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��� �D� 7KHUPRVWDWLF�EDWK�LPSRVHV�LWV�WHPSHUDWXUH�7�RQ�WKH�V\VWHP���������

�E� &RQWDLQHU� LPSRVHV�FRQVWUDLQW�RI�FRQVWDQW�YROXPH�� �7KHUPDO� LVRODWLRQ� LPSOLHV

WKDW�KHDW�IORZ�PXVW�EH�]HUR��ZKLOH�PHFKDQLFDO�LVRODWLRQ��DQG�FRQVWDQW�YROXPH�

LPSOLHV� WKHUH� LV� QR� ZRUN� IORZ�� � &RQVHTXHQWO\� WKHUH� LV� QR� PHFKDQLVP� IRU

DGGLQJ�RU�UHPRYLQJ�HQHUJ\�IURP�WKH�V\VWHP���7KXV��V\VWHP�YROXPH�DQG�HQHUJ\

DUH�FRQVWDQW�

�F� 7KHUPDOO\�LVRODWHG���DGLDEDWLF

)ULFWLRQOHVV�SLVWRQ���SUHVVXUH�RI�V\VWHP�HTXDOV�DPELHQW�SUHVVXUH��RU�DPELHQW

SUHVVXUH� �� ZJ�$� LI� SLVWRQ�F\OLQGHU� LQ� YHUWLFDO� SRVLWLRQ�� � +HUH

w = weight of piston,�� $  �LWV�DUHD�DQG�J�LV�WKH�IRUFH�RI�JUDYLW\��

�G� 7KHUPRVWDWLF�EDWK���FRQVWDQW�WHPSHUDWXUH�7�

)ULFWLRQOHVV�SLVWRQ���FRQVWDQW�SUHVVXUH��VHH�SDUW�F�DERYH��

�H� 6LQFH�SUHVVXUH�GLIIHUHQFH� LQGXFHV�D�PDVV� IORZ��SUHVVXUH�HTXLOLEUDWHV� UDSLGO\�

7HPSHUDWXUH�HTXLOLEUDWLRQ��ZKLFK�LV�D�UHVXOW�RI�KHDW�FRQGXFWLRQ��RFFXUV�PXFK

PRUH� VORZO\�� � 7KHUHIRUH�� LI� YDOYH� EHWZHHQ� WDQNV� LV� RSHQHG� IRU� RQO\� D� VKRUW

WLPH�DQG�WKHQ�VKXW��WKH�SUHVVXUH�LQ�WKH�WZR�WDQNV�ZLOO�EH�WKH�VDPH��EXW�QRW�WKH

WHPSHUDWXUHV�

��� �D� :DWHU�LV�LQDSSURSULDWH�DV�D�WKHUPRPHWULF�IOXLG�EHWZHHQ��q&�DQG���q&��VLQFH

WKH� YROXPH� LV� QRW� D� XQLTXH� IXQFWLRQ� RI� WHPSHUDWXUH� LQ� WKLV� UDQJH�� L�H��� WZR

WHPSHUDWXUHV�ZLOO�FRUUHVSRQG�WR�WKH�VDPH�VSHFLILF�YROXPH�
� � � �9 7  9 7  9 7  9 7 q� �  q� �  q� �  q� �� � � �& & �� & & �HWF�~ ~

7 9�LQ� &�DQG� �LQ�FF � JR �

&RQVHTXHQWO\�� ZKLOH� 7� XQLTXHO\� GHWHUPLQHV�� �9 �� �9 � GRHV� QRW� XQLTXHO\

GHWHUPLQH�7�

�E� $VVXPLQJ� WKDW� D�PHUFXU\� WKHUPRPHWHU� LV� FDOLEUDWHG� DW� �q&� DQG� ���q&�� DQG

WKDW� WKH� VSHFLILF� YROXPH� RI� PHUFXU\� YDULHV� OLQHDUO\� EHWZHHQ� WKHVH� WZR

WHPSHUDWXUHV�\LHOGV
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Chapter 1
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ZKHUH� 7� LV� WKH� DFWXDO� WHPSHUDWXUH�� DQG� 7V � LV� WKH� WHPSHUDWXUH� UHDG� RQ� WKH

WKHUPRPHWHU� VFDOH�� � $W� ��q&�� � �9 7H[S & � FF J q� �  �� �������� �� � +RZHYHU�

WKH�VFDOH�WHPSHUDWXUH�IRU�WKLV�VSHFLILF�YROXPH�LV��IURP�HTQ���
��DERYH
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7KXV�� 7 7� V � DW� ��q&�  � q����� & �� � 5HSHDWLQJ� FDOFXODWLRQ� DW� RWKHU

WHPSHUDWXUHV�\LHOGV�ILJXUH�EHORZ�

7KH� WHPSHUDWXUH�HUURU�SORWWHG�KHUH� UHVXOWV� IURP� WKH�QRQOLQHDU�GHSHQGHQFH�RI

WKH�YROXPH�RI�PHUFXU\�RQ�WHPSHUDWXUH���,Q�D�UHDO�WKHUPRPHWHU�WKHUH�ZLOO�DOVR

EH�DQ�HUURU�DVVRFLDWHG�ZLWK�WKH�LPSHUIHFW�ERUH�RI�WKH�FDSLOODU\�WXEH�

�F� :KHQ�ZH�XVH�D�IOXLG�ILOOHG�WKHUPRPHWHU�WR�PHDVXUH� '7 �ZH�UHDOO\�PHDVXUH� '/ �

ZKHUH
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$�VPDOO�DUHD�$�DQG�D�ODUJH�PDVV�RI�IOXLG�0�PDJQLILHV� '/ �REWDLQHG�IRU�D�JLYHQ

'7 �� � 7KXV��ZH� XVH� D� FDSLOODU\� WXEH� �VPDOO�$�� DQG� EXOE� �ODUJH�0�� WR� JHW� DQ

DFFXUDWH�WKHUPRPHWHU��VLQFH� w w�9 72 7 �LV�VR�VPDOO�
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