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 �8i ��WYR}�T�TR\t nci vAt�P][�tpu¯[VMON��YqVt�^YUx|�[VR\t n t�|r|rUxqSP�R n ��UxNrN n PV�Tw n ^ i¶j ��[]qSwp|�[VR\t n tpu�PVUx��w8q�u�qSt�X<[VMON
PVUO��w8q�|rw n N¨PV[Vwp� �ZRTP%NQPVP]N n [VRTwp�T�T_¬w X Ux�\[VR}P][Vw8�pN�P]N$�Yw8qSw8[VR\t n �xqSt�|�NQPVP i�j �.�xqVNQPVPVRTt n tpu �]UxR}|�N�u�qVt�X
[VMONZ|rw n NZRTP�|rw8qVqSRTNQ^ºt�UO[�R n [VMxNZR n R\[VR}wp�¶P][Vw8�pNQP
tpuD[VMON6qSw>�BPVUO��w8qR�xqVt�^xUx|�[VR\t n �xqSt�|�NQPVP i L7MON
�VUxRT|�N�N���[]q�wp|�[]NQ^Au�qVt�XG[VMON¨|rw n N¨PV[Vwp� ��R}P�|�t n |�N n []q�w8[]NQ^A[]tZP]_�qSUT� l �xq�R\tpqD[]t¬[VMON]�xqVt�^xUx|�[VRTt n tpu
qSw>�4PVUx��w8q�W�_I|�qS_�P][Vwp�}�TR Q w8[VR\t nci ! WxqSRTNru�wp|r|�t�U n [%tpu�o8w8qSR\t�UYP�P][Vw8�pNQPDR n opt��\opNQ^ZR n [VMON�q�wG� PSUO��w8q
�xqVt�^xUx|�[VRTt n �YqVt�|�NQPSP7RTP���R\opN n R n [VMON n N���[7P]NQ|�[VR\t n i

���� �������������������� ��!"�$#%���&���('*)+)+',)

� w8qSopNQP][]NQ^2|rw n NZP][Vwp� ��P¨R n [VMON6u�tpqSX tpuDWYR}�T�\Nr[VP�w8qVN¬[]qSw n PK��tpqV[]NQ^9[]tA[VMONZXZRT�T�TP�X6t�P][V�\_
W�_ q�wpRT� i1R�n w8qVqSRTo>wp�xw8[[VMON�X¬R}�T� l [VMON7W¯RT�T�\Nr[VP�w8qVN�|�t�X¬X¬R n UO[]NQ^ZW`_6MONQw o`_ �s^xUO[®_¬PK��R n �¨MYwpX¬X6Nrq
PVMOqSNQ^x^ONrqSP l |�t n opNrqV[VR n �
W¯RT�T�\Nr[VP�R n []t�w X¬wpPVPtpu � n NQ�T_ |�MOt�� ��NQ^A�xWYqVNQP l [VMxNrqVNrW`_6N��.��t�PVR n ��[VMONQR\q
PK�%NrNr[ �]UxR}|�NQP i7yzn ^xUxP][]q�R\NQP7UxP]N
[X�%t X6Nr[VMOt�^xP�[]t�N���[]qSwp|�[ �]UxR}|�N�u�qVt�X [VMxN��xqSN$�Yw8qVNQ^�|rw n N
t n w
�Tw8qV�pN PV|rwp�\N i L�MON<�xqSPV[ X6Nr[VMOt�^�R}P7W�_AX¬RT�T�TR n �
tpq�|�qSUxPSMxR n �¬w n ^ |�t n PVR}P][VP7tpu�qVt��}�TR n � �xqSN$�Yw8qVNQ^
|rw n N¨W�Nr[ �NrN n P]Nr[VP7tpu�|�t�U n []Nrq ��qVtp[Vw8[VR n �ZqVt��}�\NrqSPN��R\[VM��TR\��M`[DXZwp|�NrqSw8[VR\t n W�Nr[ �NrN n U n R\[VP i L7MON
P]NQ|�t n ^&X6Nr[VMOt�^ZRTP�W`_6w
^xR GcUxPVR\t n �xqSt�|�NQPVP l ��MxR}|SM¬R n opt��\opNQPPVw8[VUOqSw8[VR\t n tpu �xqVN$�Yw8qSNQ^¬|rw n N R n w
�Tw8qV�pN [Vw n �6tpu MOtp[_�%w8[]NrqN��R\[VM&|�t�U n []Nrq%|rUOqSqVN n [_�%wpPSMxR n � i � R\��M¬qVNQPSRT^ON n |�N7[VR}X6N w n ^ZNQ�\Nro8w8[]NQ^
�TR��UxRT^A[]NQX ��NrqSw8[VUOqVNJ�xqVt(o�RT^xN�u wQopt�UOqSw8W¯�\N |�t n ^xR\[VR\t n P u�tpq �%tpq@��R n �:^xRTPVP]t��TopNQ^�PVUO��w8q�u�qVt�XH[VMON
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PK�pNQ�\Nr[]t n X¬w8[]qSR���� MONrqVNZ[VMxN&PVUO��w8q P]t��TUO[VRTt n RTP�w8��wpR n |�t��T�TNQ|�[]NQ^ u�tpq
u UOqV[VMxNrq<�xqVt�|�NQPVPVR n � i�yzn
W�tp[VM=X6Nr[VMOt�^xP l [VMONZX¬w8[]NrqSR}wp��X
UYP][�P][VRT�}� �YwpPVP�[VMOqSt�UO��M=w�� n wp��^ON$�%w8[]Nrq�R n ��X¬R}�T�ª[]tAqVNQX6t(opN
wpP�X Ux|SM9�TR��UxRT^�wpPS��t�PSPVR\WY�\N�u�qVt�XH[VMON6PVw8[VUxqSw8[]NQ^9N���RT[ WY�}w n �pNr[ i � t��T�}R n �¬[VMON"�xqSN$�Yw8qVNQ^ |rw n N
W�Nr[X�%NrN n PVNr[VP�tpuc|�t�U n []Nrq ��qVtp[Vw8[VR n �
qVt��T�\Nrq�P�RTP�[VMON�X¬tpqVN�[]qSwp^YR\[VR\t n wp�OX6Nr[VMxt�^ l w n ^¬[VMxR}P �xqVt�|�NQPVP
RTP�qVN$��NQw8[]NQ^ºP]NropNrqSwp�§[VR}X6NQP�^Ot>� n w:P]Nrq�R\NQP�tpuX¬RT�}�TP7[]t:N n PVUxqVN
[VMYw8[¨X6t�P][�tpu�[VMON6X6t�R}P][VUOqVNIRTP
qVNQX6t(opNQ^ i L7MON ^OqV_��xWxqVN5I�� 	 � � � � �ÂX6t�RTP][VUxqVN�J
^xRTPV|�Mxw8qV�pNQ^+u�qVt�X [VMONA�TwpP][6X¬R}�T�R}P6|rwp�T�\NQ^
WYw8��wpPVPVN�w n ^ARTPD[VMxN�X¬wpR n P]t�UxqS|�N¨tpuªu�UONQ� u�tpq7W�t�RT�TNrqSP i

L7MONDqVNQPVUY�\[Vw n [�X¬R���NQ^ �VUxRT|�N%u�qVt�X [VMxN�N���[]qSwp|�[VRTt n �xqVt�|�NQPVP�|�t n [VwpR n P �Dw8[]Nrq l PVUx|�qSt�P]N7w n ^
tp[VMONrq�RTX �¯UOqSR\[VR\NQP i L7MON �]UYRT|�N R}P MONQw8[]NQ^�� R\[VM��TR}X6N
P]t��}UO[VR\t n []t n NQUO[]qSwp�TR Q N
[VMON6wp|rRT^xP l ��MxR}|SM
[VMON n u�tpq�X¬P�w6�xqVNQ|rR �¯R\[Vw8[]N i L7MON�|r�\NQw8q �VUxRT|�N&RTP¨[VMON n �YUxXA��NQ^=[]t*Nro8w���tpqSw8[]tpqSP w8qVqSw n �pNQ^#R n
P]NrqSRTNQP i � []NQwpXHu�qSt�X�[VMxN W�t�RT�TNrqSP R}P P]N n [�[]t:[VMON"�xqSP][�Nro>w���tpqSw8[]tpq¨w n ^*[VMxN qSNQPVUx�\[Vw n [ o8w���t�UOq
u�qVt�XGR\[DRTP�UxP]NQ^�[]t6W�t�RT�¯[VMON �]UxR}|�N�R n [VMxN n N���[�opNQPVPVNQ�cw n ^:P]t6t nci�yzn [VMxRTP �xqVt�|�NQPVPDw8W�t�UO[ � � �
tpu§[VMON]�Dw8[]Nrq RTP�Nro8w���tpqSw8[]NQ^ l |�t n |�N n []qSw8[VR n �¬[VMON �VUxRT|�N¨PVt��TRT^xP%u�qVt�X w8W�t�UO[ ��� �³[]t � � � i

�%qV_�P][Vwp�T�TR}PVw8[VR\t n tpu PVUO��w8q¬R}P wp|r|�t�XA�Y�TRTPVMxNQ^2W�_ u UOqV[VMxNrq Nro8w���tpqSw8[VR\t n tpu �%w8[]NrqZU n ^ONrq
|�t n []qVt��T�\NQ^!|�t n ^YR\[VR\t n P l R n o>wp|rUYUxX �Yw n P i ! [¬[VMxR}P6P][Vw8�pN l PVNrNQ^ |�qV_�P][Vwp�TP¬R n [VMON u�tpqSX tpu�w
PV�TUxqVqV_Iw8qVN�wp^Y^ONQ^&wpP n Ux|r�\NQRL��MxRT|�M¬�pqVt��£R n []tI�Tw8qV�pNrqDPVUO��w8qD|�qV_�P][Vwp�TP iZ! u�[]NrqD^xRTPS|SMxw8qV��R n �¨u�qVt�X
[VMON
o>wp|rUxUYX	�Yw n P�R\[��YwpPVPVNQP�[VMOqSt�UO��MA|�qV_�P][Vwp�T�TR}P]NrqSP���MYRT|SMAw8qSN
�Tw8qV�pN
t���N n opNQPVP]NQ�TP�U n ^xNrq7[VMON
wp|�[VR\t n tpuªP][VRTqVqSR n � []tZN��OMxwpUxPV[7X6tpqVN¨PVUO��w8q u�qSt�XG[VMON¨X6tp[VMONrq �TR��UxRT^ � n t>� n wpP X¬wpPVP]NQ|rUxRT[]N i

L7MON PVUO��w8q�|�qV_�P][Vwp�TP u�qVt�XH[VMONIX6tp[VMONrq��TR `UxR}^ w8qVN PVN$�Yw8qSw8[]NQ^9W�_Aw�|�N n []qSR\u UO�pN��xqVt�|�NQPVP
UxPVR n �*wY��NrqVu�tpqSw8[]NQ^ W¯wpPK�pNr[¬�TR n NQ^i��R\[VM#w9X6Nr[Vwp�T�TRT|&PV|�qVNrN n [VMxw8[6wp|�[VP6wpP6w6�Y�\[]Nrq i L7MxN&qSw>�
PVUO��w8q�RTP�^xR}PV|SMxw8qS�pNQ^*w n ^ [VMON n �YwpPSP]NQP�[VMOqVt�UO��M w:^OqSR\Nrq�W�Nru�tpqSN
W�NQR n ��^xRTPK�¯w8[V|SMONQ^ i L7MxN ^OqS_
PVUO��w8q�[VM�UxPN�xqSt�^xUY|�NQ^&RTP%[]qSw n PK��tpqV[]NQ^�[]t6WYUx� �¬P][]tpq�w8�pN¨[]NrqSX¬R n wp�TP�u�tpq�N��.��tpqS[Dw n ^&qSN$� n R n �
[]t
��MxRT[]N�PSUO��w8q w n ^:tp[VMxNrq��pN n NrqSR}|S�xqVt�^xUx|�[VP i

���� � ��) � ������!�� # ) � �$� � ! #�����) � ���

� UO��w8q�R}P ! UYP][]qSwp�TRTw �kP�P]NQ|�t n ^��}w8qV�pNQP][7N��.��tpqV[�|�qVt�� �%P]NQ|�t n ^At n �\_&[]th��MONQw8[ i L7MON ! UxP �
[]qSwp�TR}w n PVUO��w8q�R n ^xUxP][]qV_h�xqVt�^xUx|�NQPDqSw>� w n ^ qSN$� n NQ^ PVUO��w8q�u�qVt�X PVUO��w8q�|rw n N l u�tpq�UxP]N¨R n W�tp[VM
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! UxP][]qSwp�TR}w¬w n ^*t opNrqSP]NQwpP i¨m n �}R �pN�X6t�P][�PVUO��w8q �C�xqVt�^xUx|rR n �&|�t�U n []q�R\NQP l ! UxPV[]qSwp�TRTw6N��.��tpqV[VP�X¬w��
�]tpqSR\[s_�tpu�[VMONIPVUO��w8q¨R\[ �xqVt�^xUx|�NQP i]! qVt�U n ^ � � ��Nrq�|�N n [�tpu�[VMON qSw>� PVUO��w8qS�xqVt�^xUx|�NQ^ MONrqVNIRTP
N��.��tpqS[]NQ^ i

! UYP][]qSwp�TRTw �kP&PVUO��w8q�R n ^xUxPV[]qV_2RTPZWYwpP]NQ^4wp�\t n � ! UxP][]q�wp�TRTw �kP¬NQwpPV[�|�t�wpP][�u�qVt�X n tpqS[VMONrq n
��UONrN n PV�Tw n ^
[]t n tpqV[VMONrq nJ� N$� � t�UO[VM M wp�\NQP l w n ^ R n R q�^
q�R\opNrq¶qSNr��R\t n tpu M NQP][]Nrq nh! UxPV[]qSwp�TRTw i
L7MON�[VMxqSR\o�R n ��PVUO��w8q�|rw n N u�w8q�X¬R n ��w n ^¬PSUO��w8q�R n ^YUxP][]qV_�R}P��Tw8qV�pNQ�\_I^xUON�[]t¨u wQopt�UxqSw8WY�\N7[]qSt��YRT|rwp�
|r�TRTXZw8[]N l MxR\��M:qSwpR n u�wp�T��w n ^�MxR\��Mx�\_&X6NQ|SMxw n RTP]NQ^��xqSt�|�NQPVPSR n �I[]NQ|SM n R�`UxNQP i

R opNrq � 	 � l � � �ZMxNQ|�[Vw8qVNQP7w8qVN¨^ONroptp[]NQ^A[]t6�pqVt>��R n �6|rw n N¨R nM! UYP][]qSwp�TRTw i L7MxNrqVN�w8qSN � l�� � �
|rw n N&�pqVt>�%NrqSP w n ^ � ��qSwG�³PVUO��w8q X¬RT�T�TP i L7MON¬R n ^xUxP][]qV_*�pN n NrqSw8[]NQPIX6tpqVNZ[VMxw n 	 � l � � � �]tpWYP l
^xR\qSNQ|�[V�\_2w n ^!R n ^xR\qVNQ|�[V�T_ i yzn ��� �ºP]NQwpP]t n ! UxPV[]qSwp�TRTwY�xqVt�^xUx|�NQ^ � i � 	 v�RT�}�TR\t n []t nxn NQP>I v�[ J
tpu¨qSw>� PVUO��w8q�u�qVt�X 	 � vA[�tpu�PVUx��w8q�|rw n NºMxw8qSopNQP][]NQ^ i vAt�P][�tpu¨[VMON9|rw n N��xqVt�^xUx|�[VRTt n R n
��UONrN n PV�Tw n ^:RTP�[]q�w n PK��tpqV[]NQ^:[]t¬[VMON
X¬RT�T�TP%[VMOqSt�UO��M 	 � � �A��X n w8qVqSt>�-��wpUx�pN¨qSwpRT� n Nr[ �tpq*� i

���� � ! � � �&� � ��' �&)

! P�[VMxRTPD[VMONQPSRTP��xqVNQPVN n [VP�[VMxN¨qVNQP]NQw8qS|�M*R n opNQP][VRT��w8[VR\t n t n [VMxN¨X6NQ|SMxw n RT|rP7tpu�PVUO��w8q |rw n N
|�qSUxPSMxR n �¨W�Nr[ �NrN n qVt��T�TNrqSP l w�Wxq�R\Nruc^ONQPV|�qSR �Y[VR\t n tpu qSt��T�\NrqSP%w8qVN�N��P�Y�}wpR n NQ^ZR n [VMxR}P�P]NQ|�[VR\t n i L7MON
X¬RT�}�qSt��T�\NrqSP¬w8qSN�|rR\qS|rUxX¬u�NrqVN n [VRTwp�T�T_ �pqVt�t opNQ^ i L7MON��pqVt`t(opNQ^ qSt��T�\NrqSPIWxqSNQw��+U � [VMONAWYw8��wpPSP]N
X6tpqVN6|�t�X �¯�\Nr[]NQ�\_ l w n ^9[VM�UxP�u wp|rRT�TR\[Vw8[]NI[VMONIN���[]qSwp|�[VR\t n tpu%[VMON �VUxRT|�NIW`_*[VMON6u�t��T�\t>� R n �&XZRT�T�TP i
L7MON&P]NQ|�[VR\t n tpu��pqVt`t(opNQP n tpqSX¬wp�T�T_*u�tpqSX¬P
w � �sPVMxw���NQ^=�pqVt�t opNQP"� R\[VM=wA�pqSt`t(opN:w n ���\N i L7MON
|�t�X �xqSNQPVPVR\t n tpu �xWYqVN w8��wpR n P][D[VMON �Dwp�T�TP%tpu [VMxN � �sPVMxw���NQ^&�pqVt�t opN���R\opNQPD[VMON��pqSRQ� �YR n �¨wp|�[VRTt ncl
��MxR}�\ND[VMON�W�tp[][]t�X tpuc[VMxN7�pqVt�t opN�RTP n tp[P]t
MxRT��Mx�\_
|�t�XA�Ywp|�[]NQ^ l [VMON�^Oq�wpR n w8�pN7tpu �VUxRT|�N7qVNQPSUx�\[VP i
� Mxw8q*�6�pqVt`t(opN�w n ���\N�� I � ��� � ����J§��R\opN X6tpqSN�PVUOqVu wp|�N l w n ^6[VMxRTP�R}P�UxP]Nru Ux��u�tpq%w�W�Nr[][]Nrq^Oq�wpR n w8�pN l
MOt��NropNrq��pqVt�t opN
w n ���\N�tpu�� 	 ����RTP7wp�TPVt �xqSwp|�[VRT|rw8WY�TN¨w n ^AMxwpP�W�NrN n UYP]NQ^ R n PVUO��w8q X¬RT�T�TP i

L7MON"�xqVNru�NrqVqVNQ^ qVt��}�{�pqVt�t o�R n �:�pNrt�X6Nr[]qS_9R}P�Mxt>�%NropNrq n tp[S�%NQ�T�§^ON$� n NQ^9w n ^9R n ^YUxP][]qSRTwp�
�xqSwp|�[VR}|�Nºo>w8qSRTNQPAPVR\� n RQ�Y|rw n [V�T_ i L�MON9�pqVt`t(opNQP�tpu [X�%t qSt��T�\NrqSP�tpu6w!X¬RT�T� l u�tpqAN���wpXA�Y�\N l w8qVN
w8qVqSw n �pNQ^ R n PVUx|SM2wD�DwQ_º[VMxw8[
[VMONZ[]NrNr[VM2tpu�[VMON&[]t�� qVt��T�TNrq�X6NQPVMi��R\[VMº[VMON&�pqVt�t opNQP tpu�[VMON
W�tp[][]t�XHqVt��T�ªwpP�PSMOt>� n R n 
§R\� i �8i��8i¨j wp|SMºXZRT�T�TR n �IU n R\[ |�t�XZX6t n �\_�|�t n [VwpR n P�PVR���|�_��TR n ^OqSRT|rwp�
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 ��� � C �DR\q�|rUxX6u�NrqVN n [VR}wp�¯�pqSt`t(o�R n � i

qVt��T�}P�w n ^ wpPVP]t�|rRTw8[]NQ^ |�M`UO[]NQP*w n ^g�Y�}w8[]NQP []t!N n w8WY�\N=|�t n [VR n UOt�UxP u�NrNQ^xR n �#tpu [VMON=X¬w8[]Nrq�RTwp�
W�Nr[X�%NrN n NQwp|SM P]Nr[�tpu¨qVt��T�}P i 
§R\��UOqVN �8i�� PVMOt>� P&w#PV|SMxNQX¬w8[VRT| qVN$�xqVNQPVN n [Vw8[VR\t n tpu�w#PVR � ��qVt��T�
|�qSUxPSMxR n �IU n R\[ i

Under

Top roll
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Pressure feed chutefeed roll

Return chute

feed roll

Feed roll
Delivery roll
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Pressure
feed roll

� ��"4����
 ��� � C � |SMONQXZw8[VRT|¨^xRTw8�pq�wpXGtpuªwZPVR � ��qVt��T��|�qSUxPVMYR n �6U n R\[ i

L7MON |rUOqVqVN n [ []NQ|�M n t��\tp�p_ ^ON$� n R n �ZPVR � ��qVt��T�{X¬RT�T�TR n �¬U n R\[VP�Nropt��\opNQ^º�Tw8qV�pNQ�T_ []t�R n |�qVNQwpP]N
[VMON�|�qSUxPVMxR n ��qSw8[]N i � t��T�}R n �¨X¬RT�}��[]NQ|SM n t��Ttp�p_ZRTP��Tw8qS�pNQ�\_INQX �YR\qSR}|rwp�Ow n ^ZMxwpP��pN n NrqSwp�T�T_ Nropt��TopNQ^
��R\[VM X¬R n R}X¬wp��UxP]N*tpu¨wp^Oo>w n |�NQ^4w n wp�\_�PSRTP6u�tpq�w n t��x[VRTXZRTP]NQ^ ��NrqVu�tpqSX¬w n |�N i � t��NropNrq l R n �
|�qVNQwpP]NQ^AqVNQP]NQw8qS|�MAR n []tIXZRT�T�TR n �¨[]t`t�� �Y�Twp|�N¨R n qVNQ|�N n [7_pNQw8qSP�� R\[VM:w X¬tp[VR\o>w8[VRTt n tpu{t��x[VRTXZRTPVR n �
[VMONk�xqVt�|�NQPVP%R\[VP]NQ�\u l qSw8[VMxNrq[VMxw n R n |�qSNQwpPVR n �¨[VMxN�|�qSUYPVMxR n ��q�w8[]N�R\[VPVNQ�\u i§yzn [VMYRTP�qVNr��w8q�^ l |�t�XA�YU �
[Vw8[VR\t n wp��w n ^�N��.��NrqSRTX6N n [Vwp� ��tpqVt�UxP%X6NQ^xR}w
X6NQ|�Mxw n RT|rPDMxwpP%W�NrN n w�� �Y�TR\NQ^Z[]t6|�qSUxPVMxR n �<��R\[VM�w
o�R\N$� []tZw n R}X �xqVt(opNQ^AU n ^ONrq�P][Vw n ^xR n ��tpu§[VMON¨�pt(opNrq n R n � �YqSR n |rR �¯�\NQP i



�

���� � � '*� !�� � ����� '*� � !	�$',) ��
 � � �&��',# � !�#��$'*) ��!��� � !��$#

M MYRT�\N�NQX �YR\qSR}|rwp�YX6t�^ONQ�TPDMxw opN¨P]NrqVopNQ^:[VMON�PVUO��w8q7R n ^xUxP][]q�R\NQPZ�%NQ�T� l [VMONr_&w8qSN¨�TRTX¬R\[]NQ^&R n
[VMONQR\q UxP]N&W�NQ|rwpUYP]NZ[VMONr_2w8qVNZWYwpPVNQ^ t n �TRTX¬RT[]NQ^ �YM`_�PVR}|rP i L7MON&u�U n ^xwpX6N n [Vwp��X6NQ|�Mxw n RT|rP R n �
opt��\opNQ^6R n N���[]qSwp|�[VR\t n tpu �]UxR}|�Nu�qVt�X<PVUO��w8q�|rw n N�[VMxqVt�UO��MI|�qSUxPVMYR n � R}P¶w�|�t�X �¯�\N��R�YMON n t�X6N n t n
[VMxw8[�MxwpP�W�NrN n P][VUx^xR\NQ^AN���[]N n PSR\opNQ�\_:[VMOqVt�UO��M�N��P��NrqSR}X6N n [Vw8[VRTt n w n ^*X6tpqVN�qSNQ|�N n [V�\_ [VMxqVt�UO��M
|�t�UT�Y�TNQ^=X¬w8[VMONQX¬w8[VR}|rwp�X6t�^ONQ�TP iZyzn w�|�t�XA��Nr[VRT[VR\opNZX¬w8q@�pNr[ l u wp|�[]tpqSR\NQP P][]qSR\opNZu�tpqIRTX �xqSt opNQ^
N���[]qSwp|�[VR\t ncl qSw8[]N&w n ^ºqVNQ^xUx|�[VRTt n R n ��MOt��TN���tpu �s�TRTu�N6|�t�P][VP i � N n |�N l R\[¨RTP�Nro�RT^ON n [�[VMxw8[
w�X6tpqVN
[VMOtpqVt�Ux��MZU n ^xNrqSP][Vw n ^xR n ��tpuc�pt opNrq n R n �
X6NQ|�Mxw n RTPSX¬P l �¯w8qV[VRT|rUx�Tw8q��\_�[VMOt�PVN�[VMxw8[D^Ot�X¬R n w8[]N7[VMON
W�t�U n ^xw8qS_
qVNr��RTt n W�Nr[X�%NrN n [VMON�WYw8��wpPVP]N�w n ^&[VMON �pqSt`t(opNQ^�PSUOqVu wp|�NQPRTPqVN �UxR\qVNQ^ i¶yzn wp^x^YR\[VR\t ncl
RTX �YqVt opNQ^A|�t�XA�YUO[Vw8[VR\t n wp�¶X6t�^ONQ�TP�w8qVN
qVN `UYR\qVNQ^:[]tZN n w8WY�\N�[VMON�XZw8[VMONQX¬w8[VRT|rwp�¶X6t�^xNQ�TP�[]tZW�N
P]t��\opNQ^ iy [�RTP7M`_P��tp[VMxNQPVRTP]NQ^ [VMYw8[7[VMON�N��ORTP][VR n � n UYX6NrqSRT|rwp�cX6t�^ONQ�TP7t opNrqSPVR}X �Y�TR\u�_Z[VMxN�|�t�X �Y�\N��
[VMOqVNrN��s^YRTX6N n PVRTt n wp�{�pqSt`t(o�R n ���pNrt�X¬Nr[]qV_ l w n ^Y��MYRT�\N�[VMYRTP�^Ot`NQP n tp[�w��L��NQw8q�[]t �pqVNQw8[V�T_*w�G�NQ|�[
qVt��T���\t�wp^ l R\[�MxwpP�w�X¬w �]tpq�NHG�NQ|�[�t n qVt��T��[]tpq��UON i � t��}��[]tpq�`UxNDR}P�^ON$��N n ^ON n [ªt n [VMxN7�\t�|rwp�OPSMONQw8q
P][]qVNQPSP¨w8[�[VMON6�pqSt`t(opN �(WYw8��wpPVP]N R n []NrqVu wp|�NZw n ^º[VMxR}P�|rw nxn tp[¨W�N6NQP][VRTXZw8[]NQ^ |�tpqVqVNQ|�[V�T_Y� R\[VMOt�UO[
w6[VMOqSNrN��^xRTX6N n PVR\t n wp��X6t�^ONQ� iZ! u�UxqV[VMONrq��TR}X¬R\[Vw8[VR\t n tpu§[VMON�N��ORTP][VR n �¬X¬t�^ONQ�}P�R n opt��TopNQP7N��O|�NQP �
PVR\opNINQ�\NQX¬N n [¨^xR}P][]tpqV[VR\t n w8[��Tw8qV�pN¬P][]q�wpR nci L7MYRTP |rw n W�NIt(opNrqS|�t�X6N¬W�_*X¬w��L�YR n ��[VMON6|rUOqVqVN n [
P]t��TUx[VR\t n []t wºqVNro�RTP]NQ^!X¬NQPVM i yzn o�RTN$� tpu�[VMONAw8W�t opN*PS|�N n w8qSR\t l [VMON�|rUOqSqVN n [¬R n opNQP][VRT��w8[VR\t n
|�t n |�N n []qSw8[]NQP�PK��NQ|rR �Y|rwp�T�\_&t n [VMON�u�t��T�\t���R n �6w8qVNQwpP i

I � J L{t�R n opNQP][VRT��w8[]N�w n ^6^ONr[]NrqSXZR n NDNQ�TwpP][]t��C�Y�}wpP][VRT|�|�t n P][VRT[VUO[VR\opN7W�NQMxw o�R\t�Uxqªtpu�[VMON��YWxqVt�UxP
P]t��TRT^*X¬w8[]qSR ��tpu�qSUT�x[VUOqSNQ^�|rw n N l u�qVt�X `UxwpPSR �sP][Vw8[VRT| |�t n � n NQ^ U n R}w���RTwp�¶|�t�X �xqVNQPSPVR\t n
N��P��NrqSRTX¬N n [VP i

I � J L{t R n opNQPV[VR\��w8[]N&w n ^2^ONr[]NrqSX¬R n N6N��P��NrqSR}X6N n [Vwp�}�\_�[VMONh��Nrq�X6NQw8WYRT�TRT[s_�qSNQPK��t n P]N ��MxR}|SM
qVN$�xqVNQP]N n [VP �VUxRT|�N �xt�� W�NQMxw o�R\t�Uxq ��R\[VMxR n [VMON �xWxqVt�UxP§P]t��}RT^6X¬w8[]qSR �Itpu �xqVN$�Yw8qSNQ^6|rw n N i

I � J ! � �¯�TRT|rw8[VR\t n tpu [VMON�|�t n P][VRT[VUO[VR\opN�X6t�^ONQ�TPu�tpqD[VMONS�xWxqSt�UxPPVt��TRT^Zw n ^��}R�`UYRT^ �xt�� l w n ^
[]t ��NrqSu�tpqSX � n R\[]N NQ�TNQX6N n [ n UxX6NrqSR}|rwp��PSRTX
UY�Tw8[VR\t n tpu{[VMON¨|�qSUYPVMxR n ���xqVt�|�NQPVP%W�Nr[X�%NrN n
w �YwpR\q�tpu§qVt��T�}P i



�

I 	 J L{tI|�t n ^xUx|�[%[X�%tIqVt��T�¯X¬RT�T�ON��.��NrqSRTX6N n [VP l w n ^&[]t
o8wp�TRT^xw8[]N n UYX6NrqSRT|rwp�¯X6t�^xNQ�TPw8��wpR n P][
N��P��NrqSRTX¬N n [Vwp�c^xw8[Vw i

I �;J ! � �¯�TRT|rw8[VR\t n w n ^ R}X �xqVt(opNQX6N n [�tpuªqSN Q t n R n �6[]NQ|�M n R��UONQPD[]t&X Ux�\[VRTqVt��T��P]_�PV[]NQX¬P i

I � J ! � �¯�TRT|rw8[VR\t n tpuªo>wp�}RT^xw8[]NQ^AX6t�^ONQ��[VMOqSt�UO��M w6qVNQwp�TR}P][VRT|�[VMOqVNrN��s^xR}X6N n PVR\t n wp��X¬t�^ONQ� i



��Ib7�
	���� �

���z	����cb%	�eI�c�H�c���
�S��� b7��� 	 �I�³	��I� � � � � �=d�e � b�� ��b7�I� ��� eId��6�S� �

����� � �*������' ��
	���&' ������',� ) ��������(� #�'

M NQ�T�c�pqVt�� n PVUx��w8q�|rw n N�P][Vwp�Q��P�P][Vw n ^AwpP7MxR\��M wpP � � 	 X R n �\N n �p[VM l w n ^:[VMON¨^xR}wpX6Nr[]Nrq
o8w8qSR\NQPDu�qVt�X � ��� ���¬X¬X i L7MxN�PV[Vwp� �Ztpuª|rw n N¨X¬wQ_�W�N�^YR\o�R}^ONQ^&R n []t6wIP][]qVt n �6t�Ux[]Nrq���Nrq�R �YMONrqSwp�
qVNr��R\t n tpqDqSR n ^Zw n ^&w n R nYn NrqP]tpu�[ �YR\[VMZPVNQ|�[VR\t nciZ! [�R n []NrqVo>wp�}P�wp�\t n � [VMON�P][Vwp� �Zw8qSN [VMON n t�^ONQP l
PVRTXZRT�Tw8q�[]t:WYwpX
W�t`t i L�MON
q�R n ^�R}P�w&qVNQ�Tw8[VRTopNQ�\_A[VMxR n N���[]Nrq n wp���Tw _pNrq�tpu�[VMON6P][Vwp� � i¨h _�o�R\qV[VUON
tpuDR\[VP�MxR\��MY�xWxqSNI|�t n []N n [ l qSR n ^*R}P�[VMON¬P][]qVt n �pNQPV[]��tpqS[VR\t n tpu[VMON �¯�Tw n [�w n ^9��RTopNQP�[VMON¬P][Vwp� �
X Ux|SM tpu�R\[VP�|SMxw8qSwp|�[]Nrq�RTP][VRT|¨PV[]qVN n �p[VMAw n ^AqSR\��RT^xRT[s_ i

� ��"-����
 � � � CKEªtpqV[VR\t n tpu�R n []Nrq n t�^ON�[]qSw n P]opNrqSP]N¨P]NQ|�[VRTt n I � t�|@��MxRT�T� l �� � � J i

jc151654
Text Box
              THIS IMAGE HAS BEEN REMOVED DUE TO                          COPYRIGHT RESTRICTIONS



�

j wp|�MAR n ^xRTo�RT^YUxwp�T�xWxqSN�|�t n PVRTP][Dtpu§|�t n ^xUx|�[VR n �
opNQPVPVNQ�TP�tpq�[VUOW�NQP�|rwp�T�\NQ^��zo8wpPV|rUx�}w8q�WYU n �
^x�\NQP�� l ��MxRT|�MIP]NrqVopN7[]t�Wxq�R n ��P]t�RT�OX6t�RTPV[VUOqVN�w n ^"�Y�Tw n [ n Ux[]qSR\N n [VP§[]t¨[VMON7�\NQw opNQP�w n ^IqVNr[VUxq n [VMON
P]_ n [VMxNQPVRTP]NQ^6PVUx��w8qSP§u�tpqP][]tpqSw8�pN7[]t�[VMON��¯R\[VM6|�NQ�T�TP i L7MONDo8wpPV|rUx�Tw8q�W¯U n ^x�\NQP¶N���[]N n ^6[VMOqVt�Ux��MOt�UO[
[VMON��\N n �p[VM=tpu�[VMxN&P][Vwp� � i 
§R\��UOqVN ��i�� RT�T�}UxP][]qSw8[]NQP�[VMON&�pN n NrqSwp�%P][]qSUx|�[VUxqVN¬tpu7w�PVNr��X6N n [ tpu7w
|rw n N�P][Vwp� �6R n ��MYRT|SM¬|rw n W�N7P]NrN n [VMxN ^xRTPV[]qSR\WYUO[VRTt n tpu�o8wpPV|rUx�Tw8qWYU n ^Y�\NQP§R n [VMON �YR\[VM6w n ^ZqSR n ^
P]NQ|�[VR\t n i

�N�*"-����
 � � � CKE�qVN$�Yw8qVNQ^ |rw n N i

L7MON6PVUO��w8q�|rw n N¬wpP�PSUx|SMºRTP�qVNQPSRTP][VR\opN []tAw�� �Y�TRTNQ^*�\t�wp^9^ON$��N n ^YR n �Zt n [VMxN [VMxNI^xNr�pqVNrN
tpu§|�t�X �Ywp|�[VR\t ncl MxR\��M:�\NropNQ�TPDtpu§|�t�X¬X¬R n UO[VR\t n w8qSN n NQ|�NQPVPVw8qV_�[]t¬w8[][VwpR n �pt`t�^:N���[]q�wp|�[VR\t n ��Nrq �
u�tpqSX¬w n |�N i ! [�[VMON¬X¬R}�T�TP l [VMON¬|rw n N6WYR}�T�\Nr[VP�w8qVN �xqVtp�pqVNQPSPVR\opNQ�\_*u�qSw8��X¬N n []NQ^ºW�Nr[ �NrN n qSt>��P�tpu
qSw��YR}^x�\_�qVtp[Vw8[VR n ��MxNQwQo�_ PK� R n ��MxwpX¬X6NrqSP§w n ^6w�PV[Vw8[VR\t n w8qV_
�pqSRT^ WYw8q i L7MON�PVMOqSNQ^x^xR n � �xqVt�|�NQPVP
qSUT�Y[VUOqVNQP§X6t�P][�tpu¯[VMON �]UYRT|�N�|�NQ�T�TP l w n ^IqSNQ�\NQwpP]NQP�[VMONN�xWYqVt o8wpPV|rUx�Tw8q�W¯U n ^x�\NQPªw n ^I[VMONN�YRT[VM6|�NQ�T�TP i
L7MONZqVNQPVUx�\[VR n �M�xqVN$�Yw8qVNQ^ |rw n N&|�t n PSRTP][¨tpu�P]t��TR}^ l �TR `UxR}^*w n ^ ��wpPR� R\[VM=P]t��TR}^º|�t n []N n [�� R\[VMxR n
[VMONIqSw n �pN � ��� ��� � W`_ X¬wpPVP i 
ªRT��UOqVN ��i�� PVMOt���P�w X¬wp|�qVt�PV|�t��¯RT| o�R\N$�<tpu[s_P�YRT|rwp���\�xqSN$�Yw8qVNQ^
|rw n N�� i





����� ����� � � ��'*) ',� � �����+�����	��
 ���	�	��

y~n PVR}X �Y�\N7[]Nrq�X¬PD|rw n N�|�t n PVRTP][VP%tpu{PVt��TRT^ �C�xWYqVN l �TR `UxR}^ � �]UYRT|�N�w n ^���wpP i�y � n tpqSR n �
[VMON���wpP
�YMxwpPVN l XZRT�T�TR n ��RTP%WYwpPVRT|rwp�}�\_ZwIX¬w8[]NrqSRTwp�cPVN$�Yw8qSw8[VR\t n �xqSt�|�NQPVP l R n [VMYRTPD|rwpP]N¨P]N$�Yw8qSw8[VRTt n tpu �VUxRT|�N
u�qVt�X�[VMONS�xWxqVN i L7MxN�P]N$�¯w8qSw8[VR\t n tpu �VUxRT|�N�RTPD|rw8qVqSRTNQ^&t�Ux[DR n wIX¬R}�T�TR n ��[Vw n ^ONQX l W�_&PVUx|r|�NQPSPVR\opN
w�� �Y�}RT|rw8[VR\t n tpu �xqSNQPVPVUOqVN:wpPI[VMONA|rw n N��¯wpPVP]NQPIW�Nr[X�%NrN n wY�YwpR\qItpu�qVt��T�TP i L�MON X¬wpR n u�wp|�[]tpq�P
��MxR}|SMA^ONr[]Nrq�X¬R n N�[VMON¨N��&|rR\N n |rR\NQP�tpu �VUxRT|�N¨PVN$�Yw8qSw8[VR\t n w8qVN l ^ONr�pqVNrN
tpu�|�NQ�T�cqSUT�Y[VUOqVN l NHG�NQ|�[VRTopN
�xqVNQPSPVUOqVN l ^OqSwpR n w8�pN l �YM`_�PVR}|rwp� �xqVt���NrqV[VR\NQPDtpu �xWxqSN l w n ^ n UYX�W�Nrq�tpu�P �UONrN Q NQP i

o UOqSR n �![VMxN W�Nr��R nxn R n �+tpu6[VMON � �8[VM |�N n [VUxqV_ � t �NQ� o NrNrqVqY�YR\t n NrNrqVNQ^-w n ^ |�t n P]t��TR �
^xw8[]NQ^&X¬w n _Itpuc[VMON�WYwpPVRT|N�xq�R n |rR �Y�TNQP¶tpucPVUx��w8q�[]NQ|SM n t��\tp�p_ l W`_6w�� �¯�\_�R n ��PV|rR\N n [VR �Y|D[]NQ|SM n R��UONQP
[VMOqVt�Ux��Mºu�wp|�[]tpqS_ tpW¯P]NrqVo8w8[VR\t n P=I.E§wQ_ n N l ������ J i � RTPS�tpq*��P�NQPV[Vw8WY�TRTPVMxNQ^9[VMON6u�t�U n ^xw8[VR\t n u�tpq
[VMON��xqSNQP]N n [^xwQ_IX¬RT�T�}R n ��[VMxNrtpqV_ l [VMxw8[�[VMON7X¬w �]tpq�u�wp|�[]tpq%RTP§[VMON7opt��}UxX6N�t�|r|rUT�YR\NQ^IW�_
[VMxN��xWxqVN
��MON n |�t�XA�xqVNQPVP]NQ^9W�Nr[ �NrN n XZRT�T�¶qVt��T�TP iJo UOqSR n � ������ � � �8l o NrNrqVq<�xqSNQP]N n []NQ^ MxRTPk�NQ�}� � n t�� n
! �\�pNrWxqSwpRT|�L�MONrtpqV_:tpu j ��[]qSwp|�[VR\t n tpuZ�±UxRT|�N�W�_:v*RT�T�TR n � R n [VMON yzn []Nrq n w8[VR\t n wp� � UO��w8q �pt�Uxq n wp� i
j �pNr[]Nrq�w n ^*tp[VMONrqSP�R n ��wQo8w�w8W�t�Ux[ �������l |rw8qVqSRTNQ^At�UO[�N���[]N n PVR\opNIX¬RT�T�TR n � R n opNQP][VRT��w8[VR\t n P�w n ^
X¬wp^ON
P]t�X6N<�xqStp�pqVNQPVP�[]t��%w8qS^YP�w6W�Nr[][]Nrq U n ^ONrqSP][Vw n ^xR n �
tpuª[VMxN�|�qSUxPVMYR n �J�xqVt�|�NQPVP i � R n |�N�[VMON
�VUxRT|�N
R}P7qVNQX6t(opNQ^ u�qVt�X�[VMON��xWxqVt�UxP |rw n NIX¬w8[]NrqSRTwp�¶W`_ [VMxN
w�� �Y�}RT|rw8[VR\t n tpu �YqVNQPVPVUOqSN l [VMON UxP]N
tpu{w��xqVNQPVPSUOqVN���opt��TUxX¬N7qVNQ�Tw8[VR\t n PVMxR �A�DwpPD|�t n PVRT^xNrqVNQ^Z[]t W�N�[VMON�WYwpPVR}|rP�u�tpq[VMxN NQw8qS�T_6qVNQP]NQw8qS|�M i
j opt��}UO[VR\t n R n PVUO��w8q�XZRT�T��|�qSUxPVMxR n � N �UxR �¯X6N n [ª[]t�t����Y�}wp|�N7R n w n NHG�tpqV[�[]t¨RTX �xqVt(opNDN���[]qSwp|�[VRTt n
��NrqVu�tpqSX¬w n |�N i � t��T�§PK��NrNQ^xP�w n ^9^xRTwpX6Nr[]NrqSP�Mxw opN6W�NrN n R n |�qVNQwpP]NQ^ []tARTX �YqVt opN [VMON6|rw��Ywp|rR\[®_ i
��UYRT|�N��pqVt�t opNQPk�NrqSN�R n P][Vwp�}�\NQ^:[]th�xqSt o�RT^ON�W�Nr[][]Nrq ^Oq�wpR n w8�pN i �Dt�U n [V�TNQPVP7|�t�X
WYR n w8[VR\t n P�tpu§qVt��T�
�pNrt�X6Nr[]qV_ l �xqVNQ|�t�XA�xqVNQPVPVR n �IqVt��T�TP l u�NrNQ^A|SM�UO[]NQP l w n ^ tp[VMONrq�X6NQ|SMYw n RT|rwp� wpRT^YP�MxwQopN
W�NrN n []qSR\NQ^
[]tARTX �YqVt opN6[VMONIu�NrNQ^xw8WYRT�}R\[s_ i L7MONQP]N6w8[][]NQX �Y[VP<�%NrqVN¬X¬wp^ON"��R\[VMº�}R\[][V�\N u�U n ^xwpX6N n [Vwp� � n t���� �
NQ^O�pN�tpu�[VMON7X6NQ|�Mxw n RT|rP�tpu��VUxRT|�N �xt>� tpq�tpu¯[VMxN�u�tpqS|�NQP�R n opt��TopNQ^ i 
Otpq�^ONQ|rwp^ONQP l [VMON�[]NQ|�M n t��\tp�p_
tpu�qSt��T�TR n ��w �xWxqVt�UxP�X¬w8[]NrqSR}wp�ªMYwpP�qVNQ�TR\NQ^*N���|r�}UxPVR\opNQ�\_�t n [VMON6UxP]N tpu�NQX �YRTqSRT|rwp�ªX6t�^xNQ�TP l w n ^
[]qSRTwp�cw n ^ NrqVqVtpq7N��.��NrqSR\N n |�N i



� �

����� � ��#�� ��� ',# � ��� ������ ' ��� !�',) ��
 ����',������',� ) � �$� � �(� # ' �+���	�	� 
 ��� ����

h Nr[X�%NrN n �� ���=w n ^ ��� �=w n UYX�W�NrqItpu wp^Oo8w n |�NQP¬R n N��.��NrqSRTX6N n [Vwp��w n ^+[VMONrtpqSNr[VRT|rwp�
U n ^xNrqSP][Vw n ^xR n �Ztpu%|�qSUxPVMxR n �&X6NQ|�Mxw n RT|rP<�%wpP�wp|�MxR\NropNQ^=W�_�qSNQP]NQw8qS|SMxNrqSP¨w8[�[VMON m�n R\opNrqSPVRT[s_�tpu
��UONrN n PV�Tw n ^0I m � JIw n ^ w8[¬[VMON � UO��w8q � NQPVNQw8qS|SM y~n P][VR\[VUO[]N�I � ��y J6R n v*wp|@�8wQ_ i L7MxR}P"�tpq@�
�DwpPZ�pN n Nrq�wp�T�\_ |rw8qVqSRTNQ^ t�UO[&W`_ ��t�P][]�pqSwp^YUxw8[]N*P][VUY^ON n [VP�I h qSwp^x^Ot�|@� l ��������Dh Ux�}�\t�|*� l �� � � �
�DUx�}�\N ncl ���� � � � t��T[ l �������� v�U n qVt l ���� 	�� v*UOqVqV_ l ���� �pw � � UxPVP]NQ�T� l �������� � t��\t�X6t ncl ������ J i
L7MON�NQw8qS�\_&qVNQP]NQw8qS|�MM�xqVtp�pqSwpXZX6N�|rw8qVqSR\NQ^�t�UO[DW�_ h Ux�T�\t�|@�h�%wpP�|�t n |�Nrq n NQ^M��R\[VM�u U n ^xwpX6N n [Vwp�
R n opNQP][VR\��w8[VR\t n Ptpu¶[VMON�X6NQ|SMxw n RT|rP%tpu¶|�qSUxPSMxR n � i 
Otpq�[VMxRTPqVNQwpP]t n l w [ �t���qVt��}��N��P��NrqSRTX¬N n [Vwp�¯qSR\�
�DwpP%^xNQPVR\� n NQ^&w n ^&|�t n P][]qSUx|�[]NQ^&u�tpq�|�qSUYPVMxR n �¨|rw n N�w8[ m � i L¶tp�pNr[VMONrqN��R\[VM&[VMON�N��.��NrqSRTX6N n [Vwp�
X¬RT�}�TR n �¨R n opNQP][VR\��w8[VRTt n P l w��YqVtp�pqSwpX¬X6N�[]t6R n opNQP][VR\��w8[]N�[VMONS�YM`_�PVR}|rwp� �xqVt���NrqV[VRTNQP�tpu{PSUO��w8q�|rw n N
w n ^ W¯w8��wpPVP]N¨u�qVt�X w n N n ��R n NrNrqSR n �J��t�R n [�tpuªo�R\N$���%wpP wp�TP]t¬|�t�X¬X6N n |�NQ^ i

h Ux�T�\t�|@� I �� � �PJ�R n []qVt�^xUx|�NQ^ [VMON�|�t n |�N$�x[�tpu�|�t�X �xqVNQPSPVR\t n qSw8[VR\t=I �	JªwpP�[VMON�qSw8[VR\t�tpu n t��
��wpP§opt��TUxX¬N%tpu¯|rw n N I � �� J{W�Nru�tpqVND|�t�X �xqSNQPVPVR\t ncl []t�[VMONDopt��TUYX6Ntpu�|rw n N I � J w8[�[VMONN�Yw8qS[VRT|rUx�Tw8q
�\t�|rw8[VR\t n U n ^ONrqDR n opNQP][VR\��w8[VR\t n i L7MxRTPu�U n ^xwpX6N n [Vwp��^ON$� n R\[VRTt n RTPD^ON$� n NQ^&X¬w8[VMxNQX¬w8[VRT|rwp�T�\_&wpP l

� �
� ��
�

I ��i�� J

h NQPVRT^ONQP|�t�X �xqVNQPSPVR\t n q�w8[VR\t l [VMON�|�t�X �Ywp|�[VR\t n w n ^h�Y�T�TR n ��q�w8[VR\t
Mxw opN�wp�}P]t¨W�NrN n UxPVNQ^ZR n PSUO��w8q
R n ^YUxP][]qSR\NQP i �%t�X �Ywp|�[VR\t n I � � J{RTPª[VMONq�w8[VR\t tpu�X¬wpPVPªtpu �xWYqVN I � ' J{[]t�[VMON%opt��TUxX6N%tpuY|rw n N I � � J l
w n ^�[VMON<�Y�T�}R n � qSw8[VR\t:I � � JDRTP�[VMxN�qSw8[VR\tZW�Nr[ �NrN n opt��TUxX¬N¨tpu �xWxqVN�I � ' J�w n ^Aopt��TUxX¬N¨tpu�|rw n N i
L7MONr_:w8qVN�XZw8[VMONQX¬w8[VRT|rwp�T�T_�^ON$� n NQ^ wpP l

� � � � '
� � I ��i�� J

� � � � '
� � I ��i�� J

L7MON+^ON n PVRT[s_ tpuZ^OqS_g�xWxqVN#MxwpP W�NrN n �UOtp[]NQ^ wpP �8i�� � �8i
	 ��X	�>|rX � I � Ux�ptp[ l ������ J l
MOt��NropNrqºR\[VP�o>wp�TUxN2U n ^xNrq�^xR G�NrqVN n [D�xqVNQPVPSUOqVNQP l �DwpP�NQPV[VRTX¬w8[]NQ^ u�qVt�X�[VMON2u�t��T�Tt>��R n �!qVNQ�Tw��
[VR\t n I.ERT^x^xUY|@� l �� � �;J



���

� ' � ��� � ����������� ��� � ���	� � � I ��i
	 J

��MONrqSN � � RTP �xqVNQPSPVUOqVN�R n w��ORTwp�O^xR\qSNQ|�[VR\t n R n �YPSR l ��MxRT�TN[VMON ^ON n PVR\[®_�tpu �xWxqSN �(' RTP§N��.�xqVNQPVPVNQ^¬R n
� �>|rX � i L�MON�^ON n PVR\[®_Ztpu �xWxqVN�wpP � � � � ��� �>X � MxwpPDW�NrN n UxPVNQ^ PVR n |�N ���� � i L�MON�WYUx� �Z^xN n PVR\[®_
tpu�|rw n N¨WYwpPVNQ^ t n �xWxqSN¨|�t n []N n [ w n ^A[VMON �VUxRT|�N¨^ON n PSR\[s_�RTP�u�t�U n ^ wpP7u�t��T�\t���P iZ! P�[VMON¨opt��}UxX6N
tpu�|rw n N � � RTP�|�t�X �xq�RTP]NQ^:tpu �xWxqVN�opt��TUYX6N¨w n ^ �VUxRT|�N�opt��TUYX6N l

� � � � ' � � � I ��i �;J

� NrqVN � qVNru�NrqSP�[]t9[VMON�opt��TUxX¬N�w n ^#[VMON:PVU � � � � � w n ^�
9qVNru�NrqSP
[]t9|rw n N l �xWxqVN l w n ^ �VUxRT|�N
qVNQPK��NQ|�[VR\opNQ�T_ i j �P�xqSNQPVPVR n �&[VMON¬|rw n N l �YWxqVN6w n ^��VUxRT|�N opt��TUxX6NQP�R n []NrqSXZP�tpu�[VMONQRTq�qVNQPK��NQ|�[VR\opN
^ON n PSR\[VR\NQP lOj  i I ��i �;J7W�NQ|�t�X¬NQP l

�

� �
� � �

�('
� I �� � J �

��
I ��i�� w J

tpq � � ��� �
�('
� I �� � J �

� ��� � � I ��i�� W-J

��MONrqSN � R}P�[VMON]�xWxqSN�qSw8[VR\t l w n ^ � RTP�^ON n PVR\[s_ i

� � � � � � ��
��$����
� -�= ����81
��
�Dw n ND[VMxw8[�Mxwp^IU n ^xNrqV�pt n NDMxR\��M �\NropNQ�TPªtpu¯|�t�X¬XZR n Ux[VR\t n ��RTopNQP�w W�Nr[][]Nrq�X¬R}�T�TR n ����NrqVu�tpq �

X¬w n |�N l MxN n |�N¨w n w�� �xqVt��YqSRTw8[]N�R n ^xR}|rw8[]tpq%tpuª|�t�X¬X¬R n UO[VR\t n RTP�wp�}P]t6w6X6NQwpPVUOqVN�[]t �xqSNQ^xRT|�[D[VMON
X¬RT�}�TR n � ��NrqSu�tpqSXZw n |�N i L7MYRTPk�%wpP ^ONQwp�\[�[VMOqSt�UO��M=w n N$��X6NQwpPVUOqSNQX6N n [ l []NrqSX6NQ^�� /2?@:@=�/2ah:;&B/

& ,.ahe*:$?�� I2� t�UO��MOq�w ncl ��� � J � MxRT|SM4RTP:P][Vw8[VRTPV[VRT|rwp�T�\_ R n ^ON$��N n ^ON n [¬tpu<�xWxqSN*|�t n []N n [ i L7MxRTP
n N$� X¬NQwpPVUOqVNQX6N n [¬u�tpqZwpPVP]NQPSPVR n �º[VMON �xqVN$�Yw8qSw8[VRTt n �\NropNQ�7tpuk�xqVN$�Yw8qSNQ^ |rw n ND�DwpP¬WYwpPVNQ^!t n
�xqVN��s|�t�XA�xqVNQPVP]tpq�N��P��NrqSRTX¬N n [Vwp��qVNQPSUx�\[VP i L7MxN�[]qVNQw8[VX6N n [ n UxX�W�Nrq l �	 l RTP�N��.�xqVNQPVPVNQ^AwpP l

�	 �
�� � ����� � I ��i �PJ

��MONrqSN �4R}P¶[VMxND|�t�XA�xqVNQPVPVRTt n q�w8[VR\t¨w8[ ���S��E§w�R n [VMONN�xqVN��s|�t�XA�xqVNQPVP]tpq l w n ^ � R}P¶[VMxN �YWxqVND|�t n �
[]N n [�N��P�xqSNQPVP]NQ^ wpP7wIu�qSwp|�[VR\t nciZ! []qVNQw8[VX6N n [ n UxX
W�NrqDtpu � i
	 |�tpqVqVNQPK��t n ^YP[]t � n NQ�\_A�xqSN$�Yw8qVNQ^
|rw n N l w n ^ []qVNQw8[VX6N n [ n UxX
W�Nrq�tpu �8i�� �%t�Ux�T^:qSN$�xqVNQP]N n [�|�t�w8qSP]NQ�T_ �xqSN$�Yw8qVNQ^A|rw n N i



���

� � � ��� �	��
�����
 ����9;�4'�������9;
:
�� ������9P�����4 

y~n NQPV[VRTX¬w8[VR n �I[VMON�N��&|rR\N n |�_Ztpu§w6X¬RT�}�TR n �<�YqVt�|�NQPSP l w n N��P�YqVNQPVPVR\t n u�tpq7[VMON�[VMONrtpqSNr[VRT|rwp�
�VUxRT|�N N���[]qSwp|�[VRTt n wpP¨w�u�U n |�[VR\t n tpu|�t�X �YqVNQPVPVR\t n qSw8[VRTt �DwpP¨^ONrq�R\opNQ^ l WYwpP]NQ^9t n PVR}X �Y�\N
opt��TU �
X6Nr[]qSR}|�[VMONrtpqV_:tpu§N���[]qSwp|�[VRTt nci L�MON�WY�Tw n �pNr[�tpu �xqSN$�Yw8qVNQ^A|rw n N�N n []NrqSR n �Zw¬X¬R}�T��U n R\[�|�t n PVR}P][VP
tpu �VUxRT|�N�w n ^ �xWYqVN i ! PVPVUxX¬R n �¬[VMON X¬w8[]NrqSRTwp�ª�\NQwQo�R n �&[VMONIX¬RT�T� X¬t opNQP�w8[�[VMON
PVwpX¬N PK��NrNQ^ wpP
[VMON�qVt��}�cPVUOqVu wp|�N l [VMON�opt��TUYX6N�tpu�X¬w8[]NrqSRTwp�c�\NQw o�R n �6[VMON�X¬R}�T��R n U n R\[D[VRTX6N¨R}P���R\opN n W�_&[VMxN�NQP �
|�qSR\W�NQ^Zopt��TUxX6N tpu [VMON�X¬RT�T�OqSt��T�TP�w n ^&R\[DRTP^ON n tp[]NQ^:wpP �� � i�y u �� � � RTP�[VMON n t���opt�RT^�opt��TUxX6N qSw8[]N
tpu{X¬w8[]Nrq�RTwp�YN n []NrqSR n � l PVR n |�N�W�tp[VMA�YWxqVN w n ^ �VUxRT|�N�w8qVN wp�TX¬t�P][%R n |�t�X �xqVNQPSPVR\WY�\N l [VMxN qVNQ^YUx|�[VR\t n
R n [VMON�opt��TUxX6N�qSw8[]N�tpu �VUxRT|�N�N���[]qSwp|�[]NQ^ �� � � RTP l

�� � � �
�� �� � ��

� I ��i�� J

L7MON�[]tp[Vwp�{opt��TUxX6N�q�w8[]N¨tpu��]UxR}|�N�N n []NrqSR n �¬[VMON¨X¬RT�}��R n U n R\[D[VRTX6N¨R}P���R\opN n W�_ l

�� � � �� �� � �� ' I ��i� J

��MONrqSN �� ' R}PD[VMON¨opt��TUxX¬N�qSw8[]N¨tpu �xWxqVN i L7MxN�N���[]qSwp|�[VRTt n u�qSwp|�[VR\t n � RTPD��R\opN n W`_

� �
�� � �
�� �
�
I �� �� � ��

� J
I �� �� � �� ' J

�
�� ����

������
�� ��
	

�� ���

I ��i�� � J

L7MONI[]NrqSX �� �� � �� � R}P�[VMONIqSw8[VR\t:tpu n t���wpP¨opt��TUxX6N
�� � � []t NQPV|�qSRTW�NQ^*opt��TUxX¬N q�w8[]N �� � l w n ^ºRTP

[VMON n R �:|�t�X �xqSNQPVPVR\t n qSw8[VR\tItpu¶[VMON�X¬RT�T� iªj �.�xqVNQPVPSR n ��[VMxN�opt��}UxX6N�qSw8[]NQP �� ' w n ^ �� �� R n []Nrq�X¬P
tpu �xWxqVN�w n ^ n t�����wpP�^ON n PVR\[VR\NQPDqVNQP@��NQ|�[VRTopNQ�\_ l [VMON¨[VMONrtpqSNr[VRT|rwp�cN���[]qSwp|�[VR\t n W�NQ|�t�X6NQP l

� �
�� ��

�� ��� ���
� 	

I ��i���� J

� � � � �  
�� 8(�?����/������4 F�. 3����"���� � �.'�'��
j �.��NrqSRTX6N n [VP�PVMOt>� P�[VMxw8[¨[VMON¬wp|�[VUYwp��N���[]q�wp|�[VR\t n P�qVNQwp�}R Q NQ^ºR n w X¬RT�}� l u�wp�T�§W�NQ�\t��<[VMON

RT^ONQwp� j  i I ��i���� J i�j �pNr[]Nrq I ������ J_�%wpPD[VMONk�xqSPV[[]tItpWYP]NrqSopN�[VMYw8[DR n wIX¬RT�T�L��MON n [VMON�PK��NrNQ^&tpu
[VMON X¬RT�T�TP%W�NQ|�t�X6NQP�MxR\��M N n t�UO��M l [VMxN�|rw n N
XZw8[]NrqSRTwp�{X¬t opNQ^*u�tpq@�Dw8qS^*w8[ wZP@��NrNQ^�N���|�NrNQ^YR n �



���

[VMxw8[%tpu [VMON�qVt��T�TP i(M MON n [VMxRTPt�|r|rUxqSP l [VMON opt��}UxX6N�tpu WYw8��wpPVP]N��\NQw o�R n � w X¬RT�T�YRTP��pqSNQw8[]Nrq�[VMxw n
[VMON�opt��TUxX6N�NQPV|�qSRTW�NQ^2W�_=[VMON�qVt��T�TP i L7MxRTP�qVNQ^xUx|�NQP [VMON�N���[]qSwp|�[VR\t n ��NrqVu�tpqSX¬w n |�N�tpu�w X¬RT�T� i
� N n |�N l []t wp|r|�t�U n [�u�tpqD[VMxRTP l R\[%R}PU��t�P][VUx�}w8[]NQ^Z[VMxw8[ l w8[D�\NQwpP][�P]t�X¬N tpu [VMxN�XZw8[]NrqSRTwp��RTPX¬t o�R n �
u wpP][]Nrq�[VMxw n [VMON�qVt��T�TP�R n [VMON�w��ORTwp� �Y�Tw n N i�yzn [VMxR}P�|rwpP]N

�� � � �
�� � � � �� � I ��i���� J

��MONrqSN �� � RTPD[VMxN¨opt��TUxX6N�q�w8[]N¨tpu¶W¯w8��wpPVP]N
�TNQwQo�R n �6[VMON¨X¬R}�T� i§j �Uxw8[VR\t n I ��i�� � J7W�NQ|�t�X6NQP

� �
� � ����

�� ���
� � ��
	

��
���

I ��i���� J

w n ^ qSN���N��P�xqSNQPVPVR n � j  i I ��i���� J�[]tZR n |�tpq*��tpq�w8[]N�[VMxRTP n N$�-|�t n |�N$�x[ l �%N�Mxw opN

� �
� � �� �� �

����
�� � � ���

� 	
I ��i�� 	 J

v*UOqVqV_ I ���� �pw J n tp[]NQ^+[VMxw8[I[VMxRTPJ�YMxN n t�X6N n t n RTPIPVRTXZRT�Tw8q�[]t=R n �TR n N&P][]NrNQ�DqVt��T�TR n � l w n ^+[VMON
[]NrqSX �� � � ��

� MYwpP�W�NrN n UxPVNQ^ZwpP�[VMxN �zqVNQw8WYPVtpq@�x[VR\t n u�wp|�[]tpq��
R n PVUx��w8q%R n ^xUxP][]qSRTNQP i y [�RTP�^xN n tp[]NQ^
W�_ �#l w n ^:[VMxN¨N `UYw8[VR\t n �pt opNrq n R n �¬[VMxN�X¬RT�T�¯N���[]qSwp|�[VR\t n R}P l

� �
�

�� � � � �
� 	
I � ��� � J I ��i�� �;J

L7MON WYw8��wpPVP]N l �\NQwQo�R n �#[VMONºX¬RT�}� l MxwpP�[VMON |rw��¯wp|rR\[s_ []t#qSN��sw8WYP]tpqVW w���tpqV[VR\t n tpu
[VMON
�VUxRT|�N&wpP6RT[��YwpPSP]NQP [VMON�w��ORTwp� l �¯�Tw n NZtpu�[VMON:qVt��T�\NrqSP i L7M�UxP w �}w8qV�pN ��tpqV[VRTt n tpu7W�N n N$�Y[ �VUxP][
tpWx[VwpR n NQ^4R}P��Tt�P][ w n ^£X
Ux|�M£tpu�[VMON���t>�%Nrq N��.��N n ^ONQ^ R}P �DwpP][]NQ^ i � t X6Nr[VMxt�^£MxwpP:W�NrN n
u�t�U n ^:[]t¬qVNQX¬NQ^O_:[VMxRTP�R n MxNrqVN n [�^xR}PVwp^Oo8w n [Vw8�pN¨tpu�X¬R}�T�TR n � i � t>�%NropNrq l t(opNrq [VMxN�_pNQw8qSP PVNropNrqSwp�
��t�PVPVR\W¯�\N X¬NQ|SMxw n R}PVX¬P�Mxw opN¬W�NrN n qVN$��tpqV[]NQ^9[]t�^ONQPV|�q�R\W�N
[VMxR}PS�YMON n t�X6N n t n I h UY�T�\t�|@� l �� � � �
� t��\[ l �������� v�UxqVqV_ l ���� �pw � � t��\t�X6t ncl ������ J iAj �pNr[]Nrq |�t n |r�TUx^ONQ^º[VMYw8[�[VMONZX¬t�P][R�Y�}wpUxPVR\WY�TN
N��.�Y�Tw n w8[VR\t n �%wpP�[VMxw8[ �VUxRT|�NAt n [VMON*u�NrNQ^4PVRT^ON*tpu�[VMON n R � X UxP][�P `UYR\qV[¬u�tpq@�Dw8qS^ [VMxqVt�UO��M
[VMON |�t�X �xqSNQPVP]NQ^+|rw n N X¬w8[6w8[6[VMON n R �+w8[Iw9PK��NrNQ^#u wpP][]Nrq6[VMxw n [VMON wQopNrqSw8�pN*PK��NrNQ^2tpu [VMON
X¬w8[ qVNQ�Tw8[VR\opN�[]t [VMON�XZRT�T��u�qSwpX6N i h UY�T�\t�|@�3I �� � �PJ |rw8qVqSRTNQ^ t�UO[ N��.��Nrq�RTX6N n [VP¨t n w�[ �t���qSt��T�
X¬RT�}��w n ^ wpPSP]NQPVP]NQ^2[VMON�qVNQw8WYP]tpq@�Y[VR\t n �Uxw n [VR\[Vw8[VR\opNQ�\_ i 
YUOqV[VMONrqIP][VUx^O_ºt n [VMON&W�NQMYwQo�R\t�UOq�tpu



� 	

[VMON¬|�t�N��Z|rR\N n [¨tpu�u�qSRT|�[VRTt n tpu_�xqSN$�Yw8qVNQ^9|rw n N¬t n �pqVt�t opNQ^2PVUOqVu wp|�N¬�\NQ^9[]tA[VMxNI|�t n |r�TUxPVR\t n tpu
u�tpq@�%w8q�^6PV�TR � �¯R n ��tpu�[VMON�|�t�X �xqVNQPVPVNQ^"�xWxqVNDX¬w8[�[VMOqVt�Ux��MI[VMON n R � l w8[�PK��NrNQ^xPª�pqVNQw8[]Nrq[VMxw n [VMON
qVt��T�YPK��NrNQ^ i�h UY�T�\t�|@� `UYw n [VR �YNQ^¬[VMON qVNQw8WYP]tpq@�Y[VR\t n W�_6[VMON R n �YUON n |rR n ��X¬NQ|SMxw n R}|rwp���Uxw n [VR\[VR\NQP
PVUx|�M wpP�|�t�X �xqVNQPSPVR\t n q�w8[VR\t l ^ONr�pqVNrN*tpu]�xqVN$�Yw8qSw8[VRTt ncl qVt��T�7PVUxqVu�wp|�N PK��NrNQ^ W�_!w n NQX �¯R\qSRT|rwp�
qVNQ�Tw8[VRTt nci �DUx�T�\N n �kP�v*wpP][]Nrq �kP�[VMONQPVRTP@IC��Ux�T�\N ncl ���� �;J�PSUxX¬X¬w8qSR Q NQP [VMxN¬u�t��}�\t>��R n �&qSNQwpP]t n P�u�tpq
[VMON¨qSNQw8WYP]tpq@�x[VRTt n []t¬t�|r|rUxq�R n w¬X¬R}�T� i

I � J h _ u�qVNrN �]UYRT|�N��¯wpPVPVR n �:[VMOqSt�UO��M [VMON¬R n []NrqSP][VRT|�NQP�tpu%[VMON6WY�Tw n �pNr[�w8[¨w P@��NrNQ^9�pqSNQw8[]Nrq
[VMxw n [VMxw8[7tpu§[VMON�W¯�Tw n �pNr[ i

I � J h _�u�qVNrN �]UxR}|�N l �YwpPSPVR n �Iwp�\t n �I[VMON�W�t�U n ^Yw8qV_¬PVUOqVu wp|�NQP%W�Nr[X�%NrN n qVt��T�\Nrq�Pw n ^:W¯�Tw n �pNr[ i

I � J h _:N���[]qSUxPVRTt n tpuª[VMxN]��MOt��\N�WY�}w n �pNr[�[VMOqVt�UO��MA[VMON]�tpq*��t���N n R n � i

I 	 J h _ w¬|�t�X
WYR n w8[VR\t n tpu§[X�%tZtpq�X6tpqSN�tpuª[VMxN�w8W�t opN i

I �;J h _2X6t opNQX6N n [Itpu�[VMON �]UxR}|�N¬u�tpq*�%w8qS^#wp�\t n �*[VMONZW�tp[][]t�X tpu�[VMON��pqVt�t opNQP n tp[ |�t�X �
�Y�\Nr[]NQ�\_ �Y�T�\NQ^ ��RT[VM:WYw8��wpPVP]N i

I � J h _ R n []Nrq n wp�cPSMONQw8q7tpu§[VMON¨X¬w8[]NrqSR}wp� i

L7MONA�%tpq@�9tpu h Ux�T�\t�|@� l �%q�wG�7u�tpqS^=w n ^ � t��\[ I h UY�T�\t�|@� l �� � � � �DqSwG�7u�tpqS^ l �� � �� � t��\[ l
������ JDMOt��NropNrq R n ^xRT|rw8[]NQ^&[VMxw8[D[VMONrqVN�RTPDwIP][]qVt n ����t�PVPVRTWYRT�TR\[®_
tpuªwIPVMONQw8q�u wpRT�TUOqVN�tpq�N���[]qSUYPVR\t n
tpu�W¯w8��wpPVP]NAU n ^xNrq��xqSNQPVPVUOqVN&[VMxw8[¬RTP tpu�[VMxN:PSwpX6N:tpqS^ONrq6wpPI[VMOt�P]N N��ORTP][VR n �*^xUOq�R n �*XZRT�T�TR n � i
� N n |�N l ��Ux�T�\N n I ���� �;J ��NrqVu�tpq�X6NQ^ ^xRTqVNQ|�[�PSMONQw8q:[]NQP][VPAw n ^4^ONr[]NrqSX¬R n NQ^4[VMON �}RTX¬R\[VR n � w n ^
^O_ n wpX¬RT|�|�t�N��Z|rR\N n [¬tpu�u�qSRT|�[VR\t n t n PV[]NrNQ�Dt opNrqZo8w8qV_�R n �º|�t n ^xRT[VR\t n P tpu�P@��NrNQ^ l �pqVt�t opN l w n ^
|rw n NS�xqVN$�¯w8qSw8[VR\t nci � N�u UOqV[VMxNrq%R n ^xRT|rw8[]NQ^&[VMxw8[D[VMON u wpRT�TUxqVN�tpu{w WYw8��wpPSP]N�PVwpX �Y�\N�|�t�Ux�T^&t�|r|rUOq
W�_ PVMxNQw8q�qSw8[VMONrq¨[VMxw n PV�TR � t n [VMON6qVt��}�ªPSUOqVu wp|�NQP i v�UOqSqV_�tpWx[VwpR n NQ^9N��P��NrqSR}X6N n [Vwp�§o8wp�TUONQP�tpu
qVNQw8WYPVtpq@�x[VR\t n u wp|�[]tpqwpP�w�u U n |�[VR\t n tpu�|�t�X �xqVNQPVPSR\t n qSw8[VR\t l t(opNrqwS��RT^xNqSw n �pN�tpu¯|�t n ^xRT[VR\t n P§R n
[VMONDN��.��Nrq�RTX6N n [Vwp��XZRT�T� i �{t�UO��MOqSw n I ��� � J �xqVt���t�P]NQ^Iw�X6t�^xNQ�`u�tpq�qVNQw8WYPVtpq@�x[VR\t n u wp|�[]tpq�t n [VMON



� �

N��.��Nrq�RTX6N n [Vwp��[X�%t���qVt��T�O^xw8[Vw�tpucv*UOqVqV_¨W¯wpP]NQ^6t n MxRTPª[]qVNQw8[VX¬N n [ n UxX
W�Nrq§[VMxw8[�RTP�R n ^xN$��N n ^ON n [
tpu �xWxqVN�|�t n []N n [ l

� � ��������� � � � �  � 	 � � � �
	 � � � � � �
	 �� �	 � � ��� � � �	 � � � � � � � I ��i���� J

��MONrqSN � � |�t�X �YqVNQPVPVR\t n q�w8[VR\t i
� � qVt��}��PSUOqVu wp|�N�PK��NrNQ^5I X	�>P J i
�	 � []qVNQw8[VX¬N n [ n UxX
W�Nrq i

����� � ��#�� ��� ',# � ��� � ��' �� �%��
	�(�&��) ��!�#�� � ',� � � #�! � )

� t��T�D�\t�wp^+w n ^#[]tpq��UON w8qVN u U n ^xwpX¬N n [Vwp�T�T_=RTX ��tpqV[Vw n [��Yw8q�wpX6Nr[]NrqSP6R n wpPVP]NQPVPSR n �9[VMON
P][]qVN n �p[VM2w n ^2�TR\u�N¬[VRTX6N&tpu�qVt��T�\Nrq�P¨w n ^2[]t*NQP][VR}X¬w8[]N&[VMxNZN n NrqV�p_ºqSN `UxRTqVNQ^=R n wp|SMxR\Nro�R n �*[VMON
|�qSUxPSMxR n ��qSw8[]N ih! [][]NQX �Y[VP�Mxw opN¬W�NrN n X¬wp^ON l � R\[VMOt�UO[��pqVNQw8[ PVUx|r|�NQPVP�[]t�NQP][VRTX¬w8[]NZ�Tt�wp^=w n ^
[]tpq��UONZu�qVt�X M±_�^OqSwpUY�TRT|"�xqVNQPSP¨[]NQP][VP I h Ux�T�\t�|@� l �� � � � � UO�ptp[ l �������� �pN n ��R n P l �� � ��� v*UOqVqS_ l
���� �pw J i v*UOqVqV_=I ���� �pw JªPVUO�p�pNQPV[]NQ^
[VMYw8[¶[VMONQPVNw8[][]NQX �x[VP§Mxw opNu wpRT�\NQ^�W�NQ|rwpUxP]N�tpuO[ �t�qVNQwpPVt n P i
L7MON �YqSP][¨RTP�[VMxw8[�[VMON¬qVNQw8WYPVtpq@�x[VR\t n �YMxN n t�X6N n t n MxwpP n tp[�W�NrN n [Vw��pN n R n []tAwp|r|�t�U n [ i L7MON
P]NQ|�t n ^&qVNQwpP]t n RTP�[VMxw8[%[VMON �xt�� �¯w8[][]Nrq n tpu �]UxR}|�N�R n [VMxN�X¬R}�T�ORTP�W¯wpPVRT|rwp�T�\_6^xR G�NrqVN n [�u�qVt�X1[VMxw8[
R n wZ|�t�X �xqSNQPVPVR\t n []NQP][ i 
OqVt�XH|�t n PVR}^ONrqSw8[VR\t n P�tpu�[VMON�W¯wpPVRT|�X¬NQ|SMxw n R}|rP7tpu�[VMON
u�tpq�|�NQP�t n [VMON
X¬RT�}� l w n ^��]UYRT|�N��Yt>� R n [VMON X¬R}�T�w n ^!R n w |�t�XA�xqVNQPVPVRTt n []NQP][ l R\[6RTPJ��t�PVPVRTWY�\NZ[]t �YqVNQ^xRT|�[6w
�xqVNQPSPVUOqVN�^xRTP][]qSRTWYUO[VR\t n ^YUOqSR n �
|�qSUxPVMxR n � l w n ^:MON n |�N [VMON�qVt��}�Y�\t�wp^:w n ^�[]tpq��UON�qVN �UxR\qVNQX6N n [VP l
u�qVt�X<[VMON qVNQPVUx�\[VP§tpuc^O_ n wpX¬R}|�|�t�X �xqVNQPVPSR\t n []NQP][VP%w n ^¬w]� n t����\NQ^O�pN7tpu w¨qVNQw8WYP]tpq@�Y[VR\t n u wp|�[]tpq i

� � � � � � � ��'*) � ��'.' 
�� /1
 �<� ��
6 -���
v�UxqVqV_ w n ^ � t��\[5I � t��\[ l �������� v*UOqVqS_ l ���� �pw J:|�t n P][]q�Ux|�[]NQ^ w2P@��NQ|rR}wp� []NQPV[:|�NQ�}� tpu

��RT^x[VMº[VMON&PSwpX6N&wpP wA[ �t���qVt��}��N��.��NrqSRTX6N n [Vwp��X¬R}�T� l w n ^2�\N n �p[VM2w�� �xqVt ��RTXZw8[]NQ�\_ºPVRTX Ux�Tw8[VR n �
[VMON�NHG�NQ|�[VR\opNDw8qS|�tpuO|�t n [Vwp|�[§u�tpq¶[VMON�X¬RT�}� i �Dw n NZ�DwpPª|�t�X �xqVNQPVPVNQ^�U n R}w���RTwp�}�\_7W�Nr[X�%NrN n �pqSt`t(opNQ^
�Y�Tw8[]N n P RT^ON n [VRT|rwp�p[]t7[VMYw8[¶UxP]NQ^�R n w�X¬R}�T� l []t PSRTX
UY�Tw8[]N�X¬RT�T�}R n �|�t n ^xR\[VR\t n P i ! t n N��s^xRTX6N n PVR\t n wp�
X6t�^ONQ��u�tpq �]UxR}|�N�N��.�xqVNQPSPVR\t n R n w"�xqVNQPVP�w n ^ w n N��P��NrqSRTX¬N n [Vwp��[ �t���qVt��}�cX¬RT�T�B�NrqSN¨^ONropNQ�\t���NQ^ i



���

O t�t�^6w8�pqSNrNQX6N n [�W�Nr[ �NrN n qVt��T���\t�wp^xP�w n ^I[]tpq `UONQP�wpPZ�xqVNQ^xRT|�[]NQ^ u�tpq�[VMON7X¬RT�}� l u�qVt�X<M`_�^xqSwpUx�TRT|
�xqVNQPSP�[]NQP][VPJ�%NrqVN�tpWx[VwpR n NQ^ i L7MON�PVUx|r|�NQPVP tpu7[VMON v*UOqVqV_ºw n ^ � t��T[ X6t�^ONQ�TP
WYwpP]NQ^2t n [VMxw8[
PK��NQ|rRTwp��[]NQP][�|�NQ�}�TP l N n w8WY�TNQ^ w n N `UYR\o>wp�TN n [Z^x_ n wpXZRT|D��NrqSX6NQw8W¯RT�TR\[®_2[]t#W�N*|rwp�T|rUx�}w8[]NQ^ wpP:w
u U n |�[VR\t n tpu |�t�X �YqVNQPVPVR\t n i L7MON v�UOqSqV_ w n ^ � t��\[6X6t�^xNQ�TP
Mxt>�%NropNrqZ|rw nxn tp[6W�N:w�� �Y�TR\NQ^ []t
qVt��T�}P7tpu��Tw8qV�pNrq�^xRTwpX¬Nr[]Nrq ��RT[VMOt�UO[�R n opNQP][VR\��w8[VR n ��R n�n N$� []NQP][�|�NQ�T� tpu�[VMxN�qVN �UxR\qVNQ^��pNrt�X6Nr[]qV_
^xUON�[]t&PV|rwp�\N¨NHG�NQ|�[VP i

L7MON�XZRT�T�ON��.��NrqSRTX6N n [VP�w8[[VMON m�n R\opNrqSPSR\[s_6tpu ��UxNrN n PV�Tw n ^ZMxwQopN�PVMOt�� n [VMxw8[%[VMON ��MOt��\N
�xqVt�|�NQPVP tpu �VUxRT|�N¨N���[]qSwp|�[VR\t n w n ^6��t>�%Nrq�|�t�XA�xqVNQPVPVRTt n P�w8qVNIMxR\��MY�\_�|�t�XA�Y�TRT|rw8[]NQ^ i v�w n _Au wp| �
[]tpqSP¨PSUx|SMºwpP�|rw n N �YqVN$�Yw8qSw8[VR\t n l qVt��T�§PK��NrNQ^ l �tpq*�*t���N n R n � l |�q�UxPVMxR n �ZqSw8[]N l qVt��T�ª�\t�wp^ l �VUxRT|�N
�pqVt�t opNQP�w n ^ZqVt��T�x^YRTwpX6Nr[]NrqDw�G�NQ|�[D[VMON qVNQPVUx�\[VP i ! �Uxw n [VR\[Vw8[VR\opN�w n wp�\_�PVRTP�MxwpP%PVMOt�� n [VMxN�o8w8qSR �
t�UxP%R n []NrqSwp|�[VR\t n PU��MxRT|�M¬N��ORTP][VP�W�Nr[ �NrN n [VMONQP]N u�wp|�[]tpq�P i v*UOqVqV_Iw n ^ � t��\[ I ���� �PJ�qVN$��tpqV[�u�qVt�X
^xRTX¬N n PVR\t n wp��w n wp�\_�PVRTP l [VMxNDXZRT�T�TR n � �Uxw n [VRT[VR\NQP§�TR �pNQ�\_¨[]t¨R n �YUON n |�N%qVt��T���\t�wp^6w n ^I[]tpq�`UxN i 
xt�UOq
^xRTX¬N n PVR\t n wp�§�pqSt�UT�YP<�%NrqVN�RT^ON n [VR �xNQ^9u�qVt�X PVR��ºR n ^ON$��N n ^ON n [ `Uxw n [VR\[VR\NQP i L�MONZ^xRTX¬N n PVR\t n wp�
w n wp�\_�PVRTPDR n ^xRT|rw8[]NQP%[VMxw8[7[VMON�|�t�X �YqVNQPVPVR\t n q�w8[VR\t l �xqVN$�Yw8q�w8[VR\t n I�qVN$�xqVNQP]N n []NQ^ W�_&q�w8[VR\tItpu¶WYUY� �
^ON n PSR\[s_#[]t n t���opt�R}^ ^ON n PSR\[s_+tpu�|rw n N�JZw n ^![VMON6�tpq@�+t���N n R n �º[]t2^xRTwpX¬Nr[]Nrq¬qSw8[VR\tFI � � � � J
t�UO��M`[�[]t6R n �YUON n |�N�qVt��T���\t�wp^:w n ^�[]tpq��UON i 
YUOqV[VMONrq l [VMON��\t�wp^:w n ^:[]tpq `UON�N �Uxw8[VR\t n PDPVUx�p�pNQP][
[VMxw8[ [VMONr_ w8qVN �xqVt���tpqV[VRTt n wp��[]t9|�qSUxPVMxR n �AqSw8[]N I  � J�[VRTX6NQP
[VMON�PSUOqVu wp|�N�PK��NrNQ^ tpu7qVt��T� I �1J i
L7MON�N��.��NrqSRTX6N n [Vwp�YNro�RT^ON n |�N I v*UOqVqS_ l ���� �pw � � UxPVP]NQ�T� l ������ J�w8�pqSNrNQP���R\[VM&[VMxRTPDR n �Yw8qV[ i � t��T�
�\t�wp^!R n |�qVNQwpP]NQP"��R\[VM#|�t�X �xqSNQPVPVR\t n qSw8[VR\t l ^ONQ|�qVNQwpP]NQPA��R\[VM�� n N n NQPSP
tpu �xqVN$�Yw8q�w8[VR\t n w n ^!R n �
|�qVNQwpP]NQP_��R\[VMZ^xRTwpX6Nr[]Nrq i � t��T�O�\t�wp^Zw n ^6[]tpq��UON�^ONQ|�qVNQwpPVN PV�TRT��M±[V�\_IwpP�PSUOqVu wp|�N�PK��NrNQ^¬R n |�qSNQwpP]NQP l
MOt��NropNrq¨R\[�|�t n �YR}|�[VP ��RT[VM�[VMONI^xRTX¬N n PVR\t n wp�{w n wp�\_�PVRTP l PVR n |�N [VMONI^xRTX6N n PSR\t n wp� w n wp�T_�PVR}P�^Ot�NQP
n tp[�wp|r|�t�U n [7u�tpq�[VMxN�qVNQw8WYP]tpq@�Y[VR\t n �YMON n t�X¬N n t nci

� � � ��� � � ��� ���4'.' � ��'.' "�
�� ��
 ����)
L7MON¨R n opNQP][VR\��w8[VRTt n w8[ m � �kP�[X�%t���qVt��T�{X¬RT�T��^xUOq�R n � ���� � �kP �DwpP�|rw8qVq�R\NQ^:t�UO[�U n ^ONrq�|�t n �

[]qVt��T�TNQ^ �Tw8W�tpqSw8[]tpqV_ |�t n ^xR\[VR\t n P l []tp�pNr[VMONrqM��R\[VM [VMON �YM`_�PVRT|rwp���YqVt���NrqV[VR\NQP¬tpu
|rw n N*u�qVt�X w n
N n ��R n NrNrqSR n ����t�R n [�tpu�o�R\N$� i L�MxRTP�MxwpP �\NQ^4[]t w#W�Nr[][]NrqAU n ^ONrqSP][Vw n ^xR n �=tpu
[VMONºWYwpPVR}|rP&tpu



� �

X¬RT�}�TR n � [VMONrtpqV_ l [VMYw n u�qVt�XGu wp|�[]tpqV_AR n opNQP][VR\��w8[VR\t n P ��MONrqVN�[VMxN¨u�U n ^xwpX6N n [Vwp�TP��%NrqVN�MxR n ^ONrqVNQ^
W�_º[VMONh�xqSNQP]N n |�NZtpu n UxX¬NrqVt�UxP�U n |�t n []qSt��T�\NQ^=o8w8qSRTw8W¯�\NQP i L7MON��xt>� �Yw8[][]Nrq n tpu7[VMON �]UxR}|�NZR n
[VMON X¬RT�T�d�DwpP wpPV|�NrqS[VwpR n NQ^*u�qVt�X ��NrqSX6NQw8WYRT�}R\[s_�|�t n PVRT^ONrq�w8[VR\t n P i L7MON<��NrqSX6NQw8W¯RT�TR\[®_&^ONQ|�qVNQwpPVNQP
qSw��YR}^x�\_=wpP¬[VMxNA|�t�X �xqVNQPVPSR\t n qSw8[VR\t=R n |�qVNQwpP]NQP l w n ^!MON n |�N [VMON �]UxR}|�N��Yt>� R n w=XZRT�T�%w8[¬[VMON
X¬R n RTX
UYXBt���N n R n � R}P7X¬w8q@�pNQ^x�T_�w�G�NQ|�[]NQ^ i

L7MON �VUxRT|�N �Yt>� |rw n W�N�|�t n PVRT^xNrqVNQ^ []t¬W�N�R n [X�%th�Yw8qV[VP ��[VMxw8[ �VUxRT|�N]� MxRT|SMD��RT�T�d� n wp�}�\_
W�NZR n [VMONZWYw8��wpPSP]N�|rwp�}�\NQ^ �\� ��NQ^ �]UxR}|�N�� l w n ^ [VMxw8[ �]UxR}|�NA��MxRT|�M ��R}�T�§W�N¬N���[]q�wp|�[]NQ^#R}P �zu�qVNrN
�VUxRT|�N�� I v�UxqVqV_ l ���� �8W-J i v�w8[]Nrq�RTwp�ON n []NrqSR n ��[VMON7XZRT�T� l [VMONrqVNru�tpqVN���R}�T�±W�N�|�t�X �xq�RTP]NQ^ tpu¯opt��}UxX6N
tpu �YWxqVN l opt��TUxX6N�tpu � ��NQ^ �VUxRT|�N�w n ^:[VMxN�opt��}UxX6N�tpu¶u�qVNrN �VUxRT|�N iZ! [7P][]NQwp^O_:P][Vw8[]N l [VMxN�opt��}UxX6N
N n []NrqSR n � [VMON%PSMxwp^ONQ^<�%NQ^O�pNDR n 
§R\� i���i�� X
UxPV[{W�N�N �Uxwp�`[]t [VMONopt��TUxX6N%�\NQwQo�R n � i L7MxR}P RT^ONrt��\tp�p_
R n ^YRT|rw8[]NQP�[VMxw8[�wp�T�ª[VMONIu�qVNrN �VUxRT|�NJ��RT�T�{W�N N��.�xqVNQPSP]NQ^9R n [VMxN6NQw8qS�\_D�Yw8qS[VP�tpu|�t�X �xqSNQPVPVR\t nci�y [
RTP�qSNQwpP]t n w8WY�\N�[]t&PVwQ_:[VMxw8[ n t �]UYRT|�N]��MxRT|�M RTP�[]t¬W�N�N���[]qSwp|�[]NQ^ n NrNQ^ N n []Nrq�[VMON�X¬t�UO[VM tpu§[VMON
X¬RT�}� i � N n |�N w ��t`t���tpu �]P][Vw8[VR\t n w8qS_ � �]UxR}|�N¨U n ^ONrq��xqSNQPVPVUOqVN l RTP7u�tpqSX¬NQ^AR n [VMON¨PVMYwp^ONQ^��%NQ^O�pN
tpu 
§R\� i ��i�� w n ^6[VMON��xqSNQPVPVUOqVN�R n [VMYRTP��VUxRT|�N7P]NrqVopNQP�[]tR�YUYPVMI[VMON�u�qVNrN �VUxRT|�N�t�UO[�w8[%P]t�X6N�PVNQ|�[VR\t n
n NQw8q7[VMxN�X6t�UO[VM tpuª[VMON�XZRT�T� i

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

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

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

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

φ

w0

β = Angle at compression ratio = 1

β

D =
 D

iam
ete

r

α

h 0

free juice
Free juice extracted

Bagasse extruding at

Stationary pool of

constant pressure

� ��"4����
 � � � C ��UxRT|�N �Yt>� i



���

! PZ[VMON opt��TUxX¬N�RTPIqVNQ^xUY|�NQ^ ��MON n [VMxN�X¬w8[]NrqSRTwp��X6t opNQP�R ncl [VMON n tºopt�RT^ opt��TUxX6NAtpu
[VMON¨P]t��}RT^:X¬w8[]NrqSRTwp� R}PDqVNQwp|SMONQ^�w n ^:u�qSt�X MONrqVN�t n [VMON
P]_�PV[]NQX RTP%t n N¨tpuªNQPVP]N n [VRTwp�T�\_�|�t n P][Vw n [
X¬wpPVP l w n ^ n t¨u�UxqV[VMONrq��VUxRT|�N7RTP�N��.�xqVNQPSP]NQ^ i�m PSR n ��[VMxRTP ��t�P][VUY�Tw8[]N7tpuc|�t n P][Vw n [X¬wpPSP l [VMON�WYwpPVRT|
�pt opNrq n R n �¬N �Uxw8[VR\t n P��NrqSN�P]Nr[	I v*UOqVqV_ l ���� �pw J i

�%t n PVR}^ONrqSR n ��wM�YwpR\q�tpuqVt��T�\NrqSP�wpP¨PSMOt>� n R n 
ªRT� i ��i���l [VMON¬X¬R}�T�¶|�t�XA�xqVNQPVPVRTt n q�w8[VR\tAw8[
[VMON¬X¬R n RTX UxX	�%tpq@��t���N n R n ��I � � J�RTP�N��.�xqVNQPVPVNQ^ºR n []NrqSX¬P�tpu n t ��wpP¨MONQR\��M`[=I � �� J�w n ^9[VMON
|�t n [Vwp|�[�w n ���TN � wpP

� �
� �� |�t�P �

� �
I ��i�� �PJ

L7MON¨|�t n [Vwp|�[�w n ���\N � RTP�w¬X¬w8[][]Nrq tpu�X¬RT�T���pNrt�X6Nr[]qV_ RTP7N��P�xqSNQPVP]NQ^ wpP

� �£|�t�P � ��� � � � �
� � � ���� I ��i���� J

L7MON��pN n NrqSwp�cN��.�xqVNQPVPVRTt n u�tpq �tpq@��t���N n R n �6RTP

� � �4P]Nr[7t���N n R n � � t n N¨�pqVt�t opN ^ON$�x[VM I ��i��� J


Otpq&[VMONA�pqVt�t opNQ^ qVt��T�TP l ��MON n [VMONA�pqVt�t opNQP�w8qVN�X6NQPSM l [VMxN�P]Nr[¬t���N n R n � tpq&[VMONA[VR �![]t2[VR �
^xRTPV[Vw n |�N�RTP n Nr��w8[VR\opN�R n [VMON�w8W�t opN�N��P�xqSNQPVPVR\t nci L7MxN�|�t�XA�xqVNQPVPVRTt n q�w8[VR\t ����wpP�wIu U n |�[VRTt n tpu
w n ���\N � X¬wQ_:W�N�N��P�YqVNQPVP]NQ^ wpP

��� �
� �

����� � � � �� � |�t�P �	� |�t�P � I ��i�� � J

��MONrqSN � � RTP7[VMON¨|�t�X �xqVNQPSPVR\t n qSw8[VRTt6tpuª[VMxN¨X¬RT�T� i

� � � � � � 
 ��
 �����. ��$�����4 3��%N���-'�' '�����B �� �B����-'�' ���4��
 ��

j �.��NrqSRTX6N n [VP�PVMxt>��[VMxw8[
[VMxN �xqSNQPVPVUOqVNZqVN `UYR\qVNQ^=[]t9|�t�X �xqSNQPVP
^xqV_ �xWxqVNZu�qVt�X � n NQ�T_

�xqVN$�¯w8qVNQ^*|rw n N RTP u wpR\qS�\_ PVX¬wp�}� I v*UOqVqV_ l ���� �pw J�w n ^ [VMONrqSNru�tpqVN l [VMONIX¬w �]tpqk�YqVNQPVPVUOqSNQP�R n [VMON
X¬RT�}�{w8qVNJ�xqVtpWYw8W¯�\_A^xUON
[]t�[VMxN �VUxRT|�N �xt>� i	R�n [VMYRTP�W¯wpPVRTP l u�tpq�w:PVRTXA�Y�TR �xNQ^:[ �t���qSt��T��P]_�P][]NQX
PVMOt�� n R n 
§R\� i ��i���l R\[�MxwpP�W�NrN n wpPVPSUxX6NQ^*[VMxw8[ o w8qS|�_��kP��TwG� I P]NrN � NQ|�[VR\t n ��i � i�� J�u�tpq �xt�� tpu



��

�TR��UxRT^ [VMOqSt�UO��Mh��tpqVt�UYP�X6NQ^xRTw�MOt��T^xP�u�tpq[VMON X¬w8[]Nrq�RTwp�¯U n ^ONrq�|�t n PSRT^ONrqSw8[VR\t n i � N n |�N�[VMON �xt��
tpu��TR��UxRT^&[VMOqVt�UO��MM��tpqVt�UYP�X6NQ^xRTw6X¬w _:W�N�qSN$�xqVNQP]N n []NQ^ W�_�w n N `Uxw8[VRTt n tpu¶[VMxN¨u�tpq�X l

 �
� �
"
^ %
^ � I ��i�� � J

��MONrqSN  � opt��TUYX6N �xt>� qSw8[]N¨tpu§�TR��UxRT^ i
� � []tp[Vwp�¶|�qVt�PVP �sP]NQ|�[VRTt n wp�{w8qVNQwZwQo8wpRT�Tw8WY�\N�u�tpq �xt�� i
" � ^O_ n wpX¬R}| o�RTPV|�t�PSR\[s_�tpu��TR��UxRT^ i
� �� �
� �xqSNQPVPVUOqVN��pqSwp^YR\N n [7R n [VMON�^xR\qSNQ|�[VR\t n tpu �xt>� i

� � |�t n PV[Vw n [�|SMxw8qSwp|�[]Nrq�RTP][VRT|�tpuª[VMON�X¬NQ^xRTUxX�[]NrqSX6NQ^ ����NrqSX6NQw8WYRT�}R\[s_ � i

y u [VMONAX6NQw n PSUT��Nrq@�Y|rRTwp�opNQ�\t�|rR\[s_#tpu �VUxRT|�N � � �  � � l qVNQ�Tw8[VR\opN:[]t=[VMxN qVt��T�DPVUOqVu wp|�N
PK��NrNQ^�� l [VMxN�^xR G�NrqVN n [VRTwp�d�xqVNQPVPVUxqVN�|rw n W�N¨PVMOt�� n []t¬W�N

^ % � � " �
�

�

�
� � � � � �
� � ����� � � ^ � I ��i���� J

��MONrqSN � � � []tp[Vwp�¶MONQR\��M`[�W�Nr[ �NrN n [VMON¨qVt��}�TP i
� � � � MONQRT��M±[�tpu§[VMON¨P]t��}RT^ X¬w8[]NrqSRTwp� i

L7MON�o8w8qSRTw8[VR\t n tpu¶[]tp[Vwp� MONQR\��M`[ I � ��J�W�Nr[X�%NrN n [VMON�qSt��T�TPDRTPDw6X¬w8[][]Nrq7tpu§X¬RT�T�¯�pNrt�X6Nr[]qV_ l w n ^:R\[
RTPDN��.�xqVNQPVPVNQ^AwpP l

� ��� ��� � � � �
� � ����� ��� I ��i���� J

v*UOqVqV_>I ���� �pw JDMYwpP�wp�TP]tJ��t�PV[VUx�Tw8[]NQ^�w
opNrqS[VRT|rwp�d�Y�Tw n N�w8[ � � � l [VMxNk��t�PVRT[VR\t n tpu [VMxN n NQUO[]qSwp�
�Y�Tw n N�w8[ � MxRT|SM
qVNQw8WYPVtpq@�x[VR\t n X¬wQ_¨W�N�|�t n PVRT^ONrqVNQ^
[]t�P][Vw8qV[ i L7MON n NQUO[]qSwp�5�Y�Tw n N�R}P{^ONr[]NrqSXZR n NQ^
W�_&[VMON�u�t��T�Tt>��R n � qSNQ�Tw8[VR\t ncl

����� � � �

�
� � � � �

�
� � � �

	
� � � � �

�
� � � � � �

� �
	� I ��i�� 	 J

j �.��NrqSRTX6N n [VP�MxwQopNZ��R\opN n [VMON ��NrqSX6NQw8WYR}�TR\[s_*wpP�w:u�U n |�[VR\t n tpu|�t�X �YqVNQPVPVR\t n q�w8[VR\t � l tpu%[VMON
|rw n N i�y [ |rw n W�N PVMxt>� n [VMxw8[�[VMON ^xNr[]NrqSX¬R n NQ^�o>wp�}UONQP�tpu ��Nrq�X6NQw8WYRT�TRT[s_ |rw n W�N
N��P�YqVNQPVP]NQ^ R n



� �

[]NrqSX¬P7tpu§wA��t��Nrq�u�U n |�[VR\t n tpu§[VMON�u�tpq�X I v�UxqVqV_:w n ^ � t��T[ l ���� �PJ

� � 	 � � � I ��i�� �;J

��MONrqSN 	 l w n ^ 
 w8qVN7|�t n PV[Vw n [VP^ON$��N n ^ t n [VMON7^ONr�pqVNrN�tpud� n N n NQPSP¶tpud�xqVN$�¯w8qSw8[VR\t n tpuY[VMxN7|rw n N i

� ��"4����
 � � � CKE�qVNQPVPVUxqVN¨^xRTP][]q�R\WYUO[VR\t n I � t��T[ l ������ J i

L7MON�PVMxw���N%tpuY[VMONN�xqSNQPVPVUOqVND^xRTPV[]qSR\WYUO[VRTt n �DwpP�R n opNQPV[VR\��w8[]NQ^>I v*UOqVqV_ l ���� �pw JªW`_ P]t��\o�R n �
[VMON j  i I ��i���� J§t opNrq�[VMOND|�t n [Vwp|�[�PSUOqVu wp|�Ntpu¯[VMONqSt��T� i ! [s_P�YRT|rwp�`u�tpqSX tpu �YqVNQPVPVUOqSN^xRTPV[]qSR\WYUO[VRTt n
RTP�PVMxt>� n R n 
§R\� i ��i
	Oi�yzn �pN n NrqSwp� l R\[�w�� ��NQw8qSP§[VMxw8[�[VMON�[VMxNrtpqSR\NQP�^ONropNQ�\t���NQ^Iu�tpq�[VMON��xqSNQ^xRT|�[VR\t n
tpu�w"�xqVNQPVPSUOqVN�^xRTP][]q�R\WYUO[VR\t n ��wQopNJ�xqSwp|�[VR}|rwp�cqVNQPVUx�T[VP i

R�n [VMON6��t�P][VUx�Tw8[]NA[VMYw8[Z[VMON�XZwpR n �\t�wp^xPZt n [VMON*qVt��T��PVUxqVu�wp|�N w8qVN�^xUxNA[]t [VMON �YUxRT^
�xqVNQPSPVUOqVN¨[VMxqVt�UO��M*[VMON��YWxqVt�UxP X¬w8[]NrqSRTwp� l R\[�RTP ��t�PVPSR\WY�\N�[]t ^ONropNQ�\t�� [VMON qVNQ�Tw8[VR\t n PVMxR �Au�tpq�[VMON
P]N$�Yw8q�w8[VR n �9u�tpq�|�N�W�Nr[ �NrN n [VMxN�qSt��T�TP i �%t n PVRT^ONrqSR n ��[VMON:u�tpqS|�NQP6t n w n NQ�\NQX6N n [6tpu�qSt��T�DPVUOq �
u wp|�N�I 
§R\� i ��i �;J l [VMxN¨qSwp^xRTwp��u�tpqS|�N � � ^xUON�[]t¬[VMONR�xqVNQPVPVUxqVN�tpu¶[VMON�WYw8��wpPVP]N�R}P

� � � % �
�
^ � I ��i���� J

jc151654
Text Box
              THIS IMAGE HAS BEEN REMOVED DUE TO                          COPYRIGHT RESTRICTIONS



� �

��MONrqSN � R}P�[VMON¨^xRTwpX¬Nr[]Nrq�tpu§[VMON¨qVt��}� i L7MON�[Vw n �pN n [VRTwp�¶u�tpq�|�N � � qVN `UYR\qVNQ^:[]tZX6t(opN�[VMON
|rw n N
R n []t6[VMON�X¬R}�T��RTP

�
� � # %

�
�
^ � I ��i�� �PJ

��MONrqSN # RTPD[VMON¨u�qSRT|�[VR\t n u wp|�[]tpq l � MxRT|SM�RTPD[VMON¨qSw8[VRTt6tpu¶[Vw n �pN n [VRTwp�{u�tpqS|�N�[]t¬[VMON¨qSwp^YRTwp��u�tpq�|�N i

F+dF F

FT

α
D
α     = Contact angle

  = Diameter

       Plane of symmetry

o

ow

θ

D FR

θd

= Work openingw

����
����
����
����

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

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

� ��"4����
 � � � C 
xtpqS|�NQP�t n qVt��T�cPVUOqSu�wp|�N i

� NQP]t��To�R n �A[VMON&|�t�XA��t n N n [ tpu�qVt��T��\t�wp^ wp�\t n �*[VMON�|�N n []qSN&tpu�[VMON�qVt��T�}P l [VMON&NQ�\NQX6N n [
P]N$�Yw8q�w8[VR n �6u�tpqS|�N�^�� l ��Nrq7U n R\[��\N n �p[VMARTP l

^�� � � � ����� � � � � � � 
 �
�
�
�
% I ����� � � # � � 
 � Jª^ � I ��i���� J

R q l [VMxN�[]tp[Vwp�¶P]N$�¯w8qSw8[VR n �6u�tpqS|�N �Il u�tpq�w6qVt��}�\Nrq���R\[VM��{N n �p[VM � R}P

� �
� �
�

� % I ����� � � # � � 
 � Jª^ � I ��i��� J

L7MON�NQ�TNQX6N n [�tpu¶qVt��}��[]tpq�`UxN l ^ � t n U n R\[��\N n �p[VM tpu¶[VMxN¨qVt��T�cRTP

^ � � �
�
�
�

�
� �
	 # %&^ � I ��i�� � J



���

tpq7[VMON�[]tp[Vwp� []tpq��UON¨t n t n N¨qVt��T� l � l R}PD��R\opN n W�_

� �
� � �
	

�
# %&^ � I ��i�� � J

L7MON:R n []Nr�pqSwp�%u�tpq j  i I ��i��� JIw n ^ j  i I ��i�� � JIRTP
[Vw��pN n u�qSt�X�[VMxN ��t�PVR\[VRTt n w8["��MxR}|SM
|rw n N:|�t n [Vwp|�[VP¬[VMON&qSt��T��[]t [VMON ��t�PSR\[VR\t n � MONrqVNZ[VMxNZWYw8��wpPVPVN:�TNQwQopNQPI[VMON�qVt��T�TP i y~n tpqS^ONrq []t
P]t��\opNZ[VMON¬N �Uxw8[VR\t n u�tpq
�\t�wp^ w n ^ºqVt��T��[]tpq�`UxNZR\[¨RTP n NQ|�NQPSPVw8qV_º[]tD� n t>�BW�tp[VM # w n ^ %+wpP�w
u U n |�[VR\t n tpu � i v*UOqVqV_5I ���� �pw J�PVNr[ # � [Vw n � u�tpq ��� � l w n ^ MON
MYwpP UO[VR}�TR Q NQ^A[VMxNR�xqVNQPSPVUOqVN
o8w8qSRTw8[VR\t n wpPw�u�U n |�[VR\t n tpu � u�qVt�X j  i I ��i���� J i L7MON�qVt��T�O�Tt�wp^6w n ^6[]tpq��UON��xqVNQ^YRT|�[]NQ^Iu�qSt�X<[VMON
�xqVNQPSPVUOqVN�^xRTPV[]qSR\WYUO[VRTt n |�tpqVqVNQP@��t n ^Iu�wpR\q��\_
|r�\t�PVN�[]t¨[VMOt�P]N�N n |�t�U n []NrqVNQ^h��R\[VMI[VMON�N��.��NrqSRTX6N n [Vwp�
[X�%t���qVt��T�X¬RT�T� i L7MYRTP�w�� �xqVt�wp|�Mº��R\opNQP
w u�wpPV[�w n ^ºu wpR\qS�\_*wp|r|rUOqSw8[]NZNQPV[VRTX¬w8[]N¬tpuD[VMONZ�Tt�wp^=w n ^
��t>�%Nrq7qVN �UxR\qVNQX¬N n [VP�u�tpq�w6[ �t���qSt��T� X¬RT�}�2I � t��\[ l ������ J i

� UxPSP]NQ�T�DI ������ J�^ONropNQ�Tt���NQ^:w6X¬w8[VMxNQX¬w8[VRT|rwp�cN �Uxw8[VR\t n []t6NQPV[VRTX¬w8[]N�[VMON�[]tp[Vwp�cqSt��T���\t�wp^
��Nrq�U n RT[¨�\N n �p[VM=t n wD�YwpRTq¨tpu�qVt��T�TP�u�tpq
w n _ºu�NrNQ^ tpq ^ONQ�TR\opNrqV_ n R �2wp�\t n �A[VMON�X¬RT�T�}R n ��[]qSwpR nci
� t=wp|r|�t�U n [Ztpu�[VMON qVt��}�%�Tt�wp^!wpP¬w u�U n |�[VR\t n tpu qVt��}�%P@��NrNQ^��DwpP¬|�t n PVR}^ONrqVNQ^ l w n ^+[VMON �\t�wp^
�xqVt���tpqV[VRTt n wp�TR\[®_Zu wp|�[]tpq�t n �\_�qVN$�xqSNQP]N n [VP w n wQopNrq�w8�pNIXZw8[]NrqSRTwp� � n N n NQPVP7w8[�wA�Yw8qV[VRT|rUx�}w8q7X¬RT�T� i
v*UOqVqV_9w n ^ � t��\[�I ���� �PJ¨qVNQ|�tp� n R Q NQ^ [VMxRTP�u wp|�[�w n ^2PVUO�p�pNQP][]NQ^2w n NQX �¯R\qSRT|rwp�§X6t�^ONQ� l � MONrqVN
[VMON qVt��T�Y�Tt�wp^h�DwpPw
u U n |�[VR\t n tpu n R �Z|�t�X �YqVNQPVPVR\t n qSw8[VR\t w n ^ZW¯Ux� �I^ON n PVR\[®_6wpP%X¬NQwpPVUOqVNQ^h��R\[VM
w �xqVNQ|�t�X �xqSNQPVP]tpq�w�� �Yw8qSw8[VUxP i L7MxRTP X6t�^ONQ�{PVU$G�NrqVNQ^*u�qVt�X [VMxN�u wp|�[�[VMYw8[ WYUY� ��^xN n PVR\[®_Awp�\t n N
RTP n tp[�w �pt�t�^=X¬NQwpPVUOqVN¬tpuN�xqSN$�Yw8qSw8[VR\t n wpP
R\[¨RTP¨|�t�XA��t�U n ^ONQ^9W�_*[VMON&�\NropNQ��tpuD[VMONA�YWxqVN6R n
[VMONI|rw n N iR! n N$� NQXA�YR\qSRT|rwp�¶X6t�^ONQ�{tpuqVt��T�¶�\t�wp^ [VMxw8[�R n |�tpq@��tpqSw8[]NQP�[VMON []qVNQw8[VX6N n [ n UYX�W�Nrq
�DwpP W¯UxRT�\[ l UYPVR n ��^xw8[Vw&|�t��}�\NQ|�[]NQ^9w8[ m �1t opNrq � �&_pNQw8qSP�w8�pt5I2� t�UO��MOq�w ncl ��� � J i L7MxN
X6t�^ONQ�
wp�TP]t
R n |r�TUx^xNQP�^xRTwpX6Nr[]Nrq I � J§w n ^¬qVt��T�YPVUOqVu wp|�N�PK��NrNQ^>I �1J l WYUO[U�%wpPPK��NQ|rR �Y|D[]t
|rw n N X¬RT�}�TP�w n ^
|rw nxn tp[ W�N�w�� �Y�TRTNQ^:[]tZWYw8��wpPVPVN X¬R}�T�TP i L�MON¨qVt��T�{�\t�wp^AN �Uxw8[VR\t n UxPVR n �6N��.��NrqSRTX6N n [Vwp� [ �t���qSt��T�
X¬RT�}��^Yw8[Vw>I h Ux�T�\t�|@� l �� � � � v*UOqVqV_ l ���� �pw J�RTPDNQP][VRTX¬w8[]NQ^*R n [VMON¨u�t��T�\t���R n � u�tpqSX l

� � � 	 � � ��� ��� � � ����� � � � � ��� � � � ����� � � � � � � � � � �	 � � ��� � � � �	 I ��i���� J

��MONrqSN � � qVt��T�c�\t�wp^�I3� � �>X�J i



���

� � qVt��T�c^xR}wpX6Nr[]Nrq	I X�J i
� � qVt��T�cPVUxqVu�wp|�N¨P@��NrNQ^�I X	�>P J i
� � |�t�X �xqVNQPSPVR\t n qSw8[VR\t i
�	 � []qVNQw8[VX6N n [ n UxX
W�Nrq i

! �T[VMOt�UO��M£[VMONºNQX �¯R\qSRT|rwp� qVNQ�Tw8[VR\t n P:u�tpq��Tt�wp^ l []tpq `UON=w n ^£N���[]qSwp|�[VRTt n ��NrqVu�tpqSX¬w n |�N
WYwpP]NQ^#t n N��.��NrqSRTX6N n [VP
w8qSN:UYP]NQ^+R n XZRT�T�TR n ���xqSwp|�[VRT|�NQP l [VMON:NHG�NQ|�[VP6tpu qVt��T�%^xRTwpX6Nr[]Nrq l |rw n N
�xqVN$�¯w8qSw8[VR\t ncl |rw n N¨o8w8qSR\Nr[VRTNQP l �xWxqVN�|�t n []N n [�w n ^APV|rwp�TN�NHG�NQ|�[VP tpu¶N��.��NrqSRTX6N n [Vwp�cX¬RT�}�TPw8qSN n tp[
wp^ON �Uxw8[]NQ�\_:|�t n PVRT^xNrqVNQ^ R n [VMON�NQX �xq�RT|rwp�cX6t�^ONQ�TP i o UON�[]t¬[VMON¨PVNQX¬R ��NQX �YRTqSRT|rwp� n w8[VUOqVN�tpuª[VMON
[]NQ|SM n t��\tp�p_ l N���[]qSw���t��Tw8[VR\t n tpu �xqSNQ^xRT|�[VR\t n P�[]tIopNrqV_&�Tw8qS�pN�^xR}wpX6Nr[]Nrq lOn t opNQ��qVt��}�¯w8qVq�w n �pNQX6N n [VP
RTP `UONQPV[VR\t n w8WY�\N wpP RT[�qVN �UxR\qVNQP wZW¯wpPVRT|�U n ^ONrqSP][Vw n ^xR n �Itpu�[VMON���R n NQX¬w8[VRT|rP�w n ^ ^O_ n wpX¬RT|rP7tpu
�VUxRT|�N �xt�� [VMOqVt�Ux��M!WYw8��wpPVP]N I2� t�UO��MxqSw n w n ^ v�UOqSqV_ l ������ J i L�MON n NrNQ^ []t2R n |�qVNQwpP]N�qSw8[]N
w n ^ qVNQ^xUY|�NI|�t�PV[¨MxwpP�qVNQPVUx�T[]NQ^*R n R n |�qVNQwpP]NQ^ qVNQP]NQw8qS|�M=R n []t:[VMONI�pt opNrq n R n �M�xqSR n |rRQ�Y�\NQP7tpu[VMON
|�qSUxPSMxR n �J�xqVt�|�NQPVP�t(opNrq qVNQ|�N n [7_pNQw8qSP i

��� � � �&' ������',� �(� # ' � ) � � ' 
 �� � � � �"' � ����$��) � ',��!"�

� UO��w8q¨|rw n N l W�NQR n �:w&W¯R\t��\tp��RT|rwp��X¬w8[]Nrq�RTwp� l ^Ot�NQP n tp[�N��OMxR\WYR\[�[VMON"�%NQ�T� � n t>� n P][]qSNQPVP �
P][]qSwpR n |SMxw8qSwp|�[]Nrq�RTP][VRT|rP�tpuD[VMON¬|�t�XZX6t n N n ��R n NrNrqSR n �:X¬w8[]NrqSRTwp�}P i L7MxRTP�RTP�^xUxN6[]tAR\[VP¨|�t�X ��t��
PVR\[VRTt n tpu��YWxqVt o8wpPV|rUx�}w8q W¯U n ^x�\NQP�w n ^#tp[VMONrq6|�NQ�T�TUx�Tw8qIX¬w8[]NrqSR}wp� i L7MONh�YqSRTX¬w8qV_=|�t n P][VR\[VUON n [VP
tpu��xqVN$�¯w8qVNQ^=|rw n N�w8qVN&R n P]t��TUOWY�TNIw n ^ P]t��TUxWY�\N6P]t��TRT^YP i L�MONZR n PVt��TUOWY�\NIP]t��TR}^=RTP¨w8W�t�UO[ � � ��� �

��NrqS|�N n [�tpu7P][Vwp� �ºX¬wpPSP
|�t�X ��t�P]NQ^ tpu��xWxqVt(o>wpPS|rUx�Tw8q¨WYU n ^x�\NQP l P][]tpqSw8�pN |�NQ�T� �Dwp�T�TP l w n ^ qSR n ^ i
L7MON P]t��TUOWY�TN�P]t��TRT^ZRTP�|�t�X ��t�P]NQ^&tpu PVUO��w8q I PVUx|�qVt�PVN l ���}Ux|�t�P]N w n ^¬u�qSUx|�[]t�P]N�J�w n ^Z^YRTPVP]t��\opNQ^&RTX �
�YUOq�R\[VR\NQP i�M w8[]Nrq|�t n P][VRT[VUO[]NQP � � � � � � W`_IX¬wpPVP§tpu�[VMON�|rw n N7PV[Vwp� � i ! �xqVt���tpqV[VR\t n tpu�[VMON��Dw8[]Nrq
RTP �\t`t�PVNQ�\_ |SMONQX¬R}|rwp�T�\_Aw8[][Vwp|SMxNQ^9[]t&[VMON R n P]t��}UOWY�\N�P]t��TR}^AX¬w8[]NrqSRTwp� ��MxR}|SM�R}P�w8W�t�UO[ � � � � ����tpu
[VMON��xWYqVNAX¬wpPVP i L�MON PVUO��w8qZ|rw n N �]UxR}|�NA|�t n PVRTP][VPItpuS�Dw8[]Nrq&w n ^!PVt��TUOWY�\N P]t��}RT^xP i L7MON���Nrq �
|�N n [Vw8�pN ^xR}P][]qSR\WYUx[VR\t n tpuª[VMxNQP]N
^xR G�NrqVN n [7|�t�X ��t n N n [��YMxwpPVNQP7u�tpq w6��R\opN n X¬wpPVP RTP7RT�T�}UxP][]qSw8[]NQ^
R n 
§R\� i ��i���i 
Otpq
wp�}� �xqSwp|�[VRT|rwp�Z�YUOq@��t�P]NQP l [VMxNZR n P]t��}UOWY�\N P]t��TRT^º|�t�X ��t n N n [VP¨w8qVN&|�t��T�\NQ|�[VR\opNQ�\_
qVNru�NrqVqVNQ^AwpP�� e;?@: R n [VMxRTPD[VMxNQPVRTP i



� 	

R�n w7XZwp|�qVt�PV|�t��YRT|�PV|rwp�\N l �xqVN$�Yw8qVNQ^�|rw n N�W�N�|�t n PVR}^ONrqVNQ^�wpP{PSw8[VUOqSw8[]NQ^�w n ^¨U n PVw8[VUxqSw8[]NQ^
��tpqVt�UxP�X6NQ^YRTUxX ��R\[VM6w�|�t�X
WYR n w8[VR\t n tpucP]t��TRT^J�xWYqVNQP�w n ^6opt�RT^YP i L7MOND[]NrqSX l�)�1W`I+ RTP�wpPVPSUxX6NQ^
[]tZN n |�t�X �YwpPVP�W�tp[VM�[VMON¨opt��TUYX6N¨tpu��TR��UxRT^ �VUxRT|�N¨w n ^�[VMON¨opt��TUYX6N¨tpu�N n []qSw�� ��NQ^AwpR\q i � N n |�N l
w¬[]tp[Vwp� �xqSN$�Yw8qVNQ^�|rw n N
X¬wpPVP ��RT�}��W�N
wpPVPVUxX6NQ^�[]t&W�N�|�t�XA��t�PVNQ^Atpu�P]t��TR}^D�xWxqSN l �TR��UxRT^ �VUxRT|�N l
w n ^9wpR\q i 
xtpq¨|�t n opN n RTN n |�N l [VMONIX¬wpPVP�RTP�P]N$�Yw8q�w8[]NQ^=R n []t&[VMONQPVN [VMxqVNrNIWYwpPVRT| |�t�X ��t n N n [VP l wpP
RT�T�}UxP][]qSw8[]NQ^:R n 
§R\� i ��i���i M MxN n [VMON]�xqVN$�¯w8qVNQ^A|rw n N�R}P�PVUOW �]NQ|�[�[]tZP][]qVNQPSP l R\[7^ONru�tpqSX¬P i

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

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

���������
���������
���������

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

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

�����������
�����������
�����������

	�	�	�	�	
	�	�	�	�	
	�	�	�	�	


�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�


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

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

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

   (Fibre)     (Fibre)
Insoluble solid

Soluble solid

Hygroscopic water

Soluble solid

WaterWater Water Juice

Solid
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[VMOqVt�Ux��MOt�UO[�[VMON�PV_�P][]NQX i � N n |�N l
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� wp�TUONQP�u�tpq�[VMxN�|�t`N��&|rR\N n [�tpud��NrqSX¬NQw8WYRT�TR\[®_ � u�tpqU��tpqVt�UxP�XZw8[]NrqSRTwp�TP�^xN$��N n ^6�Tw8qV�pNQ�\_ t n
[VMON��pqSwpR n PVR Q N�tpq�X6tpqVNk�Yw8qV[VRT|rUx�}w8qS�\_It n [VMxN�PSR Q N�tpu¶opt�RT^&P@�Ywp|�NQP%[VMOqVt�UO��M ��MxR}|SM¬[VMxN�PVNrN$�Yw8�pN
[Vw��pNQP<�¯�Twp|�N i M N n tp[]N6[VMxw8[�[VMON¬|�t�X¬X6t n U n R\[�u�tpq¨[VMxN¬|�t`N��Z|rRTN n [¨tpu ��NrqSX6NQw8WYR}�TR\[s_AR}P�[VMxw8[
tpu�opNQ�\t�|rR\[s_ i L�MON � tpu�w&P]t�RT� tpq ��tpqVt�UxP�XZw8[]NrqSRTwp�{R}P7wZ|�t n PV[Vw n [�tpu �xqVt���tpqV[VR\t n wp�TR\[s_&W�Nr[X�%NrN n
[VMON:[VUOW�N�opNQ�\t�|rRT[s_ � w n ^#[VMONAM`_�^Oq�wpUx�TRT|6�pq�wp^xR\N n [ � i � t>�%NropNrq l [VMON:o>wp�TUxN&tpu � XZwQ_#o>w8qV_
�UxR\[]N��pqVNQw8[V�\_�u�tpq7wI��RTopN n ��tpqVt�UxPDX¬w8[]NrqSRTwp� � R\[VM�[VMON¨^xR\qVNQ|�[VRTt n tpu �xt�� l ��tpqVN�PVR Q N l ^ONr�pqVNrN�tpu
PVw8[VUOq�w8[VR\t n Nr[V| i

EªtpqVN �YUxR}^ �xt��	��R\[VMYR n [VMxND�xWxqVt�UYP PVt��TRT^+X¬w8[]qSR �#tpu �YqVN$�Yw8qVNQ^!PVUx��w8qZ|rw n NAX¬w _#W�N
X6t�^ONQ�T�\NQ^=W`_=w�� �¯�\_�R n � o w8qS|�_��kPI�Tw>� l ��MONrqVN&[VMONh��tpqVN��YUxRT^��YMYwpP]N&RTP
wpPVPVUxX¬NQ^ |�t n [VR n Uxt�UxP
w n ^9MOt�X6tp�pN n Nrt�UxP�t opNrq
w&qSN$�xqVNQP]N n [Vw8[VR\opN6NQ�\NQX6N n [Vw8qV_*opt��TUxX6NItpuXZw8[]NrqSRTwp� i¨yzn qVNQwp�TR\[®_ l [VMON
u�tpqSX¬w8[VR\t n tpu �]^ONQwp^�N n ^ �A��tpqVNQP w8[ MxR\��MxNrq�|�t�X �xqVNQPSPVR\t n �TNropNQ�TP�|rwpUxPVNQP�^YRTPV|�t n [VR n UYR\[s_�tpu�[VMON
�TR��UxRT^ �YMxwpP]N l MOt>�%NropNrq�[VMxR}P�W�NQMYwQo�R\t�UOq�RTP�qVN��xNQ|�[]NQ^ R n [VMON6qSw��YRT^9^ONQ|�qSNQwpP]N6tpu_��NrqSX¬NQw8WYRT�TR\[®_
��R\[VM ^xNQ|�qVNQwpPVR n �6opt�R}^ qSw8[VR\t I ! ^xwpX l ��� �PJ i
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L7MON�|�t�X �xqSNQPVPVR\t n tpuL�YqVN$�Yw8qVNQ^6|rw n N�w n ^I[VMxN7wpPVP]t�|rRTw8[]NQ^IN��P�YqVNQPVPVR\t n tpu��]UYRT|�N%R}PªPVNrN n wpP
w �xt>�£[VMOqVt�Ux��M�^xNru�tpqSXZw8WY�\N ��tpqVt�UYP�X6NQ^xR}UxX �YqVtpWY�\NQX i L7MON u�tpq�|�N�w��L�Y�TR\NQ^Z[]t
[VMON�PVwpXA�Y�\N�tpu
�xqVN$�¯w8qVNQ^A|rw n N PVUOW �]NQ|�[]NQ^A[]t�w¬|�t�X �xqVNQPSPVR\t n []NQP][�RTP7qSNQPVRTP][]NQ^ W�_:W�tp[VM���tpqVN �YUxR}^5I �]UxR}|�N�w n ^
wpR\q JN�xqVNQPVPVUxqVN�w n ^ [VMON��xWxqVt�UxP�P@�pNQ�\Nr[]t nci �{wpX
W�N
w n ^ M MxR\[VX¬w n I ����� J PVUx�p�pNQP][]NQ^A[VMxw8[ [VMON
wpX6t�U n [�tpu�|�t�X �xqVNQPSPVR\t n [VMxw8[�MYwpP�t�|r|rUxqVqVNQ^6w8[�w n _I[VRTX6N�RTP�qVNQ�}w8[]NQ^6[]t¨W�tp[VMI[VMON7w�� �Y�}R\NQ^I�\t�wp^
w n ^º[VMxNZwpX6t�U n [¨tpu�P][]qVNQPVP¨[]qSw n PVX¬RT[][]NQ^=w8[�[VMONh�Yw8qV[VRT|r�\N6|�t n [Vwp|�[VP l R i N i ^YR G�NrqSN n |�N6W�Nr[X�%NrN n
[VMON¨w�� �¯�TR\NQ^�P][]qVNQPVP7w n ^:[VMON]��tpqVNS�xqVNQPVPVUxqVN i L7MxRTPD^xR G�NrqVN n |�N�RTP�|rwp�}�\NQ^:[VMON �zNHG�NQ|�[VR\opN�P][]qVNQPSP � i

L7MONDRTX ��tpqV[Vw n |�N%tpu ��tpqVN �xqVNQPVPSUOqVNDRTP{[VMxN �YqSP][§X¬w �ztpq�P][]N$�6[]t��%w8q�^xP§[VMON�U n ^ONrq�P][Vw n ^xR n �
[VMON�PV[]qVNQPVP�w8[�[VMON<�xWxqSt�UxP�PK�pNQ�\Nr[]t nci L7MON
^ON$� n R\[VRTt n tpu§NHG�NQ|�[VR\opN
PV[]qVNQPVP��DwpP��YqSP][�u�tpqSX
UY�Tw8[]NQ^
W�_=L{Nrq Q w8��MYR I �� 	 � J���MYRT�\N¬P][VUx^x_�R n �A[VMONZW�NQMxw o�RTt�UOq�tpu���tpqVt�UxP
P]t�RT�TP i L7MONh��tpqVN�PK�Ywp|�NQP R n
w P]t�RT�§w8qVN6R n []NrqS|�t nxn NQ|�[]NQ^=w n ^��xqVNQPSPVUOqVNIX¬wQ_ [VMONrqVNru�tpqVNIW�NI[]qSw n PVX¬RT[][]NQ^*[VMxqVt�UO��M9[VMON ��tpqVN
�YUxR}^¨W�Nr[X�%NrN n [X�%t]��t�R n [VPªR n [VMONDP]t�RT� l w n ^ u�tpq§[VMONN�%w8[]Nrq�[]t �xt��+[VMOqVt�UO��M [VMON�P]t�RT� l wk�xqVNQPSPVUOqVN
^xR G�NrqVN n [VRTwp�cX UxP][�N��ORTP][ i

Total  stress        =    Effective  stress       +      Pore  pressure

uσ

τ τ

’σ
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 � � � C7L�MON]�xqSR n |rR �Y�\N tpuªNHG�NQ|�[VR\opN P][]qVNQPVP i

M MxN n w n N���[]Nrq n wp� P][]qVNQPVP�R}P%w��L�Y�TR\NQ^&[]t¬w6PVw8[VUOqSw8[]NQ^�P]t�RT��X¬wpPVP l [VMON¨R}X¬X6NQ^xRTw8[]N�NHG�NQ|�[
RTPIw n R n |�qSNQwpP]N R n [VMONM��tpqSN �xqSNQPVPVUOqVN i L7MxRTP��xqVt�^xUx|�NQP w9[]N n ^ON n |�_2u�tpq6[VMxN ��tpqVN �Dw8[]Nrq¬[]t
�xt�� w>�%w _�[VMOqSt�UO��M*wp^��zt�R n R n �6opt�RT^xP l ��RT[VMA[VMON qVNQPVUx�T[7[VMxw8[�[VMONR��tpqVN��xqVNQPVPSUOqVN�^ONQ|�qSNQwpP]NQP�wpP
[VMON w�� �Y�TR\NQ^ PV[]qVNQPVP�RTP7[]qSw n P]u�NrqSqVNQ^ []t�[VMON¨�pqSw n Ux�\NQP i L7MxN
X¬wpR n NHG�NQ|�[�tpu ��tpqVN<�xqVNQPSPVUOqVN�R}P�[]t
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qVNQ^xUY|�N�[VMON¨|�t n [Vwp|�[ u�tpq�|�NQP�W�Nr[X�%NrN n P]t�RT� �Yw8qS[VRT|r�\NQP l W�_ �\�YUYPVMxR n �Iw��Yw8qV[ �I[VMxN]�Yw8qV[VRT|r�\NQP i L7MxRTP
X6NQw n P�[VMxw8[ l w8[
P][]NQwp^x_=P][Vw8[]N l [VMON¬[]tp[Vwp�%P][]qVNQPVP]NQP���R\[VMYR n [VMON¬W�t�^O_*tpu�P]t�R}��w8qVNZ[]q�w n P]u�NrqVqVNQ^
[VMOqVt�Ux��M �¯UxRT^��xqVNQPVPVUxqVNR n [VMONN��tpqVNQP l w n ^��¯w8qV[V�\_¨[VMOqSt�UO��M [VMON�P]t��TRT^
�pqSwpR n P I 
§R\� i ��i� J i �{t�wp^xP
[]qSw n PVu�NrqVqSNQ^¨W�_�[VMONP]t��}RT^��pqSwpR n w8qVN�[]q�w n P]u�NrqVqVNQ^¨W�Nr[ �NrN n [VMON��pq�wpR n o�RTw7[VMxNQR\q ��t�R n [ctpux|�t n [Vwp|�[ i
L7MOND^ONru�tpqSX¬w8[VR\t n w n ^
u wpRT�TUxqVN�tpu�P]t�RT��w8qVNDqVNQ�Tw8[]NQ^It n �T_¨[]t�[VMON7R n []Nrq �¯w8qV[VRT|r�\N%u�tpq�|�NQP l ��MxR}|SMIw8qVN
X6t�P][¨|�t n opN n R\N n [V�\_ ^ONQPV|�qSR\W�NQ^9R n []NrqSX¬P�tpu%w n �zNHG�NQ|�[VR\opN���P][]qSNQPVP l ��MxR}|SM9RTP�[VMON6PVUxXZX¬w8[VR\t n
t opNrq:U n RT[Iw8qSNQwºtpu�[VMON�|�t�X ��t n N n [VP6tpu�R n []NrqA�Yw8qV[VRT|r�TN�u�tpqS|�NQP n tpqSX¬wp��[]t2w n _ �Y�Tw n N:U n ^ONrq
|�t n PVR}^ONrqSw8[VR\t nci

! �T�pNrWxqSwpRT|rwp�T�T_A[VMON¬^ON$� n R\[VR\t n tpuNHG�NQ|�[VR\opN�P][]qVNQPVP�u�tpq�w PVw8[VUOq�w8[]NQ^ ��tpqVt�UxP�X¬w8[]Nrq�RTwp��RTP
��R\opN n W�_
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��MONrqSN � RTP¨[VMON�[]tp[Vwp� n tpqSXZwp��P][]qVNQPSP
t n P]t�X6N �Y�Tw n N&w8[Iw ��t�R n [<��R\[VMYR n [VMON:P]t�RT� l � RTP
[VMON
��tpqVN �xqVNQPSPVUOqVN¬w8[
[VMONA��t�R n [ l w n ^ � � R}P�[VMONZ|�tpqVqSNQPK��t n ^xR n � n tpq�X¬wp��NHG�NQ|�[VR\opN�PV[]qVNQPVP¨t n [VMON
�Y�Tw n N i�y [
R}P�[VMxRTP
P][]qVNQPVP |�t�X ��t n N n [�[VMxw8[ RTP¨NHG�NQ|�[VR\opN:R n |�t n []qVt��T�TR n � W�tp[VM=opt��TUxX¬N&|SMYw n �pN
^ONru�tpqSX¬w8[VR\t n w n ^6[VMON7PVMxNQw8qP][]qVN n �p[VM6tpu�[VMON7P]t�RT� i 
§�TUxRT^I|rw nxn tp[�qVNQPVRTPV[�PVMONQw8q�P][]qSNQPVP]NQP�PVt�[VMxw8[
[VMON6PVMONQw8q�P][]qSNQPVP�t n w �Y�}w n N
RTP n tp[�w�G�NQ|�[]NQ^ºW`_ ��tpqSN��xqSNQPVPVUOqVN i�y [�XZwQ_�W�N n tp[]NQ^9[VMxw8[�[VMON
NHG�NQ|�[VR\opN n tpqSX¬wp��P][]qVNQPSP]NQPD|rw nxn tp[DW�N X6NQwpPVUxqVNQ^:^xR\qVNQ|�[V�\_ l wpP%[VMONr_Zw8qVN�w |rUxX Ux�Tw8[VR\opN�NHG�NQ|�[�tpu
wA�Tw8qS�pN n UxX�W�Nrq¨tpu��\t�|rwp��MxRT��Mx�\_*PV[]qVNQPVP]NQ^2|�t n [Vwp|�[ W�Nr[X�%NrN n �pqSwpR n P i L�MONr_ºw8qVNZ^ONr[]NrqSXZR n NQ^
t n �\_�wpP7[VMON
^xR G�NrqVN n |�N�W�Nr[X�%NrN n [VMON�[]tp[Vwp�¶P][]qVNQPVP�w n ^ [VMON<�YqVNQPVPVUOqSN i

� t�wp^xPZ[]qSw n P]u�NrqVqVNQ^ W`_![VMON*P]t��TRT^ �YMYwpP]N�w8qVN*[]qSw n P]u�NrqVqVNQ^!W�Nr[ �NrN n [VMOND�Yw8qS[VRT|r�\NQP6o�RTw
[VMONQR\q ��t�R n [VPItpu�|�t n [Vwp|�[ i � R n |�N:W�tp[VM n tpqSX¬wp��P][]qSNQPVP¬w n ^!PVMxNQw8q¬P][]qVNQPVP]NQPZw8qVNA[]qSw n PSX¬R\[][]NQ^
wp|�qVt�PVP�[VMON��xWxqSt�UxP�|�t n [Vwp|�[VP l RT[�RTP�|�t n opN n R\N n [[]t¨N��.�xqVNQPVP�[VMxN7P][]qVNQPVPwpP�[VMON��\t�wp^Z^xR\o�RT^ONQ^
W`_6w
X6tpqVN �]RT^ON n [VR �Yw8WY�\N��Iw8qVNQw i L7MON �]RT^xN n [VR �¯w8WY�\N��6w8qVNQw¬R}P7w8[7[VMON�|�t n [Vwp|�[k��t�R n [VPDW�Nr[X�%NrN n P]t��TRT^
�Yw8qV[VR}|r�\NQP l w n ^Aw n RTqVqVNr��Ux�Tw8q��TR n N�wpP7PVMOt�� n R n 
§R\� i ��i�� �h��MxRT|�MM�YwpPVP]NQP�[Vw n �pN n [VRTwp�}�\_&[VMxqVt�UO��M
[VMON7|�t n [Vwp|�[R n []NrqVu wp|�NQP§W�Nr[X�%NrN n �Yw8qV[VR}|r�\NQP i L�M`UxP§[VMxN%NHG�NQ|�[VR\opN�P][]qVNQPVP�|rw n W�NDqVNr��w8qS^xNQ^6wpP�[VMON
|�t n [Vwp|�[¶u�tpqS|�NQP¶W�Nr[ �NrN n P]t�RT���¯w8qV[VRT|r�\NQP w opNrqSw8�pNQ^ t opNrqª[VMONZ��Mxt��\N�w8qVNQw7tpu�[VMONP]t�RT� i L�MON�o8wp�TRT^xR\[®_
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E�qVN$�¯w8qVNQ^ºPVUO��w8q¨|rw n N¬R}P�U n PVw8[VUOqSw8[]NQ^ºw n ^*W�NQ|�t�X6NQP�PVw8[VUOqSw8[]NQ^=U n ^ONrq��TR\��M`[��Tt�wp^xR n � i
��UYRT|�N:N���[]qSwp|�[VRTt ncl R n �YqSwp|�[VRT|�N [Vw��pNQPA�¯�Twp|�NM��MON n R\[6RTPIu�NQ^+W�Nr[X�%NrN n X
UY�\[VR ��qVt��T�TNrq |�qSUYPVMxR n �
U n RT[VP i � N n |�N l [VMON |�t�X �xqSNQPVPVR\t n tpu |rw n NAR}P w � �xt��G[VMOqVt�UO��M!^xNru�tpqSXZw8WY�\Nh��tpqVt�UYP X¬NQ^xRTw �
�xqVtpW¯�\NQX i L�MONN�xqVtpWY�\NQX RTP�|�t�XA�Y�\N�� l wpP�[VMONrqVN�w8qVN7R n []NrqSwp|�[VR\t n P�W�Nr[X�%NrN n �]UYRT|�N_�YqVNQPVPVUOqSN l �xWxqVN
P][]qVNQPSP�w n ^ [VMONZ�\t�wp^xR n � qSw8[]N i �Dw n N¬o8w8qSR\Nr[®_ l ��t�PSPVR\WY�\N6R n |r�TUxPVR\t n tpu7^xRTqV[�w n ^=tp[VMONrq u�tpqVNQR\� n
X¬w8[][]NrqSP l w n ^ o8w8qV_�R n �¬^ONr�pqSNrNQP7tpu�|�t�X¬X¬R n UO[VR\t n w8qSN�tp[VMONrq�|�t�X ��t�U n ^xR n ���Yw8q�wpX6Nr[]NrqSP i L7MON
�xqVN$�¯w8qVNQ^�|rw n N%RTP{|�t n PVRT^ONrqVNQ^�[]t�W�Nw PVw8[VUOqSw8[]NQ^ w n ^
U n PVw8[VUOq�w8[]NQ^R��tpqVt�UxP{X6NQ^xRTUxX-|�t�X ��t�P]NQ^
tpu�w�P]t��TRT^ PK�pNQ�\Nr[]t n PVN$�Yw8qSw8[]NQ^6W�_ P@�Ywp|�N�tpq�opt�RT^xP ��MYRT|SM6w8qVNN�Y�}�\NQ^J��R\[VMI�TR��UxRT^�tpq���wpP�tpq�W�tp[VM i
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L7MON���wpPVNrt�UxP|�t�XA��t n N n [%X¬wQ_6Mxw opN �TR\[][V�TN�tpq n t�R n �YUON n |�N�t n [VMON�qVt��}�TR n �k�xqVt�|�NQPVP i L7MON P]t��TRT^
�YMxwpPVN
RTP wpPVPVUxX6NQ^*[]t�W�N
^xRTP][]qSRTWYUO[]NQ^ [VMOqSt�UO��MOt�UO[ [VMONR��tpqVt�UxP X6NQ^xRTUYX R n PSUx|SM wh�DwQ_�[VMxw8[
R\[%RTPZ�xqSNQP]N n [DR n PSRT^ON�NQwp|SM�qVN$�YqVNQP]N n [Vw8[VR\opN�U n R\[�opt��}UxX6N i§y [DRTPwpPVPVUxX6NQ^&[VMxw8[%[VMxRTPU n R\[�opt��}UxX6N
R n [VMON ��tpqVt�UYP�X¬w8[]NrqSR}wp�|rw n W�N&|�t n PSRT^ONrqVNQ^#�Tw8qV�pN ��MON n |�t�X �Yw8qVNQ^2[]t9[VMONh��tpqVNQP
WYUO[ P][VRT�T�
PVX¬wp�}��wpP�|�t�X �¯w8qVNQ^=[]t*[VMON¬t opNrq�wp�T��N���[]N n [ tpuD[VMONZ^Ot�XZwpR nci R�n w�X¬wp|�qSt�PV|�t��YRT|¬PS|rwp�\N l RT[�RTP
wpPVPVUYX6NQ^:[VMxw8[7[VMON]�YqVN$�Yw8qVNQ^ |rw n N¨wp|�[VP wpP7w ��tpqVt�UxPDX6NQ^YRTUxX l RTP�|�t n [VR n UOt�UxPN��R\[VM �¯UxRT^:w n ^
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Strain

Ultimate stress= strength
St
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ss

O

Gradient= stiffness

G

C

Elastic strainPlastic strain
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§R\� i ��i�� J
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� � 82'*
 � � � C o RTX¬N n PVR\t n PDtpu§[VMON��pqSt`t(opNQ^ �Y�}w8[]N n w n ^:[VMON¨[ �t���qSt��T� X¬RT�}�¯�pqSt`t(opN i

� � ��
6 ������- �� � '��$��
� � � � � ���-'.'

O qVt�t opN
w n ���\N@I ^ONr�pqVNrN�J � � � �
o N$�Y[VM�I X¬X�J � 	Oi � � �8i �
E�R\[V|�M�I X¬X�J ����i�� � �
M RT^x[VM:tpu �¯w8[ I X¬X�J � i�� ��i �

� � � ��� � �� �
 ��� �?� �� �B�/���
 /(� ���$�����4 

OqVNQPVMY�\_*|rUO[¨|rw n NZP][VRT|*��P]�%NrqVN6WxqSt�UO��M±[�[]t �P� m w8u�[]Nrq¨qSNQX6t o�R n � [VMON6[]t��¯P¨w n ^9qVt�tp[VP

u�qVt�X�w*|rw n N �xNQ�T^ iD! [ �5� m
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e = -1.62 ln(p')+ 15.5
      (Leitch, 1996)
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Q117/1800 (f=14.71%)
Trial 1
Trial 2
Trial 3
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Q124/1800 (f= 13.24%)
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Contact clearance

No pressure transmitted when no contact

Any pressure possible when in contact
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(Ave. Crit.: 75%)
S, Mises

+7.913e+03
+1.394e+05
+2.708e+05
+4.023e+05
+5.337e+05
+6.652e+05
+7.966e+05
+9.281e+05
+1.060e+06
+1.191e+06
+1.322e+06
+1.454e+06
+1.585e+06

1

2

3

(Ave. Crit.: 75%)
S, Mises

+6.328e+03
+5.710e+05
+1.136e+06
+1.700e+06
+2.265e+06
+2.830e+06
+3.395e+06
+3.959e+06
+4.524e+06
+5.089e+06
+5.653e+06
+6.218e+06
+6.783e+06
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(Ave. Crit.: 75%)
UVARM1

-8.009e-01
-7.272e-01
-6.535e-01
-5.799e-01
-5.062e-01
-4.326e-01
-3.589e-01
-2.853e-01
-2.116e-01
-1.380e-01
-6.431e-02
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(Ave. Crit.: 75%)
UVARM1

-1.317e+00
-1.202e+00
-1.087e+00
-9.716e-01
-8.563e-01
-7.411e-01
-6.258e-01
-5.105e-01
-3.952e-01
-2.800e-01
-1.647e-01
-4.941e-02
+6.587e-02
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(Ave. Crit.: 75%)
VOIDR

+6.363e+00
+7.234e+00
+8.105e+00
+8.977e+00
+9.848e+00
+1.072e+01
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+1.421e+01
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(Ave. Crit.: 75%)
VOIDR

+3.392e+00
+4.486e+00
+5.580e+00
+6.673e+00
+7.767e+00
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+9.954e+00
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+1.214e+01
+1.324e+01
+1.433e+01
+1.542e+01
+1.652e+01
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(Ave. Crit.: 75%)
POR

-1.002e+03
-7.988e+02
-5.954e+02
-3.921e+02
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+4.211e+02
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(Ave. Crit.: 75%)
POR

-7.301e+05
-5.900e+05
-4.499e+05
-3.099e+05
-1.698e+05
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+8.106e+05
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Resultant juice velocity
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Max +4.37e−02

Resultant juice velocity
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Max +5.940e−02

Resultant fibre velocity
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Max +4.55e−01

Resultant fibre velocity
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1.41

ratios

1.41 1.43 2.11 2.15

Speed= 0.15 m/ s Speed= 0.30 m/ s

Two−roll (flat) mill
experiments

Compression

Total number of tests = (2 speed) x (6 compression ratios) x (2 repeat) = 24

2.872.82 2.87 1.43 2.822.11 2.15
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Roll diameter 750 mm

Fibre density 1530 kg/cu.m

Trial 1 & Trial 2

S. No Ju. Den Ca. den Fib.ratio Cane Ma No gas ht Wo.Op Mill Cont,ang Feed Ht. Initial Initial Speed

kg/cum kg/cum % kg mm mm C. Ratio degree mm C. Ratio V. Ratio m/s

1 1090 1147 17.13 8.30 35.73 25 1.41 9.70 80 0.45 16.45

2 1072 1130 17.22 10.00 43.68 30 1.43 10.96 80 0.55 13.40

3 1090 1147 17.13 10.14 43.67 20 2.11 14.43 80 0.55 13.27 0.15

4 1072 1130 17.22 15.53 67.88 30 2.15 18.29 110 0.62 11.74

5 1090 1147 17.13 13.85 59.63 20 2.82 18.71 100 0.60 12.06

6 1072 1130 17.22 21.55 94.18 30 2.87 23.88 155 0.61 11.94

7 1090 1147 17.13 8.30 35.73 25 1.41 9.70 80 0.45 16.45

8 1072 1130 17.22 10.00 43.68 30 1.43 10.96 80 0.55 13.40

9 1090 1147 17.13 10.14 43.67 20 2.11 14.43 80 0.55 13.27 0.30

10 1072 1130 17.22 15.53 67.88 30 2.15 18.29 110 0.62 11.74

11 1090 1147 17.13 13.85 59.63 20 2.82 18.71 100 0.60 12.06

12 1072 1130 17.22 21.55 94.18 30 2.87 23.88 155 0.61 11.94
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(Ave. Crit.: 75%)
S, S22

-4.713e+06
-4.189e+06
-3.664e+06
-3.140e+06
-2.615e+06
-2.091e+06
-1.567e+06
-1.042e+06
-5.178e+05
+6.577e+03
+5.310e+05
+1.055e+06
+1.580e+06

1

2

3

(Ave. Crit.: 75%)
VOIDR

+0.000e+00
+1.374e+00
+2.748e+00
+4.122e+00
+5.497e+00
+6.871e+00
+8.245e+00
+9.619e+00
+1.099e+01
+1.237e+01
+1.374e+01
+1.512e+01
+1.649e+01
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2

3
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��������� 	 � �� � 'G,���
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(Ave. Crit.: 75%)
VOIDR

+0.000e+00
+1.374e+00
+2.748e+00
+4.122e+00
+5.497e+00
+6.871e+00
+8.245e+00
+9.619e+00
+1.099e+01
+1.237e+01
+1.374e+01
+1.512e+01
+1.649e+01

1

2

3

(Ave. Crit.: 75%)
POR

-5.545e+06
-4.758e+06
-3.970e+06
-3.183e+06
-2.396e+06
-1.608e+06
-8.207e+05
-3.325e+04
+7.542e+05
+1.542e+06
+2.329e+06
+3.116e+06
+3.904e+06

1

2

3
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FLVEL, Resultant

 at elem 301 int 2
Min +8.021e-09
 at elem 210 int 5
Max +2.812e-01

1

2

3

U, Resultant

 at node 415
Min +2.188e-01
 at node 805
Max +2.742e-01

1

2

3
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