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Chapter 9  
SIGNALS and NOISE 
 

 
 

Some radio astronomer boys 
Heard the Spice Girls through one of their toys 
But amid "oohs" and "aahs" 
"We’ve found life in the stars!" 
..was it signal, or merely some noise? 
 
 
Signals revisited.  
,Q�JHQHUDO��ZH�UHJDUG�D�VLJQDO�DV�VLPSO\�D�YROWDJH�RU�FXUUHQW�ZKLFK�YDULHV�
VRPH�ZD\�ZLWK� WLPH�� ,Q� DQ� HDUOLHU� VHFWLRQ� RI� WKH� QRWHV� VRPH� W\SHV� �DQG�
VRXUFHV��RI�HOHFWULFDO�VLJQDOV�ZHUH�EULHIO\�GLVFXVVHG��,Q�JHQHUDO��ZH�WHQG�WR�
PHHW�WZR�W\SHV�RI�VLJQDO��
�
�D�� 7KRVH�ZKLFK� DUH� DUWLILFLDOO\� JHQHUDWHG� DQG� SXUSRVHO\� FRQVLVW� RI� VRPH�
VRUW� RI� UHJXODU�� �RU�DW� OHDVW�SUHGHWHUPLQHG��SDWWHUQ�RI�YROWDJH�RU�FXUUHQW���
6RXUFHV� RI� VLJQDOV� VXFK� DV� WKHVH� DUH� XVXDOO\� UHIHUUHG� WR� DV� VLJQDO�
JHQHUDWRUV��RU�RVFLOODWRUV��GHSHQGLQJ�RQ�WKH�FRQWH[W�LQ�ZKLFK�WKH\�DUH�XVHG��
7KHVH�VLJQDOV�PLJKW�EH�XVHG�IRU�WHVW�SXUSRVHV��VXFK�DV�PHDVXULQJ�WKH�JDLQ�
RI� DQ� DPSOLILHU��� DV� SDUW� RI� D� ODUJHU� V\VWHP� IRU� SURFHVVLQJ� VLJQDOV� �IRU�
H[DPSOH��DV�SDUW�RI�D�UDGLR�UHFHLYHU���RU�SHUKDSV�DV�DQ�LQIRUPDWLRQ�FDUULHU�
�ZKHUH� DQRWKHU� LQIRUPDWLRQ�FRQWDLQLQJ� VLJQDO� LV� �SLJJ\�EDFNHG�� RQWR� LW�
XVLQJ�PRGXODWLRQ��� 7KHVH� ODVW� WZR� FDVHV� ZLOO� EH� ORRNHG� DW� D� OLWWOH� PRUH�
FORVHO\�LQ�ODWHU�FKDSWHUV���
�
�E�� 7KRVH�ZKLFK� FDUU\� LQIRUPDWLRQ�� ([DPSOHV� RI� WKLV�PLJKW� EH� D� YROWDJH�
IURP� D� PLFURSKRQH�� WKH� VLJQDO� UHFHLYHG� E\� \RXU� WHOHYLVLRQ� DQWHQQD�� WKH�
RXWSXW� VLJQDO� IURP� \RXU� 9&5�� RU� WKH� RXWSXW� RI� D� WHPSHUDWXUH� VHQVRU� LQ�
\RXU�FDU�HQJLQH���
�
,QIRUPDWLRQ�FDUU\LQJ� VLJQDOV� DUH� XVXDOO\� WKH�PRVW� LQWHUHVWLQJ� WR� XV�� DQG�
ZH�RIWHQ�QHHG�WR�NQRZ�ZKDW�OLPLWDWLRQV�H[LVW�LQ�WKHLU�LQIRUPDWLRQ�FRQWHQW��
2QH�VXFK�OLPLWDWLRQ�ZH�KDYH�DOUHDG\�PHW�LV�WKDW�RI�EDQGZLGWK�¥WKH�UDQJH�
RI�IUHTXHQFLHV�SUHVHQW�LQ�D�VLJQDO��6R��IRU�H[DPSOH��WKH�VLJQDOV�LQ�WHOHSKRQH�
V\VWHPV�DUH�GHOLEHUDWHO\�UHVWULFWHG�WR�D�IUHTXHQF\�UDQJH�RI�DERXW�����+]�WR�
����� +]� LQ� RUGHU� WR� FRQVHUYH� EDQGZLGWK� ZLWKRXW� FRPSURPLVLQJ� YRLFH�
LQWHOOLJLELOLW\� WRR�PXFK��&RPSDUH� WKLV�ZLWK� WKH� VLJQDO� UHFRUGHG�RQ�D�&'��
ZKLFK�FDQ�LQFOXGH�IUHTXHQFLHV�IURP�DERXW����+]�WR����N+]��
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�


$VLGH����6LJQDO�EDQGZLGWK�YV�LQIRUPDWLRQ�FDSDFLW\��
�
6RPH� RI� \RX� PD\� EH� DZDUH� WKDW� FRPSXWHU� PRGHPV� IRU� XVH� RQ�
QRUPDO�WHOHSKRQH�OLQHV�FDQ�WUDQVPLW�XS�WR�DERXW�������ELWV�VHFRQG�
RI�LQIRUPDWLRQ��+RZ�LV�WKLV�SRVVLEOH�ZLWK�D�EDQGZLGWK�RI�RQO\�DERXW�
����N+]"�7KH�DQVZHU�LV�UDWKHU�FRPSOLFDWHG��EXW�LQ�HVVHQFH�\RX�FDQ
W�
GLUHFWO\� HTXDWH� WKH� EDQGZLGWK� RI� D� VLJQDO� RU� D� V\VWHP� ZLWK� WKH�
QXPEHU� RI� ELWV� RI� LQIRUPDWLRQ� \RX� FDQ� VHQG� HDFK� VHFRQG�� $W� DQ\�
LQVWDQW�RI�WLPH��WKH�YDOXH�RI�WKH�YROWDJH�RU�FXUUHQW�LQ�WKH�VLJQDO�FDQ�
DFWXDOO\� UHSUHVHQW� PRUH� WKDQ� RQH� ELW� RI� LQIRUPDWLRQ� ¥DW� OHDVW� WR�
VXIILFLHQW�DFFXUDF\�WR�PDNH�WKH�ZKROH�WKLQJ�ZRUN��
 

 
 
Noise  
%XW� WKHUH� DUH� RWKHU� OLPLWDWLRQV�� 7KH� PRVW� LPSRUWDQW� RI� WKHVH� LV� WKH�
SUHVHQFH�RI�XQZDQWHG�QRLVH�DORQJ�ZLWK�WKH�VLJQDO��1RLVH�LV�EHVW�WKRXJKW�RI�
DV�DQ�LQWHUIHULQJ�EDFNJURXQG�VLJQDO�ZKLFK�LV�SUHVHQW�DORQJ�ZLWK�WKH�VLJQDO�
WKDW�ZH�KDSSHQ�WR�EH�LQWHUHVWHG�LQ��(YHQ�LI�DOO�WKH�IUHTXHQFLHV�SUHVHQW�LQ�D�
VLJQDO� DUH� SUHVHUYHG� ZKHQ� LW� LV� WUDQVPLWWHG� IURP� RQH� SODFH� WR� DQRWKHU��
QRLVH� ZLOO� XOWLPDWHO\� OLPLW� WKH� DFFXUDF\� ZLWK� ZKLFK� WKH� RULJLQDO�
LQIRUPDWLRQ�FDQ�EH�H[WUDFWHG�ZKHQ�LW�LV�UHFHLYHG� 
 
,Q� WKH� FDVH� RI� VRXQG�� WKLV� VRUW� RI� VLWXDWLRQ� LV� SUREDEO\� QRW�XQIDPLOLDU� WR�
\RX��,I�\RX�DUH�OLVWHQLQJ�WR�\RXU�ZDONPDQ�RQ�D�EXV\�VWUHHW�FRUQHU��LW�PD\�
EH�GLIILFXOW�WR�XQGHUVWDQG�DOO�RI�WKH�VRQJ�O\ULFV�LI�WKH�WUDIILF�LV�KHDY\��,I�\RX�
DUH�ZDWFKLQJ�79�DQG�\RXU�OLWWOH�EURWKHU�RU�VLVWHU�LQVLVWV�RQ�WXUQLQJ�XS�WKH�
VWHUHR� V\VWHP� WR� FRPSHWH�� \RX�ZLOO� KDYH�QR�KHVLWDWLRQ� LQ� WHOOLQJ� WKHP� WR�
�WXUQ� GRZQ� WKDW� QRLVH���� �7KLV�� LQFLGHQWDOO\�� LOOXVWUDWHV� DQRWKHU� SRLQW��
7KHUH�DUH�VRPH�VLWXDWLRQV�ZKHUH��RQH�SHUVRQ
V�VLJQDO�LV�DQRWKHU�SHUVRQ
V�
QRLVH��� VLQFH� WR� OLWWOH� EURWKHU�VLVWHU� \RXU�79�SURJUDP� LV� SUREDEO\� MXVW� DV�
DQQR\LQJ�� ,QGHHG�� WKHUH� DUH� VRPH� PXOWL�XVHU� FRPPXQLFDWLRQV� V\VWHPV�
ZKHUH�WKLV�SULQFLSOH�LV�GHOLEHUDWHO\�H[SORLWHG���
�
7KHUH� DUH�PDQ\� VRXUFHV� RI�QRLVH�ZKLFK� FDQ� LQWHUIHUH�ZLWK� RWKHU� VLJQDOV��
6RPH� RI� WKHVH� RULJLQDWH� LQ� RWKHU� HTXLSPHQW�� 6RPH� H[DPSOHV� DUH� FDU�
LJQLWLRQ�QRLVH��ZKLFK�\RX�PD\�RIWHQ�KHDU�RQ�\RXU�$0�FDU�UDGLR�ZKHQ�\RX�
DUH�LQ�D�WXQQHO��RU�LQWHUIHULQJ�QRLVH�UDGLDWHG�IURP�D�FRPSXWHU��WU\�SXWWLQJ�
D� SRUWDEOH� $0� UDGLR� QH[W� WR� \RXU� 3&��� :KHUH� LQWHUIHULQJ� QRLVH� RFFXUV�
WKURXJK� UDGLR� IUHTXHQF\�UDGLDWLRQ�� LW� LV�NQRZQ�FROOHFWLYHO\�DV�5),� �UDGLR�
IUHTXHQF\� LQWHUIHUHQFH���+RZHYHU�� WKHUH�DUH� DOVR�PDQ\�QDWXUDO� VRXUFHV� RI�
QRLVH��)RU�H[DPSOH��DQ�$0�UDGLR�ZLOO�RIWHQ�FUDFNOH�GXH�WR�GLVWDQW�OLJKWQLQJ�
�EXW�QRWH�WKDW�)0�UDGLR�WUDQVPLVVLRQV�DUH�D�ORW�PRUH�UHVLVWDQW�WR�WKLV�W\SH�
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RI�LQWHUIHUHQFH���
�
2QH� RI� WKH�PRVW� LPSRUWDQW� W\SHV� RI�QDWXUDO� HOHFWULFDO� QRLVH� RFFXUV� LQ�DOO�
HOHFWURQLF�FLUFXLWV��7KLV�LV�NQRZQ�DV�WKHUPDO�RU�-RKQVRQ�QRLVH�DQG�LV�GXH�
WR� WKH� XQDYRLGDEOH� UDQGRP� MLJJOLQJ� RI� HOHFWURQV� LQ� D� FRQGXFWRU�� ,W� KDV�
SRZHU�DW�DOO� IUHTXHQFLHV��DQG�DV� WKH�WHPSHUDWXUH�ULVHV��VR�GRHV�WKH�QRLVH�
OHYHO��WKH�RQO\�ZD\�WR�UHPRYH�LW�HQWLUHO\�LV�WR�FRRO�D�FLUFXLW�WR�DEVROXWH�]HUR�
WHPSHUDWXUH� �DERXW� ����� GHJUHHV� &HOVLXV��� $QRWKHU� IXQGDPHQWDO� W\SH� RI�
QRLVH� �VKRW� QRLVH�� LV� GXH� WR� WKH� IDFW� WKDW� HOHFWULFDO� FXUUHQW� LV� QRW� D�
FRQWLQXRXV�IOXLG��EXW�GLVFUHWH�HOHFWURQV��<RX�FDQ�WKLQN�RI�WKLV�DV�EHLQJ�WKH�
GLIIHUHQFH� EHWZHHQ� ZDWHU� DQG� VDQG� IORZLQJ� WKURXJK� D� SLSH� ¥IRU� ODUJH�
FXUUHQWV�WKH\�EHKDYH�IDLUO\�VLPLODUO\��EXW�IRU�YHU\�VPDOO�FXUUHQWV�WKH�VDQG�
IORZ�LV�UHODWLYHO\�PXFK�PRUH��JUDLQ\����
�
%RWK� WKHUPDO�DQG�VKRW�QRLVH�VKRZ�WKHPVHOYHV�DV�D�EDFNJURXQG��KLVV���RI�
WKH� VRUW� WKDW� PRVW� )0� UDGLRV� SURGXFH� ZKHQ� WKH\� DUH� WXQHG� EHWZHHQ�
VWDWLRQV��$�W\SLFDO�ZDYHIRUP�IRU�WKHVH�W\SHV�RI�QRLVH�LV�LOOXVWUDWHG�EHORZ��LW�
LV�HVVHQWLDOO\�UDQGRP��DQG�DOWKRXJK�ZH�ZRQ
W�H[DPLQH�LW�DQ\�IXUWKHU�KHUH��
LWV� VWDWLVWLFDO� SURSHUWLHV� DUH� LPSRUWDQW� LQ�GLJLWDO� FRPPXQLFDWLRQV��ZKLFK�
ZH�ZLOO�ORRN�DW�EULHIO\�LQ�D�ODWHU�FKDSWHU���
�

�
)LJXUH������$�W\SLFDO�QRLVH�YROWDJH�ZDYHIRUP�ZKLFK�PLJKW�EH�

GXH�WR�WKHUPDO�QRLVH��
�
$� VRPHZKDW�GLIIHUHQW� W\SH� RI� QRLVH� LV� SUHVHQW� LQ� V\VWHPV�ZKLFK� VWRUH� RU�
WUDQVPLW�DQDORJ�VLJQDOV�LQ�GLJLWDO�IRUP��VXFK�DV�&'�SOD\HUV��DQG�HYHQ�\RXU�
RUGLQDU\� WHOHSKRQH� V\VWHP�� $V� VKRZQ� LQ� WKH� GLDJUDP� EHORZ�� DQ� DQDORJ�
VLJQDO�FDQ�EH�DSSUR[LPDWHG�E\�D�VHULHV�RI�GLVFUHWH�YROWDJH�VWHSV�LQ�WLPH�RU�
TXDQWLVHG�� UDWKHU� WKDQ� EHLQJ� VPRRWK� �DV� LW� ZRXOG� KDYH� EHHQ� ZKHQ� LW�
RULJLQDWHG�LQ��IRU�H[DPSOH��D�PLFURSKRQH���,W�LV�DFWXDOO\�TXLWH�UHDVRQDEOH�WR�

 

 

 

 

 

 

 

 

 

     

Voltage 

Time 
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UHJDUG� WKLV� VWDLUFDVH�OLNH� ZDYHIRUP� DV� EHLQJ� WKH� VDPH� DV� WKH� RULJLQDO�
VLJQDO��EXW�ZLWK�WKH�DGGLWLRQ�RI�D�QRLVH�OLNH�FRPSRQHQW��L�H��WKH��VWHSV���GXH�
WR�TXDQWLVDWLRQ��DQG�WKLV�TXDQWLVDWLRQ�QRLVH�PD\�LQ�PRVW�FDVHV�EH�WUHDWHG�
OLNH�RWKHU�IRUPV�RI�EDFNJURXQG�QRLVH��
�

�
)LJXUH�������$�TXDQWLVHG�VLJQDO�DSSHDUV�WR�EH�D��QRLV\��YHUVLRQ�RI�WKH�

RULJLQDO�
�

�


$VLGH����:KDW�LV�PHDQW�E\�WKH�WHUPV�§DQDORJ¨�DQG�§GLJLWDO¨"�
�
7KLV�TXHVWLRQ�ZLOO�DULVH�DJDLQ�LQ�D�ODWHU�FKDSWHU��ZKHQ�ZH�ORRN�DW�
GLJLWDO�FLUFXLWV�DQG�VLJQDOV��)XQGDPHQWDOO\��DQ�DQDORJ�VLJQDO�KDV�D�
FRQWLQXRXV� UDQJH� RI� SRVVLEOH� YDOXHV� �IRU� H[DPSOH�� D� SDUWLFXODU�
YROWDJH�PLJKW� OLH� DQ\ZKHUH� EHWZHHQ� ���� YROWV� DQG� ���� YROWV���2Q�
WKH� RWKHU� KDQG�� D� GLJLWDO� VLJQDO� FDQ� RQO\� KDYH� D� FHUWDLQ� OLPLWHG�
QXPEHU�RI�YDOXHV� �IRU�H[DPSOH��WKLV�PLJKW�EH� ����������������������
YROWV���:KHQ� DQ� DQDORJ� TXDQWLW\� LV� DSSUR[LPDWHG� E\� WKH� §FORVHVW¨�
GLJLWDO�YDOXH�WKDW�D�V\VWHP�FDQ�SURYLGH��LW�LV�VDLG�WR�EH�TXDQWLVHG���
 

 
�
Signal-to-noise Ratio 
$OO�VLJQDOV�ZLOO��LQ�SUDFWLFH��EH�FRUUXSWHG�E\�QRLVH�WR�VRPH�GHJUHH��ZKDW�ZH�
DUH� RIWHQ� LQWHUHVWHG� LQ� LV�� E\� KRZ� PXFK�� DQG� KRZ� LPSRUWDQW� LV� WKLV�
FRUUXSWLRQ"�7KH� DQVZHU� WR� WKH� VHFRQG� TXHVWLRQ�GHSHQGV� RQ� H[DFWO\�ZKDW�
ZH�ZDQW�WR�GR�ZLWK�WKH�VLJQDO��EXW�XVXDOO\�LWªV�WKH�UDWLR�RI�WKH�VLJQDO�WR�WKH�
QRLVH� WKDWªV� LPSRUWDQW�� �$V� IRU� WKH�ILUVW�TXHVWLRQ��ZH�FDQ�XVXDOO\�PDNH�D�
PHDVXUHPHQW�DQG�H[SUHVV�WKH�UHVXOW�LQ�D�VWDQGDUG�ZD\���
�
7KH�VLJQDO�WR�QRLVH�UDWLR��RIWHQ�DEEUHYLDWHG�WR�6�1�UDWLR�RU�615��RI�D�
VLJQDO�LV�JLYHQ�E\�
�
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�
amplitude noise

amplitude signal
   ratioS/N = �

�
DQG�LV�XVXDOO\�H[SUHVVHG�LQ�GHFLEHOV��VR�WKDW�LI�WKH�DPSOLWXGHV�DUH�YROWDJHV�
RU�FXUUHQWV��WKHQ�
�

� 



=

amplitude noise

amplitude signal
log 20  dB) (in ratioS/N 10 �

�
ZKHUH�DOO�WKH�DPSOLWXGHV�DUH�XVXDOO\�PHDVXUHG�DV�UPV�YDOXHV��
�
7KH�GLDJUDP�EHORZ�LOOXVWUDWHV�D�VLQH�ZDYH�VLJQDO�ZLWK�QRLVH�DGGHG��+HUH�
WKH�VLJQDO�DQG�QRLVH�DPSOLWXGHV�DUH�DERXW���9�DQG��9�UPV�UHVSHFWLYHO\��VR�
WKDW�WKH�UHVXOWLQJ�6�1�UDWLR�LV�DERXW�����RU����G%�

��
)LJXUH�������1RLVH�DGGHG�WR�D�VLQH�ZDYH�VLJQDO��,Q�WKLV�FDVH�WKH�UHVXOWLQJ�

6�1�UDWLR�LV�DERXW���������G%���
�

 

Signa l 

Noise  

Signa l + noise  
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([DPSOH������:KDW�LV�WKH�6�1�UDWLR�LQ�G%�RI�WKH�VLJQDO�UHFHLYHG�E\�D�UDGLR�
UHFHLYHU�LI�WKH�YROWDJH�DW�WKH�LQSXW�RI�WKH�UDGLR�LV���P9�UPV�DQG�WKH�QRLVH�
FRQWULEXWHG�E\�WKH�UHFHLYHU�LV���µ9�UPV"��$VVXPH�WKDW�WKH�UHFHLYHU�LV�WKH�
RQO\�VRXUFH�RI�QRLVH���
�
$QVZHU����6�1�UDWLR��LQ�G%�� ����ORJ

��
���P9������µ9�� ����G%�

�
([DPSOH������.$26�SODFHV�D�KLGGHQ�PLFURSKRQH�LQ�D�URRP�WR�HDYHVGURS�
RQ�D� FRQYHUVDWLRQ�� ,Q� WKH�PLGGOH� RI�D� FRFNWDLO� SDUW\�� WKH�XQZDQWHG�QRLVH�
OHYHO�LV�GHWHUPLQHG�E\�WKH�EDFNJURXQG�FRQYHUVDWLRQ�QRLVH��7KLV��SURGXFHV�
DQ� RXWSXW� YROWDJH� RI� ����P9�� 7KH� YRLFH� RI� DJHQW� ��� VWDQGLQJ� QHDUE\� LV�
SLFNHG�XS�DW�D�OHYHO�RI�DERXW���YROW��:KDW�LV�WKH�6�1�UDWLR�LQ�G%"�
�
$QVZHU����6�1�UDWLR��LQ�G%�� ����ORJ

��
�������P9���������P9�� ������G%�

�
Dynamic Range 
$�FORVHO\�UHODWHG�WHUP��DQG�VRPHWLPHV�FRQIXVHG�ZLWK�6�1�UDWLR��DOWKRXJK�
VOLJKWO\�GLIIHUHQW��LV�WKH�G\QDPLF�UDQJH�RI�D�VLJQDO�RU�RI�D�V\VWHP�FDUU\LQJ�
D� VLJQDO�� /LNH� 6�1� UDWLR�� WKH� G\QDPLF� UDQJH� LV� DOVR�XVXDOO\� H[SUHVVHG� LQ�
GHFLEHOV��,W�LV�GHILQHG��RIWHQ�VRPHZKDW�ORRVHO\��LQ�WKH�IROORZLQJ�ZD\��
�
)RU�D�VLJQDO��

��
amplitude signalsmallest 

amplitude signallargest 
    range dynamic = ��

WKDW�LV��D�PHDVXUH�RI�WKH�UDWLR�RI�§ORXGHVW¨�WR�§VRIWHVW¨��
�
)RU�D�V\VWHP��

�
amplitude signal detectablesmallest 

amplitude signal possiblelargest 
    range dynamic = ��

ZKHUH� WKH�DPSOLWXGH�RI� WKH� ODUJHVW�SRVVLEOH� VLJQDO� LV�XVXDOO\� WDNHQ�WR�EH�
WKDW� RI� D� VLQH� ZDYH� MXVW� ODUJH� HQRXJK� VR� WKDW� FOLSSLQJ� �RU� DW� OHDVW�
VLJQLILFDQW� GLVWRUWLRQ�� RFFXUV�� ZKLOH� RIWHQ� WKH� VPDOOHVW� GHWHFWDEOH� VLJQDO�
DPSOLWXGH�LV�WDNHQ�WR�EH�HTXDO�WR�WKH�DPSOLWXGH�RI�WKH�QRLVH���
�
)RU� D� GLJLWDO� V\VWHP�� ZKHUH� YROWDJHV� DUH� UHSUHVHQWHG� E\� QXPEHUV�� WKH�
G\QDPLF�UDQJH�FDQ�EH�URXJKO\�GHILQHG�DV�WKH�UDWLR�RI�WKH�ODUJHVW�SRVVLEOH�
YROWDJH� VWHS�ZKLFK� FDQ� EH� UHSUHVHQWHG� WR� WKDW� RI� WKH� VPDOOHVW� VWHS��7KLV�
UDWLR�GHSHQGV�RQ�WKH�QXPEHU�RI�ELWV�XVHG�WR�UHSUHVHQW�HDFK�YROWDJH�����ELWV�
DUH� XVHG� LQ� VWDQGDUG� &'V�� IRU� H[DPSOH��� )RU� D� V\VWHP� XVLQJ� Q� ELWV� WKH�
UHVXOW�LV��
�
� G\QDPLF�UDQJH��� � ≅ ��Q�� RU�
� G\QDPLF�UDQJH�LQ�G%�� ≅����×�Q�G%��
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�
([DPSOH� ����� $� PLFURSKRQH� ZLWK� LQEXLOW� DPSOLILHU�� DV� XVHG� LQ� D� WDSH�
UHFRUGHU��KDV�DQ�RXWSXW�QRLVH� OHYHO�LQ�D�YHU\�TXLHW�URRP��WKDW� LV��ZLWK�QR�
VLJQDO�� RI� DERXW� ��µ9� UPV�� 7KH�PD[LPXP� RXWSXW� OHYHO� LV� DERXW� � ���P9�
UPV� EHIRUH� VHYHUH� GLVWRUWLRQ� RFFXUV�� :KDW� G\QDPLF� UDQJH� GRHV� WKLV�
UHSUHVHQW"�
�
$QVZHU����7KH�G\QDPLF�UDQJH�LV�����P9�������µ9�� ��������LQ�YROWDJH��
�
� �����([SUHVVHG�LQ�GHFLEHOV��WKLV�LV����ORJ

��
��������� ����G%��

�
([DPSOH�������:KDW�ZRXOG�EH�WKH�DSSUR[LPDWH�G\QDPLF�UDQJH�RI�D�GLJLWDO�
DXGLR�UHFRUGLQJ�V\VWHP�ZKLFK�XVHG����ELWV"�
�
$QVZHU����7KH�G\QDPLF�UDQJH�LV��Q� ����� ������LQ�YROWDJH��
�
� �����([SUHVVHG�LQ�GHFLEHOV��WKLV�LV���×�Q� ����G%��
�
�
:KDW� W\SLFDO� YDOXHV� ZRXOG� ZH� H[SHFW� IRU� WKH� G\QDPLF� UDQJH� RI� YDULRXV�
V\VWHPV"�7KH�WDEOH�EHORZ�VKRZV�VRPH�H[DPSOHV� 
 

Signal or system Typical 
dynami
c range 

Lower limit set by Upper limit set by 

VCR (vision) signal 40 dB tape noise tape magnetic saturation 
Vinyl record 45 dB surface noise groove spacing 
Cassette tape 50 dB tape noise tape magnetic saturation 
Compact disc >90 dB quantisation process  (16 bits) 
Human hearing 120 dB random motion of air 

molecules hitting ear 
drum 

pain and damage 

Good audio 
amplifier 

>120 dB thermal noise in circuit power supply voltage 

�
7DEOH������7\SLFDO�G\QDPLF�UDQJHV�RI�VRPH�FRPPRQ�V\VWHPV�

�
7KH�WDEOH�VKRZV�RQH�UHDVRQ�ZK\�LW�LV�QRW�SRVVLEOH�WR�PDNH�FORVH�WR�SHUIHFW�
FRSLHV�RI� \RXU�&'V�RQ� FDVVHWWH� WDSHV��ZKRVH�G\QDPLF�UDQJH� LV�PXFK� OHVV�
WKDQ� WKH� RULJLQDO� &'�� ,I� \RX� DUUDQJH� WKH� UHFRUGLQJ� OHYHO� VR� WKDW� WKH�
PD[LPXP� SRVVLEOH� VLJQDO� DPSOLWXGH� RQ� ERWK� V\VWHPV� FRUUHVSRQGV�� WKH�
EDFNJURXQG� WDSH� QRLVH� ZLOO� VZDPS� VRIW� VRXQGV� UHFRUGHG� RQ� WKH� &'��
FRQYHUVHO\��LI�\RX�DUUDQJH�LW�VR�WKDW�WKH�QRLVH�OHYHO�RI�ERWK�LV�FRPSDUDEOH��
WKH�WDSH�ZLOO�EH�VHYHUHO\�RYHUORDGHG�RQ�ORXG�SDVVDJHV��
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6RPH�DGGLWLRQDO�SRLQWV��
�
• 1RWH� WKH� UHODWLRQVKLS� EHWZHHQ� WZR� SDUWLFXODU� TXDQWLWLHV�� 6�1� UDWLR� LV�
DOZD\V�D�SURSHUW\��RI�D�SDUWLFXODU�VLJQDO��ZKLOH�WKH�G\QDPLF�UDQJH�RI�D�
V\VWHP�UHDOO\�LQGLFDWHV�WKH�PD[LPXP�SRVVLEOH�6�1�UDWLR�IRU�D�VLJQDO�
SDVVLQJ� WKURXJK� WKDW� V\VWHP�� 9HU\� RIWHQ� PDQXIDFWXUHUV� RI� DXGLR� RU�
YLGHR�HTXLSPHQW�TXRWH��6�1�UDWLR��ILJXUHV�ZKLFK��VWULFWO\�VSHDNLQJ��UHIHU�
WR�WKH�G\QDPLF�UDQJH��WKDW�LV��WKH�EHVW�DWWDLQDEOH�6�1�UDWLR���

�
• 7KH� G\QDPLF� UDQJH� RI� D� VLJQDO� LQGLFDWHV� KRZ� PXFK� WKH� DPSOLWXGH�
YDULHV� RYHU� WLPH�� $� JRRG� H[DPSOH� RI� WKLV� LV� WKH� VRXQG� LQ� 79�
FRPPHUFLDOV��ZKLFK�RIWHQ��LQ�OLQH�ZLWK�DGYHUWLVLQJ��EHVW�SUDFWLFH�����RQO\�
KDV�D�UDQJH�RI��YHU\� ORXG��WR��H[WUHPHO\�ORXG���:H�ZRXOG�VD\�WKDW�WKLV�
VLJQDO�KDV�D�UHODWLYHO\�VPDOO�G\QDPLF�UDQJH��7KH�VDPH�ZRXOG�EH�WUXH�RI�
FHUWDLQ� W\SHV� RI� URFN�PXVLF�� ZKLOH� FODVVLFDO� RUFKHVWUDO�PXVLF� WHQGV� WR�
KDYH� D� ODUJH� G\QDPLF� UDQJH�� ,Q� IDFW�� LW� LV� QRUPDO� SUDFWLFH� LQ� VRXQG�
EURDGFDVWLQJ�WR�GHOLEHUDWHO\�SURFHVV�DXGLR�VLJQDOV�VR�WKDW�WKHLU�G\QDPLF�
UDQJH� LV� UHGXFHG�� VLQFH� WKH� G\QDPLF� UDQJH� RI� UDGLR� EURDGFDVWLQJ�
V\VWHPV��SDUWLFXODUO\�$0��LV�OLPLWHG�WR�VRPH�GHJUHH��7KLV�WHFKQLTXH�LV�
UHIHUUHG� WR� DV� FRPSUHVVLRQ� �QRW� WR� EH� FRQIXVHG� ZLWK� GLJLWDO� GDWD�
FRPSUHVVLRQ��ZKLFK�ZLOO�EH�H[SODLQHG�LQ�D�ODWHU�FKDSWHU�� 
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Preface to Chapters 10 to 12 
WIRED and WIRELESS SIGNAL TRANSMISSION 
�
�
,Q�WKHVH�QH[W�IHZ�FKDSWHUV�ZH�ZLOO�ORRN�DW�VRPH�RI�WKH�SULQFLSOHV�LQYROYHG�
LQ� VHQGLQJ� VLJQDOV� EHWZHHQ� WZR� ORFDWLRQV�� 7KLV� LV� UHIHUUHG� WR� DV� VLJQDO�
WUDQVPLVVLRQ��UHJDUGOHVV�RI�ZKDWHYHU�H[DFW�WHFKQLTXHV�DUH�XVHG��
�
Wired Signal Transmission 
6R�IDU�ZH�KDYH�GHDOW�ZLWK�HOHFWULFDO�VLJQDOV�RFFXUULQJ�LQ�FLUFXLWV�ZKHUH�WKH�
YDULRXV�FRPSRQHQWV�DUH�GLUHFWO\�FRQQHFWHG�WRJHWKHU��,I�ZH�ZDQW�WR�DQDO\VH�
D�FLUFXLW��ZH�PLJKW�DSSO\�2KP
V�RU�.LUFKKRII
V�/DZV�RU�ZKDWHYHU�KDSSHQV�
WR�EH�PRVW�XVHIXO�RU�DSSURSULDWH�LQ�WKH�VLWXDWLRQ��%XW�ZKDW�KDSSHQV�LI�SDUW�
RI�D�FLUFXLW�LV�VRPHZKHUH�HOVH"��
�
6XSSRVH�ZH�KDYH� D� UHVLVWRU� ����PHWUHV�DZD\�FRQQHFWHG�E\� ORQJ� OHDGV� LQ�
VHULHV�ZLWK�RXU�PDLQ�FLUFXLW���:HOO��HYHU\WKLQJ�VWLOOV�ZRUNV�SUHWW\�PXFK�DV�
LI�WKH�UHVLVWRU�ZHUH�QHDUE\�DQG�LI�ZH�VD\��FKDQJH�WKH�FXUUHQW�LQ�WKH�FLUFXLW��
DQG�KHQFH�WKURXJK�WKH�GLVWDQW�UHVLVWRU��WKH�YROWDJH�DFURVV�WKH�UHVLVWRU�ZLOO�
FKDQJH� DSSURSULDWHO\�� :H� DUH� LQ� HIIHFW� WUDQVPLWWLQJ� D� VLJQDO� �WKDW� LV�� D�
FKDQJH� LQ� YROWDJH� RU� FXUUHQW�� EHWZHHQ� RXU� PDLQ� FLUFXLW� DQG� D� GLVWDQW�
ORFDWLRQ��,Q�WKLV�FDVH�ZH�DUH�GRLQJ�LW�YLD�D�ZLUHG�FRQQHFWLRQ�¥WKDW�LV��WKHUH�
LV� VRPH� VRUW� RI� GLUHFW� SK\VLFDO� FRQQHFWLRQ� EHWZHHQ� RXU� WUDQVPLWWHU� �WKH�
PDLQ� FLUFXLW�¥ZKHUH� WKH�VLJQDO�RULJLQDWHV��DQG�WKH�UHFHLYHU� �WKH�UHVLVWRU����
7KH\�DUH��LQ�IDFW��SDUW�RI�WKH�VDPH�FLUFXLW��DQG�DW�OHDVW�WZR�ZLUHV�PXVW�EH�
LQYROYHG��WR�DOORZ�D�UHWXUQ�SDWK�IRU�WKH�WUDQVPLWWHU�FXUUHQW�WR�IORZ��
�
<RX�DUH� OLNHO\� WR� HQFRXQWHU�H[DPSOHV� RI�ZLUHG� VLJQDO� WUDQVPLVVLRQ�HYHU\�
GD\��$Q\�WZR�V\VWHPV�ZKLFK�SDVV�LQIRUPDWLRQ�E\�ZLUHV�RU�FDEOHV��D�JHQHUDO�
WHUP�ZKLFK� LQFOXGHV�PXOWLSOH�ZLUHV�� RU� EDVLFDOO\� DQ\WKLQJ�PRUH� FRPSOH[�
WKDQ�D�VLQJOH�ZLUH��XVH�WKLV�PHWKRG��6RPH�H[DPSOHV�PLJKW�EH��
�

• $�QRUPDO��QRW�PRELOH��WHOHSKRQH�FRQQHFWLRQ� 
• $�FRQQHFWLRQ�EHWZHHQ�D�&'�SOD\HU�DQG�DXGLR�DPSOLILHU��
• $�FRQQHFWLRQ�EHWZHHQ�D�79�DQWHQQD�DQG�79�VHW��
• $�FRQQHFWLRQ�EHWZHHQ�D�FRPSXWHU�DQG�PRXVH��
• $�FRQQHFWLRQ�EHWZHHQ�D�FRPSXWHU�DQG�D�QHWZRUN��

�
7KH� WHFKQLTXH� RI� ZLUHG� WUDQVPLVVLRQ� PLJKW� VHHP� UDWKHU� WULYLDO� DQG�
REYLRXV�� LQ� WKH� VHQVH� WKDW� WUDQVPLWWHU� DQG� UHFHLYHU� DUH� MXVW� SDUW� RI� WKH�
VDPH�FLUFXLW��+RZHYHU��ZH�ZLOO�VHH�VKRUWO\�WKDW�D�QXPEHU�RI�FRPSOLFDWLRQV�
DULVH�� SDUWLFXODUO\� DW� JUHDWHU� GLVWDQFHV� DQG�RU� KLJKHU� VLJQDO� IUHTXHQFLHV��
)RU� H[DPSOH�� VR� IDU� ZH� KDYH� FRQYHQLHQWO\� QHJOHFWHG� WR� PHQWLRQ� WKDW�
HOHFWULFDO�VLJQDOV�GR�QRW�WUDYHO�LQVWDQWDQHRXVO\�IURP�RQH�SDUW�RI�D�FLUFXLW�WR�
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DQRWKHU�� DOWKRXJK�E\�HYHU\GD\�VWDQGDUGV� LW�PLJKW� VHHP�VR�� �7KH� ODZV�RI�
SK\VLFV�HQVXUH�WKDW�WKHUH�LV�DOZD\V�D�FHUWDLQ�GHOD\�LQYROYHG�LQ�ZLUHG��DQG�
LQGHHG��LQ�DOO�IRUPV�RI�VLJQDO�WUDQVPLVVLRQ��
�
Wireless Signal Transmission 
$V�\RX�DUH�DZDUH��VLJQDOV�DUH�WUDQVPLWWHG�EHWZHHQ�WZR�ORFDWLRQV�ZLWKRXW�
XVLQJ� ZLUHV� DOO� WKH� WLPH� ¥RWKHUZLVH� ZH� ZRXOG� QRW� KDYH� GDLO\� VDWHOOLWH�
ZHDWKHU� LPDJHV��UDGLR�QHZV�RQ�WKH�KRXU��79�UHPRWH�FRQWUROV��UHPRWH�FDU�
DODUPV��PRELOH�SKRQHV�JRLQJ�RII�LQ�UHVWDXUDQWV��7KH�6LPSVRQV��RU�HYHQ�H\H�
FRQWDFW�EHWZHHQ�\RX�DQG�\RXU�IULHQGV��$OO�WKHVH�V\VWHPV�RU�VLWXDWLRQV�UHO\�
RQ�HOHFWURPDJQHWLF��(0��ZDYHV��D�WHUP�ZKLFK�LQFOXGHV�ZKDW�ZH�FRPPRQO\�
FDOO� UDGLR�ZDYHV��PLFURZDYHV�� LQIUDUHG� UDGLDWLRQ��YLVLEOH� OLJKW��DQG�PRUH��
,Q� IDFW�� DOO� WKHVH� VHHPLQJO\�GLIIHUHQW� WKLQJV� DUH� LQ� IDFW� WKH� VDPH� W\SH� RI�
ZDYH�� GLIIHULQJ� RQO\� LQ� IUHTXHQF\� �RU�� HTXLYDOHQWO\��ZDYHOHQJWK���:H�ZLOO�
VD\�PRUH�DERXW�WKHLU�QDWXUH�DQG�SURSHUWLHV�LQ�GXH�FRXUVH��
�
5HFHQWO\�WKHUH�KDV�EHHQ�D�ORW�RI�LQWHUHVW�LQ�ZLUHOHVV�GHYLFHV�DQG�QHWZRUNV�
IRU�FRPSXWLQJ��VR� WKDW�PDQ\�FRPSXWHUV�RI�WKH�IXWXUH�PD\�QRW�QHHG�WR�EH�
�SOXJJHG�LQ¨�WR�JHW�DFFHVV�WR�WKLQJV�OLNH�SULQWHUV�RU�WKH�,QWHUQHW��$OWKRXJK�
VRPH�VXFK�GHYLFHV�DQG�V\VWHPV�DOUHDG\�H[LVW��WKH�FRQFHSW�RI�WUXO\��SRUWDEOH�
FRPSXWLQJ��ZLOO�SUREDEO\�FRPH�WR�IUXLWLRQ�LQ�WKH�QH[W�GHFDGH��
�
 
�
$� NLQG� RI� �LQ�EHWZHHQ��PHWKRG� RI� VLJQDO� WUDQVPLVVLRQ� XVHV� RSWLFDO� ILEUH��
$OWKRXJK�LW�PLJKW�EH�WKRXJKW�RI�DV�D�ZLUHG�FRQQHFWLRQ��LW�DFWXDOO\�XVHV�D�
�OLJKW� SLSH�� IRU� VLJQDO� WUDQVPLVVLRQ�� DQG� KDV� PDQ\� DGYDQWDJHV� RI� ERWK�
ZLUHG� DQG�ZLUHOHVV� WUDQVPLVVLRQ��:H�ZLOO� ORRN� EULHIO\� DW� WKLV� WHFKQRORJ\�
ODWHU� 
 
 


$VLGH���:KDW�GR�WKH�WHUPV��ZLUHG��DQG��ZLUHOHVV��XVXDOO\�PHDQ"�
�
�:KHQ�UDGLR�ZDV�ILUVW�GHYHORSHG�D�FHQWXU\�DJR��LW�ZDV�UHIHUUHG�WR�DV�
�ZLUHOHVV��� DQG�PDQ\� SHRSOH�ZRXOG� VWLOO� NQRZ�ZKDW� \RX�PHDQW� LI�
\RX� UHIHUUHG� WR� D� �ZLUHOHVV� VHW��� ,Q� PRGHUQ� FRPPXQLFDWLRQV� WKH�
WHUP�KDV�FRPH�WR�PHDQ�TXLWH�OLWHUDOO\��ZLWKRXW��ZLUHV���EXW�XVXDOO\�
LPSOLHV� WKH� XVH� RI� HOHFWURPDJQHWLF� ZDYHV�� �+RZHYHU�� LI� WKH� 86�
GHIHQVH� GHSDUWPHQW�ZRUNHG� RXW� KRZ� WR� FRPPXQLFDWH� E\� VSUD\LQJ�
VXE�DWRPLF� SDUWLFOHV� DURXQG�� ,� JXHVV� LW� ZRXOG� KDYH� WR� EH� FDOOHG�
�ZLUHOHVV���VLQFH�WKHUH�LV�QR�GLUHFW�HOHFWULFDO�FRQQHFWLRQ���
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Chapter 10 
SIGNAL TRANSMISSION BY CABLE  
�
�
�
�
1RZ�OHWªV�FRQVLGHU�VRPH�DVSHFWV�RI�WUDQVPLWWLQJ�VLJQDOV�E\�PHDQV�RI�ZLUHG�
FRQQHFWLRQV���,Q�PRVW�FDVHV�D��FDEOH��LV�VLPSO\�WKH�QDPH�ZH�JLYH�WR�WKH�WZR�
RU�PRUH�ZLUHV� WKDW�FDUU\� VLJQDOV�� ,ªP�JRLQJ� WR�XVH� WKH� WHUP�D� OLWWOH�PRUH�
SUHFLVHO\�KHUH��WR�PHDQ�MXVW�WZR�ZLUHV��,Q�PDQ\�FDVHV��RQH�RI�WKHVH�ZLUHV�
LV� FRQQHFWHG� WR� HDUWK� �RU�JURXQG��� 7KLV�ZLUH� FDQ� EH� FRQVLGHUHG� WR� EH� WKH�
�UHWXUQ�SDWK�� IRU� WKH�VLJQDO�DQG�WKH�RWKHU�ZLUH�LV�FRQVLGHUHG�WKH��VLJQDO��
ZLUH��DOWKRXJK�RI�FRXUVH�WKH�VDPH�FXUUHQW�VKRXOG�IORZ�LQ�HDFK���

�


$VLGH����:KDW�RQ�HDUWK�LV�DQ�HDUWK"�
�
7KH�WHUP�HDUWK��RU�HTXLYDOHQWO\��JURXQG�VLPSO\�PHDQV�D�FRPPRQ�
�VKDUHG��FRQQHFWLRQ�SRLQW�LQ�D�FLUFXLW�ZLWK�UHVSHFW�WR�ZKLFK�ZH�
FKRRVH� WR� PHDVXUH� DOO� RXU� YROWDJHV�� 5HPHPEHU� WKDW� YROWDJH� LV�
DOZD\V�PHDVXUHG�EHWZHHQ� WZR� SRLQWV� LQ� D� FLUFXLW� ¥ZH� FDQ
W� MXVW�
PHDVXUH� WKH� YROWDJH� DW� D� VLQJOH� SRLQW�� 6R� LQ� SUDFWLFH� ZH� XVXDOO\�
PHDVXUH�EHWZHHQ�VRPH�FKRVHQ�FRPPRQ�SRLQW��ZKLFK�ZH�FDOO�HDUWK��
DQG�DQ\�RWKHU�SRLQW�RI� LQWHUHVW��7KDW� LV��ZH� FDQ� WKLQN�RI� HDUWK�DV�
EHLQJ�RXU�YROWDJH�UHIHUHQFH�RU��]HUR�YROWDJH��SRLQW��+LVWRULFDOO\��WKH�
QDPH� �HDUWK�� FDPH� DERXW� EHFDXVH� D� FRPPRQ� FRQQHFWLRQ� LQ�PDQ\�

FDVHV� ZDV� PDGH� OLWHUDOO\� WKURXJK� WKH� HDUWK� �\RX� FDQ�
EXLOG�D�WHOHJUDSK�V\VWHP�ZLWK�RQO\�RQH�ZLUH��XVLQJ�WKH�
HDUWK� DV� WKH� UHWXUQ� FXUUHQW� SDWK��� 7KH� PRVW� FRPPRQ�
FLUFXLW� V\PERO� IRU�DQ�HDUWK� FRQQHFWLRQ� LV� VKRZQ�DW� WKH�

OHIW��
�

�
 

Shielding 
2I�FRXUVH��LW�GRHVQ
W�PDWWHU�ZKHWKHU�RXU�WZR�ZLUHV�DUH�UHDOO\�URXQG�RU�IODW�
RU� VRPH� RWKHU� VKDSH�� DV� ORQJ� DV� WKH\� DUH� UHODWLYHO\� JRRG� FRQGXFWRUV�� ,Q�
PDQ\�FDVHV��WKH�ZLUH�ZKLFK�LV�FRQQHFWHG�WR�HDUWK�LQ�D�FDEOH�LV�FRQVWUXFWHG�
LQ� WKH� IRUP� RI� D� ZRYHQ� ZLUH� PHVK� �RU� EUDLG�� RU� WKLQ� PHWDOOLF� IRLO�
VXUURXQGLQJ��EXW� LQVXODWHG� IURP�� WKH�RWKHU�FRQGXFWRU�E\�D�WXEH�RI�SODVWLF�
PDWHULDO�� DV� VKRZQ� LQ� WKH� GLDJUDP� EHORZ�� 7KH� ZKROH� FDEOH� LV� WKHQ�
VKHDWKHG�LQ�DQ�RXWHU�LQVXODWLQJ�MDFNHW��
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�
)LJXUH���������&XWDZD\�YLHZ�RI�D�FDEOH�ZLWK�FRD[LDO�FRQVWUXFWLRQ��

�
<RX� ZLOO� ILQG� WKLV� VRUW� RI� FRD[LDO� FRQVWUXFWLRQ� LQ�� IRU� H[DPSOH�� WKH� OHDGV�
FRQQHFWLQJ�&'� SOD\HUV� WR� DPSOLILHUV�� RU� SUREDEO\� \RXU�79� DQWHQQD� OHDG��
2QH�LPSRUWDQW�UROH�WKLV�W\SH�RI�DUUDQJHPHQW�LV�WR�SURYLGH�VKLHOGLQJ�RI�WKH�
VLJQDO� ZLUH� IURP� DQ\� VWUD\� HOHFWULF� �DQG�� WR� D� OHVVHU� H[WHQW�� PDJQHWLF��
LQIOXHQFHV� RI� WKLQJV� VXFK� DV� DSSOLDQFHV�� FRPSXWHUV�� KRXVH�ZLULQJ� DQG� VR�
RQ�� ZKLFK� FRXOG� FDXVH� LQWHUIHULQJ� QRLVH� WR� EH� DGGHG� WR� WKH� VLJQDO�� ,Q�
H[WUHPH� FDVHV�� D� VROLG� PHWDO� RXWHU� VKLHOG� UDWKHU� WKDQ� D� ZRYHQ� EUDLG� RU�
ZUDSSHG�IRLO�LV�XVHG�WR�SURYLGH�D�YHU\�KLJK�GHJUHH�RI�VKLHOGLQJ��DV�ZHOO�DV�
SK\VLFDO� ULJLGLW\�� 7KH� XQVLJKWO\� SD\�79� FDEOHV� \RX� VHH� IHVWRRQHG� DURXQG�
VXEXUELD� KDYH� WKLV� VRUW� RI� FRQVWUXFWLRQ�� HYHQ� WKRXJK� WKH\� KDYH� D� VROLG�
DOXPLQLXP�VKLHOG��WKH\�DUH�VWLOO�IOH[LEOH�HQRXJK�IRU�HDV\�LQVWDOODWLRQ��
�
Cables have capacitance 
$SDUW�IURP�VKLHOGLQJ��LW�RIWHQ�GRHVQ
W�UHDOO\�PDWWHU�YHU\�PXFK�DV�WR�ZKDW�
VRUW� RI� ZLUHV� ZH� XVH� WR� VHQG� VLJQDOV� DW� UHODWLYHO\� ORZ� IUHTXHQFLHV� �IRU�
H[DPSOH�� LQ� WKH� DXGLR� UDQJH�� DQG� RYHU� VKRUW� GLVWDQFHV�� 7KHUH� DUH� VRPH�
REYLRXV� H[FHSWLRQV�� IRU� H[DPSOH�� OLNH� WKH� QHHG� WR� HQVXUH� WKDW� WKH�
LQVXODWLRQ� RQ� PDLQV� SRZHU� FDEOHV� LV� DGHTXDWH� IRU� WKH� YROWDJH� EHWZHHQ�
FRQGXFWRUV�� DQG� WKDW� FDEOHV� DUH� QRW� VR� IOLPV\� DV� WR� EUHDN�� EXW�ZKDW� ,
P�
UHDOO\�WDONLQJ�DERXW�KHUH�DUH�WKH�QRUPDO�HOHFWULFDO�SURSHUWLHV�RI�WKH�FDEOH��
$W�KLJK�IUHTXHQFLHV��RU�IRU�ORQJ�FDEOH�UXQV��WKHVH�DUH�MXVW�WZR�VLGHV�RI�WKH�
VDPH�FRLQ���LW�WXUQV�RXW�WKDW�WKLQJV�FDQ�EHFRPH�ERWK�PRUH�PHVV\�DQG�PRUH�
LQWHUHVWLQJ��
�
:KHQHYHU�WZR�ZLUHV�DUH�LQ�FORVH�SUR[LPLW\��DQG�UHPHPEHU�ZH�QHHG�D�SDLU�
RI�ZLUHV� WR� WUDQVPLW� RXU� VLJQDO��� WKHUH�ZLOO� DOZD\V�EH�D� VPDOO� DPRXQW� RI�
FDSDFLWDQFH� EHWZHHQ� WKHP�� $� RQH�PHWUH� OHQJWK� RI� VKLHOGHG� FDEOH� ZLOO�
W\SLFDOO\�KDYH�D�FDSDFLWDQFH�RI����WR�����S)��SLFRIDUDGV��EHWZHHQ�LWV�FHQWUH�
FRQGXFWRU� DQG� WKH� RXWHU� VKLHOG�� 6LQFH�� IRU� D� VKRUW� OHQJWK� RI� FDEOH�� WKLV�
FDSDFLWDQFH� LV� UHDVRQDEO\� VPDOO�� LWV� HIIHFW� LV� RIWHQ� LJQRUHG� DW� ORZ�
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IUHTXHQFLHV�� 7KLV� LV� EHFDXVH� LW� KDV� D� ODUJH� UHDFWDQFH� �ZKLFK� LV� KRZ� WKH�
FDSDFLWDQFH�ZLOO� §VKRZ�XS¨� LQ�WKH�FLUFXLW���DQG�ZRQªW�KDYH�PXFK�HIIHFW�RQ�
WKH�RSHQ�FLUFXLW�EHWZHHQ�WKH�ZLUHV���
�
+RZHYHU��FDEOH�FDSDFLWDQFH�FDQQRW�DOZD\V�EH�LJQRUHG��SDUWLFXODUO\�DW�KLJK�
DXGLR� IUHTXHQFLHV� DQG� DERYH�� ,W� FDQ� DIIHFW� WKH� RSHUDWLRQ� RI� D� V\VWHP� E\�
FRPELQLQJ� ZLWK� WKH� RXWSXW� UHVLVWDQFH� RI� DQ� DPSOLILHU� RU� RWKHU� GHYLFH� WR�
IRUP� D� ORZ�SDVV� ILOWHU�� ZKLFK� PD\� VHYHUHO\� DWWHQXDWH� KLJKHU� IUHTXHQF\�
FRPSRQHQWV� LQ�D�VLJQDO��+HQFH�LQWHUFRQQHFWLQJ�OHDGV�RQ�DXGLR�HTXLSPHQW�
DUH�RIWHQ�NHSW�UHDVRQDEO\�VKRUW��RU�VSHFLDO�DPSOLILHUV�XVHG�WR�GULYH�WKHP��
�


�$VLGH����)LOWHUV��
�
<RX� EULHIO\� PHW� WKH� FRQFHSW� RI� HOHFWULFDO� ILOWHUV� LQ� DQ� HDUOLHU�
FKDSWHU��%URDGO\�VSHDNLQJ��WKHVH�DUH�FLUFXLWV�GHOLEHUDWHO\�GHVLJQHG�
WR�KDYH�D�ORW�PRUH��RU�OHVV��JDLQ�DW�VRPH�IUHTXHQFLHV�WKDQ�RWKHUV��VR�
WKDW�FHUWDLQ�UDQJHV�RI�IUHTXHQFLHV�FDQ�EH�HIIHFWLYHO\�UHPRYHG�IURP�D�
VLJQDO�� )LOWHUV�ZKLFK� DOORZ� ORZ� IUHTXHQF\� VLJQDOV� WR� SDVV� WKURXJK�
XQFKDQJHG��ZKLOH� EORFNLQJ�KLJK� IUHTXHQF\�VLJQDOV��DUH� UHIHUUHG� WR�
DV�ORZ�SDVV�ILOWHUV��
�
$�VLPSOH�IRUP�RI�ORZ�SDVV�ILOWHU�FRQVLVWV�RI�D�UHVLVWRU�DQG�FDSDFLWRU��
FRQQHFWHG�DV�VKRZQ�EHORZ��5RXJKO\�VSHDNLQJ��WKLV�FLUFXLW�KDV�OLWWOH�
HIIHFW�RQ�VLJQDOV�DW�IUHTXHQFLHV�EHORZ�DERXW�ωο� ���5&��ZKLOH�DERYH�
WKLV�IUHTXHQF\�VLJQDOV�DUH�LQFUHDVLQJO\�DWWHQXDWHG�DV�WKH�IUHTXHQF\�
ULVHV�� ωο� LV� UHIHUUHG� WR� DV� WKH� ��G%� IUHTXHQF\�� VLQFH� LW� LV� WKH�
IUHTXHQF\� DW� ZKLFK� WKH� JDLQ� RI� WKH� FLUFXLW� KDV� GURSSHG� E\� �G%�
FRPSDUHG�WR�LWV�JDLQ�DW�GF��

�
)LJXUH�������&LUFXLW�RI�D�VLPSOH�ORZ�SDVV�ILOWHU�

�
6RPHWLPHV�� WKH� QDWXUDO� XQDYRLGDEOH� SURSHUWLHV� RI� VRPH� FLUFXLW�
FRPSRQHQWV� FRQQHFWHG� WRJHWKHU� FDXVH� WKHP� WR� EHKDYH� DV� D� ILOWHU��
HYHQ�WKRXJK�WKLV�LV�QRW�WKH�LQWHQGHG�PDLQ�IXQFWLRQ�RI�WKH�FLUFXLW���

                                                           
1 You will recall that recall  that the reactance of a capacitor is equal to 1/(2πfC) ohms, where f is the 
frequency, and so will be large at low frequencies. This can be thought of as close to an open circuit, 
which corresponds to infinite resistance or reactance. 
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Cables have inductance too.. 
6LPLODUO\�� DQ\� SLHFH� RI� ZLUH� DFWXDOO\� KDV� VRPH� LQGXFWDQFH� �\RX� ZLOO�
UHPHPEHU� WKDW� LQGXFWDQFH� LV� D� SURSHUW\� RI� �D� FRLO� RI� ZLUH���� )RU� VKRUW�
OHQJWKV� RI� ZLUH� DW� ORZ� IUHTXHQFLHV�� ZH� XVXDOO\� LJQRUH� LW�� MXVW� OLNH� WKH�
FDSDFLWDQFH��1RZ�OHW
V�MXVW�ORRN�DW�DQ�HTXLYDOHQW�FLUFXLW�RI�WKH�SDLU�RI�ZLUHV�
LQ�D�FDEOH�LI�ZH�LQFOXGH�ERWK�WKH�FDSDFLWDQFH�DQG�LQGXFWDQFH��,WªV�DFWXDOO\�
VRPHWKLQJ� OLNH� WKH�GLDJUDP�EHORZ�� WKH�PDLQ� LGHD�,�ZDQW� WR�JHW�DFURVV� LV�
WKDW�LWªV�EHFRPLQJ�IDLUO\�PHVV\��
�

�
)LJXUH�������6LPSOH�HTXLYDOHQW�FLUFXLW�RI�D�FDEOH��

�
7R�PDNH�LW�PRUH�XQGHUVWDQGDEOH��,�KDYH�VSOLW�XS�WKH�FDEOH�LQGXFWDQFH�DQG�
FDSDFLWDQFH� LQWR�PDQ\� VHSDUDWH� OLWWOH� FRPSRQHQWV� ODEHOOHG� /� DQG�&�� WKH�
RYHUDOO�HIIHFW�LV�SUHWW\�PXFK�WKH�VDPH�DV�IRU�D�FRQWLQXRXV�FDEOH���
�
$W�WKLV�SRLQW�\RX�PLJKW� LPDJLQH�WKDW�WU\LQJ�WR�XVH�D�ORQJ�OHQJWK�RI�FDEOH�
IRU�DQ\WKLQJ�XVHIXO�PLJKW�EH�D�QLJKWPDUH��%XW�LW�WXUQV�RXW�WKDW�QRW�DOO�LV�
ORVW��
�
Characteristic impedance of a cable 
,I�ZH�FRQQHFW�D�VLJQDO�JHQHUDWRU�WR�RQH�HQG�RI�D�FDEOH��WKH�VLJQDO�DFWXDOO\�
WUDYHOV�DV�D�ZDYH�DORQJ�WKH�FDEOH�DW�D�JRRG�IUDFWLRQ�RI�WKH�YHORFLW\�RI�OLJKW��
,Q�VLWXDWLRQV�ZKHUH�WKLV�EHFRPHV�LPSRUWDQW�LW�LV�FRPPRQ�WR�UHIHU�WR�FDEOHV�
DV�EHKDYLQJ�OLNH�WUDQVPLVVLRQ�OLQHV��,I�QRWKLQJ�LV�FRQQHFWHG�DW�WKH�IDU�HQG�
RI� WKH� FDEOH� �WKDW� LV�� LW� LV� DQ� RSHQ�FLUFXLW��� WKH� VLJQDO� ZLOO� DFWXDOO\� EH�
UHIOHFWHG�EDFN�DORQJ�WKH�FDEOH����
�
+RZHYHU�� D� UDWKHU� LQWHUHVWLQJ� WKLQJ� KDSSHQV�� ,I� D� FHUWDLQ� YDOXH� RI�
UHVLVWDQFH�LV�FRQQHFWHG�EHWZHHQ�WKH�ZLUHV�DW�WKH�IDU�HQG�RI�WKH�FDEOH��WKHUH�
ZLOO�EH�QR�UHIOHFWLRQ��$OO�WKH�SRZHU�LQ�WKH�VLJQDO�LV�WXUQHG�LQWR�KHDW�LQ�WKH�
UHVLVWRU�� 7KLV� VSHFLDO� UHVLVWDQFH� YDOXH� LV� FDOOHG� WKH� FKDUDFWHULVWLF�
LPSHGDQFH� RI� WKH� FDEOH�� DQG� LV� XVXDOO\� GHQRWHG� E\� WKH� V\PERO� =�� ��]HG�
QRXJKW��� 

                                                           
��7KLV�LV�MXVW�OLNH�WKH�HFKR�RI�D�VRXQG�ZDYH�RII�D�GLVWDQW�ZDOO��RU�WKH�UHIOHFWLRQ�RI�D�ZDWHU�
ZDYH� IURP� WKH� IDU� HQG� RI� WKH� EDWKWXE� DIWHU� \RX� GURS� \RXU� UXEEHU� GXFN\� LQ�� 6WUDQJHO\�
HQRXJK��D�YHU\�VLPLODU�WKLQJ�DOVR�KDSSHQV�LI�WKH�IDU�HQG�LV�VKRUWHG�FLUFXLWHG�UDWKHU�WKDQ�
RSHQ�FLUFXLWHG��
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)XUWKHUPRUH�� DV� IDU� DV� WKH� JHQHUDWRU� LV� FRQFHUQHG�� WKH� QHDU� HQG� RI� WKH�
FDEOH�EHKDYHV�DV�WKRXJK�LW�ZHUH�VLPSO\�D�UHVLVWRU��KDYLQJ�UHVLVWDQFH�
=���LQ�VSLWH�RI�KDYLQJ�VRPH�LQGXFWDQFH�DQG�FDSDFLWDQFH���)XUWKHUPRUH��WKLV�
UHVLVWDQFH� YDOXH� LV� WKH� VDPH� DW� DQ\� IUHTXHQF\�� 7KH� FKDUDFWHULVWLF�
LPSHGDQFH�=��LV�IL[HG�IRU�DQ\�SDUWLFXODU�W\SH�RI�FDEOH��DQG�GHSHQGV�RQ�WKH�
H[DFW�YDOXHV�RI�/�DQG�&�SHU�OHQJWK�RI�WKH�FDEOH���
�
7KH� LGHD� RI� FRQQHFWLQJ� VRPHWKLQJ�DFURVV� WKH� HQG� RI�D� FDEOH� �ZKHWKHU� LW
V�
WKH� FRUUHFW� FKDUDFWHULVWLF� LPSHGDQFH�RU�QRW�� LV�UHIHUUHG�WR�DV� WHUPLQDWLQJ�
WKH�FDEOH��,I�D�FDEOH�LV�WHUPLQDWHG�ZLWK�D�ORDG�RI�WKH�VDPH�UHVLVWDQFH�DV�LWV�
FKDUDFWHULVWLF�LPSHGDQFH��LW
V�VDLG�WR�EH�PDWFKHG��
�

�
)LJXUH�������7HUPLQDWLQJ�D�FDEOH�ZLWK�D�UHVLVWDQFH�HTXDO�WR�LWV�

FKDUDFWHULVWLF�LPSHGDQFH�HOLPLQDWHV�VLJQDO�UHIOHFWLRQV��
�
&DEOHV�DUH�GHVLJQHG�WR�KDYH�D�UDQJH�RI�FKDUDFWHULVWLF�LPSHGDQFHV��EXW�WZR�
FRPPRQ� RQHV� DUH� ��Ω� IRU� YLGHR� V\VWHPV� �IRU� H[DPSOH�� FRD[LDO� DQWHQQD�
FDEOHV� RU� 9&5� OHDGV�� DQG� ��Ω� IRU� PDQ\� RWKHU� UDGLR�IUHTXHQF\� V\VWHPV��
7KH� �IODW� ULEERQ�� FDEOH� RFFDVLRQDOO\� XVHG� WR� FRQQHFW� 79� DQWHQQDV� LV� RI�
FRXUVH� DOVR� D� WUDQVPLVVLRQ� OLQH�� MXVW� OLNH� DQ\� SDLU� RI� ZLUHV�� LWV�
FKDUDFWHULVWLF� LPSHGDQFH�LV����Ω�� �7KH�DQWHQQD� LQSXW�FRQQHFWLRQ�RI�\RXU�
79� VHW� ZLOO� EH� GHVLJQHG� WR� ORRN� OLNH� D� ��Ω� RU� ���Ω� UHVLVWRU� VR� WKDW� WKH�
DQWHQQD�FDEOH�LV�FRUUHFWO\�WHUPLQDWHG��
�
7KH� LGHD�RI�XVLQJ� LPSHGDQFH�PDWFKLQJ��SDUWLFXODUO\�ZLWK� FDEOHV�� LV�TXLWH�
XVHIXO� LQ�SUDFWLFH��$V�ZHOO�DV�FDEOHV��PRVW�UDGLR�IUHTXHQF\�DPSOLILHUV�DQG�
RWKHU� FRPSRQHQWV� �VXFK� DV� DQWHQQDV�� DUH� GHVLJQHG� WR�ZRUN�ZLWK� ��Ω� RU�
��Ω�JHQHUDWRUV�DQG�ORDGV��7KHVH�DUH�WKHQ�FRQQHFWHG�WRJHWKHU�ZLWK�FDEOHV�
RI�WKH�DSSURSULDWH�FKDUDFWHULVWLF�LPSHGDQFH��
�
7KHUH�DUH�VHYHUDO�DGYDQWDJHV�WR�WKLV��LPSHGDQFH�PDWFKHG��DSSURDFK��
�
• $V�ZH�KDYH�MXVW�VHHQ��UHIOHFWLRQV�DORQJ�FDEOHV�DUH�PLQLPLVHG��$PRQJVW�

RWKHU� WKLQJV�� UHIOHFWLRQV� FDQ� FDXVH� DGGLWLRQDO� GHOD\HG� YHUVLRQV� RI� WKH�
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VLJQDO�WR�DOVR�EH�UHFHLYHG��ZKLFK�FDQ�VHULRXVO\�DIIHFW�WKH�WUDQVPLVVLRQ�
RI�LQIRUPDWLRQ���

• 0D[LPXP� VLJQDO� SRZHU� LV� WUDQVIHUUHG� WR� WKH� ORDG� �VLQFH� QR� VLJQDO� LV�
UHIOHFWHG���7KLV�FDQ�EH�YHU\�LPSRUWDQW�IRU�HIILFLHQF\�LI�\RX�DUH�D�UDGLR�RU�
79�EURDGFDVWHU�ZLWK�D�WUDQVPLWWHU�GHOLYHULQJ����N:�RI�SRZHU�WKURXJK�
D�FDEOH�WR�DQ�DQWHQQD��

• 7KH� FKDUDFWHULVWLF� LPSHGDQFH� LV� WKH� VDPH�� UHJDUGOHVV� RI� WKH� FDEOH�
OHQJWK��6R�LV�WKH�LPSHGDQFH�ORRNLQJ�LQWR�WKH��QHDU��HQG�RI�D�FDEOH��DQG��
LGHDOO\�� LW� DOZD\V� ORRNV� MXVW� OLNH� D� UHVLVWDQFH�� +HQFH�� SURYLGHG� \RX�
WHUPLQDWH�HYHU\WKLQJ�FRUUHFWO\�� \RX� FDQ� MXVW� FRQQHFW�DOO�\RXU�ELWV�DQG�
SLHFHV�WRJHWKHU�OLNH�SOXPELQJ�FRPSRQHQWV��

�
�


�$VLGH��$Q�LPSRUWDQW�SDUW�RI�PLFURZDYH�HQJLQHHULQJ�FRQFHUQV�QRW�
RQO\� LPSHGDQFH�PDWFKHG� V\VWHPV��EXW�ZKDW�KDSSHQV�ZKHQ� WKLQJV�
DUHQ
W�PDWFKHG��VDLG�WR�EH��PLVPDWFKHG����DQG�ZKDW�WR�GR�DERXW�LW��
,Q� WKLV� FDVH� D� FDEOH� GRHV� QRW� EHKDYH� OLNH� D� UHVLVWRU�� EXW� DV� DQ�
LQGXFWRU� RU� FDSDFLWRU��ZKRVH� YDOXH�GHSHQGV� RQ� WKH� IUHTXHQF\�DQG�
WKH�FDEOH�OHQJWK��
�

�
�


�$VLGH��$W�DXGLR�IUHTXHQFLHV��PDWFKLQJ�WR�HOLPLQDWH�UHIOHFWLRQV�LV��
LQ� JHQHUDO�� QRW� DQ� LVVXH�� VLQFH� WKH� WLPH� WDNHQ� IRU� D� VLJQDO� WR� EH�
UHIOHFWHG�EDFN�LV�YHU\�VKRUW�FRPSDUHG�WR�WKH�SHULRG�RI�DQ\�IUHTXHQF\�
FRPSRQHQW� LQ� WKH� VLJQDO�� 6R�� IRU� H[DPSOH�� D� ORXGVSHDNHU� LV� QRW�
LPSHGDQFH�PDWFKHG� WR� DQ� DPSOLILHU� RU� WKH� FRQQHFWLQJ� FDEOHV�� ,Q�
IDFW��LW�LV�H[WUHPHO\�GLIILFXOW�WR�GR�VR��
�

�
�
Velocity factor 
+RZ� IDVW�D� VLJQDO� WUDYHOV� DORQJ�D� FDEOH�GHSHQGV�RQ� WKH�SURSHUWLHV�RI� WKH�
LQVXODWLQJ�PDWHULDO� �RU�GLHOHFWULF�� EHWZHHQ� WKH� WZR�ZLUHV��7KH�YHORFLW\� LV�
XVXDOO\�H[SUHVVHG�DV�D�IUDFWLRQ�RI�WKH�YHORFLW\�RI�OLJKW��DQG�LV�DOZD\V�OHVV�
WKDQ�RQH��VR�WKDW�
�

����� c

cable along velocity wave
 factor Velocity =

���
ZKHUH�F�LV�WKH�YHORFLW\�RI�OLJKW��������×�����P�V��
�
)RU� WKH� GLHOHFWULF� PDWHULDOV� XVHG� LQ� FRPPRQ� FDEOHV� �IRU� H[DPSOH��
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SRO\HWK\OHQH�� DLU–SRO\HWK\OHQH� IRDP� DQG� 7HIORQ�� WKH� YHORFLW\� IDFWRU� LV�
W\SLFDOO\�LQ�WKH�UDQJH������WR�����.�
�
([DPSOH� ������ $� SDUWLFXODU� W\SH� RI� FDEOH� KDV� D� YHORFLW\� IDFWRU� RI� ������
:LWK�ZKDW�YHORFLW\�GRHV�WKH�VLJQDO�WUDYHO"�+RZ�ORQJ�ZRXOG�LW�WDNH�IRU�WKH�
UHIOHFWLRQ�RI�D�SXOVH�RQ�D�����PHWUH�OHQJWK�RI�FDEOH�ZKLFK�KDV�EHHQ�VKRUW�
FLUFXLWHG�DW�WKH�IDU�HQG"�
�
$QVZHU���6LJQDO�YHORFLW\�  ��YHORFLW\�IDFWRU�Õ�F���
� � � �  ��������Õ�������Õ�����P�V�� ������Õ�����P�V�
��������������7RWDO�UHWXUQ�WULS�GLVWDQFH�IRU�UHIOHFWLRQ� ���Õ����P� ����P���������
��������������7LPH�WDNHQ� � �GLVWDQFH��YHORFLW\��
� � � �  ����P��������Õ��������� �����Õ������VHF�������µV��
�
Attenuation in cables 
2XU�VLPSOH�SLFWXUH�RI�D�FDEOH�LVQ
W�TXLWH�FRPSOHWH��:H�KDYH�DVVXPHG�WKDW�
WKHUH� LV� QR� ORVV� LQ� D� FDEOH� ¥WKDW� LV�� WKDW� QRQH� RI� WKH� VLJQDO� SRZHU� LV�
FRQYHUWHG� WR� KHDW� LQ� WKH� FDEOH� LWVHOI�� 7R� ORVH� SRZHU� LQ� WKLV�ZD\�� WKHUH�
PXVW�EH�VRPHWKLQJ�LQ�WKH�FDEOH�WKDW�EHKDYHV�OLNH�D�UHVLVWRU���2I�FRXUVH��WKH�
ZLUHV�PXVW�KDYH�VRPH�UHVLVWDQFH��ZKLFK�PD\�EH�VPDOO��EXW�QRW�QHJOLJLEOH�LI�
WKH� FDEOH� LV� ORQJ� HQRXJK��:RUVH� VWLOO�� DW� KLJK� IUHTXHQFLHV�� WKH� DSSDUHQW�
UHVLVWDQFH� LQFUHDVHV� GXH� WR� D� SKHQRPHQRQ� FDOOHG� VNLQ� HIIHFW�� ZKHUH�
FXUUHQWV�SUHIHU�WR�IORZ�RQ�WKH�VXUIDFH�RI�FRQGXFWRUV���
�
:LWKRXW�JRLQJ�LQWR�GHWDLOV�� LW�WXUQV�RXW�WKDW�WKH�VNLQ�HIIHFW�PHFKDQLVP�LV�
XVXDOO\�WKH�PRVW�LPSRUWDQW��7KLV�KDV�WKH�HIIHFW�RI�PDNLQJ�WKH�FDEOH�PRUH�
�ORVV\�� DW� KLJK� IUHTXHQFLHV�� 1RWH�� KRZHYHU�� WKDW� WKLV� GRHV� QRW� DIIHFW� WKH�
FKDUDFWHULVWLF�LPSHGDQFH��:H�XVXDOO\�PHDVXUH�WKH�ORVV�RU�DWWHQXDWLRQ�RI�D�
OHQJWK�RI�FDEOH�LQ�G%��,W�WXUQV�RXW�WKDW�IRU�PRVW�FDEOHV���DW�IUHTXHQFLHV�VWLOO�
ORZ�HQRXJK�VR�WKDW�WKH�ORVV�LV�GRPLQDWHG�E\�VNLQ�HIIHFW��WKH�DWWHQXDWLRQ�LQ�
G%� YDULHV� DSSUR[LPDWHO\� DV� WKH� VTXDUH� URRW� RI� WKH� VLJQDO� IUHTXHQF\�� $�
UHDVRQDEOH� HVWLPDWH� IRU� WKH� DWWHQXDWLRQ� SHU� PHWUH� RI� FDEOH� DW� DQ\�
IUHTXHQF\�I�LV�WKXV��
�

�
dB 

f

f

100

A
      metreper  nAttenuatio

0

100 ⋅=
���

�
ZKHUH�$���� �XVXDOO\� TXRWHG� LQ�PDQXIDFWXUHU
V� FDWDORJV�� LV� WKH�DWWHQXDWLRQ�
SHU�����PHWUHV�DW�VRPH�UHIHUHQFH�IUHTXHQF\�I���1RWH�WKDW��DW�DQ\�SDUWLFXODU�
IUHTXHQF\�� WKH� ORVV� LQ� G%� LV� MXVW� SURSRUWLRQDO� WR� WKH� FDEOH� OHQJWK�� 7KLV�
IRUPXOD�LV�DGHTXDWH�LQ�PRVW�FRPPRQ�VLWXDWLRQV�ZKHUH�SUHFLVH�DWWHQXDWLRQ�
ILJXUHV�DUH�QRW�QHHGHG�¥IRU�H[DPSOH�� LQ� FDOFXODWLQJ� WKH� ORVV�RI�D� ORQJ�79�
DQWHQQD�FDEOH��
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�
$V�PXFK�KLJKHU�IUHTXHQFLHV��ORVVHV�LQ�WKH�GLHOHFWULF�PDWHULDO�EHWZHHQ�WKH�
WZR�FRQGXFWRUV�RI�WKH�FDEOH�FDQ�DOVR�EH�LPSRUWDQW��2IWHQ�VSHFLDO��ORZ�ORVV��
FDEOHV�DUH�XVHG�¥IRU�H[DPSOH��WR�FRQQHFW�D�79�WUDQVPLWWHU�WR�DQ�DQWHQQD��
7KHVH� FDEOHV� DUH� RIWHQ� UDWKHU� WKLFN� DQG� DYRLG� WKH� XVH� RI� VROLG� GLHOHFWULF�
PDWHULDOV�� 0XFK� ORZHU� ORVV� LV� REWDLQHG� WKURXJK� WKH� XVH� RI� �IRDP��
GLHOHFWULFV�RU�RWKHU�PDWHULDOV�ZKLFK�DUH�ODUJHO\�DLU��
�
([DPSOH������� � �D��7KH�'LFN�6PLWK�FDWDORJ� OLVWV�D�SDUWLFXODU� W\SH�RI�79�
DQWHQQD�FRD[LDO�FDEOH��ZLWK�D�TXRWHG�ORVV�RI������G%�SHU����P�DW�����0+]��
$VVXPLQJ� VNLQ�HIIHFW� ORVVHV� RQO\�� HVWLPDWH� LWV� DWWHQXDWLRQ� SHU� PHWUH� DW�
����0+]��
�
$QVZHU��$WWHQXDWLRQ�SHU����P���$����DW����0+]���I���� ������G%��

��������������
dB  

f

f

100

A
   metreper  nAttenuatio

0

100 ⋅=
���

� � � � ����
m / dB 0.166    

200

530

100

2.10 =⋅=
���

�
�E��<RX�FRQQHFW�\RXU�79�DQWHQQD�YLD�D����PHWUH�OHQJWK�RI�WKLV�FDEOH��7KH�
VLJQDO� IURP� 6%6�&KDQQHO� ��� �QHDU� ����0+]�� LV� ��P9��PHDVXUHG� DW� WKH�
DQWHQQD��:KDW�YROWDJH�ZRXOG�\RX�H[SHFW�WR�PHDVXUH�DW�\RXU�79�VHW"�
�
$QVZHU���$W�����0+]��WKH�FDEOH�ORVV�LV�������G%���P��6R�WKH�ORVV�IRU����P�RI��
FDEOH�ZLOO�EH�����Õ�������� ������G%��
�
:H�XVH�WKH�G%�IRUPXOD�IRU�YROWDJH��WKDW�LV��UDWLR�LQ�G%� ����ORJ����9��9����
ZKHUH�9��DQG�9��DUH�WKH�YROWDJHV�DW�WKH�DQWHQQD�DQG�79�VHW���1RWH�WKDW�ZH�
NQRZ�WKDW�WKH�YROWDJH�DW� WKH�DQWHQQD�PXVW�EH�KLJKHU��VR� WKHUH�VKRXOGQªW�
EH�DQ\�FRQIXVLRQ�DERXW�ZKLFK�ZD\�URXQG�WKH\�JR��6R�ZH�KDYH�
�

�
3.32   

set TVat  V

antennaat  V
 log 20 10 =







��
�
:H�FDQ�UHDUUDQJH�WKLV�WR�JLYH�
�

�
1.47   20

32.3

10
set TVat  V

antennaat  V ==




 
















�
�
ZKLFK�JLYHV�WKH�YROWDJH�DW�WKH�79�VHW�WR�EH������P9�������µ9�����
�
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�F��<RX�DUH�DQ�HQJLQHHU�ZRUNLQJ�IRU�6%6�79��&KDQQHO���������0+]���DQG�
DUH� LQVWDOOLQJ�D�QHZ�WUDQVPLWWHU�DQG�DQWHQQD��7KHUH�LV�D� ORQJ���P�FDEOH�
UXQ� IURP� WKH� WUDQVPLWWHU� WR� WKH� DQWHQQD�� DQG� QRUPDOO\� \RX� ZRXOG� XVH�
UDWKHU� H[SHQVLYH� VXSHU� ORZ�ORVV� FDEOH� IRU� WKLV� MRE�� 8QIRUWXQDWHO\�� \RXU�
EXGJHW� KDV� EHHQ� FXW� \HW� DJDLQ� E\� WKH� JRYHUQPHQW�� DQG� \RX� GHFLGH� WR�
HFRQRPLVH�E\�XVLQJ�WKLV�VDPH�FDEOH� IURP�'LFN�6PLWK��+RZ�PXFK�RI�\RXU�
���N:�WUDQVPLWWHU�SRZHU�DFWXDOO\�UHDFKHV�WKH�DQWHQQD"�
�
$QVZHU��7KH�WRWDO�FDEOH�ORVV�DW�����0+]� �������G%���P�Õ���P�� �������G%��
�
:H�FDQ�XVH�WKH�G%�IRUPXOD�IRU�SRZHU�WR�JLYH���

�
KDYH�ZH�JUHDUUDQJLQ�DQG��������   

antennaat power 

tterat transmipower 
 log 10 10 =





��

� �
21.4   10

3.13

10
antennaat power 

tterat transmipower ==




 















�
� �
7KLV�JLYHV�WKH�SRZHU�DW�WKH�DQWHQQD�WR�EH�DERXW��������� �����N:��7KLV�LV�
OHVV�WKDQ����RI�WKH�SRZHU�IURP�WKH�WUDQVPLWWHU��VR�\RX�KDYH�EDVLFDOO\�SXW�
WRJHWKHU�D�KLJKO\�HIIHFWLYH�FDEOH�KHDWHU����
�


�$VLGH��&RD[LDO�FDEOH�YV�VKLHOGHG�FDEOH�¥ZKDW
V�WKH�GLIIHUHQFH"���
�
6WULFWO\� VSHDNLQJ�� WKH� WHUP� §FRD[LDO¨� UHIHUV� WR� WKH� FRQFHQWULF�
DUUDQJHPHQW�RI�FRQGXFWRUV�LQ�D�FDEOH��ZKLOH�§VKLHOGHG¨�LPSOLHV�WKDW�
WKH� FRQGXFWRU�V�� DUH� VXUURXQGHG�E\� VRPH� VRUW� RI� FRQGXFWLQJ� VKHHW�
IRU�WKH�SXUSRVHV�RI�VKLHOGLQJ��
�
:KDW� ZH� XVXDOO\� FDOO� §VKLHOGHG¨� FDEOH� LV� RIWHQ� FRD[LDO� LQ�
FRQVWUXFWLRQ��EXW�LV�QRW�QRUPDOO\�XVHG�DV�D�WUDQVPLVVLRQ�OLQH��,W�LV�
QRW�GHVLJQHG�WR�KDYH�D�VSHFLILF�FKDUDFWHULVWLF�LPSHGDQFH��EXW�RIWHQ�
WR� KDYH� DV� ORZ� D� FDSDFLWDQFH� DV� SRVVLEOH� EHWZHHQ� WKH� FHQWUH�
FRQGXFWRU�DQG�WKH�VKLHOG�� ,W�WHQGV�WR�EH�XVHG�DW�DXGLR� IUHTXHQFLHV�
�IRU�H[DPSOH��IRU�FRQQHFWLQJ�D�&'�SOD\HU�WR�DQ�DPSOLILHU���
�
6R�FDOOHG�§FRD[LDO¨�FDEOH��RU�§FRD[¨��LV�XVXDOO\�GHOLEHUDWHO\�GHVLJQHG�
IRU�XVH�DV�D�WUDQVPLVVLRQ�OLQH�DW�KLJK�IUHTXHQFLHV��DQG�LV�GHVLJQHG�
WR� KDYH� D� VSHFLILF� FKDUDFWHULVWLF� LPSHGDQFH�� ,W� WHQGV� WR� EH� D� ELW�
ODUJHU� DQG� PRUH� UREXVW� WKDQ� VLPSOH� §VKLHOGHG¨� FDEOH�� 2IWHQ��
KRZHYHU��LW�LV�XVHG�SXUHO\�DV�VKLHOGHG�FDEOH�IRU�WHVW�OHDGV�DQG�VR�RQ��
SDUWLFXODUO\� DV� VXLWDEOH� FRQQHFWRUV� DUH� UHDGLO\� DYDLODEOH� IRU�
FRPPRQ�W\SHV�RI�FRD[��
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