
MA 303 Di�erential Equations and Partial Di�erential Equationsfor Engineering and the S
ien
esFall 2009, Purdue UniversityIntrodu
tion to MatlabMATLAB is an intera
tive, matrix-based system for s
ienti�
 and engineering numeri
al 
om-putations and visualizations. MATLAB is the short form for MATrix LABoratory.MATLAB is very user-friendly as a desk 
al
ulator, 
omputational tool for linear algebra andmatrix analysis, solver for ordinary and partial di�erential equations, graph plotter and mu
h more.1 Get Onto MatlabMatlab is be
oming more and more popular. It 
an be found in many PC and UNIX systems.� In the various 
ampus instru
tional 
omputer labs, you 
an a

ess Matlab by simply 
li
kingits i
on. (It 
an be found by using find.)� Matlab also exists in most UNIX systems. Just type matlab to see if it exists in the systemyou are using.There should be a person on duty in the Computing Center if you have problems a

essingMatlab.2 Try This....The following is the a
tual s
reen you will see (plus some edited 
omments). For starters, after youhave opened matlab, you 
an just follow the lines and see.... Jump to the next se
tion at anytimeif you wish.>> % This is the matlab prompt.>> A=[1 2 3; 4 5 6; 7 8 9℄ % Creating a matrix 
alled A.A = 1 2 34 5 6 1



7 8 9>> B=[ % Creating a matrix 
alled B.1 2 3 % Note that the format is quite flexible5 6 13 -1 9℄B = 1 2 35 6 13 -1 9>> A % To see what is A.A = 1 2 34 5 67 8 9>> A + B % A + B = ?ans =2 4 69 11 710 7 18>> C = A + B % Set C = A + BC = 2 4 69 11 710 7 18 2



>> D= 2*A - 3*B % Compute D = 2*A - 3*BD = -1 -2 -3-7 -8 95 19 -9>> C=[1; 2; 3℄ % Create a 
olumn ve
torC = 123>> R = [ 1; 2; 3℄ % Create a row ve
torR = 123>> R=[1 2 3℄R = 1 2 3>> whos % You 
an see what variables you have% defined and their data.Name Size Elements Bytes Density ComplexA 3 by 3 9 72 Full NoB 3 by 3 9 72 Full No3



C 3 by 1 3 24 Full NoD 3 by 3 9 72 Full NoR 1 by 3 3 24 Full Noans 3 by 3 9 72 Full NoGrand total is 42 elements using 336 bytes>> A % To see A again.A = 1 2 34 5 67 8 9>> A(1,1) % You 
an see parti
ular entry of Aans =1>> A(3,2) % the (3,2) entry of A is?ans =8>> A(2,2)=3.5 % 
hange the (2,2) entry of A to be 3.5A = 1.0000 2.0000 3.00004.0000 3.5000 6.00007.0000 8.0000 9.0000>> A(1,3)=5.1 % 
hange the (1,3) entry of A to be 5.1
4



A = 1.0000 2.0000 5.10004.0000 3.5000 6.00007.0000 8.0000 9.0000>> P=rand(4) % 
reate a random 4 by 4 matrixP = 0.2470 0.6515 0.2727 0.23780.9826 0.0727 0.4364 0.27490.7227 0.6316 0.7665 0.35930.7534 0.8847 0.4777 0.1665>> Q=rand(3) % 
reate a random 3 by 3 matrixQ = 0.4865 0.0606 0.51630.8977 0.9047 0.31900.9092 0.5045 0.9866>> rank(A) % To find the rank of Aans =3>> help rand % online help for randRAND Uniformly distributed random numbers and matri
es.RAND(N) is an N-by-N matrix with random entries, ordinarily
hosen from a uniform distribution on the interval (0.0,1.0).RAND(M,N) or RAND([M,N℄) is an M-by-N matrix with random entries.RAND(SIZE(A)) is the same size as A.RAND with no arguments is a s
alar whose value 
hanges ea
h time5



it is referen
ed.RAND('seed') returns the 
urrent seed of the uniform generator.RAND('seed',s) sets the uniform generator seed to s.RAND('seed',0) resets the seed its startup value.RAND('seed',sum(100*
lo
k)) sets it to a different value ea
h time.By default, RAND samples a uniform distribution. The fun
tionRANDN generates normally distributed random matri
es.RAND and RANDN have separate generators, ea
h with its own seed.Previous versions of MATLAB allowed RAND('normal') to swit
hthe prevailing distribution to normal, RAND('uniform') to swit
hba
k to uniform distribution, and RAND('dist') to return a string
ontaining the prevailing distribution, either 'uniform' or 'normal'.MATLAB Version 4.0 
ontinues to allow this swit
h, butissues a warning message dis
ouraging its use.See also RANDN, SPRANDN.>> help rank % online help for rankRANK Number of linearly independent rows or 
olumns.K = RANK(X) is the number of singular values of Xthat are larger than MAX(SIZE(X)) * NORM(X) * EPS.K = RANK(X,tol) is the number of singular values of X thatare larger than tol.>> 1+2 % simple arithmeti
sans =3>> 2*7ans = 6



14>> 5/2ans =2.5000>> pians =3.1416>> exp(1)ans =2.7183>> format long % 
hange the format to be long>> exp(1)ans =2.71828182845905>> help formatFORMAT Set output format.All 
omputations in MATLAB are done in double pre
ision.FORMAT may be used to swit
h between different outputdisplay formats as follows:FORMAT Default. Same as SHORT.FORMAT SHORT S
aled fixed point format with 5 digits.FORMAT LONG S
aled fixed point format with 15 digits.7



FORMAT SHORT E Floating point format with 5 digits.FORMAT LONG E Floating point format with 15 digits.FORMAT HEX Hexade
imal format.FORMAT + The symbols +, - and blank are printedfor positive, negative and zero elements.Imaginary parts are ignored.FORMAT BANK Fixed format for dollars and 
ents.FORMAT COMPACT Suppress extra line-feeds.FORMAT LOOSE Puts the extra line-feeds ba
k in.FORMAT RAT Approximation by ratio of small integers.>> QQ =0.48651738301223 0.06056432754759 0.516291963642600.89765628655332 0.90465309233621 0.319032941162140.90920810164381 0.50452289474407 0.98664211201791>> 3/4ans =0.75000000000000>> AA =1.00000000000000 2.00000000000000 5.100000000000004.00000000000000 3.50000000000000 6.000000000000007.00000000000000 8.00000000000000 9.00000000000000>> format % reset format to be default - short>> AA = 8



1.0000 2.0000 5.10004.0000 3.5000 6.00007.0000 8.0000 9.0000>> A*B % A*B, matrix multipli
ationans =26.3000 8.9000 50.900039.5000 23.0000 69.500074.0000 53.0000 110.0000>> B*A % B*A, matrix multipli
ation% note that A*B is not equal to B*Aans =30.0000 33.0000 44.100036.0000 39.0000 70.500062.0000 74.5000 90.3000>> CC = 123>> A*Cans =20.300029.000050.0000
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>> C*A % Matrix multipli
ation fails due to% in
ompatible dimensions??? Error using ==> *Inner matrix dimensions must agree.>> A^2 % A^A = A*Aans =44.7000 49.8000 63.000060.0000 68.2500 95.4000102.0000 114.0000 164.7000>> A*Aans =44.7000 49.8000 63.000060.0000 68.2500 95.4000102.0000 114.0000 164.7000>> A^3ans =1.0e+03 *0.6849 0.7677 1.09381.0008 1.1221 1.57411.7109 1.9206 2.6865>> A*A*Aans =1.0e+03 *
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0.6849 0.7677 1.09381.0008 1.1221 1.57411.7109 1.9206 2.6865>> BB = 1 2 35 6 13 -1 9>> B' % transposeans =1 5 32 6 -13 1 9>> B'' % B transpose and transpose againans =1 2 35 6 13 -1 9>> CC = 123>> R 11



R = 1 2 3>> C*R % 
olumn ve
tor times row ve
torans =1 2 32 4 63 6 9>> R*C % row ve
tor times 
olumn ve
torans =14>> zeros(3) % To 
reate a 3 by 3 zero matrixans =0 0 00 0 00 0 0>> zeros(5)ans =0 0 0 0 00 0 0 0 00 0 0 0 00 0 0 0 00 0 0 0 0
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>> eye(5) % To 
reate a 5 by 5 identity matrixans =1 0 0 0 00 1 0 0 00 0 1 0 00 0 0 1 00 0 0 0 1>> eye(3)ans =1 0 00 1 00 0 1>> E=rand(3,4) % To 
reate a random 3 by 4 matrixE = 0.4940 0.9478 0.3841 0.52970.2661 0.0737 0.2771 0.46440.0907 0.5007 0.9138 0.9410>> rref(E) % To obtain the redu
ed row e
helon form% of Eans =1.0000 0 0 0.67390 1.0000 0 -0.23460 0 1.0000 1.0914>> B
13



B = 1 2 35 6 13 -1 9>> rref(B)ans =1 0 00 1 00 0 1>> help rref % Online help for rrefRREF Redu
ed row e
helon form.R = RREF(A) produ
es the redu
ed row e
helon form of A.[R,jb℄ = RREF(A) also returns a ve
tor, jb, so that:r = length(jb) is this algorithm's idea of the rank of A,x(jb) are the bound variables in a linear system, Ax = b,A(:,jb) is a basis for the range of A,R(1:r,jb) is the r-by-r identity matrix.[R,jb℄ = RREF(A,TOL) uses the given toleran
e in the rank tests.Roundoff errors may 
ause this algorithm to 
ompute a differentvalue for the rank than RANK, ORTH and NULL.See also RREFMOVIE, RANK, ORTH, NULL, QR, SVD.>> lookfor row % lookfor keyword rowRANK Number of linearly independent rows or 
olumns.RREF Redu
ed row e
helon form.RREFMOVIE Movie of the 
omputation of the redu
ed row e
helon form.WATCHOFF Sets the 
urrent figure pointer to the arrow.FINDROW Find the rows of a matrix that mat
h the input string.14



IDUIPOIN Sets and resets the window pointer to wat
h and arrowARROW an arrowPDEBSPLIT Splits spa
e separated string into separate rows.>> lookfor e
helonRREF Redu
ed row e
helon form.RREFMOVIE Movie of the 
omputation of the redu
ed row e
helon form.>> BB = 1 2 35 6 13 -1 9>> det(B) % determinant of Bans =-98>> inv(B) % inverse of Bans =-0.5612 0.2143 0.16330.4286 0 -0.14290.2347 -0.0714 0.0408>> D=inv(B) % Set D = inv(B)D =-0.5612 0.2143 0.16330.4286 0 -0.14290.2347 -0.0714 0.0408 15



>> B*D % B*D = I, of 
ourseans =1.0000 0.0000 0-0.0000 1.0000 0.00000 0.0000 1.0000>> D*B % D*B = I, of 
ourseans =1.0000 -0.0000 -0.00000.0000 1.0000 0.0000-0.0000 0.0000 1.0000>> det(D) % det(D) = ?ans =-0.0102>> det(B)*det(D) % det(B)*det(D) = 1, of 
ourseans =1.0000>> whos Name Size Elements Bytes Density ComplexA 3 by 3 9 72 Full NoB 3 by 3 9 72 Full NoC 3 by 1 3 24 Full NoD 3 by 3 9 72 Full NoE 3 by 4 12 96 Full No16



P 4 by 4 16 128 Full NoQ 3 by 3 9 72 Full NoR 1 by 3 3 24 Full Noans 1 by 1 1 8 Full NoGrand total is 71 elements using 568 bytes>> size(P) % size of Pans =4 4>> size(R) % size of Rans =1 3>> help sizeSIZE Matrix dimensions.D = SIZE(X), for M-by-N matrix X, returns the two-elementrow ve
tor D = [M, N℄ 
ontaining the number of rows and 
olumnsin the matrix.[M,N℄ = SIZE(X) returns the number of rows and 
olumnsin separate output variables.M = SIZE(X,1) returns just the number of rows.N = SIZE(X,2) returns just the number of 
olumns.>> save myfile.mat % save the workspa
e into file 
alled% myfile.mat>> whos Name Size Elements Bytes Density Complex
17



A 3 by 3 9 72 Full NoB 3 by 3 9 72 Full NoC 3 by 1 3 24 Full NoD 3 by 3 9 72 Full NoE 3 by 4 12 96 Full NoP 4 by 4 16 128 Full NoQ 3 by 3 9 72 Full NoR 1 by 3 3 24 Full Noans 1 by 2 2 16 Full NoGrand total is 72 elements using 576 bytes>> 
lear % 
lear the workspa
e.>> whos % now, there are no variables defined.% don't worry! You 
an reload the>> load myfile % previous workspa
e>> whos % See, now all the previous variables% are there.Name Size Elements Bytes Density ComplexA 3 by 3 9 72 Full NoB 3 by 3 9 72 Full NoC 3 by 1 3 24 Full NoD 3 by 3 9 72 Full NoE 3 by 4 12 96 Full NoP 4 by 4 16 128 Full NoQ 3 by 3 9 72 Full NoR 1 by 3 3 24 Full Noans 1 by 2 2 16 Full NoGrand total is 72 elements using 576 bytes>> quit
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3 Some Useful CommandsIt is quite useful to get a
quainted with the following. Just try them out.... You 
an get moreinformation about them by typing help 
ommand.3.1 General Commandslookfor keywordlook for the 
ommands related to a key word. This is very useful if you forget the exa
t nameof the 
ommand.help 
ommand |give online help for the 
ommand (if you know the name)diary �lename |save all the s
reen output to the �le \�lename". Default �lename is \diary". diary off willturn o� the diary mode. After you are done, you 
an then take a look of the s
reen output(and edit it) at your leisure.save �lename |save the whole workspa
e (i.e. all the variables) into a �le. Default �lename is \matlab.mat".load �lename |load all the variables from the �le \�lename" into the workspa
e. Default �lename is \mat-lab.mat".whos list information about 
urrent variables. The long form of who.
lear
lear the workspa
e. You 
an 
lear a parti
ular variable by typing 
lear variablename.3.2 Mathemati
al Operations and Fun
tionsYou 
an just type help to get a list of all the types of fun
tions available. Of parti
ular intereststo starters are:Operators and spe
ial 
hara
ters.+ - Plus 19



- - Minus* - Matrix multipli
ation/ - division' - Matrix Transpose= - Assignment% - CommentMatrix analysis.rref - Redu
ed row e
helon form.det - Determinant.inv - Matrix inverse.rank - Number of linearly independent rows or 
olumns.tra
e - Sum of diagonal elements.null - Null spa
e.orth - Orthogonalization.expm - Matrix exponential.Eigenvalues.eig - Eigenvalues and eigenve
tors.poly - Chara
teristi
 polynomial.Trigonometri
.sin - Sine.sinh - Hyperboli
 sine.asin - Inverse sine.asinh - Inverse hyperboli
 sine.
os - Cosine.
osh - Hyperboli
 
osine.a
os - Inverse 
osine.a
osh - Inverse hyperboli
 
osine.tan - Tangent. 20



tanh - Hyperboli
 tangent.atan - Inverse tangent.atan2 - Four quadrant inverse tangent.atanh - Inverse hyperboli
 tangent.se
 - Se
ant.se
h - Hyperboli
 se
ant.ase
 - Inverse se
ant.ase
h - Inverse hyperboli
 se
ant.
s
 - Cose
ant.
s
h - Hyperboli
 
ose
ant.a
s
 - Inverse 
ose
ant.a
s
h - Inverse hyperboli
 
ose
ant.
ot - Cotangent.
oth - Hyperboli
 
otangent.a
ot - Inverse 
otangent.a
oth - Inverse hyperboli
 
otangent.Exponential.exp - Exponential.log - Natural logarithm.log10 - Common logarithm.sqrt - Square root.Complex.abs - Absolute value.angle - Phase angle.
onj - Complex 
onjugate.imag - Complex imaginary part.real - Complex real part.Numeri
.fix - Round towards zero.floor - Round towards minus infinity.
eil - Round towards plus infinity.21



round - Round towards nearest integer.rem - Remainder after division.sign - Signum fun
tion.Polynomials.roots - Find polynomial roots.poly - Constru
t polynomial with spe
ified roots.polyval - Evaluate polynomial.polyvalm - Evaluate polynomial with matrix argument.residue - Partial-fra
tion expansion (residues).polyder - Differentiate polynomial.
onv - Multiply polynomials.de
onv - Divide polynomials.
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