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E
lectromagnetic Pulse EMP is defined as a large, impulsive

type of electromagnetic wave. EMP commonly refers to a

nuclear electromagnetic pulse NEMP. In this usage, it is

a plane-wave, line-of-sight electromagnetic phenomenon that

occurs as a result of an above-ground nuclear detonation. NEMP

has a typical electric field strength of 50 kV/m horizontally and 20

kV/m vertically, with a pulse rise time to peak of 5 to 10

nanoseconds.

There are several different types of EMP resulting from a nuclear

explosion. One of the more significant types is the High-altitude

EMP HEMP that results from a nuclear explosion above 30 miles

in altitude. The HEMP is created by the interaction of high-energy

photons gamma rays with atmospheric molecules, producing

Compton electrons. These electrons decay in the earth's magnetic

fields, emitting photons in the process.

System-generated EMP SGEMP is produced by the direct

interaction ofhigh-energy photons with systems equipment, rather

than through their interaction with atmospheric molecules. SGEMP

is important because of its effects on satellite systems and in-flight

missiles.

The third type, magnetohydrodynamic EMP MHD-EMP is

different because of its distinct physical generation mechanism,

later occurrence, smaller amplitude, and longer duration. It is

sometimes referred to as late-time EMP. MHD-EMP poses a threat

for very long landlines including telephone cables and

power-distribution lines or submarine cables.

EMP Description

Of the three types of EMP, HEMP poses the greatest threat to

electronic equipment. Therefore, this article deals primarily with

HEMP.

A major threat exists to every installation from the possibility of

high-altitude nuclear explosions over the central part of the country.

One such detonation at a height of 250 to 300 miles could produce

an EMP/transient effect over the contiguous United States.

Significant EMP levels can occur on the earth's surface at all points

within line-of-sight from the explosion. If high-yield weapons are

used, the EMP field strength felt on the earth will not vary

significantly with the height of the explosion. Therefore, a

high-altitude explosion, which can cover a large geographic area,

will produce essentially the same peak field strength as a

low-altitude explosion, which covers a smaller geographic area.

Figure 1 illustrates the areas that EMP would affect based on the

height of the burst HOB above the ground.

The Corn pton Effect

During a nuclear explosion, gamma rays high-energy photons

are radiated in all directions from the source. These gamma rays

react with the atmosphere to produce large electrical charges and

currents, which are the sources of the electric and magnetic fields

that comprise the EMP. The basic physical process that converts

the gamma ray energy into EMP energy is known as the Compton

Effect.

When a gamma ray strikes an atom in the atmosphere, it knocks

an electron free and drives it outward from the detonation. Since

the electrons Compton electrons are smaller, they are moved

outward more rapidly than the remaining large positively charged

portion of the atom. The, results are a charge separation in the

atmosphere, and creation of a huge electric current. This charged

region in the atmosphere is called the `deposition region." An

additional current is generated when the Compton electrons are

deflected from their original path by the earth's magnetic field and

spiral around the geomagnetic field lines. They complete about

one-third of a revolution before they decay and are reabsorbed by

the atmosphere. The current generated by this magnetic deflection

is a major component of the deposition region in a high-altitude

nuclear blast.

Deposition Region

In a high-altitude nuclear blast 30 miles or more above the earth's

atmosphere the gamma rays radiated in a downward direction

travel through the near-vacuum of space until encountering a region

where the atmospheric density is sufficient to produce the Compton

Effect and the resulting deposition region. The deposition region is

generally circular and is approximately 50 miles thick in the center

and tapers toward the outer edge, with a mean altitude of 25 to 30

miles Figure 2. The radius of the deposition region is determined

by the height of the burst and the yield of the nuclear device, and is

limited by the curvature of the earth. The deposition region is

formed quickly since the gamma rays and the Compton electrons

both travel at nearly the speed of light 186,000 mi/s in a vacuum.

The rapid generation of the deposition region results in a pulse with

a very fast rise time, covering a broad frequency range.
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FIGURE 1: EMP ground coveragefor high-altitude,

10-megaton nuclear explosions at altitudes of 62, 186 and 300

miles.

A high-altitude detonation also generates beta particles free




