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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-9: Environment —
Description of HEMP environment — Radiated disturbance

FOREWORD

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 fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (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.

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.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While 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.

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.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability 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.

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.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 61000-2-9 has been prepared by subcommittee 77C: High power transient phenomena, of
IEC technical committee 77: Electromagnetic compatibility. It is an International Standard.

It forms Part 2-9 of IEC 61000. It has the status of a horizontal basic EMC publication in
accordance with IEC Guide 107.

This second edition cancels and replaces the first edition published in 1996. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) updating the document to provide new information on the variation of the early-time HEMP
on the earth's surface and to provide new information on the late-time HEMP;

b) adding a new informative Annex A which provides details concerning the development of
the early- and late-time standard waveforms in the main body, an explanation of the
advantages and disadvantages for the use of the double exponential waveform, and an
explanation of the far field region for the early-time HEMP.

The text of this International Standard is based on the following documents:

Draft Report on voting

77C/347/FDIS 77C/350/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

I reconfirmed,

! withdrawn, or

1 revised.
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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 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 sections, 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: IEC 61000-6-1).
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-9: Environment —
Description of HEMP environment — Radiated disturbance

1 Scope

This part of IEC 61000 defines the high-altitude electromagnetic pulse (HEMP) environment
that is one of the consequences of a high-altitude nuclear explosion.

There are two cases of nuclear detonations:

— high-altitude nuclear explosions;
— low-altitude nuclear explosions.
For civil systems, the most important case is the high-altitude nuclear explosion. In this case,
the other effects of the nuclear explosion such as blast, ground shock, thermal and nuclear
ionizing radiation are not present at the ground level. However, the electromagnetic pulse
associated with the explosion can cause disruption of, and damage to, communications,

electronic systems, electric power systems and other portions of the commercial critical
infrastructures, thereby upsetting the stability of modern society.

The object of this document is to establish a common reference for the HEMP environment in
order to select realistic stresses to apply to victim equipment for evaluating their performance
and in order to develop protection methods to minimize the impacts of the HEMP.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

1 IEC Electropedia: available at https://www.electropedia.org/

1 1SO Online browsing platform: available at https://www.iso.org/obp

3.1
angle of elevation in the vertical plane

q

angle  measured in the vertical plane between a flat horizontal surface such as the ground
and the propagation vector

SEE: Figure 1.
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Figure 1 — Geometry for the definition of polarization and
of the angles of elevation ( and azimuth -

3.2

azimuth angle
L

angle between the projection of the propagation vector on the ground plane and the principal
axis of the victim object

Note 1 to entry: The azimuth angle is measured from the z axis for the transmission line in Figure 1.

3.3
composite waveform
waveform which maximizes the important features of a group of waveforms

3.4

coupling

interaction of the HEMP field with a system to produce currents and voltages on system surfaces
and cables

Note 1 to entry: Voltages result from the induced charges and currents result from the flow of charges.

3.5

direction of propagation .

<of the electromagnetic wave> direction of the propagation vector k, perpendicular to the plane
containing the vectors of the electric and the magnetic fields

SEE: Figure 2.
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Figure 2 — Geometry for the definition of the direction of propagation

3.6
Eq
early-time HEMP electric field

[SOURCE: IEC 61000-2-10:2021, 3.6]

3.7
Ea
intermediate-time HEMP electric field

[SOURCE: IEC 61000-2-10:2021,3.7]

3.8
Es
late-time HEMP electric field

[SOURCE: IEC 61000-2-10:2021,3.8]

3.9

electromagnetic pulse

EMP

any transient electromagnetic time domain waveform

3.10
energy fluence
integral of the Poynting vector over time

Note 1 to entry: Energy fluence is expressed in units of J/m2.
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3.1

geomagnetic dip angle

d'dip

dip angle of the geomagnetic flux density vector g,, measured from the local horizontal in the
magnetic north-south plane

Note 1 to entry: d_,. = 90° at the magnetic north pole and —90° at the magnetic south pole.
dip

SEE: Figure 3.

Figure 3 — Geomagnetic dip angle

3.12
ground zero
point on the earth's surface directly below the burst, sometimes called surface zero

3.13

high-altitude electromagnetic pulse

HEMP

high-altitude electromagnetic pulse created by a high-altitude nuclear explosion

[SOURCE: IEC 61000-2-10:2022, 3.11]

3.14
high-altitude nuclear explosion
height of burst above 30 km altitude

[SOURCE: IEC 61000-2-10:2022, 3.12]

3.15

height of burst

HOB

height of burst above the surface of the earth, usually in kilometres
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3.16

horizontal polarization

orientation of the electromagnetic wave when the magnetic field vector is in the incidence plane
and the electric field vector is perpendicular to the incidence plane and thus parallel to the
ground plane

Note 1 to entry: This type of polarization is also called perpendicular or transverse electric (TE).

SEE: Figure 1.

3.17
incidence plane
plane formed by the propagation vector and the normal to the ground plane

3.18
low-altitude nuclear explosion
height of burst below 1 km altitude

[SOURCE: IEC 61000-2-10:2022, 3.15]

3.19

nuclear electromagnetic pulse

NEMP

all types of EMP produced by a nuclear explosion

[SOURCE: IEC 61000-2-10:2022, 3.16]

3.20
polarization
orientation of the electric field vector

3.21
prompt radiation
nuclear energy which leaves an explosion within 1 ys

3.22

system generated EMP

SGEMP

NEMP produced on a satellite or other vehicle in space due to photons ejecting electrons from
the metallic surface and causing high surface currents to flow, which produce high levels of
transient electromagnetic fields, and which in turn can create electromagnetic interference in
the vehicle's electronics

3.23

source region EMP

SREMP

NEMP produced in any region where prompt radiation is also present producing currents
(sources) in the air

3.24

tangent point

any point on the earth's surface where a line drawn from the burst is tangent to the surface of
the earth

3.25
tangent radius
distance measured along the earth's surface between ground zero and any tangent point
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3.26

vertical polarization

position of the electromagnetic wave when the electric field vector is in the incidence plane and
the magnetic field vector is perpendicular to the incidence plane and thus parallel to the ground
plane

Note 1 to entry: This type of polarization is also called parallel or transverse magnetic (TM).
SEE: Figure 1.
4 Types of HEMP waveforms

A high altitude (above 30 km) nuclear burst produces three types of electromagnetic pulses
which are observed on the earth's surface:

* early-time (E;) HEMP (fast)
* intermediate-time (E,) HEMP (medium)
* late-time (E3) HEMP (slow)

As described in IEC TR 61000-1-3, the earliest efforts dealing with HEMP focused on the early-
time HEMP, which was previously referred to as simply "HEMP" in the past due to an initial lack
of understanding of the later time portions of HEMP. Here the term "high-altitude EMP" or
"HEMP" is used to include all time portions. The term NEMP covers many categories of nuclear
EMPs including those produced by surface bursts, air bursts and high-altitude bursts and also
close to the bursts (SREMP) or created on space systems (SGEMP). The term HEMP is more
specific than the term NEMP, as it defines a type of NEMP. Therefore, the term NEMP shall not
be used as a replacement for HEMP.

Because the HEMP is produced by a high-altitude detonation, one does not observe other
nuclear weapon environments such as prompt radiation, heat, blast and shock waves at the
earth's surface. The occurrence of HEMP was reported from high altitude U.S. nuclear tests in
the South Pacific and from high-altitude tests in the Soviet Union in 1962, producing effects on
electronic equipment far from the burst location (see IEC TR 61000-1-3).

5 Description of HEMP environment, radiated parameters

5.1 High-altitude bursts

When a nuclear weapon detonates at high altitudes, the prompt radiations (x-rays, gamma rays
and neutrons) deposit their energy in the dense air below the burst. In this deposition (source)
region, the gamma rays of the nuclear explosion produce Compton electrons by interactions
with the molecules of the air. These electrons are deflected in a coherent manner by the earth's
magnetic field. These transverse electron currents produce transverse electric fields which
propagate down to the earth's surface. This mechanism describes the generation of the early-
time HEMP (see Figure 4) which is characterized by a large peak electric field (tens of kilovolts
per meter), a fast rise time (nanoseconds), a short pulse duration (up to about 100 ns) and a
wave impedance (at the peak of the pulse) of approximately 377 q. The early-time HEMP
exposes the earth's surface within line-of-sight of the burst and is polarized transverse to the
direction of propagation and to the local geomagnetic field within the deposition region. In the
northern and southern latitudes (i.e., far from the Equator) this means that the electric field is
predominantly oriented horizontally (horizontal polarization). Near the Equator, the electric field
is predominantly oriented vertically (vertical polarization).
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NOTE 1 Only one line of sight ray is shown.

NOTE 2 While HEMP is defined for HOB 0 30 km, only burst heights above 50 km produce a source region below
the burst.

Figure 4 — Schematic representation of the early-time HEMP from
an example of a high-altitude burst

Immediately following the initial fast HEMP transient, scattered gamma rays and inelastic
gammas from weapon neutrons create additional currents and ionization resulting in the second
part (intermediate time) of the HEMP signal. This second signal is on the order of 10 V/m to
100 V/m and occurs in a time interval from 100 ns to tens of milliseconds after the arrival of the
early-time HEMP.

The last type of HEMP, the late-time HEMP, also designated magnetohydrodynamic EMP (MHD
EMP) is generated from the same nuclear burst. Late-time HEMP is characterized by a low
amplitude electric field (up to approximately 100 mV/m), a slow rise time (seconds), and a long
pulse duration (hundreds of seconds after the arrival of the early-time HEMP). These fields will
induce similar currents in power lines and telephone networks as those associated with
geomagnetic storms often observed in the Northern U.S., Canada and in Northern Europe. Late-
time HEMP can interact with long transmission and distribution lines to induce currents that
result in half-cycle saturation of transformers, severe harmonics, voltage imbalances and the
generation of hot spots in large transformers that potentially could create damage.

In this document the maximum levels of early-, intermediate- and late-time HEMP will be
presented, and while each portion of the HEMP is typically generated by a high-altitude nuclear
burst, the burst altitudes that maximize each of these waveforms are not the same. The different
pulses also couple to electronic systems in different ways, and therefore for example, the early-
time HEMP is most important to relatively small equipment and its connected cables, while the
late-time HEMP is most important to very long lines and the equipment connected to them.
Since critical equipment and systems to be protected cannot know the burst locations (height,
latitude and longitude), they should consider the maximum fields for each HEMP portion to
design protection, although information is provided concerning the variability of the fields, so
systems with less criticality could consider lower field levels if recovery can be accomplished in
a reasonable time.
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5.2 Spatial extent of E; HEMP on the earth's surface

The strength of the electric field observed at the earth's surface from a high-altitude explosion
can vary significantly (in peak amplitude, rise time, duration and polarization) over the large
area exposed by the HEMP depending on burst height and yield (see Figure 4). For example,
in the northern hemisphere, the maximum peak electric field identified as E,,, occurs south of

ground zero and can be as high as 50 kV/m, depending upon the height of burst and the weapon
yield (in the southern hemisphere the maximum region is found to the north of ground zero).
Figure 5 shows the early-time HEMP tangent radius as a function of the height of burst (HOB).
For an explosion at an altitude of 50 km, for example, the affected area on the ground would
have a radius of 800 km and for an altitude of 500 km, the tangent radius would be about
2 500 km. Figure 6 describes the general variation of the peak HEMP fields over the exposed
area of the earth.

5.3 HEMP time dependence
5.3.1 General

In 5.3, electric field time waveforms are identified to represent the early-time, intermediate-time,
and late-time HEMP environments, with the maximum levels identified with some information
given concerning variability.

5.3.2 Early-time HEMP waveform

Examples of the general variation of early-time HEMP waveforms with location are shown by
the three waveforms A, B and C in Figure 7 with the curves referenced to the positions noted
in Figure 6. With respect to Figure 6, point A is located just north of ground zero. In addition,
the value of the peak electric field at the earth's tangent (shown as 0,5 E,,,,,) can be less than

this value depending on the combination of burst height and yield. For bursts in the southern
latitudes (between 30° and 60° south latitude) the figure is reflected such that the maximum
peak field region is north of the burst and the minimum field region is south of the burst.

Since the incident waveshapes in Figure 7 vary greatly, and there is no way to predict the burst
location in advance, a generalized standard time waveform is constructed for the early-time
HEMP that maintains the short rise time of the near-ground-zero location and the large
amplitude of the HEMP in the region of maximum peak amplitude. An envelope of all pulses in
the time domain, including the long fall time in the tangent region, would provide an extreme
case, however, it is understood that the widest pulses do not occur when the peak value is the
highest. A more realistic composite waveform, constructed from the envelope of the Fourier
transforms (amplitude spectra in the frequency domain) of all of them, results in a standard
waveform recommended for use (see Formula (1) and Figure 8 a) and b). More details of the
process used to develop this standard waveform are found in Annex A.
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NOTE Ry ©110,/Hg , where Hg is HOB in km for values equal to or less than 500 km.

Figure 5 — HEMP tangent radius as a function of height of burst (HOB)
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