
!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

!

AECTP 500 
!

ELECTRICAL/ELECTROMAGNETIC 
ENVIRONMENTAL TESTS 

 
!

!

JANUARY 2006!
 

*!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13%#3%1/3"445!64"37!
 

**!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

NORTH ATLANTIC TREATY ORGANIZATION 
 

NATO STANDARDISATION AGENCY (NSA) 
 
 NATO LETTER OF PROMULGATION 
 
 
 
 

89!:;<!.((=!
!
!

8>! "#$%&?'((!@#)*+*,-!.A!B!#4#$%01$"4C#4#$%0/:"23#%1$!
#3D10:#3%"4!%#E%E!*F!;!3"%/C&G&!H3$4"EE1G1#I!JKLM*N;+*,->!%OP!
;QRPPSP-+!,T!-;+*,-F!+,!KFP!+O*F!JKLM*N;+*,-!*F!RPN,R)P)!*-!E%"3"2!UVW(>!
!
.>! "#$%&?'((!@#)*+*,-!.A!*F!PTTPN+*XP!KJ,-!RPNP*J+>!!1+!FKJPRFP)PF!"#$%&?'((!
@#)*+*,-!8A!YO*NO!FO;MM!LP!)PF+R,<P)! *-!;NN,R);-NP!Y*+O! +OP! M,N;M!JR,NP)KRP! T,R! +OP!
)PF+RKN+*,-!,T!),NKSP-+F>!
!
!
!
!
!
!
!
!

Z>!:"Z!
6R*Q;)*PR!2P-PR;M[!&/4@"A!
I*RPN+,R[!3E"!

 

***!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13%#3%1/3"445!64"37!
 

*X!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

RECORD OF CHANGES 
 

Identification of 
Changes, Reg, 

No. (if any), and 
Date 

Date Entered NATO Effective Date By whom Entered 
(Signature; Rank, 

Grade or Rate; Name 
of Command) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

 

X!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13%#3%1/3"445!64"37!
 

X*!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

ALLIED ENVIRONMENTAL CONDITIONS AND TEST PUBLICATION 

AECTP 500 

ELECTRICAL/ELECTROMAGNETIC ENVIRONMENTAL TESTS 

"#$%&!'((!*F!,-P!,T!T*XP!),NKSP-+F!*-NMK)P)!*-!E%"3"2!UVW(>!!1+F!S,F+!N,SS,-!;JJM*N;+*,-!*F!T,R!
P-FKR*-Q!+OP!RPF*F+;-NP!,T!S;+PR*PM!+,!PMPN+R*N!;-)!PMPN+R,S;Q-P+*N!PTTPN+F>!

%OP!),NKSP-+F!*-!"#$%&!'((!N,-+;*-!QP-PR*N!+PF+!JR,NP)KRPF!+O;+!;RP!+,!LP!+;*M,RP)!T,R!+OP!FJPN*T*N!
+PF+!JR,QR;S>!

%OP! P-NM,FP)! M*F+! ,T! +PF+! N;+PQ,R*PF! ;-)! SP+O,)F! RPTMPN+F! N,SJMP+P)! ;-)! NKRRP-+M<! )PXPM,JP)!
SP+O,)F>! ! 1+! *F! -,+! N,SJRPOP-F*XP! *-! +O;+! *+! Y*MM! LP! RPX*FP)! ;F! ,+OPR! N;+PQ,R*PF! ;-)! SP+O,)F! ;RP!
)PXPM,JP)>! ! "MM! SP+O,)F! M*F+P)! ;RP! -,+! +,! LP! ;JJM*P)! *-)*FNR*S*-;+PM<[! LK+! R;+OPR! FPMPN+P)! T,R!
;JJM*N;+*,-!;F!RP\K*RP)>!

1-!)PXPM,J*-Q!;!+PF+!JR,QR;S[!N,-F*)PR;+*,-!SKF+!LP!Q*XP-!+,!+OP!;-+*N*J;+P)!M*TP!N<NMP!,T!+OP!S;+PR*PM>!!
%OP! NKSKM;+*XP! );S;QP!N;KFP)!L<! M,-Q?+PRS!P]J,FKRP! +,! +OP! X;R*,KF!PMPN+R*N! ;-)!PMPN+R,S;Q-P+*N!
P-X*R,-SP-+F!;-)!+OP!;FF,N*;+P)!NO;-QPF!*-!RPF*F+;-NP!+,!PMPN+R*N!;-)!PMPN+R,S;Q-P+*N!PTTPN+F!SKF+!
LP!+;^P-!*-+,!;NN,K-+>!!%OP!*-+PRT;NP!Y*+O!+OP!;JJR,JR*;+P!JM;+T,RSF!SKF+!;MF,!LP!;NN,K-+P)!T,R>!

%OP!+PF+F!OPRP*-!;RP!LPM*PXP)!+,!JR,X*)P!;!RP;F,-;LMP!XPR*T*N;+*,-!,T!+OP!+PF+!*+PS_F!JPRT,RS;-NPF!;-)!
RPF*F+;-NP!+,!+OP!PTTPN+F!,T!+OP!PMPSP-+F!*-X,MXP)>!!%OP!+PF+F!;RP!-,+!-PNPFF;R*M<!*-+P-)P)!+,!)KJM*N;+P!
+OP!P-X*R,-SP-+!;-)[!YOPRP!J,FF*LMP[!QK*);-NP!,-!+OP!M*S*+;+*,-F!,R!*-+P-)P)!;JJM*N;+*,-F!*F!JR,X*)P)>!

%OP!KFP!,T!SP;FKRP)!);+;!*F!RPN,SSP-)P)!YOP-PXPR!);+;!;RP!;X;*M;LMP>!

$;+PQ,R<!'(8!N,-+;*-F!+PF+!JR,NP)KRPF!T,R!KFP!Y*+O!P\K*JSP-+F!;-)!FKL?F<F+PSF!+O;+!N;-!QP-PR;MM<!
LP!+PF+P)!*-!;!FNRPP-P)!R,,S>!!$;+PQ,R<!'(.!;-)!M;+PR!+PF+!N;+PQ,R*PF!Y*MM!LP!;))P)!+,!TK+KRP!P)*+*,-F!
+,!N,XPR!F<F+PS!MPXPM!+PF+F>!

 
 

X**!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

!

!

INDEX 

CATEGORY 501 EQUIPMENT AND SUBSYSTEM TESTING 

GENERAL REQUIREMENTS AND TEST APPLICABILITY GUIDE..............................................501- 5 

1 SCOPE .............................................................................................................................501- 5 

2 GUIDANCE.......................................................................................................................501- 7 

3 TESTING ..........................................................................................................................501- 8 

4 GENERAL REQUIREMENTS ........................................................................................501- 11 

5. APPLICABILITY REQUIREMENTS ..............................................................................501- 49 

6 DETAILED TEST METHOD REQUIREMENTS.............................................................501- 53 

7. APPLICABLE DOCUMENTS ........................................................................................501- 99 

8. DEFINITIONS ...............................................................................................................501- 102 

!

TEST METHODS 

3$#(8! $,-)KN+P)!PS*FF*,-F[!J,YPR!N,-+R,M!;-)!F*Q-;M!MP;)F[!V(!`a!+,!8'(!:`abb> >>>>>>>>3$#(8?8 

3$#(.! $,-)KN+P)!PS*FF*,-F[!J,YPR!MP;)F[!8(!^`a!+,!8(!:`abbbb>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$#(.?8!

3$#(V! $,-)KN+P)!PS*FF*,-F[!;-+P--;!+PRS*-;M[!8(!^`a!+,!U(!2`abbbbbbb >>>>>>>>>>>>>3$#(V?8!

3$#(U! $,-)KN+P)!PS*FF*,-F[!P]J,R+P)!+R;-F*P-+F!,-!J,YPR!MP;)F>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$#(U?8!

3$#('! $,-)KN+P)!PS*FF*,-[!&,YPR[!E*Q-;M!;-)!$,-+R,M!4P;)F[!V(!`a!+,!8'(!:`a >>>>>>>>>>>>>>3$#('?8!

3$E(8! $,-)KN+P)!FKFNPJ+*L*M*+<[!J,YPR!MP;)F[!V(!`a!+,!8'(!^`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E(8?8!

3$E(.! $,-)KN+P)!FKFNPJ+*L*M*+<[!N,-+R,M!;-)!F*Q-;M!MP;)F[!.(!`a!+,!'(!^`a >>>>>>>>>>>>>>>>>>>>>>>>>>3$E(.?8!

3$E(V! $,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!*-+PRS,)KM;+*,-[!8'!^`a!+,!8(!2`a >>>>>>>>>>>>>>3$E(V?8!

3$E(U! $,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!RPcPN+*,-!,T!K-)PF*RP)!F*Q-;MF[!!
V(!`a!+,!.(!2`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E(U?8!

3$E('! $,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!NR,FF!S,)KM;+*,-[!V(!`a!+,!.(!2`a >>>>>>>>>>>>>3$E('?8!

3$E(=! $,-)KN+P)!FKFNPJ+*L*M*+<[!F+RKN+KRP!NKRRP-+[!=(!`a!+,!8((!^`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E(=?8!

3$E(W! $,-)KN+P)!FKFNPJ+*L*M*+<[!LKM^!N;LMP!*-cPN+*,-[!8(!^`a!+,!U((!:`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E(W?8!

3$E(9! $,-)KN+P)!FKFNPJ+*L*M*+<[!LKM^!N;LMP!*-cPN+*,-[!*SJKMFP!P]N*+;+*,- >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E(9?8!

3$E(d! $,-)KN+P)!FKFNPJ+*L*M*+<[!);SJP)!F*-KF,*)!+R;-F*P-+F[!N;LMPF!;-)!J,YPR!MP;)F[!
8(!^`a!+,!8((!:`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E(d?8!

3$E8(! $,-)KN+P)!FKFNPJ+*L*M*+<[!*SJ,R+P)!M*QO+-*-Q!@;*RNR;T+A>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E8(?8!

X***!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

! !

!

3$E88! $,-)KN+P)!FKFNPJ+*L*M*+<[!M,Y!TRP\KP-N<!J,YPR!MP;)F!@FP;!F<F+PSFA >>>>>>>>>>>>>>>>>>>>>>>>>3$E88?8!

3$E8.! $,-)KN+P)!FKFNPJ+*L*M*+<!PMPN+R,F+;+*N!)*FNO;RQP>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>3$E8.?8!

30#(8! 0;)*;+P)!PS*FF*,-F[!S;Q-P+*N!T*PM)[!V(!`a!+,!8((!^`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>30#(8?8!

30#(.! 0;)*;+P)!PS*FF*,-F[!PMPN+R*N!T*PM)[!8(!^`a!+,!89!2`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>30#(.?8!

30#(V! 0;)*;+P)!PS*FF*,-F[!;-+P--;!FJKR*,KF!;-)!O;RS,-*N!,K+JK+F[!8(!^`a!+,!U(!2`a >>>>>30#(V?8!

30E(8! 0;)*;+P)!FKFNPJ+*L*M*+<[!S;Q-P+*N!T*PM)F[!V(!`a!+,!8((!^`a[ >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>30E(8?8!

30E(.! 0;)*;+P)!FKFNPJ+*L*M*+<[!PMPN+R*N!T*PM)[!'(!^`a!+,!U(!2`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>30E(.?8!

30E(V! 0;)*;+P)!FKFNPJ+*L*M*+<[!+R;-F*P-+[!PMPN+R,S;Q-P+*N!T*PM)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>30E(V?8!

30E(U! 0;)*;+P)!FKFNPJ+*L*M*+<[!:;Q-P+*N!G*PM)!EKFNPJ+*L*M*+<!@I$A>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>30E(U?8!

 

CATEGORY 502 SYSTEM TESTING    @3,+!5P+!1FFKP)A!

*]!
/01213"4!

3"%/C&G&!H3$4"EE1G1#I!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

13%#3%1/3"445!64"37> 

!

]!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

! !

!

CATEGORY 501 

EQUIPMENT AND SUBSYSTEM TESTING 

 

TABLE OF CONTENTS 

 

GENERAL REQUIREMENTS AND TEST APPLICABILITY GUIDE.............................................501- 5 

1 SCOPE............................................................................................................................. 501- 5 

8>8! &KRJ,FP>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!'!

8>.! "JJM*N;+*,->>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!'!

8>V! 4*S*+;+*,-F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!=!

2 GUIDANCE...................................................................................................................... 501- 7 

.>8! /LcPN+*XPF!,T!+OP!%PF+!&R,QR;S >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!W!

.>.! :;-;QPSP-+!;-)!&M;--*-Q!&R,NP)KRPF>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!W!

.>V! #-X*R,-SP-+;M!$,-F*)PR;+*,-F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!9!

.>U! #MPN+R*N;M!C!#MPN+R,S;Q-P+*N!&;R;SP+PR!C!0P\K*RPSP-+!4PXPMF>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!9!

3 TESTING.......................................................................................................................... 501- 8 

V>8! %PF+!1+PS!$,-T*QKR;+*,->>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!9!

V>.! %PF+!$,-)*+*,-F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!d!

V>V! 1-T,RS;+*,-!0P\K*RP)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!d!

V>U! G;*MKRP!$R*+PR*;>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!8(!

4 GENERAL REQUIREMENTS........................................................................................501- 11 

U>8! 2P-PR;M>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!88!

U>.! 1-+PRT;NP!0P\K*RPSP-+F>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!88!

U>V! DPR*T*N;+*,-!RP\K*RPSP-+F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!8U!

5. APPLICABILITY REQUIREMENTS..............................................................................501- 49 

'>8! 2P-PR;M>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!Ud!

'>.! #:1!N,-+R,M!RP\K*RPSP-+F!XPRFKF!*-+P-)P)!*-F+;MM;+*,-F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!Ud!

'(8?8!
/01213"4!

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

!

!

! !

! !

6 DETAILED TEST METHOD REQUIREMENTS ............................................................501- 53 

=>8! 2P-PR;M>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!'V!

=>.! H-*+F!,T!TRP\KP-N<!),S;*-!SP;FKRPSP-+F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'V!

=>V! #S*FF*,-!;-)!FKFNPJ+*L*M*+<!RP\K*RPSP-+F[!M*S*+F[!;-)!+PF+!JR,NP)KRPF>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!'V!

=>U! 3$#(8[!N,-)KN+P)!PS*FF*,-F[!J,YPR!MP;)F[!V(!`a!+,!8(!^`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'V!

=>'! 3$#(.[!N,-)KN+P)!PS*FF*,-F[!J,YPR!MP;)F[!8(!^`a!+,!8(!:`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'U!

=>=! 3$#(V[!N,-)KN+P)!PS*FF*,-F[!;-+P--;!+PRS*-;M[!8(!^`a!+,!U(!2`a >>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!'W!

=>W! 3$#(U[!N,-)KN+P)!PS*FF*,-F[!P]J,R+P)!+R;-F*P-+F!,-!J,YPR!MP;)F >>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!'d!

=>9! 3$#('[!N,-)KN+P)!PS*FF*,-[!J,YPR[!F*Q-;M!;-)!N,-+R,M!MP;)F[!V(!`a!+,!8'(!:`a>>>>>>> '(8?!=(!

=>d! 3$E(8[!N,-)KN+P)!FKFNPJ+*L*M*+<[!J,YPR!MP;)F[!V(!`a!+,!8'(!^`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!=8!

=>8(! 3$E(.[!N,-)KN+P)!FKFNPJ+*L*M*+<[!N,-+R,M!;-)!F*Q-;M!MP;)F[!V(!`a!+,!'(!^`a>>>>>>>>>>>>>>>> '(8?!=V!

=>88! 3$E(V[!N,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!*-+PRS,)KM;+*,-[!8'!^`a!+,!8(!2`a>>>> '(8?!=U!

=>8.! 3$E(U[!N,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!RPcPN+*,-!,T!K-)PF*RP)!F*Q-;MF[!
V(!`a!+,!.(!2`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!=W!

=>8V! 3$E('[!N,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!NR,FF!S,)KM;+*,-[!V(!`a!+,!.(!2`a>>> '(8?!=d!

=>8U! 3$E(=[!N,-)KN+P)!FKFNPJ+*L*M*+<[!F+RKN+KRP!NKRRP-+[!=(!`a!+,!8((!^`a >>>>>>>>>>>>>>>>>>>>>>>>> '(8?!W8!

=>8'! 3$E(W[!N,-)KN+P)!FKFNPJ+*L*M*+<[!LKM^!N;LMP!*-cPN+*,-[!8(!^`a!+,!U((!:`a> >>>>>>>>>>>>>>>>> '(8?!W.!

=>8=! 3$E(9[!N,-)KN+P)!FKFNPJ+*L*M*+<[!LKM^!N;LMP!*-cPN+*,-[!*SJKMFP!P]N*+;+*,- >>>>>>>>>>>>>>>>>>>> '(8?!W=!

=>8W! 3$E(d[!N,-)KN+P)!FKFNPJ+*L*M*+<[!);SJP)!F*-KF,*)!+R;-F*P-+F[!N;LMPF!;-)!J,YPR!MP;)F[!
8(!^`a!+,!8((!:`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!Wd!

=>89! 3$E8(!N,-)KN+P)!FKFNPJ+*L*M*+<[!*SJ,R+P)!M*QO+-*-Q!@;*RNR;T+A >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!98!

=>8d! 3$E88!N,-)KN+P)!FKFNPJ+*L*M*+<[!M,Y!TRP\KP-N<!J,YPR!MP;)F!@FP;!F<F+PSFA >>>>>>>>>>>>>>>> '(8?!9V!

=>.(! 3$E8.!N,-)KN+P)!FKFNPJ+*L*M*+<!PMPN+R,F+;+*N!)*FNO;RQP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!9U!

=>.8! 30#(8[!R;)*;+P)!PS*FF*,-F[!S;Q-P+*N!T*PM)[!V(!`a!+,!8((!^`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!9'!

=>..! 30#(.[!R;)*;+P)!PS*FF*,-F[!PMPN+R*N!T*PM)[!8(!^`a!+,!89!2`a>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!9=!

=>.V! 30#(V[!R;)*;+P)!PS*FF*,-F[!;-+P--;!FJKR*,KF!;-)!O;RS,-*N!,K+JK+F[!!

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!8(!^`a!+,!U(!2`a >>>>>> '(8?!9d!

=>.U! 30E(8[!R;)*;+P)!FKFNPJ+*L*M*+<[!S;Q-P+*N!T*PM)F[!V(!`a!+,!8((!^`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!d(!

=>.'! 30E(.[!R;)*;+P)!FKFNPJ+*L*M*+<[!PMPN+R*N!T*PM)[!'(!^`a!+,!U(!2`a >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!d.!

=>.=! 30E(V[!R;)*;+P)!FKFNPJ+*L*M*+<[!+R;-F*P-+[!PMPN+R,S;Q-P+*N!T*PM) >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!d=!

=>.W! 30E(U[!R;)*;+P)!FKFNPJ+*L*M*+<[!S;Q-P+*N!T*PM)!FKFNPJ+*L*M*+<!@I$A>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!dW!

! !

! '(8?!.!

! ! /01213"4

! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

! !

!

! !

! !

7. APPLICABLE DOCUMENTS........................................................................................501- 99 

W>8! 2P-PR;M>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!dd!

W>.! 2,XPR-SP-+!),NKSP-+F>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!dd!

W>V>! 3,-?2,XPR-SP-+!JKLM*N;+*,-F >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!8(8!

8. DEFINITIONS ..............................................................................................................501- 102 

9>8! 2P-PR;M>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!8(.!

9>.! "NR,-<SF >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!8(V!

FIGURES 

G12H0#!8! D,M+;QP!JR,LP!T,R!+PF+F!;+!KFPReF!*-F+;MM;+*,->>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!8=!

G12H0#!.! 0G!"LF,RLPR!M,;)*-Q!)*;QR;S>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!89!

G12H0#!V! %PF+!FP+?KJ!T,R!N,-)KN+*XP!FKRT;NP!S,K-+P)!#H% >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!.8!

G12H0#!U! %PF+!FP+?KJ!T,R!-,-?N,-)KN+*XP!FKRT;NP!S,K-+P)!#H%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!..!

G12H0#!'! %PF+!FP+?KJ!T,R!TRPP!F+;-)*-Q!#H%!*-!FO*PM)P)!P-NM,FKRP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!.V!

G12H0#!=! %PF+!FP+?KJ!T,R!TRPP!F+;-)*-Q!#H%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!.U!

G12H0#!W! '(!f`!41E3!FNOPS;+*N >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!.=!

G12H0#!9! '!f`!41E3!FNOPS;+*N >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!.=!

G12H0#!d! '(!f`!41E3!1SJP);-NP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!.W!

G12H0#!8(! '!f`!41E3!1SJP);-NP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!.W!

G12H0#!88! &P;^!)P+PN+,R!RPFJ,-FP>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!V9!

G12H0#!8.! #];SJMP!,T!);+;!JRPFP-+;+*,-!RPF,MK+*,-> >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!U.!

G12H0#!8V! $,RRPN+*,-!T;N+,R!T,R!41E3!N;J;N*+,R> >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'=!

G12H0#!8U! 6;F*N!$*RNK*+!T,R!3$#(U!&R,LPCG*M+PRC/FN*MM,FN,JP!$,SL*-;+*,- >>>>>>>>>>>>>>>>>>>>>>>>>>> '(8?!=(!

G12H0#!8'! 3$E(8!&,YPR!;SJM*T*PR!JR,+PN+*,->>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!=V!

G12H0#!8=! 3$E(V!2P-PR;M!+PF+!FP+?KJ>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!==!

G12H0#!8W! 3$E(U!2P-PR;M!+PF+!FP+?KJ>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!=d!

G12H0#!89! 3$E('!2P-PR;M!+PF+!FP+?KJ>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!W8!

G12H0#!8d! %<J*N;M!3$E(W!N;M*LR;+*,-!T*]+KRP>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!WU!

G12H0#!.(! :;]*SKS!DEg0!,T!N;M*LR;+*,-!T*]+KRP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!W'!

G12H0#!.8! 1-FPR+*,-!M,FF!SP;FKRPSP-+>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!W=!

G12H0#!..! $*RNK*+!)*;QR;S!,T!3$E(9!JKMFP!QP-PR;+,R>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!W9!

G12H0#!.V! %<J*N;M!3$E(9!N;M*LR;+*,-!T*]+KRP!Y;XPT,RS>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!Wd!

! !

! '(8?V!
! ! /01213"4
! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

!

!

! !

! !

TABLES 

%"64#!8! "LF,RJ+*,-!;+!-,RS;M!*-N*)P-NP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!89!

%"64#!.! 6;-)Y*)+O!;-)!SP;FKRPSP-+!+*SP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!Vd!

%"64#!V! EKFNPJ+*L*M*+<!FN;--*-Q >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!UV!

%"64#!U! EKFNPJ+*L*M*+<!+PF+*-Q!+*SPF>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!U'!

%"64#!'! #S*FF*,-!;-)!FKFNPJ+*L*M*+<!RP\K*RPSP-+F>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'(!

%"64#!=! 0P\K*RPSP-+!:;+R*]>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'8!

%"64#!W! %PF+F!RP\K*RP)!L<!3"%/!3;+*,-F>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>'(8?!'.!

!

!

! !

! '(8?!U!

! ! /01213"4

! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

! !

!

! !

! !

CATEGORY 501 
General Requirements and Test Applicability Guide 

 

1 SCOPE 

8>8! &KRJ,FP!

%O*F! ),NKSP-+! *F! *-+P-)P)! +,! N,XPR! QP-PR;M! ;-)! FJPN*T*N! RP\K*RPSP-+F! RPM;+*-Q! +,! P\K*JSP-+! ;-)!
FKLF<F+PSF[! QK*);-NP! ;-)! RP\K*RPSP-+F! T,R! )PXPM,JSP-+! ,T! ;! +PF+! JR,QR;S! T,R! ;MM! S;+PR*PM!
NO;R;N+PR*FP)!;F!PMPN+R,-*N[!PMPN+R*N;M!;-)!PMPN+R,SPNO;-*N;M!P\K*JSP-+[!+,!LP!+PF+P)!;+!+OP!P\K*JSP-+!
;-)!FKLF<F+PSF!MPXPM>!

2P-PR;M!JKRJ,FP!*Fh!

;>! %,! F+;+P! +OP! ,XPR;MM! +PF+! ,LcPN+*XPF! T,R! +OP! X;M*);+*,-! ,T! S;+PR*PM! )PF*Q-[! Y*+O*-! +OP!
PMPN+R,S;Q-P+*N!P-X*R,-SP-+>!

L>! %,! JR,X*)P! QP-PR;M! QK*);-NP! T,R! S;-;QPSP-+! ,T! ;! +PF+! JR,QR;S! T,R! +OP! PMPN+R*N;MC!
PMPN+R,S;Q-P+*N!P-X*R,-SP-+!;-)!+,!JR,X*)P!QK*);-NP!*-!+OP!FPMPN+*,-!,T!+PF+F!

N>! %,!,K+M*-P!+OP!-PNPFF;R<!JR,NPFFPF!;-)!JR,)KN+F!,T!+OP!+PF+!JR,QR;S!+O;+!*-NMK)PF!+PF+!
JR,NP)KRPF[!);+;!N,MMPN+*,-!;-)!;FFPFFSP-+!+,!;NO*PXP!;NNPJ+;LMP!;FFKR;-NP>!

EJPN*T*N!JKRJ,FP!*Fh!

%,! JR,X*)P! L;N^QR,K-)! *-T,RS;+*,-! K-)PR! +OP! OP;)*-Q! i)*FNKFF*,-e! T,R! QP-PR;M! RP\K*RPSP-+F! ;-)!
;JJM*N;L*M*+<! T,R! )P+;*MP)! +PF+! RP\K*RPSP-+F>! ! %O*F! *-T,RS;+*,-! *-NMK)PF! R;+*,-;MP! T,R! RP\K*RPSP-+F[!
QK*);-NP!*-!;JJM<*-Q!+OP!RP\K*RPSP-+F[!;-)!MPFF,-F!MP;R-P)!TR,S!JM;+T,RS!;-)!M;L,R;+,R<!P]JPR*P-NP>!!
%O*F! *-T,RS;+*,-! FO,KM)! OPMJ! KFPRF! K-)PRF+;-)! +OP! *-+P-+! LPO*-)! +OP! RP\K*RPSP-+F>! ! 1-! ;))*+*,-! *+!
FO,KM)!;*)!+OP!JR,NKR*-Q!;N+*X*+<!*-!+;*M,R*-Q!PS*FF*,-!;-)!FKFNPJ+*L*M*+<!RP\K*RPSP-+F!;F!-PNPFF;R<!T,R!
J;R+*NKM;R! ;JJM*N;+*,-F!;-)!OPMJ! KFPRF! )PXPM,J!)P+;*MP)! +PF+! JR,NP)KRPF! *-! +OP!#:1%&!L;FP)!,-! +OP!
QP-PR;M! +PF+! JR,NP)KRPF! *-! +O*F! ),NKSP-+>! ! %O*F! L;N^QR,K-)! *-T,RS;+*,-! *F! JR,X*)P)! T,R! QK*);-NP!
JKRJ,FPF!;-)[!;F!FKNO[!FO,KM)!-,+!LP!*-+PRJRP+P)!;F!JR,X*)*-Q!N,-+R;N+K;M!RP\K*RPSP-+F>!

8>.! "JJM*N;+*,-!

%O*F!),NKSP-+!*-NMK)PF!*-T,RS;+*,-!YO*NO!FO;MM!LP!N,-F*)PRP)!;F!T,MM,YF!YOP-!KF*-Q!+OP!"#$%&!'((!
FPR*PF!,T!#MPN+R*N;M!C#MPN+R,S;Q-P+*N!%PF+Fh!

;>! %PF+!JR,QR;S!)PXPM,JSP-+>!

L>! "JJM*N;L*M*+<!,T!P;NO!+PF+!

N>! %PF+!:P+O,),M,Q<!

)>! &;R;SP+PR!MPXPMF!T,R!+OP!+PF+F>!

P>! $O;R;N+PR*F+*NF!,T!%PF+!G;N*M*+*PF>!

T>! %PF+!1+PS!N,-T*QKR;+*,->!

Q>! %PF+!$,-)*+*,-F>!

O>! &RP!;-)!&,F+?+PF+!NOPN^F!,T!+OP!+PF+!*+PS!

*>! %PF+!&R,)KN+F!*-NMK)*-Q!&M;-F[!I;+;!;-)!0PJ,R+F!

c>! G;*MKRP!NR*+PR*;>!

! !
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8>.>8! :;+PR*PM!N,-+;*-*-Q!#MPN+R,!#]JM,F*XP!IPX*NPF @##IFA!

%PF+!;-)!;FFPFFSP-+!RP\K*RPSP-+F!T,R!S;+PR*PM!N,-+;*-*-Q!##IF!;RP!),NKSP-+P)!*-!E%"3"2!U.Vd[!
UV.U[!UV.W!;-)!UU8=>!!1-!QP-PR;M!#:$!+PF+F!*-!;NN,R);-NP!Y*+O!+OP!"#$%&!'((!FPR*PF!+PF+F!Y*MM!;MF,!
LP!-PNPFF;R<!T,R!S;+PR*PM!+O;+!),!-,+!)*RPN+M<!*-+PRT;NP!Y*+O!+OP!##IF>!

8>.>.! $,SL*-P)!%PF+*-Q!

%OP! +;*M,R*-Q! JR,NPFF! @"#$%&8((A! S;<! *)P-+*T<! ;! -PP)! +,! N,SL*-P! PMPN+R*N;MCPMPN+R,S;Q-P+*N!
P-X*R,-SP-+;M! +PF+*-Q!Y*+O! ,+OPR! P-X*R,-SP-+F! *-! +OP!V((!;-)!U((! FPR*PF>! !EKNO! N,SL*-;+*,-F!S;<!
JR,)KNP!;!S,RP!RP;M*F+*N!RPJRPFP-+;+*,-!,T!+OP!PTTPN+F!,T!+OP!,XPR;MM!P-X*R,-SP-+!+O;-!;!FPR*PF!,T!F*-QMP!!!
+PF+F!

8>.>V! :;+PR*PM!@gO,MP!E<F+PSA!%PF+*-Q!

%O*F!#)*+*,-!,T!"#$%&'((!),PF!-,+!N,XPR!YO,MP!E<F+PS!%PF+*-Q!

8>V! 4*S*+;+*,-F!

8>V>8! %PF+!*+PS!

%OP! +PF+! *+PS!S;<! LP!,T! FKNO! F*aP! ;-)! N,SJMP]*+<! +O;+! *+! N;--,+! LP! N,-+;*-P)!Y*+O*-! ;X;*M;LMP! +PF+!
T;N*M*+*PF>!

Discussion: The test item should be equipment or a subsystem that may be used independently or 
as an integral part of other subsystems or systems.  Successful completion of system or platform EMC 
testing may be hampered if appropriate test procedures have not been previously carried out on sub 
divisions of systems or platforms.  Success in the equipment or subsystem testing would build 
confidence that, upon connecting the equipment or subsystems together to form the whole system, it 
would be likely that the materiel would pass whole system testing.  An assessment may show that 
some test procedures for the whole system need not be conducted.!

%PF+!SP+O,)F!FK*+;LMP!T,R!N,SJ,-P-+!MPXPM!+PF+*-Q!;RP!-,+!Q*XP-!*-!+OP!"#$%&!'((!FPR*PF>!

Discussion: However components within equipment's or systems should be selected from those 
which are believed to be able to perform the design function over the whole life cycle including its 
environmental elements.  Testing can provide evidence to support selection.  Components likely to be 
exposed to abnormal environments need to be identified and special testing may need to be devised. 

When it is demonstrated that a commercial item selected by the equipment developer is responsible 
for equipment or subsystems failing to meet the EMC requirements.  Then either the commercial item 
shall be modified or replaced or interference suppression measures shall be employed, so that the 
equipment or subsystems meet the EMC requirements.!

8>V>.! #-X*R,-SP-+!

%OP!PMPN+R,S;Q-P+*N!P-X*R,-SP-+!+O;+!S;+PR*PM!N,KM)!P-N,K-+PR!+OR,KQO,K+!+OP*R!M*TP!N<NMP!S;<!LP!FPMT?
QP-PR;+P)[! LP! QP-PR;+P)! L<! ,+OPR! S;+PR*PM[! ,R! LP! QP-PR;+P)! L<! -;+KR;M! JOP-,SP-;>! ! %OP! +,+;M!
P-X*R,-SP-+!;+!;-<!J;R+*NKM;R!JO;FP!,T!+OP!S;+PR*PM!M*TP!N<NMP!S;<!LP!N,SJ,FP)!,T!;-<!N,SL*-;+*,-!,T!
P-X*R,-SP-+F! TR,S! +OPFP! F,KRNPF>! ! 1-! QP-PR;M[! N,-NKRRP-+! PMPN+R*N;MCPMPN+R,S;Q-P+*N! P-X*R,-SP-+;M!
+PF+*-Q!*F!-,+!JPRT,RSP)[!;-)!+OP!+PF+!JR,NP)KRPF!Y*+O*-!"#$%&!'((!RPM;+P!+,!FPJ;R;+P!P-X*R,-SP-+F!
,R!+OP*R!PTTPN+F>!

Discussion: The test parameters and their levels are chosen to provide repeatable simulation of 
the 'real' environments.  For natural phenomena, levels are often adopted that correspond to those 
that the materiel could conceivably encounter, and not necessarily to the worst possible cases.  For 
self-generated and externally generated environments, levels shall either be specified by the adoption 
of standards or shall be derived from the knowledge of the likely external environment.  The latter 
option is preferable when the external environment is known to be severe.!
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2 GUIDANCE 

%OP!"#$%&!'((!FPR*PF!N,-+;*-F!QP-PR*N!+PF+!JR,NP)KRPF!+O;+!S;<!LP!;JJM*P)!+,!;-<!+<JP!,T!S;+PR*PM>!!
%OP! +PF+! JR,NP)KRPF! +,! LP! KFP)! T,R! ;! FJPN*T*N! +PF+! JR,QR;S! FO;MM! LP! FPMPN+P)! ,-! +OP! L;F*F! ,T! +OP!
,JPR;+*,-;M! KFP! ;-)! P-X*R,-SP-+;M! N,-)*+*,-F! +O;+! Y*MM! LP! P]JPR*P-NP)! )KR*-Q! +OP! M*TP+*SP! ,T! +OP!
S;+PR*PM>! ! %OP! FPMPN+*,-! ,T! F,SP! +PF+! JR,NP)KRPF! Y*MM! LP! )PJP-)P-+! ,-! +OP! JR,NKR*-Q! -;+*,-! @FPP!
J;R;QR;JO!'>.!;-)!"JJM*N;L*M*+<!%;LMPF!=!;-)!WA>!

.>8! /LcPN+*XPF!,T!+OP!%PF+!&R,QR;S!

%OP!,LcPN+*XPF!,T!+OP!JR,QR;S!FO;MM!LP!+,!)PS,-F+R;+P[!YOPRP!;JJR,JR*;+P[!+O;+!+OP!S;+PR*PMh!

;>! g*MM!-,+!K-;NNPJ+;LM<! *-+PRTPRP!Y*+O[!JPR+KRL!,R!);S;QP!,+OPR!S;+PR*PM!YOP-!,JPR;+*-Q!
;F!*-+P-)P)>!

L>! g*MM! -,+! K-;NNPJ+;LM<! *-+PRTPRP! Y*+O[! JPR+KRL! ,R! );S;QP! *+F! ,Y-! N,SJ,-P-+F! ,R!
P\K*JSP-+!YOP-!,JPR;+*-Q!;F!*-+P-)P)>!

N! g*MM! -,+! LP! K-;NNPJ+;LM<! JPR+KRLP)! ,R! );S;QP)! L<! P]+PR-;M! P-X*R,-SP-+F[! YOP+OPR!
QP-PR;+P)!L<!,+OPR!S;+PR*PM[!L<!OKS;-F!,R!L<!-;+KR;M!JOP-,SP-;>!

)>! g*MM!-,+!K-;NNPJ+;LM<!P-);-QPR!JPRF,--PM!)KR*-Q!+O,FP!JO;FPF!,T!+OP!S;+PR*PM!M*TP!N<NMP!
*-!YO*NO!P*+OPR! +OP!S;+PR*PM! N,KM)!JR,)KNP!)*FNO;RQPF!,R!PS*FF*,-F!,T!;-!PMPN+R*N;M!,R!
PMPN+R,S;Q-P+*N!-;+KRP[!,R!+OP!S;+PR*PM!N,KM)!LP!;TTPN+P)!L<!P]+PR-;M!P-X*R,-SP-+F!Y*+O!
;)XPRFP!N,-FP\KP-NPF>!

.>.! :;-;QPSP-+!;-)!&M;--*-Q!&R,NP)KRPF!

.>.>8! #:$!EJPN*T*N;+*,-!

1+! *F! +OP!JR,QR;S!S;-;QPR_F! RPFJ,-F*L*M*+<! +,!P-FKRP! +O;+! +OP! +PF+! *+PS!RP\K*RPSP-+!),NKSP-+! T,R! +OP!
S;+PR*PM! *F! KFP)! ;F! +OP! L;F*F! T,R! +OP! )PXPM,JSP-+! ,T! ;-! PMPN+R*N;MCPMPN+R,S;Q-P+*N! N,SJ;+*L*M*+<!
FJPN*T*N;+*,-!T,R!+OP!S;+PR*PM>!!%OP!+PF+!RP\K*RPSP-+!),NKSP-+!Y*MM!N,-+;*-!P-X*R,-SP-+;M!F+;+PSP-+F[!
)PF*Q-! RP\K*RPSP-+F! T,R! +OP! JR,+PN+*,-! ,T! P\K*JSP-+! ;-)! FKLF<F+PSF! ;-)! N,SJM*;-NP! NR*+PR*;>! ! G,R!
N,SJMP]!S;+PR*PM[!;-!#:$!$,-+R,M!&M;-! *F!-PP)P)!+,! *)P-+*T<!S;-;QPSP-+!RPFJ,-F*L*M*+*PF! +,!P-FKRP!
#:$! RP\K*RPSP-+F! *-! +OP! FJPN*T*N;+*,-! ;RP! ;))RPFFP)[! +,! P-FKRP! ;! N,F+! PTTPN+*XP! JR,QR;S! +,!
)PS,-F+R;+P!N,SJM*;-NP!*F!)PXPM,JP)!;-)!+,!JR,X*)P!;!N,-F*F+P-+!RPX*PY!JR,NP)KRP>!

.>.>.! %PF+!&R,QR;S!;-)!&M;-F!

"!+PF+!JR,QR;S!FO;MM!LP!)PXPM,JP)!T,R!+OP!S;+PR*PM! *-NMK)*-Q!;MM!N,SJ,-P-+F!;-)!FKLF<F+PSF[!YOPRP!
;JJR,JR*;+P>! ! %OP! JR,QR;S! FO;MM! LP! FKTT*N*P-+M<! )P+;*MP)! +,! P-;LMP! ;-<! +PF+! +,! LP! RPJP;+P)!Y*+O! +OP!
F;SP!RPFKM+F>!!%OP!JR,QR;S!FO;MM!N,XPR!L,+O!)PXPM,JSP-+!;-)!;NNPJ+;-NP!+PF+*-Q!KJ!+,!;-)!*-NMK)*-Q!
F<F+PS!+PF+*-Q>!!%OP!JR,QR;SCJM;-F!FO;MM!)PT*-Ph!

;>! $,-+R;N+,R!#:1C$!:;-;QPSP-+!E+RKN+KRP!@;F!;JJR,JR*;+PA!

L! %OP!P\K*JSP-+[!FKLF<F+PS!,R!F<F+PS!YO*NO!Y*MM!LP!+PF+P)!;-)!YOP-!+OP!+PF+!FO,KM)!LP!
N,SJMP+P)>!

N>! %OP!-;+KRP!,R!JKRJ,FP!,T!P;NO!+PF+>!

)>! %OP!:,)P@FA!,T!/JPR;+*,-!,T!+OP!P\K*JSP-+!K-)PR!+PF+!

P>! %OP!F*Q-;M!S,)KM;+*,-!+,!;JJM<!)KR*-Q!FKFNPJ+*L*M*+<!+PF+*-Q[!;F!RP\K*RP)!

T>! %OP!TK-N+*,-;M!+PF+F!;-)!*-FJPN+*,-F!+,!LP!JPRT,RSP)!LPT,RP[!)KR*-Q!;-)!;T+PR!P;NO!#:$!
+PF+!JR,NP)KRP>!

Q>! %OP!T;N*M*+<!+,!LP!KFP)!;-)!+OP!FKJJ,R+!P\K*JSP-+!-PP)P)!T,R!+OP!+PF+>!

O>! I;+;!RPN,R)*-Q[!+PF+!N,-T*QKR;+*,-!)PFNR*J+*,-CJO,+,QR;JOF[!;-;M<F*F!;-)!RPJ,R+*-Q!+,!LP!
KFP)>!

1-)*X*)K;M!+PF+!JM;-F!T,R!P;NO!JR,NP)KRP!FO;MM!LP!JRPJ;RP)>!

! !
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.>V! #-X*R,-SP-+;M!$,-F*)PR;+*,-F!

%OP! S,F+! RP;M*F+*N! ;JJR,;NO! T,R! +PF+*-Q! S;+PR*PM! K-)PR! F*SKM;+P)! PMPN+R*N;MCPMPN+R,S;Q-P+*N!
P-X*R,-SP-+F! Y,KM)! LP! +,! P]J,FP! +OP! +PF+! *+PS! *-! ;! )PJM,<P)! ;-)! TK-N+*,-;M! F+;+P! K-)PR! +O,FP!
N,-)*+*,-F! *-!YO*NO! *+!Y,KM)!LP!,JPR;+P)!L<!-;+*,-;M! ;-)!3"%/! T,RNPF>! !E,SP! M;-)?L;FP)!S;+PR*PM!
N,KM)!LP! +PF+P)!KF*-Q!FKNO!;-!;JJR,;NO>! !"*R!;-)!FO*J?L,R-P!S;+PR*PM!;RP!S,RP!)*TT*NKM+! +,!)PJM,<! *-!
RP;M*F+*N!N,-)*+*,-F!F*-NPj!T,R!+OP!S,F+!J;R+!M;-)?L;FP)!+PF+!T;N*M*+*PF!;RP!KFP)>!!EKFJP-)*-Q!,R!*F,M;+*-Q!
+OP!+PF+!*+PS!*-!TRPP!FJ;NP!S;<!RPJRPFP-+!;*RNR;T+!TM*QO+!,R!FO*J_F!)PN^F!,R!L<!KF*-Q!;!N,-)KN+*-Q!QR,K-)!
JM;-P! KJ,-! YO*NO! +OP! +PF+! *+PS! F+;-)F>! ! :,RP! )*TT*NKM+! F+*MM! ;RP! +<JPF! ,T! S;+PR*PM[! YO*NO! T,RS! ;-!
*-+PRN,--PN+P)!J;R+!,T!;-!P]+P-F*XP!F<F+PS[!,R!;RP! *-F+;MMP)!,-!,R!Y*+O*-!;!LK*M)*-Q[!,R! M;RQP!S,L*MP!
JM;+T,RS>!!%PF+*-Q!*-!+OP!-;+KR;M!P-X*R,-SP-+!@,JP-!F*+PA!S;<!-,+!LP!J,FF*LMP!T,R!;MM!S;+PR*PM>! ! 1+!;MF,!
S;<! LP! JRPNMK)P)! T,R! RP;F,-F! ,T! *-+,MPR;LMP[! J,FF*LM<! *MMPQ;M[! *-+PRTPRP-NP!Y*+O! +PF+! F*+P! -P*QOL,KRF>!!
gOPRP!+OP!S;+PR*PM! *F!+,!LP!)*X*)P)!*-+,!*+F!P\K*JSP-+!,R!FKLF<F+PSF[!P-X*R,-SP-+;MM<!JR,+PN+P)!+PF+!
T;N*M*+*PF!;RP!PFFP-+*;M>!

.>V>8! &R,QR;S!FNOP)KMP!

EKLF<F+PS!#:$!+PF+*-Q!FO,KM)!LP!N,SJMP+P)!LPT,RP!*-+PQR;+P)!F<F+PS!+PF+*-Q!*F!K-)PR+;^P->!!%PF+*-Q!
+OP!*-+PQR;+P)!F<F+PS!S;<!K-N,XPR!)PT*N*P-N*PF!-,+!RPXP;MP)!)KR*-Q!FKLF<F+PS!+PF+*-Q>!

.>U! #MPN+R*N;M!C!#MPN+R,S;Q-P+*N!&;R;SP+PR!C!0P\K*RPSP-+!4PXPMF!

.>U>8! &;R;SP+R*N!$,-F*)PR;+*,-F!

1-!)P+PRS*-*-Q!+PF+!J;R;SP+PRFCRP\K*RPSP-+F[!N,-F*)PR;+*,-!FO;MM!LP!Q*XP-!+,h!

;>! "-+*N*J;+P)! P]+PR-;M! M*TP! N<NMP! P-X*R,-SP-+F! -,+! S,)*T*P)! L<! ,+OPR! S;+PR*PM! *-! ,R! ,-!
YO*NO!+OP!S;+PR*PM!*F!JM;NP)>!

L>! 1-)KNP)!P-X*R,-SP-+F!YOPRP!+OP!P]+PR-;M!P-X*R,-SP-+! *F!S,)*T*P)!L<!,+OPR!S;+PR*PM! *-!
,R!,-!YO*NO!+OP!N,-F*)PRP)!S;+PR*PM!*F!JM;NP)>!

N>! 1-+PR-;M! P-X*R,-SP-+F! +O;+! +OP! S;+PR*PM! JR,)KNPF! L<! *+F! ,Y-! ,JPR;+*,-! Y*+O*-! +OP! M*TP!
N<NMP>!

.>U>.! %;*M,R*-Q!,T!&;R;SP+PRFC0P\K*RPSP-+F!

&;R;SP+PRFCRP\K*RPSP-+F! FO,KM)! LP! +;*M,RP)! *-! ;NN,R);-NP!Y*+O! +OP! TK-N+*,-! ,T! +OP!S;+PR*PM[! *+F! M*TP!
N<NMP[! *+F! *-+PR;N+*,-!Y*+O!,+OPR!S;+PR*PM!;-)!+OP!)PR*XP)!PMPN+R*N;MCPMPN+R,S;Q-P+*N!P-X*R,-SP-+>! !%OP!
M,Q*N!T,R!+OP!+;*M,R*-Q!FO;MM!LP!*-NMK)P)!*-!P*+OPR!+OP!#:$!FJPN*T*N;+*,-!,R!+OP!+PF+!JR,QR;SCJM;-F>!!%OP!
FPMPN+*,-! ,T! J;R;SP+PRF! JRPTPR;LM<! FO,KM)! LP! L;FP)! ,-! )*RPN+! P-X*R,-SP-+;M! SP;FKRPSP-+F! S;)P!
K-)PR!RP;M!M*TP!N<NMP!F*+K;+*,-F>!!%OP!;M+PR-;+*XP!*F!+,!KFP!)PR*XP)!MPXPMF[!YO*NO!N;-!LP!,L+;*-P)!P*+OPR!
L<! ;FFPFFSP-+! ,R! RPTPRP-NP! +,! );+;! N,MMPN+P)! )KR*-Q! +PF+! JR,QR;SF! N,SJMP+P)! ,-! F*S*M;R! +<JPF! ,T!
S;+PR*PM>!

3 TESTING 

V>8! %PF+!1+PS!$,-T*QKR;+*,-!

%OP!+PF+!*+PS!N,-T*QKR;+*,-!FO,KM)!LP!+OP!;N+K;M!S;+PR*PM!N,-T*QKR;+*,-!;+!+OP!;JJR,JR*;+P!JO;FP!,T!+OP!
M*TP!N<NMP>!!"F!;!S*-*SKS[!+OP!T,MM,Y*-Q!N,-T*QKR;+*,-F!FO;MM!LP!N,-F*)PRP)h!

;>! %OP!S;+PR*PM!L<!*+FPMT!*-!;-!,JPR;+*-Q!,R!;N+*XP!S,)P>!

L>! :;+PR*PM! N,-+;*-P)! *-! ;-<! FO*JJ*-Q! ,R! +R;-F*+! N;F*-Q! YOPRP! +OP! N;F*-Q! FO,KM)! LP!
;FFPFFP)! T,R! PMPN+R,S;Q-P+*N! FO*PM)*-Q! ;Q;*-F+! +OP! P-X*R,-SP-+[! *-NMK)*-Q! ;-<!
QR,K-)*-Q!JR,X*F*,-F>!

N>! %OP! S;+PR*PM! *-! ;! +PF+! S,)P! YOPRP! ,+OPR! P\K*JSP-+! ,R! S;+PR*PM! *F! N,--PN+P)! +,! *+>!!
$,-)KN+! ,T! +OP! +PF+! JR,NP)KRPF! FO;MM! N,-F*)PR! +OP! J,+P-+*;M! F;TP+<! O;a;R)F! +,! +PF+!
JPRF,--PM>! ! 1-!J;R+*NKM;R[! *-;)XPR+P-+! *-*+*;+*,-!,T!P-PRQP+*N!S;+PR*;MF!L<!PMPN+R,?*Q-*+*,-!

! !
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;-)! ,+OPR! O;a;R),KF! PMPN+R*N;MCSPNO;-*N;M! RP;N+*,-F! +O;+! N,KM)! LP! *-)KNP)! L<! +OP!
+PF+*-Q!FO,KM)!-,+!LP!J,FF*LMP>!

V>.! %PF+!$,-)*+*,-F!

V>.>8! $M*S;+*N!$,-)*+*,-F!T,R!%PF+*-Q!

%PF+F!S;)P!,-!P\K*JSP-+!;RP!KFK;MM<!S;)P!*-),,RF!*-!K-N,-+R,MMP)!NM*S;+*N!N,-)*+*,-F!LK+[!F*-NP!S,F+!
,T!+OP!+PF+!T;N*M*+*PF!;RP!Y*+O*-!LK*M)*-QF[!+OP!R;-QP!,T!+OP!NM*S;+*N!N,-)*+*,-F!*F!M*S*+P)>!!%OP!JR,NP)KRP!
T,R! N,-)KN+*-Q! PMPN+R,F+;+*N! NO;RQPC)*FNO;RQP! +PF+*-Q! SKF+! *-NMK)P! ;! N,-F*)PR;+*,-! ,T! NM*S;+*N!
J;R;SP+PRF>!

V>.>.! #MPN+R*N;MC#MPN+R,S;Q-P+*N!%PF+!$,-)*+*,-F!

%PF+!N,-)*+*,-F!;RP!Q*XP-!*-!P;NO!,T!+OP!;JJR,JR*;+P!+PF+!JR,NP)KRPF!,T!"#$%&'((>!

V>.>V! %,MPR;-NPF[!I;+;!;-)!0PN,R)*-Q!

H-MPFF! ,+OPRY*FP! FJPN*T*P)[! +OP! +PF+! P\K*JSP-+! ;-)! ;K]*M*;R<! *-F+RKSP-+;+*,-! FO;MM! LP! N;J;LMP! ,T!
S;*-+;*-*-Q!+OP!JRPFNR*LP)!+PF+!J;R;SP+PRF!@L,+O!*-JK+!;-)!,K+JK+A!Y*+O*-!JRPFNR*LP)!+,MPR;-NPF>!!I;+;!
FO;MM! LP! RPN,R)P)! P*+OPR! S;-K;MM<! ,R! ;K+,S;+*N;MM<! )KR*-Q! +PF+*-Q[! *-NMK)*-Q! ;-<! ,LFPRX;+*,-! ;F! +,!
KJFP+[! JPR+KRL;+*,-! ,R! );S;QP! +,! P\K*JSP-+>! ! G,R! PS*FF*,-F! SP;FKRPSP-+F[! ;SJM*+K)P! XPRFKF!
TRP\KP-N<!JR,T*MPF!,T!PS*FF*,-!);+;!FO;MM!LP!RPN,R)P)!,-!;-!;K+,S;+*N;MM<!QP-PR;+P)!N,-+*-K,KF!JM,+>!!
%OP! ;JJM*N;LMP! J;R;SP+PRCRP\K*RPSP-+! M*S*+! FO;MM! LP! )*FJM;<P)! ,-! +OP! JM,+>! ! :;-K;MM<! Q;+OPRP)!
PS*FF*,-F!);+;!*F!-,+!;NNPJ+;LMP!P]NPJ+!T,R!JM,+!XPR*T*N;+*,->!

V>V! 1-T,RS;+*,-!0P\K*RP)!

%OP! T,MM,Y*-Q! J;R;QR;JOF! M*F+! +OP!S*-*SKS!PFFP-+*;M! *-T,RS;+*,-! ,-! JRP! ;-)! J,F+! +PF+! F+;+KF! ,T! +OP!
S;+PR*PM>!

V>V>8! &RP!%PF+!1-T,RS;+*,-!

;>! %PF+!*+PS!)PFNR*J+*,-!@S;^P[!S,)PM[!FPR*;M!-KSLPR!P+N>A>!

L>! %PF+!*+PS!N,-T*QKR;+*,->!

N>! "JJR,JR*;+P!+PF+!JR,NP)KRP!+,!LP!;JJM*P)>!

)>! /LcPN+*XPF!,T!+OP!+PF+!;-)!;NNPJ+;-NP!NR*+PR*;>!

P>! %PF+!P\K*JSP-+!+,!LP!KFP)!@S;^P[!S,)PM[!FPR*;M!-KSLPR[!N;M*LR;+*,-[!P+N>A>!

T>! $;LMP!+<JPF!*T!;JJM*N;LMP!

Q>! IPTPN+!RPN,R)*-Q!;-)!RPN+*T*N;+*,->!

O>! 0PFKM+F!,T!JRP?+PF+!,JPR;+*,-;M!NOPN^>!

*>! I;+P!T,R!%PF+!

c>! %PF+!&PRF,--PM!

^>! %PF+!/RQ;-*F;+*,-!,R!%PF+!`,KFP!

V>V>.! &,F+!%PF+!1-T,RS;+*,-!

;>! %PF+!*+PS!RPFJ,-FPF!+,!JR,NP)KRPF>!

L>! IPX*;+*,-F!TR,S!JM;--P)!+PF+!JR,NP)KRPF!;-)!+OP*R!;TTPN+!,-!+PF+!;NNPJ+;L*M*+<>!

N>! 0PN,R)F!,T!;SL*P-+!+PF+!N,-)*+*,-F!,+OPR!+O;-!+O,FP!;FF,N*;+P)!Y*+O!+OP!:P+O,)F!KFP)>!

)>! /LFPRX;+*,-F!,T!)PTPN+F[!KJFP+F[!JPR+KRL;-NP!,R!);S;QP!;-)! +OP*R! M,N;+*,-!)KR*-Q! +OP!
+PF+[!;-)!;-!PX;MK;+*,-!,T!+OP!JR,LMPS>!

P>! 1-XPF+*Q;+*,-!,T!);S;QP!;+!+OP!N,SJ,-P-+!MPXPM>!

T>! %PF+!P\K*JSP-+!KFP)!@S;^P[!S,)PM[!FPR*;M!-KSLPR[!N;M*LR;+*,-[!P+N>A>!

Q>! I;+P!,T!%PF+!

! !
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O! %PF+!&PRF,--PM!

*>! %PF+!/RQ;-*F;+*,-!,R!%PF+!`,KFP!

V>V>V! %PF+!0PJ,R+!

%OP!*-T,RS;+*,-!FO;MM!LP!N,MM;+P)!*-+,!;!+PF+!RPJ,R+>!

V>U! G;*MKRP!$R*+PR*;!

V>U>8! G;*MKRP!
"-<!,-P!,T!+OP!T,MM,Y*-Q!N,-)*+*,-F!FO;MM!-,RS;MM<!N,-F+*+K+P!;!+PF+!*+PS!T;*MKRPh!

;>! IPX*;+*,-!,T!+OP!S,-*+,RP)!,K+JK+!J;R;SP+PR!LP<,-)!+OP!RP\K*RPSP-+!MPXPMF!PF+;LM*FOP)!
*-!+OP!#:$!FJPN*T*N;+*,-!T,R!+OP!S;+PR*PM!,R!T,R!P\K*JSP-+C!FKLF<F+PSF[!YO*NO!N,-F+*+K+P!
+OP!S;+PR*PM>!

L>! /LFPRX;+*,-!,T! +R;-F*P-+!JOP-,SP-;!,R!);S;QP!M*^PM<!+,! MP;)!+,!+OP!)PXPM,JSP-+!,T!;!
F;TP+<!O;a;R)!;FF,N*;+P)!Y*+O!+OP!S;+PR*;M>!

N>! /LFPRX;+*,-!,T!+R;-F*P-+!JOP-,SP-;!,R!);S;QP!M*^PM<!+,!MP;)!+,!JRPXP-+*-Q!+OP!S;+PR*PM!
TR,S!SPP+*-Q!*+F!FJPN*T*P)!JPRT,RS;-NP!;+!F,SP!JO;FP!*-!+OP!M*TP!N<NMP>!

V>U>.! IPQR;)P)!&PRT,RS;-NP!

IPQR;)P)! JPRT,RS;-NP! S;<! LP! ;NNPJ+;LMP! ;+! +OP! P]+RPSPF! ,T! +OP! PMPN+R*N;MCPMPN+R,S;Q-P+*N!
P-X*R,-SP-+F!*T!*)P-+*T*P)!*-!+OP!FJPN*T*N;+*,->!!0PF+R*N+*,-!,-!+OP!,JPR;L*M*+<!,T!+OP!S;+PR*PM!N;-!;MF,!LP!
;NNPJ+;LMP[!P>Q>[!T,R!0G!R;)*;+*,-!O;a;R)F!@0"I`"kA>!!IPQR;)P)!JPRT,RS;-NP!*F!;!T;*MKRP!*Th!

;>! %OP!)PQR;);+*,-!P]NPP)F!FJPN*T*N;+*,-!M*S*+F>!

L>! %OP! FJPN*T*P)! JPRT,RS;-NP! *F! -,+! RPF+,RP)! KJ,-! RPS,X;M! ,T! +OP!
PMPN+R*N;MCPMPN+R,S;Q-P+*N!P-X*R,-SP-+!N;KF*-Q!+OP!)PQR;);+*,->!

V>U>V! 0P+PF+!

0P+PF+*-Q!,T!+OP!#H%!Y*MM!+;^P!JM;NP!*-!+OP!PXP-+!+O;+h!

;>! %OP!#H%!O;F!LPP-!RPJ;*RP)!,R!RP)PF*Q-P)!;F!;!RPFKM+!,T!;!JRPX*,KF!+PF+!T;*MKRP>!!1-!FKNO!
N*RNKSF+;-NPF[! YOPRP! N,SJM*;-NP! N;-! LP! ;FFKRP)[! *+! *F! JPRS*FF*LMP! +,! +PF+! ,-M<! +O,FP!
J;R+F!,T! +OP!#H%! +O;+! T;*MP)!K-)PR! +OP! +PF+!N,-)*+*,-F! +O;+!N;KFP)! *+>! !gOPRP! RPJ;*RF!,T!
RP)PF*Q-!,T!+OP!#H%!S;<!O;XP!;-!*SJ;N+!,-!+PF+*-Q!;MRP;)<!JPRT,RSP)[!+OP-!+O,FP!+PF+F!
;RP!+,!LP!RPJP;+P)!;MF,>!

L>! %OP!+PF+!JR,NP)KRP!*F!-,+!T,MM,YP)!N,RRPN+M<!,R!+OP!#H%!O;F!LPP-!N,-T*QKRP)!*-N,RRPN+M<>!!
%O*F! *-NMK)PF!YOPRP! +OP!#H%! *F!,JPR;+P)!)*TTPRP-+M<! +,! +O;+!JRPX*,KFM<!;QRPP)!Y*+O! +OP!
JR,NKR*-Q! ;K+O,R*+<! ,R! +,! O,Y! *+! Y,KM)! ,JPR;+P! *-! *+F! -,RS;M! *-F+;MM;+*,->! ! 1-! FKNO!
N*RNKSF+;-NPF! ;MM! +PF+*-Q! K-)PR+;^P-! Y*MM! LP! RPJP;+P)! Y*+O! +OP! #H%! *-! +OP! N,RRPN+!
N,-T*QKR;+*,->!

V>U>U! $,SSP-+F!

"!N,SSP-+;R<!,-!;MM!+PF+!T;*MKRPF!,LFPRXP)!FO;MM!LP!S;)P!Y*+O*-!+OP!+PF+!RPJ,R+>!!1T!TKR+OPR!;FFPFFSP-+!
*F!-PNPFF;R<[!*+!FO;MM!LP!*-NMK)P)!*-!;-<!,XPR;MM!#:$!T*-;M!RPJ,R+!,-!+OP!S;+PR*PM>!
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4 GENERAL REQUIREMENTS 

U>8! 2P-PR;M 

#MPN+R,-*N[! PMPN+R*N;M[! ;-)! PMPN+R,SPNO;-*N;M! P\K*JSP-+! ;-)! FKLF<F+PSF! FO;MM! N,SJM<! Y*+O! +OP!
;JJM*N;LMP!QP-PR;M!*-+PRT;NP!RP\K*RPSP-+F!*-!J;R;QR;JO!U>.>!!2P-PR;M!RP\K*RPSP-+F!T,R!XPR*T*N;+*,-!FO;MM!
LP! *-!;NN,R);-NP!Y*+O!J;R;QR;JO!U>V>! !%OPFP!QP-PR;M! RP\K*RPSP-+F!;RP! *-!;))*+*,-! +,! +OP!;JJM*N;LMP!
)P+;*MP)! PS*FF*,-! ;-)! FKFNPJ+*L*M*+<! RP\K*RPSP-+F! ;-)! ;FF,N*;+P)! +PF+! JR,NP)KRPF! )PT*-P)! *-!
J;R;QR;JO!'>(>!

Discussion: The requirements in this paragraph are universally applicable to all subsystems and 
equipment.  Separate emission and susceptibility requirements that are structured to address specific 
concerns with various classes of subsystems and equipment are contained in other portions of this 
standard. 

This document is concerned only with specifying technical requirements for controlling 
electromagnetic interference (EMI) emissions and susceptibility at the subsystem-level and 
equipment-level.  The requirements in this document are not intended to be directly applied to 
subassemblies of equipment such as modules or circuit cards.  The basic concepts can be 
implemented at the subassembly level; however, significant tailoring needs to be accomplished for the 
particular application.  The requirements included herein are intended to be used as a baseline.  
Placement of the limits is based on demonstrated performance typically required for use on existing 
platforms in order to achieve electromagnetic compatibility (EMC).  System-level requirements dealing 
with integration of subsystems and equipment are contained in documents such as MIL-STD-464A 
and MIL-STD-188-125 and Def Stan 59-41.  MIL-STD-464A requirements include intra-system 
compatibility within the system, inter-system compatibility with external radio frequency environments, 
lightning protection, and hazards of electromagnetic radiation to ordnance, fuel and personnel.  The 
procuring activity and system contractors should review the requirements contained herein for 
possible tailoring based on system design and expected operational environments.  MIL-STD-469 
provides additional requirements for radars for achieving electromagnetic compatibility.  In addition 
national laws governing use of the radio frequency spectrum must be addressed. 

Guidance and techniques, which are helpful in meeting the requirements of this standard, are 
contained in MIL-HDBK-241, MIL-HDBK-253, MIL-HDBK-423, AFSC DH 1-4, Def Stan 59-41 and 
AMC Pamphlet 706-410.  MIL-HDBK-237 provides guidance for management of EMC efforts.  ADS-
37A-PRF provides additional guidance for Army equipment located or operated on fixed-wing aircraft 
and helicopters.  MIL-HDBK-235 and Def Stan 08-46 provides information on land, air, and sea based 
RF emitters, both hostile and friendly, which contribute to the overall electromagnetic environment. 

The qualification status of equipment and subsystems becomes uncertain when hardware or software 
changes are incorporated due to equipment updates or test failures, including failures from testing to 
requirements other than EMI.  To maintain AECTP500 qualification after changes are implemented, 
either an analysis showing no substantive impact needs to be issued or continued compliance needs 
to be demonstrated by limited testing deemed to be appropriate to evaluate the changes.  The 
approach used to maintain continued certification and the results of analysis and testing are normally 
subject to procuring activity approval. 

U>.! 1-+PRT;NP!0P\K*RPSP-+F!

U>.>8! Z,*-+!JR,NKRPSP-+!

#\K*JSP-+! ,R! FKLF<F+PSF!JR,NKRP)!L<!,-P!KFPR! ;N+*X*+<! T,R!SKM+*?;QP-N<!KFP! FO;MM! N,SJM<!Y*+O! +OP!
RP\K*RPSP-+F!,T!+OP!KFPR!;QP-N*PF>!

Discussion: When a government procures equipment that will be used by more than one service or 
agency, a particular activity is assigned responsibility for overall procurement.  The responsible activity 
must address the concerns of all the users.  Conflicts may exist among the parties concerned.  Also, 
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imposition of more severe design requirements by one party may adversely affect other performance 
characteristics required by the second party.  For example, severe radiated susceptibility levels on an 
electro-optical sensor may require aperture protection measures which compromise sensitivity.  It is 
important that these issues be resolved to the satisfaction of all parties and that all genuine 
requirements be included. 

U>.>.! G*M+PR*-Q!@3;X<!,-M<A!

%OP! KFP! ,T! M*-P?+,?QR,K-)! T*M+PRF! T,R! #:1! N,-+R,M! FO;MM! LP! S*-*S*FP)>! ! EKNO! T*M+PRF! PF+;LM*FO! M,Y!
*SJP);-NP!J;+OF!T,R!F+RKN+KRP!@N,SS,-?S,)PA!NKRRP-+F!+OR,KQO!+OP!QR,K-)!JM;-P!;-)!N;-!LP!;!S;c,R!
N;KFP!,T!*-+PRTPRP-NP!*-!F<F+PSF[!JM;+T,RSF[!,R!*-F+;MM;+*,-F!LPN;KFP!+OP!NKRRP-+F!N;-!N,KJMP!*-+,!,+OPR!
P\K*JSP-+! KF*-Q! +OP! F;SP! QR,K-)! JM;-P>! ! 1T! FKNO! ;! T*M+PR! SKF+! LP! PSJM,<P)[! +OP! M*-P?+,?QR,K-)!
N;J;N*+;-NP!T,R!P;NO!M*-P!FO;MM!-,+!P]NPP)!(>8!S*NR,T;R;)!@fGA!T,R!=(!`PR+a!@`aA!P\K*JSP-+!,R!(>(.!fG!
T,R!U((!`a!P\K*JSP-+>! !G,R!FKLS;R*-P!I$?J,YPRP)!P\K*JSP-+!;-)!;*RNR;T+!I$?J,YPRP)!P\K*JSP-+[!
+OP!T*M+PR!N;J;N*+;-NP!TR,S!P;NO!M*-P?+,?QR,K-)!;+! +OP!KFPR! *-+PRT;NP!FO;MM!-,+!P]NPP)!(>(W'!fGC^g!,T!
N,--PN+P)!M,;)>!!G,R!I$!M,;)F!MPFF!+O;-!(>'!^g[!+OP!T*M+PR!N;J;N*+;-NP!FO;MM!-,+!P]NPP)!(>(V!fG>!!%OP!
T*M+PR*-Q!PSJM,<P)!FO;MM! LP! TKMM<!)PFNR*LP)! *-! +OP!P\K*JSP-+!,R!FKLF<F+PS! +PNO-*N;M!S;-K;M!;-)! +OP!
#MPN+R,S;Q-P+*N!1-+PRTPRP-NP!$,-+R,M!&R,NP)KRPF!@#:1$&A>!

Discussion: The power systems for Navy ships and submarines are ungrounded.  The 
capacitance-to-ground of power line filters provides a path for conducting current into the hull 
structure.  The Navy uses very sensitive low frequency radio and sonar receivers.  At low frequencies, 
currents flowing through the installation structure and across surfaces of electronic enclosures will 
penetrate to the inside of the enclosure.  The magnetic fields created by these currents can couple 
into critical circuits and degrade performance.  At higher frequencies (greater than 100 kHz), the 
combination of power line filter capacitance-to-ground limitation, skin effect of equipment enclosures, 
and reduced harmonic currents tend to minimise the problems associated with structure currents. 

U>.>V! EPMT?N,SJ;+*L*M*+< 

%OP! ,JPR;+*,-;M! JPRT,RS;-NP! ,T! ;-! P\K*JSP-+! ,R! FKLF<F+PS! FO;MM! -,+! LP! )PQR;)P)[! -,R! FO;MM! *+!
S;MTK-N+*,-[!YOP-!;MM!,T!+OP!K-*+F!,R!)PX*NPF!*-!+OP!P\K*JSP-+!,R!FKLF<F+PS!;RP!,JPR;+*-Q!+,QP+OPR!;+!
+OP*R!)PF*Q-P)!MPXPMF!,T!PTT*N*P-N<!,R!+OP*R!)PF*Q-!N;J;L*M*+<> 

Discussion: The EMI controls imposed by this standard apply to subsystem-level hardware with 
the purpose of insuring compatibility when various subsystems are integrated into a system platform.  
In a parallel sense, a subsystem can be considered to be an integration of various assemblies, circuit 
cards, and electronics boxes.  While specific requirements could be imposed to control the 
interference characteristics of these individual items, this standard is concerned only with the overall 
performance characteristics of the subsystem after integration.  Therefore, the subsystem itself must 
exhibit compatibility among its various component parts and assemblies. 

U>.>U! 3,-?IPXPM,JSP-+;M!1+PSF!@3I1A!

1-!;NN,R);-NP!Y*+O! +OP!QK*);-NP!JR,X*)P)!L<! the procuring Government[! +OP! RP\K*RPSP-+F!,T! +O*F!
F+;-);R)! FO;MM! LP! SP+! YOP-! ;JJM*N;LMP! ;-)! Y;RR;-+P)! L<! +OP! *-+P-)P)! *-F+;MM;+*,-! ;-)! JM;+T,RS!
RP\K*RPSP-+F>!

Discussion: NDI refers to any equipment that is already developed and ready for use including 
both commercial and military items.  Acceptance in the commercial marketplace does not mean that 
EMC requirements are met and modifications to correct EMC problems can be costly and time 
consuming.  EMC problems that arise from NDI equipment can be potentially hazardous.  Quantitative 
EMC requirements should be developed and valid data needs to be gathered during a market 
investigation for performance of analysis to determine the suitability of the NDI.  Testing may be 
required if there is insufficient data.  An EMC advisory board is recommended to provide alternatives 
to the procuring authority. 
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U>.>U>8! $,SSPRN*;M!*+PSF!

Discussion: The use of commercial off-the-shelf equipment presents a dilemma between the need 
for EMI control with appropriate design measures implemented and the desire to take advantage of 
existing designs, which may exhibit undesirable EMI characteristics.  Paragraphs 4.2.4.1.1 and 
4.2.4.1.2 address the specific requirements for the two separate cases of contractor selection versus 
procuring activity specification of commercial equipment. 

For some applications of commercially developed products, such as commercial transport aircraft, EMI 
requirements similar to those in this standard are usually imposed on equipment.  Most commercial 
aircraft equipment is required to meet the EMI requirements in RTCA DO-160 or an equivalent 
contractor in-house document.  Recent revisions to RTCA DO-160 are making the document more 
compatible with this standard.  Equipment qualified to revisions “C” or “D” of RTCA DO-160 is often 
suitable for military aircraft applications.  

EMI requirements on most commercial equipment are more varied and sometimes non-existent.  The 
minimum EMI requirements shall be those pertaining to the commercial regulations for the countries 
which the equipment shall be deployed in.  These requirements are typically less stringent than 
military requirements of a similar type.  Also, there is difficulty in comparing levels between commercial 
and military testing due to differences in measurement distances, different types of antennas, and 
near-field conditions.!

U>.>U>8>8!EPMPN+P)!L<!N,-+R;N+,R!

gOP-! *+! *F! )PS,-F+R;+P)! +O;+! ;! N,SSPRN*;M! *+PS! FPMPN+P)! L<! +OP! N,-+R;N+,R! *F! RPFJ,-F*LMP! T,R!
P\K*JSP-+! ,R! FKLF<F+PSF! T;*M*-Q! +,! SPP+! +OP! N,-+R;N+K;M! #:1! RP\K*RPSP-+F>! ! %OP-! P*+OPR! +OP!
N,SSPRN*;M! *+PS! FO;MM! LP! S,)*T*P)! ,R! RPJM;NP)! ,R! *-+PRTPRP-NP! FKJJRPFF*,-! SP;FKRPF! FO;MM! LP!
PSJM,<P)[!F,!+O;+!+OP!P\K*JSP-+!,R!FKLF<F+PSF!SPP+!+OP!N,-+R;N+K;M!#:1!RP\K*RPSP-+F>!

Discussion: The contractor retains responsibility for complying with EMI requirements regardless 
of the contractor's choice of commercial off-the-shelf items.  The contractor can treat selected 
commercial items as necessary provided required performance is demonstrated. 

U>.>U>8>.!EJPN*T*P)!L<!JR,NKR*-Q!;N+*X*+<!

gOP-!*+! *F!)PS,-F+R;+P)!L<!+OP!N,-+R;N+,R[!+O;+!;!N,SSPRN*;M! *+PS!FJPN*T*P)!L<!+OP!JR,NKR*-Q!;N+*X*+<!
T,R!KFP!*-!;-!P\K*JSP-+!,R!FKLF<F+PS!*F!RPFJ,-F*LMP!T,R!T;*MKRP!,T!+OP!P\K*JSP-+!,R!FKLF<F+PS!+,!SPP+!
*+F! N,-+R;N+K;M! #:1! RP\K*RPSP-+F>! ! %OP! );+;! *-)*N;+*-Q! FKNO! T;*MKRP! FO;MM! LP! *-NMK)P)! *-! +OP!
#MPN+R,S;Q-P+*N! 1-+PRTPRP-NP!%PF+!0PJ,R+! @#:1%0A>! !3,!S,)*T*N;+*,-! ,R! RPJM;NPSP-+! FO;MM! LP!S;)P!
K-MPFF!;K+O,R*FP)!L<!+OP!JR,NKR*-Q!;N+*X*+<>!

Discussion: The procuring activity retains responsibility for EMI characteristics of commercial items 
that the procuring activity specifies to be used as part of a subsystem or equipment.  The procuring 
activity will typically study trade-offs between the potential for system-level problems and the benefits 
of retaining unmodified commercial equipment.  The procuring activity needs to provide specific 
contractual direction when modifications are considered to be necessary. 

U>.>U>.! &R,NKRPSP-+!,T!P\K*JSP-+!,R!FKLF<F+PSF!O;X*-Q!SP+!,+OPR!#:1!RP\K*RPSP-+F!

&R,NKRPSP-+!,T!P\K*JSP-+!;-)!FKLF<F+PSF!PMPN+R*N;MM<!;-)!SPNO;-*N;MM<!*)P-+*N;M!+,!+O,FP!JRPX*,KFM<!
JR,NKRP)! L<! ;N+*X*+*PF! ,T! ;QP-N*PF[! ,R! +OP*R! N,-+R;N+,RF[! FO;MM! SPP+! +OP! #:1! RP\K*RPSP-+F! ;-)!
;FF,N*;+P)! M*S*+F[! ;F! ;JJM*N;LMP! *-! +OP! P;RM*PR! JR,NKRPSP-+[! K-MPFF! ,+OPRY*FP! FJPN*T*P)! L<! +OP!
$,SS;-)!,R!;QP-N<!N,-NPR-P)>!

Discussion: In general, the government expects configuration controls to be exercised in the 
manufacturing process of equipment and subsystems to ensure that produced items continue to meet 
the particular EMI requirements to which the design was qualified.  This standard reflects the most up-
to-date environments and concerns.  Since the original EMI requirements may be substantially 
different than those in this standard, they may not be adequate to assess the suitability of the item in a 
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particular installation.  This situation most often occurs for equipment susceptibility tests related to the 
radiated electromagnetic environment.  Procuring activities need to consider imposing additional test 
requirements on the contractor to gather additional data to permit adequate evaluation. 

Testing of production items has shown degraded performance of the equipment from that previously 
demonstrated during development.  One problem area is engineering changes implemented for ease 
of manufacturing which are not adequately reviewed for potential effects on EMI control design 
measures.  Specific problems have been related to treatment of cable and enclosure shields, electrical 
grounding and bonding, and substitution of new component parts due to obsolescence. 

U>.>'! 2,XPR-SP-+!GKR-*FOP)!#\K*JSP-+!@2G#A!

gOP-!+OP!N,-+R;N+,R!)PS,-F+R;+PF!+O;+!;!2G#!*F!RPFJ,-F*LMP!T,R!T;*MKRP!,T!;-!P\K*JSP-+!,R!FKLF<F+PS!
+,! SPP+! *+F! N,-+R;N+K;M! #:1! RP\K*RPSP-+F[! +OP! );+;! *-)*N;+*-Q! FKNO! T;*MKRP! FO;MM! LP! *-NMK)P)! *-! +OP!
#:1%0>!!3,!S,)*T*N;+*,-!FO;MM!LP!S;)P!K-MPFF!;K+O,R*FP)!L<!+OP!JR,NKR*-Q!;N+*X*+<>!

Discussion: GFE is treated the same as commercial items specified by the procuring activity. 

U>V! DPR*T*N;+*,-!RP\K*RPSP-+F!

%OP! QP-PR;M! RP\K*RPSP-+F! RPM;+P)! +,! +PF+! JR,NP)KRPF[! +PF+! T;N*M*+*PF[! ;-)! P\K*JSP-+! F+;+P)! LPM,Y[!
+,QP+OPR! Y*+O! +OP! )P+;*MP)! +PF+! JR,NP)KRPF! *-NMK)P)! *-! J;R;QR;JO! '>([! FO;MM! LP! KFP)! +,! )P+PRS*-P!
N,SJM*;-NP! Y*+O! +OP! ;JJM*N;LMP! PS*FF*,-! ;-)! FKFNPJ+*L*M*+<! RP\K*RPSP-+F! ,T! +O*F! F+;-);R)>! ! "-<!
JR,NKR*-Q! ;N+*X*+<! ;JJR,XP)! P]NPJ+*,-F! ,R! )PX*;+*,-F! TR,S! +OPFP! QP-PR;M! RP\K*RPSP-+F! FO;MM! LP!
),NKSP-+P)! *-! +OP! #MPN+R,S;Q-P+*N! 1-+PRTPRP-NP! %PF+! &R,NP)KRPF! @#:1%&A>! ! #\K*JSP-+! +O;+! ;RP!
*-+P-)P)! +,! LP! ,JPR;+P)! ;F! ;! FKLF<F+PS! FO;MM! LP! +PF+P)! ;F! FKNO! +,! +OP! ;JJM*N;LMP! PS*FF*,-! ;-)!
FKFNPJ+*L*M*+<!RP\K*RPSP-+F!YOP-PXPR!JR;N+*N;M>!!G,RS;M!+PF+*-Q!*F!-,+!+,!N,SSP-NP!Y*+O,K+!;JJR,X;M!,T!
+OP!#:1%&!L<! +OP!$,SS;-)!,R!;QP-N<!N,-NPR-P)>! !I;+;! +O;+! *F!Q;+OPRP)!;F!;! RPFKM+!,T!JPRT,RS*-Q!
+PF+F! *-! ,-P! PMPN+R,S;Q-P+*N! )*FN*JM*-P! S*QO+! LP! FKTT*N*P-+! +,! F;+*FT<! RP\K*RPSP-+F! *-! ;-,+OPR>!!
%OPRPT,RP[!+,!;X,*)!K--PNPFF;R<!)KJM*N;+*,-[!;!F*-QMP!+PF+!JR,QR;S!FO,KM)!LP!PF+;LM*FOP)!Y*+O!+PF+F!T,R!
F*S*M;R!RP\K*RPSP-+F!N,-)KN+P)!N,-NKRRP-+M<!YOP-PXPR!J,FF*LMP>!

Discussion: This portion of the document specifies general requirements that are applicable to a 
variety of test procedures applicable for individual emissions and susceptibility requirements.  The 
detailed test procedures for each emissions and susceptibility requirement include procedures that are 
unique to that requirement.  Other sources of information dealing with electromagnetic interference 
testing are available in industry documents such as RTCA DO-160 and SAE ARP 1972 etc. 

Electromagnetic disciplines (EMC), electromagnetic pulse (EMP), lightning, RF compatibility, 
frequency allocation, etc. are integrated to differing levels in various government and contractor 
organisations.  There is often a common base of requirements among the disciplines.  It is more 
efficient to have unified requirements and complete and concise testing.  For example, the EMC, EMP 
and lightning areas all pertain to electronic hardness to transients.  The transient requirements in this 
standard should satisfy most concerns or should be adapted as necessary to do so. 

Testing integrated equipment at the subsystem-level is advantageous because the actual electrical 
interfaces are in place rather than electrical load or test equipment simulations.  When simulations are 
used, there is always doubt regarding the integrity of the simulation and questions arise whether 
emission and susceptibility problems are due to the equipment under test or the simulation. 

"Contractor-generated" test procedures provide a mechanism to interpret and adapt AECTP500, as it 
is applicable to a particular subsystem or equipment and to detail the test agency's facilities and 
instrumentation and their use.  It is important that the procedures are available to the procuring activity 
early so that the procuring activity can approve the test procedures prior to the start of testing.  
Agreement needs to exist between the procuring activity and the contractor on the interpretation of 
test requirements and procedures, thereby minimising the possible need for re-testing. 
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When testing large equipment, equipment that requires special handling provision or high power 
equipment, deviations from the standard testing procedures may be required.  Large equipment may 
not fit through the typical shielded room door or may be so heavy that it would crush the floor.  Other 
equipment has large movable arms or turrets or equipment that requires special heating or cooling 
facilities.  This equipment may have to be tested at the manufacturer’s facilities or at the final 
installation.  The following examples are for guidance.  Sound engineering practices should be used 
and explained in detail in the EMITP when deviating from the standard test procedures due to EUT 
characteristics.  The design of the tests is of primary importance and the data recorded during the 
testing must reflect the final installation characteristics as closely as possible. 

For equipment which requires high input current (for example: > 200 A), commercial LISNs may not be 
available.  For NCE02, the “voltage probe” called out in ANSI C63.4 may be substituted.  The 
construction of the probe is shown in Figure 1.  A direct connection to the power lines is required and 
care must be taken to establish a reference ground for the measurements.  It may be necessary to 
perform repeated measurements over a suitable period of time to determine the variation in the power 
line impedance and the impact on the measured emissions from the EUT. 

The measurements are made between each current-carrying conductor in the supply mains and the 
ground conductor with a blocking capacitor C and resistor R, as shown in Figure 1, so that the total 

resistance between the line under test and ground is 1500 !.  The probe attenuates the voltage so 
calibration factors are required.  The measurement point (probe’s position on the cables) must be 
identified in all test set-ups. 

When equipment is too large or requires special provisions (loads, drives, water, emission of toxic 
fumes and such), testing in a typical anechoic room may not be feasible.  Temporary screen rooms 
consisting of RF absorbant cloth can be built around the test area to reduce the ambient for radiated 
emission testing and to contain the RF field during radiated susceptibility testing.  Since the room may 
be highly reflective, care must be taken to identify any resonances.  Several antenna positions may be 
required in order to reduce the effect of the resonances. 

Equipment, which produces high power RF output, may be required to be tested on an open area test 
site.  Additionally, equipment that needs to have a communication link to the outside world must be 
tested in the open.  Government approval may be required in order to generate the RF fields for the 
NRS02 test requirement.  If the communication link can be simulated, then the test can be performed 
in a shielded room.  In this case, special dummy loads may be required, since the high power RF 
radiation could damage the anechoic material due to heating.!
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FIGURE 1 Voltage probe for tests at user’s installation. 

1SJ,F*+*,-!,T!#:1!RP\K*RPSP-+F!,-! M;RQP!P\K*JSP-+!O;F!LPN,SP!PFFP-+*;M! +,!JRPXP-+!#:1!JR,LMPSF>!!
%OPRPT,RP[!#:1! RP\K*RPSP-+F!FO,KM)!-,+!LP!Y;*XP)!F*SJM<!LPN;KFP!,T!FJPN*;M!O;-)M*-Q!JR,LMPSF!,R!
P\K*JSP-+! F*aP>! ! %<J*N;M! P\K*JSP-+! ;-)! FKLF<F+PSF! T,R!YO*NO! +OPFP! FJPN*;M! JR,X*F*,-F! O;XP! LPP-!
;JJM*P)!;RP!;F!T,MM,YFh!

"*R!O;-)M*-Q!K-*+F!@OP;+*-Q[!XP-+*M;+*-Q[!;-)!;*R!N,-)*+*,-*-QA!

4;RQP!K-*-+PRRKJ+*LMP!J,YPR!FKJJM*PF!@H&EA!

#\K*JSP-+!X;-FCS,+,R*FP)!XPO*NMPF!

IPF;M*-*F;+*,-!K-*+F!

4;RQP!S,+,RFCQP-PR;+,RFC)R*XPFCJ,YPR!)*F+R*LK+*,-!F<F+PSF!

4;RQP!R;);RF!

0;*M!QK-F!;-)!+OP*R!J,YPR!F,KRNPF!

$;+;JKM+F!;-)!+OP*R!J,YPR!F,KRNPF!

:KM+*JMP!N,-F,MP!FKLF<F+PSF!
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U>V>8! :P;FKRPSP-+!+,MPR;-NPF!

H-MPFF!,+OPRY*FP!F+;+P)!T,R!;!J;R+*NKM;R!SP;FKRPSP-+[!+OP!+,MPR;-NP!FO;MM!LP!;F!T,MM,YFh!

;>! I*F+;-NPh!p'q!

L>! GRP\KP-N<h!p.q!

N>! "SJM*+K)P[!SP;FKRPSP-+!RPNP*XPRh!p.!)6!

)>! "SJM*+K)P[! SP;FKRPSP-+! F<F+PS! @*-NMK)PF! SP;FKRPSP-+! RPNP*XPRF[! +R;-F)KNPRF[!
N;LMPF[!;-)!F,!T,R+OAh!pV!)6!

P>! %*SP!@Y;XPT,RSFAh!p'q!

T>! 0PF*F+,RFh!p'q!

P>! $;J;N*+,RFh!p.(q!

Discussion: Tolerances are necessary to maintain controls for obtaining consistent measurements. 

U>V>.! EO*PM)P)!P-NM,FKRPF!

%,!JRPXP-+!*-+PR;N+*,-!LP+YPP-!+OP!#H%!;-)!+OP!,K+F*)P!P-X*R,-SP-+[!FO*PM)P)!P-NM,FKRPF!Y*MM!KFK;MM<!
LP! RP\K*RP)! T,R! +PF+*-Q>! !%OPFP!P-NM,FKRPF!JRPXP-+!P]+PR-;M!P-X*R,-SP-+!F*Q-;MF! TR,S!N,-+;S*-;+*-Q!
PS*FF*,-!SP;FKRPSP-+F!;-)!FKFNPJ+*L*M*+<! +PF+! F*Q-;MF! TR,S! *-+PRTPR*-Q!Y*+O!PMPN+R*N;M! ;-)!PMPN+R,-*N!
*+PSF!*-!+OP!X*N*-*+<!,T!+OP!+PF+!T;N*M*+<>!!EO*PM)P)!P-NM,FKRPF!SKF+!O;XP!;)P\K;+P!;++P-K;+*,-!FKNO!+O;+!
+OP!;SL*P-+!RP\K*RPSP-+F!,T!J;R;QR;JO!U>V>U!;RP!F;+*FT*P)>!!%OP!P-NM,FKRPF!SKF+!LP!FKTT*N*P-+M<!M;RQP!
FKNO! +O;+! +OP! #H%! ;RR;-QPSP-+! RP\K*RPSP-+F! ,T! J;R;QR;JO! U>V>9! ;-)! ;-+P--;! J,F*+*,-*-Q!
RP\K*RPSP-+F!)PFNR*LP)!*-!+OP!*-)*X*)K;M!+PF+!JR,NP)KRPF!;RP!F;+*FT*P)>!

Discussion: Potential accuracy problems introduced by shielded enclosure resonances are well 
documented and recognised; however, shielded enclosures are usually a necessity for testing of 
military equipment to the requirements of this standard.  Most test agencies are at locations where 
ambient levels outside of the enclosures are significantly above the limits in this standard and would 
interfere with the ability to obtain meaningful data. 

Electrical interfaces with military equipment are often complex and require sophisticated test 
equipment to simulate and evaluate the interface.  This equipment usually must be located outside of 
the shielded enclosure to achieve sufficient isolation and prevent it from contaminating the ambient 
and responding to susceptibility signals. 

The shielded enclosure also prevents radiation of applied susceptibility signals from interfering with 
local antenna-connected receivers.  The most obvious potential offender is the NRS02 test.  However, 
other susceptibility tests can result in substantial radiated energy that may violate Government rules.!

U>V>.>8! 0;)*,!GRP\KP-N<!@0GA!;LF,RLPR!S;+PR*;M!

0G! ;LF,RLPR!S;+PR*;M! @N;RL,-! *SJRPQ-;+P)! T,;S!J<R;S*)F[! TPRR*+P! +*MPF[! ;-)! F,! T,R+OA! FO;MM! LP! KFP)!
YOP-! JPRT,RS*-Q! PMPN+R*N! T*PM)! R;)*;+P)! PS*FF*,-F!,R! R;)*;+P)! FKFNPJ+*L*M*+<! +PF+*-Q! *-F*)P!;! FO*PM)P)!
P-NM,FKRP!@P]NPJ+!T,R!S,)P!F+*R!+PF+*-QA!+,!RP)KNP!RPTMPN+*,-F!,T!PMPN+R,S;Q-P+*N!P-PRQ<!;-)!+,!*SJR,XP!
;NNKR;N<!;-)!RPJP;+;L*M*+<>!!%OP!0G!;LF,RLPR!FO;MM!LP!JM;NP)!;L,XP[!LPO*-)[!;-)!,-!L,+O!F*)PF!,T!+OP!
#H%[!;-)!LPO*-)!+OP!R;)*;+*-Q!,R!RPNP*X*-Q!;-+P--;!;F!FO,Y-!*-!G*QKRP!.>!!:*-*SKS!JPRT,RS;-NP!,T!
+OP!S;+PR*;M! FO;MM! LP!;F! FJPN*T*P)! *-!%;LMP! 8>! ! %OP!S;-KT;N+KRPR_F! NPR+*T*N;+*,-!,T! +OP*R!0G!;LF,RLPR!
S;+PR*;M!@L;F*N!S;+PR*;M!,-M<[!-,+!*-F+;MMP)A!*F!;NNPJ+;LMP>!

DISCUSSION: Accuracy problems with making measurements in untreated shielded enclosures due 
to reflections of electromagnetic energy have been widely recognised and documented.  The values of 
RF absorption required by Table 1 are considered to be sufficient to substantially improve the integrity 
of the measurements without unduly impacting test facilities.  The minimum placement provisions for 
the material are specified to handle the predominant reflections.  The use of additional material is 
desirable, where possible.  It is intended that the values in Table 1 can be met with available ferrite tile 
material or standard 0.6 metres (24 inch) pyramidal absorber material. 
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FIGURE 2 RF Absorber loading diagram 

 

GRP\KP-N<! :*-*SKS!;LF,RJ+*,-!

9(!:`a!?!.'(!:`a! =!)6!

"L,XP!.'(!:`a!KJ!+,!O*QOPF+!
TRP\KP-N<!,T!+PF+!

8(!)6!

TABLE 1 Absorption at normal incidence 
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U>V>V! /+OPR!+PF+!F*+PF!

1T!,+OPR!+PF+!F*+PF!;RP!KFP)[!+OP!;SL*P-+!RP\K*RPSP-+F!,T!J;R;QR;JO!U>V>U!FO;MM!LP!SP+>!

Discussion: For certain types of EUTs, testing in a shielded enclosure may not be practical.  
Examples are EUTs which are extremely large, require high electrical power levels or motor drives to 
function, emit toxic fumes, or are too heavy for normal floor loading (see the discussion section of 
paragraph 4.3 for additional information).  There is a serious concern with ambient levels 
contaminating data when testing is performed outside of a shielded enclosure.  Therefore, special 
attention is given to this testing under paragraph 4.3.4, "Ambient electromagnetic level."  All cases 
where testing is performed outside a shielded enclosure shall be justified in detail in the EMITP, 
including typical profiles of expected ambient levels. 

If it is necessary to operate EUTs that include RF transmitters outside of a shielded enclosure, 
spectrum certification and a frequency assignment must first be obtained through the spectrum 
management process. 

An option in emission testing is the use of an open area test site (OATS) in accordance with ANSI 
C63.4.  These sites are specifically designed to enhance accuracy and repeatability.  Due to 
differences between ANSI C63.4 and this standard in areas such as antenna selection, measurement 
distances, and specified frequency ranges, the EMITP shall detail the techniques for using the OATS 
and relating the test results to the requirements of this standard.!

U>V>U! "SL*P-+!PMPN+R,S;Q-P+*N!MPXPM!

IKR*-Q! +PF+*-Q[! +OP! ;SL*P-+! PMPN+R,S;Q-P+*N! MPXPM! SP;FKRP)! Y*+O! +OP! #H%! )P?P-PRQ*FP)! ;-)! ;MM!
;K]*M*;R<!P\K*JSP-+!+KR-P)!,-!FO;MM!LP!;+!MP;F+!=!)6!LPM,Y!+OP!;MM,Y;LMP!FJPN*T*P)!M*S*+F!YOP-!+OP!+PF+F!
;RP!JPRT,RSP)!*-!;!FO*PM)P)!P-NM,FKRP>!!"SL*P-+!N,-)KN+P)!MPXPMF!,-!J,YPR!MP;)F!FO;MM!LP!SP;FKRP)!
Y*+O!+OP! MP;)F!)*FN,--PN+P)!TR,S!+OP!#H%!;-)!N,--PN+P)!+,!;!RPF*F+*XP! M,;)[!YO*NO!)R;YF!+OP!F;SP!
R;+P)!NKRRP-+!;F!+OP!#H%>!!gOP-!+PF+F!;RP!JPRT,RSP)!*-!;!FO*PM)P)!P-NM,FKRP!;-)!+OP!#H%!*F!*-!;+!MP;F+!
=)6! LPM,Y! RP\K*RP)! M*S*+F[! +OP! ;SL*P-+! JR,T*MP! -PP)! -,+! LP! RPN,R)P)! *-! +OP! #MPN+R,S;Q-P+*N!
1-+PRTPRP-NP!%PF+!0PJ,R+!@#:1%0A>!!gOP-!SP;FKRPSP-+F!;RP!S;)P!,K+F*)P!;!FO*PM)P)!P-NM,FKRP[!+OP!
+PF+F! FO;MM! LP! JPRT,RSP)! )KR*-Q! +*SPF! ;-)! N,-)*+*,-F!YOP-! +OP! ;SL*P-+! *F! ;+! *+F! M,YPF+! MPXPM>! ! %OP!
;SL*P-+!FO;MM!LP!RPN,R)P)!*-!+OP!#:1%0!;-)!FO;MM!-,+!N,SJR,S*FP!+OP!+PF+!RPFKM+F>!

Discussion: Controlling ambient levels are critical to maintaining the integrity of the gathered data.  
High ambients present difficulties distinguishing between EUT emissions and ambient levels.  Even 
when specific signals are known to be ambient related, they may mask EUT emissions that are above 
the limits of this standard. 

The requirement that the ambient be at least 6 dB below the limit ensures that the combination of the 
EUT emissions and ambient does not unduly affect the indicated magnitude of the emission. If a 
sinusoidal noise signal is at the limit and the ambient is 6 dB below the limit, the indicated level should 
be approximately 3 dB above the limit.  Similarly, if the ambient were allowed to be equal to the limit 
for the same true emission level, the indicated level would be approximately 5 dB above the limit.!

A resistive load is specified to be used for conducted ambients on power leads.  However, under 
certain conditions actual ambient levels may be higher than indicated with a resistive load.  The most 
likely reason is the presence of capacitance at the power interface of the EUT that will lower the input 
impedance at higher frequencies and increase the current.  This capacitance should be determined 
and ambient measurements repeated with the capacitance in place.  There is also the possibility of 
resonance conditions with shielded room filtering, EUT filtering, and powerline inductance.  These 
types of conditions may need to be investigated if unexpected emission levels are observed. 

Testing outside of a shielded enclosure often must be performed at night to minimise influences of the 
ambient.  A prevalent problem with the ambient is that it continuously changes with time as various 
emitters are turned on and off and as amplitudes fluctuate.  A useful tool for improving the flow of 
testing is to thoroughly analyse the EUT circuitry prior to testing and identify frequencies where 
emissions may be expected to be present. 
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An option to improve overall measurement accuracy is to make preliminary measurements inside a 
shielded enclosure and accurately determine frequencies where emissions are present.  Testing can 
be continued outside the shielded enclosure with measurements being repeated at the selected 
frequencies.  The 6 dB margin between the ambient and limits must then be observed only at the 
selected frequencies.!

U>V>'! 2R,K-)!JM;-P!

%OP! #H%! FO;MM! LP! *-F+;MMP)! ,-! ;! QR,K-)! JM;-P! +O;+! F*SKM;+PF! +OP! ;N+K;M! *-F+;MM;+*,->! ! 1T! +OP! ;N+K;M!
*-F+;MM;+*,-! *F! K-^-,Y-!,R!SKM+*JMP! *-F+;MM;+*,-F! ;RP! P]JPN+P)[! +OP-! ;!SP+;MM*N! QR,K-)! JM;-P! FO;MM! LP!
KFP)>!!H-MPFF!,+OPRY*FP!FJPN*T*P)!LPM,Y[!QR,K-)!JM;-PF!FO;MM!LP!.>.'!F\K;RP!SP+RPF!,R!M;RQPR!*-!;RP;!
Y*+O! +OP!FS;MMPR!F*)P!-,! MPFF! +O;-!W=!NP-+*SP+RPF>! !gOP-!;!QR,K-)!JM;-P! *F!-,+!JRPFP-+! *-! +OP!#H%!
*-F+;MM;+*,-[!+OP!#H%!FO;MM!LP!JM;NP)!,-!;!-,-?N,-)KN+*XP!+;LMP>!

Discussion: Generally, the radiated emissions and radiated susceptibilities of equipment are due to 
coupling from and to the interconnecting cables and not via the case of the EUT.  Emissions and 
susceptibility levels are directly related to the placement of the cable with respect to the ground plane 
and to the electrical conductivity of the ground plane.  Thus, the ground plane plays an important role 
in obtaining the most realistic test results. 

When the EUT is too large to be installed on a conventional ground plane on a bench, the actual 
installation should be duplicated.  For example, a large radar antenna may need to be installed on a 
test stand and the test stand bonded to the floor of the shielded enclosure.  Ground planes need to be 
placed on the floor of shielded rooms with floor surfaces such as tiles that are not electrically 
conductive. 

The use of ground planes is also applicable for testing outside of a shielded enclosure.  These ground 
planes will need to be referenced to earth as necessary to meet the electrical safety requirements of 
the National Electrical Code.  Where possible, these ground planes should be electrically bonded to 
other accessible grounded reference surfaces such as the outside structure of a shielded enclosure. 

The minimum dimensions for a ground plane of 2.25 square metre with 76 centimetres on the smallest 
side will be adequate only for set-ups involving a limited number of EUT enclosures with few electrical 
interfaces.  The ground plane must be large enough to allow for the requirements included in 
paragraph 4.3.8 on positioning and arrangement of the EUT and associated cables to be met.!

U>V>'>8! :P+;MM*N!QR,K-)!JM;-P!

gOP-!+OP!#H%!*F!*-F+;MMP)!,-!;!SP+;MM*N!QR,K-)!JM;-P[!+OP!QR,K-)!JM;-P!FO;MM!O;XP!;!FKRT;NP!RPF*F+*X*+<!

-,! QRP;+PR! +O;-! (>8!S!! JPR! F\K;RP>! ! %OP! I$! RPF*F+;-NP! LP+YPP-!SP+;MM*N! QR,K-)! JM;-PF! ;-)! +OP!
FO*PM)P)!P-NM,FKRP!FO;MM!LP!.>'!S!!,R!MPFF>!!%OP!SP+;MM*N!QR,K-)!JM;-PF!FO,Y-!*-!G*QKRPF!V!+OR,KQO!+,!
=!FO;MM!LP!PMPN+R*N;MM<!L,-)P)! +,! +OP! TM,,R!,R!Y;MM!,T! +OP!L;F*N!FO*PM)P)! R,,S!F+RKN+KRP!;+! MP;F+!,-NP!
PXPR<!8!SP+RP>!!%OP!SP+;MM*N!L,-)!F+R;JF!FO;MM!LP!F,M*)!;-)!S;*-+;*-!;!T*XP?+,?,-P!R;+*,!,R!MPFF!*-!MP-Q+O!
+,!Y*)+O>! !:P+;MM*N!QR,K-)!JM;-PF!KFP)!,K+F*)P!;!FO*PM)P)!P-NM,FKRP!FO;MM!P]+P-)!;+! MP;F+!8>'!SP+RPF!
LP<,-)!+OP!+PF+!FP+?KJ!L,K-);R<!*-!P;NO!)*RPN+*,->!

Discussion: For the metallic ground plane, a copper ground plane with a thickness of 
0.25 millimetres has been commonly used and satisfies the surface resistance requirements.  Other 
metallic materials of the proper size and thickness needed to achieve the resistivity can be substituted. 

For metallic ground planes, the surface resistivity can be calculated by dividing the bulk resistivity by 

the thickness.  For example, copper has a bulk resistivity of 1.75x10
-8

 !-metres.  For a ground plane 
0.25 millimetre thick as noted above, the surface resistance is: 

 1.7x10
-8

/2.5x10
-4 

= 6.8x10
-5

 !s per square 

 = 0.068 m!s per square 

 The requirement is 0.1 m!s per square!
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FIGURE 3 Test set-up for conductive surface mounted EUT 
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FIGURE 4 Test set-up for non-conductive surface mounted EUT 
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FIGURE 5 Test set-up for free standing EUT in shielded enclosure 
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FIGURE 6 Test set-up for free standing EUT 

U>V>'>.! $,SJ,F*+P!QR,K-)!JM;-P>!

gOP-! +OP! #H%! *F! *-F+;MMP)! ,-! ;! N,-)KN+*XP! N,SJ,F*+P! QR,K-)! JM;-P[! +OP! FKRT;NP! RPF*F+*X*+<! ,T! +OP!
+<J*N;M! *-F+;MM;+*,-! FO;MM! LP! KFP)>! ! $,SJ,F*+P! QR,K-)! JM;-PF! FO;MM! LP! PMPN+R*N;MM<! L,-)P)! +,! +OP!
P-NM,FKRP!Y*+O!SP;-F!FK*+;LMP!+,!+OP!S;+PR*;M>!

Discussion: A copper ground plane has typically been used for all testing in the past.  For most 
instances, this has been adequate.  However, with the increasing use of composites, the appropriate 
ground plane will play a bigger role in the test results.  Limited testing on both copper and conductive 
composite ground planes has shown some differences in electromagnetic coupling test results, thus 
the need exists to duplicate the actual installation, if possible.  In some cases, it may be necessary to 
include several ground planes in the same test set-up if different units of the same EUT are installed 
on different materials in the installation. 

With the numerous different composite materials being used in installations, it is not possible to 
specify a general resistivity value.  The typical resistivity of carbon composite is about 2000 times that 
of aluminium.  The actual resistivity needs to be obtained from the installation contractor and used for 
testing.!

U>V>=! &,YPR!F,KRNP!*SJP);-NP!

%OP! *SJP);-NP! ,T! J,YPR! F,KRNPF! JR,X*)*-Q! *-JK+! J,YPR! +,! +OP! #H%! FO;MM! LP! N,-+R,MMP)! L<! 4*-P!
1SJP);-NP!E+;L*M*F;+*,-!3P+Y,R^F! @41E3FA! T,R!;MM!SP;FKRPSP-+!JR,NP)KRPF!,T! +O*F!),NKSP-+!K-MPFF!
,+OPRY*FP!F+;+P)!*-!;!J;R+*NKM;R!+PF+!JR,NP)KRP>!!41E3F!FO;MM!-,+!LP!KFP)!,-!,K+JK+!J,YPR!MP;)F>!!%OP!
41E3F! FO;MM! LP! M,N;+P)! ;+! +OP! J,YPR! F,KRNP!P-)! ,T! +OP! P]J,FP)! MP-Q+O!,T! J,YPR! MP;)F! FJPN*T*P)! *-!
J;R;QR;JO!U>V>9>=>.>!!%OP!41E3!N*RNK*+F!FO;MM!LP!*-!;NN,R);-NP!Y*+O!+OP!FNOPS;+*N!FO,Y-!*-!G*QKRPF!W!
;-)!9>!!%OP!41E3!*SJP);-NP!NO;R;N+PR*F+*NF!FO;MM!LP!*-!;NN,R);-NP!Y*+O!G*QKRPF!d!;-)!8(>!!%OP!41E3!
*SJP);-NP!FO;MM!LP!SP;FKRP)!;+!MP;F+!;--K;MM<!K-)PR!+OP!T,MM,Y*-Q!N,-)*+*,-Fh!

 ;>! %OP!*SJP);-NP!FO;MM!LP!SP;FKRP)!LP+YPP-!+OP!J,YPR!,K+JK+! MP;)!,-!+OP! M,;)!F*)P!,T! +OP!
41E3!;-)!+OP!SP+;M!P-NM,FKRP!,T!+OP!41E3>!
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! L>! %OP!F*Q-;M!,K+JK+!J,R+!,T!+OP!41E3!FO;MM!LP!+PRS*-;+P)!*-!'(!!>!

! N>! %OP!J,YPR!*-JK+!+PRS*-;M!,-!+OP!J,YPR!F,KRNP!F*)P!,T!+OP!41E3!FO;MM!LP!K-+PRS*-;+P)>!

%OP!*SJP);-NP!SP;FKRPSP-+!RPFKM+F!FO;MM!LP!JR,X*)P)!*-!+OP!#:1%0>!

Discussion: The impedance is standardised to represent expected impedances in actual 
installations and to ensure consistent results between different test agencies.  The intent of these 
devices was to determine the current generator portion of a Norton current source model.  If the 
impedance of the interference source was also known, the interference potential of the source could 
be analytically determined for particular circumstances in the installation.  A requirement was never 
established for measuring the impedance portion of the source model.  More importantly, concerns 
arose over the test configuration influencing the design of powerline filtering.  Optimised filters are 
designed based on knowledge of both source and load impedances.  Significantly different filter 
designs will result for the 10 µF capacitor loading versus the impedance loading shown in Figure 9. 

LISNs are not used on output power leads.  Emission measurements using LISNs are performed on 
input power leads because the EUT is using a power source common to many other equipment items 
and the EUT must not degrade the quality of the power.  When the EUT is the source of power, the 
issue is completely different since the electrical characteristics of the power required are controlled by 
the defined power quality requirements.  Output power leads should be terminated with appropriate 
electrical loading that produces potentially worst-case emission and susceptibility characteristics. 

The particular configuration of the LISN is specified for several reasons.  A number of experiments 
were performed to evaluate typical power line impedances present in a shielded room on various 
power input types both with and without power line filters and to assess the possible methods of 
controlling the impedance.  An approach was considered for the standard to simply specify an 
impedance curve from 30 Hz to 100 MHz.  This would have allowed the test agency to meet the 
impedance using whatever means the agency found suitable.  The experiments showed that there 
were no straightforward techniques to maintain desired controls over the entire frequency range.!

A specific 50 µH LISN (see ANSI C63.4) was selected to maintain a standardised control on the 
impedance as low as 10 kHz.  5 µH LISNs used commonly in the past provide little control below 
100 kHz, however where extended frequency range testing is required above 10 MHz these will still be 
used due to the instability of the 50 µH LISN at higher frequencies see Figures 8 and 10.  Impedance 
control below 10 kHz is difficult.  From evaluations of several 50 µH LISN configurations, the one 
specified demonstrated the best overall performance for various shielded rooms filtering variations.  
Near 10 kHz, the reactance's of the 50 µH inductor and 8 µF capacitor cancel and the LISN is 

effectively a 5 ! resistive load across the power line. 

Using a common LISN is important for standardisation reasons.  However, the use of alternative 
LISNs may be desirable in certain application where the characteristics of the LISN may not be 
representative of the actual installation and the design of EUT circuitry is being adversely affected.  
For example, there are issues with switching power supply stability and the power source impedance 
seen by the power supply.  The 50 µH inductor in the LISN represents the inductance of power 
distribution wiring running for approximately 50 metres.  For a large platform, such as a ship or cargo 
aircraft, this value is quite representative of the actual installation.  However, for smaller platforms 
such as fighter aircraft, inductance values may be substantially lower than 50 µHs and hence the 5 µH 
LISN may be more appropriate 

Caution needs to be exercised in using the 50 µH LISN for 400 Hz power systems.  Some existing 
LISNs may not have components sufficient to handle the power dissipation requirements.  At 

115 volts, 400 Hz, the 8 µF capacitor and 5 ! resistor will pass approximately 2.3 amperes, which 
results in 26.5 watts being dissipated in the resistor.!
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FIGURE 7 50 µH LISN schematic 
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U>V>W! 2P-PR;M!+PF+!JRPN;K+*,-F!

Discussion: The requirements included here cover important areas related to improving test 
integrity and safety that need special attention.  There are many other areas where test difficulties may 
develop.  Some are described below. 

It is common for shields to become loose or broken at connectors on coaxial cables resulting in 
incorrect readings.  There also are cases where centre conductors of coaxial cables break or 
separate.  Periodic tests should be performed to ensure cable integrity.  Special low loss cables may 
be required when testing at higher frequencies.  Cables should also be verified for correct operation 
over the required frequency range of measurement.  The resulting attenuation of those cables should 
be taken into account. 

Caution needs to be exercised when performing emission testing at frequencies below approximately 
10 kHz to avoid ground loops in the instrumentation, which may introduce faulty readings.  A single-
point ground often needs to be maintained.  It is usually necessary to use isolation transformers at the 
measurement receiver and accessory equipment.  The single-point ground is normally established at 
the access (feedthrough) panel for the shielded enclosure.  However, if a transducer is being used 
which requires an electrical bond to the enclosure (such as the rod antenna counterpoise), the coaxial 
cable will need to be routed through the enclosure access panel without being grounded.  Since the 
shielded room integrity will then be compromised, a normal multiple point grounded set-up needs to be 
re-established as low in frequency as possible. 

Rather than routing the coaxial cable through the enclosure access panel without grounding it to the 

enclosure, a 50 ! video isolation transformer may be connected to the grounded RF connector at the 
access panel inside the room.  Normal connection of the measuring receiver is made to the grounded 
connector at the panel outside the room.  This technique effectively breaks the ground loop without 
sacrificing the room's shielding integrity.  The losses of the video isolation transformer must be 
accounted for in the measurement data.  These devices are typically useful up to approximately 
10 MHz. 

If isolation transformers are found to be necessary in certain set-ups, problems may exist with items 
powered by switching power supplies.  A solution is to use transformers that are rated at 
approximately five times the current rating of the item. 

Solid-state instrumentation power sources have been found to be susceptible to radiated fields even to 
the extent of being shut down.  It is best to keep these items outside of the shielded enclosure. 

U>V>W>8! "NNPFF,R<!P\K*JSP-+!

"NNPFF,R<! P\K*JSP-+! KFP)! *-! N,-cK-N+*,-! Y*+O! SP;FKRPSP-+! RPNP*XPRF! FO;MM! -,+! )PQR;)P!
SP;FKRPSP-+!*-+PQR*+<>!

Discussion: Measurement receivers are generally designed to meet the limits of this standard so 
they do not contaminate the ambient for emission testing when they are used inside the shielded 
enclosure.  However, accessory equipment such as computers, oscilloscopes, plotters, or other 
instruments used to control the receiver or monitor its outputs can cause problems.  They may 
compromise the integrity of the receiver by radiating signals conducted out of the receiver from 
improperly treated electrical interfaces or may produce interference themselves and raise the ambient.  
Even passive devices such as headsets have been known to impact the test results.   

It is best to locate all of the test equipment outside of the shielded enclosure with the obvious 
exception of the transducer (antenna or current probe).  Proper equipment location will ensure that the 
emissions being measured are being generated in the EUT only and will help ensure that the ambient 
requirements of paragraph 4.3.4 are met.  If the equipment must be used inside the enclosure or if 
testing is being conducted outside of an enclosure, the measurement receiver and accessory 
equipment should be located as far away from the transducers as practical to minimise any impact.!
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U>V>W>.! #]NPFF!JPRF,--PM!;-)!P\K*JSP-+!

%OP!+PF+!;RP;!FO;MM!LP!^PJ+!TRPP!,T!K--PNPFF;R<!JPRF,--PM[!P\K*JSP-+[!N;LMP!R;N^F[!;-)!)PF^F>!!/-M<!
+OP! P\K*JSP-+! PFFP-+*;M! +,! +OP! +PF+! LP*-Q! JPRT,RSP)! FO;MM! LP! *-! +OP! +PF+! ;RP;! ,R! P-NM,FKRP>! ! /-M<!
JPRF,--PM!;N+*XPM<!*-X,MXP)!*-!+OP!+PF+!FO;MM!LP!JPRS*++P)!*-!+OP!P-NM,FKRP>!

Discussion: Excess personnel and both electronic and mechanical equipment such as desks or 
cable racks in the enclosure can affect the test results.  During radiated emission testing in particular, 
all nonessential personnel and equipment need to be removed from the test site.  Any object in the 
enclosure can significantly influence or introduce standing waves in the enclosure and thus alter the 
test results.  The requirement to use RF absorber material will help to mitigate these effects.  
However, material performance is not defined below 80 MHz for practical reasons and standing waves 
continue to be a concern. 

U>V>W>V! /XPRM,;)!JRPN;K+*,-F!

:P;FKRPSP-+! RPNP*XPRF! ;-)! +R;-F)KNPRF! ;RP! FKLcPN+! +,! ,XPRM,;)[! PFJPN*;MM<! RPNP*XPRF! Y*+O,K+!
JRPFPMPN+,RF!;-)!;N+*XP!+R;-F)KNPRF>! !&PR*,)*N!NOPN^F!FO;MM!LP!JPRT,RSP)!+,!;FFKRP!+O;+!;-!,XPRM,;)!
N,-)*+*,-! ),PF! -,+! P]*F+>! ! 1-F+RKSP-+;+*,-! NO;-QPF! FO;MM! LP! *SJMPSP-+P)! +,! N,RRPN+! ;-<! ,XPRM,;)!
N,-)*+*,->!

Discussion: Overloads can easily go unnoticed if there is not an awareness of the possibility of an 
overload or active monitoring for the condition.  The usual result is a levelling of the output indication 
of the receiver. 

Two types of overloads are possible.  A narrowband signal such as a sinusoid can saturate any 
receiver or active transducer.  Typical procedures for selecting attenuation settings for measurement 
receivers place detected voltages corresponding to emission limits well within the dynamic range of 
the receiver.  Saturation problems for narrowband type signals will normally only appear for a properly 
configured receiver if emissions are significantly above the limits.  Saturation can occur more readily 
when receivers are used to monitor susceptibility signals due to the larger voltages involved. 

Overload from impulsive type signals with broad frequency content can be much more deceptive. This 
condition is most likely to occur with devices without a tuneable bandpass feature in the first stage of 
the signal input.  Examples are preamplified rod antennas and spectrum analysers without 
preselectors.  The input circuitry is exposed to energy over a large portion of the frequency spectrum.  
Preselectors include a tuneable tracking filter which bandwidth limits the energy applied to the receiver 
front-end circuitry. 

Measurement receiver overload to both narrowband and impulsive type signals can be evaluated by 
applying 10 dB additional attenuation in the first stage of the receiver (before mixer circuitry) or 
external to the receiver.  If overload is not present, the observed output will uniformly decrease by 
10 dB. 

Overload conditions for active antennas are normally published as part of the literature supplied with 
the antenna.  For narrowband signals, the indicated level in the data can be reviewed with respect to 
the literature to evaluate overload.  Levels are also published for impulsive type signals; however, 
these levels are not very useful since they usually assume that a flat field exists across the useable 
range of the antenna.  In reality, the impulsive field will vary significantly with frequency and the 
antenna circuitry sees the integration of the spectral content of this field over its bandpass.  The 
primary active antenna used is an active rod antenna.  Overload can be evaluated by collapsing the 
rod and observing the change in indication.  If overload is not present, the indicated level should drop 
approximately 8 dB (rod at 30% of its original height).  The actual change for any particular 
manufacturer's product will depend on the telescoping design and can be determined by radiating a 
signal to the antenna that is within its linear range. 
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U>V>W>U! 0G!O;a;R)F!

E,SP! +PF+F! *-! +O*F! F+;-);R)! Y*MM! RPFKM+! *-! PMPN+R,S;Q-P+*N! T*PM)F! +O;+! ;RP! J,+P-+*;MM<! );-QPR,KF! +,!
JPRF,--PM>! ! %OP! JPRS*FF*LMP! P]J,FKRP! MPXPMF! FO;MM! -,+! LP! P]NPP)P)! *-! ;RP;F! YOPRP! JPRF,--PM! ;RP!
JRPFP-+>!!E;TP+<!JR,NP)KRPF!;-)!)PX*NPF!FO;MM!LP!KFP)!+,!JRPXP-+!;NN*)P-+;M!P]J,FKRP!,T!JPRF,--PM!+,!
0G!O;a;R)F>!

Discussion: During some radiated susceptibility and radiated emission testing, NRS02, NRS03 
and NRE03 in particular, fields may exceed the permissible exposure levels.  During these tests, 
precautions must be implemented to avoid inadvertent exposure of personnel. Monitoring of the EUT 
during testing may require special techniques such as remotely connected displays external to the 
enclosure or closed circuit television to adequately protect personnel. 

U>V>W>'! EO,N^!O;a;R)!

E,SP! ,T! +OP! +PF+F! RP\K*RP! J,+P-+*;MM<! O;a;R),KF! X,M+;QPF! +,! LP! JRPFP-+>! ! #]+RPSP! N;K+*,-!SKF+! LP!
+;^P-!L<!;MM!JPRF,--PM!+,!;FFKRP!+O;+!;MM!F;TP+<!JRPN;K+*,-F!;RP!,LFPRXP)>!

Discussion: A safety plan and training of test personnel are normally required to assure that 
accidents are minimised.  Test equipment manufacturers' precautions need to be followed, if specified.  
If these are not available, the test laboratory should establish adequate safety precautions and train all 
test personnel.  Special attention should be observed for NCS06 since electronic enclosures are 
intentionally isolated from the ground plane for test purposes. 

U>V>W>=! %R;-FS*FF*,-!RPF+R*N+*,-F!

E,SP! ,T! +OP! +PF+F! RP\K*RP! O*QO! MPXPM! F*Q-;MF! +,! LP! QP-PR;+P)! +O;+! N,KM)! *-+PRTPRP! Y*+O! -,RS;M!
+R;-FS*FF*,-!;JJR,XP)! TRP\KP-N<!;FF*Q-SP-+F>! !"MM! FKNO! +PF+*-Q!FO,KM)!LP!N,-)KN+P)! *-!;!FO*PM)P)!
P-NM,FKRP>! ! E,SP! ,JP-! F*+P! +PF+*-Q!S;<! LP! TP;F*LMP! *T! JR*,R! N,?,R)*-;+*,-! *F! ;NN,SJM*FOP)!Y*+O! +OP!
;JJR,JR*;+P!;K+O,R*+*PF>!

Discussion: Radiated susceptibility NRS02 testing and possibly other tests will produce signals 
above authorisations.  This situation is one of the reasons that shielded enclosures are normally 
required. 

U>V>9! #H%!+PF+!N,-T*QKR;+*,-F!

%OP! #H%! FO;MM! LP! N,-T*QKRP)! ;F! FO,Y-! *-! +OP! QP-PR;M! +PF+! FP+?KJF! ,T! G*QKRPF! .! +OR,KQO! +,! =! ;F!
;JJM*N;LMP>! !%OPFP!FP+?KJF!FO;MM!LP!S;*-+;*-P)!)KR*-Q!;MM! +PF+*-Q!K-MPFF!,+OPR!)*RPN+*,-! *F!Q*XP-!T,R!;!
J;R+*NKM;R!+PF+!JR,NP)KRP>!

Discussion: Emphasis is placed on "maintaining" the specified set-up for all testing unless a 
particular test procedure directs otherwise. 

U>V>9>8! #H%!)PF*Q-!F+;+KF!

#H%!O;R)Y;RP!;-)!F,T+Y;RP!FO;MM!LP! RPJRPFP-+;+*XP!,T!JR,)KN+*,->! !E,T+Y;RP!S;<!LP!FKJJMPSP-+P)!
Y*+O!;))*+*,-;M!N,)P!+O;+!JR,X*)PF!)*;Q-,F+*N!N;J;L*M*+<!+,!;FFPFF!JPRT,RS;-NP>!

Discussion: It is important that the hardware and software being tested is the same as the 
equipment that is being fielded.  Sometimes equipment is tested which is pre-production and contains 
circuit boards that do not include the final layout or software that is not the final version.  Questions 
inevitably arise concerning the effects of the differences between the tested equipment and production 
configurations on the qualification status of the equipment.  Analytically determining the impact is 
usually difficult. 

U>V>9>.! 6,-)*-Q!,T!#H%!

/-M<!+OP!JR,X*F*,-F!*-NMK)P)!*-!+OP!)PF*Q-!,T!+OP!#H%!FO;MM!LP!KFP)!+,!L,-)!K-*+F!FKNO!;F!P\K*JSP-+!
N;FP!;-)!S,K-+*-Q!L;FPF!+,QP+OPR[!,R!+,!+OP!QR,K-)!JM;-P>!!gOP-!L,-)*-Q!F+R;JF!;RP!RP\K*RP)[!+OP<!
FO;MM!LP!*)P-+*N;M!+,!+O,FP!FJPN*T*P)!*-!+OP!*-F+;MM;+*,-!)R;Y*-QF>!
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Discussion: Electrical bonding provisions for equipment are an important aspect of platform 
installation design.  Adequacy of bonding is usually one of the first areas reviewed when platform 
problems develop.  Electrical bonding controls common mode voltages that develop between the 
equipment enclosures and the ground plane.  Voltages potentially affecting the equipment will appear 
across the bonding interface when RF stresses are applied during susceptibility testing.  Voltages will 
also develop due to internal circuit operation and will contribute to radiated emission profiles.  
Therefore, it is important that the test set-up use actual bonding provisions so that test results are 
representative of the intended installation. 

U>V>9>V! EO,N^!;-)!X*LR;+*,-!*F,M;+,RF!

#H%F!FO;MM!LP!FPNKRP)!+,!S,K-+*-Q!L;FPF!O;X*-Q!FO,N^!,R!X*LR;+*,-!*F,M;+,RF!*T!FKNO!S,K-+*-Q!L;FPF!
;RP!KFP)!*-!+OP!*-F+;MM;+*,->!!%OP!L,-)*-Q!F+R;JF!TKR-*FOP)!Y*+O!+OP!S,K-+*-Q!L;FP!FO;MM!LP!N,--PN+P)!
+,!+OP!QR,K-)!JM;-P>!!gOP-!S,K-+*-Q!L;FPF!),!-,+!O;XP!L,-)*-Q!F+R;JF[!L,-)*-Q!F+R;JF!FO;MM!-,+!LP!
KFP)!*-!+OP!+PF+!FP+?KJ>!

Discussion: Including shock and vibration isolators in the set-up when they represent the platform 
installation is important.  The discussion above for paragraph 4.3.8.2 is also applicable to shock and 
vibration isolators; however, the potential effect on test results is even greater.  Hard mounting of the 
equipment enclosures to the ground plane can produce a low impedance path across the bonding 
interface over most of the frequency range of interest.  The bonding straps associated with isolators 
will typically represent significant impedances at frequencies as low as tens of kilohertz.  The common 
mode voltages associated with these impedances will generally be greater than the hard mounted 
situation.  Therefore, the influence on test results can be substantial. 

U>V>9>U! E;TP+<!QR,K-)F!

gOP-!P]+PR-;M!+PRS*-;MF[!N,--PN+,R!J*-F[!,R!P\K*JSP-+!QR,K-)*-Q!N,-)KN+,RF!;RP!;X;*M;LMP!T,R!F;TP+<!
QR,K-)! N,--PN+*,-F! ;-)! ;RP! KFP)! *-! +OP! ;N+K;M! *-F+;MM;+*,-[! +OP<! FO;MM! LP! N,--PN+P)! +,! +OP! QR,K-)!
JM;-P>!!"RR;-QPSP-+!;-)!MP-Q+O!FO;MM!LP!*-!;NN,R);-NP!Y*+O!J;R;QR;JO!U>V>9>=>8>!!EO,R+PR!MP-Q+OF!FO;MM!
LP!KFP)!*T!+OP<!;RP!FJPN*T*P)!*-!+OP!*-F+;MM;+*,-!*-F+RKN+*,-F>!

Discussion: Safety grounds used in equipment enclosures have been the source of problems 
during EMI testing.  Since they are connected to the equipment enclosure, they would be expected to 
be at a very low potential with respect to the ground plane and a non-contributor to test results.  
However, the wire lengths within enclosures are often sufficiently long that coupling to them results 
from noisy circuits.  Also, safety grounds can conduct induced signals from external sources and 
reradiate within the equipment enclosure.  Therefore, they must be treated similarly to other wiring. 

U>V>9>'! /R*P-+;+*,-!,T!#H%F!

#H%F!FO;MM!LP!,R*P-+P)!FKNO!+O;+!FKRT;NPF[!YO*NO!JR,)KNP!S;]*SKS!R;)*;+P)!PS*FF*,-F!;-)!RPFJ,-)!
S,F+! RP;)*M<! +,! R;)*;+P)! F*Q-;MF! T;NP! +OP!SP;FKRPSP-+! ;-+P--;F>! ! 6P-NO!S,K-+P)! #H%F! FO;MM! LP!
M,N;+P)!8(!p.!NP-+*SP+RPF!TR,S!+OP!TR,-+!P)QP!,T!+OP!QR,K-)!JM;-P!FKLcPN+!+,!;MM,Y;-NPF!T,R!JR,X*)*-Q!
;)P\K;+P!R,,S!T,R!N;LMP!;RR;-QPSP-+!;F!FJPN*T*P)!LPM,Y>!

Discussion: Determination of appropriate surfaces is usually straightforward.  Seams on 
enclosures that have metal-to-metal contact or contain EMI gaskets rarely contribute and should be 
considered low priority items.  Prime candidates are displays such as video screens, ventilation 
openings, and cable penetrations.  In some cases, it may be necessary to probe the surfaces with a 
sensor and measurement receiver to decide on EUT orientation. 

Previous national military standards specifically required probing with a loop antenna to determine 
localised areas producing maximum emissions or susceptibility for radiated electric field testing.  The 
test antennas were to be placed 1 metre from the identified areas.  The requirement was not included 
in this standard due to difficulties in applying the requirement and the result that probing was often not 
performed.  Probing implies both scanning in frequency and physical movement of the probe.  These 
two actions cannot be performed in a manner to cover all physical locations at all frequencies.  A!
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complete frequency scan can be performed at particular probe locations and movement of the probe 
over the entire test set-up can be performed at particular frequencies.  The detailed requirements on 
the use of multiple antenna positions and specific requirements on the placement of the antennas in 
test procedures for NRE02 and NRS02 minimise concerns with the need to probe. 

U>V>9>=! $,-F+RKN+*,-!;-)!;RR;-QPSP-+!,T!#H%!N;LMPF!

#MPN+R*N;M!N;LMP!;FFPSLM*PF!FO;MM!F*SKM;+P!;N+K;M! *-F+;MM;+*,-!;-)!KF;QP>!EO*PM)P)!N;LMPF!,R!FO*PM)P)!
MP;)F! @*-NMK)*-Q!J,YPR! MP;)F!;-)!Y*RP!QR,K-)FA!Y*+O*-! N;LMPF! FO;MM! LP! KFP)!,-M<! *T! +OP<!O;XP!LPP-!
FJPN*T*P)! *-! *-F+;MM;+*,-! RP\K*RPSP-+F>! !$;LMPF! FO;MM! LP! NOPN^P)! ;Q;*-F+! *-F+;MM;+*,-! RP\K*RPSP-+F! +,!
XPR*T<!JR,JPR!N,-F+RKN+*,-!+PNO-*\KPF!FKNO!;F!KFP!,T!+Y*F+P)!J;*RF[!FO*PM)*-Q[!;-)!FO*PM)!+PRS*-;+*,-F>!!
IP+;*MF!,-!+OP!N;LMP!N,-F+RKN+*,-!KFP)!T,R!+PF+*-Q!FO;MM!LP!*-NMK)P)!*-!+OP!#:1%&>!

Discussion: For most EUTs, electrical interface requirements are covered in interface control or 
similar documents.  Co-ordination between equipment manufacturers and system integration 
organisations is necessary to ensure a compatible installation from both functional and 
electromagnetic interference standpoints.  For general purpose EUTs, which may be used in many 
different installations, either the equipment specifications cover the interface requirements or the 
manufacturers publish recommendations in the documentation associated with the equipment. 

Equipment manufacturers sometimes contend that failures during EMI testing are not due to their 
equipment and can be cured simply by placing overall shields on the interface cabling.  High-level 
emissions are often caused by electronic circuits within EUT enclosures coupling onto cables 
simulating the installation, which interface, with the EUT. Overall shielding of the cabling is certainly 
permissible if it is present in the installation.  However, the use of overall shielding that is not 
representative of the installation would result in test data that is useless.  Also, overall shielding of 
cabling in some installations is not a feasible option due to weight and maintenance penalties.  The 
presence of platform structure between cabling and antennas on a platform is not an acceptable 
reason for using overall shields on cables for testing in accordance with this standard.  The presence 
of some platform shielding is a basic assumption. 

An issue that arises with power leads concerns the use of shielding.  It is unusual for power leads to 
be shielded in the actual installation.  If they come directly off a prime power bus, shielding can only be 
effective if the entire bus is shielded end-to-end.  Since buses normally distribute power to many 
locations, it is not practical to shield them.  An exception to this situation is when power is derived from 
an intermediate source that contains filtering.  Shielding between the intermediate source and the EUT 
will then be effective.  When it is proposed that shielded power leads be used in the test set-up, the 
configuration needs to be researched to ensure that it is correct.  There may be instances when 
published interface information is not available.  In this case, overall shielding is not to be used.  
Individual circuits are to be treated as they typically would for that type of interface with shielding not 
used in questionable cases. 

For some testing performed in the past using bulk cable drive techniques, overall cable shields were 
routinely removed and the injected signal was applied to the core wiring within the shield.  The intent 
of this standard is to test cables as they are configured in the installation.  If the cable uses an overall 
shield, the test signal is applied to the overall shielded cable.  If the procuring agency desires that the 
test be performed on the core wiring, specific wording needs to be included in contractual 
documentation. 

U>V>9>=>8!1-+PRN,--PN+*-Q!MP;)F!;-)!N;LMPF!

1-)*X*)K;M! MP;)F!FO;MM!LP!QR,KJP)!*-+,!N;LMPF! *-!+OP!F;SP!S;--PR!;F! *-!+OP!;N+K;M! *-F+;MM;+*,->! !%,+;M!
*-+PRN,--PN+*-Q!N;LMP!MP-Q+OF!*-!+OP!FP+?KJ!FO;MM!LP!+OP!F;SP!;F!*-!+OP!;N+K;M!JM;+T,RS!*-F+;MM;+*,->!!1T!;!
N;LMP! *F! M,-QPR! +O;-! 8(!SP+RPF[! ;+! MP;F+! 8(!SP+RPF! FO;MM! LP! *-NMK)P)>! !gOP-! N;LMP! MP-Q+OF! ;RP! -,+!
FJPN*T*P)!T,R!+OP!*-F+;MM;+*,-[!N;LMPF!FO;MM!LP!FKTT*N*P-+M<!M,-Q!+,!F;+*FT<!+OP!N,-)*+*,-F!FJPN*T*P)!LPM,Y>!!
"+! MP;F+! +OP! T*RF+! .!SP+RPF! @P]NPJ+! T,R! N;LMPF! YO*NO! ;RP! FO,R+PR! *-! +OP! ;N+K;M! *-F+;MM;+*,-A! ,T! P;NO!
*-+PRN,--PN+*-Q! N;LMP! ;FF,N*;+P)! Y*+O! P;NO! P-NM,FKRP! ,T! +OP! #H%! FO;MM! LP! RK-! J;R;MMPM! +,! +OP! TR,-+!
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L,K-);R<!,T!+OP!FP+?KJ>!!0PS;*-*-Q!N;LMP!MP-Q+OF!FO;MM!LP!R,K+P)!+,!+OP!L;N^!,T!+OP!FP+?KJ!;-)!FO;MM!LP!
JM;NP)!*-!;!a*Qa;QQP)!;RR;-QPSP-+>!!gOP-!+OP!FP+?KJ!*-NMK)PF!S,RP!+O;-!,-P!N;LMP[!*-)*X*)K;M!N;LMPF!
FO;MM!LP!FPJ;R;+P)!YOPRPXPR!J,FF*LMP!L<!.!NP-+*SP+RPF!SP;FKRP)!TR,S!+OP*R!,K+PR!N*RNKSTPRP-NP>!!G,R!
LP-NO! +,J! FP+?KJF! KF*-Q! QR,K-)! JM;-PF[! +OP! N;LMP! NM,FPF+! +,! +OP! TR,-+! L,K-);R<! FO;MM! LP! JM;NP)!
8(!NP-+*SP+RPF!TR,S!+OP!TR,-+!P)QP!,T!+OP!QR,K-)!JM;-P>!!"MM!N;LMPF!FO;MM!LP!FKJJ,R+P)!'!NP-+*SP+RPF!
;L,XP!+OP!QR,K-)!JM;-P>!

Discussion: Actual lengths of cables used in installations are necessary for several reasons.  At 
frequencies below resonance, coupling is generally proportional to cable length.  Resonance 
conditions will be representative of the actual installation.  Also, distortion and attenuation of 
intentional signals due strictly to cable characteristics will be present and potential susceptibility of 
interface circuits to induced signals will therefore be similar to the actual installation. 

Zigzagging of long cables is accomplished by first placing a length of cable in an open area and then 
reversing the direction of the cable run by 180 degrees each time a change of direction is required.  
Each subsequent segment is farther from the first.  Individual segments of the cable are parallel and 
should be kept 2 centimetres apart.  The zigzagging of long cables rather than coiling is to control 
excess inductance.  A 2 centimetre spacing between cables is required to expose all cabling to the 
test antennas and limit coupling of signals between cables.  The 10 centimetre dimension for cables 
from the front edge of the ground plane ensures that there is sufficient ground plane surface below the 
first cable to be effective.  The 5 centimetre stand-offs standardise loop areas available for coupling 
and capacitance to the ground plane.  The standoffs represent routing and clamping of cables in 
actual installations a fixed distance from structure. 

The requirement that the first 2 metres of each interconnecting cable associated with each enclosure 
of the EUT be routed parallel to the front boundary of the set-up is intended to ensure that radiated 
emissions and susceptibility testing properly assesses the performance of the EUT. Noise signals 
developed within the EUT and conducted outside on electrical interfaces will tend to be attenuated as 
they travel along interconnecting cables, particularly at frequencies where the associated wavelength 
is becoming short compared with the cable length.  Similarly, induced signals on interconnecting 
cables from radiated susceptibility fields will be attenuated as they travel along the cable.  Requiring 
that the first 2 metres of the cabling be exposed therefore maximises the effects of potential radiated 
coupling. 

In some military applications, there can be over 2000 cables associated with a subsystem.  In most 
cases where large numbers of cables are involved, there will be many identical cable interfaces 
connected to identical circuitry.  Testing of every cable interface is not necessary in this situation. The 
EMITP should document instances where these circumstances exist and should propose which cables 
are to be included in the set-up and to be tested. 

U>V>9>=>.!1-JK+!J,YPR!MP;)F!

%Y,!SP+RPF!,T! *-JK+!J,YPR!MP;)F!@*-NMK)*-Q!-PK+R;MF!;-)!RP+KR-FA!FO;MM!LP!R,K+P)!J;R;MMPM! +,!+OP!TR,-+!
P)QP!,T!+OP!FP+?KJ!*-!+OP!F;SP!S;--PR!;F!+OP!*-+PRN,--PN+*-Q!MP;)F>!!#;NO!*-JK+!J,YPR!MP;)[!*-NMK)*-Q!
-PK+R;MF! ;-)! RP+KR-F[! FO;MM! LP! N,--PN+P)! +,! ;! 41E3! @FPP! J;R;QR;JO! U>V>=A>! ! &,YPR! MP;)F! +O;+! ;RP!
LK-)MP)[!;F!J;R+!,T!;-!*-+PRN,--PN+*-Q!N;LMP!*-!+OP!;N+K;M!*-F+;MM;+*,-!FO;MM!LP!N,-T*QKRP)!*-!+OP!F;SP!
T;FO*,-!T,R!+OP!.!SP+RP!P]J,FP)!MP-Q+O!;-)!+OP-!FO;MM!LP!FPJ;R;+P)!TR,S!+OP!LK-)MP!;-)!R,K+P)!+,!+OP!
41E3F>!!"T+PR!+OP!.!SP+RP!P]J,FP)!MP-Q+O[!+OP!J,YPR!MP;)F!FO;MM!LP!+PRS*-;+P)!;+!+OP!41E3F!*-!;F!FO,R+!
;!)*F+;-NP!;F!J,FF*LMP>!!%OP!+,+;M!MP-Q+O!,T!J,YPR!MP;)!TR,S!+OP!#H%!PMPN+R*N;M!N,--PN+,R!+,!+OP!41E3F!
FO;MM! -,+! P]NPP)! .>'!SP+RPF>! ! "MM! J,YPR! MP;)F! FO;MM! LP! FKJJ,R+P)! '!NP-+*SP+RPF! ;L,XP! +OP! QR,K-)!
JM;-P>!!1T!+OP!J,YPR!MP;)F!;RP!+Y*F+P)!*-!+OP!;N+K;M!*-F+;MM;+*,-[!+OP<!FO;MM!LP!+Y*F+P)!KJ!+,!+OP!41E3F>!

Discussion: Appropriate power lead length is a trade-off between ensuring sufficient length for 
efficient coupling of radiated signals and maintaining the impedance of the LISNs.  To keep a constant 
set-up, it is undesirable to change the power lead length for different test procedures.  Requiring a 2 
metre exposed length is consistent with treatment of interconnecting leads for radiated concerns.  
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Wiring inductance 5 centimetres from a ground plane is approximately 1 µH/metre.  At 1 MHz this 

inductance has an impedance of approximately 13 !, which is significant with respect to the LISN 
requirement.  

While it is common to require that neutrals and returns be isolated from equipment chassis within 
equipment enclosures, there are some cases where the neutral or return is tied directly to chassis. If 
the equipment is electrically bonded to metallic system structure in the installation and the system 
power source neutral or return is also tied to system structure, power return currents will flow primarily 
through system structure rather than through wiring.  For this case, a LISN should normally be used 
only on the high side of the power.  There are other installations, such as many types of aircraft, where 
returns and neutrals are isolated within the equipment, but they are often connected to system 
structure outside of the equipment enclosure.  This practice allows for the flexibility of using a wired 
return, if necessary.  For this situation, LISNs should normally be used on neutrals and returns to test 
for the wired return configuration. 

The LISN requirement standardises impedance for power leads.  While signal and control circuits are 
usually terminated in specified impedances, power circuit impedances are not usually well defined.  
The LISN requirement applies to all input prime power leads.  The LISN requirement does not apply to 
output power leads.  These leads should be terminated after the 2 metre exposed length in a load 
representing worst-case conditions.  This load would normally draw the maximum current allowed for 
the power source. 

The construction of the power cable between the EUT and the LISNs must be in accordance with the 
requirements of paragraph 4.3.8.6.  For example, if a twisted triplet is used to distribute three phase 
ungrounded power in the actual installation, the same construction should be used in the test set-up. 
The normal construction must be interrupted over a sufficient length to permit connection to the LISNs. 

U>V>9>W! #MPN+R*N;M!;-)!SPNO;-*N;M!*-+PRT;NPF!

"MM!PMPN+R*N;M!*-JK+!;-)!,K+JK+!*-+PRT;NPF!FO;MM!LP!+PRS*-;+P)!Y*+O!P*+OPR!+OP!;N+K;M!P\K*JSP-+!TR,S!+OP!
JM;+T,RS!*-F+;MM;+*,-!,R!M,;)F!YO*NO!F*SKM;+P!+OP!PMPN+R*N;M!JR,JPR+*PF!@*SJP);-NP[!QR,K-)*-Q[!L;M;-NP[!
;-)!F,!T,R+OA!JRPFP-+!*-!+OP!;N+K;M!*-F+;MM;+*,->!!E*Q-;M!*-JK+F!FO;MM!LP!;JJM*P)!+,!;MM!;JJM*N;LMP!PMPN+R*N;M!
*-+PRT;NPF!+,!P]PRN*FP!#H%!N*RNK*+R<>! !#H%F!Y*+O!SPNO;-*N;M!,K+JK+F!FO;MM!LP!FK*+;LM<! M,;)P)>! !gOP-!
X;R*;LMP!PMPN+R*N;M!,R!SPNO;-*N;M!M,;)*-Q!*F!JRPFP-+!*-!+OP!;N+K;M!*-F+;MM;+*,-[!+PF+*-Q!FO;MM!LP!JPRT,RSP)!
K-)PR!P]JPN+P)!Y,RF+?N;FP!N,-)*+*,-F>! !gOP-!;N+*XP!PMPN+R*N;M! M,;)*-Q! @FKNO!;F!;! +PF+! FP+A! *F! KFP)[!
JRPN;K+*,-F! FO;MM! LP! +;^P-! +,! *-FKRP! +OP! ;N+*XP! M,;)!SPP+F! +OP! ;SL*P-+! RP\K*RPSP-+F! ,T! J;R;QR;JO!
U>V>U!YOP-!N,--PN+P)!+,!+OP!FP+?KJ[!;-)!+O;+!+OP!;N+*XP!M,;)!),PF!-,+!RPFJ,-)!+,!FKFNPJ+*L*M*+<!F*Q-;MF>!!
"-+P--;!J,R+F!,-!+OP!#H%!FO;MM!LP!+PRS*-;+P)!Y*+O!FO*PM)P)[!S;+NOP)!M,;)F>!

Discussion: The application of signals to exercise the electrical interface is necessary to effectively 
evaluate performance.  Most electronic subsystems on platforms are highly integrated with large 
amounts of digital and analog data being transferred between equipment.  The use of actual platform 
equipment for the interfacing eliminates concerns regarding proper simulation of the interface.  The 
interfaces must function properly in the presence of induced levels from susceptibility signals.  
Required isolation may be obtained by filtering the interface leads at the active load and either 
shielding the load or placing it outside of the shielded enclosure.  The filtering should be selected to 
minimise the influence on the interface electrical properties specified above.  For proper simulation, 
filtering at the loads should be outside the necessary bandwidth of the interface circuitry. 

Antenna ports are terminated in loads for general set-up conditions.  Specific test procedures address 
electromagnetic characteristics of antenna ports and required modifications to the test set-up. 

U>V>d! /JPR;+*,-!,T!#H%!

IKR*-Q! PS*FF*,-! SP;FKRPSP-+F[! +OP! #H%! FO;MM! LP! JM;NP)! *-! ;-! ,JPR;+*-Q! S,)P[! YO*NO! JR,)KNPF!
S;]*SKS!PS*FF*,-F>! !IKR*-Q! FKFNPJ+*L*M*+<! +PF+*-Q[! +OP!#H%! FO;MM! LP!JM;NP)! *-! *+F!S,F+! FKFNPJ+*LMP!
,JPR;+*-Q!S,)P>! ! G,R!#H%F!Y*+O! FPXPR;M! ;X;*M;LMP!S,)PF! @*-NMK)*-Q! F,T+Y;RP! N,-+R,MMP)! ,JPR;+*,-;M!
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S,)PFA[! ;! FKTT*N*P-+! -KSLPR! ,T!S,)PF! FO;MM! LP! +PF+P)! T,R! PS*FF*,-F!;-)! FKFNPJ+*L*M*+<! FKNO! +O;+! ;MM!
N*RNK*+R<!*F!PX;MK;+P)>!!%OP!R;+*,-;MP!T,R!S,)PF!FPMPN+P)!FO;MM!LP!*-NMK)P)!*-!+OP!#:1%&>!

Discussion: The particular modes selected may vary for different test procedures.  Considerations 
for maximum emissions include conditions which cause the EUT to draw maximum prime power 
current, result in greatest activity in interface circuit operation, and generate the largest current drain 
on internal digital clock signals.  Settings for a radar could be adjusted such that an output waveform 
results which has the highest available average power.  Data bus interfaces could be queried 
frequently to cause constant bus traffic flow.  Any modes of the EUT that are considered mission 
critical in the installation should be evaluated during susceptibility testing. 

A primary consideration for maximum susceptibility is placing the EUT in its most sensitive state for 
reception of intentional signals (maximum gain).  An imaging sensor would normally be evaluated with 
a scene meeting the most stringent specifications for the sensor.  RF receivers are normally evaluated 
using an input signal at the minimum signal to noise specification of the receiver.  An additional 
consideration is ensuring that all electrical interfaces that intentionally receive data are exercised 
frequently to monitor for potential responses. 

U>V>d>8! /JPR;+*-Q!TRP\KP-N*PF!T,R!+K-P;LMP!0G!P\K*JSP-+>!

:P;FKRPSP-+F!FO;MM!LP!JPRT,RSP)!Y*+O!+OP!#H%!+K-P)!+,!-,+!MPFF!+O;-!+ORPP!TRP\KP-N*PF!Y*+O*-!P;NO!
+K-*-Q! L;-)[! +K-*-Q! K-*+[! ,R! R;-QP! ,T! T*]P)! NO;--PMF[! N,-F*F+*-Q! ,T! ,-P! S*)?L;-)! TRP\KP-N<! ;-)! ;!
TRP\KP-N<!Y*+O*-!p'!q!TR,S!P;NO!P-)!,T!P;NO!L;-)!,R!R;-QP!,T!NO;--PMF>!

Discussion: Tuned circuits and frequency synthesis circuitry inside RF equipment typically vary in 
characteristics such as response, rejection, and spectral content of emissions as they are set to 
different frequencies.  Several test frequencies are required simply to obtain a sampling of the 
performance of the EUT across its operating range. 

RF equipment that operates in several frequency bands or performs multiple functions is becoming 
more common.  One example is a radio transceiver with VHF-FM, VHF-AM, and UHF-AM capability.  
Other devices are adaptive over large frequency ranges and can be programmed to perform different 
functions as the need arises.  To meet the intent of the requirement to perform measurements at three 
frequencies within each tuning band, tuning unit, or range of fixed channels, each of the three 
functions of the radio in the example should be treated as separate bands, even if they are adjacent in 
frequency.  Similarly, each function of adaptive RF equipment needs to be separately assessed. 

The “value added” of performing all required tests at three frequencies within each band needs to be 
weighed against the added cost and schedule.  The specific equipment design and intended function 
needs to be evaluated for each case. 

For example, performing NCS01 on a VHF-FM, VHF-AM, and UHF-AM combined receiver–transmitter 
would require that the test be performed a minimum of 18 times (3 frequencies * 3 bands * 2 modes).   
Since NCS01 performance generally is related to the power supply design and load rather than the 
specific tuned frequency, doing the test for more than a few conditions may not add much value.  If 
there is a problem, a typical result is “hum” on the secondary power outputs that is transmitted with the 
RF or that appears on the output audio of the receiver portion of the equipment.  An appropriate 
approach for this particular requirement might be to test at one mid-band frequency for each of the 
three functions for both transmit and receive (6 tests – 3 frequencies * 2 modes). 

Other requirements need to be evaluated similarly.  Since NCE02 emissions are mainly caused by 
power supply characteristics, testing at a mid-band frequency for each band just in the transmit mode 
might be adequate.  For requirements with frequency coverage that extends into the operating 
frequency range of the equipment, such as NRE02, NCE03, and NRS02, testing at three frequencies 
per band may be necessary. 
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U>V>d>.! /JPR;+*-Q!TRP\KP-N*PF!T,R!FJRP;)!FJPN+RKS!P\K*JSP-+!

/JPR;+*-Q! TRP\KP-N<! RP\K*RPSP-+F! T,R! +Y,! S;c,R! +<JPF! ,T! FJRP;)! FJPN+RKS! P\K*JSP-+! FO;MM! LP! ;F!
T,MM,YFh!

;>! GRP\KP-N<! O,JJ*-Q>! ! :P;FKRPSP-+F! FO;MM! LP! JPRT,RSP)! Y*+O! +OP! #H%! K+*M*F*-Q! ;! O,J! FP+!
YO*NO!N,-+;*-F!;!S*-*SKS!,T!V(q!,T! +OP! +,+;M!J,FF*LMP! TRP\KP-N*PF>! !%O*F!O,J!FP+!FO;MM!LP!
)*X*)P)!P\K;MM<! *-+,! +ORPP!FPQSP-+F!;+! +OP! M,Y[!S*)!;-)!O*QO!P-)!,T! +OP!#H%_F!,JPR;+*,-;M!
TRP\KP-N<!R;-QP>!

L>! I*RPN+! FP\KP-NP>! !:P;FKRPSP-+F! FO;MM! LP! JPRT,RSP)!Y*+O! +OP!#H%!JR,NPFF*-Q! );+;! ;+! +OP!
O*QOPF+!J,FF*LMP!);+;!+R;-FTPR!R;+P>!

Discussion:  During testing it is necessary to operate equipment at levels that they will experience 
during normal field operations. This is to allow for a realistic representation of the emission profile of 
the EUT during radiated and conducted testing and to provide realistic loading and simulation of the 
EUT during radiated and conducted susceptibility testing. 

Frequency hopping: Utilisation of a hopset that is distributed across the entire operational spectrum 
of the EUT will help assure that internal circuitry dependent on the exact EUT transmit frequency 
being used is active intermittently during processing of the entire pseudo random stream.  The fast 
operating times of hopping receivers/transmitters versus the allowable measurement times of the 
measurement receivers being used (see paragraph 4.3.10.3) will allow a representative EUT emission 
signature to be captured. 

Direct sequence: Requiring the utilisation of the highest data transfer rate used in actual operation 
of the EUT should provide a representative worst-case radiated and conducted emission profile.  
Internal circuitry will operate at its highest processing rate when integrating the data entering the 
transmitter, and then resolving (disintegrating) the data back once again on the receiver end.  
Additionally, the data rate will need to be an area of concentration during all susceptibility testing. 

U>V>d>V! EKFNPJ+*L*M*+<!S,-*+,R*-Q!

%OP!#H%!FO;MM!LP!S,-*+,RP)!)KR*-Q!FKFNPJ+*L*M*+<!+PF+*-Q!T,R!*-)*N;+*,-F!,T!)PQR;);+*,-!,R!S;MTK-N+*,->!!
%O*F!S,-*+,R*-Q! *F!-,RS;MM<!;NN,SJM*FOP)!+OR,KQO!+OP!KFP!,T!LK*M+?*-?+PF+! @61%A[!X*FK;M!)*FJM;<F[!;KR;M!
,K+JK+F[!;-)!,+OPR!SP;FKRPSP-+F!,T!F*Q-;M!,K+JK+F!;-)! *-+PRT;NPF>! !:,-*+,R*-Q!,T!#H%!JPRT,RS;-NP!
+OR,KQO! *-F+;MM;+*,-!,T!FJPN*;M! N*RNK*+R<! *-! +OP!#H%! *F!JPRS*FF*LMPj!O,YPXPR[! +OPFP!S,)*T*N;+*,-F!FO;MM!
-,+!*-TMKP-NP!+PF+!RPFKM+F>!

Discussion: Most EUTs can be adequately monitored through normal visual and aural outputs, 
self-diagnostics, and electrical interfaces.  The addition of special circuitry for monitoring can present 
questions related to its influence on the validity of the test results and may serve as an entry or exit 
point for electromagnetic energy. 

The monitoring procedure needs to be specified in the EMITP and needs to include allowances for 
possible weaknesses in the monitoring process to assure the highest probability of finding regions of 
susceptibility. 

U>V>8(! HFP!,T!SP;FKRPSP-+!P\K*JSP-+!

:P;FKRPSP-+!P\K*JSP-+!FO;MM!LP!;F!FJPN*T*P)!*-!+OP!*-)*X*)K;M!+PF+!JR,NP)KRPF!,T!+O*F!F+;-);R)>!!"-<!
TRP\KP-N<!FPMPN+*XP!SP;FKRPSP-+! RPNP*XPR!S;<!LP!KFP)! T,R!JPRT,RS*-Q! +OP! +PF+*-Q!)PFNR*LP)! *-! +O*F!
F+;-);R)>! ! &R,X*)P)! +O;+! +OP! RPNP*XPR! NO;R;N+PR*F+*NF! @+O;+! *F[! FP-F*+*X*+<[! FPMPN+*,-! ,T! L;-)Y*)+OF[!
)P+PN+,R!TK-N+*,-F[!)<-;S*N!R;-QP[!;-)!TRP\KP-N<!,T!,JPR;+*,-A!SPP+!+OP!N,-F+R;*-+F!FJPN*T*P)!*-!+O*F!
F+;-);R)! ;-)! ;RP! FKTT*N*P-+! +,! )PS,-F+R;+P! N,SJM*;-NP! Y*+O! +OP! ;JJM*N;LMP! M*S*+F>! %<J*N;M!
*-F+RKSP-+;+*,-!NO;R;N+PR*F+*NF!S;<!LP!T,K-)!*-!"3E1!$=V>.>!

Discussion: Questions frequently arise concerning the acceptability for use of measurement 
receivers other than instruments that are specifically designated "field intensity meters" or "EMI 
receivers."  Most questions are directed toward the use of spectrum analysers.  These instruments are 
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generally acceptable for use.  However, depending on the type, they can present difficulties that are 
not usually encountered with the other receivers.  Sensitivity may not be adequate in some frequency 
bands requiring that a low noise preamplifier be inserted before the analyser input.  Impulse type 
signals from the EUT with broad spectral content may overload the basic receiver or preamplifier.  The 
precautions of paragraph 4.3.7.3 must be observed.  Both of these concerns can usually be 
adequately addressed by the use of a preselector with the analyser.  These devices typically consist of 
a tuneable filter which tracks the analyser followed by a preamplifier. 

ANSI C63.2 represents a co-ordinated position from industry on required characteristics of 
instrumentation receivers. This document can be used when assessing the performance of a receiver. 

Many of the test procedures require non-specialised instrumentation that is used for many other 
purposes.  The test facility is responsible for selecting instrumentation that has characteristics capable 
of satisfying the requirements of a particular test procedure. 

Current probes used for EMI testing are more specialised instrumentation.  These devices are current 
transformers with the circuit under test forming a single turn primary.  They are designed to be 

terminated in 50 !.  Current probes are calibrated using transfer impedance that is the ratio of the 

voltage output of the probe across 50 ! to the current through the probe.  Probes with higher transfer 
impedance provide better sensitivity.  However, these probes also result in more series impedance 
added to the circuit with a greater potential to affect the electrical current level.  The series impedance 
added by the probe is the transfer impedance divided by the number of turns in the secondary winding 

on the probe.  Typical transfer impedances are 5 ! or less.  Typical added series impedance is 1 ! or 
less. 

U>V>8(>8! IP+PN+,R!

"! JP;^! )P+PN+,R! FO;MM! LP! KFP)! T,R! ;MM! TRP\KP-N<! ),S;*-! PS*FF*,-! ;-)! FKFNPJ+*L*M*+<!SP;FKRPSP-+F>!
%O*F! )PX*NP! )P+PN+F! +OP! JP;^! X;MKP! ,T! +OP! S,)KM;+*,-! P-XPM,JP! *-! +OP! RPNP*XPR! L;-)J;FF>!!
:P;FKRPSP-+!RPNP*XPRF!;RP!N;M*LR;+P)!*-!+PRSF!,T!;-!P\K*X;MP-+!0,,+!:P;-!E\K;RP!@0:EA!X;MKP!,T!;!
F*-P! Y;XP! +O;+! JR,)KNPF! +OP! F;SP! JP;^! X;MKP>! gOP-! ,+OPR! SP;FKRPSP-+! )PX*NPF! FKNO! ;F!
,FN*MM,FN,JPF[!-,-?FPMPN+*XP!X,M+SP+PRF[!,R!LR,;)L;-)!T*PM)!F+RP-Q+O!FP-F,RF!;RP!KFP)!T,R!FKFNPJ+*L*M*+<!
+PF+*-Q[! N,RRPN+*,-! T;N+,RF! FO;MM! LP! ;JJM*P)! T,R! +PF+! F*Q-;MF! +,! ;)cKF+! +OP! RP;)*-Q! +,! P\K*X;MP-+! 0:E!
X;MKPF!K-)PR!+OP!JP;^!,T!+OP!S,)KM;+*,-!P-XPM,JP>!

Discussion: The function of the peak detector and the meaning of the output indication on the 
measurement receiver are often confusing.  Although there may appear to be an inherent discrepancy 
in the use of the terms "peak" and "RMS" together, there is no contradiction.  All detector functions 
(that is peak, carrier, field intensity, and quasi-peak) process the envelope of the signal present in the 
receiver intermediate frequency (IF) section.  All outputs are calibrated in terms of an equivalent RMS 
value.  For a sine wave input to the receiver, the signal envelope in the IF section is a DC level and all 
detectors produce the same indicated RMS output.  Calibration in terms of RMS is necessary for 

consistency.  Signal sources are calibrated in terms of RMS.  If a 0 dBm (107 dB&V) unmodulated 

signal is applied to the receiver, the receiver must indicate 0 dBm (107 dB&V). 

If there is modulation present on the signal applied to the receiver, the detectors respond differently.  
The IF section of the receiver sees the portion of the applied signal within the bandwidth limits of the 
IF.  The peak detector senses the largest level of the signal envelope in the IF and displays an output 
equal to the RMS value of a sine wave with the same peak.  The specification of a peak detector 
ensures that the worst-case condition for emission data is obtained.  A carrier detector averages the 
modulation envelope based on selected charge and discharge time constants. 

Figure 11 shows the peak detector output for several modulation waveforms.  An item of interest is 
that for a square wave modulated signal, which can be considered a pulse type modulation, the 
receiver can be considered to be displaying the RMS value of the pulse when it is on.!!Pulsed signals 
are often specified in terms of peak power.  The RMS value of a signal is derived from the concept of 
power, and a receiver using a peak detector correctly displays the peak power. 
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FIGURE 11 Peak detector response. 

All frequency domain measurements are standardised with respect to the response that a 
measurement receiver using a peak detector would provide.  Therefore, when instrumentation is used 
which does not use peak detection; correction factors must be applied for certain signals.  For an 
oscilloscope, the maximum amplitude of the modulated sine wave measured from the DC level is 
divided by 1.414 (square root of 2) to determine the RMS value at the peak of the modulation 
envelope. 

Correction factors for other devices are determined by evaluating the response of the instrumentation 
to signals with the same peak level with and without modulation.  For example, a correction factor for a 
broadband field sensor can be determined as follows.  Place the sensor in an unmodulated field and 
note the reading.  Apply the required modulation to the field ensuring that the peak value of the field is 
the same as the unmodulated field.  For pulse type modulation, most signal sources will output the 
same peak value when modulation is applied.  Amplitude modulation increases the peak amplitude of 
the signal and caution must be observed.  Note the new reading.  The correction factor is simply the 
reading with the unmodulated field divided by the reading with the modulated field.  If the meter read 
10 volts/metre without modulation and 5 volts/metre with modulation, the correction factor is 2.  The 
evaluation should be tried at several frequencies and levels to ensure that a consistent value is!
obtained.  When subsequently using the sensor for measurements with the evaluated modulation, the 
indicated reading is multiplied by the correction factor to obtain the correct reading for peak detection. 
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U>V>8(>.! $,SJK+PR?N,-+R,MMP)!RPNP*XPRF!

"!)PFNR*J+*,-!,T! +OP!,JPR;+*,-F!LP*-Q!)*RPN+P)!L<!F,T+Y;RP!T,R!N,SJK+PR?N,-+R,MMP)!RPNP*XPRF!FO;MM!LP!
*-NMK)P)! *-! +OP! #:1%&>! ! DPR*T*N;+*,-! +PNO-*\KPF! KFP)! +,! )PS,-F+R;+P! JR,JPR! JPRT,RS;-NP! ,T! +OP!
F,T+Y;RP!FO;MM!;MF,!LP!*-NMK)P)>!

Discussion: Computer software obviously provides excellent opportunities for automating testing.  
However, it also can lead to errors in testing if not properly used or if incorrect code is present.  It is 
essential that users of the software understand the functions it is executing, know how to modify 
parameters (such as transducer or sweep variables) as necessary, and perform sanity checks to 
ensure that the overall system performs as expected. 

U>V>8(>V! #S*FF*,-!+PF+*-Q 

U>V>8(>V>8! 6;-)Y*)+OF!

%OP!SP;FKRPSP-+! RPNP*XPR! L;-)Y*)+OF! M*F+P)! *-! %;LMP! .! FO;MM! LP! KFP)! T,R! PS*FF*,-! +PF+*-Q>! %OPFP!
L;-)Y*)+OF! ;RP! FJPN*T*P)! ;+! +OP! =! )6! ),Y-! J,*-+F! T,R! +OP! ,XPR;MM! FPMPN+*X*+<! NKRXP! ,T! +OP! RPNP*XPRF>!!
D*)P,! T*M+PR*-Q! FO;MM! -,+! LP! KFP)! +,! L;-)Y*)+O! M*S*+! +OP! RPNP*XPR! RPFJ,-FP>! ! 1T! ;! N,-+R,MMP)! X*)P,!
L;-)Y*)+O! *F! ;X;*M;LMP! ,-! +OP! SP;FKRPSP-+! RPNP*XPR[! *+! FO;MM! LP! FP+! +,! *+F! QRP;+PF+! X;MKP>! ! 4;RQPR!
RPNP*XPR!L;-)Y*)+OF!S;<!LP!KFP)j!O,YPXPR[!+OP<!S;<!RPFKM+!*-!O*QOPR!SP;FKRP)!PS*FF*,-!MPXPMF>!!3/!
6"3Ig1I%`!$/00#$%1/3!G"$%/0E!E`"44!6#!"&&41#I!%/!%#E%!I"%"!IH#!%/!%`#!HE#!
/G!4"02#0!6"3Ig1I%`E>!

GRP\KP-N<!0;-QP! =!)6!6;-)Y*)+O :*-*SKS!!
IYPMM!%*SP!

:*-*SKS!:P;FKRPSP-+!%*SP!
"-;M,Q!:P;FKRPSP-+!0PNP*XPR!

V(!`a!?!8!^`a! !8(!`a!! (>8'!FPN! !(>(8'!FPNC`a!

8!^`a!?!8(!^`a! 8((!`a!! (>(8'!FPN! !(>8'!FPNC^`a!

8(!^`a!?!8'(!^`a! !!8!^`a! (>(8'!FPN! !!!(>(8'!FPNC^`a!

8'(!^`a!?!V(!:`a! !8(!^`a! (>(8'!FPN! 8>'!FPNC:`a!

V(!:`a!?!8!2`a! 8((!^`a! (>(8'!FPN! !(>8'!FPNC:`a!

"L,XP!8!2`a! !!8!:`a! (>(8'!FPN! 8'!FPNC2`a!

TABLE 2 Bandwidth and measurement time 

Discussion: The bandwidths specified in Table 2 are consistent with the recommended available 
bandwidths and the bandwidth specification technique for receivers contained in ANSI C63.2.  Existing 
receivers have bandwidths specified in a number of different ways.  Some are given in terms of 3 dB 
down points.  The 6 dB bandwidths are usually about 40% greater than the 3 dB values.  Impulse 
bandwidths are usually very similar to the 6 dB bandwidths.  For gaussian shaped bandpasses, the 
actual value is 6.8 dB. 

The frequency break point between using a 1 kHz and 10 kHz bandwidth was modified from 250 kHz 
to 150 kHz in this version of the standard to harmonise with commercial EMI standards. 

In order not to restrict the use of presently available receivers that do not have the specified 
bandwidths, larger bandwidths are permitted.  The use of larger bandwidths can produce higher 
detected levels for wide bandwidth signals.  The prohibition against the use of correction factors is 
included to avoid any attempts to classify signals. 

The sensitivity of a particular receiver is an important factor in its suitability for use in making 
measurements for a particular requirement.  NRE02 is usually the most demanding requirement.  The 
sensitivity of a receiver at room temperature can be calculated as follows: 
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  Sensitivity in dBm = -114 dBm/MHz + bandwidth (dBMHz) + noise figure (dB) 

As noted in the equation, reducing the noise figure is the only way (cryogenic cooling is not practical) 
to improve sensitivity for a specified bandwidth.  The noise figure of receivers can vary substantially 
depending on the front-end design.  System noise figure can be improved through the use of low noise 
preamplifiers.  The resulting noise figure of a preamplifier/receiver combination can be calculated from 
the following.  All numbers are real numbers.  Conversion to decibels (10 log) is necessary to 
determine the resulting sensitivity in the above formula: 

System noise figure = preamp noise figure + (receiver noise figure)/(preamp gain) 

Since preamplifiers are broadband devices, issues of potential overload need to be addressed.  
Separate preselectors, which are available for some spectrum analysers, usually combine a tracking 
filter with a low noise preamplifier to eliminate overload.  Preselection is an integral part of many 
receivers. 

Dwell times may need to be extended dependant upon the operation of the EUT. There should be a 
dwell at each frequency consistent with the EUT cyclic time. 

U>V>8(>V>.! #S*FF*,-!*)P-+*T*N;+*,-!

"MM! PS*FF*,-F! RPQ;R)MPFF! ,T! NO;R;N+PR*F+*NF! FO;MM! LP! SP;FKRP)! Y*+O! +OP! SP;FKRPSP-+! RPNP*XPR!
L;-)Y*)+OF!FJPN*T*P)!*-!%;LMP!.!;-)!N,SJ;RP)!;Q;*-F+!+OP!;JJM*N;LMP!M*S*+F>!1)P-+*T*N;+*,-!,T!PS*FF*,-F!
Y*+O!RPQ;R)!+,!-;RR,YL;-)!,R!LR,;)L;-)!N;+PQ,R*F;+*,-!*F!-,+!;JJM*N;LMP>!

Discussion: Requirements for specific bandwidths and the use of single limits are intended to 
resolve a number of problems.  The significance of the particular bandwidths chosen for use by a test 
facility were addressed by classification of the appearance of the emissions with respect to the chosen 
bandwidths.  Emissions considered to be broadband had to be normalised to equivalent levels in a 1 
MHz bandwidth.  The bandwidths and classification techniques used by various facilities were very 
inconsistent and resulted in a lack of standardisation.  The basic issue of emission classification was 
often poorly understood and implemented.  Requiring specific bandwidths with a single limit eliminates 
any need to classify emissions. 

An additional problem is that emission profiles from modern electronics are often quite complex. Some 
emission signatures have frequency ranges where the emissions exhibit white noise characteristics.  
Normalisation to a 1 MHz bandwidth using spectral amplitude assumptions based on impulse noise 
characteristics is not technically correct.  Requiring specific bandwidths eliminates normalisation and 
this discrepancy. 

U>V>8(>V>V! GRP\KP-N<!FN;--*-Q!

G,R! PS*FF*,-!SP;FKRPSP-+F[! +OP!P-+*RP! TRP\KP-N<! R;-QP! T,R! P;NO!;JJM*N;LMP! +PF+! FO;MM! LP! FN;--P)>!
:*-*SKS!SP;FKRPSP-+! +*SP! T,R! ;-;M,Q!SP;FKRPSP-+! RPNP*XPRF! )KR*-Q!PS*FF*,-! +PF+*-Q! FO;MM! LP! ;F!
FJPN*T*P)!*-!%;LMP!.>!!E<-+OPF*aP)!SP;FKRPSP-+!RPNP*XPRF!FO;MM!F+PJ!*-!,-P?O;MT!L;-)Y*)+O!*-NRPSP-+F!
,R!MPFF[!;-)!+OP!SP;FKRPSP-+!)YPMM!+*SP!FO;MM!LP!;F!FJPN*T*P)!*-!%;LMP!.>!!G,R!P\K*JSP-+!+O;+!,JPR;+PF!
FKNO!+O;+!J,+P-+*;M!PS*FF*,-F!;RP!JR,)KNP)!;+!,-M<!*-TRP\KP-+!*-+PRX;MF[!+*SPF!T,R!TRP\KP-N<!FN;--*-Q!
FO;MM!LP!*-NRP;FP)!;F!-PNPFF;R<!+,!N;J+KRP!;-<!PS*FF*,-F>!

Discussion: For each emission test, the entire frequency range as specified for the applicable 
requirement must be scanned to ensure that all emissions are measured. 

Continuous frequency coverage is required for emission testing.  Testing at discrete frequencies is not 
acceptable unless otherwise stated in a particular test procedure.  The minimum scan times listed in 
Table 2 are based on two considerations.  The first consideration is the response time of a particular 
bandwidth to an applied signal.  This time is 1/(filter bandwidth).  The second consideration is the 
potential rates (that is modulation, cycling, and processing) at which electronics operate and the need 
to detect the worst-case emission amplitude.  Emission profiles usually vary with time.  Some signals 
are present only at certain intervals and others vary in amplitude.! !For example, signals commonly 
present in emission profiles are harmonics of microprocessor clocks.  These harmonics are very stable 
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in frequency; however, their amplitude tends to change, as various circuitries are exercised and 
current distribution changes. 

The first entry in the table for analog measurement receivers of 0.015 sec/Hz for a bandwidth of 10 Hz 
is the only one limited by the response time of the measurement receiver bandpass.  The response 
time is 1/bandwidth = 1/10 Hz = 0.1 seconds.  Therefore, as the receiver tunes, the receiver bandpass 
must include any particular frequency for 0.1 seconds implying that the minimum scan time = 
0.1 seconds/10 Hz = 0.01 seconds/Hz.  The value in the table has been increased to 
0.015 seconds/Hz to ensure adequate time.  This increase by a multiplication factor of 1.5 results in 
the analog receiver having a frequency in its bandpass for 0.15 seconds as it scans.  This value is the 
dwell time specified in the table for synthesised receivers for 10 Hz bandwidths.  Since synthesised 
receivers are required to step in one-half bandwidth increments or less and dwell for 0.15 seconds, 
test time for synthesised receivers will be greater than analog receivers. 

The measurement times for other table entries are controlled by the requirement that the receiver 
bandpass include any specific frequency for a minimum of 15 milliseconds (dwell time in table), which 
is associated with a potential rate of variation of approximately 60 Hz.  As the receiver tunes, the 
receiver bandpass is required to include any particular frequency for the 15 milliseconds.  For the 
fourth entry in the table of 1.5 seconds/MHz for a 10 kHz bandwidth, the minimum measurement time 
is 0.015 seconds/0.01 MHz = 1.5 seconds/MHz.  A calculation based on the response time of the 
receiver would yield a response time of 1/bandwidth = 1/10 kHz = 0.0001 seconds and a minimum 
measurement time of 0.0001 seconds/0.01 MHz = 0.01 seconds/MHz.  The longer measurement time 
of 1.5 seconds/MHz is specified in the table.  If the specified measurement times are not adequate to 
capture the maximum amplitude of the EUT emissions, longer measurement times should be 
implemented. 

Caution must be observed in applying the measurement times.  The specified parameters are not 
directly available on measurement receiver controls and must be interpreted for each particular 
receiver.  Also, the specified measurement times may be too fast for some data gathering devices 
such as real-time X-Y recording.  Measurement receiver peak hold times must be sufficiently long for 
the mechanical pen drive on X-Y recorders to reach the detected peak value.  In addition, the scan 
speed must be sufficiently slow to allow the detector to discharge after the signal is detuned so that 
the frequency resolution requirements of paragraph 4.3.10.3.4 are satisfied. 

For measurement receivers with a “maximum hold” feature that retains maximum detected levels after 
multiple scans over a particular frequency range, multiple faster sweeps that produce the same 
minimum test times as implied by Table 2 are acceptable.  For the situation noted in the requirement 
concerning equipment that produces emissions at only infrequent intervals, using the multiple scan 
technique will usually provide a higher probability of capturing intermittent data than using one slower 
scan. 

U>V>8(>V>U! #S*FF*,-!);+;!JRPFP-+;+*,->!

"SJM*+K)P!XPRFKF!TRP\KP-N<!JR,T*MPF!,T!PS*FF*,-!);+;!FO;MM!LP!;K+,S;+*N;MM<!QP-PR;+P)!;-)!)*FJM;<P)!
;+!+OP!+*SP!,T!+PF+!;-)!FO;MM!LP!N,-+*-K,KF>!!%OP!)*FJM;<P)!*-T,RS;+*,-!FO;MM!;NN,K-+!T,R!;MM!;JJM*N;LMP!
N,RRPN+*,-!T;N+,RF!@+R;-F)KNPRF[!;++P-K;+,RF[!N;LMP!M,FF[!;-)!+OP!M*^PA!;-)!FO;MM! *-NMK)P!+OP!;JJM*N;LMP!
M*S*+>!!:;-K;MM<!Q;+OPRP)!);+;!*F!-,+!;NNPJ+;LMP!P]NPJ+!T,R!XPR*T*N;+*,-!,T!+OP!X;M*)*+<!,T!+OP!,K+JK+>!&M,+F!
,T!+OP!)*FJM;<P)!);+;!FO;MM!JR,X*)P!;!S*-*SKS!TRP\KP-N<!RPF,MK+*,-!,T!8q!,R!+Y*NP!+OP!SP;FKRPSP-+!
RPNP*XPR! L;-)Y*)+O[! YO*NOPXPR! *F! MPFF! F+R*-QP-+[! ;-)! S*-*SKS! ;SJM*+K)P! RPF,MK+*,-! ,T! 8!)6>! ! %OP!
;L,XP!RPF,MK+*,-!RP\K*RPSP-+F!FO;MM!LP!S;*-+;*-P)!*-!+OP!RPJ,R+P)!RPFKM+F!,T!+OP!#:1%0>!

Discussion:  Continuous displays of amplitude versus frequency are required.  This information can 
be generated in a number of ways.  The data can be plotted real-time as the receiver scans. The data 
can be stored in computer memory and later dumped to a plotter.  Photographs of video displays are 
acceptable; however, it is generally more difficult to meet resolution requirements and to reproduce 
data in this form for submittal in an EMITR. 
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Placement of limits can be done in several ways.  Data may be displayed with respect to actual limit 

dimensions (such as dB&V/m) with transducer, attenuation, and cable loss corrections made to the 

data.  An alternative is to plot the raw data in dB&v (or dBm) and convert the limit to equivalent dB&v 
(or dBm) dimensions using the correction factors.  This second technique has the advantage of 
displaying the proper use of the correction factors.  Since both the emission level and the required limit 
are known, a second party can verify proper placement.  Since the actual level of the raw data is not 
available for the first case, this verification is not possible. 

An example of adequate frequency and amplitude resolution is shown in Figure 12.  1% frequency 
resolution means that two sinusoidal signals of the same amplitude separated by 1% of the tuned 
frequency are resolved in the output display so that they both can be seen.  As shown in the figure, 
1% of the measurement frequency of 5.1 MHz is 0.051 MHz and a second signal at 5.151 MHz (1 dB 
different in amplitude on the graph) is easily resolved in the display. The "2 times the measurement 
receiver bandwidth" criteria means that two sinusoidal signals of the same amplitude separated by 
twice the measurement receiver bandwidth are resolved.  For the example shown in Figure 12, the 
bandwidth is 0.01 MHz and 2 times this value is 0.02 MHz.  Therefore, the 1% criterion is less 
stringent and is applicable.  1 dB amplitude resolution means that the amplitude of the displayed 
signal can be read within 1 dB.  As shown in the figure, the reviewer can determine whether the signal 

amplitude is 60 dB&V or 61 dB&V.!

U!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!'!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!=!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!W!!!!!!!!!!!!!!!!!!!!!!!!!!9

G0#rH#3$5!@:`kA

8(

.(

V(

U(

'(

=(

W(

'>8!:`a
=8!)6&D '>8'8!:`a

=(!)6&D

#:1EE1/3!4#D#4!@)6&DA

!

FIGURE 12 Example of data presentation resolution. 
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The difference between resolution and accuracy is sometimes confusing.  Paragraph 4.3.1 requires  
3 dB measurement system accuracy for amplitude while paragraph 4.3.10.3.4 requires 1 dB amplitude 
resolution.  Accuracy is an indication how precisely a value needs to be known while resolution is an 
indication of the ability to discriminate between two values.  A useful analogy is reading time from a 
watch.  A watch typically indicates the time within one second (resolution) but may be 30 seconds 
different than the absolute correct time (accuracy). 

U>V>8(>U! EKFNPJ+*L*M*+<!+PF+*-Q>!

U>V>8(>U>8! GRP\KP-N<!FN;--*-Q>!

G,R!FKFNPJ+*L*M*+<!SP;FKRPSP-+F[!+OP!P-+*RP!TRP\KP-N<!R;-QP!T,R!P;NO!;JJM*N;LMP!+PF+!FO;MM be FN;--P)>!!
G,R! FYPJ+! TRP\KP-N<! FKFNPJ+*L*M*+<! +PF+*-Q[! TRP\KP-N<! FN;-! R;+PF! ;-)! TRP\KP-N<! F+PJ! F*aPF! ,T! F*Q-;M!
F,KRNPF!FO;MM!-,+!P]NPP)!+OP!X;MKPF!M*F+P)!*-!%;LMP!V>!!%OP!R;+PF!;-)!F+PJ!F*aPF!;RP!FJPN*T*P)!*-!+PRSF!
,T!;!SKM+*JM*PR!,T!+OP!+K-P)!TRP\KP-N<!@T,A!,T!+OP!F*Q-;M!F,KRNP>!!"-;M,Q!FN;-F!RPTPR!+,!F*Q-;M!F,KRNPF[!
YO*NO!;RP!N,-+*-K,KFM<!+K-P)>!!E+PJJP)!FN;-F!RPTPR!+,!F*Q-;M!F,KRNPF[!YO*NO!;RP!FP\KP-+*;MM<!+K-P)!+,!
)*FNRP+P!TRP\KP-N*PF>!!E+PJJP)!FN;-F!FO;MM!)YPMM!;+!P;NO!+K-P)!TRP\KP-N<!T,R!+OP!QRP;+PR!,T!V!FPN,-)F!
,R! #H%! RPFJ,-FP! +*SP>! ! EN;-! R;+PF! ;-)! F+PJ! F*aPF! FO;MM! LP! )PNRP;FP)! YOP-! -PNPFF;R<! +,! JPRS*+!
,LFPRX;+*,-!,T!;!RPFJ,-FP>!
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TABLE 3 Susceptibility scanning 

Discussion:  For any susceptibility test performed in the frequency domain, the entire frequency 
range as specified in the applicable requirement must be scanned to ensure that all potentially 
susceptible frequencies are evaluated. 

The scan rates and step sizes in Table 3 are structured to allow for a continuous change in value with 
frequency for flexibility.  Computerised test systems could be programmed to change values very 
frequently.  A more likely application is to block off selected bands for scanning and to base selections 
of scan rate or step size on the lowest frequency.  For example, if 1 - 2 GHz were selected, the 
maximum scan rate would be (0.000667 X 1 GHz)/sec which equals 0.667 MHz/sec and the maximum 
step size would be 0.001 X 1 GHz, which equals 1 MHz.  Both automatic and manual scanning are 
permitted. 

The two primary areas of concern for frequency scanning for susceptibility testing are response times 
for EUTs to react to stimuli and how sharply the responses tune with frequency, normally expressed 
as quality factor (Q).  Both of these items have been considered in the determination of the scan rates 
and step sizes in Table 3.  The table entries are generally based on the assumption of a maximum 
EUT response time of three seconds and Q values of 10, 50, 100, 500, and 1000 (increasing values 
as frequency increases in Table 3).  Since EUT responses are more likely to occur in approximately 
the 1 to 200 MHz range due to efficient cable coupling based on wavelength considerations, Q values 
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have been increased somewhat to slow the scan and allow additional time for observation of EUT 
responses.  More detailed discussions on these items follow.  

The assumption of a maximum response time of three seconds is considered to be appropriate for a 
large percentage of possible cases.  There are several considerations.  While the electronics 
processing the interfering signal may respond quickly, the output display may take some time to react.  
Outputs that require mechanical motion such as metre movements or servo driven devices will 
generally take longer to show degradation effects than electronic displays such as video screens.  
Another concern is that some EUTs will only be in particularly susceptible states periodically.  For 
example, sensors feeding information to a microprocessor are typically sampled at specific time 
intervals.  It is important that the susceptibility stimuli be located at any critical frequencies when the 
sensor is sampled.  The time intervals between steps and sweep rates in Table 3 may need to be 
modified for EUTs with unusually long response times. 

Some concern has been expressed on the susceptibility scan rates and the impact that they would 
have on the length of time required to conduct a susceptibility test.  The criteria of Table 3 allow the 
susceptibility scan rate to be adjusted continually as the frequency is increased; however, as a 
practical matter, the rate would most likely only be changed once every octave or decade.  As an 
example, Table 4 splits the frequency spectrum up into ranges varying from octaves to decades and 
lists the minimum time required to conduct a susceptibility test for an analog scan.  The scan rate for 
each range is calculated based on the start frequency for the range>!!The total test time to run NRS02 
from 1 MHz to 18 GHz is 177 minutes.  A similar calculation for a stepped scan results in a total test 
time’ which is 2 times this value or 353 minutes.  It must be emphasised that the scan speeds should 
be slowed down if the EUT response time or Q are more critical than those used to establish the 
values in Table 3. 

Q is expressed as fo/BW where fo is the tuned frequency and BW is the width in frequency of the 
response at the 3 dB down points.  For example, if a response occurred at 1 MHz at a susceptibility 
level of 1 volt and the same response required 1.414 volts (3 dB higher in required drive) at 0.95 and 
1.05 MHz, the Q would be 1 MHz/(1.05 - 0.95 MHz) or 10.  Q is primarily influenced by resonances in 
filters, interconnecting cabling, physical structure, and cavities.  The assumed Q values are based on 
observations from various types of testing.  The step sizes in Table 3 are one half of the 3 dB 
bandwidths of the assumed value of Q ensuring that test frequencies will lie within the resonant 
responses. 

Below approximately 200 MHz, the predominant contributors are cable and interface filter resonances.  
There is loading associated with these resonances, which dampens the responses and limits most 
values of Q to less than 50.  Above 200 MHz, structural resonances of enclosures and housings start 
playing a role and have higher values of Q due to less dampening.  Above approximately 1 GHz, 
aperture coupling with excitation of cavities will be become dominant.  Values of Q are dependent on 
frequency and on the amount of material contained in the cavity.  Larger values of Q result when there 
is less material in the volume.  A densely packaged electronics enclosure will exhibit significantly lower 
values of Q than an enclosure with a higher percentage of empty volume.  Q is proportional to 
Volume/(Surface Area X Skin Depth).  The value of Q also tends to increase with frequency, as the 
associated wavelength becomes smaller.  EUT designs with unusual configurations that result in high 
Q characteristics may require that the scan rates and step sizes in Table 3 be decreased for valid 
testing. 

RF processing equipment presents a special case requiring unique treatment.  Intentionally tuned 
circuits for processing RF can have very high values of Q.  For example, a circuit operating at 1 GHz 
with a bandwidth of 100 kHz has a Q of 1 GHz/100 kHz or 10,000. 

Automatic levelling used to stabilise the amplitude of a test signal for stepped scans may require 
longer dwell times than one second at discrete frequencies.  The signal will take time to settle and any 
EUT responses during the levelling process should be ignored. 
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GRP\KP-N<!0;-QP!
:;]*SKS!
EN;-!0;+P!

"N+K;M!
EN;-!%*SP!

V(!`a!?!8((!`a! 8>(!`aCFPN! 8>.!S*-!

8((!`k!?!8!^`a! V>VV!`aCFPN! U>'!S*-!

8!^`a!?!8(!^`a! VV>V!`aCFPN! U>'!S*-!

8(!^`a!?!8((!^`a! VVV!`aCFPN! U>'!S*-!

8((!^`a!?!8!:`a! V>VV!^`aCFPN! U>'!S*-!

8!:`a!?!'!:`a! =>=W!^`aCFPN! 8(!S*-!

'!:`a!?!V(!:`a! VV>V!^`aCFPN! 8.>'!S*-!

V(!:`a!?!8((!:`a! 8((!^`aCFPN! 88>W!S*-!

8((!:`a!?!.((!:`a! VVV!^`aCFPN! '>(!S*-!

.((!:`a!?!U((!:`a! ==W!^`aCFPN! '>(!S*-!

U((!:`a!?!8!2`a! 8>VV!:`aCFPN! W>'!S*-!

8!2`a!?!.!2`a! (>==W!:`aCFPN! .'>(!S*-!

.!2`a!?!U!2`a! 8>VV!:`aCFPN! .'>(!S*-!

U!2`a!?!9!2`a! .>=W!:`aCFPN! .'>(!S*-!

9!2`a!?!8.!2`a! .>=W!:`aCFPN! .'>(!S*-!

8.!2`a!?!89!2`a! U!:`aCFPN! .'>(!S*-!

89!2`a!?!V(!2`a! =!:`aCFPN! VV>V!S*-!

V(!2`a!?!U(!2`a! 8(!:`aCFPN! 8=>W!S*-!

TABLE 4 Susceptibility testing times. 

U>V>8(>U>.! :,)KM;+*,-!,T!FKFNPJ+*L*M*+<!F*Q-;MF>!

EKFNPJ+*L*M*+<! +PF+! F*Q-;MF! T,R! 3$E(W! ;-)! 30E(.! FO;MM! LP! JKMFP! S,)KM;+P)! @,-C,TT! R;+*,! ,T! U(! )6!
S*-*SKSA!;+!;!8!^`a!R;+P!Y*+O!;!'(q!)K+<!N<NMP>!

Discussion: Modulation is usually the effect that degrades EUT performance.  The wavelengths of 
the RF signal cause efficient coupling to electrical cables and through apertures (at higher 
frequencies).  Non-linearities in the circuit elements detect the modulation on the carrier.  The circuits 
may then respond to the modulation depending upon detected levels, circuit bandpass characteristics, 
and processing features. 

Pulse modulation at a 1 kHz rate, 50% duty cycle, (alternately termed 1 kHz square wave modulation) 
is specified for several reasons.  One kHz is within the bandpass of most analog circuits such as audio 
or video.  The fast rise and fall times of the pulse causes the signal to have significant harmonic 
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content high in frequency and can be detrimental to digital circuits.  Response of electronics has been 
associated with energy present and a square wave results in high average power.  The modulation 
encompasses many signal modulations encountered in actual use.  The square wave is a severe form 
of amplitude modulation used in communications and broadcasting.  It also is a high duty cycle form of 
pulse modulation representative of radars. 

Care needs to be taken in implementing 1 kHz, 50% duty cycle, pulse modulation (on/off ratio of 
40 dB) using some signal sources.  Most higher frequency signal sources have either internal pulse 
modulation or an external port for pulse modulation.  This function switches the output on and off 
without affecting the amplitude of the unmodulated signal, provided that the strength of the modulation 
signal is adequate.  For other signal sources, particularly at lower frequencies, the external amplitude 
modulation (AM) port needs to be driven to a minimum of 99 % depth of modulation (equivalent to 
40 dB on/off ratio) to simulate pulse modulation.  The output signal will essentially double in amplitude 
compared to an unmodulated signal for this type of input.  Depending on the type of testing being 
performed and the technique of monitoring applied signals; this effect may or may not influence the 
results.  Use of an AM port can be substantially more involved than using a pulse modulation port.  
The amplitude of the input signal directly influences the depth of modulation.  There is a potential of 
exceeding 100% depth of modulation, which will result in signal distortion.  Since the on/off ratio 
requirement is stringent, it is necessary to view the output signal on an oscilloscope to set the 
appropriate depth of modulation. Another complication is that the bandwidth of AM ports is usually less 
than pulse ports.  Driving the port with a pulse shape may result in difficulty in setting the source for a 
minimum of 99%. 

Worst-case modulation may not be related to modulations seen in actual use or may be very 
specialised.  The most typical modulations used below approximately 400 MHz have been amplitude 
modulation at either 400 or 1000 Hz (30 to 80%) or pulse modulation, 50% duty cycle, at 400 or 
1000 Hz.  These same modulations have been used above 400 MHz together with pulse modulation 
at various pulse widths and pulse repetition frequencies.  Continuous wave (CW - no modulation) has 
also occasionally been used.  CW typically produces a detected DC level in the circuitry and affects 
certain types of circuits.  In general, experience has shown that modulation is more likely to cause 
degradation.  CW should be included as an additional requirement when assessing circuits that 
respond only to heat such as electro explosive devices.  CW should not normally be used as the only 
condition. 

Consideration should be given to applying a secondary 1 Hz modulation (where the normal 1 kHz 
square wave modulated waveform is completely turned on and off every 500 milliseconds) for certain 
subsystems with low frequency response characteristics, such as aircraft flight control subsystems.  
This modulation simulates characteristics of some transmitters such as HF radios in single sideband 
operation (no carrier), where a transmitted voice signal will cause the RF to be present only when a 
word is spoken.  The dilemma with using this modulation is that the potential response of some 
subsystems may be enhanced, while others may be less responsive.  In the latter case, the 
500 millisecond off period allows the subsystem to recover from effects introduced during the “on” 
period. 

U>V>8(>U>V! %ORPFO,M)F!,T!FKFNPJ+*L*M*+<>!

gOP-! FKFNPJ+*L*M*+<! *-)*N;+*,-F! ;RP! -,+P)! *-! #H%! ,JPR;+*,-[! ;! +ORPFO,M)! MPXPM! FO;MM! LP! )P+PRS*-P)!
YOPRP!+OP!FKFNPJ+*LMP!N,-)*+*,-!*F!-,!M,-QPR!JRPFP-+>!!%ORPFO,M)F!,T!FKFNPJ+*L*M*+<!FO;MM!LP!)P+PRS*-P)!
;F!T,MM,YF!;-)!)PFNR*LP)!*-!+OP!#:1%0h!

;>! gOP-! ;! FKFNPJ+*L*M*+<! N,-)*+*,-! *F! )P+PN+P)[! RP)KNP! +OP! *-+PRTPRP-NP! F*Q-;M! K-+*M! +OP! #H%!
RPN,XPRF>!

L>! 0P)KNP!+OP!*-+PRTPRP-NP!F*Q-;M!L<!;-!;))*+*,-;M!=!)6>!

N>! 2R;)K;MM<! *-NRP;FP! +OP! *-+PRTPRP-NP! F*Q-;M! K-+*M! +OP! FKFNPJ+*L*M*+<! N,-)*+*,-! RP,NNKRF>! ! %OP!
RPFKM+*-Q!MPXPM!*F!+OP!+ORPFO,M)!,T!FKFNPJ+*L*M*+<>!
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)>! 0PN,R)! +O*F! MPXPM[! TRP\KP-N<! R;-QP! ,T! ,NNKRRP-NP[! TRP\KP-N<! ;-)! MPXPM! ,T! QRP;+PF+!
FKFNPJ+*L*M*+<[!;-)!,+OPR!+PF+!J;R;SP+PRF[!;F!;JJM*N;LMP>!

Discussion: It is usually necessary to test at levels above the limits to ensure that the test signal is 
at least at the required level.  Determination of a threshold of susceptibility is necessary when 
degradation is present to assess whether requirements are met.  This information should be included 
in the EMITR.  Threshold levels below limits are unacceptable. 

The specified steps to determine thresholds of susceptibility standardise a particular technique.  An 
alternative procedure sometimes utilised in the past was to use the value of the applied signal where 
the EUT recovers (step a above) as the threshold.  Hysteresis type effects are often present where 
different values are obtained for the two procedures. 

Distortion of sinusoidal susceptibility signals caused by non-linear effects in power amplifiers can lead 
to erroneous interpretation of results.  When distortion is present, the EUT may actually respond to a 
harmonic of the intended susceptibility frequency, where the required limit may be lower.  When 
frequency selective receivers are used to monitor the injected level, distortion itself does not prevent a 
valid susceptibility signal level from being verified at the intended frequency. However, harmonic levels 
should be checked when susceptibility is present to determine if they are influencing the results.  
When broadband sensors are being used, such as in portions of NRS02, distortion can result in the 
sensor incorrectly displaying the required signal level at the intended frequency.  In this case, 
distortion needs to be controlled such that correct levels are measured. 

U>V>8(>U>U! EKFNPJ+*L*M*+<!,T!#H%!*-JK+!J,YPR!T*M+PRF>!

$,-)KN+P)! PS*FF*,-! +PF+! 3$#(8! ,R! 3$#('! SKF+! LP! JPRT,RSP)! JR*,R! +,! JPRT,RS*-Q! +R;-F*P-+! +PF+F!
3$E8(!;-)!3$E88!+,!,L+;*-!;!L;FPM*-P!SP;FKRPSP-+>!!/-!N,SJMP+*,-!,T!+R;-F*P-+!+PF+F!3$E8(!;-)!
3$E88!N,-)KN+P)!PS*FF*,-!+PF+!3$#(8!,R!3$#('!FO;MM!LP!RPJP;+P)>!!%O*F!*F!+,!N,-T*RS!-,!);S;QP)!
O;F!LPP-!FKF+;*-P)!L<!+OP!#H%!J,YPR!M*-P!T*M+PRF>!

Discussion: Comparison of emission profiles before and after transient testing shall be performed.  
This shall determine whether any damage to the EUT occurred during application of the transients, i.e. 
Filtering or other component damage. Should any significant changes in emission profile be evident 
then a FAIL result shall be recorded for this test even if the emission profile has been reduced due to 
the application of the transient. 

The conducted emission assessment is not intended to show compliance against the NCE01 or 
NCE05 limits but is used solely to compare the ‘before’ and ‘after’ emission profiles. 

If test NCE01 or NCE05 has been performed as part of the trial prior to the transient tests then these 
results are acceptable to use as a baseline. 

U>V>88! $;M*LR;+*,-!,T!SP;FKR*-Q!P\K*JSP-+>!

%PF+!P\K*JSP-+!;-)!;NNPFF,R*PF!RP\K*RP)!T,R!SP;FKRPSP-+!*-!;NN,R);-NP!Y*+O!+O*F!F+;-);R)!FO;MM!LP!
N;M*LR;+P)! *-!;NN,R);-NP!Y*+O!3;+*,-;M!E+;-);R)F! @P>Q>!"3E1C3$E4!k'U(?8!,R! 1E/!8((8.?8!P+NA>! ! 1-!
J;R+*NKM;R[! SP;FKRPSP-+! ;-+P--;F[! NKRRP-+! JR,LPF[! T*PM)! FP-F,RF[! ;-)! ,+OPR! )PX*NPF! KFP)! *-! +OP!
SP;FKRPSP-+! M,,J! FO;MM! LP! N;M*LR;+P)! ;+! MP;F+! PXPR<! .!<P;RF! K-MPFF! ,+OPRY*FP! FJPN*T*P)! L<! +OP!
JR,NKR*-Q!;N+*X*+<[!,R!YOP-!);S;QP!*F!;JJ;RP-+>!

Discussion: Calibration is typically required for any measurement device whose characteristics are 
not verified through use of another calibrated item during testing.  For example, it is not possible 
during testing to determine whether an antenna used to measure radiated emissions is exhibiting 
correct gain characteristics.  Therefore, these antennas require periodic calibration.  Conversely, a 
power amplifier used during radiated susceptibility testing often will not require calibration since 
application of the proper signal level is verified through the use of a separate calibrated field sensing 
device.  Other amplifier applications such as the use of a signal pre-amplifier in front of a 
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measurement receiver would require calibration of the amplifier characteristics since the specific gain 
versus frequency response is critical and is not separately verified. 

U>V>88>8! :P;FKRPSP-+!F<F+PS!+PF+>!

"+!+OP!F+;R+!,T!P;NO!PS*FF*,-!+PF+[!+OP!N,SJMP+P!+PF+!F<F+PS!@*-NMK)*-Q!SP;FKRPSP-+!RPNP*XPRF[!N;LMPF[!
;++P-K;+,RF[! N,KJMPRF[! ;-)! F,! T,R+OA! FO;MM! LP! XPR*T*P)! L<! *-cPN+*-Q! ;! ^-,Y-! F*Q-;M[! ;F! F+;+P)! *-! +OP!
*-)*X*)K;M!+PF+!JR,NP)KRP[!YO*MP!S,-*+,R*-Q!F<F+PS!,K+JK+!T,R!+OP!JR,JPR!*-)*N;+*,->!!gOP-!+OP PS*FF*,-!
+PF+! *-X,MXPF!;-!K-*-+PRRKJ+P)!FP+!,T! RPJP;+P)!SP;FKRPSP-+F!@FKNO!;F!PX;MK;+*-Q!)*TTPRP-+!,JPR;+*-Q!
S,)PF!,T!+OP!#H%A!KF*-Q!+OP!F;SP!SP;FKRPSP-+!P\K*JSP-+[!+OP!SP;FKRPSP-+!F<F+PS!+PF+!-PP)F!+,!
LP!;NN,SJM*FOP)!,-M<!,-P!+*SP>!

Discussion: The end-to-end system check prior to emission testing is valuable in demonstrating 
that the overall measurement system is working properly.  It evaluates many factors including proper 
implementation of transducer factors and cable attenuation, general condition and setting of the 
measurement receiver, damaged RF cables or attenuators, and proper operation of software.  Details 
on implementation are included in the individual test procedures. 

U>V>88>.! "-+P--;!T;N+,RF>!

G;N+,RF!T,R!+PF+!;-+P--;F!FO;MM!LP!)P+PRS*-P)!*-!;NN,R);-NP!Y*+O!E"#!"0&?d'9!,R!,+OPR!;NNPJ+;LMP!
+PF+!SP+O,)F>!

Discussion:  SAE ARP-958 provides a standard basis for determining antenna factors emission 
testing.  A caution needs to be observed in trying to apply these factors in applications other than EMI 
testing.  The two antenna technique for antennas such as the biconical and double ridge horns is 
based on far field assumptions, which are not met over much of the frequency range.  Although the 
factors produce standardised results, the true value of the electric field is not necessarily being 
provided through the use of the factor.  Different measuring sensors need to be used when the true 
electric field must be known. 
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5. APPLICABILITY REQUIREMENTS 

'>8! 2P-PR;M!

%O*F! FPN+*,-! FJPN*T*PF! )P+;*MF! +OP! +PF+! ;JJM*N;L*M*+<! RP\K*RPSP-+F>! ! %;LMP! '! *F! ;! M*F+! ,T! +OP! FJPN*T*N!
RP\K*RPSP-+F! PF+;LM*FOP)! L<! +O*F! F+;-);R)! *)P-+*T*P)! L<! RP\K*RPSP-+! -KSLPR! ;-)! +*+MP>! ! EJPN*T*N! +PF+!
JR,NP)KRPF! ;RP! *SJMPSP-+P)! L<! ;JJR,XP)! #:1%&! ;F! )P+;*MP)! *-! EPN+*,-! =>! ! "MM! RPFKM+F! ,T! +PF+F!
JPRT,RSP)!+,!)PS,-F+R;+P!N,SJM*;-NP!Y*+O!+OP!RP\K*RPSP-+F!;RP!+,!LP!),NKSP-+P)!*-!+OP!#:1%0!;-)!
T,RY;R)P)!+,!+OP!$,SS;-)!,R!;QP-N<!N,-NPR-P)!T,R!PX;MK;+*,-!JR*,R!+,!;NNPJ+;-NP!,T!+OP!P\K*JSP-+!
,R! FKLF<F+PS>! !IPF*Q-! JR,NP)KRPF! ;-)! +PNO-*\KPF! T,R! +OP! N,-+R,M! ,T! #:1! FO;MM! LP! )PFNR*LP)! *-! +OP!
#:1$&>!!"JJR,X;M!,T!)PF*Q-!JR,NP)KRPF!;-)!+PNO-*\KPF!)PFNR*LP)!*-!+OP!#:1$&!),PF!-,+!RPM*PXP!+OP!
FKJJM*PR! ,T! +OP! RPFJ,-F*L*M*+<! ,T! SPP+*-Q! +OP! N,-+R;N+K;M! PS*FF*,-[! FKFNPJ+*L*M*+<[! ;-)! )PF*Q-!
RP\K*RPSP-+F>!

Discussion: The applicability of individual requirements in Table 5 for a particular equipment or 
subsystem is dependent upon the platforms where the item will be used.  The electromagnetic 
environments present on a platform together with potential degradation modes of electronic equipment 
items play a major role regarding which requirements are critical to an application.  For example, 
emissions requirements are tied to protecting antenna-connected receivers on platforms.  The 
operating frequency ranges and sensitivities of the particular receivers on-board a platform, therefore, 
influence the need for certain requirements. 

The EMICP, EMITP, and EMITR are important elements in documenting design efforts for meeting the 
requirements of this standard, testing approaches, which interpret the generalised test procedures in 
this standard, and reporting of the results of testing.  The EMICP is a mechanism instituted to help 
ensure that contractors analyse equipment design for EMI implications and include necessary 
measures in the design for compliance with requirements.  Approval of the document does not 
indicate that the procuring activity agrees that all the necessary effort is stated in the document.  It is 
simply a recognition that the design effort is addressing the correct issues. 

The susceptibility limits are the upper bound on the range of values for which compliance is required.  
The EUT must also provide required performance at any stress level below the limit.  For example, if 
the limit for radiated susceptibility to electric fields is 10 volts/metre, the EUT must also meet its 
performance requirements at 5 volts/metre or any other field less than or equal to 10 volts/metre.  
There have been cases documented where equipment (such as equipment with automatic gain control 
circuitry) was not susceptible to radiated electric fields at given frequencies at the limit level but was 
susceptible to the environment at the same frequencies when exposed to fields below the limit level. 

'>.! #:1!N,-+R,M!RP\K*RPSP-+F!XPRFKF!*-+P-)P)!*-F+;MM;+*,-F!

%;LMP! =! FO,YF! +OP! ;JJM*N;L*M*+<! ,T! +OP! +PF+! SP+O,)F! +,! P;NO! ,T! +OP! 4;-)[! EP;! ;-)! "*R! FPRX*NP!
P-X*R,-SP-+F!;-)!FO,KM)!LP!RP;)! *-!N,-cK-N+*,-!Y*+O! +OP!S,RP!)P+;*MP)!)*FNKFF*,-!,T!;JJM*N;L*M*+<!,T!
P;NO!*-)*X*)K;M!+PF+!SP+O,)!M*F+P)!*-!FPN+*,-!=>!!1-!;))*+*,-!+OPRP!;RP!)*TTPRP-NPF!LP+YPP-!3;+*,-F!,-!
YOPRPCYOP+OPR! ;! J;R+*NKM;R! +PF+! FO,KM)! LP! ;JJM*P)>! ! %;LMP! W! FO,YF! P;NO! 3"%/!3;+*,-_F! *-)*X*)K;M!
+PF+*-Q!RP\K*RPSP-+>!

gOPRP!;-!P\K*JSP-+!,R!FKLF<F+PS!*F!+,!LP!*-F+;MMP)!*-!S,RP!+O;-!,-P!+<JP!,T!JM;+T,RS!,R!*-F+;MM;+*,-[!*+!
FO;MM! N,SJM<! Y*+O! +OP! S,F+! F+R*-QP-+! ,T! +OP! ;JJM*N;LMP! RP\K*RPSP-+F! ;-)! M*S*+F>! ! "MF,! YOPRP!
JR,NKRPSP-+!*F!T,R!S,RP!+O;-!,-P!-;+*,-!+OP!RP\K*RPSP-+F!,T!P;NO!-;+*,-!FO;MM!LP!;))RPFFP)>!

Discussion: Discussion on each requirement as it relates to different platforms is contained with in 
later paragraphs of Section 6.  These discussions explain where each test may be specifically required 
according to the type of platform/service or the types of sensor system fitted. 
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!

!
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!

!

0P\K*RPSP-+! IPFNR*J+*,-!

3$#(8! $,-)KN+P)!#S*FF*,-F[!&,YPR!4P;)F[!V(!`a!+,!8(!^`a!

3$#(.! $,-)KN+P)!#S*FF*,-F[!&,YPR!4P;)F[!8(!^`a!+,!8(!:`a!

3$#(V! $,-)KN+P)!#S*FF*,-F[!"-+P--;!%PRS*-;M[!8(!^`a!+,!U(!2`a!

3$#(U! $,-)KN+P)!#S*FF*,-F[!#]J,R+P)!%R;-F*P-+F!,-!&,YPR!4P;)F!

3$#('! $,-)KN+P)!#S*FF*,-F[!&,YPR[!$,-+R,M!s!E*Q-;M!4P;)F[!V(!`a!+,!8'(!:`a!

3$E(8! $,-)KN+P)!EKFNPJ+*L*M*+<[!&,YPR!4P;)F[!V(!`a!+,!8'(!^`a!

3$E(.! $,-)KN+P)!EKFNPJ+*L*M*+<[!$,-+R,M!s!E*Q-;M!4P;)F[!.(!`a!+,!'(!^`a!

3$E(V! $,-)KN+P)!EKFNPJ+*L*M*+<[!"-+P--;!&,R+[!1-+PRS,)KM;+*,-[!8'!^`a!+,!8(!2`a!!

3$E(U! $,-)KN+P)!EKFNPJ+*L*M*+<[!"-+P--;!&,R+[!0PcPN+*,-!,T!H-)PF*RP)!E*Q-;MF[!V(!`a!+,!
.(!2`a!

3$E('! $,-)KN+P)!EKFNPJ+*L*M*+<[!"-+P--;!&,R+[!$R,FF?:,)KM;+*,-[!V(!`a!+,!.(!2`a!

3$E(=! $,-)KN+P)!EKFNPJ+*L*M*+<[!E+RKN+KRP!$KRRP-+[!=(!`a!+,!8((!^`a!

3$E(W! $,-)KN+P)!EKFNPJ+*L*M*+<[!6KM^!$;LMP!1-cPN+*,-[!8(!^`a!+,!.((!:`a!

3$E(9! $,-)KN+P)!EKFNPJ+*L*M*+<[!6KM^!$;LMP!1-cPN+*,-[!1SJKMFP!#]N*+;+*,-!

3$E(d! $,-)KN+P)!EKFNPJ+*L*M*+<[!I;SJP)!E*-KF,*);M!%R;-F*P-+F[!$;LMPF!;-)!&,YPR!
4P;)F[!8(!^`a!+,!8((!:`a!

3$E8(! $,-)KN+P)!EKFNPJ+*L*M*+<[!1SJ,R+P)!4*QO+-*-Q!@"*RNR;T+A!

3$E88! $,-)KN+P)!EKFNPJ+*L*M*+<[!1SJ,R+P)!4,Y!GRP\KP-N<!,-!&,YPR!4P;)F!@EO*JFA!

3$E8.! $,-)KN+P)!EKFNPJ+*L*M*+<[!#MPN+R,F+;+*N!I*FNO;RQP!

30#(8! 0;)*;+P)!#S*FF*,-F[!:;Q-P+*N!G*PM)[!V(!`a!+,!8((!^`a!

30#(.! 0;)*;+P)!#S*FF*,-F[!#MPN+R*N!G*PM)[!8(!^`a!+,!89!2`a!

30#(V! 0;)*;+P)!#S*FF*,-F[!"-+P--;!EJKR*,KF!;-)!`;RS,-*N!/K+JK+F[!8(!^`a!+,!U(!2`a!

30E(8! 0;)*;+P)!EKFNPJ+*L*M*+<[!:;Q-P+*N!G*PM)[!V(!`a!+,!8((!^`a!

30E(.! 0;)*;+P)!EKFNPJ+*L*M*+<[!#MPN+R*N!G*PM)[!'(!^`a!+,!U(!2`a!

30E(V! 0;)*;+P)!EKFNPJ+*L*M*+<[!%R;-F*P-+!#MPN+R,S;Q-P+*N!G*PM)!

30E(U! 0;)*;+P)!EKFNPJ+*L*M*+<[!:;Q-P+*N!G*PM)[!EKFNPJ+*L*M*+<!@I$A!

TABLE 5 Emission and susceptibility requirements. 
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!
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!
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!
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!
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!
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!
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.
!
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!
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#
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!
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!
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(
.
!

3
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E
(
V
!

3
0
E
(
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!

! 4;-)! - Y P Y Y Y Y P P P - Y Y Y - - Y Y Y P Y Y P -

! EO*JF! P Y P Y Y Y Y P P P - Y P Y - Y P Y Y P Y Y P Y

! EKLS;R*-PF! Y Y P Y Y Y Y P P P P Y P Y - Y P Y Y P Y Y P Y

! "*R! Y Y P Y Y Y Y P P P - Y Y Y Y - Y Y Y P Y Y P -

! EJ;NP!E<F+PSF[!
1-NMK)*-Q!4;K-NO!
DPO*NMPF!

? Y P ? ? Y  P P P ? Y Y Y ? ? ? ? Y P ? Y ? ?

TABLE 6 Requirement Matrix. 

7P<h! 5! %PF+!*F!RP\K*RP)!T,R!;MM!P\K*JSP-+!,-!+O*F!JM;+T,RS!+<JP>!

&! %PF+! *F!J;R+*;MM<!;JJM*N;LMP>!EPMPN+*,-!,T!+OP!+PF+!FO,KM)!LP!L;FP)!,-!^-,YMP)QP!,T! +OP!
*-F+;MM;+*,-!;-)!,+OPR!N,?M,N;+P)!P\K*JSP-+_F!L;FP)!,-!QK*);-NP!T,R!P;NO!+PF+!SP+O,)!
Q*XP-! M;+PR! *-! +O*F! FPN+*,->! ! %OPFP! +PF+F! S;<! ;MF,! LP! FJPN*T*P)CFPMPN+P)! L<! +OP!
JR,NKRPSP-+!;K+O,R*+<>!

3,! P-+R<! *-! +OP! +;LMP! SP;-F! +OP! +PF+! *F! -,+! ;JJM*N;LMP! +,! P\K*JSP-+! ,-C*-! +O;+!
FPRX*NPCJM;+T,RS>!

3,+PFh! 8>! gOPRP!3$#('!%PF+!*F!JPRT,RSP)[!*+!*F!-,+!-PNPFF;R<!+,!;MF,!K-)PR+;^P!+PF+!3$#(8>!

! .>! 30E(U! *F!,-M<!;JJM*N;LMP!YOPRP!P\K*JSP-+CFKLF<F+PS! *F! *-F+;MMP)!,-!;!JM;+T,RS! T*++P)!
Y*+O!;!)PQ;KFF*-Q!F<F+PS!,R!YO*NO!S;<!LP!FKLcPN+!+,!)PJPRS*-Q>!

IPT*-*+*,-Fh!

8>! 4;-)!N,XPRF!S*M*+;R<!;JJM*N;+*,-F! +O;+!;RP!JR*S;R*M<! M;-)!L;FP)>! ! 1+! *-NMK)PF!;MM!S*M*+;R<!
XPO*NMPF!*-NMK)*-Q!;RS,KRP)!;-)!+R;-FJ,R+!XPO*NMPF!+O;+!Y*MM!LP!KFP)!*-!,R!NM,FP!+,!TR,-+!
M*-P!F<F+PSF>!!1-!;))*+*,-!*+!*-NMK)PF!P\K*JSP-+!*-!QR,K-)!T;N*M*+*PF[!YO*NO!;RP!,JPR;+P)!
*-!JR,]*S*+<!,R!)*RPN+M<!N,--PN+P)!+,!FP-F*+*XP!RPNP*X*-Q!P\K*JSP-+!,R!YP;J,-!F<F+PSF>!!
gOPRP!FKNO!T;N*M*+*PF!;RP!M;RQPM<!*-!;!N,SSPRN*;M!FP++*-Q!,R!,-M<!;!M*S*+P)!KFP!,T!S*M*+;R<!
P\K*JSP-+!*F!RP\K*RP)!+OP!JR,NKR*-Q!;K+O,R*+<!FO;MM!FJPN*T<!YO*NO!,T!+OPFP!+PF+F!,R!,+OPR!
N,SSPRN*;M!+PF+F!;RP!RP\K*RP)>!

.>! "*RNR;T+!,JPR;+P)!L<!;MM!V!FPRX*NPF!FO,KM)!LP!+RP;+P)!*-!+OP!F;SP!S;--PR>!!`,YPXPR[!;F!
P]JM;*-P)!*-!+OP!)*FNKFF*,-!,-!*-)*X*)K;M!+PF+!SP+O,)F!*-!EPN+*,-!=[!F,SP!+PF+F!S;<!-,+!
LP!RP\K*RP)!*T!FP-F,RF!,T!;!J;R+*NKM;R!+<JP!;RP!-,+!*-F+;MMP)>!

V>! EO*J!C!EKLS;R*-P!;JJM*N;+*,-!*-NMK)P!;MM!#H%F!T*++P)!,-!SP+;MM*N!;-)!-,-?SP+;MM*N!S*M*+;R<!
JM;+T,RSF!YO*NO!,JPR;+P!*-!,JP-!;-)!M*++,R;M!Y;+PRF>!
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! 6PMQ*KS! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 6KMQ;R*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! $;-;);! Y Y Y - - Y - - - - Y Y Y Y - - Y Y Y Y Y Y Y -

! $aPNO!0PJKLM*N! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! IP-S;R^! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! #F+,-*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! GR;-NP! Y Y Y Y Y Y Y - Y - Y Y Y Y Y - Y Y Y - Y Y Y Y

! 2PRS;-<! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 2RPPNP! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! `K-Q;R<! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 1NPM;-)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 1+;M<! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 4;+X*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 4*+OK;-*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 4K]PSL,KRQ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 3P+OPRM;-)F@-;X<!,-M<A! Y Y - - - Y - - - - Y Y Y Y - - Y Y Y - Y Y Y -

! 3,RY;<! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! &,M;-)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! &,R+KQ;M! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! 0,S;-*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! EM,X;^*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! EM,XP-*;! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! EJ;*-! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! %KR^P<! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

! H-*+P)!7*-Q),S! - Y - Y Y Y Y - - - - Y - Y Y Y Y Y Y - Y Y - Y

! H-*+P)!E+;+PF! Y Y Y - - Y - Y Y Y Y Y Y Y - - - Y Y Y Y Y Y -

TABLE 7 Tests required by NATO Nations. 

7P<h! 5! %PF+!Y*MM!LP!;JJM*P)!L<!+O;+!3;+*,-!

-! %PF+!Y*MM!,-M<!LP!;JJM*P)!L<!+O;+!3;+*,-!*T!N;MMP)!KJ!*-!JR,NKRPSP-+!FJPN*T*N;+*,-!

gOPRP!-,!P-+R*PF!;RP!S;)P!T,R!;!3;+*,-!+OP!RPMPX;-+!;K+O,R*+<CJR,cPN+!,TT*NP!T,R!+O;+!3;+*,-!FO,KM)!LP!
N,-FKM+P)!+,!)P+PRS*-P!+OP!RP\K*RPSP-+F!T,R!*-)*X*)K;M!+PF+F>!!
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6 DETAILED TEST METHODS REQUIREMENTS 

=>8! 2P-PR;M!

%O*F! FPN+*,-! FJPN*T*PF! )P+;*MP)! PS*FF*,-F! ;-)! FKFNPJ+*L*M*+<! RP\K*RPSP-+F! ;-)! +OP! ;FF,N*;+P)! +PF+!
JR,NP)KRPF>!2P-PR;M!+PF+!JR,NP)KRPF!;RP!*-NMK)P)!*-!+O*F!FPN+*,->!

=>.! H-*+F!,T!TRP\KP-N<!),S;*-!SP;FKRPSP-+F!
"MM!TRP\KP-N<!),S;*-!M*S*+F!;RP!P]JRPFFP)!*-!+PRSF!,T!P\K*X;MP-+!0,,+!:P;-!E\K;RP!@0:EA!X;MKP!,T!;!
F*-P! Y;XP! ;F! Y,KM)! LP! *-)*N;+P)! L<! +OP! ,K+JK+! ,T! ;! SP;FKRPSP-+! RPNP*XPR! KF*-Q! JP;^! P-XPM,JP!
)P+PN+*,-!@FPP!J;R;QR;JO!U>V>8(>8A>!

Discussion:! A detailed discussion is provided on peak envelope detection in paragraph 4.3.10.1.  
A summary of output of the detector for several input waveforms is as follows.  For an unmodulated 
sine wave, the output simply corresponds to the RMS value of the sine wave.  For a modulated sine 
wave, the output is the RMS value of an unmodulated sine wave with the same absolute peak value.  
For a signal with a bandwidth greater than the bandwidth of the measurement receiver, the output is 
the RMS value of an unmodulated sine wave with the same absolute peak value as the waveform 
developed in the receiver bandpass.!

=>V! #S*FF*,-!;-)!FKFNPJ+*L*M*+<!RP\K*RPSP-+F[!M*S*+F[!;-)!+PF+!JR,NP)KRPF!

1-)*X*)K;M!PS*FF*,-!,R!FKFNPJ+*L*M*+<!RP\K*RPSP-+F!;-)!+OP*R!;FF,N*;+P)!M*S*+F!;-)!+PF+!JR,NP)KRPF!;RP!
QR,KJP)! +,QP+OPR! *-! +OP! T,MM,Y*-Q! FPN+*,-F>! ! %OP! ;JJM*N;LMP! TRP\KP-N<! R;-QP! ;-)! M*S*+! ,T! S;-<!
PS*FF*,-! ;-)! FKFNPJ+*L*M*+<! RP\K*RPSP-+F! X;R*PF! )PJP-)*-Q! ,-! +OP! J;R+*NKM;R! JM;+T,RS! ,R! *-F+;MM;+*,->!!
%OP! +PF+!JR,NP)KRPF! *-NMK)P)! *-! +O*F!FPN+*,-!;RP!X;M*)! T,R! +OP!P-+*RP! TRP\KP-N<!R;-QP!FJPN*T*P)! *-! +OP!
JR,NP)KRPj!O,YPXPR[! +PF+*-Q!,-M<!-PP)F! +,!LP!JPRT,RSP)!,XPR! +OP! TRP\KP-N<! R;-QP!FJPN*T*P)! T,R! +OP!
J;R+*NKM;R!JM;+T,RS!,R!*-F+;MM;+*,->!

Discussion: In this version of AECTP500, the test procedures for individual requirements follow 
directly after the applicability and limit statements.  The discussion for the individual requirements is 
separated into these two areas.!

=>U! 3$#(8[!N,-)KN+P)!PS*FF*,-F[!J,YPR!MP;)F[!V(!`a!+,!8(!^`a 

Applicability and limits: %OP!RP\K*RPSP-+F!;RP!;JJM*N;LMP!+,!MP;)F!+O;+!,L+;*-!J,YPR!TR,S!F,KRNPF!
+O;+!;RP!-,+!J;R+!,T!+OP!#H%>!!%OPRP!*F!-,!RP\K*RPSP-+!,-!,K+JK+!MP;)F!TR,S!J,YPR!F,KRNPF>!

%O*F! +PF+!-PP)!-,+!LP!JPRT,RSP)! *T! +PF+!SP+O,)!3$#('! *F!LP*-Q!JPRT,RSP)>! !EPP!J;R;QR;JO!'>.!;-)!
"JJM*N;L*M*+<!%;LMPF!=!;-)!W>!

%OP!M*S*+F!;RP!*-!+PRSF!,T!NKRRP-+!LPN;KFP!,T!+OP!)*TT*NKM+<!*-!N,-+R,MM*-Q!+OP!J,YPR!F,KRNP!*SJP);-NP!*-!
+PF+! T;N*M*+*PF!;+! M,YPR! TRP\KP-N*PF>! ! %O*F! +<JP! ,T! N,-+R,M!Y,KM)!LP! -PNPFF;R<! +,! FJPN*T<! +OP! M*S*+F! *-!
+PRSF!,T!X,M+;QP>!!#S*FF*,-!NKRRP-+!MPXPMF!Y*MM!LP!F,SPYO;+!*-)PJP-)P-+!,T!J,YPR!F,KRNP!*SJP);-NP!
X;R*;+*,-F! ;F! M,-Q! ;F! +OP! *SJP);-NP! ,T! +OP! PS*FF*,-! F,KRNP! *F! M;RQP! RPM;+*XP! +,! +OP! J,YPR! F,KRNP!
*SJP);-NP>!

G,R!FKLS;R*-PF[!+OP!*-+P-+!,T!+O*F!RP\K*RPSP-+!*F!+,!N,-+R,M!+OP!PTTPN+F!,T!N,-)KN+P)!PS*FF*,-F!JPNKM*;R!
+,!+OP!FO*JL,;R)!J,YPR!)*F+R*LK+*,-!F<F+PS>!!`;RS,-*N!M*-P!NKRRP-+F!;RP!M*S*+P)!T,R!P;NO!PMPN+R*N;M!M,;)!
N,--PN+P)!+,!+OP!J,YPR!)*F+R*LK+*,-!F<F+PS>!

%OP!FKLS;R*-P!FPRX*NP!J,YPR!)*F+R*LK+*,-!F<F+PS!@FO*J_F!JR*S;R<!J,YPRA!FKJJM*P)!L<!+OP!FKLS;R*-P_F!
;M+PR-;+,RF! *F! UU(! D"$[! =(! `a[! V?JO;FP[! V?Y*RP[! K-QR,K-)P)>! ! "M+O,KQO! FO*J_F! JR*S;R<! J,YPR! *F!
K-QR,K-)P)[! +OPRP! P]*F+F! ;! X*R+K;M! ;M+PR-;+*-Q! NKRRP-+! @"$A! QR,K-)! ;+! P;NO! PMPN+R*N;M! M,;)! )KP! +,!
N;J;N*+;-NP!+,!NO;FF*F>!!%OP!K-L;M;-NP!LP+YPP-!+OP!X*R+K;M!QR,K-)F!;+!P;NO!PMPN+R*N;M!M,;)!N;KFPF!"$!
NKRRP-+F! +,! TM,Y! *-! +OP!OKMM! ,T! +OP! FKLS;R*-P>! ! %OPFP!OKMM! NKRRP-+F! N;-!)PQR;)P! +OP!JPRT,RS;-NP!,T!
PMPN+R,-*N!P\K*JSP-+[!KJFP+!QR,K-)!)P+PN+,RF[!;-)!N,K-+PR;N+!)PQ;KFF*-Q>!
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`KMM! NKRRP-+F! ;RP! N,-+R,MMP)! L<! M*S*+*-Q! +OP! ;SJM*+K)P! ,T! O;RS,-*N! NKRRP-+F! N,-)KN+P)! ,-! +OP! J,YPR!
)*F+R*LK+*,-!F<F+PS!Y*R*-Q! T,R!P;NO!PMPN+R*N;M! M,;)>! !%OP! M*S*+! *F!L;FP)!,-!S;*-+;*-*-Q! +,+;M!O;RS,-*N!
X,M+;QP! )*F+,R+*,-! ,T! +OP! FO*J! J,YPR! )*F+R*LK+*,-! F<F+PS! Y*+O*-! 'q! ,T! +OP! FKJJM<! X,M+;QP! Y*+O! +OP!
N,-+R*LK+*,-!TR,S!;-<!F*-QMP!O;RS,-*N!LP*-Q!MPFF!+O;-!Vq>!!1-!;))*+*,-!+,!+OP!OKMM!NKRRP-+!N,-NPR-[!+,+;M!
O;RS,-*N!)*F+,R+*,-!,T! +OP!FKJJM<!X,M+;QP!Y;XPT,RS!QRP;+PR! +O;-!'q! *F!;L,XP! +OP! +,MPR;-NP!,T!S,F+!
PMPN+R,-*N!P\K*JSP-+[!*-)KN+*,-!S,+,RF[!S;Q-P+*N!)PX*NPF[!;-)!SP;FKR*-Q!)PX*NPF>!

G,R!;*R! +OP!JR*S;R<!N,-NPR-! *F! +,!P-FKRP! +O;+! +OP!#H%!),PF!-,+!N,RRKJ+! +OP!J,YPR!\K;M*+<! @;MM,Y;LMP!
X,M+;QP! )*F+,R+*,-A! ,-! +OP! J,YPR! LKFPF! JRPFP-+! ,-! +OP! JM;+T,RS>! ! 1-! +OP! N;FP! ,T! ;*RNR;T+! KF*-Q! ;-+*?
FKLS;R*-P! Y;RT;RP! @"EgA! P\K*JSP-+! *+! *F! +OP! K-;NNPJ+;LMP! MPXPMF! ,T! PS*FF*,-! NKRRP-+F! *-! +OP!
TRP\KP-N<!R;-QP!,T!+O*F!+PF+!+O;+!Y,KM)!M*S*+!+OP!)P+PN+*,-!;-)!JR,NPFF*-Q!N;J;L*M*+*PF!,T!+OP!:;Q-P+*N!
"-,S;M<!IP+PN+*,-!@:"IA!;-)!"N,KF+*N!EP-F,R!F<F+PSF>!

%OP!:"I!F<F+PSF!SKF+!LP!;LMP!+,!*F,M;+P!;!S;Q-P+*N!)*F+KRL;-NP!*-!+OP!P;R+O_F!S;Q-P+*N!T*PM)!,T!MPFF!
+O;-!,-P!J;R+!*-!'([(((>!!1-!JRPFP-+!;*RNR;T+[!+OP!TKMM!FP-F*+*X*+<!,T!+OP!:"I!F<F+PSF!*F!-,+!;X;*M;LMP!)KP!
+,! *-+PRTPRP-NP!JR,)KNP)!L<!,-L,;R)!P\K*JSP-+>! !4,Y!TRP\KP-N<! *-+PRTPRP-NP!PTTPN+F! *-!+OP!V(!`a!+,!
8(!^`a!N;-!LP!;!JR,LMPS!T,R!"N,KF+*N!EP-F,R!F<F+PSF>!

%;*M,R*-Q! ,T! +OP! RP\K*RPSP-+F! L<! +OP! JR,NKR*-Q! ;N+*X*+<! *F! +,! *SJ,FP! +OP! RP\K*RPSP-+! *T! FP-F*+*XP!
RPNP*XPRF!,JPR;+*-Q! *-! +OP!TRP\KP-N<!R;-QP!,T! +OP!RP\K*RPSP-+!;RP!+,!LP! *-F+;MMP)!,-!;!JM;+T,RS!,R! +,!
S,)*T<!+OP!M*S*+!L;FP)!,-!+OP!J;R+*NKM;R!NO;R;N+PR*F+*NF!,T!+OP!J,YPR!F<F+PS!,-L,;R)!+OP!JM;+T,RS>!

Test procedures:! #S*FF*,-! MPXPMF! ;RP! )P+PRS*-P)! L<! SP;FKR*-Q! +OP! NKRRP-+! JRPFP-+! ,-! P;NO!
J,YPR! MP;)>! ! %OP! 41E3F! Y*MM! O;XP! M*++MP! *-TMKP-NP! ,-! +OP! RPFKM+F! ,T! +O*F! +PF+*-Q>! ! %OP! N*RNK*+!
NO;R;N+PR*F+*NF! ,T! +OP! 41E3! Y*MM! OPMJ! F+;L*M*FP! SP;FKRPSP-+F! -P;R! 8(! ^`aj! O,YPXPR[! +OP! 41E3!
J;R;SP+PRF!Y*MM!-,+!LP!F*Q-*T*N;-+!,XPR!S,F+!,T!+OP!TRP\KP-N<!R;-QP!,T!+OP!+PF+>!

$KRRP-+!*F!SP;FKRP)!LPN;KFP!,T!+OP!M,Y!*SJP);-NPF!JRPFP-+!,XPR!S,F+!,T!+OP!TRP\KP-N<!R;-QP!,T!+OP!
+PF+>!!$KRRP-+!MPXPMF!Y*MM!LP!F,SPYO;+!*-)PJP-)P-+!,T!J,YPR!F,KRNP!*SJP);-NP!X;R*;+*,-F!;F!M,-Q!;F!
+OP! *SJP);-NP! ,T! +OP! PS*FF*,-! F,KRNP! *F! F*Q-*T*N;-+! *-! RPM;+*,-! +,! +OP! J,YPR! F,KRNP! *SJP);-NP>!!
`,YPXPR[!;+!TRP\KP-N*PF!YOPRP!+OP!FO*PM)P)!R,,S!T*M+PRF!*-!+OP!+PF+!T;N*M*+<!RPF,-;+P!@QP-PR;MM<!LP+YPP-!
8!;-)!8(!^`aA[!*-TMKP-NPF!,-!SP;FKRP)!NKRRP-+F!N;-!LP!P]JPN+P)>!

IKR*-Q! +OP!SP;FKRPSP-+! F<F+PS!NOPN^[! +OP! F*Q-;M! QP-PR;+,R!S;<!-PP)! +,! LP! FKJJMPSP-+P)!Y*+O!;!
J,YPR!;SJM*T*PR!+,!,L+;*-!+OP!-PNPFF;R<!NKRRP-+!=!)6!LPM,Y!+OP!;JJM*N;LMP!M*S*+>!

%OP!X;MKP!,T!+OP!RPF*F+,R!t0u!*-!G*QKRP!3$#(8?'!,T!:P+O,)!3$#(8!*F!-,+!FJPN*T*P)!LPN;KFP!;!J;R+*NKM;R!
X;MKP! *F! -,+! NR*+*N;M>! !gO;+PXPR! X;MKP! *F! N,-XP-*P-+! T,R!SP;FKRPSP-+! ;-)! J,FF*LMP!S;+NO*-Q! ,T! +OP!
F*Q-;M!QP-PR;+,R!N;-!LP!KFP)>!

"! J,FF*LMP! ;M+PR-;+*XP! SP;FKRPSP-+! +,,M! *-! +O*F! TRP\KP-N<! R;-QP! *F! ;! Y;XP! ;-;M<FPR! KF*-Q! ;! G;F+!
G,KR*PR! %R;-FT,RS! ;MQ,R*+OS>! ! HFP! ,T! +O*F! +<JP! ,T! *-F+RKSP-+;+*,-! RP\K*RPF! FJPN*T*N! ;JJR,X;M! L<! +OP!
JR,NKR*-Q!;N+*X*+<>!

=>'! 3$#(.[!N,-)KN+P)!PS*FF*,-F[!J,YPR!MP;)F[!8(!^`a!+,!8(!:`a!

Applicability and limits: %OP!RP\K*RPSP-+F!;RP!;JJM*N;LMP!+,!MP;)F!+O;+!,L+;*-!J,YPR!TR,S!F,KRNPF!
+O;+!;RP!-,+!J;R+!,T!+OP!#H%>!!%OPRP!*F!-,!RP\K*RPSP-+!,-!,K+JK+!MP;)F!TR,S!J,YPR!F,KRNPF>!

%OP!L;F*N!N,-NPJ+! *-! +OP! M,YPR! TRP\KP-N<!J,R+*,-!,T! +OP!RP\K*RPSP-+! *F! +,!P-FKRP!+O;+! +OP!#H%!),PF!
-,+! N,RRKJ+! +OP! J,YPR! \K;M*+<! @;MM,Y;LMP! X,M+;QP! )*F+,R+*,-A! ,-! +OP! J,YPR! LKFPF! JRPFP-+! ,-! +OP!
JM;+T,RS>!

E*-NP! J,YPR! \K;M*+<! F+;-);R)F! Q,XPR-! ;MM,Y;LMP! )*F+,R+*,-! ,-! ,K+JK+! J,YPR[! +OPRP! *F! -,! -PP)! T,R!
FPJ;R;+P!#:1!RP\K*RPSP-+F!,-!,K+JK+! MP;)F>! !%OP!,K+JK+!J,YPR! MP;)F!;RP! +RP;+P)!-,!)*TTPRP-+M<! +O;-!
;-<!,+OPR!PMPN+R*N;M! *-+PRT;NP>! !%O*F!F+;-);R)!),PF!-,+!)*RPN+M<!N,-+R,M! +OP!FJPN+R;M!N,-+P-+!,T!F*Q-;MF!
JRPFP-+!,-!PMPN+R*N;M!*-+PRT;NPF>!!g;XPT,RS!)PT*-*+*,-F!;-)!)*F+,R+*,-!M*S*+F!;RP!FJPN*T*P)!*-!),NKSP-+F!
FKNO!;F! *-+PRT;NP!N,-+R,M!),NKSP-+F>! ! 1-!+OP!N;FP!,T!,K+JK+!J,YPR[! +OP!\K;M*+<!,T! +OP!J,YPR!SKF+!LP!
FJPN*T*P)!,XPR!;-!;JJR,JR*;+P!TRP\KP-N<!R;-QP!F,!+O;+!+OP!KFPR!,T!+OP!J,YPR!N;-!JR,JPRM<!)PF*Q-!T,R!*+F!
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NO;R;N+PR*F+*NF>!!%O*F!F*+K;+*,-!*F!+RKP!YOP+OPR!+OP!J,YPR!F,KRNP!*F!;!JR*S;R<!F,KRNP!FKNO!;F!88'!X,M+F[!
U((!`a[!,R!;!v!8'!DI$!M,Y!NKRRP-+!FKJJM<>!!"!F*Q-*T*N;-+!*-)*RPN+!N,-+R,M!,-!FJPN+R;M!N,-+P-+!P]*F+F!*-!
+OP!30#(.!M*S*+F!YO*NO!PFFP-+*;MM<!RP\K*RP!+O;+!;JJR,JR*;+P!Y;XPT,RS!N,-+R,M!;-)!F*Q-;M!+R;-FS*FF*,-!
+PNO-*\KPF!LP!KFP)!+,!JRPXP-+!K-;NNPJ+;LMP!R;)*;+*,-!@FPP!)*FNKFF*,-!,-!3$#(.!M*S*+!JM;NPSP-+!;-)!
30#(.!RPM;+*,-FO*J!LPM,YA>!

E*-NP!X,M+;QP!)*F+,R+*,-!*F!+OP!L;F*F!T,R!PF+;LM*FO*-Q!J,YPR!\K;M*+<!RP\K*RPSP-+F[!+OP!3$#(.!M*S*+!*F!*-!
+PRSF! ,T! X,M+;QP>! ! %OP! KFP! ,T! ;! F+;-);R)*FP)! M*-P! *SJP);-NP! ,XPR! +OP! TRP\KP-N<! R;-QP! ,T! +O*F! +PF+!
JR,X*)PF!T,R!+OP!N,-XP-*P-+!SP;FKRPSP-+!,T!+OP!X,M+;QP!;F!)PXPM,JP)!;NR,FF!+O*F!*SJP);-NP>!

"+!O*QOPR!TRP\KP-N*PF[!+OP!3$#(.!M*S*+!FPRXPF!;F!;!FPJ;R;+P!N,-+R,M!TR,S!30#(.!,-!J,+P-+*;M!R;)*;+*,-!
TR,S!J,YPR!MP;)F!+O;+!S;<!N,KJMP!*-+,!FP-F*+*XP!;-+P--;?N,--PN+P)!RPNP*XPRF>!!%OP!3$#(.!M*S*+F!O;XP!
LPP-!JM;NP)! +,!P-FKRP! +O;+! +OPRP! *F!-,!N,-TM*N+!Y*+O! +OP!30#(.! M*S*+>! !#S*FF*,-F!;+! +OP!3$#(.! M*S*+!
FO,KM)! -,+! R;)*;+P! ;L,XP! +OP! 30#(.! M*S*+>! ! 4;L,R;+,R<! P]JPR*SP-+F! ,-! N,KJM*-Q! TR,S! ;! .>'! SP+RP!
J,YPR! MP;)! N,--PN+P)! +,! ;! M*-P! *SJP);-NP! F+;L*M*F;+*,-! -P+Y,R^! O;XP! FO,Y-! +O;+! +OP! PMPN+R*N! T*PM)!
)P+PN+P)! L<! +OP! 30#(.! R,)! ;-+P--;! *F! TM;+! Y*+O! TRP\KP-N<! KJ! +,! ;JJR,]*S;+PM<! 8(! :`a! ;-)! *F!

;JJR,]*S;+PM<!P\K;M! +,!@]?U(A!)6&DCS[!YOPRP!t]u! *F! +OP!X,M+;QP!P]JRPFFP)!*-!)6&D>!!G,R!P];SJMP[! *T!
+OPRP! *F! ;! F*Q-;M! MPXPM! ,T! =(! )6&D! ,-! +OP! MP;)[! +OP! )P+PN+P)! PMPN+R*N! T*PM)! MPXPM! *F! ;JJR,]*S;+PM<!
.(!)6&DCS>!

%;*M,R*-Q! ,T! +OP! RP\K*RPSP-+F! *-! N,-+R;N+K;M! ),NKSP-+F!S;<! LP! )PF*R;LMP! L<! +OP! JR,NKR*-Q! ;N+*X*+<>!!
")cKF+*-Q!+OP!M*S*+!M*-P!+,!S,RP!NM,FPM<!PSKM;+P!;!FJPN+R;M!NKRXP!T,R!;!J;R+*NKM;R!J,YPR!\K;M*+<!F+;-);R)!
*F!,-P!J,FF*L*M*+<>! !$,-+R*LK+*,-F! TR,S!SKM+*JMP! *-+PRTPRP-NP!F,KRNPF!-PP)! +,!LP!N,-F*)PRP)!;F!-,+P)!
;L,XP>! ! 1T! ;-+P--;?N,--PN+P)! RPNP*XPRF! ;RP! -,+! JRPFP-+! ,-! +OP! JM;+T,RS! ;+! +OP! O*QOPR! TRP\KP-N*PF[!
+;*M,R*-Q!,T!+OP!KJJPR!TRP\KP-N<!,T!+OP!RP\K*RPSP-+!*F!;-,+OPR!J,FF*L*M*+<>!!%OP!RP\K*RPSP-+!*F!M*S*+P)!+,!
;-!KJJPR!TRP\KP-N<!,T!8(!:`a!)KP!+,!+OP!;MM,Y;LMP!.>'!SP+RP!MP-Q+O!,T!J,YPR!MP;)!*-!+OP!+PF+!FP+?KJ!
;JJR,;NO*-Q! RPF,-;-NP>! ! "-<! N,-)KN+P)! SP;FKRPSP-+F! LPN,SP! MPFF! SP;-*-QTKM! ;L,XP! +O*F!
TRP\KP-N<>!!1T!+;*M,R*-Q!*F!),-P!+,!*SJ,FP!+OP!RP\K*RPSP-+!;+!O*QOPR!TRP\KP-N*PF[!+OP!+PF+!FP+?KJ!FO,KM)!
LP!S,)*T*P)!T,R!3$#(.!+,!FO,R+P-!+OP!;MM,Y;LMP!MP-Q+O!,T!+OP!J,YPR!MP;)F>!

Test procedures: #S*FF*,-!MPXPMF!;RP!)P+PRS*-P)!L<!SP;FKR*-Q!+OP!X,M+;QP!JRPFP-+!;+!+OP!,K+JK+!
J,R+!,-!+OP!'(!f`!41E3>!

%OP! J,YPR! F,KRNP! *SJP);-NP! N,-+R,M! JR,X*)P)! L<! +OP! 41E3! *F! ;! NR*+*N;M! PMPSP-+! ,T! +O*F! +PF+>! ! %O*F!
N,-+R,M! *F! *SJ,FP)! )KP! +,! Y*)P! X;R*;-NPF! *-! NO;R;N+PR*F+*NF! ,T! FO*PM)P)! R,,S! T*M+PRF! ;-)! J,YPR! M*-P!
*SJP);-NPF!;S,-Q!X;R*,KF! +PF+!;QP-N*PF!;-)! +,!JR,X*)P! RPJP;+;L*M*+<! +OR,KQO!F+;-);R)*F;+*,->! !%OP!
41E3! F+;-);R)*FPF! +O*F! *SJP);-NP>! ! %OP! *SJP);-NP! JRPFP-+! ;+! +OP! #H%! PMPN+R*N;M! *-+PRT;NP! *F!
*-TMKP-NP)! L<! +OP! N*RNK*+! NO;R;N+PR*F+*NF! ,T! +OP! J,YPR! MP;)! Y*RPF! +,! +OP! 41E3F>! ! %OP! JRP),S*-;-+!
NO;R;N+PR*F+*N! *F! *-)KN+;-NP>! ! %OP! *SJP);-NP! F+;R+F! +,! )PX*;+P! -,+*NP;LM<! ;+! ;JJR,]*S;+PM<! 8! :`a!

YOPRP!+OP!MP;)!*-)KN+;-NP!*F!;L,K+!8V!!>!

"!N,RRPN+*,-!T;N+,R!SKF+!LP!*-NMK)P)!*-!+OP!);+;!RP)KN+*,-!+,!;NN,K-+!T,R!+OP!.(!)6!;++P-K;+,R!;-)!T,R!
X,M+;QP!)R,JF!;NR,FF!+OP!N,KJM*-Q!N;J;N*+,R>!!%O*F!N;J;N*+,R!*F!*-!FPR*PF!Y*+O!;!J;R;MMPM!N,SL*-;+*,-!,T!

+OP!'(!!!SP;FKRPSP-+!RPNP*XPR!;-)!+OP!8!^!!RPF*F+,R!*-!+OP!'(!f`!41E3>!!%OP!+Y,!J;R;MMPM!RPF*F+;-NPF!
;RP!P\K*X;MP-+!+,!UW>=!!>!!%OP!N,RRPN+*,-!T;N+,R!P\K;MFh!

.(!M,Q8(!!@8!v!'>=(]8(
?d
T
.
A
8C.
C@W>U9]8(

?'
TA!

gOPRP! T! *F! +OP! TRP\KP-N<! ,T! *-+PRPF+! P]JRPFFP)! *-!`a>! ! %O*F! P\K;+*,-! *F! JM,++P)! *-! G*QKRP! 8V>! ! %OP!
N,RRPN+*,-!T;N+,R!*F!U>U'!)6!;+!8(!^`a!;-)!)R,JF!R;J*)M<!Y*+O!TRP\KP-N<>!

%OP!KJJPR!SP;FKRPSP-+!TRP\KP-N<!*F!M*S*+P)!+,!8(!:`a!LPN;KFP!,T!RPF,-;-NP!N,-)*+*,-F!Y*+O!RPFJPN+!
+,!+OP!MP-Q+O!,T!+OP!J,YPR!MP;)F!LP+YPP-!+OP!#H%!;-)!'(!f`!41E3>!!"F!-,+P)!*-!J;R;QR;JO!U>V>9>=>.[!
+OPFP! MP;)F!;RP! LP+YPP-!.>(! ;-)!.>'!SP+RPF! M,-Q>! ! 4;L,R;+,R<! P]JPR*SP-+;+*,-! ;-)! +OP,R<! FO,Y!;!
\K;R+PR?Y;XP! RPF,-;-NP! NM,FP! +,! .'!:`a! T,R! ;! .>'! SP+RP! MP;)>! ! 1-! +OP! M;L,R;+,R<! P]JPR*SP-+[! +OP!

*SJP);-NP!,T!+OP!J,YPR!MP;)!F+;R+F!+,!R*FP!F*Q-*T*N;-+M<!;+!8(!:`a!;-)!JP;^F!;+!FPXPR;M!+O,KF;-)!!!;+!
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;JJR,]*S;+PM<!.'!:`a>!!D,M+;QP!SP;FKRPSP-+F!;+!+OP!'(!f`!41E3!LPN,SP!M;RQPM<!*RRPMPX;-+!;L,XP!8(!
:`a>!

%OP! (>.'! fG! N,KJM*-Q! N;J;N*+,R! *-! +OP! '(! f`! 41E3! ;MM,YF! ;JJR,]*S;+PM<! V>=! X,M+F! +,! LP! )PXPM,JP)!

;NR,FF! +OP! '(!!! +PRS*-;+*,-! ,-! +OP! F*Q-;M! J,R+! T,R! 88'! X,M+[! U((! `a[! J,YPR! F,KRNPF>! %OP! .(! )6!
;++P-K;+,R! *F! FJPN*T*P)! *-! +OP! +PF+! JR,NP)KRP! +,! JR,+PN+! +OP! SP;FKRPSP-+! RPNP*XPR! ;-)! +,! JRPXP-+!
,XPRM,;)>!!E,KRNPF!,T!=(!`a!J,FP!MPFF!,T!;!N,-NPR->!

"-!,FN*MM,FN,JP!*F!-PNPFF;R<!T,R!+OP!SP;FKRPSP-+!F<F+PS!NOPN^!*-!G*QKRP!3$#(.?8!+,!P-FKRP!+O;+!+OP!
;N+K;M! ;JJM*P)! X,M+;QP! *F!SP;FKRP)! ;NNKR;+PM<! ;+! 8(! ^`a! ;-)! 8((! ^`a! ;-)!S;*-+;*-F! ;! F*-KF,*);M!

FO;JP>! ! %OP! '(! f`! 41E3! JRPFP-+F! ;! '(! !! M,;)! *SJP);-NP! +,! ;! '(! !! F*Q-;M! QP-PR;+,R! ,-M<! T,R!
TRP\KP-N*PF!,T!;JJR,]*S;+PM<!V((!^`a!,R!O*QOPR!@FPP!G*QKRPF!d!s!8(A>!!E*-NP!;!'(!!!F*Q-;M!QP-PR;+,R!*F!
PFFP-+*;MM<!;-!*)P;M!X,M+;QP!F,KRNP!*-!FPR*PF!Y*+O!'(!![!+OP!;SJM*+K)P!)*FJM;<!FP++*-Q!,T!+OP!QP-PR;+,R!*F!
N,RRPN+!,-M<!YOP-!*+! *F!+PRS*-;+P)!*-!;!S;+NOP)!*SJP);-NP!,T!'(!!>!H-)PR!+O*F!N,-)*+*,-!+OP!X,M+;QP!
FJM*+F!LP+YPP-! +OP! +Y,!'(!!! RPF*F+;-NPF>! ! 1T! +OP!,K+JK+! *F!SP;FKRP)!)*RPN+M<!Y*+O!;!O*QO! *SJP);-NP!
*-F+RKSP-+[! FKNO!;F!;-!,FN*MM,FN,JP[! +OP! *-)*N;+P)! X,M+;QP! *F! +Y*NP! +OP!;SJM*+K)P!FP++*-Q>! !%OP! M,;)!
FPP-!L<!+OP!F*Q-;M!QP-PR;+,R!X;R*PF!Y*+O!TRP\KP-N<!;-)!+OP!X,M+;QP!;+!+OP!'(!f`!41E3!Y*MM!;MF,!X;R<>!
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FIGURE 13 Correction factor for LISN capacitor. 

"-!;RP;!,T!N,-NPR-!T,R!+O*F!+PF+!JR,NP)KRP!*F!+OP!J,+P-+*;M!+,!,XPRM,;)!+OP!SP;FKRPSP-+!RPNP*XPR!)KP!+,!
+OP! M*-P! X,M+;QP!;+! +OP!J,YPR! TRP\KP-N<>! !/XPRM,;)!JRPN;K+*,-F!;RP!)*FNKFFP)! *-!J;R;QR;JO!U>V>W>V>!!
gOP-!;-!,XPRM,;)!N,-)*+*,-!*F!JRP)*N+P)!,R!P-N,K-+PRP)[!;!RPcPN+*,-!T*M+PR!N;-!LP!KFP)!+,!;++P-K;+P!+OP!
J,YPR! TRP\KP-N<>! !"!N,RRPN+*,-! T;N+,R!SKF+!LP! +OP-! *-NMK)P)! *-! +OP!PS*FF*,-!);+;! +,!;NN,K-+! T,R! +OP!
T*M+PR!M,FF!Y*+O!RPFJPN+!+,!TRP\KP-N<>!

! !

! '(8?'=!

! ! /01213"4

! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

! !

!

! !

! !

=>=! 3$#(V[!N,-)KN+P)!PS*FF*,-F[!;-+P--;!+PRS*-;M[!8(!^`a!+,!U(!2`a!

Applicability and limits:! %OP! RP\K*RPSP-+! *F! ;JJM*N;LMP! T,R! +R;-FS*++PRF[! RPNP*XPRF! ;-)!;SJM*T*PRF>!!
%OP!L;F*N!N,-NPR-!*F!+,!JR,+PN+!;-+P--;?N,--PN+P)!RPNP*XPRF!L,+O!,-!;-)!,TT!+OP!JM;+T,RS!TR,S!LP*-Q!
)PQR;)P)! )KP! +,! R;)*;+P)! *-+PRTPRP-NP! TR,S! +OP! ;-+P--;! ;FF,N*;+P)! Y*+O! +OP! #H%>! ! %OP! M*S*+! T,R!
+R;-FS*++PRF!*-!+OP!+R;-FS*+!S,)P!*F!JM;NP)!JR*S;R*M<!;+!MPXPMF!YO*NO!;RP!N,-F*)PRP)!+,!LP!RP;F,-;LM<!
,L+;*-;LMP!T,R!S,F+!+<JPF!,T!P\K*JSP-+>!!EKJJRPFF*,-!MPXPMF!+O;+!;RP!RP\K*RP)!+,!PM*S*-;+P!;MM!J,+P-+*;M!
PMPN+R,S;Q-P+*N! N,SJ;+*L*M*+<! F*+K;+*,-F! ;RP! ,T+P-!SKNO!S,RP! FPXPRP! ;-)! N,KM)! RPFKM+! *-! F*Q-*T*N;-+!
)PF*Q-!JP-;M+*PF>!!%OP!M*S*+!T,R!RPNP*XPRF!;-)!+R;-FS*++PRF!*-!F+;-)L<!*F!JM;NP)!;+!;!MPXPM!+O;+!JR,X*)PF!
RP;F,-;LMP!;FFKR;-NP!,T!N,SJ;+*L*M*+<!Y*+O!,+OPR!P\K*JSP-+>!!$,SS,-!RP\K*RPSP-+F!;RP!FJPN*T*P)!T,R!
;MM!;JJM*N;+*,-F!F*-NP!+OP!N,-NPR-F!;RP!+OP!F;SP!T,R!;MM!JM;+T,RSF>!

"F!;-!P];SJMP!,T!;-!;-+P--;!N,KJM*-Q!F*+K;+*,-[!N,-F*)PR!;!8(!Y;++!D`G?":!+R;-FS*++PR!,JPR;+*-Q!;+!
8'(!:`a! ;-)! ;! H`G?":! RPNP*XPR! Y*+O! ;! FP-F*+*X*+<! ,T! ?8((! )6S! +K-P)! +,! V((!:`a! Y*+O! *F,+R,J*N!
;-+P--;F! M,N;+P)! 8(! SP+RPF! ;J;R+>! ! %OP! RP\K*RPSP-+! *F! +O;+! +OP! +R;-FS*++PR! FPN,-)! O;RS,-*N! ;+!
V((!:`a!SKF+!LP!),Y-!'(!v!8(!M,Q!8(!n!=(!)6>!

%OP!TRPP!FJ;NP!M,FF!P\K;+*,->!

&0C&%!n!@)
.
2%20AC@U*0A

.

*-)*N;+PF!;-!*F,M;+*,-!,T!U.!)6!LP+YPP-!+OP!+Y,!;-+P--;F!T,R!+OP!T,MM,Y*-Q!N,-)*+*,-F>!

&0! n! 0PNP*XP)!&,YPR! 20! n! 0PNP*XP!"-+P--;!2;*-! n! 8!

&%! n! %R;-FS*++P)!&,YPR! 2%! n! %R;-FS*++PR!"-+P--;!2;*-! n! 8!

)! n! g;XPMP-Q+O! n! 8!SP+RP! 0! n! I*F+;-NP!LP+YPP-!"-+P--;F! n! 8(!SP+RPF!

"! FPN,-)! O;RS,-*N! ;+! +OP! M*S*+! Y,KM)! LP! =(! v! U.! n! 8(.! )6! ),Y-! ;+! +OP! RPNP*XPR>! ! 8(.! )6! LPM,Y!
8(!g;++F! @U(!)6SA! *F! ?=.!)6S[!YO*NO! *F!F+*MM!V9!)6!;L,XP! +OP! RPNP*XPR!FP-F*+*X*+<>! !%OP! MPXPM! +O;+! *F!
;N+K;MM<! RP\K*RP)! -,+! +,! N;KFP! ;-<! )PQR;);+*,-! *-! +OP! RPNP*XPR! *F! ?8.V! )6S>! ! %O*F! X;MKP! RPFKM+F!
LPN;KFP!+OP!Y,RF+?N;FP!F*+K;+*,-!,NNKRF!YOP-!+OP!*-+PRTPR*-Q!F*Q-;M!*F!N,SJP+*-Q!Y*+O!+OP!F*)PL;-)F!,T!
+OP! *-+P-+*,-;M!F*Q-;M!Y*+O!;!F*Q-;M!;SJM*+K)P!;+! +OP!RPNP*XPR!FP-F*+*X*+<>! !G,R!;!F+;-);R)!+,-P!,T!V(q!
":!KFP)!+,!XPR*T<!FP-F*+*X*+<[! +OP!F*)PL;-)F!;RP!8V!)6!),Y-!TR,S!+OP!N;RR*PR!;-)!;!8(!)6!F*Q-;M?+,?
-,*FP!R;+*,!*F!-,RS;MM<!FJPN*T*P)>!!%,!;X,*)!JR,LMPSF[!+OP!*-+PRTPR*-Q!F*Q-;M!SKF+[!+OPRPT,RP[!LP!8V!v!8(!
n!.V!)6!LPM,Y!?8((!)6S!,R!?8.V!)6S>!!%O*F!NR*+PR*,-!Y,KM)!RP\K*RP!+OP!FPN,-)!O;RS,-*N!+,!LP!8.8!)6!
),Y-!TR,S!+OP!+R;-FS*++PR!N;RR*PR!+O;+!N,KM)!LP!;!)*TT*NKM+!+;F^>!!`;RS,-*N!RPM;+*,-FO*JF!N;-!F,SP+*SPF!
LP!;))RPFFP)!+OR,KQO!TRP\KP-N<!S;-;QPSP-+!;N+*,-F!+,!;X,*)!JR,LMPSF>!

"FFPFF*-Q! +OP! VU! )6&D! @?WV! )6SA! RP\K*RPSP-+! T,R! F+;-)L<[! +OP! MPXPM! ;+! +OP! RPNP*XPR! Y,KM)! LP!
?88'!)6S[! YO*NO! N,KM)! N;KFP! F,SP!S*-*S;M! )PQR;);+*,-! *-! +OP! JRPFP-NP! ,T! ;!S;RQ*-;M! *-+P-+*,-;M!
F*Q-;M>!

2RP;+PR!;-+P--;!FPJ;R;+*,-!,R!;-+P--;!JM;NPSP-+!-,+!*-X,MX*-Q!)*RPN+!M*-P!,T!F*QO+!Y,KM)!*SJR,XP!+OP!
F*+K;+*,->!!"MF,[!+OP!D`G!;-+P--;!S;<!LP!J,,RPR!+O;-!*F,+R,J*N!*-!+OP!H`G!L;-)>!!3$#8(=!),PF!-,+!
+;^P! *-+,! ;NN,K-+! ;-<! FKJJRPFF*,-!;FF,N*;+P)!Y*+O! TRP\KP-N<! RPFJ,-FP! NO;R;N+PR*F+*NF! ,T! ;-+P--;Fj!
O,YPXPR[!+OP!RPFKM+F!,T!+OP!N;FP!N*+P)!;RP!-,+!K-KFK;M>!!30#(V[!YO*NO!*F!;!R;)*;+P)!PS*FF*,-!N,-+R,M!
,-!FJKR*,KF!;-)!O;RS,-*N!,K+JK+F[!*-NMK)PF!;FFPFFSP-+!,T!;-+P--;!NO;R;N+PR*F+*NF>!

E*-NP!+OP!TRPP!FJ;NP!M,FF!P\K;+*,-!*-)*N;+PF!+O;+!*F,M;+*,-!*F!JR,J,R+*,-;M!+,!+OP!Y;XPMP-Q+O!F\K;RP)[!
*F,M;+*,-! X;MKPF! *SJR,XP! R;J*)M<! ;F! TRP\KP-N<! *-NRP;FPF>! ! "MF,[! ;-+P--;F! ;RP! QP-PR;MM<! S,RP!
)*RPN+*,-;M!*-!+OP!2`a!RPQ*,-!;-)!RPNP*XPRF!+P-)!+,!LP!MPFF!FP-F*+*XP!)KP!+,!M;RQPR!L;-)Y*)+OF>!

%OP!JR,NKR*-Q!;N+*X*+<!S;<!N,-F*)PR!+;*M,R*-Q!N,-+R;N+K;M!),NKSP-+F!L<!PF+;LM*FO*-Q!FKJJRPFF*,-!MPXPMF!
L;FP)!,-!;-+P--;?+,?;-+P--;!N,KJM*-Q!F+K)*PF!,-!+OP!J;R+*NKM;R!JM;+T,RS!YOPRP!+OP!P\K*JSP-+!Y*MM!LP!
KFP)>! !"-,+OPR!;RP;!N,KM)!LP! RPM;];+*,-!,T! RP\K*RPSP-+F! T,R!O*QO!J,YPR! +R;-FS*++PRF>! !%OP!F+;-);R)!
FKJJRPFF*,-!MPXPMF!S;<!RPFKM+!*-!F*Q-*T*N;-+!)PF*Q-!JP-;M+*PF>!!G,R!P];SJMP[!T*M+PR*-Q!T,R!;!8([(((!Y;++!
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`G! +R;-FS*++PR! S;<! LP! P]NPFF*XPM<! OP;X<! ;-)! FKLF+;-+*;MM<! ;++P-K;+P! +OP! TK-);SP-+;M! TRP\KP-N<>!!
#-Q*-PPR*-Q!+R;)P?,TTF!S;<!LP!-PNPFF;R<>!

Test procedures: E*-NP! +OP! +PF+! JR,NP)KRPF! SP;FKRP! PS*FF*,-F! JRPFP-+! ,-! ;! N,-+R,MMP)!
*SJP);-NP[!FO*PM)P)[!+R;-FS*FF*,-!M*-P[!+OP!SP;FKRPSP-+!RPFKM+F!FO,KM)!LP!M;RQPM<!*-)PJP-)P-+!,T!+OP!
+PF+!FP+?KJ!N,-T*QKR;+*,->!!%OPRPT,RP[!*+!*F!-,+!-PNPFF;R<!+,!S;*-+;*-!+OP!L;F*N!+PF+!FP+?KJ!)PFNR*LP)!*-!
+OP!S;*-!L,)<!,T!+O*F!F+;-);R)>!

%OP! 3$#(V! JR,NP)KRP! KFPF! ;! )*RPN+! N,KJMP)! +PNO-*\KP! ;-)! ),PF! -,+! N,-F*)PR! +OP! PTTPN+! +O;+! +OP!
;-+P--;!F<F+PS!NO;R;N+PR*F+*NF!Y*MM!O;XP!,-!;N+K;M!R;)*;+P)!MPXPMF>!

%OP! FPMPN+*,-! ,T!S,)KM;+*,-! T,R! +R;-FS*++PRF! ;-)! TRP\KP-N<[! *-JK+! J,YPR! MPXPMF[! ;-)!S,)KM;+*,-! T,R!
;SJM*T*PRF!N;-!*-TMKP-NP!+OP!RPFKM+F>!!%OP!JR,NP)KRP!RP\K*RPF!+O;+!J;R;SP+PRF!+O;+!JR,)KNP!+OP!Y,RF+?
N;FP!PS*FF*,-!FJPN+RKS!LP!KFP)>!!%OP!S,F+!N,SJM*N;+P)!S,)KM;+*,-!Y*MM!+<J*N;MM<!JR,)KNP!+OP!Y,RF+?
N;FP!FJPN+RKS>!!%OP!O*QOPF+!;MM,Y;LMP!)R*XP!MPXPM!T,R!;SJM*T*PRF!KFK;MM<!JR,)KNPF!+OP!Y,RF+!O;RS,-*NF!
;-)! FJKR*,KF! ,K+JK+F>! !`,YPXPR[! F,SP! ;SJM*T*PRF!Y*+O! ;K+,S;+*N! Q;*-! N,-+R,MF!S;<! JR,)KNP! O*QOPR!
)*F+,R+*,-!Y*+O!)R*XP!F*Q-;MF!FP+!+,!+OP!M,YPF+!;MM,Y;LMP!*-JK+!)KP!+,!+OP!;SJM*T*PR!JR,)KN*-Q!+OP!O*QOPF+!
Q;*-! MPXPMF>! !%OP!)P+;*MF!,T! +OP!;-;M<F*F!,-! +OP!FPMPN+*,-!,T! +PF+!J;R;SP+PRF!FO;MM!LP! *-NMK)P)! *-! +OP!
#:1%&>!

G*QKRP!3$#(V?V!,T!:P+O,)!3$#(V!*F!KFP)!T,R!RPNP*XPRF!;-)!+R;-FS*++PRF!*-!+OP!F+;-)?L<!S,)P>!!%OP!
JKRJ,FP!,T! +OP!;++P-K;+,R!J;)! *-!G*QKRP!3$#(V?V!,T!:P+O,)!3$#(V! *F! +,!PF+;LM*FO!;! M,Y!DEg0!T,R!
S,RP! ;NNKR;+P!SP;FKRPSP-+F>! ! 1+F! -,S*-;M! X;MKP! *F! 8(! )6[! LK+! *+! N;-! LP! FS;MMPR[! *T! -PNPFF;R<[! +,!
S;*-+;*-!SP;FKRPSP-+!FP-F*+*X*+<>!

%OP! FP+?KJ! *-! G*QKRP! 3$#(V?8! ,T! :P+O,)! 3$#(V! *F! KFP)! T,R! M,Y! J,YPR! +R;-FS*++PRF! *-! YO*NO! +OP!
O*QOPF+! *-+P-+*,-;MM<! QP-PR;+P)! TRP\KP-N<!),PF!-,+! P]NPP)!U(!2`a>! !%OP!;++P-K;+,R! J;)!FO,KM)!LP!
;JJR,]*S;+PM<!.(!)6!,R!M;RQP!P-,KQO!+,!RP)KNP!+OP!,K+JK+!MPXPM!,T!+OP!+R;-FS*++PR!FKTT*N*P-+M<!F,!+O;+!*+!
),PF!-,+!);S;QP!,R!,XPRM,;)!+OP!SP;FKRPSP-+!RPNP*XPR>!!%OP!RPcPN+*,-!-P+Y,R^!*-!+OP!T*QKRP!*F!+K-P)!
+,! +OP! TK-);SP-+;M! TRP\KP-N<!,T! +OP!#H%!;-)! *F! *-+P-)P)! +,! RP)KNP! +OP! +R;-FS*++PR!J,YPR! +,!;! MPXPM!
+O;+!Y*MM!-,+!)PFP-F*+*aP!,R!*-)KNP!FJKR*,KF!RPFJ,-FPF!*-!+OP!SP;FKRPSP-+!RPNP*XPR>!!6,+O!+OP!RPcPN+*,-!
-P+Y,R^!;-)!0G!J;)!M,FFPF!SKF+!LP!;)cKF+P)!+,!S;*-+;*-!;)P\K;+P!SP;FKRPSP-+!F<F+PS!FP-F*+*X*+<>!!
%OP!+,+;M!J,YPR!RP;NO*-Q!+OP!SP;FKRPSP-+!RPNP*XPR!*-JK+!FO,KM)!-,+!P]NPP)!+OP!S;]*SKS!;MM,Y;LMP!
MPXPM! FJPN*T*P)! L<! +OP! S;-KT;N+KRPR>! ! "MM! RPcPN+*,-! ;-)! T*M+PR! -P+Y,R^F! SKF+! LP! N;M*LR;+P)! ,XPR! +OP!
TRP\KP-N<!R;-QP!,T!SP;FKRPSP-+>!

%OP! FP+?KJ!,T! G*QKRP!3$#(V?.! ,T!:P+O,)!3$#(V! *F! T,R! +R;-FS*++PRF!Y*+O! O*QO! ;XPR;QP!J,YPR>! ! G,R!
+R;-FS*++PRF!Y*+O!;-!*-+PQR;M!;-+P--;[!*+!*F!KFK;MM<!-PNPFF;R<!+,!SP;FKRP!+OP!FJKR*,KF!PS*FF*,-F!L<!+OP!
R;)*;+P)!JR,NP)KRPF!,T!30#(V>!

E,SP!N;K+*,-!-PP)F! +,!LP!P]PRN*FP)! *-!;JJM<*-Q!%;LMP!.>! !G,R!FJKR*,KF!;-)!O;RS,-*N!PS*FF*,-F!,T!
P\K*JSP-+! *-!+OP!+R;-FS*+!S,)P[! *+! *F!QP-PR;MM<!)PF*R;LMP!T,R! +OP!SP;FKRPSP-+!RPNP*XPR!L;-)Y*)+O!+,!
LP!FKTT*N*P-+M<! M;RQP!+,! *-NMK)P!;+! MP;F+!d(q!,T! +OP!J,YPR!,T! +OP!F*Q-;M!JRPFP-+!;+!;!+K-P)!TRP\KP-N<>!!
%O*F!N,-)*+*,-! *F! RP\K*RP)! *T! ;! N,SJ;R*F,-! *F!LP*-Q!S;)P! +,!;!J,YPR! RP\K*RPSP-+! *-!;!FJPN*T*N;+*,->!!
EJKR*,KF! ;-)! O;RS,-*N! ,K+JK+F! QP-PR;MM<! O;XP! +OP! F;SP! S,)KM;+*,-! NO;R;N+PR*F+*NF! ;F! +OP!
TK-);SP-+;M>! ! E*-NP! +O*F! JR,NP)KRP! SP;FKRPF! RPM;+*XP! MPXPMF! ,T! FJKR*,KF! ;-)! O;RS,-*N! F*Q-;M! Y*+O!
RPFJPN+! +,! +OP! TK-);SP-+;M[! *+! *F! -,+! -PNPFF;R<! T,R! +OP! SP;FKRPSP-+! RPNP*XPR! +,! SPP+! +OP! ;L,XP!
RPNP*XPR! L;-)Y*)+O! +,! F*Q-;M! L;-)Y*)+O! NR*+PR*,->! !`,YPXPR[! *T! +OP!SP;FKRPSP-+! RPNP*XPR! L;-)Y*)+O!
),PF!-,+!SPP+!+OP!NR*+PR*,-!;-)!FJKR*,KF!;-)!O;RS,-*N!,K+JK+F!;RP!M,N;+P)!*-!TRP\KP-N<!R;-QPF!YOPRP!
+O*F! F+;-);R)! FJPN*T*PF! ;! L;-)Y*)+O! )*TTPRP-+! +O;-! +O;+! KFP)! T,R! +OP! TK-);SP-+;M>! ! %OP-! +OP!
SP;FKRPSP-+! RPNP*XPR! L;-)Y*)+O! FO,KM)! LP! NO;-QP)! +,! +O;+! KFP)! ;+! +OP! TK-);SP-+;M! +,! ,L+;*-! ;!
JR,JPR!SP;FKRPSP-+>!

G,R!#H%F!O;X*-Q!Y;XPQK*)P!+R;-FS*FF*,-!M*-PF[!+OP!SP;FKRPSP-+!RPNP*XPR!-PP)F!+,!LP!N,KJMP)!+,!+OP!
Y;XPQK*)P! L<! ;! Y;XPQK*)P! +,! N,;]*;M! +R;-F*+*,->! ! E*-NP! +OP! Y;XPQK*)P! ;N+F! ;F! ;! O*QO?J;FF! T*M+PR[!
SP;FKRPSP-+F!;RP!-,+!-PNPFF;R<!;+! TRP\KP-N*PF! MPFF! +O;-!(>9! TN,[!YOPRP!TN,! *F! +OP!Y;XPQK*)P!NK+?,TT!
TRP\KP-N<>!
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=>W! 3$#(U[!N,-)KN+P)!PS*FF*,-F[!P]J,R+P)!+R;-F*P-+F!,-!J,YPR!MP;)F!

Applicability and limits:! gOPRP!FJPN*T*P)!L<!+OP!JR,NKR*-Q!;K+O,R*+<!3$#(U!FO;MM!LP!JPRT,RSP)!,-!
"$!s!I$!JR*S;R<!J,YPR!N;LMPF[!YO*NO!*-+PRT;NP!Y*+O!+OP!JM;+T,RS!J,YPR!FKJJM<>!

$,-+;N+,R!FY*+NO*-Q!+R;-F*P-+F!;RP!QP-PR;+P)!L<!FY*+NO*-Q!+OP!#H%!,-!;-)!,TT!KF*-Q!;-!P]+PR-;M!FKJJM<!
N,-+;N+,R! ,T! +OP! +<JP! +,! LP! KFP)! *-! *+F! T*-;M! *-F+;MM;+*,->! 1T! +OP! N,-+;N+,R! +<JP! *F! -,+! ^-,Y-! ,R!
K-;X;*M;LMP[!+OP-!;-!;M+PR-;+*XP!,T!FK*+;LMP!+<JP!;-)!NKRRP-+!R;+*-Q!S;<!LP!KFP)>!

GK-N+*,-;M!FY*+NO*-Q!+R;-F*P-+F!;RP!QP-PR;+P)!L<!FY*+NO*-Q!+OP!#H%!,-!;-)!,TT!KF*-Q!+OP!J,YPR!FY*+NO!
,-!+OP!#H%[!*T!T*++P)>!"))*+*,-;MM<[!TK-N+*,-;M!FY*+NO*-Q!+R;-F*P-+F!S;<!LP!QP-PR;+P)!L<!,JPR;+*,-!,T!+OP!
#H%[!*>P>!YO*MP!,JPR;+*-Q!+OP!#H%!,XPR!*+F!-,RS;M!,JPR;+*-Q!FP\KP-NP!;-)!P]PRN*F*-Q!+OP!#H%!+OR,KQO!
*+F!TKMM!R;-QP!,T!TK-N+*,-F>!

Test procedures:! %OP!JKRJ,FP!,T!+O*F!+PF+!*F!+,!SP;FKRP!+OP!;SJM*+K)P!;-)!)KR;+*,-!,T!+R;-F*P-+F!
;JJP;R*-Q!,-!JR*S;R<!J,YPR!M*-PF!N;KFP)!L<!+OP!-,RS;M!,JPR;+*,-!,T!+OP!#H%!;-)!;MF,!;F!;!RPFKM+!,T!
FY*+NO*-Q! ,-! ;-)! ,TT! +OP! J,YPR! FKJJM<! +,! +OP! #H%>! %OPFP! +R;-F*P-+! PS*FF*,-F! S;<! N,KJMP! X*;!
N,-)KN+*,-!;-)!R;)*;+*,-!TR,S!+OP!J,YPR!M*-PF!+,!,+OPR!J,+P-+*;MM<!FKFNPJ+*LMP!P\K*JSP-+!*-!+OP!;N+K;M!
*-F+;MM;+*,->!

G,R! "$! FKJJM*PF[! ;! +Y*-! i%e! -,+NO! T*M+PR!S;<! LP! KFP)! +,! T*M+PR! +OP! J,YPR!FKJJM<! TRP\KP-N<>!g*+O! +OP!
J,YPR! TRP\KP-N<! T*M+PRP)[!;-<! +R;-F*P-+F!FO,Y-!,-! +OP!,FN*MM,FN,JP!;RP! RPM;+*XP! +,! +OP!"$!Y;XPT,RS!
YOP-!SP;FKRP)!LP+YPP-!+OP!+R;-F*P-+F!JP;^!;-)!+OP!,FN*MM,FN,JPeF!RPTPRP-NP!MPXPM>!

%OP! ;NNKR;+P! SP;FKRPSP-+! ,T! +R;-F*P-+! ;SJM*+K)P! *-! N,-)KN+*-Q! +O*F! +PF+! S;<! F,SP+*SPF! LP!
JRPcK)*NP)!L<! +OP!O*QO!;SJM*+K)P! RPFJ,-FP!;+! +OP!J,YPR!FKJJM<! TRP\KP-N<>! !%OP! T,MM,Y*-Q!)PFNR*LPF!
+OP! )PF*Q-! ,T! ;! +Y*-?%! T*M+PR[! +K-P)! +,! +OP! FKJJM<! TRP\KP-N<[!YO*NO! *F! N,--PN+P)! ;+! +OP! ,FN*MM,FN,JP!
*-JK+[! *-! +;-)PS!Y*+O!;!X,M+;QP!JR,LP[!YO*NO!;++P-K;+PF! +OP!J,YPR!FKJJM<! TRP\KP-N<!RPFJ,-FP!L<!;+!
MP;F+!V(!)6>!

G*QKRP! 8U! FO,YF! ;! +<J*N;M! ]8(! X,M+;QP! JR,LP! N,--PN+P)! X*;! ;! +Y*-?%! T*M+PR! +,! ;-! ,FN*MM,FN,JP>! ! G,R!
F*SJM*N*+<[! +OP! ;))*+*,-;M! N,SJ,-P-+F! -PNPFF;R<! +,! P-FKRP! LR,;)?L;-)! JPRT,RS;-NP! ;RP! -,+! FO,Y->!!

%<J*N;M!N,SJ,-P-+!X;MKPF!T,R!+OP!JR,LP!;-)!,FN*MM,FN,JP!;RP!k+!n!d!:!!;-)!k(!n!8!:![!Q*X*-Q!;!]8(!
;++P-K;+*,->!!G,R!JR,LPF!Y*+O!L,+O!FPR*PF!;-)!FOK-+!RPF*F+;-NPF!k8!FO,KM)!LP!N;MNKM;+P)!;F!+OP!,K+JK+!
*SJP);-NP!,T!+OP!JR,LP>!

2*XP-!+OP!*SJP);-NPF!,T!+OP!JR,LP!;-)!,FN*MM,FN,JP!N,SL*-;+*,-!+,!LP!KFP)[!+OP!N,SJ,-P-+!X;MKPF!,T!
+OP!+Y*-?%!-P+Y,R^!S;<!-,Y!LP!N;MNKM;+P)!T,R!+OP!NO,FP-!J,YPR!TRP\KP-N<!T(>!!%,!P-FKRP!F<SSP+R<!,T!
+OP!+Y*-?%!RPFJ,-FP!;+!TRP\KP-N*PF!YPMM!;L,XP!;-)!LPM,Y!T(>!

4P+! 0!n!,@.k8k(A!!;-)!!.0!n!.,@.k8k(A!

%,!M,N;+P!+OP!-,+NO!TRP\KP-N<!;+!T(!MP+!-(!n!.*T(!!+OP-!$!n!8C0-(!;-)!.$!n!.C0-(!

%OP!KFP!,T!8q!+,MPR;-NP!N,SJ,-P-+F[! *-!FPR*PF!;-)!J;R;MMPM!N,SL*-;+*,-F! +,!;NO*PXP! +OP!N;MNKM;+P)!
X;MKPF[!*F!KFK;MM<!F;+*FT;N+,R<>!!%OP!T*M+PR!N,SJ,-P-+F!FO,KM)!LP!*-F+;MMP)!*-!;!FNRPP-P)!L,]!Y*+O!FO,R+!
N,--PN+*,-F!LP+YPP-!+OPS>!!3,+P!+O;+!+OP!,XPR;MM!;++P-K;+*,-!TR,S!JR,LP!*-JK+!+,!,FN*MM,FN,JP!*-JK+[!;+!
TRP\KP-N*PF!YPMM!;L,XP! +OP!-,+NO! TRP\KP-N<! *F!"!n!k(C@k8v.0vk(A! R;+OPR! +O;-!k(C@k8vk(A!Y*+O,K+! +OP!
T*M+PR>!!G,R!;!]8(!JR,LP!;-)!;!-,+NO!TRP\KP-N<!,T!'(!`a!+OP!JR,LP!;++P-K;+*,-!Y*+O,K+!+OP!T*M+PR!*F!.(!)6!
YO*MP!Y*+O!+OP!T*M+PR! *+! *F!.'>V!)6!;+!;MM! TRP\KP-N*PF!P]NPJ+! *-!+OP!X*N*-*+<!,T! +OP!-,+NO!TRP\KP-N<>! !%OP!

;++P-K;+*,-!P]NPP)F!V'!)6!LP+YPP-!V(!`a!;-)!9.!`a!;-)!P]NPP)F!''!)6!Y*+O*-!.!'q!,T! +OP!-,+NO!
TRP\KP-N<>!

1+!Y*MM! LP!-PNPFF;R<! +,!N;M*LR;+P! +OP!;++P-K;+*,-!,T! +OP!JR,LPCT*M+PRC,FN*MM,FN,JP!N,SL*-;+*,-!,XPR! +OP!
RP\K*RP)!TRP\KP-N<!R;-QP!+,!NOPN^!+O;+!+OP!-,+NO!TRP\KP-N<!O;F!LPP-!FKTT*N*P-+M<!NP-+RP)!,-!+OP!J,YPR!
TRP\KP-N<!;-)!+OP!;++P-K;+*,-!;Y;<!TR,S!+OP!-,+NO!TRP\KP-N<!*F!N,-F+;-+!-P;R!+OP!)PF*Q-!X;MKP>!!%O*F!
;++P-K;+*,-! X;MKP! Y*MM! LP! KFP)! +,! )P+PRS*-P! +OP! +RKP! +R;-F*P-+! ;SJM*+K)P>! ! "+! +O*F! F+;QP! *+! S;<! LP!
-PNPFF;R<!+,!,J+*S*FP!+OP!LR,;)?L;-)!JPRT,RS;-NP!,T!+OP!JR,LP!KF*-Q!+OP!;)cKF+SP-+F!JR,X*)P)!*-!+OP!
JR,LP!;-)!+OP-!RP?N;M*LR;+P>!
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FIGURE 14 Basic Circuit for NCE04 Probe/Filter/Oscilloscope Combination. 

"M+PR-;+*XPM<[!;!T;F+!;N\K*F*+*,-!)*Q*+;M!,FN*MM,FN,JP!S;<!LP!KFP)!+,!F+,RP!+OP!);+;>!!"M+O,KQO!+OP!J,YPR!
FKJJM<!TRP\KP-N<!*F!-,+!T*M+PRP)[!SP;FKRPSP-+!,T!;MM!+R;-F*P-+!+<JPF!N;-!LP!S;)P!Y*+O!RPTPRP-NP!+,!+OP!
"$!Y;XPT,RS>!%O*F!*F!;NO*PXP)!L<!RP)KN*-Q!+OP!+*SPL;FP[!PTTPN+*XPM<!a,,S*-Q!*-!,-!+OP!+R;-F*P-+!KF*-Q!
+OP!);+;!F+,RP)!Y*+O*-!+OP!,FN*MM,FN,JP>!

1+!FO,KM)!LP!-,+P)! +O;+!)*TTPRP-+! M*S*+F!S;<!;JJM<! T,R!F<F+PSF!,JPR;+*-Q!;+!J,YPR! M*-P! TRP\KP-N*PF!,R!
X,M+;QPF!,+OPR!+O;-!+O,FP!FJPN*T*P)!*-!+O*F!FPN+*,->!1-!+OPFP!N;FPF!+OP!&R,NKR*-Q!"K+O,R*+<!S;<!;)cKF+!
+OP!M*S*+F!;NN,R)*-QM<>!

&R*,R! +,! JPRT,RS*-Q! +OP! +PF+! +OP! N,-+;N+,R! FO;MM! LP! X;M*);+P)>! ! %,! ;FNPR+;*-! +O;+! +R;-F*P-+! MPXPMF!
N,-F*F+P-+!Y*+O!N,-+;N+!L,K-NP!),!-,+!S;F^!+O,FP!N;KFP)!L<!+OP!#H%[!+OP!+PF+!O,KFP!FO;MM!P-FKRP!+O;+!
+OP! N,-+;N+,R! SPP+F! +OP! T,MM,Y*-Q! X;M*);+*,->! ! %OP! FP+! KJ! FO;MM! LP! L;FP)! ,-! +O;+! Q*XP-! *-! G*QKRPF!
3$#(U?.!;-)!3$#(U?V ,T!+PF+!3$#(U>!%OP!)*TTPRP-NP!LP*-Q!RPF*F+*XP!M,;)!FKLF+*+K+PF!+OP!#H%!Y*+O!;!

8(&G!N;J;N*+,R!,-!P;NO!MP;)!+,!+OP!QR,K-)!JM;-P!;-)!+OP!,FN*MM,FN,JP!JR,LPF!N,--PN+P)!)*RPN+M<!,-+,!
P*+OPR!F*)P!,T!+OP!N,-+;N+,R>!%OP!X;MKP!,T!+OP!M,;)!FO;MM!LP!FKNO!+O;+!+OP!F;SP!NKRRP-+!*F!)R;Y-!TR,S!
+OP!J,YPR!F,KRNP!;F!YOP-!+OP!#H%!*F!N,--PN+P)>!

=>9! 3$#('[!N,-)KN+P)!PS*FF*,-[!J,YPR[!F*Q-;M!;-)!N,-+R,M!MP;)F[!V(!`a!+,!8'(!:`a!

Applicability and limits:! %O*F! RP\K*RPSP-+! *F! ;JJM*N;LMP! +,! ;MM! J,YPR[! F*Q-;M! ;-)! N,-+R,M! MP;)F!
N,--PN+P)!+,!;!#H%!+O;+!;RP!QRP;+PR!+O;-!8!S!*-!MP-Q+O>!!&;R+*NKM;R!;++P-+*,-!FO,KM)!LP!Q*XP-!+,!MP;)F!
+O;+!;RP!*-F+;MMP)!*-!+OP!F;SP!N,-)K*+[!+RK-^*-Q!,R!N;LMP!LK-)MPF!;F!+O,FP!,T!,+OPR!F<F+PSF!T*++P)!+,!+OP!
F;SP!JM;+T,RS!YOPRP!NR,FF!N,KJM*-Q!N;-!RP;)*M<!,NNKR>!!gOPRP!*-+PR-;M!#H%!N;LMPF!*-+PRT;NP!LP+YPP-!
)*TTPRP-+! N,SJ,-P-+! J;R+F! ,T! +OP! #H%! ,-M<! ;-)! -,! J;R+! ,T! +OP! *-F+;MM;+*,-! *F! NM,FPR! +O;-! 8'! NS! +,!
P]+PR-;M!N;LM*-Q!+OP-!+OPFP!S;<!LP!P]NMK)P)!TR,S!+O*F!+PF+>!

gOPRP!T*LRP!,J+*N!N;LMPF!+O;+!O;XP!;!JR,+PN+*XP!N,-)KN+*-Q!FOP;T[!;RP!KFP)!Y*+O*-!;-!*-F+;MM;+*,-[!+OP<!
S;<! ;MF,! LP! FKLcPN+! +,! +O*F! +PF+! *T! RK-! *-! NM,FP! JR,]*S*+<! +,! ,+OPR! N;LMP! O;R-PFFPF! ,R! *-+PRTPRP-NP!
F,KRNPF>!

%O*F! RP\K*RPSP-+! *F! ;MF,! ;JJM*N;LMP! T,R! J,YPR! MP;)F[! *-NMK)*-Q! RP+KR-F! +O;+! ,L+;*-! J,YPR! TR,S! ,+OPR!
F,KRNPF!-,+!J;R+!,T!+OP!#H%!T,R!4;-)[!EP;!;-)!"*R!;JJM*N;+*,-F>!
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G,R!"$!;JJM*N;+*,-F[!+O*F!RP\K*RPSP-+!*F!;JJM*N;LMP!F+;R+*-Q!;+!+OP!FPN,-)!O;RS,-*N!,T!+OP!#H%!J,YPR!
TRP\KP-N<>!

%O*F! RP\K*RPSP-+! *F! JPRT,RSP)! +,! N,-+R,M! +OP! MPXPMF! ,T! N,-)KN+P)! *-+PRTPRP-NP! ;JJP;R*-Q! ,-! #H%!
N;LM*-Q!YO*NO!N,KM)!N,KJMP!+,!;)c;NP-+!N;LM*-Q!TR,S!,+OPR!F<F+PSF!*-F+;MMP)!,-!+OP!F;SP!JM;+T,RS>!

0PTPRP-NP!FO;MM! LP!S;)P! +,! +OP!"JJM*N;L*M*+<!%;LMPF!=!;-)!W! *-!$;+PQ,R<!'(8!LPT,RP!FKLcPN+*-Q! +OP!
#H%!+,!+O*F!+PF+!SP+O,)>!gOPRP!F,SP!JR,NKR*-Q!;K+O,R*+*PF!RP\K*RP!+PF+*-Q!+,!;!O*QOPR!TRP\KP-N<!+O;-!
-,RS;MM<!N,XPRP)!L<!3$#(.!+OP-!3$#('!FO,KM)!LP!KFP)>!!1T!3$#('!*F!JPRT,RSP)!,-!+OP!*-JK+!J,YPR!
MP;)F!,T!;!#H%!+OP-!*+!*F!JPRS*FF*LMP!+,!,S*+!3$#(8!;-)!3$#(.!+PF+*-Q>!

Test procedures:! IKR*-Q!;JJM*N;+*,-!,T! +O*F!+PF+! +OP!'!f`!41E3!SKF+!LP!KFP)!+OR,KQO,K+!;F! *+F!
*SJP);-NP!NO;R;N+PR*F+*N!RPS;*-F!S,RP!F+;LMP!;+!O*QOPR!TRP\KP-N*PF!+O;-!+O;+!,T!+OP!'(!f`!41E3!KFP)!
*-!,+OPR!+PF+!JR,NP)KRPF>!

gOP-! KF*-Q! NKRRP-+! JR,LPF! N;RP! FO,KM)! LP! +;^P-! +,! S;^P! FKRP! +O;+! +OP! N;LMP! K-)PR! +PF+! J;FFPF!
+OR,KQO!+OP!NP-+RP!,T!+OP!*-+PR-;M!;JPR+KRP!F,!+O;+!SP;FKRPSP-+F!;RP!S,RP!RPJP;+;LMP>!%O*F!N;-!S,F+!
P;F*M<!LP!;NO*PXP)!Y*+O!+OP!KFP!,T!;!T,RSPR!,T!F,SP!^*-)!+O;+!O,M)F!+OP!N;LMP!*-!JM;NP>!!gOP-!JM;N*-Q!
NKRRP-+!JR,LPF!,-!N;LM*-Q!S*-*S*FP!+OP!PTTPN+!,T!-P*QOL,KR*-Q!N;LMP!O;R-PFFPF!,-!+OP!SP;FKRPSP-+!
L<!S;*-+;*-*-Q!+OP!S;]*SKS!FPJ;R;+*,-!)*F+;-NP!+,!+OPS>!

$KRRP-+!JR,LPF!FO,KM)!LP!J,F*+*,-P)!;+!;!J,*-+!'!NS!TR,S!P;NO!41E3!+PRS*-;M!F+K)!,-!P;NO!J,YPR!MP;)!
+PF+P)>! ! EKJJM*PF! ;-)! +OP*R! RP+KR-F! FO,KM)! LP! +PF+P)! FPJ;R;+PM<! @N,SS,-!S,)PA! ;-)! -,+! ;F! J;*RF!
@)*TTPRP-+*;M!S,)PA>!!$KRRP-+!JR,LPF!FO,KM)!LP!J,F*+*,-P)!'!NS!TR,S!+OP!#H%!N,--PN+,R!L;N^!FOPMM!,T!
P;NO!F*Q-;M!;-)!N,-+R,M! MP;)!LP*-Q! +PF+P)>! !gOPRP!F*Q-;M!,R!N,-+R,M! MP;)F!;RP! M,-QPR! +O;-!.!S! +OP-!
+PF+*-Q!*F!RP\K*RP)!;+!L,+O!P-)F!,T!+OP!N;LMP!;+!TRP\KP-N*PF!;L,XP!V(!:`a>!

"SL*P-+!SP;FKRPSP-+F!;RP!S;)P!,-!J,YPR! MP;)F!JR*,R! +,!#H%! +PF+*-Q!Y*+O! +OP!#H%! RPJM;NP)!L<!;!
RPF*F+*XP! M,;)!)R;Y*-Q!+OP!F;SP!F+P;)<!F+;+P!NKRRP-+>! !"SL*P-+!SP;FKRPSP-+F!,-!F*Q-;M!;-)!N,-+R,M!
M*-PF!;RP!JPRT,RSP)!;+!+OP!F;SP!M,N;+*,-!;F!+OP!#H%!SP;FKRPSP-+!LK+!Y*+O!+OP!#H%!FY*+NOP)!,TT>!!"MM!
#H%! P]PRN*F*-Q! P\K*JSP-+! SKF+! LP! TKMM<! TK-N+*,-;M! ;-)! N,--PN+P)! *-! N*RNK*+! )KR*-Q! ;MM! ;SL*P-+!
SP;FKRPSP-+F[! ;M+O,KQO! *+! *F! K-)PRF+,,)! +O;+! *-! F,SP! N*RNKSF+;-NPF! TKMM! TK-N+*,-;M*+<! S;<! -,+! LP!
;NO*PX;LMP!)KP!+,!RP\K*RP)!*-+PR;N+*,-!Y*+O!+OP!#H%>!!$;RP!FO,KM)!LP!+;^P-!-,+!+,!*-+R,)KNP!;))*+*,-;M!
*-+PRTPRP-NP!TR,S!P]PRN*F*-Q!P\K*JSP-+!;-)!YOPRPXPR!J,FF*LMP! +O*F!FO,KM)!LP!,T!;!J;FF*XP!-;+KRP!,R!
T*M+PRP)!+,!S*-*S*FP!*-+PRTPRP-NP!MPXPMF>!

G,R! +OP! JKRJ,FP! ,T! +OP! +PF+! +OP! #H%! FO,KM)! LP! J,YPRP)! ;-)! *-! *+F! -,RS;M! S,)P! ,T! ,JPR;+*,-!
+OR,KQO,K+!;-)!F,SP!SP;-F!,T!*-)*N;+*,-!FO,KM)!LP!JRPFP-+!+,!PF+;LM*FO!*+F!N,RRPN+!,JPR;+*,->!

=>d! 3$E(8[!N,-)KN+P)!FKFNPJ+*L*M*+<[!J,YPR!MP;)F[!V(!`a!+,!8'(!^`a!

Applicability and limits:! %OP!RP\K*RPSP-+!*F!;JJM*N;LMP!+,!J,YPR!*-JK+!MP;)F!+O;+!,L+;*-!J,YPR!TR,S!
,+OPR!F,KRNPF!+O;+!;RP!-,+!J;R+!,T!+OP!#H%>!!%OPRP!*F!-,!RP\K*RPSP-+!,-!J,YPR!,K+JK+!MP;)F>!!%OP!L;F*N!
N,-NPR-!*F!+,!P-FKRP!+O;+!P\K*JSP-+!JPRT,RS;-NP!*F!-,+!)PQR;)P)!TR,S!R*JJMP!X,M+;QPF!;FF,N*;+P)!Y*+O!
;MM,Y;LMP!)*F+,R+*,-!,T!J,YPR!F,KRNP!X,M+;QP!Y;XPT,RSF>!

%OP!RP\K*RP)!F*Q-;M!*F!;JJM*N;LMP!,-M<!+,!+OP!O*QO!F*)PF!,-!+OP!L;F*F!+O;+!+OP!N,-NPR-!*F!)PXPM,J*-Q!;!
)*TTPRP-+*;M!X,M+;QP!;NR,FF!+OP!J,YPR!*-JK+!MP;)F!+,!+OP!#H%>!!%OP!FPR*PF!*-cPN+*,-!+PNO-*\KP!*-!+OP!+PF+!
JR,NP)KRP!RPFKM+F!*-!+OP!X,M+;QP!)R,JJ*-Q!;NR,FF!+OP!*SJP);-NP!,T!+OP!#H%!J,YPR!*-JK+!N*RNK*+R<>!!%OP!
*SJP);-NP! ,T! +OP! J,YPR! RP+KR-!Y*R*-Q! *F! -,RS;MM<! *-F*Q-*T*N;-+!Y*+O! RPFJPN+! +,! +OP! J,YPR! *-JK+! ,XPR!
S,F+!,T! +OP!RP\K*RP)!TRP\KP-N<!R;-QP>! !$,SS,-!S,)P!X,M+;QPF!PX;MK;+*,-F!;RP!;))RPFFP)!L<!,+OPR!
FKFNPJ+*L*M*+<! +PF+F!FKNO!;F!3$E(W!;-)!30E(.>! ! 1-cPN+*,-!,-!;!J,YPR! RP+KR-!Y*MM! RPFKM+! *-! +OP!F;SP!
)*TTPRP-+*;M! X,M+;QP! ;NR,FF! +OP! J,YPR! *-JK+j! O,YPXPR[! *+! Y*MM! RPFKM+! *-! ;! M;RQP! X,M+;QP! ;+! +OP! RP+KR-!
N,--PN+*,-!+,!+OP!#H%!Y*+O!RPFJPN+!+,!+OP!QR,K-)!JM;-P[!YO*NO!*F!N,-F*)PRP)!K-RP;M*F+*N>!

E*S*M;R! +,! 3$#(.[! +OP! M*S*+F! ;RP! L;FP)! ,-! ;! RPX*PY! ,T! +OP! J,YPR! \K;M*+<! F+;-);R)F! Y*+O! PSJO;F*F!
+,Y;R)!+OP!FJPN+R;M!N,-+P-+!NKRXPF!JRPFP-+!*-!:14?E%I?W(U>!!0;+OPR!+O;-!O;X*-Q!;!FPJ;R;+P!NKRXP!T,R!
P;NO!J,FF*LMP!J,YPR!F,KRNP!X,M+;QP[!,-M<!+Y,!NKRXPF!;RP!FJPN*T*P)>!!%OP!X,M+;QP!;SJM*+K)P!FJPN*T*P)!*F!
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;JJR,]*S;+PM<! =! )6! ;L,XP! +<J*N;M! J,YPR! \K;M*+<! M*S*+F[! ;M+O,KQO! +OP! M*S*+! O;F! LPP-! F,SPYO;+!
QP-PR;M*FP)!+,!;X,*)!N,SJMP]!NKRXPF>!!%OP!S;RQ*-!LP+YPP-!+OP!M*S*+!;-)!+OP!J,YPR!\K;M*+<!F+;-);R)!*F!
-PNPFF;R<!+,!;MM,Y!T,R!X;R*;+*,-F!*-!JPRT,RS;-NP!LP+YPP-!S;-KT;N+KRP)!*+PSF>!

%OP!)*TTPRP-NP!LP+YPP-!+OP!M*S*+F!T,R!3$#(.!;-)!3$E(8!,T!;JJR,]*S;+PM<!.=!)6!FO,KM)!-,+!LP!X*PYP)!
;F!;!S;RQ*->! !%OP!3$#(.! M*S*+! *F! JM;NP)!F,! +O;+! R*JJMP! X,M+;QPF!),!-,+! P]NPP)! +O;+! ;MM,YP)!L<! +OP!
J,YPR!\K;M*+<!F+;-);R)F!)KP!+,! *-+PRTPRP-NP!N,-+R*LK+*,-F!TR,S!SKM+*JMP!#H%F>! !%OPRPT,RP[! +OP!J,YPR!
\K;M*+<!F+;-);R)!*F!+OP!,-M<!X;M*)!L;F*F!,T!N,SJ;R*F,->!

%OP!JR*S;R<!+;*M,R*-Q!N,-F*)PR;+*,-!T,R!+OP!JR,NKR*-Q!;N+*X*+<!T,R!N,-+R;N+K;M!),NKSP-+F!*F!;)cKF+SP-+!,T!
+OP!M*S*+!+,!T,MM,Y!S,RP!NM,FPM<!;!J;R+*NKM;R!J,YPR!\K;M*+<!F+;-);R)>!

Test procedures:! E*-NP! +OP! ;JJM*P)! X,M+;QP! *F! N,KJMP)! *-! FPR*PF! KF*-Q! ;! +R;-FT,RSPR[! 7*RNO,TT_F!
X,M+;QP! M;Y! RP\K*RPF! +O;+! +OP! X,M+;QP! ;JJP;R*-Q! ;NR,FF! +OP! +R;-FT,RSPR! ,K+JK+! +PRS*-;MF!SKF+! )R,J!
;R,K-)!+OP!N*RNK*+!M,,J!T,RSP)!L<!+OP!#H%!*-JK+!;-)!+OP!J,YPR!F,KRNP!*SJP);-NP>!!%OP!X,M+;QP!MPXPM!
FJPN*T*P)! *-! +OP! M*S*+! *F! SP;FKRP)! ;NR,FF! +OP! #H%! *-JK+! LPN;KFP! J;R+! ,T! +OP! +R;-FT,RSPR! *-)KNP)!
X,M+;QP!N;-!LP!P]JPN+P)!+,!)R,J!;NR,FF!+OP!F,KRNP!*SJP);-NP>!

#;RM*PR!#:1!F+;-);R)F!*-+R,)KNP)!;!N*RNK*+!T,R!;!JO;FP!FO*T+!-P+Y,R^[!YO*NO!Y;F!*-+P-)P)!+,!N;-NPM!,K+!
"$! J,YPR! Y;XPT,RSF! ;-)! ;MM,Y! )*RPN+!SP;FKRPSP-+! ,T! +OP! R*JJMP! JRPFP-+! ;NR,FF! +OP! #H%>! !gO*MP!
+OPFP!)PX*NPF!XPR<!PTTPN+*XPM<!N;-NPM!+OP!J,YPR!Y;XPT,RS[!+OP<!RP+KR-!+OP!*-N,RRPN+!X;MKP!,T!+OP!R*JJMP!
;-)!;RP!-,+!;NNPJ+;LMP! T,R!KFP>! !%OP!-P+Y,R^F!KFP! +OP!JR*-N*JMP!,T! *-XPR+*-Q! +OP!JO;FP!,T! +OP! *-JK+!
J,YPR!Y;XPT,RS[!;))*-Q!*+!+,!+OP!Y;XPT,RS!@*-JK+!J,YPR!JMKF!R*JJMPA!;NR,FF!+OP!#H%[!;-)!JRPFKS;LM<!
JR,)KN*-Q! ,-M<! +OP! R*JJMP! ;F! ;-! ,K+JK+>! ! G,R! ;! NMP;-! J,YPR! Y;XPT,RS[! +OP! -P+Y,R^! Y,KM)! JPRT,RS!
JR,JPRM<>! ! `,YPXPR[! +OP! J,R+*,-! ,T! +OP! R*JJMP! +O;+! )R,JF! ;NR,FF! +OP! J,YPR! F,KRNP! *SJP);-NP!
N,-+;S*-;+PF! +OP! Y;XPT,RS! ;-)! QP+F! RPN,SL*-P)! Y*+O! +OP! R*JJMP! ;NR,FF! +OP! #H%! RPFKM+*-Q! *-! ;-!
*-N,RRPN+!X;MKP>!

D,M+;QPF!Y*MM!;JJP;R!;NR,FF!+OP!JR*S;R<!F*)P!,T!+OP!*-cPN+*,-!+R;-FT,RSPR!)KP!+,!+OP!#H%!NKRRP-+!M,;)!
;+! +OP!J,YPR! TRP\KP-N<>! !4;RQPR!NKRRP-+! M,;)F!Y*MM! RPFKM+! *-! M;RQPR!X,M+;QPF!;-)!;RP! +OP!JRP),S*-;-+!
N,-NPR->! ! %OPFP! X,M+;QPF! N;-! N;KFP! J,+P-+*;M! JR,LMPSF! Y*+O! +OP! J,YPR! ;SJM*T*PR>! ! %OP! N*RNK*+!
;RR;-QPSP-+!*-!G*QKRP!8'!Y*MM!FKLF+;-+*;MM<!RP)KNP!+O*F!X,M+;QP!;-)!JR,X*)P!JR,+PN+*,-!T,R!+OP!;SJM*T*PR>!!
%O*F! PTTPN+! *F! ;NN,SJM*FOP)! L<! KF*-Q! ;! )KSS<! M,;)! P\K;M! +,! +OP! #H%! ;-)! Y*R*-Q! +OP! ;))*+*,-;M!
+R;-FT,RSPR! F,! +O;+! *+F! *-)KNP)! X,M+;QP! *F! P\K;M! +,! ;-)! 89(!)PQRPPF! ,K+! ,T! JO;FP!Y*+O! +OP! *-)KNP)!
X,M+;QP!*-!+OP!*-cPN+*,-!+R;-FT,RSPR>!!1T!J,FF*LMP[!+OP!)KSS<!M,;)!FO,KM)!O;XP!+OP!F;SP!J,YPR!T;N+,R!
;F!+OP!#H%>!
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FIGURE 15 NCS01 Power amplifier protection. 

/-!*-*+*;M!+KR-!,-[!I$?+,?I$!J,YPR!FY*+NO*-Q!N,-XPR+PRF!N;-!NRP;+P!M;RQP!X,M+;QPF!,-!+OP!JR*S;R<!F*)P!

,T! +OP! *-cPN+*,-! +R;-FT,RSPR! +O;+! N;-! );S;QP! +OP! J,YPR! ;SJM*T*PR>! ! "! JRPN;K+*,-! *F! +,! JM;NP! ;! '!!!
RPF*F+,R!;NR,FF!+OP!JR*S;R<!;-)!+,!)*FN,--PN+!+OP!+R;-FT,RSPR!)KR*-Q!*-*+*;M!+KR-!,->!

%OP!*-cPN+P)!F*Q-;M!FO,KM)!LP!S;*-+;*-P)!;F!;!F*-KF,*)>!!E;+KR;+*,-!,T!+OP!J,YPR!;SJM*T*PR!,R!N,KJM*-Q!
+R;-FT,RSPR!S;<!RPFKM+!*-!;!)*F+,R+P)!Y;XPT,RS>!

1T!+OP!RP+KR-!F*)P!,T!J,YPR!*F!-,+!N,--PN+P)!+,!+OP!FO*PM)P)!R,,S!QR,K-)[!+OP!,FN*MM,FN,JP!S;<!-PP)!+,!
LP! PMPN+R*N;MM<! tTM,;+P)u! KF*-Q! ;-! *F,M;+*,-! +R;-FT,RSPR! +,! N,RRPN+M<! SP;FKRP! +OP! *-cPN+P)! X,M+;QP!
RPFKM+*-Q! *-!;!J,+P-+*;M!FO,N^!O;a;R)>! !I*TTPRP-+*;M!JR,LP!;SJM*T*PRF!;RP!;X;*M;LMP!YO*NO!Y*MM!N,-XPR+!;!
)*TTPRP-+*;M! SP;FKRPSP-+! LP+YPP-! +OP! O*QO! F*)P! ;-)! ;-! *F,M;+P)! QR,K-)! +,! ;! F*-QMP?P-)P)!
SP;FKRPSP-+!YOPRP!+OP!SP;FKRPSP-+!)PX*NP!N;-!LP!QR,K-)P)>!!%OPFP!JR,LPF!O;XP!;-!,K+JK+!+O;+!*F!
FK*+;LMP! T,R! SP;FKRPSP-+! Y*+O! P*+OPR! ;-! ,FN*MM,FN,JP! ,R! ;! O*QO! *SJP);-NP[! TRP\KP-N<! FPMPN+*XP[!
RPNP*XPR!@JR,X*)P)!+OP!RPNP*XPR!N;-!+,MPR;+P!+OP!O*QO!*-JK+!X,M+;QPA>!

=>8(! 3$E(.[!N,-)KN+P)!FKFNPJ+*L*M*+<[!N,-+R,M!;-)!F*Q-;M!MP;)F[!V(!`a!+,!'(!^`a>!

Applicability and limits:! %O*F! +PF+! *F! ;JJM*N;LMP! +,!;MM! N,-+R,M! ;-)! F*Q-;MF! MP;)F! N,--PN+P)! +,! +OP!
#H%>! ! $;LMPF[! YO*NO! *-NMK)P! J,YPR! FKJJM<! MP;)F! +,QP+OPR! Y*+O! N,-+R,M! ;-)! F*Q-;M! MP;)F! ;RP! ;MF,!
FKLcPN+!+,!+O*F!+PF+!;-)!FO;MM!LP!+PF+P)!;F!;!LK-)MP>!

%O*F! +PF+! *F!,-M<!;JJM*N;LMP! +,!N;LMPF! *-!P]NPFF!,T!8!SP+RP! *-! MP-Q+O>!%OP!PTTPN+*XP!N,KJM*-Q!LP+YPP-!
N;LMPF! *F! )PJP-)P-+! KJ,-! MP-Q+O! ;-)! FPJ;R;+*,->! ! #MPN+R,S;Q-P+*N! R;)*;+*,-! *F! JR,)KNP)! L<!
N,-)KN+,RF! *-!YO*NO!NKRRP-+F!,R!X,M+;QPF!;RP!NO;-Q*-Q>! ! 1-! +OP!-P;R! T*PM)! @*>P>!;+!)*F+;-NPF! MPFF! +O;-!

)C.*#;+! +OP! RPMPX;-+! TRP\KP-N<A! +OP! *-)KN+*,-! N,SJ,-P-+F! ;RP! ),S*-;-+! LK+! +OPFP! N,SJ,-P-+F!
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)PNRP;FP! R;J*)M<!Y*+O!)*F+;-NP! @JR,J,R+*,-;M! +,! 8C)
.
! ,R! 8C)

V
! ;+! ;!)*F+;-NP!)A>! ! 1-! +OP! T;R! T*PM)! @*>P>! ;+!

)*F+;-NPF!QRP;+PR!+O;-!)C.*A!+OP!R;)*;+*,-!T*PM)[!YO*NO!X;R*PF!;F!8C)[!*F!),S*-;-+>!

%OP!JKRJ,FP!,T! +O*F! +PF+! *F! +,!P-FKRP! +O;+!#H%F!;RP!-,+!FKFNPJ+*LMP! +,! M,Y! TRP\KP-N<! *-)KNP)! R*JJMP!
TR,S!;)c;NP-+!N;LM*-Q>!

%OP!M*S*+F!T,R!+O*F!+PF+!;RP!RPJRPFP-+;+*XP!,T!+O,FP!+<J*N;MM<!T,K-)!*-!S,F+!S*M*+;R<!*-F+;MM;+*,-F!;-)!O;XP!
LPP-! )PR*XP)! L<! PSJ*R*N;M! SP;FKRPSP-+F>! %OP! JR,NKR*-Q! ;K+O,R*+<! FO,KM)! Q*XP! N,-F*)PR;+*,-! +,!
+;*M,R*-Q!+OP!M*S*+F!;+!TRP\KP-N*PF!YOPRP!O*QO?MPXPM!R*JJMP!*F!P]JPN+P)>!

Test procedures:! %OP! +PF+!Y*RP!FO;MM!LP!,T!FK*+;LMP!NKRRP-+! R;+*-Q!;-)! TMP]*LMP!P-,KQO! +,!P-;LMP!
NM,FP! N,KJM*-Q! +,! +OP! N;LMP! LK-)MP! K-)PR! +PF+>! 1+! FO;MM! N,-F*F+! ,T! V! +KR-F! PXP-M<! )*F+R*LK+P)! ,XPR! ;!
F+R;*QO+!8!SP+RP!MP-Q+O!,T!+OP!N;LMP!LK-)MP!K-)PR!+PF+>!

%OP! +PF+! Y*RP! FO;MM! LP! T*]P)! ;F! )PFNR*LP)! ;L,XP! +,! P-FKRP! +O;+! +OP! +PF+! FP+! KJ! *F! S;*-+;*-P)! L,+O!
LP+YPP-!*-)*X*)K;M!+PF+!FP+?KJF!;-)!+OR,KQO,K+!+OP!)KR;+*,-!,T!P;NO!+PF+>!%OP!N;LMP!LK-)MP!K-)PR!+PF+!
FO;MM!LP!S,K-+P)!,-!'(!S*MM*SP+RP!-,-?N,-)KN+*-Q!FJ;NPRF!Y*+O!RPFJPN+!+,!+OP!QR,K-)!JM;-P>!

%OP!+PF+!F*Q-;M!FO;MM!N,-F*F+!,T!;-!K-S,)KM;+P)!N;RR*PR!Y;XP!;-)!FO;MM!LP!S;*-+;*-P)!;+!+OP!+PF+!M*S*+!
NKRRP-+! ;NR,FF! +OP! +PF+! TRP\KP-N<! R;-QP>!:P;FKRPSP-+! ,T! +OP! NKRRP-+! *-! +OP! +PF+!Y*RP! N;-!LP!S;)P!
KF*-Q!;!FK*+;LMP!SP;FKRPSP-+!*-F+RKSP-+!*-!JP;^!S,)P[!LK+!N;M*LR;+P)!*-!0:E>!

=>88! 3$E(V[!N,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!*-+PRS,)KM;+*,-[!8'!^`a!+,!8(!2`a!

Applicability and limits:! %OP! *-+P-+! ,T! +O*F! RP\K*RPSP-+! *F! +,! N,-+R,M! +OP! RPFJ,-FP! ,T! ;-+P--;?
N,--PN+P)!RPNP*X*-Q!FKLF<F+PSF!+,!*-?L;-)!F*Q-;MF!RPFKM+*-Q!TR,S!J,+P-+*;M!*-+PRS,)KM;+*,-!JR,)KN+F!,T!
+Y,!F*Q-;MF!,K+F*)P!,T! +OP! *-+P-+*,-;M!J;FFL;-)!,T! +OP!FKLF<F+PS!JR,)KNP)!L<!-,-?M*-P;R*+*PF! *-! +OP!
FKLF<F+PS>!!%OP!RP\K*RPSP-+!N;-!LP!;JJM*P)!+,!RPNP*XPRF[!+R;-FNP*XPRF[!;SJM*T*PRF[!;-)!+OP!M*^P>!!IKP!
+,! +OP! Y*)P! )*XPRF*+<! ,T! FKLF<F+PS! )PF*Q-F! LP*-Q! )PXPM,JP)[! +OP! ;JJM*N;L*M*+<! ,T! +O*F! +<JP! ,T!
RP\K*RPSP-+!;-)!;JJR,JR*;+P!M*S*+F!-PP)!+,!LP!)P+PRS*-P)!T,R!P;NO!JR,NKRPSP-+>!!"MF,[!RP\K*RPSP-+F!
-PP)! +,!LP!FJPN*T*P)! +O;+!;RP!N,-F*F+P-+!Y*+O! +OP!F*Q-;M!JR,NPFF*-Q!NO;R;N+PR*F+*NF!,T! +OP!FKLF<F+PS!
;-)!+OP!J;R+*NKM;R!+PF+!JR,NP)KRPF!+,!LP!KFP)!+,!XPR*T<!+OP!RP\K*RPSP-+>!

/-P!;JJR,;NO! T,R! )P+PRS*-*-Q! MPXPMF! RP\K*RP)! T,R! +OP!,K+?,T?L;-)!F*Q-;MF! *F! TR,S!;-!;-;M<F*F!,T! +OP!
PMPN+R,S;Q-P+*N! P-X*R,-SP-+F! JRPFP-+! ;-)! NO;R;N+PR*F+*NF! ,T! RPNP*X*-Q! ;-+P--;F>! ! `,YPXPR[! MPXPMF!
N;MNKM;+P)!L<!+O*F!SP;-F!Y*MM!,T+P-!JM;NP!K-RP;F,-;LMP!)PF*Q-!JP-;M+*PF!,-!+OP!RPNP*XPR>!!G,R!P];SJMP[!
*T! ;-! P]+PR-;M! P-X*R,-SP-+! ,T! .((! X,M+FCSP+RP! *F! *SJ,FP)!,-!;! F<F+PS[! ;-! *F,+R,J*N! ;-+P--;!;+! V((!
:`a!Y*MM!)PM*XPR!Vd!)6S!+,!+OP!RPNP*XPR>!!%O*F!MPXPM!RPJRPFP-+F!;!FPXPRP!)PF*Q-!RP\K*RPSP-+!+,!S;-<!
RPNP*XPRF>!!"-!;M+PR-;+*XP!;JJR,;NO!*F!+,!F*SJM<!FJPN*T<!MPXPMF!+O;+!;RP!Y*+O*-!+OP!F+;+P?,T?+OP?;R+!T,R!+OP!
J;R+*NKM;R!RPNP*XPR!)PF*Q->!

%O*F! RP\K*RPSP-+! *F! S,F+! ;JJM*N;LMP! +,! T*]P)! TRP\KP-N<[! +K-P;LMP[! FKJPROP+PR,)<-P! RPNP*XPRF>!!
&RPX*,KF! XPRF*,-F! ,T! +O*F! F+;-);R)! RP\K*RP)! -,RS;M! F<F+PS! JPRT,RS;-NP! Y*+O! +OP! +Y,! ,K+?,T?L;-)!
F*Q-;MF!+,!LP!==!)6!;L,XP!+OP!MPXPM!RP\K*RP)!+,!,L+;*-!+OP!F+;-);R)!RPTPRP-NP!,K+JK+!T,R!+OP!RPNP*XPR>!!
/-P!F*Q-;M!Y;F!R;*FP)!+,!9(!)6!;L,XP!+OP!RPTPRP-NP!*-!+OP!.!+,!.'!:`a!;-)!.((!+,!U((!:`a!L;-)F!+,!
;NN,K-+! T,R! +R;-FS*FF*,-F! TR,S!`G! ;-)! H`G! N,SSK-*N;+*,-! P\K*JSP-+>! ! :;]*SKS! MPXPMF! T,R! L,+O!
F*Q-;MF!YPRP! M*S*+P)! +,! 8(! )6S>! ! "F! ;-! P];SJMP[! N,-XP-+*,-;M! N,SSK-*N;+*,-! RPNP*XPRF! N,SS,-M<!
O;XP!FP-F*+*X*+*PF!,-!+OP!,R)PR!,T!?8((!)6S>!!G,R!+O*F!N;FP[!+OP!==!)6!;L,XP!RPTPRP-NP!F*Q-;M!*F!;+!?VU!
)6S!;-)!+OP!9(!)6!;L,XP!RPTPRP-NP!F*Q-;M!*F!;+!?.(!)6S>!!6,+O!;RP!FKLF+;-+*;MM<!LPM,Y!+OP!8(!)6S!
S;]*SKS!KFP)!*-!+OP!J;F+>!

G,R!,+OPR!+<JPF!,T!RPNP*XPRF[!;JJM*N;+*,-!,T!+O*F!RP\K*RPSP-+!*F!,T+P-!MPFF!F+R;*QO+T,RY;R)!;-)!N;RP!SKF+!
LP!+;^P-!+,!P-FKRP!+O;+!;-<!;JJM*P)!RP\K*RPSP-+F!;RP!JR,JPRM<!FJPN*T*P)>!!:;-<!RPNP*XPRF!;RP!)PF*Q-P)!
+,!LP!*-+PRTPRP-NP!,R!c;S!RPF*F+;-+!;-)!+O*F!TP;+KRP!S;<!S;^P!;JJM*N;+*,-!,T!+O*F!RP\K*RPSP-+!)*TT*NKM+!,R!
*-;JJR,JR*;+P>!

/-P!N,SJM*N;+*-Q!T;N+,R!*F!+O;+!,-P!,T!+OP!,K+?,T?L;-)!F*Q-;MF!+<J*N;MM<!*F!S,)KM;+P)!Y*+O!;!Y;XPT,RS!
-,RS;MM<!KFP)!L<!+OP!RPNP*XPR>!!G,R!RPNP*XPRF!+O;+!JR,NPFF!;!XPR<!FJPN*T*N!S,)KM;+*,-[!+OP!*FFKP!P]*F+F!
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YOP+OPR! ;-! ,K+?,T?L;-)! F*Q-;M! N;-! RP;F,-;LM<! LP! P]JPN+P)! +,! N,-+;*-! +O;+! S,)KM;+*,->! ! "-,+OPR!
N,SJM*N;+*-Q! T;N+,R! *F! RPM;+P)! +,! +OP! J,+P-+*;M! *-+PRS,)KM;+*,-! JR,)KN+F! RPFKM+*-Q! TR,S! +Y,! F*Q-;MF>!!
0PFJ,-FPF!TR,S!*-+PRS,)KM;+*,-!JR,)KN+F!N;-!LP!JRP)*N+P)!+,!,NNKR!YOP-!T,!n!ST8!v!-T.!YOPRP!T,!*F!+OP!
,JPR;+*-Q! TRP\KP-N<!,T! +OP!RPNP*XPR[!S!;-)!-!;RP! *-+PQPRF[!;-)!T8!;-)!T.!;RP! +OP!,K+?,T?L;-)!F*Q-;MF>!!
G,R!RPNP*XPRF[!YO*NO!N,-+*-K,KFM<!NO;-QP!TRP\KP-N<!@FKNO!;F!TRP\KP-N<!;Q*MP!,R!TRP\KP-N<!O,JJ*-QA[!
+OP!RPM;+*,-FO*J!Y*MM!LP!+RKP!,-M<!T,R!;!J,R+*,-!,T!+OP!,JPR;+*-Q!+*SP!,T!+OP!RPNP*XPR[!K-MPFF!+OP!,K+?L;-)?
F*Q-;MF! ;RP! ;MF,! N,-+*-K,KFM<! +K-P)! ,R! +OP! RPNP*XPR! ,JPR;+*-Q! NO;R;N+PR*F+*NF! ;RP! S,)*T*P)! T,R! +OP!
JKRJ,FP!,T!PX;MK;+*,->!

Test procedures:! 3,! +PF+! JR,NP)KRPF! ;RP! JR,X*)P)! *-! +OP! S;*-! L,)<! ,T! +O*F! F+;-);R)! T,R! +O*F!
RP\K*RPSP-+>!!6PN;KFP!,T!+OP!M;RQP!X;R*P+<!,T!RPNP*XPR!)PF*Q-F!LP*-Q!)PXPM,JP)[!+OP!RP\K*RPSP-+F!T,R!
+OP! FJPN*T*N! ,JPR;+*,-;M! NO;R;N+PR*F+*NF! ,T! ;! RPNP*XPR! SKF+! LP! PF+;LM*FOP)! LPT,RP! SP;-*-QTKM! +PF+!
JR,NP)KRPF!N;-!LP!)PXPM,JP)>!!/-M<!QP-PR;M!+PF+*-Q!+PNO-*\KPF!;RP!)*FNKFFP)!*-!+O*F!;JJP-)*]>!

1-+PRS,)KM;+*,-! +PF+*-Q! N;-! LP! ;JJM*P)! +,! ;! X;R*P+<! ,T! RPNP*X*-Q! FKLF<F+PSF! FKNO! ;F! RPNP*XPRF[! 0G!
;SJM*T*PRF[!+R;-FNP*XPRF!;-)!+R;-FJ,-)PRF>!

EPXPR;M! RPNP*XPR! TR,-+?P-)! NO;R;N+PR*F+*NF! SKF+! LP! ^-,Y-! T,R! JR,JPR! +PF+*-Q! T,R! *-+PRS,)KM;+*,-!
RPFJ,-FPF>!!%OPFP!NO;R;N+PR*F+*NF!QP-PR;MM<!FO,KM)!LP!)P+PRS*-P)!L<!+PF+>!!%OP!S;]*SKS!F*Q-;M!*-JK+!
+O;+! +OP! RPNP*XPR!N;-! +,MPR;+P!Y*+O,K+!,XPRM,;)!-PP)F! +,!LP!^-,Y-! +,!P-FKRP! +O;+! +OP! +PF+! MPXPMF!;RP!
RP;F,-;LMP!;-)!+O;+!+OP!+PF+!+RKM<!*F!PX;MK;+*-Q!*-+PRS,)KM;+*,-!PTTPN+F>!!%OP!L;-)J;FF!NO;R;N+PR*F+*NF!
,T!+OP!RPNP*XPR!;RP!*SJ,R+;-+!T,R!)P+PRS*-*-Q!TRP\KP-N*PF!-P;R!+OP!RPNP*XPR!TK-);SP-+;M!T,!+O;+!Y*MM!LP!
P]NMK)P)!TR,S!+PF+>!!0P\K*RPSP-+F!T,R!+O*F!+PF+!;RP!QP-PR;MM<!P]JRPFFP)!*-!+PRSF!,T!;!RPM;+*XP!)PQRPP!,T!
RPcPN+*,-! L<! FJPN*T<*-Q! +OP! )*TTPRP-NP! *-! MPXPM! LP+YPP-! J,+P-+*;MM<! *-+PRTPR*-Q! F*Q-;MF! ;-)! +OP!
PF+;LM*FOP)! FP-F*+*X*+<! ,T! +OP! RPNP*XPR! K-)PR! +PF+>! ! %OPRPT,RP[! )P+PRS*-;+*,-! ,T! +OP! FP-F*+*X*+<! ,T! +OP!
RPNP*XPR!*F!;!^P<!J,R+*,-!,T!+OP!+PF+>!

%OP!L;F*N!N,-NPJ+!Y*+O!+O*F!+PF+!*F!+,!N,SL*-P!+Y,!,K+?,T?L;-)!F*Q-;MF!;-)!;JJM<!+OPS!+,!+OP!;-+P--;!
J,R+!,T!+OP!RPNP*XPR!YO*MP!S,-*+,R*-Q!+OP!RPNP*XPR!T,R!;-!K-)PF*RP)!RPFJ,-FP>!!/-P!,T!+OP!,K+?,T?L;-)!
F*Q-;MF! *F! -,RS;MM<!S,)KM;+P)!Y*+O! +OP!S,)KM;+*,-! P]JPN+P)! L<! +OP! RPNP*XPR>! ! %OP! FPN,-)! F*Q-;M! *F!
-,RS;MM<! N,-+*-K,KF! Y;XP! @$gA>! ! G*QKRP! 8=! FO,YF! ;! QP-PR;M! FP+?KJ! T,R! +O*F! +PF+>! G,R! ;JJM*N;+*,-F!
YOPRP! +OP! RPNP*XPR! Y,KM)! -,+! JR,X*)P! ;-! *-)*N;+*,-! ,T! *-+PRTPRP-NP! Y*+O,K+! ;! RPNP*XP! F*Q-;M! LP*-Q!
JRPFP-+[!;! +O*R)!F*Q-;M!N;-!LP!KFP)!;+! +OP! TK-);SP-+;M>! !%O*F!;RR;-QPSP-+!S;<!;MF,!LP!FK*+;LMP! T,R!
F,SP!RPNP*XPRF!+O;+!JR,NPFF!;!XPR<!FJPN*;M*FP)!+<JP!,T!S,)KM;+*,-[!YO*NO!Y,KM)!-PXPR!LP!P]JPN+P)!,-!
;-!,K+?,T?L;-)!F*Q-;M>!!"-!,J+*,-!*F!T,R!+OP!+Y,!,K+?,T?L;-)!F*Q-;MF!+,!LP!$g!T,R!+O*F!;JJM*N;+*,->!

%OP!TRP\KP-N<!,T!+OP!+Y,!,K+?,T?L;-)!F*Q-;MF!FO,KM)!LP!FP+!FKNO!+O;+!T,!n!.T8!?!T.!YOPRP!T,!*F!+OP!+K-P)!
TRP\KP-N<! ,T! +OP! RPNP*XPR! ;-)! T8! ;-)! T.! ;RP! +OP! TRP\KP-N*PF! ,T! +OP! F*Q-;M! F,KRNPF>! ! %O*F! P\K;+*,-!
RPJRPFP-+F! ;! +O*R)! ,R)PR! *-+PRS,)KM;+*,-! JR,)KN+[! YO*NO! *F! +OP!S,F+! N,SS,-! RPFJ,-FP! ,LFPRXP)! *-!
RPNP*XPRF>! ! T8!;-)!T.!FO,KM)!LP!FYPJ+!,R!F+PJJP)!,XPR!+OP!)PF*RP)!TRP\KP-N<!R;-QP!YO*MP!S;*-+;*-*-Q!
+OP!RPM;+*,-FO*J!*-!+OP!P\K;+*,->!!1+!*F!*SJ,R+;-+!+,!XPR*T<!+O;+!;-<!RPFJ,-FPF!-,+P)!)KR*-Q!+O*F!+PF+!;RP!
)KP! +,! *-+PRS,)KM;+*,-!RPFJ,-FPF>! !0PFJ,-FPF!N;-!RPFKM+! TR,S!F*SJM<! M;N^!,T! RPcPN+*,-! +,!,-P!,T! +OP!
;JJM*P)!F*Q-;MF!,R!TR,S!O;RS,-*NF!,T!,-P!,T!+OP!F*Q-;M!F,KRNPF>!!%KR-*-Q!,TT!P;NO!F*Q-;M!F,KRNP!*-!+KR-!
;-)!-,+*-Q!YOP+OPR!+OP!RPFJ,-FP!RPS;*-F!N;-!)PS,-F+R;+P!+OP!F,KRNP!,T!+OP!RPFJ,-FP>!
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FIGURE 16 NCS03 General test set-up. 

G,R! RPNP*XPRF! Y*+O! TR,-+?P-)! S*]*-Q! ;-)! T*M+PR*-Q! *-! ;-! ;-+P--;! S,)KMP[! +OP! +PF+! S;<! -PP)! +,! LP!
)PF*Q-P)!+,!LP!JPRT,RSP)!,-!;!R;)*;+P)!L;F*F>!!"MM!F*Q-;MF!Y,KM)!-PP)!+,!LP!R;)*;+P)!;-)!;FFKR;-NPF!
JR,X*)P)!+O;+!;-<!,LFPRXP)!*-+PRS,)KM;+*,-!JR,)KN+F!;RP!)KP!+,!+OP!RPNP*XPR!;-)!-,+!N;KFP)!L<!*+PSF!
*-! +OP! +PF+! ;RP;>! ! %OP! #:1%&! Y,KM)! -PP)! +,! ;))RPFF! ;-+P--;! +<JPF[! ;-+P--;! M,N;+*,-F[! ;-+P--;!
J,M;R*F;+*,-!;-)!T*PM)!SP;FKRPSP-+!+PNO-*\KPF>!!%O*F!+PF+!Y,KM)!JR,L;LM<!-PP)!+,!LP!JPRT,RSP)!*-!;-!
;-PNO,*N!NO;SLPR>!

G,R!TRP\KP-N<!O,JJ*-Q!RPNP*XPRF[!,-P!J,FF*LMP!;JJR,;NO!*F!NO,,FP!;-!T,!Y*+O*-!+OP!O,J!FP+!;-)!FP+!KJ!
+OP!F*Q-;MF!F,KRNPF!;F!)PFNR*LP)!;L,XP>!!%OP!JPRT,RS;-NP!,T!+OP!RPNP*XPR!N,KM)!+OP-!LP!PX;MK;+P)!;F!
+OP! RPNP*XPR!O,JF>! ! 1T! +OP! TRP\KP-N<!O,JJ*-Q! RPNP*XPR! O;F!;!S,)P!,T! ,JPR;+*,-!KF*-Q! cKF+! ,-P! T*]P)!
TRP\KP-N<[!+O*F!S,)P!FO,KM)!;MF,!LP!+PF+P)>!

"!N,SS,-!PRR,R!S;)P! *-!JPRT,RS*-Q! +O*F! +PF+!JR,NP)KRP! *F!;++R*LK+*-Q! T;*MKRPF! +,! +OP!#H%[!YO*NO!;RP!
;N+K;MM<! O;RS,-*NF! ,T! +OP! F*Q-;M! F,KRNP! ,R! *-+PRS,)KM;+*,-! JR,)KN+F! QP-PR;+P)! *-! +OP! +PF+! FP+?KJ>!!
%OPRPT,RP[! *+! *F! *SJ,R+;-+! +,! XPR*T<! +O;+! +OP! F*Q-;MF! ;JJP;R*-Q! ;+! +OP!#H%!;-+P--;! J,R+! ;RP! ,-M<! +OP!
*-+P-)P)! F*Q-;MF! +OR,KQO! +OP! KFP! ,T! ;! SP;FKRPSP-+! RPNP*XPR! ;F! FO,Y-! *-! G*QKRP! 8=>! ! I;S;QP)[!
N,RR,)P)[! ;-)! T;KM+<! N,SJ,-P-+F! N;-! N;KFP! F*Q-;M! )*F+,R+*,-! RPFKM+*-Q! *-! S*FMP;)*-Q! RPFKM+F>!!
:,-*+,R*-Q!Y*MM!;MF,!*)P-+*T<!J;+O!M,FFPF!N;KFP)!L<!T*M+PRF[!;++P-K;+,RF[!N,KJMPRF[!;-)!N;LMPF>!

%<J*N;M!);+;!T,R!+O*F!+PF+!JR,NP)KRP!T,R!+OP!#:1%0!;RP!+OP!FP-F*+*X*+<!,T!+OP!RPNP*XPR[!+OP!MPXPMF!,T!+OP!
F*Q-;M!F,KRNPF[!TRP\KP-N<!R;-QPF!FYPJ+[!,JPR;+*-Q!TRP\KP-N*PF!,T!+OP!RPNP*XPRF[!;-)!TRP\KP-N*PF!;-)!
+ORPFO,M)!MPXPMF!;FF,N*;+P)!Y*+O!;-<!RPFJ,-FPF>!
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=>8.! 3$E(U[!N,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!RPcPN+*,-!,T!K-)PF*RP)!F*Q-;MF[!
V(!`a!+,!.(!2`a!

Applicability and limits:! %OP! *-+P-+! ,T! +O*F! RP\K*RPSP-+! *F! +,! N,-+R,M! +OP! RPFJ,-FP! ,T! ;-+P--;?
N,--PN+P)!RPNP*X*-Q!FKLF<F+PSF!+,!F*Q-;MF!,K+F*)P!,T!+OP!*-+P-+*,-;M!J;FFL;-)!,T!+OP!FKLF<F+PS>!!%OP!
RP\K*RPSP-+! N;-! LP! ;JJM*P)! +,! RPNP*XPRF[! +R;-FNP*XPRF[! ;SJM*T*PRF[! ;-)! +OP! M*^P>! ! IKP! +,! +OP! Y*)P!
)*XPRF*+<! ,T! FKLF<F+PS! )PF*Q-F! LP*-Q! )PXPM,JP)[! +OP! ;JJM*N;L*M*+<! ,T! +O*F! +<JP! ,T! RP\K*RPSP-+! ;-)!
;JJR,JR*;+P! M*S*+F! -PP)! +,! LP! )P+PRS*-P)! T,R! P;NO! JR,NKRPSP-+>! ! "MF,[! RP\K*RPSP-+F! -PP)! +,! LP!
FJPN*T*P)! +O;+! ;RP! N,-F*F+P-+! Y*+O! +OP! F*Q-;M! JR,NPFF*-Q! NO;R;N+PR*F+*NF! ,T! +OP! FKLF<F+PS! ;-)! +OP!
J;R+*NKM;R!+PF+!JR,NP)KRPF!+,!LP!KFP)!+,!XPR*T<!+OP!RP\K*RPSP-+>!

/-P!;JJR,;NO! T,R!)P+PRS*-*-Q! MPXPMF! RP\K*RP)! T,R! +OP!,K+?,T?L;-)!F*Q-;M!N;-!LP!)P+PRS*-P)! TR,S!;-!
;-;M<F*F! ,T! +OP! PMPN+R,S;Q-P+*N! P-X*R,-SP-+F! JRPFP-+! ;-)! NO;R;N+PR*F+*NF! ,T! RPNP*X*-Q! ;-+P--;F>!!
`,YPXPR[! MPXPMF! N;MNKM;+P)! L<! +O*F! SP;-F! Y*MM! ,T+P-! JM;NP! K-RP;F,-;LMP! )PF*Q-! JP-;M+*PF! ,-! +OP!
RPNP*XPR>! ! G,R! P];SJMP[! *T! ;-! P]+PR-;M! P-X*R,-SP-+! ,T! .((! X,M+FCSP+RP! *F! *SJ,FP)! ,-! ;! F<F+PS[! ;-!
*F,+R,J*N! ;-+P--;! ;+! V((!:`a!Y*MM! )PM*XPR! Vd! )6S! +,! +OP! RPNP*XPR>! ! %O*F! MPXPM! RPJRPFP-+F! ;! FPXPRP!
)PF*Q-! RP\K*RPSP-+! +,!S;-<! RPNP*XPRF>! !"-!;M+PR-;+*XP! ;JJR,;NO! *F! +,! F*SJM<! FJPN*T<! MPXPMF! +O;+! ;RP!
Y*+O*-!+OP!F+;+P?,T?+OP?;R+!T,R!+OP!J;R+*NKM;R!RPNP*XPR!)PF*Q->!

%O*F!RP\K*RPSP-+!*F!S,F+!;JJM*N;LMP!+,!T*]P)!TRP\KP-N<[!+K-P;LMP[!FKJPROP+PR,)<-P!RPNP*XPRF>!

G,R!,+OPR!+<JPF!,T!RPNP*XPRF[!;JJM*N;+*,-!,T!+O*F!RP\K*RPSP-+!*F!,T+P-!MPFF!F+R;*QO+T,RY;R)!;-)!N;RP!SKF+!
LP!+;^P-!+,!P-FKRP!+O;+!;-<!;JJM*P)!RP\K*RPSP-+F!;RP!JR,JPRM<!FJPN*T*P)>!!:;-<!RPNP*XPRF!;RP!)PF*Q-P)!
+,!LP!*-+PRTPRP-NP!,R!c;S!RPF*F+;-+!;-)!+O*F!TP;+KRP!S;<!S;^P!;JJM*N;+*,-!,T!+O*F!RP\K*RPSP-+!)*TT*NKM+!,R!
*-;JJR,JR*;+P>!

%O*F!RP\K*RPSP-+!*F!KFK;MM<!FJPN*T*P)!KF*-Q!P*+OPR!,-P!,R!+Y,!F*Q-;MF>!!g*+O!+OP!,-P!F*Q-;M!RP\K*RPSP-+[!
+OP! F*Q-;M! *F! ,K+?,T?L;-)! +,! +OP! RPNP*XPR! ;-)! *F! S,)KM;+P)! Y*+O! ;! Y;XPT,RS! -,RS;MM<! KFP)! L<! +OP!
RPNP*XPR>!!3,!*-?L;-)!F*Q-;M!*F!KFP)>!!G,R!RPNP*XPRF!+O;+!JR,NPFF!;!XPR<!FJPN*T*N!S,)KM;+*,-[!+OP!*FFKP!
P]*F+F! YOP+OPR! ;-! ,K+?,T?L;-)! F*Q-;M! N;-! RP;F,-;LM<! LP! P]JPN+P)! +,! N,-+;*-! +O;+! S,)KM;+*,->! ! "-!
;M+PR-;+*XP! *F! +,! FJPN*T<! +OP! RP\K*RPSP-+! T,R! +Y,! F*Q-;MF>! ! "-! *-?L;-)! F*Q-;M! N;-! LP! FJPN*T*P)!YO*NO!
N,-+;*-F! +OP!-,RS;M!RPNP*XPR!S,)KM;+*,->! !%OP!,K+?,T?L;-)!F*Q-;M!N;-!LP!S,)KM;+P)!,R!K-S,)KM;+P)!
Y*+O!+OP!NR*+PR*,-!LP*-Q!+O;+!-,!)PQR;);+*,-!*-!RPNPJ+*,-!,T!+OP!*-+P-+*,-;M!F*Q-;M!*F!;MM,YP)>!!!

Test procedures: 3,! +PF+! JR,NP)KRPF! ;RP! JR,X*)P)! *-! +OP! S;*-! L,)<! ,T! +O*F! F+;-);R)! T,R! +O*F!
RP\K*RPSP-+>!!6PN;KFP!,T!+OP!M;RQP!X;R*P+<!,T!RPNP*XPR!)PF*Q-F!LP*-Q!)PXPM,JP)[!+OP!RP\K*RPSP-+F!T,R!
+OP! FJPN*T*N! ,JPR;+*,-;M! NO;R;N+PR*F+*NF! ,T! ;! RPNP*XPR! SKF+! LP! PF+;LM*FOP)! LPT,RP! SP;-*-QTKM! +PF+!
JR,NP)KRPF!N;-!LP!)PXPM,JP)>!!/-M<!QP-PR;M!+PF+*-Q!+PNO-*\KPF!;RP!)*FNKFFP)!OPRP>!

GR,-+?P-)!RPcPN+*,-!+PF+*-Q!N;-!LP!;JJM*P)!+,!;!X;R*P+<!,T!RPNP*X*-Q!FKLF<F+PSF!FKNO!;F!RPNP*XPRF[!0G!
;SJM*T*PRF[!+R;-FNP*XPRF[!;-)!+R;-FJ,-)PRF>!

EPXPR;M! RPNP*XPR! TR,-+?P-)! NO;R;N+PR*F+*NF!SKF+! LP! ^-,Y-! T,R! JR,JPR! +PF+*-Q>! ! %OPFP! NO;R;N+PR*F+*NF!
QP-PR;MM<! FO,KM)! LP! )P+PRS*-P)! L<! +PF+>! ! %OP!S;]*SKS! F*Q-;M! *-JK+! +O;+! +OP! RPNP*XPR! N;-! +,MPR;+P!
Y*+O,K+! ,XPRM,;)! -PP)F! +,! LP! ^-,Y-! +,! P-FKRP! +O;+! +OP! +PF+! MPXPMF! ;RP! RP;F,-;LMP>! ! %OP! L;-)J;FF!
NO;R;N+PR*F+*NF!,T!+OP!RPNP*XPR!;RP!*SJ,R+;-+!T,R!)P+PRS*-*-Q!TRP\KP-N*PF!-P;R!+OP!RPNP*XPR!TK-);SP-+;M!
+O;+!Y*MM!LP!P]NMK)P)!TR,S!+PF+*-Q>!!0P\K*RPSP-+F!T,R!+O*F!+PF+!;RP!,T+P-!P]JRPFFP)!*-!+PRSF!,T!;!RPM;+*XP!
)PQRPP!,T!RPcPN+*,-!L<!FJPN*T<*-Q!+OP!)*TTPRP-NP!*-!MPXPM!LP+YPP-!;!J,+P-+*;MM<!*-+PRTPR*-Q!F*Q-;M!;-)!+OP!
PF+;LM*FOP)! FP-F*+*X*+<! ,T! +OP! RPNP*XPR! K-)PR! +PF+>! ! %OPRPT,RP[! )P+PRS*-;+*,-! ,T! +OP! FP-F*+*X*+<! ,T! +OP!
RPNP*XPR!*F!;!^P<!J,R+*,-!,T!+OP!+PF+>!

%OP!L;F*N!N,-NPJ+!Y*+O! +O*F! +PF+!JR,NP)KRP! *F! +,!;JJM<!,K+?,T?L;-)!F*Q-;MF! +,! +OP!;-+P--;!J,R+!,T! +OP!
RPNP*XPR!YO*MP!S,-*+,R*-Q!+OP!RPNP*XPR!T,R!)PQR;);+*,->!!G*QKRP!8W!FO,YF!;!QP-PR;M!+PF+!FP+?KJ!T,R!+O*F!
+PF+>! !%OPRP!;RP!+Y,!N,SS,-!+PNO-*\KPF!KFP)!T,R!JPRT,RS*-Q!+O*F!+PF+!KF*-Q!P*+OPR!,-P!,R!+Y,!F*Q-;M!
F,KRNPF>! !G,R! +OP!,-P!F*Q-;M! F,KRNP!JR,NP)KRP[! +OP!F*Q-;M! F,KRNP! *F!S,)KM;+P)!Y*+O! +OP!S,)KM;+*,-!
P]JPN+P)!L<!+OP!RPNP*XPR>!!1+!*F!+OP-!FYPJ+!,XPR!+OP!;JJR,JR*;+P!TRP\KP-N<!R;-QPF!YO*MP!+OP!RPNP*XPR!*F!
S,-*+,RP)! T,R! K-*-+P-)P)! RPFJ,-FPF>! !g*+O! +OP! +Y,! F*Q-;M! F,KRNP! JR,NP)KRP[! ;! F*Q-;M! ;JJR,JR*;+PM<!
S,)KM;+P)!T,R!+OP!RPNP*XPR!*F!;JJM*P)!;+!+OP!+K-P)!TRP\KP-N<!,T!+OP!RPNP*XPR>!%OP!MPXPM!,T!+O*F!F*Q-;M!*F!
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-,RS;MM<!FJPN*T*P)!+,!LP!NM,FP!+,!+OP!FP-F*+*X*+<!,T!+OP!RPNP*XPR>!!%OP!FPN,-)!F*Q-;M!*F!K-S,)KM;+P)!;-)!
*F!FYPJ+!,XPR!+OP!;JJR,JR*;+P!TRP\KP-N<!R;-QPF!YO*MP!+OP!RPNP*XPR! *F!S,-*+,RP)!T,R!;-<!NO;-QP!*-! *+F!
RPFJ,-FP!+,!+OP!*-+P-+*,-;M!F*Q-;M>!

%OP! +Y,! F*Q-;M! F,KRNP! JR,NP)KRP! *F! S,RP! ;JJR,JR*;+P! T,R! S,F+! RPNP*XPRF>! ! %OP! ,-P! F*Q-;M! F,KRNP!
JR,NP)KRP!S;<!LP!S,RP!;JJR,JR*;+P! T,R!RPNP*XPRF! +O;+!FP;RNO!T,R!;!F*Q-;M! +,!N;J+KRP!F*-NP!+OP<!S;<!
RPFJ,-)!)*TTPRP-+M<!,-NP!;!F*Q-;M!O;F!LPP-!N;J+KRP)>!!E,SP!RPNP*XPRF!S;<!-PP)!+,!LP!PX;MK;+P)!KF*-Q!
L,+O!JR,NP)KRPF!+,!LP!N,SJMP+PM<!NO;R;N+PR*FP)>!

G,R! TRP\KP-N<!O,JJ*-Q! RPNP*XPRF[! ,-P!J,FF*LMP!;JJR,;NO! *F! +,!KFP!;!,-P!F*Q-;M! JR,NP)KRP!;F! *T! +OP!
#H%!)*)!-,+!O;XP!;!+K-P)!TRP\KP-N<!@*-NMK)P!TRP\KP-N<!FN;--*-Q!;NR,FF!+OP!O,J!FP+A!+,!PX;MK;+P!+OP!
c;SS*-QC*-+PRTPRP-NP! RPF*F+;-NP! ,T! +OP! RPNP*XPR>! ! 1T! ;! TRP\KP-N<! O,JJ*-Q! RPNP*XPR! O;F! ;! S,)P! ,T!
,JPR;+*,-!KF*-Q!cKF+!,-P!T*]P)!TRP\KP-N<[!+O*F!S,)P!FO,KM)!;MF,!LP!+PF+P)>!

G,R! RPNP*XPRF! Y*+O! TR,-+?P-)! S*]*-Q! ;-)! T*M+PR*-Q! *-! ;-! ;-+P--;! S,)KMP[! +OP! +PF+! S;<! -PP)! +,! LP!
)PF*Q-P)!+,!LP!JPRT,RSP)!,-!;!R;)*;+P)!L;F*F>!!"MM!F*Q-;MF!Y,KM)!-PP)!+,!LP!R;)*;+P)!;-)!;FFKR;-NPF!
JR,X*)P)! +O;+! ;-<!,LFPRXP)! RPFJ,-FPF!;RP!)KP! +,! +OP! RPNP*XPR!;-)!-,+! N;KFP)!L<! *+PSF! *-! +OP! +PF+!
;RP;>!!%OP!#:1%&!Y,KM)!-PP)!+,!;))RPFF!;-+P--;!+<JPF[!;-+P--;!M,N;+*,-F[!;-+P--;!J,M;R*F;+*,-[!;-)!
T*PM)! SP;FKRPSP-+! +PNO-*\KPF>! ! %O*F! +PF+! Y,KM)! JR,L;LM<! -PP)! +,! LP! JPRT,RSP)! *-! ;-! ;-PNO,*N!
NO;SLPR>!

"!N,SS,-!PRR,R!S;)P! *-!JPRT,RS*-Q! +O*F! +PF+!JR,NP)KRP! *F!;++R*LK+*-Q! T;*MKRPF! +,! +OP!#H%[!YO*NO!;RP!
;N+K;MM<!O;RS,-*NF!,R!FJKR*,KF!,K+JK+F!,T!+OP!F*Q-;M!F,KRNP>!!%OPRPT,RP[!*+!*F!*SJ,R+;-+!+,!XPR*T<!+O;+!+OP!
F*Q-;MF! ;JJP;R*-Q! ;+! +OP! #H%! ;-+P--;! J,R+! ;RP! ,-M<! +OP! *-+P-)P)! F*Q-;MF! +OR,KQO! +OP! KFP! ,T! ;!
SP;FKRPSP-+!RPNP*XPR!;F!FO,Y-!*-!G*QKRP!8W>!!I;S;QP)[!N,RR,)P)[!;-)!T;KM+<!N,SJ,-P-+F!N;-!N;KFP!
F*Q-;M! )*F+,R+*,-! RPFKM+*-Q! *-!S*FMP;)*-Q! RPFKM+F>! !:,-*+,R*-Q!Y*MM! ;MF,! *)P-+*T<! J;+O! M,FFPF! N;KFP)! L<!
T*M+PRF[!;++P-K;+,RF[!N,KJMPRF[!;-)!N;LMPF>!

%<J*N;M!);+;!T,R!+O*F!+PF+!JR,NP)KRP!T,R!+OP!#:1%0!;RP!+OP!FP-F*+*X*+<!,T!+OP!RPNP*XPR[!+OP!MPXPMF!,T!+OP!
F*Q-;M! F,KRNPF[! TRP\KP-N<! R;-QPF!FYPJ+[! ,JPR;+*-Q! TRP\KP-N*PF!,T! +OP! RPNP*XPRF[! )PQRPP!,T! RPcPN+*,-!
@)6A[!;-)!TRP\KP-N*PF!;-)!+ORPFO,M)!MPXPMF!;FF,N*;+P)!Y*+O!;-<!RPFJ,-FPF>!
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FIGURE 17 NCS04 General test set-up. 

=>8V! 3$E('[!N,-)KN+P)!FKFNPJ+*L*M*+<[!;-+P--;!J,R+[!NR,FF!S,)KM;+*,-[!V(!`a!+,!.(!2`a>!

Applicability and limits:! %OP! *-+P-+! ,T! +O*F! RP\K*RPSP-+! *F! +,! N,-+R,M! +OP! RPFJ,-FP! ,T! ;-+P--;?
N,--PN+P)!RPNP*X*-Q!FKLF<F+PSF!+,!S,)KM;+*,-!LP*-Q!+R;-FTPRRP)!TR,S!;-!,K+?,T?L;-)!F*Q-;M!+,!;-!*-?
L;-)!F*Q-;M>!!%O*F!PTTPN+!RPFKM+F!TR,S!;!F+R,-Q[!,K+?,T?L;-)!F*Q-;M!-P;R!+OP!,JPR;+*-Q!TRP\KP-N<!,T!+OP!
RPNP*XPR! +O;+! S,)KM;+PF! +OP! Q;*-! *-! +OP! TR,-+?P-)! ,T! +OP! RPNP*XPR! ;-)! ;))F! ;SJM*+K)P! X;R<*-Q!
*-T,RS;+*,-! +,! +OP! )PF*RP)! F*Q-;M>! ! %OP! RP\K*RPSP-+! FO,KM)! LP! N,-F*)PRP)! ,-M<! T,R! RPNP*XPRF[!
+R;-FNP*XPRF[! ;SJM*T*PRF[! ;-)! +OP! M*^P[!YO*NO! P]+R;N+! *-T,RS;+*,-! TR,S! +OP! ;SJM*+K)P!S,)KM;+*,-! ,T! ;!
N;RR*PR>!!IKP!+,!+OP!Y*)P!)*XPRF*+<!,T!FKLF<F+PS!)PF*Q-F!LP*-Q!)PXPM,JP)[!+OP!;JJM*N;L*M*+<!,T!+O*F!+<JP!
,T! RP\K*RPSP-+! ;-)! ;JJR,JR*;+P! M*S*+F! -PP)! +,! LP! )P+PRS*-P)! T,R! P;NO! JR,NKRPSP-+>! ! "MF,[!
RP\K*RPSP-+F!-PP)!+,!LP!FJPN*T*P)!+O;+!;RP!N,-F*F+P-+!Y*+O!+OP!F*Q-;M!JR,NPFF*-Q!NO;R;N+PR*F+*NF!,T!+OP!
FKLF<F+PS!;-)!+OP!J;R+*NKM;R!+PF+!JR,NP)KRP!+,!LP!KFP)!+,!XPR*T<!+OP!RP\K*RPSP-+>!

/-P!;JJR,;NO! T,R!)P+PRS*-*-Q! MPXPMF! RP\K*RP)! T,R! +OP!,K+?,T?L;-)!F*Q-;M!N;-!LP!)P+PRS*-P)! TR,S!;-!
;-;M<F*F! ,T! +OP! PMPN+R,S;Q-P+*N! P-X*R,-SP-+F! JRPFP-+! ;-)! NO;R;N+PR*F+*NF! ,T! RPNP*X*-Q! ;-+P--;F>!!
`,YPXPR[! MPXPMF! N;MNKM;+P)! L<! +O*F! SP;-F! Y*MM! ,T+P-! JM;NP! K-RP;F,-;LMP! )PF*Q-! JP-;M+*PF! ,-! +OP!
RPNP*XPR>! ! G,R! P];SJMP[! *T! ;-! P]+PR-;M! P-X*R,-SP-+! ,T! .((! X,M+FCSP+RP! *F! *SJ,FP)! ,-! ;! F<F+PS[! ;-!
*F,+R,J*N! ;-+P--;! ;+! V((!:`a!Y*MM! )PM*XPR! Vd! )6S! +,! +OP! RPNP*XPR>! ! %O*F! MPXPM! RPJRPFP-+F! ;! FPXPRP!
)PF*Q-! RP\K*RPSP-+! +,!S;-<! RPNP*XPRF>! !"-!;M+PR-;+*XP! ;JJR,;NO! *F! +,! F*SJM<! FJPN*T<! MPXPMF! +O;+! ;RP!
Y*+O*-!+OP!F+;+P?,T?+OP?;R+!T,R!+OP!J;R+*NKM;R!RPNP*XPR!)PF*Q->!

%O*F!RP\K*RPSP-+!*F!S,F+!;JJM*N;LMP!+,!T*]P)!TRP\KP-N<[!+K-P;LMP[!FKJPROP+PR,)<-P!RPNP*XPRF!

! !

! '(8?=d!
! ! /01213"4
! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

!

!

! !

! !

G,R!,+OPR!+<JPF!,T!RPNP*XPRF[!;JJM*N;+*,-!,T!+O*F!RP\K*RPSP-+!*F!,T+P-!MPFF!F+R;*QO+T,RY;R)!;-)!N;RP!SKF+!
LP!+;^P-!+,!P-FKRP!+O;+!;-<!;JJM*P)!RP\K*RPSP-+F!;RP!JR,JPRM<!FJPN*T*P)>!!:;-<!RPNP*XPRF!;RP!)PF*Q-P)!
+,!LP!*-+PRTPRP-NP!,R!c;S!RPF*F+;-+!;-)!+O*F!TP;+KRP!S;<!S;^P!;JJM*N;+*,-!,T!+O*F!RP\K*RPSP-+!)*TT*NKM+!,R!
*-;JJR,JR*;+P>!

/-P!N,SJM*N;+*-Q!T;N+,R!*F!+O;+!,-P!,T!+OP!,K+?,T?L;-)!F*Q-;MF!+<J*N;MM<!*F!S,)KM;+P)!Y*+O!;!Y;XPT,RS!
-,RS;MM<!KFP)!L<!+OP!RPNP*XPR>!!G,R!RPNP*XPRF!+O;+!JR,NPFF!;!XPR<!FJPN*T*N!S,)KM;+*,-[!+OP!*FFKP!P]*F+F!
YOP+OPR!;-!,K+?,T?L;-)!F*Q-;M!N;-!RP;F,-;LM<!LP!P]JPN+P)!+,!N,-+;*-!+O;+!S,)KM;+*,->!!"-,+OPR!T;N+,R!
*F!+O;+!+OP!,K+?,T?L;-)!F*Q-;M!*F!-,RS;MM<!FJPN*T*P)!+,!LP!NM,FP!+,!+OP!RPNP*XPR!,JPR;+*-Q!TRP\KP-N<>!!G,R!
RPNP*XPRF! +O;+! N,-+*-K,KFM<! NO;-QP! TRP\KP-N<! @FKNO! ;F! TRP\KP-N<! ;Q*MP! ,R! TRP\KP-N<! O,JJ*-QA[! ;-!
;JJR,JR*;+P!RPM;+*,-FO*J!S;<!P]*F+!T,R!,-M<!FO,R+!JPR*,)F!T,R!;!T*]P)!TRP\KP-N<!,K+?,T?L;-)!F*Q-;M>!

Test procedures:! 3,! +PF+! JR,NP)KRPF! ;RP! JR,X*)P)! *-! +OP! S;*-! L,)<! ,T! +O*F! F+;-);R)! T,R! +O*F!
RP\K*RPSP-+>!!6PN;KFP!,T!+OP!M;RQP!X;R*P+<!,T!RPNP*XPR!)PF*Q-F!LP*-Q!)PXPM,JP)[!+OP!RP\K*RPSP-+F!T,R!
+OP! FJPN*T*N! ,JPR;+*,-;M! NO;R;N+PR*F+*NF! ,T! ;! RPNP*XPR! SKF+! LP! PF+;LM*FOP)! LPT,RP! SP;-*-QTKM! +PF+!
JR,NP)KRPF!N;-!LP!)PXPM,JP)>!!/-M<!QP-PR;M!+PF+*-Q!+PNO-*\KPF!;RP!)*FNKFFP)!*-!+O*F!;JJP-)*]>!

$R,FF! S,)KM;+*,-! +PF+*-Q! FO,KM)! LP! ;JJM*P)! ,-M<! +,! RPNP*X*-Q! FKLF<F+PSF! FKNO! ;F! RPNP*XPRF[! 0G!
;SJM*T*PRF[!+R;-FNP*XPRF!;-)!+R;-FJ,-)PRF!YO*NO!P]+R;N+!*-T,RS;+*,-!TR,S!+OP!;SJM*+K)P!S,)KM;+*,-!,T!;!
N;RR*PR>!

EPXPR;M! RPNP*XPR! TR,-+?P-)! NO;R;N+PR*F+*NF! SKF+! LP! ^-,Y-! T,R! JR,JPR! +PF+*-Q! T,R! NR,FF! S,)KM;+*,-!
RPFJ,-FPF>!!%OPFP!NO;R;N+PR*F+*NF!QP-PR;MM<!FO,KM)!LP!)P+PRS*-P)!L<!+PF+>!!%OP!S;]*SKS!F*Q-;M!*-JK+!
+O;+! +OP! RPNP*XPR!N;-! +,MPR;+P!Y*+O,K+!,XPRM,;)!-PP)F! +,!LP!^-,Y-! +,!P-FKRP! +O;+! +OP! +PF+! MPXPMF!;RP!
RP;F,-;LMP>! !%OP!L;-)J;FF!NO;R;N+PR*F+*NF!,T! +OP! RPNP*XPR!;RP! *SJ,R+;-+! T,R!)P+PRS*-*-Q! TRP\KP-N*PF!
-P;R!+OP!RPNP*XPR!TK-);SP-+;M!+O;+!Y*MM!LP!P]NMK)P)!TR,S!+PF+>!!0P\K*RPSP-+F!T,R!+O*F!+PF+!;RP!QP-PR;MM<!
P]JRPFFP)! *-! +PRSF! ,T! ;! RPM;+*XP! )PQRPP! ,T! RPcPN+*,-! L<! FJPN*T<*-Q! +OP! )*TTPRP-NP! *-! MPXPM! LP+YPP-!
J,+P-+*;MM<! *-+PRTPR*-Q! F*Q-;MF! ;-)! +OP! PF+;LM*FOP)! FP-F*+*X*+<! ,T! +OP! RPNP*XPR! K-)PR! +PF+>! ! %OPRPT,RP[!
)P+PRS*-;+*,-!,T!+OP!FP-F*+*X*+<!,T!+OP!RPNP*XPR!*F!;!^P<!J,R+*,-!,T!+OP!+PF+>!

%OP! L;F*N! N,-NPJ+! Y*+O! +O*F! +PF+! *F! +,! ;JJM<! ;!S,)KM;+P)! F*Q-;M! ,K+?,T?L;-)! +,! +OP! RPNP*XPR! ;-)! +,!
)P+PRS*-P! YOP+OPR! +OP! S,)KM;+*,-! *F! +R;-FTPRRP)! +,! ;-! K-S,)KM;+P)! F*Q-;M! ;+! +OP! RPNP*XPR_F! +K-P)!
TRP\KP-N<!RPFKM+*-Q!*-!;-!K-)PF*RP)!RPFJ,-FP>!!!%OPRP!S;<!LP!N;FPF!YOPRP!+OP!*-?L;-)!F*Q-;M!-PP)F!
+,!LP!S,)KM;+P)!*T!+OP!RPNP*XPR!NO;R;N+PR*F+*NF!F,!)*N+;+P>!!%OP!MPXPM!,T!+OP!*-?L;-)!F*Q-;M!*F!-,RS;MM<!
;)cKF+P)! +,! LP! NM,FP! +,! +OP! RPNP*XPR_F! FP-F*+*X*+<>! ! %OP! ,K+?,T?L;-)! F*Q-;M! *F! S,)KM;+P)! Y*+O! +OP!
S,)KM;+*,-!P]JPN+P)!L<!+OP!RPNP*XPR>!!1+!*F!+OP-!FYPJ+!,XPR!+OP!;JJR,JR*;+P!TRP\KP-N<!R;-QPF!YO*MP!+OP!
RPNP*XPR! *F! S,-*+,RP)! T,R! K-*-+P-)P)! RPFJ,-FPF>! ! %PF+*-Q! O;F! +<J*N;MM<! LPP-! JPRT,RSP)! ,XPR! ;!
TRP\KP-N<!R;-QP!v!+OP!RPNP*XPR!*-+PRSP)*;+P!TRP\KP-N<!@1GA!NP-+RP)!,-!+OP!RPNP*XPR_F!+K-P)!TRP\KP-N<>!!
G*QKRP!89!FO,YF!;!QP-PR;M!FP+?KJ!T,R!+O*F!+PF+>!

G,R! RPNP*XPRF! Y*+O! TR,-+?P-)! S*]*-Q! ;-)! T*M+PR*-Q! *-! ;-! ;-+P--;! S,)KMP[! +OP! +PF+! S;<! -PP)! +,! LP!
)PF*Q-P)!+,!LP!JPRT,RSP)!,-!;!R;)*;+P)!L;F*F>!!"MM!F*Q-;MF!Y,KM)!-PP)!+,!LP!R;)*;+P)!;-)!;FFKR;-NPF!
JR,X*)P)!+O;+!;-<!RPFJ,-FPF!;RP!)KP!+,! +OP!RPNP*XPR!;-)!-,+!N;KFP)!L<! *+PSF! *-! +OP!+PF+!;RP;>! !%OP!
#:1%&! Y,KM)! -PP)! +,! ;))RPFF! ;-+P--;! +<JPF[! ;-+P--;! M,N;+*,-F[! ;-+P--;! J,M;R*F;+*,-! ;-)! T*PM)!
SP;FKRPSP-+!+PNO-*\KPF>!!%O*F!+PF+!Y,KM)!JR,L;LM<!-PP)!+,!LP!JPRT,RSP)!*-!;-!;-PNO,*N!NO;SLPR>!!

G,R!TRP\KP-N<!O,JJ*-Q!RPNP*XPRF[!,-P!J,FF*LMP!;JJR,;NO!*F!NO,,FP!;-!T,!Y*+O*-!+OP!O,J!FP+!;-)!FP+!KJ!
+OP!F*Q-;MF!F,KRNPF!;F!)PFNR*LP)!;L,XP>!!%OP!JPRT,RS;-NP!,T!+OP!RPNP*XPR!N,KM)!+OP-!LP!PX;MK;+P)!;F!
+OP! RPNP*XPR!O,JF>! ! 1T! +OP! TRP\KP-N<!O,JJ*-Q! RPNP*XPR! O;F!;!S,)P!,T! ,JPR;+*,-!KF*-Q! cKF+! ,-P! T*]P)!
TRP\KP-N<[!+O*F!S,)P!FO,KM)!;MF,!LP!+PF+P)>!

1+! *F! *SJ,R+;-+! +,! XPR*T<! +O;+! +OP! F*Q-;MF! ;JJP;R*-Q! ;+! +OP! #H%! ;-+P--;! J,R+! ;RP! ,-M<! +OP! *-+P-)P)!
F*Q-;MF!+OR,KQO!+OP!KFP!,T!;!SP;FKRPSP-+!RPNP*XPR!;F!FO,Y-!*-!G*QKRP!89>!!I;S;QP)[!N,RR,)P)[!;-)!
T;KM+<! N,SJ,-P-+F! N;-! N;KFP! F*Q-;M! )*F+,R+*,-! RPFKM+*-Q! *-! S*FMP;)*-Q! RPFKM+F>! ! :,-*+,R*-Q! Y*MM! ;MF,!
*)P-+*T<!J;+O!M,FFPF!N;KFP)!L<!T*M+PRF[!;++P-K;+,RF[!N,KJMPRF[!;-)!N;LMPF>!
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FIGURE 18 NCS05 General test set-up. 

%<J*N;M!);+;!T,R!+O*F!+PF+!JR,NP)KRP!T,R!+OP!#:1%0!;RP!+OP!FP-F*+*X*+<!,T!+OP!RPNP*XPR[!+OP!MPXPMF!,T!+OP!
F*Q-;M!F,KRNPF[!TRP\KP-N<!R;-QPF!FYPJ+[!,JPR;+*-Q!TRP\KP-N*PF!,T!+OP!RPNP*XPRF[!;-)!TRP\KP-N*PF!;-)!
+ORPFO,M)!MPXPMF!;FF,N*;+P)!Y*+O!;-<!RPFJ,-FPF>!

=>8U! 3$E(=[!N,-)KN+P)!FKFNPJ+*L*M*+<[!F+RKN+KRP!NKRRP-+[!=(!`a!+,!8((!^`a!

Applicability and limits:! %O*F!RP\K*RPSP-+!*F!FJPN*;M*FP)!;-)!*F!*-+P-)P)!+,!LP!;JJM*P)!,-M<!T,R!XPR<!

FP-F*+*XP!P\K*JSP-+!@8!&D!,R!LP++PRA!FKNO!;F!+K-P)!RPNP*XPRF!,JPR;+*-Q!,XPR!+OP!TRP\KP-N<!R;-QP!,T!+OP!
+PF+>!!%OP!L;F*N!N,-NPR-!,T!+OP!RP\K*RPSP-+!*F!+,!P-FKRP!+O;+!P\K*JSP-+!),PF!-,+!RPFJ,-)!+,!S;Q-P+*N!
T*PM)F! N;KFP)! L<! NKRRP-+F! TM,Y*-Q! *-! JM;+T,RS! F+RKN+KRP! ;-)! +OR,KQO! #H%! O,KF*-Q! S;+PR*;MF>! ! %OP!
S;Q-P+*N!T*PM)F!;RP!FKTT*N*P-+M<!M,Y!+O;+!+OPRP!*F!-,!N,-NPR-!Y*+O!S,F+!N*RNK*+R<>!

"-! PF+*S;+P! N;-! LP!S;)P! ,T! *-)KNP)! X,M+;QPF! +O;+! S;<! RPFKM+! TR,S! +OP! RP\K*RP)! 3$E(=! NKRRP-+F>!!
:;Q-P+*N!T*PM)F!;N+!L<!*-)KN*-Q!X,M+;QPF!*-+,!M,,J!;RP;F!*-!;NN,R);-NP!Y*+O!G;R;);<_F!M;Yh!

@D!n!?)/C)+A!

G,R!;!N,-F+;-+!S;Q-P+*N!T*PM)!JPRJP-)*NKM;R!+,!;!Q*XP-!M,,J!;RP;[!G;R;);<_F!M;Y!RP)KNPF!+,j!

D!n!?.*T6"!

gOPRP! T! n! GRP\KP-N<!,T!1-+PRPF+! 6! n! :;Q-P+*N!GMK]!IP-F*+<! "! n! 4,,J!"RP;!

E*-NP!G;R;);<_F!M;Y!*-)*N;+PF!+O;+!+OPFP!X,M+;QPF!;RP!JR,J,R+*,-;M!+,!TRP\KP-N<[!+OP!S;]*SKS!X,M+;QP!
TR,S!+OP!3$E(=!NKRRP-+F!Y*MM!RPFKM+!;+!+OP!.(!^`a!^-PP!,T!+OP!NKRXP!T,R!;!Q*XP-!M,,J!;RP;>!"!)R,J!,T!.(!
)6C)PN;)P!Y,KM)!RPFKM+!*-!;!N,-F+;-+!X,M+;QP>!!E*-NP!+OP!NKRXP!*F!)R,JJ*-Q!;+!,-M<!8(!)6C)PN;)P!LPM,Y!
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.(!^`a[!+OP!*-)KNP)!X,M+;QP!Y*MM!R*FP!;F!TRP\KP-N<!*-NRP;FPF>!!%OP!FO;RJ!)R,J!,TT!;L,XP!.(!^`a!RPFKM+F!
*-!)PNRP;F*-Q!X,M+;QPF!Y*+O!*-NRP;F*-Q!TRP\KP-N<>!

1T!+OP!8(V!)6&"!NKRRP-+!;+!.(!^`a!FJPN*T*P)!*-!+OP!RP\K*RPSP-+!*F!;FFKSP)!+,!FJRP;)!K-*T,RSM<!,XPR!;!
NR,FF?FPN+*,-;M!)*SP-F*,-!,T!8(!NP-+*SP+RPF[! +OP! FKRT;NP!NKRRP-+!)P-F*+<!;-)! +OP! RPFKM+*-Q!S;Q-P+*N!
T*PM)!*-+P-F*+<!;+!+OP!FKRT;NP!Y,KM)!LP!8>U8!;SJPRPFCSP+RP>!!1-!;*R[!+O*F!X;MKP!N,RRPFJ,-)F!+,!S;Q-P+*N!
TMK]!)P-F*+<!,T!8>WW]8(

?=
!%PFM;>!!1T!*+!*F!TKR+OPR!;FFKSP)!+O;+!+O*F!S;Q-P+*N!T*PM)!*F!K-*T,RS!,XPR!;!N*RNK*+!

M,,J!;RP;!,T!(>((8!F\K;RP!SP+RPF!@FKNO!;F!.(!NP-+*SP+RPF!L<!(>'!NP-+*SP+RPFA!Y*+O*-! +OP!P-NM,FKRP[!

G;R;);<_F!4;Y!JRP)*N+F!;-!*-)KNP)!X,M+;QP!,T!...!&D>!

E*S*M;R!N;MNKM;+*,-F!;+!U((!`a!;-)!8((!^`a!<*PM)!X;MKPF!,T!V8!&D!;-)!9!&D[!RPFJPN+*XPM<>!

1+! *F! ;JJ;RP-+! +O;+! )PF*Q-! N,-F*)PR;+*,-F! FKNO! ;F! JR,JPR! QR,K-)*-Q! +PNO-*\KPF[! S*-*S*F*-Q! ,T! M,,J!
;RP;F[!;-)!N,SS,-!S,)P!RPcPN+*,-!N,-NPJ+F!-PP)!+,!LP! *SJMPSP-+P)!+,!JRPXP-+!J,+P-+*;M!JR,LMPSF!
Y*+O! XPR<! FP-F*+*XP! N*RNK*+F! KFP)! *-! FKLS;R*-PF! FKNO! ;F! M,Y! TRP\KP-N<! +K-P)! RPNP*XPRF>! ! `,YPXPR[!
+OPFP!MPXPMF!;RP!YPMM!LPM,Y!+OP!FP-F*+*X*+<!,T!+<J*N;M!N*RNK*+F!KFP)!*-!,+OPR!P\K*JSP-+>!

%OP! M*S*+! *F!)PR*XP)! TR,S!,JPR;+*,-;M!JR,LMPSF!)KP! +,!NKRRP-+!N,-)KN+P)!,-!P\K*JSP-+!N;L*-P+F!;-)!
M;L,R;+,R<!SP;FKRPSP-+F!,T!RPFJ,-FP!NO;R;N+PR*F+*NF!,T!FPMPN+P)!RPNP*XPRF>!! 

3,!+;*M,R*-Q!*F!RPN,SSP-)P)>!

Test procedures: #MPN+R*N;M!N,--PN+*,-!-PP)F!+,!LP!S;)P!+,!+OP!P]+PR-;M!F+RKN+KRP!,T!+OP!#H%!;-)!
);S;QP!+,!+OP!P]+PR-;M!T*-*FO!FO,KM)!LP!S*-*S*FP)>!!ENRPYF!,R!JR,+KLPR;-NPF!;+!QR,K-)!J,+P-+*;M!-P;R!
+OP!)*;Q,-;M!N,R-PRF!,T!+OP!#H%!FO,KM)!-,RS;MM<!LP!KFP)!;F!+PF+!J,*-+F>!!$,--PN+*,-F!FO,KM)!LP!S;)P!
Y*+O!NM*J!,R! NM;SJ! +<JP! MP;)F>! ! 1T! N,-XP-*P-+! +PF+!J,*-+F!;RP!-,+!;X;*M;LMP!;+! +OP!)*;Q,-;M!N,R-PRF[!;!
FO;RJM<!J,*-+P)! +PF+!JR,LP!FO,KM)!LP!KFP)! +,!JP-P+R;+P! +OP! T*-*FO! *-!JM;NP!,T! +OP!NM*J!,R! NM;SJ! +<JP!
MP;)>!

%OP! RP\K*RPSP-+! +,!S;*-+;*-! +OP! MP;)F!JPRJP-)*NKM;R! +,! +OP!FKRT;NP! T,R!;+! MP;F+!'(!NP-+*SP+RPF! *F! +,!
S*-*S*FP!PTTPN+F!,-!+OP!J;+O!,T!NKRRP-+!TM,Y!;M,-Q!+OP!FKRT;NP!TR,S!+OP!S;Q-P+*N!T*PM)F!N;KFP)!L<!+OP!
NKRRP-+!*-!+OP!MP;)F>!

$,KJM*-Q!+R;-FT,RSPRF!KFP)!+,!JPRT,RS!3$E(8!+PF+*-Q!;RP!-,RS;MM<!FK*+;LMP!T,R!+O*F!+PF+>!!%OP!PMPN+R*N;M!
*F,M;+*,-! +O;+! *F! JR,X*)P)! L<! +OP! N,KJM*-Q! +R;-FT,RSPR! PM*S*-;+PF! +OP! -PP)! +,! PMPN+R*N;MM<! tTM,;+u! +OP!
;SJM*T*PR!;-)!F*Q-;M!F,KRNP!+O;+!N,KM)!RPFKM+!*-!;!J,+P-+*;M!FO,N^!O;a;R)>!

=>8'! 3$E(W[!N,-)KN+P)!FKFNPJ+*L*M*+<[!LKM^!N;LMP!*-cPN+*,-[!8(!^`a!+,!U((!:`a>!

Applicability and limits: %OP! RP\K*RPSP-+F! ;RP! ;JJM*N;LMP! +,! ;MM! PMPN+R*N;M! N;LMPF! *-+PRT;N*-Q! Y*+O!
+OP!#H%!P-NM,FKRPF>! ! %OP! L;F*N! N,-NPJ+! *F! +,! F*SKM;+P! NKRRP-+F! +O;+!Y*MM! LP! )PXPM,JP)! ,-!JM;+T,RS!
N;LM*-Q!TR,S!PMPN+R,S;Q-P+*N!T*PM)F!QP-PR;+P)!L<!;-+P--;!+R;-FS*FF*,-F!L,+O!,-!;-)!,TT!+OP!JM;+T,RS>!

"-!;)X;-+;QP!,T!+O*F!+<JP!,T!RP\K*RPSP-+!*F!+O;+!*+!JR,X*)PF!);+;!+O;+!N;-!LP!)*RPN+M<!RPM;+P)!+,!*-)KNP)!
NKRRP-+! MPXPMF!SP;FKRP)! )KR*-Q! JM;+T,RS?MPXPM! PX;MK;+*,-F>! ! "-! *-NRP;F*-QM<! J,JKM;R! +PNO-*\KP! *F! +,!
*MMKS*-;+P! +OP! JM;+T,RS! Y*+O! ;! M,Y! MPXPM[! RPM;+*XPM<! K-*T,RS! T*PM)! YO*MP! S,-*+,R*-Q! *-)KNP)! MPXPMF! ,-!
N;LMPF>!!%OP-[!P*+OPR!M;L,R;+,R<!);+;!N;-!LP!RPX*PYP)!,R!NKRRP-+!*-cPN+*,-!),-P!;+!+OP!JM;+T,RS!Y*+O!+OP!
SP;FKRP)!NKRRP-+F!FN;MP)!+,!+OP!TKMM!+ORP;+!MPXPM>!!%O*F!F;SP!JO*M,F,JO<!O;F!LPP-!;JJM*P)!+,!M*QO+-*-Q!
;-)!PMPN+R,S;Q-P+*N!JKMFP!+PF+*-Q>!

IKP! +,! F*aP! N,-F+R;*-+F! ;-)! ;X;*M;LMP! T*PM)! J;++PR-F! )KR*-Q! R;)*;+P)! FKFNPJ+*L*M*+<! +PF+*-Q! @FKNO! ;F!
30E(.A[! *+! O;F! M,-Q! LPP-! RPN,Q-*FP)! +O;+! N;LM*-Q! N;--,+! LP! JR,JPRM<! P]N*+P)! +,! F*SKM;+P! JM;+T,RS!
PTTPN+F!;+! M,YPR!TRP\KP-N*PF>!!%OP!S,F+!-,+;LMP!P];SJMP!,T!+O*F!F*+K;+*,-!*F!P]JPR*P-NP!Y*+O!`G!@.!+,!
V(!:`aA!R;)*,!+R;-FS*FF*,-F>!!`G!T*PM)F!O;XP!N;KFP)!-KSPR,KF!JR,LMPSF!*-!JM;+T,RSF!+OR,KQO!N;LMP!
N,KJM*-Q>!`,YPXPR[!P\K*JSP-+!*+PSF!R;RPM<!P]O*L*+!JR,LMPSF!*-!+O*F!TRP\KP-N<!R;-QP!)KR*-Q!M;L,R;+,R<!
+PF+*-Q>!

%OP! M*S*+F!;RP!JR*S;R*M<! )PR*XP)! TR,S! +PF+*-Q!,-!;*RNR;T+! +O;+!YPRP!-,+! )PF*Q-P)! +,!O;XP! *-+P-+*,-;MM<!
FO*PM)P)!X,MKSPF>! !%OP!L;F*N! F+RKN+KRP! *F! PMPN+R*N;MM<! N,-)KN+*XPj! O,YPXPR[! +OPRP!Y;F!-,!;++PSJ+! +,!
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P-FKRP!N,-+*-K,KF!PMPN+R*N;M!L,-)*-Q!LP+YPP-!F+RKN+KRP!SPSLPRF!,R!+,!NM,FP!;MM!;JPR+KRPF>!!%OP!FO;JP!
,T!+OP!M*S*+!RPTMPN+F!+OP!JO<F*NF!,T!+OP!N,KJM*-Q!Y*+O!RPQ;R)!+,!RPF,-;-+!N,-)*+*,-F[!;-)!+OP!N;LMP!MP-Q+O!
Y*+O! RPFJPN+! +,! +OP! *-+PRTPR*-Q! TRP\KP-N<!Y;XPMP-Q+O>! ! "+! TRP\KP-N*PF! LPM,Y! RPF,-;-NP[! N,KJM*-Q! *F!
JR,J,R+*,-;M! +,! TRP\KP-N<! @.(! )6C)PN;)P! FM,JPA>! ! "L,XP! RPF,-;-NP[! N,KJMP)! MPXPMF! ;RP! N<NM*N! Y*+O!
TRP\KP-N<! Y*+O! ;! TM;+! S;]*SKS! X;MKP>! ! %OP! 8(! )6C)PN;)P! )PNRP;FP! *-! +OP! M*S*+! MPXPM! ;+! +OP! KJJPR!
TRP\KP-N<!J,R+*,-!*F!L;FP)!,-!;N+K;M!*-)KNP)!MPXPMF!*-!+OP!;*RNR;T+!+PF+*-Q!);+;!L;FP!YOP-!Y,RF+?N;FP!
SP;FKRPSP-+F!T,R!+OP!X;R*,KF!;*RNR;T+!;RP!JM,++P)!+,QP+OPR>!!GR,S!N,KJM*-Q!+OP,R<!T,R!;!FJPN*T*N!N;LMP[!
+OP!)PNRP;FP!Y,KM)!LP!P]JPN+P)!+,!LP!N<NM*N!Y*+O!TRP\KP-N<!Y*+O!;-!P-XPM,JP!FM,JP!,T!U(!)6C)PN;)P>!

%OP!L;F*N!RPM;+*,-FO*J!T,R!+OP!M*S*+!MPXPM!*-!+OP!RPF,-;-NP!@TM;+A!J,R+*,-!,T!+OP!NKRXP!*F!8>'!S*MM*;SJPRPF!

JPR! X,M+CSP+RP! +O;+! *F! )PR*XP)! TR,S!Y,RF+?N;FP!SP;FKRPSP-+F! ,-! ;*RNR;T+>! ! G,R! P];SJMP[! 88(! )6&"!
N,RRPFJ,-)F!+,!.((!X,M+FCSP+RP>!!"+!RPF,-;-NP[!+OP!PTTPN+*XP!FO*PM)*-Q!PTTPN+*XP-PFF!,T!+OP!;*RNR;T+!N;-!
LP!aPR,>!!"JJM*N;+*,-!,T!+OPFP!RPFKM+F!+,!,+OPR!JM;+T,RSF!*F!RP;F,-;LMP>!

%OP! TRP\KP-N<! R;-QP! ,T! 8(! ^`a! +,! .((!:`a! *F! -,Y! F+;-);R)*FP)! T,R! ;MM! ;JJM*N;+*,-F>! ! %OP! ,J+*,-;M!
TRP\KP-N<!R;-QP!,T!.((!:`a!+,!U((!:`a!*F!)PMP+P)!LPN;KFP!,T!+OP!\KPF+*,-;LMP!X;M*)*+<!,T!JPRT,RS*-Q!
LKM^!N;LMP!SP;FKRPSP-+F!;+!O*QOPR!TRP\KP-N*PF>!

G,R! FKLS;R*-PF[! +OP! 3$E(W! M*S*+! -,Y! )*F+*-QK*FOPF! LP+YPP-! P\K*JSP-+! M,N;+P)! *-+PR-;M! XPRFKF!
P]+PR-;M!+,!+OP!JRPFFKRP!OKMM>!!G,R!P\K*JSP-+!*-F+;MMP)!*-+PR-;M!+,!+OP!JRPFFKRP!OKMM[!+OP!NKRXP!.!M*S*+!*F!
-,Y! FJPN*T*P)! ;L,XP! V(! :`a! +,! ;NN,K-+! T,R! J,R+;LMP! +R;-FS*++PRF! KFP)! Y*+O! +OP! FKLS;R*-P>! G,R!
P\K*JSP-+!M,N;+P)!P]+PR-;M!+,!+OP!JRPFFKRP!OKMM[!F+R*N+PR!M*S*+F!;RP!*SJ,FP)!+,!S,RP!NM,FPM<!RPTMPN+!+OP!
PMPN+R,S;Q-P+*N!P-X*R,-SP-+>!!!%OP!P]+PR-;M!3$E(W!M*S*+F!FO,KM)!LP!;JJM*P)!,-M<!+,!P\K*JSP-+!+O;+!*F!
RP\K*RP)!+,!LP!TKMM<!,JPR;+*,-;M!YOP-!M,N;+P)!;L,XP!+OP!Y;+PRM*-P>!!EPJ;R;+P!M*S*+F!;RP!FJPN*T*P)[!YO*NO!
;RP! MPFF!FPXPRP[! T,R!P\K*JSP-+! +O;+! *F! tP]+PR-;Mu! +,! +OP!JRPFFKRP!OKMM!LK+! M,N;+P)!Y*+O! +OP!FKLS;R*-P!
FKJPRF+RKN+KRP!@SP+;MM*N!L,K-);R<A>!

&,FF*LMP! +;*M,R*-Q!L<! +OP!JR,NKR*-Q!;N+*X*+<! T,R!N,-+R;N+K;M!),NKSP-+F! *F!;!NKRXP!;SJM*+K)P!L;FP)!,-!
+OP! P]JPN+P)! T*PM)! *-+P-F*+<! T,R! +OP! *-F+;MM;+*,-! ;-)! ;! LRP;^J,*-+! T,R! +OP! NKRXP! L;FP)! ,-! +OP! M,YPF+!
RPF,-;-NP!;FF,N*;+P)!Y*+O!+OP!JM;+T,RS>!!%;*M,R*-Q!,T!+OP!TRP\KP-N<!,T!;JJM*N;+*,-!N;-!LP!),-P!L;FP)!
,-! +OP! ,JPR;+*-Q! TRP\KP-N*PF! ,T! ;-+P--;?R;)*;+*-Q! P\K*JSP-+>! %;*M,R*-Q! FO,KM)! ;MF,! *-NMK)P!
+R;-FS*++PRF! +O;+! ;RP! -,+! J;R+! ,T! +OP! JM;+T,RS>! ! G,R! P\K*JSP-+! KFP)! *-! LP-*Q-! P-X*R,-SP-+F[! +OP!
RP\K*RPSP-+!S;<!-,+!LP!-PNPFF;R<>!

Test procedures:! %O*F! +<JP!,T! +PF+! *F!,T+P-!N,-F*)PRP)!;F!;!LKM^!NKRRP-+! +PF+!F*-NP!NKRRP-+! *F! +OP!
J;R;SP+PR!SP;FKRP)>!!`,YPXPR[! *+! *F! *SJ,R+;-+!+,!-,+P!+O;+!+OP!+PF+!F*Q-;M! *F! *-)KN+*XPM<!N,KJMP)!;-)!
+O;+! G;R;);<_F! M;Y! JRP)*N+F! ;-! *-)KNP)! X,M+;QP! *-! ;! N*RNK*+! M,,J!Y*+O! +OP! RPFKM+;-+! NKRRP-+! TM,Y! ;-)!
X,M+;QP!)*F+R*LK+*,-!)PJP-)P-+!,-!+OP!X;R*,KF!*SJP);-NPF!JRPFP-+>!!!

%OP! N;M*LR;+*,-! T*]+KRP! Y*+O! +PRS*-;+*,-F! *F! ;! '(!!! +R;-FS*FF*,-! M*-P>! ! E*-NP! +OP! *-cPN+*,-! JR,LP! *F!
;R,K-)! +OP! NP-+RP! N,-)KN+,R!Y*+O*-! +OP! T*]+KRP[! ;! F*Q-;M! *F! LP*-Q! *-)KNP)! *-! +OP! M,,J! T,RSP)! L<! +OP!

NP-+RP! N,-)KN+,R[! +OP! +Y,!'(!!! M,;)F[! ;-)! +OP! F+RKN+KRP! ,T! +OP! T*]+KRP! +,!YO*NO! +OP!'(!!! M,;)F!;RP!
+PRS*-;+P)>! !GR,S!;! M,,J!N*RNK*+! F+;-)J,*-+[! +OP! +Y,!'(!!! M,;)F!;RP! *-!FPR*PF[!JR,X*)*-Q!;! +,+;M! M,,J!
*SJP);-NP! ,T! 8((! !>! ! 6PN;KFP! ,T! +OP! +R;-FS*FF*,-! M*-P! N,-T*QKR;+*,-[! *-)KN+;-NP! PTTPN+F! ;RP!
S*-*S*FP)>! ! :P;FKRPSP-+! ,T! *-)KNP)! NKRRP-+! MPXPMF! *F! JPRT,RSP)! L<! SP;FKR*-Q! ;! N,RRPFJ,-)*-Q!

X,M+;QP!;NR,FF!,-P!,T!+OP!'(!!!M,;)F>!!E*-NP!+OP!'(!!!M,;)F!;RP!*-!FPR*PF!T,R!+OP!*-)KNP)!F*Q-;M[!+OP!
+,+;M!)R*XP!X,M+;QP!*F!;N+K;MM<!+Y,!+*SPF!+O;+!LP*-Q!SP;FKRP)>!

%OP!;N+K;M!NKRRP-+!+O;+!;JJP;RF!,-!;!+PF+P)!N;LMP!TR,S!+OP!JRP?N;M*LR;+P)!)R*XP!F*Q-;M!)PJP-)F!,-!+OP!
M,,J!*SJP);-NP!;FF,N*;+P)!Y*+O!+OP!N;LMP!;-)!+OP!F,KRNP!*SJP);-NP!NO;R;N+PR*F+*NF!,T!+OP!)R*XP!JR,LP!
;-)!;SJM*T*PR>!!1T!+OP!M,,J!*SJP);-NP!*F!M,Y[!FKNO!;F!Y,KM)!,T+P-!RPFKM+!Y*+O!;-!,XPR;MM!FO*PM)P)!N;LMP[!
NKRRP-+F!QRP;+PR!+O;-!+O,FP!+OP!N;M*LR;+*,-!T*]+KRP!Y*MM!RPFKM+>!!%OP!S;]*SKS!RP\K*RP)!NKRRP-+!*F!M*S*+P)!
+,!=!)6!;L,XP!+OP!JRP?N;M*LR;+*,-!MPXPM>!

%O*F!+PF+!JR,NP)KRP!*F!;JJM*N;LMP!+,!;MM!#H%!N;LM*-Q>!
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FIGURE 19 Typical NCS07 calibration fixture. 

"!N,SS,-M<!KFP)!N;M*LR;+*,-!T*]+KRP!*F!FO,Y-!*-!G*QKRP!8d>!!/+OPR!)PF*Q-F!;RP!;X;*M;LMP>!!%OP!+,J!*F!
RPS,X;LMP!+,!JPRS*+!+OP!M,YPR!TRP\KP-N<!JR,LPF!+,!JO<F*N;MM<!T*+>!!%OP!N;M*LR;+*,-!T*]+KRP!N;-!LP!FN;MP)!
+,!;NN,SS,);+P!M;RQPR!*-cPN+*,-!JR,LPF>!!G*QKRP!.(!)*FJM;<F!+OP!S;]*SKS!DEg0!+O;+!+O*F!N;M*LR;+*,-!
T*]+KRP!FO,KM)!P]O*L*+!YOP-!SP;FKRP)!Y*+O,K+!;!NKRRP-+!JR,LP!*-F+;MMP)!*-!+OP!T*]+KRP>!!%OP!JRPFP-NP!,T!
;!JR,LP!Y*MM!KFK;MM<!*SJR,XP!+OP!DEg0!,T!+OP!T*]+KRP>!

"-!;)X;-+;QP!,T! +O*F! +<JP!,T!N,-)KN+P)! +PF+*-Q!;F!N,SJ;RP)! +,!R;)*;+P)!FKFNPJ+*L*M*+<! +PF+*-Q! *F! +O;+!
X,M+;QP!;-)!NKRRP-+!MPXPMF!N;-!LP!S,RP!P;F*M<!*-)KNP)!,-!+OP!*-+PRT;NPF!+O;+!;RP!N,SJ;R;LMP!+,!+O,FP!
JRPFP-+! *-! *-F+;MM;+*,-F>! ! %OP!JO<F*N;M! )*SP-F*,-F!,T! +OP!#H%!N;LM*-Q! *-! ;! +PF+! FP+?KJ!;RP! ,T+P-!-,+!
M;RQP!P-,KQO!N,SJ;RP)!+,!+OP!*-F+;MM;+*,-!T,R!PTT*N*P-+!N,KJM*-Q!;+!M,YPR!TRP\KP-N*PF>!

1-! +OP!J;F+[!F,SP!JM;+T,RS?MPXPM!JR,LMPSF!,-!3;X<!;*RNR;T+!N,KM)!-,+!LP!)KJM*N;+P)! *-! +OP! M;L,R;+,R<!
KF*-Q!+OP!F+;-);R)!+PF+!JR,NP)KRPF!*-!,+OPR!+PF+!F+;-);R)>!!1+!Y;F!)P+PRS*-P)!+O;+!)*TTPRP-NPF!LP+YPP-!
+OP! ;*RNR;T+! *-F+;MM;+*,-! ;-)! M;L,R;+,R<! FP+?KJF! RPQ;R)*-Q! +OP! M;L,R;+,R<! QR,K-)! JM;-P! ;-)! ;X*,-*NF!
@;*RNR;T+!PMPN+R,-*NFA!S,K-+*-Q!;-)!PMPN+R*N;M!L,-)*-Q!JR;N+*NPF!YPRP! RPFJ,-F*LMP>! !:,F+!;X*,-*NF!;RP!
S,K-+P)!*-!R;N^F!;-)!,-!S,K-+*-Q!LR;N^P+F>!!"+!0G[!+OP!*SJP);-NPF!+,!QP-PR;M!;*RNR;T+!F+RKN+KRP!T,R!
+OP!X;R*,KF!S,K-+*-Q!FNOPSPF!N;-!LP!F*Q-*T*N;-+M<!)*TTPRP-+!+O;-!+OP<!;RP!Y*+O!+OP!;X*,-*NF!S,K-+P)!
,-!;! M;L,R;+,R<! QR,K-)!JM;-P>! ! 1-! +OP! M;L,R;+,R<[! *+! *F! -,+! ;MY;<F!J,FF*LMP! +,! JR,)KNP!;! RP;F,-;LMP!
F*SKM;+*,-!,T!+OP!*-F+;MM;+*,->!!"!QR,K-)!JM;-P!*-+PRTPRP-NP!@2&1A!+PF+!Y;F!)PXPM,JP)!+,!)P+PN+!J,+P-+*;M!
T;*MKRPF! )KP! +,! +OP! O*QOPR! *SJP);-NP>! ! 1-! +OP! 2&1! +PF+[! P;NO! P-NM,FKRP! ,T! +OP! #H%[! *-! +KR-[! *F!
PMPN+R*N;MM<! *F,M;+P)!;L,XP!+OP!QR,K-)!JM;-P!;-)!;!X,M+;QP!*F!;JJM*P)!LP+YPP-!+OP!P-NM,FKRP!;-)!+OP!
QR,K-)!JM;-P!+,!F*SKM;+P!J,+P-+*;M!)*TTPRP-NPF!+O;+!S;<!P]*F+!*-!+OP!*-F+;MM;+*,->!!E*-NP!3$E(W!JR,X*)PF!
F*S*M;R! N,SS,-! S,)P! F+RPFFPF! ;+! PMPN+R*N;M! *-+PRT;NPF! ;F! +OP! 2&1[! +OP! 2&1! *F! -,+! *-NMK)P)! *-! +O*F!
F+;-);R)>! ! `,YPXPR[! +OP! 3;X<! S;<! JRPTPR! +,! JPRT,RS! ;-! ;))*+*,-;M! FKFNPJ+*L*M*+<! FN;-! T,R! ;*RNR;T+!
;JJM*N;+*,-F!Y*+O!;-! *-)KN+,R! JM;NP)!LP+YPP-! +OP!#H%!P-NM,FKRP!;-)!QR,K-)!JM;-P! +,!S,RP! NM,FPM<!
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PSKM;+P! +OP! RPFKM+F! ,T! ;!2&1! FP+?KJ>! ! %OP! JR*S;R<! F*)P! ,T! ;! +<J*N;M! 3$E(8! *-cPN+*,-! +R;-FT,RSPR! *F!
N,-F*)PRP)!+,!LP!;-!;JJR,JR*;+P!*-)KN+,R>!
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FIGURE 20 Maximum VSWR of calibration fixture. 

3$E(W! O;F! FPXPR;M! ;)X;-+;QPF! ,XPR! +OP! 2&1! ;F! ;! QP-PR;M! PX;MK;+*,-! JR,NP)KRP>! ! %OP! 2&1! ,T+P-!
RPFKM+F! *-! F*Q-*T*N;-+! NKRRP-+! TM,Y! Y*+O! M*++MP! X,M+;QP! )PXPM,JP)! ;+! M,YPR! TRP\KP-N*PF>! ! 3$E(W! *F! ;!
N,-+R,MMP)!NKRRP-+!+PF+>!!"!N,-NPR-!Y*+O!+OP!2&1!+PF+[!YO*NO!*F!-,+!;FF,N*;+P)!Y*+O!3$E(W[!*F!+O;+!+OP!
JPRT,RS;-NP! ,T! *-+PRT;NP! T*M+PR*-Q! N;-! LP! ;M+PRP)! )KP! +,! *F,M;+*,-! ,T! +OP! P-NM,FKRP! TR,S! +OP! QR,K-)!
JM;-P>! ! %OP! RPFKM+F! ,T! 3$E(W! ;RP! S,RP! KFPTKM! F*-NP! +OP! N,-+R,MMP)! NKRRP-+! N;-! LP! N,SJ;RP)! Y*+O!
NKRRP-+! MPXPMF! JRPFP-+! *-! +OP! ;N+K;M! *-F+;MM;+*,-! *-)KNP)! TR,S! T*PM)F>! ! %O*F! +PNO-*\KP! O;F! N,SS,-M<!
LPP-!KFP)!*-!+OP!J;F+!T,R!NPR+*T*N;+*,-!,T!;*RNR;T+!;F!F;TP!+,!TM<>!

%PF+*-Q! *F! RP\K*RP)! ,-! L,+O! P-+*RP! J,YPR! N;LMPF! ;-)! J,YPR! N;LMPF! Y*+O! +OP! RP+KR-F! RPS,XP)! +,!
PX;MK;+P!N,SS,-!S,)P!N,KJM*-Q! +,!N,-T*QKR;+*,-F! +O;+!S;<!LP!JRPFP-+! *-!)*TTPRP-+! *-F+;MM;+*,-F>! ! 1-!
F,SP!*-F+;MM;+*,-F[!+OP!J,YPR!RP+KR-F!;RP!R,K+P)!Y*+O!+OP!O*QO!F*)P!Y*R*-Q>!!1-!,+OPR!*-F+;MM;+*,-F[!J,YPR!
RP+KR-F!;RP!+*P)!+,!F<F+PS!F+RKN+KRP!-P;R!+OP!K+*M*F;+*,-!P\K*JSP-+!Y*+O!F<F+PS!F+RKN+KRP!LP*-Q!KFP)!;F!
+OP!J,YPR!RP+KR-!J;+O>!
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FIGURE 21 Insertion loss measurement. 

1-FPR+*,-!M,FF!NO;R;N+PR*F+*NF!,T!*-cPN+*,-!JR,LPF!;RP!FJPN*T*P)!*-!G*QKRP!3$E(W?.!,T!:P+O,)!3$E(W>!!"!
N,-+R,M! ,-! *-FPR+*,-! M,FF! O;F! LPP-! T,K-)! +,! LP! -PNPFF;R<! +,! ,L+;*-! N,-F*F+P-N<! *-! +PF+! RPFKM+F>!!
1-FPR+*,-!M,FF!*F!SP;FKRP)!;F!FO,Y-!*-!G*QKRP!.8>!!1+!*F!+OP!)*TTPRP-NP!*-!)6!,T!+OP!J,YPR!;JJM*P)!+,!+OP!
JR,LP! *-F+;MMP)! *-! +OP!N;M*LR;+*,-! T*]+KRP!;-)! +OP!J,YPR! MPXPM!)P+PN+P)!L<! +OP!SP;FKRPSP-+! RPNP*XPR>!!
4,YPR! *-FPR+*,-! M,FF! *-)*N;+PF!S,RP! PTT*N*P-+! N,KJM*-Q>! ! E*-NP! +OP! F*Q-;M! MPXPM! +O;+! *F! *-)KNP)! *-! +OP!

N;M*LR;+*,-!T*]+KRP!*F!P\K;MM<!)*X*)P)!LP+YPP-!+OP!'(!!!N,;]*;M!M,;)!;-)!+OP!SP;FKRPSP-+!RPNP*XPR[!+OP!
M,YPF+!J,FF*LMP!M,FF!*F!V!)6>!!%OP!KFP!,T!;!-P+Y,R^!;-;M<FPR!,R!SP;FKRPSP-+!RPNP*XPR!+O;+!*-NMK)PF!;!
+R;N^*-Q!QP-PR;+,R!N;-!F*SJM*T<!+OP!SP;FKRPSP-+>!

%PNO-*\KPF!KF*-Q!-P+Y,R^!;-;M<FPRF!,R!FJPN+RKS!;-;M<FPRF!Y*+O!+R;N^*-Q!QP-PR;+,RF!N;-!F*SJM*T<!+OP!
SP;FKRPSP-+F! T,R! L,+O! J;R;QR;JOF! V>U>L! N;M*LR;+*,-! ;-)! J;R;QR;JO! V>U>N! #H%! +PF+*-Q! ,T! :P+O,)!
3$E/W>! ! G,R! P];SJMP[! +OP! ,K+JK+! F*Q-;M! N;-! T*RF+! LP! FP+! +,! ;! JRP)P+PRS*-P)! X;MKP! FKNO! ;F! ,-P!
S*MM*Y;++! ;-)! +OP! TM;+-PFF! ,T! +OP! F*Q-;M! Y*+O! TRP\KP-N<! N;-! LP! FPJ;R;+PM<! XPR*T*P)! +OR,KQO! ;! )*RPN+!
N,--PN+*,-!+,!+OP!RPNP*XPR>!!g*+O!+O*F!F;SP!F*Q-;M!+OP-!;JJM*P)!+,!+OP!)*RPN+*,-;M!N,KJMPR[!+OP!*-)KNP)!
MPXPM!*-!+OP!N;M*LR;+*,-!T*]+KRP!N;-!LP!)*RPN+M<!JM,++P)>!

=>8=! 3$E(9[!N,-)KN+P)!FKFNPJ+*L*M*+<[!LKM^!N;LMP!*-cPN+*,-[!*SJKMFP!P]N*+;+*,-!

Applicability and limits:! %OP! RP\K*RPSP-+F! ;RP! ;JJM*N;LMP! +,! ;MM! PMPN+R*N;M! N;LMPF! *-+PRT;N*-Q! Y*+O!
#H%!P-NM,FKRPF>!!%OP!L;F*N!N,-NPR-!*F!+,!JR,+PN+!P\K*JSP-+!TR,S!T;F+!R*FP!;-)!T;MM!+*SP!+R;-F*P-+F!+O;+!
S;<! LP! JRPFP-+! )KP! +,! JM;+T,RS! FY*+NO*-Q! ,JPR;+*,-F! ;-)! P]+PR-;M! +R;-F*P-+! P-X*R,-SP-+F! FKNO! ;F!
M*QO+-*-Q!;-)!PMPN+R,S;Q-P+*N!JKMFP>! !%OP! RP\K*RPSP-+! *F! *-+P-)P)! +,! RPJM;NP! xNO;++PR*-Q! RPM;<x! +<JP!
RP\K*RPSP-+F!N,SS,-M<!KFP)!*-!JR,NKRPSP-+F!,T!P\K*JSP-+!T,R!;*RNR;T+!;JJM*N;+*,-F!*-!+OP!J;F+>!!%OP!
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NO;++PR*-Q!RPM;<!O;F!LPP-!NR*+*N*FP)!;F!K-FN*P-+*T*N!;-)!-,-?RPJP;+;LMP>!!%OP!3$E(9!RP\K*RPSP-+!O;F!;!
)PT*-P)!Y;XPT,RS!;-)!;!RPJP;+;LMP!N,KJM*-Q!SPNO;-*FS>!

%OP! .! -;-,FPN,-)! R*FP! +*SP! *F! N,-F*F+P-+! Y*+O! R*FP! +*SPF! J,FF*LMP! T,R! +OP! Y;XPT,RSF! NRP;+P)! L<!
*-)KN+*XP!)PX*NPF!*-+PRRKJ+P)!L<!FY*+NO*-Q!;N+*,-F>!!%OP!V(!-;-,FPN,-)!JKMFP!Y*)+O!F+;-);R)*FPF!+OP!
P-PRQ<!*-!*-)*X*)K;M!JKMFPF>!!1-!;))*+*,-[!*+!FPJ;R;+PF!+OP!R*F*-Q!;-)!T;MM*-Q!J,R+*,-F!,T!+OP!JKMFP!F,!+O;+!
P;NO!S;<!;N+!*-)PJP-)P-+M<>!!"MF,[!P;NO!J,R+*,-!S;<!;TTPN+!)*TTPRP-+!N*RNK*+F>!!%OP!'!;SJPRP!;SJM*+K)P!

@'((!X,M+F!;NR,FF!8((!!!M,,J!*SJP);-NP!N;M*LR;+*,-!T*]+KRPA!N,XPRF!S,F+!*-)KNP)!MPXPMF!+O;+!O;XP!LPP-!
,LFPRXP)! )KR*-Q! F<F+PS?MPXPM! +PF+*-Q! ,T! ;*RNR;T+! +,! +R;-F*P-+! P-X*R,-SP-+F>! %OP! V(!`a! JKMFP! R;+P! *F!
FJPN*T*P)! +,! P-FKRP! +O;+! ;! FKTT*N*P-+! -KSLPR! ,T! JKMFPF! ;RP! ;JJM*P)! +,! JR,X*)P! N,-T*)P-NP! +O;+! +OP!
P\K*JSP-+!Y*MM!-,+!LP!KJFP+>!!!

:;-<!N*RNK*+!*-+PRT;NPF!;RP!N,-T*QKRP)!FKNO!+O;+!J,+P-+*;M!KJFP+!*F!J,FF*LMP!T,R!,-M<!;!FS;MM!JPRNP-+;QP!
,T! +OP! +,+;M!P\K*JSP-+!,JPR;+*-Q! +*SP>! !G,R!P];SJMP[!;!S*NR,JR,NPFF,R!S;<!FP\KP-+*;MM<!J,MM!X;R*,KF!
J,R+F! T,R! *-JK+! *-T,RS;+*,->! ! "! J;R+*NKM;R! J,R+! S;<! N,-+*-K,KFM<! KJ);+P! *-T,RS;+*,-! LP+YPP-! J,MM*-Q!
*-+PRX;MF>! ! 1T! +OP!+R;-F*P-+!,NNKRF!;+! +OP!+*SP!+OP!J,R+! *F!;NNPFFP)[!;-!KJFP+!N,-)*+*,-!S;<!RPFKM+>! !"+!
,+OPR!+*SPF[!-,!PTTPN+!S;<!,NNKR>!!

&,FF*LMP!+;*M,R*-Q!L<!+OP!JR,NKR*-Q!;N+*X*+<!T,R!N,-+R;N+K;M!),NKSP-+F!*F!M,YPR*-Q!,R!R;*F*-Q!+OP!RP\K*RP)!
;SJM*+K)P!L;FP)!,-!+OP!P]JPN+P)!+R;-F*P-+!P-X*R,-SP-+F!*-!+OP!JM;+T,RS>!!"-,+OPR!,J+*,-!*F!+,!;)cKF+!
+OP! JKMFP!Y*)+O! L;FP)! ,-! ;! J;R+*NKM;R! P-X*R,-SP-+! ,-L,;R)! ;! JM;+T,RS! ,R! T,R! N,-+R,M! ,T! +OP! P-PRQ<!
N,-+P-+!,T!+OP!JKMFP>!

Test procedures:! %OP!P]N*+;+*,-!Y;XPT,RS!TR,S!+OP!QP-PR;+,R!*F!;!+R;JPa,*);M!JKMFP>!!%OP!;N+K;M!
Y;XPT,RS!,-!+OP!*-+PRN,--PN+*-Q!N;LMP!Y*MM!LP!)PJP-)P-+!,-!-;+KR;M!RPF,-;-NP!N,-)*+*,-F!;FF,N*;+P)!
Y*+O!+OP!N;LMP!;-)!#H%!*-+PRT;NP!N*RNK*+!J;R;SP+PRF>!

"!N*RNK*+!)*;QR;S!,T!+OP!'(!![!NO;RQP)!M*-P[!JKMFP!QP-PR;+,R!RP\K*RP)!L<!3$E(9!*F!FO,Y-!*-!G*QKRP!..>!!
1+F!,JPR;+*,-!*F!PFFP-+*;MM<!+OP!F;SP!;F!*SJKMFP!QP-PR;+,RF!KFP)!+,!N;M*LR;+P!SP;FKRPSP-+!RPNP*XPRF!
P]NPJ+! +O;+! +OP! JKMFP! Y*)+O! *F! SKNO! M,-QPR>! ! "! )*RPN+! NKRRP-+! J,YPR! FKJJM<! *F! KFP)! +,! NO;RQP! +OP!

N;J;N*+;-NP!,T! ;-!,JP-?N*RNK*+P)!'(!!! N,;]*;M! M*-P>! ! %OP!O*QO! X,M+;QP! RPM;<! *F! +OP-! FY*+NOP)! +,! +OP!
,K+JK+!N,;]*;M!M*-P!+,!JR,)KNP!+OP!JKMFP>!!%OP!JKMFP!Y*)+O!*F!)PJP-)P-+!KJ,-!+OP!MP-Q+O!,T!+OP!NO;RQP!
M*-P>!!%OP!RPM;<!-PP)F!+,!O;XP!L,K-NP?TRPP!N,-+;N+!,JPR;+*,->!

%OP! N;M*LR;+*,-! T*]+KRP! Y*+O! +PRS*-;+*,-F! *F! ;! '(!!! +R;-FS*FF*,-! M*-P>! ! E*-NP! +OP! *-cPN+*,-! JR,LP! *F!
;R,K-)! +OP! NP-+RP! N,-)KN+,R!Y*+O*-! +OP! T*]+KRP[! ;! F*Q-;M! *F! LP*-Q! *-)KNP)! *-! +OP! M,,J! T,RSP)! L<! +OP!

NP-+RP! N,-)KN+,R[! +OP! +Y,!'(!!! M,;)F[! ;-)! +OP! F+RKN+KRP! ,T! +OP! T*]+KRP! +,!YO*NO! +OP!'(!!! M,;)F!;RP!
+PRS*-;+P)>! !GR,S!;! M,,J!N*RNK*+! F+;-)J,*-+[! +OP! +Y,!'(!!! M,;)F!;RP! *-!FPR*PF[!JR,X*)*-Q!;! +,+;M! M,,J!
*SJP);-NP! ,T! 8((! !>! ! 6PN;KFP! ,T! +OP! +R;-FS*FF*,-! M*-P! N,-T*QKR;+*,-[! *-)KN+;-NP! PTTPN+F! ;RP!
S*-*S*FP)>! ! :P;FKRPSP-+! ,T! *-)KNP)! NKRRP-+! MPXPMF! *F! JPRT,RSP)! L<! SP;FKR*-Q! ;! N,RRPFJ,-)*-Q!

X,M+;QP!;NR,FF!,-P!,T!+OP!'(!!!M,;)F>!!E*-NP!+OP!'(!!!M,;)F!;RP!*-!FPR*PF!T,R!+OP!*-)KNP)!F*Q-;M[!+OP!
+,+;M!)R*XP!X,M+;QP!*F!;N+K;MM<!+Y,!+*SPF!+O;+!LP*-Q!SP;FKRP)>!
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FIGURE 22 Circuit diagram of NCS08 pulse generator. 

&;R;QR;JO!V>UL@VA!,T!3$E(9!RP\K*RPF!XPR*T*N;+*,-!+O;+!+OP!R*FP!+*SP[!T;MM!+*SP[!;-)!JKMFP!Y*)+O!J,R+*,-F!
,T! +OP! ;JJM*P)! Y;XPT,RS! ;RP! JRPFP-+! *-! +OP! ,LFPRXP)! Y;XPT,RS! *-)KNP)! *-! +OP! N;M*LR;+*,-! T*]+KRP>!!
G*QKRP!.V!FO,YF!;! +<J*N;M!Y;XPT,RS!+O;+!Y*MM!LP!JRPFP-+>! !E*-NP! +OP! TRP\KP-N<!RPFJ,-FP!,T! *-cPN+*,-!
JR,LPF! T;MMF!,TT!;+! M,YPR! TRP\KP-N*PF[! +OP! +R;JPa,*);M!JKMFP!FKJJM*P)! +,! +OP!JR,LP!F;QF! *-! +OP!S*))MP!
J,R+*,-! ,T! +OP! JKMFP! +O;+! *F! ;FF,N*;+P)!Y*+O! +OP! M,YPR! TRP\KP-N<! N,-+P-+! ,T! +OP! ;JJM*P)! F*Q-;M>! ! %OP!
RPMPX;-+! J;R;SP+PRF! ,T! +OP! Y;XPT,RS! ;RP! -,+P)>! ! 1+! *F! NR*+*N;M! +O;+! ;-! *-cPN+*,-! JR,LP! LP! KFP)! Y*+O!
;)P\K;+P! RPFJ,-FP! ;+! O*QOPR! TRP\KP-N*PF! +,! JR,)KNP! +OP! RP\K*RP)! R*FP! +*SP! ;-)! T;MM! +*SP!
NO;R;N+PR*F+*NF>!

"F!;MF,!FJPN*T*P)!*-!3$E(9[!+PF+*-Q!*F!RP\K*RP)!,-!L,+O!P-+*RP!J,YPR!N;LMPF!;-)!J,YPR!N;LMPF!Y*+O!+OP!
RP+KR-F! RPS,XP)! +,! PX;MK;+P! N,SS,-! S,)P! N,KJM*-Q! +,! N,-T*QKR;+*,-F[! YO*NO! S;<! LP! JRPFP-+! *-!
)*TTPRP-+!*-F+;MM;+*,-F>!!1-!F,SP!*-F+;MM;+*,-F[!+OP!J,YPR!RP+KR-F!;RP!R,K+P)!Y*+O!+OP!O*QO!F*)P!Y*R*-Q>!!1-!
,+OPR! *-F+;MM;+*,-F[! J,YPR! RP+KR-F! ;RP! +*P)! +,! F<F+PS! F+RKN+KRP! -P;R! +OP! K+*M*F;+*,-! P\K*JSP-+! Y*+O!
F<F+PS!F+RKN+KRP!LP*-Q!KFP)!;F!+OP!J,YPR!RP+KR-!J;+O>!

%OP! NO;++PR*-Q! RPM;<! O;F!LPP-! T,K-)! +,! LP! PTTPN+*XP! T,R! )P+PRS*-*-Q!KJFP+! N,-)*+*,-F! ,T! P\K*JSP-+>!!
%OP!L;F*N!N,-NPJ+!Y;F! +,!PMPN+R*N;MM<!N,--PN+! +OP! RPM;<!N,*M! *-!FPR*PF!Y*+O!;!-,RS;MM<!NM,FP)!N,-+;N+!
;-)!;MM,Y!+OP!RPM;<!+,!N,-+*-K,KFM<!*-+PRRKJ+!*+FPMT>!!%OP!Y*RP!LP+YPP-!+OP!N,*M!;-)!N,-+;N+!Y;F!KFP)!+,!
N,KJMP! +OP!+R;-F*P-+!,-+,!#H%!N;LMPF>! !%OP!QRP;+PF+!N,-NPR-!Y*+O! +OP!NO;++PR*-Q!RPM;<! *F! +O;+! *+!),PF!
-,+! JR,)KNP!;! RPJP;+;LMP!Y;XPT,RS! F*-NP!;-! ;RN*-Q! JR,NPFF! *F! *-X,MXP)>! %OP! J;R+*NKM;R! RPM;<! LP*-Q!
KFP)!;-)!+OP!N,-)*+*,-!,T! *+F!N,-+;N+!;-)!N,*M!SPNO;-*NF!JM;<!;! M;RQP!R,MP>! !3$E(9!RP+;*-F! +OP!S,F+!
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*SJ,R+;-+!NO;R;N+PR*F+*N!,T!+OP!NO;++PR*-Q!RPM;<[!YO*NO!*F!+OP!T;F+!R*FP!+*SP!Y;XPT,RS!;-)!;MF,!O;F!+OP!
*SJ,R+;-+!;)X;-+;QP!,T!;!N,-F*F+P-+!P]N*+;+*,-!Y;XPT,RS>!
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FIGURE 23 Typical NCS08 calibration fixture waveform. 

%OP!F;SP!N;M*LR;+*,-!T*]+KRP!KFP)!T,R!3$E(W!N;-!LP!KFP)!T,R!+O*F!+PF+!JR,NP)KRP>!!"-!;X;*M;LMP!)P
*-!G*QKRP!8d>!

F*Q-!
*F!FO,Y-!

!

,-! +OP! JM;+T,RS>! !g*)P! TRP\KP-N<! N,XPR;QP! *F! *-NMK)P)! +,! ;NN,K-+! T,R! ;!Y*)P! R;-QP! ,T!

=>8W! 3$E(d[!N,-)KN+P)!FKFNPJ+*L*M*+<[!);SJP)!F*-KF,*)!+R;-F*P-+F[!N;LMPF!;-)!J,YPR!MP;)F[!
8(!^`a!+,!8((!:`a>!

Applicability and limits:! %OP! RP\K*RPSP-+F! ;RP! ;JJM*N;LMP! +,! ;MM! PMPN+R*N;M! N;LMPF! *-+PRT;N*-Q! Y*+O
P;NO! #H%! P-NM,FKRP! ;-)! ;MF,! *-)*X*)K;MM<! ,-! P;NO! J,YPR! MP;)>! ! %OP! L;F*N! N,-NPJ+! *F! +,! F*SKM;+P!
PMPN+R*N;M!NKRRP-+!;-)!X,M+;QP!Y;XPT,RSF!,NNKRR*-Q!*-!JM;+T,RSF!TR,S!P]N*+;+*,-!,T!-;+KR;M!RPF,-;-NPF>!

1-!N,-+R;F+!+,!+OP!3$E(9!JR,NP)KRP!+O;+!P]N*+PF!-;+KR;M!RPF,-;-NPF[!+OP!*-+P-+!,T!+O*F!RP\K*RPSP-+!*F!+,!
N,-+R,M!+OP!Y;XPT,RS!;F!;!);SJP)!F*-P>!!I;SJP)!F*-P!Y;XPT,RSF!@F,SP+*SPF!N,SJMP]!N,SL*-;+*,-FA!
;RP! ;! N,SS,-! ,NNKRRP-NP! ,-! JM;+T,RSF! TR,S! L,+O! P]+PR-;M! F+*SKM*! FKNO! ;F! M*QO+-*-Q! ;-)!
PMPN+R,S;Q-P+*N!JKMFP!;-)! TR,S!JM;+T,RS!PMPN+R*N;M! FY*+NO*-Q!JOP-,SP-;>! !g;XPT,RSF!;JJP;R*-Q!,-!
N;LMPF!N;-!LP!)KP!+,!+OP!N;LMP! *+FPMT!RPF,-;+*-Q!,R! +,!X,M+;QP!;-)!NKRRP-+!)R*XPF!RPFKM+*-Q!TR,S!,+OPR!
RPF,-;-NPF!
N,-)*+*,-F>! ! %R;-F*P-+F! N;KFP)! TR,S! FY*+NO*-Q! ;N+*,-F! Y*+O*-! +OP! JM;+T,RS! N;-! ;MF,! RPFKM+! *-! F*S*M;R!
Y;XPT,RSF>!
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!KJFP+!*F!

-+!N*RNK*+!+<JPF!;RP!PX;MK;+P)!T,R!X;R*,KF!Y;XPT,RS!;++R*LK+PF!+O;+!S;<!N;KFP!Y,RF+?N;FP!

,RF+?N;FP! JM;+T,RS! RPF,-;-+!

!+OP!JM;+T,RS!-PP)F!+,!RPS;*-!;!N,-F*)PR;+*,->!!"-,+OPR!J,+P-+*;M!+;*M,R*-Q!;RP;!*F!
! T

RT,RSP)! L<! SP;FKR*-Q! ;! N,RRPFJ,-)*-Q!

! JRPFP-+! ,-!

! +OP!);SJP)!F*-P!F*Q-;M!RPFKM+F! *-!L,+O!J,F*+*XP!;-)!-PQ;+*XP!JP;^F!,T!

%OPRP!*F!;!N,SJMP]!N,KJM*-Q!RPM;+*,-FO*J!;S,-Q!+OP!X;R*,KF!*-)*X*)K;M!N*RNK*+F!Y*+O*-!+OP!N;LMP!LK-)MP>!!

"!N,-F*)PR;+*,-!T,R!+OP!RP\K*RPSP-+!*F!YOP+OPR!S,SP-+;R<!KJFP+F!;RP!;MM,Y;LMP!*T!+OP!#H%!*F!N;J;LMP!
,T!FPMT?RPN,XPR<!+,!-,RS;M!,JPR;+*,->!!E,SP!KJFP+F!S;<!,NNKR!+O;+!;RP!-,+!PXP-!-,+*NP)!L<!;-!,JPR;+,R!
)KP!+,!FPMT?N,RRPN+*-Q!SPNO;-*FSF!*-!+OP!P\K*JSP-+>!!%OPRP!S;<!LP!N;FPF!YOPRP!M,-QPR!+PRS
;NNPJ+;LMP!YO*NO!S;<!J,FF*LM<!RP\K*RP!;N+*,-!L<!;-!,JPR;+,R!+,!RPFP+!+OP!P\K*JSP-+>!!%OP!#:1%&!FO;MM!
;))RPFF!;-<!*-F+;-NPF!YOPRP!+OP!N,-+R;N+,R!JR,J,FPF!+O;+!,LFPRX;LMP!KJFP+F!LP!;NNPJ+P)>!

"! M*S*+P)! FP+! ,T! );SJP)! F*-P! Y;XPF! *F! FJPN*T*P)! +,! ;))RPFF! ;! F;SJM*-Q! ,T! +OP! X;R*,KF! R*-Q*-Q!
TRP\KP-N*PF!+O;+!S;<!LP!JRPFP-+!*-!+OP!JM;+T,RS>!!"-!;)X;-+;QP!,T!KF*-Q!;!FP+!,T!);SJP)!F*-P!Y;XPF!
*F!+O;+!)*TTPRP
PTTPN+F>! !E,SP!N*RNK*+F!S;<! RPFJ,-)! +,!JP;^!;SJM*+K)P!YO*MP!,+OPRF!S;<! RPFJ,-)! +,! +,+;M!P-PRQ<!,R!
R;+P!,T!R*FP>!

%OP!NKRRP-+! M*S*+F!;RP!FP+!;+! MPXPMF! +O;+!N,XPR!S,F+! *-)KNP)! MPXPMF! T,K-)! *-!JM;+T,RSF!)KR*-Q!F<F+PS?
MPXPM!+PF+*-Q!+,!P]+PR-;M!+R;-F*P-+!P-X*R,-SP-+F>!!%OP!MPXPM!T,R!;*RNR;T+!;MF,!+<J*N;MM<!;MM,YF!T,R!)PF*Q-F!
+O;+!),!-,+!RP\K*RP!+OP!KFP!,T!+PRS*-;M!JR,+PN+*,-!)PX*NPF>!!%OPFP!*+PSF!;RP!QP-PR;MM<!K-)PF*R;LMP!)KP!
+,! N,-NPR-F! Y*+O! O;R)-PFF! S;*-+P-;-NPCO;R)-PFF! FKRXP*MM;-NP! ;-)! +OP! ;L*M*+<! +,! ;FFPFF! YOP+OPR!
JR,+PN+*,-! RPS;*-F! PTTPN+*XP>! ! %OP! M,YPR! TRP\KP-N<!LRP;^J,*-+F! ;RP! ;+!Y
TRP\KP-N*PF!LPM,Y[!YO*NO!+OP!RPFJ,-FP!Y*MM!T;MM!,TT!;+!.(!)6C)PN;)P>!%OP!KJJPR!TRP\KP-N<!LRP;^J,*-+!*F!
M,N;+P)!YOPRP!+OP!FJPN+R;M!N,-+P-+!,T!+OP!+R;-F*P-+!P-X*R,-SP-+F!T;MMF!,TT>!

&,FF*LMP!+;*M,R*-Q!,T!+OP!RP\K*RPSP-+F!L<!+OP!JR,NKR*-Q!;N+*X*+<!*-!N,-+R;N+K;M!),NKSP-+F!*F!;)cKF+SP-+!
,T!+OP!NKRXP!;SJM*+K)P!P*+OPR!O*QOPR!,R!M,YPR!L;FP)!,-!+OP!)PQRPP!,T!JR,+PN+*,-!JR,X*)P)!*-!+OP!;RP;!,T!
+OP! JM;+T,RS!YOPRP! +OP! P\K*JSP-+! ;-)! *-+PRN,--PN+*-Q! N;LM*-Q!Y*MM! LP! M,N;+P)>! ! "! N;K+*,-!Y*+O! +O*F!
J;R+*NKM;R!RP\K*RPSP-+!L;FP)!,-!J;F+!P]JPR*P-NPF!*F!+O;+!+OP!JM;+T,RS!)PF*Q-PR!FO,KM)!LP!RP\K*RP)!+,!
FO;RP!*-!+OP!LKR)P-!,T!+OP!O;R)P-*-Q!JR,NPFF!L<!JR,X*)*-Q!F+RPFF!RP)KN+*,-!SP;FKRPF!*-!+OP!JM;+T,RS>!!
%OP!P\K*JSP-+!FO,KM)!-,+!LP!P]JPN+P)!+,!JR,X*)P!+OP! +,+;M!JR,+PN+*,->! !&R,+PN+*,-!;Q;*-F+! +R;-F*P-+F!
QP-PR;+P)!*-+PR-;M!+,
;)cKF+*-Q! +OP! M,YPR RP\KP-N<! LRP;^J,*-+! +,! LP! S,RP! N,-F*F+P-+! Y*+O! +OP! M,YPF+! RPF,-;-NP! ,T! ;!
J;R+*NKM;R!JM;+T,RS>!

Test procedures:! %OP!N;M*LR;+*,-!T*]+KRP!Y*+O!+PRS*-;+*,-F!*F!;!'(!!!+R;-FS*FF*,-!M*-P>!!E*-NP!+OP!
*-cPN+*,-!JR,LP!*F!;R,K-)!+OP!NP-+RP!N,-)KN+,R!Y*+O*-!+OP!T*]+KRP[!;!F*Q-;M!*F!LP*-Q!*-)KNP)!*-!+OP!M,,J!

T,RSP)!L<!+OP!NP-+RP!N,-)KN+,R[!+OP!+Y,!'(!!!M,;)F[!;-)!+OP!F+RKN+KRP!,T!+OP!T*]+KRP!+,!YO*NO!+OP!'(!!!
M,;)F!;RP!+PRS*-;+P)>!!GR,S!;!M,,J!N*RNK*+!F+;-)J,*-+[!+OP!+Y,!'(!!!M,;)F!;RP!*-!FPR*PF[!JR,X*)*-Q!;!+,+;M!
M,,J! *SJP);-NP! ,T! 8((!!>! ! 6PN;KFP! ,T! +OP! +R;-FS*FF*,-! M*-P! N,-T*QKR;+*,-[! *-)KN+;-NP! PTTPN+F! ;RP!
S*-*S*FP)>! ! :P;FKRPSP-+! ,T! *-)KNP)! NKRRP-+! MPXPMF! *F! JP

X,M+;QP!;NR,FF!,-P!,T!+OP!'(!!!M,;)F>!!E*-NP!+OP!'(!!!M,;)F!;RP!*-!FPR*PF!T,R!+OP!*-)KNP)!F*Q-;M[!+OP!
+,+;M!)R*XP!X,M+;QP!*F!;N+K;MM<!+Y,!+*SPF!+O;+!LP*-Q!SP;FKRP)>!

3$E(d!;))RPFFPF!+PF+*-Q!,T!N;LMPF!@*-+PRN,--PN+*-Q!*-NMK)*-Q!J,YPRA!;-)!*-)*X*)K;M!J,YPR!MP;)F>!!%OP!
N,SS,-!S,)P! N;LMP! J,R+*,-! ,T! +OP! +PF+! *F! +OP! LPF+! F*SKM;+*,-! ,T! +OP! +<JP! ,T! N,-)*+*,-
JM;+T,RSF!TR,S!PMPN+R,S;Q-P+*N! T*PM)!P]N*+;+*,->! !%OP! *-)*X*)K;M!J,YPR! MP;)!+PF+!;))RPFFPF!)*TTPRP-+*;M!
+<JP!F*Q-;MF!JRPFP-+!,-!JM;+T,RSF!TR,S!FY*+NO*-Q!TK-N+*,-F!,NNKRR*-Q!*-!+OP!J,YPR!F<F+PS>!

"F!-PNPFF;R<[! +OP! +PF+!N;-!LP!;JJM*P)! *-!;!F+R;*QO+T,RY;R)!S;--PR! +,!Y*RPF!,-! *-)*X*)K;M!J*-F!,-!;-!
#H%!N,--PN+,R!,R!+,!*-)*X*)K;M!N*RNK*+F!@+Y*F+P)!J;*RF[!N,;]*;M!N;LMPF[!;-)!F,!T,R+OA>!

E*-NP!+OP!\K;M*+<! T;N+,R!@rA!,T
F*Q-*T*N;-+! X;MKP! RPQ;R)MPFF! ,T! +OP! J,M;R*+<! ,T! +OP! T*RF+! JP;^[! +OPRP! *F! -,! RP\K*RPSP-+! +,! FY*+NO! +OP!
J,M;R*+<!,T!+OP!*-cPN+P)!F*Q-;M>!

%OP!N,SS,-!S,)P!*-cPN+*,-!+PNO-*\KP!KFP)!*-!+O*F!JR,NP)KRP!;-)!,+OPR!JR,NP)KRPF!FKNO!;F!3$E(W!*F!
;!J;R+*;M!F*SKM;+*,-!,T!+OP!;N+K;M!N,KJM*-Q!SPNO;-*FS!,-!JM;+T,RSF>!!%OP!S;Q-P+*N!T*PM)!*-!+OP!*-cPN+*,-!
)PX*NP! *F! JRPFP-+! ;+! +OP! JO<F*N;M! M,N;+*,-! ,T! +OP! N,RP! ,T! +OP! *-cPN+*,-! )PX*NP>! ! 1-! +OP! JM;+T,RS[! +OP!
PMPN+R,S;Q-P+*N!T*PM)!Y*MM!LP!)*F+R*LK+P)!*-!FJ;NP>!!%OP!*-cPN+*,-!JR,LP!*-)KNPF!;!X,M+;QP!*-!+OP!N*RNK*+!
M,,JF!JRPFP-+!Y*+O!+OP!X,M+;QP!)R,JJ*-Q!;-)!NKRRP-+!TM,Y*-Q!L;FP)!,-!*SJP);-NPF!JRPFP-+!*-!+OP!M,,J>!!
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J;R+*NKM;RM<! T,R! O*QOPR! TRP\KP-N*PF! YOPRP! +OP! FO,R+PR! Y;XPMP-Q+OF! N,KM)! ;TTPN+!

! !E*S*M;RM<[!NKRRP-+! *-cPN+*,-!JR,LPF!N;-!O;XP! +OP*R!S;Q-P+*N!

->!
FP-+!Y*+O!+OP!);SJP)!F*-P>!

Q!F+R;JF>! !/+OPR!+<JPF!,T!

*RP)! +,! N,-+*-KP! +,! TK-N+*,-! Y*+O,K+!

KM;R! *-F+;-NPF!

JPR*P-NP! ;! Q*XP-! MPXPM! ,T! +R;-F*P-+! @,T!

N;+PQ,R*PF!"?I!@PMPN+R,S;Q-P+*N!@#:A!P-X*R,-SP-+F!,T!+OP!P\K*JSP-+A!;-)!#!@NR*+*N;M*+<!,T!P\K*JSP-+A>!

%OP! *-cPN+*,-! JR,LP! *F! RP\K*RP)! +,! LP! NM,FP! +,! +OP! #H%! N,--PN+,R! T,R! F+;-);R)*F;+*,-! RP;F,-F! +,!
S*-*S*FP! X;R*;+*,-F!
NKRRP-+!)*F+R*LK+*,->!

$;K+*,-!-PP)F!+,!LP!P]PRN*FP)!+,!P-FKRP!+O;+!;++P-K;+,RF!;-)!NKRRP-+!*-cPN+*,-!JR,LPF!;RP!R;+P)!FKNO!
+O;+!+OP<!Y*MM!-,+!LP!);S;QP)!,R!O;XP!+OP*R!NO;R;N+PR*F+*NF!;M+PRP)!L<!+OP!*-cPN+P)!F*Q-;MF>!!"++P-K;+,RF!
;RP!QP-PR;MM<!R;+P)!*-!+PRSF!,T!+OP*R!;L*M*+<!+,!O;-)MP!;XPR;QP!J,YPR>!!%OP!JP;^!J,YPR!;-)!;FF,N*;+P)!
X,M+;QPF! Y*+O! +OP! *-cPN+P)! N;-! );S;QP! ;++P-K;+,RF>! ! G,R! P];SJMP[! +OP! 8(! ;SJPRP! NKRRP-+! M*S*+! T,R!

3$E(d!P]J,FPF!+OP!;++P-K;+,R!+,!'((!X,M+!@8(!;SJPRPF!]!'(!!A!MPXPMF[!YO*NO!N,RRPFJ,-)F!+,!;!JP;^!
J,YPR!,T!'!^*M,Y;++F! @@'((!X,M+FA

.
C'(!!A>

JR,JPR+*PF!;M+PRP)!L<!+OP!JKMFP)!F*Q-;MF>!

G,R!SP;FKRPSP-+!,T!r!,T!+OP!*-cPN+P)!Y;XPT,RS[!G*QKRP!3$E(d?8!*-!:P+O,)!3$E(d!FJPN*T*PF!+OP!KFP!
,T! +OP! JP;^! ,T! +OP! T*RF+! O;MT?F*-P! Y;XP! ;-)! +OP! ;FF,N*;+P)! JP;^! NM,FPF+! +,! LP*-Q! '(q! ),Y-! *-!
;SJM*+K)P>! !E,SP! T;N*M*+*PF!KFP!;!);SJP)!N,F*-P!Y;XPT,RS! R;+OPR! +O;-!;!);SJP)!F*-P>! !E*-NP! +O*F!
Y;XPT,RS! *F!S,RP!FPXPRP! +O;-! +OP!);SJP)!F*-P!LPN;KFP!,T! +OP! T;F+! R*FP! +*SP!,-! +OP! MP;)*-Q!P)QP[!
+OPRP! *F!-,!JR,O*L*+*,-!TR,S!KF*-Q! *+>! !6PN;KFP!,T!J,+P-+*;M!)*F+,R+*,-!N;KFP)!L<! MP;)*-Q!P)QP!PTTPN+F[!
+OP!T*RF+!JP;^!FO,KM)!-,+!LP!KFP)!+,!)P+PRS*-P!r!T,R!);SJP)!N,F*-P!Y;XPT,RSF>!!%OP!-P]+!O;MT!JP;^!
@-PQ;+*XP! Q,*-QA! FO,KM)! LP! KFP)! +,QP+OPR!Y*+O! +OP! ;FF,N*;+P)! -PQ;+*XP! JP;^! NM,FPF+! +,! '(q!),Y
#\K*JSP-+!S;<!P]O*L*+!T;*MKRPF!Y*+O!+O*F!Y;XPT,RS!+O;+!Y,KM)!-,+!LP!JRP

=>89! 3$E8(!N,-)KN+P)!FKFNPJ+*L*M*+<[!*SJ,R+P)!M*QO+-*-Q!@;*RNR;T+A!

Applicability and limits:! %O*F! +PF+! *F! ;JJM*N;LMP! +,! ;*RNR;T+! P\K*JSP-+[! YO*NO!S;<! LP! N,-F*)PRP)!
TM*QO+!F;TP+<!NR*+*N;M! T,R!;*RNR;T+!,JPR;+*,->! !"!)*RPN+! M*QO+*-Q!F+R*^P! +,!;-!;*RNR;T+!Y*MM! RPFKM+! *-!PMPN+R*N;M!
+R;-F*P-+F! *-)KNP)!,-!P\K*JSP-+!Y*R*-Q[! *-NMK)*-Q!P\K*JSP-+!QR,K-)!L,-)*-
P\K*JSP-+!FO;MM!LP!N,-F*)PRP)!Y*+O!RPQ;R)!+,!+OP*R!TK-N+*,-!;-)!XKM-PR;L*M*+<>!

%O*F! +PF+! SP+O,)! RP\K*RPF! +OP! ;JJM*N;+*,-! ,T! *)P;M*FP)! Y;XPT,RSF! +,! XPR*T<! +O;+! +OP! P\K*JSP-+! *F!
N;J;LMP! ,T! Y*+OF+;-)*-Q! +OP! PTTPN+F! ,T! M*QO+-*-Q! *-)KNP)! +R;-F*P-+F>! ! %OP! NR*+PR*;! T,R! P\K*JSP-+!
JPRT,RS;-NP! YO*MP! LP*-Q! FKLcPN+P)! +,! M*QO+-*-Q! +R;-F*P-+F! FO;MM! LP! )PT*-P)! *-! +PRSF! ,T! P\K*JSP-+!
TK-N+*,-! ;-)! NR*+*N;M*+<>! ! GM*QO+! F;TP+<! NR*+*N;M! F<F+PSF! ;RP! RP\K
S;-K;M!*-+PRXP-+*,-!;T+PR!+OP!;JJM*N;+*,-!,T!;!M*QO+-*-Q!+R;-F*P-+>!

%O*F! +PF+! S;<! -,+! N,XPR! ;MM! ;FJPN+F! ,T! M*QO+-*-Q! *-)KNP)! +R;-F*P-+F! ;-)! *-+PR;N+*,-! PTTPN+F! ,-!
P\K*JSP-+[!J;R+*NKM;RM<!YOP-!*-N,RJ,R;+P)!*-+,!;!F<F+PS>!!"))*+*,-;M!+PF+F!FKNO!;F!F*SKM+;-P,KF!N;LMP!
LK-)MP! *-cPN+*,-[!SKM+*JMP!F+R,^PCSKM+*JMP!LKRF+!;-)C,R!SKM+*JMP! TRP\KP-N<!S;<!LP! RP\K*RP)! +,!;NO*PXP!
P\K*JSP-+!\K;M*T*N;+*,->! !6PN;KFP! +OPRP! *F! ;! NM,FP!N,--PN+*,-!LP+YPP-! +OP!)PF*Q-! RP\K*RPSP-+F! T,R!
JR,+PN+*,-! ;Q;*-F+! M*QO+-*-Q! 2R,KJ! 1-)*RPN+! #TTPN+F! @21#A! ;-)! +O,FP! N,XPR*-Q! #:$! ;-)! 3KNMP;R!
#MPN+R,S;Q-P+*N! &KMFP! @3#:&A! N,-F*)PR;+*,-F[! +OP! 4*QO+-*-Q! &R,+PN+*,-! &M;-! FO;MM! +;^P! ;NN,K-+! ,T!
#:$!0P\K*RPSP-+F[!;-)!;MF,!,T!3#:&! RP\K*RPSP-+F! *T!;JJM*N;LMP>! !4*QO+-*-Q! RP\K*RPSP-+F!FO;MM!LP!
N,?,R)*-;+P)!Y*+O! +OPFP! ,+OPR! RP\K*RPSP-+F! ;-)! ;-<! N,-TM*N+! ,T! RP\K*RPSP-+F! *-! J;R+*N
FO;MM!LP!-,+P)!*-!+OP!0*F^!"FFPFFSP-+!;-)!JR,J,F;MF!*-NMK)P)!T,R!RPF,MX*-Q!+OP!N,-TM*N+>!

%OPRP!;RP!X;R*,KF!N,KJM*-Q!S,)PF!LP+YPP-!+OP!M*QO+-*-Q!NKRRP-+!,R!T*PM)F!;-)!+OP!*-+PR-;M!Y*R*-Q[!P;NO!
,T!YO*NO! +P-)F! +,! JR,)KNP! ;! +R;-F*P-+! ,T! ;! J;R+*NKM;R!Y;XPT,RS>! ! %OKF! +OP! +,+;M! +R;-F*P-+!S;<! LP!;!
N,SJMP]! N,SJ,F*+P! ,T! FPXPR;M! Y;XPT,RSF[! ;-)! +R;-F*P-+! +PF+*-Q! ,T! P\K*JSP-+! -PP)F! +,! *-NMK)P! ;!
X;R*P+<!,T!X,M+;QP!;-)!NKRRP-+!Y;XPT,RSF!FPMPN+P)!+,!N,XPR!+OP!JR*-N*J;M!N,KJM*-Q!S,)PF>!!%OP!JKRJ,FP!
,T! FKNO! +PF+F! *F! +,! )P+PRS*-P! YOP+OPR! +OP! P\K*JSP-+! N;-! P]
RPJRPFP-+;+*XP!Y;XPT,RSA!Y*+O,K+!);S;QP!,R!TK-N+*,-;M!KJFP+>!

%OP! +PF+! MPXPMF! ;JJM*P)! +,! P\K*JSP-+! ;RP! )PR*XP)! TR,S! +OP! M,N;+*,-F! ;-)! J,F*+*,-F! ,T! +OP! *-F+;MMP)!
P\K*JSP-+>! %OP! S;]*SKS! ;SJM*+K)PF! T,R! +OP! +PF+! Y;XPT,RSF! ;RP! NO,FP-! ;NN,R)*-Q! +,! P\K*JSP-+!

! !
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$"%!"! #\K*JSP-+! ;-)! N;LM*-Q! *-F+;MMP)! *-! ;! JR,+PN+P)! #:! P-X*R,-SP-+! FKNO! ;F! ;! N,SJMP+PM<!
P-NM,FP)!N,SJ;R+SP-+!*-!SP+;MM*N!S;+PR*PM>!

$"%!6! #\K*JSP-+! ;-)! N;LM*-Q! *-F+;MMP)! *-! ;! J;R+*;MM<! P]J,FP)! #:! P-X*R,-SP-+! FKNO! ;F! LPM,Y! ;!
)*PMPN+R*N!N,XPR!*-!;!M;RQPM<!SP+;MM*N!F+RKN+KRP>!

$"%!$! #\K*JSP-+!;-)!N;LM*-Q!L,-)P)!+,!+OP!F;SP!J;R+!,T!+OP!S;+PR*PM!F+RKN+KRP!;-)!*-F+;MMP)!*-!;-!
P]J,FP)!#:!P-X*R,-SP-+!YOPRP!M;RQP!J,R+*,-F!,T! +OP!F+RKN+KRP!;RP!N,-F+RKN+P)!TR,S!J,,RM<!
N,-)KN+*-Q!,R!N;RL,-!T*LRP!N,SJ,F*+P!@$G$A!S;+PR*;MF>!

$"%!I! #\K*JSP-+!;-)!N;LM*-Q!L,-)P)!,-!)*TTPRP-+!J;R+F!,T!+OP!S;+PR*PM!F+RKN+KRP!;-)!*-F+;MMP)!*-!;-!
P]J,FP)!#:!P-X*R,-SP-+!YOPRP!M;RQP!J,R+*,-F!,T! +OP!F+RKN+KRP!;RP!N,-F+RKN+P)!TR,S!J,,RM<!
N,-)KN+*-Q!S;+PR*;MF!,R!$G$>!

gOPRP!P\K*JSP-+!;-)!N;LMPF!N;-!LP!)PT*-P)!*-!S,RP!+O;-!,-P!,T!+OP!;L,XP!N;+PQ,R*PF[!+OP!+PF+!MPXPMF!
;FF,N*;+P)!Y*+O!+OP!S,RP!FPXPRP!P-X*R,-SP-+!FO;MM!LP!;JJM*P)>!

G,R! +PF+! JKRJ,FPF[! T,KR! Y;XPT,RS! FO;JPF! O;XP! LPP-! FPMPN+P)! ;F! RPJRPFP-+;+*XP! ,T! +OP! R;-QP! ,T!
Y;XPT,RSF! +O;+! ,NNKRF! *-! JR;N+*NP>! ! I*TTPRP-+! N;LMP! LK-)MPF! Y*MM! P]JPR*P-NP! )*TTPRP-+! ;SJM*+K)PF! ,T!
+R;-F*P-+F!)PJP-)*-Q!,-! +OP*R! M,N;+*,-!;-)!N,-F+RKN+*,-! @T,R!P];SJMP[!Y*+O!,R!Y*+O,K+!FO*PM)*-QA!F,!;!
R;-QP!,T!+PF+!;SJM*+K)PF!@MPXPMFA!Y*MM!;MF,!LP!RP\K*RP)!+,QP+OPR!Y*+O!#\K*JSP-+!1-F+;MM;+*,-!$;+PQ,R*PF>!

gOP-!$,SJK+P)!%R;-F*P-+!4PXPMF!@$%4FA!;RP!-,+!^-,Y-!+OP!M*S*+F!Q*XP-!*-!3$E8(!FO;MM!LP!KFP)[!

*>P>! "!NKRRP-+!M*S*+!,T!V(!"!TR,S!(>'!+,!V(!:`a!)PNRP;F*-Q!+,!8'!"!;+!'(!:`a>!

! "!X,M+;QP!M*S*+!,T!V!^D!LP+YPP-!(>'!;-)!V(!:`a!)PNRP;F*-Q!+,!8>'!^D!;+!'(!:`a>!

! "!^D"!M*S*+!,T!V(!^D"!LP+YPP-!(>'!;-)!V(!:`a!)PNRP;F*-Q!+,!W>'!^D"!;+!'(!:`a>!

Test procedures:! #\K*JSP-+!+PF+!SP+O,)F!;RP!L;FP)!,-!+OP!I;SJP)!E*-PY;XP!+PF+*-Q!@3$E(dA!

%Y,!S;*-!+<JPF!,T!Y;XPT,RS!;RP!PSJM,<P)[!;F!T,MM,YFh!?!

;A! H-*)*RPN+*,-;M! JKMFPF[! O;X*-Q! )PN;<! +*SPF! N,-F*)PR;LM<! M,-QPR! +O;-! +OP*R! R*FP! +*SPF[! ;-)!
YO,FP! FO;JP! *F! RPM;+P)! +,! +O;+! ,T! +OP! M*QO+-*-Q! NKRRP-+! Y;XPT,RS>! ! %OPFP! ;RP! F,SP+*SPF!
^-,Y-!;F!T,RNP)!+R;-F*P-+F!LPN;KFP!+OP<!;RP!_)R*XP-_!L<!+OP!M*QO+-*-Q!Y;XPT,RS>!

LA! 6KRF+F! ,T! );SJP)! F*-KF,*);M! ,FN*MM;+*,-F>! ! %OPFP! ;RP! FO,N^?P]N*+P)! ,FN*MM;+*,-F!
N,RRPFJ,-)*-Q!+,! +OP!-;+KR;M!PMPN+R*N;M!RPF,-;-NPF!,T! +OP!;*RNR;T+!;-)! *+F!PMPN+R*N;M!F<F+PSF>!!
%OP<! ;RP! TRPP! ,R! -;+KR;M! ,FN*MM;+*,-F[! YO,FP! TRP\KP-N<! ;-)! )PQRPP! ,T! );SJ*-Q! ;RP!
*-)PJP-)P-+!,T! +OP! M*QO+-*-Q!NKRRP-+!Y;XPT,RS[!;M+O,KQO! +OP*R!;SJM*+K)P!Y*MM!)PJP-)!,-! +OP!
FO;JP!;-)!;SJM*+K)P!,T!+OP!FO,N^!@+OP!M*QO+-*-Q!Y;XPT,RSA!+O;+!+R*QQPRF!+OPS!,TT>!

%OP!T,MM,Y*-Q!*F!;!QP-PR;M!QK*)P!Y*+O!RPFJPN+!+,!+OP!+PF+!JR,NP)KRPF!+O;+!FO;MM!LP!T,MM,YP)h!

%OP!#H%! FO;MM! LP! FY*+NOP)! ,-! ;-)! P]PRN*FP)! +,! P-FKRP! +O;+! *+! *F! ,JPR;+*-Q! *-! ;NN,R);-NP!Y*+O! +OP!
#:1%&>! ! %OP!JKMFP!QP-PR;+,R! ,K+JK+!Y,KM)! LP! *-NRP;FP)! TR,S!aPR,!KJ! +,! +OP! +PF+! M*S*+! *-! F+PJF!-,+!
P]NPP)*-Q!8(q!,T! +OP!RP\K*RP)!+PF+! M*S*+!,R!QRP;+PR! *T! +OP!#:1%&!F+*JKM;+PF>! !"JJM*N;+*,-!,T!;+! MP;F+!V!
+R;-F*P-+F! ;+! P;NO! *-NRPSP-+;M! F+PJ[! Y*+O! ;! )PM;<! ,T! ;+! MP;F+! 9! FPN,-)F! LP+YPP-! P;NO! +,! ;MM,Y!
JR,+PN+*,-!N,SJ,-P-+F!+*SP!+,!RPN,XPR>!

1T!;!S;MTK-N+*,-!,NNKRF[!RPN,R)!+OP!;JJM*P)!JP;^!NKRRP-+!;-)!X,M+;QP!MPXPMF>!

1T! -,!S;MTK-N+*,-! ,NNKRF[! *-NRP;FP! +OP! QP-PR;+,R! ,K+JK+! K-+*M! +OP! JP;^! NKRRP-+! ,R! JP;^! X,M+;QP! +PF+!
M*S*+F! *F! RP;NOP)!;-)! +OP-!;JJM<!8(! +R;-F*P-+F!;+! +O*F! MPXPM[!FPJ;R;+P)!L<!;+! MP;F+!9!FPN,-)F[!,XPR!;!
JPR*,)!,T!-,+!S,RP! +O;-!.!S*-K+PF>! !0PN,R)!;! +<J*N;M!FP+!,T! +OP!NKRRP-+!;-)!X,M+;QP!Y;XPT,RSF! +O;+!
;JJP;R!LP+YPP-!+OP!P\K*JSP-+!N;FP!;-)!QR,K-)>!

0PJP;+!+OP!;L,XP!JR,NP)KRP!T,R!L,+O!J,F*+*XP!;-)!-PQ;+*XP!J,M;R*+<!JKMFPF>!

"JJM*N;+*,-!,T!%PF+!g;XPT,RSF!

! !
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%OP!EO,R+!Y;XPT,RS!FO;MM!LP!;JJM*P)!+,!;MM!#H%F>!!1T!*+!*F!^-,Y-!+O;+!;!J;R+*NKM;R!P\K*JSP-+!*F!*-+P-)P)!
+,! LP! *-F+;MMP)! *-! ;-! ;*RNR;T+!Y*+O! ;!YPMM! L,-)P)[! M,Y! *SJP);-NP[! M;RQPM<!SP+;MM*N! F+RKN+KRP! +OP-! +OP!
1-+PRSP)*;+P!JKMFP!Y;XPT,RS!FO;MM! LP!;JJM*P)! *-!;))*+*,-! +,! +OP!EO,R+!JKMFP>! !G,R!P\K*JSP-+! +O;+! *F!
*-+P-)P)!+,!LP!*-F+;MMP)!*-!M;RQPM<!$G$!;*RTR;SPF!,R!P\K*JSP-+!YO,FP!*-+PRN,--PN+*-Q!Y*R*-Q!*F!RK-!*-!
;RP;F! N,XPRP)! L<! $G$! J;-PMF! +OP-! +OP! 4,-Q! JKMFP! Y;XPT,RS! FO;MM! LP! ;JJM*P)! *-! JM;NP! ,T! +OP!
1-+PRSP)*;+P!Y;XPT,RS>!!1T!*+!*F!-,+!^-,Y-!YOPRP!+OP!P\K*JSP-+!*F!+,!LP!*-F+;MMP)!+OP-!QK*);-NP!FO,KM)!
LP!F,KQO+!TR,S!+OP!RPMPX;-+!JR,NKR*-Q!;QP-N*PF>!

EPMPN+*,-!,T!%R;-F*P-+!%PF+!GRP\KP-N*PF!

IKR*-Q!*-cPN+*,-!+PF+F[!+R;-F*P-+F!FO;MM!LP!*-cPN+P)!;+!TRP\KP-N*PF!;NN,R)*-Q!+,!+OP!T,MM,Y*-Q!NR*+PR*;>!

;>! %OP!S,F+!FKFNPJ+*LMP! TRP\KP-N*PF! *-! +OP! R;-QP!(>'! +,!'(!:`a! T,K-)! TR,S!;-<!JRPX*,KF!
N,-+*-K,KF!Y;XP!@$gA!LKM^!NKRRP-+!*-cPN+*,-!#:$!+PF+*-Qj!,R!

L>! %OP!TRP\KP-N*PF!;+!YO*NO!S;]*S;!;-)!S*-*S;!N;LMP!*SJP);-NPF!,NNKRF>!

/XPR! +OP! TRP\KP-N<! R;-QP! (>'! +,! '(! :`a! *-NMKF*XP! -,+! MPFF! +O;-! '(! TRP\KP-N*PF! FKNO! +O;+! ;-<!
RPF,-;-NPeF! *-! +OP!#H%! *-+PR-;M!N*RNK*+R<!;RP!P]N*+P)[!F,!FKLcPN+*-Q!;-<!;N+*XP!,R!J;FF*XP!)PX*NPF! +,!
S;]*SKS! X,M+;QP! ,R! NKRRP-+! +ORP;+>! ! %OPFP! TRP\KP-N*PF! FO;MM! LP! FJ;NP)! PXP-M<! Y*+O! ;! M,Q;R*+OS*N!
*-NRPSP-+>! ! %OP! ;JJR,]*S;+P! TRP\KP-N<! ,T! P;NO! *-cPN+*,-! *F! ,L+;*-P)! L<! +OP! KFP! ,T! +OP! T,MM,Y*-Q!
P\K;+*,-h!?!

%PF+!TRP\KP-N<!@:`aA!!n!!8(@(>V!v!(>(.9^A!

gOPRP!^! n! ([!8[!.[!V!+,!'(!T,R!'(!TRP\KP-N*PF!

=>8d! 3$E88!N,-)KN+P)!FKFNPJ+*L*M*+<[!M,Y!TRP\KP-N<!J,YPR!MP;)F!@FP;!F<F+PSFA!

Applicability and limits:! %OP!JKRJ,FP!,T!+O*F!+PF+!*F!+,!N,-T*RS!+O;+!+OP!#H%!Y*MM!Y*+OF+;-)!*SJ,R+P)!
M,Y!TRP\KP-N<!+R;-F*P-+F!*SJ,FP)!KJ,-!*+F!J,YPR!FKJJM<!M*-PF[!%O*F!+PF+!F*SKM;+PF!+OP!PTTPN+!,T!X,M+;QP!
+R;-F*P-+F! ,LFPRXP)! )KP! +,! FY*+NO*-Q! ,T! S;NO*-PF! ;-)! ,+OPR! M,;)F! ,-! FO*J! ;-)! FKLS;R*-P! J,YPR!
FKJJM<!F<F+PSF>!

%O*F!+PF+!*F!;JJM*N;LMP!+,!;MM!P\K*JSP-+!*-!KFP!*-!+OP!EP;!E<F+PSF!P-X*R,-SP-+!N,--PN+P)!+,!FO*J!;-)!
FKLS;R*-P!J,YPR!FKJJM*PF>!!%OP!+PF+!FKLcPN+F!+OP!#H%!+,!O*QO?P-PRQ<!+R;-F*P-+F[!+<J*N;MM<!=!Z,KMPF!T,R!
+OP!W'(D!M*S*+!;-)!89!Z,KMPF!T,R!+OP!.'((D!M*S*+>!!1-!N,SS,-!Y*+O!,+OPR!+R;-F*P-+!+PF+F!+OP!+PF+!RPM*PF!
,-! +OP! ;++P-K;+*,-! PTTPN+! ,T! +OP! J,YPR! *-JK+! T*M+PR! +,! JR,+PN+! +OP!#H%! LK+! *+! ;MF,! P]PRN*FPF! +R;-F*P-+!
FKJJRPFF,RF!@*T!JRPFP-+A!L<!;JJM<*-Q!MPXPMF!;L,XP!+OP*R!NM;SJ*-Q!X,M+;QP>!!1-!;))*+*,-!)P+PRS*-*-Q!#H%!
FKFNPJ+*L*M*+<! +OP! +PF+! ;FFPFFPF! +OP! R,LKF+-PFF! ,T! +OP! *-JK+! T*M+PR[! YO*NO! *T! );S;QP)! L<! O*QO?P-PRQ<!
+R;-F*P-+F! N,KM)! MP;)! +,! O*QOPR! PS*FF*,-! MPXPMF! ;-)! RP)KNP)! JR,+PN+*,-! ;Q;*-F+! ;MM! T,RSF! ,T!
FKFNPJ+*L*M*+<>!!%<J*N;M!,NNKRRP-NPF!,T!T*M+PR!);S;QP!;RP!N;J;N*+,R!)*PMPN+R*N!LRP;^),Y-!,R!);S;QP!+,!
+R;-F*P-+! FKJJRPFF,RF! ,T! *-FKTT*N*P-+! R;+*-Q>! ! &,F*+*XP?Q,*-Q! ;-)! -PQ;+*XP?Q,*-Q[! );SJP)! F*-PY;XP!
+R;-F*P-+F!LP+YPP-!8(!+,!8=!^`a[!;RP!+,!LP!;JJM*P)!+,!*-)*X*)K;M!FKJJM<!MP;)F!,T!;-!#H%[!T,R!L,+O!"$!
;-)! I$! *-N,S*-Q! FKJJM*PF>! ! 6;++PR<! ,JPR;+P)! P\K*JSP-+! YO*NO! S;<! LP! N,--PN+P)! +,! ;! JM;+T,RS!
FKJJM<[!T,R!P];SJMP[!)KR*-Q!L;++PR<!NO;RQ*-Q[!FO;MM!;MF,!LP!FKLcPN+P)!+,!+O*F!+PF+>!

%OP!M*S*+F!T,R!+O*F!+PF+!O;XP!LPP-!)PR*XP)!TR,S!PSJ*R*N;M!SP;FKRPSP-+F!S;)P!,T!+<J*N;M!+R;-F*P-+F!,-!
I$!;-)!"$!FKJJM*PF>!

Test procedures:! %OP! +R;-F*P-+! QP-PR;+,R! FO;MM! LP! N,--PN+P)! *-! FPR*PF! Y*+O! +OP! FKJJM<! MP;)!
K-)PR!+PF+>!%OP!#H%!FO;MM!LP!NOPN^P)!T,R!N,RRPN+!TK-N+*,-!;-)!,JPR;+*,-!JR*,R!+,!+OP!;JJM*N;+*,-!,T!+OP!
+PF+!+R;-F*P-+F>!

#;NO!FKJJM<!MP;)!*-!+KR-!FO;MM!+OP-!LP!FKLcPN+P)!+,!+YPMXP!J,F*+*XP?Q,*-Q!;JJM*N;+*,-F!,T!+OP!+R;-F*P-+!
KF*-Q!+OP!QP-PR;+,R!,K+JK+!FP++*-QF!;JJR,JR*;+P!+,!+OP!#H%!FKJJM<!X,M+;QP!T,MM,YP)!L<!+YPMXP!-PQ;+*XP?
Q,*-Q!+R;-F*P-+F>!!%OPFP!+R;-F*P-+F!FO;MM!LP!;JJM*P)!;+!;!R;+P!,T!,-P!PXPR<!.!+,!'!FPN,-)F>!
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%OP!QP-PR;+,R!,K+JK+!Y;XPT,RS!FO;MM!LP!S,-*+,RP)!,-!+OP!,FN*MM,FN,JP>!!%OP!X,M+;QP!*-)KNP)!*-+,!+OP!
N;LMP!K-)PR!+PF+!;-)!,FN*MM,QR;SF!,T!+OP!*-)KNP)!+R;-F*P-+!Y;XPT,RS!S;<!LP!RPN,R)P)!T,R!*-NMKF*,-!*-!
+OP!+PF+!RPJ,R+>!

IKR*-Q! P;NO! +R;-F*P-+! ;JJM*N;+*,-[! +OP! #H%! FO;MM! LP! S,-*+,RP)! T,R! )PQR;);+*,-! ,T! JPRT,RS;-NP[!
);S;QP!,R!S;MTK-N+*,-!;F!)PT*-P)!*-!+OP!#:1%&>!!gOP-!+PF+*-Q!)*Q*+;M!F<F+PSF!*+!S;<!LP!-PNPFF;R<!+,!
;JJM<!;!QRP;+PR!-KSLPR!,T!+R;-F*P-+F!+,!P-FKRP!)P+PN+*,-!,T!;-<!S;MTK-N+*,->!!1-!+O*F!N;FP[!+OP!#:1%&!
FO;MM!*-NMK)P!F,SP!QK*);-NP!+,!P-FKRP!N;J+KRP!,T!;!S;MTK-N+*,-!)KR*-Q!+PF+>!

=>.(! 3$E8.!N,-)KN+P)!FKFNPJ+*L*M*+<!PMPN+R,F+;+*N!)*FNO;RQP!

Applicability and limits:! %OP! JKRJ,FP! ,T! +O*F! +PF+! *F! +,! PF+;LM*FO! ;! N,SS,-! ;-)! RPJR,)KN*LMP!
L;F*F! T,R! PX;MK;+*-Q! +OP! JPRT,RS;-NP! ,T! PMPN+R*N;M! ;-)! PMPN+R,-*N! P\K*JSP-+! YOP-! FKLcPN+P)! +,!
PMPN+R,F+;+*N! )*FNO;RQPF>! ! 1-! ;))*+*,-[! *+! *-NMK)PF! PMPN+R,F+;+*N! )*FNO;RQPF[! YO*NO! S;<! ,NNKR! TR,S!
JPRF,--PM!+,!,LcPN+F!-P;R!X*+;M!P\K*JSP-+>!

1+!*F!-,+!*-+P-)P)!+,!FJPN*T<!+OP!+PF+F!+,!LP!;JJM*P)!+,!;!J;R+*NKM;R!;JJ;R;+KF!,R!F<F+PS>!!%OP!S;*-!;*S!
*F! +,! Q*XP! ;! QP-PR;M! L;F*N! RPTPRP-NP>! ! %OP! JR,NKR*-Q! ;QP-N<[! ,R! KFPRF! ,T! +OP! P\K*JSP-+[! RPS;*-!
RPFJ,-F*LMP!T,R!+OP!;JJR,JR*;+P!NO,*NP!,T!+PF+!;-)!+OP!FPXPR*+<!MPXPM!+,!LP!;JJM*P)!+,!+OP!#H%>!

1-!FPRX*NP[!PMPN+R,F+;+*N!)*FNO;RQPF!RPFKM+!TR,S!NO;RQPF!LK*M+!KJ!L<!TR*N+*,-!LP+YPP-!S;+PR*;MF[!FKNO!;F!
NM,+O*-Q[!;-)!*-;)XPR+P-+M<!+R;-FTPRRP)!+,!P\K*JSP-+!L<!JPRF,--PM[!P*+OPR!)*RPN+M<!,R!*-)*RPN+M<!

%O*F! +PF+! ;JJM*PF! +,! ;MM!"*R! P\K*JSP-+! T*++P)!Y*+O! PMPN+R,-*N!;-)!;N+*XP! N,SJ,-P-+F[! J;R+*NKM;RM<! -,-?
M*-P;R! *+PSF! FKNO!;F! +R;-F*F+,RF! ,R! *-+PQR;+P)! N*RNK*+F! P+N[! ;-)!4;-)!;-)!EP;!E<F+PSF!P\K*JSP-+! *T!
,JPR;+P)!*-!;-!;*R?N,-)*+*,-P)!,R!JR,+PN+P)!P-X*R,-SP-+>!

%OP! +PF+!SP+O,)! *F!F*S*M;R! +,! +O;+!)PFNR*LP)! *-!6E!#3!=8(((?U?.h!8dd'!LK+! +OP! T,MM,Y*-Q!)*TTPRP-NPF!
FO,KM)!LP!-,+P)h!

;>! %OP! ;JJM*P)! MPXPMF! ;-)! P\K*JSP-+! NM;FF*T*N;+*,-F! TR,S! +O*F! ),NKSP-+! FO,KM)! LP! KFP)!
*-F+P;)!,T!+O,FP!Q*XP-!*-!6E!#3=8(((?U?.h!8dd'>!

L>! %OP!N,-+;N+!)*FNO;RQP!SP+O,)!FO;MM!LP!KFP)!YOPRPXPR!J,FF*LMP!LK+!+OP!R,K-)P)!)*FNO;RQP!
+*J!)PFNR*LP)!Y*+O*-!+OP!+PF+!SP+O,)!FO;MM!LP!FKLF+*+K+P)!T,R!+O;+!FO,Y-!*-!6E!#3=8(((?U?
.h!8dd'>!

N>! gOP-! +OP! ;*R! )*FNO;RQP! SP+O,)! *F! KFP)! ,-! -,-?N,-)KN+*-Q! FKRT;NPF! ;-! ;))*+*,-;M! +PF+!
MPXPM!,T!8'!^D!FO;MM!LP!;JJM*P)!+,!;MM!+PF+!J,*-+F>!

I*FNO;RQPF! ;RP! -,RS;MM<! )*RPN+P)! +,! J,*-+F! ,-! +OP! TR,-+! J;-PM! ,T! +OP! #H%[! P>Q>! ^P<L,;R)F[! ^-,LF[!
FY*+NOPF[!LK++,-F!;-)!*-)*N;+,RF[!4#IF[!FM,+F[!QR*MMPF[!N,--PN+,RF!;-)!;-<!SP+;MM*N!J;R+F!,-!+OP!,K+F*)P!
,T!+OP!#H%!PMPN+R*N;MM<!*F,M;+P)!TR,S!QR,K-)[!FJPN*T*N!J,*-+F!FO;MM!LP!)P+;*MP)!*-!+OP!#:1%&>!#\K*JSP-+!
FO;MM!Y*+OF+;-)!)*FNO;RQPF!;F!FJPN*T*P)!;L,XP!;+!NO;RQ*-Q!X,M+;QPF!;JJR,JR*;+P!+,!+OP!$;+PQ,R<!,T!+OP!
P\K*JSP-+[!Y*+O,K+!S;MTK-N+*,-!,R!)*F+KRL;-NP>!

G,R!"*R!FPRX*NP!+OP!+PF+F!FO;MM!LP!;JJM*P)!;+!,-P!,T!+Y,!FPXPR*+<! MPXPMF[!)PJP-)*-Q!,-!+OP!N;+PQ,R<!,T!
+OP!P\K*JSP-+h!

;>! $;+PQ,R<!"! E;TP+<!$R*+*N;M! *-!+O;+! +OP!F;TP+<!,T!JPRF,--PM!,R! +O*R)!J;R+*PF! *F!JM;NP)!;+!R*F^!
P*+OPR!)*RPN+M<! ,R! *-)*RPN+M<! TR,S!S;MTK-N+*,-*-Q!,T! +OP!P\K*JSP-+! @;-)!OP-NP!
FKLFP\KP-+M<!+OP!S;+PR*PMA>!

L>! $;+PQ,R<!6! :*FF*,-! $R*+*N;M! *-! +O;+! S;MTK-N+*,-*-Q! ,R! KJFP+! ,T! +OP! P\K*JSP-+! TK-N+*,-F!
P*+OPR!RP)KNPF[!);S;QPF!,R!JRPXP-+F!+OP!S;+PR*PM!TR,S!JPRT,RS*-Q!*+F!S*FF*,->!

#EI!+PF+*-Q!,T!"*R!FPRX*NP!P\K*JSP-+!-,+!*-!P*+OPR!,T!+OPFP!N;+PQ,R*PF!*F!-,+!-,RS;MM<!RP\K*RP)!LK+!*F!;+!
+OP!)*FNRP+*,-!,T!+OP!&R,NKR*-Q!"QP-N*PF>!

! !
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3/%#!8h!$;M*LR;+*,-! ,T! +OP! #EI! QP-PR;+,R! Y,KM)! -,RS;MM<! LP! JPRT,RSP)! L<! ;-! P]+PR-;M! N;M*LR;+*,-!
M;L,R;+,R<[!O,YPXPR!+OP!+PF+!M;L,R;+,R<!*F!RPFJ,-F*LMP!T,R!XPR*T<*-Q!+OP!#EI!Y;XPT,RS!JR*,R!+,!
;JJM*N;+*,-!,T!+OP!+PF+>!

3/%#!.h!G,R! :K-*+*,-F! +PF+*-Q! +OP! +PF+! MPXPMF! ;-)! SP+O,)F! *-! E%"3"2F! U.V'! ;-)! U.Vd! FO;MM! LP!
;JJM*P)>!

Test procedures:! %OP!#EI!QP-PR;+,R!*F!*-+P-)P)!+,!F*SKM;+P!+OP!NKRRP-+!JKMFP[!YO*NO!;R*FPF!YOP-!
;! JPRF,-! N;RR<*-Q! ;-! PMPN+R*N! NO;RQP! )*FF*J;+PF! +O;+! NO;RQP! ,-! N,-+;N+! Y*+O! +OP! #H%>! ! %OP!
NO;R;N+PR*F+*NF! ,T! +OP! #EI! QP-PR;+,R! KFP)! ;RP! FO,Y-! *-! :P+O,)! 3$E8.>! ! 6E! #3! =8(((?U?.h8dd'!
FO,KM)!LP!N,-FKM+P)!T,R!+OP!N,-F+RKN+*,-;M!)P+;*MF!,T!+OP!+PF+!+;RQP+!KFP)!)KR*-Q!XPR*T*N;+*,-!,T!+OP!#EI!
Y;XPT,RS>!

=>.8! 30#(8[!R;)*;+P)!PS*FF*,-F[!S;Q-P+*N!T*PM)[!V(!`a!+,!8((!^`a!

Applicability and limits:! %O*F! RP\K*RPSP-+! *F! FJPN*;M*FP)! ;-)! *F! *-+P-)P)! JR*S;R*M<! +,! N,-+R,M!
S;Q-P+*N! T*PM)F! T,R! ;JJM*N;+*,-F! YOPRP! P\K*JSP-+! *F! JRPFP-+! *-! +OP! *-F+;MM;+*,-[! YO*NO! *F! J,+P-+*;MM<!
FP-F*+*XP!+,!S;Q-P+*N!*-)KN+*,-!;+!M,YPR!TRP\KP-N*PF>!!%OP!S,F+!N,SS,-!P];SJMP!*F!;!+K-P)!RPNP*XPR!
+O;+!,JPR;+PF!Y*+O*-!+OP!TRP\KP-N<!R;-QP!,T!+OP!+PF+>!

30E(8! *F! ;! N,SJM*SP-+;R<! RP\K*RPSP-+! *SJ,FP)! ,-! P\K*JSP-+! +,! P-FKRP! N,SJ;+*L*M*+<! Y*+O! +OP!
;-+*N*J;+P)! S;Q-P+*N! T*PM)F>! ! %OP! 30E(8! M*S*+F! ;RP! O*QOPR! +,! ;MM,Y! T,R! X;R*;+*,-F! *-! JPRT,RS;-NP!
LP+YPP-!S;-KT;N+KRP)!*+PSF!;-)!+,!;NN,K-+!T,R!+OP!J,FF*L*M*+<!+O;+!+OP!PS*FF*,-F!TR,S!+OP!#H%!S;<!
N,KJMP!*-+,!;!M;RQPR!JO<F*N;M!;RP;!+O;-!+O;+!PX;MK;+P)!K-)PR!+OP!30E(8!+PF+!JR,NP)KRPF>!

%OP!EP;!30#(8!M*S*+!*F!L;FP)!,-!JRPXP-+*-Q!*-)KN+*,-!,T!S,RP!+O;-!(>'!S*NR,X,M+F!@-,S*-;MA!*-!;-!02?
.=U"CH! +R;-FS*FF*,-! M*-P! @M,,J! ;RP;[! "[! ,T! 8=! F\K;RP! SSA[! Y*+O! ;! S;]*SKS! *-)KNP)! MPXPM! ,T! U!
S*NR,X,M+F!;+!=(!`a>!!%OP!-PP)!+,!M*S*+!+OP!M,Y!TRP\KP-N<!S;Q-P+*N!T*PM)!PS*FF*,-F!TR,S!P\K*JSP-+!*F!
)KP!+,!+OP!NM,FP!JR,]*S*+<!,T!PMPN+R,-*N!;-)!PMPN+R*N;M!F<F+PSF!;-)!;FF,N*;+P)!N;LMPF!*-F+;MMP)!,-!+OP!
3;X<!JM;+T,RSF[!;-)!+OP!PFFP-+*;M*+<!,T!M,Y!TRP\KP-N<!FP-F,RF!;-)!F<F+PSF>!!%OP!JR*S;R<!N,-NPR-F!;RP!
J,+P-+*;M! PTTPN+F! +,! M,Y! TRP\KP-N<! ;N,KF+*N! F<F+PSF! ;-)! FP-F,RF[! ;-)! #4G! ;-)! D4GC4G!
N,SSK-*N;+*,-F!F<F+PSF!;-)!FP-F,RF!+O;+!O;XP!FP-F*+*X*+*PF!*-!+OP!-;-,X,M+!R;-QP>!

3,+P! +O;+! +OP! M*S*+! ),PF! -,+! +;^P! *-+,! ;NN,K-+! S;Q-P+*N! PTTPN+F! TR,S! P\K*JSP-+! FKNO! ;F!S;Q-P+*N!
M;K-NOPRF[!S;Q-P+*N!QK-F!;-)!+OP!M*^P>!

"-! PF+*S;+P! N;-! LP!S;)P! ,T! +OP! +<JPF! ,T! *-)KNP)! MPXPMF! +O;+! Y*MM! RPFKM+! *-! N*RNK*+R<! TR,S! +OP! M*S*+F>!!

:;Q-P+*N!T*PM)F!;N+!L<!*-)KN*-Q!X,M+;QPF!*-+,!M,,J!;RP;F!*-!;NN,R);-NP!Y*+O!G;R;);<_F!M;Y!@D!n!?)/C)+A>!!
G,R!;!K-*T,RS!S;Q-P+*N! T*PM)!JPRJP-)*NKM;R! +,! +OP! M,,J!;RP;[! +OP! *-)KNP)!X,M+;QP!TR,S!G;R;);<_F! M;Y!

RP)KNPF!+,!D!n!?.*T6">!

! T! n! GRP\KP-N<!,T!1-+PRPF+! 6! n! :;Q-P+*N!GMK]!IP-F*+<! "! n! 4,,J!"RP;!

%OP! 4;-)!30#(8! M*S*+! *F! L;FP)! ,-! JRPXP-+*-Q! *-)KN+*,-! ,T!S,RP! +O;-! .>'!S*MM*X,M+F! @'!S*MM*X,M+F! T,R!
30E(8A!*-!;!8.>W!NP-+*SP+RP!)*;SP+PR!M,,J>!!E*-NP!S;Q-P+*N!*-)KN+*,-!*F!JR,J,R+*,-;M!+,!TRP\KP-N<!;-)!
+OP!M*S*+!T;MMF!,TT!;+!.(!)6C)PN;)P[!+OP!*-)KNP)!X,M+;QP!*-!;!Q*XP-!M,,J!;RP;!*F!N,-F+;-+>!!E*-NP!+OP!4;-)!
M*S*+!*F!QRP;+PR!+O;-!,R!P\K;M!+,!+OP!EP;!M*S*+!;+!;MM!TRP\KP-N*PF[!+O*F!*-)KNP)!MPXPM!RPJRPFP-+F!+OP!Y,RF+?
N;FP>!!%OP!JR*S;R<!N,-NPR-F!;RP!J,+P-+*;M!PTTPN+F!+,!P-Q*-P[!TM*QO+!;-)!YP;J,-!+KRRP+!N,-+R,M!F<F+PSF!
;-)!FP-F,RF!+O;+!O;XP!FP-F*+*X*+*PF!*-!+OP!S*MM*X,M+!R;-QP>!

%OPRP!;RP!NPR+;*-! M*S*+P)!;JJM*N;+*,-F! T,R!"*R!YOPRP!;-!30#(8!RP\K*RPSP-+!-PP)F! +,!LP!N,-F*)PRP)>!!
%OPFP!;JJM*N;+*,-F!;RP!JR*S;R*M<!YOP-!;!FKLF<F+PS!Y*MM!LP!*-F+;MMP)!*-!;-!;*RNR;T+!*-!NM,FP!JR,]*S*+<!+,!
;-!;-+P--;!N,--PN+P)! +,!;!D4GC4G! RPNP*XPR>! !"-!;JJR,JR*;+P! M*S*+! -PP)F! +,!LP! NO,FP-!L;FP)!KJ,-!
)*F+;-NPF!LP+YPP-!+OP!P\K*JSP-+!;-)!+OP!;-+P--;>!

G,R! 4;-)!;JJM*N;+*,-F[! J,FF*LMP! +;*M,R*-Q! *F! *-NRP;F*-Q! +OP! M*S*+! T,R! F*-QMP?KFP!P\K*JSP-+! +O;+!Y*MM! LP!
M,N;+P)!;!FKTT*N*P-+!)*F+;-NP!TR,S!;-<!J,+P-+*;MM<!FKFNPJ+*LMP!F<F+PSF!,R!Y;*X*-Q!,T!+OP!RP\K*RPSP-+>!

! !
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Test procedures:! "!8V>V!NP-+*SP+RP!M,,J!*F!FJPN*T*P)!T,R!+OP!+PF+>!

1T!+OP!S;]*SKS!MPXPM!*F!;MY;<F!,LFPRXP)!,-!,-P!T;NP!,R!,-!,-P!N;LMP!;+!;MM!TRP\KP-N*PF[!+OP-!);+;!,-M<!
-PP)F!+,!LP!RPN,R)P)!T,R!+O;+!T;NP!,R!N;LMP>!

%<J*N;M!J,*-+F!,T!S;Q-P+*N!T*PM)!PS*FF*,-F!MP;^;QP!TR,S!#H%!P-NM,FKRPF!;RP!$0%!<,^PF[!+R;-FT,RSPRF!
;-)!FY*+NO*-Q!J,YPR!FKJJM*PF>!

"!J,FF*LMP!;M+PR-;+*XP!SP;FKRPSP-+!+,,M!*-!+O*F!TRP\KP-N<!R;-QP!*F!Y;XP!;-;M<FPR!KF*-Q!;!G;F+!G,KR*PR!
%R;-FT,RS!;MQ,R*+OS>! !HFP!,T! +O*F! +<JP!,T! *-F+RKSP-+;+*,-!RP\K*RPF!FJPN*T*N!;JJR,X;M!L<! +OP!JR,NKR*-Q!
;N+*X*+<>!

"! N,RRPN+*,-! T;N+,R! NKRXP! +,! N,-XPR+! TR,S! +OP! X,M+;QP! *-)*N;+P)!L<! +OP!SP;FKRPSP-+! RPNP*XPR! +,! +OP!
S;Q-P+*N!T*PM)!*-!)6J%!*F!RP\K*RP)>!!:;-KT;N+KRPRF!KFP!)*TTPRP-+!N,-F+RKN+*,-!+PNO-*\KPF!+O;+!N;KFP!+OP!
;N+K;M!T;N+,R!+,!X;R<!F,SPYO;+>!!gOPRP!+R;NP;LMP!N;M*LR;+*,-!T*QKRPF!;RP!-,+!;X;*M;LMP!*+!*F!-PNPFF;R<!+,!
KFP!+OP!S;-KT;N+KRPRFe!FKJJM*P)!);+;>!

=>..! 30#(.[!R;)*;+P)!PS*FF*,-F[!PMPN+R*N!T*PM)[!8(!^`a!+,!89!2`a!

Applicability and limits:! %OP!RP\K*RPSP-+F!;RP!;JJM*N;LMP!+,!PMPN+R*N!T*PM)!PS*FF*,-F!TR,S!+OP!#H%!
;-)! ;FF,N*;+P)! N;LMPF>! ! %OP! L;F*N! *-+P-+! ,T! +OP! RP\K*RPSP-+! *F! +,! JR,+PN+! FP-F*+*XP! RPNP*XPRF! TR,S!
*-+PRTPRP-NP!N,KJMP)!+OR,KQO!+OP!;-+P--;F!;FF,N*;+P)!Y*+O!+OP!RPNP*XPR>!!:;-<!+K-P)!RPNP*XPRF!O;XP!
FP-F*+*X*+*PF!,-!+OP!,R)PR!,T!,-P!S*NR,X,M+!;-)!;RP!N,--PN+P)!+,!;-!*-+P-+*,-;M!;JPR+KRP!@+OP!;-+P--;A[!
YO*NO! ;RP! N,-F+RKN+P)! T,R! PTT*N*P-+! RPNPJ+*,-! ,T! P-PRQ<! *-! +OP! ,JPR;+*-Q! R;-QP! ,T! +OP! RPNP*XPR>! ! %OP!
J,+P-+*;M!T,R!)PQR;);+*,-!RP\K*RPF!RPM;+*XPM<!F+R*-QP-+!RP\K*RPSP-+F!+,!JRPXP-+!JM;+T,RS!JR,LMPSF>!

%OPRP! *F! -,! *SJM*P)! RPM;+*,-FO*J! LP+YPP-! +O*F! RP\K*RPSP-+! ;-)! 30E(.! +O;+! ;))RPFFPF! R;)*;+P)!
FKFNPJ+*L*M*+<! +,! PMPN+R*N! T*PM)F>! ! "++PSJ+F! O;XP! LPP-!S;)P! \K*+P! TRP\KP-+M<! *-! +OP! J;F+! +,! N,SJ;RP!
PMPN+R*N!T*PM)!R;)*;+P)!PS*FF*,-!;-)!FKFNPJ+*L*M*+<!+<JP!RP\K*RPSP-+F!;F!;!cKF+*T*N;+*,-!T,R!)PX*;+*,-F!;-)!
Y;*XPRF>!!gO*MP!30#(.!*F!N,-NPR-P)!Y*+O!J,+P-+*;M!PTTPN+F!Y*+O!;-+P--;?N,--PN+P)!RPNP*XPRF[!30E(.!
F*SKM;+PF!T*PM)F!RPFKM+*-Q!TR,S!;-+P--;?N,--PN+P)!+R;-FS*++PRF>!

/T+P-[!+OP!F;SP!P\K*JSP-+!*+PS!Y*MM!LP!*-X,MXP)!*-!*-TMKP-N*-Q!L,+O!RP\K*RPSP-+F>!!"!V(!Y;++!D`G?":!

R;)*,!Y*+O!;!+<J*N;M!LM;)P!;-+P--;!,JPR;+*-Q!;+!8'(!:`a!N;-!P;F*M<!)P+PN+!;!U(!)6&DCS!PMPN+R*N!T*PM)!
@;JJR,]*S;+PM<! ?98! )6S! )PXPM,JP)! ;+! RPNP*XPR! *-JK+A! YO*MP! *-! +OP! RPNP*XP!S,)P>! !gOP-! +O*F! F;SP!
J*PNP!,T!P\K*JSP-+!+R;-FS*+F!;+!+OP!F;SP!8'(!:`a!TRP\KP-N<[!*+!Y*MM!JR,)KNP!;!T*PM)!,T!;JJR,]*S;+PM<!

8'(!)6&DCS!@V.!X,M+FCSP+RPA!;+!;!8!SP+RP!)*F+;-NP>!!%OP!+Y,!T*PM)!MPXPMF!;RP!88(!)6!;J;R+>!

%OP! M*S*+! NKRXPF! ;RP! L;FP)! ,-! P]JPR*P-NP! Y*+O! JM;+T,RS?MPXPM! JR,LMPSF! Y*+O! ;-+P--;?N,--PN+P)!
RPNP*XPRF! ;-)! +OP! ;S,K-+! ,T! FO*PM)*-Q! +<J*N;MM<! LP+YPP-! ;-+P--;F! ;-)! P\K*JSP-+! ;-)! ;FF,N*;+P)!
Y*R*-Q>!

%OP!M*S*+!NKRXPF!T,R!P\K*JSP-+!*-!*-+PR-;M!*-F+;MM;+*,-F!,-!T*]P)!Y*-Q!;*RNR;T+!;RP!JM;NP)!T,R!;*R!XPO*NMPF!
+O;+!;RP!-,+!)PF*Q-P)! +,!O;XP! *-+P-+*,-;MM<!FO*PM)P)!X,MKSPF! +O;+!;RP!PTTPN+*XP!;NR,FF! +OP! TRP\KP-N<!
R;-QP!,T!+OP!+PF+>!!E,SP!S*-*S;M!FO*PM)*-Q!*F!JRPFP-+>!!%OP!NKRXP!T,R!P\K*JSP-+!*-!P]+PR-;M!*-F+;MM;+*,-F!
;-)!OPM*N,J+PRF!*F!8(!)6!S,RP!F+R*-QP-+!LPN;KFP!PXP-!+O*F!S*-*S;M!FO*PM)*-Q!*F!-,+!;X;*M;LMP>!

%OPFP!M*S*+F!T,R!+OP!V(!+,!U((!:`a!L;-)[!*-!J;R+*NKM;R[!O;XP!LPP-!X;M*);+P)!;F!LP*-Q!JR,JPRM<!JM;NP)>!!
1+!O;F!LPN,SP!F+;-);R)!JR;N+*NP!,-!F,SP!;*RNR;T+!JR,QR;SF!+,!KFP!FJPN+R;M!;-;M<F*F!P\K*JSP-+!Y*RP)!
+,!;*RNR;T+!;-+P--;F!+,!;FFPFF!)PQR;);+*,-!)KP!+,!R;)*;+P)!PS*FF*,-F!TR,S!,-L,;R)!P\K*JSP-+>!!:;-<!
JR,LMPSF! )KP! +,! ,K+?,T?M*S*+! N,-)*+*,-F! *-! +O*F! L;-)! O;XP! LPP-! )PS,-F+R;+P)>! ! 1+! O;F! ;MF,! LPP-!
)P+PRS*-P)! +O;+! P\K*JSP-+! SPP+*-Q! +OP! M*S*+! QP-PR;MM<! ),PF! -,+! N;KFP! JR,LMPSF>! ! :,F+! ,T! +O*F!
P]JPR*P-NP!*F!,-!T*QO+PR!F*aP!;*RNR;T+>!!%OP!.(!)6C)PN;)P!*-NRP;FP!*-!+OP!M*S*+!;L,XP!8((!:`a!*F!)KP!+,!

+OP!;JPR+KRP!F*aP!,T!;!+K-P)!;-+P--;!@2).C@U*AA!)PNRP;F*-Q!Y*+O!TRP\KP-N<>!!%OP!N,KJMP)!J,YPR!MPXPM!
TR,S! ;-! *F,+R,J*N! +K-P)! ;-+P--;! Y*MM! RPS;*-! N,-F+;-+>! ! %OP! NKRXP! LRP;^F! ;+! 8((! :`a! LPN;KFP! ,T!
)*TT*NKM+<!Y*+O!S;*-+;*-*-Q!;!+K-P)!;-+P--;!)KP!+,!*-NRP;F*-Q!JO<F*N;M!F*aP!;-)!+OP!M,YPR!M*^PM*O,,)!,T!
N,KJM*-Q!+,!+OP!;-+P--;!Y*+O!M,-QPR!Y;XPMP-Q+OF>!
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1-! +OP!J;F+!#H%F!O;XP!LPP-! T,K-)! +,!LP!FKFNPJ+*LMP! +,! R*JJMP!X,M+;QPF!YOP-! T*++P)! +,!JM;+T,RSF!;-)!
OP-NP!SKF+!LP! +PF+P)! +,!;X,*)!JR,LMPSF!YOP-!FKLcPN+P)! +,! M,Y!TRP\KP-N<!R;)*;+P)! T*PM)F!YO*NO!N;-!
N,KJMP! ,-+,! *-+PRN,--PN+*-Q! N;LM*-Q>! "M+O,KQO! RPM;+*XPM<! *-PTT*N*P-+[! N,KJM*-Q! +,! N;LM*-Q! ;+! M,YPR!
TRP\KP-N*PF!O;F!LPP-!)PS,-F+R;+P)!*--KSPR;LMP!+*SPF!*-!#:1!+PF+*-Q>!

%OP!M*S*+F!T,R!;MM! M;-)!L;FP)!P\K*JSP-+!N,XPR!+OP!F;SP!TRP\KP-N<!R;-QP[!O,YPXPR!;!.()6!)*TTPRP-NP!
P]*F+F! LP+YPP-! P\K*JSP-+! N;+PQ,R*FP)! ;F! LP*-Q! ;! T*]P)! *-F+;MM;+*,-! T,R! FP;! F<F+PSF! @FKNO! ;F! +O;+!
;FF,N*;+P)!Y*+O!;!JPRS;-P-+!FO,RP!PSJM;NPSP-+A!;-)!;!S,L*MP!FP;!F<F+PS!@FKNO!;F!;!S;-!J,R+;LMP!
)PX*NPA>! ! "MM! ! P\K*JSP-+! JR,NKRP)! L<! +OP! "RS<! FO;MM! LP! +PF+P)! +,! +OP! S,RP! F+R*-QP-+! M*S*+! YO*MP!
P\K*JSP-+! JR,NKRP)! T,R! "*R! FPRX*NP! )PJM,<P)! *-! ;! QR,K-)! FKJJ,R+! R,MP! FO;MM! LP! +PF+P)! +,! +OP! MPFF!
F+R*-QP-+!M*S*+>!%OP!.(!)6!)*TTPRP-NP!LP+YPP-!+OP!M*S*+F!P]*F+F!LPN;KFP!,T!+OP!QP-PR;M!F*+K;+*,-F!YOPRP!
+OP!P\K*JSP-+! *F!)PJM,<P)>! !:,L*MP!P\K*JSP-+! *F!,T+P-!XPR<!NM,FP! +,!K-JR,+PN+P)!;-+P--;F!FKNO!;F!
*-F+;MM;+*,-F! *-! XPO*NMPF! ,R! +P-+F! ,R! -P;R! JO<F*N;MM<! FS;MM! OPM*N,J+PR! ;*RNR;T+! ;-)! +OPRPT,RP! RP\K*RPF!;!
O;RFOPR!M*S*+!;JJM*P)>!!%OP!T*]P)!FP;!F<F+PSF!;-)!S,F+!;*R!*-F+;MM;+*,-F!*-!;!QR,K-)!FKJJ,R+!R,MP!O;XP!
MPFF!NR*+*N;M!N,KJM*-Q!F*+K;+*,-F!Y*+O!RPQ;R)!+,!;-+P--;!N,KJM*-Q>!

%OP! M*S*+! T,R!FKRT;NP!FO*JF! *F!L;FP)!,-!-KSPR,KF!),NKSP-+P)! *-N*)P-+F!,T!N;FP!;-)!N;LMP!R;)*;+*,-!
N,KJM*-Q! +,! RPNP*XPR!;-+P--;F>! !%OP!KFP!,T!O;-)?OPM)! +<JP! +R;-FNP*XPRF!LPM,Y!)PN^!Y*+O*-!;!FO*J! *F!
*-NRP;F*-Q! ;-)! N;-! LP! JM;QKP)! L<! P]NPFF*XP! MPXPMF! ,T! *-+PRTPRP-NP! LPM,Y! )PN^>! ! %OP! M*S*+! *F!S,RP!
F+R*-QP-+! +O;-! N,RRPFJ,-)*-Q! PMPN+R*N! T*PM)! R;)*;+*,-! PS*FF*,-F! RP\K*RPSP-+F! N,-+;*-P)! *-! S*M*+;R<?
RPM;+P)!*-+PR-;+*,-;M!;QRPPSP-+F!;-)!F+;-);R)F!FKNO!;F!+O,FP!KFP)!L<!3"%/>!

&,FF*LMP!+;*M,R*-Q!L<!+OP!JR,NKR*-Q!;N+*X*+<!T,R!N,-+R;N+K;M!),NKSP-+F!*F!;F!T,MM,YF>!!%OP!M*S*+F!N,KM)!LP!
;)cKF+P)! L;FP)! ,-! +OP! +<JPF! ,T! ;-+P--;?N,--PN+P)! P\K*JSP-+! ,-! +OP! JM;+T,RS! ;-)! +OP! )PQRPP! ,T!
FO*PM)*-Q! JRPFP-+! LP+YPP-! +OP! P\K*JSP-+[! ;FF,N*;+P)! N;LM*-Q[! ;-)! +OP! ;-+P--;F>! ! G,R! P];SJMP[!
FKLF+;-+*;M!RPM;];+*,-!,T!+OP!M*S*+!S;<!LP!J,FF*LMP!T,R!P\K*JSP-+!;-)!;FF,N*;+P)!N;LM*-Q!M,N;+P)!+,+;MM<!
Y*+O*-! ;! FO*PM)P)! X,MKSP! Y*+O! ^-,Y-! FO*PM)*-Q! NO;R;N+PR*F+*NF>! ! 1+! S;<! LP! )PF*R;LMP! +,! +;*M,R! +OP!
TRP\KP-N<!N,XPR;QP!,T! +OP! M*S*+! +,! *-NMK)P!,-M<! TRP\KP-N<!L;-)F!YOPRP!;-+P--;?N,--PN+P)!RPNP*XPRF!
;RP!JRPFP-+>!!E,SP!N;K+*,-!-PP)F!+,!LP!P]PRN*FP)!*-!+O*F!RPQ;R)!F*-NP!+OPRP!*F!;MY;<F!+OP!NO;-NP!+OP!
P\K*JSP-+! Y*MM! LP! ;))P)! *-! +OP! TK+KRP>! ! G,R! P];SJMP[! *+! *F! -,+! K-N,SS,-! +,! ;))! N,SSK-*N;+*,-F!
P\K*JSP-+!@FKNO!;F!`G!R;)*,A!,-L,;R)!;-!;*RNR;T+!;F!)*TTPRP-+!S*FF*,-F!PX,MXP>!

Test procedures:! EJPN*T*N! ;-+P--;F! ;RP! RP\K*RP)! L<! +O*F! +PF+! JR,NP)KRP! T,R! F+;-);R)*F;+*,-!
RP;F,-F>!!%OP!*-+P-+!*F!+,!,L+;*-!N,-F*F+P-+!RPFKM+F!LP+YPP-!)*TTPRP-+!+PF+!T;N*M*+*PF>!

1-!,R)PR!T,R!;)P\K;+P!F*Q-;M!MPXPMF!+,!LP!;X;*M;LMP!+,!)R*XP!+OP!SP;FKRPSP-+!RPNP*XPRF[!JO<F*N;MM<!M;RQP!
;-+P--;F! ;RP! -PNPFF;R<>! ! IKP! +,! FO*PM)P)! R,,S! SP;FKRPSP-+F[! +OP! ;-+P--;F! ;RP! RP\K*RP)! +,! LP!
RPM;+*XPM<! NM,FP! +,! +OP!#H%[! ;-)! +OP! R;)*;+P)! T*PM)! *F! -,+! K-*T,RS!;NR,FF! +OP!;-+P--;!;JPR+KRP>! ! G,R!
PMPN+R*N!T*PM)!SP;FKRPSP-+F!LPM,Y!FPXPR;M!OK-)RP)!SPQ;OPR+a[!+OP!;-+P--;F!),!-,+!SP;FKRP!+OP!+RKP!
PMPN+R*N!T*PM)>!

%OP!8(U!NP-+*SP+RP!R,)!;-+P--;!O;F!;!+OP,RP+*N;M!PMPN+R*N;M!MP-Q+O!,T!(>'!SP+RPF!;-)!*F!N,-F*)PRP)!+,!
LP! ;! FO,R+! S,-,J,MP! Y*+O! ;-! *-T*-*+P! QR,K-)! JM;-P>! ! 1+! Y,KM)! JR,)KNP! +OP! +RKP! PMPN+R*N! T*PM)! *T! ;!
FKTT*N*P-+M<!M;RQP!N,K-+PRJ,*FP!YPRP!KFP)!+,!T,RS!;-!*S;QP!,T!+OP!R,)!*-!+OP!QR,K-)!JM;-P>!!`,YPXPR[!
+OPRP!*F!-,+!;)P\K;+P!R,,S>!!%OP!RP\K*RPSP-+!+,!L,-)!+OP!N,K-+PRJ,*FP!+,!+OP!FO*PM)P)!R,,S!,R!P;R+O!
QR,K-)[!;F!;JJM*N;LMP[! *F! *-+P-)P)!+,!*SJR,XP!*+F!JPRT,RS;-NP!;F!;!QR,K-)!JM;-P>!!%OP!L*N,-*N;M!;-)!
),KLMP! R*)QP)!O,R-!;-+P--;F!;RP!N;M*LR;+P)!KF*-Q! T;R?T*PM)!;FFKSJ+*,-F!;+!;!8!SP+RP!)*F+;-NP>! !%O*F!
+PNO-*\KP! JR,)KNPF! F+;-);R)*FP)! RP;)*-QF>! `,YPXPR[! +OP! +RKP! PMPN+R*N! T*PM)! *F! ,L+;*-P)! ,-M<! ;L,XP!
;JJR,]*S;+PM<!8!2`a!YOPRP!;!T;R!T*PM)!N,-)*+*,-!P]*F+F!T,R!JR;N+*N;M!JKRJ,FPF>!

"-+P--;!T;N+,RF!;RP!)P+PRS*-P)!KF*-Q!+OP!JR,NP)KRPF!,T!E"#!"0&?d'9!,R!,+OPR!;NNPJ+;LMP!F+;-);R)F>!!
%OP<!;RP!KFP)!+,!N,-XPR+!+OP!X,M+;QP!;+!+OP!SP;FKRPSP-+!RPNP*XPR!+,!+OP!T*PM)!F+RP-Q+O!;+!+OP!;-+P--;>!!
"-<! 0G! N;LMP! M,FF! ;-)! ;++P-K;+,R! X;MKPF! SKF+! LP! ;))P)! +,! )P+PRS*-P! +OP! +,+;M! N,RRPN+*,-! +,! LP!
;JJM*P)>!

$,-*N;M! 4,Q!FJ*R;M! ;-+P--;F!;RP! N,-XP-*P-+! F*-NP! +OP<!)*)!-,+! -PP)! +,!LP! R,+;+P)! +,!SP;FKRP!L,+O!
J,M;R*F;+*,-!,T!+OP!R;)*;+P)!T*PM)>!!%OP!),KLMP?R*)QP)!O,R-!*F!N,-F*)PRP)!+,!LP!LP++PR!T,R!F+;-);R)*F;+*,-!
T,R!FPXPR;M!RP;F,-F>!!"+!F,SP!TRP\KP-N*PF[!+OP!;-+P--;!J;++PR-!,T!+OP!N,-*N;M!M,Q!FJ*R;M!*F!-,+!NP-+RP)!
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,-!+OP!;-+P--;!;]*F>!!%OP!),KLMP?R*)QP)!O,R-!),PF!-,+!O;XP!+O*F!JR,LMPS>!!%OP!N*RNKM;R!J,M;R*F;+*,-!,T!
+OP!N,-*N;M!M,Q!FJ*R;M!NRP;+PF!N,-TKF*,-!*-!*+F!JR,JPR!;JJM*N;+*,->!!#MPN+R*N!T*PM)F!TR,S!#H%F!Y,KM)!R;RPM<!
LP! N*RNKM;RM<! J,M;R*FP)>! ! %OPRPT,RP[! \KPF+*,-F! ;RP! R;*FP)! N,-NPR-*-Q! +OP! -PP)! T,R! V! )6! N,RRPN+*,-!
T;N+,RF! +,! ;NN,K-+! T,R! M*-P;RM<! J,M;R*FP)! F*Q-;MF>! ! %OP! F;SP! *FFKP! *F! JRPFP-+! YOP-! FJ*R;M! N,-*N;M!
;-+P--;F!;RP!KFP)!T,R!R;)*;+P)!FKFNPJ+*L*M*+<!+PF+*-Q>!!1T!;!FPN,-)!FJ*R;M!N,-*N;M!*F!KFP)!+,!N;M*LR;+P!+OP!
T*PM)!N,RRPN+M<!T,R!;!N*RNKM;RM<!J,M;R*FP)!Y;XP[!+OP!\KPF+*,-!;R*FPF!YOP+OPR!;!V!)6!O*QOPR!T*PM)!FO,KM)!LP!
KFP)!F*-NP!+OP!#H%!Y*MM!RPFJ,-)!S,RP!RP;)*M<!+,!M*-P;RM<!J,M;R*FP)!T*PM)F!,T!+OP!F;SP!S;Q-*+K)P>!

/+OPR!M*-P;RM<!J,M;R*FP)!;-+P--;F!FKNO!;F!M,Q!JPR*,)*N!N;-!LP!KFP)!JR,X*)P)!+O;+!SP;FKRPSP-+F!;RP!
+;^P-!TR,S!+OP*R!JO;FP!NP-+RPF>!!1+! *F!RPN,Q-*FP)!+O;+!+OPFP!+<JPF!,T!;-+P--;F!O;XP!F,SP+*SPF!LPP-!
KFP)!*-!+OP!J;F+!;-)!O;XP!-,+!-PNPFF;R*M<!JR,)KNP!+OP!F;SP!RPFKM+F!;F!+OP!),KLMP?R*)QP)!O,R->!!%O*F!
Y;F! )KP! +,! T*PM)! X;R*;+*,-F! ;NR,FF! +OP! ;-+P--;! ;JPR+KRPF! ;-)! T;R! T*PM)C-P;R! T*PM)! *FFKPF! N;KFP)! L<!
SP;FKRPSP-+F!-,+!S;)P!+,!+OP!JO;FP!NP-+RP!,T!+OP!;-+P--;>!

%OP! F+KL! R;)*;+,R! RP\K*RP)! L<! +OP! JR,NP)KRP! *F! F*SJM<! ;! FO,R+! Y*RP! @;JJR,]*S;+PM<! 8(! NP-+*SP+RPFA!
N,--PN+P)!+,!+OP!NP-+RP!N,-)KN+,R!,T!;!N,;]*;M!N;LMP!+O;+!JR,+RK)PF!TR,S!+OP!P-)!,T!+OP!N;LMP>!

%OPRP!;RP! +Y,!)*TTPRP-+!S,K-+*-Q!FNOPSPF! T,R!L;MK-F!,T!;X;*M;LMP!8(U!NP-+*SP+RP! R,)!;-+P--;F!Y*+O!
RPFJPN+! +,! +OP!N,K-+PRJ,*FP>! !E,SP!;RP!)PF*Q-P)! +,!LP!S,K-+P)!K-)PR-P;+O! +OP!N,K-+PRJ,*FP!YO*MP!
,+OPRF!;RP!)PF*Q-P)!T,R!+,J!S,K-+*-Q>!!#*+OPR!+PNO-*\KP!*F!;NNPJ+;LMP!JR,X*)P)!+OP!)PF*RP)!(>'!SP+RP!
PMPN+R*N;M!MP-Q+O!*F!;NO*PXP)!Y*+O!+OP!S,K-+*-Q!FNOPSP>!

%OP!8(!JG!N;J;N*+,R!KFP)!Y*+O!+OP!R,)!;-+P--;!*-!J;R;QR;JO!V>UN@VA!,T!:P+O,)!30#(.!;F!J;R+!,T!+OP!
F<F+PS! NOPN^! F*SKM;+PF! +OP! N;J;N*+;-NP! ,T! +OP! R,)! PMPSP-+! +,! +OP! ,K+F*)P! Y,RM)>! ! g*+O! +OP! R,)!
;-+P--;[! +OP!PMPN+R*N! T*PM)!JRPFP-+! *-)KNPF!;!X,M+;QP! *-! +OP! R,)! +O;+! *F!;JJM*P)! +,! +OP!L;MK-!N*RNK*+R<>!!
/-P!,T!+OP!TK-N+*,-F!,T!+OP!L;MK-!*F!+,!N,-XPR+!+OP!O*QO!*SJP);-NP!*-JK+!,T!+OP!;-+P--;!PMPSP-+!+,!+OP!

'(!!! *SJP);-NP!,T!+OP!SP;FKRPSP-+!RPNP*XPR>!!%OP!8(!JG!N;J;N*+,R!P-FKRPF!+O;+!+OP!N,RRPN+!F,KRNP!
*SJP);-NP! *F! JRPFP-+! )KR*-Q! +OP! NOPN^>! ! E,SP!;-+P--;F! O;XP! ;! 8(! JG! N;J;N*+,R! LK*M+! *-+,! +OP! R,)!
L;MK-!T,R!N;M*LR;+*,-!JKRJ,FPF!;-)!F,SP!RP\K*RP!+O;+!;-!P]+PR-;M!N;J;N*+,R!LP!KFP)>!

G,R!SP;FKRPSP-+!F<F+PS!NOPN^F[!PF+;LM*FO*-Q!+OP!N,RRPN+!X,M+;QP!;+!+OP!*-JK+!+,!+OP!8(!JG!N;J;N*+,R!
N;-!LP!N,-TKF*-Q!)PJP-)P-+!KJ,-!+OP!)PF*Q-!,T!+OP!;-+P--;!;-)!+OP!;FF,N*;+P)!;NNPFF,R*PF>!!E*-NP[!
+OP!PMPN+R*N;M!MP-Q+O!,T!+OP!8(U!NS!R,)!*F!(>'!SP+RPF[!+OP!N,-XPRF*,-!T;N+,R!T,R!+OP!*-)KNP)!X,M+;QP!;+!
+OP!*-JK+!+,!+OP!8(!JG!N;J;N*+,R!*F!=!)6CS>!!1T!+OP!M*S*+!;+!+OP!SP;FKRPSP-+!F<F+PS!NOPN^!TRP\KP-N<!*F!

VU!)6&DCS[!+OP!RP\K*RP)!T*PM)!MPXPM!+,!KFP!T,R!SP;FKRPSP-+!F<F+PS!NOPN^!*F!=!)6!MPFF!+O;-!+O*F!X;MKP!
,R!.9!)6&DCS>!!%OP!X,M+;QP!MPXPM!+O;+!SKF+!LP!*-cPN+P)!*Fh!

.9!)6&DCS!B!=!)6CS!n!..!)6&D!

E*-NP!+OP! *-JK+! *SJP);-NP!;+! +OP!8(!JG!N;J;N*+,R! *F!XPR<!O*QO[!;!F*Q-;M!F,KRNP!SKF+!LP! M,;)P)!Y*+O!

'(!!!@+PRS*-;+*,-!M,;)!,R!SP;FKRPSP-+!RPNP*XPRA!+,!P-FKRP!+O;+!+OP!N,RRPN+!X,M+;QP!*F!;JJM*P)>!!"!t+PPu!
N,--PN+*,-!N;-!LP!KFP)!Y*+O!+OP!F*Q-;M!F,KRNP!N,--PN+P)!+,!+OP!T*RF+!MPQ[!+OP!'(!!!M,;)!N,--PN+P)!+,!
+OP! FPN,-)! MPQ[! ;-)! +OP! NP-+RP! N,-)KN+,R! ,T! +OP! +O*R)! MPQ! N,--PN+P)! +,! +OP! 8(! JG! N;J;N*+,R! @L;RRPM!
RPTPRP-NP)!+,!+OP!L;MK-!N;FPA>!!E,SP+*SPF!;!TPP)?+OR,KQO!;NNPFF,R<!+O;+!;N+F!;F!;!X,M+;QP!)*X*)PR!*F!
FKJJM*P)!Y*+O!;!R,)!;-+P--;! T,R! +OP!JKRJ,FP!,T!)P+PRS*-*-Q!;-+P--;! T;N+,RF>! !%OP!;NNPFF,R<!KFK;MM<!
*-NMK)PF!+OP!RP\K*RP)!8(!JG!N;J;N*+,R!*-F*)P!+OP!;NNPFF,R<>!!1T!+OP!;NNPFF,R<!*F!KFP)!T,R!*-cPN+*-Q!+OP!
SP;FKRPSP-+!F<F+PS!NOPN^!F*Q-;M[!N;K+*,-!-PP)F!+,!LP!,LFPRXP)>! !E*-NP!+OP!;NNPFF,R<! *F! *-+P-)P)!
T,R!,-M<!)P+PRS*-*-Q!;-+P--;!T;N+,RF[!+OP!JR,NP)KRPF!JR,X*)P)!Y*+O!+OPFP!;NNPFF,R*PF!S;<!-,+!;))RPFF!
+OP! ;N+K;M! X,M+;QP! +O;+! ;JJP;RF! ;+! +OP! 8(! JG! N;J;N*+,R>! ! %OP! )PF*Q-! ,T! +OP! ;NNPFF,R<! -PP)F! +,! LP!
RPX*PYP)!+,!)P+PRS*-P!+O;+!+OP!N,RRPN+!X,M+;QP!*F!,L+;*-P)>!!G,R!;!N,SS,-!)PF*Q-[!+OP!X,M+;QP!;+!+OP!
N;J;N*+,R! *F!8U>=!)6! MPFF! +O;-! +OP!F*Q-;M!F,KRNP! MPXPM!;-)!'>(!)6!QRP;+PR! +O;-! +OP! *-)*N;+*,-!,-! +OP!
SP;FKRPSP-+!RPNP*XPR>!

%OP! ;-+P--;! J,F*+*,-*-Q! RP\K*RPSP-+F! *-! +O*F! JR,NP)KRP! ;RP! L;FP)! ,-! M*^PM<! J,*-+F! ,T! R;)*;+*,-! ;-)!
;-+P--;!J;++PR-F>!!"+!TRP\KP-N*PF!LPM,Y!FPXPR;M!OK-)RP)!:`a[!R;)*;+*,-!*F!S,F+!M*^PM<!+,!,R*Q*-;+P!TR,S!
#H%! N;LM*-Q>! ! %OP! 8(U! NP-+*SP+RP! R,)! ;-)! L*N,-*N;M! ;-+P--;F! O;XP! Y*)P! J;++PR-! N,XPR;QP>! ! %OP!
P\K;+*,-!*-!G*QKRP!30#(.?W!,T!:P+O,)!30#(.!*F!L;FP)!,-!+OP!R,)!;-)!L*N,-*N;M!LP*-Q!JM;NP)!;+!MP;F+!

! !

! '(8?99!

! ! /01213"4

! !

!
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PXPR<!V!SP+RPF!;M,-Q!+OP!+PF+!FP+?KJ!L,K-);R<>!!%OP!),KLMP!R*)QP!O,R-F!O;XP!-;RR,YPR!LP;SY*)+OF>!!
`,YPXPR[! +OP! FO,R+PR! Y;XPMP-Q+OF! ;L,XP! .((!:`a!Y*MM! RPFKM+! *-! R;)*;+*,-! TR,S! #H%! ;JPR+KRPF! ;-)!
J,R+*,-F!,T!N;LM*-Q!NM,FP!+,!#H%!*-+PRT;NPF>!!%OP!RP\K*RPSP-+F!T,R!;-+P--;!J,F*+*,-*-Q!;L,XP!.((!:`a!
;RP!L;FP)!,-!*-NMK)*-Q!#H%!;JPR+KRPF!;-)!MP-Q+OF!,T!N;LM*-Q!;+!MP;F+!,-P!\K;R+PR!Y;XPMP-Q+O>!

"MM!+OP!FJPN*T*P)!;-+P--;F!;RP!M*-P;RM<!J,M;R*FP)>!!"L,XP!V(!:`a[!SP;FKRPSP-+F!SKF+!LP!JPRT,RSP)!+,!
SP;FKRP! L,+O! O,R*a,-+;M! ;-)! XPR+*N;M! N,SJ,-P-+F! ,T! +OP! R;)*;+P)! T*PM)>! ! :P;FKRPSP-+F! Y*+O! +OP!
8(U!NP-+*SP+RP! R,)! ;RP! JPRT,RSP)! ,-M<! T,R! XPR+*N;M! J,M;R*F;+*,->! ! %O*F! ;-+P--;! N,-T*QKR;+*,-! *F! -,+!
RP;)*M<!;);J+P)!T,R!O,R*a,-+;M!SP;FKRPSP-+F>!

G,R!P\K*JSP-+!,R!FKLF<F+PSF!+O;+!O;XP!P-NM,FKRPF!,R!N;LM*-Q!*-!X;R*,KF!J;R+F!,T!;!JM;+T,RS[!);+;!S;<!
-PP)!+,!LP!+;^P-!T,R!S,RP!+O;-!,-P!N,-T*QKR;+*,->!!G,R!P];SJMP[!*-!;-!;*RNR;T+!*-F+;MM;+*,-!YOPRP!;!J,)!
*F! M,N;+P)!,K+F*)P!,T!;*RNR;T+!F+RKN+KRP!;-)!*+F!;FF,N*;+P)!N;LM*-Q! *F! *-+PR-;M! +,!F+RKN+KRP[! +Y,!)*TTPRP-+!
M*S*+F! S;<! LP! ;JJM*N;LMP>! ! I*TTPRP-+! FP+F! ,T! );+;! S;<! -PP)! +,! LP! QP-PR;+P)! +,! *F,M;+P! )*TTPRP-+!
PS*FF*,-F!TR,S!+OP!J,)!O,KF*-Q!;-)!TR,S!N;LM*-Q>!!%OP!-,-?RPMPX;-+!J,R+*,-!,T!+OP!P\K*JSP-+!Y,KM)!
-PP)!+,!LP!JR,+PN+P)!Y*+O!;JJR,JR*;+P!FO*PM)*-Q!)KR*-Q!P;NO!PX;MK;+*,->!

=>.V! 30#(V[!R;)*;+P)!PS*FF*,-F[!;-+P--;!FJKR*,KF!;-)!O;RS,-*N!,K+JK+F[!8(!^`a!+,!U(!2`a!

Applicability and limits:! %OP!RP\K*RPSP-+F!;RP!PFFP-+*;MM<!*)P-+*N;M!Y*+O!3$#(V!T,R!+R;-FS*++PRF!*-!
+OP! +R;-FS*+!S,)P>! ! %OPRP! ;RP! -,! RP\K*RPSP-+F! T,R! RPNP*XPRF! ,R! +R;-FS*++PRF! *-! +OP! F+;-)L<!S,)P>!!
:,F+!,T!+OP!)*FNKFF*,-!K-)PR!3$#(V!;MF,!;JJM*PF!+,!30#(V>!!"!)*F+*-N+*,-!LP+YPP-!+OP!RP\K*RPSP-+F!
*F! +O;+!30#(V!+PF+*-Q! *-NMK)PF!PTTPN+F!)KP!+,!;-+P--;!NO;R;N+PR*F+*NF>! !%OP!+PF+! *+FPMT! *F!N,-F*)PR;LM<!
S,RP!)*TT*NKM+>!

Test procedures:! E*-NP! +OP! +PF+! JR,NP)KRP! SP;FKRPF! PS*FF*,-F! R;)*;+*-Q! TR,S! ;-! ;-+P--;!
N,--PN+P)!+,!;!N,-+R,MMP)!*SJP);-NP[!FO*PM)P)[!+R;-FS*FF*,-!M*-P[!+OP!SP;FKRPSP-+!RPFKM+F!FO,KM)!LP!
M;RQPM<! *-)PJP-)P-+! ,T! +OP! +PF+! FP+?KJ! N,-T*QKR;+*,->! ! %OPRPT,RP[! *+! *F! -,+! -PNPFF;R<! +,!S;*-+;*-! +OP!
L;F*N!+PF+!FP+?KJ!)PFNR*LP)!*-!+OP!S;*-!L,)<!,T!+O*F!F+;-);R)>!

%OP! +PF+! JR,NP)KRP! *F! M;L,R*,KF! ;-)! Y*MM! RP\K*RP! ;! M;RQP! ,JP-! ;RP;! +,! SPP+! ;-+P--;! FPJ;R;+*,-!
)*F+;-NPF>! !#\K;+*,-F! *-! +OP! +PF+!JR,NP)KRP!FJPN*T<!S*-*SKS!;NNPJ+;LMP!;-+P--;!FPJ;R;+*,-F!L;FP)!
,-!;-+P--;!F*aP!;-)!,JPR;+*-Q!TRP\KP-N<!,T!+OP!#H%>!!"-+P--;!J;++PR-!FP;RNOPF!*-!L,+O!;a*SK+O!;-)!
PMPX;+*,-!;RP!RP\K*RP)!;+!+OP!FJKR*,KF!;-)!O;RS,-*N!PS*FF*,-F!+,!S;]*S*FP!+OP!MPXPM!,T!+OP!)P+PN+P)!
F*Q-;M!;-)!;NN,K-+!T,R!;-+P--;!NO;R;N+PR*F+*NF>!

EP-F*+*X*+<!,T!+OP!SP;FKRPSP-+!F<F+PS!S;<!-PP)!P-O;-NPSP-+!L<!KFP!,T!JRP;SJM*T*PRF!;-)!+OP!P-+*RP!
+PF+!-PP)F!+,!LP!N,?,R)*-;+P)!Y*+O!M,N;M!TRP\KP-N<!;MM,N;+*,-!;K+O,R*+*PF>!!"MM!RPN,R)P)!);+;!O;F!+,!LP!
N,RRPN+P)!T,R!FJ;NP!M,FF!;-)!;-+P--;!Q;*-!LPT,RP!N,SJ;R*F,-F!+,!+OP!M*S*+>!

"F!FO,Y-!*-!G*QKRPF!30#(V?8!;-)!30#(V?.!,T!:P+O,)!30#(V[!FO*PM)*-Q!S*QO+!LP!-PNPFF;R<!;R,K-)!
+OP! SP;FKRPSP-+! F<F+PS! ;-)! ;FF,N*;+P)! 0G! N,SJ,-P-+F! +,! JRPXP-+! +OP! QP-PR;+*,-! ,T! FJKR*,KF!
RPFJ,-FPF! *-! +OP!SP;FKRPSP-+! RPNP*XPR>! !%OP!-PP)!T,R!FKNO!FO*PM)*-Q!N;-!LP!XPR*T*P)!L<!N,SJ;R*-Q!
SP;FKRPSP-+! RK-F! Y*+O! +OP! *-JK+! N,--PN+,R! ,T! +OP! SP;FKRPSP-+! RPNP*XPR! +PRS*-;+P)! *-! *+F!
NO;R;N+PR*F+*N!*SJP);-NP!;-)!Y*+O!+OP!#H%!*-!L,+O!+R;-FS*++*-Q!;-)!F+;-)?L<!S,)PF!,R!Y*+O!+OP!#H%!
+KR-P)!,TT>!!"MF,[!+OP!RPNP*X*-Q!,R!+R;-FS*+!;-+P--;!S;<!LP!RPJM;NP)!Y*+O!;!)KSS<!M,;)!+,!)P+PRS*-P!*T!
;-<!F*Q-*T*N;-+!PTTPN+F!;RP!,NNKRR*-Q!+OR,KQO!N;LMP!N,KJM*-Q>!

%OP! 0G! N;LMP! TR,S! +OP! RPNP*XP! ;-+P--;! +,! +OP! SP;FKRPSP-+! RPNP*XPR! FO,KM)! LP! ^PJ+! ;F! FO,R+! ;F!
J,FF*LMP!+,!S*-*S*FP!F*Q-;M!M,FF!;-)!F*Q-;M!J*N^?KJ>!

%OP!L;-)?RPcPN+*,-!T*M+PRF!;-)!-P+Y,R^F!FO,Y-! *-!G*QKRPF!30#(V?8!;-)!30#(V?.!,T!:P+O,)!30#(V!
;RP!-PP)P)! +,!LM,N^! +OP! +R;-FS*++PR! TK-);SP-+;M!;-)! +OKF!RP)KNP! +OP! +P-)P-N<!,T! +OP!SP;FKRPSP-+!
RPNP*XPR! +,! QP-PR;+P! FJKR*,KF! RPFJ,-FPF! ,R! P]O*L*+! FKJJRPFF*,-!PTTPN+F! LPN;KFP! ,T! +OP! JRPFP-NP! ,T!
F+R,-Q!,K+?,T?L;-)!F*Q-;MF>!!%OPFP!RPcPN+*,-!-P+Y,R^F!;-)!T*M+PRF!RP\K*RP!N;M*LR;+*,-!,XPR!+OP!TRP\KP-N<!
R;-QP!,T!+PF+>!

! !
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E,SP! N;K+*,-! -PP)F! +,! LP! P]PRN*FP)! *-! ;JJM<*-Q! %;LMP! .>! ! 1-! J;R;QR;JO! V>U! ,T! :P+O,)! 30#(V[! ;!
J,YPR!S,-*+,R!*F!KFP)!+,!SP;FKRP!+OP!,K+JK+!J,YPR!,T!+OP!#H%>!!1-!N,-cK-N+*,-!Y*+O!+OP!;-+P--;!Q;*-[!
+O*F!X;MKP!*F!KFP)!+,!N;MNKM;+P!+OP!PTTPN+*XP!R;)*;+P)!J,YPR!@#0&A!,T!+OP!P\K*JSP-+>!!!1-!J;R;QR;JO!V>U!
,T!:P+O,)!30#(V[!+OP!SP;FKRPSP-+!RPNP*XPR!*F!KFP)!+,!SP;FKRP!+OP!J,YPR!TR,S!;!RPNP*X*-Q!;-+P--;>!!!
%O*F! RPFKM+! *F! ;MF,! KFP)! +,! N;MNKM;+P! ;-! #0&>! ! G,R! +OP! +Y,! SP;FKRPSP-+F! +,! LP! N,SJ;R;LMP[! +OP!
SP;FKRPSP-+!RPNP*XPR!L;-)Y*)+O!-PP)F!+,!LP!FKTT*N*P-+M<!M;RQP!+,!*-NMK)P!;+!MP;F+!d(q!,T!+OP!J,YPR!,T!
+OP!F*Q-;M!JRPFP-+!;+! +OP!+K-P)!TRP\KP-N<>! ! 1T! +OP!L;-)Y*)+O! *-!%;LMP!.! *F!-,+!;JJR,JR*;+P[!;!FK*+;LMP!
SP;FKRPSP-+!RPNP*XPR!L;-)Y*)+O!FO,KM)!LP!JR,J,FP)!*-!+OP!#:1%&>!

G,R! SP;FKRPSP-+! ,T! +OP! S;Q-*+K)P! ,T! O;RS,-*N! ;-)! FJKR*,KF! PS*FF*,-F! Y*+O! RPFJPN+! ,T! +OP!
TK-);SP-+;M[! +OP! L;-)Y*)+OF! ,T! %;LMP! .! Y*MM! -,RS;MM<! JR,)KNP! ;NNPJ+;LMP! RPFKM+F[! RPQ;R)MPFF! ,T!
YOP+OPR!+OP!L;-)Y*)+O!*F!M;RQP!P-,KQO!+,!JR,NPFF!d(q!,T!+OP!J,YPR>!!!E*-NP!+OP!F*Q-;M!L;-)Y*)+O!,T!
O;RS,-*N! ;-)! FJKR*,KF! PS*FF*,-F! *F! KFK;MM<! +OP! F;SP! ;F! +OP! TK-);SP-+;M[! KFP! ,T! ;! N,SS,-!
L;-)Y*)+O! T,R! SP;FKR*-Q! L,+O! +OP! TK-);SP-+;M! ;-)! +OP! PS*FF*,-F! Y*MM! JR,X*)P! ;! N,RRPN+! RPM;+*XP!
RP;)*-Q!,T!+OP!;SJM*+K)PF>!

=>.U! 30E(8[!R;)*;+P)!FKFNPJ+*L*M*+<[!S;Q-P+*N!T*PM)F[!V(!`a!+,!8((!^`a!

Applicability and limits:! %O*F! RP\K*RPSP-+! *F! FJPN*;M*FP)! ;-)! *-+P-)P)! JR*S;R*M<! +,! P-FKRP! +O;+!
JPRT,RS;-NP! ,T! P\K*JSP-+! J,+P-+*;MM<! FP-F*+*XP! +,! M,Y! TRP\KP-N<! S;Q-P+*N! T*PM)F! *F! -,+! )PQR;)P)>!
30#(8! *F! ;! N,SJM*SP-+;R<! RP\K*RPSP-+! Q,XPR-*-Q! +OP! R;)*;+P)! S;Q-P+*N! T*PM)! PS*FF*,-F! TR,S!
P\K*JSP-+!;-)!FKLF<F+PSF>!!%OP!30#(8!)*FNKFF*,-!*F!;MF,!;JJM*N;LMP!+,!+O*F!RP\K*RPSP-+>!

%OP! EP;! 30E(8! M*S*+! Y;F! PF+;LM*FOP)! L<! SP;FKRPSP-+! ,T! S;Q-P+*N! T*PM)! R;)*;+*,-! TR,S! J,YPR!
)*F+R*LK+*,-! N,SJ,-P-+F! @+R;-FT,RSPRF! ;-)! N;LMPFA[! ;-)! +OP! S;Q-P+*N! T*PM)! P-X*R,-SP-+! ,T! EP;!
JM;+T,RSF>!!%OP!EP;!30E(8!M*S*+!TR,S!V(!`a!+,!.!^`a!Y;F!)PR*XP)!TR,S!+OP!Y,RF+!N;FP!S;Q-P+*N!T*PM)!
R;)*;+*,-! TR,S!;!J,YPR! +R;-FT,RSPR!@y8W(!)6J%A!;-)!;JJM*N;LMP!N;LMP! +<JPF!@IE2H?U((A[!;-)! +;^PF!
*-+,! ;NN,K-+! +OP! KFPR! P\K*JSP-+! J,YPR! M*-P! O;RS,-*N! N,-+P-+! ;-)! S;]*SKS! ;-+*N*J;+P)! J,YPR!
N,-FKSJ+*,->! ! %OP! EP;! 30E(8! M*S*+! ;L,XP! .! ^`a! *F! L;FP)! ,-! +OP! SP;FKRP)! S;Q-P+*N! T*PM)!
P-X*R,-SP-+!,T!EP;!JM;+T,RSF>!

4;-)!O;F!S;*-+;*-P)!+OP!L;F*N!RPM;+*,-FO*J!,T!+OP!30E(8!;-)!30#(8!M*S*+F!O;X*-Q!+OP!F;SP!FO;JP>!!
%OP! 30E(8! M*S*+! *F! L;FP)! ,-! '! S*MM*X,M+F! @*-)PJP-)P-+! ,T! TRP\KP-N<A! LP*-Q! *-)KNP)! *-! ;!
8.>W!NP-+*SP+RP!)*;SP+PR!M,,J>!

Test procedures: 4;L,R;+,R<!+PF+F!O;XP!LPP-!JPRT,RSP)!+,!;FFPFF!+OP!J,FF*L*M*+<!,T!KF*-Q!+OP!8V>V!
NP-+*SP+RP!M,,J!FP-F,R!FJPN*T*P)!*-!+OP!30#(8!+PF+!JR,NP)KRP!*-F+P;)!,T!+OP!U!NP-+*SP+RP!M,,J!FP-F,R!
KFP)!*-!+O*F!+PF+!JR,NP)KRP!+,!XPR*T<! +OP!R;)*;+P)!T*PM)>! !%OP!+PF+*-Q!RPXP;MP)!+O;+! +OP!8V>V!NP-+*SP+RP!
M,,J!FP-F,R!)*)!-,+!JR,X*)P!+OP!)PF*RP)!RPFKM+!)KP!+,!X;R*;+*,-!,T!+OP!R;)*;+P)!T*PM)!,XPR!+OP!;RP;!,T!+OP!
M,,J!FP-F,R>!!IKP!+,! *+F!FS;MMPR!F*aP[! +OP!U!NP-+*SP+RP! M,,J!FP-F,R!JR,X*)PF!;-!;NNKR;+P!SP;FKRP!,T!
+OP! T*PM)! -P;R! +OP! ;]*F! ,T! +OP! R;)*;+*-Q! M,,J>! ! "! N,RRPN+*,-! T;N+,R! NKRXP! +,! N,-XPR+! TR,S! +OP! X,M+;QP!
*-)*N;+P)!L<!+OP!SP;FKRPSP-+!RPNP*XPR!+,!+OP!S;Q-P+*N!T*PM)!*-!)6J%!*F!RP\K*RP)>!!:;-KT;N+KRPRF!KFP!
)*TTPRP-+! N,-F+RKN+*,-! +PNO-*\KPF! +O;+! N;KFP! +OP! ;N+K;M! T;N+,R! +,! X;R<! F,SPYO;+>! !gOPRP! +R;NP;LMP!
N;M*LR;+*,-!T*QKRPF!;RP!-,+!;X;*M;LMP!*+!*F!-PNPFF;R<!+,!KFP!+OP!S;-KT;N+KRPRFe!FKJJM*P)!);+;>!

%OP!JR*S;R<!+PF+!JR,NP)KRP!RP\K*RPF!+O;+! +PF+*-Q!LP!JPRT,RSP)!;+!P;NO!PMPN+R*N;M! *-+PRT;NP!N,--PN+,R>!!
/-!F,SP!FS;MM!F*aP!#H%F[!N,--PN+,RF!S;<!LP!NM,FPM<!FJ;NP)!FKNO!+O;+!S,RP!+O;-!,-P!N,--PN+,R!N;-!
LP!PTTPN+*XPM<!*MMKS*-;+P)!T,R!;!J;R+*NKM;R!M,,J!J,F*+*,->!!%OP!#:1%&!FO;MM!;))RPFF!+O*F!N*RNKSF+;-NP>!

`PMSO,M+a! N,*MF! QP-PR;+P! ;! RPM;+*XPM<! K-*T,RS! S;Q-P+*N! T*PM)! +O;+! *F! S,RP! RPJRPFP-+;+*XP! ,T! +OP!
P-X*R,-SP-+! P]JPR*P-NP)! ,-! F,SP! JM;+T,RSF[! J;R+*NKM;RM<! FKLS;R*-PF>! ! G,R! +O*F! RP;F,-[! +OP! "$!
`PMSO,M+a! N,*M! +PF+! ,J+*,-! *F! JRPTPRRP)! T,R! FKLS;R*-P! ;JJM*N;+*,-F>! ! 1-! ;))*+*,-! +,! JR,X*)*-Q! ;!S,RP!
RP;M*F+*N!+PF+!LP)[!`PMSO,M+a!N,*MF!Y*MM[! *-!QP-PR;M[!RP)KNP!+PF+!+*SP>!!"JJM*N;+*,-!,T!+OP!QK*)PM*-PF!;-)!
;-;M<+*N;M!P]JRPFF*,-F!JRPFP-+P)!OPRP*-!FO,KM)!P-;LMP!KFPRF!+,!)PF*Q-!;-)!N,-F+RKN+!`PMSO,M+a!N,*MF!
T,R!30E(8!+PF+*-Q>!

! !

! '(8?d(!
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! !

!
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"$!`PMSO,M+a!N,*MF!S;<!LP!)PF*Q-P)!*-!;NN,R);-NP!Y*+O!+OP!T,MM,Y*-Q!QK*);-NP>!

8>! "!NM,FP)!T,RS!F,MK+*,-!T,R!+OP!S;Q-P+*N!TMK]!)P-F*+<!JR,)KNP)!;M,-Q!+OP!;]*F!,T!;!FPR*PF?)R*XP-!
F<F+PS!,T!+Y,!*)P-+*N;M!N*RNKM;R!N,*MF!*Fh!
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6a! n! S;Q-P+*N!TMK]!)P-F*+<[!%PFM;F!

&o! n! JPRSP;L*M*+<!,T!TRPP!FJ;NP[!`P-R<FCSP+RP!

3! n! -KSLPR!,T!+KR-F!@F;SP!T,R!P;NO!N,*MA!

1! n! NKRRP-+[!"SJPRPF!
R! n! N,*M!R;)*KF[!SP+RPF!
)! n! N,*M!FPJ;R;+*,-[!SP+RPF!
a! n! )*F+;-NP!;M,-Q!N,SS,-!;]*F[!SP+RPF!

G,R!;!F+;-);R)!`PMSO,M+a!N,*M!N,-T*QKR;+*,-[!)!n!R>!!"+!+OP!NP-+RP!,T!+OP!+PF+!X,MKSP!@a!n!RC.A[!
+OP!;L,XP!P]JRPFF*,-!N;-!LP!F*SJM*T*P)h!

0 1
r

I N 108.99
B
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z
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< !

.>! %OP!N,*M!*SJP);-NP!N;-!LP!PF+*S;+P)!KF*-Q!QP-PR;M!P]JRPFF*,-F!T,R!;-!RL!FPR*PF!N*RNK*+>!!%OP!
),S*-;-+! +PRS!T,R! TRP\KP-N*PF!LPM,Y!8((!^`a! *F! +OP!N,*M! *-)KN+;-NP! +O;+! *F! +OP!FKS!,T!P;NO!
N,*MeF!FPR*PF!*-)KN+;-NP!@4A!;-)!+OP!SK+K;M!*-)KN+;-NP!@:A!LP+YPP-!+OP!+Y,!N,*MFh!

4%,+;M!n! .@4!v!:A!

YOPRPh!

:! n! =3.R! =! n! (>UdU!]!8(?=!`P-R<FCSP+RP!!!

%OP! FPR*PF! *-)KN+;-NP! N;-! LP! PF+*S;+P)! KF*-Q! +OP! T,MM,Y*-Q! P]JRPFF*,-! T,R! +OP! P]+PR-;M!
*-)KN+;-NP!,T!;!N*RNKM;R!N,*M!YOPRP!+OP!Y*RP!LK-)MP!NR,FF!FPN+*,-!*F!N*RNKM;R!*-!FO;JP!;-)!FS;MM!
RPM;+*XP!+,!+OP!N,*M!R;)*KFh!

>
?

@
A
B

C
92
3

4
5
6

7: 2
a

16r
lnrN 0

2 &L !

YOPRPh! ;! n! )*;SP+PR!,T!Y*RP!LK-)MP!NR,FF!FPN+*,-[!SP+RPF!

%OPRP!;RP!FPXPR;M!JR;N+*N;M!M*S*+;+*,-F!+O;+!SKF+!LP!N,-F*)PRP)!YOP-!)PF*Q-*-Q!"$!`PMSO,M+a!N,*MF>!

8>! %OP!N,*M!)R*XP!NKRRP-+!*F!M*S*+P)!L<!N,*M!*SJP);-NP>!!%OP!),S*-;-+!+PRS!*-!+OP!N,*M!*SJP);-NP!*F!
+OP!N,*M! *-)KN+*XP!RP;N+;-NP>! !6PN;KFP!*+! *F!JR,J,R+*,-;M! +,!+OP!F\K;RP!,T! +OP!-KSLPR!,T! +KR-F!
@3A[! +OP!N,*MF! FO,KM)!LP!)PF*Q-P)!Y*+O!;!S*-*SKS!-KSLPR!,T! +KR-F!-PP)P)! +,!SPP+! +OP! M,Y!
TRP\KP-N<! +PF+! M*S*+>! !IPJP-)*-Q!,-!N,*M!F*aP[! *+!S;<!LP!-PNPFF;R<! +,!N,-F+RKN+! +OP!N,*MF!Y*+O!
,-P!,R!S,RP!+;JF!F,!+OP!-KSLPR!,T!+KR-F!N;-!LP!RP)KNP)!;+!O*QOPR!TRP\KP-N*PF>!!

.>! %OP!N,*M!FPMT?RPF,-;-+!TRP\KP-N<!SKF+!LP!QRP;+PR!+O;-!8((!^`a>!!"+!FPMT?RPF,-;-NP[!*+!S;<!-,+!
LP!JR;N+*N;M!+,!QP-PR;+P!FKTT*N*P-+!)R*XP!NKRRP-+!+,!;NO*PXP!+OP!+PF+!M*S*+>!

V>! "!FPR*PF!X,M+;QP!)R,J!Y*MM!P]*F+!;NR,FF!P;NO!N,*M! +O;+! *F!JR,J,R+*,-;M!+,!+OP!JR,)KN+!,T!+OP!N,*M!
*SJP);-NP!;-)!N,*M!)R*XP!NKRRP-+>!!6PN;KFP!+OP!X,M+;QP!)R,JF!;RP!FPJ;R;+P)!*-!FJ;NP!L<!+OP!
)*F+;-NP! LP+YPP-! +OP! N,*MF[! ;! X,M+;QP! QR;)*P-+! Y*MM! P]*F+! @PMPN+R*N! T*PM)! *-! DCSA>! %O*F! T*PM)! *F!
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S;]*SKS!-P;R!+OP!JPR*SP+PR!,T!N*RNKM;R!N,*MF>! ! 1T! +OP!#H%!*F!RPM;+*XPM<!FS;MM!N,SJ;RP)!+,!+OP!
;X;*M;LMP!+PF+!X,MKSP[!+O*F!PTTPN+!S;<!-,+!LP!;!N,-NPR->!`,YPXPR[! *T! +OP!#H%!*F!-P;R!+OP!N,*M!
JPR*SP+PR[! ,R! *T! +OP! PMPN+R*N! T*PM)!S;Q-*+K)P! *F! F*Q-*T*N;-+! RPM;+*XP! +,! +OP!30E(.! PMPN+R*N! T*PM)!
FKFNPJ+*L*M*+<!RP\K*RPSP-+[!+OP-!F+PJF!FO,KM)!LP!+;^P-!+,!S*-*S*FP!+OP!PMPN+R*N!T*PM)>!

1+!S;<!-,+!LP!JR;N+*N;M!KF*-Q!N,SS,-M<!;X;*M;LMP! M;L,R;+,R<!J,YPR!;SJM*T*PRF! +,!;NO*PXP! +OP!30E(8!
+PF+!M*S*+!T,R!N,*MF!SKNO!M;RQPR!+O;-!8>..SP+RPF!*-!)*;SP+PR>!!$,-F*)PR;+*,-!FO,KM)!LP!Q*XP-!+,!+;*M,R*-Q!
+OP!+PF+!M*S*+!*T!;!M;RQPR!`PMSO,M+a!N,*M!*F!KFP)>!!G,R!P];SJMP[!*+!S;<!LP!JR,J,FP)!+O;+!+OP!R;)*;+P)!+PF+!
MPXPM!P]NPP)!+OP!M*S*+!L<!V!)6[!R;+OPR!+O;-!+OP!=!)6!RP\K*RP)!T,R!`PMSO,M+a!N,*MF>!"-<!+;*M,R*-Q!RP\K*RPF!
;JJR,X;M!TR,S!+OP!JR,NKR*-Q!;N+*X*+<>!

&R*,R! +,! *-*+*;M! KFP[! +OP! N,*MF!SKF+! LP! +PF+P)! +,! P-FKRP! +OP<! ;RP! N;J;LMP! ,T! QP-PR;+*-Q! +OP! RP\K*RP)!
S;Q-P+*N!TMK]!)P-F*+*PF!TR,S!V(!`a!+,!8((!^`a>!!EKTT*N*P-+!S;RQ*-!@.!+,!V!)6A!FO,KM)!LP!;X;*M;LMP!+,!
N,SJP-F;+P!T,R!+OP!J,+P-+*;M!M,;)*-Q!PTTPN+!,T!-P;RL<!SP+;MM*N!F+RKN+KRPF!,R!S;Q-P+*N!S;+PR*;M>!1+!SKF+!
LP! N,-T*RSP)! +O;+! +OP! T*RF+! *-)*N;+*,-! ,T! FPMT?RPF,-;-NP! ;JJP;RF! ;L,XP! +OP!30E(8! KJJPR! TRP\KP-N<!
M*S*+!,T!8((!^`a>!!G,R!TRP\KP-N*PF!;L,XP!8(!^`a[!+OP!S;Q-*+K)P!,T!+OP!PMPN+R*N!T*PM)!N,SJ,-P-+!*-!+OP!
+PF+! X,MKSP! FO,KM)! LP! )P+PRS*-P)! P*+OPR! L<! )*RPN+! SP;FKRPSP-+[! ,R! *+! FO,KM)! LP! ;JJR,]*S;+P)! L<!
SP;FKR*-Q! +OP! X,M+;QP! )R,J! ;NR,FF! +OP! N,*MF! ;-)! )*X*)*-Q! L<! N,*M! FPJ;R;+*,-! )*F+;-NP>! ! H-MPFF! +OP!
PMPN+R*N!T*PM)!N,SJ,-P-+!*F!SKNO!MPFF!+O;-!+OP!30E(V!PMPN+R*N!T*PM)!FKFNPJ+*L*M*+<!M*S*+[!+OP!N,*MF!FO,KM)!
LP! P-NM,FP)! *-! ;! -,-?N,-+*-K,KF! PMPN+R,F+;+*N! FO*PM)! +,! JRPXP-+! ;SL*QK*+<! YOP-! *-+PRJRP+*-Q!
FKFNPJ+*L*M*+<!+PF+!RPFKM+F>!

=>.'! 30E(.[!R;)*;+P)!FKFNPJ+*L*M*+<[!PMPN+R*N!T*PM)[!'(!^`a!+,!U(!2`a!

Applicability and limits: %OP! RP\K*RPSP-+F! ;RP! ;JJM*N;LMP! +,! L,+O! +OP! #H%! P-NM,FKRPF! ;-)! #H%!
;FF,N*;+P)!N;LM*-Q>!!%OP!L;F*N!N,-NPR-!*F!+,!P-FKRP!+O;+!P\K*JSP-+!Y*MM!,JPR;+P!Y*+O,K+!)PQR;);+*,-!*-!
+OP!JRPFP-NP!,T!PMPN+R,S;Q-P+*N!T*PM)F!QP-PR;+P)!L<!;-+P--;!+R;-FS*FF*,-F!L,+O!,-L,;R)!;-)!P]+PR-;M!
+,!+OP!JM;+T,RS>!

%OP!#H%!*F!FKLcPN+P)!+,!M,YPR!TRP\KP-N<!R;)*;+P)!T*PM)F!@),Y-!+,!'(!^`aA!+,!)P+PRS*-P!*+F!XKM-PR;L*M*+<!
+,!PS*FF*,-F!QP-PR;+P)!Y*+O*-!+OP!#H%eF!-,RS;M!*-F+;MM;+*,-!L<!,+OPR!PMPN+R,-*NCPMPN+R*N;M!N,SJ,-P-+F[!
FKNO!;F!+O,FP!;FF,N*;+P)!Y*+O!FY*+NO!S,)P!J,YPR!FKJJM*PF>!

%OPRP! *F! -,! *SJM*P)! RPM;+*,-FO*J! LP+YPP-! +O*F! RP\K*RPSP-+! ;-)!30#(.>! ! %OP!30#(.! M*S*+! *F! JM;NP)!
JR*S;R*M<!+,!JR,+PN+!;-+P--;?N,--PN+P)!RPNP*XPRF!YO*MP!30E(.!F*SKM;+PF!T*PM)F!RPFKM+*-Q!TR,S!;-+P--;!
+R;-FS*FF*,-F>!

%OP! M*S*+F! FJPN*T*P)! T,R! )*TTPRP-+! JM;+T,RSF! ;RP! F*SJM<! L;FP)! ,-! MPXPMF! P]JPN+P)! +,! LP! P-N,K-+PRP)!
)KR*-Q! +OP! FPRX*NP! M*TP! ,T! +OP! P\K*JSP-+>! ! %OP<! ),! -,+! -PNPFF;R*M<! RPJRPFP-+! +OP! Y,RF+?N;FP!
P-X*R,-SP-+! +,! YO*NO! +OP! P\K*JSP-+! S;<! LP! P]J,FP)>! ! 0G! P-X*R,-SP-+F! N;-! LP! O*QOM<! X;R*;LMP[!
J;R+*NKM;RM<!T,R!PS*++PRF!-,+!M,N;+P)!,-!+OP!JM;+T,RS>!!%OP!M*S*+F!;RP!JM;NP)!;+!MPXPMF!+O;+!;RP!N,-F*)PRP)!
+,!LP!;)P\K;+P!+,!N,XPR!S,F+!F*+K;+*,-F>!

1-! +OP!J;F+!#H%F!O;XP!LPP-! T,K-)! +,!LP!FKFNPJ+*LMP! +,! R*JJMP!X,M+;QPF!YOP-! T*++P)! +,!JM;+T,RSF!;-)!
OP-NP!SKF+!LP!+PF+P)!+,!;X,*)!JR,LMPSF!YOP-!FKLcPN+P)!+,!M,Y!TRP\KP-N<!R;)*;+P)!T*PM)F>!

"-!P];SJMP[!YO*NO!)PS,-F+R;+PF!+OP!X;R*;L*M*+<!,T!P-X*R,-SP-+F!T,R!QR,K-)!*-F+;MM;+*,-F!;-)!+OP!-PP)!
T,R!PTTPN+*XP! +;*M,R*-Q!,T! RP\K*RPSP-+F[! *F! +OP! *-F+;MM;+*,-!,T!P\K*JSP-+! *-!;! M;RQP!QR,K-)?L;FP)! R;);R!
T;N*M*+<>!!E,SP!,T!+OPFP!T;N*M*+*PF!+R;-FS*+!J,YPR!MPXPMF!,XPR!,-P!SPQ;Y;++!;-)!+OP!L;N^!M,LPF!TR,S!+OP!
;-+P--;F!N;-!LP!FKLF+;-+*;M>! !EK*+;LMP!)PF*Q-! MPXPMF! T,R!P\K*JSP-+!+O;+!Y*MM!LP!KFP)!*-!+OP!T;N*M*+<!,R!
-P;RL<!-PP)!+,!LP!*SJ,FP)>!

G,R! ;*RNR;T+! ;-)! FO*JF[! )*TTPRP-+! M*S*+F! ;RP! FJPN*T*P)! )PJP-)*-Q! ,-! YOP+OPR! +OP! P\K*JSP-+! RPNP*XPF!
JR,+PN+*,-! TR,S! JM;+T,RS! F+RKN+KRP>! ! %O*F! )*F+*-N+*,-! *F! -,+!S;)P! T,R! "RS<! QR,K-)! F<F+PSF[! FKNO! ;F!
+;-^F[!LPN;KFP!+OP!F;SP!P\K*JSP-+!KFP)!*-F*)P!;!F+RKN+KRP!*F!,T+P-!KFP)!*-!,+OPR!;JJM*N;+*,-F!YOPRP!
JR,+PN+*,-!*F!-,+!;X;*M;LMP>!
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%OP!.((!X,M+CSP+RP!RP\K*RPSP-+!T,R!"*RNR;T+!*F!RPQ;R)MPFF!,T!+OP!M,N;+*,-!,R!NR*+*N;M*+<!,T!+OP!P\K*JSP-+>!!
&,R+*,-F! ,T! +OP! P]+PR-;M! P-X*R,-SP-+! ;NNPJ+P)! T,R! S,F+! "*RNR;T+! *F! O*QOPR! +O;-! .((! X,M+FCSP+RP>!!
"*RNR;T+[!PFJPN*;MM<!R,+;R<!Y*-Q[!O;XP!TM*QO+!JR,T*MPF!+O;+!;RP!;MS,F+!P]NMKF*XPM<!-;J?,T?+OP?P;R+O!@3/#A>!!
%OP!3/#!JR,T*MPF! ;MM,Y! T,R!SKNO!NM,FPR[! ;-)! M,-QPR! )KR;+*,-[! P-N,K-+PRF!Y*+O! O*QO!J,YPR! PS*++PRF>!!
%O*F! ;JJR,;NO! *F! F*S*M;R! +,! +OP! G""! ;JJR,;NO! +O;+! RPN,SSP-)F! +O;+! D*FK;M! GM*QO+! 0KMPF! @DG0A!
OPM*N,J+PRF!LP!\K;M*T*P)!+,!MPXPMF!O*QOPR!+O;-!T*]P)!Y*-Q!;*RNR;T+>!

G,R!FKLS;R*-PF[!+OP!30E(.!M*S*+!)*F+*-QK*FOPF!LP+YPP-!P\K*JSP-+!M,N;+P)!*-+PR-;M!XPRFKF!P]+PR-;M!+,!
+OP! JRPFFKRP! OKMM>! ! G,R! P\K*JSP-+! *-F+;MMP)! *-+PR-;M! +,! +OP! JRPFFKRP! OKMM[! 8(! X,M+FCSP+RP! *F! FJPN*T*P)!
;L,XP!V(!:`a!+,!;NN,K-+!T,R!J,R+;LMP!+R;-FS*++PRF!KFP)!Y*+O!+OP!FKLS;R*-P>!!G,R!P\K*JSP-+!M,N;+P)!
P]+PR-;M! +,! +OP! JRPFFKRP! OKMM[! F+R*N+PR! M*S*+F! ;RP! *SJ,FP)! +,!S,RP! NM,FPM<! RPTMPN+! +OP! PMPN+R,S;Q-P+*N!
P-X*R,-SP-+>!!!%OP!P]+PR-;M!30E(.!M*S*+F!FO,KM)!LP!;JJM*P)!,-M<!+,!P\K*JSP-+!+O;+!*F!RP\K*RP)!+,!LP!
TKMM<! ,JPR;+*,-;M! YOP-! M,N;+P)! ;L,XP! +OP! Y;+PRM*-P>! ! EPJ;R;+P! M*S*+F! ;RP! FJPN*T*P)[! YO*NO! ;RP! MPFF!
FPXPRP[! T,R! P\K*JSP-+! +O;+! *F! tP]+PR-;Mu! +,! +OP! JRPFFKRP! OKMM! LK+! M,N;+P)! Y*+O! +OP! FKLS;R*-P!
FKJPRF+RKN+KRP!@SP+;MM*N!L,K-);R<A>!

HF*-Q! N*RNKM;RM<! J,M;R*FP)! T*PM)F! *F! -,+! ;MM,YP)! )KP! +,! JR,LMPSF! )P+;*MP)! Y*+O! KF*-Q! FJ*R;M! N,-*N;M!
;-+P--;F>!!$*RNKM;RM<!J,M;R*FP)!T*PM)F!YPRP!N,-XP-*P-+!F*-NP!+OP<!;X,*)P)!+OP!-PP)!+,!R,+;+P!;!M*-P;RM<!
J,M;R*FP)!;-+P--;!+,!,L+;*-!L,+O!J,M;R*F;+*,-!,T!+OP!R;)*;+P)!T*PM)>!!`,YPXPR[!JR,LMPSF!P]*F+P)!Y*+O!+O*F!
;-+P--;>! ! "+! F,SP! TRP\KP-N*PF[! +OP! ;-+P--;! J;++PR-! ,T! +OP! N,-*N;M! M,Q! FJ*R;M! *F! -,+! NP-+RP)! ,-! +OP!
;-+P--;!;]*F>! !"MF,[! +OP!N*RNKM;R!J,M;R*F;+*,-!,T! +OP!N,-*N;M! M,Q!FJ*R;M! NRP;+PF!N,-TKF*,-! *-! *+F!JR,JPR!
;JJM*N;+*,->! ! %OP!#H%! ;-)! ;FF,N*;+P)! N;LM*-Q! N;-! LP! P]JPN+P)! +,! RPFJ,-)!S,RP! RP;)*M<! +,! M*-P;RM<!
J,M;R*FP)!T*PM)F>!!1T!;!FPN,-)!FJ*R;M!N,-*N;M!YPRP!KFP)!+,!N;M*LR;+P!+OP!T*PM)!R;)*;+P)!TR,S!+OP!T*RF+!FJ*R;M!
N,-*N;M!;-+P--;[!*+!Y,KM)!*-)*N;+P!;-!PMPN+R*N!T*PM)!V!)6!O*QOPR!+O;-!;!M*-P;RM<!J,M;R*FP)!;-+P--;>!!%OP!
\KPF+*,-!;R*FPF!YOP+OPR!;!V!)6!O*QOPR! T*PM)! FO,KM)!LP!KFP)! T,R!;!FJ*R;M! N,-*N;M! +R;-FS*+!;-+P--;! +,!
,L+;*-!RPFJ,-FP!NO;R;N+PR*F+*NF!F*S*M;R!+,!;!M*-P;RM<!J,M;R*FP)!T*PM)>!!E*S*M;RM<[!*T!;!FJ*R;M!N,-*N;M!;-+P--;!
YPRP!KFP)! +,!N;M*LR;+P!;! M*-P;RM<!J,M;R*FP)! T*PM)[! +OP! *-)*N;+*,-!Y,KM)!LP!V!)6!LPM,Y!+OP! +RKP!PMPN+R*N!
T*PM)!F+RP-Q+O>!

&,FF*LMP! +;*M,R*-Q!L<! +OP!JR,NKR*-Q!;N+*X*+<! T,R!N,-+R;N+K;M!),NKSP-+F! *F! +,!S,)*T<! +OP!RP\K*RP)! MPXPMF!
;-)!RP\K*RP)!TRP\KP-N<!R;-QPF!L;FP)!,-!+OP!PS*++PRF!,-!;-)!-P;R!;!J;R+*NKM;R!*-F+;MM;+*,->!!"N+K;M!T*PM)!
MPXPMF!N;-!LP!N;MNKM;+P)!TR,S!NO;R;N+PR*F+*NF!,T!+OP!PS*++PRF[!)*F+;-NPF!LP+YPP-!+OP!PS*++PRF!;-)!+OP!
P\K*JSP-+[! ;-)! *-+PRXP-*-Q! FO*PM)*-Q>! ! :14?`I67?.V'! ;-)! IPT! E+;-! (9?U=! JR,X*)P! *-T,RS;+*,-! ,-!
M;-)[! ;*R[! ;-)! FP;! L;FP)! 0G! PS*++PRF[! L,+O! O,F+*MP! ;-)! TR*P-)M<[! YO*NO! N,-+R*LK+P! +,! +OP! ,XPR;MM!
PMPN+R,S;Q-P+*N! P-X*R,-SP-+>! ! %OP! J,FF*LMP! KFP! ,T! +OP! P\K*JSP-+! *-! ,+OPR! *-F+;MM;+*,-F! ;-)! +OP!
J,+P-+*;M!;))*+*,-!,R!RPM,N;+*,-!,T!0G!PS*++PRF!-PP)F!+,!LP!N,-F*)PRP)>! !/+OPR!J,FF*LMP! +;*M,R*-Q! *F! +,!
NO;-QP! TR,S! +OP! F+;-);R)!8! ^`a[! F\K;RP!Y;XP!S,)KM;+*,-! ,R! KFP! ;))*+*,-;M!S,)KM;+*,-F!L;FP)!,-!
;N+K;M!JM;+T,RS!P-X*R,-SP-+F>!

Test procedures:! %PF+! T;N*M*+*PF! ;RP! JPRS*++P)! +,! FPMPN+! ;JJR,JR*;+P! PMPN+R*N! T*PM)! QP-PR;+*-Q!
;JJ;R;+KF>! !"-<!PMPN+R*N! T*PM)!QP-PR;+*-Q!)PX*NP!FKNO!;F!;-+P--;[! M,-Q!Y*RP[!%#:!NPMM[! RPXPRLPR;+*-Q!
NO;SLPR! @KF*-Q! S,)P! +K-P)! +PNO-*\KPFA! ,R! J;R;MMPM! F+R*J! M*-P! N;J;LMP! ,T! QP-PR;+*-Q! +OP! RP\K*RP)!
PMPN+R*N! T*PM)!S;<!LP!KFP)>! !G*PM)F!FO,KM)!LP!S;*-+;*-P)!;F!K-*T,RS!;F!J,FF*LMP!,XPR! +OP!+PF+!FP+?KJ!
L,K-);R<>! !"L,XP!V(!:`a[!L,+O!O,R*a,-+;MM<!;-)!XPR+*N;MM<!J,M;R*FP)! T*PM)F!SKF+!LP!QP-PR;+P)>! !%O*F!
RP\K*RPSP-+!S;<!M*S*+!+OP!KFP!,T!NPR+;*-!+<JPF!,T!;JJ;R;+KF>!!/-M<!XPR+*N;MM<!J,M;R*FP)!SP;FKRPSP-+F!
;RP! RP\K*RP)! LPM,Y! V(!:`a! )KP! +,! +OP! )*TT*NKM+<! ,T! ,R*P-+*-Q! ;X;*M;LMP! +PF+! P\K*JSP-+! T,R! O,R*a,-+;M!
SP;FKRPSP-+F>!

:,-*+,R*-Q!RP\K*RPSP-+F!PSJO;F*FP!SP;FKR*-Q!+RKP!PMPN+R*N!T*PM)>!!gO*MP!PS*FF*,-!+PF+*-Q!T,R!R;)*;+P)!
PMPN+R*N! T*PM)F! ),PF! -,+! ;MY;<F! SP;FKRP! +RKP! PMPN+R*N! T*PM)[! FP-F,RF! Y*+O! ;)P\K;+P! FP-F*+*X*+<! ;RP!
;X;*M;LMP! T,R! T*PM)! MPXPMF! QP-PR;+P)! T,R! FKFNPJ+*L*M*+<! +PF+*-Q>! ! &O<F*N;MM<! FS;MM! ;-)! PMPN+R*N;MM<! FO,R+!
FP-F,RF! ;RP! RP\K*RP)! F,! +O;+! +OP! PMPN+R*N! T*PM)! ),PF! -,+! X;R<! FKLF+;-+*;MM<! ,XPR! +OP! J*N^KJ! PMPSP-+!
RPFKM+*-Q! *-! +OP! SP;FKRPSP-+! ,T! ;! M,N;M*FP)! T*PM)>! ! 6R,;)L;-)! FP-F,RF! -,+! RP\K*R*-Q! +K-*-Q! ;RP!
;X;*M;LMP>!
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%OP!KFP!,T!S,RP!+O;-!,-P!FP-F,R!*F!;NNPJ+;LMP!JR,X*)P)!;MM!FP-F,RF!;RP!Y*+O*-!+OP!LP;SY*)+O!,T!+OP!
+R;-FS*+! ;-+P--;>! ! %OP! PTTPN+*XP! T*PM)! *F! )P+PRS*-P)! L<! +;^*-Q! +OP! ;XPR;QP! ,T! +OP! RP;)*-QF>! ! G,R!
P];SJMP[! *T! +OP! RP;)*-QF!,T! +ORPP! FP-F,RF!;RP!V([! ..[! ;-)!V'! X,M+FCSP+RP[! +OP!PTTPN+*XP!PMPN+R*N! T*PM)!
MPXPM!*F!@V(!v!..!v!V'ACV!n!.d!X,M+FCSP+RP>!

I*TTPRP-+! FP-F,RF!S;<! KFP! X;R*,KF! +PNO-*\KPF! +,!SP;FKRP! +OP! T*PM)>! ! "+! TRP\KP-N*PF!YOPRP! T;R?T*PM)!
N,-)*+*,-F!),!-,+!P]*F+[!FP-F,RF!SKF+!LP!FPMPN+P)!YO*NO!O;XP!PMPN+R*N!T*PM)!FP-F*-Q!PMPSP-+F>!EP-F,RF!
+O;+!)P+PN+!S;Q-P+*N!T*PM)!,R!J,YPR!)P-F*+<!;-)!N,-XPR+!+,!PMPN+R*N!T*PM)!;RP!-,+!;NNPJ+;LMP>!!H-)PR!T;R?
T*PM)! N,-)*+*,-F[! ;MM! FP-F,RF! Y*MM! JR,)KNP! +OP! F;SP! RPFKM+>! ! $,RRPN+*,-! T;N+,RF! SKF+! LP! ;JJM*P)! T,R!
S,)KM;+P)! +PF+! F*Q-;MF! T,R! P\K*X;MP-+! JP;^! )P+PN+*,-! ;F! )*FNKFFP)! K-)PR! J;R;QR;JO! U>V>8(>8! ,T! +OP!
),NKSP-+>!!"!+<J*N;M!JR,NP)KRP!T,R!)P+PRS*-*-Q!+OP!N,RRPN+*,-!T;N+,R!T,R!+OPFP!FP-F,RF!*F!;F!T,MM,YFh!

8>! 2P-PR;+P!;!T*PM)!;+!;!FPMPN+P)!TRP\KP-N<!KF*-Q!;-!K-S,)KM;+P)!F,KRNP>!

.>! ")cKF+!+OP!T*PM)!+,!,L+;*-!;!RP;)*-Q!,-!+OP!FP-F,R!)*FJM;<!-P;R!TKMM!FN;MP!;-)!-,+P!+OP!X;MKP>!

V>! :,)KM;+P!+OP!T*PM)!;F!RP\K*RP)!@-,RS;MM<!8!^`a!JKMFP[!'(q!)K+<!N<NMPA!;-)!P-FKRP!+OP!T*PM)!
O;F! +OP! F;SP! JP;^! X;MKP>! ! "!SP;FKRPSP-+! RPNP*XPR!Y*+O! +OP! JP;^! )P+PN+,R! FPMPN+P)! ;-)!
RPNP*X*-Q!;-+P--;!N;-!LP!KFP)!+,!S;^P!+O*F!)P+PRS*-;+*,->!

U>! 3,+P!+OP!RP;)*-Q!,-!+OP!FP-F,R!)*FJM;<>!

'>! I*X*)P!+OP!T*RF+!RP;)*-Q!L<!+OP!FPN,-)!RP;)*-Q!+,!)P+PRS*-P!+OP!N,RRPN+*,-!T;N+,R!@EKL+R;N+!+OP!
+Y,!RP;)*-QF!*T!+OP!T*PM)!*F!)*FJM;<P)!*-!+PRSF!,T!)6A>!

=>! 0PJP;+!+OP!JR,NP)KRP!;+!FPXPR;M!TRP\KP-N*PF!+,!XPR*T<!+OP!N,-F*F+P-N<!,T!+OP!+PNO-*\KP>!

"L,XP!8!2`a[!R;)*;+P)!T*PM)F!KFK;MM<!P]O*L*+!T;R?T*PM)!NO;R;N+PR*F+*NF!T,R!+PF+!JKRJ,FPF!)KP!+,!+OP!F*aP!,T!
+<J*N;M! +R;-FS*+! ;-+P--;F[! ;-+P--;!J;++PR-F[! ;-)!)*F+;-NPF! +,! +OP!#H%>! !%OPRPT,RP[! ;!),KLMP?R*)QP)!
O,R-! +,QP+OPR! Y*+O! ;! SP;FKRPSP-+! RPNP*XPR! Y*MM! JR,X*)P! +RKP! PMPN+R*N! T*PM)>! ! E*S*M;RM<[! +OP! J;R+*NKM;R!
FP-F*-Q!PMPSP-+!*-!;-!*F,+R,J*N!FP-F,R!*F!-,+!NR*+*N;M[!;-)!;NNPJ+;LMP!N,-XPRF*,-F!+,!PMPN+R*N!T*PM)!N;-!
LP!S;)P>!

G,R!P\K*JSP-+!,R!FKLF<F+PSF!+O;+!O;XP!P-NM,FKRPF!,R!N;LM*-Q!*-!X;R*,KF!J;R+F!,T!;!JM;+T,RS[!);+;!S;<!
-PP)!+,!LP!+;^P-!T,R!S,RP!+O;-!,-P!N,-T*QKR;+*,->!!G,R!P];SJMP[!*-!;-!;*RNR;T+!*-F+;MM;+*,-!YOPRP!;!J,)!
*F! M,N;+P)!,K+F*)P!,T!;*RNR;T+!F+RKN+KRP!;-)!*+F!;FF,N*;+P)!N;LM*-Q! *F! *-+PR-;M! +,!F+RKN+KRP[! +Y,!)*TTPRP-+!
M*S*+F!S;<!LP!;JJM*N;LMP>!!I*TTPRP-+!FP+F!,T!);+;!S;<!-PP)!+,!LP!QP-PR;+P)!+,!PX;MK;+P!J,+P-+*;M!J,)!
FKFNPJ+*L*M*+<! )KP! +,! N,KJM*-Q! +OR,KQO! +OP! O,KF*-Q! XPRFKF! N,KJM*-Q! TR,S! N;LM*-Q>! ! %OP! -,-?RPMPX;-+!
J,R+*,-!,T!+OP!P\K*JSP-+!Y,KM)!-PP)!+,!LP!JR,+PN+P)!Y*+O!;JJR,JR*;+P!FO*PM)*-Q>!

0PXPRLPR;+*-Q! NO;SLPRF[!KF*-Q!S,)P?+K-P)! +PNO-*\KPF[! O;XP!LPP-!J,JKM;R! T,R! JPRT,RS*-Q! FO*PM)P)!
PTTPN+*XP-PFF! PX;MK;+*,-F! ;-)[! *-! F,SP! N;FPF[! O;XP! LPP-! KFP)! T,R! R;)*;+P)! FKFNPJ+*L*M*+<! +PF+*-Q!,T!
P\K*JSP-+! ;-)! FKLF<F+PSF>! ! %OP! N,-NPJ+! KFP)! *-! RPXPRLPR;+*-Q! NO;SLPRF! *F! +,! P]N*+P! ;X;*M;LMP!
PMPN+R,S;Q-P+*N!Y;XP!JR,J;Q;+*,-!S,)PF!+,!FP+!KJ!X;R*;LMP!F+;-)*-Q!Y;XP!J;++PR-F! *-!+OP!NO;SLPR>!!
"!+R;-FS*+!;-+P--;!*F!KFP)!+,!M;K-NO!;-!PMPN+R,S;Q-P+*N!Y;XP>!!"-!*RRPQKM;R!FO;JP)!+K-PR!*F!R,+;+P)!+,!
P]N*+P! +OP! )*TTPRP-+! S,)PF! ;-)! S,)*T<! +OP! F+;-)*-Q! Y;XP! J;++PR-! *-! +OP! NO;SLPR>! ! "-<! JO<F*N;M!
M,N;+*,-!*-!+OP!NO;SLPR!Y*MM!;NO*PXP!F;SP!JP;^!T*PM)!F+RP-Q+O!;+!F,SP!J,F*+*,-!,T!+OP!J;))MP!YOPPM>!

0PXPRLPR;+*,-! NO;SLPRF! O;XP! +OP! ;)X;-+;QP! ,T! JR,)KN*-Q! RPM;+*XPM<! O*QOPR! T*PM)F! +O;-! ,+OPR!
+PNO-*\KPF!T,R!;!J;R+*NKM;R!J,YPR!*-JK+>!!"MF,[!+OP!,R*P-+;+*,-!,T!#H%!P-NM,FKRPF!*F! MPFF!NR*+*N;M!F*-NP!
+OP!;MM!J,R+*,-F!,T!+OP!#H%!Y*MM!LP!P]J,FP)!+,!+OP!F;SP!JP;^!T*PM)!;+!F,SP!J;))MP!YOPPM!J,F*+*,->!!%OP!
JPRT,RS;-NP!,T!;!J;R+*NKM;R! RPXPRLPR;+*,-!NO;SLPR! *F!)PJP-)P-+!KJ,-!;!-KSLPR!,T! T;N+,RF! *-NMK)*-Q!
)*SP-F*,-F[!r!,T!+OP!NO;SLPR[!-KSLPR!,T!;X;*M;LMP!JR,J;Q;+*,-!S,)PF[!;-)!TRP\KP-N<!R;-QP!,T!KFP>!

E,SP!*FFKPF!Y*+O!RPXPRLPR;+*,-!NO;SLPRF!;RP!;F!T,MM,YF>!!%OP!T*PM)!J,M;R*F;+*,-!;-)!)*F+R*LK+*,-!Y*+O!
RPFJPN+!+,!+OP!#H%!M;<,K+!;RP!QP-PR;MM<!K-^-,Y-!;+!;!J,*-+!*-!+*SP>!!1T!;!JR,LMPS!*F!-,+P)[!+OP!J,*-+!,T!
P-+R<!*-+,!+OP!#H%!S;<!-,+!LP!;JJ;RP-+>!
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0PXPRLPR;+*,-! NO;SLPRF! ;RP! F,SP+*SPF! +RP;+P)! ;F! ;! Q,,)! +,,M! +,! )P+PRS*-P! J,+P-+*;M! JR,LMPS!
TRP\KP-N*PF!Y*+O!N,-XP-+*,-;M!;-+P--;!JR,NP)KRPF!LP*-Q!KFP)!+,!PX;MK;+P!;RP;F!,T!N,-NPR->!

%OP! JPRT,RS;-NP! ,T! P;NO! NO;SLPR! SKF+! LP! RPX*PYP)! +,! )P+PRS*-P! +OP! FK*+;L*M*+<! ,T! *+F! KFP! T,R!
RPXPRLPR;+*,-!+PF+*-Q!,XPR!;!J;R+*NKM;R!TRP\KP-N<!R;-QP>!

0PXPRLPR;+*,-!NO;SLPRF!FO,KM)!LP!N,-F+RKN+P)!*-!;NN,R);-NP!Y*+O!+OP!T,MM,Y*-Q!QK*);-NP!*-!,R)PR!+,!
TK-N+*,-!JR,JPRM<>!

8>! "!+K-PR!FO,KM)!LP!N,-F+RKN+P)!,T!SP+;M!;-)!*-F+;MMP)!Y*+O!;JJR,JR*;+P!J,F*+*,-*-Q!P\K*JSP-+!
+,!;MM,Y!+OP!+K-PR!+,!LP!R,+;+P)!V=(!)PQRPPF!*-!;+!MP;F+!.((!PXP-M<!FJ;NP)!*-NRPSP-+F>!!%OP!
+K-PR!FO,KM)!LP!N,-F+RKN+P)!+,!LP!;F<SSP+R*N!Y*+O!+OP!FS;MMPF+!)*SP-F*,-!,T!+OP!+K-PR!LP*-Q!

;+! MP;F+!)CV!,T! M,YPF+! TRP\KP-N<! +,!LP! +PF+P)!;-)! +OP! M,-QPF+!)*SP-F*,-!,T! +OP! +K-PR!LP*-Q!
;JJR,]*S;+PM<!W'q!,T!+OP!FS;MMPF+!NO;SLPR!)*SP-F*,->!

.>! %OP!P-NM,FKRP!FO;MM!LP!TRPP!,T!;-<!S;+PR*;MF!+O;+!S*QO+!P]O*L*+!;LF,RJ+*XP!JR,JPR+*PF!FKNO!;F!
+;LMPF[! NO;*RF[! Y,,)! TM,,RF[! FKL?TM,,RF[! FOPMXPF[! ;-)! FKNO>! ! EKJJ,R+! F+RKN+KRPF! FO,KM)! LP!
N,-F+RKN+P)!TR,S!O*QO!)P-F*+<!T,;S>!

V>! %R;-FS*+!;-)!RPNP*XP!;-+P--;F!FO,KM)!LP!;+!MP;F+!8>(!SP+RP!@)CV!*F!+OP!;N+K;M!M*S*+;+*,-A!TR,S!
;-<!Y;MM!,R!,LcPN+!;-)!FO,KM)!LP!J,F*+*,-P)! +,!JRPXP-+!)*RPN+!;M*Q-SP-+!LP+YPP-! +OP!S;*-!
M,LPF!,T!+OP!+Y,!;-+P--;F!,R!LP+YPP-!+OP!#H%!;-)!+OP!S;*-!M,LP!,T!P*+OPR!;-+P--;>!

U>! %OP!M,YPR!TRP\KP-N<!M*S*+!*F!)PJP-)P-+!,-!NO;SLPR!F*aP>!!%,!)P+PRS*-P!+OP!M,YPR!TRP\KP-N<!
M*S*+!T,R!;!Q*XP-!NO;SLPR[!KFP!,-P!,T!+OP!T,MM,Y*-Q!SP+O,)Fh!

;>! HF*-Q!+OP!T,MM,Y*-Q!T,RSKM;[!)P+PRS*-P!+OP!-KSLPR!,T!J,FF*LMP!S,)PF!@3A!YO*NO!N;-!P]*F+!
;+! ;! Q*XP-! TRP\KP-N<>! ! 1T[! T,R! ;! Q*XP-! TRP\KP-N<[! 3! *F! MPFF! +O;-! 8((! +OP-! +OP! NO;SLPR!
FO,KM)!-,+!LP!KFP)!;+!,R!LPM,Y!+O;+!TRP\KP-N<>!

N abd
f

c
:

8

3

3

3

*
!

! YOPRPh! ;[!L[!;-)!)!;RP!+OP!NO;SLPR!*-+PR-;M!)*SP-F*,-F!*-!SP+RPF!

! T!*F!+OP!,JPR;+*,-!TRP\KP-N<!*-!`a!

! N!*F!+OP!FJPP)!,T!JR,J;Q;+*,-!@V!]!8(
9
!SCFA!

! L>! HFP! +OP! SP+O,)F! )P+;*MP)! *-! 0%$"! I/?8=([! FPN+*,-! .(>=[! T,R! )P+PRS*-*-Q! +OP! M,YPF+!
KFP;LMP!TRP\KP-N<!L;FP)!,-!T*PM)!K-*T,RS*+<>!

'>! 1-!,R)PR! +,!;FFKRP! +O;+! +OP! +*SP! RPFJ,-FP!,T! +OP!NO;SLPR! *F! T;F+!P-,KQO! +,!;NN,SS,);+P!
JKMFP)! Y;XPT,RS! +PF+*-Q! @,+OPR! +O;-! +OP! 8! ^`a[! '(q! )K+<! N<NMP[! Y;XPT,RS! FJPN*T*P)A[!
)P+PRS*-;+*,-! ,T! +OP! NO;SLPR! +*SP! N,-F+;-+! SKF+! LP! ;NN,SJM*FOP)! KF*-Q! +OP! T,MM,Y*-Q!
JR,NP)KRPh!

;>! $;MNKM;+P!+OP!NO;SLPR!r!KF*-Qh!

Q
V P

PTx Rx

ave rec

forward

:
7

6
5

4

3
2
7

6
55

4

3
22

16 2

3

*
D D )

!

! gOPRP! D%]! ;-)! D0]! ;RP! +OP! ;-+P--;! PTT*N*P-N<! T;N+,RF! T,R! +OP! %]! ;-)! 0]! ;-+P--;F!
RPFJPN+*XPM<!;-)!N;-!LP!;FFKSP)!+,!LP!(>W'!T,R!;!M,Q!JPR*,)*N!;-+P--;!;-)!(>d!T,R!;!O,R-!
;-+P--;>!

! D! *F! +OP! NO;SLPR! X,MKSP! @S
V
A[! )! *F! +OP! TRPP! FJ;NP! Y;XPMP-Q+O! @SA! ;+! +OP! FJPN*T*N!

TRP\KP-N<>!
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! *F!+OP!;XPR;QP!RPNP*XP)!J,YPR!,XPR!,-P!+K-PR!R,+;+*,->!Pave rec

! *F!+OP!T,RY;R)!J,YPR!*-JK+!+,!+OP!NO;SLPR!,XPR!+OP!+K-PR!R,+;+*,-!;+!YO*NO! !

Y;F!SP;FKRP)>!

Pforward Pave rec

L>! $;MNKM;+P!+OP!NO;SLPR!+*SP!N,-F+;-+[!E[!KF*-Qh!

E
*

:
Q

f2
!

! gOPRP!r!*F!+OP!X;MKP!N;MNKM;+P)!;L,XP[!;-)!T!*F!+OP!TRP\KP-N<!@`aA!

N>! 1T! +OP! NO;SLPR! +*SP! N,-F+;-+! *F! QRP;+PR! +O;-! (>U! ,T! +OP! JKMFP! Y*)+O! ,T! +OP! S,)KM;+*,-!
Y;XPT,RS[!;LF,RLPR!S;+PR*;M!SKF+!LP!;))P)!+,!+OP!NO;SLPR!,R!+OP!JKMFP!Y*)+O!SKF+!LP!
*-NRP;FP)>!!1T!;LF,RLPR!S;+PR*;M!*F!;))P)[!RPJP;+!+OP!SP;FKRPSP-+!;-)!+OP!r!N;MNKM;+*,-!
K-+*M!+OP!+*SP!N,-F+;-+!RP\K*RPSP-+!*F!F;+*FT*P)!Y*+O!+OP!MP;F+!J,FF*LMP!;LF,RLPR!S;+PR*;M>!!

"!-PY! 0 1CLF f SKF+!LP!)PT*-P)!*T!;LF,RLPR!S;+PR*;M!*F!RP\K*RP)>!

=>! &R*,R!+,!KF*-Q!+OP!NO;SLPR[!+OP!PTTPN+*XP-PFF!,T!+OP!+K-PR!FO,KM)!LP!PX;MK;+P)!;+!+OP!KJJPR!
;-)!M,YPR!TRP\KP-N*PF!+,!LP!KFP)!;-)!;+!J,*-+F!LP+YPP-!+OP!P-)J,*-+F!-,+!+,!P]NPP)!8!2`a!
FJ;N*-Q>! !%,!PX;MK;+P! +OP!F+*RR*-Q!PTTPN+*XP-PFF[! *-cPN+!;!$g!F*Q-;M! *-+,! +OP!NO;SLPR!;+! +OP!
)PF*RP)! TRP\KP-N<!;-)! RPN,R)! +OP!-P+! RPNP*XP)!J,YPR!;+! .((!J,F*+*,-F!,T! +OP! +K-PR!PXP-M<!
FJ;NP)! ,XPR! ;! V=(! )PQRPP! R,+;+*,-! ,T! +OP! +K-PR>! ! IP+PRS*-P! +OP! N,RRPM;+*,-! N,PTT*N*P-+!
LP+YPP-!+OP!,R*Q*-;M!FP+!,T!RPNP*XP)!J,YPR!;-)!FKLFP\KP-+!FP+F!,L+;*-P)!L<!R,+;+*-Q!+OP!M;F+!
);+;!J,*-+!,T! +OP!,R*Q*-;M!FP+! +,! +OP!J,F*+*,-!,T! +OP! T*RF+!J,*-+!;-)! +OP-!FO*T+*-Q!;MM! +OP!,+OPR!
J,*-+F!+,!+OP!R*QO+!;F!)PJ*N+P)!LPM,Y>!

/R*Q*-;M!);+;! I8[!I.[!IV[!IU[!I'[!>!>!>!I.((!

EO*T+P)!);+;!@8A! I.(([!I8[!I.[!IV[!IU[!>!>!>!I8dd!

EO*T+P)!);+;!@.A! I8dd[!I.(([!I8[!I.[!IV[!>!>!>!I8d9!

EO*T+P)!);+;!@VA! I8d9[!I8dd[!I.(([!I8[!I.[!>!>!>!I8dW!

EO*T+P)!);+;!@UA! I8dW[!I8d9[!I8dd[!I.(([!I8[!>!>!>!I8d=!

EO*T+P)!);+;!@'A! I8d=[!I8dW[!I8d9[!I8dd[!I.(([!I8[!>!>!>!I8d'!

%OP!N,RRPM;+*,-!N,PTT*N*P-+!FO,KM)!)R,J!+,!LPM,Y!(>V=!Y*+O*-! T*XP!FO*T+F!,T! +OP!);+;>!%O*F!Y*MM!
P-FKRP!+O;+!+OP!+K-PR!*F!,JPR;+*-Q!JR,JPRM<>!1T!+OP!+K-PR!T;*MF!+O*F!+PF+[!+OP-!+OP!+K-PR!-PP)F!+,!
LP!S;)P!P*+OPR!M;RQPR!,R!S,RP!N,SJMP][!,R!L,+O>!

W>! 3;+*,-;M! 6KRP;K! ,T! E+;-);R)F! %PNO-*N;M! 3,+P! 8(d.>! tIPF*Q-[! #X;MK;+*,-[! ;-)! HFP! ,T! ;!
0PXPRLPR;+*,-! $O;SLPR! T,R! &PRT,RS*-Q! #MPN+R,S;Q-P+*N! EKFNPJ+*L*M*+<CDKM-PR;L*M*+<!
:P;FKRPSP-+Fu! ;-)!3;+*,-;M! 1-F+*+K+P!,T!E+;-);R)F!;-)!%PNO-,M,Q<!%PNO-*N;M!3,+P!8'(9[!
t#X;MK;+*,-!,T! +OP!3"E"!4;-QMP<!0PFP;RNO!$P-+PR!:,)P?E+*RRP)!$O;SLPR!G;N*M*+<[u!FO,KM)!
LP!KFP)!;F!;!QK*)P!*-!JRPJ;R*-Q!;!FO*PM)P)!R,,S!T,R!RPXPRLPR;+*,-!SP;FKRPSP-+F>!

=>.=! 30E(V[!R;)*;+P)!FKFNPJ+*L*M*+<[!+R;-F*P-+[!PMPN+R,S;Q-P+*N!T*PM)!

Applicability and limits:! %O*F!RP\K*RPSP-+!*F!JR*S;R*M<!*-+P-)P)!T,R!#H%F!+,!Y*+OF+;-)!+OP!T;F+!R*FP!
+*SP[! TRPP! T*PM)[! +R;-F*P-+! P-X*R,-SP-+! ,T! ;-! PMPN+R,S;Q-P+*N! JKMFP! @#:&A>! ! 1+! ;JJM*PF! T,R! P\K*JSP-+!
P-NM,FKRPF[! YO*NO! ;RP! )*RPN+M<! P]J,FP)! +,! +OP! *-N*)P-+! T*PM)! ,K+F*)P! ,T! +OP! JM;+T,RS! F+RKN+KRP! ,R! T,R!
P\K*JSP-+! *-F*)P! J,,RM<! FO*PM)P)! ,R! K-FO*PM)P)! JM;+T,RSF>! ! %O*F! RP\K*RPSP-+! S;<! LP! +;*M,RP)! *-!
;)cKF+SP-+! ,T! +OP! NKRXP!;SJM*+K)P!P*+OPR! O*QOPR! ,R! M,YPR! L;FP)!,-!)PQRPP!,T! T*PM)! P-O;-NPSP-+! ,R!
JR,+PN+*,-!JR,X*)P)!*-!+OP!;RP;!,T!+OP!JM;+T,RS!YOPRP!+OP!P\K*JSP-+!Y*MM!LP!M,N;+P)>!!%O*F!RP\K*RPSP-+!

! !

! '(8?d=!

! ! /01213"4

! !

!
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*F!;JJM*N;LMP!,-M<!T,R!#H%!P-NM,FKRPF>!!%OP!PMPN+R*N;M!*-+PRT;NP!N;LM*-Q!FO,KM)!LP!JR,+PN+P)!*-!FO*PM)P)!
N,-)K*+>!!&,+P-+*;M!P\K*JSP-+!RPFJ,-FPF!)KP!+,!N;LMP!N,KJM*-Q!;RP!N,-+R,MMP)!K-)PR!3$E(d> 

Test procedures:! !%,!JR,+PN+! +OP!#H%!;-)!;N+K;M!;-)!F*SKM;+P)! M,;)F!;-)!F*Q-;M!P\K*JSP-+[!;MM!
N;LM*-Q! FO,KM)! LP! +RP;+P)!Y*+O! ,XPR;MM! FO*PM)*-Qj! ^PJ+! ;F! FO,R+! ;F! J,FF*LMP! Y*+O*-! +OP! +PF+! NPMMj! ;-)!
,R*P-+P)!+,!S*-*S*FP!N,KJM*-Q!+,!+OP!#:&!T*PM)F>!

%OP!#:&!T*PM)! *F!F*SKM;+P)! *-! +OP! M;L,R;+,R<!KF*-Q!L,K-)P)!Y;XP!%#:!R;)*;+,RF!FKNO!;F!%#:!NPMMF!
;-)!J;R;MMPM!JM;+P!+R;-FS*FF*,-!M*-PF>!!%,!P-FKRP!+OP!#H%!),PF!-,+!F*Q-*T*N;-+M<!)*F+,R+!+OP!T*PM)!*-!+OP!
+PF+!X,MKSP[!+OP!M;RQPF+!#H%!)*SP-F*,-!FO,KM)!LP!-,!S,RP!+O;-!;!+O*R)!,T!+OP!)*SP-F*,-!LP+YPP-!+OP!
R;)*;+*-Q!JM;+PF!,T!+OP!F*SKM;+,R>!!1-!+OPFP!F*SKM;+,RF!+OP!PMPN+R*N!T*PM)!*F!JPRJP-)*NKM;R!+,!+OP!FKRT;NPF!
,T!+OP!R;)*;+,R>!!E*-NP!+OP!J,M;R*F;+*,-!,T!+OP!*-N*)P-+!#:&!T*PM)!*-!+OP!*-F+;MM;+*,-!*F!-,+!^-,Y-!+OP!#H%!
SKF+!LP!+PF+P)!*-!;MM!,R+O,Q,-;M!;]PF>!

%OPRP! *F!;! RP\K*RPSP-+! +,! T*RF+! +PF+!;+!8(q!,T! +OP!FJPN*T*P)! M*S*+!;-)! +OP-! *-NRP;FP! +OP!;SJM*+K)P! *-!
F+PJF!,T!.!,R!V!K-+*M! +OP!FJPN*T*P)! M*S*+! *F!RP;NOP)!T,R!FPXPR;M!RP;F,-F>! !%O*F! +PF+!O;F!+OP!J,+P-+*;M! +,!
LKR-,K+!P\K*JSP-+!;-)!F+;+*-Q!;+! M,YPR! MPXPMF!JR,X*)PF!;!)PQRPP!,T!JR,+PN+*,->! !"MF,[! +OP!P\K*JSP-+!
S;<!P]O*L*+!FKFNPJ+*L*M*+<!JR,LMPSF!;+!M,YPR!+PF+!MPXPMF!+O;+!),!-,+!,NNKR!;+!O*QOPR!+PF+!MPXPMF!)KP!+,!+OP!
JRPFP-NP!,T! +PRS*-;M!JR,+PN+*,-!)PX*NPF! @%&IFA>! !"+! M,YPR! +PF+! MPXPMF[! +OP!)PX*NPF!S*QO+!-,+!;N+K;+P!
RPFKM+*-Q!*-!O*QOPR!F+RPFFPF!,-!N*RNK*+F!+O;-!T,R!O*QOPR!MPXPMF!YOPRP!+OP<!),!;N+K;+P>!

$,SS,-! S,)P! F*Q-;MF! N;-! RPFKM+! ,-! N;LMPF! Y*+O! *-;)P\K;+P! *F,M;+*,-! ,R! MP;^<! N,--PN+,RF! *-! +OP!
JRPFP-NP!,T!R;)*;+P)!T*PM)F>!!"!SP+O,)!,T!NOPN^*-Q!T,R!J,+P-+*;M!JR,LMPSF!*F!;F!T,MM,YFh!

8>! :P;FKRP!+OP!#?T*PM)!Y*+O!+OP!6?),+!,R!I?),+!JR,LP>!

.>! 1-XPR+!+OP!JR,LP!L<!R,+;+*-Q!*+!89(!)PQRPPF>!

V>! :P;FKRP!+OP!#?T*PM)!;Q;*-!;-)!*-XPR+!+OP!F*Q-;M>!

U>! /XPRM;<!;-)!FKL+R;N+!+OP!+Y,!F*Q-;MF>!

'>! %OP!RPFKM+!*F!+OP!N,SS,-!S,)P!F*Q-;M>!

1T!;-<!F*Q-*T*N;-+!MPXPM!*F!JRPFP-+[!N,RRPN+*,-F!+,!+OP!FP+?KJ!FO,KM)!LP!K-)PR+;^P-[!FKNO!;F!+*QO+P-*-Q!,T!
N,--PN+,RF!;-)!*-+R,)KN+*,-!,T!;))*+*,-;M!*F,M;+*,-[!FKNO!;F!LP++PR!FO*PM)P)!N;LMPF[!;M+PR-;+*XP!R,K+*-Q[!
,R!FO*PM)*-Q!L;RR*PRF>!

=>.W! 30E(U[!R;)*;+P)!FKFNPJ+*L*M*+<[!S;Q-P+*N!T*PM)!FKFNPJ+*L*M*+<!@I$A!

Applicability and limits:! %O*F!RP\K*RPSP-+! *F!FJPN*;M*FP)!;-)! *-+P-)P)!JR*S;R*M<! +,!P-FKRP!+O;+!
JPRT,RS;-NP!,T!P\K*JSP-+!J,+P-+*;MM<!FP-F*+*XP!+,!I$!S;Q-P+*N!T*PM)F!*F!-,+!)PQR;)P)>!!#H%F!S;<!LP!
RP\K*RP)! +,! ,JPR;+P! *-! ;RP;F! +O;+! ;RP! FKLcPN+P)! +,! M;RQP! T*PM)F! P*+OPR! *-+P-+*,-;MM<! ,R! K-*-+P-+*,-;MM<!
QP-PR;+P)>!

%O*F!RP\K*RPSP-+!*F!JPRT,RSP)!+,!JR,XP!+O;+!P\K*JSP-+!N,-+*-KPF!+,!TK-N+*,-!N,RRPN+M<!,-!L,;R)!;!EO*J!
YOPRP!)PJPRS*-*-Q! ;-)!)PQ;KFF*-Q! ,T! +OP! FO*JeF! OKMM! +;^PF!JM;NP! ,-!;! RPQKM;R! L;F*F>! ! 1+! FO,KM)! LP!
-,+P)!+O;+!+OP!;S,K-+!,T!T*PM)!+O;+!+OP!#H%!Y*MM!LP!FKLcPN+P)!+,!Y*MM!LP!)PJP-);-+!KJ,-!*+F!M,N;+*,-!,-!
+OP!FO*J!;-)!+OP!MPXPM!;JJM*P)!FO,KM)!LP!;)cKF+P)!;NN,R)*-QM<[!T,R!+O*F!RP;F,-!+OP!JR,NKR*-Q!;K+O,R*+<!
FO,KM)!)PT*-P!;N+K;M!MPXPMF!LPT,RP!+PF+*-Q!N,SSP-NPF>!

1T!P*+OPR!4;-)!,R!"*R!JR,NKR*-Q!;K+O,R*+*PF!)PJM,<!#H%F!*-!;RP;F!,T!O*QO!I$!S;Q-P+*N!T*PM)F!+OP-!*+! *F!
K-M*^PM<!+O;+!+OP!FJPN*T*P)!MPXPM!,T!9((!"CS!*F!FK*+;LMP!T,R!P-FKR*-Q!N,RRPN+!,JPR;+*,->!!%OP!MPXPM!;JJM*P)!
FO;MM!LP!+;*M,RP)!+,!+OP!;N+K;M!P-X*R,-SP-+!+O;+!+OP!#H%!Y*MM!LP!,JPR;+*-Q!*->!

%O*F!+PF+!JR,NP)KRP!FO,KM)!LP!KFP)!YOP-!#H%F!O;XP!N,SJ,-P-+F!+O;+!;RP!FP-F*+*XP!+,!S;Q-P+*N!T*PM)F!
FKNO!;F!$0%F[!`;MM!PTTPN+!N*RNK*+R<[!N,SJ;FFPF!,R!QP-PR;+*-QCFP-F*-Q!M,,JF>!

! !

! '(8?dW!
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! !

!
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Test procedures:! "! FMPYP)!I$!S;Q-P+*N! T*PM)!SKF+! LP! ;JJM*P)! +,! ;MM! P\K*JSP-+! ,JPR;+*-Q! ,-!
FKLS;R*-PF!;-)!FKRT;NP!FO*JF!KF*-Q!+OP!`PMSO,M+a!N,*M!FJPN*T*P)!*-!30E(8>!

%O*F!+PF+!FO,KM)!LP!;JJM*P)!+,!P;NO!;]*F!,T!+OP!#H%!T,R!;!N,-+*-K,KF!+*SP!JPR*,)!+,!PF+;LM*FO!+O;+!+OP!
#H%!O;F!FKTTPRP)!-,!)P+R*SP-+;M!PTTPN+F>!!%OP!T*PM)!FO,KM)!LP!*-NRP;FP)!KJ!+,!+OP!)PF*RP)!+PF+!MPXPM!;+!
;!R;+P!,T!8=((!"CSCF!;-)!+OP-!S;*-+;*-P)!;+!+O*F!MPXPM!T,R!;+!MP;F+!'!FPN,-)F!LPT,RP!LP*-Q!;MM,YP)!+,!
)PN;<!L;N^!+,!(!"CS>!!%O*F!JR,NPFF!FO,KM)!LP!RPJP;+P)!;!FKTT*N*P-+!-KSLPR!,T!+*SPF!+,!PF+;LM*FO!+O;+!
+OP!#H%!O;F!-,+!LPP-!;)XPRFPM<!PTTPN+P)>!!%O*F!JR,NPFF!FO,KM)!+OP-!LP!RPJP;+P)!Y*+O!+OP!T*PM)!*-!+OP!
,JJ,F*+P!)*RPN+*,-[!+O*F!*F!;NN,SJM*FOP)!L<!RPXPRF*-Q!+OP!N,--PN+*,-F!+,!+OP!N,*M>!

$;RP!SKF+!LP!+;^P-!+,!^PPJ!+OP!#H%!*-!+OP!K-*T,RS!J,R+*,-!,T!+OP!T*PM)!JR,)KNP)!Y*+O*-!+OP!NP-+RP!,T!
+OP!N,*M>! !%OP!;RP;!,T!K-*T,RS! T*PM)! *F!)PJP-);-+!KJ,-! +OP!JO<F*N;M! F*aP!,T! +OP!`PMSO,M+a!N,*M! LP*-Q!
KFP)!;-)!-,!#H%!+PF+P)!FO,KM)!O;XP!;-<!)*SP-F*,-!QRP;+PR!+O;-!8>8!]!+OP!R;)*KF!,T!+O;+!N,*M>!

G,R! #H%! @,R! K-*+F! ,T! ;! F<F+PSA! QRP;+PR! +O;-! 8S
V
! ,R! YP*QO*-Q! S,RP! +O;-! 8((^Q! *+! *F! N,-F*)PRP)!

QP-PR;MM<!*SJR;N+*N;M!+,!;JJM<!+OP!F+;-);R)!+PF+!SP+O,)>!!G,R!+OPFP!P\K*JSP-+!+<JPF[!;!M,N;M*FP)!+PF+!
SP+O,)!FO;MM! LP!;JJM*P)! +,!;MM! +OP!;RP;F!,T! +OP!P\K*JSP-+!N,-F*)PRP)!S,F+! M*^PM<! +,!LP!FKFNPJ+*LMP>!!
`,YPXPR! *+! FO,KM)! LP! F+RPFFP)! +O;+! +OP! -,RS;M! SP+O,)! LP! KFP)! YOPRPXPR! J,FF*LMP! ;-)! +O;+! +OP!
M,N;M*FP)!SP+O,)!LP!M*S*+P)!+,!P]NPJ+*,-;M!N*RNKSF+;-NPF>!

G,R! +OP! JKRJ,FP! ,T! +OP! +PF+[! +OP! #H%! FO,KM)! LP! J,YPRP)! ;-)! *-! *+F! -,RS;M! S,)P! ,T! ,JPR;+*,-!
+OR,KQO,K+!;-)!F,SP!SP;-F!,T!*-)*N;+*,-!FO,KM)!LP!JRPFP-+!+,!PF+;LM*FO!*+F!N,RRPN+!,JPR;+*,->!

!

! !
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7. APPLICABLE DOCUMENTS 

W>8! 2P-PR;M!

%OP!),NKSP-+F!M*F+P)!OPRP!;RP!FJPN*T*P)!Y*+O*-!+OP!"#$%&!'((!FPR*PF>!

W>.! 2,XPR-SP-+!),NKSP-+F!

W>.>8! EJPN*T*N;+*,-F[!E+;-);R)F[!;-)!`;-)L,,^F!

E%"3I"0IE!

:141%"05!

:14?E%I?899?8.'! `#:&! &R,+PN+*,-! T,R! 2R,K-)?6;FP)! $U1! G;N*M*+*PF!
&PRT,RS*-Q!$R*+*N;M[!%*SP?HRQP-+!:*FF*,-F!

:14!E%I?U=8! 0P\K*RPSP-+F! T,R! +OP! $,-+R,M! ,T! #MPN+R,S;Q-P+*N!
1-+PRTPRP-NP! $O;R;N+PR*F+*NF! ,T! EKLF<F+PSF! ;-)!
#\K*JSP-+!

:14?E%I?U=U"! #MPN+R,S;Q-P+*N!#-X*R,-SP-+;M!#TTPN+F!0P\K*RPSP-+F!
T,R!E<F+PSF!

:14?E%I?U=d! 0;);R! #-Q*-PPR*-Q! IPF*Q-! 0P\K*RPSP-+F[!
#MPN+R,S;Q-P+*N!$,SJ;+*L*M*+<!

:14?E%I?W(U! "*RNR;T+!#MPN+R*N!&,YPR!$O;R;N+PR*F+*NF!

IPT!E+;-!(9?U=! %OP! #MPN+R*N[! :;Q-P+*N! ;-)! #MPN+R,S;Q-P+*N!
#-X*R,-SP-+!

IPT!E+;-!'d?U8! #MPN+R,S;Q-P+*N!$,SJ;+*L*M*+<!

3/0%`!"%4"3%1$!%0#"%5!/02"31k"%1/3!

E%"3"2!U.V'! #MPN+R,F+;+*N! #-X*R,-SP-+;M! $,-)*+*,-F! "TTPN+*-Q! +OP!
IPF*Q-!,T!:;+PR*PM!T,R!HFP!L<!3"%/!G,RNPF!!

E%"3"2!U.Vd! #MPN+R,F+;+*N!I*FNO;RQP[!:K-*+*,-!%PF+!&R,NP)KRPF!

E%"3"2!UV.U! #MPN+R,S;Q-P+*N! 0;)*;+*,-! `;a;R)! "FFPFFSP-+! ;-)!
%PF+*-Q!,T!:K-*+*,-F!;-)!"FF,N*;+P)!E<F+PSF!

E%"3"2!UV.W! 4*QO+-*-Q!:K-*+*,-!"FFPFFSP-+!;-)!%PF+!&R,NP)KRP!

E%"3"2!UU8=! 3KNMP;R! #MPN+R,S;Q-P+*N! &KMFP[! %PF+*-Q! ,T! :K-*+*,-F!
N,-+;*-*-Q!##IF!

`"3I6//7E!

:141%"05!

:14?`I67?.V'! #MPN+R,S;Q-P+*N! @0;)*;+P)A! #-X*R,-SP-+!
$,-F*)PR;+*,-F! T,R! IPF*Q-! ;-)! &R,NKRPSP-+! ,T!
#MPN+R*N;M!;-)!#MPN+R,-*N!#\K*JSP-+!

:14?`I67?.VW! 2K*);-NP! T,R! $,-+R,MM*-Q! #MPN+R,S;Q-P+*N!
#-X*R,-SP-+;M! #TTPN+F! ,-! &M;+T,RSF[! E<F+PSF[! ;-)!
#\K*JSP-+!

:14?`I67?.U8! IPF*Q-!2K*)P!T,R!#:1!0P)KN+*,-!*-!&,YPR!EKJJM*PF!

:14?`I67?.'V! 2K*);-NP! T,R! +OP! IPF*Q-! ;-)! %PF+! ,T! E<F+PSF!
&R,+PN+P)! "Q;*-F+! +OP! #TTPN+F! ,T! #MPN+R,S;Q-P+*N!
#-PRQ<!

:14?`I67?U.V! `#:&! &R,+PN+*,-! T,R! G*]P)! ;-)! %R;-FJ,R+;LMP!
2R,K-)?6;FP)!G;N*M*+*PF!

! !

! '(8?dd!
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! !

!
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W>.>.! /+OPR!2,XPR-SP-+!),NKSP-+F[!)R;Y*-QF[!;-)!JKLM*N;+*,-F>!

%OP! T,MM,Y*-Q! 2,XPR-SP-+! ),NKSP-+F[! )R;Y*-QF[! ;-)! JKLM*N;+*,-F! FJPN*T*P)! OPRP*-! ;RP! RPTPRP-NP)!
F,MPM<!+,!JR,X*)P!FKJJMPSP-+;M!+PNO-*N;M!);+;>!!%OPFP!),NKSP-+F!;RP!T,R!*-T,RS;+*,-;M!JKRJ,FPF!,-M<>!

"10!G/0$#!E5E%#:E!$/::"3I!@"GE$A!

"GE$!I`!8?U! "*R!G,RNP!E<F+PSF!$,SS;-)!IPF*Q-!`;-)L,,^[!#:$!

3"%1/3"4!6H0#"H!/G!E%"3I"0IE!@36EA!

! %PNO-*N;M!3,+P!8(d.!IPF*Q-[!#X;MK;+*,-[!;-)!HFP!,T!;!
0PXPRLPR;+*,-! $O;SLPR! T,R! &PRT,RS*-Q!
#MPN+R,S;Q-P+*N! EKFNPJ+*L*M*+<CDKM-PR;L*M*+<!
:P;FKRPSP-+F!

3"%1/3"4!13E%1%H%#!/G!E%"3I"0IE!"3I!%#$3/4/25!@31E%A!

%PNO-*N;M!3,+P!8'(9! #X;MK;+*,-! ,T! +OP! 3"E"! 4;-QMP<! 0PFP;RNO! $P-+PR!
:,)P?E+*RRP)!$O;SLPR!G;N*M*+<!

3"%1/3"4!%#4#$/::H31$"%1/3!"3I!13G/0:"%1/3!"2#3$5!@3%1"A!

3%1"! :;-K;M! ,T! 0PQKM;+*,-F! s! &R,NP)KRPF! T,R! GP)PR;M!
0;)*,!GRP\KP-N<!:;-;QPSP-+!

HE!"0:5!":$!:"%#01#4!0#"I13#EE!EH&&/0%!"$%1D1%5!

":$!&;SJOMP+!W(=?U8(! #-Q*-PPR*-Q!IPF*Q-!`;-)L,,^[!#:$!

HE!"0:5!"D1"%1/3!"3I!%0//&!$/::"3I!

"IE?VW"?&0G! #MPN+R,S;Q-P+*N!#-X*R,-SP-+;M!#TTPN+F!@#
V
A!IPF*Q-!

"-)!DPR*T*N;+*,-!0P\K*RPSP-+F!

! !

! '(8?8((!
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! !

!
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W>V>! 3,-?2,XPR-SP-+!JKLM*N;+*,-F!

%OP! T,MM,Y*-Q! -,-?Q,XPR-SP-+! ),NKSP-+F! FJPN*T*P)! OPRP*-! ;RP! RPTPRP-NP)! F,MPM<! +,! JR,X*)P!
FKJJMPSP-+;M!+PNO-*N;M!);+;>!!%OPFP!),NKSP-+F!;RP!T,R!*-T,RS;+*,-;M!JKRJ,FPF!,-M<!

":#01$"3!3"%1/3"4!E%"3I"0IE!13E%1%H%#!@"3E1A!

"3E1C1###!$=V>.! E+;-);R)! T,R! 1-F+RKSP-+;+*,-[! #MPN+R,S;Q-P+*N! 3,*FP!
;-)!G*PM)!E+RP-Q+O[!8(!^`a!+,!U(!2`a[!EJPN*T*N;+*,-F!

"3E1C1###!$=V>U! E+;-);R)! T,R! #MPN+R,S;Q-P+*N! $,SJ;+*L*M*+<[! 0;)*,?
3,*FP! #S*FF*,-F! TR,S! 4,Y! D,M+;QP! #MPN+R*N;M! ;-)!
#MPN+R,-*N!#\K*JSP-+!*-!+OP!0;-QP!,T!d!^`a!+,!8!2`a[!
:P+O,)F!,T!:P;FKRPSP-+!

"3E1C1###!$=V>8U! E+;-);R)! I*N+*,-;R<! T,R! %PNO-,M,Q*PF! ,T!
#MPN+R,S;Q-P+*N!$,SJ;+*L*M*+<!@#:$A[!#MPN+R,S;Q-P+*N!
&KMFP!@#:&A[!;-)!#MPN+R,F+;+*N!I*FNO;RQP!@#EIA!

"3E1C3$E4!k'U(?8! 2P-PR;M! 0P\K*RPSP-+F! T,R! $;M*LR;+*,-! 4;L,R;+,R*PF!
"-)!:P;FKR*-Q!;-)!%PF+!#\K*JSP-+!
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E/$1#%5!/G!"H%/:/%1D#!#3213##0E!@E"#A!

"0&!d'9! #MPN+R,S;Q-P+*N!1-+PRTPRP-NP!:P;FKRPSP-+!"-+P--;Fj!
E+;-);R)!$;M*LR;+*,-!0P\K*RPSP-+F!;-)!:P+O,)F!

"0&!8dW.! 0PN,SSP-)P)! :P;FKRPSP-+! &R;N+*NPF! ;-)!
&R,NP)KRPF!T,R!#:$!%PF+*-Q!

/+OPR!I,NKSP-+F!

6E!#3!=8(((?U?.!8dd'! #MPN+R,S;Q-P+*N! N,SJ;+*L*M*+<! @#:$A! B! %PF+! ;-)!
:P;FKRPSP-+! %PNO-*\KPF! B! #MPN+R,F+;+*N! I*FNO;RQP!
1SSK-*+<!%PF+!
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9>8! 2P-PR;M!

%OP!+PRSF!KFP)!*-!+O*F!;JJP-)*]!;RP!)PT*-P)!*-!"3E1!$=V>8U>!!1-!;))*+*,-[!+OP!T,MM,Y*-Q!)PT*-*+*,-F!;RP!
;JJM*N;LMP!T,R!+OP!JKRJ,FP!,T!+OP!"#$%&!'((!FPR*PF>!

;>! "L,XP!)PN^!

"-!;RP;!,-!FO*JF!YO*NO!*F!-,+!N,-F*)PRP)!+,!LP!tLPM,Y!)PN^u!;F!)PT*-P)!OPRP*->!

L>! 6PM,Y!)PN^!

"-!;RP;!,-!FO*JF!YO*NO! *F!FKRR,K-)P)!L<!;!SP+;MM*N!F+RKN+KRP[!,R!;-!;RP;!YO*NO!JR,X*)PF!F*Q-*T*N;-+!
;++P-K;+*,-!+,!PMPN+R,S;Q-P+*N!R;)*;+*,-[!FKNO!;F!+OP!SP+;M!OKMM!,R!FKJPRF+RKN+KRP!,T!;!FKRT;NP!FO*J[!+OP!
JRPFFKRP!OKMM!,T!;!FKLS;R*-P!;-)!+OP!FNRPP-P)!R,,SF!*-!-,-?SP+;MM*N!FO*JF>!

N>! #]+PR-;M!*-F+;MM;+*,-!

"-!P\K*JSP-+! M,N;+*,-!,-!;!JM;+T,RS[!YO*NO!*F!P]J,FP)!+,!+OP!P]+PR-;M!PMPN+R,S;Q-P+*N!P-X*R,-SP-+[!
FKNO!;F!;-!;*RNR;T+! N,N^J*+[!YO*NO!),PF!-,+!KFP!PMPN+R*N;MM<! N,-)KN+*XP! +RP;+SP-+F!,-! +OP!N;-,J<!,R!
Y*-)FNRPP->!

)>! 1-+PR-;M!*-F+;MM;+*,-!
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+PF+*-Q>!

T>! :P+R*N!K-*+F!
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G"I#$! GKMM<!"K+,S;+P)!I*Q*+;M!#MPN+R,-*N!$,-+R,M!

21#! 2R,KJ!1-)*RPN+!#TTPN+F!

2&1! 2R,K-)!&M;-P!1-+PRTPRP-NP!

2G#! 2,XPR-SP-+!GKR-*FOP)!#\K*JSP-+!

41E3! 4*-P!1SJP);-NP!E+;L*M*a;+*,-!3P+Y,R^!

:"I! :;Q-P+*N!"-,S;M<!IP+PN+*,-!

3I1! 3,-?IPXPM,JSP-+;M!1+PS!

3#:&! 3KNMP;R!#MPN+R,!:;Q-P+*N!&KMFP!

3/#! 3;J?,T?+OP?P;R+O!

0G! 0;)*,!GRP\KP-N<!

0:E! 0,,+!:P;-!E\K;RP!

%#:! %R;-FXPRFP!#MPN+R,S;Q-P+*N!

%&I! %PRS*-;M!&R,+PN+*,-!IPX*NP!

H&E! H-*-+PRRKJ+*LMP!&,YPR!EKJJM*PF!

DG0! D*FK;M!GM*QO+!0KMPF!

DEg0! D,M+;QP!E+;-)*-Q!g;XP!0;+*,!

! !

! '(8?8(V!
! ! /01213"4
! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $;+PQ,R<!'(8

!

!

! !

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

13%#3%1/3"445!64"37!

! !

! '(8?8(U!

! ! /01213"4

! !

!

Downloaded from https://www.everyspec.com



 

  AECTP 500 

  Edition 2

  Category 501 

  Test NCE01

  

 

  

  

 
NCE01 

Conducted Emissions, Power Leads, 30 Hz to 10 kHz 

TABLE OF CONTENTS 

 

1 NCE01 APPLICABILITY..........................................................................NCE01-2 

2 NCE01 LIMITS.........................................................................................NCE01-2 

3 NCE01 TEST PROCEDURE....................................................................NCE01-2 

3.1 Purpose....................................................................................................................... NCE01-2 

3.2 Test equipment ...........................................................................................................NCE01-2 

3.3 Setup. .......................................................................................................................... NCE01-2 

3.4 Procedures.................................................................................................................. NCE01-3 

3.5 Data presentation........................................................................................................NCE01-3 

 
 

  

 NCE01-1 
  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCE01

  

 

  

  

 

NCE01 

Conducted Emissions, Power Leads, 30 Hz to 10 kHz 

 

1 NCE01 APPLICABILITY 

This requirement is applicable for power leads, including returns, that obtain power from other sources 
not part of the Equipment Under Test (EUT) for Sea and Air applications.  For AC applications, this 
requirement is applicable starting at the second harmonic of the EUT power frequency. 

Reference should be made to the Applicability Tables 6 and 7 and paragraphs 6.4 and 6.8 contained 
in Category 501 before subjecting the EUT to this test method.  This test method may be substituted 
by NCE05 where some procuring authorities require testing to a higher frequency. 

2 NCE01 LIMITS 

Conducted emissions on power leads shall not exceed the applicable values shown on Figure NCE01-
1 for DC submarine applications, Figure NCE01-2 for 60 Hz submarine applications, Figure NCE01-3 
for 400 Hz submarine applications and Figure NCE01-4 for air applications. 

3 NCE01 TEST PROCEDURE 

3.1 Purpose 

This test procedure is used to verify that electromagnetic emissions from the EUT do not exceed the 
specified requirements for power input leads including returns. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Measurement receivers 

b. Current probes 

c. Signal generator 

d. Data recording device 

e. Oscilloscope 

f. Resistor (R) 

g. 50 µH LISNs 

3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501, 
Figures 3 through to 6 and paragraph 4.3.8.  The LISN may be removed or replaced 
with an alternative stabilization device when approved by the procuring activity. 

b. Calibration.  Configure the test setup for the measurement system check as shown in 
Figure NCE01-5. 

c. EUT testing 
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(1) Configure the test setup for compliance testing of the EUT as shown in Figure 
NCE01-6. 

(2) Position the current probe 50 mm from the LISN. 

3.4 Procedures. 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow a sufficient time for stabilization. 

b. Calibration. Evaluate the overall measurement system from the current probe to the 
data output device. 

(1) Apply a calibrated signal level, which is at least 6 dB below the applicable limit 
at 1 kHz, 3 kHz, and 10 kHz, to the current probe. 

(2) Verify the current level, using the oscilloscope and load resistor; also, verify 
that the current waveform is sinusoidal. 

(3) Scan the measurement receiver for each frequency in the same manner as a 
normal data scan. Verify that the data-recording device indicates a level within 
±3 dB of the injected level. 

(4) If readings are obtained which deviate by more than ±3 dB, locate the source 
of the error and correct the deficiency prior to proceeding with the testing. 

c. EUT testing. Determine the conducted emissions from the EUT input power leads 
including returns. 

(1) Turn on the EUT and allow sufficient time for stabilization. 

(2) Select an appropriate lead for testing and clamp the current probe into 
position. 

(3) Scan the measurement receiver over the applicable frequency range, using 
the bandwidths and minimum measurement times specified in Table 2 of 
Category 501. 

(4) Repeat 3.4b(4) for each power lead. 

3.5 Data presentation. 

Data presentation shall be as follows: 

a. Automatically and continuously plot amplitude versus frequency profiles on X-Y axis 
outputs. Manually gathered data is not acceptable except for plot verification. 

b. Display the applicable limit on each plot. 

c. Provide a minimum frequency resolution of 1% or twice the measurement receiver 
bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for 
each plot. 

d. Provide plots for both the measurement and system check portions of the procedure. 
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FIGURE NCE01-1 NCE01 limit for submarine applications, DC 
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FIGURE NCE01-2 NCE01 limit for submarine applications, 60 Hertz 
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FIGURE NCE01-3 NCE01 limit for submarine applications, 400 Hertz 
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FIGURE NCE01-4  NCE01 Limit for air applications 
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FIGURE NCE01-5 Measurement system check 
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FIGURE NCE01-6 Measurement set-up 
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Conducted Emissions, Power Leads, 10 kHz to 10 MHz 
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NCE02 
Conducted Emissions, Power Leads, 10 kHz to 10 MHz 

 

1 NCE02 APPLICABILITY 

This requirement is applicable from 10 kHz to 10 MHz for all power leads, including returns that obtain 
power from other sources not part of the Equipment Under Test (EUT).  Reference should also be 
made to paragraph 6.5 of Category 501. 

2 NCE02 LIMITS 

Conducted emissions on power leads shall not exceed the applicable values shown on  
Figure NCE02-1 

3 NCE02 TEST PROCEDURE 

3.1 Purpose 

This test procedure is used to verify that electromagnetic emissions from the EUT do not exceed the 
specified requirements for power input leads, including returns. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Measurement receiver 

b. Data recording device 

c. Signal generator 

d. Attenuator, 20 dB, 50 ! 

e. Oscilloscope 

f. LISNs 

3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501, 
Figures 3 through to 6 and paragraph 4.3.8. 

b. Calibration. 

 (1) Configure the test setup for the measurement system check as shown in Figure 
NCE02-2.  Ensure that the EUT power source is turned off. 

 (2) Connect the measurement receiver to the 20 dB attenuator on the signal output 
port of the LISN. 

c. EUT testing. 

 (1) Configure the test setup for compliance testing of the EUT as shown in Figure 
NCE02-3. 
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 (2) Connect the measurement receiver to the 20 dB attenuator on the signal output 
port of the LISN. 

3.4 Procedures 

The test procedures shall be as follows: 

a. Calibration.  Perform the measurement system check using the measurement system 
check setup of Figure NCE02-2. 

 (1) Turn on the measurement equipment and allow a sufficient time for stabilization. 

 (2) Apply a signal level that is at least 6 dB below the limit at 10 kHz, 100 kHz, 2 MHz 
and 10 MHz to the power output terminal of the LISN.  At 10 kHz and 100 kHz, use 
an oscilloscope to calibrate the signal level and verify that it is sinusoidal.  At 2 

MHz and 10 MHz, use a calibrated output level directly from a 50 ! signal 
generator. 

 (3) Scan the measurement receiver for each frequency in the same manner as a 
normal data scan. Verify that the measurement receiver indicates a level within 
±3dB of the injected level.  Correction factors shall be applied for the 20dB 
attenuator and the voltage drop due to the LISN 0.25 microfarad coupling 
capacitor. 

 (4) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the testing. 

 (5) Repeat 3.4a(2) through 3.4a(4) for each LISN. 

b. EUT testing.  Perform emission data scans using the measurement setup of Figure 
NCE02-3. 

 (1) Turn on the EUT and allow a sufficient time for stabilization. 

 (2) Select an appropriate lead for testing. 

 (3) Scan the measurement receiver over the applicable frequency range, using the 
bandwidths and minimum measurement times in Table 2 of Category 501. 

 (4) Repeat 3.4b(2) and 3.4b(3) for each power lead. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. Continuously and automatically plot amplitude versus frequency profiles on X-Y axis 
outputs.  Manually gathered data is not acceptable except for plot verification. 

b. Display the applicable limit on each plot. 

c. Provide a minimum frequency resolution of 1% or twice the measurement receiver 
bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1dB for 
each plot. 

d. Provide plots for both the measurement system check and measurement portions of the 
procedure. 
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FIGURE NCE02-1 Limit (EUT power leads, AC and DC) for all applications 
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FIGURE NCE02-2 Measurement system check set-up 
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FIGURE NCE02-3 Measurement Set-up 
 

  

 NCE02-6 
  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCE03

  

 

  

  

 
NCE03 

Conducted Emissions, Antenna Terminal, 10 kHz to 40 GHz 
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NCE03 
Conducted Emissions, Antenna Terminal, 10 kHz to 40GHz 

 

1 NCE03 APPLICABILITY 

This requirement is applicable to the antenna terminals of transmitters, receivers, and amplifiers. The 
requirement is not applicable to equipment designed with antennas permanently mounted to the 
equipment under test (EUT).  The transmit mode portion of this requirement is not applicable within 
the EUT necessary bandwidth and within ±5 percent of the fundamental frequency.  Depending on the 
operating frequency range of the EUT, the start frequency of the test is as shown in Table NCE03-1: 

EUT Operating Frequency Range Start Frequency of Test 

 10 kHz to 3 MHz  10 kHz 

 3 MHz to 300 MHz  100 kHz 

 300 MHz to 3 GHz  1 MHz 

 3 GHz to 40 GHz  10 MHz 

TABLE NCE03-1 

The end frequency of the test is 40 GHz or twenty times the highest generated or received frequency 
within the EUT, whichever is less.  For equipment using waveguide, the requirement does not apply 
below eight-tenths of the waveguide's cutoff frequency.  NRE03 may be used as an alternative for 
NCE03 for testing transmitters with their operational antennas.  NRE02 is applicable for emissions 
from antennas in the receive and standby modes for equipment designed with antennas permanently 
mounted to the EUT.  Reference should also be made to paragraph 6.6 of Category 501 

2 NCE03 LIMITS 

Conducted emissions at the EUT antenna terminal shall not exceed the values given below. 

a. Receivers: 34 dBµV 

b. Transmitters and amplifiers (standby mode): 34 dBµV 

c. Transmitters and amplifiers (transmit mode): Harmonics, except the second and third, 
and all other spurious emissions shall be at least 80 dB down from the level at the 
fundamental.  The second and third harmonics shall be suppressed 50 + 10 log p (where 
p = peak power output in watts, at the fundamental) or 80 dB, whichever requires less 
suppression. 

3 NCE03 TEST PROCEDURE 

3.1 Purpose 

This test procedure is used to verify that conducted emissions appearing at the antenna terminal of 
the EUT do not exceed specified requirements. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Measurement receiver 
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b. Attenuators, 50 ! 

c. Rejection networks 

d. Directional couplers 

e. Dummy loads, 50 ! 

f. Signal generators.  For amplifier testing, a signal generator is required to drive the 
amplifier that provides the modulation used in the intended application and that has 
spurious and harmonic outputs that are down at least 6 dB greater than the applicable 
limit. 

g. Data recording device 

3.3 Setup 

It is not necessary to maintain the basic test setup for the EUT as shown and described in Category 
501, Figures 3 through to 6 and paragraph 4.3.8.  The test setup shall be as follows: 

a. Calibration. Configure the test setup for the signal generator path shown in Figures 
NCE03-1 through NCE03-3 as applicable.  The choice of figures NCE03-
1 or NCE03-2 is dependent upon the capability of the measuring 
equipment to handle the transmitter power. 

b. EUT Testing. Configure the test setup for the EUT path shown in Figures NCE03-1 
through NCE03-3 as applicable.  The choice of figures NCE03-1 or 
NCE03-2 is dependent upon the capability of the measuring equipment to 
handle the transmitter power. 

3.4 Procedures 

3.4.1 Transmit mode for transmitters and amplifiers 

The test procedure shall be as follows: 

a. Turn on the measurement equipment and allow a sufficient time for stabilization. 

b. Calibration. 

 (1) Apply a known calibrated signal level from the signal generator through the system 
check path at a mid-band fundamental frequency (fo). 

 (2) Scan the measurement receiver in the same manner as a normal data scan.  Verify 
the measurement receiver detects a level within ±3 dB of the expected signal. 

 (3) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the test. 

 (4) Repeat 3.4.1b(1) through 3.4.1b(3) at the end points of the frequency range of test. 

c. EUT Testing 

 (1) Turn on the EUT and allow sufficient time for stabilization. 

 (2) For transmitters, tune the EUT to the desired test frequency and apply the 
appropriate modulation for the EUT as indicated in the equipment specification.  
For amplifiers, apply an input signal to the EUT that has the appropriate frequency, 
power level, and modulation as indicated in the equipment specification.  For 
transmitters and amplifiers for which these parameters vary, test parameters shall 
be chosen such that the worst case emissions spectrum will result. 
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 (3) Use the measurement path to complete the rest of this procedure.   

 (4) Tune the test equipment to the operating frequency (fo) of the EUT and adjust for 
maximum indication. 

 (5) Record the power level of the fundamental frequency (fo) and the measurement 
receiver bandwidth. 

 (6) Insert the fundamental frequency rejection network, when applicable. 

 (7) Scan the frequency range of interest and record the level of all harmonics and 
spurious emissions.  Add all correction factors for cable loss, attenuators and 
rejection networks.  Maintain the same measurement receiver bandwidth used to 
measure the power level of the fundamental frequency (fo) in 3.4.1c(5). 

 (8) Verify spurious outputs are from the EUT and not spurious responses of the 
measurement system. 

 (9) Repeat 3.4.1c(2) through 3.4.1c(8) for other frequencies as required by paragraphs 
4.3.9.1 and 4.3.9.2 of Category 501. 

 (10) Determine measurement path losses at each spurious frequency as follows: 

 (a) Replace the EUT with a signal generator. 

 (b) Retain all couplers and rejection networks in the measurement path. 

 (c) Determine the losses through the measurement path.  The value of 

attenuators may be reduced to facilitate the end-to-end check with a low level 
signal generator. 

3.4.2 Receivers and stand-by mode for transmitters and amplifiers 

The test procedure shall be as follows: 

a. Turn on the measurement equipment and allow a sufficient time for stabilization. 

b. Calibration. 

 (1) Apply a calibrated signal level, which is 6 dB below the applicable limit, from the 
signal generator through the system check path at a midpoint test frequency. 

 (2) Scan the measurement receiver in the same manner as a normal data scan.  Verify 
the measurement receiver detects a level within ±3 dB of the injected signal. 

 (3) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the test. 

 (4) Repeat 3.4.2b(1) through 3.4.2b(3) at the end points of the frequency range of test. 

c. EUT Testing 

 (1) Turn on the EUT and allow sufficient time for stabilization. 

 (2) Tune the EUT to the desired test frequency and use the measurement path to 

complete the rest of this procedure. 

 (3) Scan the measurement receiver over the applicable frequency range, using the 
bandwidths and minimum measurement times of Table 2 in Category 501. 

 (4) Repeat 3.4.2c(2) and 3.4.2c(3) for other frequencies as required by paragraphs 
4.3.9.1 and 4.3.9.2 of Category 501. 
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3.5 Data presentation 

3.5.1 Transmit mode for transmitters and amplifiers 

The data presentation shall be as follows: 

a. Continuously and automatically plot amplitude versus frequency profiles for each tuned 
frequency.  Manually gathered data is not acceptable except for plot verification. 

b. Provide a minimum frequency resolution of 1% or twice the measurement receiver 
bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for 
each plot. 

c. Provide tabular data showing fo and frequencies of all harmonics and spurious 
emissions measured, power level of the fundamental and all harmonics and spurious 
emissions, dB down level, and all correction factors including cable loss, attenuator 
pads, and insertion loss of rejection networks. 

d. The relative dB down level is determined by subtracting the level in 3.4.1c(7) from that 
obtained in 3.4.1c(5). 

3.5.2 Receivers and stand-by mode for transmitters and amplifiers 

The data presentation shall be as follows: 

a. Continuously and automatically plot amplitude versus frequency profiles for each tuned 
frequency.  Manually gathered data is not acceptable except for plot verification. 

b. Display the applicable limit on each plot. 

c. Provide a minimum frequency resolution of 1% or twice the measurement receiver 
bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for 
each plot. 

d. Provide plots for both the measurement and system check portions of the procedure. 
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FIGURE NCE03-1 Set-up for low power transmitters and amplifiers 
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FIGURE NCE03-2 Set-up for high power transmitters and amplifiers 

  

 NCE03-7 
  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCE03

  

 

  

  

 

 

Signal
Generator

EUT

Path for
System Check

Path for
Measurement

Attenuator

Measurement
Receiver

Data
Recording

Device

 
FIGURE NCE03-3 Set-up for receivers and stand-by mode for transmitters and amplifiers 
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Conducted Emissions Exported Transients on Primary Power 
Lines 
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NCE04 
Conducted Emissions Exported Transients on Primary Power 

Lines 

 

1 NCE04 APPLICABILITY 

The purpose of this test is to control the amplitude and duration of transients appearing on primary 
power lines caused by the normal operation of the EUT and also as a result of switching on and off the 
power supply to the EUT.  These transient emissions may couple via conduction and radiation from 
the power lines to other potentially susceptible equipment in the actual installation. 

This test is applicable to AC & DC EUT power cables, which derive their power from an external 
supply serving other equipment in the actual installation.  Where power cables, deriving their power 
from different sources, are run in bunches or with signal cables from other systems this test is required 
to check for cross coupling between them. 

Reference should also be made to paragraph 6.7 of Category 501. 

2 NCE04 LIMITS 

Definition of both contactor switching and functional switching of the EUT are as follows: 

a. Contactor switching transients are generated by switching the EUT on and off using an 
external supply contactor of the type to be used in its final installation.  If the contactor 
type is not known or unavailable, then an alternative of suitable type and current rating 
may be used. 

b. Functional switching transients are generated by switching the EUT on and off using the 
power switch on the EUT, if fitted.  Additionally, functional switching transients may be 
generated by operation of the EUT, i.e. while operating the EUT over its normal 
operating sequence and exercising the EUT through its full range of functions. 

Test limits for land, sea and air systems are as follows: 

2.1 Test Limits For Land Service Use (28 Volt Systems) 

a. Contactor Switching 

The maximum voltage excursion of the superimposed exported transient relative to the 
steady state voltage prior to disconnection when measured at 50 mm from the EUT shall not 
exceed: 

a. .250 V peak. 

b. .150 V peak for a period of longer than 10 &s. 

c. .100 V peak for a period of longer than 5 ms. 

b. Functional Switching 

The maximum voltage excursion of the superimposed exported transient, relative to the 
steady state voltage, when measured at the LISN, shall not exceed +30 V peak during 
functional switching of the EUT. 
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2.2 Test Limits For Land Service Use (240 Volt AC Systems) 

a. For measurements at the EUT (Contactor Switching): 

The maximum voltage excursion of the superimposed exported transient relative to the 
supply voltage waveform shall not exceed: 

. 2000 V peak for 415 V 3-phase AC equipment 

. 1100 V peak for 240 V 1-phase AC equipment 

The period for which any individual voltage excursion of the transient exceeds: 

. 1300 V peak for 415 V 3-phase AC equipment 

. 730 V peak for 240 V 1-phase AC equipment 

Shall not exceed 10 &S. (measured from the time the voltage exceeds these limits to 
the time it returns to, and remains within, the limits). 

The period for which the voltage excursion of the transient exceeds: 

. 1000 V peak for 415 V 3-phase AC equipment 

. 550 V peak for 240 V 1-phase AC equipment 

Shall not exceed 5 ms (measured from the time the voltage exceeds these limits to the 
time it returns to, and remains within, the limits). 

b. For measurements at the LISN (EUT Function Switching): 

The maximum superimposed voltage excursion of the exported transient relative to the 
supply voltage waveform shall not exceed: 

. 200 V peak for 415 V 3-phase AC equipment 

. 110 V peak for 240 V 1-phase AC equipment 

2.3 Test Limits (Sea Systems) 

 a. For measurements at the EUT (Contactor Switching): 

The maximum voltage excursion of the superimposed exported transient, relative to the 
supply voltage waveform, shall not exceed: 

. 2000 V peak for 440 V 3-phase AC equipment 

. 600 V peak for 115 V 1-phase AC equipment 

. 2000 V peak for 720 V DC equipment 

. 960 V peak for 355 V DC equipment 

. 480 V peak for 28 V DC equipment 

The period for which any individual voltage excursion of the transient exceeds: 

. 1300 V peak for 440 V 3-phase AC equipment 

. 400 V peak for 115 V 1-phase AC equipment 

. 1300 V peak for 720 V DC equipment 

. 640 V peak for 355 V DC equipment 

. 320 V peak for 28 V DC equipment 
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Shall not exceed 10 &S. (measured from the time the voltage exceeds these limits to 
the time it returns to, and remains within, the limits). 

The period for which the voltage excursion of the transient exceeds: 

. 1000 V peak for 440 V 3-phase AC equipment 

. 300 V peak for 115 V 1-phase AC equipment 

. 1000 V peak for 720 V DC equipment 

. 500 V peak for 355 V DC equipment 

. 250 V peak for 28 V DC equipment 

Shall not exceed 5 ms (measured from the time the voltage exceeds these limits to the 
time it returns to, and remains within, the limits). 

b. For measurements at the LISN (EUT Functional Switching): 

The maximum superimposed voltage excursion of the exported transient, relative to the 
supply voltage waveform, shall not exceed: 

. 200 V peak for 440 V 3-phase AC equipment 

. 60 V peak for 115 V 1-phase AC equipment 

. 200 V peak for 720 V DC equipment 

. 96 V peak for 355 V DC equipment 

. 48 V peak for 28 V DC equipment 

2.4 Test Limits (Aircraft Use) 

a. For measurements at the EUT: 

The maximum voltage excursion of the superimposed exported transient, relative to the 
supply voltage waveform, shall not exceed: 

. 300 V peak for 200 V 3-phase AC equipment 

. 300 V peak for 115 V single-phase AC equipment 

. 100 V peak for 28 V DC equipment 

The period for which any individual voltage excursion of the transient exceeds: 

. 200 V peak for 200 V 3-phase AC equipment 

. 200 V peak for 115 V single-phase AC equipment 

. 100 V peak for 28 V DC equipment 

Shall not exceed 10 &S. (measured from the time the voltage exceeds these limits to 
the time it returns to, and remains within, the limits). 

The period for which the voltage excursion of the transient exceeds: 

. 160 V peak for 200 V 3-phase AC equipment 

. 95 V peak for 115 V single-phase AC equipment 

. 80 V peak for 28 V DC equipment 

Shall not exceed 5 ms (measured from the time the voltage exceeds these limits to the 
time it returns to, and remains within, the limits). 
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b. For measurements at the LISN: 

The maximum superimposed voltage excursion of the exported transient, relative to the 
supply voltage waveform, shall not exceed: 

. 160 V peak for 200 V 3-phase AC equipment 

. 90 V peak for 115 V single-phase AC equipment 

. 30 V peak for 28 V DC equipment 

These latter limits for measurements at the LISN should be tailored for individual project 
requirements to take into account the aircraft primary power supply characteristics. 

3 NCE04 TEST PROCEDURE 

3.1 Purpose 

The purpose of this test is to measure the amplitude and duration of transients appearing on primary 
power lines caused by the normal operation of the EUT and also as a result of switching on and off the 
power supply to the EUT.  These transient emissions may couple via conduction and radiation from 
the power lines to other potentially susceptible equipment in the actual installation. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Differential / Fast digital data acquisition oscilloscope 

b. Contactor 

c. Capacitor, 30,000 µF 

d. Supply twin ‘T’ filter (AC supplies only) 

e. 50 µF LISNs 

3.3 Setup 

3.3.1 The test setup shall be as follows: 

a. A typical test configuration is shown in figure NCE04-1. 

b. For all EUTs, a switch or contactor of the type normally intended to control the supply to 
the EUT shall be connected into the power lines.  If the contactor is not part of the EUT 
and it’s type is not known or available then an alternative, of suitable type and current 
rating may be used.  The contactor shall be inserted at the LISN end of the lines. 

c. The oscilloscope probe shall be connected to the power lines at a distance of 50mm 
from the EUT connector when recording contactor switching transients and a distance 
of 50mm from the LISN terminals when recording EUT functional switching transients. 
NCE04-2 and NCE04-3 show typical test layouts for DC and AC lines respectively. 

d. For AC supplies, a twin ‘T’ notch filter may be used to filter the power supply frequency. 
(see paragraph 5.7 of Category 501) With the power frequency filtered, any transients 
shown on the oscilloscope are relative to the AC waveform when measured between 
the transient’s peak and the oscilloscope’s reference level. 

e. Alternatively, a fast digitising data acquisition oscilloscope may be used.  Although the 
power supply frequency is not filtered, measurement of all transient types can be made 
with reference to the AC waveform.  This is achieved by reducing the timebase, 
effectively zooming in on the transient using the data stored within the oscilloscope. 
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f. It should be noted that different limits may apply for systems operating at power line 
frequencies or voltages other than those specified in this section. 

g. Where a probe / filter combination circuit suitable for recording transients on AC supply 
lines is used, the measured transient values must be corrected for any attenuation 
caused. 

3.3.2 Prior to performing the test the contactor shall be validated. To ascertain that transient levels 
consistent with contact bounce do not mask those caused by the EUT, the test house shall ensure that 
the contactor meets the following validation: 

a. The set up shall be based on that given in figures NCE04-2 and NCE04-3 except that 

the EUT is replaced by a resistive load drawing the same current with a 10&F capacitor 
on each lead to the ground plane and the oscilloscope probes connected directly onto 
either side of the contactor.  The value of the load shall be such that the same current is 
drawn from the power source as when the EUT is connected. 

b. At least 10 operations with the contactor making and breaking shall be monitored, 5 with 
the oscilloscope +ve triggered and 5 –ve.  The worst case transient shall be used to 
assess whether the contactor is suitable for purpose. 

c. The maximum excursion of the transient caused by the contactor bounce shall not 
exceed 50% of the appropriate test limit. 

3.4 Procedures 

The test locations for land, sea and air systems are as follows: 

3.4.1 Tests For Land Service Use (DC and AC systems) 

a. For DC supplies the transient voltage shall be measured between the positive line and 
the ground plane and also between the zero volt return line and the ground plane. 

b. For AC lines the transient voltage shall be measured: 

(1) For single-phase supplies between the phase line and ground plane, the neutral line 
and ground plane and between lines. 

(2) For 3-phase supplies between phases, A to B, A to C, B to C and between each 
phase line and ground plane. 

3.4.2 Tests for Sea Systems Use (DC and AC systems) 

a. For DC lines the transient voltage shall be measured between the positive line and zero 
volt return line, between the positive line and the ground plane and also between the 
zero volt return line and the ground plane. 

b. For AC lines the transient voltage shall be measured: 

(1) For single-phase supplies between the phase line and ground plane, the neutral line 
and ground plane and between lines. 

(2) For 3-phase supplies between phases, A to B, A to C, B to C and between each 
phase line and ground plane. 

NOTE For test purposes the AC power fequency may be reduced to 50 Hz instead of the 
normal 60 Hz if the EUT can operate without degration at this frequency. 
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3.4.3 Tests for Aircraft Use (DC and AC systems) 

a. For DC lines the transient voltage shall be measured between the positive line and zero 
volt return line, between the positive line and the ground plane and also between the 
zero volt return line and the ground plane. 

b. For AC lines the transient voltage shall be measured: 

(1) For single-phase AC lines the transient voltage shall be measured between the 
phase line and the neutral line, between the phase line and the ground plane and 
also between the neutral line and the ground plane. 

(2) For 3-phase AC lines the transient voltage shall be measured between each of the 
phase lines, between each phase line to the ground plane, between each phase 
line to the neutral line and also between the neutral line and the ground plane. 

3.4.4 The test method is detailed below: 

a. The EUT shall be monitored for both contactor and functional switching as detailed in 
the EMC test plan. 

b. The EUT shall be switched on and off by means of the EUT power switch (if fitted) and 
the external contactor.  At least 20 switching operations shall be undertaken on each 
switch, 10 operations for +ve trigger and 10 for –ve trigger. 

c. Functional switching due to EUT operation shall be performed until the test engineer is 
satisfied that the highest transient levels have been recorded.  This shall cover the 
EUT's normal operating sequence and exercising the EUT through its full range of 
functions. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. An automatically produced plot of amplitude versus time for each observed transient on 
each line tested shall be retained by the test house.  Manually gathered data is not 
acceptable except for plot verification. 

b. Examples of the transient plots giving the highest amplitudes will be included in any test 
report produced.  Such plots will show suitable scaling graduation in both time and 
amplitude to enable an unambiguous comparison with the standard. 

c. A table giving details of duration and amplitude of all transients observed, together with 
the applicable limit will be included in any test report produced. 

d. Records of probe location, test condition, time/date of test, together with the name of 
the responsible test engineer (who performed the test) must be retained by the test 
house. 
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FIGURE NCE04-1 Typical Test Configuration 
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FIGURE NCE04-2 Typical Test Configuration, DC Supply Lines 
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FIGURE NCE04-3 Typical Test Configuration, AC Supply Lines 
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NCE05 
Conducted Emissions, Power, Signal and Control Leads, 

30 Hz to 150 MHz 

 

1 NCE05 APPLICABILITY 

This requirement is applicable for power leads, including returns, that obtain power from other sources 
not part of the EUT and for all signal and control leads (particular attention should be given to those 
cables that connect to other systems not part of the EUT) for Sea, Air and Land applications. 

For AC applications, this requirement is applicable starting at the second harmonic of the EUT power 
frequency. 

Reference should also be made to paragraph 6.8 and the Applicability Tables 6 and 7 in Category 501 
before subjecting the EUT to this test method. Where some procuring authorities require testing to a 
higher frequency then NCE05 should be used. 

2 NCE05 LIMITS 

Conducted emissions on power, control and signal leads shall not exceed the applicable values shown 
on Figure NCE05-1 for Sea applications, Figure NCE05-2 for Air applications and Figure NCE05-3 for 
Land applications. 

3 NCE05 TEST PROCEDURE 

3.1 Purpose 

This test procedure is used to verify that electromagnetic emissions from the EUT do not exceed the 
specified requirements for power input leads (including returns) and Signal and Control leads. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Measurement receivers 

b. Current probes 

c. Signal generator 

d. Data recording device 

e. Oscilloscope 

f. Resistor (R) 

g. 5µH LISNs 
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3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501, 
Figures 3 through to 6 and paragraph 4.3.8. The 50µH LISN will need to be replaced 
with a 5µH LISN meeting the characteristic curve shown in Category 501 Figure 10. 

b. Calibration. Configure the test setup for the measurement system check as shown in 
Figure NCE05-4. 

c. EUT testing. 

(1) Configure the test setup for compliance testing of the EUT as shown in Figure 
NCE05-5 or Figure NCE05-6 for power or control and signal lines repectively. 

(2) For power lead measurements position the current probe 50 mm from the LISN.  

(3) The probe is positioned 50 mm from the EUT for signal, control and secondary 
power leads. Where the backshell of the connector prevents this then the probe will 
be positioned as close as posible and a record made of its exact location. 

(4) On signal, control and secondary power leads measurements above 30 MHz must 
be performed at both ends.  Leads that are less than 1 metre in length need not be 
subjected to testing. 

3.4 Procedures. 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow a sufficient time for stabilization. 

b. Calibration. Evaluate the overall measurement system from the current probe to the 
data output device. 

(1) Apply a calibrated signal level, which is at least 6 dB below the applicable limit at 1 
kHz, 3 kHz, and 10 kHz, 100 kHz, 1 MHz, 10 MHz and 150 MHz to the current 
probe. 

(2) Verify the current level, using the oscilloscope and load resistor; also, verify that 
the current waveform is sinusoidal. 

(3) Scan the measurement receiver for each frequency in the same manner as a 
normal data scan. Verify that the data recording device indicates a level within ±3 
dB of the injected level. 

(4) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the testing. 

c. EUT testing. Determine the conducted emissions from the EUT input power leads, 
signal and control leads plus secondary power leads including returns. 

(1) Turn on the EUT and allow sufficient time for stabilization. 

(2) Select an appropriate lead for testing and clamp the current probe into position. 

(3) Scan the measurement receiver over the applicable frequency range, using the 
bandwidths and minimum measurement times specified in Table 2 of Category 
501. 

(4) Repeat 3.4c(3) for each power, control and signal lead. 
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Note: In some instances EUT’s with high current requirements may fail to meet the limit 
due to the amplitude of AC power frequency harmonics, in such cases guidance should 
be sought from the procuring authority whether these failures are acceptable.  Failures 
due to harmonic content are limited to a frequency of ten times the fundamental. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. Continuously and automatically plot amplitude versus frequency profiles on X-Y axis 
outputs. Manually gathered data is not acceptable except for plot verification. 

b. Display the applicable limit on each plot. 

c. Provide a minimum frequency resolution of 1% or twice the measurement receiver 
bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for 
each plot. 

d. Provide plots for both the measurement and system check portions of the procedure. 
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FIGURE NCE05-4 Measurement system check. 
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FIGURE NCE05-5 Measurement set-up for Power leads. 
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FIGURE NCE05-6 Measurement set-up for Signal and Control leads. 
 

Note : Additional current probe positions shown with dashed lines. 
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NCS01 

Conducted Susceptibility, Power Leads, 30 Hz to 150 kHz 

TABLE OF CONTENTS 

1 NCS01 APPLICABILITY..........................................................................NCS01-2 

2 NCS01 LIMIT ...........................................................................................NCS01-2 

3 NCS01 TEST PROCEDURE....................................................................NCS01-2 

3.1 Purpose....................................................................................................................... NCS01-2 

3.2 Test equipment ...........................................................................................................NCS01-2 

3.3 Setup........................................................................................................................... NCS01-3 

3.4 Procedures.................................................................................................................. NCS01-3 

3.5 Data presentation........................................................................................................NCS01-4 

 
 
 
 

  

 NCS01-1 
  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCS01

  

 

  

  

2

 

NCS01 
Conducted Susceptibility, Power Leads, 30 Hz to 150 kHz 

 

1 NCS01 APPLICABILITY 

This requirement is applicable to equipment and subsystem AC and DC input power leads, not 
including returns.  If the EUT is DC operated, this requirement is applicable over the frequency range 
of 30 Hz to 150 kHz.  If the EUT is AC operated, this requirement is applicable starting from the 
second harmonic of the EUT power frequency and extending to 150 kHz.  Reference should also be 
made to paragraph 6.9 of Category 501. 

Note. If test NCS07 is also to be performed on the EUT at the same time then it is permissible to 
limit the upper frequency of this test to 50 KHz. 

2 NCS01 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to a test signal with voltage levels as specified in Figure NCS01-1.  The requirement 
is also met when the power source is adjusted to dissipate the power level shown in Figure NCS01-2 

in a 0.5 ! load and the EUT is not susceptible. 

3 NCS01 TEST PROCEDURE 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT to withstand signals coupled onto input 
power leads. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Signal generator 

b. Power amplifier 

c. Oscilloscope 

d. Coupling transformer 

e. Capacitor, 10 µF 

f. Isolation transformer 

g. Resistor, 0.5 ! 

h. LISNs 
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3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501, 
Figures 3 through to 6 and paragraph 4.3.8. 

b. Calibration.  Configure the test equipment in accordance with Figure NCS01-3.  Set up 

the oscilloscope to monitor the voltage across the 0.5 ! resistor. 

c. EUT testing. 

 (1) For DC or single phase AC power, configure the test equipment as shown in Figure 
NCS01-4. 

 (2) For three phase ungrounded power, configure the test setup as shown in Figure 
NCS01-5. 

 (3) For three phase wye power (four power leads), configure the test setup as shown 
in Figure NCS01-6. 

3.4 Procedures. 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow sufficient time for stabilization. 

b. Calibration. 

 (1) Set the signal generator to the lowest test frequency. 

 (2) Increase the applied signal until the oscilloscope indicates the voltage level 
corresponding to the maximum required power level specified for the limit.  Verify 
the output waveform is sinusoidal. 

 (3) Record the setting of the signal source. 

 (4) Scan the required frequency range for testing and record the signal source setting 
needed to maintain the required power level. 

c. EUT Testing. 

 (1) Turn on the EUT and allow sufficient time for stabilization.  CAUTION: Exercise 
care when performing this test since the "safety ground" of the oscilloscope is 
disconnected due to the isolation transformer and a shock hazard may be present. 

 (2) Set the signal generator to the lowest test frequency.  Increase the signal level until 
the required voltage or power level is reached on the power lead.  (Note: Power is 
limited to the level calibrated in 3.4b(2)). 

 (3) While maintaining at least the required signal level, scan through the required 
frequency range at a rate no greater than specified in Table 3 of Category 501. 

 (4) Susceptibility evaluation. 

 (a) Monitor the EUT for degradation of performance. 

 (b) If susceptibility is noted, determine the threshold level in accordance with 
paragraph 4.3.10.4.3 of Category 501 and verify that it is above the limit. 
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 (5) Repeat 3.4c(2) through 3.4c(4) for each power lead, as required.  For three phase 
ungrounded power, the measurements shall be made according to the following 
table: 

 

Coupling Transformer 
in Line 

Voltage Measurement 
From 

A A to B 

B B to C 

C C to A 

TABLE NCS01-1 

 For three phase wye power (four leads) the measurements shall be made according to 
the following table: 

 

Coupling Transformer 
in Line 

Voltage Measurement 
From 

A A to neutral 

B B to neutral 

C C to neutral 

TABLE NCS01-2 

3.5 Data presentation. 

Data presentation shall be as follows: 

a. Provide graphical or tabular data showing the frequencies and amplitudes at which the 
test was conducted for each lead. 

b. Provide data on any susceptibility thresholds and the associated frequencies that were 
determined for each power lead. 

c. Provide indications of compliance with the applicable requirements for the susceptibility 
evaluation specified in 3.4c for each lead. 
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FIGURE NCS01-1 Voltage Limit for all applications. 
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FIGURE NCS01-2 Power Limit for all applications. 
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FIGURE NCS01-3 Calibration. 
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FIGURE NCS01-4 Signal injection, DC or single phase AC. 
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FIGURE NCS01-5 Signal Injection, 3-phase ungrounded. 
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FIGURE NCS01-6 Signal Injection, 3-phase wye. 
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NCS02 
Conducted Susceptibility, Control and Signal Leads, 

30 Hz to 50 kHz 

 

1 NCS02 APPLICABILITY 

This test is applicable to all control and signals leads connected to the EUT.  This test is also 
applicable to cable forms, which include power supply leads together with other lines to the EUT via 
an external cable.  Reference should also be made to paragraph 6.10 of Category 501. 

2 NCS02 LIMITS 

Limits are shown in figures NCS02-2 and NCS02-3, for Air use and for both Sea and Land service 
use, respectively. 

3 NCS02 TEST PROCEDURE 

3.1 Purpose 

This test determines whether the equipment interconnect circuit configuration will accept a 
level of induced voltages caused by the installation environment.  This test procedure relates 
specifically to interfering signals derived from the power frequency and its harmonics as well 
as audio frequency signals that are generated by other on-board equipment or systems.  
Such interfering signals can be coupled to sensitive circuits within the EUT through its wiring. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Signal generator 

b. Power amplifier, low output impedance 

c. Ammeter 

d. Capacitor, 30000 µF  

e. 5 µH or 50 µH LISNs 

  

 NCS02-2 

  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCS02

  

 

  

  

3.3 Setup 

The test setup shall be as follows: 

a. A typical test layout is shown in Figure NCS02-1. 

3.4 Procedures 

The test procedures shall be as follows: 

a. The test wire shall be closely coupled to each cable bundle to be tested by wrapping 
three turns over a straight cable length of 1 metre. 

b. The test wire shall be energised with the specified current over the required frequency 
range and monitored by means of a suitable method and device (e.g. ammeter/test 
receiver, voltmeter/resistor, current probe, etc.) capable of measuring up to 50 kHz. 

c. Should malfunctions be found during this test the current shall be reduced until the 
threshold is established and then recorded. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. Any malfunction, failure or damage of the equipment shall be investigated and recorded 
in the test report. 

  

 NCS02-3 
  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCS02

  

 

  

  

 
 

 

Amplifier Sig. Gen

Ammeter

LISN EUTLISN EUT

Power Supply
Instrumentation

Supplies

 
 

FIGURE NCS02-1 Typical Test Configuration 
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NCS03 
Conducted Susceptibility, Antenna Port, Intermodulation 

15 kHz to 10 GHz 

 

1 NCS03 APPLICABILITY 

This receiver front-end susceptibility requirement is applicable to equipment and subsystems, such as 
communications receivers, RF amplifiers, transceivers, radar receivers, acoustic receivers, and 
electronic warfare receivers as specified in the individual procurement specification.  Reference should 
also be made to paragraph 6.11 of Category 501. 

2 NCS03 LIMIT 

The EUT shall not exhibit any intermodulation products beyond specified tolerances when subjected to 
the limit requirement provided in the individual procurement specification. 

3 NCS03 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to determine the presence of intermodulation products that may be caused 
by undesired signals at the EUT antenna input terminals. 

3.2 Test requirements 

The required test equipment, setup, procedures, and data presentation shall be determined on a case-
by-case basis in accordance with the guidance provided in paragraph 6.11 of Category 501. 
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NCS04 
Conducted Susceptibility, Antenna Port, Rejection of Undesired 

Signals, 30 Hz to 20 GHz 

 

1 NCS04 APPLICABILITY 

This receiver front-end susceptibility requirement is applicable to equipment and subsystems, such as 
communications receivers, RF amplifiers, transceivers, radar receivers, acoustic receivers, and 
electronic warfare receivers as specified in the individual procurement specification.  Reference should 
also be made to paragraph 6.12 of Category 501. 

2 NCS04 LIMIT 

The EUT shall not exhibit any undesired response beyond specified tolerances when subjected to the 
limit requirement provided in the individual procurement specification. 

3 NCS04  TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to determine the presence of spurious responses that may be caused by 
undesired signals at the EUT antenna input terminals. 

3.2 Test requirements 

The required test equipment, setup, procedures, and data presentation shall be determined on a case-
by-case basis in accordance with the guidance provided in paragraph 6.12 of Category 501. 
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NCS05 
Conducted Susceptibility, Antenna Port, Cross Modulation 

30 Hz to 20 GHz 

 

1 NCS05 APPLICABILITY 

This receiver front-end susceptibility requirement is applicable only to receivers that normally process 
amplitude-modulated RF signals, as specified in the individual procurement specification.  Reference 
should also be made to paragraph 6.13 of Category 501. 

2 NCS05 LIMIT 

The EUT shall not exhibit any undesired response, due to cross modulation, beyond specified 
tolerances when subjected to the limit requirement provided in the individual procurement 
specification. 

3 NCS05 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to determine the presence of cross-modulation products that may be 
caused by undesired signals at the EUT antenna terminals. 

3.2 Test requirements 

The required test equipment, setup, procedures, and data presentation shall be determined in 
accordance with the guidance provided in paragraph 6.13 of Category 501. 
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NCS06 
Conducted Susceptibility, Structure Current, 60 Hz to 100 kHz 

 

1 NCS06 APPLICABILITY 

This requirement is applicable to equipment and subsystems that have an operating frequency range 
of 100 kHz or less and an operating sensitivity of 1 µV or less (such as 0.5 µV).  Handheld equipment 
is exempt from this requirement.  Reference should also be made to paragraph 6.14 of Category 501. 

2 NCS06 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to the values shown on Figure NCS06-1. 

3 NCS06 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT to withstand structure currents. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Signal generator 

b. Amplifier (if required) 

c. Isolation transformers 

d. Current probe 

e. Measurement receiver 

f. Resistor, 0.5 ! 

g. Coupling transformer 

3.3 Setup 

The test setup shall be as follows: 

a. It is not necessary to maintain the basic test setup for the EUT as shown and described 
in Category 501 Figures 3 through to 6 and paragraph 4.3.8. 

b. Calibration.  No special calibration is required. 

c. EUT testing. 

(1) As shown in Figure NCS06-2, configure the EUT and the test equipment (including 
the test signal source, the test current measurement equipment, and the 
equipment required for operating the EUT or measuring performance degradation) 
to establish a single-point ground for the test setup using the EUT ground terminal. 

 (a) Using isolation transformers, isolate all AC power sources.  For DC power, 
isolation transformers are not applicable. 

  

 NCS06-2 

ORIGINAL  
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NCS06

  

 

  

  

 (b) Disconnect the safety ground leads of all input power cables. 

 (c) Place the EUT and the test equipment on non-conductive surfaces to enable a 
single point ground to be established. 

(2) The test points for the injected currents shall be as follows: 

 (a) Equipment that will not be rack mounted.  At diagonal extremes across only 
the mounting surface. 

 (b) Rack mounted equipment.  At diagonal extremes across all surfaces of the 
equipment. 

 (c) Deck resting equipment.  At diagonal extremes across all surfaces of the 
equipment. 

 (d) Bulkhead mounted equipment.  At diagonal extremes across rear surface of 
the equipment. 

 (e) Cables (all mounting methods).  Between cable armour, which is terminated at 
the EUT, and the single point ground established for the test setup.  This 
requirement shall also apply to cable shields and conduit, unless they have a 
single point ground. 

(3) Connect the signal generator and resistor to a selected set of test points.  
Attachment to the test points shall be by conductors that are perpendicular to the 
test surface for a length of at least 50 cm. 

3.4 Procedures 

The test procedures shall be as follows: 

a. Turn on the EUT and measurement equipment and allow sufficient time for stabilisation. 

b. Set the signal generator to the lowest required frequency.  Adjust the signal generator to 
the required level as a minimum.  Monitor the current with the current probe and 
measurement receiver. 

c. Scan the signal generator over the required frequency range in accordance with Table 3 
of Category 501, while maintaining the current level at least to the level specified in the 
applicable limit.  Monitor the EUT for susceptibility. 

d. If susceptibility is noted, determine the threshold level in accordance with paragraphs 
4.3.10.4.3 of Category 501 and verify that it is above the applicable limit. 

e. Repeat 3.4b through 3.4d for each diagonal set of test points on each surface of the EUT 
to be tested. 

3.5 Data Presentation 

Data presentation shall be as follows: 

a. Provide a table showing the mode of operation, susceptible frequency, current threshold 
level, current limit level, and susceptible test points. 

b. Provide a diagram of the EUT showing the location of each set of test points. 
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FIGURE NCS06-1 Limit for all applications. 
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FIGURE NCS06-2 Test Configuration. 
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NCS07 
Conducted Susceptibility, Bulk Cable Injection 

10 kHz to 200 MHz 

 

1 NCS07 APPLICABILITY 

This requirement is applicable to all interconnecting cables, including power cables.  Reference should 
also be made to paragraph 6.15 of Category 501. 

The purpose of this test is to confirm that RF signals in the range 10 kHz to 200 MHz, when coupled 
on to the interconnecting cable looms and power supply lines of an EUT, will not cause a degradation 
in performance. In addition this test will provide an amplitude/frequency malfunction signature for the 
system which, when compared with the levels of current on the looms (or cables) caused by onboard 
and external transmitting sources measured during clearance trials, will assist in the establishment of 
adequate safety margins. 

a. Cable looms which connect the EUT to other equipments in the total system (including 
primary power lines) and those interconnecting units of the EUT are subject to this test.  
Cable looms can be tested as a whole or individual wires can be tested.  

NOTE For a system with built in redundancy, e.g. a quadruplex flight control system, simultaneous 
injections on several looms may be required by the Project Manager. 

2 NCS07 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to a injection probe drive level which has been pre-calibrated to the appropriate 
current limit shown in Figure NCS07-1 and is modulated as specified below. The appropriate limit 
curve in Figure NCS07-1 shall be selected from Table NCS07-1.  Requirements are also met if the 
EUT is not susceptible at forward power levels sensed by the coupler that are below those determined 
during calibration provided that the actual current induced in the cable under test is 6 dB or greater 
than the calibration limit. 

3 NCS07 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT to withstand RF signals coupled onto EUT 
associated cabling. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Measurement receivers 

b. Current injection probes (maximum insertion loss shown in Figure NCS07-2, minimum 
insertion loss is recommended, not required.  Reference should also be made to Figure 
21 and 6.14 in Category 501). 

c. Current probes 
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d. Calibration fixture: coaxial transmission line with 50 ! characteristic impedance, coaxial 
connections on both ends, and space for an injection probe around the centre 
conductor. 

e. Directional couplers 

f. Signal generators 

g. Plotter 

h. Attenuators, 50 ! 

i. Coaxial loads, 50 ! 

j. Power amplifiers 

k. 50 µH LISNs 

3.3 Setup 

The test setup shall be as follows: 

a Maintain a basic test setup for the EUT as shown and described in Category 501 
Figures 3 through to 6 and paragraph 4.3.8. 

b Calibration.  Configure the test equipment in accordance with Figure NCS07-3 for 
calibrating injection probes. 

 (1)  Place the injection probe around the centre conductor of the calibration fixture. 

 (2) Terminate one end of the calibration fixture with a 50 ! load and terminate the 
other end with an attenuator connected to measurement receiver A. 

c EUT Testing.  Configure the test equipment as shown in Figure NCS07-4 for testing. 

 (1) Place the injection and monitor probes around a cable bundle interfacing with an 
EUT connector. 

 (2) Locate the monitor probe 5 cm from the connector.  If the overall length of the 
connector and backshell exceeds 5 cm, position the monitor probe as close to the 
connector's backshell as possible. 

 (3) Position the injection probe 5 cm from the monitor probe. 

3.4 Procedures 

The test procedures shall be as follows: 

a Turn on the measurement equipment and allow sufficient time for stabilization. 

b Calibration.  Perform the following procedures using the calibration setup. 

 (1) Set the signal generator to 10 kHz, unmodulated. 

 (2) Increase the applied signal until measurement receiver A indicates the current level 
specified in the applicable limit is flowing in the center conductor of the calibration 
fixture. 

 (3) Record the "forward power" to the injection probe indicated on measurement 
receiver B. 

 (4) Scan the frequency band from 10 kHz to 200 MHz and record the forward power 
needed to maintain the required current amplitude. 
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c EUT Testing.  Perform the following procedures on each cable bundle interfacing with 
each electrical connector on the EUT including complete power cables (high sides and 
returns).  Also perform the procedures on power cables with the power returns and 
chassis grounds (green wires) excluded from the cable bundle.  For connectors, which 
include both interconnecting leads and power, perform the procedures on the entire 
bundle, on the power leads (including returns and grounds) grouped separately, and on 
the power leads grouped with the returns and grounds removed. 

 (1) Turn on the EUT and allow sufficient time for stabilization. 

 (2) Susceptibility evaluation. 

(a) Set the signal generator to 10 kHz with 1 kHz pulse modulation, 50% duty 
cycle. 

(b) Apply the forward power level determined under 3.4b(4) to the injection probe 
while monitoring the induced current. 

(c) Scan the required frequency range in accordance with paragraph 4.3.10.4. 
and Table 3 of Category 501 while maintaining the forward power level at the 
calibration level determined under 3.4b(4), or the maximum current level for 
the applicable limit, whichever is less stringent. 

(d) Monitor the EUT for degradation of performance during testing. 

(e) Whenever susceptibility is noted, determine the threshold level in accordance 
with paragraph 4.3.10.4.3 of Category 501 and verify that it is above the 
applicable requirement. 

(f) For EUTs with redundant cabling for safety critical reasons such as multiple 
data buses, use simultaneous multi-cable injection techniques. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. Provide amplitude versus frequency plots for the forward power levels required to obtain 
the calibration level as determined in 3.4b. 

b. Provide tables showing scanned frequency ranges and statements of compliance with 
the requirements for the susceptibility evaluation of 3.4c(2) for each interface connector. 
Provide any susceptibility thresholds that were determined, along with their associated 
frequencies. 
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FIGURE NCS07-1 Calibration limit for all applications. 
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FIGURE NCS07-2 Maximum insertion loss for injection probes. 
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FIGURE NCS07-3 Calibration set-up. 
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FIGURE NCS07-4 Bulk cable injection evaluation. 
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=! "#$%&!>??@8#>58@8AB!

This requirement is applicable to all aircraft, space, and ground systems interconnecting cables, 
including power cables. The requirement is also applicable for surface ship and submarine 
subsystems and equipment when specified by the procuring activity.  Reference should also be made 
to paragraph 6.16 of Category 501. 

E! "#$%&!@8F8A!

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to a pre-calibrated signal having rise and fall times, pulse width, and amplitude as 
specified in Figure NCS08-1at a 30 Hz rate for one minute. 

G! "#$%&!A;$A!?HI#;JKH;!

3.1 Purpose 

This test procedure is used to verify the ability of the EUT to withstand impulse signals coupled onto 
EUT associated cabling. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Pulse generator, 50 !, charged line (coaxial) 

b. Current injection probe 

c. Drive cable, 50 ! 2 metres, 0.5 dB or less insertion loss at 500 MHz 

d. Current Probe 

e. Calibration fixture: coaxial transmission line with 50 ! characteristic impedance, coaxial 
connections on both ends, and space for an injection probe around the centre 
conductor. 

f. Oscilloscope, 50 ! input impedance 

g. Attenuators, 50 ! 

h. Coaxial loads, 50 ! 

i. 50 µH LISNs 

3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501 
Figures 3 through 6 and paragraph 4.3.8. 
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b. Calibration.  Configure the test equipment in accordance with Figure NCS08-2 for 
calibrating the injection probe. 

(1) Place the injection probe around the centre conductor of the calibration fixture. 

 (2) Terminate one end of the calibration fixture with a coaxial load and terminate the 

other end with an attenuator connected to an oscilloscope with 50 ! input 
impedance 

c. EUT testing.  Configure the test equipment as shown in Figure NCS08-3 for testing. 

 (1) Place the injection probe around a cable bundle interfacing with an EUT connector. 

 (2) Locate the monitor probe 5 cm from the connector.  If the overall length of the 
connector and backshell exceeds 5 cm, position the monitor probe as close to the 
connector back shell as possible. 

 (3) Position the injection probe 5 cm from the monitor probe. 

3.4 Procedures. 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow sufficient time for stabilization. 

b. Calibration.  Perform the following procedures using the calibration setup. 

 (1) Adjust the pulse generator source for the risetime, pulse width, and pulse repetition 
rate requirements specified in the requirement. 

 (2) Increase the signal applied to the calibration fixture until the oscilloscope indicates 
that the current level specified in the requirement is following in the centre 
conductor of the calibration fixture. 

 (3) Verify that the rise time, fall time, and pulse width portions of the waveform have 
the correct durations and that the correct repetition rate is present.  The precise 
pulse shape will not be reproduced due to the inductive coupling mechanism. 

 (4) Record the pulse generator amplitude setting. 

c. EUT Testing. 

(1) Turn on the EUT and allow sufficient time for stabilization 

(2) Susceptibility evaluation 

a. Adjust the pulse generator, as a minimum, for the amplitude determined in 
3.4(b) 

b. Apply the test signal at the pulse repetition rate and for the duration specified in 
the requirement. 

c. Monitor the EUT for degradation of performance during testing. 

d. Whenever susceptibility is noted, determine the threshold level in accordance 
with paragraph 4.3.10.4.3 of Category 501 and verify that it is above the limit. 

e. Record the peak current in the cable as indicated on the oscilloscope. 
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f. Repeat 3.4c(2)(a) through to 3.4c(2)(e) on each cable bundle interfacing with 
each electrical connector on the EUT.  For power cable, perform 3.4c(2)(a) 
through to 3.4c(2)(e) on complete power cables (high sides and returns) and on 
the power cables with the power returns and chassis grounds (green wires) 
excluded from the cable bundle.  For connectors which include both 
interconnecting leads and power, perform 3.4c(2)(a) through to 3.4c(2)(e) on 
the entire bundle, on the power leads (including returns and grounds) grouped 
separately, and on the power leads grouped with the returns and grounds 
removed. 

3.5 Data presentation. 

Data presentation shall be as follows: 

a. Provide tables showing statements of compliance with the requirement for the 
susceptibility evaluation of 3.4c(2) and the induced current level for each interface 
connector. 

b. Provide any susceptibility thresholds that were determined. 

c. Provide oscilloscope photographs on injected waveforms with test data. 
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Conducted Susceptibility, Damped Sinusoidal Transients, 
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NCS09 
Conducted Susceptibility, Damped Sinusoidal Transients, 

Cables and Power Leads, 10 kHz to 100 MHz 

 

1 NCS09 APPLICABILITY 

This requirement is applicable to all interconnecting cables, including power cables, and individual 
high side power leads.  Power returns and neutrals need not be tested individually.  Reference should 
also be made to paragraph 6.17 in Category 501. 

2 NCS09 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to a signal having the waveform shown in Figure NCS09-1 and having a maximum 
current as specified in Figure NCS09-2.  The limit is applicable across the entire specified frequency 
range.  As a minimum, compliance shall be demonstrated at the following frequencies: 0.01, 0.1, 1, 
10, 30, and 100 MHz.  If there are other frequencies known to be critical to the equipment installation, 
such as platform resonances, compliance shall also be demonstrated at those frequencies.  The test 
signal repetition rate shall be no greater than one pulse per second and no less than one pulse every 
two seconds.  The pulses shall be applied for a period of five minutes. 

3 NCS09 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT to withstand damped sinusoidal transients 
coupled onto EUT associated cables and power leads. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Damped sinusoid transient generator, F 100 ohm output impedance 

b. Current injection probe 

c. Oscilloscope, 50 ohm input impedance 

d. Calibration fixture:  Coaxial transmission line with 50 ohm characteristic impedance, 
coaxial connections on both ends, and space for an injection probe around the centre 
conductor 

e. Current probes 

f. Waveform recording device 

g. Attenuators, 50 ohm 

h. Measurement receivers 

i. Power amplifiers 

j. Coaxial loads, 50 ohm 

k. Signal generators 

l. Directional couplers 
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m. 50 µH LISNs 

3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Figures 2 through 6 
and paragraph 4.3.8 of Category 501. 

b. Calibration.  Configure the test equipment in accordance with Figure NCS09-3 for 
verification of the waveform. 

c. EUT Testing: 

 (1) Configure the test equipment as shown in Figure NCS09-4. 

 (2) Place the injection and monitor probes around a cable bundle interfacing an EUT 
connector. 

 (3) Locate the monitor probe 5 cm from the connector.  If the overall length of the 
connector and backshell exceeds 5 cm, position the monitor probe as close to the 
connector's backshell as possible. 

 (4) Position the injection probe 5 cm from the monitor probe. 

3.4 Procedures 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow sufficient time for stabilization. 

b. Calibration.  Perform the following procedures using the calibration setup for waveform 
verification. 

(1) Set the frequency of the damped sine generator at 10 kHz. 

(2) Adjust the amplitude of the signal from the damped sine generator to the level 
specified in the requirement. 

(3) Record the damped sine generator settings. 

(4) Verify that the waveform complies with the requirements. 

(5) Repeat 3.4b(2) through 3.4b(4) for each frequency specified in the requirement 
and those identified in 3.4c(2). 

c. EUT testing 

Perform the following procedures, using the EUT test setup on each cable bundle 
interfacing with each connector on the EUT including complete power cables.  Also 
perform tests on each individual high side power lead (individual power returns and 
neutrals are not required to be tested). 

(1) Turn on the EUT and measurement equipment to allow sufficient time for 
stabilization. 

(2) Set the damped sine generator to a test frequency. 

(3) Apply the test signals to each cable or power lead of the EUT sequentially.  Slowly 
increase the damped sinewave generator output level to provide the specified 
current, but not exceeding the pre-calibrated generator output level.  Record the 
peak current obtained. 

(4) Monitor the EUT for degradation of performance. 
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(5) If susceptibility is noted, determine the threshold level in accordance with Category 
501 paragraph 4.3.10.4.3 and verify that it is above the specified requirements. 

(6) Repeat 3.4c(2) through 3.4c(5) for each test frequency as specified in the 
requirement.  Repeat testing in 3.4c for the power-off condition. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. Provide a list of the frequencies and amplitudes at which the test was conducted for 
each cable and lead. 

b. Provide data on any susceptibility thresholds and the associated frequencies that were 
determined for each connector and power lead. 

c. Provide indications of compliance with the requirements for the susceptibility evaluation 
specified in 3.4c for each interface connector. 

d. Provide oscilloscope photographs of injected waveforms with test data. 
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I P 
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R
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1/f 2/f 3/f

TIME 

1. Normalized waveform: e          sin(2 *  ft) 
-(*f t)/Q

Where: 

Q = Damping factor 

N  =   Cycle number (i.e. N = 2, 3, 4, 5,…) 

 = Peak current at 1 
st cycle 

 = Peak current at cycle closest to 50% decay 

   ln  = Natural log 

I 

I 

P 

N 

NOTES: 

Where:  
f  = Frequency (Hz) 

t  = Time (sec) 

Q = Damping factor, 15  5 . 

2. Damping factor (Q) shall be determined as follows: 

Q = 

* (N - 1) 
ln ( I P/IN)

3.   I P  as specified in Figure NCS09-2
 

 

 

FIGURE NCS09-1 Typical NCS09 Damped Sinusoidal Waveform. 
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FIGURE NCS09-2 NCS09 Limit for all Applications. 
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FIGURE NCS09-3 Typical Test Set-Up for Calibration of Test Waveform 
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FIGURE NCS09-4 Typical Set-Up for Bulk Cable Injection of Damped Sinusoidal Transients 
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1. NCS10 APPLICABILITY 
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20?2050-+/+*O0!,M!+K0!*-5+/LL/+*,-!*-DL>)*-1!+K0!B,>-+*-1!+2/35=!

%K0! +05+! L0O0L5! /??L*0)! +,! 0A>*?B0-+! /20! )02*O0)! M2,B! +K0! L,D/+*,-5! /-)! ?,5*+*,-5! ,M! +K0! *-5+/LL0)!
0A>*?B0-+=! %K0! B/V*B>B! /B?L*+>)05! M,2! +K0! +05+! N/O0M,2B5! /20! DK,50-! /DD,2)*-1! +,! 0A>*?B0-+!
D/+01,2*05!"@F!/5!5K,N-!*-!%/QL0!6$74(@4=!

IM!/-3!+N,!>-*+5!,M!/-!#W%!/20!B,>-+0)!L055!+K/-!(='!B0+205!/?/2+!/-)!+K0*2!12,>-)!Q,-)*-1!?,*-+5!/20!
+,!+K0!5/B0!?/2+!,M!+K0!/*2D2/M+!5+2>D+>20P!+K0-!+K*5!+05+!*5!-,+!/??L*D/QL0!+,!+K0!+N,!>-*+5 50?/2/+0L3=!!I-!
+K*5! D/50! +K0! +N,! >-*+5! N*LL! Q0! 201/2)0)! /5! /! 5*-1L0! #W%! N*+K! +K0*2! 12,>-)! Q,-)*-1! L0/)5! X,*-0)!
+,10+K02!/-)!+05+0)!N*+K!205?0D+!+,!,+K02!>-*+5!D,B?2*5*-1!+K0!#W%=!

IM! /-3! +N,! >-*+5! ,M! /-! #W%! /20!B,>-+0)! L055! +K/-! (='!B0+205! /?/2+! /-)! K/O0! /-3! ,M! +K0*2! 12,>-)!
Q,-)*-1! ?,*-+5! D,--0D+0)! +,! )*MM020-+! ?/2+5! ,M! +K0! /*2D2/M+! 5+2>D+>20P! +K0-! +K0! >-*+5! 5K/LL! Q0! +05+0)!
50?/2/+0L3=!

7,B0! ,M! +K0!B,20! D,B?L0V!#W%5!B/3! 20A>*20! DL/2*M*D/+*,-! ,M! +K0! +05+!B0+K,)! /-)! /??2,O/L! ,M! +05+!
?L/-5!/-)!?2,D0)>205!Q3!+K0!205?0D+*O0!&2,X0D+!:MM*D0=!

%K0! +05+!,QX0D+!B>5+!D,-+/*-!/LL! +K0!?*0D05!,M!0A>*?B0-+! *-DL>)0)! *-! +K0!535+0BP!/LL! *-+02D,--0D+*-1!
N*20!Q>-)L05!/-)!/LL!50-5,25!+K/+!*-?>+!D2*+*D/L!,2!0550-+*/L!)/+/!*-+,!+K0!535+0B=!!:DD/5*,-/LL3!/!?*0D0!
,M!0A>*?B0-+!B/3!Q0!,B*++0)!*M! *+5!M>-D+*,-!D/-!Q0!20?2050-+0)!Q3!/!5*B>L/+0)!*-?>+P!)>BB3!L,/)!,2!
Q0! *-+02M/D0)! N*+K! /! )*/1-,5+*D! 0A>*?B0-+! /5! L,-1! /5! 5>DK! /! 5>Q5+*+>+*,-! ),05! -,+! /MM0D+! 535+0B!
5>5D0?+*Q*L*+3!+,!/!L*1K+-*-1!20L/+0)!>?50+=!!"-3!5>Q5+*+>+*,-!,M!535+0B!0A>*?B0-+P!/5!)05D2*Q0)!/Q,O0P!
5K,>L)!Q0!),D>B0-+0)!*-!+K0!+05+!?L/-!/-)!/??2,O0)!Q3!+K0!D02+*M*D/+*,-!/>+K,2*+*05!?2*,2!+,!D,-)>D+*-1!
+K0!+05+=!!F0?0-)*-1!>?,-!+K0!D2*+*D/L*+3!,M!+K0!50-5,2P!/))*+*,-/L!+05+*-1!,M!+K0!50-5,2!B/3!Q0!20A>*20)=!!
H0M020-D0!5K,>L)!/L5,!Q0!B/)0!+,!?/2/12/?K!E=4G!,M!$/+01,23!'(4=!

! !

! 6$74(@.!

! ! :HIJI6"9
! !

!
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! ! "#$%&!'((

! ! #)*+*,-!.

! ! $/+01,23!'(4

! ! %05+!6$74(

! !

!

! !

! !

2. NCS10 LIMITS 

%K0!L*B*+5!/20!5K,N-!*-!%/QL0!6$74(@4= 

 Peak waveform amplitude, current and voltage 

Category Short Intermediate Long 

! (V) (A) (V) (A) (V) (A) 

"!
8!
$!
F!

4.'!
<((!
Y'(!
4E((!

.'(!
E((!
4'((!
<.((!

4.'!
<((!
Y'(!
4E((!

.'(!
E((!
4'((!
<.((!

6Z"!
.(((!
.(((!
.(((!

6Z"!
4(((!
<(((!
4((((!

TABLE NCS10-1 Peak Waveform Amplitude Limits. 

NOTE! 7,B0!Q2/-DK05!,M!+K0!#W%!K/2-055!N*LL!Q0!O023!L,N!*B?0)/-D0!S5K*0L)0)!D/QL05T!/-)!5,B0!
K*1K! *B?0)/-D0! S>-5K*0L)0)!D/QL05T=! !%K0! L,N! *B?0)/-D0!D/QL05!N*LL! K/O0!K*1K! D>220-+! ML,N! S>?! +,!
4(P(((!"T!/-)!+K0!K*1K!*B?0)/-D0!D/QL05!N*LL!K/O0!K*1K!O,L+/105!*-)>D0)!/+!+K0!B/V*B>B!10-02/+,2!
,>+?>+5=!!I+!*5!*B?,2+/-+!+,!-,+0!+K/+!+K0!/??L*D/QL0!L*B*+!*5!B0+!NK0-!0*+K02!+K0!?0/U!D>220-+!,2!O,L+/10!
20/DK05!+K0!20A>*20)!L0O0L=!

[K0-!+05+*-1!0A>*?B0-+!>5*-1!+K0!L,-1!N/O0M,2B!*M!+K0!O,L+/10!L*B*+!*5!20/DK0)!Q0M,20!+K0!D>220-+!L*B*+P!
+05+*-1!5K,>L)!Q0!5+,??0)!/-)!+K0-!20D,BB0-D0)!>5*-1!+K0!I-+02B0)*/+0!N/O0M,2B!/+!$"%!F!L0O0L5=!

3. NCS10 TEST PROCEDURE 

<=4! &>2?,50!

"! )*20D+! L*1K+-*-1! 5+2*U0! +,! /-!/*2D2/M+!N*LL! 205>L+! *-! +K0! D,>?L*-1! ,M! 0L0D+2*D/L! +2/-5*0-+5! +,! 0A>*?B0-+!
N*2*-1P! *-DL>)*-1! +K0!#W%! 12,>-)! Q,-)*-1! 5+2/?5=! ! %K0! ?>2?,50! ,M! +K*5! +05+! *5! +,! 0-5>20! +K/+! +K050!
+2/-5*0-+5! N*LL! -,+! D/>50! )/B/10P! B/LM>-D+*,-! ,2! >-/DD0?+/QL0! ?02M,2B/-D0! )012/)/+*,-! ,M! +K0!
0A>*?B0-+=!!%K050!?02M,2B/-D0!D2*+02*/!N*LL!Q0!)0M*-0)!*-!+K0!#RI%&=!

6:%#\! %05+!6$#(4!,2!6$#('!B>5+! K/O0! Q00-! ?02M,2B0)!?2*,2! +,! +K*5! +05+! Q0*-1! D,-)>D+0)! /-)!
20?0/+0)! ,-D0! +05+*-1! K/5! Q00-! D,B?L0+0)=! ! H0M020-D0! ?/2/12/?K! C=<=4(=C=C! ,M! $/+01,23!
'(4=!

<=.! %05+!0A>*?B0-+!

%K0!+05+!0A>*?B0-+!5K/LL!Q0!/5!M,LL,N5\!

/=! &>L50! 10-02/+,25\! ! %K050! 10-02/+,25! ?2,O*)0! /! 5*-1L0! >-*@)*20D+*,-/L! D>220-+! ?>L50P!
NK*DK!*5!*-X0D+0)!*-+,!/-!0A>*?B0-+!12,>-)!Q,-)*-1!L0/)!+,!5*B>L/+0!+K0!D>220-+!*-)>D0)!
Q3!/!)*20D+!L*1K+-*-1!5+2*U0!,-!/-!/*2D2/M+=!!%K200!)*MM020-+!?>L50!N/O0M,2B5!/20!5?0D*M*0)!
/5! ]5K,2+]P! ]*-+02B0)*/+0]P! /-)! ]L,-1]! *-! +02B5! ,M! ?>L50! 2*50@+*B0! /-)! )>2/+*,-^! +K03! /20!
*LL>5+2/+0)!*-!;*1>20!6$74(@4=!!%K0!5?0D*M*D!?02M,2B/-D0!DK/2/D+02*5+*D5!,M!+K0!10-02/+,2!
/20!/5!M,LL,N5\!

S4T! &>L50! DK/2/D+02*5+*D5! %/QL0! 6$74(@.! 5?0D*M*05! +K0! ,>+?>+! N/O0M,2B! 20A>*20)! ,M!
0/DK! +3?0!,M!?>L50!10-02/+,2! /-)!5K,N5! +K0!B/V*B>B!?0/U!5K,2+! D*2D>*+! D>220-+!
/-)!B/V*B>B!?0/U!,?0-!D*2D>*+!O,L+/10!+,!Q0!?2,O*)0)=!

S.T! "B?L*+>)0!D,-+2,L!#A>*?B0-+!*-+0-)0)!M,2!,?02/+*,-!*-!/-!0V?,50)!0L0D+2,B/1-0+*D!
0-O*2,-B0-+! 20A>*20! +05+*-1! N*+K! +K0! K*1K! D>220-+! /-)! O,L+/10! L0O0L5! 5K,N-! *-!!
%/QL0! 6$74(@.=! ! ;,2! 0A>*?B0-+! +,! Q0! ,?02/+0)! *-! /! ?2,+0D+0)! 0L0D+2,B/1-0+*D!
0-O*2,-B0-+P! +K0!D>220-+!/-)!O,L+/10! +05+! L0O0L5!/20!20)>D0)!Q3!/! M/D+,2!,M!/Q,>+!
4<! M,2! Q,+K! +K0! 5K,2+! /-)! *-+02B0)*/+0! ?>L505=! ! %K0! D>220-+! M,2! +K0! L,-1!?>L50! *5!
20)>D0)! Q3! /! M/D+,2! ,M! 4(! Q>+! -,! 20)>D+*,-! *5! B/)0! *-! +K0! ,?0-! D*2D>*+! O,L+/10=!!

! !

! 6$74(@<!
! ! :HIJI6"9
! !

!
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!

! ! "#$%&!'((!

! ! #)*+*,-!.!

! ! $/+01,23!'(4!

! ! %05+!6$74(!

! !

!

! !

! !

$,-+2,L!,M!/B?L*+>)0! +,!B00+! +K0!)*MM020-+! +05+! L0O0L5! *5!0550-+*/L!NK*L0!?20502O*-1!
+K0!20A>*20)!N/O0M,2B=!

S<T! J0-02/+,2! )05*1-=! ! "! 50?/2/+0! 10-02/+,2! *5! L*U0L3! +,! Q0! 20A>*20)! M,2! 0/DK! ,M! +K0!

+K200!N/O0M,2B5.!

 %K0! 10-02/+,2! ,>+?>+! 20A>*20B0-+5! /5! 5?0D*M*0)! *-! %/QL0! 6$74(@.! 5K/LL! Q0! O02*M*0)=!!
%K0!5,>2D0!*B?0)/-D0!5K/LL!Q0!O02*M*0)!/+!+K0!,>+?>+!+02B*-/L5!/-)!/LL!,+K02!?/2/B0+025!
O02*M*0)! >5*-1! +K0! ,>+?>+! L0/)5!NK*DK!N*LL! Q0! >50)! 5>Q50A>0-+L3! +,! D,--0D+! +K0! ?>L50!
10-02/+,2! +,! +K0! #W%=! _02*M*D/+*,-! ,M! Q,+K! ?,5*+*O0! /-)! -01/+*O0! ?,L/2*+3! ,>+?>+!
N/O0M,2B5! /20! 20A>*20)=! %K0! ,>+?>+! L0/)5! 5K,>L)! Q0! ,M! 5,L*)! D,??02P! ?20M02/QL3! -,+!
0VD00)*-1!Y'!BB!*-!L0-1+K!N*+K!/!D2,55@50D+*,-!,M!.'!BB!V!.!BB=!

Pulse Duration Short Intermediate Long 

H*50!+*B0!+,!?U!S`5T! (=4!
S500!6,+0!4T!

E=C! '(!

;/LL!+*B0!+,!a02,!M2,B!5+/2+!S`5T! E=C!
S500!6,+0!.T!

@! @!

;/LL!+*B0!+,!'(!b!?U!M2,B!5+/2+!
S`5T!

! Y(! '((!

R/V!5K,2+!D*2D>*+!D>220-+!SU"T! (=<.! 4=(! 4(!

R/V!,?0-!D*2D>*+!O,L+/10!SU_T! 4=E! '=(! .=(!

J0-02/+,2!7,>2D0!IB?0)/-D0!S!T! '=(! '=(! (=.!

TABLE NCS10-2 Pulse Waveform and Output Characteristics. 

6:%#!4! %K*5!*5!+K0!B/V*B>B!+*B0!/LL,N0)!+,!20/DK!?0/U!/B?L*+>)0=!"LL!,+K02!+*B05!K/O0!/!
+,L02/-D0!,M!c!.(b=!

6:%#!.! "M+02! +K0!a02,!D2,55*-1! +K0!?>L50!/B?L*+>)0! *5!?02B*++0)! +,!>-)025K,,+!Q>+!Q3!-,!
B,20!+K/-!.(b!,M!?0/U!/B?L*+>)0=!

Q=! :5D*LL,5D,?0!

D=! $>220-+!R,-*+,2!

)=! $/?/D*+,2P!<(P(((!`;!

0=! '!`d!9I765!

<=<! 70+>?!

<=<=4! %K0!+05+!50+>?!5K/LL!Q0!/5!M,LL,N5\!

/=! "! +3?*D/L! +05+! L/3,>+! *5! 5K,N-! *-! ;*1>20! 6$74(@C=! ! %K0! #W%! 5K,>L)! Q0! L/*)! ,>+! *-!
/DD,2)/-D0! N*+K! +K0! 20A>*20B0-+5! ,M! $/+01,23! '(4=! ! I+! 5K,>L)! Q0! M>-D+*,-*-1! /-)!
D,-M*1>20)!*-!/!B/--02!20?2050-+/+*O0!,M! +K0!/D+>/L!/*2D2/M+! *-5+/LL/+*,-=! !$/20!B>5+!Q0!
+/U0-! +,!0-5>20! +K/+! +K0!9I765!>50)!/20! 2/+0)! +,!N*+K5+/-)! +K0!D>220-+5!/-)!O,L+/105!
>50)!*-!+K*5!+05+=!

Q=! %K0!#W%!B>5+!Q0!*5,L/+0)!M2,B!+K0!12,>-)!?L/-0!>5*-1!'(!BB!+K*DU!*-5>L/+*-1!B/+02*/L!
D/?/QL0!,M!N*+K5+/-)*-1!+K0!B/V*B>B!+05+!O,L+/10=!

D=! IM!5?0D*/L@+,@+3?0!+05+P!0V02D*5*-1!0A>*?B0-+!,2!,+K02!>-*+5P!NK*DK!),!-,+!M,2B!?/2+!,M!+K0!
,?02/+*,-/L!#W%!D,-M*1>2/+*,-!/20!?2050-+P!*+!B>5+!Q0!D,-M*2B0)!+K/+!+K0!12,>-)*-1!/-)!
Q,-)*-1!?K*L,5,?K3! *5! M>LL3! 20?2050-+/+*O0!,M! +K0!/*2D2/M+! *-5+/LL/+*,-=! !%K*5! *5! +,!0-5>20!
+K/+! +K0! *-X0D+0)! D>220-+5! /-)! O,L+/105! N*LL! Q0! )*5+2*Q>+0)! /2,>-)! +K0! #W%! *-! /!
20?2050-+/+*O0!B/--02=!!I+!B>5+!/L5,!Q0!0-5>20)!+K/+!0A>*?B0-+!-,+!?/2+!,M!+K0!#W%!/20!
-,+!/MM0D+0)!Q3!+K0!+05+*-1!/-)!D/--,+!1*O0!2*50!+,!022,-0,>5!M/>L+!D,-)*+*,-5=!

! !

! 6$74(@C!

! ! :HIJI6"9
! !

!
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!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $/+01,23!'(4

! ! %05+!6$74(

! !

!

! !

! !

)=! I-+02D,--0D+*-1!L/3,>+!D/QL0!Q>-)L05!B>5+!Q0!L/*)!,>+!*-!5>DK!/!B/--02!/5!+,!B*-*B*50!
/-3! -,-@20?2050-+/+*O0! *-)>D+*O0! *-+02/D+*,-5P! *=0=! ,-L3! Q>-DK! +,10+K02! +K,50! D/QL0!
Q>-)L05!+K/+!N,>L)!Q0!2>-!+,10+K02!*-!+K0!/*2D2/M+!*-5+/LL/+*,-=!

0=! I)0-+*M3!+K0!B/*-!12,>-)*-1!?,*-+!M,2!0/DK!>-*+!,M!+K0!#W%=!

M=! F*5D,--0D+!/LL!L,D/L!#W%!12,>-)*-1!5+2/?5!M2,B!+K0!+05+!M/D*L*+3!12,>-)!?L/-0P!*=0=!+K,50!
12,>-)*-1! 5+2/?5P! 5/M0+3! 12,>-)5P! 5*1-/L! 12,>-)5! 0+D=! NK*DK! /20! *-+0-)0)! +,! Q0!
12,>-)0)! +,! +K0! 5/B0! ?/2+! ,M! +K0! /*2D2/M+! 5+2>D+>20! N*+K*-! (='! B0+205! ,M! +K0! #W%=!!
$,--0D+! +K0! )*5D,--0D+0)! 0-)5! +,10+K02! +,! M,2B! /-! *5,L/+0)! 12,>-)*-1! ?,*-+! M,2! +K0!
#W%=!

1=! $,--0D+! +K0! ?>L50! 10-02/+,2! Q0+N00-! +K0! M/D*L*+3! 12,>-)! ?L/-0! /-)! +K0! *5,L/+0)!#W%!
12,>-)*-1!?,*-+!>5*-1!+K0!5/B0!+05+!L0/)5!+K/+!N020!>50)!M,2!+K0!D/L*Q2/+*,-!?2,D0)>20=!

<=<=.! 735+0B!:?02/+*-1!R,)0S5T\!

/=! 735+0B!,?02/+*-1!B,)05!5K,>L)!Q0!D,-5*)020)!?2*,2!+,!+05+=!!I+!*5!,M+0-!20A>*20)!+,!+05+!
*-! B>L+*?L0! B,)05! S*=0=! M,2! /! ;>LL3! ">+,B/+0)! F*1*+/L! #L0D+2,-*D! $,-+2,L! e;"F#$f!
/??2,/DKP! +/U0@,MMP! D2>*50T! /-)! *+! B>5+! Q0! 05+/QL*5K0)! +K/+! /LL! D2*+*D/L! /5?0D+5! ,M! +K0!
535+0B!/20!/)0A>/+0L3!+05+0)=!!%K0!B,)05!50L0D+0)!M,2!+05+*-1!/-)!2/+*,-/L0!5K,>L)!Q0!
)0M*-0)!DL0/2L3!*-!+K0!#RI%&=!

<=<=<! 735+0B!$,-M*1>2/+*,-\!

/=! $,-+2,L!,M!N*20!D,-M*1>2/+*,-P!N*20! L0-1+KP!535+0B!L/3,>+!/-)!535+0B!12,>-)*-1!5K,>L)!
Q0! *-! /DD,2)/-D0! N*+K! /??L*D/QL0! *-5+/LL/+*,-! D,-+2,L! )2/N*-15! +,! +K0! 0V+0-+! +K03! /20!
?2/D+*D/L=!

<=<=C! #V+02-/L!J2,>-)!%02B*-/L\!

/=! [K0-!0V+02-/L! +02B*-/L5!/20!/O/*L/QL0! M,2!12,>-)!D,--0D+*,-!,-!+K0!#W%P! +K0!+02B*-/L!
5K/LL!Q0!D,--0D+0)!+,!+K0!12,>-)!?L/-0!+,!0-5>20!5/M0!,?02/+*-1!D,-)*+*,-5!)>2*-1!+K0!
+05+P! >-L055! ,+K02N*50! 5?0D*M*0)! *-! +K0! #RI%&=! ! %K0! L0-1+K! ,M! +K0! 12,>-)! D,--0D+*,-!
)0M*-0)! *-! +K0! *-5+/LL/+*,-! *-5+2>D+*,-5! 5K/LL! Q0! >50)=! ! IM! /! L0-1+K! *5! -,+! )0M*-0)P!
/??2,V*B/+0L3!<(!DB!,M!/!20?2050-+/+*O0!N*20!,2!12,>-)!5+2/?!D/-!Q0!>50)=!

<=<='! I-+02D,--0D+*-1!$/QL0!8>-)L05\!

/=! "LL!#W%! *-+02D,--0D+*-1!N*2*-1! S0=1=P! 5K*0L)0)!N*205P! +N*5+0)!N*205P! 0+D=T! D/QL0!Q>-)L05!
/-)! H;! +2/-5B*55*,-! L*-05! 5K/LL! Q0! *-! /DD,2)/-D0! N*+K! +K0! /??L*D/QL0! *-5+/LL/+*,-! /-)!
*-+02M/D0! D,-+2,L! )2/N*-15! ,2! )*/12/B5=! ! &K35*D/L! /-)! 0L0D+2*D/L! DK/2/D+02*5+*D5! ,M!N*20!
Q>-)L0!D,-M*1>2/+*,-5P!B>5+!B/+DK!+K0!/D+>/L!*-5+/LL/+*,-!/5!DL,50L3!/5!?,55*QL0=!!"D+>/L!
?2,)>D+*,-!D,-M*1>2/+*,-!N*20!Q>-)L05!5K,>L)!Q0!>50)!NK020!?2/D+*D/L=!

Q=! $/QL05!5K/LL!Q0!Q>-)L0)! *-!/!B/--02!5*B*L/2! +,! +K/+!,M! +K0! *-+0-)0)!/*2D2/M+! *-5+/LL/+*,-!
/-)! 5>??,2+0)! /??2,V*B/+0L3! '(! BB! /Q,O0! +K0! 12,>-)! ?L/-0=! ! ;,2! D,B?L0V! D/QL0!
Q>-)L0! D,-M*1>2/+*,-P! /LL! D/QL0! Q>-)L05! /-)! *-+02D,--0D+0)! L,/)5! 5K,>L)! Q0! U0?+!
50?/2/+0)!M2,B!0/DK!,+K02!/5!B>DK!/5!*5!?2/D+*D/L!+,!B*-*B*50!D,>?L*-1!0MM0D+5!Q0+N00-!
D/QL05=!

D=! W-L055! ,+K02N*50! 5?0D*M*0)! +K0! D/QL0! Q>-)L0! 5K/LL! Q0! /+! L0/5+! <=<!B0+205=! ![K0-! +K0!
L0-1+K! ,M! /-! *-+02D,--0D+*-1! D/QL0! Q>-)L0! *5! 120/+02! +K/-! +K0! +05+! Q0-DKP! +K0! D/QL0!
Q>-)L0! 5K,>L)! Q0! /22/-10)!N*+K! +K0! 0VD055! L0-1+K! a*1@a/110)! /+! +K0! Q/DU! ,M! +K0! +05+!
Q0-DK!/??2,V*B/+0L3!'(BB!/Q,O0!+K0!12,>-)!?L/-0=!

)=! 7,B0!5?0D*/L!*-5+/LL/+*,-5!B/3!20A>*20!O023!L,-1!D/QL0!Q>-)L0!L0-1+K5!NK*DK!D/--,+!Q0!
/DD,BB,)/+0)!,-! +K0! +05+!Q0-DK\! +K020M,20! +K0! 20D,BB0-)0)!B/V*B>B! L0-1+K!,M! +K0!
*-+02D,--0D+*-1!D/QL0!Q>-)L05!M,2!+K050!+05+5!5K/LL!-,+!0VD00)!4'!B0+205=!!%K0!0VD0?+*,-!
+,! +K*5! L*B*+/+*,-! *5!NK020!D/QL0!Q>-)L0! L0-1+K5!/20!B/+DK0)!,2!5?0D*M*0)! +,!/!?/2+*D>L/2!

! !

! 6$74(@'!
! ! :HIJI6"9
! !

!
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!

! ! "#$%&!'((!

! ! #)*+*,-!.!

! ! $/+01,23!'(4!

! ! %05+!6$74(!

! !

!

! !

! !

L0-1+K!M,2!?K/50!B/+DK!,2!5*B*L/2!20/5,-5=!

<=<=E! &,N02!90/)5\!

/=! ;,2!D/QL0!Q>-)L0!+05+5P!?,N02!/-)!20+>2-!L0/)5!-,2B/LL3!Q>-)L05!N*+K!+K0!D,-+2,L!Z!5*1-/L!
L0/)5!5K/LL!20B/*-!*-!+K0!D/QL0!Q>-)L0!/-)!,-L3!Q0!50?/2/+0)!M2,B!+K0!Q>-)L0!X>5+!?2*,2!
+,! +K0!D/QL0!Q>-)L0!0V*+*-1! +K0! +05+!/20/=! !%K050! L0/)5!5K/LL! +K0-!Q0!D,--0D+0)! +,! +K0!
9I765=!

Q=! [K0-!+K0!/D+>/L!/*2D2/M+!D/QL0!Q>-)L0!D,-M*1>2/+*,-!*5!>-U-,N-!,2!NK0-!?,N02!/-)!Z!,2!
20+>2-!L0/)5!/20!-,2B/LL3!2,>+0)!50?/2/+0L3!M2,B!+K0!D,-+2,L!Z!5*1-/L!L0/)5P!+K0!?,N02!/-)!
20+>2-!L0/)5!5K,>L)!Q0!Q2,U0-!,>+!,M!+K0!D/QL0!Q>-)L0!-0/2!+K0!D,--0D+,2!,M!+K0!#W%!/-)!
2>-! 50?/2/+0L3! +,! +K0! 9I765=! ! W-)02! +K050! D,-)*+*,-5P! +K0! L0-1+K! ,M! +K0! L0/)5! +,! +K0!
9I765!5K/LL!-,+!0VD00)!4!B0+20!>-L055!,+K02N*50!5?0D*M*0)!*-!+K0!/??L*D/QL0!0A>*?B0-+!
5?0D*M*D/+*,-=!

D=! [K0-! +K0! 20+>2-! L0/)! *5! /! L,D/L! 12,>-)! SL055! +K/-! 4! B0+20! L0-1+KTP! +K*5! L0/)!B/3! Q0!
12,>-)0)!)*20D+L3! +,! +K0! +05+! Q0-DKP! *-! /DD,2)/-D0!N*+K! +K0!/??L*D/QL0! *-5+/LL/+*,-! /-)!
*-+02M/D0!D,-+2,L!)2/N*-15!,2!)*/12/B5=!

<=<=Y! I-+02M/D0!9,/)5!/-)!7>??,2+!#A>*?B0-+\!

/=! $/QL0!Q>-)L0! +05+5! *)0/LL3! 5K,>L)!Q0!?02M,2B0)!,-! M>LL3! M>-D+*,-*-1!0A>*?B0-+=! !#W%5!
5K,>L)!Q0!5>*+/QL3!L,/)0)!/D+>/L!*-+02M/D0!0A>*?B0-+=!

Q=! [K0-!+K0!*-+02M/D0!0A>*?B0-+!B>5+!Q0!5*B>L/+0)P!+K0!5*B>L/+0)!0L0D+2*D/LP!0L0D+2,-*D!/-)!
Z!,2!0L0D+2,B0DK/-*D/L!DK/2/D+02*5+*D5!,M!+K0!L,/)5!5K,>L)!Q0!20?2050-+/+*O0!,M!+K0!/*2D2/M+!
*-5+/LL/+*,-=!!%,!/O,*)!/L+02*-1!+K0!O,L+/10!/-)!D>220-+!)*5+2*Q>+*,-5!*-!+K0!D/QL0!Q>-)L05P!
+K0!0L0D+2*D/L! Z! 0L0D+2,-*D! L,/)5! 5K,>L)! 5*B>L/+0! +K0!/D+>/L! L,/)! L*-0@+,@L*-0! /-)! L*-0@+,@
12,>-)!*B?0/)/-D05!S*-DL>)*-1!5+2/3!D/?/D*+/-D0T!/5!M/2!/5!*5!?2/D+*D/L=!

D=! $/20! 5K,>L)! Q0! +/U0-! +K/+! /-3! +05+! D,-M*1>2/+*,-P! 5*B>L/+0)! L,/)! ,2! B,-*+,2*-1!
0A>*?B0-+!),05!-,+!/L+02!+K0!5>5D0?+*Q*L*+3!,2!*BB>-*+3!,M!+K0!#W%=!!7>??,2+!0A>*?B0-+!
B/3!20A>*20!?2,+0D+*,-!M2,B!+K0!0MM0D+5!,M!+K0!/??L*0)!+2/-5*0-+5!*-!,2)02!+,!/O,*)!>?50+!
,2!)/B/10=!

<=<=G! F>BB3!"-+0--/!,2!9,/)5\!

/=! ;,2! +K0!?>2?,50!,M! +K*5! +05+P!/-+0--/!D/QL05!B/3!Q0!+02B*-/+0)! *-!/! L,/)!0A>/L! +,! +K0!
D/QL0! DK/2/D+02*5+*D! *B?0)/-D0P! ,2! /! )>BB3! /-+0--/=! ! %K0! )>BB3! /-+0--/P! *M! >50)!
5K/LL!Q0!5K*0L)0)!/-)!Q0!)05*1-0)! +,!K/O0!0L0D+2*D/L!DK/2/D+02*5+*D5!DL,50L3!5*B>L/+*-1!
+K0!*-@502O*D0!/-+0--/=!!I+!5K/LL!/L5,!D,-+/*-!0L0D+2*D/L!D,B?,-0-+5!-,2B/LL3!>50)!*-!+K0!
/-+0--/P!5>DK!/5!M*L+025P!D235+/L!)*,)05P!53-DK2,5!/-)!B,+,25=!

<=C! &2,D0)>205!

%K0!M,LL,N*-1!5/M0+3!D,-5*)02/+*,-5!5K,>L)!Q0!,Q502O0)\!

/=! %K0!?>L50!10-02/+,25! >50)! *-! +K050! +05+5! ?2,)>D0! L0+K/L! O,L+/105!/-)! 5>*+/QL0! 5/M0+3!
?20D/>+*,-5!B>5+!Q0!+/U0-=!!"LL!?025,--0L!B>5+!Q0!B/)0!/N/20!,M!+K0!?,+0-+*/L!K/a/2)5!
/-)!*-5+2>D+0)!+,!M,LL,N!+K0!/??2,O0)!5/M0+3!?2,D0)>205!,M!+K0!%05+!d,>50!205?,-5*QL0!
M,2!+K0!D,-)>D+!,M!+K0!+05+5=!

Q=! [K0-!+05+*-1!N*+K!+K0!9,-1![/O0M,2BP!*-!?/2+*D>L/2P!*+!*5!/)O*5/QL0!M,2!?025,--0L!*-!+K0!
O*D*-*+3! ,M! +K0! #W%! +,!N0/2! 030! ?2,+0D+*,-=! ! 7,B0! D,B?,-0-+5! K/O0! Q00-! U-,N-! +,!
0V?L,)0!/-)!?2,X0D+!)0Q2*5!,O02!)*5+/-D05!,M!50O02/L!B0+205=!

D=! 7,B0!+3?05!,M!?>L50!10-02/+,25!D/-!?2,)>D0!/!K*1K!*-+0-5*+3!Q>25+!,M!-,*50!NK0-!+K03!
/20! M*20)=! "LL! ?025,--0L! 5K,>L)! Q0! B/)0! /N/20! ,M! +K*5! /-)! /)O*50)! +,! N0/2! 0/2!
?2,+0D+*,-=!

! !

! 6$74(@E!

! ! :HIJI6"9
! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((

! ! #)*+*,-!.

! ! $/+01,23!'(4

! ! %05+!6$74(

! !

!

! !

! !

<=C=4! J0-02/+,2!&02M,2B/-D0!_02*M*D/+*,-!

/=! $,--0D+! +K0! +2/-5*0-+! 10-02/+,2! +,! +K0!?2*B/23! *-?>+5!,M! +K0! *-X0D+*,-! +2/-5M,2B02P! 500!
;*1>20!6$74(@'=!

Q=! ;,2!0/DK!10-02/+,2P!20D,2)!+K0!O,L+/10!N/O0M,2B!N*+K!+K0!D/L*Q2/+*,-!L,,?!,?0-!/-)!+K0!
D>220-+!N/O0M,2B!N*+K!+K0!D/L*Q2/+*,-!L,,?!5K,2+0)=!!;,2!+K0!7*-1L0!7+2,U0!+05+!O02*M3!+K0!
20L0O/-+! N/O05K/?0! ?/2/B0+025! *)0-+*M*0)! *-! ;*1>20! 6$74(@4! /-)! O02*M3! +K/+! +K0!
B/V*B>B!)05*1-/+0)!+05+!L0O0L!S"!,2!_T!,M!%/QL0!6$74(@4!D/-!Q0!/DK*0O0)=!

<=C=.! %05+!&2,D0)>205!

/=! 7N*+DK!+K0!#W%!,-!/-)!0-5>20!+K/+!*+!*5!,?02/+*-1!*-!/DD,2)/-D0!N*+K!+K0!#RI%&=!

Q=! :?02/+0! +K0!?>L50!10-02/+,2! /-)! *-D20/50! +K0!,>+?>+! M2,B!a02,!>?! +,! +K0! +05+! L*B*+! *-!
5+0?5!-,+!0VD00)*-1!4(b!,M!+K0!20A>*20)!+05+!L*B*+=!!"??L3!/+!L0/5+!<!+2/-5*0-+5!/+!0/DK!
5+0?P!N*+K!/!)0L/3!,M!/+!L0/5+!G5!Q0+N00-!0/DK=!

D=! IM!/!B/LM>-D+*,-!,DD>25P!20D,2)!+K0!/??L*0)!?0/U!D>220-+!/-)!O,L+/10!L0O0L5=!

)=! IM!-,!B/LM>-D+*,-!,DD>25P! *-D20/50! +K0!10-02/+,2!,>+?>+!>-+*L! +K0!?0/U!D>220-+!,2!?0/U!
O,L+/10! +05+! L*B*+5! *5! 20/DK0)! /-)! +K0-! /??L3! 4(! +2/-5*0-+5P! 50?/2/+0)! Q3! /+! L0/5+! G!
50D,-)5P!,O02!/!?02*,)!,M!-,+!B,20!+K/-!.!B*->+05=!H0D,2)!/!+3?*D/L!50+!,M!+K0!D>220-+!
/-)!O,L+/10!N/O0M,2B5!+K/+!/??0/2!Q0+N00-!+K0!0A>*?B0-+!D/50!/-)!0/2+K!

0=! H0?0/+!+K0!/Q,O0!?2,D0)>20!M,2!Q,+K!?,5*+*O0!/-)!-01/+*O0!?,L/2*+3!?>L505=!

<=C=<! "??L*D/+*,-!,M!%05+![/O0M,2B5!

%K0!7K,2+!N/O0M,2B!5K/LL!Q0!/??L*0)!+,!/LL!#W%5=!!IM!*+!*5!U-,N-!+K/+!/!?/2+*D>L/2!0A>*?B0-+!*5!*-+0-)0)!
+,! Q0! *-5+/LL0)! *-! /-! /*2D2/M+! N*+K! /!N0LL@Q,-)0)P! L,N! *B?0)/-D0P! L/210L3!B0+/LL*D! 5+2>D+>20! +K0-! +K0!
I-+02B0)*/+0!?>L50!N/O0M,2B!5K/LL!Q0!/??L*0)!*-!/))*+*,-!+,!+K0!7K,2+!?>L50=!

;,2!0A>*?B0-+!+K/+! *5! *-+0-)0)!+,!Q0!*-5+/LL0)!*-! L/210L3!$/2Q,-!;*Q20!$,B?,5*+0!S$;$T!/*2M2/B05!,2!
0A>*?B0-+!NK,50!*-+02D,--0D+*-1!N*2*-1!*5!2>-!*-!/20/5!D,O020)!Q3!$;$!?/-0L5!+K0-!+K0!9,-1!?>L50!
N/O0M,2B!5K/LL!Q0!/??L*0)!*-!?L/D0!,M!+K0!I-+02B0)*/+0!N/O0M,2B=!

IM! *+! *5! -,+! U-,N-!NK020! +K0! 0A>*?B0-+! *5! +,! Q0! *-5+/LL0)! +K0-! 1>*)/-D0! 5K,>L)! Q0! 5,>1K+! M2,B! +K0!
20L0O/-+!?2,X0D+!,MM*D0=!

%K0!M,>2!+05+!D/+01,2*05!/20\!

/! $"%! "! ! #A>*?B0-+! /-)! D/QL*-1! *-5+/LL0)! *-! /! ?2,+0D+0)! 0L0D+2,B/1-0+*D! 0-O*2,-B0-+!
5>DK!/5!/!D,B?L0+0L3!0-DL,50)!/O*,-*D5!Q/3!*-!/!B0+/LL*D!/*2D2/M+=!

Q! $"%! 8! ! #A>*?B0-+! /-)! D/QL*-1! *-5+/LL0)! *-! /! ?/2+*/LL3! 0V?,50)! 0L0D+2,B/1-0+*D!
0-O*2,-B0-+!5>DK!/5!+K0!D,DU?*+!,M!/-!/*2D2/M+!N*+K!/!L/210L3!B0+/LL*D!5+2>D+>20=!

D! $"%!$! !#A>*?B0-+!/-)!D/QL*-1!Q,-)0)! +,! +K0!5/B0!?/2+!,M! +K0!/*2D2/M+! 5+2>D+>20!/-)!
*-5+/LL0)! *-! /-! 0V?,50)! 0L0D+2,B/1-0+*D! 0-O*2,-B0-+! NK020! L/210! ?,2+*,-5! ,M! +K0!
/*2M2/B0!/20!D,-5+2>D+0)!M2,B!?,,2L3!D,-)>D+*-1!,2!$;$!B/+02*/L5=!

)! $"%!F! !#A>*?B0-+!/-)!D/QL*-1!Q,-)0)! +,!)*MM020-+! ?/2+5!,M! +K0!/*2D2/M+! 5+2>D+>20!/-)!
*-5+/LL0)! *-! /-! 0V?,50)! 0L0D+2,B/1-0+*D! 0-O*2,-B0-+! NK020! L/210! ?,2+*,-5! ,M! +K0!
/*2M2/B0!/20!D,-5+2>D+0)!M2,B!?,,2L3!D,-)>D+*-1!,2!$;$!B/+02*/L5=!

[K020!0A>*?B0-+!/-)!D/QL05!D/-!Q0!)0M*-0)!*-!B,20!+K/-!,-0!,M!+K0!/Q,O0!D/+01,2*05!+K0-!+K0!+05+!
L0O0L5!/55,D*/+0)!N*+K!+K0!B,20!50O020!0-O*2,-B0-+!5K/LL!Q0!/??L*0)=!

! !

! 6$74(@Y!
! ! :HIJI6"9
! !

!
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!

! ! "#$%&!'((!

! ! #)*+*,-!.!

! ! $/+01,23!'(4!

! ! %05+!6$74(!

! !

!

! !

! !

<='! F/+/!?2050-+/+*,-!

F/+/!?2050-+/+*,-!5K/LL!Q0!/5!M,LL,N5\!

/=! "-3!B/LM>-D+*,-P!M/*L>20!,2!)/B/10!,M!+K0!0A>*?B0-+!5K/LL!Q0!*-O05+*1/+0)!/-)!20D,2)0)!
*-!+K0!+05+!20?,2+=!IM!-0D055/23P!?K,+,12/?K5!,M!+K0!)/B/10!5K/LL!Q0!*-DL>)0)=!

Q=! [K020!/-3!,5D*LL,12/B5!,M!+K0!*-)>D0)!+2/-5*0-+!N/O0M,2B!/20!+,!Q0!*-DL>)0)!*-!+K0!+05+!
20?,2+P!0/DK!,5D*LL,12/B!5K/LL!D,-+/*-P!/5!/!B*-*B>BP!+K0!M,LL,N*-1!*-M,2B/+*,-\!

D! F0+/*L5!,M!D/QL0!>-)02!+05+!

)! #W%!B,)0!,M!,?02/+*,-!

0! g!/V*5!h!O,L+5!?02!)*O*5*,-!

M! i!/V*5!h!+*B0!?02!)*O*5*,-!

1! %2/-5*0-+!&,L/2*+3!

K! H05?0D+*O0!/B?L*+>)05!/DK*0O0)!

!

!

!

!

!

 

FIGURE NCS10-1 Short Waveform. 
!
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FIGURE NCS10-2 Intermediate Waveform. 
 

 

FIGURE NCS10-3 Long Waveform. 

! !

! 6$74(@j!
! ! :HIJI6"9
! !

!

Downloaded from https://www.everyspec.com



!

! ! "#$%&!'((!

! ! #)*+*,-!.!

! ! $/+01,23!'(4!

! ! %05+!6$74(!

! !

!

! !

! !

!

9I76 9I76

&,N02!7>??L3 I-5+2>B0-+/+*,-
7>??L*05

7D200-0)!H,,B![/LL

J2,>-)!&L/-0 !
!

FIGURE NCS10-4 Typical Test Configuration. 
!
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!
 

 

FIGURE NCS10-5 Typical Generator Performance Verification Set-up. 
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NCS11 
Conducted Susceptibility Imported Low Frequency 

Susceptibility Power Lines (Sea Systems) 

 

1 NCS11 APPLICABILITY 

This test applies to all equipment in use in the Sea Systems environment connected to ship and 
submarine power supplies.  Positive-going and negative-going, damped sinewave transients between 
10 to 16 kHz, are to be applied to individual supply lines of a EUT, for both AC and DC incoming 
supplies.  Battery operated equipment which may be connected to a platform supply, for example, 
during battery charging, shall also be subjected to this test.  Reference should also be made to 
paragraph 6.19 of Category 501. 

2 NCS11 LIMITS 

The EUT shall continue to function properly, during and after the application of the transients whose 
levels are specified in Table NCS11-2. 

NOTE When applying transients to the EUT the peak voltage recorded on the oscilloscope may be 
different from that seen during the generator check if the input impedance of the EUT and LISN in 

series is different from 10 ! . 5% at the frequency of the transient. 

3 NCS11 TEST PROCEDURE 

3.1 Purpose 

The purpose of this test is to confirm that the EUT will withstand imported low frequency transients 
imposed upon its power supply lines.  This test simulates the effect of voltage transients observed due 
to switching of machines and other loads on ship and submarine power supply systems. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Transient generator 

b. Differential Oscilloscope Probe 

c. Oscilloscope 

d. Resistor, 10 ! .5% 

e. 5 µH LISNs 

f. Capacitor, 30,000 µF 

The generator is intended to simulate imported low frequency damped sinusoid transients, imposed on 
power lines.  The generator shall incorporate an output transformer having a secondary winding to be 
connected in series with the power line under test.  The generator shall be capable of providing three 
alternative fixed output voltages.  The specific performance characteristics of the generator output, 

when the secondary winding is terminated with a 10 ! . 5% low inductance resistor, are shown in  
Table NCS11-1 with typical waveforms given in Figures NCS11-1 and NCS11-2. 
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Output voltage (Vpk) . 
10% (Note 1) 

600 750 2500 

Frequency (kHz) 

. 10% (Note 2) 
15.9 15.9 10.9 

Relative amplitude of 
3

rd
 ! cycle (Note 3) 

0.6 – 0.8 0.6 – 0.8 0.2 – 0.3 

Output impedance (!) 

. 10% (Note 4) 
0.15 0.4 2.5 

TABLE NCS11-1 Generator performance characteristics. 

NOTE 1 Specified as the amplitude of the first half cycle i.e. Vpk. 

NOTE 2 Calculated from the combined duration of the first three half cycles. 

NOTE 3 Calculated by dividing the peak voltage of the third cycle by Vpk.. 

NOTE 4 Specified as the value of resistance which, when connected across the 
secondary winding, reduces the winding voltage (amplitude of first half cycle) 
to half the open circuit voltage. 

3.3 Setup 

The test setup shall be as follows: 

a. A typical test layout is shown in Figure NCS11-3. 

b. The equipment under test shall be installed in the test house in such a way as to 
accurately simulate the intended platform installation. The secondary of the injection 
transformer shall be wired into each line under test at the LISN end. 

c. Prior to the in-line connection of the transient generator secondary winding, the output 

of the generator, when terminated with a 10 ! . 5% low inductance resistor, shall be 
checked to be compliant with the test levels shown in Table NCS11-2. 

 

EUT Supply Voltage (V) 
Peak Voltage Across 

10 ! Resistor (V) 

440 V  60Hz 

170 - 720 V DC 
2500 .  15% 

115V  60/400Hz 750 . 10% 

24 V DC 600 . 10% 

TABLE NCS11-2 Level of Applied Transients. 

3.4 Procedures 

The test procedures shall be as follows: 

a. Conducted emission test NCE01 must have been performed prior to performing this 
test. 

NOTE If this test has been performed as part of the trial then this is acceptable. 
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b. With the transient generator connected in series with the supply line under test, the EUT 
is to be checked for correct function and operation prior to the application of the 
transients. 

c. Each supply line in turn shall then be subjected to twelve positive-going applications of 
the transient using the generator output settings appropriate to the EUT supply voltage 
as shown in Table NCS11-3 followed by twelve negative-going transients.  These 
transients shall be applied at a rate of one every 2 to 5 seconds. 

d. The generator output waveform shall be monitored on the oscilloscope. The voltage 
induced into the cable under test and photographs of the induced transient waveform 
may be recorded for inclusion in the test report. 

e. During each transient application, the EUT shall be monitored for degradation of 
performance, damage or malfunction as defined in the EMC test plan. When testing 
digital systems it may be necessary to apply a greater number of transients to ensure 
detection of any malfunction. In this case, the EMITP should include some guidance to 
ensure capture of a malfunction during test. 

f. On completion of all transient applications, conducted emission test NCE01 shall be 
repeated to confirm that any power line filter have not been damaged. This resultant 
emission profile shall be assessed against the NCE01 result obtained prior to the 
transient application. This shall determine whether any damage to the EUT occurred 
during application of the transients, i.e. Filtering or other component damage. Should 
any significant changes in emission profile be evident then a FAIL result shall be 
recorded for this test even if the emission profile has been reduced due to the 
application of the transient. 

NOTE The conducted emission assessment is not intended to show compliance against the 
NCE01 limits but is used solely to compare the ‘before’ and ‘after’ emission profiles. 

3.5 Data presentation 

Data presentation shall be as follows: 

a. Any malfunction, failure or damage of the equipment shall be investigated and recorded 
in the test report. 

b. Where any oscilloscope photographs of the induced transient waveform are to be 
included in the test report, each photograph shall contain, as a minimum, the following 
information: 

Details of cable under test 

EUT mode of operation 

X axis – volts per division 

Y axis – time per division 

Transient polarity 
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100% 

Time

Peak 
Voltage 

FIGURE NCS11-1 Typical Transient Waveform (600V and 750V transients). 
 

 

 

25% 

100% 

Time

Peak 
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FIGURE NCS11-2 Typical Transient Waveform (2500V transients). 
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FIGURE NCS11-3 Typical Test Configuration. 
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Electrostatic Discharge 
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NCS12 
Electrostatic Discharge 

 

1 NCS12 APPLICABILITY 

The purpose of this test is to determine whether electrostatic discharges (ESD) transferred to 
equipment by personnel contact will damage the EUT or lead to the malfunctioning and degradation of 
its performance 

In service, electrostatic discharges result from charges built up by friction between materials, such as 
clothing, and inadvertently transferred to equipment by personnel, either directly or indirectly.  This test 
simulates the above process by the use of a high voltage generator, charge storage capacitor and 
discharge probe. 

This test applies to all Air equipment fitted with electronic and active components, particularly non-
linear items such as transistors or integrated circuits etc, including Land and Sea Systems equipment 
if operated in an air-conditioned or protected environment. 

This test method utilises the contact technique of applying large ESD transients to EUTs and the limits 
and equipment classifications are as shown below.  The discharges are normally directed to points on 
the front panel of the EUT, e.g. keyboards, knobs, switches, buttons and indicators, LEDs, slots, 
grilles, connectors and any metallic parts on the outside of the EUT electrically isolated from ground.  
Specific points shall be detailed in the EMITP.  Where the EMITP specifies non-conductive surfaces to 
be tested, the contact method shall be substituted by the air discharge method. 

Reference should also be made to paragraph 6.20 of Category 501. 

2 NCS12 LIMIT 

Equipment shall withstand discharges as specified above at charging voltages appropriate to the 
Category of the equipment, without malfunction or disturbance. 

For Air service the tests shall be applied at one of two severity levels, depending on the category of 
the equipment: 

a. Category A Safety critical in that the safety of personnel or third parties is placed 
at risk either directly or indirectly from malfunctioning of the equipment (and hence 
subsequently the materiel). 

b. Category B Mission critical in that malfunctioning or upset of the equipment 
functions either reduces, damages or prevents the materiel from performing the 
mission. 

ESD testing of Air service equipment not in either of these categories is not normally required but is at 
the discretion of the Procuring Agencies. 

Land service equipment should be subjected to this test method where it is likely to be deployed in 
environments that give rise to ESD events, such as the dry atmospheric conditions associated with 
desert scenarios or air-conditioned rooms. 

It is not normally required that sea service equipment be subjected to this test method, however if the 
EUT is to be deployed within an air conditioned environment then this test should be performed. 
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All equipment deployed in a support role within a classroom or office environment is subject to this 
test. 

 

Charging Voltage 

(kV) 

Category A 

Safety critical 

Category B 

Mission critical 

2 

4 

6 

8 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

TABLE NCS12-1 Application of Charging Voltages by Equipment Category. 

NOTE 1: For Munitions testing, the test levels and methods in STANAGs 4235 and 4239 shall 
be applied. 

NOTE 2: When using the air discharge method, a level of 15 kV must be applied in addition to 
those shown in Table NCS12-1 for both Category A and Category B EUTs. 

3 NCS12 TEST PROCEDURE 

3.1 Purpose 

The ESD generator is intended to simulate the current pulse, which arises when a person carrying an 
electric charge dissipates that charge on contact with the equipment under test (EUT). 

3.2 Test equipment 

a. ESD Generator - Characteristics of the ESD generator 

Basic design of generator: The basic circuit of the generator is shown in Figure NCS12-1.   
A capacitor (Cs) can be charged to a specified voltage and then discharged through the 
series resistor (Rd) and discharge tip using either the “contact” or “air” discharge 
methods.  In the contact discharge method the discharge tip is held in contact with the 
EUT and the discharge actuated by the discharge switch within the generator.  In the air 
discharge method the charged electrode of the generator is brought close to the EUT 
and the discharge actuated by a spark to the EUT.  The discharge tip geometry for both 
air and contact discharge methods is shown in Figure NCS12-2. 

Output waveform: The output current waveform, when the generator is discharged 

through a 2 ! calibration resistance, is defined by the rise time to peak.  The current, as 
a percentage of the peak value, shall be measured 30 ns from the start of the waveform 
and then 60 ns from start.  A typical waveform is shown in Figure NCS12-3. The rise 
time (10% to 90% of peak amplitude) is in the range 0.7 ns to 1.0 ns, the current at 30 
ns is nominally 53% of peak amplitude and at 60 ns, 27% of peak amplitude.  The 
generator output waveform will be dependent, to some extent, on the inductance of the 
generator earthing lead.  For this reason the same physical lead, in as far as possible 
the same physical configuration, shall be used both for verifying generator performance 
and for testing the equipment. It is important that the test oscilloscope (recommended 
minimum bandwidth 1 GHz) is adequately shielded from energy radiated by the 
electrostatic discharge and from energy conducted into its power supply. 

Waveform verification: Prior to application of the test the output waveform of the ESD 
generator must be verified, this is performed with an oscilloscope and a discharge target 
fixed on a conductive mounting plate measuring 1.5 m x 1.5 m.  The Oscilloscope is 
connected to the rear of the target via an attenuator so that the voltage seen at its input 
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is reduced to levels that will not damage the instrument.  An oscilloscope with a 
minimum bandwidth of 1 GHz with a storage facility must be used to capture and 
display the fast rise times of the pulse generated.  The oscilloscope should be well 
shielded from the ESD generator so as not to be adversely effected by the pulse and it 
may be necessary to insert additional screening between it and the target.  An earth 
return lead connects the generator to a stud on the aluminium sheet to complete the 
circuit, see Figure NCS12-4 for the calibration set up. 

b. ESD Generator Performance 

Characteristics Figure NCS12-5 shows a typical ESD calibration circuit arrangement.  The 
required output current characteristics, using contact discharge and calculated from the 

voltage measured across the 2 ! resistor, are shown in Table NCS12-2 for four test 
voltages. 

Required Charging 
Voltage (kV) 

1st Peak Discharge 
Current (A ± 10%) 

Current (A ± 30%) 
after 30 ns 

Current (A ± 30%) 
after 60 ns 

2 7.5 4 2 

4 15.0 8 4 

6 22.5 12 6 

8 30.0 16 8 

TABLE NCS12-2 ESD Generator Output Requirements. 

NOTE 3: The required rise time (10% to 90% of peak current) shall be in the range 
0.7ns to 1.0ns for all charging voltages. 

The general outline technical characteristics of the generator shall be compliant with Table 
NCS12-3. 

Characteristic Performance Requirement 

Discharge storage capacitor 150 pF ± 10% 

Discharge Resistor 330 !  ± 10% 

Extra High Tension (EHT) output Up to 15 kV DC 

EHT metering 2 kV to 12 kV ± 5% 

Output polarity Positive and negative (switchable) 

Holding time 

 

The ESD generator shall be able to hold its charge for at 
least 5 s without falling below 90% of its pre-set value. 

 

Discharge modes 

 

(a) Single discharge 

(b) Repetitive discharge 

(c) Contact discharge 

Output current 

 

The output current waveform developed in the 2 ! 
calibration resistor shall be as shown in Figure NCS12-3. 

TABLE NCS12-3 Outline Technical Characteristics of ESD Generator. 

3.3 Setup 

The test setup shall be as follows: 

a. The EUT shall be set up as shown in Figure NCS12-6 and in order to minimise the 
impact of environmental parameters on test results, the tests shall be carried out under 
the following laboratory conditions: 

 (1) Ambient Temperature: 15ºC to 35ºC 

 (2) Relative Humidity: 30 % to 60 % 
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b. Verify the test waveform using an oscoscope and test target. 

c. Connect any EUT earth bond connections to the ground reference plane and support 
EUT on 50 mm stand offs above ground plane surface. 

d. Connect the discharge return lead to the ground reference plane. 

3.4 Procedures. 

The test procedures shall be as follows: 

a. The tests shall be conducted by applying discharges to each of the specified application 
points listed in the EMITP, using the charging voltage sequence 2, 4, 6 and 8 kV until 
the limit for the EUT category is reached.  For each charging voltage, five discharges 
shall be applied at each point for each polarity, allowing a 10s interval between 
discharges.  The tests shall be repeated for each mode of operation of the EUT and all 
malfunctions and disturbances, whether temporary or permanent, shall be recorded. 

b. Where the air discharge method is used on non-conductive surfaces the generator will 
be set to a repetition rate of 20 pulses per second and the generator’s discharge tip 
should be moved slowly across the area to be tested.  The test engineer should note 
any discharges seen and their effect on the EUT’s operation in the test report. 

3.5 Data presentation. 

Data presentation shall be as follows: 

a. A clear record of all discharge points, either in a table or as a diagram, must be kept by 
the test house and included in the EMITR. 

b. Descriptions of any failure observed should be recorded with the appropriate level and 
contact position and included in the EMITR. 

c. Graphical evidence of the discharge gun’s compliance with the specified waveform 
during the verification test should be retained by the test house and included in the 
EMITR. 

d. All malfunctions, disruptions or anomalous behaviour of the EUT during ESD, whether 
such manifestations occur during charging of the ESD generator, during the discharge, 
or during recovery shall be recorded in the EMITR. 
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FIGURE NCS12-1 Simplified Circuit Diagram of the ESD Generator. 
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FIGURE NCS12-2 ESD Generator Discharge Tip Geometry. 
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FIGURE NCS12-3 Typical Type 4 ESD Waveform. 
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FIGURE NCS12-4 Generator Calibration set–up. 
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FIGURE NCS12-5 ESD Calibration Arrangement. 
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FIGURE NCS12-6 Typical Test Configuration. 
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NRE01 
Radiated Emissions, Magnetic Field, 30 Hz to 100 kHz 

 

1 NRE01 APPLICABILITY 

This requirement is applicable for radiated emissions from equipment and subsystem enclosures, 
including electrical cable interfaces.  The requirement does not apply to radiation from antennas.  
Aircraft fitted with Anti-Submarine Warfare (ASW) capability should be tested using the Sea 
application limit.  Reference should also be made to paragraph 6.21 of Category 501. 

2 NRE01 LIMIT 

Magnetic field emissions shall not be radiated in excess of the levels shown in Figures NRE01-1 to 
NRE01-3 at a distance of 7 centimeters. 

3 NRE01 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify that the magnetic field emissions from the EUT and its associated 
electrical interfaces do not exceed specified requirements. 

3.2 Test Equipment 

The test equipment shall be as follows: 

a. Measurement receivers 

b. Data recording device 

c. Loop sensor having the following specifications: 

 (1) Diameter:  13.3 cm 

 (2) Number of turns: 36 

 (3) Wire:  7-41 Litz wire (7 strand, No. 41 AWG) 

 (4) Shielding: Electrostatic 

 (5) Correction factor See manufacturer’s data for factors to convert measurement 
receiver readings to decibels above one picotesla (dBpT). 

d. 50µH LISNs 

e. Ohmmeter 

f. Signal generator 

3.3  Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501 figures 
3 through to 6 and paragraph 4.3.8. 

b. Calibration.  Configure the measurement setup as shown in Figure NRE01-4. 
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c. EUT Testing.  Configure the measurement receiving loop and EUT as shown in Figure 
NRE01-5. 

3.4  Procedures 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow sufficient time for stabilization. 

b. Calibration. 

 (1) Apply a calibrated signal level, which is at least 6 dB below the limit (limit minus the 
loop sensor correction factor), at a frequency of 50 kHz.  Tune the measurement 
receiver to a center frequency of 50 kHz.  Record the measured level. 

 (2) Verify that the measurement receiver indicates a level within ±3 dB of the injected 
signal level. 

 (3) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the testing. 

 (4) Using an ohmmeter, verify that the resistance of the loop sensor winding is 

approximately 10 !. 

c. EUT Testing 

 (1) Turn on the EUT and allow sufficient time for stabilization. 

 (2) Locate the loop sensor 7 cm from the EUT face or electrical interface connector 
being probed.  Orient the plane of the loop sensor parallel to the EUT faces and 
parallel to the axis of connectors. 

 (3) Scan the measurement receiver over the applicable frequency range to locate the 
frequencies of maximum radiation, using the bandwidths and minimum 
measurement times of Table 2 of Category 501. 

 (4) Tune the measurement receiver to one of the frequencies or band of frequencies 
identified in 3.4c(3) above. 

 (5) Monitor the output of the measurement receiver while moving the loop sensor 
(maintaining the 7 cm spacing) over the face of the EUT or around the connector.  
Note the point of maximum radiation for each frequency identified in 3.4c(4). 

 (6) At 7 cm from the point of maximum radiation, orient the plane of the loop sensor to 
give a maximum reading on the measurement receiver and record the reading. 

 (7) Repeat 3.4c(4) through 3.4c(6) for at least two frequencies of maximum radiation 
per octave of frequencies below 200 Hz and for at least three frequencies of 
maximum radiation per octave above 200 Hz. 

 (8) Repeat 3.4c(2) through 3.4c(7) for each face of the EUT and for each EUT 
electrical connector. 

3.5 Data Presentation 

Data presentation shall be as follows: 

a. Provide graphs of scans and tabular listings of each measurement frequency, mode of 
operation, measured magnetic field, and magnetic field limit level. 
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FIGURE NRE01-1 Limit for all Land applications. 
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FIGURE NRE01-2 Limit for all Sea applications. 
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FIGURE NRE01-3 Limit for all Air applications. 
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FIGURE NRE01-4 Calibration configuration. 
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FIGURE NRE01-5 Basic test set-up. 
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NRE02 
Radiated Emissions, Electric Field, 10 kHz to 18 GHz 

 

1 NRE02 APPLICABILITY 

This requirement is applicable for radiated emissions from equipment and subsystem enclosures, all 
interconnecting cables, and antennas designed to be permanently mounted to EUTs (receivers and 
transmitters in standby mode).  The requirement does not apply at the transmitter fundamental 
frequencies. 
The requirement is for testing from 10 kHz to 18 GHz for all applications with an option to restrict 
testing to 1 GHz or 10 times the highest intentionally generated frequency (whichever is higher) for all 
applications except those associated with Air where testing must be performed to 18 GHz. 
Reference should also be made to paragraph 6.22 of Category 501. 

2 NRE02 LIMITS 

Electric field emissions shall not be radiated in excess of those shown in Figures NRE02-1 through 
NRE02-4.  Above 30 MHz, the limits shall be met for both horizontally and vertically polarized fields. 

3 NRE02 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify that electric field emissions from the EUT and its associated 
cabling do not exceed specified requirements. 

3.2 Test Equipment 

The test equipment shall be as follows: 

a. Measurement receivers 

b. Data recording device 

c. Antennas 

 (1) 10 kHz to 30 MHz, 104 cm rod with impedance matching network 

 (a) When the impedance matching network includes a preamplifier (active rod), 
observe the overload precautions in paragraph 4.3.7.3 of Category 501. 

 (b) Use a square counterpoise measuring at least 60 cm on a side. 

 (2) 30 MHz to 200 MHz, Biconical, 137 cm tip to tip 

 (3) 200 MHz to 1 GHz, Double ridge horn, 69.0 by 94.5 cm opening 

 (4) 1 GHz to 18 GHz, Double ridge horn, 24.2 by 13.6 cm opening 

d. Signal generators 

e. Stub radiator 

f. Capacitor, 10 pF 

g. 50 µH LISNs 
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3.3 Setup 

The test setup shall be as follows: 
a. Maintain a basic test setup for the EUT as shown and described in Category 501 

Figures 2 through to 6 and paragraph 4.3.8.  Ensure that the EUT is oriented such that 
the surface that produces the maximum radiated emissions is toward the front edge of 
the test setup boundary. 

b. Calibration.  Configure the test equipment as shown in Figure NRE02-5. 

c. EUT testing. 

(1) For shielded room measurements, electrically bond the rod antenna counterpoise 
to the ground plane using a solid metal sheet that is greater than or equal to the 
width of the counterpoise.  The maximum DC resistance between the counterpoise 

and the ground plane shall be 2.5 m!. For bench top setups using a metallic 
ground plane, bond the counterpoise to this ground plane.  Otherwise, bond the 
counterpoise to the floor ground plane.  For measurements outside a shielded 
enclosure, electrically bond the counterpoise to earth ground. 

d. Antenna Positioning. 

(1) Determine the test setup boundary of the EUT and associated cabling for use in 
positioning of antennas. 

(2) Use the physical reference points on the antennas shown in Figure NRE02-6 for 
measuring heights of the antennas and distances of the antennas from the test 
setup boundary. 

(3) Position antennas 1 metre from the front edge of the test setup boundary for all 
setups. 

(4) Position all antennas except the 104 cm rod antenna 120 cm above the floor ground 
plane. 

(5) Ensure that no part of any antenna is closer than 1 metre from the walls and 0.5 
metres from the ceiling of the shielded enclosure. 

(6) For test setups using bench tops, additional positioning requirements for the rod 
antenna and distance above the bench ground plane are shown in Figure NRE02-6. 

(7) For free standing setups, electrically bond and mount the 104 cm rod antenna 
matching network to the floor ground plane without a separate counterpoise. 

(8) The number of required antenna positions depends on the size of the test setup 
boundary and the number of enclosures included in the setup.  Use the following 
criteria to determine the individual antenna positions: 

(a) For testing below 200 MHz:  Setups with the side edges of the boundary 3 m 
or less, only one position is required and the antenna shall be centred with 
respect to the side edges of the boundary.  Setups with the side edges of the 
boundary greater than 3 m, use multiple antenna positions at spacings as 
shown in Figure NRE02-7.  Determine the number of antenna positions (N) by 
dividing the edge-to-edge boundary distance (in metres) by 3 and rounding up 
to an integer. 

(b) For testing from 200 MHz up to 1 GHz:  Place the antenna in a sufficient 
number of positions such that the entire width of each EUT enclosure and the 
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first 35 cm of cables and leads interfacing with the EUT enclosure are within 
the 3 dB beamwidth of the antenna. 

(c) For testing at 1 GHz and above:  Place the antenna in a sufficient number of 
positions such that the entire width of each EUT enclosure and the first 7 cm 
of cables and leads interfacing with the EUT enclosure are within the 3 dB 
beamwidth of the antenna. 

3.4 Procedures 

The test procedures shall be as follows: 
a. Verify that the ambient requirements specified in paragraph 4.3.4 of Category 501 are 

met.  Take plots of the ambient when required by the referenced paragraph. 

b. Turn on the measurement equipment and allow a sufficient time for stabilization. 

c. Using the system check path of Figure NRE02-5, perform the following evaluation of the 
overall measurement system from each antenna to the data output device at the highest 
measurement frequency of the antenna.  For rod antennas that use passive matching 
networks, the evaluation shall be performed at the center frequency of each band.  For 
active rod antennas, the evaluation shall be performed at the lowest frequency of test, 
at a mid-band frequency, and at the highest frequency of test. 

(1) Apply a calibrated signal level, which is at least 6 dB below the limit (limit minus 
antenna factor), to the coaxial cable at the antenna connection point. 

(2) Scan the measurement receiver in the same manner as a normal data scan.  Verify 
that the data recording device indicates a level within ±3 dB of the injected signal 
level. 

(3) For the 104 cm rod antenna, remove the rod element and apply the signal to the 
antenna matching network through a 10 pF capacitor connected to the rod mount. 

(4) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the testing. 

d. Using the measurement path of Figure NRE02-5, perform the following evaluation for 
each antenna to demonstrate that there is electrical continuity through the antenna. 

(1) Radiate a signal using an antenna or stub radiator at the highest measurement 
frequency of each antenna. 

(2) Tune the measurement receiver to the frequency of the applied signal and verify 
that a received signal of appropriate amplitude is present.  Note:  This evaluation is 
intended to provide a coarse indication that the antenna is functioning properly.  
There is no requirement to accurately measure the signal level. 

e. Turn on the EUT and allow sufficient time for stabilization. 

f. Using the measurement path of Figure NRE02-5, determine the radiated emissions 
from the EUT and its associated cabling. 

(1) Scan the measurement receiver for each applicable frequency range, using the 
bandwidths and minimum measurement times in Table 2 of Category 501. 

(2) Above 30 MHz, orient the antennas for both horizontally and vertically polarized 
fields. 

(3) Take measurements for each antenna position determined under 3.3d(3) above. 
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3.5 Data Presentation 

Data presentation shall be as follows: 
a. Continuously and automatically plot amplitude versus frequency profiles.  Manually 

gathered data is not acceptable except for plot verification.  Vertical and horizontal data 
for a particular frequency range shall be presented on separate plots or shall be clearly 
distinguishable in black or white format for a common plot. 

b. Display the applicable limit on each plot. 

c. Provide a minimum frequency resolution of 1% or twice the measurement receiver 
bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for 
each plot. 

d. Provide plots for both the measurement and system check portions of the procedure. 

e. Provide a statement verifying the electrical continuity of the measurement antennas as 
determined in 3.4d. 
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FIGURE NRE02-1 Limit for sea applications (except submarines). 
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FIGURE NRE02-2 Limit for submarine applications. 
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FIGURE NRE02-3 Limits for air and space system application. 
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FIGURE NRE02-4 Limits for land application. 

 
NOTE 1 : The use of limit A above is reserved for all land based EUTs procurred for Army use 
and mobile sea systems, (such as man portable equipment) deployed in a land based role. 
 
NOTE 2 : Limit B is utilised for fixed Sea system installations such as those associated with port and 

RADAR emplacements, ground support equipment deployed for Air applications is also 
covered by this limit. 
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FIGURE NRE02-5 Basic test set-up. 
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FIGURE NRE02-6 Antenna positioning. 
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FIGURE NRE02-7 Multiple antenna positions. 
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NRE03 

Radiated Emissions, Antenna Spurious and Harmonic Outputs, 
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NRE03 
Radiated Emissions, Antenna Spurious and Harmonic Outputs, 

10 kHz to 40 GHz 

 

1 NRE03 APPLICABILITY 

This requirement may be used as an alternative for NCE03 when testing transmitters with their 
intended antennas.  NCE03 is the preferred requirement unless the equipment or subsystem design 
characteristics preclude its use.  The requirement is not applicable within the EUT necessary 
bandwidth and within ±5 percent of the fundamental frequency.  Depending on the operating 
frequency range of the EUT, the start frequency of the test is shown in Table NRE03-1: 

Operating Frequency Range (EUT) Start Frequency of Test 

10 kHz to 3 MHz 10 kHz 

3 MHz to 300 MHz 100 kHz 

300 MHz to 3 GHz 1 MHz 

3 GHz to 40 GHz 10 MHz 

TABLE NRE03-1 

The end frequency of the test is 40 GHz or twenty times the highest generated frequency within the 
EUT, whichever is less.  For equipment using waveguide, the requirement does not apply below eight-
tenths of the waveguide's cut-off frequency.  Reference should also be made to paragraph 6.23 of 
Category 501. 

2 NRE03 LIMITS 

Harmonics, except the second and third, and all other spurious emissions shall be at least 80 dB down 
from the level at the fundamental.  The second and third harmonics shall be suppressed to 
50 + 10 log p (where p = peak power output in watts, at the fundamental) or 80 dB, whichever requires 
less suppression. 

3 NRE03 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify that radiated spurious and harmonic emissions from transmitters 
do not exceed the specified requirements. 

3.2 Test Equipment 

The test equipment shall be as follows: 

a. Measurement receiver 

b. Attenuators, 50 ! 

c. Antennas 

d. Rejection networks 

e. Signal generators 
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f. Power monitor 

3.3 Setup 

It is not necessary to maintain the basic test setup for the EUT as shown and described in Category 
501, Figures 2 through 6 and paragraph 4.3.8.  The test setup shall be as follows: 

a. Calibration.  Configure the test setup for the signal check path shown in Figure NRE03-
1 or NRE03-2 as applicable. 

b. EUT Testing. Configure the test setup for the measurement path shown in Figure 
NRE03-1 or NRE03-2 as applicable. 

3.4 Procedures 

The test procedures shall be as follows: 

a. The measurements must be performed in the far field of the transmitting frequency.  
Consequently, the far-field test distance must be calculated prior to performing the test 
using the relationships below: 

 R = distance between transmitter antenna and receiver antenna. 

 D = maximum physical dimension of transmitter antenna. 

 d = maximum physical dimension of receiver antenna. 

 ) = wavelength of frequency of the transmitter. 

 All dimensions are in metres. 

 For transmitter frequencies less than or equal to 1.24 GHz, the greater distance of the 
following relationships shall be used: 

 R = 2D
2
/)  R = 3) 

 For transmitter frequencies greater than 1.24 GHz, the separation distance shall be 
calculated as follows: 

 For  2.5 D < d  use R = 2D
2
/) 

 For  2.5 D " d  use R = (D+d)
2
/) 

b. Turn on the measurement equipment and allow sufficient time for stabilisation. 

c. Calibration. 

 (1) Apply a known calibrated signal level from the signal generator through the system 
check path at a midband fundamental frequency (fo). 

 2) Scan the measurement receiver in the same manner as a normal data scan.  Verify 
the measurement receiver detects a level within ±3 dB of the expected signal. 

 (3) If readings are obtained which deviate by more than ±3 dB, locate the source of the 
error and correct the deficiency prior to proceeding with the test. 

 (4) Repeat 3.4c(1) through 3.4c(3) for two other frequencies over the frequency range 
of test. 

d. EUT Testing. 

 (1) Turn on the EUT and allow a sufficient time for stabilisation. 

 (2) Tune the EUT to the desired test frequency and use the measurement path to 
complete the rest of this procedure. 
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 (3) Tune the test equipment to the measurement frequency (fo) of the EUT and adjust 
for maximum indication. 

 (4) For transmitters where a power monitor can be inserted, measure the modulated 
transmitter power output P, using a power monitor while keying the transmitter.  
Convert this power level to units of dB relative to 1 watt (dBW).  Calculate the 
Effective Radiated Power (ERP) by adding the EUT antenna gain to this value.  
Record the resulting level for comparison with that obtained in 3.4d(6). 

 (5) Key the transmitter with desired modulation.  Tune the measurement receiver for 
maximum output indication at the transmitted frequency.  If either or both of the 
antennas have directivity, align both in elevation and azimuth for maximum 
indication.  Verbal communication between sites via radiotelephone will facilitate 
this process.  Record the resulting maximum receiver meter reading and the 
measurement receiver bandwidth. 

 (6) Calculate the transmitter ERP in dBW, based on the receiver meter reading V, 
using the following equation: 

 ERP = V + 20 log R + AF - 135 

 Where: 

 V = reading on the measurement receiver in dB&V 

 R = distance between transmitter and receiver antennas in meters 

 AF = antenna factor of receiver antenna in dB (1/m) 

 Compare this calculated level to the measured level recorded in 3.4d(4).  The 
compared results should agree within ±3 dB.  If the difference exceeds ±3 dB, 
check the test setup for errors in measurement distance, amplitude calibration, 
power monitoring of the transmitter, frequency tuning or drift and antenna boresight 
alignment.  Assuming that the results are within the ±3 dB tolerance, the ERP 
becomes the reference for which amplitudes of spurious and harmonics will be 
compared to determine compliance with standard limits. 

 (7) With the rejection network filter connected and tuned to fo, scan the measurement 
receiver over the frequency range of test to locate spurious and harmonic 
transmitted outputs.  It may be necessary to move the measuring system antenna 
in elevation and azimuth at each spurious and harmonic output to assure maximum 
levels are recorded.  Maintain the same measurement receiver bandwidth used to 
measure the fundamental frequency in 3.4d(5). 

 (8) Verify that spurious outputs are from the EUT and not spurious responses of the 
measurement system or the test site ambient. 

 (9) Calculate the ERP of each spurious output.  Include all correction factors for cable 
loss, amplifier gains, filter loss, and attenuator factors. 

 (10) Repeat 3.4d(2) through 3.4d(9) for other fo of the EUT. 

3.5 Data Presentation 

Data presentation shall be as follows: 

a. Provide tabular data showing fundamental frequency (fo) and frequency of all harmonics 
and spurious emissions measured, the measured power monitor level and the 
calculated ERP of the fundamental frequency, the ERP of all spurious and harmonics 
emissions measured, dB down levels, and all correction factors including cable loss, 
attenuator pads, amplifier gains, insertion loss of rejection networks and antenna gains. 
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b. The relative dB down level is determined by subtracting the level in 3.4d(6) from that 
recorded in 3.4d(9). 
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FIGURE NRE03-1 
Calibration and test set-up for radiated harmonics and spurious emissions, 10 kHz to 1 GHz. 
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FIGURE NRE03-2 
Calibration and test set-up for radiated harmonics and spurious emissions, 1 GHz to 40 GHz. 
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NRS01 
Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz 

 

1 NRS01 APPLICABILITY 

This requirement is applicable to equipment and subsystem enclosures, including electrical cable 
interfaces.  The requirement is not applicable for electromagnetic coupling via antennas. The 
requirement is applicable for equipment intended to be installed on Aircraft, Army ground equipment 
and all equipment deployed on Ships.  For an EUT comprising a number of units, each unit with 
potentially sensitive components shall be tested individually. The interconnecting cables do not have 
to be subjected to this test.  Reference should also be made to paragraph 6.24 of Category 501 

2 NRS01 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to the magnetic fields shown in Figures NRS101-1 and NRS101-2. 

3 NRS01 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT to withstand radiated magnetic fields. 

3.2 Test Equipment 

The test equipment shall be as follows: 

a. Signal source 

b. Radiating loop having the following specifications 

 (1) Diameter: 12 cm 

 (2) Number of turns: 20 

 (3)  Wire: No. 12 insulated copper 

 (4) Magnetic flux density: 9.5x10
7
 pT/ampere of applied current at a distance of 5 cm 

from the plane of the loop. 

c. Loop sensor having the following specifications: 

 (1) Diameter: 4 cm 

 (2)  Number of turns: 51 

 (3) Wire: 7-41 Litz wire (7 Strand, No. 41 AWG) 

 (4) Shielding: Electrostatic 

 (5) Correction Factor: See manufacturer’s data for factors to convert 
measurement receiver readings to decibels above one 
picotesla (dBpT). 

d. Measurement receiver or narrowband voltmeter 

e. Current probe 
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f. 50 µH LISNs 

3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501 
Figures 3 through 6 and paragraph 4.3.8. 

b. Calibration. Configure the measurement equipment, radiating loop, and loop sensor as 
shown in Figure NRS01-3. 

c. EUT Testing Configure the test as shown in Figure NRS01-4. 

3.4 Procedures 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow sufficient time for stabilisation. 

b. Calibration. 

 (1) Set the signal source to a frequency of 1 kHz and adjust the output to provide a 
magnetic flux density of 110 dBpT as determined by the reading obtained on 
measurement receiver A and the relationship given in 3.2b(4). 

 (2) Measure the voltage output from the loop sensor using measurement receiver B. 

 (3) Verify that the output on measurement receiver B is within ±3 dB of the expected 
value based on the antenna factor and record this value. 

c EUT Testing. 

 (1) Turn on the EUT and allow sufficient time for stabilisation. 

 (2) Select test frequencies as follows: 

 (a) Locate the loop sensor 5 cm from the EUT face or electrical interface 
connector being probed.  Orient the plane of the loop sensor parallel to the 
EUT faces and parallel to the axis of connectors. 

 (b) Supply the loop with sufficient current to produce magnetic field strengths at 
least 10 dB greater than the applicable limit but not to exceed 15 amps (183 
dBpT). 

 (c) Scan the applicable frequency range.  Scan rates up to 3 times faster than the 
rates specified in Table 3 of Category 501 are acceptable. 

 (d) If susceptibility is noted, select no less than three test frequencies per octave 
at those frequencies where the maximum indications of susceptibility are 
present. 

 (e) Reposition the loop successively to a location in each 30 by 30 cm area on 
each face of the EUT and at each electrical interface connector, and repeat 
3.4c(2)(c) and 3.4c(2)(d) to determine locations and frequencies of 
susceptibility. 

 (f) From the total frequency data where susceptibility was noted in 3.4c(2)(c) 
through 3.4c(2)(e), select 3 frequencies per octave over the applicable 
frequency range. 

 (3) At each frequency determined in 3.4c(2)(f), apply a current to the radiating loop 
that corresponds to the applicable limit.  Move the loop to search for possible 
locations of susceptibility with particular attention given to the locations determined 
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in 3.4c(2)(e) while maintaining the loop 5 cm from the EUT surface or connector.  
Verify that susceptibility is not present. 

3.5  Data Presentation 

Data presentation shall be as follows: 

a. Provide tabular data showing verification of the calibration of the radiating loop in 3.4b. 

b. Provide tabular data, diagrams, or photographs showing the applicable test frequencies 
and locations determined in 3.4c(2)(e) and 3.4c(2)(f). 

c. Provide graphical or tabular data showing frequencies and threshold levels of 
susceptibility. 

  

 NRS01-4 

  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NRS01

  

 

  

  

4 NRS01 ALTERNATIVE TEST PROCEDURES – AC HELMHOLTZ COIL 

This test procedure may be substituted for the 3.0 procedures above, provided that the EUT size 
versus coil size constraints of 4.3b can be satisfied. 

4.1 Purpose 

This test procedure is an alternative technique used to verify the ability of the EUT to withstand 
radiated magnetic fields. 

4.2 Test Equipment 

The test equipment shall be as follows: 

a Signal source 

b Series-wound AC Helmholtz coil 

c Loop sensor having the following specifications (same as NRE01 loop): 

(1) Diameter: 13.3 cm 

(2) Number of turns: 36 

(3) Wire: 7-41 Litz wire (7 strand, No. 41 AWG) 

(4) Shielding: Electrostatic 

(5) Correction factor See manufacturer’s data for factors to convert measurement 
receiver readings to decibels above one picotesla (dBpT). 

Note: It is permissible to use loop sensors having different characteristics to those above with the 
proviso that any loop used has dimensions smaller than 1.1 x the coil radius and has 
correction factors traceable to national standards. 

d. Measurement receiver or narrowband voltmeter 

e. Current probe 

f. LISNs 

4.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501 
Figures 3 through 6 and paragraph 4.3.8. 

b. Calibration. 

 (1) Configure the radiating system as shown in Figure NRS01-5.  Select coil spacing 
based on the physical dimensions of the EUT enclosure. 

 (2) For an EUT with dimensions less than one coil radius, use a standard Helmholtz 
configuration (coils separated by one coil radius).  Place the field-monitoring loop in 
the centre of the test volume. 

 (3) For an EUT with dimensions greater than one coil radius, use the optional 
configuration.  Select a coil separation such that the plane of the EUT face is at 
least 5 cm from the plane of the coils and such that the separation between the 
coils does not exceed 1.5 radii.  Place the field-monitoring probe in the plane of 
either coil at its centre. 

c. EUT Testing. 
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 (1) Configure the test as shown in Figure NRS01-6, using the same coil spacing 
arrangement as determined for calibration under 4.3b. 

 (2) Position the coils such that the plane of the EUT faces is in parallel with the plane 
of the coils. 

4.4 Procedures 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow sufficient time for stabilisation. 

b. Calibration. 

 (1) Set the signal source to a frequency of 1 kHz and adjust the output current to 
generate a magnetic flux density of 110 dBpT as determined by the reading 
obtained on measurement receiver A. 

 (2) Measure the voltage output from the loop sensor using measurement receiver B. 

 (3) Verify that the output on measurement receiver B is within ±3 dB of the expected 
value based on the antenna factor and record this value. 

c. EUT Testing. 

 (1) Turn on the EUT and allow sufficient time for stabilisation. 

 (2) Select test frequencies as follows: 

 (a) Supply the Helmholtz coil with sufficient current to produce magnetic field 
strengths at least 6 dB greater than the applicable limit. 

 (b) Scan the applicable frequency range.  Scan rates up to 3 times faster than the 
rates specified in Table 3 of Category 501 are acceptable. 

 (c) If susceptibility is noted, select no less than three test frequencies per octave 
at those frequencies where the maximum indications of susceptibility are 
present. 

 (d) Reposition the Helmholtz coils successively over all areas on each face of the 
EUT (in all three axes), including exposure of any electrical interface 
connectors, and repeat 4.4c(2)(b) and 4.4c(2)(c) to determine locations and 
frequencies of susceptibility. 

 (e) From the total frequency data where susceptibility was noted in 4.4c(2)(b) 
through 4.4c(2)(d), select three frequencies per octave over the applicable 
frequency range. 

 (3) At each frequency determined in 4.4c(2)(e), apply a current to the Helmholtz coil 
that corresponds to the applicable NRS01 limit.  Move the coils to search for 
possible locations of susceptibility with particular attention given to the locations 
determined in 4.4c(2)(d).  Ensure the EUT remains centred between the coils, or 
the coils remain 5 cm from the EUT surface, as applicable.  Verify that 
susceptibility is not present. 

4.5 Data Presentation 

Data presentation shall be as follows: 

a. Provide tabular data showing verification of the calibration of the Helmholtz coils in 4.4b. 

b. Provide tabular data, diagrams, or photographs showing the applicable test frequencies 
and locations determined in 4.4c(2)(d) and 4.4c(2)(e). 
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c. Provide graphical or tabular data showing frequencies and threshold levels of 
susceptibility. 
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FIGURE NRS01-1 Limit for all Air and Sea applications. 
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FIGURE NRS01-2 Limit for all Land applications. 
 

  

 NRS01-8 

  ORIGINAL
  

 

Downloaded from https://www.everyspec.com



 

  AECTP 500

  Edition 2

  Category 501

  Test NRS01

  

 

  

  

 

 

 

 

 

 

 

 

Signal
Source

Measurement
Receiver A

Measurement
Receiver B

Current
Probe

Radiating
Loop

Field
Monitoring
Loop

5 cm

 

 

 

 

 

 

FIGURE NRS01-3 Calibration of the radiating system. 
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FIGURE NRS01-4 Basic test set-up. 
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FIGURE NRS01-5 Calibration of Helmholtz coils. 
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FIGURE NRS01-6 Test set-up for Helmholtz coils. 
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NRS02 
Radiated Susceptibility, Electric Field, 50 kHz to 40 GHz 

 

1 NRS02 APPLICABILITY 

This requirement is applicable to equipment and subsystem enclosures and all interconnecting cables.  
The requirement is for testing from 50 kHz to 1 GHz for all applications with an option to test above 1 
GHz at the procurement authority’s discretion.  Testing shall not exceed 40 GHz. 

The requirement at the tuned frequency of an antenna-connected receiver is 20 dB above the NRE02 
limit associated with the particular platform application. 

Reference should also be made to paragraph 6.25 of Category 501. 

2 NRS02 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to the radiated electric fields listed in Table NRS02-1 and modulated as specified 
below.  Up to 30 MHz, the requirement shall be met for vertically polarised fields.  Above 30 MHz, the 
requirement shall be met for both horizontally and vertically polarised fields. Circular polarised fields 
are not acceptable. 

3 NRS02 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT and associated cabling to withstand electric 
fields. 

3.2 Test Equipment 

The test equipment shall be as follows: 

a. Signal generators 

b. Power amplifiers 

c. Receive antennas  

d. Transmit antennas 

e. Electric field sensors (physically small - electrically short) 

f. Measurement receiver 

g. Power meter 

h. Directional coupler 

i. Attenuator 

j. Data recording device 

k. 50 µH LISNs 
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3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501 
Figures 2 through to 6 and paragraph 4.3.8. 

b. For electric field calibration, electric field sensors are required from 50 kHz to 1 GHz.  
Either field sensors or receive antennas may be used above 1 GHz (see 3.2c and 3.2e). 

c. Configure test equipment as shown in Figure NRS02-1. 

d. Calibration. 

 (1) Placement of electric field sensors (see 3.3b).  Position sensors 1 metre from, and 
directly opposite, the transmit antenna as shown in Figures NRS02-2 and NRS02-3 
and a minimum of 30 cm above the ground plane.  Do not place sensors directly at 
corners or edges of EUT components. 

 (2) Placement of receive antennas (see 3.3b).  Prior to placement of the EUT, position 
the receive antenna, as shown in Figure NRS02-4, on a dielectric stand at the 
position and height above the ground plane where the centre of the EUT will be 
located. 

e. EUT testing. 

 (1) Placement of transmit antennas.  Antennas shall be placed 1 metre from the test 
setup boundary as follows: 

 (a) 50 kHz to 200 MHz 

 (1) Test setup boundaries F 3 metres.  Centre the antenna between the 
edges of the test setup boundary.  The boundary includes all enclosures 
of the EUT and the 2 metres of exposed interconnecting and power leads 
required in Category 501 paragraph 4.3.8.6.   Interconnecting leads 
shorter than 2 metres are acceptable when they represent the actual 
platform installation. 

 (2) Test setup boundaries > 3 metres.  Use multiple antenna positions (N) at 
spacings as shown in Figure NRS02-3. The number of antenna positions 
(N) shall be determined by dividing the edge-to-edge boundary distance 
(in metres) by 3 and rounding up to an integer. 

 (b) 200 MHz and above.  Multiple antenna positions may be required as shown in 
Figure NRS02-2.  Determine the number of antenna positions (N) as follows: 

 (1) For testing from 200 MHz up to 1 GHz, place the antenna in a sufficient 
number of positions such that the entire width of each EUT enclosure and 
the first 35 cm of cables and leads interfacing with the EUT enclosure are 
within the 3 dB beamwidth of the antenna. 

 (2) For testing at 1 GHz and above, place the antenna in a sufficient number 
of positions such that the entire width of each EUT enclosure and the first 
7 cm of cables and leads interfacing with the EUT enclosure are within 
the 3 dB beamwidth of the antenna. 

 (2) Maintain the placement of electric field sensors as specified in 3.3d(1) above. 
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3.4 Procedures 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and EUT and allow a sufficient time for 
stabilisation. 

b. Assess the test area for potential RF hazards and take necessary precautionary steps 
to assure safety of test personnel. 

c. Calibration. 

 (1) Electric field sensor procedure.  Record the amplitude shown on the electric field 
sensor display unit due to EUT ambient.  Reposition the sensor, as necessary, until 
this level is < 10% of the applicable field strength to be used for testing. 

 (2) Receive antenna procedure (> 1 GHz). 

 (a) Connect a signal generator to the coaxial cable at the receive antenna 
connection point (antenna removed).  Set the signal source to an output level 
of 0 dBm at the highest frequency to be used in the present test setup.  Tune 
the measurement receiver to the frequency of the signal source. 

 (b) Verify that the output indication is within ±3 dB of the applied signal, 
considering all appropriate losses.  If larger deviations are found, locate the 
source of the error and correct the deficiency before proceeding. 

 (c) Connect the receive antenna to the coaxial cable as shown in Figure NRS02-
4.  Set the signal source to 1 kHz pulse modulation, 50% duty cycle. Using an 
appropriate transmit antenna and amplifier, establish an electric field at the 
test start frequency.  Gradually increase the electric field level until it reaches 
the applicable limit. 

 (d) Scan the test frequency range and record the required input power levels to 
the transmit antenna to maintain the required field. 

 (e) Repeat procedures 3.4.c (2)(a) through 3.4(2)(d) whenever the test setup is 
modified or an antenna is changed. 

d. EUT Testing. 

 (1) E-Field sensor procedure. 

 (a) Set the signal source to 1 kHz pulse modulation, 50% duty cycle, and using 
appropriate amplifier and transmit antenna, establish an electric field at the 
test start frequency.  Gradually increase the electric field level until it reaches 
the applicable limit. 

 (b) Scan the required frequency ranges in accordance with the rates and 
duration's specified in Table 3 of Category 501.  Maintain field strength levels 
in accordance with the applicable limit.  Monitor EUT performance for 
susceptibility effects. 

 (2) Receive antenna procedure. 

 (a) Remove the receive antenna and reposition the EUT in conformance with 
3.3a. 

 (b) Set the signal source to 1 kHz pulse modulation, 50% duty cycle.  Using an 
appropriate amplifier and transmit antenna, establish an electric field at the 
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test start frequency.  Gradually increase the input power level until it 
corresponds to the applicable level recorded during the calibration routine. 

 (c) Scan the required frequency range in accordance with the rates and duration's 
specified in Table III while assuring the correct transmitter input power is 
adjusted in accordance with the calibration data collected.  Constantly monitor 
the EUT for susceptibility conditions. 

 (3) If susceptibility is noted, determine the threshold level in accordance with 
paragraph 4.3.10.4.3 of Category 501 and verify that it is above the limit. 

 (4) Perform testing over the required frequency range with the transmit antenna 
vertically polarised.  Repeat the testing above 30 MHz with the transmit antenna 
horizontally polarised. 

 (5) Repeat 3.4d for each transmit antenna position required by 3.3e. 

NOTE: Some NATO members may require additional modulation types applied over some 
or all of the frequency range tested. The Procuring Authority should be consulted 
with regard to other required modulations such as a pulse modulation of 1 µS width 
with a prf of 1kHz used to mimic the effect of co-located radar systems. 

3.5 Data Presentation 

Data presentation shall be as follows: 

a. Provide graphical or tabular data showing frequency ranges and field strength levels 
tested. 

b. Provide graphical or tabular data listing (antenna procedure only) all calibration data 
collected to include input power requirements used versus frequency, and results of 
system check in 3.4c(2)(c) and 3.4c(2)(d). 

c. Provide the correction factors necessary to adjust sensor output readings for equivalent 
peak detection of modulated waveforms. 

d. Provide graphs or tables listing any susceptibility thresholds that were determined along 
with their associated frequencies. 

e. Provide diagrams or photographs showing actual equipment setup and the associated 
dimensions. 
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4 NRS02 ALTERNATIVE TEST PROCEDURES – REVERBERATION 
CHAMBER (MODE-TUNED) 

These procedures may be substituted for the 3.0 procedures above over the frequency range of 200 
MHz to 40 GHz.  The lower frequency limit is dependent on chamber size.  To determine the lower 
frequency limit for a given chamber, use the following formula to determine the number of possible 
modes (N), which can exist at a given frequency.  If, for a given frequency, N is less than 100 then the 
chamber should not be used at or below that frequency. 

N abd
f

c
:

8

3

3

3

*
 

Where: a, b, and d are the chamber internal dimensions in metres 

 f is the operation frequency in Hz 

 c is the speed of propagation (3 x 10
8
 m/s) 

4.1 Purpose 

This test procedure is an alternative technique used to verify the ability of the EUT and associated 
cabling to withstand electric fields. 

4.2 Test equipment 

The test equipment shall be as follows: 

a. Signal generators 

b. Power amplifiers 

c. Receive antennas 

 (1) 200 MHz to 1 GHz, log periodic or double ridge horns. 

 (2) 1 GHz to 18 GHz, double ridge horns. 

 (3) 18 GHz to 40 GHz, other antennas as approved by the procuring activity. 

d. Transmit antennas 

e. Electric field sensors (physically small - electrically short), each axis independently 
displayed 

f. Measurement receiver 

g. Power meter 

h. Directional coupler 

i. Attenuator, 50 ohm 

j. Data recording device 

k. LISNs 

4.3 Setup 

The test setup shall be as follows: 

a. Install the EUT in a reverberation chamber using the basic test setup for the EUT as 
shown and described in Category 501 Figures 3 through 6 and paragraph 4.3.8.  The 
EUT shall be at least 1.0 metre from the chamber walls, the tuner, and antennas. 
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b. For electric field calibration, electric field sensors (4.2.e) are required from 200 MHz to 1 
GHz.  Either field sensors or receive antennas may be used above 1 GHz (see 4.2c and 
4.2e). 

c. Configure the test equipment as shown in Figures NRS02-5 and NRS02-6.  The same 
configuration is used for both calibration and EUT testing.  Both the transmit and receive 
antennas shall be present in the chamber for all calibration and EUT testing, including 
for the electric-field probe technique.  Unused receive antennas shall be terminated in 
50 ohms. 

4.4 Procedure 

The test procedures shall be as follows: 

a. Calibration.  Use the following procedure to determine the electric field strength that will 
be created inside the chamber when a fixed amount of RF energy is injected into the 
chamber. 

 (1) Receive antenna procedure. 

 (a) Adjust the RF source to inject an appropriate forward power (unmodulated) 
into the chamber at the start frequency of the test. 

 (b) Measure the level at the receive antenna using the measurement receiver. 

 (c) Rotate the tuner 360 degrees using the minimum number of steps required 
from Table NRS02-2.  Allow the paddle wheel to dwell at each position for a 
period corresponding to a minimum of 1.5 times the response time of the 
measurement receiver. 

 (d) Record the maximum amplitude of the signal received and use the following 
formula to derive a calibration factor for the field strength created inside the 

chamber.  (Pr-max and Pforward in watts; ) in metres). 

)(5
8

 factor n Calibratio max

forward

r

P

P 9:
)
*

 V/m (for one watt) 

 (e) Repeat the procedure in frequency steps no greater than 2% of the preceding 
frequency until 1.1 times the start frequency is reached.  Continue the 
procedure in frequency steps no greater than 10% of the preceding frequency, 
thereafter. 

 (2) Electric field probe procedure. 

 (a) Adjust the RF source to inject an appropriate forward power (Pforward) 
(unmodulated) into the chamber at the start frequency of the test. 

 (b) Rotate the tuner 360 degrees using the minimum number of steps required 
from Table NRS02-2.  Allow the tuner to dwell at each position for a period 
corresponding to a minimum of 1.5 times the probe response time. 

 (c) Record the maximum amplitude from the receive antenna (Pr-max) and from 
each element of the probe and use the following formula to derive a calibration 
factor for the field strength created inside the chamber.  (Probe reading in V/m 
and Pforward in watts). 
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forward

zyx

P

EEE
2maxmaxmax

)
3

(
 factor  n Calibratio

999 88

:  V/m (for one watt) 

 (d) Repeat the procedure in frequency steps no greater than 2% of the preceding 
frequency until 1.1 times the start frequency is reached.  Continue the 
procedure in frequency steps no greater than 10% of the preceding frequency, 
thereafter. 

b. EUT testing.  The same antennas used for calibration shall be used for EUT testing. 

 (1) Turn on the measurement equipment and allow a sufficient time for stabilisation. 

 (2) Set the RF source to the start frequency of the test with 1 kHz pulse modulation, 50 
% duty cycle. 

 (3) Calculate the amount of RF power needed to create the desired field strength by 
determining the difference (in dB decibel differences are the same for both field 
strength and power, there is a square law relationship between field strength and 
power in real numbers) between the desired field strength and the field strength 
obtained during the calibration.  Adjust the chamber peak forward power to this 
value.  Interpolation between calibration points is required. 

 (4) Adjust the measurement receiver to display the received signal at the receive 
antenna to verify that an electric field is present. 

 (5) Rotate the tuner 360 degrees using the minimum of steps shown in Table NRS02-
2.  Allow the tuner to dwell at each position for the duration specified in Table 3 of 
Category 501.  As the tuner rotates, maintain the forward power required to 
produce field levels at the applicable limit as determined from the calibration. 

 (6) Scan the required frequency range in accordance with the maximum frequency 
step sizes and durations specified in Table 3 of Category 501.  Monitor EUT 
performance for susceptibility effects. 

 (7) If susceptibility is noted, determine the threshold level in accordance with 
paragraph 4.3.10.4.3 of Category 501 and verify that it is above the limit. 

4.5 Data Presentation 

Data presentation shall be as follows: 

a. Provide graphical or tabular data showing frequency ranges and field strength levels 
tested. 

b. Provide graphical or tabular data listing of all calibration data collected to include input 
power requirements used versus frequency and results of calibration in 4.4a(1)(d) and 
4.4.a (2)(c). 

c. Provide the correction factors necessary to adjust sensor output readings for equivalent 
peak detection of modulated waveforms. 

d. Provide graphs or tables listing any susceptibility thresholds that were determined along 
with their associated frequencies. 

e. Provide diagrams or photographs showing the actual equipment setup and the 
associated dimensions. 

f. Provide the data certifying the baseline performance of the shielded room as a properly 
functioning reverberation chamber over a defined frequency range. 
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TABLE NRSO2-1 Limits. 
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Frequency Range (MHz) Tuner Positions 

200 - 300 50 

300 - 400 20 

400 - 600 16 

Above 600 12 

TABLE NRS02-2 Required number of tuner positions for a reverberation chamber. 
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FIGURE NRS02-1 Test equipment configuration. 
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FIGURE NRS02-2 Multiple test antenna locations for frequency > 200 MHz. 
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FIGURE NRS02-3 Multiple test antenna locations for N positions, D > 3 metres. 
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FIGURE NRS02-4 Receive antenna procedure (1 to 40 GHz). 
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FIGURE NRS02-5 Reverberation chamber set-up. 
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FIGURE NRS02-6 Reverberation Chamber Overview. 
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NRS03 
Radiated Susceptibility, Transient Electromagnetic Field 

 

 

1. NRS03 APPLICABILITY 

This requirement is applicable to equipment and subsystem enclosures when the equipment or 
subsystem is to be located external to a hardened (shielded) platform or facility.  The requirement is 
applicable for equipment intended solely for use on non-metallic platforms when specified by the 
procuring activity.  The requirement is applicable to Army aircraft for safety critical equipment and 
subsystems located in an external installation. 

This test should only be performed as part of a qualification test program for equipment that is likely to 
encounter fast transient radiated electric fields as encountered during nuclear electromagnetic pulses. 

Reference should also be made to paragraph 6.26 of Category 501. 

2. NRS03 LIMIT 

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from specified 
indications, beyond the tolerances indicated in the individual equipment or subsystem specification, 
when subjected to a test signal having the waveform and amplitude shown on Figure NRS03-1.  At 
least five pulses shall be applied at the rate of not more than one pulse per minute. 

3. NRS03 TEST PROCEDURES 

3.1 Purpose 

This test procedure is used to verify the ability of the EUT enclosure to withstand a transient 
electromagnetic field. 

3.2 Test Equipment 

The test equipment shall be as follows: 

a. Transverse electromagnetic (TEM) cell, parallel plate transmission line or equivalent 

b. Transient pulse generator, monopulse output, plus and minus polarity 

c. Storage oscilloscope, 500 MHz, single-shot bandwidth (minimum), variable sampling 
rate up to 1gigasample per second (GS/s) 

d. Terminal protection devices 

e. High-voltage probe, 1 GHz bandwidth (minimum) 

f. B-dot sensor probe 

g. D-dot sensor probe 

h. 50 µH LISNs 

i. Integrator, time constant ten times the overall pulse width 

3.3 Setup 

Set up the EUT as described below. 
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CAUTION: Exercise extreme care if an open radiator is used for this test. 

a. Calibration.  Configure the test equipment in accordance with Figure NRS03-2. 

 (1) Before installing the EUT in the test volume, place the B-dot or D-dot sensor probe 
in the centre position of the five point grid in the vertical plane where the front face 
of the EUT will be located (see Figure NRS03-2). 

 (2) Place the high-voltage probe across the input to the radiation system at the output 
of the transient pulse generator.  Connect the probe to a storage oscilloscope. 

b. EUT Testing.  Configure the test equipment as shown in Figure NRS03-3. 

 (1) Place the EUT centreline on the centreline of the working volume of the radiation 
system in such a manner that it does not exceed the usable volume of the radiation 
system (h/3, B/2, A/2)/(x,y,z) as shown in Figure NRS03-3 (h is the maximum 
vertical separation of the plates).  If the EUT is mounted on a ground plane in the 
actual installation, the EUT shall be placed on the radiating system ground plane.  
The EUT shall be bonded to the ground plane in a manner that duplicates the 
actual installation. Otherwise, the EUT shall be supported by dielectric material that 
produces a minimum distortion of the EM fields. 

 (2) The EUT orientation shall be such that the maximum coupling of electric and or 
magnetic fields is simulated.  This may require more than one test orientation. 

 (3) Cables for EUT operation and monitoring shall be oriented to minimise induced 
currents and voltages on the cables.  Cabling shall be oriented normal to the 
electric field vector and in a manner that minimises the loop area normal to the 
magnetic field vector.  Cables extending out of the parallel plate working volume 
should remain normal to the electric field vector for a minimum distance equal to 2 
times h. 

 (4) Bond the bottom plate of the radiation system to an earth reference. 

 (5) Keep the top plate of the radiation system at least 2 times h from the closest 
metallic ground, including ceiling, building structural beams, metallic air ducts, 
shielded room walls, and so forth. 

 (6) Place the EUT actual or simulated loads and signals for electrical interfaces in a 
shielded enclosure when an open radiator is used. 

 (7) Place transient protection devices (TPDs) in the EUT power lines near the power 
source to protect the power source. 

 (8) Connect the transient pulse generator to the radiation system. 

3.4 Procedures 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow a sufficient time for stabilisation. 

b. Calibration.  Perform the following procedures using the calibration setup: 

 (1) Generate a pulse and adjust the pulse generator to produce a pulsed field, as 
measured with the B-dot or D-dot probes, which meets the peak amplitude, rise 
time, and pulse width requirements. CAUTION: High voltages are used which are 
potentially lethal.  Record the drive pulse waveform as displayed on the 
oscilloscope. 
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 (2) Tolerances and characteristics of the NRS105 limit shall be as follows: 

 Rise time (between 10% and 90% points) between 1.8 ns and 2.8 ns (electric field 
continuously increasing). 

 Full width half maximum (FWHM) pulse width equal to 23 ns + 5 ns. 

 Peak value of the electric or magnetic field for each grid position: 

 0 dB < magnitude < 6 dB above limit. 

 (3) Repeat steps (1) and (2) above for the other four test points on Figure NRS03-2. 

 (4) Determine the pulse generator settings and associated pulse drive amplitude which 
simultaneously satisfies the field requirements for all five grid positions. 

c. EUT Testing.  Perform the following procedures using the test setup: 

 (1) Turn on the EUT and allow sufficient time for stabilisation. 

 (2) Test the EUT in its orthogonal orientations whenever possible. 

 (3) Apply the pulse starting at 10% of the pulse peak amplitude determined in 3.4b(4) 
with the specified waveshape where practical.  Increase the pulse amplitude in 
step sizes of 2 or 3 until the required level is reached.   

 (4) Ensure that the drive pulse waveform characteristics at the required test level are 
consistent with those noted in 3.4b(2). 

 (5) Apply the required number of pulses at a rate of not more than 1 pulse per minute. 

 (6) Monitor the EUT during and after each pulse for signs of susceptibility or 
degradation of performance. 

 (7) If an EUT malfunction occurs at a level less than the specified peak level, terminate 
the test and record the level. 

 (8) If susceptibility is noted, determine the threshold level in accordance with 
paragraph 4.3.10.4.3 of test Category 501 and verify that it is above the limit. 

Note: Wherever practical all cables should remain connected to the EUT during 
applications of this test to simulate, as near as possible, the normal installation. 

3.5 Data Presentation 

Data presentation shall be as follows: 

 a. Provide photographs of EUT orientation including cables. 

 b. Provide a detailed written description of the EUT configuration. 

 c. Provide oscilloscope recordings that show peak value, rise time, and pulse width of 
one applied pulse for each EUT orientation. 

 d. Provide the pulse number, with the first pulse being Number 1, for each recorded 
waveshape. 

 e. Record the time-to-recovery for each EUT failure, if applicable. 
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FIGURE NRS03-1 Limit for all applications. 
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FIGURE NRS03-2 Typical calibration set-up using parallel plate radiation system. 
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FIGURE NRS03-3 Typical test set-up using parallel plate radiation system. 
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NRS04 

Radiated Susceptibility, Magnetic Field, (DC) 

 

1 NRS04 APPLICABILITY 

The test method shall be primarily applied to equipment deployed aboard ships and submarines, 
although in some land based installation the procuring authority may require a tailored version of the 
test to be applied. 

This test is applicable to all equipment containing components potentially sensitive to magnetic fields, 
e.g. cathode ray tubes, photo multipliers, sensitive Hall effect devices and moving coil meters.  For an 
EUT comprising a number of units, each unit with potentially sensitive components shall be tested 
individually. The interconnecting cables do not have to be subjected to this test. 

NOTE: Wherever possible the standard test method shall be applied. 

Reference should be made to the Applicability Tables 6 and 7 and paragraph 6.27 in Category 501 
before subjecting the EUT to this test method 

2 NRS04 LIMITS 

A test level of 800 A/m or higher (up to 4800 A/m for some submarine applications) shall be applied to 
simulate DC magnetic field effects.  The test field shall be ramped continually up and down at a linear 
rate of 1600A/m/s to the required test level. 

3 NRS04 TEST PROCEDURE 

3.1 Purpose 

The purpose of this test is to confirm that the magnetic field produced by degaussing coils aboard 
ships and submarines and the effect of deperming does not cause malfunction of the EUT. 

3.2 Test equipment 

The test equipment shall be as follows: 

a. Current meter 

b. Programmable DC power supply 

c. Helmholtz coil 

d. Oscilloscope 

3.3 Setup 

The test setup shall be as follows: 

a. Maintain a basic test setup for the EUT as shown and described in Category 501, 
Figures 3 through to 6 and paragraph 4.3.8. 

b. Calibration. Configure the test setup for the measurement system check as shown in 
Figure NRS04-1. 

c. EUT testing 
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(1) Using the standard test method, position the EUT within the Helmholtz coil as 
shown in figure NRS04-2. 

(2) For larger equipment configurations the localised test method should be utilized 
and positioned as shown in Figure NRS04-3. 

3.4 Procedure for standard test method. 

The test procedures shall be as follows: 

a. Turn on the measurement equipment and allow a sufficient time for stabilization. 

b. Calibration.  Evaluate the level of magnetic field being generated within the Helmholtz 
coil. 

(1) Apply a DC current to the Helmholtz coil at the level necessary to produce the 
required field strength.  

(2) Verify the current level, using the current meter and the current waveform using the 
oscilloscope. 

(3) The level of DC current applied to the Helmholtz coil to produce the necessary field 
strength is dependent upon the constructional properties of the coil itself.  The 
relationship between the coil’s dimensions, the current flowing around it and the 
field strength generated is given by the following equation: 

Number of turns on each coil = Required field strength (A/m) x Coil radius (m) 

 0.716 x Current (Amps) 

c. EUT testing.  Determine if the EUT is susceptible to DC magnetic fields. 

(1) Place the EUT within the centre of the Helmholtz coil, turn it on and allow sufficient 
time for stabilization. 

(2) With one of the EUT’s axis aligned with the direction that the field will be generated 
in apply the DC current to the coil.  See Figure NRS04-2 for clarification. 

(3) Monitor EUT for degradation or malfunction in performance and record result. 

(4) If the EUT exhibits any degradation or malfunction during application of the field 
reduce the current level until it resumes normal operation, record threshold level. 

(5) Change field polarity by reversing connections to the Helmholtz coil and repeat 
3.4c(3) and 3.4c(4). 

(6) Repeat 3.4c(3) to 3.4c(5) for each EUT axis. 

3.5 Procedure for localised test method. 

a. The Helmholtz coil assembly is replaced by a single closely wound circular coil for the 
purpose of testing EUT greater than 1m

3
 only. 

b. Turn on the measurement equipment and allow a sufficient time for stabilization. 

c. Calibration. Evaluate the level of magnetic field being generated within the single coil. 

(1) Apply a DC current to the coil at the level necessary to produce the required field 
strength. 

(2) Verify the current level, using the current meter and the current waveform using the 
oscilloscope. 
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(3) Prior to application of the test field to the EUT, the DC current supplied to the coil 
to generate the required test level must be calculated.  This is achieved using the 
following equation 

Current (Amps) = 2 x Required field strength (A/m) x Coil radius (m) 

 0.716 x Number of turns on coil 

d. EUT testing. Determine if the EUT is susceptible to DC magnetic fields. 

(1) Place the coil adjacent to the area of the EUT (or unit of the EUT system) to be 
assessed, turn it on and allow sufficient time for stabilization.  See Figure NRS04-3 
for clarification. 

(2) The test shall be applied to each test position in turn with the coil energised first 
with a positive polarity and subsequently with the coil connections reversed to give 
a negative polarity. This reverses the direction of the magnetic field produced. 

(3) Monitor EUT for degradation or malfunction in performance and record result. 

(4) If the EUT exhibits any degradation or malfunction during application of the field 
reduce the current level until it resumes normal operation, record threshold level. 

NOTE The test field shall be applied for long enough duration to comprehensively establish whether 
any malfunction, degradation in performance or damage has occurred to any part of the 
EUT. Additionally the EUT shall be checked for permanent magnetising effects after 
application of the test field. 

3.6 Data presentation. 

Data presentation shall be as follows: 

a. Results shall be presented in table form with a statement of compliance given for each 
EUT orientation and field polarity applied to each system or sub-system tested. 
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FIGURE NRS04-1 Equipment Calibration Set-up. 
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FIGURE NRS04-2 Arrangement of EUT within Helmholtz Coil Assembly. 
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FIGURE NRS04-3 Localised Test Method. 
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