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(OHFWURQLFV 7HVW (TXLSPHQW DQG 'LJLWDO 'DWD $FTXLVLWLRQ

� ,QWURGXFWLRQ
7KH SXUSRVH RI WKLV ¿UVW ODE LV IRU \RX WR OHDUQ DERXW WKH RVFLOORVFRSH DQG ZDYHIRUP JHQHUDWRU� ZKLFK DUH ZLGHO\

XVHG WRROV LQ WKH FDWHJRU\ RI HOHFWURQLFV ³WHVW HTXLSPHQW�́ 7HVW HTXLSPHQW LV PDLQO\ XVHG IRU GHEXJJLQJ HOHFWURQLF
GHYLFHV GXULQJ GHYHORSPHQW� RU ¿JXULQJ RXW KRZ WR ¿[ HOHFWURQLF GHYLFHV ZKHQ WKH\ EUHDN� ,Q DGGLWLRQ� \RX ZLOO
H[DPLQH VRPH RI WKH SULQFLSOHV RI GLJLWDO GDWD DFTXLVLWLRQ DV DSSOLHG WR HOHFWURQLF VLJQDOV� $ SULQFLSDO JRDO RI WKLV
FRXUVH �DORQJ ZLWK WKH RWKHU ODERUDWRU\ FRXUVHV LQ SK\VLFV� LV WKDW \RX VKRXOG EH DEOH WR ZDON LQWR DQ\ PRGHUQ
SK\VLFV UHVHDUFK ODE DQG KDYH D UHDVRQDEOH OHYHO RI IDPLOLDULW\ DQG SUR¿FLHQF\ ZLWK WKH HOHFWURQLF HTXLSPHQW DQG
PHDVXUHPHQW WHFKQLTXHV EHLQJ XVHG�

7KH waveform generator �DOVR FDOOHG D function generator RU signal generator� GRHV ZKDW WKH QDPH VXJJHVWV ±
LW JHQHUDWHV HOHFWURQLF ZDYHIRUPV WKDW FDQ EH ZULWWHQ DV Y (w)> WKH YROWDJH DV D IXQFWLRQ RI WLPH� ([DPSOHV LQFOXGH
VLQXVRLGDO VLJQDOV Y (w) = D cos($w)> VTXDUH�ZDYH VLJQDOV� WULDQJOH ZDYHV� DQG D KRVW RI RWKHUV� LQFOXGLQJ ³QRLVH´
ZDYHIRUPV �ZKHUH Y (w) ORRNV OLNH HOHFWURQLF QRLVH ZLWK WXQDEOH SURSHUWLHV�� )LJXUH � VKRZV WKH ZDYHIRUP JHQHUDWRU
\RX ZLOO EH XVLQJ LQ WKLV ODE�

7KH oscilloscope LV XVHG WR H[DPLQH HOHFWURQLF VLJQDOV E\ SORWWLQJ Y (w)=7KHUH DUH PDQ\ XVHIXO ZD\V WR SORW DQG
DQDO\]H HOHFWURQLF VLJQDOV� VR WKH RVFLOORVFRSH KDV EHFRPH D IDLUO\ FRPSOH[ SLHFH RI HTXLSPHQW� ZLWK TXLWH D IHZ
NQREV� EXWWRQV� PHQXV� DQG VXE�PHQXV WKDW SURYLGH D JUHDW GHDO RI IXQFWLRQDOLW\ IRU REVHUYLQJ DQG PHDVXULQJ D
ZLGH YDULHW\ RI HOHFWURQLF VLJQDOV� 2VFLOORVFRSHV UDQJH LQ SULFH IURP D IHZ KXQGUHG GROODUV �IRU EDVLF ORZ�IUHTXHQF\
PRGHOV� WR VHYHUDO KXQGUHG WKRXVDQG GROODUV �IRU IDQF\ PRGHOV FDSDEOH RI YLHZLQJ DQG DQDO\]LQJ YHU\ VPDOO� YHU\
IDVW VLJQDOV�� 7KH\ DOO RSHUDWH RQ VLPLODU SULQFLSOHV� VR RQFH \RX OHDUQ RQH \RX ZLOO KDYH OLWWOH WURXEOH XVLQJ RWKHUV
�DOWKRXJK KLJK�HQG RVFLOORVFRSHV W\SLFDOO\ KDYH PDQ\ DGGLWLRQDO FRPSOH[ IHDWXUHV WR OHDUQ��

2XU RVFLOORVFRSHV DUH DOVR QHWZRUNHG� VR \RX FDQ VHQG \RXU UHFRUGHG GDWD WR D FRPSXWHU IRU DGGLWLRQDO DQDO\�
VLV� )LJXUH � VKRZV WKH RVFLOORVFRSH \RX ZLOO EH XVLQJ LQ 3K�� $W ¿UVW WKH RVFLOORVFRSH PD\ VHHP FRPSOLFDWHG DQG
FXPEHUVRPH� ZLWK DOO LWV PHQXV DQG VXE�PHQXV� %XW RQFH \RX JDLQ VRPH H[SHULHQFH XVLQJ DQ RVFLOORVFRSH� LW EH�
FRPHV DQ LQGLVSHQVDEOH WRRO IRU TXLFNO\ DQG HDVLO\ H[DPLQLQJ MXVW DERXW DQ\WKLQJ HOHFWURQLF� 7KLV ¿UVW ODE LV D EDVLF
RVFLOORVFRSH WXWRULDO� ,Q VXEVHTXHQW ODEV \RX ZLOO JDLQ PRUH H[SHULHQFH XVLQJ LW LQ D ODERUDWRU\ VHWWLQJ�

��� :KDW WR ZULWH LQ \RXU ODE QRWHERRN

5HSURGXFLELOLW\ LV HVVHQWLDO LQ VFLHQFH� DQG UHSURGXFLELOLW\ UHTXLUHV JRRG UHFRUG NHHSLQJ� ,Q WKLV FRXUVH� \RX QHHG WR
NHHS D ODE QRWHERRN WKDW GHVFULEHV ZKDW \RX GLG LQ HDFK ODE� DQG ZKDW UHVXOWV \RX REWDLQHG� <RX ZLOO WXUQ LQ \RXU
QRWHERRN DERXW HYHU\ WZR ZHHNV �WKH VFKHGXOH LV RQ WKH 3K� ZHEVLWH�� DQG LWV FRQWHQWV ZLOO EH XVHG WR GHWHUPLQH \RXU
JUDGH IRU HDFK ODE�

,Q PRGHUQ VFLHQFH DQG LQGXVWU\� KXQGUHGV RU HYHQ WKRXVDQGV RI SHRSOH PLJKW EH ZRUNLQJ RQ GLIIHUHQW DVSHFWV RI
D SURMHFW VLPXOWDQHRXVO\� VR LW EHFRPHV H[WUHPHO\ LPSRUWDQW WR UHFRUG H[DFWO\ ZKR GLG ZKDW ZKHQ� 7KH VDPH JRHV
IRU ZULWLQJ ODUJH FRPSXWHU FRGHV� DV \RX FDQ HDVLO\ LPDJLQH� ,Q WKHVH VLWXDWLRQV� SHUVRQDO ODE QRWHERRNV DUH EHLQJ
VXSHUVHGHG E\ HODERUDWH VRIWZDUH WRROV� DQG ODUJH VFLHQWL¿F RU LQGXVWULDO JURXSV RIWHQ KDYH VWULFW UXOHV DQG SURWRFROV�
:H DUH QRW VR ULJLG LQ 3K�� EXW \RX VKRXOG JHW LQWR WKH KDELW RI NHHSLQJ JRRG UHFRUGV LQ WKH ODE�

+HUH DUH VRPH WKLQJV \RX VKRXOG ZULWH LQ \RXU 3K� ODE QRWHERRN �VHH DOVR WKH 3K� ZHEVLWH IRU PRUH RQ WKLV
VXEMHFW��
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• ,QFOXGH DSSDUDWXV GLDJUDPV DV DSSURSULDWH� LQFOXGLQJ HOHFWULFDO FRQQHFWLRQV� RSWLFDO OD\RXWV� HWF� 7KHVH FDQ EH
GUDZLQJV� SKRWRJUDSKV� RU VFKHPDWLFV FRSLHG IURP WKH KDQGRXWV� ,QFOXGH HQRXJK LQIRUPDWLRQ WKDW DQRWKHU SHUVRQ
FRXOG UHFRQVWUXFW WKH DSSDUDWXV IURP \RXU QRWHV�

• 5HFRUG DOO WKH VHWWLQJV IURP WKH RVFLOORVFRSH� IXQFWLRQ JHQHUDWRU� HWF�� HYHQ LI \RX GR QRW FKDQJH WKHP� 1RWH WKDW
D FRQYHQLHQW ZD\ WR LQFOXGH PDQ\ LPSRUWDQW RVFLOORVFRSH VHWWLQJV LV WR SULQW D VFUHHQ VKRW �E\ SUHVVLQJ WKH SULQW
EXWWRQ RQ WKH RVFLOORVFRSH� DQG WDSH LW LQWR \RXU ODE QRWHERRN�

• ,I WKH KDQGRXW LQVWUXFWV \RX WR YLHZ VRPH VLJQDO RQ WKH RVFLOORVFRSH� LQFOXGH D VFUHHQ VKRW LQ \RXU QRWHERRN�
DORQJ ZLWK D EULHI GHVFULSWLRQ�

• ,QFOXGH SKRWRJUDSKV DV DSSURSULDWH� <RXU FDPHUD SKRQH LV D WHUUL¿F ODERUDWRU\ WRRO� VR XVH LW WR UHFRUG \RXU
RYHUDOO H[SHULPHQWDO VHW�XS RU RWKHU GHWDLOV� 7KHUH DUH VHYHUDO FRPSXWHUV LQ WKH 3K� ODE \RX FDQ XVH WR SULQW \RXU
SKRWRV� VR \RX FDQ WDSH WKHP LQWR \RXU QRWHERRN�

• ,QFOXGH DOO GDWD WDNLQJ DQG DQDO\VLV VWHSV� HVSHFLDOO\ JUDSKV WDSHG LQWR \RXU QRWHERRN�

%H\RQG WKHVH JXLGHOLQHV� XVH \RXU EHVW MXGJHPHQW WR GHFLGH ZKDW WR SXW LQ \RXU QRWHERRN� ,I WKH KDQGRXW DVNV
\RX WR SHUIRUP D VSHFL¿F WDVN� UHFRUG LW �YLD D VFUHHQVKRW� GDWD SORW� HWF�� LQ \RXU QRWHERRN IRU JUDGLQJ� ,I \RX WDSH
D ¿JXUH RU SKRWR LQWR \RXU QRWHERRN� LQFOXGH D FDSWLRQ DORQJVLGH WKDW FOHDUO\ GHVFULEHV ZKDW WKH LPDJH GHSLFWV� <RX
FDQ ¿QG DQ H[DPSOH RI D ZHOO�NHSW 3K� ODE QRWHERRN RQ WKH 3K� ZHEVLWH�

� /DE 3URFHGXUHV ± :HHN 2QH
:KDW IROORZV DUH VWHS�E\�VWHS LQVWUXFWLRQV IRU WKLV ODE� (DFK SDUDJUDSK KDV D VPDOO WDVN� DQG LQ VHULHV WKH\ ZLOO

JXLGH \RX WKURXJK WKH ODE� $V ZLWK PRVW RI WKH 3K� ODEV� WKHUH DUH D ORW RI VWHSV� VR \RX ZLOO QHHG WR ZRUN HI¿FLHQWO\�
,I \RX ¿QG WKDW RQH VWHS LV WDNLQJ TXLWH D ZKLOH� \RX VKRXOG DVN IRU KHOS EHIRUH LW FKHZV XS WRR PXFK WLPH�
• 7R JHW VWDUWHG� WXUQ RQ WKH SRZHU WR \RXU ZDYHIRUP JHQHUDWRU DQG RVFLOORVFRSH� :KLOH WKH\ ERRW XS� FRQQHFW WKH

&+� RXWSXW RI WKH ZDYHIRUP JHQHUDWRU WR WKH &+� LQSXW RI WKH RVFLOORVFRSH XVLQJ D %1& FDEOH� �,I \RX DUH QRW
IDPLOLDU ZLWK %1& FDEOHV� WKH\ KDYH ³ED\RQHW´ FRQQHFWRUV RQ HDFK HQG WKDW \RX SXVK RQ DQG WKHQ JLYH D TXDUWHU
WXUQ WR ORFN� $VN LI \RX QHHG KHOS��

• 3UHVV WKH &+� Output EXWWRQ RQ WKH ZDYHIRUP JHQHUDWRU� ZKLFK ZLOO OLJKW XS� LQGLFDWLQJ WKDW D VLJQDO LV EHLQJ
DSSOLHG WR WKH RXWSXW� 7KHQ SUHVV WKH Autoset EXWWRQ RQ WKH RVFLOORVFRSH �DOO WKH ZD\ RQ WKH ULJKW� QHDU WKH FHQWHU��
<RX VKRXOG VHH D \HOORZ VLQH ZDYH SORWWHG RQ WKH µVFRSH� ,I \RX DOVR VHH D EOXH OLQH� SUHVV WKH EOXH &K � EXWWRQ
RQ WKH µVFRSH� WKHQ WKH QHDUE\ OFF EXWWRQ WR UHPRYH LW� DQG WKHQ SUHVV WKH Autoset EXWWRQ DJDLQ� $V DOZD\V� MXVW
DVN LI WKLV GRHV QRW VHHP WR EH ZRUNLQJ� RU LI \RX KDYH DQ\ TXHVWLRQV� 'R QRW UHFRUG DQ\ RI WKLV LQ \RXU QRWHERRN
MXVW \HW� ZH¶OO JHW WR WKDW EHORZ�

)LJXUH �� 7KH 5LJRO '*���� ZDYHIRUP JHQHUDWRU�
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)LJXUH �� 7KH 7H[WURQLFV 7'6����% RVFLOORVFRSH�

• 1H[W WXUQ WKH Vertical Position NQRE DQG VHH ZKDW WKDW GRHV� <RX VKRXOG VHH D \HOORZ ³ÀDJ´ RQ WKH OHIW VLGH RI WKH
VFUHHQ WKDW PRYHV DV \RX WXUQ WKH NQRE� 7KLV LV D PRVW XVHIXO ÀDJ� DV LW VKRZV \RX WKH SRVLWLRQ RI ]HUR YROWV RQ
WKH RVFLOORVFRSH VFUHHQ� 7KH \HOORZ ÀDJ LV IRU &K�� DQG ODWHU \RX ZLOO VHH WKHUH LV DOVR D EOXH ÀDJ IRU &K��

• 1RZ DGMXVW WKH Vertical Scale NQRE� ZKLFK FKDQJHV WKH JDLQ VHWWLQJ LQVLGH WKH RVFLOORVFRSH� <RX ZLOO VHH VRPH�
WKLQJ OLNH ³&K� ����9´ RQ WKH ORZHU OHIW FRUQHU RI WKH GLVSOD\� 7KLV WHOOV \RX WKH ³YROWV SHU GLYLVLRQ´� ZKHUH RQH
GLYLVLRQ LV DERXW RQH FHQWLPHWHU RQ WKH RVFLOORVFRSH VFUHHQ� GHOLQHDWHG E\ GRWWHG OLQHV� 1H[W SUHVV WKH Ampl EXWWRQ
RQ WKH ZDYHIRUP JHQHUDWRU� ZKLFK SUREDEO\ VD\V ³����� 933´� PHDQLQJ � YROWV SHDN�WR�SHDN� &KDQJH WKH VLJQDO
DPSOLWXGH RQ WKH ZDYHIRUP JHQHUDWRU DQG DGMXVW WKH RVFLOORVFRSH¶V Vertical Scale DQG Vertical Position NQREV WR
YHULI\ WKDW LQGHHG \RX FDQ XVH WKH VFUHHQ GLYLVLRQV WR PHDVXUH ZKDW WKH ZDYHIRUP JHQHUDWRU LV VXSSO\LQJ� 7KXV
DQ RVFLOORVFRSH FDQ EH XVHG DV D YROWPHWHU�

• 1RZ WXUQ WKHHorizontal Scale NQRE DQG VHH ZKDW LW GRHV� $W WKH ERWWRP RI WKH µVFRSH \RX ZLOO VHH VRPHWKLQJ OLNH
³0 ����V´� WHOOLQJ \RX WKDW WKH RVFLOORVFRSH LV SORWWLQJ WKH ZDYHIRUP DW ��� PLFURVHFRQGV SHU GLYLVLRQ� 3UHVV
WKH Freq EXWWRQ RQ WKH ZDYHIRUP JHQHUDWRU DQG \RX VKRXOG VHH ����� N+] �L�H�� WKH IUHTXHQF\ LQ NLORKHUW]� RQ WKH
GLVSOD\� 3UHVV WKH Freq EXWWRQ D IHZ PRUH WLPHV DQG \RX VHH WKH GLVSOD\ WRJJOH EHWZHHQ IUHTXHQF\ DQG SHULRG�
&KDQJH WKH ZDYHIRUP SHULRG� DQG YHULI\ WKDW \RX FDQ PHDVXUH WKH FRUUHFW SHULRG RQ WKH RVFLOORVFRSH� 7KXV DQ
RVFLOORVFRSH FDQ EH XVHG WR PHDVXUH WKH VLJQDO SHULRG �RU HTXLYDOHQWO\ WKH VLJQDO IUHTXHQF\��

• -XVW D IHZ ZRUGV DERXW FDEOHV� WKH %1& FDEOHV ZH XVH DUH ³FRD[LDO´ FDEOHV� ZLWK RQH LQQHU FRQGXFWRU VXUURXQGHG
E\ D F\OLQGULFDO RXWHU FRQGXFWRU� DV VKRZQ LQ )LJXUH �� 7KH RXWHU FRQGXFWRU W\SLFDOO\ KDV D EUDLGHG ZLUH FRQVWUXF�
WLRQ� DQG LW LV KHOG DW ]HUR YROWV� DOVR FDOOHG ³JURXQG´� �*URXQG LV D YROWDJH UHIHUHQFH SRLQW� RIWHQ FRQQHFWHG WR
WKH WKLUG SURQJ RI WKH HOHFWULFDO SOXJ� ZKLFK LV FRQQHFWHG WR SLSHV LQ WKH EXLOGLQJ WKDW LQFOXGH ZDWHU SLSHV WKDW DUH
OLWHUDOO\ FRQQHFWHG WR WKH JURXQG�� 7KH RXWHU FRQGXFWRU DFWV DV DQ HOHFWULFDO VKLHOG WR UHGXFH QRLVH RQ WKH FHQWUDO
³VLJQDO´ OLQH� 7KH FRD[LDO FDEOH DOVR DFWV DV D ³WUDQVPLVVLRQ OLQH´ IRU KLJK�IUHTXHQF\ VLJQDOV� EXW ZH ZLOO QRW JHW
LQWR WKDW LQ 3K�� %1& LV DQ DFURQ\P WKDW RQFH VWRRG IRU VRPHWKLQJ� EXW WKH LQWHUQHW WHOOV XV WKDW QR RQH LV TXLWH
VXUH DQ\PRUH ZKDW LW VWRRG IRU� VR LW KDV EHFRPH MXVW %1&�

��� 0HDVXUHPHQWV

• $QRWKHU ZD\ WR PHDVXUH VLJQDO DPSOLWXGHV DQG IUHTXHQFLHV LV WR XVH WKH RVFLOORVFRSH¶V EXLOW�LQ Measure IHDWXUH�
7R DFFHVV WKLV� SUHVV WKH Measure EXWWRQ �WRS URZ RQ WKH µVFRSH�� 3UHVV WKH Remove Measrmnt PHQX EXWWRQ�
DQG WKHQ All Measurements� WR FOHDU DQ\ H[LVWLQJ PHDVXUHPHQWV� 1H[W SUHVV Select Measrmnt DQG \RX ZLOO VHH
PDQ\ SRVVLELOLWLHV WR VHOHFW IURP� 6HOHFW Frequency DQG CycleRMS PHDVXUHPHQWV� DQG \RX VKRXOG VHH WKHVH
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)LJXUH �� 7\SLFDO FRQVWUXFWLRQ RI D FRD[LDO FDEOH�

PHDVXUHPHQWV GLVSOD\HG RQ WKH VFUHHQ� 6HW WKH VLJQDO DPSOLWXGH WR � N+]� � 9506> RQ WKH ZDYHIRUP JHQHUDWRU�
DQG YHULI\ WKDW \RX VHH WKHVH YDOXHV RQ WKH RVFLOORVFRSH� 506 VWDQGV IRU WKH URRW�PHDQ�VTXDUHG DYHUDJH RI WKH
VLJQDO DPSOLWXGH� DYHUDJHG RYHU RQH F\FOH�

YUPV =

�
1

Wf|foh

Z

f|foh

Y (w)2gw

¸1@2

)RU D VLQH ZDYH� WKH SHDN�WR�SHDN YROWDJH LV
s
2 WLPHV KLJKHU WKDQ WKH 506 DYHUDJH�

• 0RYH WKH \HOORZ VLJQDO WUDFH GRZQ� DQG UHGXFH LWV DPSOLWXGH �XVLQJ WKH Scale DQG Position NQREV� VR WKDW WKH WUDFH
LV GLVSOD\HG RQ WKH VFUHHQ EXW LV QRW RYHUODSSLQJ WKH PHDVXUHPHQW QXPEHUV� 3UHVV WKH Print EXWWRQ RQ WKH µVFRSH
�IDU OHIW EXWWRQ� DQG D VFUHHQ VKRW VKRXOG DSSHDU LQ RQH RI WKH 3K� SULQWHUV� 3ULQW D FRS\ IRU HDFK ODE SDUWQHU� VR
HDFK RI \RX FDQ WDSH LW LQWR WKHLU RZQ ODE QRWHERRN �WKHUH LV D SDSHU FXWWHU QHDU WKH SULQWHU� DQG WDSH DOO DURXQG WKH
3K� ODE��

• 1RZ DGG WKH Pk-Pk PHDVXUHPHQW RQ WKH VFUHHQ� ZKLFK JLYHV WKH GLIIHUHQFH EHWZHHQ WKH KLJKHVW DQG ORZHVW
YROWDJHV LQ WKH WUDFH� %HFDXVH WKHUH LV VRPH QRLVH RQ WKH VLJQDO� \RX ZLOO ¿QG WKDW WKH Pk-Pk PHDVXUHPHQW LV D ELW
KLJKHU WKDQ WKH H[SHFWHG

s
2YUPV = 1=414 YROWV� 7KH CycleRMS PHDVXUHPHQW LV OHVV DIIHFWHG E\ QRLVH�

• ,I \RX WXUQ XS WKH Scale RQ WKH RVFLOORVFRSH� \RX ZLOO VHH WKDW WKH PHDVXUHPHQWV WHOO \RX ZKHQ WKH VLJQDO QR
ORQJHU ¿WV RQ WKH VFUHHQ� 7KLV LV D IHDWXUH RI WKLV RVFLOORVFRSH ± WKH HQWLUH VLJQDO KDV WR EH YLVLEOH RQ WKH GLVSOD\
IRU WKH PHDVXUHPHQWV WR ZRUN FRUUHFWO\� ,Q JHQHUDO� WKHMeasure IHDWXUH ZRUNV EHVW RQ KLJK�DPSOLWXGH� ORZ�QRLVH
VLJQDOV� )UHTXHQF\ PHDVXUHPHQWV DUH HVSHFLDOO\ SUREOHPDWLF ZKHQ WKH VLJQDO LV ZHDN RU QRLV\�

��� &XUVRUV

• 1H[W UHPRYH WKH PHDVXUHPHQWV �Measure PHQX, Remove Measrmnt, All Measurements� WR JHW WKHP RXW RI WKH
ZD\� DQG SUHVV WKH Autoset EXWWRQ WR JHW \RX EDFN WR D FOHDQ GLVSOD\� )URP WKHUH� SUHVV WKH Cursor EXWWRQ �ULJKW
EHORZMeasure� DQG \RX ZLOO ¿QG DQRWKHU PHDVXUHPHQW WRRO� 6HOHFW V bars DQG \RX ZLOO VHH WZR YHUWLFDO OLQHV RQ
WKH VFUHHQ� 3UHVV WKH Select EXWWRQ �XSSHU OHIW RI WKH PDLQ SDQHO RI EXWWRQV� WR VHOHFW ZKLFK FXUVRU WR PRYH� WKHQ
PRYH LW XVLQJ WKH ODUJH NQRE QHDUE\�

• 1RWH WKDW IRXU QXPEHUV DUH GLVSOD\HG�

�� # ± WKH WLPH FRRUGLQDWH RI WKH FXUVRU OLQH� UHODWLYH WR WKH WULJJHU WLPH �PDUNHG E\ WKH UHG ÀDJ RQ WRS RI WKH
VFUHHQ� ZH¶OO ORRN DW ZKDW WKDW ÀDJ PHDQV EHORZ�

��� ± WKH WLPH GLIIHUHQFH EHWZHHQ WKH WZR FXUVRU OLQHV
�� # ± WKH VLJQDO YROWDJH DW WKH FKRVHQ WLPH �QRWH WKH VKRUW KRUL]RQWDO OLQH RQ WKH VLJQDO�
��� ± WKH YROWDJH GLIIHUHQFH EHWZHHQ WKH WZR FXUVRU SRLQWV

• ([HUFLVH� 'LVSOD\ D � N+] VLQH ZDYH� � YROWV SHDN�WR�SHDN� DQG SRVLWLRQ RQH FXUVRU DW D VLJQDO PLQLPXP� DQG WKH
RWKHU FXUVRU DW DQ DGMDFHQW VLJQDO PD[LPXP� 9HULI\ WKDW WKH FXUVRU PHDVXUHPHQWV DJUHH ZLWK H[SHFWDWLRQV� WKHQ
SULQW D VFUHHQ VKRW IRU \RXU QRWHERRN�
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• ,Q VXPPDU\� \RX VHH WKDW WKHUH DUH WKUHH ZD\V WR PHDVXUH VLJQDO SURSHUWLHV� �� UHDG GLUHFWO\ IURP WKH JULG GLYLVLRQV
RQ WKH VFUHHQ� �� XVH WKH Measure IHDWXUH� DQG �� XVH WKH Cursors� 7KH JULG LV JRRG IRU TXLFN HVWLPDWHV� WKH
Measure IHDWXUH LV JRRG IRU VWURQJ VLJQDOV� DQG WKH Cursors DUH XVHIXO ZKHQMeasure GRHVQ¶W ZRUN ZHOO�

• )RU FRPSOHWHQHVV� VHOHFW H Bars IURP WKH Cursor PHQX DQG \RX FDQ VHH WKDW WKH IXQFWLRQDOLW\ LV VLPLODU WR WKH V
Bars�

��� 7ULJJHULQJ

1RWH WKDW WKH ZDYHIRUP JHQHUDWRU SXWV RXW D VLPSOH VLQXVRLGDO VLJQDO� Y (w) = D cos($w)� ZKLFK FOHDUO\ YDULHV ZLWK
WLPH� $ PRVW XVHIXO IHDWXUH RI DOO RVFLOORVFRSHV LV WKDW WKH\ GLVSOD\ WLPH�YDU\LQJ VLJQDOV DV VWDWLRQDU\ IXQFWLRQV� 7KDW
LV� WKH VLJQDO RQ WKH GLVSOD\ LV VWDWLRQDU\� PDNLQJ LW HDV\ WR YLHZ DQG DQDO\]H� 7KLV WULFN LV DFFRPSOLVKHG XVLQJ D
PHFKDQLVP FDOOHG ³WULJJHULQJ´� ZKLFK RQH RI WKH VXEWOHU DVSHFWV RI XVLQJ DQ RVFLOORVFRSH�
• 7R VHH DQ XQWULJJHUHG VLJQDO� SUHVV WKH Trigger Menu EXWWRQ� DQG WKHQ SUHVV WKH Ext EXWWRQ QHDU WKH GLVSOD\� 1RZ

WKH VLJQDO LV IUHH�UXQQLQJ� DQG FOHDUO\ PXFK KDUGHU WR H[DPLQH� ,Q WKLV PRGH� WKH RVFLOORVFRSH SORWV WKH VLJQDO
RYHU DQG RYHU DJDLQ DW HVVHQWLDOO\ UDQGRP WLPHV� 3UHVV WKH Ch1 PHQX EXWWRQ WR JR EDFN LQWR WULJJHUHG PRGH�

• 1H[W DGMXVW WKH Trigger Level NQRE XQWLO WKH Level YDOXH GLVSOD\HG RQ WKH µVFRSH VFUHHQ HTXDOV ]HUR YROWV� :LWK
WKLV VHWWLQJ� WKH µVFRSH ZDLWV XQWLO LW VHHV WKH VLJQDO JR WKURXJK ]HUR YROWV� ZLWK D SRVLWLYH VORSH� 7KLV RFFXUUHQFH
LV FDOOHG D ³WULJJHU´ HYHQW� :KHQ WKH µVFRSH GHWHFWV D WULJJHU HYHQW� LW LPPHGLDWHO\ SORWV WKH VLJQDO IRUZDUG DQG
EDFNZDUG LQ WLPH XQWLO LW ¿OOV WKH VFUHHQ� 7KHQ LW VWRSV SORWWLQJ DQG ZDLWV IRU WKH QH[W WULJJHU HYHQW� <RX ZLOO
VHH D UHG ³7´ ÀDJ DW WKH WRS RI WKH VFUHHQ� ZKLFK VKRZV \RX ZKHQ WKH WULJJHU HYHQW KDSSHQHG� <RX FDQ PRYH
WKLV ÀDJ XVLQJ WKH Horizontal Position NQRE� 3ORWWLQJ IRUZDUG DQG EDFNZDUG LQ WLPH DOORZV \RX WR VHH WKH VLJQDO
LPPHGLDWHO\ EHIRUH DQG DIWHU D WULJJHU HYHQW� ZKLFK FDQ EH XVHIXO� 2I FRXUVH� DW � N+] WKH µVFRSH KDV WR ZDLW DW
PRVW � PVHF WR VHH WKH QH[W WULJJHU� VR ZKDW \RX VHH LV D FRQWLQXRXVO\ XSGDWHG� \HW VWDWLRQDU\� VLQXVRLGDO VLJQDO�
,QGHHG� \RX VKRXOG VHH WKDW WKH VLJQDO KDV ]HUR YROWV DQG D SRVLWLYH VORSH DW WKH WULJJHU SRLQW�

• 1H[W FKDQJH WKH Trigger Level NQRE DQG VHH ZKDW KDSSHQV� 1RZ \RX VHH DQRWKHU ÀDJ RQ WKH ULJKW VLGH RI WKH
VFUHHQ WKDW VKRZV \RX WKH WULJJHU OHYHO� ZKLFK LV WKH YROWDJH WKH µVFRSH LV ZDLWLQJ IRU� 7KH UHG ÀDJ VWLOO VKRZV WKH
SRVLWLRQ RI WKH WULJJHU HYHQW� LW MXVW KDSSHQV DW D GLIIHUHQW YROWDJH QRZ� QRW ]HUR YROWV DV LW ZDV SUHYLRXVO\� $QG
\RX VHH WKH VLQH�ZDYH VLJQDO PRYH DV WKH WULJJHU OHYHO FKDQJHV� <RX FDQ DOVR FKDQJH WKH VORSH RI WKH WULJJHU HYHQW
E\ SUHVVLQJ WKH Slope EXWWRQ RQ WKH ERWWRP RI WKH VFUHHQ �LQ WKH Trigger PHQX�� 1RWH WKDW WKH VORSH FKDQJHV DW WKH
WULJJHU SRVLWLRQ �LQGLFDWHG E\ WKH UHG WULJJHU ÀDJ��

• 1RZ UHPHPEHU WKLV� LI \RX DUH HYHU H[DPLQLQJ D QLFH� FOHDQ SHULRGLF VLJQDO �OLNH D VLQXVRLGDO ZDYHIRUP�� DQG
\RX VHH LW ZKL]]LQJ DFURVV WKH RVFLOORVFRSH VFUHHQ �L�H�� LW LV QRW VWDWLRQDU\�� WKHQ \RX DUH GRLQJ LW ZURQJ� <RX
QHHG WR DGMXVW WKH WULJJHU VR WKH VLJQDO ORRNV VWDWLRQDU\ RQ WKH VFUHHQ� 7KH Autoset EXWWRQ LV \RXU IULHQG KHUH� DQG
LW XVXDOO\ ZRUNV ZHOO� SURYLGHG \RX KDYH D VWURQJ VLJQDO SOXJJHG LQWR &K�� %XW Autoset LV QRW D FXUH�DOO� VR \RX
DOVR QHHG WR NQRZ KRZ WULJJHULQJ ZRUNV�

• )RU DQRWKHU TXLFN WULJJHULQJ H[DPSOH� DGMXVW WKH Trigger Level NQRE XQWLO WKH WULJJHU OHYHO LV KLJKHU WKDQ DQ\ SRLQW
RQ WKH VLQH ZDYH� 1RZ WKH µVFRSH QHYHU VHHV D WULJJHU HYHQW �EHFDXVH LW LV ZDLWLQJ WR VHH D KLJK YROWDJH WKDW QHYHU
KDSSHQV�� VR LW JLYHV XS DQG MXVW SORWV VRPHWKLQJ� ,Q WKLV FDVH WKH VLJQDO LV ³XQWULJJHUHG´ �RU IUHH�UXQQLQJ�� 7KH
¶VFRSH LV WU\LQJ WR ³WULJJHU RII RI &K�´ �L�H�� XVH WKH &K� VLJQDO WR ¿QG WULJJHU HYHQWV�� EXW LW LV QRW ZRUNLQJ� /RZHU
WKH Trigger Level DJDLQ� DQG SURSHU WULJJHULQJ LV UHVWRUHG�

• <RX ZLOO DOVR VHH D Run/Stop EXWWRQ RQ WKH RVFLOORVFRSH� ZKLFK VLPSO\ WRJJOHV EHWZHHQ Run �SORWWLQJ WKH GDWD
HYHU\ WLPH D WULJJHU RFFXUV� DQG Stop �OHDYH WKH ODVW SORWWHG VLJQDO RQ WKH GLVSOD\ DQG VWRS XSGDWLQJ�� 5LJKW EHORZ
Run/Stop LV Single Seq� 7KLV WHOOV WKH ¶VFRSH WR ZDLW IRU WKH QH[W WULJJHU HYHQW� SORW D VLQJOH WUDFH� DQG WKHQ VWRS�

• 1H[W XVH D VHFRQG %1& FDEOH WR FRQQHFW &K� RQ WKH ZDYHIRUP JHQHUDWRU WR &K� RQ WKH RVFLOORVFRSH� 0DNH VXUH
WKHOutput OLJKW LV RQ IRU ERWK FKDQQHOV� 3UHVV WKH EOXH EXWWRQ RQ WKH RVFLOORVFRSH WR GLVSOD\ ERWK FKDQQHOV� $GMXVW
WKH Vertical Scale DQG Vertical Position NQREV VR ERWK WKH &K� �\HOORZ� DQG &K� �EOXH� WUDFHV DUH YLVLEOH RQ WKH
VFUHHQ� DOWKRXJK ERWK PLJKW QRW EH VWDWLRQDU\ DW WKLV SRLQW� �3UR WLS� LI ERWK &K� DQG &K� DUH GLVSOD\HG� WKHQ
SUHVVLQJ Autoset ZLOO WU\ WR DUUDQJH WKHP ERWK QLFHO\ RQ WKH VFUHHQ��

• 1H[W SUHVV WKH &K��&K� EXWWRQ RQ WKH ZDYHIRUP JHQHUDWRU DQG VHW &K� WR ���� +] DQG &K� WR ���� +]� 1RZ \RX
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VKRXOG VHH WKDW &K� LV VWDWLRQDU\ RQ WKH ¶VFRSH ZKLOH &K� LV VORZO\ GULIWLQJ DFURVV WKH GLVSOD\� 7KDW LV EHFDXVH
WKH µVFRSH LV XVLQJ WULJJHU HYHQWV IRXQG RQ WKH &K� VLJQDO WR GLVSOD\ ERWK FKDQQHOV VLPXOWDQHRXVO\� :LWK D VLQJOH
WULJJHU� KRZHYHU� ERWK VLJQDOV FDQQRW DSSHDU VWDWLRQDU\ DW RQFH� EHFDXVH WKH\ KDYH GLIIHUHQW IUHTXHQFLHV�

• 1RZ SXOO XS WKH Trigger PHQX� DQG FKDQJH WKH Source IURP &K� WR &K�� ,I ZKDW \RX VHH PDNHV VHQVH� WKHQ \RX
SUREDEO\ XQGHUVWDQG WULJJHULQJ� ,I QRW� WDON DERXW LW ZLWK \RXU ODE SDUWQHU� RU DVN VRPHRQH IRU KHOS� &KDQJH WKH
&K� IUHTXHQF\ IURP ���� +] WR ��� DQG ���� +] �HDVLHVW LI \RX XVH WKH ODUJH NQRE RQ WKH XSSHU ULJKW RI WKH
ZDYHIRUP JHQHUDWRU� DQG DJDLQ ZKDW \RX VHH VKRXOG PDNH VHQVH� 1RWH WKDW WKH &K� DQG &K� VLJQDOV DUH URXJKO\
LQ SKDVH HYHU\�w VHFRQGV� ZKHUH�w = 1@ ��i DQG�i LV WKH IUHTXHQF\ GLIIHUHQFH EHWZHHQ &K� DQG &K��

• %XW ZDLW� ZH DUH QRW GRQH ZLWK WULJJHULQJ \HW� <RX FDQ DOVR XVH ZKDW LV FDOOHG DQ ³H[WHUQDO´ WULJJHU ZKHQ \RX DUH
ORRNLQJ DW VPDOO VLJQDOV� 7R VHH ZKDW WKLV LV� FRQQHFW &K� RQ WKH RVFLOORVFRSH WR WKH Sync Out FRQQHFWRU RQ WKH
EDFN RI WKH ZDYHIRUP JHQHUDWRU� 3UHVV Utility� WKHQ Syncoff WR WXUQ WKH Sync VLJQDO RQ� 7KLV PLJKW EH D JRRG WLPH
WR KLW WKH Autoset EXWWRQ WR GLVSOD\ ERWK FKDQQHOV RQ WKH RVFLOORVFRSH� <RX VKRXOG VHH D � N+] VLQH ZDYH RQ &K��
SOXV D � N+] VTXDUH ZDYH RQ &K�� 7KH WZR VLJQDOV DUH ³V\QFKURQRXV´� VR KDYH WKH VDPH IUHTXHQF\ DQG DUH ORFNHG
LQ SKDVH�

• ,I \RX FKDQJH WKH &K� VLJQDO DPSOLWXGH RQ WKH ZDYHIRUP JHQHUDWRU� WKHQ WKH &K� VLJQDO FKDQJHV DV \RX ZRXOG
H[SHFW� EXW WKH Sync VLJQDO DPSOLWXGH LV XQFKDQJHG� 0RUHRYHU LW LV D ZKRSSLQJ ELJ VLJQDO� YDU\LQJ IURP �9 WR �9�

• 7ULJJHU XVLQJ &K� �IURP WKH TriggerPHQX�� DQG WKHQ VHW WKH &K� VLJQDO DPSOLWXGH WR �P9506� 7KLV LV WKH ORZHVW
DPSOLWXGH WKH ZDYHIRUP JHQHUDWRU FDQ SURGXFH� 7XUQ WKH &K� Scale ZD\ XS RQ WKH µVFRSH WR YLHZ WKH VLJQDO� <RX
ZLOO SUREDEO\ VHH WKDW WKH µVFRSH KDV WURXEOH ORFNLQJ RQWR WKH ZDYHIRUP� 7KDW LV EHFDXVH WKH DPSOLWXGH LV VR ORZ
WKDW WKH VLJQDO LV QRLV\� DQG WKXV WULJJHULQJ HYHQWV DUH KDUG WR UHFRJQL]H� 7R ¿[ WKLV SUREOHP� VZLWFK WR WULJJHULQJ
XVLQJ &K�� %HFDXVH WKH Sync VLJQDO LV KXJH� WULJJHULQJ LV HDV\� DQG ERWK VLJQDOV DUH QRZ VWDWLRQDU\�

• ,Q D W\SLFDO SK\VLFV H[SHULPHQW� \RX PLJKW XVH WKH Sync VLJQDO WR WXUQ D GLJLWDO VZLWFK RQ DQG RII UHSHDWHGO\� ZKLFK
LQ WXUQ WXUQV VRPH VLJQDO RQ DQG RII LQ WKH H[SHULPHQW� ,I WKLV LV D FXWWLQJ�HGJH H[SHULPHQW� WKHQ WKH RXWSXW VLJQDO
LV SUREDEO\ YHU\ ZHDN� %XW \RX NQRZ WKDW WKH VLJQDO VKRXOG EH V\QFKURQRXV ZLWK WKH Sync VLJQDO WKDW GULYHV LW�
%\ XVLQJ WKH Sync WR WULJJHU WKH µVFRSH DORQJ ZLWK WKH H[SHULPHQW� \RX FDQ GLVSOD\ D ZHDN &K� VLJQDO HDVLO\�

• 1RZ PRYH WKH Sync VLJQDO IURP &K� RQ WKH µVFRSH WR WKH Ext Trig LQSXW� DQG FKDQJH WKH WULJJHU VRXUFH WR Ext�
<RX PD\ KDYH WR FKDQJH WKH WULJJHU OHYHO WR D FRXSOH KXQGUHG P9 WR JHW WKH µVFRSH WR WULJJHU SURSHUO\� EXW DJDLQ
\RX VKRXOG VHH D VWDWLRQDU\ &K� VLJQDO� 7KLV DOORZV \RX WR GLVSOD\ ZHDN VLJQDOV RQ ERWK &K� DQG &K�� ZKLOH
XVLQJ WKH WKLUG Ext Trig FKDQQHO WR WULJJHU� �7KH Ext Trig LQSXW LV OLNH D WKLUG FKDQQHO� EXW LW GRHV OHVV DQG LV
WKXV OHVV H[SHQVLYH WR PDQXIDFWXUH WKDQ WKH IXOO�IXQFWLRQ VLJQDO FKDQQHOV� 6RPH QHZHU DQG�RU PRUH H[SHQVLYH
RVFLOORVFRSHV MXVW KDYH DGGLWLRQDO VLJQDO FKDQQHOV� DQG DQ\ FDQ EH XVHG IRU WULJJHULQJ� GLVSHQVLQJ ZLWK WKH Ext
Trig LQSXW��

• 7KHUH DUH VRPH RWKHU WULJJHULQJ WULFNV LI \RX GR QRW ZDQW WR XVH D Sync VLJQDO ZLWK H[WHUQDO WULJJHULQJ� 5HPRYH WKH
EOXH WUDFH �KLW WKH EOXH EXWWRQ� WKHQ RII� DQG XVH WKH ZDYHIRUP JHQHUDWRU WR VHQG D ��P9 506 VLQH�ZDYH VLJQDO
WR &K�� $GMXVW WKH VFDOH VR WKH VLJQDO LV QLFHO\ GLVSOD\HG RQ WKH VFUHHQ� DQG WULJJHU IURP &K� �LQ WKH Trigger
PHQX��<RX VKRXOG VHH RQFH DJDLQ WKDW WKH ZHDN VLJQDO LV GLI¿FXOW WR WULJJHU IURP�

• :KLOH DQ H[WHUQDO WULJJHU LV WKH EHVW ¿[ IRU WKLV� \RX FDQ DOVR WU\ VRPH VPRRWKLQJ WR UHGXFH WKH QRLVH LQ WKH WULJJHU
VLJQDO� 6HOHFW WKH Trigger PHQX� WKHQ FKDQJH WKH Coupling IURP DC WR HF Reject� 7KLV VHQGV WKH VLJQDO WKURXJK
D ORZ�SDVV ¿OWHU WKDW VPRRWKV WKH VLJQDO� PDNLQJ LW HDVLHU WR WULJJHU IURP� �7KH GLVSOD\HG VLJQDO LV XQFKDQJHG� LW
LV FRSLHG� DQG WKH FRSLHG VLJQDO LV VPRRWKHG DQG XVHG IRU WULJJHULQJ�� 6RPHWLPHV WKLV WULFN ZRUNV� DQG VRPHWLPHV
LW GRHV QRW� 7KH VDPH JRHV IRU WKH RWKHU Coupling VHOHFWLRQV� 8VLQJ DQ RVFLOORVFRSH EHFRPHV D ELW RI D EODFN DUW
ZKHQ WKH VLJQDOV DUH VPDOO DQG QRLV\� DQG VRPHWLPHV \RX KDYH WR WU\ D YDULHW\ RI WULFNV WR REWDLQ VWDEOH WULJJHULQJ�
$V ZLWK HYHU\WKLQJ� LW WDNHV VRPH H[SHULHQFH XVLQJ WKH RVFLOORVFRSH WR NQRZ ZKDW WULFNV WR WU\ ZKHQ�

��� 1RUPDO DQG $XWR 7ULJJHULQJ PRGHV

• 1H[W VHQG D �� +] VLQH ZDYH VLJQDO WR WKH RVFLOORVFRSH DQG WULJJHU RII &K� �Trigger PHQX� Source� &K�� WR GLVSOD\
WKH VLJQDO� (DV\� EXW QRZ FKDQJH WKH Horizontal Scale WR �� PLOOLVHFRQGV SHU GLYLVLRQ� DQG \RX ZLOO VHH WKDW WKH
WULJJHULQJ QR ORQJHU ZRUNV ± WKH VLJQDO LV QRW VWDWLRQDU\� <RX FDQ ¿[ WKLV E\ VHOHFWLQJMode LQ WKH Trigger PHQX�
DQG WKHQ FKDQJLQJ IURP Auto WR Normal� &KDQJH WKH ZDYH DPSOLWXGH RQ WKH ZDYHIRUP JHQHUDWRU DQG \RX FDQ
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YHULI\ WKDW WKH VLJQDO LV EHLQJ GLVSOD\HG LQ UHDO WLPH� DV LW VKRXOG EH�

• 7KH GLIIHUHQFH EHWZHHQ Auto DQG Normal PRGHV LQYROYHV WKH WULJJHULQJ DOJRULWKP LQ WKH RVFLOORVFRSH� ,Q Normal
PRGH� WKH µVFRSH ZDLWV XQWLO LW VHHV D WULJJHULQJ HYHQW WR SORW WKH VLJQDO� DQG LW ZLOO ZDLW IRUHYHU LI QHFHVVDU\� $QG
LW ZLOO QRW XSGDWH WKH SORW LI LW GRHV QRW VHH D WULJJHULQJ HYHQW� ,Q Auto PRGH� WKH µVFRSH ZLOO ZDLW RQO\ DERXW ���
PVHF IRU WKH QH[W WULJJHULQJ HYHQW� ,I QR WULJJHULQJ HYHQW LV VHHQ LQ WKDW WLPH� WKH µVFRSH WLPHV RXW DQG SORWV WKH
VLJQDO DQ\ZD\� DW VRPH UDQGRP WLPH�

• 2QH W\SLFDOO\ VWD\V LQ Auto PRGH �WKH GHIDXOW ZKHQ \RX SUHVV Autoset�� EHFDXVH WKHQ WKHUH LV DOZD\V VRPHWKLQJ
EHLQJ GLVSOD\HG RQ WKH VFUHHQ LQ UHDO WLPH� ,I \RX WXUQ WKH VLJQDO RII� WKH GLVSOD\ VKRZV LW JRLQJ RII� 1RZ WXUQ
RII WKH VLJQDO �SUHVV WKH Output EXWWRQ RQ WKH ZDYHIRUP JHQHUDWRU� ZLWK WKH µVFRSH LQ Normal PRGH� 7KH VFUHHQ
VKRZV ZKDW ZDV ODVW SORWWHG� ZKLOH LW VLWV DQG ZDLWV IRU WKH QH[W WULJJHULQJ HYHQW� ZKLFK QHYHU DUULYHV� 7KLV FDQ
FDXVH FRQIXVLRQ� EHFDXVH \RX VHH D VLJQDO RQ WKH µVFRSH ZKHQ LW LV QRW DFWXDOO\ UHFHLYLQJ WKDW VLJQDO�

• $V D UXOH RI WKXPE� \RX ZDQW WR VWD\ ZLWK Auto PRGH H[FHSW DW ORZ IUHTXHQFLHV �ZKHQ WKH Horizontal Scale
LV VORZHU WKDQ �� PVHF�GLYLVLRQ�� RU LQ RWKHU FLUFXPVWDQFHV ZKHQ WKHUH PD\ EH ORQJ WLPHV EHWZHHQ WULJJHULQJ
HYHQWV� <RX ZLOO HQFRXQWHU VXFK FLUFXPVWDQFHV ZKHQ ZRUNLQJ ZLWK HOHFWURQLF VLJQDOV� VR \RX VKRXOG NQRZ WKDW
WKH RVFLOORVFRSH FDQ KDQGOH WKHP�

7KLV LV WKH PLG�SRLQW LQ WKLV WZR�ZHHN ODE� <RX DUH ZHOFRPH WR VWRS KHUH DQG OHDYH LI \RX ZLVK� RU \RX PD\ NHHS
JRLQJ DQG JHW D KHDG VWDUW RQ QH[W ZHHN �EXW RQO\ XQWLO ����� ZKHQ ZH FORVH IRU WKH GD\��

� /DE 3URFHGXUHV ± :HHN 7ZR

��� '& DQG $& FRXSOLQJ

• 6HW XS \RXU QH[W WDVN E\ FUHDWLQJ D VLQH�ZDYH VLJQDO ZLWK D IUHTXHQF\ � N+]� DPSOLWXGH �� P933> DQG RIIVHW
�9 XVLQJ WKH ZDYHIRUP JHQHUDWRU� DQG YLHZ WKLV RQ &K� RI WKH RVFLOORVFRSH� 2SHQ WKH Vertical PHQX DQG VHOHFW
DC LQSXW FRXSOLQJ� <RX ZLOO VHH WKDW WKH ODUJH RIIVHW PDNHV LW GLI¿FXOW WR VHH WKH VLQH�ZDYH VLJQDO� EHFDXVH WKH
Vertical Position DGMXVWPHQW GRHV QRW KDYH D ODUJH UDQJH� 7KLV LV D FRPPRQ SUREOHP� HDVLO\ UHPHGLHG E\ VHOHFWLQJ
AC LQSXW FRXSOLQJ� :LWK $& FRXSOLQJ� WKH ODUJH RIIVHW LV UHPRYHG� VR QRZ \RX FDQ WXUQ XS WKH Scale WR VHH WKH
VLQH�ZDYH VLJQDO HDVLO\� 'R WKLV� SULQW RXW D VFUHHQ VKRW� DQG SXW LW LQ \RXU QRWHERRN� 1RWH WKDW WKH Position ÀDJ
QRZ VKRZV ]HUR YROWV DIWHU VXEWUDFWLQJ WKH VLJQDO DYHUDJH� VR WKH VLJQDO LV DOZD\V FHQWHUHG RQ WKH Position ÀDJ
ZKHQ XVLQJ $& FRXSOLQJ�

• 7KH QRPHQFODWXUH KDV HYROYHG VRPHZKDW IURP LWV KLVWRULFDO URRWV� '& WUDGLWLRQDOO\ VWRRG IRU ³GLUHFW FXUUHQW�́
EXW LQ WKH HOHFWURQLFV ZRUOG '& KDV HYROYHG WR PHDQ ³WKH ORZ�IUHTXHQF\ SDUW RI WKH VLJQDO�́ $QG $& PHDQV
³WKH VLJQDO DIWHU VXEWUDFWLQJ WKH '& SDUW�́ 1RZ ³ORZ´ LV D VXEMHFWLYH WHUP� VR WR TXDQWLI\ LW RQH WDONV DERXW D
³FURVVRYHU´ IUHTXHQF\ ifurvvryhu= 7KH VLJQDO FRPSRQHQWV EHORZ ifurvvryhu PDNH XS WKH '& SDUW� ZKLOH VLJQDO
FRPSRQHQWV DERYH ifurvvryhu PDNH XS WKH $& SDUW�

• 7R XQGHUVWDQG WKLV EHWWHU� \RX FDQ PHDVXUH ZKDW KDSSHQV WR D VLJQDO ZKHQ \RX VHOHFW $& FRXSOLQJ RQ WKH RVFLO�
ORVFRSH� 6HQG D VLQH�ZDYH VLJQDO ZLWK �9506 DPSOLWXGH WR &K� RQ WKH ¶VFRSH� DQG VHOHFW $& FRXSOLQJ� 8VLQJ
WKH RVFLOORVFRSH¶V Measure IHDWXUH� VHOHFW CycleRMS WR PHDVXUH WKH 506 YROWDJH� $W D IUHTXHQF\ RI � N+]� WKH
PHDVXUHPHQW VKRXOG DJUHH ZLWK WKH ZDYHIRUP JHQHUDWRU VHWWLQJ�

• 1RZ UHFRUG WKH CycleRMS PHDVXUHPHQWV ZKHQ \RX VHW WKH VLJQDO IUHTXHQF\ WR ���� ��� ��� ��� �� �� �� �� ����
DQG ���� +]� 1RWH WKDW \RX ZLOO KDYH WR FKDQJH WKH Horizontal Scale VHWWLQJ WR NHHS VHYHUDO SHULRGV YLVLEOH RQ WKH
RVFLOORVFRSH VFUHHQ� :ULWH DOO WKH QXPEHUV GRZQ LQ \RXU QRWHERRN�

• 1H[W XVHMathematica WR SORW \RXU PHDVXUHG CycleRMS YDOXHV LQ YROWV DV D IXQFWLRQ RI WKH IUHTXHQF\ i LQ +]� ,I
\RX DUH QRW \HW SUR¿FLHQW XVLQJMathematica� IROORZ WKH H[DPSOH VKRZQ LQ WKH $SSHQGL[ EHORZ� 3ORW WKH GDWD RQ
D ORJ�ORJ VFDOH� DV VKRZQ LQ WKH $SSHQGL[�

• $GG D OLQH WKDW JRHV WKURXJK WKH GDWD XVLQJ WKH IXQFWLRQDO IRUP

Y (i) =
iY0p

i2 + i2furvvryhu
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DQG DGMXVW WKH WZR SDUDPHWHUV Y0 DQG ifurvvryhu WR JHW D UHDVRQDEOH ¿W� �:H FDOO WKLV ³FKL�E\�H\H´ ± SXWWLQJ D
OLQH WKURXJK WKH GDWD ZLWKRXW GRLQJ D IXOO�EORZQ QXPHULFDO ¿W� 7KLV LV TXLWH KDQG\ IRU JHWWLQJ D IHHO IRU D GDWD VHW
EHIRUH GRLQJ D SURSHU QXPHULFDO ¿W� HVSHFLDOO\ D QRQ�OLQHDU ¿W OLNH WKLV RQH� EHFDXVH QRQ�OLQHDU ¿WWLQJ DOJRULWKPV
FDQ EH WULFN\ WR XVH��

• 7KHVH GDWD VKRZ ZKDW KDSSHQV ZKHQ WKH $&�FRXSOHG VLJQDO LQ &K� LV VHQW WKURXJK D high-pass  lter LQVLGH WKH
RVFLOORVFRSH� )DU DERYH ifurvvryhu> WKH VLJQDO JRHV WKURXJK ZLWKRXW FKDQJH� ZKLOH WKH VLJQDO LV UHGXFHG DW ORZHU
IUHTXHQFLHV� :KHQ \RX ORRN DW WKH PDWKHPDWLFV RI IUHTXHQF\�GHSHQGHQW ¿OWHUV �ZH ZLOO QRW EH GRLQJ WKDW LQ 3K���
\RX ¿QG WKDW \RX FDQQRW KDYH D ¿OWHU WKDW FXWV RII DEUXSWO\ DW ifurvvryhu= 7KHUH LV DOZD\V VRPH JUDGXDO WUDQVLWLRQ
DURXQG ifurvvryhu> DV \RX VHH KHUH�

• $W ORZ IUHTXHQFLHV� \RX VHH WKDW Y (i) � i�1> ZKLFK LQ ORJ�ORJ VSDFH ORRNV OLNH D VWUDLJKW OLQH� 7KDW LV ZK\
LW LV EHVW WR SORW WKH GDWD ZLWK ORJ�ORJ D[HV� $QG WKLV LV ZK\ \RX ZHUH DVNHG WR WDNH GDWD XVLQJ IUHTXHQFLHV
LQ D JHRPHWULF SURJUHVVLRQ� HDFK IUHTXHQF\ SRLQW �[ VPDOOHU WKDQ WKH SUHYLRXV RQH� 'RLQJ VR JLYHV D JRRG�
ORRNLQJ ORJ�ORJ SORW ZLWK D IDLUO\ VPDOO QXPEHU RI GDWD SRLQWV� WKXV PLQLPL]LQJ HIIRUW���MXVW VRPH WULFNV RI WKH
H[SHULPHQWDO�SK\VLFV WUDGH�

• )RU RQH ODVW H[DPSOH RI $&�'& FRXSOLQJ� VHQG D �� +] VTXDUH ZDYH LQWR &K� DQG FRPSDUH '& DQG $& FRXSOLQJ�
7KH ZDYHIRUP LV GLVWRUWHG ZLWK $& FRXSOLQJ EHFDXVH LWV ORZ�IUHTXHQF\ FRPSRQHQWV DUH UHGXFHG LQ DPSOLWXGH� $W
� N+] �WU\ LW�� WKH GLVWRUWLRQ LV QHJOLJLEOH� EHFDXVH WKH IUHTXHQF\ LV VR PXFK KLJKHU WKDQ ifurvvryhu=

��� 6LJQDO DYHUDJLQJ

• ,I \RX KDYH D VWDWLRQDU\ VLJQDO FRPELQHG ZLWK UDQGRP QRLVH� WKHQ DYHUDJLQJ LV RIWHQ D SRZHUIXO WHFKQLTXH IRU
UHGXFLQJ WKH QRLVH DQG WKXV HQKDQFLQJ WKH VLJQDO�WR�QRLVH UDWLR� 7R VHH WKLV� VWDUW E\ VHQGLQJ D Ramp �WULDQJOH�
ZDYH� VLJQDO WR WKH RVFLOORVFRSH� ZLWK D IUHTXHQF\ RI � N+] DQG DQ DPSOLWXGH RI � P9 506� 8VH H[WHUQDO
WULJJHULQJ WR GLVSOD\ WKH VLJQDO RQ WKH RVFLOORVFRSH �UHPHPEHU \RX PXVW XVH WKH Utility PHQX RQ WKH ZDYHIRUP
JHQHUDWRU WR WXUQ RQ WKH Sync VLJQDO�� ,I \RX KDYH WURXEOH JHWWLQJ D VWDWLRQDU\ WUDFH RQ WKH µVFRSH� FRQVXOW \RXU
QRWHV IURP ODVW ZHHN RU DVN IRU KHOS�

• 1H[W JHQHUDWH D QRLVH ZDYHIRUP RQ &K� RI WKH ZDYHIRUP JHQHUDWRU ZLWK DQ DPSOLWXGH RI ��P9 506 DQG ]HUR
RIIVHW� 6HQG WKLV VLJQDO WR &K� RQ WKH RVFLOORVFRSH DQG GLVSOD\ ERWK RQ WKH VFUHHQ� 'LVSOD\ ERWK FKDQQHOV DW ��P9
SHU GLYLVLRQ� DQG \RX ZLOO VHH WKDW WKH QRLVH LV PXFK JUHDWHU WKDQ WKH WULDQJOH�ZDYH VLJQDO�

• 1RZ \RX FDQ XVH WKH RVFLOORVFRSH WR DGG WKHVH WZR VLJQDOV WRJHWKHU LQ UHDO WLPH� 3UHVV WKH Math EXWWRQ� VHW WKH
�VW VRXUFH WR &K� DQG WKH �QG VRXUFH WR &K�� DQG VHW WKH RSHUDWRU WR Add� 7R FOHDQ XS WKH VFUHHQ D ELW� UHPRYH
&K� �SUHVV WKH EOXH EXWWRQ� WKHQ RII�� 2QFH DJDLQ� GLVSOD\ ERWK WUDFHV DW ��P9 SHU GLYLVLRQ� 3ULQW D VFUHHQ VKRW
DQG WDSH LW LQWR \RXU QRWHERRN� 7KH FRPELQHG �0DWK� WUDFH GRHV FRQWDLQ VRPH VLJQDO� EXW LW LV FOHDUO\ EXULHG LQ
WKH QRLVH� 7KH ³VLJQDO�WR�QRLVH UDWLR´ LQ WKLV FDVH LV DERXW �P9���P9  ����

• 1RZ UH�VFDOH VR ERWK WUDFHV DUH GLVSOD\HG DW �P9 SHU GLYLVLRQ� <RX FDQ WKLQN RI &K� DV EHLQJ WKH ³WKHRU\´ FXUYH�
ZKLOH WKH UHG WUDFH LV WKH QRLV\ H[SHULPHQWDO GDWD� 7R VWDUW DYHUDJLQJ GDWD� SUHVV WKH AcquirePHQX �DOO WKH ZD\ RQ
WKH ORZHU ULJKW�� DQG VHOHFW Average� 7XUQ WKH ODUJH NQRE �WRS URZ RQ WKH µVFRSH� WR VHOHFW ��� WUDFHV WR DYHUDJH�
7KDW LV D ORW RI WUDFHV� VR LW WDNHV DERXW �� VHFRQGV WR GR WKH DYHUDJH� �7R VWDUW WKH SURFHVV RYHU� VHOHFW Sample IRU
QR DYHUDJLQJ� WKHQ VHOHFW Average DJDLQ�� $YHUDJLQJ ��� WUDFHV UHGXFHV WKH QRLVH E\ DERXW D IDFWRU RI

s
512 � 23�

VR WKH VLJQDO�WR�QRLVH UDWLR JRHV IURP ��� WR ���� DQG WKH VLJQDO LV QRZ FOHDUO\ YLVLEOH LQ WKH GDWD� 3ULQW RXW DQRWKHU
VFUHHQ VKRW IRU \RXU QRWHERRN�

• 7KLV H[HUFLVH GHPRQVWUDWHV WKH SRZHU RI VLJQDO DYHUDJLQJ� DQG LW VKRZV \RX KRZ WKLV FDQ EH GRQH TXLFNO\ DQG HDV�
LO\ XVLQJ WKH RVFLOORVFRSH� (OHFWURQLFV WHVW HTXLSPHQW LV DOZD\V VRPHZKDW OLPLWHG �LQ WKLV FDVH \RX FDQ DYHUDJH DW
PRVW ��� WUDFHV�� EXW LW DOORZV \RX WR TXLFNO\ REVHUYH DQG DQDO\]H MXVW DERXW DQ\WKLQJ WKDW SURGXFHV DQ HOHFWURQLF
VLJQDO�

��� <7 DQG ;< SORWWLQJ

• 1H[W VHQG D � N+] VLQH�ZDYH VLJQDO WR &K� RQ WKH RVFLOORVFRSH� DQG VHQG D � N+] VLQH�ZDYH VLJQDO WR &K�� ERWK DW
� 933 DQG ]HUR RIIVHW� 'LVSOD\ WKHP ERWK DV XVXDO �DJDLQ� Autoset PD\ EH KHOSIXO KHUH�� 3UHVV WKH AligPha EXWWRQ
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)LJXUH �� 3ORWV RI YDULRXV /LVVDMRXV ¿JXUHV IRU GLIIHUHQW ;�< IUHTXHQF\ UDWLRV DQG SKDVH UHODWLRQVKLSV �IURP
KWWSV���ZZZ�WHN�FRP�VXSSRUW�IDTV�KRZ�GR�L�XWLOL]H�[\�GLVSOD\�IHDWXUH�GSR�PVR�PGR�����VHULHV�RVFLOORVFRSH��

RQ WKH ZDYHIRUP JHQHUDWRU� DQG \RX ZLOO VHH WKDW WKH WZR VLJQDOV DUH LQ SKDVH DW WKH WULJJHU SRLQW� �,I QRW� FKHFN
WKDW ERWK FKDQQHOV DUH VHW WR ]HUR SKDVH� DQG VHW WKH WULJJHU OHYHO WR ]HUR YROWV��

• 7KHQ SUHVV WKH Display EXWWRQ �QHDU WKH WRS ULJKW RQ WKH µVFRSH�� VHOHFW XY Display� DQG \RX ZLOO VHH WZR FKRLFHV�
<7 PRGH DQG ;<PRGH� <7 LV WKH GHIDXOW� ZKLFK SORWV ERWK WUDFHV DV D IXQFWLRQ RI WLPH� DQG WKLV PRGH LV VHOHFWHG
ZKHQ \RX SUHVV Autoset� 6HOHFW ;< PRGH� DQG WKH RVFLOORVFRSH SORWV &K� DORQJ WKH ; D[LV DQG &K� DORQJ WKH <
D[LV RI WKH GLVSOD\� 7XUQ WKH Vertical Position NQRE� DQG \RX ZLOO VHH RQH RI WKH ]HUR�YROWDJH ÀDJV PRYH� DQG WKH
GLVSOD\ ZLOO FKDQJH DFFRUGLQJO\� <RX FDQ PRYH WKH RWKHU ÀDJ E\ ¿UVW VHOHFWLQJ WKDW FKDQQHO XVLQJ WKH \HOORZ RU
EOXH EXWWRQV� &HQWHU WKH VLJQDO RQ WKH RVFLOORVFRSH VFUHHQ� DQG DGMXVW WKH Scale IRU ERWK D[HV DOVR� 3ORWWLQJ WZR
VLQH�ZDYH VLJQDOV DJDLQVW RQH DQRWKHU LQ WKLV ZD\ JHQHUDWHV ZKDW LV FDOOHG D Lissajous SDWWHUQ� DQG \RXU µVFRSH
WUDFH VKRXOG ORRN OLNH VNHWFK ������� GHJ� LQ )LJXUH �� �,I QRW� FKHFN WKDW ERWK FKDQQHOV DUH VHW WR ]HUR SKDVH��
3ULQW D VFUHHQ VKRW IRU \RXU QRWHERRN�

• 6HOHFW GLIIHUHQW ZDYHIRUP SDUDPHWHUV WR DOVR JHQHUDWH WUDFHV WKDW ORRN OLNH VNHWFKHV �������� GHJ� DQG ��������
GHJ�� DQG DGG WKHVH WR \RXU QRWHERRN� �<RX ZLOO ¿QG WKDW WKH �������� GHJ� VNHWFK LQ )LJXUH � LV QRW SHUIHFWO\
DFFXUDWH� DOWKRXJK LW JHWV WKH EDVLF SRLQW DFURVV��

��� 'LJLWDO 6DPSOLQJ

:H EHJLQ WKLV VHFWLRQ ZLWK WKH 1\TXLVW�6KDQQRQ VDPSOLQJ WKHRUHP� ZKLFK VWDWHV WKDW� Any continuous function j(w)
is only uniquely determined by a set of discretely sampled points if the sampling rate U is greater than twice the
highest-frequency component of j(w)=

3XW DQRWKHU ZD\� D GDWD VHW VDPSOHG DW D UDWH RIU VDPSOHV SHU VHFRQG FDQQRW XQLTXHO\ LGHQWLI\ VLJQDO FRPSRQHQWV
KDYLQJ IUHTXHQFLHV DERYH iQ|txlvw = U@2 = 1@2�w>ZKHUH iQ|txlvw LV FDOOHG WKH Nyquist frequency� DQG�w = U�1

LV WKH VSDFLQJ EHWZHHQ VDPSOHG SRLQWV� :H QRZ ORRN DW ZKDW DOO WKLV PHDQV XVLQJ D GLJLWDO RVFLOORVFRSH�
• )LUVW VHW WKH RVFLOORVFRSH WLPH EDVH �Horizontal Scale� WR � PVHF SHU GLYLVLRQ� 7KH 7'6����% VDPSOHV DW D UDWH

RI ���� SRLQWV SHU GLYLVLRQ� UHJDUGOHVV RI WKH Horizontal Scale VHWWLQJ� VR LQ WKLV FDVH VDPSOLQJ LV ��6 SRLQWV SHU
VHFRQG� RU � �VHF SHU SRLQW� ,I \RX VHQG D � N+] VLJQDO WR &K�� \RX ZLOO VHH WKDW WKLV ORRNV JRRG RQ WKH GLVSOD\�
EHFDXVH WKHUH DUH ORWV RI VDPSOH SRLQWV SHU SHULRG�

• 1H[W FKDQJH WKH VLJQDO IUHTXHQF\ WR ��� N+]� ZKLOH NHHSLQJ WKH µVFRSH DW � PVHF SHU GLYLVLRQ� 3UHVV WKH Single
Seq EXWWRQ WR UHFRUG D VLQJOH WUDFH� :LWK D VLQJOH WUDFH GLVSOD\HG �DQG QRW EHLQJ XSGDWHG�� \RX FDQ QRZ FKDQJH
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)LJXUH �� Aliasing� DOVR NQRZQ DV undersampling� FDQ FDXVH D YHU\ KLJK�IUHTXHQ\ VLJQDO WR EH PLVLQWHUSUHWHG DV D
ORZHU�IUHTXHQF\ RQH� DV VKRZQ E\ WKH UHG GRWV LQ WKLV ¿JXUH� 7KLV SUREOHP LV DYRLGHG E\ LQVXULQJ DW OHDVW WZR VDPSOHV
SHU SHULRG� �,PDJH IURP LQGXVWULDO�QHHGV�FRP��

WKH Horizontal Scale WR ]RRP LQ� VKRZLQJ \RX WKH LQGLYLGXDO VDPSOHG SRLQWV WKDW DUH VDYHG LQ PHPRU\� �1RWH
WKDW WKH WLPH UHTXLUHG WR UHDG WKH LQSXW YROWDJH LV RI RUGHU � QVHF� ZKLFK LV HVVHQWLDOO\ LQVWDQWDQHRXV IRU D � 0+]
VLJQDO IUHTXHQF\�� :LWK D VDPSOLQJ RI � �VHF SHU SRLQW DQG D IUHTXHQF\ RI ��� N+]� \RX VKRXOG VHH WKDW WKHUH DUH
IRXU VDPSOHV SHU F\FOH�

• 1RZ VHW WKH µVFRSH EDFN WR � PVHF SHU GLYLVLRQ DQG FKDQJH WKH VLJQDO IUHTXHQF\ WR � 0+]� $JDLQ SUHVV WKH Single
Seq EXWWRQ WR UHFRUG D VLQJOH WUDFH� DQG ]RRP WR VHH WKH LQGLYLGXDO VDPSOHG SRLQWV� %HFDXVH \RX DUH QRZ VDPSOLQJ
DW D UDWH RI RQH SRLQW SHU F\FOH� WKH VLJQDO DSSHDUV HVVHQWLDOO\ ÀDW� )LJXUH � VKRZV ZKDW LV KDSSHQLQJ�

• *R EDFN WR D Horizontal Scale RI � PVHF SHU GLYLVLRQ� DQG FKDQJH WKH IUHTXHQF\ WR ����� 0+]� 1RZ DFTXLUH D
VLQJOH WUDFH DQG XVH WKH Measure IHDWXUH WR PHDVXUH WKH VLJQDO IUHTXHQF\� $V \RX FDQ LQIHU IURP )LJXUH �� WKH
PHDVXUHG IUHTXHQF\ LV HTXDO WR WKH VLJQDO IUHTXHQF\ PLQXV � 0+]� $GG D VFUHHQ VKRW RI WKLV PHDVXUHPHQW WR
\RXU QRWHERRN�

• 7KLV H[HUFLVH VKRZV \RX WKH SRWHQWLDO IRU VDPSOLQJ DPELJXLWLHV ZKHQ \RX DFTXLUH WRR IHZ VDPSOHV SHU SHULRG RI
D VLJQDO� 7KH WDNH�KRPH PHVVDJH LV WKDW \RX VKRXOG DOZD\V� LI SRVVLEOH� VDPSOH IDVW HQRXJK WKDW DOO VLJQL¿FDQW
VLJQDO IUHTXHQFLHV OLH ZHOO EHORZ WKH 1\TXLVW IUHTXHQF\�

��� 5HIHUHQFH 7UDFHV

• ,W LV RIWHQ XVHIXO WR GLVSOD\ VDYHG WUDFHV RQ DQ RVFLOORVFRSH VR \RX FDQ FRPSDUH VLJQDOV WDNHQ XQGHU GLIIHUHQW
FRQGLWLRQV� 7R VHH KRZ WKLV ZRUNV� VWDUW ZLWK D � N+] VLQH�ZDYH VLJQDO GLVSOD\HG RQ WKH RVFLOORVFRSH DV XVXDO�
7KHQ SUHVV WKH ZKLWH Ref EXWWRQ� VHOHFW 5HI�� DQG WKHQ VHOHFW 6DYH &K� WR 5HI�� 1RZ FKDQJH WKH VLJQDO IUHTXHQF\
WR � N+] DQG VDYH D WUDFH WR 5HI�� DQG VLPLODUO\ SXW D � N+] VLJQDO LQ 5HI��

• 7R VWUDLJKWHQ RXW WKH PHVV RQ WKH VFUHHQ� VWDUW E\ UHPRYLQJ &K� �SUHVV WKH &K� EXWWRQ� WKHQ WKH QHDUE\ RII EXWWRQ��
7KHQ SUHVV WKH 5HI EXWWRQ� VHOHFW 5HI�� DQG XVH WKH Vertical Position DQG Scale DGMXVWPHQWV WR SXW LW LQ WKH WRS
WKLUG RI WKH GLVSOD\� 6LPLODUO\� SXW 5HI� LQ WKH FHQWHU RI WKH VFUHHQ� DQG 5HI� LQ WKH ERWWRP WKLUG� :KHQ DOO WKUHH
WUDFHV DUH QLFHO\ VHSDUDWHG RQ WKH GLVSOD\� SULQW D VFUHHQ VKRW IRU \RXU QRWHERRN� $V \RX FDQ LPDJLQH� WKH SRZHU
RI WKLV IHDWXUH EHFRPHV DSSDUHQW ZKHQ \RX ZDQW WR FRPSDUH ³EHIRUH´ DQG ³DIWHU´ ZDYHIRUPV RQ WKH VDPH VFUHHQ�

��� 0DWK

• 5HPRYH DOO WKH Ref ZDYHIRUPV IURP WKH VFUHHQ E\ SUHVVLQJ WKH Ref EXWWRQ IROORZHG E\ WKH Off EXWWRQ� DV \RX GR
WR UHPRYH VLJQDO WUDFHV� 7XUQ RQ ERWK &K� DQG &K�� WKHQ VHQG D ��� N+] VLQH�ZDYH VLJQDO WR &K�� DQG VHQG D �
N+] VLQH�ZDYH VLJQDO WR &K�� ERWK ZLWK � 933 DPSOLWXGHV� $QG� RI FRXUVH� GLVSOD\ WKHP ERWK RQ WKH RVFLOORVFRSH
WR PDNH VXUH WKH ZDYHIRUPV DUH DV H[SHFWHG� 7ULJJHU IURP &K�� DQG \RX FDQ VHH VRPH SKDVH MLWWHU LQ WKH &K�
VLJQDO� 7KLV DULVHV EHFDXVH QRLVH RQ WKH &K� VLJQDO DIIHFWV WKH SRVLWLRQ RI WKH WULJJHU HYHQWV�

• 1RZ SUHVV WKH Math EXWWRQ� VHW WKH ¿UVW VRXUFH WR &K�� DQG VHW WKH VHFRQG VRXUFH WR &K�� 6HOHFW HDFK RI WKH
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IRXU PDWK RSHUDWRUV DQG \RX VKRXOG EH DEOH WR XQGHUVWDQG TXDOLWDWLYHO\ ZKDW \RX VHH� 'LVFXVV ZLWK \RXU ODE
SDUWQHU� DQG FKDQJH WKH KRUL]RQWDO DQG YHUWLFDO VFDOHV WR ORRN DW WKH VLJQDOV PRUH FORVHO\� 6HOHFW WKH PXOWLSOLFDWLRQ
RSHUDWRU� WKHQ DGMXVW WKH Horizontal Scale WR � PVHF SHU GLYLVLRQ� 0DNH VXUH DOO WKUHH WUDFHV DUH QLFHO\ GLVSOD\HG�
WKHQ SULQW D VFUHHQ VKRW IRU \RXU QRWHERRN�

• 6DYH WKH Math WUDFH WR 5HI�� WKHQ UHPRYH WKH &K� DQG &K� WUDFHV IURP WKH VFUHHQ� OHDYLQJ WKH Math DQG 5HI�
WUDFHV� ,Q WKH Math PHQX� VHOHFW WKH ))7 �)DVW )RXULHU 7UDQVIRUP� RSWLRQ� DQG VHOHFW Set FFT Source WR 5HI��
1RZ \RX VHH WKH PXOWLSOLHG VLJQDO �5HI�� DQG D IUHTXHQF\ GHFRPSRVLWLRQ �))7� RI WKDW VLJQDO� &HQWHU WKH ODUJHVW
))7 SHDN LQ WKH VFUHHQ� 8VH D YHUWLFDO FXUVRU WR VKRZ WKDW WKLV ODUJHVW SHDN FRUUHVSRQGV WR ��� N+]� 7KXV� DV \RX
PLJKW H[SHFW� WKH ODUJHVW IUHTXHQF\ FRPSRQHQW LQ WKH VLJQDO FRPHV IURP &K� DW ��� N+]� ,I \RX ]RRP LQ RQ WKLV
SHDN �XVLQJ WKH Horizontal Scale DQG Position NQREV�� \RX FDQ VHH WKDW WKLV SHDN LV DFWXDOO\ WZR SHDNV� $JDLQ XVH
WKH FXUVRUV WR VKRZ WKDW RQH SHDN LV DW �� N+] DQG WKH RWKHU LV DW ��� N+]� $JDLQ� SULQW RXW D VFUHHQVKRW IRU \RX
QRWHERRN�

• 7R H[SODLQ WKLV� QRWH WKDW PXOWLSO\LQJ WZR VLQXVRLGDO VLJQDOV JLYHV

cos($1w) cos($2w) =
1

2
{cos [($1 + $2) w] + cos [($1 � $2) w]}

7KXV ZKDW \RX DUH VHHLQJ LV WKH VXP DQG GLIIHUHQFH RI WKH &K� DQG &K� IUHTXHQFLHV� 7KLV D WKH VPDOO WLS RI D YHU\
ODUJH LFHEHUJ ± LW LV FRPPRQ WR PRGXODWH KLJK�IUHTXHQF\ VLJQDOV LQ DPSOLWXGH RU IUHTXHQF\ �FDOOHG $0 DQG )0��
DQG JRLQJ GRZQ WKLV SDWK ZLOO OHDG \RX WR WKH HQWLUH WHOHFRP LQGXVWU\� �$QG DORQJ WKH ZD\ \RX ZRXOG EHFRPH
very IDPLOLDU ZLWK XVLQJ RVFLOORVFRSHV��

��� 6DYLQJ GDWD

'LJLWDO RVFLOORVFRSHV FDQ DOVR EH XVHG WR VDYH VLJQDOV IRU DQDO\VLV HOVHZKHUH� 2IWHQ WKLV LV GRQH XVLQJ D EXLOW�LQ 86%
SRUW� EXW RXU ¶VFRSHV DOORZ VDYLQJ GDWD YLD WKH QHWZRUN� MXVW DV \RX KDYH EHHQ VHQGLQJ VFUHHQVKRWV WR RXU QHWZRUNHG
SULQWHUV� �:H ZLOO QRW EH XVLQJ WKH 7'6����%¶V EXLOW�LQ ÀRSS\�GLVN GULYH��
• 7R VDYH D WUDFH� ¿UVW VHQG D � N+] VLQH�ZDYH VLJQDO ZLWK �933 DPSOLWXGH WR \RXU RVFLOORVFRSH� DQG GLVSOD\ LW VR DW

OHDVW WHQ SHULRGV DUH YLVLEOH�

• 7KHQ ORFDWH \RXU RVFLOORVFRSH¶V ,3 DGGUHVV� ZKLFK VKRXOG EH RQ D ODEHO MXVW DERYH WKH VFUHHQ� ,I QRW� LW PD\ EH
SULQWHG RQ \RXU SUHYLRXV VFUHHQVKRWV� RU \RX FDQ ¿QG LW E\ SUHVVLQJ WKH Utility EXWWRQ� WKHQ System I/O� WKHQ I/O�
WKHQ Ethernet Network Settings� DQG ¿QDOO\ Change Instrument Settings�

• (QWHU WKLV ,3 DGGUHVV DV WKH 85/ LQ D ZHE EURZVHU� HLWKHU RQ \RXU FRPSXWHU RU RQH RI WKH FRPSXWHUV LQ WKH 3K�
ODE� 7KLV VKRXOG SXOO XS D SDJH WKDW VKRZV WKH FXUUHQW RVFLOORVFRSH VFUHHQ� )URP WKLV \RX FDQ GRZQORDG WKH GDWD
IURP DQ\ FKDQQHO �LQFOXGLQJ WKH 5HI DQG 0DWK FKDQQHOV�� FRQWURO WKH ¶VFRSH UHPRWHO\� RU HYHQ WUDQVIHU GDWD WR EH
GLVSOD\HG RQ WKH ¶VFRSH� :H ZLOO IRFXV KHUH RQ GRZQORDGLQJ GDWD�

• $W WKH WRS RI WKH VFUHHQ \RX VKRXOG VHH D QXPEHU RI WDEV� 6HOHFW WKH Data WDE� VHOHFW &K� WR GRZQORDG� VHOHFW
Spreadsheet Format� DQG FOLFN RQ WKHGet EXWWRQ� :H KDYH IRXQG WKDW WKLV GRHVQ¶W DOZD\V ZRUN RQ HYHU\ FRPSXWHU
LQ HYHU\ EURZVHU� )LUHIR[ VHHPV WR ZRUN EHVW� HVSHFLDOO\ RQ RQH RI WKH L0DF FRPSXWHUV LQ WKH 3K� ODE� 5HERRWLQJ
WKH RVFLOORVFRSH VRPHWLPHV KHOSV� 6HQG WKH GDWD ¿OH WR \RXU FRPSXWHU� DV \RX ZLOO QHHG LW IRU QH[W ZHHN¶V
KRPHZRUN�
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