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1 Axes

\tzaxes(0,0) (10,9) {$x$}{$y$}
\tzaxisx{0}{10}{$x$}
\tzaxisy{0}+{9}{$y$>}

% shift
\tzaxes<2,1>(0,0) (10,9) {$x$}{$y$}
\tzaxisx<2>{0}{10}{$x$}
\tzaxisy<1>{0}{9H{$y$>




1.1

\tzaxes

\begin{tikzpicture}[scale=.7]
\tzhelplines(4,2)
\tzaxes(4,2) {$x$}H{3$y$}
\end{tikzpicture}

7% \tzplot: intersects at (0,0)
\begin{tikzpicturel}[scale=.7,font=\scriptsize]
\tzhelplines(-1,-1)(3,2)
\tzaxes [draw=blue] (-1,-1) (3,2)

{time} [b,pos=.8]{weight}[a,pos=.8,sloped,red]
\end{tikzpicture}

4 \tzazisz, \tzazisy
\begin{tikzpicture}[scale=.7,font=\scriptsize]
\tzhelplines(-1,-1)(3,2)
\tzaxisx[draw=blue]{-1}{3}{time}[b,pos=.8]
\tzaxisy[draw=red] {-1}{2}{weight}[a,pos=.8,sloped,blue]
\end{tikzpicture}
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1.2 Shift

/4 \tzazes: intersects at <2,1>
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(-1,-1)(8,6)

\tzshoworigin

\tzaxes(-1,-1)(8,6) {$x$}{$ys}
\tzaxes[-,dashed]<2,1>(-1,-1) (8,6) /{$z$H{$y$}
\tzdot*(2,1) e e
\end{tikzpicture}

4 shift: \tzazisz, \tzazisy Yy
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(-1,-1)(8,6)

\tzaxisx[blue] {-1}{8}{$x$}
\tzaxisx[-,dashed,bluel<1>{-1}{8}/{$z$}
\tzaxisy[red] {-1}{6}{$y$}
\tzaxisy[-,dashed,red,thick]<2>{-1}{6}/{$y$}
\tzshoworigin* i Bt
\tzdot(2,1)
\end{tikzpicture}
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2 Ticks y

% tick labels

\tzticks{1,2,...,10}{1,2,...,9}
\tzticksx{1,2,...,10}
\tzticksy{1,2,...,9} of 1 2 3 4 5 6 7

% ticks* (length-from:to) : no labels
\tzticks*(0:2mm){1,2,...,10}(-1mm:2mm){1,2,...,9}
\tzticksx*(0:2mm){1,2,...,10}
\tzticksy*(-1mm:2mm){1,2,...,9}



2.1

\tzticks: Tick labels

y

4 \tzticks 5
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(-1,-1)(8,6)
\tzshoworigin 3
\tzaxes(8,6) {$x$}{$ys} 2
\tzticks{1,2,...,7}{2,3,5}
\end{tikzpicture}

0

7% \tzticksz, \tzticksy
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(-2,-1)(6,6)

\tzshoworigin

\tzaxisx[blue] {-2}{6}{$x$}
\tzticksx{-2,-1,1,2/$\alpha$,4/$p$,5}
\tzaxisy[red]{-1}{6}{$y$}
\tzticksy[bluel{1,2,...,5}

\end{tikzpicture}




2.2 Shift

7% \tzticks
\begin{tikzpicturel}[scale=.5,font=\scriptsize] 5
\tzhelplines(-1,-1)(8,6)
\tzshoworigin
\tzaxes(8,6) {$x$}{$y$}
\tzticks{t,2,...,73{3,5» | [TTToTTTTTTTTTTooos g
\tzaxes [dashed]<2,2>(8,6) /{$z$H{ $y$+
\end{tikzpicture}

7% \tzticks : shift

\begin{tikzpicture}[scale=.5,font=\scriptsize]

\tzhelplines(-1,-1)(8,6)

\tzshoworigin

\tzaxes(8,6) {$x$}{$y$} 3

S\tzticks{1,2,...,7+3,5» | __.__ R e

\tzaxes[-,dashed]<2,2>(8,6) 4{$z$H{$y$} [ -

\tzticks[grayl<2,2>{3,4,...,7H3,5} |
1

\end{tikzpicture}



2.3 \tzticks*: Ticks

% \tzticks* : no labels
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(-1,-1)(8,6)

\tzshoworigin

\tzaxes(8,6) {$x$}{$ys}

\tzticks*{1,2,...,7}{2,3,5/8k$} 7 default: (Opt:3pt)
\tzaxisy[-,dashed]<3>{0}{63}
\tzticksy*[red]<3>(-5mm:3cm){2,3,5/$k$} 7 change length
\end{tikzpicture}

% \tzticks : ticks and labels

\begin{tikzpicture}[scale=.5,font=\scriptsize]

\tzhelplines(-1,-1)(8,6)

\tzshoworigin

\tzaxes(8,6) {$x$}{$y$}

\tzticks(-1mm:1cm){1,2,...,7}
(-2mm:4cm){2,3,5/$k$}

\end{tikzpicture}
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s Functions

\tzfn{\Fx}[1:5]
\tzfn\Fx[1:5] % simple form

% inverse function
\tzfn'\Fx[1:5] % swap version

% function of \y
\tzfnofy\Fy[1:5]
\tzfnofy'\Fy[1:5]



3.1 \tzfn and \tzfn'

% \tzfn

\begin{tikzpicture}[scale=.5,font=\scriptsize]

\tzhelplines(8,6)

\tzaxes(8,6) {$x$}{$£ (x) $} 4

\tzfn{-.25%(\x-2) "2+5}[0:6]

\tzfn[blue]{sin(\x r)+2}[0:2*pi] 3
{$\sin x+2$}[r]

\tzticks{1,2,...,7}3{2,4}

\end{tikzpicture} z

sinz + 2

f@) @) =327 -1
% \tzfn' : inverse function
\begin{tikzpicturel}[scale=.5,font=\scriptsize]
\tzhelplines(-2,-2) (5,5) inversed
\tzaxes(-2,-2) (5,5) {$x$H$f (x) $}
\def\Fx{.5%(\x)"2-1}
\tzfn\Fx[0:3.5]{$f (x)=\frac12x"2-1$}[a] ///
\tzfn' [red,thick]\Fx[0:3.5]{inversed}[r] /7%
\end{tikzpicture}




3.2 \tzfnofy(')

y inversed
7% \tzfnofy(')
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(-2,-2)(5,5)
\tzaxes (-2,-2) (5,5) {$x$}{$y$} 9w = 3" -1
\def\Fy{.5x(\y) "2-1} 7 function of \y
\tzfnofy\Fy[0:3.5]1{$g(y)=\frac12y~2-13$} [b=5pt]
\tzfnofy' [red,thick] \Fy[0:3.5]{inversed}[a] // x
\end{tikzpicture} ,///

% \tzfnofy: demand function
\begin{tikzpicture}[scale=.07,font=\scriptsize] 40
\tzhelplines[step=10] (50,50)

\tzaxes (50,50) {$Q$}{$P$}

\def\Fy{30-3/4*\y} / function of \y

\tzfnofy\Fy[0:40] D(P)=30- %P

\tznode (20,20){$D(P)=30-\frac34P$} [r]

\tzticks{30}{40}

\end{tikzpicture} 0
30
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3.3 Shift

% \tzfn<shift> : shift
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6) {$x$}{$y$}

\def\Fx{-.25*%(\x-2) "2+5}

\def\Gx{sin(\x r)+2}

\def\Hx{1+\x}

\tzfn\Fx[0:6] A% simple
\tzfn[dashed]<1,1>\Fx[0:6]{shifted}[r] 7/ shift
\tzfn[blue]\Gx[0:2%pi]
\tzfn[red] \Hx [0:5]{$H(x) $} [r]
\tzticks{1,2,...,7}{1,2,4}

\end{tikzpicture}
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3.4 Extending paths

4 \tzfn\Fz[0:6]<code.append>
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)
\tzaxes(8,6) {$x$}H{$y$}
\def\Fx{-.25*%(\x-2) "2+5}
\def\Gx{sin(2#\x r)+2}
\tzfn\Fx[0:6]<-- ++ (2,2)> VA
\tzfn[blue]\Gx[0:pil{$\sin 2x+2$} [a]

<to[bend right]++(3,2) node [r] {End!}> /7
\end{tikzpicture}

7% \tzfnAtBegin, \tzfnAtEnd
\begin{tikzpicturel}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6) {$x$}{$y$}
\def\Fx{-.25%(\x-2) "2+5}

\def\CGx{sin(2x\x r)+2}

\tzfnAtBegin{(1,6)--} VA
\tzfn[thick] \Fx[2:6]{$f (x)$}[r]
\tzfnAtEnd{to[bend right]++(3,2)} VA

\tzfn[blue]\Gx[0:pil{$\sin 2x+2$} [a]
\end{tikzpicture}

sin2x + 2

End!

sin2x + 2

f(z)
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4+ More functions

\tzhfnat{<y>}[xmin:xmax] % horizontal
\tzhfn(<x,y>) [xmin:xmax]

\tzvfnat{<x>}[ymin:ymax] % vertical
\tzvfn(<x,y>) [ymin:ymax]

\tzLFn(coorl) (coor2){<slope>}[xmin:xmax]

\tzfnmax{\Fx,\Gx} [xmin:xmax]

\tzfnmim{\Fx,\Gx} [xmin:xmax]

13



\tzhfn(at) and \tzvfn(at)

% \tzhfn(at) : horizontal
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines*(8,6)

\tzaxes(8,6) {$x$}{$y$}

\tzhfnat{2} % at y=2
\tzhfn(8,3) [0:4]{1line B}[r] /% at y=3, ignores z
\tzticks{2,3,4}{1,2,3,5}

\end{tikzpicture}

% \tuvhfn(at) 7 vertical
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines*(8,6)

\tzaxes(8,6) {$x$}{$ys}

\tzvfnat [blue] {2} 7% at z=2
\tzvfn[blue] (3,8) [1:5]{line C}[a]l / at z=3, ignores y
\tzticks{2,3,4}{1,2,3,5}

\end{tikzpicture}

line B

line C
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4.2 \tzLFn

% \tzLFn(coor){slope}
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines*(8,6)

\tzaxes(8,6) {$x$}{$y$} A
\tzcoors*(3,3) (A){A}(6,2) (B){B};
\tzLFn(A){.5}[0:6]{$y=\frac12(x-3)+3$}[a]
\tzticks{3,6}{1.5/$\frac32$,2,3}

y:%(173)+3

w
=)

[N

\end{tikzpicture} N
3 6

J \tzLFn(coor) (coor) y

\begin{tikzpicture}[scale=.5,font=\scriptsize]

\tzhelplines*(8,6) y=1(@x-3)+3

\tzaxes(8,6) {$x$}{$ys}

\tzcoorsx(3,3) (A){A}(6,2) (B){B};
\tzLFn(A) (B) [1:8]
\tzLFn(A){.56}[0:6]1{$y=\frac12(x-3)+3%}[al
\tzticks{3,6}{1.5/$\frac32$,2,3}
\tzhfn[dashed] (B) 7/ ignores (B.z) =
\end{tikzpicture} 3 6

w

[N\
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4.3 \tzfnmax and \tzfnmin

# \tzfamin, \tzfnmaz: envelope curves
\begin{tikzpicture}

\tzhelplines*(4,4)

\def\Fx{\x} \def\Gx{.5%\x+.5} \def\Hx{-.25*%\x+2}
\tzfn\Fx[0:4]

\tzfn\Gx[0:4]

\tzfn\Hx [0:4]

\tzfnmin[red, thick] {\Fx, \Gx, \Hx}[0:4]
\tzfnmax[blue,thick] {\Fx,\Gx, \Hx}[0:4]

\end{tikzpicture}
g(=)

) f(x)
% \tzfamin, \tzfnmaz: envelope curves
\begin{tikzpicturel} [font=\scriptsize]
\tzhelplines*(4,4)
\def\Fx{\x} \def\Gx{.5*(\x)~2} \def\Hx{-.25*%\x+2}
\tzfn\Fx[0:4]{$£f (x)$}[r]
\tzfn\Gx[0:3]{$g(x) $} [r]
\tzfn\Hx [0:4]{$h(x) $} [r]
\tzfnmin[samples=501,blue, thick] {\Fx,\Gx, \Hx}[0:4] h(z)
\tzfnmax [samples=501,red,thick] {\Fx, \Gx, \Hx}[0:3]
\end{tikzpicture}



5 Intersections

\tzXpoint{pathA}{pathB}(<coor name>)
\tzXpoint*{pathA}{pathB}(<coor name>)

% horizontal intersections
\tzhXpointat{path}{<y>}
\tzhXpoint{path}(<x,y>)

% vertical intersections
\tzvXpointat{path}{<x>}
\tzvXpoint{pathl}(<x,y>)
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\tzXpoint of two paths

% \tzXpoint

7% "<path name>"

\begin{tikzpicture}

\tzhelplines(4,3)

\tzline"line A" (0,0) (4,2) % [name path=line A]
\tzline"line B"(0,3) (4,0) % [name path=line B]
\tzXpoint{line A}{line B}(X)

\tzdotx* (K)

\end{tikzpicture}

% \tzfn and "path name"
\begin{tikzpicture}
\tzhelplines(4,3)

\def\Fx{3-3/4*\x}

\def\Gx{2/\x}

\tzfn"Fx"\Fx[.3:4] 7 [name path=Fz]
\tzfn \Gx[.7:4] 7 [name path=Gz] automatically
\tzXpoint{Fx}{Gx} (K)

\tzdot* (K-1){A}[0]
\tzdot*(K-2){B} [45] (4pt)
\end{tikzpicture}



5.2 \tzhXpoint(at) and \tzvXpoint(at)

% \tzhXpointat, \tzvXpointat
\begin{tikzpicture}

\tzhelplines(4,3)
\tzplotcurve"curve" (0,3) (1,1)(2,2)(4,0);
\tzhXpointat*{curve}{1.5}(X)
\tzdots*[blue] (X) (X-2) (X-3);
\tzhfn[red,dashed] (X)[.2:3.5]
\tzvXpointat* [red]{curve}{2}(Y) 7 dot
\tzvfn[dashed] (Y) [.5:2.5]
\end{tikzpicture}

7% \tzhXpoint, \tzuXpoint
\begin{tikzpicture}

\tzhelplines*(4,3)

\tzcoor*(30:1.5cm) (K){K}[45]
\tzto[blue,bend left]"curve"(0,3) (4,0)
\tzhXpoint*{curvel} (K) (Ky){Ky} [45]
\tzvXpoint*{curvel} (K) (Kx){Kx} [45]
\tzhfn [dashed] (K)

\tzvfn[dashed] (K)

\end{tikzpicture}
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¢ Projections

\tzproj(<coor>)

\tzproj*(<coor>)

\tzproj(<coor>){<x-tick label>}{<y-tick label>}

\tzprojx(<coor>){<x-tick label>}
\tzprojy(<coor>){<y-tick label>}

20



\tzproj

7% \tzproj

\begin{tikzpicture}
\tzhelplines(4,3)

\tzaxes(4,3)
\tzcoor*[fill=none] (3,2) (A){A}[45]
\tzproj [dashed] (A)
\end{tikzpicture}

7% \tzproj* : dot

\begin{tikzpicture} [font=\scriptsize]
%\tzhelplines(4,3)

\tzaxes(4,3) {$x$}H{$y$}

\tzto[bend right]"dem"(.5,3)(4,.5)
\tzto[bend right]"sup"(0,0) (3,3)
\tzXpoint{dem}{sup}(E)

\tzproj* (E){$x~*$}{$y *$2}
\end{tikzpicture}
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6.2 \tzprojx and \tzprojy

% \tzprojz*, \tzprojy*
\begin{tikzpicture}[scale=.9,font=\scriptsizel
\tzaxes(4,3) {$x$}{$y$}

\tzprojx*[red,thick] (1.5,2){$x_1$}
\tzprojy*[blue,dashed] (3,1.5){$y_1$} [green]
\end{tikzpicture}

7% \tzprojz(*), \tzprojy(*)
\begin{tikzpicture}[scale=.9,font=\scriptsize]
\tzaxes(4,3){$Q$}{$P$}

\tzto[bend right=15]"DD"(.5,3) (3,.5){$D$} [r]
\tzto[bend right=15]"MC"(.2,.2)(3,3){$MC$} [r]
\tzto[bend right=15]"MR"(.5,2) (2,.2){$MR$}[r]
\tzXpoint{MR}{MC} (E)

\tzvXpoint{DD}(E) (EP)
\tzproj (EP) {$Q " *$}{$P~*$}
\tzprojy*[dashed] (E) {$MC$} [red]
\tzXpoint{DD}{MC} (EC)
\tzprojx[blue,dashed] (EC){$Q c$}
\end{tikzpicture}

MC
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7 Slopes

\tzsecantat{patht{<x1>}{<x2>}
\tzsecant{path}(<x1,y1>) (<x2,y2>)

\tztangentat{path}{<x>}[<domain>]
\tztangent{path}(<x,y>) [<domain>]

\tzslopeat{path}{<x>}{<length>} [<rotate>]
\tzslope{path} (<x,y>){<length>} [<rotate>]

23



Secant lines: \tzsecant (at)

7% \tzsecantat
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6)

\tzparabola"curve" (0,0) (3,5) (7,0)
\tzsecantat [blue] {curve}{1}{5}

\tzsecantat [red] {curve}{2}{6}
\tzticksx{1,2,5,6,7}

\end{tikzpicture}

% \tzsecantat with [domain]
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6)

\tzparabola"curve" (0,0) (3,5) (7,0)

\tzsecantat [blue] {curve}{1}{5}[0:7]{secant} [a]
\tzsecantat [red] {curve}{2}{6}[1:7]
\tzticksx{1,2,5,6,7}

\end{tikzpicture}

secant
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7% \tzsecant
\begin{tikzpicturel}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6)

\tzparabola"curve"(0,0) (3,5) (7,0)

\tzsecant [blue]{curve}(1,0) (5,0)

\tzsecant [red] {curvel}(2,0)(6,0)
\tzticksx{1,2,5,6,7}

\end{tikzpicture}

% \tzsecant with [domain]
\begin{tikzpicture}[scale=.5,font=\scriptsizel
\tzhelplines(8,6)

\tzaxes(8,6)

\tzparabola"curve" (0,0) (3,5) (7,0)

\tzsecant [blue] {curve}(1,0) (5,0) [0:7]{secant}[a]
\tzsecant [red] {curve}(2,0)(6,0)[1:7]
\tzticksx{1,2,5,6,7}
\tzcoors({sqrt(.5)},0) (A) ({sqrt(43)},0) (B);
\tzvXpoint*{curve}(A)

\tzvXpoint*{curvel} (B)

\tzsecant [dotted,thick]{curvel}(A) (B)
\end{tikzpicture}

1T 2 5 6 7
secant
1T 2 5 6 7
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7.2 Tangent lines: \tztangent (at)

7% \tztangentat y
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(8,6) fi(z)y=0
\tzaxes(8,6) {$x$}H{$y$}
\tzparabola"curve" (0,0) (3,5) (7,0)
\tzvXpointat*{curve}{1}(K) (1.2pt)
\tztangentat [red,thick] {curve}{1}[.1:1.8]
\tztangentat{curve}{3}[2:4]1{$£f"' (x)=0$}[r]
\tzticksx{1,3}

\end{tikzpicture} 1 3

7% \tztangent
\begin{tikzpicturel}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6) {$x$}{$y$} \
\tzparabola"curve"(0,0) (3,5) (7,0)
\tztangent [red] {curve}(2,0) [1:3]
\tzvXpointat*{curve}t{{sqrt(23)}}(K){K} [0] (1.2pt)
\tztangent [blue]{curve} (K) [3:7]{$f"' (x)$2} [br]
\end{tikzpicture} z
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/4 \tztangent : shift
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines(8,6)

\tzaxes(8,6) {$x$}H{$y$}
\tzparabola"curve" (0,0) (3,5) (7,0)
\tztangent [red] {curve}(2,0) [1:3]

\tztangent [red,dashed]<.5,-.5>{curve}(2,0) [.5:3.5] //
\tzvXpointat*{curvet{{sqrt (23)}}(K){K}[0] (1.2pt)
\tztangent [blue]{curvel} (K) [3:7]{$£f ' (x) $} [br]
\tztangent [bluel<1,1>{curve} (K) [3:714{$f "' (z)$}[br] X}
\tzdot*<1,1>(K) 7 checking

\end{tikzpicture}

F(=)
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7.3 \tzslope(at)

% \tzslopeat
\begin{tikzpicturel}[scale=.65,font=\scriptsize]
\settzdotsize{1l.2pt}

\tzhelplines(8,6)

\tzaxes(8,6) {$x$}{$ys}

\tzcoors*(0,3) (4) (2,1) (B) (5,5) (C) (7.5,1) (D) ; y
\tztos [semithick] "curve"

(8) [out=-70,in=180] (B) [out=0,in=180]

(C) [out=0,in=100] D);
\tzvXpointat*{curve}{1}
\tzvXpointat*{curve}{4}
\tzvXpointat*{curve}{7}
\tzslopeat [red] {curve}{1}{2cm}

\tzslopeat [red]{curve}{2}{2cm}{$f"' (x)=0$} [r,blue]
\tzslopeat [red] {curve}{4}{2cm}
\tzslopeat [red] {curve}{5}{2cm}
\tzslopeat [red] {curve}{7}{3cm}

\tzslopeat [blue]{curve}{4}{1cm}[90] 7/ normal
\tzslopeat [blue]{curve}{5}{1cm}[90] / normal
\tzslopeat [blue]{curve}{7}{2cm}[90] 7 normal
\end{tikzpicture}
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7 \tzslope
\begin{tikzpicture}[scale=.65,font=\scriptsize]
\settzdotsize{1l.2pt}

\tzhelplines(8,6)

\tzaxes(8,6) {$x$}{$ys}
\tzcoors*(0,3) (A) (2,1) (B) (5,5)(C)(7.5,1)(D);
\tztos [semithick]"curve"

(8) [out=-70,in=180] (B) [out=0,in=180]

(C) [out=0,in=100] (D);
\tzvXpointat*{curve}{1}
\tzvXpointat*{curve}{4}
\tzvXpointat*{curve}{7}
\tzslope[red]{curve}(1,0){2cm}
\tzslope[red]{curve}(2,0){2cm}{$f' (x)=0$} [r,blue]
\tzslope[red] {curvel}(4,0){2cm}
\tzslope[red]{curve}(5,0){2cm}

\tzslope[red] {curve}(7,0){3cm}
\tzslope[blue]{curve}(4,0){1cm}[90] /7 normal
\tzslope[blue]{curve}(5,0){1cm}[90] 7 normal
\tzslope[blue,thick,tzextend={0pt}{7mm}]

{curve}(7,0){.1pt}[90] 7 normal
\end{tikzpicture}

f(z)=0
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7.4 \tzgetxyval

% \tzgetzyval
\begin{tikzpicture}
\tzhelplines*(4,3)
\tzaxes(4,3) {$x$H{$y$}
\tzcoor*(60:2cm) (A) {A} [45]
\tzarc[dotted] (0,0) (0:90:2cm)
\tzgetxyval (A) {\Ax}{\Yx}
\tzproj [dashed] (A) {\Ax}{\Yx}
\end{tikzpicture}

7% \tzgetzyval
\begin{tikzpicture}
\tzhelplines*(4,3)
\tzaxes(4,3) {$x$}{$y$}
\def\Fx{sqrt (\x)}
\tzfn\Fx[0:4]
\tzLFn"Gx" (0,2) (3,0) [0:3]
\tzXpoint*{Fx}{Gx} (B)
\tzgetxyval (B) {\Bx}{\By}
\tzslope[red,thick]{Fx}(\Bx,0){2.5cm}
\end{tikzpicture}

1.73206 |-
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s Demand and Supply
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8.1

Demand and supply: Free drawing

D
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% demand and supply: lines
\begin{tikzpicture}[scale=.5,font=\scriptsize]
7 step 1

\tzhelplines(10,8)
\tzaxes(10,8) {$Q$}H{$P$}

7 step 2
\tzto"dem" (1,6) (6,1) {$D$} [r]
\tzto"supp" (2,1) (7,6){$S$} [r]
7 step 3
\tzXpoint*{dem}{supp} (E) {$E$}
\tzproj (E) {$Q ~*$}{$P~*$}
\end{tikzpicture}

D
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/4 demand and supply: curves
\begin{tikzpicture}[scale=.5,font=\scriptsize]
7 step 1

%\tzhelplines(10,8)

\tzaxes(10,8) {$Q$}H{$P$}

7 step 2

\tzto[bend right=15]"dem" (1,6) (6,1){$D$} [r]
\tzto[bend right=15]"supp"(2,1) (7,6){$S$} [r]
7 step 3

\tzXpoint*{dem}{supp} (E) {$E$}
\tzproj (E) {$Q ~*$}{$P~*$}

\end{tikzpicture}

P*

D
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8.2 Demand and supply: Changes
=27t Z7teoll et 70| SSRULE S50| E0tetE Stsliof #el 7HA S SO0t = AS7?

P

P/ ,,,,,,,,,,,,,




/4 demand and supply: changes: lines
\begin{tikzpicture}[scale=1,baseline,font=\scriptsize]
7 step 1

\tzhelplines(10,8)

\settzdotsize{5pt} VA
\tzaxes(10,8) {$Q$}{$P$3}
% step 2

\tzto"dem" (1,6) (6,1){$D$} [r]
\tzto"supp" (2,1) (7,6){$S$} [r]
\tzXpoint* [blue]{dem}{supp} (E)
/% step 3
\tzto"demA" (2,7) (9,1){$D"' $} [r]
\tzXpoint* [red]{demA}{supp}(E1)
7 step 4
\tzhfn[dashed] (E) [10:0] {$P$}[1]
\tzhfn[dashed] (E1) [10:0]1{$P'$3}[1]
\tzhXpoint*{demA} (E) (EE)

7 step 5
\tzLFn(EE){.8}[3.5:91{$5"'$}[r]
\end{tikzpicture}
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/ curves
\begin{tikzpicture}[scale=1,baseline,font=\scriptsize,bend right=10]
7 stpe 1

\tzhelplines(10,8)
#\settzdotsize{bpt} VA
\tzaxes(10,8) {$Q$}{$P$}

% step 2
\tzto"dem" (1,6) (6,1){$D$} [r]
\tzto"supp" (2,1) (7,6){$S$} [r]
\tzXpoint* [blue]{dem}{supp} (E)

/% step 3
\tzto"demA" (2,7) (9,1){$D"'$}[r]
\tzXpoint*[red] {demA}{supp}(E1)
7 step 4
\tzhfn[dashed] (E) [10:0]{$P$} [1]
\tzhfn[dashed] (E1) [10:0]{$P'$}[1]
\tzhXpoint*{demA} (E) (EE)

7 step 5
#\tzLFn(EE){.8}[3.5:91{$S '$}[r]
\tzplotcurve(3.5,.5) (EE) (9,5){$s'$} [0];
\end{tikzpicture}
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8.3 Consumer surplus and producer surplus

D(P)=120—P (Bxafs
S(P)=4P-80 (g8

L P(Q)=120-Q)
L P(Q) =20+ 1Q)

HAMSHR| 7L HAE0] P = 3022 Aot7tAo] Faf MOt g mf, AH[X} 20 (Consumer Surplus) 2t
AH A 1 a

o
o
i AXE A (Producer Surplus), 22|10 A2 = &AM (Social Welfare Loss) &

2O 2 LIEfLEL.
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% \tzfnofy : function of \y
\begin{tikzpicture}[scale=.05,font=\scriptsize]
7 step 1
#\tzhelplines[step=10] (-100,0) (140, 140)
\tzaxes*(-100,0) (140,140) {$Q$}{$P$}

\tzshoworigin

/4 step 2: define and plot functions

\def\Dy{120-\y} \def\Sy{4*\y-80} 1 T2 E2)E=r
\tzfnofy\Dy [0:120] \tzfnofy\Sy[0:50]

\tzticks{-80,120}{20,120}

7 step 3: intersection point

\tzXpoint{Dy}{Sy} (E) \tzproj*(E){80}{40}

/% step 4: price ceiling
\tzhfnat"maxP"{30}[0:120]{30}[at start,l]
\tzXpoint*{Sy}{maxP}(E1) \tzXpoint*{Dy}{maxP}(E2)
% step 5: wertical intersection point
\tzvXpoint*{Dy}(E1) (P)

\tzproj (P){40}{80} \tzprojx(E2){90}

/% step 6: CS, PS, SWL

\settzpathlayer{behind}

\tzpath* [green] (0,120) (P) (E1) (E1-10,0);
\tzpath*[red] (0,20) (E1) (E1-10,0);

\tzpath*(E) (P) (E1) ;

\tznode (20,60){C.S.} \tznode (20,20){P.S.} \tznode (55,50) {SWL}
\end{tikzpicture}



4 \tzfn : function of \=z
\begin{tikzpicture}[scale=.05,font=\scriptsize]
7 step 1

\tzhelplines[step=10] (-100,0) (140,140)
\tzaxes*(-100,0) (140,140) {$Q$}{$P$}

\tzshoworigin

/4 step 2: define and plot functions

\def\Dx{120-\x} \def\Sx{20+1/4*\x} 7972 EEE
\tzfn\Dx [0:120] \tzfn\Sx [-80:120]

\tzticks{-80,120}{20,120}

7 step 3: intersection point

\tzXpoint{Dx}{Sx} (E) \tzproj*(E){80}{40}

7 step 4: price ceiling
\tzhfnat"maxP"{30}[0:120]{30}[at start,l]
\tzXpoint*{Sx}{maxP}(E1) \tzXpoint*{Dx}{maxP}(E2)
% step 5: wertical intersection point
\tzvXpoint*{Dx}(E1) (P)

\tzproj (P){40}{80} \tzprojx(E2){90}

/% step 6: CS, PS, SWL

\settzpathlayer{behind}

\tzpath* [green] (0,120) (P) (E1) (E1-10,0);
\tzpath*[red] (0,20) (E1) (E1-10,0);
\tzpath*(E) (P) (E1);

\tznode (20,60){CS} \tznode (20,20) {PS} \tznode (55,50) {SWL}
\end{tikzpicture}
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o Profit maximization
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9.1

Profit maximization: Competitive firm

P

MC(q)

/4 profit mazimization: P=MC
\begin{tikzpicture}[scale=.9,font=\scriptsize]
Z#\tzhelplines(-1,-1) (7,5)
\tzaxes(-.5,-.5) (7,5) {$Q$}{$P$2}
\tzparabola"MC"(.5,1.9)(2,1) (4.5,4.5){$MC(q) $}[r]
\tzhfnat"price"{1.8}[0:5]{$P$}[at start,l]
\tzXpoint{price}{MC}(E)

\tzprojx(E-2){$q"*$} / use the second intersection
\end{tikzpicture}
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9.2 Cost curves

MC(q)

AC(q)
AVC(q)
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/4 cost curves: MC, AC, AVC curves
\begin{tikzpicture}[scale=1.2,font=\scriptsize]
\tzhelplines(-1,-1)(7,5)
\tzaxes(-.5,-.5) (7,5) {$Q$}{$P$2}
\tzparabola"MC"(.5,1.9)(2,1) (4.5,4.5){$MC(q) $}[r]
\tzhfnat"price"{3}[0:6]{$P$}[at start,l]
\tzXpoint{price}{MC}(E)

\tzprojx (E){$q~*$}

%

\tzhXpointat*{MC}{2} (minAC)
\tzparabola(1l.5,4) (minAC) (5.5,3.5){$AC(q) $} [ar]
\tzhXpointat*{MC}{1.5} (minAVC) [2] / second intersection
\tzparabola(1.3,2.5) (minAVC) (5.5,3.2){$AVC(q) $} [ar]

\end{tikzpicture}
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/4 cost curves: profit
\begin{tikzpicture}[scale=1.2,font=\scriptsize]
\tzhelplines [draw=none] (-1,-1)(7,5)
\tzaxes(-.5,-.5) (7,5) {$Q$}{$P$2}
\tzparabola"MC"(.5,1.9)(2,1) (4.5,4.5){$MC(q) $}[r]
\tzhfnat"price"{3}[0:6]{$P$}[at start,l]
\tzXpoint{price}{MC}(E)

\tzprojx (E){$q *$}

%

\tzhXpointat*{MC}{2}(minAC)
\tzparabola"AC"(1.5,4) (minAC) (5.5,3.5){$AC(q) $} [ar]
\tzhXpointat*{MC}{1.5} (minAVC) [2] / second intersection
\tzparabola"AVC"(1.3,2.5) (minAVC) (5.5,3.2){$AVC(q) $} [ar]
%
\tzvXpoint{AC}(E) (ACq)

\tzvXpoint{AVC} (E) (AVCq)
\tzpath*[red] (E) (ACq) (ACq-10,0) (E-10,0);
\tzpath*[blue] (ACq) (AVCq) (AVCq-10,0) (ACq-10,0);
\tznode(2,2.5){0| &}

\tznode(2,1.9){T1HH|E}
\tznode(2,0.7){7ttHH|E}

\end{tikzpicture}
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9.3

Profit maximization: Monopoly

PJ\I

AC(QJW)

Q M
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% monopoly: equilibrium
\begin{tikzpicture}[scale=.7,font=\scriptsize]
7 step 1: determine the picture size
\tzhelplines(10,10)
\tzaxes(0,0) (10,10) {$Q$}{$P$}

/% step 2: draw graphs

\tzto[bend right=10]"dem" (1,8) (9,1){$P(Q)$}[ar]
\tzto[bend right=10]"MR"(.9,7)(5,1){$MR$} [br]
\tzto[bend right=15]"MC"(2,1) (6,9){$MC$} [ar]
\tzhXpointat{MC}{2} (minAC)
\tzparabola"AC" (1,4) (minAC) (8,7){$AC$} [ar]

7 step 3: equilibrium

\tzXpoint*{MR}{MC} (ME)
\tzvXpoint*{dem} (ME) (MP)
\tzproj (MP) {$Q M$}{$P M}

% step 4: equilibrium profit
\tzvXpoint{AC}(ME) (ACq)

\tzprojy(ACq) {$AC(Q"M) $}
\tzpath*[red] (MP) (MP-|0,0) (ACq-10,0) (ACq) ;
\tznode(2,4){$\pi~M$}[b]

\end{tikzpicture}



Xt

2H|XFYH(CS), &

o

o

MC(Q)
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P]W

40

QM

MR(Q)
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7 monopoly: welfare analysis
\begin{tikzpicture}[scale=.15,font=\scriptsize]
7 step 1: determine the picture size
\tzhelplines[step=10] (50,40)
\tzaxes(0,0) (50,40) {$Q$}{$P$}

/% step 2: draw graphs

\def\dem{30-3/4*\x}

\def\MR{30-3/2*\x}

\tzfn\dem[0:40]{$P(Q) $} [ar]
\tzfn\MR[0:25] {$MR(Q) $} [r]

\tzto[bend right]"MC"(0,5) (30,30){$MC(Q)$2} [ar]
\tzticks{40}{30}

% step 3: monopoly equilibrium
\tzXpoint*{MR}{MC} (ME)

\tzvXpoint{dem} (ME) (MP)
\tzproj* (MP) {$Q "M$}{$P M$}

\end{tikzpicture}
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P(Q)

MR(Q)
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7 monopoly: welfare analysis
\begin{tikzpicture}[scale=.15,font=\scriptsize]

7 step 1: determine the picture size
#\tzhelplines[step=10] (50, 40)
\tzaxes(0,0) (50,40) {$Q$}{$P$}

/% step 2: draw graphs

\def\dem{30-3/4*\x} \def\MR{30-3/2*\x}
\tzfn\dem [0:40]{$P(Q) $} [ar] \tzfn\MR [0:25]{$MR(Q) $} [r]
\tzto[bend right]"MC"(0,5) (30,30){$MC(Q)$} [ar]
\tzticks{40}{30}

7 step 3: monopoly equilibrium

\tzXpoint*{MR}{MC} (ME)

\tzvXpoint{dem} (ME) (MP)

\tzproj*(MP){$Q M$}I{$P"M$}

7 step 4: competitive equilibrium
\tzXpoint{dem}{MC} (CE)

\tzproj*(CE)

/% step 5: filling

\tzpath*[red] (0,30) (MP) (MP-10,0);
\tzpath*[blue] (0,5) [to[bend right=9]1] (ME) (MP) (MP-|0,0);
\tzpath* (ME) [to[bend right=71](CE) (MP);

% step 6: labelling

\tznode(5,23){C.S.}

\tznode(5,10){P.S.}[a]

\tznode ($ (CE) !'4cm! (CE-10,0)$) {} [inner sep=0Opt,pin={-60:SWL}]
\end{tikzpicture}



10 Utility maximization
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10.1

O MA|SF: 3242y = 60 [, T22CH

Consumer equilibrium

30

o
=i

|0

ug

20
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\begin{tikzpicture}[scale=.15,font=\scriptsize]
\tzhelplines [step=5] (50,40)

\tzaxes(50,40) {$x$}H{$y$}

\tzticks{20}{30}

\def\bgt{30-3/2*\x}

\tzfn\bgt [0:20]

\tzhXpointat*{bgt}{20}(E)
\tzcoors(20,0) (X) (0,30) (V) ;
\tzpointangle (X) (Y) {\xx}

\tztos [thick,red] (3,30) [out=-80,in=\xx] (E) [out=\xx-180,in=175] (40,5){$u_0$} [r];
\end{tikzpicture}
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10.2 Substitution effect 1

O|H|, X 2| 7+ 0| StEfUCD SEA}. CHM[Z kel 37|18 2”2 LIEfL Rt (F, FO{T SMof Hot=
x| M2 1842t
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\begin{tikzpicturel}[scale=.15,font=\scriptsize]
\tzhelplines [step=5] (50,40)

\tzaxes(50,40) {$x$}H{$y$}

\tzticks{20}{30}

7 budget line

\def\bgt{30-3/2*\x}

\tzfn\bgt [0:20]

% equilibrium point

\tzhXpointat*{bgt}{20}(E)

7 IC curve

\tzcoors(20,0) (X) (0,30) (Y);
\tzpointangle (X) (Y) {\xx}
\tztos[thick,red]"IC"(3,30) [out=-80,in=\xx] (E) [out=\xx-180,in=175] (40,5) {$u_0$} [r];
/% tangent line

\settztangentlayer{main}
\tzvXpointat*{IC}{15} (K)

\tztangentat [blue]{IC}{15}(.3,.2) [3:27] 7 (epsilon_1,epsilon_2)
7 substitution effect

\tzprojx[dashed] (E)

\tzprojx[dashed] (K)
\tzline[->,thick]<0,2>(E|-0,0){SE}(K|-0,0)
\end{tikzpicture}
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Question: MZ& 0f| 2 (blue line) 2 O

o

S

A S
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10.3 Substitution effect 2

OfRl, z M2l 7tAO| p, = 22 SFYCL D Sk}, CHM| 2 2te| 27|18 - = LEHUE (F
FO{T 7|1=27|E = s aedet)

)
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\begin{tikzpicture}[scale=.15,font=\scriptsize]
\tzhelplines [step=5] (50,40)

\tzaxes(50,40) {$x$}H{$y$}

\tzticks{20,30}{30}

7 budget line

\def\bgt{30-3/2*\x}

\tzfn\bgt [0:20]

% equilibrium point

\tzhXpointat*{bgt}{20}(E)

7 IC curve

\tzcoors(20,0) (X) (0,30) (Y);
\tzpointangle (X) (Y) {\xx}
\tztos[thick,red]"IC"(3,30) [out=-80,in=\xx] (E) [out=\xx-180,in=175] (40,5) {$u_0$} [r];
/% new budget line

\def\bgtA{30-\x}

\tzfn\bgtA[0:30]

/% shifted tangent line
\tzfn[blue]<0,-4.3>\bgtA[2:20] 7 trial and error
\tzhXpointat*{IC}{15} (K)

7 substitution effect

\tzprojx[dashed] (E)

\tzprojx[dashed] (K)
\tzline[->,thick]<0,2>(E|-0,0){SE}(K|-0,0)
\end{tikzpicture}



10.4 Utility maximization: Leontief utility
Comparative statics:

o 288 u(r,y) = min{2z, 3y}

o Of|MA|SF: 32 + 3y = 120

o 7tAHES}: 2 XHO| 7HHO| p, = 20{M p), = 322 5}

60
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% Leontief utility
\begin{tikzpicture}[scale=.1,font=\scriptsize]
\tzhelplines[step=10] (70,50)
\tzaxes(0,0) (70,50) {$x$}I{$y$}
\tzshoworigin
\tzticks{24,30,40,60}{16,20,40}

7 ray

\def\Fx{2%\x/3}

\tzfn[dotted] {\Fx}[0:40]{$y=\frac23 x$}[ar]
7 original equilibrium

\def\bgt{40-\x}

\tzfn{\bgt}[0:40]

\tzaxesL(24,16) (50,35)
\tzXpoint*{bgt}{Fx}(A)

\tzproj(4)

7 new equilibrium

\def\bgtb{40-2/3*\x}

\tzfn{\bgtb} [0:60]

\tzaxesL(30,20) (50,35)
\tzXpoint*{bgtb}{Fx} (B)

\tzproj(B)

% price effect

\tzLFn[red,dashed] (24,16){-40/60}[10:40]
\end{tikzpicture}
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11 More examples
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11.1 Marginal Revenue and Elasticity

P(Q)Q

P@Q

P(Q)Q

P(Q) + P(Q)Q

P(Q) = AR(Q)

MR(Q)

Q
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P(Q)

Slo

MR(Q)
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11.2

Circular flow model
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11.3 Mixed strategy Nash equilibrium payoffs: foreach

U2

Ui
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11.4 Cournot Duopoly: Best response analysis

BR*!

m m

m m
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Thus, NE is: (p7,p3) = (¢, ¢).

m

NE

BR*!

BR!
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12 References

The TikZ and PGF Package: Manual for version 3.1.9a

(https://github.com/pgf-tikz/pgf).

e tzplot.sty: Plot Graphs with TikZ Abbreviations, version 2.0
(https://www.ctan.org/pkg/tzplot).

o ZH|SAIE 2l Tikz
(http://wiki.ktug.org/wiki/wiki.php/LaTeXWorkshop/2017).

e tzplot: Basics
(http://wiki.ktug.org/wiki/wiki.php/LaTeXWorkshop/2021)

e tzplot: How to Plot Graphs
(http://wiki.ktug.org/wiki/wiki.php/LaTeXWorkshop/2021)
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