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Abstract

The waveform of the large altitudes EMP includes an.early pulse of high
amplitude and short period, in addition to intermediate and late time pulses of
progressively lower amplitudes and longer periods. _

The NEMP can penetrate into systems through antennas, long and short
transmission lines, and through apertures in shielded enclosures. Peak currents of
thousands of amperes may be induced in conductors. NEMP induced currents and -
voltages may cause upset in digital electronics, temporary malfunction of circuits and
sensitive component damage.

Protection against NEMP includes the use of metal shields around electronic
systems, proper grounding, the use filters on lines and the use of surge suppressors
such as zener diodes. varistors and gas discharge tubes .

Penetration of NEMP into shieided volumes containing apertures is investigated in
the present work using the finite-difference time domain method .The characteristics
of the penetrating field are considered for a cubic cavity with square and rectangular
apertures. The resonant modes excited inside the cavity are determined through the
FFT of the penetrating ficld. The effect of the cavity volume and aperture size on
these modes and on the decay rate of the field inside the cavity is investigated. The
dependence of the peak penetrating field on the dimensions of square aﬁd rectangular
slots is -considered in two cases, when the NEMP electric field is perpendicular or
parallel to the slot. The effect of the aperture location is also considered. Finally, the

current induced in a wire inside the cavity is investigated.
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Introduction

Nuclear electromagnetic pulse (NEMP) is a high amplitude short duration
electromagnetic pulse that originates from a nuclear burst. The high altitude EMP
results due to the gamma radiation following the strong nuclear burst which causes
atmospheric electrons to be freed, which in turn generate the EMP during their motion
under the effect of the earth’s magnetic field. The level of the'resulting electric field is
about 50 kV/m with a rise time of a few nanoseconds. The effects of EMP extend to
an area of 500-800 km or even more in radius depending on the height and the power
of burst. Its spectrum is coxiccntrated below 100 MHz. Any conductor within the
affected area of EMP will act as an antenna to pick up the electromagnetic pulse .The
induced currents and voltages may cause malfunction or damage of electronic
equipment within the affected area. It should be noted there are other types of EMP
such as that resulting from near surface and under ground expositions. Emphasis in

this Thesis, however high altitude EMP.

In the present work the basic aspects of the NEMP are presented including its
generation, the characteristics of the EMP, its penetration into electronic systems, and
the protection methods against EMP. The penetration of EMP into a shielded cavity is
im}estigated using FDTD method .The characteristic of the pénetrating field is studied
un&er different conditions. The current induced in a wire located inside a cavity is
also calculated. The thesis comprises four chapters followed by a conciusion as
follows. |
Chapte'r 1: Nuclear Electromagnetic Pulse Generation and Characteristics

The generated NEMP is presented at the early time, the intermediate timé _
and the late time. These characteristics include the affected area, the field intensity,
the pulse energy density and its spectrum.

Chapter 2: NEMP Penctration Modes and Effects |

The modes of penetration of the EMP to the electronic and electrical systemsﬁ
are investigated. Such .modes include direct penetration from aperture in shielded,
through cables or transmission line and through antennas. The induced current
amplitudes and waveforms are presented for the different cases. The effects of EMP

on electronic circuits and components are discussed, which include circuit upset and



latch up and permanent component damage. The failure levels for different
components are presented.
Chapter 3: The Protection Against the Nuclear Electromagnetic Pulse

The protection methods against EMP are discussed. These, methods
basically include shielding, grounding, filtering and voltage limiting.

The roles of shielding in reflecting an incident wave and in attenuating the high
frequencies due to the skin effect are presented. Penetration through aperturés at high |
frequencies is highlighted. The principle of the waveguides below cut off is used for
making ventilation apertures in shielded volumes. Penetration of the low frequency
components of an EMP into a real shielded volume without apertures is also exposed.

Proper grounding is important in avoiding the induction of intense currents and
potential differences in different circuit boards and cables.

Filtering is important in limiting the currents and voltages induced in
conductors due to EMP outside the frequency band of interest of the circuit. The wide
band nature of EMP and its high intensity causes the major difference in the design
and the nature of the components used in the filters compared with the conventional
filters.

Slirge- arresters, such as zener diodes, varistors and gas discharge tubes are |
used to limit the voltage incident on the susceptible circuit. Each of the limiting
devices has its | own characteristics including the limiting voltage, the energy
dissipation capability, the speed and the devices capacitance, which limits .‘its use at
high frequencies. Combinations of these devices are appropriate to achieve optimal
protection.

Other methods of network hardening and circumvention are also presented. .

| Chapter 4: Nuclear Electromagnetic Pulse Penetration through Apertures in
Cavities

This chapter is concerned with the penetration of the nuclear eléctrdmagnetic
pulse through apertures in cavities .A review is first given for the different factors
affecting the penetrating field. Penetration through large and small slots is 'ﬁr'st"';
prcsehted in the frequency domain. The effect of the number of apertures on the field
penetrating into the cavity is shown. Long aperturés are also considered both when the
incident electric field is perpendicular or parallel to the slot. The relation of the
frequency of the incident wave on exciting certain cavity modes near or far from the

resonance frequency is presented. The effect of radiation and absorption losses on the



