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Abstract 

 

The notion of infinity is one of the concepts That definitely 

requires greater cognitive work in mathematics, ITS conception 

escapes the common logic of the concept of quantity and Its 

numerical representation, but the transcendence of the concept 

lies in the key is to Understand the concept of limit. This 

requirement Makes it essential for the teaching of differential 

calculus. However, the infinite in daily life is as distant as inert, 

with no other use as the philosophical and the academic, so it 

Throughout ITS historical appearance has always Been a 

controversial and neglected topic. In this article we present an 

indirect method to infer the basic limits of differential calculus 

That tend towards infinity, by Means of the logical deduction in 

a concentration experiment of potassium dichromate Dissolved 

in water and in an intrinsic way making use of Its property of the 

inexhaustibility That are able to elucidate the essence Also of the 

infinite. Dichotomous by nature does not cease to be a pristine 

concept of humble origins, Which for some HAD to be 

developed from the need to Exceed the limits of the measurable, 

while for others it Represents the World That encompasses 

mathematical knowledge or maybe generated as an answer 

Disturbing to the insignificance of the human being in the 

universe 

 

Infinite, inexhaustibility, exhaustive number, immeasurable 

numbers, differential calculus and infinite 

 

 

Resumen  

 

La noción del infinito es uno de los conceptos que 

definitivamente requiere de un mayor trabajo cognitivo dentro de 

las matemáticas, su concepción, escapa de la lógica común del 

concepto de cantidad y de su representación numérica, pero la 

trascendencia del concepto radica en lo fundamental que es para 

entender el concepto de límite. Este requerimiento lo hace 

indispensable para la enseñanza del cálculo diferencial. Sin 

embargo, el infinito en la vida diaria es tan lejano como inerte, 

sin más uso que el filosófico y el académico por lo que a lo largo 

de su aparición histórica siempre ha sido un tema controvertido 

y desdeñado. En este artículo presentamos un método indirecto 

para inferir los limites básicos de cálculo diferencial que tienden 

al infinito, mediante la deducción lógica en un experimento de 

concentración de dicromato de potasio disuelto en agua y de 

manera intrínseca haciendo uso de su propiedad de la 

inagotabilidad que sean capaces también de dilucidar la esencia 

del infinito.  Dicotómico por naturaleza no deja de ser un 

concepto impoluto de humildes orígenes, que para algunos tuvo 

que ser desarrollado a partir de la necesidad de rebasar los límites 

de lo medible, mientras que para otros representa el orbe que 

engloba el saber matemático o tal vez generado como una 

respuesta ante la inquietante insignificancia del ser humano en el 

universo. 

 

Infinite, inexhaustibility, exhaustive number, immeasurable 

numbers, differential calculus and infinite 
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Introduction 

 

On any given day the student computing is a 

concept that breaks everything he knew in 

mathematics the infinite, all-encompassing and 

in turn has no value, can be as large as so small, 

can be conceptualized but in the moment that he 

represents no longer infinite. Such a concept is 

not natural in our daily lives and anything not in 

the ordinary, is related to infinity. Thus we face 

the student with a concept other novel but that 

might even seem puzzling motivational for 

study. However, the student is so confused 

before his eyes when we try to clarify it giving it 

qualities as any other number still is not number, 

adding it developed algebraic operators, 

multiplying and dividing as if it were, In addition 

we relate it to zero until after the year 100 d. C. 

was used in western by Ptolemy (100-170 AD.), 

That is another number as special features 

represented only source nowhere vacuum 

(Babylon, S. III a.) 1 , zero has become common 

for learners of XX and XXI century, but its 

nature is generally not well understood. 

 

 But back to infinity, this has been 

addressed by philosophers and mathematicians 

(eg Fernando Hitt, 2003) .2 mentions the 

distinction of Kant in the eighteenth century 

between the infinite potential (buildable) and 

current (not buildable) infinite, cited quote: That 

is the infinite potential can be conceived through 

experience (possibility of going further); 

however, the actual infinity is constructed by a 

reflection. Hitt says the same Kantian ideas do 

not permeate at that time in mathematics which 

led to a series of misperceptions regarding the 

convergence of a function; For purposes of our 

investigation we assume that the practice will 

help students build their concept of infinity, 

somehow, our experiment relates the two 

interpretations which postulates Kant, 

 

 Having explained a function that goes to 

infinity which before the students- believe we 

made it clear that it is infinite, expanding the 

explanation we consider it as a numerical entity 

stressing that is not an ordinary number and 

without pre-ambulo delve students in differential 

calculus by defining limit and logically with 

their operative processes including infinity, 

which may tend (close) to zero, tend to a 

constant value or not at the same infinite ?. 

 

 

 

 This position somehow becomes a 

substantial problem for the subject of college 

calculus, it is known that a problem exists in all 

mathematics (eg Farfan, 2012, Steen, 1988) 3: 

Although problems mathematics education are 

many and diverse, the teaching of calculus has 

been recognized as one of the greatest failures in 

higher education. The calculation takes a 

neuralgic place in the latter: its links with both 

elementary mathematics as advanced 

mathematics, as well as their role in mathematics 

and science, do a body of knowledge with 

theoretical and empirical value essential in 

education higher. 

 

 The boundary of a given function "x" is 

"and" when "a" tends to "b", thus: 

 

y = lim
a→b

(x)     (1) 

 

 But this "trend" is? It is an expression 

which indicates how approximate is a value in a 

function referenciándola with some plan or 

system, however, when b is inclined to be overly 

large or extremely small degree of lose track of 

its value, "b" then tends to infinity. 

Theoretically, the concept is very simple but its 

conception is not so, mainly because our idea of 

number is closely related to the amount, in 

addition to the intricacy that it used the same 

concept to the very large or very small at once, 

what at first glance it seems ambiguous and also 

confronts our idea of how big and small. 

 

 Infinity always has suffered from 

credibility, Eleatic School (S. VI-V BC) or 

Megarian (S. IV BC), depending on the context, 

the question from the viewpoint of truth can not 

be a product of the assumption under this 

premise Zeno of Elea sets out the paradoxes 

seeking to demonstrate their absence and 

perhaps the best known of these paradoxes is the 

Achilles and the tortoise where hypothetically 

"the warrior of light feet", the champion most 

renowned in the ancient Greek world accepts the 

challenge of a humble turtle to compete in a race 

of infinite proportions. Once ready competitors, 

Aquilesand at the finish line gives an advantage 

to the turtle for obvious reasons-a stadium to be 

exact, the turtle goes as fast as her short legs 

allow, after a long wait. 
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 Aquiles part of the starting line, from 

then the distance traveled by the warrior will 

always be sectioned in a middle of the turtle, this 

provision limits the champion of a thousand 

battles to go smaller and smaller sections, always 

half the distance the turtle at the same time, 

sections to follow are becoming smaller and 

smaller so the champion of Mirmidones never 

reach the tortoise. Zenon logically supports his 

thesis that the tortoise Achilles reach sooner or 

later, so that the conceptualization of the infinite 

seems purely speculative. 

 

 Zeno's paradoxes related to infinity 

without doubt call into question the veracity of 

this concept and each allows us to develop a 

greater attachment to the concretes of our world, 

a world in which everyday life rarely extends 

millimeter beyond, so infinity is outside the 

everyday context. For Hilbert (1862-1943) 4 

existence in mathematics it means free of 

contradictions and paradoxes seem to contradict 

reality and infinity. But in defense of infinity we 

say that all Zeno's paradox uses a measurable 

dimension and resulting in an uncertain infinite. 

 

 In the search for truth and coupled with 

the concept of denial of infinity, in addition to 

greater credibility were in the development of 

science called Greek materialists, who, in their 

quest to unravel the mysteries of knowledge and 

knowledge they had to break off all relations 

with the gods genesis and find as the primary 

reason for life and the universe to matter. From 

their perspective the matter was made up as tiny 

particles that could not be divided over which 

they called atoms, the appearance of them in the 

theater of wide knowledge borders seeking 

knowledge and extensive exponentially the 

mathematics however intrinsically refuses to 

infinity when considering the atom however 

small it will always be ponderable. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Infinity for students is a "Very 

grandotote, something very lejototes or 

something very tiny" and between "tototes and 

Tititos" We appreciate that the concept is quite 

vague for students: rather ambiguous, to the 

extent that even at the university level still 

represents for them object but in all honesty, the 

fault is not entirely of them, we spent years 

teaching that every number represents a quantity 

that every number between itself is one and that 

all number between zero no solution, while at the 

show limits basic trying to infinity as a number 

that does not represent much, but it has many of 

the qualities of numbers and we can add it to a 

constant, we can multiply and to divide it also 

has the quality to add also, to multiply likewise 

but not be divided between himself,to aggravate 

the situation by dividing a constant between zero 

also refer to the boundary tends to infinity, not 

conforming to the constant and infinite Referring 

now we engage the where zero, which for 

practical purposes is equally mysterious infinity. 

 

 Javier Perez of the University of 

Granada, says that for the S. XVIII, The idea of 

quantity is more general than the idea of number. 

A line segment, for example, represents an 

amount, but he is not limited to numbers. The 

idea of number as an element of a set does not 

exist in the eighteenth century. For the same 

reason, a segment can not be separated from its 

ends and always included. The numbers were 

interpreted as measures. In Arithmetica 

universalis (1707) Newton5 writes: 

 

 By number we understand not so much a 

multitude of quantities, such as abstract reason 

of any amount to another quantity of the same 

kind we take for unity. An integer is what is 

measured by the unit, a fraction, that to a 

submultiple of the unit measures and square root, 

what is incommensurate with the unit. 

 

 But the close correlation between 

quantity and number survives today what further 

hinders conception of infinity and the infinite 

dichotomy in full nature -the mystical and 

indecipherable continues to elude an inflexible 

definition.     
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 Thus, the infinite conceived as 

incommensurable numbers from Euclid (325-

265 BC) into infinitesimal calculus mathematics 

developed as the rate of change between two 

variables Newton (1643-1727) and Leibnitz 

(1646-1716) in the S . XVII and development of 

the idea of varying amounts of the ratio so far 

numbers a physical reality that can only be 

interpreted as an amount which escapes the 

concept amount to lose proportion of the 

measurable and become such an ethereal notion 

as intangible, leaving us as the only measure for 

the Archimedean property abstraction of 

numbers exhaustive Eudoxus of Cnidus (400-

347 BC) the inexhaustibility, ie lead to a constant 

up it disappear almost entirely, on the 

understanding that although we can not see it is 

still there, showing that however small the 

constant is not zero, but if you tend to him.  

 

 Infinity plays an important role in the 

academic context of mathematics (eg Sacristan 

2003) 6 Infinity is in a variety of contexts and 

areas of mathematics: from geometry to set 

theory, to the concepts of sequences, series and 

limits. But the context and situation affect the 

interpretation you have of infinity, so thereal 

purpose of the experiment is the introjection of 

the infinite concept, necessary for the issue of 

limits on the subject of calculation 

 

 Differential Race Nanotechnology 

Technological University of Ciudad Juárez 

(UTCJ), for which we use an indirect method in 

the laboratory of chemistry at the same 

university, practice although very simple was 

designed so that through ownership of the 

inexhaustibility approach the definition of 

infinity, Courant-Robbins, 1941) cite the 

demonstration of Cantor (1845-1918) for 

inexhaustibility, 

 

 Given any set A is possible to construct 

another set B with a higher cardinal 

numberAlthough the theorem is very general 

Cantor shows that there will always be more, or 

less depending on the context- to another. Hitt7 

Fernando (2003), however, not enough to know 

the operating process for the limit of a function, 

which argues: To learn the concept of limit it is 

not enough to master algorithmic processes 

associated with it: 

 

 

 

 

 It also requires passing through obstacles 

that do not allow us to distinguish the concept of 

infinite potential from the current infinity in its 

coherent use in the mathematical activities of 

infinite processes. In our case, these obstacles 

must be overcome through practice and 

observation. The design of strategies to make 

knowledge a transcendent knowledge are many 

and very varied, (eg Sacristán, 2003) 8: So we 

must take into account that there are 

approximations to infinity through visual-

geometric models or through processes that can 

be described in purely symbolic-algebraic terms. 

We opted for the theoretical-practical-visual 

method in the laboratory, after the theoretical 

introduction in the classroom. The concept of 

infinity is fundamental in mathematics, 

particularly in areas such as calculation where 

infinite processes are part of the concept of limit. 

(Sacristán 2003) 9. He adds: From the point of 

view of mathematical theory, many of the 

difficulties presented by the infinite have been 

resolved as the concept has been defined as a 

mathematical object with its own operating field, 

particularly from the works of Bolzano (1851) 

10. 

 

 In the practice of concentration designed 

to approach the concept of infinity, we maintain 

a one-to-one correspondence between the 

solvent and the solute, which becomes a 

restriction for the objective of the practice 

because both are finite quantities, however, from 

the beginning it was clear that even with "n" tests 

we would obtain to infinity, the approach to the 

concept would lie in the fact of the exhaustive 

theoretical amount of evidence that would 

represent the extremely small presence of 

K2Cr2O7 and the intuition that for so many 

more that we did, it would follow I presented. 

  

 In the construction of the concept of the 

infinite we bet on visualization and above all on 

intuition, we risk the challenge of each student 

being able to shine beyond the dividing 

boundaries between the strictly physical and the 

purely mathematical. 
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Indirect method 

  

In order to define the concentration the amount 

of solute found in the mixture is measured, for 

which 1gr of K2Cr2O7 (Potassium Dichromate) 

is poured into 100 milliliters of water and the 

concentration is calculated, the new mixture is 

taken 10 milliliters, to which 90 milliliters of 

water are added to take the mixture on each 

occasion to a volume of 100 milliliters. 

K2Cr2O7 is a salt of a very striking orange color, 

it is soluble in water which allows to visually 

compare the amount of solute dissolved in the 

solvent, for practice this part of the experiment 

is very important because it reinforces the visual 

factor of the loss of solute In the concentration, 

in addition, the construction of a table of 

comparative values reinforces the concept seen 

in the basic limits, in his schematic book by Joan 

Costa11 (Paidós, 1998) external that: The 

diagrams are seen as messages: a "significant 

everything" in a single moment of perception, 

interpreting as diagrams any graphic element 

that reinforces the conceptualization. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Nanotechnology students physically checking 

the decrease of solute in the solvent  

 

 The practice is reinforced with the 

construction of a table of values of both the 

solute, the solvent and the concentration, the 

underlying objective is the introjection of the 

concepts that relate to infinity with the limit: 

 

𝑓(𝑥) =
𝐾

0
= ∞                               

 

 𝑓(𝑥) =
𝐾

∞
= 0    (2) 

 

 In the photograph of Figure. 1 the 

students of the nanotechnology career of the 

UTCJ, physically testing the decrease of 

K2Cr2O7 in an increasing volume of water. 

 

 

 However, the practice is developed 

around a physical property of potassium salt and 

each of the participating students take pains to 

measure exactly the amount of mixture they are 

going to gauge, ensuring that there is no lack of 

any of the components of the process and 

comparing at each step the coloration of the 

mixture that determines the concentration in the 

combination of compounds.  

 
  

Solute gr 

 

Solvent 

Ml 

 

Concentration 

Gr/ml 

1 1 100 1(10)-2 

2 .1 100 1(10)-4 

3 .01 100 1(10)-6 

4 .001 100 1(10)-8 

5 .000,1 100 1(10)-10 

6 .000,01 100 1(10)-12 

7 .000,001 100 1(10)-14 

8 .000,000,1 100 1(10)-16 

9 .000,000,01 100 1(10)-18 

10 .000,000,001 100 1(10)-20 

11 .000,000,000,1 100 1(10)-22 

12 .000,000,000,01 100 1(10)-24 

13 .000,000,000,001 100 1(10)-26 

14 .000,000,000,000,1 100 1(10)-28 

15 .000,000,000,000,01 100 1(10)-30 

 
Table 1 Table of the amounts of solute, solvent and 

concentration of the mixture K2Cr2O7 and water 

 

 Similarly the construction of the table 

would be sufficient to demonstrate the amount of 

solute that remains in the water with each 

capacity without using a salt so striking allows 

them to guess the amount of salt remaining by 

coloring which is going elucidating to the extent 

that after the 10th test, the mixture is completely 

crystalline, which in some way leads them to 

conclude that the amount of water tends to 

infinity while the amount of K2Cr2O7 remains 

constant and is lost in both solvent that tends to 

zero by function: 

 

𝑓(𝑥) =
𝐾

∞
= 0     (3) 

 

 On the other hand, the concentration of 

the mixture in the experiment represents the 

function:, where the amount of K2Cr2O7 tends 

to zero while the solvent represents the constant 

and the concentration tends to be infinitely 

small. A bridge has been laid between the 

algebraic construction of the concept and the 

physical construction of praxis and the question 

arises: will the same thing happen to the student's 

cognitive level?  𝑓(𝑥) =
𝐾

0
= ∞ 
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 Thanks to Euler (1707-1783) that in the 

eighteenth century the calculation of geometric 

quantities and equations in calculating functions, 

teaching has also been gradually reformed and 

current students identify that any process can be 

transformed into a function. (e.g. Suárez 

2008)12 

 

 The photograph below shows 12 of the 

15 phases of capacity to determine the 

concentration of potassium dichromate 

dissolved in water, the coloring of the mixture 

indicates the amount of solute that have in each 

phase and the result of carrying a huge amount 

of solvent the mixture logically only to 

demonstrate the difference between the two, 

with the understanding that it is by no means 

infinite, without change, the observation color 

transformation mix visually shows the pupils as 

the concentration the solute decreases the degree 

of not showing their presence from the test 11 

the following tests after the eleventh-some 

twenty students have brought him aforos- 

showed no change in coloration. For the project, 

the observation is critical, (eg Puente, 2004) 

13,Reflective observation is to open our eyes to 

our senses perceive reality around us and 

question us through reflection considerations 

that this observation in the form of ideas, 

objects, goals, experiences, content or behavior 

really means. Observe assumed an attitude of 

attention, search, learn the reality. We believe 

that the degree of abstraction by visual change of 

color has a high impact as reflective observation, 

which take students to build a solid infinite 

concept, knowing that in schools, theoretical 

developments on the issue are not common 

conception and intuition let each student. 

(Sacristan, 2003, Moreno and Waldegg, 1991) 

14 

 

 

 

 
 

 

 

 

 

 

 
Figure 2 Twelve samples visual phenomenon of 

concentration of a potassium salt in water 

 

 

 

 

 For reporting the students career UTCJ  

 

 Nanotechnology practice, they had to 

answer questions like: 

 

-The color indicates the concentration of 

dichromate K2Cr2O7 dissolved in water? 

 

- The clear water indicates that there is no 

presence of K2Cr2O7 in the mix? 

 

-It significantly increased the amount of water 

passing the K2Cr2O7? 

 

-It significantly increased the amount of water 

passing with concentration? 

 

-Development to mathematical function in the 

process of gauging of K2Cr2O7 and water? 

 

- Of the determination of basic limits seen in 

class to practice in the laboratory. As relates to 

the functions: 

 

Y ?𝑓(𝑥) =
𝐾

0
= ∞𝑓(𝑥) =

𝐾

∞
= 0  (4) 

 

 What is infinity? 

 

Results 

 

Practice the following comments related to the 

inexhaustibility and infinite were obtained: 

 

- Did the increase in water significantly increase 

the K2Cr2O7? 

 

 100% of students responded that the 

concentration decreases. 

 

 11% dichromate tends to zero. 

 

- To the increase in the water increase 

concentration (defined as the ratio between 

solute and solvent)? 

 

 78% answered that the concentration 

decreases. 

 

 11% the concentration approaches zero. 

 

 33% will always be K2Cr2O7 in the 

mixture. 
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 Another 11% said that the concentration 

of K2Cr2O7 always be constant, referring 

specifically to the amount of solute mass does 

not change in the experiment. 

 

 And finally they were asked: 

 

 What is infinity? 

 

 89% responded that it is a number. 

 

 6% which has no limit 

 

 6% which has no value. 

 

 6% which does not have much. 

 

 11% inexhaustibility. 

 

Conclusions 

 

Go the theoretical concept of infinity in the 

classroom to an experimental laboratory practice 

pending intuition to do its part, it is a risky yet 

impressive quality of answers given by the 

pupils to infinity, as evidenced the percentages 

obtained with respect to their ownership of 

inexhaustibility and over the same infinity. 

Generally concluded that infinity is a number 

within its properties does not represent any 

amount that divided itself is not one which is 

bivalent both large and small yet is univocal 

having only one meaning and if there is, at least 

mathematically. 
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Abstract 

 

In the present work, a thermal numerical analysis of the 

heat sink is done. The heat sink is used in a cooling process 

of electronic chips. A geometric configuration for the heat 

sink is proposed, the fluid is forced to go throw the 

concentric channels, covering the major area as possible, 

connections between the channels are added to get 

different configurations of the heat sink to analyze, and the 

number of connections analyzed are: 2, 4, 6, 8 and 10. 

First, water as a working fluid is used, after, Al2O3-water 

nanofluid is analyzed too; the volume concentrations of 

nanofluid used are: 0.05%, 1% and 3%. In the results, the 

temperature and pressure contours are reported, as well as 

the thermal resistance and the pressure drop for the 

different cases and conditions. The cases analyzed are 

compared, and the best configuration for the heat sink is 

obtained. Finally, using the best configuration, a 

comparison between the water and the nanofluid as a 

working fluid is done, obtaining that the nanofluid 

presents an enhance of the heat transfer up to 7 %. Which 

is an important contribution in the fight against the 

overheating of electronic chips.  

 

Heat sink, CFD, Nanofluids 

 

 

 

 

 

Resumen  

 

En el presente trabajo se realiza un análisis numérico del 

desempeño de un disipador de calor, el cual es usado en 

para el enfriamiento de chips electrónicos. Se propone una 

geometría para el disipador de calor, la cual consiste en 

forzar al flujo a fluir por canales concéntricos, cubriendo 

la mayor cantidad de área posible, se realizan 

modificaciones a la geometría añadiendo conexiones entre 

los canales de flujo y determinando si esto contribuye al 

aumento de transferencia de calor; el número de 

conexiones entre los canales que se analizan son: 2, 4, 6, 8 

y 10. En un principio se utiliza agua como fluido de 

enfriamiento, posteriormente se analiza el disipador de 

calor utilizando un nanofluido, el cual es compuesto de 

nanopartículas de alumina (Al2O3) a concentraciones 

volumétricas de 0.05%, 1% y 3%. En los resultados se 

reportan los contornos de temperatura y presión para los 

diferentes casos de análisis, así como también la 

resistencia térmica y la caída de presión. Se comparan los 

casos analizados y se obtiene una configuración del 

disipador de calor que tenga un mejor desempeño térmico. 

Finalmente utilizando la mejor configuración, se hace una 

comparación de la resistencia térmica y la caída de presión 

usando agua y el nanofluido, obtenido que el nanofluido 

presenta un aumento en la transferencia de calor hasta del 

7 %. 

 

Disipador de calor, CFD, nanofluidos 
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Introduction 

 

The technological advances in the area of the 

electronic industry have marked the life of man 

and are currently a very useful tool that 

accompanies the daily life of people of all ages; 

For example, today there are cell phones and 

computers that just a few decades ago it was 

difficult to imagine that they had such a degree 

of development. 

 

 These advances have generated areas of 

opportunity for improvement, in which we can 

work to ensure the proper functioning of 

electronic devices. One of these areas, which 

must be addressed is the cooling of electronic 

devices. Unfortunately, the technological 

advances have overcome the cooling techniques, 

in this way, the overheating of the electronic 

chips causes a bad performance and sometimes 

very frequent until the total damage of the same. 

 

 Due to the above, different cooling 

techniques have been proposed to meet the needs 

of the electronics industry. These techniques 

mainly use conduction and convection heat 

transfer modes, occupying air-cooled heat sinks 

as one of the main solutions, due to its low cost 

and easy installation. However, this technique 

has reached its design limits, and for the 

demands of the heat generated by the chips of 

today are not enough, that is why we have opted 

for the use of heat sinks using water as cooling 

fluid [1], this technique offers a higher 

coefficient of heat transfer, which is why it is 

being used in the electronics industry.  

 

 Recently the use of nanoparticles in the 

cooling water of the heat sinks has been 

incorporated, thus forming a nanofluid, which 

serves to improve the thermophysical properties 

and consequently, increase the thermal 

performance of the heat sinks. 

 

 In the present work a design of a heat sink 

for the cooling of electronic chips is proposed 

and analyzed, in which water and nanofluids will 

be used as cooling fluid. 

 

Background 

 

The technique of cooling by liquid is not a new 

technique, this has been used since the decade of 

the 80s and takes popularity today because it 

offers higher heat transfer coefficients than using 

air as a cooling fluid. 

 

 Of the first researchers who used this 

technique, we have Tuckerman and Pease [2], 

who in 1981 worked on the dissipation of heat 

using microchannels and water as a cooling 

fluid, they managed to remove up to 790 W / cm2 

of constant heat flux over the surface of the 

heatsink, having a thermal resistance in the 

dissipator of 0.09 cm2K/W. 

 

 In order to improve the heat dissipation, 

different types and configurations of heat sinks 

have been proposed, for example, channels with 

rectangular cross section [2-3], circular [4], 

triangular [5] and trapezoidal [6]; some other 

researchers have used fins inside the channels 

and have varied the parameters of said fins [7-8], 

this in order to look for the best configurations 

for the dissipators. 

 

 All the modifications proposed by the 

different authors are with the intention of 

increasing the heat removed and also having a 

uniform temperature distribution, this to avoid 

having hot spots that can damage the electronic 

chips. 

 

 Rubio-Jiménez et al. [7] numerically 

analyze a finned heat sink, investigate the effect 

on the number of Nusselt due to the modification 

of the geometric parameters of the fins, as well 

as the arrangement of the fins and the number of 

these. In their reported results they find an 

optimal configuration for the fin geometry. 

Additionally, the density of the fins varies in 

different sections of the channel. Obtaining in 

this way a better thermal performance of the 

heatsink.  

 

 Upadhye et al. [9] numerically 

investigate the direct cooling of an electronic 

chip. They analyze it based on the variation of 

the channel geometry. Their results indicate that 

using narrower channels, the heat transfer of the 

dissipater is considerably improved. 
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 Another of the numerical analyzes found 

in the literature is the fact by Li et al. [10], who 

investigate the influence of the geometric 

parameters of the channel and the 

thermophysical properties in the heat transfer of 

a dissipator. In their reported results, they obtain 

the detailed behavior of the heat transfer 

coefficient and a correlation for the global 

Nusselt number. 

 

 In addition to the numerical analyzes, 

experimental analyzes have been developed. In 

this area there are works such as the one carried 

out by Wei et al [11], who experimentally 

analyze the performance of a dissipator. They 

use different configurations for the assembly of 

the heat sink with the electronic circuit. They 

also evaluate the effects on thermal performance 

due to the direction of the cooling flow. They 

report heat transfer and pressure drop. With 

these results they obtain an optimal design of the 

assembly and direction of the cooling flow. 

 

 Another of the experimental works is the 

fact by Qu et al. [12], they carry out the 

characterization of pressure drop and heat 

transfer on a heatsink. They consider rectangular 

channels and handle a wide range of heat flow 

supplied by the heatsink. They obtain numerical 

and experimental results, they demonstrate that 

by using the Navier-Stokes equations, the 

continuity equation and the energy equation, the 

behavior of the fluid flow and its heat transfer 

can be predicted with great accuracy. 

 

 As a result of the constant search for 

better and more efficient techniques in the 

removal of heat from electronic chips, the use of 

nanofluids [13] and [14] has been incorporated. 

A nanofluid is a mixture of nanoscale particles 

with a base fluid [15]; different types of metallic 

elements can be used as nanoparticles, among 

which are commonly used, gold, silver, alumina 

and titanium dioxide; The objective of the use of 

nanoparticles is to improve the thermophysical 

properties of the fluid, such as: thermal 

conductivity, density, viscosity and the 

convective heat transfer coefficient [16], [17] 

and [18]. 

 

 Pantzali et al. [19] investigated the use of 

CuO nanoparticles suspended in water as a 

nanofluid and tested them on a plate heat 

exchanger.  

 

 

 

 The experiments confirm that the use of 

the nanofluid inside the exchanger improves the 

heat transfer for the turbulent regime, however, 

for the laminar regime, the increase in viscosity 

affects the instability of the suspension. 

 

 Shafahi et al. [20] conducted an analysis 

on the thermal performance of a heat pipe using 

nanofluids. They analyzed different types of 

nanoparticles (Al2O3, CuO and TiO) in the 

working fluid. Within their results they report, 

the thermal resistance, the temperature 

distribution and the maximum capillary heat 

transfer, as well as the effect of the size of the 

nanoparticles; the results obtained show that the 

nanoparticles in the fluid improve the thermal 

performance of the heat pipe, reducing the 

thermal resistance.  

 

 The size of the nanoparticles has been 

investigated by Davarnejad et al. [21], who 

analyzed the thermal performance for a 

particular size of Al2O3 of 20 nm and 50 nm; the 

results show that the nanofluid with particles of 

20 nm has a higher heat transfer coefficient 

compared to the 50 nm particles. A similar work 

was done by Moraveji et al. [22], their results 

show the same behavior for the heat transfer 

coefficient compared with the results reported in 

the technical literature; based on their results 

they propose a correlation for the Nuselt number, 

which presents a good precision compared with 

experimental data. 

 

Geometry 

 

To propose the configuration of the heat sink, an 

Intel Core i7 processor [23] is considered, which 

has a thermal design power of 35 W. This power 

is calculated in an operation with all the active 

cores and in a high demand defined by Intel. The 

temperature of the processor at rest must be 

between 34 ° C and 39 ° C, the normal working 

temperature is between 55 ° C and 65 ° C, the 

maximum temperature supported by the 

processor is 72 ° C, work should be avoided or 

exceed this temperature, otherwise the processor 

may suffer some irreparable damage. 

 

 This is why you must avoid overheating 

and the creation of hot spots on the surface of the 

electronic chip. The installation of a heat sink on 

the surface of the processor, allows to keep the 

processor at a suitable temperature during 

operation, the heatsink must be easy to install 

and must be able to do any person.  
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Figure 1 Top view of the proposed heatsink geometry, 

units in mm 

 

 Figure 1 shows the proposed 

configuration for the heat sink in the present 

investigation. This shows a channel that goes 

around the surface of the base of the heatsink that 

is in direct contact with the hot surface of the 

processor. Water enters the center of the heatsink 

and exits at one end of the heatsink, as shown in 

Figure 2.  

 

 
 
Figure 2 Input and output of the working fluid in the heat 

sink 

 

 Positioning the water inlet and outlet in 

the aforementioned way, will cause the water to 

evenly cool the surface of the processor, 

avoiding hot spots, this also helps the installation 

of the hoses, thinking about future work where 

the experimental tests of the heat sink are carried 

out. The walls of the channels will work like fins, 

increasing the area of heat transfer between the 

material and the water.  

 

 
                    a)                                         b) 

 
       c)         d) 

 
       e)                                         f) 
 

Figure 3 Top view of the different geometries that are 

analyzed. a) 1 connection, b) 2 connections, c) 4 

connections, d) 6 connections, e) 8 connections and f) 10 

connections.  

 

 In Figure 3, the 6 different configurations 

that are analyzed numerically are shown, in each 

of them the number of connections between the 

concentric channels is increased, thus having the 

following configurations: a) 1 connection, b) 2 

connections, c) 4 connections, d) 6 connections, 

e) 8 connections and f) 10 connections. What is 

sought by increasing the number of connections 

is that the flow is distributed radially and observe 

the impact that this type of flow has on the 

thermal and hydrodynamic performance of the 

heat sink. It is observed that with the increase in 

the number of connections the number of outlets 

of the working fluid also increases. 

Table 1 presents the analyzed cases, for each 

case there is a different number of connections 

between the channels, the test speeds for each 

case are 0.1 m / s, 0.2 m / s, 0.3 m / s and 0.5 m 

/ s. 

 
Caso Número de 

conexiones entre el 

canal. 

1 1 

2 2 

3 4 

4 6 

5 8 

6 10 

 
Table 1 Cases studied in the present work 
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 Once the different geometric 

configurations of the heat sink have been 

defined, the computational model is used to 

solve the system governing equations and obtain 

the results of heat transfer and water flow 

behavior. 

 

Computational model 

 

The development of the computational model 

begins with the realization of the geometry in 

SolidWorks, the different cases of analysis 

shown in Table 1 are created. In Figure 4 one of 

the geometries made for the heat sink is shown, 

the part can be observed solid and the part of the 

fluid, as well as the entrance and exits. 

 

 
 
Figure 4 Isometric view of the heat sink, Case 2. 

 

Mesh analysis 

 

 
 
Figure 5 Mesh made on the dissipater geometry, Case 2. 

 

 Once the geometric models of the 

different case studies have been built, the. IGES 

protocol is used to export the geometry to the 

ANSYS software, where the mesh is 

constructed, which will make possible the 

solution of the numerical model.  

 

 

 Figure 5 shows the mesh constructed for 

the domain of the solid and water. It starts with 

a coarse mesh, and it is refined until a dense and 

better-quality mesh is obtained. A mesh 

sensitivity analysis is performed, this analysis 

guarantees that the results obtained will not 

suffer variations due to the quality of the mesh.  

 

 
 
Figure 6 Variation of the surface temperature of the 

dissipator for different numbers of mesh nodes 

 

 Figure 6 shows the mesh analysis 

performed, in the graph we have the temperature 

taken in a specific area of the heat sink once the 

convergence criteria have been met, which is 

recorded for different numbers of nodes used in 

the mesh, it is observed that the temperature 

undergoes a change when the numbers of nodes 

in the mesh increase, no longer undergoing any 

change from a number of nodes of 1054092, thus 

obtaining the optimum mesh for our numerical 

model. 

 

Border conditions 

 

The next step is to assign the boundary 

conditions for the solution of the governing 

equations.  

 

 
 
Figure 7 Boundary conditions for the numerical model 
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 Figure 7 contains the boundary 

conditions assigned to the numerical model, an 

inlet condition for the cooling water can be 

observed, as well as an exit condition. At the 

base of the heatsink the constant heat flow 

condition is assigned, which simulates the heat 

generated by the operation of the processor. The 

walls of the channel are considered to be non-

slip, and the remaining walls of the heat sink are 

considered as adiabatic walls. 

 

 In addition to the boundary conditions 

certain conditions are taken to simplify the 

numerical analysis, the conditions taken are the 

following: 

 

 Constant thermophysical properties. 

 

 The water temperature at the entrance of 

the heat sink channel is 293 K. 

 

 The heat flow at the base of the heatsink 

is 35 W. 

 

 Stable state for heat transfer. 

 

 Turbulent flow. 

 

 Turbulence model k-є (RNG). 

 

 The heat transfer mode by radiation is 

neglected.  

 

 It is also considered that the heat sink is 

copper and the cooling fluid is water. Table 2 

shows the thermophysical properties considered, 

both for copper and for water. 

 
Property Value 

Water  

Thermal conductivity (W / 

m-K) 

0.5948 

Specific heat (kJ / kg-K) 4.183 

Density (kg / m3) 997.1 

Viscosity (kg / m-s) 0.0008905 

Copper  

Thermal conductivity (W / 

m-K) 

387.6 

Specific heat (kJ / kg-K) 0.381 

Density (kg / m3) 8978 

 
Table 2 Thermophysical properties of copper and water 

 

 

 

 

 

Governing equations 

 

Based on the phenomenon that is required to 

analyze, we have that the governing equations 

for the domain of the fluid are: the equations of 

conservation of mass, equation (1), for now, 

equations (2-4) and energy, equation (5) ). 
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 For the solid domain we have that the 

equation of the energy is like the equation (6): 

 

02  T                                                           (6) 

 

 It can be used as a parameter of 

comparison between the different cases of study 

to the heat resistance of the heat sink, this can be 

defined as a function of the local temperature of 

the surface, minus the temperature at which the 

fluid enters, this divided into in heat flow 

supplied to the bottom of the heat sink. 
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                                            (7) 

 

Nanofluids 

 

The thermophysical properties of nanofluids 

such as density, specific heat, viscosity and 

thermal conductivity must be calculated. In the 

technical literature there are correlations for 

internal flow that can be used for the calculation 

of these properties [24]. Equation (8) and (9) 

determine density and specific heat for 

multicomponent substances. 

 

  pfbnf   1
                                    (8) 
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  pfbnf CpCpCp   1
                              (9) 

 

 The thermal conductivity of a nanofluid 

can be determined using equation (10), which is 

proposed by Maxwell [15]; In his work, 

Maxwell considers the phenomenon of thermal 

conduction in a diluted suspension of spherical 

particles, neglecting the interactions between 

particles.  

 

  fb

fbpppfb

fbp

pfbef k
kkkk

kk
kC









2
3

 (10) 

 

 Where k represents the thermal 

conductivit,, volume fraction of the nanoparticle 

and the subscripts, and mean, effective, particle 

and base fluid, respectively. 

Another relevant property is the viscosity of the 

nanofluid. Batchelor [25] proposed a model for 

the viscosity of nanofluids, this model, equation 

(11) is derived from previously proposed 

models.  

 

 25.65.21 ppfbef  
                         (11) 

 

Property Al2O3 Water 

Nanofluid 

φ=0.5 

% 
φ=1 % φ=3 % 

)( 12  kWm

k

 

40 0.5948 0.6034 0.612 0.6475 

)( 3kgm



 

3860 997.1 1011.41 1025.73 1082.98 

)( 11  KJkg

Cp

 

849 4183.1 4166.43 4149.759 4083.07 

)10( 4x  
)*( smPa  

 8.905 9.018 9.133 9.625 

 
Table 3 Thermophysical properties of nanofluids for 

different concentration volumes 

 

 The above equations are used to 

determine the modified properties of the 

nanofluid used in this work. Table 3 shows the 

properties of nanofluids for different 

concentration volumes of nanoparticles. It is 

advisable not to use a concentration of more than 

3% in a nanofluid. 

 

 

 

 

 

 

 

 

Results 

 

In this section we report the results obtained 

from the numerical solution of the governing 

equations under the boundary conditions 

described above. The thermal results include 

temperature contours for different analyzed 

cases, as well as the thermal resistance, which 

helps us to know the thermal performance of 

each case analyzed.  

 

 On the other hand, hydrodynamic results 

are also reported, which include the pressure 

drop as well as the current flow lines.  

 

Thermal 

 

 
 
Figure 8 Temperature contours for Case 1, with an entry 

speed of 0.3 m / s 

 

Figure 8 shows the temperature contour 

for Case 1, with a water inlet velocity of 0.3 m / 

s. It can be seen in the image that the higher 

temperature is 303 K, it is within the resting 

temperature range of the processor. Although a 

temperature variation is observed, this is 

minimal, around 1 ° C, so it can be said that there 

is a uniform distribution of temperature on the 

base of the dissipator, which is the one that 

would be in direct contact with the processor.  
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Figure 9 Maximum temperature for the heat sink of Case 

1 at different analysis speeds 

 

 Figure 9 shows the maximum 

temperature at the base of the heatsink for Case 

1 and for the water inlet velocities of 0.1 m / s, 

0.2 m / s, 0.3 m / s and 0.5 m / s; As expected at 

higher input speed the maximum temperature 

decreases, this due to the increase in the heat 

transfer coefficient. The range of maximum 

temperatures reached for this case is within the 

normal temperature range for the processor. 

 

 Figure 10 shows the maximum 

temperatures for each case study, with a water 

inlet velocity of 0.1 m / s. It is observed that with 

the increase of connections between the 

channels, the maximum temperature increases. 

Having a higher temperature for Case 6, which 

is where you have 10 connections between the 

channels. In none of the cases is the temperature 

range exceeded for the proper functioning of the 

processor, in fact the temperatures obtained for 

the different cases studied are always below this 

range. 

 

 
 

Figure 10 Maximum temperature for the heat sink for all 

analysis cases, at a water inlet velocity of 0.1 m / s 

 

 
 

Figure 11 Thermal resistance vs the number of 

connections between the channels, for the different fluid 

inlet speeds 

 

 Figure 11 shows the resistance for each 

of the study cases for water inlet velocities of 0.1 

m / s, 0.2 m / s, 0.3 m / s and 0.5 m / s. It is 

observed that the thermal resistance increases 

with the number of connections between the 

channels, this is because the flow flows radially 

and not concentric with the increase of the 

connections. 

 

 Figure 12 shows the comparison of 

thermal resistance for the use of water and 

nanofluid. The comparison is made with the 

configuration of the heat sink of Case 2, and for 

a flow inlet velocity of 0.3 m / s. It is observed 

that the thermal resistance is lower when using 

the nanofluid compared to water, and that a 

higher concentration of the nanofluid gives a 

lower thermal residence. The reduction of 

thermal resistance with the use of nanofluid is 

around 7%.  

 

 
 

Figure 12 Comparison of the thermal resistance of water 

and nanofluid at different concentrations and an entry 

speed of 0.3 m / s  
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Hydrodynamics 

 

Figure 13 shows the pressure contour for Case 1 

at an input speed of 0.3 m / s. As expected, a 

higher pressure is obtained at the inlet of the 

fluid, and it decreases as the fluid approaches the 

outlet. For this case, a greater energy is required 

to make the fluid circulate through the channels, 

this is due to the fact that there is only one outlet 

and necessarily the total of the fluid that enters 

must exit through it.  

 

 
 
 

Figure 13 Pressure contours for Case 1, with an entry 

speed of 0.3 m / s 

 

 
 

Figure 14 Pressure drop vs the number of connections 

between the channels, for the different fluid inlet velocities 

 

 Making a comparison of the different 

pressure drops for each of the study cases and for 

the speeds considered, the results shown in 

Figure 14 are obtained, in which it is observed 

that there is a greater pressure drop for Case 1 

compared with the rest of the cases, and this 

increases with the increase in speed. A higher 

pressure drop requires more energy to move the 

cooling fluid. 

 

 

 Figure 15 shows the current lines 

following the flow for Case 2 at an input speed 

of 0.1 m / s. It is observed how the flow covers 

the total of the area of the channel going to the 

outputs that are at the ends of the geometry.  

 

 
 
Figure 15 Current lines for Case 2 at an input speed of 0.1 

m / s 

 

 
 
Figure 16 Comparison of the pressure drop between water 

and nanofluid at different concentrations and an entry 

speed of 0.3 m / s 

 

 Figure 16 shows the comparison of the 

pressure drop for the use of water and the 

nanofluid. The comparison is made with the 

configuration of the heat sink of Case 2, and for 

a flow inlet velocity of 0.3 m / s. An increase in 

pressure drop is observed with the use of 

nanofluid and with the increase in the 

concentration of this.  

 

Conclusions 

 

A numerical analysis of a heat sink is performed, 

which can be applied in cooling in the 

electronics industry. The different 

configurations of the heat sink geometry are 

constructed, this geometry is mesh and a mesh 

sensitivity analysis is performed.  
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 Through specialized software, the 

governing equations are resolved with the 

boundary conditions and the indicated 

considerations. 

 

 The results of the thermal and hydraulic 

performance are obtained, for the different 

configurations of the dissipators and different 

fluid inlet velocities. From the results it is 

observed that the heat sink has a good 

performance, because in the case of the 

processor being analyzed, the temperature of the 

surface of the dissipator is kept below the 

acceptable range for its correct operation. 

 

 Regarding the different configurations 

analyzed, it is obtained that the thermal 

resistance increases and the pressure drop 

decreases with the increase of connections 

between the channels, hence the configuration of 

Case 2 can be chosen, which has two 

connections between the two channels, with this 

there is a slight increase in the thermal resistance 

for a considerable decrease in the pressure drop 

compared with Case 1, which requires less 

energy for the fluid to be circulating through the 

dissipator. In the other cases in which the 

connections are increased, the thermal resistance 

increases and the pressure drop no longer has 

considerable decreases compared to Case 2. In 

order to choose an optimal case, an analysis of 

minimum generation of entropy must be carried 

out, where both thermal and hydrodynamic 

effects are considered in the same objective 

function to be optimized, since the configuration 

with the least thermal resistance can be chosen, 

but this also has the highest pressure drop of all 

cases, which is why a function that considers 

both effects is necessary, this will be done in 

future works.  

 

 It is verified that the use of nanofluids 

helps to increase the heat transfer, obtaining up 

to 7% in the reduction of the thermal resistance 

when Al2O3-water is used as a nanofluid in a 

concentration of 3%. Therefore, the use of a 

nanofluid as a working fluid is a viable option 

for the cooling of electronic devices that use this 

type of dissipaters. 

 

 As future work, heat sinks will be 

manufactured and experimental tests will be 

carried out to compare them with the numerical 

results. Then proceed to perform an optimization 

of the geometric parameters by the method of 

minimum generation of entropy.  

 

Nomenclature 

 

k Thermal conductivity, (W / m-K) 

cp Specific heat, (kJ / kg-K) 

q” Heat flow, (W / m2) 

Rt Thermal resistance, (K / W) 

T Temperature, (K) 

ΔP Pressure drop, (Pa) 

u Component of the speed in the x 

direction, (m / s) 

v Component of the speed in the direction 

y, (m / s) 

w Component of the speed in the z 

direction, (m / s) 

 Greek symbols 

ρ Density, (kg / m3) 

φ Volume concentration,% 

μ Dynamic viscosity, (kg / m-s) 

 Subscript 
ef Effective 

fb Base fluid 

p Particle 

nf Nanofluid 

ent Entry 
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Abstract 

 

A PID control structure was modified proposed by K. The 

consumer or customer, seeks that the service provided, one 

of the concerns that a person has to go to request whatever 

the type, is to know if it will be addressed promptly. It will 

be an unpleasant experience, that when arriving at the 

place thought, there is a queue and having to wait to be 

attended. Therefore, the staff that works in the butcher 

shop is to respond to the demand that is had within it and 

the resources to supply all customers efficiently through 

the theory of queues, as it is somewhat uncomfortable to 

be waiting for a certain time until the turn is reached so 

that they can attend to it. As for example when going to 

pay the electricity service, they have to stand for a certain 

period of time, instead you go to a bank and they offer you 

a comfortable place. However, the wait has a limit, and the 

client values the situation of waiting and waiting to be 

attended, or to leave the line and opt for another 

establishment. 

 

Analysis, Butcher, Model 
 

Resumen  

 

El consumidor o cliente, busca que el servicio de atención 

que se le brinda, una de las inquietudes que tiene una 

persona al acudir a solicitarlo del tipo que fuese, es saber 

si será atendido con prontitud. Será una experiencia 

desagradable, que al momento de llegar al lugar pensado, 

exista una cola y tener que esperar para ser atendido. Por 

lo tanto, el personal que labora en la carnicería está para 

responder a la demanda que se tiene dentro de la misma y 

los recursos para abastecer a todos los clientes en forma 

eficiente mediante la teoría de colas, ya que es algo 

incómodo estar esperando durante un cierto tiempo a que 

se llegue el turno para que le puedan atender. Como por 

ejemplo cuando se va a pagar el servicio de luz, tienen que 

estar parados por cierto lapso de tiempo, en cambio vas a 

un banco y te ofrecen un lugar cómodo. Sin embargo, la 

espera tiene un límite, y el cliente valora la situación de 

esperar y aguantar a ser atendido, o a abandonar la fila y 

optar por otro establecimiento. 

 

Análisis, Carnicero, Modelo 
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Introduction 

 

One of the concerns that a person has when 

going to request a service of whatever kind, is if 

it will be attended to as soon as possible. It will 

be an unpleasant experience, that, when arriving 

at the place thought, there is a queue and having 

to wait to be attended. A waiting situation, and if 

it is long, leads people to despair, become 

restless and in a bad mood for the poor service 

received. In some situations, the wait may seem 

longer than usual, when you have some activity 

at that time, otherwise the wait may seem small, 

when the person has a pleasant conversation, has 

fun with a video game or do some other activity 

With his phone. However, every wait has a limit, 

and the client values the situation of waiting and 

waiting to be attended, or to leave the line and 

opt for another establishment. 

  

 Those responsible for different 

businesses or companies have addressed the 

problem of these situations. They have 

encountered the difficulty of how to solve these 

problems, such as decreasing the time in which 

the client (which can be a person, a machine, 

piece, etc.) must wait in line, before being served 

by a server ( this can be a person, a group of 

people, a machine, etc.). The second question is: 

should I put a person (sometimes they are 

machines) more? If we have to increase the 

number of people (machines, work stations), 

how much would the number of people? The 

answers to this type of questions, are added 

other, which are correlated with the answers to 

the first, how much more must be invested? And 

will the weekly, biweekly or monthly operation 

cost be lower for retained customers? 

 

 The answers to these questions have been 

solved by the people who are in charge of the 

administration of a business. With the 

experience gained over time and with a little 

analysis of the information, you can decide how 

many people are required to serve customers. In 

this sense, it is possible to balance the cost of 

paying additional salaries by adding people in 

order to improve customer service and the 

profits obtained from customers who are 

retained by not abandoning a queue. 

 

 With all this, in some cases, where 

experience and intuition are not enough, it is 

when you decide to make heavy investments.  

 

 

 

 This is where, the problem should be 

analyzed as a problem of waiting lines, with the 

help of the queuing theory, it is possible to know 

the efficiency of the work station, to know the 

time a customer spends in the queue, the number 

of people who are trained, between some 

parameters. It cannot be omitted, the cost that is 

generated both from the server and the waiting 

client. 

 

 This is carried out by a series of 

instruments and actions such as the evaluation 

procedure, accreditation and the skills acquired 

in the work of queuing theory, oriented to service 

and employment in order to better the waiting 

time. Since one of the solutions that can be taken 

into account is to have more skills to dispatch the 

client and also on the contrary could use the 

advertising situation in the establishment, to 

make it known to the neighbors. 

 

 The problem in which the butcher shop is 

located is the number of people who arrive at the 

place is greater, to the difference of the quantity 

of personnel that attends, and the resources are 

not sufficient to supply all the customers and 

therefore the attention, the waiting time and 

queues will continue to increase if the business 

does not seek to have more servers and resources 

for the attention.  

 

 The queuing model shows that customers 

who come to buy want a service in which the 

owner provides good service. Each client goes 

through a theory of queues in which lines are 

lined up so that they can be dispatched, in which 

their time passes for a moment in waiting lines. 

  

 

Analysis, operation of a butcher 

   

The owner of the butcher shop wants to see if it 

is necessary to increase the number of 

employees to be able to carry out their activities 

during the workday because when dispatching a 

client and then another arrives cannot supply 

their time in dispatch. By getting the customers 

in line to go through their meat order quickly and 

not leave the queue that would be a loss for the 

owner of the butcher shop. Since the main thing 

is to know parameters that describe a model of 

waiting lines for this establishment and another 

option if it is necessary to conduct a more in-

depth study. 
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Objectives  

 

- Carry out the research in which we started with 

the taking of a whole week's time throughout the 

day to be able to identify which was the peak 

hour in which there were more people in the 

queue, and we took the time of service of each 

person that is attended by the server. With the 

information collected we can find an alternative 

solution which will be suggested to the owner of 

the butcher shop, as the best and least expensive 

solution. 

 

- Find a solution to the problem of the butcher 

shop, the long queue that forms at rush hour and 

see if it is necessary to open another server or see 

what is the best alternative for the butcher shop, 

to avoid the loss of customers for the long time 

they wait to be served by the server 

 

- Provide the owner of the butcher shop with a 

solution for their queue problem, during peak 

hours, and thus improve the quality of the service 

by achieving greater demand. 

 

Methodology 

 

It is important to know the theory of queues 

because we can see with real data how a queuing 

theory is analyzed, and so when a problem 

presents itself in this way in our business they 

already have a little experience, and we can give 

an effective result and favorable where we are 

working.  

                                                                                                                                          

 Achieve a solution to the problem of the 

carnage, the long queue that forms at rush hour 

and see if it is necessary to open another server 

or see what is the best alternative for the butcher 

shop, to avoid the losses of customers for the 

long time of wait, to be served by the person who 

provides the service.                                                  

 

 The queue is defined as the place where 

customers are waiting to receive a service. This 

tail can be classified into two types, in infinite 

and in finite. An infinite tail is when you do not 

set limits, on the total number of customers that 

must wait to receive service. On the other hand, 

the finite tail is defined by a limit established by 

the system's own criteria. 

                      

 

 

 

 

 

Sales volumes  

 

The discipline of the queue is how the customers 

will progress when they attend them.  The 

most common use that is used is the first one that 

enters is the first one that comes out. Of course 

there are various systems of tail discipline, but 

this is the most used. 

 

 In order to collect this data, a series of 

activities were carried out. As a first step, we 

verified how much was sold per day, as shown 

in the following graph: 

 
Days Earned 

money 

Monday 950 

Tuesday 900 

Wednesday 800 

Thursday 650 

Friday 850 

Saturday 1000 

Sunday 1200 

 
Table 1 Records of money earned in a week. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Graphic 1 Description of the money earned in a week. 

 

 This activity was carried out in only see 

at the end of the day how much was obtained 

from sales throughout the day                                                                                                        

 

 After this data was analyzed, we 

determined the day that we had the most sales 

and as you can see, it was Sunday, so we 

collected at intervals of every 5 minutes and 

these are our results. 
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 The research project in the butcher shop 

"LA ESPECIAL" has thrown up several 

problems, but we will only focus on the queues 

that are formed during the rush hour from 10:00 

a.m. to 11:00 p.m., which is the lunch hour, this 

schedule is where it shows more activity, 

customers arrive forming only a queue, which is 

only served by a single person, this problem 

causes some customers to stop going to the 

butcher and take another decision. 

 

 The following table shows that the data 

of the arrival rate have a Poisson distribution 

behavior and the acceptance of the null 

hypothesis is demonstrated with the following 

methods. 

 

 

 

 

 

 

 

 
 

Table 2 Methods of testing the null hypothesis  

 

Take service time 

 

In which we saw what were the 2 hours with 

more sales and were the following as shown in 

the following table: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 3 Customers served per hour in a day 

 
Sample 

No. 
Hour 

Custom

ers 
Time 

1   8:00 – 8:05 0 0.00 

2   8:05 – 8:10 2 3.83 

3   8:10 – 8:15 2 4.82 

4   8:15 –8:20 3 5.00 

5   8:20 - 8:25 3 3.00 

6   8:25 - 8:30 2 1.78 

7   8:30 - 8:35 2 4.00 

8   8:35 - 8:40 1 0.78 

9   8:40 - 8:45 0 0.00 

10   8:45 - 8:50 2 2.45 

11   8:50 - 8:55 1 0.83 

12   8:55 - 9:00 2 4.03 

13   9:00 - 9:05 2 3.08 

14   9:05 - 9:10 3 2.02 

15   9:10 - 9:15  4 4.82 

16   9:15 - 9:20  2 3.05 

17   9:20 - 9:25 1 0.50 

18   9:25 - 9:30 1 0.33 

19   9:30 - 9:35 1 0.75 

20   9:35 - 9:40 3 3.15 

21   9:40 - 9:45 2 3.00 

22   9:45 - 9:50 1 1.45 

23   9:50 - 9:55 2 2.25 

24   9:55 - 10:00 1 2.02 

25 10:00 - 10:05 3 4.75 

26 10:05 - 10:10 2 2.58 

27 10:10 - 10:15 1 0.78 

28 10:15 - 10:20 4 5.00 

29 10:20 - 10:25 2 2.25 

30 10:25 - 10:30 1 0.83 

31 10:30 - 10:35 3 3.82 

32 10:35 - 10:40 2 3.47 

33 10:40 - 10:45 1 0.88 

34 10:45 - 10:50 3 4.48 

35 10:50 - 10:55 2 3.18 

36 10:55 - 11:00 4 5.00 

37 11:00 - 11:05 1 0.65 

Sample 

No. 
Hour 

Custom

ers 
Time 

38 11:05 - 11:10 0 0.00 

39 11:10 - 11:15 0 0.00 

40 11:15 - 11:20 0 0.00 

41 11:20 - 11:25 1 0.75 

42 11:25 - 11:30 1 0.83 

43 11:30 - 11:35 2 4.83 

44 11:35 - 11:40 1 0.92 

45 11:40 - 11:45 2 3.08 

46 11:45 - 11:50 0 0.00 

47 11:50 - 11:55 0 0.00 

48 11:55 - 12:00 1 0.78 

49 12:00 - 12:05 1 3.00 

50 12:05 - 12:10 1 2.47 

51 12:10 - 12:15 3 0.95 

52 12:15 - 12:20 1 4,93 

53 12:20 - 12:25 1 3.00 

54 12:25 - 12:30 1 0.82 

55 12:30 - 12:35 2 3.03 

56 12:35 - 12:40 1 0.88 

57 12:40 - 12:45 2 3.37 

58 12:45 - 12:50 1 1.05 

59 12:50 - 12:55 0 0.00 

60 12:55 - 13:00 0 0.00 

61 13:00 - 13:05 0 0.00 

62 13:05 - 13:10 1 1.48 

63 13:10 - 13:15 2 3.78 

64 13:15 - 13:20 2 2.35 

65 13:20 - 13:25 1 1.55 

66 13:25 - 13:30 1 2.42 

67 13:30 - 13:35 0 0.00 

68 13:35 - 13:40 0 0.00 

69 13:40 - 13:45 2 2.65 

70 13:45 - 13:50 1 0.75 

71 13:50 - 13:55 1 0.82 

72 13:55 - 14:00 2 2.50 

 
Table 4 Time spent attending clients at 5 minute intervals 

 

 

 

 

 

Hour No. Of clients 

8:00 -   9:00 20 

9:00 - 10:00 23 

10:00 - 11:00 28 

11:00 - 12:00 9 

12:00 - 13:00 14 

13:00 - 14:00 13 
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 Which went from 9 in the morning to 11 

in the morning. And we broke down in more 

detail the time of each person who visited us 

 

Proof of kind of adjustments for the rate of 

arrivals 

 

It is necessary to know if the arrival rate is a 

Poisson distribution. The following table shows 

the concentration of customers who arrived at 

the establishment every five minutes, and the 

clients who arrived at the same place were taken 

into account the time it took to obtain their meat 

product during the 8:00 am hours at 2:00 p.m. 

 

Discussion   

 

The theories of queues, implements waiting lines 

because they are long and expensive in a certain 

sense, either for a social cost, for a social cost of 

customer losses, for some other important costs.  

 

 The final goal is to achieve an economic 

balance between the cost of service and the 

associated cost by waiting for that service. The 

queue theory itself solves this problem directly, 

but contributes vital information that is required 

to make the decisions by predicting some 

features on the waiting line as the average 

waiting time. 

 

 Having several clients in theory of 

queuing is an unpleasant thing because the 

clients then get desperate, when doing this 

project it will be the establishment with the 

lowest possible cost if the business goes through 

this situation of creating very long rows, if 

necessary do not go through this see if you are 

generating unnecessary cases, and give 

suggestions on how you can make your 

establishment known and your profits are high.  

 

Conclusion  

     

In the realization of this work, we applied the 

statistical methodology of goodness of fit test for 

probability distribution and the methodology of 

queuing theory. The waiting line model was used 

with Poisson arrival rate and generalized service 

rate.   

 

The administrator of the butcher shop "La 

Especial" was informed that his staff did not 

require any additional person to assist him in 

customer service, because the activity became 

critical at times that ranged around 9:00 at 11:00 

p.m.  

The utilization factor of the person who 

attends is 29.72%, and the time remaining of the 

working day does not provide customer service.  
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Abstract 

 

In Mexico, the 21st century During STEM programs Have 

received a strong boost from the government and the labor 

sector. This requires a commitment from Educational 

Institutions and Represents an academic challenge for 

teachers in the design of learning environments. Particularly, 

in the teaching and learning of mathematics one of the 

educational practices orients the student That better in a 

meaningful way towards learning is mathematical modeling 

and is more solid if the modeling is of actual systems found 

in His professional practice or in daily life. This document 

shows, on the one hand, The Importance of Systematically 

Including experimental research Both theoretical and actual 

of systems in STEM programs, as part of the academic 

training of future professionals; on the other hand, the result 

of a mathematical modeling of real physical system, 

 

Mathematical modeling. Meaningful learning.Vibrating 

string. STEM 

 

 

 

 

Resumen  

 

En México, durante el siglo XXI los programas STEM han 

recibido un fuerte impulso desde el gobierno y el sector 

laboral. Esto requiere de un compromiso de las instituciones 

educativas y representa un reto académico para los profesores 

en el diseño de ambientes propicios de aprendizaje. En 

particular, en la enseñanza y aprendizaje de las matemáticas 

una de las prácticas educativas que orienta al estudiante de 

mejor manera hacia un aprendizaje significativo es la 

modelación matemática, y es más sólido si el modelado es de 

sistemas reales que encuentre en su ejercicio profesional o en 

la vida cotidiana. En este documento se muestra, por un lado, 

la importancia de incluir de manera sistemática la 

investigación tanto teórica como experimental de sistemas 

reales en programas STEM, como parte de la formación 

académica de futuros profesionistas; por otro lado, el 

resultado de una modelación matemática de un sistema físico 

real, la cuerda vibrante, dado que actualmente se observa en 

importantes aplicaciones tecnológicas. 

 

Modelación matemática. Aprendizaje significativo. 

Cuerda vibrante. STEM 
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Introduction 

 

Mathematics education scientific studies have 

confirmed the importance of mathematical 

modeling to achieve the goal of meaningful 

learning in students of educational programs 

Profile of Science, Technology, Engineering and 

Mathematics (STEM acronym in English); very 

recently in an investigation so it was concluded 

that: 

 

 Mathematical modeling as a teaching 

resource inside and outside the classroom, 

applied to every situation of daily life [...] is a 

good choice for students to discuss and express 

their ideas, perspectives and personal 

knowledge. Fosters interest in learning 

mathematics through its connection with the 

situations in context, and allows students to 

participate actively and dynamically in their 

learning processes.(Pantoja Rangel, Guerrero 

Magaña, Ulloa Azpeitia & Nesterova, 2016). 

 

 In this sense, the vibrating string is a 

physical system that has a significant role in 

training students in STEM programs, because it 

is fundamental vibration analysis of continuous 

systems and theoretical understanding of 

complex wave phenomena. Their study also 

necessary to solve problems in areas such as 

mechanics or acoustics, when you want to 

understand the physics that lies behind the sound 

of stringed musical instruments like a piano, a 

violin, a cello, guitar, etc. . 

 

 This system is also used in industrial 

instrumentation in fairly accurate and reliable 

sensors are used to measure various physical 

parameters such efforts and / or structural 

deformations in buildings and bridges, including 

special facilities such as telescopes and nuclear 

plants. Similarly, in some industrial processes 

can be production systems in which some 

mechanism that under certain conditions, can be 

considered that their behavior is similar to that 

of a vibrating string is involved. 

 

 In particular, an elastic cord tensioned eg, 

a thin copper wire, which leads alternating 

electrical current within a nonuniform magnetic 

field is a nonlinear dynamic system parameters 

spatially distributed, which allows to study 

nonlinear effects of complex wave motion and 

results can transcend various applications. For 

this reason, this system is of great interest to both 

experimental and theoretical scientific research. 

 

Historical-conceptual system development 

 

The interest in studying the dynamics of a 

vibrating string appears since the beginning of 

Western civilization in ancient Greece, when the 

philosopher Pythagoras wanted to understand 

the relationship between the length, tension and 

diameter of a rope with musical sounds produced 

when pressed ; he established that these 

harmonics could be represented by ratios and 

proportions of natural numbers. His studies were 

conducted on a stringed instrument constructed 

for this purpose, the monochord. 

 

 But strictly the first mathematical models 

of a vibrating string approximately twenty 

centuries later and only academic interest were 

developed to describe some basic phenomena 

System (Boyer, 1968); Taylor established in 

1715 mathematically physical relations involved 

in the movement of a vibrating string, 

concluding that the movement of any arbitrary 

point in it is equivalent to the motion of a simple 

pendulum and also earned his period of 

oscillation; linear wave equations for the study 

of free oscillations were reported in 1747 by 

d'Alembert with a purely mathematical approach 

in 1748 by Euler that more physical intuition, 

deduced that the initial conditions determined 

general solution of equation given; system was 

also studied by Daniel Bernoulli in 1753 and in 

1759 Lagrange, both proposed a solution as 

series. 

 

 A century later, in 1859, he based on their 

experiment Melde reported the presence of 

parametric excitation; Kirchhoff in 1876 

obtained the first non-linear model with an 

equation integro-differential and analyzed the 

free transverse oscillations regardless of the 

longitudinal oscillations. Moreover, Rayleigh in 

1883 and 1887 proposed an equation of 

nonlinear wave to study free oscillations and 

forced considering the damping(Rayleigh, 1883, 

1887). 

 

 At the beginning of the last century, in 

1910 Raman, Nobel Prize in Physics in 1930, 

also proposed a nonlinear model to study the 

forced disappearance of a vibrating string 

oscillations, also by a stroboscopic study of the 

movement of the nodes made the first 

photographic records of standing waves(Raman, 

1910).  
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 During the twentieth century, the issue 

also prompted the curiosity of some researchers 

with an interest in understanding the dynamics 

of certain musical string instruments, 

highlighting the work of(Narasimha, 1968)He 

proposed a non-linear model to study a veena; 

in(Bank & Sujbert, 2005)non-linearities present 

geometric analyzed on a piano; and Politzer, 

Nobel Prize in Physics in 2004, published a 

study of the dynamics of a banjo(Politzer, 2015); 

just to mention some examples of several recent 

studies. 

 

Relevance of inclusion in STEM PE 

 

STEM-type courses involve the development of 

skills and very specific skills that are directly 

related to the concepts discussed. Specifically 

talking about mathematics and physics, problem 

solving is one of the most used to get students to 

come to the understanding of various 

phenomena through analysis exercises proposed 

solution methods. Observe, perform graphic 

schemes, define initial parameters, select the 

mathematical model, solve and relate the results 

with examples and their physical implications 

encourages students meaningful learning 

because it requires processes that any taxonomy 

are considered complex, as they go beyond store 

or machining solutions, synthesized, 

 

 Designing and adjusting educational 

programs that emphasize the focus on STEM 

courses, it is consistent with the proposed 

powers (Tobon Tobon, Pimienta Prieto, & 

Garcia Fraile, 2010)who point out that it is 

expected that "the curriculum point to daily and 

regular practices that promote the integral 

development of individuals, so that they are able 

to contribute to solving the various current 

problems", these problems are concerning 

various levels such as are the personal, social, 

organizational, among others. Now curricular 

courses STEM planning situations requiring 

strong analytical skills, the difference between 

traditional education encyclopedic against 

competency-based approach today has been 

promoted in the classroom is the ability to 

contextualize situations study by direct 

application, thus promoting a systemic and 

complex knowledge. 

 

  

 

 

 

 

 For his part in(Biggs, 2006)It noted that 

learning activities should be adequate, meaning 

that those whose focus is deep, avoiding 

superficial methods and practices; it is here that 

the modeling of a vibrating string provides a 

complex system whose solution involves several 

cognitive processes that promote extended 

abstract, product of a cluster of significant 

teaching sequences. 

 

Technological Applications  

 

Here are some of the technological applications 

where a daily basis now and you can see the 

system of the vibrating string; If the reader wants 

to know the details of the mathematical 

modeling of these systems, a review of the 

primary sources is needed. 

 

 Catenary and pantograph system. 

Around the world there are many cities where 

you can observe urban electric transport 

systems. In our country only Guadalajara, 

Monterrey and Mexico City have this service, 

and soon will add one more than intercity and 

will connect Toluca to Valle de Mexico. 

 

 
 
Figure 1 Catenary and pantograph system 

 

 The power supply for urban electric 

transport system is via a cable called catenary 

contact interacting with a device called a 

pantograph located on top of the train. The 

dynamics of this mechanical system catenary / 

pantograph characterized in that the pantograph 

is displaced variable (or constant) speed along 

the catenary, acting as an external driving force 

to transmit the vibrations of the train and causing 

transverse oscillations on the catenary. 

 

 Airlines power transmission. The 

electrical energy generated in the core of 

different nature (air, water, solar, thermal, 

nuclear, etc.) is carried to users through aerial 

power lines, transmission and distribution. 
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Figure 2 Overhead transmission lines 

 

 In the case of transmission lines, it is 

stringing cables are of an aluminum alloy and are 

placed between towers anchor. In some regions 

of the world, it has been observed in 

transmission lines the presence of oscillations 

that have motivated the interest of different 

interesting to analyze scientific phenomena such 

as oscillation galloping, among other 

investigations. The effect is galloping 

oscillations, horizontal or vertical, high 

amplitude and low frequency are caused by the 

action of winds on the constant transmission 

lines increases during winter when the cable is 

covered with snow or ice. These oscillations in 

combination with torsional vibrations are 

sometimes so great that two cables of different 

phase may be too close and produce a short 

circuit, even does occur structural damage 

installation as wire breakage or fracture of the 

anchor towers; in any case, maintenance or 

repair costs rise and power service is interrupted. 

 

 Cable Car system. Cable cars are systems 

to transport people with cabins that move along 

a cable suspended between two points and are 

installed in some cities in the world for different 

purposes. 

 

 
 
Figure 1 A cable car system 

 

  

 

 

 

 

 In our country a cable car system was 

recently installed in 2016 for use as mass transit 

in the municipality of Ecatepec Mexico State 

with an approximate path of 5 km and a height 

of 35 meters; this system also is used as a tourist 

attraction in some cities of the Republic. Table 1 

shows some characteristics of these systems 

(data obtained from websites of relevant 

governments) are as follows: 

 
Year 

[Installation] 

Place 

[City] 

Length 

[Km] 

Height 

[M] 

1979 Zacatecas 0.650 85 

1982 Taxco 0.800 175 

2010 Copper Canyon 2,800 400 

2010 Durango 0.750 82 

2016 Puebla 0.688 58 

 
Table 1 Some places cable car system in Mexico 

 

 Interest in scientific studies related to a 

cable car due to the complex wave phenomena 

that can occur during operation, control and 

provide security to users. For example, the 

system installed in Zacatecas has improved this 

year 2018 by placing new high-strength cables 

operating at a higher voltage, variable speed and 

higher user density in the new cabins will 

increase from two to six. 

 

 Based on the above, it is clear that the 

system consisting of a vibrating string is quite 

rich conceptual and practical interest for their 

applications, so a reliable mathematical model is 

necessary to understand the real behavior of the 

various phenomena present in a string vibrant. 

 

Modeling of a vibrating string 

 

Because of their diverse areas of application, it 

is indisputable that the study of oscillations in 

strings (wires, wires, cables) is of great interest 

both in acoustics for the design and manufacture 

of stringed musical instruments, such as the 

study of dynamic properties of systems running 

wires elevators, cranes, cable-stayed bridges, 

trains, etc.(Kumaniecka, 2002; Zhang, Zhu, Lin, 

& Wu, 2004); also in instrumentation design 

based on a vibrating wire in order to measure 

different physical quantities such as stress and 

strain in structures, viscosity and fluid flow 

sensors and even scanning particle 

beams(Arutunian, Mailian, & Wittenburg, 2007, 

Mei, Lucas, Hole, Lamarque, & Chéron, 2016). 
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 It is worth mentioning that the different 

linear and nonlinear models that have been 

reported are basic approaches or are focused on 

a particular phenomenon. This is explained by 

the variety of physical phenomena related to this 

dynamic system, for example, the hysteresis 

appears if the frequency scanning is performed 

forward or backward(Lee, 1957; Tufillaro, 

Abbott, & Reilly, 1992); Furthermore, if during 

scanning frequency is forcing very small or 

moderate amplitude then the linear or nonlinear, 

respectively resonance occurs; Moreover, the 

phenomenon of parametric excitation is 

modulated observed when any of the system 

parameters(Minorsky, 1951). 

 

 The mathematical model of an elastic 

cord ideal is described by the equation where 

linear wave is the linear mass density is the 

transverse displacement, is the time, is the 

tension in the string; points and apostrophes are 

in temporal and spatial derivatives, respectively; 

It is the position along the rope𝜇�̈� =
𝑇𝑦′′𝜇𝑦𝑡𝑇𝑡𝑧𝑧(Morse & Ingard, 1968). However, 

a real thin rope has some properties of a thin bar 

when the magnitude of the thickness. The 

magnitude of the thickness and material 

properties of the string give rise to a variety of 

nonlinear models that can sometimes result in 

coupling of transverse, longitudinal and 

torsional modes when factors such as stiffness, 

torsion or geometric nonlinearity are taken into 

account휀 → 0(Bank & Sujbert, 2005; Watzky, 

1992). 

 

 Generally, one of the differences 

between the linear and nonlinear models that 

have been proposed for the vibrating string is in 

consideration of a small or large oscillation 

amplitude. If the amplitude is small, there is little 

rope stretch and strain can be considered 

constant during transverse movement. By 

contrast, large amplitude oscillation can lead to 

increased stretching and the tension is variable 

along the entire rope. Moreover, it is noteworthy 

that in some physical systems can actually arise 

factors acting in a manner contrary and cause the 

voltage to decrease, as the case of heating in 

certain conductive wires of electric current. By 

including this factor in the mathematical 

modeling of a vibrating string. 

 

 

 

 

 

 

 When a wire with alternating electric 

current is subjected to the action of a magnetic 

field, the electromagnetic interaction produces 

the Lorentz force that causes oscillation of the 

wire. These oscillations are nonlinear; the 

geometric nonlinearity is caused by stretching of 

the rope during the oscillations and variation or 

increased tension in it. Furthermore, the heating 

wire causes dilation and consequently the 

decreased tension. These two effects are 

opposed and act simultaneously. 

 

 When considering a perfectly flexible 

cord, linearly elastic and stretched in equilibrium 

at a length along the axis; y are the coordinates 

of transverse movement of the rope; the 

nonlinear equation of plane polarized transverse 

wave in a thin string stretched to the length of 

equilibrium is:𝐿0𝑧𝑥𝑦𝐿0 

 

�̈� + 2𝛽�̇� − 𝐶𝑡
2𝑥′′

− 𝐶𝑙
2𝑥′′

1

2𝐿0
∫ (𝑥′)2𝑑𝑧
𝐿0

0

= 𝑓(𝑧) cos(𝛺𝑡) 

 

(1) 

 

 Where is the transverse displacement of 

the string segment at the point in time; It is the 

angular frequency of the external force which 

acts in the plane direction; It is the damping 

coefficient. Transverse wave speed depends on 

the tension in the rope, while the longitudinal 

wave velocity depends on the linear elasticity 

module; It is the mass per unit length of the 

string in its steady state, is the Young's modulus 

of the cord and its cross section is the Lorentz 

force. The term of the integral in equation (1) 

represents the geometric nonlinearity that comes 

from the change in string tension due to the 

variation in length when it 

oscillates.𝑥(𝑡, 𝑧)𝑧𝑡𝛺𝑓(𝑧) cos(𝛺𝑡) 𝑥𝑥𝑧𝛽𝐶𝑡
2 =

𝐹/𝜚𝐹𝐶𝑙
2 = 𝜆/𝜚𝜆 = 𝑌𝑆𝜚𝑌𝑆𝑓(𝑧) cos(𝛺𝑡) 

 

 The temperature variation in the rope is 

of the form where is the stationary part of the 

temperature increase in the rope with respect to 

the environment, is the amplitude of temperature 

variation in the rope and the gap between the 

temperature variations on the rope and the 

electric current.  
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 And they are the model parameters. After 

a detailed mechanisms of expansion of the 

material of the rope and the voltage drop due to 

the temperature variation affecting the speeds of 

transverse and longitudinal propagation analysis 

nonlinear integro-differential equation for the 

transverse movement it is obtained a thin rope on 

the plane:𝛥𝑇(𝑡) = 𝛥𝑇0 +  𝛿 cos
2(𝛺𝑡 −

𝜑)𝛥𝑇0𝛿𝜑𝛥𝑇0𝛿𝜑𝑥𝑧 
 

�̈� + 2𝛽�̇�

−

{
 
 

 
 �̌�𝑡

2 −
𝜆𝛼𝛿

𝜚
cos2(𝛺𝑡 − 𝜑)

+𝐶𝑙
2
1

2𝐿0
∫ (𝑥′)2𝑑𝑧
𝐿0

0 }
 
 

 
 

𝑥′′

= 𝑓(𝑧) cos(𝛺𝑡) 

(2) 

 

 In which it is observed that the 

temperature variation in the elastic cord (thin 

wire) linearly manifested through the speed 

variation of transverse wave; while stretching 

the rope during its oscillation is expressed 

nonlinearly through the integral term. Physics 

equation (2) it includes the interaction of two 

opposing effects, dilation and geometric 

nonlinearity. 

 

 As a first step in the study model and in 

order to better understand the role of the 

warming of the dynamics of the oscillator, the 

geometric nonlinearity in equation (2) is omitted 

and the following linear equation of motion of 

the rope is obtained low harmonic warming 

synchronized with the driving force: 

 

�̈� + 2𝛽�̇� − [�̌�𝑡
2

−
𝜆𝛼𝛿

𝜚
cos2(𝛺𝑡

− 𝜑)] 𝑥′′

= 𝑓(𝑧) cos(𝛺𝑡) 

(3) 

 

 In a string with fixed ends, the separation 

of variables leads equation inhomogeneous 

wave (3) to the equation -th oscillations in 

normal mode:𝑛 

 

𝑇�̈� + 2𝛽𝑇�̇�

+ [�̌�𝑡
2 −

𝜆𝛼𝛿

𝜚

∙
1 + cos(2𝛺𝑡 − 2𝜑)

2
] 𝑘𝑛

2𝑇𝑛

= 𝑓𝑛 cos(𝛺𝑡) 

(4) 

 

 Equation (4) it is a forced eigenfrequency 

this modulated parametrically, and damping 

coefficient regulated oscillator.𝜔𝑛
2𝛽 

 

 The oscillator (4) is multi-parametric, 

therefore, and modeling can be enriched even 

more, depending on your specific configuration 

and purpose of it. In particular, in the shown 

model it can be studied in analytical, numerical 

and laboratory form the forced vibration, direct 

and parametric resonance and extended to 

consider the effect of the geometric nonlinearity 

and movement in both planes. 

 

Conclusions 

 

With the training of professionals in STEM 

education programs educational institutions 

contribute to the development of the regions of 

the country. Consequently, it is the responsibility 

of teachers to design relevant plans and 

programs of study, in which it is recommended 

that the content viewed as a central axis 

mathematical modeling of real systems that are 

linked directly to their professional practice. 

Mathematical modeling as a teaching activity 

enhances student learning in mathematics and 

allows you to make sense of each parameter or 

variable involved in the modeling process. 
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