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Foreword
THE motorless AIRPLANE, i.e. the GLIDER or SAIL- 
PLANE, is steadily growing in popularity, and is, 
in the truest sense of the word, the flying sport of 
youth.

This book represents the collective results of the 
writers' experiments since 1921 in motorless flight, 
and particularly in gliding, related in a way most 
likely to be useful to others. In flying, more than in 
anything, every experience and triumph individually 
won by hard endeavour should be triumph and 
experience won for all. Its aim is to state as clearly 
as possible all the beginner ought to know of Gliding 
and Gliding Machines. Hie theories it contains are 
explained in such a manner as to be easily under- 
stood. The finest airmen are often hopelessly bad 
mathematicians and Flying as a Sport should, as far 
as possible, be made easy for everybody.

FRITZ STAMER
and ALEXANDER LIPPISCH.

WASSERKUPPE, RHON.
January, 1930.
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LQJ�� VFLHQWLILFDOO\� DFFXUDWH� LQ� GHWDLO�� EXW� LW� PXVW� EH�
UHPHPEHUHG� WKDW� WKH�ZULWHUV
� DLP� LV� WR�PDNH� WKHP��
VHOYHV� FOHDUO\� XQGHUVWRRG� DQG� WR� FRQYH\� WKH� ULJKW�
LGHD�
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(TXLSPHQW� DQG� 7UDLQLQJ
)250(5/<� DQ� DLUPDQ
V� JHW�XS�ZDV� DQ� HVVHQWLDO� SDUW�
RI� KLV� GLJQLW\�� IRU� E\� KLV� DSSHDUDQFH� \RX� PLJKW�
NQRZ� KLP�� 7R�GD\�� KRZHYHU�� LW� LV� RWKHUZLVH�� IRU�
IO\LQJ� LV� QR� ORQJHU� HFFHQWULF� DQG� VWUDQJH�� EXW� KDV�
EHFRPH� D� IRUP� RI� VSRUW� DQG� D� VXEMHFW� RI� JHQHUDO�
LQWHUHVW�� 7KXV�� LQ� VSLWH� RI� KLV� JORULRXV� DFKLHYH��
PHQWV�� WKH� $LU� )RUFH� &DSWDLQ� KDV� EHFRPH� D�QRUPDO�
FLWL]HQ� DQG� QR� ORQJHU� DSSHDUV� EHIRUH� KLV� DGPLULQJ�
QHLJKERXUV�GHFNHG�RXW� LQ�KLV� OHDWKHU�KHOPHW�� JRJJOHV�
DQG� HOHJDQW�� KLJK�ODFHG�XS�ERRWV�� 7R�GD\� LW� LV� RQO\�
WKH� EHJLQQHU� ZKR� IODXQWV� WKHVH� LQVLJQLD� LQ� SXEOLF��
DQG�ZKHQ� KH� FHDVHV� WR� ZHDU� WKHP�ZH� NQRZ� WKDW� KH�
KDV� DOUHDG\�OHDUQHG� D� OLWWOH�

7KH� ILUVW� WKLQJ� WKH�JOLGLQJ� SXSLO� QHHGV� LV� D� SDLU� RI�
VWRXW� ERRWV�� %RRWV�� VXFK� DV� VNL�LQJ� ERRWV� DUH� XQ��
VXLWDEOH�� EHFDXVH� LQ� WKHVH� WKH� DFWLRQ� RI� WKH� IRRW� LV�
FOXPV\�DQG�VXGGHQ�DQG�D�GHOLFDWH�WRXFK�LV� DEVROXWHO\�
QHFHVVDU\� IRU� VWHHULQJ�� /DFHG�XS� ERRWV� DUH� WKH



�� */,',1*� $1'� 6$,/�3/$;,;*

PRVW� VDWLVIDFWRU\�� DV� WKHVH� VXSSRUW� WKH� DQNOHV� LQ�
FDVH� WKH� DLUPDQ� MXPSV� DZNZDUGO\� RQ� ODQGLQJ�

$� ZRROOHQ� PXIIOHU� LV� RQO\� QHFHVVDU\� LQ� YHU\� FROG�
ZHDWKHU�� DV� D�JOLGLQJ�IOLJKW� GRHV�QRW� ODVW� ORQJ�HQRXJK�
IRU� DQ\� UHDO� GDQJHU� RI� FKLOO�� (YHU\� DLUPDQ� VKRXOG�
FHUWDLQO\� ZHDU� D� FDS�� DQG� KH� ZLOO� ILQG� LW� EHWWHU� WR�
ZHDU� WKH� SHDN� WR� WKH�EDFN�� RWKHUZLVH� LW� PLJKW� HDVLO\�
EH� EORZQ� RII�� $� OHDWKHU� KHOPHW� ZLWK� HDU�IODSV� LV�
QRW� WR� EH� UHFRPPHQGHG� DV� LW� DIIHFWV� KLV� KHDULQJ��
DQG� WKLV� LV� H[WUHPHO\� LPSRUWDQW�� 7R� IO\� EDUH��
KHDGHG� LV� OLNHZLVH� LQDGYLVDEOH� DV� DFFLGHQWV� PD\�
KDSSHQ� DQG� WKH� KHDG� ZRXOG� WKHQ� EH� WRWDOO\� XQ��
SURWHFWHG�� )RU� WKLV� VDPH� UHDVRQ� WKH� DLUPDQ� VKRXOG�
DOZD\V�SXW�RQ�D�MDFNHW�DQG�WURXVHUV��HYHQ�LQ�VXPPHU��
ZKHQ� KH� LV� WHPSWHG� WR� ZHDU� QRWKLQJ� PRUH� FXPEHU��
VRPH� WKDQ� UXQQLQJ�VKRUWV� RU� D� EDWKLQJ�VXLW�� *RJJOHV�
DUH� QRW� QHHGHG� LQ� VXPPHU�� EXW� LQ� ZLQWHU� DQ\RQH�
ZKRVH� H\HV� DUH� DW� DOO� VHQVLWLYH� RXJKW� WR� ZHDU� WKHP��
7KHY� VKRXOG�� KRZHYHU�� EH� PDGH� RI� FHOOXORLG� RU�
7ULSOH[�WR�DYRLG�DQ\�GDQJHU�RI�ZRXQGV�IURP�VSOLQWHU��
LQJ� JODVV�� 6KRUWVLJKWHG� SHUVRQV� PXVW�� RI� FRXUVH��
ZHDU� JODVVHV�� EXW� RQ� QR� DFFRXQW� SLQFH�QH]�� DV� WKHVH�
ZURXOG� VRRQ� EH� EORZQ� RII�� $Q\RQH� XVLQJ� JODVVHV�
VKRXOG�� LQ� FDVH� RI� DFFLGHQW�� WU\� WR� WDNH� WKHP� RII�
EHIRUH� WKH� FUDVK�� DV� WKH\� DUH� DOZD\V� D� VRXUFH� RI�
GDQJHU�
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$� SUDFWLFDO� JDUPHQW� IRU� JOLGLQJ� LV� D� VSRUWV� VXLW��
2I� FRXUVH�� WKH� VDLO�SODQHU� LQWHQGLQJ� WR� XQGHUWDNH�
ORQJHU� IOLJKWV� PXVW� SD\� JUHDWHU� DWWHQWLRQ� WR� KLV�
FORWKHV�� +H�PXVW� EH� FODG� LQ� VXFK� D�ZD\� WKDW�ZKHQ�
KH� KDV� WR� VLW� DOPRVW� PRWLRQOHVV� IRU� KRXUV�� KH� ZLOO

),*�� L�

QRW�EHFRPH�FKLOOHG�RU�VWLII�� 1RWKLQJ�LV�PRUH�XQSOHDV��
DQW� RQ� ORQJ� IOLJKWV� WKDQ� WR� IHHO� FKLOOHG� WR� WKH� ERQH��
1 KH�VDLO�SODQHU�VKRXOG�DOZD\V�ZHDU�SURWHFWLYH�JODVVHV��
DV� KH� LV� DOPRVW� LQYDULDEO\� SODFHG� VR� WKDW� WKH� OHYHO�
RI� KLV� H\HV� LV� MXVW� DERYH� WKH� HGJH� RI� WKH� FRFNSLW��
DQG� WKH� GUDXJKW� LV�� WKHUHIRUH�� YHU\� NHHQ�

7KH� VXLW� PXVW� EH� FRPIRUWDEOH�� HDV\�ILWWLQJ� LQ�
HYHU\� ZD\�� 3XWWHHV�� WLJKW� OHJJLQJV� RU� JDUWHUV� DUH�
DSW� WR� VWRS� FLUFXODWLRQ� VR� WKDW� WKH� OHJV� RU� IHHW� ��JR
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WR� VOHHS��� ZKLFK� PD\�� LQ� FHUWDLQ� FLUFXPVWDQFHV�� EH�
VR� VHULRXV� DV� WR� IRUFH� WKH� DLUPDQ� WR� ODQG�� 7KH�
ERRW�WRSV�� WRR�� PXVW� ILW� HDVLO\�� $� FOHDQ� KDQGNHU��
FKLHI�� IRU� RUGLQDU\� XVH� RU� IRU� ZLSLQJ� WKH� JODVVHV�� DV�
WKH� FDVH� PD\� EH�� VKRXOG� EH� FDUULHG� LQ� D� KDQG\�
SRFNHW�� DQG� UHIUHVKPHQWV� SXW� ZKHUH� WKH\� PD\� EH�
HDVLO\� UHDFKHG�� VLQFH�� RZLQJ� WR� WKH� VPDOOQHVV� RI� WKH�
FRFNSLW� WKHUH� LV� QRW�PXFK� URRP� IRU� KXQWLQJ� WKURXJK�
RQH
V� SRFNHWV�� ,I� QR� FORFN� LV� EXLOW� LQWR� WKH� FRFNSLW��
WKH� DLUPDQ� PXVW� IL[� RQH� LQ� D� VXLWDEOH� SRVLWLRQ� LQ�
IURQW� RI� KLP�� DV� D� FORFN� LV� DEVROXWHO\� QHFHVVDU\�

2Q� HYHU\� IO\LQJ�PDFKLQH�� RI� DQ\� W\SH�� WKH� DGGUHVV�
DQG� WHOHSKRQH� QXPEHU� RI� WKH� DLUPDQ� VKRXOG� EH�
FOHDUO\� SDLQWHG� RQ� WKH� SODQHV� RU� ERG\�

%RWK� WKH� *OLGHU� DQG� 6DLO�SODQHU� VKRXOG� DOZD\V�
FDUU\� WKDW�XQLYHUVDO� WRRO�� WKH�&RPELQDWLRQ� 3OLHUV�� DV�
SDUW� RI� KLV� RXWILW�

,Q� ZLQWHU�� WKH� DLUPDQ� VKRXOG� ILQG� RXW� EHIRUH�
VWDUWLQJ�ZKHWKHU�D� IDFH�PDVN�RU� D� VFDUI�ERXQG�URXQG�
WKH� KHDG�KDV� WKH� HIIHFW� RI� EOXUULQJ�WKH�JODVVHV�� 7KLV�
FDQ� RIWHQ� EH� DYRLGHG� E\� WKH� DGRSWLRQ� RI� DQRWKHU�
PHWKRG� RI� SURWHFWLQJ� WKH� IDFH�� 7KHUH� DUH� FHUWDLQ�
PDNHV� RI� JODVVHV� PDQXIDFWXUHG� WKDW� GR� QRW� EHFRPH�
GLPPHG�� DQG� WKHUH� DUH� YDULRXV� SUHSDUDWLRQV� WR�
SUHYHQW� WKH� GLPPLQJ� RI� PRWRU�FDU� ZLQGRZV� DQG
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ZLQGVFUHHQV� ZKLFK� DUH� VXLWDEOH� IRU� JODVVHV�� 7KH�
DLUPDQ� VKRXOG� DOZD\V� SURWHFW� WKH� XQFRYHUHG� SDUWV�
RI� KLV� IDFH� IURP� IURVWELWH� E\� UXEELQJ� WKHP� ZLWK�
RLQWPHQW�� )HHW� DQG� ILQJHU�WLSV� IUHH]H� UHDGLO\�� 7KH�
IHHW� FDQ� EH� NHSW� ZDUP� E\� WKH� VLPSOH� PHWKRG� RI�
OLQLQJ� WKH� ERRWV� ZLWK� SDSHU�� DQG� D� SDLU� RI� WKLQ� VLON�
JORYHV� ZRUQ� XQGHU� ZRROOHQ� RU� IXU� JORYHV� VHUYHV� WR�
SURWHFW� WKH�KDQGV�

0XFK� FRXOG� EH� VDLG� UHJDUGLQJ� PRGH� RI� OLIH�� GLHW��
LQJ�� HWF�� $Q\�PDQ�ZKR� GHYRWHV� KLPVHOI� WR� VSRUW� LQ�
DQ\� IRUP� PXVW� JR� LQWR� VWULFW� WUDLQLQJ� DQG� RUGHU�
KLV� KDELWV� DFFRUGLQJO\�� +H� PXVW� JR� WR� EHG� HDUO\�
LQ� RUGHU� WR� JHW� HQRXJK� VRXQG� VOHHS�� VKRXOG� VPRNH�
OLWWOH� DQG� JLYH� XS� DOFRKRO� HQWLUHO\�� ,W� LV� TXLWH�
ZURQJ� WR� VXSSRVH� WKDW� RQO\� WKRVH� IRUPV� RI� VSRUW�
ZKLFK� UHTXLUH� SK\V
FDO� VNLOO� DQG� VWUHQJWK� QHFHVVL��
WDWH� VWULFW� WUDLQLQJ�� 7KHUH� DUH� RWKHU� DQG� VLPLODU�
IRUPV� RI� VSRUW� ZKLFK�PD\�ZLWK� DGYDQWDJH� EH� WDNHQ�
XS� E\� WKH� DLUPDQ�� DV�� IRU� H[DPSOH�� VNL�LQJ�� FDQRH��
LQJ�� \DFKWLQJ�� LFH�VDLOLQJ�� F\FOLQJ�� PRWRULQJ�� VNDW��
LQJ� DQG� VFRXWLQJ�� ([HUFLVH� DQG� J\PQDVWLFV� EHIRUH�
EUHDNIDVW� VHUYH� WR� NHHS� RQH� LQ� JRRG� KHDOWK�� 6ZLP��
PLQJ� VWUHQJWKHQV� WKH� ZKROH� ERG\� DQG� LV� UHIUHVKLQJ�

$� JRRG� DLUPDQ� FDQ� JHQHUDOO\� KROG� KLV� RZQ� LQ� DQ\�
IRUP� RI� OLJKW� DWKOHWLFV�

%
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&KRLFH� RI� *URXQG

$1<21(� ZKR� LQWHQGV� WR� WDNH� XS� JOLGLQJ� RU� VDLO��
SODQLQJ� PXVW� ILUVW� ILQG� VXLWDEOH� WHUUDLQ�� ,W� ZRXOG�
EH� OXGLFURXV� WR� FRQVWUXFW� D� PDFKLQH� DQG� DIWHU��
ZDUGV� ORRN� URXQG� IRU� JURXQG�� EHFDXVH� WKH� W\SH� RI�
FRXQWU\� DQG� WKH� SUHYDLOLQJ� ZLQGV� PXVW� GLFWDWH�
WKH� W\SH� RI� PDFKLQH� WR� EH� XVHG�

:KHQ� VHOHFWLQJ� JURXQG� RQH� PXVW� GLIIHUHQWLDWH�
EHWZHHQ� �²

7UDLQLQJ� JURXQG� IRU� EHJLQQHUV��
3UDFWLFH� JURXQG� IRU� DGYDQFHG� SXSLOV��
*URXQG� IRU� VDLO�SODQHUV�

2FFDVLRQDOO\� RQH� PD\� EH� OXFN\� HQRXJK� WR� ILQG�
JURXQG� ZKLFK� ZLOO� PHHW� WKH� GHPDQGV� RI� WZR�� RU�
HYHQ� DOO�� RI� WKHVH� JURXSV�
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),*�� ��
3ULLIOLQJ��� SHUIRUPLQJ�D�WXUQ�� 7KH�:DVVHUNXSSH� IO\LQJ�VORSHV� DUH�

YLVLEOH�LQ�WKH�EDFNJURXQG�
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�,�� )RU� %HJLQQHUV

,W� LV� D�PLVWDNH� WR� LQVLVW� RQ� VWHHS� VORSHV� IRU� EHJLQ��
QHUV�� 7KH� RUGLQDU\� PDFKLQHV� XVHG� LQ� WUDLQLQJ�
EHJLQQHUV� KDYH� D� JOLGLQJ� DQJOH� RI� L� �� ��� DQG� FDQ��
FRQVHTXHQWO\�� DFFRPSOLVK� D� IOLJKW� RI� DSSUR[LPDWHO\�
����PHWUHV�IURP�D�KHLJKW�RI� DERXW����PHWUHV�� 8QGHU�
YHU\� IDYRXUDEOH� FRQGLWLRQV� WKH� IOLJKW� RI� WKLUW\�
VHFRQGV
� GXUDWLRQ�� QHFHVVDU\� IRU� *OLGLQJ� 7HVW� $��
PD\� EH� DFFRPSOLVKHG� IURP� VXFK� D� KHLJKW�� %XW�
WKH� FRQVLGHUDWLRQ� ZKLFK� GHWHUPLQHV� WKH� FKRLFH� RI�
JURXQG� PXVW� QRW� EH� ZKHWKHU� LW� LV� VXLWDEOH� IRU� WHVW�
SXUSRVHV�� EXW� ZKHWKHU� LW� LV� VDIH� IRU� EHJLQQHUV�� 2QH�
GDUH� QRW� DVVXPH� VNLOO� RQ� WKH� SDUW� RI� DQ\� EHJLQQHU�

)RU� WKH� VDNH� RI� WKH� SXSLO�� QR� JURXQG� VKRXOG�
FRPH� XQGHU� FRQVLGHUDWLRQ� LI� REVWDFOHV� RFFXU� RQ� LW�
RU� DORQJ� WKH� OLQH� RI� IOLJKW� ZLWKLQ� WKH� UDQJH� RI� WKH�
PDFKLQH�� 6WRQHV� DQG� ERXOGHUV� PXVW� EH� UHFNRQHG�
DV� GDQJHURXV� REVWDFOHV�� HYHQ� ZKHQ� WKH\� SURWUXGH�
RQO\� VOLJKWO\� DERYH� WKH� JURXQG�� 7KH� PDLQ� FRQ��
VLGHUDWLRQ� LV� WKH� VDIHW\� RI� WKH� RFFXSDQW� RI� WKH�
PDFKLQH�� ,W� PXVW� EH� HPSKDVL]HG� WKDW� WKH� WUDLQLQJ�
FRXUVH� LQ� JOLGLQJ� LV� FRPSDUDWLYHO\� IUHH� IURP� ULVN��
LI� FDUH� DQG� SUXGHQFH� DUH� H[HUFLVHG�



&+2,&(� 2)� *5281'� �

,Q� ILJXUH� �� DQ� LGHDO� JURXQG� LV� VKRZQ� LQ� VHFWLRQ��
LQGLFDWLQJ� WKH� YDULRXV� SRVVLELOLWLHV� ZKLFK� LW� RIIHUV�

/ Plain level 
Short ilights up to 
10 seconds duration.

KSIooe 
To 60metres altitude 
Flights of maximum 
duration 50 sees

I Slope.
To 60 met res altitude 
Flights of maximum 
(Junction 60 sees.

$� PDFKLQH� LQ� IOLJKW� RYHU� WKH� W\SH� RI� WHUUDLQ� KHUH�
GHSLFWHG� ZLOO� QHYHU� DWWDLQ� D� JUHDW� KHLJKW�� 6KRXOG�
KH� FRPPLW� DQ� HUURU� LQ� VWHHULQJ�� WKH� SXSLO� ZRXOG�
DOZD\V� UHDFK� WHUUD� ILUPD� EHIRUH� KLV� VLWXDWLRQ� EH��
FDPH� FULWLFDO�� 1RW� RQO\� WKH� DOWLWXGH�RI� WKH� VWDUWLQJ��
SRLQW�� EXW� WKH� DQJOH� RI� WKH� JUDGLHQW� WRZDUGV� WKH�
SODLQ� DUH� WKH� SRLQWV� ZKLFK� GHPDQG� FDUHIXO� FRQ��
VLGHUDWLRQ� DV� GHWHUPLQLQJ� IDFWRUV� LQ� WKH� FKRLFH� RI�
JURXQG�� $Q� DGYDQFHG� SXSLO� PD\� SHUKDSV� EH� FDS��
DEOH� RI� IO\LQJ� RYHU� VWHHS� VORSHV��EXW� IRU�WKH�EHJLQQHU��
LW� LV� GHILQLWHO\� GDQJHURXV� WR� DWWHPSW� DQ\WKLQJ� RI�
WKH� NLQG�

$� VSHFLDO� FKDSWHU� ZLOO� EH� GHYRWHG� WR� WUDLQLQJ�
PHWKRGV� RQ� JURXQG� RI� WKLV� W\SH�
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7KH� FKRLFH� RI� JURXQG� GHSHQGV� QRW� RQO\� RQ� WKH�
QDWXUH� RI� WKH� WHUUDLQ� ZLWKLQ� WKH� LPPHGLDWH� UDQJH�
RI� WKH� IO\LQJ� PDFKLQH�� EXW� RQ� WKH� QDWXUH� RI� WKH�
VXUURXQGLQJ� FRXQWU\VLGH�� :KHQ� FRQVLGHULQJ� WKH�
DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� DQ\� SDUWLFXODU�
VWUHWFK� RI� ODQG�� RQH� VKRXOG� WU\� WR� LPDJLQH� WKH� DLU�
DV� D� IOXLG� IORZLQJ� DFURVV� LW�� 2EVWDFOHV�RQ� WKH�JURXQG�
FDXVH�HGGLHV� LQ� WKH�DLU�DQG�GHYLDWH� LW� IURP�LWV�QRUPDO�
FRXUVH�� LQ� H[DFWO\� WKH� VDPH� PDQQHU� DV� GDPV�� RU�
SLOHV� LQ� WKH� ZDWHUV� RI� D� ULYHU�

),*�� ��

$Q\RQH� ZKR� FDQ� YLVXDOL]H� WKH� FRXUVH� RI� WKLV�
VWUHDP�� IORZLQJ� DFURVV� WKH� FRXQWU\VLGH�� ZLOO� LP��
PHGLDWHO\� UHDOL]H� ZKDW� WKH� VNHWFK� VKRZV�� QDPHO\��
WKDW� WKH� OHYHO� JURXQG�DW� WKH�EDVH� RI� WKH� IO\LQJ� VORSHV�
VKRXOG� EH� IUHH� IURP� ODUJH� REVWDFOHV�� RWKHUZLVH� WKH�
HGGLHV� FDXVHG� E\� VXFK� REVWDFOHV� ZRXOG� GHYHORS� LQWR�
XQSOHDVDQW� JXVWV� RU� GRZQZDUG� FXUUHQWV�� DV� VKRZQ�
LQ� ILJXUH� ��
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7HUUDLQ� RI� WKLV� W\SH� FDQ� EH� XVHG� IRU� JOLGLQJ� SXU��
SRVHV�RQO\�ZKHQ� WKHUH� LV� D�GHDG�FDOP�� DV� WKH�GDQJHU��
RXV� SKHQRPHQD� RQ� WKH� OHH�VLGH� RI� REVWDFOHV� GR� QRW�
WKHQ�RFFXU� �VHH� ILJ�� ���

),*�� ��

$OWKRXJK� WKH� WUDLQLQJ� JURXQG� XVHG� E\� EHJLQQHUV�
PXVW� EH� DEVROXWHO\� YRLG� RI� REVWDFOHV� ZLWKLQ� WKH�
UDQJH� RI� WKH� PDFKLQH�� QRW� RQO\� DORQJ� WKH� FRXUVH� RI�
IOLJKW�� EXW� RQ� ERWK� VLGHV� WKHUHRI�� WKH� SUDFWLVLQJ�
DLUPDQ�RXJKW� WR�EH�FDSDEOH�RI�DYRLGLQJ�DQ\�REVWDFOHV�
ZKLFK� OLH� RQ� HLWKHU� VLGH� RI� KLV� SDWK� RI� IOLJKW�� WKDW� LV�
WR� VD\�� KH� RXJKW� WR�EH� DEOH� WR� VWHHU� D� VWUDLJKW� FRXUVH�
VR� WKDW�VXFK�REVWDFOHV� FHDVH� WR�EH� D� VRXUFH�RI�GDQJHU�
IRU� KLP�
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)RU� 3UDFWLFH

:KHQ� VHOHFWLQJ� WHUUDLQ� IRU� SUDFWLFH� SXUSRVHV��
RQH� PD\�� WKHUHIRUH�� DVVXPH� D� FHUWDLQ� DPRXQW� RI�
VNLOO� RQ� WKH� SDUW� RI� WKH� DLUPDQ�� A IDLUO\� VWHHS�
VORSH� LV� TXLWH� VXLWDEOH�� EXW� DQ\WKLQJ� LQ� WKH� QDWXUH�
RI� D� SHUSHQGLFXODU� FOLII� LV� WR� EH� FRQGHPQHG�

$Q� DLUPDQ� VKRXOG� KDYH� REWDLQHG� *OLGLQJ� &HUWLIL��
FDWH� %�� LI� QRW� D� PRUH� DGYDQFHG� FHUWLILFDWH�� EHIRUH�
DWWHPSWLQJ� SUDFWLFH� IOLJKWV�

),*�� ��

(YHQ� LI� WKH� DLUPDQ� KDV� EHFRPH� H[SHUW� HQRXJK� WR�
IO\�RYHU�VWHHS� VORSHV�RU� FOLIIV�� KH� LV� OLDEOH�� LQ� D�VWURQJ�
ZLQG�� WR� HQFRXQWHU� XQSOHDVDQW� DQG� HYHQ� GDQJHURXV�
ZKLUOZLQGV� DW� VXFK� SODFHV� �ILJ�� ���
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,Q� QR� FLUFXPVWDQFHV� PXVW� WKH� ODQGLQJ�SODFH� LQ�
IURQW� RI� VXFK� VORSHV� EH� KHPPHG� LQ� E\� REVWDFOHV�
ZKLFK� PLJKW� UHQGHU� D� QRUPDO� VWUDLJKWIRUZDUG� JOLG��
LQJ� GHVFHQW� LPSRVVLEOH�

Position point

),*�� ��
7KH� JURXQG� PXVW� EH� YRLG� RI� REVWDFOHV� ZLWKLQ� WKH� UDQJH� RI� WKH

PDFKLQH�
7KH� SRVLWLRQ� SRLQW� LV� FKRVHQ� LQ� WKH�GLUHFWLRQ� IURP�ZKLFK� WKH�ZLQG

LV� EORZLQJ�

$Q\� VORSH� ZKHUH� D� ODQGLQJ�PXVW� EH� DFFRPSOLVKHG�
ZLWKLQ� D� VPDOO� DUHD� VXUURXQGHG� E\� WUHHV�� KRXVHV��
URFNV�� WHOHJUDSK� SROHV�� HWF��� LV� XQVXLWDEOH� DV� SUDFWLFH�
JURXQG�

$Q� DLUPDQ�� PXVW�� DV� D� PDWWHU� RI� FRXUVH�� OHDUQ� WR�
DYRLG� REVWDFOHV� DQG� WR� SHUIRUP� WHVW� ODQGLQJV�ZLWKLQ�
D� JLYHQ� VPDOO� DUHD�� EXW� KH� VKRXOG� QRW� SUDFWLFH� LQ�
WKH� YLFLQLW\� RI� DFWXDO� REVWDFOHV�� &HUWDLQ� VSRWV� RQ�
WKH� JURXQG� FDQ� EH� PDUNHG� ZLWK� OLWWOH� IODJV� WR� LQGL��
FDWH� WKDW� WKH\� DUH� WR� EH� UHJDUGHG� DV� REVWDFOHV�



��� */,',1*� $1'� 6$,/�3/$1,1*

$FWXDO� REVWDFOHV� VLWXDWHG� DW� WKH� EDVH� RI� WKH� VORSH�
LQ� VXFK� D� ZD\� WKDW� WKH� DLUPDQ� LV� IRUFHG� WR� IO\� RYHU�
WKHP� DUH� D� VRXUFH� RI� JUDYH� GDQJHU�

,W� PXVW� DOZD\V� EH� ERUQH� LQ� PLQG� WKDW� DQ� XQ��
IDYRXUDEOH� ZLQG� RU� D� VOXJJLVK� VWDUW� PD\� FDXVH� WKH�
PDFKLQH� WR� IO\� YHU\� ORZ� RYHU� WKH� JURXQG�� ,Q� VXFK�
FDVHV�� WKH� VPDOOHVW� REVWDFOH� EHFRPHV� D� VRXUFH� RI� UHDO�
GDQJHU�� DV�D�JOLGLQJ�PDFKLQH�DWWDLQV�D�QRW�LQFRQVLGHU��
DEOH� VSHHG�� (YHU\� DFFLGHQW� LQMXUHV� WKH� FDXVH� WR� DQ�
H[WHQW� WKDW� PDQ\� VXFFHVVIXO� IHDWV� FDQQRW� XQGR� �

),*�� ���
�� 3ULLIOLQJ��� SHUIRUPLQJ� D� WXUQ� DIWHU� WKH� VWDUW�

,Q�*HUPDQ\�WKHUH�H[LVW�D�QXPEHU�RI�RUJDQL]DWLRQV��
VXFK� DV� WKH� ��'HXWVFKHU� /XIWIDKUW�9HUEDQG�H�� 9���
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WKH� " 'HXWVFKHU� 0RGHOO�XQG� 6HJHOIOXJ�9HUEDQG���
WKH� �� 5KRQ�5RVVLWWHQ�*HVHOOVFKDIW� H�� 9���� DQ\� RI�
ZKLFK� ZLOO�� RQ� DSSOLFDWLRQ�� VHQG� DQ� H[SHUW� WR� YLHZ�
DQG� YDOXH� JURXQG� IRU� IO\LQJ� SXUSRVHV�� ,W� LV� DGYLV��
DEOH� WR� PDNH� XVH� RI� VXFK� D� VHUYLFH�� DV� FRQVLGHUDEOH�
WURXEOH� DQG� H[SHQGLWXUH� FDQ� EH� DYRLGHG� LQ� WKLV�
ZD\�
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���� )RU� 6DLO�3ODQLQJ

7KHUH� LV� D� JUHDW� GLIIHUHQFH� EHWZHHQ� WKH� W\SH� RI�
WHUUDLQ� XVHG� IRU� VDLO�SODQLQJ� DQG� WKH� JURXQG� DOUHDG\�
GHVFULEHG� DV� VXLWDEOH� IRU� EHJLQQHUV� DQG� IRU� SUDFWLFH��
$V� WKH� WHUP� LPSOLHV�� WKH� REMHFW� LQ� VDLO�SODQLQJ� LV� WR�
PDLQWDLQ� RQH
V� HOHYDWLRQ� DV� ORQJ� DV� SRVVLEOH�� DW� WKH�
DOWLWXGH� RI� WKH� VWDUWLQJ�SRLQW�� LI� QRW� HYHQ� KLJKHU��
7KH� DLUPDQ�JOLGHV� SDUDOOHO� WR� WKH� KLOO�� GRXEOLQJ� EDFN�
DQG� IRUWK� DFURVV� WKH� IDFH� RI� WKH� VORSH�� ZKLFK� PXVW�
WKHUHIRUH� EH� D� ORQJ� RQH�� 7KH� ORQJHU� WKH� H[WHQW� RI�
WKH� VORSH�� WKH� HDVLHU� LW� LV� IRU� WKH� DLUPDQ� WR� UHPDLQ�
LQ� WKH� DLU�� 7KH�PDFKLQH� ORVHV� DOWLWXGH� DW� HDFK� WXUQ�
DQG� FRQWLQXDO� WXUQLQJ� WLUHV� WKH� SLORW�
,KH� ORQJ� VORSH� FKRVHQ� IRU� VDLO�SODQLQJ� VKRXOG� ULVH�

DW� OHDVW� ��� WR� ��� PHWUHV� DERYH� WKH� DYHUDJH� KHLJKW�
RI� WKH� VXUURXQGLQJ� FRXQWU\�� 7KLV� ZLOO� LQVXUH� D�
VWURQJ� XS�FXUUHQW� RI� DLU� DQG� WKH� ZLQG� ZLOO� EORZ�
GLUHFWO\� DJDLQVW� WKH� KLOO� VORSHV�� ,I� WKHUH� DUH� RWKHU�
KHLJKWV� LQ� WKH� QHLJKERXUKRRG� WKH\� PD\� DIIRUG� DQ�
XQZHOFRPH� VFUHHQ� DJDLQVW� WKH� ZLQG� RU� HYHQ� FDXVH� D�
GRZQZDUG� FXUUHQW� RI� DLU� RQ� WKH� VDLO�SODQLQJ� VORSH�
�VHH� ILJ�� ���
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2EVWDFOHV� RFFXUULQJ� LQ� IURQW� RI� WKH� VORSH� KDYH� WKH�
DGGLWLRQDO� GLVDGYDQWDJH� WKDW� WKH\� PD\� FDXVH� WKH

),*�� ��

DSSURDFKLQJ� DLU� FXUUHQWV� WR� SDOSLWDWH� WR� VXFK� DQ�
H[WHQW� DV� WR� SUHYHQW� WKH� GHYHORSPHQW� RI� DQ� XS�
FXUUHQW�� 2QO\� LQ� YHU\� UDUH� FDVHV� DUH� WKH� QHLJKERXU��
LQJ� VORSHV� VR� IRUWXQDWHO\� VLWXDWHG� WKDW� ZKHQ� WKH�
ZLQG� DWWDLQV� D� FHUWDLQ� YHORFLW\�� WKH� SDOSLWDWLQJ�
PDVVHV� RI� DLU� UHFHLYH� D� IUHVK� LPSHWXV� RQ� HDFK� ULGJH�
VR� WKDW�RQ� WKH�VDLO�SODQLQJ�VORSH� LWVHOI� WKH�XS�FXUUHQW

),*�� ���
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DFTXLUHV� DGGLWLRQDO� IRUFH�� OLNH� D� EUHDNHU� ZKHQ� WKH�
WLGH� LV� IORZLQJ�

),*�� LL�

7KH� ZLQG� FRQGLWLRQV� DUH� XVXDOO\� YHU\� IDYRXUDEOH�
RQ� VORSHV� FXUYLQJ� LQ� WKH� IRUP�RI� DQ�RSHQ� KRUVH�VKRH��
ZKLFK� IDFH� WKH� ZLQG� DQG� FDXVH� LW� WR� IORZ� DORQJ� D�
QDUURZLQJ� FKDQQHO� WRZDUGV� WKH� VDLO�SODQLQJ� VORSH��
ZKHUH� LW� GHYHORSV� LQWR� DQ� LQWHQVH� XS� FXUUHQW�� ,KLV�
W\SH� RI� WHUUDLQ� KDV� WKH� DGGLWLRQDO� DGYDQWDJH� WKDW�
WKH� WXUQLQJ�SRLQWV� DW� HLWKHU� HQG� RI� WKH� VDLO�SODQLQJ�
VORSH� ZLOO� OLH� DOPRVW� HQWLUHO\� ZLWKLQ� WKH� DUHD� RI� WKH�
XSZDUG� FXUUHQW�� LQVWHDG� RI� VOLJKW\� RXWVLGH� LW� DV� RQ�
DQ�RSHQ�KLOOVLGH� �VHH� ILJV�� ��� DQG�Q��
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:KHQ� VDLO�SODQLQJ� RYHU� WHUUDLQ� RI� WKLV� KRUVH�VKRH�
IRUP�� WKH� DLUPDQ� PXVW� REVHUYH� WKH� FRXUVH� RI� WKH�
ZLQG�ZLWK� JUHDW� FDUH�� VLQFH� LI� WKH� ZLQG� LV� QRW� EORZ��
LQJ� GLUHFWO\� DJDLQVW� WKH� IDFH� RI� WKH� VORSH�� LW� PD\�
IORZ� XS� DQG� RYHU� WKH� KLOO� VSXUV� LQ� VXFK� D� ZD\� WKDW�
SDUWV� RI� WKH� VORSH� OLH� LQ� OHH� RU� HYHQ� LQ� D� GRZQZDUG�
FXUUHQW�

),*�� ����
&RYHUHG�LQ� FRFNSLW� WR�PLQLPL]H�ZLQG�UHVLVWDQFH�

:KHQ� FKRRVLQJ� WHUUDLQ� IRU� VDLO�SODQLQJ� RQH� PXVW��
DV� ZKHQ� VHOHFWLQJ� JURXQG� IRU� JOLGLQJ�� WDNH� LQWR
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FRQVLGHUDWLRQ� WKH� SUHYDLOLQJ� ZLQGV� LQ� WKH� GLVWULFW��
7HUUDLQ� RWKHUZLVH� SUH�HPLQHQWO\� VXLWDEOH� LV� SUDFWL��
FDOO\� ZRUWKOHVV�� LI� WKH� ZLQG� VHOGRP� EORZV� GLUHFWO\�
RQ� WR� LW�

,Q�WKH�FDVH�RI�DQ�DLUPDQ�ZKR�WDNHV�XS�VDLO�SODQLQJ��
RQH� PD\� DVVXPH� WKDW� KH� LV� DEOH� WR� VWDUW� IURP� RQH�
SDUWLFXODU� VSRW� RQ� WKH� VORSH�� EXW� DW� WKH� VDPH� WLPH�
WKHUH�PXVW�EH�DQ�DGHTXDWH�QXPEHU�RI�ODQGLQJ�SODFHV�
ZLWKLQ� WKH� UDQJH� RI� KLV� PDFKLQH�� $� VDLO�SODQLQJ�
VORSH�LV�VHOGRP�VR�GHYRLG�RI�REVWDFOHV�WKDW�WKH�DLUPDQ�
FDQ� ODQG� DQ\ZKHUH� DQG� HYHU\ZKHUH�

),*�� ����
6RDULQJ�DERYH� WKH�VORSHV� RI� WKH�:DVVHUNXSSH�
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:H� DVVXPH� WKDW� WKH� VDLO�SODQHU� LV� LQ� SRVVHVVLRQ� RI�
6DLO�SODQLQJ� &HUWLILFDWH� &�

+DYLQJ� GLVFRYHUHG� VXLWDEOH� WHUUDLQ�� RQH� VKRXOG�
DWWHPSW� WR� REWDLQ� VWDWLVWLFV� RQ� WKH� DYHUDJH� YHORFLW\�
RI� WKH� SUHYDLOLQJ� ZLQGV�� ,KHVH� VWDWLVWLFV� PD\� EH�
REWDLQHG� IURP� D� PHWHRURORJLFDO�REVHUYDWRU\�VXFK�DV�
H[LVWV�LQ�FHUWDLQ�VFKRROV�RU�FROOHJHV�� EXW�IDLOLQJ�WKHVH��
UHOLDEOH� LQIRUPDWLRQ� FDQ� RIWHQ� EH� JDLQHG� IURP�
SHRSOH� VXFK� DV� IDUPHUV�� VKHSKHUGV�RU� ILVKHUPHQ�� ZKR�
DUH� DFFXVWRPHG� WR� REVHUYH� WKH� VLJQV� RI� WKH�ZHDWKHU��
6XFK� LQIRUPDWLRQ� LV� RI� HVVHQWLDO� LPSRUWDQFH�� VLQFH� LW�
GLFWDWHV�WKH�FKRLFH�RI�PDFKLQH�� 7KHUH�H[LVW�PDFKLQHV�
VSHFLDOO\� FRQVWUXFWHG� IRU� XVH� LQ� D� OLJKW� ZLQG� DQG�
RWKHUV� IRU� XVH� LQ� D� VWURQJ�ZLQG�

+DYLQJ� DFFXPXODWHG� GHWDLOHG� LQIRUPDWLRQ� UHJDUG�
LQJ�ZUHDWKHU�FRQGLWLRQV�� RQH� VKRXOG� RQFH�PRUH� DSSO\�
WR� WKH� '�/�9��� WKH� '�0�6�9��� RU� WKH� 5�5�*�� IRU�
H[SHUW� DGYLFH� RQ� WKH� VHOHFWLRQ� RI� D� VXLWDEOH� W\SH� RI�
PDFKLQH�
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r-r^
�� UDLQLQJ

7+(� EHJLQQHU� UHFHLYHV� KLV� ILUVW� LQVWUXFWLRQ� RQ� OHYHO�
JURXQG�� 7KH� LPSHWXV� JLYHQ� E\� WKH� VWDUWLQJ�URSH� LV�
FDOFXODWHG� WR� DOORZ� WKH� PDFKLQH� WR� �� WDNH� RII� �� DW�
WKH� FRUUHFW� IO\LQJ� VSHHG�� ,I� WKH� LPSHWXV�� DQG� FRQ��
VHTXHQWO\� WKH� VSHHG� RI� WKH� PDFKLQH�� ZHUH� JUHDWHU� LW�
ZRXOG�EH� SRVVLEOH� IRU� WKH�SXSLO��WKURXJK�IDXOW\�VWHHU��
LQJ�� WR� FDXVH� WKH�PDFKLQH� WR� ULVH� LQWR�WKH�DLU�� DQG�VR�
ILQG�KLPVHOI� LQ� D� FULWLFDO�VLWXDWLRQ�� $�PDFKLQH�JLYHQ�
WKH� FRUUHFW� LPSHWXV� ZLOO� GHVFHQG� LPPHGLDWHO\� DIWHU�
WKH� VWDUW�� LI� WKH� FRQWURO� OHYHU� LV� SXOOHG�RYHU�� $V� WKH�
DEVROXWH� EHJLQQHU� FDQQRW� �� VHQVH� �� WKH� FRUUHFW� WHQ��
VLRQ� RI� WKH� VWDUWLQJ�URSH�� WKH� LQVWUXFWRU� SURPSWV�
KLP�� EXW� DOORZV� KLP�� LI� SRVVLEOH�� WR� XWWHU� WKH� DFWXDO�
ZRUGV� RI� FRPPDQG� KLPVHOI�� ,Q� WKLV�ZD\�� WKH�SXSLO�
NQRZV� H[DFWO\� ZKDW� LV� KDSSHQLQJ�� DQG� LV� QRW� WDNHQ�
E\� VXUSULVH� ZKHQ� KLV� PDFKLQH� ILQDOO\� OHDYHV� WKH�
JURXQG�
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%HIRUH�HYHU\�VWDUW�WKH�SXSLO�PXVW�FDUHIXOO\�VWDWLRQ�
KLV� VWDUWLQJ�FUHZ�� VHW� WKH�VWHHULQJ�FRQWUROV� DW� QRUPDO�
DQG�JLYH� WKH�VLJQDO� ��5HDG\��� �� IROORZHG�E\�WKH�RWKHU�
FRPPDQGV�� �3XOO��� �5XQ��� DQG� �/HW�JR���
7KH� IO\LQJ� LQVWUXFWRU� REVHUYHV� QRW� RQO\� WKH� SRVLWLRQ�
RI�WKH�PDFKLQH�GXULQJ�WKH�IOLJKW��EXW�DOVR�WKH�SRVLWLRQ�
RI� WKH� YDULRXV� UXGGHUV�� VR� WKDW�ZKHQ� KH� GHOLYHUV� KLV�
RIILFLDO� FULWLFLVP� �WKH� SXSLO
V� FODVV�PDWHV� SURQRXQFH�
WKHLU� FULWLFLVP� IUHHO\� EXW� TXLWH� XQRIILFLDOO\�� KH� FDQ�
VD\� QRW� PHUHO\�� ��7KH� PDFKLQH� VLGH�VOLSSHG� WR� WKH�
OHIW��� EXW� �7KH� PDFKLQH� VLGH�VOLSSHG� WR� WKH� OHIW�
EHFDXVH� WKH� OHIW� DLOHURQ� ZDV� WRR� PXFK� GHSUHVVHG��
ZKLOH� LQ� D� ZHOO�PHDQW� EXW� PLVJXLGHG� HQGHDYRXU� WR�
FRUUHFW� WKLV� IDXOW�� WKH� UXGGHU�ZDV� SXVKHG� WRR� IDU� WR�
WKH� ULJKW�� VR� WKDW� WKH� PDFKLQH� ' SXOOHG� 
� VRPHZKDW��
7KH� FRUUHFW� SURFHGXUH�ZRXOG�KDYH�EHHQ� WR� OHDYH� WKH�
UXGGHU� LQ� QRUPDO� SRVLWLRQ� DQG� WR� PRYH� RQO\� WKH�
OHIW� DLOHURQ�� ,KH� DLOHURQ� DORQH�� QHYHU� WKH� UXGGHU��
VKRXOG� EH� XVHG� WR� FRUUHFW� VLGH�VOLSSLQJ� �� �

7KH� SXSLO� PXVW� FRQWLQXH� WR� SUDFWLVH� YHU\� VKRUW�
IOLJKWV� RQ� OHYHO� JURXQG�� XQWLO� KH� LV� WKRURXJKO\� FDS��
DEOH� RI� PDLQWDLQLQJ� KLV� PDFKLQH� LQ� FRUUHFW� SRVLWLRQ�
DQG� KDV� EHFRPH� DFFXVWRPHG� WR� WKH� VXGGHQ� LQFUHDVH�
LQ� VSHHG� JLYHQ� E\� WKH� LPSHWXV� RI� WKH� VWDUWLQJ�URSH�

$W� WKH� VWDUW�� WKH� SXSLO� PXVW� VLW� ILUPO\� RQ� WKH
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PDFKLQH�� OHDQLQJ� DJDLQVW� WKH� EDFN�UHVW�� IRU�� LI� WKHUH�
LV� D� VSDFH� EHWZHHQ� KLV� EDFN� DQG� WKH� EDFN� UHVW�� KH�
ZLOO�� DW� WKH� ZRUG� �� /HW� JR� �� �� UHFHLYH� D� QDVW\� EDFN��
ZDUG� MHUN�� ZKLFK� PLJKW� FDXVH� KLP� WR� MHUN� WKH� FRQ��
WURO� OHYHU� EDFNZDUG� RU� FDXVH� KLV� IRRW� WR� VOLS� RII� WKH�
UXGGHU�EDU�

),*�� ���
&RUUHFW� SRVLWLRQ� LQ� EHJLQQHU
V�

PDFKLQH�
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,W� RIWHQ� KDSSHQV�� HVSHFLDOO\� ZKHQ� VHYHUDO� EHJLQ��
QHUV� DUH� WUDLQLQJ� WRJHWKHU�� WKDW� HDFK� LV� DQ[LRXV� WR�
DFFRPSOLVK� WKH� KLJKHVW� DQG� ORQJHVW� IOLJKW�� /HW� LW�
WKHUHIRUH� EH� FOHDUO\� XQGHUVWRRG� WKDW� WKH� WHVW� RI� D�
JRRG�IOLJKW� OLHV�QHLWKHU�LQ� LWV� OHQJWK�QRU� LQ� LWV�KHLJKW��
2Q�WKH�FRQWUDU\�� LW� LV� DOPRVW� LQYDULDEO\�WUXH�WKDW�WKH�
SXSLO�ZKRVH�IOLJKWV�IURP�OHYHO�JURXQG�ZHUH�" VR�EHDXWL��
IXOO\�KLJK��� GRHV�QRW�SURJUHVV� VR� UDSLGO\�ZKHQ� LW� LV� D�
TXHVWLRQ�RI�IO\LQJ�RQ�D�VRPHZKDW�KLJKHU�VORSH�� $V�KH�
JDLQV�LQ�SURILFLHQF\��WKH�SXSLO�PD\�YHQWXUH�FDXWLRXVO\��
PHWUH� E\�PHWUH�� KLJKHU� XS� WKH� VORSH�� $� JRRG� WUDLQ��
LQJ� JURXQG� ZKLFK� SHUPLWV� RI� WKLV� JUDGXDO� SURJUHVV��
LV� ZHOO� ZRUWK� WKH�PRQH\� VSHQW� WR� SURFXUH� LW�

:KHQ� WKH� SXSLO� FDQ� DFFRPSOLVK� VXFFHVVLYH� IDXOW��
OHVV� VWUDLJKW� IOLJKWV� IURP� WKH� KLJK� VORSH�� KH� PD\�
FDUHIXOO\� DQG� FDXWLRXVO\� SURFHHG� WR� SUDFWLVH� WXUQV��
KDOI�ZD\� XS� WKH� VORSH�

7KH� SXSLO� ILUVW� IOLHV� VWUDLJKW� DKHDG� IRU� D� VKRUW�
GLVWDQFH�� ,I� WKH� PDFKLQH� �DQG� HYHU\� UXGGHU�� LV� LQ�
FRUUHFW� SRVLWLRQ�� WKH� WXUQ� LV� EHJXQ� E\� PRYLQJ� WKH�
GLUHFWLRQDO� UXGGHU� E\� PHDQV� RI� WKH� UXGGHU� EDU��
7KLV�KDYLQJ�EHHQ�DFFRPSOLVKHG�� WKH�DLOHURQ�LV�VOLJKWO\�
HOHYDWHG� RQ� WKH� VDPH� VLGH�� EXW� YHU\� FDXWLRXVO\� DQG�
ZLWK� H[WUHPH� FDUH�� 7KH� UXGGHU� EDU� LV� WKHQ�EURXJKW�
EDFN� WR� QRUPDO� SRVLWLRQ� DQG� E\�PHDQV� RI� WKH� RSSR�
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VLWH� DLOHURQ� WKH� PDFKLQH� LV� DOVR� EURXJKW� EDFN� WR� D�
KRUL]RQWDO� IO\LQJ� SRVLWLRQ�� 7KLV� RUGHU� RI� SURFHGXUH�
PXVW� DOZD\V�EH�REVHUYHG�� 7KH�XVH�RI� WKH�GLUHFWLRQDO�
UXGGHU� LV� RI� WKH� JUHDWHVW� LPSRUWDQFH�� IRU� D� WXUQ� LV��
ZKHQ� DOO� LV� VDLG� DQG� GRQH�� QHLWKHU� PRUH� QRU� OHVV�
WKDQ� DQ� DOWHUDWLRQ� RI� WKH� FRXUVH�� 7KH� DLOHURQ� LV�
XVHG� DV� DQ� DX[LOLDU\�� &DUH�PXVW� EH� H[HUFLVHG� DW� WKH�
FRPPHQFHPHQW� RI� WKH� WXUQ� WR� SUHYHQW� WKH� PDFKLQH�
IURP� VLGH�VOLSSLQJ� LQ� WKH�RSSRVLWH� GLUHFWLRQ�� WKURXJK�
WKH� XVH� RI� WKH� UXGGHU�� DQG� DW� WKH� ILQLVK� RI� WKH� WXUQ�
WKH� UXGGHU� EDU� PXVW� EH� EURXJKW� EDFN� WR� QRUPDO�
SRVLWLRQ�� VR� WKDW� WKH� DLOHURQ� LV� QRW� SXOOLQJ�FRXQWHU� WR�
WKH� GLUHFWLRQDO� UXGGHU�

,� KH� EHJLQQHU� VKRXOG� DFFRPSOLVK� DOO� WXUQV� ZLWK� D�
ZLGH� UDGLXV� DQG� ZLWKRXW� DOORZLQJ� WKH� PDFKLQH� WR�
EDQN� YHU\� PXFK�� 6WHHULQJ� FKDQJH� WXUQV� DUH� WR� EH�
DYRLGHG�� 7KH\�DUH� QRW� QHFHVVDU\� LQ� JOLGLQJ� DQG� VDLO��
SODQLQJ�� DQG� FRPH�� VWULFWO\� VSHDNLQJ�� XQGHU� WKH�
KHDGLQJ� RI� WULFN� IO\LQJ�
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3UDFWLFH� )O\LQJ� DQG�
6DLO�3ODQLQJ

+$9,1*� GLVFXVVHG� WUDLQLQJ� DQG� JOLGLQJ� LQ� WKH� IRUH��
JRLQJ� FKDSWHUV�� ZH� ZLOO� QRZ� GHDO� ZLWK� SUDFWLFH�
IO\LQJ� DQG� VDLO�SODQLQJ�� 7KH� REMHFW� RI� SUDFWLFH�
IO\LQJ� LV�� DV� WKH� QDPH� LQGLFDWHV�� WR� NHHS� WKH� DLUPDQ�
LQ� IRUP�DQG�WR�DIIRUG�KLP�DQ�RSSRUWXQLW\�IRU�EHFRP��
LQJ� PRUH� SURILFLHQW� LQ� WKH� DUW� RI� IO\LQJ�� (YHQ� LI� KH�
GRHV� QRW� HQWLUHO\� IRUJHW� WKH� DUW� RI� IO\LQJ�� GXULQJ� D�
SHULRG� RI� LQDFWLYLW\�� KH� ZLOO� ILQG� WKDW� KH� LV� RXW� RI�
SUDFWLFH� DQG�PD\� HYHQ� EH� DW� D� ORVV� WR� NQRZ� KRZ� WR�
PDQDJH� D� QHZHU� W\SH� RI� PDFKLQH�� (YHU\� DLUPDQ�
VKRXOG�� WKHUHIRUH�� FRQWLQXH� WR� IO\� WR� NHHS� KLPVHOI� LQ�
SUDFWLFH� DQG� VKRXOG� DOVR� IO\� WKH� PRVW� PRGHUQ� W\SHV�
RI� PDFKLQHV�� LQ� RUGHU� WR� NHHS� SDFH� ZLWK� WKH� SUR��
JUHVVLYH� HYROXWLRQ� RI� VDLO�SODQLQJ�

+H� VKRXOG�� DW� WKH� VDPH� WLPH�� VHW� KLPVHOI� WHVW�
H[HUFLVHV� RI� VWHDGLO\� LQFUHDVLQJ� GLIILFXOW\�� 3URJUHVV�
FDQ� EH� PDGH� RQO\� ZLWK� JUHDW� SDWLHQFH� DQG� H[WUHPH
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FDXWLRQ�� HVSHFLDOO\� ZKHQ� WKH� DLUPDQ� KDV� MXVW� JUDGX��
DWHG� IURP� JOLGLQJ� WR� VDLO�SODQLQJ�

7KH�DLUPDQ�ZKR�KDV�SDVVHG�*OLGLQJ�7HVW� %� VKRXOG��
DIWHU� KH� KDV� SUDFWLVHG� DQG� WKRURXJKO\� PDVWHUHG�
WKH� DUW� RI� WXUQLQJ�� DWWHPSW� WR� EULQJ� KLV� PDFKLQH�
LQWR�SRVLWLRQ�� VR� WKDW�LW� OLHV� LQ� DQ�XSZDUG�DLU�FXUUHQW��
+LV� FRXUVH� RI� IOLJKW� ZLOO� WKHQ� DOPRVW� LQYDULDEO\�
UHVHPEOH� D� ILJXUH� HLJKW� DQG� WKH� WXUQV� PXVW� DOZD\V�
EH� SHUIRUPHG� DJDLQVW� WKH� ZLQG�� +H� VKRXOG� QHYHU��
HYHQ� DW� D� FRQVLGHUDEOH� GLVWDQFH� RII� WKH� IDFH� RI� WKH�
VORSH�� \LHOG� WR� WKH� WHPSWDWLRQ� WR� SHUIRUP� WXUQV�
ZLWK�WKH�ZLQG�� DV�LW� LV� LPSRVVLEOH�WR�WXUQ�WKH�PDFKLQH�
VKDUSO\� ZKHQ� YHU\� FORVH� WR� WKH� JURXQG� DQG� KH� UXQV�
D� JUDYH� ULVN� RI� FUDVKLQJ� DJDLQVW� WKH� KLOOVLGH�

2QH� RI� WKH�PDLQ�GLIILFXOWLHV�H[SHULHQFHG�E\�WKH�DLU��
PDQ� LQ� KLV� LQLWLDO� DWWHPSWV�DW� VDLO�SODQLQJ�� LV� WKH� VR��
FDOOHG� �� VWDUW�WXUQ��� ,W� LV� QHFHVVDU\� WR� FRPPHQFH�
WKH� WXUQ� LPPHGLDWHO\� DIWHU� WKH� VWDUW�� WR� SUHYHQW� WKH�
PDFKLQH� IURP� JHWWLQJ� EH\RQG� WKH� RIWHQ� YHU\� QDUURZ�
DUHD� RI� WKH� XS� FXUUHQW�� ,I� WKLV� GLG� RFFXU�� D� VDLO��
SODQLQJ� IOLJKW� ZRXOG� EH� LPSRVVLEOH�� $Q� H[SHUW� DLU��
PDQ� FDQ� SXVK� RXW� WKH� UXGGHU� EDU�� EHIRUH� GHWDFKLQJ�
WKH� VWDUWLQJ�URSH�� DQG� WKHQ� DV� VRRQ� DV� WKH� URSH� LV�
UHOHDVHG�� FDXWLRXVO\� XVH� WKH� ULJKW� RU� OHIW� DLOHURQ�� DV�
WKH� FDVH�PDY� EH�
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$V� D� VDLO�SODQLQJ� PDFKLQH� DOZD\V� EHWUD\V� D� FHU��
WDLQ� LQHUWLD� LQ� WXUQLQJ�� WKH� DLUPDQ�� EHLQJ� YHU\� FORVH�
WR� WKH� VORSH�� PXVW� H[HUW� H[WUHPH� FDUH� DQG� JUHDW�
FDXWLRQ� LQ� RUGHU� WR� SHUIRUP� WKH� WXUQ� DW� WKH� FRUUHFW�
PRPHQW�

direclion of the wind

* starting point

),*�� ���
)LJXUH� �� FRXUVH� LQ� IURQW� RI� D� VORSH�� DV� VHHQ� IURP� DERYH�

,KH� VWDUW� WXUQ� LV� UHQGHUHG� HDVLHU�� LI� WKH� DLUPDQ�
LQVWHDG� RI� WDNLQJ� RII� GLUHFWO\� XS� ZLQG�� EULQJV� KLV�
PDFKLQH� LQWR� D� SRVLWLRQ� IDFLQJ� VOLJKWO\� DFURVV� ZLQG��
LQ� WKH� UHTXLUHG� GLUHFWLRQ�

,I� WKH� WHUUDLQ� LV� RI� WKH� QDWXUH� ZKLFK� KDV� EHHQ�
GHVFULEHG� DV� LGHDO�� L�H�� ZLWK� ULGJHV� IODQNLQJ� WKH�
DFWXDO� SODQLQJ� VORSH� RQ� HLWKHU� VLGH�� WXUQV� PD\� EH�
SHUIRUPHG�ZLWK�D�ZLGHU� UDGLXV�� 7KLV� LV� DOVR� SRVVLEOH�
LQ� D� VXSHULRU� W\SH� RI� PDFKLQH�� ZKLFK� ORVHV� YHU\�
OLWWOH� DOWLWXGH�� HYHQ� ZKHQ� LW� JHWV� EH\RQG� WKH� XS�
FXUUHQW�� $W� WKH� VDPH� WLPH�� DQ\RQH� XVLQJ� D� OHVV�
SRZHUIXO� PDFKLQH� VKRXOG� QHYHU� DWWHPSW� WR� SHUIRUP�
YHU\�DFXWH� WXUQV�� EXW� VKRXOG�RQO\� DOORZ� WKH�PDFKLQH
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WR� WXUQ� LQ� VXFK� D� ZD\� WKDW� LW� FDQ� EH� EURXJKW� LP��
PHGLDWHO\� LQWR� QRUPDO� SRVLWLRQ� ZLWKRXW� KDYLQJ� WR�
GHSHQG�XSRQ� WKH�UXGGHU�� ��KH�JUHDWHU�WKH�ZLQJ� VSDQ�
RI� D� PDFKLQH�� WKH� JUHDWHU� LWV� LQHUWLD� �

$VVXPLQJ�WKDW� WKH�XS�FXUUHQW� LV� VXIILFLHQWO\� VWURQJ�
DQG� WKDW� WKH� PDFKLQH� LV� NHSW� LQ� FRUUHFW� IO\LQJ� SRVL��
WLRQ�� LW�ZLOO� EHJLQ� WR� VRDU�� )RU�RUGLQDU\� VDLO�SODQLQJ�
DORQJ� D� VORSH�� LW� LV� RQO\� QHFHVVDU\� WR� UHPDLQ� ZLWKLQ�
WKLV� SDUWLFXODU� ZLQG� ]RQH�� ,W� LV� XVXDOO\� WKH� FDVH�
WKDW� DW� D� ORZ� DOWLWXGH� WKH� DLUPDQ� H[SHULHQFHV� IDLUO\�
VWURQJ�JXVWV�� %XW��LI� KH� FDQ�JDLQ� LQ� DOWLWXGH�ZLWK�WKH�
KHOS� RI� D� IDYRXUDEOH� ZLQG�� WKH� JXVWV� ZLOO� FHDVH� DQG�
KH� FDQ� WKHQ� IO\� LQ� JUHDWHU� FRPIRUW� DQG� VDIHW\�

:KHQ� IO\LQJ� RYHU� ILVVXUHG� JURXQG� WKH� DLUPDQ
V�
ILUVW� FDUH� VKRXOG� EH� WR� DWWDLQ� WKH� VR�FDOOHG� XSSHU�
OD\HU�� 7KLV� PD\� EH� GHVFULEHG� DV� IROORZV� �� WKHUH�
DUH� DOZD\V� VOLJKW� DVFHQGLQJ�DQG�GHVFHQGLQJ�HGGLHV�RI�
ZLQG� LPPHGLDWHO\� DERYH� DQ\� VHFWLRQ� RI� WKH� HDUWK�
VXUIDFH��ZKLFK�FRQWDLQV�FOHIWV�DQG�ILVVXUHV�� EXW�DERYH�
WKHVH�HGGLHV�WKHUH�SDVVHV�D�JUHDW�� FRPSDFW�XS�FXUUHQW�
ZKLFK�PDNHV� LWVHOI� IHOW� RQ� WKH� OHH� VLGH� RI� KLOOV�� LQ� WKH�
IRUP� RI� D� GRZQZDUG� VZHHSLQJ� FXUUHQW�� ,I�� WKHUH��
IRUH�� DQ� DLUPDQ� VXFFHHGV� LQ� UHDFKLQJ� WKLV� XSSHU�
OD\HU�� KH� ZLOO� QRW� EH� VXEMHFWHG� WR� FRQWLQXDO� YDFLOOD��
WLRQV� LQ� VSHHG� DQG� FDQ�� PRUHRYHU�� IO\� ZLWK� JUHDWHU
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HDVH� DQG� IUHHGRP�� DV� KH� QHHG� QR� ORQJHU� REVHUYH� WKH�
HDUWK� VXUIDFH� DW� DQ� DOWLWXGH� DW� ZKLFK� VOLJKW� GRZQ��
ZDUG� FXUUHQWV� DUH� LPSHUFHSWLEOH�

),*�� ���
,Q� WKH� XSSHU� OD\HU� WKH� DLUPDQ� HQFRXQ8�UV� D� FRPSDFW� DUHD� RI

XS� FXUUHQWV�

,I� WKH� DLUPDQ� GRHV� QRW� HQFRXQWHU� VWURQJ� FXUUHQWV�
RU�JXVWV��KH�FDQ��E\�VWHHULQJ�D�JRRG�FRXUVH�� DWWDLQ�WKH�
H[WUHPH� DOWLWXGH� RI� ZKLFK� KLV�PDFKLQH� LV� FDSDEOH� LQ�
WKLV� SDUWLFXODU� ZLQG� VSHHG� DQG� PD\� HYHQ� ULVN� D�
ORQJ�GLVWDQFH� IOLJKW�� 7R� GR� WKLV�� LW� LV� HVVHQWLDO� IRU�
KLP� WR� JDLQ� VXIILFLHQW� DOWLWXGH� WR� DOORZ� KLP� WR� UHDFK��
E\�JOLGLQJ�� WKH�QH[W�KLOO�ZKHUH� WKHUH�LV� DQ�XS�FXUUHQW�
RI� DLU�� DQG�VR� RQ�

,W� LV� YLWDO� WKDW� WKLV� W\SH� RI� VDLO�SODQLQJ� VKRXOG� EH�
SUDFWLVHG� E\� VDLO�SODQHUV� LQ� WKH� HDUOLHVW� DV� ZHOO� DV�
LQ� WKH� ODWHU�VWDJHV�� DV� LW� WHDFKHV� WKHP�KRZ� WR� KDQGOH�
WKH� PDFKLQH� DQG� DIIRUGV� DQ� H[FHOOHQW� RSSRUWXQLW\�
IRU� SUDFWLFH�� 2QO\� DIWHU� KH� KDV� FRPSOHWHG� VHYHUDO�
IOLJKWV� RI� WKLV� GHVFULSWLRQ� DQG� IHHOV� KLPVHOI� DEVR�
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ODWHO\�VDIH� LQ�WKH�PDFKLQH�� VKRXOG�DQ�DLUPDQ�DWWHPSW�
PRUH� GLIILFXOW� IHDWV�� VXFK� DV� WKH� VW\OH� RI� FORXG� IO\LQJ�
QRZ� XVHG� LQ� ORQJ�GLVWDQFH� VRDULQJ�� �ORXG� IO\LQJ�
PD\�HQWDLO�YHU\�FULWLFDO� VLWXDWLRQV�ZKLFK� WHVW� DLUPDQ�
DQG� PDFKLQH� WR� WKH� XWWHUPRVW� DQG� HYHU\RQH� VKRXOG�
EH� PDGH� ZHOO� DZDUH� RI� WKLV� EHIRUH� KH� PDNHV� WKH� DW��
WHPSW�� ,I� DQ� DLUPDQ� UHDFKHV� D� VWURQJ� FXUUHQW�
DVFHQGLQJ� WR� FORXGV� KH� FDQQRW� IRUWKZLWK� HQG� KLV�
IOLJKW�� DV� VXFK� D� GHVFHQW� ZRXOG� LQYROYH� D� JUHDWHU�
VWUDLQ� WKDQ� KLV� PDFKLQH� FRXOG� EHDU�� <RUH� GLIILFXOW�
IO\LQJ� IHDWV�� VXFK� DV� IO\LQJ� DPRQJ� FORXGV�� ZLOO� EH�
GLVFXVVHG� HOVHZKHUH�
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&ORXGV� DQG� :LQGV

7+(� JUHDW� WKLQJ� IRU� DQ� DLUPDQ�� WKH� WKLQJ� WKDW� PDW��
WHUV�PRVW� WR� KLP�� LV� WKH�ZLQG²WKH� DLU� FXUUHQWV� WKDW�
KDYH� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� LQ� HYHU\� W\SH�
RI� IO\LQJ�� 2I� DOO� EUDQFKHV� RI� IO\LQJ�� VDLO�SODQLQJ� LV�
WKH� RQH� PRVW� DIIHFWHG� E\� DWPRVSKHULF� FRQGLWLRQV�

-XVW� DV� LW� LV� WKH� VDLORU� LQ� D� VDLOLQJ� VKLS� ZKR� FDQ�
EHVW� JHW� WR� XQGHUVWDQG�DQG�NQRZ� KLV� RZQ� SDUWLFXODU�
HOHPHQWV�� ZLQG� DQG� ZDWHU�� VR� LW� LV� WKH� PDQ� LQ� WKH�
JOLGLQJ�PDFKLQH�ZKR� FRPHV� LQWR� FORVHVW� FRQWDFW�ZLWK�
KLV� HOHPHQW�� WKH� DLU�� DQG� DV� D� FDSWDLQ� RI� D� OLQHU�
RXJKW� WR� KDYH� OHDUQHG� WR� PDQDJH� D� VDLOLQJ� VKLS�� VR�
HYHU\RQH� ZKR� DVSLUHV� WR� IO\� DQ� HQJLQH�GULYHQ� DHUR��
SODQH� VKRXOG� KDYH� KDG� SUHYLRXV� H[SHULHQFH� RI�
JOLGLQJ�

,Q� IO\LQJ� LW� LV� PXFK� PRUH� WKDQ� WKH�PHUH� TXHVWLRQ�
RI� D� IDYRXUDEOH� RU� XQIDYRXUDEOH� ZLQG�� ,WV� HGGLHV�
DQG� LWV� GHYLDWLRQV� IURP� WKH� QRUPDO� FRXUVH� LQYROYH
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GDQJHU� IRU� WKH� DLUPDQ� ?YKR� PXVW� NQRZ� WKHP� WKRU��
RXJKO\� LQ� RUGHU� HLWKHU� WR�PHHW� RU� DYRLG� WKHP�

$LU�FXUUHQWV� DUH� FDXVHG� E\� WKH� YDU\LQJ� WHPSHUD��
WXUH� RI� WKH� DWPRVSKHUH�� ZKLFK�� LQ� LWV� WXUQ�� FDXVHV�
YDULDWLRQV� LQ� DWPRVSKHULF� SUHVVXUH�� 7KH� QDWXUDO�
UHVXOW� RI� WKHVH� YDULDWLRQV� LV� WKDW� WKH� DLU� LV� VHW� LQ�
PRWLRQ� DQG� GLVSHUVHV� LQ� WKH� GLUHFWLRQ� RI� WKRVH�
UHJLRQV� ZKHUH� WKH� DWPRVSKHULF� SUHVVXUH� LV� ORZHU�

9DU\LQJ�DWPRVSKHULF�WHPSHUDWXUHV�DQG�FRQVHTXHQW�
YDU\LQJ� KLJK� SUHVVXUHV� DUH� FDXVHG� E\� WKH� XQHTXDO�
KHDW� RI� WKH� HDUWK
V� VXUIDFH� ZKLFK� LPSDUWV� VRPH� RI�
LWV�KHDW� WR� WKH�DLU�� 7KXV�LV�EURXJKW�DERXW� DQ�H[SDQ��
VLRQ�RI� WKH�DLU�ZKLFK�KDV�EHHQ�ZDUPHG�E\�WKH�VXUIDFH�
RI� WKH� HDUWK�� 7KLV� YROXPH� RI� DLU� WHQGV� WR� ULVH� DQG�
SUHVVHV� DJDLQVW� WKH� DLU� RI� QRUPDO� WHPSHUDWXUH�
LPPHGLDWHO\� DERYH� LW�� VR� WKDW� WKH� DWPRVSKHULF�
SUHVVXUH� LV� LQFUHDVHG�� 2Q� WKH� RWKHU� KDQG�� LI� D�
FHUWDLQ� SDUW� RI� WKH� HDUWK
V� VXUIDFH� LV� FRROHU�� RZLQJ�
WR� PRLVWXUH� RU� IRU� DQ\� RWKHU� UHDVRQ�� WKH� HIIHFW� ZLOO�
EH� H[DFWO\� WKU� UHYHUVH�

$Q� LQFUHDVH� RU� GHFUHDVH� LQ� WHPSHUDWXUH� FDXVHV�
WKH� IRUPDWLRQ� RI� XQGXODWLQJ� OD\HUV� KDYLQJ� WKH�
VDPH� DWPRVSKHULF�SUHVVXUH�� ZKLFK� DUH�QRW�FRQVLVWHQW�
ZLWK� WKH� HTXLOLEULXP� RI� WKH� DWPRVSKHUH�
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7KXV� WKH� DLU�� IROORZLQJ� WKH� VDPH� WUHQG�� IORZV�
DZD\� IURP� WKH� ZDUPHU� ]RQH� WRZDUGV� WKH� FRROHU�
VXUURXQGLQJ� DUHD�� 2ZLQJ� WR� WKLV� IOX[�� WKH� DWPR��
VSKHULF� SUHVVXUH� ZLOO� WHQG� WR� GHFUHDVH� RYHU� WKLV�
SDUWLFXODU� DUHD�� DQG� WR� LQFUHDVH� LQ� WKH� FRROHU� DUHD�

),*�� ���
6DLO�SODQLQJ� XQGHU� FORXGV�� �7R� JDLQ� D� FOHDUHU� LPSUHVVLRQ��
KROG� WKH� LOOXVWUDWLRQ� DERYH� WKH� KHDG�� LQ� D� KRUL]RQWDO

SRVLWLRQ��

RZLQJ� WR� WKH� LQIOX[�� ,KHVH� YDULDWLRQV� LQ� WHPSHUD��
WXUH�RQ� WKH�HDUWK
V�VXUIDFH� FDXVH� IXUWKHU�PRYHPHQWV�
LQ� WKH� DLU�� VLQFH� IURP� WKH� FRROHU� SDUW� RI� WKH� HDUWK
V�
VXUIDFH��ZKHUH�WKH�DWPRVSKHULF�SUHVVXUH�LV�LQFUHDVLQJ��
WKH�DLU�ZLOO�IORZ�WRZDUGV�WKDW�DUHD�ZKHUH�WKH�SUHVVXUH
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LV� GHFUHDVLQJ�� QDPHO\�� WKH�ZDUPHU�SDUW�RI� WKH�HDUWK
V�
VXUIDFH�� ��KH� UHVXOW� RI� WKHVH� YDULDWLRQV� LQ� WHPSHUD��
WXUH� LV� WKDW� WKH� DLU� IORZV� DZD\� IURP� D� ZDUP� UHJLRQ��
H[FHSW� LPPHGLDWHO\� DERYH� WKH� VXUIDFH� RI� WKH� HDUWK��
ZKHUH� LW� IORZV� WRZDUGV� WKH�ZDUP� DUHD�� 7KLV� FLUFXOD��
WLRQ� RI� WKH� DLU� RFFXUV� LQYDULDEO\� ZKHUH� GLIIHUHQW�
WHPSHUDWXUHV� PHHW²PRVW� IUHTXHQWO\� EHWZHHQ� WKH�
WRUULG�DQG�WKH�FRROHU�]RQHV�RU�EHWZHHQ�ODQG�DQG�RFHDQ��
,KRVH� ZLQGV� ZKLFK� HQDEOH� WKH� DLUPDQ� WR� IO\� RYHU�
REVWDFOHV� DUH� SDUWLFXODUO\� LQWHUHVWLQJ�� DV� WKH\� DUH�
IUHTXHQWO\� FDXVHG� E\� WKHUPDO� FXUUHQWV�

&HUWDLQ� FORXG� IRUPDWLRQV� GHQRWH� DQ� XS� FXUUHQW�
RI� DLU�� 0RLVWXUH� ERUQH� XSZDUGV� IURP� WKH� HDUWK�
FRQGHQVHV� DW� D� FRQVLGHUDEOH� KHLJKW�� IRUPLQJ� D�
FORXG�� (YHU\� FORXG� RI� FXPXOXV� RU� ZRRO�SDFN�
IRUPDWLRQ� WKXV� GHQRWHV� D� ZDUP� GUDXJKW� RU� FXUUHQW��
VXFK� FXUUHQWV� EHLQJ� SDUWLFXODUO\� SUHYDOHQW� RYHU�
WRZQV�� KHLJKWV� DQG� RSHQ� FRXQWU\�

7KH� XSZDUG� DLU� FXUUHQWV� DUH� H[WUHPHO\� VWURQJ�
XQGHUQHDWK� VLQJOH� FXPXOXV� FORXGV�� 7KHVH� ZLQGV�
KDYH� UHFHQWO\� SOD\HG� D� WUHPHQGRXVO\� LPSRUWDQW�
SDUW� LQ� WKH� SURJUHVV� RI� VDLO�SODQLQJ�� DV� WKH\� UHQGHU�
SRVVLEOH� IHDWV� LQ� DOWLWXGH� DQG� ORQJ�GLVWDQFH� IO\LQJ��
,W� LV� SRVVLEOH� WR� PDLQWDLQ� RQHVHOI� LQ� IOLJKW�� XQGHU�
ODUJH� FXPXOXV� FORXGV� DQG� WKXV� WR� IO\� IRU� ORQJ� GLV�
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WDQFHV� RYHU� OHYHO� FRXQWU\� DQG� HYHQ� WR� IO\� RYHU� WKH�
OHH� VLGH� RI� D� KLOO� UDQJH�� ZLWKRXW� ORVLQJ� DOWLWXGH�

),*�� ����
$� FXPXOXV� RU� ZRRO�SDFN� IRUPDWLRQ� DERYH� D� ZDUP� XS� FXUUHQW�

,Q� ZHDWKHU� FRQGLWLRQV� SHFXOLDUO\� IDYRXUDEOH� IRU�
VDLO�SODQLQJ�� ZKROH� FKDLQV� RI� FXPXOXV� FORXGV� VRPH��
WLPHV� IRUP�� VR� WKDW� LW� LV� SRVVLEOH� IRU� WKH� DLUPDQ� WR�
SDWURO� WKHLU� HQWLUH� OHQJWK�� $� SDUWLFXODUO\� IDYRXU��
DEOH� FORXG� IRUPDWLRQ� FRQVLVWV� RI� WKRVH� FORXGV� ZKLFK�
DUH� SLOHG� XS� DERYH� D� VWUDLJKW� EDVH�� &ORXGV� ZKLFK�
DUH� MXVW� IRUPLQJ� DQG� SHUKDSV� FRQVLVW� PHUHO\� RI�
GHOLFDWH� ZLVSV�� IUHTXHQWO\� LQGLFDWH� D� VWURQJ� XSZDUG�
FXUUHQW�� ,W� KDV� EHHQ� IRXQG� SRVVLEOH�� LQ� D� VXSHULRU�
PDFKLQH�� WR� VXUPRXQW� WKH� FORXG� E\� PHDQV� RI� WKH�
XS� FXUUHQW� LQ� IURQW� RI� LW�� DQG� WKXV� WR� VRDU� DERYH�
WKH�FORXG�

'
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(YHU\RQH� ZKR� PHDQV� WR� DWWHPSW� FORXG� IO\LQJ�
VKRXOG�EHDU� LQ�PLQG�WKDW�VWURQJ�JXVWV� DUH� IUHTXHQWO\�
HQFRXQWHUHG� EHORZ� FORXGV�� 7KH� DLUPDQ�PXVW� WKHUH��
IRUH� EH� VXUH� RI� KLPVHOI� DQG� RI� KLV� PDFKLQH� EHIRUH�
PDNLQJ� WKH� DWWHPSW�� 7KH� XVXDO� PHWKRG� LV� WR� VRDU�
LQ� WKH� XSZDUG� FXUUHQW� RQ� D� VORSH� DQG� WKHQFH� WR�
UHDFK� WKH�ZDUP�ZLQG�ULVLQJ� WR� D� IDLUO\�ODUJH�FXPXOXV�
IRUPDWLRQ�� ,Q� WKLV�PDQQHU�DQ� DLUPDQ�PD\�EH�ERUQH�
XSZDUGV� WR� WKH� YHU\� EDVH� RI� WKH� FORXG� LWVHOI�

7KXQGHU�FORXGV� GHQRWH� D� YHU\� VWURQJ� XSZDUG�
FXUUHQW�� EXW� DOVR� YHU\� VWURQJ�JXVWV�� 2QO\� DQ� H[SHUW�
DQG� H[SHULHQFHG� DLUPDQ� GDUH� DWWHPSW� WR� IO\� XQGHU�
WKHVH� FRQGLWLRQV�� DQG� HYHQ� KH� PXVW� H[HUFLVH� H[��
WUHPH� FDXWLRQ�� ,Q� DQ\� FDVH�� D� PDFKLQH� XVHG� IRU�
VXFK� VRDULQJ� IOLJKWV� PXVW� EH� ILWWHG� ZLWK� UHOLDEOH�
LQVWUXPHQWV�� DV� WKH� DLUPDQ� PXVW� UHFNRQ� RQ� EHLQJ�
GUDZQ� XS� LQWR� WKH� FORXGV�� 'XULQJ� RQH� RI� KLV� FORXG�
IOLJKWV�� .URQIHOG� REVHUYHG� KXQGUHGV� RI� EXWWHUIOLHV�
ZKLFK� KDG� EHHQ� ERUQH� XSZDUGV� LQ� WKH� ZDUP� DLU� WR�
D� JUHDW� KHLJKW�

,GHDO� VDLO�SODQLQJ� FRQGLWLRQV� DULVH� ZKHQ�� RYHU� DQ�
H[WHQGHG� DUHD�� FROG� DLU� FXUUHQWV� IRUFH� WKHLU� ZD\��
ZHGJH�OLNH�� XQGHUQHDWK� WKH� ZDUPHU� OD\HUV� RI� DWPR��
VSKHUH��PDNLQJ� WKHP�ULVH� RII� WKH�JURXQG�� 7KH� UHVXOW�
LV� WKDW� RYHU� D� FRQVLGHUDEOH� DUHD� WKHUH� LV� D� VWURQJ�
XSZDUG� FXUUHQW� ZKLFK� UHQGHUV� ORQJ�GLVWDQFH� IOLJKWV
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SRVVLEOH�� 8VXDOO\�VXFK�D�FROG�DLU��LUUXSWLRQ�LV�PDUNHG�
E\� D� SODLQO\�GHILQHG� EDQN� RI� FORXGV�� ZKLFK� IRUPV� DW�
D� FRQVLGHUDEOH� KHLJKW� RZLQJ� WR� WKH� FRQGHQVDWLRQ

AlW^

),*�� ����
?<HGJH� RI� FROG� DLU� IRUFHV� LWV� ZD\� XQGHU� WKH� VWDWLRQDU\� ZDUP� DLU�

RI� PRLVWXUH� ERUQH� XSZDUGV� E\� WKH� ZDUP� DLU�� ��KH�
DLUPDQ� FDQ� IO\� DORQJ� VXFK� D� EDQN� RI� FORXGV� LQ� H[��
DFWO\� WKH� VDPH� PDQQHU� LQ� ZKLFK� KH� IOLHV� DORQJ� D�
UDQJH� RI� KLOOV�

0RUH� GHWDLOHG� LQIRUPDWLRQ� UHJDUGLQJ� WKH� PHWHRU��
RORJLFDO� SULQFLSOHV� RI� VDLO�SODQLQJ� FDQ� EH� IRXQG� LQ�
3URIHVVRU� *HRUJLL
V� ERRNOHW� ��'HU� 6HJHOIOXJ� XQG�
VHLQH� .UDIWTXHOOHQ� LP� /XIWPHHU��� SXEOLVKHG� E\�
.ODVLQJ�� %XW� HQRXJK� KDV� EHHQ� VDLG� KHUH� WR�PDNH� LW�
REYLRXV� WKDW� WKH� SRVVLELOLWLHV� IRU� VDLO�SODQLQJ� RQ�
KLOO� VORSHV� DUH� E\� QR� PHDQV� H[KDXVWHG�� DQG� WKDW�
WKH� DUW� RI� VDLO�SODQLQJ� LV� \HW� LQ� LWV� LQIDQF\� DQG� KDV�
HQRUPRXV� SRVVLELOLWLHV�
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0DFKLQHV
)25� VHOI�WXLWLRQ� D�PRQRSODQH� LV� JHQHUDOO\� XVHG� QRZ�
DGD\V�

),*�� ���
�� =RJOLQJ��� EHORQJLQJ� WR� WKH� 5�5�*��� LQ� IOLJKW�

,KH� W\SH� RI� PDFKLQH� RULJLQDOO\� GHVLJQHG� IRU�
EHJLQQHUV� ZDV� WKH� " +RL
V� GHU� 7HXIHO��� L���M� �VHH�
ILJ�� ����� 8QWLO� WKHQ�� ELSODQH� PRGHOV� DIWHU� WKH�
SDWWHUQ� RI� WKH� �� )URKF� :HOW� �� KDG� DOZD\V� EHHQ�
XVHG�
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),*�� ����
��+RL
V�GHU7HXIHO��

7KHVH� GRXEOH�GHFNHU� PDFKLQHV� ZHUH� IRXQG� WR� EH�
YHU\� VDWLVIDFWRU\� IRU� WUDLQLQJ� SXUSRVHV�� H[FHSW� IRU�
WKH� IDFW� WKDW� RUGLQDU\� EUHDNDJHV� SURYHG� UDWKHU�
FRVWO\� WR� UHSDLU�� DV� WZR� LQVWHDG� RI� RQH� ZLQJ� ZHUH�
EURNHQ� RQ� HDFK� RFFDVLRQ�
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� 3HJDVXV�
� �����
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),*�� ���
7ZR�VHDWHU� �0HFNOHQEXUJ�� EHORQJLQJ� WR� WKH� 0HFNOHQEXUJ� $HUR

&OXE�� 5RVWRFN�
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7KH� RSHQ� ODWWLFH�ZRUN� ERG\� IRXQG� LPPHGLDWH�
IDYRXU�� ZKHQ� LW� ZDV� LQWURGXFHG�� EHFDXVH�� DSDUW�
IURP� LWV� PRUH� PRGHUDWH� FRVW�� WKLV� SDWWHUQ� KDG� WKH�
DGYDQWDJH�RI�EHLQJ�HDV\�WR�RYHUKDXO� DQG�WR�UHSDLU�

),*�� ����
3UDFWLFH�PDFKLQH� ��%UHPHQ�
� �����
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),*�� ����
0DFKLQH� IRU� XVH� LQ� VOLJKW� ZLQG�� 3URSHUW\� RI� WKH� 5�5�*�
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,KH� RSHQ� SLORW
V� VHDW� ZDV� DQRWKHU� LPSURYHPHQW�
DV� WKH� ULVN� RI� LQMXU\� IURP� VSOLQWHUV� LQ� FDVH� RI� D� FUDVK�
ZDV� WKHUHE\� FRQVLGHUDEO\� GLPLQLVKHG�� )RU� WKLV�
VDPH� UHDVRQ� WKH� VXSSRUW�� ZKLFK� LQ� WKH� PRGHOV�
�� 3HJDVXV� �� DQG� " +RL
V� GHU� 7HXIHO��� ZDV� VLWXDWHG�
EHIRUH� WKH� SLORW�� ZDV� DEROLVKHG� LQ� PDFKLQHV� RI� WKH�
��=RJOLQJ� �� W\SH�

7KH� PDFKLQH� GHVLJQHG� E\� WKH� 0HFNOHQEXUJ� $HUR�
&OXE�� IRU� GXDO� FRQWURO� WXLWLRQ�� DOVR� EHDUV� D� FORVH�
UHVHPEODQFH� WR� LWV� SURWRW\SH�� �� +RL
V� GHU� 7HXIHO���
)URP� WKLV� VDPH� PRGHO� WKH� VR� FDOOHG� PRGHUDWH��
EUHH]H� PDFKLQHV� ZHUH� HYROYHG�� 7KHVH� PDFKLQHV� DUH�
FDSDEOH� RI� IO\LQJ�ZLWK� D� JHQWOH� EUHH]H� DQG�DUH� DW� WKH�
VDPH� WLPH� RI� D� VLPSOHU� EXLOG� DQG� PXFK� OHVV� FRVWO\�
WKDQ� WKH� RUGLQDU\� PDFKLQHV� RI� VXSHULRU� W\SH�

,KH� " +DQJZLQG� �� DQG� LWV� VXFFHVVRU�� WKH� �� 3ULLI��
OLQJ� �� VXSHUVHGHG� WKH� ROGHU� �� %UHPHQ� �� W\SH� RI�
PDFKLQH�� ,Q� WKHVH� ODWHU� PRGHOV�� VSHFLDO� DWWHQWLRQ�
ZDV� SDLG� WR� VWHHULQJ� DUUDQJHPHQWV�� DQG� WKH\� ZHUH�
FRQVWUXFWHG�� DV� IDU� DV� SRVVLEOH�� RQ� WKH� VDPH� OLQHV� DV�
WKH� RUGLQDU\� HQJLQH�GULYHQ� DHURSODQH�� WR� PHHW� WKH�
UHTXLUHPHQWV� RI� WKH� DLU� SLORW� ZKR� WRRN� XS� VDLO��
SODQLQJ� RU� RI� WKH� PDQ� ZKR� UHJDUGHG� VDLO�SODQLQJ�
DV� D� SUHOLPLQDU\� WR� DHURSODQH� LQVWUXFWLRQ�� 7KH�
SURSRUWLRQV� RI� WKLV� PDFKLQH� UHQGHU� LW� XQVXLWDEOH
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),*�� ����
3UDFWLFH�PDFKLQH� ��+DQJZLQG��� �����
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IRU� ORQJ� IOLJKWV�� 7KH� GHVLJQHU� ZDV� DZDUH� RI� WKLV��
EXW� KLV� ILUVW� FRQFHUQ� ZDV� WR� FRQVWUXFW� D� PDFKLQH�
ZKLFK�ZRXOG� WXUQ�HDVLO\�� $SDUW� IURP� WKLV�� WKH�SXSLO�
VKRXOG� QRW� KDYH� WKLQJV� PDGH� WRR� VLPSOH� IRU� KLP�
DQG� LW� LV� H[FHOOHQW� SUDFWLFH� IRU� KLP� LI� KH� H[SHULHQFHV�
VRPH� GLIILFXOW\� LQ� KROGLQJ� D� VWUDLJKW� FRXUVH� ZKHQ�
SODQLQJ� LQ� DQ� XSZDUG� FXUUHQW�

),*�� ���
�3ULLIOLQJ�� EHORQJLQJ� WR� WKH� 5�5�*��� DIWHU� WKH� VWDUW�

REVHUYHUV� LQ� WKH� IRUHJURXQG�
2IILFLDO
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),*�� ����
6XSHULRU� PDFKLQH� RI� WKH� �� 3URIHVVRU��� W\SH� RZQHG� E\� WKH� 5�5�*�
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7KH� �� 3URIHVVRU� �� PRGHO� ZDV� LQWHQGHG� WR� PHHW�
WKH� UHTXLUHPHQWV� RI� DLUPHQ� ZKR� KDG� REWDLQHG� D�
��� &� " JUDGH� FHUWLILFDWH�� 7KLV� PDFKLQH�� FRPELQLQJ�
DV� LW� GRHV�� WKH� FKDUDFWHULVWLF� DGYDQWDJHV� RI� D�
ILUVW�FODVV� IO\LQJ� PDFKLQH� ZLWK� HDV\� PDQLSXODWLRQ��
LV� HPLQHQWO\� VXLWDEOH� IRU� SUDFWLFH� LQ� GLVWDQFH� IO\LQJ�

$OO�PDFKLQHV�DUH�VXEMHFWHG�WR�YHU\�VHYHUH�UHOLDELOLW\�
WHVWV� LQ� RUGHU� WR� PLQLPL]H� WKH� ULVN� RI� EUHDNDJH�
WKURXJK� IDXOW\� VWHHULQJ� RU� FOXPV\� ODQGLQJV�

'HVLJQ�GUDZLQJV�RI�WKH�DERYH�PHQWLRQHG�PDFKLQHV��
ZKLFK� DUH� QRZ� JHQHUD8Y� XVHG� IRU� WUDLQLQJ� SXUSRVHV��
PD\�EH� REWDLQHG�RQ� DSSOLFDWLRQ� WR� WKH� 5KRQ�5RVVLW��
WHQ�&HVHOOVFKDIW� H�� 9�� &HUWDLQ� FOXEV� XVH� RWKHU�
PDFKLQHV�� ZKLFK�� KRZHYHU�� FORVHO\� UHVHPEOH� WKHVH�
PRGHOV�
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7RROV�� &RQVWUXFWLRQV�� 0DWHULDOV
DQG� 0HWKRGV

,7� LV� QRW� RXU� LQWHQWLRQ� KHUH� WR� GLVFXVV� DOO� WKH� WRROV�
DQG�PDWHULDOV� UHTXLUHG� IRU� WKH� SXUSRVH� RI� FRQVWUXFW��
LQJ� D� PDFKLQH�� /LVWV� RI� WKH� QHFHVVDU\� PDWHULDOV�
DFFRPSDQ\� DOO� GUDZLQJV� RU� GHVLJQV� RI� D� SODQH� DQG�
GHWDLOHG� LQIRUPDWLRQ� RQ� WKLV� VXEMHFW� PD\� DOVR� EH�
IRXQG� LQ� WKH�YROXPH� ��*OHLWIOXJ�XQG�*OHLWIOXJ]HXJH� ��
(" *OLGLQJ� DQG� *OLGLQJ� 0DFKLQHV� ���� 2XU� DLP� LV�
PHUHO\� WR� VWUHVV� FHUWDLQ� QRWHZRUWK\� SRLQWV�

$Q\RQH� HQJDJHG�RQ� WKH� FRQVWUXFWLRQ� RI� D�PDFKLQH�
ZLOO� ILQG� WKDW� WKHUH� DUH� PDQ\� RFFDVLRQV� ZKHQ� LW� LV�
LPSRVVLEOH� WR� XVH� DQ� RUGLQDU\� DGMXVWDEOH� FODPS��
HLWKHU� RQ� DFFRXQW� RI� LWV� ZHLJKW� RU� PRUH� IUHTXHQWO\�
IURP� ODFN� RI� VSDFH�� 7KH� W\SH� RI� VWHHO� FOLS� XVHG� E\�
SLFWXUH�IUDPH� PDNHUV� PD\� EH� VXEVWLWXWHG� DQG� FDQ�
EH� DGMXVWHG�E\�PHDQV� RI� VSHFLDO� SOLHUV�
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),*�� ����
'RXEOH�VHDWHU� WUDLQLQJ�PDFKLQH�RI� WKH�5�5�*�
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7KH�ZRRGHQ� ULEV�RI� WKH�SODQH� DUF� FXW� IURP� D�ERDUG�
RI� WKH� UHTXLUHG� OHQJWK�� RQ� D� FXWWHU� KHDG�� 
L�KH� XVXDO�
WKLFNQHVV�LV� �� E\���PLOOLPHWUHV�� 6PDOO� ILQHO\�WRRWKHG�
FLUFXODU� VDZ�EODGHV� DUH� DIIL[HG� WR� WKH� SHUSHQGLFXODU�
VKDIW� RW� WKH� FXWWLQJ�PDFKLQH�� DW� LQWHUYDOV� RI� �� PLOOL��
PHWUHV� �VHH� ILJ�� ����� DQG� WKXV� D� QXPEHU� RI� ULE�
VWULSV� FDQ� EH� FXW� VLPXOWDQHRXVO\�� 7KH� PHWKRG� RI�
IRUPLQJ�WKH�ULEV�E\�PHDQV�RI� D� WHPSODWH� LV� GHVFULEHG�
LQ� �� *OHLWIOXJ� XQG� *OHLWIOXJ]HXJH� �� (" *OLGLQJ� DQG�
*OLGLQJ� 0DFKLQHV� ���� ,I� VHYHUDO� PDFKLQHV� KDYH� WR�
EH� EXLOW� LW� LV� DGYLVDEOH� WR� KDYH� D� VSHFLDO� FDVH� IRU�
ULEV�� VR� WKDW� D� ODUJH� QXPEHU� PD\� EH� SUHSDUHG� DW�
RQH� WLPH� DQG� VWRUHG� WKHUHLQ�� %XW� ZKHQ� SDFNLQJ�
WKH�ULEV�� FDUH�PXVW� EH� WDNHQ� WR� SODFH� SDSHU� EHWZHHQ�
HDFK�� DV� WKHUH� LV� D� OLNHOLKRRG� WKDW� VRPH� JOXH� ZLOO�
RR]H� RXW�

$� VXIILFLHQW� QXPEHU� RI� ULEV� KDYLQJ� EHHQ� SUHSDUHG�
�LW� LV� SRVVLEOH� WR� PDNH� DV� PDQ\� DV� WZHOYH� DW� RQH�
VSHOO��� WKH\� DUH� SUHVVHG� WRJHWKHU� RQ� D� WHPSODWH� E\�
PHDQV� RI� D� FUDPS� IUDPH�� 7KH� WHPSODWH� PXVW� EH�
YDUQLVKHG� RYHU� ZLWK� OLQVHHG� RLO�� VR� WKDW� WKH� JOXH�
H[XGHG� GRHV� QRW� FDXVH� WKH� ULEV� WR� DGKHUH� WR� LW��
5LEV� PDQXIDFWXUHG� LQ� WKLV�PDQQHU� DUH� QHYHU� QDLOHG��
,I� WKH\�DUH�ZHOO�JOXHG� WKH�XVH� RI�QDLOV� LV� XQQHFHVVDU\�

$V� D�PDWWHU�RI� IDFW��QR� QDLOV� VKRXOG� EH� OHIW� LQ� DQ\
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ZRRGHQ� VHFWLRQ� RI� WKH� PDFKLQH�� DV� WKH\� UXVW� DQG�
GHVWUR\� WKH� JUDLQ� RI� WKH�ZRRG�� ,W� LV� DOVR� LPSRVVLEOH�
WR� XVH� EUDVV� QDLOV� ZKHQ� FRQVWUXFWLQJ� D� PDFKLQH� RI�
WKH� GLPHQVLRQV� RI� DQ� HQJLQHOHVV� DLU� SODQH�� DV� EUDVV�
QDLOV�� EHLQJ� WKLFN�� ZURXOG� OLNHZLVH� GHVWUR\� WKH� JUDLQ��
%UDVV�FRDWHG�LURQ�QDLOV�DUH�DV�OLDEOH�WR�UXVW�DV�RUGLQDU\�
LURQ� QDLOV�� :KHQ� WKH� XVH� RI� QDLOV� LV� DEVROXWHO\� XQ��
DYRLGDEOH�� DV� IRU� H[DPSOH� ZKHQ� DIIL[LQJ� WKH� SODQN��
LQJ� WR� WKH� VNHOHWRQ� ULEV� RI� WKH� ERG\� ZRUN�� RQH� PD\�
KDPPHU� LQ� QDLOV� WKURXJK� QDUURZ� ILOOHWV�� VWULSV� RI�
SO\� ZRRG� RU� FDUGERDUG�� VR� WKDW� WKH\� PD\� EH� ZLWK��
GUDZQ� HDVLO\� E\� PHDQV� RI� SOLHUV� DIWHU� WKH� JOXH� KDV�
GULHG�

:KHQ� IDEULF� PXVW� EH� JOXHG� RQ� WR� ZRRG� �RQ� WKH�
ZLQJV�� IRU� LQVWDQFH��� WKH� VXUIDFH� RI� WKH� ZRRG� LV�
SXUSRVHO\� OHIW� URXJK� DQG� XQSODQHG�� DV� WKH� JOXH� ZLOO�
WKHQ� KROG� EHWWHU�� 6L]H� PD\� DOVR� EH� XVHG� IRU� WKLV�
SXUSRVH�� EXW� WKH� W\SH� RI� JOXH� SURFXUDEOH� IURP�
FHOOR� PDNHUV� LV� PRUH� VDWLVIDFWRU\� DQG� LV� GDPS��
UHVLVWLQJ�

0DQ\� KDQGV� DUH� UHTXLUHG� WR� DVVLVW� LQ� PRXQWLQJ�
WKH� IDEULF� RQ� WKH� ZLQJ� IUDPH�� DV� WKH� ZRUN� PXVW� EH�
DFFRPSOLVKHG� ZLWK� GLVSDWFK�� VLQFH� WKH� JOXH� GULHV�
YHU\� TXLFNO\�� 6WULFWO\� VSHDNLQJ�� VHDPV� LQ� ZLQJ�
IDEULF� VKRXOG� DOZD\V� EH� PDGH� WR� UXQ� DORQJ� WKH� ULEV�
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),*�� ����
&XWWLQJ�WKH�ULEV�

),*�� ���
0RXQWLQJ�WKH�IDEULF�
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%XW�� DV� QR� JUHDW� VWUDLQ� LV� SODFHG� RQ� WKH� ZLQJ� IDEULF�
RI� D� JOLGHU� RU� VDLO� SODQH�� LW� LV� JHQHUDOO\� VWUHWFKHG� VR�
WKDW� WKH� VHDPV� OLH� DW� ULJKW�DQJOHV� WR� WKH� ULEV�� 7KLV�
PHWKRG� VDYHV� ERWK� WLPH� DQG� ODERXU�� 
,KH� VHOYHGJH�
RI� WKH� IDEULF� LV� JOXHG� WR� WKH� OHDGLQJ�HGJH� RI� WKH�
ZLQJ� DQG� WKH� IDEULF� LWVHOI� UROOHG� URXQG� D� ORQJ� VWLFN��
6HYHUDO� SHUVRQV� WKHQ� VHW� WR� ZRUN� WR� JLYH� WKH� ULEV� D�
JRRG� FRDWLQJ� RI� JOXH�� DIWHU� ZKLFK� WKH� IDEULF� LV� XQ��
UROOHG� DQG� VWUHWFKHG� WDXW� RYHU� WKH� IUDPHZRUN�

),*�� 32. 
&RUUHFW� PHWKRG� RI� VWLWFKLQJ� IDEULF� WR� ULEV�� ZLWK� D� EHQW� QHHGOH

$�QHDW�DQG�VDWLVIDFWRU\�PHWKRG�RI�KROGLQJ�WKH�IDEULF�
LQ� SODFH� LV� WR� VWLWFK� LW� RQ� WR� WKH� ULEV�� 7KH� ULEV� DUH�
ERXQG� ZLWK� VWULSV� RI� PDWHULDO� DERXW� ��� WR� MR
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PLOOLPHWUHV� LQ� ZLGWK�� DIWHU� ZKLHK� WKH� IDEULF� LV� IL[HG�
LQ� SRVLWLRQ� ZLWK� SLQV� DQG� WKHQ� VWLWFKHG� IDVW� DORQJ�
WKH� ULEV� �VHH� ILJ�� ����

7KH� XQGHUVLGH� RI� WKH�ZLQJ� VKRXOG� SUHYLRXVO\� KDYH�
EHHQ� WUHDWHG� ZLWK� VSLULW� YDUQLVK�� DV� D� SURWHFWLRQ�
DJDLQVW� GDPS�� &DUH� PXVW�� KRZHYHU�� EH� WDNHQ� QRW�
WR� DOORZU� DQ\� YDUQLVK� WR� GURS� RQ� WR� WKH� ULEV�� DV� LW�
ZRXOG�EH� LPSRVVLEOH� WR� DSSO\�JOXH� RQ� WRS�RI� WKH� YDU��
QLVK�ZKHQ�PRXQWLQJ� WKH�IDEULF�� 6SLULW� YDUQLVK�PXVW�
EH� XVHG�� DV� OLQVHHG� RU� DQ\� IRUP� RI� RLO� YDUQLVK� ZLOO�
SHQHWUDWH� WKH� ZRRG� DQG� UHQGHU� LW� XQILW� IRU� JOXHLQJ�
VKRXOG� UHSDLUV� EHFRPH� QHFHVVDU\�� 6SLULW� YDUQLVK�
FDQ� HDVLO\� EH� UHPRYHG� E\� PHDQV� RI� D� SXQFK�� ZKHQ��
DQG� LI�� QHFHVVDU\�

�0HWDO� ZRUN� PD\� OLNHZLVH� EH� WUHDWHG� ZLWK� VSLULW�
YDUQLVK�� EXW� LW� LV� EHWWHU� WR� JLYH� LW� D� FRDWLQJ� ZLWK� D�
ODFTXHU� ZKLFK� ZLOO� SUHYHQW� LW� IURP� UXVWLQJ�

?<OLHQ� DSSO\LQJ� JOXH� WR� DQ\� VHFWLRQ� PDGH� RI� DVK��
LW� LV� DGYLVDEOH� WR� URXJKHQ� WKH� RWKHUZLVH� YHU\�VPRRWK�
VXUIDFH� RI� WKH� ZRRG�ZLWK� D� WRRWKHG� SODQH� RU� UDVSLQJ�
ILOH�

&XUYHG�SLHFHV�RI�ZRRG�DUH�UHTXLUHG�LQ�WKH�FRQVWUXH�
WLRQ� RI� FHUWDLQ� SDUWV� RI� WKH� PDFKLQH�� DQG� EHQW� ZRRG
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VXLWDEOH� IRU� WKLV�SXUSRVH�FDQ�EH� SXUFKDVHG�� $QRWKHU�
PHWKRG� LV� WR� WDNH� D� VXLWDEOH� QXPEHU� RI� WKLQ� VWULSV�
RI� ZRRG� DQG� WR� JOXH� DQG� IDVKLRQ� WKHP� WR� WKH� UH��
TXLUHG� VKDSH� E\� PHDQV� RI� D� WHPSODWH� DQG� FODPSV�
�VHH� ILJ�� ����� 6WULSV� RI� SO\�ZRRG� PD\� DOVR� EH� XVHG��
,I� WKHVH� WHQG� WR� VQDS� RQ� EHLQJ� EHQW� WKH\� VKRXOG�
EH� EUXVKHG� RYHU� ZLWK� ZDWHU� WR� UHQGHU� WKHP� PRUH�
SOLDEOH�

).�� ���
)DVKLRQLQJ�JOXHG�VWULSV�RI�ZRRG�E\�PHDQV�RI�D�WHPSODWH

DQG�FODPSV�

$� OHDGLQJ� HGJH� FDQ�EH�FRYHUHG�ZLWK�WKUHH� SO\�ZLWK��
RXW�WKH�XVH�RI�QDLOV�� LI� D�QXPEHU�RI� VWULSV�RI� ZRRG�DUH�
ODLG� DORQJ� LW�� DQG� WKH� ZKROH� VHFXUHO\� ODVKHG� WR� WKH�
IUDPH� E\� PHDQV� RI� D�ZHW� FORWKHV� OLQH�� $V� WKH� OLQH�
GULHV� LW� ZLOO� FRQWUDFW� DQG� WKXV� WKH� QHFHVVDU\� FRP��
SUHVVLRQ� UHTXLUHG� IRU� WKH� JOXHLQJ� SURFHVV� ZLOO� EH�
H[HUWHG� �VHH� ILJ�� ����
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$Q� DGMXVWDEOH� FRPSDVV� SODQH� LV� DQ� LQGLVSHQVDEOH�
WRRO�� DV� LW� FDQ� EH� DGMXVWHG� WR� SODQH� HLWKHU� WKH� LQVLGH�
RU� WKH� RXWVLGH� RI� DQ\� FXUYHG� VXUIDFH�

,I� DQ� HOHFWULF� ERULQJ�WRRO� LV� XVHG�� LW�VKRXOG�EH� RI� D�
SDWWHUQ�VLPLODU� WR� D�GHQWLVW
V�GULOO�� RQ�ZKLFK� WKH�GULOO�
LV� DWWDFKHG� WR� WKH� PDFKLQH� E\� PHDQV� RI� IOH[�EOH�
WXELQJ�

),*�� ����
*OXHLQJ� DQ� HGJH� E\� PHDQV� RI� VWULSV� RI� ZRRG� DQG� D� FORWKHV�OLQH�

7KLV� HQDEOHV� WKH� ZRUNPDQ� WR� UHDFK� FHUWDLQ� DZN��
ZDUG� VSRWV� LPSRVVLEOH� ZLWK� DQ� RUGLQDU\� PDFKLQH��
$OO� ERULQJ�� HYHQ� LQ�ZRRG�� VKRXOG�EH� FDUULHG�RXW�ZLWK�
WKH� DLG� RI� D� PHWDO� GULOO� ZKLFK� GRHV� QRW� WHDU� WKH�
PDWHULDO� DQG�JLYHV�� DW�WKH�VDPH�WLPH�� D�PRUH�XQLIRUP
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ERUH�� ,Q� H[FHSWLRQDO� FLUFXPVWDQFHV�� ZKHQ� D� KROH�
PXVW� EH� ERUHG� DQG� WKH� VSRW� FDQQRW� EH� UHDFKHG�ZLWK�
WKH�PDFKLQH� DIWHU�WKDW� VHFWLRQ� RI� WKH� SODQH� KDV� EHHQ�
DVVHPEOHG�� KROHV� PD\� EH� EXUQW� E\� PHDQV� RI� UHG��
KRW� ZLUH�� FDUH� EHLQJ� WDNHQ� WR� XVH� ZLUH� WKDW� LV� FRQ��
VLGHUDEO\� OHVV� LQ� GLDPHWHU� WKDQ� WKH� UHTXLUHG� KROH��

�� KLV� PHWKRG� GHVWUR\V� WKH� JUDLQ� RI� WKH� ZRRG� DQG�
VKRXOG� WKHUHIRUH� EH� DGRSWHG�RQOY� DV� D� ODVW� UHVRXUFH�

splice 1 12

),*�� ���

&DUH� PXVW� EH� WDNHQ� ZKHQ� PHQGLQJ� IUDFWXUH
V��
SDUWLFXODUO\�RQ� VSDUV�� WKDW� WKH� MRLQW� LV� ZHOO� H[HFXWHG�
DQG� VWUHQJWKHQHG� LQ� VXFK� D�ZD\� WKDW� LW� ZLOO� QRW� JLYH�
XQGHU� WKH� ZHLJKW� RI� WKH� KROG�IDVW� GXULQJ� WKH� GU\LQJ�
SURFHVV�� 7KH� IDEULF� FDQQRW� EH� VWUHWFKHG� WDXW�RQ� D�
ZLQJ� ZLWK� D� EHQW� VSDU�� DQG� VXFK� D� VSDU� ZLOO� EUHDN�
DJDLQ� XQGHU� WKH� VOLJKWHVW� VWUDLQ�� $OO� MRLQV� PXVW� EH�
H[HFXWHG� LQ� D� UDWLR� RI� L� �� ���� WKDW� LV� WR� VD\�� WKH�
JOXHG�VHFWLRQ�PXVW�EH�DW�OHDVW� WZHOYH�WLPHV�WKH�OHQJWK
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RI� WKH� GLDPHWHU� RI� WKH� IUDFWXUHG� VHFWLRQ�� :KHQ� D�
VWD\�� LQ� WKH� IRUP� RI� D� WKLQ� SLHFH� RI� ZRRG� LV� JOXHG�
WR� D� VSDU� WR� PHQG� D� IUDFWXUH�� H[WUHPH� FDUH� PXVW�
EH� WDNHQ� WR� SODQH� RII� WKH� VWD\� DW� HDFK� HQG�� WR� REWDLQ�
D� JUDGXDO� WUDQVLWLRQ� IURP� WKH� VWURQJHU� WR� WKH� ROGHU�
DQG� ZHDNHU� PDWHULDO�� DQG� WR� DYRLG� ULGJHV� ZKLFK�
ZRXOG� OHDG� WR� D� IXUWKHU� IUDFWXUH�� 7KH� VDPH� DSSOLHV�
WR� ILOOLQJ� EORFNV� �VHH� WLJ�� ����

fracture 
\

),*�� !��
$YRLG�QRWFKHV�

:KHQ� XVLQJ� D� ERUGHULQJ� WRRO� IRU�PHWDO�ZRUN�� FDUH�
PXVW� EH� WDNHQ� WR� EHQG� WKH� PHWDO� FDXWLRXVO\� WR� WKH�
H[DFW� DQJOH� LQGLFDWHG� RQ� WKH� SODQ�� ,I� EHQW� WRR�
VKDUSO\�� WKH� PHWDO� ZLOO� FUDFN� DQG� WKH� FUDFNV� ZLOO�
GHYHORS� LQWR� EUHDNV� ODWHU� RQ�� )LWWHG� EORFNV� RI�
VRIWHU� PHWDO�� VXFK� DV� DOXPLQLXP� RU� FRSSHU� DOOR\��
DUH� SODFHG� EHWZHHQ� WKH� MDZV� RI� WKH� YLFH� DQG�JHQWO\
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EHQW� WR� D� VXLWDEOH� DQJOH�� 2Q� QR� DFFRXQW� PXVW� WKH�
PHWDO� EH� KHDWHG� E\� PHDQV� RI� D� EORZ�ODPS�� HWF���
DV� WKLV� FDXVHV� LW� WR� ORVH� LWV� ILUPQHVV�� ,KH� PHWDO�
ZRUN� RQ� D� PDFKLQH� LV� RI� JUHDW� LPSRUWDQFH�� DQG�
PRQH\� VSHQW� RQ� LW� LV� PRQH\� ZHOO� VSHQW�

,KH� ZLQJ� IDEULF� PD\� EH� RI� FUHWRQQH�� FORVHO\��
ZRYHQ� FRWWRQ�� VSXQ� VLON�� WXVVRUH� VLON� RU� D� VLPLODU�
PDWHULDO�FRQWDLQLQJ� OLWWOH� RU� QR� GUHVVLQJ�� ��KH� IDEULF�
PXVW� EH� �GRSHG�� WR� SUHYHQW� LW� IURP� URWWLQJ��
&UHWRQQH�PD\� EH� WUHDWHG�ZLWK�ZDWHU�JODVV� RU� FDVHLQ��
EXW� RWKHU�PDWHULDOV�ZRXOG�QRW� WLJKWHQ� XS� XQGHU� WKLV�
SURFHVV�� +RW� VWDUFK�PD\� EH� XVHG� WR� SUHVHUYH� OLQHQ�
IDEULFV�� EXW� LI� HLWKHU� VWDUFK�RU� FDVHLQ� KDV� EHHQ� XVHG��
LW� LV� DGYLVDEOH� WR� JLYH� WKH� ZLQJ� DQ� DGGLWLRQDO� FRDW��
LQJ� ZLWK� VSLULW� YDUQLVK�� WR� SURWHFW� LW� DJDLQVW� GDPS��
,W� LV� DOZD\V� EHWWHU� WR� H[SHULPHQW� ZLWK� D� SLHFH� RI�
PDWHULDO� VWUHWFKHG� WDXW� RYHU� D� IUDPH�� LQ� RUGHU� WR�
WHVW� ZKHWKHU� WKH� " GRSH� �� DFWXDOO\� GRHV� VHUYH� WR�
WLJKWHQ� LW� XS�� ,W� VKRXOG� EH� PHQWLRQHG� LQ� SDVVLQJ��
WKDW�IDEULF�WUHDWHG�ZLWK�ZDWHU�JODVV�PD\�WDNH�VHYHUDO�
GD\V� WR� WLJKWHQ� XS�

,I� WKH� PDFKLQH� LV� OLDEOH� WR� IUHTXHQW� H[SRVXUH� WR�
GDPS�� LW� LV� DGYLVDEOH� WR� JLYH� DOO� ZLUHV� DQG�URSHV� D�
FRDWLQJ�ZLWK�D�VXLWDEOH�SUHVHUYDWLYH�� ,W�JRHV�ZLWKRXW
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VD\LQJ�� WKDW� XQGHU� VXFK� FRQGLWLRQV�� DOO� EHDULQJV� DQG�
JXLGH�SXOOH\V� PXVW� EH� FDUHIXOO\� JUHDVHG�

$OO� EROWV� PXVW� EH� ULYHWWHG� RYHU� WR� SUHYHQW� WKH�
QXWV� IURP� VOLSSLQJ� RII�� /DUJH� ZDVKHUV� VKRXOG� EH�
XVHG� WR� SURWHFW� WKH� ?YRRG� IURP� GHVWUXFWLRQ� E\� WKH�
QXW� �VHH� ILJ�� ����� )LU� ZRRG� LV� VRIW� DQG� FDUH� PXVW�
WKHUHIRUH� EH� WDNHQ� ZKHQ� VFUHZLQJ� XS� QXWV� QRW� WR�
LQMXUH� WKH� ZRRG�

furring 1 over

),*�� ���

?<KHQ�SLQH�ZRRG�LV�XVHG��RQO\�WKH�RXWHU�VHFWLRQ�RI�WKH�
WUHH� WUXQN� FDQ� EH� XWLOL]HG�� DV� WKH� FHQWUH� LV� JHQHUDOO\
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YHU\� UHVLQRXV� DQG� FRQVHTXHQWO\� KHDY\� DQG� GLIILFXOW�
WR� JOXH�

6PDOO� NQRWV� PD\� EH� LJQRUHG� LI� WKH\� RFFXU� LQ� RQH�
RI� WKH� WKLFNHU� VSDUV�� SURYLGHG� WKH\� GR� QRW� DSSHDU�
LQ� WKH� JUDLQ� RI� WKH� XSSHU� RU� ORZHU� VXUIDFH�� 7KH�
ZRRG� PXVW� EH� VWUDLJKW�JURZQ� �� WKDW� LV� WR� VD\�� WKH�
JUDLQ� PXVW� QRW� UXQ� REOLTXHO\� DFURVV� WKH� VSDU�� DV�
IUDFWXUHV� DUH� OLDEOH� WR� RFFXU� LI� WKLV� LV� WKH� FDVH�

),*�� �©V��
:DY\�JURZQ� WLPEHU�

7KH� ZRRG�PXVW� EH� GU\� DQG�ZHOO� VHDVRQHG�� 'DPS�
ZRRG� ZDUSV� DQG� FRQVHTXHQWO\� FUDFNV� ZRXOG� DSSHDU
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ZKHUHYHU� JOXH� KDG� EHHQ� DSSOLHG�� ,I� WKH� ZRRG� KDV�
EHHQ� GDPS� DQG� KDV�� DV� D� UHVXOW�� VOLSSHG� XQGHU� WKH�
VDZ� DQG�QRW� FXW� VWUDLJKW�� LW� LV� VWLOO� SRVVLEOH� WR� XWLOL]H�
LW� IRU� VWUXWV�� HWF��� E\� JOXHLQJ� WZR� WKLFNQHVVHV� RI�
WKH� ZRRG� WRJHWKHU� �ILJ�� ����� 7KXV� WKH� VWUXW� DV� D�
ZKROH� LV� VWUDLJKW� DQG� WKH� ZHDNQHVV� RU� IDXOW� LQ� RQH�
SLHFH� RI� ZRRG� VHUYHV� WR� FRXQWHUDFW� WKH� IDXOW� LQ� WKH�
RWKHU�

7KH� FXUYHG� VWULSV� RI� ZRRG� DUH� JOXHG� WRJHWKHU� DQG� KHOG� LQ� SODFH
E\�PHDQV� RI� D� SUHVV�

7KH� ERG\� DQG� ZLQJ� VHFWLRQV� DUH� FRQVWUXFWHG�
ZLWK� GLDJRQDO� VXSSRUWV� WR� JLYH� WKHP�WRUVLRQ�ULJLGLWY��
DQG� JUHDW� FDUH� PXVW� EH� H[HUFLVHG� WR� SUHYHQW� WKHP�
IURP� EHLQJ� EXLOW� DVNHZ�� 7R� SUHYHQW� PLVWDNHV�
WKHVH� VHFWLRQV� DUH� FRQVWUXFWHG� RQ� VWRFNV� ZKLFK�
KDYH� EHHQ� WHVWHG�E\�PHDQV� RI� D�ZDWHU�OHYHO�� )LJXUH�
���� VHUYHV� WR�PDNH� WKLV� SURFHVV� FOHDU�

,W� PXVW� EH� ERUQH� LQ� PLQG� WKDW� D� ULJKW� DQG� D� OHIW�
ZLQJ� DUH� QHFHVVDU\�� ,W� IUHTXHQWO\� KDSSHQV� WKDW� WKH
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EXLOGHU� GLVFRYHUV� WR� KLV� GLVPD\� WKDW� KH� KDV� PDGH�
WZR� ULJKW� RU� WZR� OHIW� ?YLQJV�

7KH� PHWKRG� FRPPRQ� DPRQJ� FDUSHQWHUV� DQG�
ORFNVPLWKV�� RI� VFRULQJ� D� PHDVXUHPHQW� RQ� ZRRG�
ZLWK� D� WUDFLQJ�SRLQW�� LV� WR� EH� FRQGHPQHG� LQ� DHUR��
SODQH� FRQVWUXFWLRQ�� DV� LW� WHQGV� WR� GHVWUR\� WKH� VXU��
IDFH� JUDLQ� RI� WKH� ZRRG�� $OO� PHDVXUHPHQWV� VKRXOG�
EH� PDUNHG� RII� ZLWK� D� OHDG� SHQFLO�

,Q� ZLQWHU�� WKH� JOXHLQJ� SURFHVV� PXVW� EH� SHUIRUPHG�
LQ� KHDWHG� URRPV� RU�ZRUNVKRSV�� DV� JOXH� GRHV� QRW� KROG�
LI� DSSOLHG� DW� D� ORZ� WHPSHUDWXUH�

),*�� ����
%RG\�ZRUN� RQ� VWRFNV�

*OXHG� VHFWLRQV� ZKLFK� DSSHDU� LQVHFXUH�� HVSHFLDOO\�
ZKHUH� IUDFWXUHV�KDYH�EHHQ�UHSDLUHG��PD\�EH�VWUHQJWK��
HQHG� E\� PHDQV� RI� D� EDQGDJH�� A VWULS� RI� PDWHULDO�
VDWXUDWHG� ZLWK� VL]H� LV� ERXQG� YHU\� WLJKWOY�� SXWWHH��
IDVKLRQ�� URXQG� WKH� VHFWLRQ� LQ� TXHVWLRQ�� $Q\� SDUW
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ZKLFK� KDV� EHHQ� JOXHG� VKRXOG� UHPDLQ� DW� OHDVW� IRXU�
KRXUV� �ORQJHU�� LI� WKH� WHPSHUDWXUH� LV� UDWKHU� FFRO�� LQ�
WKH� YLFH� RU� FODPSV�� 6HFWLRQV� ZKLFK� KDYH� WR� EH�
JOXHG� WRJHWKHU� PXVW� EH� FDUHIXOO\� ILWWHG� �� LW� LV� RI� QR�
DYDLO� WR� DWWHPSW� WR� IRUFH� WKHP� WRJHWKHU� E\� PHDQV�
RI� FODPSV�� EHFDXVH� WKLV� VWUDLQV� WKH�ZRRG� VR� WKDW� WKH�
JOXHG� VHFWLRQV� ZLOO� FUDFN� XQGHU� WKH� VOLJKWHVW� SUR��
YRFDWLRQ�� 7R� ILOO� ORQJ� FUDFNV� ZLWK� JOXH� LV� OLNHZLVH�
IRROLVK�� 7KH� LPSRUWDQW� SRLQW� LV� QRW� WKDW� VFDPSHG�
ZRUN� PD\� QRW� EH� VHHQ�� EXW� WKDW� JOXHG� VHFWLRQV�
PXVW� KROG�

),*�� ����
7HVWLQJ�ULEV�E\�PHDQV�RI� D�JXLGH� URG�

*OXH� H[XGLQJ� IURP� D� MRLQ� PXVW� QRW� EH� ZLSHG� RU�
VFUDSHG� DZD\�� EXW� DOORZHG� WR� GU\� RQ� WKH� ZRRG��
3O\�ZRRG�PD\�EH�VSOLFHG��LI�WKH�VHFWLRQV�DUH�SODQHG�RII
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LQ� WKH� UDWLR� RI� L� �� 12 DV� VKRZQ� LQ� ILJXUH� A���� JOXHG��
DQG� OHIW� LQ� WKH� FODPSV� XQWLO� GU\�� ,Q� WKLV� ZD\�� WKH�
WZR� VHFWLRQV� DUH� MRLQHG� LQ� VXFK� D� PDQQHU� WKDW� WKH�
UHSDLUHG� VHFWLRQ� LV� VOLJKWO\� WKLFNHU� WKDQ� WKH� UHVW�

,W� LV� DGYLVDEOH� ZKHQ� ZRUNLQJ� RQ� WKH� SODQNLQJ� RI�
WKH� ERG\� ZRUN�� ZLQJ� HGJHV�� HWF��� WR� FRPSOHWH� DQ\�
QHFHVVDU\� MRLQLQJ� RSHUDWLRQV� EHIRUH� DVVHPEOLQJ� WKH�
SDUWV�� DQG� WR� SODFH� WKH� MRLQHG� VHFWLRQV� VR� WKDW� WKH�
MRLQ� FRLQFLGHV� ZLWK� D� ULE�

$V�� SDUWLFXODUO\� RQ� WDSHULQJ�ZLQJV�� LW� LV� LPSRUWDQW�
WKDW� WKH� IDEULF� VKRXOG� EH� VWUHWFKHG� DEVROXWHO\� WDXW�
RYHU�WKH�ULEV�� D�JXLGH�URG� LV� XVHG� WR� WHVW� ZKHWKHU� WKH�
ULEV� OLH� OHYHO� DQG� GR� QRW� HLWKHU� SURWUXGH�RU� UHFHGH��
,I� DQ\� SURYH� IDXOW\�� WOX\� PXVW� HLWKHU� EH� SODQHG�
GRZQ� RU� D� SLHFH� PXVW� EH� JOXHG� RQ� �ILJ�� ����
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0DLQWHQDQFH� RI� D� 0DFKLQH
025(� DWWHQWLRQ� PXVW� EH� SDLG� WR� WKH� FRQGLWLRQ� RI�
PDFKLQHV� XVHG� E\�EHJLQQHUV� WKDQ� WR� DQ\�RWKHUV�� ,W�
JRHV�ZLWKRXW�VD\LQJ��WKDW�WKH�ILUVW�FDUH�RI� DQ\�DLUPDQ�
VKRXOG� EH� WR� NHHS� KLV� PDFKLQH� LQ� SHUIHFW� WULP�� EXW�
IRU� WKH� EHJLQQHU� WKH� FRQGLWLRQ� RI� WKH� PDFKLQH� LV�
RI� WKH� XWPRVW� LPSRUWDQFH�� ,W� LV� RQO\� QDWXUDO� WKDW�
KH� VKRXOG� H[SHULHQFH� GLIILFXOW\� LQ� DFFRPSOLVKLQJ�
KLV� VKRUW� IOLJKWV�� DQG�KH� UXQV�D�JUDYH� ULVN�RI� FUDVKLQJ�
LI� KLV� PDFKLQH� LV� QRW� LQ� SHUIHFW� JRRG� RUGHU�

7R� WUXH� XS� D� PDFKLQH� FRUUHFWO\� LV� RI� WKH� KLJKHVW�
LPSRUWDQFH� �� ,I� LW� LV� WR� IO\� VWUDLJKW�� VLGH�VOLSSLQJ�
QHLWKHU� WR� WKH� ULJKW� QRU� WR� WKH� OHIW�� DQG� ZLWK� WKH�
FRUUHFW� EDODQFH�� LW� PXVW� EH� SURSHUO\� WUXHG� XS�� 7KH�
DQJOH� RI� WKH� IURQW� VSDU� DERYH� WKH� UHDU� VSDU� VKRXOG�
QHLWKHU� LQFUHDVH� QRU� GHFUHDVH� WRZDUGV� WKH� ZLQJ�WLS��
7KLV� PD\� EH� WHVWHG� E\� VWDQGLQJ� DW� VRPH� GLVWDQFH
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IURP� WKH� PDFKLQH� DQG� VLJKWLQJ� XQGHU� WKH� OHYHO� RI�
WKH�OHDGLQJ�HGJH�RI�WKH�ZLQJ�WRZDUGV�WKH�WUDLOLQJ�HGJH��
%RWK� ZLQJV� VKRXOG� IRUP� WKH� VDPH� DQJOH� ZLWK� WKH�
ERG\� RI� WKH� PDFKLQH�� VR� WKDW� WKHUH� LV� QRW� PRUH�
UHVLVWDQFH� RQ� RQH� VLGH� WKDQ� RQ� WKH� RWKHU� �ILJ�� ����

),*�� ����
%DGO\�WUXHG�XS�PDFKLQH�

$� GLKHGUDO� DQJOH� LV� UDUHO\� IRXQG� RQ� PDFKLQHV�
XVHG� IRU� WUDLQLQJ� SXUSRVHV�� 7KLV� PD\� EH� WHVWHG�
E\� VLJKWLQJ� DORQJ� WKH� VXUIDFHV� RI� ERWK� ZLQJV� IURP�
WKH� WLS� RI� RQH� RI� WKHP�� $� VOLJKW� GLKHGUDO� DQJOH�PD\�
EH� LJQRUHG�� EXW� D� NDWKHGUDO� DQJOH�PXVW� EH� FRUUHFWHG�
DV� LW� WHQGV� WR� PDNH� WKH� PDFKLQH� VLGHVOLS� ZKLOH�
SHUIRUPLQJ� D� WXUQ� �VHH� ILJ�� ����

1RW� RQO\� WKH� FHQWUH� VHFWLRQ� RI� WKH� PDFKLQH�� EXW�
DOVR� WKH� ULQJ�SRVW� RU�PDVW� PXVW� IRUP� D� ULJKW� DQJOH�
ZLWK� HDFK� SODQH�� ,I� WKH� WDLO� RI� WKH� IXVHODJH� OLHV�
FURRNHG�� WKH�PDFKLQH�ZLOO�QDWXUDOO\�WHQG�WR� WXUQ�

+DYLQJ� PDGH� VXUH� WKDW� WKH� ZLQJV� DUH� LQ� FRUUHFW
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SRVLWLRQ� DQG� WKDW� DOO� ZLUHV� DUF� WDXW� �QR� ZLUH� PXVW�
KDQJ� ORRVH�� EXW�� RQ� WKH� RWKHU� KDQG�� QR� ZLUHV� PXVW�
EH� RYHU�WDXW� DV� WKLV� ZRXOG� SODFH� WRR� JUHDW� D� VWUDLQ

),*�� ����
.DWKHGUDO�DQJOH�

RQ� FHUWDLQ� SDUWV� RI� WKH� PDFKLQH��� WKH� DLUPDQ� WXUQV�
KLV� DWWHQWLRQ� WR� WKH� UXGGHUV�� +H� ILUVW� EULQJV� WKH�
FRQWURO� OHYHU� WR� QRUPDO� SRVLWLRQ� DQG� WKH� UXGGHU� EDU�
OLNHZLVH�� ,I� DQ\� UXGGHU� VKRXOG� WKHQ� EH� GHIOHFWHG��
WKH� ZLUH� SXOOH\V� PXVW� EH� DGMXVWHG� VR� DV� WR� FRUUHFW�
WKH� IDXOW� �ILJ�� ����

%HIRUH� HDFK� IOLJKW� WKH� DLUPDQ� VKRXOG� ORRN� RYHU� KLV�
PDFKLQH�� VHH� WKDW� LW� LV� SURSHUO\� WUXHG� XS� DQG� WKDW�
QR� ZLUHV� KDYH� ZRUNHG� VODFN�� WHVW� WKH� FRQWUROV� DQG�
HVSHFLDOO\� WKH� SXOOH\V�� E\�ZRUNLQJ� WKH� FRQWURO�OHYHU�
DQG� UXGGHU� EDU� ZKLOH� FDUHIXOO\� REVHUYLQJ� ZKHWKHU�
WKHLU�RSHUDWLRQ� KDV� WKH� GHVLUHG� HIIHFW� RQ� WKH� DLOHURQV�
DQG�UXGGHU�� +H�PXVW� DOVR� WHVW�ZKHWKHU� DQ\� WHQVLRQ�
VKDFNOHV� KDYH� ZRUNHG� ORRVH� �� WKHVH� PXVW� EH� JLYHQ
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IRXU� RU� ILYH� WXUQV� WR� UHQGHU� WKHP� UHOLDEOH�� $OO� EROWV�
VKRXOG�EH� WHVWHG� DQG� WKH� ZLUH� DQG�FDEOH� FRQQHFWLRQV�
LQVSHFWHG�� /RRVH� RU� PLVVLQJ� QXWV� VKRXOG� EH� ORRNHG

)L�L�� ����
&RUUHFW� VWHHULQJ� FRQQHFWLRQ�

IRU�� 7KH�DLUPDQ�VKRXOG�DOZD\V�WHVW�ZKHWKHU�WKH�ZLQJ�
GLDJRQDOV� DUH� ILUP�� 7KLV� PD\� EH� GRQH� E\� WU\LQJ� WR�
IRUFH� WKH� OHDGLQJ� DQG� WUDLOLQJ� HGJHV� WRZDUGV� HDFK�
RWKHU�� $� ZLQJ� WKDW� KDV� QR� WRUVLRQ� ULJLGLW\� LV� H[��
WUHPHO\� GDQJHURXV� �

7KH�PDFKLQH� VKRXOG�EH� RYHUKDXOHG� DIWHU� D� FOXPV\�
ODQGLQJ�� LQ� FDVH� FUDFNV� RU� EXOJHV� KDYH� RFFXUUHG��
7KLV� FDQ� EH� WHVWHG� E\� H[HUWLQJ� SUHVVXUH� RQ� WKH� HQG�
RI� D� VSDU� DQG� REVHUYLQJ� ZKHWKHU� LW� UHPDLQV� LQ� SRVL��
WLRQ� RU� WHQGV� WR� VDJ�� 7KH� SO\�ZRRG� FRYHULQJ� RI� WKH
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ZLQJ� HGJH� LV� OLDEOH� WR� EUHDN� HDVLO\� DQG� PXVW� EH�
LQVSHFWHG�� 8QGHU� QR� FLUFXPVWDQFHV� VKRXOG� D� IOLJKW�
EH�XQGHUWDNHQ�LI� WKH�VSDUV�DUH�HYHQ�VOLJKWO\�GDPDJHG�
WKRXJK� WKH\�PD\� DSSHDU� WR� KROG�

,I� WKH� PDFKLQH� KDV� EHFRPH� ZHW�� IDEULF� ZKLFK� KDV�
QRW� EHHQ� UHQGHUHG� ZHDWKHU�SURRI� E\� GRSLQJ� PXVW�
EH� WHVWHG� E\� EORZLQJ� WKURXJK� LW�� )DEULF� ZKLFK� LV�
QRW� WDXW� DQG� ZLQG�SURRI� UHQGHUV� FRUUHFW� IO\LQJ�
LPSRVVLEOH� DQG� FDXVHV� WKH� PDFKLQH� WR� GURS�� $�
PDFKLQH� LQ� D� ZHW� FRQGLWLRQ� LPPHGLDWHO\� EHFRPHV�
WDLO�KHDY\�� DV� WKH� UXGGHU� VXUIDFHV� JDWKHU� PRLVWXUH

�
LF�� ���
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DQG� FRQVHTXHQWO\� EHFRPH� KHDYLHU�� ZKHUHDV� WKHUH� LV�
QRWKLQJ� DW� WKH� QRVH� RI� WKH� PDFKLQH� ZKLFK� FRXOG�
LQFUHDVH� LQ� ZHLJKW� WKURXJK�GDPS�

7KH� DLUPDQ� PXVW� FRQVFLHQWLRXVOY� RYHUKDXO� KLV�
PDFKLQH� DIWHU� H[SRVXUH� WR� ZHW� ZHDWKHU�� WR� VDWLVI\�
KLPVHOI� WKDW� DOO� WKH� JOXHG� VHFWLRQV� KDYH� KHOG� DQG�
WKDW� QR� MRLQV� KDYH� EHHQ� ORRVHQHG� E\� WKH� GDPS��
+RZHYHU� FDUHIXO� WKH� RYHUKDXOLQJ�� WKH� ILUVW� IOLJKW�
HDFK� GD\� DQG� WKH� ILUVW� IOLJKW� DIWHU� UHSDLUV� PXVW� EH�
XQGHUWDNHQ� E\� WKH� LQVWUXFWRU�� DV� KH� FDQ� UH�WHVW� WKH�
PDFKLQH� LQ� IOLJKW� DQG� GLVFRYHU� ZKHWKHU� LW� VLGH�VOLSV�
RU� WHQGV� WR� EHDU� WR� RQH� VLGH�
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7KH� IROORZLQJ� VNHWFKHV� DUF� LQWHQGHG� WR� LOOXVWUDWH�
RWKHU� LPSRUWDQW� SRLQWV�

never thus

),*�� ���
7KH� IHUUXOH� LV� SXVKHG� XS� WR� WKH� H\H�� ZKHQ� WKH� VKRUW� HQG�

LV� EHQW� EDFN� WR� ORFN� LW�

),*6�� ��� $1'� ��$�
+RZ� WR� PDNH� ORRSV� LQ� ZLUH�� :LUH� EHQW� WKXV� ZLWK� URXQG�QRVHG

SOLHUV�
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),*�� ��
7KH� ULQJ� RQ� WKH� VWDUWLQJ�URSH� VKRXOG� EH� RI�
HOHFWURQ�� DV� WKLV� LV� OHVV� GDQJHURXV� IRU� WKH�

VWDUWLQJ�FUHZ�

),*�� ���
$� SLHFH� RI� SO\�ZRRG� LV� JOXHG� WR� WKH� ULE�� DW� WKH� SRLQW� DW� ZKLFK� WKH�
FDEOH� SDVVHV� WKURXJK� WKH�ZLQJ�IDEULF�� WKXV� SUHYHQWLQJ� WKH� VORW� IURP

EHFRPLQJ� WRUQ�
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),*�� ���
6DWLVIDFWRU\� DUUDQJHPHQW� RI� SLORW
V� VHDW�� SUHYHQWLQJ� LQMXU\� E\

FRQWURO�OHYHU�
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),*�� ����
1HYHU� RPLW� WR� XVH� D� EURDG�� ZHOO�VSUXQJ� VDIHW\� VWUDS�
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),*6�� ��� $1'� ����
����� :LUH�FODVS�FRQQHFWLRQ�� ����� %ROWHG�FRQQHFWLRQ�

,I� WKH� FRQQHFWLRQ� KDV� WR� EH� RSHQHG� YHU\� IUHTXHQWO\�� WKH� VHFRQG�
PHWKRG�LV� SUHIHUDEOH�� DV� WKH�ZLUH� FODVS�ZRXOG�EH� OLDEOH� WR� VQDS�

),*�� ����
0HWKRG� RI� NHHSLQJ�SXOOH\�URSH� LQ� SODFH�
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2VFLOODWLQJ� SXOOH\� VXVSHQVLRQ�� ZKLFK� LV� VHOI�DGMXVWLQJ� WR� WDNH� WKH
VWUDLQ�

),*�� ����
7KH� HGJHV� RI� WKH� FRFNSLW� VKRXOG�EH�ZHOO�SDGGHG�



0$,1�7�(1$1&(� 2)� $� 0$�&+,1�( ��

).��� ���
&DUH�PXVW� EH� WDNHQ�WR� VHH� WKDW� WKH�UXQQHU�EHQHDWK�WKH�
VWDUWLQJ�KRRN� LV� QRW� VODFN�� DV� LQ� WKH� LOOXVWUDWLRQ��
2WKHUZLVH� WKH� URSH� ZLOO� UHPDLQ� FDXJKW� RQ� LW�

thimble
),*�� ���

,I�FDEOH� FODPSV� DUH� XVHG�LQVWHDG�RI� VSOLFLQJ�� WKH� FDEOH� HQG�PXVW� EH�
VHFXUHG�ZLWK�ELQGLQJ�ZLUH�� A KHDUW�VKDSHG�WKLPEOH�PXVW� DOZD\V�EH

SODFHG�ZLWKLQ� WKH� ORRS�
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),*�� ���
)DVWHQLQJV�� 7XUQ� O�XFNOH� ZLWK� GRXEOH�WKUHDGHG� ZLUH��
(\H�EROW� DQG� VKDIW�EROW� ZLWK� NH\�EROW� DQG� VDIHW\�SLQ��
&DVWHOODWHG� QXW� ZLWK� VSOLW� SLQ�

),*�� ���
7KH� VWDUWLQJ�URSH� PD\� EH� SURWHFWHG� ,Q�� PHDQV� RI� D� FORWKHV�OLQH

GRXEOH� LWV� OHQJWK�
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),*�� ���
7KH� EDFN�UHVW� VKRXOG� EH� ZHOO� SDGGHG� DQG� D�
SURWHFWLYH� SDG� IL[HG� EHKLQG

KHDG�
WKH� DLUPDQ
V
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),*�� ����
$VVHPEOLQJ� WKH�SDUWV�



&+$37(5� ,;

7UDLQLQJ� 0HWKRGV

6(/)�78,7,21� LV� WKH� ROGHVW� DQG� FXVWRPDU\� PHWKRG�
RI� WUDLQLQJ� IRU�PRWRUOHVV� IO\LQJ�

%HIRUH� KLV� ILUVW� IOLJKW� LQ� D�PDFKLQH�� WKH�SXSLO�PXVW�
IDPLOLDULVH� KLPVHOI� ZLWK� WKH� GHWDLOV� RI� WKH� PHFKDQ��
LVP� DQG� WKH�PDQLSXODWLRQ� RI� WKH� FRQWUROV�� +LV� EHVW�
SODQ� LV� WR� VLW� LQ� WKH� SLORW
V� VHDW� RI� D� VWDWLRQDU\�
PDFKLQH�� ZRUN� WKH� FRQWUROV� DQG� LPDJLQH� WKDW� WKH�
PDFKLQH� DFWXDOO\� REH\V� HYHU\� VHSDUDWH� DFWLRQ� RQ�
KLV� SDUW�� +H� PXVW� FRPSOHWH� HDFK� PRYHPHQW� DV�
VORZO\� DV� LI� WKH� PDFKLQH� ZHUH� UHDOO\� LQ� IOLJKW�� ,W� LV�
LPSRUWDQW� WR� OHDUQ� WR� SDXVH� ZKHQ� WKH�PDFKLQH� LV� LQ�
FRUUHFW� SRVLWLRQ�� 2QFH� KH� KDV� DFTXLUHG� WKH� " IHHO� ��
RI� WKH� FRQWUROV� DQG� UHDOL]HV� WKDW� WKH� PDFKLQH� PXVW�
REH\� HYHU\� PRYHPHQW� RI� WKH� FRQWURO� OHYHU�� LW� LV�
XQOLNHO\� WKDW� KH� ZLOO� PDNH� PDQ\� PLVWDNHV� LQ� LWV�
PDQLSXODWLRQ�� 'XULQJ� KLV� ILUVW� IOLJKWV� WKH� SXSLO
*
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VKRXOG�EH� DOORZHG� WR�SHUIRUP�WKH�FRQWURO�PRYHPHQWV�
ZLWK� KLV� ZKROH� ERG\� DV� WKH� EDODQFLQJ� UHIOH[� TXLFNO\�
WHDFKHV� KLP� WR� SHUIRUP� WKHVH� PRYHPHQWV� FRUUHFWO\�

7KH� XVH� RI� WKH� UXGGHU� SUHVHQWV� FRQVLGHUDEOH�
GLIILFXOW\� DV� LW� LV� FRQWUDU\� WR� WKH� XVXDO� PHDQV� RI�
VWHHULQJ�� LQ� DQ�DXWRPRELOH�� IRU� LQVWDQFH�� ,Q�WKLV�FDVH�
SUDFWLFH� PDNHV� SHUIHFW�� $� JRRG� PHWKRG� IRU� WKH�
EHJLQQHU� LV� WR� VLW� RQ� D�FKDLU��RQ�WKH�JURXQG��RU��EHWWHU�
VWLOO�� LQ� WKH� PDFKLQH� LWVHOI� DQG� WR� SUDFWLVH� WKH� IRRW�
PRYHPHQWV�� UHPHPEHULQJ� WKDW� WKH� PDFKLQH� ZLOO�
DOZD\V� WXUQ� WRZDUGV� WKDW� VLGH� RQ� ZKLFK� WKH� UXGGHU�
EDU�RU�SHGDO�LV� WKUXVW�RXW�� ��KH�SXSLO�VKRXOG�EH�JLYHQ�
WR� XQGHUVWDQG� FOHDUO\� WKDW� ZKHQ� KH� EHFRPHV� PRUH�
SURILFLHQW�� KH� ZLOO� KDYH� WR� XVH� WKH� GLUHFWLRQDO� UXGGHU�
LQ� FRQMXQFWLRQ� ZLWK� WKH� DLOHURQV� ZKHQ� SHUIRUPLQJ�
WXUQV� DQG� WKDW� KLV� NQHHV� PXVW� WKHQ� EH� TXLWH� ZLGH�
DSDUW�� )RU�LQVWDQFH�� ZKHQ� KH� XVHG� WKH� ULJKW� DLOHURQ�
KLV� ULJKW� OHJ� ZRXOG� EH� LQ� WKH� ZD\� LI� WKH� GLUHFWLRQDO�
UXGGHU� ZHUH� QRW� VLPXOWDQHRXVO\� WKUXVW� RXW� WR� WKH�
ULJKW�

7KH�SXSLO�PXVW�DOVR�EH�PDGH�WR�UHDOL]H�WKDW�VWHHULQJ�
LV� QRW� H!VHQWLDO� LQ� IO\LQJ�� 2QH� PD\�� LQ� IDFW�� NHHS�
WKH� FRQWURO� OHYHU� DQG� WKH� UXGGHU� EDU� VWHDG\�� DV� ORQJ�
DV� WKH� PDFKLQH� LV� LQ� QRUPDO� SRVLWLRQ�� $V� VRRQ��
KRZHYHU�� DV� LW� FHDVHV� WR� EH� VR�� WKH� FRUUHFWLYH� VWHHU�
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LQJ� PRYHPHQW� PXVW� EH� SHUIRUPHG�� ,KH� VRRQHU�
WKH�FRUUHFWLRQ� LV�PDGH�� WKH�OHVV� GLVWXUEHG�WKH�IOLJKW�

,W� LV� KDUGO\� QHFHVVDU\� WR� DGG� WKDW� D� EHJLQQHU�
VKRXOG� EH� SHUPLWWHG� WR� SHUIRUP� KLV� ILUVW� IOLJKWV� RQO\�
LI� ZHDWKHU� FRQGLWLRQV� DUH� IDYRXUDEOH�� VR� WKDW� KLV�
WDVN� LV� PHUHO\� WR� NHHS� WKH� FRQWUROV� LQ� SRVLWLRQ�

),*�� ��
3RLQW� RI� EDODQFH�� �$SSUR[LPDWHO\� RQH�WKLUG� RI� WKH� ZLQJ�FKRUG�

PHDVXUHG� IURP� WKH� OHDGLQJ� HGJH�� H[DFWO\� ��� SHU� FHQW��

%HIRUH� WKH� VWDUW�� WKH� LQVWUXFWRU� PXVW� VHH� WKDW�
WKH� SXSLO� KDV� KLV� FRQWURO� OHYHU� DW� QRUPDO�� 7KH�
VWDUW� LQ� D� JOLGLQJ� PDFKLQH� LV� YHU\� GLIIHUHQW� IURP
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WKDW� LQ� DQ� HQJLQH�GULYHQ� DHURSODQH�� 
,KHUH� EHLQJ�
QR� XQGHU�FDUULDJH� WKH� JOLGLQJ�PDFKLQH� VWDQGV� RQ� WKH�
JURXQG�� LQ� ZKDW� LV� SUDFWLFDOO\� QRUPDO� SRVLWLRQ� DQG�
LV� JLYHQ� LWV�LQLWLDO�LPSHWXV� LQ� WKH� DLU� E\� WKH� VWDUWLQJ�
FUHZ�� 7KXV� LW� LV� QRW� QHFHVVDU\�� DV� LQ� WKH� PRWRU��
GULYHQ� SODQH�� WR� SXVK� IRUZDUG� WKH� FRQWURO� OHYHU�
DW� WKH� VWDUW� DQG� WKHQ� WR� HDVH� LW� EDFN� ZKHQ� WKH�
QHFHVVDU\� IO\LQJ� VSHHG� KDV� EHHQ� DWWDLQHG�

,Q� D� JOLGLQJ� SODQH� WKH� SLORW� JHQHUDOO\� VLWV� LQ� IURQW�
RI� WKH�FHQWUH�RI�JUDYLW\�RI� WKH�PDFKLQH�� WKXV�FRXQWHU��
EDODQFLQJ� WR� D� FHUWDLQ�H[WHQW� WKH�ZHLJKW� RI� WKH�ERG\�
DQG� WDLO�� 0RVW� PDFKLQHV� DUH� FRQVWUXFWHG� WR� FDUU\�
D� ZHLJKW� RI� VHYHQW\�ILYH� NLORJUDPV�� ,I� WKH� SLORW� LV�
OLJKWHU� WKH� PDFKLQH� ZLOO� EH� WDLO�KHDY\� �� LI� KH� LV�
KHDYLHU� LW� EHFRPHV� QRVH�KHDY\� 7R� FRUUHFW� IDXOW\�
EDODQFH� LW� LV� QHFHVVDU\� IRU� WKH� OLJKW�ZHLJKW� ULGHU� WR�
H[HUFLVH� D� VOLJKW� IRUZDUG� SUHVVXUH� RQ� WKH� FRQWURO�
OHYHU�� ZKHUHDV� WKH� KHDYLHU� PDQ� KDV� WR� SXOO� LW� EDFN��
ZDUG�� ,W� LV� PRVW� VDWLVIDFWRU\�� LQ� WKH� FDVH� RI� WKH�
OLJKWHU� SLORW� WR� IL[� D� EDODQFLQJ� ZHLJKW� LQ� SRVLWLRQ�
QHDU� WKH� VWDUWLQJ�FDEOH� KRRN�� DQG� LQ� WKH� FDVH� RI� KLV�
KHDYLHU� FRPSDQLRQ� QHDU� WKH� WDLO� RI� WKH� PDFKLQH��
7KH� PDFKLQH� SOXV� LWV� RFFXSDQW� DQG� WKH� EDODQFLQJ�
ZHLJKW�PXVW� WKHQ�EH�FDUHIXOO\� WUXHG�XS�LQ� WKH�IROORZ��
LQJ� PDQQHU� �VHH� ILJ�� ����� $W� WKH� SRLQW� LQGLFDWHG� LQ�
WKH� ILJXUH�� DW� ZKLFK� WKH� FHQWUH� RI� JUDYLW\� OLHV� �WKLV
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LV� JHQHUDOO\� UHFNRQHG� E\� PHDQV� RI� D� SOXPE�OLQH�
IURP� D� SRLQW� DW� RQH�WKLUG� WKH� GLVWDQFH� RI� WKH�ZLQJ��
FKRUG� PHDVXUHG� IURP� LWV� OHDGLQJ� HGJH��� D� EHDP� LV�
SODFHG�XQGHUQHDWK�WKH�UXQQHUV�� 7KH�PDFKLQH�VKRXOG�
EDODQFH� H[DFWO\� RQ� WKLV� EHDP�� ,I� LW� LV� LPSRVVLEOH� WR�
REWDLQ� DQ� H[DFW� EDODQFH�� LW� LV� SUHIHUDEOH� WR� KDYH� WKH�
PDFKLQH� QRVH�KHDY\� UDWKHU� WKDQ� WDLO�KHDY\�� 7DLO�
KHDYLQHVV�LV�DOZD\V�D�VRXUFH�RI�GDQJHU��ZKHUHDV�H[WUD�
ZHLJKW� DW� WKH�QRVH�PD\�SURYH� DQ� DGYDQWDJH�

position point

),*�� ����
7KH� SRVLWLRQ� SRLQW� LV� FKRVHQ�DW�H\H� OHYHO�

7KH� WUXHLQJ� XS� RI� WKH� PDFKLQH� PXVW� WDNH� SODFH�
FLWKHU� LQ� WKH� KDQJDU� RU� LQ� VRPH� VSRW� FRPSOHWHO\�
SURWHFWHG� IURP� WKH� ZLQG�� DV� WKH� IRUFH� RI� WKH� ZLQG
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DJDLQVW� WKH� SODQHV� ZRXOG� OHDG� WR� DQ� HQWLUHO\� ZURQJ�
UHVXOW�

,W� VKRXOG� EH� GXO\� LPSUHVVHG� XSRQ� WKH� EHJLQQHU�
WKDW�KH�PXVW�RQ�QR�DFFRXQW�ORRN�GRZQ�DW�WKH�JURXQG

*
EHQHDWK�KLP�RU�DW�KLV�FRQWURO�OHYHU�� ,W�LV�RQO\�QDWXUDO�
WKDW� D� EHJLQQHU� ZKR� KDV� QRW� DV� YHW� DFTXLUHG� WKH�
�� IO\LQJ� VHQVH� �� VKRXOG� ORRN� IRU� ODQGPDUNV� E\�ZKLFK�
KH� FDQ� MXGJH� ZKHWKHU� RU� QR� KLV� SODQH� LV� IO\LQJ� FRU��
UHFWO\�� 7KLV� KH� FDQQRW�� KRZHYHU�� GLVFRYHU� E\�
JODQFLQJ� DW� WKH� HDUWK� EHQHDWK� RU� DW� KLV� FRQWUROV��
$V� D�PDWWHU� ��� IDFW�� WKH� FRQWUROV�PD\� EH� DW� QRUPDO�
ZKHQ� WKH� PDFKLQH� LV� VLGH�VOLSSLQJ� EDGO\�� ,Q� RUGHU�
WR� KDYH� D� ODQGPDUN� E\� ZKLFK� KH� FDQ� MXGJH� KLV�
GLUHFWLRQ� DQG� DOWLWXGH� DQG� ZKHWKHU� KH� LV� IO\LQJ�
ODWHUDOO\� OHYHO�� KH� FKRRVHV� D� VR�FDOOHG� ��SRVLWLRQ�
SRLQW� �� RQ� WKH� KRUL]RQ�� RU� LQ� KLOO\� FRXQWU\�� VRPH�
GLVWDQW�SRLQW�RQ�D�OHYHO�ZLWK�KLV�H\HV�� �VHH�ILJV�� ���� ����

$V� HYHU\� JODQFH� DW� WKH� PDFKLQH� LV� GDQJHURXV� IRU�
WKH� EHJLQQHU� RQ� KLV� ILUVW� IOLJKW�� WKHUH� VKRXOG� EH� QR�
LQVWUXPHQWV� RQ� ERDUG� KLV� SODQH�� DQG� KH� VKRXOG� IO\�
VLPSO\�DFFRUGLQJ�WR�KLV�SRVLWLRQ�SRLQW�� WKDW�LV� WR�VD\��
WKH� KRUL]RQ�� 7KH� EHJLQQHU� PXVW� EHDU� LQ� PLQG� WKDW�
WKH� OLQH� RI� WKH� KRUL]RQ� VKRXOG� OLH� GHDG� LQ� KLV� OLQH� RI�
VLJKW� DQG� WKDW�� SURYLGLQJ� KH� PDLQWDLQV� D� FRUUHFW�
VLWWLQJ� SRVLWLRQ�� WKLV� OLQH� ZLOO� GLS� ZKHQ� KH� SXOOV� WKH
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FRQWURO� OHYHU� EDFNZDUGV� DQG� ZLOO� ULVH� ZKHQ� KH�
SXVKHV� LW� IRUZDUG�

),*�� ����
�,I� WKH� SRVLWLRQ� SRLQW� FKRVHQ� LV� WRR� ORZ�� WKH�PDFKLQH� ZLOO� GHVFHQG��

,W� LV�SRVVLEOH��E\�PDNLQJ�XVH�RI� VXFK� ODQGPDUNV��WR�
IO\� DV�FRUUHFWO\�DV�ZLWK�WKH�DLG�RI� DQ�LQIDOOLEOH�LQVWUX��
PHQW�

%\� REVHUYLQJ� WKH� KRUL]RQ� OLQH� ZLWK� ZKLFK� KLV�
PDFKLQH� PXVW� EH� NHSW� OHYHO�� WKH� SXSLO� FDQ� MXGJH�
ZKHWKHU� KLV� SODQH� LV� VLGH�VOLSSLQJ�� 6LPLODUO\�� KH�
NQRZV� WKDW� KH� PXVW� EH� GHYLDWLQJ� IURP� KLV� FRXUVH� LI�
KLV� SRVLWLRQ� SRLQW� OLHV� WRR� IDU� WR� KLV� ULJKW� RU� WRR� IDU�
WR� KLV� OHIW� �VHH� ILJ�� ����
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correct position too far to the riqht too much elevated

machine is sideslipping 
to the right

too much depressed

),*�� ���
�/LH� RI� KRUL]RQ� DQG� SRVLWLRQ� SRLQW�� 7KH� QRVH� RI� WKH�� PDFKLQH�

YLVLEOH�DW� WKH� IRRW� RI� WKH�VNHWFK��
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7KH� EHJLQQHU� PXVW� SD\� JUHDW� DWWHQWLRQ� WR� WKH�
PDQLSXODWLRQ� RI� WKH� UXGGHU�� ZKLFK� LV� VWUDQJH� DQG�
GLIIFXOW�� 0RVW� DFFLGHQWV� DUH� FDXVHG� E\� IDXOW\�
UXGGHU� PDQLSXODWLRQ�

7KH� SXSLO� PXVW� UHPHPEHU� WKDW� DQ� FQJLQHOUVV�
JOLGHU� FDQ� QHLWKHU� IO\� KRUL]RQWDOO\� QRU� DVFHQG�� EXW�
PXVW� UHPDLQ� LQ� D� GRZQZDUG� JOLGLQJ� SRVLWLRQ� LI� LW� LV�
QRW�WR�ORVH�VSHHG�DQG�FRQVHTXHQWO\��LWV�IO\LQJ�FDSDFLW\��
)OLJKW� LV� VSHHG� �� (YHU\�PDFKLQH� UHTXLUHV� D� GHILQLWH�
VSHHG� WR� HQDEOH� LW� WR� IO\�� WKLV� VSHHG� YDU\LQJ� DFFRUG��
LQJ� WR� LWV� EXLOG� DQG�ZHLJKW�� ,W� LV� WKHUHIRUH� SRVVLEOH�
WR� IO\� ZLWK� WKH� DLG� RI� D� VSHHG� LQGLFDWRU�� $V� HYHU\�
LQVWUXPHQW� LV�� KRZHYHU�� OLDEOH� WR� JHW� RXW� RI� RUGHU��
DQG� DV� D� SXSLO� ZUKR� DOZD\V� GHSHQGV� RQ� LQVWUXPHQWV�
FDQ� QHYHU� DFTXLUH� WKH� WUXH� �� IO\LQJ� VHQVH��� LW� LV�
EHWWHU�IRU�KLP��DV�D�EHJLQQHU�� WR�MXGJH�WKH�FRUUHFWQHVV�
RI� KLV� IOLJKW� E\� SRVLWLRQ� UDWKHU� WKDQ� E\� VSHHG�� VLQFH�
LW� IROORZV� DV� D� PDWWHU� RI� FRXUVH�� WKDW� D� PDFKLQH�
IO\LQJ� LQ� FRUUHFW� SRVLWLRQ� ZLOO� DWWDLQ� WKH� UHTXLUHG�
VSHHG�

7KH� SXSLO� PXVW� DOVR� OHDUQ� WR� XVH� KLV� VHQVH� RI�
KHDULQJ�� ,I� KH� KDV� WULPPHG� KLV� PDFKLQH� FRUUHFWO\�
ZLWK� WKH� KRUL]RQ� OLQH�� KH� ZLOO� KHDU� D� SHFXOLDU� VRXQG�
FDXVHG� E\� WKH� ZLQG� DJDLQVW� WKH� IUDPHZRUN� RI� WKH�
PDFKLQH�� $V� KLV� VSHHG�LQFUHDVHV� WKLV�VRXQG�EHFRPHV
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ORXGHU� DQG�DV� LW� GHFUHDVHV� WKH� VRXQG�EHFRPHV� GHHSHU�
DQG� JHQWOHU�� ,KXV� WKH� VLQJLQJ� RI� WKH� ZLQG� PD\� EH�
D� JXLGH� WR� WKH� DLUPDQ�
2Q� ORQJHU� IOLJKWV� WKH� ULGHU� FDQ� JODQFH� DW� WKH� RXW��

OLQH� RI� WKH� ZLQJ�� XVLQJ� LW� DV� D� JXLGH� WR� FRUUHFW� KLV�
SRVLWLRQ�� LI� QHFHVVDU\�� 7KH� ZLQG� LV� DGPLWWHGO\� LQ��
YLVLEOH��EXW�DV�WKH�DLUPDQ�FDQ�VHF�VWUHWFKHV�RI�FRXQWU\��
KH� FDQ� JDXJH� WKH� KRUL]RQWDO�� DQG� DV� WKH� GLUHFWLRQ� RI�
WKH� ZLQG� LV� JHQHUDOO\� DVVXPHG� WR� EH� KRUL]RQWDO� WR�
WKH� SODQH�� KH� FDQ� FRUUHFW� WKH� DQJOH� RI� KLV� ZLQJ� DQG�
FRQVHTXHQWO\�� KLV� SRVLWLRQ�� 7KH� SUDFWLFH� RI� JODQFLQJ�
DORQJ� WKH� ZLQJ� VHUYHV� WR� LQVWLO� FRQILGHQFH� LQWR� PRUH�
DGYDQFHG� SXSLOV�� ��KH\� JUDGXDOO\� UHDOL]H� WKDW� WKH\�
PD\�PRYH� WKHLU�ERGLHV� VOLJKWO\�DQG�WKDW� WKH\�GR�QRW�
QHHG� WR� EH� WRR� SDLQIXOO\� RQ� WKH� DOHUW� IRU� WURXEOH��
��KH� LQVWUXFWRU� VKRXOG�� LQGHHG�� LPSUHVV� XSRQ� WKH�
EHJLQQHU�WKDW�KH�RXJKW�QRW� WR�VLW� LQ�WKH�PDFKLQH�ZLWK�
HYHU\� PXVFOH� WDXW�� 8QOHVV� KH� DOORZV� KLV� PXVFOHV�
IUHH� SOD\� KH� FDQQRW� H[SHFW� D� VPRRWK� UHIOH[� DFWLRQ�
DQG� ZLOO� ILQG� WKDW� KLV� PDQLSXODWLRQ� RI� WKH� FRQWUROV�
LV� VXGGHQ� DQG� MHUN\�� ,I� KH� MHUNV� WKH� FRQWURO� OHYHU�
FOXPVLO\� EDFNZDUGV�� LW� VWDQGV� WR� UHDVRQ� WKDW� WKH�
PDFKLQH�ZLOO�DQVZHU�LQ� WKH�VDPH�XQGHVLUDEOH� IDVKLRQ��
2QO\� UDUHO\� DQG� LQ� FULWLFDO� VLWXDWLRQV�� ZKHQ� LQVWDQ��
WDQHRXV� DFWLRQ� LV� QHFHVVDU\�� VKRXOG� WKH� FRQWURO� OHYHU�
EH� WKUXVW�RYHU�DEUXSWO\�
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$� YHU\� FRPPRQ� DQG� H[WUHPHO\� GDQJHURXV� HUURU�
LV� WR� SXOO� WKH� FRQWURO� OHYHU� WRR� IDU� RYHU�� ,W� FDQQRW��
WKHUHIRUH�� EH� WRR� RIWHQ� UHLWHUDWHG� WKDW� RQH� FDQ� JOLGH�
GRZQZDUG� RQO\�� DQG� WKDW� VSHHG� LV� QHFHVVDU\� IRU�
IO\LQJ�

7KH� SXSLO� PXVW� WKLQN� RXW� HDFK� IOLJKW� EHIRUHKDQG��
DQG� DFFRPSOLVK� LW� VHYHUDO� WLPHV� LQ� LPDJLQDWLRQ��
2QO\�KH�ZKR� VHWV� DERXW� LW� LQ�UHDO�HDUQHVW� FDQ�PDNH�D�
VXFFHVV� RI� IO\LQJ�� ,W� LV� DEVROXWHO\� ZURQJ� WR� DVVXPH�
WKDW� IO\LQJ� LV� D� IULYRORXV� SDVWLPH�� WKH� DUW� RI� ZKLFK�
FDQ� EH� DFTXLUHG� LQ� D� GD\�

),*�� ����
3RVLWLRQV�RI� WKH� FRQWURO� OHYHU�
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$IWHU� D� IOLJKW�� WKH�SXSLO�PXVW� SRQGHU� HDFK�LQFLGHQW�
DQG�PDNH� FHUWDLQ� WKDW� KH� XQGHUVWDQGV� ZKDW� KH� GLG�
DQG� ZKDW� KH� RXJKW� WR� KDYH� GRQH�� ,W� LV� LPSRUWDQW�
IRU� KLP� QRW� RQO\� WR� GLVFRYHU� IRU� KLPVHOI� ZKDW� KLV�
PLVWDNHV� KDYH� EHHQ�� EXW� WR� GLVFXVV� WKHP� IUDQNO\�
ZLWK� KLV� LQVWUXFWRU�� ,I� D� SXSLO� KDV� IRXQG� KLPVHOI�
LQ� DQ� DZNZDUG� VLWXDWLRQ� ZLWKRXW� WKH� UHPRWHVW� LGHD�
DV� WR� ZKLFK� UXGGHU� WR� XVH�� KH� PXVW� LPDJLQH� KLV�
PDFKLQH� RQFH� DJDLQ� LQ� WKLV� SRVLWLRQ�ZLWK� WKH� FRQWURO�
OHYHU� DW� ULJKW� DQJOHV� WR� WKH� HDUWK� VXUIDFH�� 7KLV�
JLYHV� KLP� WKH� SRVLWLRQ� LQ� ZKLFK� WKH� FRQWURO� OHYHU�
PXVW� EH� SODFHG� EHIRUH� WKH� PDFKLQH� FDQ� UHJDLQ�
QRUPDO� SRVLWLRQ� �VHH� ILJ�� �!���

%HJLQQHUV� DUH� VRPHWLPHV� WUDLQHG� LQ�PDFKLQHV�ZLWK�
GXDO� FRQWUROV�� VR� WKDW� WKH� LQVWUXFWRU� FDQ� VLW� LQ� WKH�
PDFKLQH� ZLWK� KLV� SXSLO�� 
L�KH� LQVWUXFWRU� GRHV� WKH�
DFWXDO� VWHHULQJ� DQG� WKH� SXSLO� OHDUQV� LQ� WKLV� ZD\� WR�
PDQLSXODWH� WKH� FRQWUROV� E\� IROORZLQJ� HDFK� FRQVHFX��
WLYH�PRYHPHQW�

$V� KLV� FRQILGHQFH� LQFUHDVHV�� WKH� SXSLO� LV� JUDGXDOO\�
DOORZHG� WR� WDNH� RYHU� WKH� FRQWUROV�� XQWLO� KH� LV� DW�
OHQJWK�UHDG\�WR�XQGHUWDNH�KLV� ILUVW� VROR� IOLJKW�� ?<KDW�
KDV� DOUHDG\� EHHQ� VDLG� UHJDUGLQJ� VHOI�WXLWLRQ� DSSOLHV�
DOVR� WR� WKH� ILUVW� VROR� IOLJKWV� RI� D� SXSLO� WUDLQHG�RQ� WKH�
GXDO� FRQWURO� PHWKRG�
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,Q� WKH� IROORZLQJ� VHFWLRQ�� QXPHURXV� VLWXDWLRQV�
KDYH� EHHQ� VNHWFKHG�� LQ� RUGHU� WR� JLYH� D� FOHDUHU� LP��
SUHVVLRQ� RI� ZKDW� DQ� DLUPDQ� RXJKW� WR� GR� DQG� ZKDW�
KH�RXJKW�QRW� WR� GR�
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),*�� I!6�
$IWHU�ODQGLQJ��UHPDLQ�LQ� WKH�PDFKLQH��RWOOFUZLVF�LW�ZLOO�EH�RYHUWXUQHG

EY�WKH�ZLQG�
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),*�� ���
$� JODQFH� VLGHZEU� DORQJ� WKH� ZLQJ� VKRZV� WKH� IO\LQJ� SRVLWLRQ� RI� WKH

PDFKLQH�
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),*�� ���
:KHQ� ODQGLQJ� RQ� DQ� QS�JUDGLHQW�� EULQJ� WKH� QRVH� RI� WKH� PDFKLQH

FORVH� WR� WKH�JURXQG�

),*�� ���
'R� QRW� DWWHPSW� WR� IO\� XS� D� VORSH� LQ� QRUPDO� IO\LQJ�SRVLWLRQ� RU� \RX

ZLOO� FUDVK�
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),*�� ����
1RVH�WKH�PDFKLQH�WRZDUGV�DQ\�REVWDFOH�ZKLFK�KDV�WR�EH�VXUPRXQWHG�

),*�� ���
6WHHU� GLUHFWO\� IRU� DQ� REVWDFOH� DQG� EULQJ� WKH� PDFKLQH

QHDWO\�RYHU�LW�
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)LH�� ���
'R� QRW� SXOO� EDFN� WKH� FRQWURO� OHYHU� WRR� HDUO\� RWKHU�

ZLVH� WKH�PDFKLQH�ZLOO�QRW� FOHDU� WKH� REVWDFOH�

)LH�� ���
%HIRUH� ODQGLQJ�DOORZ�WKH�PDFKLQH� WR�KRYHU� MXVW� DERY�

WKH�VXUIDFH� RI� WKH�JURXQG�
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),*�� ���
'R� QRW� SXOO� EDFN� WKH� FRQWURO� OHYHU� WRR� VXGGHQO\��
RWKHUZLVH� WKH�PDFKLQH�ZLOO���EDOORRQ���DQG�WKHQ�FUDVK�

),*�� ����
1HYHU�JODQFH�GRZQ� WRZDUGV� WKH�JURXQG�� RWKHUZLVH� \RX�ZLOO�GHVFHQG�
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&^J%t

),*�� ����
1HJOHFW� RI� WKHVH� UXOHV�EULQJV� SXQLVKPHQW� LQ� LWV� WUDLQ� �



&+$37(5� ;

,QVWUXPHQWV²*URXQG� DQG� RQ�
,QVWUXPHQW� %RDUG

&255(&7� IO\LQJ� LV� HVVHQWLDOO\� D� PDWWHU� RI� IHHOLQJ��
DQG�IRU�WKLV�UHDVRQ�WKH�DLUPDQ�VKRXOG�XVH�LQVWUXPHQWV�
RQO\� LQ� WKRVH� VLWXDWLRQV� ZKHUH� KH� FDQQRW� UHO\� DEVR��
OXWHO\� RQ� KLV� �� IO\LQJ� VHQVH��� DQG� ZKHQ� LW� PLJKW�
SURYH� LQVXIILFLHQW�� 2Q� WKH� RWKHU� KDQG�� WKH� PDQ�
ZKR� ODFNV� WKLV� IO\LQJ� VHQVH� PXVW� QRW� DVVXPH� WKDW�
KH� FRXOG� HYHU� OHDUQ� WR� IO\� E\� GHSHQGLQJ� RQ� LQVWUX��
PHQWV� DORQH�

,KH� PRVW� LPSRUWDQW� DPRQJ� WKH� DLUPDQ
V� LQVWUX��
PHQWV� LV� WKH� VSHHG� LQGLFDWRU�� DQG� WKLV��ZKLOH�LQGLFDW��
LQJ� WKH� VSHHG� DW� ZKLFK� WKH� PDFKLQH� LV� WUDYHOOLQJ�
WKURXJK� WKH� DLU�� LQGLFDWHV� WKH� ZLQG� VSHHG� DOVR�

)OLJKW� LV� VSHHG�� $� FHUWDLQ� VSHHG� LV� UHTXLUHG� WR�
HQDEOH�D�PDFKLQH� WR� IO\�� DQG�ODFN�RI� VSHHG�PD\�FDXVH
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GLVDVWHU�� ,W� LV� WKHUHIRUH� FOHDU� WKDW�D� VSHHG� LQGLFDWRU�
SOD\V� D� YHU\� LPSRUWDQW� SDUW�� /HW� XV� VXSSRVH�
WKDW� WKH�FRFNSLW� LV� VR� FRQVWUXFWHG�WKDW��ZKLOH� DIIRUG��
LQJ� SURWHFWLRQ�� LW� SUHYHQWV� WKH� DLUPDQ� IURP� IHHOLQJ�
WKH� ZLQG� VSHHG� DQG� WKDW� KH� JHWV� LQWR� PLVW� RU� LQWR�
GDUNQHVV� VR� GHQVH� WKDW� KH� FDQQRW� GLVFHUQ� WKH�
KRUL]RQ�� ,Q� VXFK� D� FDVH� LW� ZRXOG� EH� LPSRVVLEOH�
IRU� KLP� WR� UHFNRQ� WKH� FRUUHFW� VSHHG�ZLWKRXW� WKH� DLG�
RI� DQ� LQVWUXPHQW�� +LV� LQVWLQFWLYH� VHQVH� RI� SRVLWLRQ�
Z�RXOG�� XQGHU� VXFK� FLUFXPVWDQFHV�� HQWLUHO\� IRUVDNH�
KLP�� DQG� LW� LV� RQO\� ZKHQ� KH� HQFRXQWHUV� IRJ� RU�
GDUNQHVV� WKDW� WKH� DLUPDQ� IXOO\� DSSUHFLDWHV� KRZ�
JUHDWO\� KH� LV� GHSHQGHQW� XSRQ� KLV� H\HVLJKW�

),*�� ����
2�LS� $QHPRPHWHU� �6SHHG�LQGLFDWRU��
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7KH� VSHHG� LQGLFDWRU� LV� FRQVWUXFWHG� ZLWK� D� VPDOO�
ZKHHO� IRUPHG� RI� IRXU� WLQ\� FXSV� ZKLFK� LV� FDXVHG� WR�
UHYROYH� VORZO\� RU� UDSLGO\�� DFFRUGLQJ� WR� WKH� GUDXJKW��
%\� PHDQV� RI� D� FRJ�ZKHHO� PHFKDQLVP� WKLV� VSHHG� LV�
WUDQVPLWWHG� WR� D� QHHGOH� ZKLFK� LQGLFDWHV� LW� RQ� D� GLDO�
PDUNHG� RII� LQ� PHWUHV� SHU� VHFRQG� RU� LQ� NLORPHWUHV�
SHU� KRXU� �VHH� ILJ�� ����� 2Q� WKH� JURXQG�� WKH� DLUPDQ�
PD\� XVH� WKLV� VDPH� LQVWUXPHQW�� LQGLFDWLQJ� PHWUHV�
SHU�VHFRQG�� DV� D�ZLQG�VSHHG�LQGLFDWRU�� ,W�LV� HVVHQWLDO�
IRU� KLP� DW� KLV� VWDUWLQJ�SRLQW�� WR� KDYH� H[DFW� LQ��
IRUPDWLRQ�� QRW� RQO\� UHJDUGLQJ� ZLQG� VSHHG�� EXW� DOVR�
DV� UHJDUGV� WKRVH� IOXFWXDWLRQV� LQ� ZLQG� VSHHG� ZKLFK�
FDXVH� JXVWV�

2Q� ERDUG� WKH� PDFKLQH�� D� VSHHG� LQGLFDWRU� FRQVLVW��
LQJ� RI� SUHVVXUH� DQG� VXFWLRQ� WXEHV� LV� JHQHUDOO\� XVHG��
2QH� WXEH� KDV� LWV� HQG� RSHQ� WR� WKH� GUDXJKW�� ,�KH� DLU�
UXVKLQJ� GRZQ� WKH� WXEH� FDXVHV� FRPSUHVVLRQ� LQ� WKH�
FRQQHFWLQJ� WXEH�� ZKLFK� LV� WUDQVPLWWHG� E\� PHDQV�
RI� SLSLQJ� WR� WKH� UHJLVWHULQJ� LQVWUXPHQW�� IL[HG� LQ�
D� FRQYHQLHQW� SRVLWLRQ� LQ� IURQW� RI� WKH� DLUPDQ��
,QVLGH� WKLV� LQVWUXPHQW�� WKHUH� DUH� GUXPV� VLPLODU�
WR� WKRVH� LQ� DQ� DQHURLG� EDURPHWHU�� ZKLFK� H[SDQG�
DV� WKH� DLU� SUHVVXUH� GLPLQLVKHV�� $� VSULQJ� WUDQVPLWV�
WKLV� PRYHPHQW� WR� WKH� QHHGOH� ZKLFK� UHJLVWHUV� LW� RQ�
WKH� GLDO�� 7KH� JUHDWHU� WKH� VSHHG� RI� WKH� DLU� UXVKLQJ
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LQWR� WKH� RSHQ� WXEH�� WKH� JUHDWHU� WKH� SUHVVXUH� LQ� WKH�
FRQQHFWLQJ� WXEH� DQG�WKH�JUHDWHU� WKH� VSHHG� LQGLFDWHG�
RQ� WKH� GLDO�� ZKLFK� LV� PDUNHG� RII� WR� UHJLVWHU� NLOR��
PHWUHV� SHU� KRXU�

),*�� ����
$LU� VSHHG� LQGLFDWRU�� VKRZLQJ� SLSLQJ� DQG� WXEH�

7ZR�KRPH�PDGH�VSHHG�LQGLFDWRUV�IRU�XVH� RQ�ERDUG�
DUH� VKRZQ� LQ� WKH� DFFRPSDQ\LQJ� GLDJUDPV�� 7KH�
PDLQ� GLIILFXOW\� H[SHULHQFHG�E\� DQ� DPDWHXU� DWWHPSW��
LQJ� WR� PDNH� VXFK� DQ� LQVWUXPHQW� LV� LQ� JDXJLQJ� WKH�
VFDOH�� 7KLV� VFDOH� QHHG� QRW�� KRZHYHU�� EH� DEVROXWHO\�
FRUUHFW�� 2QH�PD\� FKRRVH� D� VXLWDEOH� VFDOH� DQG� WKHQ�
JHW� DQ� H[SHUW� DLUPDQ� WR� IO\� WKH� PDFKLQH� LQ� ZKLFK�
WKH� LQVWUXPHQW� LV� IL[HG�� 7KH� H[SHUW� FDQ� UHDGLO\
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WHOO� ZKDW� WKH� SRLQWHU� UHJLVWHUV� LQ� QRUPDO� SRVLWLRQ��
WR� ZKDW� UHJLVWHUHG� ILJXUH� KH� FDQ�� ZLWKRXW� GDQJHU��
PDNH� WKH� PDFKLQH� DVFHQG� E\� PDQLSXODWLRQ� RI� WKH�
UXGGHUV�� DQG� WR� ZKDW� ILJXUH� WKH� SRLQWHU� VKRXOG�
IDOO�� ZKHQ� WKH� PDFKLQH� LV� PDGH� WR�GHVFHQG�� /HW� LW�
EH� UHSHDWHG� WKDW� VXFK� DQ� LQVWUXPHQW� FDQ� PHUHO\�
FKHFN�� EXW� QHYHU� UHSODFH�� WKH� �� IO\LQJ� VHQVH��� IRU�
LQVWUXPHQWV� DUH� OLDEOH� WR� JHW� RXW� RI� RUGHU� DQG� WKXV�
IDLO� WR� IXOILO� WKHLU� SXUSRVH�

Propeller- wedged 
to the shaft.

Weak steel spring, similar to 
main-spring in an alarm clock, 
fastened to case and to shaft.

),*�� ����
+RPH�PDGH�VSHHG� LQGLFDWRU�

:KDW� ZRXOG� EHFRPH� RI� D� KDSOHVV� DLUPDQ� ZKR��
WUDLQHG�WR�IO\�DFFRUGLQJ�WR�LQVWUXPHQWV�RQO\��VXGGHQO\
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GLVFRYHUHG� WKDW� KLV� VSHHG� LQGLFDWRU� KDG� FHDVHG� WR�

UHJLVWHU� "

$� KHLJKW� LQGLFDWRU� LV� DQ� LQVWUXPHQW� ZKLFK� HYHU\�

VDLO�SODQHU� PXVW� KDYH�� $Q\RQH� FDQ� JXHVV� WKH�

DOWLWXGH� DW� ZKLFK� KH� LV�� EXW� RQO\� URXJKO\�

anqled lever w/fh 
indicator

vertical scale

tension spring metal caseback view

FlG. 82.

+RPH�PDGH� VSHHG� LQGLFDWRU�

7KH� KHLJKW� LQGLFDWRU� LV� D� EDURPHWHU� ZKLFK� LQGL��

FDWHV�YDULDWLRQV�LQ�DWPRVSKHULF�SUHVVXUH�� 7KH�JURXQG�

EDURPHWHU� LQGLFDWHV� WKLV� SUHVVXUH� LQ� PLOOLPHWUHV� RQ�

D� FROXPQ� RI� TXLFNVLOYHU� �HYHQ� WKH� DQHURLG� UHFRUGV�

E\� WKLV� PHWKRG�� 7KH� KHLJKW� LQGLFDWRU� XVHG� LQ� D�

IO\LQJ� PDFKLQH� UHJLVWHUV� YDULDWLRQV� LQ� SUHVVXUH� LQ�

PHWUHV�� ,W� LV� FRPPRQ� NQRZOHGJH� WKDW� DWPRVSKHULF�

SUHVVXUH� GHFUHDVHV� SURSRUWLRQDWHO\� DV� WKH� DOWLWXGH�

LQFUHDVHV�� &RQVHTXHQWO\�� UHFRUGHG� YDULDWLRQV� LQ� DW��

PRVSKHULF� SUHVVXUH� FDQ� DOVR� EH� UHDG�VWUDLJKWZD\� LQ�

PHWUHV� DV� VR� PXFK� DOWLWXGH� ORVW� RU� JDLQHG� �ILJ�� ����

$V� D� KHLJKW� LQGLFDWRU� RI� WKLV� W\SH� LV� VHQVLWLYH� WR�

YDU\LQJ� ZHDWKHU� FRQGLWLRQV� DQG� UHJLVWHUV� ERWK� KLJK
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DQG� ORZ� DWPRVSKHULF� SUHVVXUH�� LW� VKRXOG� DOZD\V� EH�
VHW� WR� UHJLVWHU� ]HUR� DW� WKH� DOWLWXGH� RI� WKH� VWDUWLQJ��
SRLQW�

(VSHFLDOO\� LQ� VDLO� SODQLQJ�� LW� LV� YHU\� QHFHVVDU\� IRU�
WKH� DLUPDQ� WR� NQRZ� DW�ZKDW� KHLJKW� KH� LV� DERYH� WKH�
JURXQG�� DQG� ZLWK� WKH� DLG� RI� D� KHLJKW� LQGLFDWRU� KH

),*�� ����
+HLJKW�LQGLFDWRU�

FDQ� QRW� RQO\� GR� WKLV�� EXW� FDQ� WHOO� ZKHWKHU� KH� LV�
DVFHQGLQJ� RU� GHVFHQGLQJ�� 7KLV� LV� LPSRUWDQW�� EH��
FDXVH� RQH� TXLFNO\� ORVHV� WKH� VHQVH� RI� DVFHQGLQJ� RU�
GHVFHQGLQJ� PRWLRQ� ZKHQ� LW� EHFRPHV� OHVLXUHO\� DQG�
FRQWLQXRXV�� $Q� LQVWUXPHQW� FDOOHG� D� YDULRPHWHU�
H[LVWV� IRU� WKH� SXUSRVH� RI� LQGLFDWLQJ� DVFHQW� DQG
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GHVFHQW�DQG�LV�PXFK�XVHG�LQ�EDOORRQV�� ,W�LV�� XQIRUWX��
QDWHO\�� ODUJH� DQG� XQZLHOGO\� DQG� IDLOV� WR� UHJLVWHU�
LPPHGLDWHO\� D� FKDQJH� WDNHV� SODFH�� $QRWKHU� LQVWUX��
PHQW�� FRQVWUXFWHG� DFFRUGLQJ� WR� WKH� ODZ� RI� LQHUWLD��
PHUHO\� UHJLVWHUV� WKDW� DFFHOHUDWLRQ� ZKLFK� RQH� ZRXOG�
QRWLFH� LQ� DQ\�FDVH� IURP� WKH� SLORW
V� VHDW�

)RU�FRPSHWLWLYH�IO\LQJ�RU�WHVWV�RI�VNLOO��D�EDURJUDSK��
RU� UHFRUGLQJ�EDURPHWHU��PD\�EH� XVHG�� 
L�KLV�LV� D�W\SH�
RI� KHLJKW� LQGLFDWRU� ZKLFK� VKRZV� JUDSKLFDOO\� WKH�
FRXUVH� WDNHQ� E\� WKH� PDFKLQH�� $� UHFRUGLQJ� QHHGOH�
ZULWHV� WKH� YDULDWLRQV� LQ� KHLJKW� RQ� SDSHU� JUDGXDWHG�
YHUWLFDOO\� LQ� PHWUHV� �ILJ�� ����

7KHUH�H[LVW� DOVR� VR�FDOOHG�VLGH�VOLS�LQGLFDWRUV�ZKLFK�
ZRUN� RQ� WKH� SHQGXOXP� SULQFLSOH�� 7KHVH� DUH� VXSHU��
IOXRXV� LQ� ILQH� ZHDWKHU�� DV� WKH� DLUPDQ� FDQ� WKHQ�
VHH� ZKHWKHU� WKH� PDFKLQH� LV� VLGH�VOLSSLQJ� RU� QRW��
,Q� IRJ�� ZKHQ� VXFK� DQ� LQGLFDWRU� ZRXOG� EH� RI� UHDO�
YDOXH�� LW� SURYHV� XVHOHVV� DV� LW� LV� VXEMHFW� WR� FHQWULIXJDO�
IRUFHV�� ,I�� IRU� H[DPSOH�� WKH� DLUPDQ� XQZLWWLQJO\�
SHUIRUPV� D� FXUYH�� DV� KH� LV� OLDEOH� WR� GR�� ZKHQ� IRJ� KDV�
REOLWHUDWHG� KLV� SRVLWLRQ� SRLQW�� WKH� VLGH�VOLS� LQGLFDWRU�
FRQWLQXHV� WR� UHJLVWHU� QRUPDO� SRVLWLRQ� EHFDXVH� WKH�
SHQGXOXP� RU� WKH� IOXLG� LQ� WKH� OHYHO� DUH� VXEMHFW� WR�
FHQWULIXJDO� IRUFH�� ,W� PD\� EH� DUJXHG� WKDW� QRERG\
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ZRXOG� GUHDP� RI� VDLO�SODQLQJ� LQ� IRJ�� EXW� LW� PXVW� EH�
UHPHPEHUHG� WKDW� PRGHUQ� VDLO�SODQLQJ� LV� FORVHO\�
FRQQHFWHG�ZLWK�FORXG� IO\LQJ� DQG�ZKHQ� WKH� DLUPDQ� LV�
LQ� D� FORXG�KH� LV� LQ� IRJ� RU�PLVW�

),*�� ����
%DURJUDSK� �RSHQ��

2QH� LQVWUXPHQW� RI� HVVHQWLDO� LPSRUWDQFH� LQ� IRJ� LV�
WKH� FRPSDVV�� ,I� WKH� DLUPDQ� VXFFHHGV� LQ� KROGLQJ�
KLV� FRXUVH�� KH� UXQV� OLWWOH� ULVN� RI� SHUIRUPLQJ� LQYROXQ��
WDU\�WXUQV��ZKLFK��DPRQJ�FORXGV��PLJKW� SRVVLEO\�OHDG�
WR� GLVDVWHU�� 8QIRUWXQDWHO\� HYHQ� WKH� FRPSDVV� FDQ�
DIIRUG�RQO\�OLPLWHG�DVVLVWDQFH��DV�WKH�HOHFWULF�LQIOXHQFHV�
SUHVHQW� LQ� FORXG� IRUPDWLRQV� FDXVH� PDJQHWLF� YDULD��
WLRQ�
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,QVWUXPHQWV� FRQVWUXFWHG� IRU� HQJLQH�GULYHQ� SODQHV��
DV�� IRU� H[DPSOH�� WKH� J\URVFRSH� RU� WKH� OHYHO� FRPSDVV��
DUH� HQWLUHO\� XQVXLWDEOH� IRU� VDLO�SODQLQJ� E\� UHDVRQ� RI�
WKHLU� ODUJH� GLPHQVLRQV� DQG� FRPSOLFDWHG� PHFKDQLVP�

��KH� LQVWUXPHQWV� UHTXLUHG�E\� DQ� H[SHUW� VDLO�SODQHU�
DUH�� WKHUHIRUH� �� VSHHGRPHWHU�� KHLJKW� LQGLFDWRU� DQG�
FRPSDVV�� ZLWK� WKH� SRVVLEOH� DGGLWLRQ� RI� D� YDULRPHWHU��
,KH� EHJLQQHU
V� LQVWUXPHQWV� PXVW� EH� KLV� H\HV�� KLV�
HDUV� DQG� KLV� VHQVH� RI� HTXLOLEULXP�



SPORT AND GAMES

:KDW
V�:URQJ�ZLWK�<RXU
*DPH� "

E\� +�� %�� 0$57,1�
�DXWKRU�RI�� 3LF
RULDO�*ROI��

:,7+� 2<.5� ���� 6.,�,7&+(6� $1'� ,//8675$7,216

Is. (*d.
" 7KLV� ERRN� LV� RQH� RI� WKH� PRVW� KHOSIXO� 
� OLIH� OLQHV
�

WKURZQ� RXW� IRU� D� ORQJ� WLPH�� ,W� LV� VLPSO\� H[SUHVVHG� DQG�
WKH�DXWKRU�KDV� WKH�JUHDW� DVVHW� RI� EHLQJ�DEOH� WR�H[SODLQ�KLV�
LGHDV�DQG�WKHRULHV�ZLWK�OXFLGLW\²DQG�VR� IHZ�JROI� WKHRULVWV�
FDQ� GR� WKDW�� 0U�� 0DUWLQ� FDQ� EH� WHFKQLFDO� DQG�\HW� SODLQ��
DQG�WKDW�DJDLQ�LV� D�UDUH�JLIW�� ,KH�LOOXVWUDWLRQV�DUH�QXPHU��
RXV� DQG� H[WUHPHO\� JRRG�� %\� D� FORVH� VWXG\� RI� WKHP��
UHIHUULQJ� WR� WKH� DFFRPSDQ\LQJ� WH[W�� D� NHHQ� JROIHU� FRXOG�
KDUGO\� IDLO� WR� LPSURYH� KLV� JDPH�� 
� :KDW
V� :URQJ� ZLWK�
<RXU� *DPH� "� 
� LV� D� QRWDEOH� DGGLWLRQ� WR� WKH� OLWHUDWXUH� RI�
JROI�� ,W� LV� ZHOO� ZULWWHQ�� HDV\� WR� UHDG� DQG� JHQXLQHO\�
KHOSIXO��²Daily Xeics.

'HIHQFH� DW� $XFWLRQ� %ULGJH
E\� -�� 5�� $'$06

a���

,Q� WKH� QXPHURXV� ERRNV� WKDW� KDYH� EHHQ� ZULWWHQ� RQ�
$XFWLRQ� %ULGJH� WKH� YLWDO� TXHVWLRQ� RI� GHIHQFH� WDFWLFV� LV�
JHQHUDOO\� HLWKHU� LJQRUHG� RU� UHOHJDWHG� WR� RQH� FKDSWHU��
0U�� $GDPV�KDV� VHW� RXW� LQ� WKLV�ERRN�WR�UHPHG\�WKLV�GHIHFW�
DQG� KDV� FRYHUHG� WKH� ZKROH� VXEMHFW� LQ� DQ� H[WUHPHO\�
WKRURXJK�� OXFLG� DQG� DWWUDFWLYH� PDQQHU�� $OO� EULGJH��
SOD\HUV�� ZKHWKHU� EHJLQQHUV� RU� PRUH� DGYDQFHG� SOD\HUV��
ZLOO� JHW� VRPHWKLQJ� RI� YDOXH� IURP� WKLV� ERRN�� ZKLFK� LV� ZHOO�
LOOXVWUDWHG� ZLWK� QXPHURXV� DFWXDO� KDQGV� DQG� FDVHV�� DQG�
EULQJV� ZLGH� H[SHULHQFH� DQG� VRXQG� UHDVRQLQJ� WR� EHDU� RQ�
WKH� SUREOHP�
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7KH� PRWRUOHVV� DHURSODQH�� QRZ� NQRZQ� DV� WKH� *OLGHU�
RU�6DLO�3ODQH�� LV� UDSLGO\�JURZLQJ� LQ�SRSXODULW\��HVSHFL��
DOO\� DPRQJ� WKH� \RXQJHU� JHQHUDWLRQ�� DQG� JOLGLQJ� DQG�
VDLO�SODQLQJ� LV� FOHDUO\� JRLQJ� WR� EH� the DLU�VSRUW� RI� WKH�
IXWXUH�� )LUVW� SRSXODULVHG� LQ� *HUPDQ\�� WKH� VSRUW� KDV�
QRZ� WDNHQ� ILUP� URRW� LQ� (QJODQG�� HVSHFLDOO\� VLQFH� WKH�
YLVLW� RI� WKH� *HUPDQ� JOLGHUV�� +HUUHQ� .URQIHOG� DQG�
0DJHUVXSSH��DQG� JOLGLQJ�FOXEV� DUH�HYHU\ZKHUH� VSULQJ��
LQJ� XS�
7KLV� ERRN�� E\� WZR� ZHOO�NQRZQ� *HUPDQ� H[SHUWV�� LV�

WKH� ILUVW� H[KDXVWLYH� KDQGERRN� RQ� WKH� VSRUW� WR� EH� SXE��
OLVKHG� LQ� WKLV� FRXQWU\�� DQG� ZLOO� EH� LQGLVSHQVDEOH� WR� DOO�
ZKR� DUH� JRLQJ� !!� WDNH� XS� JOLGLQJ� DQG� VDLO�SODQLQJ�� ,W�
FRYHUV� WKH� ZILROH� JURXQG� HTXLSPHQW� DQG� WUDLQLQJ��
FKRLFH� RI� JURXQG�� SUDFWLFH� IO\LQJ�� FORXGV� DQG� ZLQGV��
WRROV�� FRQVWUXFWLRQ� DQG� PDLQWHQDQFH�
:LWK� ��� LOOXVWUDWLRQV� DQG� GLDJUDPV� �V�� QHW�
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