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Detecting the Earth’s magnetic field
and the aurora with a Rpi magnetometer
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Aurora over Greenock in October 2015

Doug Collinson:

Northern Lights Over Cloch Lighthouse [07-Oct-2015]
https://www.flickr.com/photos/60122552@NO08/
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Where do the aurora come from?

Core field

® Most of the field is from the Earth’s
liquid iron core

" Generated > 3500 km away

" Weaker than your average fridge
magnet

External field

® Fields due to currents in the tenuous
upper atmosphere:

" jonosphere (from about 100 km
altitude)

" magnetosphere (>2 Earth radii)
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Where do aurora come from?

Space Weather -
Essentials -

¥

. 3. Earth’s maghetosphere at times
1. Sun unleashes solar storm ; . gets hit with’charged particles

2. Coronal mass ejection
bursts-into space

4. Our atmosphere-glows with auroral
lights (seen from-Earth and space)

+ 5. Charged particles affect communications,
navigation, satellites, the power grids, more.
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Some magnetic field words
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Some magnetic field words

Zenith
South

East

-
-
-~

- -

-

© NERC All rights reserved

H ma

/\

North

True (Geographic)
North

gnetic

Magnetic

field
\/ vector

-
-
-




Measuring the Earth’s magnetic field in the past

«TRUE as the NEEDLE TO THE POLE.”

An Accurate and Scientific Diagram of the New Magnetic Observatory
at Abinger Common, which has Replaced that at Greenwich

Drawn by S.W, Clatworthy
T FROM A SECRET SHRINE OF SCIENCE, DISCLOSING THE MYSTERY TO THE WORLD




Measuring the Earth’s magnetic field present day

Scientific Magnetometer
* Absolute measurements
* Long-term magnetic cleanliness of site
* Platform stability important
* Temperature control/correction important
* Good for main magnetic field
* Cost: £15,000+

Raspberry Pi magnetometer

* Relative not absolute accuracy

* Not temperature controlled

* Good for external magnetic fields

® Cost: £150

* ~100 times less accurate
but more than good enough!
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Building a magnetometer?
Stefan Mayer

FLC-100

AB Electronics fluxgate magnetometer

17-bit digitiser

Adafruit TM36
thermometer
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Construction

School Magnetometers

CABLE / CONNECTOR DIAGRAMS
Tim Taylor (photos Ciaran Beggan)

Wiring Diagram:

Hemisphere dome top

5V

FG1 | FG2 1 FG3
GND +5V SYN O- O+ |GND +5V SYN O- O+ (GND +5V SYN O- O+

Kaning |es160109D) ysnug

FG1 0O- e&—— 4T | Ther Vf  LED
100mm o+ —— €z
FG2 O- &—— Vo 1
0+ e——
FG3 O- e—— v
150mm Ot o——
Therm O e——
12mm - — 100mnj ov
Dia

9 cores required in cable

junow Josuss 1§ aseq dijA1Dy Ja1awolaubel [ooyds

Groove to locate domed top

Cable Colours:

10 core cable (shielded) to be used.

Colour Rd Or M Gr Bu Pu Bl Br Gy
Use +5 FGl+ FG2+ FG3+ FGl- FG2- OV FG3- The
Pin # 1 3 4 5 7 8 2 9 6

Male, 9-Pin, D-Sub
Parts List: (Viewed from the front)
Cover:

1 100mm x 150 3mm acrylic tube
1 100mm diameter acrylic dome

Base:
1 170mm dx 4mm acrylic disc
grooved at 100mm diameter to locate cover Female, 9-Pin, D-Sub

(Viewed from the front)

Tri Axial Sensor mount:
1 30x30x100mm acrylic bar
through-drilled at 25 & 50mm from base

. on opposite faces. ma Ie
Cover - Dlan:eter = 100‘{nm Blind drilled to 40mm depth from top. female .
Dome - All holes to be 12mm diameter. solder side SO|der Slde

Triaxial Mount - 30mm x 30mm x100mm
12mm horixontal holes drilled at 25 & 50mm from base
1x12mm vertical hole, 40mm depth

ONEl———————



On Test in Edinburgh
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On remote test

& Lerwick

Crooktree

Cumbernaulg Z2EdinbuNgh

& Eskdalenfuir,

[Lancaster
Ormskirk

Ashbourne
Brecon

& Hartland
Canterbury
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Complicated Graph!

e Rpi Horizontal
e GDAS1 Horizontal

28-Oct 29-Oct 30-Oct 31-Oct 01-Nov 02-Nov
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More info: geomag.bgs.ac.uk

@ Safari File Edit View History Bookmarks Window Help

1O 2 64% @) Mon22:32 Q

Home Insert Design Transitions Slide Show
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Life on Earth may have begun 300m years earlier than previously thought | Scie...

o0 e <

British
Geological Survey

MATURAL ENVIRONMENT RESEARCH COUNCIL

Home | Resea

Home

stream

More information on the alert.

About BGS Geomagnetism

natural magnetic fields.

environment, from deep within the core out into space.

we use our knowledge for information and education.

@ Beggan_GlasgowUni2015.pptx
Review View
geomag.bgs.ac.uk

Mail - Beggan, Ciaran D. - Outlook

About us | Contact us | Downloads | Jobs | Shop

There is an increased chance of a geomagnetic disturbance throughout the next 48 hours due to effects from a coronal hole high speed

S Geomagnetism | ...
The Geomagnetism team measures, records, models and interprets variations in the Earth’s

Our data and expertise help to develop scientific understanding of change in the Earth and the

We also provide geomagnetic products and services to industry and to academic colleagues and

All the details for build are here:

ftp://ftp.nerc-murchison.ac.uk/geomag/ciaran/Rp1 Magnetometer build.zip
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Latest News

* Geomagnetic activity alert 07-Oct-2015

* New quasi-dipole geomagnetic
coordinate calculator

* Geomagnetic activity alert 11-Sep-
2015

* Geomagnetism Review 2014

* Blog - Measuring magnetic history at
Godrevy Point

* Blog - The St. Patrick's Day
Geomagnetic Storm

Tweets W Follow
é BGS Space Weather 11h
@BGSspaceWeather

Next 24hrs-QUIET. Solar wind speed has
reduced to normal levels.Further coronal hole
activity expected from 21st onwards, but
nothing grand.
Expand “« K
3\ BGS Space Weather 16 Oct
L@ @BGSspaceWeather




Next steps

* Real-time data delivery to
uroraWatch UK in Lancaster

* Deploy to a 10 schools around

the UK

* Wait for some big aurora ....

* Also working on an
Rpi AuroraCam ...
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aurorawatch.net
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AURORAWATCHNET MAGNETOMETER SCHOOLS. SITES AURORAWATCH UK CONTACT DETAILS

AuroraWatchNet

AuroraWatchNet is a project to build, deploy and operate magnetome-
ters for detecting when the aurora borealis s likely to be visible from
the UK and other mid-latitude locations. We have developed a
low-cost, battery-powered, wireless magnetometer that can be in-
stalled easily. The entire magnetometer design, hardware and soft-
ware, s open-source to encourage citizen-science. We have delibrately
tailored the design so that anyone with modest experience in con-
structing electronic circuitry should be able to build the magnetome-
ter.

Schools’ competition
We have 10 magnetometers for schools to use in their teaching of sci-

ence, technology and mathematics. A competition was launched to se-

lect the schools which will host the magnetometers.

. space weather




Thank you

®* Come see the demonstration after lunch!
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Other slides
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BGS Magnetogram

National Geomagnetic Service, BGS, Edinburgh

GDAS-1 Fluxgate Data (derived from) Eskdalemuir lat: 55.317N lon: 356.800E
Declination in degrees east : : : : : :

18min

DCC -4.29 1

Inclination in degrees downwards
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Total Intensity in nT

00

Hour (UT)
Date: 11-09-2005 Day number:
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Main Field map: Total Field strength (nT)

-180° -150° -120° -90° -60° -30° 0 30° 60" 90" 120° 150° 180°

-180° -150° -120°

Total intensity (F) at 2015.0 from the World Magnetic Model (WMM2015). Contour interval is 1000 nT, white star is location of a magnetic
pole and projection is Mercator. This is an example of an isodynamic chart, Credit: British Geological Survey (Natural Environment
Research Council).
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Main field total intensity change in 2015 (nT/yr)

nT/year
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Change of the Main Field: Poles Apart

* (Geomagnetic Pole

— global best fit dipole

* Magnetic ‘Dip’ Pole

— where inclination is 90°
"N\, .. — actually a diffuse region




Declination 2015
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Applications?

Directional drilling for hydrocarbons
 Avoid well collisions
» Aim for smaller targets

09:41

315° NW

Orientation of maps on a smart
phone using digital compass and
magnetic declination model

‘Augmented reality’
e.g. Google Sky
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What is the risk from Geomagnetically Induced Currents?

Secondary induced currents flow into grounded infrastructure

time- varying electric currents in the ionosphe

induced electric field (vol

DC offset in transformer causes: voltage harmon
flux escape from core; overheating; dest
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