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PBL – Why we need it in teaching mathematics?

 PBLs demonstrate where and how mathematics can be used continually in special

technical subjects

 students learn to work with
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PBL – Why we need it in teaching mathematics?

 students become aware of the parallel in the conceptual apparatus of Mathematics and 
technical subject

 students better understand the importance of numerical methods in engineering education

 students have opportunity to test „acquired knowledge“ directly on practical applied problems

⇓

These problems must be introduced into teaching mathematics

since the first year of study at the university
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PBL – Where can we find practical problems?

It is necessary to select problems for PBL from the lecture notes for specialised

subjects taught at the faculty.

Why?

The advantage of these applications is

that once in the further study

students will “remember them”,

for example – special technical text book

for study programme

Applied Mechanics and Mechatronics

at the FME STU in Bratislava
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PBL FROM BACHELOR TO ENGINEER

The following PBLs were selected from this lecture notes.
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Safe driving of passengers traveling on uneven road

Travellers in cars are exposed to fatigue and unwanted vibrations that affect their health.
Driver fatigue affects his performance and reactions, which increases the risk of a traffic
accident. Undesirable vibrations, the frequency of which depends on the speed of the
car, occur when the car drives on an uneven road (a road with a different profile)

– in the vertical direction (causing floating)

– in the longitudinal direction (causing rocking)

– in the transverse direction (causing swinging).

For vertical direction of oscillation, it is necessary to avoid the frequency band
in the range of 4-8 Hz (the natural frequency of the human organism in the abdomen),
which causes nauseacking

The safety of the car and the comfort of passengers are improved by the suspension
system of the car and properly designed damping.

Several models of the car - quarter, half and full are used in order to simulate
the oscillation of the car, it’s non spring-loaded and spring-loaded masses when driving
on an uneven road at different speeds.

The behavior of the car when driving on an uneven road allows us to know the solution
of the equations of motion for the corresponding model of the car in the physical and
state space.
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Mathematics I

Task 1.
Adjust the motion equation to the basic form.

Task 2.
Find the deflection of a car moving on an uneven road in time T.

Task 3.
Interpret the results about a car moving on an uneven road in physical units

𝑥 3 = 0,54 ;  𝑥 3 = −1,07 ;  𝑥 3 = −0,64
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Applied Mathematics

The most important tasks from 11 tasks

Task 1.
Transform the motion equation into the state space. 

Task 3.
Investigate the stability of the system with forced vibration.

Task 6.
Find and display the deflection and velocity of a car moving on an uneven road 
in time t ∈ [0, 4] in sec.

Task 7.

Find and display the deflection and velocity of a car moving on an uneven road in 

time t ∈ [0, 4] in sec by Euler´s method with step h = 0.1.

Task 8.

Find and display the deflection and velocity of a car moving on an uneven road in

time t ∈ [0, 4] in sec by the Runge-Kutta ´s method of 4th order with step h = 0.1.
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The most important tasks from 8 tasks

Task 1.
Transform the motion equation into the state space. 

Task 3.
Investigate the stability of the system with forced vibration.

Task 6.
Find and display the deflection and velocity of a car moving on an uneven road 
in time t ∈ [0, 4] in sec.

Task 7.

Find and display the deflection and velocity of a car moving on an uneven road in 

time t ∈ [0, 4] in sec by Euler´s method with step h = 0.1.

Task 8.

Find and display the deflection and velocity of a car moving on an uneven road in

time t ∈ [0, 4] in sec by the Runge-Kutta ´s method of 4th order with step h = 0.1.
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What can our students use to solve PBL?

• software Wolfram Mathematica

• table of formulas of numerical methods

• Wolfram Mathematica type file, containing short programms

– numerical methods

– graphs of numerical methods

– evaluation of errors in numerical solution.

Each student is “composing” his solution of the project

using these programms.
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The table of formulas
of numerical methods
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– the example od short programmes
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Future plans
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