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The Mathematica
Functions

S.P. Kisdlev, E.V. Vorozhtsov, and V.M. Fomin

mim pressum
This Mathematica-Notebook is part of the book entitled
S.P. Kisdev, E.V. Vorozhtsov, and V.M. Fomin
Foundations of Fluid Mechanics with Applications

Problem Solving Using Mathematica.
Birkhauser Boston, Basel, 1999.
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m General Description

In this Notebook we show at 47 examples how to use those built-in Mathematica functions,
which we apply in the above book for the solution of various analytical or numerical tasks.

= Examplel
This exampleillustrates the use of the Mathematica function Abg[arg].

Abs[-3.5]

3.5

m Example 2

This exampleillustrates the use of the Mathematica function AppendTo[list, element].
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XX = {X1, X2, X3}; AppendTo[xx, a?]

(X1, X2, X3, a?}

m Example 3

This exampleillustrates the use of the Mathematica function ArcSin[arg].

ArcSin[l/2]

8

m Example4

This exampleillustrates the use of the Mathematica function ArcTan[arg].

ArcTan[ 1]

8

= Example5

This example illustrates the use of the Mathematica options AspectRatio, $DisplayFunction,
and the functions Plot]...], Show][...].

al = 1.4779155; a2 =-0.624424; a3 = -1.727016; a4 = 1. 384087,
a5 =-0.489769; t1=0.2;

body[z_]1:=t1 (alSqrt[z]+z (a2+z (a3 + z (a4+a52z))));

gl = Plot [body[x], {x, 0, 1}, DisplayFunction->ldentity];

g2 = Plot [-body[x], {X, 0, 1}, DisplayFunction->ldentity];
Show([gl, g2, Displ ayFuncti on ->$Di spl ayFuncti on]
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= Example 6

This exampleillustrates the use of the Mathematica option Axes.
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al = 1.4779155; a2=-0.624424; a3 = -1.727016; a4 = 1.384087;
ab=-0.489769; t1=0.2;

body[z_ ]:=t1 (al Sgrt[z]+z (a2+z (a3 + z (ad4+a5 z))));

gl = Plot[body[x], {x,0,1},Di splayFunction->ldentity];

g2 = Plot[-body[Xx],{x, 0,1}, D spl ayFuncti on->ldentity];

Show g1, g2, Axes- >Fal se, Di spl ayFuncti on->$Di spl ayFuncti on]

m Example7

This example illustrates the use of the Mathematica options AxesL abel and AspectRatio.

al = 1.4779155; a2 =-0.624424; a3 = -1.727016; a4 = 1.384087;
ab =-0.489769; t1=0.2;

body[z_]:=t1l (alSqrt[z]+z (a2+z (a3 + z (a4d+ab5z))));

gl = Pl ot [body[x], {x, 0, 1}, DisplayFunction->ldentity];

g2 = Plot [-body[x], {x, 0, 1}, DisplayFunction->ldentity];

Show[gl, g2, AxesLabel -> {"x", "y"}, AspectRatio -> Autonatic,
Di spl ayFuncti on -> $Di spl ayFuncti on]

O G aphics 0

m Example 8

This example illustrates the use of the Mathematica function ClearAll[args].

x1 = 2Cos[t]
ClearAl [x1]
x1
2 Cos [t ]
x1

m Example9

This exampleillustrates the use of the Mathematica function ComplexExpand[expr].
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Conpl exExpand[l m[Cos[z%?] /. z -> x+1 y1] // Tradi ti onal Form

-sin(x® - y?) sinh(2 xy)

= Example 10

This example illustrates the use of the Mathematica function ContourPlot[...].

VIX_, Y_1:=y [1 — MO |
X2 + y2

rc = 2;

stream i nes = ContourPl ot [y[X, yI, {X, -6, 6}, {y, -4, 4},
Pl ot Poi nts -> 40,
Contours -> {-4, -3, -2, -1, -0.5, 0, 0.5, 1, 2, 3, 4},
Cont our Shadi ng -> Fal se,
Cont our Sroot hi ng -> Aut omati c,
Di spl ayFunction -> ldentity];

bound = Graphics[Circle[{0, O}, rc]];

Show[st reanl i nes, bound, AspectRati o -> Autonati c,

Di spl ayFuncti on -> $Di spl ayFuncti on];

4/\

//\
.

o

= Example 11

This example illustrates the use of the Mathematica function Cog arg].

Tradi ti onal Form[Cos [Pi /10]]

11

3\ 4eevs)

= Example 12

This exampleillustrates the use of the Mathematica function DJ...].
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x = k[1] Sin[k[2]] Sin[k[3]1]; D[x, k[2]1]
Cos[k[2]]1k[1]Sin[k[3]]

= Example 13

This exampleillustrates the use of the Mathematica functions Dashing][...], GraphicsArray,
ListPlot, MapThread, Plot3D, Show , Table.

gl = Plot [Sin[x], {x, 0, 2p},
Pl ot Styl e -> {Dashi ng[{0. 05, 0.03}7]},
Di spl ayFunction -> lIdentity];
xx = Tabl e[N[(k-1) p/10], {k, 21}1;
yy = Tabl e [N[Cos [xx [[K]11]., {k, 21}];
g2 = ListPlot [MapThread[List, {xx, yy}l,
PlotStyl e -> {PointSize[0.02]},
Di spl ayFunction -> Identity];
g3 = ListPl ot [MapThread[List, {xx, 0.5yy}],
Pl ot Joi ned -> True,
Pl ot Styl e —-> {Thi ckness[0. 03]},
Di spl ayFunction -> ldentity];

A2 = Pl ot3D[Sin[x] Cos[2y], {X, O, 2Pi}, {y, O, Pi},
Di spl ayFunction -> ldentity];
Al = Show[g2, gl, g3, AspectRatio -> Automatic,

Di spl ayFunction -> Identity];
Show[G aphi csArray [{Al, A2}11;

= Example 14

This example illustrates the use of the Mathematica function DSolve]...].
DSol ve[{x2"' [X] == =-X2[X] X, X2[X1] ==X»}, X2[X], X]

2 2

[{x21x] EE= ¥ x, 1]

m Example 15

This exampleillustrates the use of the Mathematica functions Eigenvaluesmatr] and
Eigenvectorgmatr].
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A= {{-1, 0, 3}, {2, 1, 1}, {5, 1, 4}}; Eigenval ues[A]
Ei genvect or s[A]
Tradi tional Form[l nverse[A]]

(-3, B (7-/33), B (7+33))

m Example 16

This exampleillustrates the use of the Mathematica function Expand[arg].

Tradi ti onal For m[Expand[(a - 3b)%]]

a® -15ba*+90b?a® - 270 b® a® + 405 b* a— 243 b°

m Example 17

This exampleillustrates the use of the Mathematica function First[arg].

lis = {al, Sin[t], p/8}; First[lis]

al

= Example 18

This exampleillustrates the use of the Mathematica function Flatten[args].

Flatten[{al, b2, {{2, 3}, {a4, s5}}}]

{al, b2, 2, 3, a4, s5}

= Example 19

This example illustrates the use of the Mathematica function Floor[arg].
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Fl oor [-2. 4]
Fl oor [2. 4]
-3
2

m Example 20

This example illustrates the use of the Mathematica function IdentityMatrix[arg].

Traditional Form[l dentityMatrix[3]]
100
[O 10
001

m Example 21

This example illustrates the use of the Mathematica function If[args].

b=05 c=Sin[t]; d=t2% I1f[b<4, ¢c=Cos[t]; d=5t,
c=Cosh[t]; d =4t7];
Print["c =", ¢, "; d=", dI;

¢ = Cosh[t]; d = 4t

m Example 22

This example illustrates the use of the Mathematica function Join[args].
ClearAll [b];

sl = {x1, X2}; 1s2 = {Sqgrt[1 + b?], Sin[t]};
Traditional Form[Join[lsl, |1s2]]

{1, %, VP2 +1, sin(t)}

m Example 23

This example illustrates the use of the Mathematica function Length[arg].
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Length[{a, x%, 1998}]
3

m Example 24

This example illustrates the use of the Mathematica function Ling[arg], Graphicq...], and Show]...].

Show[Gr aphi cs[Line[{{4, 3}, {5, 4}, {2, 7}, {1, 6}, {4, 3}, {1, 33},
{1, 1}, {7, 1}, {7, 3}, {4, 3}}11,
Aspect Rati o -> Automatic]

-

0 G aphics O

m Example 25

This exampleillustrates the use of the Mathematica function LinearSolve[args].
n =3, b= Table[(k, {k, n}];

A=Table[k/ (i + k), {i, n}, {k, n}l;
Li near Sol ve[A, b]

{132, -300, 180}
m Example 26
This exampleillustrates the use of the Mathematica function ListPlot[arg].

ListPlot [{{O, 1}, {2, 1}, {1, 3}, {0, 1}}, Axes ->Fal se,
Pl ot Joi ned -> True]

O G aphics 0

m Example 27

This exampleillustrates the use of the Mathematica function Log[arg].
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N[Log[10]]
2.30259

m Example 28
This example illustrates the use of the Mathematica function MapThread]...].

XX = {X1, X2, X3}; YY = {Y1, Y2, Ys}; MapThread[List, {xx, yy}]
{{X1, Y1}, {X2, Y2}, {Xs, Y3}}

= Example 29

This exampleillustrates the use of the Mathematica function MatrixForm[arg].

Print["g =", Traditional Form[Matri xForm[ldentityMatrix[3]]11]
1 00

010
001

g =

= Example 30

This exampleillustrates the use of the Mathematica function N[arg].

N[Sqrt [2], 45]

1. 41421356237309504880168872420969807856967188

m Example 31

This exampleillustrates the use of the Mathematica function NIntegrate[arg].
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10

Nl ntegrate[Sqrt [Sin[p/2] - Sin[x]], {X, 0, p/2}]
Integrate[Sqrt [Sin[p/2] - Sin[x]], {X, 0, p/2}]
N[

0. 828427

-24+24/2

0. 828427

m Example 32

This exampleillustrates the use of the Mathematica function ParametricPlot3D[args].

ParametricPl ot3D[{2t, Sin[3t], Cos[3t]}, {t, O, 5Pi},
Boxed -> Fal se, Axes -> Fal se]

0 G aphi cs3D0

m Example 33

This exampleillustrates the use of the Mathematica function PlotV ectorField3D[args].
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11

(* I'f you want to run this Exanple after the foregoi ng Exanpl e
in the sane Mathematica session, then you will fail.
Pl ease at first exit Mathematica, and then begin the
Mat hemat i ca session, and run this Exanple as the
first Exanple in your new Mat hematica session *)

<< & aphi cs” Pl ot Fi el d3D

Pl ot VectorFi el d3D[{2Xx, vy, z}, {X, O, 2}, {y, O, 1}, {z, O, 13},
Pl ot Poi nts -> 6,
Vect or Heads -> True]

0 G aphi cs3DO

m Example 34
This exampleillustrates the use of the Mathematica function Polygon[arg].

Show|[Gr aphi cs [ {RGBCol or [0.1, 1.0, 1.0],
polygon[TaMe[{zoOs[@ﬁ@A]s, zsm[@@s]a}, . 803]]}]]

O G aphics 0

m Example 35

This example illustrates the use of the Mathematica function PowerExpand[arg].
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12

a=r*Sin[j]1% Traditional FormSqrt[a]]
Tradi ti onal For m[Power Expand [a'/?]]

\/ r4 sin(j)

r2sin(j)

m Example 36

This exampleillustrates the use of the Mathematica function ReplacePart[arg].

Repl acePart [l dentityMatrix[3], Sin[j], {3, 1}1//
Tradi ti onal Form

1 00
0 1 0]

sin(j) 0 1

m Example 37

This exampleillustrates the use of the Mathematica function Simplify[expr].

Sinplify[x?/3 +xy/ (5 - x)]

= Example 38

This exampleillustrates the use of the Mathematica function Sign[arg].

Sign[-1. 35]
Sign[0]
Si gn[0. 005]

-1
0

1

m Example 39

This exampleillustrates the use of the Mathematica function Sin[arg].



APPENDA.NB

Traditional Form[Sin[Pi /10]]
1

F1+v8)

= Example 40

This exampleillustrates the use of the Mathematica function Solve[args].

Conpl exExpand[Sol ve[x® - 1/3x - 1 == 0, X]]

)1/34_@ (@A (27+5@>)1/3},

)1/3 1/3

_/@A(l—l V3) (@(27+5\/ﬁ)) I8

]1/3 1/3

_@A(lﬂ V3) (@wz?%@)) }}

m Example 41
This exampleillustrates the use of the Mathematica function Sum[args].

Si erIify[Sum[(—l)j+1 Cos[j x1, {j, 4}11// Traditional Form

COY(X) — COS(2 X) + coS(3 X) — cos(4 X)

m Example 42

This exampleillustrates the use of the Mathematica function Table[arg].

ClearAll [a, b];
Traditional FormTable[a' b', {i, 3}, {j. 3}11]

a’b a?b?> a?b?

ab ab? ab? ]
ab atb? a’b?

m Example 43

This example illustrates the use of the Mathematica function Text[arg], Graphicq...], Ling]...],
Circlq[...], Show][...].
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14

rc = 2; bound = Graphics[Circle[{0, 0}, rc]I;
arc = Graphics[Circle[{0, 0}, 0.9, {0, Pi /6}11;

lin = Gaphics[Line[{{rc, 0}, {0, 0}, {rcOos[MgﬂA] rcSin[ﬁgN\]}}]];

gR = Graphics[Text ['R", (0.7, 1.13}11;
gt = Gaphics[Text ["t", {1.3, 0.37}11;
Show[bound, arc, lin, gR gt, AspectRatio-> Automatic]

AT

0 G aphics O
m Example 44
This exampleillustrates the use of the Mathematica function Transpose[list].

A ={{a, b, c}, {1, 2, 3}}; Traditional FormlA]
Tradi ti onal For m[Tr anspose [A] ]

abec
(123]
al
c 3

m Example 45

This exampleillustrates the use of the Mathematica function TrigExpand[arg].

Traditional Form[Tri gExpand[Cos[3x] Sin[4y]]]

4c0s°(X) sin(y) cos’ (y) — 12cos(x) sin(x) sin(y) cos’(y) — 4cos® (x) sin®(y) cos(y) + 12cos(X) sin?(x) sin®(y) cos(y)

m Example 46

This exampleillustrates the use of the Mathematica function TrigReduce[arg].
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15

Tradi ti onal For m{Tri gReduce[Cos [x]® + Sin[x]1°]]

N@« (10cos(x) + 5c0s(3 x) + cos(5 x) + 10sin(x) — 5sin(3x) + sin(5 x))

m Example 47

This example illustrates the use of the Mathematica function While[test, body].

X =0; yo0=0; y={y0}; Wile[x<1l, x=x+0.1; yO =y0 + 0.1x"2;
AppendTo[y, yO011; vy

{0, 0.001, 0.005, 0.014, 0.03, 0.055, 0.091, 0.14, 0.204, 0.285, 0.385, 0.506}



