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MATHMENU REFERENCE MANUAL

Introduction

MATHMENU (s a collection of 13 math/engineering programs covaering a
wide variety of topics, written in BEASIC for the Color Computer. In
the disk version, tht.programl are linked by a menu prcgram for single
key selection and autowatic return,

All programs are self documented with an internal informational text
contained within the programs. The programs are additionally
supported by this documentaticn package, which treats each program in
greater cetail.

To run the disk version, simply insert the disk into Drive @, type RUN
*MATHMENU", ard press ENTER. The drive will clurnk ard whir for a
moment, and then you will be presented with a twc-page menu of the
available programs, Select the desired program by pressing the
appropriate number key. When you are dore, you will be returrec to
this menu automatically.

To run the cassette version, place the tape in ycur cassette dech.
The simplest way to run a program is to rewind the tape tc the
beginning and type CLOAD followed by the rame <f the program ercloséd
in guotes. For example, to run 30 PLOT, type CLOAD "ZD PLOT" and
press the ENTER key. When the ccmputer rRas found the program, and
loaced it, it will display OK follcwed by the Dlinking curscr. Now
type RUN and press ENTER.

You can speed up this prccess by fast-forwarding the tape to just
before the beginning of the program you want tc lcad; however, uake
sure you don't position the tape within a program or ycu'll get an 170
error and have to try again. Use the AUDIO ON, ™MOTOR ON, and MOTOR
OFF ccmmands to facilitate this, See ycur Radio Shack maraal, Getltarng
Started with COLOR EASIC, for mure 1nformaticon 1 f you are unfamiliars
with lcading programs from cassette,

ICK consette owners must do & PCLEAR] cuonmmand befone lcading MATRIXOR
erid VECTOROP to aveid anm OM ERROR. 1f wemcry problems are encocuntered
on other programs, a PCLEAR] cr CLEAR 1QQ commaend thonld fix the
prcblem, Remember that the plotting programs require Sxternded Color
E‘lll C.

Cassette owrers may upgrade to the disk system at a later date for an
upgrade fee of 38,29,

Every attempt has been made to ernsure that the programs contaired in
the MATHMENU collection are free from errars, In the evert of
prablems, please corsult this documentation, 1f the nvoblem apoears
to be software related, plesse rctify us., We will try 2w best to
suoply you with a sceedy fix < veplacement copy 1f avoropriate.  fAs
always, <ur liability will be limited to the vedlacement <«f errant
software.



Program: Sumnmary

3D PLOT = Plots 3D surfaces on the High-Res (PMODE4) graphics screen. Any
equation of the form Y=f(X,Z) can be plcoctted within minutes, User definable
features include: axes limits, axes scales, °'striping®' width, ard plotting
step. Surfaces may be saved to disk or tape for future recall.

2b PLOT =~ Plote all single variable furctiorns of the form Y=f(X), Plcts 1in
an X, Y coordinate system on the High-Res graphics screen. User defirable
axes limits, and axes scales, Furction plots may be saved to disk or tape.

MATRIXOP = Performs oparations on matrices as large as 8 rows by 8 coluuns.
The following operations are available:

® Determinant ® Matrix Subtracticon

® Inverse Scalar Multiplicaticn

e Transpose Matrix Multiplication

e Matrix Addition Matiin Exponentiation

VECTOROP - Vector operaticns. Vectors may have as many as ZQ elene~ts
each. The following cperations are available:

Det Prcduct Addition

Cross Product Subtraction

Normal Length Scalar Multiplicat:on

Unit Vector Plane Containing Vectars

NUMDIFN = Numerical differentiaticn. Evaluates numerically the cderivative
of any single veriable function at ore or more selected pcints.

NUMINTEG - Numerical integraticn. Applies Simpscn's Rule to approximato txe
integral of single variable furctions between definite limits,

LSTSORS = Least squares curve fitting. Computes the best fit eguatian to a
'gtven set of data points for lirear, quadratic, <r cubic data distr:buticre,

BASECONV - Converts numbers entered in any base tc equivalernt expressitns v
another selected base system. Accepts entries and repirts results using
alphabetic characters 1f desired.

RPL = Tawrns the Coler Computer 1nto a Reverse Palisch Loegic calcoculator with
decimal and hexidecimal ccomputing capabilities. Visible stacks arnd "wincey
registers.

HINOMLXP = Pincunial ewxparnsicon, Computes the tarme resulling fron the
expansion of (R+B) raised to the N for integer values of N up ta 32,

PRIME CK - Verifies primality or reports the first divisor for numbers up t«
ore million,

LG#ADD, LGYMULT - Performs ope-ations on large numbers without lcsirng
figures to scientific notaticn. Addition to 1@ digits each rnumter,
wmultiplication to 3@ digits.

RECT-POL - Converts bDoth ways between the Cartesien (X,Y) coordirate systew
and the polar (radius, angle) coordinate systen,

OURD EON - Computes real, double, cor cimples ricte for a user defirec
quadratic eguaticn ReXeX + EeX + C =@,
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RPL CALCULATOR

RPL is a program which turns the Ccler Computer into a reverse Polish
logic calculator with gecimal (base 1Q) and haxidecimal (base 16)
computing capabilities. After an in;tta! text screen is displayed, the
screen will become the calculator keybcard, displaying the valid key
cperations.

The four cperating stacks are shown in the upper left area of the
screen, ard the three memory registers are shown 1n the upper right
section. On the lower half of the screen are shown the keys reccgnized
‘and the operations they represent. A return to informaticon screen can
.be effected by, pressing '?' from the keyborard screen. This return will
not affect impending calculations.

The five cperations available are addition, subtraction, multiplicaticn,
givision and exponentiation. These operations can be perforwed on
decimal or hexidecimal rumbers., Mixed base calculaticns sre Zossitle by
selecting 'X* for charnge wode in mid-cperaticn. The rumbers 1n the
stacks and 1n memory will be converted autcmatically. lexicecimal
ertrues must be made using the alphabetic characters for riunbers 10
thrcugh 13,

The reverse Polish logic (RPL) cperating system differs from the
algebraic operating system (ROS) fourd on wost hand held calculators,

In the RPL system, & number 18 ENTERed intoc the stacks and then cperated
¢en., In the RDS system, the equal (=) sign is used to sclve calculatizes
wnereas the RPL system sclves by the ENTER key. An example of
equivalent calculations in each of the systems is shown belcw:r

Key Sequerce Result
ADS 15 » 12 = 180
RPL 1S ENTER 12 e 180

While the ADS system 13 mcre prevalent in calculatur desigr, t-e ROL
system 18 preferred by scientists ard ergirneers for 1ts efficiercy ar
terms of rumber of required keystrokes,



2D PLOT

Palow is an in depth analysis of the features of 2D PLOT, arranged
in the order of appearance on the Main Menu.

(Q) GENERAL INFORMATION
Selecting (@) guides the user through the follcowing text screens:

This program will plot s user defined function on an X-Y
coordinate systems The equation must be solved explicitly for Y
and entered at line 10. An upper limit must be selected for the
X axis, and bourdaries for plotting along the X axis must be
entered, The equation can then be plotted.

The furcticon will continue tce plot ard will remain on the
graphics screen until 'R' is pressed to return to the wenu,
Returning to the meru dces not affect the functicn on the
graphics screen. The furcticn plotted will remain intact untild
1t is cleared from the menus This allows for inspection of twe
or mcre functicns on the screen simultarecuslty.

(1) ENTER NEW EQUATION

Presing (1) prompts the user to enter the equaticn of the
function which is to be plotted. This equation should be solveo
explicitly for Y that is, Y should appwar to the left of the
equal sign, and the right side should be an expression which '
varies only in X. The equation is entered intc the prcgram at
line 10Q.

By ertering an equaticn at Jire 1@, the program has beern edited, |
and all variables are reset to zero. On the disk version, any
variables which may have beern entered are saved to disk before
entry of the equaticn. These include the upper limit of the X
anis, the plotting bourndaries, and any changes mwmade via the
Special Features Menu,

Cr. the cassetio versicn, thesw varjables are loct ard must Le
re-entered after changing the equation at lirne 1V, Howevers, 1if
anly one equaticn 18 being platted, arnd cpevaticons are performed
in the order presented on the meriu, there will Le no reed to
re-enter these variables since the equation will have been
entered dbefcre the variables are entered.

(2) ENTER NEW LIMITS

Since many D equaticris represent curves which stretch on
erclessly alcrg the X axis, 1t 18 recessary to irndicate how large
a secticn of the furction is to be plotted. It 13 only possitle
t> plot regions situated about the origin. (X=@,Y=Q)

First, a value for the upper laimit of the X awi1s must be
selected. This value 195 the value of the pcant vhere the X awms
meets the right-hand border of the graphics screen., Selecticon of
this value autcmatically fives the value of the uprer limit of
t“e Y avis, LUnless altered from the Special Features “Mern, the



ratic of the upper limits of the axes X1V iw 131,

Having selected an upper limit for the X anis, it is now
necessary to select the plotting boundaries for the X axis. This
selection determines how large a section of the furnction will be
plotted. While i1t is desirable to fill the graphics screern with
the function as much as possible, plotting boundaries which cause
the function to exit the upper and lcwer borders of the screen
must be avoided. If necessary, a larger upper limit for the X
anis, ¢r an alteration tc the scale factor of the YV axis can be
entered to bring the entire function back conto the screen.

(3) BEGIN FUNCTION PLOTTING

After having ertered the equaticn at line 1Q, selected an upper
limit for the X axis, and entered plotting boundaries on the X
a«is, the functicn can be plotted. Pressing (3) begins this
prccess. A return to the Mernu during plotting car be achieved by
pressirg 'R'. Simlarly, when the furction is complete, pressing
'R' will affect a return to the Menu.

(4) DISPLAY GRAPHIC SCREEN

Pressirg (4) causes the display to return to the graphics screen.

This selection may be wade at any time from the Meru to verify
the contents of the graphics screen.

(3) CLERR GRAPHICS SCREEN

Selecting (3) causes the current function platted on the graphics
screenn tO> be erased. Te protect against accaidental clearing,
additicrial resporse to “CURE? (Y/N)”" |e required tc clear thoe
screen. Only a 'Y' resporse to this gquery will clear the
graphics screen,

an

(&) REMOVE COORDINATE AXES

This selection causes the cocrdirnate axes to be erased from the
graphic screen. - The axes will not reappear urless selecticn (7)
18 wmade. If a furcticn plot without axes 18 desired, the axes
shculd be remcved befcre plotting. Removing the axes after
plottirng 13 ccmplete may alsc erase some of the functicn,

(7) RCPLACE COOORDINATE, AXES

This selecticon restcores the crordinate ares tc the graphics
screen., The ares will appear <n all: future plots unless (6)
selected.
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(9) SPECLAL FEATURES MENU

“re Special Features Meru gives added conteal of fuarctiorn
platting to the advarced furncticn plotter,

The follicwirg features are ffered:

{i' Alte~ lermpgth «f step along X awis



The lergth of step refers to the nominal number of pcints between
steps along an axis. This value affects the length of the line
segmerts drawn, and hence the smcothness of the curve. For some
functions, larger, step values can speed plotting without loss of
sccuracy. For very curvy furnctions, a step value of 2 will
increase accuracy at a slight sacrifice in speed. R step value
of 1 is meaningless ard cannot be entered. The default value 1s
3.

(2) Alter scale factor of Y axis

This feature allcows for altering the upper limit of the Y axis.
Normally, that limit is the same as the upper limit of the X
axis. By changing the scale factor of the Y axis, furction olots
may either be extenced or reduced in their Y extent. Thas
feature 1s useful when plotting a relaticnship in which the un:its
of ¥ differ from the umits of X, or 1f a functicn 13 very large
or very small 1n its Y extent. '

(3) Save function to disk (or tape)

Dapendirg upon the version of the program (disk or cessette),
this feature allows for functicon plots to be atored permarently
on diskette or cassette. By assigning a meaningful name to the
functicn plotted, recall can be facilitated.

(4) Reaa function from disk (or tapci_
This feature allcws for the reading in of stored function plots.
(From the Main Merwu,..)

(9) PRINTOUT INFORMATION

Selecting (?) guides the user through the following test screens:

Prirntouts of the furctions plotted by this program car be made
using the Radio Shack screen print rcutine or cther ccocmercially
available software. After having plotted the desired furcticn,
exit this program using the (RHREAK) key. Lcad the screen prant
routine ard follow the normal procedures for printing t!e
graphics screen.

Printcuts to a Lire VII Printer with the Radio Shack screen prart
routine will appear distorted along the X avis sirnce that rcutire
trarslates the square graphics screen into a rectargle on the
printer. DBy setting the scale factor of the Y avis tco .71, a
*arinter corrected' hardcopy can be cbtairned.



3D PLOT

Felow is an in depth analysis of the features of 3D PLOT, arranged
in the order of appearance on the Main Menu.

(Q) GENERAL INFORMATION
Selecting (9) guides the user through the following text screens:

This program will plot a three dimersional surface entered by the
user in an X,Y,2 cocordinate system, The equaticon must be scolved
explicitly for Y and entered at line 10. An upper limit for the
X axis must be selected, and plotting boundaries for the X and I
axes must also be entered. The surface can then be plotted.

The surface will continue to plot<®and will remain on the graphics
scraeen until "R' is pressed tc return to the menu. Returrang to
the menu does not destroy the surface on the graphics screern.

The surface Will remain intact until it is cleared from the mernu.

This allows for the plctting of several surfaces on a single
praphics screen,

Visualization of the 3D surfaces plctted by this program can be
facilitated by ncting:

e The first set of lines are plotted front to back arnd are all
paralle]l to the X-Y plane.

e The second set of lines are plotted right to left ard are all
parallel to the Y-7 plane.
The I axis has been acjusted for the perceptual distortion which
is inherent to a 435 degree cblique projection. The scaling
factor used 1s 2.828, which eguates to a Q% shortening along the
I axis. This value can be altered from the Special Features
Menu.

A tore will suvund 1ndicating that the plet 1s Lomplete,

(1) ENTER NEW EQUARTION

Presing (1) prompts the user to erter the equaticn of the surface
which 18 to be plotted. This equation shculd be sclved
explicitly for Y3 that s, Y should appear to the left of the
equal sign, and the right side shculd be an expression which
varies only 1n X ard Z. The equaticn 1s entered 1rnto the program
at line 19,

Py ertering an equaticn at line 10, the pragram has been edited,
eavd all variables are reset to cerc. On the disk versicon, any
variables which may have been entered are saved to disk befcore
entry of the equation, These include the upper lamit of the X
anis, the plcotting boundaries, arnd any changes made via the
Special Features Menu.

On the cassette versicon, these variables are loist and must be
re-entered after changing the eaquaticn at lire 13, However, f



only one equation is being plotted, and cperations are performed
in the order presented on the menu, there will be no need to
re-enter these variables since the equation will have been
entered before the variables are entered.

A section at the end of this manual discusses in further detail
the types of cqua}:on- which might be entered, and the resulting
surfaces.

(2) ENTER NEW LIMITS

Since many 3D equatiors represent surfaces which stretch
endlessly through space, 1t is necessary to indicate how large a
portion of the surface is to be plotted.

First, a value for the upper limit of the X axis must be
selected. Thas value is the value of the point where the X axis
meets the right-hand border of the graphics screen. Selection of
this value automatically fixes values for the upper limits of the
Y and I axes. Unless @ltered from the Special Features Meriu, the
ratio of the upper limits of the axes X1Y3Z is 1:1:2.828. The
greater value of the I axis serves tc correct for the parceptual
distortion asscciated with oblique projections.

Having selected an upper limit for the X axis, it is now
necessary to select the plctting bourdaries for the X ard 1
axes. Their selection determines how large a porticon of the
surface will be plotted. While it is desirable to fill the
graphics screen with the surface as much as possible, plotting
bourdaries which cause the surface tc exat the borders of the
screen must be avceided. A ruie of thumb is to select plotting
boundaries which are about 75% of the upper limits of the axes.

(3) PEGIN SURFACE PLOTTING

After having entered the equation at lire 1@, selected an upper
1imit for the X arxie, ard entered plotting bonndaries on the X ara
1 anes, Lthe surface can Le pletied, PMressing (3) bLegins thie
prccess. The time required to plot & surface depends on many
fectorsy coemplesity of the equaticn, plotting boundaries, axes
limits, and length =f step, all play & rcle. Most surfaces will
plet in less than I minutes,

A returr. to the Menu during plctting can be achieved by pressing
'*R', Similarly, when the surface is complete, pressing 'R' will
affect a returrn to the Meru.

(4) DISPLAY GRAPHICS SCRECN

Oressing (4) causes the display to return to the graphics screen.

This selectisn may be made at any taime from the Meru to verafy
the cuntents of the graphics screen,

(%! CLCAR GRACHICS SCREEN

Selectirg (T causes the current surface on the graphics screen
ti be erased. Yo pratect ageirst accide-tal clearing, an



additicral respcnse to "SURE? (Y/N)® is required tc clear the
screen. Only a 'Y' resporse to this query will clear the
graphics screen.

(6) REMOVE CDORDINATE AXES

This selection causes the ccordinate axes to be erased from the
graphics escreen. The axes will not reappear unless selecticn (7)
e mede. If a surface without axes is desired, the axes shculd
te removed before Plotting. Removing the axes after plctting 1s
cemplete may alsc erase scme of the surface.

{7) PEPLACE COODRDINRTE RAXES

This‘selecticn restcres the coordinate axes to the graphics
screen. The axes will appear cn all future plcts unless (B) s
selectad.

(8) SPECIAL FERTURES MENU

The Special Features Menu gives added contrcl of surface plattirng
to> the advarced surface plotter. The following features are
offered:

{1 Alter slicing along X axas

This refers to the width (ncminal number of points) between
‘stripes' in the X direction. Scme surfaces may lcck better
the default value of 14 13 made larger ¢r smaller.

(Z) Alter slicing alcng = axis

Rs above, scme surfaces may appear better 1f this value 13
charged.

(3) Alter length ¢f step along X axise

The length &f stap refers Lo the rominal rumber of pointe between
stops alang ar axis. This value affects the length of the lirne
segnents drawn, ard herce the smocthress of the curves. For sone
surfaces (plares for example), larger step values can speed
plotting without loss of accuracy. For curved surfaces, smaller
steps ircrease accuracy at the sacrifice of speed. The default
value is 3.

(4) Alter length of atep alorng 2 axas

As abave, scwne surfaces may terefit by alterirng this value.

(S) Riter scale factor <of Y axis

This feature allows o altering the upper limit of the Y axis.
Normally, that limit 18 the same as the upper limit of tne X
¢<:8. Ty changirg the scale factcor of the ¥ awis, surfaces may
either be esterded o rveduced 1n thelr Y eswtent, This featurve 19
aseful when plottaing & relaticnshap an which the urats of Y
giffer fir'on the unite of X,

€Y Alter scale factor of 1 avis



Normally, the upper limit of the Z axis is 2.828 times the upper
1imit of the X axis. Py changing the scale factcr of the I axis,
surfaces may be extended or reduced in their I extent. Again,
thins feature is useful in applications where different scales are
needad alcng each of the awaes.

(7} Save surface to disk (or tape)

Depending upon the version of the program (disk or cassette),
this feature allows for surfaces to be stored permarently on
diskette or cassette. By assigning a meaningful name to each
surface, recall will be facilitated.

(8) Read surface from disk (or tape)

This feature allcows for the reacding in of stored surfaces.
Sample surfaces are provided with the MATHMENU collectiorn,

(From the Main Menu...)
(3) PRINTOUT INFORMATION (Rppears on Disk version cnly)
Selecting (3) guides the user through the following text screernss:

Printouts of the surfaces gererated by this program can be wade
using the Radic Shack screen print routine or other ccmmergially
available software. RAfter having generated the desired sujfac..
exit this prcgram using the (PREAK) key. Lcoad the screen print
rcutine and follow the normal procedures for printing the
graphics screer.

Printcuts to a Line VII Printer with the Radic Shack screern praint
rcutine will appear distorted along the X awis sirnce that routine
trarslates the square graphics screen into a rectangle on the
printer, by setting the wrale facteres of the Y aral I aves to 71
ard .91 respectively, & perceptually adjusted, 'printer
corrected' hardcopy can be o¢btained.

THE HIDDEN LINE PROELEM

This prugram does not attempt to remove lines which would be
irnvisible to the viewer., Instead, surfaces sre plotted as though
they were tranaparent sheets of plastic. It is this plotting
mathod which ernables surface plcetting to be a fairly speedy
process.

There are at least two routines for the Color Computer which will
ploet Surfaces of Revcluticn with hidden lires remcved. Surfaces
which plat 1n S minutes with 3D PLOT way take over an hour to
plot with a proagram which rem:ves hidden lires. Mire
importantly, these programs do not have the flesxibilaty to plot
all equaticns of trhe form ¥ = F(X,2)., Instead, they plct
revaoluticrns of @ ED furcticon, Y = F(X), about the Y awxis,

This author would be most i1nterested to hear from anycre wha
believes they have a rcutine which can be adapted to 3D PLOT
which will rewcove hi1ddern lires for all 3D surfaces.



SURFACES OF REVOLUTION
Plpts of rotations of 2D functions can be achieved as follcows:

Given a 2D furction of the form Y=F(X) for which a surface of
revolution is desired, enter at Line 1Q the expressicn for the
radius in terms of X and Z. That expression is: R=SQR(XeX+ZeZ)

Next, eriter the equation Y=F(X) at Line 1] with R as the variable
inatead of X. (Lines 10-14 may be used to enter equations, a
RETURN statement is lccated at Line 15.,) An example follows:

To plot a revolution of YsSIN(X), enter:

10 R=SQR(XeXe+Ze2)
11 Ys=SIN(R)

Upor: return to the Main Meru, select an upper limit of the X
axis, and plctting boundarijes’'for the X and 7 axes. R good
selecticn for this surface is to set the upper X amis to 5, the
lower plotting boundaries to -3, and upper to 3 on both the X and
? axes. The surface should appear similar to the cre which
appeared in the ad for MATHMENU,

DTHER SUSFACES

Any equation of the form Y=F(X,2Z) describes a 3D surface. Nct all
surfaces are smcoth, scme may have wild oscillaticns which make
nlctting very difficult. In genaral, equations which i1nvolve
lower powers of X ard Z will be well behaved., A krcwledge of the
behavicr ¢f ZD equations and the surfaces they represent will
greatly assist the rnovice platter. An advarced Calculus text 1s a
gocd scurce of such infcrmaticn.



MATRIXOP
The following Informaticn pages cen be .accessed by preasirg (Q)3

This program will perform a variety of operstions on a single matrix
(R), or a pair of matrices (A) and (B), wach of which may have as many
as 8 rows end 8 columns. RAdditicon, subtraction, and scalar
‘multiplication of a VECTOR can be achieved by entering one dimensicnal
matrices. Performing operations on (R) end (B) does not change these
wmatrices. (Calculating the determinant of (R) dcoes, however, cause
(C) to take on the value of (A) Inverse.)

'‘Clerical® functions are contained on meru cre. These include ertry
of matrices (A) and (B), display and printing of matrices (A), (I and
(C)y, renawne furctions, ard ar edit furncticon, which allows irdividual
matrix elements to be changed. Use of the 'RENAME: (C) to (A)?
furction causes matrix (A) to take on the value ¢of (C) s> cperaticns
car. be performed on i1t without having to re-enter its elenvents. New
matrices may be entered 8t ary time by selecting cpticns (1) or (),

Meru two displays the various matrix operations available. These
include calculation of the deteruvirant, inverse, and transpcse of tAY,
nultizlication of (R) by a scalar, and the raising of (A) tc a pcower.
In accordarnce with matriu definition, (RA) raised to the zers power
yields the Identity matrix, (l). The sum, difference, cr product =f
(A) and (B) can alsc be calculated. Calculation of (B)=(R) ard
(B)es(R) can be achieved by using the rename functicrn cn wmenu are.

The sclution to a system of simultarecus linear equaticons can be
wbtained Dy calculat:ng the inverse of the ccefficient matrau and
premultiplying the corstant vector by it, Em.

Gaiven: (A) & (X) = (B)

for which the sclution vector (X) 1e Jesired, proceed as follows:

Enter the elemerts of (R)
Enter the elements of (B)
Calculate (C) = (A) INVERSE
Reriames (C) to (A)
Calculate (C) = (A) & (B)

Matrim (C) will) contain the scluticn vector (X)),

A short discussion of each of the features on nerus cre and two
follows.,

Selecticrs from menu ornes
(1) ENTER NEH.HQTRII A)

This selection erables the user to enter the 1ndividual elements of
the matirix which will be cperated on. RAfter entering the rumber of
rows (horizontal) and columng (vertical), the user wil]l be prcmpted t.o
erter the elements of matrix (A) from left to right, begirrirg with
Qew 1. In accordarnce with matrisn subscripting corsention, the



elaments are labelled as lhorn belows
11 12 13 14
21 22 23 24
31 32 33 34
Al 42 42 44
Return to the menu is automatic upon completion of matrix entry,

t2) ENTER NEW MATRIX (B)

Rs sbove, the elements of a seccnd matrix (P) are entered by selecting
2.

(3), (&), (Z) DISPLAY MATRICES (RA),. (B), ()

These selections allow the user to at any time verify the conterntg of
either (RA), (B), or (C).

(6) PRINT MATRIEES (R), (B), (D)

Selecting 6) prompts the user to select the matrix which 13 to be
printed to the printer., This is useful 1f a hardcopy <f matraix
calculations 18 reguired.

({7) RENRME: (R} to (B), (B) to (A)

Thia feature causes matrices (R) and (B) to be renamed tc cach cther,
This selecticn 18 used for calculating (B)=-(A) ard (B e(A), as thele
cperaticons are not offered directly on menu two.

t8) RENAME: (L) to (A)

Eelection (8) causes matrix (A) to teke on the value of result matrix
tC). In this way, cperations can be performed c¢rn (C) withaout havang
¢ revenster 1te olomente marnally.

(39) EDIT MATRICES

This feature allcws the user to mnake charges to matrix (A) or (I,

Irdividual elements cen be changed 1n either matrix by entering & rew
element for the element which 18 in error,

Dperaticns from meru twol

(@) INFORMATION

Selecting (M frrom meru twd guides the ‘user through the sawme
information screers as are available from meru cre.

(1) X = (A) DETERMINANT

Selecting (1) calculates the determinant of a square matrix (R) ard
cis2iays the result, Thie cperaticon Causes matriw () to tawe orn the



value of (A) Inverse.
(2) C = (R) TRANSPOSE

The transpose of a matrix is that matrix which results from
transposing the rows and columns of the original matrix. Operation
(2) causgs (C) to become the transpose of (R).

(3) C = (A) INVERSE

The inverse of a matrix is that matrix which, when nultiplied by the
original matrix, yields the Identity matrix (I). The inverse of a
matrix is useful for uolviqg'a system of linear equations,

(4) (C) = K @ (A)

Operation (4) causes (C) to take on the value of matrix (R) multiplied
by & selected scalar, K.

(5) (C) = (A) RAISED TO THE Nth POWER
In sccordance with a little kriown definition of matrix exparertiaticon,
this operation will compute the matrix resulting from (A) being raised
to a scalar power. Matrix exponentiation is defired by:
(C) = N ( (R) - (I} ) + ()
where N is the scalar expcorent, and (1) is the ldentity matrix.
(8) (C) = (A) + (B
Operation (6) sets (C) equal to the sum of matricws (A) ard (D).

(7) (C) = (R) - (B)

Doeraticn (7) sets (C) equal to the differerce of watrices (A) arnd
(R).

(8) (C) = (A) & (R)

Operation (8) sets (C) to the matrtix rvesulting from (B) being
premultiplied by (A). {This 1s not necessarily sauivalent to (B)
(. )



VECTOROP
The following Informaticn pages can be accessed by pressing (@)1

This program will perform a variety of operations on a single vector
' (A), or a pair of vectors (A) and (B), each of which may have as many
as 20 elements each. Performing operations on (RA) and (B) does not
change these vectors.

‘Clerical' functions are contaired on menu one. These i1nclude entry
of vectors (A) and (B), display and printing of vectors (R), (B) ard
(C), rename functicns, and an edit furction, which allows irdividual

 vector elemants to be changed. Use of the YRENAME - (C) to (A)!
function causes vector (A) to take on the value of vector (C) so
coerations can be performed on it without having to re-erter its
elements. New vectors may be entered at any time by selecting cpticons
(1) or ().

Menu two displays the varicus vector cperations available. These
irclude calculation of the crcss and dot products, normal length of
(R), multiplicaticn of (R) by a scalar, ard the unit vectcor (R). The
sum, differerce, or argle between (RA) anrd (B) can also be caltulated.
Calculation of (B)-(A) and (B) CROSS (A), although not offered
directly, can be achieved by using the rename furcticn cn meru cne.

Additicnally, the plane containing vectors (R) and (B) car be fourd.
The plane is giver, in the form of a general equation 1nto uh::ﬁ\thc

coordinates (X0,Y0,2Q) cof a point through which the plare 18 kriown to
pass, must be i1nserted.

A short discussion of each of the features ¢n menus cre and two
follcws,
Cealections from menu crel

(1} ENTER NEW VECTOR (R)
This selection enables the user to enter the 1ndividual elevonts of
the vectcr which will be cperated cn. RAfter enterirng the rnumber of
elements in vector (R), the user will be promoted to enter the
elenerts of (A) from left to right. Return to the weru 18 automatic
upen cempletion of vector entry.

2) ENTER NEW MATRIX (E)

As above, the elements of a seccnd vector (B) are entered by selecting
2.

(3), (4), (%) DISPLAY VECTORS (R), (B, (O)

Trhese selecticns allow the user to at ary time verify tre elenents of
either (A), (B)Y, or (CY.,

(6) PRINT VECTORS (R), (EV, (C)

Selecticor (68) prompts the user to se.ect the .ector which 1% t. be



printed to the printer. This is useful if a hardcopy of vector
calculations is required.

(7) RENAME: (R) to (B), (B) to (A)

This feature causgs vectors (R) and (B) to be renamed to each other,
This selection is used for calculating (B)-(R) erd (B) CROSS (R), as
these ocperations are not offered directly on menu two.

(8) RENAMEs (C) to (R)

Gelection (8) causes vector (R) to take'on the value of result vector
(C)e In this way, cperaticns can be performed on (C) withcout having
20 re-eneter its elements manually.

{3) EDIT VECTORS

This feature allows the user to make changes to vector (R) or (B),
Individual elements can be changed 1n either vector by entering a rew
value fqr the element which is in error,

Operations from meny twol

(9) INFORMATION

Selecting (0) from menu two guides the user thrcugh the same
‘anformation screens 4s are available from menu crne.

(1) (C) = (RA) + (B)
Oparation.(l) sets (C) equal to the sum of vectcrs (RA) ard (D),

t2) (C) = (R) - (B)

Operation () sets (C) equal to the difference <f vectors (R) ard (E),

() (C) = K » (A)

Operaticn (3) causes (C) to take on the value of vectcr (A) multiplied
by & selected scalar, K. .

(s) (C) = (A) CROSS (B)

Selection (4) computes the vector resulting from vector (R) being
creesed with vector (R). This operation is meaningful cnly 1f vectors
_tA) and (B) have 3 elements each,

(%) (C) = UNIT VECTOR OF (A}

The urit vector of (RA) 18 that vector which points in the sane
cirection as (A) and has & urit length ¢f 1, This cperaticon 18 valig
for all vectors havang from 2 to 20 elemernts.

(6) NORMAL LENGTH OF (A}

Operation (6) computes the lergth of vector (R, This ¢pereticn 1s



valid for all vectors having from 2 to 20 elements.
(7) ANGLE EETWEEN (A) and (B)

This operation uill'Eomputc the angle betwesn vectors (R) and (B),
Such a calculation is meaningful only for vectors having 2 or 3
elements each. The engle will be displeyed in degreea and radians.

(8) DOT PRODUCT OF (R) AND (B

Operation (8) will calculate the dot (or scalar) product of vectors

(A' and (B), Unlike the cross product, the dot proeduct results in a
scalar result, This cperation is valid for vectors of any riumber of
elemants.

(3) PLANE CONTARINING (R) AND (B)

The plane containing vectors (A) ard (B) can be fourd if these vectors
Save 3 elements each. (If the vectors have only two elements each
then they reside in the XY plare.) The resulting plane will be given
by an equation 1nto which the coordinates of a point which is to lie
in the plare must be entered. The resulting expression can thern be
simplified to give an equation whigh cefires the plane centaining
vectors (R), (B), and the point entered.



NUMDIFN.

NUMDIFN will approximate the derivative ©f an equation Y = f(X) at cre
or muére points of interest. The function to be evaluated is entered
irito the program at line 1Q by the user., The 'define functicn' (DEF
FN) command of BRSIC is utilized for this purpcse. As shown in the
exanple in the program, the equationt

Y =» ZaxeX + SIN(X)
would. be entered at line 10 as:
10 DEF FN F(X)=sZeXeX+SIN(X) (ENTER).
to re-erter the orcgram, tyoe:

GOTO 190  (ENTER)

Upcn return to the program, the pcint or poaints at which a derivative
18 desired can be entered. If a hardcopy of the results 1s reguired,
the derivatives can be printed to the prirter.

The solution is obtained numerically rather then by direct
gifferentiation. Thus any equation can be evaluated, even i1f scluticn
by oirect methods would be difficult or 1mpossible. The progrem
tbtains the approximation by evaluating the definition of the
verivative of f(X) for a amall value of h:

af f(X ¢« h) = f(X)

- & - -

ax h

The value of h selected is proporticrnal to X. The relaticrnship h =
WMWY @ X wae found to afford good acciracy for all values of X, The
sourcoximation of the derivative offered by thie proygram should Le
sufficiently accurate for most spolications,



NUMINTEG

NUMINTEG will evaluste a single variable dirntegral between definite
limits by performing Simpsons Rporoximation over a specified number cf
panels (iterations). The expression which is to be integratecd 13
entered into the program at line 1® by the user, The 'defire
function' ccmnand is used for this purpose.

Ex. To evaluate the integral cf:

3eXeX ceX

wmm———— f e

SIN(X) LOG(X)

between the limits of .3 and I, the ecuaticn would first be defirned at
1irne 1O a8

1Q DEF FN F(X)m(ZaxXeX/SIN(X))+(ZeX/LOG(X)) (ENTER)
To re-enter the program tyoe:
GOTO 1@ (ENTER)
tihen promoted for the lower limit type .37
un;n oromoted for the upoer limit type *1°

The riumber of iterations to be perfcrmed affects the accuracy of the
result. For moat functicons which do not invcolve high powers of X or
integraticn over a large interval, a selection ¢f 2@ will provide
sufficient accuracy. Gelecting higher values will slcw the
celculaticons ard provide esxtra accuracy only in limited irntarces.

Yhe results of the integraticn and equation being integrated cen te
printed to the printer 1f desired.

NUMINTEG oerforms integration numerically rather than by direct
wethcds. This erables integrals of all equaticns tc be evaluated, -t
1ust those for which a cairect solution s possable. Simoscns
Aporcximati1cn 13 a methad by which the airnterval of irtegraticn 18-
givided 1nto small regions for which a close acoroximaticn of the area
carn be calculated. By summing these small areas, an aporoximation for
the intagral cver the entire regicn is cbtaired.
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LGPADD AND LGEMULT

LGWADD and LGUMULT ars two programs which perform cperations on large
numbers (numbers with many digits) without losing figures to
scientific notation as would be the case if the operation had been
performed in BASIC or 'by & hand held calculetor.

LGOARDD will compute the sum of two numbers which may have as many as
M) digits each.

LGAMULT will compute the product of two numbers which may have as marny
as 30 digits each.

In both programs the numbers are entered digit by digit, from lgft to
right, commas omitted. The left arrow key has been prcgrammed to
srase ertries to the immediate left, just as i1t would benave if riumber
ertry were performed by using the BASIC INPUT statement. Number ertry
is terminated by the (ENTER) key.

The period of time required for calculation is dependert on the number
of digits in the numbers entered. The most lengthy calculation is the
multiplicetion of two 30-digit numbers, which takes less than a
minute.



QUAD ,EON

QUAD EON will compute the rocts of (values of X which satisfy) o
cuacratic eouation, The general form cof'a quadratic eguaticon 18:

AsXeX + BaX + C =Q

where A. B, and C are real valued constants. The program emoliys the
well kncwn Quadratic formula:d

-P +/- SAQR ( PeB - 4=Ae«C )

l e e o - - - ——

ZeA

This formula gives rise to twe values of X wnich bDath satisfy tha
cuadratic equation. Deocending uoon the values <f tre ccefficients A,
B. erda C, the rocts will fall ints ¢ne of the following categor:es:

1) REAL, UNEQUAL — the two roots are real nunbers (ro imaplrarvy parts)
and are not egual to one arncther.

Ex. The equation XeX - 3aX + 2 = Q has roots:
Rl = 1, R2 = 2

&) ﬁEﬂL. EQUAL = the two roots are real rnumbers and are waual to each
Lther,

Ex. The ecuaticn XeX = 8eX ¢ 16 = @ has roctes
Rl = &4, R2 =4
31 COMPLEX = the roots ere made up of & real part and en naginary .
part. Imagirnary numbers arise wher. sguare rocts of regative numbers
are taven, 'I1' 18 commonly used to dencte the scuare root of -1,
Q

En. The eauation SeXeX + 2eX ¢ 2 w Q has rccts)

Rl - -.E * -B.IQ Ré' ‘-3 = .6"
CuaD EGN will ccmpute arny of the 3 tyces of rocts which arise ‘rom

salution of. a quadratic eguaticn., The results will be displavea on the
screen, ard may be printed to a orinter 1f desired.



LSTSQRS

LSTSQRS is a program which will acoly least squares curve fitting
technicues to a collection of uo to 1Q@*data pcints. Dependirg upen
the mathod selected,-a cubic, quadratic, or linear ecuaticn will be
galculated for the data entered.

The first steo is to determine which tyoe of curve fit 1s reguired. AR
knowledge of the relationshio being olotted is reces=sary in cirrder to
make this decision., For data which portray a lirear (straight line)
relationshio, the linear selection is aporopriate. If a parabclic
curve (RsXeX + BeX + C) is anticioated, then the qQuadratic fit snould
te selected. For data which behaves according to a cubic relaticorshio
jAsXeXeX « PeXeX o Cax + D) the cubic fit 13 aosorcoriate.

After the methcd of f:t is selected., the data onints are entered. The
da%ta is referrec tc as te:ing 1n X,Y pairs, 2ut of ccurse arv letters
sy have basn used for the cata which you will be olatting. The data
ocint nairg are enterec a3 orcmptedruntil]l data entry 13 teruirated Oy
aaterivg & latter as a caota ocant,

After a short dericd of calculation the ecuation of the curve whicn
cest fits the cata Doints 19 disolayed. This curve reedn't opass
exactiy thraugh any of the ocints ertered, Least sauares curve
fitting firds a curve which runs amidst the data ooints in such a way
4% t& minimize the sum of the scuared deviaticrs from that line. This
wethod of curve fitting is especially useful i1f there is a gocd charnce
t“at cre or more of the cata points are 1n error. Least souares tends
o nmiramice the effect of ervant data pcants on the scluation curve.

-\



PRIME CHK

PRIME CK wil)]l determine whether or not any number up to crne million is
a prime number, R prime numbur is a rumber which is not divisible
without remainder by any number but itself and 1. The first 1Q orimes
arel

3. 3' 5. 7| ’ l' 13' l?‘ 19‘ 23. 290

This program uses trial divisions by prime numbers to deterunine a
numder's primality. It is only recessary to carry cut divisions uo to
the square root of the number in question. By this methcd a number
LSan be determined prime (or riot prime) in jJust a few seconds. If the
number tested is not prime, its first diviscr will be displayed.

The search for prime numbers has interested mathematicians since
antiquity, Lista of prime numdbers have been found in the Egyptian
pyramids. The ccmputer age has seen rerewed interest in the stuay
since larger numbers can now be examined. Thae largest krown prime is
sowne 13,395 digats long, a,number which would require cver 13K cf
memory Just to store.



BINOMEXP

BINOMEXP will compute the terms resulting from the expansion of (A+D)
vaised to an integer power less than 33. While it is rare that powers
exceeding 10 are roeded, lower pcwer @xpansions are commen and can be
quite time consuming if attempted by hand. The resulting terms will
be displayed to the screer,; and can be routed to the printer if
Nnelessary,

The program employs a mnewcnic device called Pascals Triangle which is
helpful for recalling the ccefficients resulting from a binomial
expansion, The first six rows of this triangle are shown belcow:

1 N=Q

1 1 N=1

1 2 1 N=2

1 3 3 ) NeJ3

1 4 6 4 1 Ne4

1 S 10 10 -] 1 N=3

The powers to which each r¢w correspords are shown at the right. The
gsattern is thus: ewxcluding the end entries which are always i, any
riumber in the triangle will be the sum of the numbers directly ebave
i1t to the left and right,

By recalling thie triengle for the coefficients, and krowing that the
sum of the exporents in eny term in the result is equal to the power
to which the binomial is being raised, binomial expansicn can be
achieved by hand at a significant time savirgs over that which wculd
be reoquired to expand the binomial by repetitive multiplicetion,

Py using the above triangle ard applying the *sum of expcrents'
theory, the result of (R+B) raised to the 4th power is fou-d to bde:

ABA + HeQRZaR ¢ BeAUZeEN2 + 4AeQefAl + [N4
where the number sign (#) has been used to designate expcrentiation.

For thcse who find these mriemonics confusing, BINOMEXP will supply the
result at an even greater time savings.



BASECONV

BASECONV will convert an inteder number from any base to its
equivalent number in arnother selected base. While this program will
protably prove most useful for calculations between bases 2, 19, and
16, it can be used tO convert bLetwesn any two bases, no matter how
wbsCure they might bae.

The following information will be requested in this crders
Ydt - Enter the base that the number is to be converted FROM.

End - Enter the number which is to be converted, leaving a8 soace
tetweer sach place.

3rd - Enter the base that tne number is to be converted TO.

For base systems larger than 10, the letters A to 2 may be used durirg
rumber input for the numbers 10 to 35, The use <’ this coding curing
result cutput is cpticral. If letter cutput is selected., a key
showing the letters and their equivalent rumbers will aopear with tre
result. Results can be printed tc the printer if required.



RECT-POL.

RECT-POL will convert a pair of Cartesian’coordinates into their
ecuivalent oolar (radius, angle) ccordinates. The reverse cperation,
oclar to rectangular, conversicons, is also available,

The angle THETA may be entered in cither radian measure or in
cegrees. The resulting angle, when aporcpriate, will be recorted in
beth radians and degrees. The result of the conversions can be
printed to the printer {f necessary.

The polar ccordinate system uses an angle THETA and distance from
erigin R to defire a ooint in 2D scace. The more familiar Cartesian
ccordirate aystem cefines a point in spoace as having an X ard Y value
sagssociated with 1t. Certain orcblewms can be solved more easily in a
ociar coordirate system than they could be 1n a Cartesian refererce
svstem,

The eauaticons governing cocnversions between the two coordinate svstems
ares

Rectangular to P2lar = SOR (XeX + YeY)

R
THETAR = ARCTAN (Y/X)
Pclar to Rectargular: X = R « COS(THETRA)
Y = R e SIN (THETA)



