
� �����������
	�����
�
���������
���
�	�
������������������� !�#"#$
%'&)(+*�,.-./�&10�-�243�5768&:9;-<,>=89?*46@5A0�B�=80C&:&),>=D0�BE*40CFHG�2�/�(�I�-<&),'JK9L=8&10�9L&

M:NPO?M1Q<R>M:NTS?U>SWVYX)Z\[^]1_�`�abZ^cd]?XeZ\]gfC].hjik[
l:m1n\Z\ipoqn

f�[!];r4sdipo�l:ikZtQkOWl:]?su`vZ^cd]?X4n w�x�[!cysKz>O1{�z>O;O?|

}�~�i�r4`�sd��];�@Z^~�cun7x4[^];r4sdipo�n\ikZ
n^]?su`vZ^cd]?X�cunAab]?X)Z^�;cuXvip_�cuX�Z^~vi�n^cyXv�?sdi'�8�8�;cd[�sdm�sd]?X��)�7��w�}��Cw���n!ab[!cdx�Z
Z^~��>Z#cyn��>x�xKipX�_vip_�N

�
,�24��68&:/ ��� }�~�i'Z\];[!�)`�ib��n\xKikip_�ak`v[^�;i�cun��;ipXvik[!�>Z\ip_�cuX���n\Z\[!�;cd�?~)Z\�8];[^h@�>[�_�h �pm�r:mE¡4[!n\Z�¡4X�_4cuXv��Z^~vi
cyXvx4`vZ@cuo�xKip_��;X�abi¢];�CZ^~�i7o��;a!~�cuX�i;{:¡�X�_�cuXv��Z\ik[!oqcuX4�;s�ak`�[^[^ipX)Zk{1_�]?cuXv�£Z^~vi
ak`v[^[^ipX)Z _�cd�1cu_vik[@Z^~�cuXv�£Z\]
¡�X�_e[^];Z\];[�ak`�[^[^ipX)Z��;X�_�`�n^cyXv��Z^~��>Z�Z\]q¡4X4_eZ\];[!�)`�i;NP}�~viA[^ipn^`4sdZ^cuXv��ak`v[^�;itcyn�n^~v].h#X'cuX'¤�cd�?`v[^iqQ

0 200 400 600 800 1000 1200 1400 1600 1800
0

200

400

600

800

1000

1200
Problem set 10, Problem 1

N
−m

RPM¤�cd�?`v[^iqQ>¥j}�];[!�:`vib�Yl:xKikip_�¦�`v[^�;i

�
,�24��68&:/¨§K� }Cik[!oqcuX4�;s�ak`�[^[^ipX)Z�ab]?o�ipn#ipn!n\ipXLZ^cy�;susdm��8];[��8[^ikit�;X�_'cyn�n^~v].h#X'cuX�¤�cd�?`v[!iAz
�
,�24��68&:/ª©�� }C]�¡4X�_«r�[^ip�>�1_v].h#X�Z\];[!�:`vi;{7[^ipab];�?X�cd¬ki�Z^~��>Z�cynex�[^]1_�`�abip_«h#~vipX�Z^~vi�[^];Z\];[�ip�)`�cu���;sdipX)Z

akcu[!ak`�cdZ�cunj_�cun^n!cdx4�>Z^cuXv�7oq��­vcuo£`�o�xK]<h@ik[p{1�;X�_�Z^~��>Z@ab]?X�_�cdZ^cd]?X�cun�h#~�ipX�[^];Z\];[@[^ipn^cun\Z^�;X4abig®�¯° cun�ip�:`��;sZ\]ecdZ^n¢n\]?`v[!abi�cuo�xKip_��;X4abi;N¢l:]�h@i£¡�[!n\Z¢ak�;suak`�su�>Z\i�n\]?`v[!abi£cuo�xKip_��;X�abi;{�n\ikZ'®4±° ip�:`��;s²{�h#~�cya!~�oqip�;X�n
n^ikZ\Z^cuXv�g³L{��;X�_'¡4X4_�cuXv�£h#~��>Z�Z^~vi�oq�;a!~�cyXvi
_v]:ipnkN�´#ik[!itcun��qn^X4cdx�xKikZj];��]?`vZ\x�`vZ��µ[!]?o¶Z^~vi
n^ab[!cux�Zk¥

·j¸�¹)·�ºE»)¼v½;¾4¿)À.Á�Â)À?ÃÄº�¹�Å�»:¼v½>¾�¿LÀ�Á�Æ
Ç ¼vÀ:È;É1Ê1½?ËLÌHÍv½?¼1Î;Ï4À«ÐÑº.¹:Ò�º�¸bº.Ó
Â:¿vÔ<Õ�È?Ã Ç ¼vÀ1È>ÉvÊ:½?Ë)Ì ÐÖ¹j¸×º�Æ)·:·:Ø�º
Â>Õ4À)À)ÊÖÈ;Ã Ç ¼vÀ:È;É1Ê1½?ËLÌHÐÄº>Ù)Ù)ÆÚ¸�Ò:Ó
Û;Ïv¼)¼vÀ>ÌvÃÖÈ;Ã Ç ¼vÀ:È;É1Ê1½?ËLÌHÍv½?¼1Î;Ï4À«ÐHÆ)Ø:·j¸YÓ:Ó)·
»v½?ËvÀL¼ÝÜvÈvÞ>Ã1½L¼ÖÈ;Ã Ç ¼1À1È;É1Ê1½;Ë)ÌÝÍ1½L¼:Î?Ï4ÀßÐà¹Ú¸�·)Ò:·:¹:Ù)Æ

�
,�24��68&:/âáã�
ä `�X�X�cuX��AåPsucd�?~)Zkåd{�Z^~�ij]?X�sumAx�].hjik[+]?`vZ\x4`�ZCcunCh#cuX�_4�>�;i;{>�;X4_th@i@~4�p�;i Z\]¢_�]¢�¢sucdZ\Z^sdijn\ip�>[!a!~4cuXv�
Z\]e¡4X4_�Z^~vi�ab];[^[^ipabZAn^sycdxãN�¤�];[^Z^`�X��>Z\ipsdm;{ãcyX�Z^~vi�sd].hæn^sycdx�[^ik�?cu]?X�{KZ\];[!�)`�i£�;X�_çxK]<h@ik[A�>[^i£r�];Z^~ç�;ik[^m

Q



0 200 400 600 800 1000 1200 1400 1600 1800
0

100

200

300

400

500

600
Problem set 10, Problem 2

A

RPM¤�cd�?`v[^itz:¥@¦�`v[^[^ipX)Z��Yl:xKikip_�¦ `v[^�;i

X�ip�>[!sdmçx�[^];xK];[^Z^cd]?X��;s�Z\]çn^sucdxèn^]�Z^~vi�n\ip�>[�a!~èx4[^]:abip_4`v[^iqcun
n!cuo�x4sdi;Nq}#~viq[^ipn^`4sdZ^cuXv�'cuXvx�`vZ7x�].hjik[£cun
�;ik[!mesycdZ\Z^sdiAo�];[^i
Z^~4�;X�ab];[^i
x4sy`�n@h#cuX�_��>�;i
su]?n^nk{vr4`vZ�Z^~�iAx�].hjik[��8�;abZ\];[¢cunk{��;n�ib­1xKipabZ\ip_�{4�:`�cdZ\i
sd].h
N

»:¼v½>¾�¿LÀ�ÁæéjêWë)Ï:Ì)ÌKÔ<Ì:Ì�ìßí�Ô;ì;îvÃ
ë�½LÃvÈ?Ã4Ô?½;Ì4È:¿ßÂ>Õ4À)À)ÊÝÐÑº.Ó:Ò:ØÚ¸�Ø)Ò�ë1»Lï
ë�À1È)¿ß»v½;Ë�ÀL¼�ÐàÆ)¹:Ó�ºC¸�ÆLé
ë�À1È1Þ>Ã4Ô>ðvÀ�»v½?ËvÀL¼ÝÐàñLÓ:Æ:Ø:Ù

�
,�24��68&:/¨ò � sd]1a^�;ip_�[^];Z\];[#cun�ip�;n^cdik[#�;n�ak`v[^[^ipX)Z�cun�_vik¡4X�ip_�Njl:]�h@i
¡4X�_e�;]?sdZ^�>�;i£�;sd]?Xv��h#cuZ^~eZ\];[!�)`�i;N

»:¼v½>¾�¿LÀ�Á�Ù�ê Ç ¿)½vÞ�ÉvÀ)Êßëv½LÃv½?¼ÖÈ?Ãóº�ñ)¹�ô
ÍvÀL¼>ÁãÔ<Ì�È:¿�õv½1¿;Ã�È?ì1À«ÐÖÙLÒj¸�Ò)·1ñLÓ
ë�À1È)¿ß»v½;Ë�ÀL¼�ÐÖé)évñLÒj¸\ÙLÒ
ë�À1È1Þ>Ã4Ô>ðvÀ�»v½?ËvÀL¼ÝÐàñ4º:º>ñLÓj¸�ñ
Ç ¿)½vÞ�ÉvÀ)Êßëv½LÃv½?¼�Ív½?¼1Î;Ï4À�ÐÑº.éj¸Yé1Ù)Æ:Ò

�
,�24��68&:/ªö��t÷C24,eö�øuùKúvù }#~vigZ\[�cua^�è~vik[!iWcuntZ\]�¡4X�_èZ^~�ig�>�;su`vipnt];�#n^sucdxEab];[^[^ipn\xK]?X�_4cuXv�'h#cdZ^~�¡��;ie�;X�_
]?X�i�~)`�X4_v[^ip_�x�ik[�abipXLZ�];�#[��>Z\ip_�Z\];[!�:`vi;N�}�~4cun�cyn£_�]?Xvi'`�n^cuXv����Z\ipa!~4X�cu�:`vig�;ik[!mEn^cyoqcusu�>[�Z\]�Z^~��>Z
cyX�¡4X�_4cuXv��Z^~viWåû[!`�X�X4cuXv�qsucd�?~)Zkå4ab]?X�_4cdZ^cd]?X�{�r4`vZ�cyX�Z^~�cun�ak�;n\i£hji�o�`4n\Z��;_�_�[!�>Z\ip_ç�;X�_�¡��;i�xKik[!abipX)Z
Z\];[��)`vi;N
üL`�n\Z#Z\]ea!~�ipa^��{ãV�ak�;suak`�su�>Z\ip_ç]?`vZ\x�`vZ�xK].hjik[7�8];[�Z^~vi£[!�>Z\ip_�ak�;n\i;N�ý7X4abitZ^~vi£Z�h@]'���;sy`vipn#];�
n!sucdxg�>[!i7ak�;syak`�su�>Z\ip_WhjiAak�;Xe_v]��£n\hjikikx'rKikZþhjikipXeZ^~vipoÿZ\]��;ikZ i���akcdipX�abmg�;X�_Wx�].hjik[ �D�;abZ\];[p{vh#~�cya!~
�>[!itcuX'¤�cd�?`v[^ipn�|��;X�_��q[^ipn^x�ipabZ^cu�;ipsdm;N

�
,�24��68&:/ ú��t÷C24,eö�øuùKúvù }#~�cun#cyn�n\Z\[��;cd�?~LZ\�8];[^h �>[!_�¥��;susCZ^~��>Z¢hji�a�~��;Xv�;i�cun��8[^ip�:`vipX�abm��;X4_��;]?sdZ^�>�;i�rKib�
ZþhjikipXçak`v[^�;ipnpNÚ}�~viA[^ipn!`�sdZ^n��>[^i
x�sd];Z\Z\ip_�cuX'¤�cd�?`v[!i��

z



0 2 4 6 8 10 12

x 104

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1
Problem Set 10, Problem 6

Output Power

E
ffi

ci
en

cy

¤�cd�?`�[^it|:¥ ä �>Z\ip_�¤v[^ip�:`vipX�abm����gakcdipX�abm

0 2 4 6 8 10 12

x 104

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Problem Set 10, Problem 6

Output Power

P
ow

er
 F

ac
to

r

¤�cd�?`v[!i	�v¥ ä �>Z\ip_�¤v[^ip�:`vipX�abm'f+]<h@ik[�¤��;abZ\];[

|



0 500 1000 1500 2000 2500 3000
0

200

400

600

800

1000

1200
Problem Set 10, Problem 7

To
rq

ue
, N

−m

Rotor Speed, RPM¤�cd�?`v[^i��:¥j}�];[!�:`vi�¦ `�[^�;ipnk¥Ú��`�sdZ^cdx4sui¢¤v[!ip�)`vipX4akcdipn

�




 ·j¸Y¹:·�º��)·�Å^Ò)Ó:Ò�Â�Õv¼4Ô.Ì�ìÝñ)¹:¹)Æ«»:¼1½;¾�¿LÀ�Á�ÂLÀLÃÄº.¹

 »�È;¼�È<Á�ÀLÃ1ÀL¼�
�ê
õ�¿)¿«ÐÝé1Ø)¹�� 
 ¿vÔ<Ì4À��:¿vÔ<Ì4À�ðv½1¿;Ã�È?ì1À
ÕàÐàñ�� 
�� ½>Ïv¼«Õ�½1¿)ÀEÁKÈvÞ<îKÔ<Ì4À
� ÐÖ·:¹�� 
 ¿vÔ<Ì4À � ¼vÀ)Î;Ï4À>ÌKÞ��ÚÅ����
ëãº Ð ¸Y¹:Æ:Ò:ñ��
ë4ñ«Ð ¸Y¹:·:Ó)¹��
� º Ð ¸�ñLé1Ø)¹��
� ñ«Ð ¸�ñLé1Ø)¹��
� Á�ÐÖØÚ¸bº�·��
»�Þ�ÐÄº.¹:¹:¹��
»)ËÖÐàñL¹:¹:¹��
»:¼vÈ?ÃHÐÑº.¹:¹:¹)¹:¹�� 
 ÃLî�Ô�
�Ô�
�¼�È?Ã1À)Ê�Õ�½?ËvÀL¼
Ãv½:¿«ÐKº.À���º<é�� 
 Ã1½1¿LÀL¼�È�ÌKÞ;À � ½?¼�Ô>Ã1ÀL¼�È;Ã�Ô�ðvÀ�
.ÃLÏ ���

�� Ô<Ì�ÊæÞ;½L¼vÀH¿L½�
�
�À1¿LÀ�Á�À>ÌvÃ
õ�¿?ìÝÐ�õ�¿)¿���
�Î)¼)Ã� �Æ�!"�
ë�Þ�ÐÝõv¿Lì$#�ñ��% ^»�Þ&�)Æ�!"� 
 ½>Ì�¿'�Ñº��LÆ�Õ4ÀL¼«Õ)î�È(
;À*)

 »:¼1½;¾4¿)À�Áÿº

�Ðà¿)½Lì�
<Õ4ÈvÞ;À+ ,�LÆ�Åe¹�Å�ñ)¹)¹�!-� 
 Ã)¼�Ô)Þ�ÉÝÃ1½.
<Õ�È1Þ:Ô<Ì�ì�Õ�½�Ô.Ì1Ã/

½�Á�À�ÐÖñ(0<ÕKÔ�0 � � 
 À:¿)ÀvÞ>Ã:¼4Ô:Þ?È:¿ � ¼vÀLÎ?Ï4À>ÌKÞ1�
½�Á)Á�Ð2 �½.Á�À���Õ-! ¸304 .º5�6
�!-� 
 Á�À�Þ<î�È>Ì�Ô:Þ?È:¿ � ¼vÀLÎ?Ï4À>ÌKÞ1�
7 Ð8 � �9 ×ñ�0.Õ�Ô(!�!ó¸:0ß½.Á:Á;� 
 
<Õ�À:ÀLÊàÔ.ÌÖë1»Lï
< ¼HÐ�=(0 � ñ5>Ýë�ñ ¸?�6
"� 
 ¼1½LÃ1½L¼æÞ)Ô>¼�Þ<ÏKÔ�Ãß¾v¼vÈ>ÌKÞ<î�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< ìÝÐ�=(0 � Á@0�ë�Þ5�A B=(0 � Á6>Ýë�Þ(!-� 
 ì1È>Õ�È�Ì�ÊæÞ?½?¼vÀ�À:¿)À.Á�À;Ì1Ã/

< È?ìÝÐ < ì ¸:0 < ¼ ¸?�C < ì�> < ¼/!"� 
 È1Ô>¼(�LìvÈ�Õ�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< ÃHÐ < ÈLì�>D=�0 � ºE>«ë�º-� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿�ÔpÁvÕ�À)Ê1È>ÌKÞ;À
F ÃHÐÝõv¿Lì�¸?� < ÃG� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿�Þ.Ïv¼)¼vÀ>ÌvÃ
F ñ«Ð F Ã ¸:0 < ì�¸H�C < ì�> < ¼$!-� 
 Þ<Ïv¼)¼vÀ;Ì1ÃÝÊ4Ô�ð�Ô>Ê1ÀL¼ß¼�È;Ã�Ô?½
ÍHÐ8 �Æ(0.Õ��L½�Á�À�!ÿ¸30«È>¾$
- F ñ�! ¸,#>ñ ¸30�ë4ñ ¸?�.
"�

� Ô>ì?Ï1¼vÀ+ <º�!
Õ�¿L½LÃ� 7 ÅeÍ$!
Ã�Ô�Ã�¿LÀ+ (IY»:¼1½;¾�¿LÀ�ÁJ
;À?ÃÄº�¹�Å�»)¼v½>¾�¿)À.Á º-IK!
��¿)È>¾�À1¿9 �I 7 �.Á;IK!
L ¿)È>¾�À1¿9 �IYë:»)ï*IK!


 Õv¼1½;¾4¿)À�Á�ñ
� Ô>ì?Ï1¼vÀ+ �ñ�!
Õ�¿L½LÃ� 7 Å�È>¾@
@ F Ã$!�!
Ã�Ô�Ã�¿LÀ+ (IY»:¼1½;¾�¿LÀ�ÁJ
;À?ÃÄº�¹�Å�»)¼v½>¾�¿)À.Á�ñ�IK!
��¿)È>¾�À1¿9 �I\ô�I�!
L ¿)È>¾�À1¿9 �IYë:»)ï*IK!


 »:¼1½;¾4¿)À�ÁæÆjêeÍv½ � Ô.Ì�Ê�¾v¼vÀ:È;É1Ê1½?ËLÌHÃv½?¼1Î;Ï4À
< È«Ð�ë�ºE>D=�0 � º-� 
 È;¼;Á�È?ÃLÏ1¼vÀ�¾1¼�È�ÌKÞ.î

�



< 
�Ð < È(0 < ì(�% < È&> < ì/!1>�=�0 � ñ�� 
 
>½;Ï1¼�Þ?ÀHÔpÁvÕ�À)Ê1È>ÌKÞ;À

.ïÖÐ�ë�ñ��9 �È>¾$
- < 
�!�!"� 
 
;¿vÔ<Õ�È?Ã�ÁKÈ L Ãv½?¼1Î?Ï�À
< ¼>Á�ÐD=�0 � ñM>«ë4ñD�6
<ï*� 
 ¼v½?Ãv½L¼àÞ:Ô>¼4Þ.Ï�Ô>Ãß¾1¼�È>Ì�Þ.î�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< È?ì>Á�Ð < ì.0 < ¼;ÁN�C < ì�> < ¼>Á%!-� 
 È1Ô>¼(�LìvÈ�Õ�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< Ã>Á�Ð < ÈO> < È?ì>ÁP� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿HÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
F Ã>Á�Ð�õ�¿?ì(� < Ã;ÁP� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿HÞ<Ïv¼)¼vÀ;Ì1Ã
F ñ<Á�Ð F Ã>ÁQ0 < ì��9 < ì�> < ¼>Á%!"� 
 Þ<Ïv¼)¼vÀ;Ì1ÃÝÊ4Ô�ð�Ô>Ê1ÀL¼
Í;Á�Ð8 !Æ�0.Õ��)½.Á�À�!R0«È>¾$
- F ñ.Á"!�#>ñ�0�ë4ñ��6
<ï*�
7 ¾àÐ8 !·:¹��% ×ñ�0.ÕKÔ�!�!&0" �½.Á�À��>Õ-!&0" <º���
.ï@!-�
Õ � Á�Ð�¼vÀ:È:¿9 F Ã>Á%!'�)È>¾$
- F Ã;Á"!"� 
 Õ�½?ËvÀL¼ � È1Þ>Ã1½L¼
� Õ1¼�Ô<ÌvÃ �  (I\·j¸�¹)·�º�»:¼1½;¾�¿LÀ�Á�ÂLÀLÃÄº.¹�Å�»:¼1½;¾4¿)À�ÁàÆ�S�ÌTI�!-�
� Õ1¼�Ô<ÌvÃ �  (I Ç ¼vÀ:È;É1Ê1½?ËLÌßÍv½L¼:Î?Ï�À«Ð 
 ì�S>ÌTI)Å�Í>Á%!"�
� Õ1¼�Ô<ÌvÃ �  (I^Â:¿vÔ<ÕÖÈ;Ã Ç ¼1À1È;É1Ê1½;Ë)Ì Ð 
 ì(S�ÌTI)ÅK
.ï$!"�
� Õ1¼�Ô<ÌvÃ �  (I^Â>Õ4À)À)Ê«È?Ã Ç ¼vÀ1È>ÉvÊ:½?Ë)ÌÝÐ 
 ì(S�ÌTI)Å 7 ¾@!"�
� Õ1¼�Ô<ÌvÃ �  (I\Û;Ïv¼)¼vÀ>ÌvÃ«È?Ã Ç ¼1À1È>ÉvÊ1½;Ë)Ì�Ív½L¼:Î?Ï�À«Ð 
 ì�S>ÌTI)Å!È�¾@
- F Ã>Á%!�!-�
� Õ1¼�Ô<ÌvÃ �  (IY»v½?ËvÀL¼�Ü�È1Þ>Ãv½?¼ÖÈ?Ã Ç ¼vÀ:È;ÉvÊ:½?ËLÌÝÍv½?¼1Î;Ï4À�Ð 
 ì�S>Ì*I:ÅþÕ � Á"!"�


 Õ1¼v½>¾�¿)À.Áæé@êe¼?Ï:Ì)ÌKÔ.ÌvìH¿vÔ>ì?î1Ã
Ì4½?Ã�U?Ê1½;Ì�À)Ð�º-� 
 ËvÀ�Ì4À)À)Ê�Ãv½àÔ�ÃvÀ?¼�È?Ã1À�î4À?¼vÀ

?¿«Ð ¸Y¹:¹�º@� 
 
.Ã�È;¼:Ã�Ô<Ì�ì�ì;Ï4À�
�

Ë)î�ÔL¿LÀ�Ì4½?Ã�ULÊ:½;Ì�À)Ð:Ð�ºãÅ
< ¼ÖÐD=(0 � ñM>«ë�ñ��.
?¿�� 
 ¼1½LÃ1½L¼�Þ:Ô�¼�Þ<ÏKÔ>Ã�¾v¼vÈ>ÌKÞ<î�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< ìHÐD=(0 � Á@0�ë�ÞV�C B=(0 � ÁW>«ë�Þ(!-� 
 ì1È>Õ�È�Ì�ÊæÞ?½?¼vÀÝÀ:¿)À�Á�À;Ì1Ã/

< È?ìÝÐ < ì.0 < ¼.�C < ì�> < ¼/!"� 
 È1Ô>¼(�LìvÈ�Õ�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< ÃÖÐ < ÈLì�>D=�0 � ºE>�ëãº@� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿HÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
F ÃÖÐ�õv¿Lì�� < Ã�� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿HÞ<Ïv¼)¼vÀ;Ì1Ã
F ñ�Ð F Ã ¸:0 < ì ¸H�C < ì�> < ¼$!-� 
 Þ<Ïv¼)¼vÀ;Ì1ÃÝÊ4Ô�ð�Ô>Ê1ÀL¼«¼�È?Ã4Ô?½
»;Á�ÐHÆ(0 F ñ�#>ñ�0" \ë�ñ��(
?¿�!&0" <º���
;¿�!-�
Ô � È�¾@
- <º��;»;Á$�;»)Ë$!�#>ñ5X?Ã1½1¿

Ì4½?Ã�ULÊ:½;Ì�À)Ð1¹�� 
 
;¿vÔ<ÕÑÔ�
ßÈ>¾�½;Ï1Ã�¼�Ô>ì?îvÃ
À1¿(
;À


?¿�ÐW
?¿�0" \»)Ë��;»;Á"!"� 
 Ì�À?ËÖì;Ï4À�
�
 � ½?¼J
?¿1Ô.Õ
� Õ1¼�Ô.Ì1Ã �  (Iv¸&I�!

À;ÌvÊ
À;ÌvÊ
»�¿«ÐÝ¼1À1È:¿% �Æ(0>õ�¿?ì�0)Þ?½;Ì�=+ F Ã$!�!"�
Y:¿«Ð�ÔkÁKÈLì+ �Æ(0>õ�¿?ì�0)Þ?½;Ì�=+ F Ã$!�!"�
7 ¿«ÐÖ·)¹�0" � ��Õ-!Z0- .º1��
?¿�!"�
� Õ1¼�Ô<ÌvÃ �  (I3S>Ìv»)¼v½>¾�¿)À.ÁÝé@êWë)Ï)Ì:Ì�Ô.Ì:Ìvì«í�Ô>ì?î1Ã�S>Ì*I�!-�
� Õ1¼�Ô<ÌvÃ �  (Iþë�½LÃvÈ?Ã4Ô?½;Ì4È:¿�Â>Õ�À:ÀLÊ�Ð 
 ì�ë1»Lï�S�ÌTI:Å 7 ¿�!"�
� Õ1¼�Ô<ÌvÃ �  (Iþë�À1È)¿�»1½?ËvÀL¼HÐ 
 ì�S>Ì*I:Å�»v¿�!
� Õ1¼�Ô<ÌvÃ �  (Iþë�À1È1Þ>Ã4Ô>ðvÀ »1½?Ë�À?¼ÝÐ 
 ì�S>ÌTI)Å:Y)¿�!"�


 »:¼1½;¾4¿)À�Á�ÙÚê Ç ¿L½�Þ.É�À)Ê�ë�½LÃ1½L¼
< ¼HÐ�=(0 � ñ5>Ýë�ñ�� 
 ¼1½LÃ1½L¼æÞ)Ô>¼�Þ<ÏKÔ�Ãß¾v¼vÈ>ÌKÞ<î�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À4 [
>Ð�º�!

M



< ìÝÐ�=(0 � Á@0�ë�Þ5�A B=(0 � Á6>Ýë�Þ(!-� 
 ì1È>Õ�È�Ì�ÊæÞ?½?¼vÀ�À:¿)À.Á�À;Ì1Ã/

< È?ìÝÐ < ìW0 < ¼6�A < ì�> < ¼/!"� 
 È1Ô>¼(�LìvÈ�Õ�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< ÃHÐ < ÈLì�>D=�0 � ºE>«ë�º-� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿�ÔpÁvÕ�À)Ê1È>ÌKÞ;À
F ÃHÐÄº�ñ)¹�� 
 Ã1ÀL¼>ÁãÔ.Ì4È:¿�Þ.Ïv¼)¼vÀ>ÌvÃæÔ�
 � Ô L À)Ê
õL¾àÐ F Ã�0 < ÃG� 
 ¼1À)Î;ÏKÔ>¼1À)Ê�ÃvÀL¼>ÁãÔ<Ì�È:¿�ðv½1¿;Ã�È?ì1À
F ñ«Ð F Ã ¸:0 < ì�¸H�C < ì�> < ¼$!-� 
 Þ<Ïv¼)¼vÀ;Ì1ÃÝÊ4Ô�ð�Ô>Ê1ÀL¼ß¼�È;Ã�Ô?½
»L¾àÐÝ¼1À1È:¿% �Æ(0>õL¾/0:Þ;½;Ì�=9 F Ã$!�!-�
Y>¾àÐ�ÔkÁKÈLì+ �Æ(0>õL¾/0:Þ;½;Ì�=9 F Ã$!�!-�
ÍL¾àÐÖÆ(0LÈ>¾$
- F ñ�!�#>ñ�0�ë4ñ�0.Õ��)½�Á�À�� 
 Ã1½L¼:Î?Ï4À

� Õ1¼�Ô<ÌvÃ �  (I3S>Ìv»)¼v½>¾�¿)À.ÁÖÙÚê Ç ¿L½�Þ.É�À)Ê�ë�½LÃ1½L¼ÖÈ;Ã 
 ìHô(S�ÌTI)Å F Ã/!"�
� Õ1¼�Ô<ÌvÃ �  (IYÍvÀL¼>ÁãÔ<Ì�È:¿Eõ1½1¿?ÃvÈLì:À«Ð 
 ì�S>ÌTI)Å!È�¾@
- \õL¾@!�!"�
� Õ1¼�Ô<ÌvÃ �  (Iþë�À1È)¿�»1½?ËvÀL¼HÐ 
 ì�S>Ì*I:Å�»?¾-!
� Õ1¼�Ô<ÌvÃ �  (Iþë�À1È1Þ>Ã4Ô>ðvÀ »1½?Ë�À?¼ÝÐ 
 ì�S>ÌTI)Å:Y�¾-!"�
� Õ1¼�Ô<ÌvÃ �  (I Ç ¿)½vÞ�ÉvÀ)Ê ë�½?Ãv½L¼ÝÍ1½L¼:Î?Ï4ÀßÐ 
 ì(S�ÌTI)Å�ÍL¾@!"�

 »:¼1½;¾4¿)À�Áæ·

 7 ½;ËÝË�ÀÖÈ?¼1À«ì1½vÔ.Ìvì�Ãv½�ì1À?Ã«Õ4½;Ë�ÀL¼ � ÈvÞ�Ãv½?¼ÖÈ>ÌvÊHÀ ��� Ô:Þ)Ô?À;Ì�Þ��@ê � Ô�¼/
.Ã

 Ë�ÀßÌ�À:À)ÊßÃv½ � Ô<Ì�ÊW
;¿vÔ.Õ � ½L¼ÝÃ?î4À � Ï4¿:¿�Õ�½?ËvÀL¼«Õ4½vÔ.Ì1Ã
»:ÃvÈ?¼:ì1ÀLÃ�Ð�»:¼�È;Ã�>L»)Ë*� 
 ì1½>Ì:Ì�È«ÈLÊ�=>Ï@
.ÃW
?¿1Ô.ÕÖÃv½�ì:ÀLÃÝÃ?îKÔ�
�½>ÏvÃ
Ì4½?Ã1Ê:½;Ì4ÀßÐÑº-�

;¹�Ð ¸Y¹�º-�
Ë)î�ÔL¿LÀ�Ì4½?Ã1Ê1½>Ì4À«Ð)ÐÑºãÅ
< ¼ÖÐD=(0 � ñM>«ë�ñ��.
;¹�� 
 ¼v½?Ãv½L¼àÞ:Ô>¼4Þ.Ï�Ô>Ãß¾1¼�È>Ì�Þ.î�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< È?ìÝÐ < ì.0 < ¼.�C < ì�> < ¼/!"� 
 ÈvÔ�¼��Lì1È>Õ�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< ÃÖÐ < ÈLì�>D=�0 � ºE>�ëãº@� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿ÝÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
F ÃÖÐ�õv¿Lì�� < Ã�� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿ÝÞ.Ï1¼:¼1À;ÌvÃ
F ñ�Ð F ÃW0 < ì��C < ì�> < ¼$!-� 
 Þ.Ï1¼:¼vÀ>ÌvÃÝÊ�Ô>ð4Ô;Ê1À?¼�¼�È;Ã�Ô;½
»�È?ìÝÐÖÆ�0LÈ�¾@
@ F ñ�!�#�ñ(0�ë�ñ��(
;¹�� 
 ÈvÔ�¼��Lì1È>Õ�Õ�½?ËvÀL¼
»;Á�Ð�»vÈLì�0- .º1��
;¹�!'�;»)Ë*�
Ô � È�¾@
- \»;Á/�?»:ÃvÈ?¼:ì1ÀLÃO��ºZ!�#�ñOXßÃv½:¿�Å 
 ÞL¿)½�
;À�À>Ì4½>Ï�ì?î
Ì4½?Ã1Ê1½>Ì4À«ÐH¹��

À1¿(
;À


;¹ÝÐW
>¹�0>»)Ã�È;¼1ì1À?Ã��;»;Á;� 
 Ã:¼��«Ì4À?ËHðvÈ:¿�Ï4À � ½?¼W
?¿1Ô.Õ
� Õ1¼�Ô<ÌvÃ �  (I1¸ZI�!-�
À;ÌvÊ 
 À;ÌvÊH½ � Ô � Ã?î4À;ÌÖÀ1¿�
>À

À;ÌvÊ 
 À;ÌvÊH½ � 
?¿1Ô.Õ�¿L½:½;Õ
Â?¼HÐJ
>¹�� 
 ÁKÈ L ð�È:¿�Ï4À�½ � 
?¿1Ô.Õ

 =;Ï$
�ÃÝÃ1½àÞ.î4ÀvÞ�É ¸:¸:¸
Í;Á�Ð8 YÕ��)½.Á�À�!Z0" \»;Á/�?»)Ë$!'�% .º��(
;¹�!"� 
 ½;Ï1ÃLÕ)ÏvÃ�Ã1½L¼1Î;Ï4À
7 Á�ÐÖ·)¹�0?½.Á�À(0" .º1��
>¹�!'�% ×ñ�0.ÕKÔ�0.Õ@!"� 
 ¼LÏ)Ì:ÌKÔ<Ì�ì.
pÕ4À)À)Ê
»v½>ÏvÃHÐ�Í>Á-0Lñ�0.Õ�Ô�0 7 Á$�L·:¹�� 
 Þ.î�À�Þ�ÉH½;ÏvÃ?Õ:Ï1ÃßÕ4½;Ë�ÀL¼
� Õ1¼�Ô<ÌvÃ �  (I\Û;î4ÀvÞ�É ê�Ü?Ï�¿:¿�»v½?ËvÀL¼�ëLÏ:Ì:Ì�Ô.Ìvì(S>Ì*I�!
� Õ1¼�Ô<ÌvÃ �  (I^Â>Õ4À)À)Ê�Ð 
 ì�ë1»Lï8 [
;¿vÔ<ÕàÐ 
 ì/!�S>Ì*I:Å 7 Á�Å\
;¹�!-�

U



� Õ1¼�Ô<ÌvÃ �  (IYÍv½L¼:Î?Ï�À�Ð 
 ì »v½;Ë�À?¼ÝÐ 
 ì(S�ÌTI)Å�Í;Á�Åe»1½;ÏvÃ/!"�


 Ì4½;ËHÃv½ � Ô<Ì�Ê«Ã?î4À«ðvÈ:¿>Ï�À � ½?¼ � Ô�ðvÀ�Õ4À?¼�Þ;À;ÌvÃÝ½ � Õ4½;Ë�À?¼
»:ÃvÈ?¼:ì1ÀLÃ�Ð�¸�¹1Ù�0>»)¼�È?Ã�>)»LË*�
Ì4½?Ã1Ê:½;Ì4ÀßÐÑº-�

;¹�Ð ¸Y¹�º-�
Ë)î�ÔL¿LÀ�Ì4½?Ã1Ê1½>Ì4À«Ð)ÐÑºãÅ
< ¼ÖÐD=(0 � ñM>«ë�ñ��.
;¹�� 
 ¼v½?Ãv½L¼àÞ:Ô>¼4Þ.Ï�Ô>Ãß¾1¼�È>Ì�Þ.î�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< È?ìÝÐ < ì.0 < ¼.�C < ì�> < ¼/!"� 
 ÈvÔ�¼��Lì1È>Õ�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< ÃÖÐ < ÈLì�>D=�0 � ºE>�ëãº@� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿ÝÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
F ÃÖÐ�õv¿Lì�� < Ã�� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿ÝÞ.Ï1¼:¼1À;ÌvÃ
F ñ�Ð F ÃW0 < ì��C < ì�> < ¼$!-� 
 Þ.Ï1¼:¼vÀ>ÌvÃÝÊ�Ô>ð4Ô;Ê1À?¼�¼�È;Ã�Ô;½
»�È?ìÝÐÖÆ�0LÈ�¾@
@ F ñ�!�#�ñ(0�ë�ñ��(
;¹�� 
 ÈvÔ�¼��Lì1È>Õ�Õ�½?ËvÀL¼
»;Á�Ð�»vÈLì�0- .º1��
;¹�!'�;»)Ë*�
Ô � È�¾@
- \»;Á/�?»:ÃvÈ?¼:ì1ÀLÃO��ºZ!RX«Ãv½:¿�Å 
 ÞL¿L½�
;ÀÝÀ>Ì4½>Ï�ì?î
Ì4½?Ã1Ê1½>Ì4À«ÐH¹��

À1¿(
;À

;¹ÝÐW
>¹�0>»)Ã�È;¼1ì1À?Ã��;»;Á;� 
 Ã:¼��«Ì4À?ËHðvÈ:¿�Ï4À � ½?¼W
?¿1Ô.Õ
� Õ1¼�Ô<ÌvÃ �  (I1¸ZI�!-�
À;ÌvÊ 
 À;ÌvÊH½ � Ô � Ã?î4À;ÌÖÀ1¿�
>À

À;ÌvÊ 
 À;ÌvÊH½ � 
?¿1Ô.Õ�¿L½:½;Õ
Â.Á�ÐJ
>¹�� 
 ÁãÔ<ÌÖð�È:¿�Ï4ÀÝ½ � 
?¿vÔ<Õ


 Ì4½;ËÝË�ÀæÞLÈ�ÌÖÊ1½�Ã?îKÔ�
�ÈLìvÈ1Ô.Ì$
�ÃW
;¿vÔ.Õ


�ÐàÂ.Á#ê' ×Â;¼��)Â.Á%!���º.¹:¹jê�Â?¼�� 
 
?¿1Ô.Õ@
�Ã1½�Ï@
>À
< ¼HÐ�=(0 � ñ5>Ýë�ñ ¸?�6
"� 
 ¼v½?Ãv½L¼�Þ)Ô>¼4Þ.ÏKÔ�Ãß¾v¼vÈ>Ì�Þ.î�ÔkÁvÕ4ÀLÊvÈ�ÌKÞ?À
< ìÝÐ�=(0 � Á@0�ë�Þ5�A B=(0 � Á6>Ýë�Þ(!-� 
 ìvÈ�Õ�È>Ì�ÊæÞ;½L¼1ÀÝÀ1¿)À.Á�À>ÌvÃ/

< È?ìÝÐ < ì ¸:0 < ¼ ¸?�C < ì�> < ¼/!"� 
 ÈvÔ�¼��Lì1È>Õ�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< ÃHÐ < ÈLì�>D=�0 � ºE>«ë�º-� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿HÔpÁ1Õ4À)Ê1È>Ì�Þ?À
F ÃHÐÝõv¿Lì�¸?� < ÃG� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿HÞ.Ï1¼:¼vÀ>ÌvÃ
F ñ«Ð F Ã ¸:0 < ì�¸H�C < ì�> < ¼$!-� 
 Þ.Ï1¼:¼vÀ>ÌvÃÝÊ�Ô>ð4Ô;Ê1À?¼�¼�È;Ã�Ô;½
»�È?ìÝÐHÆ�¸:0«È>¾$
- F ñ�!ÿ¸K#>ñ ¸30�ë4ñ ¸H�6
%�
»:ÃHÐÖÆ ¸30�¼vÀ1È)¿9 \õ�¿Lì ¸:0ÝÞ?½>Ì�=9 F Ã/!�!-�
»;Á�ÐÝ»vÈLì�¸:04 <ºR�6
�!V�ß»)ËG�
À ��� Ð�»;Á ¸?�ß»)ÃG�
Õ � ÐÝ»)Ã ¸?�C �Æ(0>õv¿Lì ¸30«È>¾@
@ F Ã$!�!-�

� Ô>ì?Ï1¼vÀ+ !Æ�!
Õ4¿)½LÃ� ^»>Á�Å�À ��� !
Ã4Ô>Ã�¿LÀ+ �I�»:¼1½;¾4¿)À�ÁàÂ)À?ÃÑº�¹�Å�»:¼1½;¾�¿LÀ�Á�·�I�!
L ¿:È>¾�À1¿% (I:]�ÏvÃ?Õ:ÏvÃ�»v½;Ë�À?¼GI�!
�v¿:È>¾�À1¿% (IH^ ��� Ô:Þ:Ô;À;Ì�Þ��GIK!

� Ô;ì;Ïv¼vÀ9 !é�!

_



Õ4¿)½LÃ� ^»>Á�ÅgÕ � !
Ã4Ô>Ã�¿LÀ+ �I�»:¼1½;¾4¿)À�ÁàÂ)À?ÃÑº�¹�Å�»:¼1½;¾�¿LÀ�Á�·�I�!
L ¿:È>¾�À1¿% (I:]�ÏvÃ?Õ:ÏvÃ�»v½;Ë�À?¼GI�!
�v¿:È>¾�À1¿% (I�»1½?ËvÀL¼�Ü�ÈvÞ�Ãv½?¼GI�!


 »:¼1½;¾4¿)À�ÁæÓjêeðv½:¿?Ã:ì�
EÕ4À?¼M�(��Þ;½;ÌvÃ)¼v½:¿
Ü�U;¼HÐa`×º1�)·Hñ��L·ÝÆ��L·�é(�)·HÙ��)·�º�Ó��)·ÝØ��L·ÝÒ��L·�º�¹��L·�b�� 
�� ½L¼ÝÃLî�À�
>Àß¼vÀ:¿:È?Ã4Ô>ð1À � ¼1À)Î?Ï�À;Ì�Þ:Ô?À�

õ�U;¼HÐa`×º1�)·Hñ��L·ÝÆ��L·�é(�)·HÙ��)·�ºÝºHºÝºÝºcb�� 
 È�Ì�Ê�ðv½:¿?ÃvÈLì1À�


� Ô>ì?Ï1¼vÀ+ �Ù�!
ÞL¿ �
î4½:¿LÊH½>Ì


 Ì4½;Ë�Ô>Ã�Ô�
5=>Ï@
.ÃÖ¿vÔ.É�À«ÃLî�À«ðvÀ?¼�� � Ô�¼/
.ÃßÕ�È;¼:ÃÖ½ � Ã?î4À�Õ1¼v½;¾4¿)À.Á

� ½?¼�Ô;Ð�ºCê\¿LÀ;Ìvì)ÃLî� ^Ü(U?¼$!-�
� È�Ð � 0>Ü�U;¼� bÔ(!"� 
 î�ÀL¼1ÀàÔ�
�½;Ï1¼àÈ>¾$
;½1¿�ÏvÃ1À � ¼1À)Î;Ï4À;Ì�Þ��
ð�¿?ìvÈ«ÐÝõ�¿?ì�0�õ�U?¼� kÔ�!"� 
 Ì�À:ÀLÊ�Ãv½HÈLÊ�=;Ï$
�Ã�¼1À1ÈvÞ�Ã�È�ÌKÞ?À�
 � ½L¼ � ¼1À)Î;Ï4À;Ì�Þ��
� ñ)È«Ð � ñ(0�Ü�U;¼� kÔ�!"�
� Á�È«Ð � Á-0�Ü�U;¼� kÔ�!"�
� º�È«Ð � º&0�Ü�U;¼� kÔ�!"�


�ÐÖ¿)½Lì�
<Õ4ÈvÞ;À+ ,�LÆ�Å'¹�Åçñ)¹)¹�!-� 
 Ã)¼�Ô)Þ�ÉHÃv½.
pÕ�È1Þ:Ô.Ìvì�Õ4½vÔ.Ì1Ã/

½�Á�À�Ðàñ(0.Õ�Ô�0 � È�� 
 À:¿)ÀvÞ>Ã:¼4Ô:Þ?È:¿ � ¼vÀLÎ?Ï4À>ÌKÞ1�
½�Á)Á�Ð8 �½�Á�À���Õ-! ¸304 .ºR�6
�!-� 
 Á�À�Þ<î�È>Ì�Ô:Þ?È:¿ � ¼vÀLÎ?Ï4À>ÌKÞ1�
7 Ð2 �·)¹��9 �ñ(0<ÕKÔ(!�!ÿ¸30ß½�Á:ÁP� 
 
pÕ4À)À)ÊæÔ.ÌHë:»)ï
< ¼ÖÐD=(0 � ñ)ÈV>�ë4ñ ¸H�6
%� 
 ¼v½?Ãv½L¼àÞ:Ô>¼4Þ.Ï�Ô>Ãß¾1¼�È>Ì�Þ.î�ÔkÁvÕ�À)ÊvÈ�ÌKÞ;À
< ìHÐD=(0 � Á�È(0.ë�ÞV�C :=�0 � ÁKÈV>�ë�Þ(!"� 
 ì1È>Õ�È>ÌvÊàÞ?½?¼vÀÝÀ:¿)À�Á�À;Ì1Ã/

< È?ìÝÐ < ì�¸:0 < ¼ ¸?�A < ìO> < ¼/!"� 
 È1Ô>¼(�LìvÈ�Õ�ÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
< ÃÖÐ < ÈLì�>D=�0 � º�ÈM>«ëãº-� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿ÝÔpÁ1Õ4ÀLÊvÈ>Ì�Þ?À
F ÃÖÐ�ðv¿LìvÈ ¸H� < Ã�� 
 ÃvÀ?¼;ÁãÔ<Ì�È)¿ÝÞ.Ï1¼:¼1À;ÌvÃ
F ñ�Ð F Ã ¸:0 < ì ¸H�C < ì�> < ¼$!-� 
 Þ<Ïv¼)¼vÀ;Ì1ÃÝÊ4Ô�ð�Ô>Ê1ÀL¼«¼�È?Ã4Ô?½
ÍÖÐ2 �Æ(0.Õ��L½�Á�À�! ¸30«È>¾@
@ F ñ�! ¸,#>ñ ¸:0�ë�ñ ¸?�6
"�

Õ�¿L½LÃ8 7 Å�Í$!
À;ÌvÊ
î4½:¿LÊH½ ���
Ã�Ô�Ã�¿LÀ+ (IY»:¼1½;¾�¿LÀ�ÁàÂ)À?ÃÄº�¹�Å�»)¼v½>¾�¿)À.Á�Ó�IK!
��¿)È>¾�À1¿9 �I�Í1½L¼1Î;Ï4À�Å 7 �.Á;IK!
L ¿)È>¾�À1¿9 �IYëv½LÃv½?¼ÝÂ�Õ4À)À)ÊÚÅWë1»)ïGI�!

S


