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Key concepts in (Electro)-Magnetism

● The magnetic field 
● The magnetic dipole
● Forces on charges in motion
● Interaction of B field and currents
● The sources of the magnetic field 
● The flux of magnetic field 
● The Faraday-Lenz Law
● Electromagnetism 
● Alternate currents
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Key concept in electromagnetism

Flux density → B field strength 



Key concepts in Magnetism

● The magnetic field lines 
● The difference with electric field
● Direction of field lines  



Key concepts in Magnetism

● Sources of magnetic field   



Key concepts in Electromagnetism

● Currents generating the B field



Key concepts in Electromagnetism

● The “right-hand” rule



Key concepts in Electromagnetism

● The Biot-Savart law
● The fied in the solenoid  
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Key concepts in Electromagnetism

● The Lorentz Force



Key concepts in Electromagnetism

● Motion in B fields



Key concepts in Electromagnetism

● Forces on currents



Key concepts in Electromagnetism

● Torques on loops



Key concepts in Electromagnetism

● The Faraday - Lenz law
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Key concepts in Electromagnetism

● The Faraday - Lenz law



Key concepts in Electromagnetism

● Generation of alternating currents



Some  learning objectives for 
(Electro)Magnetism

● To acquire familiarity with basic magnetic phenomena.
● To develop a dipole model of magnetism, analogous to the charge model of 

electricity, that allows students to understand and reason about basic magnetic 
phenomena.

● To learn the magnetic fields due to currents in wires, loops, and solenoids.
● To study the motion of charged particles in magnetic fields.
● To understand the magnetic forces and torques on current loops.
● To connect the theory of electromagnetism to the phenomena of permanent 

magnets.
● To connect the variation of magnetic flux with Electromotive force
● To understand the alternate currents
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Misconceptions in Magnetism

● Field lines and magnetic forces
● How to generate a magnetic field in a permanent magnet? 
● The right hand rule - it is just a convention … for the field or for the current?
● The field could be generated by solenoids or magnets only .. 
● I is a vector?
● The motions of particles in B field are always/only circular? 
● Misconceptions on torques as vectors
● Magnetic flux and variation of magnetic flux in time
● Electromotive force and currents     



REFERENCES - Understanding key-concepts 
and misunderstandings
T. M. Scaife and A. F. Heckler, Student understanding of the direction of the magnetic force on a 
charged particle, Am. J. Phys. 78, 869 (2010) 

Cristian Raduta. ≪General Students’ Misconceptions Related to Electricity and Magnetism≫. 
Ohio State University, 2005. 

Kristina Zuza et al. ≪Introductory university physics students’ understanding of some key 
characteristics of classical theory of the electromagnetic field≫. In: Phys. Rev. Phys. Educ. Res 
14.2 (2018)

 

M. Nousiainen and I.T. Koponen, Pre-service physics teachers’ content knowledge of electric 
and magnetic field concepts: Conceptual facets and their balance, Eur. J. Sci. Math. Educ. 5, 74 
(2017)
 

 

https://aapt.scitation.org/doi/10.1119/1.3386587
https://aapt.scitation.org/doi/10.1119/1.3386587
https://arxiv.org/abs/physics/0503132
https://arxiv.org/abs/physics/0503132
https://link.aps.org/doi/10.1103/PhysRevPhysEducRes.14.020117
https://link.aps.org/doi/10.1103/PhysRevPhysEducRes.14.020117
https://link.aps.org/doi/10.1103/PhysRevPhysEducRes.14.020117
http://scimath.net/articles/51/%20517.pdf
http://scimath.net/articles/51/%20517.pdf
http://scimath.net/articles/51/%20517.pdf


The conceptual representation 
using computer based simulations 
- inquiry based approach
(Inquiry-based learning with 
Interactive Simulation) 



What Levels of Guidance Promote 
Engaged Exploration with 
Interactive Simulations?
https://phet.colorado.edu/publicatio
ns/PERC_Interview_Guidance.pdf

(Adams et al. 2008)

https://phet.colorado.edu/publications/PERC_Interview_Guidance.pdf
https://phet.colorado.edu/publications/PERC_Interview_Guidance.pdf


https://www.walter-fendt.de/html5/phen/magneticfieldbar_en.htm

Magnetic Field of a Bar Magnet



Magnetic Field of a Straight Current-Carrying Wire

https://www.walter-fendt.de/html5/phen/magneticfieldwire_en.htm



https://www.walter-fendt.de/html
5/phen/index.html
FOLDER WITH 55 HTML PHYSICS APP SIMULATIONS (Walter Fendt, 2021)



Magnetic Field of a Straight Current-Carrying Wire

https://www.vascak.cz/data/android/physicsatschool/template.php?s=mag_vodic&l=en



FISICA A SCUOLA: 
https://www.vascak.cz/?id=22&language=it



Materials for Physics education

https://phet.colorado.edu/
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https://phet.colorado.edu/en/teaching-resources/tipsForUsingPhet
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https://phet.colorado.edu/



https://phet.colorado.edu/en/simulation/legacy/magnets-and-electromagnets


