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Radiowave propagation within the
lonosphere
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Radio-wave propagation

G. Marconi (1901), first trans-atlantic radio communication,
Assumtion of an electrically conducting layer (Kennelly-Heaviside Layer)
R.A. Watson Watt (1926), proposed to call the electrically active part of our atmosphere

the ,jonosphere’

E.V. Appleton (1927- 32), Theorie of radio-wave propagation in plasma, 1947 Nobelprice

Deutsches Zentrum
fiir Luft- und Raumfahrt e V.
in der Helmholtz-Gemeinschaft

First wireless radio
communication
transmitted from ...
Cornwell/England 3200 km
and received at
Newfoundland/USA

by G. Marconi.
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Formation of the lonosphere

lonisation of the

upper atmosphere 700
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Electron density / log ne (cm-3)

100 km at high
latitudes
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Propagation of Radio-waves in the lonosphere
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7 Earth ionosphere is a variable system

7 lonospheric radio-waves (waves reflected at the ionosphere) are constantly
modified in their amplitude, phase, orientation and polarisation based on their
frequency and ionospheric conditions
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Project SIMONE
Background / History / The Web Portal
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K12 — Student Project SIMONE
(Sun & lonosphere MOnitoring NEtwork)

Solar X-rays

» Highschools in Germanys‘ Staates
of Mecklenburg-Vorpommern,
Lower Saxxonia and Finland (EU)
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SIMONE

Kick-Off
participans on
April 19t 2007 at
DLR
Neustrelitz
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Student (K12) Project SIMONE as Spaceweather Activity

(Sun & lonosphere MOnitoring NEtwork)

Nordkurier April 28./ 29., 2007 Nuystaeiny
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SIMONE is a German K12
project in the framework of IHY
and ISSIl, which are both
supported by the UNO with the
aim to investigate solar and
terrestrial influeces on
propagation of
telecommunication signals (e.g.
GPS, Galileo) in the ionosphere
and further effects of lower
atmosphere weather and space
weather

The management of the project
Is split up to the DLR Project Lab
Neustrelitz and as sub project of
the DLR project SWACI (Space
Application

Weather Center

lonosphere)
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SIMONE — Knowledge Exchange Meeting @ DLR-Neustrelitz

First knowledge
exchange meeting of
students and teachers
from German and Polish
project membgfs on
September 25 2008 at
DRL Neustrelitz

Decision that SWACI is
the designated platform
as a data exchange
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SIMONE — Knowledge Exchange Meeting @ Planetarium
Hamburg

7 The Planetarium Hamburg
was hosting a meeting for
teachers and students a
meeting on June 15" 2009
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SIMONE Portal as one element of the DLR Space Weather Application
Center- lonosphere (SWACI) / Kick-Off Maz 11t 2011

Sun & lonosphere M Onitoring NEtwork
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SIMONE Recelvers
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Setup: Basic requierements

You are ...

7 ... Interested in physics, maths or IT ...
7 ... ateam of interested K12 students ...

7 ... having access to a undisturbed location for the
receiver and the antenna ...

=7 ... having access to the internet in order to utilize the
project web-portal ...

... and wish to participate the SIMONE project.
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SID MONITOR (Stanford Univ.) DLR-receiver by Mr. Kurt Hiersche

SIMONE Server (DLR_School LAB & BW Trollenhagen)
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7 Antenna
7 selfmade

7 undisturbed
location

Z Receiver
=7 SID Monitor SU

=7 SIMONE
prototype, DLR

=7 SIMONE
SERVER with
ethernet server
and connection to
SWACI
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Setup: Antenne

Solid Pentagon-
Frame/antenna from
DLR_School Lab
Neustrelitz

Details:

= 1,5 mm copper wire

= Possible large winding
diameter

» 20 — 50 windings
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Turnable Frame Antenna (FFG-
Highschool Parchim)



How does an Sudden lonospheric Monitor works?

HF-Eingang Pegel-

1 Filt
| Heet abgleich

Internet
Web-Portal
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Setup: SIMONE Server

- - - - Slapretaar NN e -
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Main circuit
board

2 e N\

parts - =y e ___TTEIPEL '
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Operation

7 At first the receier setup must be tested on error free function (support DLR)
=7 Filter module must be calibrated (support DLR)
7 The internet server shall be connected by an IT responsible (user side)

7 The SID receiver shall be registered at the SIMONE Portal (passiv upload /
push / pull)

- Operation and studies via SIMONE-Portal or OFFLINE with own data

- K12 students may execute science projects based on the SIMONE data
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Measurements done with SIMONE

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV, Slide 22
in der Helmholtz-Gemeinschaft Dr. Michael A



i DLR

Example: SIDMON Data + GOES X-ray flux

Sunrise at Cutler —

Maine / USA

C class Solar Flare

Sunset at Bergen -
Rugen

Signalspannung in Volt

[~ l L ]
J

— 10"

GOES Roéntgenfluss / W m™

10 12 14

. 1|6 18
Weltzeit in Stunden

SID-Monitor data from the station of the highschool at

Bergen-Rigen / Germany

Deutsches Zentrum
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in der Helmholtz-Gemeinschaft

Slide 23
Dr. Michael A. Danielides, 2011 IS




A,
ENE

On February 15" and 16, 2011
several solar flares were detected
(figure on the left) as well as
related solar x-ray burst were seen
(figure below)

GRES Xray Flux (5 minute data) Begin: 2011 Feb 15 0000 UTG
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The Solar Flare on February 15, 2011 at 14:32 UT

7 A sudden ionospheric
disturbance was registered on
February 15th, 2011 during
daytime at 14:32 UT.

7 ltis shown that the two
stations Bergen and Walsrode
have detected a similar
disturbance at the same time.

R ! This is showing that the

| Fergen. | detection is valid.

. Walsrode

N H M "
as = 16 28

UNIVERSAL TIME /hrs
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Comparison of SID data (SIMONE) with solar
x-ray data from the GOES satellite

2006-12-05 10:35:00

The detection of a sudden
ionospheric desturbance seen by
a SIMONE receiver (upper
panel)is in agreement with
observations of solar x-ray
bursts seen by the GEOS satellite
(lower panel). The temporal
development of the fieldstrength is
showing similarities with the
temporal development of the x-ray
flux on board of the GOES
satellite.

DAQ Voltage / V

GOES 12 XRays
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Future activities
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Vision

With increasing solar activity we expect to detect more solar flare events
- increase of SID observations

A systematical study of flare events vs. SID events will be possible
Study of different disturbances (e.g. thunderstorm activities)

Comparisment of measurements from different schools (spatial
lonospheric effects)

The SIMONE-SWACI internet portal shall make a coordinated data
exchange and comparison possible

Develoment of new VLF receivers at DLR (e.g. based on SDR
technology)

The project SIMONE shall become part of ISWI (International Space
Weather Initiative)

International participants to the project SIMONE are welcome and may
follow the example of the Finnish Highschool building a SIMONE server

Deutsches Zentrum
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Vision - Broadband receiver / software defined radio (SDR)

Time {seconds) after 22:21.00 UT

AWESOME Monitor
(Stanford Univ.)

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,
in der Helmholtz-Gemeinschaft

2

PERSEUS SDR FiFi - SDR

commercial Private / hobby
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Conclusion
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Conclusion

Project SIMONE is operating SID receivers since 2007

DLR has developed a stand alone SID receiver

-2 Internet Server with interface to the SIMONE-Portal

SIMONE-Server is currently tested (setup & operation)
- Operational work shall start still within 2011
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For further details on the project SIMONE (DLR part) please contact:

Dr. Michael A. Danielides,

German Aerospace Center

Institute for Communication and Navigation
Kalkhorstweg 53

17235 Neustrelitz, Germany

e-mail: michael.danielides@dlr.de
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