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Abstract 

The paper presents the possibilities of MS Excel and Matlab program equipment 
utilisation with mathematics applications to engineering subjects at technical 
universities. The suitability of individual programs is demonstrated based on an 
applicable task.    
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1 Introduction  

 In order to make mathematics education at faculties of technical universities 
more effective, mathematics teachers give more effort to the implementation of 
computers to the teaching process. It is natural because it is expected that in the course 
of university technical education with the assistance of mathematics teachers  students 
(future technologists) will learn how to utilize the advantages of suitable program 
systems with the solution of mathematical applicable tasks in other engineering subjects 
as well as with problems of technical practice. Based on the specific example, the paper 
will present the utilisation of the program system Matlab and MS Excel program with 
the applications of differential and non-linear equations in the engineering subject 
Elasticity and Strength.  

                 
2 PC Utilisation  with  Mathematics Applications to Engineering Subjects                                             

Within the subject Elasticity and Strength  students‘ task is to evaluate a rod 
stability, i.e. to determine Euler’s critical force  and a critical stresskF kσ for different 
ways of rod’s ends placing, which always leads them to the solution of a linear 
differential equation of the 2nd order with constant coefficients. When determining  

and kF kσ  for the rod with a constant cross-section and the area A, whose one end is 
fixed and  the other one is hinged, it  is necessary to solve a differential equation:        
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which is satisfied by the bending curve  w(x). A general solution to the equation (1) will 
be found by the use of a characteristic equation and a method of indefinite coefficients 
(Vagaská, 2006) in the shape:   
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Utilising the boundary conditions  ( ) ( ) 00 == lww  (for this rod there is a zero deflection 
at end points) and   (at the end where the rod is fixed there is a zero moving ( ) 00 =′w
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around) in  (2) and (3) we will obtain a set of three equations with three unknowns 

 a 21,CC
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. As we want a non-trivial solution, determinant of the mentioned set has 

to be zero (Vagaská, 2006).Based on this condition, by the help of Saruss’ rule we will 
obtain the equation 

lltg αα =  , resp.   xxtg =          (4)  
after a substitution introduction xl =α . A professional literature related to Elasticity 
and Strength brings only a graphical solution to the equation (4) and the smallest 
positive root with the accuracy  , i.e.310−=ε 493,4=lα  (Trebuňa, 2000).  

After unknown α  is found, for the smallest value of Euler’s critical buckling 

force we obtain: 2
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a graphical and numerical solution  to the non-linear equation(4) with the use of PC.  

 
3 Matlab with a Graphical  Solution to Non-Linear Equations 

Graphs points of intersection of the functions  xtgyf =:  and xyg =:  are the 
solution to the equation (4). We will write these functions in the Matlab environment: 

>> x=[2:0.02:4.6]; 
>> y=tan(x); 
>> z=zeros(size(x)); 
>> y2=x; 
>> plot(x,y,x,z,x,y2); 

and after being proved, we obtain a graphical solution that can be seen in fig.1, whence 
5,4≅α . In the first order determining the interval of a variable   x  the requirement of 

finding the smallest positive root of the given transcendent equation has been taken to 
consideration.     

 
Fig.1 Graphical solution to the non-linear equation xxtg =  in the Matlab environment 

 
4 MS Excel with a Graphical and Numerical Solution to Non-Linear Equations 

With the graphical solution to the equation  xxtg =  (fig. 2), from the viewpoint 
of graphs designing simplicity,  the utilisation of MS Excel seemed to be less suitable. 
The graph of the function  xtgy =  had to be designed in parts considering the points of 
discontinuity. 
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Fig.2 Graphical solution  in  MS Excel environment 

 
 MS Excel utilisation with a numerical solution to the equation (4) by the help of 
several numerical methods leads us very fast to the result with a required accuracy 
(fig.3). The use of a numerical method is always preceded by roots separation, i.e. a 
determination of such intervals ba, , which contain only one root, thus it is valid 

. For the roots separation of the equation (4) in Excel we will use its 
different shape :  (see fig. 3). To the plots A3 – A9 of column A we will write 
down the values of an independent variable x ( we have already taken to consideration 
that we were searching for the smallest positive root), to the plot B3 we write the 
formula in the shape  „=A3-TG(A3)“. Through the  “enter” key in B3 we will obtain the 
value of the function  

( ) ( ) 0. 〈bfaf
0=− tgxx

tgxxy −= .  In order to calculate other functional values  in the 
plots B4 – B9  we will utilise the copying of the formula from the plot B3. We can see 
that the root of the equation (4) lies within the interval 5,4;4,4 , because it holds 

, xtgxxf −=)( ( ) ( ) ( ) 0137303036715444 <−= ,.,,f.,f .  

         As we can see in fig. 3, the fastest possible way how to obtain an accurate root of 
the equation (4) is Newton’s method of tangents. Using this method we will calculate 

x
xf 2cos

11)( −=′ , 
x
xxf 3cos

sin2)( −=′′ , 56292865)44( ,,f −=′′ , 724911208)54( ,,f −=′′ . 

Because 0)72491,208).(13733,0()5,4().5,4( >−−=′′ff , as the first approximate value  
of the root we will take , i.e. we will draw a tangent at the point   
and using the relation   

5,4=b [ ]303,1;4,4B
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we will gradually obtain more accurate values of the root. If solving in MS Excel, it 
means that for example to the cell D3 we will write the numeral 4.5; to the cell E3 the 
function ,  that is the formula „=D3-TG(D3)“, to the cell F3 , it means the 
formula „=1-1/(COS(D3))^2“ and to the cell D4 an iterative formula (5) in the shape 
„=D3-E3/F3“, because Excel uses references to the cell. To the cells E4 and F4 we will 
copy the values 

( )xf ( )xf ′

( )xf and with a cursor /cross, to the cell G4 we will write the 
relation of accuracy, i.e. „=ABS(D4-D3). Using the left click of the mouse we will 

( )xf ′
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indicate the area D4 – G4 and again with a black cursor/cross and with the left click of 
the mouse pressed moving down we will obtain more accurate values in further lines.  
The root of the equation (4) is being specified in column D, this is proved by the values 
of epsilon in column G. For example, in the plot D6, the root of the equation (4) has the 
accuracy . 710.2 −=ε
 

 
Fig.4  Numerical solution to the non-linear equation  xxtg =  by means of MS Excel 

 
5 Conclusion 

Program products are also effectively utilised with strengthening of the 
mathematics applicable character as well as with a support of interdisciplinary relations.   
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