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e M-files
v Script file
v Function file

v Subfunction
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SCRIPT FILE

4\ MATLAB 7.9.0 (R2009b)

Em@%% Stack @Se\ectd -

DEH| *aR2¢ |83

File Debug Parallel Desktop  Windoy

i BB o & B | @ | cwuserswseanwDocumentswWMATLAB ~|[®
How to Add ] What's New

Workspace w08 x T Editor - C:#UsersiseanwDesktopwsamplewsamplewsamplel.m H[Oa x

'Hﬁ‘f‘-ip'aﬁ@@@@ﬁ Stack| Base f’é

Name = value B - 1o (4| +(11 x|« 0
1 % Topology Optimization
2 function [1,v]=sanplel
8
4 % Problem Settinas
Bl= fop. Ny = IE_D; % The nL&ber of elenents in the horizontal axis
T Untitled " o B
File Edit Text Go Cell Tools Debug Desktop Window Help o
TNEcBR $RBo 0| o2 - deafkl-8KEEE B8 | stk sa Jx
Bid| -0 |+ | F(11 x| @
1 | =
« [ ]
Comnf
.
]
-
‘""f‘i script Ln 1
[ 4 start| Ready VR
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New m-file & 2&l5IH
script £ &A% 4 9l ol
XH0| Al K ME
Ol m-file & XMZESIH *m

oz MEELD XN 0fE
ol SFElojgle B2
= JEHO| HAIE[O /US
et M= B2 0=
HOM 28 E B27F X
Sl OF script file 2 AHMA|Z
A OlO
T AAO
=2 script file 2 H& =2
F5 7| 0| &350 2lA|7|
HXtse=2 OIE8 2738 &4
27} script file O] X &=
dE2EE HE

4



- ™
T C¥Userssean®DesktopWscriptdemo.m @M

M A|ZHo] B2 HTHE Fof
File Edit Text Go Cell Tools Debug Desktop Window Help N OI:I E—:||6|'E I:CI>I-A_I = Scrlpt
‘ﬂu§|u|ae%ra|q o-|-¢é-=;=;vlﬁr*ﬁalhvaﬁ@%@lﬁﬁlsw | S £ Zt4 F scriptdemo 2}
BB -10 |+ | F]11 [ x £ O L qglol o|l2o 2 AL
1= Jfa=09.8:m=681;t=12; cd = 0.25; = = o2 052 13
2 - y = sqrtl{g*m,fcd)*tanh(sqrt(9*::::Ifm)*t)|

command window O
scriptdemo 2t A A=l mf

(@] = O (@)

2 0|52 Yy 42 41t
o =<

= =4

| script [tn 2 Col 38 |OWR

F||e Edit Debug Deskiop Window Help

*x scriptdemo

m

_________________________________________@_______

50,6175

fe -

s!
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T CUsersWseanWDesktopWfreefallm

File Edit Text Go Cell

D5H B9 ™

Bg| -0 |+ | %12

Tools

Debug
@ = e
x | oot | @

Desktop  Window  Help

Bl - & kB RE BB | stk ea. fx

% freefall:

&

% input:
wto=tine ()
¥om o= mass (ka)

[ m B T B S o I = A

% output:

ra — O
|
w
1]

9.81;

o}
|

=
I}

function v = freefall(t,m,cd)
bungee velocity with second-order drag
% w=freefal lit,m,cd) comnputes the free—fall velocity

of an object with second-order drag

% cd = second-order drag coefficient (ka/m)

¥ ow o= downward velocity (mds)

% acceleration of gravity

sqrt{g+mfcd)+tanh(sgrt (g+cd/m)+t);

X

freefall

Ln 13 Col 39 |OVR

F||e Edit Debug

»» freefal I(12,68.1,0.25)

ans =

50,6175

fx

Desktop WlndyHelp

»

m
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function outvar =
funcname(arglist)

outvar = value;

> Lm0l s ojgoz
—",_‘—XHOHOF0|-_|_ m-file =
funcname S 2 N%t

Command window{| A
funcname(arglist) & =
Stof dutgtk =




-

[ CUserswseanWDesktop®fresfallm

File Edit Text Go (Cell Tools Debug Deskiop Window Help N
TMEHE| {$RBa 0 &9 -deas | Bl-4E5E88 8RB B8 | stk e fx
BLE| - (10 |+ | £(11 | x |48 | @
[ function v = freefall{t,m,cd) =
2 % freefall: bungee velocity with second-order drag
3 % w=freefal lit,m,cd) comnputes the free—fall velocity
4 & of an object with second-order drag
5 % input:
B ¥to=time (g)
7 ¥om o= mass (ka)
a % cd = second-order drag coefficient (ka/m)
g % output:
10 ¥ ow o= downward velocity (mds)
1
12 - g = 9.81: % acceleration of gravity
13 - v = sqri{g+m/cd)+tanh{sqrt{g+cd/m)+t);
freefall Ln 13 Col 39 |OVR
File Edit Debug Deskiop Window Help N
> help fresfall -
freefall: bungee velocity with second-order drag

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

fxl

m

= = = =
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Command window| help
freefall 2 st 4F
script M FMHO0Z2
HWE 80| &3

FM Xel= % 7|2 = St
script oA = XEMOZ
HAIE




File Edit Debug Desktop Window Help q
>> freefal1(12,68.1,0.25)

ans = @

Tf2Af o F 2t 20| t, m,
cd £ v & 7 Mep7| 9o}
A ASE 8 K52

=

|
|
|
|
|
|
|
|
|
0617 | N e
|
Jx > | |
:
|
|
|
|
| OVR |
|
|
|
s 1 b |
W
4\ Workspace &b . |
|
File Edit WView Graphics Debug Deskiop Window Help o l
. BEEL Y | Stack:| Base ||l_»',£':’ Select data to plot - I
|
[ame Valie kin (W :
[ ans 50.6175 5061 5061 l
|
|
|
|
|
|
|
|
|
|
|
|
|
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(= CH¥Users¥seantDesktopwstats.m E@g1 5 o o -
Yot 24ts Aldtstes &
File Edit Text Go (Cell Tools Debug Desktop  Window  Help o A O:HX'"
=
UBHIJE'%IE‘J(H - | e [B]-E kB BRE B |stack(sa. || fr |
- 10 |+ | # 11 x%gé%%ﬂ ! st
@ | - | : O g | 07| M outvar O| ot 77}
1 function [mean, stdev] = stats(x) I L] ol Ol A= FhL
2 - n = length(x); | O|'|_ O:IE'I 7H—| ""I—'—E - Ny
— - S A o
Bl mean = sum(x)/n; : H_'ll E-IE Xlxc;'OE!' %lE
4 — stdev = sqrt(sum((x—mean).“2f(n—1)));| |
|
|
|
|
|
|
|
|
|
| stats tn 4 cCol 38 |OWR I
|
|
|
- : p |
File Edit Debug Desktop Window Help & l
>y =[8510126 7.5 4]; it :
>> [m,s] = stats(y) |
|
|
m = |
|
|
7.5000 I
£ |
|
|
= |
s = |
|
2.8137 l
3 |
Jx 55 | - |
P |
CVR |
|
9
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SUBFUNCTION

i B
T Ca¥lUsersseantDeskiopifresfallsubfunc.m E@ﬂ

File Edit Text Go (Cell Tools Debug Deskiop Window Help N ol ;|-6—|_0:1 e 7|.h
H = 1O o
NSl $RB9 0 | o -Mea | kl-eX B RE BB | stk e fx |
b= = + | = oo | @D I e =
L o 2| | Ol I endE 0] 83t0f &
1 function v = freefal lsubfuncit,m,cd) LA T e T
2 - v = vellt.mcd); | _I_jl- = |_|' A= -'H'-Al
8|= end :
4 function v = vel(t,m,cd) : m-file %1% I_I% Io-|9_|-c'>l-_|_ -c‘é!.
5[ g = 9.81; LA =0 <}
5 | v = sart(gsn/cd)stanh(sart (gecd/n)+t); T O0lELzE MY
T - end :
|
vel gt=£ freefallsubfunc
freefallsubfunc / vel Ln 7 Col 4 |OWR Ol_l'O‘" %I\E _C"I;I'AE O| AlSh =2~
- HO
HA O

F||e Edit Debug Desktop WlﬂdDW Help
»» freefallsubfunc(12,69.1,0.25)

ans =

50,9517

== vel(12,68.1, . 25)
Y Undefined function or method “wel® for input arsuments of tvpe "double’.

fx > |

10
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S

* Input-output
v Input function

v' Fprint function

11
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INPUT FUNCTION

r y
T Ca¥UsersseanwDesktop¥freefallim E@ﬂ -
ok==0f arguments 7} Qi 0f
File Edit Text Go Cell Tools Debug Desktop  Window  Help & = El_g I:II-AI oz
o
B 9 fer a x
jlﬁn|?&%'ﬁ ClaBE-lAef|kl-88BRE BSE| st s -| & l argumentsi%}a—i 7|_%
Bl -l10 |+ ] 11 ><|%°*‘f3%9é|ﬂ, |
1 function freefalli B |
I A E re) INPS
2 % freefalli: interactive bungee velocity I InpUt OI- Ol%ol'o:l —I =
3 % freefalli interactive computation of the : arguments % O|=IE_-4| 7}%
4 % free—fall welocity of an object |
) |
5 % with second-order drag.|
I 4 O olgidHl o A=
B — g =49.81: % acceleration of gravity | Ol TE H /= I:IHTI—
7-| 0= input(Mass (ka): ) | workspace Of X ZHZ|X| Qf
8- cd = input( Drag coefficient (ka/mi:  "); I o
, A o [ -]
g - t = inputl Time (s): '); I
10—  disp( ) :
1= disp{ " Velocity (mfs):") I
2 - disp(sart {g+n/cd)+tanh{sqrt {g+cd/mi+t)) :
|
|
| freefalli [ln 5 col 39 |OWR l
L I
|
|
F||e Edit Debug Deskiop Window Help |
I
»= freefalli B !
Mass (ka): EB.1 :
Drag coefficient (ka/m): 0.25 I
Time (s): 12 :
E |
Yelocity (m/s): :
B0.6175 l
A |
Jx o> | m :
P I
b S I - U.R I
|
I
12
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FPRINT FUNCTION

fprint @ 4= command %t
Lot vivcor S L === R ;e =
File Edit Debug Desktop Window Help L :
>> fprintf( %5d %10.3f %5.5en", 100, 2+pi,pi) | CteFot format & 0|85t
100 G.283 3.14155+000 : %E_ﬂl'él.f ‘63)5!% E%I 7|.%
f& »> :
OVR |
|
|
|
Format Code Description |
|
%d Interger format i
- . gmu - I
%e Scientific format with lowercase e |
|
%E Scientific format with uppercase E |
|
%f Decimal format |
|
|
%(g The more compact of %e or %f |
|
Control Code Description |
. |
\n Start new line |
|
\t Tab i
|
|
|
13
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S

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

v Examples

14
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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)

« Sequence « Selection (1)

Flowchart Pseudocode

Condition
?

Instruction,

!

Instruction Instruction IF condition THEN
2 1
; Instruction, Y el
. Block
Instructiony
Instruction, Instructiony
; (a) Single-alternative structure (IF/THEN)
Instruction, /K
False - True
(a) Flowchart  (b) Pseudocode Condition e
Y True block
Y Y ELSE
False Block True Block False block
ENDIF

-

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

16
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LOGICAL REPRESENTATION (2)

* SeI eCtI O n (2) Flowchart Pseudocode

IF condition; THEN
Block;

ELSEIF condition,
Block,

ELSEIF condition,
Block,

ELSE
Blocky

ENDIF

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

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

CASE Values
Value, Value, Value, Else Block;

Block, Block, Blocks Block, CASEI ELSE
B OCk,;

I I I I END SELECT

(b) CASE structure (SELECT or SWITCH)

17
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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
Y 1

18
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IF STRUCTURE

if condition

statements
end

-

T C¥UsersseanDesktopgrader.m ® i B

File Edit Text Go Cell Tools Debug Desktop  Window  Help &

EBHI&%E‘J'{W ) - [ dh @ e £ [B]- £ 8 B R E RS | stk Ba.

-l10 |+ | £11 | x |«£8e O
=l | |

function grader(grade) |

¥

% agrader(arade):
¥ determines whether arade is passing
% input:
% grade = numerical value of grade (0-1007
# output:
% displayed message
if grade »= BO
disp( passing grade’)
end

o0 -1 M O f L3 ) —
|

o w
I

|grader |Ln ] Col 10 |CR

s ey ]

File Edit Debug Desktop Window Help

>> grader(95.6)
passing grade

fyg o

| OVR

= =
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if 22| =8

condition: relational

operator £ 0|38l =74
o olgq
= -d

statements: condition Of
oo Ze A

'passing grade’
=H5l= oA

19



CAE

RELATIONAL OPERATORS

=2| LS| operator = L}
=2 20 2| &[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

20
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LOGICAL CONDITIONS

~ (Not): Used to perform logical negation on an expression
~expression

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

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

x ly D&y Dy

m 1 4 -
4 7T -
- 4 T T
m T T -
o - -

P
<

21
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LOGICAL CONDITIONS

a=-1b=2 x=1 andy="b"

I
I
]
o

x>7 | ~(y>"'d")

l 1 Substitute constants

S i o

I
il
o
‘g

1>7l__(!bl>tdl)

*
Evaluate mathematical
expressions

2

0 &2==2%& 1>7 ]| ~('b">"'d")

Evaluate compound
expressions

>
1 l Y l expressions
F & T & F | ~F
;Y_J
T
N - 4
F & F | 1
T

1 B

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Evaluate relational l
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

22
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IF... ELSE STRUCTURE

if condition

statements
1 2 7§2| statements £ 0| &

else

statements,
end

H /= HA — L
F - - -t i

7] C:wUserswseanWDesktumeysign.r_ I E@ﬂ : O|- = O:”X-”
File Edit Text Go Cell Tools Debug Deskiop Window Help E :
— |
NEHE $RRB9 0 oD - Mdean | Bl-&E6800E BB | stack| s Jx |
|
BoE | - |10 |+ | +11 |x |50 |
1 function san = mysignix) | :
2 % mysiani=) returns 1 if % is areater than zero. I :
3 % -1 if ® is less than or equal to zero I
t-|litx>o0 [ !
5 - san = 1; | 3 :
6 — else |
P|= gan = -1; :
8- end i :
- [y )
$ command o [y - A=t - - I
File Edit Debug Desktop Window Help o :
|
== mysigni( -0, 776) I
|
|
ans = | :
|
_‘] i :
|
Jx > | :
|
OVR !

N ——— — —— ————
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IF... ELSEIF STRUCTURE

If condition,
statements;

elseif

condition,
statements,

else

statements
end

else

-
[ Ca¥UsersiwseanwDesktop¥2013 CAE & =%2nd week m-file#mysign.m

File

Edit Text Go Cell Tools Debug

DoHE | sRB20C SD-|Aeawf|kl-&88 >

Desktop Window Help k]

BB - 10 |+ | £]11 | x [«%4 0

1 function sgn = mysian(z]) =
2 % mysion(x) returns 1 if % is areater than zern.

3 % -1 if = is less than or equal to zero
4 % 0 if » is equal to zero.

B[= if w>0

B - sgn = 13

T|= elseif » <0

8- san = -1;

9 - elze

0 - sgn = 0; y
1" - end

mysign Ln @ Col 5 OWR

= | B S |

4\ Command Window E@g
File Edit Debug Deskitop Window Help o
> nysignid)
ang =
]
fx =
OVR
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if.. elseif 22| &

o 2{7 2| condition = ¥ =
7ts

Uzjgre Zto| HH S Bt
St= oAl

20/ 0 g B2 F=7} otd
0 = return

24



SWITCH STRUCTURE

@ switch 22| =
| testexpressmn S Q= Hho}
SWltCh [ A CwUsersWseanDesktopwUntitled7.m Elﬂlﬂ_hy : cas —_rl'—|—
. File Edit Text Go Cell Tools Debug Desktop Window Help E :
teStEXpl’eSSIOn NEH| B9 0|33 Aeasio|bl-88 » |
case value, BBl —lio +:a1 [x K20 Y2 4H S LESt=
U= cle: clear all; A |X|
Statementsl 2 — grade = 'B': :
3| - itch grad
case value, O o |
|
Statementsz 5 — disp( Excel lent ') :
6 - case B |
7 - disp( Good') I
8- case [ :
9 - disp('l‘dediocre')| I
|| 10— case [ :
R digp( Whoops ') I
. ~ o |
otherwise 12 caee F |
Bl 13 - disp{ Would like fries with vour order?’) |
14 - otherwise :
t t t il 15 - disp( Huh! ") I
|
e [ |
en d i script Ln g Col 25 |OWR i
|
|
r-d'l Command Window : ' E‘E‘gﬂ :
|
File Edit Debug Deskiop Window Help N |
|
Good I
fi > | |
OVR l

25
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SWITCH STRUCTURE

nargin 2| 2|0|= number
of arguments in o 2 Xt=

(= C¥Usersi¥seanwDeskiop®freefall2.m oY e . ' . = [[=] f | Olgq L A0 A= O
: pfreefall2 | | YEEE= Ho V2 9
File Edit Text Go Cell Tools Debug Desktop Window Help w : DI_C;"
NEE| $BRYC oD - Meni b -B0BRE BB |sue | & || |
. [ A A
Begl =g BIFFEE AT | YEE= W0l J=0f I}
| function v = freefal l2(t,n,cd) = : E|‘ ‘| 7E=|_1__'|'ﬁ}|[ %@i‘(‘)’l-% O:HX‘”
P % freefall2: bungee velocity with second-order drag I
3 % w=freefall2{t.m,cd] computes the free-fall velocity :
4 # of an object with second-order drag. —1 -
5 % input: 4\ Command Window L“:' Eéj
] 4 t =time (g) File Edit Debug Desktop Window Help §
7 % m = mass (ka) > treefal |2(12,68.1,0.25)
g ¥ cd = drage coefficient ({default = 0,27 ka/m)
q ¥ output: ans =
] % v = downward velocity (m/s) £0 6176
11— switch narsin
12 — case 0 => freefal |2(12,68.1)
13 error( Must enter time and mass’) |
14 — cagse | ans =
15 — error( Must enter mass')
43,8747
16 < case o
= cd = 0.27 | 5> treefall2(12)
18 — End| 777 Error using === freefall?2 at 15
19 < g =9.81; % accerleration of gravity Must enter mass
20 - v = sqrt(g+n/cd)+tanhisgrt (g=cd/mi+t);
| > freefal |2()
freefall2 Ln 18 col 4 OVR Y Error using ==> freefallZ at 13
l. e = 5 Must enter time and mass
| |
OVR
~ T
26

Cobnvriaht © 2016 Combputational Desian L ab. All riahts reserved



ERROR FUNCTION

-

= CUserswseanwDesktopierrortest.m

File Edit Text Go Cell Tools Debug Desk'top Window  Help &

ﬂﬁﬂlx%%‘?("l ) - | dh e £ [B]- &6 B R E BB |stack|Ba. - || fx
B -|to |+ | +]11 x|9é‘é%9é|ﬂ,

1 function f = errortestiz) =

B|= if «==10, error{ zero value encountered’ ), end

- L=k

errortest Ln 3 Col

FI|E' Edit Debug Desktop Window Help

*» errortest(10)

ans =

0. 1000

> arrortest(0)
% Error using ==> errortest at 2

zero value encountered

m

Q
5
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HEX | X2 4R 22 &
| EJEH%‘ SOl EEOF S
| 8% 0l AKX E =S5t
BN ZRIUS HEE Y
| A
| T
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
I
|
I
|
|
I
|
|
I
!
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FOR STRUCTURE

for index = start:step:finish @for =2 2 ¢
statements .
d L SE () operator 0| &5}
e | 0] index & 47
|
[ C:#Users¥seanWDesktopWfactor.m l —|ulEl &1 I
E:E' Edit  Text _\QD | Cell TQC'L‘-?'1 E)E.L}UQ Desktop  Window  Help k] factorlal 7:"A|'-6|' O:HX'”
S H| &$RBo (83D dMeas | kl-e880ER B S| sak e fx
BB -l10 + [ +l11  x [oFeH O |
1 function fout = factarin) o |
2 % factor(n) : :
3 k4 Computes the product of all the integers from | to n, :
4 - 2= 1; |
5|= for 1 = 1:n |
B - W= M| @ 1 : FaCtorlal
%= end | | —
8- fout = w; : O 1
9 - d |
en : 1| 1
_r«‘l. Command Window LI—M: =l )i :
T | 1 21=1x2=2
— File Edit Debug Desktop Window Help = I
x> factor(5) o : 3' 1)( 2X3 6
|
= |
ans : 4|_1X2X3X4 24
120 | |
| | 51=1x2x3x4x5=120
=x factar(d) 3 |
I |
ans = I :
| | |
1 | |
g |
fx > A |
— !
OVR

28
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WHILE STRUCTURE
while condition @ @while o &

statements

i e . —w(pl=l ] | C:W I == |
C.WUsersi'ﬁeanwDe...[ ﬂ E C.WUsersﬁ-seanwDe...l. éj zl-ol 8|=| E_I 3 |- | = I7:1I-
File Edit Text Go Cell . N File Edit Text Go Cell n N A 5= Ol A
NESH| % 32-k- » TS d| & 2-kl- i
S m - e ¥ condition & 12 g 4
T

2 - while » =0 2 - while (1)

&= ¥ o= W-3: @ &= ¥ = w-hs

4 — displx) 4 — dispix)

B - Lend k- if %<0

b - break

!
4\ Command Window L= =) eS| = end

-
_ _ ﬂ-‘i Command Window =/ E) s
File Edit Debug Desktop » N
i L" || File Edit Debug Desktop =
v = 15 i
a 10
5 5 iy
2 ]

|
|
|
|
5 |
|
|
|
. . |
_.% E% - + - ® %9% » -.E E% - + - » %EE ¥ @

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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~EXAMPLEI A

Problem Statement: In the absence of air resistance, the Cartesian @—’FW&' ZHAE ZEHS
x4 SEHTy E

coordinates of a projectile launched with an initial velocity (v,) and TS BT o .
angle (8,) can be computed with i T'aiﬁfon © Z plot = of
X =V, cos(g,)t | -
. |
y =V, sin(g,)t —0.5gt* |
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 " EET i
File Edit Wiew Insert Tools Desktop Window Help N :
ﬂjlﬂé h‘ *-»\-"E"F‘@@Jf'@: DE m O :
0.8 :
|
0.7+ |
|
I 06} :
|
0.5} |
|
' 04} :
03} :
|
0.2} :
|
I 0.1 :
|
0 ; i
|
- = !
30
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[ CUserswseanwDeskiopwUntitledizm ) W . ‘ _ﬁ‘ﬁ‘g clc: command window &
File Edit Text Go (Cell Tools Debug Deskiop Window Help & 0‘” :H'_7| Elo'li)lf Zj% _75_7'
NEH|$RBY 0 (L2 - MAeaf|B-80 80 BB | stk e |~ | 2} (clear command)

BE| - (10 [+ | +; % | ot ot | @ I
1 - In:ln:,n:lf,l:lear I = : clf: -C",__:|XH pop up ElO'I%I\E
2 g = 9.81; thetal = 45+pi/180; v0 = &; : E% plOt g-% $7|§|-
_ TE = A5+ : = | .
, 9 | (clear figure)
5|= ti1) =0:; w=0; vy =10 I I
6 | clear: workspace Of XZtE|
b= plotlx, v, ‘o', "MarkerFaceColor ', 'b", "Marker3ize . 8) : O-l (BAE L_/I\_%% _7F_7|§|-
8 I
9- |axisti0300.80) |
10
1 - M(1) = getframe; @ @gﬁoﬂ A|"g'-6|'E E‘JIK_% AI_-l
o ) 9, Folgt He ojsaofA
:i‘ dt = 1/128; | BE 2tz = radian Tt 2
15— [lfor j = 2:10000 | B =} ofj ot
16 - £ = tii-1)+dt; |
17 - % = wlecos{thetal)+t(j); I
18 - y = vOssin{thetalOl+t(j)-0.5+g+t(j]"2; Animation 2 Alsis}7| 2|
19 - plot(x,y, 0", MarkerFaceColor ™, 'b", "MarkerSize ,8) SHf o YASH= Had
20 - axis([0 3 0 0.8]) | ol frame & MEot= B3
21 — Miil=getframe; l O'I
22 — if v <=0, break, end I
23— Lend |
24 :
&h — pause I
% }
27— movie(W,1) T I
oo 7 :
script Ln 1 Col 1 OWVR !

31
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-

T

fx

T C:WUsersi':'ﬁeanwDesktDpi'r'Unt'ltredIZm' . » -
File Edit Text Go (Cell Tools Debug Deskiop Window Help
NSl $RaBo0 o2 - Aeas | Bl-EEERE B S8 | stack| e
BaA| -10 |+ | F11 | x || O

I= cle,clf,clear

z

8l= g = 9.81; thetal = 4&+pi/180: v0 = &;

4

5= t(1) =0; »=0; v = 0;

B

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

8

g - axis([03 00.8])

10

1" - M{1) = getirame;

12

18|= dt = 1/128:

14

15|= for j = 2:10000

16 - £ = tii-1)+dt;

17 - % = wlecos{thetal)+t(j);

18 - v = wlrsin{thetal)+t (j)-0.5«g+t (j)"2;

19 - plotix.v, o', ‘MarkerFaceColor','b", "MarkerSize .8)
20 - axis([03 00.8])

21 - M{il=get{rame;

22 - if v <=0, break, end

23 - end

24

&h — palSE

26

27 - movie(M, 1) @

-

m

-

script

Ln

1

Col 1

Pt
LT
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for #= 0|83l A E=
AMHE F7HA 71BN 5 E
Hy x o SEHTy 2
& A plot

Of

1 = animation & M4 M
7| &gt frame = Of
iteration OfCH X%t

| X| 2

0
35
o

|

-

2
—_
(on
)
D
Q
~

pause on 22 pause off
2 Xx® 7ts

-

movie(m,n,fps) HO| = ©
X ME=l frame m & n
CHR| ACt H 79| frame

TS B

41
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2 i NI Kol HXO
f(x)=ax®+bx+c coding 22 7|2Xo2
top-down design gfAlo 2
| X|SH
—b++/b* —4ac o
X= !
|
2a L IZRIUL 9RE ofY
| 233 M HEE input
| C¥UsersWseanWDeskiopWguadroots.m = et e : Eltl OUtpUt J__l|- |JCK>FE|E Q
File Edit Text Go Cell Tools Debug Desktop Window Help a : %—% ACISI,7—||'6|-O:I %'_T'_ El%%
NMEH $BaR9 0| oD -AMeas | Bl-E B RE B S | stk e Jx : —_r“é;'
BE| - 10 [+ | 11 x| @ l
1 function guadroots(a,h,c) F : 2. % OZHX'"E E—Ql —g—&l%
2 # quadroots: roots of gquadratic equation : Olg_-ohl_o:l 2X|' E',”é;“il% i_T.__
3 % quadroots fa,b,c): real and complex roots - script2 = |:|_0L|_i HF
4 % of quadratic equation l = pPlE oo S H
S = B0 &
R # input: I = =
B # & = second-order coefficient :
7 # b = first-order coefficient : Input: 7;”_15
| a8 % a = zero-order coefficient I Output: =2
| A ooutput: : P
10 % r1 = real part of first root :

11 % i1 = inaginary part of first root I 3. A+ a 0 Y A0 =
I12 £ r2 = real part of second root : _?_'ﬂ-[HOlEE _'-.I_—_El __I_L_Jl(_%
13 ¥ 02 = imagi t of d t | . .
b g alzz imaginary part of second roo : speC|aI case 9|_ quadratlc

ALOI

15 Hspecial cases : formula = Hd
| 16 - else :
17 #guadratic formula I
18- end i
| |
l |
quadrocts Ln 18 Col 4 OWR :
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-

T Untitled2*

File Edit Text Go Cell Tools Debug Desktop Window Help o
Nodd B9 0 |- dea i |[Bl-8480E BB | stk s fx
BB -0 |+ | )11 | x|«fE|@

1 %special cases a
2 ifb~=0

K] %sinale roof

4 ri = -c/b

5 else

G wtrivial solution

7 disp{ ' Trivial solution. Try again')

a enc_lj
7 Untitled3# I
File Edit Text Go Cell Tools Debug Desktop Window Help u
Nodd B9 0 |- dea i |[Bl-8480E BB | stk s fx
BB -10 [+ £11 x|« @

1 Wouadratic formula a
2 d = b E-d+as+c;

3 ifd=0

4 freal roots

g r1 = (-b + sgrtid)) / (2+a)

B ré = (-b - sqrtid)) / (2+a)

7 elze

a dcomplex roots

g r1 = -b/(2+a)

10 il = sart{abs(d))/(2=a)

11 r2 = rl

12 2 =-il

13 2nd

script Ln 11 Col 12 |OWVR .:[§
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Ct2 0FE2 ME structure
=2 Or|
= Lo
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[ C¥UsersiseaniDesktopwquadroots.m b 4\ Command Wind_. L= SR " .
— : OfxX|gte 2 A Gt script
File Edit Text Go Cell Tools Debug Desktop Window Help File  Edit DE'ng . = o 510
ST Y- LR YA -F-E LY E T E | maepsmwoerrs g & 20 |FHAM =el
:EEE f- 1tc +d +t1.(1 b x) &% o | @, o : AAS OFX| ™ structured
unction gquadroots(a,b.c .
2 % quadroots: roots of quadratic equation rl = : programmlng x_ll-% Ol JE:LII_Z-I-
3 k3 quadroots fa,b,c): real and conples roots |
4 of quadratic equation -0.5000 |
5 % input: :
B % a = second-order coefficient |
7 % b =f{irst-order coefficient Ly |
| ] % & = zero-order coefficient i = I
k| ¥ output: :
10 % rl = real part of first root 0. 8660 I
I % 01 = imaginary part of first root |
12 % r2 = real part of second root I
i 13 % 12 = imaginary part of second root ro o= :
14 - ifa== |
| 15 ¥special cases |
|l 15 - ifb~=0 -0.5000 :
17 #sinale root I
I 18 - rl = -c/b |
I 19 - else 2= :
| 20 ¥trivial solution |
21 - disp{ Trivial solution. Try again’) I
. ond -0, 8660 |
| 23 - else |
| 24 ¥auadratic formula »> quadroots(1,5, 1) :
s | = d = b*2-drasc; I
26 — itfd=>=0 Fl o= |
21 ¥real roots I
28 - P = (-b + sart(d)) / (2+a) :
29 - r2 = (-b - sart(d)) / (2+a) -0.2087 |
- else |
K ¥oonples roots I
&B|= r1 = -b/(2+a) re = :
33 - il = sqrt{abs(d))/(2+a) |
M- re = rl |
35_ i2=_i1 _4.'?913 I
36 - end :
& |= and fx e |
M |
— |
quadroots Ln 30 Col OVR |
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S

 Passing functions to m-files

v Anonymous functions
v" Function functions
v Example

v' Passing parameters
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ANONYMOUS FUNCTIONS

4\ Command Window

File Edit Debug Desktop Window Help
¥ofl = Bla.y) 22 + w2
> f103.4)
ans = @
25

. Command Window

File Edit Debug Desktop Window Help
»»oa = 4;
b = 2;
== 2 = @x) a*x™h;
> 2030 9
ans =
36

4. Command Window

ba —=

File Edit Debug Desktop Window Help
> f1 = inlinel w2+ 2", "w',v')
= f1(2,4)
ans =
P
fx o
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@ 7|25 0| &ot0] ZHEho}
A =& X8 = ALt

fhandle = @(arglist)
expression

O HrRoz
0_>'-_‘|>
A~

a
weolE
0jo oo 1

HoX

=1
P-4

_"E (]

o 0
>
i
>

bal
N
or

(o

ol B ox
>
>
T

|0
u
o
+

~
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FUNCTION FUNCTIONS

4\ Command Window ‘ 2 E=EERT fplOt: function 2 0|2535}0
File Edit Debug Desktop Window Help N degfjl=£ 2= 'c'él-_f_

== ovel = @(t), .,
sqrt(9,81+68.1/0,28)+tanh{sqrt (9. 81«0, 25/68. 1)+t );
== fplotivel, [0 12])

fplot(func,lims)

i

func: fplot Of Y HE|= &t
AL
T

lims: &= %= function Q|
argument limit

B Figure 1 . . -l':' (=D, S
File Edit Wiew Insert Tools Desktop Window Help k.

Odde M ARAOPDEL- S| 0EE X

lims = [xmin,xmax]

60

50t

401

30r

20F

10}
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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
C m

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

[ C¥UsersWseanWDesktopWUntitled4.m I. = -EI_?-J
Eile Edit Text Go Cell Tools Debug Deskiop Window Help L
NMEcHE B2 0 o 35 -Aea | Bl -4EE B R EB B $B | stack| pase fx
BB -l10 |+ | 11 |x|HF| @
1 - | t = linspacein,12); =
Bl= v = sqrt(9.81+68.1/0.258)+tanh(sqrt (9, 81+0. 25/68. 1)+t
3 - mean(v)|
script Ln 3 Col 8 OVR
4\ Command Window [ == ﬂ
File Edit Debug Deskiop Window Help &
ang =
36, 0870
f{ w3 | L
OVR
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1= XH0f A BT +4S
0|85}0) B 5t

|2 ez CtEi Z0
script & #4519 ©Ha T
gt &= QIX| Bt function
function 22| 0|83}
Ustyoz AEE P

=
A Ol
T AT
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r N
File Edit Text Go (Cell Tools Debug Deskiop Window Help u
OdHE R0 | o2 - Measi| k-8 BRBE BB stak e -||fx
BoE| -10 4|+ 11 | x [« 0
1 function fava = funcavata,b,n) u
2 % tuncavs: average function heiaht
3 % fava = funcavala.b,n): computs averagse walue
4 S of function over a range
) % input:
f W a = lower bound of range
7 W b = upper bound of ranae
a % n = number of intervals
9 % output:
|10 % fava = average value of function
| % = linspace(a,b,nl;
12 - v = func(xd;
13 - favg = meaniv);
14 — end
15
16 function f = func(t)
17 - f = 5qrt(9.81+68.1/0.25)+tanh{sqrt (9, 81«0, 265/68. 1)+t ) ;
8 - end
4\ Command Window =[5l
Eile Edit Debug Deskiop Window Help o
»» funcaya(0,12,60)
ans =
36,027
fx o
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Subfunction © 2 FA3}0
AUHA Ol HEYZ script 2

T3¢t oA

Hois #oley &5
subfunction @ 2 X|™
o ats ToHs mean
Ty &g5E 0|85t¢ 7
Al

—

[(t2tA subfunction & CI2
gz gEd 32 A 2
of Chot Bidts 71 =
A=
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-
> C:WUserst'fsean‘ﬁlDesktDpi‘i-funcavgz_

File Edit Text Go Cell Tools Debug Deskiop Window Help k.

NMElE| BBy 0| S 35 -Mdeas f| B -EEBEE BB | stk Bae fx

B -0 |+ | +(11 |[x || @

1 function faws = funcava2(f,a.b.n) TD

e # funcawvg: average function heiaght b

3 % fawg = funcavgia,b.n): computs average value

4 ¥ of function over a range

5 %o input:

& % f = function to be evaluated

|| k3 a = lower bound of ranae

g i b = upper bound of range =

9 # n = number of intervals

10 # output:

1 L faug = mueraoe value of function

12 - # = linspacefa,b,n);

13 - = find;

14 - fava = mean(y]); 1

15 — enui -
funcavg2 Ln 15 Col 4 VR

b -

=
4\ Command Window

File Edit Debug Deskiop Window Help

== owel = @(t). .,
sqri (9. 81«68, 1/0, 28 +tanh{sart (9, 810, 25/65. 1 )+t ) ;
> funcavg2(vel,0,12,60)

ans =

36,0127

m
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argument E

LStE Of A
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PASSING PARAMETERS

b=
ic C¥UserswseanwheskiopWiuncavg3.m =TACY &1 _6|'0:I (t):} =

File Edit Text Go Cell Tools Debug Deskiop Window Help k.

NEl | $RaB9o0 | o D-Aeas | k-8 0RE BB | sack|sase fx _6|-X|D|_|'IL|'E|'D|E-|3IO| E%
B e leln a0 A, OfjE B4S ChA|
1 function fava = funcavgdif,a.b,n,vararaini = O|'5HO|: ‘(')'l.E %rﬂ‘c‘él-ol 9)\9
22| S st @ o2 mtaba|Efghg varargin
4 - fava = mean(y); |:lo:| Eo:IO'IE %’ Eﬁ:i I:llzl-% zlk_ 9)'\7'”

funcavg3 Ln 4 Col 16 |OWVR SCFipt % :rl-g-él-_l- O:”X-”

4\ Command Window @Eﬂ

File Edit Debug Desktop Window Help &

== yel = B(t,m,cd) sart(9.81+n/cd)*tanh{sqrt (9. 81+cd/mi+t); -
> funcavg3(vel,0,12,60,68.1,0.258)

ans =

m

g6, 0127

f-§>>|

1
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S

 (Case study

 Assignment
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Background. In this section, we will use MATLAB to solve the free-falling bungee
jumper problem we posed at the beginning of this chapter. This involves obtaining a solu-
tion of

dv C4

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

dv;
dt

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 loon.

At

Vi1 = V; +

<Hint>
initial time=0s

final time =12s
time step =0.25s

Cobnvriaht © 2016 Combputational Desian L ab. All riahts reserved
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SOLUTION OF CASE STUDY

4\ Command Window E@Iﬂj

File Edit Debug Desktop Window Help
*>> wvelocity2(0.5,0,12,0)

ans =

B0, 59259

*» welocity2(0.001,0,12,0)

ans =

m

B0.E181

fi -

™

1

45
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20 kips/ft

150 kip-ft

15 kips

7

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

U \*S( BH )
" 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:

) 3 3 ®
+750c = 7)% + =x7 - 238.25x

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

n

(x —a) 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

x = 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 4 by

5 (r — } ] >
Vi I:,~~ cos™ ! <’ ‘ ) (r — h)\/2rh — /z} L
p

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

Here are the first few lines:

46
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