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Aurora from ISS. Picture by NASA. 
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• What are radiowaves and how do they propagate? 
• What are the basics of radios and what is the importance of antennas? 
• How are communications disturbed by SPWX? We separate connections in which 

the ionosphere is involved from non-ionospheric.  
• If involved we separate between signals that stay on earth and use the 

ionosphere for propagation and signals that travel to space and have to 
cross the ionosphere.  

• If not involved we separate between direct effects (interference) and 
indirect effects (disturbance that is not interference). Reminder: 
interference is when two electromagnetic waves compete. 
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Step one: radiowaves and propagation. 
 
The picture shows a large antenna and the plane wave it generates. If we think of the 
aether as the required medium for electromagnetic waves, then the antenna is the 
generator of the waves. This is why the antenna is such an important part in radios as 
its shape & length determine how the waves develop. 
 
Remember that in real life the aether is not required for electromagnetic waves. They 
propagate through vacuum. The Michelson and Morley experiment, set up to prove 
the movement of the earth and sun, failed and led to the interpretation that there is 
no such thing as a stationary aether. 
 
Also remember that the 2D-wave in this picture has a 3D donut shape in real life. If 
not, antennas on the ground weren’t able to pick it up. 
 
https://en.wikipedia.org/wiki/Antenna_(radio) 
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Have a look at the picture and find the electric wave in red and the magnetic wave in 
blue. As these are perpendicular to the direction of motion, we call EM-waves 
transversal waves: the oscillation of the electric and magnetic fields are perpendicular 
to the propagation direction. The length between two tops is called the wavelength 
(lambda). 
 
EM-waves are both generated as well as detected in antennas. We will discuss this 
later. For now I would like to stress not to think of them as separate electric and 
magnetic waves as if they are twins. Think of electromagnetic waves as if they are 
conjoined twins: if you see one, you automatically see the other. 
 
However, if we talk about the geometrical orientation of the oscillation – this is the 
polarization of an EM-wave – we look at the orientation of the electric wave. In this 
picture the EM-wave is linearly polarized in the vertical. 
 
Now, let’s play with these waves and see if we can get other polarizations, as 
polarization comes in many forms. 
 
https://en.wikipedia.org/wiki/Electromagnetic_radiation 
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If we add two EM-waves that are in phase we get another linear polarized wave, 
though at another angle. 
 
If we add two EM-waves that are out of phase we get an elliptically polarized wave. If 
the waves are 90 degrees out of phase the result is a circularly polarized wave. We 
call this wave left-hand circularly-polarized (LHCP) as the fingers of our left hand point 
in the direction of the rotation if our thumb points in the direction of the motion. 
 
Polarization is important as radio, SATCOM and radar make use of it and Solar Radio 
Bursts come in different polarizations. 
 
Polaroid glasses? Light from the sun has all polarizations. Once this light is reflected 
by flat surfaces (roads, waters) it becomes horizontally polarized. This gives a white 
glare. By using vertical polarized sheets, the horizontal component is removed and 
contrast increased. 
 
https://en.wikipedia.org/wiki/Polarization_(waves) 
https://en.wikipedia.org/wiki/Polaroid_Eyewear 
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EM-waves do not only differ in polarization, they also differ in wavelength. The 
distribution of wavelengths we call the electromagnetic spectrum. They vary from 
thousands of meters to a trillionth of a meter. In between we find light: the part of 
the EM-spectrum that we can detect with our eyes. Wavelengths shorter than light 
are ionizing, which means these waves can kick off an electron from an atom. That’s 
why they are harmful for living beings. Luckily we are protected for by the Earth’s 
atmosphere. [Point upper ruler.] Part of the spectrum is transmitted by the 
atmosphere. Meteorologists call this part the atmospheric window as it transmits 
visibile wavelengths and absorbs most of the IR-waves.  
 
Notice the other wavelengths, their names and their scales. Also find the inversely 
proportional relationship of frequency and wavelength: bigger wavelengths are 
associated with smaller frequencies. The bottom ruler shows the temperature a body 
should have to thermally radiate at the associated frequency. Remember that Solar 
Radio Bursts and radiowaves for communication are non-thermal. 
 
https://en.wikipedia.org/wiki/Electromagnetic_spectrum 
 
Now let’s zoom in on radiowaves: the longest, non-ionizing waves in the EM-
spectrum. 
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Remember the relation between wavelength and frequency and find the speed of 
light: 3*10^8 m/s. This speed fixes the radio bands: frequencies are tenfolds of 3Hz, 
wavelengths of 10m. Shown here are the bands defined by the ITU: the International 
Telecommunication Union. They have an ITU-number and an abbreviation. These 
abbreviations are widely used, however there are other definitions. They depend on 
the community and application. E.g. the IEEE and NATO use other names. This can be 
very confusing as some names are used for different bands. Therefore we stick to the 
ITU-bands. If you ever talk with others about radio bands, please make sure you know 
about which frequencies (or wavelengths) you talk. The frequencies dictate the 
physics. 
 
Follow the hyperlinks for more information on the different band. For now, let’s have 
a look on four of them.  
 
@VLF: Navy (submarines, UK broadcast), Air Force (time syncing on UHF radios, 
needed for frequency hopping, GE broadcast @ 77,5kHz). 
@HF: widely used by military and amateurs. Uses the ionosphere as a mirror for 
communication over the horizon. 
@UHF: has a lot of applications. Radar, SATCOM, C2000 & GPS. 
@EHF: SMART-T = AEHF terminal, US initiative together with Canada, NL en UK. 
 
Q: looking at the different bands and the pictures of the associated antennas, what  
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do we see? A: antennas scale with wavelength. A quarter lambda or half lambda is 
widely used as the size of an antenna. 
 
Q: In which band do we receive whistlers? Whistlers are radio waves caused by 
lightning. A: low VLF, 3 – 6kHz. As the lightning strokes are the generator and we 
assume the stroke as a quarter wavelength antenna, the waves are about 40km long. 
This equals 7,5kHz.  
 
Summary: https://www.youtube.com/watch?v=WNkB8IY-k04 
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Now we know a bit about radio waves, let’s have a look at how they propagate. 
 
We differentiate between four main modes. 
 
Roughly: big waves are guided between the Earth and the ionosphere (waveguide), 
less bigger follow the Earth (groundwave), smaller waves are reflected by the 
ionosphere (skywave) and the smallest waves travel in a straight line (Line-of-Sight). 
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Waveguides restrict waves in one direction thereby reducing loss. Think of an optic 
fiber that guides light in one direction. The principle is based on reflection at the walls 
of the guide. These prevent the wave to expand spherically. To reflect the walls 
should be conductive. As a rule of thumb, the width of a waveguide needs to be of 
the same order of magnitude as the wavelength of the guided wave. 
 
Both Earth and the ionosphere are conductive. The heigth of the D-layer varies 
between 70 km (day) and 90 km (night). This means that waves in the ELF/VLF-bands 
are guided. Multiples of this length have to fit for optimal transmission. A denser D-
layer better reflects the radiowaves, while a lower or higher D-layer changes the 
optimal frequencies. The so-called mode (TE or TM) depends on the orientation of 
the antenna. 
 
ELF/VLF are typically used for communications with submarines as the waves 
penetrate the sea for tens of meters. The used antennas are very complex and 
inefficient as they cannot be built at a quarter wavelength. 
 
https://en.wikipedia.org/wiki/Waveguide 
https://en.wikipedia.org/wiki/Earth%E2%80%93ionosphere_waveguide 
https://www.chegg.com/homework-help/vlf-propagation-earth-ionosphere-
waveguide-height-terrestria-chapter-10-problem-4p-solution-9780132662741-exc 
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Example of an ELF antenna field (USA). 

13 



Ground wave propagation is the combination of direct, reflected and refracted waves.  
 
As direct and reflected waves are blocked by the earth, for communication beyond 
the horizon only the refracted wave is able to propagate. This wave we call the 
surface wave.  
 
As we are interested in communication beyond the horizon the surface waves are 
called ground waves from now on. 
 
Ground wave propagation works optimal between 3kHz and 3MHz. Higher freqencies 
are absorbed by the earth, lower frequencies prefer waveguides. 
 
https://en.wikipedia.org/wiki/Ground_wave_propagation 
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The working principle is based upon slowing down the wavefront at the lower 
(ground) side. This makes it bend with the Earth. The wave front is slowed down 
because of induced currents in the Earth’s surface. Ground waves prefer vertical 
polarization, as it is less subject to attenuation. Notice that the ionosphere is not 
needed in groundwave propagation. 
 
https://en.wikipedia.org/wiki/Ground_wave_propagation 
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Example of a LF antenna: LORAN-C (100kHz). 
 
LORAN, short for long range navigation, was a hyperbolic radio navigation system 
developed in the United States during World War II.  
 
LORAN/LORAN-C/eLORAN: all shut down (by the end of 2015) despite the fact that 
they offer resilience to the impact of a big geomagnetic storm on GNSS. 
 
https://en.wikipedia.org/wiki/LORAN 
https://en.wikipedia.org/wiki/Loran-C 
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Perhaps the most vulnerable propagation mode to SPWX is skywave. This mode uses 
the ionosphere as a reflector and guide to communicate beyond the horizon. It is 
used at MF and HF. Lower frequencies are bent by the Earth or make use of the 
waveguide formed by the Earth and ionosphere. Higher frequencies escape through 
the ionosphere. 
 
HF is a very efficient way of BLOS communications. Only with a few watts you can 
send a message around the world as losses are low. Normally about 2 or 3 hops are 
needed for transatlantic transmissions, with 1 hop you can reach 3500km.  
 
The radiowaves are sent to the ionosphere under an oblique angle. Higher 
frequencies need more oblique angles to be reflected. At normal incidence these 
waves escape to space. The frequency at which waves incident at normal angle 
escape to space is called the critical frequency (foF2). The critical frequency is a 
function of the density of free electrons: the more free electrons, the higher the foF2.  
 
While the upper layer of the ionosphere (the F-layer) reflects HF-radiowaves, the 
lower layer of the ionosphere (the D-layer) absorbs the lower HF-frequencies during 
the day. At night this absorption becomes less as the D-layer disappears. The density 
of free electrons in the upper layer decreases too, thereby favouring lower 
frequencies to be reflected at night. 
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The lowest frequency that is not absorbed by the D-layer is called the lowest usable 
frequency (LUF), the highest frequency that does not escape to space is called the 
maximum usable frequency (MUF). In between lies the optimal frequency for traffic 
(FOT). 
 
Using the right frequency and the right angle is quite a job. However, at present we 
have automatic link establishment (ALE) to make it a bit easier for the radio 
operators. 
 
https://en.wikipedia.org/wiki/Skywave 
https://en.wikipedia.org/wiki/Automatic_link_establishment 
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Frequently used by Navy and SOF. Army and Air Force use it too, though less. 
 
Also used by amateurs: Ham. 
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Easiest to understand an most widely used is the line of sight propagation. The 
wavelengths are too small to be significantly refracted by earth obstacles. They are 
simply blocked. Furthermore, obstacles in the surroundings (Fresnel zone) and 
(multiple) reflections can cause big impairment too. Last but not least: the higher the 
frequency the bigger the absorption by the atmosphere (and rain/snow). 
 
LOS is used by all kind of terrestrial applications (ATC radios,  smartphones, alarms, 
radar, DECT, smart cars). 
 
The upper part of the mentioned frequencies are also used for satellite 
communications. Uplink frequencies are higher than downlink f’s as the loss is higher 
at high frequencies and this can be more easily compensated for by transmitting at 
higher powers from the ground than from space. 
 
https://en.wikipedia.org/wiki/Line-of-sight_propagation 
 
For more about the beams (directional/non-directional): see antennas. 
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A few examples of (military) antennas. 
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Summary. 
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AN/PRC-117F radio with an UHF antenna pointed to a tactical satellite in 
geostationary orbit (GEO). 
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What is radio communication? Easiest shown in a block diagram. 
 
Information is feeded to a transmitter (TX). The transmitter adds the information to a 
radiowave (the carrier) and sends it into the medium. The medium carries the wave 
to the receiver (RX). The receiver picks up the wave from the medium and subtracts 
the information. The receiver gives back the information. 
 
Mind you! The medium is not necessarily the aether (which is a misconception 
anyway). It could be a fibre, wire or waveguide too. 
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We start with the transmitter to understand the generation of radio waves.  
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1: The information (i.c. acoustic waves) is converted to an electric signal and 
amplified.  
2: This signal is feed into the modulator which sends it to the R.F. oscillator in case of 
FM or directly to the PA in case of AM. 
- Modulation is putting information on a carrier.- 
3: An oscillating signal at the desired frequency is generated in the oscillator (e.g. an 
RLC-circuit).   
4: This resultant electric oscillating signal is then amplified and feeded into the 
antenna (5) which sends it as an electromagnetic wave into space. 
 
Now, let’s have a look at this phenomenon. 
 
http://www.learnabout-electronics.org/Oscillators/osc10.php 
https://en.wikipedia.org/wiki/Electronic_oscillator 
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Remember high school physics class: an electric field (E) creates an electric current (I) 
which creates a magnetic field (B). Think of the experiment with an electric wire and 
the magnetic dust/iron filings.  
 
This is also true for oscillating fields: an oscillating E creates an oscillating I which 
creates an oscillating B. These fields spread with the speed of light and their intensity 
decreases with 1/r².  
 
The oscillation is generated by the oscillator (LC-circuit or RC-circuit) in a radio 
(former slide). The radiation pattern is formed by the shape of the antenna (next 
slides). (Rule of thumb: length of an antenna equals approximately ‗= c/f.) 
 
https://www.youtube.com/watch?v=sRX2EY5Ubto 
https://www.youtube.com/watch?v=aAcDM2ypBfE 
https://www.youtube.com/watch?v=n8_iSL4xKj8 
https://www.youtube.com/watch?v=jqGAneO79lY 

29 



Remember the main characteristics of a radio wave: frequency, amplitude and 
polarization. These should all be supported or generated by the design of the 
antenna. 
 
The antenna is the connection between the radio oscillator and free space. It 
transfers energy from the radio to the free space by waves. If the impedances of radio 
and antenna match (Standing Wave Ratio = 0) there is a perfect transfer.  
 
• TX = RX: an antenna that transmits well at a certain frequency, also receives well at 

this frequency. This we call reciprocity. The picture shows the simplest and most 
widely used class of antennas: the dipole. It consists of two ¼ wavelength 
conductive elements. It has a typical donut shape radiation pattern. See former 
slide & notice that the orientation has rotated 90 degrees from vertical 
polarization to horizontal in this picture.  

• The amplitude of a transmitted wave gets less over distance (loss ~ 1/r²) and 
coverage. If you want to broadcast over big distances with great cover, you need 
lots of power. Vice versa, if you want to receive small signals from distant sources, 
you need a big, noise free antenna and a sensitive radio.  

• The orientation and shape of the antenna determines the polarization of the 
waves. See the next three slides. 
 

http://www.phys.hawaii.edu/~anita/new/papers/militaryHandbook/antennas.pdf 
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https://en.wikipedia.org/wiki/Standing_wave_ratio 
https://en.wikipedia.org/wiki/Dipole_antenna 
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Remember that the polarization is defined by the orientation of the electric wave. 
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Q: is this wave LHCP or RHCP? A: RHCP (fingers of your right hand follow the rotation 
of the electric wave while your thumb points in the direction of propagation. 
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Roughly speaking: a coverage pattern is either omnidirectional or directional. See the 
next four slides. 
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In blue you see the patterns for the reference antenna, the isotropic antenna. In red 
the pattern of the dipole antenna compared to the isotropic antenna. 
 
Dipole: 2.15dBi at zero elevation for all azimuths. 
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Now, let’s have a look at a directional antenna, the Yagi-Uda. Developed in the ’20’s 
of the 19th century. 
 
In the green plate we find the driven element, the parallel rods to the front-left are 
the directors, the one parallel rod at the back is the reflector. Each element radiates 
with a certain phase delay. Thereby the forward waves add (constructive 
interference) while the backward waves cancel (destructive interference). The result 
is shown in the graphs. Again the isotropic antenna in blue. 
 
Q: What is the polarization of this antenna? A: Horizontal, see the orientation of the 
driven and parasitic elements. 
 
With the use of directional antennas we are able to pinpoint radiant energy thereby 
reducing loss. This is especially useful in satellite communications, as satellites can’t 
afford big power supplies while they need to cover the earth. 
 
https://en.wikipedia.org/wiki/Yagi%E2%80%93Uda_antenna 
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Gain is the product of the antenna’s electrical efficiency and directivity.  
Antennas don’t have a perfect electrical efficiency as they generate heat because of 
resistance. 
Directivity varies from 1.76dBi (short dipole) to 50dBi (large dish). 
Often gain is expressed in dBi. 
 
https://en.wikipedia.org/wiki/Antenna_gain 
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Now we focus on the receiver. 
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1. (1) Direction, wavelength & polarization should match. This is the first selection 
and offers an (HF) oscillating voltage to the radio. 

2. (2) The RF amplifier amplifies the band you are interested in and suppresses noise 
and frequencies from other bands. 

3. (3b) The HF oscillator generates an HF oscillation which is (3a) subtracted from 
the (HF) amplified RF oscillation. (4) The product is an intermediate frequency (IF) 
which is amplified within its limits (the bandwith).  

4. (5) The difference carrier wave (IF) is demodulated: the information is subtracted 
and digitally post-processed. Between (5) & (6) we find DSP (Digital Signal 
Processing) in modern radios. If a signal is damaged it depends on the digital 
modulation technique if the information is saved. Think of FEC (Forward Error 
Control) which is used in SATCOM and the P(Y)-code for GPS. Think of scratches 
on an LP (noise) and on a CD (no noise). 

5. (6) & (7) Translate to audio (or whatever kind of information needed) and amplify. 
 
Notes: a squelch is a module in step (6) that suppresses noise from step (5). If the 
signal from (5) is below a threshold, nothing is amplified. See slides ‘direct impact’, 
case RFI of SRB at Apache radio. 
 
Message: radios are smart systems that extract information from radio waves that 
enter the antenna. In between the antenna and the speaker that plays the 
information there are many steps that determine if noise/disruption is heard. If the  
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signal is stronger than the noise is expressed in the Signal to Noise Ratio (SNR). 
 
[FM/AM: in FM zit de informatie in de frequentieverandering verwerkt. Veel 
atmosferische verstoringen zijn veranderingen in amplitude. Daar kijkt een FM-
demodulator niet naar. Waarom gebruiken we dan nog AM? AM vereist minder 
bandbreedte.] 
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Every environment and every radio itself generates noise: unwanted RF. The question 
is if the signal exceeds the noise enough to be distinguished. This is expressed in the 
signal-to-noise-ratio or SNR. The SNR is defined by the ratio of the powers of the 
signal and the noise. A ratio higher than 1 (= 0dB) indicates more signal than noise. In 
practice SNR can be improved, e.g. by a lock-in amplifier. 
 
https://en.wikipedia.org/wiki/Signal-to-noise_ratio 
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Picture: best known effect of SPWX on telecommunications: absorption of HF-
radiowaves by the ionosphere due to increased ionization of the D-layer. 
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The impact of ionospheric changes to VLF is significant.  
• Solar flares: Sudden Phase Anomalies (SPA) result in navigation errors up to 

10 NM or more. 
• Geomagnetic storms and Polar Cap Absorptions (PCA) cause phase & 

amplitude distortion. 
 

Nonetheless, the biggest problems in VLF & LF are not SPWX-related, but due to 
ground conductivity and noise variablity. 
 
Note: ELF also propagate via waveguide. However, ionospheric effects are not the 
dominating attenuation factor for ELF. Surface effects are. 
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PCA & SWF, due to proton storms, geomagnetic storms or flares, reduce the 
competing noise unintentional arriving at the receiver by skywave! This should 
increase the SNR and thereby the system performance. See figure. 
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SPWX effects on HF are significant:  
• Solar flare induced absorption; 
• Polar cap absortion; 
• Angle-of-arrival fluctuations; 
• Auroral scatter; 
• Multipath distortion; 
• HF radar ranging errors; 
• Broadcast coverage variations; 
• Storm-driven Maximam Usable Frequency (MUF) variations. 
The magnitude of the effects depend critically on the system parameters! 
 
We discuss the most important ones. 
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Typically at aurora, the equatorial anomaly (spread F) and the day/night-terminator. 
The waves bend to lower TEC. High TEC reflects better than low TEC, pushing the 
wave to the low TEC side. 
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If the D-layer gets highly ionized, higher frequencies cannot pass. This pushes the LUF 
to higher values, as high as the MUF or even higher during big flares or proton 
storms. This causes a so called Short Wave Fade (SWF) or Radio Blackout. 
 
Navy and Special Forces have reported multiple SWF over recent years. 
 
http://hfradio.org/muf_basics.html 
https://www.electronics-notes.com/articles/antennas-
propagation/ionospheric/maximum-lowest-critical-optimum-usable-working-
frequency.php 
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NOAA/SWC runs a real-time program (D-RAP) that models the absorption of HF 
during a PCA or solar flare. 
 
http://www.swpc.noaa.gov/products/d-region-absorption-predictions-d-rap 
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Picture: the best known effect on trans-ionospheric communications is scintillation 
due to density gradients in the F-layer of the ionosphere. 
 
When we talk about trans-ionospheric communication think of satellite 
communication and radars looking to or from space. Line-of-sight, UHF/SHF/EHF-
bands. 
 
We discriminate between integrated effects, which are the result of the TEC, and 
differential effects, which are the result of gradients or derivatives of TEC. 
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Most of the integrated propagation effects are negligible for SATCOM (as it mainly 
uses SHF/EHF), though TACSAT and radar can be disturbed (as they mainly use UHF). 
• Refraction: especially important for space object tracking radars (see slides 

“Impact_Radar”). 
• Group Path Delay: very important for GPS single frequency users (see slides 

“Impact_GPS”). 
• Ionospheric Doppler Shift: even for LEO-satellites at UHF not significant. 
• Faraday Rotation (FR): depolarizes linear polarized signals. Especially the lower 

frequencies (UHF) are vulnarable. Fading is the result of a misaligned antenna. 
Circular polarization is insensitive to FR. GPS is circularly polarized. High 
frequencies are less vulnarable and thus can come linearly polarized. 

• Time Dispersion: Ionosphere is dispersive, so pulses are spread. At 900MHz the 
time delay difference is about 0.0002 microseconds. Not a big issue. 

• Absorption: during flares or PCA the ionosphere can absorb significantly. However, 
at f > 250 MHz this is not an operational problem. 

 
The Differential Effect of Scintillation is probably the biggest issue for LOS trans-
ionospheric communications (SATCOM/GPS). 
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The picture shows scintillation at the L-BAND (1-2GHz (IEEE) = GPS-frequencies). 
 
Scintillation is especially a problem near the equator and in the auroral zone. 
 
Near the equator it is modulated by (1) the solar cycle [solar maximum], (2) the 
seasons [equinoxes] and (3) the time of day [evening/night]. 
 
Near the auroral zone it is modulated by (1) the solar cycle [geomagnetic storms] and 
(2) the time of day [evening/night]. 
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Scintillation is the refraction of radio waves due to inhomogenities in the ionosphere. 
This causes rapid random changes in signal strength, phase, frequency, and 

direction. Especially at UHF, less an issue at SHF, no issue at EHF. 
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The upper picture shows the effect of scintillation on a UHF SATCOM (TACSAT) signal. 
In the evening the power starts fluctuating. 
 
At the same time we see an increase in the so-called scintillation index (S4) at GPS-
frequencies. 
 
Measurements from the NL Scintillation Monitor @ Mali (2015 - ). 
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This picture shows the operational impact of scintillation at GPS-frequencies: an 
increased error in the position. 
 
Using military receivers or high end scientific receivers gives different navigation 
errors: post-processing of the modulated signal is important! 
 
More about the impact of SPWX at GPS later. 
 
Measurements from the NL Scintillation Monitor @ Mali (2015 - ). 
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These pictures illustrate the impact of scintillation at the TACSAT. If the ping value 
(yellow line) undercuts a certain value communication is lost. 
 
For this measurement we use the AN/PRC-117F Multiband UHF/VHF radio.  
 
Measurements from the NL Scintillation Monitor @ Mali (2015 - ). 
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Amongst all kind of artificial and natural sources, the sun can act like a radio source 
(Solar Radio Bursts) broadcasting at the frequency you’re using. If aligned with the 
sun your communication can be jammed or interfered by the sun.  
 
Dale & Gary: “We have examined the statistical properties of solar bursts from the 
point of view of their potential impact on wireless systems, in particular cell-phone 
base stations. An analysis of the noise floor of typical base stations shows that bursts 
exceeding ~1000 sfu will double the noise and hence may begin to cause problems 
for the system if the horizon-looking antennas are pointed at the rising or setting Sun. 
Our analysis shows that such bursts occur on average once every 3.5 days during 
solar maximum and once every 18.5 days at solar minimum. 
 
Since a given base station of a wireless system is at risk for only a short period (about 
1 hour) around sunrise and sunset, a typical station may be affected at roughly 1/12th 
of this rate, or once per 42 days at solar maximum and once per 222 days at solar 
minimum. Thus, the impact may be deemed small. However, any optimism should be 
tempered by the facts that (1) a large geographical area will see the rising or setting 
Sun simultaneously, and so any impacts may be felt system-wide and (2) systems 
spanning multiple time zones are at risk for correspondingly longer times. Note also 
that the largest bursts may attain peak flux densities 10-100 times the limit of 1000 
sfu that we identified as having a potential impact, so on rare occasions the impact 
may be more severe. 
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As technological systems continue to proliferate, it is wise to keep all potential 
environmental influences in mind. Solar radio bursts represent one aspect of Space 
Weather that can easily be overlooked, but may nevertheless cause problems for 
certain technologies. We can look forward to wireless systems moving to higher 
frequencies in the future. Our work indicates that wireless system operating 
frequencies just above 2.6 GHz are the most favorable for avoiding impacts from solar 
bursts, but the impacts below 2.6 GHz and above about 10 GHz are significantly 
higher.” 
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Remember: 
• The SRB/radio noise storm should be intense enough to be heard/seen by the 

receiving radio/radar; 
• The sun and the receiver should be aligned / the sun should be in the coverage 

pattern of the receiving antenna; 
• A SRB/radio noise storm is not the same as a sun outage which occurs every 

equinox when sun-satellite-receiver are exactly aligned. Same mechanism, though 
less intense and only effective because of the exact alignment; 

• Again the post-processing of signals in the radio or radar behind the antenna is 
important for the impact experienced. For radios bandwith and frequency hopping 
are important aspects too. 
 

04NOV15: ATC SWEDEN (right angle, right frequency, post-processing problems 
causing an ATC-outage of 90 minutes), AH-64 MALI (right angle and right frequency at 
a non-directional antenna together with a sensitive squelch caused noise). 
 
Another example will be discussed at GPS (USA, 2006). 
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To be discussed at other modules. 
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Mention all relevant communication systems and their potential disturbances caused 
by SPWX. 
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