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Abstract: It has been four years now, that our course bdbk, title of which is “Mathematical tools in
engineering applications, Volume 1" was publish&hce then it has been an essential study aichfistibject
Mathematics |. The book follows a new “engineegrfdly” approach as it uses problems typically ocing in
the fields of engineering and economics for the afestiation of the use of mathematical concepts t@odk.
Our teaching experiences and also the resultswfestts’ opinion polls proved that we are on thentigrack,
thus we decided to write the second volume of thek Hor Mathematics Il. By know the majority of the
applications in Volume Il are ready and we preg@etmore important ones here.
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Kivonat: 1dén négy éve annak, hogy a ,Matematikai eszkdzétnoki alkalmazasokban” cifjegyzetink ets
kotete megjelent. Ez aitmamely a mérnoki és kdzgazdasagi tudomanyokbikusgn ebforduld problémakon
keresztll mutatja be a kilonkbmatematikai eszk6zok, modszerek alkalmazasag azdtiatematika 1” targy
oktatasanak nélkuldzhetetlen kelléke lett. Az akialapasztalataink, valamint a hallgatok korébdwnégzett
kozvélemény kutatasok egyarant azt igazoljak, Hayes aton jarunk, igy belefogtunk a ,Matematika |
targyhoz tartoz6 masodik kotet megirdsaba. Mostaaraalkalmazasok jelefd része elkésziilt, néhanyat a
fontosabbak kozlil példaképpen itt ismertetiink.

Kulcsszavak: matematikaoktatas, #azaki példak
1. INTRODUCTION

At the technical colleges and universities of Hugghe methodology of teaching mathematics still
follows the traditional way in the elaboration dietdifferent topics and also in the conveyance of
knowledge. But at the applied level of abstractiess and less students can receive the necessary
knowledge. In 2009 the authors took the first $tegive an answer to the problem, and published the
course book “Mathematical tools in engineering egapions, Volume I” [1]. In this book — which is a
study aid for the compulsory subject Mathematics the exercises are related to real technical
problems. This way the students can realize tlaahieg mathematics is useful, because they can see
the extended application of mathematics in severgjineering fields. (For example in chapters
dealing with geometry, the objects are parts ofdings, engineering structures or machines.)

Our approach emphasizes why it is so importanédaon mathematical methods and concepts, and
where and how they can be applied. With this newetiang method, and applying our course book, the
connection between mathematics and the speciaheagng subjects, will be clearer for the students.

The new method has already been applied in fouestrs; the experiences are promising [2,3]
proving that we are on the right track. Thus weidigt to write the second volume of the book for
Mathematics Il. By know the majority of the apptiocas in Volume Il are ready, we present the more
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important ones here. Most of the applications aget technical and scientific problems from diffdren
fields of engineering and physics (e.g. Technicachanics, Thermodynamics, Electrotechnics and
Optics). The others are simple mathematical exesaislated to technical problems and created by the
authors.

2. ENGINEERING APPLICATIONS

The structure of the course book “Mathematical $aolEngineering Applications, Volume 11" is the
same as the one of Volume I. Thus it is divided ichapters and groups of exercises in them. Each
group of exercises starts with a theoretical sungmarhich provides a brief, but concise and
professionally adequate description of the givegireering field. This is followed by a sample
exercise with its solution and a series of simgeercises.

In the following we present four exercises as eXxamfrom four different groups of exercises. All
the chapters and the exercise groups in them afer wonstruction. The titles of these chapters and
groups are: Differential and extreme value calcylasercise group: “Kinematics of a particle.”),
Differential and extreme value calculus (Exercissu@: “Maxwell speed distribution of ideal gases”),
Integral calculus (Exercise group: “Maxwell speedtribution of ideal gases”), Integral calculus
(Exercise group: “The resultant of a distributect®system”).

Example 1

An electric  drive  car starts  from rest. Its posititme  function is
s(t) = A[I]In(1+ eB(“C))+In(1+ e‘B(”C))— D[ﬂJ+ E. The position and time are measured in meter
and second respectively.

Data: A= 25({?] B= o;mz{ﬂ, C=6494s], D= ope{ﬂ . E=-40qm).

a, Calculate the velocity- and acceleration-tinection of the car.
b, Calculate the value of position, velocity andederation aﬂds] after the starting.

c, Calculate the top speed of the car. (The topdecalculated as/,,,, =lim v(t))

too0

d, Calculate the value of acceleratibrt — .
Example 2

A research group of ATOMKI in Debrecen studies smmductor materials. The materials are
analysed under high vacuum condition in a spe@asuum chamber. During the analysis there are

only N =10" nitrogen molecules in the chamber. Other parametetise residual nitrogen gas are
listed below:

m, = 4652[10%°kg, T =27315K , k = 1,38ELO‘23% (m,is the mass of a molecule).

a, Derive then(v) speed distribution function of the gas and caleutae first and second derivative
functions of it.

3
(nv) = Av’e™®” where: A= N EKEJ  B=10)
\ 7\ kT 2KT

b, Calculate thev* speed at which the molecules move with the higlpesbability at a given
moment. Q‘l(v*) is the absolute maximum of tha(v) function.)

c, Perform the analysis of tha(v) function then plot it.
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Example 3

Answer the questions below regarding Example 2.

a, Calculate the number of molecules the speedhathnis in the[100,200] [m} range (see Figure
S

1)
b, Calculate the number of molecules the speechaftwexceed¥ 00 {m} .
S
A
NV)|---------f T
v | dN = n(v)dv
: o v2
| N[V, v, | = Jn(v)jv
| = v
i 4 .
i N[v=v,] = [n(vdv
| | v2
\Vil v V2 .
_Jl
dv
Figure 1: Maxwell speed distribution of ideal gases
Example 4

Figure 2 shows a scale which is balanced. In takegman there is a prism made of steel.
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~
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A
A

Figure 2
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The longitudinal axis of the prism is normal to thlane of the figure, thus only the base of the
prism can be seen. Apart from the geometric datahwdre marked in the figure tHelength andp

mass density of the prism are known. The crosdosedf the prism is characterised by tlné()

function. The relationship between thiéx) function and f(x) intensity of the force (force density
distribution) which the prism exerts on the pagiisen below:

f(x)=11plglr(x)
pata: a=009m], b=0ldm|, c=o1gm], 1=o0in], d=o2dm], p= 780({k9}

eiz]

a, Derive ther ) function if its graph is a parabola. The point wittordinates(d, a) is the peak of
the parabola.

d+b
b, Calculate the magnitude of the force which thenp exerts on the paE j (Xﬂxj

d+b
¢, Calculate the magnitude of the moment of fdrceelative to pointO. (I\él = J.f (X)xdxj
d

— M
d, Calculate the distance between the point obadaif forceF and pointO. {xF =%}

3. SUMMARY

The main motive of the authors for writing the amubook “Mathematical Tools in Engineering
Applications, Volume | and II” was to apply a newngineer friendly” educational approach so to
make the teaching of mathematics more effectivés Kimd of approach focuses on why the concepts
and methods of mathematics should be learnt andendred how they can be applied. We hope that
our course book makes the relationship between dadiics and the different special engineering
subjects clearer for the students.
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