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SWL leads to a career in Ionospheric Radar and Physics

6SG7 RF Amp, 6SA7 Converter, 6SG7 1st IF Amp, 6SK7 2nd IF Amp, 6SC7 Audio 
Amp/BFO, 6K6GT Audio Output, 6H6 Detector/ANL/AVC and 5Y3GT Rectifier.

Hallicrafters SX-110 (1962)



Haystack Observatory

Millstone Hill 
Observatory

Firepond Optical 
Facility

Millstone Hill Radar

MIT Haystack Observatory Complex 
Westford, Massachusetts 
Established 1956 
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Space Surveillance 
Radio Science 
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Millstone Hill 440 MHz Incoherent Scatter Radar



Anthropogenic Space Weather
(Human Effects on Geospace) 

Outline:

• Natural vs. Anthropogenic (e.g. QRN vs. QRM)

• High Altitude Nuclear Explosions (HANE): 
• EMP
• Artificial Radiation Belts
• Satellite Damage
• Geomagnetic Signals

• VLF Human Transmissions and their effects on the Radiation Belts
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Eclipse
2017

The Ionosphere Is Naturally Complex

Varies in Space, Time: Natural Space Weather

(red = more electrons, blue = less)



Eclipse
2017

Varies in Altitude: Natural Space Weather

(red = more electrons, blue = less)

Millstone Hill (eastern USA)

The Ionosphere Is Naturally Complex
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High Altitude
Nuclear Explosions

(HANE)

Ratified 20 Oct 1963
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High-altitude nuclear EMP (HEMP) 



P. J. Erickson             Anthropogenic Space Weather                UK Spc Wx Knowledge Exchange               13 Oct 2017 10

High-altitude nuclear EMP (HEMP) 
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Protons (100+ MeV) 
and HE electrons (100s keV)
(stable; Cosmic ray albedo neutron decay)

Electrons and Ions - H+, He+, O+
(highly variable;
10s eV - MeV+)

Van Allen Probes
(apogee at 5.5 to 6 Re;
equatorial plane)

Magnetically 
connected
ionosphere / 
plasmasphere
observations

Earth’s Radiation Belts

Radial diffusion of particles happens
but slowly (days/weeks/months)…

but other things happen much faster!
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Particle Invariants

(D. Baker;  W. Johnston GEM tutorial)
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Artificial
Radiation Belts

Starfish Prime 
9 July 1962

Telstar 1 
Bell Systems 
launched 10 July 1962 
failure early 1963
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Artificial
Radiation Belts:
Long Term Effects
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1962  Explorer XV
post-Starfish

2015 Van Allen Probes
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>5 MeV 
relativistic
electron
fluxes



P. J. Erickson             Anthropogenic Space Weather                UK Spc Wx Knowledge Exchange               13 Oct 2017 16

Artificial
Radiation Belts:
Satellite Electronics Damage
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Artificial
Radiation Belts:
Solar Cell Damage
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Artificial
Radiation Belts:
Global Magnetometer Effects
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.. but there are also unexplained natural space weather effects 
that might be human related.

Human triggered events can be obvious.
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Wave-Particle Interactions

A zoo of natural waves exists
 in the plasma within our magnetosphere:

• Chorus / Whistlers
• ULF waves
• Magnetosonic waves
• EMIC waves
• Plasmaspheric Hiss [incoherent]

Some can be affected by human 
transmissions.

These waves can greatly affect nearby 
particles 
(acceleration, loss).

Resonance conditions can depend
on things like the ambient background 
plasma (e.g. local natural space weather)

Pitch angle, Coulomb scattering = Loss
Slow diffusion = Transport
Linear and non-linear processes involved
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The ‘Impenetrable Barrier’ to Radiation Belt Electrons

17	March	2015

Van	Allen	Probes:	Three	Years’	Observations	of	Ultra-Relativistic	Electrons

Baker et al, 2014
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A mystery… or is it?
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VLF Transmitters
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VLF Transmitters

(Rodger, 2009)



VLF and ELF 
Communications

Signals: Naval Use
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VLF Transmitters

Meridional	section	of	power	flux	predicted	by	AFRL’s	VLF	Propagation	Code	in	the	plasmasphere	due	to	NPM	
transmissions.	The	transmitter	is	marked	by	a	triangle.	Note	the	prominent	shadow	boundary	in	the	conjugate	hemisphere.	An	
analogous	boundary	(not	visible)	exists	in	the	transmitter	hemisphere.					[Starks	et	al,	2009]

Model

Gradient trapping
Helliwell, 1965 Inan and Bell, 1977

(L	=	magnetic	coordinate)
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VLF Transmitters: In-situ Measurements

½	fce

NAA

105	
Increase

Earth Radii
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VLF Resonance with Radiation Belts?

Note  that  17.1  and  22.3  kHz  VLF  transmitter  frequencies cannot resonate at the equator 
beyond [2.2 - 2.4 Earth radii], respectively…

Abel and Thorne 1998

But all these calculations done ONLY for some (not all) conditions.

No Nonlinear Effects were included.

The Plasmasphere

Sandel et al 
2001

IMAGE EUV
30.4 nm He+
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VLF Transmitters Interact With Natural Whistler Waves

The VLF transmitter signal significantly increases in intensity as it encounters a band of 
natural wave emissions immediately beyond the plasmasphere.

This is strong enough to dump radiation belt electrons directly into the atmosphere
(where they are scattered and lose their energy).

It is likely that
VLF TX 

stimulates
significant

whistler wave
growth

outside the
plasmasphere

e.g. Foster and Rosenberg, 1976

Upper hybrid frequency
Earth radii



P. J. Erickson             Anthropogenic Space Weather                UK Spc Wx Knowledge Exchange               13 Oct 2017 29

Barriers, Bubbles, and Plasmapause: The Big Picture

Earth radii
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Conclusion / Connections to amateur radio

(VLF) The Plasmasphere

All HF signals >  plasma frequency leak out of the plasmasphere.
Although they are unlikely to modify the environment directly, they are an excellent probe of the 

ionospheric structure.

Radiation belts and other anthropogenic disturbances can be directly influenced by ionospheric / 
plasmaspheric conditions.

We should continue to find new ways to understand this environment - with amateur radio data help.

Sandel et al 
2001

IMAGE EUV
30.4 nm He+


