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Now that.you' \ / ( '  i r tst i r l l t 'c l  MA'f  LAI] ,  i t 's  t inre to sct '  rv l t i r t  i t  c t rn <io.  In th is tutr l -
r i : r l  you wi l l  bc shown somo of i ts capabi l i t ies;  to show al l  of 'what MA' l ' l -Al l  can
do would s in ip ly l . i rkr- '  too much t ime. As you fbl lou,  th is Lutor ia l ,  you wi l l  begin to
sec the power o{ 'MATLAB to solve a wide var iety of 'problcms impclr tant  to you.
You may l jnd i t  bencf ic ia l  Lo go through this tutor ia l  whi lc running MATI-AB. In
doing so, you wil l be able to enter the MATLAB statements as described, confirm
the resulLs presenLed, and devclop a hands-on understanding of MATLAB.

Perhaps the easiest way to visualize MATLAB is to think of it as a full-f 'eatured
calculator. Like a b:lsic calculator, it does simple math such as addition, sub-
traction, multiplication, and division. Like a scientif ic calculator, it handles
complex numbcrs, square roots and powers, logarithms, and trigonometric op-
erations such as sine, cosine, and tangent. Like a programmable calculator, it
can be used to store and retrieve data; you can create, execute, and save se-
quences of commands to automate the computation of important equations;you
can make logical comparisons and control the order in which commands are
executed. Like the most powerful calculators available, it allows you to plot data
in a wide variety of ways, perform matrix algebra, manipulate polynomials,
integrate functions, manipulate equations symbolically, and so on.

In reality, MATLAB offers many more features and is more multifaceted than
any calculator. MATLAB is a tool for making mathematical calculations. It is a
user-friendly programming language with features more advanced and much
easier to use than computer languages such as BASIC, Pascal, or C. It provides
a rich environment for data visualization through its powerful graphics capa-
bilities. MATLAB is an application development platform, where you can create
graphical user interfaces (GUIs) that offer a visual approach to solving specific
problems. In addition, MATLAB offers sets of problem-solving tools for specific
application areas, called Toolboxes. For example, this Student Edition of
MATLAB includes the Control System Toolbox, the Signal Processing Toolbox,
and the Symbolic Math Toolbox.In addition, you can create toolboxes ofyour own.

Because of the vast power of MATLAB, it is important to start with the basics.
That is, rather than taking in everything at once and hoping that you under-
stand some of it, in the beginning it is helpful to think of MATLAB as a calcu-
lator. First, as a basic calculator; next, as a scientif irc calculator; then, as a
programmable calculator; then, frnally, as a top-of-the-line calculator. By using
this calculator analogy, you wil l see the ease with which MATLAB solves every-
day problems, and wil l begin to see how MATLAR can be used to solve complex
problems in a flexible, slraightforward manner.

Depending on your background, you may find parts of this tutorial boring, or
some of i t  may be over your head. In ei ther case, {rnd a point  in the tutor ia l
where you're comfortable, start up MATLAB, and begin. To assist you while
learning, the fbllowing conventions are used throughout this text:
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Bold

Bold italics

Bold in i t ia l  caps

Constart l  width

ItaLics

Ir .npor lanL Lernrs und fztcts

New terms

Keyboard key namcs, menu names, and menu i tems

User inpub, funct ion and f i le names, commands, and
screen displays

Window names, book tit les, toolbox names, company names,
example text, and mathematical notation

Running MATLAB creates one or more windows on your monitor. Of these, the
Comntand window is the primary place where you interact with MATLAB. This
window has an appearance as shown below. The character string EDU>> is the
MATLAB prompt in the Student Edition. In other versions of MATLAB, the
prompt is simply >>. When the Command window is active, a cursor (most l ikely
blinking) should appear to the right of the prompt, as shown in the figure. This

Figure l. l PC Commcrnd Window

Figure 1.2 Moc ln i t io l  Commond Window
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cursor an( l  the MATLAII  prompt s igni fy Lhat MATLAB is wai t ing Lo arrswo'a
mathcmat ical  quest ion.

l  . l  Simple Moth
Just l ike a calculator, MATLAB can do simple math. Consider the following
simple example: Mary goes to the office-supply store and buys 4 erascrs at 25
cents each,6 memo pads at 52 cents each, and 2 rolls of tape at 99 cents each.
How many items did Mary buy, and how much did they cost?

To solve this using your calculator, you enter:

4 + 6 + 2:  12i tems 4.25 + 6.52 + 2.99:610cents

In MATLAB, this can be solved in a number of different ways. First, the above-
mentioned calculator approach can be taken:

EDU> 4+6+2
o|)  -

I?

EDU> 4*25 + 6*52 + 2*99
oi l )  -

610

Note that MATLAB doesn't care about spaces, for the most part, and that mul-
tiplication takes precedence over addition. Note also that MATLAB calls the
result a n s (short for qnswer) for both computations.

As an alternative, the above problem can be solved by storing information in
MATLAB aariables:

EDU> erasers:4
erasers :

A

EDU> pads:6
pads :

6

IDU>> tape=2;
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Here we created three MA'|LAR var iables-t : r ' r : l i r ( t r 's ,  [ )d( l  S,  and Lap(]- to
store the number of each i tems. After entering cach statement, MATLAII dis-
played the resul ts,  except in the case of  tape. The semicolon at ,  the end of  the
l ine EDU>> tape:2; te l ls  MATLAB to evaluate Lhc l ine but not te l l  us the an-
swer. Finally, rather than call ing the results an:;, we told MA'ILAB to call the
number of  i tems purchased i  terns and the total  pr ice paid cost .  At  each step,
MATLAB remembered past information. Beczruse MATLAB remembers
things, Ie['s ask what the average cost per item was.

LDtJ> average_cost:r ;ost /  i  terns
dvendge_cost :

50.8333

Because o,uerage cost is two words and MATLAB variable names must be
one word, the underscore was used to create the single MATLAB variable
average_cost.

In addition to addition and multiplication, MATLAB offers the following basic
arithmetic oDerations :

addition, o * b

subtraction, a. - b

multiplication, o ' b

divis ion, a + b

exponentiation, ob

:i,

5+3

23-12

3. 14*0. 85

56/8:  B\56

5"2

/or \

The order in which these operat ions are evaluated in a given expression is given
by the usual rules of precedence, which can be: summarized as follows: Ex-
pressions are evaluated from left to right, with the exponentiation
operation having the highest order of precedence, followed by both
multiplication and division having equal precedence, followed by both
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aclc l i t ion an<l  subtract ion having equal  prcccdcncc. I ) : r r t :nLhcsr:s can bc.
uscd Lo al tcr  th is rrsuir l  < l rdcr ing,  in w,hich casc t ' r , i r l rur t . ion in i t , iat ,es wiLhin thc
innermost t ) i l l ' ( .nLheses and Droceeds outwarcl .

1.2 The MATLAB Workspoce

ans cost
average_cost erasens

As you work in Lhe Contntand window, MATLAII remcmbers the commands you
enter as rvel l  as the values of  any var iables you create.  These commands and
var iables arc said to reside in the MATLABWorkspace, and maybe recal led
whenever you wish. For example,  to check the value of ' ta pe, al l  you have to do
is ask MATLAB for it by entering its name at the prompt:

EDU> tape
tape :

2

If you can't remember the name of a variable, you can ask MATLAB for a l ist
of the variables it knows by using the MATLAB command who:

EDU>who
Your var iables are:

+ i . .^
L q pq

Note that MATLAB doesn't tell you the value of all the variables; it merely
gives you their names. To find their values, you must enter their names at
the MATLAB prompt. Just like a calculator, there's only so much room to store
variables.

To recall previous commands, MATLAB uses the Cursor keys (<- -+1J) on your
keyboard. For example, pressing the t key once recalls the most recent com-
mand to the MATLAB prompt. Repeated pressing scrolls back through prior
commands one at a time. In a similar manner, pressing the J key scrolls for-
ward through commands. Moreover, entering the first few characters of a
known previous command at the prompt and then pressing the 1 key immedi-
ately recalls the most recent command having those init ial characters. At any
time, the <- and -+ keys can be used to move the cursor within the command at
the MATLAB prompt. In this manner, the command can be edited. Alterna-
tively, the Mouse can be used along with the Clipboard Lo cut, copy, paste, and
edit the text at the command prompt.

r  tems

PouJ

I .3 About Voriobles
Like any other computer language, MATLAB has rules about var iable names.
Ear l ier  i t  was noted that var iable names must be a s ingle word containing no
spaces. More speci{ ical ly,  MATLAB var iable-naming rules are:
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Variable nzrmcs arc case sensi t ive.  lLr tnr ! , ,  i  tet t ls ,  j tEms, and ITi l '4S
are al l  d i f i 'crcnt  MATLAB var iables

Variable nAmes can contain up to how,lb,rrr t . t  l t  j : ;vdr iabl  erranrr :
31 charactcrs,  and characters
beyond the thirty-first are
ignored.

Var iable names must sLart  wi th how_aborrt* lh i  s_var i  able i lc l le
a let ter ,  fo l lowed by any number X 51483
of let ters,  d ig i ts,  or  underscores.  a_b_c_d_e
Punctuation characters are
not allowed, since many of them
have special meaning to
MATLAB.

In addition to these naming rules,
They are:

MATLAB has several special variables.

a n s The default variable name used for results

p i The ratio of the circumference of a circle to its diameter

eps The smallest number such that, when added to one,
creates a number greater than one on the computer

f l  ops Count off loat ing point operat ions

j nf Stands for infrnity, e.g., 1/0

NaN (or) nan Stands lbr Not-a-Number, e.g.,0/0

i  (and) j  i -  j  V- i

n a rg i  n Number of ' funct ion input arguments used

na rgout Number of ' funct ion output,  arguments used

real mi n The smal lest usable posit ive real number

rea I  md x The largest usable posit ive rcal  number

-L--

1.3 About Var iables



As you create var iables in MATLAts,  Lhere may be instances where you wish to
redef ine one or more var iables.  For example:

i  [ ) t l>,  t : r , ]ser. . , -4 ;

IDU>r oads-6:

tDU> lapc:2;

tDU> j  tens:era : ,er^s+Dads+tdDe
I Lents :

T?

tDU> erasers:6
erdsers :

6

EDU>> j  lems
i Lems :

12

Here, using the flrrst example again, we found the number of items Mary pur-
chased. Afterward, we changed the number of erasers to 6, overwrit ing its prior
value of 4. In doing so, the value of i tems has not changed. Unlike a spread-
sheet, MATLAB does not recalculate the number of items based on the new
value of erasers. When MATLAB performs a calculation, it does so
using the values it knows at the time the requested command is eval-
uated. In the above-mentioned example, if you wish to recalculate the number
ofitems, the total cost, and the average cost, it is necessary to recall the appro-
priate MATLAB commands and ask MATLAB to evaluate them again.

The special variables given above follow this guideline also. When you start
MATLAB, they have the values given above; if you change their values, the origi-
nal special values are lost until you clear the variables or restart MATLAB. With
this in mind, avoid redefining special variables unless absolutely necessary.

Variables in the MATLAB workspace can be unconditionally deleted by using
the command c I  ea r .  For example:

tDl . l> c lear erdsens

deletesjust  the var iable erasers.

EDU>> clear cosl  iLems

deletes both cost  and i  tems.

IDU> t : lear i : l '

uses Lhe wildcard 'r '  to delete all variables thab start with the letters c I .

IDU>> c]ean
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dele tcs al l  var iablcs in the workspaccr!  You are n<l t  askccl  to conl ' i rnr
this command. All variables are cleared and cannot be retrieved!

Needless to say,  the c I  e d r  command is dangerous and should be used with cau-
t ion.  Thankf 'u l ly ,  there is seldom a need to c lear var iables f rom the workspace.

1.4 Comments ond Punctuotion
Al l  text  af ter  a percent s ign (%) is taken as a comment statement,  e.g. :

IDtJ> trascrs:4 % Numben of  r :nasers.
eIdsers =

A

The var iable erasers is given the value 4,  and MATLAB simply ignores the
percent sign and all text following it. This feature makes it easy to document
what you are doing.

Multiple commands can be placed on one Iine if they are separated by commas
or semicolons, e.g.:

EDU> erasers:4,  pads=6; tape=2
endsers :

4
Lape :

2

Commas tell MATLAB to display results;semicolons suppress printing.

EDU>> average_cost:cost / .  .  .
i  tems

average_c0st:
50.8333

As shown above, a succession of three periods tells MATLAB that the rest of a
statement appears on the next line. Statement continuation, as shown above,
works if the succession of three periods occurs between variable names or op-
erators. That is, a variable name cannot be split between two lines:

EDU> averdge_cost:cost  /  i t .  .  .
ems
??? age_cost:cost / i  tems

I
14 lssing operator,  comnrd, or semicol  on.

Likewise, comment statements cannot be continued:

tDl- l> / ,  CornnrenLs cannoL be r :ont inued
IDu> ei l .her
l?? tJrrdef ined furrct ion or var iable ei ther.

1.4 Comments and Punctuat ion



You can interrupt MATI,AU at any t ime by pressing Ctr l -C (prcssing the Ctr l
and C keys simultaneously)  on a PC. Pressing ) t - .  (pressing t .h<' l t  and. kcys
simultaneously)  on a MacinLosh does the same thing.

1.5 Complex Numbers
One of the most powerful features of MATLAB is that it does not require
any special handling for complex numbers. Complex numbers are formed in
MATLAB in several ways. Examples of complex numbers include:

EDU> cI : I  2 i  % the appended i  s igni f ies lhe imaqinary par l_
cl  :

1.0000 -  2.00001

[DU> cI=I-Zj  % j  a lso works
-1

1.0000 -  2.0000i

EDU>> c2:3*(  2-sqrt(-1 )*3 )
^1 -

6.0000 -  9.0000i

EDU> c3:sqnt(-2)

0 + I .4742i

EDU> c4:6+sin(.5)* j
-A -

6.0000 + 0.4794i

EDU> c5:6+sin(.5)*. i
- t  -

6.0000 + 0.4/g| i

In the last two examples, the MATLAB default values of i : j :f= are used to
form the imaginary part. Multiplication by i or j is required in these cases
since sin(.5) i  and sin(.5) j  mean nothingtoMATLAB.Terminat ionwith
the characters i and j, as shown in the frrst two examples above, works only
for numerical constants, not for expressions.

Some programming languages require special handling for complex num-
bers wherever they appear. In MATLAB, no special handling is required. Mathe-
matical operations on complex numbers are written the same as those fbr real
numbers:

tDU> c6:(c1+c2)/c3 % fronr 1.he above dala
c6 :

-7 .7782 -  4.9497i
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Lt)U>> check- i l . -oLt t .= i ' '2 '  l i  : ;qrL( I  )  scl t rared tntr  st  be I  !

check- i  t -out  :

-1.0000 + 0.0000i

In general, operations on complex numbers lead to complex numbers. ln those

cuJes where a negligible real or imaginary part remains' you can use the func-

tions real and imag to extract the real and imaginary parts, respectively.

As a final example of complex arithmetic, consider the Euler (sounds like

oiter) identity, *-hi.tr relates lhe polar form of a complex number to its rec-

tongular form:.

MLy=M'ei t '=a+bi

where the polar form is given by a magnitude M and an ongle 0, and the rec-

tangular form is given by a + bi. The relationships among these forms are:

M = {7+T

0 = hn t(b/a\

a = Mcos0

b = Msin0

In MATLAB, the conversion between polar and rectangular forms makes use

of the funct ions real ,  ' imag, abs, and angl  e:

EDU>> c1
c1 :

1 .0000 -  2 .0000 i

EDU>> mag-c1:abs(c1 )

mag-cl  :

2.236r

EDU>> angl  e-c1:angl  e(  c1 )
angl  e-c1 =

-1.1071

EDU>> deg-c1:angl  e-c1*180/Pi
deg-cl  :

-63.4349

EDU>> real-c1:real  (  c1 )
real-c l  :

EDU> imag-c1=imag(ci  )
imag-cl  =

a

1.5 Complex Numbers
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' fhe MATLAB funcLion ( l  l ls  computes the magnitucle of  complex npm[crs or
the absolute value of ' real  numbers,  depending upon which one you give i t .
L ikewise, the MATLAB funct ion d n g I  e computes the angle o{ 'a conrplcx num-
ber in radians.
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round (  x )

s i  gn (  x )

s in(x)

s inh(x)

sqr" t (x)

tan(x)

tanh(x)

l \ l rsolute v i r l t r t '  or  nr : rgni t r r<kr ol 'coruplex nurrr l r t . r

lnverse cosine

Inverse hyperbolic cosrne

Four-quadrant angle of complex

Inverse sine

Inverse hyperbolic sine

Inverse tangent

Four-quadrant inverse tangent

Inverse hyperbolic tangent

Round toward plus infrnity

Complex conjugate

Cosine

Hyperbolic cosine

Exponential: e'

Round toward zero

Round toward minus infrnity

Greatest common divisor of integers r and y

Complex imaginary part

Least common multiple of integers r and y

Natural logarithm

Common logarithm

Complex real part

Remainder after division:
rem( x,y )  gives the remainder of x/Y

Round toward nearest integer

Signum function: return sign of argument, e.g.,
s i  gn (  I  .2) :1,  s j  gn (-23.4 ) : -  1,  s i  gn (  0 ) :0

Sine

Hyperbolic sine

Square root

Tangent

Hyperbolic tangent

aarr ,^,

acosh(x)

angle(x)

asin(x)

asinh(x)

atan(x)

atan2(x,y)

atanh(x)

cei  I  (x)

conj(x)

cos (  x )

cosh(x)

exp(x)

f ix(x)

f loor(x)

gcd(x,y)

imag(x)

lcm(x,y)

log(x)

10910(x)

rea I  (  x )

rem(x,y)
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IDU> 4ldtdn(]  )  % orre w,ry to dpproximale pi

oI l  -

3 .  1416

EDU>> help atan2 % asks for^ help on the funct ion atan2

ATAN2 Four-quadrant inverse tangent.
ATAN2(Y, X )  j  s  the four-quadrant arctangent of  the real
parts of  the el  ements of  X and Y.
-pi  <:  ATANZ(Y,X) <:  p i .

See also ATAN.

EDU> help atan % see the di f ference between atan2 and atan?

ATAN I  nvense tangent .
ATAN( X )  i  s  the arctangent of  the el  ements of  X.

See al  so ATAN2.

EDU> 180/pj  *atan (-2/3) % alan? uses vector s i  gn i  nformat i  on
ans :

-33.69

EDU> 180/p j  *atan2 (2,-3)

oIJ -

146.31

EDU> 180/pj  *atan2 (-2 ,  3 )
ans :

-33.69

EDU> 180/pj*atan2(2,3)
o|)  -

33.69

EDU> 180/pi*atan2e2,-3) % 180/pi  convents angle to degrees
oi l )  -

- i46.31

Yet more examples include:

tDU> y=sqrt(3^2 + 4"2) % show 3-4-5 r ighL tr^ iangle relat ionship
J_

5

[DU> y:rem(23,4) % 23/4 has a remainder of  3

3
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i i lU))  x.Z.o,  y1-f  ix(x) ,  y1-: f  loor(x) ,  y3:cei l (x) ,  y4:round(x)

2.6000
yl  -

?
y2:

?
y3 :

3
y4 :

3

EDU> gcd(18,81) 7,9 is the largest factor common to 1B and 81
ans :

9

tDU> lcm(18,81) % 162 js the least  common mult ip le of  18 and B1
o|)  -

r62

Exomple: Estimoting the Height of o Building

Problem: Consider the problem of estimating the height of a building, as illus-
trated in Fig. 2.l.If the observer is a distance D from the building, the angle
from the observer to the top of the building is 0, and the height of the observer
is h, what is the building height?

Solution: Draw a simple diagram as shown in Fig. 2.1. The building height is
h + H, where H is the length of the triangle side opposite the observer. This
length can be found from the triangle relationship

H
tan(0) = 

O

.- '+
I
I

-- s..""-;- I
ts\

hl \ \
I  tY

l I
F---- 

D--------i

Figure 2.1 Estimoting Building Height
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' l ' l . rcre ' f i r rer ,  thr :  bui ld ing height is h + H .= h + D'  tan({)) .

I I 'h -  2 mcters,  D :  50 meters,  and { / is  60 dcgrccs,  MATLAR gives a solut ion o[ :

[ { r t i ) )  h:2

?
I DU>> t .hr : ta:60
Lhetd :

6 i )
tDU> D=5t)
f t -

50
EDU>> bui  1 di  ng_hei  ght:h+D*tan( theta*pi  /180 )
brr i ld ing_heighL :

88. 603

Note that since MATLAB always uses radians, 0 was converted to radians by
multiplying by pi/180 before being passed to the tangent function.

Exomple: Rodiooctive DecoyExomple

Problem: The radioactive element polonium has a half-life of 140 days, which
means that because of radioactive decay the amount of polonium remaining af-
ter 140 days is one-half of the original amount. Starting with 10 grams of polo-
nium today, how much is left after 250 days?

Solution: After one half-life, or 140 days, 10 ' 0.5 : 5 grams remain. After two
half- l ives or 280 days, 5 '  0.5 :  10'  0.5'  0.5 :  10'  (0.5)2 :  2.5 grams remain.
Therefore, the correct solution should be between 5 and 2.5 grams, and the
amount remaining after any period of time is given by

amount remaining : initial amount ' (Q.$)time/Ialf-time

For this example, time : 250, and the MATLAB solution is

tD[J> i  n i  t i  a l_amount:10 ;
E DU> ha I  f_ l  i  fe:140 ;
tDtJ> L ime=250:
IDU> amount- l  ef t : i  n i  t i  a l -amount*0.5^ (  t ime/hal  f - ]  i  fe )
arrrorrnL_l  ef  L :

2.9003

Thus, approximately 2.9 grams of polonium is left after 250 days. Note that ex-
ponent iat ion"takesprecedenceovermult ip l icat ion*.Therefore,0.5"( t jme/
ha I  f - l  j  fe )  is  computed before mult ip ly ing by i  n i  t i  a l -amount.
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Exomple: Acid Concentrotion Problem

Problem: As p:rrt of'ther manulircturing process fi lr cast parts at an automotive
plant,  p i r r ts arer dippcd in rvt tLer to cool  them, bhen dippcd in an acid-water balh
tc l  c lean thcm. Over t ime, Lhc concentrat ion of '  thc i rc id-water soluLion dc-

creases because of  Lhe water introduced at  immersion :rnd lhe solut ion removcd
when lhe parts are taken fiom the acid-water baLh. To maintain quality, the

acid-water solut ion's acidi ty must not fa l l  below some minimum. Start  wi th a

90%. acid-wnter concenLrat ion- l f  the minimum concentrat ion is 50%, the wa-
Ler introduced into Lhe acid-water bath is equal  to 1% of the bath's volume, and
l(/r of Lhe solution is removed when the part is removed, how many parts can
be dipped inLo the acid-water bath before it drops below the minimum acidity?

Solution: Init ially, the acid concentration is init ial-con : 9oo/o : acid/(acid +

waLer). When the first part is dipped in the acid-water babh, the concentration

is reduced to

acid
tn = 

(n.i. l  + watcr) * watcr addctl

acid= 
(acid + wir tcr)  + l< lst(acid + wrtrcr)

acid
( l  + losr)1aci i+*ut . r )

: !1j1ial=gon
(1 + lost)

where "acid" is the init ial acid volume, "water" is the init ial water volume, and

"lost" is the fractional volume of water added. The amount of acid remaining in

the solution after this frrst dip is, therefore

aci<t-lcft : ,. A!10-,.
( l  + losr)

This means that, when the second part is dipped into the acid-water bath, the

concentration is

col l  = 4ci,c!_lcft
(acid + watcr) + watcr acldccl

acid lcft

( l  + lost)(acid *  watcr)

in i t ia l_con

( l  + lost) '
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Fol lowing this process, af ter  n dips,  lhe concentrat ion of  the acid-wir t ,er  bzr lh is

i r r i t ia l  con
con- 

r i r , rst1"

If min-con is the minimum acceptable concentration, the maximum number of'
dips is the integer less than or equal to

- : !9g(int1inl-con/min-con)- '  log( l  + lost)

In MATLAB, the solution is

EDU> ini t ia l_con:90
i  n i  t i  a l_con :

90
EDU> mi n_con:50
mi n_con :

50
EDU> I  ost :0.01 ;
EDU> n:f l  oor(  I  og( i  n i  t i  a l  _con/mi n_con )  / l  og( 1+l  ost  )  )

59

Fifty-nine dips can be completed before the concentration drops below 507o.
Note that the f I oor function was used to round n down to the nearest integer.
Also note thatwhi le the natural  logar i thm was used, l  og10 or 1og2 could have
also been used.

Exomple: Inleresl Colculotions

Problem: You've agreed to buy a new car for $18,500. The car dealer is offering
two financing options: (l) 2.9Vo interest over 4 years, or (2) B.9Vo interesl over 4
years, with a factory rebate of $1500. Which one is the better deal?

Solution: The monthly payment P on a loan of A dollars, having a monthly in-
terest rate of R, paid off in M months, is

I Ril | ri,)M It :o l ( l  
+R)M-l l

grving a total amount paid of T = P . M.
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ln MATLAR, the solut ion is

I  lJ [ l>> 1or-r t l , r  t  l r , r r l l r  ' ] , i  Lr : -c bank displ , ty 11r 11a1
[.  l ) l ] ) )  A:1850( i  ;  ' ,1,  , r r lounl  of  loan
[, [ ] l l ) )  l ' ,1- l I " ,1 '  7" l r l l l )cn of  monLh,,
FDU> f :R:1500' .  L l . tcLory rebale
IDU)) ?,  f j f : , t  t i r r . tncing of fer
f -Dl . l>;  f t : (  2. ' ) . /  l ( )0) /12; % rnonthly int . r ' r ' ( ' . , t  rdt .c

[ : f )U> I ] :A*(  i t^{ l r f t ) "1 '4/(  (1+R)"1' '1 l ) )  % payrni :nt .

40B.tr l

EDU> T1:P*f4 % tot-al  car cost
T111 -

l , l  6 lb.0b

EDU> % second f i  nanci  ng of fer
tDU> R:(8.9/100) l12:  " I  monthly interest  rate

EDU> P:(A FR)*(  R*( 1+R)"M/( (  1+R)"M -I))  % payment
r -

42?.?4

EDU>> T2-P*M % tota I  ca r  cost
I2 :

?0267 .47

EDU> DJ f f : I?-11
Di f  f  :

651.41

Based on these results, the first f inancing offer is the better of the two.
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Al l  of  thc conrputtr t ions considered to th is point  havt :  involved single numbers
cal led sco/r l rs.  Opcral ions invoiv ing scalars are Lhe basis of ' rnathematics.  At
thc same t ime, when you wish to perform the same operat ion on more Lhan one
number al  a t ime, repeated scalar operat ions are l ime-consuming and cumber-
some. To solve this problem, MATLAB dehnes operations on data arrays.

6. I Simple Arroys
Consider the problem of computing values of the sine f'unction over one-half of
its period, namely:, : sin(r) over 0 = x = z. Since it is impossible to compute
sin(r) at all points over this range (there is an infinite number of them!), we
must choose a finite number of points. In doing so, we are sampling the func-
tion. To pick some number, let's evaluate sin(r) every 0.12 in this range, i.e., let
r : 0, 0.In,0.2n,. . . , 1.02. If you were using a scientifrc calculator to compute
these values, you would start by making a list, or array, of the values ofr. Then
you would enter each value of r into your calculator, find its sine, and write
down the result as the second arrayy. Perhaps you would write them in an or-
ganized fashion as follows:

As shown, r and y are ordered lists of numbers, i.e., the firrst value or element
in y is associated with the first value or element in r, the second element in y is
associated with the second element in r, and so on. Because of this ordering, it
is common to refer to individual values or elements in r and y with subscripts,
€.g., rr is the first element in x,y5 is the frfth element in y, x, is the nth element
in r.

MATLAB handles arrays in a straightforward and intuitive way. Creating
arrays is easy-just follow the visual organization given above:

lo!"  ^: t0 
.1"pi  .2* l , i  .3npi  .4*pj  . r r*Jr l  . { r '1.r i  . /*1.r  i  .8*pi  .9"pi  p i l

Col umns I  t .hrough /
0 0.3142

Columrrs 8 t .hrough 11
2.1991 2.5133

0.6283 ( )  t )Ai ' t ,

? .B?/ 4 l .  1.1 t t ,

I  .21. ,6(r

42 Array Operat ions Chapter 6



fDU)) y: , , i r r (x)

Crr  lunrn. ,  I  Lhrorrqh /

0 0. ]090 0.5u78 f) .119i19 0.9511
Colunrns 8 t .hroLlgh l1

0.8090 0 .  58/B 0.  3090 0.0000

1.000{)  0.9511

To create an array in MATLAB, all you have to do is to start with a left bracket,
enter the desired values separated by spaces (or commas), then close the array
with a right bracket. Notice that f inding the sine of the values in r follows natu-
rally. MATLAB understands that you want to find the sine of each element in
x and place the results in an associated array called y. This fundamental ca-
pability makes MATLAB different than other computer languages.

Since spaces separate array values, complex numbers entered as array values
cannot have embedded spaces unless expressions are enclosed in parentheses.
For example, l l  -Zi 3 4 5+6 j I contains five elements, whereas the identi-
calarrays t (1 -2i  )  3 4 5+6i l  and [1-2i  3 4 5+6i ]  containfour.

lr l

i i

t
tlt

6.2 Arroy Addressing
Now, since x in the preceding example has more than one element (namely, it
has 11 values separated into columns), MATLAB gives you the result back with
the columns identified. As shown previously, x is an array having one row and
eleven columns, or, in mathematical jargon, it is a row uector, a one-by-eleven
array, or simply an array of length 11.

In MATLAB, individual array elements are accessed using subscripts, e.9.,
x(1) is the first element in x, x(2) is the second element in r, and so on. For
example:

EDU> x( 3 )  % The thi  rd el  ement of  x
dns :

0.6283

EDU> y( 5 )  % The f i  f th el  emenL of  y
ans :

0.9511

To access a block of elements at one time, MATLAB provides colon notqtion'.

EDU> x( I  :5 )
oi lJ *

0 0.3142 0.6283 0.94?5 1 .2566

::!,

:x
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These are thc f i rs l  Lhrough f i f th elements in x.  I  :5 says "start  with 1 and
count up to 5."

El lU> x(/ :end)
ans :

t .B8s 2.19e1 2.5133 2.8274 3.1416

starts with the seventh element and continues to the last element. Here. the
word end signif,res the last element in the array x.

EDU> y(3:-1:1)
ans =

0. 5B7B 0 .  3090 0

These are the third, second, and first elements in reverse order. 3:-1 :1 savs
"start with 3, count down by 1, and stop at 1."

EDU>> x (2:2:7 )
ans :

0.3142 0.9425 1 .5708

These are the second, fourth, and sixth elements in x. 2:2:7 says"start with
2, count up by 2, and stop when you get to 7." In this case, adding 2 to 6 gives
8, which is greater than 7, so the eighth element is not included.

EDU>y(tB291l)
ans :

0.8090 0.3090 0.5878 0

Here we used another array I B 2 9 I ] to extract the elements of the array
y in the order we wanted them! The first element taken is the eighth, the
second is the second, the third is the ninth, and the fourth is the first. In fact,
lB 2 9 1l is an array that addresses the desired elements of y.

6.3 Arroy Construction
Earlier we entered the values of x by typing each individual element in x. While
this is fine when there are only 11 values in x, what if there are 111 values?
Using the colon notation, two other ways of entering x are:

EDU> x:(0:0.1: i )*oi

Col umns 1 through /
0 0.3142 0.6283

Col umns 8 thr^ough I  I
2.1991 2.5i33 ?.82/4

0.9425 t .2566

3.1416

I .5/08 i
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L[) l ] , r  x: I  i , ' , 'ace(0,pi ,1I  )

I .o l r rnrrr , ,  I  through /
0 0.3142

(.o l r rnrrr , ,  8 through 11
2.1991 2.5133

t.?566 I .5/080.6283

2.82/4

0.94?tt

3.1416

I  .  BU50

iil
p

In the f i rst  case, the colon notat ion (  0:0.  i  :1 )  creates an array that  starts at
0,  increments by 0.1,  and ends at  1.  Each element in th is array is then mult i -
plied by z to create the desired values in x. In the second case, the MATLAII
funct ion I  inspace is used to create x.  This funct ion's arzuments are de-
scribed by:

1 inspac e (  f  i  rst_value, last_va1ue, number_of_values )

Both of these array creation forms are common in MATLAB. The colon nota-
tion form allows you to directly specify the increment between data points, but
not the number of data points.  l  inspace, on the other hand, al lows you to
directly specify the number of data points, but not the increment between the
data points.

Both of the preceding array creation forms create arrays where the individ-
ual elements are linearly spaced with respect to each other. For the special
case where a logarithmically spaced array is desired, MATLAB provides the
I oqsoace funct ion:

EDU> logspace(0,2,1i)
ans :

Col  umns i  through 7
1.0000 1.5849 2.5119 3.9811 6.3096 10.0000 15.8489

Col umns 8 thr  ough 11
25.1189 39.8107 63.0957 100.0000

Here, we created an array starting at 100, ending at 102, containing 1l values.
The function arguments are described by:

logspace (  f i rst_exponent ,  last ,_exponent ,  number_of_values )

Though i t  is common to begin and end at integer powers of ten, l  ogspace
works equally well with nonintegers.

Sometimes an array is required that is not conveniently described by a
linearly or logarithmically spaced element relationship. There is no uni-
fbrm way to create these arrays. However, array addressing and the ability

*
i

ts
*
*
f,

$
fll
t
LI

i{
.a

. l :
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t .o conlbi t r t :  expressiot . ts c: in l ' rc lp er l iminale thc.  neecl  t .o cnter indiv idual  e lc-
ments one aL a t ime:

LDl l>> a- l :5,b- l :2:9

h

creates two arrays. Remember that multiple statemenLs can appear on a single
line if they are separated by commas or semicolons.

EDU> c: Ib a]

13579i?345

creates an array c composed of the elements of b followed by those of a.

EDU> d:[a(1:2:5) 1 0 1]

creates an array d composed of the first, third, and fifth elements of a followed
by three additional elements.

The basic array construction features of MATLAB are summarized in the fol-
lowing table.

x:12 2*pi  sqrt(  2 )  2- : . r  I  create row vector x containingelements
specified

x:f  i  rst :  I  ast Create row vector x start ing with f  " i  rst ,
counting by one, ending at or before
I  ast

x: f  i  rst :  i  ncrement:  I  ast  create row vector x start ing wi th f  j  r "st ,
count ing by i  nc remen t ,  ending at or
beforelast

x: l  inspace( f  i  r "st , I  as t ,  n )  create row vector x sLart ing wi th f  i  r^st ,
ending at I  a st ,  having n elements

x- l  ogspace (  f  i  rst ,  I  ast ,  n )  create logar i thmical ly spaced row vector
x start ingwith 10i i '  ' ,endingat 10ld! t ,
having n elements
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