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Chapter 13 
MODULATION 
�
0RGXODWLRQ�LV�WKH�§SLJJ\�EDFNLQJ¨�RI�D�VLJQDO�FRQWDLQLQJ�LQIRUPDWLRQ�RQWR�
DQRWKHU�VLJQDO�� FDOOHG�D�FDUULHU��ZKLFK�XVXDOO\�KDV�D�FRQVWDQW��DQG�PXFK�
KLJKHU�IUHTXHQF\��7KH�PRGXODWHG�FDUULHU��QRZ�FRQWDLQLQJ�WKH�LQIRUPDWLRQ�
SUHVHQW� LQ� WKH� RULJLQDO� VLJQDO�� FDQ� EH� WUDQVPLWWHG� IURP� RQH� SODFH� WR�
DQRWKHU��DQG�WKH�RULJLQDO�LQIRUPDWLRQ�UHFRYHUHG�DW�WKH�GHVWLQDWLRQ���
�
:K\� XVH�PRGXODWLRQ"� 7KH� DQVZHU� LV� WKDW� LWªV� D� FRQYHQLHQW� DQG� HIILFLHQW�
ZD\� WR� WUDQVPLW� VLJQDOV�� &RQVLGHU� WKLV�� DQ� DXGLR� VLJQDO�� VD\� IURP� D�
PLFURSKRQH�� FRQWDLQV�PHDQLQJIXO� LQIRUPDWLRQ� IURP� IUHTXHQFLHV� RI� WHQV�RI�
+]�WR��VD\�����N+]��7KH�EDQGZLGWK�RI�WKLV�VLJQDO�VSDQV�DOPRVW�]HUR��GF��WR�
���N+]��
�
1RZ��ZKLOH� LWªV�HDV\�WR�VHQG�WKH�VLJQDO�DORQJ�D�FDEOH��SHUKDSV�WR�D�SXEOLF�
DGGUHVV�DPSOLILHU��ZH�PLJKW�ZDQW�WR�EURDGFDVW�LW�RYHU�D� ODUJH�DUHD�XVLQJ�
UDGLR�ZDYHV��,W�LV�SRVVLEOH�WR�MXVW�XVH�ZDYHV�DW�WKH�IUHTXHQF\�RI�WKH�VLJQDO�
¥WKDW� LV�� SDVV� WKH� VLJQDO� GLUHFWO\� WR� DQ� DQWHQQD� ¥EXW� LW� LVQªW� D� YHU\�
SUDFWLFDO�LGHD��IRU��DW�OHDVW��WKH�IROORZLQJ�UHDVRQV��
�
• ,W�LV�GLIILFXOW�WR�EXLOG�DQ�HIILFLHQW�DQWHQQD�IRU�DXGLR�IUHTXHQFLHV��
• 7KHUH� LV� WRR� PXFK� H[WUDQHRXV� QRLVH� DQG� LQWHUIHUHQFH� DW� DXGLR�

IUHTXHQFLHV�WKDW�WKH�V\VWHP�ZRXOG�SLFN�XS��
• ,I�VRPHERG\�HOVH�ZDQWHG�WR�GR�WKH�VDPH��WKH\�FRXOGQªW�EURDGFDVW�DW�WKH�

VDPH�WLPH��
�
7KH� VROXWLRQ� LV� WR�XVH�D�PXFK�KLJKHU� IUHTXHQF\� FDUULHU� VLJQDO��ZKLFK�ZH�
WKHQ�PRGXODWH�ZLWK�WKH�DXGLR�VLJQDO��7KLV�KDV�D�QXPEHU�RI�DGYDQWDJHV��
�
• :H� FDQ� FKRRVH� D� FRQYHQLHQW� IUHTXHQF\� IRU� WKH� FDUULHU��7KLV�PLJKW�EH��

IRU� H[DPSOH�� EHFDXVH� ZH� FDQ� PDNH� VPDOOHU� DQG� PRUH� FRQYHQLHQW�
DQWHQQDV��RU� WR� WDNH�DGYDQWDJH�RI�SDUWLFXODU�ZDYH�SURSDJDWLRQ�HIIHFWV�
DW�FHUWDLQ�ZDYHOHQJWKV��

�
• ,W� WXUQV� RXW� WKDW� WKH� IUDFWLRQDO� EDQGZLGWK� �WKDW� LV�� WKH� EDQGZLGWK�

GLYLGHG�E\�WKH�FHQWUH�IUHTXHQF\��RI�WKH�WUDQVPLWWHG�VLJQDO�ZLOO�EH�PXFK�
OHVV��7KLV�LV�DOVR�DGYDQWDJHRXV��)RU�H[DPSOH��

∗ $QWHQQDV� �DQG� UDGLR� IUHTXHQF\� DPSOLILHUV�� DQG� PDQ\� RWKHU�
FRPSRQHQWV�� DUH� HDVLHU� WR� GHVLJQ� IRU� UHODWLYHO\� VPDOO� IUHTXHQF\�
UDQJHV��

∗ $� QXPEHU� RI� XVHUV�� HDFK� ZLWK� VOLJKWO\� GLIIHUHQW� FDUULHU�
IUHTXHQFLHV��FDQ�WUDQVPLW�DW�WKH�VDPH�WLPH��WKDW�LV��ZH�FDQ�KDYH�
D�QXPEHU�RI�VLPXOWDQHRXV�IUHTXHQF\�FKDQQHOV���
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Types of modulation 
$�FDUULHU��XVXDOO\�D�VLPSOH�VLQH�ZDYH��FRQWDLQV�QR�LQIRUPDWLRQ�LQ�LWVHOI��7R�
PRGXODWH�D�FDUULHU��RQH�RI�LWV�SURSHUWLHV��DPSOLWXGH��IUHTXHQF\�RU�SKDVH��LV�
YDULHG� E\� WKH� LQIRUPDWLRQ�FRQWDLQLQJ� VLJQDO�� 7KLV� JLYHV� XV� WKUHH�
SRVVLELOLWLHV���
�
• $PSOLWXGH�PRGXODWLRQ� �$0��� ZKHUH� WKH� DPSOLWXGH� RU� VWUHQJWK� RI� WKH�

FDUULHU�LV�YDULHG��
• )UHTXHQF\� PRGXODWLRQ� �)0��� ZKHUH� WKH� IUHTXHQF\� RI� WKH� FDUULHU� LV�

YDULHG��
• 3KDVH�PRGXODWLRQ��30���ZKHUH�WKH�SKDVH�RI�WKH�FDUULHU�LV�YDULHG��
�
,W�DFWXDOO\�WXUQV�RXW�WKDW�)0�DQG�30�DUH�YHU\�FORVH�UHODWLYHV��LQ�IDFW�\RX�
§FDQªW�KDYH�RQH�ZLWKRXW�WKH�RWKHU��¨���+RZHYHU��,�ZRQªW�VD\�DQ\�PRUH�DERXW�
30�KHUH��<RX�ZLOO�KDYH�SUREDEO\�PHW�WKH�WHUPV�$0�DQG�)0�LQ�FRQQHFWLRQ�
ZLWK�RUGLQDU\�UDGLR�EURDGFDVWV��&RPPHUFLDO�UDGLR�VWDWLRQV�DUH�OLFHQVHG�WR�
XVH� FDUULHU� IUHTXHQFLHV� EHWZHHQ� DERXW� ���� N+]� WR� ����� N+]� XVLQJ�
DPSOLWXGH�PRGXODWLRQ� �WKH� §$0¨� EDQG���DQG� IUHTXHQFLHV�EHWZHHQ����DQG�
����0+]�XVLQJ�IUHTXHQF\�PRGXODWLRQ��WKH�§)0¨�EDQG���
�
 
 
Amplitude Modulation 
7KH�VLPSOHVW� IRUP�RI�$0�LV�WR�VLPSO\�WXUQ�WKH�FDUULHU�RQ�DQG�RII��7KLV�LV�
VKRZQ�LQ�WKH�GLDJUDP�EHORZ�DQG�LV�XVHG��IRU�H[DPSOH��LQ��
�
• 2SWLFDO� ILEUHV��ZKHUH� WKH�FDUULHU� LV�DW� ,5� IUHTXHQFLHV� �QRWH� WKDW�DQ�,5�

ZDYHOHQJWK� RI� ����QP� FRUUHVSRQGV� WR� D� IUHTXHQF\� RI� �� Õ� �����+]�� RU�
��������*+]���

• ,5�UHPRWH�FRQWUROV��+HUH�WKH�VFKHPH�LV�D� OLWWOH�PRUH�FRPSOLFDWHG��7KH�
,5�UDGLDWLRQ�LV�ILUVW�WXUQHG�RQ�DQG�RII�DW�D�IUHTXHQF\�RI�DERXW����N+]��
7KLV����N+]�VLJQDO�LV�WKHQ�LWVHOI�XVHG�DV�D�FDUULHU��LW�ZRXOG�EH�WHUPHG�D�
§VXEFDUULHU¨�� ZKLFK� LV� PRGXODWHG� E\� D� VHULHV� RI� SXOVHV�� LQ� VHTXHQFHV�
FRUUHVSRQGLQJ� WR� FRGHV� IRU� WKH� YDULRXV� FRQWURO� IXQFWLRQV��7KLV� VFKHPH�
KHOSV� WR� DYRLG� ,5� LQWHUIHUHQFH� IURP� WKLQJV� OLNH� LQFDQGHVFHQW� DQG�
IOXRUHVFHQW�ODPSV��ZKLFK�IOLFNHU�DW�����+]�DQG�RWKHU�KDUPRQLFV�RI�WKH�
���+]�PDLQV�IUHTXHQF\��

�
�
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)LJXUH�������6LPSOH�DPSOLWXGH�PRGXODWLRQ��+HUH�WKH�FDUULHU�LV�VLPSO\�
WXUQHG�RQ�RU�RII�E\�WKH�PRGXODWLQJ�VLJQDO��

�
,Q�WKH�XVXDO�FDVH��OLNH�$0�UDGLR���WKH�PRGXODWLRQ�LV�GRQH�LQ�D�FRQWLQXRXV�
IDVKLRQ�� DV� VKRZQ� EHORZ�� 1RWLFH� WKDW� WKH� §HQYHORSH¨� RI� WKH� FDUULHU� KDV�
H[DFWO\�WKH�VDPH�VKDSH�DV�WKH�PRGXODWLQJ�VLJQDO��
�

)LJXUH�������$PSOLWXGH�PRGXODWLQJ�D�FDUULHU�ZLWK�D�VLQH�ZDYH���
�
7KH�YROWDJH�ZDYHIRUP�RI� WKH�PRGXODWHG�FDUULHU�VKRZQ� LQ�ILJXUH������FDQ�
EH�GHVFULEHG�PDWKHPDWLFDOO\�E\�WKH�H[SUHVVLRQ�
�

Y�W�� �$F�FRV�2πIFW�^����P�FRV�2πIPW�`�
�
ZKHUH�� $F� �WKH�SHDN�FDUULHU�DPSOLWXGH��ZLWK�QR�PRGXODWLRQ��
� � IF� �WKH�FDUULHU�IUHTXHQF\��
� � IP� �WKH�PRGXODWLRQ��RU�PRGXODWLQJ��IUHTXHQF\�
� � P� �WKH�PRGXODWLRQ�LQGH[�
�
7KH�PRGXODWLRQ�LQGH[�LV�D�YDOXH�EHWZHHQ���DQG���GHVFULELQJ�WKH�§GHJUHH�RI�
PRGXODWLRQ¨�RI�WKH�FDUULHU��,I�P� ���WKHUH�LV�QR�PRGXODWLRQ��ZKLOH�P� ���LV�
WKH� PD[LPXP� PRGXODWLRQ� WKDW� FDQ� RFFXU� ZLWKRXW� GLVWRUWLRQ�� 7KLV� LV�
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EHFDXVH�WKH� LQVWDQWDQHRXV�DPSOLWXGH�RI�WKH�FDUULHU�FDQ� LQ�SUDFWLFH�QHYHU�
EH� OHVV� WKDQ� ]HUR�� DV�ZRXOG� EH� UHTXLUHG� IRU�P�!� �� �WKLV� LV� UHIHUUHG� WR� DV�
RYHUPRGXODWLRQ����([DPSOHV�IRU�VRPH�YDOXHV�RI�P�DUH�VKRZQ�EHORZ��

)LJXUH�������([DPSOHV�RI�DPSOLWXGH�PRGXODWLRQ�RI�D�FDUULHU�E\�D�VLQH�ZDYH�
IRU�GLIIHUHQW�YDOXHV�RI�PRGXODWLRQ�LQGH[��P��1RWH�WKDW�ZKHQ�P�!���WKH�
FDUULHU�LV�WXUQHG�RII�IRU�D�VKRUW�WLPH�DQG�LQIRUPDWLRQ�LV�ORVW��
�
$0� UDGLR� VWDWLRQV� PXVW� EH� FDUHIXO� QRW� WR� RYHUPRGXODWH� WKHLU�
WUDQVPLVVLRQV�� DQG� XVXDOO\� KDYH� VRPH� DFWLYH� PHDQV� RI� SUHYHQWLQJ� WKLV��
$OWKRXJK�RYHUPRGXODWLRQ�LV�JHQHUDOO\�QRW�GDPDJLQJ�WR�HTXLSPHQW��LW�GRHV�
SURGXFH�VHYHUH�GLVWRUWLRQ�LQ�WKH�UHFHLYHG�VLJQDO��
�
7KH�GLDJUDP�EHORZ�VKRZV�D�ZD\�RI�PHDVXULQJ�WKH�PRGXODWLRQ�LQGH[�IRU�DQ�
$0�FDUULHU�PRGXODWHG�E\�D�VLPSOH�VLQH�ZDYH���,I�9PD[�DQG�9PLQ�DUH�WKH�
PD[LPXP� DQG� PLQLPXP� FDUULHU� SHDN� DPSOLWXGHV� DV� VKRZQ�� WKHQ� WKH�
PRGXODWLRQ�LQGH[�P�LV�JLYHQ�E\�
�

� m =  
Vmax -  Vmin

Vmax +  Vmin
�
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)LJXUH��������&DOFXODWLQJ�WKH�PRGXODWLRQ�LQGH[�IRU�$0��VHH�WH[W���
 
Spectrum of an AM signal 
$Q�XQPRGXODWHG� FDUULHU� LV� VLPSO\� D� VLQH�ZDYH� ¥WKDW� LV�� LW� FRQWDLQV� RQO\�
RQH� IUHTXHQF\�� VR� LWV� VSHFWUXP�ZLOO� FRQVLVW� RI� D� VLQJOH� OLQH�� DV� VKRZQ� LQ�
ILJXUH�������OHIW��EHORZ��:KDW�KDSSHQV�ZKHQ�LWªV�PRGXODWHG"�$�ORRN�EDFN�DW�
ILJXUH������PLJKW�FRQYLQFH�\RX�WKDW�DQ�$0�VLJQDO�LV�QR�ORQJHU�D�VLQJOH�VLQH�
ZDYH��VR�LWV�VSHFWUXP�PXVW�KDYH�FKDQJHG��)LJXUH�������FHQWUH��VKRZV�WKH�
UHVXOW��LI�WKH�PRGXODWLQJ�VLJQDO�LV�DOVR�D�VLPSOH�VLQH�ZDYH��DQG�P� ����

�
)LJXUH� ����� � 6SHFWUD� IRU� DQ� XQPRGXODWHG� FDUULHU� �OHIW�� DQG� D� FDUULHU�
PRGXODWHG�E\�D�VLQJOH� VLQH�ZDYH�RI� IUHTXHQF\� IP� �FHQWUH���,Q�SUDFWLFH� WKH�
PRGXODWLQJ� IUHTXHQF\� ZLOO� FRQWDLQ� D� UDQJH� RI� IUHTXHQFLHV�� DQG� WKH�
VLGHEDQGV�ZLOO�EH�EURDG��ULJKW���
�
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7KH�VSHFWUXP�QRZ�FRQVLVWV�RI�WKH�RULJLQDO�FDUULHU�IUHTXHQF\��SOXV�WZR�QHZ�
�§XSSHU¨�DQG�§ORZHU¨��VLGHEDQGV�VSDFHG�D�GLVWDQFH�IP�DERYH�DQG�EHORZ�WKH�
RULJLQDO� FDUULHU� IUHTXHQF\���)RU�H[DPSOH�� LI� WKH� FDUULHU� IUHTXHQF\� LV������
N+]����0+]��DQG�WKH�PRGXODWLQJ�IUHTXHQF\�LV���N+]��WKHQ�WKH�VLGHEDQGV�
ZLOO�RFFXU�DW�����N+]�DQG������N+]�¥WKDW�LV��DW��IF���IP��DQG��IF���IP���,I�WKH�
PRGXODWLQJ�VLJQDO�FRQWDLQV�D�UDQJH�RI�IUHTXHQFLHV�XS�WR��VD\�����N+]��WKHQ�
WKH� VLGHEDQGV� ZLOO� DSSHDU� VRPHWKLQJ� OLNH� ILJXUH� ����� �ULJKW��� 6R� WKH�
DPSOLWXGH�PRGXODWHG�FDUULHU�QRZ�RFFXSLHV�D�WRWDO�EDQGZLGWK�RI��IP� ���Õ�
���N+]� ����N+]��
�


$VLGH����:KDW�SURGXFHV�WKH�VLGHEDQGV�LQ�$0"�
�
$� OLWWOH� PDWKHPDWLFV� LQGLFDWHV� ZK\� DQ� $0� VLJQDO� FRQVLVWV� RI� D�
FDUULHU�DQG�WZR�VLGHEDQGV��7KH�ULJKW�KDQG�VLGH�RI�WKH�HTXDWLRQ�
�
Y�W�� �$F�FRV�2πIFW�^����P�FRV�2πIPW�`�
�
FDQ�EH�H[SDQGHG��XVLQJ�VRPH�WULJ�LGHQWLWLHV��DV��
�
Y�W�� �$F�FRV�2πIFW����P$F�FRV�2πIFW��FRV�2πIPW��
������� �$F�FRV�2πIFW�������P$F�^FRV��π>IF���IP@W����FRV��π>IF���IP@W�`�
������� �$F�FRV�2πIFW���
������������������������P$F�FRV��π>IF���IP@W�������P$F�FRV��π>IF���IP@W�`�
�
1RWLFH�WKDW�WKLV�ODVW�H[SUHVVLRQ�FRQVLVWV�RI�WKUHH�VLQH�ZDYHV�¥DW�WKH�
IUHTXHQFLHV� RI� WKH� FDUULHU�� DQG� WKH� ORZHU� DQG� XSSHU� VLGHEDQGV��
1RWLFH�DOVR�WKDW�IRU�P� ����IXOO�PRGXODWLRQ���WKH�DPSOLWXGH�RI�HDFK�
RI� WKH� VLGHEDQGV� LV� KDOI� WKDW� RI� WKH� FDUULHU�� 7KHUH� LV� WKXV� RQH�
TXDUWHU�RI�WKH�FDUULHU�SRZHU�LQ�HDFK�VLGHEDQG��
�

�
,Q� IDFW�� $0� VWDWLRQV� XVH� DQ� DXGLR� EDQGZLGWK� RI� DERXW� �� N+]�� DQG� WKH�
VSDFLQJ� EHWZHHQ� VWDWLRQV� LV� �� N+]� LQ� $XVWUDOLD�� 6LQFH� WKLV� DXGLR�
EDQGZLGWK�VKRXOG�UHTXLUH�D�UDGLR�IUHTXHQF\��5)��EDQGZLGWK�RI�DW�OHDVW����
N+]�IRU�HDFK�VWDWLRQ��KRZ�FDQ�WKLV�ZRUN"�7KH�VLGHEDQGV�IURP�DGMDFHQW�$0�
VWDWLRQV�VKRXOG�RYHUODS�DQG�KHQFH�LQWHUIHUH�ZLWK�RQH�DQRWKHU���7KH�DQVZHU�
������������������������������ ��������������
��,W�LV�ZRUWK�UHDOLVLQJ�WKDW�WKH�VSHFWUXP�RI�D�VLJQDO�LV�DOZD\V�DQ�DYHUDJH�RYHU�VRPH�WLPH�
LQWHUYDO��)RU�H[DPSOH��FRQVLGHU� WKH�VSHFWUXP�RI�D�FDUULHU�ZKLFK� LV�DPSOLWXGH�PRGXODWHG�
E\�D�VLQJOH�VLQH�ZDYH��DV�LQ�ILJXUH�������,I�ZH�WDNH�D�FRXSOH�RI�F\FOHV�RI�WKLV�VLJQDO�QHDU�LWV�
PLQLPXP� DPSOLWXGH�� WKH� VSHFWUXP� ZLOO� FOHDUO\� EH� GLIIHUHQW� �LQ� PDJQLWXGH�� IURP� WKH�
VSHFWUXP�ZKHQ� WKH� VLJQDO� LV�QHDU� LWV�PD[LPXP��7KH� VLGHEDQGV�GLVFXVVHG� LQ� FRQQHFWLRQ�
ZLWK�$0�RQO\�VKRZ�XS�LQ�WKH�VSHFWUXP�RI�YHU\�PDQ\�F\FOHV�RI�WKH�DPSOLWXGH�PRGXODWHG�
FDUULHU�� DQG� WKH� VDPH� LV� WUXH� IRU� WKH� VSHFWUXP� RI� D� IUHTXHQF\� PRGXODWHG� FDUULHU�� DV�
GLVFXVVHG�ODWHU��
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LV� WKDW�$0�VWDWLRQV� LQ�RQH�SDUW�RI� WKH�FRXQWU\�DUH�QRW�DOORFDWHG�DGMDFHQW�
FKDQQHOV��+RZHYHU�� LQWHUIHUHQFH�FDQ�FHUWDLQO\�RFFXU�DW�QLJKW�ZKHQ�EHWWHU�
SURSDJDWLRQ�FRQGLWLRQV�DOORZ�WKH�VLPXOWDQHRXV�UHFHSWLRQ�RI�ORFDO�DQG�TXLWH�
GLVWDQW�VWDWLRQV�RQ�WKH�VDPH�RU�DGMDFHQW�IUHTXHQFLHV��
�
&RQWUDU\�WR�SRSXODU�EHOLHI��$0�WUDQVPLVVLRQV�FDQ�EH�RI�VXEMHFWLYHO\�TXLWH�
KLJK�TXDOLW\��HYHQ�LQ�VSLWH�RI�WKHLU�UHVWULFWHG�DXGLR�EDQGZLGWK��7KH�PDLQ�
VWXPEOLQJ�EORFN�LV�$0�UHFHLYHUV��ZKLFK�DUH�DOPRVW�LQYDULDEO\�FRQVWUXFWHG�
ZLWK� GHPRGXODWRUV� RI� DE\VPDO� TXDOLW\�� HYHQ� LQ� VRPH� UDWKHU� H[SHQVLYH�
DXGLR� V\VWHPV�� +RZHYHU�� LW� LV� FHUWDLQO\� WUXH� WKDW� WKH� XOWLPDWH� TXDOLW\�
DWWDLQDEOH�ZLWK�$0�UDGLR�IDOOV�UDWKHU�VKRUW�RI�WKDW�ZKLFK�)0�FDQ�GHOLYHU��
�
2QH� VLJQLILFDQW� GUDZEDFN� RI� $0� WUDQVPLVVLRQV� LV� WKDW� WKH\� WHQG� WR� EH�
UDWKHU� VHQVLWLYH� WR� LPSXOVLYH� LQWHUIHUHQFH� �WKDW� LV�� QRLVH� §VSLNHV¨�� ZKLFK�
FDQ�EH�FDXVHG�E\��VD\��OLJKWQLQJ�RU�FDU�LJQLWLRQ�QRLVH��VLQFH�WKH�LQIRUPDWLRQ�
LV�FRQWDLQHG�LQ�WKH�LQVWDQWDQHRXV�DPSOLWXGH�RI�WKH�VLJQDO���
�
Frequency modulation 
7KH� EDVLF� LGHD� RI� )0� LV� VKRZQ� LQ� WKH� GLDJUDP� EHORZ�� +HUH� WKH� FDUULHU�
IUHTXHQF\� LV�FRQWUROOHG�DW�HDFK�LQVWDQW�E\�WKH�YROWDJH�RI�WKH�PRGXODWLQJ�
VLJQDO��,Q�WKLV�H[DPSOH��PRUH�SRVLWLYH�PRGXODWLQJ�VLJQDO�YROWDJHV�LQFUHDVH�
WKH�FDUULHU�IUHTXHQF\��ZKLOH�PRUH�QHJDWLYH�YROWDJHV�GHFUHDVH�LW��
�

)LJXUH��������:LWK�IUHTXHQF\�PRGXODWLRQ��WKH�LQVWDQWDQHRXV�FDUULHU�
IUHTXHQF\�LV�FRQWUROOHG�E\�WKH�PRGXODWLQJ�VLJQDO��
�
7KH� YROWDJH� RI� WKH� PRGXODWHG� FDUULHU� LQ� WKH� )0� FDVH� FDQ� EH�
PDWKHPDWLFDOO\�GHVFULEHG�E\�WKH�H[SUHVVLRQ�
�
� Y�W�� �$F�FRV^2πIFW���P��VLQ�2πIPW�`���
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�
ZKHUH� WKH� V\PEROV� KDYH� WKH� VDPH� PHDQLQJV� DV� IRU� $0�� DQG� P� LV� RQFH�
DJDLQ� WKH�PRGXODWLRQ� LQGH[�� DOWKRXJK� LWV� PHDQLQJ� IRU� )0� LV� VRPHZKDW�
GLIIHUHQW��,W�WXUQV�RXW�WKDW�WKH�PRGXODWLRQ�LQGH[�IRU�)0�LV�JLYHQ�E\�
�

� modulation index (m) =  
peak carrier deviation ( f)

modulating frequency (fm

∆
)
���

�
ZKHUH� WKH�SHDN�FDUULHU�GHYLDWLRQ� �∆I�� LV�WKH�PD[LPXP�IUHTXHQF\�VKLIW�

DZD\� IURP�IF� WKDW� WKH�FDUULHU�H[SHULHQFHV�DV� LW� F\FOHV�KLJKHU�DQG� ORZHU�
�WKLV�ZLOO�RFFXU�ZKHQ�WKH�PRGXODWLQJ�YROWDJH�LV�D�PD[LPXP�RU�PLQLPXP���
�
0RGXODWLQJ� WKH� IUHTXHQF\� RI� D� FDUULHU� UDWKHU� WKDQ� LWV� DPSOLWXGH� KDV�
VRPH� DGYDQWDJHV�� UHODWLQJ� PDLQO\� WR� QRLVH� SHUIRUPDQFH�� DOWKRXJK� WKH�
WUDGHRII� LV� WKDW� D� JRRG� TXDOLW\� FRPPHUFLDO� )0� WUDQVPLVVLRQ� UHTXLUHV�
VLJQLILFDQWO\�PRUH� EDQGZLGWK� WKDQ� DQ� $0� WUDQVPLVVLRQ�� $� QDUURZ�EDQG�
YHUVLRQ� RI� )0� FDQ� EH� XVHG� IRU� YRLFH� FRPPXQLFDWLRQV� ZKHUH� WKH� TXDOLW\�
GRHV�QRW�QHHG�WR�EH�VR�KLJK��DQG�KHUH�WKH�EDQGZLGWK�UHTXLUHPHQWV�FDQ�EH�
VLPLODU�WR�$0��
�
1RWH�WKH�IROORZLQJ�SRLQWV��
�
• 7KHUH�LV�QR�§RYHUPRGXODWLRQ¨�VLWXDWLRQ�ZLWK�DQ�)0�VLJQDO��EXW��
• $V� WKH� PRGXODWLRQ� LQGH[� LV� LQFUHDVHG�� WKH� VLJQDO� RFFXSLHV� PRUH�

EDQGZLGWK��
• $V� WKH� PRGXODWLRQ� LQGH[� LV� LQFUHDVHG�� WKH� VLJQDO� EHFRPHV� PRUH�

UHVLVWDQW� WR� LQWHUIHULQJ� QRLVH�� WKDW� LV�� WKH� HIIHFWLYH� 6�1� UDWLR� FDQ� EH�
ODUJHU��

�
7KH�ODVW�WZR�IDFWRUV�FDQ�SUREDEO\�EH�VXPPHG�XS�DV��D�KLJKHU�PRGXODWLRQ�
LQGH[�LV�D�JRRG�WKLQJ��DV�ORQJ�DV�LW�GRHVQªW�XVH�XS�WRR�PXFK�EDQGZLGWK��
�
&RPPHUFLDO� )0� EURDGFDVWLQJ� LQ� $XVWUDOLD� XVHV� D� SHDN� GHYLDWLRQ� RI� ����
N+]� WRJHWKHU� ZLWK� D� PD[LPXP� PRGXODWLQJ� IUHTXHQF\� RI� ��� N+]� �WKH�
PD[LPXP� DXGLR� EDQGZLGWK� IRU� )0��� 7KH�PLQLPXP�PRGXODWLRQ� LQGH[� LV�
WKXV����ZKLFK�VWLOO�JLYHV�TXLWH�JRRG�QRLVH�LPPXQLW\��79�VWDWLRQV�DOVR�XVH�
)0�IRU�WKH�VRXQG�SDUW�RI� WKHLU�VLJQDOV��)RU�79�WKH�SHDN�GHYLDWLRQ�LV�����
N+]��QRW�WRR�GLIIHUHQW�IURP�)0�UDGLR��DQG�WKH�VRXQG�IURP�79�FKDQQHOV������
DQG����ZKLFK�IDOO�LQ�WKH��������0+]�)0�UDGLR�EDQG��FDQ�EH�UHFHLYHG�ZLWK�
DQ�RUGLQDU\�)0�WXQHU��
�
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$GMDFHQW�)0�EURDGFDVWLQJ�VWDWLRQV�DUH�VSDFHG�����N+]�DSDUW�LQ�IUHTXHQF\��
7KLV�DOORZV�IRU�WKH�VWDQGDUG�SHDN�GHYLDWLRQ�RI�����N+]��L�H������N+]�SHDN�
WR�SHDN��ZLWK�VRPH�§JXDUG�EDQG¨�DW�HDFK�HQG��
�
Spectrum of an FM signal 
7KH� VSHFWUXP� RI� DQ� )0� VLJQDO� LV� UDWKHU� PHVV\�� $V� ZLWK� $0�� WKH�
PRGXODWLRQ� SURFHVV� FDXVHV� VLGHEDQGV� WR� EH� SUHVHQW� DW� IUHTXHQFLHV� DERYH�
DQG�EHORZ�WKH�FDUULHU��+RZHYHU�� LQ�JHQHUDO�WKHUH�DUH�D�ORW�PRUH�RI�WKHP��
DOO�VSDFHG�DW�PXOWLSOHV�RI� IP� IURP�WKH�FDUULHU��$V�D�UHVXOW�� WKH�EDQGZLGWK�
QHHGHG�WR�DFFRPPRGDWH�DQ�)0�VLJQDO�LV�FRQVLGHUDEO\�JUHDWHU�WKDQ�WKDW�IRU�
DQ�$0�VLJQDO�KDYLQJ�WKH�VDPH�PRGXODWLQJ�IUHTXHQF\��7KH�RQO\�H[FHSWLRQ�
LV�ZKHQ�WKH�PRGXODWLRQ� LQGH[� LV� OHVV� WKDQ�DERXW����7KLV� LV�UHIHUUHG�WR�DV�
QDUURZ�EDQG�)0��1%)0���DQG�PRVW�RI�WKH�LQIRUPDWLRQ�LV�FRQWDLQHG�ZLWKLQ�
WKH� UDQJH� RI� WKH� ILUVW� XSSHU� DQG� ORZHU� VLGHEDQGV�� ,Q� WKLV� FDVH� D� WRWDO�
EDQGZLGWK�RI��IP�LV�DGHTXDWH�IRU�WUDQVPLVVLRQ��
�

)LJXUH������ � �7KH�VSHFWUXP�RI�D� IUHTXHQF\�PRGXODWHG� FDUULHU� IRU�YDULRXV�
YDOXHV� RI� WKH� PRGXODWLRQ� LQGH[�� P�� ,Q� WKHVH� H[DPSOHV� WKH� PRGXODWLQJ�
VLJQDO�LV�D�VLPSOH�VLQH�ZDYH�RI�FRQVWDQW�IUHTXHQF\��$�§IRUHVW¨�RI�VLGHEDQGV�
LV�SURGXFHG��VSDFHG�D�IUHTXHQF\�IP�DSDUW��0HVV\��
�
,Q�JHQHUDO��WKH�WRWDO�EDQGZLGWK�UHTXLUHG�IRU�WUDQVPLVVLRQ�RI�DQ�)0�VLJQDO�
LV�JLYHQ�E\�
�
� %DQGZLGWK� ���>�P�����@�IP������+]�
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�


�$VLGH��:KHUH�GR�DOO�WKH�)0�VLGHEDQGV�FRPH�IURP"�
�
7KH�FRPSOLFDWHG�VLGHEDQG�VWUXFWXUH�RI�)0�DULVHV�GLUHFWO\�IURP�WKH�
H[SUHVVLRQ�XVHG�WR�GHVFULEH�WKH�PRGXODWHG�FDUULHU��
�
� Y�W�� �$F�FRV^2πIFW���P��VLQ�2πIPW�`�
�
$OWKRXJK� WKLV� H[SUHVVLRQ� ORRNV� UHODWLYHO\� LQQRFXRXV�� LW� LV� QRW��
1RWLFH�WKDW�LI�LW�LV�H[SDQGHG��WKH�VLQ�DQG�FRV�WHUPV�DUH�QRW�VLPSO\�
PXOWLSOLHG�WRJHWKHU��UDWKHU��ZH�HQG�XS�ZLWK�WHUPV�RI�WKH�IRUP�
�
� FRV�^�P�VLQ�2πIPW�`����DQG�����VLQ�^�P�VLQ�2πIPW�`�
�
7KDW� LV�� WKH� §FRV� RI� D� VLQ�¨� � HWF�� 7KHVH� H[SUHVVLRQV� WXUQ� RXW� WR�
UHSUHVHQW� DQ� LQILQLWH� VXP� RI� FRPSRQHQWV� DW� WKH� VLGHEDQG�
IUHTXHQFLHV� DQG� VRPH� UDWKHU� PHVV\� PDWKHPDWLFDO� �%HVVHO��
IXQFWLRQV��WKH�GHWDLOV�RI�ZKLFK�ZH�ZLOO�QRW�JR�LQWR�KHUH��
�

 
 
Demodulation of AM and FM signals  
'HPRGXODWLRQ� �RU� GHWHFWLRQ�� LV� WKH� SURFHVV� RI� UHFRYHULQJ� WKH� RULJLQDO�
PRGXODWLQJ� VLJQDO� IURP� D� PRGXODWHG� FDUULHU�� ,� KDYH� QRW� GLVFXVVHG� DQ\�
SUDFWLFDO� WHFKQLTXHV� IRU� PRGXODWLRQ�� EXW�� MXVW� IRU� LQWHUHVW�� D� IHZ� EULHI�
FRPPHQWV�DERXW�GHPRGXODWLRQ�WHFKQLTXHV�PLJKW�EH�DSSURSULDWH��
�
$V�,ªYH�PHQWLRQHG�EHIRUH��$0�LV�UHDOO\�WKH�§SRRU�FRXVLQ¨�LQ�WHUPV�RI�TXDOLW\�
RI� FRQVXPHU� HOHFWURQLFV�� � $0� GHWHFWRUV� DOPRVW� LQYDULDEO\� XVH� HQYHORSH�
GHWHFWLRQ� DQG� FRQVLVW� RI� D� VLPSOH� GLRGH� UHFWLILHU� FLUFXLW�� ZKLFK�� URXJKO\�
VSHDNLQJ��§FKRSV�RII¨�HLWKHU�WKH�SRVLWLYH�RU�QHJDWLYH�KDOI�RI�DQ�$0�VLJQDO��
7KH�UHVXOWLQJ�ZDYHIRUP�LV� WKHQ�VPRRWKHG��JLYLQJ�DQ�RXWSXW�VLJQDO�ZKLFK�
DSSUR[LPDWHV� WKH� VKDSH� RI� WKH� HQYHORSH� RI� WKH�PRGXODWHG� FDUULHU��%HWWHU�
�DQG�UDWKHU�PRUH�FRPSOH[��$0�GHWHFWRUV�DUH�DYDLODEOH��EXW�WHQG�RQO\�WR�EH�
XVHG�LQ�UDWKHU�H[RWLF�UHFHLYHUV��
�
7KHVH�GD\V�)0�GHWHFWRUV�DOPRVW�XQLYHUVDOO\�XVH�D�FLUFXLW�FDOOHG�D�SKDVH�
ORFNHG�ORRS��3//���DQ�H[WUHPHO\�XVHIXO�GHYLFH�ZKLFK�ILQGV�LWV�ZD\�LQWR�DOO�
VRUWV� RI� HOHFWURQLF� V\VWHPV�� %ULHIO\�� LW� FRQVLVWV� RI� DQ� RVFLOODWRU� ZKRVH�
IUHTXHQF\�FDQ�EH�YDULHG�E\�PHDQV�RI�D�YROWDJH��WKDW�LV��D�YROWDJH�FRQWUROOHG�
RVFLOODWRU�RU�9&2���DQG�D�IHHGEDFN�FLUFXLW��:KLOH�LWV�RSHUDWLRQ�LV�D�OLWWOH�WRR�
FRPSOH[� IRU� XV� WR� GLVFXVV� KHUH�� VWXGHQWV�ZKR� JR� RQ� WR� GR�(OHFWURQLFV� ,,,�
ZLOO�HYHQWXDOO\�PHHW�LW�KHDG�RQ��
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Chapter 14 
FREQUENCY CONVERSION and OTHER TOPICS 
�
Frequency conversion 
:H�VDZ�SUHYLRXVO\�WKDW�IRU�$0��WZR�VLGHEDQGV�ZHUH�IRUPHG�DW�IUHTXHQFLHV�
MXVW� DERYH� DQG� EHORZ� WKH� FDUULHU� IUHTXHQF\�� � )RU� D� FDUULHU� ZKLFK� LV�
DPSOLWXGH� PRGXODWHG� ZLWK� D� UDQJH� RI� DXGLR� IUHTXHQFLHV�� HDFK� VLGHEDQG�
ORRNV� MXVW� OLNH�D� FRS\� RI� WKH� VSHFWUXP� RI� WKH� RULJLQDO� DXGLR� VLJQDO�ZKLFK�
PRGXODWHG�WKH�FDUULHU���,Q�HVVHQFH��WKH�RULJLQDO�VLJQDO�DW�DXGLR�IUHTXHQFLHV�
KDV� EHHQ� �VKLIWHG� XS¨� LQ� IUHTXHQF\�� � ,Q� D� UHDO� VHQVH�� WKH� LQIRUPDWLRQ�
FRQWDLQHG� LQ� WKH� RULJLQDO� VLJQDO� KDV� QRW� FKDQJHG� LQ� DQ\� ZD\� E\� EHLQJ�
VKLIWHG�WR�D�QHZ�IUHTXHQF\��DQG�LQ�WKH�FDVH�RI�$0�FDQ�EH�UHFRYHUHG�E\�WKH�
SURFHVV�RI�GHPRGXODWLRQ��
�

�
�

)LJXUH�������7KH�VLGHEDQGV�RI�DQ�$0�VLJQDO�DUH�MXVW�FRSLHV�RI�WKH�
PRGXODWLQJ�VLJQDO��EXW�VKLIWHG�LQ�IUHTXHQF\�E\�DQ�DPRXQW�HTXDO�WR�WKH�
FDUULHU�IUHTXHQF\��IF��,Q�DGGLWLRQ��WKH�ORZHU�VLGHEDQG�LV�UHYHUVHG�LQ�

IUHTXHQF\��
�
7KHUH� DUH�PDQ\� VLWXDWLRQV�ZKHUH�ZH� QHHG� WR� WDNH� D� VLQJOH� IUHTXHQF\� RU�
UDQJH� RI� IUHTXHQFLHV�SUHVHQW� LQ�D� VLJQDO�DQG�VKLIW� WKHVH� IUHTXHQFLHV�E\�D�
FHUWDLQ� DPRXQW�� � 7KLV� PLJKW� EH�� IRU� H[DPSOH�� VR� WKDW� PDQ\� GLIIHUHQW�
VLJQDOV� FDQ� RFFXS\� VOLJKWO\� GLIIHUHQW� IUHTXHQFLHV� WR� DOORZ�PDQ\� XVHUV� RU�
VHUYLFHV� WR� HIILFLHQWO\� VKDUH� D� UHODWLYHO\� UHVWULFWHG� IUHTXHQF\� EDQG�� � 7KLV�
ZDV� FRPPRQO\� XVHG�� IRU� H[DPSOH�� ZLWK� DQDORJ� WHOHSKRQH� YRLFH� VLJQDOV��
ZKHUH�PDQ\�LQGLYLGXDO�VLJQDOV�ZHUH�§DJJUHJDWHG¨�LQWR�D�VLQJOH�VLJQDO�ZLWK�
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PXFK�ODUJHU�EDQGZLGWK�IRU�WUDQVPLVVLRQ�WR�RWKHU�ORFDWLRQV��7KLV�WHFKQLTXH�
LV�UHIHUUHG�WR�DV�IUHTXHQF\�GLYLVLRQ�PXOWLSOH[LQJ��RU�)'0��7RGD\��VLQFH�WKH�
YRLFH�VLJQDOV�DUH�FRQYHUWHG�WR�GLJLWDO� IRUP��WKHUH�DUH�PXFK�PRUH�HIILFLHQW�
ZD\V�RI�VKDULQJ�D�WUDQVPLVVLRQ�FKDQQHO�DPRQJVW�SKRQH�XVHUV��

�
�

)LJXUH��������)UHTXHQF\�GLYLVLRQ�PXOWLSOH[LQJ��)'0���$�QXPEHU�RI�VLJQDOV�
�SHUKDSV�WHOHSKRQH�YRLFH��DUH�LQGLYLGXDOO\�VKLIWHG�XS�E\�GLIIHUHQW�DPRXQWV�

DQG�DGGHG�WRJHWKHU�WR�IRUP�D�FRPELQHG��EXW�ZLGHU�EDQG��VLJQDO���
�
7KH�WHFKQLTXH�RI�IUHTXHQF\�VKLIWLQJ��RU�IUHTXHQF\�FRQYHUVLRQ��LV�FRPPRQO\�
XVHG� DV� RQH� SDUW� LQ� D� FKDLQ� RI� YDULRXV� VLJQDO� SURFHVVLQJ� RSHUDWLRQV��
SDUWLFXODUO\� LQ� WHOHFRPPXQLFDWLRQV�� � $OWKRXJK� LW� RFFXUV� QDWXUDOO\� LQ� WKH�
SURFHVV� RI�DPSOLWXGH�PRGXODWLRQ�� LW� LV�DOVR�SRVVLEOH� WR�SHUIRUP�IUHTXHQF\�
FRQYHUVLRQ�DV�D�VHSDUDWH�RSHUDWLRQ��
�
,Q� RUGHU� WR� VKLIW� D� VLJQDO� FRQWDLQLQJ� D� IUHTXHQF\� I�� E\� DQ� DPRXQW� I��� D�
VHFRQG� VLQXVRLGDO� VLJQDO� DW� IUHTXHQF\� I�� LV� XVHG�� 7KH� YROWDJHV� RI� WKH� WZR�
VLJQDOV� DUH� WKHQ� PXOWLSOLHG� �TXLWH� OLWHUDOO\�� WRJHWKHU�� � 7KLV� SURFHVV�
FUHDWHV�WZR�QHZ�VLJQDOV��DW�IUHTXHQFLHV��I����I���DQG�D��I����I����WKDW�LV��DW�WKH�
VXP� DQG�GLIIHUHQFH� IUHTXHQFLHV�� �:H�QHHG� D� OLWWOH�PDWKV� WR� VHH� KRZ� WKLV�
FRPHV�DERXW��
�
6XSSRVH�VLJQDO���LV�� Y��W�� �$��FRV��πI�W��
$QG�VLJQDO���LV�� � Y��W�� �$��FRV��πI�W��
�
7KHQ�VLJQDO���PXOWLSOLHG�E\�VLJQDO���LV��
� Y��W��Õ�Y��W�� �$��FRV��πI�W��Õ�$��FRV��πI�W��
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�
8VLQJ�WKH�WULJ�LGHQWLW\�FRV$�Õ�FRV%� ��Ù�FRV>$�%@���FRV>$�%@���ZH�JHW�
�
� Y��W��Õ�Y��W��  �����$��$��^FRV��π[I����I�@W����FRV��π>I���I�@W�`�
� � �  �����$��$��FRV��π[I����I�@W��������$��$��FRV��π>I���I�@W��
�
1RWH� WKDW� WKLV� LV�QRZ�D�VLPSOH�VXP�RI� WZR�VLQXVRLGDO�VLJQDOV��2QH�RI�WKH�
SDLU�RI�QHZ�VLJQDOV��HLWKHU�DW�IUHTXHQF\�>I����I�@�RU�>I���I�@��LV�WKHQ�UHPRYHG��
XVXDOO\�E\�PHDQV�RI�D�ILOWHU��OHDYLQJ�WKH�RWKHU��
�
([DPSOH������� �7ZR�VLJQDOV�DW�IUHTXHQFLHV�RI�����0+]�DQG�����0+]�DUH�
PL[HG��PXOWLSOLHG��WRJHWKHU��:KDW�QHZ�IUHTXHQFLHV�DUH�SURGXFHG"�
�
$QVZHU��0L[LQJ�SURGXFHV�WKH�VXP�DQG�GLIIHUHQFH�IUHTXHQFLHV��ZKLFK�DUH��
�

�������� �����0+]����DQG������������ �����0+]��
�
1RWH�WKDW�WDNLQJ�����������0+]�IRU�WKH�GLIIHUHQFH�ZRXOG�JLYH�XV�D�QHJDWLYH�
DQVZHU��0DWKHPDWLFDOO\��WKLV�WXUQV�RXW�WR�EH�2.��EXW�IRU�RXU�SXUSRVHV�ZH�
FDQ�MXVW�DVVXPH�WKDW�WKH�GLIIHUHQFH�LV�DOZD\V�SRVLWLYH��
�
�
7KH�ZKROH�EXVLQHVV�RI�PXOWLSO\LQJ�RQH�VLJQDO�E\�DQRWKHU�IRU�WKH�SXUSRVH�RI�
IUHTXHQF\� FRQYHUVLRQ� LV� RIWHQ� UHIHUUHG� WR� DV�PL[LQJ�� DQG� D� FLUFXLW� ZKLFK�
SHUIRUPV�WKH�PXOWLSOLFDWLRQ�LV�FDOOHG�D�PL[HU��'RQ
W�FRQIXVH�WKLV�ZLWK��IRU�
H[DPSOH�� WKH� WHUP� §PL[LQJ¨� RI� VLJQDOV� XVHG� LQ� VRXQG� UHFRUGLQJ� �LW� LV�
FHUWDLQO\�DPELJXRXV���)UHTXHQF\�FRQYHUVLRQ�LQYROYHV� WKH�PXOWLSOLFDWLRQ�
RI�WZR�VLJQDOV��ZKLOH�VRXQG�PL[LQJ�LQYROYHV�WKH�DGGLWLRQ�RI�WZR�VLJQDOV��D�
TXLWH�GLIIHUHQW�SURFHVV�� �:KHQ�WZR�VLJQDOV�DUH�VLPSO\�DGGHG�WRJHWKHU��QR�
QHZ�IUHTXHQFLHV�DUH�SURGXFHG��
�
�


$VLGH���5HDO�PL[HUV�IRU�IUHTXHQF\�FRQYHUVLRQ�
�
,Q� DFWXDO� IDFW�� LW� LV� GLIILFXOW� WR� EXLOG� FLUFXLWV� ZKLFK� SUHFLVHO\�
PXOWLSO\� WZR� VLJQDOV� WRJHWKHU�� 5HDO� PL[HUV� �DQG� WKHUH� DUH� PDQ\�
GLIIHUHQW� FLUFXLWV�� RIWHQ� UHO\� RQ� WKH� IDFW� WKDW� LI� D� FLUFXLW� LV�
QRQOLQHDU��� WKHQ� LW� ZLOO� DFWXDOO\� GR� VRPH� PXOWLSOLFDWLRQ� LI� WZR�
VLJQDOV�DUH�VLPSO\�DGGHG�WRJHWKHU�DQG�WKHQ�SDVVHG�WKURXJK�LW��7KLV�
SURFHVV�XVXDOO\�FUHDWHV�ORWV�RI�RWKHU�XQZDQWHG�IUHTXHQFLHV�DV�ZHOO��
EXW�WKHVH�FDQ�XVXDOO\�EH�ILOWHUHG�RXW��

������������������������������ ��������������
1  A nonlinear circuit is one which doesn’t behave like a perfect amplifier, where the output signal is 
exactly proportional to the input signal. 
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�
�
$OWKRXJK� IUHTXHQF\� FRQYHUVLRQ� LV� RIWHQ� XVHG� WRJHWKHU� ZLWK� D� QXPEHU� RI�
RWKHU� VLJQDO� SURFHVVLQJ� WHFKQLTXHV� DV� SDUW� RI� ODUJHU� V\VWHPV�� LW� LV� XVHG�
RFFDVLRQDOO\� E\� LWVHOI� WR� DFKLHYH� D� VSHFLILF� JRDO�� � 7ZR� H[DPSOHV� DUH� DV�
IROORZV��
�
• &RPPXQLFDWLRQV�VDWHOOLWHV���%DVLFDOO\��WKHVH�ZRUN�E\�WDNLQJ�D�EDQG�

RI� IUHTXHQFLHV� WUDQVPLWWHG� IURP� RQH� SODFH� RQ� WKH� HDUWK� DQG�
UH�WUDQVPLWWWLQJ�WKHP�WR�VRPHZKHUH�HOVH���7KH�EDQG�RI�IUHTXHQFLHV�PD\�
FRQWDLQ� D� YDULHW\� RI� VLJQDOV��PRGXODWHG� E\� YDULRXV�PHDQV� ¥LW� GRHVQ
W�
UHDOO\� PDWWHU�� LWªV� MXVW� D� �VHFWLRQ� RI� VSHFWUXP��� � 1RZ�� WKH� EDQG� RI�
IUHTXHQFLHV�UHFHLYHG�E\�WKH�VDWHOOLWH�LV�VKLIWHG�LQ�IUHTXHQF\�EHIRUH�EHLQJ�
UH�WUDQVPLWWHG�EDFN�WR�HDUWK��7KLV�LV�PDLQO\�WR�DYRLG�WUDQVPLWWLQJ�DQG�
UHFHLYLQJ� VLPXOWDQHRXVO\� DW� WKH� VDPH� IUHTXHQF\�� ZKLFK� FDXVHV� RWKHU�
SUREOHPV�� � 7KH� IUHTXHQF\� VKLIW� LV� DFFRPSOLVKHG� LQ� WKH� PDQQHU� MXVW�
GHVFULEHG�� 7KH� HOHFWURQLF� V\VWHPV� ZKLFK� SHUIRUP� WKH� IUHTXHQF\� VKLIW�
DQG� UH�WUDQVPLVVLRQ� DUH� FDOOHG� WUDQVSRQGHUV� RU� UHSHDWHUV�� 7KHUH� DUH�
XVXDOO\� D� QXPEHU� RI� VHSDUDWH� WUDQVSRQGHUV� RQ� D� FRPPXQLFDWLRQV�
VDWHOOLWH�� DOO� RSHUDWLQJ� DW� VOLJKWO\� GLIIHUHQW� IUHTXHQFLHV�� 7KHVH� DUH�
§UHQWHG�RXW¨�WR�YDULRXV�XVHUV��

�
�

)LJXUH�������$�VDWHOOLWH�WUDQVSRQGHU�UHFHLYHV�VLJQDOV�RYHU�D�EDQG�RI�
IUHTXHQFLHV��VKLIWV�WKHP�LQ�IUHTXHQF\�DQG�UH�WUDQVPLWV�WKHP��

�
• &XULQJ� IHHGEDFN� LQ� SXEOLF� DGGUHVV� V\VWHPV�� <RX� KDYH� SUREDEO\�

KHDUG� D� SXEOLF� DGGUHVV� V\VWHP� �KRZO�� GXH� WR� H[FHVVLYH� IHHGEDFN� IURP�
WKH� ORXGVSHDNHUV� EDFN� WR� WKH� PLFURSKRQH�� � 7KLV� RFFXUV� EHFDXVH� WKH�
ZKROH� V\VWHP�� FRPSULVLQJ� WKH� PLFURSKRQH�� DPSOLILHU�� URRP� DQG�
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ORXGVSHDNHUV� KDV� D� �UHVRQDQFH��� RU� QDUURZ� UDQJH� RI� IUHTXHQFLHV� RYHU�
ZKLFK�WKH�JDLQ�LV�H[WUHPHO\�KLJK���2QH�ZD\�RI�UHGXFLQJ�WKLV�DQQR\LQJ�
HIIHFW� LV� WR� VOLJKWO\� VKLIW� WKH� IUHTXHQF\� RI� WKH� VLJQDOV� IURP� WKH�
PLFURSKRQH� EHIRUH� WKH\� DUH� DPSOLILHG�� VR� WKDW� WKH� VRXQG� IURP� WKH�
ORXGVSHDNHUV� LV� DW� D� VOLJKWO\� GLIIHUHQW� IUHTXHQF\� WR� WKDW� RULJLQDOO\�
SLFNHG�XS�E\�WKH�PLFURSKRQH���3URYLGHG�WKH�IUHTXHQF\�VKLIW�LV�RQO\�YHU\�
VPDOO��VD\�D�IHZ�+]��LW�LV�QRW�WRR�QRWLFHDEOH�WR�PRVW�SHRSOH
V�HDUV��

�
�
Automatic gain control (AGC) 
7KLV�LV�D�VLJQDO�SURFHVVLQJ�WHFKQLTXH�ZKLFK�HQVXUHV�WKDW�WKH�DPSOLWXGH�RI�
D� VLJQDO� VWD\V�� RQ� WKH� DYHUDJH�� UHDVRQDEO\� FRQVWDQW�� ,W� XVHV� IHHGEDFN��
ZKLFK�\RX�KDYH�DOUHDG\�PHW���+RZHYHU��ZKDW�LV�§IHG�EDFN¨�LV�VRPH�VRUW�RI�
DYHUDJH� RI� WKH�DPSOLWXGH� RU� §OHYHO¨� RI� WKH� VLJQDO�� QRW� WKH� DFWXDO� VLJQDO�
LWVHOI��7KH�SULQFLSOH�LV�LOOXVWUDWHG�LQ�WKH�GLDJUDP�EHORZ��
�
�

�
�

)LJXUH�������3ULQFLSOH�RI�RSHUDWLRQ�RI�DQ�DXWRPDWLF�JDLQ�FRQWURO��$*&���
)HHGEDFN�HQVXUHV�WKDW�WKH�DPSOLWXGH�RI�WKH�RXWSXW�VLJQDO�LV�KHOG�

UHODWLYHO\�FRQVWDQW��
�

7KH� DPSOLILHU� DW� WKH� OHIW� RI� WKH� GLDJUDP�KDV�D� JDLQ�ZKLFK� FDQ�EH� YDULHG�
HOHFWURQLFDOO\�� VD\�� E\� YDU\LQJ� D� FHUWDLQ� GF� �§FRQWURO¨�� YROWDJH�� )RU�
H[DPSOH��WKH�DPSOLILHU�JDLQ�PLJKW�EH�����G%�ZLWK�D�FRQWURO�YROWDJH�RI����
YROW��DQG�����G%�IRU�D�FRQWURO�YROWDJH�RI����YROWV��DQG�VR�RQ��
�
7KH�DPSOLWXGH�RI�WKH�YROWDJH�DW�WKH�RXWSXW�RI�WKH�DPSOLILHU�LV�FRQWLQXRXVO\�
PHDVXUHG�DQG�DYHUDJHG�RYHU�D� VKRUW�SHULRG�RI� WLPH�E\� WKH� OHYHO�GHWHFWRU��
,WV�GF�RXWSXW�YROWDJH�LV�WKHQ�IHG�EDFN�WR�FRQWURO�WKH�JDLQ�RI�WKH�DPSOLILHU��
7KH�QHW�HIIHFW�RI�DOO�WKLV�LV�WKDW�WKH�DPSOLWXGH�RI�WKH�RXWSXW�YROWDJH�IURP�
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WKH� DPSOLILHU� FDQ� UHPDLQ� UHDVRQDEO\� FRQVWDQW� IRU� D�ZLGH� UDQJH� RI� LQSXW�
VLJQDO�DPSOLWXGH���
�
7KLV�LV�LOOXVWUDWHG�E\�WKH�JUDSK�EHORZ�IRU�D�W\SLFDO�$*&�V\VWHP��+HUH�WKH�
RXWSXW� YROWDJH� LV� DOPRVW� FRQVWDQW� IRU� LQSXW� YROWDJHV� RI� DERXW� �� YROW� RU�
JUHDWHU�� �%HORZ� WKLV�� WKH� V\VWHP� §UXQV� RXW� RI� VWHDP¨�� VLQFH� WKH� YDULDEOH�
JDLQ�DPSOLILHU�FDQQRW�SURYLGH�HQRXJK�JDLQ���
�

0 .1 0

1 .0 0

1 0 .0 0

0 .1 0 1 .0 0 1 0 .0 0 1 0 0 .0 0
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u
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u
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vo
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ag
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I n p u t vo lta g e  (V ) �
�

)LJXUH�������7\SLFDO�SHUIRUPDQFH�RI�DQ�DXWRPDWLF�JDLQ�FRQWURO��$*&���
�
$*&� UHGXFHV� WKH� G\QDPLF� UDQJH� RI� D� VLJQDO�� 7KLV� LV� DOVR� NQRZQ� DV�
FRPSUHVVLRQ��$*&�FLUFXLWV�DUH�XVHIXO�LQ�D�QXPEHU�RI�DSSOLFDWLRQV��
�
• ,Q� UDGLR�UHFHLYHUV��ZKHUH� WKH�UHFHLYHG�VLJQDO�VWUHQJWK�PD\�YDU\�TXLWH�

PDUNHGO\�ZLWK�WLPH�RU�ORFDWLRQ��GHSHQGLQJ�RQ�WKH�WHUUDLQ��SURSDJDWLRQ�
HIIHFWV� RU� GLVWDQFH� IURP� WKH� WUDQVPLWWHU�� ,W� LV� SDUWLFXODUO\� XVHIXO� �LQ�
IDFW�� HVVHQWLDO�� ZLWK� $0� WUDQVPLVVLRQV�� VLQFH� WKH� LQIRUPDWLRQ� LV�
DFWXDOO\� FRQWDLQHG� LQ� WKH� �UDSLG��YDULDWLRQV� RI� WKH�FDUULHU�DPSOLWXGH��
$OO� QRUPDO� EURDGFDVW� UHFHLYHUV� LQFRUSRUDWH� VRPH� IRUP� RI� $*&� �RIWHQ�
UHIHUUHG�WR�DV�DXWRPDWLF�YROXPH�FRQWURO��RU�$9&�LQ�UDGLRV���WR�NHHS�WKH�
DYHUDJH�DPSOLWXGH�FRQVWDQW��

�
• ,Q� SRUWDEOH� WDSH� UHFRUGHUV�� ZKLFK� KDYH� VRPHZKDW� OLPLWHG� G\QDPLF�

UDQJH��DQG�ZKHUH�PDQXDOO\�VHWWLQJ�UHFRUGLQJ�OHYHOV�LV�WLPH�FRQVXPLQJ�
RU� LQFRQYHQLHQW�� IRU� H[DPSOH� ZKHQ� UHFRUGLQJ� OHFWXUHV�� ,Q� WKLV�
DSSOLFDWLRQ�LWªV�XVXDOO\�UHIHUUHG�WR�DV�DXWRPDWLF�OHYHO�FRQWURO��RU�$/&��

�
• ,Q�PRELOH�YRLFH�FRPPXQLFDWLRQV��ZKHUH�WKH�PRGXODWLRQ�LQGH[�QHHGV�WR�

EH�NHSW�KLJK�WR�SURGXFH�WKH�EHVW�6�1�UDWLR�DQG�VSHHFK�LQWHOOLJLELOLW\��
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A radio receiver using the superheterodyne technique. 
$V�DQ�H[DPSOH��OHW
V�ORRN�DW�KRZ�D��UDGLR�UHFHLYHU�XVHV�VRPH�RI�WKH�YDULRXV�
WHFKQLTXHV�WKDW�ZH�KDYH�GLVFXVVHG�� �0RVW�PRGHUQ�UDGLR�DQG�79�UHFHLYHUV�
�ZKHWKHU� IRU� $0� RU� )0� EDQGV�� RWKHU� IUHTXHQF\� UDQJHV�� RU� RWKHU�
PRGXODWLRQ� PHWKRGV�� XVH� WKH� VXSHUKHWHURG\QH� �§VXSHUKHW¨� IRU� VKRUW��
WHFKQLTXH�� �7KLV�HQDEOHV� LPSRUWDQW� VLJQDO�SURFHVVLQJ�RSHUDWLRQV��VXFK�DV�
GHPRGXODWLRQ�� WR� EH� GRQH� DW� D� PRUH� FRQYHQLHQW� ORZHU� IUHTXHQF\�� UDWKHU�
WKDQ� DW� WKH� RULJLQDO� KLJK� IUHTXHQF\� RI� WKH� LQFRPLQJ� VLJQDO�� DV� ZHOO� DV�
SURYLGLQJ�RWKHU�DGYDQWDJHV���
�
$� EORFN� GLDJUDP� RI� D� VXSHUKHWHURG\QH� UHFHLYHU� IRU� $0� LV� VKRZQ� EHORZ��
/HW
V�KDYH�D�ORRN�DW�WKH�YDULRXV�ELWV�DQG�SLHFHV�LQ�WKLV�V\VWHP��
�

�
�

)LJ������'LDJUDP�RI�D�VXSHUKHWHURG\QH�UHFHLYHU�IRU�$0��7KH�VLJQDO�LV�
PL[HG�ZLWK�D�ORFDO�RVFLOODWRU��/2��VLJQDO�DQG�VKLIWHG�GRZQ�WR�DQ�

LQWHUPHGLDWH�IUHTXHQF\��,)��EHIRUH�GHPRGXODWLRQ��
�
• )LUVW��WKH�UHFHLYHG��PRGXODWHG��VLJQDO�LV�SLFNHG�XS�E\�DQ�DQWHQQD�DQG�

SDVVHG� WKURXJK� D� WXQHG� DPSOLILHU� ¥WKDW� LV�� RQH� ZKLFK� DOVR� DFWV� DV� D�
EDQGSDVV� ILOWHU�� DV� ZHOO� DV� KDYLQJ� JDLQ�� $V� ZHOO� DV� DPSOLI\LQJ� WKH�
VLJQDO��WKLV�URXJKO\�UHVWULFWV�LWV�IUHTXHQF\�UDQJH��7KLV�ILUVW�SDUW�RI�WKH�
UHFHLYHU�LV�UHIHUUHG�WR�DV�WKH�UDGLR�IUHTXHQF\��5)��VWDJH���7KH�ILOWHULQJ�
KDV�WKH�HIIHFW�RI�DWWHQXDWLQJ�VWURQJ�VLJQDOV�DW�RWKHU�IUHTXHQFLHV�ZKLFK�
PLJKW� LQWHUIHUH�ZLWK�RU�RYHUORDG�WKH�UHFHLYHUªV�DPSOLILHUV�RU�PL[HU��7R�
VHOHFW� GLIIHUHQW� VWDWLRQV�� WKH� WXQLQJ� �WKDW� LV�� WKH� FHQWUH� IUHTXHQF\�� RI�
WKH�EDQGSDVV�ILOWHU�LV�YDULHG��

�
• 7KH� QH[W� VWDJH� LV� WKH� PL[HU�� ZKHUH� WKH� VLJQDO� LV� VKLIWHG� GRZQ� LQ�

IUHTXHQF\�� � ,Q� WKLV� VWDJH�� WKH� VLJQDO� IURP�D�VHSDUDWH�RVFLOODWRU� �FDOOHG�
WKH� ORFDO� RVFLOODWRU�� RU� /2�� LV� PXOWLSOLHG� E\� WKH� LQFRPLQJ� VLJQDO� WR�

������������������������������ ��������������
���<RX�ZLOO�UHFDOO�WKDW�D�EDQGSDVV�ILOWHU�RQO\�DOORZV�D�FHUWDLQ�UDQJH�RI�IUHTXHQFLHV�WR�SDVV�
WKURXJK��



CHAPTER 14                   FREQUENCY CONVERSION ETC.                                            14-8

SURGXFH� VXP� DQG� GLIIHUHQFH� IUHTXHQFLHV�� � 7KH�/2� IUHTXHQF\� LV� VHW� VR�
WKDW� WKH� GLIIHUHQFH� IUHTXHQF\� LV� H[DFWO\� ����N+]�� � 7KLV� LV� WHUPHG� WKH�
LQWHUPHGLDWH� IUHTXHQF\� �,)�� DQG� LV� D� VWDQGDUG� IUHTXHQF\� IRU� $0�
UHFHLYHUV���)RU�$0������N+]�LV�DOVR�XVHG��IRU�)0�UHFHLYHUV�WKH�,)�LV�DW�
�����0+]��ZKLOH�LQ�79�UHFHLYHUV�LW�LV�DURXQG����0+]�����

�
)RU�H[DPSOH�� LI� WKH� LQFRPLQJ�VLJQDO� LV�DW���0+]�������N+]���WKHQ�DQ�
/2�IUHTXHQF\�RI������N+]�� �������������RU�����N+]�� �����������ZLOO�
SURGXFH�DQ�,)�VLJQDO�DW�����N+]��XVXDOO\�WKH�KLJKHU�/2�IUHTXHQF\�LV�
XVHG�� �$V� VWDWLRQV�DW�GLIIHUHQW� IUHTXHQFLHV�DUH� VHOHFWHG�E\� WXQLQJ� WKH�
5)� VWDJH�� WKH� IUHTXHQF\� RI� WKH�/2� LV� VLPXOWDQHRXVO\�YDULHG�� VR�DV� WR�
NHHS�WKH�GLIIHUHQFH�IUHTXHQF\�DW�����N+]��

�
• 7KLV� VLJQDO� LV� WKHQ� SDVVHG� WKURXJK� DQ� ,)� DPSOLILHU� ZKLFK� LV� PRUH�

SUHFLVHO\� WXQHG� WR� UHVWULFW� WKH� UDQJH� RI� IUHTXHQFLHV��8VLQJ�D� VWDQGDUG�
IUHTXHQF\� IRU� WKH�,)�PHDQV� WKDW�QR�PDWWHU�ZKDW� WKH� IUHTXHQF\�RI� WKH�
RULJLQDO�LQFRPLQJ��5)��VLJQDO��LW�LV�DOZD\V�SURFHVVHG�LQ�SUHWW\�PXFK�DQ�
LGHQWLFDO� IDVKLRQ��1RWH�WKDW�DW� WKLV�VWDJH�WKH�VLJQDO�VWLOO� ORRNV� OLNH�DQ�
$0� VLJQDO� ¥WKDW� LV�� LW� KDV� D� FDUULHU� �EXW� QRZ� DW� ���� N+]�� DQG� WZR�
VLGHEDQGV��

�
• 7KH�DPSOLILHG� ,)� VLJQDO� LV� WKHQ�SDVVHG� WR� WKH�GHPRGXODWRU� �GHWHFWRU���

ZKLFK�UHFRYHUV�WKH�RULJLQDO�DXGLR�LQIRUPDWLRQ�IURP�WKH�FDUULHU��
�
• $Q�DGGLWLRQDO�GF�YROWDJH�GHULYHG�IURP�WKH�GHWHFWRU�LV�XVHG�WR�SURYLGH�D�

IHHGEDFN�YROWDJH�IRU�DXWRPDWLF�JDLQ�FRQWURO��ZKLFK�RSHUDWHV�E\�YDU\LQJ�
WKH�JDLQ�RI�WKH�,)�DQG�RU�5)�DPSOLILHUV��WKXV�NHHSLQJ�WKH�VLJQDO�OHYHO�WR�
WKH�GHPRGXODWRU�DSSUR[LPDWHO\�FRQVWDQW��

�
• )LQDOO\��DQ�DXGLR�DPSOLILHU�UDLVHV�WKH�SRZHU�RI�WKH�UHFRYHUHG�VLJQDO�WR�D�

VXIILFLHQW�OHYHO�WR�GULYH�D�ORXGVSHDNHU��
�
�
([DPSOH� ������ � 7KH� $0� EURDGFDVW� EDQG� RFFXSLHV� DSSUR[LPDWHO\� ���� WR�
�����N+]��$Q�$0�UHFHLYHU�XVHV�DQ�,)�IUHTXHQF\�RI�����N+]��,W�LV�WXQHG�WR�
D�VWDWLRQ��DQG�LWV�/2�IUHTXHQF\�LV�VHW�WR������N+]��2Q�ZKDW�IUHTXHQF\�LV�
WKH�VWDWLRQ�EURDGFDVWLQJ"�
�
$QVZHU�� 7KH� ,)� PXVW� EH� DW� WKH� VXP� RU� GLIIHUHQFH� RI� WKH� 5)� DQG� /2�
IUHTXHQFLHV��+HQFH��WKH�VWDWLRQ�IUHTXHQF\�PXVW�EH�DW�HLWKHU������������ �
�����N+]��RU� ����� �� ����  � ����N+]�� LQ� RUGHU� WR� JLYH�DQ� ,)� RI� ����N+]��
6LQFH������N+]�LV�QRW�LQ�WKH�$0�EDQG��WKH�VWDWLRQ�IUHTXHQF\�PXVW�EH�����
N+]��
�
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([DPSOH�������$Q�$0�UHFHLYHU�XVHV�DQ�,)�IUHTXHQF\�RI�����N+]��$�UDGLR�
VWDWLRQ� DW� ����� N+]� PRGXODWHV� LWV� FDUULHU� ZLWK� D� PD[LPXP� DXGLR�
IUHTXHQF\�RI���N+]���
�
�D��:KDW� DUH� WKH� KLJKHVW� DQG� ORZHVW� IUHTXHQF\� FRPSRQHQWV� WKDW� DUH�

DFWXDOO\�EURDGFDVW�E\�WKH�VWDWLRQ"�
�E��:KDW� DUH� WKH� KLJKHVW� DQG� ORZHVW� IUHTXHQFLHV� WKDW� PXVW� EH� SDVVHG�

ZLWKRXW�PXFK�ORVV�E\�WKH�UHFHLYHUªV�,)�DPSOLILHU�WR�UHFRYHU�WKH�RULJLQDO�
DXGLR�VLJQDO�ZLWK�IXOO�EDQGZLGWK"�

�
$QVZHU����D��7KH�KLJKHVW�DQG�ORZHVW�IUHTXHQFLHV�EURDGFDVW�ZLOO�FRUUHVSRQG�

WR�WKH�§RXWVLGH�HGJHV¨�RI�WKH�WZR�$0�VLGHEDQGV��7KHVH�ZLOO�EH�DW��
�
� � ��������� ������N+]���DQG������������ ������N+]��
�
�E��7KH�RULJLQDO�FDUULHU�IUHTXHQF\�ZLOO�EH�VKLIWHG�GRZQ�WR�WKH�,)�IUHTXHQF\�

RI�����N+]�E\�WKH�PL[HU��+HQFH�WKH�KLJKHVW�DQG�ORZHVW�FRUUHVSRQGLQJ�
IUHTXHQFLHV�ZKLFK�PXVW�EH�SDVVHG�E\�WKH�,)�DPSOLILHU�DUH��

�
� � �������� �����N+]���DQG����������� �����N+]��
�
�
�
�


$VLGH���6XSHUKHWHURG\QH�DQG�RWKHU�§¥G\QHV¨�
7KH� UDWKHU� SUHWHQWLRXV�VRXQGLQJ� ZRUG� VXSHUKHWHURG\QH� KDG� LWV�
RULJLQV�LQ�PXFK�HDUOLHU�GD\V�RI�UDGLR��DQG�ZDV�VKRUW�IRU�VXSHUVRQLF�
KHWHURG\QH��:KHQ�WZR�VLJQDOV�ZHUH�PL[HG� WRJHWKHU�� WKH�GLIIHUHQFH�
IUHTXHQF\�ZDV�UHIHUUHG�WR�DV�D�KHWHURG\QH��DQG�VXSHUVRQLF�LQGLFDWHV�
IUHTXHQFLHV�KLJKHU�WKDQ�WKRVH�ZH�FDQ�KHDU��9DULRXV�RWKHU�§G\QHV¨��
ZKHUH� VLJQDOV� ZHUH� DOVR� PL[HG� WRJHWKHU�� DOVR� DURVH�� VXFK� DV�
KRPRG\QH�� DXWRG\QH�� V\QFKURG\QH� DQG� VR� RQ�� 0DQ\� RI� WKHVH� DUH�
QRZ�RI�KLVWRULFDO�LQWHUHVW�RQO\��
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�


$VLGH����79�VLJQDOV�DQG�UHFHLYHUV�
&RPSDUHG�WR�DQ�$0�UDGLR�VLJQDO��D�79�VLJQDO� LV�VRPHZKDW�PRUH�
LQYROYHG�DQG�UHTXLUHV�D�FRQVLGHUDEO\�PRUH�FRPSOH[�UHFHLYHU��)LUVW��
WKH�79�VLJQDO�FRQVLVWV�RI�WZR�SDUWV��
•� 7KH� YLVLRQ� VLJQDO� LV� DPSOLWXGH� PRGXODWHG� RQWR� D� FDUULHU�� EXW�
PRVW� RI� RQH� VLGHEDQG� LV� UHPRYHG� EHIRUH� WUDQVPLVVLRQ�� D�
WHFKQLTXH�UHIHUUHG�WR�DV�YHVWLJLDO�VLGHEDQG�$0��7KLV�VDYHV�5)�
EDQGZLGWK��DQG�VLQFH� WKH�VDPH� LQIRUPDWLRQ� LV�FDUULHG�E\�HDFK�
VLGHEDQG�DQ\ZD\�LQ�$0��QRQH�LV�ORVW��

•�7KH�VRXQG�VLJQDO� LV� IUHTXHQF\�PRGXODWHG�RQWR�D�FDUULHU�QHDUE\�
LQ� IUHTXHQF\�� DQG� VWHUHR� LQIRUPDWLRQ� LV� DOVR� WUDQVPLWWHG� �QRWH�
WKDW�ZH�KDYH�QRW�FRYHUHG�)0�VWHUHR�LQ�WKLV�FRXUVH��LW�LV�D�OLWWOH�
PRUH�FRPSOH[�WKDQ�VLPSOH�§PRQR¨�)0���

�
6HFRQG��WKH�YLVLRQ�LQIRUPDWLRQ�LWVHOI�DFWXDOO\�FRQVLVWV�RI�WZR�SDUWV��
•� 7KH� EULJKWQHVV� LQIRUPDWLRQ� RU� OXPLQDQFH� �L�H�� WKH� §EODFN� DQG�
ZKLWH¨�SDUW�RI�WKH�VLJQDO���

•�7KH�FRORXU�LQIRUPDWLRQ�RU�FKURPLQDQFH��
�
)RU�WKRVH� LQWHUHVWHG��VRPH�RI�WKLV�PDWHULDO�LV�FRYHUHG�LQ�WKH�XQLW�
(/(&�����

�


