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\section{Theory}


\begin{veta}[continuity of elementary functions]
   Every elementary function is continuous on its domain.
 \end{veta}


\begin{veta}[Bolzano]
  Let $f$ be a function defined and continuous on $[a,b]$.  If $f(a).f(b)<0$
  holds (i.e. the values $f(a)$ and $f(b)$ have different signs), then there
  exists a zero of the function $f$ on the interval $(a,b)$, i.e. there exists
  $c\in(a,b)$ such that $f(c)=0$.
\end{veta}



\textbf{General nonlinear inequality}
%   According to Bolzano's first theorem, a function cannot change
%   its sign on the interval which contains neither a point of
%   discontinuity nor a root of the function. Hence w
  When solving one of the inequalities
  \begin{align*}
    f(x)>0,\quad f(x)\geq 0,\quad f(x)\leq0,\quad \text{and} \quad f(x)<0,
  \end{align*}
  we can proceed in the following steps.
  \begin{enumerate}
  \item We find all points of discontinuity of the function $f(x)$. 
  \item We find all of the solutions of the equation $f(x)=0$. 
  \item We use the points from the last two steps and divide the real axis
    subintervals. The function 
    $f$ preserves its sign on each subinterval. We choose arbitrary
    (convenient) number $\xi$ form each subinterval, evaluate $f(\xi)$ and
    mark the sign of this value to the subinterval. We do this step for all
    subintervals.
  \item Performing the preceding step for all subintervals, we assign the sign
    of the function $f(x)$ to each subinterval. Now it is clear where $f(x)>0$
    holds and where the inequality is opposite.
  \end{enumerate}



\newpage

\section{Test}

\newtoks\obrtoks
\def\priklad#1#2#3#4{
\item {\large Solve $#1#20$}

  \begin{questions}
%     \obrtoks={#3}    
%     \message{----------\the\obrtoks}
  \item  Find point(-s) of discontinuity
    \def\strednik{;}
    {\def\|##1{}\def\o##1{##1,}\def\+{}\def\-{}\def\nic{}%
      \xdef\pomocne{#3;}%
      \ifx\pomocne\strednik\xdef\pomocne{,;}\fi
    }
    \expandafter\otazka\pomocne
  \item Solve $#1=0$
    {\def\|##1{##1,}\def\o##1{}\def\+{}\def\-{}\def\nic{}%
      \xdef\pomocne{#3;}%
      \ifx\pomocne\strednik\xdef\pomocne{,;}\fi
}
    \expandafter\otazka\pomocne

    \def\+{\osetri{\item
        \begin{answers}2
          \Ans1 \pos.\\\Ans0 \neg.\\\Ans0 \undef.
        \end{answers}}\hfil
    }%
    \def\-{\osetri{\item
        \begin{answers}2
          \Ans0 \pos.\\\Ans1 \neg.\\\Ans0 \undef.
        \end{answers}}\hfil
    }    
    \def\nic{\osetri{\item
        \begin{answers}2
          \Ans0 \pos.\\\Ans0 \neg.\\\Ans1 \undef.
        \end{answers}}\hfil
    }    
    \def\|##1{\dotaz{##1}\osetrib{\item
        \begin{answers}2
          \Ans1 \xint.\\\Ans0 \disc.
        \end{answers}}\hfil
    }    
    \def\o##1{\dotaz{##1}\osetrib{\item
        \begin{answers}2
          \Ans0 \xint.\\\Ans1 \disc.
        \end{answers}}\hfil
    }


  \item Complete the sign chart
    \begin{questions}
\vbox{\hsize=\orihsize
      \vskip 2 cm {\matikacolor \hrule height 2pt width \hsize} \leavevmode
      \kern 1.5cm
      \footnotesize #3 \kern-1.5cm\vskip 2 cm}
    \end{questions}
  \item Solution: 
\RespBoxMath[\TU{Write the solution of the inequality as union of intervals, as descibed in the intructions to the quiz.}]{#4}(infU){10}{1.0E-4}{[0,1]x[0,1]x[0,1]x[0,1]}*{ProcRespIntervalsNew}
\CorrAnsButton{#4}
  \end{questions}


\newpage}


\def\prazdna{}

\def\otazka#1,;{
\def\pomtoks{#1}
\ifx\pomtoks\prazdna
\RespBoxMath[\TU{Write your answer as unordered comma separated list of numbers, or write the word empty.}]{empty}{10}{1.0E-2}{0}{1}*{ProcRespSetFormulaEmpty}
\CorrAnsButton{empty}
\else 
\RespBoxMath[\TU{Write your answer as unordered comma separated list of numbers, or write the word empty.}]{#1}{10}{1.0E-2}{0}{1}*{ProcRespSetFormulaEmpty}
\CorrAnsButton{#1}
\fi
}


\def\xint.{\hbox to 0 pt{$x$-intercept\hss}}
\def\disc.{\hbox to 0 pt{discontinuity\hss}}
\def\pos.{\hbox to 0 pt{positive\hss}}
\def\neg.{\hbox to 0 pt{negative\hss}}
\def\undef.{\hbox to 0 pt{undefined\hss}}


%%% this removes overfull boxes
\def\osetri#1{\leavevmode\hskip -1cm\vbox to
  0 pt{\vss\hsize=1.5cm \rightskip -5 cm plus 1 fill #1\vskip 1.2cm}}
\def\osetrib#1{\leavevmode\hskip -1cm\vbox to 0 pt{\hsize=1.5cm \rightskip
-5cm plus 1 fill \vskip 0.1 cm#1\vss}}

\def\dotaz#1{\leavevmode
\vbox{
\vskip -6pt
\hbox to 0 pt{\hss\vrule width 2 pt height 12 pt\hss}
\vskip 0.2cm
\hbox to 0 pt
{\hss
\RespBoxMath[\rectW{2cm}\Q{1}\BG{1 1 1}]{#1}{3}{0.01}{[0,1]}
\hbox to 0 pt{\ \CorrAnsButton[\CA{?}]{#1}\hss}
\hss}
}
}


\parpic[r]{
  \vbox{\hbox{\color{red}Example how to fill-in the quiz}
  \hbox{\includegraphics[width=9cm]{obrazovka.jpg}}}}
    \definecolor{darkgreen}{rgb}{0,0.6,0}
    \def\kod#1{\texttt{\color{darkgreen}#1}} 
    \def\odrazka{{\color{red}$\bullet$}}
    \odrazka Given an inequality, find the domain and $x$-intercepts of the
    function. Write your answer as comma separated list of numbers or write
    the word \kod{none} or \kod{empty}. The order of the
    numbers in your answer does not matter.

    \odrazka  Write the sign chart for the function. You have to order the
    $x$-intercepts and poins of discontinuity and place them on the real
    axis. Then find intervals with positive and negative signs and the
    intervals which do not belong to the domain of the function.
 
    \odrazka Finally, write the solution of
    the inequality. Use \kod{[a,b]} for closed interval, \kod{(a,b)} for open
    interval, \kod{U} for union, \kod{inf} for $\infty$ and \kod{-inf} for
    $-\infty$. The set $\R\setminus(1,2]$ can be written as
    \kod{(-inf,1]U(2,inf)}. 

%     \odrazka \textbf{\color{red}Important! }Use braces to denote the
%     scope of the functions. For $\ln(2)$ write \kod{ln\{2\}}. Do
%     {\color{red}not} write \kod{ln(2)}.


\newpage

\begin{shortquiz}*[aaa]
\everyRespBoxMath{\BG{1 1 1}
  \rectH{16bp}\rectW{6cm}\textSize{0}
\TU{Click inside and write your answer.}}

\begin{questions}

\priklad{\frac{x^2+1}{x^2-1}}\leq
{\+\o{-1}\-\o{1}\+}
{(-1,1)}

\priklad{\frac{x-1}{x+2}}\leq{\+\o{-2}\-\|{1}\+}{\eqbs(-2,1]}

\priklad{x^2-3x+2}>{\+\|{1}\-\|{2}\+}{(-inf,1)U(2,inf)}

\priklad{x^2-4}\geq{\+\|{-2}\-\|{2}\+}{\eqbs(-inf,-2]U[2,inf\eqbs)}

\priklad{\frac{x^2-7x}{x^2+4}}\geq
{\+\|{0}\-\|{7}\+}{\eqbs(-inf,0]U[7,inf\eqbs)}

\priklad{\frac{xe^x}{(x+1)^3}}\geq
{\+\o{-1}\-\|{0}\+}
{(-inf,-1)U[0,inf\eqbs)}

\priklad{\frac{(x-2)\ln(x)}{x}}\leq
{\nic\o{0}\+\|{1}\-\|{2}\+}
{[1,2]}


\priklad{\frac{\ln^2 x-\ln x}{x-6}}\geq
{\nic\o{0}\-\|{1}\+\|{e}\-\o{6}\+}
{[1,e]U(6,inf)}

\priklad{\frac{1-\ln^2x}{1-x}}\geq{\nic\o{0}\-\|{exp(-1)}\+\o{1}\-\|{exp(1)}\+}
{[exp(-1),1\eqbs)U[e,inf\eqbs)}

\priklad{\frac{\ln^2 x+3\ln x+2}{x-1}}{\geq}
{\nic\o{0}\-\|{e^(-2)}\+\|{e^(-1)}\-\o{1}\+}
{[e^(-2), e^(-1)]U(1,inf)}

\priklad {\frac {e^x-2}{x-2}}{\leq}
{\+\|{ln(2)}\-\o{2}\+}
{[ln(2),2\eqbs)}

\priklad {\frac {e^x-2}{(x+1)^2}}{\geq}
{\-\o{-1}\-\|{ln(2)}\+}
{[ln(2),inf\eqbs)}

\priklad{\frac{x(3-e^x)}{x-1}}\geq{\+\|{0}\-\o1\+\|{ln(3)}\-}
{\eqbs(-inf,0]U\eqbs(1,ln{3}]}

\priklad {\frac{2e^x-3}{x^2-x}}\geq
{\-\o{0}\+\|{ln(3/2)}\-\o{1}\+}
{\eqbs(0,ln(3/2)]U(1,inf)}



\end{questions}
\end{shortquiz}
\end{document}
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1. Theory

Véta 1 (continuity of elementary functions) Every elementary function is continu-
ous on jts domain.

Véta 2 (Bolzano) Let f be a function defined and continuous on [a,b]. If
f(a).f(b) < O holds (i.e. the values f(a) and f(b) have different signs), then there
exists a zero of the function f on the interval (a, b), i.e. there exists ¢ € (a, b) such
thatf(c) = 0.

General nonlinear inequality When solving one of the inequalities
f(x)>0, f(x)>0, f(x)<0, and f(x)<O,
we can proceed in the following steps.

1. We find all points of discontinuity of the function 7(x).
2. We find all of the solutions of the equation f(x) = 0.

3. We use the points from the last two steps and divide the real axis subintervals.
The function f preserves its sign on each subinterval. We choose arbitrary
(convenient) number ¢ form each subinterval, evaluate f(¢) and mark the sign
of this value to the subinterval. We do this step for all subintervals.

4. Performing the preceding step for all subintervals, we assign the sign of the
function f(x) to each subinterval. Now it is clear where f(x) > 0 holds and
where the inequality is opposite.
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2. Test

¢Given an inequality, find the
domain and x-intercepts of
the function. Write your an-
swer as comma separated
list of numbers or write the
word none or empty. The
order of the numbers in your
answer does not matter.

eWrite the sign chart for the
function. You have to order
the Xx-intercepts and poins

of discontinuity and place them

on the real axis. Then find

intervals with positive and neg-

ative signs and the intervals

which do not belong to the domain of the function.

Example how to fill-in the quiz

‘Adobe Reader - ner,pdf

(a) Find point(-s) of discontinuity |‘|,-1

2

o1
(b) Solve 7= =0 [none = 8 ®,
: b=} d
(c) Complete the sign chart ©
2
5 o
positive positive positive =
(i)[_|negative (iii) [y | negative v)[_|negative
undefined . undefined . undefined
T T
e
i x-intercept " x-intercept Print
(”)ad\scommu\ty (Iv)Bdiscommuily
Title Page
«|»
(d) Solutien:[(-1,1) = AT
Page < of 17 Home Page
Go Back
Full Screen Print
Close
o Title Page
4 144

eFinally, write the solution of the inequality. Use [a, b] for closed interval, (a, b) < »

for open interval, U for union, inf for co and —inf for —oco. The set IR\ (1, 2] can
be writtenas (-inf, 1]U (2, inf).
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Quiz

2
1. Solve u <0
x2 -1

(a) Find point(-s) of discontinuity

2

X+ 1
(b) Solve =0
X2 -1

(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined . undefined undefined
1 1
(i) x.—lnterf?ep.t (V) x.-lntercl;ep.t
discontinuity discontinuity
(d) Solution:

s AT
AR

i)
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X -1

<0
X+2

2. Solve

(a) Find point(-s) of discontinuity

(b)SoIveX_1 =0
X+ 2

(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined , undefined , undefined
1 1
(i) X-intercept (V) X-intercept

discontinuity

(d) Solution:

discontinuity

s AT
AR

i)
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3.Solve X2 —-3x +2>0
(a) Find point(-s) of discontinuity
(b) Solve x> =3x +2 =0
(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined . undefined . undefined
1 1
(i) x.-lntercl:ep.t W) X.-lnterc‘:ep.t
discontinuity discontinuity
(d) Solution:

i’ = X
AR

i
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4.Solve x° =4 >0
(a) Find point(-s) of discontinuity
(b) Solve x> =4 =0
(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined . undefined . undefined
1 1
(i) x.-lntercl:ep.t W) X.-lnterc‘:ep.t
discontinuity discontinuity
(d) Solution:

H” i v s
s e g

i
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x2—7x

5. Solve
X2 +4
(a) Find point(-s) of discontinuity
) Solve 27X _ g
X2 +4

(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined . undefined . undefined
1 1
(i) X-intercept (V) X-intercept

discontinuity

(d) Solution:

discontinuity

s AT
AR

i)

Home Page

Print

Title Page

4« 144

4 4

Page 8 of 17

Go Back

Full Screen

Close

Quit



http://user.mendelu.cz/marik

6. Solve >
(x +1)3
(a) Find point(-s) of discontinuity
X

xe
b) Sove ——— =0
(b) 0Ve()(+1)3

(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined , undefined undefined
1 1
(i) X.—mterc.ep.t (V) x.-|nter<.:ep.t
discontinuity discontinuity
(d) Solution:

s AT
AR

i)
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(x = 2)In(x)

7. Solve <0
X
(a) Find point(-s) of discontinuity
X —2)In(x
(b) Solve (XA =0

(c) Complete the sign chart

positive positive positive positive
(i) negative (iii) negative (v) negative (vii) negative
undefined . undefined ' undefined . undefined
1 1 1
(i) X-intercept (iv) X-intercept (i) X-intercept

discontinuity

(d) Solution:

discontinuity

discontinuity

s AT
AR

i)
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In°x = Inx
8.Solve —— — >0
X -6

(a) Find point(-s) of discontinuity

In? x — Inx _0
xX-6
(c) Complete the sign chart

(b) Solve

positive positive positive positive positive
(i) negative (iii) negative (v) negative (vii) negative (ix) negative
undefined . undefined . undefined . undefined . undefined
1 1 1 1
(i) X-intercept X-intercept X-intercept (viii) X-intercept

discontinuity

(d) Solution:

discontinuity

discontinuity

discontinuity

s AT
AR

i)
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1-In"x > ARy
9. Solve TR >0

(a) Find point(-s) of discontinuity
2

1-In"x g
(b) Solve T X =0
(c) Complete the sign chart o
positive positive positive positive positive
(i) negative (iii) negative (v) negative (vii) negative (ix) negative
undefined undefined undefined undefined undefined
1 1 1 1
Home Page
.. X-intercept . X-intercept . X-intercept |, ... X-intercept Print
(i) di o \' gi o i gi (i) i o
iscontinuity iscontinuity iscontinuity iscontinuity ———
« »
(d) Solution: < »
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IN°x +3Inx +2

10. Solve
X -1

>0

(a) Find point(-s) of discontinuity

(b) Solve

X -1
(c) Complete the sign chart

IN°x +3INx +2

positive positive positive positive positive
(i) negative (iii) negative (v) negative (vii) negative (ix) negative
undefined . undefined . undefined . undefined . undefined
1 1 1 1
(i) X-intercept X-intercept X-intercept (viii) X-intercept

discontinuity

(d) Solution:

discontinuity

discontinuity

discontinuity

s AT
AR

i)
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X

e
11. Solve ———
X_

0

IA

(a) Find point(-s) of discontinuity
X

_2
(b) Solve 2 =0
X -2

(c) Complete the sign chart

positive positive

positive
(i) negative (iii) negative (v) negative
undefined . undefined . undefined
1 1
(i) X.-mter(.:ep.t (V) x.-lnterclzep.t
discontinuity discontinuity
(d) Solution:

s AT
AR

i)
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e* -2

12. Solve 2>
(x +1)2

(a) Find point(-s) of discontinuity

X

e —
lve —— =
(b) Solve X+ 17 0

(c) Complete the sign chart

positive positive positive
(i) negative (iii) negative (v) negative
undefined , undefined undefined
1 1
(i) X.—mterc.ep.t (V) x.-|nter<.:ep.t
discontinuity discontinuity
(d) Solution:
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x(3-¢e"
13. Solve g >0
X -1
(a) Find point(-s) of discontinuity

3-¢"
(b)SoIveu:O
x -1

(c) Complete the sign chart

positive positive positive positive
(i) negative (iii) negative (v) negative (vii) negative
undefined . undefined ' undefined . undefined
1 1 1
(i) X-intercept (V) X-intercept (i) X-intercept

discontinuity

(d) Solution:

discontinuity

discontinuity
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2¢" -3
- >

14. Solve 0

X2 —x
(a) Find point(-s) of discontinuity

2" -3 _
X2 a

(b) Solve 0

(c) Complete the sign chart

positive positive positive positive
(i) negative (iii) negative (v) negative (vii) negative
undefined . undefined ' undefined . undefined
1 1 1
(i) X-intercept (iv) X-intercept (vi) X-intercept

discontinuity

(d) Solution:

discontinuity

discontinuity
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