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MISSION

The 1842 Electronics Engineering Group (EEG) is
organized as an independent group reporting
directly to the Commander, Air Force Communica-
tions Service (AFCS) with the mission to provide
communications-electronics-meteorological (CEM)
systems engineering and consultive engineering
for AFCS. In this respect, 1842 EEG responsi-
bilities include: Developing engineering and
installation standards for use in planning,
programming, procuring, engineering, installing
and testing CEM systems, facilities and equip-
ment; performance of systems engineering of CEM
requirements that must operate as a system or
in a system environment; operation of a special-
ized Digital Network System Facility to analyze
and evaluate new digital technology for applica-
tion to the Defense Communications System (DCS)
and other special purpose systems; operation of
a facility to prototype systems and equipment
configurations to check out and validate engi-
neering-installation standards and new installa-
tion techniques; providing consultive CEM
engineering assistance to HQ AFCS, AFCS Areas,
MAJCOMS, DOD and other government agencies.
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EMP HANDBOOK

A. INTRODUCTION. An area that very few C-E-NI engineers
are aware of is the effects on our communication systems
in the event of a nearby nuclear explosion. One effect
that was found is that under the proper circumstances, a
significant portion of the energy released during a nuclear
detonation can be made to appear as an Electromagnetic Pulse
(EMP) having the same frequencies as our commercial radio
and military communication systems. This document will
investigate this phenomenon and provide typical engineering
information that must be considered to provide adequate
protection from EMP in any military communication system.
The engineering information to be provided is, in most
cases, familiar terminology and closely ties into EMC/EMI
protective procedures. Engineering principles are similar
to ones in use today ant will be most familiar to engineers
with EMI/EMC experience. One of the primary reasons why
DIP has great interest today is the fact that EMP is
capable of disabling electrical and electronic systems as
far as 3000 miles from the site of the detonation. This
means that a high yield nuclear weapon burst above the
atmosphere could be used to knock out improperly designed
electrical and electronic systems over a large area of the
earth's surface without doing any other significant damage.
Figure 1 shows this situation.

Another point of concern in EMP is the strong electro-
magnetic field created. An idea of the amplitude of the
EMP electromagnetic field can be gained when compared with
fields from man-made conventional sources. A typical high
level IP pulse could have an intensity of 100,000 volts
er meter. This is 1,000 times more intense than a radar
eam of sufficient power to cause biological damage such

as blindness or sterilization.

B. PURPOSE. This document is to provide basic engineering
information about EMP that is presently available. EMP is
a large and complex subject and this document will not
delve into involved mathematical investigations but general
information. Emphasis in this document will be basic EMP
protection guidelines. The information presented is designed
to assist engineers in familiarizing themselves with DMP and
EMP problems. This handbook will be basically a compilation
of existing data on EMP and only portions that may be of
interest or of importance are included. A comprehensive
bibliography will be included for further reference.

I " I ll llll I II I , ... ... i ,1
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C. ELECTROMAGNETIC PULSE
GENERATION ix\,D EFFECTS

1. EMP ENVIRONMENT DESCRIPTION. A nuclear detonation generates
large amounts of energy which can be grouped in such cate-
gories as blast, thermal radiation, nuclear radiation, and
electromagnetic pulse (EMP). This chapter provides an
introduction to EMP generation and effects.

1.1 EMP Phenomenon. A fundamental phenomenon exists
which creates the electromagnetic pulse. The basic mecha-
nisn is electron scattering by the collision of gamma rays
with air molecules or other materials. The collision
knocks electrons free of the air molecules and causes the
electrons to move rapidly away from the center of the
explosion and from the now positively charged parent air
molecules. This separation of charges, occurring on a
wholesale basis, creates electromagnetic fields. An energy
flow diagram which illustrates the transformation of energy
involved in the process of EMP generation is shown in Figure
2. The energy released from a nuclear burst in the form of
gamma ray photons interacts with the earth's atmosphere to
produce electrons and nositive ions. The separation of
electrons and positive ions produces an electric field. The
flow of electrons constitutes a current which radiates
electromagnetic energy, providing some asymmetry exists.

The energy contained in EMP is similar to that in EM
waves generated by a lightning strike, but the high fre-
quency energy content in EMP is a much larger fraction of
the total pulse energy.

1.2 NUCLEAR WEAPON EFFECTS. The relative importance of
all nuclear weapons effects, including EMP, depends on
weapon characteristics, burst point, and position of the
system of interest. Emphasis in this document will be the
EMP fields generated by a high altitude burst and some dis-
cussion about surface bursts.

1.2.1 Source Region. For both the high altitude and sur-
face bursts, intense fields appear in what is called the
source region. The source region for a surface burst is
limited to about a two to ten kilometer diameter about the
burst. Figure 3 illustrates a surface burst. For a high
altitude burst, the source region can be on the order of
3000 kilometers in diameter. Figure 4 illustrates a h gh
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altitude burst. This source region extends from about 20
to 40 kilometers in altitude. In the source region, weapon
effects other than ENP must also be considered. As noted,
the size of the source region is severely confined by the
atmosphere for an atmospheric burst. However, the pressure
pulse, which physically damai.es the buildings, is not
similarly restricted. Thus, in the case of soft systems
(buildings), the most severe lIMP exposure at otherwise
survivable points is associated with the low-yield bursts.

1.2.2 Fields Beyond Source Region. Somewhat less intense
fields exist beyond the source regions. Additional mecha-
nisms exist to radiate the energy of the source fields well
beyond the source regions. In the case of a near-surface
burst, the net charge separation caused by asymmetry of the
source reyion contributes to the more distant radiated
fields. tn an outside-the-atmosphere burst, the earth's
iiiagnetic field bends the scattered electron current moving
away from the burst point. This bending produces an efficient
conversion of the energy of the moving electrons into a
radiated electromagnetic pulse in the radio spectrum. This
radiation is propagated from the source region onto the
surface of the earth. In the case of a high-altitude
burst, a significant overpressure pulse does not exist near
the surface of the earth. Almost all of the other prompt
weapon effects are diminished by the atmosphere, so that
the most significant prompt weapon effect is the EMP. As
noted previously, the source region can be quite large,
in the order of 1,000 miles in diameter. As a consequence,
the radiated fields from this source region can cover a
substantial fraction of the earth's surface.

1.3 Comparison with Lightning. One method of assessing
tle impact of this electromagnetic pulse from a nuclear
detonation is to compare the phenomenology of a nuclear
explosion to that of a lightning strike. In the case of
both the lightning strike and the nuclear detonation, only
a fraction of the total energy is released in the form of
electromagnetic radiation. The total energy radiated from
a large nuclear detonation, however, can be many orders of
magnitude greater than the energy radiated from a lightning
strike. Thus, while the most familiar result of the
electromagnetic radiation from a lightning strike is radio-
static, the results from a nuclear burst would rvt only
cause static but could be capable of damaging se,,sitive
electronic components. In terms of waveshapes, it is not
possible to draw explicit comparisons. In the case of

7



lightning strikes, the rise times vary widely; and by
normal time intervals, little time elapses before full
field intensities are reached (microseconds). However,
many of the rise times associated with nuclear events
can occur in much shorter intervals (nanoseconds). It
can be assumed that these very fast rise times can also
occur for'nuclear-created electromagnetic environments,
although wide variations from this are possible. Thus,
the amplitudes and waveshapes of the EMP can be considerably
different from those of lightning. Another important
difference is the spatial distribution of the electro-
magnetic environment. In the case of EMP, this environment
is widely distributed; however, in the case of lightning
strikes, the most severe effects are quite localized.
An additional important consideration is the timing of
the appearance of these high-energy environments. In
the case of EMP, this high-energy environment occurs
nearly simultaneously over large areas (the only limitation
being the speed of light). On the other hand, in the
case of lightning strikes, these high-energy environ-
ments seldom appear simultaneously over wide regions.
The amplitude of the EMP can also be expected to exceed
the normal electromagnetic environment created by
nearby broadcast stations. Other obvious differences
exist here, since the broadcast station radiation is
more or less continuous--whereas the EMP occurs as a
short duration burst of energy. The above discussion
points up the major differences that exist between
normally occurring electromagnetic environments and the
electromagnetic pulse created by a nuclear detonation.
For certain situations, the amplitude of the EMP can
exceed by several orders of magnitude, this "normal"
environment. The most severe EMP environment for a
hardened complex, such as a carefully hardened shelter,
can occur within the ionized sphere or source region.
The radiated environments at a distance are obviously
less severe than those found in the source region. The
radiated EMP environment is of significance, however,
since it can appear and must be considered over large geo-
graphical areas. In Section C, a brief explanation of EMP
phenomenon was discussed; however, to get a better feel
of EMP, it is necessary to go back to basic atomic physics
and investigate EMP phenomenon from this standpoint. This
section will attempt to explain from an atomic physics
standpoint EMP, what causes EMP, and the magnitude of
EMP pulse.

8



2.1 BASIC ATOMIC AND NUCLEAR PHYSICS. The structure of
an atom can be visualized in the familiar form of a
small, positively charged nucleus surrounded by an
electron cloud. The electron cloud is held in place by
the electric coulomb attraction between the n leus and
electron. The nucleus is on the order of 10- cm in
diameter, while the electron cloud is about four orders
of magnitude larger. The nucleus is made up of protons
(single positivdand neutrons (zero charge). The nucleus
is held together by intense, short-range forces which are
not yet coipletely understood. These nuclear forces are
so strong that they overbalance the electric coulomb repul-
sion of the protons for each other. Atoms and nuclei
exist in states having certain discrete energies. This
is the basis for the quantum theory developed by Bohr, Planck,
and many others. This theory gives a complete explanation
of chemistry and atomic physics. There can be no doubt
of its essential correctness. The energy difference of
electron levels is of the order of a few electron volts.
Aj electron can fall from one level to a lower one, at the
same time emitting a quantum of light (protons. The energy
lost by the electron is carried away by the light quantum.
For example, "green" light quanta have energy of about 2.5
electron volts. An electron volt is the kinetic energy
gained by an electron when it is accelerated through a
potential of one volt. The energy difference of proton
levels in a nucleus is of the order of a few million
electron volts. A proton can fall from one level to a
lower one, at the same time emitting a gamma ray (photon).
Again, energy is conserved. There is no difference between
galx.ta rays and light quanta except that gamma rays have
about a million times more energy per quantum. Gamma rays
are the principal cause of EMP. About 0.1% of the energy
of a typical nuclear bomb appears as prompt gamma rays.
flow does this happen? In order to answer this question,
the fission process must be investigated.

To start with, consider the action of protons. The
protons in a nucleus repel each other electrically. In
a spherical nucleus, the electric repulsion is overbalanced
by the nuclear forces. Ordinary nuclei are held spherical
by a surface tension. In large nuclei, the surface tension
is not srong enough to keep the nucleus spherical. The
electric repulsion tends to make the nucleus elongate,
eventually dividing into two roughly equal parts. This
is the fission process. This is one of the basic reasons
why nuclei larger than uranium do not exist in nature; they
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are unstable against fission. Some nuclei, like L2 3 5 , are
just on the verge of being unstable. If such a nucleus
is hit by a free neutron, it may undergo fission. The
fission process is not neat and tidy as a few free neutrons
glislost in the rush. These freed neutrons may hit other
U nuclei, causing them to fission. On the average,
a, ee neutron travels about 10 cm before striking anojher
U' nucleus and making it fission. If the piece of U
is too small (sub-critical), the freed neutrons will
ejpe without causing further fissions. If the piece of
U is large (super-critical), the number of fissions will
grow exponentially/with time, with the number of fissions
proportional to e ". The enfolding time, T, is approx-
irmately equal to l travel time of a freed neutron before
hitting another U nucleus. This time is in the order
of 10 nanoseconds. The EMP can have comparable rise time.
Where do gamma rays come from? The fission fragments are
usually not born in their ground levels. Free neutrons
cbllide witli'other nuclei in the bomb or air or earth,
knocking some of these into levels above the ground level.
Gaiumna rays are then emitted in transitions back to the
ground level.

3. GAMMA RAYS CAUSE IB3P. How do the gamma rays cause EMP?
The answer is through the Compton scattering process.
Compton discovered that photons can collide with electrons,
knocking them out of the atoms in which they were originally
bound. These Compton collisions are somewhat like the
collision of a moving billiard ball with one at rest. The
recoil electron, like the ball originally at rest, goes
predom~tinantly forward after the collision. Thus, a directed
flux of gamma rays produces, by Compton collisions, a
directed flux of electrons. This constitutes an electric
current, which generates the EiMP. In order for a system of
radial currents to radiate electromagnetic energy, a depar-
ture from spherical symmetry is required. Anisotropy of
the emission of gamma rays from a burst is small and of
short duration compared with other factors. The presence of
the earth-atmosphere interface provides the asymmetry for
surface bursts. For high-altitude bursts, the asymmetry
factor is introduced by the atmospheric density gradient
and geomagnetic field. We can now consider some order of
magnitude estimates of the energy involved at each stage of
thfLMP generation process. A one megaton bomb releases 4 x
1012 joules of energy. About 0.1% of this energy, or 4 x
10 joules, may appear as prompt gamma rays. This amount
of energy is equivalent to that produced by a hundred

10



maegawatt power plant running for about 11 hours. A fair
fraction, about one-half of this goes into the Compton
recoil current. Fortunately, most of this energy goes into
heating air rather than into the 1INP. About 10 -6of the
gamma energy goes into EMP; thus giving about 10" of the
bomb energy going into the IP.

4. TYPICAL iIGH ALTITUDE BUkST EXAMIPLE. The geometry for a
high altitude burst is illustrated in Figure 5. In this
illustration, the height of the burst is taken as 400
kilomaeters or 250 miles. For this height of burst, the
distance to tile horizon is 2250 kilometers, or 1400 miles.
The resulting IMP can cover a similar area. This empha-
sizes the significant aspect of an EMP from a high altitude
burst that the large amplitude fields can cover large geo-
graphical regions. The outgoing gammas from the burst form
a spherical shell which expands with the velocity of light.
Since most of the gammas are emitted in about 10 nanoseconds,
the thickness of the shell at any instant is a few meters.
When the gamma shell begins to intersect the absorbing
layer of the atmosphere, an outgoing electromagnetic pulse
is generated. This pulse moves along with the remaining
gammas. Above about 40 kilometers altitude, the atmospheric
density is sufficiently small that the high energy gammas
are not affected appreciably. The atmospheric density is
large enough that the gammas are absorbed by Compton
scattering below 40 kilometers. The gamma absorption is
nearly complete by the time they reach 20 kilometers alti-
tude. The source region for a high altitude burst is thus
between about 20 to 40 kilometers, which is approximately
65,000 to 130,000 feet. At the altitude of the source
region, the stopping range of Compton recoil electrons is of
the order of 100 meters. In traveling this distance, the
Compton electrons are strongly deflected by the geomagnetic
field with a gyro radius of about 100 meters. The Compton
recoil current, therefore, has strong components in direc-
tions transverse to the gamma propagation direction. This
transverse current ra.diates an electromagnetic wave that
propagates in the forward direction. The outgoing wave
keeps up with the gamma shell and is continually augmented
by the transverse Compton current until the gammas are all
absorbed. Then the electromagnetic wave goes on alone as a
free wave or pulse. Secondary electrons produced by the
Comptons make the air conducting. This conductivity atten-
uates the electromagnetic pulse. The amplitude of EMP is
determined by a balance between:
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a. Increase due to transverse Compton current.

b. Attenuation due to conductivity.

S. Sl ,ARY OF EMP GENERATION. Gamma rays are scattered
from molecules with the emission of Compton electrons in the
forward direction with energies on the order of 1/2 million
electron volts. The motion of the Compton electrons is
modified by the geomagnetic field. They follow a spiral
path about the magnetic field lines until they are stopped
by collisions with atmospheric molecules. As the Compton
electrons collide with atmospheric molecules, further
ionization occurs and the conductivity increases. The
propagation of the EMP depends on the conductivity of the
region through which it passes. Dispersion, attenuation,
and reflection may occur. The circular component of the
Compton electrons represents a magnetic polarization, and
the linear component represents an electric polarization.
Both the magnetic and electric polarizations vary with
time and, consequently, can radiate electromagnetic energy.
This can also be viewed as a collective flow of electrons
along the field which radiates in the transversal direction.
Compton electrons that move parallel to the geomagnetic
field are not deflected. Thus, the EMP amplitude is small
in two directions along the geomagnetic field line passing
through the burst point. The LMP amplitude is a maximum on
those rays from the burst point which run perpendicular to
the geomagnetic field in the source region. Since the
location of enemy bursts cannot be predicted in relation to
a system, one should harden for the worst case. Once again,
the significance of the large geographical areas that high
altitude EMP can cover needs to be emphasized. The geo-
graphical coverage as a function of the height of burst can
be obtained by considering the tangent radius. The tangent
radius is the arc length between the line from the earth's
center to the burst point and the line from the earth's
center to the point where a line from the burst point is
tangent to the surface of the earth. See Figure 6. For
a burst at 300 kilometers, the tangent radius is 1920 kilo-
meters, or about 1200 miles. The LMP from the burst can
cover this region.

6. EMP EFFECTS. Most of the damage caused by the EIMP
threat occurs due to fairly simple effects. The strong
electromagnetic fields are converted into large voltages
and currents on any power lines, towers, cables, conducting
loops, etc. These large currents and voltages, which rise
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