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INTRODUCTION 
› Denmark 
› Winner of European songcontest 
› Birthplace of  Søren Kierkegaard 
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TL;DR 
› IPython is an awesome tool for teaching 

› and possibly much more 
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TEACHING PHYSICS 
› Physics is considered hard by students 
› “What is the use?” 
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TEACHING PHYSICS 
› ElectroMagnetics is abstract 
› What is a field? 
› How does semiconductors work? 
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676 CHAPTER 23 | Electric Fields

only the field lines that lie in the plane containing the point charge. The lines 
are actually directed radially outward from the charge in all directions; therefore, 
instead of the flat “wheel” of lines shown, you should picture an entire spherical 
distribution of lines. Because a positive test charge placed in this field would be 
repelled by the positive source charge, the lines are directed radially away from the 
source charge. The electric field lines representing the field due to a single nega-
tive point charge are directed toward the charge (Fig. 23.19b). In either case, the 
lines are along the radial direction and extend all the way to infinity. Notice that 
the lines become closer together as they approach the charge, indicating that the 
strength of the field increases as we move toward the source charge.
 The rules for drawing electric field lines are as follows:

• The lines must begin on a positive charge and terminate on a negative 
charge. In the case of an excess of one type of charge, some lines will begin 
or end infinitely far away.

• The number of lines drawn leaving a positive charge or approaching a nega-
tive charge is proportional to the magnitude of the charge.

• No two field lines can cross.

 We choose the number of field lines starting from any object with a positive 
charge q1 to be Cq1 and the number of lines ending on any object with a nega-
tive charge q2 to be C uq2u, where C is an arbitrary proportionality constant. Once 
C is chosen, the number of lines is fixed. For example, in a two-charge system, if 
object 1 has charge Q 1 and object 2 has charge Q 2, the ratio of number of lines in 
contact with the charges is N2/N1 5 uQ 2/Q 1u. The electric field lines for two point 
charges of equal magnitude but opposite signs (an electric dipole) are shown in 
Figure 23.20. Because the charges are of equal magnitude, the number of lines that 
begin at the positive charge must equal the number that terminate at the negative 
charge. At points very near the charges, the lines are nearly radial, as for a single 
isolated charge. The high density of lines between the charges indicates a region of 
strong electric field.
 Figure 23.21 shows the electric field lines in the vicinity of two equal positive 
point charges. Again, the lines are nearly radial at points close to either charge, 
and the same number of lines emerges from each charge because the charges are 
equal in magnitude. Because there are no negative charges available, the electric 
field lines end infinitely far away. At great distances from the charges, the field is 
approximately equal to that of a single point charge of magnitude 2q.
 Finally, in Active Figure 23.22, we sketch the electric field lines associated with 
a positive charge 12q and a negative charge 2q. In this case, the number of lines 
leaving 12q is twice the number terminating at 2q. Hence, only half the lines that 
leave the positive charge reach the negative charge. The remaining half terminate 
on a negative charge we assume to be at infinity. At distances much greater than 

q –q

a b

For a positive point charge, 
the field lines are directed 
radially outward.

For a negative point charge, 
the field lines are directed 
radially inward. 

! "

Figure 23.19  The electric field 
lines for a point charge. Notice that 
the figures show only those field 
lines that lie in the plane of the 
page.

Pitfall Prevention 23.2
Electric Field Lines Are Not Paths 
of Particles!
Electric field lines represent the field 
at various locations. Except in very 
special cases, they do not represent 
the path of a charged particle mov-
ing in an electric field.

Pitfall Prevention 23.3
Electric Field Lines Are Not Real
Electric field lines are not material 
objects. They are used only as a 
pictorial representation to provide a 
qualitative description of the electric 
field. Only a finite number of lines 
from each charge can be drawn, 
which makes it appear as if the field 
were quantized and exists only in 
certain parts of space. The field, in 
fact, is continuous, existing at every 
point. You should avoid obtaining 
the wrong impression from a two-
dimensional drawing of field lines 
used to describe a three-dimensional 
situation.

The number of field lines leaving 
the positive charge equals the 
number terminating at the 
negative charge.

! "

Figure 23.20  The electric field 
lines for two point charges of equal 
magnitude and opposite sign (an 
electric dipole). 
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IPYTHON NOTEBOOK 
› Great tool 
› Feels lightweight 
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IPYTHON NOTEBOOKS 
› MatLab in a browser 
›  That is a MatLab that starts counting at zero! 
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PHYSICS EXTENSION 
› Adds Physical Quantities to IPython 
› Adds physical constants to Ipython 
› Enables check if Units match 
› Started by : %load_ext physics 
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HOW TO MAKE PHYSICS INTERESTING? 
› Not a solved problem L 
› Examples 
› Examples 
› Examples 
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EXPERIMENT 
› Introduce IPython as an online calculator 
› Show that it can use units 
› Extend by adding small functions 

› Introduce plotting 
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RESULTS 
› More attention in class 
› More questions to the subject at hand 
› More interactive learning 
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RESULTS 
› More attention in class 
› More questions to the subject at hand 
› More interactive learning 

› Sideeffect: Students learned basic Python 
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FEEDBACK FROM STUDENTS 
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•  Weird at start 
•  Cool 
•  Different to MathCad 
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IPYTHON NOTEBOOKS PLUMBING 
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GOOD THINGS 
› Interactive experience (including typos etc) 
› Units 
› Inline plots 
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OK THINGS 
› Python  
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ANNOYING THINGS 
› Remember to save 
› Towtruck 
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BAD THINGS 
› No (little) Security 
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CONCLUSION 
› IPython is an excellent tool for teaching 

› … but only a single tool in a range of teaching tools 
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FUTURE (WISHLIST)   
› Quizzes 
› A vehicle for selfstudy  
› Group learning 
› Examinations 
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WISHLIST 2 
› Integration with version control 
› Grow into an IDE (maybe it already is?) 
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IDEA 
› Presentation framework 
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THANK YOU!   

› Questions ? 
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APPLIED PHYSICS 
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