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Objective

• Demonstrate how the use of a computer 
algebra system (Maple) in a physics course 
can ease the introduction of difficult math 
subjects by putting forth their use as a tool 
for solving real situations.
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Content :

• The author’s background
• The students involved
• Using a computer algebra system (Maple) 

in a physics course, not a mathematics 
course…

• Using Maple for new discoveries
• Conclusions
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The author’s background
• Physics teacher for more than 20 years.
• Discovered Maple a few years ago.
• Organised conferences to stimulate the integration 

of CAS in math and science teaching at the 
collegial level (pre-university) in Quebec.

• Uses Maple in the regular physics courses 
(mechanics, electricity and optics).

• Created an advanced physics course to better 
prepare students for engineering studies and in 
which Maple is used more extensively.
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Subject examples from this 
advanced physics course
• 3D equilibrium situations
• Integrating the drag force in dynamic 

situations
• Rotation dynamics
• Damped and forced simple vibrating 

systems
• Exploring the Maxwell equations
• Electromagnetic waves
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The students involved

• Science students out of high school.
• Introduced to calculus in two 75 hour courses.
• Students may choose to take a third calculus 

course.
• Preparing for first year in engineering degree, 

some of them take the advanced physics course.
• Their expertise of Maple is..
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Calculus introduction subjects
• Limits and continuity
• Derivation and techniques of derivation
• Introduction to extremum problems
• Introduction to infinite series
• Integration and techniques of integration
• Assortment of theorems related to calculus

• Most textbooks, either in math or physics, are constructed 
to avoid situations where complex numbers would appear 
or numerical analysis would be necessary….
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Advanced calculus subject 
examples :

• Two variables functions
• Conics
• Assortment of theorems related to calculus
• Introduction to differential equations
• Introduction to double integration
• Complex variable only taught superficially
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Using a computer algebra system 
(Maple) in a physics course, not a 
mathematics course…
• To produce plots
• For fast computation
• For mathematical treatment
• Examples given here are out of the usual 

path and taken from all of the physics 
course, regular or advanced.
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To produce plots :

• 3D plot of a potential function from an exercise in the 
textbook where no visual representation is proposed
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To produce plots :

• Space trajectory of an electric charge in a magnetic field. 
The figure helps understanding the effect of perpendicular 
components in the velocity of the particul.
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For fast computation :

• Error calculation in a laboratory exercise on lens, focal 
distances and refraction indexes. The calculation of a 
refraction index and its estimated error is needed. From a 
scientist stand point the calculation of the error needs to be 
obtained from derivation.
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For fast computation :

• Calculating the mean speed during a certain 
time interval. The vanishing time interval 
translates into instantaneous speed.
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For mathematical treatment :

• Computation of forces in 3D equilibrium problem. Six 
linear equations of forces and momentum have to be 
resolved. Calculation can be done by hand but involves 
many steps through which an error can appear. 
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Using Maple for new discoveries
• In certain situations treated with Maple through 

the advanced physics course, the output from the 
software involves subjects which have never been 
known to the students.

• Instead of avoiding them and creating less 
interesting problems, the author has chosen to 
address these situation and use them to discover 
powerful new mathematical tools.

• In most cases, these subjects will be treated in first 
year university math courses.

• Let’s review some examples…
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Complex numbers :

• The value of the force between two 
unknown electric charges is given. The 
value of these charges has to be found.
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Complex numbers and numerical 
analysis :

• Calculating the electric field beside a 
uniformly charged ring.
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Complex numbers :

• Damped harmonic motion
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Differential equations :

• Forced harmonic motion.
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Numerical analysis :

• Movement of four electric charges under 
their own influence
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Differential equations and 
numerical analysis :

• More complete differential equation of a 
flying rocket
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Arguments and observations…

• These situation create a stimulating 
diversion from normal class work.

• Mathematicians could argue that the study 
of these subjects needs a serious theoretical 
basis.

• What’s left after ?
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From the students standpoint…

• Most students describe these situations as 
very stimulating.

• Some of them explore for more.
• Others follow projects related to some of 

these subjects.
• Some question their math teachers to better 

understand.
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Conclusion
• These situations have improved this preparatory 

course (the advanced physics course) by enlarging 
its span.

• Putting the emphasis on the use of these 
mathematical curiosities as tools for solving real 
situations, its stimulates the interest on better 
understanding them.

• They give the students an idea of what’s left to 
discover…

• They are fun for the teacher…
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Thank you !
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