
Joost Ellerbroek

Saullo G. P. Castro

Programming 
deficiencies at 
the start of the 
master 



▪

å

Python in the BSc at Aerospace Engineering



Set-up of course AE1205 Python

▪ Four parts (incremental)

▪ Theme 1: General Purpose Programming  (Thinking in algorithms)

▪ Theme 2: Scientific Computing (NumPy, SciPy, Matplotlib, num integ)

▪ Theme 3: Visualisation and animation  (Graphics, PyGame, Animation)

▪ Theme 4: Assignments/Competition/Tests (Simulations/Games, proficiency)

▪ Instruction, exercises, assignments (0.5 bonus point) under supervision

▪ Project Euler

▪ Programming contest (0.5 bonus point)

▪ ‘Written’ exam with computer part



Course is set up for differentiation
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Assignment examples

▪ Fascinating mathematical and logical problems

▪ Games

▪ Aerospace-themed assignments



Programming competition

▪ Themed programming competition. Entries are often games

▪ Entries in groups of one or two students

▪ Typically 60-80 entries each year

▪ Five winning entries earn a Raspberry Pi kit
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Python in an MSc course
at Aerospace Engineering

Aerospace Structures & Materials track

Use case: Structural Dynamics (SASII)



Why is Python used in the SASII course? 

Programming used to:
• enable realistic problems with multiple degrees-of-

freedom
• create first-hand experience
• give life and practical meaning to the theory

Main Python packages used:
• NumPy and SciPy
• tudaesasII: pure Python-based package developed for

this course
• pyfe3d: general-purpose Python/Cython finite element 

code with common beam and plate elements

09-10-2020

https://github.com/saullocastro/tudaesasII
https://saullocastro.github.io/pyfe3d/








NumPy and SciPy in the MSc
Example: Boolean indexing

# applying BC
# defining known DOFs
bk = np.zeros(N, dtype=bool)
at_clamp = np.isclose(x, 0.)
bk[0::DOF][at_clamp] = True
bk[1::DOF][at_clamp] = True
bk[2::DOF][at_clamp] = True
bk[3::DOF][at_clamp] = True
bk[4::DOF][at_clamp] = True
bk[5::DOF][at_clamp] = True

𝑲𝑲 𝒖𝒖 = 𝑭𝑭

𝑲𝑲𝒖𝒖𝒖𝒖 𝑲𝑲𝒖𝒖𝒖𝒖
𝑲𝑲𝒌𝒌𝒌𝒌 𝑲𝑲𝒌𝒌𝒌𝒌

𝒖𝒖𝒖𝒖
𝒖𝒖𝒌𝒌 = 𝑭𝑭𝒌𝒌

𝑭𝑭𝒖𝒖

𝑲𝑲𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖 = 𝑭𝑭𝒌𝒌 − 𝑲𝑲𝒖𝒖𝒖𝒖𝒖𝒖𝒌𝒌

uu = u[bu]
uk = u[bk]
Kuu = K[bu, :][:, bu]
Kuk = K[bu, :][:, bk]

Matrix partitioningApplying boundary 
conditions

# known DOFs   --> bk
# unknown DOFs --> bu

Applying forces
force = np.zeros(N)
at_point = (np.isclose(x, 0.) 

& np.isclose(y, 3.))
force[0::DOF][at_point] = fx
force[1::DOF][at_point] = fy
force[2::DOF][at_point] = fz



NumPy and SciPy in the MSc
Example: Quadratic eigenvalue problem, stacking arrays

−𝑴𝑴𝜔𝜔2𝑼𝑼 + 𝑪𝑪𝑖𝑖𝑖𝑖𝑼𝑼 + 𝑲𝑲𝑼𝑼 = 𝟎𝟎Quadratic 
eigenvalue problem:

Assuming the following state space transformation:

𝝋𝝋 = 𝜔𝜔𝑼𝑼 (Eq. 1)

It comes that:

−𝑴𝑴𝜔𝜔𝜔𝜔 + 𝑪𝑪𝑪𝑪𝑪𝑪 + 𝑲𝑲𝑲𝑲 = 𝟎𝟎 (Eq. 2)

Combining Eqs. 1 and 2:

𝜔𝜔 𝑰𝑰 𝟎𝟎
𝟎𝟎 −𝑴𝑴

𝑼𝑼
𝝋𝝋 + 0 −𝑰𝑰

𝑲𝑲 𝑖𝑖𝑪𝑪
𝑼𝑼
𝝋𝝋 = 𝟎𝟎

𝟎𝟎
Expanded linear eigenvalue problem

from numpy import row_stack, column_stack

I = np.identity(N)
ZERO = np.zeros_like(M)

A = row_stack((column_stack((ZERO,   -I)),
column_stack((   K, 1j*C))))

B = row_stack((column_stack((   I, ZERO)),
column_stack((ZERO,   -M))))



NumPy and SciPy in the MSc
Example: Facilitating the implementation of theory

The expanded linear, generalized eigenvalue problem:
𝜔𝜔 𝑰𝑰 𝟎𝟎

𝟎𝟎 −𝑴𝑴 + 0 −𝑰𝑰
𝑲𝑲 𝑖𝑖𝑖𝑖

𝑼𝑼
𝝋𝝋 = 𝟎𝟎

𝟎𝟎

Rearranging for “scipy.linalg.eig”:

0 −𝑰𝑰
𝑲𝑲 𝑖𝑖𝑖𝑖

𝑼𝑼
𝝋𝝋 = −𝜔𝜔 𝑰𝑰 𝟎𝟎

𝟎𝟎 −𝑴𝑴
𝑼𝑼
𝝋𝝋

a @ vr = w * b @ vr

Extra step below is added in the 
lecture to facilitate their experience 

implementing the theory

https://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.eig.html#scipy-linalg-eig
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Discussion Points



Students without TU Delft BSc

Transition from MATLAB to Python

More MSc elective disciplines focused on Python? 

Programming deficiencies at the start of the master 
Discussion Points



Thank you for your attention
Joost

Saullo
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