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Look at three or four or twenty my quizzes and then

fill in my please!

To create your own test from based on this one you will
need free AcroTEXeDucation bundle, the TEX source at-

tached here and to follow instruction on home
site.


% Copyright 2005-2009 Robert Marik
%
% The licence allows to use this file for exactly one of the following purposes.
%
% 1. To prepare your own texts after substantial modification of TeX
% macros (such as different mathematical problems)
%
% 2. or to prepare your own texts simply by slight modifications
% (design, introduction) and by using different input data for
% problems. In this latter case you are required to put the resulting
% tests on a suitable public server (your personal webpage, webpage of
% your department, webpage in e-learning course which is open for
% guests etc.).
%
%

\documentclass{article}

\input kvizy.tex

\def\righttitle{2-nd ord. LDE - variation}



\usepackage[noxcolor,pdftex]{exerquiz}
\usepackage[procrespgrp,ImplMulti,indefIntegral,equations,setSupport]{dljslib}

\begin{insDLJS}[dljslibRMb]{dljsliRMb}{RMb}

function ProcRespLDEsecond(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
//
// like ProcResp, but ends with CompareLDEsecond
//
    if (!ProcessIt) return null;
    var fieldname = event.target.name;
    var UserAns = event.value;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var success = _ProcRespLDEsecond(flag,CorrAns,UserAns,n,epsilon,a,indepVar,oComp);
    if ( success == -1 ) return null;
    if ( success == null ) { return syntaxError(), null; }
    return notifyField(success, flag, fieldname);
}
function _ProcRespLDEsecond(flag,CorrAns,UserAns,n,epsilon,a,indepVar,oComp) // changed name of var comp -> oComp
{
  ok2Continue = true;
  CorrAns = ParseInput(CorrAns);
\db console.println("ParseInput: CorrAns = " + CorrAns);\db%
    if (!ok2Continue) {
        app.alert("Syntax error in author's answer! Check console.", 3);
\db     console.println("Syntax Error: " + CorrAns);\db%
        return null;
    }
    var comp = ( typeof oComp == "object" ) ?
       (typeof oComp.comp == "undefined" ) ? diffCompare : oComp.comp : oComp;
    if ( typeof oComp == "object" && typeof oComp.priorParse != "undefined" )
    {
        if ( typeof oComp.priorParse == "object" )
        {
            for ( var i=0; i < oComp.priorParse.length; i++)
            {
                var retn = oComp.priorParse[i](UserAns);
                if ( retn == null ) return -1; // -1 signals an alert has already been made, silent from here
            }
        } else {
            var retn = oComp.priorParse(UserAns);
            if ( retn == null ) return -1;
        }
    }
    UserAns = ParseInput(UserAns);
    indepVar = TypeParameters(indepVar);
\db console.println("ParseInput: UserAns = " + UserAns);\db%
    if (!ok2Continue) return null;
    var success=randomPointCompareLDEsecond (n,a,indepVar,epsilon,CorrAns,UserAns,comp);
    return success;
}


function randomPointCompareLDEsecond (n,a,indepVar,epsilon,CorrAns,userAns,comp)
{
//  app.alert("randomPointCompareLDEsecond entered.");
    var error, i, j, k;
    var aXY = new Array();
    var aXYl = new Array();
    var aXYr = new Array();
    a = a.replace(/[\[\]\s]/g, "");
    var aIntervals = a.split("&");
    for (k=0; k < aIntervals.length; k++)
    {
        var aInterval = aIntervals[k].split("x");
        nI = aInterval.length;
        with (Math) {
            for (j=0; j < n; j++)
            {
                for (i=0; i < nI; i++)
                {
                    var endpoints = aInterval[i].split(",");
                    aXY[i] = eval(endpoints[0])-0+(eval(endpoints[1])-eval(endpoints[0]))*random();
                    aXYl[i] = eval(endpoints[0]);
                    aXYr[i] = eval(endpoints[1]);
                }
                var cXY = aXY.toString();
                var cXYl = aXYl.toString();
                var cXYr = aXYr.toString();
//                app.alert(cXY+"  --   "+cXYl+"  --  "+cXYr);
                error = compareLDEsecond(a,cXY,cXYl,cXYr,indepVar,CorrAns,userAns);
// app.alert("error="+error+"   epsilon="+epsilon);
                if (error == null) return null;
                if ( (error == -1) || (error > epsilon) ) {j=-1; break;}
            }
        }
        if (j!=n) return false;
    }
    return true;
}


function compareLDEsecond(_a,_c,_cl,_cr,_v,_F,_G) {
//
// _F is in the form y_p;y_1;y_2
// Zero if (_G-y_p) is linear combination of y_1, y_2
//
// More precisely: if it is a linear combination, the value is close to zero,
// but there is a numerical error and hence epsilon cannot be small too much!
//

    var casti = _F.split(";");
    var _GG = _G+"-("+casti[0]+")";
    var _FFa = casti[1];
    var _FFb = casti[2];
//    app.alert("_GG="+_GG+"   _FFa="+_FFa+"    _FFb="+_FFb);
    var aXY = _c.split(",");
    var aXYl = _cl.split(",");
    var aXYr = _cr.split(",");
    var _V = _v.split(",");  // e.g. _V[0] = "i:x"
    var _n = aXY.length;
    with(Math) {
//left end point
    for (var _i=0; _i < _n; _i++)
    {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXYl[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXYl[_i]) + ";");
    }
    _FFal = eval(_FFa);
    _FFbl = eval(_FFb);
    if ( app.viewerVersion >= 5)
    {
        var rtnCode = 0;
        eval("try { if(isNaN(_GGl = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
        switch(rtnCode)
        {
            case  0: break;
            case  1: return null;
            case -1: return -1;
        }
    }
    else
        if(isNaN(_GGl = eval(_GG))) return -1;
//rigth end point
    for (var _i=0; _i < _n; _i++)
    {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXYr[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXYr[_i]) + ";");
    }
    _FFar = eval(_FFa);
    _FFbr = eval(_FFb);
    if ( app.viewerVersion >= 5)
    {
        var rtnCode = 0;
        eval("try { if(isNaN(_GGr = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
        switch(rtnCode)
        {
            case  0: break;
            case  1: return null;
            case -1: return -1;
        }
    }
    else
        if(isNaN(_GGr = eval(_GG))) return -1;
//random point
    for (var _i=0; _i < _n; _i++)
    {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXY[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXY[_i]) + ";");
    }
    _FFam = eval(_FFa);
    _FFbm = eval(_FFb);
    if ( app.viewerVersion >= 5)
    {
        var rtnCode = 0;
        eval("try { if(isNaN(_GGm = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
        switch(rtnCode)
        {
            case  0: break;
            case  1: return null;
            case -1: return -1;
        }
    }
    else
        if(isNaN(_GGm = eval(_GG))) return -1;
//    app.alert(_FFam+" "+_FFbm+" "+_GGm+" "+_FFal+" "+_FFbl+" "+_GGl+" "+_FFar+" "+_FFbr+" "+_GGr);
//    app.alert("determinant = "+determinant (_FFam,_FFbm,_GGm,_FFal,_FFbl,_GGl,_FFar,_FFbr,_GGr));
    return abs(determinant(_FFam,_FFbm,_GGm,_FFal,_FFbl,_GGl,_FFar,_FFbr,_GGr));
    }
}



function determinant(_aA,_bB,_cC,_dD,_eE,_fF,_gG,_hH,_iI)
{
// evaluates determinant
return eval((_aA*_eE*_iI)+(_bB*_fF*_gG)+(_cC*_dD*_hH)-(_cC*_eE*_gG)-(_bB*_dD*_iI)-(_aA*_fF*_hH));
}


function ProcRespSetFormulaHint(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
    ok2Continue = true;
    var aaCorrAns = CorrAns.split(";");
    var aCorrAns = aaCorrAns[0].split(",");
//    if (!ProcessIt) return null;
    if (ProcessIt) {
    var fieldname = event.target.name;
    var UserAns = event.value;
    UserAns = stripWhiteSpace(UserAns);
    if (!ok2Continue) return null;
    var aUserAns = UserAns.split(",");
    var numCorrect = 0;
    var match = 0;
    if ( aUserAns.length != aCorrAns.length ) return notifyField(false, flag, fieldname);
    for ( var i=0; i< aCorrAns.length; i++) {
        match = 0;
        for ( var j=i; j< aUserAns.length; j++) {
            var retn = _ProcResp(flag,aCorrAns[i],aUserAns[j],n,epsilon,a,indepVar,oComp);
            if ( retn == null ) return syntaxError(), null;
            if (retn==1) {
               var temp=aUserAns[j];
               aUserAns[j]=aUserAns[i];
               aUserAns[i]=temp;
               match = match + 1;
            }
        }
        numCorrect += (match) ? 1 : 0;
    }
    var success = (numCorrect == aCorrAns.length) ? true : false;
    if ( success == null ) return syntaxError(), null;
    if (success == true) 
       {app.alert("Right! "+aaCorrAns[1],3);
         PrintHint(aaCorrAns[2],aaCorrAns[3]);}
    return notifyField(success, flag, fieldname);
  } 
  else
  {
    app.alert("O.K. You pressed hint button. "+aaCorrAns[1]);
    PrintHint(aaCorrAns[2],aaCorrAns[3],3);
    return null;
  }    
}


function PrintHint(printdestination,printtext)
{
this.getField(printdestination).value=(printtext)
}




function ProcRespLDEsg(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
//
// like ProcRespLDEsecond, but expects constants A and B
// and ends three times with CompareLDEsecond for A=0=B,
// for A=0, B=1 and for A=1, B=0.
//
// We also check that the functions at A and B are independet
// and the UserAnswer is linear in A and B.
// The first interval for variable must have positive length.
//
    if (!ProcessIt) return null;
//    app.alert("Funkce ProcRespLDEsg");
    var fieldname = event.target.name;
    var UserAns = event.value;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var _V = UserAns.split("A"); 
    if (_V.length !== 2) {
      app.alert("There should be exactly one constant A in the general solution.");
      return null; // notifyField(false, flag, fieldname);
    }
    _V = UserAns.split("B"); 
    if (_V.length !== 2) {
      app.alert("There should be exactly one constant B in the general solution.");
      return null; // notifyField(false, flag, fieldname);
    }
    var UserAnst = UserAns;
    UserAnst=UserAnst.replace(/A/g,"(0)");
    UserAnst=UserAnst.replace(/B/g,"(0)");
    var success = _ProcRespLDEsecond(flag,CorrAns,UserAnst,n,epsilon,a,indepVar,oComp);
    if ( success == -1 ) return null;
    if ( success == null ) { return syntaxError(), null; }
    if (!success)  return notifyField(false, flag, fieldname);
    UserAnst = UserAns;
    UserAnst=UserAnst.replace(/A/g,"(1)");
    UserAnst=UserAnst.replace(/B/g,"(0)");
   var successa = _ProcRespLDEsecond(flag,CorrAns,UserAnst,n,epsilon,a,indepVar,oComp);
    if ( successa == -1 ) return null;
    if ( successa == null ) { return syntaxError(), null; }
    if (!successa)  return notifyField(false, flag, fieldname);
    UserAnst = UserAns;
    UserAnst=UserAnst.replace(/A/g,"(0)");
    UserAnst=UserAnst.replace(/B/g,"(1)");
    var successb = _ProcRespLDEsecond(flag,CorrAns,UserAnst,n,epsilon,a,indepVar,oComp);
    if ( successb == -1 ) return null;
    if ( successb == null ) { return syntaxError(), null; }
    if (!successb)  return notifyField(false, flag, fieldname);
//    app.alert("Is solution and has two constants. Checking if it is a general solution.");
    indepVar = TypeParameters(indepVar);
    var promenna = indepVar.charAt(2);
    var casti = CorrAns.split(";");
//    Find particular solution of the user    
//    we put A=0 and B=0 in users answer
    var PartUser = UserAns;
    PartUser = PartUser.replace(/A/g,"(0)");
    PartUser = PartUser.replace(/B/g,"(0)");    
    var part = UserAns+"-("+PartUser+")";
//    app.alert("User's general solution: "+part);
    var funda = casti[1];
    var fundb = casti[2];
    part = ParseInput(part);
    if (!ok2Continue) return null;
    funda = ParseInput(funda);
    if (!ok2Continue) return null;
    fundb = ParseInput(fundb);
    if (!ok2Continue) return null;
    a = a.replace(/[\[\]\s]/g, "");
    var aIntervals = a.split("&");
    var MezeAB = aIntervals[0].split(",");
    with(Math){
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partA=eval(part);
      eval ("var A=0;");
      eval ("var B=1;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partB=eval(part);
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partC=eval(part);
      eval ("var A=0;");
      eval ("var B=1;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partD=eval(part);
      eval ("var A=0;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partLaA=eval(part);
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partCaA=eval(part);
      eval ("var A=2;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partRaA=eval(part);
      eval ("var A=0;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partLaB=eval(part);
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partCaB=eval(part);
      eval ("var A=2;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partRaB=eval(part);
      eval ("var A=0;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partLbA=eval(part);
      eval ("var B=1;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partCbA=eval(part);
      eval ("var B=2;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partRbA=eval(part);
      eval ("var B=0;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partLbB=eval(part);
      eval ("var B=1;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partCbB=eval(part);
      eval ("var B=2;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partRbB=eval(part);
    var testzavislosti = eval(abs(partA*partD-partB*partC));
    var testlinearityA = eval(abs((partRaA+partLaA)/2-partCaA)+abs((partRaB+partLaB)/2-partCaB));
    var testlinearityB= eval(abs((partRbA+partLbA)/2-partCbA)+abs((partRbB+partLbB)/2-partCbB));
    }
    if (testzavislosti < epsilon)
    {app.alert("Seems to be a solution, but not a general solution.");
      return notifyField(false, flag, fieldname);}        
    if (testlinearityA > epsilon)    {
      app.alert("Seems to be a solution, but your expression is not linear in A.");
      return notifyField(false, flag, fieldname);}        
    if (testlinearityB > epsilon)    {
      app.alert("Seems to be a solution, but your expression is not linear in B.");
      return notifyField(false, flag, fieldname);}        
    return notifyField(true, flag, fieldname);
} 





\end{insDLJS}



\begin{document}
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\maketitle
%\tableofcontents
% \begin{center}
%   \includegraphics[width=3cm]{kviz1.pdf}
% \end{center}

\newpage

\section{Theory}


\begin{definice}[second order linear differential equation] Let
  $p$, $q$ be real numbers, $f$ be functions continuous on the
  interval $I$. 
  The equation
  \begin{equation}
    \label{eq:LDR2}
    y''+py'+qy=f(x)
  \end{equation}
  is said to be a \textit{second order linear differential
    equation with constant coefficients}.  
\end{definice}

\begin{definice}[special types of 2nd order LDE]
  Equation \eqref{eq:LDR2} is said to be \textit{homogeneous} if
  $f(x)=0$ for all $x\in I$ and \textit{nonhomogeneous} otherwise.
\end{definice}

\begin{definice}[associated homogeneous equation]
  Consider nonhomogeneous equation \eqref{eq:LDR2}. Homogeneous
  equation
  \begin{equation}\label{eq:LDR2hom}
    y''+py'+qy=0.
  \end{equation}
  with the left-hand side identical with equation \eqref{eq:LDR2} is
  called a \textit{homogeneous equation associated to the nonhomogeneous
  equation \eqref{eq:LDR2}}.
\end{definice}

\newpage
\begin{veta}[general solution of nonhomogeneous second order LDE]
  \label{veta:resnehomrce}
  Let $y_1(x)$ and $y_2(x)$ be fundamental system of solutions of
  the homogeneous LDE \eqref{eq:LDR2hom} and $y_p(x)$ be an
  arbitrary particular solution of the nonhomogeneous LDE
  \eqref{eq:LDR2}. Then the function
  \begin{equation}
    \label{eq:obresnehom}
    y(x,C_1,C_2)=C_1y_1(x)+C_2y_2(x)+y_p(x), \qquad C_1\in\R,\ C_2\in\R
  \end{equation}
  is a general solution of the nonhomogeneous LDE
  \eqref{eq:LDR2}.
\end{veta}


\begin{veta}[solution of the nonhomogeneous LDE with constant
 coefficients]\label{ve:met-var-konst-LDR2}
   Consider the second order LDE with constant coefficients
   \begin{equation}
   \label{eq:LDRkonskoefnehom}
   y''+py'+qy=f(x).%\tag{L2}
 \end{equation}
 Let $y_1(x)$ and $y_2(x)$ be a fundamental system of solutions
 of the associated homogeneous equation. Let $A(x)$ and
 $B(x)$ be differentiable functions with derivatives $A'(x)$ and
 $B'(x)$ which satisfy the system of equations
 \begin{equation}
   \label{eq:soustavaN}
   \begin{aligned}
     A'(x)y_1(x)+B'(x)y_2(x)&=0,\\
     A'(x)y'_1(x)+B'(x)y'_2(x)&=f(x).\\
   \end{aligned}
 \end{equation}
 The function $y_p(x)$ defined by the relation
 \begin{equation}
      y_p(x)=A(x)y_1(x)+B(x)y_2(x)\label{eq:variaceLDR2}
    \end{equation}
    is a particular solution of \eqref{eq:LDRkonskoefnehom}. The
    function
   \begin{equation*}
     y(x)=C_1y_1(x)+C_2y_2(x)+y_p(x), \quad C_1\in\R, C_2\in\R,
   \end{equation*}
   is a general solution of  \eqref{eq:LDRkonskoefnehom}.
 \end{veta}


\newpage
\section{Tests}

On the following pages you find some tests which guide you throug
the process of solving second order LDE via variation of
constants.
\begin{itemize*}
\item The functions from the fundamental system are not unique. If you choose
  the fundamental system as on the lectures, your answer is unique up to the
  order of the functions.
\item If your answer on the fundamental system is correct (or if you scratch
  your answer and asks for help by pressing "?"), follow the hint which tells
  you which one of these two 
  functions is $y_1(x)$ and which one is $y_2(x)$.
\item In the linear system for $A'$, $B'$ choose $y_1$ and $y_2$ as
  suggested by the quiz. Then the answers to the questions on $A'$
  and $B'$ are unique.
\item The functions $A$ and $B$ are unique up to an additive
  constant.
\item The particular solution is unique up to an additive factor
  which is a linear combination of the functions from the
  fundamental system. This test is able to grade the users answer
  on particular solution correctly. Thus both answers $y=1$ and
  $y=1+\sin(x)+2\cos(x)$ are correct for the equation $y''+y=1$.
\item In the field with general solution all functions
  $y=1+A\sin(x)+B\cos(x)$, $y=1+\sin(x)+A\cos(x)+3B\sin(x)$ or
  $y=1+A\sin(x)-B(\cos(x)-\sin(x))$ are equivalent, as excepted from the fact
  that there are many posibilities how to write the general solution.
\end{itemize*}
\newpage

\def\hop{\par\leavevmode\hskip 3cm}
\everyCorrAnsButton{\CA{?}}

\def\interval{0,2}
% The interval for x is assumed to be [0,2].
% If you wish to change it for the following test, 
% write \def\interval{a,b}.
% 


\def\parse#1#2#3,#4,{%
\xdef#1{#3}
\xdef#2{#4}
}

\def\zarazka#1{\leavevmode\hbox to 3 cm{\hss#1{}}}

\newcount\napovedacislo

\def\priklad#1#2#3#4#5#6#7#8{
% #1 the equation in TeX notation
% #2 the left-hand side ot the char. equation
% #3 y_1,y'_1
% #4 y_2,y'_2
% #5 f(x) - the right hand side of the normal form (coeff. at y'' is 1) 
% #6 A',A
% #7 B',B
% #8 y_p - particular solution
\global\advance\napovedacislo by 1
\edef\jmenopolicka{HintFieldNumber\the\napovedacislo}
\begin{shortquiz}
Solve $#1$.
\parse{\ya}{\yad}#3,
\parse{\yb}{\ybd}#4,
\parse{\Ad}{\A}#6,
\parse{\Bd}{\B}#7,

\begin{questions}
\item Find the characteristic equation for the associated homogeneous
  equation (use $z$ as a variable).
  \hop
  \RespBoxMath{#2=0}(z){5}{0.0000001}{[\interval]}*{ProcRespEq}
  \CorrAnsButton{#2=0}
\item Find the fundamental system (two functions separated by commas).
  \hop 
%  \RespBoxMath{\ya,\yb}(x){10}{1.0E-6}{[\interval]}*{ProcRespSetFormula}
  \RespBoxMath{\ya,\yb;Remember that the choice of the
    functions y_1(x) and y_2(x) is not unique.
    Therefore, in the
    following text assume y_1(x)=\ya\ and y_2=\yb\ !;\jmenopolicka;
    where y_1(x)=\ya\ and y_2=\yb}(x){10}{1.0E-6}{[\interval]}*{ProcRespSetFormulaHint}
  \CorrAnsButton{\ya,\yb}
\item Look for the particular solution in the form
  $y_p=A(x)y_1(x)+B(x)y_2(x)$\\
  \textField[\S{N}\V{where y_1=... and y_2=...}\BC{}\BG{}\textColor{0.8 0 0 rg}
  \Ff{\FfReadOnly}]{\jmenopolicka}{8cm}{15bp}
  Write the system for $A'$ and $B'$
  \begin{equation*}
    \begin{mathGrp}
      \everyRespBoxMath{\rectW{3cm}\Q{1}%\BG{1 1 1}
      }
      \begin{aligned}        
        \expandafter\RespBoxMath\expandafter{\ya}{5}{0.00001}{[\interval]} 
      {}  \cdot A'(x)
        +
        \expandafter\RespBoxMath\expandafter{\yb}{5}{0.00001}{[\interval]}
    {}    \cdot B'(x)
        &=0,\\
        \expandafter\RespBoxMath\expandafter{\yad}{5}{0.00001}{[\interval]} 
  {}      \cdot A'(x)
        +
        \expandafter\RespBoxMath\expandafter{\ybd}{5}{0.00001}{[\interval]} 
{}        \cdot B'(x)
        &=
        \RespBoxMath{#5}{5}{0.00001}{[\interval]}         
      \end{aligned}
    \end{mathGrp}
    \quad\CorrAnsButtonGrp{\ya,\yb,\yad,\ybd,#5}
  \end{equation*}
 \item Solving this system we get

 \zarazka{$A'(x)= {}$}\expandafter\RespBoxMath
 \expandafter{\Ad}{10}{0.0001}{[
 \interval]}  
 \ \expandafter\CorrAnsButton\expandafter{\Ad}

 \zarazka{$B'(x)={}$}\expandafter\RespBoxMath
 \expandafter{\Bd}{10}{0.0001}{1}{2} 
 \ \expandafter\CorrAnsButton\expandafter{\Bd}

 \item Integrating we get 

   \everyRespBoxMath{\rectW{7cm}}

 \zarazka{$A(x)={}$}\expandafter\RespBoxMath
 \expandafter{\A}{4}{0.0001}{[\interval]}[indefCompare]
 \expandafter\CorrAnsButton\expandafter{\A}

 \zarazka{$B(x)={}$}\expandafter\RespBoxMath
 \expandafter{\B}{4}{0.0001}{[\interval]}[indefCompare]
 \expandafter\CorrAnsButton\expandafter{\B}

 \item Find particular solution.

 \zarazka{$y_p={}$}%
 \edef\pomocne{#8;\ya;\yb}%
 \expandafter\RespBoxMath\expandafter{\pomocne}(x)
 {10}{0.000001}{[\interval]}*{ProcRespLDEsecond}
 \CorrAnsButton[\CA{?}]{#8}
 \item Find general solution, use constants $A$ and $B$.

  \zarazka{$y={}$}%
  \edef\pomocne{#8;\ya;\yb}%
  \expandafter\RespBoxMath\expandafter{\pomocne}(x)
  {10}{0.000001}{[\interval]}*{ProcRespLDEsg}
  \CorrAnsButton[\CA{?}]{#8+A*\ya+B*\yb}
\end{questions}
\end{shortquiz}
\newpage
%% defaults
\def\interval{0,2}
}


\priklad
{y''+y=1}
{z^2+1}
{cos(x),-sin(x)}
{sin(x),cos(x)}
{1}
{-sin(x),cos(x)}
{cos(x),sin(x) }
{1}

\priklad
{y''+y=x}
{z^2+1}
{cos(x),-sin(x)}
{sin(x),cos(x)}
{x}
{-x*sin(x), x*cos(x)-sin(x)}
{x*cos(x), x*sin(x)+cos(x)}
{x}



\priklad
{y''-3y'+2y=e^x}
{z^2-3z+2}
{exp(2x),2*exp(2x)}
{exp(x),exp(x)}
{exp(x)}
{-exp(-x),exp(-x)}
{-1,-x}
{-(x+1)exp(x)}

\priklad
{y''+4y=x}
{z^2+4}
{cos(2x),-2*sin(2x)}
{sin(2x),2*cos(2x)}
{x}
{-1/2*x*sin(2x),1/4*x*cos(2x)-1/8*sin(2x)}
{x*cos(2x)/2,x*sin(2x)/4+cos(2x)/8}
{x/4}

\priklad
{y''+y=x+2}
{z^2+1}
{cos(x),-sin(x)}
{sin(x),cos(x)}
{x+2}
{-(x+2)sin(x), (x+2)cos(x)-sin(x)}
{(x+2)cos(x) ,(x+2)sin(x)+cos(x)}
{x+2}

\def\interval{0,1}
\priklad
{y''-2y'+y=\frac{e^x}{\sqrt{4-x^2}}}
{z^2-2z+1}
{exp(x),exp(x)}
{x exp(x),(x+1)exp(x)}
{exp(x)/sqrt(4-x^2)}
{-x/sqrt(4-x^2),sqrt(4-x^2)}
{1/sqrt(4-x^2),asin(x/2)}
{exp(x)*( sqrt(4-x^2) + x*asin(x/2) )}

\def\interval{1,3}
\priklad
{y''-2y'+y=\frac{e^x}{x}}
{z^2-2z+1}
{exp(x),exp(x)}
{x*exp(x),(x+1)exp(x)}
{exp(x)/x}
{-1,-x}
{1/x,ln(|x|)}
{-x*exp(x)+x*exp(x)*ln(|x|)}


\priklad
{y''-5y'+6y=e^{2x}}
{z^2-5z+6}
{exp(2x),2*exp(2x)}
{exp(3x),3*exp(3x)}
{exp(2x)}
{-1,-x}
{exp(-x),-exp(-x)}
{-(x+1)exp(2x)}

\def\interval{1,3}
\priklad
{y''+y=\frac{\cos x}{\sin x}}
{z^2+1}
{cos(x),-sin(x)}
{sin(x),cos(x)}
{cos(x)/sin(x)}
{-cos(x),-sin(x)}
{cos^2(x)/sin(x),cos(x)-1/2*ln((1+cos(x))/(1-cos(x)))}
{-1/2*sin(x)*ln((1+cos(x))/(1-cos(x)))}




\def\interval{1,3}
\priklad
{y''+2y'-3y=e^x}
{z^2+2z-3}
{exp(x),exp(x)}
{exp(-3x),-3exp(-3x)}
{exp(x)}
{1/4,x/4}
{-exp(4x)/4,-exp(4x)/16}
{x exp(x) / 4 }
%{-4exp(-2x),-exp(-2x),exp(2x)}

\def\interval{1,3}
\priklad
{y''-4y=e^{2x}}
{z^2-4}
{exp(2x),2exp(2x)}
{exp(-2x),-2exp(-2x)}
{exp(2x)}
{1/4,x/4}
{-exp(4x)/4,-exp(4x)/16}
{x exp(2x) / 4 }
%{-4,-1,exp(4x)}

\def\interval{1,3}
\priklad
{y''-4y=xe^{x}}
{z^2-4}
{exp(2x),2exp(2x)}
{exp(-2x),-2exp(-2x)}
{x*exp(x)}
{x*exp(-x)/4,-(x+1)*exp(-x)/4}
{-x*exp(3x)/4,-(x/3-1/9) * exp(3x) / 4}
{-exp(x)*(x/3+2/9)}
%{-4,-x*exp(-x),x*exp(3x)}

\end{document}




\begin{insDLJS}[dljslibRMb]{dljsliRMb}{RMb}


function ProcRespLDEsecond(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
//
// like ProcResp, but ends with CompareLDEsecond
//
    if (!ProcessIt) return null;
    var fieldname = event.target.name;
    var UserAns = event.value;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var success = _ProcRespLDEsecond(flag,CorrAns,UserAns,n,epsilon,a,indepVar,oComp);
    if ( success == -1 ) return null;
    if ( success == null ) { return syntaxError(), null; }
    return notifyField(success, flag, fieldname);
}
function _ProcRespLDEsecond(flag,CorrAns,UserAns,n,epsilon,a,indepVar,oComp) // changed name of var comp -> oComp
{
  ok2Continue = true;
  CorrAns = ParseInput(CorrAns);
\db console.println("ParseInput: CorrAns = " + CorrAns);\db%
    if (!ok2Continue) {
        app.alert("Syntax error in author's answer! Check console.", 3);
\db     console.println("Syntax Error: " + CorrAns);\db%
        return null;
    }
    var comp = ( typeof oComp == "object" ) ?
       (typeof oComp.comp == "undefined" ) ? diffCompare : oComp.comp : oComp;
    if ( typeof oComp == "object" && typeof oComp.priorParse != "undefined" )
    {
        if ( typeof oComp.priorParse == "object" )
        {
            for ( var i=0; i < oComp.priorParse.length; i++)
            {
                var retn = oComp.priorParse[i](UserAns);
                if ( retn == null ) return -1; // -1 signals an alert has already been made, silent from here
            }
        } else {
            var retn = oComp.priorParse(UserAns);
            if ( retn == null ) return -1;
        }
    }
    UserAns = ParseInput(UserAns);
    indepVar = TypeParameters(indepVar);
\db console.println("ParseInput: UserAns = " + UserAns);\db%
    if (!ok2Continue) return null;
    var success=randomPointCompareLDEsecond (n,a,indepVar,epsilon,CorrAns,UserAns,comp);
    return success;
}


function randomPointCompareLDEsecond (n,a,indepVar,epsilon,CorrAns,userAns,comp)
{
//  app.alert("randomPointCompareLDEsecond entered.");
    var error, i, j, k;
    var aXY = new Array();
    var aXYl = new Array();
    var aXYr = new Array();
    a = a.replace(/[\[\]\s]/g, "");
    var aIntervals = a.split("&");
    for (k=0; k < aIntervals.length; k++)
    {
        var aInterval = aIntervals[k].split("x");
        nI = aInterval.length;
        with (Math) {
            for (j=0; j < n; j++)
            {
                for (i=0; i < nI; i++)
                {
                    var endpoints = aInterval[i].split(",");
                    aXY[i] = eval(endpoints[0])-0+(eval(endpoints[1])-eval(endpoints[0]))*random();
                    aXYl[i] = eval(endpoints[0]);
                    aXYr[i] = eval(endpoints[1]);
                }
                var cXY = aXY.toString();
                var cXYl = aXYl.toString();
                var cXYr = aXYr.toString();
//                app.alert(cXY+"  --   "+cXYl+"  --  "+cXYr);
                error = compareLDEsecond(a,cXY,cXYl,cXYr,indepVar,CorrAns,userAns);
// app.alert("error="+error+"   epsilon="+epsilon);
                if (error == null) return null;
                if ( (error == -1) || (error > epsilon) ) {j=-1; break;}
            }
        }
        if (j!=n) return false;
    }
    return true;
}


function compareLDEsecond(_a,_c,_cl,_cr,_v,_F,_G) {
//
// _F is in the form y_p;y_1;y_2
// Zero if (_G-y_p) is linear combination of y_1, y_2
//
// More precisely: if it is a linear combination, the value is close to zero,
// but there is a numerical error and hence epsilon cannot be small too much!
//

    var casti = _F.split(";");
    var _GG = _G+"-("+casti[0]+")";
    var _FFa = casti[1];
    var _FFb = casti[2];
//    app.alert("_GG="+_GG+"   _FFa="+_FFa+"    _FFb="+_FFb);
    var aXY = _c.split(",");
    var aXYl = _cl.split(",");
    var aXYr = _cr.split(",");
    var _V = _v.split(",");  // e.g. _V[0] = "i:x"
    var _n = aXY.length;
    with(Math) {
//left end point
    for (var _i=0; _i < _n; _i++)
    {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXYl[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXYl[_i]) + ";");
    }
    _FFal = eval(_FFa);
    _FFbl = eval(_FFb);
    if ( app.viewerVersion >= 5)
    {
        var rtnCode = 0;
        eval("try { if(isNaN(_GGl = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
        switch(rtnCode)
        {
            case  0: break;
            case  1: return null;
            case -1: return -1;
        }
    }
    else
        if(isNaN(_GGl = eval(_GG))) return -1;
//rigth end point
    for (var _i=0; _i < _n; _i++)
    {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXYr[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXYr[_i]) + ";");
    }
    _FFar = eval(_FFa);
    _FFbr = eval(_FFb);
    if ( app.viewerVersion >= 5)
    {
        var rtnCode = 0;
        eval("try { if(isNaN(_GGr = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
        switch(rtnCode)
        {
            case  0: break;
            case  1: return null;
            case -1: return -1;
        }
    }
    else
        if(isNaN(_GGr = eval(_GG))) return -1;
//random point
    for (var _i=0; _i < _n; _i++)
    {
            if (_V[_i].charAt(0) == "r" )
                eval ( "var "+ _V[_i].charAt(2) + " = " + aXY[_i] + ";");
            else // assume type "i"
                eval ( "var "+ _V[_i].charAt(2) + " = " + ceil(aXY[_i]) + ";");
    }
    _FFam = eval(_FFa);
    _FFbm = eval(_FFb);
    if ( app.viewerVersion >= 5)
    {
        var rtnCode = 0;
        eval("try { if(isNaN(_GGm = eval(_GG))) rtnCode=-1; } catch (e) { rtnCode=1; }");
        switch(rtnCode)
        {
            case  0: break;
            case  1: return null;
            case -1: return -1;
        }
    }
    else
        if(isNaN(_GGm = eval(_GG))) return -1;
//    app.alert(_FFam+" "+_FFbm+" "+_GGm+" "+_FFal+" "+_FFbl+" "+_GGl+" "+_FFar+" "+_FFbr+" "+_GGr);
//    app.alert("determinant = "+determinant (_FFam,_FFbm,_GGm,_FFal,_FFbl,_GGl,_FFar,_FFbr,_GGr));
    return abs(determinant(_FFam,_FFbm,_GGm,_FFal,_FFbl,_GGl,_FFar,_FFbr,_GGr));
    }
}



function determinant(_aA,_bB,_cC,_dD,_eE,_fF,_gG,_hH,_iI)
{
// evaluates determinant
return eval((_aA*_eE*_iI)+(_bB*_fF*_gG)+(_cC*_dD*_hH)-(_cC*_eE*_gG)-(_bB*_dD*_iI)-(_aA*_fF*_hH));
}


function ProcRespSetFormulaHint(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
    ok2Continue = true;
    if (!ProcessIt) return null;
    var fieldname = event.target.name;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var UserAns = event.value;
    UserAns = stripWhiteSpace(UserAns);
    if (!ok2Continue) return null;
    var aUserAns = UserAns.split(",");
    var aaCorrAns = CorrAns.split(";");
    var aCorrAns = aaCorrAns[0].split(",");
    var numCorrect = 0;
    var match = 0;
    if ( aUserAns.length != aCorrAns.length ) return notifyField(false, flag, fieldname);
    for ( var i=0; i< aCorrAns.length; i++) {
        match = 0;
        for ( var j=i; j< aUserAns.length; j++) {
            var retn = _ProcResp(flag,aCorrAns[i],aUserAns[j],n,epsilon,a,indepVar,oComp);
            if ( retn == null ) return syntaxError(), null;
            if (retn==1) {
               var temp=aUserAns[j];
               aUserAns[j]=aUserAns[i];
               aUserAns[i]=temp;
               match = match + 1;
            }
        }
        numCorrect += (match) ? 1 : 0;
    }
    var success = (numCorrect == aCorrAns.length) ? true : false;
    if ( success == null ) return syntaxError(), null;
    if (success == true) app.alert(aaCorrAns[1]);
    return notifyField(success, flag, fieldname);
}








function ProcRespLDEsg(flag,CorrAns,n,epsilon,a,indepVar,oComp)
{
//
// like ProcRespLDEsecond, but expects constants A and B
// and ends three times with CompareLDEsecond for A=0=B,
// for A=0, B=1 and for A=1, B=0.
//
// We also check that the functions at A and B are independet
// and the UserAnswer is linear in A and B.
// The first interval for variable must have positive length.
//
    if (!ProcessIt) return null;
//    app.alert("Funkce ProcRespLDEsg");
    var fieldname = event.target.name;
    var UserAns = event.value;
    this.getField(fieldname).strokeColor = \eqDefaultColor;
    var _V = UserAns.split("A"); 
    if (_V.length !== 2) {
      app.alert("There should be exactly one constant A in the general solution.");
      return null; // notifyField(false, flag, fieldname);
    }
    _V = UserAns.split("B"); 
    if (_V.length !== 2) {
      app.alert("There should be exactly one constant B in the general solution.");
      return null; // notifyField(false, flag, fieldname);
    }
    var UserAnst = UserAns;
    UserAnst=UserAnst.replace(/A/g,"(0)");
    UserAnst=UserAnst.replace(/B/g,"(0)");
    var success = _ProcRespLDEsecond(flag,CorrAns,UserAnst,n,epsilon,a,indepVar,oComp);
    if ( success == -1 ) return null;
    if ( success == null ) { return syntaxError(), null; }
    if (!success)  return notifyField(false, flag, fieldname);
    UserAnst = UserAns;
    UserAnst=UserAnst.replace(/A/g,"(1)");
    UserAnst=UserAnst.replace(/B/g,"(0)");
   var successa = _ProcRespLDEsecond(flag,CorrAns,UserAnst,n,epsilon,a,indepVar,oComp);
    if ( successa == -1 ) return null;
    if ( successa == null ) { return syntaxError(), null; }
    if (!successa)  return notifyField(false, flag, fieldname);
    UserAnst = UserAns;
    UserAnst=UserAnst.replace(/A/g,"(0)");
    UserAnst=UserAnst.replace(/B/g,"(1)");
    var successb = _ProcRespLDEsecond(flag,CorrAns,UserAnst,n,epsilon,a,indepVar,oComp);
    if ( successb == -1 ) return null;
    if ( successb == null ) { return syntaxError(), null; }
    if (!successb)  return notifyField(false, flag, fieldname);
//    app.alert("Is solution and has two constants. Checking if it is a general solution.");
    indepVar = TypeParameters(indepVar);
    var promenna = indepVar.charAt(2);
    var casti = CorrAns.split(";");
    var part = UserAns+"-("+casti[0]+")";
    var funda = casti[1];
    var fundb = casti[2];
    part = ParseInput(part);
    if (!ok2Continue) return null;
    funda = ParseInput(funda);
    if (!ok2Continue) return null;
    fundb = ParseInput(fundb);
    if (!ok2Continue) return null;
    a = a.replace(/[\[\]\s]/g, "");
    var aIntervals = a.split("&");
    var MezeAB = aIntervals[0].split(",");
    with(Math){
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partA=eval(part);
      eval ("var A=0;");
      eval ("var B=1;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partB=eval(part);
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partC=eval(part);
      eval ("var A=0;");
      eval ("var B=1;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partD=eval(part);
      eval ("var A=0;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partLaA=eval(part);
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partCaA=eval(part);
      eval ("var A=2;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partRaA=eval(part);
//    app.alert(partLaA+";"+partCaA+";"+partRaA);
      eval ("var A=0;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partLaB=eval(part);
      eval ("var A=1;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partCaB=eval(part);
      eval ("var A=2;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partRaB=eval(part);
//      app.alert(partLaB+";"+partCaB+";"+partRaB);
      eval ("var A=0;");
      eval ("var B=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partLbA=eval(part);
      eval ("var B=1;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partCbA=eval(part);
      eval ("var B=2;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[0]+";");
      var partRbA=eval(part);
      eval ("var B=0;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partLbB=eval(part);
      eval ("var B=1;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partCbB=eval(part);
      eval ("var B=2;");
      eval ("var A=0;");
      eval ("var "+promenna+"="+MezeAB[1]+";");
      var partRbB=eval(part);
    var testzavislosti = eval(abs(partA*partD-partB*partC));
    var testlinearityA = eval(abs((partRaA+partLaA)/2-partCaA)+abs((partRaB+partLaB)/2-partCaB));
//    app.alert(testlinearityA);
    var testlinearityB= eval(abs((partRbA+partLbA)/2-partCbA)+abs((partRbB+partLbB)/2-partCbB));
    }
    if (testzavislosti < epsilon)
    {app.alert("Seems to be a solution, but not a general solution.");
      return notifyField(false, flag, fieldname);}        
    if (testlinearityA > epsilon)    {
      app.alert("Seems to be a solution, but your expression is not linear in A.");
      return notifyField(false, flag, fieldname);}        
    if (testlinearityB > epsilon)    {
      app.alert("Seems to be a solution, but your expression is not linear in B.");
      return notifyField(false, flag, fieldname);}        
    return notifyField(true, flag, fieldname);
} 







\end{insDLJS}


Robert Marik
You can get the source of this quiz by clicking this icon.
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1. Theory

Definice 1 (second order linear differential equation) Let p, q be real numbers, f be functions
continuous on the interval I . The equation

y ′′ + py ′ + qy = f (x) (1)

is said to be a second order linear differential equation with constant coefficients.

Definice 2 (special types of 2nd order LDE) Equation (1) is said to be homogeneous if f (x) = 0 for
all x ∈ I and nonhomogeneous otherwise.

Definice 3 (associated homogeneous equation) Consider nonhomogeneous equation (1). Homo-
geneous equation

y ′′ + py ′ + qy = 0. (2)

with the left-hand side identical with equation (1) is called a homogeneous equation associated to the
nonhomogeneous equation (1).

http://www.mendelu.cz/user/marik
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Věta 1 (general solution of nonhomogeneous second order LDE) Let y1(x) and y2(x) be funda-
mental system of solutions of the homogeneous LDE (2) and yp(x) be an arbitrary particular solution
of the nonhomogeneous LDE (1). Then the function

y(x,C1, C2) = C1y1(x) + C2y2(x) + yp(x), C1 ∈ R, C2 ∈ R (3)

is a general solution of the nonhomogeneous LDE (1).

Věta 2 (solution of the nonhomogeneous LDE with constant coefficients) Consider the second
order LDE with constant coefficients

y ′′ + py ′ + qy = f (x). (4)

Let y1(x) and y2(x) be a fundamental system of solutions of the associated homogeneous equation.
Let A(x) and B(x) be differentiable functions with derivatives A′(x) and B′(x) which satisfy the system
of equations

A′(x)y1(x) + B′(x)y2(x) = 0,
A′(x)y ′1(x) + B′(x)y ′2(x) = f (x).

(5)

The function yp(x) defined by the relation

yp(x) = A(x)y1(x) + B(x)y2(x) (6)

is a particular solution of (4). The function

y(x) = C1y1(x) + C2y2(x) + yp(x), C1 ∈ R, C2 ∈ R,

is a general solution of (4).
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2. Tests

On the following pages you find some tests which guide you throug the process of solving second
order LDE via variation of constants.

• The functions from the fundamental system are not unique. If you choose the fundamental
system as on the lectures, your answer is unique up to the order of the functions.

• If your answer on the fundamental system is correct (or if you scratch your answer and asks for
help by pressing ”?”), follow the hint which tells you which one of these two functions is y1(x)
and which one is y2(x).

• In the linear system for A′, B′ choose y1 and y2 as suggested by the quiz. Then the answers to
the questions on A′ and B′ are unique.

• The functions A and B are unique up to an additive constant.
• The particular solution is unique up to an additive factor which is a linear combination of the

functions from the fundamental system. This test is able to grade the users answer on particular
solution correctly. Thus both answers y = 1 and y = 1 + sin(x) + 2 cos(x) are correct for the
equation y ′′ + y = 1.

• In the field with general solution all functions y = 1 + A sin(x) + B cos(x), y = 1 + sin(x) +
A cos(x) + 3B sin(x) or y = 1 + A sin(x) − B(cos(x) − sin(x)) are equivalent, as excepted
from the fact that there are many posibilities how to write the general solution.
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Quiz Solve y ′′ + y = 1.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Ř
ÍK
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Quiz Solve y ′′ + y = x.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Ř
ÍK
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Quiz Solve y ′′ − 3y ′ + 2y = ex .

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ + 4y = x.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ + y = x + 2.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ − 2y ′ + y =
ex√

4 − x2
.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ − 2y ′ + y =
ex

x
.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ − 5y ′ + 6y = e2x .

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ + y =
cosx
sinx

.

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ + 2y ′ − 3y = ex .

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ − 4y = e2x .

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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Quiz Solve y ′′ − 4y = xex .

1. Find the characteristic equation for the associated homogeneous equation (use z as a variable).

2. Find the fundamental system (two functions separated by commas).

3. Look for the particular solution in the form yp = A(x)y1(x) + B(x)y2(x)

Write the system for A′ and B′

· A′(x) + · B′(x) = 0,

· A′(x) + · B′(x) =

4. Solving this system we get
A′(x) =

B′(x) =

5. Integrating we get
A(x) =

B(x) =

6. Find particular solution.
yp =

7. Find general solution, use constants A and B.
y =
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