
Exploring Magnetic Fields: Activity 2
Exploring the Earth’s Magnetic Field
Name:______________________		Date:____________			Period:_____


[image: ]Hypothesis:  The magnetometer sensor in a phone can be used to accurately characterize the magnitude and the direction of Earth’s magnetic field.

Guiding Questions: 
[image: Virtual Reality Games ,Glasses And Headset | by Grace jack | Medium]Introduction:  Have you ever used a map application or played a game where your orientation of your view changes depending on the direction that you are holding your phone?  Have you ever used a star gazing application that shows you the position of planets and constellations in the sky?  How do you think an application knows the orientation of your phone relative to the Earth and the surrounding Universe?  Applications are enabled by the magnetometer sensor in your phone accurately measuring the 3-dimensional magnetic field of the Earth.  In this activity, you will characterize Earth’s magnetic field, which has been crucial for navigation for a thousand years.  It enables many modern technologies such as virtual reality and is essential for life to exist on Earth.
1. Open phyphox and select the magnetometer.  When the graph tab is selected, the phone will display a graph of the magnetic field for each of the three axes (x, y and z).  While holding your phone level in the x-y plane, collect data as you rotate in a circle two or three times.
a. Explain what you observe on the x and y axes and provide a hypothesis for your observation.



b. Explain what you observe on the z-axis and provide a hypothesis for your observation.



c. Based on the magnitudes of the magnetic fields, sketch a diagram showing the approximate direction of the total magnetic field vector relative to the Earth’s surface.




2. [image: ]The Earth’s magnetic field bears a resemblance to what you should expect if a large dipole magnet was buried in the center of the Earth, with the south pole of the magnet pointing toward geographic north and the north pole of the magnet pointing toward the geographic south pole.  The resulting field lines are shown in the figure to the right. 

a. Using the phyphox application, explore the x and y values of the magnetic field as you hold your phone with the y-axis pointing toward the geographic north.  Are the values for the x and y magnetic fields consistent with what you would expect from the figure?  Explain.



b. Explore other orientations of your phone and confirm that the measurement of the field lines is consistent with your expectations.  What is the approximate strength of the magnetic field parallel to the Earth’s axis (this is often called the horizontal intensity of the magnetic field)?  



3. When studying electricity, you learned that opposite charges attract and like charges repel.  In magnetism, the north and south poles of a magnet behave in a similar fashion to electrical charges.  If a magnet were free to rotate in space, in which geographic direction would you expect the north pole of the magnet to point?



Goals:
I. Characterize the magnetic field of the Earth and be able to discuss:
a. The direction of the Earth’s field lines
b. The total magnetic field intensity
c. The horizontal magnetic field intensity
d. The inclination angle
e. The variation of magnetic field strength when comparing different locations on the Earth’s surface
II. Learn to read contour maps and extract values.
III. Use computational tools and access data bases containing information on Earth’s magnetic field characteristics.
IV. Build greater understanding how to use a magnetometer sensor to measure three dimensional magnetic fields and relate the sign of the field with the pole orientation of magnets.

Instructions:
Before making a careful measurement of Earth’s magnetic field, we will use what we know about the Earth’s magnetic field to identify the north pole of a magnet. 
       
1. Finding the north pole of a magnet: 
a. Using the information you learned in Part 2 in the Guiding Questions, determine the geographic north using your magnetometer and note the approximate direction.
b. Use a thin string to “dangle” a magnet so it can freely rotate.   The north pole of the magnet will align and be directed toward the geographic north pole. 
c. Mark the north pole of your magnet.

2. Measuring magnetic field lines: 
a. Using the dipole magnet, you just marked, vary the distance between it and your phone along the x and y axes of the magnetometer sensor.  Explore using different orientations of the north and south poles of the dipole magnet.  Provide example data for two different geometries that show the change in magnetic field as you move the magnet, back and forth, along one of the axes.  Include the geometry below as one of your examples. 
[image: ]








3. Quantitatively measure the Earth’s magnetic field: Repeat the activity you performed in Part 1 of the Guiding Questions with particular focus on making the most accurate measurement possible.  Key experimental factors that will lead to a more accurate measurement include:
· Assure you are far away from any other magnets or ferromagnetic materials.  This could include electronics, structural supports in buildings or any ferromagnetic material.
· Carefully maintain motion in the x-y plane.  Consider various experimental approaches as it is difficult to accomplish this when holding the phone in your hand.
Consider experimental observations that might indicate that there might be local magnetic fields or out of plane motion influenced your measurements.  Make adjustments and repeat the measurement, as necessary.

a. Record values for the magnetic field in the table below.  You can use the “pick data” function withing phyphox or export your file to a spreadsheet for analysis.

	Trial
	Max x
	Min x
	Max y
	Min y
	Average z
	Total Intensity

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	



b. Include a graph of your data below (screenshot or from spreadsheet)














Analysis and Discussion:
1. If you conduct the measurement of the Earth’s magnetic field in the absence of interference from stray fields and you maintain the rotation of your phone in the x-y plane you should observe the following:

i) Max Bx = |Min Bx| = Max By = |Min By| = horizontal magnetic field intensity
ii) Bz = constant   (minimal change during rotation)
iii) BTotal = constant

a. Explain why this is the case.





b. Consider the data below.  Discuss what might be responsible for the asymmetry in the x and y fields as well as the absolute magnetic field.

[image: ]








c. If your data displayed significant asymmetry, repeat the experiment, and adjust your method and possibly your location to improve the symmetry of your data to match the expected relationships shown above.  Include your revised data in the experimental section.
2. The following graph, from the British Geological Survey, shows how the absolute magnetic field intensity varies across the globe.  Estimate the value at your location and compare with your measurement.

[image: ]

3. Compare your measurement of the horizontal intensity and the absolute intensity to the values calculated from the National Oceanic and Atmospheric Administration (NOAA) website: https://www.ngdc.noaa.gov/geomag/calculators/magcalc.shtml#igrfgrid

	
	Experimental Value (μT)
	NOAA Value (μT)

	Horizontal Intensity
	
	

	Total Intensity
	
	


If there are discrepancies between your experimental values and the NOAA values, provide a possible explanation for the differences.









4. Using the NOAA Magnetic Field Calculator, calculate the magnetic field at another location in the world that you think might be interesting.  List the name of the location and provide the values for the horizontal and total magnetic field intensity.  Discuss the differences you observe compared to your location.






Extension Question: 

1. You may have been surprised that there was a very significant component of the magnetic field along the z-axis.  The total magnetic field vector points into the Earth.  This angle is show in the figure below.  This angle is referred to as the inclination angle.
[image: ]












a. Use your data for the horizontal magnetic field and the z-axis magnetic field to calculate the inclination angle.










b. Compare the value for the inclination angle to the value determined from the NOAA Magnetic Field Calculator.
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