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Summary

Summary

The earth’s magnetic field not only makes life on earth possible, but also gives us a lot of
information about the earth’s structure, particle movements in the atmosphere and solar
activity. This thesis focuses on the temporal variation of the earth’s magnetic field and I
describe the construction and verification of a Raspberry PI based magnetometer. Thereby
I find drifts in the measurement results, which are not found in the comparison data. The
data show a well known 24 h periodicity caused by current systems in the ionosphere and a
9 min periodicity whose origin is unclear.
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1 The earth's magnetic �eld

Figure 1: Interaction of the solar wind and
earth's magnetic �eld; (image taken from
Schubert, 2007, their Fig. 1 in chapter 3).

1 The earth's magnetic �eld

The sun constantly sends radiation and charged particles into space, but the areas of high
magnetic �eld strength in the chromosphere can also be a starting point for solar �ares (Reda
et al., 2022). Usually the magnetic �eld lines there are closed in arcs. It may happen that the
�eld lines break open and a plasma cloud eruptively escapes into space. Then an x-ray �ash
occurs (Owocki, 2022) and high-energy particles (mainly protons at about 20 percent of
the speed of light) (Matsumoto & Miyoshi, 2022) and the coronal mass ejection (electrons,
protons and atomic nuclei at speeds of about 1000 kms� 1) are thrown into space (Ponti et al.,
2022). These three components can hit the earth's magnetic �eld, when the direction of the
eruption points earthwards.

The terrestrial magnetic �eld (see Fig. 1) is de�ned as the magnetic �eld produced by all
sources within and outside the solid earth up to the magnetopause (Schubert, 2007). Sources
of this �eld are mainly two categories. One is magnetized media, which are found inside the
solid earth and occur in form of rocks. They were permanently magnetized a long time ago
and also show induced magnetization. The other source of the earth's magnetic �eld are
electromagnetic currents (see Fig. 2), which are found inside the earth (metal core, mantle
and crust), as well as in the ionosphere and magnetosphere (Schubert, 2007).

When particles from the sun hit the earth's atmosphere, they �rst enter the ionosphere
(50 km to 2000 km), which is divided into D, E, and F layers (Loi et al., 2015). The F layer is
between 140 km and 400 km and has the highest electron density. During the day, it is also
divided into F1 and F2. F2 is more crucial for the interaction with solar particles and has the
higher electron density. The E layer lies between 90 km and 140 km and interacts with lower
frequencies than the E layer. Both layers are much stronger during the day than at night
(Loi et al., 2015). Between 50 km and 90 km the D layer forms additionally during the day.
All are dependent on the time of day and contribute to the de�ection of charged particles
and thus also to the change of the magnetic �eld (Dmitriev et al., 2013).

Ionized particles at high energy levels can not only affect the magnetic �eld as shown in
Fig. 1, but also disrupt and destroy technology (Beggan & Marple, 2016). In a digitised and
globalized world, this can lead to communication breakdowns, delivery problems and major
social crises. Therefore it is important to understand what happens to these particles and
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1 The earth's magnetic �eld

Figure 2: Structure of the earth with the different layers
and the currents that contribute to the magnetic �eld; (im-
age taken from Schubert, 2007, their Fig. 1 in chapter 2).

Figure 3: Number of geomagnetic
observatories providing annual means,
hourly means and 1 min values of
magnetic �eld data, as a function of
time; (image taken from Schubert, 2007,
their Fig. 6 in chapter 2).

x-rays when they hit the earth's atmosphere.

In research, the number of observatories recording magnetic data is increasing. Historically,
the data were given as averaged daily values and were later also measured hourly and
minutely (Schubert, 2007). The increase over the years from 1800 to 2000 are shown in
Fig. 3.

To study the effects of the solar winds on earth, the terrestrial magnetic �eld and its daily
variations are analyzed in this thesis. This is done with a self-built magnetic �eld measurement
system, including a Raspberry PI computer according to the paperSpace weather goes to schools
by Beggan & Marple (2016). It is inexpensive and can be replicated at other universities for
teaching purposes.

This thesis is structured es follows. In section 2 I talk about the structure of a three-axis
magnetometer, which consists of a Raspberry Pi, an Analog Digital Converter, a temperature
sensor and three magnetic �eld sensors. All components are connected and tested. Section 2
ends with a subsection about the wiring diagram. The used analysis software is discussed in
section 3. In section 4.1 and 4.2 I talk about the results of two magnetic �eld measurements
that were done at the Dr. Karl Remeis-Observatory in Bamberg. In section 5 the trends, the
9 min and the 24 h periods found in the data are discussed. Suggestions for an improvement
of the project are given in section 6.
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2 Three-axis magnetometer

Figure 4: Raspberry PI 4; left: without installed heat sinks; right: with installed heat sinks; in addition
a fan for cooling was installed inside the housing (not shown in this �gure).

2 Three-axis magnetometer

For the measurement of the terrestrial magnetic �eld the following system will be used. The
main electronic components are the Raspberry Pi 4 Model B from okdo Technology and three
FLC100 magnetic �eld sensors from Stefan Mayer Instruments GmbH & Co. KG. To connect
these components a differential 8 channel 18 bit Analog to Digital Converter (ADC) from AB
Electronics UK was used. The digital temperature sensor TMP102 from Sparkfun Electronics
was installed to monitor the temperature near the magnetic �eld sensors.

2.1 Raspberry PI 4

To prepare the hardware setup of the Raspberry PI 4, theokpi Company's guide1 was followed.
The heat sinks (see Fig. 4), the fan for cooling and then the SD card were installed. The
interfaces were connected: keyboard, mouse, monitor and the power plug. Then the
Raspberry PI was switched on and the installation instructions on the screen were followed.

In order to make sure that latest OS Version and software packages are installed theinstruction
guidelinefrom Raspberry PI2 was followed. For initial Python programming tests the already
installed integrated development environment Thonny Python IDEwas used.

2.2 Analog Digital Converter

For the installation and setup of the 8 channel 18 bit ADC from AB Electronics UK the analog
outputs of the FLC100 magnetic sensors (OUT+ and OUT-) were connected to the ADC. The
converter has two MCP3424 (each 4 channels) microchips onboard, which can be controlled
via an Inter-Integrated Circuit (I2C) bus interface 3 and converts the analog sensor input

1Okdo, Get started with your okdo Pi kit in a Flash!, https://www.okdo.com/getstarted/
2Raspberry Pi Documentation, https://www.raspberrypi.com/documentation/computers/os.html
3Microchip Technology, 18-Bit, Multi-Channel Analog-to-Digital Converter with I2CTM Interface and On-Board

Reference, https://www.robotshop.com/media/files/content/a/abu/pdf/mcp3424.pdf
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2 Three-axis magnetometer

voltage to a digital value. The I2C bus interface is used for the communication between the
Raspberry PI and the other circuit parts. It is based on the master-slave principle, which
means that the data transfer is initiated by the master (Raspberry PI). The slaves (connected
components) have their own unique addresses and respond to the request from the master.
The data is transferred via the data line (SDA). The serial clock runs on the second signal
line (SCL) and is used to transmit the bus clock from the master. The Raspberry PI then
reads a digital value from the series of incoming bits.

For the system setup, the following pins must be connected between the Raspberry PI and
the ADC:

• Power + 5.0 V
• Power + 3.3 V
• GND
• I2C bus lines SDA and SCL

Once the power and I2C interface has been set up, it can be tested from the terminal command
line:

i2cdetect -y 1

The response to this command con�rms that a I2C device with addresses 68 and 69 is
available at the I2C bus, which are the two ADC converts on the ADC board:

user@raspberrypi:~ $ i2cdetect -y 1
0 1 2 3 4 5 6 7 8 9 a b c d e f

00: -- -- -- -- -- -- -- -- -- -- -- -- --
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
40: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
50: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
60: -- -- -- -- -- -- -- -- 68 69 -- -- -- -- -- --
70: -- -- -- -- -- -- -- --

Six out of eight channels of the ADC are used, where each magnetic sensor (for the three
dimensions) has two output voltages. With the 18 bits, one used for the information, whether
the value is negative or positive, one gets a precision of 17 bits4, which means 15.625� V.

To control the ADC and read the analog sensor values, the software libraryADCPiwas used5.

To validate the output voltage of the ADC via the I2C bus, the 3.3 V on-board voltage was
applied to all eight channels of the ADC. Since this value can deviate, it was additionally
checked via a multimeter. The Raspberry PI then read out the voltage values from the ADC
via the I2C bus lines. The Python script used for this can be found in appendix 6. It was
noticed that the output voltage values of the eight channels did not match the input voltage
displayed on the multimeter. As a potential root cause the tolerance of the voltage dividers

4Microchip Technology, 18-Bit, Multi-Channel Analog-to-Digital Converter with I2CTM Interface and On-Board
Reference, https://www.robotshop.com/media/files/content/a/abu/pdf/mcp3424.pdf

5AB Electronics, AB Electronics UK ADC Pi Python Library, https://github.com/abelectronicsuk/
ABElectronics_Python_Libraries/tree/master/ADCPi
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2 Three-axis magnetometer

Table 1: Results of a calibration measurement for the eight ADC channels with the reference voltage
Uref = 4.070 V.

ADC channel Measured voltage[V] Calibration parameter
1 4.078 0.998
2 4.069 1.000
3 4.059 1.003
4 4.073 0.999
5 4.071 1.000
6 4.076 0.999
7 4.076 0.999
8 4.069 1.000

(resistors) on the ADC board was assumed. To determine this difference more accurately,
the same measurement was performed again with a 3.7 V LiPo battery. The calibration
parameters in Table 1 have been identi�ed and will be used for all further measurements.
The reference voltage supplied by the battery wasUref = 4.070 V.

2.3 Magnetic �eld sensor FLC100

The used magnetic �eld sensors FLC100 from Stefan Mayer Instruments GmbH & Co. KG6

are high-resolution �ux gate sensors for weak magnetic �elds (see Fig. 5). The following
pins must be connected to the ADC:

• Power + 5.0 V
• GND
• OUT +
• OUT-

The �ux gate principle is used for sensors with high sensitivity. The sensor consists of a
ferromagnetic core surrounded by a coil. A current �ow in the coil magnetizes the core.
Without an external magnetic �eld, a symmetrical voltage curve would be generated in the
coil. If there is indeed an external magnetic �eld, an asymmetry is measured, which can be
read off from the output voltages OUT+ and OUT-.

The FLC100 needs a+ 5 V power supply and has a 2 mA current consumption. The output
voltage is proportional to the magnetic �ux density and the measuring range is � 100 � T.
The maximum output voltage (OUT+ against OUT-) is � 2.5 V, where 1 V represents 50� T.
The measurement accuracy at 20°C is � 2%, which means � 0.3 � T. In order to track the
robustness and the variance of the sensors, a short Python script was used for testing. It is
shown in appendix 6.

The results of this measurement can be seen in Fig. 6. After some time of stabilization,
the variance of the magnetic �eld is below 10 nT. When entering the room, the light was
switched on and the mobile phone was activated. This was done by intent in order to see
the effect from other devices (see last peak). One sees that it is very important to choose an
environment with as least interfering sources as possible.

6Stefan Mayer Instruments, Magnetfeldsensor FLC 100, https://stefan-mayer.com/images/
datenblaetter/Datenblatt_FLC-100.pdf
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2 Three-axis magnetometer

Figure 5: The FLC100 with the �ve pins (0 V, + 5 V, SYNC, OUT+ , OUT-); image taken from Stefan
Mayer Instruments7

.

Figure 6: Results of a test measurement of the magnetic �eld in one direction parallel to the earth's
surface. The peak in the last 5 seconds is caused by entering the room, switching on the light and by
mobile phone activity.

The initial magnetic �eld testing was done with jumper wires between the system components.
There should be even less noise, once the system is assembled on the breadboard with soldered
copper wires.

2.4 Temperature sensor TMP102

For measuring the temperature near the magnetic sensors the digital temperature sensor
TMP102 from Sparkfun Electronics8 was selected. It has an I2C interface to provide its data
to the Raspberry Pi on request.

7Stefan Mayer Instruments, Magnetfeldsensor FLC 100, https://stefan-mayer.com/images/
datenblaetter/Datenblatt_FLC-100.pdf

8Melopero, https://www.melopero.com/shop/sensori/temperatura/
sparkfundigitaltemperaturesensorbreakouttmp102/
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2 Three-axis magnetometer

The following pins need to be connected between the Raspberry PI and the temperature
sensor:

• Power + 3.3 V
• GND
• I2C bus lines SDA and SCL

The I2C search function was used again to verify the correct interconnection of the tempera-
ture sensor.

user@raspberrypi:~ $ i2cdetect -y 1
0 1 2 3 4 5 6 7 8 9 a b c d e f

00: -- -- -- -- -- -- -- -- -- -- -- -- --
10: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
20: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
30: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
40: -- -- -- -- -- -- -- -- 48 -- -- -- -- -- -- --
50: -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
60: -- -- -- -- -- -- -- -- 68 69 -- -- -- -- -- --
70: -- -- -- -- -- -- -- --

An additional I2C device with address 0x48 appears, which can be assigned to the temperature
sensor. A Python library for the TMP102 from Sparkfun was used to install and test the
sensor9. To check the function I wrote a short Python script, which can be seen in appendix 6.

The room temperature was printed as the following:

Current temp: 24.8 °C

A thermometer measured the current room temperature with the result of 24.8°C and
validated the printed temperature of the TMP102 sensor.

9Github, Python Library for reading temperature data from the TMP102 breakout board from Sparkfun,
https://github.com/n8many/TMP102py
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2 Three-axis magnetometer

Figure 7: Wiring diagram of all components, exclusive the Raspberry PI; the three FLC100 magnetic
�eld sensors10are connected to the AD Converter11. The ADC and the TMP102 temperature sen-
sor12use the same I2C bus lines, which are connected to the Raspberry PI.

2.5 Wiring diagram

All components were soldered to a breadboard with a wire strand. Fig. 7 shows the wiring
diagram to build a complete magnetometer (without the Raspberry PI).

The FLC100 magnetic sensors are interconnected with the 0 V,+ 5 V and SYNC terminals. 0 V
and + 5 V are also connected to the ADC. In addition, the OUT+ and OUT- outputs of the
three magnetic sensors are each connected to the ADC, which converts the analog signal to
a digital value that can be passed to the Raspberry PI.

The ground lines of all components are connected. The SDA and SCL signal lines from the
Raspberry PI are connected to the ADC and the TMP102. Since the temperature sensor
already outputs a digital value on the I2C bus, its data does not need to be converted by
the ADC. The voltages of+ 3.3 V and + 5 V needed by the ADC are also supplied by the
Raspberry PI.

Furthermore there are two LEDs D1 and D2 with two resistors R1 and R2 on the board. D1
lights up permanently as soon as the system is connected to the power supply to indicate a

10https://stefan-mayer.com/images/datenblaetter/Datenblatt_FLC-100.pdf
11https://www.abelectronics.co.uk/docs/stock/raspberrypi/adcpizero/adcpizero-3.jpg
12Melopero, https://www.melopero.com/shop/sensori/temperatura/

sparkfundigitaltemperaturesensorbreakouttmp102/
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4 Measurements

Table 2: Con�guration of the three FLC100 magnetic �eld sensors with OUT+ and OUT- connected
to the ADC. ADC channel Magnetic sensor output

1 Z OUT+
2 Z OUT-
3 Y OUT-
4 Y OUT+
5 X OUT-
6 X OUT+
7 not used
8 not used

working system. D2 is connected to the Raspberry PI via a signal line and can be controlled.
It was used during test runs to indicate individual measurements by toggling. During the
actual measurement it was not switched on and off to avoid a disturbing magnetic �eld.
Table 2 shows the con�guration of the FLC100 sensors connected to the ADC.

3 Analysis software

After bringing all components together, I wrote a Python script to read out the temperature
and magnetic �eld data.

To minimize outliers, several values are combined into an average in the code. The numbers
of samples are stored in the valuesadc_samplesand temperature_samples . Then a timer
was implemented to get out of the room before the measurement starts. It was set to 120 sec.
The main loop consists of a part that is meant to read the magnetic sensor values and then
calculate an average of 50 values. Through this step we obtain 1 minute data, which are
stored in the list ADC_AVG. Because problems with reading the I2C values occurred during
test runs, a try and except query was added to prevent the program from hanging. If such
an error comes up, after a pause of 2 sec the measurement of the next values is continued.
The calculated values of the temperature sensor and the three magnetic sensors are written
to a csv �le together with the current date and time. One has to be careful not to override
existing �les by executing the code again. The �nal code can be found in appendix 6.

4 Measurements

Two measurements were started under similar but not identical conditions. Both were
performed at the Dr. Karl Remeis-Observatory in Bamberg. An unused room at 7–8 m depth
was chosen to have as few sources of interference as possible. There are no electronic
devices and no power cables except the one that supplies the measuring device. The nearest
main road is about 100 m away. At this depth the temperature is quite stable, which makes
the measurement easier and more accurate. Because of these conditions, this basement
room was chosen for the measurement. The second measurement was started because
unforeseen results appeared in the �rst measurement, which should be investigated by
another measurement. The results are discussed in chapter 4.1 and 4.2.
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4 Measurements

Figure 8: Top: total temperature results of the �rst measurement, blue: measured values, orange:
values binned over 1 h; bottom: zoom on the �rst 1000 temperature values with an increase from
15.2� C to 16.6� C within 61 minutes; time is given in Modi�ed Julian Date-59820

4.1 First three weeks measurement

With the described setup a three weeks long measurement was done between 29 August 2022
and 19 September 2022. Simultaneously, the temperature and the magnetic values inx-, y-
and z-direction were measured. The entire setup was located in an isolated and waterproof
box with a size of approximately 40 � 60 � 15 cm3. The z-axis of the magnetometer pointed
in zenith. x and y were rotated around the z-axis, so that the x-value took the largest
possible value and therefore pointed parallel to the local magnetic �eld. To set the magnetic
�eld sensors up that way, the script was running on a monitor and the sensors were moved
until the x-value reached a maximum. Afterwards the measurement was started without the
monitor.

4.1.1 Temperature

Fig. 8 shows the measured temperature values plotted over time given in Modi�ed Julian
Date (MJD)-59820. The MJD is a continuous count of years, starting at midnight on 17
November 1858. It was noticeable that within 61 minutes the setup heats up from 15.2� C to
16.6� C and then settles at 16.4� 0.1� C.

This increase was expected, because the whole system was in one isolated box. The heat
of the Raspberry PI in�uences the FLC100 magnetic sensors and therefore the measured
magnetic �eld. In a second measurement this was changed. This will be discussed in chapter
4.2.

The increasing temperature shows that it makes sense to observe only the magnetic �eld
values after the warm-up phase in the �rst 61 minutes. After this time the temperature stays
nearly stable.

Temperature analysis using a histogram showed a roughly Gaussian distribution with an
upward trend. Therefore, the values were binned over time intervals of 1 h. This reduces
the noise of the temperature sensor and the increase in temperature becomes more visible
(see Fig. 8).
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4 Measurements

Figure 9: Total magnetic sensor results in x-, y- and z-dimension of the �rst measurement; at
MJD� 59820 = 6.543 a kink occurs in all three dimensions, but can be seen especially inx- and
z-direction

4.1.2 Magnetic �eld values in the three dimensions

After cutting the data from the �rst 61 minutes the remaining results of the magnetic �eld
in three dimensions can be seen in Fig. 9. Some conspicuous features were immediately
noticeable:

• In x- and y-direction, the value of the magnetic �eld increases over the entire mea-
surement period.

• In the z-direction, this value decreases over the entire measurement.
• Periodicities can be seen in all directions, which are at least roughly in the range of

24 h.
• At MJD� 59820 = 6.543 a kink is visible in all three dimensions, but can be seen

especially in x- and z-direction, which also changes the following measurement results
permanently.

Periodicities of approximately 24 h and 9 min are recognizable. These were examined in
more detail with the help of epoch folding, a method of timing analysis. Therefore the
program is given the assumption of a period value, which then 'folds' the data over exactly
this period. If there is no periodicity in this time period, high and low values average out
and a constant value is obtained. If there is indeed a periodicity, the maxima add up and a
peak becomes visible. With this method the following periods were determined in all three
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4 Measurements

Figure 10: Results of the epoch folding to �nd periodicities in the magnetic �eld values in all three
dimensions of the �rst measurement; a) x-values; b) y-values; c) z-values

dimensions (see Fig. 10):

P1
1,x = 1.00d P2

1,x = 9.29min

P1
1,y = 1.00d P2

1,y = 9.30min

P1
1,z = 1.04d P2

1,z = 9.29min

4.1.3 Total magnetic �eld values

Particularly interesting is also the absolute value of the total magnetic �eld because it is
more comparable to other magnetic data

Btot =
q

B2
x + B2

y + B2
z . (1)

The values were calculated for the �rst measurement and are shown in Fig. 11. The kink
at MJD� 59820 = 6.543 and the known periods can be found again. In Fig. 11 one plot is
zoomed to �ve 24 h periods and another one is zoomed to several 9min periods. Occurring
periods were also investigated by epoch folding for the total values of the magnetic �eld.
Since this method is hindered by the kink at MJD� 59820 = 6.543, the period after the kink
alone was also examined. Both results are shown in Fig. 12. The periods found are

P1
1,tot = 1.02d P2

1,tot = 9.29min

P1
1,cut = 1.02d P2

1,cut = 9.29min.

According to the epoch folding plots in Fig. 12 the calculation for the area after the kink
makes much more sense for the 1.02 d periodicity than the one over the entire measurement,

14



4 Measurements

Figure 11: Total magnetic �eld values of the �rst measurement; top: whole measurement period;
middle: zoom on �ve 24 h periods; bottom: zoom on 9 min periodicity

Figure 12: Results of the epoch folding to �nd periodicities in the total magnetic values of the �rst
measurement

15



4 Measurements

Figure 13: Total temperature results of the second measurement; a rapid cooling in the �rst 4.596 h
occurs; then a decrease in temperature is noticeable over the entire measurement period, this is due
to the beginning of autumn and the resulting drop in outside temperatures.

even though it shows the same value for the period. For the 9.29 min period both results are
very sharp and similar.

To better understand the cause of the periodicities and the kink at MJD� 59820 = 6.543,
another measurement was started under similar conditions.

4.2 Second four weeks measurement

Using the same technical setup, a new measurement was done for four weeks from 22 Septem-
ber 2022 to 19 October 2022. Thez-axis of the magnetometer still pointed vertical. Directions
of x and y were again aligned so that the x-value took the largest possible value.

The difference to the �rst measurement was that the Raspberry PI was in its own isolated
and waterproof box, and thus could no longer in�uence the temperature sensor and the
FLC100 magnetic sensors.

4.2.1 Temperature

In contrast to the �rst measurement, where the entire setup initially warmed up due to the
heat from the Raspberry PI, the temperature sensor records a drop in temperature for 4.596 h
at the beginning (see Fig. 13). This is because it was still stored at outside temperature
(approximately 19°C) a few minutes before the measurement started. Then it was moved to
the same cool basement room as used for the �rst measurement (approximately 14°C). A
cooling of the environment can be seen over the entire measuring period. This is due to the
dropping temperature values between 22 September 2022 and 19 October 2022. A roughly
Gaussian distribution of the temperature values was also found in Fig. 13, as in the �rst
measurement. The values were binned over 1 h to average over the noise of the temperature
sensor.

4.2.2 Magnetic �eld values in the three dimensions

The x- and y-values in Fig. 14 show an increase over the measurement period, while the
z-values decrease over this time. This could also be observed in the �rst measurement. But
in contrast to the �rst measurement, no kink in the measured values can be seen here.

Again, periods of about 24 h and 9 min are visible. The epoch folding gives the following
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5 Temporal variation of the magnetic �eld

Figure 14: Magnetic sensor results inx-, y- and z-dimension of the second measurement.

results (see Fig. 15):

P1
2,x = 1.00d P2

2,x = 9.28min

P1
2,y = 1.00d P2

2,y = 9.28min

P1
2,z = 1.00d P2

2,z = 9.28min

The found periods in all three dimensions matched with a precision of two decimal places.

4.2.3 Total magnetic �eld values

All dimensions combined to the total magnetic �eld Btot (1) are shown in Fig. 16. The values
increase over the time, and again the known periods are visible, which are veri�ed via epoch
folding analysis in Fig. 17.

P1
tot = 1.00 d P2

tot = 9.28 min

These were expected based on the results of the individual magnetic �eld values and their
periods. There is a general increase, which is stronger at the beginning and then decreases
over time.

5 Temporal variation of the magnetic �eld

To better assess the functionality of the built magnetometer, the measured data will be
examined in more detail in this chapter and compared to data from other observatories.
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5 Temporal variation of the magnetic �eld

Figure 15: Results of the epoch folding analysis from the magnetic �eld values in each direction of
the second measurement.

Figure 16: Total magnetic �eld values of the second measurement; top: whole measurement period;
middle: zoom on �ve 24 h periods; bottom: zoom on 9 min periodicity.

The general rises and falls in the data and the possible causes of the two periodicities are
discussed.
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