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Symbolic Computations in MAT

Performing symbolic computations with MATLAB requme})
installed the Symbolic Math Toolbox, whlgh\)ahds a h,éw daﬁ\(\/ e:

u have
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the symbolic object. A symbolic objegygmst negessa’nly be clared
a
usin \\ <
& syms a | | \ J -sym('a') \)/ =
= \/": X 42 g
a = N7 B £
: <)~ \ 2
Examples 5T & AP :
0> £ / ' S
N¢? N © 7 NN El
a=sym(2), b=2 ||| a=sym(pi) ||| syms a syms a real || syms a positive || §
a = symbolic 2 a =symbolicn ||| assumptions assumptions assumptions by
2 pi ans = [|l ans = ans = =
b = numerical 2 |} b=pi Empty sym: 1-by-0 || in(a, 'real') ||| @ < a 'é
2 b = numerical m| = = >
Ny > 2
| \_13.1416 (? Y, rQ{J
a5 N7 \<’ syms a integer syms a integer positive
v=sym('v',[1 3]) X’/ assumptions assumptions
v = symbolic vector |, ans = ans =
[vl, v2, v3] in(a, 'integer') [in(a, 'integer'), 1 <= a]

e N\

—

syms f(x,y) A=sym('a',[2 3]) a=sym('a',{'positive’', 'integer'});
£ symbolic function A = symbolic matrix assumptions

f(x,y) = [a1 1, al 2, al 3] ans =

f(x,y) [a2_1, a2_2, a2_3] [in(a, 'integer'), 1 <= a]
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compare
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| . _\ |
numerical object H H smbollg gl;déét N \/
o D 7
a=sqrt(2) S 2ffqrt(sym(2)) )
.- RS
1.4142 indented < (zjofj]i)/lze)( a) the symbolic value is

converted in number
ans =

a

<<

2

<<

=

2/5+1/3 L L4142 :
ans = ' ~ _ N7 H
6.733% . sym(2)/5+1/sym(3) 8
ans = 2

11/15 €

%]

| 5

2 \ p=a*x*2+b*x+c; S

= N

5 : v Poretty(p) :
the symboli e§p)es/_ P=matlabFunction(p) 2 =
P = aXx +bx+c g

en |s:c€ Phed '?to function_handle with value:
Anonymegs Function @(a,b, c,x)c+b. *x+a.*x."2




A symbolic object is always a “formula™

) )
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a=sqrt(sym(2)) —— symbolic lc:onst/g
a= \\/ p—sym(pl)
2/\(1/2) ,\/ 9.4 R / p = %
a=sym('a’) - "\{‘\ < pi E
a = | symboli¢ vaijabfe »—Lsyms r =
a / -+d=2*p*r P
- R L] 2
syms f(x), f SymbOhQﬁJnCBan\J d = £
f(x) = d q( 2*pi* =
f(x) L0077 ) r)\/ cos(d) 3
syms x h real i ) Q))// SE S
Df=(subs(f,x,x+h) - f) / h b cos(2*pi*r) 5
Df = %— substitute, in f, x with x+h 'Loj‘«f\" subs(cos(d),r,2) £
(f(x+h)-f(x))/h difference quotient > ans = ¥
KO- afdy? & !
( a=sm('b') Q2 5
SN i y (| a=sqrt(sym(2)); double(a) S
fJ)J E = 7|l ans = double: conversion from || N
— > 1.4142 symbolic to numeric “
syms b; b p=sym(pi); double(p) x
db = ans = ‘S
‘ R)‘ b 3.1416 &
e




Simplify a symbolic expression

syms X a b c
f=cos(x)"2-sin(x)"2;
simplify(f)

ans =

cos(2*x)
f=exp(c*log(sqrt(a+b)));
simplify(f)

ans = 5
(a + b)*(c/2) q
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y ;:) (‘)
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syms x real

el=((exp(-x*1i)*1i) - (exp(x*1i)*1i));
e2=(exp(-x*1i) + exp(x*1i));
espr=el/e2;

sl=simplify(el), s2=simplify(e2)

a1 - 2sinz) Download live script:

s2 = 2cos(x) simplify expressions.mlx

S=simplify(espr)

5 =

el.tii_i

_EZ.ri + 1

Increase to 10 the number of simplification steps
51@=simplify(espr, 'Steps’,18)

518 =
2i .
=
el.t|+]
Increase to 30 the number of simplification steps
S3@=simplify(espr, 'Steps”,38)

530 =

(cos(x) —sin(x) )i .

et A -l Y
cos(x)

Increase to 50 the number of simplification steps

S5@=simplify(espr, 'Steps”,58)

ss@ = tan(x)

SC2_01ch
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©
Simplify a symbolic expression :
Q
Increase to 30 the number of simplification steps ) )
530=simplify(espr, 'Steps’',38) '(\ V4
530 = ~
(cos(x) — sin(x) i) i i Substitute variables i
cos(x) Applying calculus functions 8
| Computing integral transforms b
Converting numbers b
Increase to 50 the number of simplification steps : : " N :
Combine expression | Rewriting and simplifying expressions  »
S5@=simplify(espr, 'Steps’,5@) Expand expression Solving equations ’
Rewrite exprassion
e P Copy Ctrl+C
Simplify expression Copy as LaTeX
S=simplify(espr, 'Steps’, 5‘3';|' All’,true) | Simplify fractions Copy as MathML
~ 1 Qo
5 = ﬁ =
( tan(x) ) E | &
| :
cot(x) to display all the possible o .S
sin(x) simplifications A
cos(x) QO @ S
(cos(x) —sin(@)i)i _. e & | N
cos(x) 2 5 =
_~ .
i —1 O >! S
cos(x) 8 q,.'| ;.5‘
21 . = o <
——1 ; Q. ~
) 3 §|
(23 +sin(x)i—1)i (7))




Simplify a symbolic expression by means of the

Live Editor task Simplify Symbolic Expnsslg\n

==
-

Code Control

INSERT

= B E E =2 & X

Task | Section Text Tableof Code Image Hyperlink Eguaticn

B M e

=l o un

DATA PREPROCESSING

L =

STATISTICS AND MACHIME LEARNING

Cluster Data

OFTIMIZATION

Optimize

SIGMNAL PROCESSING AND COMMUNICATIONS

Design Filter Extract Audio
Features

SYMBOLIC MATH

Simp@y

Symbolic Ex..|

a

Clean Missing Clean Outlier Compute by  Find Change Find Local Mormalize
Data Data Group Points Extrema Data
TABLES AND TIMETABLES
=) ==2] ]
Join Tables Retime Stack Table Synchronize  Unstack Table
Timetable Variables Timetables Variables

S

Remaove
Trends

~ e Break Contents Example™
cope_|| e
implify_task T
[ | simplfy_task o anD visUALIZATION
‘ .
YA
Create Plot

@Y

Smooth Data

112

/

lify taskil.mlx

S

\
ive script;

Download |/

simp
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Simplify a symbolic expression by means of the
Live Editor task Simplify Symbolic Expnsslg\n

SC2_01c.8

/

/

x

R) ‘ Q) ) (\ i =

/Q =

", J t_j o

. A - N

‘\/‘/ ) ) g ¥

n
\\H \7  » ) /) g © %

=~
= -I-'I S5
1 clear; clc © > l——
2 syms x real © Y <<
3 el=((exp(-x*1i)*1i) - (exp(x*1i)*1i)); 2 i E
4 e2=(exp(-x*1i) + exp(x*1i)); c = <
5 espr=el/el; ; Q -
’ = v
3 O .+ <
— | . Q| s
»| Simplify Symbolic Expression (O ?) 5
Compute simplified symbolic expression -S
Q.
Select expression g
Expression |:select ‘r| B
Specify simplification method ?)
Ne
Method  Simplif, v | Effort |Minimum v £
>
Display result n
~
/ \ s
)* | =
)/ ~
- <
- o
=
J “
\ 9
(<)~ S
g




Simplify a symbolic expression by means of the
Live Editor task Simplify Symbolic Expnss@\

)

K‘)’

oo B W e

Gl

clear; clc
syms x real

el=((exp(-x*¥1i)*1i) - (exp(x*1i)*1i));

e2=(exp(-x*11) + exp(x*1i));
espr=el/el;

| Simplify Symbolic Expression

Compute simplified symbolic expressiol

Select expression

Expression

Specify simp select iethod

el

Method  Sir v  Effort
el

Display resu

select the expression
to be simplified

Simplify Symbolic Expression

simplifiedExpr | = Simplified exprece ion_aemp using Simplify

Select expression

Expression | espr W |

Specify simplification method

Minimum
Low

Medium

High [

Full

1| Method | Simplify v | Effort | High

A
d

Display result

Expression Simplified expression

espr =

e—xi | _exji
e~¥i 4 gl

© e

select the si
cation level

@ display the

simplifiedExpr = tan(x) ‘ display the reSU|t

Zoom: 110%

UTF-8 LF script

/

lify task2.mlx

J
(\
J

N

Download live script:

simp

mplifi-

code
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Toolbox vations y
Symbolic Math : solve eq and systems 3
syms a b ¢ x real a single equation 3
eqn=a*x"2+b*x+c == 0

S=solve(eqgn)
Warning: Solutions are only valid under certain conditions. To include parameters and
conditions in the solution, specify the 'ReturnConditions' value as 'true’.

> In sym/solve>warnIfParams (line 478)

In sym/solve (line 357) syms X syms X real q(n
S = eqn=x"3 == -1 eqn=x"3 == -1 =
-(b + (b"2 - 4*a*c)”~(1/2))/(2*a) = = <
(b - (br2 - 4*a*c)A(1/2))/(2*a) 2 :’dve(eqn’x) §j°1“e‘eq"”" §
S=solve(eqn, 'ReturnConditions’,true) -1 -
S = 1/2 - (37(1/2)*1i)/2 SPUIES 28 S
struct with fields: (37(1/2)*1i)/2 + 1/2 eqn=x"3 == -1 ‘g
x: [2x1 sym] S=solve(eqn,Xx, 'Real’,true) || 5
parameters: [1x0 sym] S = g—
conditions: [2x1 sym] . -1 o
S x linear system 2
ans = syms u v S
-(b+ (b2 - 4%*a*c)"(1/2))/(2*a) | eqns=[2*u + v == @, u - v == 1]; E
-(b - (b"2 - 4*a*c)~(1/2))/(2*a) S=solve(eqns,[u v]) >
S.conditions s - ?
ans = . . . -
e e b2 8 4 e o UG L Gl non-lingar system
4*a*c <= b"2 & a ~= 0 v: -2/3 syms u v
A=solve(eqn,a) egns=[2*u”2 + v*2 == Q,u - v == 1];
A = [U,V]=solve(eqns,[u Vv])
-(c + b*x)/x"2 U=

1/3 - (27(1/2)*1i)/3

(27(1/2)*1i)/3 + 1/3

V=

- (27(1/2)*11)/3 - 2/3
(27(1/2)*1i)/3 - 2/3
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Symbolic “Calculus”: examples [1]

.1 syms x real; limit(1/x,x,inf) HI)
lim —~ ans = n
X—o0 X 0 syms X real positive
Fo L limit(1/x,x,0) | 2iMit(1/x,x,0)
limits Rk ans = Inf
NaN 2
. limit(1/x,x,0, 'left") h
fimef e :
- =
b -Inf -
1 1imit(1/x,x,0, 'right’ P
syms X h real S =t( PR R ‘§n
limit((cos(x+h)-cos(x))/h,h,0) Inf 5
ans = limit of the difference | <| syms x real pesitive a
-sin(x) quotient of cos(x) [| - limi b S
- JJt imit(-x/abs(-x),x,0) S
_\;‘ {__')j 2 () ans = 2
\\ ad r) \ _/ -1 | -é
. / N Y S A

‘o
summatnoﬁ of sefies. . Taylor expansion

J.
syms X n \! j)oo SYIIE % =
an=x"n/sym(‘'n!"); o — Z_ T=taylor(exp(x)) S
symsum(an,n,0,inf) — nl T = B
ans = =1 X"5/120 + X"4/24 + x"3/6 + x*2/2 + x + 1 <
exp(x) «
¢ g)/ See MATLAB Live Script: &

p Find Maclaurin Series of Univariate Expressions



Symbolic “Calculus”: examples [2]
derivatives

f =

sin(x)
diff(f)
ans =
cos(x)
diff(f,2)
ans =
-sin(x)
diff(f,3)
ans =
-cos(x)

syms X real
f=sin(x)

gradient v (/-

syms X y real

f=sin(x)*exp(i*y);

gradient(f)

ans =
exp(y*1i)*cos(x)

exp(y*1li)*sin(x)*1i

2nd derivative

3/ derivative

of
Ox

g

jacobian matrix /  (v)=

syms X y real
f=sin(x)*exp(i*y)
f =

sin(x)*exp(i*y)
diff(f,x) derivative
ans =
exp(y*1i)*cos(x)
diff(f,y) derivative
ans =
exp(y*1i)*sin(x)*1i
diff(f,y,2)
ans = w.r.t.
-exp(y*1i)*sin(x)

W.r.t. x

w.r.t.y

2”dp1rUaldeﬂvaﬂve

syms X y real
u=x*cos(y); v=y*cos(x);
jacobian([u;v],[x y])

ans =

[ cos(y), -x*sin(y)]
[ -y*sin(x),

cos(x)]

ou Ju
Ox Oy
v v
Ox Oy

SC2_01c.12
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Symbolic “Calculus”: examples [3]

)
integrals ’ N
) ) X\
__()R) & () C //
&1y D J
= \ A )
syms X r.'eal o | \\\// | TP
ntGony o O ntGinGrn 0 —
SN\ 44 -7 | ans =
i?‘inil)/(ml) BN g " \\/J -cos(n*x)/n
int(cos(x)) A« int(sin(n*x),n)
L7 A\ IrIy llans =
ar.ls(=) jm SO\t nd -cos(n*x)/x
sin(Xx "/ /’ . -\~ :
—— indefinite integrals | ~
i / N LY
’_‘f) - 4 A\)”
3:4') / () _ C » ‘/
\\ O r)Q_ \/ N j L(/f(\"\,
o / 2. U, 4 _JJ
< \// \ /J N g
 <
& ‘,def mtejjdtg\grals
= ()/ | syms x n real m/n Yn/n
“’) int(sin(n*x),x,0,pi/n) f= -cos(nx)/n =
U ans = 0 0
‘ j 2/n = -cos(m)/n + cos(0)/n =2/n
. S

SC2_01c.13
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Symbolic “Calculus™: examples [4]

. oy 3x°+6x=1
study of the function: f(x)= ETF 3

syms X real; num=3*x"2+6*x-1; den=x"2+x-3; f=num/den;

pretty(fg (6 x + 3 x%-1)(x +x° - 3)

3xXx +6x -1 8 ¥
2
X + X -3 6k

h=ezplot(f,[-8 6]); % or fplot(f,[...])
h.LineWidth=3; % or set(h, 'LineWidth"',2)

B
T ——

axis equal; grid on; AX=[-7 7 -3 9]; axis(AX) 7
hold on cartesian axes as arrows °f
quiver{AX(1),0,1,0,diff(AX(1:2)), 'Color', k") N

quiver(0,AX(3),0,1,diff(AX(3:4)), 'Color','k")
text (AX(2),0, 'x ', 'FontSize',14, 'HorizontalAlignment', 'right’
text(0,AX(4),'y ', 'FontSize',14, 'HorizontalAlignment', 'right'-2|

----""".‘.I

asint_O=[limit(f,x,-inf) limit(f,x,inf)]

-8 -6 -4 -2 0 2

?SéTtgg - horizontal asymptote x
asint_V=solve(den,x) % orsolve(1/f x)
asint V =

- 13~(1/2)/2 - 1/2 :
13~(1/2)/2 - 1/2 vertical asymptotes

line(AX(1)*[-1 1], (asint_0(1))*[1 1], 'Color','g")
line([asint_V';asint V'],[AX(3:4);AX(3:4)]', 'Color','c")

SC2_01c.14
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fO=subs(f,x,0) % intersection with y-axis
fo = -
1/3

x0=solve(f) % function zeros
X0 =

- (2%37(1/2))/3 - 1

(2*%3~(1/2))/3 - 1
plot(9,f0, 'ok',x0,zeros(size(x0)), "ok’

local exJ;ema

vertical asymptotes

fl=simplify(diff(f)) % min and max

]
—%—

fl = _
- (3*x"2+16*x+17) / (x"2+x-3)"2
X_minmax=solve(f1l)

inflection
point

(™

horigontal asymptote

X_minmax =

- 13~(1/2)/3 - 8/3
13~(1/2)/3 - 8/3

y_minmax=simplify(subs(f,x_minmax)) -

y_minmax = .

intersactions wi

axes

(2%¥137(1/2))/13 + 2 max
2 - (2*¥13~(1/2))/13  min

plot(x_minmax,y _minmax, "hr', 'MarkerFaceColor','r', 'MarkerSize',8)

f2=simplify(diff(f,2))

f2 =

(2*%(3*x"3 + 24*x"2 + 51*x + 41))/(x*2 + x - 3)"3
x_fles=simplify(solve(f2,'Real’,true)) % inflections
x_fles = root(z”3 + 8%z"2 + 17*z + 41/3, z, 3)
x_fles=double(x_fles)

x_fles = -5.2635

y fles=subs(f,x_fles);
plot(x_fles,y fles,'sm', 'LineWidth',2, "MarkerSize'

all the numerical roots

©

[Num,Den]=numden(f2); §
c=sym2poly(Num); N
disp(roots(c)) ;‘.
-5.2635 + Qi :
-1.3682 + 0.85112i S
-1.3682 -  ©0.85112i s

»8)




Symbolic Linear Algebra: examples [1)

rotation matrix by an angle of t radians

syms t real

A=[cos(t) -sin(t);sin(t) cos(t)];
det(A) determinant

ans =

cos(t)"2+sin(t)"2

simplify(det(A))

ans =

1

A"2

ans =

[ cos(t)~2-sin(t)”2, 2*cos(t)*sin(t)]
[-2*cos(t)*sin(t), cos(t)”2-sin(t)"2]
simplify(A~2)

ans =

[cos(2*t), -sin(2*t)]

[sin(2*t), cos(2*t)]

DA is an arfhéagqno,l matrix

rotation matrix by 2*t

A'*A
ans =
[ cos(t)”2+sin(t)"2, 0]
[ 0, cos(t)"2+sin(t)"2]

simplify(A'*A)

ans =

[1, O]
[0, 1]
A*A’
ans =
[ cos(t)”2+sin(t)"2, 0]
[ 0, cos(t)"2+sin(t)"2]

simplify(A*A")
ans =
[1, @]
[0, 1]

The product of 2 rotation matrices gives the rotation

of an angle equal to the sum of the 2 angles

SC2_01c.16
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Symbolic Linear Algebra: examples [2]

syms a b ¢ d real
A=[a b;c d]; det(A)
ans =

a*d - b*c

v=A(:,1) + 0.5*%A(:,2);

rank(A) == rank([A v])]
ans = : _
logical Rouche-Capelli Theorem
1 if equal, then the system is compatible
2:- 5= 1=nV(A) Cramer Rulle | for the inverse matrix

[ d/(a*d - b*c), -b/(a*d - b*c)]
[ -c/(a*d - b*c), a/(a*d - b*c)]

syms a b
A=[a a;b b]
A =

[a, a] 2 columns|are equal
[b, b]

colspace(A) Column Space

ans =

Null Spac

e#{A): Null Space of A(m,n):
A A) ={xeR": Ax=0}

R(A): Column Space ofzzl(m,n):

Al1*A

ans = R(A) ={ueR™: 3x : u=Ax}
[ (a*d)/(a*d-b*c)-(b*c)/(a*d-b*c), 0]

[ 9, (a*d)/(a*d-b*c)-(b*c)/(a*d-b*c)]
simplify(A1*A) | syms p q; y=[p;ql; x=Aly

ans = X = solve the sygtem

[1, O] [ (d*p-gq*b)/(a*d-b*c)]
[0, 1] [ (-c*p+a*q)/(a*d-b*c)]

disp(simplify(A*x))

check the solution

P
q

SC2_01c.17
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Symbolic Linear Algebra: examples [3]

................................................................................................................................................................................................

A(nxn)

e 8 b @ R A cigenvalue e 3 x#0: Ax=Ax|

A=[a,b,c; b,c,a; c,a,b]
A:

[ 2, b, c] v RIGeNVeCIOF wrt A ¢mmp AV=AD

[ b, ¢, a]

[ ¢, a, b]

[v,1lambda]=eig(A); Vk A(kk) = eigenvalue and v(:,k) = related eigenvector pf A

lambda=simplify(lambda)

lambda =

[(a~2-a*b-a*c+b”2-b*c+c”2)7(1/2), 0, 0]
9, -(a”2-a*b-a*c+b”2-b*c+c”2)~(1/2), 0]
9, 0, a+b+c]

simplify(v)

a”2-a*b-a*c+b”2-b*c+c”2)~(1/2)/(a-c)-(a-b)/(a-c), (a”2-a*b-a*c+b”2-b*c+c”2)~(1/2)/(a-c)-(a-b)/(a-c), 1]
a”2-a*b-a*c+b”2-b*c+c”2)~(1/2)/(a-c)-(b-c)/(a-c), -(a”2-a*b-a*c+b”2-b*c+c”2)~(1/2)/(a-c)-(b-c)/(a-c), 1]
1, 1, 1]

~~ "

isp(simplify(A*v(:,1)-1lambda(1,1)*v(:,1))) check the definition of A and

v

1 ‘true all():universal quantifier

disp(all(simplify(A*v(:,1) == lambda(1,1)*v(:,1))))

isp(simplify(A*v(:,2)-1lambda(2,2)*v(:,2)))

disp(all(simplify(A*v(:,2)
1 true

lambda(2,2)*v(:,2))))

isp(simplify(A*v(:,3)-1lambda(3,3)*v(:,3)))

disp(all(simplify(A*v(:,3)
1 true

®®®g_®®®g_®®®g_.—..—..—.<<,_.,_,

lambda(3,3)*v(:,3))))

SC2_01c.18
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Symbolic Differential Equations: examples [1]

syms y(t) / 2
Y=dsolve(diff(y,t) == 1+y~2) y ' =1+y"" \/ \,
Y = : o
tan(C1 + t) general solution ”<<’)" \ 9 2 &/
1i dependent on an ) - N
11 5 C ](
1i arbitrary constant \ ) \ et -
Y1=diff(Y) | 2.4C % \\ S
Y1 = check the solution . \ /\1/ =
tan(Cl + t)*2 + 1 ad ‘ - s
0 ) _1 1 y2 VP Initial =
L F Y Y Value ©
Y = i i S ’ £
tan(tepi/4) particular solution x)) )\ 5
Y1=diff(Y) tan(t + 7/d) £
Y1 = | B | |' ||' O
tan(t + pi/4)"2 + 1 IR aad | | | | =
heezplot (Y): initial condition | | | | E
grid on; hold on | ."l M )' Y
plot(0,1, 'ok', 'MarkerFace', k", 'MarkerSize',S)
BND N7 >
2. (P> NG ; (0,1) N
S\ X/ .‘}/ T
¢d \ \ (J S
i R O ( f o
7 SO° R |
_ ' | | .
. K) o || || || || “8‘
<) - || | o | =
4 ] 0 2 4 6
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Symbolic Differential EQuations: examples [2]

SC2_01c¢.20

, !

2"d order differential equation: IVP y" =cos(2t)—y
syms y(t) ,, : ty(0)=1
Dly=diff(y,t); D2y=diff(y,t,2);Y andy y’(O):O
Y=dsolve(D2y == cos(2*t)-y, |-;/_(0) == 1, D1ly(Q) == 0); i
simplify(Y)
ans = - . Tu
R | 2 initial conditions

simplify(diff(Y,t,2) - cos(2*t) + Y) check the solution

-

a

<

)

=

<

=

&

ans = “

=

0 , s

f'=43f+4g é

system of 2 differential equations del 1° ordine l/ g ' =—4f+3g S

S e , 9

syms f(t) g(t); eqns=[diff(f,t) == 3% diff(g,t) == -4*f+3|'g]; 3

[F G]=dsolve(eqns); F=simplify(F), Gz~implify(G) £

= general solution S=dsolve(eqns) ?
exP(3*t) (C2*cos(4*t) + Cl*sin(4*t)X| s = struct with fields:

G = g: Cl*cos(4*t)*exp(3*t) - C2*sin(4*t)*exp(3*t) —

exp(3*t)*(Cl*cos(4*t) - C2*sjir(4*t)) f: C2*cos(4*t)*exp(3*t) + Cl*sin(4*t)*exp(3*t) T

y i 4 E

eqns=..; | conds=[f(@) == @, g(@) == 1]; | _ __ __ o

[F,G]=dsolve(egns, conds) ,I::F:G] i) °, &(0) 1‘ 5

F = : 8

sin(4*t)*exp(3*t) particular solution Zln (471)Fexp(37t) particular solutions 5%-

G = =

cos(4*t)*exp(3*t) cos(4*t)*exp(3*t)




Symbolic Differential EQuations: examples [3]

Let us consider the following PDE (Partial Differential Equation) problem for the 1D
wave equatlon equipped by Initial Conditions (IC) and Boundary Conditions (BC):

SC2_01c.21

?;t gz O<x<L, t>0 1D wave equation
x. 3 a single spatial variable (x) and a'time variable (f) || o
u(x O*)z () . . S
’ 6 IC analytical solution E
10u(. ar_ sin(3x)  xcos(3x) U\ (x4 £)sin[3(x +1) E
E(X,O >_ 6 + > : u(t,x>: 6[ ] ‘é
u(0,1) = tsin (3t) o -é
’ 6 BC )7 f f(t)e™ds, Re(s)>o, |5
(L+t)sin[3(L+t)] 0 £
u(L,t)= e o, abscissa of convergence || S
In order to selve the PDE, we can apply the Laplace Transform (LT) method w.r.t. g
V)

t, by computing U(x,8)=[u(tx)}; it transforms the PDE problem into an ODE
problem producing‘the following Boundary Value Problem (BVP):

U = U —(sx )23 _ o8B o sec analytical solution 3

6 2 U,s) = (sx+1)sin(3x)+ 3xcos(3x) N

U(0,5)=—35— | 6(s*+9) «
Y (S2 + 9) +scos(3x)—331n(3x) 5
2 Y-

scos(3L)—3sin(3L) (sL+1)sin(3L)+3Lcos(3L) (s*+9) 4

U(L,s) =

(52 + 9)2 " 6(s* +9)




Symbolic Differential Equations: examples [3a)

The complex variable s, introduced by Laplace Transform, is cohsidered as a
parameter, and it will be ignored in solving the BV.R simbolically by means:of,the
dsolve() function.

SC2_01c.22

a
syms X L real; syms s; syms U(x) % s is considered as a parameter || £ <
ODE = diff(U,x,2) == s™"2*U - (s*x+1)*sin(3*x)/6 - x*cos(3*x)/2; 5 X g

v

£

o - <
condl = U(Q) == s/(s"2+9)"2; 2 &l v
cond2 = U(L) == (s*cos(3*L)-3*sin(3*L))/(s"2+9)"2 + ... b @l -2
((s*L+1)*sin(3*L)+3*L*cos(3*L))/(6*(s"2+9)); || 2 S| (=
conds = [condl, cond2]; % boundary conditions s 2| &
Q S

a
Usol = dsolve(ODE, conds); % solve BVP simbolically 1%

Ne]

=
% true analytical solution (for a comparison) &

Utrue = ((s*x+1)*sin(3*x)+3*x*cos(3*x))/(6*(s*2+9)) + ...
(s*cos(3*x)-3*sin(3*x))/(s"2+9)"2;

% compare symbolic and analytical solutions

fprintf('\nCheck if the solution is correct: Usol - Utrue = ');

disp(simplify(Usol - Utrue))

Check if the solution is correct: Usol - Utrue =

(%]

=
o
.
(=}
N
.
o
=
“
o
| =
Q.
St




Symbolic Differential Equations: examples [3b)

Once the Laplace Transform U(x,s) has been computed by solving thee BVP, to find
the symbolic solution u(x,t) of the PDE problem, we’\ ave tgcQg te the }nv}rse

Laplace Transform of U(x,s) by means of the 11%91)&ce(5) lic fun\étloh/
N,/

SC2_01c.23

syms t real; u = simplify(ilaplace(Usol,s,t))

U =

sind3 143 x) (14 x)

6

UTRUE = (x+t)*sin(3*(x+t))/6; % known analytical solution
% comparison
fprintf('\nCheck if the symbolic Inverse LT is correct: u - uTRUE =');
disp(simplify(u - uTRUE))

Check if the symbolic Inverse LT is correct: u - uTRUE =
) Inverse Laplace Transform: u(t,z) = £, [U(x, s)]

wave_BVP.mlx

Download live script:

Symbolic Computations in MATLAB
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Symbolic Differential Equations: examples [3¢]

At last, the animated wave solution is created

16T

05T

051

156

<D
21,

Wave u(t,z) for t =0

//) )
A\
D SO
27 j(\-/

)

0.1

0.2

0.3 0.4 0.5 0.6 0.7

0.8

0.9

Download live script:
wave_BVP.mlx
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Symbolic Computations in MATLAB
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