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Chapter 7

ELECTROMAGNETIC PULSE (EMP) PHENOMENA -

! The nuclear electromagnetic. pulse
(EMP) is the time-varving electromagnetic radia-

tion resulting from a nuclear burst. It has a very

“ broad frequency spectrum. ranging from near de

toseveral hundred MHz.

The generation. of EMP from o nuclear
detonation was predicted even before the initial
test. but the extent and potentially serious de-
eree of EMP effects were not realized for many
years. Attention slowly began to focus on EMP
ds 4 probable cause of malfunction of electronic
equipment during the early 1950s. Induced cur-
rents and voltages caused unexpected equipment
failures during nuclear tests. and subsequent
analvsis disclosed the role of EMP in such fuil-
ures. Finally in 1960 the possible vulnerability
of hardened weapon syvstems.to EMP wus offi-
cially recognized. Increased knowledge of the
electric and magnetic fields becams desiruble for
both weapons diagnostics and long-range detec-
tion of nuclear detonations. For all these reasons
4 more thorough investigation of EMP was
undertaken.

Theoretical and experimental efforts
were expanded 1o study and observe EMP phe-
nomenology and to develop appropriate descrip-
tive models. A limited amount of duta had been
gathered on the phenomenon and its threat to
military svstems when all aboveground testing
was halted in 1962, From this time reliance has
been placed on underground testing. analysis of
existing atmospheric test data. and nonnuclear
simulation for experimental knowledge. Extend-

ed efforts have been made to improve theoreti-

cal models and to develop associated computer
codes for predictive studies. At the same time.
efforts to develop simulators capable of produc-
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ing threat-level pulses for system coupling and
regponse studies have been expanded.

This chapter describes the EMP gencru-
tion mechanism and the resulting environment
for various burst regimes. The description is
largely qualitative. since the complexity of the
calculations .requires that heavy  reljance be
placed on computer code culeulations for spe-
cific problems. Some results of computer code
calculations are presented. but generalization of
these results is bevond the scope of this chapter.
More complete treatments of the EMP phenome-
na may. be found in tne “DNA EMP (Electro-
magnetic Pulse) Hundbook (U™ (see biblio-
graphyv ). :

! ENVIRONME
DESCRIPTION

7-1 Weapon Gamma Radiation .

ENT — GENERAL

he gamma radiation output from a nu-
clear burst initiates the processes that shape the
development of an electromagnetic pulse. The
gamma radiation components important in EMP
generation are the prompt. air inelastic. and iso-
meric gammas (see Chapter 3). Briefly. the
prompt gammas arise from the fission or fusion
reactions taking place in the bomb and from the
inelastic collisions of neutrons with the weapon
materials. The fraction of the total weapon en-
ergy that 'may be contained in the prompt gam-
mas will vary nominally from about 0.1% for
high yield weapons to about 0.5% for low yield
weapons. depending on weapon design and size.
Special designs might increase the gamma frac-
tion, whereas massive, inefficient designs would
decrease it. This component is generated within
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less than a microsecond of detonation time.
High energy neutrons, which result from the fu-
sion process. emerge from the bomb debris with
energies on the order of four to fourteen MeV.
For a surface -or air burst. these neutrons lose
their energies primarily through a large number
of inelastic collisions with the surrounding air
molecules over a time period of many micro-
seconds. This gives risg to a source of gammas
over the same time span. lsomeric gammas are
given off by nuclei of certain fission products
in decaving from excited states to the ground
state, Thev are important at times after the
peaxs in prompt and air inelastic contributions
(see Section 1. Chapter 5).

7-2 Compton Current u

When gamme radiation from any of the
sources mentioned in the preceding paragraph
impinges upon air molecules. high energy elec-
trons are created by the Compton effect. In this
effect. illustrated in Figure 7-1. the incident
gammu rav interacts with an electron in the shell

of ‘an atom. imparting to it a large amount of

energy. Both the electron and a less energetic
ey =
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Figure 7-1. (U} The Compton Effect (U)

gamma ray scatter, primarily in the forward di-
rection, and the scattered gamma rays fre-
quently retain sufficient energy to repeat the
process. In addition to the generation of Comp-
ton electrons, over ten percent of the gamma

rays with energy above 5 MeV may generate
electron-positron pairs (pair production). The
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positrons will cause ionization by inelastic col-
lisions and eventually will be annihilated on col-
lision with an electron, resulting in two 0.511
MeV gamma rays. The radial beams of scattered
high energy electrons comprise a current termed
the Compton current. If certain spatial and time
conditions are met by a current, an electromag-
netic field is generated. Since the prompt gamma

‘ray pulse increases rapidly to a peak value and

then decays (Section 1, Chapter 5), and since
the Compton electrons lose energy as described
in the following paragraph, the Compton current
rises to a peak value rapidly and then decays as
illustrated in Figure 7-2.

7-3  Ai. Conductivity ‘

The high energy electrons in the Comp-
ton current lose some energy to the surrounding
air molecules through inelastic collisions. The
energy lost in these collisions goes into the free-
ing of additional electrons from the air mole-
cules. i.e.. further ionization. A drastic change in
the conductivity of air takes place as it is ionized
to become a plasma consisting of molecules.
atoms. ions. electrons and accompam'ino elec-
tromagnetic radiation (see paragraph 4-2. Chap-
ter 4). The conductivity will vary in Spdté‘ and
time with the density and mobility of the ions
and electrons. and the mobility depends on the
electric field strength. Under certain conditions
of air density and distance the x-rays from the
bomb may contribute significantly to the air
conductivity. Further complications are intro-
duced by the recombination of ions and elec-
trons. Initially the dominant process is the at-
tachment of electrons to neutral oxygen mole-
cules, reducing their mobility. Later the negative
jons and electrons recombine with positive ions,
reducing the charge density. Both processes,
which are strongly dependent on air density, wa-
ter content of the air, and the electric field, tend
to reduce the conductivity of this partially ion-

ized plasma. Figure 7-3 shows an example of air @

conductivity. The sudden rise at 8 mic_roseconds
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is due to the local arrival of the neutron. flux
that produces ionization by nuclear reactions
other than inelastic collision. namely (n,p) and

(n.y) reactions; however. earlier times are of
greatest interest for the generation of EMP.

7.4 Radical Electric Field -

- If a nuclear burst occurs in homogeneous
(constant density) atmosphere, with no geomag-
netic fields present. a charge-separation model
mav be used to describe the resulting electric
fields. Positive and negative charges are sepa-
rated as the Compton electrons sweep off ina
radisl direction from the explosion. while the
heavier ions tend to remain behind. Thus. two
shells of charge are created. an inner positive ion
shell and an outer shell of electrons. This separa-
tion produces a large local electric field in the
radia! direction shown as £ in Figure 7-4. The
magnitude of the field is limited as the air con-
ductivity rises 10 permit return currents. Con-
ductivity is higher closer to the burst where the
current are more dense. so this region is the first
to saturate and to limit the radial field although
the radial electric field is higher when saturation
occurs. These effects are depicted schematically
in Figure 7-5.

11 is 1o be noted. however. that the total
current distribution and the resulting radial elec-
tric tield are perfectly spherically svimmetric in
this hypothetical illustration. It is a fundamental
property of such ‘a current distribution that no
magnetic field is generated and no electromag-
netic field is radiated away, The various asym-
metries that occur in practice. and the resulting
fields that are generated in the source region oOr
radiated away are discussed in the following
paragraphs.

RADIAL
ELECTRIC
FIELD = —

v +
\
\

DEPOSITION s
(SOURCE) )\\\ -

REGION BOUNDARY -

Figure 7-4. . Charge ‘Separation
Mode! ' '
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7.5 Medium Altitude Air Burst W

This category of nuclear explosions. is

‘defined to include weapon bursts under about

30 kilometers (19 miles) altitude. but suffi-
ciently high that the deposition region eontain-
ing the source currents does not touch the earth.
In this case there are three principal factors tend-
ing to destroy the spherical symmetry of the
current distribution discussed in the preceding
paragraph: the atmospheric density gradient. the
earth’s magnetic field, and the configuration of
the weapon itself. Since the earth’s magnetic
field is a much more important influence in less
dense atmosphere, it will be discussed in suc-
ceeding paragraphs in. connection with high-
altitude bursts.
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‘ The density gradient in the lower atmo-
sphere leaves the current distribution in the de-
position region symmetric in azimuth only. since
the strength of all the deposition region interac-
tions depends on the density of its constituents.
Thus there is a net vertical current component.
the strength of which is expresed in terms of a
dipole moment. This quantity is responsible for
the generation of a magnetic field in the deposi-
tion region and the radiation of an electromag-
netic wave from this region, These effects are
shown in Figure 7-6. assuming no weapon asym-
metry. The radiation. which is in the form of a
simple vertical electric dipole. is a high intensity
brief pulse thut includes a broad spectrum of
frequencies up to many MHz. Figure 7-7 demon-
strates the relationship of energy per unit fre-
quency as a function of frequency. The electric
field us a function of range. R. and azimuth, 6.
follows the form

R

. O . .
};H»:?h (t)sin f

Qo

where R is the radius of the deposition region
and E is the time dependent electric field at
R. The angular dependence of radiated electro-
magnetic radiation is such that maximum inten-
sity is radiated horizontally from the burst and
is minimum directly above or below the burst.
Simplified general waveforms of the quantities
discussed here are presented in Figure 7-8.

7-6 Surface Burst

- The presence of the ground introduces a
strong asymmetry in addition to the ones de-
scribed above. The ground is a very good ab-

sorber of neutrons and gamma rays and a good.

conductor of electricity compared with air.
Therefore, the deposition region consists ap-
proximately of a hemisphere, resulting in a very
large dipole moment and consequently large ra-
diated fields. Further. the conducting groun? al-
lows an effective return patn for the electron
shell near the surface with the result that current
loops are formed. That is. electrons travel out-
ward from the burst in the air, then return
through the higher conductivity ground toward
the burst point. These current loops form a to-
roidal shaped solenoid resulting in very large
azimuthal magnetic fields in the deposition re-
gion. especially close 10 the ground. These ef-
fects are shown in Figure 7-9. Figure 7-10 shows
a typical toroidal magnetic field waveform in the
deposition region near the surface.

There can be extremely large electric
and magetic fields as well as the presence of a
highlv conducting plasma within the deposition
region. As a result of the number of variables
that can affect the magnitude and shape of the
fields, it is not possible to provide a simple de-
scription of the fields.

The peak radiated electric fields are ten
to a hundred times stronger than for a similar
air burst. The range, Ro. at which the radiation
region begins is a function of weapon yield as
shown in Table 7-1.

- The magnitude of the peak value of the
radiated electric waveform for a surface burst is
a weak function of yield, varying from about
1.300 volts per meter at RO for-a 4.2 TJ (1KT)
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Figure 7-6. ' Simple IMiustration' of Air-Burst EMP -
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Figure 7-7 - Normalized Frequency Spectrum of the Electric-Dipole Radiated EMP for Air Bursts -
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Comparison of General Waveforms for the Dipole Moment, the Current, and the E-Field

for and Air Burst‘
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Figure 7-10 . Shape of Magnetic Field
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explosion to about 1,670 volts per meter for a
4.2 x 104 TJ (10 MT) explosion. For most cases,

—vr1rirmn

a value of 1,650 volts per meter may be assumed.
At ranges along the surface beyond R,. the peak
radiated electric field varies inversely with the
distance from the burst. Thus. the magnitude of

T TTTTIT

~the peak radiated electric field along the surface
may be estimated from the equation

Lot b b1 ) i

ot T

1077 1078

5

TIME (seconds) » . ..
‘ where RO is the range to the beginning of the

radiation region, R is the distance along the sur-
face to the point of interest, E  is the peak value
of the radiated field at Ro (assumed to be about
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Table 7-1 F Variation of Range,
R_."at which the Radiation Region

0
Begins, with Yield

1.650 volts per meter). and E is peak value of
the radiated field at R. For example. the peak
electric field 10 kilometers from a 4200 TJ (]
~ MT) surface burst would be '

E = (10> 1.650) = 1.200 v'm.

The peak electric field at the same distance from
a 420 TJ (100 KT) surface burst would be

. _ 3R cn. ~ 020 <
L—<10>(].6-O»~9_O\m.

The spatial distribution of the radiated signal in-
volves not only the inverse range attenuation
discussed above. but also the polar angle. The
magnitude of the R'E Eg product follows a.com-
plicated function of the polar angle. 6. Figure
7-11 shows the computed variation of the radi-
ated EMP signals as a function of 6. The varia-
tion in the waveform shape, as well as in the
peak amplitude. as a function of angle should be
noted. Because of the greater rise time of the
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waveforms as the vertical is approached. it is ap-
parent that the high frequency content of the
signals decreases. The frequency spectrum is an
important parameter for coupling analysis. Fig-
ure 7-12 shows the normalized frequency spec-
trum of the horizontally radiated EMP from a
surface burst. Comparing this spectrum with
that shown in Figure 7-7 shows significantly
greater high frequency content for the surface
burst.

The preceding discussion was intended to
illustrate the general characteristics of the EMP
fields generated by surface bursts and the vari-

. ation of the peak radiated electric fields in space.

In addition to the behavior of the electric and
magnetic fields, the air conductivity is impor-
tant for more accurate coupling analysis. A few
selected examples of these quantities are pre-
sented in later sections of this chapter: however,
it is beyond the scope of this manual to provide
complete EMP environmental data upon which
vulnerability analyses may be based.

7-7 High Altitude Burst .

This burst regime is defined to include
any nuclear burst at an altitude above about 30
kilometers (19 miles). In this regime the atmo-
sphere is so sparse above the burst that relativ ely
little Compton current is generated there. The
deposition region. departing far from spherical
symmetry. -consists principally of a pancake
shaped volume extending from about 20 to 50
kilometers (12 to 30 miles) in altitude and to
the horizon as viewed from the burst. Thus.
very high altitude bursts may cover vast geo-
graphical areas. A further asymmetry, the
earth’s magnetic field, is responsible for the
form of the radiation. The Compton electrons.
which result from collisions of the prompt gam-
mas and x-rays with the air molecules in the de-
position regions, are deflected by the earth’s
field to follow helical paths significantly long
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Figure 7-11 . Variation of the Radizted EMP for a Surface Burst with Angle 6 Measured from the

Vertical in Radians '
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Figure 7-12 . Normalized Frequency Spectrum of the Horizontally Radiated EMP for a Surface
Burst
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