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INTRODUCTION

INTRODUCTION

Your calculator contains a removable So/id State Software* module which places a large library with a
variety of programs at your fingertips the instant you turn the calculator on. Each So/id State Software
module contains up to 5000 program steps. Within seconds, you can replace the Master Library Module
with an optional module, ranging from Applied Statistics to Aviation, to tailor your calculator to solve
a series of professional problems with minimal effort. Your So/id State Software library does not take
up valuable memory space needed for your own programs. In fact, you can call a library program as a
subroutine from a program of your own without interruption.

USING THIS MANUAL

After this brief introduction, you will find the description, user instructions, exampte problems and
principal equations (when necessary) for each of the 25 programs in the Master Library. Each program
is easily identified by the ML’ number in the upper corner of the page. This number corresponds with
the call number you use to tell the calculator which program in the So/id State Software module you
wish to use.

The primary reference point in this manual for each program is the User Instructions. These user instruc-
tions are also available for you in the handy pocket guide furnished with the library. The program
description and sample problems should be used when you first run a program, to help you understand
its full capabilities and limitations.

When using the Solid State Software programs as subroutines to your own programs, you will also want
to check Register Contents for the program and check Program Reference Data provided in Appendix A.

RUNNING SOL/D STATE SOFTWARE PROGRAMS

The Master Library contains a variety of useful programs. To help you get started in using the So/id
State Software programs, follow through a couple of brief examples with us:

First of all, to eliminate any possibility of having any pending operations or previous results interferring
with your current program, turn your calculator off for a couple of seconds, and back on again. This
off/on sequence is the assumed starting point for each example problem in this manual. Now press the
key sequence B (o) (1] [=] to call and run the “‘diagnostic” program. Notice the display
goes blank except for a faint **/7"" at the far left which indicates that calculations are taking place. After
about 15 seconds, “1."”” will appear in the display. This displayed number indicates that the Master
Library Module is installed in the calculator and that the calculator and module are operating properly.
If the display is flashing after the diagnostic, refer to “In Case of Difficulty” in the SERVICE INFOR-
MATION Appendix of the Owner’s Manual.

The diagnostic program is a highly specialized one that works internally to check the operation of your
software library. Once you're sure things are working, you can continue with another program in the
library.

Assume that you have a 6-inch by 8-inch rectangular surface and you need the equivalent dimensions
and area in centimeters. Program ML-24 is the appropriate program for this conversion. Look through

*Trademark of Texas Instruments
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the nonmagnetic black and gold label cards® and find card ML-24 titled UNIT CONVERSIONS(1).
fnsert this card in the window above the top row of keys on your calculator. You can now see that the
inches to-centimeters (in —cm) conversion is performed by pressing the A key. Now to solve the
problem:

ENTER PRESS DISPLAY COMMENTS
TR 2nd AR 24 0. Calls program 24
6 A 15.24 Width in centimeters
[X] 15.24
8 A 20.32 Length in centimeters
(=" 309.6768 Area in sg. centimeters

Any conversion in this program can be used in the same way by simply pressing the appropriate key as
identified on the ML-24 label card. You can manually return the calculator to the main memory that
may contain any of your personalized programs by pressing [RST] or 2nd] [ 00.

If you have the optional PC-100A or PC-100C printer**, a printed record of any problems solved
may be obtained with only a few added steps. Most programs in the Master Library will not auto-
matically print entries or results. This prevents unwanted printing when Library programs are used
as subroutines in your own programs. However, Program 01 contains a special print routine which
causes each entry and result of a program to be printed.

Using the Calculator Mounting procedure in the PC-100A or PC-100C Owner’s Manual, mount your
calculator on the printer. The switch called out in step 2 (PC-100A only) should be set to “OTHER"
for your calculator. Always turn the calculator and printer off before mounting or removing the
calculator. With the calculator properly installed on the printer, the power turned on and the TRACE
button in the up position, rerun the conversion problem as follows:

ENTER PRESS DISPLAY PRINT COMMENTS
[ClR o o1 0. Call program 01
24 [sT0, 00 24, Tell print routine to call
Program 24
6 A 6. 6. Width in inches
15.24 15.24 Width in centimeters
X] 15.24
8 (A 8. 8. Length in inches
20.32 20.32 Length in centimeters
(=] 309.6768
PICI Pt | 309.6768 309.6768 Area in sqg. centimeters

Note that the automatic print routine is only functional when the user-defined keys are used, but you

can manually print any final result by using the [2nd] IEl key sequence on the calculator, or the PRINT
key on the printer.

“The cards are supplied in a prepunched sheet. Carefully remove the individual cards from the sheet and insert them in
the card carrying case for convenient storage.

“*Note: The Tl Programmable 58C and T! Programmable 59 will not operate on the PC-100 print cradle.



INTRODUCTION

Before you begin using the So/id State Software programs on your own, here are a few things to keep
clearly in mind until you become familiar with your calculator.

1. Press CLR before running a program if you are not sure of the status of the calculator.

2. Some programs will leave the calculator in fix-decimal format (See Appendix A). In that event,
you should press IN. 2nd] [[fl before running another program.

3. There is no visual indication of which Sol/id State Software program has been called. |f you have
any doubts, the safest method is to call the desired program with 2nd, @ mm, where mm is
the two-digit program number. The calculator will remain at this program number until another
program is called, [RST! is pressed or the calculator is turned off.

4. A flashing display normally indicates an improper key sequence or that a numerical limit has
been exceeded. When this occurs, always repeat the program sequence and check that each
step is performed as directed by the User Instructions. Any unusual limits of a program are
given in the User Instructions or related notes. The In Case of Difficulty portion of Appendix
A in the Owner’s Manual may be helpful in isolating a problem.

5. Some of the Sol/id State Software programs may run for several minutes depending on input
data. If you desire to halt a running program, press the [RST) key. This is considered as an
emergency halt operation which returns control to the main memory. A program must be
recalled to be run again.

USING SOL/D STATE SOFTWARE PROGRAMS AS SUBROUTINES

Any of the Solid State Software programs may be called as a subroutine to your own program in the
main memory. Either of two program sequences may be used: 1) [2nd] Bl mm (User Defined Key) or
2) [2nd] IZ@ mm SBR (Common Label). Both will send the program control to program mm, run the
subroutine sequence, and then automatically return to the main program without interruption.
Following [2nd, I mm with anything other than [SBR} or a user-defined key is not a valid key seguence
and can cause unwanted results.

It is very important to consider the Program Reference Data in Appendix A for any program called as

a subroutine. You must plan and write your own program such that the data registers, flags, subroutine
levels, parentheses levels, T-register, angular mode, etc., used by the called subroutine are allowed for in
your program. In addition, a Register Contents section of each program description provides a guide to
determine where data is or must be located to run the program.

A sample program that calls a So/id State Software program as a subroutine is provided in the
PROGRAMMING CONSIDERATIONS section of the Owner’s Manual.

If you need to examine and study the content of a So/id State Software program, you can download as
described in the following paragraph.
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DOWNLOADING SOL/D STATE SOFTWARE PROGRAMS

If you need to examine a Solid State Software program, it can be downloaded into the main program
memory.™ This will allow you to single step through a program in or out of the learn mode. It also
allows using the program list or trace features of the optional printer. The only requirement for down-
loading a Solid State Software program is that the memory partition be set so there is sufficient space
in the main program memory to receive the downloaded program. The key sequence to download a
program is 2nd  EZ] mm {2nd. 2N 09, where mm is the program number to be downloaded. This
procedure places the requested program into program memory beginning at program location 000. The
downloaded program writes over any instructions previously stored in that part of program memory.
Remember to press [RST, before running or tracing the downloaded program.

Please note that ML-02 and ML-19 cannot be downloaded in the TI Programmable 58C due to the
length of these programs. Also, the partition may need to be reset in the T| Programmable 58C
for programs ML-03 and ML-06. The key sequence to repartition the main memory for these pro-
grams is 2 (2nd; Il 17 which must be performed before the downloading seguence.

The partition must be changed from the power-up condition in the TI Programmable 59 for the ML-02
and ML-19 programs. The key sequence to repartition the main memory for ML-02 is Cr [2nd: IR 17.
Since this partition does not leave any data registers, ML-02 cannot be run when in the main memory.
The key sequence to repartition for ML-19 is 4 {2nd TR 17.

REMOVING AND INSTALLING MODULES

The Master Library module is installed in the calculator at the factory, but can easily be removed or
replaced with another. It is a good idea to leave the module in place in the calculator except when
replacing it with another module. Be sure to follow these instructions when you need to remove or
replace a module.

CAUTION

Be sure to touch some metal object before handling a
module to prevent possible damage by static electricity.

1. Turn the calculator OFF. Loading or unloading the module with the calculator ON
may cause the keyboard or display to lock out. Also, shorting the contacts can
damage the module or calculator.

2. Slide out the small panel covering the module compartment at the bottom of the back of the
calculator. (See Diagram below).

3. Remove the module. You may turn the calculator over and let the module fall out into your
hand.

4. Insert the module, notched end first with the labeled side up into the compartment. The
module should slip into place effortlessly.

5. Replace the cover panel, securing the module against the contacts.

*Unless the library is a protected, special-purpose library, or the program is 100 large to fit in the main memory.
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Don’t touch the contacts inside the module compartment as damage can result.
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MASTER LIBRARY DIAGNOSTIC

This program performs the following functions separately.

1. Diagnostic/Library Module Check
2. Linear Regression Initialization
3. Print Routine

Diagnostic/Library Module Check

This routine checks the operation of your calculator and most of its functions, including conversion and
statistics functions that are preprogrammed in the calculator, trigonometric functions, data register
operations, program transfers, and comparisons. It also uses other master library programs to verify that
the module is connected and operating correctly. If this diagnostic routine runs successfully, in approxi-
mately 15 seconds the numeral 1. will be displayed. If the calculator is attached to a PC-100A or
PC-100C print cradle, the following will be printed:

MASTER
1.

If there is a malfunction in the calculator or the Solid State Software module, a flashing number will
be displayed. Refer to Appendix A of the Owner’s Manual for an explanation of the various proce-
dures to be followed when you have difficulties.

When you simply want to know which of your So/id State Software modules is in the calculator with-
out physically looking at it, you can call the Library Module check portion of the routine directly. I

the Master Library Module is in the calculator, the number 1. will be displayed. This number is unique
to the Master Library (other optional libraries use other identifying digits).

Linear Regression Initialization

This routine initializes the calculator for linear regression by clearing data registers R,, through R, and
the T-register. It should be used whenever linear regression or other built-in statistics functions are to be
started. You can also use the routine at any time to clear these registers selectively without disturbing
any other registers.

Print Routine

This routine provides automatic printing of the input and output numbers associated with the user-
defined keys for the Master Library programs or any program in the calculator’s program memory. That
is, whenever you press any of the user-defined keys, the number in the display at that time and the
number appearing in the display after the calculation are automatically printed on the printer if it is
connected. To assist you in understanding operation of this routine with the various programs, printer
results are shown with each of the example problems in this manual.
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Al
A2

A3

B1
B2

C1
C2

NOTES:

1.

i%@ Solid State Software TI ©1977
MASTER LIBRARY DIAGNOSTIC ML-01

L.R. INIT: PRINT: mm 00

PROCEDURE ENTER PRESS

Diagnostic/Module Check

Select Program (2nd] I 01

Run Diagnostic SBR] [ =
or

Library Module Check [SBR. [2nd]

Initialize Linear Regression

Select Program 2nd] 10 01

Initialize Linear Regression CIR;

Print Routine

Select Program 2nd] [ 01

Set calculator to print input and output for

user-defined keys of program numbered mm?. mm STOj 00

Now the User Instructions for that program
can be followed except that the program need
not be called.

This output is obtained if the calculator is operating properly.
The number 1 indicates the Master Library.

ML-01

DISPLAY

The Master Library programs are numbered 1 through 25. Program number O is the calculator’s program

memory. Do not use print routine with program ML-02, ML-03, ML-07, or ML-10,
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Example 1: Diagnostic

OPTIONAL
PRESS DISPLAY PRINTOUT
01
(=] 1, MASTER
1,
Example 2: Library Module Check
OPTIONAL
PRESS DISPLAY PRINTOUT
(2nd] KA 01
1. MASTER

1.

Example 3: Initialize Linear Regression

PRESS DISPLAY
(2nd] [ 01
[CR 0.

Example 4: Print Routine

Use the print routine with program ML-16, COMBINATIONS, PERMUTATIONS AND FAC-
TORIALS. Find the factorial of 5.

ENTER PRESS DISPLAY PRINT

(2nd] IEH 01
16 (570l 00 18.
5 A

LA 5.

120,

Register Contents

Roo mm Ros L.R. Init Rio R
Roy L.R. Init Roe L.R. Init R, R
Ry L.R. Init R R, R,
Ros L.R. Init Ros Ris Ris
Roa L.R. Init Roso Used R4 R
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MATRIX INVERSION, DETERMINANTS
AND SIMULTANEOUS EQUATIONS

Three operations are performed by this program:

1. Evaluation of the Determinant
2. Matrix Inversion
3. Solution of Linear Simultaneous Equations

First, the determinant, |A|, of an n x n matrix A may be evaluated. Then, if the determinant is not
zero the inverse of the matrix, A™!, can be found. Also, a system of n linear equations with n unknowns
may be solved, provided the determinant of the coefficient matrix is not zero.

An n X n matrix may be described by the following notation:

dy a2 7" apg
Matrix A = |21 %22 "°% 8
anl an2 e ann
The maximum size of the matrix that can be handled depends on the number of data registers available

as shown in the following table.

Highest Data Register Required

Matrix Determinant Simultaneous
Size or Inverse Equations
2 X2 13 15
3X3 19 22
4 X4 27 31
5 X5 37 42
6 X6 49 556
7 X7 63 70
8 X8 79 87
9 X9 97 —

Note: When the calculator is turned on, the number of data registers is automatically set to 60 {R,,—Rss) for
the Tl Programmable 59. The T! Programmable 58C retains the partitioning previously set, even when turned
off. The calculator may be repartitioned to allocate a different portion of its memory area to data. This is done
in groups of ten data registers using the key sequence R[2nd] Il 17 where R is the number of groups of ten data
registers. The maximum value of R is 6 (Ry —Rss) for the Tl Programmable 58C and 10 (Ry, —Rgg) for the
Tl Programmable 59. Be sure the partitioning is properly set before attempting to use the program.
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STEP

1

11

R

é@ Solid State Software TI ©1977
DETERMINANT, MATRIX, & SIMUL. EQ.

PROCEDURE
Select program
Enter order of matrix

Enter elements of matrix A by columns starting
with column 1. (To correct an entry in

column j, simply enter j and press._B ;. Then
reenter the entire column using the key)

Calculate determinant

If [A| # 0: Solve Ax=b
(Perform Steps 1-4 first)

Enter elements of column vector b starting with b;.

{To correct an entry error for b, simply enter i and
press_D i Then reenter b; using the [R/S] key.)

Calculate x

Display the elements of x, starting with x,

To display x; only

To solve the system for a new vector b’, repeat
Steps 5-8 only.

If |[A|#0: Find A ™'
(Perform Steps 1-4 first)
Calculate A™ !

Display the elements of A™! by columns starting
with column 1: {To display the elements of A™!
starting with column |, enter j before pressing 2nd]
I ) Due to pivoting, A~ may be stored with
its columns permuted even though it is displayed
in the correct order. Therefore, A™! must be
reentered for use in subsequent caiculations.
Note: A is lost once A™! is calculated,

To compute |Aj and Al simultaneously, perform
Steps 1-3, then perform this step and continue
with Step 10 to display A~ " if {A] #0.

an
ary

anit
a2
RS

nn

*These values are automatically printed when the Print Cradle is connected.
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P
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NOTES: 1. Because of round-off error, this program may not give exact answers for |A|. For example, i 3 _2|
. 17 -9 6
is evaluated as —9 X 107°“ instead of zero.
2. The inverse of a 3 X 3 matrix is found in approximately 1 minute while a 9 X 9 requires about 12
minutes for computation.
3. This program includes its own print commands and therefore should not be used with the print routine

of program ML-01.

Register Contents

Roo Ros Counter Rio Ris
Ro: Pointer Ros Determinant Ri: R 6
Roa Pointer Ro- n R R,
Ros Pointer Ros See note Ris R.s
Roa Counter Ros Ria Rio

Note: Rys through R,z 4, + 7 are used for determinant and inverse matrix; Rys through R,z 4+ 5,4+ 7 are
used for simultaneous equations, where n is the order of the matrix.

11
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Example: Compute the determinant of A where A = (
b= (é) and b’ = (%é). Finally, compute A7,

ENTER

- 0 O OC 0 00N O H - W

(o2 3R

12
32

PRESS
(2nd! I 02

A

DISPLAY

5153 [=1

AR
w0 || |©»

I35 FEEE
[{e}
(o]

3
17
r‘q

-1

/!

L
R

w
N

IR BRI BIR R Rl
v (¥ a] (D] |V |V v mmBnm
m
_
N

P

NS 3
1

N — — o o

(2]
2
P
N
3

a

(2nd; A 1.
1
0833333333
0833333333
—.1666666667
~.0833333333
0416666667
.1666666667
6666666667
--.3333333333
— 3333333333

3

R

22
4 o] [P

N
-~ ©O O ®ON O A =W

—_

4 8 8
§ 8 1). Then, solve Ax =

COMMENTS

Select program

n

Start with column 1
ar

ag

a3

CEE)

|A}

Start with b,
b,

b

bs

Calculate x
Start with x,;
Xy

X2

X3

Start with b,
b,

by
b3
Calculate x’
Start with x,’

'

X1
)
X2

X3

Calculate A™!
Start with column 1

-1
apy
-1
a1
-1
asy

ars

*This printout is automatic when the calculator is connected to the Print Cradle.

12

b and Ax' = b' where

PRINTOUT*

= 00 O O 00 0 N O N

w0
[o2]

-15
-2.

12.
32.

.0833333333
.0833333333
—.1666666667
—.0833333333
.0416666667
.1666666667
6666666667
—.3333333333
—.3333333333



Method Used

ML-02

The lower upper (LU) decomposition method is used in the calculations. The LU decomposition method
is described by the following equations. If |A] # O, then A = LU where L is a lower triangular matrix and
U is an upper triangular matrix. U(u;) and L(l;) are calculated using the following equations (I, = 1):

k—1

ukj=akj--;. |kpupj j=(k,k+1,'
p=1
k—1

ik _E:Iipupk

p=1 .

li = i=(k+1, -
Uik

. .,n)

°/n)

The determinant of A is found as the product of the diagonal elements of U and the inverse of A is

calculated as:
Al = (LUyt =yt it

To complete this equation, if L™! =Y and U™! = Z, then Si=0fori+j;1fori=j:

i=1
o —ZIiKij
k=j

14 B — b=, i+

7y = ———— = G-

"/n)

1)

If b is an n X 1 column vector, then the system Ax = b is solved using the following procedure.

First, Ly = b is solved for y where
i—1

b; “;'ikxk

Yij

Then Ux = y is evaluated by

Xjj = ——————— i={n,n=1,-"

Partial pivoting is performed to improve accuracy.

Reference: Numerical Methods, Germund Dahlquist and Ake Bjork, Prentice Hall, 1974.

13
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MATRIX ADDITION AND MULTIPLICATION

Given two m X n matrices A and B and two numbers )\, and \,, the equation A\;A + X,B = C may be
evaluated by this program. The resulting matrix C replaces matrix A in calculator memory.

=B T P biy ot byy Ci1 *°° Cipy
>\1 see sse s +>\2 eae tae e - see ess s
8mi1 "°7 Amn bml ce bmn Cmi " Cmin

This program may also be used to compute the product AB where A is an m X n matrix and B is an
n X p matrix.

ap; **tap, by, "'b1p Ci1 " Cyp

eee s e s s = c o s oo s

dmy °°" @mn bn1 '“bnp Cmi *"" Cmp

In matrix multiplication the resulting matrix is computed one column at a time. The procedure requires
that matrix A be entered first. Then the first column of matrix B is entered and the first column of
matrix C is calculated. The next step is to enter the second column of matrix B to allow computation
of the second column of matrix C. This is continued for all columns of the matrix. Matrix A is not
disturbed by matrix multiplication.

Data registers Ry, — R, + 7) must be available for matrix addition. Matrix multiplication requires
registers Ry — Rym, 4 2n + 7. Repartitioning of the memory may be required to provide the needed data
registers (See Program ML-02).

&\53 Solid State Software TI ©1977

STEP PROCEDURE ENTER PRESS DISPLAY
Lo Select program 2nd] EMO3

| 2a ¢ Enter number of rows in A om A m”*

! 2b Enter number of columns in A n A n*
{Steps 2a and 2b must be performed in sequence)

, 3 + Enter the elements of matrix A starting with 1 LB 1.

g = column 1. Coapy R/S an

: (To correct an entry error in column |, simply enter ©  ay, a

; H [Ty . . .

jand press B |. Then reenter the entire column :

using the [R/S] key) .
s : am1 8m1_
i a2 R/S a1 .
:PP) R/S dga

: amn R/S| amnp ~

*These values are printed automatically if the printer is connected.
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ML-03

STEP PROCEDURE ENTER PRESS DISPLAY
For Matrix Addition:

4 First 1 c 1.
Then enter the elements of matrix B using the
key as in Step 3. (To correct an entry error in
column j, simply enter j and press . Then
reenter the entire column using the key.

5a Enter A, A D] AT

5b Enter }\2 )\2 @ )\2 *
(Steps ba and 5b must be performed in sequence.

These steps are required even if A\; = 1 and/or
)\2 = 1)

6 Calculate C = A\ A + X,B (CR] [ E | 1.

7 Display the elements of C starting with column 1: 1 A 1.
To display the elements of C starting with column j, ciy
enter j before pressing . {To use C as the Cot ¥
new A, repeat Steps 4-7. For a new case go to .
Step 2. R/S .

cm *
12
Ca2
Cmn"
For Matrix Multiplication
(Perform Steps 1-3 first)

8 Enter the elements of column j of matrix B starting 1 Kl 1.
with byj. (To correct an entry error for by, enter i, by by
press B and reenter b using the [R/S}key.)

boy b

9 Calculate column j of matrix C [ ] 1.

10 Display the elements of column j of matrix C, 1 2nd] I 1.
starting with ¢ cyj”

ij*

11 To display ¢;j only i [2nd] ITH i

R/S Cij*

12 To compute AB = C, repeat Steps 8-10 for j= 1 to

i=p
NOTE: This program includes its own print commands and should not be used with program ML-01.

*These values are printed automatically if the printer is connected.
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ML-03

Example: Find A — 2B = C and (A — 2B)D = CD = E where:

A= (39, B=(339) . 0= (3%) -
ENTER PRESS DISPLAY COMMENTS PRINTOUT*
(2nd]} IEM 03 Select program
2 LA] 2. m 2.
3 (A] 3. n 3.
1 1. Start with Column 1
2 2. a 2.
1 1. az, 1.
3 3. a2 3.
0 0. a2, 0.
0 0. ars 0.
5 5. ar3 5.
1 1. Start with column 1
4 R/S) 4. bii 4
3 3. bz 3.
0 R/S 0. by, 0
2 2. bas 2
1 +- -1 bys -1
6 6. b2s 6.
1 (o] 1. A .
2 +/~ (D] -2. A2 -2.
[cR! [E] 1. Compute A — 2B
1 m 1. Start with column 1
—6. C11 -6
5. Caq -5.
3. Ci12 3
—4. Ca2 —4
2. Ci3 2
-7. C23 -7.
1 K 1 Start with dy,
3 3 di1 3.
0 0. da; 0
4 4. ds,
[ ] 1 Compute column 1 of E
1 D 1 Start with e,
-10. e ~10.
—43. . —43.
1 K 1 Start with d,,
1 1 dia
2 2. das
3 3. dsa
' [ (] 1 Compute column 2 of E
1 0 | 1 Start with e,
R/S 6 €12 6.
—34 €17 —34.

*This printout is automatic if the calculator is connected to the Print Cradle.
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Register Contents

Roo Ros A R1o
R01 Pointer R06 A2 R“
Ro2 Pointer Ro- Pointer R,
Ros m Ros See note Ris
Roa n Ros R4
Note: For addition and subtraction Rqs through Ry, + 7 are used.
For multiplication Ry through R 4+ 20 + 7 are used.
Method Used

In matrix calculations:

then

C=MNA+N;B
Cij = M@ + A by
C=AB

n
Cjj =Z ajk bi;j
k=1

17
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ML-04

COMPLEX ARITHMETIC

For two given complex numbers X = a + bi and Y = ¢ + di, this program calculates the following:

X+Y
X-=-Y
XxY
X=Y

YX

Y

log X(base Y)

These operations may be chained in the foilowing manner. Initially, two complex numbers are entered
with the first number being X and the second number Y. After a function has been performed, the
result becomes the new X, and a new Y may be entered. X and Y may be interchanged when necessary.

Also, a resuit from this program is stored in Ry, and Ry, and may be used (without reentering it) as
the input for this program or for programs ML-05 and ML-06. In other words, Steps 2a and 2b may be
omitted in sequential calculations using these programs.

Q{l Solid State Software T1©1977

COMPLEX ARITHMETIC ML-04

v

USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program [ Pen JOVY
2a Enter real part of X a [A] a
2b Enter imaginary part of X b (A b
(2a and 2b must be performed in sequence)
3a Enter real part of Y c i o
3b Enter imaginary part of Y d (2nd] i d

(3a and 3b must be performed in sequence)

Perform either Step 4,5,6,7,8,9, or 10.

4 Calculate X +Y real part
[x=t] imaginary part

5 Calculate X — Y [ B real part
[x2t] imaginary part

6 Calculate X x Y real part
[x=t] imaginary part

7 Calculate X - Y [ (] real part
@ imaginary part

8 Calculate Y* (D] real part
[zt imaginary part

9 Calculate IogYX D] real part
(22t] imaginary part

10 Calculate /Y LE] real part
(x<t] imaginary part

After a calculation, the result becomes the new X,
1" To swap X and Y

o

18



Example:

REF.

AN W N~

© o N

*The printout shown is obtained by using the print routine of Pgm 01.

Register Contents

ENTER

Roo

R 01 a

Ro2 b

Ros Used

Roa Used
Method Used

X+Y={a+c)+ (b+d)i

X~Y=(a—-c)+ (b —d

X =a+bi

PRESS
(znd) I 04

A

] ol - 21 e o) 5 R ]
-

Ros
R06
Ros

Ros

Y =c+di

DISPLAY

1.
-1
5.
1.
0.
1.
1.
—1.058423508

4.049577726

R10
Ru
Ris

Rl“l-

X x Y = (ac — bd} + (ad + bc)i

[(2 +3i)(1 — )] 11+0)

For calculation of X, In X, and 1/X for complex numbers, see program ML-05.

19

ML-04

OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
Select program 1 2.
a 2.
b 2 3.
3.
C
d 3 :
Reaf(XxY)
4 1.
Imag (XxY) -1.
X=2Y 5 1
a 5.
b 6 1.
Real(Y*) 0.
Imag(Y*X) 7 1.
1.
8 1.
1.
9 1.
—1.058423508
R 15
R16
R 17
Ris
Rio
) ac+bd bc —ad,
X+Y= 2 2 2 2!
¢ +d ¢ +d
YX =eXInY ¥y %0
InY
vY =e X,X#O,Y#O
In X
log X(base Y} = I_Y_’ X#0,Y+#0
n



ML-05

COMPLEX FUNCTIONS

The following functions are calculated for the complex number X = a + bi.

Polar representation (r,8) of X
x2
v X

1/X
eX
in X

After a function has been performed, the result is stored in Ry, and R,; and becomes the new X. There-
fore, a result may be used without reentering it in this program and in programs ML-04 and ML-06.

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program [2nd] EEM oS
2a Enter real part of X a A a
2b Enter imaginary part of X b [A] b
(2a and 2b must be performed in sequence)
3 Calculate polar form of X, if desired r
E) 6
Perform either Step 4,5,6,7,0r 8
4 Calculate X real part
@ imaginary part
5 Calculate /X [D] real part
@ imaginary part
6 Calculate 1/X LE] real part
(z=] imaginary part
7 Calculate In X [ X ] real part
@ imaginary part
8 Calculate eX [2nd] IE real part
[==t] imaginary part
After a calculation, the resuit becomes the new X.

20



ML-05

Example: Find In X2

if X =2+ 3i
OPTIONAL
PRINTOUT*
REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT
X o5 Select program 7 2.
1 2 [A] 2. a 2.
2 3 LAl 3. b 2 3
3 -5, Real(X?) ‘
[2t] 12, Imag(X?) 3 iy
4 m 2.564949357 Real(In X?) . 0
(==t] 1.965587446 Imag(in X?) 2564049357
* The printout shown is obtained by using the print routine of Program 01.
Register Contents
ROO ROS R 10 R 15
R01 a R 06 R 11 R 16
R02 b R07 R 12 R 17
Ro3 Used Rog R13 RIB
R04 Used Rog R 14 R 19
Method Used
X =a+ bi tan'!b/a ifa#0
6= n/2 ifa=0,b>0
. = = /22 ) . '
Magnitude of X =r =+v/a* +b /2 ifa=0b<0
i T<o< 3 7
Angle of X (radians) = 8, where wh 6 < £ X2 = 2 (cos 26 + i sin 26)

) 6
\/Y=\/F(cos§+isin§)

1

X a+bi

eX =e?cosb +ie?sinb
InX=Inr+i8, X#0

**See page V-31 of Owner’s Manual.
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ML-06

COMPLEX TRIGONOMETRIC FUNCTIONS

This program calculates the value of trigonometric functions for a complex number X = a + bi. The
following functions are evaluated:

sin X sin! X
cos X cos! X
tan X tan! X

The result of any function is stored in Ry; and R,; and becomes the new value of X. Therefore a result
may be used without reentering it in this program and in programs ML-04 and ML-05.

COMPLEX TRIG FUNCTIONS ML-06
(x| Soosx [ sunx |

Qf) Solid State Software TI ©1977

s

: STEP PROCEDURE ENTER PRESS DISPLAY

1 Select program I os
2a  Enter real part of X [A] a
2b Enter imaginary part of X b A b
(2a and 2b must be performed
in sequence)

Perform either Step 3, 4, 5, 6,

7,0r8
3 Calculate sin X B real part
[x=t] imaginary part
4 Calculate cos X real part
(z=t] imaginary part
5 Calculate tan X (D] real part
: [x5t] imaginary part
6 Calculate sin™ ! X [ B | real part
[x=t] imaginary part
6a If imaginary part (b) of input X +/— imaginary part
is negative 02 {with sign changed)
7 Calculate cos” ' X [ ¢ | real part
7a If imaginary part (b} of input X +/- real part
is negative 01 (with sign changed)
7b x-t imaginary part
8  Calculatetan™! X [ ] real part
[z=t] imaginary part

NOTES: 1. After a calculation, the result becomes the new X.

2. X is expressed in radians. Program leaves calculator in radian mode.

22



Example: Find sin X

if X =2+ 3i
REF. ENTER
1 2
2 3

PRESS

B3 os
(A
(A
(8]
ER]

ML-06

OPTIONAL
PRINTOUT*
DISPLAY COMMENTS REF. PRINT

Select program 7 2
2. a 2
3. b 2 3.
9.154499147 Real(sin X) 3
: 3 3.
—4.168906696 Imag(sin X) 0.154499147

*The printout shown is obtained by using the print routine of Program 01.

Register Contents

Roo

Ro: a

R 02 b

Ros Used

Roa Used
Method Used

Ros
Ros
ROS
R09

RIO RIS
R11 RIG
R Ris
R13 RIS
R14 R19

The functions are evaluated using the following formulas:

' elX _ a—iX
sinX = -
2i

« eiX 4 g—iX

cos X = ———
2

tan X = sin X/cos X

sin! X =sin"!'B+iln[A+ (A2 —1)%*]

cos'X =cos !B —iiln[A+ (A% —

Note: X is in radians.

1))

where

A= l+ 1P +b71% + = [(a— 1) +b] %

N =

B=—[(a+1)? +b2]”* — = [{a—1)2 +b?]"”

1
2

N|—

tan !X = l‘can‘1 ____Za_
2 1 —a? —b?

i a?+(b+1)?
+ = Injo——————
4 a’ +(b—1)?

23



ML-07

POLYNOMIAL EVALUATION

This program evaluates the polynomial

P(x) =a, +a;x +a;x> + -+ + a,xn
for any real number x where a,, a,, . . ., a, are known real numbers.

The maximum value of n is limited by the number of data registers available. The number of registers
available must be equal to or greater than the value (n + 6). With the normal partitioning, the TI
Programmable 58C will evaluate 24th degree polynomials and the Tl Programmable 59 will handle
54th degree. These limits will suffice for most applications, but can be increased by repartitioning as
described in program ML-02, if necessary.

&  solid State Software  TI©1977

[ T T
e [
USER INSTRUCTIONS

e

STEP PROCEDURE ENTER PRESS : DISPLAY :
Select program [ P i :
Enter n! n A’ n* ﬁ
Enter all coefficients® starting with ag (B8] 0

(To correct a;, enter i, press [ B | and reenter a; ag R/S ag
with the key.) a a
an an”
Enter x and compute P{x) X ; c P(x)*
5 For a new value of x repeat Step 4 § ;
NOTES: 1. Number of data registers available > n + 6.
2. Even if a coefficient is zero, it must be entered.
3. This program contains print commands and should not be used with program ML 01,

*These values are printed automatically if the calculator is connected to the Print Cradle.

Register Contents

Roo Ros See note Rio Ris
Ro: Pointer Ros R R e
Ro2  Counter Ro- R, R,
Ros X Ros Ris Ris
Ros n Ros Ria Rig.

Note: The coefficients of the polynomial are stored starting with a, in Ry.
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ML-07

Example: Let P(x) = 2 — 3x + x?
Find P(2) and P{—1)

ENTER PRESS DISPLAY COMMENTS PRINTOUT*
I o7 Select program
2 LA 2. n 2.
0 (B} 0. Start with a,
2 2. 3o 2.
3 [+/-] -3 a -3.
1 1 das 1
2 0 P(2)
1 (+-] [¢] 6 P(—1) -1
6.

*This printout is automatic when the calculator is connected to the Print Cradle.

Method Used
[f P(x) =a, +a,x +a,x2 + -+ +a,x", then P(c) is evaluated as follows:
b, = a,
bhooy =a,_1 tbhac=a,_1 +a,c

bn—2 T an-2 +bn—1C= an_2 t (an—1 +anC)C

be =a, +b,c

Then P{c) = b,

25



ML-08
ZEROS OF FUNCTIONS

Using the graphical bisection method, this program calculates the roots of a function defined by the
user.

b— — —_— — —

The values of a and b, the lower and upper limits for evaluation, must be supplied whereas the sampling
increment Ax, if not specified by the user, defaults to b — a. The degree of accuracy (error limit)
defaults to 0.01 if not specified by the user.

The method used will find only one root in a subinterval (Ax). To find all the roots, the selected sam-

pling increment (Ax) must be small enough to ensure that the function changes sign only once in any
subinterval.

If there are no roots in the overall interval evaluated, or after all the roots have been found, the display
will flash 9.9999999 99. If the display flashes another number, the number flashed may be a root. In

this case the flashing is triggered when an undefinable point is encountered while evaluating the function
(1/x evaluated at O, for example).

26



STEP

0 N O,

o

1"
12

13

NOTES:

ML-08

Q@ Solid State Software TI1 ©1977
ZEROS OF FUNCTIONS ' ML-08

I SR N TN

PROCEDURE ENTER

PRESS DISPLAY

Initialize 0. :
Select learn mode LRN] 000 00
Use A’ as label 001 00

[ 1] 002 00
Enter f(x) as a series of keystrokes. Do not use [ = |
or [CLR]. Do not use registers 0-8.
End f(x) with JINV] [INV] xxx 00
Leave learn mode LRN 0
Select program Xl os
Enter lower limit (A ] a
Enter upper limit b _B] b
Enter sampling increment! Ax Ax
Enter maximum error? € (o] €
Calculate roots. [E] root

Repeat this step until flashing 9's display is obtained
which indicates all roots in [a,b) have been found.

To use a different interval, Ax, or €, repeat Steps
8-12.

If Ax is not entered, b — a is assumed.

If € is not entered, .01 is assumed.

Evaluate expressions using parentheses only.

[a,b} is a notation which means that a is included in the interval but b is not.

Program may run for several minutes, depending on input data.
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ML-08

Example: Let f(x) = 4 sin x + 1 — x. Determine the zeros of f(x) in the interval from —3 to 3, using
Ax = 0.5 and € = 0.01, when x is expressed in radians.

OPTIONAL
PRINTOUT*
REF, ENTER PRESS DISPLAY COMMENTS REF. PRINT
0. 7 -3.
000 00 -3
001 00 2 3.
[+ ] 002 00 3.
[sT0l10 005 00 Key in f(x) 3 95
007 00
ENNEX NN 010 00 ¢ o
(=] [Ret1o 01300
(iNv] 015 00 g 220703128
0. 6  —220703125
Elos 0 Select program —~0.33984375
Rad 0. Select rad mode 7 —0.33984375
7 3 [E E -3. a 2.69921875
2 3 3. b 8 269921875
3 5 05 Ax 9.999999999 99?
4 01 (o] 0.01 €
5 LE] —2.20703125 root 1
6 (E] -0.33984375 root 2
7 LE] 2.69921875 root 3
8 CE] 9.9999999 99 No more roots

*The printout shown is obtained with the print routine of Program 01.

Register Contents

R00 ROS bk RIO Rxs

Roy a,atAx Ros Cy Ri; Ris

Ro2 b Ros my Rz R,

Ros Ax Ros Used Ris Ris

Ros  ay Roo € Ria Ris
Method Used

A function defined as a series of keystrokes in program memory is evaluated over a given interval [a, b)*
at a sampling increment (step size) of Ax. First, endpoints of subintervals are examined to find where
the function changes sign. When a sign change is detected, the subinterval in which it occurs is succes-
sively halved until its length is less than the specified error limit. The midpoint of this smaller interval is
a root of the function within the accuracy or error limit.

*(a, b) is a symbolic notation which means that a is included in the interval but b is not.
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ML-09

SIMPSON’S APPROXIMATION
(CONTINUOUS)

This program may be used to approximate the integral, |, of a function defined by the user, over an
interval x, to x,, using Simpson’s Rule.

Xn

I =/f(X)dx

X0

The function f(x) must be expressed as a sequence of keystrokes in the user program memory.

in Solid State Software

T1 ©1977

SIMPSON'S APPROXIMATION (CONTINUOUS)  ML-09

STEP PROCEDURE ENTER PRESS DISPLAY
Initialize 0.
Select learn mode LRN] 000 00
Use A’ as label 001 00
(2nd) TE 002 00
4 Enter f(x) as a series of keystrokes. Do not use [= ]
or [CLR]. Do not use registers 0-5.
5 End f(x) with [INV] (inv]) xxx 00
6 Leave learn mode LRN] 0.
7 Select program [ Pem o
8 Enter lower limit Xo [A] X0
9 Enter upper limit Xn Xn
10 Entern{n=2,4,6, + + -, display flashes if not n h
legal entry)
11 Compute integral (0] !
12 For a new interval or a new n, repeat Steps 7-11.
NOTE: 1. Evaluate expressions using parentheses only.
2, Running time is dependent on input data.

29




ML-09

Example:

REF.

Evaluate/
0

ENTER

12

cosX + 2

1

PRESS

=[x
P
za

n
3
a

HE R
ZME BRE
: =

]

®

=
P}
Zz

SRI0EEE
-2 8

DISPLAY

0.

000 00
00100

002 00

003 00

005 00

008 00

010 00

0.

0.

0.
3.141592654
1.670796327
.7853981634
0.604998903

dx using two subintervals.

COMMENTS

Key in f(x)

Select program
Xo

X7 (m/2)
h
|

* The printout shown is obtained using the print routine of Program 01.

Register Contents

Roo
ROl
Roz
Ros
R04

R()S n
ROG
Ros

Ros

Rio
Rz

Ris
R4

30

1

OPTIONAL
PRINTOUT*
REF.

PRINT

0.
g.

1.5670796327
1570796327

2.
7853981634

7853981634
0.604998903



Method Used

Calculations are based on Simpson’s rule:

Xn

h
f f(X)dX =~ E(fo +4f1 +2f2 +4f3 +2f4 +oree +2fn_2 +4fn_1 +fn)

X0

where:

Xn — Xo
n

3
I

number of subintervals = 2,4,6,8, * *

f(x)

_—

fo f, f, f

Xg X1 X2 X3

31
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ML-10

SIMPSON’S APPROXIMATION
(DISCRETE)

This program may be used to approximate the integral, |,

where:

Xn

I=/f(x)dx

Xo

using Simpson’s Rule. The value of f(x) must be known at n + 1 equally spaced points (f, — f,). The
number of subintervals is limited by the number of available data registers.

Solid State Software TI ©1977

STEP PROCEDURE ENTER PRESS i DISPLAY
1 Select program (2nd] [ZR 10
2 Entern{n=2,4,86, *-+, display flashes if not a n § LA n*
legal entry). See note 2.
Enter h h ‘B h*
4 Enter function values starting with fg 0 (C. 0.
fo fo©
f, f,*
f, R7S £ *
5 Calculate integral (D] P

NOTES: 1. This program contains print commands, and should not be used with program ML-01.
2. n+ 7 < No. of data registers.

*These values are printed automatically if the calculator is connected to the Print Cradle.
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Example: Find the area under the curve where:n =4, h=1and f, = 1, f,

f, = 125.

ENTER

® 2O - b

27
64
125

PRESS
(2nd) B 10

||| |2 |2 D
~ ~| O] (0O |2

Register Contents

F{00
Ro.
Ro2
Ros
R04

Ros
Pointer Ros
Counter Ro~y
h Ros
| Ros

n
See note

DISPLAY

W = O =

27.
64.
125.
156.

COMMENTS

Select program
n

h

Start with fy
fo

fy

fa

f3

fa

|

RIS
Rlé
Rl7
Ris
Rio

Note: Rge through R, +¢ are used for storing the values of f(x) starting with f, in Ros.

Method Used

The integral is evaluated using Simpson’s Rule:

where:

Xn

%o

Xn — Xp
h="‘—y Xn>X0
n

3
Il

number of subintervals = 2,4,6,8,« - -

n + 7 < number of data registers available

33

h
/f(x)dx S lfo + 46 2 + 46, £ 2+ oo 2o + 4y £ )

ML-10

=8, f, =27, f; =64,

PRINTOUT

27.

125.
156.



ML-11
TRIANGLE SOLUTION (1)

Given three elements of a triangle (SSS, SSA, or SAS), the remaining angles and sides are calculated.

This program will perform the following:

Knowing SSS (sides a, b, c), compute angles A, B, C.
Knowing SSA (sides a, b, angle A), compute angles B, C, side c.
Knowing SAS (sides a, b, angle C), compute angles A, B, side c.

See program TRIANGLE SOLUTION (2), ML-12, for more combinations.

Reference: Standard Mathematical Tables, Samuel M. Selby,
CRC Press, 1974.
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ML-11

%@ Solid State Software TI ©1977
TRIANGLE SOLUTION (1) ML-11

e,

PROCEDURE ENTER PRESS DISPLAY

1 Select program ‘) ' (2nd] EH11

2 Initialize : - [2nd) NGH ] 0.

3 © Select degree, grad, or radian mode

Knowing SSS

4 Enter a . a (A a

5 Enter b b (8 b

6 Enter c c c

7 Calculate LA ; (2nd] I LA

8 Calculate LB [ b | LB’

9 Calculate LC [ O] LC

. Knowing SSA
10 . Entera a A a
M Enter b ' b (B8] b
12 Enter/A LA [c] LA
13 . Calculatec (o] ¢
14 Calculate /B [ B | LB
15 Calculate LC 2nd] I Lc'
; Knowing SAS .
16 = Entera a e a
17 | Enterb b 8] b ;
18 | Enter/C LC LC
19 . Calculate c _E] ¢
20 Calculate /B B L8
21 | Calculate LA A LA ¢
NOTES: 1. Input data must be reentered following each set of calculations.

2. A flashing display indicates there is no triangle satisfying the input data.

3. All inputs should be entered in the sequence shown, all outputs should be calculated in the order shown.
Do not omit any steps except output steps which follow the last part in question.
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ML-11

Example 1:

58’

25°

40’

The sides of a triangle are 25 ft, 40 ft, and 58 ft. What is the measure of each angle in degrees?

REF. ENTER PRESS DISPLAY
=R 11
Deg
7 [ | ] 0.
2 25 (A] 25.
3 40 (B8] 40.
4 58 58.
5 [ 4 | 20.75095402
6 B 3453367939
7 [ ¢ | 124.7153666

*The printout shown is obtained using the print routine of Program 01.

36

OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
Select program 7 0.
Degree mode 0.
Initialize 2 25,
. 25.
side a
. 3 40.
side b, 40
side ¢ p 58
angle A 58.
angle B 5 58,
angle C 20.75095402
6 20.75095402
3453367939
7 3453367939
124.7153666



Example 2:

If side a is 2/3, side b is 5.6, and angle A is 15.5° as shown, find side ¢ and angles B and C.

REF. ENTER
1
2
2 3
3 5.6
4 15.56
5
6
7

*The printout shown is obtained using the print routine of Program 01.

15.5

PRESS
(2nd] KA 11
(2nd) N
(= (=1 &)
(o]
[2nd) L

5.6

DISPLAY

0.

2.
3.464101615
5.6

16.5
8.520491749
25.59534103
138.904659

37

COMMENTS

Select program
Degree mode
Initialize

side a
side b
angle A
side ¢
angle B
angle C

ML-11

OPTIONAL
PRINTOUT*

PRINT

0.
0.

3.464101615
3.464101615

5.6
5.6

155
155

155
8.520491749

8.520491749
2559534103

2559534103
138.904659



ML-11

Example 3:

Given side a = 380, side b = 320, and angle C = 38°: calculate side ¢ and angles B and A.

REF.

NG A O~

* The printout shown is obtained using the print routine of Program 01.

Register Contents

Roo
Ro
R02
Ros
R04

ENTER

380
320
38

Used
Used

h
s
m
[72]
(7]

g
m| O a3
=)

REE

38

380

—
-

Used

320

DISPLAY

0.

380.

320.

38.
234.8526873
57.02134388
84.97865612

R1o
Rll
Ris

R

38

COMMENTS

Select program
Degree mode
Initialize

side a

side b

angle C

side ¢

angle B

angle A

R15
RIG
Ry
RIS
R19

1

OPTIONAL
PRINTOUT*
REF.

PRINT

380.
380.

320.
320.

38,
38.
38.
2348526873

234.8526873
57.02134388

57.02134388
8497865612



ML-11

Method Used

The following equations are used in the calculations

A A+ B+ C = 180° (or equivalent)
c? =a? +b? —2abcosC a,b,c>0
c b
a b ¢
B ) sinA  sinB sinC
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ML-12
TRIANGLE SOLUTION (2)

A continuation of ML-11, TRIANGLE SOLUTION (1), this program will compute the following:

Knowing ASA (angles B, C, side a), compute sides b, c, angle A.
Knowing SAA (side a, angles A, C), compute sides b, c, angle B.
The area of any triangle knowing its three sjdes.

Reference: Standard Mathematical Tables, Samuel M. Selby,
CRC Press, 1974.
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TRIANGLE SOLUTION (2) ML-12

o e e o [

HSER IMSTRUCTIONS

ML-12

STEP PROCEDURE ENTER PRESS DISPLAY
1 : Select program (2nd] 012
2 ¢ Select degree, grad, or radian mode
Knowing ASA
3 v Enter a a (A a
4  Enter/B LB T8} LB
5 + EnterlC LC LC
6 Calculate LA [2nd] N LA
7 Calcutate b (D] b
8 Calculate ¢ (€] ¢
Knowing SAA
9 Enter a a LA] a
10 Enter LA LA LA
1 Enter LC LC LC
12 Calculate LB [ 8| LB
13 Calculate b (D] b
14 ; Calculate ¢ LE] c
Calculate Area
15 Calculate area of triangle. Sides b, ¢, a must have [ (] Area
:  been previously computed and conseguently
; reside in Roy, Roz, and Ry, respectively. If not,
i they can be manually placed there.
NOTES: 1. Input data must be reentered after each set of calculations.
2, For a triangle solution in program ML-11, the area may be calculated by pressing 12, [ReL 06,
07, A without reentering the data.
3. All inputs should be entered in the sequence shown, all outputs should be calculated in the order shown.

Do not omit any steps except those which follow the last part in question.
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Example 1:

52.2° 110°

Given side a = 18, angle B = 110°, and angle C = 52.2°, calculate angle A and sides b and c.

REF. ENTER PRESS DISPLAY
[ Pon D)
Beg
7 18 [A] 18.
2 110 110,
3 52.2 52.2
4 [ 4] 178
5 (o] 55.33113169
6 CE] 46.52603423

*The printout shown is obtained using the print routine of Program 01.

42

COMMENTS

Select program
Degree mode
side a

angle B

angle C

angle A

side b

side ¢

OPTIONAL
PRINTOUT*
REF. PRINT
1 18.
18.
2 110.
110.
3 52.2
522
4 52.2
17.8
5 178
55.33113169
6 55.33113169

4652603423



Example 2:

17.8°

B 225 C

85.4°

ML-12

Given side a = 2.25, angle A = 17.8°, angle C = 85.4°, find angle B and sides b and c. Also calculate the

area of this triangle.

REF.

N O A ON

ENTER

2.25
17.8
85.4

PRESS DISPLAY
12

(A 2.25
178
85.4
[ 8] 76.8
(D] 7.165803648
e 7.336561734
[ ¢ | 8.035561939

COMMENTS

Select program
Degree mode
side a

angle A

angle C

angle B

side b

side ¢

area

*The printout shown is obtained using the print routine of Program 01.

Register Contents

Roo
R01
Ro:
Ros
Roa

Used
Used

Ros Used Rio
Ros Used R
Ros a Rz
Ros Ris
Roo Ria

43

RXS
Ris
Ris
RIS
Ris

1

OPTIONAL
PRINTOUT*
REF.

PRINT

2.25
225

178
178

85.4
854

854
768

768
7.165803648

7.165803648
7.336561734

7.336561734
8.035561939



ML-12

Method Used

The following equations are used in the calculations.

A+ B+ C=180° (or equivalent)

A
c? =a? +b? —2abcosC a,b,c>0
c b a b ¢
sinA sinB  sinC
B C

a

Area =+/s(s —a){s — b)(s — c)

where:

_atb+tec
2

S



CURVE SOLUTION

ML-13

For an arc of a circle, this program calculates the remaining parameters when certain pairs are given. One

of the following pairs of parameters must be supplied as input:

0
r
s

c

g,r
8,
6,c
r,s
r,c

— Central angle (<r radians)
— Radius

— Arc length

— Chord length

A — Sector area <

a

— Segment area £
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ML-13

STEP

© 00 ~N O ;O W

Select program

&% solid State Software  TI©1977
L-13

CURVE SOLUTION

PROCEDURE

Enter one pair from the following

a.
a.

b.
b.

e.
e.

Enter
Enter r
or
Enter 0
Enters
or
Enter 8
Enter c
or

. Enterr
. Enters

or
Enter r
Enter ¢

See Note 1
Calculate 8

Calculate r

Calculate s

Calculate ¢

Calculate A

Calculate a

NOTES: 1.
2.

PRESS

-
w

el el ] (=l

|

w

ol

3 3
a a

-
-

DISPLAY

All steps 4 through 9 must be performed in sequence. Values entered in Step 2 may be omitted.

0 is expressed in radians. Program leaves calculator in radian mode.
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Example:

a

ML-13

The radius of a circle is 15 inches and the measure of the angle formed by two radii OE and OF is 62°.
Calculate the length of the intercepted arc, the length of chord EF, area of the sector and area of the

segment. Remember: the formula used requires the angular measure to be in radians.

REF.

O AW~

*The printout shown is obtained using the print routine of Program 01.

Register Contents

Roo
Ro:
Ro:
Ros
Ros

ENTER

O v N @

62
180

15

Ros
Ros

Ros

DISPLAY

62.
3.141592654
1.082104136

15.
16.23156204
16.45114225
121.7367153
2240511113

47

COMMENTS

Select program

f(radians)

r

s{arc length)
c(chord tength)
Af(sector area)
a(segment area)

OPTIONAL
PRINTOUT*
REF. PRINT

1 1.082104136
1.082104136
2 15.
15.
3 15.
16.23156204
4 16.23156204
15.45114225
5 15.45114225
121.7367153
6 121.7367153

22.40511113



ML-13

Method Used
The following formulas are used in the calculations:

Arc length, s = rf

7
Chord length, ¢ = 2r sinE

Sr
Sector area, A =7

S ; sr cr 0
egment area, a = — — —COS—
9 2 ~ 2%

where:

<
1

central angle in radians (<w)

radius

_‘
1l

Reference: Standard Mathematical Tables, Samuel M. Selby, CRC Press, 1974.
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ML-14

NORMAL DISTRIBUTION

In many circumstances the set of numbers which measure some characteristic of a set of objects under
study are said to be normally distributed. That is, a plot of these numbers against their number of
occurrences would follow the normal curve, with the peak at the mean (average value) of these numbers.
For example, consider a plot of battery lifetimes (used in the exampie problem). Look first at the upper
horizontal scale.

number of
occurrences
4
[ ]
[} [ ]
[ ] [ ]
[ ] [ ]
oo
[ ] e
« Pl _
lsoo 1000 1200 : 7300 1600 1800
—400 200 0 +200 +400 (m—4)
T Y T S N e
-3 2 1 0 +1 +2 +3 H

A plot using this scale would not be very useful for analyzing data in general, because it would be limited to
this particular example situation only. |f we assume the numbers to be symmetric about the mean, each of
the numbers could be replaced by its distance from the mean (m —u), where m is the number and u is the
mean. This is shown on middle scale. This measure would be useful for any set of numbers having the same
spread, or deviation from the mean. Now, if we replace (m —u) with {(m—u)/o, where o is the standard devia-
tion of the set of numbers, our “standard”’ unit becomes the number of standard deviations away from the
mean, and the plot (or curve if we connect the points) is useful for all sets of numbers that are normally
distributed. This is the scale factor we call x, so remember x = (m — u)/o.

Now that we have a ‘‘standard’’ normal distribution, what can it tell us? Consider that the area under
the curve contains information on the number of occurrences of each number. The total area under the
curve would contain all the numbers and could be assigned a value of 1. What we frequently want to
know is what fraction of the total are numbers larger or smaller than a certain limit. |t is easy to see
that half of the numbers (0.5) are equal to or larger than the mean. For the less obvious cases, the
calculator comes into use.
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ML-14

Mathematicians long ago determined the equation for the standard normal distribution curve:

1

Z(x) = g~/ L.

\2m X o

This means that knowing only x, we can calculate Z(x) at that point. And because we have an equation
for the curve we can approximate the area needed to a high degree of accuracy using numerical tech-
nigues. The area Q(x) is calculated by the program. The area to the left of x is called P(x) and is found
using the equation:

Pix) =1 — Q(x)

é@ Solid State Software TI ©1977
NORMAL DISTRIBUTION ML-14

IR R R B
EEEEN TN I A

o

STEP PROCEDURE ~ ENTER PRESS ~ DISPLAY
~ Select program : (2nd] KRN 14
2 :  Enter data and calculate Z(x) x! [A] . Z2(x)

Calculate Q(x) ] - [B] Q(x)

NOTES: 1 Ix] < 15.11, display will flash for x outside this range.
2. Z(x} must be calculated before Q(x).

3. Z(—x) = Z(x) and Q{—x) = 1 — Q(x).
4

Pix}=1—-0Q(x).



ML-14

Example: A study showed that the lifetimes of a certain type of automobile battery are normally dis-
tributed with a mean of 1248 days and a standard deviation of 185 days. If the manufacturer wishes
to guarantee the battery for 36 months (1080 days), what percentage of the batteries will have to be

replaced under the guarantee?

< =1 -
P(x < 1080) = 1 o< =

1080 — 1248

where Q(x) is found using the program. Then:

(1 —.8180894772) = .1819105228 or 18.19%

REF. ENTER PRESS DISPLAY
[ Pom RPA
1 9081081081 (A] 2641419314
2 8180894772

COMMENTS

Select program

Z{x)
Q(x)

*The printout shown is obtained using the print routine of Program 01.

Register Contents

Roo Ros Rio

Roi Z(x) Ros R

Ro: t Ros Rz

Ros X Ros Ris

Roa Ros R4
Method Used

Q(x) is calculated using the following polynomial expansion:

> =1 — Q(—.9081081081)

OPTIONAL
PRINTOUT*
REF. PRINT

7 —.9081081081
2641419314

2 2641419314
8180894772

Ris
Rie
Ris
Ris
R

Qfx) = Z(x){b;t + byt* + bst® + bst* + bst’) + elx)

where:

te 1+ px b:
b
le(x)] < 7.5 X 1078 ’
b
p =.2316419 !
bs

b, =.319381530

—.356563782

1.781477937

—1.821255978

1.330274429

Reference: Handbook of Mathematical Functions, Abramowitz and Stegun, National Bureau of

Standards, 1964.
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ML-15
RANDOM NUMBER GENERATOR

This program generates sequences of uniformly or normally distributed random numbers. A seed number
(0 to 199017} selected by the user is to initiate the sequences. As an additional feature the program

compiles statistical data to allow computation of the mean and standard deviation of the generated
numbers.

For normally distributed random numbers, the seed, desired mean X, and desired standard deviation
must be entered by the user.

For uniformly distributed random numbers, the lower limit A, upper limit B, and the seed are entered.
Uniformly distributed random numbers on the interval (0,1) may be generated at any time without

entering upper and lower limits. Mean and standard deviation statistics are not collected for these
numbers.

{2  Solid State Software  TI©1977
RANDOM NUMBER GENERATOR

.
3

No. (x,0)

STEP PROCEDURE ENTER PRESS DISPLAY
Select program m15
Initialize [ £ ] 0.
Enter random number seed seed CE] seed
(0 < seed < 199017)
For Uniform Distribution
4 Enter lower limit A LA A
5 Enter upper limit B B
6 Generate random number (Repeat as needed) Random No.
For Normal Distribution
7 Enter desired mean X LA Desired x
Enter desired standard deviation 0] Desired 0
Generate random number (Repeat as needed) [ | Random No.
For Either Distribution
10 Compute actual mean of generated numbers | % | Actual x
1 Compute actual standard deviation of generated [INV | x| Actual o
numbers
12 Display number of generated numbers [ReL 03 N
For Range of (0,1)
13 Generate random number {Repeat as needed) 0.4 | Random No.
NOTE: 1. Five significant digits of the originally generated number are retained for further calculations. Therefore,

no more than the first five significant digits of the generated numbers may be considered to be random.
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Example 1: Generate five uniformly distributed random numbers on the interval (1,10) using .32 as the

seed.

REF.

© o N O A LW~

ENTER

32

10.

PRESS
[ P BE

el el o] 1 212

DISPLAY

0.

0.32

1.

10.
5.87341
7.34635
3.6911
1.635631
9.05329

COMMENTS

Select program
Initialize

Seed

Lower limit
Upper limit
Random number
Random number
Random number
Random number
Random number

*The printout shown is obtained using the print routine of Program 01.

OPTIONAL
PRINTOUT*
REF. PRINT
1 0.
0.
2 0.32
0.32
3 1.
1.
4 10.
10.
5 10.
5.87341
6 5.87341
7.34635
7 7.34635
35911
8 35911
163531
9 163531
9.05329

Example 2: Generate five normally distributed random numbers with desired mean 5.84 and standard
deviation 2.12 using 1 as the seed. Determine the actual mean and standard deviation of the generated
numbers and recall the number of random numbers generated.

REF.

© 0O N O AN LON

*The printout shown is obtained using the print routine of Program 01.

ENTER

5.84
2.12

PRESS
(2nd] T 15
{2nd] I
CE]

(Al

(8]

(2nd)
[2nd] I
[2nd) I
(2nd] I
(2nd] I
(2nd] IEH

(inv] (2nd) EERL
frey (0] [3]

DISPLAY

0.

1.

5.84

2.12
7.8171433
7.290557451
3.075542923
5.109539381
3.323206704
5.323197952
2.190196047
5.

53

COMMENTS

Select program
Initialize

Seed

Desired x
Desired ¢
Random number
Random number
Random number
Random number
Random number
Actual x
Actual ¢

N

OPTIONAL
PRINTOUT*
REF. PRINT
1 0.
0.
2 1.
1.
3 5.84
5.84
4 212
2.12
5 2.12
7.8171433
6 78171433
7.290557451
7 7290557451
3.075542923
8 3.075542923
5.109539381
9 5.109539381
3.323206704



ML-15

Method Used

Uniformly distributed numbers are generated using the linear congruential method. The following rela-
tionship exists between the generated numbers:

Xn+1 = lax, + c)mod m
where:

Xo = seed (0 < seed < 199017) c = 99991

Ii
Il

24298 m

a 199017

The generated sequence is of period /ess than m and each x; is adjusted to the range (A, B) by the
following:

X" = {x;/m){B — A) + A
Normally distributed random numbers are generated using the direct method. First a pair of uniformly

distributed random numbers are generated on the interval (0, 1). Then, using these numbers (u; and u, ),
a value x is calculated from

X =V =2Inu, cos (27u, )

This normal deviate with zero mean and unit variance is adjusted to mean X' and standard deviation ¢’
by

x'=0'x +X'

Register Contents

Roo Ros ¥ x? R0 A X Ris
Roi zy Ros ZXy R B, o R 6
Ro2 Ty? Roo Used Ri2 R,
Ros N Ros Used R R s
Roa IX Roo  Seed R4 Ri9

Reference: The Art of Computer Programming, Donald E. Knuth,
Addison-Wesiey Publishing Co., 1969
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ML-16
COMBINATIONS, PERMUTATIONS AND FACTORIALS

This program performs three functions.

Factorial: Calculates the factorial (n!) of a positive integer (0 < n < 69).

nt={)n —1)n—=2) .. @3H2){(1), (0r=1

P

Permutations: Calculates the number of possibie permutations of n items taken r at a time.

P(?) =nl/in—=rl={Mnnh-1 .. —-r+1), (P(B) =1
Limit: P([) < 69!

Combinations: Calculates the number of possible combinations of n items taken r at a time.

C(?) =al/rin =)= (n/rin = 1/r =1) - ..« (h —r+1/1), (C(S) =1

Limit: C(') < 69!

Reference: International Dictionary of Applied Mathematics, Van Nostrand.

é@ Solid State Software- TI ©1977
COMBINATIONS, PERMUTATIONS, FACTORIALS ML-16

c(d)

: PROCEDURE : ENTER PRESS DISPLAY
1 Select program (2nd] K16
2a Enter n n LA integer in|
2b Enterr (0<r<n) r . B Integer |r|
(2a must precede 2b)
Factorial
3 Calculate factorial of n {0< n < 69) [c] n!
Permutations
4 Calculate number of possible permutations (D] P(':)
Combinations
5 Calculate number of possible combinations _E} c(M
NOTES: For r > n the display flashes 9.9999999 99.

The display flashes 9.9999999 99 for overflow in the calculation.

For negative entries of either n or r, the absolute values are used and the display flashes the result.

1
2
3
4, For non-integer values of either n or r, only the integer values are used and the display flashes the results.
5 Step 2 must be repeated for each calculation.

6

Running time is dependent upon input data.
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Example 1: The individual books of a four-volume set of Shakespeare are placed next to each other on
a shelf at random. How many possible orderings are there?

This problem may be solved by finding the number of possible permutations of 4 items taken 4 at a
time:

P<2> = 41/(4 — 4)1 = 41/01 = 41/1 = 41,

OPTIONAL

PRINTOUT*

REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT
16 Select program

1 4 (A] 4, n ! 2-
2 24, n! ‘
2 4,
24.

*The printout shown is obtained using the print routine of Program 01.

Example 2: Twenty-five students sit for a scholarship exam. The students with the top 3 scores are to
be awarded scholarships of $8,000, $5,000, and $2,000 respectively. How many different results are
possible?

The number of possible results is found by determining the number of possible permutations of 25
items taken 3 at a time.

OPTIONAL

PRINTOUT*
REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT

6 Select program
1 25 LA ] 25. n 1 25.
25,
2 3 (B 3. r

3 (0] 13800. P(") 2 g
3 3
13800

*The printout shown is obtained using the print routine of Program 01.
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Example 3: If a player is dealt 4 cards from a 52-card deck, how many possible hands can he receive?

By calculating the number of possible combinations of 52 items taken 4 at a time the number of

possible hands is found.

REF.

N

*The printout shown is obtained using the print routine of Program Q1.

ENTER

52

Register Contents

Roo
Roi
Ro2
Ros
Roa

Used
nt, P, C

PRESS
(2nd] [0 16

(A ]
[B]
LE]

ROG
Ro-

Ros

DISPLAY

52.
4.

270725.

Rio
R11

Ris
R14

57

OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
Select program
n 7 52
52.
r
n 2 4,
C() 4,
3 4.
270725.



ML-17
MOVING AVERAGES

This program calculates the moving average of the n most recent values in a sequence of variables. For
example, the three-day moving average of maximum temperatures would contain the following values:

m; + my +m;

day 3: 3
day 4: M2 tMa ¥ M
3
+m, +
day 5: ms rr;; s etc

The values for this type of sequence may be expressed as:

1
ﬁ(mk+mk+1+"'+mk+n_1> k=1,2,...

Reference: Mathematics Dictionary, James/James.

Q?}‘ Solid State Software TI ©1977

MOVING AVERAGES ML-17

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program  Pom K
2 Initialize FITIR f | 0.
3 Enter number of values to be averaged n! A n
4 Enter value to be averaged m LB | average®

Repeat for each value.

NOTES: 1. Error conditions:
For n < 0 or n non-integer, the display will flash 9.9999999 99,

2. An average will be taken for all values entered below the nth value. Once the nth value is entered, the concept
of moving averages begins.

3. The number of data registers available must be greater than or equal to n + 5.



ML-17

Example: Determine a moving average of 3 on the number of traffic accidents resulting in injuries per
month in a certain city. Records show the following sequence: 45, 50, 57, 65, 73, 81, 84, 84, 78, 68,

56, 48

REF.

-~ =
~ QO © O N ORA WN N

e e e
N ON

*The printout shown is obtained using the print routine of Program 01.

ENTER

45
50
57
65
73
81

84
78
68
56
48

Register Contents

Roo
Ro
Ro2
R03
Roa

Note:

Pointer

n

# Operands
Total sum

PRESS

2nd

= =l el o] o] ] ] ] o )

ROS
R06
Ros
ROS
I:‘09

[ Pom g
[ £ |

DISPLAY

0.

3.

45,

475
50.66666667
57.33333333
65.

73.
79.33333333
83.

82.
76.66666667
67.33333333
57.33333333

New term R 1o
See note R,
R12
Ris
Ris

Ros through R are used for storing entries.

59

COMMENTS
Select program
Initialize

n

RIS
Ris
R17
Ris
R19

OPTIONAL
PRINTOUT*
REF. PRINT
1 0.
0.
2 3.
3.
3 45,
45.
4 50.
475
5 57.
50.66666667
6 65.
57.33333333
7 73.
65.
8 81.
73.
9 84.
79.33333333
10 84.
83.
11 78.
82.
12 68.
76.66666667
13 56.
67.33333333

14

48.
57.33333333



ML-18

COMPOUND INTEREST

In many investment situations involving interest, the interest earned is compounded to the principal
for each interest period. In this manner, the interest earned in one period becomes principal and
will earn interest during the following period.

The mathematical relationship that gives you a future value (FV) based on a present value (PV), or
principal, compounded for N periods at an interest rate of 1% per period is:
FV = PV (1 + 1/100)N

Given any three of these four factors as input data, this program solves for the remaining factor in this
equation. The forms of the equation used in solving for each of the factors are shown in Methods Used.

The program can be used to solve compound interest problems using either the nominal annual rate
method (U.S. method) or yearly effective rate method (European method). The two interest rates
may be defined as follows:

Nominal Annual Rate

1+ (YER/100)

I X N,
1(1 + 1/100)Ne

where ) ) )
N, is the number of compounding period per year

YER is the yearly effective rate.

Given FV, PV, and N, the program solves for the periodic interest rate, |, which is the same for
either method. The nominal annual rate is found by simple multiplication by the number of periods
per year as shown. To find YER, the term 1+{(YER/100) is solved for using the program and YER is
determined manually.

If the nominal annual interest rate is given, dividing this value by N. provides | for input to the
program. However, if the yearly effective interest rate is the known factor, the periodic rate | must be

computed first using the program. This value can then be used without reentering in further calculations.

To simplify using the program for either method, two separate User Instructions are provided. Examples
are given to demonstrate operation of the program for both methods.

Annuity Formulas

The four following basic annuity formulas are also accessible in this program to allow generation of
annuity tables. See Program ML-19 for discussion of annuities.

Sinking Fund Ordinary Annuity/PV
smi = [(1+ DN — 1]/ ami = [1 = (1 +0)~N/i
Annuity Due/FV Annuity Due/PV
(1 +ismi = [0+ VT — (1 + 1)) /i (1 + Dam; = [(1+0) = (1 +0)1=N]/i
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INTEREST

USER INSTRUCTIONS

ML-18

STEP PROCEDURE ENTER PRESS DISPLAY
U.S. Method
1 Select program [ P B
2 initialize [ || 0.00
3 Enter three of the following four variables in any
order:
Number of periods N (A N
Interest rate (percent per period) %l B %1
Present value PV PV
Future value Fv o] FV
4 Calculate the remaining variable
Number of periods 0 (Al N
Interest rate (percent per period) 0 %I
Present value 0 PV
Future value 0 (0] FV
Annuity Formulas
(See Note 1 below and Notes on Annuity Formulas)
5 Solve for S [y | Sai
6 Solve for (1+1) S_. [ B | (1+i)S_..
i nli
7 Solve for i [ | an;
8 Solve for (1 +1) ay, 2nd] R (1+i)ami
NOTE: 1.  Steps 5-8 assume the following:

N is stored in Rq;
t = 100 is stored in Ryg
(1= 100) + 1 is stored in Ryo
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Example 1: What is the value of $500 after 24 months with interest compounded monthly, if the

nominal annual interest rate is 5.75%?

REF. ENTER PRESS DISPLAY
FIYIN Pon RE

1 [ £ ] 0.00
2 24 (A 24.00

5.75 (=] 5.75
3 12 (=] _B] 0.48
4 500 (c] 500.00
5 0 (D] 560.78

OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
Select program 1 0.
. 0.00
Initialize
Periods 2 24.00
24.00
I{annual}

: 3 0.48
Hperiod) 048
PV 4 500.00
Y 500.00

5 0.00
560.78

*The printout shown was obtained using the print routine of Program 01.

Example 2: Compare the investment of $1000 for one year at the nominal annual interest rate of
5.75% compounded daily with the amount invested at 6% compounded quarterly.

REF. ENTER PRESS DISPLAY
[2nd) ] 18

1 (2nd] I 0.00
2 365 LAl 365.00
5.75 (=] 5.75

3 365 (=] (8] 0.02
4 1000 1000.00
5 0 (D] 1059.18
6 4 (A~ 4.00
6 (=] 6.00

7 4 (=] (8] 1.50
8 0 . D] 1061.36

OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
Select program 7 0.
- 0.00
Initialize
Periods 2 365.00
365.00
I{annual)
I{period) 3 ggg
PV 4 1000.00
Y 1000.00
Periods 5 0.00
I{annual) 1059.18
I{period) 6 4.00
FV 4.00
7 1.50
150
8 0.00
1061.36

*The printout shown was obtained using the print routine of Program 01.

Note that it was not necessary to enter 1000 for the present value the second time.
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Q’( Solid State Software TI©1977

COMPOUND INTEREST ML-18

T T R R

JSER INSTRUCTIONS

ﬁ:"‘”“

STEP PROCEDURE ENTER PRESS DISPLAY
European Method ;
Select program i 1 18
2 Initialize [ | . 0.00
If annual interest rate is known §
3 Solve for lg¢ per period
3A Enter periods per year N¢ [A] N¢
3B Enter 1 as PV 1 [c] 1.00
3C Enter (1 + 1,,,/100) as FV 1+1/100 [D] FV
3D Solve for lq4 per period 0 (8] lett
4 Enter two of the following three variables in
any order:
Number of periods N LA] N
Present value PV PV
Future value FV (o] FVv
5 Calculate the remaining variable:
Number of periods 0 (A N
Present value 0 PV
Future value 0 [D] FV
To solve for |,,,, given PV, FV, N
6 Number of periods N [A] N
7 Present value PV Lc] PV
8 Future value FV (o] FV
9 Solve for | per period 0 I{period)
10 Solve for annual interest rate (I,44)
10A Periods per year (N.) N¢ (A~ N¢
108 Enter 1 for PV 1 1.00
10C FV =1+ 1,,,/100 0 (D] 14 I4nn/100
10D Subtract 1 and multiply by 100 | (=] :
| =
100 . (=] fann
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Example 3: (European Method) What is the value of $500 after 24 months with interest compounded
monthly, if the yearly effective interest rate is 5.75%?

REF. ENTER

12

1.0575

24
500

0O N A W
o

PRESS

SRR

-
[o-]

DISPLAY

0.00
12.00
1.00
1.06
0.47
24 00
500.00
5569.15

COMMENTS

Select program
Initialize

N per yr for ¢
PV for log

FV for lg¢

Fefs

N

PV

FvV

OPTIONAL

PRINTOUT*
REF. PRINT
1 0.00
0.00
2 12.00
12 00
3 1.00
1.00
4 1.06
1.06
5 0.00
0.47
6 2400
2400
7 500.00
500.00
8 0.00
559.15

Example 4: (European Method) What is the interest rate per period and the yearly effective
interest rate for a savings account which increased in value from $1234.00 to $1300.00 in 13
months if the interest was compounded monthly?

REF. ENTER

13
1234
1300

12

OO N AR LN~
o

100

PRESS

M [ el el ] -

[ 18

10

DISPLAY

0.00
13.00
1234 .00
1300.00
0.40
12.00
1.00
1.05
0.05
493

64

COMMENTS

Select program
Initialize

N

PV

FV

I

N per yr for lag
PV for 'eff

FV for lgg

lets (annual)

OPTIONAL
PRINTOUT*
REF. PRINT
1 0.00
0.00
2 13.00
13.00
3 1234.00
1234.00
4 1300 00
1300.00
5 0.00
0.40
6 12 00
12.00
7 1.00
1.00
8 0.00
1.05



Notes on Annuity Formulas

ML-18

The purpose of the annuity formulas accessed by user-defined keys I, I, I, and HHl is to allow
you to generate your own annuity tables or to write your own programs using these functions as

subroutines.

The decimal periodic interest rate must be stored in R, and this quantity plus one in R,,. This is done
by user-defined key “B]in Program 18. N is stored in Ry, by [A] in Program 18.

The following example shows how to access the ordinary annuity routine and use it to generate an

annuity table. First key in the following sequence of instructions.

PRESS DISPLAY DISPLAY
[RsT] 0. _B] 011 00
(LRN] 000 00 d 12 012 00
001 00 [INV 013 00
(A 002 00 (2nd] 014 00
(s10] 003 00 015 00
o)1} 004 00 EIXIN Pen | 016 00
(2nd] 005 00 (1] 8] 017 00
V] [SBR] 006 00 (2nd] I 018 00
007 00 2nd] I 019 00
B 008 00 [INV] 020 00
2nd] (0 009 00 RN 0.
(8] 010 00
Now use this program to generate an ordinary annuity table for | = 8 and N = 1, 2,3, -+, 10.

Press [INV] EI. If the printer is available, all of the displayed values will be printed.

ENTER

8
1

10

PRESS

el e e R e R S R SR S D S S

65

DISPLAY

8.

1,
9259259259
2.
1.783264746
3.
2577096987
4.
3.31212684
5.
3992710037
6.

4 622879664
7.
5.206370059
8.
5.746638944
9.
6.246887911
10.
6.710081399
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Register Contents

Roo

R01 N

Roo |

Ros PV

Roa FV
Method Used

Ros
R06
Ros
ROB
R09

R 1o

Rll

Ry, [(1=100) + 1N
I + 100 R.s
(I +100) +1 R

The compound interest equation is used in the following forms.

FV =PV(1 + i)V

PV = FV(1 +i)~N

I = [(FV/PV)YN — 1] X 100

N = In(FV/PV)/In(1 + i)
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ML-19
ANNUITIES

An annuity is a series of equal payments made at regular intervals of time. The time intervals between
payments are called payment periods. An annuity is a compound interest situation with periodic pay-
ments. When the payments are made at the ends of the payment periods, the annuity is called an
ordinary annuity. When the payments are made at the beginning of the payment periods, the annuity
is called an annuity due.

There are many money situations that involve not only a series of payments, but also a payment at
termination that is larger or smaller than the regular payments. These are called balloon payments and
can be for a loan you decide to pay off before its normal duration is complete or for situations like
the ownership of property from which you have received a steady flow of rent, then decided to sell,
producing a large impulse of income at the end of the investment. A balloon payment is equal to the
remaining principal balance at that time.

This program handles four types of annuities:
Sinking Fund
Annuity Due/FV
Ordinary Annuity/PV
Annuity Due/PV

Sinking Fund

In simple terms a sinking fund is a savings fund designed to accumulate a definite amount of money on
a specified date. This amount is the future value of an ordinary annuity and can be calculated from:
(1+ 0N —1

|
[

FV = PMT X

where

FV = future value
PMT = payment
i =1/100
| = interest rate per period in %
N = number of periods

1]

Given any three of the four variables, the program will calculate the remaining variable.

Annuity Due/FV
This type of annuity situation is most easily described as the future value of a savings account with
equal deposits being made at the beginning of each period. The future value is calculated from:

><(1+i?N—1
I

FV = PMT X (1 +1i)

where the variables are defined as for sinking fund. The program will calculate any one of the variables,
given the other three as inputs.
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Ordinary Annuity/PV

A loan such as a home mortgage is a prime example of this annuity situation in which a sum of money
is to be repaid with interest by certain payments for a fixed number of periods. A balloon payment is
sometimes associated with this type of annuity. The present value is calculated as:

PV = PMT X [—_1 -1+ ”—N] ¥ [BAL X (1 + i)_N]
|

where BAL = balloon payment (may equal zero)
The other variables are defined as for Sinking Fund.

Given four of the five variables, the program will solve for the fifth.

Annuity Due/PV

Rent or lease situations are common examples of this type of annuity. In other words, what is the
present value of a lease which will involve fixed payments for a certain number of periods if the interest
rate requirement of the lessor is known. A balloon payment at the end of the term may be involved.
The present value is:

PV = PMT X (1 +1) X [‘_—_“_DLN] + [BAL X (1 + i)"{]
|

The program will calculate any one of the variables, given the other four as inputs.
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ANNUITIES

ML-19

Ann Due/FV | Ord Ann/PV | Ann Due/PV INIT

USER INSTRUCTIONS

ML-19

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program X219
2 Initialize [ F 0.
3 Select type of routine:
Sinking Fund [ A | 0.
Annuity Due/FV 2nd] I 0.
Ordinary Annuity/PV ] 0.
Annuity Due/PV [ 0 ] 0.
4 Enter the known variables in any order
Number of Periods N (A N
Interest Rate {percent per period) %I [B] %l
Payment per Period PMT PMT
PV or FV . PV or FV (0] PV or FV
Balloon Payment BAL [E] BAL
5 Solve for the unknown variable
Number of Periods 0 [A] N
Interest Rate (percent per period) 0 %]
Payment per Period 0 PMT
PV orFV 0 D PV or FV
Balloon Payment 0 E BAL
6 To solve another problem of the same type, go to
Step 4 (See Note 2). For a problem of a different
type, go to Step 2.
NOTES: 1. If balloon payment does not apply, DO NOT enter zero. Merely skip the step.
2. If balloon payment was non-zero in the previous problem and is zero in the new probiem, go to Step 2.
Register Contents
Roo R05 B.PMT RIO Used R15
R01 N R06 Used Rll Used R16
Ro2 % | Ro~ Used Rz Used R4
R03 PMT Rog 1+100 R13 Used ng
R04 PV/FV R()g (I - 100) + 1 R14 Used ng
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Example 1: Sinking Fund

At the end of each month, a corporation will deposit $25 in a fund to provide for the replacement of a
certain machine at the end of a 10-year period. If the fund accumulates at the rate of 5%%, com-
pounded monthly, how much is in the fund: a) at the end of 4% years: b) at the end of 10 years?

OPTIONAL
PRINTOUT*
REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT
X 19 Select program 7 0.
1 [ ¢ | 0. Initialize 0.
2 [ 1] 0. Sinking Fund 2 0.
4.5 45 :
3 12 ES 54. N 3 54.
5.25 (=] 5.25 . oas
4 12 =[] 04375 %l gt
5 25 25.00 PMT 5 25,0000
6 0 (o] 1519.08 FV 25.00
10 10.00 6 0.00
7 12 (=] ] 120. N 1519.08
8 0 (D] 3934 .42 FV 7 120.00
120.
8 0.
3934 .42

*The printout shown is obtained using the print routine of Program 01.

Example 2: Annuity Due/FV

Sam wants to be able to save $10,000 over the next 10 years so he can pay off his home mortgage. If
he can put $50 at the beginning of each month into a savings plan, what monthly interest rate must it
have for him to accumulate the $10,000 by the end of the tenth year?

OPTIONAL
PRINTOUT*
REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT
[ Pom BT} Select program 7 0.
1 [ £ ] 0. Initialize 0.
2 (2nd] IEH 0. Annuity due/FV 2 g-
3 10000 (b] 10000.00 FV :
; 3 10000.
4 50 (¢ 5000  PMT 1000060
10 10.00 ) 50,00
5 12 (=] & 120. N 50.00
6 0 (B 1 0.7869 I{monthly) 5 120,
120.
6 0.
0.7869

*The printout shown is obtained using the print routine of Program 01.
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Example 3: Ordinary Annuity/PV

Calculate the monthly payments on a 30-year basis for a $32,000 loan at an 8.75% annual interest rate.
Also calculate the payments for this loan on a 20-year basis.

OPTIONAL
PRINTOUT**

REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT
319 Select program 1 0.
1 [ | ] 0. Initialize 0.
2 [ (] 0. Ordinary annuity 2 8
8.75 (=] 8.75 :
3 12 (=] (8] 0.7292* I{monthly) 3 71291666567
4 32000 o] 32000.00 PV . 420000000
30 30.00 32000.00
5 12 (=] A 360. N{(30-yr) s 460,00
6 0 251.74 PMT(30-yr) 360.
20 20.00 6 o.
7 12 (=] [A] 240. N(20-yr) 251.74
8 0 282.79 PMT(20-yr) 7 240.00
240.
8 0.
282.79

* Display is rounded to 4 places; however, full results of the division are used in the calculation.
** The printout shown is obtained using the print routine of Program 01.

Example 4: Annuity Due/PV

A copier company leases its high-volume copier costing $45,000 for 2 years for $2000 per month pay-
able on the first of each month. The company expects to sell the copier for $10,000 after the 2-year
period. What yield can be expected?

OPTIONAL

PRINTOUT*
REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT
 Porr BT Select program 1 0.
7 = 0. Initialize 0.
2 D 0. Annuity due/PV 2 0.
3 45000 (o] 45000.00 PV :
3 45000.
4 2000 2000.00 PMT 45000.00
5 10000 (E] 10000.00 BAL . 2000.00
2 2.00 2000.00

(A

6 12 (=] [A] 24. N 5 10000.00
7 0 1.9638 [{monthly) 10000.00
12 = 23.5651 [{annual) 6 24.00
24.
7 0.
19638

*The printout shown is obtained using the print routine of Program 01.

The vyield will be 1.9638%/month or 23.6651%/year.
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Method Used

The following equations are used to solve for the variables shown in the various annuity situations.

Sinking Fund

(1+iN —1
i

FV X i .
N—ln(PMT +1>/n(1+|)

PMT = FV X i/[(1 + )N — 1]

FV = PMT X

| is determined by the Newton-Raphson method.

Annuity Due/FV

(1+iN —1
i

N=|n[P£,\>|—/_-r-Xi+(1+i)j|/ln(1+i)—1
.N_

| is determined by the Newton-Raphson method.

— i _N
PV = PMT X {w—} + [BAL X (1 + i)‘N:I
§

N = in [(PMT — iBAL)/(PMT — iPV)]/In (1 +1i)

— H _N
PMT = [PV — BAL(1 + i)‘N]/,:w—}

| is determined by the Newton-Raphson method.

- i)=N
BAL = (PV — PMT X Lﬁ%) /(1 +i)=N

FV = PMT X (1 +i) X

Ordinary Annuity/PV
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Annuity Due/PV

1 —

y—N
PV =PMT X {1 +1) X [“—T')j' + [BAL X (1 +i)~N]

N = In [(M—BAL)/(M—PV)}/mH + i)
§ |
— ._N
PMT = |in — BAL X (1 +i)"\]/ﬁ1 + i) xi’:—')——]

I is determined by the Newton-Raphson method.

—_ iy—N
BAL = [PV — PMT X (1 +1i) X <1——(1—Tl—>] /1 +i)~N

N = number of payment periods

where:

PV = present value
FV = future value

BAL = balloon payment

I = periodic interest

i=1+100
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DAY OF THE WEEK
DAYS BETWEEN DATES

This program calculates the number of days between any two calendar dates after the year 1582. It also
determines the day of the week for any date after the year 1582. The calculations are based on the
Gregorian calendar.

Note that the dates are entered in the order: month, day, year using the format MMDD.YYYY.

The days of the week are represented by single digits O through 6 for Saturday through Friday,
respectively.

Solid State Software TI ©1977
DAY OF WEEK, DAYS BETWEEN DATES ML-20

wwoovvve [ [ [

USER INSTRUCTIONS

&

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program : [2nd] 20
Days Between Dates : :
2 Enter first date MMDD.YYYY . [A] 0.
3 Enter second date MMDD.YYYY 0.
4 Calculate number of days between given dates [c] No. of days
Day of the Week :

5 Enter date and calculate day of week : MMDD.YYYY (0] X Day of week ™

*0 — Sat 4 — Wed
1 —Sun 5 — Thurs
2—Mon 6 — Fri ‘
3 — Tues ]

NOTES: 1. Date must be entered in the order: month day year

2. Error conditions
a. negative inputs
b. DD > 31
c. MM > 12
d YYYY < 1582
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Example 1: Days Between Dates

ML-20

How many days are between June 1, 1960 and October 31, 1976? How many days are between
October 1, 1976 and October 31, 19767

ENTER

601.1960
1031.1976

1001.1976

PRESS DISPLAY
£ 20
(A 0.
LB] 0.
5996.
[A] 0.
30.

COMMENTS

Select program
First date
Second date
No. of days
New date

No. of days

*The printout shown is obtained using the print routine of Program 01.

Example 2: Day of the Week

On what day of the week was December 7, 19417

REF.

1

*0 — Saturday, 1 — Sunday, 2 —Monday, 3 — Tuesday, 4 — Wednesday, 5 — Thursday, 6 — Friday

ENTER

1207.1941

PRESS

DISPLAY

3 20

(o]

1.%

COMMENTS

Select program
Day of week

**The printout shown is obtained using the print routine of Program 01.

Register Contents

ROO
Ro,
R02
R03
R04

MM

DD

YYYY
FACTOR 1

Ros
R06
Ros
Ros

FACTOR 2

Rio
Rl]
RIZ
Rl3

75

Rise
R~
Ris

OPTIONAL
PRINTOUT*
REF. PRINT
7 601.196
0.
2 1031.1976
0.
3 0.
5996.
4 1001.1976
0.
5 0.
30.
OPTIONAL
PRINTOUT**
REF. PRINT
7 1207.1941

1.
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Method Used

The number of days between two dates is found by calculating the FACTOR for each date, then finding
the difference between the FACTORS.

For January and February:

FACTOR = 365(YYYY) + DD + 31 (MM — 1) + INT [{YYYY — 1)/4]
— INTGINTIUYYYY — 1)/100) + 1])

For March through December:

FACTOR = 365(YYYY) + DD + 31(MM — 1) — INT(.4MM + 2.3)
+ INT(YYYY/4) — INTINT(YYYY/100) + 1])

In these formulas INT indicates using only the integer portion of the expression.
The day of the week for any date is determined from the FACTOR for that date as follows:
Day of Week = FACTOR + [INT(—FACTOR/7) X 7]

where the day of the week is represented by a single digit O through 6 for Saturday through Friday,
respectively.
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HI-LO GAME

In addition to recreational diversion, this program serves as a nontechnical demonstration of the library
module. The game is easy to play, permitting almost immediate hands-on experience for any user.

The object of the game is to guess a secret number {whole numbers only) from 1 to 1023 that has been
generated in the calculator. The calculator responds with a ““too high,” “too low,” or “correct’’ indica-
tion to each of your guesses. Your score {number of guesses) is tallied by the calculator.

Also, you may select a number in the range 1 to 1023 and the calculator will attempt to guess this
number as you supply proper responses to each of its guesses. When the calculator has found the num-
ber you selected, its score will be displayed.

An exercise which often casts doubt on the “man over machine” axiom is to have the calculator guess
the same number that it generated for you to guess. Now, follow the User Instructions and see if you
can uphold the superiority of man.

Q?) Solid State Software T ©1977

| wio | wni ]

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program 21
You Guess
2 Key in number (0 to 199017)* Number (A Number
Generate secret number 0.
4 Enter your guess (1 to 1023) Guess Clue
Clue: —1.if guess was low

1. if guess was high
flashing 0. if your guess was correct

5 Repeat Step 4 as required
Display score (D] Score
7 For a new number, go to Step 3
Calculator Guesses
8 Select a number (1 to 1023)
9 Display calculator’s first guess o Caic. guess
10 If calctloavtvor s guess is: | Cale. quess
High 2nd; g9 Calc. guess
Correct Calc. guess
11 Repeat Step 10 as required
12 For a new game, go to Step 8

*Each number you select will produce a different game.
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Example: User challenges the machine by first attempting to guess its secret number (532). He then
chooses a number (848) and the machine guesses it in only six tries.

OPTIONAL
PRINTOUT*

REF. ENTER PRESS DISPLAY COMMENTS REF. PRINT

(2nd] K21 Select program 7 123,

7 123 [A] 123. Initialize 123.

2 (B 0. Machine selects no. 2 123-

3 200 [c] —1. 200 is low '

4 600 [c] 1. 600 is high 3 200.
5 400 -1 400 is low .

6 500 ¢ ~1. 500 is low 600-

7 550 1. 550 is high

5 400.

8 530 —1 530 is low 1.

9 532 C flashing 0. 532 is correct 6 500.

10 (D] 7. 7 tries -1.

17 2nd, I 512. low 7 550.

12 2nd] A 768. low 1

13 [ 8] 896. high 8 530.

14 2nd] I 832. low -

15 [ 8 ] 864. high 9 532.

16 @ II 848. correct

17 2nd) WA 6. 6 tries 0 9

11 7.

512.

12 512.

768.

13 768.

896.

14 896.

832.

15 832.

864.

16 864.

848.

17 848,

*The printout shown is obtained using the print routine of Program 01.

Register Contents

Roo Ros  User's Guess R 1o Ris
Ro, M Guess Roe R R
Ro: Guesses Left Ro- R, R.5
Ro:  Machine’'s No. Ry, Ris Ris
Ros No. Guesses R Seed R4 R
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CHECKING/SAVINGS ACCOUNT MANAGEMENT

This program will determine the current balances on checking and savings accounts when given the
starting balances as inputs. In addition to accepting checking and savings deposits and withdrawals
(checks), the program will add savings interest when given the interest rate and the number of compound-
ing periods. The resulting balances may be carried forward by the Constant Memory™ feature of the T
Programmable 58C, by the magnetic card feature of the Tl Programmable 59, or may be written down
and keyed in the next time the program is used.

The savings balance is adjusted for interest using the classical compound interest equation:
FV =PV({1 + i)V
where

FV = future value (new balance)

PV = present value (current balance)
i = periodic interest rate (decimal)
N = number of periods

Note that this formula must be applied to periods when PV has not been altered by deposits or with-
drawals. Therefore, an active account having daily compounding periods will require several applications
of this formula {(once for each deposit or withdrawal).
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&  solid State Software
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CHECKING/SAVINGS ACCOUNT

I%/Yr

ML-22

Periods/Yr _

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
Select program (2nd] 22
2 Load data registers from card’ or
Enter checking balance? C. Bal 2nd) I LE C.Bal.
Enter savings balance? S. Bal 3 S. Bal.
3 Select checking mode (2nd] I
4 Enter deposit amount Dep. amt. B New Bal.
5 Enter check amount Chk. amt. New Bal.
6 Repeat 4 and 5 as necessary
7 Select savings mode § (2nd] IEH
8 To add interest: i
Enter annual interest rate {%) %l /yr 2nd] I %l /yr
Enter compounding periods per year P (2nd) %l /per.
Enter number of periods N (o] New Bal.
9 To add savings deposit Dep. amt. (8] New Bal.
10 To subtract savings withdrawal Withdr. amt. [c] New Bal.
11 To display checking balance (A Chk. Bal.
12 To display savings balance (2nd) M [(A] Sav. Bal.
13 Optional: Record data registers on card’
NOTE: 1. For Tl Programmable 59 only.

2. The Tl Programmable 58C will retain balances unless the data registers are cleared or altered,

Register Contents

Roo Ros Checking Bal.
Ro: N . Ro¢  Savings Bal.
Ro2 [ Ros |

Ros PV Ros | + 100

Roa FvV Ros (I +100) +1

Rio
Rll

Ris
Ris
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Example: Mr. Smith decides to balance his checking and savings accounts at the end of April. His bank
pays 6% interest (annual rate) on savings accounts, credited daily. His savings balance at the end of
March was $1732.84 while his checking balance was $231.70. Activity for the month was as follows:

Checking deposits: $231.60, $50.00

Checks: $43.10, $18.73, $103.79, $10.36
Savings deposits: $304.00, $428.00 (on 10th and 14th)
Savings withdrawals: $1000.00 (on 20th)

REF. ENTER
!
2 231.70
3 231.60
4 50.00
5 43.10
6 18.73
7 103.79
8 10.36
9
10 1732.84
11 5
12 365
13 10
14 304
15 4
16 428
17 6
18 1000
19 10

PRESS
Fen g

el [ el =1 R Bl e ol el o el = E
-]- -

DISPLAY

0.00
231.70
463.30
513.30
470.20
45147
347 .68
337.32
337.32

173284
5.00
0.01

1735.22

2039.22

2040.33

2468.33

2470.36

1470 .36

1472.38

COMMENTS

Select program
Checking mode
Checking balance
Deposit

Deposit

Check

Check

Check

Final checking balance
Savings mode
Savings balance
I{annual)

I{daily)

Balance on 10th
Deposit

Batance on 14th
Deposit

Balance on 20th
Withdrawal

Final savings balance

*The printout shown is obtained using the print routine of Program 01.
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OPTIONAL

PRINTOUT*
REF. PRINT
1 0.
0.00
2 231.70
231.70
3 231.60
463.30
4 50.00
513.30
5 43.10
47020
6 18.73
451.47
7 103.79
347 .68
8 10.36
337.32
9 337.32
337.32
10 173284
1732.84
11 5.00
5.00
12 365.00
0.01
13 10.00
173522
14 304.00
2039.22
15 400
2040.33
16 428.00
2468.33
17 6.00
2470.36
18 1000.00
1470.36
19 10.00
147238



ML-23

DMS OPERATIONS

‘Addition or subtraction of two numbers in degree-minute-second format {(dd.mmss) can be accomplished

using this program. Also, a number in degree-minute-second format can be multiplied or divided by a
scalar.

The program can also be used for time calculations with the values in hour-minute-second format
(hh.mmss).

QAP Solid State Software TI ©1977
DMS OPERATIONS ML-23

I KT I R

STEP PROCEDURE DISPLAY

Select program

2 ¢ Enter number n (dd.mmss} n(dec. deg.)
For Addition or Subtraction

3 For addition, enter number p{dd.mmss) (n+p)

4 For subtraction, enter number p(dd.mmss) (n —p)
For Multiplication or Division .

5 For multiplication, enter scalar a d a (n X a)

6 For division, enter scalar a . a - [} {n+ a)

NOTES: 1. Display is in Fix 4 format after any of the four operations is performed.
2. For chained operations, the result of an operation should be used directly as the entered number in Step 2.

This will minimize rounding errors.

Register Contents

Roo Ros R 1o Ris
Roi n Roe R Rie
Ro:2 Ro- R R,
Ros Ros Ris Ris
Roa Rog Ris R
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ML-23

Example 1: Mr. Smith’s flight will leave at 8:00 a.m. and is scheduled for 3 hours, 20 minutes. At what

time will he arrive at his destination?

REF. ENTER PRESS DISPLAY
23
7 8 [A] 8.
2 3.2 11.2000

COMMENTS

Select program
Decimal hours
Sum(hh.mmss)

*The printout shown‘ is obtained using the print routine of Program 01.

Example 2: Subtract from angle 47°00°31"" angle 24°43'35"".

REF. ENTER PRESS DISPLAY
1 23
1 47.0031 [A] 47.00861111
2 24.4335 [+-] (8] 22.1656

*The printout shown is obtained using the print routine of Program 01.

Example 3: What is twice 20°30'45'"?

REF. ENTER PRESS DISPLAY
[ Pon ]
7 20.3045 (A] 205125
2 2 [c] 410130

*The printout shown is obtained using the print routine of Program 01.

Example 4: What is half of 160°89'77""?

REF. ENTER PRESS DISPLAY
B 23
1 160.8977 (a] 161.5047222
2 2 (o] 80.4509

*The printout shown is obtained using the print routine of Program 01.
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COMMENTS

Select program
Decimal degrees
Difference(dd.mmss)

COMMENTS

Select program
Decimal degrees
Product{dd.mmss)

COMMENTS

Select program
Decimal degrees
Quotient(dd.mmss)

OPTIONAL
PRINTOUT*
REF. PRINT

7 8.

11.2000

OPTIONAL
PRINTOUT*
REF. PRINT

1 47.0031
47.00861111

2 —24.4335
22.1656

OPTIONAL
PRINTOUT*
REF. PRINT

7 20.3045
205125

2 2.
41.0130

OPTIONAL
PRINTOUT*
REF. PRINT

1 1608977
1615047222

2.
80.4509



ML-24

UNIT CONVERSIONS (1)

This program provides length conversions through the user-defined keys as follows:

Key

[a]
[2nd] HH
(2nd] HEH
(2nd] N
(o]
(2nd] I
LE]
(2nd) IR

Conversion Operation
inches to centimeters multiples by 2.54
centimeters to inches divides by 2.54
feet to meters multiplies by 0.3048
meters to feet divides by 0.3048
yards to meters multiplies by 0.9144
meters to yards divides by 0.9144
statute miles to kilometers multiplies by 1.609344
kilometers to statute miles divides by 1.609344
statute miles to nautical miles (Int.) multipties by 0.86897624
nautical miles (Int.) to statute miles  ~ divides by 0.86897624

Area conversions may be obtained by pressing the conversion key twice. Volume conversions may
be obtained by pressing the conversion key three times.

Qf Solid State Software TI ©1977
UNIT CONVERSIONS (1) ML-24

oo [ _men | meys [ wmem [ amoem ]

USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY
Select program 24
2 To convert:
inches to centimeters inches [A] cm
centimeters to inches cm o inches
feet to meters feet meters
meters to feet meters 2nd] IEA feet
yards to meters yards [ meters
meters to yards meters [ ¢ ] yards
miles to kilometers miles (o] km
kilometers to miles km 2nd) I miles
miles to nautical miles miles LE] nau. miles
nautical miles to miles nau. miles [ | miles
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Example 1: Convert the following:

REF. ENTER PRESS
(2nd] KN 24
1 2 CA
2 6
3 20
4 1000 [ 0|
5 100 [ 8]

2 inches to centimeters
6 feet to meters

20 yards to meters

1000 kilometers to miles
100 meters to feet

ML-24

OPTIONAL
PRINTOUT*
DISPLAY COMMENTS REF. PRINT
Select program 1 2.
5.08 in to cm 5.08
1.8288 ft tom 2 6.
1.8288
18.288 ydtom
: 3 20.
621.3711922 km to mi 18.288
328.0839895 m to ft
4 1000.
621.3711922
5 100.
328.0839895

*The printout shown is obtained using the print routine of Program 01.

Example 2: Find the volume in cubic centimeters of a rectangular tank that is 12 inches by 6 inches by

4 inches.
REF. ENTER PRESS
0 24
12
6
4 (=] '
1 (A]a][A]

OPTIONAL
PRINTOUT*
DISPLAY COMMENTS REF. PRINT
Select program 1 288.
12 73152
72. 73152
.. 1858.0608
288. cubic inches

. 1858.0608
4719.474432 cubic cm 4719 474432

*The printout shown is obtained using the print routine of Program 01.

Register Contents

No registers used.
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ML-25

UNIT CONVERSIONS (2)

This program provides volume, weight, and temperature conversions through the user-defined keys as

follows:

Key Conversion
[A] °Fto°C
m °Cto °F
B fluid ounces to liters
a liters to fluid ounces
gallons (U.S.) to liters

2nd} I liters to gallons (U.S.)
(D] ounces (av.) to grams
| 0 | grams to ounces (av.)
_E_ pounds (av.) to kilograms
L E kilograms to pounds {av.)

Operation

5

C=2(F -32
g( )

F=2c+32
5

multiplies by 0.0295735296
divides by 0.0295735296
multiplies by 3.785411784
divides by 3.785411784
multiplies by 28.34952313
divides by 28.34952313
multiplies by 0.45359237
divides by 0.45359237

The output of one conversion may be used as input to another by simply leaving the answer in the dis-
play and pressing another user-defined key.

STEP

1
2

é%’) Solid State Software

TI1 ©1977

UNIT CONVERSIONS (2) ML-25

PROCEDURE
Select program
To convert:
thch
Cto F
fluid ounces to liters
liters to fluid ounces

U.S. gallons to liters
liters to U.S. gallons

ounces to grams
grams to ounces

pounds to kilograms
kilograms to pounds

86

°F
°C
fl. oz.
liters

gallons
liters

ounces
grams

pounds

kg

PRESS
Il 25

LA
2nd] N
5]
(2nd] EEA
S
(2nd] W

(o]
(2nd]

)
[ N

DISPLAY .

°C
°F
liters
fl. oz.

liters
gallons

grams
ounces
kg
pounds



Example 1: Convert the following:

REF. ENTER
1 410
2 10
3 35
4 122
5 100

*The printout shown is obtained using the print routine of Program 01.

PRESS
(2nd] I 25

A ElEHE

410°F to °C
10 fluid ounces to liters
35 ounces to grams

122 pounds to kilograms
100 kilograms to pounds

DISPLAY

210.
0.295735296
992.2333096
55.33826914
220.4622622

ML-25

Example 2: Convert 6.2 pounds per gallon to kilograms per liter.

REF. ENTER
1 6.2
2

*The printout shown is obtained using the print routine of Program 01.

Register Contents

No registers used.

PRESS

(2nd] KB 25

LE]
(2nd] N

DISPLAY

2.812272694
.7429238494
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OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
7 410.
°Fto°C 210.
fl.0z. to liters 2 10.
0.295735295
0z to grams
3 35.
Ib 10 kg 992.2333096
kg to Ib
4 122.
55.33826914
5 100.
220.4622622
OPTIONAL
PRINTOUT*
COMMENTS REF. PRINT
7 62
2812272694
kg per gallon
kg per liter 2 2812272694
7429238494
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APPENDIX A

1eWI0) NI Ul unl 10U s30Q,

z91 $131UN07 R $131U104
5¢ l ! - IZA! () sudisiaauod Huf) S¢
|74 t l 96 (1) suots1aauny yuf) 1A
€z v SWa g { l 2§ suoneladQ SWA 4
44 4 dJ 8l ! ! 0l-1 v6 199y sbuiaeg/bunjaay) 144
¥4 X Gl 17 1 661t G6 07-H ¥4
S T o T saje( usamiag sheq
0¢ X S l §1 161 f2ap ayl Jo Aeq 0¢
6l v'e X X 81 € € i pl-l 685 saninuuy 61
L'
81 l dJ £ l 811 Lt 153)81u| puncdwo) 8l
urw
Ll X L 0 1 Ll LLl sabesany buinopy L
s|e1033e4 ‘suo1)
9t X 0 1 l 7l Z€l  -'nwiag 'suoiieuiGuo) 91
T R 10}e13U3Q
Gl pey dJ +X l £ l Li-1 9¢et Jaquiny wopuey §1
vt dJ l 0 l o} 1943 uonnqulsi( jewion vl
£l pey dJ € l 1'o i 881 uonnjog ANy ¢l
Al l 0 0 L1l GGt (2} vonnjog abuers | Cl
1l X l 0 €0 91 S61 (1) uonnjog aibuen Ll
T Ul {a131981(7)
0l X l 0 6l €21 uoneunxoiddy suosdng 0l
(snonunuoy)
60 X 00 l l 51 811 uonewixoiddy s uosduig 60
80 X 00 l l 81l ol suonoung 40 50437 80
L0 X L 0 i 8L uolien|eA jelwiouAjogd L0
90 pey X X d/d Gy 14 l i 06¢  suonaung buj xajdwo) 90
S0 pey X H/d 14 l l i 6L1 suollaung xajduwoy S0
¥0 pey X H/d § l € i £91 Mnawyly xajdwo) ¥0
“ulw uoneddniy
€0 pasn X l l [} /XA pue uonippy xuien £0
“uw suoinenb3 snoaueynung
AV pasn X X l l Sl-1 868 ‘XUl “JueulwgaQ c0
10 bag 6 V/N Gl 12 l 690 681 ansouber( Lo
laquinp apow = ,L13 Jewdaq 'SS3IPPY pasp ‘whyg  sppAa]  sjaAd pasn) pasn sdalg ] Jaquinpy
wesbory  senbuy x14 sqv suonIuN4 s|jeg  -uaied ‘HasS shej4 -fiay j0 ‘ON weiboiy
je1dadg ejeg

V1ivad 30N3IH3434d AVHOO0Hd Vv XIAN3ddV

89



TEXAS INSTRUMENTS

INCORPORATED

DALLAS TEXAS

Printed in U.S.A, 10341711






