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T iﬂ'?crod‘ucﬁuﬂ

This Mapic Handbook is a brmf reference toal for ‘thc Maplc langnage, and is. Wntten for all Maplc users at

Borough of Manhatta.n Connmmlty Co]lcge regardless of theit fields of mtercstbi The. goalig’ to provide you -

mth examples of Ma.ple syntax and & more detailed descrzptmn of some of the Mapic ccmmands used most

. | frequently in the Caleulus Labg at BMCC." Mot of ﬂw buLt-m mathematmal, graphma], and system—b% ed ;.
B -commands a.vaﬂable mMapJﬁ 9. 5 Reiease ara hsted, Baloe: oy . fowss LB sl

: Pleas& note tha:t in most cases, this Maplc Ha.udbook does ncst tcach 'thc mathcmatms bchmd Maple coi:nmands
If you do not know the meaning of such concepts as derivative, dsﬁm‘te micgral, or functions, do not expect to

; |learn them here. This ‘tutorml wag developed to provide a bncr and ‘efficient inttodiction to ‘Maple for students”

ahout fo enter a Caloulus cotirse, Thcrcforc, the tutorial only assumes familiarity with mathematics at ths
precaloytus level. Tt is highly recommended thm you also read a more: therough tutorial such as Intt*oducﬂon ta
Maple ’by Aradl % "—Ieck ot one of the manuals sthpcd with Maplc Rclcase: 9 5 BT e T £

- Mapie 5 Dn Tine Help ystem (wwmmap}eapps com}

All versions of Maplc come wﬁ:h an. cxhaustwc on-Yne help fauhiy contammg hundreds of pagés of detailed
| descriptions. These help pag@s‘ have bcml upda& { during thé many yzars of Maple devclopment and contain -

| rauch information that is valuabile and much that i esnteric. “On fHiany pla‘tforms, therg are. anwlnm topis
browsers that allow you to navizate L,:s_sd br, S7Een Various hcip pagcs S

The on-line be“o pages can 'b\, used to broaden your ki nw{v:lg,v at sour leisure. Usmg the om hm, help faility
is one of the first lessons you should Iearn about i f:ml le, so that for topics of particular interesi you can seek
out wiore detailed tnforination than what 5 provided in this Maple Handbook.

Written by: Mark Jagai
Edited by: Dr. Crlenn Miller, BMCC. -
Rewsed ‘by Ahc.a,u LEWVaOﬂ, BMLL 2004

sk

Special Thanks To:,
FProfessor I ack Diucker ;
For spemal mput an 1 giidancein ¢ feat:mg t_hzs Handbooki;.@‘.{:r;:..f}'.-.ﬁ e T A U
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5 18 an ol for domg comphcatcd mathcmatlcs qumkly dnd prec:tscly on,.‘ i }
a computcr If:s dcs:gned to aid scmnt:sts, engmcers ‘students and. mathsmatm:a.ns in pcrforn:ung dlﬁcult or, . Y
‘ -hbonous ma.thcmatlcal calcmlatmns Maple 9.5 is an interactive program thag pcrrmts the user to cnter
commands at the prompt press the feturn kcy, and read or use the.output to aid in ﬁthher calcu]atxoms. You ]
can usc the followmg arithmetical operations: +, -, *, /, A , which are addrt:on., sub'tractlon, multlphcatxon, ' -
isi ing to. apowcr, respecmely T T IR I R . o ul

Ii“ you cver need addlthﬂE.l mformatmn about any Maple comand., you cah a..lways ask for hclp by u.smg 2
s,omand hne . This can be dene by typing in a question mark fo]lowcd by thc Maple cominand and thcn '

| pressing. [Enfcr] An exampla of this is shown bclow L ey, i : :

| Note: The help 1 menu will open in anothcr window. i

N

[:» '?addj.t:l. on

Wha.n using Matale you type in commands at the ke ybaa.rd and then press [En‘tar} Maple 9.5 pI’OVldES a
result. The, Maplc cornmand line for ‘help is an cxccpuon to the rule, as shown above, vary Maple 9.5.
mmmami, Taust be punrt’uﬁted wrth sithcr a semmoi@n moE 8 salon o For examplc, if you wish { o mlilhpiy'

two mimbérs like "247" and, “3756" the coirunand would ?:m, to f:y' sin 247*3756 at tha, J.«iania s: 5 piompt -

and 1 ru*m,ss [F ujzw] -

Wiltiplntians. T this now:

>~ oATEETSE; _— S .
' ‘ 927732 =, - o s o b
By p essing [Enter], you s also move ﬂn cursor to the next command line (Le. 210%375;) in the worksheet, l
| Adc’himn [iy‘fhlb DOW: ' L T : .
A'W‘Iia"i; Eaﬁpéﬁs if you use a colon? o K
.> aé’?ﬂ’?&}u R i I TR 5 . L I N ﬁ ;

—

Nomce that no results wﬂl be prmtecL on thc othcr hand the computatmn is made as we wﬂl see laie:r Wha.t
‘happens if you omit the semicolon or colon? The foﬁowng segmeit shows that the semicolon is omitt: ad in the
ﬁrsT coummand, and a calcuiatlon is made which results i n'a gyutos warning, telling you that the semicolon i l :
m;za?mcf ‘ M o L M

> 247%3756"

Warnlnq, 1nseri‘ed mls‘s:mg semlcolon at end of _‘fa‘rpment, 247*3756,

927732

You are e}qaected to compietc the stac ment Wlth the mzssmg smmoolom yoz il the above sequenc:c

shouldhavebecnasfo]lows ' ST T . | _ : ; l



| Exarmple of multiplicatior:

> 247%3756; ‘
B 927732

_ 'We Wﬂl now Show some examples that Jllustratc how to perform the elementary aﬁthmctlcal opcratmm

You can add two numhcrs

Example of addiﬁon
> 253+7775 ; S

R023.
You can add ﬁa.c‘tmns

2"5/2'7&%34;51, " o
452
459"
- "I‘hﬁ Map]r Opﬁrﬁ‘tm‘.’ of calling the -u-ccmmi-, oumut i ﬂ:w / 51g;t1. If you wish to mulrmiy ﬂlc a.bove answet b y
A constant Yo may enter the fr:a Ziovmzcr : - : C
> 23%%; . ‘ . -
| R
459 -

Ii yotul vm_sh to. goms,,ﬂ YOur answer ttoa Je m.rLLal you cmﬂd use the evalf comunand which will be shown in .
"The Numerical Appwmmaimns cormroznd" section, ot youl ceuld type the Hunter Ubiﬂ}:’ ciai:::mn lpoint,ag
Ljhown below, .' : : : | . N : ARSI

R:r::cau from abqw that the bn “31(‘ opcrator of callineg rh’* pmwous ou‘fput t‘hc % sm"fg siace you Wﬂuld hks to.,
eall v previous outpiits, you mstuse double %% sign. 8 %

> 2 3

. 2 649’?3747

| Ore can taise 2 number to a power: .

?18?

o ,“ B

f ature of mosi: c@mputer ngé.bi‘ﬂ systems is h ri: they ase. exaci anthmctzc For exa.mple Lf 'yml f‘mﬂc two
tea .ai‘v’apleﬁ? 5re‘tums afl exact answer,

> 3235/7478 ;
o 3235,;
7478




The Numemcal Apprommaﬁuns wmmaﬁd ' ' ‘ ' E }
There is a built-in Maple 9. 5 function eva{f cvaluatc usmg ﬂoatmg point anthmf:hc, that WIH yleld thc dcclmal '

to any dcgrec of accuracy T , : | | ' .

[Rcr“aﬂ By éntermg the % 51gn, you a.rc rcfcrnng to ‘thc prewous output

RS eva..lf(g-), . « 1 = g ‘ o }
. - 04326023001 . . 3 & } AP *
fhc default numiber of digits used in ﬂoatmg pomt output is 10 but if you wish ta ha,vc any other numbsr of | ; T
digits *thcﬂ you can specify thr:m usmg evalf. The foﬂowmg is the 30=-=d1§1t floating-point ampmmatmn ofthe ' '
,me;tion 3235/7478. ‘ _ ) )
B ¥ en‘tcrmg Yo %, you are Leferrm@ to the output from ‘two commands above. | ' ‘ }
> evalf($%,30); . . - -0 LT e o
LT s " 0.432602_30008023535’7._047338860658 ' ' I . }
You can aﬁsign a velue or & fimction to & variable with the colon-equal symbol =, ?
! e EL. :::5 7
i. . A ::.'; v
f A, - ) . }

§ TOEANE. ﬁlat the: vamble “A,“ has Bcf tl assigi ied fhcz value 5 and it Wﬂl have: tlws v'th-« thx 3 gh Lh(“ Te mder

oi thc xﬂ‘f%'mﬁ uniess you assign ﬂ: another value.
g . ]

i ‘ "‘.]; --\"'_;  ;}

1 i mcommendpd to creaf‘c an assign ent staterent or deﬁnc ] ﬁmctlon bc forg 1i: is being used in any Maple
.wmma.ad ’IhJs canbe scenmthc:imc-cai g section. w o m g _ . « Py }

Ss.,ctzmz z‘dﬁ@bmw Caimﬁ “’ Ry

In ‘zhls section you iwill lcam some very Jmportsmt camman_ds tha.t will bs used throubhout you;r calculus

sequence. One of the most fmportant and- confusing concepts- to students is the way we assignaname to a. T ‘ '
function and the other is the procedure to enter a function on a Maple work sheet as a function. We will start '
with the basics which is how, to.enter an algebraic cxpressmn and substitute values in for the vanab}_c:s Thcn o
V(ﬂl "Vﬂl Tears: the commAnds that Wﬂi allow you 16 &xp s ﬁ, _)ac,im' anid .s*zmplyﬁ) expressmm S X ' J
S 8= ."%7*};—2 3 | | i P 1 . B £y
' B:=x3f%*_7x-=2 Prar : i
If we wish to use the above function, We can now refer to it as BN, . T, . - J



> 4¥m41z; -
’ 4x3+zsx+'4,

=

Thc fo]]@wmg stacemcnt s the way | to “unass1gn the vaﬁabie
B is cﬁclosed. Withm two. smgle quotes' :Wh_lch is the way to "unasmgn" ‘the vanable

> Bi='B!; o
7 B =B
> ErmxA2; ‘
| Fr=x?
| The 1ast cornraand aésigns x 2 to the letter £, and you can check that with the fqllouﬁng'c-omand,' _
> £; | .
x“’”

There is a Maple 9.5 procedure called subs which allows you to evaluate an expression, The format is

| subs(variable=numerical value, expression involving variable).

- . - : . ¢ . & s ol

> subs (x=5, £ ;
: ' 25

A word of warning hczre Many h&*rrmusrs wfmt to use stana ard functional rotation for a Maple 9.5 assignment

‘statement, suc:h. as f5) " Howeva Mdgie m:mprcie this as mdnpimatma Rec Jiﬁoa:t 2HOVE ‘i.ahmt fis assztgned ‘

' the vzmabis %, ‘

> £(x);
J:’(x)f?’

> £(5);

o
'  j l {you Tvould hke to use s*’randdrd ﬁmctwmi notation Lhcn you van do-s6 using the sgmboi "1 made | Dy

o |typing the "rminus gign" followed by the "greater than" sign, NOTE: Thmu isa mfgor duTsmecf“ bf'twam |
| n8signing an expressm’l of a vambie and ﬁntermrr asa ﬁmctmn, N '

> Ermx-5>xt2; L S
fi==x—‘—>'x»2 -
> E(x);
) oy 2
" x

Now we ha,vc the abova ra,suu, that .En a function of i[}:) This is :unt ‘mf- samme us if you fry to fype § as shown.
Lbelowr. ' : : ' o

>-f;;




T—- £(5);

I you already have: g defined as an cxprcssmn and want b mnvert 1t to a ﬁmctmn f(x) you can'use‘ the Maple « ]
9 5 comand wzappi,’y(axpr x). For example : , : T

> £:=unapply(g,x); - ' “ g ‘ . 2 B &T
> £(x);

g=x" . " . i S 7
‘The evpression g does not evaluate since it is riot entered as a function. o S

g5y o . S : |
B

Oné of the great btmaﬁts ofa Pomputcr aig::bra system such as Magle 9.5 is th‘it it a‘i'%ows yoll to mamptﬂatc . l -
ﬂ1gf*bra.1c: expressions in mauch the same way that a calculator permits you to ma: wpula‘tc nu.mbﬁrs Som& of the '

nlgebra cormmands vsed in Maple 9.5 are listed below: - g o — i
simplify -- simplifies an algebraic expression Lo | , o o b R

expand - cxpands an expression T et L au . my e
factor -~ factors an ex uresswn '

SQIW = solveasystem of equation for aset of Lmknowﬁs ‘ - A T ‘ : , l

Ir is Vt’l‘y Hmartant to mseﬁ. thc paremhcsm i ‘i;hc correct oxdcr smcc mcon‘sct order may L,hangc thc: ﬂmctlon. 4,
H owwcs Maple a’iso sunph.ucs the i‘uucnon as it producas ’me oumut o : e ‘ ]L

> érimplif?( (l%xj [t (l“i{) /%) ;

*fsfﬂfé%rad(ixf“.%'r%’)iﬂ%ﬂl <K 23*% “‘*b{*“i‘))»:..._,:.. e \ "
S P e B -6c 3% +6x +x6-{-1?x F8 T T

R PU (x+ 2) (1 +x) R D) (x z) at B nde LedT R
I‘ht: comnmnd solve(egn var) ﬁnds exact s uDhlflOﬁS to pv?ym wial cqulons._‘ S She e 7 f



° B

| EL%'};ampIP | , _
l’ha exact solution of the poiynomial equa.ﬁon 1%’ -4 2. 43 x4 84 = 0.can be fohﬂd by cntsm:\g

|> solve(3*xr3~4*kr2- ~43%x484=0,%)

As”ycu can seé, the second argument tell$ Maple t{;gi_;;l is the unkriown variable that we are solving F@n- -

The Sofvé command can also be used to find the exact solutions for non-polyhomial equations.
. . N } x . 4 \ . . N ‘ . ) ) . i

: | 4
| Exaruple: sm, the. cqud'i:mn 5¢ 7 =43

| Some expressions mﬁy be W:nft\.n dﬁfsrcnﬂy on Mapla Workshac‘i: One such cxprcssmn is e, in &ffaple els,
written as exp(l). The (1) repmsmtﬁ the iraplied exponent 1 when we wn‘te e. Thﬁl’ﬁfﬂl’? ﬂm abovc :::xpresmn .

s st be’ entered as a@(x/éﬁ) since the 6Yp0ﬁmlt isnot 1.

4111( 43) ‘

g

> .srn’lve {;’S*ayp (s2/ 4)#433_

LNotme Lha.t Maplc did not gm an apnmxm{c so]:utmn a3, f..:m sui thioh above,

Maple‘s frolve comimand c:an be used to find approma’f@ f;niutaoﬁ‘ for 2 j Pqpatmn In thc foll{)'wmfr
mTynomiel equations, fyolve produces 2 comp‘iei‘vm fist o all the real uim:tom. . :

> eqn; T PR T T?‘f"{ ? 6*%;:%2 G,

eg{:z —xd"nx, 91/ ~6x+2=0

I> feolve (egn,x) ;
' ~3. Al’i?,l3)6? -0, 5857801370 0. 208/19132,;) 4 791'38784/

“WM:, four so]ufm ns hbtt‘d ‘hove provide s with, thc complete List m‘. solutions to the cquatmn

-

Be Io w is =0 ﬁxampis ﬁowm g thg command for s.:ohrmv syufcm of L,qua'tmns using solve md f.s'olvs,

> bgl.m-;,mlve,({z*x S*y =12 12*;{-%-4*?“17} {x,y})

ml”.-—faalve({z*x S*V"’l 12*:{*4*3“1‘7} {x,y}), N
_s0l2 ~{y:-1 61’7647059 X= i 933889’333}

Obsewe that 'we used mn‘i 3 brad! ot ?‘{“ anci “}" i thié prscedmg Mas 9.5 irgat ,faple 9.5. uses thls |

| notation for 2 set. Obsc; ve that the Maple 9.5 output for the *xprs:smosi cni 15 in t‘nc form of 2 set. One

thing fo not;ce about sei:s is th':? they do nof; dmtmgumh as to Ofdt:f For example, - mk_j E:1 Imght mstmd '

- haw pmduccd an cqmvale:nt outgmt with 8 differant order. ‘Maple 9 5 regards g get as s kind Of array and you
A pi =‘< ot of its elements.. For ex: e, , the Lest Maple 9.5 output indicated abuve i 2 set ¢ owwi ing of two

ts Jf”the ﬁrst is the equatlon =3, /34 fiL tm," ."*\;wnd aiment is the equa.tmn 13 g/ﬁf’ ' rﬁ“ Way S:o




select the first elernent is b:y‘q;;ts:ring,sgl[g“ /; and pressing J[Ré;urn].‘ y L

> sol[1];

“The second element is obtained by entering sol[2]; and pressing [Return]. . ' ' S A S

[You may }isér;s-ubs to check your answer.

5 ‘subs (861, {2%x-5*y=12, 12%ettéy=17}); = 00
Yy e = e U f12=12;17=17}

Observe that we have employed threé'diﬁ‘crcnt kinds of grouping symbols: "()", "{ }" and "[.]". Theyare = = }
used for different purposcs and Maple 9.5 requires that you use them correctly. The standard parentheses™( -+ -
¥ are used in fimctions s in jactor(x"2-1), or sin(Pi). The curly brackets “{ }" are used to group a set ofthings - 'y
together as in "{x, }". .l e s uare brackets are used to pick a coordinafe out of a group as in "sol/ 2/, There. ‘
will be other examples to illusivate the use of these grouping symbols I {he fufure, Fitally, you can onlyuse
parentheses "( )" when' groupidg symbols in mathematical expressions, for exafiivle, @ command ke 2 T )
{ZR[SH3%(7+2)]*(12+3))+2; may make sense miathidmatically, but is niot interpreted As you roight expect by« ¢ |

Maple. k . _ - v, - S 5w g B s 77

>.{2*[5+;*£?+2}]?ﬁi2+3)}+2F R U VO T S - )

You should type in the following: .. e n T R R S LT S [

S (2% (5+3% (T42) ) * (1243))#2}
o - 962

Cwﬂpietethesai&are . EL I o - | L bt (
completesquare(expr) -- completes the square of polynorials of degree 2.in % by re-writing the polynomialasa -
o LA o e S R - ‘;?)

)

perfect square plus a rerainder. -~ 7

completesgiare(erpr ) -

camﬁletég Fuar
| completesquare(expr,

.@;bégieﬁﬁé@ e called shederit miist Be used before so ormands can be excuted. The s/

| cotiection of subpackages dekigned te assist with the tc{:a;g;hin:g: and lcammg of S‘tanda.td undmgla i -




mathematics. There are many routines for djsplamg fuinctions, compu‘ta‘tmns and theorems in various wa;y:
There is also support for stepping thrmwh important computa,hons S

In addition the package has a collection of commands dew gued to can*y out step-by—stcp solutions to pmblems '
| To use these commands, youneed to execute the followzng line which loads the student packagc Recall, the
‘colon at the end of the statement allows this line to be executed withowt dlsplaymg any distracting ouipua To
| see the contcnts of the srudent h‘bmry, you can change the colon to a sezmcolom ,

o iqhmmplc.‘
> ‘.wi?t,h (student) :
B > completesquare (9%xA2 + 24*x + 16);

.9(x+i] |
. 3
Exampie Fm.d the vzrtex of the para.bola. ngc:n by 9x° 2y 4 v 36 x’ 24 g 36 0

I’f: is rccommcn?bu that you a,ssz,gi L.’ae above fimction to a Ietter as shown bf:low N A e e C

. “9*x“?+4*y"2+36‘*:‘:*24*3{%‘-35“9
"f"gx i"4y +36'r: 7ﬁy+36 0

' {At thes pomt Marjle can comg]r’te fm, squa.rsd of the, a?vo ve ouipt in x.
e sxﬁp‘l “‘CﬁDm‘DletESCﬂ_arﬂ (f {x,y}) ; o
i Srepj :’i(y )2 36 'L9(t+2)2=0
| th m add 35 to both sides then dwnif: throngh by 36 to achieve a “1“ on the nmht fnjd &
-3 ""*f.’,lf? o} 1”.1.:3 {s Eiﬁ;) "’r'BE} = 4,1'15 (Stmul) +36
sn,p2 4(y 3) +9f:f }-2,) =36
1> 1hs (st @pi’)/iﬁwrhs {st\fapQ’} /36
' - (‘V 3)

)-1

.Mw

*_i.n vertex (hk) is at ﬂ}e pomt (-2 3)

‘Semm 3 Grpa il o

o



o | o
‘ c‘:=fx3 ..
L 5 . l

> &:=sqrt(z§) 3
> E£:=abs(x); ;v

> g&;n-:a"“x;

| =i
_':‘»‘ h:}tloglé'(x) ; g
CRE | In(x)
1n(10)
> ;c:#.,:_;,_){:;j; - o R it h omow E Cmmer g n@. Lo — .-')
- | k=e* o ' LR
> 3.:.55;1,11{.""} SR o | e LA | i, ‘ R R o B }
| ' i ° =sin(x) - - S :
> mi=aos () ; _ - . ' S - o oo l
O me=oos(E) | |
> I'i:;:t.aﬁl(}i); - - A . e .f = ' L St l
A‘asm‘mng}, 3@0*‘«7 the ba,sn? shane Qf the graphs of the above funetﬁons, Iet's leam the basic steps L.IPLOttlHU' ]i
4 firnction. ' : |

A basic call fo the plot function is pleCf(X) x=q.b}, where fis a rca,i ﬁmc,non nx and a. b spc:cxﬁcs_the
hor.rzontal real range on which fis plotted. A more ‘typlcal callto plota fimction i plot{f(x) 3 o 1
¥=a., b,y a..b,thickness= n,color=black). The function in , and y=a..b, speclﬁes the vertical real Tange on
which fis plotted. Thickness i5 an optmn that specr:tﬁcs ths thickx 1288 of }mcs in the plot.. -The thlck:ncss musi' I
be a non-negative :mta ser, The dafault thlcknﬁf:s 15 0.+ To specify color for plottmg Z-D plots use. tha Gl
prcdeﬁncd color nares 3wl ur h are predﬂﬁned in Maple s L . )

aquamamie blac;L ‘biue, 1avy wra.], cyan, brown gold, grecn, gra Y, & ‘f:y, kﬂ-:.!.zi]? ‘mag_enta_, mamgn,_ org._uga, put:?{: J ‘

a‘tmmen‘t\ _ g ‘ 48
| {(Be thefoﬂwomgpiotcommandsh i.«,-{.iLJMW’) L _ I 8. 0 EET I {




In ﬂm section you will learn how to plot points and how to plot the graph of a mnctioxr We will also look at
plotting multiple graphs on the same x-y rectangular comd,ma,tc systcm aud many othm commands tha.t w;tﬂ‘bs o

uf;c:ﬁ;d Whﬂc pioﬁ:mg a praph.

?ima ing Pom&s : .
| I noints or graphs are bcmg plotted, we must enter the doma.m thch is the x-axis boundnzy and ifyouwish

you can algo enter the range. Tt is helpful when plotting pom’ts or graphs to include the style of the pointas

| shown on the graph 25 shown below, The style, will indicate what design you wish to ses on the graph. -

Mazple i5 imited on the different fypes of sty’.ie The mterpo‘lamn style must be one'of LINE, POINT,

PATCH, 6r PATCHNOGRID, The default is LENE, POINT; style plots points only, LINE interpolates
between the points, PATCH uses the patch style for pk}ts conf.‘a:mmg polygom and P ALTC‘FTN OGRTD ig the -

E’A TCH style wthout the gnd iimes

rf.b» ;{nsi,c::ti{ [4 Bcy } pw==5L B, y=~2. 5, s‘;‘:}?la“po.lna ) B

AT T ;\;l_i}gr'a_-_a“gn ITTTTETTT
|

' u . “_{,3 14 _' 2 ‘ 4 _.' 6 i
E "
__f withag _ﬂnhpse pmﬂfs _
> pl 1H{T1 31, I’ -2, 6’!'_,TL 6}} K" g ”7 v’" 4 10 3Ly1&=paln4),
" {03 |
8“ .
yw “d L ‘
4” Xy i
o e g o | ri"'rr‘mn"iaw ﬁ“rraWTnTm
' -4 . fg f 4 6
11 ]

_[Chgnging' the style to “linc" connects the points in the order as listed.

13



1> plmt {3 ,_x==-5 .

.
-

% plot(x~2,x=-5:,

piot ({13,681, [~1,61, (-1,11, [“1,-27 (3,21 F,x=-3.

FTTTITTTIT

?E@ftmg Gmphs.

5);

: #3452 7

TITTTTIT I TITIOTT)

o

Ly
e

Tng

ﬂm can also ﬁ”n’tf"l‘ the values for thf:; y-nxis ab shown b*‘inw

5,y=-2..5)

-2

i

;&t:call the wmmand.to plot a gfaph or a point is plof Below we are gomg to plot the ﬁmc:.mu of y =3

el e

4

ﬁ 3 we can see from tue abave C‘L_ar'ram th‘. ﬁmctj.on ig dsﬁn&*d on he x-axis from x

-4'13:4'-5'7“4

10 Stjl J 11:1&} :

——F e

PUERSS

— e

»——sz; 5. i’ ‘/’“ﬂ.l vis : i




s In this case both the x-axis and the y-axis has the values tha.t were entered by the user. As we continue we Wﬂl

further explore fungtion plottmo capabﬂ;lties _
On some occasions we may prefcr to plo‘t mulﬁplc ﬁmctions on the samc ax:s thzs is dgm msmg the hm

' ﬁlﬂctmns below.~ v e

ta

> ai=r; |
' a=x
B R | :

> plot({z,b},x=-5..5,y=-5..5};

e R rERERE TR W

2. 4.

}0\1 \fmh to display the prapbs using dn amﬁ:ﬁf ty" "53 we €an use 'twb of the vaﬁaus «*i le options, Recall,,
mmpolaamn style must be one mLTNFZ, POINT, BATCH, or PAT CHH*"}("‘%IU In the proceeding

cxannple we choose POINT and LINE. As mmmg the first style Wﬂl represent the ficst funtion and the

secund will represent the scco:nd fivaction,

e }_:alr;;t( [a,b] x==5..5,y=5,.8;8%: fla "’[Haj,.rii:,, ,J.,ms] '

| Combining C'raphs of function and Points

Rec:a]l of D cc* il




A spemaj plotting packagc caﬂcd plois contdms many addltlonai graphmg faatuw Tao use these conmnands
you need t6 exécute theé following Ting thh Ioa,ds the: plot p&ckage ' Recall; the colon af the end of thc

sicatcmcnt a.llows thJs imc to be. cxecutcd Wnthout dxsplaymg any dJstractmg output To see the contents of the

_plot h‘brary, you can changc thc colon to a scmlcoiom

A_s you'l bacc;me 00re familiar wrth Maplc you will lcam a'bout the h’brary, defining 2 plot sta:temcnt ami i
placmg a 'tltie on the graph. We can start by opsnmg the Iibrary with(plots) entering the plot staternent and -
ending it with a colorn, thils is because thenew. comma:nd called display puts two se:parately r:rcsatcd p’iots nto -
one graph Let's try this using thc game ﬁmc’rmns as in the prcvmus exercise: _

_> w:.th (ﬁl@ts)
;«farnl,ng,‘the name changecoords has bemn redaflnﬂd

|>» Cé "-plat (%, x=--5 5,y-*~5 S thmckness*.?)

H

-~ H: "‘plut‘(x"Z :v"'m-S 5,y=~ -5 5 t:h:.ckne-ss 4}

>. dlsplay({G H} saal:.ng“cgnstralned t;xtle-"YOUR LITLE C«}OF‘S H;...RF‘")
YOUR TITLEGOE H["RE |

T T O

A,
R A

Lab Actmty sy T
a) Crcatc an &"Elf;ﬁmﬁuf statefent for cach oi the abova ﬁmchons

1b) Use Ehc subs command and ﬁuﬁ thc valtie for f a.nd g when x = 4,
c)- Deﬁnc f(x) and g(x) a.bovc asa functloa ; '
d) Fmdf(di) a:nd g4) | 2

r,,) Use fha 'piot command and pZor Whui you- f‘m:gred in pa:rt (0) above on the samc rectangular coordmate '
8y stzz v You mny choose the doma.m and the rdnge :oﬁ Vr JiNs chmce (fimr remember ym; defined fand 5 as

/mu loas in pﬁzrt (c))
rmphmw of Impllclt Functmns

.

_rangc of [é; _b] and Vertma.l :real rangﬁ of [c d]

' anmplc The grapx, oim curve 4 2+ 9}’ e 35 is as foilcws using the i fpf.lcxtpfof comm

16

I he commamd zm_plzcztplor(eguaz‘zorz x=a.. b,y =c.. d) grapﬁs a refation with Variébles xandyon a-horizqhtal real . -



L

> wz,rh (plOtS)
1mp13_c;i.t:plot(4“*‘*&“2+9*y’*2—=35,x—~~5 5,_{““-“5‘ S¥s

,Graphm 7 of L@ganihm and Expnngmﬁal E‘lmci:mm

T i:u(f:) | '

- [tog@®

log[b1(x)

16p10(x)..

s The log finction s the aéx_w::ml 1o oarithm, For x> O andb > 0 we have 1053 b](:{) y Ll g “y Logls ‘ |
. extended to gens ral c:om-.‘,l < 1 sad % by v logll J](x) "r(x)/in(b) ' : . P

| The defautt e of.i;hf.:: brise bis exp(l).

A

o 1og106) = log[10]().

'ﬁﬁﬁi‘m?pl&:’s:,

> lo(l);

|This cast also be seen graphically as follows:

}‘];ﬂ,ot{lm {52) ,“z-“Q 55‘:,"3?%-5,3 veid) ;

17



LAs shown abovc as ‘the ﬁmctmn pass through thc x—axas at x= - 1, the % vaiu:, is 0, the mi'orc ln(l);_._‘ 0.

R ccall from the dcscrlptlon that Iog[b ] (x) }:n(x)/ha.(i:))3 .ther forc ﬂze output from “Viaple may not bc 1dent1cal
o What was entered. & :

> 1’@(;[101“{#}7;

S

Anothm way to ent:.r the abovc command is wﬂ’hou*t the brackets

> lc,agl{j (x) P 3 :
'm(x) __

> Logl0(L0000); . e oo BET)

If 'ym wish ‘to 'se:g ths actual dr.-:aimai i ﬁimber‘ for tﬁe 'ab,o've then ymuﬁé.y use the simplify command or the evalf -
@mﬂmand o : L

Rz:c:a]] that thc % sxg;n asmgns x’ne prcmom_, ;‘VI@L o1 Ltpu+
2 evalf“ {%);
_ 4
n some cases if you are using diffsrent bases other than base 10 fhea you hava to use the bracket as shown
below. - ' ' ' -

> 1o 121 () ; .
] | In(2) . -
> Logl2] (16) ; B

|Recall: the % sign assigns the previous Maple output,
> simplify(%); - |

|Iviaple is ca,pablc of computmc ihf '
Lﬂ_futmé any 10gar1thm ﬁmctmn with differe

18
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L e

| The Exponenhal F umfann

o Tha cxpnncﬂtial {lanies tjon, eagm(z,) ca.luula,tcs th;: value of e to the; powcr of x, where e is ‘thc base of the na‘mral
1%amhm, 2. 71”281828 | e '

- |eisno longc:r reservcd in Maplc, exp(.f ) is uscd instead.
| To ob'ta.in the value of e, you mus_t 'cnt&r the followmg: ,

> exp (15 ;

2 7182818’78
If: isa commcn Im:takc to type g:gp(x) to auta.m the number 2, 718281828

: ?f eip() is cm.ﬁ:red it means that ‘you are cn‘cf,.,rmg e

> exp(n) j B
' ; _e.f.“

To plot the a"r'-":‘vr‘ funstion you would enter ths.. foHQWmﬂ* ;

[> plot (exp (), 2=-6. y'? 10y

S T U 20
-6 - -4 2 .k 2. 4
- X

If you Wonld like to shiff. Lhc ahove fimetion horumtaﬂy by n umta we would e:ntcr ezxp(x = n) or ex; v(x n.
' Thls can be seen bc;low '

rmﬁﬂple Tha flmc‘tmn e shlfced thrcc uuus i TL T J‘hL is ag l;oﬂows

] Qe ey o



plat(exp(zm?a), "=ﬂ5 10,3"‘—~2 10),
10“ ‘

Lab Amwty #2: . |
a) Plot the g:raph.s of f(x) and gf) on the sameé X-y coordmate systcm. S y PR ]
b) Plot the graphs of h(3), k(x); and nfi) on the same %y caordmaia systern.. ' " : i

c) le the gmpbs of f{x) and .?z(r) on the same X-y coordmatc gystem. - : : ; | j- ?
d) From the g:raphs in part o, explin the wiatmmhxp bc‘tween J&) a,nd }:(k) Hint: ('you can look at thc inverse -
of either one of the finctions) - S . - ' o5y . ]
ewi E“uncﬁon" ' : A i, = T oL T e L | '
11t look at the piecewise {nction: The syntag is the same as in a case {qtc:m*ﬂf ifeond 1 is true, thea £1, l
elee ifeond 2 i true then T_2 and 50 on. Otherwise “TVLa a dc:ﬁmlt case which cotr )‘C"rz‘pﬁﬂdb to all Lwndxtsons -
mmg fulse, Thc defautt for £ otherwiseis 0. - B | g l
' A mndﬁmﬂ can be a single c*qual_ty or mcqnahty, ora baoican camhma.tmn o'f mequa.h‘tms, c g. %< 3, %0 a.mi ‘ E
<=Pi, The condition can contain relations with poiynomials abs, sigrurd, or pmc&,ww mﬁctians; S5 .&. e
/’30 and x>0, abs(r)<~4 I all ca,,,cs xis a.sgumcd to bs areal Wnablc F : . _' | ;
> piecewisé.(’:%>0}x): ani® Sy Y P PR P ) ST My
o L)X ‘O<‘";c S = L uaa ‘ : T
L R Q - otherwise - . : DU S
> pl v‘eﬁwz,sa(x<ﬁ 1/x, ?__? 2 2> H(W'_‘?‘%f;);_."l e, PR o & ., {
) <0
x: i Ty x f"
2 xe=2 7
, - 1 7ot L Fee i gt
L R S

_[Tf you éntgfr apic’ic_é‘wiSt::‘é.S'al‘. function it will appear as shown below, . It is the same function as above, | R S



however, it is entered in Maple as a function.

> h;a:.;ae;s{piecewise'(};{.ﬂ,1/;;,;;;2@,%}2}1! {x+3) ) 7 '

r

plot,(h (=), x—-—r-iBa,S y—-msy .3 L:n,tla""@raph mf your’ Pz.ecz@m.se E‘umctlcn“)
Grapimf y@ur F’:mcemsa F’uncta@n vy : :

!,_,é_,_i,f,_Ll'_Jlflr
s i teabdloualcl.

UW discont = frue paramcter to obtain the correct graph.
i i L

seted , title="Craph- of your Piecewisa w5

> ﬁ'ﬂr R (R) ,x=-10..6,v=
CEvnetion™) :

; 2 ;wa 56 f:uﬂ ,,Lzs.m

8 A G Y
L_PY?I!!!IF!!I

e

The dzsconi—tme commam wﬂl shmv mo:-.t of the pomf@ of c.hscmt:u ”y" I?-u rwcvc’:' ihe ﬁmrv‘tm‘n may stﬂl i f
need somg-work to be correct. Ag showrn abovc , the poifit x =2 should liave been a r)hd dot, + Thi:

: 1he bucrs that M’apl 20 ay ﬁ*x..,n ;.he ﬁm,,‘_h A




f%i-ai:ﬁ@nai Funciians

quonent of two polyncmm]s Both local and global befiavior of the.sc functions will be examined by studymg
:zem 5y pohs a:nd slant asm:ptotcs eprcscntmg rational functions i n terms of pamal fraction is introduced.

Deﬁmtmn A raﬁona.i Function is 2 ﬁmctmn whlch is thc quonent of polynomia.i ﬁmatmms, .8 ratmna.l
-func:tions are functmm of the form; - ; ,

j(x) ‘“p(x)/g(fx), whcrf: p(x) and g(k) ate polynom:al ﬁmctmns

Ia 'i:hw pa.rtmulargca.sc tha‘t g(.r) isa constant ﬁmctmﬂ, f reducm to a polymomlal ﬁmctmn ‘

> £ Sx->an 2% (32 ;mw 1)*2*(%1?)) P o
g 1 | _ L xt@i2)
(x 1) (x+1)

f=x-

zspcc:t;vcly

mmar(x,( 1% 5 e -
' - x:.z(-z-fr‘x:)

> denom (£ ()} 7 FERIER
B T (- 1) @t 1)

Note:.One can ihu?_;,ﬁrsg}'. the zero
swhen the denominator of/(5) 18 ze m) Gf f(x) Wﬁh ﬂw commynds:

> ESE;J:;V?(IE.“L?_.;E;S.;;L;L‘(:(. (2&;)} DM ¥z -_ : Yo H e _
> solva(dénﬁm(f(x))mogx);.. S
e S « Ly 11

Notc Thc polcs grve thc vcrtj_cal asymptotcs x= 1 aud x=-1, pomt.s where the fanction j is not ﬁeﬁnﬁd a.nd
for which, in the case of rationial fnctions, /)] bccom:s unbounded as x apnroaches one of the points. For
plrposes of ﬂlustra- jon, we p,resen‘t the next Maplc 9 5 chmunt which, &hows that As X Empmarhﬂs the numbcr' ,

i then f(x) dccrcascs w:i.theut bound.

' comma;n& . ’ . .
' b) S*parafe fnP dcnommator of the ratmnal ﬁlﬂﬁti@ﬂ ;,nfi assign 1t m the vanablc C I-Imt use tbe? dfmom _
) 9% . ) ‘ i

L]

In th:s scctlon you Wﬂl lsam how 'to ana,lyzc ratlonal fimchons g/, ﬁmctmns that "an bs wrxt’ten as the o

Maplﬂ 9.5 mmbles vou to ss,]ucr the mme:rator or denoma.tor of f(f) wﬂh the commnds nuner and dervom,

2., points when the numerator o (%) s wero) and the poles (L., points




> ﬁ;%;x+2;

sigiipsans e 2>/<(x 1)*9*{y+1))

command.

- |¢) Find the two binomial factom of the mumerator, Hint: use the factor commaud
; a) Find the zeros of fthe above function. Ent Vou can solve for x from ﬂl\- rcsults in paﬂ B.

¢) Use the .szmplyﬁ: command to szmphfy the fimetion f and e:k'plam youx rcsults

s.e@ﬁogn' 5; -LIN_IITS

K fimit(f(x), x_a) ~-limit of f(x) a8 x aﬁproaches a

limil(f),x=a,left) - limit of f{x) as x approaches a from t‘he lcﬁ

_ Inmi@"{&c) x=a,right) -+ ]m:ut of %) as z appmachs.,s a fmm t}nc nght &

Lzmzz(f(x) x-—a) - inert farm of lirmit, doas not compute the numcnﬂal output

i thr Since the Limit command lme does not evalua.te or check the existenoe of the fimit of ‘fhea cxpressmn, fhe o

;zm lead to mcorrcct transformations, Tharc:f&rc,, the use of Jimit is more reliable.

W, ai"

l‘h, Imﬂst ﬁmc‘hon attcmpts to computc t‘hﬁ hi“i‘l‘ting value Df e g it a:f;pmaches

. | How let's {ry this, :Ef we Wmﬂd Iﬂﬁ:c to use the limit notation, then u_siﬁg capital"L“ for Limit Gricit foor) =~ 70

¥ Limit (x42 ,%55) 7 ' |
¥ Tirm ‘{5:-1'* 2)

oy 5
To evaluate this and ob‘t’m an actual nmmmcdl output, use lo ! ‘ - v
L0 EVaiidie £ LU age QWL Ciase , o
> limit (x+2 ,%x=8); ‘ '

| Another way of evaliating Hmits i by askiping the finotion:

ff%x+2
> Limit (£,%5) 7« o i g o 4 T

Look at a rational funcixon we soi‘ved carlier and ‘try to ﬁnd ‘the hxmt

¥

ds rmirer and

respcc;twely

35



> numer (£ (x) ) ;

S dgﬁém (£(x)); L
| G- 17 (et 1)

> soive (hﬁméf '(f"(x) ){:0,‘:{}‘ ¥,

> solva (denom (£ (x))=0,x) ;
‘ ‘ - _1, 1, 1

AL R of rational ﬁmctmns, /&)l bﬁcomes unboundad as X appmac;hcs one of the pnmts
Lim:‘i‘s using Ma,ple's spreads’h@et ' ‘ i : : =

When ifymsr ‘to- obfam the A vmsual dJspla‘y of mfonnatloﬂ about Im‘uts ina tar)uiar fcsfm, you can use a Maple
spre :uishf:ct : . : , g

1. "q'mm Thi m%ri inent, se.lect Spreadsiiect Thc Sprcadsheet Txtie dr.aiog opens (aptional)

2. tinter = title for ‘the' mreadshcct

3, Click QK: The spreadsheet o’pens in the workshest,
To enter data in cells; | _
Thee are sever 91 methods for m‘tmng text and t,c;umrms The most sleaightforward method is by entering .

fnformation fnio cells, -
| 1. C’ii(:lvc a cell i‘Q s,e;':;t i
2 Lmtcr ‘the new c:q;resmo@
) .?5 Pless the me kcjy

'an you' change the c;ox:ten‘ts ofa cell in a 'spreadsh@t the fému‘la in thiat cell, or in any cell referencing the '

changed cell, the content of the cell is not automnatically tecaloulated. Instead, Maple draws cross hatches over

the cell 1dcn‘t1fymg itasa Stale cell: ‘Evaluate 'thc cell fo rcﬁesh its valae

1 bciec‘t thc oeﬂ Or group ofce.]ls conta,mmg cross hatchcs _. FEET 5 ' a

2, Fr om t‘n@ Emrfxme icet meny, scIect mvaluate Selectm

T 0‘ rc‘.s;,ze a sprem:!shecsf:

A sprcadshcc’t can be resmdlto any.djmsnsmn that ﬁts in. your _currcnt Workshect

oy
(D

1. Click the Qut*;lde border of thf Spn,afi
pemetcr

C»

'24f

Notc The poles gwc the vertical asymptotss x‘l anci .x—»l, pomts ‘Where the funchon f(x) is noi' dcﬁngd a.nd, -

et A doublc»—]mcd box W1th small black boxes 7 gpsars around the ™




2 Click one of thn, black bUXCa on thr: pcmmet et and drag to the size desired.

3, Reléa.se the mqusa buttoa., :

To hidé br -s_‘ﬁow the colarm and rdwlheadiﬂgs finia'sﬁrcadshcct:

| Frotn i.hc Spreadsheet meau, select the Show Headu‘s chsck box to activate or deactzvate thc fcamrc, A ;
chcck mark next to Show ‘Hemiefm indicates the borders are vtsib'ie. : WA TR S =

.‘ Exampic of 2 sprea_dsheé't:

“::» e -:x->x“2*(x—2}/( x—'!}";?*(?’“?'l}), , , o ,
‘ ., 2 * m " R
1“-— T - m_,jf..._z;).__. el .
(e 1)'(;64-[) T e

Afler lnserting the sprcadﬂhaef: it i bs:yi; to I'Bbt&lt the Mﬁ_plﬁ pro grm al 'by chu}ﬁnﬁ on thﬁ: Rcst{u t Mo r*le server

Jeen on the menu bar, .
his-will allow the user to write f %) without haviag the actual mnctxon in tha cell. One would haveta: ;
te the duﬁﬂﬁlﬂ‘ﬂ nf‘i;}:c dcsxtsﬁ i nc“l(m {(f a8 m' I & el L

Toc¢ un patte, f;; 05 vaTus of ths, ﬁlucfmn ‘Gm 11 16 m';t x-vale, wm can ﬁntcr i(O 9) m:ul pi ess. ”-E-c; enter key A
'i‘hw spreadshect Is active, the value would be cfﬂuﬂ automa tioally. . You can obtain t1 othes values of {3

GCquIC wrtma the diflzrent xva f

Doing

m;'i
o «% B J .. D F f.a ' H. |
145 @wm m{mm} ] w};%mu ‘ mm
¥ ,,m;'f ﬁﬁﬂ‘?’% ﬂﬁﬁ%ﬁﬂ; ;‘r’@@?m "'iQErE 10t

ks

| Note; When 1‘(1) is cntcr in thc cell above, you have an Eirof rcsult Thla is beoausc Jf the valu,\, of x= = ] IS
subsntu‘ted into the fiunction eI the dcnommator will be zeto, which is an Mcgal opcra.tmn "; ¥

| The n@:zilvié‘p-lr: 9.5 command. ShDW% thai 25 X am)mm s the r}umb er 1, tneu f{x) d ecre:ascs mthout bmmd.

> limit (£{=) ==L} ;
' : ' o0

-1, the va,'iue of fle) aci:ua'l]y sither i "f“mas&s Without

Note: On-thie c«thw pzmdﬁ as x approaches the ik
bmmd or d“crca a8 without boxmd dcps:mdmg on Weatherx is to thc Teﬂ ot 1 or to “chi, m,ﬂ,h”t of 1 respcctwely gy




> limit (£{x) ,%x=~1);

> limit (£ (%) ,x=-1,laft);

> ;L:Lmt; f{x) x-wl r:i.ght)

> plut(f(x) x= “5 5:3”"“”’

must ’of* t:hs g -zme “r fc}re w‘

4~’-.,L:4.m1ut{ (M P H infinity) ;

> Lini€ (£ (=), x=-infiniky) |

- undefined

'*‘:;,f ihere IS a.hon?ontél aﬁmtate, g

- @emmﬁ? Dﬁ’fw@nﬂaﬁ@m r;Pam&i lef 2

: Ym‘i can enter ihe diﬁe,rt:ntlaimn command as fo]lows
diff(a 31, 52,0 50) ' |
bz;;ff(a, 2,2, o x';;)_
: OR
f?:ff'(rz [x1, x2 ,xrz])
" OR-
Diff(a f51; 52 i

.J&EJ):’.; )

(%), computes the derivative of the filnetion /) with respert to x.

26
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| » The sequence & operator $ is useful for forming higher-crder denvatwcs di f 1), x%4)3 for example s &qmvalem

 to difftfe).xxxx) OR (D@@n) 9, (x)

|« The c,apzta_hzcd, ﬁinctmﬁ pame-Diff is the inert d jj‘” ﬁmcﬁcn, which smply returns unevaluated. The pr\,tty
| printer undcxstands Diff to be aqmvalcnt to dzjj’ for pnntmg purposes but formats the danvatwe in 'black tn -
wsud,liy distinguish the mert case. ; |

Bcfom Iaokmg a‘t tha dCI‘WELIVG comma.nd, we shou’td explore its dcﬁmtmn as shovvn below:
> Limilt(( ((£ tx4h) - f(x))/n) B=0); - |
' (x+h) (x-%Fz-Z) B xz(-Z‘%-x)"
J (r+k 1) (x+k+l) (x 1) (x+ 1)
Ch- 01 BT

We can a_;ésumé .h = ﬁ(x) | .

' l— Iiwe now try to use this definition to evaluate 2 particular derivative, we will proceed as follows:
> £ =t (e 2)*2 e e e | |
| o fExos ()

.! ) st e - g i E o

> BAmit (((E (xth) - f(s-:-s)f{h))ﬁlf’f"?};'.. G
lim [?;ﬁ.@ @+”]_

Y he 0 by
| Lo abiain a o {mmcal output, remeraber to e 4 | wer cage 1 when typing the word limit,
> Jamdt{ { (£ (x+h)-£(x) ), f’ (h)} h=0) ;. .
. o 5 - , L x4
' ?. o verif ihc abuva dr,u'm ior use ‘i;uc a” "20 unmd ‘U e & dpper case "D ovhl 5}10 w the :ﬁmctmn but will
11, =, i g 3
not cvaiuatr: the denva.tlv o R : '

L@t‘s try the above cxamplu by ﬁrs‘i crea.tmg dﬁ asmgnmant snfameut
> £ = (x+2)"2; ' S ' : '

> diEf(€,%y;

a2 A el o g

[ other examples using i dijjcon




> difE(sin(x),%);
> diff(

4 2 )
.HNIH.

?ou can find ‘thc ﬁf it second, th:rd or a:ny ordcr deriva‘txvc usmg Maplc ' R . Sooan k }

R xar%plc Find the velocity and the acceleration of'a free-fa.ﬂmg ob1ect whose position is s(‘t)
-1 + 100, T—Tmt we wﬂi have to find t‘he second and third deﬁva:twcs .

> §imb->-16¥EA2+100;

—_— gt

simts-16674100 PR
.im,, vclﬁuuj (ﬁfat dﬁu:di. f'} can be found as foﬂowq since we have dr*ﬁmd‘the ﬁ:mgtlon abovc.: . o]
?-»mmff{w{ }rL§' F | L ‘ ' . L ' SR - }‘

| a2t - g |

"The acceleration (second derivative) can be found as fllows:

> diff{s (k) ,t$2); . . S AT N

Thfwmpnmu()mﬂao}gasfoﬁows | IR o L . | L B I

;-_plmy({g,{g),%}(a}(t) =5, stLyjm [tl.a.l@‘ point j”.'

|

f—‘w shown 1bovc thc ﬁrst swlc, hnc, reprcsen‘t; thc first ﬁmcﬁom s(‘t] amd tac 8o comd Jaylc will re;presea‘c the TS f' l

#5000d function 8 '(E). . o e
\erefors as stated above, the scquencc opsrato; 3 is uge:ﬁ:d for formmg hl.{’hcf ~Order derivatives; « L?E.."f 4 (&) JC$4) il

for emg;;]e:, is cquxvalen‘t to d ﬁm’x),x,x xr) of dzgj, (d (i ﬁ(d ffg’ xJ, x) x) x) Whlch is ihc fourt!i dm ivative. L S




1 Emphﬂt Dkﬂ& {.ntmum

The call .r.mplmrd iiy,2) cnmputcs dy/dx the pa.ﬂ:ml denvatrve ofthe ﬁmchon . thh rr:spec:t tm % T,hc mth f g
_ defines y as a function of x implicitly. It must be an equiation in x and y or an algebraic expm&qmn Whlégh s
| understood to be set-equal to zero. For example, the call mpi*cztdy_'féc"“jﬁ y\2=1,y,%); compirtes th dézwatwe

‘ of y wrth respect ‘to & Hcrr:, y i nﬂphc,ﬁly a function of k. Thc Tesult’ reﬁ:med is -2*x*y/(x“2+2 )i e

> £rmh2eryh2=d
f X +4y "'4

;L.m, call zmphrztdgf}’(f x,y) cnmputa:s the dy/dx (siope ) of the function y Wu,h re:apz:m fzo X
‘ } mtqalzfsgtd,lff {(£,¥.:%);

g
4y’
|> subs ((x=sqrt(2) ,y=-1/sqrt(2)},9);
2
Therefore, at (’\/”}: 5 % :\—/:-:) the slope is 5 j
o : Coalnt !
| Lab Activity #4: . | |
i) Use "cf’tie q:laﬁn"ition of the dwltid,ﬂl!ﬁg to 'fmd ﬂm slop@ nfth \ 5 bave ;.umiwn at %=2 ' g -
13} Use the diffcrentiat smy Comr v M’i m find (he Sjg% Qi the above fi i g .2? :

c) What ¢an you conciadr from: mn, abova ansvrers?

.'ﬂLai; Activity #

|a) Enterfasa ml_bi:mn
: 0) Find th slow@ of the fiaction atx=3. { Fhm Recall the derivatives cas hislp 1o find the slnpe)

c) };*md the: aquaucn of the tano*ﬁnt line pa.smo ﬁ:mug,h the pom? (3, 1) rm( a:w:cw 8 s'lopm, as {bunﬁ in pm f)

=ame co'zdmft Sy&tﬁfm R R R R AR R

: 1’;1) Plot th funcuon and its ts,upmtlm

on the

waﬁoﬂ b;y__a_p,g}_ pxirgtion

&@m‘ I 7 7 Tate ‘ .
i the, boxeq t-uching the graph);; The command Jeftbox, onily;

_ L::ﬁhox (raatqngular boxes with the; lefrt e D 1chimy I _
_ generates a plot ot xemmuulax boxcs'_usc_:d to pproxzmatt. a deﬁmtc 'iegral Thc hmght of each ree anglc (box) _

‘ numtncai appmwmuou to tuq wte_ :
| the: computaimn butdocs 108 produce
' -evalf“ (n,call the prcmedum ever ; gtvc

hs dﬂswer i chmml form)




"‘flefhbox (x"‘z -%=0.% 5, 45 colo
B laftsm(x*z, x=0,.5;4) ; . ‘ . | |
. value (%) e, R ' ; B 15 - Lo L T A T e I

207
E : ,,‘{ ‘ _,
457 |

-
o
1213
4
. s 4 ;

5

A
e .
i
0=
=
o

A - . | -

TTY T T I T T T T AT TR T T

Eniewmhw by apgf{mmaﬁoﬁ TR < IR e AT S
Rightbox (rectangular boxes with the right tip of thc boxr:s touchmg ths: gmph) e l
The command rightbox, only gerierates a plot of rcc‘tanwular boxes used to appromma.te a dsﬁmte mtcg;ral The
}lf‘ tgh‘t of each rcctmgle (box) is ds'tcrmmed 'Dy the. Vza.'iuc_ of thc ﬁmcﬁon at the nght side of each m‘terval. Thc iy
ation £6 this mtegral i gcncrated by the: Magle proccdure i
n, but d‘r; 5 not producc thc a.nswcr, Thls can bc cerracteda-‘ ,

[Emnplc Grvcn thc: :funcnor: ‘y == ‘fx dgprommate a dcﬁmte integral from x—b to %= 5 -

'_30'



1> with (student):
righiboa(sqxt(x); amo,.s, 4,cclormMAGENTA),

rz,ghtsum(sq;t(x) . x=0 g3 o .

JL LR LA S AN 0]

_A.
o

z

v
B
@

Lit

D.S:"

B g R RN ERFEURNETRUEERNE

0.1 .2 3 4 5 6

‘E«J’Eﬁf
i # fa= ] 2 a

As shown abovc rightsurm doal not oroduce t]’m ankwer, however this can be accomphsh@d by using fhu :
cominand value or evalf (recall that the procedure 'wrz{;‘ gives the answer m decimal forii). ' '

i,t:i (%) ;

LA Vi f \/u «/“»\/‘«.fz

> avalf (‘%) 2 ‘ :
- 11.29140865 -

| Tute f"miwza B ya &}pr@m&ma sl ,
Middlebox (rectanghular boxes with t‘h@ top miﬂdl., of the boms touchmg tne gi p.ll)
The cornmand middlebox will generate a plot of rectangular boxes used to a.xm_romnafc a dﬁﬁmte mtegral Thu_ '
| beight of each rectangle (box) is determined by the yalug of the funcilon at the. GEIl'tur of eac:h interval, The .+ ue
formula, fc)r the coﬁespondmw numancal apprommatlon to i:hjs m’tagral is gcneratedby the Ma.ple pmcsdmf " o '_ _‘
miiddlesun. szid‘lfzsnmi Hhierefére doss the computation ‘but does not pmducc fhie'answver. Thls canbs” o
corrected by 1151110‘ th@ procedure value or evaZf (re.call th.at ‘tha proceciui‘e e’wzgf g:i:vcs thc answcr in decimal

!U‘J |)

Vlease note that the library with(studernt) wusi-bs sush befors you can use the comnand middlesum,

| }E";amp o G.W@Ii e finetinh v lu(x)sdPPmmte adeﬁmtc mtegm} O %



> 1qif¢h(§tudé:nt) :
- middlebox (Ln(x), x=0.

o 3, c;c&lz:ﬁ::?“-'-blue) ;
" middlesum (ln (x]; x=0..3) ;0 -

_I-lrE-!i_j'lj'llrt‘ii_:;jj'ﬂ“‘._ . ; £ F g . _ ) .,'.I

Remeniber to obtain the numerical value you must use the i»;_zliqg or evalf command,

> value (5) ;. ‘o e B lma s T e By o 07 i
A I - \ 5 i - a i . _A o ) i .‘
---3111.»5 +31 92) ;—»L 15 »?._In.%l o o

47178 4 8 Tk 8-J 41 8] . T et e i i

iz»m‘ 111 that the pmcfad;u.rc Pvmf gives 1‘} 8. rlﬁSW{”i i decin 11 forn:L

I,;-m,l! (5% , o I | o, | . kg ;
| ' 0.5479825036 - ‘ '

i au;\nthya‘?é ; & g E . ' e we f T e i
. Use the leftbox, rmhrbax amcl mrdd.lf a)s t::smwmd to ﬂppromma.‘b a delinite intogral fromx— -5 t0 X= n’fﬁi -
tht_. 'Lutﬁ;lﬁﬂ Sm(xl, § #ow T o o : : Ty o | l

b Wit do” 3:011 notme a‘bou“t thc mrmar whsn ygu u.:a@ ghe c.t&‘crcnt commands? T SRR
B ;:.,_:cpla:m wh‘y the aaswt"rs are djﬁ'“rmt or s:mﬂar i P :

S@@im' 8 Deiﬁmﬁ &mw'gndeﬁmte {m‘ gl"aﬁﬂﬁ

| “*SV&‘; can use the - integration coramand to evaluate the mtegrals for mosf ﬁmcﬁon,' ‘ﬂuﬁ. mput should be in tha form : {
of one c-f the ﬁ)HOW]nU' : :

.me-’(mp? ,.1,). Ty -.'”_usedto ﬁndﬂm mdeﬁmte mtegralof g,xp:'” | ' | Sew e i
!fﬂf(’if': %) L -'_mcrtmtegi'al not cvalua ' ¢ : 2

fzr:i(expr Xy b ) ﬁhd.s the deﬁmte mtegral of" e*fp'r tr weet az.mdb B it p Rage o J

‘fnr(axpr x-—a: b ) _ .u:tert dﬁﬁm’fc mtcgral

. Thc ﬁmntlon m't co:mm;t{ i |
‘E. The nama intecrmta 18 a sV uoﬁym for int,

39



o }ancﬁnite integration is ﬁerfanned if the second argmnéﬁt % is a riarie. Note that no constant of integration
appears in the recult, Definite integration is performed if the second argument is of the form: z=a. b whc:fc a
cand b are tha endpomfs of dze mt@rva,l of m’tcgratmn_ - sk et E

NG If‘ Ma@i& c:amoi‘ ﬁnd a closed fm‘m cxprcssmn fnr thc mtcgral, the ﬁ_tnctlon cdl! ﬁqslfzs returned,

»The Gap;ital‘izcd ﬁmchcm name Int is thc: me:rt versioti of the lm‘: ﬁmctwﬂ., which snnply femms 1mevalua.tc¢
Thf; pretty printer undergtands. Intto be aqmvalant to fnt for prmtmg purposes buit formats the integral sign.
in black to visually distinguish the mﬁ:rt case. In this form, expr can actually be & procadure Whlch can ba IR

mi?gmtmd mmﬁncaﬂ ¥

Exemmples: oL re L de e Tt Ly

> int (er2entae12,x) ;o IR

' ' 'j£x3+x2+12x"

‘ Nm, In the ab{aw* sésults thm:e isa n:zsmtcrpratatmn of ‘rhe mtegra.hra, that is, Maplc asstime thzs micg;rm o
| be a definite integral. Thersfore, smﬂaﬂts toist rsopy the above answer and ad,d T:lhe coms‘tant a8 shown below.

Boans =S
| | _ | e ;
ang = — X +\c o+ sz _

W#’fﬁ

. | Recall that the "%" sipn is a call 10 tha previous cormmand.. -
Ia,z'."".;:ma.s_pi:;:s: N . ' - ‘ : _ . o
% £ S . = y § . : o

» Tant(x*24+2%8412,%); -

T‘le a‘bevc: shows the m‘i.bgml and the J.ms;tmﬁ, however it was not ?valuatcd, ‘i:o svalua.tc, the m‘icarai you mubt ;
use a Iows,r case i i the "Int" command or you can use the value, c:ommaﬁd : '

Hxarr fic : (using the lower case ™" in the integ ation command
(SXAOTRE 10 g { Br : :

o

> dnt (3%xA24T*x+12,%x=0. .2) }

. 46

| Hzarmple 2: . (using the value cormmand}

e

3 Tt (R 2+2%x+12,%);

w2 H2x 124

. ;3} 



> vaLlue(%)«!-c;

Thc lcttof« o

I}mi.blé Intege

Doubleint(g, 7, ¥).
Loublszm‘t(g, X, ¥y Eamam)
Daubicmt(gs X = a..!:r y =t¢, d)

E’aramct;c;rs
: g % exp essmn to be mtem‘ated e

%,y .. - Van;blés of Lﬁ'tcgratian
ha b,c,d - (optxonal’) lower : ﬁidﬂ‘t‘}p‘“ﬁt‘ bounc‘is d@ﬁﬂmg the raﬂgc of s tegmtmﬂ
Pomain = (ﬁpttiom) name ‘juiml ifying the re umn of mtegratmﬂ '
l megs'l | | |
with ( studénﬁ-ﬁ :

> leJ".lbiP.lﬂ‘fi (x”"ﬁ%? "-;2 2%, %) ;

B

T x+ 12 dede

i
of

i,___ ) . L : : ‘ 5 i 4 ‘ = - - " 3
i If you have tharcccrwﬂ ‘_a.'!::,a:; vou can enfer the @omu‘w nd a3 follows:

> YBc&flb“ialiﬁ'(&’“d%?,“X'i"lZ e -~2 4 xe=l ‘3)
,1;

e 4":z'x'+"‘12';;se"dxl

> '*_valué. (%) ;
L T 2557
h 5

L.i dre aﬂ tadl: ‘vafue gwes !:hc uumencal AnSwer COu ﬁ:mtatmn

*'\mal, as shovm. .og,lew

iieaall fazt the comand emlf sives 1118 SEW

Esvalf (%r SE

-,5’9’{)“.4@-(}0_@007 e

JOR -

i




- {The it coramand is uqed to comgutc ;_ngie inte grals as Wcl as dﬂublc and tnple rnfe grals, The command ihat

computes the dmmc inte: mlj i‘ _f(x y) aﬁi ﬁfx is miﬁniﬁ“(k, f), y"“c ﬁ') = Thc dcﬁmtc m‘tegralb al;o B

a C

: mjmcncaﬂy gva]uatsd with the mmmand Pmlf(lniﬂnfﬁ'(x y) _'y“c d X0 b))

. -:=-' R I £ P U N 1 B it ;
‘*xars:@le" Lvaiuata the fo!lovnng mtega.l 4
: '|W>- int (xnt (x*y“z x-—luy. .&q?"t (y) Y syl ,23
_ 7 | S ‘ 163 :
womma A ‘ 120"
) [Seéﬁ@mgz Change of variables
CﬁlﬁﬁgSc:@uchcé ‘ 7 |
'ph;iﬂgﬁﬂ"ai“(b,i)_ e : L B B owom ik

changevar(s, 1 u)
changevar(t, 2, v)

= The changcva'f fimetion perforas & " change of vaﬂabk,“" for intepraly, puon, or limits,

iy T‘l 70 qar@n 1 Tlmncr ;:hf- TIEET v,}rjgb'ie i ‘i g of the ﬁlﬂﬁ'if&xlblf". fmore fhi!.ﬂ fWO

s "Ihs first argiroent
denty, The second argument is the

variables a:t.lmvmm,d ths now variable maust be given a3 s.hx: third ary
expression io be rewritien and u ually c*;mams E;az, Sz;m or Limit,
J "i?sf:; chame'fa of Va.ﬁsz]f‘ﬂ may bﬁ- E';m;}icﬁﬂv defined (c, ga_x"_?:it?.- =N
{» The uncvaiu'a,ted forms fm‘ Liimit, and Sum should be uscd rather ihan inf, lzmzt and swn. Thgy can m, '
vaimtcd later by using the valug coumand e T

» Limited capabilities exist in coﬁmcticn Wi_th'double and triple infegrals. In this case, the equations defining
. the mnltivariate change of variables are siven as a set, nd the new variables are given in a list. ‘ :

S £ ‘.:;':.\-::-1-_“:-:‘- w2
command, -

s Thé cotnrmand with{Stide:, chur Hovrs the tise of the abbreviated ool o

Exarmple 13

> with {=tudent) ;

._"‘



Se
&

t}m rssult is as seen 'bclow.

> c::hangﬂvar{cc:s(x)+1~u, :.nt (cos {x) +1)"°3*s:.n(x), x), u), o o :

A___'ﬂ . : Wy

4 L T a\ . e &

A close look will show that the a‘bow: re::sult is.in thc form of the vanablc "u" thcrz:fore: thzs mﬁmt bc raplaccd .
w:!.th 17 J ongnmd af\s1gnmm’a:

> z-:.m;s (u==cm 5 (x) +1 » %) +c, |

_-%(cos(x)'-i*ljéfxs e _ " a, n , S

mjple 2

af you ha,ve the ].ibra.x Y With (siude
jou must opf:m ‘t'bat library before you use t‘h c,hangﬁ uf‘ variable command,

miL) open, i} en you do not need to open it aEs mg 0111 e oﬂmr hand 1f not ﬂm:n -

R

> f""harujewar{ :;,""?“"u In“%“(5‘*-zz*fa ﬂ A2y ,x) )5 . R I Lt 4 ]

Lt i

' angwer you éan tse either a lower case./i" in tbi, mt@gmti& N
f:ommand. o1 ase ‘th@ mfuf Lomma.nd s o F e st : ; :

> x?ali,iai%) i

|> subs (u=-x*

‘\Totmc that the abova answ::r can bg,f‘ q.}t, A B
ﬁﬂdyouwﬂlbcabletodothm el il

> Sum{1/ (4*n*2+8*n+3) ;n=l dnfipiey]; L0 D T e L oo




| The command Sea([n a(n) =100 ghnerateu ihe sequence Il a(l)]S [2 a(Z)], - [k,a(k)] of the function a( ;

whaose. ﬁnmm is the set of posxt:rve th“gf;"iﬁ

fe

,—,_> a;=pi- :;’10“;‘1/:1” LW A

r'}”g;t ;-:[seq([n a(m}] nml.,..s)],'

"prs [[1 10]; [2 so]

1250
T

s

S"" 2500
~3

> plat (pts v atylewo;nt} :
8005

.aomé;

4&01 A PR T
2009 .

Ot B ¥

Note: 1 is sonpoed onto a(1), 2 is mapped suto a(2).and so on,
'é.(ffﬂxs.;?'iii”.; v Poveer Series :

Maple co power series expansion o { ﬁrr 10 1rm, f
Cor m:uﬂ 82 “105“(,/ (z),_w,fz ) ' : :
Nots: The symbol O, appearing i the ouipu indicates e torus that are oiitted from ﬂlt,, power. serics for-

putes i E? :,.1‘%.)«:&.;;&: the _'gioint x=a u.p to order .1 il the

FEY “bf)m Lmj;m b=,

anm:gif* I"md. th first ic;‘w tzrr08 of ”rh@ pO‘ﬂfﬁ*‘I’ seties LD"( oF :-,m:t the given pomt %0,

“ﬂ *.;flas(r“o.,, :a.) xm{,]}, . : '
PR R S

, .
l-2x"Fmx +0K)
e 2. - ( ,)

! mrmutcs the f:erms of ihe pOWCr series fm cos(x) about x—Q to mdefr 6; cntwc

> saries (C:c:.%a(‘“) =0,7) 7

1w 12y ix4'- 1 =64 0@5?} _-
2 - 24 720 ' :

' [compufcs thP terms m‘ thc,, po‘ wer scries for cm(x) aaout 170 to order 7

Muia vard

E Hﬁﬁﬂil



. d’ ﬁ”@”unctzarz vanablé&g)j

f&iﬁy!» is useﬁ;l in mvesttgatmg ﬁlnctions mvolvmg more tha.n one varmble Part:a.! derivitives ate’ e ﬂ;' St

r—almla,t@d with the foﬂowmg commands

. d Jj‘u"(x,jz) x). o computcs_rthc part:al denvatlvs w:th rcspcct to x ' ey
';z" _,fj’(f(:c,y),y) o S cdmi)utcs the par‘txal dcrrvatwe WIth rcspect to y W

.C omputes fbs pa;rtlal derrvarwe Wﬂh respect to y then With r@s;pect to x .
computes the n«th dcnvatwe of 2 a ﬁmctzon w1th respect ‘ta a v.mabie

a&ﬂﬁ%ﬂﬂﬁ3

L

,}.diff(h{x,y},x$2);

P

> n»(x:,y) -=>ss.n (%) “Q*czms (y”‘E) P
! —(x ) — sm(x) cos(y )

Z't;ols{x)z cos(y 2 4 §5I1(x)2 0050’ 2)
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- Basic Manle Commands

R
Wil

| D(ﬂ(a) P

D@@)H .
denom(expr)

& ?@Pr,.x)l i
gt
fjff; &}"3});3}7)

5‘_ ; {’ f-g}-u !v \1) i

f;i}vww #, variab fbm, ’

factor(Egpr)
. fsolve(egn)

frolve(eqn=0,a.b)
ifuctor(n)

bmplicigplot() -

iﬁzf{@pi‘j 7
(aj;&'—ﬁf b)
'f@%ax(f@m»w .

‘,'ﬂ

Maple OQuick Reference Commands

Ends ) maple oommand

A.smgns ‘the function fo a name of letter
Defines £ as a fnction of x.’ -

Finds the derivative of a filnction f(x) .

* Finds the derivative of a function f(x) at the poifit &

Finds the n-th higher order derivative of the ﬁmctmn f(x)

‘Selects the denommator of a fraction B

Computes ths denvatwé of the exprese sion with respect'to x

Compuies the pariml demvauve wnth respect to x
Compu‘ﬂ.a“z ﬁ"e pamal d&ﬂvamve W‘_lth respact o v
FTifRereniits viith Sf,speﬂt to y ﬂ:m th'h re,Spu@t O X O AR

| Ccﬁi:m; s The ﬁ‘,‘i‘L’thﬁV&ﬁVﬁ of a function with respect to

’Ji.j_«b W 1';"':"-".-""-.:5':."-
@ of Mc tons and omiza (mqm s withis g,m,) y

5

exprifsion at the pem'f‘ ==Y

| Nusigtally wﬁm dtés the given express sion t the defauit

Imds il ﬁmaal (apprc:)}um@‘te;) solution to f“quamﬂns

”m&a numencai eélu‘tmn‘bﬂ*'ween a md b -

| Gi ¢ pririie m’f:eger facztcnzaﬁon for a glven m‘iager -
Plots unphmﬂy d..,ﬂn od lugﬁlons '

Cm aputes ’m ¢ integral of the expression With respect tox
Used t o fiud the doub le ;megral ofa mx.ﬂunvanable firictic

Graphs £(x) on [a,b | deawing 1 rectang Ies under fx) o |

) appi‘dﬁdmate _thé}j_' aiea



.;_leﬁsum(f(x),x-'a., b n)

palwpivi(gxpr, opimns)
| plot(e,xpr,x——ﬂ. b ) ' |
B Plai(ﬂ‘“(x),gt’:«f)};x“ =a.B) .
Pl 1), 2]
-mtwnalzze(mqyr) S el
‘-_"es'fm"f ' - ,' e Ciears :ﬁapiasmémdry of all daﬁmtnons : ‘ ko
_ ﬂghzbax{f (’C};x” .5, n} Gra,phs %) bﬁ”wz,pn a and b, putting n recuangl&s undm gmph ) | = . ] '
T e , , Of f(x} g ‘ .

hisun uf{ _3 b n) “.chfl' g the @‘;;:act_ sum 0f areas of' rectangles ﬁ“mm nght b@"‘:

; ?';r-h:‘:‘;;/'-”f ‘r}' ,‘.g_:‘ . S e o ks : o . N
"i wf{ #)Z,Pﬁw-,, ) - . Gf‘*m;mf“ the 5(*queniu fI o(1)], [2,2(2)1, .. )—[":"' a{_ic}'j i C e ) '

J
e uf‘-!w

f(:i:) ‘and g(x) on the domain [a,‘b}

Sy

=

~rfs the right nand suie of an equation .

&a

series expansion of’ a function ’v 4] Anf ut

serizi( @;x?‘-ﬂ--ﬂ}--; oo i iz Computes the powe

a : (T aT , _‘.ﬂlegh.{;l?g =g u{é._im_::pxjdur o . ‘ ! .
%mm:) s st |
8 «v@fvj(f%) - inplifies i
.wfw(ewz) CIIE -, de emct saluihms tc: equations
' .- Substitutes a2
;__‘mputés the, "m of f(k) for tha values of k from n to m

sraph of f{x) .and a tangent fine at the point x=c

iyen ckpression | : L I

2 Value v for % in tha expresmon

o7 b
}EE%‘S(,(

=9 ﬂﬁ@wﬁ
.‘3’ imﬁ{“”ﬂ?’ "’g' m} e
,5@20;’{;“;;»”@ n) s I' R 140 Ta,ylor ﬁolyn@mlal of order -1 at x=a for £

Re’rums 2

u.’«mppbﬁ(mr) rator ﬁ om the expressmn

unasszgn(‘var ) e w, Ciea;the variable va.r _
wsz( ) L Tt%rmgs maddmomal hbra.nes of functlons




Mﬁg le Notation-

exp{i)
f.

‘ M‘t_gie N{)tmmn _

syrie)

&xpix)
log (=)
lig) f’”lj ()

sin )

easfx) |

| rtfs‘z}a('utj ‘

col(x)

- sec(x)

ese()

az‘::sfﬁ(x)

; .ri,g‘cr.‘?;:s‘{fx,} |

b e s
(¥ edsd '}{..’":,i

7

g

R

The standard ﬁqnstanfi:s '

Maihemﬁﬁcal Notation = .

- Catition: Do not use p:. ; capﬂal “p» § is requircd .

Names of the standard functions

.Ti’HLildf log

“Wath em,mml N’ata“afm

J=
A

b

¢.

natural log, same as In(x)

log, *

88C X
osc x

. arcsin X

ATCOS X

arctan x

41
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