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®�#	u�Ca|�D8WD�Ļ�4S³\�l���zB,¦Å¥8
�Dm�D8i�o8;D8i'�x�e8V�8S� Friction i�8Ha

�L8,<8��¤6�x8WD8V�
ÑJ
��h�i'�xCa|8}��D³V8Ê
³UcDW@u8WD8¶�B��
Ïa�U�
	H§6�Ca�4�/ila
8WD�l��8S�GT]ÁlaÌ cgWD;j�u8WD8̧Du¹8WD8H8

Åa�l��£�imH/�4WX/V5E	;Å�u;c8̧al5:
��WÀW;cu6

�9¹ja̧8Y�DÅ�l�cCa|/�D¥×6�l�
�QV8S��S̈[u<q�9¹ja³��l�c´̧QcAQ\7
j8WD8¼�8{u����WDmS89
̀8�D��%ÌÅ�9¹ja
�ÔADÒxD¥u8WD5>8S��9Rab%�t ((8k78Y��f�8ÏNu8WD8Vc
iPÅ 6«ÅV#	1x�T�Åu��̧�si�3²̀8WD8¶
i@5>5a̧8S��f�8ÏN�D�u8WD�8V�8n̈U�ciPÅÃV��

272 K;�%Â���>��%8��U����7



ÖU�m8S4l�ÁkE	����a�̧�si�8HÅ�l�a
M�
D8�#	u8WD=�s8&
	U)E×³ÌÂ5#	u6V�W¹j6«��%
¨Z��×�V£�uV�zu8H��D[�
c�R4ÅPu%Â�
³\�l�Å×8Pu6

;Å
̀8l @PÑ°S ³\�l��D8Ç8Y�?��½4c~¼¹i#	uWX
Ècu;V4a̧WX�%%'×8VV4a£³\�l�uWX8V
�½4c��h8WD8HcU�n(2Çc~¼¹i#	u8WD8��½4ÅfÁE	<#	u8WD8¶

f�sf8YE	DµT8Ys×£
�8XD8�Ó8Y��½4Åi"u8WD5È4£³U
<D[�#	uWX
̀8��½4c~¼¹a<D[�#	u6V
Vu	5:8Ki@

�%<q8H
VaÂ4�Å8­UD8�dW�4Ai�D�z51È6
�³\�l��Å8�T�u�Å8��ÇaT�u7�

��S`�³U+TuV³��8S�B,o�Á�8u�D8
̀8ÅPus
̀8
�8�¹ÉU×6=�8Y�?ÅPu³V³UWtU+T"JE�8V�	³4�8HQc
¸�S�	
i'×WXV�%�tÁ5Vi�l8V5E	;a;calÀW;c
u5�F¥Å¬k4�m�QeyÓÙkN8�*V�8HQc��[�	³4�
hP*�Ák�E	m8WD8V5E	;a�D8ÇV8�Vu�YDZQmYDZ8VU�

yÓÅ��8oXYD[8
	�,Å�d8WD³U���Î��X89lÅ�d8}�"8H
oZ��<v8WD8HAiÅ�	F5v³4��ÅWV�jQd8H��"°�8Y
a�8�¥��0F6��WQ�°�×8S�°�8Y×8WD8S��V�µZ�
<'×8WDÄ�W}�WX×£q���Pam
�XØD��Å�w×6

°�8Y¢6�QVfL%ÅÀ��Å�	F5<v�8.8
	�,Å³�i�8H�
�"ÑÈ³Ä�8Z
̀8�³l�8/�½4ÅÁE	us�Z�½4�~¼X
×�V8S�f.8WD�?»D[�Å�	;�¹6�8�*V�8WD8/5:�¢.W8�4�
̀8

273 K;�%Â���>��%8��U����7



Å�ÅP��8i#	62otÁ5Vi��Ák#	u6
8Z8��18H�	;��Ôl5k�X+E	�4̀�

Ô�	;l1,i�E	�³8HÅ�W;iZE	8Hc8�l�Åu�i7�
al8/�Wk4�½4ÅÁE	m6 4�¼��t (

*(*8Y�CiAD�u8WD�Wk4�½4Å
Ál�µu�̀
8�?�³U��Wk48�DWTm8WD�
W[V̄U)�8Hc�
&¥i�È<q
̀8l8.%ÂQc��4���Å�¼��t (

*(*8YcÈcu6�W�%
Å�8��8�*VcWXTnÕu=�WX8D�Å�8D>ÅD&D&��D#	�88H¢�U-�
juÂ4WX8HfP���Î,8�8Y�?8HÅsÂU��Â4WX8HfP�
fstÁ8D�E	Ä'�̀
8c~¼¹iZ68H�U-��̧��;×7l5�Uc8H
¢�DX-�DdÅcu8WD8V¢�8D>�TÇila~8w��U+uWX̄U
̀8�
8H³UÅPDQN×7�s�f;�³Us×645�U8S�8��WDa�8��#	

uÂ4
̀8�DWTm³U��%8H�X��5#	u8Hc�&¥i#	u8WD8HcÈ
�vD��tÁ5Vi�l»V�ÁkE	u6 sÐÎÐ¹A§Ùs� ka8S�
³U�D�Ák�<#	u8Å

��WQc¦�;aÅ5�U�8Y�f��D#	u8S�WXÈ7ayÓ�WXZ̧
¤iw×SV8HÈ�8�Å�Uu68H�yÓÅFE	�X�;���uWX��7
��È�~¼X8Hfs,Z�WX
̀8ÅsÂU�E	
̀88HÅsÂU�8WD̀
8c~¼¹
iQ6�WX88u8Hc)�Ä,8WD��8xDa8HcD8dÅ8WD/Å8Hfs,8
	�WX

̀8Å"8G��	i�·4���[�<x6�8�W8�Vu�X�G��P5�Fh�t(*8Y
Åu6�
a�Åf��<=�-�WX�X[��8WDX[WX	
̀8S�"8G�
�Z6�V8Y�?��WX8�%u£4hbcÈa]��u8WD=�-�V�%
8HÈa¤iw��<x8HW�h-�´�!X���6=�
̀8�~¼X8V
�Wk4�½4c~¼¹i#	u�
̀8c8V�Wk4��4c~¼¹i#	u$��u�%Â
�WX[¦Q�Q�ÁKuDqV89
̀8c~¼¹iD�u8HQ8H��WgWD

274 K;�%Â���>��%8��U����7



�<q898H��W'8H�W£���W'�D�e8Y��W8WD̂¿
��W'�Ä'u6

VWX
Vu	3�4a�E	Ä'8WD8̧8H
V�ÌÅ8×
;��a�ÅDWÉ�B8TD�<qa�̧�	D�8H��:i>�4S8HÅ
5:tÁ5Vi�cEV�WÅu��8�
8FXi0F×�8S�²abS`³iDb
��×62o�ÁkE	�8Z8��1Ô�	;l,+m�8HW£�c8�l�Å
DW}��8miW6

	alS�8.�D;��½4ÅÁE	u6xU³\�D;
Å¸���j8WD^JDWTm³U�D;��%̧

+³��'D�Ä'�³l�Å�U�E	W�¥��8��u8/5:�Ì
��8.�Ä'uZ�D�u�³Ì��8u68V�Wk4�	³4a;4S`×

W8m�	;ua S�	DS��ÁQu8�l8H�£89aVÍ
�³l 5SÅD8+ 8HÅ��4

u8WD8ÅqÅD8+u6�7TÅ�D[X�Ó89ÅÀ8̈X�Ó�k�X8H
�X�Ó�k�XÅ8D8WDFE	�X��Du5Sq���kÕ5<&u/H���vu8WD

c£�¾×5Sa��iWX̄U�¾cÅ<&×6³V8HlÍ�8Z qa�

̀8³8/D8ilc�	;iD�u³8̈£89´i³l¥ �k�ZÅ
D8+u8WD�kÕ5lW8ik�ZÅD8+u8HQ Ku�a8wDi�W4

³/HTnÕÅz<��WD�<
³�?»D8�88WDD8�
w�DdXu6

8H
Va8S�8'TVu�Í4Åz<<qÂ4-�Ñ �Pu
�V�Ñ a�l�³µ8T¥�Å�u8WD�8HÑ c�	
�D¥×£Ñ 
��l�¿
̀8�D��%®�¹6�WX��Tu7aÅz<l

275 K;�%Â���>��%8��U����7



��uWX8HTnÕ�Ciu7TnÕ�ÎaWX�iD�m65Sa�Wi@c
º;×68S�WXº;×£ÙkN8�*Ve_a¯U¦Q�Q��j
~<
ZD%@×8WD8V�Îa�D8³UZfÔau8WD8S�WXº;×£V8D%@
×8WDWX�&×8WD8VaQXW
��	�ilc�¾�	Å<&×6V5S�8'Tu°
¸�Åii6�5S�8}�5:�V4a
̀8�?c8�l�a8'Ti��8V
Ä8��#	�8'Ti�;Ä8��S�̀
8lD8�ÁkE	u³WX5S�
a[8ÚV
�Uilc	� 8�*V��i&u6_a�D[�D[8��<�D[GT�
�8DW�8D5S��uS5S¥u£8VyÓTW4�
��	�̧i�·u68981	v8��<

uWX5S¥Å³yÓÑTÇ�D�uS8H�8�
Do8;̧ÌÙ×6Â4
¸81	v8��<�WX|��³UÅ�	��dW�4WXKfÔ�x=��<xdÂ4WX
5S8�l�iZ¹W�4t8WDS�8WDÃ8<
�x=��<x¹³8Y�?lÌ×[

�c�	; 4»V�ÁkÅ8WDH��%́5�8�8�
8Fa8Hc�	;�D���ÁkE	6
�ÁkE	�5Sc£�	;³+uWX�D�ÓuS5Sc8GTnÕÅsÉ�wT

�w×<qWXTnÕ8�l��Îa4u6³=�8�l�cXÅ�	%ÂÄ'³5Sc
¯UÙº;Å1xD[i�E	Ä'u689³hPKRilc		D̄Pu�
89³hPWVjlc		D̄Pu�s�Z8HÎ�-Ti'×8WD1
8VÃ8<
Å�WUi'×£5Sa8�l�ÅW8K�Ákx±×8WD³S�8/uÅ
8tÁ8Di#	u�a�[8�l�Å�	%Â<#	�4<q7�³lÁE	u6a8H�8�¹	
�4�8HQs1�	%ÂwV×$��VlÍ�4 D́�[<xa8&FWD
kDW48WD8Y�?l/Å��g-��QD́�Z�[�FWDkD'D�68S�8WD
xÜ���ÁkE	���FWDkDW68/+PÒ,�8/ÁEZ8WD8/8W��8WD8/¯U
µ8D8WD?�X£�¾�TÇ×8'TiW8WD̈ZµW4�hP8V�PÒ,fv

Sa�%#	�4�̈ZµW4��1°®��dWX¨Z¥D×È6�4

276 K;�%Â���>��%8��U����7



WX£8Vº;Å�~9�'×£V8WD�mº;×;�8�
D�¥8�
DWm
)DE	4x£�×WX�[iP<1È8WD�[�	³4Å2:��4È 8VÅ�Å
 K��WX�ZµZ�<1È6VWX5E	;iC×;amc@
W���
»V�Ák�E	Ä'u£K8WD�	s��D[V<D[u8WD��g-�<D[Du¹6

WX�S£³U�l��8H5G�8WD8¶Qc�WX[5E	;�_U%�x
̀8
��W�½4cÈ%×WX³U�l���W/�Å�U�IC8WDm
8�l��!Xi'�x8VD8�4���×£D8×S�8Y�?l�D[)�Ï�Q

+D�ÁkD�×8WDWX�S£8.8
	�,�'D�'×8V�8�
D8S��Vu£X89#	
u8WD+u�³U�l��V~¼X8Hc+Zu68H<+�³ÀW;̧��
5&8H�³�4�Ud�5#	8Ha�4�WD[u8WDsnU�'×��4�4

YTÇ×8HcÄUVu�D[ÄUVu�DZ�%�u8H��%��Å
��8¼�·4lWW<�E	u8WD5:8VWW,4��8�
8Fi�8H�CDu×7
�35�x4lWW<�E	m6s8D�x�V8D�88HQs8/Å8�¹c
8�l��i�È6=�WXVs×³WX8�l�Å�	%Âz<'×8WD8Vc¯UWX
º;;��Ái'�xWX��8gDi'×8VcÙ		8VÅhj<&
×898V�W£��WVD�4W£�u8HÅ�Å~<
X��68��S³Ua8&
#W�hWÒ?i'×mVµYDQN�x�³U�WVjl�Qs
8
	�,��
�KC�QWÒ?i'×6�WX���7l5�U8WDM8�H8Xil�

QB�m�DWTmvD��B�m8WD�	��»V�B�8V�H�¶c�	
i�8V
�H8X+6WX����D8Ç8
	�,�¥���u6%Â8�*Vax£�u=�8H�xÜ
$dVX89xd8WDBÅd8WD8H�xÜ�EE	��E%ÂµZ�8�Dau6�WX
8�*V¬V�7�8�
DV���x£�u48H�����V³ ¥�w�·�WX
8ÅBÅ�WX5�U�!XiZ³8H�8�
D�����D�d�8H�#	�DuWD�V

277 K;�%Â���>��%8��U����7



���gWDX89xd8WD�W;iZd8WDS�8/kj�KRi�Zd6
_;8�H®DµT8Ỳ5l8¶
V�W8m�Ák'�x8S�xÜ��

�V³%Â8�*VcDSW"a�WED�u6"�	%Â��Vc�	
 �ÁkE	m��V"
i'�8�
D��Vc°iW£%Â�ax£�u6VW¥
Vu7��8H

8/f�8�
DWm ¿Ñh×ÑÑ���@ÌÑ¶Å�ÑA 8Z
̀8s&XkB× �xl�*�ÁkE	�
fÅ�%Â�a8S�fW��+Ä'uV�;�]u2o5�;̀5l=�
V�ÁkE	³8S�{�xl�K+�E	DµT8Y�5:n�8�
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��%_;®DµT8Ỳ5�W£�aÛX}��Å×6yÓÅFE	�X�5:nam

���165�;̀5l8S�xÜ���ÁkE	�̀
8�? n 8HQyÓÅFE	�XD�5:
�=�
̀8� @�@LÑm@�Ñ`@eÑ�I°�´�j@eÏ�j@eR@eÅÀ�É@eÅAH`HAeÅÏÅÏo �Ák#	u�6

8S�µX³8li#	u/H��W¹<#	u}�<#	u³/HX�x8�*VcDI
�³�5ÓV @eÑR@eÅÀ�É@eÅAH` 68Y/Å/9#	u �´Ñ�j@eÏ�j W�4ÅfWN�&u

t%Â·8H�)��FtW4Åi'×�Fta HÑÑAeÅÑÏÅÏo -�/9ii<#	u
�88WD/9i5ÓV��PÒ,�E	WX£D��8HQ��
m»D5ÓV��PÒ��i'×8V�
C¤8HiP<#	u8WDtÁ5Vi���G�¥�8WD8GBkÕ�WXc�w×

Å�8�Vu�7i@Ftc��E	4�&×8¶i@xEÒ[8WD³8l8WD HÑÑÑAeÅÑÏÅÑÏo
5ÓVcDÃ4��D[V�fD��E	4×68S�Ft£�fD���4ÅÙ�Åu�
##�Å³8liZd/²/²8H�D�®�4¹%Â³8lilW8i��³�
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