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V1 is �� i�ter��� poi�t �t � �i�� �o�t��e �o��e�ted to t�e �i�� 
�o�t��e ��i�s. ��e �o�t��e pote�ti�� o� t�e ���ssis ��� be 
e�pressed �s� 

��pi����� Z1 ��d Z2 �re bot� ��r�e w�i�e t�e r�tio betwee� t�e� 
��� be �rbitr�r�. ���t �e��s t��t t�e �o�t��e o� t�e ���ssis ��� 
be ��ose to V1. �� �� e�e�tri����� �rou�ded perso� is tou��i�� t�e 
���ssis �e�s�e ��� e�perie��e �� u�p�e�s��t e�e�tri��� s�o�� 
e�e� t�ou�� t�e �urre�t is s���� �s���� �urre�t due to ��r�e Z1�.
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��e ri��t side o� �i�ur 3�� s�ows � �ore d���erous situ�tio�. ��e 
�i�ure i��ustr�tes �� e���p�e w�ere t�e iso��tio� is bro�e� so t��t 
Z1 is ��ose to �W. �e��e t�e ���ssis ��� ���e � �o�t��e o� V1. 
��e ���ssis ��� de�i�er � ���i�u� �urre�t de�ided b� t�e �use. 
�� �� e�e�tri����� �rou�ded perso� tou��es t�e ���ssis t�e e�tire 
�urre�t ��� p�ss t�rou�� �is��er bod� wit� ��t�� �o�se�ue��es. 

��� o� t�e ot�er ���d t�e ���ssis w�s �rou�ded

� ��e �urre�t wou�d p�ss t�rou�� t�e �rou�d ��b�e i�ste�d o� t�e 
perso�.

� ��e ��b�e wou�d be �ow o��i� resu�ti�� i� � �i�� �urre�t 
���i�� t�e �use �o wit�i� s�ort ti�e wit� t�e resu�t t��t t�e 
���ssis �ose t�e �o�t��e.
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���n���o�er����te���
� �orwe�i�� ������3����

� A�eri��� �����������

��l���Nor�e���n����te��

��e tr�ditio��� �orwe�i�� s�ste� ��s t�ree p��ses wit� ��� de�rees 
betwee� t�e p��ses. �rou�d is i� t�e �idd�e ��d �ot used �or ���t�i�� e�se 
t��� se�urit�. �o�ds �re �o��e�ted betwee� p�irs o� t�e p��ses �3 
�o�bi��tio�s�. ����r�s betwee� two p��ses �Appro�. ����r�s betwee� ��� 
p��ses ��d �rou�d.�

Co�ours� �e��ow or �e��ow��ree� �or �rou�d. ������ w�ite ��d b�ue �or t�e 
t�ree p��ses. �row� ��d so�eti�es b�ue ��ter � swit��. �ed is �ot �o��o� 
��d s�ou�d �ot be used. 

Ne��Nor�e���n����te��

��e �o�t��e betwee� �rou�d ��d t�e t�ree p��ses �re i��re�sed to ���� �or 
st��d�rd use. ��e �o�t��e betwee� t�e p��ses �3���� �re used �or �ore 
power �u��r� e�uip�e�t. ��is s�ste� �re used i� ��r�er bui�di��s.
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��er�c�n����te��

�rou�d used bot� �or se�urit� �rou�d ��d �s �i�ed �urre�t retur� but i� two 
di��ere�t ��b�es. �upp�� p��se ���� �ro� �rou�d. 

���� s�ste��

�use o��� o� t�e ���� p��se. �rou�d �or retur� �urre�t ��d se�urit� 
�rou�d �o��e�ted i� �o��� tr��s�or�er st�tio�. Curre�t i� �rou�d i�di��tes 
iso��tio� bre��dow� ��d t��t t�e e�uip�e�t ��s to be i�spe�ted. �C��s 
��esidu���Curre�t �e�i�e� ����� ��C� ��rou�d ��u�t Cir�uit ��terrupter� 
���A�� �ord�ei�br�ter ���� �re �uto��ted �uses�swit��es t��t bre��s t�e 
e�e�tri��� power i� t�e �rou�d �urre�t is �bo�e 30��. �ow � re�uire�e�t i� 
��� �ew w�t roo�s. �
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�n�ro�n�e���n���ro�n�e�����et���ro�n�����2��

� �o��et��out�et�sti��o�t��t��e���e� ��d 
p�u���st�pse�����e�.

� A� ���rou�ded s�ste�. �i���e iso��ted. 
��r�ier i� ��o���o�du�ti�� roo�s� i.e. 
roo�s wit�out w�ter� r�di�tors� pre�er�b�� 
upst�irs� �i�o�eu� ��oors et�.

� �� ��rt���rou�ded s�ste�. �i���e iso��ted 
but �rou�ded s�ie�ds ��d �rou�ded 
�o�du�ti�� ��teri��s ��et�� et�.�. �et 
roo�s ��it��e�� b�t�roo��� 
b�se�e�t��rou�d ��oor� outside� roo� wit� 
doors out o� t�e �rou�d �e�e�.

� C� �uro�s�ste�. �oub�e iso��ted. C�� be 
used e�er�w�ere. �

�n�ro�n�e���n���ro�n�e�����et���ro�n���2�2��

� �o�e ��r�e roo�s ��� ���e bot�� t�pi����� � �i�i�� roo� 
wit� � �i�i �it��e�.

� �ow ��� �ew i�st����tio�s ��s to be �rou�ded.

� �rou�ded p�u� i� u��rou�ded out�et.
� �� t�e roo� is sti�� ��o���o�du�ti���.

� �ot i� t�e ���u���turer re�uires �rou�d eit�er due to s��et� or ��C.

� ���rou�ded p�u� i� �rou�ded out�et
� �e�uires �d�pter

� �� t�e e�uip�e�t does �ot ���e � �o�du�ti�� sur���e. ��� it ��s� it ��s 
to be e�e�tri����� iso��ted.�

� C�re ��s to be t��e�.
��



3�2��I�N�������N�

A �ow i�ped���e p�t� �or 
retur� �urre�t.

A two p���e bo�rd wit� si����s o� top ��d � �rou�d p���e o� t�e 
botto� p���e. At �ow �re�ue��ies t�e �urre�t �o��ows t�e s�ortest 
p�t� w�i�e �t �i�� �re�ue��ies it �o��ows ��ose to t�e si���� p�t�
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��n�le��n����lt��o�nt��ro�n�
���lo�����e��nce���t���or�ret�rn�c�rrent��

��ree ��ter��ti�e �r��ite�tures�

�� ��e poi�t �rou�d� �� �u�ti poi�t �rou�d� 3� ��brid �rou�d

����ne��o�nt��ro�n�

��e seri�� routi�� is t�e �ost �o��o� but ��so t�e �ost �ois�. 

�. ��lt���o�nt��ro�n��
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�ne��o�nt �ro�n��� �er��l

�i���e �i�e wit� si��i�i���t �o��o� �oise.

���� ����V� ++=
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�ne��o�nt �ro�n��� ��r�llel

�ess �oise �urre�t but �ore wiri��. 

�ot suit�b�e �or �o��er �i�es ��d �i��er �re�ue��ies. 
� ��l���.
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�er��l�or���r�llel�one��o�nt�

� ��ou�d we use t�e routi�� �re� �or 
� wider� �ow resist���e��ow 
i�du�t���e p�t��

� �r s�ou�d we use t�e ���i��b�e 
�re� �or i�depe�de�t but �i��er 
resisti�e� �i��er i�du�ti�e �u�tip�e 
p�t�s�

� �� t�e �oise �o�tributio�s �re �er� 
di��ere�t betwee� t�e �o�ds� t�e� 
s�ou�d be sp�it. �� t�e� �re si�i��r� 
o�e wide �o��e�tor ��� be better.
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� d�����

������������������

��� d���������d�����

��� d���������d�����

��� d���������d�����

��lt���o�nt��ro�n�

�sed �or �i��er �re�ue��ies �������� ��d i� di�it�� desi��s w�e� 
it is i�port��t to redu�e t�e i�du�t���e be��use �� ��� be 
si��i�i���t. At �ower �re�ue��ies w�e� t�e resist���e �s�� i� t�e 
�rou�d p���e� is �ore esse�ti�� t��� t�e i�du�t���e� t�is so�utio� 
s�ou�d �ot be used. ��ste�d �� o�e poi�t p�r���e� so�utio� s�ou�d be 
se�e�ted. 
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���r����ro�n������2�

�i�. 3.�� �e���e �s � o�e poi�t �rou�d �t �ower 
�re�ue��ies ��d � �u�tipoi�t �rou�d �t �i��er 
�re�ue��ies. �sed to �rou�d ��b�es ��d�or s�ie�ds.
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���r����ro�n����2�2�

�i�. 3.��� �u�ti poi�t �rou�di�� �t �ower �re�ue��ies 
��d o�e poi�t �rou�di�� �t �i��er �re�ue��ies. �sed� 
s��� w�e� � �ow �re�ue��� �oup�i�� to t�e se�urit� 
�rou�d �or t�e ��i�s is �eeded �or e��� �odu�e �t t�e 
s��e ti�e �s we w��t � si���e poi�t �rou�di�� �t t�e 
�i��er �re�ue��ies.
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��

E����le���

�ere we ���e sep�r�ted routi�� to ��oid �o��o� i�ped���e. �u�ti 
poi�t �rou�di�� �or t�e di�it�� p�rt� o�e poi�t seri���� �or t�e ��ois�� 
p�rt ��d o�e poi�t p�r���e� �or t�e �����o�ue� p�rt. 

��e ��ose� ���out is � �o�pro�ise betwee�

� �esi�� �or �ow �oise re�uiri�� �ore sp��e ��d

� �esi�� ���epti�� �ore �oise ��d re�uiri�� �ess sp��e.
��



A� e���p�e o� � �o��o� �rou�di�� str�te�� is o�e 
�i�e �or e��� o� t�ree ���sses� 

� �oise se�siti�e �odu�es 

� �oise �e�er�ti�� �odu�es 

� C�bi�et� ���ssis

��

E����le�2�

��e �o��o� 
�o��e�tio� poi�t 
�or t�e �rou�d 
�i�es s�ou�d be 
�s ��ose �s 
possib�e to t�e 
power supp��.
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E����le�3

�3

�ne�contr��t�o�
�o�nt���ro�n��n��
o�����en�or�
���l���er����te���

VS is t�e w��ted sour�e si����.

VG is t�e u�w��ted �o�t��e di��ere��e betwee� t�e two �rou�d 
poi�ts. A ��d � is bot� �rou�d poi�ts t��t is �o��e�ted to�et�er 
��d t��t ide���� s�ou�d ���e t�e s��e pote�ti��. �owe�er �or 
di��ere�t possib�e re�so�s t�ere is � �i�or di��ere��e i� pote�ti�� 
betwee� t�ese two �rou�d poi�ts. ��is is i��ustr�ted b� usi�� 
di��ere�t �rou�d s��bo�s �or t�e two poi�ts.

��



�ltern�t��e����
��o��ro�n��
connect�on�

��e�

we ���e t��t

E����le�

VG���A��.��W������ 
VG ��� be due to ����eti� �oup�i�� or due to p�ssi�� �urre�ts ru��i�� i� �rou�d. 

RS����W�

RC1�RC2��W�

RL����W�

�� V������.
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�ltern�t��e�2���ne��ro�n��connect�on
�i���� sour�e is �ot �rou�ded ����ost�� ZSG is � p�r�siti� ��r�e 
i�ped���e.
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���e ���ues �s i� t�e pre�ious e���p�e p�us� 

ZSG���W
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���el�e���
��c���e��
���l���er�

�� t�e p���et �ouse is �ot proper�� �rou�ded it ��� be � p�rt o� � 
u�w��ted �eedb��� ��d resu�t i� i�st�bi�it�. �roper �rou�di�� is 
i��ustr�ted �t t�e botto� �i�ure. �ere t�e p�����e �ouse is �oup�ed 
to t�e �o��o� i�put�output re�ere��e �rou�d. 

��

�o��to��ro�n��t�e����el��

���e������en�onl��
t�e��������
�ro�n�e��

A� ��ie�d �oise 
wi�� retur� t�rou�� 
o�e o� t�e si���� 
wires. ��is is t�e 
worst ��se. 

�rioritised order� 
C� �� �� ��d A. ��
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�o��to��ro�n��t�e����el��

���e�2����en�onl��t�e�
���n�l��o�rce����
�ro�n�e��

C� ��ie�d �oise wi�� 
retur� t�rou�� o�e o� 
t�e si���� wires. ��is is 
t�e worst ��se i� t�is 
setup. 

�rioritised order� A� �� 
� ��d C.
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�� ��rou�d �oop� we �e�� � ��osed �oop w�ere t�e pote�ti�� ide���� 
s�ou�d ���e bee� �t �rou�d ��� o�er t�e �oop. �owe�er t�ere ��� 
be ru��i�� � �urre�t i� t�is �oop i���ue��i�� si��i�i���t�� o� t�e 
e�e�tro�i� �ir�uitr�. ��ere �re two ��i� ��uses �or �urre�ts i� 
�rou�d �oops� ��e �urre�t ��� be due to ����eti� �ie�ds or due to 
��r�e p�ssi�� �urre�ts i� p�rt o� t�e �rou�d �oop s�� i� � �rou�d 
p���.
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�o�nter�e���re���e�en��n��on�c���e��

�. �edu�e t�e si�e o� t�e �oop �i� ����eti� ��use�

�. �oute t�e �urre�t i� � di��ere�t dire�tio� �i� p�ssi�� �urre�t�. 

����e��n�e�en�ent�co�nter�e���re��

�. C����e t�e s�ste� to o��� o�e �rou�d �o��e�tio�. 

�. ��p�it� t�e �oop e�e�tro�i�����

�� tr��s�or�er

b� �o��o� �ode ��o�e

�� opti��� �oup�er

d� b�����ed �ir�uit

e� �re�ue��� se�e�ti�e �rou�di�� ���brid �rou�d�.
3�

����r�n��or�er

��e �oise is o�er t�e tr��o ��d wi�� �ot i���ue��e o� 
t�e di��ere�ti�� �o�t��e. C�p��iti�e �oup�i�� ��� �i�e 
so�e �oise i��e�tio�. ��is �oup�i�� ��� be redu�ed 
b� s�ie�di�� t�e tr��o. 

3�



����o��on��o�e�c�o�e

��o be dis�ussed i� det�i� � �itt�e ��ter.�

33

c����t�c�l�co��ler

A� �ttr��ti�e ��ter��ti�e w�e� t�e �rou�d �o�t��e 
di��ere��e is �er� ��r�e. �t is better suited �or di�it�� 
�ir�uitr� t��� ����o�ue �ir�uitr� due to b�d �i�e�rit�.

3�



�����l�nce��c�rc��t

�� t�e �rou�d �urre�t is e�u���� di�ided i�to t�e two 
di��ere�ti�� �i�es� t�e �oise wi�� be e�i�i��ted i� t�e 
re�ei�er. �e��e t�e e��i�ie��� wi�� depe�d o� �ow 
we�� s���etr� we �����e to ���ie�e.
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�t�er ���es used� 
�o��itudi��� ��o�e� 
�eutr��i�i�� tr��s�or�er� 
b��u�.

���n�l�c�rrent� Curre�t i� 
opposite dire�tio�s i� t�e 
di��ere�ti�� p�ir. �ow 
i�ped���e. 

�o��on��o�e�c�rrent� 
Curre�t i� t�e s��e dire�tio� 
i� bot� di��ere�ti�� �o�du�tors. 
�i�� i�ped���e.

3�



��lc�l�t�on�o�����n�l�c�rrent
��e�� si�i��rities wit� pre�ious e�u�tio� �������

��e� � is o�er RC2�L2 �ost o� t�e retur� 
�urre�t wi�� p�ss t�rou�� t�e ot�er 
di��ere�ti�� �o�du�tor ���. ��e� � is o�er 
�RC2�L2 we ���e t��t �ppro�i��te�� ���
�urre�t p�sses t�rou�� t�e ot�er �i�e ��d 
�ot�i�� t�rou�� �rou�d. 

�ow we ��� put up t�e �o��owi�� e�u�tio��

�� t�e �oi�s �re �ppro�i��te�� e�u�� ��d �re o� t�e s��e �er�e�� we ���e 
t��t�

��e� we ���e� �i�e� t��t 

����������������������������������������������
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�.e. t�e ��o�e does �ot ���e ��� i���ue��e o� t�e si���� 
�urre�t w�e� t�e �re�ue��� is o�er �RC2�L2� �e��e we wi�� 
tr� to ��oose RC2 ��d L2 so t��t t�e �or�er �re�ue��� 
be�o�es �ower t��� t�e �owest possib�e si���� �re�ue���. 

3�



E�t���te��o��co��on�no��e�c�rrent

��e �o�t��e i� t�e outer 
�oop is�

w�i�e t�e �o�t��e i� t�e 
i��er �oop is�

�e �i�d �2 �ro� t�e ��st e�pressio��

�e sti�� �ssu�e                  ��d i���ude t�e ��st 
e�pressio� i� t�e e�pressio� �or t�e outer �oop ��d 
���ie�e� 
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��e �oise �o�t��e V� is 
e�u�� to �1RL. �i��e RC2
t�pi����� is �u�� �ess t��� 
RL we ��� re�o�e t�e �irst 
ter� i� t�e p�re�t�esis ��d 
e�ds up wit��

�o �i�i�i�e t�e p�rt o� t�e �oise �o�t��e t��t re���es t�e �re�ei�er�� 
RC2 s�ou�d be �s s���� �s possib�e ��d t�e ��o�e i�du�t���e 
s�ou�d be so t��t                    w�ere � is t�e �re�ue��� o� t�e �oise. 
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��e �i�ure be�ow s�ows �� e���p�e o� �ow t�is 
��� be do�e.

��

����erent��l����l���er�

� �i��ere�ti�� ��p�i�iers �top �i�ure� 
���e �ess se�siti�it� to �o��o� 
�ode �oise. �t is ��so possib�e to 
���ie�e t�is wit� � si���e sided 
��p�i�ier i� �o��e�ted �s s�ow� 
i� t�e botto� �i�ure. 

� �ot� t�e re�� di��ere�ti�� ��d t�e 
o�e b�sed o� t�e si���e sided 
��p�i�ier ��� be represe�ted b� 
t�e s��e e�ui���e�t s��e��ti� 
��d t�e s��e e�u�tio�. 

��



�� we �ssu�e t��t RL2 is �u�� ��r�er t��� RG we ��� 
si�p�i�� to t�e �o��owi�� e�u�tio�� 

E����le�

VG � �����

RG � �.��W

RS � ���W

RC1�RC2��W

�� RL1�RL2����W t�e� V���.���

�� RL1�RL2�����W t�e� V���.���

��r�er RL ��d�or s����er RS is �ttr��ti�e
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�t is possib�e to 
i��re�se t�e i�put 
i�ped���e �or t�e 
�o��o� �ode si���� 
wit�out i��re�si�� t�e 
i�ped���e 
e�perie��ed b� t�e 
di��ere�ti�� si����. ��is 
��� be ���ie�ed b� 
i�serti�� � resist���e 
R �s dr�w� i� t�e 
�i�ure.

��



���r�����el��
�� �e�er�� we ���e t��t 
�RS�R1��C1G�����
�R2��C2G�����e di��ere��e i� 
t�e �rou�d pote�ti�� VG wi�� 
resu�t i� two di��ere�t 
�urre�ts t�rou�� t�e 
di��ere�ti�� p�ir ��d t�us two 
di��ere�t �o�t��e drops o�er 
�C1G ��d �C2G e�e� t�ou�� 
�C1G ��d �C2G �re e�u��. 

�o ���e t�e �urre�ts e�u�� �RS�R1��C1G����������������������R2��C2G� 
�t t�e s��e ti�e �s �C1G��C2G. 

A si�p�er so�utio� is to tr� to ���e t�e �o�t��e drop o�er t�e di��ere�ti�� 
wires e�u�� to ��. �� so t�e �o�t��e drop o�er t�e i�puts be�o�e e�u�� 
�i.e. ��o�t�.            
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=

��

�� t�e so�utio� dr�w� �bo�e we ���e � s�ree� e���psu��ti�� t�e 
��p�i�ier. ��e s�ie�d is �o��e�ted so t��t it ��s t�e s��e �rou�d 
pote�ti�� �s t�e sour�e �poi�t A�. �� t�is w�� t�e �rou�d �o�t��e 
drop wi�� be �ero �ro� poi�t A� t�rou�� t�e di��ere�ti�� wires ��d 
t�rou�� t�e ��p�i�ier i�put tow�rds t�e s�ie�d.

��



��e �i�ure i��ustr�tes �ow t�e ��p�i�ier s�ie�d ��� be �o��e�ted to 
poi�t A �i� t�e ��b�e s�ie�d. 

��e ��p�i�ier power sour�e ��� �ot re�er to poi�t �. �ossib�e 
power optio�s �re �i� ��b�e �ro� A� ���i�� �� i�depe�de�t power 
sour�e ��or e���p�e � b�tter�� or �oup�ed �i� � ������i� e�e�e�t 
to t�e power sour�e o� t�e ri��t side. 

��

�� it is �i�e���� possibi�it� t��t t�e s�ree� e���psu��ti�� t�e ��p�i�ier 
��� pi�� up �oise �ro� t�e surrou�di��s� � doub�e s�ie�d ��� be � 
possibi�it�. �� t�is ��se t�e outer s�ie�d is �rou�ded �o����� ��d it is 
��so i�port��t t��t t�e i�ped���e betwee� t�e two s�ie�ds �re �i�� 
e�ou�� �o�p�red wit� t�e ot�er i���ue��i�� i�ped���es i� t�e 
s�ste�.
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VG������ �t ����� �������� RS��.��W� 

C1G�C2G����p� � �C����W �t ����

�� �it�out ��p�i�ier s�ie�d

�i�e� t�e ���ues �bo�e we ���ie�e� �������
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b� �it� ��p�i�ier s�ie�d�

Assu�e t��t t�e s�ie�d resu�ts i� � �����e o� C1G

��d C2G �ro� ���p� to �p�. �e ��� use t�e s��e 
e�pressio� �s �bo�e ��d �ow ���e� ����.���

i.e. �ow �� �tte�u�tio� o� �3� d�
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�e���r�n� ����r�t�� ��t� ����r����
���c����on o� �ltern�t��e�
connect�on�

�ow to 
�o��e�t 
��u�rd� to 
���ie�e t�e 
best 
possib�e 
�e�suri�� 
resu�ts� 
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