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Abstract:
Advances in process technology have drastically reduced the cost of manufacturing almost every type of sensor and microcontroller, putting lowto
mid grade sensor technology in the reach of educators and hobbyists. We demonstrate how a low cost magnetometer and an Arduino microcontroller
can be used in education. Students can easily connect the sensor to the Arduino and collect threecomponent magnetic field data. Experiments can
easily be turned into longterm monitoring projects by connecting sensors to the internet and providing an InternetofThings interface to store and to
display the data in nearreal time. Lowcost sensors are generally much noisier than their research grade counterparts, but can still provide an
opportunity for students to learn about fundamental concepts such as signal quality, sampling, averaging, and filtering and to gain handson, concrete
experience with observations. Sensors can be placed at different locations and compared both qualitatively and quantitatively. For example, with an
inexpensive magnetometer, students can examine diurnal magnetic field variations and look for magnetic storms. Magnetic field orientation can be
calculated and compared to the predicted geomagnetic field orientation at a given location. Data can be stored in simple text files to facilitate analysis
with any convenient package. We illustrate the idea using Python notebooks, allowing students to explore the data interactively and to learn the basic
principles of programming and reproducible research. Using an Arduino encourages students to interact with opensource data collection hardware
and to experiment with ways to quickly, cheaply, and effectively measure the environment. Analysis of these data can lead to a deeper understanding
of both geoscience and data processing.
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