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• Biot-Savart� law:

• B i� the ma��eti� �l�� �e��it� at a �i�ta��e r
�rom a lo�� �o����tor with the ��rre�t I� 

• ���rea�e� with i��rea�i�� I�

• �e�rea�e� with i��rea�i�� r�
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E����le���3
�e a���me that the lo�� e��e� are ver� 

m��h lo��er tha� the �hort o�e� �whi�h 
we will i��ore�� 

��: ��rre�t i� o�ter loo� �� a�� ��� 

��: �����e� volta�e i� the i��er �ir�le �� a�� 
���

a: i� the �i�ta��e �etwee� the i��er a�� o�ter 
�ir��it�

�: i� the �i�ta��e �etwee� the i��er �ir��it 
a�� the o�ter �ir��it o� the o��o�ite �i�e�

�he e��atio� �how� the �l�� i� �ir��it � a�� � 
��e to the ��rre�t i� ��

�arrier � �e�erate� a� e��al ��rre�t i� the 
i��er loo�� �e��e the total �l�� will �e 
�o��le� 
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E����le�2�3
�otal �l�� i� � a�� � ��e to � a�� �:

�e ��e the �ollowi�� e��re��io� �i�tro���e� earlier�:

a�� i��ert

to a�hieve

�o �i�� the volta�e we i��ert �or � i� the �revio�� e��atio� a�� �et:
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E����le�3�3

��am�le:
� � �����

��� �����

a� ���m

�� �����m

�����m�
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2�5�E��E��������IE����N����NE�I�������IN����5

So�r�e �wire �� �e�erate� a 
volta�e i� the o��e�t �wire ��

a� �ir�t we a���me:

�he ��ree� i� �ot �ro���e� 
a�� �o�-ma��eti�� 

� �olta�e i� i����e� o� 
the ��ree��

M1S: ��t�al i����ta��e 
�etwee� the ��ree� a�� 
wire � ��oi�e �o�r�e��

� �he ��ree� ha� �o 
i��l�e��e o� �

�� I��� �� =

��

Groundin��o����r��n�in�on���oin��
�i��������no�in��u�n�����
��r��u����non����n��i��
��r��n���

�

�e���
E���t�on



2�5 E��ect�o�����el��on����net�c�co��l�n��2�5

�� ����me:

S�ree� �ro���e� at �oth e���: 

� �he volta�e i����e� i� the ��ree� will re��lt i� a ��rre�t 
i� the ��ree�

� �hi� ��ree� ��rre�t will i����e �oi�e i� ��

�hat a�o�t ma��eti� �o��li�� �etwee� ��ree� a�� i��er  
�o����tor� �hi� relatio� ha� to �e �o��� �e�ore we 
�o�ti��e�

�

�����net�c�co��l�n���et�een��creen�
�n���nner�con��ctor����

�����r�t��e������e���con��ctor�����e����������e������al 
thi���e�� ever�where� ��i�orm ��rre�t �i�tri��tio� all over the 
�i�e��

��o ma��eti� �iel� li�e� i��i�e the �i�e

��a��eti� �iel� li�e� �re�e�t o�t�i�e the �i�e
�



�����u�u���indu���n���������n���r��n��nd��ondu��or�i����u����o�����indu���n���
o��������r��n�

����net�c�co��l�n���et�een��creen��n���2��

����on��ctor��n���e����e���or�
e����le����o����

�S: S�ree� i����ta��e ���i�e��

IS: S�ree� ��rre�t ���i�e��

�: �iel� �e�erate� �� ��ree�: 
���lo�e� �oth ��ree� a�� 
�o����tor

M: ��t�al i����ta��e

Sin��� S� �� ����i������������
i��or��n����u��ion�
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����net�c�co��l�n���et�een��creen��n���3��

�e re�eat o�r a���m�tio��::

• �o �iel� li�e� i� the ��ree�

• ��i�orm ��rre�t �i�tri��tio� i� the ��ree�

�e �i� �ot re��ire:

• �hat the i��er �o����tor i� �e�trall� �it�ate� i� the 
��ree� �i�e� �oe� �ot have to �e a �oa���

��



����net�c�co��l�n���et�een��creen��n������

�or the �hiel� loo� we have:

�S: S�ree� volta�e  ��e to a� 
e�ter�al �o�r�e ��ot �raw���

�S: S�ree� ��rre�t ��e to �S over
�S a�� �S�

�e �i�� the e��re��io� �or �S:
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��: �olta�e i� �e�tre �o����tor 
��e to �S

��

����net�c�co��l�n���et�een��creen��n���5��

�om�i�i�� �revio�� e��re��io��:

Si��e �S�MS� the e��re��io� i� re���e� to:

�hi� �ive� the �ollowi�� �i��re:

�ow �re��e��ie�: 

�������S��S��S

�i�h �re��e��ie�: ����S

��t-o�� �re��e���:

�o we wa�t �S��S to �e �mall or lar�e�
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����net�c�co��l�n���et�een��creen��n������

Small ����� mea�� lower ��t-o�� �re��e��� a�� �a�ter ri�e 
�elow ��t-o���

��hieve� thro��h

• Small ��ree� re�i�ta��e

• �ar�e ��ree� i����ta��e

��

����net�c�co��l�n���et�een��creen��n������

�

�rom the ta�le we �ee that the ��t-o�� �re��e��� i� i� 
the re�io��-������ �

�
� =

��



2�5 E��ect�o�����el��on����net�c�co��l�n��3�5

c���creen��ro�n�e���t��ot��
en����cont�n�e

��e ��m� �a�� to where we were �e�ore we �tate� to 
loo� at the �oa���

�� i� the re��lt �oth o� �ire�t 
ra�iatio� �rom �o�r�e a�� �rom 
��ree�� 

�� � �� � �� � ��� � ����

��

2�5 E��ect�o�����el��on����net�c�co��l�n����5

�hi� �ive� the �ollowi�� 
e��re��io�:

• �he ��ree� �o�tri��te� 
with the �art withi� the 
�are�the�i�� 

• �itho�t ��ree� we will 
o�l� have the e��re��io� 
i� �ro�t o� the 
�are�the�i�� 

�ow �re��e���: ����������

�i�h �re��e���: 
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2�5 E��ect�o�����el��on����net�c�co��l�n��5�5

�he �i��re �how� a tra���ormer mo�el o� the ���tem: 

�he ��ree� a�t� a� a �horte� wi��i�� that will �hort �ir��it �ome o� 
the volta�e i� ��

��

�� �e�eral: � �o����tor will �e�erate a 
ra�ial ele�tri� �iel� a�� a �ir��lar 
ma��eti� �iel��

2�����IE��IN�������E�EN�����NE�I�����I��I�N����

�� a ��ree� �ro���e� i� �oth 
e��� a�� with e��al a�� 
o��o�ite ��rre�t� i� ��ree� 
a�� �e�tre �o����tor the 
ma��eti� �iel� will �e 
elimi�ate� o�t�i�e the ��ree��

� o�e �oi�t �ro���e� �hiel� will 
termi�ate the ele�tri�al �iel� �rom the 
i��er �o����tor�

��
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2�� ���el��n��to��re�ent����net�c�r����t�on�2��

�h�� we wo�l� li�e the ret�r� ��rre�t i� the ��ree� a�� �ot thro��h 
�ro���� �he ��ree� ��rre�t i�:

�he ��merator i� the ��ree� volta�e a� a ����tio� o� the ��rre�t i� 
the �e�tre �o����tor� �he �e�omi�ator i� the ��ree� im�e�a��e�

�o re�i�ta��e i� the �ro��� �la��

�ere we have M��S�

�e will have the �ollowi�� e��re��io� �or �S�

��� ����I�I �= ��

��

2�� ���el��n��to��re�ent����net�c�r����t�on�3��

�ow �re��e��ie�: IS�I1� �S��S

�i�h �re��e��ie�: IS�I1

����i����r��u�n�i��������urr�n��r��urn����rou���������r��n��������
��n������n���ou��������round����n�������r��i���n���o��� ��Sin���
�����urr�n��in�������n�r���ondu��or��nd�������r��n��r����u�����u��
o��o�i����������i�����n�r�������n��i���i��d��������r����u����u��
o��o�i���r��u��in��in�no��i��d�ou��id��������r��n��
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2�� ���el��n��to��re�ent����net�c�r����t�on����

�� the �ir��itr� o� the ri�ht �i�e i� �ot �ro���e� �either �ho�l� the 
��ree�� �hi� e���re� that the ret�r� ��rre�t i� �or�e� to �a�� 
thro��h the ��ree� a�� there will �ot �e �e�erate� a ma��eti� 
�iel�� �either at low �re��e��ie��

��

2�� ��IE��IN�����E�E��������IN������NE�I���IE��� ��2

�he �e�t �trate�� �or �rote�tio� o� ma��eti� �iel�� i� to re���e the area o� 
the �ir��it loo���

�B��In���r�i�u��r�i��i��i��or��n���o��no����nd��on�ro����o������r��urn��urr�n��
���������rou����round������n�i���������no���r�rou������n�in��nd�d����
����d��i�n�r��nd��������������r��r��oo�����n����nn�d��

��o�t ��ree�: �� a ��ree� re��lt� i� that the ret�r� ��rre�t �i��� a�other 
�ath re��lti�� i� a �maller loo�� thi� will �ive �etter �rote�tio�� �he 
�rote�tio� i� ��e to the re���e� loo� �i�e a�� �ot ��e to a ma��eti� 
�rote�tio� o� the �a�le�

��



2������el��n����rece�tor�����n�t����net�c���el���2�2

�he �ol�tio� i� �i� �-�� B i� the �re�erre� o� the three alter�ative� 
��t ha� �ome limitatio��:

• �ow e��i�ie��� at low �re��e��ie� 

• �oi�e �e�erate� i� the ��ree� will re��lt i� a volta�e �i��ere��e 
a�� th�� it �el� �e a �oi�e �o�r�e�

• � �i��ere��e i� �ro��� �ote�tial �etwee� the two e��� o� the 
�hiel� will im�l� a �oi�e �o�r�e i� the �ir��it� 

I�������n��i���ood��u�������ri������d�

�he �oi�e volta�e �e�erate� i� the �oi�e ��rre�t time� the ��ree� 
im�e�a��e�

��

2��������N�I��E��N�E���IE��������IN�

�����I� I�I���I�� ���=

��I� I�� =

�e will loo� at the e��re��io� 
�or the volta�e at the am�li�ier 
i���t ��e to the �oi�e ��rre�t 
thro��h the �hiel�� �he ��rre�t 
i� the �e�tre �o����tor a�� the 
�hiel� i� e��al a�� �i��e ���� 
the volta�e �ro� over �oth �oil� 
will elimi�ate ea�h other a�� the 
�ollowi�� e��re��io� remai��:

��

�e���
E���t�on



� ��������te�����r

�� a� re�eiver �le�t �i��re�: �iel�� o�t�i�e the twi�� will �e a�o�t 
�imilar i� �oth �ire�tio�� a�� the� almo�t �a��el ea�h other� 
�he �iel� i��i�e ea�h twi� will �e�erate a �ote�tial ��t �e 
almo�t �a��elle� �� o��o�ite �ote�tial� i� the �ei�h�o�r 
twi���

�� a� �o�r�e �ri�ht �i��re�: �he area� o�t�i�e the twi�� will 
e��erie��e almo�t e��al ��t o��o�ite �iel�� �rom the two 
wire� a�� th�� the re��lti�� �iel� will �e almo�t �ero� �ithi� 
ea�h twi� the �iel� �rom the wire� will a�� ��� �owever the 
�ei�h�o�r� will have o��o�ite �ire�tio� �o that at �ome 
�i�ta��e the� will �a��el�

�he �e�t �oi�e re���tio� i� a�hieve� with �e��e twi�� �o that 
the �iel� withi� ea�h twi� ea�h i� �a��elle� �� a� e��al �i�e� 
a�� o��o�ite �iel� i� �ei�h�o�r twi��� �he �i�ta��e to 
�o�r�e�re�eiver a�� the homo�e�eit� o� the �iel� i� al�o 
im�orta�t� 

��

2���E��E�I�EN������������
�e�t �et��:

�� i� the �a�le ���er te�t�

�he �re��e��� ��e� i� ����� �whi�h i� �i��i�i�a�tl� a�ove the �or�er 
�re��e��� o� all the te�t �a�le��� 

�a�le �et�� �-� ��ir�t �i��re� are �ro���e� thro��h a loa� at �oth 
e����

�a�le �et�� �-� ��e�o�� �i��re� ha� a �ro���e� loa� i� o�l� o�e e��� 

�he �oi�e mea��re� i� �et�� � are ��e� a� a� re�ere��e�
��

�e���
����re



2���E��er��ent�l�
��t��2��
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2�� E��er��ent�l���t��3��

� a�� B: �o atte��atio� ��e to the �hiel��

�: Better atte��atio� ��t �oi�e will �e �e�erate�� 

�: �wi�te� �air �ive� �ome atte��atio�� �owever �ome o� the ret�r� 
��rre�t will �ot �a�� thro��h the �ro��� wire� �e��e the �e��itive 
re�eivi�� area �or the ma��eti� �iel� will �e lar�er tha� the �a�le�

�: ���i�� a �hiel� a�� �ro��� i� o�e e�� o�l� ha� �o e��e�t� 

�: �ro���i�� the �hiel� i� �oth e��� ha� �etter atte��atio� ��imilar 
to a �oa� �ro���e� at �oth e�����

�re�era�l� �o�e o� thi� �ol�tio�� �ho�l� �e ��e�� �� the loa� ha� to 
�e �ro���e� at �oth e���� alter�ative � a�� � �ho�l� �e �ho�e��

��



2���E��er��ent�l�
��t�����
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2�� E��er��ent�l���t��5��

�ll: ��e �oi�t �ro��� �ive� �i��i�i�a�t re���tio� i� �oi�e�

�: �e���e� loo� �ive� re���e� �-�iel�� �ro���e� �hiel� �ive� re���e� �-
i��l�e��e� 

�: �wi�te� �air re���e� �-�iel� ��t �till �e��itive to �-�iel�� 

�: ��e �oi�t �ro���e� �hiel� re���e� �-�iel� ���t �ot �-�iel��� �owever the 
twi�ti�� �ive� a �i��i�i�a�t re���tio� o� the i��l�e��e �rom the �-�iel��

�: �wo �oi�t �ro���i�� e�ta�li�he� a� e�ter�al �ro��� loo� that �ive� wor�e 
atte��atio��

�: ��ter�al �ro��� loo� i� remove� a�� ��ree� re���e� �ome o� the �-�iel��

�ore atte��atio� i� G tha� i� I i� �ro�a�l� ��e that the G loo� i� �maller tha� the I
loo� i� thi� �a�e� �e�erall� thi� i� �ot �orre�t� 

���rea�e� twi� �e��it� will �ive �etter atte��atio�� � �� �at � ha� a�o�t o�e twi� 
�or ea�h � �m� �or �� �at � the �e��it� i� i��rea�e� to o�e twi� �er �m�

�ormall� I will �e �re�erre� over G at low �re��e��ie� �i��e �ro��� a� �hiel� a�� 
�ro��� a� �i��al ret�r� i� �e�arate��

��



2�� E��er��ent�l���t�����

�: �ro���i�� �hiel� at �oth e��� �ive� �omewhat re���e� e��e�t 
�om�are� to I� �hi� i� ��e to the hi�h �hiel� ��rre�t i� the �ro��� 
loo� �orme� �� the �hiel� i����i�� ��e��al volta�e� i� the 
�ro��� loo� �orme� �� the �hiel� i����i�� ��e��al volta�e� i� 
the two �e�tre �o����tor��

�: �a� the a�va�ta�e� o� �oa� a�� twi�te� �air a�� �etter 
atte��atio�� �owever � i� o�te� �ot �ho�e� �e�a��e �oi�e �i�� 
�� i� the �hiel� �a� �ro�a�ate thro��h �i��al wire�� �e�erall� 
the �e�t �ol�tio� i� to have o�e �ommo� �ro���i�� �oi�t� 

Sol�tio� I with more �e��e twi�ti�� i� th�� �ro�a�l� the �e�t 
�ol�tio�� 

��

2��0 E�����E�����E�E��I�E���IE��IN����3

Shiel�e� loo� a�te��a:

• �he �hiel� �to�� the ele�tri�al �iel� ��t �ot the ma��eti� 
�iel�� �h�� it i� o�l� the ma��eti� �iel� we will mea��re�

• ���li�atio� e�am�le�: 
� �a�io �eari��

� �e���tio� o� �oi�e i� re�eiver� ��o�t lo�all� �e�erate� �oi�e i� 
ele�tri�al �iel����

��



2��0�E����le�o���elect��e����el��n��2�3

�� �ir�t we loo� at the �a�i� loo� a�te��a:

�he volta�e �e�erate� i� the loo� �� the ma��eti� �iel� i�:

�B: ma��eti� �iel�� �: area� �: a��el �etwee� �iel� a�� the �ormal o� the 
loo� area�

�he a�te��a i� a verti�al a�te��a �or the ele�tri�al �iel��

�: �le�tri�al �iel�

� �� : ���i�ie�t hei�ht �or �ir��lar a�te��a

�: a��el �etwee� ele�tri�al �iel� a�� the �ormal o� the loo� area� 

���2 �B��� =

����
2 ��

�� =

��
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2��0�E����le��o���elect��e����el��n��3�3
B� ��ll �hiel�

� ele�tri� �iel� �to��e� �� �hiel�

� �hiel� ��rre�t ��e to ma��eti� �iel� will e�ta�li�h a� o��o�ite ma��eti� 
�iel� viewe� �� the a�te��a� �e��e the a�te��a will �ot mea��re the 
ma��eti� �iel�

�� �oo� with ��lit �hiel�

� ele�tri� �iel� �to��e� �� �hiel� �e��e�t at ��lit�

� �o ma��eti� i����e� ��rre�t i� �hiel� he��e the i��er �o����tor will 
mea��re the ��ll ma��eti� �iel��

�h��: �a�io wave� �o��i�t �oth o� ele�tri�al a�� ma��eti� �iel��� �e �a� 
�evelo� a� a�te��a that i� o�l� �e��itive to the ma��eti� �iel�� �hi� 
ma� �e ��e��l to re���e the i��l�e��e �rom the �tro��er lo�al ele�tri�al 
�iel�� 

��



2��2 ����I�������E��E�������I��E����I����3

�omme�t� to �i��re: �ore mo�er� twi�te� �air have lower �a�a�ita��e 
a�� �etter hi�h �re��e��� �hara�teri�ti��� 

��am�le:    �oa� �������: �����m�   �at � ��: �����m  ������

��al�e� ������

�wi�te� �air: �oo� 
at low 
�re��e��ie�� �oo� 
�rote�tio� to 
ma��eti� �iel���

�oa�: �ore ��i�orm 
�hara�teri�ti� 
im�e�a��e� 
S�ite� �rom �� to 
�everal h���re� 
����

��

2��2��o����l�c��le��er����t���te�����r�2�3
�o���

�oa� �ro���e� i� o�e �oi�t: 

• �rote�t� towar�� ele�tri�al �iel���

• �oi�e ��rre�t will re��lt i� a �oi�e volta�e ��oi�e ��rre�t � �a�le im�e�a��e� whi�h will 
�e i� �erie� with the �i��al �o�r�e� 

�ria� ��o��le �hiel�� ma� �e a� o�tio�:

• �oi�e ��rre�t i� o�ter �hiel�� 

• Si��al ��rre�t i� i��er �hiel�� 

• �owever tria� �a�le� are e��e��ive a�� more �i��i��lt to ha��le� 

�t hi�her �re��e��ie� �������� the �oa� will wor� a� a� tria� ��e to the ��i� e��e�t� 

���

��� �S��� S�����: ��: �oil� S: Sto��i���

• ��o�t the �ame �hara�teri�ti�� a� the tria�� 

• �ower �ri�e a�� �im�le to ha��le�

• Si��al ��rre�t i� the twi�te� �o����tor� a�� �oi�e i� the �hiel��

• �he� �hiel� �oi�e i� i����e� e��al i� �oth twi�te� �o����tor�� the �i��ere��e over the 
�air will �ot �ha��e� ��



2��2��o����l�c��le��er����t���te�����r�3�3

��� ��o �hiel��:

• �oo� ma��eti� �rote�tio�

• Ba� �rote�tio� towar�� ele�tri�al �iel�� i� the termi�atio� i� �ot 
�orre�t� 

S������ �ive� �e�t �rote�tio� at low �re��e��ie� whe� ma��eti� 
�iel�� i� a mai� �ro�lem�

�he �e��er twi�ti�� the �etter �rote�tio��

��

�toc��n�����el����contr���o�l����2

• Sto��i�� more ��e� tha� �oil�

• �ore �le�i�le a�� �etter me�ha�i�al �tre��th whe� the �a�le i� 
mo�ile�

• Sto��i��� �over ��-��� o� the area

• � little wor�e �rote�tio� towar�� �-�iel��� 

• �-���B wor�e �rote�tio� towar�� �-�iel���

• ��rther re���e� e��i�ie��� at ver� hi�h �re��e��ie� ����� �oth 
�or � a�� � �iel��� 

��



�toc��n�����el����contr���o�l��2�2

• �l�mi�i�m �oil a� �hiel�

� �over almo�t �����

� Better �rote�tio� towar�� �-�iel�

� �ot a� me�ha�i�al ro���t a� �to��i���� 

� �i��i��lt to termi�ate �a�le �ro�erl�� 

• ��e�co���n�t�on�o���o�l��n���toc��n���

ta�e the �e�t �rom �oth�

��

2��5���IE����E��IN��I�N����

• So �ar we have a���me� that the �hiel� ��rre�t ha� �ee� 
eve�l� �i�tri��te� all aro��� a�� all alo�� the �hiel�� �� the 
�hiel� i� �ot �o��e�te� ��� �e�ree� aro��� at the e��� �i�e� a 

��i�tail�-termi�atio�� the ��rre�t will �ot �e ��i�orm�

• � �i�tail termi�atio� will re��lt i� a� ��eve� �i�tri��tio� o� the 
��rre�t� �� �ome �art� there ma� �e little or �o  ��rre�t �lowi��� 

��



2��5����el��ter��n�t�on�2��
• �or ma�im�m �rote�tio� the �o��e�tio� �etwee� the �hiel� a�� 

the �o�ta�t �ho�l� �e all-aro��� ���� �e�ree��� 

• �e�omme��e� �oa� �o�ta�t� are B��� ��� a�� �-t��e 
�o�ta�t��

��

2��5 ���el��ter��n�t�on�3��

• �����i�ur����o����n���������o���n�i��ro��d���r�in��ion�
�u���i��ou������d��r����onn���ion��

��



2��5����el��ter��n�t�on����
����������������on����i��d�d�
�������i���������i���i���nd�
�� ��r�in��ion�i���d�n����
��r���noi����on�ri�u�ion��

• �����tive �o��li�� to �hiel�

• �����tive �o��li�� to �i�tail

• �a�a�itive �o��li�� to 
�i�tail

���ordin���o������i�ur������
�i���i��indu���n���i��
do�in��in����o���1������

��
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2��5����el��ter��n�t�on�5��
��am�le: �� �revio�� 

e�am�le ��t with �����
termi�atio� re�i�ta��e� 

�����tive �o��li�� at �i�tail 
�e�rea�e�

�a�a�itive �o��li�� at �i�tail 
i��rea�e� a�� are 
�omi�ati�� a�ove �����

�����tive �o��li�� to �hiel� 
�e�rea�e�

�otal �oi�e �o��li�� 
�e�rea�e�

��
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2��5 ���el��
ter��n�t�on�
���

�ow �re��e��� 
�hiel� �ro���i�� 

��
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2��5 ���el��ter��n�t�on���t�����er��re��enc�e�����
�heoreti�all� a o�e �oi�t �ro��� i� �re�era�l� �rom rea�o�� 
�i�����e� earlier� �t hi�her �re��e��ie�� ��e to �hiel� 
im�e�a��e a�� other �a�a�itive �o��li���� �ro���i�� o� 
�hiel�� at �everal �o�itio�� ma� �e �re�erre� to e���re 
a��e�ta�le �ro��� �ote�tial�

�hi� ma� �e �o�e �� ��i�� a ��ll �ro���i�� i� o�e �oi�t a�� 
a�� �a�a�itor� alo�� the �a�le to e���re �ro���i�� at hi�her 
�re��e��ie� thro��h a� ��-�o��li���

��

�ello��
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2�����I���N�����E���3

�l�o ��ow� a� �lat �a�le or li�ori�e �a�le

��va�ta�e�:

• �e�� e��e��ive �o�ta�t� �or a lar�er ��m�er o� wire��

• �he wire� are me�ha�i�all� i� a �re�i�ta�le a�� �i�e� �o�itio� 
towar�� ea�h other�

�� im�orta�t �hoi�e whe� �o� are ��i�� a �lat �a�le i� the �o�itio� 
o� �i��al� a�� �ro���� 

��

�

����on�c��le2�3
�� ��e �ro���

- �ar�e loo�� �etwee� �i��al wire� a�� 
�ro��� ret�r�

- �ommo� im�e�a��e ��e to �ommo� �ro���

- �ro��tal� --- i����tive a�� �a�a�itive

��ro��� �ho�l� �e �o�itio�e� at the �e�tre

B� �ver� �e�o�� �ro���e�
� Smaller loo��

� �ot �hare� im�e�a��e

� �ro��tal� i� re���e�

- �e�� �i��al wire�

�� �ver� thir� �ro���e�
� Smaller loo��

��- Some �hari�� o� im�e�a��e

��- Some �ro��tal�
��



����on�c��le3�3
�� �ro��� �la� 
�he �o����tor� are �lo�er to the �ro��� tha� to ea�h other�

�Smaller loo�� tha� �or o�tio� B�

�he ret�r� ��rre�t will �ho�e a �ath �e�eath the �i��al wire it �elo��� �re� the 
�ro���i�� a�� �hiel�� �or �-�iel� �i�����io��

�Smaller loo��

B�t how i� the �ro��� �la� �o��e�te�� 

�� the �ro��� �la� i� �ot �o��e�te� i� ��ll wi�th the  �ro��� ��rre�t will �e 
�or�e� awa� �rom ea�h �i��al wire a�� the e��i�ie�t loo� area will �e lar�er�

Shiel�e� �lat �a�le i� al�o availa�le ��t re��ire� ��� �e�ree �o�ta�t to have ��ll 
e��e�t� 

�alm�re� ����: �o����tor� o� the e��e� ha� ��B �oorer �hiel� e��e�t tha� the 
�o����tor� i� the mi��le� 

�lat �a�le� are availa�le a� ��i�orm �lat a�� a� twi�te� where two a�� two are 
twi�te�� 

��

��on��c��le�����2
• �� the e��re��io�� we have ��e� �o 

�ar it ma� �eem� a� �a�a�itive a�� 
i����tive �o��li�� �row� with 
�re��e��� to i��i�it�� �hi� i� �ot 
�orre�t� �he e��re��io�� are o�l� 
vali� whe� the �a�le� are relativel� 
�hort �om�are� to the wave 
le��th��

• �t thi� �hort le��th� we �a� �im�li�� 
a�� a���me that the ��rre�t i� a 
wire are i� the �ame �ha�e� all 
alo�� the �a�le� 

• �t ��� the �o��li�� �tart� to 
�e�rea�e� �t ��� it rea�he� a 
mi�im�m �e�ore it �tart� to �row 
a�ai�� ��



��on��c��le���2�2

�e al�o �ee:

• �he �o��li�� �a�tor will have a ma�im�m �e�e��i�� o� the �a�le 
le��th a�� the wavele��th o� the �oi�e �i��al�

• �a�im�m i� a�hieve� at ���� ��ove thi� �re��e��� the �o��li�� 
�a�tor will �l��t�ate� 

��


