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lmportant Texas Instruments makes no warranty, either expressed
or implied, including but not limited to any implied
warra^nties of merchantability and fitness for a
particular purpose, regarding these programs or book
materials and makes such materids avail,able solely on
an''as-is" basis. In no event shall Texas Instruments be
liable to anyone forspecial, collateral, incidental, or
consequeniial damages in connection with or arising out
of the purchase or use of these materials, and the sole
and ex-clusive liability of Texas Instruments, regardless
of the form of action, shall not exceed the purchase price
of this cartridge. Moreover, Texas Instruments shall not
be liable forany claim of any kind whatsoeveradainst
the userof these programs orbook materialsby any
otherpartY.
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Instal l ing the Mathematics Cartr idge

You should become f amil iar wlth the proper handling and
Instal lat lon of lhe Mathematlcs cartr ldge before using the
programs.

Hand l ing
the Carlr ldge

lnsta l l lng
the Carlridge

Handle the cartridge with the same care you would give
any other electronic equipment.
> Avoid static electricity. Before handling the

cartridge, you should touch a metal object to
discharge any static electricity.

> Store the cartridge in its original container or in the
cartridge port on the upper right side of the TI-9b.

The calculator is shipped with a port protector installed
in the cartridge port. This protector resembles a
cartridge and is installed to prevent dust from
accumulating on the electrical contacts inside the port.
(It is a good practice to always keep a cartridge or the
port protector in the port.)
To install the Mathematics cartridge:
l. Turn the calculator off. Installing a cartridge while

theTT-95 is on may result in memory loss.
2. If the port protector or another cartridge is already

installed, remove it as shown below. Place your
thumb on the ridged area at the top of the cartridge
and slide it to the right.

After you remove a cartridge, be sure to store it
properly.

Getting St&rtedt-2
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Displaying the Mathematics Menu

Afler installing the cartridge, you can then displav theMATHEMATICS menu. Each selection on thls menu reprosentsa ditferenl typo of mathemailcal calculation. for eaci type otcal,culatlon,lhe carlridge contains either a slngle program ora "family" of related programs.

Accessing lhe
Mathematics
Carlridge

The
Mathematics
Menu

To access the cartridge and display the tATHilATtCS
menu:

l. T\rrn the calculator on and press lhTFl.

The calculator displays:r
2. Press ( MTH ) to display the first of three groups ofselectiorw from the tATHEilAnCS menu.

I
The ilATHEilAIqS menu, which is described on thefollowingpages,enables you to select the type ofmathematical calculation you want toped;im.
Depending on the type you select, the calculator eitherruns a program or displays another menu.
> If there is only one program that performs that type ofcalculation, the calculator runs the program.
> If there are two or more programs that perform thesame general type of calculation, the cilculator

displays amenu that letsyou choose the specificprogram you want to run.

t-4 Getting Started
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Displaying the Mathematics Menu (Gonrinued)

The
ttlalhematlcs
Menu
(Conllnued)

When you select (-->) from the first group of
Mathematics selections, the calculator displays the
secondgroup.

(MAT)

( 'P)

(zRo)

(R-K)

(-->)

Displays a menu that lets you select from
the following matrix algebra progranu.

MatrixProduct
Inversion/Linear Systems
TlidiagonalSystems
Eigenvalues

Runs the Polynomial Product prognm.

Displays a menu that lets you select from
the following root-finding progfams.

TheQ-DMethod
The BairstowMethod
fire Bisection Method
Newton'sMethod

Runs the Runge-Kutta program.

Displays the next group of menu selections
(shown on the next page).

l-6 Getting Started
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Exit ing from a Cartr idge Program

At any p.oint in a program, you can stop using the program and
start using the calculator 's bui l t- in functioni.  you do not needto press any special keys to exit  the program. In some
insiances, however, you may want to return to lhe sameprogram later or run another program.

When You
Fin ish
a Program

When You
Want lo
Return to
a Program

When You
Wanl  to Run
Another
Program

When you finish using a program, the last menuselections used by the program usually remain in thedisplay. You can clear these selectioni by pressing thekey sequence En-a-l t r:ctn I.

When you leave aprognam temporarily in ordertoperform other calculations, you car, easily return to theprogram at the same point from which you left it.
> If the program's menu selections are still in the

display, you c:rn proceed with the program bypressing the applicable key on the menu.
> If your calculations involved a function such as

FltVl, which displays its own met o,yo,, 
""r, 

rettlrn
to the previous progFam menu by preising the lor-olkey on the calculator.

Note: Jf you leave a progpam and then run anotherprogram that redefines the function keys, you cannotuse the lo-Io-l key to return to the previols'program.

When you want to exit a program and run another one.use one of the methods given below.
> If you want to exit a program and run another in thesam-e "family, " you can use the ( ESC) key included

on the program menus. press ( ESC) until ihe
calculator displays the menu that lets you select the
otherprogram.

> If you want to run another program that is not in the
same family, press lFur,r'l (MTH) to display the
MATHEI{AnCS menu. Then select the new program.

L-8 Getting Started
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The Complex Functions Program

Thls program provides mathematical tunctions that enable
the Tl-95 to perform calculations on complox numbers.

Introduction

Relerences

The program consists of an input menu and four
categories of mathematical functions.

Although all the functions require complexnumbersin
rectangular form, the program includes polar/
rectangular conversion on the input menu. This feature
is useful for converting numbers from polar to
rectangular form before performing a calculation, or for
converting a result to polar form.

fire program's functions operate on two complex
numbers called X and Y. All results become the new X
number. You can reuse the result of a function in either
of twoways.

> To use the result as the X numberin another
calculation, you can enter the Y number (if needed)
and then select the desired function.

> To use the result as the Y number in another
calculation, you can exchange X and Y from the input
menu, enter the new X, and then select the desired
function.

The mathematical functions of the program are:

X + Y, X - Y, X*Y, X,rY, lD(
\", g,Yxr {ry, h(X), ex, logflx)
sin(X), cos(X), tan(X), and their inverses
sinh(X), cosh(X), tanh(X), and their inverses

Handbook of Mathcmnti,cal F\t nrtions, M. Abramowitz
and I. A. Stegun, National Bureau of Standards, 1g72.

Handbook of Engineering Ftundamafials, Ovid W.
Eshbach, John Wiley & Sons, Inc., 1954.

2-2 Complex Funetions
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The Complex Functions Progrdrn (conrinued)

Enterlng To enter the datain rectangularform:
Rectangular
Data l. Entertherealpartof Xanilpressthe lElkeyto

store the value in the t-register.

2. Enter the imaginary part of X and press (Xl ).

3. Enter the real part of Y and press the ETI key to
store the value in the t-register.

4. Enter the imaSinary part of Y and press (Yl ).

5. Press ( EOD) and proceed to page 2-6.

2-4 Complex Functions
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The Complex Functions Progrsm (conrinued)

Types ol
Functions
Avallable

After you enter the data and press ( EOD ), the prograrn
displays a menu to let you choose the type of function
youwant.

(ARI)

(PRL)

(crR)

(HYP)

( INP)

Lets you perform arithmetic functions. For
instructions, refer to the next page.

Lets you perfonn power, root, and log
functions. For instructions, refer to page
2-8.

Lets you perform circular trigonometric
functions. For instructions, refer to page
2-9.

Lets you perform hyberbolic functions. For
instructions, refer to page 2- 10.

Returnsto the @ilPLE( FilS menu to enter
(input)newdata.

Oomplex Functions



L-Z suollcundxeldruoc

'{nsar eql
Jo Ued l(J"uF"uq ar$ ltqdqp or {a{ lFl aql ssard

llnsar aqlJo
u?d l?ar aql slrf,ur ararlAr

'luB1n nof uolpunJ aql roJ lta4 alqecqdde aql ssald' z
')VI satqnapC (/) m

'trlxsel"lnrl"c (/)
'tr I xsalelncl?c(.)
'tr-xsatslncl"c ( - )
'tr+xsapFcl"c ( + )

:sfeldsp ure.6ord aq;,

'uo11cun;;o adIleqls" lUV) peles 'I

:peJeluaa^sqno^
Bl"p ^[, pue Xeqluo uopaunJ cllaurqlge ue uuo;:ad o;,

I:s{e1dqp urerEord aq;,

uorlcuna
cllauiqlpY

ue 6u;ruloprl



The Complex Functions Progrorn (continued)

Calculatlng Toc4culateapower, root,orlogusingtheXandydata
a Power, youhaveentered:
Rool, or Log

l. Select ( pRL) as the type of function.

The program displays:

<X^2> CalculatesX2.

liFVl <x 2) CalculatesrfX.

(Y^X) CalculatesYx.

lifrTl<Y^x) Calculates W.
(ln) Calculates lnX.

[Nl<tn> CalculatesC.
(log) Calculateslog"X.

2. Press the applicable key for the function you want.
fireprogramdifplays:

where celris the real part
of theresult

3. Press the ll&l key to disp@ the imaginary part of
the result.

2-8 Complex Functions
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The Complex Functions Progrdm (conrinued)

Performing a Toperform ahyperbolic function ontheXand ydata
HyPerbotic youhaveentered:
Function

l. Select (Hyp) as the type offunction.

Ttre program displays:

(sh) CalculatessinhX.

liNl (sh) Calculatessinh-r X.
(ch) CalculatescoshX.

fiffi] <ch) Calculates cosh-r X.
(th) Calculates tanh X.

linvl <ttr> calculatestanh-r x.

2. Press the applicable key for the function you want.
fire program displays:

where arris the real part
ofthe result

3. $ess th9 lEl key to display the imaginary part of
the result.

2-IO ComplexFunctions
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Examples: Complex Functions (contnued)

Example 2: calculate sin( lN /3o" + 4o /-gao ) and show the result
Polar inpolarform.
Coordinates

Procedure Press Display
Selecttheprogram @(MTH)

(PLX) @MPLB(
Convert4O /-g0o to
radians

10l=l
sfFl
tcoilvl
(ANG)
(D-R) Rad= -1.57(I|S9/

Convertto recta,ngglar loEl <Xt>
andstoreresultasY (P-R)

(XrY) Xr= O.
100 /3oo 1e 1@ l;;lstc6Tvl

(ANG)
(D-R) Flad= .S&t|8inff

Convert
radians

converttorectangular l6'i5l(x) 
xr_ s.nos1.o,

Divide (EOD)
(ARf ) (/) Xr= -1/fr

Calcul,atethesine (EOD)
(ctR)
(sln) Xr= -4t8gz187to

Converttopolar
andshowmagnitude liiM <p-n> r= am-ruzg
Showangle(inradians) lxEl zsz8sre
converttodegrees - (ANG)

linv-l<o-n> D€g= 102G64@1

2-12 Complextr'unctions
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Introduction

Eolh of the interpolat lon programs in this chapter-Cubic
Spllnes and Exact Polynomials-can be used in either of twoways, depending on the type of data you have.

The Whenyouselect (NT) fromthe MATH4AnCSmenu. theInterpolation calculator displays a menu that lets you select either the
Programs Cubic Splines or the Exact polynomials program.

The Cubic Splines program canbe used with:

> Known data points. (Data points are considered
"new" data.)

> Knownsecondderivatives. (Derivativesare
considered "old" data.)

The Exact Polynomials program can be used with:

> Known data points. (Data points are considered
"new" data.)

> Known coefficients. (Coefficientsare considered
"old" data.)

g-2 lnterpolatingPoints
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Cubic Splines with Known Data Points

lf you know only lhe data points, use the following procedure
to run the Cubic Spllnes program.

Starting To start the Cubic Splines prograln:
the Prooram' 

l. Select (lNT) fromthe tAll{EilATlGSmenu.

fiteprogramdisp$s:

3. Press (NEW).

You can then begin entering the data points.

I
2. Press (CUB).

fire program displays:

I
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Cubic Splines with Known Data Points (continued)

The Edit After you enter the x and y values for all the data points,
Menu the programdisp}aysa,n EDllmenu that allowsyouto

> If youdonotwanttoeditanyvalues, press (EOD) and
8o to tlte next Page.

> If you want to edit a value, use the following
procedure.

Editing To edit the x or y value for a specified data point:
Data Points

1. Enter the number of the data point and press ( | ).
' 

*" programdisplaysthe xvalue and putsthe yvalue
in the t-register.

2. Use the lEl key and the data entry keys to store the
correct x value in the t-register and display the
correct Y value.

3. Press ( ENT) to enter the correct values.

4. Repeat steps I through 3 for any other points you
wanttoedit.

6. Press (EOD) to continue with the program.

change any of the values.

I
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Cubic Splines with Known Data Points (Gontlnued)

Viewlng lhe When you select (YES) from the SEE DEFllfAlllfESll menu,
Derivatives theprograrndisplalatheeondderivativeatthefir$

wheremisthevalueof gl

Pre$ ( NXT) repeatedly to display the second derivative
at each of the remaining Points.

Srhen the last derivative is displayed, pressing ( NXT)
redisplays the sEE DERntAIntE9 menu. Selecting ( NO)
from that menu lets you interpolate.

0efonost) data point.

I
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Example: Cubic Spl ines with Known Data Points

The area below a given ordinate of lhe normal curve does not
vary l inearly. Because a table describing the normalcurve
staies the area at f ixed incremenls, you can use the Cubic
Splines program to interpolate ths area accurately.

Example A table of areas for the normal curve is listed below. Find
the areaforz:.8.

z .6 .7 .8 .9 1.0 1.1
P(z) .726747 .768036 .816940 .841346 .864334
P(z) -.19993a7 -.2396:173

Procedure Prsss Display

Select the program lnfrl <urn>
(INT) (CUB)
(NEW) CUBICSPLINES

Enterthe numberof
points

5  (m)
(EOD) x,y( 1)

Enter the first point .6 fr;;l
.7%747
(ENT) x,y(A

Enterthesecondpoint .7 [xltl
.758@6
(ENT) x,y(3)

Enter the third point .e frEl
.815040
(ENT) x,y(4)

Enter the fourth point 1 lx-;l
.841345
(ENT) x,y(s)

Enterthefifth point 1.1 E-tl
.86€34
(ENT)

Proceedwithprogriam (EOD) ENDDERIVATIVES
Entersecond
derivatives at the
endpoints

.1es$47 f+71
(91 )
.23e$73l+i=l
(gm) ( EOD) SEE DERIVATIVES?

3-10 InterpolatingPoints
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Cubic Spl ines with Known Derivat ives

lf you know the second derivalive at each of lhe dala poinls,
use the following procedure lo run the Cubic Splines
program.

Starting To startthe Cubic Splines program:
the Program

1. Select (]NT) fromthe ilATHEilATlCSmenu.

The program displays:

I
2. Press (CUB).

The program displays:

I
3. Press (OLD).

You canthenbegin enteringthe second derivative at
eachdatapoint.

3-12 InterpolatingPoints
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Cubic Splines with Known Derivativ€s (conrinued)

The Edit
Menu

Editing lhe
Derivatives

After you enter all the second derivatives, the program
disp$s an EIrlF, menu that allowsyou to change any of
the values.

> If youdonotwanttoeditanyvalues, press (NO)
and go to the next page.

> If you want to edit a value, press (YES ) and use the
procedurebelow.

When you select (YES) from the El)tT? menu, the
progfam displays the same menu that you used to enter
the second derivatives.

> To display the first derivative, press the @ key.

> To accept the current value and proceed to the next
derivative, press (ENT).

> To edit the current value. enter the correct value
and press (ENT).

When you press ( ENT) to accept or edit the value of the
last (rightmost) derivative, the program returns to the
EUT? menu. Selecting ( NO) from that menu lets you
interpolate.

8-14 InterpolatingPoints
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Example: Cubic Spl ines with Known Derivat ives

The example on page 3- 1 0 produced the second derivatives
al each entered point. The fol lowing example uses lhose
derivatives to arr ive ai the same result.

Example From the second derivatives listed below, interpolate
the function at .8.

t1x,)
-.1999347
-.2200526828
-.2409746016
-.2422470246
-.2396373

.6

. ,

.9
1 . 0
l . l

Procedure Press Display
Selecttheprogram lnunl<ufn>

(INT) (CUB)
(OLD) CUBICSPLINES

Enterthenumberof 5 (m)
points (EOD) S( 1)
Entersecond .1w47 JTrl
derivatives (ENT) d,4

.mma
lEl<eHr> elsy
.240J74dJ16
f+71(ENT) s(4)
.24247@.6
f+E (ENT) s(s)
.2s3rc f+El
(ENT) EDIT?

Interpolate at.8 (NO) .8 (x) y- .7881405682
Repeattheproblem (ESC)

(ESC)
(OLD) CUBICSPLINES
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The Exact Polynomials Program

This program generates a polynomial that intersects al l  the
entered points. You can then use the program to determine Iva lues  lo r  add i t iona l  x  va lues ,

Introduction The Exact Polynomials program uses the Divided
Differences method to compute apolynomial that fitsall
the entered data points.

You must partition the calculator for at I east 7 4 data_
registers before running the program.

The program can accept up to 2 I data points. The
polynomial generated has the lowest order that can
intersect all the points, with a maximum order of 20.

Reference Hand,bookoJEngincering Ftundnm.entzrs,OvidW.
Eshbach, John Wiley & Sons, Inc., lgb4.
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Exact Polynomials with Known Data Points (contnued)

Entering th€ When you select (NEW) from the EXAGI FOtyt{OttAL
DataPoints menu,theprogramdisplays:

l. Enter the number of data points and press (n ).
2. Press(EOD).

fire program prompts you to enterthe x and y values
for each data point, beginning with the leftmost
point.

Note : If yotr enter a point whose x-coordinate is less
than or equal to the previous x entry, the program
rqiects the entry.

3. Enter the x and y values as described below.

> Enter the x value and press the liEl key to store it
in the t-register.

> Enterthe y value and press (ENT).

If you need to remove the last x and y values that
were entered with ( ENT) , press linv-l ( ENT).

4. Repeat step 3 until all of the x and y values are
entered.

The program then displays the menu shown on the
followingpage.
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Exact Polynomials with Known Data Points (continued)

Choosing the
Resul ts  that
Are Displayed

Viewing the
Coef f icients

When you select ( EOD ) from the EDIT menu, the program
displays:

> To display the coefficients of the resulting
polynomial, press (YES) andgoto "Viewingthe
Coefficients" below.

> To interpolate, pre*s (NO) and go to "Interpolating"
on the next page.

> To restart the Exact Polynomials program and enter
different data, press ( ESC).

When you select (YES) from the SEE @EFF? menu, the
program displays the coefficient of the x0 term in the
resultingpolynomial.

I 
wheresrristhevalueofco

Press ( NXT) repeatedly to display the coefficient of each
of the remaining terms.

When the last coefficient is displayed, pressing ( NXT)
redisplays the SEE @EFF? menu. Selecting ( NO ) from
that menu lets you interpolate.

g-ZZ lnterpolatingPoints



8Z-8 slulodtqlalodroXul

'nuau adj3oo 33s eql ol uJnler ol (cs3 ) ssard 't

'x Jo senls^ Jaqlo ftr€ JoJ z da$ l?adau'8

:sfsldqp urs.6oJd aqJ

'(sl^)sserd'I

eql(nuaural€6p33SaqlulorJ(ON)palasno^uaqA 6u11e1od.t



Example: Exact Polynomials with Known Data points

When you need lo descrlbe a set ol polnts In lerms of afunctlon, you can use the Exact polynomlals program todelermlne a polynomial approxlmaiion. '

Example Find a polynomial that fits the given numbers and
interpolate forx:3.1.

v
0 6
L 7
2 L 4
3 3 3
4 7 0

Procedure Press Dlsolav
Select the program IFEFI<urn>

(INT) (PLY)
(NEW) EGCTPOLYNOMIAL

Enterthenumber
of points

5  (n )
(EOD) &y{ 1)

Enterthepoints OEEI
6(ENT) \yQ
l lEl
7 (ENT) )qy(3)
2EEI
14 (ENT) )qy(4
3 E-tl
33 (ENT) x,y(O
1Eil]
iO (ENT)
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Exact Polynomials with Known Coefficients

lf you know the coeff icients of the polynomial,  use the
fol lowing procedure to run the Exact Polynomials program.

I
2. Press (PLY).

The program displays:

I

To start the Exact Polynomials program:

l. Select (lNT) from the l{ATllflATlCS menu.

The program displays:

3. Press (OLD).

You can then begin entering the coefficients of the
polynomial.

Starting
the Program
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Exact Polynomials with Known Coeff icients (contjnued)

The Edit
Menu

Edi l ing the
Coef f icients

After you enter all the coefficients, the program displays
an Elllf''l| menu that dlows you to change any of the
values.

> If youdonotwanttoeditanyvalues, press (NO) and
go to the next page.

> If you want to edit a value, press (YES) and use the
procedurebelow.

Whenyouselect (YES) fromthe EDftilmenu, the
program displays the same menu that you used to enter
the coefficients.

> To display the current value of the first coefficient.
pressthe E]ley.

> To accept the current value and proceed to the next
coefficient, press ( ENT).

> To edit the current value, enter the correct value and
prcss (ENT).

When you press ( ENT) to accept or edit the value of the
last coefficient, the program returns to the Ettfll menu.
Selecting ( NO) from that menu lets you interpolate.
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Example: Exact Polynomials with Known Coeff ic ients

When you need to f ind points f  rom a known polynomial,  you
can enler the coelf icient of each term into the Exact
Polynomials program and f ind a y value for any x value.

Example Find the values of y when x is | , Z, 2.6, and 4 for thepolynomial y: 1 +2x +3x2 + x3.

Procedure Press Display
Select the program lfrFl<urn>

(INT) (PLY)
(OLD) D(ACTPOLYNOMIAL

Enter the degree 3 (deg)
(EOD) q q

Enterthecoefficients 1 (ENT) q l )
2 (ENT) d,4
3 (ENT) q3)
1 (ENT) EDIT?

Proceedwithprogram (NO)
Entereachxvalue 1(x) y =

2  ( x ) y = 5.
25 (x) y = &.375

121.4  ( x ) y =
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The Gamma Function Program

Thls program lels you calculale the gamma lunctlon of a
numbor and the natural log of gamma. The prcgram ls
deslgned lo recognlze out-of-range results and to compute
ln l gamma I Instead of gamma when gamma ls too largo.

Introduction fire gamma funcfion is defined by the improper integral

G: g8mma(x) : f- 1'- r e-t dt
J O

which converXes for nonintegervalues of x ( I and all
values of x ) 0. Ttre gamma funcdon is related to the
factorial function: gtmma(x + l) = ;r.

The approximate input range of grmrnais
-70.0O4( x( 7O.gE7

where x is not an integer less than l.

Although the calculator cannot display gamma for
results whose exponent exceeds gg, you can still
determine the magnitude of gemma firom the lnlgamrnal
usingthe laws of logarithms. fire mantissa of gamma is'
Antilog(Fla{hGnnr0))

and the exponent of sciendlic notation for gmma is
Intg0nc/hr0).

Relerence HondbokqfMa,tlwnot:ietntnctions,M.Abramowitz
and I. A. Stegun, National Bur,eau of Standards, lgZZ,

4-2 TheGammaFunction
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Example: The Gamma Function

The example below demonstrates how to use the gamma
lunctlon.

Example Findthegammaandthelnlg;ammal of.6, -44.g,andZl.

Procedure Press Dlsplay
Selecttheprogram lFffi]

(MTH)
(GAM) GAMMAFUNCTION

Calculate for each
value .5 (G) G= 1n245ffi1

.s(fnc) InG= .572ddl{04?€
44.e [Tj=l
(G) G= -1.244&t-56
14.e f+Fl
(fnG) InG= -1&181815
71 (G) InG= 230.4m(f

You can use the In I ggmma I to calculate gamma. The
mantissaof gammaof 7l is

Antilog(&a(230. 4390$6nn r 0))

and the exponent of scientilic notation forgamma is
' Intg(230.4390€6nnr0).

You can use this method to show that the gamma of 7l is
1.197867167 x 10rm.

4-4 TheGammaFunction
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The Gauss Quadrature Program

Thls program computes the deflnlle Inlegralof a functlon you
have dellned ln program memory,

lnlroduction fire GaussQuadrature method of integration usedby
the program incorporates a seven-point Gaussian
integration formula for an arbitrary interval.

You must store the function as a subroutine in program
memory befone running the Gauss Quadrature program.
When the program calls the subroutine, the value for
independent variable is available in both the display and
in data register H (007).

Relerence

The number of subintervals affects the computation
time and the accuracy. Fewer subintervals allow a quick
result. Morc subintervals minimize error. Consider both
factors when deciding on a number of subintervals.

Handbook of Mailwmatiu,l hnwt'iorx, M. Abramowitz
a^nd L A. Stegun, National Bureau of Standards , L972,
p.887.

Integrating
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The Gauss Quadrature Progr?fil (continued)

Running To run the Gauss Quadrature program:
the Program

1. Store the function in program memory' as described
on the Previous Page.

2. If your subroutine involves a trig function, select the
angle units You want to use.

3. Select (GAU) from the MAT}IEilATICS menu.

fire Program disPlaYs:

4. Enter the number of subintervals and press ( n ).

5. Enter the lower limit and press ( LO).

6 . Enter the upper limit and press ( H I ) .

7. Press ( EOD) to evaluate the integral'

While the program is calculatingthe result, "F+EOIP is
displayed. Depending on the function you are
integrating, it may take several minutes to evaluate
the integfal.

When the calculation is complete, the result is
displayed.

where rcrris the result

8 . Press ( ESG ) to return to the GAUSS OUADRATURE
menu.

6-4 Integrating
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lntroduction

The Matrlx
Algebra
Programs

Four programs arq avallable from the MATRIX ALGEBM msnu.

When you select (MAT) from the tATHflAnGS menu'
the calculator displays:

(A 'B )

(L IN )

(TRI)

(EIG)

Runs the Matrix Product prograln'
onthe nextpage.

Runs the Inversion/Linear Systems
prognarn, described on page 6-12.

Runs the Tridiagonal Systelrs program,
described on page 6-23.

Runs the Eigenvalues program, described
on page 6-30.

Matriees
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The Matrix Product Program (continued)

Belore Starllng If you havepreviously savedthe A matrixas afile and
the Progrem want to use that data, you must load the data into the

data registers before rururing the Matdx Product
progfam. For information on loading a data file, refer to
the 7T-95 hogfia,rmn ing @tido.

Starllng To start the Matrix Product program:
lhe Program

l. Select ( MAT) from the ltATllflAT|GS menu.

fire program displays the tlAlRX ALCEBRA menu.

3. Select the option that applies to your data.

> To enter a new matrix, press ( NEW) and proceed to' 'If Entering New Data" on the next page.

> To use data you have loaded from the file space or
from a storage device, press (OLD) and proceed to
"If Using Old Data" on the next page.

2. Press (A'B).

fire program displays:

I

6-4 Matriees
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The Matrix Product Program (conrtnued)

Enterlngthe Whenyoupress (EOD),theprogrampromptsyouforthe
AMatrlx valuesintheAmatrix,onecolumnatatime.

I
Enter all the values for the A matrix, pressing ( ENT)
aftereachvalue.

The Edit Menu Afteryouhaveenteredallthevalues,theprogram
displays:

I
> If youhavenochangestomake, press (EOD) and

proceed to the next page.

> If you want to edit a value in the A matrix, use the
procedure described below.

Editlng a Toeditavalue:
Value in lhe
A Matrlx 1. Entertherownumberofthevalueandpressthe [r^-l

key to store the numberin the t-register.

2. Enter the column number of the value and press
( l *J) .

fire progfam displays the current value.

3. Enterthe new value and press ( ENT). (If the
displayed value is already correct, press ( ENT) .)

4. Press (EOD) toleavethe ED|Tmenu.

6-6 Matriees
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The Matrix Product Program (conunuett)

Dlsplaylng a Whenyou select (NO) fromthe EDfl?menu, the program
Column In the displaysamessageindicatingthe columnof the resulting
Resulling matrixthatyou canexanine.Matrrx 

r
To examine the results in the indicated column:

l. Press (MO).

The program displrysthe value inthe first row of the
column.

f 
wherernrristhevalue

-

2. Press ( NXT) to displey the remaining values in the
currentcolumn.

Whenyou have displayed allthe valuesinthe
column, the program proceeds in one of two ways.

program lets you entervalues forthe next column.

If there are no more columns in the B matrix, the
program retum to the TATRDI pRODt CT menu.

I
I
l
I 6-8 Matriees
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Example
(Contlnued)

Matrix Products (contnued)

Procedure Press
4 (ENT) 42,s,
7 (ENT) 443)
5 <ENT) EDIT

Proceed with prograrn (EOD) b( 1, 1)
Enterthe first column
of matrixB 3 (ENT) b(e 1)

4 (ENT) b( 3, 1)

4 (ENT) EDIT?
Froceed withprograrn (NO) @ l =

View the first column
of matrixC (NXT) c 1 =

(NXT) c 2 =
(NXT) c 3 =

Enterthe second column
of matrixB b1,2.2,

9 (ENT) b(3,4
8 (ENT) EDIT?

Proceed with prograrn (NO) @ l =

View the second column
of matrixC (NXT) c 1 =

(NXT) c 2 =

(NXT)
8 (ENT)
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The Inversion/Linear Systems Program

Thls program performs mairlx inver8lon, solves a sytem of
slmullaneous equalions, orcalculates lhe doterminant of a
matrlx.

Introducllon

Reference

The lnversion/Linear Systems program has three options
that can be used individually or in succession to perform
matrix operations. Each option uses the upper-lower
decomposition method to perform its operation. fire
program acceptsone n6 ordermatrix(n rowsand n
columns).

You must partition the calculator for at least 1 1 + nz + n
registers for the inversion or determinant optioru, or for
at least I I + n2 + 3n for the simultaneous equations
option.

You enterthe elementsof the matrixand thenselect an
option. The simultaneous equations or determinant
options do not affect the stored matrix. However, the
inversion option replaces the stored matrix with the
resultof inversion.

You can save the A matrix as a data file, provided you
save the matrix immediately after entering (and, if
necessaqr, editing) it. To save the A matrix, you must
specify I I + n2 data regfsters, starting with register 000.
For information on saving data as a file, refer to the
TI-95 hogmmrning &tidc.

Applind, Nu,merical Analysis, Curtis F. Gerald, Addison-
lVesley Publishing Co., 1970.
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The InversionlLinear Systems Program (contnued)

Entedngthe Whenyouselect(NEW)fromthellNi.lllEARgYlSmenu,
AMatrlx theprogremdispbys:

The Edlt Menu

To begin entering the A matrix:

1. Entcr the number of rows (or dmultaneous
equations)in the matrixand press (n).

2. Pr€ss (EOD) toproceed.

The program prompts you for the values in the A
matrix, one column at a time.r

3. Enter all the values, pressfuU ( ENT) after each value.

After you have entered all the values for tlre A matrix,
theprogramdisplays:

I
> If youhavenochangestomake, press (EOD) and

proceed to "Selecting Options" on the next page.

> If you want to edit a value in the A matrix, use the
editingprocedure described at thetop of the next
pa8e.
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The Inversion/Linear Systems Program (continued)

Calculating
the lnverse

6-16 Matrices

To calculate the inverse of the A matrix:

1. Select ( INV) from the SELECT OPTIOil menu.

> If there is no inverse (the determinant : 0), the
progfam displays the message gNcuLAR.

> If there is an inverse, the program lets you
examine each value in the resulting matrix,
starting with the elements in the first column.

fire display scrolls to the left until the entire value
isinview.

where rnrris the value

Press ( NXT) to display each remaining value in the
matrix.

Press (ESC) to return to the SEECTOPIIOil menu.

2 .

3.
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The Inversion/Linear Systems Program (conunued)

Solvlng
the System
(Contlnued)

4. To edit the values you have entered for the constant
vector, select (YES) fromthe EDffilmenu.

The programdisplaysthe same menu you used to
enter the values.

5. Make any necessary changes in the vector.

> To display the current value, press the lce-l key.

> To accept the current value and proceed to the
next value, press ( ENT).

> To edit the current value, enter the correct value
andpress (ENT).

When you have finished editing the column, the
program returns to the Elrfl'll menu.

6-18 Matrices
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The Inversion/Linear Systems program (conrinued)

Calculating
the Delerminant

To calculate the determinant of the A matrix:

l. Select (det) from t,Le SELECIOPI|ON menu.

fire program displays the value of the determinant.

I 
whererrrristhevalue

2. Press ( ESG) to return to the SEECT OpTtOil menu.
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Example: Linear Systems (conunued)

Example
(Contlnued)

Procedure Press Dlsplay
Solvelinearsystem (SyS) b(0
Enterconstantvector g (ENT) bt4

4 (ENT) EDrr?
Viewsolutioru (NO) x1= t.

(NXT) x2= j.
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The Tridiagonal Systems Program (conunued)

Starting
the Program

To start the Ttidiagonal Systems program:

l. Select (MAT) from the IAT}IEilAT|GS menu.

the program displays the mtnD< AIOEBRA menu.

2. Press(TRl).

The program displays:

3. Enter the order of the system and press ( n).

4. Press(EOD).

After you have entered the order of the system, the
prograrn prompts you to enter the "a" coefficients.

Enter the vdues for all tlte "a" coefficients, pressing
(ENT) aftereachvalue.

Enlering
lhe "a"
Coeff icients

Matriees
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The Trldlagonal Systems Program (contnued)

Entcrlng lhe
Remalnlng
Coelllclenls

After you enter the "a" @effieientg and select ( NO)
from the EDIT? menu, the program prcmpts you to enter
the "b" @efficients.

I
I. Use the seme procedure you used to enter the''a"

coefficients.

After you have entered and, if necessarSr, edited the
"b" eoeffi cieffs, the prognm prompts you to enter
the "c" coefficients.

I
2. Use the seme procedure toenterthe "c" coefficients.

After you have entered and, if necessar5r, edited the
"c" @efflcientE, the program prompts you to enter
the "d" eoefflcientg.

8. Use the same procedure to enterthe "d" coefficients.
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Example: Tridiagonal Systems

The followlng example demonstrales how to uso the
Trldlagonal Syslems program.

Example Find the solutions to the following tridiagonal matrix.

Procedure Press
Select the progfam lfrfrl<urx>

(-->) (MAT)
(TRI)

Enter order of the matrix 3 (n)  (EOD) e 2
Enterthe adiagond 8 (ENT) a 3

2 (ENT) ED.]r?
Proceedwithprogfam (NO) b 1

Enter the b diagonal 6 (ENT) b 2
l' f  (ENT) b 3
18 (ENT) EDTN

Proceed with prograrn (NO) c l

Enterthe c diagonal 4 (ENT) c 2
6 (ENT) EDTN

Proceed with program (NO) d 1

27
86
78

xl
fl,
x3

6 4  0
8 1 4 6
o 2 l 8

TRIDIAGONAL
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The Eigenvalues Program

lntroducllon

:

Reference

Thls program dotsrmlnes the eigenvalues and sigenyeclors
tora symmotric matrlx.

fire Eigenvalues program uses the Jacobi method to
generate the eigenvalues. An ntr order matrix has n
eigenvalues. Each eigenvalue is associated with an n-
element eigenvector.

Before running the program, you must partition the
calculator for at least 26 + n2 + (n + 1)2 registers.

The symmetry requirementallows the program to
promptyou only for elements above and alongthe main
diagonal. You enter all of the first row. Enter the second
through last elements of the second row. Enter the third
through last elements of the third row. Continue this
pattern until you enter the last element of the last row.
The entry sequence fortldrd and fourth ordermatrices
illustrated below.

znd Bd 4th
bth 6th Zth

gft gth
1Oth

2nd Brd
4th bth

6th
I

The lowerleft portion mustbe symmetric to the upper
right portion.

Nu.merinal Methods, Robert W. Hornbeck, Quantum
Publishers, Inc., 1976.
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The Eigenvalues Program (conlinued)

The Edlt Menu Afteryouenterallthevalues,theprogramdisplays:

Editing a
Value in
the Malrix

> If youhavenochangestomake, press (EOD) and
proceed to the next page.

> If you want to edit a value in tlre matrix, use the
procedure described below.

To edit a value:

1. Enter the row number of the value and press the
key to store the numberinthe t-register.

2. Enter the column number of the value and press
( | ! J ) .

fire program displays the current value.

3. Enterthenewvalueandpress (ENT). (If the
disp@ed value is already correct, pre$t ( ENT) .)

4. Press (EOD) to leave the EDIT menu.
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Example: Eigenvalues

Example

The lollowlng example demonslralas how lo use the
Elgenvalues program.

Findthe eignevalues and eigenvectors of the following
matrix.

0.874995
0.4668279

-0.6873331
0.4568279 -0.6873331
1.210106 -2.03t25

-2.O3L26 10.78151

Enterorderof the matrix 3 (n) (EOD) x( 1,1)
Enter the elements .87,1(S (ENT) x( 1,2)

.'15682?!)
(ENT) x( 1,3)

Procedure
Select the program lnunl<urn>

(-->) (MAT)
(EIG)

.6373331i+7:l
(ENT)

1.210105
(ENT)

2@125 [+r:l
(ENT)

EIGENVALUES

42,4

x(2,3)

x(3,3)

L ' l=  '1 .

10.78151
(ENT)

Proceed with results (EOD)

View components of the
first eigenvector

(NXT) 2 =

6-34 Matrices
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The Polynomial Product Program

This program multlplies two polynomials.

Introduction

Reference

The Polynomial Product program lets youentertwo
polynomials, called Pn and P". The program then
multiplies P^by P" to iesult in Pc. fire order of Pn plus
the order of P" equals the order of P". Each polynbmial is
in the form

P=anxt+.  .  .  +a"x3+arx2+arx+ ao.

You must partition the calculator for 125 registers before
running the program. P" cannot exceed 95fr order, P"
cannot exceed 20fr ordei, and Pn cannot exceed
(95 - order of P") order.

After the program multiplies the polynomials, you can
view the coefficients of P". P" becomes the new Pn. If
you elect to chain multiplications, the program prompts
you for another P", which is multiplied by the previous
result. Ifyou elect not to chain, the program prompts
you forboth anew Po and a new P".

Ad,aanned, Engineering Mathemntins, C. R. Wylie, Jr.,
McGraw-Hill Book Company, 1966.
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The Polynomial Product Program (continued)

The Edit
Menu

After you enter all the coefflcients, the program
an EDlfil menu that allows you to change any of the
values.

Edlting the
Coelllclenls

> If youdonotwanttoedit, press (NO) andgotothe
nextpage.

> If youwanttoedit, pness (YES) andfollowthe
procedurebelow.

Whenyouselect (YES) fromthe EDflilmenu, the
program displays the same menu that you used to enter
the coefficients.

where ris the order of the
term'

' To display the current value ofthe coefficient, press
the@key.

> To accept the cur:rent value and proceed to the next
coefficient, press ( ENT).

> To edit the current value, enter the correct value and
press (ENT).

When you press ( ENT) to accept or edit the value of the
last coefficient, ao, the program returns to the Edrl
menu.

7-4 MultiplyingPolynomials



9-L slaTtuouAlodtulAldlllnq

'(CSl) ssard'(aEed
1xau aql uo paqucsap) nuaur aNvHC aql o1 paacord o;,

('slualcgJaoc
aq1 qeedar (lXN ) Eutssard 'pa{e1dqp s1 g 9

uaq6) ' (IXN ) ssard 'luerag;aoc gau aq1 deldqp ol

leprouitlod EuplnsaJ
eql Jo laplo aql q rt alarlr$

6aqftq aqlyo luatJ-IJJeot aql s{e1dsp pue qerurouflod
onl aql saqdplnur ure.6ord aql 'nuaur aJo3 aql

uro{ ( ON ) 1aelas pu" t"gxouflod g aq1 ralue nolt ra1;y
'qualJlJJeot sllJo qtsa puB

pgrouztlod g aq1;o aa.6ap aq1 (,iressacau ;1 '11pa pue)
relua '7-2, puu g-2, saEed uo udroqs sarnpaao.rd aqlEupn

'lepuou{1od g eqt Eulralua
u6aq o1 nor( slduord ure.6ord aql 'nuaur auol aql

luro{ ( ON ) palas pue l"Fuouflod y aq1 relua no{ la15y

I'llnsa.I aql ul uualrapro

lB!r!ouAlod
aql



The Polynomial Product Program (conrinued)

The Chaln
Menu

Perlormlng
a Chain
Calculatlon

When you press ( EgC ) while a coefficient is displayed ,the program displays a menu that enables you to perform
chain calculations.

7-6

> To restart the program and begin a new calculation,
press (NO).

> To perform a chain calculation, press (yES).

When you select (YES) from the CHAtil? menu, the
prograrn prompts you to enter a new B polynomial, as
described on the previous page. (The result of the
previous calculationis automatically used asthe new A
polynomial.)

After entering the B polynomial, you can:

> Display the coefficients of the chained result.

> Perform an additional chain calculation.

Multiplying Polynomials
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Example: Polynomial Products (contnued)

Example Procedure Press Dlsplay
(Conllnued) (NXT) C0= 0.

Proceedwithprogram (ESG) CHATN?
Chainwithanother
multiplication (YES) POLYNOM pRot)trgr
Enterthedegreeof P" 

ll3rr3, 85
Enterthe Bcoefficients I (ENT) 84

O(ENT)  B3
3 IEI (ENT)  82
0 ( E N T )  8 1
O (ENT) BO
O (ENT) EDIT?

VieweachCcoefficient (NO) C10= gSt.
(NXT) C9= -?fI3,.
(NXf)  C8= -162
(NXT) C7 = 150.
(NXT) C6= 15.
(NXT)  C5= -18 .
(NXT) G4= 0.

The remaining coefficients are zero.
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introduction

Four programs are avai lable trom the FUNCTTON ZFROS men

The Function When you select (ZRO) from the menu. the calculator
Zeros Menu displays:

(Q-D) Uses the Q-D method to approximate all the
roots of a polynomial. This program is
generally used to provide initial guesses for
the Bairstow root-finding method.

Uses the Bairstow method to find the exact
roots of apolynomial.

Uses the bisection method to find a root
between two boundaries fora function you
have stored in program memory.

Uses Newton's method to find a root of a
function you have stored in program
memory.

(BA I )

(B IS )

(NTN)

8-2 F inding Roots
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The Q-D Method (continued)

8-4 FindingRoots

Starting
lhe Program

To start the program that uses the Q-D method:

1. Select (ZRO) from the tAfi EilAT|CS menu.

The calculator displays the FUNCTION ZEROS menu.

2. Press (Q-D).

fire program displays:

Enterthe numberof iteratiorut you want performed
and press (#lt).

Press (EOD).

> To enter a new polynomial, press (YES) and
proceed to "Entering the Coefficients" on the
nextpage.

> To use a polynomial you have already entered
(using either the Bairstow prognam or a previous
runof thisprogram), press (NO) andproceedto
"Displayingthe Approximate Roots" on page 8-7.

3.

4.

The program displays:

I
Select the appropriate option.D .
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The Q-D Method (conrinued)

The Edit Menu

Editing the
Coef f icients

After you enter all the coefficients, the program displays
an ElllT? menu that allows you to change any of the
values,

> If youdonotwanttoedit, press (NO) andgotothe
next page. The computation time for the approximate
roots in some cases can be several minutes.

> If you want to edit, press (YES) and use the
procedurebelow.

Whenyouselect (YES) fromthe EUI?menu, the
program displaysthe same menu thatyou used to enter
the coefficients.

where .ris the number of the
tenn

' To qlsplay the current value of the coefficient, press
the lcelkey.

> To accept the current value and proceed to the next
coefficient, press ( ENT).

> To edit the current value, enter the correct value and
press (ENT).

When you press ( ENT) to accept or edit the value of the
last coefficient, the program returns to the EDfT? menu.

8-6 Finding Roots
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The Q-D Method (continued)

Selecting
Options

Perlorming
Additional
Iteratlons

Afterthe program has displayed allthe values ofe and q,
itdisplays:

(Q-D) Lets you perform additional iterations.

(r/s) Lets you compute the r and s values for use
in the Bairstow prograrn.

( ESC) Returns to the O-D ITETHOD menu.

To perform additional iterations using the Q-D method:

1. Selectthe (Q-D) option.

The program displays:

Enter the number of additional iterations you want
performed and press (#lt).

Press (EOD).

fire program displays the approximate roots, as
described on the previous page.

2 .

3.

Finding Roots
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Examples: The Q-D Method

The examples below demonstrata how to use the Q- D
method program.

Real Roots
Example

Findthe approximate roots of the polynomial

0 : 4l - 32f + 86x2 - 93x + 36.

Procedure Press Disp;3y
Select the program lnuTl <urn>(-->) (zRo)

(Q-D) Q-DMETHOD
Enter the number of
iterations

/() (#lt)
(EOD) ENTERPOLY?

Selectnewpolynomial (YES) ENTER DEGREE

A 4
Enterthedegreeof 4 (n)
thepolynomial (EOD)

Enterthecoefficients 4 (ENT) A 3
32 f+J--l
(ENT)
85 (ENT) A 1

s lTr:l
(ENT) A O
36 (ENT) EDIT?

Proceedwithprogram (NO) e 1 = -7.717M-16

(NXT) Q 1 =
(NXT) e2= -.m104445m
(NXT) e2= 1.5Gm24$

8-10 FindingRoots
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Examples: The Q-D Method (continued)

Complex Roots Find the approximate roots of the polynomial
Example

0 : 4#- 2CIf + 26x2 - 46x + 36.

Procedure Press Display
Selectthe program lEunl <urx>(-->) (zRo)

(Q-D) O-DMETHOD
Enter the number of
iterations

40 (f l t)
(EOD) ENTERPOLY?

Selectnewpolynomial (YES) EI.ITER DEGREE

A 4
Enterthedegreeof 4 (n)
the polynomial (EOD)

Enterthecoefficients 4 (ENT) A 3
20 fFl
(ENT) A 2
25 (ENT) A 1

45lTf-l
(ENT) A O
36 (ENT) EDTN

Proceedwithprogram (NO) €1= -1.625082-17
q 1 =

(NXT) €2 = 3.1dxlgxt
(NXT) g2= 2G33332t
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The Bairstow Method

This program approximates lhe roois ol a polynomlal.  l l  f  In' t
the precise roois quickly, provided ihat ini t ialgu€ssss
{avai lable f rom lhe Q- D program} are reasonably close lo lh,
actual roots.

Inlroduction

Reference

The Bairstow method program finds the roots of a
polynomial whose coefficients you enter. It is able to
converge on the roots more quickly than the Q-D
method but requires an initial guess for each root.
Because the Q-D method can generate the initial
guesses, the Q-D method is helpful when the roots you
guess failto make the Bairstow program converge on the
precise roots.

Before running the program, you must partition the
calculator for at least 125 data registers, which ls the
default partitioning.

The polynomial you enter has the form

0:anxt* .  .  .  +a"x3+arx2+ arx+ao.

Because the calculator has built-in solutions for
quadratic and cubic polynomials, the program requires
you to enter a polynomial of fourth order or higher. The
largest polynomial the program can usie is 25fr order.

The program reduces the polynomial by a quadratic
factor, x2 + m + s : 0, resulting in a polynomial whose
degree is two less than the original polynomial. You
enter r and s, and the program searches for the
remaining roots. You can determine the values of r and s
from the Q-Dprogram oryou can estimate the values of
r and s.

Applied Nunwrinal Analgsis,Curtis F. Gerald, Addison-
Wesley, 1970.

8-14 PindingRoots



9I-8 slooutulputd

'gl-g atsd uo ..sanls^ s prls r ar{l Eu.uetug,,
ol paaJord pu" (ON ) ssard,(ure.6o.rd s.n11

Jo uru sno! erd e ro uru 6ord q-g aq1.raq11e Eur.sn)
paralua fpaarp aaeq nof pgtuou{1od e asn o;, <

.aEeduau
eql uo . .quelcgJeoC eql Euualug, , cn peecord

plr" (SAA) ssard'ppuouitlod.u,au e ralue o;. <
'uopdo epgdordde eq1 palag .g

: sIelds.rp ura.6ord aq;,
'(vg) sserd .z

'nuau SOU3Z NOI11tNtlJ aq1 sdeldqp rop1nqsc er1l
'nueru sEllvEt{lv[ aql rroJJ (ouz) raales .I

:poqlau nols4eg eql se6n lsql ure.6ord aq1 UBls oI

r:sfqds.rp ruaford aq;,

' 1rey ssard pu" ro.Lre arq""#;ril

pauuosradlnen no{zuo1 n*rrrr;ilKiffi*iff

r
'c

'7

'8

uer6o:6



The Bairstow Method (continued)

Entering the
Coef l icients

When you select (YES ) from the EIITER FOLW menu, the
program displays:

I
1. Enter the degree of the polynomial and press ( n ) .

2. Press(EOD).

fire program prompts you to enter the coefficient of
each term, beginnfu with the first term.

I H"J""#"tnenumberor
3. Enter the coefficient and press ( ENT) .

4. Repeat step 3 until all the coefficients are entered.

fire proglam then dispWs the menu shown on the
nextpage.

E-16 Finding Roots
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The Bairstow Method (continued)

Entering the when you select (No) from eitherthe ENTER FOLY? or
r and s Values EIIT? menu, the program displays:

1. Enterthe rvalue and Press (r)'

2. Enter the s value and Press (s).

3. Press(EOD).

The program proceedsin one of two ways.

> If the reduced polynomial is not cubic or
the progfam finds the roots of the factor xz + rx +
allows you to examine the reduced polynomial, t
proceeds with another reduction.

> If the reduced polynomial is cubic or quadratic,
program finds the roots.

Proceed according to the message that is displayed'

> If the message is REAL ROOTS, go to the next page.

> If the message is either G!MPLd ROOIS or 1 REAL'!
COMPLEX, go to the applicable section on page 8-

4 .

8-18  F ind ingRoots



6I-g sloouturpulJ

'nuau sou3z Nouarilru eql 01 rlrnlar or ( cs3 ) sserd . z
.sloor

1earaarqteqlfeldsgpol (eH) pu",(ZH) ,(tU) ssard .I

:s{a1ds1p ure.6ord aq1 ,c1qnc q pprou{1od pecnpal eqlJl
.nueru souSz Nouoilru eql ol

stunlar ure.6ord aq1 ,puno; uaaq aa"q qooJ I1e JI <
' 1 6-9 aEed uo paqlJcsap salnpaaord aq1 es1 't^'tod txil{ 339 s{e1ds1p ure.6ord aq1 ,prurou,{1od
eqlJo slooJ o.&u lsBI eql lou eJ? qoor aqlJJ <

.sfearr o,trr1;o euo rn spaatoJd ure6o.rd aq;

'(cs3) ssard 'z

'sloorl"aro/n1aq1{e1dqpol (zu) pu" (tu) ssard .I

: s{e1dnp ure.6ord aq1 ,cgqnc 1ou s pnuou{1od aql JI

{e1dsrpaq1sao"t"*t"*"tiou3.lHl?i},f;"i'"ffjff



The Bairstow Method (continued)

complex Roots If the roots of the equation are a complex corfugate pair
the Program disPlaYs:

l. Press (Re) and (lm) to display the real and the
imaginary parts of the complex cor$ugate pair.

2. Press (ESC).

The program proceedsin one of two ways'

> If the roots are not the last two roots of the
polynomial, the program displays SEE NEIT FoL\?.
Use the procedures described on the next page.

> If all roots have been found, the program returns
to the RINCTION ZEROS menu.

1 Real ,
2 Complex

If the equation has one real root and a complex
pair of roots, the progPam disPlaYs:

1 .

2 .

Press ( R3) to display the real root.

Press ( Re ) and ( | m ) to display the real and the
imaginaryparts of the complex co4iugate pair.

3. Press ( ESG) to return to the FUNCI|ON ZEROS menu'
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Example 1: The Bairstow Method

The lol lowing example demonstrates how to use lhe Balrs
method program.

Example Findthe roots of the PolYnomial

t' - 17.81 + 99.4f f - 26 1. 2l8xz + 362.61 lx - 134. 106 =

Limit the program to 50 iterations, specify an allowable
error of .U)001, and use zero forthe initial ggesses'

Procedure Press D isp

Selecttheprogr:rm lnutrl<turn>(-->) (zRo)
(BAI) BAIRSTOW METHOO

Enterthe numberof
iterations allowed
Enter the allowable
EITOT

Proceed with prograrn (EOD) ENTER POLY?

Select new polynomial (YES) ENTER DEGREE

50 (#it) #lt=

.ffi1 (err) €lT=

5  ( n )
(EOD) A 5

A 3

Enterthe degree of
the polynomial

Enterthe coefficients 1 (ENT) A 4

tz.8 [+Fl
(ENT)
99.41 (ENT) A 2
m1.2',t8Fl1
(ENT)
352611
(ENT)

A 1

A O
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Example 2:  Q-D and Bai rs tow Combinat ion

Example

The fo l low ing  example  demons l ra tes  how to  use  ihe  Q-  D
method in  con junc t ion  w i th  the  Ea i rs tow method.

Use acombination of the Q-D and Bairstow methods to
find the roots of the polynomial

0 = x5 + 13xa + 62x3 + 118x2 + 97x + 29.

Procedure Press
lEuxl<urn>(-->) (zRo)
(Q-D)

ENTER POLY?

Select new polynomial (YES) ENTER DEGREE

Select the Q-D
prograrn

Enterthe number of
iterations

O-D METHOD

A 5

e 1 =  - 2 1

25 (#it)
(EOD)

5  ( n )
<EOD)

Enter the degree of
the polynomial
Enterthe coefficients 1 (ENT) A 4

13 (ENT) A 3
62 (ENT) A 2
1 1 8  ( E N T ) A 1

97 (ENT) A O

29 (ENT) EDIT?
Proceed with program (NO)
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Example 2:  Q-D and Bairstow Combinat ion (cont inuec,

Example
(Continued)

Procedure
Select the Bairstow
program

Enterthe numberof
iterations allowed
Enterthe allowable
EITOT

Press
, (NXT) (ESC)
(ESC) (ESG)
(BAI) BAIRSTOW METHOO

25 (#it) #lt =

.m1
(err) 6lT=

Proceed with program (EOD) ENTER POLY?

Proceed with program (NO) ENTERx2+x+s=0
Enter initial r and s 10 ( r )  29 (s)

(EOD) @MPLD(ROOTS

Finding Roots
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The Bisection Method

Introduction

This program searches for the root of a function thal crosse s
the axis between two bounds.

The bisection method requirestwo bounds at which a
function has opposite signs. It checks the sign at the
midpoint of the intervalto decide where to search for
the root next. Each midpoint check bisects the interval
This process continues until the size of the interval is
than the allowable error.

You must store the function a^s a subroutine labeled.lr
before running the program. When the program calls the
subroutine, the value for the independent variable is
available inboth the display and dataregisterA (000).

The function must have avalue at the lowerbound that
is opposite in sign from the value of the function at the
upper bound. This requirement prevents the program
from finding a root at which the function is tangent to
the axis.
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The Bisection Method (continued)

Starling
the Program

To start the program that uses the bisection method:

1. Store the function as a subroutine, following the rules
listed on the previous page.

2. If the subroutine involves any of the trig functions,
select the angle units you want to use.

3. Select (ZRO) from the ilATHEilIATICS menu.

The calculator displays the FUNCTION ZEROS menu.

4. Press (BlS).

The program displays:

5. Enter the lower limit of x and press ( LO).

6. Enterthe upper limit of x and press (Hl).

7. Enter the allowable error and press (err).
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Example: The Bisect ion Method

The fol lowing example demonstrales how to use lhe
b isec t ion  method prog iam.

Example Find the root of the function y : 3x2 + 2x - 7, which lies
between 0 and 20. Use an allowable error of .0001.

Procedure Press Disp la . r

Enterthe function

Select the program lnunl<urn>(-->) (zRo)
(BIS) BISECTION METHOD

Enter the lower limit 0 (Lo) LO=

Enter the upper limit 2 0  ( H l )  H l =

Enterthe allowable
etror .m01 (err) €r=
Proceed with result (EOD) X = 1.2fII8728
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Newton's Method (conrinued)

For the
Beginning
Programmer

Rules for
Storing
the Function

Before using the Newton's method program, you must
store the function as asubroutine inprogram memory.

If you are not familiarwith keystroke programming,
refer to the following chapters in the ?/-95
Pr ogr amn ing Guidc f or instructions.

> "Working with Programs on the TT-95"

. "Using Calculator Keystrokes in a Program' '

> "Controlling the Sequence of Operations"

When you store the function as a subroutine, follow
these rules.

> The subroutine must be labeled.fir(lowercase only).

> Anytime the subroutine needs the independent
variable, use a RCL A or RCL 000 instruction.

> The subroutine must terminate with a RTN
instruction.

[ ' inding Roots
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Newton's Method (conrinued)

Find ing
the Root

After you enter the parameters for the program, you can
find the root of the function you have stored.

l. Press (EOD).

If the program is able to find a root within the number
of iterations you specified, it displays:

whereurris the root

If the program cannot find a root within the specified
number of iterations, it displays:

To display delta, press (del ) .

To perform additional iterations, enter the number
ofadditional iterations, press (#it), and press
( EOD) . The program continues the calculations for
the number of iterations you specify.
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The Runge-Kutta Program

This program solves a system ol di l ferential equations.
Higher-orderoquations must be broken down into f i rst.order
equations before you can use the progranr.

Inlroduclion The Runge-Kutta program uses a fifth-order Runge-
Kutta method to solve a system of first-order differential
equationsof thetype y': f(x,y). fire program finds
approximatesolutionsatparticularpoints:<o, xl, . . ., xn
where the difference between successive x iralues is a "
constant, h:\*r -\.

You must enter the differential equations as subroutines
labeled fl, P, . . .,fn (a maximum of nine) before
running the program. The value of the independent
variable must be recalled from register E (004). The
other variables correspond to registers L, M, . . ., T
(01r-0r9).

The program requires you to reduce higher-order
differential equations to first-order equations. Rewrite
yourequptions with an extravariable for each orderof
derivative so that no variable is differentiated more than
once.

For example, the third-order equation y " f : x + y is
defined in terms of first-order equations as follows.

V : V .
Y' :Yz
v t ' - -vg
Y " ' = x ' f  Y t

LBLfI
RCLM
RXT{

Substituting gives:
Yt ' :Yz
Yz' :vs
Y3 ' : x+Y ,

You would describe these equations with the
subroutines below.

LBLf2
RCLN
RTN

LBLfi}
(RCLE+RCLL)
RTN
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The Runge-Kutta Program (continued)

For lhe
Beginning
Programmer

Rules for
Storing
the Functions

Before running the Runge-Kutta program, you must
store the functions inprogram memory assubroutines.

If you are not familiarwith keystroke programming,
refer to the following chapters in the ?/-95
hogrro.,mming Guide for rnstructions.

> "Working with Programs on the TI-96"

> "Using Calculator Keystrokes in a Program''

> "Controlling the Sequence of Operations"

When you store the functions as subroutines, follow
theserules.

> The subroutines must be labeled beginning with/
(lowercase;fonly) and continuing through the last
function up to amaximum of nine functions.

> Anytime a subroutine needs the x variable, use a
RCL E or RCL 004 instruction. The program stores the
values of the dependent variables as follows:

Dependent Variable Register
Vr
Y2
Ys
Yn
Y6
Vo
Vt
Ys
Ve

Each subroutine must terminate with a RTN
instruction.

L(0rr)
M(0r2)
N(0r3)
o(0r4)
P(015)
Q(016)
R(0r7)
s(018)
T(01e)
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The Runge-Kutta Program (conrinued)

The Edit
Menu

Editing the
In i t la lValues

After you enter the initial values of y, the program
displays an EItlIil menu that allows you to change any of
thevalues.

> If youdonotwanttoedit, press (NO) andgotothe
nextpage.

> If you want to edit, press (YES) and use the
procedurebelow.

Whenyouselect (YES) fromthe EUT?menu, the
program displays the same menu thatyou used to enter
the initial values.

> To display the current value, press the @ key.

> To acceptthe current value and proceed to the next y
value, press (ENT).

> To edit the current value, enter the correct vdlue and
press (ENT).

When you press (ENT) to accept oredit the last y value,
the program returns to the EDII1I menu.

9-6 Differential Equations
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The Runge-Kutta Program (Conrinued)

Displaying
Incremental
Results

When you select ( NO ) from the END RESUTT ONLY? menu,
the program displays the first incrementalvalue of x.

where acrris the value

1. Press (NXT).

The program displays the corresponding y values,
beginningwith the y value forthe first function.

where rrrris the value of
v

Press ( NXT) repeatedly to display the y value for each
remaining function.

When they value forthe last function is displayed,
pressing ( NXT) redisplays the next incremental value
ofx.

Repeat steps I and 2 until all values of x and y have
beendisplayed.

When allvalues of y havebeen displayed forthe
ending value of x, pressing ( NXT) redisplays the first
value of x. (Anytime x is displayed, you can return to
the RUNGEKUTTA menu by pressing < ESC).)

3 .

9-8 Differential Equations
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Example:  Di f ferent ia l  Equat io f lS (cont inued)

Procedure Press D i s p  '  a yExample
(Conl inued) Proceed with results END RESULTONLY?

Choose onlythe end
results (YES) X =

(NXT) y1= 4.@726783

(NXT) y2= 5.194528357

The solutionfory"isthe value of y2.

9-fO DifferentialF)qu*t ions
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The Number Theory Program

Each ol the selections in this program treats a number as a

"Ji iLin. i ion 
of integers. rhe program derives.i ts results f  ro"

;; ; ; ; ; i ." ; . ;1 ths i1v156's oi numbers' f{umbers that have
no divisors in common are relat ively prime'

ln t roduct ion The number theory program has five selections that
involve relatively prime numbers, divisors' congruence'
and ratios.

The program can determine how many of the integers
i"rr ir,"irt 

" 
given integer are relatively prime (have no

i'r"t;;;;;mon witlithe number)' For example' t has
six relative Primes, 1, 2,4,6,7, and 8'

The program can calculate how many numbers are a
;i;6;;;4u"., t u*u".. It can also provide the sum of
the divisors. For example, the six divisors of 12 are l' 2'
3. 4. 6. and 12, which total to 28' Outside this program'
ift" t"i""f"torcan perform other divisor calculations'
available from the keYboard'

The programhas an option to perform congruence

""r"irttIo*. 
The congruencebf two numbers depends

on the modulus you specify' A modulus of 7 ;-f ot
;;;;i;;;t"J rz 

"ita 
le to be congruent (both are 5

greater than a multiPle of 7)'

The standard expression forconSruencels av={mod m)'
*ni"t tt"t"t that for modulus m, a:< and b ar-e congruent '
fft" otoct".finds the values of x<m such that
rti"rtl.: ui'. ;i: 0' For example, if vou enter a = 3 '
u : ig. u"a ;" : 7, the program results in x = 4 '

The final option of this program is the search for two
ilA;;;i *e ratio approximates the given.value
*itfi" u tp*ified erroi For example, 3'375 is equal to
2718.

LO-z Number-fheorY
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The ((phi)Xn), o0, and o1 Functions

You can calculat€ (phi)Xn). o0, or o1 direcl ly from tho NUMBER
THEORY MENU.

Calculatlng
((phi)Xn), o0,
or o1

To calculate ((phi)Xn), o0, or ol:

1. Select (NUM) fromthe ilATHEMAT|CSmenu.

The calculator displays the NUMBER THEoRY menu
shown on the Previous Page.

2. Enterthevalueofn.

3. Press the applicable key for the function you want to
perform.

(phi) Calculates((phi)Xn)'thenumberof
integers not exceeding and relatively
prime to n.

( d ) Calculates o0, the number of divisors of n.

(sig) Calculates o1, the sum of the divisors of n'

The program disPlaYs the result.

1O-4 NumberTheory
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Congruence Calculat ions

The (CON) selectionlromthe NUMBERTHEORY menu lels
you perform congruence calculat ions' Given a, b, and m, the
irojram searches for al l  values of x such that ax is congruetr I
to b for modulus m.

Performing
Gongruence
Calculat ions

To perform a congruence calculation:

1. Select (NUM) fromthe MATHEIIAT|CSmenu.

The calculator displays the NUMBER THEORY menu'

2. Select (CON ) from the menu'

The calculator disPlaYs :

3. Enter the values of a, b, and m, pressing the
applicable key after entering each value.

4. Press (EOD) to continue with the program and
perform the calculation.

> If there is no solution, the message No SOLUTION is
displayed.

> If there are solutions, the value of x for the first
solution is disPlaYed.

wherearristhe
solution

5. Press ( NXT) repeatedly to display the remaining
solutions forwhich x ( m.

When all the solutions have been displayed, pressing
( NXT) returns you to the CONGRUENCE menu'

10-6 NumherTheorY
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Rationa I Approximations

The ( RAT) selection trom the NUMBER THEORY menu lels y
calculate a fract ion that approximates a specif ied number.
within a given error.

Calculat ing a
Rat ional
Approximation

To calculate the rational approximation of anumber:

l. Select ( NUM) from the iIATHEilATICS menu.

The calculator displays the NUilBER THEORY menu.

2. Select (RAT) fromthemenu.

The calculator displays:

Enterthe numberyou want to approximate and press
(x) . (This number is not retained when the result is
calculated, so you must enter a value for x each time
this menu appears.)

Enter the allowable error and press ( err). (If you
enter 0, the result is within the limits of the
calculator.)

Press ( EOD) to continue with the proglam and
calculate the fraction.

When the approximation is complete, the calculator
displays:

Press ( NUM ) to display the numerator.

Press (DEN) to displaythe denominator.

3.

4 .

D .

6 .

7 .
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The Coordinate Transforms Program

This program lets you transform lhree-dimensional
coordinates between the rectangular, cylindrical, and
spherical coordinate systems.

Introduction The Coordinate Tlansforms program is designed to
accept coordinates in any ofthree coordinate systems
and convert them to any of the other coordinate
systems. All angles are interpreted according to the
angle units setting of the calculator.

Rectangular Coordinate System, Right-hand Axes

Cylindrical Coordinates

Spherical Coordinates

Ll-z TransfornringCoordinates
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The Coordinate Transforms Program (conrinued)

Entering
the Coordinales

After displaying the COORD TRANSFORTIS menu, use the
following instructions to enter the original coordinates.

l. Select the angle units you want to use.

2. Select the type of transformation you want to
perform.

The program prompts you to enterthe original
coordinates.

Forexample, if you press (R-C) the progfam displays

Enter the x-, y-, and z-coordinates, pressing the
applicable key after entering each value.

Press ( EOD ) to indicate you have finished entering
the values.

3 .

4.

LL-4 TransformingCoordinates



9-II r-alau!ProoSEultu:o5suell

'uolleuuoJsuerl;o aditl aures aql roJ
nuaur lndur aql ol rf,rnler 01 (<--) ssard 'saleurprooc

pauuoJsu"rl aql Eu!{BIdsIp qs.n41 nof uaqll 'Z

'al"utprooc
papalas aql Jo anlerr aq1 sfeldsp urerEord aq;,

'feldsrp o1
lue,$ nof aleurprooa aql Jog {a1 elqecqdde aq1 ssard '1

'al?rnprooJ-z aql pu" 'Blaql 'snrpBJ
aql iteldqp nof s1a1 nuaur aq1 'saleulprooc lecFpuqrb

o1 senpl Eu-nuJoJsu"4 alz no{;1 'aldurexa rog

'sel"ulprooa paurJoJsrr"Jl aq1 feldsrp nort s1a1 1eq1
nuaur e sfeldsrp ue.6ord aql '(OOf ) ssa.rd no{ uar16

sflnsa$ aL:
6urIeldslc



Example: Coordinate Transforms

The fo l low ing  exar r rp le  i l l us l ra tes  ihe  uso  o f  t t re  Coord ina i
Trans forms program.

Example Tlansform the rectangular coordinates (2.5, 4, 3) to
cylindrical and spherical coordinates.

P iocedure Pi 'ess D i s t r  . ;

Set angle units to
degrees DEG MODE

NM
@

Select program lE-0fr|<urn>(-->) (-->)
(XFM) CooRDTRANSFORMS

Select transform type (R-C) RECT_>CYL
Enter coordinates 2.5 (x) X = 25

4  ( y ) y =

3 (z) Z =

Proceed with results (EOD) CYLINDRICAL

View cylindrical
coordinates f = 4.71@0566

( th  ) t h = 57.S461679

Q )

Proceed with program (-->)
(ESC) C@RDTRANSFORMS

Select transform type (c-s) CLY - >SPHERE

Proceed with results
using current values (EOD) SPHERICAL

View spherical
coordinates (rho) rho= 5.5m16SS4a

(th ) t h = 57.99'f61679

ll-6 I ' ransformin(Ooordinates

( p h i ) phi = 57.5,1i16S15a
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Introduction

Two programs are avai lable f rom the ANALYTIC GEOM mer

The Analytic When you select (GEO) from the t{ATHEilAnCS menu,
GeometryMenu thecalculatordisplays:

(coN)

(OAD)

Runs the Conic Sections program, descri
on the next page.

Runs the Quadric Surfaces program,
described on page 12- 16.

l2-2 Analytic Geometry
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The Gonic Sections Program (conrinued)

Starling
lhe Program

Enter ing lhe
Coef f icients

To start the Conic Sections program:

I . Select ( G EO ) from the MATH ElulATlCS menu .

The calculator displays the ANALYTrc GEOM menu.

2. Select (CON).

The program displays:

To enter the coefficients for the general quadratic
equation:

l. Enter the values of A, H, and B, pressing the
applicable key after entering each value.

2. Press (--)).

The program displays:

Enterthevaluesof G, F, andC, pressingthe
applicable key after entering each value.

If any ofthe first three coefficients were entered
incorrectly, press ( --)) and re-enter the coefficients

When the coefficients are correct, press ( EOD ) .

3 .

4 .

t2-4 Analyt ic Geometry
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The Conic Sections Program (conrinued)

Point Ellipse If your equation describes a point ellipse, pressing ( EOD )
displays:

Rea lE l l i pse

(x) Displays the x-coordinate ofthe point.

(y) Displays the y-coordinate of the point.

(ESC) Returns to the @NlC SECflONS menu.

If your equation describes a real ellipse, pressing ( EOD )
displays:

1. Press (-->).

The program displays:

Displays the x-coordinate for the center of
the original ellipse.

Displays the y-coordinate for the center of
the original ellipse.

( x )

( y )
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L-Zl,{r'lauoag.>t1,{1euY

'nuaur sNo[cas clNoc aql ol urnlar 01 ( cs3 ) ssard

'nuau lsdll'|3'lv:lu aql 01urnlar
ol (<-- ) ssaJd 'sllnsal aql tulllral^ qqug nof uaq11

'saxe 1eu6.tro aq1 o1 laedsa.r qlrrrr
srxe ro lbur aq1 ;o 1daera1ul aq1 sfeldstg ( q )

'saxe leuPFo aql o1lcadsar
qlrln srxe rolbur eq1;o adols aql s{eldstq ( u )

'srx? Joulru aq1 1o qfual aq1 s{eldstq ( u I tll )

'srxe roltru aq1 1o qfual aq1 sfeldstq ( [Eui )

:sfeldqP ruerEord aq;,

'q<--1 ssard 'anu11uoc o"1,

'sax? palslor aql ol Padsar qlun

'9

'v

'8

raxual ar{l Jo aleulprooc-r( aq1 sfeldqq

'saxg palglor aq1 ol Padsar qlurr
raluec aqlJo aleulprooc-x aq1 sfeldqq

'uorlelor Jo apue aq1 sfeldqq

(,4 )

(,X)

1Ouey

:s,te1dqp urerEo.rd aq;,

'(<--) ssard 'anurluoc otr '7
(panulf uolt
asd;193;eay



The Conic Sections Program (conrinued)

lmaginary Ifyourequationdescribesanimaginaryellipse,pressing
Ellipse (EOD) displays:

Hyperbola

Press ( ESG) to return to the CONTC SECnOilS menu.

If your equation describes a hyperbola, pressing ( EOD )
displays:

l. Press (--)).

fire program displays:

Displays the x-coordinate for the center of
the original ellipse.

Displays the y-coordinate for the center of
the original ellipse.

(x)

(y)

12-8 Analytic Geometry



6-ZI Arlauooly:rt1A1ouy

'nuaw sNollcfs clNoc aql ol runlal ()1 (cs3 ) sserd'9

'nuaru lnogu3d H aqlol unlar
ol (<--) ssard 's11nsar aql Euyrra1ir qqug no,{ uaq11 '7

'saxe pu6go aql ol 1aedsa.t qllAr stx"
as.ralsuerl aql Jo ldacralul aq1 sfeldslq

'saxe pupgo aql ol Padsar q11m
sIxB asralsuerl aq1;o adols aq1 sfeldslq

'srxe aleEnfroc aq1;o q1Eua1 aq1 sfeldqq

'sTXe asJalsuerl eq1lo qfual aq1 sfe1ds.r6

(q)

(tlj)

(fuc)

(uJl)

'8

'z

:sIeldqp uraford aq;.

'(<--) sseJd 'anutluoc o;,

'saxB palBlor eql ol padsar qlurr
raluac aqlJo aleulprooc-it aq1 sfeldqg(,^)

'soxe pa1eloJ aql ol Padsar q1lal
Jaluac eql Jo alaurproot-x aq1 s{eldstg (,x)

'uoltelorJo eBuu aqlsfeldqq 1Oue1

:sIr1ds1p ue.6ord aq;,

' q4-- y ssard'anurfuoa o;.
(panurluo:-1)

eloqradIl



The Conic Sections Program (continued)

Parabola

l .

If your equation describes a parabola, pressing ( EOD)
displays:

(x) Displays the x-coordinate for the vertex of
the original parabola.

(y) Displays the y-coordinate for the vertex of
the originalparabola.

To continue, press (--)).

The program displays:

(ang) Displays the angle of rotation.

(x') Displays the x-coordinate of the vertex with
respect to the rotated axes.

(y') Displays the y-coordinate of the vertex with
respect to the rotated axes.

Press (-->).

The program displays:r

l2-10 Analytic(ieometry
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'nuau sNollc3s clNoc aql ol runlal ol (cs3 ) ssord

'nueu lnogvuvd aql 01 &rnlar
ol (<--) sserd'sllnser aqltu.ra\al qsI4J no.aueqll

'saxB leu6.Iro aql ol padsal qll^r
runlaeJ snlq aqlJo ldeJJalul aql s^"Idslo(q)

'sax? I?uFFo aql ol padser
qlu$ unlJal snl?I aql Jo adols arll s{qdqo ( ul )

('rr{E!r aqt or zuaoo
eloqered aql 'arrlleEau sr 11JI 'UeI aql

o1 zuado eloqered aq1 'a,r-r11sod s.r t61s aq1
yf 'urnpar snrel aqt Jo tl€ua1 aq1 szteldqq (U1)

'c

'v

: sfeldsrp urerEord aq;,

'(<--) ssard'anutluocotr'g
(panu!luolt

BIoQBIBa



The Conic Sections Program (conrinued)

Parallel Lines Ifyourequationdescribesparallellines, pressing (EOD)
displays:

( m 1 ) Displays the slope of the first line .
(b'l ) Displays the intercept of the first line.

(m2) Displays the slope of the other line.

( b2 ) Displays the intercept of the other line.

When you finish viewing the results, press ( --)) to
return to the PARALLEL L[{ES menu.

Press ( ESC) to return to the CONTC SEgflONS menu.

1. Press (--)).

The program displays:r
2.

3.
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8I-ZI,trlaruoaOJ!lAIBuV

'nuaru sNollcEs flN@ aql 01 rlrnlal ol (cs3 ) ssard

:sfelds-rp (OOg ) Eqssa.rd'saul
aXeEn$roa xaldurocyo.r.red B seqlJcsap uo.rpnba rnof ;tr
'nualu sNo[cas ctiloE, eql ol runler ot ( cs3 ) ssard 'g

'nuau sBiln trcElsuSlNl eql 01 runlar
of (<-- ) ssard's11nsar aq1 Eurnaur qsnn; nod uaqlg' 7

'au11 puocas aq1;o ldaclalur aq1 sfeldqq (Zq)

'auT[ puoJec eqlyo adols aq1 s{e1dqq (Zur)

'au-rl tsrrlJ aql;o 1daale1u1 aq1 s{eldsrq ( lq)
'au1 $rIJ aqlyo adols aqlsAeldqq ( tur)

saul-l
a1e6n[uo3

xagduro3

I

:sfeldqp urz-6ord aq;,

'(<--) ssard 'I

:s{e1dsp 1gg3y sour-
Eqssard'sauqEqlcasralu-rsaqlJasapuoqenbarnofgl 6ur1casra1r,



Example: Conic Sections

The lo l low ing  example  i l l us t ra tes  the  use  o l  the  Con ic
Sect ions  program.

Example Determine the nature ofthe curve described bv the
equation

44x2 + 600xy - 551y2 + 1976x - 2106y - 1859 : 0

Procedure Press D i s p l a  t
Select the program lnunl<trlrn>(-->) (-->)

(GEO)
(coN) coNtcsEcTtoNs

Enterthecoefficients 44 (A) A =

6m (H) H = 600
551 f+r:l (B) B=
(-->) 1976
( G ) G = 1976.

2 1 0 6 m ( F )  F = - 2106.
185e lT'-l(C) C= - 1859.

Proceedwithprogram (EOD) HYPERBOI-A

View original center
coordinates ORIGINALCENTER(-->)

(x ) X =

( y ) y =

l2-L4 AnalyticGeometry



gl-Zl drlauoegclgluuy

r.999999912 -=q(q)

r,999gp9rr'=ll.l(lx)
= luc(tue)

( url) = tul

(<--)saxB
Jo sJelaru"rsd narl

'z-=rA
'8-(,x)
Z6t!!6Lt6e' =6uB(oue)

U3IN3CO3IVIOH(<--)sralaru"J"d
raluac pal"lor arer^

IeldsgqaJnpaco/d
(penultuoc)

eldurPx3



The Quadric Surfaces Program

This program identi f  ies any quadric surlace from lhe
coeff icients ol the general second-degreo €quailon In three
variables.

A x 2 +  B y 2  +  C z 2  + F y z + G x z +  H x y +  P x +  O y +  R z +  D = 0

Introduction The Quadric Surfaces progxam analyzes the ten
coefficients ofthe general second-degree equation to
identify the type of quadric surface. At least one of the
A, B, C, F, G, or H coefficients must be nonzero. The
program rotates the coordinate axes to eliminate any
cross-product terms. The possibilities for the surface are:

> Elliptical or hyperbolic paraboloid-The program
supplies the coordinates of the critical point with
respect to the rotated axes.

> Real or imaginary ellipsoid-The program supplies the
coordinates of the center with respect to the rotated
axes.

> Hyperboloid of one or two sheets-The program
supplies the coordinates of the center with respect to
the rotated axes.

' Cylinder-The program determines the variable to be
eliminated from the original equation.

> T\vo planes-The program determines the variable to
be eliminated from the original equation.

> Imaginary cone-The program supplies the
coordinates of the center with respect to the rotated
axes.

Before using the program, make sure the calculator is
partitioned for at least 33 data registers.

Afterusingthe Quadric Surfaces program to provide
simplified coefficients, you can use the Conic Sections
program to help determine the exact nature of a surface.

f2-16 Analytic Geometry



(panuquoa)

'anlerr qcea EulJalue JaUs fa1 alqecqdde
aqt Eulssald 'H pu" 'g 'g 'q;o sanIBA aql ralug .g

^-Zl .ir lauroal; o11,{1erry

: srteldsp ure.6old aq;,

'(ovo) ssord .z
'nualu ItO3g Clt-AtVNy eq1 s{eldsrp rol"lnol"c aqJ

'nueru sc|IvreHM aql uro{ (o3g) pelas .I

:ure.6oJd saceJlng appeng ar{l UBls oJ

-
:sAeldsrp ue-6ord aq;

'(<--) ssard 'z

'an1en qcee EuFelua JeIJB fe4 alqeaqdde
aql Eulssard 'C pue 'g 'y go sanlerr aql Jalua .I

r?uorsuerurp-aalqlaqrJos*"r-H-S::i,i1t"T,lJl:

rT
sluelctf lao3
eqg 6ugra1u3

ulel6ol6 aq3
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The Quadric Surfaces Prografi l (continued)

Entering the
Coef  f  ic ients
(Cont inued)

4. Fress (-->).

The program disPlaYs:

I
5. Enterthevaluesof P, Q, andR, pressingthe

applicable key after entering each value'

If any of t,Le coefficients of an earlier group were
enteied incorrectly, press (--)) and re-enter the
coefficients.

6. When the coefficients are correct, press ( EOD)'

Determining the When you press ( EOD), the program displays a message
Type of Surface toidentifythetypeof quadricsurface.

The message will be one of those listed on the next page'
accompanied by a (-->) selection to let you display data
about the surface.

For example, if the equation describes a hyperboloid of
one sheet, tJ:e Program disPlaYs:
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6l-Zl zl.rlauroeg er1,{1uuy

euocfr"u6"url
saueld o,rq ro rapr4lIg

qaaqs o$,1 Jo proloqladfll
taaqs auo Jo proloqrad{g

prosdqa iireupeurl
plosdpapag

proloqaned aqoqra&(g
proloqeredprpdmg

3N@ AWNt9vttl
s3rtrld z uo -l^c
olo-Io€u:td^H s-z
oto'lo€u:u^H s-r
o tosd t'l-13 9vlt I
otosdt-l-13 -l\EU

olo-lo€vljVd u3dAH
oto'l@vllvct dt-1-13

(ponulluoC)
ece!ns

1o edIl aq1
6uluguralag ecerJns lo ed^I peIeldslq a6essa11



The Quadric Surfaces Progratrl (continued)

Display ingWhenthea:resarerotatedtoel iminatethecross-product
m"hoi"tJo terms'thegeneralequationbecomes:
Coell icients

Axz +BYz +Czz +Px + QY + Rz + D : 0

To display the coefficients for this equation when the
tYPe of surface is disPlaYed:

1. Press (--)).

The Program disPlaYs:

I
2. Press the applicable key to display the A, B, C, or D

coefficient.

3. When you are ready to proceed, press (--)) '

The program disPlaYs:

-

4. Press the applicable key to display the P, Q, or R
coefficient.

If you want to redisplay A, B, C, or D, press ( --)) '
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lZ-Zl f.rleuoegclptpuy

'nuau sacvluns ctuovno eql ol runlar ol (cs3)
ssard 'salzurp.rooc aql Eur,uap qsprg nof uaqA .g

ro '-d '-x aql deldsrp ol ra:1"K"""d?;Hi::1-; .z

Eulpuadap' snuaur oi*1 ;" ""; :l;fi::. Jl#:J:i;
'sluarcrJJaoa paplor aq1 EuLrarA JaIJB ( CS3 ) ssard .I

:acBFns
aq1 Jo xogal aql Jo Jaluao aql Jo uollsoo1 aq1 feldsrp o;

xouen eq!
JO reluec eql

6u1r{elds;q



Example: Quadric Surf aces

The following example i l lustrates the use of the Quadric
Surlaces program.

Example Determine the nature of the surface described by the
equation

7xz +7y2 +lbz2 +4yz-4Ye-zxy -tZx+lZy +6Oz-24:0

Procedure Press Display

Select the program lnunl<urx>(-->) (-->)
(GEO)
(QAD) QUADRICSURFACES

Enterthe coefficients 7 (A) A = 7.

7  (B ) B = 7.

10 (c) C = 10.

D = -24.

<-->> 24
@
( D )

4  ( F ) F =

4 [+7-l(c) G= -1 .

2 f+,-l (H) H = -z
<-->> 12
E
(P) D - -12

1 2  ( Q ) Q = 12

60 (R) R =

Proceedwithprogram (EOD) REALELUPSOID
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B?-al,{r1euoagcr1A1uuy

wt6'iwrz- =2
9tt9t'960't=l(^)
ASl0nlm'l- =x(x)

NOIrVCOI H:trN3C(csf) uorl"aolraluaJltrar^
e889/1,8/'89 = U(u)
88lt89tl'tt - =O(o)
11689660'9t=cl (d) (<--)
'tz-=o(o)

=C(c)
=8(8)
=V

JI3OJO3IVIOU(<--)s'luarcrJJaoc
peploJ aral^

Ields;gaJnpa3o.td
(panu11uo3)

aldurex3





I-gI suralsfsrBau[uoN

g-gl ' ' srua$rtsJBau[nroN:aldur"xg
z-81 """ rus.dordsura$fsraaqFoNaw sluoluocloelqBl

'ueJ6ord
surols^s rBeulluoN eql esn ol moq soqucsep roldBqc slql

suels,ts JBeu!luoN 6u;nlog :g 1 regdeqg



The Nonlinear Systems Program

Thls program solves up lo elghl simuliansous €quations lhal
can be nonlinear lunclions. lt uses f unctions you store in
program memory.

lntroduction The NonlinearSystems program approdmates the roots
of a system of equations using Newton's method. You
can enter functions such as higher-order polynomials,
trigonometric functions, or linear functions for
simultaneous solution. The solution is a point that occurs
at the intensection of all the entered functions.

You can enter from two to eight functions to be solved
simultaneously. You must enter the functions as
subroutines in program memory before running the
progr:rm. The values of the variables correspond to
registers B, C, . . ., I (001-008).

You must partition the calculator for at least 115 data
registers before running the program.

Ttre program prompts you for allowable error, maximum
number of iterations, initial values for each variable,
and an initial guess for the root of each variable.

lmportant Ttre program may not arrive at a solution when the initial
guess is too inaccurate. If your guesses cause the NO
SOLIfiON message to appear, repeatedly try the program
with different guesses before deciding no solution exists.

lS-2 Nonlinear Systems
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'uopcru$ul NJU " ql!^r
ol"ulurral lsnru uolpunJ qaBaJoJ aulnorqns aqJ

(8oo) r
0oo)H (goo)c
(soo).{
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Ex

*9x
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'ste$6ar EUIltlo[IoJ
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The Nonlinear Systems Progrorn (conrinued)

Starting
the Program

Entering
ln i t ia l
Guesses

l3-4

To start the Nonlinear Systems program :

l. Store the functions needed by the program, following
the rules on the previous page.

2. If the subroutines involve any of the trig functions,
select the angle units you want to use.

3. Select (NON) fromthe ilATHEIlATlCSmenu.

The program displays:

4. Enter the number of functions stored and press ( n ) .

5. Enter the amount of allowable error and press (err) .

6. Enter the number of iterations you want the program
to perform and press (#it).

7. Press ( EOD) to indicate the data is complete.

When you press ( EOD ) , the program prompts you to
enter an initial guess for each variable.

Enter the values of the guesses, pressing ( ENT) after
eachvalue.

Nonlinear Systems



9-8I srualsAsraeu![uoN

'nuaru aJJo3 arll uro4
( ON ) ssard'sassanE 1ep1q aql tup1pa qqug nolt uaq11

'(INf ) ssard
pu" anl?^ laerJoc eql ralue 'anls^ lua[nc aql llpa oJ, <

'(IN3) ssard
'1xau aql ol paaco.rd pue enI"A lualJnc aql ldocc" oJ <

'fal E aql ssard 'an1e,r luattnc aq1 {e1dqp otr <

eqlJalua 01 pasn nofnuau aurus aq1 sfeldsp uerSord
aq1 'nuaru2,1;gf aqltuo{ (S3A) palesnoduar6

'a{oleq PaqF saP arnPecord aq1
asn prrc 19311 ssard 'sanp,r fue aEusqJ 01 peau nof ;1 <

'aEed 1xau aq1
o1 paacord pue 191 I ssard'saEueqc ou a,req nof ;1 <

I'sassanElegp4

'{lparrocul perelua sanl?A r{tru aEueqc
no^ slal ure.6o.rd aq1 'sassanE pp1u1 aql ralua nof ra1;y nuary llPf oqt

sesson0
lB!llul

eqt 6utIpl



The Nonlinear Systems Progrotn (conrinued)

Dlsplaylng
the Solutlons

If the message NosoLuTpN orfi REAGHEDisdisplayed,
proceed to the next page for instructions.

If the program can find solutions within the number of
iterations you specified, it displays the value of the first
variable.

where rrcris the value

l. Fress ( NXT) repeatedly to display the solution for
each of the remaining variables.

When all the solutions have been displayed, pressing
( NXT) redisplays the value for the first variable.

2. When you finish viewing the solutions, press ( ESG ).

fire program returns to the NONUI{EAR SVSTET menu.
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Example: Nonl inear Systems

The exampb below demonstrates how to use the Nonlinear
Systems program.

Example Findthe intersection of the following functionswith an
allowable error of .0001 and a limit of 25 iterations.

(x-  lP+(y-  rY +@- r )2-0=o
(x+ lP+(y+ r f  +(z+ lF-6:0
yzz +x3:O

I,et x : xl, y : v2, and z : x3.

Procedure D isp lay
Enter the functions
(The program counter
shouldequal0088
when you have entered
all the functions.)

(1s t )
@

f 1
0 1  l - 1 1

ium2m3
f 3 ltr
E
001
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n3ls SU\ENnNON (NON)
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ol-v' ..pesost8t{
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Register Contents

The followlng tablo lisls the contents of the dala r€gislers
used by each program. Using these tablee, you can determine
which data reglsler is occupied by any value a program
generates. You also can delermine the block of registers lo
saye as a flle for those programs lhal let you use saved dala

Program Name Regisler Conlenls
Complex Complex t-register used
Funclions Functions 000

00r
realx
imaginaryx

002 realy
003 imaginaryy

used
used

004
006

lnterpolation CubicSplines t-register
000

bos
010
011

6m+3

used
available
used

used
available

available
used
used

001

004
005

used
Exact
Polynomials

t-register
000

004
005
006
007
008
009
010
011

used
used

used
available
available
available
x
f(x)
n
x1

X.*
Yr

Y.*

:.
c.o

bar
032

062
053

073

A-2 Registers and Flags Used



8-V PasnstaldPuasralsl8eu

(panu-r1uo3)

pasn (f +u)(t +ur)+6

pasn
(q u1 suurnloc Jo #) d
(e u.r suurnlocJo#) u

(e ur s,nor;og) ur

800
zoo
I00
000

pnpord
x.u1"n

suo!lnlos
xltlEn

aJnlGJp"nb
ssn"c

eJnlB,|pBno
ssne0

IIO

800
200
900

800
zo0
I00
000

pasn

pasn
x

pesn
:

posn
u

IH
o'I

pasn
pasn

l(xFuru"EluI pasn
pasn

lxl x

900
900
t00
800
200
I00
000

uorlaund
BUrUr"C

uo!lcunJ
BUrUre0

slualuocrelsgOeg euepue.r6o.r6



Register Contents (conttnued)

Program Name Reglster Contents
Matrlx
Solullons
(Conllnued)

Inversion/
LinearSystems

available
used

used
lAl
used
used
status: 0 for none,
I forfactor,
2 forinversion
n(matrixorder)
&rr
azt

8*
t, (table)
:
tn
br -xr
:(constant"solution)
b . - \
pr
: (firep'saretheb's
permuted according
to the t's such that
A-l'F=x to produce
the solution.)
F^

000
001

006
006
007
008
009

010
0rr
ot2

10+nz
1l  +n2

l0+nz+n
1 l  +n2+n

l0+n2+2n
l 1 + n 2 + 2 n

10+n2+3n
Tridiagonal 000

009
010
0 l l

used

used
n (order of system)
used

used

A-4 Registers and Flags Used
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9-Ypeso stslJ pua srolsltau

oq

oq
oe

uB

eIq"F"^B
:

aIqEII"^3
pasn
pesn

84aa.6ap
v4 aa.6ap

tzr
t0r
80I

800
200

t00
800
ZN
r00
000

pnpord
plruou{1o4

lcnpo.rd
1e1uou{1o6

pesn
(u'u)u
(t'tlu
(u'u)H

(t't)tt
pasn

pasn
elq"I!€̂3

pasn

pesn
aIq"["^s
eIqslls^?

pasn

pasn
(raproxulBru)u

,u+fI +u)+96

"u+ 
7{l +u)+p7

,(1+u)+97
^t+u)+vz

uz+92
uz+92

920
tz0
820

8I0
Lro
9I0
9I0

I00-
000sanp,ruailg

(penulluoC)
suollnlos

xlrlBl\l

slualuocre1s16egeurep urer6ol6



Register Contents (conrinued)

Program Name Reglsler Conlents
Funcllon Zeros Q-D and Bairstow 000

003
004
005
006
007
008
009
010
0 1 1
012
013
014

oL7
018
019
020

045
046

071
072

097
098
:
123

used

used
r
s
delta
lst root
2nd root
Gif Bairstow
#itif Q-D
used
used
#it if Bairstow
used

used
n
used
A(0)

A(i)
Q(0,0)

Q(0,i)
Q(1,0)

Q(1,i)
Q(2,0)
:
Q(2,i)

Bisection 000
001
002
003
004
009

x
LO
used
HI
used
errorlimit

A-6 Registers and Flags Used
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L-Ypasl-l stalJ pua sratsltau

-____GF

(t)r
(o)sx
(t)sx
(o)rx
(t)rx
(o)ex

280
vL0
820
990
t90

:
990

620
820

020
6I0

zl0
IIO
0I0

900
t00
800
200
I00
000

990

Lto
9t0

:
880
/80

(r)ex
(6)zx
(t)zx
(o)tx
(r)rx
(o),{
(t),t

6A

7t
1f

pasn

pesn
x uotl?nlB^a

XIBUIJ
xda1spuexp11lt4

a4sdals
slropilrnJJo Jaqlunue11ny-aEungel1ny-aDung

lru4l uollsJell
lllullJorla

0I0
600
900
900

3lIap
pasn
Pasn I00

x 000
(Panul1uo3)

uolr$aN soiezuollcunj
stueluoC .tEls!6eu eueN uer0ord



Register Gontents (conrinued)

Program Name Reglster Contenls
NumberTheory Phi 000

001
oo2
003

n
used
l(n)
used
n
d(n)
used
used
used

000
001
w2
003
004

n
dn)
used
used
used

000
001
oo2
003
004

sig

AandM
a
b
m
used
x
used
used
used

000
001
N2
003
004
006
006
007
008

Congruence

Rational 000
Approximation 001

oo2
003
004
006
006
007
008

used
allowable error
used
A
used
used
B
used
used

A-t Registers and Flage Ueed



6-V peso6tBlJpuasralsttou

pasn

pasn
pasn

pasn
k

: Ix
urapro

,tl

III
ut+zu+tI

600
800

I00
000 $ue$dsr"eqluoN

pesn

pesn

290

000 samlmstFp'sno
pasn

pasn
eEaug

ad.,tJ
}I
I
f
C
c
J
cs
H
v

820

zro
IIO
0I0
600
800
200
900
900
?00
800
200
r00
000 suopJascTuoc

fuleuoeg
clp(;euy

oqJ
Hd

slaqt
I
z
f
x

900
s00
?00
800
ZN
I00
000

suuoJsrrts{L
alsulprooc

sluJolsusJl
elBulProoc

regs;6eg eurep uer6or6



Flags Used

The programs in the Mathematics l ibrary use one or more
f lags. lf you write a progrsm thal uses a l lag lrom the l ist
below and then run a program in the library, the status of the
flag may change.

Lisl of Flags The following table lists the programs in the
Mathematics library and the flags used by each one.

Program Name Flag 15 Flag 16
Complex Functions
CubicSplines
Exact Polynomials
GammaFunction
GaussQuadrature
MatrixProduct
Inversion /Linear Systems
TridiagonalSystems
Eigenvalues
Polynomialhoduct
Q-DMethod
Bairstow Method
BisectionMethod
Newton'sMethod
Runge-Kutta
NumberTtreory
Coordinate Transforms
ConicSections
QuadricSurfaces
NonlinearSystems

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

A-10 Registers and Flags Used



I-A uo|lr|lroJtulf,lurrre6purecpJes

7-g 'r'r$urrn6pe4uy1rrctr-etrg
za " uowurqFtroFres sueuoCloen3l

'eoppurc cqtrel Aulrrn cql pu3 slueulrul3ul
serel lq pepgeod cqere eql rcgpcsep xlpueddr qql

uollBr,urclul AluBilBrn puB eo!ilas:g xlpuaddv



Service Information

lf you experlcnce a problem wlth your cartrldgp, plelre call ot
wrllc Gonrumer Rclatlons to dlscurs thc problcm.

For Servlce and
General
Informatlon

ForTechnlcal
Informrllon

Express Servlce

Galculator
Acceesorles

If you have quegtions about serwice or the general use of
the cartridge, please call Consumer Relations toll-tlee
withinthe United States at:

l-8oo-Tr cABEs (842-2737).
ftom outside the United States, call l-806-741-t1800.
(We cannot accept collect calls at this number.)

You may dso write to the following address:

Texas Instnrments IncorBorated
ConsumerRelations
P.O. Box63
Lubbock, Texas 79408

Please contact Consumer Relations:

> Beforc returningthe cartridge forservice.

> For general information about using the cartridge.

If you have technical questions about the operation of
the product or programming applications, call
l-W6-741-266i|. We regret tllat we cannot accept
collect calls at this number. As'an dternative, you can
write Consumer Relations at the address given above.

Texas Instruments offers an e:rpress service option for
fast return delivery. Please call Consumer Relations at
l-800-1I CARES (U2-27 37) for information.

If you are unable to purctrase calculator accessories
(suchas carrying cases oradapters) from your local
dealer, you may order them from Texas Instruments.
Please cdl Consumer Relrtions at l-8fi)-Tl CARES
(U2 -27 37 ) f or information.

bZ Service and Warra.nty Information



One-Year Limited Warranty

Thls Texas Instrumenls software cartrldge warranly extends
to lhe orlglnal consumer purchaser of the producl.

Wananty
Duratlon

Wananty
Coverage

Warranty
Disclalmers

Legal Remedies

Warranty
Performance

This cartridge is warranted to the original corulumer
purchaser for a period of one (l) year from the original
purchasedate.
This cartridge is warranted against defective materials
and corstruction. This warranty covers the electronic and
car€ componentsof the software cartridge. These
components include all semiconductorchips and devices,
plastics, boaxds, wiring, and all other hardware contained
in this cartridge ("the Hardware"). Ttris limited warranty
doesnot extend tothe programscontained inthe
cartridge and the accompanyingbook materials ("the
Programs"). The wananty ls vold if the cartridge has
been dauuged by accident or unreasonable uee,
neglect, lnrproper eervlee, or other ceusee not arising
out of defects ln materials or construetion.
Any trnplied wanantiee arlslng out of this sale,
lncludingbut notlimlted to the lmpliedwanantles of
merehanrtability and fttnese for a patricular purpooe,
are limited in duratlon to the above one-year pertod.
Texas Ingfinments shallnotbe ltable for loes of use of
the cartridge or other lncidental or eoneequential
costs, expenaee, or dauuglee ineuned by the
consruner or any other uger.
Some states do not allow the exclusion or limitations of
implied warranties or consequential damages, so the
above limitatiorur or exclusions may not apply to you.
This warranty gives you specific legal rights, and you may
also have other rights that vary from state to state.
During the above one-year warranty period, your TI
cartridge will be either repaired or replaced with a
reconditioned comparable model (at TI's option) when
the cartridge is returned, postage prepaid, to a Texas
Irwtruments Service Facility. The repaired or
replacement cartridge will be in warranty forthe
remainder of the original warranty period or for six
months, whichever is longer. Other than the postage
requirement, no charge will be made for such repair or
replacement. Texas Instruments strongly recommends
that you insure the product for value prior to mailing.

B-4 Serviee and Warranty Information


