
INTERNATIONAL
STANDARD 

IEC
61000-4-33

First edition
2005-09

Electromagnetic compatibility (EMC) – 

Part 4-33: 
Testing and measurement techniques – 
Measurement methods for high-power 
transient parameters  

Reference number 
IEC 61000-4-33:2005(E) 

BASIC EMC PUBLICATION 

This docum
ent is a preview

 generated by EVS



Publication numbering 

As from 1 January 1997 all IEC publications are issued with a designation in the 
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1. 

Consolidated editions 

The IEC is now publishing consolidated versions of its publications. For example, 
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the 
base publication incorporating amendment 1 and the base publication incorporating 
amendments 1 and 2.

Further information on IEC publications 

The technical content of IEC publications is kept under constant review by the IEC, 
thus ensuring that the content reflects current technology. Information relating to 
this publication, including its validity, is available in the IEC Catalogue of 
publications (see below) in addition to new editions, amendments and corrigenda. 
Information on the subjects under consideration and work in progress undertaken 
by the technical committee which has prepared this publication, as well as the list 
of publications issued, is also available from the following: 

IEC Web Site (www.iec.ch)

Catalogue of IEC publications

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to 
search by a variety of criteria including text searches, technical committees 
and date of publication. On-line information is also available on recently issued 
publications, withdrawn and replaced publications, as well as corrigenda. 

IEC Just Published  

This summary of recently issued publications (www.iec.ch/online_news/ justpub)
is also available by email. Please contact the Customer Service Centre (see 
below) for further information. 

Customer Service Centre

If you have any questions regarding this publication or need further assistance, 
please contact the Customer Service Centre:  

Email: custserv@iec.ch
Tel:  +41 22 919 02 11 
Fax:  +41 22 919 03 00

This docum
ent is a preview

 generated by EVS

http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch


INTERNATIONAL
STANDARD 

IEC
61000-4-33

First edition
2005-09

Electromagnetic compatibility (EMC) – 

Part 4-33: 
Testing and measurement techniques – 
Measurement methods for high-power 
transient parameters 

© IEC 2005  ⎯  Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or 
mechanical, including photocopying and microfilm, without permission in writing from the publisher. 

International Electrotechnical Commission,  3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch  Web: www.iec.ch

For price, see current catalogue

PRICE CODE Commission Electrotechnique Internationale
International Electrotechnical Commission

XB

BASIC EMC PUBLICATION 

This docum
ent is a preview

 generated by EVS



– 2 – 61000-4-33  IEC:2005(E)

CONTENTS
FOREWORD.................................................................................................................. 4
INTRODUCTION ............................................................................................................ 6

1 Scope...................................................................................................................... 7
2 Normative references................................................................................................ 7
3 Terms and definitions................................................................................................ 8
4 Measurement of high-power transient responses ......................................................... 9

4.1 Overall measurement concepts and requirements................................................ 9
4.2 Representation of a measured response........................................................... 12
4.3 Measurement equipment................................................................................. 12
4.4 Measurement procedures................................................................................ 27

5 Measurement of low frequency responses................................................................. 27
6 Calibration procedures ............................................................................................ 28

6.1 Calibration of the entire measurement channel.................................................. 28
6.2 Calibration of individual measurement channel components ............................... 31
6.3 Approximate calibration techniques.................................................................. 37

Annex A (normative)  Methods of characterizing measured responses ............................... 40
Annex B (informative)  Characteristics of measurement sensors........................................ 45
Annex C (normative)  HPEM measurement procedures .................................................... 59
Annex D (informative)  Two-port representations of measurement chain components .......... 62

Bibliography................................................................................................................. 69

Figure 1 – Illustration of a typical instrumentation chain for measuring high-power
transient responses ...................................................................................................... 10
Figure 2 – Illustration of a balanced sensor and cable connecting  to an unbalanced
(coaxial) line where Iout + Iin = I1 ..................................................................................... 16
Figure 3 – Examples of some simple baluns [4b] ............................................................. 18
Figure 4 – A typical circuit for an in-line attenuator in the measurement chain..................... 18
Figure 5 – Illustration of the typical attenuation of a nominal 20 dB attenuator  for a
50–  system, as a function of frequency......................................................................... 19
Figure 6 – Typical circuit diagram for an in-line integrator ................................................. 20
Figure 7 – Plot of the transfer function of the integrating circuit of Figure 6......................... 20
Figure 8 – Illustration of the frequency dependent per-unit-length signal transmission
of a standard coaxial cable, and a semi-rigid coaxial line.................................................. 21
Figure 9 – Illustration of sensor cable routing in regions not containing EM fields................ 24
Figure 10 – Treatment of sensor cables when located in a region containing EM fields ........ 25
Figure 11 – Conforming cables to local system shielding topology ..................................... 26
Figure 12 – Correct and incorrect methods of cable routing............................................... 27
Figure 13 – The double-ended TEM Cell for providing a uniform field illumination for
probe calibration .......................................................................................................... 29
Figure 14 – Illustration of the single-ended TEM cell and associated equipment.................. 30
Figure 15 – Dimensions of a small test fixture for probe calibration.................................... 30

This docum
ent is a preview

 generated by EVS



61000-4-33  IEC:2005(E) – 3 –

Figure 16 – Electrical representation of a measurement chain,  (a) with the E-field
sensor represented by a general Thevenin circuit, and  (b) the Norton equivalent circuit
for the same sensor ...................................................................................................... 31
Figure 17 – Example of a simple E-field probe................................................................. 34
Figure 18 – Plot of the real and imaginary parts of the input impedance, Zi,  for the E-
field sensor of Figure 17................................................................................................ 34
Figure 19 – Plot of the magnitude of the short-circuit current flowing in the sensor input
for different angles of incidence, as computed by an antenna analysis code ....................... 35
Figure 20 – Plot of the magnitude of the effective height of the sensor  for different
angles of incidence....................................................................................................... 36
Figure 21 – High frequency equivalent circuit of an attenuator element .............................. 39
Figure A.1 – Illustration of various parameters used to characterize  the pulse
component of a transient response waveform R(t)............................................................ 41
Figure A.2 – Illustration of an oscillatory waveform frequently encountered  in high-
power transient EM measurements................................................................................. 41
Figure A.3 – Example of the calculated spectral magnitude of the waveform of Figure A.2 ... 44
Figure B.1 – Illustration of a simple E-field sensor,  together with its Norton equivalent
circuit .......................................................................................................................... 46

Figure B.2 – Magnitude and phase of the normalized frequency function )(~F   for
the field sensor ............................................................................................................ 47
Figure B.3 – Illustration of a simple B-field sensor,  together with its Thevenin
equivalent circuit .......................................................................................................... 49
Figure B.4 – Illustration of an E-field sensor over a ground plane used for measuring
the vertical electric field, or equivalently, the surface charge density.................................. 50
Figure B.5 – Illustration of the half-loop B-dot sensor used for measuring  the
tangential magnetic field, or equivalently, the surface current density ................................ 52
Figure B.6 – Simplified concept for measuring wire currents ............................................. 53
Figure B.7 – Construction details of a current sensor ....................................................... 54
Figure B.8 – Example of the measured sensor impedance magnitude  of a nominal 1
current sensor.............................................................................................................. 55
Figure B.9 – Geometry of the in-line I-dot current sensor .................................................. 55
Figure B.10 – Design concept for a coaxial cable current sensor ....................................... 56
Figure B.11 – Shape and dimensions of a CIP-10 coaxial cable current sensor ................... 57
Figure B.12 – Configuration of a coaxial cable I-dot current sensor.................................... 57
Figure D.1 – Voltage and current relationships  for a general two-port network ................... 62
Figure D.2 – Voltage and current definitions for the chain parameters................................ 63
Figure D.3 – Cascaded two-port networks ....................................................................... 64
Figure D.4 – Representation of the of a simple measurement chain  using the chain
parameter matrices....................................................................................................... 64
Figure D.5 – Simple equivalent circuit for the measurement chain ..................................... 65
Figure D.6 – A simple two-port network modelled by chain parameters .............................. 65

Table A.1 – Examples of time waveform p-norms............................................................. 42
Table A.2 – Time waveform norms used for high-power transient waveforms ...................... 42
Table D.1 – Chain parameters for simple circuit elements................................................. 66

This docum
ent is a preview

 generated by EVS



– 4 – 61000-4-33  IEC:2005(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION
____________

ELECTROMAGNETIC COMPATIBILITY (EMC) –

Part 4-33: Testing and measurement techniques –
Measurement methods for high-power transient parameters

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic f ields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specif ications,
Technical Reports, Publicly Available Specif ications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. W hile all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liabil ity shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61000-4-33 has been prepared by subcommittee 77C: High power
transient phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It has the status of a basic EMC publication in accordance with IEC Guide 107.

The text of this standard is based on the following documents:

FDIS Report on voting

77C/156/FDIS 77C/160/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

• reconfirmed;
• withdrawn;
• replaced by a revised edition, or
• amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment

Description of the environment
Classification of the environment
Compatibility levels

Part 3: Limits

Emission limits
Immunity limits (in so far as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques

Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidelines

Installation guidelines
Mitigation methods and devices

Part 6: Generic standards

Part 9: Miscellaneous

Each part is further subdivided into several parts and published either as International
Standards or as technical specifications or technical reports, some of which have already
been published as sections. Others will be published with the part number followed by a dash
and a second number identifying the subdivision (example: 61000-6-1).
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ELECTROMAGNETIC COMPATIBILITY (EMC) –

Part 4-33: Testing and measurement techniques –
Measurement methods for high-power transient parameters

1 Scope

This part of IEC 61000 provides a basic description of the methods and means (e.g.,
instrumentation) for measuring responses arising from high-power transient electromagnetic
parameters. These responses can include:

 the electric (E) and/or magnetic (H) fields (e.g., incident fields or incident plus scattered
fields within a system under test);

 the current I (e.g., induced by a transient field or within a system under test);

 the voltage V (e.g., induced by a transient field or within a system under test);

 the charge Q induced on a cable or other conductor.
NOTE The charge Q on the conductor is a fundamental quantity that can be defined at any frequency. The voltage
V, however, is a defined (e.g., secondary) quantity, which is valid only at low frequencies. At high frequencies, the
voltage cannot be defined as the line integral of the E-field, since this integral is path-dependent. Thus, for very
fast rising pulses (having a large high-frequency spectral content) the use of the voltage as a measurement
observable is not valid. In this case, the charge is the desired quantity to be measured.

These measured quantities are generally complicated time-dependent waveforms, which can
be described approximately by several scalar parameters, or “observables”. These
parameters include:

 the peak amplitude of the response,

 the waveform rise-time,

 the waveform fall-time (or duration),

 the pulse width, and

 mathematically defined norms obtained from the waveform.

This International Standard provides information on the measurement of these waveforms and
on the mathematical determination of the characterizing parameters. It does not provide
information on specific level requirements for testing.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) – Chapter 161: Electro-
magnetic compatibility

IEC 61000-2-9, Electromagnetic compatibility (EMC) – Part 2: Environment – Section 9:
Description of HEMP environment – Radiated disturbance

IEC 61000-2-10, Electromagnetic compatibility (EMC) – Part 2-10: Environment – Description
of HEMP environment – Conducted disturbance
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IEC 61000-4-20, Electromagnetic compatibility (EMC) – Part 4-20: Testing and measurement
techniques – Emission and immunity testing in transverse electromagnetic (TEM) waveguides

IEC 61000-4-23, Electromagnetic compatibility (EMC) – Part 4-23: Testing and measurement
techniques – Test methods for protective devices for HPEM and other radiated disturbances

IEC 61000-4-25, Electromagnetic compatibility (EMC) – Part 4-25: Testing and measurement
techniques – HEMP immunity test methods for equipment and systems

3 Terms and definitions

For the purposes of this part of IEC 61000, the following terms and definitions, together with
those in IEC 60050-161 apply.

3.1
electrically small
refers to the size of an object relative to the wavelength of the electromagnetic field. When
the object is much smaller than the wavelength, it is said to be electrically small

3.2
equivalent area
an intrinsic parameter of a magnetic flux sensor (loop) that relates the open circuit voltage of
the sensor to the time rate of change of the magnetic flux density linking the sensor

3.3
equivalent height
an intrinsic parameter of an electric field (dipole) sensor, which relates the measured voltage
across the terminals of the sensor to the E-field component exciting the sensor

3.4
free-field sensor
an electromagnetic field sensor used at a location distant from any scattering body or ground
plane

3.5
high power electromagnetic
HPEM
the general area or technology involved in producing intense electromagnetic radiated fields
or conducted voltages and currents which have the capability to damage or upset electronic
systems. Generally these disturbances exceed those produced under normal conditions (e.g.
100 V/m)

3.6
measurement chain
one or more electrical devices connected together for the purpose of measuring and recording
an electromagnetic signal

3.7
Nyquist frequency
the Nyquist frequency is the bandwidth of a sampled signal, and is equal to half the sampling
frequency of that signal. If the sampled signal represents a continuous spectral range starting
at 0 Hz (which is the most common case for speech recordings), the Nyquist frequency is the
highest frequency that the sampled signal can unambiguously represent
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