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1 What is Maxima?
o) A5} 7} 7] 037

Maxima' is a system for working with expressions, such as z +y, sin(a + br),

and uv-v —v-u.

YA U= 2 4y, sin(a + 1), 2L w-v —v-u2 2L RS RS
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Maxima is not much worried about the meaning of an expression. Whether
an expression is meaningful is for the user to decide.
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Sometimes you want to assign values to the unknowns and evaluate the ex-

pression. Maxima is happy to do that. But Maxima is also happy to postpone
assignment of specific values; you might carry out several manipulations of

'Home page: http://maxima.sourceforge.net
Documents: http://maxima.sourceforge.net/docs.shtml
Reference manual: http://maxima.sourceforge.net/docs/manual/en/maxima.html
22} 3 Cexpression’ 2 A, A, XA, 2 Fo2 U Thssh o] EACdAE
3 tolz FARA LS Bujo] net 4, 4], B9, @02 g3 W5
Utk


http://maxima.sourceforge.net
http://maxima.sourceforge.net/docs.shtml
http://maxima.sourceforge.net/docs/manual/en/maxima.html

an expression, and only later (or never) assign values to unknowns.

Let’s see some examples.

e SolHH,

1. I want to calculate the volume of a sphere.
a2 Fol 9, 1 ¥3E Toku A4S ),

(%i1) V: 4/3 * %pi * r°3;

3
4 Jpir
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2. The radius is 10.
wkA] £ o] 100] 1,
(%1i2) r: 10;
(%02) 10

3. V is the same as before; Maxima won’t change V' until I tell it to do
SO.

R3] Vi o} Qrol A T8 A gote, WA ulE s w7iA VE
AR okm Z|thel AL L.

(%13) V;

o3  mmem—e

4. Please re-evaluate V', Maxima.
25k WAlobg, (A5 YGEA) B35 oAl At EA L

(hid) °°V;
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5. I'd like to see a numerical value instead of an expression.
7 o)A F¥E A HA A2 B How,

(%i5) ’’V, numer;
(%05) 4188.79020478639

2 Expressions
Z34

Everything in Maxima is an expression, including mathematical expressions,
objects, and programming constructs. An expression is either an atom, or an
operator together with its arguments.
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An atom is a symbol (a name), a string enclosed in quotation marks, or a
number (integer or floating point).
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All nonatomic expressions are represented as op(ay, ..., a,) where op is the
name of an operator and ay, ..., a, are its arguments. (The expression may
be displayed differently, but the internal representation is the same.) The
arguments of an expression can be atoms or nonatomic expressions.

‘nonatomic™ EHAL op(ay,...,a,) =2 YEFNIL L, op= A AR} operator)
ol Yyt 28 ay,...,a,2 AN argument) Y Y T}
Mathematical expressions have a mathematical operator, such as + — % / <

= > or a function evaluation such as sin(x), bessel_j(n,z). In such cases,
the operator is the function.
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Objects in Maxima are expressions.

A list [aq, ..., a,] is an expression list(ay, ..., a,). A matrix is an expression
matrix(list(ay 1,...,a1,), ..., list(am1, ..., amn))

2 E 2BAE (Object)+= A YUY

YrE [al,...,an] A list(ay, ..., a,)01 2, FEE T F YT}
matrix(list(ay1,...,a1,), ..., list(am1, ..., amn))

Programming constructs are expressions. A code block block(ay, ..., a,) is

an expression with operator block and arguments a4, ...,a,. A conditional

statement if a then b elseif ¢ then d is an expression if(a,b,c,d). A loop
for a in L do S is an expression similar to do(a, L, S).

‘construct’ = FH A J Yt} T = block(ay, ..., a,)= blocko] g+
2tay, ..., 0,3 B2 JAAEE FAAEH AU 2 AF(F o
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The Maxima function op returns the operator of a nonatomic expression.
The function args returns the arguments of a nonatomic expression. The
function atom tells whether an expression is an atom.
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Let’s see some more examples.

o B EolHH,

1. Atoms are symbols, strings, and numbers. I've grouped several exam-
ples into a list so we can see them all together.
atom’e 715, EAG, £AIUT. 2] g 2o] B 5 UEE

~ER ZolRYHUL

(%1i2) [a, foo, foo_bar, "Hello, world!", 42, 17.29];
(%02) [a, foo, foo_bar, Hello, world!, 42, 17.29]



2. Mathematical expressions.
4]

n

(%i1) [a+ b+ c, a * b * c, foo = bar, axb < cx*d];
(%o1) [c+b+a, abc, foo =Dbar, a b < c d]

3. Lists and matrices. The elements of a list or matrix can be any kind of
expression, even another list or matrix.
grEs) A,
ob7 WA PE BlaEy Bde] 927t B 4 A5k o
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(%i1) L: [a, b, c, hpi, %e, 1729, 1/(a*xd - b*c)];

1
(hol) [a, b, c, %pi, %e, 1729, —-———————- ]
ad-bc
(%i2) L2: [a, b, [c, %pi, [%he, 1729], 1/(a*xd - bxc)1];
1
(ho2) (a, b, [c, %pi, [%e, 1729], -———————- 1]
ad-bc
(%i3) L [7];
1
%03) e
ad-bc
(%i4) L2 [3];
1
(%od) [c, Y%pi, [%e, 1729], ——--—--— ]
ad-bc
(%i5) M: matrix ([%pi, 171, [29, %el);
[ %pi 17 1]
(%05) [ ]
[ 29 e ]

(%16) M2: matrix ([[%pi, 17], a*d - bxc], [matrix ([1, al, [b, 71), %el);
[ [%pi, 171 ad - b c ]

[ ]
(%06) [[1 al ]
[ [ ] he ]
[[b 7] ]
(hi7) M [2]1[1];
(%o7) 29
(%i8) M2 [2]1[1];
[1 a]



(%08)
[b 7]

. Programming constructs are expressions. = : y means assign y to x; the
value of the assignment expression is y. block groups several expres-
sions, and evaluates them one after another; the value of the block is
the value of the last expression.

‘construct’ &= A YU 2 y+= yE zo Y3 Ad], y7F o
Alx] = 7k Yttt block2 o] 3 AES B oA 3R o] 7t}
T2 Al block g2 ubA g 8 A9 Frol H A 8.

(%1i1) (a: 42) - (b: 17);

(%o1) 25

(%12) [a, bl;

(%02) (42, 17]

(%13) block ([al, a: 42, a”2 - 1600) + block ([b], b: 5, %pi~b);

5

(%03) hpi + 164

(%i4) (if a > 1 then ’%pi else %e) + (if b < O then 1/2 else 1/7);
1

(%04) hpi + -
7

. op returns the operator, args returns the arguments, atom tells whether
an expression is an atom.

op v AAAE P UL args g dAES BHst g,
atom T+ F A 0] Jatom’Ql A otbd A& Y}

(%i1) op (p + @) ;

(hol) +
(%12) op (p + q > p*q);

(%02) >
(%i3) op (sin (p + q));

(%03) sin
(%i4) op (foo (p, q));

(%04) foo
(%15) op (foo (p, @) :=p - qQ);
(%o5) 1=
(%i6) args (p + q);

(%06) [q, p]

(%17) args (p + q > p*q);



(%oT) [q + p, p dl
(%18) args (sin (p + q));

(%08) [q + p]
(%19) args (foo (p, q));

(%09) [p, - ql
(%110) args (foo (p, @ :=p - Q;
(%010) [foo(p, @), p - gl
(%i11) atom (p);

(ho11) true
(%112) atom (p + q);

(%ho12) false
(%113) atom (sin (p + q));

(%o13) false

6. Operators and arguments of programming constructs. The single quote
tells Maxima to construct the expression but postpone evaluation. We’ll
come back to that later.

‘construct’e] AAFX}LL} Q1 A}
4o e EE EUAS BEA SUAE 1 Pk A nRA e,

Uzl thAl of 7871 = a1 8.

(%i1) op (’(block ([al, a: 42, a"2 - 1600)));

(%ho1) block

(%i2) op (°(if p > q then p else q));

(%02) if

(%13) op (’(for x in L do print (x)));

(%03) mdoin

(%i4) args (’(block ([al, a: 42, a"2 - 1600)));
2

(%o4) [[a], a : 42, a - 1600]

(%15) args (’(if p > q then p else q));

(%05) [p > q, p, true, q]

(%i6) args (’(for x in L do print (x)));

(%06) [x, L, false, false, false, false, print(x)]

3 Evaluation
7}

The value of a symbol is an expression associated with the symbol. Every
symbol has a value; if not otherwise assigned a value, a symbol evaluates to



itself. (E.g.,  evaluates to z if not otherwise assigned a value.)

[e] 1 i .
a2 7127k ghel Utk ao] AFW ol gow 1

2 [o ol
XN g Lo
ol rlo

#
b
8.

i €2 N,

Numbers and strings evaluate to themselves.
S 2ADE 1 AA 7} grel B

A nonatomic expression is evaluated approximately as follows.
‘nonatomic’ 3 t}-&3} Zro] I rrE Utk

1. Each argument of the operator of the expression is evaluated.
AAkApo] HHH QRS0 MA FrMEH 8.

2. If an operator is associated with a callable function, the function is
called, and the return value of the function is the value of the expression.
ARAL FHE RE S Jod F4E LT 1 G5 2d gol

2949 grol gk

Evaluation is modified in several ways. Some modifications cause less evalu-
ation:

oA 7kA] F7F ol Sl H 8, o wle EFER = dYth

1. Some functions do not evaluate some or all of their arguments, or oth-
erwise modify the evaluation of their arguments.
of® i 1 AAE FolA AY, 0@ mt A% o A AL
bW s B ghe R E e

2. A single quote ' prevents evaluation.
e g E 'k A1 ZolA ole.
(a) 'a evaluates to a. Any other value of a is ignored.
‘a £ 2 a2 BE FH2 FAL

(b) "f(as,...,a,) evaluates to f(ev(ay),...,ev(ay,)). That is, the ar-
guments are evaluated but f is not called.

"flay,...,a,)= flev(a),...,ev(a,)) A 3.
HUd I AAEL FGrista, T4 B2 githes of 7]
2 L. 33,

(c) '(...) prevents evaluation of any expressions inside (...).
()E (o) ol o | Aol BT A FRA.



Some modifications cause more evaluation: ©] & &= tju}A] Wo| 7} Q.-

1. Two single quotes “a causes an extra evaluation at the time the expres-

sion a is parsed.
e E A mgx T O’ o7t A2 wf st W T Bt A

St R

2. ev(a) causes an extra evaluation of a every time ev(a) is evaluated.

ev(a): ev(a)7} B7h wuit} o HA4H A Stk

3. The idiom apply(f, [a1,. .., ay]) causes the evaluation of the arguments
ai,...,a, even if f ordinarily quotes them.
apply(f,[ai,...,a,))= 5 f7} 2F E32 =2 ay,... 0,2
3 743t ot

4. define constructs a function definition like :=, but define evaluates
the function body while := quotes it.
definet: :=A 9 g5 FJE 3= o, define g EAE 713t
TQ, == o ah,]rgr

Let’s consider how some expressions are evaluated.

oAgA H & A A 3 BL?

1. Symbols evaluate to themselves if not otherwise assigned a value.
1% A" ol fled I I =,

(%i1) block (a: 1, b: 2, e: 5);

(%o01) 5
(%i2) [a, b, c, 4, el;
(%02) [1, 2, c, d, 5]

2. Arguments of operators are ordinarily evaluated (unless evaluation is
prevented one way or another).
QA AASL, SopEs WalwA) ghow, AnkAQ Pyow
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(%1i1) block (x: %pi, y: %e);

(%o1) %e
(%1i2) sin (x + y);

(%ho2) - sin(%e)
(%i3) x > y;

(%ho3) hpi > e
(%id) x!;

(%ho4d) hpi!

3. If an operator corresponds to a callable function, the function is called
(unless prevented). Otherwise evaluation yields another expression with
the same operator.

AR} R E 5 9 W7ol BB REUL (A Hol 9l
dows) ol 2e duxE Fol e A4 BAFI:
(%i1) foo (p, q) :=p - q;

(%hol) foo(p, @) (= p - q
(%i2) p: %phi;

(%02) Jphi

(%13) foo (p, Q;

(%03) %phi - q
(%hi4) bar (p, q);

(%04) bar (%phi, q)

4. Some functions quote their arguments. Examples: save, :=, kill.
save, :=, killx{] & QA A}E ¢ &35t= 45 95U

(%i1) block (a: 1, b: %pi, c: x + y);

(%ho1) v+ x
(%i2) [a, b, cl;
(%02) (1, %pi, v + x]
(%13) save ("tmp.save", a, b, c);
(%ho3) tmp.save
(%i4) £ (a) := a’b;

b
(%o4) f(a) := a
(%iB) £ (7);

hpi

(%05) 7

(%i6) kill (a, b, c);

T R EEMS e ek ol B wus) HolA.
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(%06) done
(%i7) [a, b, cl;
(%oT) [a, b, c]

. A single quote prevents evaluation even if it would ordinarily happen.
Ao et Brd A9E 974% PALL. (o}, =)

(%1i1) foo (%, y) =y - x;

(%ho1) foo(x, y) =y - x
(%i2) block (a: %e, b: 17);

(%02) 17
(%i3) foo (a, b);

(%03) 17 - %e
(%i4) foo (’a, ’b);

(%ho4) b - a
(%i5) ’foo (a, b);

(%05) foo(Ye, 17)
(%i6) ’(foo (a, b));

(%06) foo(a, b)

. Two single quotes (quote-quote) causes an extra evaluation at the time
the expression is parsed.

4 M E T Nt BAA (FR) 249 v IA9A T

(%11) diff (sin (x), x);

(%o1) cos(x)

(%i2) foo (x) := diff (sin (x), x);

(%02) foo(x) := diff(sin(x), x)
(%i3) foo (x) := ’’(diff (sin (x), x));

(%03) foo(x) := cos(x)

. ev causes an extra evaluation every time it is evaluated. Contrast this
with the effect of quote-quote.

ovi T (ev) B7HA B O (AAS) FoAEA FUh A g E
= g A A B oA B L

(%1i1) block (xx: yy, yy: zz);

(%o1) zZ
(hi2) [xx, yyl;

(%02) lyy, zz]
(%13) foo (x) := ’’x;

(%03) foo(x) := x

11



(%i4) foo (xx);

(%hod) vy

(%15) bar (x) := ev (x);

(%05) bar(x) := ev(x)
(%16) bar (xx);

(%06) zz

. apply causes the evaluation of arguments even if they are ordinarily
quoted.
applyt AA-5S 717 gho.

(%i1) block (a: aa, b: bb, c: cc);

(%o1) cc

(%i2) block (aa: 11, bb: 22, cc: 33);

(%ho2) 33

(%13) [a, b, c, aa, bb, ccl;

(%03) [aa, bb, cc, 11, 22, 33]
(%i4) apply (kill, [a, b, cl);

(%o4) done

(%i5) [a, b, c, aa, bb, ccl;

(%05) [aa, bb, cc, aa, bb, cc]
(%16) kill (a, b, c);

(%06) done

(%i7) [a, b, c, aa, bb, ccl;

(%07) [a, b, ¢, aa, bb, cc]

. define evaluates the body of a function definition.
define 3 2AE H7Hth

(%1i1) integrate (sin (a*x), x, 0, %pi);
1 cos(%pi a)

(%o1) - -

a a
(%12) foo (x) := integrate (sin (a*x), x, 0, %pi);
(%ho2) foo(x) := integrate(sin(a x), x, 0, %pi)

(%13) define (foo (x), integrate (sin (a*x), x, 0, %pi));
1 cos(%pi a)
(%03) foo(x) = - - ——=——————-

12



4 Simplification
a3, A4 B

After evaluating an expression, Maxima attempts to find an equivalent ex-
pression which is “simpler.” Maxima applies several rules which embody
conventional notions of simplicity. For example, 1 + 1 simplifies to 2, z + x
simplifies to 2z, and sin(%pi) simplifies to 0.

s RS

EANE BT, WA O ded RANL BT T T
A A5 AAA olel7hA WAS AR, oI T A, 14 1
22 r+aov 22, sin(%pi)+= 02 Dl J Yo}

However, many well-known identities are not applied automatically. For ex-
ample, double-angle formulas for trigonometric functions, or rearrangements
of ratios such as a/b+ ¢/b — (a + ¢)/b. There are several functions which
can apply identities.

AT AR O AFOR HE A ohlT e, 8 SAW, 47Ree W2
FAolgt=r} a/b—l—c/b—>(cc—l—c)/bﬂEq 5
XL 7HA FLEo] & g5t
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Simplification is always applied unless explicitly prevented. Simplification is
applied even if an expression is not evaluated.

de3he SAFA e G ol FoAALL, A 0] FUHH A oY

e A9y

tellsimpafter establishes user-defined simplification rules.
tellsimpafter& 22+ Atgh ol 2 o238} Y 22 vk 5 QA ok

Let’s see some examples of simplification.

A5 5o E7187 33.

1. Quote mark prevents evaluation but not simplification. When the global
flag simp is false, simplification is prevented but not evaluation.

A8 $35 /18 GANAY Dee A0 8 Foh 2 simp
7} false®, ©23}7F FAH 3, Brhe U B L

(hi1) °[1 + 1, x + x, x * x, sin (Jpi)];
2

13



(%ho1) [2, 2 x, x , O]
(%i2) simp: false$

(%i3) block ([x: 1], x + x);

(%03) 1+1

. Some identities are not applied automatically. expand, ratsimp, trigexpand,
demoivre are some functions which apply identities.

A5 o 2 oty = 2% Jhal A 8. expand, ratsimp, trigexpand,
demoivre Z+-& A2 37 s}

(%i1l) (a + b)"2;

2
(%o1) (b + a)
(%12) expand (%) ;
2 2
(%02) b +2ab+a
(%13) a/b + c/b;
c a
(%03) -+ -
b b
(%hi4) ratsimp (%);
c+a
(ot mmms
b
(%i5) sin (2%x);
(%05) sin(2 x)
(%i6) trigexpand (%);
(%06) 2 cos(x) sin(x)
(hi7) a * exp (b * %i);
i b
(%07) a he
(%i8) demoivre (%);
(%08) a (%i sin(b) + cos(b))

apply, map, and lambda

. apply constructs and evaluates an expression. The arguments of the
expression are always evaluated (even if they wouldn’t be otherwise).
apply E @42 BEX BT BUA ko] AES (k5] 7]

ol grigte) T4 WhE Y

14



(%i1) apply (sin, [x * %pil);

(ho1) sin(%pi x)

(%i2) L: [a, b, ¢, x, vy, z];

(%ho2) [a, b, ¢, x, vy, zZ]
(%1i3) apply ("+", L);

(%03) Zz+y+x+c+b+a

2. map constructs and evaluates an expression for each item in a list of
arguments. The arguments of the expression are always evaluated (even
if they wouldn’t be otherwise). The result is a list.
map A2 Bl AE ) ZhZbo] tiste] @A el P Y
FAA Y] A= FA H/HE UH. dde HaEd YT

(%1i1) map (foo, [x, y, z1);

(%hol) [foo(x), foo(y), foo(z)]
(%i2) map ("+", [1, 2, 3], [a, b, c]);

(%02) [a+1, b+ 2, c+ 3]
(%13) map (atom, [a, b, ¢, a + b, a+ b + c]);
(%03) [true, true, true, false, false]

3. lambda constructs a lambda expression (i.e., an unnamed function).
The lambda expression can be used in some contexts like an ordinary
named function. lambda does not evaluate the function body.
lambda+ lambda 2] (£, o] ¢+ &5)E YT lambda 4] 2
B LAY 54 Ao A8D £ Ak o, B EAES B

7Vt = FE Uk

(%i1) f: lambda ([x, yl, (x + y*x - y));

(%o1) lambda([x, yl, (x +y) (x - y))
(%i2) £ (a, b);

(%02) (a-b) (b + a)

(%13) apply (£, [p, ql);

(%03) p-9 (q+p

(%i4) map (f, [1, 2, 3], [a, b, c]);
(hod) [(1 -2a) (a+ 1), (2-b) (b+2), (83-c) (c+ 3)]

6 Built-in object types
W euAE

An object is represented as an expression. Like other expressions, an object
comprises an operator and its arguments.

15
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The most important built-in object types are lists, matrices, and sets.

Bl
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6.1 Lists

A E

1. A list is indicated like this: [a, b, c|.
g iE Lt the s} 2ol UErdUTh [a,b,d

2. If L is a list, L[i] is its i’th element. L[1] is the first element.
Lo] BAEM, L= iMAl Aol T8, Liljo] WA A&7}
gk

3. map(f, L) applies f to each element of L.
map(f, L)& ¥ /F 2 4 Lo gt

4. apply(” + 7, L) is the sum of the elements of L.
apply(” +7,L)& B|l2E L 949 o] EUtt

5. for x in L do expr evaluates expr for each element of L.
for x in L do expr+= B|2E L Z+ZF Y40 eaprS A 8351o] H 713

Ut

6. length(L) is the number of elements in L.
length(L)= L] 949 A4S Tguch

6.2 DMatrices
G

1. A matrix is defined like this: matrix(Ly, ..., L,) where Ly, ..., L, are
lists which represent the rows of the matrix.

Ao 027} 2o Aol AU Ly,..., L% 2 gl AEs A
Zr 3ol & wl, & matrix(Ls,...,L,)°] BYTh

2. If M is a matrix, M[i, j] or M[i][j] is its (i, j) th element. M1, 1] is the
element at the upper left corner.

fat F: HEF P AEAAE I A4aE REZIE 1A 8.
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Mol 38 wl, M[i,j] = M[][j]=2 (i,7) A&l AT A(3
oA 4 & Folgtal A 8)7F H a1, M1, 1] We A%

ek

. The operator . represents noncommutative multiplication. M.L, L.M,
and M.N are noncommutative products, where L is a list and M and
N are matrices.

WY A4A (e H o] A A o) WL FAL Ve
Lo] gl2aE% |, M3} No| §Ed w), M.L, LM M.NL 13
qo] 417 e FAPYTH

. transpose(
transpose(

M) is the transpose of M.

M) B8 Mo A3,

. eigenvalues(M) returns the eigenvalues of M.
eigenvalues(M)+= 38 Mo 173k

. eigenvectors(M) returns the eigenvectors of M.
eigenvectors(M)+= & M2 179 EH.

. length
length

M) returns the number of rows of M.
M)E 8% Me] FZel.

. length
length

transpose(M)) returns the number of columns of M.
transpose(M))= 3 & Mo 4.

o~~~ o~~~

Sets
A

. Maxima understands explicitly-defined finite sets. Sets are not the same
as lists; an explicit conversion is needed to change one into the other.
WAl 9Ees] AelE £3 4TS TolEUTh AT Pas
9} BIZBIA T TR = ot BlaEo A JFoT T T N E
vastew Was 2@ss A 2k

. A set is specified within curly braces {} like this: {a, b, ¢, ...} where the
set elements are a,b,c, .. ..

A2 BRFES {}2 Uetduth a,bc,.. .7 82 dad o,
{a,byc,.. JA™ shd R o] H A2

. union(A, B) is the union of the sets A and B.
union(A, B)= I A & B9 €33

R

17



7.1

) is the intersection of the sets A and B.
)= A3 A B WA

o W

intersection(A,
intersection(A

Y

cardinality(A) is the number of elements in the set A.
cardinality (A)+= A3 A2 94 A4,

Define a function
4 B3]

. The operator := defines a function, quoting the function body.

A} =k FHEAE Ag3e] BB Ao FuTh

In this example, diff is reevaluated every time the function is called.
The argument is substituted for « and the resulting expression is evalu-
ated. When the argument is something other than a symbol, that causes
an error: for foo(1) Maxima attempts to evaluate diff(sin(1)?,1).
ol olE EAHY, ¥ dife T2 wjvith AFrkE UL 3
o W ot F5 5F AHargument) 2 A5 o) A& AF G
th. Q2p7} 7157} o H elel 7k e foo(1)el] Bl A H A vk
diff (sin(1)*,1) 2 7+t

(hi1) foo (x) := diff (sin(x)"2, x);

2
(%o1) foo(x) := diff(sin (%), x)
(%12) foo (u);
(%02) 2 cos(u) sin(u)

(%i3) foo (1);

Non-variable 2nd argument to diff:
1

#0: foo(x=1)

—-- an error.

define defines a function, evaluating the function body.

defines B8 Ao shs o] 29Utk g5 BAS (@ ) 3
g

In this example, diff is evaluated only once (when the function is de-
fined). foo(1) is OK now.

18



ofel o SR, ¥4k 49D W diff 7} F Wy BolhH 2. o]

o= foo(1)= o8 ot & A8

(%11) define (foo (x), diff (sin(x)"2, x));
(%o1) foo(x) := 2 cos(x) sin(x)
(%hi2) foo (u);

(%02) 2 cos(u) sin(u)
(%i3) foo (1);

(%03) 2 cos(1) sin(1)

7.2 Solve an equation
94 7]

(%i1) eq_1l: a * x + b *x y + z = Jpi;

(%ho1) z+by+ax-="pi
(%i2) eq_2: z - bxy + x = 0;
(%02) z-5y+x=0
(%13) s: solve ([eq_1, eq_2], [x, z]);
(b +5) y - %pi (b +5a) y- %pi
(%03)  [[x = = ——=——=—7————- s Z = TTmmmooooooos 1]
a-1 a-1

(%i4) length (s);

(%04) 1

(%15) [subst (s[1], eq_1), subst (s[1], eq_2)];
(b+5a)y-%i a ((b+5)y- %i)

(%h05) [ = + by = kpi,
a -1 a -1
b+5a y-%i (@+5)y-%i
————————————————————————————————— -5y =0]
a -1 a-1
(%i6) ratsimp (%);
(%06) [%pi = %pi, 0 = 0]

7.3 Integrate and differentiate
SEE

integrate computes definite and indefinite integrals.
AR, F4AE 27 integrate® AU

(%1i1) integrate (1/(1 + x), x, 0, 1);
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(%o01) log(2)
(%12) integrate (exp(-u) * sin(u), u, 0, inf);

1
(%02) -
2
(%i3) assume (a > 0);
(%03) [a > 0]
(%i4) integrate (1/(1 + x), x, 0, a);
(%ho4d) log(a + 1)
(%15) integrate (exp(-a*u) * sin(a*u), u, 0, inf);
1
(%05) -
2 a
(%1i6) integrate (exp (sin (t)), t, 0, %pi);
hpi
/
[ sin(t)
(%06) I he dt
]
/
0
(%1i7) ’integrate (exp(-u) * sin(u), u, 0, inf);
inf
/
[ -u
(%oT) I he sin(u) du
]
/
0
diff computes derivatives.
diff= v]&& A4 YT
(%i1) diff (sin (y*x));
(%o1) x cos(x y) del(y) + y cos(x y) del(x)
(%12) diff (sin (y*x), x);
(%ho2) y cos(x y)
(%i3) diff (sin (y*x), y);
(%03) x cos(x y)
(%i4) diff (sin (y*x), x, 2);
2
(%hod) -y sin(x y)
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(%i5) ’diff (sin (y*x), x, 2);
2
d
(%05) --- (sin(x y))
2
dx

7.4 Make a plot

=% 24

plot2d draws two-dimensional graphs.
2219 T X plot2dE 1T}

(%i1) plot2d (exp(-u) * sin(u), [u, 0, 2*%pil);

(hol)

(%12) plot2d ([exp(-u), exp(-u) * sin(u)], [u, 0, 2*%pil);
(%ho2)

(%13) xx: makelist (i/2.5, i, 1, 10);

(%03) [0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0]

(%i4) yy: map (lambda ([x], exp(-x) * sin(x)), xx);

(%04) [0.261034921143457, 0.322328869227062, .2807247779692679,
.2018104299334517, .1230600248057767, .0612766372619573,
.0203706503896865, - .0023794587414574, - .0120913057698414,

- 0.013861321214153]

(%15) plot2d ([discrete, xx, yyl);

(%05)

(%16) plot2d ([discrete, xx, yyl, [gnuplot_curve_styles, ["with points"]]);
(%06)

See also plot3d.
plot3d= B34 2. 339 =% FA dedurt)

7.5 Save and load a file
shel e 2 e

save writes expressions to a file.
saves E@A S 5ol Ak ol LU

(%i1) a: foo - bar;

21



(%hol) foo - bar
(%i2) b: foo"2 * bar;

2
(%02) bar foo
(%13) save ("my.session", a, b);
(%ho3) my.session
(%14) save ("my.session", all);
(%h04) my .session

load reads expressions from a file.
load+= 3ol A4H 2842 282+ H

)

Sl=

(%1i1) load ("my.session");

(%ho4d) my .session
(%i5) a;
(%05) foo - bar
(%1i6) b;

2
(%06) bar foo

See also stringout and batch.
stringout¥ batch® % 3}IA] 1 Q.

8 Maxima programming
LR

There is one namespace, which contains all Maxima symbols. There is no
way to create another namespace.

WA} A EL A ges v QAo Ak st EA U ThE W
So] A% wex 7 kg

All variables are global unless they appear in a declaration of local variables.
Functions, lambda expressions, and blocks can have local variables.

MAE A0 MR AQE A o B BT 223 YTk 34, lambdy
A block' e A AHE D 5 gk

The value of a variable is whatever was assigned most recently, either by
explicit assignment or by assignment of a value to a local variable in a block,

WA 2 Ao, A, 27 So] 2L 92 25U
Loz 2 Zryw Ao Ao So] 2L ofug 235Ut nA YT A o, AT
AAlo] 2 e o)A
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function, or lambda expression. This policy is known as dynamic scope.

Eﬂ? F2 2N AR (HY)E S 7HA L. BF o §] o] 34, 'lambda’
Al "block’o| A= A G H 7kl i Yol= 22 Lol A L. dynamic scope 7
AUk

If a variable is a local variable in a function, lambda expression, or block, its
value is local but its other properties (as established by declare) are global.
The function local makes a variable local with respect to all properties.
k=, Ylambda’ 4], ‘block’®] XY W= I G2 A FF(local) o] A T 1
£ L2 declareZ ¥ Z A H 29 A(global) Y YT}

By default a function definition is global, even if it appears inside a function,
lambda expression, or block. local(f), f(x) := ... creates a local function
definition.

344 9] = 34, Tambda’ 4], "block Ho]l o] glol, A= Ao A (global)
AUtk local(f), f(z) := .. A 272 AAd|of 2Zo] 5= ARXL

trace(foo) causes Maxima to print an message when the function foo is
entered and exited.

trace(fo0)= B4 fooo] SeAL wjvir} WAAE ZeA e T

Let’s see some examples of Maxima programming.

q& & =olmAth

1. All variables are global unless they appear in a declaration of local
variables. Functions, lambda expressions, and blocks can have local
variables.

Hee A ALE AAF A et RF 22 g0, 3 lambda’

4. blodk'e A9 Mg A & Qe

(%i1) (x: 42, y: 1729, z: fooxbar);

(hol) bar foo
(%12) £ (x, y) := xxy*z;
(%02) f(x, y) :=x 7y z
(%i3) f (aa, bb);
(%03) aa bar bb foo
(%i4) lambda ([x, z], (x - z)/y);
X - z
(%o4) lambda([x, z], ————- )
y
(%i5) apply (%, [uu, vv]);
uu - vv
(ho%) — mmmm
1729
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(%16) block ([y, zl, y: 65536, [x, y, zl);
(%06) [42, 65536, z]

2. The value of a variable is whatever was assigned most recently, either
by explicit assignment or by assignment of a value to a local variable.
v gre H o] A4 @ AAnL. BE el Ao
W5gto] el 22 WolA 8.

(%i1) foo (y) :=x - y;

(hol) foo(y) :(=x -y
(%i2) x: 1729;

(%ho2) 1729

(%i3) foo (%hpi);

(%03) 1729 - Ypi
(%i4) bar (x) := foo (%e);

(%ho4d) bar(x) := foo(%e)
(%i5) bar (42);

(%05) 42 - e
(%i6) bar (’u);

(%06) u - %he

9 Lisp and Maxima
gam(2AE obd)d #Au}

The construct :lisp expr tells the Lisp interpreter to evaluate expr. This
construct is recognized at the input prompt and in files processed by batch,
but not by load.

‘construct’ :lisp expre= B AZH A7 7} exprE F7F5HA Ut 98 =
FZE Y batch® P& uf] Q121511 loadT wj = ZF YT

The Maxima symbol foo corresponds to the Lisp symbol $foo, and the Lisp
symbol foo corresponds to the Maxima symbol 7foo.

WA uf AR foos B AZ AR $food] S Fata, BlAz AR foo WA T}
A& ?fooo] FH Ut}

:lisp (defun $foo (a) (...)) defines a Lisp function foo which evaluates its
arguments. From Maxima, the function is called as foo(a).

:lisp (defun $foo (a) (...))+= B2Z T foos Hostal 1 T AR}b
H7 Yt WA ubo A = foo(a) 2 S &3 8.

il

:lisp (defmspec $foo (e) (...)) defines a Lisp function foo which quotes its
arguments. From Maxima, the function is called as foo(a). The arguments
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of $foo are (cdr e), and (caar e) is always $foo itself.

:lisp (defmspec $foo (e) (...))+= BAZ T T AAE AL3F+= foo
2 Ao gUTh WA T AL foo(a)E TEFHTL. B4 $ood] olAFE
(cdr e) B3 $foo AHAE YUEFH = (caar e)7F Ut}

From Lisp, the construct (mfuncall ‘$foo a; ...a,) calls the function foo
defined in Maxima.
gl Z oA+ (mfuncall ‘$foo a; ... a,) 2} 22 ‘construct’ 2 MW A| o} 4=

foos & & JdsUth

Let’s reach into Lisp from Maxima and vice versa.
& F HAL.

1. The construct :lisp ezpr tells the Lisp interpreter to evaluate expr.
‘construct’ :lisp expr= BAXZH A7) 7} eaprg H7FeHA T th

(%i1) (aa + bb)"2;

2
(%o1) (bb + aa)
(hi2) :lisp $%
((MEXPT SIMP) ((MPLUS SIMP) $AA $BB) 2)

2. :lisp (defun $foo (a) (...)) defines a Lisp function foo which evaluates
its arguments.
:lisp (defun $foo (a) (...))+= B|&Z T foos AY3t I T
AX12 3 7hgh o

(%i1) :lisp (defun $foo (a b) ‘((mplus) ((mtimes) ,a ,b) $%pi))

$F00

(%i1) (p: x +y, q: x - y);

(%hol) X -y

(hi2) foo (p, q);

(%02) (x —y) (y + x) + %pi

3. :lisp (defmspec $foo (e) (...)) defines a Lisp function foo which quotes
its arguments.
:lisp (defmspec $foo (e) (...))+= B 2= T T QAAE A L3+
foos AF¢th

(%i1) to_lisp O);

Type (to-maxima) to restart, ($quit) to quit Maxima.

MAXIMA> (defmspec $bar (e) (let ((a (cdr e)))
“((mplus) ((mtimes) ,@a) $%pi)))
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#<FUNCTION (LAMBDA (E)) {B59873D}>
MAXIMA> (to-maxima)
Returning to Maxima

(hol) true

(%1i2) (p: x+ vy, q: x - y);

(%02) x -y

(%i3) bar (p, q);

(%03) p q + %pi

(%i4) bar C’p, ’’q);

(%ho4d) (x - y) (y + x) + %pi

. From Lisp, the construct (mfuncall ‘$foo a; ...a,) calls the function
foo defined in Maxima.

gl Z o A= (mfuncall ‘$foo a; ... a,) 2} 22 construct’ 2 = Al uf
o foos & o+ AsUTH

(%i1) blurf (x) := x°2;

2
(%hol) blurf(x) := x
(%12) :1lisp (displa (mfuncall ’$blurf ’((mplus) $grotz $mumble)))
2
(mumble + grotz)

NIL
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The below is not the integral part of the original document.

p.s. by Sajang Yang: I found Maxima just a couple of days ago, and I was
immediately attracted to it. I have not even run any Maxima software such
as wxMaxima or XMaxima or just plain old command-line Maxima yet, but
I would like to translate some documents first so that I can introduce this
interesting software, and I think that it’s good idea to have free software
Computer Algebra System(CAS). If you want to help improving this trans-
lation, please let me know through email: Sajang.Yang (at) gmail (dot) com.
This TeX document is compiled with TexLive 2009, kotex package.

qa $71 HTolE Aol S48 ANUE DA T3, B Bk of
4 WA} sz Egol B AR A EAE GRAT WAL H A ThE

A= Aok 4neelolE 45t AL S5 vpgow o dmA
SFAZUTH WA A6 £nEdlol ARE BAne A~
WA Eo] 9loal BELS Sajang.Yang (at) gmail (dot) com S Z
gy FM 8. o] TeXE A+ kotex 3 7] X2} 7| TeXLive 200922
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