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Propagation of Radio Wave in Atmosphere
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N19N35134 (scattering)

Atmosphere
Air molecules

scatter blue light

https://www.embibe.com/exams/scattering-of-light/
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SLF

ULF

VLF

LF

MF
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VHF

Band

Extremely
Low
Frequency

Super Low
Frequency

Ultra Low
Frequency

Very Low
Frequency

Low
Frequency

Medium
Frequency

High
Frequency
(Short Wave)

Very High
Frequency

Frequency

3-30 Hz

30-300 Hz

0.3-3 kHz
(300-3,000 Hz)

3-30 kHz
(3,000-30,000 Hz)

30-300 kHz
(30,000-300,000 Hz)

300-3000 kHz
(300,000~
3,000,000 Hz)

3-30 MHz
(3,000,000~
30,000,000 Hz)

30-300 MHz
(30,000,000
300,000,000 Hz)

Wavelength

100,000~
10,000 km

10,000—
1,000 km

1,000—
100 km

100-10 km

10-1 km

1000-100 m

100-10m

10-1m

Propagation via

Guided between the Earth
and the D layer of the
ionosphere.

Guided between the Earth
and the ionosphere.

Guided between the Earth
and the ionosphere.

Guided between the Earth
and the ionosphere.

Ground waves.

Guided between the Earth
and the ionosphere.

Ground waves.

Ground waves.

E, F layer ionospheric
refraction at night, when D
layer absorption weakens.

E layer ionospheric
refraction.

F1, F2 layer ionospheric
refraction.

Line-of-sight propagation.
Infrequent E ionospheric
(Eg) refraction.
Uncommonly F2 layer
ionospheric refraction
during high sunspot activity
up to 50 MHz and rarely to
80 MHz. Sometimes
tropospheric ducting or
meteor scatter
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Sunspots

Sunspots are com paratively cool areas at
upito 7,7002F and show thellocation of
strong magnetic fields protruding,
through whatwe would see as the Sun’s
surface. Large, complex-sunspot groups
are generally the source ofisignificant:
space weather.

Coronal Mass Ejections (CMEs)

have their own magnetic field and can slam into

Large portions of the corona, or outer atmo-
sphere of the Sun, can be explosively blown
into space, sending billions of tons of plasma, or
superheated gas, Earth’s direction. These CMEs

and interact with Earth’s magnetic field,
resulting in gecmagnetic storms. The fastest of

these CMEs can reach Earth in under a day, with Space weather refers to the variable conditions on the Sun and in the space environment that can influence the
the slowest taking 4 or 5 days to reach Earth. performance and reliability of space-based and ground-based technelogical systems, as well as endanger life or
health. Just like weather on Earth, space weather has its seasons, with solar activity rising and falling over an

approximate 11 year cycle.

SolarWind

The solar wind is a constant outflow of electrons
and protons from the Sun, always present and
buffeting Earth’s magnetic field. The
background solar wind flows at approximately
one million miles per hour!

Corona

Solar Flares Earth’s Magnetic Field

Reconnection of the magnetic fields on the surface Earth’s magnetic field, largely like that of a bar magnet, gives the
of the Sun drive the biggest explosions in our solar Earth some protection from the effects of the Sun. Earth's
system. These solar flares release immense amounts magnetic field is constantly compressed on the day side and

of energy and resultin electromagnetic emissions stretched on the night side by the ever-present solar wind.
spanning the spectrum from gamma rays to radio During geomagnetic storms, the disturbances to Earth’s

waves, Traveling at the speed of light, these magnetic field can become extreme. In addition to some buffer-
emissions make the 93 million mile trip to Earth in ing by the atmosphere, this field also offers some shielding from
just 8 minutes. the charged partides of aradiation storm.

Sun’s Magnetic Field

Strong and ever-changing magneticfields drive the life of the Sun and underlie
sunspots. These strong magnetic fields are the energy source for space weather
and their twisting, shearing, and reconnection lead to solar flares,

Solar Radiation Storms

Charged particles, induding electrons and protons, can be accelerated by coronal
mass gjections and solar flares, These particles bounce and gyrate their way
through space, roughly following the magneticfield lines and ultim ately
bombarding Earth from every direction. The fastest of these particles can affect
Earth tens of minutes after a solar flare,

Solar radiation Magnetic
storm field lines

Geomagnetic Storms

A geomagnetic storm is a temporary disturbance of Earth’s magnetic field typically
associated with enhancements in the solar wind. These storms are created when
the solar wind and its magnetic field interacts with Earth’s magnetic field. The
primary source of geomagnetic storms is CMEs which stretch the magnetosphere
on the nightside causing it to release energy through magnetic reconnection.
Disturbances in the iohosphere (a region of Earth’s upper atomosphere) are
usually associated with geomagnetic storms,

Reconnection Stretching on
region the nightside

Compression
on the dayside

Sourceimages: NASA, NOAA,
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Station K and Station A indices
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MUF ez LUF

* TULITTINARINTD QAT (Absorption)
Wniw (Refraction) sqyanaanuding f > MUF

® General rule for skywave: use the highest possible
frequency for a given destination
® This is the maximum usable frequency (MUF)

® Signals > MUF are not refracted (ng)

® As ionization increases, MUF usually increase
* anuidININ LUF azfaansbaonnnsawnusdulylule LUF <t <MUF
® LUF is (mostly) a function of noise (poor SNR)

® MUF is a function of the ionosphere

Image: Rohde & Schwarz



Critical Frequency

* MUF Un@uaignansndszunaslaann Critical Frequency
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lonospheric Observatory station SWR Meter

FMCW

at Chumphon, Thailand Window F(-Suupy B onosonde

: & Receiver

[—

Amplifier

lonospheric irregularities

2-30 MH=z

o LPF Bank

Fig. 3 The equipment in an ionospheric observatory room at Chumphon.

Antennas Computer record

Fig. 2 Component of FMCW ionosonde: 3 main parts.

An ionosonde used at Chumphon station transmits FM-modulated signals to reflect from

the ionosphere layer using the frequency of 2 to 30 MHz (high frequency or HF) and receives the

echoes continuously, so called “continuous wave-frequency modulation (FMCW) ionosonde”.

The HF signals are increased with a sweep rate of 100 kHz/s and a sweep repetition period

Fig. 4 The antenna region of FMCW ionosonde at Chumphon.

of 5 minutes.

Source: http://iono-gnss.kmitl.ac.th/?page_id=668



Southeast Asia low latitude ionospheric network (SEALION)
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Tn-the summer of 2017, the Tonospheric’
Connection Explarec (ICON) is scheduled to
launch into arbit around the.Earths equator.
The satellite 1o desigred Eo study the refion
a space called the ionosphece, where
- terrestrial and space weather meet. The

) interaktian of solar wind with Earth's cenditions

S creates & dynamic zone full of winds and

; charded parkicles. .Disturbances (n this region
lanaspheric Connection Explorer L can J;‘,ﬁruft radio commurications and
5 ] 6PS signals. 25 2
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ICON's instruments take
advantage of 4 phenomenon
called girglow — the light

emitted by gas interacting
with selar radiation.

ON carries three cameras:
The (VM mea y - ® Infrared to measure temperatuce
i iy ; b | 8 Visible light for wind measurement
L ® Ultraviolet for composition and
ion abundance
And a charged particle detector
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an the ICON

the daylime, the

[MIHELS0M INTERFEROMETER
FOR GLOBAL HIGH- RESOLUTION
THERMOSPHERI IMAGING|

The MIGHTI

determines the aliilude
profiles of abmospheric
wind and lamperaiure in
Earifvs ugper abmosphens,
There are two on the 100N
spacecrall.

Tiager delenminas

the upper air
composition. Al nigh
L measires altibuds

prefiles of jon density

[EXTREME WLTRAVIOLET
SPECTROGRAPH])

Deweloged by UC Berkee:
The ELN spactograph
measures the density
of Bnized gases durng
the daytime.

it Aok LSk v 2T el £

e

'

Charged particles in the isnssphere hould be
evenly disteibuted around the garths magnetic
eguaéor after sunset, but measurements show
higher levels sver the continents. Part of [CON's
missien s o dig into the redsons that this Patch-’ntss

deulan-




Quantifying the ionosphere

® Critical frequency — active measuring

® Three common passive method v
® Sunspot numbers: predict the level of ionosphere ‘
® Solar flux index: measure the level of ionization

® Geomagnetic indices: indicate the impact of
solar particles on the Earth’s magnetic field

® Together these quantities provide a
good indication of the current state of the ionosphere
and can be used to predict HF propagation

Image: Joe Grebowsky, NASA Goddard Space Flight Center



Sunspot

¢ Q@Lﬁuuumdmﬁmﬁ cooler spot surface region of the sun
(3000-6000 k)

o Lﬁm**ﬁ’mﬁ'uamwLLajmﬁﬂwé’amuq\‘]

* F1UIUVBI sunspot WANNIFNWUTNL
Solar activities / Radiation

® Sunspots L8dE = atmospheric ionization L8822 = HF propagation A
® Sunspot number = 0 - maximum record 250
® Daily measurement

® Record at solar observatories around the world

Image: NASA



Solar cycle

1 cycle Yvzanm 11 T

At the peak, SSN is about 150,

HF propagation is very good, even at higher frequencies

At the bottom, SSN is about 0

HF propagation is poor, especially at higher frequencies

Solar cycle is good for long term prediction

of HF propagation > 4 long term = years

Sunspot number S,

300

250

150

100

50+

I I
Daily
— Monthly
5 : ; : : — Monthly smoothed ||
..... L == SC Predictions .
: : : - ; - - CM Predictions

International sunspot number S, : last 13 years and forecasts

2008 2010 2012 2014 2016 I2018 2020

Time (years)

SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2020 April 2



Solar flux index (SFI)

Solar activity 70928 solar noise %38 flux 71 2800 MHz

131L38N3NW3IN SFI: Solar flux Index

* Jaluniae Solar flux units (SFU)

* @ %lﬂ%?i’)d 50-300

Solar flux LOuANNLAAIINNITI LU b FINNNIIRILAG
TIEHAMUULNBEININNIN

RUNUTAU SSN
* SFI = 73.4+0.62*SSN

SFI N - MUF N —> Better HF propagation

X
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Image: https://3fs.net.au/making-sense-of-solar-indices/



Sudden lonospheric Disturbances (SIDs)

flare on Sun emits x-rays

* NMIUNTIF X-Ray vm1alnaainarvafiadsinanianis
. . o YV A S { g
lonization Ut D-Layer Yildiiansgaduafuaniu

* ANNNDEN MATURNANTENULY B
mmﬁgﬂﬁ%’uwammuﬁaﬂaom

(=3 1 o v i i . g
® Solar flare Lan ¢ T8N IAN1SHORIIN HF high frequency AU D region ecomes HF redio vave A
———  — 20 MHz
Earth
£ 10 MHz
% 5 MHz
/

+—~1hour —  *
pre-flare signal strength levels / Time

flare onset Image: Australian Space Weather Alert System



a index vs. K index

A and K indices

% 2r.|r.|: /-"
® A and K values measure magnetic fluctuations //
caused by ionosphere disturbances such as solar flares ; L
0 e ¥
* Lower values = more stable lonosphere K index
® Measured at observatories around the planet ”
A K Conditions
® Local values of A and K can be averaged to product 0 0 Quiet
planetary value (Ap and Kp) 2-3 1 Quiet
_ 4 1 Quiet / unsettled
® A calculated daily, K measured every 3 hours 7 > Unsettled
* K indicates a current disturbance 15-27 | 3-4 Active
48 9 Minor storm

® A indicated how lone the disturbance has been occurring

Image: Rohde & Schwarz
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ASM-135 ASAT

qmda%maamuﬁm\l

¢ Anti-satellite System
® Ground-base
® Air-or space-based “kill vehicles” e
: . . Image: US Air Force
® Susceptible to jamming
Iridium-Cosmos|
® Satellite not frequency_ag"e Monthly Number of Objects in Earth Orbit by Object Type Collision |
17000 | Cosmos
] 2421
® Solar storms or space weather el I Fo 'J-\
i 1 ——Fragmentation Debris Anti-satellite Test
® Disrupt and Damage Satellites 13000 | | —Spacecraft Cosmos & PSLV
12000 | 5 : : Explosions
. e { —Mission-related Debris HAPS St‘epll
® Lack of polar cover § towo | | — RocketBodes Explosion | _,, JJ\
° 9000 |
® Not all constellation cover the poles § By
5 7000 1 Voluntary
) ] 6000 | Reduction
® Terrain can block signals 00 |
4000 | estar
. —_— Explosion
® Mountain, Jungle, etc. 00 | //
1000
0 ! ™+
Year




N9 1% HF
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* GaITTUUROFIFITOI

* QLAUVDI HF
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* lai@a9d Infrastructure
* anninen ey
* NuMuUAanIILlaNG (Robust against attacks)

* NUNIUAANITILUNIW N8NIW (Robust against jamming)

Image: HSOAC
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® Solar flare

® Coronal mass ejections

® SSN, SFI, and A/K index 1Fln1SUBNEANUVBITULITLINNA lonosphere



Resource

¢ Australian Space Weather Alert System

®* ARRL
®* RAST

® Rohde & schwarz educational note


https://www.sws.bom.gov.au/Category/About%20SWS/Australian%20Space%20Weather%20Alert%20System/BoM%20Australian%20Space%20Weather%20Alert%20System.pdf?124
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