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Introduction

7KLV PDQXDO LV LQWHQGHG DV DQ DGG�RQ IRU WKH LQVWUXPHQW XVHU PDQXDO�

7KH LQVWUXPHQW XVHU PDQXDO GHVFULEHV WKH KDUGZDUH� 7KLV PDQXDO GHVFUL�
EHV WKH :LQGRZV VRIWZDUH�

7KLV PDQXDO H[SHFWV WKDW WKH UHDGHU KDV D EDVLF NQRZOHGJH KRZ WR FRQ�

WURO DSSOLFDWLRQV UXQQLQJ XQGHU ZLQGRZV� ZRUNLQJ ZLWK PHQXV LQ ZLQ�
GRZV DSSOLFDWLRQV HWF�
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� 6HW WKH WULJJHU OHYHO� WKH WULJJHU K\VWHUHVLV DQG WKH WULJJHU VORSH E\

GUDJJLQJ DQG GRXEOH FOLFNLQJ� 3UHVV WKH ULJKW PRXVH EXWWRQ DQG
VHWXS WKH FRPSOHWH WULJJHU V\VWHP�

� 7RJJOH DXWR UDQJLQJ IRU FKDQQHO �� 3UHVV WKH ULJKW PRXVH EXWWRQ
DQG VHOHFW DQ LQSXW VHQVLWLYLW\ IURP D PHQX�

� 7RJJOH WKH LQYHUW IRU FKDQQHO �
� 6HW WKH VLJQDO FRXSOLQJ IRU FKDQQHO � WR $& RU '&

� &RS\� VKRZ� VDYH DQG ORDG UHIHUHQFH VLJQDOV
� 6HOHFW D PDWK FKDQQHO

� 7RJJOH HQYHORSH PRGH
� :LWK WKH DXWR VHWXS WKH RVFLOORVFRSH VHWV LWVHOI DFFRUGLQJ WKH LQSXW

VLJQDO�
� 6ZLWFK EHWZHHQ D QXPEHU RI SUH GHILQHG RIIVHW DQG JDLQ VHWWLQJV

IRU FKDQQHO �� 3UHVV WKH ULJKW PRXVH EXWWRQ DQG VHOHFW WKH VHWWLQJV
IURP D PHQX�

�� $GMXVW WKH SUH WULJJHU SRLQW� 3UHVV WKH ULJKW PRXVH EXWWRQ DQG
VHWXS WKH FRPSOHWH WLPH D[LV�
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� 7KH EDU JUDSK RI GLVSOD\ � RI FKDQQHO �� IRU D TXLFN LQGLFDWLRQ RI

WKH VLJQDO VL]H�
� 'LVSOD\ � RI FKDQQHO �� SUHVV WKH ULJKW PRXVH EXWWRQ WR VHWXS WKH

GLVSOD\�
� 5HVHW WKH PLQLPXP DQG PD[LPXP YDOXHV�

� 6WRS WKH PHDVXUHPHQWV ZLWK WKLV EXWWRQ�
� 3HUIRUP D VLQJOH PHDVXUHPHQW ZLWK WKLV EXWWRQ�

� 3HUIRUP D PHDVXUHPHQW DW VHWWDEOH WLPHV DQG VHQG WKH UHVXOW WR
WKH SULQWHU�

� 3HUIRUP D PHDVXUHPHQW DW VHWWDEOH WLPHV DQG VWRUH WKH UHVXOW RQ
GLVN�

� 6ZLWFK WKH FKDQQHO � VLJQDO FRXSOLQJ WR $& RU '&��
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� 'UDJ WKLV HQG RI WKH D[LV DQG DGMXVW WKH JDLQ RI FKDQQHO �� 3UHVV WKH

ULJKW PRXVH EXWWRQ DQG VHWXS FKDQQHO ��
� :LWK WKH Stop EXWWRQ WKH WUDQVLHQW UHFRUGHU LV VWRSSHG�
� 6WDUW D PHDVXUHPHQW ZLWK WKH WUDQVLHQW UHFRUGHU
� =RRP LQ WR D VSHFLILF SDUW RI WKH VLJQDO

� (UDVH WKH VLJQDO VFUHHQ�
� 7KH WLPH D[LV FDQ GLVSOD\ VDPSOH WLPHV DQG UHDO WLPH DQG GDWH� 6HW

WKLV E\ RSHQLQJ WKH 6HWWLQJVPHQX� 7KH ULJKW PRXVH EXWWRQV DOORZV
WKH FRPSOHWH WLPH EDVH WR EH VHW XS�

� 'UDJ WKLV HQG RI WKH VOLGHU DQG FKDQJH WKH KRUL]RQWDO PDJQLILFDWLRQ�
3UHVV WKH ULJKW PRXVH EXWWRQ DQG VHWXS WKH WLPH EDVH�

� 'UDJ WKH VOLGHU DQG DGMXVW WKH KRUL]RQWDO SRVLWLRQ RI WKH VLJQDO�
3UHVV WKH ULJKW PRXVH EXWWRQ DQG VHWXS WKH WLPH EDVH�

� 7KH KLQW EDU GLVSOD\V H[SODQDWLRQ RI WKH REMHFWV WKH PRXVH LV SOD�
FHG RQ�

�� 'UDJ WKH YHUWLFDO D[LV DQG DGMXVW WKH YHUWLFDO SRVLWLRQ RI WKH VLJQDO�
3UHVV WKH ULJKW PRXVH EXWWRQ DQG VHWXS FKDQQHO ��
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� 3UHVV WKLV EXWWRQ WR SODFH D FRPPHQW ODEHO LQ WKH GLVSOD\
� 3UHVV WKHWindow EXWWRQ WR VHVOHFW D ZLQGRZ IXQFWLRQ IRU WKH ))7
� 6WRS WKH FRQWLQXRXV PHDVXUHPHQWV
� 0DNH D KDUG FRS\ RI WKH FXUUHQW VLJQDO

� 0HDVXUH WKH 7RWDO +DUPRQLF 'LVWRUWLRQ
� 'RXEOH FOLFN KHUH WR VZLWFK FKDQQHO � RQ

� 3UHVV WKH ULJKW PRXVH EXWWRQ WR VHWXS WKH IUHTXHQF\ D[LV
� 'UDJJLQJ WKLV VOLGHU DGMXVWV WKH KRUL]RQWDO SRVLWLRQ RI WKH VLJQDO�

3UHVVLQJ WKH ULJKW PRXVH EXWWRQ DOORZV VHWXS RI WKH IUHTXHQF\ D[LV
� 'UDJ WKLV HQG RI WKH VOLGHU �RU WKH RWKHU HQG� WR DGMXVW WKH KRUL�

]RQWDO PDJQLILFDWLRQ� 3UHVV WKH ULJKW PRXVH EXWWRQ WR VHWXS WKH
IUHTXHQF\ D[LV�

�� 'UDJ WKLV ODEHO RI WKH D[LV DQG DGMXVW WKH YHUWLFDO PDJQLILFDWLRQ�
3UHVV WKH ULJKW PRXVH EXWWRQ WR VHWXS FKDQQHO ��

�� 'UDJ WKH D[LV DQG DGMXVW WKH YHUWLFDO SRVLWLRQ RI FKDQQHO �� 3UHVV
WKH ULJKW PRXVH EXWWRQ WR VHWXS FKDQQHO ��

�� 7KLV OHG LQGLFDWHV ZKHWKHU WKH LQSXW VLJQDO LV FOLSSHG �FUHDWHV KLJKHU
KDUPRQLFV� RU QRW�
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Chapter 1
The software

Requirements

7R XVH WKH :LQGRZV VRIWZDUH \RX QHHG�
& DQ ,%0 FRPSDWLEOH 3&�$7 ZLWK ��� SURFHVVRU RU KLJKHU �PDWKH�

PDWLF FRSURFHVVRU UHFRPPHQGHG�
& 0LFURVRIW :LQGRZV �� RU KLJKHU

& � 0% 5$0
& � 0% IUHH KDUGGLVN VSDFH

& D �õ� KLJK GHQVLWL\ GLVN GULYH
& D PRXVH RU RWKHU SRLQWLQJ GHYLFH

2SWLRQDO
& D VRXQGFDUG ZLWK ZDYH ILOH SOD\EDFN DQG�RU JHQHUDO PLGL

Installation guide

$IWHU LQVWDOOLQJ WKH 7(���� FDUG LQ WKH UDFN� :LQGRZV ZLOO GHWHFW D GHYLFH

KDV EHHQ DGGHG DQG FRPH XS ZLWK D GLDORJ WR LQVWDOO GULYHUV IRU WKH QHZ
GHYLFH�

:LQGRZV VXJJHVWV WR VHDUFK IRU GULYHUV IRU WKH QHZ GHYLFH� ,Q WKH QH[W

VFUHHQ� \RX FDQ VHOHFW D VSHFLILF ORFDWLRQ� FKRRVH WKDW RSWLRQ DQG VHOHFW
WKH &'520 GULYH ZKHUH \RX SODFHG WKH VRIWZDUH &'� 7KHQ VHOHFW 2.�

7KH SURSHU ILOHV ZLOO EH LQVWDOOHG�

:KHQ WKH GULYHU LV LQVWDOOHG� WKH VRIWZDUH FDQ EH LQVWDOOHG�

&KRRVH Start | Run IURP WKH WDVNEDU� 7\SH R:INSTALL LQ WKH FRP�
PDQG OLQH WH[W ER[ DQG FKRRVH Continue. �5� LV XVHG WR LQGLFDWH WKH
&'520 GULYH� LI \RXU &'520 GULYH KDV DQRWKHU GULYH OHWWHU� UHSODFH 5
ZLWK WKH DSSURSULDWH OHWWHU�

1RZ WKH LQVWDOODWLRQ SURJUDP LV VWDUWHG DQG ZLOO DVN ZKLFK ODQJXDJH KDV WR

EH XVHG GXULQJ WKH LQVWDOODWLRQ� 7KLV ODQJXDJH ZLOO DOVR EH VHW WR WKH GHIDXOW
ODQJXDJH IRU WKH VRIWZDUH� &KRRVH Next ZKHQ GRQH�
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1H[W WKH GHVWLQDWLRQ GULYH DQG GLUHFWRU\ IRU WKH VRIWZDUH FDQ EH VHOHFWHG�

2QO\ GULYHV ZLWK HQRXJK IUHH GLVN VSDFH FDQ EH VHOHFWHG� &KRRVH Next
ZKHQ GRQH�

,I WKH GHVWLQDWLRQ GLUHFWRU\ DOUHDG\ H[LVWV� WKH VHWXS SURJUDP ZLOO DVN \RX

ZKHWKHU \RX ZDQW WR UHSODFH H[LVLWLQJ ILOHV� ,I \RX FKRRVH QR� VHWXS UH�
WXUQV WR WKH SUHYLRXV VWHS� RWKHUZLVH VHWXS FRQWLQXHV DQG UHSODFHV DQ\

H[LVWLQJ ILOH LQ WKH GHVWLQDWLRQ GLUHFWRU\�

7KH VHWXS SURJUDP ZLOO QRZ DVN \RX IRU VRPH GHIDXOW WH[W ZKLFK ZLOO EH
XVHG RQ SULQWRXWV RI WKH LQVWUXPHQWV� $OO ILHOGV QHHG DW OHDVW RQH FKDUDF�

WHU� 3UHVV Next WR FRQWLQXH� ,I VRPH WH[W ER[HV KDYH QR GDWD� SUHVVLQJ WKH
Next EXWWRQ ZLOO UHVXOW LQ D IRFXV RQ WKH WH[W ER[ ZKLFK QHHGV GDWD�

,I \RX KDYH PDGH DQ HUURU LQ WKH GHVWLQDWLRQ GULYH RU GLUHFWRU\ VHOHFWLRQ

RU LI \RX KDYH PDGH DQ HUURU ILOOLQJ RXW \RXU FRPSDQLHV QDPH� DGGUHVV RU
\RXU QDPH� \RX FRXOG JR EDFN E\ SUHVVLQJ WKH Previous EXWWRQ� 2WKHU�
ZLVH SUHVV WKH Next EXWWRQ WR VWDUW WUDQVIHULQJ WKH SURJUDP ILOHV IURP WKH
GLVN WR WKH GHVWLQDWLRQ GLUHFWRU\� :KHQ WKH SURJUDP DVNV \RX WR LQVHUW

WKH QH[W GLVN� SOHDVH GR DQG SUHVV Ok WR FRQWLQXH� Cancel ZLOO DERUW WKH
LQVWDOODWLRQ DQG HUDVH DOO LQVWDOOHG ILOHV�

$IWHU WKH LQVWDOODWLRQ LV GRQH� WKH UHDGPH ILOH ZLOO EH VKRZQ� $IWHU UHDGLQJ

WKH ILOH \RX FDQ ([LW WKH VHWXS SURJUDP� $ SURJUDP JURXS KDV EHHQ PDGH
ZLWK LFRQV IRU WKH SURJUDP WKH UHDGPH ILOH DQG WKH XQLQVWDOO SURJUDP�

Structure of the program

7KH SURJUDP LV GLYLGHG LQWR � LQWHJUDWHG PHDVXUHPHQW LQVWUXPHQWV�

ZKLFK DUH DYDLODEOH RQ WKH LQVWUXPHQW WDVNEDU�

& $Q RVFLOORVFRSH
& $ WUXH 506 YROWPHWHU

& $ WUDQVLHQW UHFRUGHU
& $ VSHFWUXP DQDO\]HU
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,I DQ LQVWUXPHQW LV QRW DFWLYH �LQVWUXPHQW EXWWRQ VWDWH LV XS�� WKH LQVWUX�

PHQW FDQ EH PDGH DFWLYH E\ SUHVVLQJ WKH OHIW PRXVH EXWWRQ RYHU WKH
LQVWUXPHQW EXWWRQ� ,I WKH LQVWUXPHQW LV DFWLYH �LQVWUXPHQW EXWWRQ VWDWH LV

GRZQ� DQG \RX SUHVV WKH OHIW PRXVH EXWWRQ RYHU WKH LQVWUXPHQW EXWWRQ�
WKH LQVWUXPHQW ZLOO EH PDGH LQDFWLYH DQG LW ZLOO KLGH LWVHOI�

,I \RX KDYH � RU PRUH LQVWUXPHQWV DFWLYH� RQH LQVWUXPHQW FDQ EH RQ WRS

RI WKH RWKHU� 7R PDNH WKH LQDFWLYH LQVWUXPHQW DFWLYH \RX FDQ PRYH WKH
FXUUHQWO\ DFWLYH ZLQGRZ DZD\ IURP WKH LQDFWLYH ZLQGRZ� VR \RX FDQ

VHOHFW LW� +RZHYHU WKHUH LV D IDVWHU ZD\ �DVVXPLQJ WKH WDVNEDU LV YLVLEOH��
SUHVV WKH ULJKW PRXVH EXWWRQ RYHU WKH LQVWUXPHQW EXWWRQ�

7KH RWKHU WKUHH EXWWRQV UHSUHVHQW WKH IROORZLQJ�

& 7KH SURJUDP VHWXS

& 7KH RQOLQH KHOS
& 7KH H[LW EXWWRQ

Starting the program

7KH SURJUDP FDQ HDVLO\ EH VWDUWHG E\ XVLQJ WKH SURJUDP JURXS FUHDWHG

E\ WKH VHWXS SURJUDP� %\ GRXEOH FOLFNLQJ WKH LFRQ ZLWK WKH VDPH QDPH DV
WKH KDUGZDUH LQVWUXPHQW \RX DUH XVLQJ� WKH SURJUDP LV VWDUWHG�

1RZ DQ LQWUR VFUHHQ ZLOO DSSHDU ZLWK WKH 7LH3LH ORJR� WKH LQVWUXPHQW

QDPH� WKH SURJUDP YHUVLRQ QXPEHU DQG WKH FRS\ULJKW QRWLFH�

$IWHU D IHZ VHFRQGV WKH LQWUR VFUHHQ GLVDSSHDUV DQG WKH LQVWUXPHQW WDVN
EDU DSSHDUV� ,I LQ WKH SURJUDP VHWXS DQ\ LQVWUXPHQWV DUH VHW WR EH DFWLYH

DW SRZHU XS� WKHVH LQVWUXPHQWV DUH VZLWFKHG RQ DV ZHOO�

Help

)RU DOO LQVWUXPHQWV RQOLQH KHOS LV DYDLODEOH E\ SUHVVLQJ WKH +HOS EXWWRQ LQ
WKH LQVWUXPHQW WDVN EDU RU E\ SUHVVLQJ WKH NH\ �F1! LQ D ZLQGRZ�
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Controlling the instruments

$OO LQVWUXPHQWV DUH FRQWUROOHG E\ XVH RI WKH PRXVH� WKH NH\ERDUG DQG E\

PHQXV�

$OO REMHFWV LQ WKH LQVWUXPHQW ZLQGRZV JLYH DFFHV WR WKH FRUUHVSRQGLQJ
VHWWLQJV E\ FOLFNLQJ WKH ULJKW PRXVH EXWWRQ RQ WKH REMHFWV� $ SRSXS PHQX

ZLOO DSSHDU LQ ZKLFK UHODWHG VHWWLQJV FDQ EH DOWHUHG�

:KHQ WKH PRXVH LV SODFHG RQ DQ REMHFW LQ DQ LQVWUXPHQW ZLQGRZ� LQIRU�
PDWLRQ DERXW WKH REMHFW LV JLYHQ ZLWK �IO\ RYHU KLQWV� �VPDOO UHFWDQJOHV ZLWK

D IHZ ZRUGV RI WH[W� DQG VRPH WH[W LQ WKH KLQW EDU� DW WKH ERWWRP RI WKH
LQVWUXPHQW ZLQGRZ�

Program setup

6HYHUDO SDUWV RI WKH SURJUDP FDQ EH VHW XS WR \RXU RZQ GHPDQGV� 7R

FKDQJH WKRVH VHWWLQJV� SUHVV WKH Setup EXWWRQ LQ WKH LQVWUXPHQW WDVN EDU�
7KH IROORZLQJ GLDORJ ZLOO DSSHDU�

7KH GLDORJ FRQWDLQV � SDJHV ZLWK UHODWHG VHWWLQJV� WKH SDJHV FDQ EH VHOHF�

WHG E\ FOLFNLQJ WKH WDEV� 6HWWLQJV WKDW DUH PDGH LQ WKHVH SDJHV DUH VDYHG
ZKHQ WKH DSSOLFDWLRQ LV FORVHG DQG UHVWRUHG ZKHQ WKH DSSOLFDWLRQ LV VWDU�
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WHG DJDLQ� 7KH SRVLWLRQV DQG VL]HV RI WKH LQVWUXPHQW ZLQGRZV DUH DOVR

VDYHG DQG UHVWRUHG�

Instrument taskbar always on top 

,W LV SRVVLEOH WR OHW WKH LQVWUXPHQW WDVNEDU DSSHDU DOZD\V RQ WRS RI WKH
RWKHU ZLQGRZV� ,Q WKDW FDVH WKH LQVWUXPHQW WDVNEDU ZLOO DOZD\V EH YLVLEOH �

7KH VHOHFWLRQ IRU WKDW LV PDGH RQ WKH Common SDJH� ZLWK WKH Instru-
ment taskbar always on top FKHFN ER[�

Setting display colors

7KH FRORUV RI FKDQQHO �� FKDQQHO �� UHIHUHQFH VLJQDO �� UHIHUHQFH VLJQDO ��

PDWK VLJQDO� WULJJHU V\PERO� WLPHEDVH� EDFNJURXQG� JULG DQG FXUVRUV FDQ
EH VHW WR \RXU RZQ SUHIHUHQFHV� 3UHVV WKH Display colors EXWWRQ RQ WKH
Common SDJH DQG D GLDORJ ZLOO DSSHDU LQ ZKLFK WKH VHWWLQJV FDQ EH PD�
GH�

Setting the application language

%\ VHOHFWLQJ WKH ODQJXDJH VHOHFWLRQ SXOO GRZQ RQ WKH Common SDJH�
\RX FDQ VHOHFW DQ RWKHU ODQJXDJH WR EH XVHG LQ WKH DSSOLFDWLRQ� 7KH SUR�
JUDP ZLOO LQVWDQWO\ VZLWFK WR WKH VHOHFWHG ODQJXDJH� $OVR D KHOS ILOH LQ WKH

VHOHFWHG ODQJXDJH ZLOO EH RSHQHG ZKHQ WKH +HOS IXQFWLRQ LV DFWLYDWHG�

Setting the location of files

%\ SUHVVLQJ WKH Directories EXWWRQ RQ WKH &RPPRQ SDJH� LW LV SRVVLEOH WR
VHW WKH GLUHFWRULHV IRU WKH ILOHV WKH SURJUDP ZRUNV ZLWK� $ SRSXS PHQX

ZLOO DSSHDU� )URP WKLV PHQX \RX FDQ VHOHFW D GLUHFWRU\ ZKLFK \RX ZLVK WR
FKDQJH� $IWHU VHOHFWLQJ D GLUHFWRU\� DQ LQSXW GLDORJ DSSHDUV LQ ZKLFK \RX

FDQ HQWHU WKH QDPH IRU GLUHFWRU\�

Default text on the printer output

,W LV SRVVLEOH WR DGG WKUHH OLQHV RI WH[W WR WKH DSSOLFDWLRQ� 7KHVH OLQHV RI
WH[W ZLOO EH SODFHG RQ HYHU\ SULQWRXW� 7KH\ DUH SODFHG RQ WKH XSSHU OHIW

FRUQHU RI WKH SULQWRXW� (QWHU KHUH H�J� WKH FRPSDQ\ DGGUHVV� HPSOR\HH
QDPH� WHOHSKRQH QXPEHU HWF�
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7R HQWHU WKH WH[W� FOLFN WKH EXWWRQ Default text RQ WKH Common page
DQG DQ LQSXW GLDORJ ZLOO DSSHDU�

7KH WKUHH OLQHV RI WH[W FDQ EH HQWHUHG KHUH� 7R VZLWFK EHWZHHQ WKH
WKUHH OLQHV� XVH WKH �Tab! NH\ RU FOLFN ZLWK WKH PRXVH LQ WKH UHTXHVWHG
OLQH�

7KLV WH[W LV VDYHG ZKHQ WKH DSSOLFDWLRQ LV FORVHG DQG ORDGHG ZKHQ WKH
DSSOLFDWLRQ LV VWDUWHG�

Device info

,Q WKH ORZHU SDUW RI WKH Common SDJH VRPH GHYLFH LQIR LV JLYHQ� ,QIRU�
PDWLRQ WKDW LV GLVSOD\HG LV�

& 7KH KDUGZDUH GHYLFH
& 7KH DGGUHVV ZKHUH WKH KDUGZDUH LV IRXQG

& 7KH UHVROXWLRQ RI WKH KDUGZDUH

'HSHQGLQJ RQ WKH KDUGZDUH GHYLFH VRPH H[WUD LQIR FDQ EH GLVSOD\HG�

& 7KH GDWH RI WKH ODVW FDOLEUDWLRQ
& 7KH VHULDO QXPEHU

Setting the date and time style

$W VHYHUDO SODFHV LQ WKH SURJUDP GDWHV DQG�RU WLPHV DUH GLVSOD\HG� 7KH

ZD\ WKH\ DUH GLVSOD\HG FDQ EH VHW DW WKH date and time SDJH� )RU ERWK
WKH GDWH DQG WKH WLPH VHYHUDO VW\OHV DUH DYDLODEOH WR VHOHFW IURP�

Manually adjusting of calibration factors

%\ VHOHFWLQJ WKH Adjust cal. values EXWWRQ DW WKH Hardware SDJH� D
GLDORJ DSSHDUV LQ ZKLFK WKH FXUUHQW FDOLEUDWLRQ YDOXHV RI WKH LQVWUXPHQW
FDQ EH FKDQJHG�

7KH GLDORJ KDV D JULG LQ ZKLFK IRU ERWK FKDQQHOV WKH JDLQ DQG RIIVHW FDOL�

EUDWLRQ YDOXHV FDQ EH DGMXVWHG� 2Q WKH ULJKW DUH WKH IROORZLQJ EXWWRQV�
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Continue 7KH FXUUHQWO\ GLVSOD\HG YDOXHV DUH VHW DV WKH FDOLEUDWL�

RQ YDOXHV WR XVH� /RDGLQJ RI D FDOLEUDWLRQ ILOH DW VWDUW�
XS ZLOO EH GLVDEOHG�

Cancel $OO FKDQJHV �LQFOXGLQJ WKH DSSOLHG� DUH LJQRUHG DQG
WKH FDOLEUDWLRQ YDOXHV ZKLFK ZHUH XVHG SULRU WR SUHV�

VLQJ WKH adjust cal. values EXWWRQ DUH UHVWRUHG�
Load values $ ILOH GLDORJ LV SUHVHQWHG LQ ZKLFK D ILOH FDQ EH VHOHF�

WHG ZLWK FDOLEUDWLRQ YDOXHV� ZKLFK KDV WR EH ORDGHG
DQG GLVSOD\HG LQ WKH JULG�

Save values $ ILOH GLDORJ LV SUHVHQWHG LQ ZKLFK D ILOHQDPH FDQ EH
W\SHG RU VHOHFWHG WR ZKLFK WKH YDOXHV FXUUHQWO\ GLV�

SOD\HG LQ WKH JULG FDQ EH VDYHG�
Apply 6HWV WKH FXUUHQW JULG YDOXHV DV WKH FDOLEUDWLRQ YDOXHV

WR XVH� $ RQH VKRW LV GRQH VR WKH UHVXOW LV GLVSOD\HG�
7KH DSSO\ LV QRW SHUPDQHQW XQWLO WKH Continue EXW�
WRQ LV SUHVVHG�

Restore factory calibration factors

7KH 7(���� KDV D VHW RI FDOLEUDWLRQ IDFWRUV LQ ((3520 ZKLFK DUH UHDG DW
SRZHU XS RI WKH VRIWZDUH� ,I WKH FDOLEDWLRQ IDFWRUV DUH DOWHUHG PDQXDOO\�

WKH RULJLQDO YDOXHV FDQ EH UHVWRUHG E\ SUHVVLQJ WKH Restore factory cal.
EXWWRQ�

,I ORDGLQJ D FDOLEUDWLRQ ILOH DW VWDUWXS LV HQDEOHG� WKLV ZLOO EH GLVDEOHG E\

SUHVVLQJ WKH Restore factory cal. EXWWRQ�

Loading a set of calibration values at start up

:KHQ D VSHFLILF VHW RI FDOLEUDWLRQ YDOXHV LV PDGH� LW FDQ EH VWRUHG RQ GLVN�
7R XVH WKLV ILOH RI FDOLEUDWLRQ YDOXHV DW SRZHU XS� SODFH D FKHFN PDUN LQ

WKH Use cal. file FKHFN ER[ DW WKH Hardware SDJH� ,I QR ILOH QDPH ZDV
VHOHFWHG \HW� D ILOH RSHQ GLDORJ ZLOO DSSHDU LQ ZKLFK D ILOH ZLWK FDOLEUDWLRQ

YDOXHV FDQ EH VHOHFWHG� ,I DQ LOOHJDO ILOH LV VHOHFWHG RU FDQFHO LV SUHVVHG WKH
FKHFN ER[ ZLOO EH XQWDJJHG�

3UHVVLQJ WKH Restore factory cal. EXWWRQ ZLOO RYHUULGH WKH YDOXHV IURP
WKH ILOH�
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:KHQ ORDGLQJ FDOLEUDWLRQ YDOXHV IURP D ILOH LV HQDEOHG DQG D GLIIHUHQW ILOH

KDV WR EH ORDGHG� WKLV ILOH FDQ EH VHOHFWHG E\ SUHVVLQJ WKH Change cal. file
EXWWRQ DW WKH Hardware SDJH� ,I FDQFHO LV SUHVVHG RU DQ LOOHJDO ILOH LV VHOHF�
WHG� QR FKDQJHV DUH PDGH WR WKH FXUUHQW VHOHFWHG FDOLEUDWLRQ ILOH�

Selecting the type of duty cycle

7KH VRIWZDUH FDQ XVH WZR GLIIHUHQW W\SHV RI GXW\ F\FOH FDOFXODWLRQ�
& 7KH QRUPDO GXW\ F\FOH VHWWLQJ GLVSOD\V WKH SHUFHQWDJH RI ZKLFK WKH

SHULRG LV KLJK�
& 7KH LQYHUWHG GXW\ F\FOH VHWWLQJ GLVSOD\V WKH SHUFHQWDJH RI ZKLFK

WKH SHULRG LV ORZ�
6HOHFWLRQ FDQ EH PDGH RQ WKH Duty cycle SDJH� E\ VHOHFWLQJ RQH RI WKH
WZR UDGLR EXWWRQV� 7KH SLFWXUHV QH[W WR WKH UDGLR EXWWRQV GLVSOD\ WKH WZR
W\SHV LQ D JUDSKLFDO ZD\�

Active instruments at start up

$W WKH Active instruments SDJH D VHOHFWLRQ FDQ EH PDGH ZKLFK LQVWUX�
PHQWV KDYH WR EH VZLWFKHG RQ DW VWDUW XS RI WKH VRIWZDUH�

3ODFH D FKHFN LQ WKH FKHFN ER[HV RI WKH LQVWUXPHQWV WKDW KDYH WR EH VZLW�
FKHG RQ DW VWDUW XS RI WKH VRIWZDUH�

Note 7KH 7UDQVLHQW UHFRUGHU FDQ QRW EH DFWLYDWHG DW WKH VDPH WLPH DV
RQH RI WKH RWKHU LQVWUXPHQWV�

:KHQ DW OHDVW RQH LQVWUXPHQW LV VHOHFWHG� LW LV SRVVLEOH WR VHOHFW D VHWWLQJV
ILOH WKDW KDV WR EH ORDGHG DW VWDUW XS DV ZHOO� (DFK VLQJOH LQVWUXPHQW FDQ

KDYH LWV RZQ VHWWLQJV ILOH�

6HOHFWLRQ RI WKH ILOH LV GRQH E\ SUHVVLQJ WKH Change file name EXWWRQ RQ
WKH Active instruments SDJH� ,Q WKH DSSHDULQJ GLDORJ WKH ILOH FDQ EH
VHOHFWHG� 7KH QDPH RI WKH VHOHFWHG ILOH ZLOO EH GLVSOD\HG LQ WKH Instru-
ment settings file ER[�

7R FOHDU WKH ILOH QDPH� SUHVV WKH Clear EXWWRQ�
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Note :KHQ PRUH WKDQ RQH LQVWUXPHQW LV VHOHFWHG WR EH VZLWFKHG RQ DW
VWDUW XS� WKH VHWWLQJV ILOH DVFRFLDWHG ZLWK WKH LQVWUXPHQW ZLWK WKH
KLJKHVW 
SULRULW\
 ZLOO EH ORDGHG� 7KH SULRULWLHV LQ ILOH ORDGLQJ DUH�

KLJKHVW� WKH WUDQVLHQW UHFRUGHU� WKHQ WKH RVFLOORVFRSH� WKHQ WKH
YROWPHWHU DQG ORZHVW WKH VSHFWUXP DQDO\]HU�

Saving instrument settings on disk

:KHQ D FHUWDLQ NLQG RI PHDVXUHPHQW LV GRQH RIWHQ� LW LV XVHIXO WR VDYH WKH

LQVWUXPHQW VHWWLQJ RQ GLVN DQG UHVWRUH LW HDFK WLPH LW LV QHHGHG� 7KLV ZLOO
DYRLG HDFK WLPH VHWWLQJ XS WKH LQVWUXPHQW LQ WKH VDPH ZD\�

7R VDYH WKH LQVWUXPHQW VHWWLQJ WR GLVN� HQWHU WKH )LOH PHQX IURP WKH

RVFLOORVFRSH� WKH WUDQVLHQW UHFRUGHU RU WKH VSHFWUXP DQDO\]HU DQG VHOHFW
6DYH LQVWUXPHQW VHWWLQJ���� $ VDYH GLDORJ ZLOO DSSHDU LQ ZKLFK D GULYH DQG

GLUHFWRU\ FDQ EH VHOHFWHG DQG D QDPH IRU WKH VHWWLQJ FDQ EH HQWHUHG�

,I DQ LQYDOLG ILOH QDPH RU D QDPH RI DQ H[LVWLQJ ILOH QDPH LV HQWHUHG� D
ZDUQLQJ ZLOO EH GLVSOD\HG�

7KH VHWWLQJV IRU DOO LQVWUXPHQWV DUH VDYHG LQ RQH ILOH� 7KLV ILOH KDV WKH

H[WHQVLRQ �6(7� ,W LV DQ $6&,, ILOH� LQ D :LQGRZV ,1, IRUPDW�

Note 7KLV ILOH FDQ EH HGLWHG LQ DQ\ $6&,, HGLWRU� EXW LW LV UHFRPPHQGHG
QRW WR GR VR� WR DYRLG LQYDOLG �FRPELQDWLRQV RI� VHWWLQJV�

Restore instrument settings from disk

:KHQ D FHUWDLQ NLQG RI PHDVXUHPHQW LV GRQH RIWHQ� LW LV XVHIXO WR VDYH WKH

LQVWUXPHQW VHWWLQJ RQ GLVN DQG UHVWRUH LW HDFK WLPH LW LV QHHGHG� 7KLV ZLOO
DYRLG HDFK WLPH VHWWLQJ XS WKH LQVWUXPHQW LQ WKH VDPH ZD\�

7R UHVWRUH LQVWUXPHQW VHWWLQJV IURP GLVN� HQWHU WKH )LOH PHQX LQ WKH

RVFLOORVFRSH� WUDQVLHQW UHFRUGHU RU VSHFWUXP DQDO\]HU DQG VHOHFW WKH
5HVWRUH LQVWUXPHQW VHWWLQJV��� LWHP� $ UHVWRUH GLDORJ ZLOO DSSHDU LQ ZKLFK D

GULYH� D GLUHFWRU\ DQG D ILOH QDPH FDQ EH VHOHFWHG�

$IWHU SUHVVLQJ WKH OK EXWWRQ WKH ILOH LV ORDGHG DQG DOO LQVWUXPHQWV DUH VHW
DFFRUGLQJ WKH VHWWLQJV LQ WKH ILOH�



22 Chapter 1

Storing measurement data on disk

7R VDYH PHDVXUHG GDWD IRU ODWHU H[DPLQDWLRQ� LW FDQ EH VWRUHG RQ GLVN�

7KLV FDQ EH GRQH LQ WZR ZD\V� E\ DFWLYDWLQJ WKH:ULWH ZDYHIRUP WR GLVN���

LWHP IURP WKH )LOH PHQX LQ WKH RVFLOORVFRSH� WUDQVLHQW UHFRUGHU RU VSHF�

WUXP DQDO\]HU RU E\ FOLFNLQJ WKHWrite waveform EXWWRQ � ��

Note 7KH YROWPHWHU KDV D FRPSOHWHO\ GLIIHUHQW ZD\ RI VWRULQJ PHDVXUH�
PHQW GDWD WR GLVN� 7KLV ZLOO EH GLVFXVVHG LQ WKH FKDSWHU YROWPHWHU�

%RWK ZD\V ZLOO EULQJ D VDYH GLDORJ LQ ZKLFK WKH GULYH� WKH GLUHFWRU\ DQG

WKH ILOHQDPH FDQ EH HQWHUHG� :KHQ D QDPH LV HQWHUHG DQG WKH 2. EXW�
WRQ LV SUHVVHG� DOO ZDYHIRUPV ZLOO EH VDYHG� WRJHWKHU ZLWK WKH VHWWLQJV RI

WKH LQVWUXPHQW DQG WKH UHIHUHQFHV� 7KUHH ILOHV DUH ZULWWHQ�

D ILOH ZLWK WKH H[WHQVLRQ .DAT, FRQWDLQLQJ WKH ZDYHIRUP GDWD RI
ERWK FKDQQHOV DQG ERWK UHIHUHQFHV

D ILOH ZLWK WKH H[WHQVLRQ .GEG� FRQWDLQLQJ WKH LQVWUXPHQW VHWWLQJV
D ILOH ZLWK WKH H[WHQVLRQ .REF� FRQWDLQLQJ WKH UHIHUHQFH FKDQQHOV
VHWWLQJV

7KH ILOHV FRQWDLQLQJ WKH VHWWLQJV DUH $6&,, ILOHV� ZLWK D ZLQGRZV ,1, ILOH
VWUXFWXUH� 7KH �'$7 ILOH FDQ EH HLWKHU ELQDU\ RU LQ $6&,,�

:KHQ WKH ILOH DOUHDG\ H[LVWV� D ZDUQLQJ ZLOO EH JLYHQ� :KHQ WKH GLVN LV IXOO�

WKH ILOH ZLOO QRW EH ZULWWHQ DQG DQ HUURU ZLOO EH SXW RQ WKH VFUHHQ�

Setting the data file type

7KH ZDYHIRUP GDWD FDQ EH VWRUHG LQ D ELQDU\ DQG LQ DQ $6&,, IRUPDW�

7KH ELQDU\ IRUPDW LV EXLOW RI UHFRUGV RI � E\WHV ODUJH� 7KH ILUVW WZR E\WHV
DUH IRU FKDQQHO �� E\WHV � DQG � DUH IRU FKDQQHO �� E\WHV � DQG � DUH IRU

UHIHUHQFH � DQG E\WHV � DQG � DUH IRU UHIHUHQFH �� 7KH WZR E\WHV IRU
HDFK FKDQQHO IRUP D �� ELWV YDOXH� ZKHUH � UHSUHVHQWV �VHQVLWLYLW\ DQG

����� UHSUHVHQWV �VHQVLWLYLW\�

7KH $6&,, IRUPDW H[LVWV RI RQH OLQH RI LQIRUPDWLRQ IRU HDFK VDPSOH LQ WKH
UHFRUG� (DFK OLQH H[LVWV RI�
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WKH VDPSOH QXPEHU� UHODWHG WR WKH WULJJHU SRLQW �VDPSOH QXPEHU

��
WKH VDPSOH WLPH� UHODWHG WR WKH WULJJHU SRLQW �W ��

WKH YROWDJH YDOXH IRU FKDQQHO �
WKH YROWDJH YDOXH IRU FKDQQHO �

WKH YROWDJH YDOXH IRU UHIHUHQFH �
WKH YROWDJH YDOXH IRU UHIHUHQFH �

7KH LWHPV DUH VHSDUDWHG E\ FRPPDV�

7KH $6&,, ILOHV FDQ VLPSO\ EH LPSRUWHG LQ RWKHU DSSOLFDWLRQV� OLNH H�J�

VSUHDG VKHHW SURJUDPV�

)LOHV LQ $6&,, IRUPDW DUH PXFK ODUJHU WKDQ ILOHV LQ ELQDU\ IRUPDW� XS WR �
WLPHV�

7R VHW WKH ILOH W\SH� HQWHU WKH )LOHPHQX DQG VHOHFW WKH LWHP 'DWD ILOH W\SH�

&KRRVH WKH UHTXHVWHG VHWWLQJ IURP WKH PHQX�

Loading saved measurement data from disk

3UHYLRXVO\ VDYHG ZDYHIRUPV FDQ EH UHDG IURP GLVN LQ WKH RVFLOORVFRSH�
WUDQVLHQW UHFRUGHU DQG WKH VSHFWUXP DQDO\]HU� 7KHUH DUH WZR ZD\V WR GR

WKLV� E\ DFWLYDWLQJ WKH 5HDG ZDYHIRUP IURP GLVN LWHP IURP WKH )LOH PHQX
RU E\ FOLFNLQJ WKH Read waveform EXWWRQ � ��

%RWK ZD\V ZLOO EULQJ XS D ORDG GLDORJ LQ ZKLFK D GULYH� GLUHFWRU\ DQG ILOH

FDQ EH VHOHFWHG� :KHQ D ILOH LV VHOHFWHG DQG WKH 2. EXWWRQ LV SUHVVHG� WKH
ZDYHIRUP ZLOO EH UHDG IURP GLVN�

(DFK ZDYHIRUP FRQVLVWV RI WKUHH ILOHV� D �'$7 ILOH� D �*(* ILOH DQG D �5()

ILOH� ,I RQH RI WKHVH ILOHV LV PLVVLQJ RU WKH ZDYHIRUP GDWD LV QRW FRPSDWLEOH�
DQ HUURU LV JHQHUDWHG�

7KH GDWD ILOH W\SH LQ ZKLFK WKH GDWD LV ZULWWHQ ZLOO EH GHWHUPLQHG E\ WKH

VRIWZDUH DQG WKH FRUUHFW UHDGLQJ IXQFWLRQV DUH XVHG�

7KHQ WKH GDWD LV UHDG DFFRUGLQJ WR WKH :DYHIRUP UHDG PHWKRG WKDW LV
VHW�
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$IWHU UHDGLQJ WKH GDWD� WKH LQVWUXPHQW LV VHW WR 3DXVH �QRW UHTXLUHG LQ WKH

7UDQVLHQW UHFRUGHU� WR DYRLG WKH GDWD EHLQJ UHSODFHG E\ QHZ PHDVXUHG
GDWD�

Note 0HDVXUHPHQW GDWD VWRUHG LQ WKH YROWPHWHU FDQ EH UHDG LQ WKH
RVFLOORVFRSH DQG WKH WUDQVLHQW UHFRUGHU�
7KH YDOXHV RI GLVSOD\ � RI FKDQQHO � ZLOO EH SODFHG LQ FKDQQHO � RI

WKH WUDQVLHQW UHFRUGHU�
7KH YDOXHV RI GLVSOD\ � RI FKDQQHO � ZLOO EH SODFHG LQ 5HIHUHQFH �

RI WKH WUDQVLHQW UHFRUGHU�
7KH YDOXHV RI GLVSOD\ � RI FKDQQHO � ZLOO EH SODFHG LQ FKDQQHO � RI

WKH WUDQVLHQW UHFRUGHU�
7KH YDOXHV RI GLVSOD\ � RI FKDQQHO � ZLOO EH SODFHG LQ 5HIHUHQFH �

RI WKH WUDQVLHQW UHFRUGHU�

Setting the Waveform read method

:KHQ D ZDYHIRUP LV ZULWWHQ WR GLVN� DOO IRXU FKDQQHOV �&K�� &K�� 5HIH�

UHQFH � DQG 5HIHUHQFH �� DUH ZULWWHQ WR GLVN�

7KHUH DUH WZR PHWKRGV WR UHDG ZDYHIRUPV IURP GLVN�

Read all signals in file
:LWK WKLV PHWKRG DOO VLJQDOV WKDW ZHUH DFWLYH ZKHQ WKH ZDYHIRUP ZDV

ZULWWHQ DUH UHDG� ,I H�J� &K� DQG 5HIHUHQFH � ZHUH DFWLYH ZKHQ WKH
ZDYHIRUPV ZHUH VDYHG� &K� DQG 5HIHUHQFH � DUH UHDG� WKH GDWD LQ &K�

DQG 5HIHUHQFH � ZLOO UHPDLQ XQFKDQJHG� &K� DQG 5HIHUHQFH � ZLOO EH
VZLWFKHG RQ DQG &K� DQG 5HIHUHQFH � ZLOO EH VZLWFKHG RII�

Only read current displayed signals
:LWK WKLV PHWKRG RQO\ WKH FXUUHQWO\ DFWLYH FKDQQHOV DUH UHDG IURP WKH
ZDYHIRUP ILOH� 7KH RWKHU FKDQQHOV ZLOO UHPDLQ XQFKDQJHG DQG WKH\ ZLOO

UHPDLQ VZLWFKHG RII�

7R VHOHFW WKH SURSHU ZDYHIRUP UHDG PHWKRG� HQWHU WKH )LOH PHQX� VHOHFW
WKH :DYHIRUP UHDG PHWKRG LWHP DQG VHOHFW WKH FRUUHFW PHWKRG� :KHQ

FORVLQJ WKH DSSOLFDWLRQ� WKH VHOHFWHG PHWKRG LV VDYHG LQ WKH DSSOLFDWLRQ
VHWWLQJV ILOH� 7KLV ILOH LV DOZD\V UHDG ZKHQ VWDUWLQJ WKH DSSOLFDWLRQ�
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Comparing signals using the reference channels

7R EH DEOH WR FRPSDUH OLYH VLJQDOV WR RWKHU VLJQDOV� WKH RVFLOORVFRSH� WKH

WUDQVLHQW UHFRUGHU DQG WKH VSHFWUXP DQDO\]HU KDYH WZR UHIHUHQFH FKDQ�
QHOV� 5� DQG 5�� 5� LV D UHIHUHQFH FKDQQHO IRU FKDQQHO � DQG 5� LV D

UHIHUHQFH FKDQQHO IRU FKDQQHO �� 7KHVH UHIHUHQFH FKDQQHOV DUH ILOOHG RQFH
DQG UHPDLQ XQFKDQJHG ZKLOH PHDVXULQJ� 7KH UHIHUHQFHV RQO\ FKDQJH

ZKHQ QHZ GDWD LV VWRUHG LQ WKH UHIHUHQFHV�

Fill the references

7R ILOO WKH UHIHUHQFH FKDQQHO�V�� WZR ZD\V DUH DYDLODEOH� FRS\LQJ WKH FXU�
UHQW GLVSOD\HG VLJQDOV WR WKH UHIHUHQFH FKDQQHOV RU UHDG SUHYLRXVO\ VDYHG

ZDYHIRUP GDWD IURP GLVN�

7R FRS\ WKH FXUUHQW OLYH VLJQDOV WR WKH UHIHUHQFH FKDQQHOV� HLWKHU SUHVV
WKH FRUUHVSURQGLQJ EXWWRQ RQ WKH VSHHG EXWWRQ WRRO EDU � � RU VHOHFW

WKH LWHP &RS\ OLYH WR UHIV IURP WKH 5HIHUHQFHV PHQX� 7KLV ZLOO FRS\ WKH
ZDYHIRUP GDWD IURP WKH DFWLYH FKDQQHO�V� WR WKH FRUUHVSRQGLQJ UHIHUHQFH

FKDQQHO�V�� 7KH VHWWLQJV RI WKH FKDQQHO�V� ZLOO DOVR EH FRSLHG WR D VSHFLDO
UHIHUHQFH VHWWLQJ� ,I WKH UHIHUHQFH FKDQQHO�V� ZDV�ZHUH� QRW \HW GLVSOD\�

HG� LW LV �WKH\ DUH� VZLWFKHG RQ DV ZHOO�

7R ILOO D UHIHUHQFH FKDQQHO ZLWK GDWD IURP GLVN� VHH WKH SDUDJUDSK RQ
/RDGLQJ VDYHG PHDVXUHPHQW GDWD IURP GLVN�

7KH GDWD LQ WKH UHIHUHQFH FKDQQHOV ZLOO UHPDLQ XQFKDQJHG XQWLO QHZ GDWD

LV VWRUHG LQ WKH UHIHUHQFH FKDQQHOV� 7KH UHIHUHQFH FKDQQHOV DUH GLVSOD\HG
ZLWK WKH VDPH UHFRUG YLHZ RIIVHW DQG UHFRUG YLHZ JDLQ DV WKH OLYH FKDQ�

QHOV� &KDQJLQJ WKH SUH WULJJHU YDOXH ZLOO QRW DIIHFW WKH UHIHUHQFH FKDQQHOV�
:KHQ WKH UHFRUG OHQJWK RI WKH OLYH FKDQQHOV LV FKDQJHG WR D VKRUWHU

UHFRUG DIWHU ILOOLQJ WKH UHIHUHQFH FKDQQHOV� OHVV GDWD RI WKH UHIHUHQFH FKDQ�
QHOV LV GLVSOD\HG� EXW WKH GDWD LV NHSW LQ PHPRU\� :KHQ WKH UHFRUG OHQJWK

LV FKDQJHG WR D ORQJHU UHFRUG� WKH SDUW RI WKH UHIHUHQFH FKDQQHO WKDW ZDV
QRW ILOOHG� LV ILOOHG ZLWK ]HURHV�
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Switching references on or off

6ZLWFKLQJ D UHIHUHQFH FKDQQHO RQ RU RII FDQ EH GRQH E\ VHOHFWLQJ WKH LWHP

'LVSOD\ 5HI[ IURP WKH 5HIHUHQFH PHQX� ZKHUH [ VWDQGV IRU � RU �� ,W FDQ
DOVR EH GRQH E\ PHDQV RI D EXWWRQ RQ WKH VSHHG EXWWRQ WRRO EDU� IRU

UHIHUHQFH � DQG IRU UHIHUHQFH �� :KHQ D EXWWRQ DSSHDUV WR EH SUHV�

VHG� WKH FRUUHVSRQGLQJ UHIHUHQFH LV VZLWFKHG RQ�

Scaling references

:KHQ D UHIHUHQFH FKDQQHO LV ILOOHG� WKH GDWD UHPDLQV WKH VDPH XQWLO QHZ

GDWD LV VWRUHG LQ WKH UHIHUHQFH FKDQQHO� :KHQ WKH LQSXW VHQVLWLYLW\� WKH
VRIWZDUH RIIVHW RU WKH VRIWZDUH JDLQ IRU WKH FRUUVSRQGLQJ FKDQQHO FKDQJ�

HV� WKH UHIHUHQFH FKDQQHO ZLOO QRW FKDQJH�

,W FDQ EH XVHIXO WKDW ZKHQ D VLJQDO LV FRSLHG WR D UHIHUHQFH FKDQQHO WR
FRPSDUH OLYH PHDVXUHPHQWV ZLWK WKDW UHIHUHQFH FKDQQHO� WKDW WKH VHWWLQJV

RI WKH UHIHUHQFH FKDQQHO ZLOO IROORZ WKH VHWWLQJV RI WKH OLYH FKDQQHO� 6R
ZKHQ H�J� WKH LQSXW VHQVLWLYLW\ RI WKH OLYH FKDQQHO FKDQJHV� WKH UHIHUHQFH

FKDQQHO LV VFDOHG LQ VXFK D ZD\ WKDW WKH OLYH FKDQQHO DQG WKH UHIHUHQFH
FKDQQHO FDQ VWLOO EH FRPSDUHG RQ D ��� EDVH�

7R GR WKDW� VHOHFW WKH LWHP 6FDOH UHIHUHQFHV IURP WKH 5HIHUHQFH PHQX�

$Q\ FKDQJH RI WKH LQSXW VHQVLWLYLW\� WKH VRIWZDUH RIIVHW RU WKH VRIWZDUH
JDLQ RI D FKDQQHO ZLOO DOVR EH DSSOLHG WR WKH UHIHUHQFH FKDQQHO� :KHQ

VFDOLQJ UHIHUHQFHV LV VZLWFKHG RQ� D FKHFN PDUN LV SODFHG LQ WKH PHQX
LWHP�

7R VZLWFK 6FDOLQJ UHIHUHQFHV RII� VHOHFW WKH 6FDOH UHIHUHQFHV LWHP DJDLQ�

Update reference comment

:KHQ D PHDVXUHPHQW LV WDNHQ� WKUHH OLQHV RI FRPPHQW WH[W FDQ EH DG�

GHG WR WKH PHDVXUHPHQW� 7KLV WH[W LV VDYHG WR GLVN WRJHWKHU ZLWK WKH
ZDYHIRUP GDWD DQG SULQWHG RXW ZLWK WKH ZDYHIRUP� �6HH $GG FRPPHQW

WH[W WR D PHDVXUHPHQW�

:KHQ WKH UHIHUHQFH FKDQQHOV DUH ILOOHG ZLWK GDWD IURP D ILOH DQG WKH FRP�
PHQW WH[W KDV WR EH FKDQJHG� WKLV FDQ EH GRQH XVLQJ WKH LWHP 8SGDWH
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FRPPHQWV ��� IURP WKH 5HIHUHQFH PHQX� $IWHU DFWLYDWLQJ WKH LWHP� D GLD�

ORJ DSSHDUV LQ ZKLFK WKH WKUHH OLQHV RI WH[W FDQ EH HQWHUHG � FKDQJHG�
:KHQ WKH GLDORJ LV FORVHG ZLWK WKH OK EXWWRQ� WKH QHZ WH[W LV DXWRPDWL�
FDOO\ VDYHG WR GLVN�

Documentation of measurements

,Q WKH RVFLOORVFRSH� WKH WUDQVLHQW UHFRUGHU DQG WKH VSHFWUXP DQDO\]HU
VHYHUDO IHDWXUHV DUH DYDLODEOH WR GRFXPHQW PHDVXUHPHQW GDWD�

Add comment text to a measurement

)RU H[SODQDWLRQ DQG GRFXPHQWDWLRQ� HDFK PHDVXUHPHQW FDQ EH VXSSOLHG

ZLWK WKUHH OLQHV RI WH[W�

7KLV WH[W ZLOO EH VDYHG WRJHWKHU ZLWK WKH ZDYHIRUP GDWD ZKHQ WKH ZDYH�
IRUP LV ZULWWHQ WR GLVN� 7KH WH[W ZLOO DOVR DSSHDU RQ D KDUGFRS\ SULQWRXW�

7R HQWHU WKH WH[W� RSHQ WKH 6HWWLQJV PHQX DQG VHOHFW WKH LWHP &RP�

PHQW��� $ GLDORJ DSSHDUV LQ ZKLFK WKH WKUHH OLQHV RI WH[W FDQ EH W\SHG� 7R
VZLWFK EHWZHHQ WKH WKUHH OLQHV� XVH WKH PRXVH RU WKH �Tab! NH\�

Note 7KH WH[W UHPDLQV WKH VDPH XQWLO QHZ WH[W LV HQWHUHG RU WKH OLQHV
DUH FOHDUHG� 6R ZKHQ WH[W LV HQWHUHG DQG PRUH WKDQ RQH ZDYH�
IRUPV LV VDYHG RU SULQWHG� HDFK ZDYHIRUP ZLOO KDYH WKH VDPH FRP�

PHQW�

Place a comment label

:KHQ GRFXPHQWLQJ D PHDVXUHPHQW� LW FDQ EH XVHIXO WR DGG VRPH FRP�

PHQW WR D VSHFLILF SDUW RI WKH VLJQDO� 7KLV FDQ EH GRQH ZLWK WKH VSHFLDO
FRPPHQW ODEHOV�

7KHVH FRPPHQW ODEHOV DUH SODFHG ZLWKLQ WKH VLJQDO GLVSOD\ DW D VSHFLILF

SRVLWLRQ LQ UHODWLRQ WR WKH ZDYHIRUP� 7KH FRPPHQW ODEHOV FRQWDLQ WH[W
DQG FDQ KDYH DQ DUURZ SRLQWLQJ DW D VSHFLILF SRLQW RI WKH ZDYHIRUP� 7KH

VKDSH� WKH FRORUV DQG WKH DUURZ FDQ DOO EH FXVWRPLVHG WR \RXU VSHFLILF
ZLVKHV� :KHQ SULQWLQJ WKH PHDVXUHPHQW� WKH FRPPHQW ODEHOV DUH SODFHG
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DV ZHOO� 7R SODFH D FRPPHQW ODEHO� SUHVV WKH comment label EXWWRQ � �

RU DFWLYDWH WKH $GG D FRPPHQW ODEHO LWHP IURP WKH 6HWWLQJVPHQX�

7KH FRPPHQW ODEHO LV QRZ SODFHG ZLWKLQ WKH VLJQDO GLVSOD\� ,W FDQ EH
GUDJJHG WR DQ\ SRVLWLRQ ZLWK WKH PRXVH DQG WKH DUURZ FDQ EH GUDJJHG WR

DQ\ SRVLWLRQ DV ZHOO� 7KH FRPPHQW ODEHOV DUH ZDYHIRUP EDVHG� ZKHQ WKH
UHFRUG YLHZ RIIVHW RU WKH UHFRUG YLHZ JDLQ FKDQJHV� WKH SRVLWLRQ RI WKH

FRPPHQW ODEHO UHPDLQV WKH VDPH LQ UHODWLRQ WR WKH UHFRUG�

Edit a comment label

7R FKDQJH WKH SURSHUWLHV RI D FRPPHQW ODEHO� SODFH WKH PRXVH SRLQWHU
RQ WKH FRPPHQW ODEHO RU WKH DUURZ RI WKH FRPPHQW ODEHO DQG SUHVV WKH

ULJKW PRXVH EXWWRQ� $ PHQX ZLOO SRS XS LQ ZKLFK DOO SURSHUWLHV FDQ EH
HGLWHG�

Comment text...
:LWK WKLV LWHP WKH WH[W LQ WKH FRPPHQW ODEHO FDQ EH HGLWHG� $Q
LQSXW GLDORJ ZLWK D WH[W LQSXW ER[ DSSHDUV DIWHU DFWLYDWLQJ� (QWHU WKH

WH[W IRU WKH FRPPHQW ODEHO LQ WKH LQSXW ER[� 0XOWLSOH OLQHV FDQ EH
HQWHUHG DQG ZLOO DSSHDU LQ WKH FRPPHQW ODEHO DV WKH\ DSSHDU LQ WKH

WH[W LQSXW ER[�

Comment shape
:LWK WKLV LWHP WKH VKDSH RI WKH FRPPHQW ODEHO FDQ EH VHOHFWHG�

7KUHH FKRLFHV DUH DYDLODEOH� D UHFWDQJXODU VKDSH� D UHFWDQJXODU
VKDSH ZLWK URXQGHG FRUQHUV DQG DQ HOOLSVH VKDSH�

Draw arrow
:LWK WKLV LWHP WKH DUURZ FDQ EH VZLWFKHG RQ RU RII� :KHQ WKH
DUURZ LV VZLWFKHG RQ� D FKHFN PDUN LV SODFHG LQ IURQW RI WKH PHQX

LWHP�

Arrow point shape
7KH DUURZ SRLQW FDQ KDYH GLIIHUHQW VKDSHV� QR SRLQW DW DOO� D VTXD�

UH� D FLUFOH� D WULDQJOH DQG DQ DUURZ� :KHQ QR SRLQW LV VHOHFWHG�
RQO\ D OLQH IURP WKH FRPPHQW ODEHO WR WKH HQG SRLQW RI WKH DUURZ

LV GUDZQ� :KHQ WKH DUURZ SRLQW LV VHOHFWHG� D WULDQJOH LV GUDZQ
WKDW LV DOZD\V SRLQWLQJ DZD\ IURP WKH FRPPHQW ODEHO� :KHQ 'UDZ
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DUURZ LV VZLWFKHG RII� WKLV LWHP LV QRW DYDLODEOH�

Comment colors
:LWK WKLV FKRLFH WKH IRUHJURXQG FRORU DQG WKH EDFNJURXQG FRORU RI
WKH FRPPHQW ODEHO DQG WKH DUURZ FDQ EH VHOHFWHG� 7KH IRUH�

JURXQG FRORU LV XVHG IRU WKH OLQH DURXQG WKH FRPPHQW ODEHO� IRU
WKH WH[W� IRU WKH DUURZ DQG IRU WKH OLQH DURXQG WKH DUURZ SRLQW�

7KH EDFNJURXQG FRORU LV XVHG WR ILOO WKH FRPPHQW ODEHO DQG WKH
DUURZ SRLQW�

Deleting a comment label

7R GHOHWH D FRPPHQW ODEHO� SODFH WKH PRXVH FXUVRU RQ WKH FRPPHQW

ODEHO WR GHOHWH DQG SUHVV WKH ULJKW PRXVH EXWWRQ� $ PHQX ZLOO SRS XS�
6HOHFW WKH 'HOHWH FRPPHQW LWHP WR GHOHWH WKH FRPPHQW ODEHO�

Make a hard copy print out

7R VDYH D PHDVXUHPHQW RQ SDSHU� D :<6,:<* KDUGFRS\ XWLOLW\ LV DG�

GHG�

7KH SULQWRXW FRQWDLQV DOO DFWLYH VLJQDOV ZLWK WKH VHWWLQJV DW WKH PRPHQW RI
DFWLYDWLQJ WKH KDUGFRS\ IXQFWLRQ� $OO UHOHYDQW LQIRUPDWLRQ DERXW WKH VLJQDOV

�VHQVLWLYLW\� RIIVHWV� JDLQV� VDPSOLQJ IUHTXHQF\� UHFRUG OHQJWK HWF�� DUH
SODFHG DURXQG WKH VLJQDO GLVSOD\�

$ UHFRUG YLHZ LQGLFDWRU LV SODFHG LQ WKH XSSHU ULJKW FRUQHU RI WKH SULQWRXW�

LQGLFDWLQJ ZKLFK SDUW RI WKH PHDVXUHG UHFRUG LV GLVSOD\HG� ZKHUH WKH
WULJJHU SRLQW LV ORFDWHG DQG ZKHUH WKH FXUVRUV DUH ORFDWHG LQ WKH UHFRUG �LI

VZLWFKHG RQ��

,I FXUVRUV DUH VZLWFKHG RQ� WKH FXUVRUV DUH GUDZQ �ZKHQ LQ WKH GLVSOD\�
DQG D WDEOH ZLWK WKH FXUVRU UHDGRXW LV GUDZQ�

,I FRPPHQW ODEHOV DUH SODFHG� WKH\ DUH SULQWHG LQ WKH VDPH ZD\ DV WKH\

DSSHDU RQ WKH VFUHHQ�

7KH KDUGFRS\ FDQ EH DFWLYDWHG LQ WKUHH ZD\V� XVLQJ WKH NH\ FRPELQDWLRQ
�&WUO�3!� XVLQJ WKH print EXWWRQ � � RU E\ HQWHULQJ WKH )LOH PHQX
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DQG VHOHFWLQJ WKH 3ULQW��� LWHP�

$ SULQW GLDORJ DSSHDUV LQ ZKLFK WKH FXUUHQW VHOHFWHG SULQWHU LV LQGLFDWHG�

7R FKDQJH WKH VHOHFWHG SULQWHU RU WKH VHWWLQJV RI WKH VHOHFWHG SULQWHU�
SUHVV WKH Setup EXWWRQ� $ QHZ GLDORJ DSSHDUV LQ ZKLFK DQRWKHU SULQWHU
FDQ EH VHOHFWHG RU WKH VHWWLQJV RI WKH FXUUHQW SULQWHU FDQ EH FKDQJHG�

Note ,Q WKHRU\ DOO SDSHU VL]HV DUH VXSSRUWHG� EXW HQYHORSH SDSHU VL]HV
ZLOO JLYH XQXVDEOH UHVXOWV�

6HOHFWLQJ ODQGVFDSH RU SRUWUDLW KDV QR XVH� VLQFH WKH KDUGFRS\
IXQFWLRQ IRUFHV ODQGVFDSH�

:KHQ WKH FRUUHFW SULQWHU LV VHOHFWHG DQG DOO VHWWLQJV DUH PDGH� SUHVV WKH

OK EXWWRQ WR OHDYH WKH GLDORJ� 3UHVV WKH Cancel EXWWRQ WR OHDYH WKH
GLDORJ ZLWKRXW FKDQJHV�

7KH FKHFN ER[ Color print out GHWHUPLQHV ZKHWKHU D FRORU SULQWRXW LV
PDGH RU D EODFN DQG ZKLWH SULQWRXW LV PDGH� :KHQ WKLV ER[ LV FKHFNHG
DQG WKH SULQWHU VXSSRUWV FRORUV� D FRORU SULQWRXW LV PDGH� ,I WKH SULQWHU

GRHV QRW VXSSRUW FRORUV� GLIIHUHQW VKDGHV RI JUD\ DUH FUHDWHG �E\ WKH
ZLQGRZV SULQWHU GULYHU�� ,I WKH ER[ LV QRW FKHFNHG� RQO\ EODFN LV XVHG�

)RU HDV\ LGHQWLI\LQJ WKH VLJQDOV� WKH VLJQDOV FDQ EH SULQWHG ZLWK VPDOO PDU�

NHUV LQ HDFK VLJQDO� IRU HDFK VLJQDO D GLIIHUHQW PDUNHU� 7KH FKHFN ER[ Print
markers HQDEOHV WKLV IXQFWLRQ�

:LWK WKH Preview EXWWRQ D SUHYLHZ RI WKH SULQW RXW FDQ EH YLHZHG RQ
WKH FRPSXWHU GLVSOD\�

7R VWDUW SULQWLQJ QRZ� SUHVV WKH Print EXWWRQ� $ GLDORJ DSSHDUV� LQGLFDWLQJ
WKDW WKH KDUGFRS\ LV JHQHUDWHG DQG VHQW WR WKH SULQWHU�

Ending the program

:LWK WKH ULJKW PRVW EXWWRQ LQ WKH LQVWUXPHQW WDVNEDU WKH DSSOLFDWLRQ FDQ
EH WHUPLQDWHG� 7KH DSSOLFDWLRQ VHWWLQJV DQG LQVWUXPHQW ZLQGRZ SRVLWLRQV

DUH VDYHG RQ GLVN�
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Chapter 2
The oscilloscope

7KH RVFLOORVFRSH LV DQ LQVWUXPHQW ZLWK ZKLFK HOHFWULFDO YROWDJHV YDU\LQJ LQ
WLPH FDQ EH GLVSOD\HG� :LWK WKH RVFLOORVFRSH WLPH GHSHQGHQW HOHFWULFDO

VLJQDOV FDQ EH H[DPLQHG HDVLO\�

7KH RVFLOORVFRSH KDV VHSDUDWHG YROWDJH LQSXWV� FKDQQHOV� ZKLFK FDQ EH
FRQILJXUHG LQGLYLGXDOO\� ,W LV D GLJLWDO VDPSOLQJ RVFLOORVFRSH� 7KDW PHDQV

WKDW WKH RVFLOORVFRSH WDNHV VDPSOHV DW IL[HG WLPHV� )URP HDFK VDPSOH WKH
YDOXH LV GHWHUPLQHG DQG WKH VL]H LV GLVSOD\HG DW WKH VFUHHQ� 7KH VFUHHQ LV

ILOOHG ZLWK DOO VDPSOHV� %HWZHHQ WZR DGMDFHQW VDPSOHV RQ WKH VFUHHQ D OLQH
LV GUDZQ� 7KH VSHHG DW ZKLFK WKH VDPSOHV DUH WDNHQ� LV DGMXVWDEOH�

&XUVRUV DUH DYDLODEOH WR SHUIRUP YROWDJH� WLPH RU IUHTXHQF\ PHDVXUH�

PHQWV RQ WKH GLVSOD\HG VLJQDO�
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Aliasing

$ GLVDGYDQWDJH RI GLJLWDO VDPSOLQJ RVFLOORVFRSHV LV WKH IDFW WKDW DOLDVLQJ FDQ

RFFXU�

$OLDVLQJ RFFXUV ZKHQ D WRR ORZ DQG WKHUHIRU ZURQJ VDPSOLQJ IUHTXHQF\ LV
XVHG� 7KH QH[W LOOXVWUDWLRQ VKRZV KRZ DOLDVLQJ RFFXUV�

7KH LQSXW VLJQDO LV D WULDQJXODU VLJQDO ZLWK D IUHTXHQF\ RI ���� N+] �XSSHU

PRVW LQ WKH LOOXVWUDWLRQ�� 7KH VLJQDO LV VDPSOHG DW D IUTXHQF\ RI � N+]� 7KH
GRWWHG VLJQDO LV WKH UHVXOW RI WKH UHFRQVWUXFWLRQ� )URP WKDW WULDQJXODU VLJQDO

WKH SHULRGLFDO WLPH LV � PV� ZKLFK FRUUHVSRQGV ZLWK DQ DSSDUHQW IUHTXHQ�
F\ �DOLDV� RI ��� +] ����� N+] � � N+]��

7R DYRLG DOLDVLQJ� WKH VDPSOH IUHTXHQF\ PXVW EH JUHDWHU WKDQ � WLPHV WKH

PD[LPXP IUHTXHQF\ RI WKH LQSXW VLJQDO�

,I \RX KDYH DQ\ GRXEWV DERXW WKH GLVSOD\HG VLJQDO� \RX FDQ VHW WKH WLPHED�
VH RI WKH RVFLOORVFRSH RQH VWHS IDVWHU RU VORZHU DQG FKHFN ZKHWKHU WKH

VLJQDO DW WKH GLVSOD\ FKDQJHV DFFRUGLQJO\� ,I WKDW GRHV QRW JLYH DQ\ FOHDUDQ�
FH� \RX FDQ GHWHUPLQH WKH IUHTXHQF\ RI WKH LQSXW VLJQDO ZLWK WKH VSHF�

WUXP DQDO\]HU� 7KHUHIRUH \RX PXVW VHW WKH IUHTXHQF\ UDQJH RI WKH VSHF�
WUXP DQDO\]HU WR WKH PD[LPXP� WR DYRLG DOLDVLQJ ZLWK WKH VSHFWUXP DQDO\�

]HU� )RU PRUH LQIRUPDWLRQ� VHH WKH FKDSWHU 6SHFWUXP $QDO\]HU



The oscilloscope 33

Displaying channels

7KH RVFLOORVFRSH KDV VHYHUDO PRGHV WR GLVSOD\ WKH WZR FKDQQHOV� 7R

VHOHFW WKH PHDVXUH PRGH� HQWHU WKH0HDVXUHPHQX DQG VHOHFW�
&K� PHDVXUH DQG GLVSOD\ RQO\ FKDQQHO �

&K� PHDVXUH DQG GLVSOD\ RQO\ FKDQQHO �
&K� DQG &K� PHDVXUH FKDQQHO � DQG FKDQQHO � VLPXOWDQHRXVO\

DQG GLVSOD\ WKH YDOXHV RI ERWK FKDQQHOV

Note :KHQ PHDVXUH PRGH &K� DQG &K� LV VHOHFWHG� WKH KLJKHVW VDP�
SOLQJ IUHTXHQF\ ZLOO EH GLVDEOHG�

Note :KHQ WKH PHDVXUH PRGH &K� DQG &K� LV VHOHFWHG� GLVSOD\LQJ
PDWK VLJQDOV EHFRPHV DYDLODEOH�

:KHQ RQO\ RQH FKDQQHO LV PHDVXUHG� WKH FRQWUROV RI WKH RWKHU FKDQQHO
DUH GLVDEOHG RU UHPRYHG IURP WKH GLVSOD\�

Envelope mode

:KHQ D VLJQDO LV PRQLWRUHG DQG D JOLWFK LV H[SHFWHG� HQYHORSH PRGH FDQ

EH VZLWFKHG RQ WR EH VXUH WR VHH WKH JOLWFK� ,Q HQYHORSH PRGH� IRU HDFK
VDPSOH LQ WKH UHFRUG D KLJKHVW YDOXH DQG D ORZHVW YDOXH LV VWRUHG� (DFK

PHDVXUHPHQW LV FKHFNHG ZKHWKHU WKH QHZ YDOXH OLHV EHWZHHQ WKH SUHYL�
RXV KLJKHVW DQG ORZHVW RU QRW� ,I QRW� WKH KLJKHVW RU ORZHVW YDOXH LV

FKDQJHG WR WKH QHZ YDOXH� 7KHQ D YHUWLFDO OLQH LV GUDZQ EHWZHHQ WKH
ORZHVW DQG KLJKHVW YDOXH� 6R D JOLWFK LV DOZD\V FDSWXUHG�

(QYHORSH PRGH LV UHVHW HDFK WLPH ZKHQ WKH VHWWLQJ RI WKH LQVWUXPHQW

FKDQJHV �VHQVLWLYLW\� RIIVHW� UHFRUG OHQJWK HWF��� ZKHQ WKH ZLQGRZ VL]H
FKDQJHV DQG ZKHQ WKH SUH GHILQHG UHVHW QXPEHU LV UHDFKHG� 7R VHW WKH

UHVHW QXPEHU� HQWHU WKH (QYHORSH PHQX� ZKLFK FDQ EH IRXQG LQ WKH
0HDVXUH PHQX RU E\ FOLFNLQJ WKH ULJKW PRXVH EXWWRQ RQ WKH Envelope
PRGH EXWWRQ � �� 6HOHFW WKH LWHP 5HVHW HQYHORSH DIWHU DQG D PHQX

ZLWK WKH SRVVLEOH RSWLRQ SRSV XS� :KHQ WKH FKRLFH �� PHDVXUHPHQWV LV

VHOHFWHG� HQYHORSH PRGH ZLOO EH UHVHW DIWHU �� PHDVXUHPHQWV� :KHQ WKH
FKRLFH LQILQLWH PHDVXUHPHQWV LV VHOHFWHG� HQYHORSH PRGH ZLOO QRW EH

UHVHW DXWRPDWLFDOO\� RQO\ E\ FKDQJHV LQ WKH LQVWUXPHQW VHWWLQJV RU E\ D
ZLQGRZ VL]H FKDQJH�
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(QYHORSH PRGH FDQ EH VZLWFKHG RQ E\ FOLFNLQJ WKH HQYHORSH EXWWRQ� E\

SUHVVLQJ WKH �E! NH\ RU EH VHOHFWLQJ WKH LWHP (QYHORSH PRGH IURP WKH
0HDVXUH PHQX� :KHQ HQYHORSH PRGH LV VZLWFKHG RQ� WKH Envelope
EXWWRQ VWD\V GRZQ�

(QYHORSH PRGH LV VZLWFKHG RII E\ SUHVVLQJ WKH EXWWRQ DJDLQ� SUHVVLQJ WKH
�E! NH\ DJDLQ RU E\ VHOHFWLQJ WKH (QYHORSH PRGH PHQX LWHP DJDLQ�

Note (QYHORSH PRGH LV RQO\ D GLVSOD\ IXQFWLRQ� 7KH HQYHORSH VLJQDO LV
QRW VWRUHG WR GLVN RU SULQWHG LQ D KDUGFRS\ RSHUDWLRQ�

Averaging

:KHQ D QRLV\ VLJQDO LV PHDVXUHG� WKH LQIOXHQFH RI WKH QRLVH FDQ EH HOLPL�

QDWHG E\ DYHUDJLQJ VHYHUDO PHDVXUHPHQWV� 7KH QRLVH FRPSRQHQW�V� ZLOO
GLVDSSHDU DQG WKH DFWXDO VLJQDO UHPDLQV�

$YHUDJLQJ FDQ EH VZLWFKHG RQ E\ VHOHFWLQJ WKH LWHP 3HUIRUP DYHUDJLQJ RI

IURP WKH 0HDVXUH PHQX� ,Q WKH QH[W PHQX D QXPEHU RI PHDVXUHPHQWV
FDQ EH VHOHFWHG WKDW KDYH WR EH DYHUDJHG� 7KH LWHP � PHDVXUHPHQW ZLOO

VZLWFK RII DYHUDJLQJ� $YHUDJLQJ FDQ DOVR EH VZLWFKHG RQ RU RII E\ SUHVVLQJ
WKH Averaging EXWWRQ � ��

:KHQ DYHUDJLQJ LV VHW WR H�J� �� PHDVXUHPHQWV DQG WKH RVFLOORVFRSH LV

VHW WR 3DXVH� SUHVLQJ WKH 2QH VKRW EXWWRQ ZLOO UHVXOW LQ WDNLQJ �� PHDVX�
UHPHQWV ZKLFK DUH DYHUDJHG

$YHUDJLQJ LV UHVHW HDFK WLPH ZKHQ WKH VHWWLQJ RI WKH LQVWUXPHQW KDUGZDUH

FKDQJHV �VHQVLWLYLW\� FRXSOLQJ� VDPSOLQJ IUHTXHQF\� UHFRUG OHQJWK HWF�� DQG
ZKHQ WKH SUH GHILQHG UHVHW QXPEHU LV UHDFKHG�

Note :KHQ D QXPEHU RI SUH VDPSOHV LV VHW� DYHUDJLQJ ZLOO KDYH D ODUJH
HIIHFW RQ WKH VKDSH RI WKH VLJQDO LQ WKH SUH VDPSOHV EHFDXVH WKLV
SDUW RI WKH PHDVXUHG UHFRUG FKDQJHV PXFK�
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Math mode

7KH RVFLOORVFRSH LV HTXLSSHG ZLWK D VSHFLDO 0DWK FKDQQHO� 7KLV FKDQQHO

FDQ GLVSOD\ WKH IROORZLQJ VLJQDOV�

&K� � &K�
&K� � &K�

&K� � &K�

7KHVH DUH GLVSOD\ DGGHG RU VXEWUDFWHG VLJQDOV� 7KLV PHDQV WKDW WKH RQ
VFUHHQ VLJQDO VL]HV DUH DGGHG RU VXEWUDFWHG� 7KH SRVLWLRQ DQG VL]H RI WKH

PDWK VLJQDO FDQ EH FRQWUROOHG E\ WKH VRIWZDUH RIIVHW DQG VRIWZDUH JDLQ RI
ERWK FKDQQHOV�

7R JHW D PDWK FKDQQHO� ERWK FKDQQHOV KDYH WR EH RQ� 6HOHFWLQJ D PDWK

FKDQQHO LV GRQH E\ VHOHFWLQJ D PHQX LWHP IURP WKH 0DWK PHQX� 7KH
0DWK PHQX FDQ EH IRXQG LQ WKH PDLQ PHQX RU FDQ EH FDOOHG E\ FOLFNLQJ

WKH math EXWWRQ � ��

Hint :KHQ WKH RVFLOORVFRSH RSHUDWHV LQ VSOLW VFUHHQ PRGH DQG FK� XVHV
WKH XSSHU KDOI RI WKH VFUHHQ DQG FK� XVHV WKH ORZHU KDOI RI WKH

VFUHHQ� WKH PDWK FKDQQHO FRPHV LQ WKH FHQWHU RI WKH VFUHHQ�

7KH PDWK FKDQQHO FDQ EH VZLWFKHG RII DJDLQ E\ VHOHFWLQJ WKH LWHP 1R

PDWK IURP WKH0DWKPHQX�

Setting up a channel

7KH WZR FKDQQHOV RI WKH RVFLOORVFRSH DUH FRPSOHWHO\ FRQILJXUDEOH� %RWK

FKDQQHOV DUH LGHQWLFDO� HDFK KDV LWV RZQ PHQX LWHP LQ WKH PDLQ PHQX�
6LQFH WKH SRVVLELOLWLHV IRU ERWK FKDQQHOV DUH HTXDO� FKDQQHO � LV H[SODLQHG

KHUH� :KHUH FKDQQHO � LV GHVFULEHG� WKH VDPH DSSOLHV WR FKDQQHO ��

:LWK WKH PHQX LWHP &K� �RU &K�� IURP WKH PDLQ PHQX D SRSXS PHQX LV
FDOOHG ZLWK DOO VHWWLQJV IRU D FKDQQHO�
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Setting the sensitivity of a channel

7KH LQSXW VHQVLWLYLW\ RI D FKDQQHO GHWHUPLQHV KRZ ODUJH D FHUWDLQ VLJQDO

ZLOO EH GLVSOD\HG� WKH ORZHU WKH IXOO VFDOH YDOXH� WKH ODUJHU WKH VLJQDO ZLOO EH
GLVSOD\HG� ,W LV DOVR SRVVLEOH WR HQDEOH DQ DXWRUDQJLQJ IXQFWLRQ�

7KH VHQVLWLYLW\ FDQ EH VHW WKURXJK WKH 6HQVLWLYLW\ PHQX� 7KH 6HQVLWLYLW\

PHQX LV FDOOHG E\ HQDEOLQJ WKH &K� PHQX DQG WKHQ VHOHFWLQJ WKH 6HQVLWLYL�
W\ PHQX� ,Q WKLV PHQX WKH LQSXW VHQVLWLYLWLHV DUH DYDLODEOH� $OVR DQ $XWR�

UDQJLQJ VHWWLQJ LV DYDLODEOH� 7KH 6HQVLWLYLW\ PHQX FDQ DOVR EH HQWHUHG E\
FOLFNLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH &K� RU &K� FRQWUROV DQG

UHDGRXWV�

7R VZLWFK RQ $XWRUDQJLQJ� D VSHFLDO EXWWRQ LV DYDLODEOH� :KHQ DXWR UDQJ�
LQJ LV VZLWFKHG RQ� WKH EXWWRQ FDSWLRQ LV Auto� RWKHUZLVH LW KROGV WKH
FXUUHQW VHW LQSXW VHQVLWLYLW\� 3UHVVLQJ WKH ULJKW PRXVH EXWWRQ RQ WKLV EXW�
WRQ ZLOO EULQJ XS D PHQX ZLWK DOO VHQVLWLYLWLHV�

Note :KHQ DXWRUDQJLQJ LV VZLWFKHG RQ� VHYHUDO PHDVXUHPHQWV PLJKW EH
QHHGHG WR VHW WKH LQSXW VHQVLWLYLW\� GHSHQGLQJ RQ WKH LQSXW VLJQDO�

$QRWKHU ZD\ WR VHW WKH VHQVLWLYLW\ LV E\ XVLQJ WKH NH\ERDUG� $ IHZ NH\V
KDYH EHHQ UHVHUYHG IRU VHWWLQJ WKH LQSXW VHQVLWLYLW\ RI WKH FKDQQHOV� 7KHVH

NH\V DUH�

�F5! ,QFUHDVH &K� VHQVLWLYLW\
�F6! 'HFUHDVH &K� VHQVLWLYLW\

�F7! ,QFUHDVH &K� VHQVLWLYLW\
�F8! 'HFUHDVH &K� VHQVLWLYLW\

Setting the signal coupling of a channel

7KH LQSXW VLJQDO FDQ EH FRXSOHG GLUHFWO\ WR WKH $'& �'&� RU WKURXJK D

FDSDFLWRU WR WKH $'& �$&�� ,Q WKH KDUGZDUH� D FDSDFLWRU LV VZLWFKHG LQWR
�$&� RU RXW RI �'&� WKH VLJQDO SDWK�

,Q &283/,1* '& WKH FRPSOHWH VLJQDO �$&�'&� DW WKH LQSXW LV SDVVHG

WKURXJK� ,Q &283/,1* $& RQO\ WKH $& FRPSRQHQW RI WKH LQSXW VLJQDO LV
SDVVHG WKURXJK� ,W LV WKHQ SRVVLEOH WR H[DPLQH H�J� D ��� P9 ULSSOH RQ D
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�� 9 '& YROWDJH� VLQFH RQO\ WKH ULSSOH LV SDVVHG WKURXJK DQG WKH '&

YROWDJH QRW� $& YROWDJHV ZLWK D IUHTXHQF\ ORZHU WKDQ �� +] DUH QRW
FRXSOHG FRUUHFWO\�

7KHUH DUH WKUHH GLIIHUHQW ZD\V WR VHW WKH FRXSOLQJ� 7ZR ZD\V DUH� E\

FOLFNLQJ WKH FRXSOLQJ EXWWRQ RU E\ SUHVVLQJ NH\V� 7KH WKLUG ZD\ LV WKURXJK
WKH 6LJQDO FRXSOLQJPHQX�

7KH 6LJQDO FRXSOLQJ PHQX LV FDOOHG E\ HQDEOLQJ WKH &K� PHQX DQG WKHQ

VHOHFWLQJ WKH 6LJQDO FRXSOLQJ PHQX� ,Q WKLV PHQX WKH VHWWLQJV &RXSOLQJ $&
DQG &RXSOLQJ '& FDQ EH IRXQG� 7KH PHQX FDQ DOVR EH HQWHUHG E\ FOLF�

NLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH &K� RU &K� FRQWUROV DQG
UHDGRXWV�

,Q WKH WRRO EDU IRU HDFK FKDQQHO D FRXSOLQJ EXWWRQ LV IRXQG� WKH FRXSOLQJ

EXWWRQ IRU &K� DW WKH OHIW KDQG VLGH RI WKH VFUHHQ� IRU &K� DW WKH ULJKW
KDQG VLGH RI WKH VFUHHQ� 7KH SLFWXUH DW WKH EXWWRQ LQGLFDWHV WKH VWDWH RI

WKH FRXSOLQJ VHWWLQJ� 7KH OHIW EXWWRQ RI WKH WZR EXWWRQV EHORZ LV LQGLFDWLQJ
$& FRXSOLQJ� WKH ULJKW EXWWRQ LV LQGLFDWLQJ '& FRXSOLQJ�

7KH FXUUHQW FRXSOLQJ VWDWH LV GLVSOD\HG LQ WKH FRXSOLQJ EXWWRQ�

7KH NH\V ZKLFK FDQ EH XVHG WR FKDQJH WKH VLJQDO FRXSOLQJ DUH�

�A! VHWV WKH FRXSOLQJ RI FKDQQHO � WR $&

�D! VHWV WKH FRXSOLQJ RI FKDQQHO � WR '&
�Shift+A! VHWV WKH FRXSOLQJ RI FKDQQHO � WR $&

�Shift+D! VHWV WKH FRXSOLQJ RI FKDQQHO � WR '&

Setting the vertical position of a channel

7KH YHUWLFDO SRVLWLRQ RI D FKDQQHO RQ WKH VFUHHQ LV DGMXVWDEOH LQ WZR ZD\V�
D KDUGZDUH PHWKRG DQG D VRIWZDUH PHWKRG�

8VLQJ WKH KDUGZDUH PHWKRG� DQ DGMXVWDEOH '& YROWDJH LV DGGHG before
VDPSOLQJ WKH LQSXW VLJQDO� $V D UHVXOW WKH YHUWLFDO SRVLWLRQ RI WKH VLJQDO DW
WKH VFUHHQ FKDQJHV� ,I D PHDVXUHG VLJQDO LV ODUJHU WKDQ WKH VHOHFWHG LQSXW
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VHQVLWLYLW\ UDQJH� WKH VLJQDO ZLOO FOLS DW WKH XSSHU RU ORZHU HQG RI WKH

VFUHHQ� %\ DGGLQJ D '& YROWDJH WR WKH VLJQDO� WKH SDUW ZKLFK LV FOLSSHG FDQ
EH EURXJKW LQVLGH RI WKH VFUHHQ� ZLWKRXW FOLSSLQJ�

7KLV KDUGZDUH PHWKRG FDQ EH UHDOLVHG E\ DFWLYDWLQJ WKH FKRLFH '& KDUG�

ZDUH RIIVHW IURP WKH &K� PHQX� $ GLDORJ ER[ DSSHDUV LQ ZKLFK D YROWDJH
OHYHO LQ YROWV FDQ EH HQWHUHG� 7KLV YROWDJH ZLOO EH DGGHG WR WKH LQSXW

VLJQDO� ,I D YROWDJH KDV WR EH VXEWUDFWHG� HQWHU D QHJDWLYH YDOXH� 7KH QXP�
EHUV DORQJ WKH YHUWLFDO D[LV DUH DGMXVWHG�

8VLQJ WKH VRIWZDUH PHWKRG� WKH VLJQDO LV DGMXVWHG JUDSKLFDO\ after DOO WKH
VDPSOHV KDYH EHHQ WDNHQ� 7KLV PHWKRG RQO\ DIIHFWV WKH GLVSOD\LQJ RI WKH
VLJQDO� ,I WKH LQSXW VLJQDO LV FOLSSHG� EHFDXVH LW LV ODUJHU WKDQ WKH VHOHFWHG

LQSXW VHQVLWLYLW\ UDQJH� DQG WKH VLJQDO LV DGMXVWHG� WKH VLJQDO VWD\V FOLSSHG�
7KH FOLSSLQJ ZLOO VKRZ YHU\ FOHDUO\ RQ WKH VFUHHQ� 7KH VLJQDO LV FXW RII DW

WKH WRS RU ERWWRP� 7KLV SRVLWLRQLQJ PHWKRG LV PDLQO\ XVHG WR PRYH
VLJQDOV ZKLFK RYHUODS HDFK RWKHU RQ WKH VFUHHQ�

7KH VRIWZDUH SRVLWLRQLQJ FDQ EH FKDQJHG E\ XVLQJ D PHQX RU E\ GUDJJLQJ

WKH YHUWLFDO D[HV� 7R DGMXVW WKH RIIVHW E\ PHDQV RI D PHQX� HQWHU WKH &K�
PHQX DQG VHOHFW WKH FKRLFH 6RIWZDUH RIIVHW ��� $ GLDORJ ER[ DSSHDUV LQ

ZKLFK WKH RIIVHW FDQ EH HQWHUHG� 7KH YDOXH LV LQ 9ROWV�

7KH HDVLHVW ZD\ RI DGMXVWLQJ WKH RIIVHW LV E\ GUDJJLQJ WKH D[LV� 7KLV LV GRQH
E\ SUHVVLQJ WKH OHIW PRXVH EXWWRQ ZLWKLQ WKH YHUWLFDO D[LV� EXW QRW RYHU WKH

LQYHUWHG DUHD �RQ WKH WRS DQG ERWWRP RI WKH D[HV� DQG PRYLQJ WKH PRXVH
XS RU GRZQ ZKLOH NHHSLQJ WKH PRXVH EXWWRQ SUHVVHG�

Magnifying or reducing the vertical axis

7KH PHDVXUHG YDOXHV FDQ EH PDJQLILHG RU UHGXFHG E\ WKH VRIWZDUH� E\

WKH 6RIWZDUH JDLQ� %\ GRLQJ WKLV� WKH YHUWLFDO D[HV FDQ EH PDGH ODUJHU RU
VPDOOHU�

7KLV FDQ EH XVHG WR GLVSOD\ WZR VLJQDOV RI GLIIHUHQW VL]HV RQ WKH VFUHHQ� WR

EH FRPSDUHG PRUH HDVLO\� )RU H[DPSOH� &K� LV PHDVXULQJ D � 9ROW VLJQDO�
&K� LV PHDVXULQJ D � YROW VLJQDO� 6HW WKH JDLQ RI &K� WR ��� DQG WKH JDLQ RI

&K� WR �� %RWK VLJQDOV DUH GLVSOD\HG ZLWK WKH VDPH VL]H�
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$QRWKHU DSSOLFDWLRQ LV WR GLVSOD\ WZR VLJQDOV LQ D 
VSOLW VFUHHQ PRGH
� %\

VHWWLQJ WKH JDLQ RI WKH FKDQQHOV WR ��� DQG WKH RIIVHW RI &K� � GLYV XS DQG
WKH RIIVHW RI &K� � GLYV GRZQ� WKH FKDQQHOV DUH GLVSOD\HG VHSDUDWHO\�

7KH VRIWZDUH JDLQ FDQ EH FKDQJHG E\ XVLQJ D PHQX RU E\ GUDJJLQJ WKH

YHUWLFDO D[HV� 7R DGMXVW WKH VRIWZDUH JDLQ WKURXJK WKH PHQX� HQWHU WKH
&K� PHQX DQG VHOHFW WKH FKRLFH 6RIWZDUH JDLQ��� $ GLDORJ ER[ DSSHDUV LQ

ZKLFK WKH JDLQ FDQ EH HQWHUHG� 7KH YDOXH RI WKH JDLQ KDV WR EH EHWZHHQ
���� DQG �� ZKHUH YDOXHV VPDOOHU WKDQ � PDNH WKH VLJQDO DSSHDU VPDOOHU

DQG YDOXHV ODUJHU WKDQ � PDNH WKH VLJQDO DSSHDU ODUJHU� 7R FKDQJH WKH
VRIWZDUH JDLQ E\ GUDJJLQJ WKH YHUWLFDO D[LV� SODFH WKH PRXVH SRLQWHU RYHU

HLWKHU WKH XSSHU PRVW RU WKH ORZHU PRVW ODEHO RI WKH YHUWLFDO D[LV� 7KHVH
ODEHOV DUH GUDZQ LQYHUWHG� :KHQ WKH PRXVH SRLQWHU LV RYHU RQH RI WKHVH

ODEHOV� SUHVV WKH OHIW PRXVH EXWWRQ DQG GUDJ WKH ODEHO XSZDUGV RU GRZQ�
ZDUGV� WKHUHE\ HQODUJLQJ RU VKULQNLQJ WKH D[LV DQG WKH VLJQDO�

Inverting a channel

:LWK WKH VRIWZDUH LW LV SRVVLEOH WR LQYHUW WKH VLJQDO RI D FKDQQHO� 7KLV

VRIWZDUH LQYHUW PXOWLSOLHV DOO PHDVXUHG YDOXHV E\ �� DQG DGDSWV WKH YDOXHV
DORQJ WKH YHUWLFDO D[LV DFFRUGLQJO\�

7KHUH DUH WKUHH ZD\V WR LQYHUW D VLJQDO� E\ PHDQV RI D PHQX� E\ PHDQV

WKH NH\ERDUG DQG E\ SUHVVLQJ WKH LQYHUW EXWWRQ�

7KH ,QYHUW PHQX LV IRXQG LQ WKH &K�PHQX� ,Q WKLV PHQX WZR FKRLFHV DUH
DYDLODEOH WR VZLWFK WKH LQYHUW RQ RU RII�

$ IHZ NH\V KDYH EHHQ UHVHUYHG WR VHW WKH LQYHUW�

�i! WRJJOHV WKH LQYHUW RI FKDQQHO �

�Shift+i! WRJJOHV WKH LQYHUW RI FKDQQHO �

,Q WKH WRRO EDU IRU HDFK FKDQQHO DQ invert EXWWRQ LV IRXQG� WKH LQYHUW
EXWWRQ IRU &K� DW WKH OHIW KDQG VLGH RI WKH VFUHHQ� IRU &K� DW WKH ULJKW

KDQG VLGH RI WKH VFUHHQ� 7KH SLFWXUH DW WKH EXWWRQ LQGLFDWHV WKH VWDWH RI
WKH LQYHUW VHWWLQJ� 7KH OHIW EXWWRQ RI WKH WZR EXWWRQV EHORZ LV LQGLFDWLQJ

,QYHUW 2Q� WKH ULJKW EXWWRQ LV LQGLFDWLQJ ,QYHUW 2II�
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The channel view button

)RU FRQWUROOLQJ WKH VRIWZDUH RIIVHW DQG WKH VRIWZDUH JDLQ VRPH SUH GHILQ�

HG VHWWLQJV DUH DYDLODEOH E\ SUHVVLQJ WKH FKDQQHO YLHZ EXWWRQ�

7KHVH VHWWLQJV DUH�

RIIVHW  � DQG JDLQ  � �XVLQJ IXOO VFUHHQ�
RIIVHW  ���� LQSXW VHQVLWLYLW\ DQG JDLQ  ��� �XSSHU KDOI RI WKH VFUHHQ�

RIIVHW  ���� LQSXW VHQVLWLYLW\ DQG JDLQ  ��� �ORZHU KDOI RI WKH VFUHHQ�
RIIVHW DQG JDLQ KDYH WKH ODVW YDOXH VHW E\ WKH XVHU

7KHVH VHWWLQJV DUH DYDLODEOH E\ SUHVVLQJ WKH channel view EXWWRQ� (DFK
VHWWLQJ KDV LWV RZQ SLFWXUH RQ WKH EXWWRQ� 7KH LPDJH EHORZ GLVSOD\V WKH
DERYH PHQWLRQHG VHWWLQJV IURP OHIW WR ULJKW�

7KH LPDJH DW WKH EXWWRQ LQGLFDWHV WKH FXUUHQW VHWWLQJV� (DFK FOLFN RQ WKH

EXWWRQ ZLOO VHOHFW WKH QH[W VWDWH� ,I WKH RIIVHW RU JDLQ DUH FKDQJHG E\ RWKHU
PHDQV DQG RQH RI WKH SUHGHILQHG VWDWHV LV REWDLQHG� WKH EXWWRQ ZLOO JR WR

WKDW VWDWH DV ZHOO� RWKHUZLVH XVHU LV GLVSOD\HG�

7KH channel view EXWWRQ IRU FKDQQHO � LV IRXQG DW WKH OHIW KDQG VLGH RI
WKH GLVSOD\� IRU FKDQQHO � DW WKH ULJKW KDQG VLGH RI WKH GLVSOD\�

Changing the units of the vertical axis

$ORQJ WKH YHUWLFDO D[LV� QRUPDOO\ WKH YROWDJH RI WKH LQSXW VLJQDO LV SURMHF�

WHG� 7KH XQLW RI PHDVXUH LV WKHQ 9ROW DQG WKH QXPEHUV DORQJ WKH D[LV
FRUUHVSRQG ZLWK WKH VL]H RI WKH LQSXW VLJQDO�

7KH RVFLOORVFRSH DOORZV \RX WR FUHDWH DQRWKHU GHILQLWLRQ RI WKH YHUWLFDO

D[LV�

%\ PHDQV RI WKH FKRLFH 8QLWV RI PHDVXUH IURP WKH &K� PHQX WKH XQLWV
RI PHDVXUH RI WKH YHUWLFDO D[LV FDQ EH FKDQJHG�
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$IWHU DFWLYDWLRQ� D SRSXS PHQX ZLWK �� FKRLFHV DSSHDUV� 7KH XQLW WKDW LV

VHOHFWHG� LV GLVSOD\HG DW WKH WRS RI WKH YHUWLFDO D[LV� ,W LV DOVR SODFHG RQ WKH
SDSHU ZKHQ SULQWHG RXW� :KHQ DFWLYDWLQJ WKH FKRLFH 8VHU GHILQHG ��� D

GLDORJ ER[ DSSHDUV� LQ ZKLFK D FXVWRP XQLW FDQ EH HQWHUHG� ZLWK D PD[L�
PXP OHQJWK RI � FKDUDFWHUV�

7KH 8QLWV RI PHDVXUH SRSXS PHQX FDQ DOVR EH FDOOHG E\ FOLFNLQJ WKH ULJKW

PRXVH EXWWRQ RYHU WKH YHUWLFDO D[HV�

,I \RX DUH PHDVXULQJ H�J� ZLWK D WHPSHUDWXUH SUREH� \RX FDQ FKRRVH
'(*5(( & IRU WKH XQLWV�

%\ DFWLYDWLQJ WKH FKRLFH 8QLWV JDLQ��� IURP WKH &K� PHQX� D PXOWLSOLFDWLRQ

IDFWRU FDQ EH HQWHUHG IRU WKH XQLWV RI WKH YHUWLFDO D[LV� $ GLDORJ ER[ DSSH�
DUV LQ ZKLFK WKH IDFWRU FDQ EH HQWHUHG� 7KH QXPEHUV DORQJ WKH YHUWLFDO

D[LV DUH PXOWLSOLHG E\ WKH IDFWRU DQG UHSODFHG E\ WKH UHVXOW�

,I \RX DUH XVLQJ D ��[ SUREH� \RX FDQ E\ PHDQV RI XQLWV JDLQ HQWHU WKH
YDOXH ��� WR JHW FRUUHFW QXPEHUV DORQJ WKH YHUWLFDO D[LV�

$QRWKHU DSSOLFDWLRQ LV ZKHQ PHDVXULQJ ZLWK D WHPSHUDWXUH SUREH� 6XS�

SRVH WKH WHPSHUDWXUH SUREH JLYHV D YROWDJH FKDQJH RI � YROW DW D WHPSH�
UDWXUH FKDQJH RI � GHJUHHV� %\ HQWHULQJ WKH IDFWRU �� WKH WHPSHUDWXUH

FKDQJH LV GLVSOD\HG GLUHFWO\ LQ WKH QXPEHU RI GHJUHHV�

,W LV DOVR SRVVLEOH WR DGG DQ RIIVHW WR WKH QXPEHUV RI WKH YHUWLFDO D[LV� ,Q
WKH GLDORJ ER[ FDOOHG E\ DFWLYDWLQJ 8QLWV RIIVHW��� IURP WKH &K� PHQX� DQ

RIIVHW FDQ EH HQWHUHG� 7KLV RIIVHW LV DGGHG WR WKH QXPEHUV DORQJ WKH
YHUWLFDO D[LV� 1RWKLQJ LV GRQH WR WKH VLJQDO�

$Q DSSOLFDWLRQ IRU WKLV LV WKH WHPSHUDWXUH PHDVXUHPHQW� 6XSSRVH WKH

RXWSXW YROWDJH RI WKH WHPSHUDWXUH SUREH DW �(& LV ��� 9ROW� %\ HQWHULQJ
D XQLWV RIIVHW RI ���� WKH ]HUR OHYHO RI WKH D[LV LV FKDQJHG LQ D ZD\ WKDW WKH

DEVROXWH WHPSHUDWXUH LV GLUHFWO\ UHDGDEOH�

Mouse sensitivity for the vertical axis

)RU GUDJJLQJ WKH YHUWLFDO D[LV� WKH PRXVH VHQVLWLYLW\ FDQ EH DGMXVWHG IURP
FRXUVH WR ILQH� IURP � VWHS SHU GLYLVLRQ WR �� VWHSV SHU GLYLVLRQ�
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:KHQ D PRXVH VHQVLWLYLW\ RI � VWHS SHU GLYLVLRQ LV VHOHFWHG� HDFK PRXVH

PRYHPHQW ZLOO PDNH WKH VRIWZDUH RIIVHW EHFRPH RQH GLYLVLRQ ODUJHU RU
VPDOOHU� :KHQ WKH VRIWZDUH JDLQ LV DGMXVWHG� LW ZLOO UHVXOW LQ D WZR GLYLVLRQ

VPDOOHU RU ODUJHU VLJQDO VL]H �RQH GLYLVLRQ DW WKH WRS DQG RQH GLYLVLRQ DW WKH
ERWWRP RI WKH VLJQDO��

:KHQ WKH PRXVH VHQVLWLYLW\ LV VHW WR �� VWHSV SHU GLYLVLRQ HDFK PRXVH

PRYHPHQW ZLOO UHVXOW LQ DQ RIIVHW FKDQJH RI ����WK GLYLVLRQ RU D VLJQDO VL]H
FKDQJH RI ����WK GLYLVLRQ�

7KH PRXVH VHQVLWLYLW\ FDQ EH VHW E\ VHOHFWLQJ WKH LWHP 0RXVH VHQVLWLYLW\

YHUWLFDO D[LV IURP WKH &K�PHQX�

Setting up the time axis

$ORQJ WKH KRUL]RQWDO D[LV RI DQ RVFLOORVFRSH WKH PHDVXULQJ WLPH LV SURMHF�
WHG� 7KH PHDVXULQJ WLPH LV GHWHUPLQHG E\ WKH QXPEHU RI VDPSOHV WKDW LV

PHDVXUHG DQG WKH VDPSOH IUHTXHQF\

Setting the sample frequency

7KH VDPSOH IUHTXHQF\ GHWHUPLQHV WKH VSHHG ZLWK ZKLFK WKH LQVWUXPHQW
ZLOO WDNH VDPSOHV RI WKH LQSXW VLJQDO�V��

7KH VDPSOH IUHTXHQF\ FDQ EH VHW LQ WZR ZD\V� XVLQJ WKH PHQX RI E\

PHDQV RI VSHFLDO IXQFWLRQ NH\V�

7R FKDQJH WKH VDPSOH IUHTXHQF\ XVLQJ WKH PHQX� HQWHU WKH 7LPH EDVH

PHQX DQG VHOHFW WKH 6DPSOH IUHTXHQF\ LWHP� $ QHZ PHQX ZLOO DSSHDU

ZLWK DOO SRVVLEOH VDPSOH IUHTXHQF\ VHWWLQJV� 7RJHWKHU ZLWK WKH VDPSOH
IUHTXHQF\ WKH PD[LPXP WRWDO PHDVXUH WLPH ZLWK WKH FXUUHQW UHFRUG

OHQJWK DQG D SUH WULJJHU YDOXH RI �� LV JLYHQ� 7KH 7LPH EDVH PHQX FDQ
DOVR EH HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH WLPH

EDVH FRQWUROV RU UHDG RXWV�

7KH ODVW LWHP LQ WKH PHQX LV D XVHU GHILQHG VHWWLQJ� $FWLYDWLQJ WKLV LWHP ZLOO
EULQJ XS D GLDORJ ER[ LQ ZKLFK D VHOI GHILQHG VDPSOH IUHTXHQF\ �ZLWKLQ WKH

LQVWUXPHQW KDUGZDUH OLPLWDWLRQV� FDQ EH HQWHUHG� 'XH WR WKH ZD\ WKH
VDPSOH IUHTXHQF\ LV JHQHUDWHG LQ WKH KDUGZDUH� QRW DOO IUHTXHQFLHV FDQ
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EH JHQHUDWHG� ,I DQ LQYDOLG VDPSOH IUHTXHQF\ LV HQWHUHG� WKH FORVHVW YDOLG

VDPSOH IUHTXHQF\ ZLOO EH JHQHUDWHG�

7KH IROORZLQJ NH\V FDQ EH XVHG WR FKDQJH WKH VDPSOH IUHTXHQF\�

�F3! 6HW WKH VDPSOH IUHTXHQF\ RQH VWHS VORZHU
�F4! 6HW WKH VDPSOH IUHTXHQF\ RQH VWHS IDVWHU

Note %HFDXVH WKH UHFRUG OHQJWK� WKH QXPEHU RI SRVW VDPSOHV DQG WKH
UHFRUG YLHZLQJ JDLQ DUH IUHH VHWWDEOH� LW LV YHU\ GLIILFXOW WR VHW WKH
WLPH EDVH LQ D FHUWDLQ QXPEHU RI VHF�GLY� 7KHUHIRU WKH VDPSOLQJ

IUHTXHQF\ LV VHW�

Setting the record length

7KH RVFLOORVFRSH WDNHV D QXPEHU RI VDPSOHV WR GLVSOD\ WKH LQSXW VLJQDO�
7KLV QXPEHU RI VDPSOHV LV FDOOHG WKH 5HFRUG OHQJWK� 7R FKDQJH WKH UH�

FRUG OHQJWK� WZR ZD\V DUH DYDLODEOH� E\ PHDQV RI D PHQX RU E\ PHDQV RI
IXQFWLRQ NH\V�

7R FKDQJH WKH UHFRUG OHQJWK XVLQJ WKH PHQX� HQWHU WKH 7LPH EDVH PHQX

DQG VHOHFW WKH 5HFRUG OHQJWK LWHP� $QRWKHU PHQX ZLOO SRS XS� FRQWDLQLQJ
WKH DYDLODEOH UHFRUG OHQJWKV DQG DQ LWHP IRU D XVHU GHILQHG UHFRUG OHQJWK�

6HOHFWLQJ WKLV LWHP ZLOO EULQJ XS D GLDORJ ER[ LQ ZKLFK D VHOI GHILQHG UHFRUG
OHQJWK �ZLWKLQ WKH LQVWUXPHQW KDUGZDUH OLPLWV� FDQ EH HQWHUHG� 7KH 7LPH

EDVH PHQX FDQ DOVR EH HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU
RQH RI WKH WLPH EDVH FRQWUROV RU UHDG RXWV�

)RU FKDQJLQJ WKH UHFRUG OHQJWK WKH IROORZLQJ IXQFWLRQ NH\V DUH DYDLODEOH�

�F11! 6HOHFW D VKRUWHU UHFRUG OHQJWK

�F12! 6HOHFW D ORQJHU UHFRUG OHQJWK

6HOHFWLQJ DQRWKHU UHFRUG OHQJWK ZLOO FKDQJH WKH WRWDO PHDVXUH WLPH� EXW
WKH SUH WULJJHU YDOXH ZLOO NHHS WKH VDPH YDOXH�
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Setting the pre trigger value

7KH RVFLOORVFRSH LV HTXLSSHG ZLWK D WULJJHU V\VWHP� 7KLV WULJJHU V\VWHP

PRQLWRUV WKH LQSXW VLJQDO�V� DQG GHWHUPLQHV� EDVHG RQ WKH VHWWLQJV RI WKH
WULJJHU V\VWHP DQG WKH LQSXW VLJQDO� ZKHQ PHDVXULQJ DQG GLVSOD\LQJ WKH

VLJQDO�V� KDV WR VWDUW�

7KH PRPHQW RI WULJJHU� WKH WULJJHU SRLQW� FDQ EH SODFHG DW DQ\ SRVLWLRQ LQ
WKH UHFRUG ZLWK PHDVXUHG GDWD� 7KLV ZLOO UHVXOW LQ D FHUWDLQ QXPEHU RI

VDPSOHV EHIRUH WKH WULJJHU SRLQW �SUH VDPSOHV� DQG D QXPEHU RI VDPSOHV
DIWHU WKH WULJJHU SRLQW �SRVW VDPSOHV�� 3UH DQG SRVW VDPSOHV WRJHWKHU IRUP

WKH UHFRUG OHQJWK� 7KH SRVLWLRQ RI WKH WULJJHU SRLQW LV UHIHUUHG WR DV WKH
SUH WULJJHU YDOXH� LQGLFDWLQJ KRZ PDQ\ SUH VDPSOHV DUH UHFRUGHG LQ WKH

WRWDO UHFRUG� 8VXDOO\ �DQG GHIDXOW� WKLV QXPEHU LV JLYHQ LQ D SHUFHQWDJH RI
WKH UHFRUG OHQJWK� EXW LW FDQ EH JLYHQ LQ D QXPEHU RI VDPSOHV RU LQ D WLPH

YDOXH DV ZHOO�

7R FKDQJH WKH SUH WULJJHU YDOXH� WZR ZD\V DUH SRVVLEOH� E\ D PHQX RU
ZLWK WKH VSHFLDO WULJJHU SRVLWLRQ VFUROO EDU� ZKLFK LV ORFDWHG EHORZ WKH

VLJQDO GLVSOD\�

7KLV VSHFLDO VFUROO EDU UHSUHVHQWV WKH FRPSOHWH UHFRUG DQG WKH VOLGHU �^ �
UHSUHVHQWV WKH WULJJHU SRLQW� ,Q WKH DERYH SLFWXUH� WKH WULJJHU SRLQW LV VHW

WR ���� 7R FKDQJH WKH WULJJHU SRLQW� SODFH \RXU PRXVH SRLQWHU RYHU WKH
DUURZ �WKH PRXVH SRLQWHU ZLOO FKDQJH VKDSH�� SUHVV WKH OHIW PRXVH EXW�

WRQ DQG GUDJ WKH VOLGHU WR WKH SRVLWLRQ \RX ZDQW LW WR KDYH� :KHQ RQH RI
WKH VPDOO EXWWRQV DW WKH OHIW KDQG VLGH RU WKH ULJKW KDQG VLGH RI WKH VFUROO

EDU DUH FOLFNHG� WKH SUH WULJJHU YDOXH ZLOO FKDQJH E\ ���
:KHQ WKH PRXVH LV FOLFNHG ZLWKLQ WKH VFUROO EDU� EXW QRW RQ WKH VOLGHU� WKH

SUH WULJJHU YDOXH ZLOO LQFUHDVH RU GHFUHDVH E\ ��� GHSHQGLQJ RQ ZKHWKHU
WKH PRXVH LV FOLFNHG WR WKH ULJKW RU WR WKH OHIW RI WKH VOLGHU� :KHQ WKH

PRXVH EXWWRQ UHPDLQV SUHVVHG� DQ DXWR UHSHDW IXQFWLRQ ZLOO EH DFWLYDWHG�

7R FKDQJH WKH SUH WULJJHU YDOXH E\ XVLQJ WKH PHQX� HQWHU WKH 7LPH EDVH

PHQX DQG VHOHFW WKH 3UH WULJJHU YDOXH LWHP� WKLV ZLOO EULQJ XS D PHQX ZLWK

� SUH WULJJHU YDOXH RSWLRQV DQG D XVHU GHILQHG RSWLRQ�
7KH SUH WULJJHU YDOXH RSWLRQV DUH GHIDXOW JLYHQ LQ D SHUFHQWDJH� EXW FDQ



The oscilloscope 45

EH JLYHQ LQ D QXPEHU RI VDPSOHV RU LQ WLPH� 7R GR WKDW� ILUVW WKH XVHU

GHILQHG RSWLRQ KDV WR EH VHOHFWHG� 7KH 7LPH EDVH PHQX FDQ DOVR EH
HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH WLPH EDVH

FRQWUROV RU UHDG RXWV�

:KHQ WKH XVHU GHILQHG RSWLRQ LV VHOHFWHG� D GLDORJ ER[ DSSHDUV� ,Q WKLV
GLDORJ ER[ FDQ EH VHOHFWHG LQ ZKDW XQLW WKH SUH WULJJHU YDOXH KDV WR EH

HQWHUHG �SHUFHQWDJH� VDPSOHV RU WLPH� DQG ZKDW WKH SUH WULJJHU YDOXH KDV
WR EH� :KHQ WKH GLDORJ ER[ LV FORVHG XVLQJ WKH 2. EXWWRQ� WKH HQWHUHG

YDOXH LV DFFHSWHG DQG WKH VHOHFWHG XQLW ZLOO EH XVHG WKH QH[W WLPH WKH SUH
WULJJHU YDOXH PHQX LV FDOOHG�

Mouse sensitivity pre trigger position adjustment

)RU DGMXVWLQJ WKH SUH WULJJHU YDOXH E\ GUDJJLQJ WKH VOLGHU RI WKH SUH WULJJHU

SRVLWLRQ VFUROO EDU� WKH PRXVH VHQVLWLYLW\ FDQ EH DGMXVWHG IURP FRXUVH WR
ILQH� IURP � VWHSV SHU VFUHHQ WR ��� VWHSV SHU VFUHHQ�

:KHQ D PRXVH VHQVLWLYLW\ RI � VWHSV SHU VFUHHQ LV VHOHFWHG� WKH SUH WULJJHU

SRVLWLRQ VFUROO EDU LV GLYLGHG LQ � SRVLWLRQV� (DFK PRXVH PRYHPHQW ZLOO
DGMXVW WKH SUH WULJJHU YDOXH WR WKH QH[W SRVLWLRQ LQ WKH GLUHFWLRQ WKH PRX�

VH LV PRYHG� 6R WKH DYDLODEOH SUH WULJJHU SRVLWLRQV DUH ��� ���� ����
��� DQG �����

:KHQ D PRXVH VHQVLWLYLW\ RI �� VWHSV SHU VFUHHQ LV VHOHFWHG� WKH DYDLODEOH

SUH WULJJHU SRVLWLRQV DUH ��� ���� ���� ���� ���� ��� DQG �����

:KHQ WKH PRXVH VHQVLWLYLW\ LV VHW WR ��� VWHSV SHU VFUHHQ HDFK PRXVH
PRYHPHQW ZLOO UHVXOW LQ D SUH WULJJHU YDOXH FKDQJH RI ���

Note 7KH PRXVH VHQVLWLYLW\ GRHV QRW DIIHFW DGMXVWLQJ WKH SUH WULJJHU
YDOXH E\ FOLFNLQJ WKH EXWWRQV RI WKH VFUROO EDU RU E\ FOLFNLQJ LQ WKH
VFUROOEDU RXWVLGH WKH VOLGHU�

7R VHW WKH 0RXVH VHQVLWLYLW\� HQWHU WKH 7LPH EDVH PHQX DQG VHOHFW 0RX�

VH VHQVLWLYLW\ SUH WULJJHU SRVLWLRQ DGMXVWPHQW� ,Q WKH PHQX WKDW SRSV XS�
WKH FKRLFHV DUH DYDLODEOH�
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Magnifying the horizontal axis

7KH VRIWZDUH VXSSRUWV D ZLGH UDQJH RI UHFRUG OHQJWKV ZKLFK FDQ DOO EHHQ

YLHZHG FRPSOHWHO\� $ VSHFLDO GLVSOD\LQJ DOJRULWKP JXDUDQWHHV WKDW ZKHQ�
HYHU WKH UHFRUG OHQJWK LV ODUJHU WKDQ WKH GLVSOD\ VL]H� QR DPSOLWXGH LQIRU�

PDWLRQ ZLOO EH ORVW�

7R WDNH D FORVHU ORRN DW D VPDOOHU SDUW RI WKH UHFRUG� WKDW SDUW FDQ EH
PDJQLILHG WR ILOO WKH VFUHHQ� 7KLV LV GRQH ZLWK WKH UHFRUG YLHZ JDLQ� ZKLFK

LV FRPSOHWHO\ YDULDEOH EHWZHHQ ��� �IXOO UHFRUG YLHZ� DQG D YDOXH GHSHQ�
GLQJ RQ WKH LQVWUXPHQW ZLQGRZ ZLGWK �DERXW �� � DERXW ����

$GMXVWLQJ WKH UHFRUG YLHZ JDLQ FDQ EH GRQH WKURXJK D PHQX DQG E\

PHDQV RI WKH VSHFLDO UHFRUG YLHZ VFUROO EDU�

7R FKDQJH WKH UHFRUG YLHZ JDLQ E\ PHDQV RI D PHQX� HQWHU WKH 7LPH

EDVH PHQX DQG VHOHFW WKH 5HFRUG YLHZ JDLQ LWHP� 7KLV ZLOO EULQJ XS D

GLDORJ ER[ LQ ZKLFK WKH UHTXHVWHG UHFRUG YLHZ JDLQ FDQ EH HQWHUHG� 7KH
7LPH EDVH PHQX FDQ DOVR EH HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ

RYHU RQH RI WKH WLPH EDVH FRQWUROV RU UHDG RXWV�

Setting the horizontal position of the signal(s) 

:KHQ D UHFRUG YLHZ JDLQ ! � LV VHOHFWHG� RQO\ D SDUW RI WKH UHFRUG LV
YLVLEOH� 7R YLHZ D FHUWDLQ SDUW RI WKH UHFRUG� D UHFRUG YLHZ RIIVHW FDQ EH

DSSOLHG�

$SSO\LQJ D UHFRUG YLHZ RIIVHW FDQ EH GRQH E\ PHDQV RI WKH VSHFLDO UHFRUG
YLHZ VFUROO EDU DQG E\ PHDQV RI D PHQX�

7R XVH WKH PHQX� HQWHU WKH 7LPH EDVH PHQX DQG VHOHFW WKH 5HFRUG YLHZ

RIIVHW LWHP� $ GLDORJ ER[ ZLOO DSSHDU LQ ZKLFK WKH UHFRUG YLHZ RIIVHW FDQ
EH HQWHUHG� LQ VHFRQGV� :KHQ WKH WULJJHU SRVLWLRQ LV QRW HTXDO WR �� D

QHJDWLYH YDOXH ZLOO PDNH SUH VDPSOHV YLVLEOH� D SRVLWLYH YDOXH ZLOO PDNH
SRVW VDPSOHV YLVLEOH� 7KH 7LPH EDVH PHQX FDQ DOVR EH HQWHUHG E\ SUHV�

VLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH WLPH EDVH FRQWUROV RU UHDG
RXWV�
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:KHQ WKH UHFRUG YLHZ JDLQ LV HTXDO WR ���� WKH 5HFRUG YLHZ RIIVHW LWHP LV

QRW DYDLODEOH LQ WKH PHQX�

The record view scroll bar

)RU DQ HDV\ ZD\ RI DGMXVWLQJ WKH UHFRUG YLHZ JDLQ DQG WKH UHFRUG YLHZ
RIIVHW� WKH RVFLOORVFRSH LV HTXLSSHG ZLWK D VSHFLDO UHFRUG YLHZ VFUROO EDU�

ORFDWHG XQGHU WKH VLJQDO GLVSOD\�

7KH GDUN JUD\ SDUW RI WKH VFUROO EDU UHSUHVHQWV WKH PHDVXUHG UHFRUG� WKH
VOLGHU �OLJKW JUD\� UHSUHVHQWV WKH YLVLEOH SDUW RI WKH UHFRUG� 7KH UHG OLQHV

UHSUHVHQW WKH SRVLWLRQ RI WKH FXUVRUV� ,I WKH FXUVRUV DUH QRW VZLWFKHG RQ�
QR UHG OLQHV DUH YLVLEOH�

7R FKDQJH WKH UHFRUG YLHZ JDLQ� SODFH WKH PRXVH SRLQWHU RQ WKH OHIW

KDQG VLGH RU WKH ULJKW KDQG VLGH RI WKH VOLGHU �WKH PRXVH SRLQWHU ZLOO
FKDQJH VKDSH�� FOLFN WKH OHIW PRXVH EXWWRQ DQG GUDJ WKH VLGH RI WKH VOLGHU

WR WKH SRVLWLRQ \RX ZDQW� 6LPXOWDQHRXVO\ WKH UHFRUG YLHZ JDLQ ZLOO EH
DGMXVWHG DQG WKH VLJQDO LQ WKH GLVSOD\ FKDQJHV DFFRUGLQJO\�

Note 7KH PLQLPXP VOLGHU ZLGWK LV �� GLVSOD\ SL[HOV DQG WKH VFUROO EDU
ZLGWK LV GHSHQGHQW RI WKH ZLQGRZ VL]H� VR WKH PD[LPXP JDLQ LV
OLPLWHG WR �VFUROO EDU ZLGWK LQ SL[HOV � ���� :LWK D ODUJH ZLQGRZ� WKH

UHFRUG YLHZ JDLQ FDQ EH VHW WR D ODUJHU YDOXH WKDQ ZLWK D VPDOO
ZLQGRZ VL]H�

7R FKDQJH WKH UHFRUG YLHZ RIIVHW� SODFH WKH PRXVH SRLQWHU DQ\ZKHUH RQ

WKH VOLGHU� H[FHSW RQ WKH OHIW KDQG VLGH RU WKH ULJKW KDQG VLGH� 7KH PRXVH
SRLQWHU ZLOO QRW FKDQJH VKDSH� 3UHVV WKH OHIW PRXVH EXWWRQ DQG GUDJ WKH

VOLGHU WR WKH SRVLWLRQ \RX ZDQW� 7KH UHFRUG YLHZ RIIVHW ZLOO EH DGMXVWHG
DQG WKH VLJQDO LQ WKH GLVSOD\ FKDQJHV DFFRUGLQJO\�

:KHQ WKH VPDOO EXWWRQV DUH FOLFNHG� WKH UHFRUG YLHZ RIIVHW LV LQFUHDVHG RU

GHFUHDVHG E\ � VDPSOH� :KHQ WKH PRXVH LV FOLFNHG ZLWKLQ WKH VFUROO EDU
EXW RXWVLGH WKH VOLGHU� WKH UHFRUG YLHZ RIIVHW LV LQFUHDVHG RU GHFUHDVHG E\

� VDPSOHV� GHSHQGLQJ RQ ZKLFK VLGH RI WKH VFUROO EDU LV FOLFNHG� :KHQ WKH
PRXVH EXWWRQ LV NHSW SUHVVHG� DQ DXWR UHSHDW IXQFWLRQ LV DFWLYDWHG�
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Triggering

7R EH DEOH WR H[DPLQH D VLJQDO� WKH PRPHQW RI GLVSOD\LQJ WKH VLJQDO KDV WR

EH DGMXVWDEOH� 7KHUHIRUH DQ RVFLOORVFRSH LV HTXLSSHG ZLWK D WULJJHULQJ
V\VWHP� 7KLV IXQFWLRQV DV IROORZV�

7KH LQSXW VLJQDO LV FRPSDUHG ZLWK WZR OHYHOV LQ WKH WULJJHU V\VWHP� WKH
DUPLQJ OHYHO DQG WKH ILULQJ OHYHO� :KHQ WKH LQSXW VLJQDO SDVVHV WKH DUPLQJ

OHYHO� WKH WULJJHU V\VWHP LV DUPHG� ,I WKH LQSXW VLJQDO SDVVHV WKH ILULQJ OHYHO�
WKH WULJJHU V\VWHP EHFRPHV DFWLYH DQG 
ILUHV
 D SXOVH� 7KLV SXOVH LV XVHG WR

VWDUW WKH GLVSOD\ RI WKH VLJQDO�

7KH DUPLQJ OHYHO DQG WKH ILULQJ OHYHO DUH FRXSOHG WR HDFK RWKHU E\ WKH
WULJJHU K\VWHUHVLV DQG WKHLU OHYHO LV GHWHUPLQHG E\ WKH WULJJHU OHYHO� 7KH

ILULQJ OHYHO FRUUHVSRQGV WR WKH WULJJHU OHYHO� 7KH WULJJHU K\VWHUHVLV GHILQHV
DW ZKLFK VLJQDO VL]H FKDQJH FDQ EH WULJJHUHG� WKH FKDQJH KDV WR EH WKDW

ODUJH WKDW ERWK OHYHOV DUH SDVVHG� :LWK D VPDOO WULJJHU K\VWHUHVLV LW LV SRVVL�
EOH WR WULJJHU RQ VPDOO VLJQDOV� ,I D VLJQDO FRQWDLQV D ORW RI QRLVH� D VPDOO

WULJJHU K\VWHUHVLV FDXVHV WULJJHULQJ RQ WKH QRLVH� LQVWHDG RI WKH RULJLQDO
VLJQDO� ZKLFK JLYHV DQ XQVWDEOH GLVSOD\� $ WULJJHU K\VWHUHVLV ODUJHU WKDQ WKH

QRLVH OHYHO LV WKHQ QHFHVVDU\�

,Q WKH LOOXVWUDWLRQ D VLJQDO DQG WKH WZR OHYHOV DUH GLVSOD\HG� ,Q WKLV FDVH LW LV
WULJJHUHG RQ WKH ULVLQJ VORSH RI WKH VLJQDO� 7KH VLJQDO SDVVHV WKH WZR OHYHOV

IURP ORZ WR KLJK� :KHQ WULJJHULQJ RQ WKH IDOOLQJ VORSH RI D VLJQDO� WKH WZR
OHYHOV DUH VZDSSHG� 7KHQ WKH VLJQDO KDV WR SDVV WKH WZR OHYHOV IURP KLJK

WR ORZ� WR JHQHUDWH D WULJJHU�
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Selecting the trigger source

7KH WULJJHU V\VWHP FDQ KDYH GLIIHUHQW VRXUFHV WR GHWHUPLQH ZKHQ PHDVX�

ULQJ KDV WR VWDUW� 7KHVH VRXUFHV DUH�

&K� 7ULJJHU RQ FKDQQHO �
&K� 7ULJJHU RQ FKDQQHO �

([WHUQDO 7ULJJHU RQ WKH H[WHUQDO WULJJHU LQSXW
&K� $1' &K� 7ULJJHU RQ FKDQQHO � DQG FKDQQHO �� WKH VLJQDOV RQ

ERWK FKDQQHOV KDYH WR PHHW WKHLU WULJJHU VHWWLQJV
&K� 25 &K� 7ULJJHU RQ FKDQQHO � RU FKDQQHO �� RQO\ RQH RI VLJ�

QDOV KDV WR PHHW LWV WULJJHU VHWWLQJ�

Note 7KH LWHPV &K� $1' &K� DQG &K� 25 &K� DUH RQO\ DYDLODEOH
ZKHQ ERWK FKDQQHOV DUH PHDVXUHG�

7R FKDQJH WKH WULJJHU VRXUFH� HQWHU WKH 7ULJJHU PHQX DQG VHOHFW WKH

6RXUFH LWHP� ,Q WKLV PHQX D VRXUFH FDQ EH VHOHFWHG� 7KH WULJJHU PHQX
FDQ EH IRXQG LQ WKH PDLQ PHQX DQG FDQ EH FDOOHG E\ FOLFNLQJ WKH trigger
EXWWRQ � � RU E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ ZKHQ WKH PRXVH LV

RYHU RQH RI WKH WULJJHU FRQWUROV RU UHDGRXWV�

Selecting the trigger mode

7KH WULJJHU V\VWHP KDV VHYHUDO WULJJHU PRGHV�

5LVLQJ VORSH WULJJHU RQ WKH ULVLQJ VORSH RI D VLJQDO
)DOOLQJ VORSH WULJJHU RQ WKH IDOOLQJ VORSH RI D VLJQDO

79 /LQH WULJJHU RQ WKH OLQH V\QF SXOVH LQ D YLGHR VLJQDO
79 )UDPH RGG WULJJHU RQ WKH RGG IUDPH V\QF SXOVH RI D YLGHR VLJQDO

79 )UDPH HYHQ WULJJHU RQ WKH HYHQ IUDPH V\QF SXOVH RI D YLGHR VLJQDO

Note )RU WKH 79 WULJJHU PRGHV� WKH 7(���� KDV VSHFLDO KDUGZDUH� 7KLV
KDUGZDUH GRHV QRW UHTXLUH DQ\ OHYHO RU K\VWHUHVLV DGMXVWLQJ� VR WKH

OHYHO DQG K\VWHUHVLV LWHPV LQ WKH WULJJHU PHQX DUH GLVDEOHG ZKHQ D
79 WULJJHU PRGH LV VHOHFWHG� 79 WULJJHU FDQ QRW EH VHOHFWHG ZKHQ

WKH WULJJHU VRXUFH LV VHW WR H[WHUQDO�
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7R FKDQJH WKH WULJJHU PRGH� HQWHU WKH 7ULJJHU PHQX DQG VHOHFW WKH

7ULJJHU PRGH LWHP� $ PHQX ZLOO SRSXS DQG D WULJJHU PRGH VHOHFWLRQ FDQ
EH PDGH�

$QRWKHU ZD\ WR FKDQJH WKH WULJJHU PRGH LV E\ XVLQJ WKH WULJJHU V\PERO�

'RXEOH FOLFNLQJ WKH OHIW PRXVH EXWWRQ RQ WKH WULJJHU V\PERO ZLOO FKDQJH
WKH WULJJHU PRGH IURP�

)DOOLQJ VORSH WR 5LVLQJ VORSH

5LVLQJ VORSH WR )DOOLQJ VORSH
79 /LQH WR 79 )UDPH RGG

79 )UDPH RGG WR 79 )UDPH HYHQ
79 )UDPH HYHQ WR 79 /LQH

Setting the trigger level

$GMXVWLQJ D WULJJHU OHYHO FDQ EH GRQH LV VHYHUDO ZD\V� E\ PHDQV RI D PHQX

RU E\ XVLQJ WKH VSHFLDO WULJJHU V\PERO�

7R FKDQJH D WULJJHU OHYHO E\ PHDQV RI D PHQX� HQWHU WKH 7ULJJHU PHQX
DQG VHOHFW WKH /HYHO &K� ��� RU /HYHO &K� ��� LWHP� $Q LQSXW GLDORJ DSSHDUV

LQ ZKLFK WKH WULJJHU OHYHO FDQ EH HQWHUHG� LQ YROWV�

,Q WKLV GLDORJ� DOVR D FKHFN ER[ IRU VHOHFWLQJ auto level triggering LV IRXQG�
:KHQ DXWR OHYHO WULJJHULQJ LV VHOHFWHG� WKH WULJJHU OHYHO ZLOO EH VHW WR D

YDOXH WKDW OLHV LQ WKH PLGGOH EHWZHHQ WKH KLJKHVW DQG WKH ORZHVW YDOXH RI
WKH SUHYLRXV PHDVXUHPHQW� 7KLV FDQ EH YHU\ XVHIXO ZLWK FRQWLQXRXVO\

FKDQJLQJ VLJQDOV� :KHQ DXWR OHYHO WULJJHULQJ LV VHOHFWHG� WKH WULJJHU V\PERO
ZLOO VKRZ WKDW ZLWK D OHWWHU A LQ WKH V\PERO� 7KH OHYHO FDQ QR ORQJHU EH
DGMXVWHG ZLWK WKH V\PERO�

Note :KHQ D WULJJHU VRXUFH ([WHUQDO LV VHOHFWHG� RU D 79 WULJJHU PRGH LV
VHOHFWHG� WKH WULJJHU OHYHO DGMXVWPHQW LV GLVDEOHG�

Setting the trigger hysteresis

$GMXVWLQJ D WULJJHU K\VWHUHVLV FDQ EH GRQH LQ VHYHUDO ZD\V� E\ PHDQV RI D
PHQX RU E\ XVLQJ WKH VSHFLDO WULJJHU V\PERO�
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7R FKDQJH D WULJJHU K\VWHUHVLV E\ PHDQV RI D PHQX� HQWHU WKH 7ULJJHU

PHQX DQG VHOHFW WKH +\VWHUHVLV &K� ��� RU +\VWHUHVLV &K� ��� LWHP� $Q
LQSXW GLDORJ DSSHDUV LQ ZKLFK WKH WULJJHU K\VWHUHVLV FDQ EH HQWHUHG� LQ

YROWV�

:KHQ auto level triggering LV VHOHFWHG� WKH WULJJHU V\PERO ZLOO VKRZ WKDW
ZLWK D OHWWHU A LQ WKH V\PERO� 7KH K\VWHUHVLV FDQ VWLOO EH DGMXVWHG ZLWK WKH
V\PERO�

Note :KHQ D WULJJHU VRXUFH ([WHUQDO LV VHOHFWHG� RU D 79 WULJJHU PRGH LV
VHOHFWHG� WKH WULJJHU K\VWHUHVLV DGMXVWPHQW LV GLVDEOHG�

The trigger symbol

7KH RVFLOORVFRSH LV HTXLSSHG ZLWK D VSHFLDO WULJJHU V\PERO� WKDW LV XVHG WR
DGMXVW WKH WULJJHU OHYHO� WKH WULJJHU K\VWHUHVLV DQG WKH WULJJHU PRGH� 7KH

:<6,:<* WULJJHU V\PERO LV IRXQG DW WKH OHIW KDQG VLGH RU WKH ULJKW KDQG
VLGH RI WKH VLJQDO GLVSOD\� GHSHQGLQJ RQ WKH WULJJHU VRXUFH�

,Q WKH DERYH SLFWXUH� WKH WULJJHU PRGH RI WKH OHIW KDQG V\PERO LV VHW WR

5LVLQJ VORSH DQG WKH WULJJHU PRGH RI WKH ULJKW KDQG V\PERO LV VHW WR )DOOLQJ
VORSH�

,Q 79 WULJJHU PRGH� WKH WULJJHU V\PERO LGHQWLILHV WKH WULJJHU PRGH XVLQJ D

IHZ FKDUDFWHUV�

7 7 7
9 9 9

/ ) )
R H

7R DGMXVW WKH WULJJHU OHYHO XVLQJ WKH WULJJHU V\PERO� SODFH WKH PRXVH

SRLQWHU RQ WKH WULJJHU V\PERO� LQ WKH DUHD WKDW LV PDUNHG DGMXVW WULJJHU
OHYHO LQ WKH DERYH SLFWXUH� 7KH PRXVH SRLQWHU ZLOO FKDQJH WR D V\PERO�
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3UHVV WKH OHIW PRXVH EXWWRQ DQG GUDJ WKH WULJJHU V\PERO WR WKH FRUUHFW

SRVLWLRQ� ZKLOH NHHSLQJ WKH OHIW PRXVH EXWWRQ SUHVVHG� :KLOH GUDJJLQJ�
WKH WULJJHU OHYHO LV DGMXVWHG DFFRUGLQJ WKH SRVLWLRQ RI WKH WULJJHU V\PERO

RQ WKH VFUHHQ� :KHQ WKH PRXVH EXWWRQ LV UHOHDVHG� WULJJHU OHYHO DGMXVW�
PHQW VWRSV DQG WKH QRUPDO PRXVH SRLQWHU VKDSH LV UHWXUQHG�

7R DGMXVW WKH WULJJHU K\VWHUHVLV XVLQJ WKH WULJJHU V\PERO� SODFH WKH PRXVH

SRLQWHU RQ WKH WULJJHU V\PERO� LQ WKH DUHD WKDW LV PDUNHG DGMXVW WULJJHU
K\VWHUHVLV LQ WKH DERYH SLFWXUH� 7KH PRXVH SRLQWHU ZLOO FKDQJH WR D

V\PERO� 3UHVV WKH OHIW PRXVH EXWWRQ DQG GUDJ WKH K\VWHUHVLV OHYHO RI WKH
WULJJHU V\PERO WR WKH FRUUHFW SRVLWLRQ� ZKLOH NHHSLQJ WKH OHIW PRXVH EXW�

WRQ SUHVVHG� :KLOH GUDJJLQJ� WKH WULJJHU K\VWHUHVLV LV DGMXVWHG DFFRUGLQJ
WKH VL]H RI WKH WULJJHU V\PERO� :KHQ WKH PRXVH EXWWRQ LV UHOHDVHG� WULJ�

JHU K\VWHUHVLV DGMXVWPHQW VWRSV DQG WKH QRUPDO PRXVH SRLQWHU VKDSH LV
UHWXUQHG�

7R DGMXVW WKH WULJJHU PRGH XVLQJ WKH WULJJHU V\PERO� SODFH WKH PRXVH

SRLQWHU RQ WKH WULJJHU V\PERO DQG GRXEOH FOLFN WKH OHIW PRXVH EXWWRQ� 7KH
WULJJHU PRGH ZLOO FKDQJH IURP�

)DOOLQJ VORSH WR 5LVLQJ VORSH

5LVLQJ VORSH WR )DOOLQJ VORSH
79 /LQH WR 79 )UDPH RGG

79 )UDPH RGG WR 79 )UDPH HYHQ
79 )UDPH HYHQ WR 79 /LQH

The trigger time out

:KHQ WKH LQSXW VLJQDO GRHV QRW PHHW WKH WULJJHU FRQGLWLRQV� QR QHZ

PHDVXUHPHQW GDWD ZLOO EH GLVSOD\HG DQG WKH ODVW GLVSOD\HG VLJQDO ZLOO
UHPDLQ RQ WKH VFUHHQ� 7KLV FDQ EH YHU\ LQFRQYHQLHQW ZLWK XQNQRZQ

VLJQDOV� VLQFH LW LV QRW NQRZQ KRZ WKH WULJJHU V\VWHP KDV WR EH VHW� 7R
SURYLGH LQ WKDW FDVH IRU D UHSUHVHQWDWLRQ RI WKH LQSXW VLJQDO RQ WKH VFUHHQ�

D WULJJHU WLPH RXW VHWWLQJ LV DYDLODEOH�

:LWK WKH WLPH RXW VHWWLQJ LW LV GHWHUPLQHG KRZ ORQJ WKH GHOD\ ZLOO EH IRU D
WULJJHU SXOVH� ,I WKDW WLPH H[SLUHV� D WULJJHU SXOVH LV IRUFHG E\ WKH VRIWZDUH

DQG WKH DYDLODEOH GDWD ZLOO EH GLVSOD\HG� 7KLV ZLOO QRW UHVXOW LQ D VWDEOH
GLVSOD\� EXW LW ZLOO JLYH DQ LPSUHVVLRQ KRZ WKH WULJJHU KDV WR EH VHW�
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7R VHW WKH WULJJHU WLPH RXW� HQWHU WKH 7ULJJHU PHQX DQG VHOHFW WKH 7LPH

RXW ��� LWHP� $Q LQSXW GLDORJ ZLOO FRPH XS LQ ZKLFK WKH WLPH RXW WLPH FDQ
EH HQWHUHG� LQ VHFRQGV�

:KHQ D WLPH RI ]HUR LV HQWHUHG� WKHUH ZLOO EH QR WULJJHU WLPH RXW� EXW QR

WULJJHULQJ DV ZHOO� $V VRRQ DV D VLJQDO LV GLVSOD\HG� WKH LQVWUXPHQW ZLOO EH
VHW XS IRU D QHZ PHDVXUHPHQW DQG LPPHGLDWHO\ D WULJJHU SXOVH LV JHQHUD�

WHG� ZLWKRXW ZDLWLQJ IRU D WULJJHU� 7KLV FDQ EH XVHIXO ZKHQ H�J� D VORZO\
FKDQJLQJ '& OHYHO KDV WR EH PRQLWRUHG� RQ ZKLFK FDQ
W EH WULJJHUHG�

,Q WKH GLDORJ DOVR D FKHFN ER[ IRU DQ LQILQLWH WLPH RXW LV DYDLODEOH� :KHQ

WKLV ER[ LV FKHFNHG� WKH VRIWZDUH ZLOO NHHS ZDLWLQJ IRU WKH LQSXW VLJQDO WR
PHHW WKH WULJJHU VHWWLQJV� ZLWKRXW HYHU IRUFLQJ D WULJJHU SXOVH� 7KLV FDQ EH

YHU\ XVHIXO LQ RQH VKRW PHDVXUHPHQWV DQG ZLWK DXWR GLVN PHDVXULQJ�

Performing measurements

:KHQ WKH RVFLOORVFRSH LV FRPSOHWHO\ VHW XS� PHDVXUHPHQWV FDQ EH SHU�
IRUPHG�

%\ GHIDXOW WKH RVFLOORVFRSH LV DOZD\V PHDVXULQJ DQG GLVSOD\LQJ� &KDQJHV

WKDW DUH PDGH LQ WKH VHWWLQJV FDQ EH PDGH ZKLOH PHDVXULQJ DQG ZLOO EH
H[HFXWHG ZKLOH PHDVXULQJ� VR WKH HIIHFWV DUH LPPHGLDWHO\ YLVLEOH�

Stopping the measurements

7R DYRLG D QHZ VFUHHQ RI PHDVXUHPHQW GDWD UHSODFLQJ DQ ROG VFUHHQ�

PHDVXULQJ DQG GLVSOD\LQJ RI GDWD FDQ EH VWRSSHG� 7KLV FDQ EH GRQH LQ
VHYHUDO ZD\V� E\ SUHVVLQJ WKH Pause EXWWRQ � �� E\ SUHVVLQJ WKH �S!
NH\ RU E\ DFWLYDWLQJ WKH LWHP 6WRS FRQWLQXRXV PHDVXULQJ IURP WKH 0HDVX�

UHPHQX�

:KHQ PHDVXULQJ LV VWRSSHG� WKH ODWHVW PHDVXUHG GDWD ZLOO UHPDLQ RQ WKH
VFUHHQ� 7KH Pause EXWWRQ FKDQJHV WR D Play EXWWRQ � � DQG WKH One
shot EXWWRQ � � EHFRPHV DYDLODEOH�

7KH PHDVXUHG VLJQDO FDQ QRZ EH H[DPLQHG�
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7R SHUIRUP D VLQJOH PHDVXUHPHQW� SUHVV WKH One shot EXWWRQ� SUHVV WKH
�O! NH\ RU DFWLYDWH WKH 3HUIRUP D VLQJOH PHDVXUHPHQW LWHP IURP WKH
0HDVXUHPHQX�

&RQWLQXRXV PHDVXULQJ FDQ EH VWDUWHG DJDLQ E\ SUHVVLQJ WKH Play EXWWRQ�
WKH �S! NH\ RU WKH LWHP 6WDUW FRQWLQXRXV PHDVXULQJ IURP WKH 0HDVXUH

PHQX� 7KH One shot EXWWRQ ZLOO EH GLVDEOHG DJDLQ�

Perform Auto disk measurements

7KH RVFLOORVFRSH FDQ VWRUH PHDVXUHPHQW GDWD DXWRPDWLFDOO\ RQ GLVN� 7KLV

LV YHU\ XVHIXO ZKHQ H�J� DQ LQWHUIHUHQFH JOLWFK KDV WR EH PHDVXUHG� 6XS�
SRVH WKDW DW XQSUHGLFWDEOH WLPHV D JOLWFK RFFXUV� %\ XVLQJ WKH DXWR GLVN

PHDVXUHPHQWV� WKH RVFLOORVFRSH ZLOO ZDLW IRU WKH JOLWFK WR RFFXU� :KHQ
WKH JOLWFK RFFXUV� LW LV PHDVXUHG DQG WKH GDWD LV VWRUHG RQ GLVN� 7KH WLPH

DQG GDWH RI WKH PHDVXUHPHQW DUH VWRUHG DV ZHOO�

7R DFWLYDWH WKH DXWR GLVN IXQFWLRQ� ILUVW VHW XS WKH RVFLOORVFRSH WR WKH
DSSURSULDWH VHWWLQJV �LQSXW VHQVLWLYLW\� VDPSOH IUHTXHQF\� UHFRUG OHQJWK

HWF�� 7KHQ� HQWHU WKH 0HDVXUH PHQX DQG VHOHFW WKH $XWR GLVN LWHP� $
VSHFLDO DXWR GLVN GLDORJ ZLOO DSSHDU� ,Q WKLV GLDORJ� D WDUJHW GLVN� D WDUJHW

GLUHFWRU\ DQG D QDPH IRU WKH ILOHV FDQ EH VHOHFWHG� )RU WKH ILOH QDPH� RQO\
� FKDUDFWHUV FDQ EH HQWHUHG� WKUHH FKDUDFWHUV ZLOO EH DGGHG E\ WKH VRIW�

ZDUH IRU D ILOH VHULDO QXPEHU� $W WKH ERWWRP RI WKH GLDORJ D EDU JUDSK LV
GLVSOD\LQJ WKH DYDLODEOH GLVN VSDFH RQ WKH VHOHFWHG GULYH�

7KH WULJJHU V\VWHP RI WKH RVFLOORVFRSH KDV D WLPH RXW IXQFWLRQ� :KHQ WKH

LQSXW VLJQDO GRHV QRW PHHW WKH WULJJHU FRQGLWLRQV ZLWKLQ D FHUWDLQ WLPH� D
WULJJHU LV IRUFHG� 7KLV LV XVHG WR VHH DQ XQNQRZQ VLJQDO� 7KLV IHDWXUH FDQ

EH XQZDQWHG LQ WKH DXWR GLVN IXQFWLRQ� WKHUHIRU D Time out infinite FKHFN
PDUN LV DYDLODEOH WR VHW WKH WLPH RXW WR LQILQLWH� 7KHQ WKH RVFLOORVFRSH ZLOO

NHHS ZDLWLQJ IRU WKH LQSXW VLJQDO WR PHHW WKH WULJJHU FRQGLWLRQV�

:KHQ DOO LV VHW� SUHVV WKH Start EXWWRQ WR VWDUW WKH DXWR GLVN PHDVXUH�
PHQWV� 7KH Cancel EXWWRQ ZLOO FKDQJH WR D Stop EXWWRQ DQG PHDVXULQJ
WDNHV SODFH�

7KH DXWR GLVN PHDVXUHPHQWV VWRS ZKHQ WKH Stop EXWWRQ LV SUHVVHG RU
ZKHQ WKH GLVN LV IXOO�
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Note ,Q WKH URRW RI D GLVN RQO\ ��� ILOHV FDQ EH VWRUHG� $ 5$0 GULYH KDV
D XVHU GHILQDEOH QXPEHU RI HQWULHV �GHIDXOW ��� DQG FDQ VWRUH QR
PRUH ILOHV WKDQ WKHUH DUH HQWULHV DYDLODEOH� 7KH DXWR GLVN IXQFWLRQ

ZLOO VWRS ZLWK D GLVN IXOO HUURU ZKHQ WKLV QXPEHU RI ILOHV DUH ZULWWHQ�
+RZHYHU� '26 RU :LQGRZV PLJKW VWLOO UHSRUW D FHUWDLQ DPRXQW RI

IUHH VSDFH RQ WKH GLVN� 7R EH DEOH WR VWRUH PRUH ILOHV� FUHDWH D
GLUHFWRU\ RQ WKH GLVN DQG VWRUH WKH ILOHV LQ WKDW GLUHFWRU\� $ GLUHFWR�

U\ FDQ FRQWDLQ PDQ\ PRUH ILOHV�

Note 7KH DXWR GLVN IXQFWLRQ FDQ VWRUH RQO\ ��� ILOHV� GXH WR WKH WKUHH
FKDUDFWHUV WKDW DUH XVHG IRU FUHDWLQJ WKH ILOH VHULDO QXPEHU�

Auto setup

:KHQ DQ XQNQRZQ VLJQDO LV FRQQHFWHG WR WKH RVFLOORVFRSH� WKH HDVLHVW
ZD\ WR VHWXS WKH RVFLOORVFRSH LV E\ XVLQJ WKH $XWR VHWXS IXQFWLRQ�

7KH $XWR VHWXS IXQFWLRQ LV DFWLYDWHG E\ VHOHFWLQJ WKH LWHP $XWR VHWXS

IURP WKH0HDVXUHPHQX RU E\ SUHVVLQJ WKH Auto setup EXWWRQ � ��

7KLV IXQFWLRQ VHWV WKH VHQVLWLYLW\ IRU ERWK FKDQQHOV WR DXWR UDQJLQJ� VR WKH
RSWLPDO VLJQDO VL]H LV REWDLQHG� $OVR WKH WULJJHU OHYHO RI WKH FKDQQHO WKDW LV

WKH WULJJHU VRXUFH LV VHW WR DXWR OHYHO� WR LQVXUH WKHUH LV DOZD\V D WULJJHU�

7KHQ WKH WLPH EDVH LV VHW LQ D ZD\ WKDW WKH VLJQDO DW WKH FKDQQHO WKDW LV
WULJJHUHG RQ� LV GLVSOD\HG ZLWK � WR � SHULRGV�

7KH DXWR VHWXS IXQFWLRQ GRHV QRWKLQJ WR WKH VLJQDO FRXSOLQJ� WKH PHDVXUH

PRGH � FK�� FK� RU FK� DQG FK�� RU WKH WULJJHU VRXUFH�

Zooming

:KHQ D FHUWDLQ SDUW RI WKH VFUHHQ KDV WR EH HQODUJHG WR IXOO VFUHHQ� WKH
]RRP IXQFWLRQ LV WKH HDVLHVW ZD\ WR GR WKDW�

7KH ]RRP IXQFWLRQ LV DFWLYDWHG E\ SUHVVLQJ WKH zoom EXWWRQ � �� 7KLV

EXWWRQ VWD\V GRZQ XQWLO WKH ]RRP IXQFWLRQ LV ILQLVKHG�
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:KHQ WKH ]RRP IXQFWLRQ LV DFWLYDWHG� D UHFWDQJXODU DUHD LQ WKH VLJQDO

GLVSOD\ FDQ EH VHOHFWHG ZLWK WKH PRXVH� 3ODFH WKH PRXVH DW RQH RI WKH
FRUQHUV RI WKH UHFWDQJOH� SUHVV WKH OHIW PRXVH EXWWRQ� NHHS LW SUHVVHG DQG

GUDJ WKH PRXVH WR WKH RSSRVLWH FRUQHU RI WKH UHFWDQJOH� :KLOH GUDJJLQJ�
D GDVKHG UHFWDQJOH LV GUDZQ� :KHQ WKH UHFWDQJOH KDV WKH FRUUHFW VL]H�

UHOHDVH WKH PRXVH EXWWRQ� 7KH ]RRPLQJ IXQFWLRQ ZLOO ILQLVK DQG WKH VRIW�
ZDUH RIIVHW DQG JDLQ RI ERWK FKDQQHOV DQG WKH UHFRUG YLHZ RIIVHW DQG JDLQ

DUH DGMXVWHG WR WKH YDOXHV WKDW UHVXOW LQ YLHZLQJ WKH VHOHFWHG SDUW RI WKH
VFUHHQ�

7R XQGR WKH ODVW ]RRP RSHUDWLRQ� SUHVV WKH zoom EXWWRQ ZLWK WKH ULJKW
PRXVH EXWWRQ� $ PHQX ZLOO DSSHDU ZKLFK HQDEOHV \RX WR XQGR WKH ODVW
]RRP RSHUDWLRQ� $ KLVWRU\ RI �� ]RRP RSHUDWLRQV LV VWRUHG DQG FDQ EH

XQGRQH�

Performing cursor measurements

7R SHUIRUP PHDVXUHPHQWV RQ WKH PHDVXUHG GDWD� WZR SDLUV RI FXUVRUV
DUH DYDLODEOH� (DFK FXUVRU SDLU H[LVWV RI D KRUL]RQWDO DQG D YHUWLFDO FXUVRU

WKDW FDQ EH SODFHG DQ\ZKHUH LQVLGH RU RXWVLGH WKH VLJQDO GLVSOD\� :KHUH
WKH WZR FXUVRUV FURVV HDFK RWKHU� D OLQN LV PDGH� )RU WKH OHIW FXUVRU WKLV

OLQN LV SLQN� IRU WKH ULJKW FXUVRU WKLV OLQN LV EODFN�

Switching on cursors

7R VZLWFK RQ FXUVRUV� HQWHU WKH &XUVRUV PHQX DQG VHOHFW WKH /DUJH

FXUVRUV LWHP RU WKH 6PDOO FXUVRUV LWHP� /DUJH FXUVRUV DUH GUDZQ IURP WKH

OHIW WR WKH ULJKW KDQG VLGH RI WKH VLJQDO GLVSOD\ RU IURP WKH WRS WR WKH ERW�
WRP RI WKH VLJQDO GLVSOD\� 6PDOO FXUVRUV RQO\ IRUP D VPDOO FURVV� 7KH &XU�

VRUV PHQX FDQ EH IRXQG LQ WKH PDLQ PHQX RU FDQ EH FDOOHG E\ FOLFNLQJ WKH
ULJKW PRXVH EXWWRQ LQ WKH VLJQDO GLVSOD\� :KHQ WKH FXUVRUV DUH VZLWFKHG

RQ� D VSHFLDO FXUVRU UHDGRXW ZLQGRZ DSSHDUV DV ZHOO�

7KH FXUVRUV DUH ZDYHIRP EDVHG� 7KLV PHDQV WKDW WKH FXUVRU SRVLWLRQ LV
UHODWHG WR WKH ZDYHIRP� ,I WKH UHFRUG YLHZ RIIVHW RU UHFRUG YLHZ JDLQ LV

FKDQJHG� WKH FXUVRU SRVLWLRQ ZLOO UHPDLQ DW WKH VDPH SRVLWLRQ LQ WKH ZD�
YHIRUP� ,I WKH LQSXW VHQVLWLYLW\� WKH VRIWZDUH RIIVHW RU VRIWZDUH JDLQ LV

FKDQJHG� WKH FXUVRU ZLOO VWD\ DW WKH VDPH YROWDJH OHYHO� %HFDXVH RI WKLV�
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FXUVRUV FDQ JHW RII VFUHHQ� ,Q WKH UHFRUG YLHZ VFUROO EDU WZR UHG OLQHV DUH

GUDZQ WR LQGLFDWH WKH SRVLWLRQ RI WKH FXUVRUV LQ WKH UHFRUG�

7R SRVLWLRQ D FXUVRU� EULQJ WKH PRXVH SRLQWHU RQ WKH FXUVRU WR SRVLWLRQ�
7KH PRXVH SRLQWHU ZLOO FKDQJH VKDSH�

SRVLWLRQ D KRUL]RQWDO FXUVRU
SRVLWLRQ D YHUWLFDO FXUVRU

SRVLWLRQ D FXUVRU SDLU

Hint 7R SRVLWLRQ DQ RII VFUHHQ FXUVRU� EULQJ WKH PRXVH SRLQWHU WR WKH
HGJH RI WKH VLJQDO GLVSOD\ DW ZKLFK WKH FXUVRU H[FHHGV� 7KH PRXVH

SRLQWHU ZLOO FKDQJH VKDSH�

1RZ SUHVV WKH OHIW PRXVH EXWWRQ DQG GUDJ WKH FXUVRU WR WKH FRUUHFW
SRVLWLRQ� :KHQ WKDW LV UHDFKHG� UHOHDVH WKH OHIW PRXVH EXWWRQ� 7KH RULJL�

QDO PRXVH SRLQWHU VKDSH LV UHVWRUHG�

Setting up the cursor measurements

:LWK WKH FXUVRUV LW LV SRVVLEOH WR PHDVXUH WKH LQSXW VLJQDO�V� LQ VHYHUDO
ZD\V� 7R VHW XS WKH FXUVRU PHDVXUHPHQWV� SUHVV WKH VHWWLQJV EXWWRQ DW

WKH FXUVRU UHDGRXW ZLQGRZ �WKH ULJKW PRVW EXWWRQ DW WKH OHIW WRS RI WKH
ZLQGRZ FDSWLRQ� $ PHQX DSSHDUV� FRQWDLQLQJ WKH IROORZLQJ RSWLRQV� 7KH

PHQX FDQ DOVR EH FDOOHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU WKH
WDEOH�

Voltmeter measurements
$OO PHDVXUHPHQWV ZKLFK FDQ EH VHOHFWHG LQ WKH YROWPHWHU PHDVXUHPHQWV
VXEPHQX DUH DOVR DYDLODEOH LQ WKH YROWPHWHU� 7KH RQO\ GLIIHUHQFH EH�

WZHHQ WKH PHDVXUHPHQWV LV WKDW WKH YROWPHWHU XVHV WKH SUHYLRXV WZR
PHDVXUHPHQW YDOXHV DQG WKH FXUUHQW PHDVXUHG YDOXHV ZKLFK DUH DGGHG

WRJHWKHU DQG PHDQHG EHIRUH WKH YDOXH LV GLVSOD\HG� )RU D FRPSOHWH GH�
VFULSWLRQ RI WKH PHDVXUHPHQWV� VHH WKH FKDSWHU RQ WKH YROWPHWHU�

Time
5LVH WLPH OHIW� WKH ULVH WLPH RI WKH VLJQDO DW WKH SRVLWLRQ RI WKH

OHIW FXUVRU LV GHWHUPLQHG� 7KH ULVH WLPH LV GH�

WHUPLQHG E\ ILQGLQJ WKH FORVHVW ]HUR FURVVLQJ
��PD[ � PLQ� � �� UHODWLYH WR WKH FXUVRU SRVLWL�
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RQ� 1H[W WKH ��� DQG ��� YDOXHV DUH FDOFX�

ODWHG� 1RZ� WKH ��� DQG ��� SRLQWV DUH
VHDUFKHG OHIW DQG ULJKW RI WKH ]HUR FURVVLQJ

SRLQW� %\ XVLQJ WKH QXPEHU RI VDPSOHV EH�
WZHHQ WKH ��� DQG ��� SRLQWV� WKH ULVH WLPH

LV FDOFXODWHG�
5LVH WLPH ULJKW� WKH ULVH WLPH DW WKH SRVLWLRQ RI WKH ULJKW FXUVRU

LV GHWHUPLQHG�
6DPSOH WLPH OHIW� XVLQJ WKH OHIW FXUVRU SRVLWLRQ� WKH WLPH RQ

ZKLFK WKH VHOHFWHG VDPSOH LV WDNHQ ZLOO EH GLV�
SOD\HG�

6DPSOH WLPH ULJKW� XVLQJ WKH ULJKW FXUVRU SRVLWLRQ� WKH WLPH RQ
ZKLFK WKH VHOHFWHG VDPSOH LV WDNHQ ZLOO EH GLV�

SOD\HG�
6DPSOH WLPH GLIIHUHQFH� WKH GLIIHUHQFH EHWZHHQ WKH ULJKW DQG WKH OHIW

FXUVRU VDPSOH WLPH LV GHWHUPLQHG�
&XUVRU IUHTXHQF\� XVLQJ WKH QXPEHU RI VDPSOHV EHWZHHQ WKH OHIW

DQG WKH ULJKW FXUVRU� WKH IUHTXHQF\ LV FDOFXOD�
WHG� 7KH FDOFXODWLRQ LV GRQH XVLQJ WKH IROOR�

ZLQJ IRUPXOD� �QXPEHU RI VDPSOHV EHWZHHQ
FXUVRUV � WRWDO QXPEHU RI VDPSOHV�  VDPSOH

IUHTXHQF\� 7R GHWHUPLQH D FRUUHFW IUHTXHQF\
DOZD\V VHOHFW RQH SHULRG RU PXOWLSO\ WKH IUH�

TXHQF\ E\ WKH QXPEHU RI VHOHFWHG SHULRGV IRU
JUHDWHU SUHFLVLRQ�

Voltage
9ROWDJH OHIW� WKH YROWDJH RI WKH OHIW FXUVRU ZLOO EH GLVSOD\HG�
9ROWDJH ULJKW� WKH YROWDJH RI WKH ULJKW FXUVRU ZLOO EH GLVSOD\HG�

9ROWDJH GLIIHUHQFH� WKH GLIIHUHQFH EHWZHHQ WKH YROWDJH RI WKH OHIW DQG WKH
YROWDJH RI WKH ULJKW FXUVRU LV FDOFXODWHG� 6HOHFWLQJ WKH

PLQ DQG PD[ RI WKH VLJQDO� WKH WRS�WRS YDOXH LV FDOFX�
ODWHG�

Slew rate
6OHZ UDWH OHIW� WKH VOHZ UDWH RI WKH VLJQDO DW WKH SRVLWLRQ RI WKH OHIW

FXUVRU LV GHWHUPLQHG� 7KH VOHZ UDWH LV WKH YROWDJH

OHYHO ZKLFK D VLJQDO GURSV RU JDLQV SHU PLOOLVHFRQG�
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6OHZ UDWH ULJKW� WKH VOHZ UDWH RI WKH VLJQDO DW WKH SRVLWLRQ RI WKH ULJKW

FXUVRU LV GHWHUPLQHG�

Phase difference
7KHVH PHDVXUHPHQWV DUH RQO\ DYDLODEOH ZKHQ ERWK FKDQQHOV DUH VZLW�

FKHG RQ� 7KH\ PHDVXUH WKH SKDVH DQJOH GLIIHUHQFH EHWZHHQ WKH VLJQDOV
RQ FKDQQHO � DQG FKDQQHO �� :KHQ WKH VRIWZDUH FDQ QRW GHWHFW D FRP�

SOHWH SHULRG RI WKH VLJQDO RQ ERWK FKDQQHOV RU ZKHQ WKH IUHTXHQF\ RI WKH
WZR VLJQDOV DUH GLIIHUHQW� QR SKDVH GLIIHUHQFH LV GHWHUPLQHG�

'HJUHHV� 7KH DQJOH LV SUHVHQWHG LQ GHJUHHV
5DGLDOV� 7KH DQJOH LV SUHVHQWHG LQ UDGLDOV

FRV��� 7KH FRVLQH YDOXH RI WKH DQJOH LV SUHVHQWHG

Set impedance value
7KH G%P DQG SRZHU PHDVXUHPHQWV UHTXLUH D UHIHUHQFH UHVLVWDQFH� 7KH

YDOXH RI WKH UHVLVWDQFH FDQ EH VHW XVLQJ WKLV PHQX LWHP� 7KH YDOXH KDV WR
EH HQWHUHG LQ 2KP DQG LV GHIDXOW ����

Automatic correct points
%\ VHOHFWLQJ WKLV RSWLRQ� WKH DXWRPDWLF FRUUHFWLRQ RI WKH FXUVRUV WR WKH
QHDUHVW ]HUR FURVVLQJ LV HQDEOHG RU GLVDEOHG� 7KH ULJKW FXUVRU LV SRVLWLR�

QHG RQH RU PRUH SHULRGV IURP WKH OHIW FXUVRU� 7R GHWHUPLQH D IUHTXHQF\
RU GXW\ F\FOH� SRVLWLRQ WKH ULJKW FXUVRU DW WKH HQG RI WKH VHFRQG SHULRG RU

IXUWKHU IRU FRUUHFW UHVXOWV�

Automatic tracking cursors
,I WKLV RSWLRQ LV HQDEOHG� WKH YROWDJH OHYHOV RI WKH FXUVRUV DUH DXWRPDWLFDOO\

VHW WR WKH YROWDJH OHYHOV RI WKH VDPSOH QXPEHUV ZKLFK FRUUHVSRQG WR WKH
OHIW DQG ULJKW FXUVRU�

Calculate values
,I WKLV RSWLRQ LV GLVDEOHG� QR QHZ FDOFXODWLRQV ZLOO EH GRQH XQWLO WKH RSWLRQ
LV HQDEOHG�

Show measurement name
Show measured value
Show measurement unit
7R UHGXFH WKH VSDFH XVHG E\ WKH ZLQGRZ RQ WKH VFUHHQ� WKH PHDVXUH�
PHQW QDPH� YDOXH DQG�RU XQLW FDQ EH KLGGHQ� 7KLV UHVXOWV LQ WKH GLVDSHD�

UDQFH RI WKH FRUUHVSRQGLQJ FROXPQ ZKLFK UHVXOWV LQ D VPDOOHU ZLQGRZ�
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Display font
%\ VHOHFWLQJ WKLV RSWLRQ� WKH IRQW ZKLFK LV XVHG WR GLVSOD\ WKH VWULQJV DQG
YDOXHV FDQ EH FKDQJHG� 7KH IRQW VHWWLQJV ZKLFK FDQ EH FKDQJHG DUH� IRQW

QDPH� IRQW VW\OH� IRQW VL]H DQG WKH IRQW FRORU�

Background color
%\ VHOHFWLQJ WKLV RSWLRQ� WKH EDFNJURXQG FRORU FDQ EH DOWHUHG� 6RPH IRQW

FRORUV �H�J� OLJKW JUHHQ� DUH QRW VKRZLQJ XS YHU\ JRRG RQ D ZKLWH EDFN�
JURXQG� &KDQJH WKH EDFNJURXQG FRORU WR H�J� EODFN IRU D EHWWHU UHVXOW�

Selecting the active channel

7KH FXUVRUV FDQ RQO\ FDOFXODWH YDOXHV IRU RQH FKDQQHO�

7KH EXWWRQV LQ WKH OHIW WRS RI WKH ZLQGRZ FDSWLRQ EDU FDQ EH XVHG WR

VHOHFW WKH FKDQQHO IURP ZKLFK GDWD LV XVHG WR FDOFXODWH WKH VHOHFWHG PHD�
VXUHPHQWV�

7KHUH DUH WZR ZD\V WR FKDQJH EHWZHHQ FKDQQHOV� SUHVVLQJ WKH EXWWRQV

ZLWK WKH PRXVH RU E\ XVLQJ WKH FRUUHVSRQGLQJ QXPEHU RQ WKH NH\ERDUG�

Showing or hiding the cursor readout

7KH OHIW EXWWRQ RI WKH WZR LQ WKH ULJKW WRS FRUQHU RI WKH ZLQGRZ FDSWLRQ
EDU FDQ EH XVHG WR KLGH � � RU VKRZ � � WKH JULG ZLWK PHDVXUHG GDWD�

:KHQ KLGLQJ WKH GDWD� WKH KHLJKW RI WKH ZLQGRZ HTXDOV WKH KHLJKW RI WKH
ZLQGRZ FDSWLRQ EDU�

Switching off cursors

7R VZLWFK RII FXUVRUV� HQWHU WKH &XUVRUV PHQX DQG VHOHFW WKH 1R FXUVRUV

LWHP� 7KH &XUVRUV PHQX FDQ EH IRXQG LQ WKH PDLQ PHQX RU FDQ EH FDOOHG
E\ FOLFNLQJ WKH ULJKW PRXVH EXWWRQ LQ WKH VLJQDO GLVSOD\�

:KHQ WKH FXUVRUV DUH VZLWFKHG RII� WKH FXUVRU UHDGRXW ZLQGRZ GLVDSSH�
DU DV ZHOO�

7KH FXUVRUV FDQ DOVR EH VZLWFKHG RII E\ FOLFNLQJ WKH close EXWWRQ � � LQ

WKH FXUVRU UHDGRXW ZLQGRZ
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Chapter 3
The voltmeter

,I IURP WKH LQSXW VLJQDOV RQO\ WKH VL]H LV LPSRUWDQW DQG QRW WKH WLPH LQIRU�
PDWLRQ RU IUHTXHQF\ FRPSRQHQWV� D YROWPHWHU LV D VXLWDEOH LQVWUXPHQW WR

PHDVXUH ZLWK� 7KH VRIWZDUH LV HTXLSSHG ZLWK D WZR FKDQQHO GLJLWDO YROW�
PHWHU� 7KH YROWPHWHU IXQFWLRQV DV IROORZV�

& $ PHDVXUHPHQW LV SHUIRUPHG �PLQLPDO ��� VDPSOHV��

& 7KH PHDVXUHG GDWD LV SURFHVVHG� H�J� IRU FDOFXODWLQJ WKH 506 YDOXH
RU WKH PHDQ YDOXH� (OHYHQ GLIIHUHQW RSHUDWLRQV DUH DYDLODEOH�

& 7KH FDOFXODWHG YDOXHV DUH GLVSOD\HG� H�J� DGG &+� DQG &+� DQG
GLVSOD\ RQ FKDQQHO RQH� 6L[WHHQ GLIIHUHQW GLVSOD\ PHWKRGV DUH DYDL�

ODEOH�

)RU HDFK FKDQQHO WKH YROWPHWHU KDV XS WR WKUHH GLVSOD\V WR SUHVHQW WKH
PHDVXUHG DQG FDOFXODWHG YDOXHV� 7KH YDOXH GLVSOD\HG LQ D GLVSOD\ LV IXOO\

FRQILJXUDEOH� $OVR IRU HDFK GLVSOD\ D EDU JUDSK LV DYDLODEOH� WR JLYH D TXLFN
RYHUYLHZ RI WKH VLJQDO VL]H LQ UHODWLRQ WR WKH LQSXW UDQJH�

2I DOO IRXU LQVWUXPHQWV� WKH YROWPHWHU KDV WKH ORZHVW VHWWLQJV SULRULW\� 7KLV
PHDQV WKDW LI IRU H[DPSOH WKH RVFLOORVFRSH LV DFWLYH� WKH UHFRUG OHQJWK�
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SUHVDPSOHV DQG SRVW VDPSOHV RI WKH RVFLOORVFRSH DUH XVHG LQ WKH YROWPH�

WHU� 7KH YROWPHWHU RQO\ XVHV SRVW VDPSOHV WR SHUIRUP WKH FDOFXODWLRQV� ,I
OHVV WKDQ ��� SRVW VDPSOHV DUH DYDLODEOH� QR FDOFXODWLRQV DUH GRQH DQG D

PHVVDJH LV GLVSOD\HG� 7KH RQO\ VHWWLQJ WKDW FDQ EH FKDQJHG E\ WKH YROW�
PHWHU ZKHQ WKH RVFLOORVFRSH RU VSHFWUXP DQDO\]HU LV DFWLYH� LV WKH VDPSOH

IUHTXHQF\�

The measure system of the voltmeter

7KH YROWPHWHU WDNHV ��� VDPSOHV RI WKH LQSXW VLJQDO ZLWK D FHUWDLQ VDPSOH
IUHTXHQF\� 7KHVH ��� VDPSOHV DUH XVHG WR SHUIRUP VHYHUDO FDOFXODWLRQV�

7KH YROWPHWHU KDV D OLPLWHG IUHTXHQF\ UDQJH LQ ZKLFK WKH PHDVXUHPHQWV

DUH SHUIRUPHG FRUUHFWO\� ,I WKH SHULRGLFDO WLPH RI WKH LQSXW VLJQDO LV PXFK
ODUJHU WKDQ WKH PHDVXULQJ WLPH� D ZURQJ YDOXH LV PHDVXUHG� 6HH WKH QH[W

LOOXVWUDWLRQ�

,I WKH WLPH LQ ZKLFK WKH ��� VDPSOHV DUH WDNHQ LV WRR ORQJ LQ UHODWLRQ WR
WKH SHULRGLFDO WLPH RI WKH LQSXW VLJQDO� aliasing FDQ RFFXU �VHH DOVR WKH
FKDSWHU DERXW WKH RVFLOORVFRSH��

Setting the frequency range

7R DYRLG HUURUV OLNH WKH RQHV PHQWLRQHG DERYH� WKH IUHTXHQF\ UDQJH RI
WKH YROWPHWHU KDV WR EH VHW SURSHUO\� 7KH VDPSOLQJ IUHTXHQF\ LV WKHQ

FKDQJHG� %\ DFWLYDWLQJ WKH FKRLFH )UHTXHQF\ UDQJH IURP WKH 6HWWLQJV

PHQX� D SRSXS PHQX DSSHDUV� LQ ZKLFK VHYHUDO IUHTXHQFLHV DUH DYDLODEOH�

7KH IUHTXHQFLHV LQGLFDWH WKH FHQWHU IUHTXHQF\ RI D IUHTXHQF\ UDQJH LQ
ZKLFK WKH YROWPHWHU PHDVXUHV SURSHUO\� 7KH VL]H RI WKH IUHTXHQF\ UDQJH

LV GHWHUPLQHG IURP ��� [ I
FHQWHU

�� � [ I
FHQWHU
�
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:KHQ $XWR IUHT� LV FKRVHQ� WKH YROWPHWHU GHWHUPLQHV WKH EHVW IUHTXHQF\

VHWWLQJ E\ LWVHOI� )RU HDFK PHDVXUHPHQW WKH IUHTXHQF\ KDV WR EH GHWHUPL�
QHG� UHVXOWLQJ LQ D ORQJHU WLPH EHIRUH XSGDWLQJ WKH GLVSOD\V�

Note 7KH $XWR IUHTXHQF\ VHWWLQJ RYHUULGHV WKH VDPSOH IUHTXHQF\ VHWWLQJ
LQ WKH RVFLOORVFRSH DQG WKH VSHFWUXP DQDO\]HU� 7KLV ZLOO UHVXOW LQ D
OHVV XVDEOH GLVSOD\ LQ WKRVH LQVWUXPHQWV�

7R DYRLG WKLV� WKH FKRLFH 6FRSH IUHT� LV DYDLODEOH LQ WKH PHQX� 7KH YROW�

PHWHU ZLOO XVH WKH VDPH VDPSOH IUHTXHQF\ DV WKH RVFLOORVFRSH RU VSHF�
WUXP DQDO\]HU�

Displaying channels

7KH YROWPHWHU KDV VHYHUDO PRGHV WR GLVSOD\ WKH WZR FKDQQHOV� 7R VHOHFW

WKH PHDVXUH PRGH� HQWHU WKH 6HWWLQJV PHQX DQG VHOHFW &KDQQHOV� 8VH
WKH Measure channel RSWLRQ WR HQDEOH RU GLVDEOH PHDVXULQJ IURP D
FKDQQHO� 0HDVXULQJ WDNHV SODFH IURP DW OHDVW RQH FKDQQHO�

:KHQ RQO\ RQH FKDQQHO LV PHDVXUHG� WKH FRQWUROV RI WKH RWKHU FKDQQHO
DUH GLVDEOHG RU UHPRYHG IURP WKH GLVSOD\�

Setting up a channel

7KH FKDQQHOV RI WKH YROWPHWHU FDQ EH VHWXS LQ VHYHUDO ZD\V� %RWK FKDQ�

QHOV KDYH WKH VDPH VHWWLQJV� VR RQO\ FKDQQHO � LV GLVFXVVHG KHUH�

Setting the input range

,Q WKH YROWPHWHU� WKH LQSXW UDQJH RU VHQVLWLYLW\ FDQ EH VHW WKURXJK WKH
FKDQQHOV VHWWLQJV GLDORJ�

7KH FKDQQHOV VHWWLQJ GLDORJ LV FDOOHG E\ VHOHFWLQJ WKH &KDQQHOV RSWLRQ

IURP WKH 6HWWLQJV PHQX� ,Q WKLV GLDORJ� WKH LQSXW VHQVLWYLWLHV DUH DYDLODEOH�
DV ZHOO DV DQ DXWRUDQJLQJ VHWWLQJ�

7R VZLWFK RQ $XWRUDQJLQJ IRU WKH 9ROWPHWHU� D VSHFLDO EXWWRQ LV DYDLODEOH�

:KHQ DXWR UDQJLQJ LV VZLWFKHG RQ� WKH EXWWRQ FDSWLRQ LV $XWR� RWKHUZLVH
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LW KROGV WKH FXUUHQW VHW LQSXW VHQVLWLYLW\� 3UHVVLQJ WKH ULJKW PRXVH EXWWRQ

RQ WKLV EXWWRQ ZLOO EULQJ XS D PHQX ZLWK DOO VHQVLWLYLWLHV�

:KHQ WKH LQSXW VLJQDO LV ODUJHU WKDQ WKH VHOHFWHG LQSXW UDQJH� 
�������
 LV
GLVSOD\HG�

Note :KHQ $XWRUDQJLQJ LV VZLWFKHG RQ� VHYHUDO PHDVXUHPHQWV PLJKW
EH QHHGHG WR VHW WKH LQSXW VHQVLWLYLW\ SURSHUO\� GHSHQGLQJ RQ WKH
LQSXW VLJQDO�

$QRWKHU ZD\ WR VHW WKH VHQVLWLYLW\ LV E\ XVLQJ WKH NH\ERDUG� $ IHZ NH\V

KDYH EHHQ UHVHUYHG IRU VHWWLQJ WKH LQSXW VHQVLWLYLW\ RI WKH FKDQQHOV� 7KHVH
NH\V DUH�

�F5! ,QFUHDVH &K� VHQVLWLYLW\

�F6! 'HFUHDVH &K� VHQVLWLYLW\
�F7! ,QFUHDVH &K� VHQVLWLYLW\

�F8! 'HFUHDVH &K� VHQVLWLYLW\

Setting the input coupling

7KH LQSXW VLJQDO FDQ EH FRXSOHG GLUHFWO\ WR WKH $'& �'&� RU WKURXJK D
FDSDFLWRU WR WKH $'& �$&�� ,Q WKH KDUGZDUH� D FDSDFLWRU LV VZLWFKHG LQWR

�$&� RU RXW RI �'&� WKH VLJQDO SDWK�

,Q &283/,1* '& WKH FRPSOHWH VLJQDO �$&�'&� DW WKH LQSXW LV SDVVHG
WKURXJK� ,Q &283/,1* $& RQO\ WKH $& FRPSRQHQW RI WKH LQSXW VLJQDO LV

SDVVHG WKURXJK� ,W LV WKHQ SRVVLEOH WR H[DPLQH H�J� D ��� P9 ULSSOH RQ D
�� 9 '& YROWDJH� VLQFH RQO\ WKH ULSSOH LV SDVVHG WKURXJK DQG WKH '&

YROWDJH QRW� $& YROWDJHV ZLWK D IUHTXHQF\ ORZHU WKDQ �� +] DUH QRW
FRXSOHG FRUUHFWO\�

7KHUH DUH WKUHH GLIIHUHQW ZD\V WR VHW WKH FRXSOLQJ� 7ZR ZD\V DUH� E\

FOLFNLQJ WKH FRXSOLQJ EXWWRQ RU E\ SUHVVLQJ NH\V� 7KH WKLUG ZD\ LV WKURXJK
WKH FKDQQHO VHWWLQJV GLDORJ� 7KH FKDQQHOV VHWWLQJ GLDORJ LV FDOOHG E\ VHOHF�

WLQJ WKH &KDQQHOV RSWLRQ IURP WKH 6HWWLQJV PHQX� ,Q WKLV GLDORJ� WKH VLJQDO
FRXSOLQJ VHWWLQJ LV DYDLODEOH�
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,Q WKH WRRO EDU IRU HDFK FKDQQHO D FRXSOLQJ EXWWRQ LV IRXQG� WKH FRXSOLQJ

EXWWRQ IRU &K� DW WKH OHIW KDQG VLGH RI WKH VFUHHQ� IRU &K� DW WKH ULJKW
KDQG VLGH RI WKH VFUHHQ� 7KH SLFWXUH DW WKH EXWWRQ LQGLFDWHV WKH VWDWH RI

WKH FRXSOLQJ VHWWLQJ� 7KH OHIW EXWWRQ RI WKH WZR EXWWRQV EHORZ LV LQGLFDWLQJ
$& FRXSOLQJ� WKH ULJKW EXWWRQ LV LQGLFDWLQJ '& FRXSOLQJ�

7KH FXUUHQW FRXSOLQJ VWDWH LV GLVSOD\HG LQ WKH FRXSOLQJ EXWWRQ�

7KH NH\V ZKLFK FDQ EH XVHG WR FKDQJH WKH VLJQDO FRXSOLQJ DUH�

�A! VHWV WKH FRXSOLQJ RI FKDQQHO � WR $&

�D! VHWV WKH FRXSOLQJ RI FKDQQHO � WR '&
�Shift+A! VHWV WKH FRXSOLQJ RI FKDQQHO � WR $&

�Shift+D! VHWV WKH FRXSOLQJ RI FKDQQHO � WR '&

Setting a DC hardware offset

7KH VLJQDO RIIVHW LV DGMXVWDEOH LQ WZR ZD\V� D KDUGZDUH PHWKRG DQG D �SHU
GLVSOD\� VRIWZDUH PHWKRG�

8VLQJ WKH KDUGZDUH PHWKRG� DQ DGMXVWDEOH '& YROWDJH LV DGGHG EHIRUH

VDPSOLQJ WKH LQSXW VLJQDO� 7KH KDUGZDUH PHWKRG FDQ EH UHDOLVHG E\ VHOHF�
WLQJ WKH &KDQQHOV RSWLRQ IURP WKH 6HWWLQJV PHQX� 7\SH WKH RIIVHW LQ WKH

'& KDUGZDUH RIIVHW HGLW ER[� 7KLV YROWDJH ZLOO EH DGGHG WR WKH LQSXW
VLJQDO� ,I D YROWDJH KDV WR EH VXEWUDFWHG� HQWHU D QHJDWLYH YDOXH�

Configuring the displays

7KH YROWPHWHU FDQ GLVSOD\ WKH PHDVXUHG YDOXHV LQ VHYHUDO GLIIHUHQW ZD\V�

LQ XS WR VL[ GLVSOD\V� %HORZ WKH GLVSOD\� D EDUJUDSK LV VKRZLQJ WKH YDOXH LQ
WKH GLVSOD\ LQ D JUDSKLF IRUPDW�

%\ DFWLYDWLQJ WKH FKRLFH 'LVSOD\V IURP WKH 6HWWLQJV PHQX� D GLDORJ DSSHDUV

LQ ZKLFK WKH VHWWLQJV RI DOO WKH GLVSOD\V FDQ EH FKDQJHG� 7KLV PHWKRG
ZRUNV DOZD\V� HYHQ LI WKH GLVSOD\ DQG EDUJUDSK IRU ZKLFK WKH VHWWLQJV DUH

FKDQJHG DUH LQYLVLEOH�
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7KHVH VHWWLQJV FDQ DOVR EH GRQH E\ SODFLQJ WKH PRXVH FXUVRU RYHU D

GLVSOD\ DQG SUHVVLQJ WKH ULJKW PRXVH EXWWRQ� $ SRSXS PHQX DSSHDUV ZLWK
DOO VHWWLQJV IRU WKDW GLVSOD\� 7KLV PHWKRG RQO\ ZRUNV LI WKH GLVSOD\ RU EDU�

JUDSK LV YLVLEOH�

$OO VHWWLQJV DSSOLHG WR D GLVSOD\ DUH DOVR DSSOLHG WR WKH FRUUHVSRQGLQJ
EDUJUDSK�

7KH IROORZLQJ H[SODQDWLRQV H[SHFW WKDW WKH Display settings GLDORJ LV
GLVSOD\HG DQG DFWLYH�

Switching displays on and off

$ GLVSOD\ FDQ EH PDGH YLVLEOH E\ SODFLQJ D FKHFNPDUN LQ IURQW RI WKH Show
display VWULQJ� ,I D GLVSOD\ LV WXUQHG RQ� ZKLOH WKH PDWFKLQJ FKDQQHO LV QRW
PHDVXUHG� WKH GLVSOD\ ZLOO QRW EH VKRZHG�

,I DOO VL[ GLVSOD\V DUH YLVLEOH� WKH OD\RXW LV DV IROORZLQJ�

� 7KH OHIW KDQG VLGH GLVSOD\V EHORQJ WR FKDQQHO ��
� 7KH ULJKW KDQG VLGH GLVSOD\V EHORQJ WR FKDQQHO ��
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Switching bargraphs on and off

(DFK GLVSOD\ KDV D EDUJUDSK WKDW FDQ EH VZLWFKHG RQ RU RII LQGHSHQGDQWO\

IURP WKH GLVSOD\V� 7KH EDUJUDSKV FDQ EH VZLWFKHG RQ RU RII E\ WDJJLQJ RU
XQWDJJLQJ WKH 6KRZ EDUJUDSK RSWLRQ�

Processing the measured value

7KH VRIWZDUH FDQ SURFHVV WKH PHDVXUHG YDOXH LQ �� GLIIHUHQW ZD\V� %\

DFWLYDWLQJ WKH Measurement VHOHFWRU� WKH IROORZLQJ FDOFXODWLRQV FDQ EH
VHW�

TRUE RMS: 7KH WUXH 506 YDOXH RI WKH LQSXW VLJQDO LV FDOFXODWHG�

7KH WUXH 506 YDOXH �5RRW 0HDQ 6TXDUH� LV WKH YDOXH
RI D UDQGRP YROWDJH� FRUUHVSRQGLQJ WR D '& YROWDJH�

GLVVLSDWLQJ WKH VDPH SRZHU LQ D UHVLVWDQFH LQ WKH VDPH
DPRXQW RI WLPH� 6R DQ $& YROWDJH RI � YROW 506 FRU�

UHVSRQGV WR D '& YROWDJH RI � YROW� �0RVW �FKHDS�
YROWPHWHUV RQO\ GLVSOD\� ZKHQ PHDVXULQJ $& YROWDJH�

WKH FRUUHFW YDOXH ZKHQ WKH LQSXW VLJQDO LV D WUXH VLQH
ZDYH DQG XVXDOO\ LQ D OLPLWHG IUHTXHQF\ UDQJH� 7KLV

LQVWUXPHQW DOZD\V GLVSOD\V WKH FRUUHFW YDOXH��
Peak-peak: 7KH SHDN�SHDN YDOXH RI WKH LQSXW VLJQDO LV GHWHUPLQHG�

7KH SHDN�SHDN YDOXH RI D '& YROWDJH LV ]HUR� 7KH
SHDN�SHDN YDOXH RI D WUXH VLQH ZDYH ZLWK D 506 YDOXH

RI � YROW LV ����� YROW�
Mean: 7KH PHDQ YDOXH RI WKH LQSXW VLJQDO LV GHWHUPLQHG� 7KH

PHDQ YDOXH RI D YDU\LQJ YROWDJH FRUUHVSRQGV ZLWK WKH
YDOXH RI D '& YROWDJH DFURVV WKH VDPH ORDG� 7KH PH�

DQ YDOXH RI D � YROW '& YROWDJH LV � YROW� 7KH PHDQ
YDOXH RI D WUXH VLQH ZDYH $& YROWDJH LV ��

Max: 7KH PD[LPXP RI WKH LQSXW VLJQDO LV GHWHUPLQHG� 7KH
PD[LPXP YDOXH RI D � YROW '& YROWDJH LV � YROW� 7KH

PD[LPXP YDOXH RI D � YROW $& VLQH ZDYH YROWDJH LV
����� YROW� 7KLV LV GHWHUPLQHG IURP WKH ��� VDPSOHV�

Min: 7KH PLQLPXP RI WKH LQSXW VLJQDO LV GHWHUPLQHG� 7KH
PLQLPXP YDOXH RI D � YROW '& YROWDJH LV � YROW� 7KH

PLQLPXP YDOXH RI D � YROW $& VLQH ZDYH LV ������
YROW� 'HWHUPLQHG IURP WKH ��� VDPSOHV�
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G%P 
 �� � ORJ
�����YDOXH �

UHIHUHQFH UHVLVWDQFH

32:(5 

YDOXH �

UHIHUHQFH UHVLVWDQFH

&5(67 

SHDN YDOXH

506	YDOXH

dBm: 7KH YDOXH RI WKH LQSXW VLJQDO LV FRQYHUWHG WR G%� 7KLV LV

GRQH XVLQJ WKH IRUPXOD�


YDOXH
 LV WKH 506 YDOXH RI WKH LQSXW VLJQDO� 7KH UHIH�
UHQFH UHVLVWDQFH FDQ EH VHW XVLQJ WKH HGLW ER[ VHW LP�

SHQGDQFH YDOXH�
Power: 7KH YDOXH RI WKH LQSXW VLJQDO LV FRQYHUWHG WR D SRZHU�

XVLQJ WKH IRUPXOD�


YDOXH
 LV WKH 506 YDOXH RI WKH LQSXW VLJQDO� 7KH UHIH�
UHQFH UHVLVWDQFH FDQ EH VHW XVLQJ WKH HGLW ER[ 6HW LP�

SHQGDQFH YDOXH�
Crest: 7KH YDOXH RI WKH LQSXW VLJQDO LV FRQYHUWHG WR D FUHVW

IDFWRU� XVLQJ WKH IRUPXOD�


SHDN YDOXH
 LV WKH KLJKHVW YROWDJH RI WKH LQSXW VLJQDO
ZLWK UHVSHFW WR WKH ]HUR OHYHO�

Frequency: 7KH IUHTXHQF\ RI WKH LQSXW VLJQDO LV GHWHUPLQHG� )UH�
TXHQFLHV ORZHU WKDQ ��� +]� DUH GLVSOD\HG DV � +]�

7KH IUHTXHQF\ FDQ EH GHWHUPLQHG IRU RQH FKDQQHO DW
D WLPH� ,I WKH IUHTXHQF\ LV GHWHUPLQHG IRU FKDQQHO ��

WKH IUHTXHQF\ RI FKDQQHO � FDQ
W EH GHWHUPLQHG�
Duty cycle: 7KH GXW\ F\FOH RI WKH LQSXW VLJQDO LV GHWHUPLQHG� 7KH

GXW\ F\FOH LQGLFDWHV KRZ PXFK RI D VLJQDO LV ORZ�KLJK
�GHSHQGLQJ RQ WKH GXW\ F\FOH VHWWLQJ� LQ UHODWLRQ WR WKH

SHULRGLF WLPH RI WKH VLJQDO� 7KH QXPEHU LV JLYHQ LQ
SHUFHQW�

Moment. value: 'LVSOD\V WKH YROWDJH OHYHO RI WKH ILUVW SRVW VDPSOH�

Note ,I D IUHTXHQF\ RU GXW\ F\FOH PHDVXUHPHQW LV VHW� WKH YROWPHWHU LV
VORZHU RQ DOO GLVSOD\V� EHFDXVH IRU GHWHUPLQDWLRQ RI WKH IUHTXHQF\

RU GXW\ F\FOH PRUH PHDVXUHPHQWV KDYH WR EH GRQH�
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Displaying the calculated value

)RU GLVSOD\LQJ WKH PHDVXUHG DQG FDOFXODWHG YDOXHV� �� PHWKRGV DUH DYDL�

ODEOH� $FWLYDWH WKH Display measured value VHOHFWRU WR VHW WKH IROORZLQJ
SRVVLELOLWLHV�

CH1: 7KH PHDVXUHG YDOXH RI &K� LV GLVSOD\HG�

CH2: 7KH PHDVXUHG YDOXH RI &K� LV GLVSOD\HG�
CH1*CH2: 7KH YDOXHV RI &K� DQG &K� DUH PXOWLSOLHG DQG WKH UHVXOW LV

GLVSOD\HG�
CH1/CH2: 7KH YDOXH RI &K� LV GLYLGHG E\ WKH YDOXH RI &K�� 7KH UHVXOW

LV GLVSOD\HG�
CH2/CH1: 7KH YDOXH RI &K� LV GLYLGHG E\ WKH YDOXH RI &K�� 7KH UHVXOW

LV GLVSOD\HG�
CH1-CH2: 7KH YDOXH RI &K� LV VXEWUDFWHG IURP WKH YDOXH RI &K�� 7KH

UHVXOW LV GLVSOD\HG�
CH2-CH1: 7KH YDOXH RI &K� LV VXEWUDFWHG IURP WKH YDOXH RI &K�� 7KH

UHVXOW LV GLVSOD\HG�
CH1+CH2: 7KH YDOXHV RI &K� DQG &K� DUH DGGHG DQG WKH VXP LV GLV�

SOD\HG�
> then HI� 7KH YDOXH LV FRPSDUHG WR WKH KLJK YDOXH� ,I WKH YDOXH LV KLJ�

KHU WKDQ WKH KLJK YDOXH� WKHQ 3$66 LV GLVSOD\HG� HOVH /2 LV
GLVSOD\HG�

< then LO� 7KH YDOXH LV FRPSDUHG WR WKH ORZ YDOXH� ,I WKH YDOXH LV OR�
ZHU WKDQ WKH ORZ YDOXH� WKHQ 3$66 LV GLVSOD\HG� HOVH +, LV

GLVSOD\HG�
>< COMP: 7KH YDOXH LV FRPSDUHG WR WKH KLJK YDOXH DQG WKH ORZ YDOXH�

,I WKH YDOXH LV KLJKHU WKDQ WKH KLJK YDOXH� +, LV GLVSOD\HG� ,I
WKH YDOXH LV ORZHU WKDQ WKH ORZ YDOXH� /2 LV GLVSOD\HG� ,I WKH

YDOXH LV ORZHU WKDQ RU HTXDO WR WKH KLJK YDOXH DQG KLJKHU
WKDQ RU HTXDO WR WKH ORZ YDOXH� 3$66 LV GLVSOD\HG�

<> HI LO: 7KH YDOXH LV FRPSDUHG WR WKH KLJK YDOXH DQG WKH ORZ YDOXH�
,I WKH PHDVXUHG YDOXH LV KLJKHU WKDQ WKH KLJK YDOXH� 3$66 LV

GLVSOD\HG� ,I WKH YDOXH LV ORZHU WKDQ WKH ORZ YDOXH� 3$66 LV
GLVSOD\HG� ,I WKH YDOXH LV ORZHU WKDQ RU HTXDO WR WKH KLJK

YDOXH DQG KLJKHU WKDQ RU HTXDO WR WKH ORZ YDOXH� )$,/ LV
GLVSOD\HG�



70 Chapter 3

�� � ORJ
PHDVXUHG YDOXH&+�

PHDVXUHG YDOXH&+�

�� � ORJ
PHDVXUHG YDOXH&+�

PHDVXUHG YDOXH&+�

MAX: 7KH PD[LPXP PHDVXUHG YDOXH HYHU LV GLVSOD\HG�
MIN: 7KH PLQLPXP PHDVXUHG YDOXH HYHU LV GLVSOD\HG�

LOG(1/2): 7KH UHVXOW RI WKH FDOFXODWLRQ

LV GLVSOD\HG�

LOG(2/1): 7KH UHVXOW RI WKH FDOFXODWLRQ

LV GLVSOD\HG�
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Change the units of measure

1RUPDOO\� HYHU\ W\SH RI PHDVXUHPHQW KDV LWV RZQ XQLW� 7KH YROWPHWHU

DOORZV \RX WR FKDQJH WKLV XQLW IRU HDFK GLVSOD\ VHSDUDWHO\� 7KHUH DUH
WZHOYH SUHGHILQHG YDOXHV DQG D XVHU GHILQHG YDOXH�

7KH VHOHFWLRQ FDQ EH PDGH ZLWK WKH Units of measure SXOOGRZQ� 7KH
XQLW ZKLFK LV VHOHFWHG� LV GLVSOD\HG LQ WKH GLVSOD\� 7R VHOHFW D XVHU GHILQHG
XQLW RI PHDVXUH� MXVW W\SH D VWULQJ ZLWK D PD[LPXP OHQJWK RI ILYH FKDUDF�

WHUV �

Change the units per measurement unit

8VLQJ WKH HGLW ER[ Units per measurement unit, WKH QXPEHU RI XQLWV
SHU VHOHFWHG XQLW FDQ EH VHW� ,Q WKH HGLW ER[� WKH PXOWLSOLFDWLRQ IDFWRU FDQ

EH HQWHUHG� 7KH PHDVXUHG YDOXH LV PXOWLSOLHG E\ WKH IDFWRU DQG GLVSOD\HG�

7KLV FDQ EH XVHG LI H�J� D ���� SUREH LV XVHG� 7R FRUUHFW WKH UHDGLQJ�
HQWHU D YDOXH �� LQ WKH HGLW ER[�

Relative measurements

7KH YROWPHWHU FDQ WDNH DEVROXWH PHDVXUHPHQWV DQG UHODWLYH PHDVXUH�

PHQWV� :KHQ PHDVXULQJ DEVROXWH� WKH PHDVXUHPHQWV DUH UHODWHG WR WKH
� OHYHO �JURXQG�� :KHQ PHDVXULQJ UHODWLYH� WKH PHDVXUHPHQWV DUH UHOD�

WHG WR D VHWWDEOH YDOXH� 7KLV YDOXH LV VXEWUDFWHG IURP WKH PHDVXUHG YDOXH
E\ WKH VRIWZDUH� 7KLV PHDQV WKDW EHIRUH GLVSOD\LQJ WKH YDOXH LQ WKH GLV�

SOD\� WKH UHODWLYH YDOXH LV VXEVWUDFWHG IURP WKH FDOFXODWHG YDOXH�

7KH YDOXH FDQ EH VHW E\ HQWHULQJ D YDOXH LQ WKH Set relative value HGLW
ER[� 7KH YDOXH KDV WR EH HQWHUHG LQ YROWV�

7R HQDEOH UHODWLYH PHDVXUHPHQWV� D FKHFNPDUN KDV WR EH SODFHG DIWHU

Relative measuring. 5HODWLYH PHDVXULQJ LV WKHQ HQDEOHG�

5HODWLYH PHDVXUHPHQWV FDQ EH XVHG ZLWK H�J� D WHPSHUDWXUH PHDVXUH�
PHQW� 6XSSRVH WKH RXWSXW YROWDJH RI D WHPSHUDWXUH SUREH DW � GHJUHHV

&HOFLXV HTXDOV ��� YROW� %\ HQWHULQJ D UHODWLYH YDOXH RI �� YROW� WKH DEVR�
OXWH WHPSHUDWXUH LV GLUHFWO\ UHDGDEOH�
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Comparison measurements

)RU GLVSOD\LQJ WKH PHDVXUHG DQG FDOFXODWHG YDOXHV� �� PHWKRGV DUH DYDL�

ODEOH �6HH� GLVSOD\LQJ WKH PHDVXUHG YDOXH�� )RXU RI WKRVH PHWKRGV DUH
FRPSDULVRQ PHDVXUHPHQWV�

> then HI
< then LO
>< COMP
<> LO HI

7KHVH PHDVXUHPHQWV UHTXLUH D KLJK DQG D ORZ YDOXH� %\ HQWHULQJ D YDOXH
LQ WKH Set high value RU Set low value HGLW ER[HV� WKH KLJK DQG ORZ
OHYHOV FDQ EH VHW�

Note )RU HDV\ HQWHULQJ RI ORZ DQG KLJK YDOXHV� WKH VRIWZDUH GRHV QRW
FKHFN ZKHWKHU WKH KLJK YDOXH LV ODUJHU WKDQ WKH ORZ YDOXH� 6R LW LV

SRVVLEOH WR HQWHU D ORZ YDOXH ZKLFK LV ODUJHU WKDQ WKH KLJK YDOXH�
0HDVXUHPHQWV XVLQJ WKHVH YDOXHV ZLOO JLYH XVHOHVV UHVXOWV�

Setting the reference impedance

7KH G%P DQG SRZHU PHDVXUHPHQWV UHTXLUH D UHIHUHQFH UHVLVWDQFH� 7KH
YDOXH RI WKH UHVLVWDQFH FDQ EH VHW XVLQJ WKH Set impedance value HGLW
ER[� 7KH YDOXH KDV WR EH HQWHUHG LQ 2KP� 7KH GHIDXOW YDOXH LV ����

Setting the number of digits after the decimal separator

:LWK HYHU\ FDOFXODWLRQ GRQH RQ D PHDVXUHPHQW� D GHIDXOW QXPEHU RI
GLJLWV DIWHU WKH VHSDUDWRU LV VHW �DXWR VHWWLQJ�� 7KLV QXPEHU FRUUHVSRQGV

ZLWK WKH VLJQLILFDQW QXPEHU RI ILJXUHV GHWHUPLQHG E\ WKJH KDUGZDUH� 7KH
QXPEHU RI GLJLWV DIWHU WKH VHSDUDWRU FDQ EH FKDQJHG XVLQJ WKH Number
precision VHOHFWRU�

Note 7KH GLVSOD\V KDYH D PD[LPXP QXPEHU RI � GLJLWV� :KHQ WKH YDOXH
LQ WKH GLVSOD\ LV WKDW ODUJH WKDW GLJLWV EHIRUH WKH GHFLPDO VHSDUDWRU

FDQ
W EH GLVSOD\HG� DQ DUURZ SRLQWLQJ WR WKH OHIW LV GLVSOD\HG OHIW
IURP WKH ILUVW GLJLW� 7KH GLVSOD\HG GLJLWV DUH FRUUHFW WKRXJK�
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Sound settings

:LWK FRPSDULVRQ PHDVXUHPHQWV� IRU HDFK YDOXH D VRXQG VLJQDO FDQ EH

VHW� :KHQ WKLV LV GRQH� WKH VHW OLPLWV DUH LQGLFDWHG DXGLEO\�

%\ DFWLYDWLQJ WKH FKRLFH 6RXQGV IURP WKH 6HWWLQJV PHQX� D GLDORJ DSSHDUV
IURP ZKLFK IRU HDFK GLVSOD\ YDOXH D VRXQG VLJQDO FDQ EH VHW� )RU HDFK

GLVSOD\ YDOXH FDQ EH FKRVHQ IURP� 1R VRXQG� ��� +]� ��� +]� ��� +]�
� N+]� � N+]� � N+] DQG �� N+]�

:LWK WKH FKRLFH 1R VRXQG� QR VRXQG VLJQDO LV JHQHUDWHG ZLWK WKH VHOHF�
WHG GLVSOD\ YDOXH�

,I \RX DUH XVLQJ WKH 3& VSHDNHU RU D :$9 GHYLFH� LW LV RQO\ SRVVLEOH WR

PDNH RQH VRXQG DW D WLPH� 7KLV PHDQV WKDW WKH VRXQG ZKLFK LV SOD\HG
ILUVW� LV UHSHDWHG XQWLO WKH FRQGLWLRQ LV LQYDOLG� $V VRRQ DV WKH FRQGLWLRQ LV

LQYDOLG� WKH VRXQG IRU WKH QH[W FRQGLWLRQ FDQ EH SOD\HG�

Note ,I \RXU FRPSXWHU LV HTXLSSHG ZLWK D GLJLWDO SOD\EDFN VRXQGFDUG �D
VRXQGFDUG ZKLFK FDQ SOD\ :$9 ILOHV�� \RX FDQ DOVR SOD\ WKH VRXQGV

WKURXJK \RXU VRXQGFDUG� 6HOHFW WKH VRXQG GHYLFH SXOO GRZQ DIWHU
ZKLFK \RX FDQ VHOHFW ZDY GHYLFH IURP WKH OLVW� ,I WKLV RSWLRQ LV PLV�

VLQJ DQG \RX KDYH D VRXQGFDUG� \RX VKRXOG LQVWDOO GULYHUV IRU WKH
VRXQGFDUG RU \RX GRQW KDYH D GLJLWDO SOD\EDFN VRXQGFDUG�

,I WKH FRPSXWHU LV HTXLSSHG ZLWK D VRXQGFDUG� LW LV DOVR SRVVLEOH WR

VHOHFW WKH 0,', GHYLFH RSWLRQ� 7KH 0,', GHYLFH XVHV WKH LQVWUX�
PHQW VHWWLQJV DV GHILQHG LQ WKH *HQHUDO 0,', VWDQGDUG� :KHQ

XVLQJ 0,',� LW LV SRVVLEOH WR SOD\ DOO IRXU VRXQGV �/2� +,� )$,/ DQG
3$66� DW RQH WLPH�

Resetting the minimum and maximum values

:KHQ GLVSOD\LQJ WKH PHDVXUHG YDOXHV� WKH PD[LPXP YDOXH HYHU DQG�RU

WKH PLQLPXP YDOXH HYHU FDQ EH GLVSOD\HG� 7KHVH YDOXHV DUH NHSW XQWLO WKH
VRIWZDUH LV FORVHG�

7R UHVHW WKH PLQLPXP DQG PD[LPXP YDOXHV� IRU HDFK FKDQQHO D reset
EXWWRQ LV DYDLODEOH LQ WKH VSHHGEDU � � DQG WKURXJK WKH VHWWLQJV� FKDQ�

QHO PHQX� %\ SUHVVLQJ WKLV EXWWRQ� WKH PD[LPXP YDOXH LV VHW WR WKH OR�
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ZHVW SRVVLEOH PHDVXUHG YDOXH� 7KH PLQLPXP YDOXH LV VHW WR WKH PD[L�

PXP PHDVXUHG YDOXH SRVVLEOH�

Performing measurements

Hint 8VH WKH IUHTXHQF\ PHWHU WR GHWHUPLQH WKH IUHTXHQF\ RI WKH LQSXW
VLJQDO�

:KHQ WKH GHYLFH YROWPHWHU LV VZLWFKHG RQ� DQG WKH PHDVXUHPHQW SUR�

FHV LV QRW LQ RQH VKRW PRGH� PHDVXUHPHQWV WDNH SODFH� 7KH PHDVXUHG
YDOXHV DUH GLVSOD\HG FRQWLQXRXVO\� ,I WKH RVFLOORVFRSH LV DFWLYH� WKH WULJJHU

FRQGLWLRQV DOVR DSSO\ WR WKH YROWPHWHU�

Start and stop measuring

7KH PHDVXULQJ FDQ EH KDOWHG E\ SUHVVLQJ WKH pause EXWWRQ � � RU

�S! NH\� 7KH oneshot EXWWRQ � � QH[W WR WKH pause EXWWRQ EHFR�
PHV DYDLODEOH ��O! NH\�� DQG WKH pause EXWWRQ FKDQJHV WR D play EXW�
WRQ � ��

7KH PHDVXULQJ FDQ DOVR EH KDOWHG E\ VHOHFWLQJ WKH 6WRS FRQWLQXRXV PHD�

VXULQJ RSWLRQ IURP WKH 0HDVXUH PHQX� 7KH RSWLRQ 3HUIRUP D VLQJOH

PHDVXUHPHQW EHFRPHV DYDLODEOH DQG WKH 6WRS FRQWLQXRXV PHDVXULQJ

RSWLRQ FKDQJHV WR 6WDUW FRQWLQXRXV PHDVXULQJ�

Averaging

1RUPDOO\ WKH YROWPHWHU DGGV WKH WZR SUHYLRXV PHDVXUHG YDOXHV ZLWK WKH
FXUUHQW PHDVXUHG YDOXH DQG GLYLGHV LW E\ WKUHH� ,Q WKLV ZD\� YHU\ VPDOO

FKDQJHV GR QRW VKRZ XS ZKLFK UHVXOWV LQ D PRUH VWDEOH YDOXHV�

7R VZLWFK DYHUDJLQJ RQ RU RII� HQWHU WKH 6HWWLQJV PHQX DQG VHOHFW WKH
0HDQ YDOXHV RSWLRQ� 7KH FKHFN PDUN LQ IURQW RI WKH PHQX LWHP LQGLFDWHV

ZKHWKHU DYHUDJLQJ LV RQ RU RII�
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Fast measuring

%\ VHOHFWLQJ WKH RSWLRQ )DVW PHDVXULQJ IURP WKH 6HWWLQJV PHQX� IDVW PHD�

VXULQJ LV HQDEOHG RU GLVDEOHG� %HIRUH WKH IDVW PHDVXULQJ RSWLRQ FDQ EH
HQDEOHG� \RX KDYH WR VHW D IUHTXHQF\ UDQJH RWKHU WKDQ VFRSH RU DXWR�

:KHQ HQDEOLQJ WKH IDVW PHDVXULQJ RSWLRQ� WKH WULJJHU WLPHRXW LV VHW WR

]HUR� WKH UHFRUG OHQJWK DQG SRVW VDPSOHV DUH VHW WR ��� DQG WKH DYHUD�
JLQJ LV GLVDEOHG�

One shot measurements

$ VLQJOH PHDVXUHPHQW FDQ EH SHUIRUPHG E\ SUHVVLQJ WKH oneshot EXWWRQ
RU E\ VHOHFWLQJ WKH 3HUIRUP VLQJOH PHDVXUHPHQW RSWLRQ IURP WKH PHDVX�

UHPHQX�

Note 2QH PHDVXUHPHQW FRQVLVWV RI WKUHH VXFFHVLYH PHDVXUHPHQWV
�H[FHSW LI IDVW PHDVXULQJ LV VHOHFWHG RU PHDQ YDOXHV LV GLVDEOHG�
WKHVH WDNH RQH PHDVXUHPHQW�� IURP ZKLFK WKH PHDVXUHG YDOXHV

DUH DYHUDJHG� %HWZHHQ WKH PHDVXUHPHQWV WKH GLVSOD\ LV XSGDWHG�
,I WKH YROWPHWHU KDV WR SHUIRUP DQ DXWRUDQJLQJ DFWLRQ RU KDV WR

FKDQJH WKH VDPSOH IUHTXHQF\ GXULQJ DQ RQHVKRW� PHDVXUHPHQWV
DUH WDNHQ XQWLO DOO FKDQJHV WR WKH UDQJH DQG WKH IUHTXHQF\ KDYH

EHHQ GRQH� 7KHQ WKUHH PHDVXUHPHQWV DUH WDNHQ ZLWK WKH ILQDO
VHWWLQJV�

&RQWLQXRXV PHDVXULQJ FDQ EH VZLWFKHG RQ E\ DFWLYDWLQJ WKH play EXWWRQ
RU SUHVVLQJ WKH �S! NH\�

Storing measurement values on disk or paper

7KH YROWPHWHU FDQ VWRUH PHDVXUHPHQWV RQ GLVN RU SULQW WKHP� 7KLV LV
GRQH LQ D FRPSOHWHO\ GLIIHUHQW ZD\ WKDQ WKH RWKHU LQVWUXPHQWV�

7KH YROWPHWHU FDQ EH VHW WR PHDVXUH �DFTXLUH� DW IL[HG WLPHV� 7KH PHD�

VXUHG YDOXH ZLOO WKHQ EH VWRUHG RQ GLVN RU VHQW WR WKH SULQWHU�

7KH WLPH DW ZKLFK PHDVXUHPHQWV DUH WDNHQ LV QRW ���� JXDUDQWHHG�
7KH UHDVRQ IRU WKLV LV WKH :LQGRZV HQYLURQPHQW ZKLFK LV QRW D UHDO�WLPH
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PXOWLWDVNLQJ V\VWHP� %HFDXVH RI WKLV WKHUH LV QR JXDUDQWHH WKDW WKH WLPH

EHWZHHQ WZR PHDVXUHPHQWV LV WKH VHW LQWHUYDO� ,I WKLV RFFXUV� FORVH DOO
ZLQGRZV SURJUDPV H[FHSW WKH YROWPHWHU DQG WKHQ WU\ DJDLQ�

Setting the time between two measurements

%\ DFWLYDWLQJ WKH FKRLFH 7LPH IURP WKH $FTXLVLWLRQ PHQX� WKH WLPH EH�

WZHHQ WZR PHDVXUHPHQWV FDQ EH VHW� $ GLDORJ ER[ DSSHDUV LQ ZKLFK WKH
WLPH LQ VHFRQGV FDQ EH HQWHUHG�

Note :KHQ D WLPH VKRUWHU WKDQ ��� VHFRQGV LV HQWHUHG� WKH DFTXLVLWLRQ
VSHHG LV GHWHUPLQHG E\ WKH FKDQJHV RI WKH GLVSOD\V�

Setting the hysteresis

:LWK DQ DFTXLVLWLRQ WLPH VPDOOHU WKDQ ��� VHFRQGV� WKH DFTXLVLWLRQ VSHHG

LV GHWHUPLQHG E\ WKH FKDQJHV LQ WKH GLVSOD\V� ,W FDQ RFFXU WKDW WKH LQSXW
VLJQDO KDV D YDOXH MXVW EHWZHHQ WZR GLVSOD\DEOH YDOXHV� ,Q WKDW FDVH WKH

GLVSOD\ ZLOO FRQVWDQWO\ FKDQJH EHWZHHQ WKH WZR YDOXHV� 7R DYRLG D FRQ�
VWDQW VWRUDJH WR GLVN RU SULQWHU LQ WKDW FDVH� D K\VWHUHVLV FDQ EH VHW� 2QO\

ZKHQ WKH LQSXW YDOXH FKDQJH H[FHHGV WKH K\VWHUHVLV YDOXH� WKH LQSXW
YDOXH ZLOO EH VWRUHG�

%\ DFWLYDWLQJ WKH LWHP +\VWHUHVLV IURP WKH $FTXLVLWLRQ PHQX� D GLDORJ

DSSHDUV LQ ZKLFK WKH K\VWHUHVLV FDQ EH HQWHUHG� 7KH K\VWHUHVLV LV HQWHUHG
DV D SHUFHQWDJH RI WKH ODVW PHDVXUHG YDOXH� :LWK HDFK QHZ PHDVXUH�

PHQW� WKH VL]H RI WKH K\VWHUHVLV LQ YROWV LV UHFDOFXODWHG�

7KH K\VWHUHVLV FDQ RQO\ EH VHW ZLWK DQ DFTXLVLWLRQ WLPH VPDOOHU WKDQ ���
VHFRQGV�

Start an acquisition

%\ DFWLYDWLQJ WKH FKRLFH :ULWH GDWD IURP WKH $FTXLUH PHQX� D PHQX LV

VKRZQ ZLWK ZKLFK D VHOHFWLRQ FDQ EH PDGH WR ZULWH WR GLVN RU SULQWHU�

7KH FKRLFH 'LVN ZLOO FDXVH WKH PHDVXUHPHQW GDWD WR EH VWRUHG RQ GLVN�
$IWHU DFWLYDWLQJ WKH FKRLFH� D VDYH GLDORJ DSSHDUV LQ ZKLFK WKH GULYH� GLUHF�
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WRU\ DQG QDPH RI WKH ILOH FDQ EH W\SHG� ,I WKH W\SHG ILOH DOUHDG\ H[LVWV� DQ

RYHUZULWH SURPSW ZLOO DSSHDU� 7KH PHDVXULQJ ZLOO VWDUW DIWHU WKLV� $W IL[HG
WLPHV D PHDVXUHPHQW LV WDNHQ DQG VWRUHG RQ GLVN� 0HDVXULQJ FDQ EH

DERUWHG E\ SUHVVLQJ WKH FDQFHO EXWWRQ�

Note 7KH ILOH JHQHUDWHG E\ WKLV IXQFWLRQ FDQ EH UHDG LQ WKH 7UDQVLHQW
UHFRUGHU� WR JHW D JUDSKLFDO UHSUHVHQWDWLRQ RI WKH GDWD�

GLVSOD\ � RI &K� LV SODFHG LQ &K�
GLVSOD\ � RI &K� LV SODFHG LQ 5HI�

GLVSOD\ � RI &K� LV SODFHG LQ &K�
GLVSOD\ � RI &K� LV SODFHG LQ 5HI�

7KH FKRLFH 3ULQWHU ZLOO FDXVH WKH PHDVXUHPHQW GDWD WR EH ZULWWHQ WR WKH

SULQWHU� $IWHU DFWLYDWLQJ WKH FKRLFH� D SULQW GLDORJ DSSHDUV IURP ZKLFK D
SULQWHU FDQ EH VHOHFWHG� $ GLDORJ ZLOO DSSHDU LQ ZKLFK WKH WLWOH RI WKH MRE

FDQ EH W\SHG� 1RZ PHDVXULQJ VWDUWV� $W IL[HG WLPHV D PHDVXUHPHQW LV
WDNHQ DQG VHQW WR WKH SULQWHU� 0HDVXULQJ FDQ EH DERUWHG E\ SUHVVLQJ WKH

Cancel EXWWRQ�

7KH SULQWLQJ DQG ZULWLQJ FDQ DOVR EH DFWLYDWHG E\ SUHVVLQJ WKH IROORZLQJ
EXWWRQV RQ WKH VSHHGEDU�

,Q ERWK PRGHV� WKH PHDVXUHPHQW YDOXHV DUH SUHFHGHG E\ D EORFN RI

LQIRUPDWLRQ� ,Q WKDW EORFN LV LQGLFDWHG KRZ WKH FKDQQHOV DUH VHW DQG KRZ
WKH KLJK� ORZ DQG UHODWLYH OHYHOV DUH VHW� (DFK PHDVXUHPHQW LV SUHFHGHG

E\ WKH WLPH DQG GDWH RI WKH PHDVXUHPHQW�

,I D PHDVXUHG YDOXH LV ODUJHU WKDQ WKH VHOHFWHG LQSXW UDQJH� 
�������
 LV
GLVSOD\HG� 7KLV ZLOO DOVR EH VWRUHG RQ GLVN RU VHQW WR WKH SULQWHU�

7KH GDWH�WLPH IRUPDW FDQ EH VHW WKURXJK WKH SURJUDP VHWWLQJV GLDORJ�



78 Chapter 3



The transient recorder 79

Chapter 4
The transient recorder

)RU PHDVXULQJ VORZO\ FKDQJLQJ VLJQDOV �H�J� WKH WHPSHUDWXUH FKDQJH LQ D
URRP� WKH WUDQVLHQW UHFRUGHU LV WKH PRVW VXLWDEOH LQVWUXPHQW�

7KH WUDQVLHQW UHFRUGHU LV D WZR FKDQQHO� GLUHFW UHJLVWHULQJ PHDVXULQJ

LQVWUXPHQW� GLVSOD\LQJ WKH FKDQJHV RI WKH LQSXW VLJQDO JUDSKLFDOO\ RQ WKH
VFUHHQ RU RQ SDSHU�

7KH WUDQVLHQW UHFRUGHU PHDVXUHV DW VHWWDEOH� IL[HG WLPHV DQG SURFHVVHV

WKH PHDVXUHG YDOXH LI QHFHVVDU\� 7KH QXPEHU RI PHDVXUHPHQWV WR EH
WDNHQ LV DOVR VHWWDEOH�

Note 7KH WUDQVLHQW UHFRUGHU GLVSOD\V HDFK PHDVXUHG VDPSOH LPPHGLDWH�
O\� WKH RVFLOORVFRSH ILUVW WDNHV DOO VDPSOHV DQG WKHQ GLVSOD\V WKH
FRPSOHWH UHFRUG�

7KH WUDQVLHQW UHFRUGHU PHDVXUHV WKH LQSXW VLJQDOV DW DGMXVWDEOH WLPHV�

7KH WLPH EHWZHHQ WZR PHDVXUHPHQWV LV DGMXVWDEOH IURP ���� VHFRQG WR
��� VHFRQGV� 7KH QXPEHU RI VDPSOHV LV DOVR DGMXVWDEOH IURP � WR ������

7KH PD[LPXP PHDVXULQJ WLPH LV ��� VHF [ ����� VDPSOHV  ��������
VHFRQGV ������ GD\V��

Note 'XH WR WKH GLIIHUHQW ZD\ RI PHDVXULQJ WKH LQSXW VLJQDOV� WKH WUDQV�
LHQW UHFRUGHU FDQ QRW EH XVHG WRJHWKHU ZLWK WKH RVFLOORVFRSH�
YROWPHWHU RU VSHFWUXP DQDO\]HU�
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The transient recorder measuring system

%HIRUH PHDVXULQJ ZLWK WKH WUDQVLHQW UHFRUGHU� WKH FKDQQHOV DQG WKH WLPH
EDVH KDYH WR EH VHW XS FRPSOHWHO\�

:KHQ DOO VHWWLQJV �LQSXW VHQVLWLYLW\� FRXSOLQJ� QXPEHU RI VDPSOHV� VDPSOH

VSHHG HWF� DUH PDGH� WKH WUDQVLHQW UHFRUGHU FDQ EH VWDUWHG� $OO VHWWLQJV
ZLOO EH DSSOLHG WR WKH KDUGZDUH DQG WKH KDUGZDUH EHJLQV WR PHDVXUH�

7KH KDUGZDUH ZLOO FRQWLQXH PHDVXULQJ XQWLO WKH SUHGHILQHG QXPEHU RI
VDPSOHV LV PHDVXUHG RU ZKHQ WKH XVHU LQWHUUXSWV WKH PHDVXUHPHQW� (DFK

PHDVXUHG VDPSOH ZLOO EH VWRUHG LQ WKH ERDUG PHPRU\ RI WKH KDUGZDUH�

:KHQ WKH PHDVXUHPHQW LV UXQQLQJ� WKH VRIWZDUH ZLOO FRQVWDQWO\ PRQLWRU
ZKHWKHU D QHZ VDPSOH LV PHDVXUHG� ,I D QHZ VDPSOH LV PHDVXUHG� LW LV

REWDLQHG IURP WKH KDUGZDUH DFTXLVLWLRQ PHPRU\ DQG GLVSOD\HG RQ WKH
GLVSOD\� 7KLV ZLOO FRQWLQXH XQWLO WKH PHDVXUHPHQW LV UHDG\�
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Note $W FHUWDLQ VDPSOH VSHHGV DQG�RU UHODWLYHO\ VORZ FRPSXWHUV� LW
PLJKW RFFXU WKDW WKH VRIWZDUH FDQ
W NHHS XS ZLWK WKH KDUGZDUH� LQ
RWKHU ZRUGV� WKH VRIWZDUH PLVVHV VDPSOHV WKH KDUGZDUH KDV PHD�

VXUHG and stored. 7KLV LV RQO\ D PLQRU SUREOHP� 7KH VRIWZDUH
GHWHFWV WKDW LW KDV PLVVHG VDPSOHV DQG ZLOO ZDUQ WKH XVHU E\ OLJKWLQJ

XS D UHG /(' LQ WKH GLVSOD\ DQG GLVSOD\LQJ D ZDUQLQJ PHVVDJH LQ
WKH KLQW EDU�

7KH PLVVHG VDPSOH LQ WKH UHFRUG LV ILOOHG ZLWK WKH YDOXH RI WKH
SUHYLRXV VDPSOH�

7U\LQJ WR UHORDG WKH PLVVHG VDPSOH�V� ZRXOG WDNH VR PXFK WLPH�
WKDW DJDLQ VDPSOHV ZRXOG EH PLVVHG�

:KHQ WKH WRWDO PHDVXUHPHQW LV UHDG\� WKH VRIWZDUH ZLOO UHORDG WKH FRP�

SOHWH PHDVXUHG UHFRUG IURP WKH KDUGZDUH DFTXLVLWLRQ PHPRU\ DQG
GLVSOD\ LW�

Hint 7KHUH DUH D IHZ WKLQJV WR PDNH WKH VRIWZDUH NHHS XS ZLWK WKH
KDUGZDUH ORQJHU�
� PDNH WKH WUDQVLHQW UHFRUGHU ZLQGRZ DV VPDOO DV SRVVLEOH

� 6HOHFW 6FDQ PRGH LQVWHDG RI 5ROO PRGH
� 'R QRW VKRZ UHIHUHQFHV ZKLOH PHDVXULQJ

� FORVH DOO RWKHU DSSOLFDWLRQV �HVSHFLDOO\ DSSOLFDWLRQV LQ '26
ZLQGRZV�

� 6HW WKH :LQGRZV YLGHR GULYHU WR GLVSOD\ XS WR ��� FRORUV
LQVWHDG RI 7UXH FRORU RU +LJK FRORU

Displaying channels

7KH WZR FKDQQHOV FDQ EH PHDVXUHG LQ VHYHUDO GLIIHUHQW ZD\V�

&K� RQO\ FKDQQHO � LV PHDVXUHG DQG GLVSOD\HG
&K� RQO\ FKDQQHO � LV PHDVXUHG DQG GLVSOD\HG

&K� DQG &K� FKDQQHO � DQG FKDQQHO � DUH PHDVXUHG DQG
GLVSOD\HG VLPXOWDQHRXVO\

6HOHFWLQJ ZKLFK ZD\ WR PHDVXUH WKH FKDQQHOV FDQ EH GRQH XVLQJ WKH

0HDVXUHPHQX�
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:KHQ RQO\ RQH FKDQQHO LV PHDVXUHG� WKH FRQWUROV RI WKH RWKHU FKDQQHO

DUH GLVDEOHG RU UHPRYHG IURP WKH GLVSOD\�

Setting up a channel

6HWWLQJ XS D FKDQQHO LQ WKH WUDQVLHQW UHFRUGHU LV GRQH LQ WKH VDPH ZD\ DV
LQ WKH RVFLOORVFRSH� 7KH RQO\ GLIIHUHQFH LV WKDW LQ WKH WUDQVLHQW UHFRUGHU

QR DXWR UDQJLQJ IRU WKH LQSXW VHQVLWLYLW\ LV DYDLODEOH�

)RU LQIRUPDWLRQ RQ VHWWLQJ XS D FKDQQHO� VHH FKDSWHU �� WKH RVFLOORVFRSH�

Setting up the time axis

7KH WLPH EDVH LQ WKH WUDQVLHQW UHFRUGHU LV DOPRVW WKH VDPH DV LQ WKH RVFLO�
ORVFRSH� +RZHYHU� WKH WUDQVLHQW UHFRUGHU KDV QR SUH WULJJHU VHWWLQJ�

7KHUHIRU RQO\ WKH LWHPV WKDW GLIIHU IURP WKH RVFLOORVFRSH WLPH EDVH VHW�
WLQJV DUH GLVFXVVHG KHUH�

Setting up the sample speed

7KH WUDQVLHQW UHFRUGHU PHDVXUHV D QXPEHU RI VDPSOHV ZLWK D FHUWDLQ

WLPH EHWZHHQ WZR VDPSOHV� 7KLV UHVXOWV LQ D WRWDO PHDVXUH WLPH RI �QXP�
EHU RI VDPSOHV [ WLPH EHWZHHQ WZR VDPSOHV��

7R VHWXS WKH WLPLQJ FKDUDFWHULVWLFV RI WKH WUDQVLHQW UHFRUGHU PHDVXUH�

PHQW� RSHQ WKH 7UDQVLHQW UHFRUGHU PHDVXUHPHQW VSHHG GLDORJ� 7KH
GLDORJ FDQ EH RSHQHG E\ DFWLYDWLQJ WKH FKRLFH 6DPSOLQJ VSHHG��� IURP WKH

7LPH EDVHPHQX�

,Q WKH XSSHU SDUW RI WKH GLDORJ D VHOHFWLRQ KDV WR EH PDGH KRZ WKH WLPLQJ
FKDUDFWHULVWLFV RI WKH WUDQVLHQW UHFRUGHU PHDVXUHPHQW KDYH WR EH VHW�

7KHUH DUH WKUHH SRVVLEOH ZD\V�

& (QWHU WKH QXPEHU RI VDPSOHV DQG WKH WLPH EHWZHHQ WR PHDVXUH�
PHQWV� 7KH WRWDO PHDVXULQJ WLPH LV GHWHUPLQHG E\ WKH GLDORJ�

& (QWHU WKH QXPEHU RI VDPSOHV DQG WKH WRWDO PHDVXULQJ WLPH� 7KH
WLPH EHWZHHQ WZR VDPSOHV LV GHWHUPLQHG E\ WKH GLDORJ�

& (QWHU WKH WLPH EHWZHHQ WZR VDPSOHV DQG WKH WRWDO PHDVXULQJ
WLPH� 7KH QXPEHU RI VDPSOHV LV GHWHUPLQHG E\ WKH GLDORJ�
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:KHQ D VHOHFWLRQ LV PDGH� WKH VHOHFWHG LWHPV FDQ EH HQWHUHG LQ WKH LQSXW

ER[HV LQ WKH ORZHU SDUW RI WKH GLDORJ� 8QGHU WKH LQSXW ER[HV� WKH GHWHU�
PLQHG YDOXH RI WKH WKLUG SDUDPHWHU LV GLVSOD\HG� :KHQ DQ LQYDOLG FRPEL�

QDWLRQ LV PDGH� WKH WH[W LQ WKH LQSXW ER[ WKDW FDXVHV WKH LQYDOLG FRPELQDWL�
RQ WXUQV LQWR UHG� :KHQ WKLV LV LJQRUHG� WKH YDOXH LV FOLSSHG WR WKH QHDUHVW

YDOLG YDOXH�

:KHQ WKH SDUDPHWHUV DUH VHW SURSHUO\ WKH OK EXWWRQ FDQ EH FOLFNHG WR
DSSO\ WKH YDOXHV DQG UHWXUQ WR WKH WUDQVLHQW UHFRUGHU�

Note 7KH WLPLQJ LQ WKH KDUGZDUH LV JHQHUDWHG E\ D FULVWDO RVFLOODWRU DQG
WZR SURJUDPPDEOH LQWHJHU GLYLGHUV� 7KLV V\VWHP FDQ
W JHQHUDWH DOO
IUHTXHQFLHV� EXW FRPHV FORVH� :KHQ WKH OK EXWWRQ LV FOLFNHG� WKH
VRIWZDUH ZLOO GHWHUPLQH WKH GLYLVLRQ YDOXHV IRU ERWK GLYLGHUV� LQ
VXFK D ZD\ WKDW WKH JHQHUDWHG IUHTXHQF\ DSSURDFKHV WKH UHTXH�

VWHG IUHTXHQF\ DV FORVH DV SRVVLEOH� $ ORW RI GLYLGHU FRPELQDWLRQV
KDYH WR EH FKHFNHG IRU WKDW� :KLOH GHWHUPLQLQJ WKH FRUUHFW GLYLVRQ

IDFWRUV� DQ KRXU JODVV LV GLVSOD\HG

Setting the record length

7KH WUDQVLHQW UHFRUGHU WDNHV D QXPEHU RI VDPSOHV WR GLVSOD\ WKH LQSXW

VLJQDO� 7KLV QXPEHU RI VDPSOHV LV FDOOHG WKH 5HFRUG OHQJWK� 7R FKDQJH WKH
UHFRUG OHQJWK� WKUHH ZD\V DUH DYDLODEOH� XVLQJ WKH UHFRUG OHQJWK PHQX�

XVLQJ WKH VDPSOH VSHHG GLDORJ RU E\ PHDQV RI IXQFWLRQ NH\V�

7R FKDQJH WKH UHFRUG OHQJWK XVLQJ WKH PHQX� HQWHU WKH 7LPH EDVH PHQX
DQG VHOHFW WKH 5HFRUG OHQJWK LWHP� $QRWKHU PHQX ZLOO SRS XS� FRQWDLQLQJ

WKH DYDLODEOH UHFRUG OHQJWKV DQG DQ LWHP IRU D XVHU GHILQHG UHFRUG OHQJWK�
6HOHFWLQJ WKLV LWHP ZLOO EULQJ XS D GLDORJ ER[ LQ ZKLFK D VHOI GHILQHG UHFRUG

OHQJWK �ZLWKLQ WKH LQVWUXPHQW KDUGZDUH OLPLWV� FDQ EH HQWHUHG� 7KH 7LPH

EDVH PHQX FDQ DOVR EH HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU

RQH RI WKH WLPH EDVH FRQWUROV RU UHDG RXWV�

)RU FKDQJLQJ WKH UHFRUG OHQJWK WKH IROORZLQJ IXQFWLRQ NH\V DUH DYDLODEOH�

�F11! 6HOHFW D VKRUWHU UHFRUG OHQJWK
�F12! 6HOHFW D ORQJHU UHFRUG OHQJWK
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)RU WKH WKLUG ZD\ WR FKDQJH WKH UHFRUG OHQJWK� VHH VHWWLQJ XS WKH VDP�

SOLQJ VSHHG�

Setting the horizontal axis type

7KH 7UDQVLHQW UHFRUGHU FDQ PHDVXUH IRU D YHU\ ORQJ WLPH� ,Q WKDW FDVH LW
FDQ EH XVHIXO WR KDYH UHDO WLPH DQG GDWH YDOXHV DORQJ WKH WLPH D[LV LQVWHDG

RI WKH QXPEHU RI VHFRQGV VLQFH WKH VWDUWLQJ PRPHQW�

7KLV FDQ EH VHOHFWHG E\ RSHQLQJ WKH 6HWWLQJV PHQX DQG VHOHFW WKH +RUL�

]RQWDO D[LV W\SH LWHP� 1RZ \RX FDQ VHOHFW EHWZHHQ 'DWH � 7LPH DQG

6DPSOH WLPHV�

Perform measurements

%HIRUH PHDVXULQJ ZLWK WKH WUDQVLHQW UHFRUGHU� WKH FKDQQHOV DQG WKH WLPH
EDVH KDYH WR EH VHW XS FRPSOHWHO\�

7KH FKDQQHOV GR QRW KDYH DXWR UDQJLQJ� VR WKH VHQVLWLYLW\ KDV WR EH VHW

PDQXDOO\� 6LQFH WKH 7UDQVLHQW UHFRUGHU XVXDOO\ PHDVXUHV VORZ VLJQDOV� WKH
LQSXW FRXSOLQJ VKRXOG EH VHW WR '&� RWKHUZLVH WKH LQSXW FDSDFLWRU ZLOO

EORFN WKH VLJQDO�

Start measuring

:KHQ DOO VHWWLQJV DUH PDGH� WKH WUDQVLHQW UHFRUGHU FDQ EH VWDUWHG� 7KLV
FDQ EH GRQH LQ WKUHH ZD\V�

& &OLFNLQJ WKH Play EXWWRQ � �

& 3UHVVLQJ WKH �S! NH\
& (QWHU WKH0HDVXUHPHQX DQG VHOHFW WKH 6WDUW PHDVXULQJ LWHP

:KHQ WKH PHDVXUHPHQW LV VWDUWHG� DOO FRQWUROOV H[FHSW WKH 6WRS FRQWUROV

DUH GLVDEOHG�

Stop measuring

:KHQ WKH SUHGHILQHG QXPEHU RI VDPSOHV LV UHDFKHG� WKH 7UDQVLHQW UH�
FRUGHU ZLOO VWRS PHDVXULQJ� ,W LV DOVR SRVVLEOH WR VWRS WKH 7UDQVLHQW UHFRU�
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GHU PDQXDOO\� H�J� ZKHQ WKH HYHQW WR PHDVXUH LV PHDVXUHG� RU WKH LQVWUX�

PHQW VHWWLQJV DUH ZURQJ �FRXSOLQJ� VHQVLWLYLW\ HWF�� 7KLV FDQ EH GRQH LQ
WKUHH ZD\V�

� &OLFNLQJ WKH Stop EXWWRQ � �

� 3UHVVLQJ WKH �S! NH\
� (QWHU WKH0HDVXUHPHQX DQG VHOHFW WKH 6WRS PHDVXULQJ LWHP

:KHQ WKH PHDVXUHPHQW LV VWRSSHG� DOO FRQWUROOV DUH HQDEOHG DJDLQ�

Scroll mode

:KLOH PHDVXULQJ� WKH WUDQVLHQW UHFRUGHU GLVSOD\V WKH PHDVXUHG VLJQDO RQ

D ��� EDVH� PHDQLQJ WKDW IRU HDFK VDPSOH � GLVSOD\ SL[HO LV XVHG� :KHQ
WKH QXPEHU RI PHDVXUHG VDPSOHV LV ODUJHU WKDQ WKH DYDLODEOH QXPEHU RI

SL[HOV LQ WKH GLVSOD\� WKH UHFRUG YLHZ RIIVHW KDV WR EH FKDQJHG LQ VXFK D
ZD\ WKDW WKH ODWHVW VDPSOHV ZLOO EH YLVLEOH�

7KHUH DUH WZR ZD\V WR GR WKLV�

Scan mode: :KHQ WKH GLVSOD\ LV IXOO� WKH UHFRUG YLHZ RIIVHW ZLOO FKDQJH
D IXOO VFUHHQ� VR WKH QHZ VDPSOHV ZLOO VWDUW ILOOLQJ WKH GLVSOD\
IURP WKH OHIW KDQG VLGH RI WKH GLVSOD\ DJDLQ�

Roll mode: :KHQ WKH GLVSOD\ LV IXOO� WKH UHFRUG YLHZ RIIVHW ZLOO FKDQJH
ZLWK RQH VDPSOH� PDNLQJ VSDFH IRU RQH QHZ VDPSOH� (DFK

QHZ VDPSOH FDXVHV D FKDQJH LQ WKH UHFRUG YLHZ RIIVHW�

5ROO PRGH ORRNV QLFHU WKDQ 6FDQ PRGH� EXW LV DOVR VORZHU� VR WKH 7UDQV�
LHQW UHFRUGHU ZLOO VRRQHU PLVV VDPSOHV LQ 5ROO PRGH WKDQ LQ 6FDQ PRGH�

7R VHW WKH VFUROO PRGH� HQWHU WKH 0HDVXUH PHQX� VHOHFW WKH LWHP 6FUROO

PRGH DQG FKRRVH EHWZHHQ WKH WZR SRVVLELOLWLHV�

Comparing signals using the reference channels

7R PDNH WKH WUDQVLHQW UHFRUGHU NHHS XS ZLWK WKH PHDVXULQJ KDUGZDUH
ORQJHU� UHIHUHQFHV FDQ EH VZLWFKHG RII ZKLOH PHDVXULQJ� 7R GR WKLV� RSHQ

WKH 5HIHUHQFHV PHQX DQG VHOHFW WKH 6KRZ UHIHUHQFHV ZKLOH PHDVXULQJ

LWHP�
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:KHQ WKH LWHP 6KRZ UHIHUHQFHV ZKLOH PHDVXULQJ LV FKHFNHG� VZLWFKHG

RQ UHIHUHQFHV DUH VKRZQ ZKLOH WKH 7UDQVLHQW UHFRUGHU PHDVXUHV� ,I WKH
LWHP LV QRW FKHFNHG� WKH UHIHUHQFHV DUH VZLWFKHG RII ZKHQ WKH PHDVXUH�

PHQW LV VWDUWHG DQG VZLWFKHG RQ DJDLQ ZKHQ WKH 7UDQVLHQW UHFRUGHU LV
UHDG\�

Performing cursor measurements

/LNH LQ WKH RVFLOORVFRSH� WKH WUDQVLHQW UHFRUGHU KDV D VHW RI FXUVRUV WR

SHUIRUP PHDVXUHPHQWV RQ WKH GLVSOD\HG VLJQDOV�

7KH FXUVRUV LQ WKH WUDQVLHQW UHFRUGHU ZRUN H[DFWO\ OLNH WKH RVFLOORVFRSH�
VR UHIHU WR FKDSWHU �� WKH RVFLOORVFRSH� IRU DQ H[SODQDWLRQ RQ KRZ WR

ZRUN ZLWK WKH FXUVRUV�
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Chapter 5
The spectrum analyzer

7KH FRPPRQ ZD\ WR H[DPLQH HOHFWULFDO VLJQDOV LV LQ WKH WLPH GRPDLQ�
XVLQJ DQ RVFLOORVFRSH� 7KH WLPH GRPDLQ LV XVHG WR GHWHUPLQH DPSOLWXGH�

WLPH DQG SKDVH LQIRUPDWLRQ� ZKLFK LV QHFHVVDU\ WR GHVFULEH WKH EHKDYLRXU
RI DQ HOHFWULFDO V\VWHP�

1RW DOO HOHFWULFDO V\VWHPV FDQ EH FKDUDFWHULVHG LQ WKH WLPH GRPDLQ� &LU�

FXLWV OLNH ILOWHUV� DPSOLILHUV� RVFLOODWRUV� PL[HUV� PRGXODWRUV DQG GHWHFWRUV
FDQ EH FKDUDFWHULVHG EHVW E\ WKHLU IUHTXHQF\ EHKDYLRXU� 7KDW IUHTXHQF\

EHKDYLRXU LV EHVW REWDLQHG E\ REVHUYLQJ WKH HOHFWULFDO VLJQDOV LQ WKH IUH�
TXHQF\ GRPDLQ� 7R GLVSOD\ WKH IUHTXHQF\ GRPDLQ� DQ LQVWUXPHQW LV QHH�

GHG WKDW FDQ GLVWLQJXLVK GLIIHUHQW IUHTXHQFLHV IURP HDFK RWKHU DQG PHDVX�
UH WKH VLJQDO VL]H DW WKH GLIIHUHQW IUHTXHQFLHV� $Q LQVWUXPHQW WKDW FDQ

GLVSOD\ WKH IUHTXHQF\ GRPDLQ LV WKH VSHFWUXP DQDO\]HU� ,W JUDSKLFDOO\
GLVSOD\V YROWDJH DV D IXQFWLRQ RI IUHTXHQF\�

,Q WKH WLPH GRPDLQ DOO IUHTXHQF\ FRPSRQHQWV RI D VLJQDO DUH VHHQ VXP�
PHG WRJHWKHU� ,Q WKH IUHTXHQF\ GRPDLQ� FRPSOH[ VLJQDOV �VLJQDOV FRPSR�
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VHG RI PRUH WKDQ RQH IUHTXHQF\� DUH VHSDUDWHG LQWR WKHLU IUHTXHQF\

FRPSRQHQWV� ZKHUH WKH YROWDJH RI HDFK FRPSRQHQW LV GLVSOD\HG�

7KH IUHTXHQF\ GRPDLQ FRQWDLQV LQIRUPDWLRQ ZKLFK LV QRW DYDLODEOH LQ WKH
WLPH GRPDLQ� 7KHUHIRUH WKH VSHFWUXP DQDO\]HU KDV FHUWDLQ DGYDQWDJHV

FRPSDUHG ZLWK DQ RVFLOORVFRSH�

& :LWK D VSHFWUXP DQDO\]HU VPDOO KDUPRQLF GLVWRUWLRQV RQ D VLJQDO
FDQ EH GLVSOD\HG EHWWHU WKDQ RQ DQ RVFLOORVFRSH� $ VLQH ZDYH PD\

ORRN JRRG LQ WKH WLPH GRPDLQ� KRZHYHU LQ WKH IUHTXHQF\ GRPDLQ
WKH KDUPRQLF GLVWRUWLRQ LV YLVLEOH�

& $ QRLVH VLJQDO PD\ ORRN IXOO\ UDQGRP LQ WKH WLPH GRPDLQ� LQ WKH
IUHTXHQF\ GRPDLQ LW FDQ DSSHDU WKDW RQH IUHTXHQF\ LV GRPLQDQWO\

SUHVHQW�
& ,Q WKH IUHTXHQF\ GRPDLQ LW LV YHU\ VLPSOH WR GHWHUPLQH FDUULHU

IUHTXHQF\� PRGXODWLRQ IUHTXHQF\� PRGXODWLRQ OHYHO DQG PRGXODWL�
RQ GLVWRUWLRQ IURP D PRGXODWHG VLJQDO �$0 RU )0��

Description of FFT

7KH VSHFWUXP DQDO\]HU LV XVLQJ WKH )DVW )RXULHU 7UDQVIRUP �))7� SULQFL�
SOH� )RU WKLV WUDQVIRUP� D QXPEHU RI VDPSOHV DUH WDNHQ ZLWK D SUHYLRXVO\

VHW VDPSOH VSHHG� 7KH QXPEHU RI VDPSOHV KDV WR EH D SRZHU RI �� H�J�
��� � ���� RU ����� :LWK WKHVH VDPSOHV� KHUH FDOOHG ))7�EORFN� WKH

VSHFWUXP LV FDOFXODWHG� 7KHUHIRUH WKH ))7 SODFHV DQ LQILQLWH QXPEHU RI
))7�EORFNV EHKLQG HDFK RWKHU� LQ WKH SRVLWLYH DQG QHJDWLYH GLUHFWLRQ�

(DFK ))7�EORFN IRUPV � SHULRG RI WKH FUHDWHG SHULRGLF VLJQDO�
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)URP WKH VLJQDO REWDLQHG OLNH WKLV� WKH VSHFWUXP LV FDOFXODWHG� 7KH ))7

FDOFXODWLRQ UHVXOWV LQ D QXPEHU RI VSHFWUDO FRPSRQHQWV ZKLFK LV KDOI WKH
QXPEHU RI VDPSOHV LQ WKH ))7 EORFN �H�J� ���� ���� ������ 7KHVH VSHF�

WUDO FRPSRQHQWV WRJHWKHU IRUP WKH IUHTXHQF\ VSHFWUXP RI WKH LQSXW
VLJQDO�

7KH VSHFWUXP DQDO\]HU GLVSOD\V DQ DPSOLWXGH VSHFWUXP� ZKLFK PHDQV
WKDW D � YROW SHDN�SHDN VLQH ZDYH LV GLVSOD\HG ZLWK D � YROW VSHFWUDO FRP�

SRQHQW�

Aliasing

/LNH WKH RVFLOORVFRSH� WKH VSHFWUXP DQDO\]HU QHHGV D KLJK HQRXJK VDP�
SOLQJ IUHTXHQF\ WR DYRLG DOLDVLQJ� 7KH UHVXOW RI DOLDVLQJ ZKHQ XVLQJ ))7 LV

WKDW WKH IUHTXHQF\ FXUYH LV IROGHG EDFN RQ LWVHOI�

7KH RULJLQDO VLJQDO LV VDPSOHG DW D VDPSOH WLPH W� 7KH FULWLFDO IUHTXHQF\

�1\TXLVW IUHTXHQF\� LV ����W� +]�

Windowing

))7 WUHDWV WKH ))7�EORFN OLNH LW LV RQH SHULRG RI D SHULRGLF VLJQDO� ,I WKH
VDPSOHG VLJQDO LV QRW SHULRGLF� KDUPRQLF GLVWRUWLRQ FDQ DULVH� VLQFH WKH

SHULRGLF ZDYHIRUP� 
FUHDWHG E\ WKH ))7
� FDQ KDYH VKDUS GLVFRQWLQXLWLHV�
6HH DOVR WKH IROORZLQJ LOOXVWUDWLRQ� 7KHVH GLVFRQWLQXLWLHV DUH DOVR FDOOHG

FDOFXODWLRQ HUURUV�
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7KLV PHDQV WKDW EHFDXVH RI WKH FDOFXODWLRQ HUURUV H[WUD IUHTXHQF\ FRP�

SRQHQWV DUH JHQHUDWHG DURXQG WKH WUXH IUHTXHQF\� %HFDXVH RI WKLV 
VPHD�
ULQJ
 WKH DPSOLWXGH RI WKH WUXH IUHTXHQF\ GHFUHDVHV� VLQFH WKH DUHD XQGHU

WKH FXUYH UHPDLQV WKH VDPH�

7KH VPHDULQJ� FDXVHG E\ WKH FDOFXODWLRQ HUURUV� FDQ EH GHFUHDVHG E\
SODFLQJ D ZLQGRZ RQ WKH ))7�EORFN VDPSOHV� LQ VXFK D ZD\ WKDW WKH HQGV

RI WKH ))7�EORFN DUH VPRRWKO\ WDSHUHG WR ]HUR DQG GLVFRQWLQXLWLHV GR QRW
RFFXU ZKHQ WKH ))7 WUHDWV WKH ZLQGRZHG EORFN DV RQH SHULRG RI D SHULR�

GLF VLJQDO� (DFK VDPSOH RI WKH ))7�EORFN LV WKHUHIRUH PXOWLSOLHG E\ D IDF�
WRU� ZKRVH VL]H LV GHSHQGHQW RQ WKH SRVLWLRQ RI WKH VDPSOH LQ WKH

))7�EORFN�

7KH VRIWZDUH VXSSRUWV VL[ GLIIHUHQW ZLQGRZV�

UHFWDQJXODU �DOO GDWD LV QRW FKDQJHG�
+DQQLQJ �VLQXVRLGDO�

+DPPLQJ �VLQXVRLGDO�
%DUWOHWW �VLQXVRLGDO�

%ODFNPDQ �WULDQJXODU�
3DU]HQ �WULDQJXODU�
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Displaying channels

7KH VSHFWUXP DQDO\]HU KDV VHYHUDO PRGHV WR GLVSOD\ WKH WZR FKDQQHOV�

7R VHOHFW WKH PHDVXUH PRGH� HQWHU WKH0HDVXUHPHQX DQG VHWOHFW�
&K� PHDVXUH DQG GLVSOD\ RQO\ FKDQQHO �

&K� PHDVXUH DQG GLVSOD\ RQO\ FKDQQHO �
&K� DQG &K� PHDVXUH FKDQQHO � DQG FKDQQHO � VLPXOWDQHRXVO\

DQG GLVSOD\ WKH YDOXHV RI ERWK FKDQQHOV

Note :KHQ PHDVXUH PRGH &K� DQG &K� LV VHOHFWHG� WKH KLJKHVW IUH�
TXHQF\ UDQJH ZLOO EH GLVDEOHG�

:KHQ RQO\ RQH FKDQQHO LV PHDVXUHG� WKH FRQWUROV RI WKH RWKHU FKDQQHO

DUH GLVDEOHG RU UHPRYHG IURP WKH GLVSOD\�

Setting up a channel

7KH WZR FKDQQHOV RI WKH VSHFWUXP DQDO\]HU DUH FRPSOHWHO\ FRQILJXUDEOH�
%RWK FKDQQHOV DUH LGHQWLFDO� HDFK KDV LWV RZQ PHQX LWHP LQ WKH PDLQ

PHQX� 7KH SRVVLELOLWLHV RI WKH YHUWLFDO D[HV LQ WKH VSHFWUXP DQDO\]HU DUH
WKH VDPH DV LQ WKH RVFLOORVFRSH� VR RQO\ WKH GLIIHUHQFHV DUH GLVFXVVHG

KHUH� 6LQFH WKH SRVVLELOLWLHV IRU ERWK FKDQQHOV DUH HTXDO� FKDQQHO � LV
H[SODLQHG KHUH�

Setting the input sensitivity

7KH LQSXW VHQVLWLYLW\ RI D FKDQQHO GHWHUPLQHV KRZ ODUJH D FHUWDLQ VLJQDO

ZLOO EH GLVSOD\HG� WKH ORZHU WKH IXOO VFDOH YDOXH� WKH ODUJHU WKH VLJQDO ZLOO EH
GLVSOD\HG� ,W LV SRVVLEOH WR HQDEOH DQ DXWRUDQJLQJ IXQFWLRQ�

Note 7KH YHUWLFDO D[LV LQ WKH VSHFWUXP DQDO\]HU KDV D UDQJH WKDW LV WZLFH
WKH LQSXW VHQVLWLYLW\� 7KLV LV GRQH EHFDXVH WKH IUHTXHQF\ FRPSR�
QHQWV RI ZKLFK D VLJQDO LV EXLOW� FDQ KDYH D ODUJHU DPSOLWXGH WKDQ WKH

LQSXW VHQVLWLYLW\� 6R LI DQ LQSXW VHQVLWLYLW\ RI � 9ROW IXOO VFDOH LV VHOHF�
WHG� WKH D[LV ZLOO KDYH YDOXHV IURP � WR �� 9ROW IXOO VFDOH�

7KH VHQVLWLYLW\ FDQ EH VHW WKURXJK WKH 6HQVLWLYLW\ PHQX� 7KH 6HQVLWLYLW\

PHQX LV FDOOHG E\ HQDEOLQJ WKH &K� PHQX DQG WKHQ VHOHFWLQJ WKH 6HQVLWLYL�
W\ PHQX� ,Q WKLV PHQX WKH LQSXW VHQVLWLYLWLHV DUH DYDLODEOH� ,Q WKH VSHFWUXP
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DQDO\]HU DOVR DQ $XWRUDQJLQJ VHWWLQJ LV DYDLODEOH� 7KH 6HQVLWLYLW\ PHQX FDQ

DOVR EH HQWHUHG E\ FOLFNLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH &K�
RU &K� FRQWUROV DQG UHDGRXWV�

7R VZLWFK RQ $XWRUDQJLQJ� D VSHFLDO EXWWRQ LV DYDLODEOH� :KHQ DXWRUDQJ�

LQJ LV VZLWFKHG RQ� WKH EXWWRQ FDSWLRQ LV Auto, RWKHUZLVH LW KROGV WKH
FXUUHQW VHW LQSXW VHQVLWLYLW\� 3UHVVLQJ WKH ULJKW PRXVH EXWWRQ RQ WKLV EXW�

WRQ ZLOO EULQJ XS D PHQX ZLWK DOO VHQVLWLYLWLHV�

Note :KHQ $XWRUDQJLQJ LV VZLWFKHG RQ� VHYHUDO PHDVXUHPHQWV PLJKW
EH QHHGHG WR VHW WKH LQSXW VHQVLWLYLW\ SURSHUO\� GHSHQGLQJ RQ WKH

LQSXW VLJQDO�

$QRWKHU ZD\ WR VHW WKH VHQVLWLYLW\ LV E\ XVLQJ WKH NH\ERDUG� $ IHZ NH\V
KDYH EHHQ UHVHUYHG IRU VHWWLQJ WKH LQSXW VHQVLWLYLW\ RI WKH FKDQQHOV� 7KHVH

NH\V DUH�

�F5! ,QFUHDVH &K� VHQVLWLYLW\
�F6! 'HFUHDVH &K� VHQVLWLYLW\

�F7! ,QFUHDVH &K� VHQVLWLYLW\
�F8! 'HFUHDVH &K� VHQVLWLYLW\

Logarithmic or linear vertical axis

7KH YHUWLFDO D[LV RI WKH VSHFWUXP DQDO\]HU FDQ EH VHW WR OLQHDU RU WR ORJD�

ULWKPLF�

:KHQ VHW WR OLQHDU� WKH QRUPDO D[LV LV XVHG� UXQQLQJ IURP � WR � [ 6HQVLWL�
YLW\� :KHQ VHW WR ORJDULWKPLF� WKH SRVLWLRQ RQ WKH OLQHDU D[LV WKDW LV PDUN�

HG 6HQVLWLYLW\ ZLOO JHW WKH YDOXH

9DOXH  �� [ ��ORJ 6HQVLWLYLW\

7KH UHVW RI WKH ODEHOV ZLOO JHW D YDOXH WKDW LV UHODWHG WR WKLV YDOXH DQG GLIIHU
IURP LW ZLWK �� G% SHU GLYLVLRQ �ZKHQ 6RIWZDUH JDLQ LV VHW WR ��� 7KH

PHDVXUHG GDWD ZLOO EH WUDQVIRUPHG WR ORJDULWKPLF GDWD DV ZHOO�

6HOHFWLQJ WKH D[LV W\SH FDQ EH GRQH E\ HQWHULQJ WKH &K� PHQX� FKRVLQJ
WKH $[LV W\SHPHQX DQG VHOHFWLQJ WKH D[LV W\SH�
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7KH D[LV W\SH FDQ DOVR EH VHW E\ WKH NH\ERDUG XVLQJ WKH IROORZLQJ NH\V�

�L! WRJJOH WKH &K� D[LV EHWZHHQ /LQHDU DQG /RJDULWKPLF

�Shift+L! WRJJOH WKH &K� D[LV EHWZHHQ /LQHDU DQG /RJDULWKPLF

Note 'XH WR 
VPHDULQJ
 HUURUV� FDXVHG E\ GLVFRQWLQXLWLHV �6HH :LQG�
RZLQJ� DQG �ZLWKLQ VSHFLILFDWLRQV� GLVWRUWLRQ LQ WKH $QDORJ WR 'LJLWDO

&RQYHUWHU QRQ�H[LVWLQJ IUHTXHQF\ FRPSRQHQWV ZLOO VKRZ XS
ZKHQ D ORJDULWKPLF D[LV LV VHOHFWHG� 7KHVH FRPSRQHQWV DUH DOO

RXWVLGH WKH G\QDPLF UDQJH RI WKH PHDVXUHPHQW V\VWHP�

7R DYRLG FRQIXVLRQ ZLWK WKHVH QRQ�H[LVWLQJ IUHTXHQF\ FRPSRQHQWV� WKH
ORJDULWKPLF JUDSK FDQ EH FOLSSHG RQ WKH WKHRUHWLFDO G\QDPLF UDQJH RI WKH

PHDVXUHPHQW V\VWHP� 7KLV LV GRQH E\ VHOHFWLQJ WKH 9HUWLFDO ORJ D[LV UDQJH
LWHP IURP WKH 6HWWLQJV PHQX DQG FKRVLQJ HLWKHU 1RW FOLSSHG RU &OLSSHG

FRQIRUP KDUGZDUH VSHFV�

Setting up the frequency range

$ORQJ WKH KRUL]RQWDO D[LV RI WKH VFUHHQ� WKH IUHTXHQF\ RI WKH PHDVXUHG
VSHFWUXP LV SURMHFWHG�

0DJQLI\LQJ WKH IUHTXHQF\ D[LV DQG KRUL]RQWDOO\ SRVLWLRQLQJ WKH VLJQDO LV

GRQH LQ WKH VDPH ZD\ DV LQ WKH RVFLOORVFRSH DQG LV WKHUHIRU QRW GLVFXVVHG
KHUH�

Setting up the frequency axis type

7KH IUHTXHQF\ D[LV FDQ EH VHW XS LQ IRXU GLIIHUHQW PRGHV�

Linear WKH IUHTXHQF\ D[LV UXQV IURP � WR WKH PD[LPXP IUH�

TXHQF\ DQG KDV D OLQHDU GLYLVLRQ�

Logarithmic WKH IUHTXHQF\ D[LV UXQV IURP WKH PLQLPXP IUHTXHQ�
F\ WR WKH PD[LPXP IUHTXHQF\ DQG KDV D ORJDULWKPLF

GLYLVLRQ�

Octaves WKH IUHTXHQF\ D[LV UXQV IURP ���� +] WR ���� N+]
DQG LV GLYLGHG LQ �� RFWDYHV� 7KH FHQWHU IUHTXHQFLHV�
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WKH ORZHU OLPLWV DQG WKH KLJKHU OLPLWV RI WKH RFWDYHV

DUH�

fcenter flo fhi

����� +] ���� +] ���� +]

���� +] ���� +] ���� +]

��� +] ���� +] ����� +]

��� +] ����� +] ����� +]

��� +] ����� +] ����� +]

� N+] ����� +] ����� N+]

� N+] ����� N+] ����� N+]

� N+] ����� N+] ����� N+]

� N+] ����� N+] ������ N+]

�� N+] ������ N+] ������ N+]

(DFK RFWDYH LV GLVSOD\HG ZLWK WKH VDPH ZLGWK RQ WKH

GLVSOD\�
7KLV PRGH UHTXLUHV WKDW WKH VDPSOLQJ IUHTXHQF\ LV

DERXW �� N+] DQG WKH UHFRUG OHQJWK LV DW OHDVW ����
VSHFWUDO FRPSRQHQWV� :KHQ WKLV GLVSOD\ PRGH LV

VZLWFKHG RQ� WKH VDPSOLQJ IUHTXHQF\ FDQ QR ORQJHU
EH VHW DQG WKH UHFRUG OHQJWK FDQ RQO\ EH VHW WR D IHZ

OHQJWKV�

Third octaves WKH IUHTXHQF\ D[LV UXQV IURP ����� +] WR ���� N+]
DQG LV GLYLGHG LQ �� WKLUGV RI RFWDYHV� 7KH FHQWHU

IUHTXHQFLHV� WKH ORZHU OLPLWV DQG WKH KLJKHU OLPLWV RI
WKH RFWDYHV DUH�
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IFHQWHU IOR IKL

����� +] ����� +] ����� +]

����� +] ����� +] ����� +]

����� +] ����� +] ���� +]

���� +] ���� +] ���� +]

���� +] ���� +] ���� +]

���� +] ���� +] ���� +]

���� +] ���� +] ���� +]

���� +] ���� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

��� +] ��� +] ��� +]

���� N+] ��� +] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]

���� N+] ���� N+] ���� N+]
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(DFK WKLUG RFWDYH LV GLVSOD\HG ZLWK WKH VDPH ZLGWK

RQ WKH GLVSOD\�
7KLV PRGH UHTXLUHV WKDW WKH VDPSOLQJ IUHTXHQF\ LV

DERXW �� N+] DQG WKH UHFRUG OHQJWK LV DW OHDVW ����
VSHFWUDO FRPSRQHQWV� :KHQ WKLV GLVSOD\ PRGH LV

VZLWFKHG RQ� WKH VDPSOLQJ IUHTXHQF\ DQG WKH UHFRUG
OHQJWK FDQ QR ORQJHU EH VHW�

Note :KHQ WKH VSHFWUXP DQDO\]HU LV VHW WR +ROG DQG WKH IUHTXHQF\ D[LV
LV VHW WR RFWDYHV RU WKLUG RFWDYHV� WKH VLJQDO ZLOO QRW PDWFK ZLWK WKH
D[LV DQG WKH JULG XQWLO D QHZ PHDVXUHPHQW LV WDNHQ�

Setting the frequency range

7KH IUHTXHQF\ UDQJH FDQ EH VHW LQ WZR ZD\V� XVLQJ WKH PHQX RI E\ PH�
DQV RI VSHFLDO IXQFWLRQ NH\V�

7KH IUHTXHQF\ UDQJH LV GHWHUPLQHG IXOO\ RQ WKH VDPSOH IUHTXHQF\� WKH
IUHTXHQF\ UDQJH LV KDOI RI WKH VDPSOH IUHTXHQF\�

7R FKDQJH WKH )UHTXHQF\ UDQJH XVLQJ WKH PHQX� HQWHU WKH )UHTXHQF\

D[LV PHQX DQG VHOHFW WKH )UHTXHQF\ UDQJH LWHP� $ QHZ PHQX ZLOO DSSHDU
ZLWK DOO SRVVLEOH IUHTXHQF\ UDQJH VHWWLQJV� 7KH )UHTXHQF\ D[LV PHQX FDQ

DOVR EH HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH
IUHTXHQF\ D[LV FRQWUROV RU UHDG RXWV�

7KH ODVW LWHP LQ WKH PHQX LV D XVHU GHILQHG VHWWLQJ� $FWLYDWLQJ WKLV LWHP ZLOO

EULQJ XS D GLDORJ ER[ LQ ZKLFK D VHOI GHILQHG IUHTXHQF\ UDQJH �ZLWKLQ WKH
LQVWUXPHQW KDUGZDUH OLPLWDWLRQV� FDQ EH HQWHUHG� 'XH WR WKH ZD\ WKH

VDPSOH IUHTXHQF\ LV JHQHUDWHG LQ WKH KDUGZDUH� QRW DOO IUHTXHQFLHV DQG
WKXV QRW DOO IUHTXHQF\ UDQJHV FDQ EH JHQHUDWHG� ,I DQ LQYDOLG IUHTXHQF\

UDQJH LV HQWHUHG� WKH FORVHVW YDOLG IUHTXHQF\ UDQJH ZLOO EH JHQHUDWHG�

7KH IROORZLQJ NH\V FDQ EH XVHG WR FKDQJH WKH IUHTXHQF\ UDQJH�

�F3! 6HW WKH IUHTXHQF\ UDQJH RQH VWHS VPDOOHU
�F4! 6HW WKH IUHTXHQF\ UDQJH RQH VWHS ODUJHU
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Setting the spectrum record length

7KH VSHFWUXP DQDO\]HU WDNHV D QXPEHU RI VDPSOHV WR GHWHUPLQH WKH

IUHTXHQF\ VSHFWUXP RI WKH LQSXW VLJQDO� 7KLV QXPEHU KDV WR EH D SRZHU
RI �� $IWHU WKH ))7 FDOFXODWLRQ� D VSHFWUXP ZLWK KDOI RI WKDW QXPEHU VSHF�

WUDO FRPSRQHQWV LV REWDLQHG� 7KLV QXPEHU RI VSHFWUDO FRPSRQHQWV LV
FDOOHG WKH 5HFRUG OHQJWK�

7R FKDQJH WKH UHFRUG OHQJWK� WZR ZD\V DUH DYDLODEOH� E\ PHDQV RI D

PHQX RU E\ PHDQV RI IXQFWLRQ NH\V�

7R FKDQJH WKH UHFRUG OHQJWK XVLQJ WKH PHQX� HQWHU WKH )UHTXHQF\ D[LV

PHQX DQG VHOHFW WKH 5HFRUG OHQJWK LWHP� $QRWKHU PHQX ZLOO SRS XS�

FRQWDLQLQJ WKH DYDLODEOH UHFRUG OHQJWKV� 7KH )UHTXHQF\ D[LV PHQX FDQ
DOVR EH HQWHUHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU RQH RI WKH

IUHTXHQF\ D[LV FRQWUROV RU UHDG RXWV�

)RU FKDQJLQJ WKH UHFRUG OHQJWK WKH IROORZLQJ IXQFWLRQ NH\V DUH DYDLODEOH�

�F11! 6HOHFW D VKRUWHU UHFRUG OHQJWK
�F12! 6HOHFW D ORQJHU UHFRUG OHQJWK

Note &DOFXODWLQJ D VSHFWUXP LV WLPH FRQVXPLQJ� 7KH WLPH QHHG IRU FDO�
FXODWLQJ D VSHFWUXP LV VWURQJO\ GHSHQGHQW RQ WKH FDOFXODWLQJ SRZHU
RI WKH FRPSXWHU DQG RI WKH VHOHFWHG UHFRUG OHQJWK�

Setting up the FFT

FFT window function

7R UHGXFH 
VPHDULQJ
 HUURUV �6HH :LQGRZLQJ�� D ZLQGRZLQJ IXQFWLRQ FDQ
EH VHOHFWHG�

7R VHOHFW D ZLQGRZLQJ IXQFWLRQ� SUHVV WKH Window EXWWRQ � � RU

VHOHFW WKH LWHP ))7 ZLQGRZ IXQFWLRQ��� IURP WKH 6HWWLQJV PHQX� $ GLDORJ
ZLOO DSSHDU LQ ZKLFK WKH UHTXHVWHG ZLQGRZ FDQ EH VHOHFWHG� $ JUDSKLF

GLVSOD\ ZLOO VKRZ HIIHFW RI WKH ZLQGRZLQJ IXQFWLRQ RQ WKH VDPSOHG VLJQDO�
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7KH DYDLODEOH ZLQGRZ W\SHV DUH�

UHFWDQJXODU �DOO GDWD LV QRW FKDQJHG�

+DQQLQJ �VLQXVRLGDO�
+DPPLQJ �VLQXVRLGDO�

%DUWOHWW �VLQXVRLGDO�
%ODFNPDQ �WULDQJXODU�

3DU]HQ �WULDQJXODU�

Performing measurements

:KHQ DOO VHWWLQJV DUH PDGH� PHDVXUHPHQWV FDQ EH PDGH�

Start and stop measuring

7R DYRLG D QHZ VFUHHQ RI PHDVXUHPHQW GDWD UHSODFLQJ DQ ROG VFUHHQ�
PHDVXULQJ DQ GLVSOD\LQJ RI GDWD FDQ EH VWRSSHG� 7KLV FDQ EH GRQH LQ

VHYHUDO ZD\V� E\ SUHVVLQJ WKH Pause EXWWRQ � �� E\ SUHVVLQJ WKH �S!
NH\ RI E\ DFWLYDWLQJ WKH LWHP 6WRS FRQWLQXRXV PHDVXULQJ IURP WKH 0HDVX�

UHPHQX�
:KHQ PHDVXULQJ LV VWRSSHG� WKH ODWHVW PHDVXUHG GDWD ZLOO UHPDLQ RQ WKH

VFUHHQ� 7KH Pause EXWWRQ FKDQJHV WR D Play EXWWRQ � � DQG WKH One
shot EXWWRQ � � EHFRPHV DYDLODEOH�

7KH PHDVXUHG VLJQDO FDQ QRZ EH H[DPLQHG�

Single measurements

7R SHUIRUP D VLQJOH PHDVXUHPHQW� SUHVV WKH One shot EXWWRQ� SUHVV WKH
�O! NH\ RI DFWLYDWH WKH 3HUIRUP D VLQJOH PHDVXUHPHQW LWHP IURP WKH
0HDVXUH PHQX� :KHQ LQ WKH 6SHFWUXP DQDO\]HU DYHUDJLQJ LV VHOHFWHG�

WKHUH ZLOO EH SHUIRUPHG DV PDQ\ PHDVXUHPHQWV DV WKHUH DUH VHW IRU WKH
DYHUDJLQJ DQG WKHQ PHDVXULQJ ZLOO VWRS�

&RQWLQXRXV PHDVXULQJ FDQ EH VWDUWHG DJDLQ E\ SUHVVLQJ WKH Play EXWWRQ�
WKH �S! NH\ RU WKH LWHP 6WDUW FRQWLQXRXV PHDVXULQJ IURP WKH 0HDVXUH

PHQX� 7KH One shot EXWWRQ ZLOO EH GLVDEOHG DJDLQ�
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Averaging

:KHQ D QRLV\ VLJQDO LV PHDVXUHG� WKH LQIOXHQFH RI WKH QRLVH FDQ EH HOLPL�

QDWHG E\ DYHUDJLQJ VHYHUDO VSHFWUD� 7KH QRLVH FRPSRQHQW�V� ZLOO GLVDSSH�
DU DQG WKH DFWXDO VLJQDO UHPDLQV�

$YHUDJLQJ FDQ EH VZLWFKHG RQ E\ VHOHFWLQJ WKH LWHP 3HUIRUP DYHUDJLQJ RI

IURP WKH 0HDVXUH PHQX� ,Q WKH QH[W PHQX D QXPEHU RI PHDVXUHPHQWV
FDQ EH VHOHFWHG WKDW KDYH WR EH DYHUDJHG� 7KH LWHP � PHDVXUHPHQW ZLOO

VZLWFK RII DYHUDJLQJ�

:KHQ DYHUDJLQJ LV VHW WR H�J� �� PHDVXUHPHQWV DQG WKH VSHFWUXP DQDO\�
]HU LV VHW WR 3DXVH� SUHVLQJ WKH 2QH VKRW EXWWRQ ZLOO UHVXOW LQ WDNLQJ ��

PHDVXUHPHQWV ZKLFK DUH DYHUDJHG

Measuring maximum values

7KH VSHFWUXP DQDO\]HU FDQ EH VHW WR PHDVXUH DQG GLVSOD\ RQO\ WKH PD[L�
PXP YDOXHV RI WKH VSHFWUDO FRPSRQHQWV� $IWHU D QXPEHU RI PHDVXUH�

PHQWV WKH KLJKHVW YDOXH RI HDFK VSHFWUDO FRPSRQHQW LV GLVSOD\HG WKHQ�

7R HQDEOH PHDVXULQJ PD[LPXP YDOXHV� HQWHU WKH 0HDVXUH PHQX DQG
VHOHFW WKH FKRLFH 0HDVXUH PD[ YDOXHV� $ FKHFN PDUN LQ IURQW RI WKH PHQX

LWHP LQGLFDWHV ZKHWKHU PHDVXULQJ PD[LPXP YDOXHV LV VZLWFKHG RQ RU RII�

Note 7KH GLVSOD\ RI PD[LPXP YDOXHV LV UHVHWWHG ZKHQ WKH LQVWUXPHQW
VHWWLQJ FKDQJHV

Hint 7KLV PRGH FDQ EH XVHIXO ZKHQ WKH IUHTXHQF\ UHVSRQVH FKDUDFWH�
ULVWLF RI D GHYLFH QHHGV WR EH GHWHUPLQHG� $SSO\ D IUHTXHQF\ VZHH�

SHG VLJQDO DQG VZLWFK RQ 0HDVXUH PD[ YDOXHV DQG WKH FKDUDFWHULV�
WLF ZLOO EH FUHDWHG�

Measure the Total Harmonic Distortion of a signal

:LWK WKH VSHFWUXP DQDO\]HU LW LV SRVVLEOH WR PHDVXUH WKH 7RWDO +DUPRQLF

'LVWRUWLRQ RI D VLJQDO�
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7KH 7+' LV GHILQHG DV�

ZKHUH 9
�
LV WKH 506 DPSOLWXGH RI WKH EDVH IUHTXHQF\ RI WKH LQSXW VLJQDO�

9
�
�� 9

Q
DUH WKH 506 DPSOLWXGHV RI HDFK KLJKHU KDUPRQLF�

7R PHDVXUH WKH 7+'� HQWHU WKH 0HDVXUH PHQX DQG VHOHFW WKH 7RWDO

+DUPRQLF 'LVWRUWLRQ LWHP RU E\ SUHVVLQJ WKH THD EXWWRQ � �� 7KH

VRIWZDUH ZLOO GHWHUPLQH WKH EDVH IUHTXHQF\ RI WKH VLJQDO E\ DVVXPLQJ WKDW

WKH VSHFWUDO FRPSRQHQW ZLWK WKH ODUJHVW DPSOLWXGH LV WKH EDVH IUHTXHQF\�
7KHQ WKH DPSOLWXGHV RI DOO KLJKHU KDUPRQLFV �XS WR ���� LQ WKH PHDVXUHG

UHFRUG DUH GHWHUPLQHG DQG WKH 7+' LV GHWHUPLQHG�

,Q WKH 7+' RXWSXW ZLQGRZ WKH EDVH IUHTXHQF\ RI WKH VLJQDO LV JLYHQ� WKH
KDUPRQLF GLVWRUWLRQ LQ G% LV JLYHQ DQG D WDEOH ZLWK WKH DPSOLWXGHV RI DOO

XVHG KDUPRQLFV LV JLYHQ� 7KLV LV GRQH IRU DOO DFWLYH FKDQQHOV�

7KH QXPEHU RI KDUPRQLFV WKDW LV XVHG IRU WKH FDOFXODWLRQ GHSHQGV RQ WKH
EDVH IUHTXHQF\� ,I WKH EDVH IUHTXHQF\ LV ORZ� PRUH KDUPRQLFV DUH IRXQG

WKDQ ZKHQ WKH EDVH IUHTXHQF\ LV KLJK� 7KH FDOXODWLRQ URXWLQH ZLOO XVH XS
WR ��� KDUPRQLFV RU XS WR D XVHU GHILQHG QXPEHU� 7KLV XVHU GHILQHG

QXPEHU FDQ EH VHW E\ HQWHULQJ WKH 0HDVXUH PHQX DQG VHOHFWLQJ WKH LWHP
0D[� QXPEHU RI KDUPRQLFV WR XVH� $ QHZ PHQX ZLOO SRS XS ZLWK WKH

SRVVLEOH QXPEHUV�

Performing cursor measurements

/LNH LQ WKH RVFLOORVFRSH� WKH VSHFWUXP DQDO\]HU KDV D VHW RI FXUVRUV WR
SHUIRUP PHDVXUHPHQWV RQ WKH GLVSOD\HG VLJQDOV�

7KH FXUVRUV LQ WKH VSHFWUXP DQDO\]HU ZRUN DOPRVW OLNH LQ WKH RVFLOORVFR�

SH� VR RQO\ WKH GLIIHUHQFHV DUH GLVFXVVHG KHUH� 5HIHU WR FKDSWHU �� WKH
RVFLOORVFRSH� IRU PRUH H[SODQDWLRQ RQ KRZ WR ZRUN ZLWK WKH FXUVRUV�
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Setting up the cursor measurements

:LWK WKH FXUVRUV LW LV SRVVLEOH WR PHDVXUH WKH LQSXW VLJQDO�V� LQ VHYHUDO

ZD\V� 7R VHW XS WKH FXUVRU PHDVXUHPHQWV� SUHVV WKH VHWWLQJV EXWWRQ DW
WKH FXUVRU UHDGRXW ZLQGRZ �WKH ULJKW PRVW EXWWRQ DW WKH OHIW WRS RI WKH

ZLQGRZ FDSWLRQ� $ PHQX DSSHDUV� FRQWDLQLQJ WKH IROORZLQJ RSWLRQV� 7KH
PHQX FDQ DOVR EH FDOOHG E\ SUHVVLQJ WKH ULJKW PRXVH EXWWRQ RYHU WKH

WDEOH�

Time
)UHTXHQF\ OHIW WKH IUHTXHQF\ DW WKH SRVLWLRQ RI WKH OHIW FXUVRU LV

GHWHUPLQHG�
)UHTXHQF\ ULJKW WKH IUHTXHQF\ DW WKH SRVLWLRQ RI WKH ULJKW FXUVRU LV

GHWHUPLQHG�
)UHTXHQF\ GLIIHUHQFH WKH IUHTXHQF\ GLIIHUHQFH EHWZHHQ WKH OHIW DQG

ULJKW FXUVRU LV GHWHUPLQHG�

Voltage
9ROWDJH OHIW� WKH YROWDJH RI WKH OHIW FXUVRU ZLOO EH GLVSOD\HG�

9ROWDJH ULJKW� WKH YROWDJH RI WKH ULJKW FXUVRU ZLOO EH GLVSOD\HG�
9ROWDJH GLIIHUHQFH� WKH GLIIHUHQFH EHWZHHQ WKH YROWDJH RI WKH OHIW DQG

WKH YROWDJH RI WKH ULJKW FXUVRU LV FDOFXODWHG� 6HOHF�
WLQJ WKH PLQ DQG PD[ RI WKH VLJQDO� WKH WRS�WRS

YDOXH LV FDOFXODWHG�

Distortion
7KH 7RWDO +DUPRQLF 'LVWRUWLRQ RI WKH LQSXW VLJQDO LV GHWHUPLQHG� 8S WR

��� KDUPRQLFV DUH XVHG IRU WKH FDOFXODWLRQ

Automatic tracking cursors
,I WKLV RSWLRQ LV HQDEOHG� WKH YROWDJH OHYHOV RI WKH FXUVRUV DUH DXWRPDWLFDOO\

VHW WR WKH YROWDJH OHYHOV RI WKH VDPSOH QXPEHUV ZKLFK FRUUHVSRQG WR WKH
OHIW DQG ULJKW FXUVRU�

Calculate values
,I WKLV RSWLRQ LV GLVDEOHG� QR QHZ FDOFXODWLRQV ZLOO EH GRQH XQWLO WKH RSWLRQ
LV HQDEOHG�
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Show measurement name
Show measured value
Show measurement unit
7R UHGXFH WKH VSDFH XVHG E\ WKH ZLQGRZ RQ WKH VFUHHQ� WKH PHDVXUH�
PHQW QDPH� YDOXH DQG�RU XQLW FDQ EH KLGGHQ� 7KLV UHVXOWV LQ WKH GLVDSHD�

UDQFH RI WKH FRUUHVSRQGLQJ FROXPQ ZKLFK UHVXOWV LQ D VPDOOHU ZLQGRZ�

Display font
%\ VHOHFWLQJ WKLV RSWLRQ� WKH IRQW ZKLFK LV XVHG WR GLVSOD\ WKH VWULQJV DQG

YDOXHV FDQ EH FKDQJHG� 7KH IRQW VHWWLQJV ZKLFK FDQ EH FKDQJHG DUH� IRQW
QDPH� IRQW VW\OH� IRQW VL]H DQG WKH IRQW FRORU�

Background color
%\ VHOHFWLQJ WKLV RSWLRQ� WKH EDFNJURXQG FRORU FDQ EH FKDQJHG� 6RPH
IRQW FRORUV OLNH H�J� OLJKW JUHHQ DUH QRW VKRZLQJ XS YHU\ JRRG RQ D ZKLWH

EDFNJURXQG� &KDQJH WKH EDFNJURXQG FRORU WR� H�J� EODFN IRU D EHWWHU
UHVXOW�
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,I \RX KDYH DQ\ VXJJHVWLRQV DQG�RU UHPDUNV UHJDUGLQJ WKLV SURJUDP RU WKH

PDQXDO� SOHDVH FRQWDFW�
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