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P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( ; MO<=IOLM? 1@ IGJON?L /?=BHIFIAS ;H>NBCM N?RN ;L? MJ?=Cb=;FFS

>?MCAH?> @IL MNO>?HNM QCNB HI JLIAL;GGCHA ?RJ?LC?H=? %IQ?P?L MNO>?HNM ;L?
?RJ?=N7?> NI <? JLIP=C?HN CH #CLMN 47?;L );NB?G;NC=M ;H> .=C?H=?M ;H> ;==?MM NI All>
L?@7?L?H=? <IIEM ;L? BCABFS L?=IGG?H>?> " ;FMI ;MMOG? NB;N MNO>?HNM B;P? ; QILECHA
EHIQF?>A? 1@ NB? );= +. 3IL )C=LIMI@N 2CH>I1QM 1J?L;NCHA MSMN?GM

/B? MNL;N?AC= Al;F 1@ NB? =IOLM? ;H> <IIE CM NI JLIPC>? F?;LH?LM QCNB ;H ;JJL?=C;NCIH
@IL NB? LIF? =IGJON;NCIH JF;SM CH MIFPCHA ?HACH??LCHA JLI<F?GM /B?)/( MJ?=Cp=
MECFFM NB;N *~ QIOF> FCE? MNO>?HNM NI ;=KOCL? ;L? ;M @IFFIQM
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Chapter 1 Introduction

1.1 What is MATLAB?

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( MN;H>M @IL ) /LCR ( IL;NILS M?? 2CECJ?>C; ;H>CM ; =IGG?L=C;F MI@NQ;L?
;JJFC=;NCIH QLCNN?H <S /B? );NB2ILEM "H2B?H SIO PLMN OM?)/( SIO =;H NBCHE

1@ CN ;M ; AFILCP?> =;F=0OF;NIL ;FFIQCHA SIO NI J?L@ILG ?HACH??LCHA =;F=0OF;NCIHM ;H> JFIN
>:N; %IQ?P?L )/( CM GIL? NB;H ;H ;>P;H=?> M=C?HNCbP= =;F=0F;NIL @IL ?R;GJF?

)/( [M MIJBCMNC=;N?>HOG?LC=;F =IGJON;NCIH ?HPCLIHG?HN ;FMI ;FFIQM OM NI ;H;FST?

>:N; MCGOF;N? ?HACH??LCHA MSMN?GM >I=0G?HN ;H> MB;L? IOL =I>? QCNB INB?LM

1.2 Why Use MATLAB?

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( B;M<?=1G? ; >?@;=NI MN;H>;L> CH G;HS pP?F>M |I@ ?HACH??LCHA ;H> M=C?H="
"P?H ; =;MO;F ?RJFIL;NCIH 1@ ) /( MBIOF> OHP?CF CNM =IGJON;NCIH;F JIQ?L BIQ?P?L
; =FIM?L FIIE ;N ) /( [M AL;JBC=M ;H> >;N; ;H;FSMCM NIIFM ;M Q?FF ;M CHN?L;=NCIH QCNB

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? :N BNNJ =HR ILA =IHN?HN G
BNNJ ?H QCECJ?>C; ILA QCEC) /(
BNNJ QQQ G;NBQILEM =IG
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Chapter 1 4

INB?L ;JJFC=;NCIHM ;H> JLIAL;GCHA F;HAO;A?M JLIP? QBS ) /( CM; P?LS MNLIHA
;JJFC=;NCIH @IL N?=BHC=;F =IGJONCHA

/B? MN;H>;L>) /(  CHMN;FF;NCIH CH=FO>?M AL;JBC=M @?;NOL?M NI PCMO;FCT? ?HACH??LCHA
;H> M=C?HNCP=>;N; CH !;H> !'JFINM 2?7 =;H CHN?L;=NCPCNS <OCF> AL;JBM ;H> A?H?L;N?

)/( =IGG;H>IONJON NB;N =;H <? M;P?> @IL OM? CH NB? @ONOL? /B? M;P?>

CHMNLO=NCIHM =;H <? =;FF?>;A;CH QCNB >C_7?L?HN >;N; M?N NI <OCF> H?Q JFINM /B? JFINM
=L?;N?>QCNB ) /( =;H <? ?RJILN?> CH P;LCIOM PF? @ILG;NM ? A DJA JHA NI ?G<?>
CH)C=LIMI@N 2IL> >I=0G?HNM IL ,IQ?L,ICHN MFC>?MBIQM

)/( ;FEMI =IHN;CHM CHN?L;=NCP? NIIFM NI ?RJFIL? ;H> ;H;FST? >;N; #IL ?R;GJF? Q?

=;H PCMO;FCT? >;N; QCNB IH? |@ NB? G;HS JFINNCHA LIONCH?M TIIG CH NI JFINM NI N;E?

G?;MOL?G?HNM J?L@ILG MN;NCMNC-=;F =;F=OF;NCIHM PN =OLP?M NI >;N; ;H> ?P;FO;N? NB?

I<N;CH?> ?RJIL?MMCIH @IL ; >?MCL?> P;FO?

)/( CHN?L;=NM QCNB INB?L ;JJFC=;NCIHM ? A )C=LIMI@N "R=?F ;H> =;H <? =;FF?> @QLIG
=1>?  IL #ILNL;H JLIAL;GGCHA F;HAO;A?

1.3 Running MATLAB

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/1OM?)/( CN GOMN <? CHMN;FF?> IH SIOL =IGJON?L ;H> SIO =;H MN;LN CN DOMN FCE?
SIO MN;LN ;HS ;JJFC=;NCIH IH SIOL MSMN?G IL SIO GOMN B;P? ;==?MM NI ; H?NQILE QB~?L?
CN CM ;P;CF;<F?

'H ,+2- Q? QCFF OM?)/( <S;=?MMCHA NB? /H?NQILE /B? H?NQILE

;==?MM CM JF;N@ILG CH>?J?H>?HN NB;NCM Q? =HLOH)/( OH>?L);=+.3IL

)C=LIMI@N 2CH>IQM IJ?L;NCHA MSMN?GM NBLIOAB ; Q?< <LIQM?L /B? @IFFIQCHA FCHEM
JLIPC>? CHMNLO=NCIHM IH BIQ NI ;==?MM ;H> OM? “/[M JJM HSQB?L? M?LPC=?

IHPAOLCHA JIM HSQB?L? IH ;H JJF?);=CHNIMB
IHPAOLCHA JIJM HSQB?L? CH 2CH>IQM
%IQ NI 1J?H ;H> M;P? PF?M CH JIJM HSQB?L? QB?H FIAACHA CH @LIG ; );=CHNIMB

%IQ NI IJ?H ;H> M;P? PF?M CH JIJM HSQB?L? QB?H FIAACHA CH @LIG 2CH>IQM

1.4 The MATLAB Desktop

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

2B?H SIO MN;LN NB?) /(' JLIAL;G CN >CMJF;SM NB?)/( >?MENIJ /B? >?MENIJ CM
; M?N 1@ NIIFM AL;JBC=;F OM?L CHN?L@;=?M IL $0°'M @IL G;H;ACHA PF?M P;LC;<F?M ;H>
;JJFC=;NCIHM ;MMI=C;N?> QCNB) /( /B? PLMN NCG? SIO MN;LN)/( NB? >?MENIJ
;JJ?;LM QCNB NB? >?@;0FN F;SION ;M MBIQH CH NB? @IFFIQCHA CFFOMNL;NCIH

BNNJ E<<=CN=; ML JJM HSQB?L? BNGF
BNNJ E<<=CN=; ML JJM HSQB?L? BNGF
BNNJ E<<=CN=; ML JJM HSQB?L? BNGF
BNNJ E<<=CN=; ML JJM HSQB?L? BNGF
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Fig. 1.1: The MATLAB Desktop.

1.4.1 Command Window

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? 1GG;H> 2CH>IQ CM QB?L? Q? ?R?=ON?) /( =IGG;H>M 2?2 ?HN?L
MN;N?G?HNM ;N NB? IGG;H> 2CH>IQ JLIGIN /B? JLIGIN =;H <? ;HS IH? |@ NB?
@IFFIQCHA

\ TriaE CH>C=;N?M NB;N NB? IGG;H>2CH>IQ CM CH HILG;F GI>? ;H> NB?) /(
FC=?HM? QCFF ?RJCL? ;@N?L NB? NLC;F J?LCI> ?H>M

\" EDUECH>C=;N?M NB;N NB? IGG;H>2CH>IQ CM CH HILG;F GI>? CH)/( .NO>?HN
1?LMCIH

\ E CH>C=,N?M NB;N NB? IGG;H>2CH>IQ CM CH HILG;F GI>?
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Fig. 1.2: The Command Window.

1.4.2 Command History
P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;
IB? IGG;H> %CMNILS CM ; FIA 1@ NB? =IGG;H>M Q? B;P? ?R?=ON?> CH NB? =IGG;H>
QCH>IQ
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Fig. 1.3: The Command History.

1.4.3 Workspace

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? QILEMJ;=? =IHMCMNM 1@ ; M?N I@ P;LC;<F?M MNIL?> CH G?GILS >OLCHA ;) /(
M?MMCIH /1 1J?H NB? 2ILEMJ;=? <LIQM?L M?F?=N 1?MENIJ 2ILEMJ;=? CH NB?) /(
>?MENIJ IL NSJ?

E workspace

iNNB? IGG;H> 2CH>IQ JLIGJN

Fig. 1.4: Workspace.
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1.4.4 Current Folder

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? OLL?HN #IF>?L CM FCE? NB? #CH>?L CH );= +. 3 IL 2CH>IQM "RJFIL?L CH 2CH>IQM
1J?L;NCHA MSMN?GM ;H> ;FFIQM OM NI <LIQM? NBLIOAB NB? PF?M ;H> @IF>?LM /B? OLL?HN
#IF>?L ;FMI >CMJF;SM >?N;CFM ;<ION PF?M CH SIOL =OLL?HN >CL?=NILS ;H> QCNBCH NB?
BC?L;L=BS I@ NB? @IF>?LM CN =IHN;CHM

Fig. 1.5: Current Folder.

Fig. 1.6: Current Folder docked on the desktop.

1.4.5 Tool Strip

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/B? NIIF MNLCJ =IHN;CHM AFI<;F N;<M %IG? ,FINM ;H> JIM IHN?RNO;F N;<M <?=1G?
;P;CF;<F? QB?H SIO H??> NB?G

Fig. 1.7: Tool Strip.
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Fig. 1.8: Tabs.

/B? JFINM N;< ;FFIQM OM NI JFIN P;LCIOM NSJ?M 1@ AL;JBM KOC=EFS ;H> ?;MCFS

Fig. 1.9: The plots tab.

/B? ;JIM N;< ACP?M KOC=E ;==?MM NI CHN?L;=NCP? ;JJFC=;NCIHM QCNBCH ) /(
?HPCLIHG?HN

Fig. 1.10: The apps tab.

(;SION <ONNIH ;FFIQM OM NI =B;HA? NB? >?MENIJ F;SION IL Al <;=E NI NB? >?@;OFN
=IHPAOL;NCIH

Fig. 1.11: Layout button.



Chapter1 10

1.4.6 Toolbar

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B?) /( NIIF<;L JLIPC>?M IH M=L??H <ONNIHM NI ;==?MM @L?KO?HNFS OM?> @?;NOL?M
MO=B ;M =1JS J;MN? OH>| ;H> L?>I

Fig. 1.12: Toolbar.

1.4.6.1 Keyboard shortcuts

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( JLIPC>?M E?S<I;L> MBILN=ONM @IL PC?QCHA ; BCMNILS |I@ =IGG;H>M ;H> FCMNCHA
=IHN?RNO;F B?FJ

/B? OJ ;LLIQ E?S
/B? N:< E?S
/B? M?GC=IFIH MSG<IF

1.4.7 The Up Arrow Key

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

.0JJIM? Q? Q;HN NI ?HN?L NB? @IFFIQCHA ?KO;NCIH
E y=sin(45)

ON Q? GCMN;E?HFS ?HN?L?>

E y=sine(45)

)/( L?NOLHM NB? @IFFIQCHA JLIGJIN

27?2 Undefined function or method 'sine’ for input arguments of type 'double’.

"HMN?;> 1@ L?NSJCHA NB? ?KO;NCIH JL?MM NB? OJ ;LLIQ E?S NB? GCMN;E?HFS ?HN?L?> FCH?
CM >CMJF;S?> OMCHA NB? F?@N ;LLIQ E?S GIP? NB? =OLMIL NI NB? GCMMJ?FF?> F?NN?L );E?
NB? =ILL?=NCIH ;H> JL?MM -?NOLH IL "HN?L NI ?R?=0ON? NB? =IGG;H>

,L?MMCHA NB? OJ ;LLIQ E?S L?J?;N?>FS L?=;FFM NB? JL?PCIOMFS ?HN?L?> =IGG;H>M
(CE?QCM? NSJCHA NB? PLMN =B;L;=N?LM 1@ JL?PCIOMFS ?HN?L?> FCH? ;H> JL?MMCHA NB? OJ
;LLIQ E?S >CMJF;SM NB? @OFF =IGG;H> FCH? /I ?R?=0ON? NB;N FCH? MCGJFS JL?MM NB? -?NOL
IL"HN?L E?S
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1.4.7.1 The Tab Key

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

.0JJIM? SIO @ILAIN BIQ NI ?HN?L NB? MKO;L? LIIN =IGG;H> ?ACH NSJCy#4qy CH NB?
=IGG;H> JLIGJN

E y=sq

/B?H JL?MM NB? N;< E?S ;H> M=LIFF >IQHsbl .?F?=N CN ;H> JL?MM -?NOLH IL "HN?L
E?S

E y=sqrt

1.4.7.2 The Semicolon Symbol

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/B? M?GC=IFIH MSG<IF ;N NB? ?H> 1@ ; FCH? MOJJL?MM?M NB? M=L??H IONJON /BCM CM OM?@OF
QB?H SIO Q:HN NI E??J SIOL =IGG;H> QCH>IQ =F?;H

/SJ? NB? @IFFIQCHA ?HNLS ;H> JL?MM NB? -?NOLH E?S

E y=2+2

/B? @IFFIQCHA IONJON CM >CMJF;S?>

y=

4

*1Q JL?MM NB? OJ ;LLIQ E?S NI L?=;FF IOL CHCNC;F ?HNLS
E y=2+2

H> CHM?LN ; M?GC=IFIH ;M @IFFIQM

E y=2+2;

*HOG?LC=;F L?MOFN CM >CMJF;S?> BIQ?P?L ) /( MNIL?M NB? P;FO? 1@ S CH NB?
G?GILS 2? =H L?=;FF NB? P;FO? S <S MCGJFS NSJCHA S ;H> JL?MMCHA -?NOLH

1.5 MATLAB Help

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( =IG?M QCNB NBL?? @ILGM 1@ IHFCH? B?FJ B?FJ >I=;H>>?GIM
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1.5.1 Help

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ

=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/SJCHA B?FJ CH NB? IGG;H> 2CH>IQ FCMNM ;FF JLCG;LS B?FJ NIJC=M 4I0 =;H >CMJF;S ;
NIJC=<S =FC=ECHA IH NB? FCHE

E help

Fig. 1.13: Help.

+L C@ SIO EHIQ NB? =IGG;H> IL @OH=NCIH SIO H??> B?FJ QCNB SIO =;H NSJ? B?FJ
@IFFIQ?> <S NB? =IGG;H> IL @OH=NCIH #IL ?R;GJF? NI F?;LH ;<IN =IGG;H>
NSJ? B?FXic ;N NB? =IGG;H> JLIGIN

E help clc
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Fig. 1.14: The output of E help clc command.

FMI NLS NB? @IFFIQCHA =IGG;Hhelp clear

Fig. 1.15: The output of E help clear command.

NN F?;LH ;<ION MCH? @OH=NCIH NSJ2n ;N NB? =IGG;H> JLIGIN

E help sin
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1.5.2 Doc

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

+<PCIOMFS NI OM? B?FJ ?_?=NCP?FS SIO H??> NI EHIQ QB;N SIO ;L? FIIECHA @IL +@N?H
NCG?M ?MJ?=C;FFS QB?H SIO PLMN MN;LN F?;LHCHA ;H ;JJFC=;NCIH CN CM OMO;FFS >C@p=0F
NB? LCABN KO?MNCIHM "HNB? =M? 1@ ) /( >I==IGG;H> CM A?H?L;FFS <?NN?L NB;H

B?FJ "@ SIO NSJ? >I=CH NB? =IGG;H> JLIGJN )/( 13?HM ; <LIQM?L @LIG QB?L?

SIO =;H I<N;CH B?FJ ?;MC?L

E doc

Fig. 1.16: Built-in MATLAB Documentation.

(CE? OMCH#J MCMLS NSJCHAMCHCH NB? =IGG;H> JLIGJIN

E doc sin

1.5.3 Demos

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

410 =;H F?;LH GIL? ;<ION ) /( NBLIOAB >?GIM <S NSJCHA >?GI CH NB? =IGG;H>
JLIGJIN ; FCMN I@ FCHEM NI >?GIM QCFF 1J?H CH %?FJ LIQM?L !?GIM ;H> IHFCH? M?GCH;LM
;L?;P;CF;<F? ;N JLI>O=N >?GIM ;H> IHFCH? M?GCH;LM

E demo

BNNJ QQQ G;NBQILEM =IG JLI>O=NM G;NF;< >?GIM BNGF
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Fig. 1.17: Built-in MATLAB Demos.

1.6 Useful Commands and Functions

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

#IL ; >?N;CF?> ?RJF;H;NCIH ;H> ?R;GJF?M @IL ?;=B 1@ NB? @IFFIQCHA NSJ? ZB?FJ @OH=NCIH][
QCNBION KOIN?M ;N NB?)/( JLIGJN
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Command/ )
. Meaning

Function

clc Clear Command Window

clear Remove items from workspace

who, whos List variables in workspace

workspace Display Workspace browser

cd Change working directory

pwd Display cu rrent directory
Identify information about computer on which

computer . .
MATLAB is running

ver Display version information for MathWorks
products

quit Terminate MATLAB

exit Terminate MATLAB (same as quit)

Table 1.1: Useful commands and functions

1.7 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;
)/( CM; JIJOF;L N?=BHC=;F =IGJONCHA ;JJFC=;NCIH ;H> );NBZILEM |_?LM ;
NLC;F P?LMCIH 1@ ) /( IH NB?CL Q?<MCN?
/B?)/( '?MENIJ =IHMCMNM 1@ IGG;H>2CH>IQ IGG;H> %CMNILS
2ILEMJ;=? OLL?HN #IF>?L ;H> .N;LN ONNIH
/B? 0OJ >IQH ;LLIQ E?SM NB? N;< E?S ;H> NB? M?GC=IFIH ;L? =IHP?HC?HN NIIFM NI
OM? NB? IGG;H> 2CH>IQ
)/( @?;NOL?M ;H IHFCH? B?FJ >I=;H>>?Gl
1;LCIOM =IGG;H>M ;H> @OH=NCIHM G;E? ) /( ?RJ?LC?H=? ?;MC?L @IL ?R;GJF?

clc, clear and exit.
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1.8 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1.8.1 Exercise 1.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

(?;LH ;<ION NB? @IFFIQCHA N?LGM OMEHAGG;H>

QILEMJ;=?
JFIN

=F?;L
@ILG;N
LIINM

1.9 Solutions to Exercises

1.9.1 Solution to Exercise 1.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

>> help workspace WORKSPACE Open Workspace browser to manage
workspace WORKSPACE Opens the Workspace browser with a view of
the variables in the current Workspace. Displayed variables may
be viewed, manipulated, saved, and cleared. See also whos,
openvar, save. Reference page in Help browser doc workspace >>

>> help plot PLOT Linear plot. PLOT(X,Y) plots vector Y versus
vector X. If X or Y is a matrix, then the vector is plotted
versus the rows or columns of the matrix, whichever line up. If X
is a scalar and Y is a vector, disconnected line objects are
created and plotted as discrete points vertically at X.

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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>> help clear CLEAR Clear variables and functions from memory.
CLEAR removes all variables from the workspace. CLEAR VARIABLES
does the same thing. CLEAR GLOBAL removes all global variables.
CLEAR FUNCTIONS removes all compiled M- and MEX-functions. CLEAR
ALL removes all variables, globals, functions and MEX links.
CLEAR ALL at the command prompt also removes the Java packages
import list. ......

>> help format FORMAT Set output format. FORMAT with no inputs
sets the output format to the default appropriate for the class
of the variable. For float variables, the default is FORMAT
SHORT. ......

>> help roots ROOTS Find polynomial roots. ROOTS(C) computes the
roots of the polynomial whose coefficients are the elements of
the vector C. If C has N+1 components, the polynomial is C(1)*X~N
+ ...+ C(N)*X + C(N+1). ......
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Chapter 2 Getting Started

2.1 Essentials

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

(?;LHCHA ; H?Q MECFF ?MJ?=C;FFS ; =IGJON?L JLIAL;G CH NBCM =;M? =;H <? IP?LOB?FGCHA
%IQ?P?L C@ Q? <OCF>IH QB;N Q?;FL?;>S EHIQ NB? JLI=?MM =;H <? B;H>F?> L;NB?L
?_?=NCP?FS "H NB? JL?=?>CHA =B;JN?L Q? F?;LH?> ;<ION ) /( $L;JBC=;F OM?L

"HN?L@;=? $0° ;H>BIQ NI A?N B?FJ 'HIQCHA NB? $0° Q? QCFF OM? <;MC= G;NB MECFFM CH
)/( NI MIFP? FCH?;L ?KO;NCIHM ;H> PH> LIINM I@ JIFSHIGC;FM CH NBCM =B;JN?L

2.2 Basic Computation

2.2.1 Mathematical Operators

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/B? ?P;FO;NCIH |@ ?RIL?MMCIHM CM ;==IGJFCMB?> QCNB ;LCNBG?NC= IJ?L;NILM ;M Q? OM?
NB?G CH M=C?HNCbP= =;F=0OF;NILM *IN? NB? ;>>NCIH;F IJ?L;NILM MBIQH CH NB? N;<F? <?FIQ

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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Operator Name Description
+ Plus Addition
- Minus Subtraction
* Asterisk Multiplication
/ Forward Division
Slash
\ Back Slash Left Matrix Division
A Caret Power

Array multiplication (element-

* Dot Asterisk _
wise)
A Dot Slash Right array divide (element-wise)
Dot Back - .
A Left array divide (element-wise)
Slash
N Dot Caret Array power (element-wise)

Table 2.1: Operators

*+[" [B? <;=EMF;MB IJ?L;NIL CM OM?> NI MIFP? FCH?;L MSMN?GM 1@ ?KO;NGIEWNP;M??
"KO;NCIHM;A?

),+-/* );NLCR CM ; L?=N;HAOF;L ;LL;S |@ HOG<?LM ;H> @ILG?> <S LIQM ;H>
=IFOGHM

#IL ?R;GJF? "H NBCM ?R;GJF? =IHMCMNM I@ LIQM ;H> =IFOGHM
;H>NB?L?@IL? CM ; R G;NLCR M?? 2CECJ?>C;

), +-1* -1Q P?=NIL CM ; MJ?=C;F G;NLCR NB;N =IHN;CHM IHFS IH? LIQ "H INB?L QIL>M
; LIQ P?=NIL CM ; RH G;NLCR QB?L? HCM NB? HOG<?L I@ ?F?G?HNM CH NB? LIQ P?=NIL

BNNJ ?H QCECJ?>C; ILA QCEC );NLCR: G;NB?G;NC=M
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),+-/* IFOGH P?=NIL CM ;FMI ; MJ?=C;F G;NLCR M NB? N?LG CGJFC?M CN =IHN;CHM
IHFS IH? =IFOGH =IFOGH P?=NIL CM ;H HR G;NLCR QB?L? H CM NB? HOG<?L I@ ?F?G?HNM

CH NB? =IFOGH P?=NIL

*+/" LL;S I3?L;NCIHM L?@7?L NI ?F?G?HN QCM? =;F=0OF;NCIHM IH NB? ;LL;SM @IL ?R;GJF?
C@QRCM;H;<S<G;NLCR;H>SCM;=<S>G;NLCRNB?HR S =H<?J?L@ILG?>IHFSC@ ; =
;H> <> |[HMC>7?L NB? @IFFIQCHA ?R;GJF? R =IHMCMNM 1@ LIQM ;H> =IFOGHM ;H>
NB?L?@IL? CNCM; R G;NLCR (CE?QCM? SB;M LIQM ;H> =IFOGHM ;H>;H;LL;S
13?L;NCIH CM JIMMC<F?

2.2.1.1 Example 2.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? @IFFIQCHA PAOL? CFFOMNL;N?M ; NSJC=;F =;F=0OF;NCIH CH NB? IGG;H> 2CH>IQ

Fig. 2.1: Basic arithmetic in the command window.

2.2.2 Operator Precedence

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

) /( ;FFIQM OM NI <OCF> G;NB?G;NC=;F ?RIL?MMCIHM QCNB ;HS =IG<CH;NCIH |@
;LCNBG?NC=1J?L;NILM /B? IL>?L 1@ 13?L;NCIHM ;L? M?N <S JL?=?>?H=? F?P?FM CH QBC=B
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)/( ?P;FO;N?M ;H ?RIL?MMCIH @LIG F?@N NI LCABN /B? JL?=?>?H=? LOF?M @IL ) /(
1J?L;NILM ;L? MBIQH CH NB? FCMN <?FIQ @LIG NB? BCAB?MN JL?=?>?H=? F?P?F NI NB? FIQ?MN

L?HNB?M?M

JQ?L 9

JOFNCJFC=:NCIH LCABN >CPCMCIH F?@N >CPCMCIH 7
>>CNCIH  MO<NL;=NCIH

2.3 Mathematical Functions

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

)/( B;M ;FF 1@ NB? OMO;F G;NB?G;NC=;F @OH=NCIHM @IOH> IH ; M=C?HNCp= =;F=OF;NIL
CH=FO>CHA MKO;L? LIIN FIALCNBG ;H> MCH?

), +-1* [SICHA pi L?NOLHM NB? HOG<?L / PH>NB? MCH? |@ JC NSJ? CH
sin(piy  ;H>JL?MM ?HN?L

),+-/* IB? ;LAOG?HNM CH NLCAIHIG?NLC= @OH=NCIHM ;L? CH L;>C;HM )OFNCJFS
S?AL??M <SJC  NIA?N L;>C;HM #IL ?R;GJF? NI =,F=OF;N? MCH  NSJ&n@®btpi/
180).

2-2*¢ "H) /( log L?NOLHM NB? H;NOL;F FIA;LCNBG I@ NB? P;FO? /I PH>NB? FH |@
NSJ? CHFIA ;H>JL?MM ?HN?L ;HM

2-¥*$ ) /( ;==?INM loglo0 @IL =IGGIH <;M? FIA,LCNBG /I PH>NB? FIA|I@
NSJ? CHFIA  ;H>JL?MM ?HN?L ;HM

,L;=NC=? NB? @IFFIQCHA ?R;GJF?M NI @;GCFC;LCT? SIOLM?F@ QCNB NB? =IGGIH G;NB?G;NC=;F
@OH=NCIHM ? MOL? NI L?;> NB? L?FRBpHNH> doc J;A?M @IL @OH=NCIHM NB;N ;L? HIN
M?F@ ?RJF;H;NILS

2.3.1 Example 2.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

;F=OF;N? NB? @IFFIQCHA KO;HNCNC?M

)/( CHJONM ;H>IONJONM ;L? ;M @IFFIQM

CM ?HN?L?> <S NSICHA2-1)  :HM
CM ?HN?L?> <S NSIGHA-1  ;HM

CM ?HN?L?> <S NSJ@#HA?2 ;HM
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2.3.2 Example 2.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

;F=0OF;N? NB? @IFFIQCHA ?RJIH?HNC;F ;H> FIA;LCNBGC= KO;HNCNC?M

)/( CHIJONM ;H>IONJONM ;L? ;M @IFFIQM

exp(2) (ans =7.3891)
log((5710))  (ans = 16.0944)
log10(1075) (ans =5)

2.3.3 Example 2.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

;F=0OF;N? NB? @IFFIQCHA NLCAIHIG?NLC= KO;HNCNC?M

)/( CHIJONM ;H>IONJONM ;L? ;M @IFFIQM

cos(pi/6)  (ans=0.8660)
tan(45*pi/180)  (ans = 1.0000)
sin(pi)+cos(45*pi/180) (ans = 0.7071)

2.4 The format Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/IB? format @OH=NCIH CM OM?> NI =IHNLIF BIQ NB? HOG?LC= P;FO?M ;L? >CMJF;S?> CH NB?
IGG;H> 2CH>IQ /B? short  @ILG;N CM M?N <S >?@;O0FN ;H> NB? HOG?LC=;F L?MOFNM ;L?
>CMJF;S?> QCNB >CACNM ;@N?L NB? >?=CG;F JICHN M?? NB? ?R;GJF?MoslP? /B?

@ILG;N JLI>0=?M >CACNM ;@N?L NB? >?=CG;F JICHN

2.4.1 Example 2.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

;F=0OF;N? ;H>>CMJF;S L?MOFNBid@H ;H> long @ILG;NM
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/B? short  @ILG;N CM M?N <S >?@;0FN

E theta=tan(pi/3)
theta =
1.7321

H>NB? long @ILG;N CM NOLH?> |H <S NSJdé&hblong

E theta=tan(pi/3)
theta =

1.7321
E format long
E theta

theta =

1.732050807568877

2.5 Variables

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M,;

"H)/( ;H;G?>P;FO? CM =;FF?>; P,LC;<F? )/( =IG?M QCNB M?P?L;F JL?>?bH?>
P;LC;<F?M #IL ?R;GJF? NB? H;G? JC L?@?LM NI NB? G;NB?G;NC=;F KO;HNCNS QBC=BCM
;JILIRCG;N?FSpians = 3.1416

2-**¢ ) /( CM=;M? M?HMCNCP? QBC=B G?;HM CN >CMNCHAOCMB?M <?NQ??H 0JJ?L ;H>
FIQ?L=;M? F?NN?LM ? A >;N; !/ ;H>1;/; ;L? NBL?? >C_7?L?HN P;LC;<F?M IGG;H>

;H> @OH=NCIH H;G?M ;L? ;FMI =;M? M?HMCNCP? ,F?;M? HIN? NB;N QB?H SIO OM? NB?
=IGG;H> FCH? B?FJ @OH=NCIH H;G?M ;L? ACP?H CH OJJ?L =;M? F?NN?LM ? A ("- IHFS
NI ?GJB;MCT? NB?G !l HIN OM? OJJ?L =;M? F?NN?LM QB?H LOHHCHA @OH=NCIHM ;H>
=IGG;H>M

2.5.1 Declaring Variables

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

LLC;<F?M CH) /( ;L? A?H?L;FFS L?IL?M?HN?> ;M G;NLCR KO;HNCNC?M .=;F;LM ;H>
P?=NILM ;L? MJ?=C;F =;M?M |@ G;NLC=?M B;PCHAMCT? R M=;F,L RH LIQ P?=NIL IL HR
=IFOGH P?=NIL
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2.5.1.1 Declaration of a Scalar

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? N?LG M=;F;L ;M OM?> CH FCH?;L ;FA?<L; L?@?LM NI ; L?;F HOG<?L MMCAHG?HN |I@
M=;F,LM CH)/( CM ?;MS NSJ? CH NB? P;LC;<F? H;G? @IFFIQ?><S MSG<IF ;H>;
HOG<?L

2.5.1.1.1 Example 2.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

a=1

Fig. 2.2: Assignment of a scalar quantity.

2.5.1.2 Declaration of a Row Vector

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? ‘HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

"F?G?HNM I@ ; LIQ P?=NIL ;L? M?J;L;N?> QCNB <F;HEM IL =IGG;M

2.5.1.2.1 Example 2.7

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

(?N[M NSJ? NB? @IFFIQCHA ;N NB? =IGG;H> JLIGJIN

b=[12345]

Fig. 2.3: Assignment of a row vector quantity.

2? =;H ;FMI OM? NB? *?Q 1;LC;<F? <ONNIH NI ;MMCAH ; LIQ P?=NIL "H NB? NIIF MNLCJ
M?F?=N %IG? *?Q 1;LC;<F? /BCM ;=NCIH QCFF =L?;N? ; P;LC;<F? =;FF?> OHH;G?> QBC=B CM
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>CMJF;S?> CH NB? QILEMJ;=? S =FC=ECHA IH NB? NCNF? OHH;G?> Q7? =;H L?H;G? CN NI
MIG?NBCHA GIL? >?M=LCINCP? S >IO<F? =FC=ECHA IHNB? P;LC;<F? Q? =;H [J?H NB?
1;LC;<F? ">CNIL ;H> NSJ? CH NB? P;FO?M CHNI MJL?;>MB??N FIIECHA N;<F?

Fig. 2.4: Using the New Variable button in the tool strip.

Fig. 2.5: Assignment of a row vector by using the Variable Editor.
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2.5.1.3 Declaration of a Column Vector

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

"F?G?HNM 1@ ; =IFOGH P?=NIL CM ?H>?><S ; M?GC=IFIH
2.5.1.3.1 Example 2.8

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

¢ =[1;2;3;4;5]]

Fig. 2.6: Assignment of a column vector quantity.

+L <S NL;HMJIMCHA ; LIQ P?=NIL QCNB NB?[ IJ?L;NIL

c=[12345]

Fig. 2.7: Assignment of a column vector quantity by transposing a row vector with the O operator.

+L <S OMCHA NB? 1,;LC;<F? ">CNIL


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Chapter2 28

Fig. 2.8: Assignment of a column vector quantity by using the Variable Editor.

2.5.1.4 Declaration of a Matrix

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

);NLC=?M ;L? NSJ?> CH LIQM PLMN ;H> M?J;L;N?> <S M?GC=IFIHM NI =L?;N? =IFOGHM
IHMC>?L NB? ?R;GJF?M <?FIQ

2.5.1.4.1 Example 2.9

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

(?NOMNSJ?CH; R G;NLCR

d=[246810;13579]

Fig. 2.9: Assignment of a 2x5 matrix.
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Fig. 2.10: Assignment of a matrix by using the Variable Editor.

2.5.1.4.2 Example 2.10

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/IBCM ?R;GJF? CM; R G;NLCR

Fig. 2.11: Assignment of a 5x2 matrix.

2.6 Linear Equations

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

.SMN?GM |@ FCH?;L ?KO;NCIHM ;L? P?LS CGJILN;HN CH ?HACH??LCHA MNO>C?M "H NB? =IOLM? 1@
MIFPCHA ; JLI<KF?G Q? I@N?H L?>0=? NB? JLI<F?G NI MCGOFN;H?IOM ?KO;NCIHM @LIG
QBC=B NB? L?MOFNM ;L? I<N;CH?> M SIO F?;LH?>?;,LFC?L )/( MN;H>M @IL );NLCR
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(;<IL;NILS ;H> B;M @?;NOL?M NI B;H>F? G;NLC=?M OMCHA NB? =I?@P=C?HNM |1@
MCGOFN;H?I0OM FCH?;L ?KO;NCIHM ; G;NLCR =;H <? @ILG?> NI MIFP? ; M?N |[@ MCGOFN;H?IOM
?KO;NCIHM

2.6.1 Example 2.11

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

(?N[M MIFP? NB? @IFFIQCHA MCGOFN;H?IOM ?KO;NCIHM

#CLMN Q7? QCFF =L?;N?; G;NLCR @IL NB? F?@N B;H> MC>? |@ NB? ?KO;NCIH OMCHA NB?
=1?@bP=C?HNM H;G?FS ;H> @IL NB? PLMN ;H> ;H> @IL NB? M?=IH> /B? G;NLCR FIIEM
FCE? NBCM

/B? ;<IP? G;NLCR =;H <? ?HN?L?> CH NB? =IGG;H> QCH>IQ <S NSJCHA 1; 2 -5].

2=IH> Q? =L?;N? ; =IFOGH P?=NIL NI L?JL?M?HN NB? LCABN B;H> MC>? I@ NB? ?KO;NCIH ;M
@IFFIQM

/B? ;<IP? =IFOGH P?=NIL =;H <? ?HN?L?> CH NB? =IGG;H> QCH>1Q <S NSJG#4Au1,9]

/I MIFP? NB? MCGOFN;H?IOM ?KO;NCIH Q? QCFF OM? NB? F?@N >CPCMCIH 13?L;NIL ;H> CMMO?
NB? @IFFIQCHA =IGG;H>x=A8 /B?M? NBL?? MN?JM ;L? CFFOMNL;N?> <?FIQ

EA=[11;2-5]
A=
11
2-5
E B=[1;9]
B =
1
9
E C=AnB
C=
2
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/B? L?MOFN CH>C=;NCHA ;H> ;L? NB? P;FO?Mx@jH> y L?MJ?=NCP?FS

2.7 Polynomials

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

"H NB? JL?=?>CHA M?=NCIH Q? <LC?RS F?;LH?> ;<ION BIQ NI OM? ) /( NI MIFP? FCH?;L
?KO;NCIHM "KO;FFS CGJILN;HN CH ?HACH??LCHA JLI<F?G MIFPCHA CM NB? ;JJFC=;NCIH |@
JIFSHIGC;FM |IFSHIGC;FM ;L? @OH=NCIHM NB;N ;L? <OCFN <S MCGJFS ;>>CHA NIA?NB~?L IL
MO<NL;=NCHA MIG? JIQ?L @OH=NCIHM M?? 2CECJ?>C,;

/B? =1?_=C?HNM I@ ; JIFSHIGCH;F ;L? ?HN?L?> ;M ; LIQ P?=NIL <?ACHHCHA QCNB NB?
BCAB?MN JIQ?L ;H> CH=FO>CHA NB? IH?M NB;N ;L? ?KO;F NI

2.7.1 Example 2.12

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

L?:N?; LIQ P?=NIL @IL NB? @IFFIQCHA @OHFNCIH  x X X

*INC=? NB;N CH NBCM ?R;GJF? Q? B;P? N?LGM CH NB? @OH=NCIH ;H> NB?L?@IL? NB? LIQ
P?=NIL QCFF =IHN;CH ?F?G?HNM 51 10]

2.7.2 Example 2.13

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

L?:N?; LIQ P?=NIL @IL NB? @IFFIQCHA @OH~FNCtH  x ]

"H NBCM ?R;GJF? =I?@P=C?HNM @IL NB? N?LGM CHPIFPCHA JIQ?L |I@ ;H> ;L? /B?LIQ
P?=NIL MNCFF =IHN;CHM ?F?G?HNM ;M CH NB? JL?PCIOM ?R;GJF? <ON NBCM NCG? Q? QCFF ?HN?L
NQI T?LIM @IL NB? =1?@P=C?HNM QCNB JIQ?L 1@ p#t$0 40 -5]

BNNJ ?H QCECJ?>C; ILA QCEC ,IFSHIGC;F
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2.7.2.1 The polyval Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

2? =;H ?P;FO;N? ; JIFSHIGC;F J @IL ; ACP?H P;FO? K@OMCHA NB? MSHMNRal(p,x)
QB?L? J =IHN;CHM NB? =I?@pb=C?HNM I@ JIFSHIGC;F ;H> R CM NB? ACP?H HOG<?L

2.7.3 Example 2.14

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,

"P;FON? @ R ;N

/B? LIQ P?=NIL L?JL?M?HNCHA @ R ;<IPB-G3M1]. 1?P;FON? @ R ;N Q? NSJ? CH
polyval(p,5). /B? @IFFIQCHA MBIQM NB? IGG;H> 2CH>1Q IONJON

E p=[321]
p:
321

E polyval(p,5)
ans =
86

2.7.4 The roots Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

IHMC>?L NB? @IFFIQCHA ?KO;NCIH

,LI<;<FS SIO B;P? MIFP?>NBCM NSJ? |@ ?KO;NCIHM HOG?LIOM NCG?M 'H)/( Q?=;H
OM? NB7oots @OH=NCIH NI PH> NB? LIINM P?LS ?;MCFS

2.7.4.1 Example 2.15

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,

#CH> NB? LIINM @IL NB? @IFFIQCHA
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/l PH> NB? LIINM PLMN Q? ?HN?L NB? =[?@b=C?HNM I@ JIFSHIGC;F CH NI ; LIQ P?=NIL J QCNB
p=[0.6 0.3 -0.9] :H> CMMO? NBZ2oots(p)  =IGG;H> /B? @IFFIQCHA MBIQM NB?
=IGG;H> QCH>IQ IONJON

E p=[0.6 0.3 -0.9]
p =

0.6000 0.3000 -0.9000
E r=roots(p)
r=

-1.5000

1.0000

2.8 Splitting a Statement

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

410 QCFF MIIH PH> ION NB;N NSJCHA FIHA MN;N?G?HNM CH NB? IGG;H>2CH>I1Q IL CH NB?

NB? /?RN ">CNIL G;E?M CN P?LS B;L> NI L?;> ;H> G;CHN;CH SIOL =I>? /Il MJFCN ; FIHA

MN;N?G?HN IP?L GOFNCJF? FCH?M MCGJFS ?HN?L NBL?? J?LCI>M ;N NB? ?H> 1@ NB? FCH? ;H>
=LLS IH QCNB SIOL MN;N?G?HN IH NB? H?RN FCH?

2.8.1 Example 2.16

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? @IFFIQCHA =IGG;H> QCH>IQ IONJON CFFOMNL;N?M NB? OM? |@ NBL?? J?LCI>M

E sin(pi)+cos(45*pi/180)-sin(pi/2)+cos(45*pi/180)+tan(pi/3)
ans =
2.1463
E sin(pi)+cos(45*pi/180)-sin(pi/2)...
+c0s(45*pi/180)+tan(pi/3)
ans =
2.1463
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2.9 Comments

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

IGG?HNM ;L? OM?> NI G;E? M=LCINM GIL? L?;><F? /B? J?L=?HN MSG<IF
M?J;L;N?M NB? =IGG?HNM @LIG NB? =I>? "R;GCH? NB? @IFFIQCHA ?R;GJF?M

2.9.1 Example 2.17

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/B? FIHA MN;N?G?HNM ;L? MJFCN NI G;E? CN ?;MC?L NI L?;> %IQ?P?L >?MJCN? NB? OM? |@
>?M=LCINCP? P;LC;<F? H;G?M CN CM B;L> NI OH>?LMN;H> QB;N NBCM M=LCJN >I?M M?? NB?
@IFFIQCHA IGG;H> 2CH>1Q IONJON

t water=80;
t outside=15;
inner_dia=0.05;
thickness=0.006;
Lambda_steel=48;
Alfalnside=2800;
AlfaOutside=17;
thickness_insulation=0.012;
Lambda_insulation=0.03;

r_i=inner_dia/2

r_o=r_i+thickness

r_i_insulation=r_o

r_o_insulation=r_i_insulation+thickness_insulation

Arealnside=2*pi*r_i

AreaOutside=2*pi*r_o

AreaOutside_insulated=2*pi*r_o_insulation

AreaM_pipe=(2*pi*(r_o-r_i))/log(r_o/r_i)

AreaM_insulation=(2*pi*(r_o_insulation-r_i_insulation)) ...
/log(r_o_insulation/r_i_insulation)

TotalResistance=(1/(Alfalnside*Arealnside))+ ...

(thickness/(Lambda_steel*AreaM_pipe))+(1/(AlfaOutside*AreaOutside))
TotalResistance_insulated=(1/(Alfalnside*Arealnside))+ ...
(thickness/(Lambda_steel*AreaM_pipe))+(thickness_insulation ...

/(Lambda_insulation*AreaM _insulation))+(1/(AlfaOutside*AreaOutside_insulated))
Q_dot=(t_water-t_outside)/(TotalResistance*1000)
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Q_dot_insulated=(t_water-t_outside)/(TotalResistance_insulated*1000)
PercentageReducttion=((Q_dot-Q_dot_insulated)/Q_dot)*100

2.9.2 Example 2.18

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

% Problem 16.06
% Problem Statement
% Calculate the percentage reduction in heat loss when a layer of
hair felt
% is wrapped around the outside surface (see problem 16.05)

format short

% Input Values

t water=80; % Water temperature [C]

t_outside=15; % Atmospheric temperature [C]
inner_dia=0.05; % Inner diameter [m]

thickness=0.006; % [m]

Lambda_steel=48; % Thermal conductivity of steel [W/mK]
Alfalnside=2800; % Heat transfer coefficient of inside [W/m2K]
AlfaOutside=17; % Heat transfer coefficient of outside [W/m2K]
% Neglect radiation

% Additional layer

thickness_insulation=0.012; % [m]

Lambda_insulation=0.03; % Thermal conductivity of insulation
[W/mK]

% Output Values

% Q_dot=(t_water-t_outside)/TotalResistance

%
TotalResistance=(1/(Alfalnside*Arealnside))+(thickness/(Lambda_steel*AreaM))+

(1/(AlfaOutside*AreaOutside)
% Calculating the unknown terms

r_i=inner_dia/2 % Inner
radius of pipe [m]
r_o=r_i+thickness % Outer

radius of pipe [m]
r_i_insulation=r_o % Inner
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radius of insulation [m]
r_o_insulation=r_i_insulation+thickness_insulation % Outer
radius of pipe [m]
Arealnside=2*pi*r_i
AreaOutside=2*pi*r_o
AreaOutside_insulated=2*pi*r_o_insulation
AreaM_pipe=(2*pi*(r_o-r_i))/log(r_o/r_i) %
Logarithmic mean area for pipe
AreaM_insulation=(2*pi*(r_o_insulation-r_i_insulation)) ...
/log(r_o_insulation/r_i_insulation) % Logarithmic mean area for
insulation
TotalResistance=(1/(Alfalnside*Arealnside))+(thickness/ ...
(Lambda_steel*AreaM_pipe))+(1/(AlfaOutside*AreaOutside))
TotalResistance_insulated=(1/(Alfalnside*Arealnside))+(thickness/ ...

(Lambda_steel*AreaM_pipe))+(thickness_insulation/(Lambda_insulation*AreaM _ir
+(1/(AlfaOutside*AreaOutside_insulated))
Q_dot=(t_water-t_outside)/(TotalResistance*1000) % converting into kW
Q_dot_insulated=(t_water-t_outside)/(TotalResistance_insulated*1000)

% converting into kW
PercentageReducttion=((Q_dot-Q_dot_insulated)/Q_dot)*100
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2.10 Basic Operations

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

Command Meaning

sum Sum of array elements

prod Product of array elements

sqrt Square root

log10 Common logarithm (base 10)
log Natu ral logarithm

max Maximum elements of array

min Minimum elements of array
mean Average or mean value of arrays
std Standard deviation

Table 2.2: Basic operations.
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2.11 Special Characters

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

Character Meaning

= Assignment

() Prioritize operations
[ Construct array

Specify range of array elements
, Row element separator in an array
Column element separator in an array
Continue statement to next line
Decimal point, or structu  re field separator

% Insert comment line into code

Table 2.3: Special Characters

2.12 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ

=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;
)/( B;M NB? =IGGIH @OH=NCIHM @IOH> IH ; M=C?HNCP= =;F=0OF;NIL ;H> =;H <?
[J?L;N?> CH ; MCGCF;L Q;S
)/( =HMNIL? P;FO?M CH P;LC;<F?M 1;LC;<F?M ;L? =;M? M?HMCNCP? ;H> MIG?
P;LC;<F?M ;L? L?M?LP?><S)/( ? A JC MNIL?M
1;LC;<F? ">CNIL =;H <? OM?> NI ?HN?L IL G;HCJOF;N? G;NLC=?M
/B? =1?7@P=C?HNM I@ MCGOFN;H?IOM FCH?;L ?KO;NCIHM ;H> JIFSHIGC;FM ;L? OM?> NI
@ILG ; LIQ P?=NIL )/( NB?H =;H <? OM?> NI MIFP? NB? ?KO;NCIHM
/B? format @OH=NCIH CM OM?> NI =IHNLIF NB? HOG<?L |@ >CACNM >CMJF;S?>
/BL?? J?LCI>M ;N NB? ?H> 1@ NB? FCH? CM OM?> NI MJFCN ; FIHA MN;N?G?HN IP?L
GOFNCJF? FCH?M
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/B? J?L=?HN MSG<IF M?J;L;N?M NB? =IGG?HNM @LIG NB? =>? ;HSNBCHA @IFFIQCHA
MSG<IF CM CAHIL?> <S ) /(

2.13 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

I?N?LGCH? NB? P;FO? 1@ ?;=B 1@ NB? @IFFIQCHA

2.13.1 Exercise 2.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2.13.2 Exercise 2.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

2.13.3 Exercise 2.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2.13.4 Exercise 2.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2.13.5 Exercise 2.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;
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2.13.6 Exercise 2.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2.13.7 Exercise 2.7

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

IFP? NB? @IFFIQCHA MSMN?G 1@ ?KO;NCIHM

2.13.8 Exercise 2.8

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

"P;FO;N? S ;N

2.13.9 Exercise 2.9

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

$CP?H <?FIQ CM (I;> $;A? (?HANB >;N; @IL ; NSJ? MN;CHF?MM MN??F NB;N OH>?LQ7?HN ;
N?HMCF? N?MN +LCACH;F MJ?=CG?H >C;G?N?LCM GG

"HNLI>O=NCIH NI );N?LC;FM .=C?H=? @IL "HACH??LM <S & # .B;=E?F@IL> );=GCFF;H ,O<FCMBCHA IGJHS V J
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Load [ kN]

0.000

4.890

9.779

14.670

19.560

24.450

27.620

29.390

32.680

33.950

34.580

35.220

35.720

40.540

48.390

59.030

65.870

69.420

Gage Length [mm]

50.8000

50.8102

50.8203

50.8305

50.8406

50.8508

50.8610

50.8711

50.9016

50.9270

50.9524

50.9778

51.0032

51.816

53.340

55.880

58.420

60.960
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69.670 (maximum) 61.468
68.150 63.500
60.810 (fractu re) 66.040 (after fractu re)

/B? ?HACH??LCHA MNL?MM CM >?PH?> ;M QB?L?, CM NB? FI;> 6*8 IH NB? M;GJF?
QCNB ;H ILCACH;F =LIMM M?=NCIH;F ;L?;8 ¢H> NB? ?HACH??LCHA MNL;CH CM >?pPH?> ;M

QB?L? CM NB? =B;HA? CH F?HANBGi+NB? CHCNC;F F?HANB

IGJON? NB? MNL?MM ;H> MNL;CH P;FO?M @IL ?;=B I@ NB? G?;MOL?G?HNM I<N;CH?> CH NB?

N?HMCF? N?MN I)N; ;P;CF;<F? @IL >IQHFI;>

2.14 Solutions to Exercises

2.14.1 Solution to Exercise 2.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

E(6*7)+472-2°4  (ans = 42)

2.14.2 Solution to Exercise 2.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

E((372+2/3)/(475-5"4))+((Sqrt(64)-52)/(4"5+56+7/8))

2.14.3 Solution to Exercise 2.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

Elog10(1072)+10"5  (ans = 100002)

2.14.4 Solution to Exercise 2.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

Eexp(2)+23-log(exp(2)) (ans = 13.3891)

"HN?LH;NCIH;F (C=?HMBNNJ

"HN?LH;NCIH;F (C=?HMBNNJ

(ans = 0.0426)

"HN?LH;NCIH;F (C=?HMBNNJ

"HN?LH;NCIH;F (C=?HMBNNJ

2?NB? *F? ;N BNNJ =HRILA=IHN?HN G F;N?MN BJ:"R?L=CM? TCJ
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2.14.5 Solution to Exercise 2.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

Esin(2*pi)+cos(pi/4) HM

2.14.6 Solution to Exercise 2.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

Etan(pi/3)+cos(270*pi/180)+sin(270*pi/180)+cos(pi/3)

2.14.7 Solution to Exercise 2.7

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

EA=[2 4;15]
A=

24

15
E B=[1; 2]

1
2
E Solution=A\B
Solution =
-0.5000
0.5000

2.14.8 Solution to Exercise 2.8

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

E p=[4 0 3-10]
p =
4 0 3 -10
E polyval(p,5)
ans =
2570

"HN?LH;NCIH;F (C=?HMBNNJ

"HN?LH;NCIH;F (C=?HMBNNJ

(ans = 1.2321)

"HN?LH;NCIH;F (C=?HMBNNJ

"HN?LH;NCIH;F (C=?HMBNNJ
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2.14.9 Solution to Exercise 2.9

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

#CLMN Q7? H??> NI ?HN?L NB? >;N; M?NM 7?=,0M? CN CM L;NB?L ; F;LA? N;<F? OMCHA 1;LC;<F?
">CNIL CM GIL? =IHP?HC?HN .??7 NB? PAOL?M <?FIQ

Fig. 2.12: Load in Newtons

Fig. 2.13: Extension length in mm.

*?RN Q? QCFF =;F=0OF;N? NB? =LIMM M?=NCIH;F ;L?;

Area=pi/4*(0.0127"2)
Area =
1.2668e-004

*IQ Q? =;H PH> NB? .NL?MM P;FO?M QCNB NB? @IFFIQCHA HIN? NB;N Q? ;L? I<N;CHCHA
L?MOFNM CH),;
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Sigma=(Load_N./Area)*10"(-6)
Sigma =

0
38.6022
77.1964
115.8065
154.4086
193.0108
218.0351
232.0076
257.9792
268.0047
272.9780
278.0302
281.9773
320.0269
381.9955
465.9888
519.9844
548.0085
549.9820
537.9830
480.0403

#IL MNL;CH =;F=0OF;NCIH Q? QCFF PLMN pH> NB? =B;HA? CH F?HANB

Delta_L=Length_mm-50.800

Delta_L =

0.0102
0.0203
0.0305
0.0406
0.0508
0.0610
0.0711
0.1016
0.1270
0.1524
0.1778
0.2032
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1.0160
2.5400
5.0800
7.6200
10.1600
10.6680
12.7000
15.2400

*|Q Q? =;H >?N?LGCH? .NL;CH QCNB NB? @IFFIQCHA

Epsilon=Delta_L./50.800

Epsilon =

0
0.0002
0.0004
0.0006
0.0008
0.0010
0.0012
0.0014
0.0020
0.0025
0.0030
0.0035
0.0040
0.0200
0.0500
0.1000
0.1500
0.2000
0.2100
0.2500
0.3000

/B? PH;F L?MOFNM =;H <? N;<OF;N?> ;M @IIFIQM

[Sigma Epsilon]

ans =
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0
38.6022
77.1964
115.8065
154.4086
193.0108
218.0351
232.0076
257.9792
268.0047
272.9780
278.0302
281.9773
320.0269
381.9955
465.9888
519.9844
548.0085
549.9820
537.9830
480.0403

0
0.0002
0.0004

0.0006
0.0008
0.0010
0.0012
0.0014
0.0020
0.0025
0.0030
0.0035
0.0040
0.0200
0.0500
0.1000
0.1500
0.2000
0.2100
0.2500
0.3000
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Chapter 3 Graphics

3.1 Plotting in MATLAB

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

JC=NOL? CM QILNB ; NBIOM;H> QIL>M J;LNC=0OF;LFS PCMO;F L?JL?M?HN;NCIH I@ >;N; CH
?HACH??LCHA CM P?LS OM?@OF ) /( B;M JIQ?L@OF AL;JBC=M NIIFM ;H> NB?L? CM ; P?LS
B?FI@OF M?=NCIH >?PIN?> NI AL;JBC=M CH ) /( %?FJ $L;JBC=M .NO>?HNM ;L?
?H=IOL;A?> NI MN O>S NB;N M?=NCIH QB;N @IFFIQM CM ; <LC?@ MOGG;LS I@ NB? G;CH
JFINNCHA @?;NOL?M

3.2 Two-Dimensional Plots

3.2.1 The plot Statement

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

,LI<;<FS NB? GIMN =IGGIH G?NBI> @IL =L?;NCHA ; JFIN CM <S CMMOCHA JFINR S
MN;N?G?HN QB?L? @OH=NCIH S CM JFINN?> ;A;,CHMN R

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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3.2.1.1 Example 3.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/SJ? CH NB? @IFFIQCHA MN;N?G?HN ;N NB?) /( JLIGJN
x=[-pi:.1:pi]; y=sin(x); plot(x,y);

@N?L Q? ?R?=0ON?> NB? MN;N?G?HN ;<IP? ; JFIN H;G?>#CAOL? CM A?H?L;N?>

Fig. 3.1: Graph of sin(x)

%;PCHA P;LC;<F?M ;MMCAH?> CH NB? 2ILEMJ;=? R ;H>S MCHR CHIOL =M? Q? =H ;FMI
M?F?=N R ;H>S ;H>LCABN =FC=E IH NB? M?F?=N?> P;LC;<F?M /BCM IJ?HM ; G?HO @LIG QBC=B
Q?=BIIM?JFINR S .?? NB? PAOL? <?FIQ
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Fig. 3.2: Creating a plot from Workspace.

3.2.2 Annotating Plots

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$L;JBM QCNBION F;<?FM ;L? CH=IGJF?N? ;H> F;<?FCHA ?F?G?HNM MO=B ;M JFIN NCNF? F;<?FM
@IL R ;H> S ;R?M ;H> F?A?H> MBIOF> <? CH=FO>7> OMCHA OJ ;LLIQ L?=;FF NB? MN;N?G?HN
;<IP?;H>;>>NB? ;HHIN;NCIH =IGG;H>M ;M MBIQH <?FIQ

x=[-pi:.1:pi];y=sin(x);plot(x,y);title('Graph of
y=sin(x)");xlabel(’x");ylabel('sin(x)");grid on

-OH NB? PF? ;H>=IGJ;L? SIOL L?MOFN QCNB NB? PLMN IH?
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Fig. 3.3: Graph of sin(x) with Labels.

S1"1SJ? CHNB? @IFFIQCHA ;N NB?) /( JLIGIN ;H> F?;LH ;>>CNCIH;F =IGG;H>M NI
JHHIN;N? JFINM

help gtext
help legend

help zlabel

3.2.3 Superimposed Plots

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

‘@ SIO Q;HN NI G?LA? >;N; @LIG NQI AL;JBM L;NB?L NB;H =L?;N? ; H?Q AL;JB @LIG
M=L;N=B SIO =;H MOJ?LCGJIM? NB? NQI OMCHA ; MCGJF? NLC=E

% This script generates sin(x) and cos(x) plot on the same graph
% initialize variables
x=[-pi:.1:pi];  %create a row vector from -pi to +pi with .1

increments
y0=sin(x); %calculate sine value for each x
yl=cos(x); %calculate cosine value for each x

% Plot sin(x) and cos(x) on the same graph
plot(x,y0,x,y1);
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title('Graph of sin(x) and cos(x)'); %Title of graph

xlabel('x"); %Label of x axis

ylabel('sin(x), cos(x)’); %Label of y axis
legend('sin(x)','cos(x)"); %lnsert legend in the same order as y0
and y1 calculated

grid on %Graph grid is turned

Fig. 3.4: Graph of sin(x) and cos(x) in the same plot with labels and legend.

3.2.4 Multiple Plots in a Figure

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

YOFNCJF? JFINM CH ; MCHAF? PAOL? =;H <? A?H?L:N®»QCIB NB? IGG:H>
2CH>IQ %IQ?P?L NBCM NCG? Q? QCFF OM? NB? <OCFN CH ,FIN /IIFM ?@IL? Q? CHCNC;FCT? NE
NIIF M?N F?N OM =L?;N? NB? H?=?MM;LS P;LC:<F?M OMCHA NB? @IFFIQCHA M=LCJN

% This script generates sin(x) and cos(x) variables

clc %Clears command window
clear all %Clears the variable space
close all %Closes all figures

X1=[-2*pi:.1:2*pi]; %Creates a row vector from -2*pi to 2*pi with
.1 increments
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Y1=sin(X1); %Calculates sine value for each x
Y2=cos(X1); %Calculates cosine value for each x
Y3=Y1+Y2; %Calculates sin(x)+cos(x)
Y4=Y1-Y2; %Calculates sin(x)-cos(x)

*IN? NB;N NB? ;<IP? M=LCJN =F?;LM NB? =IGG;H> QCH>IQ ;H> P;LC;<F? QILEMJ;=? "N

;FMI =FIM?M ;HS 13?H #CAOL?M @N?L LOHHCHA NB? M=LCJIN Q? QCFF B;P?3 4 4 4 ;H>
4 FI;>?>CHNB? QILEMJ;=? *?RN M?F?=N#CF? *?Q #CAOL? ; H?Q #CAOL? QCH>IQ QCFF
IJ?H FC=E .BIQ ,FIN/IIFM ;H>!I=E #CAOL? IH NB? NIIF <;L

Fig. 3.5: Plot Tools

OH>?L *?Q .O<JFINM ! R?M M?F?=N @IOL P?LNC=;F <IR?M NB;N QCFF =L?;N? @IOL MO<JFINM
CH IH? PAOL? FMIHINC=? NB? bP? P;LC;<F?M Q? =L?;N?> ?;LFC?L ;L? FCMN?> OH>?L
1;LC:<F?M
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Fig. 3.6: Creating four sub plots.

@N?L NB? MO<JFINM B;P? <??H =L?;N?> M?F?=N NB? PLMN MOJ<FIN ;H>=FC=E IH >>!;N;
"H NB? >C;FIA <IR M?N 3 ;N; .IOL=? NI 3 ;H>4!;N; .IOL=? NI 4 -?J?;N NBCM MN?J @IL

NB? L?G;CHCHA MO<JFINM J;SCHA ;NN?HNCIH NI 4 I;N; .1I0L=? 4 4 ;H>4 H??> NI <?
M?F?=N?> CH NB? MO<M?KO?HN MN?JM QBCF? 3 CM ;FQ;SM NB? 3 |;N; .IOL=?

Fig. 3.7: Adding data to axes.
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*2?RN M?F?=N NB? PLMN CN?G CH ,FIN LIQM?L ;H>;=NCP;N? NB? ,LIJ?LNS ">CNIL #CFF ION
NB? P?F>M ;M MBIQH CH NB? PAOL? < ?FIQ -?J?;N NBCM MN?J @IL ;FF MO<JFINM

Fig. 3.8: Using "Property Editor".

P? NB? PAOL? ;Msinxcosx.fig CH NB? =OLL?HN >CL?=NILS

Fig. 3.9: The four subplots generated with "Plot Tools".
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Fig. 3.10: The four subplots in a single bgure.

3.3 Three-Dimensional Plots

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

I JFINM =:H <? A?H?L;N?> @LIG NB? IGG;H> 2CH>IQ ;M Q?FF ;M <S $0° ;FN?LH:NCP?M
/BCM NCG? Q? QCFF Al <:=E NI NB? IGG:H> 2CH>IQ

3.3.1 The plot/ Statement

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2CNBNB?3 4 4 ;H>4 P;LC;<F?M MNCFF CH NB? QILEMJ;=? NS&#)AM1,Y2) ;N NB?
)/( JLIGIN PAOL? QCFF <? A?H?L;N?> =FC=E .BIQ ,FIN/IIFM ;H> !I=E #CAOL?
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Fig. 3.11: A raw 3D bgure is generated with plot3.

O0M? NB? JLIJ?LNS ?>CNIL NI G;E? NB? @IFFIQCHA =B;HA?M P;CF;<F?

Fig. 3.12: 3D Property Editor.
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/B? "H;F L?MOFN MBIOF> FIIE FCE? NBCM

Fig. 3.13: 3D graph of x, sin(x), cos(x)

OM? help IL doc =IGG;H>M NI F?;LH GIL? ;<ION ! JFINM @IL ?R;GJF? image(x)
surf(x) ;H> mesh(x)

3.4 Generate Code

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

=I>? =;H <? A?H?L;N?> NI L?JLI>0=? NB? JFINM /I CHCNC;FCT? NBCM JLI=?MM L?=;FF
sinxcosx.fig H> M?F?=N #CF? $?H?L;N? 1>?
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Fig. 3.14: Generating code to reproduce a plot.

Fig. 3.15: M-Code generation in progress.
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function createfigure2(X1, Y1, Y2, Y3, Y4)
%CREATEFIGURE2(X1,Y1,Y2,Y3,Y4)
% X1: vector of x data
% Y1: vector of y data
% Y2: vector of y data
% Y3: vector of y data
% Y4: vector of y data

% Auto-generated by MATLAB on 05-Oct-2011 12:43:49

% Create figure
figurel = figure;

% Create axes

axesl = axes('Parent' figurel,"YGrid','on',’XGrid','on’,...
'Position’,[0.13 0.791155913978495 0.775 0.11741935483871]);

box(axesl,'on’);

hold(axes1,'all");

% Create title
titte('Graph of sin(x)");

% Create xlabel
xlabel('x");

% Create ylabel
ylabel('Sin(x)");

% Create plot
plot(X1,Y1,'Parent’,axesl,'DisplayName’,'Y1 vs X1');

% Create axes

axes2 = axes('Parent',figurel,"YGrid','on',’XGrid','on’,...
'Position’,[0.13 0.572069892473118 0.775 0.11741935483871));

box(axes2,'on");

hold(axes2,'all");

% Create title
title('Graph of cos(x)");

% Create xlabel
xlabel('x");

% Create ylabel
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ylabel('Cos(x)");

% Create plot
plot(X1,Y2,'Parent',axes2,'DisplayName’,'Y2 vs X1);

% Create axes

axes3 = axes('Parent’,figurel,"YGrid','on’,'’XGrid",'on’,...
'Position’,[0.13 0.352983870967742 0.775 0.11741935483871));

box(axes3,'on’);

hold(axes3,'all");

% Create title
title('Graph of sin(x)+cos(x)");

% Create xlabel
xlabel("x");

% Create ylabel
ylabel('Cos(x)+Sin(x)");

% Create plot
plot(X1,Y3,'Parent’,axes3,'DisplayName’,"Y3 vs X1');

% Create axes

axes4 = axes('Parent',figurel,"YGrid','on','’XGrid','on’,...
'Position’,[0.13 0.133897849462366 0.775 0.11741935483871));

box(axes4,'on’);

hold(axes4,'all’);

% Create title
title('Graph of sin(x)-cos(x)");

% Create xlabel
xlabel('x");

% Create ylabel
ylabel('Sin(x)-Cos(x)");

% Create plot
plot(X1,Y4,'Parent',axes4,'DisplayName',"Y4 vs X1');
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M SIO =;H M?? NB? PF? ;MMOG?M SIO ;L? OMCHA NB? M;G? P;LC;<F?M ILCACH;FFS OM?> NI
=L?;N? NB? AL;JB NB?L?@IL? NB? P;LC;<F?M H??> NI <? J;MM?> ;M ;LAOG?HNM CH NB?
@ONOL? ?R?=ONCIHM 1@ NB? A?H?L;N?> =I>?

3.5 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? ‘HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;
plot(x, y) ;H>  plot/(X1,Y1,Y2) MN;N?G?HNM =L?;N? ;H> ! AL;JBM L?MJ?=NCP?FS
,FINM ;N GCHCGOG MBIOF> =IHN;CH NB? @IFFIQCHA ?R& 2kt iabel
;H> legend,
HHIN;N?> JFINM =;H <? ?;MCFS A?H?L;N?> QCNB $0° ,FIN /IIFM
)/( =;H A?H?L;N? =I>? NI L?JLI>0=? JFINM

3.6 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

3.6.1 Exercise 3.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

,FIN OMCHA NB? MJ?=Cp?> =I?@P=C?HNM ;H> L;HA?M OM? CH=L?G?HNM I@

3.6.2 Exercise 3.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

,FIN NB? @IFFIQCHA @OH=NCIHM OMCHA CH=L?G?HNM 1@ ;H>

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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3.6.3 Exercise 3.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

,FIN @OH=NCIH @IL OMCHA CH=L?G?HNM 1@

3.6.4 Exercise 3.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

LN; SIFF?=N?> @LIG ISF?[M (;Q ?RJ?LCG?HN ;L? ;M @IFFIQM !N; ;P;CF;<F? @IL
>IQHFI;>

Volume [cm”3] Pressu re [Pa]
7.34 100330
7.24 102200
7.14 103930
7.04 105270
6.89 107400
6.84 108470
6.79 109400
6.69 111140
6.64 112200

,FIN; AL;JB 1@ ,L?MMOL? PM 1IFOG? ;HHIN;N? SIOL AL;JB

2?2 NB? *F? ;NBNNJ =HRILA=IHN?HNG F;N?MN BJ:"R?L=CM? TCJ
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3.6.5 Exercise 3.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? ILCACH;F >;N; =IFF?=N?> @LIG ISF?2fMperiment are as follows: (Data available for
download. °)

Volume [tube-inches] Pressu re [inches-Hg]
12 29.125

10 35.000

8 43.688

6 58.250

5 70.000

4 87.375

3 116.500

,FIN; AL;JB 1@ ,L?MMOL? PM 1IFOG? ;HHIN;N? SIOL AL;JB

3.6.6 Exercise 3.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

ICMJF;S NB? NQI JFINM =L?;N?> ?;LFC?L CH IH? JFIN

3.6.7 Exercise 3.7

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

N?HMCF? N?MN 1@ . "  MN??F JLI>0=?> NB? >;N; <?FIQ IN; ;P;CF;<F? @IL >IQHFI;>
?RJI?LCG?HN ;L? ;M @IFFIQM

"HNLI>O=NCIH NI "HACH??LCHA )I>?FCHA ;H> LI<F?G .IFPCHA<S & LI=EG;H &IBH 2CF?S ;H>.IHM ‘H=V J
5. See the file at http://cnx.org/content/m41466/latest/Chp3_Exercise5.zip
2?2 NB? *F? ;N BNNJ =HRILA=IHN?HNG F;N?MN BJ:"R?L=CM? TCJ
"HNLI>O=NCIH NI );N?LC;FM .=C?H=? @IL "HACH??LM U "HMNLO=NIL[M );HO;F <S & # .B;=E?F@IL> );=GCFF;H ,O<FCMBCHA
IGIHS V. J
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Extension [mm] Load [kN]
0.00 0.00
0.09 1.9
0.31 6.1
0.47 9.4
2.13 11.0
5.05 11.7
10.50 12.0
16.50 11.9
23.70 10.7
27.70 9.3
34.50 8.1

,FIN; AL;JB 1@ (I;> PM "RN?HMCIH ;HHIN;N? SIOL AL;JB

3.6.8 Exercise 3.8

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$CP?H?FIQ CM .NL?MM .NL;CH >;N; @IL ; NSJ? MN;CHF?MMAIRNA2EG?HN ;L? ;M
@IFFIQM I)N;;P;CF;<F? @IL >IQHFI;>

"HNLI>O=NCIH NI );N?LC;FM .=C?H=? @IL "HACH??LM <S & # .B;=E?F@IL> );=GCFF;H ,O<FCMBCHA IGJHS V J
2?2 NB? *F? ;NBNNJ =HRILA=IHN?HNG F;N?MN BJ:"R?L=CM? TCJ
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Stress [MPa] Strain [mm/mm]
0.0 0.0000
38.6 0.0002
77.2 0.0004
115.8 0.0006
154.4 0.0008
193.0 0.0010
218.0 0.0012
232.0 0.0014
258.0 0.0020
268.0 0.0025
273.0 0.0030
278.0 0.0035
282.0 0.0040
320.0 0.0200
382.0 0.0500
466.0 0.1000
520.0 0.1500

548.0 0.2000



67

550.0 0.2100
538.0 0.2500
480.0 0.3000

,FIN; AL;JB 1@ .NL?MM PM .NL;CH ;HHIN;N? SIOL AL;JB

3.7 Solutions to Exercises

3.7.1 Solution to Exercise 3.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

a=2; b=.3; x=[0:.1:5]; y=a+b*x;
plot(x,y).title('Graph of y=a+bx'),xlabel('x"),ylabel('y"),grid

a=3; b=.0; x=[0:.1:10]; y=a+b*x; plot(x,y),title('Graph of
y=a+bx'),xlabel('x"),ylabel('y"),grid

a=2; b=.3; x=[0:.1:5]; y=a+b*x; plot(x,y),title('Graph of
y=a+bx’),xlabel('x"),ylabel('y"),grid

3.7.2 Solution to Exercise 3.2

P;CF;<F? OH>?lL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

a=6; b=.8; x=[0:.01:5]; y=a+x."\b;
plot(x,y).title('Graph of y=a+x”"b"),xlabel('x"),ylabel('y"),grid
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a=6; b=.8; x=[0:.01:5]; y=a*x."\b;
plot(x,y),title('Graph of y=ax"b"),xlabel('x"),ylabel('y"),grid

a=6; x=[0:.01:5]; y=a*sin(x);
plot(x,y),title('Graph of
y=a*sin(x)"),xlabel('x"),ylabel('y"),grid
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3.7.3 Solution to Exercise 3.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

X = pi/100:pi/100:10*pi;
y = sin(x)./x;
plot(x,y),title('Graph of y=sin(x)/x"),xlabel('x"),ylabel('y"),grid

Fig. 3.16: Graph of y = sin(x)/x

3.7.4 Solution to Exercise 3.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

Pressure=[100330,102200,103930,105270,107400,108470,109400,111140,1122(C
Volume=[7.34,7.24,7.14,7.04,6.89,6.84,6.79,6.69,6.64];
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plot(Volume, Pressure),title('Pressure Volume
Graph'),xlabel("Volume'),ylabel('Pressure’),grid

3.7.5 Solution to Exercise 3.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

E P=[29.125,35,43.688,58.25,70,87.375,116.5];
E V=[12,10,8,6,5,4,3];
E plot(V,P),title('Pressure Volume
Graph'),xlabel('Volume'),ylabel(‘Pressure’),grid
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3.7.6 Solution to Exercise 3.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

3.7.7 Solution to Exercise 3.7

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

Extension=[0.00,0.09,0.31,0.47,2.13,5.05,10.50,16.50,23.70,27.70,34.50];
Load=[0.0,1.9,6.1,9.4,11.0,11.7,12.0,11.9,10.7,9.3,8.1];

plot(Extension, Load),title('Load versus Extension
Curve'),xlabel('Extension’),ylabel('Load"),grid
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3.7.8 Solution to Exercise 3.8

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? >;N; =;H <? ?HN?L?> OMCHA 1;LC;<F? ">CNIL

/B?H ?R?=0ON? NB? @IFFIQCHA

plot(Strain,Stress),title('Stress versus Strain
Curve'),xlabel('Strain [mm/mm]’),ylabel('Stress [mPa]'),grid
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Chapter 4 Introductory
Programming

4.1 Writing Scripts to Solve Problems

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? ‘HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

) /( JLIPC>?M M=LCJNCHA ;H>;ONIG;NCIH NIIFM NB;N =;H MCGJFC@S L?J?NCNCP?
=IGJON;NCIH;F N;MEM #IL ?R;GJF? ; M?LC?M I@ =IGG;H>M ?R?=0ON?>CH ;) /(

M?MMCIH NI MIFP? ; JLI<KF?G =;H <? M;P?> CH ; M=LCJN PF? =;FF?> ;H G PF? H G PF? =H <?
?R?=0ON?> @LIG NB? =IGG;H> FCH? <S NSJCHA NB? H;G? I@ NB? PF? IL <S JL?MMCHA NB? LOH
<ONNIH CH NB? <OCFN CH N?RN ?>CNIL NIIF <;L

4.2 Script Files

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

M=LCJN CM ; PF? =IHN;CHCHA ; M?KO?H=? 1@ ) /( MN;N?G?HNM .=LCJN PF?M B;P? ;
PF?H;G? ?PRN?HMCIH 1@ G S NSJCHA NB? PF?H;G? ;N NB? =IGG;H> JLIGIJN Q? =;H LOH
NB? M=LCJN ;H> I<N;CH L?MOFNM CH NB? =IGG;H> QCH>I1Q

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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Fig. 4.1: Number of m-bles are displayed in the Current Folder sub-window.

M;GJIF? G PF? H;G?> ThermalConductivitym CM >CMJF;S?> CH /?RN ">CNIL <?FIQ *IN?
NB? NLC;HAF? CH AL??H LOH <ONNIH CH NB? NIIF <;L JL?MMCHA NBCM <ONNIH ?R?=0ON?M NB~
M=LCJIN CH NB? =IGG;H> QCH>IQ

Fig. 4.2: The content of ThermalConductivity.m ble is displayed in Text Editor.

*IQ F?N OM M?? BIQ ;H G PF? CM =L?;N?> ;H> ?R?=0N?>
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4.2.1 Example 4.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

=SFCH>LC=;F ;=?NSF?H? <INNF? QCNB ; L;>COML G B;M; B?GCMJB?LC=;F NIJ /B? B?CABN
I@ NB? =SFCH>LC=F J;,LNCMB G 2LCN?; MCGJF? M=LCJN NI =;F=0F;N? NB? PIFOG? |@ NB?
;=?NSF?H? <INNF?

/I MIFP? NBCM JLI<F?G Q? QCFF PLMN ;JJFS NB? PIFOG? |@ =SFCH>?L ?KO;NCIH OMCHA
NB? PIFOG? |@ MJB?L? ?KO;NCIH Q? QCFF =;F=0OF;N? NB? PIFOG? |@ B?GCMJB?L?
/B? NIN;F PIFOG? 1@ NB? ;=?NSF?H? <INNF? CM @IOH> QCNB NB? MOG I@ PIFOG?M ?KO;NCIH

/ QLCN? NB? M=LCJIN Q? QCFF OM? NB? <OCFN CH N?RN ?>CNIL #LIG NB? G?HO <;L M?F?=N #CF?
*?Q .=LCIN /B? N?RN ?>CNIL QCH>IQ QCFF 1J?H CH ; M?J;L;N? QCH>IQ #CLMN M;P? NBCM PF?

;M AcetyleneBottle.m. "H NB;N QCH>IQ NSJ? NB? @IFFIQCHA =I>? J;SCHA ;NN?HNCIH NI NB?

OM? 1@ J?L=?HN;A? ;H> M?GC=IFIH MSG<IFM NI =IGG?HN ION NB? FCH?M ;H> MOJJL?MM NB?
IONJON L?MJ?=NCP?FS

% This script computes the volume of an acetylene bottle with a
radius r=0.3 m,
% a hemispherical top and a height of cylindrical part h=1.5 m.

r=0.3; % Radius [m]

h=1.5; % Height [m]

Vol_top=(2*pi*r*3)/3; % Calculating the volume of hemispherical
top [m3]

Vol_cyl=pi*r2*h; % Calculating the volume of cylindrical

bottom [m3]
Vol_total=Vol_top+Vol_cyl % Calculating the total volume of
acetylene bottle [m3]
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Fig. 4.3: Script created with the built-in text editor.

@N?L LOHHCHA NB? M=LCJN <S JL?MMCHA NB? AL??H <ONNIH CH NB? /?RN ">CNIL NIIF <;L NB?
IONJON CM >CMJF;S?> CH NB? =IGG;H> QCH>IQ ;M MBIQH <?FIQ

Fig. 4.4: The MATLAB output in the command window.
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4.3 The input Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

*INC=? NB;N NB? M=LCJN Q? B;P? =L?;N?> ;<IRZLJIF? A? CM HIN CHN?L;=NCP?
;H>=IGJON?M NB? NIN;F PIFOG? IHFS @IL NB? P;LC;<F?M >?PH?> CH NB? G PF? /I G;E?
NBCM M=LCJIN CHN?L;=NCP? Q? QCFF G;E? MIG? =B;HA?M NI MB}/RREMMNGHA <S
>>CHAinput  @OH=NCIH ;H> M;P? ChcélleneBottleinteractive.m.

/B? MSHN;R @lbput CM ;M @IFFIQM

userResponse = input('prompt’)

4.3.1 Example 4.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

*1Q F?N[M CH=ILJIL;N? NBigput =IGG;H> CH AcetyleneBottleInteractive.m ;M MBIQH
<?FIQ ;H> NB? MO<M?KO?HN PAOL?

% This script computes the volume of an acetylene bottle
% user is prompted to enter
% a radius r for a hemispherical top
% a height h for a cylindrical part
r=input('Enter the radius of acetylene bottle in meters ");
h=input('Enter the height of cylindrical part of acetylene bottle in

meters );

Vol_top=(2*pi*r*3)/3; % Calculating the volume of
hemispherical top [m3]

Vol_cyl=pi*r*2*h; % Calculating the volume of cylindrical

bottom [m3]
Vol_total=Vol_top+Vol_cyl % Calculating the total volume of
acetylene bottle [m3]
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Fig. 4.5: Interactive script that computes the volume of acetylene cylinder.

/B? =IGG;H> QCH>1Q OJIH LOH QCFF <? ;M @IFFIQM HIN? NB;N OM?L E?SM CH NB? L;>COM
;H>B?CABN P;FO?M ;H> NB? M;G? CHJON P;FO?M L?MOFN CH NB? M;G? HOG?LC=;F ;HMQ?L ;M
CH ?R;GJF?"R;GJF? A? QBC=B JLIP?M NB;N NB? =IGJON;NCIH CM =ILL?=N

Fig. 4.6: The same numerical result is obtained through interactive script.
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4.4 The disp Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

M SIO GCABN B;P? HINC=?> NB? IONJON I@ IOL M=LCJN CM HIN >CMJF;S?> CH ; Q?FF @ILG;NN?>
@;MBCIH OMCHi# Q? =;H =IHNLIF BIQ N?RN IL ;LL;SM ;L? >CMJF;S?> CH NB? =IGG;H>

QCH=>IQ #IL ?R;GJF? NI >CMJF;S ; N?RN MNLCHA IH NB? M=L??H dN5J?1zkb

world!' /BCM =IGG;H> QCFF L?NOLH IOL @LC?H>FS AL??NCHA ;Mc@WoFdQM

disp(variable) =;H <? OM?> NI >CMJF;S IHFS NB? P;FO? |I@ ; P;LC;<F? /I >?GIHMNL;N?
NBCM CMMO? NB? @IFFIQCHA =IGG;H> CH NB? =IGG;H> QCH>IQ

b=[12345]

2? B;P? =L?;N?>; LIQ P?=NIL QCNB ?F?G?HNM /B? @IFFIQCHA CM >CMJF;S?> CH NB?
=IGG;H> QCH>IQ

Eb=[12345]
b=
12345

*Q C@ Q? NSJ? Chibp(b)  ;H>JIL?MM ?HN?L NB? P;LC;<F? H;G? QCFF HIN <? >CMJF;S?> <ON
CNM P;FO? QCFF <? JLCHN?> IH NB? M=L??H

E disp(b)
12345

/B? @IFFIQCHA ?R;GJF? >?GIHMNL;N?M NB? OM; Al @@OH=NCIH

4.4.1 Example 4.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

*IQ F?N[M IJ?H AcetyleneBottleinteractive.m PF? ;H> GI>C@S CN <S OMCHisNB?

=IGG;H> #CLMN M;P? NB? PF? AbAtyleneBottleInteractiveDisp.m MI NB;N Q? >IH[N

;==C>?HN;FFS CHNLI>O=? ?LLILM NI ; QILECHA PF? ;H> ;FMI Q? =;H ?;MCFS bH> NBCM J;LNC=0F;L
PF? NB;N ONCFCTaNbNB&G;H> CH NB? @ONOL? /B? H?Q PF? MBIOF> =IHN;CH NB? =I>?

<?FIQ

% This script computes the volume of an acetylene bottle
% user is prompted to enter
% a radius r for a hemispherical top
% a height h for a cylindrical part
clc % Clear screen
disp('This script computes the volume of an acetylene bottle")
r=input('Enter the radius of acetylene bottle in meters ");
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h=input('Enter the height of cylindrical part of acetylene bottle in

meters ");

Vol_top=(2*pi*r*3)/3; % Calculating the volume of
hemispherical top [m3]

Vol_cyl=pi*r2*h; % Calculating the volume of cylindrical

bottom [m3]
Vol_total=Vol_top+Vol_cyl; % Calculating the total volume of
acetylene bottle [m3]

disp(* ") % Display blank line
disp('The volume of the acetylene bottle is') % Display text
disp(Vol_total) % Display variable

4|10L M=L??H IONJON MBIOF> FIIE MCGCF;L NI NB? IH? <?FIQ

This script computes the volume of an acetylene bottle
Enter the radius of acetylene bottle in meters .3
Enter the height of cylindrical part of acetylene bottle in meters 1.5

The volume of the acetylene bottle is
0.4807

4.5 The num2str Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? num2str  @OH=NCIH ;FFIQM OM NI =IHP?LN ; HOG<?L NI ; N72RN MNLCHA ;MC=MSHN;R CM
str = num2str(A) QB?L? P;LC;<F? CM =IHP?LN?> NI ; N?RN ;H> MNIL?2» CH?N[M M??

BIQ CN QILEM ChtetyleneBottleinteractiveDisp.m. -?G?G<?L NI M;P? NB? PF? QCNB ;

>C_?L?HN H;G? <?@IL? ?>CNCHA CN @IL ?RyéstjfeReBottleinteractiveDispl.m.

4.5.1 Example 4.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

>>NB? @IFFIQCHA FCH? |@ =I>? NI SIOL PF?

str = ['The volume of the acetylene bottle is ', num2str(Vol total), ' cubic

meters."];

*INC=? NB;N NB? NBL?? ;LAOG?HNM CH MNL ;L? M?J;L;N?> QCNB =IGG;M /B? PLMN ;LAOG?HN
CM ; MCGJF? N?RN NB;N CM =IHN;CH?>CH [[ /B? M?=IH> ;LAOG?HN CM QB?L? NB? HOG<?L NI
MNLCHA =IHP?LMCIH N;E? JF;=? H> PH;FFS NB? NBCL> ;LAOG?HN CM ;FMI ; MCGJF? N?RN NB;N
=IGIF?N?M NB? M?HN?H=? >CMJF;S?> IH NB? M=L??H OMCHA M?GC=IFIH ;N NB? ?H> |@ NB?


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

81

FCH? MOJJL?MM?M NB? IONJON "H NB? H?RN FCH? |@ IOL M=LCsN QOQB8FF =;FF
disp(str)

=?NSF?H? INNF?"HN?L;=NCP?!CMJ G PF? MBIOF> FIIE FCE? NBCM

% This script computes the volume of an acetylene bottle
% user is prompted to enter
% a radius r for a hemispherical top
% a height h for a cylindrical part

clc % Clear screen
disp(‘'This script computes the volume of an acetylene bottle:’)
disp(' ") % Display blank line

r=input('Enter the radius of acetylene bottle in meters ");
h=input('Enter the height of cylindrical part of acetylene bottle in

meters ");

Vol_top=(2*pi*r3)/3; % Calculating the volume of
hemispherical top [m3]

Vol_cyl=pi*r*2*h; % Calculating the volume of
cylindrical bottom [m3]

Vol_total=Vol_top+Vol_cyl, % Calculating the total volume of
acetylene bottle [m3]

disp(' ") % Display blank line

str = [The volume of the acetylene bottle is *, num2str(Vol_total),
' cubic meters.;
disp(str);

-OHHCHA NB? M=LCJN MBIOF> JLI>0=? NB? @IFFIQCHA
This script computes the volume of an acetylene bottle:

Enter the radius of acetylene bottle in meters .3
Enter the height of cylindrical part of acetylene bottle in meters 1.5

The volume of the acetylene bottle is 0.48066 cubic meters.

4.6 The fopen and fclose Functions

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? BLMN =IGG;H> CM OM?> NI 1J?H IL =L?;N? ; PF? /B? <:MC= MSHN:R@iL CM ;M
@IFFIQM

fid = fopen(filename, permission)
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#IL ?R;GJF? fo = fopen(output.txt', ‘w') [J?HM IL =L?;N?M ; H?Q PF? H;G?>
output.txt ;H> M?NM NB? J?LGCMMCIH @IL QLCNCHA "@ NB? PF? ;FL?;>S ?RCMNM CN >CM=;L>
?RCMNCHA =I[HN?HNM

fclose  =IGG;H> CM OM?> NI =FIM? ; PF? #IL ?R;GJF? C@ Q? NS&héetb); Q?
=FIM? NB? PF? NB;N Q;M =L?;N?> ;<IP?

4.7 The fprintf Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

fprintf @OH=NCIH QLCN?M @ILG;NN?> >;N; NI NB? =IGJON?L GIHCNIL IL ; PF? /BCM
=IGG;H> =;H <? OM?> NI M;P? NB? L?MOFNM 1@ ; =;F=OF;NCIH NI ; PF? /I >l NBCM PLMN Q?
=L?;N? IL 13?H ;H IONJON PF? QCNB @IJ?H M?=IH> Q? CMM@#B? =IGG;H> ;H>

NB?H Q? =FIM? NB? IONJON PF? Q&shB

/B? MCGJFCP?> MSHN;Ri@t. ~ CM ;M @IFFIQM

fprintf=(fid, format, variablel, variable 2, ...)

4.7.1 Example 4.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

>> NB? @IFFIQCHA FCH?M NI SIOL G PF?

fo = fopen(‘output.txt', ‘w');
fprintf(fo, The radius of acetylene bottle: %g meters nn', r);
fprintf(fo, The height of cylindrical part of acetylene bottle: %g
meters nn', h);
fprintf(fo, The volume of the acetylene bottle: %g cubic meters. nn’,
Vol_total);
fclose(fo);

%?L? Q? PLMN =L7?;N? NiBfut.txt PF? NB;N QCFF =IHN;CH NB? @IFFIQCHA NBL?? P;LC;<F?M
rh ;H> vol_total "HNB?fo IONJON PF? NB? P;LC;<F?M ;L? @ILG;N?>%Q QBC=B
;ONIG;NC=;FFS OM?M NB? MBILN?MN >CMJF;S @ILG;N 410 =;H»xFMI Chd?@IL

CHN?A?LM ;Hze @IL M=C?HNCP=HIN;NCIH "H IOL M=LCJN ;<if? WEQFCH? GIP?M

NB? =OLMIL NI NB? H?RN FCH?

*GCHA NB? H?Q G PF? ;MacetyleneBottlelnteractiveOutput.m CN MBIOF> FIIE FCE? NBCM

% This script computes the volume of an acetylene bottle
% user is prompted to enter
% a radius r for a hemispherical top
% a height h for a cylindrical part
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clc % Clear screen
disp('This script computes the volume of an acetylene bottle:")
disp(' ") % Display blank line

r=input('Enter the radius of acetylene bottle in meters *);
h=input('Enter the height of cylindrical part of acetylene bottle in

meters ");

Vol_top=(2*pi*r*3)/3; % Calculating the volume of
hemispherical top [m3]

Vol_cyl=pi*r*2*h; % Calculating the volume of cylindrical

bottom [m3]

Vol_total=Vol_top+Vol_cyl; % Calculating the total volume of
acetylene bottle [m3]

disp(* ") % Display blank line

str = [The volume of the acetylene bottle is ', num2str(Vol_total),
' cubic meters.;

disp(str);

fo = fopen(‘output.txt', ‘w');

fprintf(fo, The radius of acetylene bottle: %g meters nn', r);
fprintf(fo, The height of cylindrical part of acetylene bottle: %g
meters nn', h);

fprintf(fo, The volume of the acetylene bottle: %g cubic meters. nn',
Vol_total);

fclose(fo);

0JIH LOHHCHA NB? PF? NBputtxt PF? QCFF >CMJF;S NB? @IFFIQCHA

The radius of acetylene bottle: 0.3 meters
The height of cylindrical part of acetylene bottle: 1.5 meters
The volume of the acetylene bottle: 0.480664 cubic meters.

4.8 Loops

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

"H JLIAL;GGCHA ; FlIIJ ?R?=0ON?M ; M?N |@ =I>? ; MJ?=CP?> HOG<?L |@ NCG?M IL OHNCF ;
=IH>CNCIH CM G?N
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4.8.1 For Loop

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/BCM FI1IJ CN?L;N?M ;H CH>?R P;LC;<F? @LIG ;H CHCNC;F P;FO? OMCHA ; MJ?=Cp?> CH=L?G?HN I
; PH;F P;FO? ;H> LOHM ; M?N |@ =I>? /B? @IL FIIJ MSHN;R CM NB? @IFFIQCHA

for loop_index=vector_statement
code

code
end

4.8.1.1 Example 4.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

;F=OF;N? @IL OMCHA ;H CH=L?G?HN |@

for x=-pi:pi/4:pi

y=cos(X);

fprintf('%8.3f %8.2f nn',x,y);
end

"H NB? <LC?@ M=LCJN xIB¥l NB? FIIJ CH>?R NB;N CM CHCNC;N?>; @+ @1=L?G?HN?>

QCNB NI; PH;F P;FO? 1@ NNB? ?H> 1@ ?;=B CH=L?G?HN CM =;F=0F;N?>
;H>>CMJF;S?> QCNB NB? @JLCHN@ =IGG;H> /BCM JLI=?MM =[HNCHO?M OHNCF

#LIG ; JL?PCIOM ?R?L=CM? Q? EHIQ 7H =L?;N?M ; H?Q FCH? QB?H CH=FO>?> CH NB? @JLCHN@
=IGG;H> %?L? Q? ;FMIOM? @ NIMJI?=C@S ?CABN MJ;=?M ;H> NBL?? >?=CG;F JF;=?M

@IL NB? PLMN P;LC;<F? R (CE?QCM? @ MJ?=CP?M NB? @ILG;NNCHA @IL NB? M?=IH> P;LC;<F*
<ON CH NBCM =;M? S CM >CMJF;S?> QCNB NQI >?=CG;F JF;=?M /B? L?MOFN CM NB? @IFFIQCHA

-3.142 -1.00
-2.356 -0.71
-1.571 0.00
-0.785 0.71
0.000 1.00
0.785 0.71
1.571 0.00
2.356 -0.71
3.142 -1.00
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2? =;H CGJLIP? IOL =I>? <S ;>>CHA @ILG;NNCHA FCH?M ;M @IFFIQM

clear; clc;
fprintf(' x cos(x)nn’) % title row
fprintf(* ---------------- nn') % title row

for x=-pi:pi/4:pi %
loop_index=inital_value:increment_value:final_value
y=cos(X); % code to calculate cos(x)
fprintf('%8.3f %8.2f nn',x,y); % code to print the output to

screen
end
.=L??H IONJON

X cos(x)
-3.142 -1.00
-2.356 -0.71
-1.571 0.00
-0.785 0.71
0.000 1.00
0.785 0.71
1.571 0.00
2356 -0.71
3.142 -1.00

4.8.2 While Loop

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

(CE? NB? @IL FI1J ; QBCF? FIIJ ?R?=0ON?M <FI=EM 1@ =I>? IP?L ;H> IP?L ;A;CH BIQ?P?L CN
LOHM ;M FIHA ;M NB? N?MN =IH>CNCIH L?G;CHM NLO? /B? MSHN;R |@ ; QBCF? FIIJ CM

while test_condition
code
code

end
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4.8.3 Example 4.7

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

OMCHA ;while  FIIJ =;F=OF;N? @IL OMCHA ;H CH=L?G?HN |@

/BCM NCG? Q? H??> NI CHCNC;FCT? NB? R P;FO? IONMC>? NB? FIIJ ;H> NB?H MN;N? NB? N?MN
=|H>CNCIH CH NB? PLMN FCH? |@ NB? QBCF? FIIJ 2? ;FMI H??> NI =L?;N? ;H CH=L?G?HN
MN;N?G?HN QCNBCH NB? QBCF? FIIJ

X=-pi;
while x<=pi
y=cos(x);
fprintf('%8.3f %8.2f nn',x,y);
X = X + (pi/4);
end

/B? L?MOFN CM NB? M;G? ;M NB;N I@ NB? JL?PCIOM ?R;GJF?

-3.142  -1.00
-2.356  -0.71
-1.571 0.00
-0.785 0.71
0.000 1.00
0.785 0.71
1.571 0.00
2.356 -0.71
3.142 -1.00

*IQ Q? =;H CGJLIP? NB? =I>? <S ;>>CHA ?RNL; @ILG;NNCHA FCH?M ;H> =IGG?HNM

clear; clc;
fprintf(' x cos(x)nn’) % title row
fprintf(* ---------=------ nn') % title row

x=-pi; % initiating the x value

while x<=pi % stating the test condition
y=cos(X); % calculating the value of y
fprintf('%8.3f %8.2f nn',x,y); % printing a and y
X = X + (pi/4); % iterating to the next step

end

/B? L?MOFN MBIOF> FIIE NB? M;G? ;M <?@IL?
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-3.142  -1.00
-2.356 -0.71
-1.571 0.00
-0.785 0.71
0.000 1.00
0.785 0.71
1.571 0.00
2.356 -0.71
3.142 -1.00

4.9 The diary Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

"HMN?;> 1@ QLCNCHA ; M=LCJIN @LIG M=L;N=B Q? MIG?NCG?M MIFP? JLI<F?GM CH NB?
IGG;H> 2CH>IQ ;M C@ Q? ;L? OMCHA ; M=C?HNCP= =;F=OF;NIL /B? MN?JM Q? J?L@ILG CH
NBCM @;MBCIH =;H <? OM?> NI =L?;N? ;H G PF? #IL ?R;GJF2idNB? @OH=NCIH ;FFIQM OM

NI L?=IL>;)/( M?MMCIH CH ; PF? ;H> L?NLC?P? CN @IL L?PC?Q -?PC?QCHA NB? PF? ;H><S
=IJSCHA L?F?P;HN J;LNM 1@ CN ;H> J;MNCHA NB?G CH NI ;H G PF? ; M=LCJN =;H <? QLCNN?H
?,MCFS

/SICHAdiary ;N NB?)/( JLIGIN NIAAF?M NB? >C;LS GI>? [H ;H>1_ M MIIH ;M
NB? >C;LS GI>? CM NOLH?> IH ; PF? =;FF?>>C;LS CM =L?;N?> CH NB? =OLL?HN >CL?=NILS "@ SIO
FCE? NI M;P? NB;N PF? QCNB ; MJ?=Cb=H;G? M;S @IL ?R;GJF? JLIKF?G NSJ?

E diary problem16.txt.

PF? H;G?> JLI<KF?G NRN QCFF <? =L?;N?> /B? @IFFIQCHA CM NB? =IHN?HN I@ ; >C;LS PF?
=,FF?> JLI<KF?G NRN *INC=? NB;N CH NB;N M?MMCIH NB? OM?L CM ?R?=0ONCHA NB? @IOL PF?M Q?
=L?;N?> ?;LFC?L /B? OM?L[M E?S<I;L> CHJON ;H> NB? L?MOFNCHA >CMJF;S IONJON CM L?=IL>?>
CH NB? bF? /B? M?MMCIH CM ?H>7?7> <S diJCIBC=B CM JLCHN?> CH NB? F;MN FCH? /BCM
GCABN <? OM?@OF NI =L?;N?; L?=IL> 1@ SIOL QILE NI B;H> CH QCNB ; F;< IL NI =L?;N? NB?
<?ACHHCHAM |I@ ;H G bPF?

AcetyleneBottle
Vol _total =

0.4807
AcetyleneBottleInteractive

Enter the radius of acetylene bottle in meters .3
Enter the height of cylinderical part of acetylene bottle in meters
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1.5
Vol_total =
0.4807

AcetyleneBottleInteractiveDisp

This script computes the volume of an acetylene bottle

Enter the radius of acetylene bottle in meters .5

Enter the height of cylinderical part of acetylene bottle in meters
1.6

The volume of the acetylene bottle is
1.5184

AcetyleneBottleInteractiveDispl
This script computes the volume of an acetylene bottle:

Enter the radius of acetylene bottle in meters .9
Enter the height of cylinderical part of acetylene bottle in meters
1.9

The volume of the acetylene bottle is 6.3617 cubic meters.
diary

4.10 Style Guidelines

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/LS NI ;JJFS NB? @IFFIQCHA AOC>?FCH?M QB?H QLCNCHA SIOL M=LCJNM

\ .B;L? SIOL =I>? IL JLIAL;GM QCNB INB?LM =IHMC>7?L ;>IJNCHA IH? 1@ L?;NCP?
IGGIHM IL $*0 $?H?L;F ,O<FC= (C=?HM?M=B?G?M

"H=FO>? SIOL H;G? ;H> =IHN;=N CH@I| CH NB? IJ?HCHA FCH?M

OM? =IGG?HNM FC<?L;FFS

$LIOJ SIOL =I>? ;H> OM? JLIJ?L CH>?HN;NCIH

OM? QBCN? MJ;=? FC<?L;FFS

OM? >?M=LCJINCP? H;G?M @IL SIOL P;LC;<F?M

OM? >?M=LCJINCP? H;G?M @IL SIOL G PF?M

BNNJ =L?;NCP?=IGGIHM ILA
BNNJ QQQ AHO ILA FC=?HM?M AJF BNGF
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4.11 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;
M=LCJIN CM ; PF? =IHN;CHCHA ; M?KO?H=? 1@ ) /( MN;N?G?HNM .=LCJIN PF?M B;P?;
PF?H;G? ?RN?HMCIH 1@ G
#OH=NCIHM MO=Bn, disp ;H> num2str  =;H <? OM?> NI G;E? M=LCJINM
CHN?L;=NCP?
fopen, fprintf H> fclose  @OH=NCIHM ;L? OM?> NI =L?;N? IONJON PF?M
for FIIJ CM OM?> NI L?J?;N ; MJ?=Cb=<FI=E |@ =I>7? ; >?PHCN? HOG<?L |@ NCG?M
while  FIIJ CM OM?> NI L?J?;N ; MJ?=Cb= <FI=E |@ =I>? ;H CH>?PHCN? HOG<?L |@
NCG?M OHNCEF ; =IH>CNCIH CM G?N
/B? diary @OH=NCIH CM OM?@OF NI L?=IL>;)/( =IGG;H> QCH>IQ M?MMCIH @LIG
QBC=B ;H G PF? =;H <? ?;MCFS =L?;N?>
1;,LCIOM MNSF? AOC>?FCH?M =IP?L?> B?L? B?FJ CGJLIP? IOL =I>?

4.12 Probhlem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? ‘HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

4.12.1 Exercise 4.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2LCN? ; M=LCJN NB;N QCFF ;ME @IL JL?MMOL? P;FO? CH JMC ;H>>CMJF;S NB? ?KOCP;F?HN JL?MMO
CHE,; QCNB ; MN;N?G?HN MO=B ;M /B? =IHP?LN?> JL?MMOL? CM

4.12.2 Exercise 4.2

P;CF;<F? OH>?lL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2LCN? ; M=LCJIN NB;N A?H?L;N?M ; N;<F? 1@ =IHP?LMCIHM @LIG #;BL?HB?CN NI ?FMCOM
N?GJ?L;NOL?M @IL ; L;HA? ;H> CH=L?G?HN ?HN?L?> <S NB? OM?L MO=B ;M

"HN?L NB? <?ACHHCHA N?GJ?L;NOL? CH #
"HN?L NB? ?H>CHA N?GJ?L;NOL? CH #
"HN?L NB? CH=L?G?HN P;FO?

/?MN SIOL M=LCJN QCNB NB? <?ACHHCHA #;BL?HB?CN P;FO? NB? ?H>CHA #;BL?HB?CN
P;FO? ;H> NB? CH=L?G?HN

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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4.12.3 Exercise 4.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

»M=;F[M (;Q MN;N?M NB;N JL?MMOL? CM NL;HMGCNN?> OH>CGCHCMB?> CH ;FF >CL?=NCIHM
NBLIOABION ; ROC> ;N L?MN .?? NB? CFFOMNL;NCIH <?FIQ HCHCNC;F @IL=?1@ *CM
NL;HMGCNN?> @LIG ; JCMNIHI@ GG9 NI;JCMNIHI@ GG9 /BCM @IL=? CM
JLIAL?MMCP?FS CH=L?;M?>0JNI * 2LCN? ; M=LCJN NB;N =IGJON?M NB? =ILL?MJIH>CHA
FI;> =,LLC?> <S NB? F;LA?L JCMNIH ;H> N;<OF;N? SIOL L?MOFNM

Fig. 4.7: A simple hydraulic system.

4.12.4 Exercise 4.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)JI>C@S SIOL M=LCJIN CH JL?PCIOM JLIFAGCM? ,;A? MI NB;N NB? OM?L
JLIPC>?M NB? @IFFIQCHA CHJON

"HN?L NB? CHCNC;F @IL=? CH *

"HN?L NB? PH;F @IL=? CH *

"HN?L NB? CH=L?G?HN P;FO?

"HN?L NB? ;L?; I@ MG;FF JCMNIH CH GG9
"HN?L NB? ;L?; 1@ <CA JCMNIH CH GG9

/?MN SIOL M=LCJN QCNB ;H>  QCNB L?MJ?=N NI ?;=B CHJON P;LC;<F?


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

91

4.12.5 Exercise 4.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2LCN? ; M=LCJN NI MIFP? NB? .NL?MM .NL;CH JLI<F?G CH NB? ,LI<F?G .?N ,LI<F?G

4.12.6 Exercise 4.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

)I>C@S NB? M=LCJN SIO QLIN? ;<IF?L=CM? A? ;H>JFIN ;H ;HHIN;N?>
.NL?MM .NL;CH AL;JB

4.13 Solutions to Exercises

4.13.1 Solution to Exercise 4.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

% This script converts pressures from psi to kPa

% User is prompted to enter pressure in psi

clc % Clear screen

disp(‘'This script converts pressures from psi to kPa:")
disp(' ") % Display blank line

psi=input('What is the pressure value in psi? );
kPa=psi*6.894757; % Calculating pressure in kPa
disp(' ") % Display blank line

str = ['The converted pressure is: ', num2str(kPa), ' kPa.";
disp(str);

/B? M=LCJN IONJON CM ;M @IFFIQM

This script converts pressures from psi to kPa:

What is the pressure value in psi? 150

The converted pressure is: 1034.2135 kPa.
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4.13.2 Solution to Exercise 4.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

% This script generates a table of conversions
% From Fahrenheit to Celsius temperatures
clc % Clear screen
disp('This script generates a table of conversions from Fahrenheit to
Celsius’)
disp(* ) % Display blank line
lowerF=input('Enter the beginning temperature in F: *);
upperF=input('Enter the ending temperature in F: *);
increment=input('Enter the increment value: ");
Fahrenheit=[lowerF:increment:upperF]; % Creating a row vector with F
values
Celsius=5/9*(Fahrenheit-32); % Converting from F to C

disp(' ") % Display blank line
str = ['Fahrenheit Celsius ']; % Displaying table header
disp(str);

% Tabulating results in two columns, ' is being used to transpose row
to column
disp([Fahrenheit' Celsius'])

/B? M=LCJN IONJON CM ;M @IFFIQM

This script generates a table of conversions from Fahrenheit to
Celsius

Enter the beginning temperature in F: 20
Enter the ending temperature in F: 200
Enter the increment value: 20

Fahrenheit Celsius
20.0000 -6.6667

40.0000 4.4444

60.0000 15.5556
80.0000 26.6667
100.0000 37.7778
120.0000 48.8889
140.0000 60.0000
160.0000 71.1111
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180.0000 82.2222
200.0000 93.3333

4.13.3 Solution to Exercise 4.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

% This script computes the load carried by the larger piston in a
hydraulic system

clc % Clear screen

disp(‘'This script computes the load carried by the larger piston in a
hydraulic system’)

disp(' ") % Display blank line

initialF=150;

finalF=200;

increment=10;

areal=25;

area2=100;

F1=[initialF:increment:finalF]; % Creating a row vector with F1
values

F2=F1*area2/areal; % Calculating F2 values

disp(' ") % Display blank line
str =[' F1 F2 ;% Displaying table header
disp(str);

disp([F1' F2']) % Tabulating results in two columns, ' is being used
to transpose row to column

/B? M=LCJN IONJON CM ;M @IFFIQM

This script computes the load carried by the larger piston in a
hydraulic system

F1 F2

150 600
160 640
170 680
180 720
190 760
200 800
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4.13.4 Solution to Exercise 4.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

This script computes the load carried by the larger piston in a
hydraulic system

clc % Clear screen

disp('This script computes the load carried by the larger piston in
a hydraulic system")

disp(' ") % Display blank line

initialF=input('Enter the initial force in N: *);

finalF=input('Enter the final force in N:);

increment=input('Enter the increment value: ");

areal=input('Enter the area of small piston in mm”"2: );

area2=input('Enter the area of big piston in mm~2: ");

F1=[initialF:increment:finalF]; % Creating a row vector with F1
values

F2=F1*area2/areal; % Calculating F2 values

disp(' ") % Display blank line

str =[' F1 F2 ;% Displaying table header

disp(str);

disp([F1' F2']) % Tabulating results in two columns, ' is being used
to transpose row to column

/B? M=LCJN IONJON CM ;M @IFFIQM

This script computes the load carried by the larger piston in a
hydraulic system

Enter the initial force in N: 150

Enter the final force in N: 200

Enter the increment value: 10

Enter the area of small piston in mm”2: 25
Enter the area of big piston in mm”2: 100

F1 F2
150 600
160 640
170 680
180 720
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190 760
200 800

4.13.5 Solution to Exercise 4.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? G PF? =IHN;CHM NB? @IFFIQCHA

% This script uses readings from a Tensile test and

% Computes Strain and Stress values

clc % Clear screen

disp(‘'This script uses readings from a Tensile test and')

disp(‘Computes Strain and Stress values')

disp(' ") % Display a blank line

Specimen_dia=12.7; % Specimen diameter in mm

% Load in kN

Load_kN=[0;4.89;9.779;14.67;19.56;24.45;...
27.62;29.39;32.68;33.95;34.58;35.22;...
35.72;40.54,48.39;59.03;65.87;69.42;...
69.67,68.15;60.81];

% Gage length in mm

Length_mm=[50.8;50.8102;50.8203;50.8305;...
50.8406;50.8508;50.8610;50.8711;...
50.9016;50.9270;50.9524,;50.9778;...
51.0032;51.816;53.340;55.880;58.420;...
60.96;61.468;63.5;66.04];

% Calculate x-sectional area im m2
Cross_sectional_Area=pi/4*((Specimen_dia/1000)"2);
% Calculate change in length, initial lenght is 50.8 mm
Delta_L=Length_mm-50.8;

% Calculate Stress in MPa
Sigma=(Load_kN./Cross_sectional_Area)*107(-3);

% Calculate Strain in mm/mm

Epsilon=Delta_L./50.8;

str = ['Specimen diameter is ', num2str(Specimen_dia), ' mm.'];
disp(str);

Results=[Load_kN Length_mm Delta_L Sigma Epsilon];
% Tabulated results

disp(‘ Load Length Delta L Stress Strain')

disp(Results)
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@N?L ?R?=0ON?> NB? =IGG;H> QCH>IQ IONJON CM

This script uses readings from a Tensile test and
Computes Strain and Stress values

Specimen diameter is 12.7 mm.
Length Delta L

Load

0
4.8900
9.7790
14.6700
19.5600
24.4500
27.6200
29.3900
32.6800
33.9500
34.5800
35.2200
35.7200
40.5400
48.3900
59.0300
65.8700
69.4200
69.6700
68.1500
60.8100

4.13.6 Solution to Exercise 4.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?

50.8000
50.8102
50.8203
50.8305
50.8406
50.8508
50.8610
50.8711
50.9016
50.9270
50.9524
50.9778
51.0032
51.8160
53.3400
55.8800
58.4200
60.9600
61.4680
63.5000
66.0400

0
0.0102
0.0203
0.0305
0.0406
0.0508
0.0610
0.0711
0.1016
0.1270
0.1524
0.1778
0.2032
1.0160
2.5400
5.0800
7.6200

10.1600
10.6680
12.7000
15.2400

=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,

Stress Strain

0 0

38.6022 0.0002
77.1964 0.0004

115.8065
154.4086
193.0108
218.0351
232.0076
257.9792
268.0047
272.9780
278.0302
281.9773
320.0269
381.9955
465.9888
519.9844
548.0085
549.9820
537.9830
480.0403

">CN?> M=LCJN =IHN;CHM NB? JFIN =IGG;H>M

0.0006
0.0008
0.0010
0.0012
0.0014
0.0020
0.0025
0.0030
0.0035
0.0040
0.0200
0.0500
0.1000
0.1500
0.2000
0.2100
0.2500
0.3000

"HN?LH;NCIH;F (C=?HMBNNJ

% This script uses readings from a Tensile test and
% Computes Strain and Stress values

clc

% Clear screen
disp('This script uses readings from a Tensile test and’)

disp('Computes Strain and Stress values'’)
% Display a blank line
Specimen_dia=12.7; % Specimen diameter in mm

disp(* )
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% Load in kKN

Load_kN=[0;4.89;9.779;14.67;19.56;24.45;...
27.62;29.39;32.68;33.95;34.58;35.22;...
35.72;40.54;48.39;59.03;65.87;69.42;...
69.67,68.15;60.81];

% Gage length in mm

Length_mm=[50.8;50.8102;50.8203;50.8305;...
50.8406;50.8508;50.8610;50.8711;...
50.9016;50.9270;50.9524;50.9778;...
51.0032;51.816;53.340;55.880;58.420;...
60.96;61.468;63.5;66.04];

% Calculate x-sectional area im m2
Cross_sectional_Area=pi/4*((Specimen_dia/1000)"2);
% Calculate change in length, initial lenght is 50.8 mm
Delta_L=Length_mm-50.8;

% Calculate Stress in MPa
Sigma=(Load_kN./Cross_sectional_Area)*107(-3);

% Calculate Strain in mm/mm

Epsilon=Delta_L./50.8;

str = ['Specimen diameter is ', num2str(Specimen_dia), ' mm.'];
disp(str);

Results=[Load_kN Length_mm Delta_L Sigma Epsilon];
% Tabulated results

disp(‘ Load Length Delta L Stress Strain’)

disp(Results)

% Plot Stress versus Strain

plot(Epsilon,Sigma)

title('Stress versus Strain Curve’)

xlabel('Strain [mm/mm]’)

ylabel('Stress [mPa]’)

grid

"H ;>>CNCIH NI IGG;H> 2CH>IQ IONJON NB? @IFFIQCHA JFIN CM A?H?L;N?>
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Chapter 5 Interpolation

5.1 Interpolation

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

(CH?;L CHN?LJIF;NCIH CM IH? 1@ NB? GIMN =IGGIH N?=BHCKO?M @IL ?MNCG;NCHA P;FO?M
<?NQ??H NQI ACP?H >;N; JICHNM #IL ?R;GJF? QB?H OMCHA MN?;G N;<F?M Q? I@N?H B;P?

NI =;LLS ION CHN?LJIF;NCIHM 2CNB NBCM N?=BHCKO? Q? ;MMOG? NB;N NB? @OH=NCIH <?NQ?"
NB? NQI JICHNM CM FCH?;L )/( B;M; <OCFN CH CHN?LJIF;NCIH @OH=NCIH

5.2 The interpl Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$CP? ;H R S N;<F? new = interp1(x,y,x new) CHN?LIJIF;N?M NI PH> S:H?Q [IHMC>?L NB?
@IFFIQCHA ?R;GJF?M

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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5.2.1 Example 5.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

N >?GIHMNL;N? BIQ NB? interp1. =~ @OH=NCIH QILEM F?N OM =L?;N? ;H R S N;<F? QCNB NB?
@IFFIQCHA =IGG;H>M

x = 0:5;
y =[0,20,60,68,77,110];

/IN;<OF;N? NB? IONJON Q? =;H OM?
[X.y']
/B? L?MOFN CM

ans =

0
20
60
68
77
110

ga b~ W NP O

.0JJIM? Q? Q;HN NI PH> NB? =ILL?MJIH>CHA P;FO? @IL IL CHN?LJIF;N? @IL OMCHA
y new = interp1(x,Y,x new) MSHN;R F?N OM NSJ? CH

y_new=interp1(x,y,1.5)
y_new =
40

5.2.2 Example 5.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? N;<F? Q? =L?;N?> ;<IP? B;M IHFS ?F?G?HNM CH CN ;H> MOJJIM? Q? H??>; GIL?
>?N;CF?> N;<F? "HIL>?L NI >l NB;N CHMN?;> 1@ ; MCHAF? H?Q R P;FO? Q? =;H >?PH? ;H
LL;S 1@ H?Q R P;FO?M NB®2mp1  @OH=NCIH L?NOLHM ;H ;LL;S 1@ H?Q S P;FO?M

new_x = 0:0.2:5;
new_y = interpl(x,y,new_x);
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(?N[M >CMJF;S NBCM N;<F?
[new_x',new_y']

/B? L?MOFN CM
ans =

0 0
0.2000 4.0000
0.4000 8.0000
0.6000 12.0000
0.8000 16.0000
1.0000 20.0000
1.2000 28.0000
1.4000 36.0000
1.6000 44.0000
1.8000 52.0000
2.0000 60.0000
2.2000 61.6000
2.4000 63.2000
2.6000 64.8000
2.8000 66.4000
3.0000 68.0000
3.2000 69.8000
3.4000 71.6000
3.6000 73.4000
3.8000 75.2000
4.0000 77.0000
4.2000 83.6000
4.4000 90.2000
4.6000 96.8000
4.8000 103.4000
5.0000 110.0000

5.2.3 Example 5.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M;

OMCHA NB? N;<F? <?FIQ PH>NB? CHN?LH;F ?H?LAS 1@ MN?;G;N Y ;H>NB?
N?GJ?L;NOL? C@ NB? CHN?LH;F ?H?LASCM  E& EA OM? FCH?;L CHN?LJIF;NCIH
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Temperatu re [C] Internal Energy [kJ/kg]

100 2506.7
150 2582.8
200 2658.1
250 2733.7
300 2810.4
400 2967.9
500 3131.6

Table 5.1: An extract from Steam Tables

#CLMN F?N OM ?HN?L NB? N?GJ?L;NOL? ;H> ?H?LAS P;FO?M

temperature = [100, 150, 200, 250, 300, 400, 500];
energy = [2506.7, 2582.8, 2658.1, 2733.7, 2810.4, 2967.9, 3131.6];
[temperature’,energy’]

L?NOLHM

ans =
1.0e+003 *

0.1000 2.5067
0.1500 2.5828
0.2000 2.6581
0.2500 2.7337
0.3000 2.8104
0.4000 2.9679
0.5000 3.1316

CMMO? NB? @IFFIQCHA @IL NB? PLMN KO?MNCIH

new_energy = interpl(temperature,energy,215)
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L?NOLHM

new_energy =
2.6808e+003

*IQ NSJ? CHNB? @IFFIQCHA @IL NB? M?=IH> KO?MNCIH
new_temperature = interpl(energy,temperature,2600)
L?NOLHM

new_temperature =
161.4210

5.3 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;
(CH?;L CHN?LJIF;NCIH CM ; N?=BHCKO? @IL ?MNCG;NCHA P;FO?M <?NQ??H NQI ACP?H >N;
JICHNM
,LI<KF?GM CHPIFPCHA MN?;G N;<F?M I@N?H L?KOCL? CHN?LJIF;N?> >;N;
)/( B;M; <OCFN CH CHN?LJIF;NCIH @OH=NCIH

5.4 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

5.4.1 Exercise 5.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

I?N?LGCH? NB? M;NOL;NCIH N?GJ?L;NOL? MJ?=Cpb=FCKOC> ?HNB;FJS MJ?=CpPb=?HNB;FJS |@
?P;JIL;NCIH ;H> MJ?=Cb= ?HNB;FJS |@ >LS MN?;G ;N ; JL?MMOL? 1@ ),;

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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= Satu rati hf hfg hg
ressu re atu ration

[kJ/ [kJ/ [kJ/
[MN/m2] Temperatu re [C]

k] k] k]
2.1 214.9 920.0 1878.2 2798.2
2.0 212.4 908.6 1888.6 2797.2

Table 5.2: An extract from steam tables

5.4.2 Exercise 5.2
P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? @IFFIQCHA N;<F? ACP?M >N; @IL NB? MJ?=Cp=B?;N ;M CN =B;HA?M QCNB N?GJ?L;NOL? @IL ;
J?2L@?=N A;M IN; ;P;CF;<F? @IL >IQHFI;>

Temperatu re [F] Specific Heat [BTU/IbmF]
25 0.118
50 0.120
75 0.123
100 0.125
125 0.128
150 0.131
Table 5.3: Change of specibc heat with temperatu re

OMCHA CHN?LJ @OH=NCIH =;F=0OF;N? NB? MJ?=Cb=B?;N@IL # #;H> #

2?2 NB? *F? ;NBNNJ =HRILA=IHN?HNG F;N?MN BJ:"R?L=CM? TCJ
/B?LGI>SH;GC=M ;H> %7?;N ,IQ?L <S'OLN -IFF? ,?;LMIH ,L?HNC=? %;FF V  J
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5.4.3 Exercise 5.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

#IL NB? JLI<F?G ;<IP? "R?L=CM? [A? =L?;N?; GIL? >?N;CF?> N;<F? CH QBC=B
N?GJ?L;NOL? P;LC?M <?NQ??H ;H> QCNB # CH=L?G?HNM ;H> =ILL?MJIH>CHA
MJ?=Cb=B?;N P;FO?M

5.4.4 Exercise 5.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

IOLCHA; BIOL MBC@N ; @O?F N;HE B;M P;LSCHA F?P?FM >0O7? NI =IHMOGJNCIH ;H> NL;HM@?L
JOGJ ;ONIG;NC=;FFS =ONNCHA CH ;H> ION NI G;CHN;CH ; M;@? @O?F F?P?F /B? @IFFIQCHA N;<F
@ @O?F N;HE F?P?F P?LMOM NCG? I;N; ;P;CF;<F? @IL >IQMFEEMMCHA L?;>CHAM @IL

;H> ) OMCHA FCH?;L CHN?LJIF;NCIH ?MNCG;N? NB? @O?F F?P?F ;N NBIM? NCG?M

2?NB?2F? ;N BNNJ =HRILA=IHN?HNG F;N?MN BJ:"R?L=CM? TCJ
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Time [hou rs, AM]

1:00

2:00

3:00

4:00

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12:00

Table 5.4: Fuel tank level versus time

5.5 Solutions to Exercises

5.5.1 Solution to Exercise 5.1

Tank level [m]

15

1.7

2.3

2.9

2.6

2.5

2.3

2.0

1.8

1.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE?

=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( MIFONCIH CM :M @IFFIQM

E pressure=[2.1 2.0];
E sat_temp=[214.9 212.4];
E h_f=[920 908.6];

"HN?LH;NCIH;F (C=?HMBNNJ
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E h_fg=[1878.2 1888.6];
E h_g=[2798.2 2797.2];

E sat_temp_new=interpl(pressure,sat_temp,2.04)
sat_temp_new =

213.4000
E h_f _new=interpl(pressure,h_f,2.04)
h_f new =

913.1600
E h_fg_new=interpl(pressure,h_fg,2.04)
h_fg_new =

1.8844e+003
E h_g_new=interpl(pressure,h_g,2.04)
h_g_new =

2.7976e+003

5.5.2 Solution to Exercise 5.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M;

)/( MIFONCIH CM ;M @IFFIQM
E temperature=[25;50;75;100;125;150]
temperature =

25
50
75
100
125
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150
E specific_heat=[.118;.120:.123;.125;.128;.131]
specific_heat =

0.1180

0.1200

0.1230

0.1250

0.1280

0.1310
E specific_heatAt30=interpl(temperature,specific_heat,30)
specific_heatAt30 =

0.1184
E specific_heatAt70=interpl(temperature,specific_heat,70)
specific_heatAt70 =

0.1224
E specific_heatAt145=interp1(temperature,specific_heat,145)
specific_heatAt145 =

0.1304

5.5.3 Solution to Exercise 5.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

)/( MIFONCIH CM ;M @IFFIQM

E new_temperature=25:5:150;
E
new_specific_heat=interpl(temperature,specific_heat,new_temperature);
E [new_temperature',new_specific_heat']
ans =
25.0000 0.1180
30.0000 0.1184
35.0000 0.1188
40.0000 0.1192
45.0000 0.1196
50.0000 0.1200
55.0000 0.1206
60.0000 0.1212
65.0000 0.1218
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70.0000 0.1224
75.0000 0.1230
80.0000 0.1234
85.0000 0.1238
90.0000 0.1242
95.0000 0.1246
100.0000 0.1250
105.0000 0.1256
110.0000 0.1262
115.0000 0.1268
120.0000 0.1274
125.0000 0.1280
130.0000 0.1286
135.0000 0.1292
140.0000 0.1298
145.0000 0.1304
150.0000 0.1310

5.5.4 Solution to Exercise 5.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

E time=[1234 6781011 12];
E tank_level=[1.51.7 2.3 2.9 2.6 2.5 2.3 2.0 1.8 1.3];

E tank_level_at_5=interpl(time,tank_level,5)
tank_level _at 5=

2.7500

E tank_level at 9=interpl(time,tank_level,9)
tank_level_at 9 =

2.1500
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Chapter 6 Numerical Integration

6.1 Computing the Area Under a Curve

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/BCM =B;IJN?L ?MM?HNC;FFS >?;FM QCNB NB? JLI<F?G |@ =IGJONCHA NB? ;L?; OH>?L ; =OLP?
#CLMN Q7? QCFF ?GJFIS ; <;MC=;JJLI;=B ;H> @ILG NL;J?TIC>M OH>?L ; =OLP? #LIG NB?M?
NL;J?TIC>M Q? =;H =;F=0OF;N? NB? NIN;F ;L?; OH>?L ; ACP?H =OLP? /BCM G?NBI> =;H <?
N?>CIOM ;H> CM JLIH? NI ?LLILM MI CH NB? M?=IH> B;F@ I@ NB? =B;JN?L Q? QCFF ONCFCT?;
<OCFN CH) /( @OH=NCIH NI =;LLS ION HOG?LC=;F CHN?AL;NCIH

6.2 A Basic Approach

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B?L? ;L? P;LCIOM G?NBI>M NI =;F=0OF;NCHA NB? ;L?; OH>?L ; =OLP? @IL ?R;GJF?
-?=N;HAF? )?NBI> /L;J?TIC>;F -OF? ;H>.CGJMIH[M -OF?/B? @IFFIQCHA JLI=?>0L? CM
; MCGJFCP?> G?NBI>

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
BNNJ ?H QCECJ?>C; ILA QCEC -?=N;HAF?:G?NBI>

BNNJ ?H QCECJ?>C; ILA QCEC /L;J?TIC>;F:LOF?

BNNJ ?H QCECJ?>C; ILA QCEC .CGJMIH M:LOF?
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IHMC>?L NB? =OLP? <?FIQ

Fig. 6.1: Numerical integration

";=B M?AG?HN OH>?L NB? =OLP? =;H <? =;F=0OF;N?> ;M @IFFIQM

/B?L?@IL? C@ Q? N;E? NB? MOG |I@ NB? ;L?; I@ ?;=B NL;J?TIC> ACP?H NB? FCGCNM Q?
=,F=0OF;N? NB? NIN;F ;L?; OH>?L ; =OLP? IHMC>7?L NB? @IFFIQCHA ?R;GJF?

6.2.1 Example 6.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

$CP?H NB? @IFFIQCHA >;N; JFIN ;H R S AL;JB ;H> >?N?LGCH? NB? ;L?; OH>?L ; =OLP?
<?NQ??HR ;H>R

Index x [m] y [N]
1 3 27.00
2 10 14.50
3 15 9.40
4 20 6.70
5 25 5.30
6 30 4.50

Table 6.1; Data Set
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#CLMN F?N OM ?HN?L NB? >;N; M?N #IL R CMMO? NB? @IFFIQCHA =IGG;H>

x=[3,10,15,20,25,30];. H> @IL S y=[27,14.5,9.4,6.7,5.3,4.5].. @ SO NSJ? hi

SIO QCFF M?? NB? @IFFIQCHA N;<OF;N?> L?MOFN %?L? Q? NL;HMJIM? LIQ P?=NILM QCNB [ ;H>
>CMJF;SCHA NB?G ;M =IFOGHM

ans =

3.0000 27.0000
10.0000 14.5000
15.0000 9.4000
20.0000 6.7000
25.0000 5.3000
30.0000 4.5000

IGJ;L? NB? >;N; M?N ;<IP? QCNB NB? ACP?H CH@ILG;NCIH CH NB? KQZMNCIH /I
JFIN NB? >;N; NSJ? NB? @IFFIQCHA

plot(x,y),title('Distance-Force
Graph'),xlabel('Distance[m]'),ylabel('Force[N]'),grid

/B? @IFFIQCHA PAOL? CM A?H?L;N?>

Fig. 6.2: Distance-Force Graph

/1 =IGJON? >R @IL =IHM?=0ONCP? R P;FO?M Q? QCFF OM? NB? CH>?R @IL ?;=B R P;FO? M?? NB?
ACP?H >;N; CH NB? KO?MNER?
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dx=[x(2)-x(1),x(3)-x(2),x(4)-x(3),x(5)-x(4),x(6)-x(5)];

>S CM =IGJON?> <S NB? @IFFIQCHA =IGG;H>

dy=[0.5*(y(2)+y(1)),0.5*(y(3)+y(2)),0.5*(y(4)+Y(3)),0.5*(y(5)+y(4)),0.5*(y(6)+y(5))];

>R ;H>>S =;H <? >CMJF;S?> QCNB NB? @IFFIQCHA =1GGdkiay] /B? L?MOFN QCFF

FIIE FCE? NBCM

[dx',dy']

ans =

7.0000 20.7500
5.0000 11.9500
5.0000 8.0500
5.0000 6.0000
5.0000 4.9000

+OL L?MOFNM MI @;L ;L? MBIQH <?FIQ

x [m] y [N]
3 27.00
10 14.50
15 9.40
20 6.70
25 5.30
30 4.50

Table 6.2: X, y and corresponding differential elements

dx [m]

7.00

5.00

5.00

5.00

5.00

dy [N]

20.75

11.95

8.05

6.00

4.90

‘@ Q? GOFNCJFS >R <S >S Q? bPH> >; @IL ?;=B ?F?G?HN OH>?L NB? =OLP? /B? >C_?L?HNC;F
;L?; >, >R >S =H <? =IGJON?> OMCHA NB? [N?LG <S N?LG GOFNCJFC=;NCIH[ N?=BHCKO? CH

)I( ;M @IFFIQM
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da=dx.*dy
da=
145.2500 59.7500 40.2500 30.0000 24.5000

"=B P;FO? ;<IP? L?JL?M?HNM ;H ?F?G?HN OH>?L NB? =OLP? IL NB? ;L?; |@ NL;J?TIC> S
N;ECHA NB? MOG |1@ ;LL;S ?F?G?HNM Q7? bH> NB? NIN;F ;L?; OH>?L NB? =OLP?

sum(da)
ans =
299.7500

/B? @IFFIQCHA<F? CFFOMNL;N?M ;FF NB? MN?JM ;H> L?MOFNM 1@ I10L ) /(
=IGJON;NCIH

x [m] y [N] dx [m] dy [N] dA [Nm]

3 27.00

10 14.50 7.00 20.75 145.25

15 9.40 5.00 11.95 59.75

20 6.70 5.00 8.05 40.25

25 5.30 5.00 6.00 30.00

30 4.50 5.00 4.90 24.50
299.75

Table 6.3: Computation of the approximate area under a cu rve

6.3 The Trapezoidal Rule

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

AG?NCG?M CN CM L;NB?L =IHP?HC?HN NI OM? ; HOG?LC=;F ;JJLI;=B NI MIFP? ; >?PHCN?
CHN?AL;F /B? NL;J?TIC> LOF? ;FFIQM OM NI ;JJLIRCG;N? ; >?PHCN? CHN?AL;F OMCHA
NL;J?TIC>M
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6.3.1 The trapz Command

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

5 NL;JT 4 =IGJON?M ;H ;JILIRCG;NCIH I@ NB? CHN?AL;F I@ 4 OMCHA NB? NL;J?TIC>;F
G?NBI>

*IQ F?N OM M?? ; NSJC=;F JLI<F?G

6.3.1.1 Example 6.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$CP?H L?; ;H ;H;FSNC=;F MIFONCIH QIOF> JLI>0=? OM? NL;JT =IGG;H>
;H>MIFP? CN

"HCNC;FCT? P;LC;<F? R ;M ; LIQ P?=NIL @LIG QCNB CH=L?G?HNM 1@ NI
x=2:.1:5;
1?7=F;L? P;LC;<F? S ;M y=x~2  *IN? NB? @IFFIQCHA ?LLIL JLIGIN?? Error using
==> mpower Inputs must be a scalar and a square matrix.
/BCM CM <?=;,0M? R CM ; P?=NIL KO;HNCNS ;H>)/( CM ?RJ?=NCHA ; M=;F;,L CHJON @IL S
?=,0M? 1@ NB;N Q? H??> NI =IGJON? S ;M ; P?=NIL ;H> NI > NB;N Q? QCFF OM? NB?
>IN IJ?L;NIL ;M @IFFIQMy=x~2  /BCM N?FFM ) /(" NI =L?;N? P?=NIL S <S N;ECHA
?,=B R P;FO? ;H>L;CMCHA CNM JIQ?L NI
*1Q Q? =;H CMMO? NB? @IFFIQCHA =IGG;H> NI =;F=0OF;N? NB? bLMN ;L?; NB? IONJON
QCFF <? ;M @IFFIQM

areal=trapz(x,y)
areal =
39.0050

*INC=? NB;N NBCM HOG?LC=;F P;FO? CM MFCABNFS I_ .| F?N OM CH=L?;M? NB? HOG<?L |@
CH=L?G?HNM ;H> =;F=OF;N? NB? ;L?; ;A;CH

x=2:.01:5;
y=x."2;

area2=trapz(x,y)

areaz2 =
39.0001

4?N ;HINB?L CH=L?;M? CH NB? HOG<?L |@ CH=L?G?HNM
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x=2:.001:5;
y=x."2;
area3=trapz(x,y)

area3 =
39.0000

6.3.1.2 Example 6.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

I?N?LGCH? NB? P;FO? |@ NB? @IFFIQCHA CHN?AL;F

"HCNC;FCT? P;LC;<F? R ;M ; LIQ P?=NIL @LIG QCNB CH=L?G?HNM 1@ JC NIJC
x=0:pi/100:pi;

1?7=F;L? P;LC;<F? S ;My=sin(x);

"MMO? NB? @IFFIQCHA =IGG;H> NI =;F=0OF;N? NB? bLMN ;L?; NB? IONJON QCFF <? ;M
@IFFIQM

areal=trapz(x,y)
areal =
1.9998

F?N OM CH=L?;M? NB? CH=L?G?HNM ;M ;<IP?
x=0:pi/1000:pi;
y=sin(x);
area2=trapz(x,y)

areaz2 =

2.0000
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6.3.1.3 Example 6.4
P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;
AM ?RJ;H>M ;==IL>CHA NI NB? F;Q "HCNC;FFS NB? JL?MMOL? CM  E,; QB?H
NB? PIFOG? CM G2LCN? ; M=LCJN NI =IGJON? NB? QILE >IH? <S NB? A;M CH ?RJ;H>CHA
NI NBL?? NCG?M CNM ILCACH;F PIFOG?

-?=;FF NB;N ,1 >C;AL;GM =;H <? OM?> NI ?MNCG;N? NB? H?N QILE J?L@ILG?><S;
NB?LGI>SH;GC= =S=F? M?? 2CECJ?HCQ? =;H OM? >?PHCN? CHN?AL;F NI =IGJON? NB?
QILE >IH? 2! ;M @IFFIQM

‘@ Q? L?;LL;HA? NB? ?RIL?MMCIH JL?MMOL? ;M ; @OH=NCIH |@ PIFOG? Q? A?N

S =IHMC>?LCHA NB? CHCNC;F MN;N? Q? =;H >?N?LGCH? NB? P;FO? 1@ =

#LIG NB? ?KO;NCIH ‘H> NB? ?KO;:NCIH <IP? Q? =H
QLCN?

S CHM?LNCHA , CH 2! Q? A?N

#IL)/( MIFONCIH Q? QCFF =IHMC>?L , ;M ; @OH=NCIH 1@ 1 ‘H> 2!

*IQ F?N OM ;JJFS NB? NBL?? MN?J ;JJLI;=B Q? B;P? OM?> ?,LFC?L

"HCNC;FCT? P;LC;<F? PIFOG? ;M ; LIQ P?=NIL @LIG QCNB CH=L?G?HNM |I@ NI
v=1:0.001:3;

1?7=F;L? P;LC;<F? JL?MMOL? ;}100./v."1.4;

OM? NB?trapz  @OH=NCIH NI =;F=0OF;N? NB? QILE >IH? NB? IONJON QCFF <? ;M @IFFIQM

+ * J;NB?G;NC=M <S & !I<CHMIH ,?HAOCH (C<L;LS I@ /?=BHIFIAS V J
BNNJ ?H QCECJ?>C; ILA QCEC ,L?MMOL?:PIFOG?:>C;AL;G /B?LGI>SH;GC=M
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WorkDone=trapz(v,p)
WorkDone =
88.9015

/B?M? MN?JM =;H <? =IG<CH?> CH ;H G PF? ;M @IFFIQM

clc
disp(‘A gas expands according to the law, pv*1.4=C")
disp('Initial pressure is 100 kPa when the volume is 1 m3')
disp('Compute the work done by the gas in expanding’)
disp('To three times its original volume")
disp(' ") % Display blank line
v=1:.001:3; % Creating a row vector for volume, v
p=100./(v."1.4); % Computing pressure for volume
WorkDone=trapz(v,p) % Integrating p*dv over 1 to 3 cubic meters

6.3.1.4 Example 6.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

<I>S GIP?M @LIG L?MN OH>?L NB? ;=NCIH I@ ; >CL?=N @IL=? ACP?H <S QB?L?
R CM NB? >CMN;H=? CH G?N?LM @LIG NB? MN;LNCHA JICHN 2LCN? ; M=LCJIN NI =IGJON? NB? NIN;F
QILE >IH? CH GIPCHA ; >CMN;H=? G

-?=;FF NB;N NB? A?H?L;F >?PHCNCIH |@ G?=B;HC=;F QILE CM ACP?H <S NB? @IFFIQCHA CHN?AL;F
M?? 2CECJ?>C;

/B?L?@IL? Q? =;H QLCN?

JIFSCHA NB? MN?JM Q? @IFFIQ?> CH NB? JL?PCIOM ?R;GJF?M Q? QLCN?

clc
disp(‘A body moves from rest under the action of a direct force
given')
disp('by F=15/(x+3) where x is the distance in meters')
disp('From the starting point.’)
disp(‘Compute the total work done in moving a distance 10 m.")

+ * J;NB?G;NC=M <S & !I<CHMIH ,?HAOCH (C<L;LS I@ /?=BHIFIAS V  J
BNNJ ?H QCECJ?>C; ILAQCEC 2ILE: JBSMC=M #IL=?:;H>:>CMJF;=?G?HN
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disp(* ) % Display blank line

x=0:.001:10; % Creating a row vector for distance, x
F=15./(x+3); % Computing Force for x
WorkDone=trapz(x,F) % Integrating F*dx over 0 to 10 meters.

/B? IONJON I@ NB? ;<IP? =I>? CM

A body moves from rest under the action of a direct force given
by F=15/(x+3) where x is the distance in meters
From the starting point.
Compute the total work done in moving a distance 10 m.
WorkDone =

21.9951

6.4 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M;
"H CNM MCGJF?MN @ILG HOG?LC=;F CHN?AL;NCIH CHPIFP?M =;F=OF;NCHA NB? ;L?;M |@
M?AG?HNM NB;N G;E? OJ NB? ;L?; OH>?L ; =OLP?
)/( B;M <OCFN CH @OH=NCIHM NI J?L@ILG HOG?LC=;F CHN?AL;NCIH
Z = trapz(Y) =IGJON?M ;H ;JILIRCG;NCIH I@ NB? CHN?AL;F |@ 4 OMCHA NB?
NL;J?TIC>;F G?NBI>

6.5 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

6.5.1 Exercise 6.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

(?N NB? @OH=NCIH S >?"H?><S ,FIN NBCM @OH=NCIH IP?L NB? CHN?LP;F 6 JC JC8
O0M? HOG?LC=;F CHN?AL;NCIH N?=BHCKO?M NI ?MNCG;N? NB? CHN?AL;F 1@ S IP?L6 JC 8 OMCF
CH=L?G?HNM 1@ JC ;H>JC

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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6.5.2 Exercise 6.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

(?N NB? @OH=NCIH S >?PH?> <S ,FIN NBCM @OH=NCIH IP?L
NB? CHN?LP;F6 8 OM? HOG?LC=;F CHN?AL;NCIH N?=BHCKO?M NI ?MNCG;N? NB? CHN?AL,FI@ S
IP?L6 8

6.5.3 Exercise 6.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

FCN?L N;HE CM @OFF |@ FO<? ICF "N CM EHIQH NB;N C@ FO<? ICF CM >L;CH?> @LIG NB? N;HE
NB? G;MM RIQ L;N? QCFF >?=L?;M? @LIG NB? G;RCGOG QB?H NB? N;HE F?P?F CM ;N NB?
BCAB?MN

/B? @IFFIQCHA >:N; Q?L? =IFF?=N?> QB?H NB? N:HE Q;M >L;CH?>

Time [min] Mass Flow [kg/min]
0 50.00

5 48.25

10 46.00

15 42.50

20 37.50

25 30.50

30 19.00

35 9.00

Table 6.4: Data

2LCN? ; M=LCJIN NI ?MNCG;N? NB? ;GIOHN I@ ICF >L;CH?>CH GCHON?M


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Chapter 6 120

6.5.4 Exercise 6.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

A;M CM ?RJ;H>?> CH ;H ?HACH? =SFCH>?L @IFFIQCHANB? F;Q /B? CHCNC;F
JL?MMOL? CM  E,; ;H>NB? PH;F JL?MMOL? CM E,; "@ NB? PIFOG? ;N NB? ?H> |@

?RIHMCIHCM G =IGJON? NB? QILE >IH? <S NB? A;M

6.5.5 Exercise 6.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

@IL=? # ;=NCHA IH ; <I>S ;N ; >CMN;H=? M @LIG ; PR?> JICHN CM ACP?H <S
2LCN? ; M=LCJIN NI =IGJON? NB? QILE >IH? QB?H NB? <I>S GIP?M @LIG NB? JIMCNCIH
QB?L? M NINB;N QB?L? M

6.5.6 Exercise 6.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/B? JL?MMOL? J ;H> PIFOG? P 1@ ; ACP?H G;MM I@ A;M ;L? =IHH?=N?> <S NB? L?F;NCIH

where a, b and k are constants. Express p in terms of v, and
write a script to compute the work done by the gas in expanding from an initial volume to a
Pnal volume.

/?MN SIOL MIFONCIH QCNB NB? @IFFIQCHA CHJON
< 0.001

/B? CHCNC;F JL?MMOL? 6E,;8
/B? CHCNC;F PIFOG? 6G 8

/B? PH;F PIFOG? 6G 8

JIFC?> %?;N @IL "HACH??LM <S 2 "G<F?NIH ;H> ( &=EMIH /BIG;M -??> ,O<FC=,NCIHM V ]
+ * J;NB?G;NC=M <S & !I<CHMIH ,?HAOCH (C<L;LS I@ /?=BHIFIAS V J
+ * J;NB?G;NC=M <S & !I<CHMIH ,?HAOCH (C<L;LS 1@ /?=BHIFIAS V ]
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6.6 Solutions to Exercises

6.6.1 Solution to Exercise 6.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

,FINNCHA

Plotting:
X=-pi:pi/100:pi;

y=cos(X);
plot(x,y).title('Graph of y=cos(x)"),xlabel('x"),ylabel('y"),grid

Area calculation 1:

E x=0:pi/10:pi/2;
E y=cos(x);
E areal=trapz(x,y)

areal =

0.9918

Area calculation 2:

E x=-pi:pi/1000:pi/2;
E y=cos(x);
E area2=trapz(x,y)

areaz2 =

1.0000
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6.6.2 Solution to Exercise 6.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

,FINNCHA

E x=3:.1:30;
E y=0.04*(x."2)-2.13.*x+32.58;
E plot(x,y), title('Graph of ...
y=.04*(x"2)-2.13*x+32.58"),xlabel('x"),ylabel('y"),grid

Area calculation:

E area=trapz(x,y)
area =
290.3868

6.6.3 Solution to Exercise 6.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

clc
t=linspace(0,35,8) % Data entry for time [min]
m=[50 48.25 46 42.5 37.5 30.5 19 9] % Data entry for mass flow [kg/
min]
% Calculate time intervals
dt=[t(2)-t(1),t(3)-t(2),t(4)-t(3),...
t(5)-t(4),4(6)-t(5),1(7)-t(6),t(8)-t(7)]
% Calculate mass out
dm=[0.5*(m(2)+m(1)),0.5*(m(3)+m(2)),0.5*(m(4)+m(3)),0.5*(m(5)+...
m(4)),0.5*(m(6)+m(5)),0.5*(m(7)+m(6)),0.5*(m(8)+m(7))]
% Calculate differential areas
da=dt.*dm;
% Tabulate time and mass flow
[t.m]
% Tabulate time intervals, mass out and differential areas
[dt',dm',da’]
% Calculate the amount of oil drained [kg] in 35 minutes
Oil_Drained=sum(da)

/B? IONJON CM
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ans =

0 50.0000
5.0000 48.2500
10.0000 46.0000
15.0000 42.5000
20.0000 37.5000
25.0000 30.5000
30.0000 19.0000
35.0000 9.0000

ans =

5.0000 49.1250 245.6250
5.0000 47.1250 235.6250
5.0000 44.2500 221.2500
5.0000 40.0000 200.0000
5.0000 34.0000 170.0000
5.0000 24.7500 123.7500
5.0000 14.0000 70.0000

Oil_Drained =

1.2663e+003

6.6.4 Solution to Exercise 6.4

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

clc

disp(‘A gas is expanded in an engine cylinder, following the law
PV/1.3=c")

disp(‘The initial pressure is 2550 kPa and the final pressure is 210
kPa.")

disp('If the volume at the end of expansion is 0.75 m3,")
disp(‘Compute the work done by the gas.")

disp(' ") % Display blank line
n=1.3;

P_i=2550; % Initial pressure
P_f=210; % Final pressure

V_f=.75; % Final volume
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V_i=(P_f*(V_f*n)/P_i)*(1/n); % Initial volume

c=P_f*V_f*n;
v=V_i..001:V_f; % Creating a row vector for volume, v
p=c./(v.”n); % Computing pressure for volume

WorkDone=trapz(v,p) % Integrating p*dv

/B? IONJON CM

A gas is expanded in an engine cylinder, following the law PV*1.3=c
The initial pressure is 2550 kPa and the final pressure is 210 kPa.

If the volume at the end of expansion is 0.75 m3,

Compute the work done by the gas.

WorkDone =

409.0666

6.6.5 Solution to Exercise 6.5

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

clc
disp(‘A force F acting on a body at a distance s from a fixed point
is given by")
disp(‘F=3*s+(1/(s"2)) where s is the distance in meters')
disp('Compute the total work done in moving’)
disp(‘From the position where s=1 to that where s=10.")
disp(' ") % Display blank line
s=1:.001:10; % Creating a row vector for distance, s
F=3.*s+(1./(s.*2)); % Computing Force for s
WorkDone=trapz(s,F) % Integrating F*ds over 1 to 10 meters.

/B? IONJON CM

A force F acting on a body at a distance s from a fixed point is
given by
F=3*s+(1/(s"2)) where s is the distance in meters
Compute the total work done in moving
From the position where s=1 to that where s=10.

WorkDone =
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149.4000

6.6.6 Solution to Exercise 6.6

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

clc % Clear screen
disp(‘'This script computes the work done by")
disp('The gas in expanding from volume v1 to v2')
disp(* ") % Display blank line
a=input('"Enter the constant a: ");
b=input('Enter the constant b: *);
p_i=input('Enter the initial pressure [kPa]: ");
v_i=input('Enter the initial volume [m3]: ");
v_f=input('Enter the final volume [m3]: *);
k=(p_i+(a/(v_i"2))*(v_i-b)); % Calculating constant k

v=v_i:.001:v_f; % Creating a row vector for volume
p=(k./(v-b))-(a./(v."2)); % Computing pressure for volume
WorkDone=trapz(v,p); % Integrating p*dv

disp(’' ") % Display blank line

str = ['The work done by the gas in expanding from ', num2str(v_i),...
"'m3 to ' num2str(v_f), ' m3is ', num2str(WorkDone), ' KW."];
disp(str);

/B? IONJON CM

This script computes the work done by
The gas in expanding from volume v1 to v2
Enter the constant a: .01
Enter the constant b: .001
Enter the initial pressure [kPa]: 100
Enter the initial volume [m3]: 1
Enter the final volume [m3]: 2

The work done by the gas in expanding from 1 m3 to 2 m3 is 69.3667 kW.


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

Chapter 7 126

Chapter 7 Regression Analysis

7.1 Regression Analysis

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

7.2 What is Regression Analysis?

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

.0JJIM? Q? =;F=0OF;N? MIG? P;LC;<F? |@ CHN?L?MN S ;M; @OH=NCIH I@ MIG? INB?L P;LC;<F?

R 2?7 =;FF SNB? >?J?H>?HN P;LC;<F? ;H> R NB? CH>?J?H>?HN P;LC;<F? #IL ?R;GJF?

=IHMC>?L NB? >;N; M?N <?FIQ N;E?H @LIG ; MCGJF? ?RJ?LCG?HN CHPIFPCHA ; P?BC=F? CNM
P?FI=CNS P?LMOM NCG? CM N;<OF;N?> "H NBCM =;M? P?FI=CNS CM ; @OH=NCIH I@ NCG? NBO
P?FI=CNS CM NB? >?J?H>?HN P;LC;<F? :H> NB? NCG? CM NB? CH>?J?H>?HN P;LC;<F?

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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Time [s] Velocity [m/s]

0 20
10 39
20 67
30 89
40 111
50 134
60 164
70 180
80 200

Table 7.1: Vehicle velocity versus time.

"H CNM MCGJF?MN @ILG L?AL?MMCIH ;H;FSMCM CHPIFP?M PNNCHA NB? <?MN MNL;CABN FCH?
L?F;NCIHMBCJ NI ?RJF;CH BIQ NB? P;LC;NCIH CH ; >?J?H>?HN P;LC;<F? S >?J?H>M IH NB?
P;LC;NCIH CH ;H CH>?J?H>?HN P;LC;<F? R "HIOL ?R;GJF? ;<IP? IH=? NB? L?F;NCIHMBCJ

CH NBCM =;M? ; FCH?;L L?F;NCIHMBCJ B;M <??H ?MNCG;N?> Q? =;H JLI>0=?; FCH?;L

?KO;NCIH CH NB? @IFFIQCHA @ILG

H> IH=? ;H ;H;FSNC= ?KO;NCIH MO=B ;M NB? |IH? ;<IP? B;M <??H >?N?LGCH?>
>?J?H>?HN P;LC;<F?M ;N CHN?LG?>C;N? CH>?J?H>7HN P;FO?M =;H <? =IGJON?>

7.3 Performing Linear Regression

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

-?AL?MMCIH ;H;FSMCM QCNB ) /( CM ?;MS /B?)/( ;MC=#CNNCHA $0" ;FFIQM OM NI
CHN?L;=NCP?FS NI > =OLP? PNNCHA QBC=B CM ; G?NBI> NI ;LLCP? ;N NB? <?MN MNL;CABN FCH?
PN @IL FCH?;L ?KO;NCIHM IL NB? <?MN =OLP? PN @IL ; JIFSHIGC;F OJ NI NB? N?HNB >?AL??

/B? JLI=?>0L? NI J?L@ILG ; =OLP? PNNCHA QCNB ) /( CM ;M @IFFIQM

"HJON NB? P;LC;<F?M
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,FIN NB? >;N;
"HCNC;FCT? NB? ;MC=#CNNCHA $0°
?F?=N NB? >?MCL?> L?AL?MMCIH ;H;FSMCM J;L;G?N?LM

7.3.1 Example 7.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

OMCHA NB? >;N; M?N ;<IP? >?N?LGCH? NB? L?F;NCIHMBCJ <?NQ??H P?FI=CNS ;H> NCG?

#CLMN F?N OM CHJON NB? P;LC;<F?M 2ILEMJ;=? *?Q P;LC;<F? ;M MBIQH CH NB? @IFFIQCHA
PAOL?M

Fig. 7.1: A new variable is created in the Workspace.
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Fig. 7.2: New variables are entered in the Variable Editor.

?2=IH> Q? QCFF JFIN NB? >;N; <S NSJCH#ofgirhe, velocity) 'NNB?)/( JLIGJN
/B? @IFFIQCHA JFIN CM A?H?L;N?> M?F?=N/IIFM ;MC=#CNNCHA

Fig. 7.3: A plot is generated. The Basic Fitting tool can be initialized from Tools > Basic Fitting.
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"HNB? ;MC=#CNNCHA QCH>IQ M?F?=N FCH?;L ;H> .BIQ ?KO;NCIHM /B? <?MN PNNCHA
FCH?;L FCH? ;FIHA QCNB NB? =ILL?MJIH>CHA ?KO;NCIH ;L? >CMJF;S?> IH NB? JFIN

Fig. 7.4: Basic Fitting window is used to select the desired regression analysis parameters.

*IQ F?N OM >| ;HINB?L =OLP? PNNCHA ;H> I<N;CH ;H ?KO;NCIH @IL NB? @OH=NCIH OMCHA NB;N
?KO;NCIH Q? =;H ?P;FO;N? NB? @OH=NCIH ;N ; >?MCL?> P;FQBQCNB

7.3.2 Example 7.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M;

The following is a collection of data for an iron-constantan thermocouple (data available @IL
>|QHFI;>

2?NB? PF? ;N BNNJ =HRILA=IHN?HNG F;N?MN BJ:"R;GJF? TCJ
"HACH??LCHA #OH>;G?HN;FM ;H> |LI<F?G .IFPCHA <S LPC> - "C>? -IF;H> &?HCMIH (;LLS ( *ILNBOJ .N?P?H "' )CE?FMIH
)=$L;Q %CFF %CAB?L ">O=,NCIH V J
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Temperatu re [C] Voltage [mV]

50 2.6
100 6.7
150 8.8
200 11.2
300 17.0
400 22.5
500 26
600 32.5
700 37.7
800 41
900 48
1000 55.2

Table 7.2: Temperatu re [C] vs Voltage [mV]

7 ,FIN; AL;JB QCNB /?GJ?L;NOL? ;M NB? CH>?J?H>?HN P;LC;<F?
< 1?N?LGCH? NB? ?KO;NCIH I@ NB? L?F;NCIHMBCJ OMCHA NB? ;MC= #CNNCHA NIIFM
= "MNCG;N? NB? 1IFN;A? NB;N =ILL?MJIH>M NI ; /?GJ?L;NOL? |@ H>

2? QCFF CHJON NB? P;LC;<F?M PLMN

Temp=[50;100;150;200;/00;400;500;600;700;800;900;1000]
Voltage=[2.6;6.7;8.8;11.2;17;22.5,/6;/2.5;/7.7;41;48;55.2]

/I JFIN NB? AL;JB NSJ? CH

plot(Temp,Voltage)
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2? =;H HIQ OM? NB? ,FIN /IFM ;H> ;MC= #CNNCHA M?NNCHAM ;H> >?N?LGCH? NB? ?KO;NCIH

Fig. 7.5: Basic Fitting window is used to select the desired regression analysis parameters.

S =FC=ECHA NB? LCABN ;LLIQ NQC=? ;N NB? <INNIG LCABN =ILH?L IH NB? ;MC=#CNNCHA
QCH>IQ Q? =;H ?P;FO;N? NB? @OH=NCIH ;N ; >?MCL?> P;FO? .?? NB? PAOL? <?FIQ QBC=B
CFFOMNL;N?M NBCM JLI=?MM @IL NB? N?GJ?L;NOL? P;FO?

Fig. 7.6: Estimating the Voltage that corresponds to a Temperature of 1150 C.
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*IQ F?N OM =B?=E IOL ;HMQ?L QCNB ; N?=BHCKO? Q? F?;LH?> ?,LFC?L M >CMJF;S?>|H NB?
JFIN Q? B;P? I<N;CH?> NB? @IFFIQCHA ?KO;MCIH X /BCM ?KO;NCIH =;H <?
?HN?L?> ;M JIFSHIGC;F ;H> ?P;FO;N?> ;N ;H> ;M @IFFIQM

E p=[0.053,1.4]
p =

0.0530 1.4000
E polyval(p,650)
ans =

35.8500
E polyval(p,1150)
ans =

62.3500

7.4 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

(CH?;L L?AL?MMCIH CHPIFP?M PNNCHA NB? <?MN MNL;CABN FCH? L?F;NCIHMBCJ NI ?RJF;CH BI(
NB? P;LC; NCIH CH ; >?J?H>?HN P;LC;<F? S >?J?H>M IH NB? P;LC;NCIH CH ;H
CH>?J?H>?HN P;LC;<F? R

Basic Fitting GUI allows us to interactively perform curve ptting,
Some of the plot bts available are linear, quadratic and cubic functions,

Basic Fitting GUI can evaluate functions at given points.

7.5 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

7.5.1 Exercise 7.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

OMCHA NB? @IFFIQCHA ?RJ?LCG?HN;F BHN?MCMN;H=? NCG? AL;JB ;H>>?N?LGCH?
NB? ?KO;NCIH L?F;NCHA NB? >CMN;H=? ;H>NCG? @IL ; GIPCHA I<D?=N

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
"HACH??LCHA .=C?H=?<S" %0OAB?M ;H> %OAB?M (IHAGHV J
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Distance [m] Time [s]
0 0

24 5

48 10

72 15

96 20

Table 7.3: Experimental data.

7.5.2 Exercise 7.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

OMCHA NB? >;N; M?N <?FIQ >?N?LGCH? NB? L?F;NCIHMBCJ <?NQ??H N?GJ?L;NOL? ;H>
CHN?LH;F ?H?LAS

Temperatu re [C] Internal Energy [kJ/kg]
100 2506.7
150 2582.8
200 2658.1
250 2733.7
300 2810.4
400 2967.9
500 3131.6

Table 7.4: An extract from Steam Tables
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7.5.3 Exercise 7.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

OMCHA NB? @IFFIQCHA ?RJ?LCG?HN;F BAG?NM?FI=CNS NCG? AL;JB ;H> >?N?LGCH?
NB? ?KO;NCIH L?F;NCHA NB? P?FI=CNS ;H>NCG? @IL ; GIPCHA I<D?=N

Velocity [m/s] Time [s]
12 0

142 5

512 10

1122 15

1972 20

Table 7.5: Experimental data.

7.6 Solutions to Exercises

7.6.1 Solution to Exercise 7.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

LN; =H <? ?2HN?L?> ;M @IFFIQM

distance=[0 24 48 72 96];
time=[0 5 10 15 20];

Q? =;H HIQ JFIN NB? >;N; <S NSJCHA CH

plot(time,distance);title('Distance-Time
Graph");xlabel('time");ylabel('distance);

sNNB? ) /( JLIGIN /B? @IFFIQCHA JFIN CM A?H?L;N?> M?F?=N/IIFM ;MC=#CNNCHA

"HACH??LCHA .=C?H=? <S" %OAB?M ;H> %OAB?M (IHAGHV J
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M MBIQH ;<IP? NB? L?F;NCIHMBCJ <?NQ??H >CMN;H=? ;H>NCG? CM

7.6.2 Solution to Exercise 7.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

LN; = H <? 2HN?L?> ;M @IFFIQM

temperature = [100, 150, 200, 250, 300, 400, 500];
energy = [2506.7, 2582.8, 2658.1, 2733.7, 2810.4, 2967.9, 3131.6];

Q7? =;H HIQ JFIN NB? >;N; <S NSJCHA CH

plot(temperature,energy);title(‘temperature vs.
energy');xlabel('temperature’);ylabel('energy’);

sNNB?)/( JLIGIN /B? @IFFIQCHA JFIN CM A?H?L;N?> M?F?=N/IIFM

;MC=#CNNCHA

M MBIQH ;<IP? NB? L?F;NCIHMBCJ <?NQ??H N?GJ?L;NOL? ;H> CHN?LH;F ?H?LAS CM
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7.6.3 Solution to Exercise 7.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

IN; =;H <? ?HN?L?> ;M @IFFIQM

velocity=[12 142 512 1122 1972];
time=[0 5 10 15 20];

Q? =;H HIQ JFIN NB? >;N; <S NSJCHA CH

plot(time,velocity);title('Velocity-Time
Graph");xlabel(‘'time");ylabel('velocity');

;NNB?)/( JLIGIN /B? @IFFIQCHA JFIN CM A?H?L;N?> M?F?=N/IIFM ;MC=#CNNCHA
HINC=? NB;N Q7 ;L? =BIIMCHA NB? KO;>L;NC= IINCIH NBCM NCG?

M MBIQH ;<IP? NB? L?F;NCIHMBCJ <?NQ??H P?FI=CNS ;H>NCG? CM
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Chapter 8 Publishing with MATLAB

8.1 Generating Reports with MATLAB

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

)/( CH=FO>7M ;H ;ONIG;NC= L?JILN A?H?L;NIL =;FF?> JO<FCMB?L /B? JO<FCMB?L
JO<FCMB?M ; M=LCJIN CH M?P?L;F @ILG;NM CH=FO>CHA %/)( 3)( ). 2IL>;H>,1Q?L,ICHN
/B? JO<FCMB?> PF? =;H =IHN;CH NB? @IFFIQCHA

\ IGG?HN;LS IH NB? =I>?

\ )/ =I1>?

\ -?MOFNM I@ NB? ?R?=0ON?> =I>? CH=FO>CHA NB? IGG;H> 2CH>IQ IONJON ;H> PAOL?M
=L?;N?><S NB? =[>?

8.2 The publish Function

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

/B? GIMN <;MC= MSHN;Rdash(file', format) QB?L? NB? G PF? CM =,FF?> ;H>

?R?=0ON?> FCH? <S FCH? NB?H M;P?> NI ; bF? CH MJ?=Cph?> @ILG;N FF JO<FCMB?> PF?M ;L?
JF;=?> CH NB? BNGF >CL?=NILS ;FNBIOAB NB? JO<FCMB?> IONJON GCABN <? ; >|= PF?

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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8.3 Publishing with Editor

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? JO<KFCMB?L CM ?;MCFS ;==?MMC<F? @LIG NB? ">CNIL NIIF<;L ;H> PF? G?HO

Fig. 8.1: Publish button on the Editor toolbar

Fig. 8.2: Publish item on the Editor ble menu.

8.3.1 Example 8.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2LCN? ; MCGJF? M=LCJN ;H> JO<FCMB CN CH ;H BNGF bF?

2F?=N#CF? *?Q .=LCJIN NI=L?;N?;H G PF? +H=? NB? ?>CNIL CM IJ?H?> NSJ? CH NB?
@IFFIQCHA =I>7?

x = [0:6]; % Create a row vector
y = 1.6*x; % Compute y as a function of x
[X,y] % Transpose vectors x and y
plot(x,y),title('Graph of y=f(x)"),xlabel('x),ylabel(*f(x)"),grid %
Plot a graph

+P? NB? M=LCJN ;M JO<FCMBCHA G ;H> M?F?=N #CF? ,O<FCMB H %/)( PF? CM A?H?L;N?> ;M
MBIQH CH NB? PAOL? <?FIQ
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Fig. 8.3: A script published in html

8.4 The Double Percentage %% Sign

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M;

/B? M=LCJINM MIG?NCG?M =;H <? P?LS FIHA ;H> NB?CL L?;>;<CFCNS GCABN <? L?>0=?> /|
CGJLIP? NB? JO<FCMBCHA L?MOFN M?=NCIHM ;L? CHNLI>O=?> <S ;>>CHA >?M=LCJNCP? FCH?NV
NB? M=LCJIN JL?=?>7><S |[HMC>?L NB? @IFFIQCHA ?R;GJF?

8.4.1 Example 8.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

">CN NB? M=LCJN =L?;N?> CH NB? ?R;GJF? ;<IP? NI FIIE FCE? NB? =I>? <?FIQ

%% This file creates vectors, displays results and plots an x-y
graph
x = [0:6]; % Create a row vector
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y = 1.6*x; % Compute y as a function of x

%% Tabulated data

[Xy] % Transpose vectors x and y

%% Graph of y=f(x)

plot(x,y).title('Graph of y=f(x)"),xlabel('x"),ylabel(*f(x)"),grid %
Plot a graph

4P? NB? M=LCJN ; H?Q %/)( PF? CM A?H?L;N?> ;M MBIQH CH NB? bPAOL? <?FIQ

Fig. 8.4: An html ble with sections

8.5 Summary of Key Points

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;
) /(" =;H A?H?L;N? L2JILNM =IHN;CHCHA =IGG?HN;LS IH NB? =I>? ) /( =I>?
:H> NB? L?MOFNM |@ NB? ?R?=0ON?> =I>?
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/B? JO<FCMB?L A?H?L:N?M ; M=LCJIN CH M?P?L;F @ILG;NM CH=FO>CHA %/)( 3)( ).
2IL> ;H> ,IQ?L,ICHN
/B? IO<F? ,?2L=?HN;A? =H <? OM?> NI =L?;N?M BSJ?L FCHE?> M?=NCIHM

8.6 Problem Set

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

8.6.1 Exercise 8.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

2LCN? ; M=LCJIN NI JFIN @OH=NCIH @IL OMCHA CH=L?G?HNM 1@

,O<FCMB SIOL G *F? NI BNGF

8.6.2 Exercise 8.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

A;M CM ?RJ;H>?> CH ;H ?HACH? =SFCH>?L @IFFIQCHANB? F;Q,1 = /B? CHCNC;F JL?MMOL?
CM E,;;H>NB? PH;F JL?MMOL? CM E,; "@ NB? PIFOG? ;N NB? ?H> 1@ ?RJ;HMCIH CM
G QLCN?; M=LCJN NI =IGJON? NB? QILE >IH? <S NB? A;M ;H> JO<FCMB SIOL MIFONCIH
NI ;H BNGF PF? /BCM CM NB? M;G? JLI<F?G ;M NBCM ,LI<F?G SIO B;P? MIFP?> <?@IL?
"R?L=CM? A?

8.6.3 Exercise 8.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

@IL=? #;=NCHA IH ; <I>S ;N ; >CMN;H=? M @LIG ; PR?> JICHN CM ACP?H <S
2LCN? ; M=LCJN NI =IGJON? NB? QILE >IH? QB?H NB? <I>S GIP?M @LIG NB? JIMCNCIH
QB?L? M NINB;N QB?L? M ;H>;H>JO<FCMB SIOL MIFONCIH NI ;H BNGF PF? "H=FO>?;
N;<F? |@ =IHN?HNM CH NB? IONJON PF? /BCM CM NB? M;G? JLI<F?G ;M NBCM ,LI<F?G SIO B;P?
MIFP?> <?@IL?'R?L=CM? ;A?

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G
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8.7 Solutions to Exercises

8.7.1 Solution to Exercise 8.1

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? G PF? =IHN?HN

% This script plots a graph of Graph of y=sin(x)/x

clc % Clear screen
X = pi/100:pi/100:10*pi; % Create a row vector
y = sin(x)./x; % Calculate y as function of x

plot(x,y),title('Graph of y=sin(x)/x"),xlabel('x"),ylabel('y"),grid

/B? BNGF IONJON

Fig. 8.5: The published html Ple.
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8.7.2 Solution to Exercise 8.2

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? G PF? =IHN?HN

clc

disp(‘A gas is expanded in an engine cylinder, following the law
PV/1.3=c")

disp(‘'The initial pressure is 2550 kPa and the final pressure is 210
kPa.")

disp('If the volume at the end of expansion is 0.75 m3,’)
disp(‘Compute the work done by the gas.")

disp(' ") % Display blank line

n=1.3;

P_i=2550; % Initial pressure

P _f=210; % Final pressure

V_f=.75; % Final volume
V_i=(P_f*(V_f*n)/P_i)(1/n); % Initial volume

c=P_f*V_f*n;

v=V_i..001:V_f; % Creating a row vector for volume, v
p=c./(v.”n); % Computing pressure for volume
WorkDone=trapz(v,p) % Integrating p*dv

/B? BNGF IONJON
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Fig. 8.6: The published html Ple.

8.7.3 Solution to Exercise 8.3

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/B? G PF? =IHN?HN

/B? BNGF IONJON

%% Work done
% This script computes the work done on an object
clc
disp(‘A force F acting on a body at a distance s from a fixed point
is given by")
disp('F=3*s+(1/(s"2)) where s is the distance in meters')
disp('Compute the total work done in moving’)
disp(‘From the position where s=1 to that where s=10.")
disp(' ") % Display blank line
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%% Create a row vector for distance, s

s=1:.001:10;
%% Compute Force for s
F=3.*s+(1./(s."2)); % Computing Force for s

%% Integrating F*ds over 1 to 10 meters.
WorkDone=trapz(s,F)

Fig. 8.7: The published html Ple.
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Chapter 9 Postscript

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1?7;LL?;>7L

FNBIOAB * <?A;H QILECHA IH NBCM <IIE ;QBCF? ;Al =.2IJN?G<?L NB? =OLL?HN

CN?L;NCIH 1@ NB? G;HOM=LCJN CM MNCFF @;L @LIG <?CHA =IGJF?N? ;H>" ;HNC=CJ;N? CN QCFF N;E
@?Q S?;LM NI <LCHA CN NI ; >?=?HN MN;N? /B? N?RN H??>M JLII@ L?;>CHA ?RN?HMCP? ?>CNCHA
;H>GIL? JLII@ L?;>CHA " QIOF> NB?L?@IL? ;JJL?=C;N? L?;>?LM[ MOAA?MNCIHM =IGG?HNM

;H> MCH=?L? =LCNC=CMG ?G;CF?> G? ;N

sbeyenir at my dot bcit dot ca.

/B;HE SIO

.?LB;N ?S?HCL

9.1 Attributions

P;CF;<F? OH>?LL?;NCP? IGGIHM .B;L? FCE? "HN?LH;NCIH;F (C=?HMBNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

IFF?=NCIH  LC?@ "HNLI>O=NCIH NI "HACH??LCHA IGJON;NCIH QCNB ) /( ">CN?><S
2LB;N ?S?HCL
0-( BNNJ =HR ILA =IHN?HN =IF BNNJ =HR ILA =IHN?HN =IF
(C=?HM?
(C=?HMBNNJ =L?:NCP?=IGGIHM ILA FC=?HM?M <S

)I>OF? =EHIQF?>A?G?HNM

S .?LB;N ?S?HCL

0-( BNNJ =HRILA=IHN?HN G

nA?

I[JSLCABN .?LB;N ?S?HCL

(C=?HMBNNJ =L?;NCP?=IGGIHM ILA FC=?HM?M <S

)JI>OF? L?@;="?

S .?LB;N ?S?HCL

0-( BNNJ =HRILA=IHN?HN G

»A?M

I[JSLCABN .?LB;N ?S?HCL

(C=?HMBNNJ =L?;NCP?=IGGIHM ILA FC=?HM?M <S

)I>OF? .NO>S $0C>?
S .?LB;N ?S?HCL

/BCM =IHN?HN CM ;P;CF;<F? IHFCH? ;N BNNJ =HR ILA =IHN?HN G


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://cnx.org/content/col11371/1.10/%20License
http://cnx.org/content/col11371/1.10/%20License
http://cnx.org/content/col11371/1.10/%20License
http://creativecommons.org/licenses/by/4.0/
http://cnx.org/content/m50977/1.1/
http://creativecommons.org/licenses/by/4.0/
http://cnx.org/content/m41458/1.6/
http://creativecommons.org/licenses/by/3.0/

Chapter 9

148

0-( BNNJ =HRILA=IHN?HN G

»A?M

IJSLCABN .?LB;N ?S?HCL

(C=?HMBNNJ =L?;NCP?=IGGIHM ILA FC=?HM?M <S

)I>OF? 2B;N CM) /(

S .2LB;N ?S?HCL

0-( BNNJ =HR ILA=IHN?HN G

AM

IJSLCABN .?LB;N ?S?HCL

(C=?HMBNNJ =L?;NCP?=IGGIHM ILA FC=?HM?M <S

)JI>OF? 2B;NCM)/( U LI<F?G.?N

OM?>B?L? ;M ,LI<KF?G .?N

S .?LB;N ?S?HCL

0-( BNNJ =HRILA=IHN?HN G

A?M

IJSLCABN .?LB;N ?S?HCL

(C=?HMBNNJ =L?;NCP?=IGGIHM ILA FC=?HM?M <S

)I>OF? )/( "MM?HNC;FM

OM?>B?L? ;M "MM?HNC;FM

S .2LB:N ?S?HCL

0-( BNNJ =HR ILA =IHN?HN G

A?M

IJSLCABN .?LB;N ?S?HCL

(C=?HMBNNJ =L?;NCP?=IGGIHM ILA FC=?HM?M <S

)I>OF? )/( "MM?HNC;FM U ,LI<F?G .?N
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