EXTE ey

MATLAB ==Y

Computational Design Laboratory
Department of Automotive Engineering
Hanyang University, Seoul, Korea

£, Gomputational
:: - UI'D ﬁl'_l CDL Design
b7 mmus uuwmm Lab

Copvriaght © 2019 Computational Desian Lab. All rights reserved.




~CONTENTS A

« M-files

* Input-output

e Structured programming
 Passing functions to m-files
 (Case study

 Assignment

Copvriaght © 2019 Computational Desian Lab. All rights reserved.



SR

e M-files
v Script file
v Function file

v Subfunction

Copvriaght © 2019 Computational Desian Lab. All rights reserved.



SCRIPT FILE

==l
4\ MATLAB 7.9.0 (R2009b) T — — ] NeW m_flle = = —lol'IEI
File De\t_)ug Parallel  Desktop ﬂindorwp Scrlpt % X_II'AO'|<3EI' _?_ 91% HI_I
il Bl 9 ™| & B | @ | cwuserswseanwDocuments#MATLAB - []Li‘l I kl_ol AH A EI
0 How to Add (2] What's New | o oc oo
Workspace w0e x T Editor - C:#Userswsean¥Deskiop#samplewsamplewsamplel.m H[Oa x |
& o = % W | stack | P selectd.. ~ NMEE| fRR20 S 3E-AdAas i kl-8088%8E BB stk bae Jx EH[DEE’@?'X :
Name = Walue BB - |10 + | + |11 X | o o 0,
1 % Topology Optimization P . (@) =
2 func:inngrl,zhsamplel |:| @Ol m flle E x-|Io|-o|-E *.m
3 i ol X e | E
4 % Problem Settings | 'LLl- E x-I I-El ? XH I:IH =
= 0p, iy = : e nunber of elements in the horizontal axis A —
p—— ‘5‘ tap 120; % The nunber of &/enents in the b tal — : E_Igl-lo.”A-I 'iI'IElO-I(}?}l\t 7O=|E
— £ AT EAEOf S
File Edit Text Go Cell Tools Debug Deskiop Window Help o :
ETC v ooy |
OcH $aB20¢C| a3 -Mesr|R-EXBBE BB | suk(ea. || fx | MEhA HEE 29 IjE
= ' - o5 | i
= e 1.0 + | + 11 x|t wt | @ A o
T - 2ol 2EE H27F X
-+ o .
| SHOF script file & A3AIZ
I A o
498
|
<[] | I— o o —_
= | =2 script file 2 ME 2
I—I—
| -] : F5 9'2 O|_9_ |'0:| %Ii |9|
E M
B AIS0Z 0jSH A 2
| 27} script file O & &
ITEERE:
|
|
|
|
o= I
% |
" |
lx; script ln 1 :
: |
[ start| Ready I
|
|
|
|
|
4
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- ™
T Ca¥Userssean®DesktopWscriptdemo.m @M

M A|ZHO B2 HTE Fof
File Edit Text Go Cell Tools Debug Desktop Window Help ¥ C‘;I E_=|I'c')'|-E |:C|>|'A_l oz SCHpt%
NMEH| B9 - Aedr|bl-E0BRE BB |sadksa -] f & Z scriptdemo 2h=
B -l1o |+ 11 [x |20 otel 0|20z XAt
1 - g=898l:m=68.1:;t =12; cd = 0.25; = =
2 - y = sqrt(ﬂ*mfcd)*tanh(sqrt(g*cdr’m)*t3|

scriptdemo 2t M E

=2 9O S o
el 0|22 YUY FP
Angte =9

| script [ln 2 col 38 |OWR

F||e Edit Debug Deskiop Window Help

*» scriptdemo

m

50,6175

fe -

Q
3

|
|
|
|
i
y command windowO]|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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T CWUsersWseanWDesktopWfreefallm

Eile Edit Text Go Cell Tools Debug Deskiop Window Help N
NMElE| $RaBo0 | - Adea i kl-eX B BB BB | stack| e fx
BRE| -0 [+ | (11 x|« |O

1 function v = freefall{t,m,cd) =
2 % freefall: bungee velocity with second-order drag

3 % w=freefall(t,m,cd) computes the free—fall welocity

4 W of an object with second-order drag

) % input:

B #to=tine (s)

7 ¥ m = nass (ka)

g ¥ cd = second-order drag coefficient (kafm)

9 % output:

10 % v = downward velocity (m/s)

11

12 g =49.2581: % acceleration of gravity

13 - = sgrt{g+m/cd)+tanh{sgrt (a+cd/ml+t);

freefall

Ln 13 Col 39 |OWVR

- i -

Eile Edit Debug Deskiop Windggs;, Help

»» freefal I(12,68.1,0.25)

ans =

50,6175

fx

|

-~

m
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function outvar =
funcname(arglist)

outvar = value;

Folat A
st=2 ™O|st outvar/t &

O
+ L=o| 5% 0jgoz

Command window0{| A{
funcname(arglist) &
Stof Augk =




1

[ C¥UsersseanWDesktop#fresfall.m

Eile Edit Text Go Cell Tools Debug Deskiop Window Help N
MEHE| {$RBRa0C | S5 -Adeass | k-8 8B B8 | stk e fx
BLE| - 10 |+ | £(11 | x |48 |@
1 function v = freefall(t,m,cd) @
2 % freefall: bungee velocity with second-order drag
3 % v=freefall{t,m, cd) computes the free—fall welocity
4 kS of an object with second-order drag
5 % input:
B ¥t =time (g)
7 ¥m o= mass (ka)
a ¥ cd = second-order drag coefficient (kafm)
9 % output:
10 % v = downward velocity (nfs)
1
12 - 9 =9.81: % acceleration of gravity
13 - v = sqrti{g+m/cd)+tanhi{sqrt{g+cd/m)=t);
freefall Ln 13 Col 39 |OVR
File Edit Debug Deskiop Window Help k.
> help freefall -
freefall: bungee velocity with second-order drag

v=freefal | (t,m,cd) computes the free—fall velocity
of an object with second-order drag
input :
t = time (s)
m = mass (ka)
cd = second-order drag coefficient (ka/m)
output:
v = downward velocity (mfs)

Jx|

m

= = = = = =
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Command windowO]| help
freefall 2 2 42
script HO[M =M= €
HAUE LHE0| =3

FM NEle % 7|22 St
script #0Me= 2EMO =
HA[|E




e  — -

File Edit Debug Desktop Window Help m

>> freefal1{12,68.1,0.25)

ans = @

[THekA O H[2F Z0] t, m,
cd = v = Autot7| /sl
A AMEE & HTH2=E

|
|
|
|
|
|
|
|
|
|
i - MSEX] Bs
S>> | |
|
|
|
|
|
|
|
|OVR |
|
|
—as=] A |
YRS e
File Edit View Graphics Debug Desktop Window Help o :
u |
] i = % ) | stack| Base ~ || B select data to plot - |
|
[larme Walye Idin [yl :
FH ans 50.6175 50.61.. S0.61.. |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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T Ca¥UserstyseanDesktopi¥stats.m

File Edit Text Go Cell Tools

Debug Deskiop Window Help &

ﬂﬁﬂl%%ﬂ%qtﬂ

) - | ¢ @ wp £ [B] - &5 B R B BB | stack|Ba. - || fx

B -0 |+ +]11 |x |%‘3€:%9E|ﬂ,
1 function [mean, stdev] = stats(x) -
2 - n = lenathix];
B[ mean = sumix]/n;
4 - stdev = Sqrt(sum((x—mean).“2f(n—1)]']';|

| stats ln 4 col 38 |OWR

e =

File Edit Debug Desktop Window Help

>y =[8510126 7.5 4];
>> [m,s] = stats(y)

7.5000

2.8137

X 5. |

>

m

1

| OVR
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SUBFUNCTION

r B
T Ca¥Users¥seantDesktopifresfallsubfuncm E@ﬂ

S o0 I T} 3143
File Edit Text Go Cell Tools Debug Desktop Window Help B ol g4 '(')‘l_o:l N2 7|.h
- = | 1O o
NMElE| $RaBo0 | - Adea i kl-eX B BB BB | stack| e fx |
|
= r=2 — - o o
G 10 |+ | (11 | x || @ - = .
1 1 function v = freefallsubfunc(t,m,cd) = i _gil_EHt__g_rldF%_l (C),l-cgiol-O:I
2 - v = vel(t,m,cd); : |:|_I_7|' EL A= -'H'-Al
&< end |
4 function v = welit,m,cd) : m-flle %'% x‘l% Ic-:.lgl-c.>.-_|'
6 - v = sartig=n/cd)+tanh(sart(g+cd/mi«t]; : g 0522 NE
T - end :
|
vel &=
freefallsubfunc / vel In 7 Col 4 |OWR freefallsubfunc O|_I-O'" 9}'&%
b — —t o
staz OlAlE 4 818

FI|E‘ Edit Debug Desktup Wlndcl-w Help
»» freefallsubfunc(12,69.1,0.25)

ans =

50,9517

== vel(12,68.1, . 258)
Y Undefined function or method “wel® for input arguments of type "double’.

fx > |

. . . : 10
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* Input-output
v Input function

v' Fprint function

. . . : 11
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INPUT FUNCTION

r B
T CWUserstvseanDesktop¥fresfalli.m @M

st4=0f argumentsZt 910 =
File Edit Text Go (Cell Tools Debug Deskiop Window Help o EI-% |:C|>|-A_I OE argumentSE
NMEE BRI 0 | &7 - Aeai(kl-8%88EB BB | stak s ~| fix oy It
BB -0 [+ | +|11 |x |52 | @
1 function freefalli ™ = o=x x| &
2 % freefalli: interactive bungee velocity InpUt 2 ™= Ol o Ol-o:l 14
3 % freefalli interactive computation of the argumentsg 23 7ts
4 % free—fall welocity of an object
b % with second-order drag.| Ol 74O C OlEdHIO HAL
B - g =9.8; % acceleration of gravity oT HTcCc o T
7= | m = inoutCMass (kad: ) workspaceOf| M&E[X| =
g - cd = input('Drag coefficient (ka/m): "J;:
9- t = input Time (s): "1;
10 - disp("® )
1 - displ Velocity (nfs): )
12 - displsgrtig+n/od)+tanh{sgrtiascd/m)+t])

freefalli Ln 5 Col 39 |OWR

e

F||e Edit Debug Deskiop Window Help

»

== freefal i

Mass (kal: GB8.1

Drag coefficient (ka/m): 0,25
Time {s): 12

m

Yelocity (m/s):
B0.6175

fx_ >>| e

. . . : 12
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SR

e Structured programming
v' Algorithm
v If structure
v' Switch structure
v' For ... end structure
v' While structure

v Examples

. . . : 13
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ALGORITHM

Benefits to writing organized, well-structured code
v Shorter time to develop, test, and update

Three fundamental control structures
v' Seguence, selection and repetition
Flowchart
v Visual or graphical representation of an algorithm

Pseudocode

v' Code-like statements in place of the graphical symbols of the
flowchart

v’ Bridges the gap between flowcharts and computer code
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LOGICAL REPRESENTATION (1)

e Seguence

Instruction,

!

Instruction,

!

Instruction,

!

Instruction,

(a) Flowchart

Instruction;
Instruction,
Instructions
Instructiony

(b) Pseudocode

Condition
?

False A True

Selection (1)

Flowchart Pseudocode

IF condition THEN
Y True block
Block ENDIF

(a) Single-alternative structure (IF/THEN)

oncimon IF condition THEN
' True block
Y Y ELSE
False Block True Block False block
ENDIF

-

(b) Double-alternative structure (IF/THEN/ELSE)

Copvriaght © 2019 Computational Desian Lab. All rights reserved.
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LOGICAL REPRESENTATION (2)

* Sel eCtI O n (2) Flowchart Pseudocode

IF condition; THEN
Block;

ELSEIF condition,
Block,

ELSEIF condition;

False Condition, True Block, Engockg
?
: Blocky

ENDIF

(a) Multialternative structure (IF/THEN/ELSEIF)

SELECT CASE Test Expression
CASE Value;
Block;
CASE Value,
Block,

Value1 Va|ue2 Va|ue3 Else CASBE;OI(/;?(]UQ_;

Block, Block, Block, Block, CASt; ELSE
Blocky

| | | | END SELECT

(b) CASE structure (SELECT or SWITCH)

. . . : 16
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LOGICAL REPRESENTATION (3)

* Repetition

Flowchart Pseudocode Flowchart Pseudocode

True L i = start
i > finish g

Block, 00 ?/"”Step DOFOR i = start, finish, step
Block; False Block
IF condition EXIT ENDDO
Block,
Condition ENDDO
? Block
\ 1

. . . : 17
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IF STRUCTURE

if condition

statements

@ if 20| 2

condition: relational

-

e

T CUsersseanWDeskiopigraderm * i B N L

DE#

File Edit Text Go Cell Tools Debug Deskiop Window Help

k-]

NEH| ¥R 0|9 - Aeasf[kl-8:880E BB | stk s

fx

BB -l1o |+ s11 | x |85 0

function arader(grade)

% graderigrade):

% determines whether grade is passing
¥ input:

% grade = numerical wvalue of grade (0-100)
% output:

# displayed message
if arade »= GO

dispi passing grade’)
end

o0 -1 M O f L3 ) —
|

= w
I

=

|gr3der |Ln & Col 10 |

OVR

A conmansvincor e, |

File Edit Debug Desktop Window Help

>> grader(95.6)
passing grade

f:g >3

OVR

=

Copvriaght © 2019 Computational Desian Lab. All rights reserved.

operator £ 0| &35}0]

o ol
= Hd~

=

statements: condition O]

o |
A He M

'passing grade
=H5l= oA

1

a

18



CAE

RELATIONAL OPERATORS

=2| A4l operator = CF
=2 ®#0f Fe| &[0 U=

Relationship ¢

X == == Equal

unit ~=‘m’ ~= Not equal

a<o < Less than

s>t > Greater than

3.9<=a/3 <= Less than or equal to
r>=0 >= Greater than or equal to

. . . : 19
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LOGICAL CONDITIONS

l
~ (Not): Used to perform logical negation on an expression fxﬂjio'—l o
~expression #0 85

& (And): Used to perform a logical conjuction on two expressions
expression; & expression,

| (Or): Used to perform a logical disjunction on two expressions

expression; | expression,

T : true, F : false

m 7+ -
4 7T -
4 4 m T
m T T -
4 4 -

20
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LOGICAL CONDITIONS

=c| HAO| O S 2HOj| A
O|E 7| $30| El=X & %
I Ol (4| X
a=-1b=2 x=1 andy="b' o = OlA
|
|
|
|
|
a*b>0 &b==2& x>7 | ~(y>"'d") |
|
l 1 1 l 1 Substitute constants |
|
-1 *2>0 &2==2%& 1>7/| ~('b" >"'d") :
|
Evaluate mathematical :
expressions |
|
-2 >0 &2==2%& 1>7]| ~('b">"'da") |
Evaluate relational l
¥ expressions :
F & T & F oo ~F |
— :
T |
. Y |
Y |
F & F | Evaluate compound I
- expressions :
F I T i
T @ |
|
|
|
|
|
|
21
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IF... ELSE STRUCTURE

if condition @ if... elseif 22| = H
Statements
1 | 2 7H2] statements £ 0| &
else | Jbs
statements, |
[
end Oolgidl o 7I-O| l=l§§ orCt
H/"="— HA—I T = - L=
(- — St= O Al
& C:WUsersWseanWDesktumeysign.r_ I E@g I =
|
Eile Edit Text Go Cell Tools Debug Deskiop Window Help o :
MEHR $¥RaB90C 239 - Meas i Bl-EEEBER B S| stak|pa. fx :
BrE| - 10 |+ | F]11 [x[£E |0 |
1 function san = mysignix) iy :
z % mysign(x) returns 1 if % is areater than zero. b :
3 % -1 if » is less than or equal to zero I
s-|litwso | I
b - gan = 1; . 3 :
i — elze :
|- san = -1; |
g - end s | :
— = |
dcommand window gy Bt B Mewteen S TolSiss)
Eile Edit Debug Desktop Window Help o :
> mysign(—0.776) :
|
ans = N i
|
-1 i :
|
f{: e | :
|
OVR I

. . . . 22
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IF... ELSEIF STRUCTURE

If condition,
statements;

elseif

condition,
statements,

else

statements
end

else

T -
[ Ca¥UsersseanWDesktop#2013 CAE A 2%2nd week m-file¥mysign.m L‘:' =l éj
File Edit Text Go Cell Tools Debug Desktop Window Help k]
DEH| B2 ¢ SD-Aasf|kl-EXR >
BoE| -j1o |+ | 2|11 | x || O,

1 function san = mysign{x) =
2 % mysign(x) returns 1 if % is areater than zera,
3 % =1 if ® is less than or equal to zero
4 % 0 if % is equal to zero,
5= ifw>0
B - gan = 1;
T|= elseif = < 0
8- sgn = -1;
g|= else
n - san = 0;
1 - and
mysign Ln g Col 5 OVR

4\ Comrmand Window

File

Edit Debug Deskiop Window Help

> mysign(0)

Copvriaght © 2019 Computational Desian Lab. All rights reserved.

if.. elseif 22| &

U2 ol F=E T
St= O x|

2/0] 0 & B% F=7f ot
0 2 return

23



SWITCH STRUCTURE

switch
testexpression
case value,
statements;
case value,
statements,

otherwise

statementsienwis

(S]
end

[ T C¥UsersWsean¥DeskiopWUntitled?.m L':' =] é,r
File Edit Text Go Cell Tools Debug Desktop Window Help k]
DEH B0 o2 Aas i Bl-Ex »
BBl -10 4+ | =17 x| @
= cle: clear all; =
2= grade = 'B';
= switch grade
4 - case 4
k- displ{ Excellent )

6 - case B
7 - digpl Good" )
8- case O
9 - disp('l‘dedincre')|
|| 10 - case ‘D
R disp( Whoops ")
12 - case 'F’

I 13 - disp( Would like fries with vour arder?’)
14 - otherwise

il 15 - displ 'Huh!")

16 - end
script Ln 9 Col 25 |OVR

4\ Command Window '

*

File  Edit
Good

fx > |

Debug

Desktop  Window  Help

switch 22| &8
testexpression = YO}

;_I_

case =

M
o 1

J..r.'.J.

2o Mg TRt

=219
=

t
@
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SWITCH STRUCTURE

nargin®| 2|0/= number of
arguments in 2| &Xt2 2

i . L L w 7 ~ = - L " 1z
C:WUserswseaniDesktopW¥freefallZm = - : HE| = HE0| 7H=E o|0|
File Edit Text Go Cell Tools Debug Desktop Window Help 3 :
- _— I [ A A
NMEH | $¥RR20 L9 - Mdeas | B-8088 8B BB | stack| e fx L U= H0 V=0
| > N -
Beal =l sl a2l @ | et A1rgt E85t= oA
1 function v = freefall2(t,m,cd) = I
2 # freefall2: bungee wvelocity with second-order draa :
3 % w=freefal 12(t,m,cd) computes the free-fall velocity :
4 % of an object with second-order drag. —1 -
5 ¥ input: 4\ Command Window @M
5 % t = time (g) File Edit Debug Desktop Window Help R
7 % m = mass [kg) > freefal [2(12,68.1,0,25)
g % cd = drage coefficient {default = 0,27 ka/n)
q % output: ans =
10 % v = downward velocity (m/fs) £0 6176
11 switch nargin
12 - cagse [ => freefal |2(12,68.1)
13 error 'Must enter time and mass’) |
14 - case | ans =
15 - errar( Must enter mass')
43,8747
16 — case 2
= cd = 0.27; | > treefall212)
18 - End‘ 777 Error using === freefall?2 at 15
19 — g =9.81; % accerleration of gravity Must enter mass
20 - v = sqrtig+m/cdl+tanh{sart{g+cd/mi«t];
| =» freefal 120)
freefall? Ln 18 col 4 OVR Y Error using ==> freefallZ at 13
I, e S — 5 Must enter time and mass
|fxv = |
OVR
;
25
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ERROR FUNCTION

-

= CUserswseanwDesktopWerrortest.m

File Edit Text Go Cell Tools Debug Desktop Window  Help &
”ﬂﬁﬂlﬁ%ﬁ%ﬂ("l ) - |04 @ wp f [ B] - 8% BB E BB | stack| Ba. - || fx
B -lto [+ | +]11 X|%9&%9E|ﬂ,
1 function f = errortest{x) =
2= if w==10, error{ zero value encountered' ), end
3 - f= 1
errortest Ln 3 Col 7 OWR

FI|E‘ Edit Debug Desktop Window Help

*» erraortest(10)

ans =

0. 1000

>» errortest(0)
7 Error using ==> errortest at 2

zero value encountered

m

=]
5
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error &= Sl 4=
UHEX| 2 2 =22
02 MM HEOF
AL o2 HAIX|E =2}
HAM T2 FLSH=
ShA
[ R

26



FOR STRUCTURE

for index = start:step:finish

statements
end
[ Ca¥Usersi¥seanWDesktopi¥factorm l = | E |-
File Edit Text Go Cell Tools Debug Desktop Window Help E
NMEHE| &R 272D- a2 |B-88B%E BB | stk ea fx
BE] -0 |+ ]| +11 |x
1 function fout = factaorin) -
2 % factor(n) :
K] W Computes the product of all the integers from | to n)|
4 - wo= 13
5|= for 1 = 1:n
6 - PRy
B|= end 1
8- fout = ®;
9 - end
_r-‘i Command Window l‘:' =l -E_hj‘_ l
L1 | Eile Edit Debug Desktop Window Help || (S
> factor(5) i
ans =
120 ;
»» factor(0) =
|
ans = I
| |
1 |
fx > ::

OVR

Copvriaght © 2019 Computational Desian Lab. All rights reserved.

for 22| =

22 () operator £ 0|23}
O:I |ndeX = 7=|I'|

factorial 2 A AtSH= Ol A|

!
@

Factorial

0l=1

11=1

21=1x2=2
31=1x2x3=6

A =1x2x3x4=24
51=1x2x3x4x5=120

27



WHILE STRUCTURE
while condition @ @Whlle 2o 2

statements

|

|

|

|

P B N I
! CaUsersWseanwDe. (s o= e S| 1 CawUsersiseanDe.. ] B b y

x 20| 85 F -3 ChR|2
File Edit Text Go Cell - File Edit Text Go Cell _ | A5 o A
OCH | & 32-#- »? DG H| & 32-#- »? |
Brg| - ||+ | £ || x £ *® Bog | - ||+ | || x |5 7
= w = 8 | = w = 20 o @COHdItIOﬂ%’IE ol:’Eﬁzlg
L RERmIL AN

2 - while x = 0 2 - while (1]

&= ¥ o= ®-3: @ = ¥ = x-h

4 — displx) 4 — disp(x)

HF - Leod 5|= if w0

b - break

!
4 command Window =] =) eS| = end

8- |lend [ 4 c d Window (roE (eS|
Fle Edt Debug Deskiop — 4\ Command Window
i L" || File Edit Debug Desktop =
W= 15 i
q 10
5 5 ]
o 0

. - - - 28
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CEXAMPLEl A

Problem Statement: In the absence of air resistance, the Cartesian @ FO =AUz mE B,
coordinates of a projectile launched with an initial velocity (v,) and x 2t SEHEy S

angle (8,) can be computed with | Ti&]iﬁ;o“ S plot & ot
| =
X =V, cos(6,)t |
|
y =V, sin(g,)t —0.5gt* i
where g = 9.81 m/s2. Develop a script to generate an animated i
plot of the projectile trajectory given that v, = 5 m/s and 6, = 45°. |
|
B Figure 1 B SR i
File Edit Wiew Insert Tools Desktop Window Help E :
ﬂ_ﬁilﬂé DS f\_—_\_@@@ﬂ-@; I:llE‘ DE :
0.8 i
|
07t :
I 06+ i
051 i
|
| 04r :
03} |
|
02} |
|
I 0.1 :
|
0 ; i
= = |
29
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- L
=1 Ci¥UsersWseanwDesktop¥Untitled12.m

.

File Edit Text Go Cell

=1 IEL Y EIESE

8 3 o o2 | @

Tools Debug

= |10 + [+ ] S

Desktop  Window Help
#h @ o)

Bl - & B R E B 88 | stack| Ba. Jx

~——

1 - Iu:lu:,u:lf,u:lear I
i

g = 9.81; thetal = 45+pi 180 b

= 9,81; = i ;owl = 5;
4
£ — t{1y =0; x =0; v =0;

]

7 - plot{x,v, o', 'MarkerFaceColor', b, "MarkerSize',8)
a

q - axis([0300.8])

10
1 - M{1) = getframe:
12

13 - dt = 1/128;

14

15 - for j = 210000

16 - tiid = tii=1)+dt;

17 - % = wlscos(thetal)+t(j);

15 - v = wlesin({thetal)+t (j)-0.5«g+t (j1"2;
19 - plat{x,v, 0", "‘MarkerFaceCalar™, 'b",
20 - axis([03 00.8])

2l - M(ji=getframe;

22 - if v <=0, break, end

23 - end

24

25| = pause

2b

27 - movie(M, 1]

"MarkerSize',B)

m

-

script

ln 1 Col 1 OVR
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clc: command window &
of 7| £[O/U= A= =
7|3} (clear command)

clf: X pop up ZOIJYAE
2 E plot &2 x7|3t
(clear figure)

clear: workspace Off XZ& ]

of l= Hass =7

AL AFESH=E BHeE M
A, Folg M2 HEHA A
DE ZtE &= radian THY 2
U= gjjofgt

Animation 2 AslisH7| ¢

Sl frame = NSt HH
Of
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i C:WUsersi':'ﬁeanwDesktDpiWnﬂt‘l-E'\dlz.m' * » — ‘ ﬁﬁ‘g
File Edit Text Go Cell Tools Debug Desktop Window Help &
Sl | B0 (S - deaq|k-EKERE BB |stack|sa. ~|| fx
Boa| -10 |+ | F11 |[x || O

= clo,clf,clear TD
5 o
Hl= g = 9.81; thetal = 45+pi/180: v0 = &;

4

5= 1) =0; »=0; v =0

B

7= plotix,v, o', "MarkerFaceColor', 'b", "MarkerSize . 8)

8

9 - axis([03 00.8])

]

1 - Mi1) = getframe:

12

13 - dt = 1/128;

14 E
15 — for j = Z:10000

16 - t(i) = t{i-1]+dt;

17 - % = wlscos(thetal)+t(j);

15 - v = wlesin({thetal)+t (j)-0.5«g+t (j1"2; @

19 - plotix,v, o', ‘MarkerFaceColor', 'b", "Markerize ,8)

20 - axis([03 00.8])

2l - M(ji=getframe;

22 - if v <=0, break, end

23 - end

24

25| = pause y

26

2| = movie(H, 10 | 13 M

scripk Ln 1 Col 1 OWR
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f(x)=ax’+bx+c

‘- —b++/b*—4ac

2a

[ CWUsersWseanWDesktopWguadroots.m = [E] -
File Edit Text Go Cell Tools Debug Desktop Window Help a
TNMEBR *¥BaR90 o3 -Mdeasg o Pl-eEERE B S| stack| e Jx
BLE| -0 |+ | |11 |x || @
1 function quadroots(a.b,c) O
2 % quadroots: roots of gquadratic equation
3 % quadroots {a,b,c): real and complex roots
4 % of quadratic equation
b % input:
6 % & = second-order coefficient
7 % b = first-arder coefficient
i a % a = zero—order coefficient
9 # output:
10 % rl1 = real part of first root
11 # i1 = imaginary part of first root
12 % r2 = real part of second roof
il 13 # 02 = imaginary part of second root
14 - ifa==
15 ¥special cases
i 16 - else
17 %quadratic formula
| 18 - end
|
l quadrocts Ln 18 Col 4 OWR
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coding g2 7| 2HCo =
top-down design HAIC 2

X|SH
- O
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oz M o
0%
_]\l
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el
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m|o

3.4+ a0
SO0l B2 =2| X E
special case 2 quadratic
formula £ ¢

no
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[ Untitiedz® E=REEET)
Ct= 82 ME structure
File Edit Text Go Cell Teools Debug Deskiop Window Help N % bl IZOI
Nod sRmB9 0| o2 dea i (B-ELBBRE BB stxe. | |
BoB| - 10 |+ | +11 | x|t @ |
1 %special cases = :
? ifb~=0 f(x)=bx+c |
3 %single root :
4 ri = —c/b I
|
5 else f (x) =C I
B trivial solution :
|
7 displ Trivial solution. Try again’) :
8 end I
: |
o
# Untitled3* =] 5 ] |
File Edit Text Go Cell Tools Debug Desktop Window Help o :
. - |
NEcd £SRaB@9 ¢ a2 - e kl-88E8EB BB stk s Ix |
|
BB - 10+ | 11 x| | @ |
1 Saquadratic formula = I
2 d = b 2-deasc; |
3 ifd==a0 :
4 %real roots \/27 I
| 5 (= b e sart(a) / (e, _ —0EVD —4ac |
B re = (-b - sart(d)) / (2+a) 2a :
7 else :
8 Wcomplex roots —b I
3 rl = -b/(2+a) Xe =—"— |
10 i1 = sart(abs(d))/(2+a) 2a |
11 rg = rl 2 I
= —
12 i2 = -il Xim Vb 4ac :
13 end :
|
script In 11 col 12 |OowR _of| |
h |

. . . : 33
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[ C:UsersiseaniDesktopwquadroots.m br.‘h Command Wind__ L= =l &1
File Edit Text Go (Cell Tools Debug Desktop Window Help File Edit Debug B
TNEH|$RR9 0 (L3 Aahf|kl-888%E BB | stk
T - o »» quadroots(l,1,1)
B ba 10 |+ | =11 | x |«# |0,
1 function guadroots{a,b.c)
z % quadroots: roots of quadratic equation rl =
3 % quadroots fa,b,c): real and conples roots
4 of guadratic eguation -0. 5000
5 % input:
B % a = second-order coefficient
7 % b= {irst-order coefficient Ly
| ] % & = zero-order coefficient i =
k| ¥ output:
10 % rl = real part of first root 0. 8660
I # 11 = imaginary part of first root
12 % r2 = real part of second root
i 13 % 02 = imaginary part of second root ro o=
4 - if a==
| 15 #special cases
Il 15 - ifb-~=0 ~0.5000
17 #sinale root
I 18 - rl = -c/b
I 18] else o=
| 20 ¥trivial solution
21 - disp{ Trivial solution. Try again’)
. end -0, 8660
I 23 — else
| 24 ¥auadratic formula »> quadroots(1,5,1)
s | = d = b*2-draxc;
26 — itfd==n0 /o=
21 ¥real roots
- rl = (-b + sart(d)) / (2«a)
29 - r2 = (-h - sart(d)) / (2+a) -0. 2087
- else
K ¥complex roots
B|= r1 = -b/(2+a) ro =
- i1 = sgrt{abs(d))/ (2+a)
M- re = rl
% - 2= i -4.7313
36 - end
&= and fx e
quadroots Ln 30 Col OVR
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SR

 Passing functions to m-files

v Anonymous functions
v" Function functions
v Example

v' Passing parameters

. . . : 35
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ANONYMOUS FUNCTIONS

r.d‘i. Command Window l '] Elﬂlﬂ @ 7|§% O|-g-'6}04 |7_|'E|_|"('5|-
Eile Edit Debug Desktop Window Help ] 7'” ‘c'él-_)l\_% xlxg% _JIK_ %I\El'
= f1 = Blay) 22 + v"2; - |
> f1(3,4) F : K| &= HEAl
ans = @ i ;
= i fhandle = @(arglist)
25 | i expression
rlh Command Window l . p=ip(Eh :
o S e | st o2z 2o
b = 2 | Y deE 0|85t S
> f2 = Biw) a=x"h; : Xl?é—l'éél- _Jlk_ 9}'\%
> 1203 @ | 1ol m 4= gte HEss
e | IR ECERE AT
|
|

36
r-Jh Command Window l . g = @in“ne D=|E(§o-|g| %"?_ @ 7|

o
§x & SstAE HAF J=
File Edit Debug Desktop Window Help ~ : -I === -Io |'o
¥ 1 = inlinel ™2+ 2", "w", v’ ); :
s> 11(2,4) |
|
ans = :
|
|
20 |
|
fx = :
|
|
|
I

. . . : 36
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FUNCTION FUNCTIONS

4\ Command Window ‘ 2 ["Z' (=] ﬂj
File Edit Debug Desktop Window Help o
=xovel = @0t .,
sqrit (9. 81«68, 1/0,28)+tanh{sqrt {9, 81«0, 26/68. 11+t );
=> fplotivel, [0 12])
OVR
rnFigurel ’ . -l':' ). 3 |

File Edit View Insert Tools Desktop Window Help

-

Ocdde M|RRODEML- S 0E oD
60
501

40t

30+

20

10}
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>

o
o
Ol
Ot
2

fplot: functio
Jdei=s A2|= g

fplot(func,lims)

func: fplot Off 2 E[= &
AL
T

lims: ¥ &|+= function 2|
argument limit

lims = [xmin,xmax]
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Problem statement: Develop an M-file function to determine the average of
a function over a range. lllustrate its use for the bungee jumper velocity
over the range fromt=0to 12 s:

v:‘/@tanh gt
Cc m

where g =9.81, m=68.1,and c = 0.25

[ C¥UsersWseanWDesktopWwUntitled4.m I. =" ﬁ
File Edit Text Go (Cell Tools Debug Desktop Window Help L
NMEHE| $RB2 0| S 32-Adag | B-4EEERE BB | stk pase Jx

BB| - 1o |+ | £]11 | x || O
1 - t linspaceld, 12);
£ - v = gart{9,81+68.1,/0,25)+tanhl{sqrt (9, 81+0,25/68, 1)+t ;

3 - mean(v)|

’ :

script Ln 3 Col 8 OVR
4\ Command Window [ =R ﬂ
File Edit Debug Deskiop Window Help o
ans =
36, 0370
f:{ o | L
OVR
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1RO ZORE A2
0|8310| WP HEE 75

= O A

7| 2XOo 2 L2t 20|
script & 7330 B2 F
ot 2= QUX|2t function
function ®2|E 0| &3}
UUFoz ACE THY

o=
A Ol
T AT
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r 5

fi >

File Edit Text Go Cell Tools Desktop  Window  Help k]
DdE| $fRaR9 0| o2 - e |kl -0 BRBE BB stak e -||fx
Bog| -0 [+ 511 | x [0
1 function fava = funcavala.b.n) u
2 # funcava: average function height
& % favs = funcawgia,b,n): computs average walue
4 % of function over a range
5 % input:
B b4 a = lower bound of ranae
7 b4 b = upper bound of ranae
a 4 n = number of intervals
9 ¥ output:
W10 % fava = average value of function
|1 - % = |inspace(a,b,n);
12 — y = func(ux);
13 - favg = meanivw);
14 - end
15
16 function f = func(t)
11w - f = 5qrt(9.81+68.1/0.25)«tanh(sqrt (9, 81+0,25/68. 1)+t ) ;
|- end
4\ Command Window =[5l
Eile Edit Debug Deskiop Window Help o
*» funcaws(D,12,60)
ans =

36, M7
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Subfunction 2 £ F45}0
ULL Ol HENZ script £

et oA

[t2FA| subfunction & CH2
22 g 3% 1 g
O CHot Brats & =
NS
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-
- C:wUsersWseanwDesktDpi‘ifuncavgz_

File Edit Text Go Cell Tools Debug Deskiop Window Help
NMEHE $BRBE9 0| 39 -deas | Bl -EEBEE BB | stack| Base fx
B | -10 |+ | +(11 | x || O
1 function favs = funcava2if,a.b,n) -
e # tuncava: average function heiaght b
3 % faws = funcavala.b.n): computs average value
4 % of function over a range
5 #oinput:
& 4 f = function to be evaluated
07 i a = lower bound of ranae
g % b = upper bound of range E
9 4 n = number of intervals
10 # output:
11 e faug = auprage walue of function
12 — # = linspacefa,b,n);
13 - y = flx);
14 - fava = mean(y); i
15 - enui -
funcavg2 Ln 15 Col 4 VR

|

=
4\ Command Window

File Edit Debug Desktop Window Help

== oyel = @0t). ..
sqrt(9,81+68.1/0. 25+t anh{saqrt (9. 81+0,26/68. 1)+t
== funcavg2(vel,0, 12,600

ans =

36. 0127

m
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PASSING PARAMETERS

L
—
= C:vlsersseanDesktop¥funcavg3.m = ﬂh1 : Ol'o:l =
|
File Edit Text Go Cell Tools Debug Deskiop Window Help k. |
—— — | =L 1aF 17 A o
NDSHE *R9 0|2 - hean B -8080E BB sud e - f i SRX|2F mi2t0| g =7} Hed
BpE - g el x| @ . 4%, OfH =5 CHA| E
1 function fava = funcawa3d(f,a.b,n,vararsin) u : 9"('5H0|: ° E %rﬂ_gl'0| %{9
2= || x = imsacete @ | oz njetoje +2
- v = flx,varargini:r): |
H ol =]
4= | Ltava = neanto): | varargin 302 Y= &
o A . = =
— = = 2 &= U script & A
uncavg n ol oV
. | Off A
|
|
; |
4\ Command Window E@ﬂ :
|
File Edit Debug Desktop Window Help ¥ :
== vel = @t,m,cd) sart(9.81+n/cd)+tanh(sart (3. 81 scd/mi+t); = :
>» funcavg3ivel ,0,12,60,63.1,0,25) |
|
|
ans = E I
|
|
36,0127 :
5 |
f-’i 2 | &7 :
:
|
|
|
|
|
|
|
|
|
I
41
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 (Case study

 Assignment
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jumper problem we posed at the beginning of this chapter. This involves obtaining a solu-
tion of

Background. In this section, we will use MATLAB to solve the free-falling bungee

dv Cy4

Recall that, given an initial condition for time and velocity, the problem involved iter-
atively solving the formula,
dv;

At
dt

Vi+1 = U; +

Now also remember that to attain good accuracy, we would employ small steps. Therefore,
we would probably want to apply the formula repeatedly to step out from our initial time

to attain the value at the final time. Consequently, an algorithm to solve the problem would
be based on a loop.

<Parameter Values>

time step =0.5s or 0.001s
Initial time =0's

final time =12 s

Initial velocity = 0 m/s
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20 kips/ft

3.9 Manning’s equation can be used to compute the velocity
of water in a rectangular open channel:

(_:( BH )
B n

B+2H
where U = velocity (m/s), S = channel slope, n = roughness
coefficient, B = width (m), and H = depth (m). The follow-
ing data are available for five channels:

Write an M-file that computes the velocity for each of these
channels. Enter these values into a matrix where each col-
umn represents a parameter and each row represents a chan-
nel. Have the M-file display the input data along with
the computed velocity in tabular form where velocity is the
fifth column. Include headings on the table to label the
columns.

310 A simply supported beam is loaded as shown in
Fig. P3.10. Using singularity functions, the displacement

along the beam can be expressed by the equation:

5 . DT % :
+75(x = 7)% + =x7 — 238.25x

By definition, the singularity function can be expressed as
follows:

when x > a

0 when x < a
Develop an M-file that creates a plot of displacement
(dashed line) versus distance along the beam, x. Note that
¢ = 0 at the left end of the beam.

3.11 The volume V of liquid in a hollow horizontal cylinder of
radius r and length L is related to the depth of the liquid & by

V=

5 L r—h
r<cos
5

) (r —h)v ]/‘/177/27

e

Develop an M-file to create a plot of volume versus depth.

Here are the first few lines:
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