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Definicija, struktura, zašto radi?

Definicija

Transformator je el. uređaj koji međuinduktivno povezuje dva
električna kruga izmjenične struje.

Sastoji se od magnetske jezgre na koju su namotana dva (u
pravilu međusobno odvojena) svitka (namota).
Način rada:
Elektromagnetska indukcija uzrokuje prijenos energije sa
svitka na svitak.
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Upotreba

I prijenos el. energije

I razdioba el. energije

I mjerenja el. veličina

I u elektroničkim sklopovima za prijenos signala

I za prilagodbu impedancije dvaju el. krugova

I međusobno izoliranje dvaju el. krugova
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Idealni transformator

Φprimara

A

B

primar

C

D

sekundar

željezna jezgra

Postoji dobra izolacija između:

I namotâ i željezne jezgre

I namota primara i namota sekundara

I zavoja pojedinog namota
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Što se zbiva
I na primar se priključi izvor izmjeničnog sinusnog napona

efektivne vrijednosti U1ef

I kroz primar teče sinusna izmjenična struja I1

I stvara se sinusni magnetski tok Φ.

I isti tok Φ prolazi kroz namot sekundara (jer je sekundar na istoj
jezgri)

I Φ u primaru inducira napon samoindukcije e1s efektivne
vrijednosti E1ef

I Φ u sekundaru inducira napon međuindukcije e2M efektivne
vrijednosti E2ef

I e1s = N1
∆Φ
∆t , e2M = N2

∆Φ
∆t

N1 je broj zavoja primara (broj, bez mjerne
jedinice),

N2 je broj zavoja sekundara (broj, bez mjerne
jedinice).

∆Φ
∆t je vremenska promjena magn. toka, Wbs−1
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Što se zbiva (nast.)
I efektivna vrijednost napona na primaru, U1ef jednaka je naponu

samoindukcije, U1ef = E1ef

I efektivna vrijednost napona na sekundaru, U2ef jednaka je
naponu međuindukcije, U2ef = E2ef

I za sinusoidalne oblike napona vrijedi:

E1ef = 4,44N1fΦmax

E2ef = 4,44N2fΦmax

Ovdje je:
f frekvencija, Hz
Φmax amplituda magnetskog toka, Wb
N1 broj zavoja primara,
N2 broj zavoja sekundara.

I omjer tih dvaju napona daje:

E1ef
E2ef

=
N1
N2

U1ef
U2ef

=
N1
N2
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Prijenosni omjer transformatora

Definicija

Omjer efektivnih vrijednosti napona primara, U1ef, i sekundara,
U2ef, jednak je omjeru broja zavoja primarnog i sekundarnog
namota. Omjer N1

N2
zovemo prijenosni omjer transformatora.

Idealni transformator – bez gubitaka: P1 = P2, [W]
U1efI1ef = U2efI2ef,

iz čega proizlazi:
I1ef
I2ef

=
N2
N1

Efektivne vrijednosti struja primara i sekundara odnose se
obrnuto proporcionalno njihovom broju zavoja.
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Opterećenje idealnog transformatora
Na sekundar priključimo trošilo impedancije

Z =
√
R2 + X2,

gdje je: R…realni dio, <(Z),
X…imaginarni dio, =(Z),

impedancije trošila, onda je efektivna vrijednost struje
sekundara:

I2ef =
U2ef√
R2 + X2

Fazni pomak ϕ2 između struje sekundara I2ef i napona
sekundara U2ef ovisi o omjeru imaginarne i realne komponente
impedancije priključenog trošila:

tanϕ2 =
=(Z)
<(Z)

=
X

R
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\def\kratkoIme{IdealT}
\def\godina{2}
\lecture[\kratkoIme]{Fizikalna slika rada transformatora}

\subtitle{}

\usetikzlibrary{quotes,arrows.meta}

\newcommand{\kadKR}{IX./17.}
\newcommand{\kad}{rujan 2017.}
\date[\kadKR]{\kad} % short form is obviously optional


\mode<article>{\setlength{\parindent}{0pt}}

\begin{document}



\mode
<all>

\maketitle

  \input{01-Idealni-Transformator-common-body}

\end{document}
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\mode
<all>
\if\godina2\def\Naslov{Transformatori}\else\def\Naslov{Idealni transformator}\fi

\mode*


\section{\Naslov}
\begin{frame}{Definicija, struktura, zašto radi?}
  \begin{definition}
    \alert{Transformator} je el. uređaj koji međuinduktivno povezuje dva električna kruga izmjenične struje.
  \end{definition}
  \pause

  \mode<presentation>{
  \vfill
   }

  \mode<article>{
    Podsjetimo se:
    \begin{quote}
      Induktivitet -- mjera magnetske tromosti tijela, opisuje sposobnost opiranja promjeni struje.

      $ L=\frac{N^2}{R_M} = \frac{N\Phi}{I}$, 

      \begin{tabbing}
        $R_M$\ldots magnetski otpor svitka\hspace{2ex}\=\kill
        $L$\ldots induktivitet,             \>$\Phi$\ldots magnetski tok,\\
        $N$\ldots broj zavoja,              \>$I$\ldots jakost struje,\\
        $R_M$\ldots magnetski otpor svitka
      \end{tabbing}

      Induktivitet ima sposobnost spremanja energije u magnetskom polju.

      \emph{Međuindukcija} je pojava induciranja napona u svitku koji obuhvaća dio
      magnetskog toka drugog svitka, zbog promjene struje u tom drugom svitku.
    \end{quote}
    Dalje o transformatoru:
  }

Sastoji se od magnetske jezgre na koju su namotana dva (u pravilu međusobno odvojena) svitka (namota).

Način rada:

\alert{Elektromagnetska indukcija} uzrokuje prijenos energije sa svitka na svitak.
\end{frame}

\begin{frame}{Upotreba}
  \begin{itemize}
    \item prijenos el. energije
    \item razdioba el. energije
      \pause
    \item mjerenja el. veličina
      \pause
    \item u elektroničkim sklopovima za prijenos signala
      \pause
    \item za prilagodbu impedancije dvaju el. krugova
    \item međusobno izoliranje dvaju el. krugova
  \end{itemize}
\end{frame}

\clearpage
\subsection{Fizikalna slika rada transformatora}

\begin{frame}{Idealni transformator}


\mode
<all>

  \tikzset{
    % http://tex.stackexchange.com/questions/154260/drawing-a-3-phase-transformer-with-tikz
      terminal_a_left/.pic = {%
          \coordinate (-in) at (-3mm,0);
          \coordinate (-out) at (-3mm,-22.5mm);

          \path[fill] (-in) circle (2pt);
          \draw[thick] (-in)--(0,0)--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-1.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-4.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-7.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-10.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-13.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-16.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-19.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \fill (-out) circle (2pt);
          \draw[thick] (-out) -- ++(0:3mm);
          },
      terminal_b/.pic = {%
          \coordinate (-in) at (-3mm,0);
          \coordinate (-out) at (-3mm,-7.5mm);

          \path[fill] (-in) circle (2pt);
          \draw[thick] (-in)--(0,0)--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-1.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-4.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \fill (-out) circle (2pt);
          \draw[thick] (-out) -- ++(0:3mm);
          },
      field/.pic = {
          %\draw[thick,-Stealth] (0,0) -- (90:7mm) node[above] {\tikzpictext};
        \draw[draw=PirateGold,thick,-Stealth] (0,0) -- (90:9mm) node[midway,right] {\color{PirateGold}{\tikzpictext}};
          },
      terminal_a_right/.pic = {%
          \coordinate (-in) at (13mm,-0.75mm);
          \coordinate (-out) at (13mm,-21.0mm);

          \path[fill] (-in) circle (2pt);
          %\draw[thick] (-in)--(0,0)--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (-in)--(1,-0.075);
          \draw[thick] (0,-1.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-4.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-7.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-10.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-13.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-16.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) arc[start angle=90, delta angle=-180, radius=.75mm]; 
          \draw[thick] (0,-19.5mm) arc[start angle=90, delta angle=180, radius=.75mm]--++(0:1cm) ; 
          \fill (-out) circle (2pt);
          \draw[thick] (-out) -- ++(0:-3mm);
          },
  }

  \begin{tikzpicture}
  \draw (0,0) rectangle (4,5);
  \draw (1,1) rectangle (3,4);

  \foreach \i/\j in {0/A%,3/B,6/C
      }{
      \pic (upper-\j) at (\i,3.8) {terminal_a_left};
      %\pic (lower-\j) at (\i,2) {terminal_b};
      %\pic["$\Psi_\j$"] at ([xshift=5mm]\i,2.2) {field};
      \pic["$\Phi_{primara}$"] at ([xshift=5mm]\i,3.95) {field};
      }
  \foreach \i/\j in {%0/A,
        3/B%,6/C
      }{
      \pic (upper-\j) at (\i,3.8) {terminal_a_right};
      %\pic (lower-\j) at (\i,2) {terminal_b};
      %\pic["$\Psi_\j$"] at ([xshift=5mm]\i,2.2) {field};
      }

  \node[left] at (upper-A-in) {A};
  \node[left] at (upper-A-out) {B};
  \node[left] at ($ (upper-A-in) !.5! (upper-A-out) $) {primar};
  \node[right] at (upper-B-in) {C};
  \node[right] at (upper-B-out) {D};
  \node[right] at ($ (upper-B-in) !.5! (upper-B-out) $) {sekundar};
  %\draw[red] (upper-A-out) to [bend right] (lower-A-in);
  \node at (2,0.5) {željezna jezgra};

  \end{tikzpicture}

  \pause
  \begin{flushright}
    \parbox{.65\textwidth}{
      Postoji dobra \alert{izolacija} između:
      \begin{itemize}
        \item namot\^{a} i željezne jezgre
        \item namota primara i namota sekundara
        \item zavoja pojedinog namota
      \end{itemize}
    }
 	\end{flushright}
\end{frame}



\mode*


\begin{frame}[allowframebreaks]{Što se zbiva}
  \mode<beamer>{\begin{small}}
  \begin{itemize}
    \item na primar se priključi izvor izmjeničnog sinusnog napona efektivne vrijednosti $U_{1ef}$
    \item kroz primar teče sinusna izmjenična struja $I_1$
    \item stvara se sinusni magnetski tok $\Phi$.
    \item isti tok $\Phi$ prolazi kroz namot sekundara (jer je sekundar na istoj jezgri)
      \if\godina2\relax\else{
        \framebreak
      }\fi
    \item $\Phi$ u primaru inducira napon samoindukcije $e_{1s}$ efektivne vrijednosti $E_{1ef}$
    \item $\Phi$ u sekundaru inducira napon međuindukcije $e_{2M}$ efektivne vrijednosti $E_{2ef}$
      %\pause
    \item $e_{1s}=N_1 \frac{{\bm\Delta} \Phi}{{\bm\Delta} t}$, \hspace{3ex}
          $e_{2M}=N_2 \frac{{\bm\Delta} \Phi}{{\bm\Delta} t}$
          \begin{description}
            \item[$N_1$] je broj zavoja primara (broj, bez mjerne jedinice),
            \item[$N_2$] je broj zavoja sekundara (broj, bez mjerne jedinice).
            \item[$\frac{{\bm\Delta} \Phi}{{\bm\Delta} t}$] je vremenska promjena magn. toka, \si{\weber\per\second}
          \end{description}
      \framebreak
    \item efektivna vrijednost napona na primaru, $U_{1ef}$ jednaka je naponu samoindukcije, 
      $ U_{1ef} = E_{1ef} $
    \item efektivna vrijednost napona na sekundaru, $U_{2ef}$ jednaka je naponu međuindukcije, 
      $ U_{2ef} = E_{2ef} $
    \item za sinusoidalne oblike napona vrijedi: $$ E_{1ef} = 4,44 N_1 f \Phi_{max} $$   
      $$ E_{2ef} = 4,44 N_2 f \Phi_{max}$$ Ovdje je:\newline
      $f$ frekvencija, \si{\hertz}\newline
      $\Phi_{max}$ amplituda magnetskog toka, \si{\weber}\newline
      $N_1$ broj zavoja primara,\newline
      $N_2$ broj zavoja sekundara.
    \item omjer tih dvaju napona daje: 
       $$ \frac{E_{1ef}}{E_{2ef}} = \frac{N_{1}}{N_{2}}  \hspace{3em}  \frac{U_{1ef}}{U_{2ef}} = \frac{N_{1}}{N_{2}}$$
    \end{itemize}
  \mode<beamer>{\end{small}}
\end{frame}
\subsection{Prijenosni omjer transformatora}
\begin{frame}{Prijenosni omjer transformatora}
  \begin{definition}
    Omjer efektivnih vrijednosti napona primara, $U_{1ef}$, i sekundara, $U_{2ef}$, jednak je omjeru broja zavoja primarnog i sekundarnog namota. Omjer $\frac{N_1}{N_2}$ zovemo \alert{prijenosni omjer transformatora}.
    \end{definition}

    \begin{tabbing}
      Idealni transformator -- bez gubitaka:  \=$P_1 = P_2 $, [\si{\watt}]\\
                                             \>$U_{1ef}I_{1ef} = U_{2ef}I_{2ef}$, 
    \end{tabbing}
 iz čega proizlazi:
    $$ \frac{I_{1ef}}{I_{2ef}} = \frac{N_{2}}{N_{1}} $$

    \begin{beamercolorbox}[sep=.8ex]{important}
      Efektivne vrijednosti struja primara i sekundara odnose se obrnuto proporcionalno njihovom broju zavoja.
    \end{beamercolorbox}

  \end{frame}
  \subsection{Opterećenje idealnog transformatora}
  \begin{frame}{Opterećenje idealnog transformatora}
    Na sekundar priključimo trošilo impedancije
    \if\godina2
      $$ Z = \sqrt{R^2 + X^2}, $$
    \else
      $Z$,
    \fi
    \if\godina2{
    \begin{tabbing}
      gdje je: \=$R$\ldots realni dio, $\Re(Z)$,\\
      \>       $X$\ldots imaginarni dio, $\Im(Z)$,
    \end{tabbing}
  impedancije trošila,
    }\fi
  onda je efektivna vrijednost struje sekundara:
  \if\godina2
  $$ I_{2ef} = \frac{ U_{2ef} }{\sqrt{R^2 + X^2}} $$
  \else
  $I_2{ef} = \dfrac{U_{2ef}}{Z}$.
  \fi


  \alert{Fazni pomak $\varphi_2$} između struje sekundara $I_{2ef}$ i napona sekundara  $U_{2ef}$
    ovisi o 
    \if\godina2{
    omjeru imaginarne i realne komponente impedancije 
    }\else{
    impedanciji
    }\fi
    priključenog trošila%
    \if\godina2{%
    :
    $$ \tan{\varphi_2} = \frac{\Im(Z)}{\Re(Z)} = \frac{X}{R} $$
    }\else{.}\fi
  \end{frame}

% vim: filetype=tex:tabstop=2:shiftwidth=2:expandtab: spell spelllang=hr
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\usepackage{array} % for extrarowheight
  \usepackage{pgf}
  \usepackage{pgfplots}
  \pgfplotsset{compat=1.12}
  \usepgflibrary{shapes.arrows}
  \usepackage{tikz}
  \usetikzlibrary{positioning,shapes.symbols,decorations,decorations.pathmorphing,decorations.markings,calc,patterns,arrows.meta,circuits.logic.IEC,circuits.logic.US,tikzmark,calc,fit}
    \usetikzlibrary{mindmap,trees}
  \usepgfplotslibrary{fillbetween}
  \usepackage{calc}

%  \usepackage[light,condensed,math]{anttor}
%  \usepackage[condensed]{iwona}
%  \usepackage[T1]{fontenc}

%\usepackage{unicode-math}
\usepackage{fontspec}

% \setmainfont[
%      Path           = /usr/local/texlive/texmf-local/fonts/truetype/unknown/ ,
%      Extension      = .ttf ,
%      UprightFont    = *-Regular ,
%      BoldFont       = *-Bold ,
%      ItalicFont     = *-Italic ,
%      BoldItalicFont = *-BoldItalic
%      ]{Dyslexie}
\setmainfont[Ligatures=TeX,Scale=0.75]{Open Dyslexic}
% \newfontfamily\headerfont[Ligatures=TeX]{DejaVu Sans}
% \setmathfont[range=\mathup]  {Open Dyslexic}
%\setmathfont[range=\mathbfup]{Open Dyslexic Bold}
%\setmathfont{Asana Math} % for math symbols, can be any other OpenType math font
%\setmathfont[range=\mathbfit]{Open Dyslexic Bold Italic}
%\setmathfont[range=\mathit]  {Open Dyslexic Italic}
% {\headerfont ...}
% ili:
% \DeclareTextFontCommand{\textheaderfont}{\headerfont} % use: ... \textmyfont{ using it } ...
  
  \usepackage{ifthen}
  \usepackage{tikz}
  \usepackage{colortbl}
  % \usepackage{yfonts}    % blackletter (old german) fonts 
  \usepackage{translator} % comment this, if not available
  \hypersetup{colorlinks=true,%
    linkcolor=PirateGold!80!black,%     % Aslo sets ``title in sidebar`` color
    ,unicode=false
  }
  \usepackage{multicol}
  \setlength{\columnsep}{4em}
  \setlength{\columnseprule}{1pt}
  \usepackage{embedfile}
  \embedfilesetup{mimetype=application/x-7z-compressed}
  \usepackage{siunitx}  % SI units and number pretty printing
  \sisetup{detect-all,
% 	round-mode = places,
% 	round-precision = 3,
	retain-unity-mantissa = true,
	retain-zero-exponent = false,
  output-decimal-marker= {,}
}
\def\mathcomma{\futurelet\next\mathcommaA}  % http://tex.stackexchange.com/questions/60440/a-comma-decimal-separator-that-is-bigger-than-a-dot
\def\mathcommaA{\mathchar`, \expandafter\ifx\space\next\,\fi}
{\catcode`,=13 \global\let,=\mathcomma}
\mathcode`,="8000
\newcommand{\D}[1]{\num[round-mode=places,round-precision=0]{#1}}  			% strip decimals, leave int
\newcommand{\dSI}[2]{\SI[round-mode=places,round-precision=0]{#1}{#2}}  % strip decimals, leave int
\newcommand{\J}[1]{\num[round-mode=places,round-precision=1]{#1}}  			% 1 decimal
\newcommand{\jSI}[2]{\SI[round-mode=places,round-precision=1]{#1}{#2}}  % 1 decimal
% upotreba \WM, \AM, \VM:
% prvo nacrtati obicni naponski izvor, V, (imenovati ga!) pa preko njega mjerni instrument:
% \draw (0,0) to [V,color=white,name=uredjaj1,l^={$X_{uredjaja}$},-*]    (0,2) ;
%                \AM{uredjaj1};
% % ili
%                \VM{uredjaj1};
% % ili
%                \WM{uredjaj1};

\newcommand{\WM}[1] 
{  % #1 = name
  \node[draw=black,thick,minimum width=12pt,circle,inner sep=0pt] (n-#1) at (#1) {W};
}
\newcommand{\AM}[1] 
{  % #1 = name
  \node[draw=black,thick,minimum width=12pt,circle,inner sep=0pt] (n-#1) at (#1) {A};
}
\newcommand{\VM}[1] 
{  % #1 = name
  \node[draw=black,thick,minimum width=12pt,circle,inner sep=0pt] (n-#1) at (#1) {V};
}
\newlength{\lenresult}
\newlength{\higresult}
\newlength{\depresult}
\newcommand{\HIL}[1]{%   HIghLight result
	\settowidth{\lenresult}{#1}
	\settoheight{\higresult}{#1}
	\settodepth{\depresult}{#1}
	\addtolength{\higresult}{\depresult}
	\begin{tikzpicture}[baseline=(R.base)]\begin{scope}%
		\path[draw,violet,thick,double,distance=1pt] (0,-.4\higresult) .. controls (.5\lenresult,0.1\higresult)
														and (\lenresult,-.7\higresult)
														.. (1.25\lenresult,-.5\higresult);%
			\end{scope}\begin{scope}[draw,black,ultra thick]%
		\path[thick,double,distance=1pt,draw=none] (0,1.4\higresult) .. controls (.5\lenresult,0.9\higresult)
														and (\lenresult,1.7\higresult)
														.. (1.25\lenresult,1.5\higresult)
			(.5\lenresult,.5\higresult) node (R) {#1};
			\end{scope}%
		\end{tikzpicture}
}

% You insert the angle symbol by using the style
% right angle symbol={<Point 1>}{<Point 2>}{<Point 3>}
% in a draw command, where <Point 1> and <Point 2> are two points on a line (A
% and B in the image below), and <Point 3> is a point on the perpendicular line
% (Q or P in the image below). If you want the angle symbol on its own, just use
% it in a new draw command:
% \draw [right angle symbol={<Point 1>}{<Point 2>}{<Point 3>}];
% The quadrant can be selected by using right angle quadrant=<1-4>, the size by
% using right angle length=<length>. Both these options have to be called before
% right angle symbol.
\tikzset{  % http://tex.stackexchange.com/questions/21752/insertion-of-perpendicular-symbol-at-intersection-of-two-perpendicular-lines
    right angle quadrant/.code={
        \pgfmathsetmacro\quadranta{{1,1,-1,-1}[#1-1]}     % Arrays for selecting quadrant
        \pgfmathsetmacro\quadrantb{{1,-1,-1,1}[#1-1]}},
    right angle quadrant=1, % Make sure it is set, even if not called explicitly
    right angle length/.code={\def\rightanglelength{#1}},   % Length of symbol
    right angle length=2ex, % Make sure it is set...
    right angle symbol/.style n args={3}{
        insert path={
            let \p0 = ($(#1)!(#3)!(#2)$) in     % Intersection
                let \p1 = ($(\p0)!\quadranta*\rightanglelength!(#3)$), % Point on base line
                \p2 = ($(\p0)!\quadrantb*\rightanglelength!(#2)$) in % Point on perpendicular line
                let \p3 = ($(\p1)+(\p2)-(\p0)$) in  % Corner point of symbol
            (\p1) -- (\p3) -- (\p2)
        }
    }
}
% Common settings for all lectures in this course

\title{\insertlecture}
\subtitle{}

\author{dipl. ing. Darija Tadin}      % tu neka stoji, a posliije ga necemo ispisivati van

\subject{\kakavPredmet: \lecturename}
% Beamer settings

\definecolor{Pipi}{HTML}{F4E5C3}  % svijetlo oker
\definecolor{DutchWhite}{HTML}{EFE0BA}  % sivkasto bijela
\definecolor{PirateGold}{HTML}{A86B17}  % tamno zlatna
\setbeamercolor{structure}{fg=PirateGold!80!black}
% \setbeamercolor{palette sidebar primary}{fg=red}  % slide number bottom right in sidebar
% \setbeamercolor{palette sidebar secondary}{fg=red} % 
% \setbeamercolor{palette sidebar tertiary}{fg=red}  % Author name in sidebar
% \setbeamercolor{palette sidebar quaternary}{fg=red}
\usetheme{Goettingen}
% http://tex.stackexchange.com/questions/246201/color-of-the-navigation-bar-in-beamer-theme-goettingen

\usefonttheme{serif}
%\usefonttheme{professionalfonts}
\setbeamercovered{transparent}
  % or whatever (possibly just delete it)
%\setbeamertemplate{navigation symbols}{}
%\setbeamercolor{navigation symbols}{fg=PirateGold, bg=PirateGold!20!Pipi}
%\setbeamertemplate{footline}
%{%
%\begin{beamercolorbox}{section in head/foot}
%	\vskip2pt\insertframenumber\vskip2pt
%\end{beamercolorbox}%
%}


\setbeamertemplate{sidebar right}
{
  \setbeamercolor{title in sidebar}{fg=PirateGold,bg=white}%
  {\usebeamerfont{title in sidebar}%
    \vskip1.5em%
    \hskip3pt%
    \usebeamercolor[fg]{palette sidebar quarternary}%
    \resizebox{1.9cm}{1.1ex}{\lecturename:\ }\\
    \insertshorttitle[width=2cm-6pt,center,respectlinebreaks]\par%
    \vskip1.25em%
  }%
  {%
%     \hskip3pt%              % no author in sidebar
%     \usebeamercolor[fg]{author in sidebar}%
%     \usebeamerfont{author in sidebar}%
%     \insertshortauthor[width=2cm-5pt,center,respectlinebreaks]\par%
    \vskip1.25em%
  }%
  \hbox to2cm{\hss\insertlogo\hss}
  \vskip1.25em%
  \insertverticalnavigation{2cm}%
  \vfill
    \ifx\beamer@sidebarside\beamer@lefttext%
    \else%
      \usebeamercolor{normal text}%
      \llap{\usebeamertemplate***{navigation symbols}\hskip0.1cm}%
			\vskip -4pt\hskip2pt%
			\hbox to 2cm{\hfill\usebeamerfont{subsection in
      sidebar}\strut\usebeamercolor[fg]{subsection in
      sidebar}\insertshortlecture.\insertframenumber\hskip5pt}%
    \fi%
}%
%\setbeamertemplate{frametitle continuation}{\insertcontinuationcount}
\setbeamertemplate{frametitle continuation}[from second]
\setbeamertemplate{title page}
{
  \vbox{}
  \vskip1em
  {\large Nastavni sat\par}
  {\usebeamercolor[fg]{title}\usebeamerfont{title}\inserttitle\par}%
  \ifx\insertsubtitle\@empty%
  \else%
    \vskip0.25em%
    {\usebeamerfont{subtitle}\usebeamercolor[fg]{subtitle}\insertsubtitle\par}%
  \fi%     
  \vskip1em\par
	\kakavPredmet{} \emph{\lecturename}, \insertdate\par
  \vskip0pt plus1filll
  % \leftskip=0pt plus1fill\insertauthor\par    % don't want author's name on each lesson
  \insertinstitute\vskip1em
}

\logo{\includegraphics[width=2cm]{slike/common/skola-minilogo.jpg}}



\mode<beamer>
{
\hypersetup{pdfpagemode=FullScreen}
\setbeamercolor{block body}{fg=green!20!black,bg=PirateGold!20!white}
\setbeamercolor{block body alerted}{fg=black,bg=PirateGold!20!white}
\setbeamercolor{important}{fg=black,bg=PirateGold!20!white}
% \setbeamercolor{block body example}{fg=blue,bg=white}
}


% Article version layout settings


\mode<article>

\hypersetup{pdfpagemode=UseAttachments}
\usepackage{datetime}
\usepackage{fancyhdr}
\usepackage{lastpage}
\usepackage{bookmark}    % to open FileAttachments tab automatically
%\usepackage[left=1.5cm,right=6cm,top=1.5cm,bottom=3cm]{geometry}
\usepackage[left=2.5cm,right=4cm,top=2.5cm,bottom=3cm,headheight=24pt]{geometry}
%   punchmarks - begin
\usepackage[all]{background}
\newcommand{\punchmark}{\begin{tikzpicture}[remember picture,overlay]{\draw[black!70,line width=.2pt] (6mm,-0.5\paperheight) -- +(3.5mm,0);}\end{tikzpicture}}
\SetBgContents{\punchmark}\SetBgPosition{current page.north west}\SetBgOpacity{1.0}\SetBgAngle{0.0}\SetBgScale{1.0}
%   punchmarks - end


\makeatletter
\def\@listI{\leftmargin\leftmargini
  \parsep 0pt
  \topsep 5\p@   \@plus3\p@ \@minus5\p@
  \itemsep0pt}
\let\@listi=\@

% command \tomorrow
% http://tex.stackexchange.com/questions/87424/how-to-implement-a-tomorrow-in-latex
\usepackage{pgfkeys,pgfcalendar}

\newcount\pgfdatecount
\newcommand{\tomorrow}{%
\pgfcalendardatetojulian{\year-\month-\day+1}{\pgfdatecount}
\pgfcalendarjuliantodate{\the\pgfdatecount}{\myyear}{\mymonth}{\myday}
% engleski redoslijed:
%\pgfcalendarmonthname{\mymonth}\space\myday,\space\myyear%
% engleski redoslijed:
\myday.\space\pgfcalendarmonthname{\mymonth}\space\space\myyear.%
}



\setbeamertemplate{frametitle}{\paragraph*{\insertframetitle\    %radi ako se definira \begin{frame}{title}{subtitle}
      \ \small\insertframesubtitle}\ \par
:}

\setbeamertemplate{frametitle}{\paragraph*{\insertframetitle\ \ \small\insertframesubtitle}\ \par
}
\setbeamertemplate{framesubtitle}{\paragraph*{\small\insertframesubtitle}\ \par
}

\setbeamertemplate{frame end}{%
  \marginpar{\scriptsize\hbox to 1cm{%\sffamily%
      \hfill\strut\insertshortlecture.\insertframenumber}\hrule height .2pt}}
\setlength{\marginparwidth}{1cm}
\setlength{\marginparsep}{2.0cm}

\def\@maketitle{\makechapter}

\def\makechapter{
  \newpage
  \null
  \vskip 2em%
  {%
    \parindent=0pt
    \raggedright
    %\sffamily
    \vskip8pt
    {\fontsize{24.88pt}{24.88pt}\selectfont Tema:\par\vskip2pt}
    {\fontsize{24.88pt}{24.88pt}\selectfont \color{PirateGold!80!black} \insertlecture\par\vskip4pt}
    {\Large\selectfont \color{PirateGold!80!black} \insertsubtitle\par}
    \vskip10pt

		\normalsize\selectfont Nastavni sat \cegaPredmeta{} \emph{\lecturename}, \@date\par\vskip1.5em
    %\hfill \Author
  }
  \par
  \vskip 1.5em%
}

\let\origstartsection=\@startsection
\def\@startsection#1#2#3#4#5#6{%
  \origstartsection{#1}{#2}{#3}{#4}{#5}{#6\normalfont%\sffamily%
    \color{PirateGold!80!black}\selectfont}}
\makeatother


\pagestyle{fancy}
\fancyhf{}

  \renewcommand{\footrulewidth}{.4pt}
  \fancyhfoffset[R]{.5\marginparsep+.5\marginparwidth}
  \fancyhead[L]{\colorbox{PirateGold!30}{\kratkoIme\,\,}\ \, \kakavPredmet: \lecturename}
  \fancyhead[R]{\kad}
  \fancyfoot[L]{\insertlecture}
  \fancyfoot[R]{\ifthenelse{\value{page}=\pageref{LastPage}}{\pageref{LastPage}.}{\thepage(\pageref{LastPage})}}
\fancypagestyle{plain}{%
  \fancyhfoffset[R]{0pt}
  \fancyhead{} % get rid of headers
  \renewcommand{\headrulewidth}{0pt} % and the line
  \renewcommand{\footrulewidth}{.4pt}
  \fancyfoot[R]{\ifthenelse{\value{page}=\pageref{LastPage}}{\pageref{LastPage}}{\thepage(\pageref{LastPage})}}
}

% \Acrobatmenu{ShowHideFileAttachment}{Show/hide file attachments}
% \bookmark[
%   named=ShowHideFileAttachment,
% ]{Show/hide file attachments}


\mode
<all>

\usepackage{bm}  % bold math symbols

	%\newtheorem*{definition*}{definition}

%\usepackage{pgfmath}
\pgfdeclaredecoration{penciline}{initial}{
    % usage:   \begin{tikzpicture}[decoration=penciline, decorate]
    \state{initial}[width=+\pgfdecoratedinputsegmentremainingdistance,
    auto corner on length=1mm,]{
        \pgfpathcurveto%
        {% From
            \pgfqpoint{\pgfdecoratedinputsegmentremainingdistance}
                      {\pgfdecorationsegmentamplitude}
        }
        {%  Control 1
        \pgfmathrand
        \pgfpointadd{\pgfqpoint{\pgfdecoratedinputsegmentremainingdistance}{0pt}}
                    {\pgfqpoint{-\pgfdecorationsegmentaspect
                     \pgfdecoratedinputsegmentremainingdistance}%
                               {\pgfmathresult\pgfdecorationsegmentamplitude}
                    }
        }
        {%TO 
        \pgfpointadd{\pgfpointdecoratedinputsegmentlast}{\pgfpoint{1pt}{1pt}}
        }
    }
    \state{final}{}
}


\makeatletter           % for interruption of odd-even colouring of rows in colorable
\@ifundefined{c@rownum}{%
  \let\c@rownum\rownum
}{}
\@ifundefined{therownum}{%
  \def\therownum{\@arabic\rownum}%
}{}
\makeatother
\usetikzlibrary{calc}
\usepackage{etoolbox}

\pgfdeclarelayer{background}
\pgfdeclarelayer{foreground}
\pgfdeclarelayer{sankeydebug}
\pgfsetlayers{background,main,foreground,sankeydebug}

\newif\ifsankeydebug

\newenvironment{sankeydiagram}[1][]{

  \def\sankeyflow##1##2{% sn, en
    \path[sankey fill]
    let
    \p1=(##1.north east),\p2=(##1.south east),
    \n1={atan2(\y1-\y2,\x1-\x2)-90},
    \p3=(##2.north west),\p4=(##2.south west),
    \n2={atan2(\y3-\y4,\x3-\x4)+90}
    in
    (\p1) to[out=\n1,in=\n2] (\p3) --
    (\p4) to[in=\n1,out=\n2] (\p2) -- cycle;
    \draw[sankey draw]
    let
    \p1=(##1.north east),\p2=(##1.south east),
    \n1={atan2(\y1-\y2,\x1-\x2)-90},
    \p3=(##2.north west),\p4=(##2.south west),
    \n2={atan2(\y3-\y4,\x3-\x4)+90}
    in
    (\p1) to[out=\n1,in=\n2] (\p3)
    (\p4) to[in=\n1,out=\n2] (\p2);
  }


  \tikzset{
    sankey tot length/.store in=\sankeytotallen,
    sankey tot quantity/.store in=\sankeytotalqty,
    sankey min radius/.store in=\sankeyminradius,
    sankey arrow length/.store in=\sankeyarrowlen,
    sankey debug/.is if=sankeydebug,
    sankey debug=false,
    sankey flow/.style={
      to path={
        \pgfextra{
          \pgfinterruptpath
          \edef\sankeystart{\tikztostart}
          \edef\sankeytarget{\tikztotarget}
          \sankeyflow{\sankeystart}{\sankeytarget}
          \endpgfinterruptpath
        }
      },
    },
    sankey node/.style={
      inner sep=0,minimum height={sankeyqtytolen(##1)},
      minimum width=0,draw=none,line width=0pt,
    },
    % sankey angle
    sankey angle/.store in=\sankeyangle,
    % sankey default styles
    sankey fill/.style={line width=0pt,fill,white},
    sankey draw/.style={draw=black,line width=.4pt},
  }

  \newcommand\sankeynode[4]{%prop,orientation,name,pos
    \node[sankey node=##1,rotate=##2] (##3) at (##4) {};
    \ifsankeydebug
    \begin{pgfonlayer}{sankeydebug}
      \draw[red,|-|] (##3.north west) -- (##3.south west);
      \pgfmathsetmacro{\len}{sankeyqtytolen(##1)/3}
      \draw[red] (##3.west)
      -- ($(##3.west)!\len pt!90:(##3.south west)$)
      node[font=\tiny,text=black] {##3};
    \end{pgfonlayer}
    \fi
  }

  \newcommand\sankeynodestart[4]{%prop,orientation,name,pos
    \sankeynode{##1}{##2}{##3}{##4}
    \begin{scope}[shift={(##3)},rotate=##2]
      \path[sankey fill]
      (##3.north west) -- ++(-\sankeyarrowlen,0)
      -- ([xshift=-\sankeyarrowlen/6]##3.west)
      -- ([xshift=-\sankeyarrowlen]##3.south west)
      -- (##3.south west) -- cycle;
      \path[sankey draw]
      (##3.north west) -- ++(-\sankeyarrowlen,0)
      -- ([xshift=-\sankeyarrowlen/6]##3.west)
      -- ([xshift=-\sankeyarrowlen]##3.south west)
      -- (##3.south west);
    \end{scope}
  }

  \newcommand\sankeynodeend[4]{%prop,orientation,name,pos
    \sankeynode{##1}{##2}{##3}{##4}
    \begin{scope}[shift={(##3)},rotate=##2]
      \path[sankey fill]
      (##3.north east)
      -- ([xshift=\sankeyarrowlen]##3.east)
      -- (##3.south west) -- cycle;
      \path[sankey draw]
      (##3.north east)
      -- ([xshift=\sankeyarrowlen]##3.east)
      -- (##3.south west);
    \end{scope}
  }

  \newcommand\sankeyadvance[3][]{%newname,name,distance
    \edef\name{##2}
    \ifstrempty{##1}{
      \def\newname{##2}
      \edef\name{##2-old}
      \path [late options={name=##2,alias=\name}];
    }{
      \def\newname{##1}
    }
    \path
    let
    % sankey node angle
    \p1=(##2.north east),
    \p2=(##2.south east),
    \n1={atan2(\y1-\y2,\x1-\x2)-90},
    % sankey prop
    \p3=($(\p1)-(\p2)$),
    \n2={sankeylentoqty(veclen(\x3,\y3))},
    % next position
    \p4=($(##2.east)!##3!-90:(##2.north east)$)
    in
    \pgfextra{
      \pgfmathsetmacro{\prop}{\n2}
      \pgfinterruptpath
      \sankeynode{\prop}{\n1}{\newname}{\p4}
      \path (\name) to[sankey flow] (\newname);
      \endpgfinterruptpath
    };
  }

  \newcommand\sankeyturn[3][]{%newname,name,angle
    \edef\name{##2}
    \ifstrempty{##1}{
      \def\newname{##2}
      \edef\name{##2-old}
      \path [late options={name=##2,alias=\name}];
    }{
      \def\newname{##1}
    }
    \ifnumgreater{##3}{0}{
      \typeout{turn acw: ##3}
      \path
      let
      % sankey node angle
      \p1=(##2.north east),
      \p2=(##2.south east),
      \p3=($(\p1)!-\sankeyminradius!(\p2)$),
      \n1={atan2(\y1-\y2,\x1-\x2)-90},
      % sankey prop
      \p4=($(\p1)-(\p2)$),
      \n2={sankeylentoqty(veclen(\x4,\y4))},
      \p5=(##2.east),
      \p6=($(\p3)!1!##3:(\p5)$)
      in
      \pgfextra{
        \pgfmathsetmacro{\prop}{\n2}
        \pgfinterruptpath
        % \fill[red] (\p3) circle (2pt);
        % \fill[blue](\p6) circle (2pt);
        \sankeynode{\prop}{\n1+##3}{\newname}{\p6}
        \path (\name) to[sankey flow] (\newname);
        \endpgfinterruptpath
      };
    }{
      \typeout{turn acw: ##3}
      \path
      let
      % sankey node angle
      \p1=(##2.south east),
      \p2=(##2.north east),
      \p3=($(\p1)!-\sankeyminradius!(\p2)$),
      \n1={atan2(\y1-\y2,\x1-\x2)+90},
      % sankey prop
      \p4=($(\p1)-(\p2)$),
      \n2={sankeylentoqty(veclen(\x4,\y4))},
      \p5=(##2.east),
      \p6=($(\p3)!1!##3:(\p5)$)
      in
      \pgfextra{
        \pgfmathsetmacro{\prop}{\n2}
        \pgfinterruptpath
        % \fill[red] (\p3) circle (2pt);
        % \fill[blue](\p6) circle (2pt);
        \sankeynode{\prop}{\n1+##3}{\newname}{\p6}
        \path (\name) to[sankey flow] (\newname);
        \endpgfinterruptpath
      };
    }
  }

  \newcommand\sankeyfork[2]{%name,list of forks
    \def\name{##1}
    \def\listofforks{##2}
    \xdef\sankeytot{0}
    \path 
    let
    % sankey node angle
    \p1=(\name.north east),
    \p2=(\name.south east),
    \n1={atan2(\y1-\y2,\x1-\x2)-90},
    % sankey prop
    \p4=($(\p1)-(\p2)$),
    \n2={sankeylentoqty(veclen(\x4,\y4))}
    in
    \pgfextra{
      \pgfmathsetmacro{\iprop}{\n2}
    }
    \foreach \prop/\name[count=\c] in \listofforks {
      let
      \p{start \name}=($(\p1)!\sankeytot/\iprop!(\p2)$),
      \n{nexttot}={\sankeytot+\prop},
      \p{end \name}=($(\p1)!\n{nexttot}/\iprop!(\p2)$),
      \p{mid \name}=($(\p{start \name})!.5!(\p{end \name})$)
      in
      \pgfextra{
        \xdef\sankeytot{\n{nexttot}}
        \pgfinterruptpath
        \sankeynode{\prop}{\n1}{\name}{\p{mid \name}}
        \endpgfinterruptpath
      }
    }
    \pgfextra{
      \pgfmathsetmacro{\diff}{abs(\iprop-\sankeytot)}
      \pgfmathtruncatemacro{\finish}{\diff<0.01?1:0}
      \ifnumequal{\finish}{1}{}{
        \message{*** Warning: bad sankey fork (maybe)...}
        \message{\iprop-\sankeytot}
      }
    };
  }

  \tikzset{
    % default values,
    declare function={
      sankeyqtytolen(\qty)=\qty/\sankeytotalqty*\sankeytotallen;
      sankeylentoqty(\len)=\len/\sankeytotallen*\sankeytotalqty;
    },
    sankey tot length=100pt,
    sankey tot quantity=100,
    sankey min radius=30pt,%
    sankey arrow length=10pt,%
    % user values
    #1}
}{
}

\newcommand{\izmj}{\ensuremath{\mathtt{\sim}}}
\newcommand{\istosmj}{\ensuremath{\mathtt{=}}}

\makeatletter % http://tex.stackexchange.com/questions/308/different-command-definitions-with-and-without-optional-argument
% and http://tex.stackexchange.com/questions/433/vertically-center-text-and-image-in-one-line
\def\vcenteredinclude{\@ifnextchar[{\@with}{\@without}}
  % usage \vcenteredinclude[width=\somewidth]{imagename.png},  \vcenteredinclude[height=2cm]{imagename.png}
  %   (natural image width)  \vcenteredinclude{imagename.png}
\def\@with[#1]#2{\begingroup
\setbox0=\hbox{\includegraphics[#1]{#2}}%
\parbox{\wd0}{\box0}\endgroup}
\def\@without#1{\begingroup
\setbox0=\hbox{\includegraphics{#1}}%
\parbox{\wd0}{\box0}\endgroup}
\makeatother

\mode<presentation>{%
  \newcommand\beamervfill{\vfill}
  \def\mind{small mindmap}%
}
\mode<article>{%
  \newcommand\beamervfill{\relax}
  \def\mind{mindmap}%
}









slike/common/baner_55555.jpg

TEHNléKA sKoLA

STROJARSTVO 1 BRODOGRADNJU
RIJEKA








slike/common/logo.jpg

TEHNléKA sKQLA

STROJARSTVO 1 BRODOGRADNJU
RIJEKA








slike/common/skola-logo.jpg

TEHNléKA sKQLA

STROJARSTVO 1 BRODOGRADNJU
RIJEKA








slike/common/skola-minilogo.jpg

TEHNICKA SKOLA

E Ty E——
IEKA








slike/common/skola-stari-logo.jpg

TEHNléKA sKQLA

STROJARSTVO 1 BRODOGRADNJU
RIJEKA








slike/common/skola-stari-minilogo.jpg

TEHNICKA SKOLA

E Ty E——
IEKA








strojevi-style.tex

\def\lecturename{Elektri\v{c}ni strojevi i ure\dj{}aji}
\def\kakavPredmet{Predmet}      % za razliku od Izborni predmet, na primjer.. ili 'Zadaci'
\def\cegaPredmeta{predmeta}      % za razliku od 'izbornog predmeta', na primjer..
\usepackage[europeanresistors,americaninductors,siunitx,straightlabels]{circuitikz}
\input{common-lecture-style.tex}
\usepackage{steinmetz}





