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Latex



M} Superscript 'textM{superscript}’

_{} Subscript 'text_{subscript}'
\bf Bold font "\bf text'
\it Italic font \it text'
\sl Oblique font (usually the same as italic font) '\sl text'

\rm Normal font "\rm text'



Character Sequence

walpha
wangle
wast
wbeta

Y gamma
hwdelta
wepsilon
wzeta
weta
YWtheta
wwartheta
viota
“Wkappa
Ylambda
mu

wnu

Wxi

wpi

wrho
Wsigma
wwarsigma
“Wtau
wequiwv

YIm
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Character Sequence

wupsilon
wphi
wohi
\psi
homega
Yaamma
Whelta
YWTheta
YLambda
Wi

WPl
WSigma
WWpsilon
WPhi
WPsi
wOmega
Wforall
wexists
wni
wcong
Sapprox
“Re
woplus

Woup
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Character Sequence
Ysim

Yleqg

Vinfty
Yclubsuit
wdiamondsuit
Wheartsuit
wspadesuit
wleftrightarrow
YWleftarrow
YLeftarrow
Suparrow
wrightarrow
WRightarrow
Wdownarrow
Yweirc

pm

\geq

wpropto
wpartial
YWbullet

Ydiv

Wneq

waleph

\wWp

Symbaol

‘otimes
wcap
“supset
YWint
wrfloor
“1floor
\perp
“wedge
wrceil

es

=@

P e ‘—\-Ll

“subseteg
\in
YWceil
hwcdot
Yneg
Ytimes
Ysurd
Wwarpi
wrangle

Ylamgle

woslash
Ysupseteq
YWsubset
Yo

Ynabla
Wldots
Ywprime

Wa

\mid

wcopyright

I
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Symbolic Expressions



Manipulating symbolic expressions

numden()
expand()
factor()
collect()
simplify()
simple()
poly2sym()



clear

clc

Ssyms X

%functia obiectiv
f=ezplot(10*sin(x));
set(f,'Color','black’, 'LineWidth', 2)
hold on

%conditia la limita
j=ezplot((x-6)"2)
set(j,'Color','red’, 'LineWidth', 2)
grid on

syms ezplot
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Gradient of Function



Gradyan

Bir skaler alanin yon tlrevi artimin en ¢ok oldugu yere d‘(_)gru yonelmis bir vektor alanini
verir ve buyukligi degisimin en buyuk degerine esittir. Orneklemek gerekirse bir odadaki
zamandan bagimsiz sicaklik dagilimi distinulebilir.

Gradyan vektord, f(x,y) veya f( x, vy, z) gibi cok degiskenli fonksiyonlardan elde edilir. Vfile
gosterilir, f fonksiyonun gradyan vektoru denir.

Vi(x,y)=(fx, fy) dir. Bir vektordur, tiirev yardimi ile elde edilir.
Vi(x,y,z)=(fx, fy, fz) dir. Bir vektordur, tirev yardimi ile elde edilir.
Gradyan vektoru fonksiyonun kismi tirevinden elde edilen bir vektorddr.

f(x,y), bir yuzeysel fonksiyondur. Yeri gelir bir maksiumum, yeri gelir bir minumumdur. Bu
fonksiyondan elde edilen gradyan vektérd, bu fonksiyonun herhangi bir noktasinda
cizilen dik vektéri verir. =




Ornek

o f(x,y)=x"2y+y~*3-x+1 ise grdyan vektori nedir?
e V{(x,y)=(2xy-1, x"2+3y"2)
e V1(1,1)=(1, 4)

clear all
close all
(1,4)
SYms Xy z
f = x"N2*y+yN3-x+1;
gradient(f, [x, y])
ans =
2*x*y - 1

X2 + 3*yN2



Gradient vector of scalar function

The gradient of a function of two vanables, F'(x, v) . s defined as

oF: JF -
VF = EE_I_ﬁJ

clear all
close all

SYms xy z
f = 2*y*z*sin(x) + 3*x*sin(z)*cos(y);
gradient(f, [x, y, z])

Answer:

fx=2*y*z*cos(x) + 3*cos(y)*sin(z)
fy=2*z*sin(x) - 3*x*sin(y)*sin(z)
fz=2*y*sin(x) + 3*x*cos(y)*cos(z)

clear all
close all

syms X y
f = -(sin(x) + sin(y))"2;
g = gradient(f,[x,y])

Answaer

g =

-2*cos(x)*(sin(x) + sin(y))
-2*cos(y)*(sin(x) + sin(y))
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-0.8

-1

[X, Y] = meshgrid(-1:.1:1,-1:.1:1);
G1 = subs(g(1),[x yl,{X,Y});
G2 = subs(g(2),[x yl.{X,Y});

quiver(X,Y,G1,G2)
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Not: subs(s,old,new) returns a copy
of s, replacing all occurrences of old
with new, and then evaluates s.
symsab

subs(a + b, a, 4)

ans=b+4



Quiver or vector plot

* quiver(X,Y,U\V), X ve Y tarafindan belirtilen Kartezyen koordinatlarda yon bilesenleri U ve
V olan oklari cizer. Ornegin, ilk ok X(1) ve Y(1) noktalarindan kaynaklanir, yatay olarak

uzanir U(1)'e gore ve V(1)'e gore dikey olarak uzanir. Varsayilan olarak, titreme islevi ok
uzunluklarini értismeyecek sekilde dlceklendirir.



clear all
close all

spacing = 0.2;

[X,Y] = meshgrid(-2:spacing:2);

Z = X.*exp(-X.A2 - Y.A2);
[DX,DY] = gradient(Z,spacing);

quiver(X,Y,DX,DY)

Gradient and Quiver
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Contour

e Contour(Z), Z matrisinin izolinlerini iceren bir kontur grafigi
olusturur; burada Z, x-y duzlemindeki yikseklik degerlerini icerir.

e Contour(X,Y,Z), Z'deki degerler icin x ve y koordinatlarini belirtir.



Gradient — Quiver - Contour

clear all
close all

spacing = 0.2;

[X,Y] = meshgrid(-2:spacing:2);
Z = X.*exp(-X."2-Y."2)
[DX,DY] = gradient(Z,spacing);
quiver(X,Y,DX,DY)

hold on

contour(X,Y,Z)

axis equal

hold off
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Gradient and Quiver

clear all
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close all

meshgrid(-pi:pi/8:pi,-pi:pi/8:pi);

Si—n(Y);

= cos(X);
quiver(X,Y,U\V,'r")

[X,Y]
U
Vv



Ornek: Plot contours of xe™*"2¥"2 over a grid from -2 to
2 in the x and y directions.

2r
clear all 1.5
close all
1 o
[X,Y] = meshgrid(-2:0.2:2); 05l / —\ Z /"“*——\\
Z=X.*exp(-X."2-Y."2); - \\ / \\ \
contour(X,Y,Z,10) 0 E § }% ‘;\ }
\ \ / /
05+ \ - // \'77{//
K= T~
1.5
2° r
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Ornek: Plot contours of xe™*"2¥"2 over a grid from -2 to
2 in the x and y directions.

clear all S L T I N
close all

[X,Y] = meshgrid(-2:0.2:2);
Z=X.*exp(-X."2-Y."2);

contour(X,Y,Z,10)

[UV] = gradient(Z,0.2,0.2);
hold on I N
quiver(X,Y,U,V) sk o o |

hold off
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Polynomials and Roots



clear all
close all

c=[1-926-24]

x = 1:0.1:5; % define range for plotting
y = polyval(c,x); % compute samples
plot(x,y) % make the plot

grid on

r = roots(c)
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Polynomials and Roots

clear all; close all 3 5
3r® —2.23r° —H.1r 4+ 9.8
c=[3-2.23-5.19.8]

x =-1:0.1:1; % define range for plotting
y = polyval(c,x); % compute samples 12
plot(x,y) % make the plot
r = roots(c)

cr = poly(r) % defines (x-r(1))*(x-r(2))*...
norm(c(1)*cr-c) % how far from original polynomial?

r =
-1.5985 + 0.0000i
1.1709 + 0.8200i
1.1709 - 0.8200i

cr = 10000 _07433 _17000 32667 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
ans= 1.1374e-14



Polynomials and Roots

clear all
close all

c3=[0.740.97 1.1 0.86]; % data source

x =-1:0.1:1; % sample range for x

y = polyval(c3,x); % sample cubic at x

noise = randn(1,size(y,2)); % random noise of same size as 'y
noise = noise/norm(noise); % normalize the noise

ey =y + noise; % make noisy data

ec = polyfit(x,ey,3); % fit noisy data with cubic

plot(x,y,'b--') % exact polynomial

hold on

plot(x,ey,'r') % noisy data

hold on

fy = polyval(ec,x) % sample fitted polynomial
plot(x,fy,'g') % reconstructed data source
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Integral — Derivative



Finding the integral of a function

Mathematical Operation

MATLAB Command

xn+1
jx"dx=
n+1

int (x"n) or
int (x*n, x)

/2
j sin(2x)dx =1
0

int (sin(2*x),0,pi/2) or
int (sin(2*x),x,0,pi/2)

g = cos(at + b)
] J(Odt = sin(at + b)

g = cos(a*t + Db)
int (g) or
int (g, t)

f 11(2) dz = —Jo(2)

int (besselj(1,z)) or
int (besselj(1,2z),2z)




q = integral(fun,xmin,xmax), f (X )=€-X2 ( Inx )2

clear all
close all

fun = @(x) exp(-x.*2).*log(x)."2;

g = integral(fun,0,Inf)

q=1.9475



Integral, derivative

6

clear all clear all

close all close all )

syms X X=[00123456¢6]; ok

yl=int(4*xA2+3) figure, plot(X)

y2=int(4*xA2+3, x, -1, 3) Y = diff(X) il

figure, plot(Y) i

y1 = (4*x13)/3 + 3*x

y2 = 26/3 v
clear all 0.9
close all il
syms X real *
f=1/x -l
y= diff()

0.4~
0.3

y=-1/x"2 o2k

0.1




clear all
close all

Syms X
f = cos(8*x)

g = sin(5*x)*exp(x)
h =(2*x"2+1)/(3*x)
al=diff(f)
a2=diff(g)
a3=diff(h)

f =cos(8*x)
g = sin(5*x)*exp(x)
h =(2*x*2 + 1)/(3*x)

al =-8*sin(8*x)
a2 = 5*cos(5*x)*exp(x) + sin(5*x)*exp(x)
a3=4/3-(2*x"2 +1)/(3*x"2)

ad

of _,
dx

clear all

close all

Ssyms x y

f = sin(x*y)
diff(f,x)

Ans=y*cos(x*y)

clear all
close all

symsxabc
S = simplify(sin(x)*2 + cos(x)"2)
S = simplify(exp(c*log(sqrt(a+b))))

S=1
S =(a+ b)*c/2)
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Finding the Limits of a function- f(x)

Mathematical Operation MATLAB Command
lim f(x) limit (f)
x—0
lim £ (x) limilt ('f,x,a) or
x—a llmlt(f, a)
xll)r;rllJrf(x) limit (f,x,a, 'right')
xl_i)rorll_f(x) limit (f,x,a, 'left")
: 1 . 1 . 1
Evaluate: (a) lim (—) (b) lim (—) (c) lim (—)
x—0 \X x—>0+ \X x—>0— \X




clear all
close all

syms x
f=2*x"2+3*x+5

ezl=ezplot(f, [-10 15])
hold on
set(ez1,'color',[1 0 0])
grid on

g=diff(f)
ezplot(g, [-10 15])

hold off
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Limit of symbolic expression

limit(f,var,a) returns the Bidirectional Limit of the symbolic expression f when var
approaches a.

limit(f,a) uses the default variable found by symvar.
limit(f) returns the limit at 0.
limit(f,var,a,'left') returns the Left Side Limit of f as var approaches a.

limit(f,var,a,'right') returns the Right Side Limit of f as var approaches a.



Ornek: Limit of symbolic expression

syms X

f=1/x;
limit(f,x,0,'right')
ans = oo

limit(f,x,0,'left’)
ans = —oo

Since the limit from the left does not equal the limit from the right, the two-sided limit does
not exist. In this case, limit returns NaN (not a number).

limit(f,x,0)
ans = NaN



Ornek: Limit of symbolic expression

Ssyms X

f=(x"3 +5)/(x"4 + 7)
limit(f)

ans= 5/7

syms X
f=(x-3)/(x-1)
limit(f,1)

ans = NaN



Ornek: Limit of symbolic expression

clear all
close all

(x - 3)/abs(x - 3)

SYms X
f=(x-3)/abs(x-3);

0.5

h= ezplot(f,[-1,5])
set(h,'Color','red’, 'LineWidth', 4)

grid on

-0.5

| = limit(f,x,3,'left’)

r = limit(f,x,3,'right’) 1

|=-1
r=1



Ornek: Limit of symbolic expression

clear all
close all x?-3x-4

Syms X .

f=x"2-3*x-4;

h= ezplot(f,[-1,5])

set(h,'Color','red’, 'LineWidth', 4) i

grid on 2

| = limit(f,x,1,'left’)

r = limit(f,x,1,'right’)

|=-6
r=-6



Ornek: Limit of symbolic expression

clear all

close all Bk -3
15- - | | , -

Syms X /

f=(xA2-3*x-4)/(x-3); 10

h= ezplot(f,[-1,5]) /

set(h,'Color','red’, 'LineWidth', 4) 5/
grid on 0= /

| = limit(f,x,3,'left') °
r = limit(f,x,3,'right’) /

| =Inf
r =-Inf
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Solution of Differential Equations
with MATLAB



d?y/dx*=cos(2x)-y, y(0)=1,y'(0)=0.

clear all
close all

syms y(x)
Dy = diff(y);

ode = diff(y,x,2) == cos(2*x)-y;
condl =y(0) == 1;
cond2 = Dy(0) == 0;

conds = [cond1 cond2];

ySol(x) = dsolve(ode,conds);
ySol = simplify(ySol)

ySol(x) = 1 - (8*sin(x/2)"4)/3



Differential Equation MATLAB® Commands

o : _
0 | ode = diff(y)+d*y == expl(-t);
yidl=1. cond = y(B8) == 1;
y5o0l{t) = dsolve(ode,cond)
y50l{t) =
exp(-t}/3 + (2%exp(-4%t))/3
211:%;+ 3:5{—_}? = syms y{x)
ode = 2¥w2Fdiff{y,xw, 2)+3FuFdift (v, x)-y == @;
yv50l{x)} = dsolve{ode)
y5o0l{x) =
C2/(3%x) + C3*x"(1/2)
The Airy equation. 0
2 syms yix
§;§==1TEIL ode = diff(y,x,2) == w¥y;
y5o0l{x)} = dsolve(ode)

y50l{x) =
Cl*¥airy(@,x) + C2¥airv(2,x)



Solve Differential Equations in Matrix Form

Solve differential equations in matrix form by using dsolwve.

Consider this system of differential equations.
syms x(t) y(t)

£=I+Ev+l., A=[12; -11];
di ' B = [1; tl;
dy _ _ i ¥ o= [x; yls
i THy+e odes = diff(¥) == A*Y + B
The matrix form of the system is odes(t) =
- diff(x(t), t) == x(t) + 2%y(t) + 1
Lot 2 | diFF(y(t), t) == t - x(t) + y(t)
¥ -1 1] |¥ Li
Solve the matrix equation using dsolve. Simplify the solution by using the simplify function.
Let
[x50l(t), ySol({t)] = dsolwve(odes);
y — H*AZ [ ' E]ﬁﬂz H xSol(t) = simplify(xSol(t))
¥ -1 1 ! ySol(t) = simplify(ySol(t))

The system is now ¥ =AY + B.



Suppose we want to solve and plot the solution to the second order equation

y' () + 8y'(x) + 2y(x) = cos(x);  y(0) =0, y/(0) = L.

clear all
close all clear all
close all
egn2 ='D2y + 8*Dy + 2*y = cos(x)’;
inits2 = 'y(0)=0, Dy(0)=12"; eqn2 = 'D2y + 8*Dy + 2*y = cos(t)';
y=dsolve(eqn2,inits2,'x') inits2 = 'y(0)=0, Dy(0)=12";
y1 = simplify(y) y=dsolve(eqn2,inits2,'t")

y1 = simplify(y)

y1 = cos(x)/65 + (8*sin(x))/65 - exp(x*(14”7(1/2) - 4))/130 - exp(- ezplot(y, [-4.5 -3])
x*(147(1/2) + 4))/130 +

(192*147(1/2)*exp(x*(147(1/2) - 4)))/455 - (192*147(1/2)*exp(-

x*(147(1/2) + 4)))/455



Suppose we want to solve and plot solutions to the system of three ordinary differential

equations

o (t) = a(t) + 2y(t) — =(t)
y'(t) ==(t) + =(t)
Z'(t) =4a(t) — 4y(t) + 5z(1)
clear all
close all

[X,y,z]=dsolve('Dx=x+2*y-z','Dy=x+z','Dz=4*x-4*y+5*7')

X = - (C3*exp(t))/2 - (C1*exp(2*t))/2 - (C2*exp(3*t))/4
y = (C3*exp(t))/2 + (C1*exp(2*t))/4 + (C2*exp(3*t))/4
z = C3*exp(t) + Cl*exp(2*t) + C2*exp(3*



Suppose we want to solve and plot solutions to the system of three ordinary differential
equations

2 (1) = a(t) + 2y() — =(2)
y'(t) = (t) + =(¢)
Z'(t) =4a(t) — 4y(t) + 5z(1)

clear all

close all

inits='x(0)=1,y(0)=2,z(0)=3";
[X,y,z]=dsolve('Dx=x+2*y-z','Dy=x+z','Dz=4*x-4*y+5*Z',inits)

t=linspace(0,.5,25);
xx=eval(vectorize(x));
yy=eval(vectorize(y));
zz=eval(vectorize(z));
plot(t, xx, t, yy, t, zz)



Symbolic Differential Equation Terms

Yy Y
dy Dy
dt

2
d Y *D2y
dt”
d"y

*Dny

dt”



2
(iltzy o o) zi/ Fb,y = Asin at

y(0)=C, andy'(0)=C,

b,

y = dsolve(‘b2*D2y+b1*D1y+b0*y=A*sin(a*t)
'y(0)=CY’, ‘Dy(0)=C2’)

ezplot(y, [t1 t2])



21’ -2y =12 y(0) =10

y = dsolve('Dy + 2*y = 12', 'y(0)=10')

>>y =6+4%exp(-2*t)
>> ezplot(y, [0 3])
>> axis([0 3 0 10])






2
Ay , 3, 5>y _ 24

dt” dt
y(0) =10 y*(0) =0
>>y = dsolve('D2y + 3*Dy + 2*y = 24', 'y(0)=10', 'Dy(0)=0')

oy -
e12+2*exp(-2*t)-4*exp(-t)

«>> ezplot(y, [0 6])






Solution of Example 11-2 based on dsolve and ezplot.

%+2y=12sin4t y(0) =10

y = dsolve('Dy + 2*y = 12*sin(4*t)', 'y(0)=10")
ezplot(y, [0 8])
axis([0 8 -3 10])

y = -12/5%cos(4*t)+6/5*sin(4*t)+62/5*exp(-2*t) : /\ /\ /\ /\ _
D
MVAVAVAVAY
1' 2 3 F 5 B 7 8
t

51



y:

2
d “:+2d—y+5y =20
dt dt

y(0)=0 »'(0)=10

y = dsolve('D2y + 2*Dy + 5*y = 20/,
'y(0) = 0', 'Dy(0) = 10"
ezplot(y, [0 5])
4+ 3*exp(-t)*sin(2*t)-4*exp(-t)*cos(2*t)

Solution of Example 11-4 based on dsolve and ezplot.

52



Nonlinear Differential Equation with Initial Condition

Solve this nonlinear differential equation with an initial condition. The equation has muliple solutions.

dy )1
Lﬂ+y

W0} = 0.

syms y(t)

ode = (diff(y,t)+y)*2 == 1;
cond =y(0) == 0;

ySol(t) = dsolve(ode,cond)

ezplot(ySol, [0 6])



Second-Order ODE with Initial Conditions

Solve this second-order differential equation with two initial conditions.

3}- _ Define the equation and conditions. The second initial condition involves the first
7 = cos(2x) — v, derivative of y. Represent the derivative by creating the symbolic function Dy = diff(y)
dx : " :
and then define the condition using Dy(0)==0.
vy =1,
y(0) = 0. syms y(x)

Dy = diff(y);

1- @8 sin(x/2)*/3
T

ode = diff(y,x,2) == cos(2*x)-y;

condl =y(0) == 1;

cond2 = Dy(0) == 0;

Solve ode for y. Simplify the solution using the

-simplify function.

conds = [condl1 cond2];
ySol(x) = dsolve(ode,conds);
ySol = simplify(ySol)
ezplot(ySol, [0 6])

ySol(x) =

1 - (8*sin(x/2)"4)/3
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