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ABSTRACT 

Several Engineering problems can be modeled from differential equations, 

analytical and numerical methods can be employed to determine the solutions. 

Among these problems, applied in the area of Mechanics, there are those that involve 

the analysis of vibratory systems. The present paper aims to conduct a study on the 

solutions of the second order ordinary differential equations that model these 

vibratory systems, seeking to solve these equations analytically from the application 

of different external forces. In order to solve analytically each of the equations that 

describe these systems, the homogeneous equation solution is first determined. 

Then, depending on the type of external force that acts on the system, the particular 

solution is obtained using the methods of Indeterminate Coefficients or Parameter 

Variation. The general solution is then obtained from the linear combination of 

homogeneous and the particular solutions. The analysis of the solutions shows that 

the displacements of the masses according to time, depending on the external force 

applied in the system, present varied behaviors among themselves. Over time, the 

homogeneous solution, characterized as transient response, becomes negligible, 

remaining only the particular solution, characterized as the permanent response. 
Keywords: Differencialequations;Vibratory systems; Analyticalmethods 
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 1 INTRODUCTION 

Several engineering problems can be modeled by differential equations, which 

a solution can be found by employing analytical or numerical methods. Among these 

problems, applied both to the area of Mechanics and Electrical (electrical circuit 

analysis), there are those that involve the analysis of vibratory systems, which are 

constituted by elements of mass, spring and damping, and there may be external 

forces. Physically, the solutions of differential equations that model these vibratory 

systems represent the displacement of the masses as a function of time. It is 

noteworthy that the analysis of the behavior of these solutions plays an important 

role for the design of machines, structures and other engineering systems. 

Several studies work related to the study of mechanical vibrations start from 

the analysis of vibratory systems of various degrees of freedom, usually applying 

computational numerical methods to obtain the results. Delgado and Varanis (2018) 

analyze a vibratory model under a two-degree base oscillation of two degrees of 

freedom. In order to reduce vibration amplitude, a vibration absorber was attached to 

the system mass and the main parameters of the system were varied. The results 

were obtained from computational simulation. Barros (2007) analyzes forced 

harmonic and parametric oscillators, seeking to solve it analytically through the 

parameter variation method and the Green method. Freitas. et al. (2018)studies a free 

vibratory system under different cases of damping, applying the constant coefficient 

method to obtain the general solution of the equation that models the system. The 

different results were obtained by adopting different parameters to the equation. 

The goal of this paper is to conduct a study on the solutions of the second-

order ordinary differential equations that model vibratory systems of single degree of 

freedom, seeking to solve the equations analytically with the application of different 

external forces. For this, the harmonic force, which involves sine and cosine functions, 

the force in the form of exponential function and the force characterized by a 

combination of both the aforementioned, are considered as external forces. As a 

focus of this work, we seek to present the methodology applied to determine the 
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 solutions of the differential equations obtained and, finally, interpreting how the 

behavior of such solutions represent in practice for Engineering. 

This article is structured as follows: In section 2 the theoretical about 

differential equation used on the present work is presented. In section 3the vibratory 

system is modeled by means of a differential equation and are presented the 

homogeneous, particular and general solutions of the differential equation 

associated. In section 4 it is presented an analysis of the behavior of the solutions of 

the differential equations under different external forces. Furthermore, some 

examples are provides in order to highlight the relation between real solutions and 

physical systems.  

 

2 BIBLIOGRAPHIC REVIEW 

In this section, a bibliographic review will be carried out that will serve as a basis 

for the further development of the work. Fundamentals and concepts about second-

order differential equations will be addressed, as well as methods of obtaining their 

solutions. 

2.1 Differential equations 

Equations containing derivatives are called differential equations. Several 

principles, or laws, governing the physical world can be mathematically modeled from 

these equations, which represents rates of changes as things happens (BOYCE and 

DIPRIMA, 2012). 

Differential equations can be classified according to the type of their 

derivatives, into ordinary (derived from functions of an independent variable) or 

partial (derived from functions of two or more independent variables). In the group of 

ordinary equations, these can be classified according to the order of derivatives (first 

order, second order or higher order) and according to the coefficients that multiply 

these derivatives (constant or variable coefficients). In addition, differential equations 

can be also classified according to its linearity. A differential equation is said linearif it 

can be written according to (2.1), 
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(2.1) 

Linear equations present as properties the fact that the power of each term 

with the dependent variable x be unitary (all terms with x are always of the first 

degree – elevated to exponent 1) and each coefficient a(t) depend only on the 

independent variable t (ZILL, 2009).  

2.1.1Second-order equations 

According to Boyce and Diprima (2012), second-order ordinary differential 

equations can be written, in general, according to equation (2.2), 

 
(2.2) 

With P, Q, R and G being specified functions of variable t. In case the coefficients 

of the equation (2.2) are constant, it can be written according to (2.3), 

 

(2.3) 

With a, b and c being coefficients of the equation. 

According to Zill (2009), to determine the solution of an equation of type of 

(2.3), it should initially be considered homogeneous, that is, it is considered G(t)=0, and 

find the homogeneous solution. After obtaining the homogeneous solution, a 

particular solution should be determined from the G(t) function. The general solution 

of the equation (2.3) is given by the linear combination of homogeneous and 

particular solutions. 

For the determination of the homogeneous solution, a function is assumed in 

the exponential form of type x(t)=ert. Replacing the function and its respective 

derivative of first and second order, that is, x’(t)-rert and x''(t)=r²ert, in the 
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 corresponding homogeneous equation, a second-degree characteristic equation is 

obtained, given according to the equation (2.4), 

 
(2.4) 

whose roots, given by r, determine the shape of the homogeneous solution 

(BOYCE and DIPRIMA, 2012). 

The three possible cases of roots that can be obtained are: real and distinct 

roots, real and equal roots and conjugated complex roots.  

For the case where there are real and distinct roots, r1 and r2, for equation (2.4), 

two solutions are obtained: x1(t)=er1t and x2(t)=er2t. These solutions are linearly 

independent to each other in the range (-∞,∞), according to Zill (2009), and form a 

general solution of type type x (t )=C1er1t +C2er2t.  

 For real and equal roots, r1 =r2 = r, the corresponding solutions are  

and , being the general solution of the form . 

For conjugated complex roots,  and , the homogeneous solution 

of the differential equation is  when applying Euler 

formula (ZILL, 2009). 

Considering the equation (2.3), not homogeneous, with G(t)≠0, a particular 

solution can be determined through two methods: Indeterminate Coefficients and 

Parameter Variation.  

According to the method of the Indeterminate Coefficients, to determine the 

particular solution of the equation (2.3), an expression is assumed with the same 

shape as the function G(t), with unspecified coefficients. Then, it is necessary to 

replace the hypothetical expression in equation (2.3) in order to determine its 

coefficients so that the equation is satisfied. This expression, with the coefficients 

determined, will be a particular solution for the differential equation. This method, 

however, is only applicable for G(t)function that is composed of constant, polynomial, 
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 exponential, sine and cosine and/or sums and products of these, in addition, the 

differential equation must have constant coefficients (BOYCE and DIPRIMA, 2012). 

The parameter variation method is intended to replace the constants C1and C2, 

present in the homogeneous solution previously determined, with functions  e 

respectively. So, the particular solution will be in the 

form , being ,  and 

W[x1,x2](t)thewronskian related to the homogeneous solutions, given by 

(BOYCE and DIPRIMA, 2012). 

Finally, the general solution of the equation (2.3) is given by the linear 

combination of homogeneous and particular solutions previously determined. 

3 METHODOLOGICAL PROCEDURES 

In this section of the present study, the methods used are presented to obtain 

the results, based on the bibliographic references. The calculation methodologies 

used here are applied in an analysis of vibratory models, in which, starting from the 

proposed vibratory system, the second-order differential equation that models it 

(equation of motion) is obtained, which is subsequently solved using the analytical 

procedures presented, with different parameters assigned. 

 

3.1 Obtaining the ordinary differential equation of the system 

Figure 1(a) shows a vibrational system of single degree of freedom composed of 

a mass m in suspension, a damper with damping coefficient c and a spring coefficient 

of rigidity k, with an external force F(t)applied according to time. To determine the 

forces acting on the system, the free body diagram of the mass can be constructed 

(Figure 1(b)). Applying newton's second law (RAO, 2011), the equation of movement is 

determined, as in (3.1), 
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(3.1) 

Figure 1 – Representation of the vibratory system (a) and the free body diagram (b)  

(a)                                      (b)  

Source: RAO, 2011. 

The equation (3.1)is characterized as a second order linear non-homogeneous 

ordinary differential equation with constant coefficients. Thus, in order to solve it, the 

analytical methods described in section 2 are applied. 

3.2 Differential equation solution 

Considering the homogeneous equation (attributing that F(t)=0), when applying 

a solution of exponential form to the differential equation, a characteristic equation 

given by (3.2) is obtained, 

 
(3.2) 

The three possible root types of the equation (3.2) determine the shape of the 

homogeneous solution. For the present study, different values are assigned to the 

constants m, c and k of the equation (3.1) in order to obtain the three different cases 

of roots of the characteristic equation to, consequently, obtain the different 

homogeneous responses of the system, similar to the work done by Freitas et al. 
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 (2018). Table 1 presents these different cases of roots, besides showing the respective 

classification of the vibratory system regarding the type of damping according to 

these roots. 

Table 1 – Homogeneoussolutions 

Root types Homogeneoussolution Classification 

Real and distinct roots:  

c²-4mk>0 
 

Overdamped 

system. 

Real and equal roots:  

c²-4mk=0 
 

Critically 

dampedsystem 

Conjugated complex 

roots: 

c²-4mk<0 
 

Underdampedsyste

m 

 

The calculation of the particular solution will depend on the shape of the 

external force, F(t), applied in the system. For the present work, problems whose 

external forces in the form of cosine function, exponential function and a 

combination of sine and exponential functions will be given, for a comparative 

analysis of the responses obtained from the system. The external forces 

considered are: ,  and . 

The use of the methods of the Indeterminate Coefficients or the Parameter 

Variation is optional, as the results obtained are equivalent. However, the application 

of the method of Indeterminate Coefficients, as mentioned above, is permitted only 

for certain types of non-homogeneous functions, such as constants, polynomials, sine 

and cosine functions, exponential functions and combination of sum and/or product 

of these. The Parameter Variation method is applicable for any type of non-

homogeneous function, but the calculation of parameters also involves the calculation 

of integralsthat can hinder the process of finding the parameters.In the present work, 
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 the method of the Indeterminate Coefficients is used, because the forced functions 

considered are among the functions allowed for the application of this method. 

Finally, the general solution is obtained from the linear combination of 

homogeneous and particular solutions calculated and, when considering an initial 

value problem (IVP) with the initial conditions  and , the value of the 

constants C1 and C2 of the homogeneous solution are obtained.  

In the next section, the graphsof the functions of the calculated solutions were 

plotted with the aid of the Maple 18 software, in order to obtain a visual 

representation, facilitating the interpretation of the results. 

 

4 RESULTS AND DISCUSSION 

In this section of the present study, the calculated solutions for the differential 

equation that models the vibratory system submitted todifferent external forcesare 

presented. Initially, the results of general homogeneous solutions are presented. 

Then, the results obtained for the force are presented, showing in 

detail the procedures for calculating the method of the Indeterminate Coefficients. 

Subsequently, the results for the  and  forces are shown, 

where different general solutions are obtained. Together with the given solutions, 

their respective graphs are displayed. 

4.1 Homogeneous solutions 

The calculation of homogeneous solutions was performed by adopting the 

values for the coefficients m = 1kg and k = 16N/m and varying the damping values in 

order to obtain the different types of homogeneous solutions. Thus, c1 = 24N•s/m, c2 = 

8N•s/m and c3 = 4N•s/m. The solutions obtained for the three different cases are 

presented in Table 2. 

Table 2 – Homogeneoussolutions for differentcoefficientsofdifferentialequation 
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Homogeneousequation Homogeneoussolution Classification 

  
Real and distinct roots 

→Overdamped 

  
Real and equal roots 

→Critically damped 

  
Conjugated complex roots 

→Underdamped 

 

The calculation of constants C1and C2 of homogeneous solutions is carried out 

after the determination of the particular solutions for each forced function applied in 

the system, when solving the initial value problem (IVP) with the initial conditions 

considered. 

 

4.2 Solutions for F(t)=e-t sin(4t) 

For the calculation of the solution of the equation (3.1), considering the forced 

function of the form , the values for the coefficients of the equation were 

considered asm = 1kg, c = 8N•s/m andk =16 N/m, thus obtaining as a homogeneous 

solution . 

The calculation of the particular solution was carried out using the method of 

Indeterminate Coefficients. The method procedure begins with an initial assumption 

with the same form as the forced function, in this case , 

whose constants A and B will be determined later. Deriving and reorganizing the 

terms of each expression, and 

are obtained. By replacing the derivatives 

in equation (3.1), the equation . By 

matching the similar terms on both sides of the equation, a system of two equations 

with two variablesis obtained (coefficients A and B to be determined):  and 
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 , from which and are obtained. Thus, the particular solution can 

be written in the form . 

The general solution was obtained from the linear combination of 

homogeneous and particular solutions and constants C1 and C2of the homogeneous 

solution were determined by applying the initial conditions  and , of 

which and  were obtained. In this way, the general solution is expressed 

according to (4.2): 

 

(4.2) 

The Figure 3 presents the graphs of homogeneous, particular and 

generalsolutions, allowing a visual representation of their behaviors as a function of 

time. These graphs were obtained with the aid of the Maple 18 software. 

Figure 3 – Homogeneous solution (a), particular solution (b) and general solution (c) 

(a) (b) (c)  

 

The graph presented in Figure 3(a), related to homogeneous solution, 

represents the transient response of displacement of the mass of the vibratory 

system characterized as critically damped. This means that, as time t tends to infinity, 

the displacement x(t) tends to zero. Figure 3(b), relative to the particular solution 

graph, shows the permanent response of mass displacement, that is, as time t goes 
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 by, the disturbance of mass displacement x(t) will be caused only by the forced 

function applied in the system. 

4.3 Solutions for  and  

The calculation of equation solutions (3.1) considering the forced functions 

 and  was performed by adopting the different values for the 

coefficients m, c and k, according to that presented in section 4.1, in order to obtain 

the different types of homogeneous solutions, as shown in Table 2. 

The determination of the particular solutions was carried out according to the 

values adopted for the coefficients of the differential equation and according to the 

external forces considered. The method of Indeterminate Coefficients was applied, 

assuming  for equation (3.1) under the forced function 

 and  for the equation (3.1) under forced function . 

After the algebraic procedures applied, the particular solutions arranged in Table 3 

were obtained. 

Table 3 – Particular solutions for different coefficients of differential equation and 

external forces 

Differential equations with 

the different coefficients 

adopted 

External force functions applied to the system 

                 

 
  

 
  

 
  

 

Finally, general solutions are given by the sum of homogeneous and particular 

solutions. The constants of each homogeneous solution were again determined from 
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 the same initial conditions considered for the problem of initial value (  and 

). Table 4 presents the general solutions of each differential equation, with 

the C1 and C2 constants of each solution already determined. 

Table 4 - General solutions for different coefficients of differential equation and 

external forces 

General solutions 

  

 

 

 

 

 

  

  

  

  

  

 

The graphs of homogeneous solutions and general solutions are presented, 

respectively, in Figures 4 and 5, for each of the two forced functions applied.  

In Figure 4 presents the solutions in transient regime of displacement of the 

mass, for each type of damping. Figure 4(a) refers to function F(t)=10cos(5t) while 

Figure 4(b) refers to function F(t )=10e-5t . Figure 5 presents the general solutions, as a 

combination of homogeneous and particular solutions for function F(t)=10cos(5t) 
 

(Figure 5(a)) and for function F(t)=10e-5t(Figure 5(b)). After a certain interval of time t, it 

is observed that only permanent responses (particular solutions) prevail, showing that 

mass displacement depends only on the forced function acting in the system. 
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Figure 4 – Transient solutions for the function  (a) and for de function 

(b) 

(a) (b)  

Figure 5 – General solution for the function  (a) and for the function 

(b) 

(a)  (b)  
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5 CONCLUSION 

The determined solutions represent, for the analysis of vibratory models, the 

displacements of the masses as a function of time. Thus, depending on the external 

force applied in the system and the coefficients adopted for the equation of motion, 

these system responses present varied behaviors among themselves. 

When analyzing the behaviors of the solutions, it is observed that after a certain 

time interval, the homogeneous solution (transient response) becomes negligible, 

remaining only the particular solution (permanent response) representing the 

displacement of the mass of the vibratory system. Thus, the displacement of the mass 

as a function of time has greater dependence on the particular response, which is 

subject to the external force applied on the vibratory system. 

The interpretation of these results obtained, from the general solution of the 

differential equation, has great importance for studies involving engineering projects 

of machines, foundations, structures, motors, turbines, in addition to control systems. 

 

REFERENCES 

BARROS, Vicente Pereira de. Osciladoresforçados: harmônico e paramétrico.  

RevistaBrasileira de Ensino de Física, v. 29, n. 4, p. 549-554. São Paulo: 2007. 

BOYCE, William E.; DIPRIMA, Richard C. Elementary differential equations. 10th ed. 

John Wiley & Sons; 2012. 

DELGADO, Kelven S.; VARANIS, Marcus. Mathematical Modelling of a dynamic 

vibration absorber. Proceeding Series of the Brazilian Society of Computational and 

Applied Mathematics, vol. 6, n. 2. Campinas, SP: 2018. 

FREITAS, Igor Ramon B. et al. Análisediferencial da vibração livre com 

amortecimentoviscoso de um sistemamassa-mola. Proceeding Series of the Brazilian 

Society of Computational and Applied Mathematics, vol. 6, n. 2. Campinas, SP: 2018. 

RAO, Singiresu S. Mechanical vibrations. 5th ed. Upper Saddle River, NJ: Pearson 

Prentice Hall; 2011. 

ZILL, Dennis G.; CULLEN, Michael R. Differencial equations with boundary-value 

problems. 7th ed. Belmont, CA: Brooks/Cole, Cengage Learning;2009. 



Analysis of solutions of differential equations of vibratory systems with varied external forces  16 

 

Ci. e Nat., Santa Maria, v. 42, e89, p. 1-17, 2020 

    

  

LINDSAY D, BRÖZEL VS, MOSTERT JF, VON HOLY A. Differential efficacy of a 

chlorinedioxide containing sanitizer against singles pecies and binary biofilms of 

adairy-associated Bacillus cereus and a Pseudomonas fluorescens isolate. J. Appl 

Microbiol. 2002;92(2):352-61. 

MARQUES SC, REZENDE JGOS, ALVES LAF, SILVA BC, ALVES E, DE ABREU, L. R. et al. 

Formation of biofilms by Staphylococcus aureus on stainless steel and glass surfaces 

and its resistance to some selected chemical sanitizers. Braz J Microb. 2007;38(3):538–

543. 

MILLEZI AF, ROSSONI DF, CANO IA, PICCOLI RH. Sensibilidade de bactérias 

patogênicas em alimentos a óleos essenciais de plantas medicinais e condimentares.  

Hig Ali. 2016;30(254-255):117-122. 

MILLEZI AF, DALLA COSTA KA,  OLIVEIRA JM, LOPES SP, PEREIRA MO, PICCOLI RH. 

Antibacterial and anti-biofilm activity of cinnamon essential oil and eugenol. Ciên. 

Rural. 2019;49(01):1-7. 

MASÁK J, ČEJKOVÁ A, SCHREIBEROVÁ O, ŘEZANKA T. Pseudomonas biofilms: 

Possibilities of their control. FEMS Microbiol Ecol. 2014;89(1):1-14. 

NEIDIG A, YEUNG AT, ROSAY T, TETTMANN B, STREMPEL N, RUEGER M et al. TypA is 

involved in virulence, antimicrobial resistance and biofilm formation in Pseudomonas 

aeruginosa. BMC Microbiol. 2013;9(17):1-10. 

NOSTRO A, SUDANO ROCCARO A, BISIGNANO G, MARINO A, CANNATELLI 

MA, PIZZIMENTI FC, et al. Effects of oregano, carvacrol and thymol on Staphylococcus 

aureus and Staphylococcus epidermidis biofilms. J Med Microb. 2007;56(4):519-23. 

NOVICK, R. P. Autoinduction and signal transduction in the regulation of 

staphylococcal virulence. Mol. Microb. 2003;48(6):1429–1449. 

O’TOOLE GA, KOLTER R. The initiation of biofilm formation in Pseudomonas 

fluorescens WCS365 proceedsvia multiple, convergent signaling pathways: a genetic 

ana-lysis. Mol Microbiol. 1998; 28(3):449-61. 

PRASHAR A, HILI P, VENESS RG, EVANS CS. Antimicrobial action of palmarosa oil 

(Cymbopogon martinii) on Saccharomyces cerevisiae. Phytochemistry. 2003;63(5):569-75. 

Prasad CS, Shukla R, Kumar A, Dubey NK. in vitro and in vivo antifungal activity of 

essential oils of Cymbopogon martinii and Chenopodium ambrosioides and their 

synergism against dermatophytes. Mycoses 2010; 53: 123-129. 

PRATT LA, KOLTER R. Genetic analysis of Escherichia coli biofilm formation: defining the 

roles of flagella, motility, chemotaxis and type I pili. Mol Microbiol. 1998; 30(2):285-93. 

https://www.ncbi.nlm.nih.gov/pubmed/24754832
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeung%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=23570569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosay%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23570569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tettmann%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23570569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strempel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23570569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rueger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23570569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sudano%20Roccaro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17374894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bisignano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17374894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marino%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17374894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cannatelli%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17374894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cannatelli%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17374894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cannatelli%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17374894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pizzimenti%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=17374894


Muller, L. H.; Carlos. E. S.; Loreto, A. B.; Picoloto, C. B.         17 

 

Ci. e Nat., Santa Maria, v. 42, e1, p. 1-17, 2020 

    

 RAINA VK, SRIVASTAVA SK, AGGARWAL KK, SYAMASUNDAR KV, KHANUJA SPS. Essential 

oil composition of Cymbopogon martinii from different places in India. 

Flavour and Fragrance Journal. 2003;18(4):312–315. 

SANCHEZ-VIZUETE P, ORGAZ B, AYMERICH S, LE COQD, BRIANDET R. Pathogens 

protection against the action of disinfectants in multispecies biofilms. Front Microbiol. 

2015:705.  

SCHERER R, WAGNER R, DUARTE MCT, GODOY HT. Composição e atividades 

antioxidante e antimicrobiana dos óleos essenciais de cravo-da-índia, citronela e 

palmarosa. Rev Bras Plantas Med. 2009;11(4):442–449. 

SHARMA PR, MONDHE DM, MUTHIAH S, PAL HC, SHAHI AK, SAXENA AK et al. 

Anticancer activity of an essential oil from Cymbopogon flexuosus. Chem Biol 

Interact. 2009;179(2-3):160-8. 

SIKKEMA J, DE BONT JAM, POOLMAN B. Mechanisms of membrane toxicity of 

hydrocarbons. Microbiol Rev. 1995;59(2):201–222  

SIMÕES M, SIMÕES LC, VIEIRA MJ. Species association increases biofilm resistance to 

chemical and mechanical treatments. Water Res. 2009;43(1):229-37. 

STEPANOVIĆ S, VUKOVIĆ D, DAKIĆ I, SAVIĆ B, ŠVABIĆ-VLAHOVIĆ M. A modified 

microtiter plate test for quantification of staphylococcal biofilm formation. J Microbiol 

Methods. 2000;40(2):175-9. 

TAMULI P, SAIKIA M, BORUAH P. Post-infectional biochemical changes in Cymbopogon 

martinii (Roxb.) Wats and Cymbopogon citratus (DC) Stapf. due to leaf rust disease. Am 

J Plant Sci. 2013:1666-1668. 

TSAI M, LIN CC, LIN WC, YANG CS. Antimicrobial, Antioxidant, and Anti-Inflammatory 

Activities of Essential Oils from Five Selected Herbs. Biosci Biotechnol 

Biochem. 2011;75(10):1977-83. 

WANG R, KALCHAYANAND N, SCHMIDT JW, HARHAY DM. Mixed Biofilm Formation by 

Shiga Toxin-Producing Escherichia coli and Salmonella enterica Serovar Typhimurium 

Enhanced Bacterial Resistance to Sanitization due to Extracellular Polymeric 

Substances. J Food Prot. 2013 Sep;76(9):1513-22.  

WATNICK P, KOLTER R. Biofilm, city of microbes. J Bacteriol. 2000;182(10):2675-9. 

WIMPENNY JWT, COLASANTI R.  A unifyinghypothesis for the structure of microbial 

biofilms basedon cellular utomaton models. FEMS Microbiol Ecol. 1997;22(1)1–16. 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/19121295
https://www.ncbi.nlm.nih.gov/pubmed/19121295
https://www.ncbi.nlm.nih.gov/pubmed/19121295
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC239360/
https://www.ncbi.nlm.nih.gov/pubmed/10699673
https://www.ncbi.nlm.nih.gov/pubmed/10699673
https://www.ncbi.nlm.nih.gov/pubmed/10699673
https://www.ncbi.nlm.nih.gov/pubmed/21979069
https://www.ncbi.nlm.nih.gov/pubmed/21979069
https://www.ncbi.nlm.nih.gov/pubmed/21979069
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23992495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalchayanand%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23992495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=23992495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harhay%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=23992495
https://www.ncbi.nlm.nih.gov/pubmed/23992495
https://www.ncbi.nlm.nih.gov/pubmed/10781532

