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Number 3, June 2013, pp 484-491



Simple view of E1 Phenomenology

3EMP Interaction, Principles, Techniques and Reference Data, K. S. H. Lee Editor, December 1980



“Smile Diagram” HoB = 75 km
Exposed area for varying HoB

4Ref: Metatech reports cited in slides 32 and 33



Production of E1

- Gamma radiation from the nuclear detonation ionizes air
atoms in the upper atmosphere.

- Compton effect and the resulting current is called the
"Compton current".

- The Earth's magnetic field deflects the electron flow at
   a right angle to the field. This interaction produces a
   very large, but very brief, electromagnetic pulse over
   the affected area

-  The correct mechanism was finally identified by Conrad
Longmire of Los Alamos National Laboratory in 1963.
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Production of E2

The E2 is generated by scattered gamma rays and inelastic
gammas produced by neutrons.

This E2 component is an "intermediate time" pulse that
lasts from about 1 microsecond to 1 second after the
explosion.

E2 has many similarities to lightning, although lightning-
induced E2 may be considerably larger than a nuclear E2.

Because of the similarities and the widespread use of
lightning protection technology, E2 is generally considered
to be the easiest to protect against.

The Problem is E2 follows E1 and E2 protective devices may
be damaged already!
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Production of E3

The E3 component is very different from E1 and E2.

E3 is a very slow pulse, lasting tens to hundreds of
seconds.
mV/m for a long time – affecting long lines

It is caused by the nuclear detonation's temporary
distortion of the Earth's magnetic field.

The E3 component has similarities to a geomagnetic
storm caused by a solar flare

Like a geomagnetic storm, E3 can produce geomagnetic
ally induced currents in long electrical conductors,
damaging components such as power line transformers
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E1, E2 and E3 on one chart
This is a Magnitude plot E3 has negative portions
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Parameters of Unclassified HEMP Standards (NOTE: IEC 77C
[6] is same as DEXP in Baum [5])

Bell Labs
(1960s)

Baum
(1992)

IEC-77C
(1993)

Leuthäuser
(1994)

VG95371-10
(1995)

IEC 61000-2-9
(1996)

DEXP QEXP

Parameter
Reference

DEXP
[4]

DEXP
[6]

QEXP
[7]

DEXP
[8]

DEXP
[9][5]

t10%-90% 4.6 ns 2.5 ns 2.4 ns 2.5 ns 1.9 ns 0.9 ns 2.5 ns

Peak Field E0 50 kV/m 50 kV/m 50 kV/m 50 kV/m 60 kV/m 65 kV/m 50 kV/m

FWHM 184 ns ~23 ns ~24 ns 23 ns 23.8 ns 24.1 ns 23 ns

constant

a (1/sec)

b (1/sec)

1.05

4x106

1.3 1.114 1.3 1.08 1.085 1.3

4x107

6x108

1.6x109

3.7x107

4x107

6x108

2.20x109

3.24x107

3.22x107

2.07x109

4x107

6x1084.76x108

Energy 0.891 0.114 0.107 0.114 0.167 0.196 0.114
Density (J/m2)
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The references in this page can be found in Giri-Prather paper cited on Slide 2



Time Domain Plots of the unclassified
civilian HEMP E1 standards
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Computations in the 
form of Figures from 
this reference are 
reproduced in the 
next  6 slides.



E field v. Gamma Yield
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E field v. Height of Burst (HoB)



E field v. Yield Energy
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E field v. Gamma pulse risetime
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E field v. Gamma Pulse decay times
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Contour Plot of Peak E field 
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General requirements for LLPMs. HEMP protection provided by LLPMs shall consist of linear and 
nonlinear transient suppression/attenuation devices or dielectric isolation techniques, as required to 
satisfy the performance requirements. When prescribed pulses (see table III) are injected at the long-line 
terminal of an LLPM, the norms of the residual response stresses at the intrasite cable terminal shall not 
exceed the maximums (see table IV) for the applicable class of LLPM5. Additionally, the LLPM shall 
be designed to withstand a sufficient number of test pulses at the prescribed current without damage or 
unacceptable performance degradation to accommodate life-cycle testing.

Power line LLPM requirements. A Norton source with a 2,500-A short-circuit current, ≤ 20-ns risetime 
and 500-550-ns FWHM, and ≥ 60-Ω source impedance, connected to the long-line terminal of a power 
line LLPM, shall produce a residual response stress at the intrasite cable terminal no greater than 250 A 
and shall not cause unacceptable LLPM damage or performance degradation5.

A Norton source with a 250-A short-circuit current, ≤ 1.5-µs risetime and 3-5-ms FWHM, and ≥ 10-Ω 
source impedance, connected to the long-line terminal of a power line LLPM, shall not cause 
unacceptable LLPM damage or performance degradation5.

A Norton source with a 1,000-A short-circuit current, ≤ 0.2-s risetime and 20-25-s FWHM, and ≥ 5-Ω 
source impedance, connected to the long-line terminal of a power line LLPM, shall produce a residual 
response stress at the intrasite cable terminal no greater than 10 A and shall not cause unacceptable 
LLPM damage or performance degradation5.

Page 41 of MIL-STD-125-2
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Page 42 of MIL-STD-125-2
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Problem Definition 
E1 pulse Incident on a Overhead wire
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We have a MathCAD routine
 
Where one can input 
 a) the E1 Waveform, 
 b) overhead wire parameters and 
 c) the ground properties.

The routine computes the induced current and 
voltages on the overhead wire

This code is demonstrated in the next few slides
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Select any one of the 6 Unclassified E1 Waveform .
This includes the fast VG Waveform
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Example Calculation :  Wv = 5    VG 95371-10   E1 Waveform 
          peak = 65 kV/m.  Risetime = 0.9 ns  FWHM = 24.1 ns      
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Wire parameters            Incident field angles        Earth  parameters
Length of wire = 1000m        ψ = 45 deg                    conductivity = 0.01 mho/m 
Height = 3 m                          φ =   0 deg                    dielectric constant = 10
Radius = 1 mm                       α =   0 deg
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100−

0
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Line Current

 

I(t
) (

A
)

396.315

99.305−

cur xo( ) 1

〈 〉

0.8 10 5−⋅0 t

Compute Waveform Current Norms:

1. Peak value (A)                              = 396.301 Amps
2. Time of peak (sec)                       = 21.97 ns
3. 10-90 rise time (sec)                    = 11.72 ns
4. 10-50 fall time pulse width (sec) = 109.9 ns
5. Energy norm. (A^2 sec)               = 0.019          
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Line Voltage
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t) 
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5.256 104×

2.112− 105×

v xo( ) 1
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3 10−×

0 t

Compute Waveform Current Norms:

1. Peak value (V)                              = - 211.2 kV
2. Time of peak (sec)                       = 29.3 ns
3. 10-90 rise time (sec)                    = 12.45 ns
4. 10-50 fall time pulse width (sec) = 114.3 ns
5. Energy norm. (V^2 sec)               =  568.1         
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 We see that for E1 risetime of 0.9 ns, the risetime of the induced 
current and voltage can be ~ 20 ns.

 There is no simple formula for the risetime of the induced current or 
voltage, if we know the risetime of the incident E1 waveform.

 Many factors influence induced current parameters, such as 
       wire parameter (length, height and radius)
       incident field parameters , angles and polarization
       lossy earth parameters.

 We have seen an induced current as high as 800 Amps and risetime of 
15 ns etc.,  Too many parametric variation and a detailed study may 
be performed.

Summarizing Remarks on 
EMP Environments and Coupling to Power lines



EMP Commission – U.S. Congressional Committee Report 
available at:

http://www.empcommission.org/docs/A2473-EMP_Commission-7MB.pdf
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Commission Members :

Dr. John S. Foster, Jr. 
Mr. Earl Gjelde 
Dr. William R. Graham (Chairman)* 
Dr. Robert J. Hermann 
Mr. Henry (Hank) 
M. Kluepfel 
Gen Richard L. Lawson, USAF (Ret.) 
Dr. Gordon K. Soper 
Dr. Lowell L. Wood, Jr. 
Dr. Joan B. Woodard April 2008 
----------------------------------------------------
• Dr. Graham wrote a Foreword to 
Dave Giri’s latest book published in 2020.



A System of Systems 
Power System is the most critical Infrastructure Element

29Ref:Reproduced from  EMP Commission report



Section 1 of Presidential Executive Order
 from 2019
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Section 1 states
By the authority vested in me as President by the Constitution and the laws of 
the United States of America, it is hereby ordered as follows:

Section 1. Purpose. An electromagnetic pulse (EMP) has the potential to 
disrupt, degrade, and damage technology and critical infrastructure 
systems. Human-made or naturally occurring EMPs can affect large 
geographic areas, disrupting elements critical to the Nation’s security and 
economic prosperity, and could adversely affect global commerce and 
stability. The Federal Government must foster sustainable, efficient, and cost-
effective approaches to improving the Nation’s resilience to the effects of EMPs.

https://trumpwhitehouse.archives.gov/presidential-actions/executive-order-
coordinating-national-resilience-electromagnetic-pulses/



Some quotes from EMP Commission Report
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“ A single EMP attack may seriously degrade or shut down a large part
 of the electric power grid in the geographic area of EMP exposure effectively 
instantaneously. There is also a possibility of functional  collapse of grids beyond 
the exposed area, as electrical effects propagate from one region to another. “

“A key issue for the Commission in assessing the impact of such a disruption to 
the Nation’s electrical system was not only the unprecedented widespread 
nature of the outage (e.g., the cascading effects from even one or two relatively 
small weapons exploded in optimum location in space at present would almost 
certainly shut down an entire interconnected electrical power system, perhaps 
affecting as much as 70 percent or possibly more of the United States, all in an 
instant) but more significantly widespread damage may well adversely impact 
the time to recover and thus have a potentially catastrophic impact.”



Relevant Reports (1) 
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Relevant Reports (2)
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Notable EPRI Reports (1)
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1. High-Altitude Electromagnetic Pulse and the Bulk Power System: Potential 
Impacts and Mitigation Strategies (April 2019) – 
This comprehensive study examines the potential effects  of a high-altitude nuclear 
detonation on the bulk power system, analyzing the combined impacts of E1, E2, and 
E3 EMP components and exploring mitigation options.

2. Assessment and Mitigation of High-Altitude Electromagnetic Pulse (HEMP)
 Impacts on Electric Distribution Systems (July 2021) – 
This report provides technical guidance and tools for assessing and mitigating the 
potential  impacts of HEMP on distribution systems, aiming to enhance system 
resilience.

3. EPRI EMP Testing and Design Support Applications (2019) – 
This document outlines EPRI’s capabilities in EMP testing and design support, 
highlighting their experience in power systems and high-frequency electromagnetics 
analysis to develop effective mitigation solutions for the electric utility industry.



Notable EPRI Reports (2)
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4. Collaboration with Industry and Government – 

“EPRI works with utilities, the U.S. Department of Energy 
(DOE), and the Department of Defense (DOD) to improve 
EMP preparedness and response planning.”

5. Balanced Risk Assessment – 

“Unlike some more alarmist perspectives, EPRI tends to              
Take a measured view of EMP threats. They highlight that 
while EMPs could cause disruptions, the likelihood of
complete grid collapse is low if utilities implement 
reasonable protective measure.”



EMP Facts (1)
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1. EMP is real and can be generated by nuclear weapons or artificially.
• Solar storms (geomagnetic storms) and nuclear detonations can cause 
EMP effects.
2. Non-nuclear EMP (NNEMP) weapons exist
  EMP can disrupt electronic devices and power grids.
• Strong EMPs can induce currents in electrical circuits, damaging 
transformers, power lines, and electronic components.
• Sensitive microelectronics are more vulnerable than older, analog 
technology.
3. A nuclear EMP (NEMP) has three phases (E1, E2, E3).
• E1: Instant, high-intensity pulse that affects small electronics.
• E2: Similar to lightning, but less severe.
• E3: Long-lasting, low-frequency pulse that affects power grids.



EMP Facts (2)
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4. EMP protection exists.
• Faraday cages can block EMP effects.
• Military and some government infrastructure have 
hardened electronics against EMP threats.

5. Solar EMP events have happened before.
• The 1859 Carrington Event was a powerful 
geomagnetic storm that damaged telegraph systems.
• Smaller events in 1989 and 2003 caused blackouts.



EMP Myths (1)
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1. “An EMP will instantly send society back to the Stone Age.”
• While a strong EMP could cause severe damage, recovery 
would depend on the scale, preparedness, and location.
• Critical infrastructure in some countries is already hardened 
against EMP threats.

2. “EMP will make all cars stop working.”
• Most modern cars have some level of shielding, and tests 
have shown that while some may stall, many will still function.
• Older, non-computerized cars are even less affected.



EMP Myths (2)
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3. “A small EMP device can knock out an entire city.”

• Portable EMP weapons exist but have a limited range and cannot 
disable an entire power grid.
• Large-scale damage requires high-altitude nuclear detonation or a 
geomagnetic storm.

4. “EMP is like a lightning strike.”
• While both involve electromagnetic energy, an EMP is much faster and 
more widespread.

5. “Only nuclear weapons can generate EMPs.”
• Non-nuclear EMP weapons and solar storms can also generate powerful 
electromagnetic pulses
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