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1 NUMERIC EVALUTION OF EQUATIONS 21 Numeri
 evalution of equationsEQC adds the power of a spreadsheet to Latex. It is possible to write down equations and obtain thenumeri
al value of variables:$$\eq{x = 3}$$$$\eq{y = 4}$$$$\eq{z = \sqrt{x^2 + y^2}} = \val{z}$$
x = 3

y = 4

z =
√

y2 + x2 = 5If you only want to do a numeri
al 
al
ulation in your text, using the \val keyword is su�
ient.The square root of two is \val{\sqrt{2}}.The square root of two is 1.414.Equations 
an be assigned a label to reuse them later on:\begin{equation}\eq[eq:important℄{a = x + 2}\end{equation}\
enterline{\emph{Equation \ref{eq:important} defines the value of ato be $\printeq{"eq:important"} = \val{a}$.}}
a = 2 + x (1)Equation 1 de�nes the value of a to be a = 2 + x = 5.If you want to use mathemati
al or physi
al 
onstants in your equations, de�ne them with the \
onstantkeyword. The �le math
onstants.tex 
ontains de�nitions for the most 
ommon 
onstants π and e.$$\
onstant{\Pi = 3.141}$$$$\eq{r = 3}$$$$\eq{d = 2\Pi r} = \val{d}$$
Π = 3.141

r = 3

d = 2Π r = 18.85Equations 
an take an optional list of options, for example, \eq[label=eq:x; eqraw=false℄{x = y^2}.The options will apply only to this spe
i�
 equation. Some of the available options are:



2 WORKING WITH PHYSICAL QUANTITIES 3units = {unit; unit; ...} Tell EQC what units it should use in the output.pre
ision = integer The pre
ision (total number of digits) with whi
h �oating point numbers areprinted.�xeddigits = true|false You 
an de
ide whether you want to round all numbers to a �xed number ofdigits (e.g., 12345 rounded to a pre
ision of three would be 12300) or whether to display a �xednumber of digits after the de
imal marker.lows
limit = real It is possible to 
ontrol whi
h numbers are printed in s
ienti�
 notation (e.g.,
1.23 · 105). This options give the smallest number that is still printed normally.highs
limit = real This options give the largest number that is still printed normally.eqalign = none|eqnarray|ams This option 
ontrols equation formatting. none prints no ampersands,eqnarray prints ampersands on both sides of the equals sign (&=&), and ams prints an ampersandbefore the equals sign (&=). By default, EQC automati
ally adds ampersands to your equationsdepending on the environment they appear in.eq
hain = true|false Omits the left hand side of an equation if it is identi
al to the left hand side ofthe equation dire
tly pre
eding it in an eqnarray or AMS environment.eqraw = true|false Print equations as you typed them (if possible), or with EQC formatting.The keyword \eq
options 
an be used to set these options globally.2 Working with physi
al quantitiesEQC adds the 
lass Unit to the fun
tionality of the GiNaC library. This means that you 
an use unitsin a natural way inside equations:\
learequations\eq
options{units = {\mm}}$$\eq{x = 3 \mm}$$$$\eq{y = 4 \mm}$$$$\eq{z = x + y} = \quantity{z}$$

x = 3 mm

y = 4 mm

z = y + x = 7 mmUpon startup, EQC knows only the base SI units. To get full support for all units de�ned in theSIunits.sty pa
kage, in
lude units.tex at the beginning of your do
ument. New units 
an easily bede�ned using the \defunit keyword. For example:



3 USER DEFINED FUNCTIONS 4\defunit[''℄{\in
h}{2.54\mm}\eq
options{units = {\in
h}}$$z = x + y = \quantity{z}$$
z = x+ y = 2.756 ′′The option units tells EQC what units it should use in the output. If no units are given, EQC will usethe SI base units. The units 
an also be given as an optional argument to the \val keyword (and willonly apply to that spe
i�
 value):\defunit[''℄{\in
h}{2.54\mm}\eq
options{units = {\in
h}}$$z = x + y = \quantity{z} = \quantity[units = {\mm}℄{z}$$

z = x+ y = 2.756 ′′ = 7 mmA short form also exists, with the syntax \quantity[\mm℄{z}.Note that there are four di�erent keywords that 
an be used for �nding the value of a variable:numval This prints a numeri
 value, or prints an error if the variable does not have one.units Prints only the units of the variable.quantity Prints a numeri
 value plus units (if there are any).val Prints any kind of symboli
 expression3 User de�ned fun
tionsEQC extends GiNaC by o�ering user-de�ned fun
tions whi
h 
an be 
reated at runtime in the Latex�le. A fun
tion is de
lared using the \fun
tion keyword. A de�nition for the fun
tion may be given with
\de�un
, but this is not stri
tly ne
essary. Of 
ourse, only fun
tions with de�nitions 
an be evaluated!Fun
tions 
an be given �hints� when they are de�ned using the syntax \fun
tion[hintlist℄.... Hintsenable EQC to handle and print fun
tions better. For example, the hint trig will result in the fun
tionbeing printed as sin2 x instead of (sin(x))2.Consider the fun
tion\fun
tion{f}{x}$$\deffun
{f}{ax^2 + bx + 
}$$

f = c+ x b+ x2 a



4 ASKING FOR VALUES OF VARIABLES 5With $\eq{a = 4}$, $\eq{b = -2}$ and $\eq{
 = 7}$ we 
an 
ompute $f(x)$ for $x = 3$:$$f(x) = \val{f(x)}$$$$f(3) = \val{f(3)} = \numval{\val{f(3)}}$$With a = 4, b = −2 and c = 7 we 
an 
ompute f(x) for x = 3:
f(x) = 7 + 4 x2 − 2 x

f(3) = c+ 3 b+ 9 a = 37Note what e�e
t the \val statement has on the di�erent parameters. To both expand the fun
tion andsubstitute the values of known variables, a double \val statement is ne
essary.4 Asking for values of variablesMost do
uments will be of the type that de�ne a number of equations and then try to 
al
ulate numeri
values for the variables used in these equations. There are several methods of doing this e�
ien
tly:
• The most straight-forward way is to de�ne an equation and then other equations that give theknown values of variables. The \val statement 
an then be used to 
al
ulated the values of unkownvariables.

x = 4 + 3 y

y = 5

x = 19This method be
omes awkward if you want to ask for the value of x again, using a di�erent valuefor y. You would have to delete the equation de�ning y and 
reate a new one.
• If you need the value of a variable for many di�erent parameters, the best way is to de�ne afun
tion.\
learequations\begin{eqnarray*}\fun
tion{x}{y}%\deffun
{x}{3y+4}\\x &=& \val{x(5)}\\x &=& \val{x(7)}\\\end{eqnarray*}

x = 4 + 3 y

x = 19

x = 25The only drawba
k is that you 
annot easily substitute the de�nition x = 3y + 4 into otherequations. You would have to do something like \eqsubst{z = 3x}{x = \val{x}}.



5 SYMBOLIC COMPUTATIONS 6
• The last way is to use the with-form of the \val statement.\
learequations%\begin{eqnarray*}\eq{x = 3y + 4}\\x &=& \numvalwith{x}{y = 5}\\x &=& \numvalwith{x}{y = 7}\\\end{eqnarray*}

x = 4 + 3 y

x = 19

x = 25All the assignments given as the se
ond argument are de�ned as equations, the sear
h for thevalue is performed, and then the temporary equations are deleted again. Therefore, you 
an �ndeven values of variables that are indire
tly de�ned:\
learequations\begin{eqnarray*}\eq{x = 3y + 4}\\\eq{z = 4x}\\z &=& \numvalwith{z}{y = 5}\\\end{eqnarray*}
x = 4 + 3 y

z = 4 x

z = 76

5 Symboli
 
omputationsEQC o�ers the possibility of symboli
 manipulation of equations. You 
an use it to add, subtra
t,multiply or divide an equation with an expression. Also, it is possible to substitute an expression withanother expression, and to di�erentiate an expression.5.1 Example: Solving a quadrati
 equationConsider the equation



5 SYMBOLIC COMPUTATIONS 7\
learequations\fun
tion{f}{x}$$\deffun
{f}{ax^2 + bx + 
} = 0$$
f = c+ a x2 + x b = 0What values of x will solve this equation?We need to bring the equation into the form x2 + 2Ax + A2 = B, whi
h 
an then be written as

(x+ A)2 = B and solved.$$\eqdiv{\val{f(x)} = 0}{a}, a \ne 0$$$$\eqadd{"prev"}{(1/2 b/a)^2 - 
/a}$$$$\eqsimpf{"prev"}{expand}$$
1

a

(

c+ a x2 + x b
)

= 0, a 6= 0

1

4

b2

a2
+

1

a

(

c+ a x2 + x b
)

− c

a
=

1

4

b2

a2
− c

a

x2 +
x b

a
+

1

4

b2

a2
=

1

4

b2

a2
− c

aThe spe
ial equation label "prev" is a short
ut to a

ess the last equation pro
essed by EQC. With
\eqsimpf it is possible to do a variety of simpli�
ations on the equation:expand Fully expands all expressions, in
luding fun
tion arguments.expandf Only expand fun
tion de�nition, not arguments.eval Numeri
ally evaluate the equation as far as possible.normal Normalize the equation, that is, for
e all terms to have a 
ommon denominator (see des
riptionof GiNaC's normal() method for details).
olle
t-
ommon Colle
t 
ommon fa
tors from all terms of the equation (see des
ription of GiNaC's
olle
t_
ommon_fa
tors() method for details).unsafe Do unsafe simpli�
ations, for example, √x2 = x and arctan tanx = x. Note that the opposite,

tan arctan x, is not unsafe and thus is done automati
ally (by GiNaC).As 
an be seen, A = 1
2
b

a
and B = (1

2
b

a
)2 − c

a
. The equation 
an now be written as:$$\eq{\left(x + \fra
{1}{2}\fra
{b}{a}\right)^2 = \rhs{"prev"}}$$

1

4

(

b

a
+ 2 x

)2

=
1

4

b2

a2
− c

aApplying the square root to both sides yields the two solutions:



5 SYMBOLIC COMPUTATIONS 8$$\eqpow{"prev"}{1/2}$$$$\eqsimpf[eq:poss1℄{"prev"}{unsafe}$$$$\mbox{or}\quad\eq[eq:poss2℄{\lhs{"prev"} = -\rhs{"prev"}}$$
1

2

√

(

b

a
+ 2 x

)2

=

√

1

4

b2

a2
− c

a

x+
b

2 a
=

√

1

4

b2

a2
− c

aor x+
b

2 a
= −

√

1

4

b2

a2
− c

aThe two possible values for x are therefore:\eqsubst*[eq:temp1℄{"eq:poss1"}{x = x_1}\eqsubst*[eq:temp2℄{"eq:poss2"}{x = x_2}$$\eqsub[eq:sol1℄{"eq:temp1"}{\fra
{b}{2a}}$$$$\eqsub[eq:sol2℄{"eq:temp2"}{\fra
{b}{2a}}$$
x1 =

√

1

4

b2

a2
− c

a
− b

2 a

x2 = − b

2 a
−

√

1

4

b2

a2
− c

aA faster way to a
hieve the same result is by using \eqsolve.$$\eqsubst{\eqsolve{f(x) = 0}{x}{1}}{x = x_1}$$$$\eqsubst{\eqsolve{f(x) = 0}{x}{2}}{x = x_2}$$
x1 =

√

1

4

b2

a2
− c

a
− b

2 a

x2 = − b

2 a
−

√

1

4

b2

a2
− c

aWith, for example, a = 3, b = 4 and c = −5 the possible values for x are:$$x_1 = \numval[3℄{x_1}$$$$x_2 = \numval[3℄{x_2}$$
x1 = 0.786

x2 = −2.12The 3 option to \numval sets the pre
ision to three digits, it is equivalent to writing\numval[pre
ision=3℄{x_1}.When applying f(x) on these values of x, the result is (almost) zero:



5 SYMBOLIC COMPUTATIONS 9$$f(x_1) = \numval{f(x_1)}$$$$f(x_2) = \numval{f(x_2)}$$
f(x1) = −1.776 · 10−15

f(x2) = 05.2 Example: Finding the extrema of a fun
tionTo �nd the extrema of f(x), we set the �rst derivative to zero and solve for x:\deleq{"eq:a";"eq:b";"eq:
"}$$\eq[eq:f℄{f(x) = \val{f(x)}}$$$$\eqdiff{"eq:f"}{x} = 0$$\eqsub*{\rhs{"prev"} = 0}{b}%\eqsubst*{"prev"}{x = x_{extr}}%$$\eqdiv[eq:xextr℄{"prev"}{2a}$$
f(x) = c+ a x2 + x b

f ′(x) = b+ 2 a x = 0

xextr = − b

2 aDepending on the sign of the se
ond derivate f ′′(x) = 2 a, this will be a minimum or a maximum. Thevalue of the extremum is$$\eqsubst
[eq:yextr℄{y_{extr} = \rhs{"eq:f"}}{x = x_{extr}; "eq:xextr"}$$
yextr = c− 1

4

b2

aor with the values used in the previous se
tion a = 3, b = 4 and c = −5:$$x_{extr} = \numval{x_{extr}}\quad y_{extr} = \numval{y_{extr}}$$
xextr = −0.6667 yextr = −6.3335.3 Library of substititionsTo make working with equations easier, there is a library of mainly trigonometri
 substitutions whi
h
an be in
luded with \input substitutions.tex. For example, 
onsider this equation:\
learequations\input ../examples/substitutions.tex$$\eq[eq:r1℄{\fra
{r_1}{\sin(\pi - \theta/2)} = \fra
{r_2}{\sin(\pi/2 - \theta/2)}}$$$$\eqsubst{"prev"}{"lib:trig:sina+pi/2"; "lib:trig:sina+pi"}$$$$\eqsubst{"prev"}{"lib:trig:sin-a"; "lib:trig:
os-a"}$$



6 MATRICES 10
r1

sin
(

π − θ

2

) =
r2

sin
(

π

2
− θ

2

)

− r1

sin
(

−θ

2

) =
r2

cos
(

−θ

2

)

r1

sin
(

θ

2

) =
r2

cos
(

θ

2

)This equation 
an now be solved to give an expression for θ

2
:$$\eqsubst{"prev" * \sin{\theta/2} / r_2}{\eqrev{"lib:trig:tansin
os"}}$$$$\eqrev{\eqsimpf{\eqfun
{"prev"}{\ar
tan}}{unsafe} * 2}$$

r1

r2
= tan

(

θ

2

)

θ = 2 arctan

(

r1

r2

)The keyword \eqrev swaps left and right hand side of the equation. \eqfun
 applies a fun
tion to bothsides.6 Matri
esVe
tors and matri
es 
an be 
reated with the following input:\begin{align*}\matrix{v_1}%\matrix{v_2}%\matrix{M_1}%\eq{v_1 = {x; y; z}}\\\eq{v_2 = \transpose{x; y; z}}\\\eq{M_1 = {{x_1; y_1; z_1};{x_2; y_2; z_2};{x_3; y_3; z_3}}}\end{align*}
v1 =

(

x y z
)

v2 =





x

y

z





M1 =





x1 y1 z1
x2 y2 z2
x3 y3 z3







7 GRAPHS 11It is very important to indi
ate to EQC that a variable 
ontains a matrix (be
ause of the non-
ommutativity of produ
ts). This is done with the \matrix keyword. Note that 
urrently it is notpossible to 
reate a �standing� ve
tor with \eq{v_2 = {{x};{y};{z}}. Instead, use the \transposefun
tion as shown in the example.The value of matrix elements 
an be found with the fun
tion \mindex:\begin{align*}\eq{m = \mindex{M_1; b; 2}}\\\eq{b = 3}\\m_{32} &= \val{m}\end{align*}
m32 = M1[b, 2]

b = 3

m32 = y3You 
an use the \wild fun
tion as the index to a

ess a whole row or 
olumn.EQC supports the following operations with matri
es and ve
tors:
• Addition and subtra
tion
• Multipli
ation
• Exponentiation
• Transposition with the \transposeEQC will terminate with an error if the matri
es or ve
tors are not 
ompatible with one another.7 GraphsEQC has some support for 
reating graphs with the pa
kage pstri
ks. As an example, we will 
omparethe graph of a fun
tion with its Taylor series expansion.The de�nition of the Taylor series expansion is

Tnf(x, x0) =
n

∑

i=0

f (i)(x0) ·
(x− x0)

i

i!Applying this to arctan(x) around the point x0 = 0.7, we have\fun
tion{f}{x}%\begin{align}\eq[eq:f0℄{f(x) = \ar
tan x}\tag*{}\\\eqdiff[eq:f1℄{"prev"}{x}\tag*{}\\\eqdiff[eq:f2℄{"prev"}{x}\tag*{}\end{align}



7 GRAPHS 12
f(x) = arctan x

f ′(x) =
1

1 + x2

f ′′(x) = −2
x

(1 + x2)2The values of the fun
tion at x0 are\begin{align*}\eqsubst
{"eq:f0"}{x = x_0; "eq:x_0"}\\\eqsubst
{"eq:f1"}{x = x_0; "eq:x_0"}\\\eqsubst
{"eq:f2"}{x = x_0; "eq:x_0"}\end{align*}
f(0.7) = 0.6107

f ′(0.7) = 0.6711

f ′′(0.7) = −0.6306The �rst parts of the expansion are\begin{align}\eq{\ar
tan(x) =\rhs{\eqsubst{"eq:f0"}{x = x_0}} +\rhs{\eqsubst{"eq:f1"}{x = x_0}} \fra
{x - x_0}{1!} +\rhs{\eqsubst{"eq:f2"}{x = x_0}} \fra
{(x - x_0)^2}{2!}}\notag\\\eqsubst[eq:series℄{"prev"}{"eq:x_0"}\tag*{}\\\eqsimpf{"prev"}{expand}\end{align}
arctanx = arctan x0 −

x0 (x0 − x)2

(1 + x2
0)

2 − x0 − x

1 + x2
0

= 0.1409 + 0.6711 x− 0.3153 (x− 0.7)2

= 1.113 x− 0.3153 x2 − 0.01357 (2)The same result 
an be obtained more easily with the \tseries keyword:\ar
tan x = \val{\tseries{\ar
tan x}{x = 0.7}{3}}
arctanx = 1.113 x− 0.3153 x2 − 0.01357The two fun
tions are 
ompared in �gure 1.



7 GRAPHS 13\begin{figure}[!htb℄\begin{
enter}\psset{xunit=40mm, yunit=25mm}\mmakepspi
ture{-1}{-1.6}{2}{1.2}{0.5}{0.2}{$x$}{$\ar
tan(x)$}{%IMPORTANT COMMENT!\printve
tor{\val{\eqeval{y = \ar
tan x}{x = -1:2:0.1}}}%\psset{line
olor=red}%\ps
urve{-}\printve
tor{\val{\eqeval{"eq:series"}{x = -1:2:0.1}}}}\end{
enter}\
aption{Comparison of $\ar
tan x$ with its Taylor series expansion\label{fig:fun
}}\end{figure}

0 0.5 1.0 1.5 2.0−0.5−1.0

x0
0.2
0.4
0.6
0.8
1.0
1.2

−0.2
−0.4
−0.6
−0.8
−1.0
−1.2
−1.4
−1.6

arctan(x)

Figure 1: Comparison of arctanx with its Taylor series expansionThe arguments to \mmakepspi
ture are:
• Negative x-axis value, then negative y-axis value
• Positive x-axis value, then positive y-axis value
• x-axis step value, then y-axis step value (for the axis labels)
• x and y axis names
• An array of (x; y) values to plotThe last is generated by the keyword \printve
tor, whi
h 
onverts the output of \eqeval into a formatre
ognized by pstri
ks. \eqeval evaluates an equation for all the values of the independent variablegiven as the se
ond parameter. In the example, −1 : 2 : 0.1 
reates a ve
tor of numbers from −1 to 2 inin
rements of 0.1. The result is a matrix with the values of the independent variable in the �rst 
olumnand the evaluation results in the se
ond 
olumn:



8 UTILITY FUNCTIONS 14\eq{r = \eqeval{"eq:series"}{x = -1:2:0.5}}
r =





















−1 −1.441
−0.5 −0.6487
0 −0.01357
0.5 0.4639
1 0.7837
1.5 0.9458
2 0.9504



















There is also a simpli�ed version \makepspi
ture for drawing a graph in the �rst quadrant only:
• Lo
ation of origin in the format (x0, y0)
• Lo
ation of lower left-hand 
orner in the format (x1, y1)
• Positive x-axis value, then positive y-axis value
• x-axis step value, then y-axis step value (for the axis labels)
• x and y axis names
• An array of (x; y) values to plotOf 
ourse, if \makepspi
ture and \mmakepspi
ture do not suit your purposes, you 
an use thestandard pstri
ks ma
ros instead or 
reate your own short
uts.8 Utility fun
tionsIf you want to make a fresh start in the middle of a do
ument, use \
learequations. This will delete allpreviously de�ned equations ex
ept library equations, but keep the 
onstants and any fun
tions de�nedwith the hint lib.9 Pitfalls9.1 Unexpe
ted newlinesIf you use EQC 
ommands like \eqmul* that produ
e no Latex output inside an equationarray envi-ronment, follow them by a 
omment to avoid insertion of a newline in the output �le. Equationarrayenvironments may not 
ontain newlines. For example:\begin{eqnarray}\eq{x & = & a + b}\eqsub*{"prev"}{b}\eqrev{"prev"}\end{eqnarray}



9 PITFALLS 15will yield the following output:\begin{eqnarray}x&=&a+ba&=&x-b\end{eqnarray}9.2 Multiple possible values for equationsConsider the following equation:
u = x+ y sinϕNow we want to �nd the value x1 whi
h will make u be
ome zero.\begin{equation}\eqsubst[eq:usubst℄{"prev"}{x = x_1} = 0\end{equation}

u = x1 + y sinϕ = 0 (3)and �nd x1 to be:\eqsubst*{"prev"}{u = 0}\eqsub*{"prev"}{\sin\varphi y}$$\eqrev{"prev"}$$
x1 = −y sinϕBut what happens if we now ask for the value of u?u = \val{u}
u = x1 + y sinϕEQC prints a warning that there are multiple possible values for u (i.e., x + y sinϕ and x1 + y sinϕ)and then 
hooses the last value (whi
h might or might not be what we wanted). There are two ways toavoid this:1. Do both substitutions at the same time: \eqsubst{"prev"}{x = x_1; u = 0}.2. Introdu
e a temporary for u: \eqsubst{"prev"}{x = x_1; u = u_{temp}}.



9 PITFALLS 169.3 Multiple substitutionsIf you do multiple substitutions at the same time, the order in whi
h the substitutions are done is notde�ned. By using the keyword \eqsubst
, substitutions are done 
onse
utively in the order they arelisted. For example, 
ompare:$$\eqsubst{x = 3y}{y = 4z; z = 3}$$$$\eqsubst
{x = 3y}{y = 4z; z = 3}$$
x = 12 z

x = 36Only use \eqsubst
 when order is important be
ause it is less e�
ient than \eqsubst.9.4 Output of numbersNot all 
ombinations of \pre
ision, \pre
ision_type and \s
ientifi
_limits make sense. Forexample, you might set the lower s
ienti�
 limit to 0.001 so that numbers like 0.005 will be printedwithout exponent. If you now set pre
ision_type to fixed_marker and pre
ision to 2, numbers smallerthan 0.01 will be printed as zero!9.5 Library equationsNote that library equations are not automati
ally used for �nding values of variables. They are 
onsideredto be purely for referen
e purposes. An example:\eq[lib:myeq℄{x = 7y}\eq{y = 2}x = \val{x}This will not return 14 as the value of x. If you want to use a library equation for �nding values, youneed to �a
tivate� it. There are two di�erent possibilities:\eq{"lib:myeq"}\eqsubst{"lib:myeq"}{x = x_1}The last 
ase is really what the library equations are there for: They need to be adapted to spe
ialpurposes by substituting 
ustom variables into them.
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ks heada
hespstri
ks 
an give you heada
hes when the fun
tion that is to be plotted has x or y values of less than
1.0, for example, sin x:\begin{figure}[!htb℄\begin{
enter}\pspi
ture(\val{-180\degree},-1)(\val{180\degree},1)\psgrid(\val{-180\degree},-1)(\val{180\degree},1)\psaxes[linewidth=2pt, labels=none℄{->}(0,0)(\val{-180\degree},-1)(\val{180\degree},1)\ps
urve{-}\printve
tor{\val{\eqeval{y = \sin x}{x = -180\degree:180\degree:30\degree}}}\endpspi
ture\end{
enter}\
aption{Fun
tion $y = \sin x$, naïve version}\end{figure}

-3 -2 -1 0 1 2 3
-1

0

1

Figure 2: Fun
tion y = sin x, naïve versionNote that some \val statements are required to evaluate the units to �oating point numbers. The methodabove has two major drawba
ks: The x-axis is s
aled in radians, not in degrees, and the numbering ofthe y-axis is only in integer numbers.The non-naïve version of the diagram is:\begin{figure}[!htb℄\begin{
enter}\psset{xunit=0.35mm, yunit=40mm}\pspi
ture(-190,-1.05)(200,1.1)\psaxes[linewidth=2pt, ti
ks=none, labels=none℄{->}(0,0)(-190,-1.05)(200,1.1)\psaxes[Dx=30, ti
ks=x, labels=x, ti
ksize=40mm℄{-}(0,0)(-180,-1)(180,1)\psaxes[Dy=0.2, ti
ks=y, labels=y, ti
ksize=54mm℄{-}(0,0)(-180,-1.05)(180,1.1)\ps
urve{-}\printve
tor{\val{\eqeval{\eqsubst{y = \sin x}{x = x \degree}}{x = -180:180:30}}}\endpspi
ture\end{
enter}\
aption{Fun
tion $y = \sin x$}\end{figure}
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tion y = sin x


