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2EMHFWLYHV

● 5HFRJQL]H�D�§SUREOHP�VLWXDWLRQ¨�RQ�WKH�V\VWHP
● .QRZ�WKH�XWLOLWLHV�DYDLODEOH�IRU�GLDJQRVLQJ�D�V\VWHP�SUREOHP
● 'LDJQRVH�WKH�LQVWUXPHQW�XVLQJ�WKH�FDOLEUDWLRQ��WXQH��UHSRUW
● /LVW�WKH�06�IDXOWV�WKDW�WKH�FDQ�EH�JHQHUDWHG�E\�WKH�06'�DQG
NQRZ�WKHLU�SRVVLEOH�FDXVHV

● 'HYHORS�DQG�RXWOLQH�D�UHSDLU�VWUDWHJ\�IRU�WKH�YDULRXV�IXQFWLRQDO
JURXSV��LQFOXGLQJ�DSSOLFDWLRQV��RI�WKH�V\VWHP

● 6XFFHVVIXOO\�WURXEOHVKRRW�DQG�UHSDLU�VSHFLILF�V\VWHP�SUREOHPV
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Instrument:       MSD
Tune File:        ATUNES.TUN    API_ES Negative Ion
Quad Polarity     1  
Serial No:        US80100069
Operator:         none
Date:             9/12/98
Time:             7:07:29 PM

MSD Noise Test Charts
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*Initial Scan: done   Base peak: m/z 1386.3;  Max Abund: 104
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*High Mass Analyzer Noise: Passed   Base peak: m/z 2991.3;  Max Abund: 630; # Spikes over 200 = 3

MSD Noise Test Results            Result                        
--------------------------------------------------------------------------
Initial Scan                      done                          
High Mass Analyzer Noise          PASSED                        
                                                                
Passing Criteria:                                               
Analyzer Noise                    Max Abund. < 1000             
                                  # Spikes over 200 < 10        
Electronic Noise                  Max Abund. < 50               

MSD Noise Test Report
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Instrument:       MSD
Tune File:        ATUNES.TUN
Serial No:        US80100069
Operator:         none
Date:             9/12/98
Time:             7:00:49 PM

MSD Signal Test Chart
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*MS Signal Test Passed.  Min: 2627; Max: 26916; Period: 0.0273

MSD Signal Test Results              Specification      Measured  Result
--------------------------------------------------------------------------
Minima rel. Std. Dev.                        < 2.0           0.5  Passed
Maxima rel. Std. Dev.                        < 2.0           0.1  Passed
Period rel. Std. Dev.                        < 2.0           0.4  Passed
Mean Minima                  < 1800cts ; 4200cts >    2627.0 cts  Passed
Mean Maxima                < 20000cts ; 30000cts >   26916.2 cts  Passed

MSD Signal Test Report
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Instrument:       MSD
Tune File:        ATUNES.TUN    API_ES Pos
Serial No:        US80100069
Operator:         none
Date:             9/12/98
Time:             7:16:48 PM

MSD Ion Optics Test SIMRamp Chart

MSD Ion Optics Test Report
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 Frag SIMramp at m/z 322
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Volts0 100 200 300

0

20000

40000

60000

80000

 OpolPeak SIMramp at m/z 322

MSD Ion Optics Test Report
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MSD Ion Optics Test Report

Instrument 1 9/12/98 7:24:39 PM Page 3 of 4



MSD Ion Optics Test Result                                                    
--------------------------------------------------------------------------
Initial Scan (Pos.) Passed                                                    
Turned off (Pos.)   Passed                                                    
On Maximum (Pos.)   Passed                                                    
On Maximum (Neg.)   Passed                                                    
Ramping Test        Passed (m/z 322)                                          

MSD Ion Optics Test Report
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Instrument:       MSD
Tune File:        ATUNES.TUN
Serial No:        US80100069
Operator:         none
Date:             9/12/98
Time:             7:46:19 PM

MSD Vacuum Test Chart
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*Turbo 1 Speed

MSD Vacuum Report
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MSD Vacuum Test Results              Specification        Measured  Result
--------------------------------------------------------------------------
Vent Time                                < 420 sec         475 sec  Failed
Pump Down Time                           < 300 sec         172 sec  Passed

MSD Vacuum Report
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MSD Vacuum Test Results              Specification        Measured  Result
--------------------------------------------------------------------------
Rough Vacuum Time                         < 10 sec           0 sec  Passed
Rough Vacuum Steady State                 < 3 torr       2.43 torr  Passed
High Vacuum Time                         < 300 sec         171 sec  Passed
High Vacuum Steady State            < 0.00002 torr   0.000015 torr  Passed
Turbo 1 at 90% Speed                     < 180 sec         130 sec  Passed
Turbo 1 Peak Power                         > 150 W         169.7 W  Passed
Turbo1 Power Steady state                  < 100 W          94.3 W  Passed
Turbo 2 Peak Power                > 60 W ; 120 W <          87.4 W  Passed
Turbo2 Power Steady state                   < 24 W          38.6 W  Failed

MSD Vacuum Report
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Instrument:       MSD
Tune File:        ATUNES.TUN    API_ES Positive Ion
Serial No:        US80100069
Operator:         none
Date:             9/12/98
Time:             7:01:42 PM

MSD Quadrupole Electronics Test Chart (Mass Scan)
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MSD Quad. Elec. Results              Specification        Measured  Result
--------------------------------------------------------------------------
Max RF Drive, mass scan                     < 95.0            81.6  Passed
RF Drive slope, mass scan           < 0.02 ;0.03 >           0.026  Passed
RF Drive intercept, mass scan       < 10.0; -2.0 >            -1.0  Passed
Min RF drive, frequency scan                  < 63            48.6  Passed
Quad. frequency delta                    < 1000 Hz          100 Hz  Passed

MSD Quadrupole Electronics Report
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����������7XUER�SXPS����GLG�QRW�UHDFK�����VSHHG�LQ�WLPH������������ 73&�6��
����������7XUER�SXPS����GLG�QRW�UHDFK�����VSHHG�LQ�WLPH������������ 73&�6��
����������7XUER�SXPS�YROWDJH�VXSSO\�SUREOHPV����������������������� 73&�:�
����������7XUER�SXPS�GLG�QRW�VORZ�GRZQ�DIWHU�WXUQ�RII�������������� 73&�6��

������6\VWHP�QRW�DW�YDFXXP�
����������,*�SUHVVXUH�UHDGLQJ�WRR�KLJK�WR�NHHS�JXDJH�RQ������������ ,*�6���
����������,*�WXUQ�RQ�UHTXHVWHG�ZLWK�KLJK�IRUHOLQH�SUHVVXUH��������� ,*�6���
����������,*�WXEH�LV�RII������������������������������������������ � ,*��VWDW
����������,*�WXEH�LV�LQ�GJDV�PRGH���������������������������������� ,*��VWDW
����������5RXJK�SXPS�LV�RII��������������������������������������� 3'%��V
����������7XUER�SXPSV�DUH�GLVDEOHG��������������������������������� 73&��VW
����������)RUHOLQH�SUHVVXUH�WRR�KLJK�WR�WXUQ�RQ�WXUER�SXPSV�������� 73&�6��
����������7XUER�SXPS����LV�QRW�DW�IXOO�VSHHG���������������������� 73&�:�
����������7XUER�SXPS����LV�QRW�DW�IXOO�VSHHG���������������������� 73&�:�
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&DOLIRUQLD�$QDO\WLFDO�'LYLVLRQ�������������������������GLDJBWV�SSW
����

06'�)DXOWV��FRQW��

����'LIILFXOW\�FRQWUROOLQJ�WHPSHUDWXUH�]RQHV�
��������4XDGUXSROH�WHPSHUDWXUH�]RQH�WLPHRXW� 3'%�)���
��������4XDGUXSROH�WHPSHUDWXUH�]RQH�FRQWURO�KLJK� 3'%�:���
��������4XDGUXSROH�WHPSHUDWXUH�]RQH�FRQWURO�ORZ���������������3'%�:���
��������4XDGUXSROH�WHPSHUDWXUH�VHQVRU�RSHQ�����������������������3'%�)���
��������4XDGUXSROH�WHPSHUDWXUH�VHQVRU�VKRUWHG� 3'%�)���
��������'U\LQJ�*DV�WHPSHUDWXUH�]RQH�WLPHRXW����������������������3'%�)���
��������'U\LQJ�*DV�WHPSHUDWXUH�]RQH�FRQWURO�KLJK 3'%�:���
��������'U\LQJ�*DV�WHPSHUDWXUH�]RQH�FRQWURO�ORZ� 3'%�:���
��������'U\LQJ�*DV�WHPSHUDWXUH�VHQVRU�RSHQ����������������������� 3'%�)���
��������'U\LQJ�*DV�WHPSHUDWXUH�VHQVRU�VKRUWHG� 3'%�)���
��������9DSRUL]HU�WHPSHUDWXUH�]RQH�WLPHRXW����������������������� 3'%�)���
��������9DSRUL]HU�WHPSHUDWXUH�]RQH�FRQWURO�KLJK� 3'%�:���
��������9DSRUL]HU�WHPSHUDWXUH�]RQH�FRQWURO�ORZ� 3'%�:���
��������9DSRUL]HU�WHPSHUDWXUH�VHQVRU�RSHQ����������������������� 3'%�)���
��������9DSRUL]HU�WHPSHUDWXUH�VHQVRU�VKRUWHG� 3'%�)���

����7KH�PDVV�VSHFWURPHWHU�LV�QRW�SURSHUO\�FDOLEUDWHG�
��������0DVV�D[LV�'$&�FRXOG�QRW�EH�FDOLEUDWHG������������������� �6&):!
��������/RJ�DPSOLILHU�LV�QRW�SURSHUO\�FDOLEUDWHG����������������� �6&):!
��������(OHFWURQ�PXOWLSOLHU�JDLQ�LV�QRW�FDOLEUDWHG��������������� �6&):!
��������0DVV�DVVLJQPHQWV�DUH�QRW�FDOLEUDWHG���������������������� �6&):!
��������0DVV�SHDN�ZLGWKV�DUH�QRW�FDOLEUDWHG���������������������� �6&):!

��������'LIILFXOW\�ZLWK�LQVWUXPHQW�SRZHU�VXSSOLHV�RU�IDQV�
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG����9$&�UHOD\�LV�RII�������� 3'%�)���
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG���9�VXSSO\�LV�RII����������� 3'%�)���
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG���9�VXSSO\�LV�WRR�KLJK������ 3'%�)���
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG���9�VXSSO\�LV�WRR�ORZ������� 3'%�)���
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG���9�VXSSO\�LV�WRR�KLJK������ 3'%�)���
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG���9�VXSSO\�LV�WRR�ORZ������� 3'%�)���
����������7KH�SRZHU�GLVWULEXWLRQ�ERDUG���+]�]HUR�FURVV�PLVVLQJ

������'LIILFXOW\�ZLWK�TXDGUXSROH�5)�HOHFWURQLFV
����������4XDGUXSROH�5)�YROWDJH�FRXOG�QRW�EH�PDLQWDLQHG����������� 066����

����'LIILFXOW\�ZLWK�LQWHUQDO�LQVWUXPHQW�FRPPXQLFDWLRQV�
����������06(�&RPP��(UURU
���������������QRQH�GHILQHG�\HW!
����������/21�1RGH�&RPP��(UURU
��������������&*�XSGDWH�LQWHUYDO�!���PLQXWH�UHTXHVWHG������������� &*�:���
��������������&*�XSGDWH�GHOD\�!���PLQXWH�UHTXHVWHG����������������� &*�:���
��������������&*�HYHQW�EH\RQG�TXHXH�OHQJWK�UHTXHVWHG��������������� &*�:���
��������������&*�LQYDOLG�PRGH�UHTXHVWHG���������������������������� &*�:���
��������������,*�XSGDWH�LQWHUYDO�!���PLQXWH�UHTXHVWHG������������� ,*�:���
��������������,*�XSGDWH�GHOD\�!���PLQXWH�UHTXHVWHG����������������� ,*�:���
��������������,*�HYHQW�EH\RQG�TXHXH�OHQJWK�UHTXHVWHG��������������� ,*�:���
��������������,*�LQYDOLG�PRGH�UHTXHVWHG���������������������������� ,*�:���
��������������,*�LQYDOLG�PRGH�FKDQJH�UHTXHVWHG��������������������� ,*�:���
��������������,*�IRUHOLQH�SUHVVXUH�XSGDWH�WLPHRXW����������������� ,*�6���
�������������73&�IRUHOLQH�SUHVVXUH�XSGDWH�WLPHRXW����������������� 73&�6���
���������������3'%����
���������������6%����
���������������6,&%�&RPP��(UURU
���������������(UURU�FRPPXQLFDWLQJ�ZLWK�WKH�6,&%��!/21�FRQYHUWHU�����6&):!
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06'�)DXOWV��FRQW��

������$Q�/&�06�VKXWGRZQ�KDV�RFFXUUHG� �6&):!
����������7KLV�LV�VHW�ZKHQHYHU�6PDUWFDUG�VHQGV�RU�UHFHLYHV�DQ
����������$3*�5HPRWH�&RQWURO�/RRS�6+87'2:1�VLJQDO�

������7KH�VSUD\�FKDPEHU�LV�QRW�UHDG\�IRU�RSHUDWLRQ�
����������6SUD\�FKDPEHU�LV�RSHQ�����������������������������������
����������$3&,�QHHGOH�GHWHFWHG�ZLWK�$3�(6,�VSUD\�FKDPEHU��������
����������$3&,�QHHGOH�QRW�FRUUHFWO\�LQVWDOOHG�
�������� �
����������6SUD\�FKDPEHU�FRQILJXUDWLRQ�SUREOHP���������������� �
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7URXEOHVKRRWLQJ�3UREOHPV

7KH�SUREOHPV�OLVWHG�EHORZ�JLYH�WKH�V\PSWRPV�RI�DFWXDO�IDLOXUHV�RQ�WKH�/&�06'�DQG�KRZ�WR
WURXEOHVKRRW�WKHVH�IDLOXUHV���7KH�SUREOHPV�DUH�RUJDQL]HG�LQ�WKH�JHQHUDO�IXQFWLRQDO�DUHDV�RI�WKH
/&�06'�

9DFXXP�6\VWHP

• %DG�5RXJK�3XPS
• 7XUER����)UR]HQ
• /DUJH�/HDN�LQ�9DFXXP�6\VWHP
• %DG�7XUER�/21�,QWHUIDFH�$VVHPEO\
• %DG�/21�&RQQHFWLRQ�RU�&DEOH

&DOLEUDQW�'HOLYHU\�6\VWHP�	�0DQXDO�,QMHFWLRQ�9DOYH

• %DG�&'6�9DOYH���
• :URQJ�&DOLEUDQW�LQ�%RWWOH

*DV�)ORZ�	�7HPSHUDWXUH�&RQWURO

• /RZ�1LWURJHQ�7DQN�3UHVVXUH
• %DG�����9DF�)XVH�RQ�3'%
• 2SHQ�4XDG�+HDWHU

6RXUFH�	�,RQ�2SWLFV

• %DG�9FDS�9FKDPEHU�6XSSO\
• 'LVFRQQHFWHG�2FWRSROH�/HDGV

0DVV�)LOWHU

• 1R�8��8��IURP�$QDO\]HU�%RDUG
• %DG�5)�&RLO�%R[
• 5)3$�RXWSXW�DGMXVWHG�WRR�ORZ
• 5)3$�RXWSXW�DGMXVWHG�WRR�KLJK

'HWHFWRU

• %DG�RU�'LVFRQQHFWHG�6LJQDO�&DEOH
• 1R�+('�9ROWDJH�WR�'HWHFWRU
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&RPPXQLFDWLRQ

• %HQW�SLQ�RQ�ERWWRP�RI�$GDSWHU�ERDUG

3RZHU�6XSSOLHV

• %DG�����9ROWV�RQ�3'%
• &RYHU�,QWHUORFN�6ZLWFK�LV�2SHQ
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�

%DG�URXJK�SXPS

6\PSWRPV�

:KHQ�\RX�VWDUW�D�SXPSGRZQ��WKH�SXPSGRZQ�SDQHO�LQGLFDWHV�WKDW�WKH�IRUHOLQH�SUHVVXUH�FDQQRW�JR
EHORZ����WRUU��VHH�)LJ�����

�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KLV�V\PSWRP�LV�FDXVHG�E\�HLWKHU�D�EDG�URXJK�SXPS�RU�D�PDVVLYH�OHDN���(YHQ�D�VL]HDEOH�OHDN�ZLOO
DOORZ�WKH�URXJK�SXPS�WR�SXOO�IRUHOLQH�SUHVVXUH�EHORZ���WRUU��VR�WKH�V\PSWRP�SRLQWV�PRUH�WR�D�EDG
URXJK�SXPS�

7R�LVRODWH�WKH�URXJK�SXPS��\RX�FDQ�GLVFRQQHFW�WKH���ZD\�DGDSWHU�DQG�DQG�XVH�UXEEHU�VWRSSHUV�WR
SOXJ�RII�WKH�SRUW�WKDW�ZRXOG�EH�FRQQHFWHG�WR�VWDJH���DQG�WKH�RXWOHW�RI�WXUER������/HDYH�WKH�3LUDQL
JDXJH�FRQQHFWHG���7KHQ�WXUQ�VHOHFW�06'�3XPSGRZQ�DQG�PRQLWRU�WKH�IRUHOLQH�SUHVVXUH���,I�WKH�URXJK
SXPS�LV�IXQFWLRQLQJ�SURSHUO\��WKH�SUHVVXUH�VKRXOG�TXLFNO\��ZLWKLQ����VHFRQGV��JR�EHORZ���WRUU���,I�LW
GRHVQªW�WKHQ�HLWKHU�WKH�URXJK�SXPS�LV�EDG�RU�WKHUH�LV�D�OHDN�LQ�WKH�YDFXXP�KRVH��WKH�FRQQHFWLRQV�DW
WKH�SXPS��WKH�3LUDQL�JDXJH��RU�WKH���ZD\�DGDSWHU���&KHFN�IRU�D�OHDN�LQ�WKRVH�SODFHV���$OVR�PDNH�VXUH
WKDW�WKHUH�LV�QR�UHVWULFWLRQV�RQ�WKH�H[KDXVW���5HPRYH�WKH�RLO�PLVW�ILOWHU�WHPSRUDULO\�WR�PDNH�VXUH�WKDW
D�UHVWULFWLRQ�RQ�WKH�H[KDXVW�LV�QRW�FDXVLQJ�WKH�SUREOHP���,I�WKHUH�LV�QR�UHVWULFWLRQ�RU�OHDN�LQ�WKH�KRVH
RU�FRQQHFWRUV��WKHQ�\RX�QHHG�WR�UHSODFH�WKH�URXJK�SXPS�
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,I�ZKHQ�\RX�VWRSSHU�RII�WKH���ZD\�FRQQHFWRU�DQG�WKHQ�SXPSGRZQ�DQG�WKH�IRUHOLQH�SUHVVXUH�UDSLGO\
GURSV�WR�EHORZ���WRUU��WKHQ�VWRS�WKH�SXPSGRZQ�LPPHGLDWHO\�VR�WKDW�WKH�WXUER�SXPSV�GRQªW�WXUQ�RQ�
UHFRQQHFW�HYHU\WKLQJ��DQG�ORRN�IRU�D�PDVVLYH�OHDN�
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�

7XUER����)UR]HQ

6\PSWRPV�

7KH�IROORZLQJ�DUH�V\PSWRPV�RI�D�IUR]HQ�WXUER����

:KHQ�WKH�SRZHU�WR�WKH�/&�06'�LV�WXUQHG�RQ��WKH�URXJK�SXPS�VWDUWV�WR�SXPS�DQG�WKH�URXJK�YDFXXP
TXLFNO\�JRHV�WR�EHORZ���WRUU���,I�\RX�DUH�PRQLWRULQJ�WKH�YDFXXP�VWDWXV�ZKLOH�WKH�V\VWHP�LV�SXPSLQJ
GRZQ��\RX�ZLOO�VHH�WKDW�ZKHQ�WKH�URXJK�SXPS�JHWV�EHORZ�����WRUU�WXUER����ZLOO�JHW�IXOO�SRZHU
�DSSUR[������:��DQG�ZLOO�VWDUW�WR�VSLQ�XS���<RX�FDQ�DOVR�VHH�WKH�WKUHH�UHG�/('V�RQ�WXUER����FRQWUROOHU
F\FOH�LQGLFDWLQJ�WXUER����LV�JHWWLQJ�SRZHU���:KHQ�WXUER����JHWV�WR�����VSHHG�DQG�SRZHU�VWDUWV�WR�EH
DSSOLHG�WR�WXUER�����WXUER����SRZHU�ZLOO�VKXW�RII�DQG�WXUER����VSHHG�ZLOO�GHFUHDVH�WR�����VHH�)LJ�����

�)LJ����

+RZ�WR�7URXEOHVKRRW�

:LWK�WKHVH�V\PSWRPV��\RX�GRQªW�NQRZ�LI�WXUER����LV�EDG�RU�LI�WXUER����FRQWUROOHU�LV�EDG���7R
GHWHUPLQH�ZKLFK�FRPSRQHQW�LV�EDG��WXUQ�RII�WKH�/&�06'�SRZHU�DQG�PDNH�VXUH�WKDW�WKH�PDLQ�FLFXLW
EUHDNHU�RQ�WKH�OHIW�VLGH�RI�WKH�LQVWUXPHQW�LV�RII��WKHQ�VZDS�WKH�WXUER�FRQWUROOHUV�DW�WKH�WXUER�SXPSV�
7XUQ�WKH�SRZHU�EDFN�RQ���7KH�/&�06'�ZLOO�LQLWLDWH�D�SXPSGRZQ�

:KHQ�WKH�URXJK�YDFXXP�JHWV�GRZQ�WR�����WRUU��SRZHU�ZLOO�EH�DSSOLHG�WR�WXUER����FRQWUROOHU��ZKLFK�LV
QRZ�FRQQHFWHG�WR�WXUER������,I�WKH�VSHHG�RQ�WXUER�����ZKLFK�LV�DFWXDOO\�WXUER�����RQ�WKH�06'
SXPSGRZQ�VFUHHQ�VWD\V�DW�����WKHQ�\RX�NQRZ�WKDW�WKH�SUREOHP�LV�D�EDG�WXUER������2Q�WKH�RWKHU
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KDQG��LI�WKH�VSHHG�RQ�WXUER����VWDUWV�WR�LQFUHDVH�WR�DW�OHDVW�XQWLO������WKHQ�\RX�NQRZ�WKH�SUREOHP�LV�D
EDG�WXUER����FRQWUROOHU�

%HIRUH�UHSODFLQJ�HLWKHU�WKH�WXUER�SXPS�RU�WXUER�FRQWUROOHU��FKHFN�IRU�EHQW�SLQV�RQ�WKH�WXUER�SXPS
DQG�RQ�WKH�WXUER�FRQWUROOHU�FDEOH�ZKHUH�LW�FRQQHFWV�WR�WKH�WXUER�/21�LQWHUIDFH�DVVHPEO\�
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�

/DUJH�OHDN�LQ�YDFXXP�V\VWHP

6\PSWRPV�

:KHQ�\RX�VWDUW�D�SXPSGRZQ��WKH�SXPSGRZQ�SDQHO�LQGLFDWHV�WKDW�WKH�IRUHOLQH�SUHVVXUH�FDQQRW�JHW
EHORZ�����WRUU���7XUER����KDV�KLJK�SRZHU��DQG�LW�WDNHV�D�ORQJ�WLPH�MXVW�WR�JHW�WR��������RI�VSHHG�
�6HH�)LJ����

�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KLV�V\PSWRP�FDQ�EH�FDXVHG�E\�HLWKHU�D�EDG�URXJK�SXPS�RU�D�YDFXXP�OHDN�

7R�LVRODWH�WKH�URXJK�SXPS��\RX�FDQ�GLVFRQQHFW�WKH���ZD\�DGDSWHU�DQG�DQG�XVH�UXEEHU�VWRSSHUV�WR
SOXJ�RII�WKH�SRUW�WKDW�ZRXOG�EH�FRQQHFWHG�WR�VWDJH���DQG�WKH�RXWOHW�RI�WXUER������/HDYH�WKH�3LUDQL
JDXJH�FRQQHFWHG���7KHQ�VHOHFW�06'�3XPSGRZQ�DQG�PRQLWRU�WKH�IRUHOLQH�SUHVVXUH���,I�WKH�URXJK
SXPS�LV�IXQFWLRQLQJ�SURSHUO\��WKH�SUHVVXUH�VKRXOG�TXLFNO\��ZLWKLQ����VHFRQGV��JR�EHORZ���WRUU���)RU
WKLV�SUREOHP��\RX�ZRXOG�ILQG�WKDW�WKH�IRUHOLQH�SUHVVXUH�ZRXOG�UDSLGO\�GURS�WR�EHORZ���WRUU���7KLV
ZRXOG�WKHQ�SRLQW�WR�D�OHDN�LQ�WKH�YDFXXP�V\VWHP�

7R�WURXEOHVKRRW�D�OHDN�LQ�WKH�YDFXXP�V\VWHP��\RX�FDQ�XVH�LVRSURSDQRO�VROYHQW�DQG�VTXLUW�LW�LQWR
SRWHQWLDO�ORFDWLRQV�RI�D�OHDN�ZKLOH�PRQLWRULQJ�WKH�YDFXXP�SUHVVXUH���:KHQ�\RX�VTXLUW�WKH�VROYHQW�DW�D
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VSRW�WKDW�OHDNV��\RX�VKRXOG�VHH�WKH�SUHVVXUH�MXPS�PRPHQWDULO\���,I�WKH�YDFXXP�OHDN�LV�VPDOO�HQRXJK
WKDW�WKH�KLJK�YDFXXP�SUHVVXUH�JDXJH�WXUQV�RQ��WKHQ�\RX�ZLOO�EH�DEOH�WR�HDVLO\�VHH�WKH�MXPS�LQ
SUHVVXUH�RQ�WKH�KLJK�YDFXXP�JDXJH���WKH�SUHVVXUH�VKRXOG�MXPS�PRUH�WKDQ�D�GHFDGH���+RZHYHU��LI�WKH
YDFXXP�OHDN�LV�VR�PDVVLYH�WKDW�RQO\�WKH�IRUHOLQH�JDXJH�LV�RQ��LW�LV�KDUGHU�WR�QRWLFH�D�MXPS�LQ�IRUHOLQH
SUHVVXUH���,W�PLJKW�RQO\�PRPHQWDULO\�LQFUHDVH�E\����RU����WRUU���,I�\RX�FDQQRW�GHWHFW�D�FKDQJH�LQ
IRUHOLQH�SUHVVXUH�ZKHQ�\RX�VTXLUW�WKH�LVRSURSDQRO�VROYHQW��WKHQ�\RXU�RQO\�RWKHU�ZD\�WR�ILQG�DQG
FRUUHFW�D�OHDN�LV�WR�UHPRYH��FOHDQ�DQG�UHFRQQHFW�DOO�WKH�SRVVLEOH�FRQQHFWLRQV�RU�VHDOV�ZKHUH�D�OHDN
PLJKW�RFFXU�

7KH�SRVVLEOH�ORFDWLRQ�RI�D�YDFXXP�OHDN�RQ�WKH�/&�06'�DUH�

- 7KH�PDQLIROG�R�ULQJV�WKDW�VHDO�WKH�PDQLIROG�DW�VWDJH����DQG�VWDJH����WR�WKH�WRS�SODWH
- 7KH�FRQQHFWLRQV�DW�HDFK�HQG�RI�WKH�KRVH�EHWZHHQ�WKH�7XUER����DQG�VWDJH����
- 7KH�FRQQHFWLRQV�DW�WKH�HQG�RI�WKH�KRVH�EHWZHHQ�VWDJH����DQG�WKH�ERWWRP�GUDJ�SXPS�VWDJH�RI

7XUER����
- 7KH�VHDOV�RQ�EODQN�IODQJHV�DW�WKH�EODQNHG�RII�SRUWV�RQ�WKH�IURQW�RI�WKH�YDFXXP�PDQLIROG�
- 7KH�VHDOV�EHWZHHQ�WKH�WXUER�SXPSV�DQG�WKH�YDFXXP�PDQLIROG�
- 7KH�UXEEHU�ERRW�EHWZHHQ�VWDJH����DQG�WKH���ZD\�FRQQHFWRU�WR�WKH�URXJK�SXPS�KRVH�
- 7KH�R�ULQJ�EHWZHHQ�WKH�GHVROYDWLRQ�DVVHPEO\�DQG�WKH�IURQW�RI�WKH�YDFXXP�PDQLIROG�
- 7KH�+('��(0��LULV��DQG�VLJQDO�IHHGWKURXJKV�
- 7KH�WKUHH�TXDG�IHHGWKURXJKV�
- 7KH�LRQ�RSWLFV�FDEOH�DQG�RFWRSROH�IHHGWKURXJKV�

7KH�OHDN�XVHG�WR�JHQHUDWH�WKLV�SUREOHP�ZDV�D�PDVVLYH�OHDN�DFURVV�WKH�PDLQ�PDQLIROG�R�ULQJ�
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�

%DG�WXUER�/21�LQWHUIDFH�DVVHPEO\

6\PSWRPV�

:KHQ�\RX�VWDUW�D�SXPSGRZQ��WKH�URXJK�YDFXXP�ZLOO�JR�WR�DSSUR[LPDWHO\���7RUU��EXW�WKH�WXUER����ZLOO
QRW�WXUQ�RQ��SRZHU�DQG�VSHHG� �����VHH�)LJ�����

�)LJ����

1RQH�RI�WKH�/('V�RQ�WKH�WXUER�FRQWUROOHUV�DUH�OLW�

+RZ�WR�7URXEOHVKRRW�

7KHVH�V\PSWRPV�FDQ�HLWKHU�EH�D�IUR]HQ�WXUER�SXPS�����D�EDG�WXUER�FRQWUROOHU�����RU�D�EDG�WXUER�/21
LQWHUIDFH�DVVHPEO\�

7R�FKHFN�WR�VHH�LI�WKH�SUREOHP�LV�ZLWK�WKH�WXUER�SXPS�RU�WXUER�FRQWUROOHU��WXUQ�RII�WKH�/&�06'�PDLQ
FLUFXLW�EUHDNHU�RQ�WKH�OHIW�VLGH�SDQHO�DQG�VZDS�WKH�WXUER�FRQWUROOHU�FDEOHV�DW�WKH�FRQQHFWLRQV�RQ�WKH
WXUER�/21�LQWHUIDFH�DVVHPEO\���1RZ�WXUQ�WKH�FLUFXLW�EUHDNHU�EDFN�RQ�DQG�SRZHU�RQ�WKH�/&�06'�
7KH�V\VWHP�ZLOO�QRZ�WU\�WR�VWDUW�WXUER�SXPS����DV�VRRQ�DV�WKH�URXJK�SUHVVXUH�JHWV�EHORZ�����WRUU���,I
WXUER�SXPS�����WXUER�SXPS����RQ�WKH�SXPSGRZQ�VFUHHQ��VWDUWV�WR�VSLQ�XS��WKHQ�WKH�SUREOHP�LV�LQ
HLWKHU�WXUER�SXPS����RU�WXUER�FRQWUROOHU����
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)RU�WKLV�SUREOHP��KRZHYHU��\RX�ZRXOG�ILQG�WKDW�WKH�WXUER�SXPS����ZRXOG�QRW�VSLQ�XS���7KLV�LQGLFDWHV
WKDW�WKH�WXUER�FRQWUROOHU�/21�LQWHUIDFH�DVVHPEO\�LV�EDG���<RX�VKRXOG�UHSODFH�WKH�DVVHPEO\�



ps12.doc 1 October 1998

�

%DG�/21�FRQQHFWLRQ�RU�FDEOH

6\PSWRPV�

:KHQ�\RX�VWDUW�D�SXPSGRZQ��WKH�SXPSGRZQ�SDQHO��KDV�§�¨�UHDGLQJV�IRU�URXJK�YDFXXP�DQG�KLJK
YDFXXP��VHH�)LJ�������7KH�V\VWHP�ZLOO�QRW�FRPSOHWH�WKH�SXPSGRZQ�

�
�)LJ����

+RZ�WR�7URXEOHVKRRW�

,I�WKH�URXJK�SUHVVXUH�UHDGV���WRUU��WKHQ�HLWKHU�WKH�3LUDQL�JDXJH�LV�EDG��WKH�/21�FRPPXQLFDWLRQ
EHWZHHQ�WKH�3'%�ERDUG�DQG�WKH�/21�LQWHUIDFH�3&$�LV�EDG��RU��WKH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�/21
LQWHUIDFH�3&$�DQG�WKH�3LUDQL�JDXJH�LV�EDG���6LQFH�WKH�KLJK�YDFXXP�LV�UHDGLQJ�������PWRUU�ZLWK�WKH
7XUER���VSHHG�DW�����WKLV�SRLQWV�WR�EDG�/21�FRPPXQLFDWLRQ�EHWZHHQ�WKH�3'%�DQG�WKH�/21
LQWHUIDFH�3&$��WKH�KLJK�YDFXXP�UHDGLQJ�VKRXOG�LQGLFDWH�§2II¨�LI�WKH�/21�FRPPXQLFDWLRQ�ZDV�JRRG��

)LUVW��FKHFN�WR�VHH�LI�WKHUH�LV�����YROWV�RQ�WKH�/21�LQWHUIDFH�3&$���7KH�����YROWV�LV�UHTXLUHG�WR�SRZHU
WKH�/21�FRPSRQHQWV���,I�WKHUH�LV�QR�����YROWV��PDNH�VXUH�WKHUH�LV�����YROWV�RQ�WKH�3'%���,I�LW�LV�RQ�WKH
3'%�DQG�QRW�RQ�WKH�/21�LQWHUIDFH�3&$��WKHQ�SOXJ�WKH�/21�FDEOH�LQWR�D�GLIIHUHQW�FRQQHFWRU�RQ�WKH
/21�LQWHUIDFH�3&$��LQ�FDVH�WKHUH�LV�MXVW�D�EDG�FRQQHFWRU���,I�WKDW�GRHVQªW�FRUUHFW�WKH�SUREOHP��WKHQ
UHSODFH�WKH�/21�FDEOH�RU�UHSODFH�WKH�/21�LQWHUIDFH�3&$�
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�

%DG�&'6�YDOYH���

6\PSWRPV�

$XWRWXQH�ZLOO�HYHQWXDOO\�JLYH�WKH�HUURU�§3HDN�:LGWK�$GMXVW�HUURU�8QDEOH�WR�DGMXVW�ZLGWKRIIVHW�IRU
WXQH�PDVV��������¨��VHH�)LJ�����

�)LJ����

,I�\RX�JR�LQWR�PDQXDO�WXQH�DQG�GR�D�UHSHDW�SURILOH�VFDQ��\RX�VKRXOG�QRWLFH�WKDW�WKH�FDSLOODU\�FXUUHQW
DQG�FKDPEHU�FXUUHQW�LV�FORVH�WR����VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

:LWK�WKH�V\VWHP�VWLOO�LQ�UHSHDW�SURILOH�VFDQ�DQG�WKH�FDOLEUDQW�%�VHOHFWHG��UHPRYH�WKH�QHEXOL]HU�IURP
WKH�VSUD\�FKDPEHU�DQG�SRLQW�LW�DJDLQVW�RQH�RI�WKH�EODFN�PDJQHWV�DQG�FKHFN�IRU�VSUD\���<RX�ZRXOG�ILQG
WKDW�WKHUH�LV�QR�VSUD\���7KLV�FDQ�HLWKHU�EH�FDXVHG�E\�D�FORJJHG�QHEXOL]HU��PLVDGMXVWHG�QHEXOL]HU
QHHGOH��SOXJJHG�OLQHV�IURP�WKH�&'6�WR�WKH�QHEXOL]HU��RQH�RU�PRUH�EDG�&'6�YDOYHV��QR�YROWDJH�FRQWURO
RI�WKH�&'6�VROHQRLGV��QR�QLWURJHQ�SUHVVXUH�WR�WKH�&'6��RU�QR�FDOLEUDQW�VROXWLRQ�

)LUVW�GR�D�TXLFN�FKHFN�WR�PDNH�VXUH�\RX�KDYH�HQRXJK�FDOLEUDQW�

7R�FKHFN�IRU�D�SOXJJHG�QHEXOL]HU��VHW�WKH�/&�IORZ�WR�����XO�PLQ�DQG�VHW�WKH�6ZLWFK�6WUHDP�VHOHFWLRQ
IRU�WKH�/&�06'�WR�JR�WR�§06'¨���&KHFN�WKH�VSUD\�RXW�RI�WKH�QHEXOL]HU���<RX�VKRXOG�VHH�WKDW�\RX�KDYH
VSUD\��VR�WKDW�ZRXOG�LQGLFDWH�WKH�QHEXOL]HU�LV�QRW�SOXJJHG�

1H[W��JR�EDFN�LQWR�PDQXDO�WXQH�DQG�VWDUW�D�UHSHDW�SURILOH�DJDLQ�ZLWK�WKH�FDOLEUDQW�%�VHOHFWHG�
'LVFRQQHFWHG�WKH�3((.�WXELQJ�OLQH�DW�WKH�WRS�RI�WKH�QHEXOL]HU�DQG�FKHFN�IRU�FDOLEUDQW�IORZ���<RX
VKRXOG�JHW�D�GURS�HYHU\�����VHFRQGV���)RU�WKLV�SUREOHP�\RX�ZRXOG�QRW�VHH�DQ\�GURSV�

1H[W�GLVFRQQHFW�WKH�3((.�WXELQJ�OLQH�WKDW�JRHV�IURP�WKH�&'6�YDOYH����WR�WKH�VHOHFWLRQ�YDOYH�
'LVFRQQHFW�LW�DW�WKH�VHOHFWLRQ�YDOYH�DQG�FKHFN�IRU�IORZ���)RU�WKLV�SUREOHP�\RX�ZRXOG�VWLOO�QRW�VHH�DQG
IORZ�

1H[W�GLVFRQQHFW�WKH�3((.�WXELQJ�OLQH�DW�WKH�H[LW�RI�YDOYH������$JDLQ�\RX�ZRXOGQªW�VHH�DQ\�IORZ���7KLV
PHDQV�WKDW�WKHUH�LV�D�SUREOHP�ZLWK�RQH�RI�WKH�&'6�YDOYHV�RU�WKH�FRQWURO�RI�WKH�YDOYHV���<RX�FDQ�XVH
WKH�IORZ�GLDJUDPV�JLYHQ�LQ�WKH�§&'6�DQG�0DQXDO�,QMHFWLRQ�9DOYH¨�VHFWLRQ�RI�WKH�/&�06'�&(�7UDLQLQJ
&'�520�WR�WURXEOHVKRRW�WKH�&'6�YDOYH��,Q�SDUWLFXODU��ORRN�DW�WKH�SDJH�WLWOHG�§&DOLEUDQW�%�GHOLYHUHG
WR�06'¨�
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&KHFN�WKDW�\RX�KDYH�FDOLEUDQW�FRPLQJ�WKURXJK�WKH�OLQH�IURP�ERWWOH�%�WR�WKH�IURQW�RI�YDOYH����
'LVFRQQHFW�WKH�WHIORQ�WXELQJ�DW�WKH�IURQW�RI�YDOYH������)RU�WKLV�SUREOHP�\RX�ZRXOG�KDYH�D�ORW�RI�IORZ
WKURXJK�WKDW�OLQH���5HFRQQHFW�WKH�OLQH�

1H[W�FKHFN�WKDW�WKH�YROWDJH�FRQWURO�LV�JRRG�IRU�YDOYH������)URP�WKH�GLDJUDP�\RX�FDQ�VHH�WKDW�YDOYH���
VKRXOG�EH�HQHUJL]HG�ZKHQ�FDOLEUDQW�%�LV�GHOLYHUHG�WR�WKH�06'���:KHQ�WKH�YDOYH�LV�HQHUJL]HG��WKHUH
VKRXOG�EH�D�����YROW�GURS�DFURVV�WKH�WZR�VROHQRLG�OHDGV�IRU�WKH�YDOYH���<RX�FDQ�PHDVXUH�WKLV�YROWDJH
GURS�E\�SXWWLQJ�\RXU�YROWPHWHU�WHVW�SUREHV�RQ�WKH�VROGHU�VSRWV�IRU�WKH�VROHQRLG�OHDGV�RQ�WKH�EDFN�RI
WKH�YDOYH�ERDUG���7KHUH�DUH�WKUHH�VROGHU�VSRWV�DW�WKH�FRQQHFWRU�IRU�HDFK�YDOYH���:KHQ�YLHZHG�IURP�WKH
EDFN�RI�WKH�YDOYH�ERDUG��WKH�ULJKW�WZR�VROGHU�VSRWV�DUH�WKH�WZR�FRQQHFWLRQV�IRU�VROHQRLGV���<RX�FDQ
HLWKHU�PHDVXUH�WKH�YROWDJH�GURS�DFURVV�WKRVH�WZR�SRLQWV��RU�\RX�FDQ�MXVW�PHDVXUH�WKH�FHQWHU�VROGHU
VSRW���:KHQ�D�YDOYH�LV�HQHUJL]HG��WKH�YROWDJH�RQ�WKH�FHQWHU�VROGHU�FRQQHFWLRQV�ZLOO�GURS�WR���YROWV
�WKH�ULJKW�VROGHU�FRQQHFWLRQ�ZLOO�VWD\�DW������YROWV��WKHUHE\�JLYLQJ�D�YROWDJH�GURS�DFURVV�WKH�VROHQRLG��
)RU�WKLV�SUREOHP�\RX�ZRXOG�ILQG�WKDW�WKH�YROWDJH�FRQWURO�ZDV�RND\�

7KLV�DOO�WKHQ�OHDGV�WR�D�SUREOHP�ZLWK�YDOYH������$V�D�WHPSRUDU\�IL[��\RX�FDQ�VZDS�YDOYH����RU����ZLWK
YDOYH�����DV�ORQJ�DV�WKH�FXVWRPHU�LV�QRW�DOVR�XVLQJ�$3&,�

7R�IL[�WKH�SUREOHP��UHSODFH�WKH�YDOYH�

1RWH���VHQG�DOO�EDG�&'6�YDOYH�WR�WKH�VXSSRUW�HQJLQHHULQJ�JURXS�DW�&$'�IRU�IDLOXUH�DQDO\VLV�



ps13.doc 1 October 1998

�

:URQJ�FDOLEUDQW�LQ�ERWWOH

6\PSWRPV�

:KHQ�\RX�UXQ�DQ�DXWRWXQH�LQ�HOHFWURVSUD\�PRGH��WKH�SHDNV�ZLOO�KDYH�JRRG�SHDN�VKDSH�EXW�PDVV
DVVLJQPHQWV�ZLOO�EH�RII���0DVV����ZLOO�LQLWLDOO\�EH�DW�����P�]��H[SHFWHG�P�]� ��������$V�WKH�V\VWHP
DGMXVWV�WKH�PDVV�JDLQ�DQG�RIIVHW��PDVV����DQG�PDVV����ZLOO�EH�FDOLEUDWHG�SURSHUO\��EXW�PDVV����ZLOO�EH
DW�WRR�ORZ�RI�D�P�]��VHH�)LJ�����

�)LJ����

,Q�WKH�WXQH�UHSRUW�IRU�SRVLWLYH�PRGH��WKH�PDVV�RIIVHW�UDPS�ZLOO�JR�WR�YHU\�QHJDWLYH�YDOXHV�IRU�WKH
PLGGOH�WKUHH�PDVVHV���,Q�QHJDWLYH�PRGH��WKH�PDVV�RIIVHW�UDPS�ZLOO�KDYH�YHU\�KLJK�SRVLWLYH�YDOXHV�

,Q�HLWKHU�PRGH��WKH�WXQH�SHDNV�ZLOO�QRW�KDYH�JRRG�VKDSH�

+RZ�WR�7URXEOHVKRRW�

7KHVH�V\PSWRPV�LQGLFDWH�HLWKHU�EDG�PDVV�D[LV�FRQWURO�IURP�WKH�DQDO\]HU�ERDUG�RU�ZURQJ�FDOLEUDQW�
%XW�QRWLFH�WKDW�ZLWK�UHDVRQDEOH�PDVV�JDLQ�DQG�PDVV�RIIVHW�YDOXHV�����DQG����UHVSHFWLYHO\���PDVVHV
�����DUH�SUHWW\�FORVH�WR�WKH�H[SHFWHG�PDVV�DVVLJQPHQW��EXW�PDVV����LV�FORVHU�WR�P�]�������6LQFH�PDVV
���LV�WKH�SULPDU\�GLIIHUHQFH�EHWZHHQ�WKH�$3&,�DQG�HOHFWURVSUD\�FDOLEUDQW�LQ�SRVLWLYH�PRGH��\RX
VKRXOG�VXVSHFW�ZURQJ�FDOLEUDQW���5HSODFH�WKH�FDOLEUDQW�ZLWK�IUHVK�FDOLEUDQW�
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�

/RZ�QLWURJHQ�WDQN�SUHVVXUH

6\PSWRPV�

�,Q�WKLV�H[DPSOH��WKH�QLWURJHQ�VXSSO\�SUHVVXUH�ZDV�VHW�WR����SVL��

,I�WKH�QLWURJHQ�VXSSO\�SUHVVXUH�GURSV�EHORZ�WKH�SUHVVXUH�UHTXLUHG�IRU�WKH�QHEXOL]HU�RU�WKH�GU\LQJ�JDV
IORZ��D�VKXWGRZQ�HUURU�ZLOO�EH�JHQHUDWHG�IRU�WKH�06'��VHH�)LJ�����

�)LJ����

,I�\RX�DFFHVV�WKH�LQVWUXPHQW�ORJ�ERRN��LW�ZLOO�LQGLFDWH�'LIILFXOW\�ZLWK�VSUD\�FKDPEHU�JDV�IORZV��VHH
)LJ�����
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�)LJ����

,I�\RX�DFFHVV�WKH�VSUD\�FKDPEHU�SDUDPHWHUV��LW�ZLOO�LQGLFDWH�WKDW�WKH�GU\LQJ�JDV�IORZ�DQG�QHEXOL]HU
SUHVVXUH�KDV�VKXW�RII��VHH�)LJ�����

�)LJ����
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+RZ�WR�7URXEOHVKRRW�

7KHVH�V\PSWRPV�FDQ�EH�FDXVHG�E\�HLWKHU�ORZ�QLWURJHQ�VXSSO\�SUHVVXUH��D�EDG�JDV�IORZ�FRQWURO
PRGXOH��RU�EDG�FRQWURO�VLJQDOV�IRU�WKH�JDV�IORZ�FRQWURO�PRGXOH�IURP�WKH�3'%�ERDUG���7KH�PRVW
FRPPRQ�FDXVH�DQG�WKH�ILUVW�LWHP�WR�FKHFN�LV�ORZ�QLWURJHQ�VXSSO\�SUHVVXUH���<RX�VKRXOG�DOVR�FKHFN�WKH
SUHVVXUH�RQ�WKH�GRZQVLGH�RI�WKH�QLWURJHQ�JDV�ILOWHU��MXVW�LQ�FDVH�WKH�ILOWHU�LV�SOXJJHG���,I�\RX�FDQQRW�JHW
D�SUHVVXUH�JDXJH�RQ�WKH�GRZQVLGH�RI�WKH�ILOWHU��DW�OHDVW�ORRVHQ�WKH�FRQQHFWLRQ�DW�WKH�QLWURJHQ�LQOHW�RQ
WKH�VLGH�RI�WKH�06'�DQG�PDNH�VXUH�WKDW�\RX�KDYH�D�KLJK�JDV�IORZ�DW�WKDW�SRLQW�
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�

%DG�����9DF�IXVH�RQ�3'%

6\PSWRPV�

:KHQ�\RX�VWDUW�DQ�DXWRWXQH��GXULQJ�WKH�DXWRWXQH�LQLWLDOL]DWLRQ�SHULRG��WKH�PHVVDJH�OLQH�DW�RQH�SRLQW
ZLOO�LQGLFDWH�§ZDLWLQJ�����VHFV��ZKLOH�WHPSHUDWXUH�UHDFKHV�VHWSRLQW�DQG�VWDELOL]HV¨�DQG�ZLOO�SURFHHG�WR
FRXQW�GRZQ�WKH�WLPH��$IWHU�LW�JHWV�WR���VHF��WKH�DXWRWXQH�SURJUDP�ZLOO�SXUJH�WKH�FDOLEUDQW���$IWHU�LW
KDV�FRPSOHWHG�WKDW��\RX�ZLOO�JHW�WKH�HUURU�PHVVDJH�

06�6WDWXV�)DXOW�����
'LIILFXOW\�ZLWK�LQVWUXPHQW�SRZHU�VXSSOLHV�DQG�IDQV

7KH�SRZHU�GLVWULEXWLRQ�ERDUG���+]�]HUR�FURVV�PLVVLQJ

+RZ�WR�7URXEOHVKRRW�

7KLV�HUURU�LQGLFDWHV�D�SUREOHP�ZLWK�WKH�����9DF�XVHG�IRU�WKH�KHDWHG�]RQHV���7KH�HUURU�LV�JHQHUDWHG�RQ
WKH�3'%�ERDUG���7KH�ILUVW�LWHP�WR�FKHFN�LV�WKH�IXVH�IRU�����9DF�DW�WKH�WRS�RI�WKH�3'%�ERDUG���)RU�WKLV
SUREOHP��LI�\RX�FKHFNHG�WKH�IXVH�\RX�ZRXOG�ILQG�WKDW�LW�ZDV�RSHQ���7KHUH�PLJKW�EH�D�FDXVH�IRU�WKH
EORZQ�IXVH��KRZHYHU���,I�\RX�SXW�LQ�D�QHZ�IXVH�DQG�LW�DOVR�EORZV��FKHFN�WKH�UHVLVWDQFH�RQ�DOO�WKH
KHDWHG�]RQH�KHDWHUV��DQG�DOVR�FKHFN�IRU�VKRUWV�WR�JURXQG���5HIHU�WR�WKH�)XQFWLRQDO�'LDJUDP�LQ�WKH
*DV�)ORZ�	�7HPSHUDWXUH�&RQWURO�VHFWLRQ�RI�WKH�/&�06'�&(�7UDLQLQJ�&'�520�
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�

2SHQ�4XDG�+HDWHU

6\PSWRPV�

$XWRWXQH�UXQV�ZLWKRXW�D�SUREOHP��EXW�LI�\RX�UXQ�D�&KHFNWXQH�\RX�PLJKW�QRWLFH�WKDW�WKH�PDVV
DVVLJQPHQWV�KDYH�GULIWHG�

,I�\RX�JR�LQWR�GLDJQRVWLFV�DQG�XSGDWH�YDULDEOHV�GLVSOD\�IRU�WKH�TXDG�WHPS��QR�HUURUV�DUH�GLVSOD\HG��EXW
WKH�TXDG�WHPS�ZLOO�QRW�EH�DW�WKH�����&�VHWSRLQW��VHH�)LJ����

�)LJ����

:KHQ�\RX�VWDUW�D�UXQ��\RX�ZLOO�JHW�D�GLVSOD\�ER[�WKDW�ZLOO�LQGLFDWH�WKDW�WKH�TXDG�WHPS�FDQQRW�UHDFK�LWV
VHWSRLQW��ZKLOH�WKH�RWKHU�]RQHV��GU\LQJ�JDV�WHPS��GU\LQJ�JDV�IORZ��DQG�QHEXOL]HU�SUHVVXUH��DUH
DOUHDG\�DW�WKHLU�VHWSRLQWV���,W�ZLOO�ZDLW�IRU�WKH�TXDG�WHPS�WR�FRPH�XS�LQGHILQLWHO\��VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KLV�SUREOHP�FDQ�EH�FDXVHG�E\�HLWKHU�D�EDG�TXDG�KHDWHU��D�EDG�3'%�ERDUG�ZKLFK�GRHVQªW�GHOLYHU�WKH
����9DF�IRU�WKH�TXDG�KHDWHU��D�EDG�TXDG�WHPS�VHQVRU��RU�D�EDG�TXDG�WHPS�VHWSRLQW�LQ�QRQ�YRODWLOH
5$0�

6LQFH�WKH�TXDG�WHPSHUDWXUH�LV�JLYLQJ�D�UHDVRQDEOH�YDOXH�����&���WKHQ�WKH�TXDG�WHPS�VHQVRU�VHHPV�WR
EH�ZRUNLQJ�RND\��LI�WKH�VHQVRU�ZDV�EDG��LW�ZRXOG�HLWKHU�JLYH�YHU\�KLJK�WHPSHUDWXUH�UHDGLQJV��a����&�
RU�D�]HUR�UHDGLQJ��

1H[W�GLVFRQQHFW�WKH�TXDG�KHDWHU�OHDG�RQ�WKH�FDEOH�WKDW�FRPHV�IURP�WKH�3'%�ERDUG�ZKHUH�LW�FRQQHFWV
WR�WKH�OHDGV�WKDW�JR�WKURXJK�WKH�YDFXXP�PDQLIROG���0HDVXUH�WKH�UHVLVWDQFH�RQ�WKH�OHDGV�RQ�WKH�TXDG
KHDWHU�VLGH��DQG�FKHFN�HDFK�OHDG�IRU�D�VKRUW�WR�JURXQG���7KH�UHVLVWDQFH�VKRXOG�EH�DSSUR[�����RKPV�
8VH�WKH�)XQFWLRQDO�'LDJUDP�LQ�WKH�*DV�)ORZ�	�7HPSHUDWXUH�&RQWURO�VHFWLRQ�RI�WKH�/&�06'�&(
7UDLQLQJ�&'�520�IRU�WHVWSRLQWV�DQG�H[SHFWHG�YDOXHV���2Q�WKH�RWKHU�FRQQHFWRU�\RX�FDQ�FKHFN�IRU�WKH
����9DF�IURP�WKH�3'%�ERDUG���)RU�WKLV�SUREOHP�\RX�ZRXOG�ILQG�WKDW�WKH�UHVLVWDQFH�RQ�WKH�TXDG
KHDWHU�ZDV�LQILQLWH��ZKLFK�ZRXOG�LQGLFDWH�D�EDG�TXDG�KHDWHU�

,I�\RX�ZDQWHG�WR�PDNH�VXUH�WKDW�WKH�TXDG�WHPS�VHWSRLQW�ZDV�FRUUHFW�LQ�QRQ�YRODWLOH�5$0��\RX�FRXOG
H[HFXWH�WKH�FRPPDQG�©VKRZQYUª�WR�JHW�D�OLVWLQJ�RI�DOO�WKH�QRQ�YRODWLOH�5$0�SDUDPHWHUV���7R�PDNH
VXUH�LW�LV�VHW�SURSHUO\��H[HFXWH�WKH�FRPPDQGV�©TW����ª�DQG�©EXUQTW����ª�
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�

%DG��9FDS�9FKDPEHU�VXSSO\

6\PSWRPV�

7KH�EHJLQQLQJ�RI�DXWRWXQH�VKRZV�D�QRLV\�UHVSRQVH�ZLWK�ORZ�VLJQDO��HVSHFLDOO\�DW�PLG�WR�KLJK�PDVV
�VHH�)LJ�����

(Fig. 1)

Autotune will fail with “Peak Width Adjust Error, Unable to adjust WidthOffset for 2122” (see Fig. 2).
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(Fig. 2)

+RZ�WR�7URXEOHVKRRW�

7KH�ILUVW�VWHS�LQ�WURXEOHVKRRWLQJ�WKLV�SUREOHP�LV�WR�PDNH�VXUH�WKDW�WKH�VSUD\�FKDPEHU�LV�JHQHUDWLQJ
LRQV���*R�LQWR�PDQXDO�WXQH��PDNH�VXUH�WKDW�FDOLEUDQW�%�LV�RSHQ��WKHQ�VWDUW�D�UHSHDW�SURILOH���&KHFN�WKH
&DS&XU�DQG�&KDP&XU�YDOXHV���7KH\�VKRXOG�EH�DSSUR[�����Q$�DQG��X$��UHVSHFWLYHO\���)RU�WKLV
SUREOHP��\RX�ZRXOG�VHH�WKDW�WKH\�DUH�ERWK�FORVH�WR����VHH�)LJ�����
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(Fig. 3)

7KH�]HUR�&DS&XU�DQG�&KDP&XU�FDQ�EH�GXH�WR�HLWKHU�QR�QHEXOL]HU�VSUD\�RU�EDG�9FDS�9FKDPEHU
YROWDJHV���7R�FKHFN�WKH�QHEXOL]HU�VSUD\��UHPRYH�WKH�QHEXOL]HU�IURP�WKH�VSUD\�FKDPEHU�ZKLOH�WKH
LQVWUXPHQW�LV�LQ�UHSHDW�SURILOH��ZLWK�FDOLEUDQW�%�RSHQ��DQG�SRLQW�WKH�QHEXOL]HU�DJDLQVW�RQH�RI�WKH
EODQN�PDJQHWV���&KHFN�IRU�D�FRQVWDQW��XQLQWHUUXSWHG�VSUD\�DQG�D�FLUFXODU�ZHW�VSRW���)RU�WKLV�SUREOHP
\RX�ZRXOG�ILQG�WKDW�WKH�VSUD\�LV�JRRG�

6LQFH�WKH�VSUD\�LV�JRRG��WKLV�ZRXOG�LQGLFDWH�EDG�9FDS�RU�9FKDPEHU�YROWDJHV���%HFDXVH�RI�WKH�VDIHW\
LQWHUORFNV�RQ�WKH�VSUD\�FKDPEHU��\RX�FDQQRW�VDIHO\�PHDVXUH�WKH�YROWDJHV�GLUHFWO\�DW�WKH�VSUD\
FKDPEHU�HOHPHQWV���6R�ILUVW�\RX�VKRXOG�FKHFN�WKDW�WKH�9FDS�DQG�9FKDPEHU�VLJQDO�OLQHV�DUH
FRQWLQXRXV���'LVFRQQHFW�WKH�9FDS�DQG�9FKDPEHU�OHDGV�DW�WKH�9FDS�9FKDPEHU�SRZHU�VXSSO\��WKHQ
RSHQ�WKH�VSUD\�FKDPEHU��DQG�FKHFN�IRU�FRQWLQXLW\�IURP�WKH�OHDGV�WR�WKH�FDSLOODU\��FKHFN�WR�WKH
FDSLOODU\�FDS��DQG�FKDPEHU��FKHFN�WR�WKH�HQG�FDS��HOHPHQWV����:KLOH�WKH�VSUD\�FKDPEHU�LV�RSHQ��DOVR
FKHFN�WKH�UHVLVWDQFH�RI�WKH�HOHPHQWV�WR�JURXQG��WR�PDNH�VXUH�WKDW�DUH�QRW�VKRUWHG�WR�JURXQG����,I
WKHUH�LV�FRQWLQXLW\��WKHQ�\RX�FDQ�VXVSHFW�WKDW�HLWKHU�WKH�9FDS�9FKDPEHU�SRZHU�VXSSO\�LV�EDG��RU�WKH
DQDO\]HU�ERDUG�LV�EDG�VLQFH�WKH�DQDO\]HU�ERDUG�GULYHV�WKH�9FDS�9FKDPEHU���<RX�FDQ�FRQILUP�WKLV�E\
PHDVXULQJ�WKH�9FDS�RU�9FKDPEHU�YROWDJH�GLUHFWO\�RII�RI�WKH�SRZHU�VXSSO\�E\�VHWWLQJ�WKH�9FDS�YROWDJH
WR������9�DQG�WKHQ�VWDUWLQJ�D�UHSHDW�SURILOH�

%HIRUH�UHSODFLQJ�HLWKHU�WKH�9FDS�9FKDPEHU�SRZHU�VXSSO\�RU�WKH�DQDO\]HU�ERDUG��PDNH�VXUH�WKDW�WKH
ULEERQ�FDEOH�EHWZHHQ�WKH�9FDS�9FKDPEHU�SRZHU�VXSSO\�DQG�WKH�DQDO\]HU�ERDUG�LV�FRQQHFWHG
SURSHUO\�DQG�WKDW�WKH�SLQV�RQ�WKH�FRQQHFWRUV�DUH�QRW�EHQW�
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�

'LVFRQQHFWHG�2FWRSROH�/HDGV

6\PSWRPV�

:KHQ�\RX�UXQ�DQ�DXWRWXQH��\RX�JHW�WKH�PHVVDJH�

�����������������������������06�VWDWXV�IDXOW���
�����������������������������'LIILFXOW\�ZLWK�LRQ�RSWLFV�HOHFWURQLFV

2FRWRSOH�5)�YROWDJH�FRXOG�QRW�EH�PDLQWDLQHG

�)LJ����

:KHQ�\RX�UXQ�WKH�06'�,RQ�2SWLFV�WHVW�LQ�'LDJQRVLV��\RX�ZLOO�DOVR�JHW�WKH�HUURU�§'LIILFXOW\�ZLWK�,RQ
2SWLFV�2FWRSROH�5)�YROWDJH�FDQQRW�EH�PDLQWDLQHG¨�LQ�HYHU\�UHVXOW�ILHOG��VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KLV�HUURU�LQGLFDWHV�D�SUREOHP�ZLWK�WKH�RFWRSROH�ERDUG��WKH�RFWRSROH�OHDGV��RU�WKH�RFWRSROH�LWVHOI�
7KH�ILUVW�WKLQJ�WR�GR�LV�WR�YHQW�DQG�FKHFN�WKDW�WKH�RFWRSROH�OHDGV�DUH�FRQQHFWHG�SURSHUO\��DQG�DOVR
FKHFN�IRU�FRQWLQXLW\�EHWZHHQ�WKH�FRQQHFWLRQV�RQ�WKH�RFWRSROH�ERDUG�DQG�WKH�FRQQHFWLRQV�RQ�WKH
RFWRSROH�RU�WKH�RFWRSROH�URGV�WKHPVHOYHV���$OVR�FKHFN�WR�PDNH�VXUH�WKDW�WKH�RFWRSROH�URGV�DUH�QRW
VKRUWHG�WR�JURXQG�RU�WR�HDFK�RWKHU��DQG�PDNH�VXUH�WKDW�WKH�RFWRSROH�URGV�DUH�QRW�GDPDJHG�RU�KDYH
FRPH�XQVROGHUHG�

)RU�WKLV�SUREOHP��\RX�ZRXOG�ILQG�WKDW�WKH�RFWRSROH�OHDGV�ZHUH�QRW�FRQQHFWHG�SURSHUO\�
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�

1R�8��8��IURP�$QDO\]HU�ERDUG

6\PSWRPV�

:KHQ�\RX�UXQ�DQ�DXWRWXQH��WKH�SURILOH�VFDQV�ZLOO�JLYH�YHU\�ZLGH�SHDNV�ZLWKRXW�D�GHILQLWH�JDXVVLDQ
SHDN�VKDSH�EXW�ZLWK�UHODWLYHO\�KLJK�DEXQGDQFH��VHH�)LJ�����

�)LJ����

$IWHU�WKH�DXWRWXQH�WULHV�IRU�D�ZKLOH��LW�ZLOO�VWRS�ZLWK�WKH�HUURU�PHVVDJH�§3HDN�:LGWK�$GMXVW�(UURU�
8QDEOH�WR�DGMXVW�ZLGWK�RIIVHW�IRU�WXQH�PDVV��������¨��VHH�)LJ�����



ps23.doc 2 October 1998

�)LJ����

$�VSHFWUXP�VFDQ�ZLOO�JLYH�D�EDQG�RI�QRLVH�DFURVV�WKH�ZKROH�PDVV�UDQJH��GHFUHDVLQJ�LQ�DEXQGDQFH�DW
WKH�KLJKHU�PDVVHV��)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

6LQFH�WKHUH�LV�SOHQW\�RI�DEXQGDQFH��RYHU�����������FRXQWV���WKHQ�WKDW�PHDQV�WKDW�LRQV�DUH�EHLQJ
SURGXFHG�LQ�WKH�VSUD\�FKDPEHU��WKDW�WKH�LRQ�RSWLFV�DUH�DOORZLQJ�WKH�LRQV�WR�SDVV�WKURXJK��DQG�WKH
GHWHFWRU�LV�GHWHFWLQJ�WKH�LRQV���%XW�WKH�PDVV�ILOWHU�LV�QRW�ILOWHULQJ�WKRVH�LRQV�

,I�WKH�5)�ZDV�QRW�ZRUNLQJ�SURSHUO\��\RX�ZRXOG�HLWKHU�JHW�DQ�5)�IDXOW�RU�QR�VLJQDO���6R�WKLV�SRLQWV�WR
WKH�8��8��QRW�ZRUNLQJ�SURSHUO\��VSHFLILFDOO\�EHLQJ�WRR�ORZ���7KH�ILUVW�WKLQJ�WR�GR�LV�WR�PHDVXUH�WKH�8�
DQG�8��DW�WKH�FRQQHFWRU�ZKHUH�LW�FRQQHFWV�WR�WKH�EDFN�RI�WKH�5)�FRLO�ER[���*RLQJ�LQWR�PDQXDO�WXQH
DQG�VHOHFW�(GLW�$FTXLVLWLRQ�3DUDPHWHUV�IURP�WKH�0RUH3DUPV�PHQX���8QFKHFN�DOO�ER[HV�H[FHSW�IRU
PDVV������WKHQ�VWDUW�D�UHSHDW�SURILOH���0HDVXUH�WKH�8��DQG�8��VLJQDOV���5HSHDW�WKLV�IRU�PDVVHV�����
����DQG��������7KH�H[SHFWHG�UHDGLQJV�DUH�DV�IROORZV�

0DVV 8� 8�
��� ���9 ���9
��� ����9 ����9
��� ����9 ����9
���� ����9 ����9

)RU�WKLV�SUREOHP�\RX�ZRXOG�ILQG�WKDW�DOO�UHDGLQJ�DUH�����7KLV�ZRXOG�LQGLFDWH�HLWKHU�WKDW�WKH�8��8��LV
QRW�EHLQJ�JHQHUDWHG�RQ�WKH�$QDO\]HU�ERDUG�RU�WKDW�WKH�FDEOH�IURP�WKH�$QDO\]HU�ERDUG�WR�WKH�5)�FRLO
ER[�LV�EDG���,I�$QDO\]HU�ERDUG�KDV�D�IDXOW�GHWHFWLRQ�FLUFXLW�VXFK�WKDW�\RX�ZLOO�JHW�D�©4XDG�'&ª�IDXOW�LI
WKH�8��8��LV�QRW�JHQHUDWHG���6R�WKLV�ZRXOG�OHDG�WR�D�EDG�RU�GLVFRQQHFWHG�8��8��FDEOH�

,I�WKH�8��8��PHDVXUHPHQW�ZDV�JRRG�DW�WKH�FDEOH��WKHQ�WKH�SUREOHP�PLJKW�EH�LQ�WKH�5)�FRLO�ER[���7KH
8��8��VLJQDO�LV�FRPELQHG�ZLWK�WKH�5)�VLJQDO�LQ�WKH�FRLO�ER[��DQG�WKH�FLUFXLW�WR�FRPELQH�WKH�VLJQDOV
PLJKW�EH�EDG��
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�

%DG�5)�&RLO�%R[

6\PSWRPV�

:KHQ�\RX�VWDUW�D�SURILOH�VFDQ�ZLWK�W\SLFDO�ZLGWK�JDLQ�DQG�RIIVHW�YDOXHV��\RX�ZLOO�VHH�WKDW�WKHUH�LV�KLJK
DEXQGDQFH�IRU�WKH�WXQH�SHDNV��EXW�WKHUH�LV�MXVW�QRLVH��HVSHFLDOO\�DW�KLJK�PDVV��VHH�)LJ�����

�)LJ����

<RX�FDQ�LQFUHDVH�WKH�ZLGWK�JDLQ�DQG�ZLGWK�RIIVHW�WR�DGMXVW�WKH�����LRQ�ZLGWK��EXW�WKH�PLG�DQG�KLJK
PDVV�WXQH�SHDNV�ZLOO�VWLOO�EH�WRR�ZLGH��VHH�)LJ�����
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�)LJ����

$�VSHFWUXP�VFDQ�ZLOO�VKRZ�YHU\�ZLGH�DQG�QRLV\�SHDNV�DW�KLJK�PDVV��VHH�)LJ����

�)LJ����
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,I�\RX�UXQ�DQ�DXWRWXQH��LW�ZLOO�IDLO�ZLWK�WKH�HUURU���§3HDN�:LGWK�$GMXVW�HUURU���8QDEOH�WR�DGMXVW
ZLGWKRIIVHW�IRU�WXQH�PDVV��������¨��VHH�)LJ�����

�)LJ����

+RZ�WR�7URXEOHVKRRW�

6LQFH�WKHUH�LV�SOHQW\�RI�DEXQGDQFH��WKLV�LQGLFDWHV�WKDW�WKH�VRXUFH�LV�JHQHUDWLQJ�LRQV��WKDW�WKH�LRQ
RSWLFV�LV�SURSHUO\�IRFXVVLQJ�WKH�LRQV�LQWR�WKH�PDVV�ILOWHU��DQG�WKDW�WKH�GHWHFWRU�LV�GHWHFWLQJ�WKH�LRQV�
EXW�WKH�PDVV�ILOWHU�LV�QRW�ILOWHULQJ�WKH�LRQV�SURSHUO\�

,I�\RX�SHUIRUP�D�TXDG�IUHTXHQF\�DGMXVWPHQW��WKH�TXDG�IUHTXHQF\�DGMXVWPHQW�ZLOO�SURSHUO\�DGMXVW
�VHH�)LJ�������7KLV�YHULILHV�WKDW�WKH�DQDO\]HU�ERDUG�LV�JHQHUDWLQJ�WKH��0+]�VLJQDO�DQG�WKH�SURSHU�5)
GULYH��WKDW�WKH�5)�VLJQDO�LV�GHOLYHUHG�IURP�WKH�5)3$�WR�WKH�FRLO�ER[��WKDW�WKH�FRQQHFWLRQV�IURP�WKH
FRLO�ER[�WR�WKH�TXDG�DUH�JRRG��DQG�WKDW�WKH�5)�IHHGEDFN�VLJQDO�IURP�WKH�FRLO�ER[�WR�WKH�DQDO\]HU
ERDUG�LV�JRRG���+RZHYHU��LW�GRHVQªW�YHULI\�WKDW�WKH�5)�RXWSXW�IURP�WKH�5)3$�LV�JRRG��RU�WKDW�WKH
FLUFXLW��LQ�WKH�5)�FRLO�ER[�LV�JRRG�
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�)LJ����

,I�\RX�UDQ�WKH�TXDG�HOHFWURQLFV�WHVW��WKH�WHVW�ZLOO�SDVV�H[FHSW�IRU�WKH�5)�GULYH�LQWHUFHSW��VHH�)LJ�����
7KLV�GRHVQªW�GLUHFWO\�SRLQW�WR�WKH�SUREOHP��KRZHYHU�LW�GRHV�YHULI\�WKDW�WKH�5)3$�LV�SHUIRUPLQJ
SURSHUO\�VLQFH�LW�LV�JHQHUDWLQJ�WKH�SURSHUO\�5)�RXWSXW�YROWDJH�WKURXJKRXW�WKH�PDVV�UDQJH�

�)LJ����
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6LQFH�WKH�TXDG�FLUFXLW�VLJQDOV����0+]�FORFN��5)�GULYH��5)�RXWSXW��DQG�5)�IHHGEDFN��VHHPV�WR�EH
JRRG��DQG�VLQFH�WKH�V\PSWRPV�LV�ZLGH�SHDNV�DW�KLJK�PDVV��WKLV�SRLQWV�WR�D�SUREOHP�ZLWK�WKH�5)�FRLO
ER[��LQ�SDUWLFXODU�EDG�VDPSOLQJ�GLRGHV�RQ�WKH�FRLO�ER[�

5HSODFLQJ�WKH�5)�FRLO�ER[�ZRXOG�IL[�WKH�SUREOHP�
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�

5)3$�RXWSXW�DGMXVWHG�WRR�ORZ

6\PSWRPV�

�5)3$�RXWSXW�ZDV�DGMXVWHG�VXFK�WKDW�5)�GULYH� �������DW������DPX¦WKH�SRW�RQ�WKH�5)3$�ZDV
WXUQHG�DOO�WKH�ZD\�FORFNZLVH�XQWLO�LW�FOLFNHG��

5HSHDW�SURILOH�LQ�PDQXDO�WXQH�GRHV�QRW�VKRZ�DQ\�VLJQLILFDQW�HIIHFWV��VHH�)LJ�����

�)LJ����

$�VSHFWUXP�VFDQ�GRHVQªW�VKRZ�DQ\�VLJQLILFDQW�HIIHFWV��HLWKHU��VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

6LQFH�WKHUH�LVQªW�DQ�REYLRXV�SUREOHP�V\PSWRP��WKLV�SUREOHP�PLJKW�EH�GLIILFXOW�WR�UHFRJQL]H���<RX
PLJKW�VHH�SHDN�VWDELOLW\�SUREOHPV�DW�ORZ�PDVV�

5XQQLQJ�HOHFWURQLFV�WHVW�ZLOO�JLYH�\RX�D�IDLOXUH�RQ�WKH�5)�GULYH�OHYHO�

7R�FRUUHFW�WKH�SUREOHP��DGMXVW�WKH�5)3$�RXWSXW�E\�W\SLQJ�©VKRZUI�>PDVV@��>UHSHWLWLRQV@ª�DQG�DGMXVW
WKH�5)3$�RXWSXW�WR��������DW������DPX�
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�

5)3$�RXWSXW�DGMXVWHG�WRR�KLJK

6\PSWRPV�

�5)3$�RXWSXW�ZDV�DGMXVWHG�VXFK�WKDW�5)�GULYH� �������DW������DPX¦WKH�SRW�RQ�WKH�5)3$�ZDV
WXUQHG�DOO�WKH�ZD\�FRXQWHU�FORFNZLVH�XQWLO�LW�FOLFNHG��

5HSHDW�SURILOH�LQ�PDQXDO�WXQH�ZLOO�JLYH�D�IDXOW�ZKHQ�LW�LV�WU\LQJ�WR�SURILOH�PDVV������ZLWK�WKH�HUURU�
§'LIILFXOW\�ZLWK�TXDGUXSROH�5)�HOHFWURQLFV��4XDGUXSROH�5)�YROWDJH�FRXOG�QRW�EH�PDLQWDLQHG¨�VHH
)LJ�����

�)LJ����

+RZ�WR�7URXEOHVKRRW�

,I�\RX�UXQ�WKH�TXDGUXSROH�HOHFWURQLFV�WHVW��WKH�TXDGUXSROH�5)�IUHTXHQF\�DGMXVWPHQW�ZRXOG�SDVV��EXW
WKH�5)�GULYH�OHYHO�WHVW�ZRXOG�LQGLFDWH�D�SUREOHP�WKDW�WKH�5)�GULYH�OHYHO�LV�WRR�KLJK���7KLV�FRXOG�HLWKHU
EH�D�SUREOHP�ZLWK�WKH�5)3$�RU�WKDW�WKH�5)3$�RXWSXW�LV�DGMXVWHG�WRR�KLJK���7KH�ILUVW�WKLQJ�WR�GR�LV�WR
WU\�WR�DGMXVW�WKH�5)3$�RXWSXW�

7R�DGMXVW�WKH�5)3$�RXWSXW��W\SH�©VKRZUI�>PDVV@��>UHSHWLWLRQV@ª�DQG�DGMXVW�WKH�5)3$�RXWSXW�WR�������
DW������DPX���7KLV�ZRXOG�WKHQ�FRUUHFW�WKH�SUREOHP�
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�

%DG�RU�GLVFRQQHFWHG�VLJQDO�FDEOH�IURP�(0�G\QRGH�WR
IHHGWKURXJK�LQVLGH�YDFXXP�PDQLIROG

6\PSWRPV�

:KHQ�DQ�DXWRWXQH�LV�SHUIRUPHG��WKH�SURILOH�VFDQV�ZLOO�JLYH�ORZ�OHYHO�QRLVH�RU�QR�DEXQGDQFH��VHH�)LJ�
���

�)LJ����

$IWHU�WKH�DXWRWXQH�WULHV�IRU�D�ZKLOH��LW�ZLOO�VWRS�ZLWK�WKH�HUURU�PHVVDJH�§3HDN�:LGWK�$GMXVW�(UURU��1R
VLJQDO�IRXQG¨��VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KLV�V\PSWRP�FDQ�EH�FDXVHG�E\�DQ\�RI�WKH�IROORZLQJ�

- 1R�FDOLEUDQW�IORZ
- 1R�LRQV�EHLQJ�FUHDWHG�LQ�WKH�VSUD\�FKDPEHU
- 7KH�TXDGV�QRW�IXQFWLRQLQJ�SURSHUO\�DQG�ILOWHULQJ�RXW�DOO�PDVVHV
- 1R�+('�YROWDJH
- 1R�(0�YROWDJH
- $�EDG�(0�G\QRGH
- %DG�RU�GLVFRQQHFWHG�FDEOHV�IRU�WKH�+('�RU�(0�YROWDJH
- %DG�RU�GLVFRQQHFWHG�VLJQDO�FDEOH�IURP�WKH�(0�G\QRGH
- %DG�VLJQDO�FDEOH�IURP�WKH�VLJQDO�IHHGWKURXJK�LQ�WKH�YDFXXP�PDQLIROG�WR�WKH�ORJ�DPS
- %DG�ORJ�DPS�RU�GHWHFWRU�ERDUG

)RU�WKLV�SUREOHP��\RX�FDQ�JR�LQWR�0DQXDO�7XQH�DQG�GR�D�UHSHDW�SURILOH��DQG�\RX�ZLOO�QRWLFH�WKDW�WKH
&DS�&XUUHQW�DQG�WKH�&KDPEHU�&XUUHQW�KDYH�W\SLFDO�UHDGLQJV��LQGLFDWLQJ�WKDW�FDOLEUDQW�LV�IORZLQJ�WR
WKH�VRXUFH�DQG�WKH�VRXUFH�LV�JHQHUDWLQJ�LRQV��VHH�)LJ�����
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�)LJ����

7R�FKHFN�WR�VHH�LI�WKH�TXDG�LV�IXQFWLRQLQJ�SURSHUO\��ILUVW�GR�D�TXDG�HOHFWURQLFV�WHVW�LQ�'LDJQRVLV���7KLV
ZLOO�YHULI\�WKH�SURSHU�TXDG�IUHTXHQF\�DQG�5)3$�DGMXVWPHQW��VR�LQGLUHFWO\�LW�ZLOO�YHULI\�WKDW�WKH�TXDG
5)�HOHFWURQLFV�DUH�IXQFWLRQLQJ�SURSHUO\���,W�GRHVQªW�FKHFN�WKH�8��8���EXW�LI�WKHUH�LV�D�SUREOHP�ZLWK
WKRVH�YROWDJHV�LW�LV�XVXDOO\�WKDW�WKH\�DUH�WRR�ORZ�RU�DUH�PLVVLQJ��LQ�WKDW�FDVH�\RX�ZLOO�HLWKHU�JHW�D�4XDG
'&�IDXOW��RU�\RX�ZLOO�JHW�WXQH�SHDNV�WKDW�DUH�WRR�ZLGH�

$QRWKHU�SUREOHP�ZLWK�WKH�TXDG�WKDW�FRXOG�FDXVH�WKH�WXQH�SHDNV�WR�GLVDSSHDU�LV�LI�WKH�:LGWK*DLQ
DQG�RU�:LGWK2IIVHW�DUH�VHW�WRR�KLJK��DQG�WKHUHIRUH�\RX�DUH�RYHUUHVROYLQJ�WKH�WXQH�PDVVHV���7R�FKHFN
WKLV��VHW�WKH�:LGWK*DLQ�DQG�:LGWK2IIVHW�YDOXHV�WR�WKHLU�PD[LPXP�QHJDWLYH�VHWWLQJV�����������,I�\RX
QRZ�KDYH�ZLGH�SHDNV��WKHQ�WKH�SUREOHP�PLJKW�EH�WKDW�\RX�QHHG�WR�SURSHUO\�DGMXVW�WKH�:LGWK*DLQ�DQG
:LGWK2IIVHW���,I�WKH�SHDNV�DUH�VWLOO�PLVVLQJ��WKHQ�WKH�SUREOHP�LV�OLNHO\�QRW�LQ�WKH�TXDGV�RU�TXDG�FLUFXLW�

1H[W��\RX�VKRXOG�YHULI\�WKDW�WKH�(0�DQG�+('�YROWDJHV�H[LVW���7R�FKHFN�WKH�(0�YROWV��UHPRYH�WKH�(0
YROWDJH�FDEOH��EODFN�FDEOH�WKDW�SOXJV�VWUDLJKW�RQWR�IHHGWKURXJK��IURP�WKH�IHHGWKURXJK�DW�WKH�YDFXXP
PDQLIROG��VHW�WKH�(0�JDLQ�WR�D�YDOXH�VXFK�WKDW�WKH�(09�LV�LQ�D�UDQJH�WKDW�\RXU�YROWPHWHU�FDQ�PHDVXUH
�\RX�FDQ�VHW�WKH�(0�JDLQ�GRZQ�WR�D�PLQXPXP�RI�������WKHQ�VWDUW�D�UHSHDW�SURILOH���0HDVXUH�WKH�'&
YROWV�DW�WKH�SLQ�RQ�WKH�LQVLGH�RI�WKH�FRQQHFWRU�DW�WKH�HQG�RI�WKH�FDEOH�

7R�PHDVXUH�WKH�+('�YROWDJH��ILUVW�GR�DQ�062))�WR�WXUQ�RII�WKH�YROWDJHV��WKHQ�UHPRYH�WKH�+('�FDEOH
�ZKLWH�FDEOH�WKDW�SOXJV�VWUDLJKW�RQWR�IHHGWKURXJK��IURP�WKH�IHHGWKURXJK�DW�WKH�YDFXXP�PDQLIROG�
WKHQ�XVH�WKH�FRPPDQG�©+('�����ª�WR�VHW�WKH�+('�WR������YROWV��WKHQ�VWDUW�D�UHSHDW�SURILOH���0HDVXUH
WKH�'&�YROWV�DW�WKH�SLQ�RQ�WKH�LQVLGH�RI�WKH�FRQQHFWRU�DW�WKH�HQG�RI�WKH�FDEOH�

$IWHU�\RX�YHULI\�WKDW�WKH�(0�DQG�+('�YROWDJHV�DUH�JRRG��\RX�VKRXOG�YHULI\�WKDW�WKH�VLJQDO�FDEOH�LV
JRRG�DQG�ORJ�DPS�LV�IXQFWLRQLQJ���7R�GR�WKDW��UHPRYH�WKH�VLJQDO�FDEOH�DW�WKH�IHHGWKURXJK��VWDUW�D
UHSHDW�SURILOH��DQG�WKHQ�SUHVV�\RXU�ILQJHU�RQ�WKH�FHQWHU�SLQ�RI�WKH�VLJQDO�FDEOH���<RX�VKRXOG�VHH�QRLVH
JHQHUDWHG�LQ�SURILOH�VFDQ��VHH�)LJ�������7KLV�LQGLFDWHV�WKDW�WKH�VLJQDO�FDEOH��ORJ�DPS�DQG�GHWHFWRU
FLUFXLW�DUH�ZRUNLQJ�
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�)LJ����

7KHVH�WHVW�QDUURZ�WKH�SUREOHP�GRZQ�WR�HLWKHU�D�SUREOHP�ZLWK�WKH�FDEOHV�WR�WKH�GHWHFWRU�LQVLGH�WKH
YDFXXP�PDQLIROG�RU�D�EDG�(0�G\QRGH���)LUVW�FKHFN�WKH�FDEOHV�E\�YHQWLQJ�WKH�/&�06'�DQG�FKHFNLQJ
WKH�FDEOHV��(0��+('��,ULV��DQG�VLJQDO��WR�PDNH�VXUH�WKDW�DUH�FRQQHFWHG�SURSHUO\��WKHQ�RKP�RXW�DOO�WKH
FDEOHV�DQG�IHHGWKURXJKV�WR�FKHFN�IRU�FRQWLQXLW\�DQG�WR�PDNH�VXUH�WKDW�WKDW�DUH�QRW�VKRUWHG�WR
JURXQG���)RU�WKLV�SUREOHP�\RX�ZRXOG�ILQG�WKDW�WKH�VLJQDO�FDEOH�IURP�WKH�(0�G\QRGH�WR�WKH�VLJQDO
IHHGWKURXJK�ZDV�EDG�RU�GLVFRQQHFWHG�

,I�WKH�FDEOHV�DQG�IHHGWKURXJKV�ZHUH�RND\��WKHQ�\RX�ZRXOG�QHHG�WR�UHSODFH�WKH�(0�G\QRGH�
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�

1R�+('�YROWDJH�WR�GHWFWRU

6\PSWRPV�

:KHQ�\RX�UXQ�DQ�DXWRWXQH��WKH�SURILOH�VFDQV�ZLOO�JLYH�YHU\�ORZ�OHYHO�QRLVH��VHH�)LJ�����

�)LJ����

$IWHU�WKH�DXWRWXQH�WULHV�IRU�D�ZKLOH��LW�ZLOO�VWRS�ZLWK�WKH�HUURU�PHVVDJH�§3HDN�:LGWK�$GMXVW�(UURU��1R
VLJQDO�IRXQG¨��VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KLV�V\PSWRP�FDQ�EH�FDXVHG�E\�DQ\�RI�WKH�IROORZLQJ�

- 1R�FDOLEUDQW�IORZ
- 1R�LRQV�EHLQJ�FUHDWHG�LQ�WKH�VSUD\�FKDPEHU
- 7KH�TXDGV�QRW�IXQFWLRQLQJ�SURSHUO\�DQG�ILOWHULQJ�RXW�DOO�PDVVHV
- 1R�+('�YROWDJH
- 1R�(0�YROWDJH
- $�EDG�(0�G\QRGH
- %DG�RU�GLVFRQQHFWHG�FDEOHV�IRU�WKH�+('�RU�(0�YROWDJH
- %DG�RU�GLVFRQQHFWHG�VLJQDO�FDEOH�IURP�WKH�(0�G\QRGH
- %DG�VLJQDO�FDEOH�IURP�WKH�VLJQDO�IHHGWKURXJK�LQ�WKH�YDFXXP�PDQLIROG�WR�WKH�ORJ�DPS
- %DG�ORJ�DPS�RU�GHWHFWRU�ERDUG

)RU�WKLV�SUREOHP��\RX�FDQ�JR�LQWR�0DQXDO�7XQH�DQG�GR�D�VSHFWUXP�VFDQ��DQG�\RX�ZLOO�QRWLFH�WKDW�WKH
&DS�&XUUHQW�DQG�WKH�&KDPEHU�&XUUHQW�KDYH�W\SLFDO�UHDGLQJV��LQGLFDWLQJ�WKDW�FDOLEUDQW�LV�IORZLQJ�WR
WKH�VRXUFH�DQG�WKH�VRXUFH�LV�JHQHUDWLQJ�LRQV���$OVR��WKH�VSHFWUXP�VKRZV�VRPH�QRLVH�SHDNV��VHH�)LJ�
���
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�)LJ����

7R�FKHFN�WR�VHH�LI�WKH�TXDG�LV�IXQFWLRQLQJ�SURSHUO\��ILUVW�GR�D�TXDG�HOHFWURQLFV�WHVW�LQ�'LDJQRVLV���7KLV
ZLOO�YHULI\�WKH�SURSHU�TXDG�IUHTXHQF\�DQG�5)3$�DGMXVWPHQW��VR�LQGLUHFWO\�LW�ZLOO�YHULI\�WKDW�WKH�TXDG
5)�HOHFWURQLFV�DUH�IXQFWLRQLQJ�SURSHUO\���,W�GRHVQªW�FKHFN�WKH�8��8���EXW�LI�WKHUH�LV�D�SUREOHP�ZLWK
WKRVH�YROWDJHV�LW�LV�XVXDOO\�WKDW�WKH\�DUH�WRR�ORZ�RU�DUH�PLVVLQJ��LQ�WKDW�FDVH�\RX�ZLOO�HLWKHU�JHW�D�4XDG
'&�IDXOW�RU�\RX�ZLOO�JHW�WXQH�SHDNV�WKDW�DUH�WRR�ZLGH�

$QRWKHU�SUREOHP�ZLWK�WKH�TXDG�WKDW�FRXOG�FDXVH�WKH�WXQH�SHDNV�WR�GLVDSSHDU�LV�LI�WKH�:LGWK*DLQ
DQG�RU�:LGWK2IIVHW�DUH�VHW�WRR�KLJK��DQG�WKHUHIRUH�\RX�DUH�RYHUUHVROYLQJ�WKH�WXQH�PDVVHV���7R�FKHFN
WKLV��VHW�WKH�:LGWK*DLQ�DQG�:LGWK2IIVHW�YDOXHV�WR�WKHLU�PD[LPXP�QHJDWLYH�VHWWLQJV�����������,I�\RX
QRZ�KDYH�ZLGH�SHDNV��WKHQ�WKH�SUREOHP�PLJKW�EH�WKDW�\RX�QHHG�WR�SURSHUO\�DGMXVW�WKH�:LGWK*DLQ�DQG
:LGWK2IIVHW���,I�WKH�SHDNV�DUH�VWLOO�PLVVLQJ��WKHQ�WKH�SUREOHP�LV�OLNHO\�QRW�LQ�WKH�TXDGV�RU�TXDG�FLUFXLW�

1H[W��\RX�VKRXOG�YHULI\�WKDW�WKH�(0�DQG�+('�YROWDJHV�H[LVW���7R�FKHFN�WKH�(0�YROWV��UHPRYH�WKH�(0
YROWDJH�FDEOH��EODFN�FDEOH�WKDW�SOXJV�VWUDLJKW�RQWR�IHHGWKURXJK��IURP�WKH�IHHGWKURXJK�DW�WKH�YDFXXP
PDQLIROG��VHW�WKH�(0�JDLQ�WR�D�YDOXH�VXFK�WKDW�WKH�(09�LV�LQ�D�UDQJH�WKDW�\RXU�YROWPHWHU�FDQ�PHDVXUH
�\RX�FDQ�VHW�WKH�(0�JDLQ�GRZQ�WR�D�PLQXPXP�RI�������WKHQ�VWDUW�D�UHSHDW�SURILOH���0HDVXUH�WKH�'&
YROWV�DW�WKH�SLQ�RQ�WKH�LQVLGH�RI�WKH�FRQQHFWRU�DW�WKH�HQG�RI�WKH�FDEOH�

7R�PHDVXUH�WKH�+('�YROWDJH��ILUVW�GR�DQ�062))�WR�WXUQ�RII�WKH�YROWDJHV��WKHQ�UHPRYH�WKH�+('�FDEOH
�ZKLWH�FDEOH�WKDW�SOXJV�VWUDLJKW�RQWR�IHHGWKURXJK��IURP�WKH�IHHGWKURXJK�DW�WKH�YDFXXP�PDQLIROG�
WKHQ�XVH�WKH�FRPPDQG�©+('�����ª�WR�VHW�WKH�+('�WR������YROWV��WKHQ�VWDUW�D�UHSHDW�SURILOH���0HDVXUH
WKH�'&�YROWV�DW�WKH�SLQ�RQ�WKH�LQVLGH�RI�WKH�FRQQHFWRU�DW�WKH�HQG�RI�WKH�FDEOH���)RU�WKLV�SUREOHP�\RX
ZRXOG�PHDVXUH�QR�YROWDJH���<RX�VKRXOG�PDNH�WKH�VDPH�PHDVXUHPHQW�DW�WKH�FRQQHFWRU�RQ�WKH�+('
VXSSO\�LWVHOI���,I�WKHUH�LV�VWLOO�QR�YROWDJH�WKHUH��WKHQ�LW�LV�HLWKHU�D�EDG�+('�VXSSO\��D�EDG�GHWHFWRU�FDUG
ZKLFK�GULYHV�WKH�+('�VXSSO\��D�EDG�ULEERQ�FDEOH�EHWZHHQ�WKH�GHWHFWRU�FDUG�DQG�+('�VXSSO\��RU�D
EDG�FRQQHFWLRQ�ZLWK�WKH�ULEERQ�FDEOH���%HIRUH�UHSODFLQJ�WKH�GHWHFWRU�FDUG�RU�+('�VXSSO\��FKHFN�WKH
ULEERQ�FDEOH��FKHFN�WKH�SLQV�DW�WKH�FRQQHFWRUV�IRU�WKH�ULEERQ�FDEOH�DW�ERWK�WKH�GHWHFWRU�FDUG�DQG�WKH
+('�VXSSO\��DQG�WKHQ�PDNH�VXUH�WKDW�WKH�ULEERQ�FDEOH�LV�FRQQHFWHG�SURSHUO\�DW�ERWK�WKH�GHWHFWRU
FDUG�DQG�+('�VXSSO\�
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�

%HQW�SLQ�RQ�ERWWRP�RI�DGDSWHU�ERDUG

6\PSWRPV�

:KHQ�\RX�DWWHPSW�D�UHSHDW�SURILOH�VFDQ�LQ�PDQXDO�WXQH��\RX�ZLOO�JHW�D�VHULHV�RI�HUURUV��VHH�)LJ�����

§'LIILFXOW\�ZLWK�LRQ�RSWLFV�HOHFWURQLFV�
)UDJPHQWRU�)DXOW
6NLPPHU���)DXOW
4XDG�'&�)DXOW
,ULV�)DXOW
0DVV�D[LV�'$&�UHTXLUHG�UHFDOLEUDWLRQ¨

�)LJ����

,I�\RX�DWWHPSW�WR�DFTXLUH�GDWD��\RX�ZLOO�JHW�D�§6KXWGRZQ¨�HUURU�ZKHQ�WKH�06'�WXUQV�RQ��DQG�WKH�06'
LFRQ�LQ�0HWKRG�DQG�5XQ�&RQWURO�YLHZ�ZLOO�WXUQ�UHG�

+RZ�WR�7URXEOHVKRRW�

$OO�WKH�IDXOWV�DUH�UHODWHG�WR�WKH�DQDO\]HU�ERDUG��KRZHYHU�LW�LV�XQXVXDO�WR�JHW�DOO�WKH�IDXOWV�JHQHUDWHG
WRJHWKHU�DW�RQFH���7KLV�LQGLFDWHV�WKDW�WKHUH�LV�HLWKHU�D�SUREOHP�ZLWK�WKH�DQDO\]HU�ERDUG��RU�D�EHQW�SLQ
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RQ�WKH�FRQQHFWRU�DW�WKH�ERWWRP�RI�WKH�DQDO\]HU�ERDUG��RU�D�EHQW�SLQ�RQ�WKH�FRQQHFWRU�DW�WKH�ERWWRP
RI�WKH�DGDSWHU�ERDUG���(VSHFLDOO\�WKH�HUURU�§0DVV�D[LV�'$&�UHTXLUHG�UHFDOLEUDWLRQ¨�FDQQRW�EH
JHQHUDWHG�E\�DQ\�LQVWUXPHQW�IDXOW�FRQGLWLRQ��RQO\�E\�D�IDLOXUH�RI�WKH�IDXOW�FLUFXLW�RQ�WKH�DQDO\]HU
ERDUG�RU�E\�D�EHQW�SLQ�DW�WKH�FRQQHFWRUV�

7R�WURXEOHVKRRW�WKLV�SUREOHP��\RX�FRXOG�GLVFRQQHFW�WKH�IUDJPHQWRU��VNLPPHU���DQG�LULV�FDEOHV�IURP
WKH�DQDO\]HU�ERDUG��WKHQ�WU\�D�UHSHDW�SURILOH�DJDLQ���<RX�ZRXOG�VHH�WKDW�\RX�ZRXOG�VWLOO�JHW�IDXOWV
DVVRFLDWHG�ZLWK�WKRVH�OHQV�HOHPHQWV���7KLV�ZRXOG�IXUWKHU�FRQILUP�WKDW�HLWKHU�WKH�DQDO\]HU�ERDUG�ZDV
EDG�RU�WKHUH�ZDV�D�EHQW�SLQ�RQ�D�FRQQHFWRU�FRQQHFWLQJ�WR�WKH�EDFNSODQH�

%HIRUH�UHSODFLQJ�WKH�DQDO\]HU�ERDUG��\RX�VKRXOG�UHPRYH�ERWK�WKH�DQDO\]HU�ERDUG�DQG�DGDSWHU�ERDUG
DQG�LQVSHFW�WKH�FRQQHFWRUV���,I�\RX�GLG�WKDW��\RX�ZRXOG�ILQG�D�EHQW�SLQ�RQ�WKH�DGDSWHU�ERDUG��SLQ�����
<RX�FDQ�VWUDLJKWHQ�WKH�SLQ�WR�FRUUHFW�WKH�SUREOHP�

$�EHQW�SLQ�RQ�WKH�DGDSWHU�ERDUG�ZLOO�JLYH�\RX�WKHVH�VHULHV�RI�HUURUV�EHFDXVH�DOO�RI�WKH�GDWD�WKDW�LV�VHQW
WR�DQG�UHFHLYHG�IURP�WKH�RWKHU�ERDUGV�LQ�WKH�EDFNSODQH�JRHV�IURP�WKH�EDFNSODQH��WKURXJK�WKH
DGDSWHU�ERDUG��DQG�WKHQ�WR�WKH�6PDUW&DUG���,I�WKHUH�LV�D�EHQW�SLQ�RQ�WKH�DGDSWHU�ERDUG��WKH�GDWD�
LQFOXGLQJ�IDXOW�VWDWXV�GDWD��ZLOO�QRW�EH�GHOLYHUHG�SURSHUO\�WR�WKH�6PDUW&DUG��DQG�WKH�6PDUW&DUG�PLJKW
LQWHUSUHW�WKH�IDXOW\�GDWD�DV�DQ�LQVWUXPHQW�IDXOW�
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�

%DG�����9ROWV�RQ�3'%

6\PSWRPV�

:KHQ�\RX�VWDUW�XS�WKH�&KHP6WDWLRQ�DQG�JR�LQWR�0HWKRG�DQG�5XQ�&RQWURO�YLHZ��WKH�06'�FRPHV�XS
§UHG¨�DQG�LQGLFDWHV�D�§6KXWGRZQ¨�HUURU��VHH�)LJ�����

�)LJ����

:KHQ�DWWHPSWLQJ�WR�DXWRWXQH��D�WHPSHUDWXUH�HTXLOLEUDWLRQ�WLPHRXW�RFFXUUHG�DQG�OHQJWK\�VWDWXV
PHVVDJH�ZDV�UHSRUWHG��VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

%HFDXVH�RI�WKH�YDULHW\�RI�HUURU�PHVVDJHV�ZKHQ�DWWHPSWLQJ�WR�DXWRWXQH��\RX�VKRXOG�VXVSHFW�D�SRZHU
SUREOHP�

0HDVXUH�WKH�'&�YROWDJHV�RII�WKH�RFWRSROH�ERDUG���<RX�FDQ�PHDVXUH������������DQG�����9���)RU�WKLV
SUREOHP�\RX�ZRXOG�ILQG�WKDW�WKH�����9�ZDV�PLVVLQJ���<RX�VKRXOG�WKHQ�FKHFN�WKH�����YROWV�RQ�WKH
3'%�ERDUG�ZLWK�WKH�HOHFWURQLFV�WXEV�PDJQHWLF�VZLWFK�RSHQ��WR�GLVFRQQHFW�WKH�YROWDJH�VXSSO\�IURP
WKH�ORDG�RI�WKH�RWKHU�ERDUGV�LQ�WKH�HOHFWURQLFV�WXE����<RX�ZRXOG�ILQG�WKDW�WKH�����YROWV�ZDV�PLVVLQJ�RQ
WKH�3'%�ERDUG���7KLV�ZRXOG�WKHQ�PHDQ�WKDW�HLWKHU�WKH�3'%�ERDUG�ZDV�SXOOLQJ�GRZQ�WKH�����YROWV�RU
WKH�PDLQ�SRZHU�VXSSO\�ZDV�QRW�JHQHUDWLQJ�WKH�YROWDJH���7R�LVRODWH�LW�IXUWKHU��\RX�FDQ�FKHFN�WKH
UHVLVWDQFH�RI�WKH�����9�WHVW�SRLQW�WR�ERWK�GLJLWDO�JURXQG�DQG�FKDVVLV�JURXQG���'R�WKLV�ZLWK�ERWK�WKH
ERDUG�LQVWDOOHG�DQG�UHPRYHG�IURP�WKH�HOHFWURQLFV�WXE���,I�\RX�GRQªW�ILQG�D�VKRUW�WR�JURXQG��WKHQ�WKH
SUREOHP�LV�ZLWK�WKH�PDLQ�SRZHU�VXSSO\�QRW�JHQHUDWLQJ�WKH�����9��VR�UHSODFH�WKH�PDLQ�SRZHU�VXSSO\�
,I�\RX�ILQG�D�VKRUW��DQG�LW�VWLOO�H[LVWV�ZLWK�WKH�3'%�ERDUG�UHPRYHG��WKHQ�WKH�SUREOHP�LV�ZLWK�WKH�3'%
ERDUG�
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�

&RYHU�LQWHUORFN�VZLWFK�LV�RSHQ

6\PSWRPV�

:KHQ�\RX�VWDUW�XS�WKH�&KHP6WDWLRQ��\RX�ZLOO��JHW�WKH�HUURU��§&DQQRW�FRQQHFW�WR�06'¨��VHH�)LJ����

�)LJ����

:KHQ�\RX�JR�LQWR�WKH�0HWKRG�DQG�5XQ�&RQWURO�YLHZ��06'�ZLOO�EH�UHG�DQG�LQ�D�§3RZHU�)DLO¨�FRQGLWLRQ
�VHH�)LJ�����
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�)LJ����

+RZ�WR�7URXEOHVKRRW�

7KH�SRZHU�IDLO�FRQGLWLRQ�PHDQV�WKDW�HLWKHU�WKHUH�LV�QR����YROWV�WR�WKH�6PDUW&DUG�RU�WKH�FRPSXWHU
FDQQRW�FRPPXQLFDWH�ZLWK�WKH�6PDUW&DUG���6LQFH�WKH�/&�PRGXOHV�FRPH�XS�JUHHQ��WKDW�PHDQV�WKDW�WKH
FRPSXWHU�FDQ�FRPPXQLFDWH�ZLWK�WKH�/&��VR�LW�LV�HLWKHU�D�SUREOHP�ZLWK�WKH�6PDUW&DUG�RU�WKH�SRZHU�

7KH�ILUVW�WKLQJ�WR�GR�LV�WR�PHDVXUH�WKH�'&�YROWDJHV�RQ�WKH�RFWRSOH�ERDUG���0HDVXUH�WKH������������DQG
���9���<RX�ZRXOG�ILQG�WKDW�DOO�YROWDJHV�PHDVXUH�����1H[W�\RX�VKRXOG�PHDVXUH�WKH�YROWDJHV�DW�WKH�3'%
ERDUG���<RX�ZRXOG�ILQG�WKDW�DOO�WKH�YROWDJHV�DUH�SUHVHQW�RQ�WKH�3'%�ERDUG����7KLV�PHDQV�WKDW�WKHUH�LV
HLWKHU�D�SUREOHP�ZLWK�WKH�FRYHU�LQWHUORFN�VZLWFK��RU�WKH�IOH[�FDEOH�FRQQHFWLRQ�EHWZHHQ�WKH�3'%
ERDUG�DQG�WKH�DGDSWHU�ERDUG��RU�D�SUREOHP�ZLWK�WKH�DGDSWHU�ERDUG�
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MS Utilities Help

Description
The MS utilities macros can be grouped into several categories, as follows:

Gain Utilities
• Gain
• CalibGain
• PrintGain
• ShowGain
• ResetEMGain
• BurnGain
• PlotGain
• ShiftGain
• ClearGain

Quad Frequency Utilities
• QF
• SetQF
• DipQF
• BurnQF

Quadrupole Temperature Utilities
• QT
• SetQT
• BurnQT

Quad Polarity Utilities
• QP
• BurnQP

Firmware Identification Utilities
• MSID
• SCID
• PDBID
• SBID
• TCID
• LONversion
• CheckVer$

General Utilities
• ShowRF
• Recapture
• HED
• RampHED
• Set_Lag
• Flt
• MSLight
• Set1946A
• Set1946B
• PSDelay
• BurnPSDelay
• MStnPrintError
• ShowRamp

MS Non-Real Time Subsystem macros
Power Distribution, flow and temperature control
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• PDBfault
• PDBlog
• PDB Status and Fault Information
• MSZoneTimeOut
• MSZonePID
• Vacuum System Control
• VacInfo
• TPCfault
• TPClog
• TPC Status and Fault Information
• TPCinfo
• TurbosOn
• TurbosOff
• RPOn
• RPOff
• ForePres
• HighPres

Leak Sensor Utilities
• LeakCal
• GetLeakCal
• ClearLeakCal

MS Non-Volatile Memory Macros
• ShowNVR
• SetNVR
• BackupNVR
• RestoreNVR
• GetNVR$
• Instrument variables list
• BurnNVR
• LC/MSD Non-volatile parameters:
• Example NVR Report
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Gain Utilities
Gain

Description
This macro is used to determine whether the gain measurement is likely
to be valid or not by measuring gain and ion current with two different
mass peak widths.  If the gain measurement is valid (not compromised by
error due to noise), then the gain should be the same in both measurements
and the abundance and ion current measurements should increase by the
same amount.

Returns a gain number with confirmation.  Also returns ion current data.
Syntax:

*DLQ�>PDVVQXP@�GHIDXOW ���

GUI:
None.  Values returned on message line.

CalibGain
Description

Runs a gain calibration using default parameters.
Syntax:

&DOLE*DLQ

GUI:
There will be a menu item in MS Tune View and Diagnosis View to run a calibration.
This utility will display a pass or fail message on the status line.

PrintGain
Description

Displays and prints the requested gain calibration curve.  If the requested calibration
does not exist, an error message is printed.  If the gain calibration register and the gain
calibration file don’t exist, new, default gain calibration register and files are created.

Syntax:
3ULQW*DLQ�>:KLFK&DOLE@��'LVSOD\/HYHO

Default calibration to be printed is #1 (most recent).
DisplayLevel controls the level of detail used when displaying the gain calibration

evaluation.
0: no evaluation data
1: typical evaluation criteria
2: maximum display

Default calibration to be printed is #1 (most recent).

GUI:
None.  User should type listmessages on, or turn on logging, to view error output.

ShowGain
Description

Displays the requested gain calibration curve.  If the requested calibration does not exist,
an error message is printed.  If the gain calibration register and the gain calibration file
don’t exist, new, default gain calibration register and files are created.

Syntax:
6KRZ*DLQ�>:KLFK&DOLE@�@��'LVSOD\/HYHO

Default calibration to be printed is #1 (most recent).
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DisplayLevel controls the level of detail used when displaying the gain calibration
evaluation.

0: no evaluation data
1: typical evaluation criteria
2: maximum display

Default calibration to be displayed is #1 (most recent).

GUI:
None.  User should type listmessages on, or turn on logging, to view error output.

ResetEMGain
Description

Sets the EM gain coefficients in the LC/MSD memory to defaults.
Syntax:

5HVHW(0JDLQ

GUI:
Dialog boxes ask the user for confirmation and whether to display the new instrument
calibration curve (dgMSshowGain).

BurnGain
Description

Sets the EM gain coefficients in the LC/MSD memory using a specified gain calibration.
By default, the latest passing calibration is used.

Syntax:
%XUQ(0JDLQ�>:KLFK&DOLE@
If WhichCalib is specified on the command line, that calibration is burned.  If that
calibraion is failing, an error dialog is presented.

GUI:
The latest passing calibration is presented in a dialog box for confirmation.  If a failing
calibration is requested, a warning dialog box is presented.

PlotGain
Description

Displays the current instrument’s EM gain curve as a graph of EMV vs. gain.
Syntax:

3ORWJDLQ�>3ULQW2XW@
If PrintOut is set to 1, a printout is generated.  Default is 0 (no printout)

GUI:
The gain calibration curve is displayed in a window on screen.  If PrintOut is 1, then a
printed copy is generated.

ShiftGain
Description

Gain compensation: shifts gain curve by the specified voltage delta.
The new StdEMV will be clipped to 1600 (min) and 2700 volts (max).

Syntax:
6KLIWJDLQ�>GHOWD(09@�GHIDXOW �

GUI:
Excecuted by command line only.  May also be called by Autotune program.  In this case,
a dialog box will alert the user that ShiftGain was performed.
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ClearGain
Description

Clears the EM gain calibration register.  The user is prompted to back up the existing
register if desired.

Syntax:
&OHDU*DLQ

GUI:
Executed by command line only.
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Quad Frequency Utilities
QF

Description
Displays the current quad frequency and the power-on quad frequency. They are usually
the same, unless the quad frequency has been adjusted but not stored.

Syntax:
4)

GUI:
None.  Output is to the status line.

SetQF
Description

Sets the quad frequency, in Hz.  No range checking is performed, so if the number is not
close to correct, quadrupole electronics faults will occur.  The new quad frequency and
the power on quad frequency are reported.

GUI:
None.  Output is to the status line.

Syntax:
6HW4)�>4XDG)UHT@
If no frequency is specified, an error message occurs and the
Quad frequency is not changed.

Global Variables:
1RQH

DipQF
Description

Determines the optimal quadrupole frequency. The power on quad frequency is not
changed.  To store the new quad frequency, use BurnQF.

Syntax:
4)

GUI:
None.  Output is to the status line.

BurnQF
Description

Stores the current quad frequency in the LC/MSD’s non-volatile memory as the power-on
quad frequency..

Syntax:
4)

GUI:
None.  Output is to the status line.
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Quadrupole Temperature Utilities
QT

Description
Displays the current quadrupole temperature, current quadrupole temperature setpoint,
and the power-on quadrupole temperature setpoint.

Syntax:
47

GUI:
None.  Output is to the status line.

SetQT
Description

Sets the current quadrupole temperature setpoint.  If no temperature is specified, an error
message is displayed.

Syntax:
6HW47�>1HZ7HPS@
   There is no default newTemp.  If no temperature is specified, an error occurs.

GUI:
None.  Output is to the status line.

BurnQT
Description

Sets the power-on quadrupole temperature setpoint.  If no temperature is specified, an
error message is displayed.

Syntax:
%XUQ47�>1HZ7HPS@
   There is no default newTemp.  If no temperature is specified, an error occurs.

GUI:
None.  Output is to the status line.
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Quad Polarity Utilities
Glossary: Quad polarity refers to the orientation of the DC voltages applies to the
quadrupole mass filter.  These polarities are given the designations 0 or 1.  For a given
quadrupole, there is a favored quadrupole polarity for positive ion and another for
negative ion.  These are stored ("burned") in the instrument’s non-volatile memory.  If the
original quad polarity settings for the LC/MSD are lost or mis-set, there can be a severe
degradation in instrument performance.

QP
Description

Sets or displays the current quadrupole polarity for the current ion polarity.  If no polarity
is specified, the current setting is displayed.  Note that this does not change the power-on
quadrupole polarity setting.

Syntax:
43�>1HZ43@
   There is no default newQP.  If no quad polarity is specified, the current quad polarity
is displayed.

GUI:
None.  Output is to the status line. A messages is printed to remind the user that the new
setting is not stored.

BurnQP
Description

Sets the power-on quadrupole polarities.  Changing the quadrupole polarity incorrectly
can seriously affect the performance of the mass spectrometer.

Syntax:
%XUQ43�>3RV,RQ43@��>1HJ,RQ43@
   There are no default quad polarity settings..  If no quad polarities are specified, an
error message is displayed.

GUI:
None.  Output is to the status line.
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Firmware Identification Utilities
MSID

Description
Sets or displays the LC/MSD serial number.  If no serial number is specified, the current
serial number is displayed.  Any text string, up to 10 characters long, will be stored in the
LC/MSD’s non-volatile memory.

Syntax:
06,'

GUI:
None.  Output is to the status line.

SCID
Description

Displays the current HP-IB identification string for the mass spectrometer.  This text
identifier consists of four fields:
 Manufacturer, Model number, Serial Number, Firmware Revision.

Syntax:
6&,'

GUI:
None.  Output is to the status line.

PDBID
Description

Displays the LC/MSD Power Distribution Board firmware revision.
Syntax:

3'%,'�>YHUERVH@
If verbose is 0, output is suppressed.  Verbose is set to 1 by default.  Sets the global
variable PDBID$.

GUI:
None.  Output is to the status line.

SBID
Description

Displays the LC/MSD SICB/LON Board firmware revision.
Syntax:

6%,'�>YHUERVH@
If verbose is 0, output is suppressed.  Verbose is set to 1 by default.  Sets the global
variable SBID$.

GUI:
None.  Output is to the status line.

TCID
Description

Displays the LC/MSD Turbo Controller Interface firmware revision.
Syntax:

7&,'�>YHUERVH@
If verbose is 0, output is suppressed.  Verbose is set to 1 by default.  Sets the global

variable TCID$.
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GUI:
None.  Output is to the status line.

LONversion
Description

Displays firmware revisions for the various LON (local operating network) nodes in the
LC/MSD.  Will report communication errors if any of the revision strings can’t be read.
Note:  To positively verify communication, it may be necessary to execute the MSSCINIT
1 command first.

Syntax:
3ULQW�&KHFN9HU���

Returns:
 "completed" or "failed: communication error"

GUI:
None.  Output is to the status line. The macro opens the listmessages window to display
its output.

CheckVer$
Description

Displays LC/MSD serial number, revision strings for the ChemStation software and all
LC/MSD firmware, including SmartCard, Power Distribution Board (LON and 8332),
SICB-LON Board, Turbo Controller Interface, Ion Gauge and Convectron Gauge.

Syntax:
3ULQW�&KHFN9HU���

Returns:
 "completed" or "failed: communication error"

GUI:
None.  Output is to the status line. The macro opens the listmessages window to display
its output.
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General Utilities
ShowRF

Description
Executes the MSSetRFPA command at the specified m/z value while displaying the RF
drive value.  The number of readings of RF drive is specified by the count parameter.  RF
drive represents the % output of the quadrupole RF electronics.  If the RF drive value
exceeds about 95%, high mass transmission may be reduced or quadrupole faults may
occur.  See Quadrupole Electronics Test for more information.

Syntax:
6KRZ5)�>P]@��>FRXQW@

P] is the m/z value that the quadrupole electronics are set to (default is 1000).
&RXQW is the number of repetitive readings to be taken. (default is 3)

GUI:
None.  Output is to the status line.

Recapture
Description

Executes the MSCapture command at the specified m/z.  The quadrupole mass filter is
set to the specified m/z value and the raw signal from the multiplier is collected and
displayed.  This can be useful for estimating signal stability or for detecting fast noise
events such as droplet noise or flow dropouts.  The MS Tune window will display the
signal, with mean, min, max and standard deviation.  The status line will display %RSD
(Standard deviation/mean).
This macro will repeat until the Abort menu item is selected.

Syntax:
5HFDSWXUH�>P]@��>&DS3HU@��>GRBSURI@��>Q3WV@

P] is the m/z value that the quadrupole electronics are set to (default is 622.03).
&DS3HU Is the sampling rate in milliseconds.  The allowable range is 25 to 250 µsec.

(default is 100)
'RB3URI executes an MSProfile before beginning the capture.  This ensures that all

of the voltages to the entire MS are on.  If set to 0, no MSOn occurs and the
signal with all voltages off can be viewed.  (Default is 1 (on))

13WV is the number of samples per capture.  The allowable range is 10-10,000.
(default is 10,000).

GUI:
None.  Displays the MSCapture signal in the MS Tune window.  Output is to the status
line.

HED
Description

Reads or sets the High Energy Dynode (HED) voltage, which is typically set to 10 kV.
Changing the HED voltage is usually only done for diagnostic purposes.  For example,
setting it to zero volts and comparing the results can indicate whether the HED voltage is
having an effect.
If a voltage is not specified or is less than zero, the current setting is displayed.  If the
new voltage is above the maximum (10 kV), then the HED setting will be 10 kV.

Syntax:
+('�>QHZ9ROWDJH@

If newVoltage is not specified, the current setting is displayed on the command line.

GUI:
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None. Output is to the status line.

RampHED
Description

Executes a SIMramp of the HED.  This can be useful for diagnostic purposes.  Note that
ramping the HED can take much longer than ramping other tuning parameters.  By
default, only one ion (#3) is ramped.  Other ions can be selected by their number.  If ion
number 0 is specified, all selected ions will be ramped.

Syntax:
5DPS+('�>PDVV1XPEHU@

massNumber: which ion to ramp.  Default is 3.
If massNumber is between 1 and 6, that ion will be ramped
If massNumber is 0, all selected ions will be ramped.

GUI:
None. The SIMramp is displayed in the MS Tune window.  Output is to the status line.

Set_Lag
Description

Calculates and sets the mass assignment lag factors for the LC/MSD.  Mass #2 is
scanned at a range of scanning speeds to calculate the lag factors, which are then stored
in the LC/MSD’s non-volatile memory.  If there is insufficient signal at mass #2, Set_lag
will abort with an error.  If the mass peak width is too great (> 0.80), the new lag factors
may be unreliable.

Syntax:
6HWB/DJ�>PDVV1XPEHU@��>7KUHVKROG@

MassNumber specifies the ion to be used for calibrating the mass assignment lag
factors. (Default: #2)

Threshold specifies the minimum signal required to calculate the lag factors. (Default:
10,000 counts)

GUI:
None.  The new mass assignment lag factors are displayed in a dialog box.

Glossary: Mass assignment lag factors are used to correct for changes in mass
assignment due to scan speed differences.  If these are not set, there may be consistent
mass assignment errors when scanning at sampling rates of < 4.

Flt
Description

Generates an MS Fault Report, which will report errors from three sources:

Tune  -  the last MS fault that occurred in the MSD tune view or during Manual Tune from
the diagnosis view

LogBk  -  The last MS Fault that was recorded in the error logbook

Actual  -  Any MS Fault that is currently being reported.  Note that MS Faults are latched,
which means they will be held in the MSD until they are reported or until the MSD is
scanned again.

The MS Faults dialog box contains a print button if a paper copy of the fault report is
desired.
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The MS Fault Report is also available by selecting the the log book icon the MSD
Instrument panel in Diagnosis view

Syntax:
IOW

GUI:
A panel displaying the decoded error messages with print and exit buttons.

MSLight
Description

Tests the LC/MSD status display light, found on the upper right-hand corner of the
instrument’s front panel.  The light is set to off, green, yellow and red and the user is
asked to note whether the expected color is being displayed.

Syntax:
06/LJKW�>3ULQW5HSRUW@
If PrintReport is set to 1, then the results of each comparison are printed.  Default is 0.
(No printed report).

GUI:
Interaction is via dialog boxes.  The macro declares pass or fail.

Set1946A
Description

Configures SmartCard for a G1946A

Syntax:
6HW����D

GUI:
Executed from command line only.

Set1946B
Description

Configures SmartCard for a G1946B

Syntax:
6HW����E

GUI:
Executed from command line only.

PSDelay
Description

Sets the polarity switching delay.  Default is 300msec.

Syntax:
3VGHOD\�>1HZ36'HOD\@�GHIDXOW ���
��E\�GHIDXOW��RQO\�UHSRUWV�WKH�GHOD\
��8VH�EXUQ36'HOD\�WR�FKDQJH�SRZHU�RQ�GHIDXOW
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GUI:
Executed from command line only

BurnPSDelay
Description

Stores a new polarity switching delay value to non-volatile RAM

Syntax:
EXUQSVGHOD\�>1HZ36'HOD\@�GHIDXOW ���
��PXVW�IROORZ�ZLWK�PVVFLQLW�WR�ORDG�EXUQSVGHOD\�YDOXH

GUI:
Executed from command line only

MStnPrintError
Description

Formatted error message to the status line.  Used in error traps by many of the MS
utilities.

GUI:
None.  If the error is replaced by other output on the status line, the user can type
listmessages on, or turn on logging, to view the output.   Also, the last error message can
be redisplayed by typing MStnPrintError

Syntax:
06WQ3ULQW(UURU
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SIMramp report  �PDFUR�ILOH��HQXWQUPS�PDF�
ShowRamp

Description
Generates a report of SIMramps for all rampable parameters.  This report can be used in
a diagnostic situation to help determine whether the ramps are typical or not.  Very often,
an atypical ramp can be a useful indicator of a specific problem.

The report contains the following information:
Page 1: Fragmentor, Skim1, Skim2 (unlinked) SIMramps
Page 2: Fragmentor, Skim1, Skim2 (linked) SIMramps
Page 3: Octopole Peak, Lens 1, Lens 2 SIMramps
Page 4: Quad DC Offset, Iris, and HED SIMramps
Page 5: Profile and scan
Page 6: Tune file parameters

Note that only four ions are ramped, namely ions 1,2,4, and 5 if five tune masses are
selected, or 1, 2, 4, and 6 if six tune masses are selected.

GUI:
None.

Syntax:
6KRZ5DPS�,RQ,QGH[��7XQH)LOH�

���,RQ0RGH�VSHFLILHV�ZKLFK�LRQ�SRODULW\�WR�XVH�
�����������SRVLWLYH�LRQ�

�����������QHJDWLYH�LRQ�
�����������ERWK�SRV�DQG�QHJ�LRQV�
�����������FXUUHQW�LRQ���GHIDXOW�

By default, the current tune file and current ion polarity are used
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MS Non-Real Time Subsystem macros
Power Distribution, flow and temperature control
PDBfault

Description
PDBfault displays the status of the portions of the LC/MSD controlled by the Power
Distribution Board, which include power distribution, flow and temperature control and
Calibrant Delivery System (CDS) control.
Whenever there is a change in PDB status or a PDB fault occurs, an event is logged in
the non-volatile memory on the PDB.  There is room for up to 10 events, numbered 0-9.
These can be retrieved by specifying the event number, for example:

3'%IDXOW��
PDBfault output is time-stamped using GMT or Universal time.
To see the full output, set OLVWPHVVDJHV�RQ.

See PDBlog to generate a report with current status information and all logged events.

See PDB Status and Fault Information

Syntax:
3'%IDXOW�>(YHQW�QXPEHU@
If the event number is not specified, the current state is displayed.
The allowed range for event number is 0-9.  Any number greater than 9 will display event
number 9 with no warning message.

GUI:
None.  Output is to the status line.  To see the full output, the user must first type:

OLVWPHVVDJHV�RQ

PDBlog
Description

PDBlog generates a report of the current PDB fault and status information and all
available PDB fault events (10 maximum).  The report is stored in the Tune directory with
the name pdblog.txt.  To clear previous logs, type PDBlog 1.
PDBlog output is time-stamped using GMT or Universal time.

See PDB Status and Fault Information

Syntax:
3'%ORJ�>2YHUZULWH@
By default, the log is appended to earlier files.  To overwrite the log, use PDBlog 1.

GUI:
None.  Output is to a file, _tunePath$ + "pdglog.txt", which is displayed in the
ChemStation viewer.

PDB Status and Fault Information

The HP 1100 LC/MSD Power Distribution Board (PDB) monitors the following status and
fault items:

Status Information
• Rough Pump State [On or Off]
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This refers to the state of the relay that powers the rough pump.  If the rough pump is
not plugged into the LC/MSD or the rough pump power switch is off, the rough pump
will not be controlled by the LC/MSD.

• SSV stepper [Clockwise  or Counter-clockwise]
The Stream Selection Valve directs the flow from the LC inlet to the spray chamber
(LC to MSD) or to waste (LC to Waste).  The clockwise position corresponds to LC to
MSD and the counter-clockwise position corresponds to LC to Waste.  This item
refers to the logical state of the valve.  If the limit switch state (below) does not agree,
there will be a fault.  See MSD Stream Selection Valve.

• SSV Counter-clockwise limit switch Active
• SSV Clockwise limit switch Active

The Stream Selection Valve has two limit switches to confirm that the valve is in the
expected position.  If neither or both are active, there is a problem with the valve.

• CDS valve 1 On
• CDS valve 2 On
• CDS valve 3 On
• CDS valve 4 On
• CDS valve 5 On

If any of the CDS valves are off, the valve will not be listed.  Note that this refers to
the logical state of the valve, not the actual state, which cannot be sensed.  See CDS
Valves.

• Manual injector in Inject position
The optional manual injector has a switch to detect when it is in the Inject position.  If
the inject position is not sensed, this item will not be listed.

Fault Information
These faults are monitored and reported by the MS Fault system whenever the LC/MSD
is actually acquiring data or tuning.  The PDB fault logs can be used to detect events that
occurred in the past or when the LC/MSD is not acquiring data.

• 110V relay [Disabled or Enabled]
If a fault is detected in any of the temperature control zones, the 110 Vac power
supply is disabled to prevent a possible temperature runaway.

• 28V supply voltage [Too High or Too Low]
The 28V power supply is used by the RF power amplifier.  If the voltage is within the
limits, no message is displayed.  Note that if the vacuum system is in a fault or not
ready state (foreline pressure too high), the 28V power supply is shut down to
prevent a quadrupole electronics turnon.  In this case, the 28V supply will be reported
as being too low.

• 24V supply voltage [Too High or Too Low]
If the 24V power supply voltage is within limits, no message is displayed.

• 110V zero cross Not Detected
If the 110V relay is not disabled, the 110V fuse may have blown, or there may be a
connection problem with the 110V transformer.

• Drying gas thermal runaway
• Quad thermal runaway
• APCI vaporizer thermal runaway

The measured temperature is above the measurement range.
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• Quad Timeout (too long at full power)
• Drying gas Timeout (too long at full power)
• APCI vaporizer Timeout (too long at full power)

A thermal runaway is detected whenever the a heater circuit is at 100% duty cycle
(temperature has not reached setpoint) for a defined period of time.  The timeout
period can be seen in the Diagnosis view, or by using the MSZoneTimeout
command.

• Quad sensor Open
• Drying gas temp sensor Open
• APCI sensor Open

A temperature sensor has an open circuit.  This may be due to a connection problem
or a hardware failure.

• Quad sensor Shorted
• Drying gas temp sensor Shorted
• APCI sensor Shorted

A temperature sensor has a short circuit.

• Drying gas flow Timeout (too long at full power) - Check Gas Supply
• Nebulizer flow zone Timeout (too long at full power) - Check Gas Supply

The setpoint for flow or pressure has not been reached within the timeout period.
This is most commonly due to having low inlet gas pressure, and may only occur at
high drying gas flow rate and/or high nebulizer gas pressure.

• Drying gas flow sensor Open
• Nebulizer flow sensor Open

A pressure sensor has an open circuit.

• Drying gas flow sensor Shorted
• Nebulizer zone sensor Shorted

A pressure sensor has a short circuit.

• Leak detected
There is a leak sensor in the CDS assembly which can detect liquid leaks from the
CDS valves, the stream select valve or the manual injection valve.  A leak may be
erroneously reported if the leak sensor is not properly calibrated.   See LeakCal and
GetLeakCal.

• Vacuum shutdown Active
This condition is reported when the ion gauge is not turned on. This is most likely to
occur when the turbo pumps are not both above 90% speed, when the pressure in
stage 4 is very high (> 3 * 10-3 Torr), when there is a communication problem
between the gauge and the Power Distribution Board, or when there is an ion gauge
hardware failure.

Clearing PDB faults
Some PDB faults, such as a runaway state, must be cleared manually.  To clear all PDB
faults, use PDBreset or MSSCinit 1.  MSSCinit 1 will also reset all the other instrument
functions, while PDBreset will only clear power distribution board functions.

MSZoneTimeOut
Description
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Each of the flow and temperature control zones has an associated timeout value.  If the
heater temperature, gas flow or gas pressure is not reached within the timeout period, a
fault is declared and the zone is shut down.
The timeout values are stored in the LC/MSD’s non-volatile memory.  They can be seen
in the Diagnosis view in the variables display.
The timeout values should only be changed if directed by Hewlett-Packard service or
support personnel.  If the timeout is set too short, unnecessary faults will occur; if it is set
too long, gas may be wasted or thermal damage may occur.

Zone_id Zone Name Default Timeout
1 Drying Gas Flow 13.7 sec.
2 Nebulizer Gas 13.7 sec.
3 Drying Gas Temp 12.3 min
4 Quad Temp 88.0 min
7 APCI Vaporizer Temp 4.4 min

Syntax:
0V]RQH7LPHRXW�]RQHBLG��>YDOXH@
Valid zone_id values are 1 through 4 or 7.  If no ]RQHBLG is specified, an error message
occurs.
If YDOXH is not specified, the current value is displayed.  Value is in seconds for drying
gas flow and nebulizer pressure, and in minutes for heated zones.

GUI:
None.  Output is to the status line.

MSZonePID
Description

Each of the flow and temperature control zones has temperature control constants that
are tuned for that specific zone.  These PID values are stored in the LC/MSD’s non-
volatile memory.  They can be seen in the Diagnosis view in the variables display.
The PID values should only be changed if directed by Hewlett-Packard service or support
personnel.  If these are mis-set, temperature or flow problems may occur.
The default values are shown in the table below.

Zone_id Zone Name P I D ID
1 Drying Gas Flow 10 1 1 1
2 Nebulizer Gas 10 1 10 1
3 Drying Gas Temp 165 2 1024 1
4 Quad Temp 3000 0 0 1
7 APCI Vaporizer Temp 512 2 0 1

Syntax:
0V]RQH3,'�]RQHBLG��>3@��>,@��>'@��>,'@
Valid zone_id values are 1 through 4 or 7.  If no ]RQHBLG is specified, an error message
occurs.
If no P, I, D or ID values are specified, the current values are displayed.  If one or more
P, I, D or ID values are specified, only those are changed.

GUI:
None.  Output is to the status line.
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Vacuum System Control
VacInfo

Description
Displays vacuum system status and fault information, turbo pump speed and power,
foreline pressure and high vacuum pressure.  To see the full output, set OLVWPHVVDJHV
RQ.

Syntax:
YDFLQIR
By default, the log is appended to earlier files.  To overwrite the log, use PDBlog 1.

GUI:
None.  Output is to the status line.  To see the full output, the user must first type:

OLVWPHVVDJHV�RQ

TPCfault
Description

TPCfault displays status and fault information for the turbo pump controller (TPC)
interface.  Whenever there is a change in TPC status or a TPC fault occurs, an event is
logged in the non-volatile memory in the TPC interface.  There is room for up to 10
events, numbered 0-9.
These can be retrieved by specifying the event number, for example:

73&IDXOW��

TPCfault output is time-stamped using GMT or Universal time.
To see the full output, set OLVWPHVVDJHV�RQ.

See TPClog to generate a report with current status information and all logged events.

See TPC Status and Fault Information

Syntax:
73&IDXOW�>(YHQW�QXPEHU@
If the event number is not specified, the current state is displayed.
The allowed range for event number is 0-9.  Any number greater than 9 will display event
number 9 with no warning message.

GUI:
None.  Output is to the status line.  To see the full output, the user must first type:

OLVWPHVVDJHV�RQ

TPClog
Description

TPClog generates a report of the current TPC fault and status information and all
available TPC fault events (10 maximum).  The report is stored in the Tune directory with
the name pdblog.txt.  To clear previous logs, type TPClog 1.
TPClog output is time-stamped using GMT or Universal time.

See TPC Status and Fault Information

Syntax:
73&ORJ�>2YHUZULWH@
By default, the log is appended to earlier files.  To overwrite the log, use TPClog 1.

GUI:
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None.  Output is to a file, _tunePath$ + "pdglog.txt", which is displayed in the
ChemStation viewer

TPC Status and Fault Information

The HP 1100 LC/MSD Turbo Pump Controller interface (TPC) monitors the following
status and fault items:

Status Information
• Vacuum state is  [Off, Low, High, On]

The vacuum system states are defined as:
State Condition
Off Both turbo pumps are in the Off state.
Low Turbo 1 or Turbo 2 is not in the Off state.
High Turbo 1 is On, Turbo 2 is not in the On state.
On Turbo 1 and Turbo 2 are both in the On state.

• Turbo 1 state is [Off, Low, Med, High, On]
• Turbo 2 state is [Off, Low, Med, High, On]

The turbo pump states are defined as:
State Condition
Off The turbo pump is commanded off and speed is <

10%.
Low The turbo pump is commanded off and speed is <

50%
Medium The turbo pump is in diagnostic mode (no interlocks)
High The turbo pump is commanded on and speed is >

50%.
On The turbo pump is commanded on and speed is >

90%.

• Turbo supply voltage is [Low, OK]
If the turbo supply voltage is low, the LC/MSD will not pump down.  Contact a
Hewlett-Packard Customer Engineer.

• Turbo Controller is in diagnostic mode
When the turbo controller is in diagnostic mode, all interlocks are disabled.  To clear
the diagnostic mode, the LC/MSD must be vented and turned off using the circuit
breaker on the service panel.

• Turbo Pump 1 is not plugged in
• Turbo Pump 2 is not plugged in

• No communication with ion gauge
This is most likely due to a connection problem or an ion gauge failure.

Fault Information
These faults are monitored and reported by the MS Fault system whenever the LC/MSD
is actually acquiring data or tuning.  The TPC fault logs can be used to detect events that
occurred in the past or when the LC/MSD is not acquiring data.

• Foreline pressure too high
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If the foreline pressure is too high, the turbo pumps will turn off.  This will generally
happen only in cases of rough pump failure or if there is a very large leak.

• No communication with foreline gauge
If there is no communication with the foreline gauge, the vacuum system will shut
down.

• Turbo LON Interface fault
The turbo pumps have been commanded off, but are not slowing down.

• Turbo pump 2 fault
• Turbo pump 1 fault

Power is being applied to the turbo pump but speed is not increasing.  This could
occur if a turbo pump rotor is frozen or if a turbo pump controller has failed.

• Turbo pump 2 pumpdown timeout
• Turbo pump 1 pumpdown timeout

The turbo pumps do not reach 50% speed within 10 minutes.

Vacuum System Sensors
• Turbo 1 speed (%) and power (W)
• Turbo 2 speed (%) and power (W)
• Foreline pressure (mBar)

Note that the pressure gauges report in mBar.  To convert to Torr, use the following
conversion:   Torr = mBar * 0.76

TPCinfo
Description

Displays turbo pump speed, power, hardware and firmware revisions from the turbo
pump controller.

Syntax:
73&LQIR

GUI:
None.  Output is to the status line.  To see the full output, the user must first type:

OLVWPHVVDJHV�RQ

TurbosOn
Description

Commands the turbo pumps to go on.  Note that they will only turn on if the foreline
pressure is below the threshold, which is approximately 5 Torr.  This command must be
used if the turbos are turned off using TurbosOff.
This command is for diagnostic purposes only.  For routine use, use the Pumpdown
panel in the Diagnosis view, or turn the LC/MSD power switch on.

Syntax:
7XUERV2Q

GUI:
None.

TurbosOff
Description
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Commands the turbo pumps to turn off.  This indirectly turns off the high vacuum gauge,
which only operates if both turbo pumps are above 90% speed.
This command is for diagnostic purposes only.  For routine use, use the Vent panel in the
Diagnosis view, or turn the LC/MSD power switch on.

Syntax:
7XUERV2II

GUI:
None.

RPOn
Description

Commands the rough vacuum pump to go on.  This may indirectly turn on the turbo
pumps if they have been commanded on. This command must be used if the rough pump
was turned off using RPOff.
This command is for diagnostic purposes only.  For routine use, use the Pumpdown
panel in the Diagnosis view, or turn the LC/MSD power switch on.

Syntax:
532Q

GUI:
None.

RPOff
Description

Commands the rough vacuum pump to turn off, which will also turn off the turbo pums
and the high vacuum gauge.  It is highly recommended that the rough pump not be
turned off while the turbo pump are turning faster than 50% speed.
This command is for diagnostic purposes only.  For routine use, use the Vent panel in the
Diagnosis view, or turn the LC/MSD power switch on.

Syntax:
532II

GUI:
None.

ForePres
Description

Displays the current rough vacuum pressure (in Torr) to the status line.
Syntax:

)RUH3UHV

GUI:
None.

HighPres
Description

Displays the current high vacuum pressure (in Torr) to the status line.
Syntax:

+LJK3UHV

GUI:
None.
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Leak Sensor Utilities
LeakCal

Description
Calibrates the LC/MSD leak sensor.  This may be necessary if spurious leaks are being
detected, if no leaks are being detected, or if any of the leak sensors, CDS, or Power
Distribution Board are replaced.
The leak sensor must be correctly positioned in a dry leak tray when the calibration is
performed.
There is no way to set the leak sensor calibration value other than to run the calibration
routine or to set it to zero (ClearLeakCal).

Syntax:
/HDN&DO

GUI:
None.  Output is to the status line.  If a value of 0 is reported, the leak sensor is disabled.

GetLeakCal
Description

Displays the calibration value for the LC/MSD leak sensor.  If a value of 0 is reported, the
leak sensor is disabled.

Syntax:
*HW/HDN&DO

GUI:
None.

ClearLeakCal
Description

Clears the calibration value for the LC/MSD leak sensor, effectively disabling leak
sensing.

Syntax:
&OHDU/HDN&DO

GUI:
None.  Output is to the status line.  If a value of 0 is reported, the leak sensor is disabled.



MS Utilities Help

T:\PRODSUPP\PS\1946b\Tr\Diagnostics\UtilHelp.doc10/08/99 25 of 30

MS Non-Volatile Memory Macros
ShowNVR

Description
Reads all the values in non-volatile memory and generates a text file report, which is
displayed in a viewer.  (Example appended to file).

Syntax:
6KRZ195�>)LOH1DPH�@

FileName$: the report will be saved using the supplied file name.
Default: MSDNVRAM.TXT

GUI:
Output is directed to the ChemStation viewer.

SetNVR
Description

Input certain instrument identification information, including serial number, manufacturing
date, quadrupole number, and presence of manual valve.

Syntax:
6HW195�>6QXP�@��>4XDG1XP�@��>0IJ'DWH�@��>069DOYH3@��>'217$6.@

Snum$:  Serial number, maximum length 10 characters
QuadNum$: Quadrupole serial number, maximum length 6 characters
MfgDate$: Manufacturing date, maximum length 8 characters.
MSValveP: 1 if manual injection valve is present, 0 if absent.
DONTASK: if set to 1, set only parameters provided on the command line.

GUI:
Dialog box interface.

BackupNVR
Description

Saves all instrument non-volatile memory values in the MSDNVR register.  These values
will be stored until the next BackupNVR operation.  The user will be asked whether to
read the values from the instrument first.  If no is selected, the previously read values will
be backed up.  In offline mode, the instrument values are not read.  See also
RestoreNVR.

Syntax:
%DFNXS195�>5HDG)LUVW@

ReadFirst: 1 – Read instrument values first
0 – Don’t read from instrument.

GUI:
Command line interface

RestoreNVR
Description

Set all instrument configuration values using the values stored in the MSDNVR register.
�6HH�%XUQ195�IRU�D�GHVFULSWLRQ�RI�WKH�SUHFHGHQFH�UXOHV�XVHG�ZKHQ
UHVWRULQJ�YDOXHV�
�6HH�DOVR�%DFNXS195�

Syntax:
BackupNVR
ReadFirst: 1 – Read instrument values first

0 – Don’t read from instrument.
GUI:

Command line interface
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GetNVR$
Description

Reads a specified parameter from the LC/MSD.
Returns:

Syntax:
*HW195�3DUDPHWHU�
Returns:
Formatted text display of the selected variable, as displayed in the ShowNVR report. See
the Instrument Parameters list for allowed parameters

GUI:
Command line interface

Instrument variables list
This list includes settable non-volatile memory items as well as read-only instrument
configuration information.

Description Parameter Name
Instrument Name instname
Serial Number serialnum
Product Number prodnum
Manufacture Date mfgdate
Quad Serial Number quadnum
MS Inject Valve Present msvalvep
ChemStation Rev swrev
SmartCard Rev Idn
PDB HW Rev pdbhwrev
PDB FW Rev pdbswrev
PDB 68332 FW Rev pdb332rev
SICB-LON HW Rev sbhwrev
SICB-LON FW Rev sbbswrev
Turbo Pump Ctrl HW Rev tpchwrev
Turbo Pump Ctrl FW Rev tpcswrev
Convect. Gauge HW Rev cghwrev
Convect. Gauge FW Rev cgswrev
Ion Gauge HW Rev ighwrev
Ion Gauge FW Rev cgswrev
Log Amp ID logampid
Quad Frequency quadfreq
Pos Ion Quad Polarity quadpolp
Neg Ion Quad Polarity quadpoln
Stdby Quad Temp quad
Stdby Drying Gas Temp dgas
Stdby Drying Gas Flow dgasflow
Stdby Nebulizer Press nebpres
Stdby Vaporizer Temp vapor
Quad Temp PIDs quadpid
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Drying Gas Temp PIDs dgaspid
Vaporizer Temp PIDs vaporpid
Drying Gas Flow PIDs dgasflowpid
Nebulizer Pres PIDs nebprespid
Quad Temp Timeout quadTO
Drying Gas Temp Timeout dgasTO
Vaporizer Temp Timeout vaporTO
Drying Gas Flow Timeout dgasflowTO
Nebulizer Pres Timeout nebpresTO
CDS Leak Sensor Calibration leakCal
CDS On Purge Time cdsdonps
CDS Off Purge Time 1 cdsdofp1
CDS Off Purge Time 2 cdsdofp2
CDS On Delay cdsdoncd
Mass Axis Lag D Coeff 0 mald0
Mass Axis Lag D Coeff 1 mald1
Mass Axis Lag D Coeff 2 mald2
Std EMV stdemv
EMV Gain Coeff 0 emvgain0
EMV Gain Coeff 1 emvgain1
EMV Gain Coeff 2 emvgain2
EMF limit: Calibrant A hrs emf_cexa
EMF limit: Calibrant B hrs emf_cexb
EMF limit: Pump Oil hrs emf_poil
EMF limit: Gas Conditioner hrs emf_gasc
EMF limit: Ion Optics hrs emf_iono
EMF limit: SSV Cycles emf_ssv
EMF limit: EM Current emf_emul
Last Backup Date backup
Last Restore Date restore

BurnNVR
Description

Stores (burns) a value in the LC/MSD non-volatile memory.  The provided must be a text
string.  If no value is specified, the most likely correct value is supplied, determined as
follows:
• The most recently backed-up value (set by BackupNVR)
• If no backup is available, the most recently read value (set by ShowNVR)
• The default value, if one exists and is appropriate.

To set a given parameter to default, use the keyword “default” to specify the value.
If rowNum is specified, then Parameter$ is ignored, and the parameter to be burned is
specified by its row number in the NVRAM table.

For manual entry of certain parameters, it is recommended to use the following macros:

Instrument identification: SetNVR
Zone timeouts: MSZoneTimeout
Zone control constants: MSZonePID
Quad polarity: BurnQP
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Leak calibration value: LeakCal
Syntax:

%XUQ195�3DUDPHWHU���>1HZ9DOXH@��>URZ1XP@
Parameter$: specify the parameter name as listed in the LC/MSD Non-volatile

Parameters List.
NewValue: A text string containing the new values to be burned.

If no value is specified, the backup value will be used.
If “default” is specified, and a valid default value exists, it will be burned.

RowNum: If a rownum is specified, the parameter at that position in the MSDNVRAM
table is burned and Parameter$ is ignored.

GUI:
Command line interface

LC/MSD Non-volatile parameters:
Description Parameter Name
Instrument Name Instname
Serial Number serialnum
Product Number prodnum
Mfg Date mfgdate
Quad Serial Number quadnum
MS Inject Valve Present msvalvep
Quad Frequency quadfreq
Pos Ion Quad Polarity quadpolp
Neg Ion Quad Polarity quadpoln
Stdby Quad Temp quad
Stdby Drying Gas Temp dgas
Stdby Drying Gas Flow dgasflow
Stdby Nebulizer Press nebpres
Stdby Vaporizer Temp vapor
Quad Temp PIDs quadpid
Drying Gas Temp PIDs dgaspid
Vaporizer Temp PIDs vaporpid
Drying Gas Flow PIDs dgasflowpid
Nebulizer Pres PIDs nebprespid
Quad Temp Timeout quadTO
Drying Gas Temp Timeout dgasTO
Vaporizer Temp Timeout vaporTO
Drying Gas Flow Timeout dgasflowTO
Nebulizer Pres Timeout nebpresTO
CDS Leak Sensor Calibration leakCal
CDS On Purge Time cdsdonps
CDS Off Purge Time 1 cdsdofp1
CDS Off Purge Time 2 cdsdofp2
CDS On Delay cdsdoncd
Mass Axis Lag D Coeff 0 mald0
Mass Axis Lag D Coeff 1 mald1
Mass Axis Lag D Coeff 2 mald2
EMV Gain Coeff 0 emvgain0
EMV Gain Coeff 1 emvgain1
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EMV Gain Coeff 2 emvgain2
EMF limit: Calibrant A hrs emf_cexa
EMF limit: Calibrant B hrs emf_cexb
EMF limit: Pump Oil hrs emf_poil
EMF limit: Gas Conditioner hrs emf_gasc
EMF limit: Ion Optics hrs emf_iono
EMF limit: SSV Cycles emf_ssv
EMF limit: EM Current emf_emul

Example NVR Report

*�����/&�06'�,QVWUXPHQW�&RQILJXUDWLRQ
������������30�����������
����������������������������������������������������������������������������������
����,QVWUXPHQW�1DPH������������������4X
$SHOOH
����6HULDO�1XPEHU������������������������$�����
����3URGXFW�1XPEHU�������������������*����$
����0IJ�'DWH���������������������������������
����4XDG�6HULDO�1XPEHU������������������
����06�,QMHFW�9DOYH�3UHVHQW�����������
����������������������������������������������������������������������������������
����&KHP6WDWLRQ�5HY������������������5HY��$�������>���@
����6PDUW&DUG�5HY���������������������������
����3'%�+:�5HY�����������������������33+$������
����3'%�):�5HY�����������������������356�������
����3'%�������):�5HY���������������������
����6,&%�/21�+:�5HY������������������35+�������
����6,&%�/21�):�5HY������������������356�������
����7XUER�3XPS�&WUO�+:�5HY�����������785%������
����7XUER�3XPS�&WUO�):�5HY�����������356:������
����&RQYHFW��*DXJH�+:�5HY����������������������
����&RQYHFW��*DXJH�):�5HY������������33��������
����,RQ�*DXJH�+:�5HY���������������������������
����,RQ�*DXJH�):�5HY�����������������35��������
����/RJ�$PS�,'�����������������������/2*���&$/
����������������������������������������������������������������������������������
����4XDG�)UHTXHQF\�������������������������������
����3RV�,RQ�4XDG�3RODULW\�������������
����1HJ�,RQ�4XDG�3RODULW\�������������
����������������������������������������������������������������������������������
����6WGE\�4XDG�7HPS���������������������
����6WGE\�'U\LQJ�*DV�7HPS���������������
����6WGE\�'U\LQJ�*DV�)ORZ�����������������
����6WGE\�1HEXOL]HU�3UHVV����������������
����6WGE\�9DSRUL]HU�7HPS����������������
����������������������������������������������������������������������������������
����4XDG�7HPS�3,'V�������������������3 �����, ��' ��,' �
����'U\LQJ�*DV�7HPS�3,'V�������������3 ����, ��' �����,' �
����9DSRUL]HU�7HPS�3,'V��������������3 ����, ��' ��,' �
����'U\LQJ�*DV�)ORZ�3,'V�������������3 ���, ��' ��,' �
����1HEXOL]HU�3UHV�3,'V��������������3 ���, ��' ���,' �
����������������������������������������������������������������������������������
����4XDG�7HPS�7LPHRXW��������������������
����'U\LQJ�*DV�7HPS�7LPHRXW��������������
����9DSRUL]HU�7HPS�7LPHRXW���������������
����'U\LQJ�*DV�)ORZ�7LPHRXW��������������
����1HEXOL]HU�3UHV�7LPHRXW���������������
����������������������������������������������������������������������������������
����&'6�/HDN�6HQVRU�&DOLEUDWLRQ�����������������������������([S��!��
����&'6�2Q�3XUJH�7LPH������������������
����&'6�2II�3XUJH�7LPH�����������������
����&'6�2II�3XUJH�7LPH�����������������
����&'6�2Q�'HOD\�����������������������
����������������������������������������������������������������������������������
����0DVV�$[LV�/DJ�'�&RHII����������������������
����0DVV�$[LV�/DJ�'�&RHII�������������������H���
����0DVV�$[LV�/DJ�'�&RHII�������������������H���
����������������������������������������������������������������������������������
����6WG�(09������������������������������
����(09�*DLQ�&RHII�����������������������������
����(09�*DLQ�&RHII���������������������������
����(09�*DLQ�&RHII��������������������������H���
����������������������������������������������������������������������������������
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����(0)�OLPLW��&DOLEUDQW�$�KUV��������
����(0)�OLPLW��&DOLEUDQW�%�KUV��������
����(0)�OLPLW��3XPS�2LO�KUV�����������
����(0)�OLPLW��*DV�&RQGLWLRQHU�KUV����
����(0)�OLPLW��,RQ�2SWLFV�KUV���������
����(0)�OLPLW��669�&\FOHV�������������
����(0)�OLPLW��(0�&XUUHQW�������������
����������������������������������������������������������������������������������
����/DVW�%DFNXS�'DWH���������������������������������$0
����/DVW�5HVWRUH�'DWH���������������
����195�0DFUR�5HYLVLRQ������������������
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This document describes how to use MSMask.mac to troubleshoot fault states on the LC/MSD.  MSMask.mac is u
sed to generate a FAULT MASK, which causes SmartCard to ignore certain faults.  

NOTE:  To jump directly to Applying MSMask.mac, search the document for "applying".

Overview

The Fault Mask has the following format:

    MaskStr$ = "0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0"

The Fault Mask string is a 16-bit representation of the 256-bit fault string which is reported by SmartCar
d in the SCTRACE.TXT report:

faultStatus: returning 0x0a00
0x0000000000000000000000000000000000000000000000000000000000000000
  ^15 ^14 ^13 ^12 ^11 ^10 ^9  ^8  ^7  ^6  ^5  ^4  ^3  ^2  ^1  ^0

Summary Faults
Each of the Fault Bits, 0 through 15, represents a Summary Fault.  The 16 summary faults are:

0  Party Fault
1  Difficulty with electrospray source electronics
2  Difficulty with ion optics electronics
3  Difficulty with detector electronics
4  Difficulty with electrospray source gas flows
5  Difficulty with calibrant delivery system
6  Difficulty with vacuum system gauges
7  Difficulty with vacuum system pumps
8  System not at vacuum
9  Difficulty controlling temperature zones
10 The mass spectrometer is not properly calibrated
11 Difficulty with instrument power supplies
12 (unused)
13 Difficulty with internal instrument communications
14 An LC/MS shutdown has occured
15 The mass spectrometer is not properly configured

Summary Fault Sub-Bits
Each of these summary faults has 16 sub-bits which represent the specific fault detected.  For example, su
mmary fault 9, Difficulty controlling temperature zones, has the following sub-bits defined:

0  Quadrupole temperature zone timeout
1  Quadrupole temperature zone control high
2  Quadrupole temperature zone control low
3  Quadrupole temperature sensor open 
4  Quadrupole temperature sensor shorted

5  Drying gas temperature zone timeout
6  Drying gas temperature zone control high
7  Drying gas temperature zone control low
8  Drying gas temperature sensor open
9  Drying gas temperature sensor shorted

10 Vaporizer temperature zone timeout
11 Vaporizer temperature zone control high
12 Vaporizer temperature zone control low
13 Vaporizer temperature sensor open
14 Vaporizer temperature sensor shorted

Instead of listing all 16 sub-bits in the Summary Fault, the sub-bits are represented by a four digit hexa
decimal number.  For example, a 'Vaporizer Temperature Sensor Open' fault is represented by fault bit 13. 
 This would be represented by a hexadecimal value of 2000, which represents the following binary string:
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0010000000000000 or 0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0

Where the sub-bits are reported left to right from 15 to 0.
                   

Applying MSMask.mac

1.  Generate the fault message.  Most faults are only reported when the LC/MSD is active.  Usually it is s
ufficient to type "MSON" on the command line to generate a fault.  However, if an MSON is not sufficient, 
type "MSPROFILE 1" and allow the system to profile until the fault is generated.

2.  After the fault is generated, generate an SCTRACE report, by typing "MSSCTRACE 1" on the command line.
  This will generated an SCTRACE.TXT report.  This report can be called from Diagnosis View, or by searchi
ng for the file name.  It should be located under the directory:  

C:\...\HPCHEM\<Instrument Number>\1946tune\

3.  Scroll through the SCTRACE.TXT report and locate the 256-bit fault string:

faultStatus: returning 0x0a00
0x0000000000000000000000002000000000000000000000000000000000000000
  ^15 ^14 ^13 ^12 ^11 ^10 ^9  ^8  ^7  ^6  ^5  ^4  ^3  ^2  ^1  ^0

In this case, we will again use the 'Vaporizer temperature sensor open' fault as an example.

4.  Launch the calculator from the Accessories group on the computer.  Change the view to Scientific.  Sel
ect 'Hex' and type the value(s) from the 256-bit fault string (or '2000' for this example).

5.  Select the 'Dec' button on the calculator to convert the hexadecimal value into a decimal number.  For
 our example, '2000' converts to '8192'.

6.  Launch Notepad, and open the macro MSMASK.MAC, which is located in the directory: 

C:\...\HPCHEM\CORE\

7.  Type the decimal value into the Fault Mask at the appropriate Summary Fault location.  Note that the o
rder of the Summary Bits is reported from 0-15.  This is the reverse of the order in the SCTRACE.TXT repor
t.  For our example, this would be:

MaskStr$ = "0,0,0,0,0,0,0,0,0,8192,0,0,0,0,0,0"

8.  To apply this new fault mask, type "macro msmask.mac" on the command line (no quotes).  The new mask w
ill be displayed.

The MSMask.mac macro follows with a "clean" mask (no faults masked):

!MSMASK.MAC

! This macro is for G1946A LC/MSD PROTOTYPES ONLY
!
! if msMask is run with no parameter, a default fault mask is set
! to enable reporting of all faults.  This macro can be modified
! to provide a temporary workaround to disabe reporting of certain faults.
!
! If MaskOn is 0, then all masks are cleared.  This is for diagnostic
! use only.  
!
! If the MS electronics are turned off, or an MSSCInit is executed, then
! msMask should be executed again.
!
! This macro is executed when the file msMask.mac is loaded.
! December 20, 1996 (Erik)
!
! Added MS command set check to allow also a LC only instrument
! configuration. Jan 6,1997 (Dani)
!
! Now be called in acqinit. Jan 14,1997 (Stefan)
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! Irene is the owner of the file and has to be notified for any changes!

!***********************************************************************
name MSMask
parameter MaskOn default 1
! Set MS fault mask.  If MSMask = 0 all fault masking is turned off, 
! otherwise the fault mask is set.
!***********************************************************************
LOCAL MaskStr$, MSMaskVer$

  MSMaskVer$ = "030397"

  if CHECK(COMMAND, MsScQuery) =1 then
    MaskStr$ = "0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0"

    if MaskOn = 0 then  ! clear mask
      msscwrite "msc:flt:mask:full 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0"
      msscquery "msc:flt:mask:full?", MaskStr$
      print "MSMask OFF (Ver. " + MSMaskVer$ + ")"
    else      
      msscwrite "msc:flt:mask:full " + MaskStr$
      msscquery "msc:flt:mask:full?",  MaskStr$
      print "MSMask set to " + MaskStr$ + "  (Ver. " + MSMaskVer$ + ")"   
    endif
  endif

endmacro   ! MSMask

! Direct execution
MSMask 1
remove MSMask
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