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The developers of SMath Suite call isiathematical program with papdike interface ad numerous
computing featuresSMath has many of the featurésundin the expensive application Mathcad but differs
in that SMath is freeThe SMath user interface resembles thatwdthcad

SMathmay be downloaded from: http://en.smath.info/forum/default.aspx?g=topics&f=12

SMath Studio supports 18 interface languagesj has versions for Windows, Windows Mobile (PPC,
communicators and Smartphones) and Linlixere is an EXE versithat one need not install but can run
from a thumb drive; useful for running on PCs in a universitpfakork environmentThese notes assume
the reader is usinthe beta 0.89.8 versiorYou can also run SMath from your browser at
http://smath.info/live/?lang=engbut | find it a bit buggy at the moment.

Main web page ibttp://en.smath.info/forum/

The site is usefuittp://www.neng.usu.edu/cee/faculty/qgurro/SMathStudio.html

L¥ &2dz R2 |y AyiSNYySG aSINDK dzasS a{al 0K {{idzRA2¢

Here is a screen capture of a SMath p#gt solves IdeaGas Law problems.

(S) SMath Studio - IdealGasLawUnits.sm*] e | B S

File Edit View Insert Calculation Tools Pages Help -8 X - -

TRES Die~[2[-lA90 0 ¥ &G The designer of this page has
[Ideal Gas Law calculation] - shaded blue the areas where 3

user should enter new values,

We will be working with T in Kelvin, i
and yellow the final result.

P in atmospheres and V in litres

1

Ideal Gas Law formula V,=DR'T

P
User defined values T=273 K P=1 atm n=1 mol
Display the wvolume: V.22.4 liter

< 1 3

Calculation: 0.034 sec.

The SMath interface

The interface shows a maimindow togetherwith menus, a toolbarand a number of palettes on théght-

hand side of the interfacelust as in Excel one speaks of worksheets, so in SMath we speak of the main
window as &Pagegalthould K (1 KS (1 SNY Wg 2.MPMath 8lScdraing oily oné gage. dza SR

The menu items ardile, Edit, View, Insert, Calculatiofipols, PagegndHelp As expectedrileleads to
commands such as Save, SAge Open, and Print. Note that SMath wodnde saved in its native forma
(extension SM), as an HTML ,fds a graphic file (PNG, BMP, GIF, or¢gdtR& user must add the appropriate
graphicextension)and other formats that we will not discuss. Likewks#ithas the expected commands
such as @py, Paste, Undo, etc. WithWiewwe can decide if we wish to have the page display gridlines
making it look like quarteinch graph paper. The menu items Calculations and Tools are discussed as we
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proceed. Thdagemenu let us start a new page, closeagp, or switch between open pagdheHelp
menu contains the optiow S F S NB y @Kich terésdnté a modest attemply thedeveloperto address
basic mathematical operations and definitiorfhere is little irHelpto tell you how to usesMathbut it does
has some sample files.

The palettes contaimathematical, graphical, argtogramming functions that calpe placed in the main
window. The pallets may be toggled on/off with last item on the toolbar.

TheSMath Studidoolbar contains 19 icons brieflyedcribed below:

[NeES shRDiv¥ 10 -A90 "5 0P S S
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1. New page 12. Background coldpf items to be entered)
2. Open (existing worksheet) 13. Control border (frameselected item}
3. Save (current worksheet) 14. Align horizontallgelected items
4. Print (current worksheet) 15. Align verticallgelected items
5. Cut 16. Function (insert a function)
6. Copy 17. Unit (insert unit)
7. Paste 18. Reference bookéds Help
8. Undo (recent action) 19. Recalculate page
9. Redo (recent action) 20. Interrupt process
10. Font sizéof selected items on page) 21. Showr/hide side panel

11. Text colofof itemsto be entered)

Items (1) through (4) manipulate new or existing worksheets. Items (5) through (Red#enown
editing functions. Items (8) and (9) will-dio and redo the most recenaction. Items (10) through (12)
adjust font or background propertiesseeConstruction Regiorislow. Item (13) allowgou to put a
frame over an entry, for example, to show a solution to a problem. lf@g@sand (15) ralign selected
cells. Item (16) and @ open theFunctionand Unit menus,which is also available the Insertmenu.
Item (18) is also available under thielpmenu. Items (19) and (2@ye also availabla the Calculation
menu. Item 21)shows or hides the palettes on the righand side 6the page.

The online version of SMath lacks the menus and tools shown above. But you can both upload and
download SM files to and from your computer.

Constructing Regions

There are two types of regions: text and math. In the diagram above, the wdedsGas Law

Calculatiorare in a text region while the formula for V (V := RT/P) is a math refysoyou move the

mouse around you will see a red cross on the page; this is the insertion point and anything you type (or
insert using a pallet) will begin Htat point. There are some exceptions for operators inserted from a
palette.
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1) To enter texteither use the menu command Insert | Text Region or, more conveniestélt,
gAGK I R2dzfS 1jdz2GS 6a0T (KA Zththatjobwanfsdétarto S RA & L.
a text region To start a new line iatext regionuse SHIFT+ENTER not just ENT&SRart a
math region jusbegintyping. When you have completed a region just click any empty space on
the worksheet.

2) To select one or moreegionsfor the purpose of deletingr aligningthem, or changing their
appearanceclick somewherabove and to the left of théirst regionand drag themouse
around. A rectangle results and all items within the rectangle are selected. By default the
rectangle is lighblue. The rectangle will disappear when you release the mouse buitin
regions will remain coloureddo not confuse this process witticking on the regioand
dragging the mouse thighlighting jusNB 3 A 2 ¥ Q & se®yyies SefoliTde colour irthe
left is lighter than in the right.

It you want to select two or more items that are not contiguous, use the-kvedivn Windows
method of holding gown CTRL as you drag the mouse.

(S) SMath Studio - [Page4*] | B BESS | (S) sMath Studio - [Paged*] e X
File Edit View Insert Calculation Tools Pages -9 x File FEdit View Insert Calculation Tools Pages - @ X
JEEcidhDivvie -A90®E MTPHIE N@EESIEDhDI+«vi16 -AD90 in¥ &G
[ Not selected [
[Mary had a little lamb Selected = Mary had a little lamb =
|Let M be mass of lamb M=25 kg Let M be mass of lamb M=25 kg
4 L1 » 4 1 »
Calculation: 0.015 sec. Calculation: 0.015 sec.

Selectedegions may beopied or cut and then pasted using commaffdsn the Edit menu or
with the Window shortcuts CTRL+C, CTL+X and CTRL+V. Noterdmadmsfrom a SMath page
can be copiednito other applications such asdi. This is where saving as HTML or graphics is
helpful. In Windows 7 one can also use the $odp to capture and paste one or more items
from SMath to WordHowever, you can copy text from other applications to a Shatle.The

text 5+4/5-2= in Word can be pasted to SMath to give a text area but
without the = sign it will N 41 5 give thestart of amath expression.

3) Diagrams may be pasted from another application into an SMath worksheet but there is no way
to change their size, you must do that in the parent application.

4) Thefont sizeand colour, and the background colaafrthe characters will dependn the setting
within the Tool | Options | Interface dialog. If you change the font sadour or background
with this tool it will affect only subsequent entries. To change exisegippns select them and
useone ofthe tools an the toolbar.To put aborder around a region just click on thegion and

Bernard Liengme SMath Primer 5



5)

then the border took selection is not required for a single region.

Textregiors, but not mathregions can beitalicized, made boldrounderlined by clicking

anywhere within an entry and using th&indows shortcuts CTRL+I, CTRL+B and CRTL+U. To
perform such on operation on several items just select them and use the shortcut. You cannot
italicized, make bold or underlined only part of an ergiiyis all or nothing.

Options ﬁ
Interface

Interface language Enghshiv
Functions style World b
Decimal symbol . (period) b
Arguments separator .(comma]iv
Font size 10 =
Text color Blackiv
Text highlight color Auto b
Background color White b
Selection color Auto -

Cancel

6) To editaregionone must firstclick on it; a rectanglwill result. Now entethe regionand make
the required edit.To delete something within a math region it is generally better to use the
Backspace key rather than the Delete key.

7) Greek letters (for use in text or math entries) magyentered in several ways: a) by clicking on
the appropriate symbol in the palette or b) by typing the Roman Iggee tablebelow)
followed by CTRL+G. Thus D followed by CTRL+Qiglves¢ KS d& Yo 2 f -
followed by CTRL+G; from the symbol or arithmetic palette, or with CTRL+SNVRERp.

OLIAUOG YI &

inserted into amatharea @WAK KIF @S GKS @I fdzS odmnmpdpHCcp XD

Lower Upper Name Roman Lower Upper Name Roman

case case letter case case letter
a A alpha a n N nu n
b B beta b X X Xi X
g G gamma g z Z Xi z
d D delta d 0 @] omicron 0
e E epsilon e p P pi p
f F zeta f r R rho r
h H eta h s S sigma s
q Q theta q t T tau t
/ I iota [ u U upsilon u
Kk K kappa k y Y psi y
/ L lambda | ] J phi ]
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m M mu m W W omega w

Scratchpad Calculations

NOTE: SMath always works with a precision of 15 places as required by the IEEE 754 convention. But the
number of decimals displayed is set in the Tools | Options menu. &s8etting applies to the entire

page.

SMathcan be used assimplecalculator. For example, open a n@age, and click on the main window
in an area near the top left corner. A small red cnofkindicate the location where you want to enter a
calculdion.

2
, . . . 1
Type the following:1+2/3+4/5 =. The result is the following expression: : 1.2
5

=1.53

Notice the way thaBGMathinterprets the two fractions. Try the following
example alsoclick somewhere else in your worksheet and type: 2/3 [ Y ]+ 5 +%+—= 6.47
4/5 = (wherelh NI LINEB aighvairaiv kay)KTe result is

Now try this example by typirig2/2Ih+4" A= Where theK comes either from
the arithmetic palette ofrom the shortcut backslash) the key found just
above ENTERINd the carekey (™) found with SHIFTeHs used to make an
exponentiation. This yields the expression

2 2
2 +4 =447

Consider these two expressiohsre. While there are

mathematically equivalent, the second is more please to the eye. 3-%= 4.71
that is needed is a tap on thregght arrow keyafter typingthe piand

before inserting the / (division operator)

and 3:-21'1=4.?l

Note: the multiplication operator is the asterisk (*) as in most applicatioh SMath converts it to a
middle dot.

Experiment to make this expression ©+4 + 10+86 _ 7
2 8

You will get frustrated with Sith as it will keep giving the wrong expression. But here is a workaround:
6 + 4 [space] / 2 [space] +/ 10 + 6 [right] [righ[fi§ht]=. The trick is to insert the second divisor early.

Here is an editing exercise to practice with.
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Editing expressions
Stg3- ot
S+3 -2.85 To modify the expression to left,
1n 3+£+exp _i] we could click on the right side of the 3
4 10 within the sgquare root inthe numerator,
type * 5 [space]/W 4.
Click on the 1 in exp(-1/10), delete it and
.. 3.5_ 1 type exp(l.2)
44 5+3 ~
. [1 2] =3.56
expl|l. +
In|3+= B S
n|3+ Z +exp 10 ]

Always use the righarrow key to expand the underscore line or to move to the right. The spacebar can
be used in some circumstances and not others: it is simpler never to use it! One must not try to inset
spaces in a math region to enhance appearance.

Preparing for Math Pro blems
The figure below shows examples of magigiors

Defining two variables and giving them values =25 b=3

+

Multiplication c=a'b c=15 Type c:a*b SMath converts : to :=
and the multiplication operator (*) to a mid-dot

Diwvi=ion d-—E d=0.6 Type d:b/a SMath convertzs division operator
T a (/) to give a fraction
_a+h e=1.6 Type e:at+bh-/a Where — represents left arrow
T a key the division line expands to include a+b
) ) a+b g=256& L ;
Exponentiation g=2 Iype g:2™a+b then click on a blank part of page:r

the caret is the operator for exponentiation

a+hb )
gi=2 D e g=95581.4837 Type g:2"atb-——*\c Two left 3rrows —— to get
passed a+b since the expression continues
Short cut for ¥ is the backslash \

Sguare root k=Ja+h k=2 .82384 Type either k:%a+b or k:sgrt (a+b ,
or use the ¥ from the arithmetic palette

Below is a simple SMath page that can be used to finditiheme ofa gas givethe numberof moles
(n), its temperature(T) and pressurgP)using the Ideal Gas Law. Tieer carchange then, T,andP
values to perform any number of calculatiohote thatGas constant R:=0,082@6nsists of a text and
a math region with space between the two.
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REMEMBER: to give a value (or expression) to a variable:a8 inyour typex:3. SMath automatically
replaces the colon by the := operator. To have SMath display a value use the simple equal sign as in

(S) SMath Studio - [IdealGasLaw.sm*] =HE X
File Edit View Insert Calculation Tools Pages Help - 8 X .
- Note th terisk at th
NRES B4 H-A90 Y@ G ote eas.es a.e
_ end of the file name in
|Ideal Gas Law calculation i .
the title bar:
We will be working with T in Kelvin, IdealGasLaw.sm*
P in atmosphers and V in litres =
Gas constant R=0.08206 i SMath is Waming the
nR-T user that the file has
Ideal Gas Law formula Vi .
P been altered since the
last time it was saved
User defined wvalue T=273 Ee=ll e L
Display the volume: V_22.4
4 i 3
Calculation: 0.037 sec.

The quantities R, T, P, V and n are caliables Since these are readily recognized there is no need to
define themor to use more descriptiveames lke Temp and Pressure. In other catigs is agood
practice to follow.

There areseveralimportant features to note:

a) Thedefinitionoperator for assigning a value or expression to a variables&i Qa € 221 I
R:=0.08206, we type the R and thenther click on the definition operator in the arithmetic
palette, or we hold down SHIFT and type the colon (:) whereupon SMath will automatically
replace it with :=. Then we type the value or expression.

b) Theevaluate numericallpperator thatcausesSMathii 2 RA&LJX I & | @I NAIFo6f SQa
equals symbol. It can be inserted from the arithmetic paletteromfthe keyboard.

c) SMath is case sensitive with regard to variable naméar dur last line we had typed/=,
SMath would have changed it to v:to show it is expecting a definition of variable v.

d {al 0K g¢g2Rgay Wia2LIAT 6S T RRSR 'y SyGaNR (G2 RA&LIXI
of V but beforen, T, and P had been assigned values, SMath would not have an answer. Clicking
on the expession would display

n-RkRT

e [

WV

e) The entry points to give T, P and n values have been given a blue background to make them
stand out while the result has a yellow background.
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f) If you let the mouse pointer hover over a math region a popup will appear (see belowingho
the region in symbolic representation. We will not explore this topar. more information see
http://smath.info/wiki/GetFile.aspx?File=Symbolic%20mathenfd@fsymbolic.pdf

Ideal Gas Law formula v,=n'R'T
P | 4103 0+ T
50000 P
User defined wvalue T:=273 Bl el

In theworksheetbelow see an example of SMath page that can be used to solve a simple chemistry
problem. Once again we have used colour coding to show input and output area. Clearly one would not
want to spend the time setting this upr one or two problems but if one repeatedly needs to solve

such problems, it is well worth while.

Unlike some computer languages, SMath does not require you define every variable. Furthermore, some
users are reluctant to use long names because of tlweecbf typing and the possibility of mistyping.

SMath comes to the rescue with the Dynamic Assistant (toggled on/off from the View menu). Suppose
you want to enterPercentCas soon as you tydee the Dynamic Assistant shows a list of variable

beginning vith these two letters; you just need to click on one to insert it.

1

E e

5 Percentd
5 Per:!m_\'
5 PercentD
5 Percents -

s TH T8 N

Note that in the worksheet above we have defined some formulas before entering the data. Generally
this is acceptable but there are times when it fgilsee file TopDown.sm.
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Percentage composition

Thiz page may be used to find the percentage composition of a
compound containing C, H, 0, W and 5 from its formuala

Atomic Weights=

C=12.011 H=1.008 0©:=15.999 Ni=14.007 S=32.06
Molecular Weight  MW=(c C]+[h-H]+[c 0)+[n N]+[s 5)

where variable in lower case are the stoichiometric
numbers from the formala

Defintion of Percentage Formulas

PercentC::Lc-lCICI Percent[—]::ﬂ-lﬂﬂ
MW MW

PercentC:=LC-lOO PercentN:=ﬂ-lOO Percent5:=£-100
MW MW MW

|Sr:n far we have entered univer=zal data (atomic weight=s)} and some formulas

|Nm-;r we define the problem to be solved - specific datal

Find percentage compostion of Ethancol CZ2ZHS0H

ci=2 o=1 hi=5%4+1 n=0 =0
Results=
MW=46.069
PercentC=52.1435 PercentH=13.1281
Percent0=34.7283 PercentN=20 Percent5=0

Check calculations

Check=PercentC+PercentH+FPercentl+ Percentll+ Percents

Check=100

Subscripted Variable Names
Sometimes simple variable names are not appropriate. Suppose wweagkéng on a problem involving
two pipes and need variables for pipe 1 and pipe 2, or we need vasimlthe initial and final

temperatures. The figure below gs example
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Diameter of pipe 1 dy=3 Diameter of pipe 2 dy=3

Inital Temperature T ;=273 Final Temperature T =298

To make d1==3 Type d followed by a period (.) and
then continue with : 3

DO NOT confuse the subscripts 1 and 2 in this example with index value to refer to elements of a vector.
Such index values are entered in a different way (see later).

Working with Functions

SMath contains a large number of predefined, oriimgic,functionsfor both real an imaginary numbers.
We will not discuss the last group. The complete list of functions can be found in Appeidia éntire
collection of functions is accessible in SMath by uiiednsert | Function menu or by clickirie f(x)

tool ¢ see figure belowAlternatively, one may just type the function naptbe Dynamic Assistant helps
get it right.

Insert - Function &J

Category Function's name
Jacob -
Matrix and vector length
Complex numbers line
Trigonometric linterp =l
Hyperbolic In =
Programming lo
Stings [
Files mat N
Example

log10{10)=1

Description

log10{"number") - Returns the base 10 logarithm of a number. -

Insert l [ Cancel

Some of the functions are placed in categories to make it easier to locate a specific fuhlbgea.
categories may be sunemized as:

I TheComplex numbers, Trigonometric, Hyperb@mdProgrammingunctiongroups include a
relatively small number of easily recognizable functions.
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I TheMatrix and vectogroup includes a total of 30 functions useful for thanipulation of ad
calculations with vectors and matrices.

I TheStringsgroup includes functions used in manipulating and operations stiihgs. These can be
useful in programming.

I TheFilesgroup includes functions for reading, writing, and deleting files, asasdtir importing data
into a worksheet.

TheAll category display the entire collection of functions; it is helpfujtoup some othose functions
according to their applications:

+ Functions specific t8Math Studioeval range sys, error,

+ Functiondor real numbersabs, expGamma, In, log, log10, mod, nthroot, perc, round, sign, sqrt
+ Functions for algebraic manipulatioexpand

+ Functions for solving equationgolyroots, solve

+ Functions for Calculus applicationtff, int, product, sum

- Furctions for interpolationainterp, cinterplinterp

- Statistics functiong:landom

Note there is no separate category for the simple functions for real numbers which are list below:

abs absolute value

exp exponential function

Gamma Gamma if) fundion

In natural logarithm, i.e., logarithm of base

log logarithm of any base

logl0 logarithm of base 1Qtyping, for example log(12,2) results in the expressiop(1&)
mod modulus( the remainder after division: mod(12,10) =2

nthroot then-th root of a number
numden decompose a fraction into numerator and denominator

perc percentage

round  rounds to an integer

sign extracts the sign

sgrt square roof gets replaced by the symbil

random generates a random number

Most of these functionsill be familiar already to theiser, so typing them is often quicker than finding
them in the menuThe Function palette is also a quick way to locate some commonly used functions.

Bernard Liengme SMath Primer 13



Functions
v ex [3 4] Entered by typing x: followed by opening the
SEER LS. Insert |Function menu,locating exp in 211 and

clicking the Insert button; then adding 2.4 with typing
After typing y:, the expression was composed by clicking

v=s5in|— on items in|the Functions and Arithmetic palettes
Entered entirely by tvping

z=tan|—

Trig furctions work with radians. But it is possible to use Tools | Snippet Manger to set up an area that
uses degreeghe author advises that you do not use this feature until some bugs have been ironed out
Sowe must make appropriate conversion when workinglégrees; see also the topic User Defined
Functions below.

angle=0.75 Here we mean 0.75 radians x=s5in(angle) x=0.6816
o=22.5 We are working with degrees here . I x=0.3827
X=sin|o——-r
180
z=0.866025 We want the inverse sin of z in degrees pw=asin(z) 180 p=30
I

Additional examples of some functions are shawthe large figurdelow. Please note the following:

a) The argumentinround(x ,nmust be 0<n<15; unlike in Excgt cannot be negative to rauwd
to tens, hundreds, etc.

b) Therandomfunction is dynamic; press F9 to recalculate the page and a new value results. So do
not expect your result to match that in the figure or for the result to be the same when the file is
reopened.

¢) The Dynamic Assistaoan be helpful when inserting a function. The user wished to enter
l.=sin(alpha); when the first part had been typed the Dynamic Assistant popped us as shown
below. Note the entry SIN in the popgghis appeared because the user has a tbefine
function of the name in his page (see Udzfined Functions topic). To select a function, scroll
down until it is highlighted and either double click the selection or use the tab key.

1, =si
* F » ||signi"number”) - Returns
& sin 0 if x=0, 1 if x=0, and -1
7 SN otherwise. Argument must be
; a real number.
i 31:11]1 [Press TAE to insen |
Siug i
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Type "abs(-3.25)=" to produce |—3.25|
Type "exp(-0.51)=" to produce exp(-0.5)=0.6065

Type "e”~(-0.51)=" to produce -0.5
= ( ) e = =0.6065

Remember the number of decimals displayed
depends on the setting in Tools | Options

Type "log(8,2)=" to produce 1og2(8)=3

Type "perc(25,5)=" to find 5% of 25 perc(25, 5)=1.25

The function call random(x) retunes a number between 0 and x
from a uniform distribution of numbers

Type "random(50)=" to produce random(50)=29
For a real number between 0 and 1 with n decimal places

ni=4 n

random|10

-_=0.5993
n

10

Examples of the round function

x=5.67846 round(x, 4)=5.6785 round(x , 2)=5.68

Use the function palette (or by typing 10 2
"sum(k~2,1,10"="), find the [k ]=335
sum of the squares of the first 10 numbers

5
Find the value of the definite integral of 1/x3 J‘de=o
3
1

X

.4

8
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User-Defined Functions
You can define your owmifictions by using thexpression
function_naméargumen(s)):=function_expression

Examples of definitions and evaluations of functions are shown in the figure below.

Uzser —defined
w241 £lz]=1.25 fl-3.5]=—8.8333
£ (x)=——
x+ 2
z 2 =4 Fi=3 =5
I|::<,1-,-*:|== ):L+3r * ¥ + I(x,},jl
> 3
hia, b)= Z [3 ] niz, 6)=240 hi-z, 3)=27
i=a

Here are two more examples

Functions to help vou work in degrees;
taking advantage of SMath case sensitivity

~ I 180
15&] AS_N(x]-—as_n |:le -

x:=SIN|:45:| x=0.7071 ang;e::ﬁS:Nl:x:l angle=45

SIN(z)=sin [:x

L funection to return a random number within
the range a .. b with n decimal places

[ n] It may appear that the function is
].w misbehaving since the number of
10 decimals is not equal to n. This is
because SMath does not display

trailing zeros

myrandom I:a I r:.:|:=a+ |:1:|—.3

myrandom (50, 100, 5)=64.042

myrandom (40, 50, 6)=47.6008

Numerical Differentiation and Integration

The figure below shows a sineptxample of numerical differentiation to find the slope of a curve given

by f(x) at given points, and numerical integration to find the area under a curve. Also shown is a very

simple use of the symbolic evaluation operafty (02 I SY SNI (S diixydx SELINB&&AA2Y F2
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Numerical Differentiation and Integration

2
flx)=-2'% -4.x+12

%f[x]»—-&-[lﬂ&}

Slope[x}=z?£—f[x]

posa=—4 slope posa=12

-0

posb=—1 slope pos

Roots=solve[f[x],x]

-3.645751 : ]
1.645751 / B _ \; .

Roots=

Roots
2

area= | f(x)dx area=49.387358
Roots

The second math region is made by clicking on the derivative tool in the Functions palette to get the
template shown below to the left. The user then fills in the two place holders. Similarly for the numerical
integration, you click the imgration tool in the same palette, and fill in the foptaceholders.

1
area=j Edn

1
d

—
di

The current version of SMath cannot perform a numerical integration when the variables have units
associated with them. This Wile fixed in the next version.

As can bee seen in thigjfire above, SMath can also do symbolic differentiation. A fuller description can
be found later in this document. SMath cannot do symbolic integration.

Below is another example of using the numerical integration function.
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-3

T=600 Mi=32:10 E=8.31451
R-¥ =630.07
= grT umean
mean oM
2
M : 2 k 2
2 ‘u

Tlul=4-m u exp|—
[ J [Z-H-R-T] e 2 R'T
z_=0.5u a_=1
1 mean 2 mean

3,
“
fraction= I b ['—.r] dw
3

1

fraction=0.7&

[ST units: T in ¥,

M in kg/mol, R in J/K mol]

Find what fraction of the molecules in a sample of oxygen
at 600E have speeds between 0.5 and 1.5 cof the mean speed

Working with Units

.

'y

Motes2.sm™ | = || [=] || E3 |
o
Example of u=sing units
liter atm
BT E=0.08205 —
P:=“J “ K meole A
v E
ni=1mols T=273 K i .:.z;.ﬂ liter
A
5
P=2.0265'10 Fa P=2 atm
3 .
V=0.0112m V=11.2 liter
1| (1] 3
¢KS FTAIANB 06208 Aa | aAYLXS RSY2yaidN

excellent features.

A2y 27

Bernard Liengme SMath Primer
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The example begins with a expression defining how to compute P (you will recognize the Ideal Gas Law);
next values are assignediriablesR n, TandV. For now we will treaRas a variable but it is one of

{al KQa O2yaidlyiday aSSsS inhe pagedispiayNBarcBriphtgdSaieof Py a il y i a
(and ofVwhich was assigned an expression rather than a value. Tieftiie the way SMath

automatically displays variables with unitssing the Séystem while to the right we have had SMath

displayour units.

We need to learn the two major ways fentering unitsand how to make conversions from one set to
another.

Method 1:To enterT:=273 K begin by typingl:273 in the normal way. Next use Inset | Units to open
the units menu( or click the Units tool which resembles a blue funnel, or use the shortcut CTRAtW).
the left of the Insert Function dialog is a list of categgnesi can select a category and then, in the
right hand windowscroll toselect the required unit and click the Insert button, or double click the
required unit.You can also type all or part of the unit name in the Quick Search window.

S SMath Studio - [UnitExamples.sm*] » @ % == __2@
File Edit View Insert Calculation Tools Pages Help - 82 X
T RESd D4+ /0 -Ag90O»mE w¥FG &
— Insert Unit ﬁ
T=2%73
Dimension: Lnit:
ET N - | | Acre (acre) -
All Ampere (A)
Angle = || |Ampere (amp)
Area || | Angstrom (Angstrom)
Capacitance Atmosphere (&tm) :
Catalytic activity Avogadro’s number (N.A) =
Charge Bar (bar)
= = ims (bam)
Insert Unit P (bit) i
ck search:
Dimension: Unit:
Luminous intensity + | [Celsius ("C)
Magnetic flux density Fahrenheit ("“F
Mass eI I —— st | [ Cancel
Potential Rankine ("Ra)
Power Réaumur (“Re) ————————
Pressure
Resistance
Resolution =
Substance T
e —
Time
Velocity N
I Insert l [ Cancel ]

Method 2: TypeT:273 to produceT:=273, then type a single quote (aka apostrophe) to open the

Dynamic Assistant in units modesee left hand figure belowyou can now scroll to find the required

unit, or, to speed up the process, type the first letter of tlnit. We wankK, so we could type an upper

caseK Ifyou are sure oftheuriXd y I YS @&2dz Oly G@LJS Al;bhtfecdem f o NA 3
as there are some pitfalls. Thus the unit for grargnsnot g but milligram ismg.

NOTE: SMath dispfs units in colour, blue by default
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SMath has two simples for molméleandmol) but treats them as synonyngsfigure below.It has only
one unit forkmole millimoleandmicromole Likewise SMath includethndjoulebut the units
millijoule, megajouleand giggoule use only symbolsriJ, MJ, Gdespectively not words.

T:=273 K| [n=1.23mole]
¥ » |[Kelvin (Temperature) | ¥ » |[Mole (Substance)
¥ k4 ¥ My mole »mol
¥ katal E ¥ MPa =
¥ LB ¥ mph
¥ keal - ¥ ms ~
n=1.23mole gm
M =44 ol
X=MW-n

-2
¥x=5.41-10 kg

-2
x=5.41.10 kg | %=34.120m

To enter compound units likgm/mole or kW-hr, the user must type the division or multiply operator (/
or *) These two definitions are synonymou#<mol andJK*mol™*; but the exponentialswill not
appear in colour.

In the last figure above the simple calculatiar+ MW% 3nmol yields a result in kilograms since that

is the standard Sl unit of mas$he user want the answer in granThe user has type x= and hag no

click outside the entry. Note the placeholder to the right. The user can move to this and insert a mass
unit (gm, mg etc) using any of the method used above; the simplest thing here is tditypeéyoh must
remember the single quote.

Non-Linear Units (°# +(q

Be aware that there is a bug: SMath (IMathcad and Google until recentjyhas trouble witton-

linear units. Most unit conversigrare made by multiplying by @nversion factorSo 3 inch converts to
centimeters with3 inch x 2.54 cm/inch = 2&m But conversion for Celsius to Kelvin or Fahrenheit is
said to be nodinear as other mathematical operations are need (addition or subtraction). SMath runs
into problems when the notlinear quantify is negativ& he problem is solved by the use of
parenthesesto produceT:=(-20) °C, begin withT:=20 °C and add the negation after adding the units
°Cc¢ SMath will automatically add the parentheses.
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S T
(S) SMath Studio - [KelvinError2.sm]

File Edit View Insert Calculation Tools Pages Help
JmEs e+l -A90 0 ¥ G 1%

Problem with Celcius to Kelvin automatic conversion

T1:=20 °C T1=-293.15 K Correct
T2:=-20 °C T2=-293.15 K Incorrect
T3=[-20] °C T3-253.15 K Correct
T3=-4 °F 9 F=—4

Correct

Predefined constants

SMath has a number of predefine physical constants. An example of thie sisewnbelow; compare
this to the figure at the start of the Units topic. The gas constant R was entered by Y imaie the
leading apostrophe) and note also h®is displayed ibluein the definition ofP.

Example of physical using physical constants

P= n=1mol T=273K Vv=22.41liter

P=1 atm

The predefineghysicakonstants aresshown inthe table below

Gy Newtonian constant 6.6742867-10 " m3/kg-s?

g Gravitational acceleration 9.80665 m / s?

h Pl anckbés const ant]| 6.6260689633 kg- m?3/ s

Na Avogadrods number]6.022141510-10 * mol!
Tg Magnetic constant 4 L ¢ L7kg -m/s2-A?

e Elementary charge 1.60217648740-10 " As
Me Electron mass 9.1093821545-10 3! kg

m, Proton mass 1.67262163783-:10 ~ kg

m, Unified atomic mass (Dalton) 1.6605388628-10 " kg

R Gas constant 8.31447215 kg-m?3K-mo |-s2
k Boltzmann constant 1.380650424-10 -23 kg- m?/ K-s?

¢2 O02yaidNHzO0i (GKS RSTFAYA(GA2Y 2F t akKz2gy Ay GKS
were entering a unitThe constant is displayed in blue just like ur@bserve thatwhile R is defined

with units kg-m?/K-mol-stve can use it with the typical chemistry units in the figal®ve SMath looks
after the conversion behind the scend¢ote that the actual numerical value of the constants are as
shown in the table but that thengcision of the numbers displayed depends on the setting in Tool |

Options | Decimals.
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Examples of Constants

mN _ -23mN 23 1
RE= . - . _ - N = . .
a8 3145_Kmoi k=1.3807-10 e AA 6.0221-10 ol
- m _34
g=95%.8066 > h=6.6261-10 s J
5
+

= = m N’
R=45 R=45 R=8.3145 —
K mol

In the lower part of the figure above we see thichnically,a variable and a constant can share the
alYS yryYS oy2i SEI Olf ez awwHOEevet o8 adhdnbdidvesyhis Qa KA RR
practice should be avoided due to the dangers of ambiguity.

(0p))
pu
(p))
-+

It is possible to define yourownconstdnta aKz2gy o0Sf2¢d ¢2 o0S3IAAYy (K
is displayed in blue)

Defining a constant and displaying its value
Faraday constant F = 9.64853x10~4

~ 4 a
c F-9.65.10 23

4
F=9.64853-10 - -
mol mol

Example of use: if n = 3.45 how many Coulombs are needed?

n=3.45mo Q=nF

Smo C

Q=3.3310 " ——

Redefinging F using the Avogadros's number and
elementary charge constants. IN this case the untis are predefined

F=N
a® 4Aas

There arealsotwo predefned mathematicalconstans: pi and Euler numbeg see table below.

- Pi 3.1415926535897932

e 9dzf SNI& y dzY o SN 2.71828182845590452

Thesemathematical constantare enteredap ¥ 2t t 2SR 08 / ¢ w[ bQhegaluadf S 9 dzf SN
exp(1) )is entered wih a simplee. These two values are displayed in the same colour as other variables

(defaultisblackh ¥ O2 dzNBESZ @2dz O02dzZ R SydiSNJ SYTun 02N T HT
@t dzSa Ay adzoaSljdzSyid Ol t Odzt I & menyioded éadigf) A 1 S (G KS LISN.

Bernard Liengme SMath Primer 22



Some Notes on Unitsi AAADOAA A£OT I 001 £#8 5001 UB8O 11 OA

Units of theUs Customargystem

In the United States of America the traditional systenuitsis still very much inise.Therefore, SMath
Studioincludes in their collectioof units suctcustomaryunits ashorsepowei(see example abovep
(pounds) ft (foot, or feet),in (inches), etc. Faxample we can displayhe values of the speed of light in
vacuum and the standard accelerationgrvityin SI and U8nits:

m _ _ ft ___ m _ ft
c=299?92458? c=9835?1050.430440T g=9.80665 > g=32.1740485%6

5 5

€1

It is ncorrect to call these the English or Imperial System as the US developed its own standards before
the Imperial system was standardized; furthermore some quantities differ in the two systems and
SMath uses the US values.

a=1gal a=3.78541197 liter 1 Imperial gallons = 4.54609188 litres

Are pounds units of mass or fofce

Modern usage in the physical sciences requires that the pdbnte used as a unit ébrce, with the
corresponding unit of mass being tekig,defined asl slug = 14.5939 k¢lowever, in buying produce
(e.g., meat, grain, etc.), the pound can be uasd unit ofnass with the conversioh kg = 2.2 Ibin
SMath Studighe pound,lb, as well as th®unce,oz are used as a units of mass (Ndtdb = 16 og The
corresponding unit oforce is thepoundforce, Ibf, defined asl Ibf = 4.4482 NThus, irphysical science
applications use thpoundforce, Ibf, when you are required to uggundsas a unit oforce. Another
commonly used unit of force is theap (kilopound equal t01000 Ibf

Matrices and Vectors

Matrix operations

The Inserfunctiondialoghas a category called Matrix and Vegtsome of the functions are available
in the Matrix palette To definematrix A, we type A:= and then click the firson in the Matrix plette to
bring up a dialog where we specify the number of rows and columed. \We enter values for all
elements by successively clicking on the placeholders.. The sequence is shown below.

(A= ﬂ Insert matrix ﬁ
Rows: B =
Columns: 3 .
[ Insert l [ Cancel
L 1 ? 2’
2=lu 1 n B=[4 5 6
1na 789
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The nexffigure illustration some simple matrix operatiarihe reader is encourage to experiment with
others.

Matrix Math
+ 123 2 4 ¢
B=|4 5 5 B=[ 8 10 12
789 14 16 18
Determinant dEtA:'A' det ,=—6
Product C=AB 60 72 B84
C=|118 146 174
204 252 300
Column and row 2 row[E 1]=[2 4 6]
collzn, 2]=|5
8
Transpose 147 Inversion J=invert(a) 100
T S T=
al_losa B-J=[0 10
3569 oot

Example of Matr ix Math

A system of linear equations may be represented in matrix fditmus the system of two equations
X¢2y =¢l

3x+4y =17

may be represent by

& -2 e ol

8 4 e &7

Let us write thign the form: AX=C

Multiply both sides by Agiving AAX =A'C

But since AA = |, this becomedX = AC (I being the identify matrix)

We know that IX = X, thereforX = AC

From this we see that the value of the X matrix may be obtained by computi@gThe following figure
shows a SM& implementation of this method
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System of Linear Equations
x - 2y = -1
3x + 4y = 17 Enown solution x=3, y=2
|1-2 |1 Rinver=invert (2] Ainver e 0.4 0.2
BER 17 i l-0.2 0.1
X=Ainver C 3
2
Check X—_l
|17
gi i ;§ ikii:i:{z Known solution x=2, y=3, z=-1
4x - y + 3z = 2
2 3 -2 15 2
BR=(3-2 2 cc=|-2 invert [2a)cc-| 3
4 -1 3 2 -1

The line between the two calculations is generated with Insert | Separator: note that all this does is
draw a line, it has no effect on variables.

Vector Operations

In the first figure below we define two vectors ancethfind the dot and cross products. The vectors are

defined as with matrices but specifying one colurNpte that one may define a row vector but the
SMath functions are designed for column vectors.

Vector Products

1 0 n
u=|-3 wi=|—-1
b -5
Dot product T (third i1con i1n matrix palette
u -v=L_ﬂ to enter u transposed)
Cross product 17 (sixth icon in matrix palette
uxv=| 3 to enter cross-—product operator x)
-1

The range functions may be used to generate vectork nitmerical elements.

* rangestart, end): shows up in the worksheet atart..end and produces a vectavhose elements

arestart, start + 1,start + 2 etc. The last element is the lowestlue smaller thatast by less than one.

Bernard Liengme
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+ ranggstart, end, startrincremenj: showsup in the worksheet astart, start +increment .. endand
produces a vectors whose elements atart, start +increment, start + 2 incremengtc. The last
element is the lowest value smalldran endby less thanncrement

u=1 u=1..1 u=1..8

Here we typed u:zran and accepted Range(2)
from the Dynamic Assistant|

o =1 Gy LN o (0 R

T
v =(0.511.522.533.544.555.566.577.5 8]

Here we typed v:=ran and accepted Range(3)
from the Dynamic Assistantwith0.5,1..8
Transpose is used to save space in figure

The nextfigure showshowto make linear combinations of vectordote that it must be linear, so
y:=2x24 would not yield a y vector but a scalar value.

x=0..5 yvi=2-X+3 z=0.8-x+0.7y
0 3 2.1
1 5 4.3
x=2 y= 7 e 6.5
3 g 8.7
4 11 10.9
5 13 13.1

We can reference a single item in a vector usingscripts To get xwe type x[5. In the same way we
may reference a singlmatrix element; to get A, we type A[3,2 and SMath removes the comma.

Referencing a vector element

myitem=y 3 myitem="7 X 5=4 123
: - ) L=|35 3 -
youritem=z g vyouritem=13.1 z 2=4.3 789 A 22 8

Simple Statistics

SMath contains no function for computing elementary statistics such as mean and standard deviation.
However, as the figure below demonstrates they are readilypated. We show two formulas for the
standard deviation; the second is useful when the variance is not required.
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Simple statistics

These are population statistics.
For sample statistics the demoninator should be n-1

[ T B s T BT - 6

n:length[ﬂ

n

I
[s)

mean=4.833333

var=4.472222

sdev=2.114763

Sdev=2.114763

Note on Matrix/Vectors calculations

'd GKS

adl NI

GKSasS y2GSa

g S

drft 1SR

I © 2 dzii

worksheet at some point above thelgce where the data is entered. In the leftmost calculation in the

figure below we have this layout: data, definitions, and displays. As expected, this works. Generally,

however, we can put definitions at the top of pageduled by the data and then the statements that

display the results. Look at the centre calculation; it also works. But the rightmost calculation fails. If
you hover themouselLJ2 A Y 1 SNJ 2 3SNJ SAUGKSNI REAFAITAYIER§ delzh NR 2 X i A L2
vector was above thdefinitionsand correct results were displayed. When the vector was repositioned,

the displaystatementsturned red. If we deleted them now we would be unable to entgi=Z SMath
would keep replacing the = with := and displayzsgm:#A

|Data before definitions

|Data after definitions

1N

length (x|

Eprod” [I

j=1
120

Eprod”

X

3

3
ysum=|§: yj
1=1

=1
1
vi=| 2
3
Y sum™ ©
prod_=6

|Data after definitions

length[ﬂ
Zsum”™ E: z
i=1

length[ﬂ

Zprod” [I

j=1

3

z

]

Bernard Liengme
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The problem lies with usirigngth(z)in the definition. Using n:=length(z) and enterimgs the upper
fAYAOGD Ay GKS adzyrYl A2y R2S&a y2i KSftLPD ¢KS Y2NIf a
RFGOF FANRG HE

Drawing graphs

The Shth graphing tools are somewhat limited but are useful for everyday work other than creating
graphs for publicationsSMath can generate-and 3dimensional graphs. We will explore only the 2D
graphs.

We begin with a very simple example: a plot of sin(x)
1) Click on point in your workshewthere upper left corner of grapwill go.
2) Click on the2Doption in theFunctions palette or use thiasert| Graph| 2Dmenu option
3) Type the function name in the placeholder in the lower left corner of the graph. Ssig(x).

L plot of Sin(x)

AN AN AINA

sin(x

sin(x]

In the figure above, the graph on the left is what SMath produced; the one on the right has been
modifiedd ¢ KS YS{iK2Ra F2NJ Y2RATFT&AY JactivatatheH NIK LIK NS YSR f & S¥
click on the graphasthat the handles are dgayed:

1) Activate the graptand drag one of the handles (small solid squares) to resize the.graph
2) Activate the grapland drag the mouse pointer repositidhe origin

3) Activate the grapfand scroll the mouse wlekto rescale both axes.

4) Activate the grapland scroll the mouse wheel while hold CTRL to rescale-thésy

5) Activate the grapland scroll the mouse wheel while hdkHIFTo rescale the yaxs.

If you want to relocate the graph on the page: click outside the graph and drag the mouse until the
graphis selected (blue background with default setting); now drag it to new position. To copy or delete
a graph you need to select it in the same walgernatively, a graph (or any entry) can be move by
dragging it by the outside frame when the mouse poingea fourpointed arrow.

Sometimes when you plot a function the graph appear empty. In such cases it is necessary to rescale the
graph to find the plotted data. Try plotting*2+75*%2500 you will see nothing until the x scale is about
164 and the y scal&l1024.
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The next figure shows two graphs each having 2 functions.

3 2 2
flx)=2x -4x +3x-1 gx)=-4-x +12.x-2

¥ Y

2
5x -3
2 x2+2

To insert two functions: first make a blank chart with the 2D tool in the Functions palette Siflent
the Multiple Values tool which is the fourth item in the bottom row of the Functipsigtte. Finally,
enter a function in each of the two placeholders produced by the Multiple Values tool.

TheMultiple Valuesicon produces two entries by defaullowever, you can insert more entries by
following theprocedureshownto the leftbelow. Togo from (1) to (2)selectthe brace not on a
placeholder.

1) (2} (3} 4y 3 Plot =]
HH T
1

(1 @ () 4) (3 (©)

The Plots palette has the following icons

(1) Rotate: Rotate a 3D graph only

(2) Scalénot necessary to use)

(3) Move (not necessary to use)

(4) Graph by points: show points instead oé&n
(5) Graph by lines: show lines (default)

(6) Refresh: restore to original version of graph

In the figure below we see a method of adding text to a file. The vanaplextis a 2 x 5 matrixhe

first two elements in a row specify the starting positifx, y), then the text to be displayed, followed by

the font size and colour. SMath offers over etflour choicedrom alicebluetog see
http://en.smath.info/forum/default.aspx?g=psts&m=3663

If you happen to misspell theame of acolour it will result in black being used.
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o text-_ll 16 "Parabola" 12 "Dark Blue"
¥ -9 -4 "y equals mx*+b" 10 "Green"
¥
18 Parabola

T4 v equals mx2+b

mytext

In the following figure we use the plotG function whighs made available by Prof. Radovan Omorjan in
the SMath Studio Forum. The program takes vectongatiies (xy) and creates plot matrix for the

data using a specified charactehén), size andcolor. Thisfunctionoperates only in SMath Studio
version 0.89 release @nd later.We will not attempt to explain how it works!

Use only the lower caseharacterso andx, and the asteriskX) as the value othar, other characters
are plottedincorrectly ¢ too low and too far to the right

It is suggestethat you copy and paste thglotGfunction rather than try to code itit is available in the

file LinearRegress.snThis examp

le also shows how a function (hdiee) may be plotted as the same

time asplotA. We could add this to the LinearRegression worksheet shown above in the Matrix section

of these note. Of course, in that

case we would use theesgionyline(x):=slop& + interceptather

than numeric values; and we would not need the two vectors since these are already defined.

Bernard Liengme
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Using the plotG function
plotG[x , ¥, char, size, color]== n= length[x]
plot:=augment[x 1 v 1 char , size, color
for i€2 ..n
plot= stack[plot , augment|x I v I char , size, color]]
plot
1 10.26
2 12.0 plotA:=plotG[x , ¥, "o", 30, "dark g:eer_"]
=3 yi=[ 15.33
4 19.99 yline[x}:=2.89-x+?.3?
5 21.328 *
vy : ¥
]
- - - A - =
plota plotr
yline(x)

Solving equations and finding roots

When we speak of solving an equation we mean: find the value(s) of zdtiafythe equation f(x) =
g(x). For example we might wish to know whiatue of x gives the function exp(x?+x) the value of 10.
When we speak of finding the roots of f(x) we mdimaing what values af makesf(x) = Q

We will start this topic showing the sdion to a simple quadratic equation.

Simple quadratic equation x2+3x-168=0

a=1 b=3 c=-18

2 3 +
-bz{b -4d.ac 2= ¢

2'a
2 2

a-xl +b-x1+c=0 a-x2 +b-x2+c=0

In the cente we have the wetknown quadratic solution. Thesymbol comes from th&op row of the
Arithmetic palette.To the right the user typx:=and SMath gave both value$ the x variable in vector
form. On the last line wesee how to refer to an individual rooty(@&nd %); used here taheck that ax2
+bx +c does in fact equal zero with eaebaiue: clearly x= 3 and x=¢6.
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Butin some circumstances thereasalyticalsolution and wemust rely on nmerical approximations.
SMath has three functions for these operationsots, polyootsandsolve In addition there is a tool
within the Calculations menu for solving equations.

Below is an example of the Solve tool from the Calculations menu.

(S) SMath Studio - [SolveTool.sm] e | E) i
File Edit View Insert Calculation Tools Pages Help - 8 x
NEESIEhDiv¥iww -ASD0 i ¥ &G
Calculation | Tools Pages
Using Solve in calculation menu | Solve |
2 Cafculate
f[a,b,c]==a —2-b_2 Simplify E
2+c Invert
b1 e Differentiate
Determinant
£, v, g)=0 Disable evaluation
-3.162303664592146 Optimization v
3.16227180527383 :
E} Auto calculation
¥ Recalculate page F9
Interrupt processing L
] I 3
Calculation: 0.02 sec.

Referrirg to the figure above, the user entered the line of text and the next three lines. Carefudly not
that the entry fk, b, =0 has a Boolean equality symbol inserted using the Boolean palette. Such
symbols appear bold on the page. Then with xwith the function selected (hence is shows in blue

box), the Calculation menu was opened and Solve was clicked. SMath responded by inserting the two
valued vector with the solutions to the equation. Note how the results are given to the full 15 digit
precision notwihstanding that in Tools | Options decimal places were set to 4.

Note: the results from this tool are static; suppose you change the valo&ah 2 to 4, the roots will
not alter and willnow be incorrect.

This tool is not trouble free. For example @iyenterx¢20=5 (note the Boolear¥), select the x and use

iKS G22f GKSy {alidK NBaLRyasS sA0GK Iy SmmRN YSaal 3

correctly returns the value of 0.25

The roots functiorhas two forms; here are simplified syntaxes éach: (ayoots(function, variableand
(b) roots(function, variable, guesd)e shall see that, whenever possible, it is advisable to provide a
value forguess; to use the 3argument form rather than the-argument form.Theguessvalue tells
SMath wee to start seeking a solution.

In the example below we find the two roots &f+x2-5x =0 The graph indicates roots at about 0.25 and
1.75. The expressiawotl:=roots(f(x),xjeturns the first value. When we give a valuggigess as in the
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next two cdls toroots, we can control which root gets retued. Note that theoots() results @ not
makef(x) equal exactly zero but results that do glose tothe precision of the system.

|Using the roots function|

x 2
f[x]==e +¥X -5

rootl=roots [f [x] R x]
rootl=0.28

rootl=roots [f[x] P X, O]
rootl=0.28

root2:=roots [f[x] P X, 4]
root2=1.73

check
-15
f(rootl)=-4.56'10

-15
flroot2)=-5.8-10

It is important that the variable to be solved (here the variable x)rnwgreviously been given a
numeric value. Try typing x:=1 anywhere on the page; all calls twtisfunction following that

assignment will fail. For this reason you will see expressiondid:=roots(f(_x), x,0n the SMath

website. It is unlikel that the variable namexhas been assigned on a page before the calisdts().

We have ovesimplified things a little by talking abouariables within the roots function. Actually each
argument is technically a vector. Hence we can use the roaotgifin to solve systems of equatiorihe
example in the next figure is taken from the SMath website

(http://smath.info/wiki/(S(onncf2bm54 1kyljyy3fiizedBetFile.aspx?File=roots/roots.png

[System of non-linear equations|

fl[rl, r2]=0

|Method 2 - wector form|

roots[F[x] . X, guess]=

2 2 f£2 =
fl(x, vl=x +v -5 (=, )
1
r=roots ) 1 r= 2]
(x, v))" |y
check:

5 x-2y-1

In Method 1 we build vectors within
the roots function while in Method 2
we construct the vector outsilthe
function and within the function we
use their names
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http://smath.info/wiki/(S(onncf2bm541kyljyy3fiizeg))/GetFile.aspx?File=roots/roots.png

In the sectiondealing with matrices we saw how to use matrix math to solve a system of linear
equations. The roots function can also be used as shown below but the algebraic method is preferred.
The two sets of redts are the same to the displayed 6 decimal placesthetiast region shows they

differ slightly; note how the check for the first method yields three zeros while that for the second

method yields small numbers

In the next figure we see how solve() ynlae used to find the roots of a cubic equatidiere is an

analytical method focubics but iis complicated andraughtwith problems.Note that the first

argumentin the solve() examplis simplyf(x). We could have usef{x)=0 (with a Boolean =) bit is not
necessaryThe example also shows how to limit the result to positive (strictly speaking toegative

roots since zero could be returned) by specifying a range with the use of the third and fourth arguments;
and how to discover then f(x) evalies to 64 with f(x)=64 for argumetit the equality symbol is from

the Boolean palette. The graph is used merely to show that the solve() results are correct!
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