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Abstract 
There is consensus in what the engineer should not only know, but also know how to do. The know-how 
does not arise from the mere acquisition of knowledge but is the result of putting into function a complex 
structure of knowledge, skill, etc.; that need to be expressly recognized in the learning process so that 
the pedagogical proposal includes the activities that allow their development. In this context, 
competency-based design or integration into the Curriculum would help invigorate the knowledge 
required of newly-received engineers.  

Curricular innovations should include multidisciplinary aspects, emphasize systems views, and 
introduce engineering problems, principles, practices and solutions from early in teaching. Engineering 
problems are needed to connect horizontally and vertically linking courses to each other. 

This paper shows the importance of technology in teaching some complex subjects in basic sciences 
which allowed the linkage between the different agents involved and teaching tools, which should be 
modified and dump in multimedia materials. In this way, so-called virtual or "e-learning", training as a 
new teaching approach able to unite the use of new technologies to education becomes important.  

The teaching work in the multidisciplinary laboratory relates an experience that was coordinated 
between different chairs to do changes in the learning process to reach better comprehension about 
complex systems which involves symbolic tools working about physical systems in real time; the 
collaborative work promotes basic capabilities and facilitate student multidisciplinary training. 

This presentation includes the planning, analysis and selection of contents in the development of models 
with Laplace Transform, showing applications, Transfer Function, stability of physical systems and 
temporal response, showed in different contexts using virtual instruments. 
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1 INTRODUCTION 
Studies on engineering graduates reveal that there is no satisfaction between theoretical knowledge 
and practice; the engineering work demand creativity, problem solving, innovation, design, ethics, 
reflection, and solving complex systems. 

Although universities have additional purposes, few students would study engineering without expecting 
their education to help them prepare for engineering work. Universities have a responsibility to respect 
the trust that students and societies place in them to do this, as is recognized by program accreditation. 
However, the alignment between engineering education and work has been questioned in several 
studies [1]. 

It’s a challenge for the university professors to change their practices, introduce curricular innovations 
including multidisciplinary aspects, emphasize systems views, and introduce engineering problems, 
principles, practices and solutions from early in teaching. Engineering problems are needed to connect 
horizontally and vertically linking courses to each other. 

For that, it is necessary to found the bases to achieve the needed competences to approach the required 
goals to accomplish a good professional performance. In that way it is, without delay, to consolidate the 
Mathematical knowledge, systematize and adapt it to new contents and develop intellectual functions 
trending to rational-thinking formation, traduced to a productive activity of new ideas. 

The concepts detailed previously are the basis of this work, the competencies are taking into account 
are: the ability to identify, locate and obtain required data, to design and conduct analytic, modelling and 
experimental investigations; the ability to critically evaluate data and draw conclusions and the ability to 
investigate the application of new and emerging technologies in their branch of engineering [1], [2]. 
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2 ENGINEERING COMPETENCES 
As established by the Federal Council of Deans of Engineering (CONFEDI, 2014), competences can be 
classified in order to better address the issue in: 

• Specific competences: these are the professional competences common to engineers of the 
same specialty. 

• Generic competences: a local meaning of generic competences is adopted, linked to the 
professional competences common to all engineers. 

In this new educational context teachers must play a fundamental role, a role that will have to do with a 
facilitator of situations and experiences during the learning processes, capable of evaluating the 
development of competencies as an integrating result of many elements that imply for the future 
Professional know and do in dynamic and complex environments. 

The Ibero-American Association of Engineering Education Institutions (ASIBEI, 2013) promotes the 
development of engineers who meet current social needs and challenges with appropriate projects that 
involve the use of creative, social and ethical skills. To this end, it has recently established, through the 
Declaration of Valparaíso, the ten generic competences of the Ibero-American engineer: 

Technological competences 

• Identify, formulate and solve engineering problems. 

• Conceive, design and develop engineering projects. 
• Manage, plan, execute and control engineering projects.4. Use effectively the techniques and 

application tools in engineering. 

• Contribute to the generation of technological developments and / or technological innovations. 
• Social, political and attitudinal competences 

• Act effectively in work teams. 
• Communicate effectively. 

• Act with ethics, professional responsibility and social commitment, considering the economic, 
social and environmental impact of their activity in the local and global context. 

• Learn in a continuous and autonomous way. 

• Act with an entrepreneurial spirit. 

The competence to identify, formulate and solve engineering problems is disaggregated in capabilities 
require the effective articulation of diverse capacities, among which can be detailed: Ability to identify 
and formulate problems. This capacity may involve, among others: Be able to identify a present or future 
situation as problematic. Be able to identify and organize the data pertinent to the problem. Be able to 
evaluate the particular context of the problem and include it in the analysis. Be able to define the problem 
and formulate it clearly and precisely. The ability to perform a creative search for solutions and carefully 
select the most appropriate alternative [3]. 

3 TRAINING BY COMPETENCES WITHIN THE FRAMEWORK OF THE 
SUBJECT ADVANCE CALCULUS 

This presentation includes the planning, analysis and selection of contents in the development of models 
with Laplace Transform, showing applications, Transfer Function, stability of physical systems and 
temporal response, showed in different contexts using virtual instruments. 

The progressive application of new technologies and the transfer to the classroom of research aimed at 
providing tools to the teacher for the treatment of complex issues, has had a great impact on the dictation 
of the subject Advanced Calculus. 

Chronologically, the incorporation of computer tools such as MATLAB, MATHEMATICA and finally 
LabVIEW has allowed us to broaden the horizon of possibilities in the development of topics such as 
Laplace Transform and its applications. The experience that is described arises from the integration of 
the last two mentioned tools as a complement to the traditional dictation of the subject and to the 
exclusive use of MATLAB. 
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From the definition and conditions of existence of the transformed, then transformed of simple functions, 
inverse transformation, transformed of the derivative and resolution of previously developed differential 
equations, laboratory activities are designed to conceptualize the issues through visualization and 
strengthen comprehension. Once the presentation of these topics is finished, they are put into practice 
through the resolution of bibliography exercises complemented with application examples with the use 
of MATHEMATICA [4], [5]. 

To show where the developed mathematical tools are applied, it is a necessary condition to design 
computational applications through the dynamic modeling of physical systems where the Laplace 
Transform is an indispensable tool. In what follows, the way in which the topics Transfer Function (TF), 
stability, and temporal response are developed, in second order systems, achieving a detailed analysis 
of their behavior varying parameters and dynamic conditions. 

References. Please note that title and authors list should be coincident with the accepted abstract. 

3.1 Theoretical Requirements and Development 
Model dynamic systems, analyze its characteristics and study the systemic controls, are relevant tasks 
for any Engineer. 

The goals are the analysis of any transitional and temporal response or the linear system frequencies 
with an entrance and output invariable in time, the classic form to model linear systems is by TF. 

If considered a linear system invariable in time described by a differential equation.  

𝑎"
𝑑"𝑦
𝑑𝑡" + 𝑎"'(

𝑑"'(𝑦
𝑑𝑡"'( +. . . . +𝑎*𝑦 = 	𝑏.

𝑑.𝑢
𝑑𝑡. +. . . . 𝑏*𝑢 (1) 

Where 𝑦 is the answer of the correspondent system to the 𝑢 entrance applied to time 𝑡 = 0. When the 
initial conditions are fixed equal to zero, the TF stays defined as: 

𝐺(𝑠) =
𝑌(𝑠)
𝑈(𝑠) = 	

𝑏.𝑆.+. . . . +𝑏*
𝑎"𝑆"+. . . . +𝑎*

 (2) 

𝑈(𝑠) = 0, is the characteristic equation from the system and its roots are the TF poles. In the same way, 
the roots of 𝑌(𝑠) = 0	 are TF zeros [6].  

For the Mass-Spring-Damper System Dynamics from Fig 1., it wants to obtain the TF knowing that the 
mass  𝑀 = 1𝐾𝑔, the spring constant	𝑘 = 100	𝑁/𝑚 and the frictional viscose coefficient 𝑏	 = 	2	𝑁𝑠/𝑚.  

Figure 1. Mass-Spring-Damper System Dynamics. 

If the Newton laws applied to the system rules, it obtains the equation 3: 

𝐹(𝑡) − 𝑘𝑦(C) − 𝑏
𝑑𝑦(C)
𝑑𝑡 = 𝑀

𝑑D𝑦(C)
𝑑𝑡D  (3) 

Applied the Laplace Transformer it obtains the equation 4: 

𝐹(𝑠) − 𝑘	𝑌(𝑠) − 𝑏	𝑠	𝑌(𝑠) = 𝑀	𝑠D	𝑌(𝑠) (4) 

When the applied force 𝐹 and the slides 𝑌, the relation between entrance and outputs from systems are 
respectively:  
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𝐺(𝑠) =
𝑌(𝑠)
𝐹(𝑠) =

1
(𝑀𝑠D + 𝑏𝑠 + 𝑘) =

1
(𝑠D + 2𝑠 + 100)

	 (5) 

If elaborate many examples it shows the evidence that TF it’s a feature of the system itself, independent 
form the magnitude and nature from de entrance and output; even though the TF  
Characterizes the dynamics of the system, does not provide information regarding the physical structure 
of the same. To such a point, systems of different physical nature (electrical, mechanical, chemical, etc.) 
can have the same TF. 
If the TF of a system is known, the output or response for several input forms is studied, with the intention 
of understanding the nature of the system. 

3.2 Temporal response 
In the behavior systems study, is common the use of test signals (unit step, ramp, parabolic, impulse, -
sinusoidal) since there is a correlation between the response characteristics of a system for a common 
test input signal and the ability of the system to handle the actual input signals. 

The temporal response of the system of Fig. 1 is analyzed when being excited with a force of 1.5N, 
represented as a step function of magnitude 1,5. Applying the anti-transformed to the result of the 
product of the TF and the function that describes the excitation of the system, the response in time is 
obtained. Then the position of the poles is calculated and plotted [7]. 

 
Figure 2. Mass displacement M. 

The use of computational tools allowed to easily and quickly modify the values and conditions of the 
developed examples such as certain relationships that are observed between the locus of the poles and 
the characteristic of the temporal response. Specifically, the conditions of a system are noted for which, 
before a bounded entrance, it produces an output that is also bounded, thus achieving the definition of 
stability and specifying the conditions for it to be achieved. 

3.3 Stability conditions 
A causal linear system invariant in time with transfer function 𝐺, is stable as long as all the poles of 𝑔 
are in the leTF half of the plane 𝑠. 

 
Figure 3. Stability Conditions. 
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After the analysis and made the conclusions of the cases presented about the stability of the systems, 
particular cases of the second order systems were studied to comprehensively deal with an example of 
greater complexity. 

With the aim of advancing in the integration of chairs and from consultations and exchanges with 
teachers of higher education who apply this knowledge in the development of their classes, prior to the 
integrating example, progress is made in interpreting the role played by the parameters that define 
second order systems [8]. 

In general, a second order system can be represented according to two parameters (ξ	, ω")  by the 
expression. 

𝑌(𝑠)
𝑈(𝑠) =

𝜔"D

(𝑠D + 2𝜉𝜔"𝑠 + 𝜔"D)
 (6) 

In this case, the characteristic equation is 

𝑠D + 2𝜉𝜔"𝑠 + 𝜔"D = 0 (7) 

For a unit step entrance 𝑈(𝑠) = 1/𝑠, the answer of the system are obtained taking the Laplace 
transformed inversed from the transformed output  

𝑌(𝑠) =
𝜔"D

𝑠(𝑠D + 2𝜉𝜔"𝑠 + 𝜔"D)
 (8) 

The result of this anti-transformed is  

𝑦(𝑡) = 1 −
𝑒'KLMC

N1 − 𝜉D
𝑠𝑒𝑛 P𝜔"N1 − 𝜉D𝑡 + 𝑐𝑜𝑠'(𝜉S (𝑡 ≥ 0	𝑎𝑛𝑑	𝜉 ≠ 1)	 (9) 

To show the impact it has the value of this parameters in the temporal answer, it utilizes the 
MATHEMATICA software. A Value of 𝜔 is fixed and the output 𝑦 is plotted for different values of  𝜉. 
Then, the results are and concluded about. 

 
Figure 4. Answer to step for different 𝜉. 

From Fig. 4 the students warn that the it became more oscillatory conform ξ and decreased when ξ ≥ 1. 
The answer does not show any over-peak, so that never exceed it final value. Achieved that observation, 
it is processed to expose the ξ and ω" factors interpretation [9], [10]. 

𝑦(𝑡) = 1 −
𝑒−𝜉𝜔𝑛 𝑡

,1 − 𝜉2
𝑠𝑒𝑛 /𝜔𝑛,1 − 𝜉2𝑡 + 𝑐𝑜𝑠−1𝜉3 (𝑡 ≥ 0	𝑎𝑛𝑑	𝜉 ≠ 1)	 (9) 

To show the impact it has the value of this parameters in the temporal answer, it utilizes the MATHEMATICA 
software. A Value of 𝜔 is fixed and the output 𝑦 is plotted for different values of  𝜉. Then, the results are and 
concluded about. 
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3.3.1 Relative Damping Factor and Damp Factor. 
The parameter ξ and ω" system effects in the answer to step 𝑦 are associated to the roots of the equation 
7, characteristic from the second order system. Resulting  

𝑠(, 𝑠D = 	−𝜉𝜔" ± 𝑗𝜔"N1 − 𝜉D = −𝛼 ± 𝑗𝜔 (10) 

Where 𝛼 = ξ	ω"  and    𝜔 =	ω"N1 − ξD  

In equation 9 it is observed that 𝛼 is the constant that multiplies 𝑡 in the exponential term, where 𝛼 
determines the speed of decay of the response to the step of a second order system and is known as a 
damping factor.  
When ξ = 1	in equation (10) the imaginary part is canceled, resulting in the two real roots of equal value. 
Under these conditions it is said that the system has critical damping and the damping factor is 𝛼 = ω". 
In that way ξ it is called the relative damping factor, where 

𝜉 = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒	𝐷𝑎𝑚𝑝𝑖𝑛𝑔	𝐹𝑎𝑐𝑡𝑜𝑟	 =
𝑅𝑒𝑎𝑙	𝐷𝑎𝑚𝑝𝑖𝑛𝑔	𝐹𝑎𝑐𝑡𝑜𝑟	

𝐷𝑎𝑚𝑝𝑖𝑛𝑔	𝑓𝑎𝑐𝑡𝑜𝑟	𝑖𝑛	𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙	𝑑𝑎𝑚𝑝𝑖𝑛𝑔 = 	
𝛼
𝜔"

 

3.3.2 Undamped natural frequency 	𝜔" 
When ξ = 0, the damping is zero, the roots of the characteristic equation are imaginary and according 
to equation 9 the response to the unit step is pure sinusoidal. Thus, the parameter ω"  
it is defined as the natural undamped frequency of the system and represents the frequency of the 
sinusoidal response in the absence of damping. 

From equation 10, when 0 < ξ < 1, the imaginary parts from the roots has a magnitude of 𝜔 =
	ω"N1 − ξD,  that cannot be considered a frequency since the answer 𝑦 is  ξ ≠ 0 and is not periodic. 
However, as reference it is called to 𝜔 as Damping Frequency  

The next image resumes the relation between the characteristic equation’s roots position and	α, ξ,		ω y    
ωc, this last one been the roots radial distance to origin ξ the cosine of the angle that it forms with the 
negative real axis [7], [9]. 

 
Figure 5. Relationship between parameters of a 2nd order system. 

In that way, concludes: 

• The TF semi plane S corresponds to positive damping, and the equation (9) it is observed that 
the answer to unitary step establish a constant final value because the 𝑒'deMC exponent. In these 
conditions, the system is stable 

• The right semi plane S corresponds to negative damping, it that implies an answer to increasing 
indefinitely step, as result of 𝑒'deMC exponent, it turns positive. In these conditions, the system is 
unstable. 

• The Imaginary axis corresponds to the damping absence (α = 0		or		ξ = 0) results an answer to 
sustained oscillation step. The systems in these conditions are denominated marginally stable or 
marginally unstable. 

7517



 
Figure 6. RLC Circuit. 

As an integrating example, it is proposed to find the mathematical model for the RLC circuit of Fig. 6, 
and obtain its TF. Then obtain the temporal response for a unit step input, the resistance being 𝑅 = 0	W,, 
the capacity 𝐶 = 100	µ𝐹 and the inductance 𝐿 = 0,5	𝐻𝑦 ¿What component and how would the system 
be stable with critical damping?  

Applying the Kirchhoff 2nd Law that runs in the electric systems and applying the Laplace Transformed  

𝐺(𝑠) =
𝐸m(𝑠)
𝐸n(𝑠)

=
1

(𝐿𝐶𝑠D + 𝑅𝐶𝑠 + 1) =
1
𝐿𝐶

(𝑠D + 𝑅𝐿 𝑠 +
1
𝐿𝐶)

 (11) 

Comparing with the general expression described in equation (8) for second order systems, we have: 

𝜔"D =
(
op
⟹ 𝜔" = r (

op
= 141,42											and     2𝜉𝜔" =

t
o
 

2𝜉r (
op
	= t

o
⟹ 𝜉 = t

Dor u
vw

⟹ as 𝑅 = 0, ξ = 0 ⟹ there is no mufller 

For the system to be stable (critical damping) it is considered ξ = 1, what is achieved by acting on 
resistance. 

𝜉 = 1 =
𝑅

2𝐿r 1
𝐿𝐶

→ 𝑅 = 2	y
𝐿
𝐶 = 141,42𝛺 

The transfer function for both cases is 

𝐺3(𝑠) =
20000

𝑠D + 20000	, 𝑝𝑎𝑟𝑎	𝑅 = 0											 

𝐺4(𝑠) =
20000

𝑠D + 282,84𝑠 + 20000 ,							𝑝𝑎𝑟𝑎	𝑅 = 141,42𝛺 

With the MATHEMATICA software, you get the temporary response of the circuit for the cases of 𝑅 = 0 
(ξ=0) and 𝑅 = 141,42	(𝜉 = 1). 

 
Figure 7. Temporary response of the circuit. 

The poles of the TF are calculated for both cases 
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For the case 𝑅 = 0	(𝜉 = 0) the poles are situated over the imaginary axis. Without the real negative part, 
it corresponds to a system without damping and in consequence will be oscillate as continued manner 
as is shows the temporal answer. 

For the case 𝑅 = 	141,42	(𝜉 = 1) the poles do not have the imaginary part. Being real negatives and 
practically equals corresponding to a critical damped system, so is translated into a temporal answer 
without oscillations and with a very damped answer. 

Between these two extremes, with 0 < 𝜉 < 1  the system has a sub damping answer that implies the 
getting of damped oscillations before stabilizing in its final value and its poles will be conjugated 
complex. The Poles 𝑅𝑒 and 𝐼𝑚 part will determine the damping and oscillations respectively, so that 
verifies showing the system answer for different 𝑅 values (𝜉 different) from 𝑅 = 0 a 𝑅 = 150 with jumps 
of 30. 

 
Figure 8. Answers for different 𝑅 values 

As 𝑅 increases, the system goes more damped, with a smaller over peak, smaller oscillation and smaller 
stabilization time in final value. 

To finalize, and with the end of integrate the contents of a dynamic manner; the study will be 
complemented with the help of LabVIEW programming tool. It presents a virtual instrument (VI) that 
allow evaluate the answer to second order system steps. At same time, it shows the positions of TF 
poles that the study systems describe.    

The VI allow by a cursor move the position of poles while shows the temporal answer evolution 
consenting the interpretation of one and other relation, at same time seeing the dynamic manner see 
studied concepts. Together with the temporal answer, the IV shows the resultant TF for the chosen 
poles as the natural frequency ω" calculus, and the Relative damping Factor ξ (Damping). Fig. 9, 10, 
and 11, show the cases of a system with critic damping, and two cases sub damping with 𝜉 = 0,348 and 
𝜉 = 0,734 respectively [7], [9]. 
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Figure 9. System with Critic Damping (𝜉 = 1) 

 
Figure 10. System with Critic Damping 𝜉 = 0,3 

 
Figure 11. System with Critic Damping (𝜉 = 0,7). 

4 CONCLUSIONS 
The proposed methodology favours student interpretation with problems associated with dynamic 
conditions, its relationship with the differential equation that describes the system and the corresponding 
transfer function obtained through the Laplace transformed, while providing a simulation tool applying 
software similar to those that you will find in the field of your professional life. 

In this way, the incorporation and integration of new technologies in the dictation of the subject promotes 
a new scenario in the teaching process tending to aim at the training by competences of the student, at 
the same time it allows to advance in the application of the contents favouring a new relation between 
teachers of cycle of basic matters with those of cycle of applied technologies. 

The implementation of methodological innovations in the learning of Higher Mathematics, appealing to 
develop in the classroom cases involving real systems, collaborates to enrich the inter and 
multidisciplinary character of the teaching in engineering careers, and commits the teacher in guiding 
his practices towards a new type of teaching 
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The potential of the technological resources, and their application in the classroom, also orientates the 
methodological approach towards new learning styles that will result in an independent behaviour of the 
student and allow him to enter with solvency in the knowledge of the subjects of the higher cycle. 
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