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Engineering subjects: advanced mathematics 
Burden on both teachers and students
Traditionally: manual calculations 

computational challenge 
learning difficulties

Primary concern should be proper formulation 
and physical interpretation 
Mathematical drills: peripheral issues, yet

manual labor disproportionately large amounts 
of lecture/ study time
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Computer Algebra Systems (CAS)

More efficient teaching and learning 
process
Problems more accessible and fun 
Examples (efficient use of CAS in 
solving engineering problems): 
surveying, mechanics of materials, 
statics
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Numerical Computation: LSA

Least Squares Adjustment (Linear)
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Numerical Computation: LSA

x = (ATWA)-1 ATWk

W = diagonal weight matrix
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Numerical Computation: LSA
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Numerical Computation: LSA



with permission © Prof Thomas Hu

Numerical Computation: Beams

Bending moment (singularity functions used): 
M(x) = [-2x2 – 48H(x – 12) + (x – 4)(2x + 13)H(x – 4)]/4

Define h(x)=when(x<0,0,when(x=0,undef,1))
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Symbolic Computation: 
Castigliano’s Theorem

Solve for reactions, then V(x) & M(x)
Integrate M(x)2/2EI over the whole 

beam, differentiate w.r.t. load at point of 
interest for deflection
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Symbolic Computation: Castigliano’s 
Theorem with CAS calculator
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CAS calculators: cannot integrate Dirac 
delta or step functions 
Student project: programmed TI-89t 
CAS calculator to carry out such 
integration 
Subject knowledge was further 
reinforced by having to program the 
tasks involved in the theory
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Conclusions

CAS technology in teaching and learning ~ 
machinery replacing physical labor in 
industry/ agriculture/ etc.
Significantly enhanced productivity 
Min. mental labor on purely math. issues 
Teach/ learn more realistic and challenging 
problems 
Focus on the physics rather than math
CAS-assisted approach for other science & 
engineering courses with heavy mathematics 
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