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Introduction

Maxima is a system for the manipulation of symbolic and numerical
expressions, including:

differentiation,

integration,

Taylor series,

Laplace transforms,

ordinary differential equations,
systems of linear equations,
polynomials,

vectors, matrices and tensors.

Maxima vyields high precision numerical results by using exact fractions,
arbitrary-precision integers and variable-precision floating-point numbers.

Maxima can plot functions and data in two and three dimensions.

E{!“ILEI II ” 28/02/2019 4



Maxima
Download

1. In www.google.it

2. Find the string data: maxima cas

3. Select the first website or alternatively move directly to the
link http://maxima.sourceforge.net

4. Download the Maxima version (Windows, Linux, 10S)
coeherent with your PC operating system.

5. Finally, install the program following the instructions.

NOTE: For IOS, the version Maxima 5.36.1 is surely working;
althougth, this version is not the most recent version.

gll,li-ll[El II” 28/02/2019




Open Maxima in Linux

To invoke Maxima:

1) from UNIMORE LAB PC

- Browse and run installer program
- Education

- Maxima Algebra System

2) in a console:
- type maxima and then <enter>

M wxMaxima 16.04.2 [ non salvato™® ]

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno Numerico Aiuto

EII.II-IILEl II|| 28/02/2019 5



Close and save Maxima in Linux

To exit Maxima:
1) from UNIMORE LAB

- type quit()
2) in a console:

- File
- Exit or CTRL+Q

Maxima files are saved as .wxmx

EII,I{-IILEI II” 28/02/2019 7



The Main Toolbar

B0 wxMaxima 16.04.2 [ non salvato* |

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno Numerico Aiuto

Nuovo

Apri...

Apri recenti

Salva

Salva come...
Carica il pacchetto
File batch...
Esporta...

Stampa...

Esci

Ctrl-N
Ctrl-O

Ctrl-S
Shift-Ctrl-S
Ctrl-L
Ctrl-B

Ctrl-P

Cctrl-Q

Pronto

II” 28/02/2019



The Main Toolbar

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno MNumerico Aiuto

B0 wxMaxima 16.04.2 [ non salvato* |

Elabora le celle

Elabora tutte le celle visibili Ctrl-R
Elabora tutte le celle Ctrl-Maiusc-R
Evaluate Cells above this point Ctrl-Shift-P

Elimina tutti i risultati

Copia l'inserimento precedente Cirl-1
Copia il risultato precedente Ctrl-U
Complete a parola Ctrl-K
Mostra il modello Ctrl-Shift-K
Inserisci cella d'ingresso

Inserisci cella testo Ctrl-1
Inserisci cella titolo Ctrl-2
Inserisci cella sezione Ctrl-3
Inserisci cella sottosezione Ctrl-4
Insert Subsubsection Cell Ctrl-5

Inserisci interruzione di pagina

Inserisci immagine...

Ripiega tutto Ctrl-[
Spiega tutto Ctrl-Alt-]
Comando precedente Alt-Su
Comando successivo Alt-Git
Fondi celle
Dividi cella

Pronto

II” 28/02/2019




The Main Toolbar

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno MNumerico Aiuto

B0 wxMaxima 16.04.2 [ non salvato* |

Interrompi Ctrl-G
Riavvia Maxima
Cancella la memoria

Aggiungi al percorso...

Mostra le funzioni
Mostra la definizione...
Mostra le variabili
Elimina una funzione...

Elimina la variabile...

Mostra/nascondi la visualizzazione del tempo
Cambia la finestra 2d

Mostra in TeX

Manually trigger evaluation

If maxima ever finishes evaluating without wxMaxima realizing this this menu item can force wxMaxima to try to send commands to maxima again.

Pronto

II” 28/02/2019
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B0 wxMaxima 16.04.2 [ non salvato* |

The Main Toolbar

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno MNumerico Aiuto

Risolvi...

Risolvi (to_poly)...

Trova la radice...

Radici di polinomiale

Radici di polinomiale (bfloat)
Radici della polinomiale (reali)
Risolvi il sistema lineare...
Risolvi il sistema algebrico...

Elimina la variabile...

Risolvi ODE...
Problema ai valori iniziali (1)...

Problema ai valori iniziali (2)...

Problema del valore al contorno ...

Risolvi ODE con Laplace...

Al valore...

Pronto

II” 28/02/2019
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The Main Toolbar

B0 wxMaxima 16.04.2 [ non salvato* |

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno MNumerico Aiuto

Grafico 2d...
Grafico 3d...

Formato grafico...

Pronto

II” 28/02/2019
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The Main Toolbar

B0 wxMaxima 16.04.2 [ non salvato* |

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno MNumerico Aiuto

Guida di Maxima F1
Guida di Maxima

Esempio...

A proposito di...

Mostra i suggerimenti...

Tutorial

Informazioni sulla compilazione
Rapporto bug

Controlla gli aggiornamenti

Informazioni

Pronto

II” 28/02/2019
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Maxima operators
Input ($i#) and output (%0#)

Beside the prompt (%i#) the operation might be defined.

Any input must be closed by the semicolumn character (;)

The prompt (%0#) represents the operation output.

& wxMaxima 16.04.2 [ non salvato* ]

File Modifica View Cella Maxima Equazioni Algebra Calcolo Semplifica Disegno Numerico Aiuto

51 1 k1ll¢ally;
done

NOTE: Maxima is a case-sensitive program therefore as general rule, we
suggest to adopt any command/operation/variables in lowercase letter alone.

ELII-IILEI II ” 28/02/2019 15




Starting function
kill()

Operators Symbol

Unbinds all the items in all the infolists. kill (all);

Removes the variable a with all its assignments kill (a);
and properties

To compute:
- a single operation use CTRL+enter;
- all the instructions from the beginning to the end of the program adopt CTRL+R

qul_ll-ll[EI II|| 28/02/2019
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Terminator and special characters

Operators Symbol

Input terminator ;

Input terminator, which suppresses the display of $
Maxima's computation.

This is useful if you are computing some long
intermediate result, and you don't want to waste
time having it displayed on the screen.

o\©

If you want to refer to the immediately preceding
result computed by Maxima

e is the natural log base e
I is the square root of -1 $i
1 is equal to 3.14159... Spi

E‘ﬁIILEI lI || 28/02/2019 .



Examples

|

s

el I R 5 6 -
done

E Input terminator ; or $

Operators

i Special characters %, %pi, %e,
and numer

b

o]

S
™

%pi, numer;

3+:141592653589793

Qe
Be s

e

%e, numer;
2.718281828459045

& ilics

i

$1

Allow the numerical evaluation of an expression in %, numer;
floating point

qul_ll-ll[EI II|| 28/02/2019
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Assignment

Operators Symbol

To assign a value to a variable use column sign,
NOT the equal sign

The equal sign is used for representing equations =
NOT an assignment!

A function definition e.g. f(x) =

E‘II_II-IILEI II|| 28/02/2019 20



Assignment operator (:)
To a simple variable

When the left-hand side is a simple variable : evaluates

its right-hand side and associates that value with the left-
hand side.

a;

a

_ a=18;
(a) 1.4

a;
12

The value of 10 is associate and therefore assigned to
the variable a.

After the assignment, the variable a is associated to
the value 10.

ELII-IILEI II ” 28/02/2019 21




Assignment operator (:)
To an element of a list

When the left-hand side is a subscripted element of a list, a
matrix, an array, the right-hand side is assigned to that element.
The subscript must name as existing element.

I b: [3,pippo,3/5];
5
(b) [3,pippo, = |

i b[3];
3
5

[

i B[3]: potio;
puffo

> i
[3,pippo,puffol]

Lists are the basic building block for Maxima. Lists are sequence
containers that allow constant time insert and erase operations
anywhere within the sequence, and iteration in both directions.

28/02/2019
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Assignment operator (:)
Multiple assignment

When the left-hand side is a list of simple and/or subscripted
variables, the right-hand side must evaluate to a list, and the
elements of the right-hand side are assigned to the elements of
the left-hand-side, in parallel.

[

[ g =lz: [20:ptute:~30 1011 ;

3
[2O,pluto,—~7§]

Cr
28
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Equation operation (=)
Comparison with the assignment operator (:)

7 . 7i F
Lo & f
a L
i "
(%111) a2:10; L 8 ;:55
(a) 10 L i
. 1 7{ e
( [ L
s f
10 -
?i}mgﬂ. egnl: _alFx 5%y=17;
jeqnl) af x-S y=17

5125) egn2: al*xt+3+y=29;
{egn2) y+_atxt3=29

eqnl;
. ala=—ay=I171

eqn?;
¥+t abxml3—2y

E‘Hﬁ II” 28/02/2019 4




A function definition (:=)
For a single variable x

f(x 1, .., x n) := expr defines a function named £
with arguments x 1, .., x n and function body expr.
The function body is evaluated every time the function is called.

i expr: (x~3-1)72

| (expr) (x3—1)2

’ £ (x) :=expr
f(x):=expr

¢ £x) ;

_ (x*-1)

Ell,ll-ll[E' II” 28/02/2019
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A function definition (:=)
For a multiple variables y and z

f(x 1, .., x n) := expr defines afunction named £ with
arguments x 1, .., x n and function body expr.

The function body is evaluated every time the function is called.

(#11) expr : cosiy) —~ sin{x]);

(50l) cos(y) - sin(x)
(512) F1 (x, y) := expr:

(502) Fl{x, y) == expr

Ell,ll-ll[E' II” 28/02/2019
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Declarations

assume ()
Operators Symbol
Adds predicates pred 1, .., assume (pred 1, ..., pred n);

pred n to the current context. This
declaration returns a list whose
elements are the predicates added to
the context.

The predicates pred 1, .., pred r
can only be expressed with the
relational operators < >= equal
notequal >= and >. Predicates
cannot be literal equality = or literal

inequa”ty = . assume (xx>0, yy<-1, zz>=0); —
_7 assume (equal (ww,0), notequal (gg,l)):
[equal (ww 7 O) ,notequal (qq . 1) ]

Hl'l“lﬁ II" 28/02/2019 28



Declarations
define ()

Operators Symbol

Defines a function named £ with define(f(x 1, .., x n), expr);
arguments x 1, .., x n and function define(f[x 1, .., x n], expr);
body expr. Define always evaluates its
second argument. The function so
defined may be an ordinary Maxima
function (with argument enclosed in the
parentheses) or an array function (with
arguments enclosed in squared

brackets).

When the first argument of define is an
expression on the form f(x 1, ..,
x n) orf[x 1, .., x n], the function
arguments are evaluated but £ is NOT
evaluated, even if there is already a
function or a variable by that name.

'EII.II.ILLEI II|| 28/02/2019 9




Examples

define () vs :=

(%$i1)
(301)
(%i2)
(202)
(%i3)
(203)
(%i4)
(204)
(%i5)
(205)

EII_II-IILEI II” 28/02/2019

expr * coesiy)l - sinm{x] s
coslyl = sinf{x]
define (Fl1 (%, y), expr):

Fli{x, ¥} = cos{yl = sinix)
F1l (a, b):
cos(b) = =2inf{a)
FZ 32 ) 1= eXEpry
F2(x, y) := expr
F2 (a, b):

cos(y) - sin(x)

30



Numerical evaluation

numer, ev ()

Operators Symbol

o

Allow the numerical evaluation of an %, numer;
expression in floating point.

Numer causes some mathematical

function (including  exponentiation)

with numerical arguments to be

evaluated in floating point. It causes

variables in expr which have been

given numervals to be replaced by

their values.

Evaluates the expression expr in the ev(expr, arg 1, .., arg r);
enviroment specified by the

arguments arg 1, .. arg r.

The operator ev returns the results

(another expression) of the

evaluation.

quﬁll[El II|| 28/02/2019 31




Examples

ev ()and %,numer

?"_:E. axpr: X 3-1)%2:

(expr) (x3—1)2

?. f (x) :=expr:;
f(x):=expr
’ f(x);

Eﬁ‘llﬁ II” 28/02/2019

expr;

(1)

%, numer, x=3/2;
5.640625

ev (expr,x=3/2);
361

c4

ev (expr,x=3/2), numer;
5.640625

32



Maxima
Arithmetic operations and trigonometric functions

Operators Symbol

Addition +
Subtraction -
Scalar Multiplication *
Division /
Exponentiation ~oor **

Matrix multiplication

Square root of x variable sgrt (x)
Funzione seno sin (x);
Funzione coseno coSs (x) ;

Eill_II-IILEI II || 28/02/2019 33
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Maxima
Differentiation and integrals

Operators Symbol

Differentiation n-th order diff (expr, X, n);
Differentiation of first order diff (expr, x);

Implicit assumption that n is equal

to 1.

Indefined integral integrate (expr, x);
Defined integral integrate (expr, x, a, b);

Eiﬁllﬁ II || 28/02/2019 35



Maxima
diff ()

Operators Symbol

Differentiation n-th order. diff (expr, X, n);
Returns the n-th derivative of expr
with respect to variable x.

Differentiation of first order diff (expr, Xx);
Implicit assumption that n is equal

to 1.

Returns the first derivative of expr

with respect to variable x.

I[‘:“|_|I-IILEI II|| 28/02/2019 36



Maxima

integrate ()

Operators Symbol

Indefined integral integrate (expr, Xx);
Attempts to symbolically compute

the integral of expr with respect to

X.

Defined integral integrate (expr, x, a, b);
The defined integral has the limits

of integration called a and b. The

limits should not contain x, although

integrate does not enforce this

restriction.

a need not be lower than b.

If b is equal to a, integrate returns

zero.

I[‘:“|_|I-IILEI II|| 28/02/2019 37




Examples
diff () and integrate ()

E Differential

?-?;_"- difE{F{=x) ;2;1)
6x2(x3—1)
" ros oAy S 5 ~ [ . .
( (5124) expr: (x"3-1)"2; " {%i28) diff first:%;
2 2f. 3
: (diff first) B ( —1)
(expr) (xB—l) i ==
- Y (%129) diff(f(x),x,2);
f(x):=expr; I
il e E 18;{4—:12}((:43—1)
f(x) !=exXpr -
va ?- ) diff sec:%:
L Sl £ {K} 8 (diff sec) 18 X4—5—12 X (XB—]_)
3 2 =
(+*-1)
L E Integral
7 ( integrate (f(x), x):;
| 7 4
x X
e
7 2

integrate(f{x), =%, =2, 1):
405

rgﬁ'II[EI II” 28/02/2019 L 14




Polynomials
Factorization, simplification and expansion

Operators Symbol

Factors the expression expr, factor (expr) ;
containing any number of variables

or functions, into factors irreducibe

over the integer.

Simplifies the expression exprand  fullratsimp (expr);
all of its subexpressions, including

the arguments to non-rational

functions.

Product of sums and exponentiated expand (expr) ;
sums are multiplied out.

Eqﬁll[El II|| 28/02/2019 39



Examples
factor () fullratsimp() expand ()

EXpPr;

(-1

factor (expr):

(x—l)z (xz—x—il)z

fullratsimp (expr)

XE—2X3+1

exprl: (g+h) *5;
(exprl) (h*—g)S

expand (expr2) ;
nP+5gh*+10g®n®+104° P +549° h+g°

rcdﬁ-lli_El II” 28/02/2019
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System of equations
Numerical method

Operators Symbol

Solves the algebraic equation expr for solve (expr, x);
the variable x and returns a list of solve (expr) ;
solution equations in x. If expr is not

an equation, the equation expr=0 Iis

assumed in its place.

x may be omitted if the expr contains

only one variable.

Solves a system of simultaneous (linear solve([egn 1, .., egn n],
or non-linear) polynomial equations, [x 1, .., x n]);

and returns a list of solutions lists in the

variables.

Solves a system of simultaneous linsolve([expr 1, .., expr n],
LINEAR polynomial equations, and [x 1, .., X n];

returns a list of solutions lists in the

variables.

I[‘:“|_|I-IILEI II|| 28/02/2019 41



System of equations
Numerical method: options

Operators Symbol

Each solved-for variable is bound to globalsolve = true;
its value in the solution of the
equations.

E‘ﬁIILEI lI || 28/02/2019 42



Example
linsolve ()and globalsolve=true

7 egn: 1: xtz=y;
(egn 1) =z+x=¥
7 x = =R Wy =" h .
{ edn JiZrErEy2rLdy
(egn 2) 2 tx-y=2 t2
7 (2155 egn _3;y-2%z=2;
(egqn 3) y-2z=2
(3 linsolve(lEgn 1, eagn 2, egn 3, E.¥:2F);
Ix—i-F1 9y=—2 4+ . 5—5-11
[~ %
X
(5 linsolve(ldEgn 1, eagn 2, egn 3], [E:.¥:2}),. glebalsolve—tLrue;
ozt ywodk, =2 o80—1 ]
7 = %
t+1

rcdﬁ-lli_El II” 28/02/2019
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Example

linsolve () VS solve ()

K 1T (%, V) ;
done

linsolve ( [x+3*y=2, 2*x-y=5], [x, V]);

17 1
[X—-f?’,}”——t?]

kill (eqn, x, y);
done

egnz | 4*xf2-y*2=12 X*y-%x=2] ;

| g 2
(eqn) [Ax -y =12, x y-x—2]

solve (eqn, [x,y]);

[[x—=2,y—=2], [x—0.5202594388652008 31 -0.1331240357358706, yv—0.07678378523787788 -
3.608003221870287 %17, [x=-0.5202594388652008 $1-0.1331240357358706, y=3.608003221870287 %i+
0:07678378523787788]; [%x—-1:733751846381093, y——0.15356757100196967] ]

s[2];
[x=0.5202594388652008 $1-0.1331240357358706, y=0.07678378523787788-3.608003221870287 %1]

II” 28/02/2019 44



(

Example

solve ()

ki (@ =)
done

solve (l+a*x+x"3, x);

1/3
; (,/3%1 1)(1/4a3+27 1)
x=|- e e -
2

2 53372 2

1/3
3{4a3+27_£) B a 7

3/2 2 1/3
23 Yaa+21 1
03372 2
] I ]
B - 1/3
( 331 1) Yiaa+27 1
- _ 2 _
2 5 3372 2 (

II” 28/02/2019
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Plotting

two-dimensions plot

Operators Symbol

Displays one or several plots in plot2d(plot, X_range, o
two dimensions. When options);

expressions or function name are

used to define the plots, they plotz2d([plot 1, .., plot n], .,
should all depend on only one options);

variable var and the use of

x range Will be mandatory, to

provide the name of the variable

and its minimum and maximum

values.

The syntax for the x range is

[variable, min, max]

aic || T




Example

plotZd()
K kill(all);
i done
L plot2d ([sin(x)1, [x, -%pi, %pil);
I [C:/Users/manto/maxoutl12624.gnuplot]
fa plot2d ([sin(x), cos(x)1, [x, -%pi,

$pil) S

0.5

sin(x)

0.5

rcdﬁ-lli_El II| ‘ 28/02/2019
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S

=~

Example

plot2d() e S ' ‘

100 F

10 |

qaeis*s)
—

0.1

0.01

LTl fatl) ; 0.001 - ' 3

s 2 =1.3 -1 -0.5

plot2d ([san(x)], [X, —%Dpi, %pil);
[C:/Users/manto/maxoutl2624.gnuplot]

plot2d ([sanlx), soslx)], [ “%pi, Spil)s

plot2d(%e” (3*s), [s; -2, 2], legy)S$

r[?;‘!l-lli_El II| ‘ 28/02/2019
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References

ENGLISH DOCUMENTATION

« http://maxima.sourceforge.net/docs/manual/maxima.html

« http://maxima.sourceforge.net/docs/tutorial/en/minimal-
maxima.pdf (miniguide)

* http://superk.physics.sunysb.edu/~mcgrew/phy310/documenta

tion/maxima-reference.pdf (extensive guide)

ITALIAN DOCUMENTATION
http://maxima.sourceforge.net/docs/tutorial/it/maxima 1.0-
consonni.pdf (miniguide)

LAB Maxima file saved as
intro maxima operators.wxmx

E:_II-IILEI II ” 28/02/2019
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Castigliano’s Theorem
Theorem of least work

“The first partial derivative of the total internal energy (U) in a
structure with respect to the (force P) (couple C) applied at any point
is equal to the (deflection o) (angular rotation ¢) at the point of
application of that (force) in the direction of its line of action (or

couple)’.
aUu
d = 3P
_au
?=ac

The theorem is applicable to linearly elastic (Hookean material)
structures with constant temperature and unyielding supports.

Note that in the above statements:

- force (P) may mean point force or couple (C);

- displacement may mean translation (5) or angular rotation (¢).

gg_ll-llﬁ lI ” 28/02/2019
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Castigliano’s Theorem
Theorem of least work

The Castigliano’s theorem:
1- applied to a statically determined structure, allows the
deflection and the angular rotation of the structure to be computed;

2- applied to a statically redundant structure, allows the reaction
forces to be determined. Therefore, the structure becomes a
statically determined structure consequently the deflection and the
angular rotation of the redundant structure are also computed.

E:_ll-llﬁ II ” 28/02/2019
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Castigliano’s Theorem
Theorem of least work

Considering only plane problems, the internal energy (U) of the
structure is:
2 2 2
U=j Yo i) dx
1 \2E] 2AE 2AG
where:

| is the length of the structure;

M, N, T are the bending moment, normal force and the shear force;

A and J are the cross-section area and moment of inertia;

E and G are the Young’s modulus and shear modulus of the material;

¢ Is the shear coefficient associated to the evaluation the internal energy
done by the shear force, where ¢ is 1.2 or 1.11 for rectangular or circular
cross-section beam.
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Castigliano’s Theorem
CASE A: Statically determined structure

- Considering a cantilever beam in steel

loaded by a concentrated force P at the
Y extremity called point A and fixed to the
further extremity, evaluate the deflection
of the beam at the point A (3,).

Hp) Rectangular cross section
b: 10 mm, h:20 mm;
l: 100 mm
P: 10000 N
M, (x)= Tr=P
(M2 T tpi? . 1 P? PI*  _ PU
U= wf dx + «f) dx= | — —dx + g"'j dx =— +4—
0 -EJ v 0 -AG v 0 -EJ 0 -AG XSEJ -AG
5, _aU P’ . P
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Castigliano’s Theorem
CASE A: Statically determined structure

!

_ U PI° _ Pl
Rectangular cross section Op = +5—
b: 10 mm, h:20 mm; OP 3EJ 4G
1: 100 mm So=  2,3810 + 0.075 = 2,456 mm
P: 10000 N
& 1.2 The shear contributes to the deflection of
J: b*h3/12: 6666,66 mm* the beam the 3.05 per cent, due to this
A: b*h: 200 mm? limited contribution the shear is commonly
E: 210000 MPa omitted from the preliminary dimensioning
v: 0,3 of a structure.

G: E/[2(1+v)]: 80000 MPa (ca)
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Castigliano’s Theorem
CASE B: Statically determined structure
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Considering a cantilever beam loaded by a
concentrated force P at the midspan of the
beam (point B) and fixed to one extremity,
evaluate the deflection of the beam at the free
extremity of the beam at the point A (3,).

NOTE: The point Ais an unloaded section of the
beam.

“The first partial derivative of the total internal
energy (U) in a structure with respect to the
force P applied at any point is equal to the
deflection & at the point of application of that
force in the direction of its line of action”,

Hp) the shear contribution has been neglected
from the internal energy equation.
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Castigliano’s Theorem
CASE B: Statically determined structure

5 A fictitious concentrated force F is applied to the
l beam, at the point A; at which the deflection of the

2 beam must be evaluate.
% B A At the end of the calculus that force F will be
/2 /2 considered as null.
Part (1)
A /M f M, (x)=Fx
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Castigliano’s Theorem
CASE B: Statically determined structure

P
l Part (2)
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Castigliano’s Theorem
CASE B: Statically determined structure

ip Part (2)
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Castigliano’s Theorem
CASE B: Statically determined structure

2 l P Total internal energy of the structure (U)
g & p F*I’ 1
I~ A T 17 L = 23 L 7F 45 3
/2 /2 U=U,+U, 48EJ+4SEJ(P] +7F1 +5PFI°)
-1 (P +8F* +5PFP)
N 48EJ
Mg
N 7\ The fictitious concentrated force F
[ 2 |\ P [ 1 ) F .
4 &/ T~/ assume null, at the conclusion of the
2 ! calculus. LAST EVALUATION!!!
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S S ¥ U 1
Sp === =-==-(16FI+5PI)
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Castigliano’s Theorem
CASE C: Statically redundant structure (+1dof)

P
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Considering a beam:

- loaded by a concentrated force P at the
midspan of the beam (point B);

- fixed to right-hand side extremity;

simply-supported to the left-hand side

extremity at the point A

Evaluate the reaction force (F) acting at the

support at point A of the structure.

The equilibrium equations are not sufficient
to calculate the reaction forces acting on
the beam.
Therefore, a compatibility equation related
to the deformation of the structure must be
imposed.

In this case, the A-point of the beam does
NOT be able to move vertically.
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Castigliano’s Theorem
CASE C: Statically redundant structure (+1dof)

P
Part (1)
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Castigliano’s Theorem
CASE C: Statically redundant structure (+1dof)

Total internal energy of the structure (U)

F? P 1 [ (B P
U=U,+U, = + F‘l +—
27 2E73x8 2EJ| 13x8 4

]3
2X4

i+2i =+P2
2 2 y 3x8 | 3x8
Evaluate the deflection of the beam at the point A (3,) by the first partial
derivative of the total internal energy (U) proper of the structure with respect to
the force F.

Imposing that the deflection (5,) is forbidden due to the presence of the
support acting at the point A, the unknown of the problem is the vertical
reaction force (equal to F) that the support induced into the structure.

U 2F I L |4 F Fi ¢ G g0 1 F)
§, = ——= - | 2F] +——+2— |— 21 - ||=
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LAB Maxima file saved as
Maxima case A B C.wxmx
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“Machines can never think as humans do
but just because something thinks
differently from you, does it mean it's not
thinking?”

A. Turing

Sara Mantovani

Via Vivarelli, 10
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