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• Students are constantly working on their
identity in relation to mirrors in the youth culture

• They do not trust high culture (hochkultur)
• Teachers are met with an endless question:

”Why should I want to know about this?” Can
not be fully answered!

• We have to insist on skills and abstraction.
• What we can hope for is ”to create islands

of ephoria in oceans of routine”.
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Beliefs and challenges

One big mandatory 20 ECTS math course for all 17 study programmes!
”Mathematics is a part of an engineers general education (bildung)”
(DTU’s Bachelor Dean)

Challenges:

• The students’ mathematical skills are very different
• They have very different attitudes against mathematics
• How can we motivate them all?



Teachers’ motivation!

Innovation

Teaching

Math-research

Mathematics 1

(Steen Markvorsen, DTU 2005)



Teachers’ motivation!

Innovation

Teaching

Math-research

Mathematics 1

• Project exercises! 
• Advanced CAS (Maple)!
• Research-based teaching!
• Teaching-based research!

(Steen Markvorsen, DTU 2005)

Leads to:



Combining two approaches to teaching

1. The ”ordinary” continuous treatment of the math subjects:
• Lectures
• Group exercises (supported by TAs)
• Homework exercises

2. The project exercises (group work, no lectures):
• Thematic exercises (illustrate math subjects just introduced)
• The ”big” 4-weeks project at the end of second semester (combines

several subjects and should give a true glimpse of research)                             



1. Intro to complex numbers
2. …continues
3. …continues
4. …continues
5. Linear equations
6. Matrix-algebra 

Theme 1: Networks
7. Vector spaces
8. Linear transformations

Theme 2: Deformations
9. Function spaces
10. Eigenvalues
11. Linear diff. equations
12. Systems of diff. equations
13. Theme 3: Diff. equations

Mathematics 1 – week by week

1. Taylor for one variable
2. Taylor for several variables
3. Symmetric matrices  
4. Max/Min.

Theme 4: Optimization
5. The Riemann integral
6. Curve/surface/volume integrals
7. Vector fields. Flux
8. Big project execise
9. Big project execise
10. Big project execise
11. Big project execise.
12. Gauss and Stokes
13. Theme 5: Vector Calculus

1

Spring:Autumn:



Examples of Thematic Exercise 2:
Linear deformations



Biotech-version
FIRST: INTRODUCTION TO GEOMETRIC INTERPRETATION OF MATRICES



THEN: MODELING THE SHAPE OF YEAST CELLS IN THE FIRST HOURS
AFTER THEY HAVE LEFT THE GROWTH MEDIUM

Biotech-version



Biotech-version
TASK: FIND A LINEAR TRANSFORMATION WHICH GRADUALLY MAPS
AN ELLIPSE INTO A CIRCLE WHILE PRESERVING THE AREA



Environmental version

SCALE INVARIANCE OF RIVER SYSTEMS

zoom



Scale law:

Environmental version
FIND A TRANSFORMATION WHICH MAPS
A RIVER SYSTEM ONTO A SUBSYSTEM



Environmental version
FIND, BY ZOOMING WITH GOOGLE EARTH, THE CONSTANT H FOR
THE AMAZONAS RIVER



Examples of the ”Big Project Exercise”



Axel-bearing system
Title of the exercise in English: 
Oscillations in an axel-bearing system
with integrated alloy metals. 12 pages.

Author:
Søren Enemark, former student-TA
on Mathematic1. Defending his Ph.D.
thesis on this subject 2016.01.30.

Scientific paper:
Enemark, S. og I. F. Santos (2016). 
“Rotor-bearing system integrated with
shape memory alloy springs for ensuring
adaptable dynamics and damping
enhancement – Theory and experiment”.
Journal of Sound and Vibration. 
DOI: 10.1016/j.jsv.2016.01.023.



Flow of Groundwater in Vestskoven

Darcy’s law:

Author:
Ass. Prof. Peter Engesgaard
expert in the field
,

*) Vestskoven is a forest nearby Copenhagen

*)



Anthrax – attack, escape and rescue

Authors:
Irina Borodina, DTU Biosys and 
Steen Markvorsen, DTU Compute

Involves:
• Diffusion equation
• Parametrized curves
• Integration in several variables
• Visualizations by Maple



Solar energy absorption in glass houses

Author:
Karsten Schmidt, DTU Compute

Involves:
• Elementary geometry
• Parametrizes surfaces
• Vector fields and flux
• Gauss’s divergence theorem



Analyzing solar
energy absorption
in a hemisphere

Clips from a group’s paper on glass houses



Surfaces of revolution:

Optimization under
constraints:

Clips from a group’s paper on glass houses



Using Gauss’s Divergence Theorem:

Clips from a group’s paper on glass houses



Finding the optimal
angle for Copenhagen

Clips from a group’s paper on glass houses



The list of content:

The report:             42 p
Maple closure:      119 p
In total:                 161 p

Clips from a group’s paper on glass houses



• Decomposition of PCE
• Modelling concrete moulding
• Fononic bandgabs
• Dosage of anaesthesia
• Internet hitlists 
• Parking of satellites
• Stretch reflex of muscles
• The flow of heat in a house
• …
• …
• …

Big project exercises

A portefolio of more than 50 project exercises:



Assessment

Group exam with participation of external examinators:
• The group presents their work in 15 minutes
• 60 minutes defense
• The student gets a mark based on the group report

and his/her performance in the group exam
• The mark counts a quarter of the final Math 1 mark

An event! After hard, enthusiastic work, strong feelings are
involved. Many things can go wrong! Never boring!



Thank you for attention!


