po]|DY[r rsnb^
YSrjlGd]u YSZ]\iu

d]k]h0\_u[^ YA
sk0hjY[Z]\
lG\_\ih]e%
s|A! fQ\i| Z%
sk]`p^[fq^xrsl e]u"
s^[^K`pk]^aY[u[d]fq\_k�YS^�� ) r��~\}�=\iu>� f d]| Z � r=u"!
Z%
s^ ^[Z0r �ck�Y[Z%
 Y YSZ]\�nb`pfQ`gYA
 Y[`br=k0^~rsl{Y[Z]\_^a\�fqr h0\_nb^cf&
 !s\vYSZ0\_f d]k]^ad]`pY�
se]nb\vlGr=ucu[\i�]u[r D
h]d]|i`bk]y |_\iuaYA
 `bk \�� � \iu[`bfq\_k�Y�
snbng��r=e]^a\_u �=\_h+�0Z]\_k]rsfQ\ik%
�� +
6 � � + ��� � � 5 � 8��%
su YS`p|_d]n@
su[ng�;�
YSZ0\�
se0`bnb`gY��QY[rQ�0n/
 �I
 YclGu[\iw�d]\_k]|i`b\i^ eIrsYSZ�
seIr �s\�
sk0h eI\_npr � YSZ]\�u[\i^[r=k�
sk]|_\�lGu[\iw�d0\_k]|}�
rsl{Y[Z]\G
s`puc|_r=npd]fQk�� +�5 � � + � � � +�, � � � , � � % � � � % , � � 6 ��� � 6 ��� � � Z]`b^ �]Z]\ik]r=fq\_k]r=k$� `bk �%
su D
YS`p|_d]n@
su>��`bfq�]np`b\_^ YSZ%
VYxYSZ]\vnp`b��ua\_\_hj|>
sk]k]rsYceI\v|_n@
s^[^a`po \ihI
s^K\_`gYSZ]\iu �a^aY[u[`@!�`pk]y6`bk2�(
su[h]^4�
r=u �a^ YSua`@!�`bk]y6rsd0Y=�7
 u[h]^4���

� �0�I\_ua`bfq\_k�YA
 n�^ YSd]h0`b\_^@d]^a`bk]y 
sk 
suaY[`po |i`/
sn fQr=d YSZ �]u[r ��`bh]\'
 u[r=e]d0^aY-� f�
sk�
sy=\BD

se]np\Q^ar=nbd YS`brsk(Y[r YSZ0\Q�]uar=e]np\_fq^'�]ua\_^a\_k�YS\ihOe��(\B� �I\_ua`bfq\_k�YS`pk]y��c`gYSZ Z�d]f&
sk �]n/
 �=\iu[^��

�`bnbeI\_u Y 
sk0hQ�t\iY[r=`pY�� ����� h]\_^a`by=k0\_h 
sk 
suaY[`po |i`/
sn fQrsd0YSZ Y[Z%
 Y �(
s^ |-
s�%
 e]nb\Krsl �]uar h]d0|_`bk0y
fq\-
s^ad]u[\ifQ\ik�Y[^F�c`gYSZE
qu[\_�I\-
VYA
se]`pnb`gY���l.
su e \}�=r=k]h��cZ%
 Y �(
s^?
 | Z]`b\}� 
 e]nb\6�c`pY[Z�Z�d]f&
sk

�



�]n@
 �s\_ua^>� ��d]e]^[\iw�d]\_k�YSng�;� YSZ]\iu[\6Z%
 �s\qeI\_\ik�^[\i�s\_u"
sn�h]\i�s\_npr=�]fq\_k�YS^vrsl 
su YS`po]|_`/
 n fqr=d0Y[Z

^aY[d]h]`p\_^>��^ad]| Z 
s^UY[Z]r=^[\Ke�� �~d]nbnp\_k � +
5 � � + � � � � \-
sn � % � � �2
sk]h % \iu[y=\�*3
sk]h�!cr h]\}Y � � + � � �=��� �

����� � �)$ ��� ��� ��� �)
 �������"$ �	� � ��� �)


� Z]\md]k0h]\_ua^aYA
 k]h]`bk0y9rsl h0��k%
sfq`b| ^ ��^aYS\ifQ^6|>
sk+eI\my=u[\>
 YSng� \ik]Z%
sk0|_\_h e�� Y[Z]\md]^a\�rsl

|_rsfQ�]d YA
 Y[`br=k%
 n fqr h0\_nbnp`bk]yM� � `bf�d]n/
 Y[`br=k0^ rsl ^ad]| Z ^ ��^aYS\ifQ^v|>
sk��]u[r ��`bh]\6h�
 YA
 Y[Z%
 Yv`b^
d]k]rse0YA
s`pk%
se]np\ e�� \B� �I\_u[`pfQ\ik�YA
sn fQ\}YSZ]r�h]^G8O^[d]| Z 
s^qYSZ]\�� r=^a`pY[`br=k 
sk]h��s\_npr |i`pY��Orsl


snpn��%
suaY[^'r lxYSZ]\q^a��^ YS\_f 
 Y�
 y=`g�=\ik YS`pfQ\�� ) r � \i�s\_u�� ^ad]| Z ^a`bf d]n@
 YS`pr=k]^�ua\_np��rsk YSZ0\

h]\}�=\_npr=�]fq\_k�Yvrsl 
�fqr h]\in Y[Z%
 Y6
s|i|_d]u"
 YS\inp��u[\_�0u[\_^a\_k�YS^vYSZ0\ �]Z���^[`b|>
sn�^a��^ YS\_f � ��`bfq�]nb\

r=k]\ h]`bfq\_k0^[`brsk%
sn�fQr�h]\inb^t|-
sk �0u[r�h]d]|_\~\B� |_\inbnb\ik�Y�u[\i^[d]ngYS^>�s\_^[�I\_|i`/
snpnp�v`pk'YSZ0\xy=\_k0\_u�
VYS`brsk
rsl ^a��k�YSZ]\i^[`p^[\_h ^[r=d]k0h]^>� ) r�� \i�s\_u>� ^aY[d]h]`b\i^ rsl Y[Z]\ fQrsY[`br=k�rsl Y[Z]\cnb`b�6ua\_\ih � + ��� � % 6 � � � 5 �
Z%
 �=\ ^[Z]r��ck�YSZ�
 Yx`gY \�� Z]`be]`gYS^ l.
su fqr=ua\ |ir=fQ�0nb\B�qfqrsY[`br=kDYSZ%
 k�|-
sk e \ u[\_�0u[\_^a\_k�YS\ihje��


 ^a`bk]y=np\'h0\_y=ua\_\ rslUlGu[\_\ih]r=f�fQr�h]\inJ�cX h]h0`pYS`pr=k%
snpnp� � ^aYSd0h]`b\i^
rsl{Y[Z]\�YSZ0u[\_^aZ]r=nph��]n/
 ��`bk0y
eI\_Z%
 ��`br=d0u�r l7
su YS`go |_`@
snUnp`b��u[\i\_h]^�Z%
s^v^[Z0r �ck(YSZ%
VY�Y[Z]\D^a��^aY[\_f |-
 k h]\i^aY�
se]`bnp`b^a\6e rsY[Z

eI\_nbr�� 
sk]h 
seIr �s\�Y[Z]\ 
s`buK|ir=nbd0fQkju[\i^[r=k�
 YSr=ua^>� �~d]npnb\_k � +
5 � � + � � d]^a\_h@nb`pk]\-
suK^ YA
se0`bnb`gY��

sk%
 np��^[`p^ YSr ^[Z]r��OYSZ%
 YUr=k]\xh0\_y=ua\_\Krsl lGua\_\_h0r=f)fqr�h]\_np^ � \_u[\K`pk]|-
 �%
se]np\ rsl ua\_�]uar h0d]|_`pk]y
YSZ0`b^KeI\_Z%
 ��`br=d0u>�

�



����� � �"$ � � 
�� � �)

��%&

��� ��� ��� %&���"�

� Z]\ 
s`pfQ^KrsltYSZ0`b^K^aY[d]h0� 
sua\
YSr��

+;��h]\}�=\_npr=��
6fqr h0`po \ih��=\_ua^[`pr=k r lUYSZ0\ 
 uaYS`go |_`@
snIfQr=d YSZ0�

� ��fQ\>
s^[d0u[\�YSZ0\�YSZ]ua\_^[Z0r=nbh+eI\_Z%
 ��`brsd]u rslcYSZ0\I
suaY[`po |i`/
sn fqr=d0YSZ �cZ0`bnb\Q�]n/
 ��`bk0yE

YSuar=f eIr=k]\��

� ��fq\-
s^ad]u[\�YSZ0\vlGua\_w�d]\ik]|i�@u[\i^[�Ir=k]^a\'rsltYSZ0\ 
 uaYS`go |_`@
sn np`b�]^��

% ��h]\}�=\_npr=��
 Y[u�
sk]^a�%
sua\_k�Y fqr=d0Y[Z]�]`p\_|_\
Y[r 
snbnpr �8��`b^ad%
snp`b^�
VYS`brsk�rsltYSZ]\vnb`p�]^>�

6 ��`bk��s\_^aY[`by2
VYS\ Y[Z]\
fqrsYS`pr=k rslMY[Z]\�nb`p�]^~h0d]u[`pk]y r=^a|_`bnpn/
 Y[`br=kDd]^a`bk]y6Z0`by=Z�^a� \i\_hm��`bh]\ir

u[\i|_r=uah]`bk0y&
 k]h n@
s^[\iucz
r=�]�]np\_u~��`pe]u[r=fq\iY[ua� �

� ��h]\}�=\inbr=��
 fqr h]\in�rsl~Y[Z]\qnb`b�0^vY[Z%
 Y�u[\i�]u[r�h]d]|i\_^'\B� � \iu[`pfQ\ik�Y�
snbng�9r=e]^a\_u �=\_h e \�D
Z%
 ��`br=d0u>�

� Z]`b^6^ YSd]h � `b^�|_r=fq� rs^[\_h rslcY=� r�f�
s`pk �%
 uaYS^�� �~Z�
s�0YS\iu[^ � 
sk]h % h]\i^[|iu[`beI\�YSZ0\

\B� �I\_ua`bfq\_k�YS^
�I\_u lGr=u[fq\_h9rsk�YSZ]\L
 uaYS`go |_`@
sn fQrsd0YSZ0� d]^[`pk]y Y[Z]u[\i^[Z]r=nph9�]n/
 ��`bk0y 
sk%
sng��^[`b^

sk]h�nb`b�@u[\i^[�Ir=k]^a\ fQ\>
s^[d0u[\_fq\_k�Y[^
`bk | Z%
s�0Y[\_u � �$
sk0h���`b^[d�
snb`p^�
 Y[`br=kjrsl�Y[Z]\�np`b�@fQrsY[`br=k

d]^a`bk]y Z]`by=Z ^[�I\_\ih ��`bh]\ir�u[\i|_r=uah]`bk0y�`bk | Z%
s�0Y[\_u % � �~Z%
s�0Y[\_u 6@d]^[\i^'YSZ0\ u[\i^[d]ngYS^'�]u[\�D
^[\ik�YS\_h `bk�Y[Z]\v\B� � \iu[`pfQ\ik�Y�
sn | Z%
 �0YS\iu[^KYSrD`bk��s\_^aY[`by2
VYS\
YSZ0\v��`@
se]`bnp`pY��qrslth]`$# \iu[\_k�YcY���� \i^
rsl fqr h]\inb^�� �M`bk]\>
su
^ YA
se]`pnb`gY��H
 k%
snp��^a`b^ Y[\_| Z]k]`pw�d]\_^ 
su[\6d0^[\_h�YSrj^aZ]r�� YSZ�
 Y 
 Y=�~r@h]\�D
y=ua\_\jrsl lGu[\_\ih]r=f3fqr�h]\_nx`p^Du[\_w�d]`pu[\ih `pkOrsu[h]\iu YSr(u[\_�0u[r�h]d]|_\mY[Z]\mYSZ]ua\_^[Z0r=nbhO�]n/
 ��`bk0y
eI\_Z%
 ��`br=d0u �]ua\_^a\_k�YS\ih9`bk@| Z%
s�0Y[\_u � � � `bfq\vh]r=f&
s`bkj^[`pf d]n@
 YS`pr=k]^xYSZ0\_k�^aZ]r��AYSZ%
VY r=k0\

%



^[d0| Z(Y=� r h0\_y=ua\_\Drsl lGu[\i\_h]r=f fQr�h]\_n |-
sk��]ua\_h]`p|iY�Y[Z]\6\B� �I\_u[`pfQ\ik�YA
snpnp� r=e]^[\iua�s\_h fq\BD
| Z%
sk0`b|-
 n]u[\i^[�Ir=k]^[\1�cZ]\ik 

k]rsk98�nb`pk]\-
 uUlGd]k]|}YS`brsk6h]\io k0\_^ YSZ]\3
sua\-
�rsl r=�I\_k]`pk]y�e \}Y=�~\i\_k
YSZ0\�np`b�]^��

�~Z%
s�0Y[\_u � ua\i��`b\B�c^QY[Z]\ e�
s^[`p|_^Drsl �c`pk]hO`bk]^ YSu[d0fQ\ik�Y&
s|ir=d]^ YS`b|i^Qua\_np\i��
sk�YDYSr�YSZ]`p^

^aY[d]h0� � 
 k �%
su YS`p|_d]n@
su>� YSZ]\Qu[\iw�d0`bu[\ifQ\ik�YS^�lGr=u'^[\inpl@8�^ad]^aY�
s`bk]\ih r=^a|_`bnpn/
 Y[`br=k�
 u[\ `pk��=\_^ YS` D
y2
 Y[\_h�lGr=uv`bk2�(
su[h(^aY[u[`@!�`pk]y 
sk]h lGrsu�r=d0Y=�(
su[h ^aYSua`@!�`bk0y@ua\_\ih Y���� \i^>��X4e%
s^a`b|Dnb`p�9u[\i\_h

fqr h]\in~`p^ �]u[\i^[\ik�Y[\_h0�~y=`p��`bk0y�YSZ]\�Y[`bfq\�8�h0r=f�
 `bk(\_w�d%
 Y[`br=k]^6r l fqrsYS`pr=k lGrsuL
�r=k]\mh]\�D
y=ua\_\ rsl lGua\_\_h0r=f?fQr�h]\_n � � Z0\ u[\iw�d]`bua\_fq\_k�YS^ lGr=u ^[\_ngl@8�^[d0^aYA
 `bk]\ih r=^a|_`bnpn/
 Y[`br=k lGrsu `pk2�7
suah
r=uqr=d0Y=�(
su[h ^aY[u[`@!�`pk]y ua\_\ih�Y���� \i^ 
sua\ d]^a\_h�Y[r ^aZ]r�� YSZ%
 YqYSZ0\�nb`p� u[\_\ih�|-
 k�k]rsYQeI\

h]\i^[|_ua`beI\_h�
s^cr=k]ng��r=k]\vr=uxY[Z]\vrsYSZ0\_uKY���� \��

�~Z%
s�0Y[\_u � �]ua\_^[\ik�YS^�h]\}YA
s`pnb^ rsl%
 k]\�� �s\_u[^a`br=k'rsl]Y[Z]\7
su YS`go |_`@
sn=fqr=d0YSZ$� � Z]`p^Ufqr=d0Y[Z

`b^Kh0\_^[`py=k]\ih@Y[rqeI\�fqr=u[\ � \�� `be]np\
YSZ%
skj�]ua\i��`brsd]^cfQr�h]\_np^x`bkmY[Z]\vu�
sk]ys\�rslU`pk]^aY[u[d]fq\_k�Y[^

`pY�|-
sk8�]n@
 � � 
s^ � \_npn?
s^ 
snpnbr��c`bk]y y=u[\>
 YS\ium� r YS\_k�Y[`/
sn lGrsu ��`b^[d�
snb`p^�
 Y[`br=k�r l'Y[Z]\9nb`p�]^>�
� � � \iu[`bfq\_k�Y[^6
su[\ h0\_^[|iu[`pe \ih(Y[Z%
 Y�fq\-
s^ad]u[\'YSZ]\ lGua\_w�d]\_k0|i��u[\i^[�Ir=k]^a\qr l Y[Z]\ np`b��ua\_\_h$�

s^ � \_nbn 
s^ YSZ0\cY[Z]u[\i^[Z]rsnbh �0n/
 ��`bk]yveI\_Z%
 ��`br=d0u>� � Z]\F
se]`pnb`gY�� rsl YSZ]\cnb`p�]^�YSr�^[\inpl@8�r=^a|_`pnbn/
VYS\
�c`pY[Z]r=d0Y 
sk9`bk0^aYSuad]fq\_k�Y6
 YaYA
s| Z]\ih�`b^?
snp^[r�`pk��=\_^ YS`py2
 YS\ih0�$�c`gYSZ�
 lGr�|_d]^
rsk�YSZ]\ uar=nb\'rsl

YSZ0\�fqr=d0Y[Zj|-
 ��`pY����sr=nbd]fq\ �

�~Z%
s�0Y[\_u % h]\i^[|iu[`beI\_^�\�� � \iu[`bfq\_k�Y[^
h]\_^a`by=k0\_h9YSrmfq\-
s^ad]u[\'YSZ]\ fqrsY[`br=k rsl YSZ]\ np`b�]^

`bkQf�
 k��Dh0`bfq\_k]^a`br=k]^�� � ^a\
`b^ f&
sh]\ rsl 
�Z]`py=Z ^a� \i\_hmh]`py=`pY�
sn0��`bh0\_r |>
sfQ\iu�
M��ua\_|_rsu[h]`pk]y

 Y lGu�
sfq\�u"
 YS\i^�d]��YSr 5 + �=� lGu�
 fQ\i^ �I\_u
^a\_|_rsk]h0� 
sk]h�
�n@
s^[\iu
z
r=�0�]nb\iu ��`be]uar=fq\iYS\iu
`b^

d]^a\_h Y[rjfQ\>
s^[d]ua\6YSZ]\qh]`b^a�]n/
 |_\_fq\_k�Y[^�rslx`pk]h]`p��`ph]d%
sn � r=`pk�YS^�r=k�YSZ]\Dnp`b�9^[d0ual.
s|i\ � � Z]\

6



h%
 Y�
 r=e YA
s`pk]\_h#�c`pYSZ(YSZ]\ Z]`by=Z(^[�I\_\ih+|-
sfq\_u"
 �]uar � `ph]\_^�
sk%
sng� ^a`b^�rslxY[Z]\ np`b�(r=� \ik]`bk0y


sua\-
�
sk]h#np`b��rs� \ik]`bk]y Z]\_`py=Z�Y�lGd]k]|}YS`brsk]^>�F
s^�� \_npn 
s^mf&
s�]�]`pk]y Y[Z]\9fqrsYS`pr=k�rsl�r=k0\

�Ir=`bk�Yxrsk YSZ]\ nb`b�Q^[d]u l.
s|_\�`pk Y=� r6h]`bfq\_k]^a`br=k0^>� � Z]\�n@
s^[\iuxz
r=�0�]nb\iu ��`be]uar=fq\iYS\iu~`p^~d]^a\_h

YSr@fq\-
s^ad]u[\qYSZ]\DlGu[\iw�d0\_k]|}� ua\_^[�Ir=k]^a\ rsl7
 k�d]f eI\_u�rslK�Ir=`pk�Y[^vr=k Y[Z]\Qnp`b��^[d0ual.
s|i\ �{`pk
h]`$# \iu[\_k�Y h]`pfQ\ik]^[`pr=k]^>�

�~Z%
s�0Y[\_u 6 Z�
s^�Y=� r9f�
s`pk ^a\_|iY[`br=k0^>� 
 k+^[\i|iYS`pr=k 6 � � nb`pk]\-
 u'^ YA
se]`pnb`gY��#
sk%
sng� ^a`b^�rsl
y=\ik]\_ua`b|Dnb`p�(fqr�h]\_np^ �c`pYSZ�r=k0\�
sk0h(Y=� r�h]\iy=u[\i\_^'rsl lGua\_\ih]r=f�`b^vd]^a\_h(YSr@^[Z]r��%Y[Z%
 Y 

fqr h]\in9�c`gYSZ�Y=� r�h]\iy=u[\i\_^�rsl lGua\_\_h0r=f `p^U|-
 �%
se]np\~rsl ua\_�]uar h]d0|_`bk0y YSZ]\ Y�� �I\Krsl Y[Z]u[\i^[Z]r=nph
�]n@
 ��`pk]y'eI\_Z�
 ��`pr=d]u~fq\-
 ^[d]ua\_h�`pk | Z%
s� YS\_u � � 
 k�^a\_|iY[`br=k 6 � % �M
vY=�~r6h0\_y=ua\_\ r l lGu[\i\_h]r=f

fqr h]\inM`b^ \B�M
sfq`bk]\ih�`pk@Y[Z]\�Y[`bfq\vh]r=f&
s`bk0���~r=fq�%
su[`p^[r=k0^F
 u[\�f�
sh0\'eI\iY=� \_\ik�YSZ]\vlGu[\�D
w�d]\_k0|i�Du[\i^[�Ir=k]^a\ rsl Y[Z]`b^�fqr h0\_n�
 k]hqY[Z]r=^a\KfQ\>
s^[d]ua\_hq\B� �I\_u[`pfQ\ik�YA
snpnp���GlGu[rsf | Z%
s� YS\_ua^
� 
sk]h % � �qX k `pk]`pY[`/
sn ^aY[d]h0�(rsl1
mlGr=d]uvh]\iy=u[\i\Qr l~lGu[\i\_h]rsf�fQr�h]\_n�`p^vh]\_^a|_u[`pe \ih0� 
 k]h

sy2
 `bkD|_r=fq�%
sua`b^ar=k]^ 
sua\ f&
sh]\KeI\iY=� \_\ik�YSZ]\clGu[\iw�d0\_k]|}�Qua\_^a� r=k0^[\ r l ^ad]| Z 
vfQr�h]\_n5
 k]h
YSZ0r=^[\vr=e]^a\_u �=\_h�\B� � \iu[`pfQ\ik�Y�
snbng�;�

�~Z%
s�0Y[\_u � �]u[\i^[\ik�Y[^�YSZ]\ |_r=k0|_nbd0^[`brsk]^ rsl YSZ]`p^qY[Z]\_^a`b^>�xY[r=y=\}YSZ]\iu&�c`pY[Z�^[rsfQ\@^[d]y D
y=\i^aYS`pr=k]^DlGr=uDlGd0YSd]ua\ � r=u4! �K`pk]|_npd]h]`pk]y�� r=^a^[`pe]nb\@fQr�h]`go |-
 Y[`br=k0^ YSr�YSZ]\ h]\_^a`by=k rsl
YSZ0\


su YS`po]|_`/
 n fqr=d0YSZjd]^a\_h@Z]\_ua\ �

�



� � ��� � � � �

� ��� � � 	 � ��� � � � 	 � � � � �

� � �H��� � � � � � �

� ��� � � ���"��� �"
�� 	�
��#������$ %&

� � � �)���#��� � �

K d]^a`b|>
sn `bk]^ YSuad]fQ\ik�Y u[\_^a\-
sua| Z��(
s^ y=u[\>
 YSng�G
sh0��
sk0|_\_hQe�� ) \_npfQZ0r=npY"* � �&%�� `bk6Y[Z]\cn/
 YaYS\_u
Z%
sngl rsl~Y[Z]\I+�, YSZ�|i\_k�YSd]u �;�&) `p^ �~r=u4!9`bk9YSZ0`b^
o \inbh(`b^��]ua\_^[\ik�YS\_h `bk9Z]`p^�eIr�r;! �
� � � �
� � � " � � ���#� " �	��
 �#� � � ��%�� �7) \_npfQZ]rsnpY�* � ^ �~r=u4!m`bkjYSZ]`p^Ko \_nph |ir �s\_ua\_hE
DZ�d]y=\�^[�I\_|iY[u[d]f

rsl 
s|ir=d]^ YS`b|i^>�=e0d0Y�rsl �%
 uaYS`p|_d]n@
su u[\inb\i��
sk0|_\~Y[r YSZ]`p^U^ YSd]h0��`b^tZ]`b^ u[\i^[\-
 u[| ZDr=k YSZ0\x�]Z���^[`b|i^

rsltf d]^a`b|>
sn$�c`bk0h@`pk]^aY[u[d]fq\_k�Y[^>� � 
 uaYS`p|_d]n@
su[ng�;�M) \_npfQZ0r=npY"* �]uar=� rs^[\_hmY[Z%
 YKYSZ0\�nb`b�0^xrsl 

e]u"
s^[^
�0n/
 �=\iu |_rsd]nbh e \'u[\_�0u[\_^a\_k�YS\ih e���
 ^a`bfq�]nb\vfqr h]\inJ�%�cZ]\iu[\�Y[Z]\G
sua\-
Qr l r=� \ik]`bk0y

eI\iY=� \_\_k YSZ]\�nb`p�]^7�~rsd]nbh@`bk]|iu[\>
s^[\ 
s^KYSZ]\�^[d0�]�]np���]u[\i^[^[d0u[\��(
s^ ^[nbr��cng�m`bk]|iu[\>
s^[\ih0�7) \
|-
 nbnb\ih YSZ0`b^~Y����I\�rsl u[\i\_h 
��a^aY[u[`:!�`pk]y r=d Y=�7
suah]^"�Dua\_\_h$� � Z0`b^x| Z%
 �0YS\iuK`bk��=\i^aYS`py2
 Y[\_^xYSZ0\

5



eI\_Z%
 ��`br=d0uKrslUY[Z]`b^xY����I\�r lUfqr h0\_nJ�M
s^1�~\inbn 
s^KY[Z%
 YcrsltYSZ]\��a^ YSua`@!�`bk]y6`pk2�7
suah]^"�DY���� \��

K d]^a`b|-
 n �c`bk0h `bk]^ YSuad]fQ\ik�YS^ |>
sk+e \ h]\_^a|_u[`pe \ih+e�� 
 �s\_u � ^[`pfQ�0nb\DlG\_\_h0e%
s|A! npr r=�

fqr h]\in � +;+ � D ^aZ]r��ck�`bkmo ysd]u[\ � � +;�

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

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

Pi

Valve

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

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

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

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

Resonator

Radiated Sound

Air Supply Pressure

Flow

$ `py=d]u[\ � � + � �(
s^[`p| lG\_\ih]e%
s|A!qfqr h]\in rsl 
 �c`pk]h `pk]^aY[u[d]fq\_k�Y-� � Z0\F� r�� |_r=k�Y[u[r=n ��
snp�s\ `b^
|_rsk�Y[u[r=npnb\ihme��mY[Z]\v^[d]�0�]np�m�0u[\_^a^[d]ua\�
 k]h@Y[Z]\v�]u[\i^[^ad]u[\'`bk�YSZ0\�`pk]^aY[u[d]fq\_k�Y>�

� Z]\ � r�� r l 
 `bu `pk�Y[r�YSZ]\m`pk]^aY[u[d]fq\_k�YD`p^ fQr�h]\iu�
 Y[\_h+e��C
���
snp�s\ �cZ]`b| Z `p^ `pY[^[\_ngl

|_rsk�Y[u[r=npnb\ih�e�� YSZ]\ ^[d0�]�]np�
�]u[\i^[^[d0u[\ 
sk]h�YSZ]\ �]ua\_^a^[d]ua\ `pk
YSZ]\ `bk0^aYSuad]fq\_k�Y-� 
 k 
c|in/
sua`bk]\}Y-�
lGr=u \B�M
sfq�]np\ � YSZ]\ ��
snp�s\ `p^tY[Z]\ |-
sk]\ u[\i\_h'r=� \ik]`bk0y 
sk0h�|_npr=^[`pk]y 
sy2
s`pk]^aYMY[Z]\ fQr=d YSZ]�]`p\_|i\

n/
 � � 
 k 
�e]u�
 ^[^�`pk]^aY[u[d]fq\_k�Y�`pY'`b^vYSZ]\Qr=^[|i`bnbn@
 YS`pk]ymnb`p�]^�rslxYSZ0\ �]n@
 �s\_u�� � Z]\ �]u[\i^[^[d0u[\

`bk@YSZ]\�`bk]^ YSu[d0fQ\ik�Y
r=^[|i`bnbn@
 YS\i^ 
s^ YSZ0\ �]u[\i^[^ad]u[\��(
 �=\_^ 
sua\�ua\�� \i|iYS\ih9lGu[r=f YSZ0\ \_k]h0^
rsl

YSZ0\�`bk]^ YSu[d0fQ\ik�Y>� � Z]\�lGu[\iw�d0\_k]|}� 
 Y7�cZ]`p| Z@Y[Z]\_^a\�rs^[|_`pnbn@
 YS`pr=k]^ r |i|_d]uK`p^xh]\_�I\_k0h%
sk�Y r=k
YSZ0\
^[Z%
 � \6
sk0hmnb\_k0ysYSZ�r lMYSZ]\6
s`pu |ir=nbd0fQk0� 
 k�YSZ]\�|>
s^[\
r ltY[Z]\
|>
sk]\
ua\_\_h 
sk0hmnb`b�Qu[\i\_h

�



`bk0^aYSuad]fq\_k�YS^��UYSZ]\ u[\_\ih \ # \_|}YS`g�=\_ng� 
 |iYS^�
s^�
�|inbr=^a\_h \ik]h lGr=u��]u[\i^[^ad]u[\ �(
 �=\_^6`pk YSZ0\

YSd0e \�� � Z�d]^��(
�|}� np`bk]h0\_u h]ua`p�s\_k+e��+^[d0| Z 
�ua\_\ihOZ�
s^L
�Z%
suafQr=k0`b| ua\_^ar=k%
sk]|i\m^[\iu[`b\i^

�c`pY[ZmlGu[\_w�d]\ik]|_`p\_^�� ��� � h0\io k]\ih�e�� �

��� 
 � 
 �<+
%�� ��� � � �:+ �

�cZ]\iu[\ � `p^ Y[Z]\�np\_k]ysY[Z r l{YSZ]\'|i��nb`pk]h]\iu>� � `p^KYSZ]\'^[�I\_\_h9r l�^[r=d0k]h�`bk�
s`pu>� 
sk]h

 `b^cYSZ0\

Z%
suafQrsk]`b| k�d0f e \iu � + � � � � � � � � � �~u�
s^a^K`bk]^ YSuad]fQ\ik�YS^3
sua\
h]\_^a`by=k0\_hmYSrDZ%
 �=\6
 k�
 �]�]u[r-� ` D
f&
 YS\inp�6Z%
 u[fqr=k]`b|c^a\_u[`p\_^xr lMu[\i^[r=k%
 k]|_\i^>� � Z]\ d0^[\
rsl 
 �5
sua`bk]y'Z]r=uak0��lGrsu `pk]^aY�
sk]|_\��0Z%
 ^
YSZ0\x\ # \_|}Y�rsl | Z%
sk0y=`bk]y YSZ]\x\ # \i|iY[`p�=\Knp\_k]y YSZ�r l YSZ]\1
 `buU|ir=nbd0fQk�lGr=u ��
su � `pk]y lGua\_w�d]\ik]|_`p\_^
� � � � �~\_k�
sh]\ � , � � � � � h]\i^[|_ua`beI\_h�
 fqr�h]\_n rsl 
 e0u�
s^a^
`bk]^ YSuad]fQ\ik�Y �c`pY[ZE
&�5
 u[`bk0y Z]r=uak

YSZ�
 Y |_r=k]^a`b^ YS\_h rsl 
6|}� np`bk]h0u[`b|>
sn ^a\_|iY[`br=k �cZ]`b| Z@nb\ih `pk�YSr&
G�%
su[`pk]yQZ0r=u[k0�]Y[Z]\�^[Z%
s�I\vrsl
�cZ]`p| Z�|_r=d0nbh�eI\�h0\_^[|iu[`pe \ih�e��H
 �~\_^a^[\_ntlGd]k]|}YS`brsk0� ) \'Y[Z]\_ua\ilGr=ua\�|>
snb|id]n/
 Y[\_hjYSZ%
VY YSZ0\
u[\i^[r=k�
sk]|_\vlGu[\iw�d]\_k]|i`b\i^ rsltYSZ0`b^Kfqr h]\in 
sua\ 
 �]�]u[r-� `bf&
 Y[\_np�Qy=`g�=\_k@e�� �

���	� �% � ��
 �
� �
� � � 
 � + ��
�� ��� ��� 
 + � � ��� ��� � � � � � �

�cZ]\iu[\��'`b^ Y[Z]\�� ��� � ���#� " ����� � rsl YSZ]\
Z0r=u[k0�
�
� `b^ YSZ]\
np\_k]y YSZ�rslMY[Z]\
Z]rsu[k�^a\_|iY[`br=kI
 k]h

� `p^xYSZ]\vnb\ik]ysY[Z@r l Y[Z]\v|i��nb`pk]h]u[`p|-
sn ^[\i|iYS`pr=k0�

� Z]\ � � � � � � ��� � � ��� � � ��� � rsl YSZ]\
`pk]^aY[u[d]fq\_k�YK`p^xh]\}o k]\_h 
s^ YSZ]\�u"
 YS`pr�rslt�]ua\_^[^ad]u[\��

,



� �%
 k]h@�sr=nbd0fQ\ � r��6��� �5
 YKY[Z]\v`bk]�]d Ycrsl Y[Z]\v`bk]^ YSuad]fQ\ik�Y � + � � � � � � � 6 ��� �

� ��� � 
 � ��� �
� ��� � � � � � � �


 Yc`b^K�Ir=^a^[`be0nb\
YSrDfq\-
s^ad]u[\�� \B� �I\_u[`pfQ\ik�YA
snpnp�;��YSZ]\�`pk]�]d0Yc`pfQ�I\_h�
sk]|_\�r l 
skj`pk]^aY[u[d]fq\_k�Y��

YSZ0`b^K`b^Kh0\_^[|iu[`pe \ih�`bkm^a\_|}YS`brsk]^ � � � 
sk]h � � % � � �

�8`bk]hv`pk]^aY[u[d]fq\_k�YS^ 
 u[\ |_r=k��s\_k�YS`pr=k%
snpnp� �]d0Yt`bk�YSrKrsk]\ rsl�Y=�~r |-
 Y[\_y=rsu[`b\i^ �0� r r�hM�c`pk]h
r=u
e0u�
s^a^
`bk]^ YSuad]fQ\ik�YS^>� � Z]\6h0`b^aY[`bk]|}YS`pr=k�eI\iY=� \_\_k�YSZ0\�Y=�~rjZ%
 ^
nb`gY[YSnp\�YSrmh]r �c`gYSZ�YSZ0\

f&
 YS\iu[`/
 n�lGuar=f �cZ]`p| Z6YSZ]\}�L
su[\K|ir=k]^ YSu[d0|iYS\ih0��e]d0Y u�
VYSZ]\iu{YSZ]\Kfq\_| Z%
 k]`b^af%d]^[\ihqY[r��]n/
 �
YSZ0\_f �~X�fQrsu[\ 
s�]�]uar=�]ua`/
 Y[\�|in/
s^a^[`go |-
 Y[`br=kj|>
 YS\iy=r=u[`p^[\i^cY[Z]\�`bk]^ YSu[d0fQ\ik�Y[^ e��mY[Z]\�Y����I\

rslKua\_\ih YSZ]\}� d]^a\ ��eI\ `gY�
��a|-
sk0\BD�^ Y���nb\>��u[\_\ih0��^[d0| ZC
s^�
�|in/
sua`bk]\}Y�rsu'r=eIr�\ u[\i\_h0� 
sk
�"
s`pu"��u[\i\_h0�(
s^q^[\_\ik�`bk+Y[Z]\ �]d0YS\�
sk]hOu[\i|_r=uah]\_u��xr=u 
 � nb`b�M�9u[\_\ih0�(�cZ]`p| Z�h]ua`p�s\_^&
snbn
�ae]u"
s^[^4�9`bk]^ YSuad]fQ\ik�YS^>�U^[d]| Z 
s^�Y[Z]\QY[u[d]fq�I\iY rsu'YSuar=f eIr=k]\�� � Z]`b^'^aY[d]h0� lGr�|_d0^[\_^�r=k

YSZ0\�np`b�mua\_\_h@`bk0^aYSuad]fq\_k�YS^��5
sk]h@^[�I\_|_`go |-
 nbnp� r=kmYSZ]\veI\_Z%
 ��`brsd]ucrsl Y[Z]\vnb`p�mu[\_\ih `gYS^a\_npl �

� lIY[Z]\_^a\Ku[\i\_h6Y���� \i^>��YSZ]\ � |-
sk]\�D�^ Y�� np\>��ua\_\_h0^ 
 u[\~Y[Z]\Ke \i^aY�d0k]h]\_ua^aY[r r�h0� � Z]\Ke�
s^[`p|
�]Z���^[`p|_^�`pk��=r=ng�=\_h `bk�YSZ]\i`bu�e \iZ%
 � `pr=d]uvZ%
s^'e \i\_k�� \_npn \_^aY�
se]np`b^[Z0\_h ^a`bk]|i\�) \_npfQZ]rsnpY�* � ^
� ��% � YS`pfQ\�� �c`pYSZO^[d0e]^[\iw�d0\_k�Yju[\i^[\-
 u[| Z�`pk�YSr�YSZ]\i`buDe \iZ%
 ��`br=d]u6lGr�|_d]^a`bk]y�r=k YSZ0\ k]rsk98
nb`pk]\-
 u�| Z%
su�
 |iYS\iu[`p^aYS`p|_^ � ^a\_\�� lGr=u�\���
 fQ�]np\ ����
sk�� 
snp^aY[`��ak � �s��� 
sk]h z?
snbfqr=k�Y�\iY 
sn � �s��� � �
) \inbfqZ]r=ngY�* � ^ h]\_^a|_u[`p�0YS`pr=k�rsl�Y[Z]\�np`b� u[\_\ih0� r=k YSZ]\ r YSZ]\iu Z%
sk0h0� l.
s`pnb\ih YSr \B� �]n/
 `bk�^a`by�D
k]`go |-
sk�Y �]Z���^[`p|-
snI�]Z]\ik]r=fq\_k%
�\B� � \iu[`p\_k]|i\_h�e��Df d]^a`b|i`/
sk]^ D ^[�I\_|i`po |>
snbng� YSZ0\ 
se0`bnb`gY��'Y[r
�]`gYS| Z�
@k]rsYS\�
 Y�
sk�� lGua\_w�d]\_k0|i��
 u[r=d]k0h 
sk `pk]^aY[u[d]fq\_k�Y � ^'k%
 YSd0u�
sn u[\i^[r=k%
 k]|_\�� � Z]`p^
�anp`b�]�]`pk]y;� �0Z]\_k]rsfQ\ik]r=k@`b^Krsl Y[\_kjd]^[\ih�e�� �"
 *�*�f d]^[`p|_`@
sk]^>��
sfQrsk]y=^aYcr YSZ]\iu[^>�

+ �



� ��� � % ���)
 � ���)��� ��� ���"� �

X ^q^[\i\_k�`pk+o y=d]ua\ � � +;�(
��c`pk]h `pk]^aY[u[d]fq\_k�YQ|-
skOeI\ ua\_�]ua\_^[\ik�YS\_h 
 ^�
E� r�� |_rsk�Y[u[r=n

��
snp�s\ |_rsd]�]nb\ih9YSrI
�u[\i^[r=k�
 YSr=u�� � Z0\qua\_^ar=k%
 Y[r=u
u[\i�]u[\i^[\ik�Y[^�Y[Z]\6|_rsnbd]fqk�rsl 
s`pu
`bk]^a`bh]\
YSZ0\�eIr=ua\�r l Y[Z]\v`bk]^ YSu[d0fQ\ik�Y>� 
 kjYSZ0\�|>
s^[\�rsl |_\iuaYA
 `bkje]u�
 ^[^ `bk]^ YSu[d0fQ\ik�Y[^>� ^ad]| ZE
s^KYSZ0\
YSuar=f eIr=k]\���Y[Z]`b^ e r=ua\ `p^ |}� np`bk]h0u[`b|>
sn lGr=u fQr=^ Yxrsl `pYS^ nb\ik]ysYSZ�
sk]hmr=�I\_k 
 Yxr=k0\ \_k0h �GYSZ0\
eI\_nbn \_k0h � � � Z]\mnp`b�]^�rslKY[Z]\��]n@
 �s\_u |inbr=^a\�r #OYSZ]\ fQr=d YSZ]�]`p\_|i\�\_k]h$�9X `bu'`b^'`bk �a\i|iYS\ih
`bk�Y[r�YSZ]\Dfqr=d0YSZ0�]`b\i|_\ �M�0u[r ��`bh]`pk]y�YSZ]\D\ik]\_uays�9`bk0�]d0Yv`bk�Y[rjY[Z]\6^a��^ YS\_f � 
sk]h�|_ua\-
 Y[\_^ 

�]ua\_^[^ad]u[\��(
 �=\ �.
 �]n/
 k]\�8 �(
 �=\ `pk�YSZ0\'o ua^aY6
s�0�]u[r-� `bf&
 YS`pr=k � h]r��ck�YSZ0\�nb\ik]ysY[Z�rsl�YSZ0\

u[\i^[r=k�
 YSr=u�� �8Z]\ik YSZ]`p^ �(
 �=\Kua\-
s| Z]\i^{YSZ]\ \_k]h$�=^[r=fq\~r l `pY[^U\_k0\_u[y ��`p^ ua\�� \i|iYS\ihDe%
s|A!�d]�
YSZ0\xu[\i^[r=k%
VYSr=u��2
sk]h ^ar=fq\~\_^a|-
s�I\_^�rsd0Y{rsl Y[Z]\x\ik]h6rsl]Y[Z]\~YSd0e \�� 
 l YSZ]\ lGu[\iw�d0\_k]|}�6rsl YSZ0\

`bk��a\_|iY[\_h�
s`puF� r��)`b^
|inbr=^a\�YSrI
�ua\_^ar=k%
sk]|i\6lGu[\_w�d]\ik]|i��rsl YSZ]\G
 `bu |ir=nbd0fQk0�$
�^aY�
sk]h]`pk]y
�(
 �s\9`b^�|iu[\>
 YS\ih#`bk�Y[Z]\�eIr=u[\�� � Z]\9u[\i^[r=k�
sk]|_\i^jrsl�YSZ]\�`bk]^ YSu[d0fQ\ik�Y |-
sk#eI\�lGr=d0k]h

\B� �I\_ua`bfq\_k�YA
snpnp�De���fq\-
 ^[d]ua`bk]y�YSZ]\�`pk]�]d0Y~`bfq� \ih%
sk]|i\ ��� �0rsl Y[Z]\
`bk0^aYSuad]fq\_k�Y-� h]\io k0\_h
`bkj\iw�d�
 YS`pr=k � � � � $ `by=d0u[\ � � � ^[Z]r��c^F
skj\B�M
sfq�]nb\�`pk]�]d0Y `bfq�I\_h%
sk0|_\�fq\-
s^ad]u[\ifQ\ik�YclGr=u


���`bk]yDe]u"
sk]hmYS\ik]r=uKYSuar=f eIr=k]\ �c`pY[Z 
qfqr=d0Y[Z]�]`b\i|_\6
 YaYA
s| Z0\_h � ^[\i\'^a\_|}YS`brsk � � % � � � �

� r ^[`pfQ�0nb`pl �cY[Z]\ �]u[r�|_\i^[^trsl]fqr h0\_nbnp`bk]y YSZ]\ ua\_\_h�
sk]h�`bk]^ YSuad]fQ\ik�Y ^a��^aY[\_f �s`pY `p^Mrsl YS\ik
d]^a\ilGd]n�YSr |_rsk]^[`ph]\_utr=k]ng�
nbr�� 
sfQ�0nb`pY[d]h]\{rs^[|_`pnbn@
 YS`pr=k]^ 
suar=d]k]h 
KoM� \_h�\iw�d]`bnp`be]ua`bd]f ^aYA
VYS\ �
� Z]`p^{\B�M
sfq`bk%
VYS`brsk rsl � ��� � "�� �#��� �]n@
 ��`pk]y
|-
 kD��`p\_nbh�|_nb\>
su 
sk0hq`pk0lGr=uaf�
 Y[`p�s\ h%
VYA

r=k6YSZ0\

eI\_Z%
 ��`br=d0u rslUYSZ]\�^a��^aY[\_f ���8Z]\_k�Y[Z]\�rs^[|_`pnbn@
 YS`pk]y�� r���`bk��a\_|iY[\_h `bk�YSrqYSZ]\�`bk]^ YSuad]fQ\ik�Y

Z%
s^6
�npr�� 
sfq�]np`pYSd0h]\�
sk0h9Z%
s^ 
 lGu[\iw�d0\_k]|}��|_nbrs^[\ YSrmrsk]\6rsl YSZ]\6ua\_^ar=k%
sk�Y�fQr�h]\i^
rsl

YSZ0\'`pk]^aY[u[d]fq\_k�Y-� Y[Z]\'^a\_ua`b\_^ rslUZ%
su[fqr=k]`p|�� \>
 !�^ ^aZ]r��ck�`bkjo y=d]ua\ � � � |-
sk e \vua\_h]d]|i\_h

+;+



0 100 200 300 400 500 600 700 800 900
10

7

10
8

Trombone Impedance

Frequency (Hz)

Im
pe

da
nc

e 
(Ω

)

$ `py=d]u[\ � � � � K 
sy=k0`pYSd0h]\�rsl YSZ]\�`pk]�]d0Yc`pfQ�I\_h�
sk]|_\ rsl 
6Y[\_k]rsuxYSu[rsf e rsk]\ �c`pY[ZmfQrsd0YSZ D
�]`p\_|_\ 
 YaYA
s| Z0\_h0���c`gYSZmYSZ]\v^anb`bh0\�d]k]\B��Y[\_k]h]\ih0�

YSr �ad]^ Y Y[Z]\�r=k]\v� \>
 !mrsl `bk�YS\iu[\i^aY � � + � � � Z]`b^ 
snpnbr��c^xYSZ0\'^ � ^ YS\if Y[rQeI\vfQr�h]\inbnb\ihI
s^ 

r=k]\vh]\iy=u[\i\vrsl lGua\_\ih]r=f u[\i^[r=k�
 YSr=u��M�c`pY[Z `pk]�]d0Yc`pfQ�I\_h�
sk]|_\ � + %�� �

� ��� � 
 � 
��%+ 
���� 
 � � �� � �
�
 �

� � ��
 �	��
 � � � � % �

�cZ]\iu[\ � `p^ YSZ]\j^[w�d%
 u[\ju[r�rsY6rsl � +;� ��
c`p^ YSZ]\j`bk0^aYSuad]fq\_k�YDu[\i^[r=k%
 k]|_\mlGu[\iw�d]\_k]|}� rsl

`bk�Y[\_u[\i^aY>� � 
 `p^ Y[Z]\ 
sfq�]np`pYSd0h]\crsl YSZ0\ `bfq�I\_h%
sk0|_\ 
VY Y[Z]`b^ lGu[\iw�d0\_k]|}�;� � 
 `p^ YSZ0\ w�d%
snp`pY��
l.
s|}YSr=u6rsl YSZ0`b^6u[\i^[r=k�
sk]|_\�
sk]h � � `b^ YSZ0\jlGua\_w�d]\ik]|i�Orsl YSZ]\ � r��

sh]fq`pY[Y[\_h Y[Z]u[r=d0y=Z

YSZ0\ ua\_\_h � + � � � � Z]\@^[d]e]^a|_ua`b�0Y
��`p^Dd]^[\ih�Z]\_ua\ �1
 k]h Y[Z]u[r=d0y=Z]r=d0YDY[Z]`b^D^aY[d]h0� �1
s^&
sk

se]e0u[\i��`@
 YS`pr=k6lGr=u �a`bk0^aYSuad]fq\_k�Y���� K r h0\_nbnp`bk]y YSZ]\ u[\i^[r=k%
VYSr=u `bkDYSZ0`b^�^[`pfQ�0nb`po]\_h6f&
sk]k]\iu
f&
 !s\i^cY[Z]\vfQr�h]\inbnb`pk]y�rsl Y[Z]\vu[\i\_h98�ua\_^ar=k%
 Y[r=uc^a��^aY[\_f f d]| Z@^[`pfQ�0nb\_u � ^[\i\v| Z%
s�0Y[\_u 6 � �
��w�d%
 YS`pr=k � � % |>
sk@e \vu[\B�cu[`gY[YS\ikH
 ^3
DY[`bfq\
h]r=f&
s`bkm\iw�d%
 YS`pr=k �

� ������ � 
 ��
� 
 �
���� 
 �

�

 � 
 � 
 � 
� 
 � � � � � 6 �

+ �



�cZ]\iu[\����
���

`b^�YSZ]\Q�]u[\i^[^ad]u[\�`pk(Y[Z]\q`bk]^ YSu[d0fQ\ik�Y'fqr=d0YSZ0�]`b\i|_\&
sk]h � `b^vYSZ]\qr=^[|i`bnpn/
 Y[`bk]y
|_rsfQ�Ir=k]\ik�Y rsl�YSZ0\ �=rsnbd]fq\�� r�� `pk �a\_|}YS\_h#`pk�YSr Y[Z]\�`pk]^aY[u[d]fq\_k�Y Y[Z]u[rsd]y=Z�Y[Z]\�ua\_\_h$�
� rsk98�nb`pk]\-
 u �]uar=�%
sy;
 YS`pr=k�\ # \_|}YS^��M^[d]| Z#
s^
^aZ]r�|A!H�7
 �s\DlGrsu[f&
 YS`pr=k�� �=��� � � 6 � � % ��� � % 5 � �
|-
 k�e \'`by=k0r=u[\ih�e���ua\_^ YSu[`p|iY[`bk]yqYSZ]`p^ ^a��^ YS\_f�YSr�
 nbr�� 
sfq�]np`pYSd0h]\vu[\_ys`bfq\ � 
sk]h�e�� `bk D
�=\i^aY[`by2
 Y[`bk]y�r=k]ng�Du[\in/
 Y[`p�=\inp�Dnpr ��lGu[\_w�d]\ik]|_`p\_^ � �cZ]\_ua\ Y[Z]\F�(
 �=\_np\_k]y YSZm`b^ f d]| Z y=u[\>
 YS\iu
YSZ�
sk�YSZ0\�h]`@
sfQ\}YS\iu rslUYSZ]\'e r=ua\�rslUYSZ]\'`bk]^ YSu[d0fQ\ik�Y � Y[Z]\��]n@
sk]\ �7
 �=\�
s�]�]uar�� `pf�
 Y[`br=k
`b^K^ad��q|_`p\_k�Y-�

� ��� � % %&� � � � ���"�(�

� Z]\KlGd]k]|}YS`pr=kDrsl 
vua\_\ihQ`pk&
 �c`pk]hD`bk]^ YSu[d0fQ\ik�Y `p^{YSr6
s|}Y 
s^ 
skDr=^[|i`bnpn/
 Y[`bk]y � r���|_rsk�Y[u[r=n

��
snp�s\ � 
sh]fq`pYaYS`bk0y�
�� r�� rsl 
s`pu `bk�YSr9Y[Z]\m`bk]^ YSuad]fQ\ik�YQua\_^ar=k%
 Y[r=u��cZ]`b| ZO|_r D�r=�I\_u"
 YS\i^
�c`pY[Z�YSZ0\�k%
 Y[d]u�
sn 
s`buq|_rsnbd]fqk�u[\i^[r=k�
sk]|_\i^jrsl�YSZ]\�`bk]^ YSu[d0fQ\ik�Y>� � Z]`b^ |_r�D r=� \iu�
 Y[`br=k
u[\i^[d]ngYS^�`pk " � � ����" � " ����� � � � � " ��� � ��� � ���#� �$�cZ]\iu[\6YSZ]\6ua\_\ih�
sk0h(ua\_^ar=k%
 Y[r=u�\-
s| Z�ua\_`bk lGr=u[|i\

YSZ0\�r YSZ]\iu � ^ rs^[|_`pnbn@
 YS`pr=k0� ) \_npfQZ0r=npY"* � �&% � r=ua`by=`pk%
snbng�Dh]\_^a|_ua`beI\_h Y=� rq|_n/
 ^[^[\i^crslUua\_\ih]^ �

	 � ��YSu[`:!�`bk]y ��d Y=�7
suah]^"�ED �cZ0\_u[\mY[Z]\�u[\i\_h u[\i^[�Ir=k]h]^6Y[rE
�^[npr � `bk0|_u[\>
s^[\ `bk YSZ0\

^ad]�]�]ng� �0u[\_^a^[d]ua\�e��O`bk]|iu[\-
 ^[`bk0y `pY[^�
 u[\-
(rsl�r=�I\_k0`bk]y�� ) \_npfQZ]rsnpY�*mh0`b^[|ir �=\_ua\_h

Y[Z%
 Y Y[Z]\_^a\�u[\i\_h]^�� �cZ0\_k#|_rsd]�]nb\ih�YSr 
 u[\i^[r=k%
VYSr=u�� �0n/
 � 
se r �s\�YSZ]\i`buqk%
 Y[d]u�
sn
ua\_^[rsk%
sk]|i\�lGua\_w�d]\_k0|i�;�

	 � ��YSu[`:!�`bk]y 
 k2�7
suah]^"��D �cZ]\_ua\ YSZ]\ r=�]�Ir=^[`gYS\ `p^'Y[u[d]\LD
YSZ0\�u[\i\_hC
sua\-
�h]\i|_ua\-
s^a\_^

s^ 
 u[\i^[d]ngY
rsl 
sk�`pk]|_ua\-
s^a\_h9^ad]�]�]ng���]ua\_^[^ad]u[\����8Z]\_k�|_rsd]�]nb\ih�YSrI
Qu[\_^ar=k%
 Y[r=u>�

+ �



ua\_\_h0^ rsltYSZ0`b^xY���� \v�]n@
 �me \inbr�� YSZ]\i`buKk%
 Y[d]u�
 nMu[\_^ar=k%
sk0|_\vlGu[\_w�d]\ik]|i� �

K r=ua\vu[\_|i\_k�YSng�;� $ np\iY[| Z]\_u � ����� ua`by=r=uar=d]^anp�Qh]\io k0\_h Y[Z]\_^a\'ua\_\ih�|_n@
s^[^a`po |>
 YS`pr=k]^��

� Z]\jl.
s|iY6Y[Z%
 YDYSZ]\i^[\ju[\i\_h]^L�c`bnpnx�]n@
 � 
seIr �s\jr=uDe \inbr�� Y[Z]\_`pu6k%
 Y[d]u�
snKua\_^ar=k%
sk]|i\
lGu[\iw�d]\_k]|i`b\i^6|-
sk eI\�d]k0h]\_ua^aYSr�r�h e�� |ir=k]^[`ph]\_ua`bk]y YSZ]\�ua\_w�d]`pu[\_fq\_k�Y'YSZ%
 Y'YSZ]\ r=^[|i`bnbn@
 D
YS`pr=k]^ `bk@YSZ]\�
s`buc|_rsnbd]fqk�
sk0h YSZ0\�u[\i\_h9f d0^aY u[\_`pk0lGr=ua|_\�\>
s| Z�rsY[Z]\_u�� 
 k�r=u[h]\iu lGr=ucYSZ0\

r=^a|_`bnpn/
 Y[`br=k0^�`bk Y[Z]\ 
s`pu'|ir=nbd]fqk Y[r9e \Qu[\iy=\_k]\iu�
 Y[\_h e�� Y[Z]\�� r��4rsl 
s`pu�Y[Z]u[rsd]y=Z YSZ0\

u[\i\_h0� YSZ0\'fq\-
skj��
snbd0\�r lUYSZ0\�r=^a|_`bnpn/
 Y[`bk]y�|_r=fq� rsk]\_k�Y rslUY[Z]\ �]r �&^[Z]r=d0nbh�eI\�� r=^a`pY[`p�=\

�cZ]`pnb\vYSZ]\ �0u[\_^a^[d]ua\L
 Y YSZ]\ ua\_\ih9\_k]h9rslUYSZ]\ `pk]^aY[u[d]fq\_k�Y `b^ � r=^a`pY[`p�=\�� 
 l�Y[Z]\ � r�� �(
s^
k]\iy2
 YS`g�=\ �cZ]`pnb\mYSZ]\@`bk0^aYSuad]fq\_k�Yq�]u[\i^[^[d0u[\��(
s^Q� r=^a`pY[`p�=\�� Y[Z]\@^aYA
 k]h]`bk0y#�(
 �=\�� r=d]nph
eI\�h0`bfq`bk]`p^[Z]\ih@u"
 YSZ0\_uKYSZ%
 k�u[\i`bk0lGrsu[|_\ih0� � Z]`b^ u[\i`bk0lGr=ua|_\ifQ\ik�Y3�c`pnbn r�|_|id]uc`pltYSZ]\��]Z%
s^a\
h]`$# \iu[\_k0|_\ eI\iY=� \_\ik YSZ]\qr=^a|_`bnpn/
 Y[`bk]ym|ir=fq� r=k0\_k�Y�r l~YSZ0\ � r��6� � � 
sk]h(YSZ]\qr=^[|i`bnpn/
 Y[`bk]y
|_rsfQ�Ir=k]\ik�Ycr lUYSZ0\��0u[\_^a^[d]ua\'`pkmYSZ]\v`bk0^aYSuad]fq\_k�YcfQrsd0YSZ]�0`b\_|i\ � � 
J�]`b^Knp\_^a^cY[Z%
sk�� � � �

� Z]`b^1�(
s^ \B� �]n/
 `bk]\ih@e����7
 fQ�]eI\_npn � +;+ � `pkjY[\_uafQ^crsltYSZ]\v\ik]\_uays�mYSu"
sk]^alG\iuc`bk�YSr6YSZ0\

^a��^ YS\_f � � Z]\ `bk]^ YA
sk�Y�
sk]\_rsd]^ u"
 YS\Kr l \_k0\_u[y �6YSu�
 k]^alG\iu>��� ��`pk�YSr�YSZ]\F
s`pu�|_r=npd]fQkDe��6YSZ0\

� r��.Y[Z]u[rsd]y=ZjYSZ]\vnb`p�]^>��� � `b^Ky=`g�=\_k@e�� �

� 
 � 
�� � � � � � �

��
 `p^UYSZ0\K�]u[\i^[^[d0u[\c`bk Y[Z]\K`bk]^ YSuad]fQ\ik�Y fQr=d YSZ]�]`p\_|i\ �;�cZ]`p| Zq`p^UYSZ0\K^[d]f%r l$

^ YA
 Y[`b|K�]ua\_^ D
^[d0u[\ � 
0
 k]h 
skQr=^[|i`bnbn@
 YS`pk]y�|_rsfQ�Ir=k]\ik�Y � 
J���.`p^�YSZ]\ ^[d]f?rsl 
�^aY�
 YS`p| � r��8|ir=fQ�Ir=k]\ik�Y

+ %



� 
sk0hH
skjr=^a|_`pnbn/
VYS`bk0y�|_rsfQ�Ir=k]\ik�Y � � � Z�d]^ \_w�d%
 Y[`br=k � � � eI\_|ir=fq\_^ �

� 
 � � 
 
 � 
 � � � 
 � �


 ��
 � 
 � 
 � 
 ��
 � 
 � 
 � �
� � � 5 �

� Z]\ ��
 �4Y[\_u[f h]\i^[|iu[`beI\_^'YSZ]\Qh]`b^a^[`b��
 YS`pr=k�rslK\_k0\_u[y � `pk(Y[Z]\ fq\-
sk#� r��6� � Z0`b^�h0r \i^
k]rsY?
 # \i|iY�Y[Z]\6\_k]\iu[ys��e%
sn/
 k]|_\ r l Y[Z]\6r=^a|_`bnpn/
 Y[`bk]yQ^a��^aY[\_f � � Z]\ � 
 � 
sk0h � 
 ��YS\iu[fq^


 �=\iu�
sy=\qYSr�*_\_uar�r �=\iuG
 |ir=fQ�0nb\iY[\Q|}��|_nb\�� � Z]`b^'fQ\>
sk]^'Y[Z%
 Y�YSZ]\Qk]\iY�u�
 Y[\Qr lK\_k]\iu[ys�

YSu"
sk]^ lG\_u `bk�YSr�YSZ0\ 
s`pu�|_r=npd]fqkq`p^ y=`p�s\_kqe��6Y[Z]\ � 
 � Y[\_uaf�� � Z�d0^>� Y[Z]\ \_k]\iu[ys�D`pk]�]d0Y `bk�Y[r

YSZ0\ ^a��^aY[\_f �c`bnbn eI\ �Ir=^[`gYS`p�s\'`gl � 
 ��`p^ �Ir=^[`gYS`p�s\'r �s\_u6
 |}� |inb\��$�cZ]`b| Z��c`pnbn eI\'YSZ0\ |-
s^a\
�cZ]\ik YSZ0\��0Z%
s^[\vh]`$# \iu[\ik]|_\veI\iY=� \_\_k � 
 
sk]h ��`p^Knb\_^a^KYSZ%
sk�� � � �

� \vh]\}o k]\ ��� 
s^KYSZ]\v�]ua\_^a^[d]ua\'h]`$# \iu[\ik]|_\ 
s|_uar=^[^KY[Z]\vu[\_\ih �

� � 
 � � � ��
 � � � � � �

�cZ]\iu[\ � � `p^ Y[Z]\ ^ad]�]�]ng�q�]u[\i^[^[d0u[\�� YSZ]\ �]u[\i^[^ad]u[\
`pkqY[Z]\ �]n/
 �=\iu � ^~fqr=d0Y[Z0��lGr=u \��M
sfQ�0nb\ �

sk]h ��
 `b^6YSZ0\��]ua\_^[^ad]u[\ `bk]^a`bh]\jYSZ0\ `pk]^aY[u[d]fq\_k�YQfQr=d YSZ]�]`p\_|i\ �#z
\}o k]`bk0y � � 
 ^QYSZ0\

r=^a|_`bnpn/
 Y[`bk]yD|ir=fQ�Ir=k]\ik�Y�rsl�YSZ0\ �]u[\i^[^ad]u[\6h]`$# \iu[\ik]|_\G
 |_u[rs^[^
YSZ0\ u[\i\_h�
sk]h�f�
 !�`pk]y YSZ0\


s^a^[d]fq�0YS`pr=kmYSZ%
VYKYSZ]\v^[d0�]�]np���]u[\i^[^[d0u[\�`p^3
s�]�]uar-�0`pf�
VYS\_ng� |ir=k]^ YA
sk�Y-�%� \vy=\iY �

� � 
 � � 
 � � � � , �

+
6



� ��
s^[^ad]fq`bk]y
Y[Z%
 Y{Y[Z]\(� r��OYSZ]uar=d]y=Z Y[Z]\xnb`p� | Z%
sk0k]\_n]`p^{w�d%
s^a` 8�^ YA
 Y[`br=k%
 ua�;�VlGu[`p|iYS`pr=k]np\_^[^

sk]hj`pk]|_r=fq�]ua\_^[^a`be]np\
`pYx|-
sk@e \6
 ^[^[d0fQ\ih@Y[Z%
 YKYSZ0\�r=^[|i`bnbn@
 YS`pk]y�|ir=fq� r=k0\_k�YcrsltYSZ]\ � r��
YSZ0u[r=d]ysZ�YSZ]\
ua\_\ih0� � �0`p^1
s�]�]uar-�0`pf�
VYS\_ng�D`bk��0Z%
s^[\ �c`gYSZ�Y[Z]\
r=^a|_`bnpn/
 Y[`bk]y�|_rsfQ�Ir=k]\ik�Y~rsl

YSZ0\�
sua\-
Qr l{r=�I\_k]`pk]y |ir=k�YSuar=nbnp\_h@e��jY[Z]\�ua\_\_h$��������������� \�h]\}o k]\�Y[Z]\'�0Z%
s^[\'h]` # \_ua\_k]|i\
	 e \}Y=�~\i\_kOYSZ]\�rs� \ik]`bk]y�
 u[\-
�r lKYSZ]\mua\_\_h 
sk0h YSZ]\m�]ua\_^a^[d]ua\@h0` # \_u[\ik]|_\I
 |_u[rs^[^ YSZ0\

u[\i\_h�
s^ �
	 
�
 � ��
 � �


�
 ��������� ��
 � � �
� � � + � �

X �0�]np��`bk0yDY[Z]\�u[\_ys\_k]\iu�
 Y[`br=k@u[\iw�d0`bu[\ifQ\ik�YS^ h0\_^[|iu[`pe \ih�
seIr �=\ � 
sk]h@u[\ifQ\if eI\_u[`pk]y6YSZ%
VY
� � `b^ � u"
sh]`/
 k]^ r=d Y
rsl��0Z%
s^[\ �c`pYSZ YSZ]\'fQr=d YSZ]�]`p\_|i\��]ua\_^[^ad]u[\ � 
 � Y[Z]\�|ir=k]h]`gYS`pr=k lGr=u

^[\inpl/D ^[d]^ YA
s`pk]\_hjr=^a|_`bnpn/
 Y[`br=k e \i|_r=fq\_^ �

	�
 �

� r=u 	�� � � � � � � � +;+ �

� Z]\vh]u[`g��`bk]y lGr=ua|_\���� �M�cZ0`b| Z@|-
sk 
snp^[rDe \�h0\_^[|iu[`pe \ihH
s^KY[Z]\v^[d]f r l 
6^aY�
 YS`p| � ��� �

sk]h(r=^a|_`bnpn/
 Y[`bk]y ����� � |ir=fq� r=k0\_k�Y-� `b^v�]uar � `ph]\_h(e��9YSZ]\D�]ua\_^a^[d]ua\Qh]`$# \iu[\ik]|_\ ��� � � \

h]\}o k]\ 
D�Ir=^a`pYS`g�=\
lGr=ua|_\
Y[rqeI\vr=k]\?�cZ]`p| Z `pk]|_ua\-
s^a\_^KYSZ]\vr=�I\_k0`bk]yL
sua\-
DrsltYSZ]\�ua\_\_h$�I^ar
lGr=u6
sk � � � � ���!� " � � ���#� ��� u[\_\ih�����`p^�`bk9�]Z%
 ^[\L�c`pYSZ � � � 
sk0h(lGr=u6
 k � � � ���!� " � � ���#� ���
u[\i\_h���� `b^K\B�M
s|}YSng�mr=d0Y rsl �]Z%
s^a\?�c`pYSZ � � �

+ �



$ r=u 
Qh]u[`g�=\_k$� h%
sfq�I\_h0�I^[`pfQ�]np\vZ%
su[fqr=k]`p|vr=^[|i`bnbn@
 YSrsu>�]YSZ0\�|_rsfQ�]np\B�@h]`p^[�]n@
s|_\ifQ\ik�Y

��
|>
sk@e \ �cua`pY[Y[\_k�
s^ � � 6 � � � � � �

��

 �� � �
��� �� � �

�� ��
 � � � ��� � � � � + � �

�cZ]\iu[\ ���'`p^
YSZ]\ lGua\_w�d]\_k0|i��rsl YSZ]\6h0u[`p��`pk]y�lGr=u[|i\ � � � `b^
Y[Z]\6u[\i^[r=k%
 k]|_\6lGu[\iw�d]\_k]|}��rsl

YSZ0\�r=^[|i`bnbn@
 YSrsu>� ��)`p^~YSZ0\�|_r=fq�]nb\���h0u[`p��`pk]y�lGr=ua|_\ � � `p^~YSZ0\�f�
s^a^xrsl YSZ0\
r=^[|i`bnpn/
 Y[r=u(
 k]h
� `b^3
6h%
 fQ�]`pk]yD|_r�\ �q|_`p\_k�Y-�

� Z]\�lGua\_w�d]\_k0|i� h]\_�I\_k]h0\_k�Y��]Z%
 ^[\ h]`$# \iu[\ik]|_\'e \}Y=�~\i\_k�YSZ0\�h]ua`p��`bk]yDlGr=ua|_\�
 k]h�YSZ0\

h]`p^[�]n@
s|_\ifQ\ik�Yc`p^Ky=`p�s\_k@e���YSZ]\ 
suay=d]fq\_k�Y rsl ��
� ����

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

�� � � � � � � � � �
� � � + � �

�cZ]\iu[\ �)��`p^DY[Z]\��0Z%
s^[\ rsl Y[Z]\�h0`b^[�0n/
s|i\_fq\_k�Y&
sk]h � ��`b^DYSZ0\ �]Z�
s^[\ rsl
YSZ0\ h]ua`p��`bk0y

lGr=ua|_\ � $ u[r=f Y[Z]`b^ `pY |-
 k�e \'^[\i\_k�YSZ�
 Y �cZ]\ik ���+* 
 � � �)� � � � 
 � ���8Z]\_k ��� 
 � � �
��� � � � 
 � � � � � �8Z]\_k ��� 
 
 � � � ��� � � �-, � � � 
 YK`p^~k]r��8�Ir=^[^a`be]np\ Y[r |-
snp|_d]n@
 YS\
YSZ0\ �0Z%
s^[\ ua\_n/
VYS`brsk]^[Z]`p�]^ eI\iY=� \_\ik � � 
 k]h � � ����� lGr=uMeIrsYSZv`pk �(
suah�
sk0h�rsd0Y=�7
 u[h�^aYSua`@!�`bk0y
u[\i\_h]^��*
�`p�=\ik@Y[Z%
 Y lGr=u3
sk `bk2�7
 u[h@^aYSua`@!�`bk0yQua\_\_h@YSZ]\�lGr=ua|_\�`b^ � u�
sh]`@
sk]^cr=d0Y rslU�]Z%
s^a\
�c`pY[Z YSZ]\K�0u[\_^a^[d]ua\ch]` # \_ua\_k]|i\ ��e]d0Y�lGr=u 
sk6r=d0Y=�(
su[hD^ YSu[`:!�`bk]y�ua\_\_h6Y[Z]\xlGr=u[|i\K`b^ � � �]Z%
s^a\

+
5



�c`pY[ZmYSZ]\v�]ua\_^[^ad]u[\'h]` # \_ua\_k]|i\ � 	 lGr=u3
skjr=d0Y=�(
su[h ^aY[u[`@!�`pk]y6u[\i\_h�`p^Ky=`p�s\_kje�� �

	�� � ����� ��� 
 � ������� � � �


 � ������� � ����� �
� � � + % �


sk]hjlGr=u3
skj`pk �(
suah ^ YSu[`:!�`bk]y6ua\_\_h e�� �

	 
 � ��� ��� 
 � ������� � � �


 � ������� � � �	��� � � � �
� � � +
6 �

!c\_\ih � ��� \ 	 � � � * 
 � � 	 � ��� 
 � � � 	 ����� 
 
 � � �

 k2�(
su[h ��YSua`@!�`bk0y � � � � �
�
d0Y=�(
su[h ��Y[u[`@!�`pk]y � � � � � � �

� 
se]nb\ � �:+ �{� Z�
s^[\vu[\in/
 Y[`br=k0^[Z]`p�]^xeI\iY=� \_\_k h]u[`g��`bk]y6�]ua\_^a^[d]ua\ 
 k]hjnb`b�mrs� \ik]`bk]yL
 u[\-
 lGr=u
`bk2�(
su[h�
sk]hjr=d Y=�7
suah�^ YSu[`:!�`bk]y6ua\_\_h@Y���� \i^

$ u[r=fAYA
 e]nb\ � � +x`pYU|-
sk eI\x^a\_\_k Y[Z%
 YU`pl5
 ua\_\ih6`b^Uh0u[`p�s\_kL
 YU`pY[^ ua\_^[rsk%
sk]|i\xlGu[\_w�d]\ik]|i� �
`pY[^�Y���� \�|-
 k eI\�h]\iY[\_uafQ`pk]\_h8e��#\B�M
sfq`bk0`bk]y Y[Z]\��]Z%
s^a\�u[\_n@
 YS`pr=k]^aZ]`b��eI\iY=� \_\ik.YSZ0\

h]ua`p��`bk]y6�0u[\_^a^[d]ua\�
sk0hjY[Z]\vr=�I\_k]`pk]y 
su[\>
M�

$ d]uaY[Z]\_uafQr=ua\ ��`pY `b^ k]r��8� rs^[^[`pe]nb\cYSr�\B� �]n/
 `bk&�cZ���
sk rsd0Y=�7
 u[hm^aY[u[`:!�`pk]y�u[\_\ihmf d]^ Y

�]n@
 � � � ��� � Y[Z]\
ua\_\_h 
sk0hm`bk]^ YSu[d0fQ\ik�Yxu[\_^ar=k%
sk0|_\_^�� 
sk]h �cZ��I
skm`pk �(
suahm^aYSua`@!�`bk0y u[\i\_h

f d]^ Y��0n/
 � ��� � ��� Y[Z]\Qua\_\ih�
sk]h `bk]^ YSu[d0fQ\ik�Y'u[\i^[r=k�
sk]|_\i^>� 
 Y �7
s^�\_^ YA
se0nb`b^aZ]\_h�
seIr �s\
YSZ�
 Y `pk rsu[h]\iu lGr=u ^[\inpl/D ^[d]^ YA
s`pk]\_h r=^[|i`bnbn@
 YS`pr=k�YSrqYA
 ! \��]n@
s|_\�� YSZ]\��]Z%
s^a\�h]`$# \iu[\ik]|_\'e \�D
Y=� \_\_k YSZ]\9�=rsnbd]fq\�� r�� 
sk0h Y[Z]\ �0u[\_^a^[d]ua\ `pk#YSZ]\(fQrsd0YSZ]�0`b\_|i\9f d]^ Y eI\�e \}Y=�~\i\_k

 � � � �%
 k]h |ir=k]^a\_w�d]\_k�Y[np�mYSZ0\��0Z%
s^[\�h]`$# \iu[\_k0|_\ve \}Y=�~\i\_k@YSZ]\vu[\i\_h@r=�I\_k]`pk]y 
su[\>
 
 k]h

+ �



YSZ0\Q�]ua\_^a^[d]ua\�h]` # \_ua\_k]|i\�
 |_u[rs^[^vYSZ]\qu[\i\_h f d0^aY'e \qnb\i^[^vYSZ%
sk � � � � rsu�ysu[\-
VYS\_uvYSZ�
sk
� � � �G^[\_\v\iw�d�
 YS`pr=k � �:+;+ � � $ `py=d]ua\ � � � ^aZ]r��c^ Y[Z%
 Yc`bkjr=uah]\_uKY[rq^"
 YS`p^al �QYSZ]`p^K|_r=k]h0`pYS`pr=k0�
YSZ0\ �]n@
 ��`pk]y'lGua\_w�d]\_k0|i�mf d0^aYxeI\ � � ��� � YSZ0\
u[\i\_hmu[\i^[r=k�
sk]|_\ lGu[\_w�d]\ik]|i� rsl 
sk�rsd0Y=�7
 u[h
^aY[u[`:!�`pk]y�ua\_\_h$�Mr=u ��� � ��� YSZ]\6ua\_\ih(ua\_^ar=k%
sk]|i\6lGu[\_w�d]\ik]|i��rsl YSZ]\6`pk �(
suah9^aYSua`@!�`bk0y�u[\i\_h

DF�cZ]`b| Z f&
 Y[| Z]\_^ �cZ%
 YG) \_npfQZ]rsnpY�*6h0`b^[|ir �=\_ua\_h��cZ]\ik Z]\ `pk]`pY[`/
snpnp�@h]\}o k]\_h � ^aYSua`@!�`bk0y
`bk2�(
su[hM�&
 k]h<� ^aYSua`@!�`bk0y6r=d0Y=�(
su[h��Qu[\i\_hjY�� �I\_^��

0 0.5 1 1.5 2

−π

−π/2

0

π/2

π

ω
d
 / ω

0

Φ
 (

ra
di

an
s)

Inward Striking Reed
Outward Striking Reed

$ `py=d]u[\ � � � � � Z�
s^[\ h]`$# \iu[\_k0|_\ e \}Y=�~\i\_k'h]u[`g� `pk]yK�]ua\_^[^ad]u[\ 
sk]h 
sua\-
Krsl r=�I\_k]`pk]yKe \}Y=�~\i\_k
YSZ0\mnb`b�0^�
s^G
�lGd0k]|iY[`br=k+rsl h]ua`p��`bk0y�lGu[\iw�d0\_k]|}�;� � Z0\me r=nph nb`pk]\_^�u[\_�0u[\_^a\_k�YDYSZ]\I
 u[\-
 ^
�cZ]\iu[\�^[\_ngl/D�^ad]^aY�
s`bk]`pk]y6r=^a|_`bnpn/
 Y[`br=kQ`b^K�Ir=^[^a`be]np\ �

� Z]\q^�
sfq\ 
sk%
sng� ^a`b^�|>
sk eI\ 
s�]�]np`b\ih��cZ0\_k Y[Z]\q`bk]^ YSu[d0fQ\ik�Yv`p^v|_r=k]^a`bh]\iu[\ih�
s^vYSZ0\
h]ua`p�=\ik Z�
su[fqr=k]`p| r=^a|_`bnpn/
 Y[r=u~`pk]^aY[\-
shjrsltYSZ0\�u[\_\ih0� � Z]\�lG\_\ih]e%
s|A!m|i`bu[|id]`pYx�]u[\i^[\_k�Y[\_h�`pk

o y=d0u[\ � � +6^[Z]r��c^�YSZ�
 Y
YSZ0\6u[\_^ar=k%
 Y[r=u�`b^ h]u[`g�=\_k�e���Y[Z]\6u[\i\_h0� 
 k]h#
 Y
YSZ0\6^�
sfq\�YS`pfQ\

YSZ0\Qua\_\_h `b^vh]ua`p�=\ik e���YSZ]\qu[\i^[r=k�
 YSr=u�� X ^'h]\i^[|iu[`beI\_h `bk(^[\_|}YS`pr=k � � � � 
j^[`bk0y=nb\Dfqr h]\

rsl YSZ]\Dua\_^[rsk%
 YSrsu�|>
sk�e \Dua\_�]ua\_^[\ik�YS\_h 
s^ 
j^a`bfq�]nb\�Z%
su[fqr=k]`p| r=^a|_`bnpn/
 Y[r=u��Gh]\io]k]\_h e��

+�,



\_w�d%
VYS`brsk � � 6 � �

� Z]\�\_w�d]`p��
snp\_k�Ycrsl \_w�d%
 Y[`br=k � � + � lGr=uxY[Z]\ 
s|_r=d0^aYS`p|vu[\_^ar=k%
 Y[r=uc`b^Ky=`g�=\ik@e�� �

�� 
 
 � ����� 
 ��� � �� � ���������� �
 � � �� � 
 � � �� � � � � � � � + � �


�`p�=\ik(Y[Z%
 Y�Y[Z]\ �]r � `b^ 
m^[d]f�r lx^aY�
 YS`p| � � � 
sk]h(r=^[|i`bnpn/
 Y[`bk]y � � � |_r=fq� rsk]\_k�YS^�� 
 k]h
YSZ0\�|ir=fq�]nb\���lGr=uaf rsl � � �� � |-
skjeI\6�cua`pYaYS\_k�
s^ �

���
�� �	� 
 � ����� � ��
 � � � � � � +
5 �

�cZ]\iu[\ � � `b^ Y[Z]\�lGua\_w�d]\_k0|i�9rsl Y[Z]\ r=^a|_`bnpn/
 Y[`bk]yD|ir=fQ�Ir=k]\ik�Y�rsl YSZ]\ � r�� 
sk0h � � `b^ `pYS^
�]Z%
 ^[\ � \iw�d%
 YS`pr=k � �:+ � eI\_|ir=fq\_^ �

�� 
 
 ��� � �� � � � � ��� � �
 � � �� ��
 � � �� � � � � � � � + � �

�~r=k]^a\_w�d]\ik�Y[np� �]YSZ]\ �]Z%
s^a\
h]` # \_ua\_k]|i\
eI\iY=� \_\_kmY[Z]\
`bk0^aYSuad]fq\_k�Yx�]ua\_^a^[d]ua\6
sk]h Y[Z]\F� r��
YSZ0u[r=d]ysZjY[Z]\vu[\i\_h�`p^Ky=`p�s\_k@e�� �

� � � � � � 
 � ����� � ������ � � �� �� � � � � � ������ � � �� ���
 � ��� � � � � � �� � ����� � � � � � ��� �� � � �� � �
� ���� � ��� ��� ��� �� � � �� ����� � � � ��� ��� �� � � �� � ! �
 � ����� � �� � � � 
 � ��� �
 � �
�� ��� �

� � � +�, �

�s�



K r ��`bk]yvlGu[rsf%YSZ]\ `bk]^ YSuad]fQ\ik�Y �0u[\_^a^[d]ua\ � 
IYSrvYSZ0\ �]ua\_^a^[d]ua\
h]` # \_ua\_k]|i\ 
 |_u[rs^[^ YSZ]\ u[\i\_h
� � � \_w�d%
VYS`brsk � �:+�,6eI\_|ir=fQ\i^ �

�	��� � � � 
����	� � � � � 
� 
 � � � � � � �
 � �
�� � � � � � � �s� �


�`p�=\ik Y[Z%
 Y 	 �7
 ^ h]\}o k]\_h lGr=u Y[Z]\�u[\_\ihE
s^cYSZ]\'�]Z%
s^a\�^aZ]`pl Y rsl � lGu[r=f Y[Z]\'ua\ilG\iu[\_k0|_\

� � ��� \�|>
sk@\_^aY�
se]np`b^[Z 	 ����� � � � � � � d0^[`bk0yqY[Z]\v^�
sfq\�h]\io]k]`pY[`br=k �

	 � ��� � � � � � � 
 � � � ��� � 
 � ����� � � � � 
� 
 � � � � � � �
 � �
�� � � � � � � � + �

� Z]`p^qlGd]k0|iYS`pr=kO`b^D�]nbr Y[YS\ih `pkOo]y=d]u[\ � � % � 
 YQ|-
 k�eI\@^a\_\ik�lGu[r=f3Y[Z]`b^Dy=u"
s�]Z YSZ%
VY `pk

r=uah]\_u�lGr=uQYSZ]\9`pk]^aY[u[d]fq\_k�Y�Y[r+�]n/
 ��eI\_npr��-`gYS^�ua\_^ar=k%
sk]|i\9lGu[\_w�d]\ik]|i� ��
J� Y[Z]\9�]Z%
s^a\
eI\iY=� \_\_km�sr=nbd]fq\3� r�� 
 k]h YSZ0\ �]ua\_^[^ad]u[\�h0` # \_u[\ik]|_\ f d]^ YxeI\ eI\iY=� \_\_k 
 � � � 
sk]h 
 � �
|_rsu[u[\i^[�Ir=k]h]`pk]y Y[r YSZ]\��]Z%
s^a\�u[\in/
 Y[`br=k]^aZ]`b� �]u[r�h]d]|i\_h#e���
sk � � � ���!� " � � ���#� ��� ua\_\_h$�
� r �]n@
 ��
seIr �s\ �tYSZ]\q�]Z%
s^a\Qf�d]^aY'nb`p\ e \}Y=�~\i\_k � � � � 
sk]h � � �t|_rsu[u[\i^[�Ir=k]h]`pk]yjYSr�
sk
� � � � ���!� " � �����#� ��� ua\_\_h$�

� Z�d]^>� \-
 | Z�u[\i\_hjY���� \�Z%
s^KYSZ0\_^[\�h]\}o k]`bk0yq| Z�
su�
s|}YS\iu[`b^ YS`p|_^ �

	 X k 	�
�� ��% �.� �-���.� ���$� � �.0 02� f d]^ Y �0n/
 � � � ��� � eIrsYSZDYSZ]\ u[\i^[r=k�
sk]|_\ lGu[\iw�d0\_k]|}�
rsl YSZ]\vua\_\_hH
sk]h@YSZ]\vu[\i^[r=k�
sk]|_\�lGu[\iw�d0\_k]|}� r lUYSZ0\�
s`puK|_r=npd]fqk0���8Z]\_k�Y[Z]\vu[\i\_h

`p^Kh]u[`g�=\_k�
 Ycua\_^[rsk%
sk]|i\ � YSZ]\v�]Z�
s^[\�h]` # \_ua\_k]|i\ 	 `b^ � � � � �

	 X k �$��� % �.� �-���.� � �$� � �
0202� f d]^ Y��]n/
 � ��� � ��� eIrsYSZ�Y[Z]\�ua\_^ar=k%
sk]|i\ lGu[\iw�d0\_k]|}�

� +



0 0.5 1 1.5 2

−π

−π/2

0

π/2

π

ω
u
 / ω

i

Φ
 (

ra
di

an
s)

$ `py=d]u[\ � � % ����Z%
s^a\@h0` # \_u[\ik]|_\jeI\iY=� \_\ik �=rsnbd]fq\�� r�� 
 k]h �]u[\i^[^[d0u[\@h]` # \_ua\_k]|i\I
s^L

lGd]k]|}YS`pr=kjrsl �sr=nbd0fQ\ � r�� lGu[\_w�d]\ik]|i� �

rsl YSZ]\vua\_\_hH
sk]h@YSZ]\vu[\i^[r=k�
sk]|_\�lGu[\iw�d0\_k]|}� r lUYSZ0\�
s`puK|_r=npd]fqk0���8Z]\_k�Y[Z]\vu[\i\_h

`p^Kh]u[`g�=\_k�
 Ycua\_^[rsk%
sk]|i\ � YSZ]\v�]Z�
s^[\�h]` # \_ua\_k]|i\ 	 `b^ 
 � � � �

� ��� � � ���"� � ��� % �

� Z]\cu[\i\_hq`b^�|ir=d]�]np\_h6YSr�YSZ0\Ku[\_^ar=k%
 Y[r=u `bkL

lG\_\ih]e%
s|A!6npr rs� � ^a\_\co y=d]ua\ � �:+ � ��|_rsk�Y[u[r=npnb\ih
e�� Y[Z]\ � r�� � 
sk]hmYSZ0\��]u[\i^[^[d0u[\vh]` # \_ua\_k]|i\6
s|_uar=^[^xY[Z]\�u[\i\_h ��� �.
sk]hj|_r=k0^[\_w�d]\ik�YSnp� �
e�� 
s^[^ad]fq`bk]y#
�^aYA
VYS`b|m^ad]�]�]ng� �]u[\i^[^ad]u[\��xe��+YSZ]\j�]ua\_^[^ad]u[\ `bk+YSZ0\ fqr=d0Y[Z]�]`b\i|_\�� � 
 � �
� \i|iYS`pr=k � � � y2
 �=\6�0Z%
s^[\6ua\_n@
 YS`pr=k]^[Z0`b�]^clGr=u 
�h0u[`p�s\_k9r=^a|_`pnbn/
VYSr=u�� � Z]\6np`b��ua\_\ih(|>
sk9eI\

fqr h]\inbnp\_hje��H
q^[\}Y rsl{\_w�d%
 Y[`br=k]^ h]\i^[|_ua`be]`pk]yQY[Z]\�h]u[`g�=\_k�fQrsY[`br=kjrslUYSZ]\�r=^[|i`bnpn/
 Y[r=u[^K`pk

�=�



YSZ0\�^ ��^aYS\if � � ���� � � 
 ��� � ���� 
�� � � 
 � � � � ��
 � � � � � � � � �=� �

�cZ]\iu[\ � `b^xYSZ0\
�=\_|}YSr=ucua\_�]ua\_^[\ik�YS`bk0yqY[Z]\�h]`b^a�]n/
 |_\_fq\_k�Ycrsl Y[Z]\vnb`b�$� ��� `b^~Y[Z]\vf�
VYSu[` �
rsl \ # \i|iYS`g�=\
h�
sfQ�0`bk]y'|_r�\ �q|_`p\_k�YS^�� � � `b^ YSZ]\ f�
 Y[u[` �qrsl \ # \_|}YS`p�s\�^[�]ua`bk]y�|_r�\ �q|_`p\_k�YS^��

sk]h � � � � �	� � ��
 � `p^�Y[Z]\Q�s\_|iY[r=u�ys`p��`bk]yjYSZ0\ \ # \_|}YS`g�=\ h0u[`p��`pk]y lGr=ua|_\qh]`p��`ph]\_h e��(YSZ0\

\ # \_|}YS`g�=\�f�
s^a^Krsl \-
s| Z h]`bfq\_k]^a`br=kmr l Y[Z]\vnb`b�mh0`b^[�0n/
s|i\_fq\_k�Y-�

$ r=u{^[f&
snpnM
sfq�]np`pYSd0h]\_^�� YSZ0`b^{fq\_| Z%
 k]`b|>
sn0r=^a|_`pnbn/
VYSr=ut|-
skDeI\1
s^a^[d]fq\_h6YSr�eI\K|_rsd]�]nb\ih

YSr�rsk]np��r=k]\3
s`puU|_rsnbd]fqk6u[\i^[r=k%
 k]|_\���|inbr=^a\xYSr
Y[Z]\cu[\_^ar=k%
sk0|_\KlGu[\iw�d0\_k]|}�Drsl YSZ]\Knp`b� ua\_\_h$�
� Z�d]^cYSZ]\v\_w�d%
VYS`brsk@r lUfqrsYS`pr=kmrsltYSZ]\ 
s|ir=d]^ YS`b|vr=^a|_`pnbn/
VYSr=u |-
sk@eI\6�cua`pYaYS\_k 
s^ �

� � �� � � 
 ��
� 
 �
���� 
 �

�

 � 
 � 
 ��
� 
 � � � �

� ���� � � � � � � � � �s� �

�cZ]\iu[\ ���
���

`b^ YSZ]\ rs^[|_`pnbn@
 YS`pk]yDfQr=d YSZ]�]`p\_|i\ �]u[\i^[^ad]u[\�� � 
 � ��
�`p^ YSZ0\ u[\inb\i��
sk�Y�ua\_^ar=k%
sk]|i\
lGu[\iw�d]\_k]|}��rsl YSZ]\ 
s`bu |_rsnbd]fqk0� � 
 `b^ `pY[^ w�d%
snp`pY��6l.
s|}YSr=u 
sk]h � 
 `b^ YSZ]\ 
sfq�]nb`gYSd]h]\crsl `pYS^

`bfq�I\_h%
sk0|_\ � � Z0\ � r�� `bk�YSrmYSZ0\q`pk]^aY[u[d]fq\_k�Y>� � �t`b^�|ir=k�YSu[rsnbnb\ih�e���YSZ]\Dr=�I\_k]`pk]y 
su[\>

eI\iY=� \_\_k YSZ]\vnb`p�]^1
sk0h@Y[Z]\v�]u[\i^[^[d0u[\�h]` # \_ua\_k]|i\ 
 |_u[rs^[^cYSZ]\vnb`p�]^>�

X ^a`bfq�]nb\cr=k0\ h]\iy=u[\i\�8�r l@8�lGu[\i\_h]r=f?np`b�qfQr�h]\_n `p^ ^aZ]r��ck�`bkqo y=d]ua\ � � 6 � � Z]\ np`b�]^ 
sua\
u[\i�]u[\i^[\ik�Y[\_hOe�� 
�f&
s^a^ � r=k�
�^a�]u[`pk]yE
sk0h+h%
s^[Z0� rsY �c`pY[Z ^[�]ua`bk]y�|_r=k]^ YA
sk�Y
��
 k]h
h%
sfq�]`pk]y�|_r�\ �q|i`b\_k�Y�� � � Z]\jnp`b� `p^6|_r=k]^ YSu"
s`bk]\ih+YSr9fqr �s\jr=k]np� `bk Y[Z]\ � D�h]`pu[\_|}YS`pr=k0�
$ r=ux^a`bfq�]nb`p|_`pY��D`gYK`b^7
s^[^ad]fQ\ih@Y[Z%
 YxY[Z]\�YSr=�I
 k]hje rsYaYSr=f4nb`p�mfQr YS`brsk]^7
sua\�^a��fqfQ\}YSu[`p| �

sk]h@YSZ%
VY Y[Z]\�np`b�@r=� \ik]`bk0y�
sua\-
 `p^cu[\_|}YA
sk0y=d]n/
 u �c`gYSZ�
DoM� \_hH�c`ph0YSZ �5� � Z]\�np`b�]^ 
sua\

�s�



y
z

r

m

m

r

P

P0

i

d
h

k

k

y
x

$ `py=d]u[\ � �76 � � Z0\�nb`p�]^v|-
sk eI\ ua\_�]ua\_^a\_k�YS\ihOe��'
 ^a`bfq�]nb\Dh%
 fQ�I\_h f�
s^a^�r=k�
 ^a�]u[`pk]y
fqr h]\inJ� � r lGd]u YSZ]\iu ^a`bfq�]nb`gl � f&
 YaYS\_ua^>� YSZ]\ YSrs��
sk0h�eIrsY[Y[r=f&nb`p� 
su[\ 
s^a^[d]fq\_h�YSr e \iZ%
 �=\
^a��fqfQ\}YSua`b|-
 nbnp� � ��
 �
� � ��
sk]hjYSZ]\vr=�I\_k]`pk]y6eI\iY=� \_\_k YSZ]\if YSrqe \�ua\_|}YA
sk]ysd]n/
su��

h]ua`p�=\ik e��9Y[Z]\Q�0u[\_^a^[d]ua\ h]`$# \iu[\ik]|_\�� ���L�teI\iY=� \_\ik YSZ0\Qfqr=d0Y[Z(�0u[\_^a^[d]ua\ � � 
sk0h YSZ0\

fqr=d0YSZ0�]`b\i|_\c�]u[\i^[^ad]u[\ � 
 � � Z0`b^ h]u[`g� `pk]y�lGr=u[|i\ Z�
s^ Y=� r�f&
s`pkq|ir=fq� r=k0\_k�YS^ DtYSZ]\ h]`bua\_|}Y
�]ua\_^[^ad]u[\�h]`$# \iu[\_k�Y[`/
sn 
 k]hmYSZ]\�� �~\iu[k]rsd]nbnp` �]ua\_^[^ad]u[\�� |>
sd]^[\ih�e���Y[Z]\vu[\_^ad]npY[`bk]y��]r �.rsl


s`pu>� � �

� Z]\�\_w�d%
 Y[`br=kjrsl fQr YS`brsk�lGr=uxYSZ]`p^KfQr�h]\in `b^xY[Z]\_ua\ilGr=ua\�ys`p�=\ik e�� �

� � �� � � 
 ���� � � ���� 
 �
�
� � 
 � � � � ������ � � � �� � � � � � �&% �

�cZ]\iu[\ ��� `b^�Y[Z]\�u[\i^[r=k�
sk]|_\�lGua\_w�d]\ik]|i�+r lKYSZ]\mnp`b�0� � � `b^�YSZ]\�w�d%
 nb`pY��(l.
s|}YSr=u'rslKYSZ%
VY
u[\i^[r=k�
sk]|_\ 
sk]h � � `p^xYSZ]\vf&
s^[^crsltYSZ0\�np`b�0�

� Z]\mlGr=u[|i\�YS\iu[f � � � � ������ � � � � h]\i^[|iu[`beI\_^6Y[Z]\ � d]`ph lGrsu[|_\i^Dr=k+YSZ]\mnp`b�0� � Z]`b^6`p^G

|_rsf e]`bk�
 YS`pr=k9rsl~Y[Z]\DlGr=u[|i\Qh]d0\qY[r@Y[Z]\Q�0u[\_^a^[d]ua\�h]`$# \iu[\_k0|_\&
s|_uar=^[^vYSZ]\qnb`p�]^>� 
sk0h YSZ0\

lGr=ua|_\vh]d]\�YSr6Y[Z]\?� r��.YSZ0u[r=d]ysZ@Y[Z]\vnb`b�m| Z�
sk]k]\inJ�

�&%



� Z]\�eI\_Z�
 ��`pr=d]u rsl{YSZ0\�fqr h]\inM�]u[\i^[\ik�Y[\_h�Z]\iu[\ � 
sk]h lGd]uaY[Z]\_u fQr�h]\inb^>� `p^ h0`b^[|id]^[^a\_h
lGd]u YSZ]\iu `pkj| Z%
s�0Y[\_u 6 �

� ��� �
������� �"
�� � % � ��� � �)��� � � ��� % �"� � ��% % �

� Z]\ �]Z%
 ^[\ 
sk]h�lGua\_w�d]\_k0|i�vu[\in/
 Y[`br=k0^[Z]`p�]^ h]\i^[|iu[`beI\_h�`bk�^a\_|}YS`brsk � � � ^aZ]r�� YSZ�
 Y ) \inbfqZ]r=ngY�* �
� ��% � |_n@
s^[^a`po |>
 YS`pr=kDrsl Y[Z]\cnb`p�qua\_\ih 
s^ 
��a^aY[u[`@!�`pk]y 8�r=d Y=�7
suah]^"��u[\i\_h �~r=d0nbh ua\_w�d]`pu[\KYSZ%
VY
`pY �]n@
 �s\_h9r=k0np��
seIr �s\�YSZ0\ k%
 Y[d]u�
sn u[\i^[r=k%
 k]|_\ r l�YSZ]\ ua\_^ar=k%
 Y[r=u
eI\_`bk0y �]n@
 �s\_h0�6) r��7D
\i�s\_u��0YSZ]`p^~`p^7
 Y r h0h]^(�c`pY[Z YSZ0\ \B� �I\_ua`b\_k0|_\�rsl f d0^[`b|i`/
sk0^ �cZ]r o]k]h YSZ�
 Y~Y[Z]\i��
su[\ 
se]nb\
YSr�lGrsu[|_\L
mk]r YS\6r �=\iu 
 �c`ph]\6u�
sk0y=\6rsl �]`pY[| Z]\_^ Dc`pk]|_npd]h]`pk]y 
seIr �=\ � eI\_npr � 
sk]h#
 Y?
sk

s|ir=d]^aY[`b|�ua\_^[rsk%
sk]|i\'rsltYSZ0\�`pk]^aY[u[d]fq\_k�Y eI\_`bk0yq�0n/
 �=\ih�� + ��� �

��nbnb`prsY[Y 
 k]h �~r��c^aZ]\_u � �=� � ^ YSd]h0`b\_h YSZ]`p^��0Z]\_k]rsfQ\ik%
M�Ue0d0Y�Y[Z]\_`pu�ua\_^ad]npY[^ � \_u[\Q`bk D
|_rsk]|_npd]^[`g�=\ � �~Z0\_k 
 k]h � \_`pk]u[\i`b| Z � +
6 � � \iualGr=uafQ\ihq\�� � \iu[`bfq\_k�Y[^ d]^a`bk]y 
v|_d]^ YSr=f?e]d]`pnpY


s�]��
su�
 Y[d]^�`bk��]n/
 |_\qrsl1
sk(`bk0^aYSuad]fq\_k�Y'Y[Z%
 Y6�(
s^'h0\_^[`py=k]\ih YSr�
s|iY 
s^ 
j^[`bk0y=nb\Dfqr h]\


s|ir=d]^aY[`b|>
sn u[\i^[r=k�
 YSr=u�� � Z]\vu[\i^[r=k%
 k�YclGua\_w�d]\_k0|i�@rsl YSZ]\vh]\}��`b|_\v|ir=d]nbhjeI\6
snpY[\_ua\_h0�%
 k]h
YSZ0\I
s|_r=d0^aYS`p|m`bfq� \ih%
sk]|i\�|_rsd]nbh eI\mfQ\>
s^[d]ua\_h��c`pY[Z]r=d0Y�YSZ]\jf d]^a`b|i`/
sk ua\_fqr � `pk]y9Z]`p^

nb`p�]^xlGu[rsf YSZ]\�h]\}� `p|_\�� � Z]\�u[\i^[d]ngYS^ rslUY[Z]\_^a\'\��0�I\_ua`bfq\_k�YS^ ^[Z0r � \_h�Y[Z%
 YcYSZ0\�f�d]^[`p|_`/
 k
|_rsd]nbhj�]n@
 � e r YSZ�
se r �s\ 
 k]h eI\_npr�� Y[Z]\vu[\_^ar=k%
sk0|_\vlGu[\_w�d]\ik]|i�@rsltYSZ0\�h0\i��`b|i\ �

� r=^[Z0`@! 
-�7
 � � 5 � �I\_ualGrsu[fq\_hE
 ^a\_ua`b\_^ rsl \B� �I\_ua`bfq\_k�YS^
|ir=fq�%
su[`pk]yDYSZ]\ �0n/
 ��`bk]yDlGu[\�D
w�d]\_k0|i� �c`pYSZ@YSZ]\'u[\i^[r=k%
 k]|_\�lGua\_w�d]\ik]|i� rsl{Y[Z]\�`pk]^aY[u[d]fq\_k�Y-� ) `b^ u[\_^ad]npY[^ 
snp^[rq^[Z]r�� \_h
YSZ�
 Y YSZ]\cnb`p�6u[\i\_h |ir=d]nphq�0n/
 �L
seIr �=\cr=u e \inbr���Y[Z]\cu[\i^[r=k%
 k]|_\clGu[\iw�d0\_k]|}�Qr l Y[Z]\ `pk]^aY[u[d D

� 6



fq\_k�Y-�

� �0�I\_ua`bfq\_k�YS^6�I\_u lGr=u[fq\_h e�� �~d]npnb\_k � +
5 � � + � � 
sk]h�� \>
sn � % � � d]^[`pk]yE
skC
 uaYS`go |_`@
sn
fqr=d0YSZ � �c`gYSZ 
su YS`go |_`@
sn nb`p�]^ � ^[Z]r�� \_hmYSZ�
 Y~Y[Z]\
h]\}� `p|_\ Y[Z]\i�Qd]^a\_h�YSr�u[\_�0u[\_^a\_k�YcZ�d]f&
sk
nb`p�]^x|ir=d]nbh 
snp^[rD�]n@
 � 
seIr �s\�
 k]hje \inbr��.Y[Z]\ 
s|_r=d0^aYS`p|�u[\i^[r=k%
 k]|_\��

�~nb\>
su[ng�;�=YSZ0\ \}��`bh]\ik]|_\ ^[Z]r��c^ YSZ%
 Y ) \_npfQZ]rsnpY�* �=fqr h]\in]rslIYSZ]\cnp`b�6u[\i\_hql.
s`bnp^UYSr�lGd]npnp�
\B� �]n@
s`bkDYSZ0\ eI\_Z%
 ��`br=d0u rsl YSZ]\ nb`p�qua\_\ih0� � Z]`b^ ^aY[d]h0�Q� \iualGr=uafQ^�lGd]u YSZ]\iu7
sk�
snp��^[`p^ rsl YSZ0\
nb`p��u[\i\_h0� d0^[`bk0yq\�� � \iu[`bfq\_k�Y�
sn ^aY[d]h]`p\_^cd]^[`pk]y 
sk 
suaY[`po |i`/
snIfqr=d0YSZI
 k]h |ir=fq�]d0YA
VYS`brsk%
sn
fqr h]\inbnp`bk]y��

���



� � ��� � � � �

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

� �#����� 	�� � � � � � �

����� 	�

������������������


) `p^aY[r=u[`p|-
snpnp�;� w�d%
sk�YS`gYA
 Y[`p�=\ 
sk0h(Y[Z]r=u[rsd]y=Z�\B� �I\_u[`pfQ\ik�YS^�r=k e0u�
s^a^��0n/
 �=\iu[^�Z%
 �=\qe \i\_k

h]` �Q|id]npY YSrO|-
suaua�#r=d Y-� � \}�=\_u"
snv�]u[rse]nb\ifQ^��0u[\_^a\_k�Y@YSZ]\ifQ^a\_np�s\_^jYSr+YSZ0\(`pk]w�d]`b^a`pY[`p�=\

^[|i`b\ik�Y[`b^ Y-� `bk0|_nbd0h]`bk]y �

	 �M`bfq`pY[\_hDnbd0k]y�|>
s�%
s|i`pY���86Y[Z]\
`bk0^aYSuad]fq\_k�Y~|>
sk�r=k0np�DeI\ e]npr �ckQlGr=u(
�^[Z]rsuaY~Y[`bfq\ �

sk0hI�c`gYSZj��
su[`@
se]nb\ �]u[\i^[^ad]u[\'r �s\_ucYSZ%
VYKYS`bfq\ �

	 ��f eIr=d]| Z�d]ua\�
sh �ad]^ YSfq\_k�Y�8 e r YSZ#|_rsk]^[|i`br=d]^I
 k]h#^[d]e9D�|_rsk]^[|i`br=d]^mfqr �=\ifQ\ik�Y[^

e��(YSZ]\��0n/
 �=\iu �]u[\i^[\ik�Y&
 ��
su ��`bk]y�\if eIr=d]| Z�d]u[\���X Z]`py=Z nb\}�=\in~rslc|ir=k]^[`p^aY[\_k]|}�

� 5



eI\iY=� \_\ik�\B� �I\_ua`bfq\_k�YS^ `b^xY[Z]\_ua\ilGr=ua\�`pfQ�Ir=^a^[`be0nb\ �

	 K \>
s^[d0u[\_fq\_k�Y38j`pYc`p^ �s\_u � h0` �q|_d]ngYcYSr&
 Y[Y�
s| Z�fq\-
s^ad]u[\ifQ\ik�Y
`bk0^aYSuad]fq\_k�YS^cYSr&

Z�d]f&
sk6�]n@
 �s\_u�� 
 k�YSu[r�h]d]|i`bk]y
lGrsu[\_`py=k r=e �a\_|iY[^ `bk�YSr Y[Z]\K�]n@
 �s\_u � ^�fqr=d0Y[Z6f�
 ��
snb^ar

 # \_|}YcYSZ]\i`buK�]n@
 ��`pk]yL
se]`pnb`pY���
sk]hj\if e rsd]| Z�d]u[\�� ����� � � 5 � �

	 !c\_�I\-
 Y�
se]`pnb`pY���8Q|ir=k�YSu[rsn �%
su"
sfQ\}YS\iu[^7�c`bnpnI��
su ��k]r Ycr=k]np�qlGu[rsf h%
 ��Y[r6h%
 �;� e]d Y
lGuar=f fq\-
s^ad]u[\ifQ\ik�Y Y[rDfQ\>
s^[d]ua\_fq\_k�Y � + ��� �

� Z]\vd]^a\'rsl 
sk�
suaY[`po |i`/
snIfqr=d0YSZjr �=\iu[|ir=fQ\i^ Y[Z]\_^a\'�0u[r=e]np\_fq^ �

	 �M`bfq`pY[\_h�npd]k]yc|-
s��
s|_`gY��F8
Y[Z]\ fQrsd0YSZ�|-
sk��]n@
 �
`bk]h]\}o k]`gYS\_ng�;� 
sk]h6�c`pY[Z 
 |ir=k]^aY�
sk�Y
�]ua\_^a^[d]ua\�
sk0h � r��.u�
 Y[\ �

	 ��f eIr=d]| Z�d]ua\�
sh �ad0^aYSfq\_k�Y�8+Y[Z]\_ua\H
 u[\jk]r ^ad]e D |_r=k]^a|_`pr=d]^&
sh �ad]^ YSfq\_k�YS^DYSr `pYS^

\if e rsd]| Z�d]u[\��

	 K \>
s^[d0u[\_fq\_k�Y 8�`pYU|-
skqe \K`pk�� 
 h]\_hG�c`pY[ZL
6

y=u[\>
 Y u�
sk0y=\xrsl fQ\>
s^[d0u[`bk0y�h]\i��`b|i\_^��

	 !c\_�I\-
 Y�
se]`pnb`pY��I8#
�ys`p�=\ik |ir=k0o y=d0u�
 Y[`br=k#�c`bnbn�ua\_f&
s`bk'
s�]�0u[r-� `bf&
 YS\inp�9|ir=k]^aY�
sk�Y
r �=\iucnbr=k]yD�I\_ua`br�h]^>�

	 X |_|_\i^[^a`be]`pnb`pY���8�
su YS`go |_`@
sn fQr=d YSZ]^(
su[\?
 ��
s`pn/
se]np\ 
 Y3
sk��qYS`bfq\ ��lGr=u1
 k��Qnb\ik]ysY[Z�rsl

Y[`bfq\ �

� Z]`p^q^ YSd]h � d]^[\i^�
sk 
su YS`po]|_`/
 n~fqr=d0YSZ��cZ]`p| Z �(
s^q`bk]^a�]`bua\_h e��+YSZ]\jh]\i^[`bysk d]^a\_h e��

�~d]npnb\_k � + � � �.
s^U^aZ]r��ckD`bk'o]y=d]u[\ � �:+ � � $ `by=d0u[\ � � � ^[Z]r��c^ 
 �]Z0rsYSr=ysu�
s�]Z'rsl YSZ0`b^Uk0\�� 
su D
YS`go |_`@
sn0fqr=d0Y[Z0� � Z0\F
 uaYS`go |_`@
sn�fQr=d YSZ6d]^a\_^ n/
 Y[\B� Y[d]eI\_^�o nbnp\_h��c`gYSZ��(
 YS\iu Y[rvu[\_�0u[\_^a\_k�Y

� �



YSZ0\xZ�d]f�
 k6nb`b�0^>�;
 k]h YSZ]\i^[\3
sua\~fqr=d]k�YS\ih6r=kL
 Z]\iu[fq\iY[`b|-
 nbnp�v^a\-
snp\_h6eIr-� �Gu[\_�0u[\_^a\_k�YS`pk]y
YSZ0\�fqr=d0Y[Z � `bk�Y[rL�cZ0`b| Z�
s`bux`p^Ke]nbr��ck@e��I
6�]d]fq�0�

$ `py=d]u[\ � �:+ � �~d]nbnp\_k�� ^K�=\_ua^[`pr=k r l Y[Z]\ 
suaY[`po |i`/
sn fQr=d YSZ0�

$ `py=d]u[\ � � � � � \��A�=\iu[^a`br=k@rslUY[Z]\ 
suaY[`po |i`/
sn fQr=d YSZ0� � Z]`b^ch]\}��`b|_\�`b^ch]\i^[|iu[`beI\_h@lGd]nbng��`pk
^[\i|iY[`br=k � � � � � Z]\Q`bf&
sy=\6r=k(YSZ]\qnb\}l Y'^aZ]r��c^'Y[Z]\qlGuar=k�Y�r l~YSZ0\�
su YS`go |_`@
sn{fqr=d0YSZ��c`pY[Z
YSZ0\DY[u�
sk0^[�%
sua\_k�Y'fQr=d YSZ]�]`p\_|i\&
VY[YA
 | Z]\_h � ^[\i\Q^a\_|}YS`brsk � � � � � � Z]\q`bf&
sy=\�r=k(Y[Z]\qu[`bysZ�Y
^[Z0r �c^cYSZ0\�fqr=d0Y[Z �c`pYSZ 
Dz
\_k0`b^��8`b|A! � � ��fQr=d YSZ]�]`p\_|i\6
 Y[Y�
s| Z]\_h$�

� Z]\�f&
s`pk h]`$# \iu[\ik]|_\'e \}Y=�~\i\_k�YSZ0\�fqr=d0YSZ d]^[\ih�`bk@YSZ]`p^ ^ YSd]h �H
 k]h�YSZ�
 Y d0^[\_h�e��

�~d]npnb\_k `b^ YSZ%
 Y YSZ]`p^ �s\_ua^[`brsk9Z%
s^ Y[Z]\�np`b�]^ fQrsd]k�YS\_h � � � "�� � � Y[Z]\ fqr=d0Y[Z�|-
 ��`pY�� � � Z]`p^

snpnbr��c^Kf�
 k�� h]` # \_ua\_k�YcY���� \i^ rsl fQrsd0YSZ]�0`b\_|i\_^ 
sk]h@`bk0^aYSuad]fq\_k�YS^KYSrDeI\v�]n/
 �=\ih�e��mYSZ0\

� ,




su YS`po]|_`/
 n fqr=d0Y[Z0� � Z]`p^ |_r=fq\_^�
 Y YSZ0\�|_r=^ Y6rsl Z%
 ��`bk]y�
 u[\_h0d]|iY[`br=k+`pk YSZ]\m^ YA
se0`bnb`gY��
rslxY[Z]\ fqr=d0Y[Z]�]`p\_|_\qu[`pf 
sy2
s`pk]^aYvY[Z]\ np`b�]^ 8�`pk Y[Z]\ ^ � ^ YS\if ^aZ]r��ck+`bk o]y=d]u[\ � � +QYSZ0\

fqr=d0YSZ0�]`b\i|_\Du[`pf �(
s^�o]u[fqnp��eIr=ngYS\_h�r=k�Y[r@Y[Z]\qlGuar=k�Y��]n/
 Y[\6rsl~Y[Z]\DfQrsd0YSZ0� �]uar � `ph]`bk0y

ql.
 u fqr=u[\�u[`py=`bh@fqr=d]k�YS`pk]yqY[Z%
sk�Y[Z%
 Y �]u[r ��`bh]\ih�e��jYSZ]\'k]\����=\iu[^a`br=k�r l{YSZ]\�fQr=d YSZ0�

 Y(�(
s^~Y[Z]\_ua\ilGr=ua\ k]\i|_\i^[^�
 ua��Y[r'YA
�!s\
y=ua\-
 Y |-
 u[\
k]r Y Y[r h]`b^ YSd]uae YSZ0\ fqr=d0YSZ0�]`b\i|_\F�cZ0\_k

sh �ad0^aYS`pk]y6YSZ]\ 
s�0�%
su�
VYSd]^��


 k�r=u[h]\iu
YSrI
s| Z0`b\i�s\L
�y=u[\>
 YS\iu�nb\}�=\_nUrsl |_r=k�YSuar=nUr �s\_u�YSZ]\6��
su�
sfq\iY[\_ua^
rsl YSZ]\6\ifLD
eIr=d]| Z�d]u[\�� ^[\i�s\_u"
sn |_r=fq� rsk]\_k�YS^1� \_ua\�
sh0h]\_h �

	 � Z]\�\iw�d]`bnp`be]ua`bd]f?�Ir=^[`gYS`brsk�rsl YSZ]\�np`b�]^~`b^x|ir=k�YSu[rsnbnb\ihme���YSZ]\ � nb`b� y=d]`bh0\>�6e]npr |A!�^>�

	 � Z]\ �7
VYS\_u'�]u[\i^[^ad]u[\�`pk Y[Z]\ np`b�]^v`b^�|_rsk�Y[u[r=npnb\ih�
sk0h fQ\>
s^[d0u[\_h e�� 
 YaYA
s| Z0`bk]y�

Z]\>
sh@rsl �(
 Y[\_u>���c`gYSZm��
su[`@
se]np\
Z]\_`py=Z�Y-�]Y[rDY[Z]\vnb`p�]^>�

	 � Z]\@�Ir=^[`gYS`brskOr l YSZ0\ fqr=d0Y[Z]�]`b\i|_\ju[\in/
 Y[`p�s\jY[r(Y[Z]\�� YS\i\iYSZM� `b^D|ir=k�YSu[rsnbnb\ih�
 k]h
fq\-
s^ad]u[\ih d0^[`bk0y&
 Y[u[r=npnb\i� 
sk]hju�
 `bn fq\_| Z%
 k]`b^af��

	 � Z]\9�s\_uaY[`b|>
sn�� rs^aYS`pr=k8rsl�YSZ]\(fQrsd0YSZ]�0`b\_|i\9|-
sk eI\'
 |_|_d0u�
 Y[\_np��^[\iY@d]^a`bk]y YSZ0\

Y[u[r=npnb\i��
sk]h@fqr=d0YSZ0�]`b\i|_\�Z]r=nph]\_u��

�~d]nbnp\_k ^[Z0r � \_h YSZ%
 Y6Y[Z]\jn/
 Y[\_u"
sn~YS\ik]^[`pr=kOrsl Y[Z]\jn/
 Y[\B� nb`b�0^6Z%
sh nb`gY[YSnp\�\ # \_|}Yqr=k

YSZ0\�\_f eIr=d]| Z�d]ua\ � + � � � �~r=k0^[\_w�d]\ik�YSnp� � |_r=k�YSuar=n r ltY[Z]`b^ YS\_k0^[`brsk �7
s^cr=fq`pYaYS\ih lGu[r=f?YSZ0\

h]\i^[`bysk@r lUYSZ0`b^3
su YS`po]|_`/
 n fqr=d0YSZ$�

�=�



����� � %&� ��
��"� ����� % ��� � � � � � ��� % � ������� �(� ��� � �)� ���

$ `py=d]u[\i^ � � � � � � % 
 k]h � �76 ^[Z0r �OYSZ0\x^[| Z]\if�
VYS`b|~h]`/
sysu�
sfq^MlGr=u Y[Z]\xk]\B�<
su YS`go |_`@
sn�fQr=d YSZ0�
� Z]\�
 uaYS`go |_`@
sn fqr=d0Y[Z �(
s^ �0u[`bk0|_`b��
snbng� f&
sh]\�rsl 
 nbd]fq`bk]`pd]f �M
sk0h�|_rsk]^aY[u[d]|}YS\_h lGu[r=f

16mm

20mm

50mm

33mm

70mm

e

ef

f d
a

a

b

A

d

b

h

70mm

120mm

c 120mm

$ `py=d]u[\ � � � � � | Z0\_f&
 YS`p|Kh]`/
sysu�
sf/rslIYSZ]\ 
su YS`po]|_`/
 n fqr=d0Y[Z �GlGu[rsk�Y���`p\�� � � � Z]\cn/
 Y[\B�6np`b�]^
� 
 � �~\iu[\�fqr=d]k�YS\ihjr=k�YSZ]\
lGuar=k�YK�]n@
 YS\ rsl YSZ]\�fqr=d0Y[Z � X � e��QYSZ]\�Z0r=nbh]`pk]y�e0nbr�|A!�^ �Gh � �
�cZ]`p| ZmZ]\_nph�YSZ]\
e0u�
s^a^KfQr=d0k�Y[^ � \ � 
sk]h � l � �cZ]`b| Z � \_ua\�^[np`bh�`pk]^[`ph]\ Y[Z]\
n/
VYS\B�QYSd0e \i^xrsl
YSZ0\'np`b�]^�� � Z0\'np`b�jy=d]`ph]\_^ � e � ^a\iY YSZ]\v\_w�d]`pnb`pe]u[`pd]f �Ir=^[`gYS`pr=kmrslUY[Z]\�nb`b�0^>� � Z]\�^a� \>
 !s\iu
fqr=d]k�Y �GZ � 
 nbnbr�� \_h'
�^aY�
sk]h%
 u[h Z]rsu[k Y����I\�^[�I\-
�!s\_u'YSr�eI\ fqr=d]k�Y[\_h0� � Z]\�Z0r=nb\ � | �

snpnbr��c^~YSZ0\ 
 `buxYSrG� r�� lGu[r=f4YSZ]\vfqr=d0YSZj|>
 ��`gY��mYSZ]uar=d]y=ZmYSZ0\�np`b�]^��


+^[\iu[`b\i^jrsl��0n/
 Y[\_^ � X � � � � � � � � � � � z � � � � � 
sk0h � $ � � � Z0\ \ih]y=\_^jrsl�YSZ0\_^[\(�]n@
 YS\i^
� \_u[\Dnp`beI\_u�
 nbnp��|_r2
 Y[\_h��c`pY[Z�� 
 |_d]d]f-y=u[\>
s^[\ 
sk0h(eIr=ngYS\_h YSr=y=\}YSZ]\iu
YSrmlGr=uaf 
s`pu 8�Y[`by=Z�Y
^[\>
snb^�� � Z]\v�]n/
VYS\_^7� \_ua\�, � 6 fqf4`bkmYSZ]`p|A!�k]\_^a^>� � n@
 YS\i^ � z � 
 k]h � � � �]u[r ��`bh]\ih@��`p\��c`bk0y
�c`bk0h]r��c^ 
snbnpr��c`bk]y9YSZ0\�fQrsd0YSZ |-
 ��`pY��OYSr eI\�r=e0^[\_u �=\ih0����n/
 Y[\ � � � Z%
sh Y=�~r �sfqf

� +



D

o

m

p
b

c d d

n

p

120mm
E

20mm

k

h

B

210mm 80mm

46mm

30mm

16mm
A

b

22mm

i

j

8mm

10mm

f

f

$ `py=d]u[\ � � % � � | Z]\_f&
 Y[`b|@h]`/
sysu�
sf3r l YSZ0\�
su YS`po]|_`/
 nxfQrsd0YSZ � ^a`bh]\j��`b\�� � � � Z]\�f&
s`bk
�]n@
 YS\i^ rslUYSZ]\�fQrsd0YSZ X��)� � � � k]r Y ��`b^a`be]np\ � � z�� � 
sk0h $ � \_ua\�eIr=npY[\_h@YSr=y=\}YSZ]\iu 
 k]h
^[\>
snb\ih �c`pYSZm��
s|id]d]f y=ua\-
s^a\ � � Z]\v^[�I\-
 ! \_u fQrsd]k�Y � Z � �(
s^c� rs^[`pY[`br=k0\_hmr �=\iu Y[Z]\vZ]r=nb\
�.! � `bk�Y[Z]\�YSrs���]n/
VYS\vYSr 
snpnbr�� 
 npr=d]h]^a� \>
 !s\iu YSrQlGr=u[|i\�
s`pu `pkE
sk]h�rsd0Y
rsl�Y[Z]\ fqr=d0Y[Z
|-
 ��`pY�� � � Z]\ Z]rsnb\ � � � 
snpnbr�� \_h�fq\-
s^ad]u[`pk]y h0\i��`b|i\_^
YSr fQ\>
s^[d]ua\�YSZ0\ |_r=k0h]`pY[`br=k]^ `bk]^a`bh]\
YSZ0\KfQr=d YSZ6|-
 ��`pY�� � � Z]\Ke]u"
s^[^�fqr=d]k�Y[^ �Gl � �~\iu[\c�]n@
s|_\ih6`bk]^a`bh]\~Y[Z]\Knb`p�]^>�;
sk]h YSZ0\_kDZ]\_nph
`bkD�]n@
s|_\ce��6YSZ0\ Z]rsnbh]`pk]y�e]nbr�|A!�^ �Gh � � � Z]\ np`b�Dy=d]`ph]\_^ �Ge � ^[\iY YSZ0\ \iw�d0`bnb`pe]u[`pd]f/r=� \ik]`bk0y
�Ir=^[`gYS`brsk0� � Z]\Dfqr=d0Y[Z]�]`b\i|_\��(
s^�Z]\_nph(`pk�YSZ]\DZ]rsnbh]\iu � f � �cZ]`b| Z��(
s^'fqr=d]k�Y[\_h�r=k#

�Ir=nb\ � r � ^[\i|_d]ua\_h `bk(YSZ]\qYSu"
sk]^[�Ir=u Y fq\_| Z%
sk0`b^[f �Gk � � � Z]\�Z]\i`by=Z�Y�
sk]h�
sk0y=nb\qrslKYSZ0\
Z]r=nph]\_u1�(
s^coM� \_hH�c`gYSZjYSZ]\'� % �.e r=ngY � � � � � Z]\�� YS\i\iYSZM�QZ]rsnb\ � | � 
snpnbr�� \_hjYSZ]\ 
s`buxY[r
� r��AlGu[rsf YSZ]\�fQrsd0YSZ |-
 ��`pY��jYSZ]uar=d]y=Z@YSZ]\�nb`p�]^>� � Z]\�� Y[r=k]y=d]\��q��
sng�=\�� ` � �]uar � `ph]\_hH

^[`pfQ�0nb\
r=k�� r #9|ir=k�YSu[rsnMrsl Y[Z]\?� r��6�

h]`@
sfQ\}YS\iu~Z]r=np\_^ � � � 
sk0hmr=k]\ �s� fQf?Z]r=np\�� ! � |id0YK`pk 
s^x^aZ]r��ck0� � Z0\ � � � Z0r=nb\i^1
snbnpr��~\ih
fq`b|_uar=�]Z]rsk]\_^3
sk0h f&
sk]r=fq\iY[\_ua^xYSrDe \v`pk]^[\iuaYS\ih `pk�YSr6YSZ]\vfqr=d0Y[Zm|-
 ��`pY��;�

X ^a� \>
 !s\iu6fQr=d0k�Y�� Z � �(
s^ d]^a\_h YSr fQrsd]k�YG
 ^a� \>
 !s\iu6r �=\_u'YSZ]\QZ]r=nb\ �.! � � � Z]`p^
fqr=d]k�Y6�7
s^'h]\_^a`by=k0\_h Y[r�
s|i|_r=fqfqr h%
VYS\L
 ^ YA
sk0h%
su[h Z]r=uak h]ua`p�=\iu�Y[Z]u[\>
sh Y[rH
 nbnbr�� 

�c`bh0\'^a\_nb\i|iY[`br=k rsl{^a� \>
 !s\iu[^
YSrqeI\�d]^a\_h0�cX kH
sh%
s� YS\_u �7
 ^ 
snp^[rq|_r=k]^ YSuad]|iY[\_h�YSr�
snbnpr��

�^ YA
sk]h�
su[hm|ir=k]\�nbrsd]h]^[�I\-
�!s\_u YSr eI\?
 YaYA
s| Z]\ihmYSr�Y[Z]`b^ ^[�I\-
 ! \_ucfQrsd]k�Y-� � Z]`p^1
sh%
 �0YS\iu
`b^6^aZ]r��ck `pk o y=d]ua\ � � � �+��n/
 Y[\ � X � Z%
sh 
 �s� fqf h]`@
sfQ\}YS\iu Z]r=np\�|_d0Yq`pk+`pYS^6|i\_k�YSua\

� | � D~YSZ]\�� YS\_\}YSZ�� Z]r=nb\�� ^ar�|-
snpnb\ih�eI\_|-
 d]^[\6`gY �]uar � `ph]\_h�Y[Z]\ ^ad]�]�Ir=uaY e \iZ]`bk]h�Y[Z]\�np`b�]^

���



c

B

C

j

D

d d

a

b

d d

j

i120mm

E

210mm

k

h

42mm

80mm

9mm

$ `py=d]u[\ � �76 � � | Z]\_f&
 Y[`b|�h0`/
sy=u"
sf rsl�YSZ0\E
suaY[`po |i`/
sncfqr=d0Y[Z �GY[r=����`b\B� � � � Z]\9f&
s`bk
�]n@
 YS\i^ rslUYSZ]\�fQrsd0YSZ X��)� � � � z��I� 
sk]h $ �Gk]rsY � `p^[`pe]nb\ � � \_ua\�eIr=npY[\_hjYSr=ys\iYSZ0\_u 
 k]h
^[\>
snb\ih��c`pY[Z ��
s|_d0d]f ysu[\-
 ^[\ � � Z]\�^[�I\-
�!s\_u6fqr=d]k�Y �.! � 
snpnbr�� \_h 
 ^[�I\-
 ! \_u YSr lGr=u[|i\

s`pu~YSZ]uar=d]y=ZjYSZ0\�Z0r=nb\ � ! � � � Z0\�Z0r=nb\ �G| � 
snbnpr��~\ih�
 `buxYSrG� r��&lGuar=f Y[Z]\vfQrsd0YSZj|-
 ��`pY��
eI\iY=� \_\_k�Y[Z]\ nb`b�0^ �.
 � � � Z]\ np`b�]^ � \_ua\ Z]\inbh `pkQ�0n/
s|i\3�c`gYSZqYSZ]\ Z]r=nph]`bk]yve]npr |A!�^ � h � �M
 k]h
YSZ0\_`bu \_w�d]`pnb`be0u[`bd0f � r=^a`pY[`br=kH�(
s^�^a\iY�e���Y[Z]\6nb`p��y=d0`bh]\i^ � e � � � Z]\#� YSrsk]y=d]\���� 
 np�=\ � ` �
�]uar ��`ph]\_h�
6^[`bfq�]np\
r=k � r #9|_r=k�Y[u[r=nMrsltYSZ0\6�]r �6�

33mm

18mm

100mm

124mm

$ `py=d]u[\ � � � � �Mr=d]h]^a� \>
 !s\iu7
sh%
 �0YS\iu lGrsu fqr=d]k�Y[`bk]y 
v|_r=k]\ ^[�I\-
�!s\_u r=kDYSZ]\cZ]r=uakQY[Z]u[\>
sh
fqr=d]k�Yc�]`b\i|_\��

�=�



`bk�
�^[`pfQ`pn/
su
l.
s^aZ]`brsk YSr YSZ]\ Y[\_\}YSZ+rsl 
�Z�d]f&
sk �0n/
 �=\iu>� � Z]\�e�
s^[\��0n/
 Y[\ � $ � Z%
s^�

^aY�
sk]h%
 u[h |>
sfQ\iu�
 fqr=d]k�YtYSZ]ua\-
sh0\_h6Z]r=np\ ��
suaY[`/
snpnp�
h0u[`bnpnb\ih'`pk�Y[r `gY Y[r?
s^[^a`b^ Y �c`pY[Z�^a\_|_d0u[\
fqr=d]k�YS`pk]y��

� Z]\�nb`p�]^ YSZ0\_fq^[\_ng�=\i^ �.
 � � \_ua\(n@
 YS\���Y[d]e \i^�o nbnp\_h<�c`gYSZ<�(
 YS\iu>� � � r h0` # \_u[\ik�Y
Y���� \i^�rsl~n/
 Y[\B�E� \_ua\ d]^a\_h0� �c`pYSZ(f&
 YS\iu[`/
 nUYSZ]`p|A!�k]\_^a^�rsl � � � fqf 
sk0h � � � fqf�� � Z]\i^[\
� \_u[\ �]uar ��`ph]\_hqe�� �sr=Z]k�� 
suah 
sk]h � r=k]^ 8G
skq� k0y=nb`p^[ZDf�
 k�d l.
s|iY[d]u[\iu r l n@
 YS\��Du[d]e0e \iu

y=npr �s\_^���X npn np`b�]^6� \_u[\H+ � fqf�`bk�YS\iu[k%
sn h]`@
sfQ\}YS\iu>� � Z]\�n/
VYS\B�(Y[d]e \i^�� \_u[\ |_r2
 Y[\_h+`pk

YA
 nb|_d0f �Ir��ch]\_u3
sk0hm^[nb`p�]�I\_h�r �=\iuxYSZ]\�e0u�
s^a^KfQr=d0k�Y[^ � \ � 
sk]h � l � � � Z]\_^a\v�]`b\i|_\_^7� \_ua\
+ � fqf \�� Y[\_uak%
snth]`/
sfq\iY[\_uce]u"
s^[^ YSd]eI\_^�� � Z0\�u[`py=Z�Y Z�
sk]h�fqr=d]k�Y[^ �G\ � � \_ua\�|inbr=^a\_h�
VY
YSZ0\6\B��YS\iu[k%
snU\_k]h0� 
 k]h9r=�I\_k�r=k�YSZ0\6`bk�YS\iu[k%
sn \_k]h$� � Z]\6np\il Y�Z�
sk]h9fqr=d]k�YS^ � l � � \_ua\
r=�I\_k#
 YveIrsYSZ�\ik]h]^>� e]d Y?�c`pYSZ#
mZ]r=^a\6o]Y[Y[`bk]ymr=k9Y[Z]\6\B��YS\iu[k%
 n�\_k]h0� � Z0`b^6
snpnbr��~\ih�

Z]r=^a\�YSrDe \ 
 YaYA
s| Z0\_h Y[rD\-
s| Z@nb`p��YSrD|_r=k�Y[u[r=n 
sk0h fq\-
s^ad]u[\?�(
 YS\iuc�]u[\i^[^[d0u[\�`pk]^[`ph]\
YSZ0\
nb`p�0� � Z]\jZ]r=^[\i^ � \_ua\ju�
s`p^[\_h d]� 
seIr �=\mYSZ]\mfqr=d0Y[Z+YSr9�]uar ��`ph]\ 
E�(
 Y[\_uD|_r=npd]fqk rsl

fq\-
s^ad]u�
se0nb\�Z]\i`by=Z�Y-� �cZ]`b| Z�
snbnpr��~\ih@|>
snb|id]n/
VYS`brsk�rslUY[Z]\?�7
VYS\_uc�]ua\_^a^[d]ua\'`pkjY[Z]\vnb`p�]^>�

� Z]\cnb`p�]^ � \_ua\ ^a\_|id]u[\ih `bk��]n/
s|i\Kd]^[`pk]y
YSZ0\KZ]r=nbh0`bk]y
e0nbr�|A!�^ �Gh � � � Z]\_^a\ e0nbr�|A!�^ � \_ua\
f&
sh]\clGu[r=f lGu[rsf?��% � �M
sk]h�� \_ua\
|_n@
sfq� \ihQYSrsy=\iY[Z]\_u d]^[`pk]y'Y[Z]\
e]u"
s^[^ e r=ngYS^ 
sk]h�k�d0Y[^

� y � � �
k]|_\�Y[Z]\vnb`b�0^7�~\iu[\�`bkm�]n@
s|_\��]YSZ]\}�mZ%
sh�
skj\ # \_|}YS`p�s\'np\_k]y YSZjrsl 5 � fqf��

� Z]\Dnb`p�9\_w�d]`bnp`be]ua`bd]f �Ir=^[`gYS`pr=k]^ � \_ua\Q|ir=k�YSu[rsnbnb\ih9d]^[`pk]ymYSZ]\6np`b�9y=d0`bh]\i^ � e � � 
sy2
s`pk
f&
sh]\'lGuar=f�� % � � � Z]\i^[\L
snpnbr��~\ih�YSZ0\�\_w�d]`pnb`pe]u[`pd]f � rs^[`pY[`br=k@rsl�Y[Z]\�np`b�]^cYSr�eI\ \>
s^[`pnp�
|_rsk�Y[u[r=npnb\ih0�

��%



120mm

120mm

25mm70mm

64mm

55mm

F

A

C D

B

i

i1

i2

i

$ `py=d]u[\ � � 5 � ��| Z]\_f&
 YS`p| h]`/
sysu�
sf rsl Y[Z]\ 
suaY[`po |i`/
sn fQr=d YSZ � `pk]^[`ph]\�� `p\�� � � � Z]\�� Y[r=k]y=d]\��
fq\_| Z%
sk0`b^[f � ` � �]u[r ��`bh]\ih�
v^[`pfQ�0nb\xr=k�� r #m|ir=k�YSu[rsn]rslIYSZ]\1� r��6� � Z]\3� r����(
s^ ^aY[r=�]�I\_h
e��@^[nb`ph]`bk0yDY[Z]\�� \iu[^[�I\B���c`bk0h]r�� � ` � � `bk�YSrq�]n/
 |_\�r �s\_u YSZ]\�� YS\i\iYSZM� Z]r=np\ � 
sk]h ^aY�
suaY[\_h
e��6^[np`bh]`pk]y
YSZ0\KZ]r=nb\ �G`J+ � `bk6lGu[r=k�Y rslIYSZ0\�� YS\_\}YSZ���Z]r=np\ � � Z]\KlGu[r=k�Y �]n@
 YS\ �GX � �(
s^ e r=ngYS\ih
YSr6Y[Z]\v�]n/
 Y[\_^*� �)� � z 
sk]h $ 
sk]h@^[\>
snb\ih �c`gYSZm��
s|_d]d0f y=u[\>
s^[\��

X � YSr=k]ysd]\>�QfQ\i| Z%
sk]`p^[f � ` � �7
s^ 
snb^arQ`pk]|_rsu[�Ir=u�
 Y[\_h0�5
 k]h�`p^ ^aZ]r��ck�`bkjo y=d]ua\ � � 5 �
� Z]`p^3�(
s^F
q^anb`ph]`bk]y6��
sk]\_n r=kjYSZ0\'`pk]^[`ph]\vrsl Y[Z]\vlGu[r=k�Y �]n/
VYS\?�c`pY[ZjY=� r&�c`pk]h]r��c^>� ��k0\
�c`bk0h]r��<�7
 ^~r=�I\_k � ` + � �2�cZ]`pnb\KYSZ]\ rsY[Z]\_u �7
 ^ |inbr=^a\_h r # �c`pYSZ�
��I\_ua^[�I\B� �c`bk0h]r�� � ` � � �

� Z]\�`bk0^aYSuad]fq\_k�Yxfqr=d0Y[Z]�]`b\i|_\ �(
s^xfqr=d]k�Y[\_hm`bkQYSZ]\
Z0r=nbh]\iu �Gf � � �cZ]`p| Z �7
s^~f�
sh0\
lGu[rsf � % � � 
sk0h �7
s^ Y�
s�I\_u[\ihC
 Y6r=k0\�^[`ph]\ YSr�
 |_|_rsfQfqr h�
 YS\DYSZ]\mfqr=d0Y[Z]�]`p\_|_\Q|_d]�$�
� Z]\�fqr=d0Y[Z]�]`b\i|_\ �7
s^KZ0\_nbh�o]u[fqnp�D`bkQYSZ]`p^xfQrsd]k�Yxe���^a\-
snp`bk]y `gY~`pk �c`pY[Z�e]nbd9D YA
�! � � Z]\
Z]r=nph]\_u �Gf � �(
s^qY[Z]\_k ^[\i|_d]ua\_h#`bk YSZ0\@Y[u�
sk]^a� rsuaYqfQ\i| Z%
sk]`p^[f �Gk � � � Z]`b^DYSu"
sk]^[�Ir=u Y

� 6



fq\_| Z%
sk0`b^[f |ir=k]^[`p^aY[\_h�rsl?
 e]u"
s^[^�Z0r=nbh]\iu �c`gYSZ�
 nbr�|A!�`bk]y e rsnpY&
sk]h�
sk 
snpd]fQ`pk]`bd0f

e%
s^a\6�]n/
VYS\ fqr=d]k�YS\ih�r=k�Y=�~r@u�
 `bnb^�� �
k]\6rsl YSZ]\i^[\6u�
 `bnb^ �7
 ^vY[Z]u[\>
sh]\ih0� 
sk]h�Z%
sh�r=k0\

k�d0Y�r=k(\_`pY[Z]\_uv^a`bh]\Drsl YSZ]\De%
s^a\Q�0n/
 Y[\DY[r 
snbnpr � 
s|i|_d]u"
 YS\ 
sk]h ^[\i|_d]ua\Q�Ir=^[`gYS`pr=k]`bk0y�rsl

YSZ0\ fqr=d0Y[Z]�]`p\_|_\�� � Z]\cYSZ0u[\-
 h]\_hqu�
s`pn0Z%
 h�
G+ fqf �Vu[rsY�
 YS`pr=k'Y[Z]u[\>
sh0�9
sk]hD^[r 
sk�� Y[u�
 �=\in
|_rsd]nbhjeI\�\>
s^[`pnp� fQ\>
s^[d]ua\_h0�

� Z]\
fqr=d0Y[Z&�(
s^xh]\i^[`bysk]\_h�Y[r�eI\ fqr h]d0n/
su���^ar�YSZ�
 Y~|i\_u YA
s`pk��%
su YS^~|ir=d]nph eI\ 
sh]h0\_h
r=u u[\ifQr �=\ih 
s^ k]\_|i\_^a^�
su �;� $ r=u `pk]^aY�
sk]|i\ ��`bkqr=u[h]\iu Y[r�fqr=d]k�Y YSZ]\cYSu"
sk]^[��
su[\ik�Y~fQrsd0YSZ D
�]`p\_|_\ �Gh]`b^a|_d]^a^[\_h'`bkv^[\i|iY[`br=k � � � � r=k]\ rsl�YSZ]\ np`b��y=d]`ph]\_^ �Ge � Z%
shvYSrceI\ ua\_fqr �=\_h$�;
sk]hvYSZ0\
fqr=d0YSZ0�]`b\i|_\ Z0r=nbh]\iu �Gf � 
sk]h�Y[u�
sk]^a� rsuaYxfq\_| Z�
sk]`b^af � k � � \_ua\
u[\ifQr �s\_hI
sk]hmua\_�]n@
s|_\ih
�c`pY[ZL
�^[�I\_|_`@
sn�
 h%
s�0Y[\_u�h]\i^[`bysk]\_h6YSr 
s|i|_r=fqfqr h%
VYS\ Y[Z]\xYSu"
sk]^a�%
su[\ik�Y fqr=d0Y[Z]�]`p\_|_\ � ^[\i\

o y=d0u[\ � � � � �

����� � ��� 
�� � � ��%&

� � �)� ���	��� %&� %


 k6r=uah]\_utYSr ��`b\B� YSZ]\xfqrsY[`br=k�rsl YSZ0\xnb`p�]^ 
 ^[�I\_|_`@
sn�YSu�
 k]^[�%
 u[\_k�Y fqr=d0Y[Z]�]`b\i|_\��s^[Z0r �ckD`pk

o y=d0u[\_^ � � �&
 k]h � � ,M���(
s^ |ir=k]^ YSu[d0|iYS\ih0� � Z]\'h]\_^a`by=kI�(
s^ `pk]^[�]`pu[\ih e��j^[`pfQ`pn/
su fQrsd0YSZ D
�]`p\_|_\i^cd]^[\ih�`bkj^a`bfq`bn/
 u ^ YSd]h]`p\_^ � 6 � � + ��� � % 6 � � � � � �

� Z]\Kfqr=d0YSZ0�]`b\i|_\x|id]�G�7
s^�|ir=k]^ YSu[d0|iYS\ihqlGuar=f/� \iu[^[�I\B� �9
sk]h6Y[Z]\xZ]`py=Z D�w�d%
 nb`pY��vysn/
s^a^
��`b\B�c`bk]yL�c`bk]h0r � �7
s^ oM� \_h�Y[rqY[Z]\�|_d]��d0^[`bk0yQ^a`bnb`p|_r=kjy=npd]\ � X � � � fqf h]`@
sfq\iYS\iucZ]r=nb\

�(
s^
h]ua`bnbnp\_h@`bk�YSrQYSZ]\ ^a`bh]\'rsl�YSZ0\ |_d]��Y[r 
snpnbr�� 
 �]uar=eI\�fq`b|_uar=�]Z]rsk]\'Y[r�e \'`bk]^a\_u YS\_h$�
� Z]\jfqr=d0YSZ0�]`b\i|_\m^[Z�
sk�!��(
s^D|_d0Y6lGuar=f 
�z
\ik]`b^ �8`p|A! � � � Y[u[r=f eIr=k]\ fQr=d YSZ]�]`p\_|i\

� �



$ `py=d]u[\ � � � � � Z0\ Y[u�
sk]^a�%
sua\_k�YUfqr=d0Y[Z]�]`p\_|_\ d]^a\_h�YSr 
snbnpr�� ��`b\B�c`bk]ycrsl YSZ]\ np`b�]^�� Y[r=y=\}YSZ]\iu
�c`pY[Zj`pYS^Kfqr=d]k�Y[`bk]yL
sh�
s�0YS\iu>�


sk]h�
 YSZ]ua\-
sh@|-
 ua�=\ih Y[r&
 nbnbr�� `pY~YSrq^[|_ua\��A`pk�YSr6YSZ]\v|id]�0�

2.2mm

17.8mm

37.8m
m

19
.5

m
m

13mm

25.3mm

22.3mm

$ `py=d]u[\ � � , � � | Z]\if�
VYS`b|'h]`/
 y=u�
sf r l�YSZ]\�YSu�
 k]^[�%
 u[\_k�Y�fqr=d0Y[Z]�]`p\_|_\�� � Z]\�fQr=d YSZ]�]`p\_|i\
�(
s^�f�
 h]\~rsl Y[Z]u[\i\x�%
su YS^ D Y[Z]\xf&
s`bk�e%
su[ua\_n rsl YSZ]\Kfqr=d0Y[Z]�]`p\_|_\ �7
 ^�f�
sh0\xrsl �Ir=nb`p^[Z]\ih
�I\_u[^a� \�� � � Z]\�lGuar=k�YG�c`bk]h]r�� �(
s^Df�
sh0\�rsl y=n/
 ^[^>� 
 k]h YSZ]\�Y[Z]u[\>
sh]\ih 
 h%
s�0Y[\_u6`bk�Y[r
�cZ]`p| Z YSZ0\ fqr=d0Y[Z]�]`b\i|_\j^[Z�
sk�!��7
 ^Q^a|_u[\B�~\ih<�7
 ^ f&
sh]\jrsl
�I\_ua^[�I\B� � � Z]\ � \iu[^[�I\B�
�%
su YS^1� \_u[\'y=nbd0\_hjYSr=y=\}YSZ]\iu1�c`pYSZ@�I\_u[^a� \��@y=nbd0\ �5
sk]h@YSZ]\vy=n@
s^[^1�c`pk]h]r�� �(
s^ ysnbd]\ihjY[r
YSZ0\�e�
su[ua\_nMd]^a`bk]yD^[`pnb`p|_r=kmy=npd]\ �

� Z]\ fQr=d0k�Y[`bk]y 
sh�
s�0YS\iu �7
s^ h]\i^[`bysk]\_hqYSr 
snbnpr � Y[Z]\ fqr=d0Y[Z]�]`p\_|_\K�Ir=^a`pYS`pr=kDu[\in/
 Y[`p�=\

� 5



YSr'YSZ]\
fqr=d]k�Y[`bk]y'u�
s`pnb^ YSr eI\?
s|i|_d]u"
 YS\inp�q|_r=k�Y[u[r=npnb\_h$� � Z]\6
sh%
 �0YS\iu~`b^ ^[Z]r��ckj`bkQo y=d]ua\

� � + � � 
 Y@|_rsk]^[`p^aYS^jrsl�Y=� r f&
s`bk#�0`b\_|i\_^ D&
+e]u�
s^a^ ^anb\i\i�=\ � K 
 � YSZ%
VY@o0YS^jr �=\_ujYSZ0\

fqr=d0YSZ0�]`b\i|_\�^aZ%
sk�!5� 
 k]h�
skE
snpd]fq`bk]`pd]f e]npr |A! � K e � Y[Z%
 Y
fqr=d]k�Y[^
r=k�YSr Y[Z]\ u"
s`bnp^F
VY
YSZ0\vlGuar=k�YcrsltYSZ]\vfqr=d0YSZ$�

� Z]\x`pk�Y[\_uak%
sn�e rsu[\~r l]YSZ]\(
sh%
s� YS\_u Z%
s^tY=�~r�h]`p^aY[`bk]|}YU^a\_|iY[`br=k0^>�2
sk0h �(
s^{h]\i^[`bysk]\_h�Y[r
Z%
 �=\6
 ^x^[f&
snbn 
skm\ # \i|iY3
 ^x� rs^[^[`pe]nb\ r=k�YSZ0\
`bfq� \ih%
sk]|i\ rslMY[Z]\
`pk]^aY[u[d]fq\_k�Y-� � Z0\
o u[^ Y
^[\i|iY[`br=kDlGr=nbnpr��c^UYSZ]\c\�� Y[\_uak%
sn e rsu[\KrslIYSZ]\c^aZ%
sk�!6d]^a\_hQ`bk6YSZ]\KY[u�
sk]^a�%
sua\_k�Y fQr=d YSZ]�]`p\_|i\

YSrm�0u[r ��`bh]\L
�YS`py=Z�Y
o]YaYS`bk0ym^[\-
 nJ� � Z]\Du[`bh0y=\ eI\ilGr=ua\ YSZ]\6^a\_|_rsk]h ^a\_|}YS`brsk(f&
 Y[| Z]\_^�YSZ0\
`bk�Y[\_u[k�
sn0h]`@
sfq\iYS\iuUrsl Y[Z]\3
sh%
 �0YS\iuUYSr Y[Z]\K`bk�Y[\_u[k�
sn0h]`@
sfq\iYS\iu 
VY{YSZ]\K\ik]h6rsl YSZ0\xfQrsd0YSZ D
�]`p\_|_\Q^[Z%
 k�!5� �cZ]`b| Z \_k]^ad]u[\i^L
 ^[fqr�rsYSZ(YSu�
 k]^[`gYS`brsk eI\iY=� \_\ik YSZ]\�
sh%
s�0Y[\_u'�]`b\i|_\ 
 k]h
YSZ0\ 
sh]h0`pYS`pr=k%
sn np\_k]y YSZ�rsl �]`b�I\ `pk�YSu[r�h]d]|i\_hme��DYSZ]\ 
sh%
s�0Y[\_u�� � Z]\ lGr=npnbr��c`bk0y�^a\_|}YS`brsk�rsl

`bk�Y[\_u[k�
sn�e rsu[\D`b^v|i��np`bk]h]ua`b|>
sn D h]\_^a`by=k0\_h 
 ^'^ad]| Z YSr@Z%
 �=\�
@fq`bk0`bf d]f�\ # \_|}Y�rsk YSZ0\

| Z%
su"
s|iY[\_ua`b^aY[`b|�`pfQ�I\_h%
 k]|_\
r ltY[Z]\vfQrsd0YSZ]�0`b\_|i\ � � Z0\�rsd0YS^a`bh]\�rsl Y[Z]\ 
sh%
s�0Y[\_u3
snp^[r6Z%
 ^
Y=� r ^[\i|iYS`pr=k]^�� � Z]\ o ua^aYx^a\_|}YS`brsk�`b^ YSZ]ua\-
sh0\_h0�M
snbnpr �c`pk]yvYSZ]\ Z]\_`py=Z�Y~rsl YSZ]\ fQr=d YSZ]�]`p\_|i\

u[\in/
 Y[`p�s\�Y[rQYSZ0\'l.
s|i\'�]n@
 YS\�rsl{Y[Z]\�
 uaYS`go |_`@
snMfqr=d0YSZ@YSrQe \ 
sh �ad]^ YS\ih�
sk]h o]u[fqnp�moM� \_h$�

 k@r=u[h]\iuxYSr6lGd]u YSZ]\iu ^a\_|id]u[\vYSZ]\vfqr=d0Y[Z]�]`b\i|_\��0Y=�~rq^[`ph]\_^crsltYSZ0\�\���YS\_uak%
snM^ad]ual.
s|i\ � \_ua\
�5
 YaYS\ik]\_h0� 
sk]hH
 � % �.y=uad]e�^a|_u[\B� � K | � �(
s^ d0^[\_h YSr npr |A!�Y[Z]\ 
sh%
s�0Y[\_u `bk@�]n/
 |_\�r=k
YSZ0\?
snbd0fQ`pk]`bd]f e]nbr�|A!5��
s^(� \_npn0
s^ Y=�~r6e]u"
s^[^Kk�d0Y[^ � K h � 
sk]h �(
s^[Z0\_u[^ � K \ � rsk�\_`gYSZ]\iu

^[`ph]\vrsltYSZ]\ve]npr |A!5�

� Z]`b^�fqr=d0YSZ0�]`b\i|_\qe \iZ%
 �=\_^�r=k]np��^[nb`py=Z�YSng��h]`$# \iu[\_k�Y[np�9YSr�
 k0r=u[f&
sn�e]u"
s^[^�fQrsd0YSZ D
�]`p\_|_\?�cZ]\ik��]n@
 � `pk]y YSZ0\�npr��~\iu fqr�h]\_^cr=kmYSZ0\�Y[u[r=f eIr=k]\�� � Z]\v�=r=npd]fQ\�r l Y[Z]\v|_d]�@rsl

� �



Mb

Ma

Md
Me

Me
Md

Mc

$ `by=d]ua\ � � + � � �~uar=^[^ D�^[\i|iY[`br=k rsl Y[Z]\�YSu"
sk]^[��
su[\ik�Y fqr=d0Y[Z]�]`b\i|_\ 
sh%
 �0YS\iu>�

YSZ0\QYSu"
sk]^a�%
su[\ik�Y fqr=d0YSZ0�]`b\i|_\L�7
s^�+ � fqnJ� � Z0`b^'�sr=nbd0fQ\L�7
 ^�k]rsY�| Z]r=^a\_k+e��(h]\_^a`by=k0�
e]d0Y �(
s^Qh0`b|iY�
 YS\ih�e��+YSZ0\ �]Z���^[`p|-
sn u[\i^aY[u[`b|}YS`pr=k]^D`bfq� rs^[\_hOh]d]ua`bk]y�YSZ0\ |ir=k]^aY[u[d]|}YS`pr=k

rsl YSZ]\QfQr=d YSZ]�]`p\_|i\ � � Z]\QfQr=d YSZ]�]`p\_|i\L�(
s^'| Z]r=^[\ik YSr Z%
 �=\ 
@u[`pf ^[`:*_\q|_r=fq�%
su"
se]nb\
YSr�YSZ�
 Yqrsl Y[Z]\ z
\_k]`p^��8`p|A! � � �+fqr=d0YSZ0�]`b\i|_\ �(
sk]h YSZ]\@h]\i�0YSZ rsl Y[Z]\jfQr=d YSZ]�]`p\_|i\

�(
s^ | Z0r=^[\ik YSrD�]uar � `ph]\v\_k]rsd]y=Z�f&
 Y[\_u[`@
sn ^ YSua\_k]ysY[Z@Y[rQ^"
 lG\_ng��fqr=d]k�YcYSZ]\v^aZ%
sk�!5� � Z]\
`bk0�]d0Y `bfq� \ih%
sk]|i\'rslUYSZ]\'fQr=d YSZ]�]`p\_|i\'`p^ ^aZ]r��ck9`bk o]y=d]u[\ � � +;+��G^[\i\ ^[\i|iYS`pr=k � � % � � lGr=u

YSZ0\'\��0�I\_ua`bfq\_k�YA
 n fq\iY[Z]r h@d]^a\_h�Y[r r=e0Y�
s`bkjYSZ0\_^[\'h%
 Y�
 � � � Z]`p^ o]y=d]u[\�
snb^arQ^aZ]r��c^ YSZ0\
`bfq�I\_h%
sk0|_\jrsl Y[Z]\�z
\ik]`b^ �8`p|A! � � �Ofqr=d0Y[Z]�]`p\_|_\mlGuar=f �cZ]`b| ZOYSZ]\@^[Z�
sk�!��7
 ^ r=e D
YA
 `bk]\ih0� � Z]`p^ fqr=d0Y[Z]�]`b\i|_\�Z%
shH
Q|_d0� �=rsnbd]fq\'r l ,sfqnJ� � Z]\�`pk]�]d0Y `bfq� \ih%
sk]|i\vrsl{YSZ0\
�M� ) `py=Z%
sf YSu[rsf e rsk]\ �c`pYSZ YSZ0\@Y=� r h]`$# \iu[\ik�Yqfqr=d0Y[Z]�]`b\i|_\i^�
 YaYA
s| Z0\_h�`p^D^[Z]r��ck�`pk

o y=d0u[\ � � + � �


 k�
 h]h]`pY[`br=k YSrmYSZ]\D`pk]�]d0Y�`pfQ�I\_h�
sk]|_\�� YS\i^aYS^�e��9f d]^a`b|i`/
sk]^ Z%
 �=\q|_r=k0o]u[fq\_h9YSZ%
VY
YSZ0\qfqr=d0Y[Z]�]`p\_|_\6�0n/
 ��^ �"
s^?�~\inbn:�mr=u�\i�s\_k � e \}Y[YS\iu"�mYSZ�
sk(Y[Z]\D^aY�
sk]h%
suah�fQr=d YSZ]�]`p\_|i\

`bkQYSZ]\
npr��~\iuxfQr�h]\i^>�0e0d0YxYSZ0\
� \iualGr=uaf�
 k]|_\?
VY~YSZ0\�Z]`by=Z0\_u~fqr�h]\_^ `b^x�Ir rsu>� � Z]\ `bk]�]d Y
`bfq�I\_h%
sk0|_\ ua\�� \i|iY[^cY[Z]`b^~`bfq�]u[\i^[^[`pr=k&DUYSZ]\�npr � \_u~fQr�h]\_^~Z%
 �=\�^aY[u[r=k0y6`bfq� \ih%
sk]|i\ ��
sn D

� ,



0 100 200 300 400 500 600 700 800 900 1000
0

100

200

300

400

500

600

Frequency (Hz)

Im
pe

da
nc

e 
(k

Ω
)

Transparent Mouthpiece
Denis Wick 6BS Mouthpiece
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Trombone with transparent mouthpiece and adapter piece
Trombone with Denis Wick 6BS mouthpiece and no adapter
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s|ir=d]^aY[`b|��sr=nbd]fq\��=\inbr�|_`gY���YSr+Y[Z]\�\_k�YSu"
sk]|_\(rsl�YSZ]\9`pk]^aY[u[d]fq\_k�Y>� 
sk]h fq\-
s^ad]u[\9YSZ0\
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\_^ YA
se0nb`b^aZ]\_h@d]^a`bk]yD^aY[\_�]�I\_h ^[`pk]\ �7
 �s\_^ 
 ^cY[Z]\v`bk]�0d0Yc^[`py=k%
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 Y YSZ]\ 
 k]^aY[`pY[d0Y l �d]u
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�|ir=fQ��
s|iY Z%
 u[hM�(
su[\F
sk]hq^[r l Y=�7
sua\ ��
s|A! 
sy=\cYSZ%
 Y |>
sk
fq\-
s^ad]u[\�Y[Z]\6`bk0�]d0Y
`pfQ�I\_h�
sk]|_\�rsl 
sk9r=e �a\i|iY � + � � � Z0`b^
�%
 |A!�
 y=\ d]^a\_^ 
�| Z]`bua�9^[`py=k%
sn
`bk0^aYS\>
sh(rsl1
j^aY[\_�]�I\_h ^a`bk]\L�(
 �s\ � 
 k]h |>
sk Y[Z]\_ua\ilGr=ua\Q�0u[r�h]d]|_\qu[\i^[d]ngYS^�`bk��ad]^aY 
mlG\��
^[\i|_r=k0h]^>�{u"
 YSZ0\_u'Y[Z%
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 nt^a\iY[d]��lGr=uKYSZ]\'fQ\>
s^[d0u[\_fq\_k�Y rsl�`pk]�]d0Y `bfq� \ih%
sk]|i\vd]^[`pk]y
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 X �m^a��^aY[\_f �
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 k�r=u[h0\_u�YSrjr=e0Y�
s`bk�Y[Z]\D`bk]�0d0Y�`bfq�I\_h%
sk0|_\6rsl(
sk�r=e �a\i|iY-�MY[Z]\D^[\iY[d]� ^aZ]r��ck `pk9o y=d]ua\

� � +�,G�7
s^ d]^[\ih0� � Z]\ � 
 X �jZ]\-
sh �7
 ^ 
 YaYA
s| Z]\ih Y[rQYSZ0\'fqr=d0Y[Z]�]`b\i|_\vrsl{Y[Z]\�r=e �a\_|}Y Y[r
eI\�fq\-
s^ad]u[\ih�
sk]h9|_n@
sfq� \ih o uafQng�j`bk��]n@
s|_\�� \ik]^[d]ua`bk]y 
skE
s`puaYS`py=Z�Y ^a\-
sn � � Z]\�r=e �a\_|}Y

sk]h�Z]\>
sh��~\iu[\D�]n/
 |_\_h�r=k#
m|-
 u[�I\iY�YS`pnb\�Y[rmu[\ih]d]|_\qe%
s|A!�y=uar=d]k]h(k]r=`p^[\6np\i�=\inb^�� 
sk]h#

fq\-
s^ad]u[\ifQ\ik�Y �7
s^ f�
sh0\ � 
 k9r=uah]\_u YSr�r=e YA
s`pk�
snpntY[Z]\ h%
 Y�
 u[\iw�d]`bua\_h�lGr=u YSZ]`p^ ^aY[d]h0� �
^[\}�=\iu�
sn h]`$# \iu[\_k�Y r=e �a\i|iY |_rsk0o y=d]u"
 YS`pr=k]^1� \_u[\vfq\-
s^ad]u[\ih0� � Z]\_^a\�`pk]|_npd]h]\_h �

	 Y[Z]\�YSu[rsf e rsk]\ �c`pY[ZjY[Z]\v^aY�
sk]h%
suah�z
\ik]`b^��8`p|A! � � �mfqr=d0YSZ0�]`b\i|_\ �

	 Y[Z]\+YSu[rsf e rsk]\��c`pYSZAY[Z]\ ^ YA
sk0h%
su[h)z
\_k0`b^��8`b|A! � � ��fqr=d0Y[Z]�]`b\i|_\C
sk0h)YSZ0\


sh�
s�0YS\iuK�]`b\i|_\ � ^a\_\vo y=d]ua\ � �:+ � � �

	 Y[Z]\�YSu[rsf e rsk]\ �c`pY[ZjY[Z]\�YSu"
sk]^[��
su[\ik�Y fqr=d0Y[Z]�]`b\i|_\ � ^a\_\�o y=d0u[\ � � � � �

	 Y[Z]\ Y[u[r=f�e r=k0\3�c`gYSZqYSZ]\cYSu"
sk]^[��
su[\ik�Y~fQrsd0YSZ]�0`b\_|i\ 
 k]hQY[Z]\ 
 h%
s�0Y[\_u �]`b\i|_\ � �c`pY[Z
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$ `py=d]u[\ � � �s� � 
 k0�]d0Yx`pfQ�I\_h�
sk]|_\ |_d]u �=\ lGrsu YSZ0\ YSuar=f eIr=k]\ 
sk]hmz
\ik]`b^ �8`b|A! � � � � �c`pY[Z
YSZ0\�^anb`ph]\�d]k]\�� Y[\_k]h0\_h0�

$ `bysd]u[\ � � � � ^[Z]r��c^ 
 Y����]`b|>
sn0`pk]�]d0Y{`bfq� \ih%
sk]|i\~fq\-
s^ad]u[\ifQ\ik�Y>��`bk�Y[Z]`b^U|-
s^a\xlGr=uUYSZ0\
�M� ) `bysZ%
sf YSuar=f eIr=k]\L�c`pY[Z YSZ0\�z
\_k0`b^ �8`p|A! � � � fqr=d0Y[Z]�]`b\i|_\&
 Y[Y�
s| Z]\ih0� � Z]\qlGu[\�D
w�d]\_k0|i�;��w�d%
snp`pY���l.
 |iYSrsu 
sk]h&
sfQ�0nb`pY[d]h]\ rsl \>
s| Z ua\_^ar=k%
sk�Y � \>
 !G
sua\cy=`p�s\_kD`bk 
s�]�I\_k0h]` �
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 k rsu[h]\iu YSr�`bk��s\_^aY[`by2
VYS\cYSZ]\ lGd]k]h%
sfq\_k�Y�
sn e \iZ%
 � `pr=d]u rsl Y[Z]\ np`b�qu[\i\_h0� `pY `b^ |_rsk��s\_k]`p\_k�Y
YSr@\B�M
sfq`bk0\q`gYS^�e \iZ%
 ��`br=d]uv`pk�
jnb`pk]\-
suvua\_y=`pfQ\�� � Z]`p^'`p^v� r=^a^[`pe]nb\De��(nbr�r;!�`bk]yI
 Y�YSZ0\
eI\_Z%
 ��`br=d0u'k]\>
suvYSZ]ua\_^[Z0r=nbh0�th]\}o k]\_h 
s^�Y[Z]\q� r=`pk�Y�
VY �cZ0`b| Z Y[Z]\Q^ ��^aYS\if \ik�YS\_ua^�^a\_npl/D
^[d0^aYA
 `bk]\ih(rs^[|_`pnbn@
 YS`pr=k0� � Z]`b^
�Ir=`pk�Y `b^ Y����]`p|-
snpnp�jh]\}o k]\ih e��E
Qe]nbr��c`bk0y��]u[\i^[^ad]u[\�� 
 k]h
`b^�| Z%
su�
 |iYS\iu[`p^[\_h e�� Y[Z]\�ua\_^[d0npYS`pk]y��]n@
 � `pk]y�lGua\_w�d]\_k0|i�;� X k%
 np��^[`pk]y9Z]r�� Y[Z]\�^ � ^ YS\if

h]\i^aYA
 e]`bnp`b^[\i^ 
snbnpr �c^KY[Z]\'Y����I\�rslUu[\_\ih�YSrQe \�h]\}o k]\_h$� d]^a`bk]yDYSZ]\'`bk2�(
su[hH
sk]h�rsd0Y=�7
 u[h
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 k rsu[h]\iu Y[r�`pk��s\_^ YS`by;
 YS\KYSZ0`b^ YSZ]ua\_^[Z0r=nbhqe \iZ%
 ��`br=d]u���Y[Z]\ \B� � \iu[`pfQ\ik�Y�
sn ^[\}YSd]� ^[Z]r��ck�`pk

o y=d0u[\ � � � +1�7
 ^ d0^[\_h$� 
 kqY[Z]`b^U^[\iY[d]�0��YSZ]\xY[u[r=f�e r=k0\7�7
s^ 
VY[YA
 | Z]\_hDYSr�YSZ0\KfQr=d YSZ]�]`p\_|i\

d]^a`bk]ymYSZ0\L
sh%
s�0Y[\_uv�]`p\_|_\�� � Z]\6YSuar=f eIr=k]\��(
s^�o u[fqnp� |_n@
sfq� \ih9`bk9�]n@
s|_\ Y[r@�0u[\i�s\_k�Y

| Z%
sk0y=\_^UY[r Y[Z]\~^a\_k]^a`pYS`g�=\x\if eIr=d]| Z�d]u[\~|-
sd]^a\_h6e���YSZ]\ � rsY[\_k�YS`@
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n@
su[y=\ lGr=ua|_\_^ 
s�]�]np`b\ih
e�� Y[Z]\ YSuar=f eIr=k]\ YSr�Y[Z]\�fQrsd0YSZ]�0`b\_|i\ � � Z0\�^[nb`ph]\F�(
s^Knp\il Yxd0k]|_n@
sfQ�I\_h ^[r YSZ�
 Yx`gY(�(
s^
lGu[\i\�YSrDfQr �s\ � e]d0Y `gY1�7
s^c^ad]�]�Ir=uaY[\_h�
 nbr=k]y6`gYS^Knp\_k]ysY[Z0�

� Z]\cnb`p�]^ � \_u[\c|ir=k0o y=d0u[\_hDYSr��0n/
 �G

y=`g�=\ikqfqr�h]\xr=k6YSZ0\xYSu[rsf e rsk]\ �=Y[Z]\xlGu[\iw�d0\_k]|}�
rsl �cZ]`b| Z��(
s^vh]\iY[\_u[fq`bk0\_h�lGu[r=f�YSZ]\D`bk0�]d0Yv`bfq�I\_h%
sk0|_\6fq\-
s^ad]u[\ifQ\ik�Y[^vh]\_^a|_u[`pe \ih `pk

^[\i|iY[`br=k � � % � � � � Z]\qlGu[\_w�d]\ik]|i� u[\i^[�Ir=k]^a\ rsl YSZ]`p^�\if eIr=d]| Z�d]u[\ �7
 ^'fq\-
s^ad]u[\ih 
s^�h]\�D
^[|iu[`pe \ihm`bk�^a\_|iY[`br=k � � % � +;� 
 kmr=uah]\_u YSr fq\-
s^ad]u[\
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 ��`br=d]u�� Y[Z]\
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$ `by=d]ua\ � � � + � � � � \iu[`bfq\_k�Y�
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sn � � Z]\ �]ua\_^a^[d]ua\��7
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sk]h YSZ0\
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 ��`bk]y
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s^ 

lGd]k]|iY[`br=kDrsl YSZ]\KY[u[r=f eIr=k]\

^[np`bh]\�\B��YS\ik]^[`pr=k0� 
sk]h�|ir=k]^[\iw�d]\_k�YSng�9rsl YSZ0\6u[\_^ar=k%
sk0|_\6lGu[\iw�d0\_k]|}��rsl YSZ]\6`pk]^aY[u[d]fq\_k�Y-�
� \_u[\ r=e0YA
 `bk]\ih0� � Z]\ h%
 YA
'r=e0YA
 `bk]\ih `bkQ^[\i|iYS`pr=k � � % � � � \_ua\
d]^a\_h�YSr'y=`p�s\ Y[Z]\ ��
snpd]\_^ rsl
YSZ0\DY[u[r=f�e r=k0\6u[\_^ar=k%
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$ `py=d]u[\ � � �=� ^[Z]r��c^ r=k]\ ^[\iYUrsl]h�
 YA
M�tX ^t|-
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 YA
c`b^ w�d%
snp`pYS`gYA
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su
YSr'h%
 Y�
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sk]h � \-
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 � \�� D
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Trombone with 6BS Mouthpiece and Adapter
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Denis Wick 6BS Mouthpiece with Adapter
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