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Last Lecture

 Matrix Calculator Continued...

* Linear Equations
* Symbolic Math Toolbox

e Control Structures
1. Conditions
2. Loops
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Content

* Loops Continued...
* Examples

* Notes:
1. Debugging
2. Performance
3. Numerical Tolerance

* Figures
* 2D plot
* Functions
* Examples, Beams and Trusses :
* 3D plot
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Endless Loops!

counter = 1;

while true

disp (counter)

counter = counter + 1;
1f counter > 3

—— break

end

end

18/11/2025 CAD




Nested Loops

for x = 1:3

x: 3 iterations

—
. —for y = 4:5 y: 2 iterations
9 | o
3| £ disp ([x vyI1)

end
~ end

3x2 =6 iterations

When working with nested loops, the outer loop changes only after the inner loop is completely done

25/11/2025 CAD



Ends

e if/end : same number
e for, while / end : same number

o (142x(3+4)) = (1+2x(3+4))

Not (1+2x(3+4))

A bracket will always close the last opened one
Same for if/for/while & end

25/11/2025 CAD



Nested Loops

Nested loops Unnested loops
~ for x = 1:3 ~~ for x = 1:3
~for y = 4:5 (~ for yv = 4:5
disp([x vI) disp([x y])
_ end “_ end
- end o end
Allowed Allowed as nested

Whitespace is ignhored

25/11/2025 CAD



Loops Comparison

e for

*while

25/11/2025 CAD



For Syntax

for counter = start:step:end
code

end

* Using counter (different value for each iteration)
* Predefined number of steps, will not change

25/11/2025 CAD



While Syntax

codel
while condition
code?
end
* No counter

* Undefined number of steps, could be 0
. codel : Needs to satisfy condition to getinto the loop
- code2 : Needs to break condition to get out of the loop

25/11/2025 CAD
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Prime Numbers Example

To find all prime numbers less than or equal to integer n (Eratosthenes' method)

Create a list of consecutive integers from 2ton: (2, 3, ..., n).
Initially, let p equal 2, the first prime number.
Strike from the list all multiples of p less than orequalton. (2p, 3p, etc.)

L bh -

Find the first number remaining on the list after p (this number is the next
prime); replace p with this number.

O

Repeat steps 3 and 4 until p? is greater than n.

S

All the remaining numbers in the list are prime.
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Numerical Integration

* Calculate area under function y=sin (x) intherange [0 /2]

xl = 0; x2 = pi/2;

range X2 - x1;

strips = 10;

dx = range/strips;

x = x1 : dx : x2; % 11 point
y = s1in(x);

A = 0;

for 1 = l:strips

dA = dx * 0.5*(y(1)+y(1+1));

A = A + dA;
end
disp (A)

25/11/2025

09—

0.5 —

02—

length (x)
length (y)

for i = 1l:strips
dA = dx * 0.5*(y(1)+y(i+l));

CAD 14



Symbolic Math Toolbox

Syms X

int (sin(x))

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

25/11/2025 CAD
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Other Examples

3 5 7
X X X . _ o
SHJ(X) X——+ _ + . function vy sin_ ex(X)
31 5 7 y = 0;
) ) for n = 0 : 10
Z =D’ P y =y + (-1)"n * x*(2*n+1) / factorial (2*n+l);
n= 0(27’l+1)' end
2 4 6
COS()C) l_x__|_x _)C 4+ function y = cos ex(x)
2v 4v 6! y = 0;
for n O : 10

y + (-1)"n * x*(2*n) / factorial (2*n);

%
Zn 0 (2]”!)' end

25/11/2025 CAD .



Other Examples
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Number of Steps

* Engineers can determine the required number of steps

* Accuracy
* Efficiency |
Max n sin (45°) o
1 0.704652651209168
2 0.707143045779360 e
3 0.707106469575178
4 0.707106782936867 o
5 0.707106781179619
6 0.707106781186568 o
7 0.707106781186547
8 0.707106781186547 o
9 0.707106781186547 | | | | |
10 0.707106781186547 " 2 3 : s s

25/11/2025 CAD



Other Examples

e FindMax
* Least Common Multiple LCM
e Greatest Common Divisor GCD

25/11/2025
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Download:

* https://damascusu

* https://cad.el.sy/

25/11/2025

Agtaall Aunnig ) A6 / e Aasla

2026-2025 / I3 deaill / sl 2 goos prena ol pualane

Files:

= Presentation
= PDF
= MATLAB:
= scriptd lecl
= script? lecl
= scriptd lecl
= cosinerule lecl

= matrices lecl.

Files:

= Presentation

= PDF

= MATLAB:
n examples lec?
m linear eq lec?
= root ex
= root lec?
= ehill ex

= Joops lec?

BN T psell 2025/11/11 & 14858 puslaal

dS¥ g il 2025/11/18 : 28 58 ustacl


https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://damascusuniversity.edu.sy/civil/?lang=1&set=3&id=366
https://cad.el.sy/
https://cad.el.sy/

Important Notes

* Clear your command window clc
* check for missed or redundant end ,[\

« Select all code (Ctrl+A) and indent (Ctrl+1) to _\h
* Debug using break points and F5, F10, F11 /
 Save .m files and .mat workspace

1]  function tariff = ebill ex(kwh)

2 % Calculate electricity bill

if kwh < 1
4 tariff = @;
5 elseif kwh <= 600
6 tariff = kwh * 2;
7 elseif kwh <= 1000
8 tariff = 600 * 2 + (kwh - 600) * 6 ;

95/11/2025 9 elseif kwh <= 1500
10 tariff = 600 * 2 + 400 * 6 + (kwh - 1000) * 20;



Performance

* Write scriptto checkifapoint P (x, vy) Isinside acircle:
centrec(x., y.)= (0, 0) andradiusr = 1

function isinside = inside(x, V) function isinside = 1inside(x, V)
xc = 0; yc = 05 xc = 0; yc = 0;
r = 1; r = 1;
dist = sqgrt((x-xc)”2 + (y-yc)"2); dist?2 = (x—-xc)”™2 + (y-yc)™2;
1f dist <= r 1if dist?2 <= r"?2
isinside = true; isinside = true;
else °* sgqrtvs "2
isinside = false false;

* Multiple points with the same circle

end

25/11/2025 CAD 23



Numerical Tolerance

>> 1nside (1, 0)
ans =

1
>> 1nside (0, 1)
ans =

1
>>

25/11/2025

CAD
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Numerical Tolerance

>> inside (27.5/2,2".5/2)
ans =
1
>> 1ns1de (0.707106781186548,
ans =
0
> >

25/11/2025 CAD

0.7071067811865483)

Fr 27002
ans =

0.707106781186548

25



function 1sinside =

XC =
r2 =
dist

Change inside

inside (x,
0;
1;

vc = 0;

2 (x—-xc) ™2 + (y-yc)™2;

1f dist?2 <= r2

else

end

isinside = true;

isinside = false;

25/11/2025

Y)

function 1sinside =

inside (x,

xc = 0; yc = 0;

r2 = 1;

dist2 = (x—-xc)"2 + (y-yc)"2;

if dist2 <= (r2 + 1lE-6)
1sinside = true;

else
1sinside = false;

end

CAD
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Numerical Tolerance

>> inside (2~.5/2,27~.5/2)
ans =
1
>> 1ns1de (0.707106781186548,
ans =
1
>>

25/11/2025 CAD

0.7071067811865483)
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Numerical Precision

e sin (0)
*sin (p1)

*sin (2 * p1i)

25/11/2025

»>> 31n(0)

ans =

0

>» sSin(pi)

ans =

1.2246467559147353e-16

»» 31n(2%p1)

ans =

-2.44525935582594706e-16

CAD
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Numerical Precision

e Parallel lines
* Line slope N
* |[ntersection

e | unar calendar

25/11/2025 CAD
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Figures

[+ Figure Ho. 1
File Edt 'Window Help

I [=] EX

Feaks Function - (CONTOURF & COLORBAR) sine Function - (FLOT3) L-shaped Membrane - (AATERFALL)
a0

= (@ |
20

< @700)) I
5

10 20 30

Feaks Function - (CONTOURS)

L-shaped Membrane - (SURF)

25/11/2025 CAD




4
x = [1 271; 38
v = [3 4]; 36k

34
plot (x, V) 2l
plot(x, y, '-*r'") 31/ 1.1

25/11/2025 CAD



Plot

* plot(X,Y)

« plot(X,Y,S)

b

T A B3 0 B Q

blue
green
red

cyan
magenta
yellow
black
white

25/11/2025

plots vector Y versus vector X.

where S is a character string:

point - solid
circle : dotted
x-mark - . dashdot
plus -— dashed

* + X O

star (none) noline
square
diamond

S Qowm

triangle (down)
triangle (up)
triangle (left)
triangle (right)
pentagram

>

o T VA

hexagram

CAD
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Plot

x=1:10;
y=log (x) ;
plot(x,y, '*:'")

x=1:0.1:10;
y=log (x);

plot(x,y, '—-")

grid

axis equal

axis([1 10 0 2.5]) s x1 x2 vyl y2
axis ([l Inf O Inf])
daspect ([3 1 1]) % Data aspect ratio

25/11/2025 CAD
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Plot

x = 0:0.1:2*%pi; % length 63 5l / ik
y = sin(x); |

plot (x,vV)

plot (y) 1

o

% plots Y columns vs. 1ndex

x = 0:.01:2*p1i;

vyl = sin(x);

y2 = sin(2*x); 4 | | | | e | |
0 1 2 3 4 5 6 77

y3 = sin(4*x);

plot(x, vy1, 'r', x, y2 , 'b', x, y3, 'g'")
plot(x, yl, 'r', x, 2*yl , 'b', x, 4*yl, 'g')

25/11/2025 CAD 34



Plot

Sine waves

4 — : w I

e title('Sine waves') °
* xlabel ('Theta')
* ylabel ('Sine’)
e clf

* hold on

* hold off

Sine

Theta

25/11/2025 CAD



Plot

x=0:0.1:2*p1i;
plot(x, sin(x))
hold on

plot (x, cos(x))
hold off

25/11/2025

CAD
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Plot

Typical example of multiple plots
I I

x = 0:p1/100:2*pi;

vl = 2*¥cos(x);

y2 = COSs(X);

y3 = 0.5*cos (x);
plot(x,yl,'--b',x,v2,'-g',x,y3,"':r")

Cosine functions

% Use LaTeX
xlabel ('0 \leg x \leg 2\pi'")
vlabel ('Cosine functions')

title('Typical example’)

text (pi/2, 0, 'Intersection')

25/11/2025 CAD 37



Logarithmic Scale

x=0:0.1:10;

yv=10."x;

plot (x,Vv), grid on
semilogx (x,V), grid on
semilogy (x,Vy), grid on
loglog(x,vVv), grid on

10° 100 10"

25/11/2025 CAD 38



Fplot

fplot (@sin)
fplot (@sin,
fplot (@ (x)
fplot (@ (x)
fzero (Q (x)
ans =

2.4305

25/11/2025

X."2 + 5.*x + 6,[-6.5 1.5])

[0 p1])
8 — 4.5 *
8 - 4.5 *

(x—-sin(x)))

(x-s1in(x)),

0)

CAD
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Example 1

* Engineers can determine the required number of steps

* Accuracy
* Efficiency |
Max n sin (45°) o
1 0.704652651209168
2 0.707143045779360 e
3 0.707106469575178
4 0.707106782936867 o
5 0.707106781179619
6 0.707106781186568 o
7 0.707106781186547
8 0.707106781186547 o
9 0.707106781186547 | | | | |
10 0.707106781186547 " 2 3 : s s

25/11/2025 CAD



Number of Steps

theta = deg2rad (45);

x = 1:10;
y = zeros(size(x));
for n = x
y(n) = sin ex(theta, n);
end
disp([x; yl');

plot(x, vy, "*=")

function result = sin ex(theta, maxn)
result = 0;
for n = 0 : maxn
result = result + (-1)"n * theta
end
end

25/11/2025

M (2*n+1)

0.7075

0.707

0.7065

0.706

0.7055

0.705

CAD

= W O J o Ul x WDN B

*

O OO O o oo oo

Ed

O O OO OO o oo o o

*
*
*
*

.704652651209168
.707143045779360
.707106469575178
.707106782936867
.707106781179619
.707106781186568
.707106781186547
.707106781186547
.707106781186547
.707106781186547

/ factorial (2*n+1);

s

9]

6 7 8 9

41
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Example 2

:uJ—’:I-‘\
ng.J‘°'Hé.}5L‘5\'°“Q“L)‘~d"M“’"u-‘.”“‘()“u‘-dv'.)"-'-‘:“°"u-!.‘""L')“LJ‘.J‘M""u-],”'\()ntw.d")--s}‘--g_,l!\()a
U"J-"’“

function tariff = ebill ex (kwh)

if kwh < 1 Compare to
tariff = 0; fixed rate of 25
elseif kwh <= 600 per kwh!

tariff = kwh * 2;
elseif kwh <= 1000
tariff = (kwh - 600) * 6 + 600 * 2;
elseif kwh <= 1500
tariff = (kwh - 1000) * 20 + 600 * 2 + 400 * o6;
elseif kwh <= 2500
tariff = (kwh - 1500) * 90 + 600 * 2 + 400 * 6 + 500 * 20;
else
tariff = (kwh - 2500) * 150 + 600 * 2 + 400 * 6 + 500 * 20 + 1000 * 90;
end

25/11/2025 CAD
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Tariff

468 = 10"

x = 1:2600;

4678 — =
y = zeros(size(x));

4676 - -

4674 — _
for kws = x

4672 - -

y(kws) = ebill ex(kws); i |

end

4.668 — -

4.666 -
plot(x, ) 464 - -

4662 - -
y2 = 25 * x; 466 | | | | |

1866 1866.5 1867 1867.5 1868 1868.5 1869

hold on
plot (x, y2)
axis ([1866 1869 46600 46800])

25/11/2025 CAD 43



Example 3

L = input('Length L="); % e.g. 10

w = input('w="); 5 e.g. 1 ?

x = 0:0.1:L; '

VvV = —-W¥X; Z | | | R

m = W*X.*x/2; 547 ]

subplot (2,1,1); Ei | :

plot (x, v), grid o) 1‘ ; L i ; s ; ;9 |

ylabel ('Shear Force');

subplot (2,1,2); i_ | | | | | | | | ”/lf“ﬁyj

plot (x, m), grid a®r " }

ylabel ('B.M.D"); mi :
, I ‘ J ‘ l ‘ l ‘

25/11/2025 CAD 44



Example 4

v

m

input ('Length L="); % e.qg.

input ('w="); % e.g.

0:0.1:L;
w*L/2; % Support reaction
R-w*x;

“R.*x+w*x.*x/2;

subplot(2,1,1);

plot(x, v), grid

ylabel ('Shear Force');

subplot(2,1,2);

plot(x, m), grid

ylabel ("B.M.D") ;

25/11/2025
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Truss

x0 = 0; yO = 0; dx = 5; yl = 3; y2 = 4;

% node x vy

nodes = |

x0 + 0 * dx vO;

x0 + 1 * dx vO;

x0 + 1 * dx v1l; )

x0 + 2 * dx v0O; -

x0 + 2 * dx V2; 1 | | | | | |\’ | | | |
<0 + 3 * dx v0; 0 2 4 6 8 10 12 14 16 18 20
x0 + 3 * dx v1;

x0 + 4 * dx vO;

1

25/11/2025 CAD 46



Truss

clf

axis equal

4 —
hold on 3r
2 7)
) (3) )
1 -
0 4 th t2] 9) 1 (%)
for n = 1l:length(nodes) 1 ! | . | | | | . | !
0 2 4 6 8 10 12 14 16 18 20
% X = nodes(n, 1)

text (nodes(n, 1), nodes(n, 2), "["+numZ2str(n)+"]")
end

25/11/2025 CAD 47



Truss

elements = |
1 2;
3;

'_\

.
14

~e ~e

~
—
—_—

w
~—
—

Ne

syl
‘“

~

.

n
N
et
—

w
N

Ne

0 2 4 6 8 10 12 14 16 18 20

Ne

~e

.
14

N o o O bbb WD W N

3
4
4
5
5
7, 0 # {
6
7
7
8
8

[—
Ne
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Truss

for

end

el = l:length (elements)

nl = elements(el, 1);

n?2 = elements(el, 2);

plot ([nodes(nl, 1) nodes(n2, 1)], [nodes(nl,
x = (nodes(nl, 1) + nodes(n2, 1))/2;

y = (nodes(nl, 2) + nodes(n2, 2))/2;

text (x, vy, " ("+num2str(el)+")")

25/11/2025 CAD
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Truss

displacement = |
0 0O;

0.0012 -0.0079;
0.0040 -0.0073;
0.0023 -0.0090;
0.0024 -0.0073;
0.0036 -0.0085;
0.0007 -0.0077;
0.0048 0; 1;

25/11/2025 CAD 50



Deformed Truss

max scale =

100;

delay = 0.01;

for scale =

clf

l:max scale

axis equal

grid, hold on

coord =

for el
nl
n2

nodes + scale

.* displacement;

l:length (elements)

elements (el,

elements (el,

plot ([coord(nl, 1)

end

axis ([0 21 -2 y2])

drawnow

pause (delay)

end

25/11/2025

1);
2);

coord(n2,

1,

[coord(nl, 2)

CAD
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3D Graphics

25/11/2025

CAD
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3D Graphics

sphere (25)

axis equal

25/11/2025 CAD 54



Plot3

t=.01:.01:20*p1i; :
x10°
x=cos (t) ; 25— -
y=sin (t) I T
2 ]
z=t."3; Nl il
1.5 —| oer _ e
0. l\ __75'_, t 08 06 0. 0.2 4; __U__Z‘_EEE\D." 06 //08\
plot3(x,v, z) 1 B
view(2) " = |
view (3) ‘—
0 -l T 1
. T
view (45, 0) 1 ] .
. | — , s
view (90, 0) ———————— = :
: o _ . 05 @ o o 02 '

view (0, 90)

25/11/2025 CAD



04—

Plot3 i \

02

il \ /
theta = linspace(0,2*pi,100);

x = 1*sin(theta);

y = 1l*cos (theta);

z = 1l*sin (2*theta);
plot3(x,vy,2z);

view (2)
axis equal
view (3)

25/11/2025



Plot3

clf
hold on
theta = linspace(0,2*pi,100); PEg—
for r = 0:0.1:1 B
X = r*sin(theta);
y = r*cos(theta);
z = r*sin (2*theta);
plot3(x,v,2);
end
view (2)
axis equal
view (3)

daspect ([1 1 3])

25/11/2025 CAD



3D Graphics

[x, y]l=meshgrid(-2:0.5:2);

-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000
-2.0000 -1.5000 -1.0000 -0.5000 0 0.5000 1.0000 1.5000 2.0000

25/11/2025 CAD
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3D Graphics

[x, y]l=meshgrid(-2:0.5:2);
y =

-2.0000 -2.0000 -2.0000 -2.0000
-1.5000 -1.5000 -1.5000 -1.5000
-1.0000 -1.0000 -1.0000 -1.0000
-0.5000 -0.5000 -0.5000 -0.5000
0 0 0 0
0.5000 0.5000 0.5000 0.5000
1.0000 1.0000 1.0000 1.0000
1.5000 1.5000 1.5000 1.5000
2.0000 2.0000 2.0000 2.0000

25/11/2025 CAD 59



3D Graphics

[x, y]l=meshgrid(-2:0.5:2);
z=exp (-x."2 - yv."2);

surf (x, y, z)

25/11/2025

CAD
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3D Graphics

[x, y]l=meshgrid(-2:0.1:2);

z=exp (-x."2 - yv."2);
surf (x, y, z)
contour(x, y, 2z)
meshc (x, vy, 2Z)

view (0, -45)

surf (x, vy, z, X)

surf (x, vy, z, V)

25/11/2025

CAD
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3D Truss

* Nodes [x v z]
* plot3

25/11/2025

CAD
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