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Introduction

The 19 programs of Math Pac I have been drawn from the fields of number

theory, algebra, trigonometry, analytical geometry, calculus, and special

functions.

Each program in this pac is represented by one or more magnetic cards and a

section in this manual. The manual provides a description of the program with

relevant equations,a set of instructions for using the program, and one or more

example problems, each of which includes a list of the actual keystrokes re-

quired for its solution. Program listings for all the programs in the pac appear

at the back of this manual. Explanatory comments have been incorporated in

the listings to facilitate your understanding of the actual working of each pro-

gram. Thorough study of a commented listing can help you to expand your

programming repertoire since interesting techniques can often be found in this

way.

On the face of each magnetic card are various mnemonic symbols which pro-

vide shorthand instructionsto the use of the program. You should first familiar-

ize yourself with a program by running it once or twice while following the

complete User Instructions in the manual. Thereafter, the mnemonics on the

cards themselves should provide the necessary instructions, including what

variables are to be input, which user-definable keys are to be pressed, and what

values will be output. A full explanation of the mnemonic symbols for magnetic

cards may be found in appendix A.

If you have already worked through a few programs in Standard Pac, you will

understand how to load a program and how to interpret the User Instructions

form. If these procedures are not clear to you, take a few minutes to review the

sections, Loading a Program and Format of User Instructions, in your Standard

Pac.

Several programs in this pac were based on programs submitted to the HP-65

Users’ Library. We wish to acknowledge the following contributors:

John Joseph Herro for Optimal Scale for a Graph,

Rene S. Julian for Rotations in Three-Dimensional Space,

Stuart D. Augustin for Bessel Functions,

Charles R. Ammerman for Extended Complementary Error Function.

We hope that Math Pac I will assist you in the solution of numerous problems

in your discipline. We would very much appreciate knowing your reactions to

the programs in this pac, and to this end we have provided a questionnaire in-

side the front cover of this manual. Would you please take a few minutes to

give us your comments on these programs? It is in the comments we receive

from you that we learn how best to increase the usefulness of programs like

these.
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A WORD ABOUT PROGRAM USAGE

This application pac has been designed for both the HP-97 Programmable

Printing Calculator and the HP-67 Programmable Pocket Calculator. The most

significant difference between the HP-67 and the HP-97 calculatorsis the print-

ing capability of the HP-97. The two calculators also differ in a few minor ways.

The purpose of this section is to discuss the ways that the programsin this pac

are affected by the difference in the two machines and to suggest how you can

make optimal use of your machine, be it an HP-67 or an HP-97.

Most of the computed results in this pac are output by PRINT statements: most

often by the statement PRINTx, and occassionally by the command PRINT

STACK. On the HP-97 these results will be output on the printer. On the HP-67

each PRINT command will be interpreted as a PAUSE: the program will halt,

display the result for about 5 seconds, then continue execution. The term

“PRINT/PAUSE’’ is used to describe this output condition.

If you own an HP-67, you may want more time to copy down the number dis-

played by a PRINT/PAUSE. All you need to do is press any key on the key-

board. If the command being executed is PRINTx (eight rapid blinks of the

decimal point), pressing a key will cause the program to halt. If the command

being executed is PRINT STACK (two slow blinks of the decimal per value),

the number in the display will remain there until the depressed key is released,

then the next register in the stack will be displayed, and so on. After display of

all four registers, the program will halt execution if a key was pressed at any
time during the display of the stack contents. In both cases execution of the

halted program may be re-initiated by pressing GIF.

HP-97 users may also want to keep a permanent record of the values input to a

certain program. A convenient way to do this is to set the Print Mode switch to

NORMAL before running the program. In this mode all input values and their

corresponding user-definable keys will be listed on the printer, thus providing

a record of the entire operation of the program.

Several programs in this pac allow you to choose an optional mode which will

be referred to on the magnetic card as AUTO. This will apply only to programs

that output a long list of results and will allow those results to be output auto-

matically through PRINT/PAUSE commands. If AUTO is not selected, each

computed value will be output on the display and the program will halt. The

purpose of AUTO mode is to afford maximum convenience to users of both the

HP-67 and the HP-97. On the HP-97 it is simplest to have a printed record of

each computed result; this can be accomplished just by specifying AUTO. On

the HP-67,if every result is to be written down, it may be advantageous not to

select AUTO, and thus force the program to halt each time a result is found.

Another area that could reflect differences between the HP-67 and the HP-97

is in the keystroke solutions to example problems. It is sometimes necessary in

these solutions to include operations that involve prefix keys, namely, J on the

iv



HP-97 and £2, 8, and [J on the HP-67. For example, the operation is per-

formed on the HP-97 as [2 and on the HP-67 as B) (10%). In such cases, the
keystroke solution omits the prefix key and indicates only the operation (as here,

(10¥]). As you work through the example problems, take care to press the ap-
propriate prefix keys (if any) for your calculator.

Also in keystroke solutions, those values that are output by the command

PRINTx will be followed by three asterisks (***).
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FACTORS AND PRIMES

FACTORS AND PRIMES

PRIMES

n+FACT FROM Lie Rail=] AUTO?

 

This program will find all prime factors of a positive integer n,or list all prime

numbers between lower and upper bounds specified by the user.

A routine under LBL a is used in determining the factors of an integer n. This

routine selects a trial divisor d and tests d as a factor of n. If d divides n, then

n «<—n/d and d is tested as a factor of the new n. If d does not divide n, a new d is

selected. The process continues until d > Vn, at which point n is returned as

the final factor. The trial divisor d takes on the values 2,3,5,7; then ford > 10, d

takes on those values that satisfy (d - 10) mod30=1,3,7,9, 13,19, 21, or 27.

Thus in the first cycle of 30 integers from 11 to 40, d takes on the values 11, 13,

17,19, 23,29, 31, and 37. This technique eliminates from the test those values

of d (d>10) which are divisible by 2, 3, or 5.

To list primes, a lower bound for the search must be specified. The upper bound

is an optionalinput; if omitted, a default value of 2 x 10° is assumed. Upper and

lower bounds need not be integers. The search for primes also uses LBL a to

determine if an integer n has any factors oris indeed prime. Once an integer n

(n=3) has been tested and found to be either prime or non-prime, the next in-

teger tested is n+2.

Remarks:

1. The number n to be factored must be an integer in the range 0 <n < 2x10°.

Any other input will result in a program halt with a display of ‘‘Error’’.

2. The upper bound ofthe search for primes must be greater than or equalto

the lower bound, or an Error halt will occur.

3. AUTO mode is available to allow automatic output of all calculated re-

sults through PRINT/PAUSE commands. The end ofall calculations is

signalled by a 0.00 in the display for both modes.

4. Either routine can be quite time-consuming for large integers.

 

INPUT OUTPUTSTEP INSTRUCTIONS pATA/UNITS

|

KEYS

|

paTA/UNITS
 

1 Load side 1 and side 2.
 

2 To allow automatic output of
 

results, set AUTO mode. a 1.00
       3 To cancel AUTO mode later. a 0.00
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STEP INSTRUCTIONS oataonTs KEYS oAUNTS

4 To find factors, go to step 5;

to find primes, go to step 6.

FACTORS

5 Key in the integer and find its

prime factors (0.00 signals end). n a Factors

0.00

PRIMES

6 Key in the lower bound of the

search for primes. FROM 0 FROM
 

7 (optional) Key in the upper
 

bound of the search (if omitted,

TO = 2 x 109). TO TO

8 Find all primes between FROM

and TO (0.00 signals end of

 

 

 

 

calculation). 0 Primes

0.00

        
Example 1:

Find the prime factors of 924. Do not set AUTO mode.

 

 

 

 

 

Keystrokes: Outputs:

24 > 2.00

JE > 2.00

> 3.00

> 7.00

+> 11.00

> 0.00 (end) 

Thus 924 =2 X2 X3 X7 X11.
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Example 2:

Find the prime factors of 3623. Do not use AUTO mode.

 

 

Keystrokes: Outputs:

3623 3 > 3623.00

JB > 0.00 (end)

3623 is prime.

Example 3:

Find all prime numbers between 101 and 125. Use AUTO mode.

 

 

Keystrokes: Outputs:

10103125808 1.00 (AUTO set)

0 > 101.00 ***

103.00 *%**
107.00 ***

109.00 ***

113.00 ***

0.00 (end)
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Notes
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GREATEST COMMON DIVISOR, LEAST COMMON MULTIPLE,
DECIMAL TO FRACTION

GCD, LCM, DEC + FRAC

atb-GCD atb+LCM DEC+FRC + LSTFRC Vaford

 

This program contains three different routines: greatest common divisor, least

common multiple, and decimal to fraction.

Given integers a and b, the first routine finds their greatest common divisor,

GCD(a,b). Optional outputs of this routine are the values ofthe integers s and t

which satisfy the equation GCD(a,b) = sa + tb. The second routine will cal-

culate, for integers a and b, their least common multiple, LCM(a,b). This rou-

tine is independent ofthe first, although both share a common subroutine, LBL e.

The basic algorithm used in finding GCD(a,b) is as follows:

1. Ifb = 0, GCD(a,b) < a and the program halts.

2. Ifb #0,z<amodb,a<b, and b «< z. Return to 1.

The algorithm is actually extended somewhat to allow calculation of s and t.

Full details may be found in the reference below.

LCM(a,b) is found by

ab
LCM(a,b) = "GCD(@a.b)

Thethird routine in this program will find rational fractional approximations for

decimal values by the method of continued fractions. Each successive approxi-

mationis closerto the decimal value than the previous one. For example, if the

decimal keyed in is 0.33, the first fractional approximation computed will be

1/3. The program will outputfirst the numerator 1, then the denominator 3, then

the 10-digit value of the approximation, 0.333333333, and finally the error in

this approximation, displayed in scientific notation. The error is found by sub-

tracting the original value, 0.33, from the value of this approximation. Atthis

step the error is 3.333333300-03.

The program will then go on to compute a closer fractional approximation. In

this example, the next approximation would be 33/100. Sincethisis the exact

equivalent of the original decimal value, the program will halt after this

step displaying 0.000000000. The last fraction generated can be recalled by

pressing BY.
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Equations:

The algorithm employed in this routine uses a method of continued fractions, so

that the nth fractional approximation f,, is computed as

1
f, = a, + 

 a +

ag +

a +

 

an

Each fj is output as a numerator N; and a denominator D;, which are computed

as follows:

Ni = aiNi; + Ni

D; = aD; + Di,

where N_, = 0,D_, = 1, Ny, = 1, and D, = 0 by definition.

The values for the a; may be found by the following algorithm:

Let Dec be the original decimal keyed in. Then a; = INT(Dec). Let x; = 1

and let y; = FRAC(Dec). Then

a; = INT (xilyy)

Xi+1 = Yi

Yi+1 = Xi — aj+1Yi

Remarks:

AUTO mode is available on the Decimal to Fraction routine.

References:

(GCD,LCM) D. E. Knuth, The Art of Computer Programming, Vol. 2, Addi-

son-Wesley, 1969.

(Decimal to fraction) Charles G. Moore, An Introduction to Continued Frac-

tions, National Council of Teachers of Mathematics, 1964.
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STEP INSTRUCTIONS ArnUnTs KEYS oaraoNiTs

1 |Load side 1 and side 2.

2 |For greatest common divisor,

go to step 3; for least common

multiple, go to step 5; for deci-

mal to fraction, go to step 6.

GCD

3 Key in integers a and b and find

their greatest common divisor. a

b a GCD (a,b)

4 (optional) Compute coefficients

s and t such that GCD (a,b)

= sa + tb. QB s

t

LCM

5 Key in integers a and b and find

their least common multiple. a

b 0 LCM (a,b)

DECIMAL—FRACTION

6 To allow automatic output of

results, set AUTO mode. a 1.00

7 To cancel AUTO Mode later. a 0.00

8 Key in a decimal value and find

successive fractional approxi-

mations (i = 1,2, ...). Dec Num;

Den;

Num;/Den;
      Error;
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STEP INSTRUCTIONS oataonTs KEYS paraONITS

9 To re-outputlast fractional

approximation (Error, shown in

display only). 0 Num,

Den,

Num,/Den,,

Error,  
Example 1:

Find the greatest common divisor of 406 and 266. Find also the constants s and t.

 

 

Keystrokes: Outputs:

406 266 14.00 *** (GCD)

LE > 2.00 *** (s)

=3.00 *** (1)

That is, (2 X 406) + (-3 X 266) = 14.

Example 2:

Find the least common multiple of 406 and 266.

Keystrokes: Outputs:

406 266 @ 7714.00 *** (LCM)

 

Example 3:

A gear designer wants to reduce the angular speed of a rotating shaft by a factor

of 0.45647. He will do this by having a gear on the driven shaft mesh with a

smaller gear, called apinion, on the drive shaft. If N, and N,, are the number of

teeth on the gear and pinion respectively, then the reduction in speed is by a

factor of N,/N,. Find the best values for N,, and N, subject to the constraint
that neither value exceed 100. Do not use AUTO mode.

 

 

 

Keystrokes: Outputs:

45647 1. (Num)

LE > 2. (Den,)

GB > 0.500000000 (Frac,)

R/S 4.353000000-02 (Error) v
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LS —» 5.

> 11.

LE —» 0.454545455

> -1.924545500-03

> 21.

LTS > 46.

—» 0.456521739

> 5.173910000-05

R/S > 173. 

The best values are thus N, = 21, N, = 46.

Example 4:

(Num)
(Deny)

(Frac,)

(Error,)

(Nums)

(Deny)

(Fracj)

(Errors)

(Num, > 100,

SO stop)

Generate the series of fractional approximations to 7. Use AUTO mode.

 

 

Keystrokes: Outputs:

Ga > 1.00

> 3.
1

3.000000000

-1.415926540-01

22.

7.

3.142857143

1.264489000-03

333.

106.

3.141509434

-8.322000000-05

355.

113.

3.141592920

2.660000000-07

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

kkk

(AUTO set)
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104348. ***

33215. *x*

3.141592654 ***

0.000000000
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BASE CONVERSIONS

BASE CONVERSIONS

b

 

This program will convert a positive number in base b, x, to its equivalent

representation in base B, xg. The bases b and B may take on integer values from

21099, inclusive. Inputs to the program are x, b, and B; the single outputis the

value of xg. Input of either base, b or B, may be omitted if its value is 10 since a

default value of 10 is assigned to both b and B upon input of x, to key £3. If sev-

eral conversions are to be done between the same two bases, i.e., there are

several values of x;, for the same b and B, then the bases need not be re-input

each time. Once the new value ofxy, is keyed in, then pressing@ will immedi-

ately cause the calculation of xg, based on the most recent values for b and B.

The heart of this program is a routine under LBL e which actually converts

numbers to and from base 10 representations. If either b or B is equal to 10, this

routine is executed just once, and then the program halts displaying xg. If, on

the other hand, neither b nor B is 10, then x,, is first converted to its decimal

representation, X;,, and next X;, is converted to xg. Thus the routine is here

executed twice.

A numbersuch as 4B6,4 cannot be represented directly on the display because

the display is strictly numeric. Therefore, some convention must be adopted to

represent numbers R, when a > 10. We use the convention of allocating two

digit locations for each single character in R, when a > 10.

For example, 4B6, is represented as 041106, by our convention (in hexa-

decimal system, A = 10,B = 11,C = 12,D = 13,E = 14, F = 15).

When displayed, this number may appear as 41106 or with an exponent

4.1106 04

which is interpreted as 4.B6 x 162.

The displayed exponent 4 is for base 10 and only serves to locate the decimal

point (in the same manner as for decimal numbers).

When base a > 10 (as in the above example), divide the displayed exponent by 2

to get the true exponent of the number. When the displayed exponentis an odd

integer, shift the decimal point of the displayed number one place (to the left or

right) and adjust its exponent accordingly to make the true exponent an integer.

For example, the displayed number

1.112 -03

is interpreted as B.C x 1672 or 0.BC x 167".



Remarks:

1.

03-02

When the magnitude of the number is very large or very small, this pro-

gram will take a long time to execute.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

2. The program will not give any Error indication for invalid inputs for xp.

For example, 981; will be treated the same as 1201s.

STEP INSTRUCTIONS barons KEYS permits

1 Load side 1 and side 2.

2 To cause input values to be

output, set Print/Pause mode. 00 1.00

3 To cancel Print/Pause mode. oo 0.00

4 Key in number in first base. Xp 0

5 (optional) Keyin first base. b 8]

(If omitted, default value of b

is 10.)

6 (optional) Key in second base B

(If omitted, default value of B

is 10.)

7 Calculate number in second

base. Q Xs

8 To convert another number

between the same two bases

(from b to B), key in the new

x, and find the new Xs. Xp a Xs

9 |To change either base, go to

step 4.  
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Example 1:

The following octal numbers (b = 8) are addresses of a segment of a program

in an HP2100 minicomputer: 177700, 177735, 177777. What are the values of

these addresses in base 10 (B = 10)?

   

Keystrokes: Outputs:

177003 8 A 0B 65472.00 ***

17773583 65501.00 *xx*

1777773 65535.00 ***

Example 2:

Find the ten-digit binary representation of 7. (x, = 3.141592654, b = 10,

B =2)

Keystrokes: Outputs:

D280 0s) (5) — 11.00100100
Example 3:

Convert the following octal numbers (b = 8) into hexadecimal (B = 16):

7.200067 Xx 871°, 1.513561778 Xx 87

Keystrokes: Outputs:

7.200067 0088

16 0 » 1.130000031-14 =x 

(1.D003A xX 16-7)
1.513561778 E33 178 —— 1.302141404 25 sx

(13.02141404 24
=D.2EE4 X 1612)
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Notes



04-01

OPTIMAL SCALE FOR A GRAPH; PLOTTING

OPTIMAL SCALE, PLOTTING

 

LIL [11.04 TICS -T... AUTO?

Two separate routines are included in this program. The first finds the optimal

scale for a graph, given certain parameters of the graph. The second routine is

designed to be of assistance in plotting functions of one variable by generating

ordered pairs (x,f(x)) for a range of x-values specified by the user.

Optimal scale for a graph

In the first routine the input parameters are the minimum and maximum values

on the graph (Min and Max) and the number of major divisions(tics) from top

to bottom of the graph. The routine will select a ‘‘nice’’ scale for the graph,

meaning that the graph will fill as much of the page as possible, subjectto these

constraints: (1) the quantity A represented by one major division will be 1, 2, 4

or 5 times an integral power of 10; (2) the bottom and the top of the graph will be

integral multiples of one division; and (3) bottom =< Min and top = Max. Out-
puts of the routine are values for the top and bottom of the graph; the amount of

each major division, A; and the ‘efficiency,’ or percentage of the page filled

by the graph. Efficiency is found by [Max - Min)/(Top - Bot)] x 100.

Plotting

In the second routine, the function f(x) must be specified and loaded into pro-

gram memory by the user. The user must also input beginning and ending values

for x (Beginx and Endx), and the step size or increment used for x (Step). Then

the routine will output the values of (x,f(x)) for the successive values ofx repre-

sented by

Xx; = Beginx + jStep , j=0, 1,2,...,n

where n is such that x,,,; > Endx. The end of calculations is signalled by a 0.00

in the display.

The AUTO option is provided for output of the ordered pairs (x,f(x)) through

Print/Pause commands. If AUTO is not selected, the values will be output one

at a time by the use of If.

Although we have discussed only one f(x), there may actually be up to five

different functions f(x), i=1,2,...,5, in program memory at one time. Each

function should be underits own label, 1 through 5, and should be followed by
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RTN. The function to be evaluated is specified by keying in 1, 2, 3, 4, or 5 and

pressing (33.

92 program steps are available to the user for specifying functions f;(x). This

includes all LBL and RTN statements. The functions should assume that upon

entry the value of x will be found in the x-register. Registers R, through Rg and

Rg through Rg, as well as the stack, are available to the user. The functions

fi(x) may use up to two levels of subroutines: note, however, that the only unused

labels are 1 through 5.

To specify your functions, you may wish to record them on a blank magnetic

card for rapid entry. Alternatively, you may key them into program memory

after loading side 1 and side 2 of this card. To link in recorded functions, follow

these steps:

1. Load side 1 and side 2 of Optimal Scale, Plotting.

2. Press GIMEE.

3. Press (MERGE).

4. Load your own magnetic card with the functions f;(x) recorded.

To key in a new function:

1. Load side 1 and side 2 of Optimal Scale, Plotting.

2. Press @@EHEE2).

3. Key in your function(s), beginning each with LBL (1 through 5) and

ending each with RTN.
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STEP INSTRUCTIONS oavauniTs KEYS pAralONITS

1 |Load side 1 and side 2.

2 |For optimal scale of a graph,

go to step 3; for plotting, go to

step 7.

OPTIMAL SCALE FOR

A GRAPH

3 |Key in the minimum value on

the graph. Min 0 Min

4 |Key in the maximum value on

the graph. Max 0 Max

5 [Key in the number of tics desired

and find the graph top, bottom,

value of one tic, and % efficiency. Tics Top

Bottom

A

%

6 |To change any value, go to the

appropriate step, then to step 5.

PLOTTING

7 |Load subroutine(s) (either key

them in with and GIN),

or link from step 132).

8 |Select function under (8 1, 2,

3,4 0r5. i (1-5) oa i

9 [Key in the beginning x-value. Begin x 20 Begin x

10 |Key in the final or maximum

x-value. End x 20 End x

11 [Key in the step size for x. Step 0 Step

12 |For automatic output of results,
 

go to step 13; for manual output,
   go to step 16.      
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STEP INSTRUCTIONS patauNTS KEYS pArhins

AUTO mode

13 Set AUTO mode to allow auto-

matic output of results. a 1.00

14 [To cancel AUTO mode later 0.00

15  |Output successive ordered

pairs; program will halt displaying

0.00 when x > End x. op X

fi (x)

|Manual mode

16 [Output first ordered pair. op X

fi (x)

17 |Forall successive ordered pairs;

0.00 signals end (x > End x). 8 X

IB f, (x)
 

18 The value for i may be changed
 

at any time. Begin x, End x, and
 

Step need not be re-inputif
   their values are unchanged.    
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Example 1:

Find the best scale to graph a function whose minimum is 20, maximum is 40,

with 5 major divisions from top to bottom (figure 1).

 

  

Keystrokes: Outputs:

20034083 5 40.00 (Top)

20.00 (Bottom)

4.00 (4)

100.00 (% Efficiency)

40 45

36 40

32 35

28 30

24 25

00 2 3 a 2001 2 3 4

Figure 1 Figure 2

Example 2:

Suppose the minimum changes to 21, the maximum to 41, with the number of

tics still 5. Find the new optimal scale (figure 2).

 

Keystrokes: Outputs:

213410805 45.00 (Top)

20.00 (Bottom)

5.00 (A)
80.00 (% Efficiency)

Example 3:

Two different functions are to be plotted in the range from 2.00 to 3.00. The

first is f; (x) = e¥, and the second is f, (x) = xX. Use a step size of 0.25 for

f; (x) and 0.2 for f, (x). Load f; (x) under LBL 1 and f, (x) under LBL 2. Use

AUTO mode with f, (x).

Keystrokes:

BREE
Switch to PRGM.

C3 OE GD ED ©

Outputs:
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Switch to RUN.

08:00300

 

 

 

 

 

 

 

 

 

 

 

 

 

250000 2.00 (x)
> 7.39 (e¥)

> 2.25

> 9.49

> 2.50

LS > 12.18

> 2.75

IE > 15.64

> 3.00

I) —» 20.09

> 0.00 (end)

2008 20003 1.00 (AUTO set)

20 > 2.00 *** (x)

4.00 *** (xX)

2.20 ***

5.67 ***

2.40 ***

8.18 ***

2.60 ***

11.99 **x*

2.80 ***

17.87 ***

3.00 ***

27.00 ***

0.00 (end)
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COMPLEX OPERATIONS

 

  

  

COMPLEX OPERATIONS

ES

 

This program allows for chained calculations involving complex numbers. The

four operations of complex arithmetic (+, —, X, +) are provided, as well as

several of the most used functions of a complex variable z (|z ,1/z,2", z'"and

e?). Functions and operations may be mixed in the course of a calculation to
allow evaluation of expressionslike z3/(z, + z,), e??%2, |z, + zo | + |z, — Z3 ,

etc., where z,, z,, z; are complex numbers of the form a + ib.

 

Keying in a complex number

A complex numberis input to the program by keying in its real part, pressing

ENED. keying in its imaginary part, and pressing J. For example, the complex
number z; = 2 + 3i is input as 2 3. This numberis then stored by the
program. There is room in the program to remember up to two complex num-

bers at a time. A second complex number z, = 5 - i could be input as 5 1
BO. The program would now contain both thefirst and the second complex

number.

Functions

The complex functionsin this program act on just one number. Thus to perform

a function, you need simply to input a complex number z and then perform the

appropriate function. For example, to find the reciprocal of (2 + 3i), press

2 38 12 B. The result is calculated asa + ib = 0.15 - 0.23 i. This re-

sult is now stored in place ofthe original number, and further calculations will

operate on this result. All complex functions operate in this same manner, with

one exception: since the function |z| returns a real number, its result is not

stored.

Arithmetic Operations

An arithmetic operation needs two numbers to operate on. Both numbers must

be input before the operation can be performed. Suppose that z; = 2 + 3i,

z, = 5-1, and we wish to find z, - z,. This can be calculated by the keystrokes 2

IED0SEMED EBB. The result z; = a + ibis found to be -3 + 4i.
This result is now stored by the program in place of the second complex
number z,. A further calculation z; X z, could be performed by inputting

z4 and pressing [BJ for multiplication. This type of chaining can be continued

indefinitely, and functions can be interspersed with arithmetic operations.
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Equations:

Let Zx = ay + iby = relf ,k=1,2

a + ib = rei?N I
Let the result in each case be u + iv.

Zz; +z, = (a; + a) +i(b; + by)

Zz; — Zp = (a; — ap) + i(b; - by)

2,2y = 1,1, ei + 6)

21/2, =n el(0: - 62)

Ip

2] = fo +o
a .b

lz =—-i—

Nn — on in6

LTTE (0,380)
zh =p eM "7 ¥=0,1,...,n1

(All n roots will be output and temporarily stored, k = 0, 1,..., n-1;

at the end of the calculation, the final root will be stored.)

e? = e? (cos b + i sin b), where b is in radians.

Remarks:

The logic system for this program may be thought of as a kind of Re-

verse Polish Notation (RPN) with a stack whose capacity is two complex

numbers. Let the bottom register of the complex stack be ¢ and the top

register 7. These are analogous to the X- and T-registers in the calcu-

lator’s own four-register stack.* A complex number z, is input to the

&-register by the keystrokes a, b; 3. Upon input of a second complex
number z, (as a, b, BY), z, is moved to 7 and z, is placed in €. The

previous contents of 7 are lost.

*Each register of the complex stack must actually hold two real numbers: the real and the imaginary

part of its complex contents. Thus it takes two of the calculator’s registers to represent one register

in the complex stack. We will speak of the complex stack registers as though they were each just

one register.
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Functions operate on the &-register, and the result (except for |z h is left in &;

7 is unchanged. Arithmetic operations involve both the &- and 7-registers; the

result of the operation is left in ¢ and 7 is unchanged.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

STEP INSTRUCTIONS oaraomrs KEYS pATAGNITS

1 Load side 1 and side 2.

2 Keyin first complex number

(a; + iby). a

b, 0

3 For a function, go to step 7; for

arithmetic, go to step 4. A com-

plex result is u + iv.

ARITHMETIC

4 Key in second complex number

(@a; + iby). a,

b, a

5 Select one of four operations:

e Add (+) a u

v

e Subtract (-) u

v

eo Multiply (x) 0 u

v

e Divide (+) a u

v

6 The result of the operation has

been stored; go to step 7 for a

function or to step 4 for further

arithmetic.

FUNCTIONS

7 Select one of five functions:

e Magnitude (|z|) no |z|

e Reciprocal (1/z) 20 u      
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STEP INSTRUCTIONS oaTauNTs KEYS oxAUNTS

v

e Raise zto an integer power (z") n 0 u

v

e Find the nt" root of z (z2'/")

Note: n roots (u + iv) will be

found. n 20 u

v

e Raise e to the power z (e?) 00 u

v

8 The result, if complex, has been

stored; go to step 4 for arithmetic

or to step 7 for another function.

Example 1:

Evaluate the expression

J
Zo +23

where z, =23 + 13i, z, = -2 +1, z; = 4 - 3i. (Suggestion: since the program

can remember only two numbers at a time, perform the calculation as

Keystrokes: Outputs:

2 1Q4 3
an 2.00

-2.00

20 > 0.25
0.25

23 1300 2.50

z; X [1/(z, 2 z3)].)

 

 

 

9.00

**k real (zy + z3)

*** imag (zo + Z3)

kkk (zy + 23)
kkk

*4% (2,/(zy + 23)
kkk
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Example 2:

Find the 3 cube roots of 8.

 

Keystrokes: Outputs:

SEED In— 2.00 **x*

0.00 **x*

-1.00 ***

1.73 **x*

-1.00 ***

—1.73 *x*

Example 3:

Evaluate eZ, where z = (1 + 1).

Keystrokes: Outputs:

IED 102008 —— 0.00 *#*
2.00 **x*

20 > 0.00 **x*

-0.50 ***

0a > 0.88 *** 

—0.48 #xx

(2%)

z™)

2

er)
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Notes
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POLYNOMIAL SOLUTIONS

POLYNOMIAL SOLUTIONS

EN EO) [CRE]
5th PT R10

 

This program will solve polynomial equations with real coefficients of degree

5 and below, provided the high-order coefficient is 1. The equation may be

represented as

"+a, x"'+ ...+ax+a,=0 , n=2,3,4,o0rS.

If the leading coefficient is not 1, it should be made 1 by dividing the entire

equation by that coefficient.

The user must store the coefficients of the equation beforehand, beginning with

ap in Ry through a,,_; in R,,_;. Zero must be input for those coefficients which

are zero. It is not necessary to store the leading coefficient as 1, or any a, where

k > n.

After the coefficients have been stored, the user-definable key (EJ through

©) which represents the order of the polynomial should be pressed. All roots of

the equation, real and complex, will then be computed. For example, if coeffi-

cients a,, a,, a,, and a; have been stored in registers R, through Rj, then key

BB) should be pressed to compute the four roots of the fourth degree polynomial

equation

x4 + agx3 + aoX> + aX + dy = 0.

Equations:

The routines for third and fifth degree equations use an iterative routine under

LBL a to find one real root of the equation. This routine requires that the con-

stant term a, not be zero for these equations. (If a, = 0, then zero is a real root

and by factoring out x, the equation may be reduced by one order.) After one

root is found, synthetic division is performed to reduce the original equation

to a second or fourth degree equation.

To solve a fourth degree equation,it is first necessary to solve the cubic equation

y3 + boy? + byy + by = 0

where b, = -a,

b, = asa; —- 4a,

by = a, (4a, — a3%) - a,’

Let y, be the largest real root of the above cubic.
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Then the fourth degree equation is reduced to two quadratic equations:

x*4+A+O0Ox+B+D)=0

x*+A-0Ox+B-D)=0

a3 g=Jo

2

D =\/B?- a,

cf (e

where A =

2) D ifD #0
2

\/A° - a; t+ Yop ifD=0

Roots of the fourth degree equation are found by solving the two quadratic

equations.

A quadratic equation x® + a;x + a, = 0 is solved by the formula x,, =

a a,’ a,’ .
- 5 + als ap" If D = - a, > 0, theroots are real; if D <0, the

. . a; .
roots are complex, beingu = iv = — 5 +i J-D.

A real rootis output as a single number. Complex roots always occurin pairs

of the form u = iv. They are output by loading the stack with u, v, u, and -v in

registers T, Z, Y, and X, respectively, and then executing the command Print

Stack. If these roots are being output through a Pause (HP-67) rather than a

Print (HP-97), some attention may be required to make sure that no roots go

unnoticed.

Remarks:

1. Long execution times (~1-2 minutes) may be expected for equations of

degree 3, 4, or 5, as these use an iterative routine once or more.

2. There is one condition in the solution of fourth or fifth degree poly-

nomials that can cause the program to halt displaying Error. It is a very

rare condition and you may never encounter it. It will occur when

b, = ao(4a, — a) — a2 = 0 in the solution ofthe cubic to find y,. If the

calculator halts at line 161 displaying Error, then b, has been found to be

zero and the following key sequence should be performed to recover from

the error: 0 4) (0) 2) (1B). After execution
of@, press (-) 044 @B. The program will now continue to execute

normally.
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STEP INSTRUCTIONS arkins KEYS pots

1 Load side 1 and side 2.

2 Input coefficients below order

of polynomial (i.e., for degree n,

input through a,_,).

Coefficients = 0 must be so

input. a, Q)

a, ©

a, @

a GB

a, (@

3 Compute roots to polynomial

of degree

5 a Roots 1-5

° 4 8 Roots 1-4

eo 3 Roots 1-3

° 2 0 Roots 1-2

4 A single number will be output

for a real root; complex pairs of

roots (u = iv) will output as

shown: u

v

u

-v
 

5 |For a new equation, return to
     step 2.  
 

Example 1:

Solve x® - x* - 101x3 + 101x2 + 100x - 100 = 0.

Keystrokes: Outputs:

100 EB EB © 100 68 ©
101 GB @ 101 EB BB ©
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| EB ERE 0

 

10.00 *** (Root 1)

1.00 *** (Root 2)

1.00 *** (Root 3)

-1.00 *** (Root 4)

-10.00 *** (Root 5)

Example 2:

Solve 4x* - 8x3 - 13x2 - 10x + 22 = 0.

132 _1o, +2Rewrite the equation as x* — 2x3 — 0.

Keystrokes: Outputs:

22 EIED 48 G8 © 10GED
+B EE ERE 13EEED 48
CON :EB ERE 0

 

-1.00 (Roots 1 & 2

1.00 are

-1.00 -1.00 = 1.00i)

-1.00

3.12 *** (Root 3)

0.88 *** (Root 4)

Example 3:

Solve x3 —- 4x2 + 8x - 8 = 0.

Keystrokes: Outputs:

8 EN BO (0) 8 aS (1)
4 CERNE O 2.00 *** (Root 1)

1.00 (Roots 2 & 3

 

1.73 are

1.00 1.00 = 1.73i)

-1.73

Example 4:

Solve 2x2 + 5x +3 = 0.

Rewrite the equation as x? + 2.5x + 1.5 = 0.

Keystrokes: Outputs:

1.5 (0) 2.5 0 — -1.00 *** (Root 1)

-1.50 *** (Root 2)
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4x4 MATRIX OPERATIONS

CREANhasan]

GO

4 x 4 MATRIX SOLUTIONS

 

DET  bytbytbgtbe+X  +INV

This two-card program allows several of the most important operations involving

4x4 matrices, namely, the calculations of the determinant and inverse of a 4x4

matrix, and the solution of a system of simultaneous equations in 4 unknowns.

The method used in this program is that of Gaussian elimination with partial

pivoting. Space does not allow a full treatment of the pertinent equations; how-

ever, the Comments section of the program listing shows the operations in de-

tail, step by step.

Basically, the first of these two cards, 4x4 Matrix Setup, allows for input of the

matrix A and transforms A into an upper triangular matrix U, assuming A is

nonsingular. The multipliers used to accomplish this transformation form a

lower triangular matrix, L, which has 1’s along its diagonal. If we disregard

pivoting, a technique of row interchanges which may improve accuracy and

which may introduce one or more permutation matrices, then the relationship

among these matrices is U = LA. At the end of execution ofthe first card, the

original matrix A no longerexists in memory. The initial elements a;; have been

replaced by the elements of U (i<j) and of L (i>]). (The elements of U will still

be referred to as ay;; those of L will be called my; in the program listing com-
ments). The second card, 4x4 Matrix Solutions, uses the transformed matrices

U and L to compute the determinant and inverse of A, and to solve systems of

simultaneous equations.

Equations:

a1 ajo di3 di4

day Az2 dag day

Let A =

ds; dso ass agg

a4 Ago dys 44
be —  
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The determinant of A, Det A, is found afterits transformation to U by the prod-

uct of the diagonal elements:

Det A -_ (-1)k a doo dss dyy,

where k is the number of row interchanges required by pivoting.

A set of 4 simultaneous equations in 4 unknowns may be written as

aX; + aX + a;3Xg + a;4Xg = by

a1X; + apXp + Ap3X3 + AXy = by

ag1X; + agXp + agXg + a34X4 = bg

agX; T aX + 243X3 + a44Xy = by,

where the {x} are unknowns and the {bi} constants.

In matrix notation, this becomes A x = b, where x and b are the column vectors

x; and [b,7 respectively.

Xo b,

X3 bs

X4 b,

This problem is solved (neglecting pivoting) as Ux = Lb.

Let C be the inverse of A, i.e., the 4x4 matrix such that AC = CA =1, where |

is the 4x4 matrix such that

C is computed a column at a time in the following way:

let ¢” be the j** column vector of C, i.e.,

ec=|cy| ,j=1,2,3,4.
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Then ¢is found by the solution of the equation

1 i=)
(3) — (6)] (6)J— Co , =1,2, , 4.Ac I where I 0 ij 1 3

For example, ¢? is found by solution of

1

Ac? =10

0

0

Remarks:

1. A halt during the execution of card 1 (Setup) with a display of ‘‘Error’’

indicates that the matrix A is singular.

2. If operations are to be carried out on the same matrix over a period oftime,

it might be convenientto record the elements of the matrix on a magnetic

card for rapid inputat a later date. Because the program immediately starts

operating on the matrix after the last element has been keyed in, the pro-

gram needs to be modified to halt after the input of a,,. This may be

accomplished by the following steps:

Load side 1 and side 2 of 4 X4 Matrix Setup.

Press (s] 025.
Switch to PRGM,press (CEL), GIF.

Switch to RUN and press J to start data input.

After the input of a 44, the program will halt. Atthis point, the data

may be recorded for later use.

To continue execution, press (3.

o
o
o
o
w

=

References:

George E. Forsythe, Michael A. Malcolm, and Cleve B. Moler, Computer

Methods in Mathematical Computation, Computer Science Department,

Stanford University, 1972.

G. Forsythe and C. Moler, Computer Solution of Linear Algebraic Systems,

Prentice-Hall, 1967.

C. Moler, ‘‘Matrix Computations with Fortran and Paging,”” Comm. ACM,

vol. 15, no. 4, pp. 268-270 (April, 1972).
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STEP INSTRUCTIONS
INPUT

DATA/UNITS
KEYS

OUTPUT
DATA/UNITS
 

Load side 1 and side 2 of 4 x 4
 

Matix Setup.
 

If data has already been stored
 

on magnetic card, go to step 7;
 

to key in data, go to step 3.
 

To cause output of elements
 

{a;} of matrix as they are
 

keyed in, set flag 0. El
 

Prepare to input elements of
 

matrix in column order (a,,,
 

az, a3, 41, 42, Az, €1C.) 1.1
 

Display shows i.j; key in element
 

in row i, column j. aj; LIS] next i. j
 

Repeat step 5 until all elements
 

of matrix have been keyed in;
 

after a,, has been keyed in,
 

program execution will begin
 

immediately. Go to step 9.
 

If matrix data is already stored on
 

magnetic card, load side 1 and
 

side 2 of data card.
 

Begin program execution.
 

Load side 1 and side 2 of 4 x 4
 

Matrix Solutions.
 

10 For automatic output of results,
 

set AUTO mode. Q 1.00 

11 To cancel AUTO mode later 0.00  12  (optional) Compute determinant.   Det A
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INPUT
STEP INSTRUCTIONS DATA/UNITS

13 |To solve a system of four

simultaneous equations, key in

-hand side and find x.

14 Find the inverse of matrix A

(C = A"), displayed in column

order.

OUTPUT
DATA/UNITS
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Example 1:

By applying the technique of loop currents to the circuit below, find the cur-

rents I,, I, I, and I,. Do not use AUTO mode.

1Q 10 10 10

+

34V = 210 V 210 ' 210 10z T l I, I; A

The equations to be solved are

21, -I, = 34

-1; +31, -I5 =

-I, +31; =I, =

-I5 +31, = 0

In matrix form,

2-1 0 0 I, 34

-1 3 -1 0 I, _ 0

0 -1 3 -1 I3 0

0 0 -1 3 I 0

Load side 1 and side 2 of 4x4 Matrix Setup. Prepare to store matrix data on

a magnetic card.

Keystrokes: Outputs:

BDOEBE
Switch to PRGM

Switch to RUN

D2EBEEGEEA
1 3 1
0 0 1 3
IER EREAEA | EB 8B
368 — 4.0 

Program halts, displaying 4.0.
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“Crd”

v

Insert side 1 of a blank magnetic card, see ‘‘Crd’’ and insert side 2.

 

 

 

 

60 > 2.6

Load side 1 and side 2 of 4x4

Matrix Solutions. ——» 2.62

34 0
0 0a 21.00 (Ip)
R/S > 8.00 (I)

JB > 3.00 (Is)

IE > 1.00 (Ig) 

Example 2:

Find the determinant and inverse of the matrix below. Use AUTO mode.

—_
—

W
W
W
n

—_
—
W
d

W
n

W
n

W
W

Q
Q

=
=

—_
—

n
h
J
W

Keystrokes: Outputs:

Load side 1 and side. 2 of 4x4

Matrix Setup

085603608! G8
SERED 1D
188368 5A

SIEBER A — 2.5

Load side 1 and side 2 of 4x4

Matrix Solutions —— 2.46

 

 

 

G > 1.00 (AUTO set)
0 —> -256.00 (Det A)

© 0.218750 *** (c,,)
-0.046875 *** (cy)

-0.015625 *** (cj)

-0.093750 *** (c4y)



-0.281250 *** (c,,)

0.453125 *** (cy)

-0.015625 *** (c3,)

-0.093750 *** (c4y)

0.218750 *** (c,3)

-0.546875 *** (cya)

-0.015625 *** (c33)

0.406250 *** (cg43)

0.218750 *** (cy)

-0.296875 *** (cy)

0.234375 *** (c34)

-0.093750 *** (cy)

0.000000 (End)

07-08
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SOLUTION TO f(x)=0 ON AN INTERVAL

SOLUTION TO f (x)=0

b - f(b) c~flc) Lio] ®

 

This program finds one real root of the equation f(x) = 0 in a finite interval

[b,c], where f(x) is a function specified by the user which must be continuous
and real on the interval. The program assumes without checking that of the

values f(b) and f(c), one will be positive and one negative, i.e., f(b) X f(c) <O.

In this way, b and c will bracket the root. An accuracy tolerance TOL (=0)

must also be specified. This number should be the greatest allowable error in

the final approximation for the root. That is, the actual root will be no farther

away than TOL from the program’s solution for the root.

The function f(x) should be keyed into program memory under LBL E and

should assume that x will be in the X-register upon entry. 85 program steps,
registers R; through R;, Rg, through Rgg, and the stack are available for

defining f(x).

The method used is a combination of bisection (interval-halving) and the secant

method. Bisection is often slow but is guaranteed to converge to a root, if one

exists in the interval; the secant method is fast but does not always converge.

The algorithm employed in this program combines the safety of bisection with

some of the speed of the secant method. If the function is known to be well-

behaved on the interval in question, then the program in Standard Pac, Calculus

and Roots off(x), may lead to a faster and more convenient solution.

Remarks:

As each value for b or c is input, its function value will be computed and dis-

played. If you are in doubt about values for b and ¢ which will satisfy f(b) x

f(c) <0, you may simply keep inputting different values until you strike a good

combination. Each new value input overwrites the old.

References:

George E. Forsythe, Michael A. Malcolm, and Cleve B. Moler, Computer

Methods in Mathematical Computation, Computer Science Department,

Stanford University, 1972.

Richard P. Brent, Algorithms for Minimization without Derivatives, Prentice-

Hall, 1973.

T. J. Dekker, ‘‘Finding a zero by means of successive linear interpolation,’’

in B. Dejon and P. Henrici (editors), Constructive Aspects of the Funda-

mental Theorem of Algebra, Interscience, 1969.
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INPUT OUTPUTSTEP INSTRUCTIONS paTauNits

|

KEYS

|

paTta/uniTs
 

-
— Load side 1 and side 2.

 

Prepare to key in function. a

Switch to PRGM. See line 138.
 

W
I
N

 

Key in the function f(x) (need
 

not add ED) ).
 

5 Switch to RUN.

 

6 Key in the end points of the
 

 

 

 

 

 

interval (remember f(b) x f(c) <0) b oO f(b)

c 0 f(c)

7 Key in the accuracy tolerance. TOL TOL

8 Compute a real root. Q root

9 To evaluate the function at

any point. x a f(x)      
 

Example 1:

Find an angle a between 100 and 101 radians such that sin a = 0.1. Hence let

f(x) = sin x — 0.1. Assume a tolerance of 1073,

Keystrokes: Outputs:

Load side 1 and side 2.

Ge
Switch to PRGM. See line 138.

a
Switch to RUN.

 

 

 

 

100 3 > -0.61 (f(100))

101 C3 > 0.35  (f(101))
3 1.000000000-03

0D > 100.63 (root)

Example 2:

Find a root of the equation In x + 3x — 10.8074 = 0 in the interval [1, 5]. An

accuracy of 10~* is acceptable. Store the constant 10.8074 in R;.

Keystrokes: Outputs:

Load side 1 and side 2.

a
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Switch to PRGM. See line 138.

3 a
Switch to RUN.

 

 

 

 

10.8074 0) 10.81

10 > -7.81

58 > 5.80

4 1.000000000-04

0 > 3.21 

Check the solution by computing its function value.

» -1.901000000-05 

(f(1))
(5)

(root)

(f(3.21))
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Notes
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NUMERICAL INTEGRATION

NUMERICAL INTEGRATION

 

lh} f(x;) ALT +SIMP

This program will perform numerical integration whether a function is known

explicitly or only at a finite number of equally spaced points (discrete case).

The integrals of explicit functions are found using Simpson’s rule; discrete

case integrals may be approximated by either the trapezoidal rule or Simpson’s

rule.

Discrete case

Let Xo, X;, . . . , X, be n equally spaced points (x; = xo + jh,j=1,2,... ,n)

at which corresponding values f(x,), f(x,), . . . , f(x,) of the function f(x) are

known. The function itself need not be known explicitly. After input of the step

size h and the values of f(x;), j = 0, 1, . . . , n, then the integral

| f(x) dx
0

may be approximated using

1. The trapezoidal rule:

Xn n—l1

| f(x) dx = 0 | fxg) + 2 DO. f(x) + i|
Xo 2 j=1

2. Simpson’s rule:

Xn

| f(x) dx ~h | f(x) + 4f(x,) + 2f(x,) +
Xo 3

coo + 4f(xp_3) + 2f(Xp_g) + 4f(x,—) + f(X,) |

In order to apply Simpson’s rule, n must be even. If n is not even, the calcu-

lator will halt displaying ‘‘Error’’ if [J is pressed.

Explicit functions

If an explicit formula is known for the function f(x), then the function may be

keyed into program memory and numerically integrated by Simpson’s rule.

The user must specify the endpoints a and b of the interval over which inte-
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gration is to be performed, and the number of subintervals n into which the

interval (a,b) is to be divided. This n must be even, ifit is not, Error will be

displayed. The program will go on to compute x, = a, X; = Xo + jh, Jj =

1,2, ..., n-1, and x, = b where

 

b

The integral |a f(x) dx is approximated by equation (2) above, Simpson’s rule.

Up to five different functions fi(x), i = 1, ..., 5, may be loaded into program

memory at one time underlabels 1 through 5. The function to be integrated is

selected by keying in a digit 1, 2, 3, 4, or 5, and pressing [fj @. The function

under the appropriate label will then be selected. 112 program steps are avail-

able for defining the f(x), as well as registers R, through Rg, Rg, through Rg,

and the four stack registers. The functions should assume x is in the X-register

upon entry. Two levels of subroutines are allowed in the functions f;(x), but

recall that the only labels available are 1 through 5.

Functions fj(x) may be keyed into program memory after loading side 1 of

Numerical Integration, or you may record these functions beforehand on a

magnetic card and load them in the following manner:

1. Load side 1 of Numerical Integration.

2. Press (<] 112.

3. Press [MERGE].
4. Load your card with the functions f(x).

Remarks:

Note that the function values for the discrete case f(x;), j = 0, 1, ..., n, are

keyed into J . There are actually three routines in the program which begin

with LBL B, one for j = 0, one for j odd, and one for j even. It is important that

no other user-definable keys be pressed during the entry of the f(x;), lest the

next f(x;) entered go into the wrong LBL B.

 | INPUT OUTPUTSTEP INSTRUCTIONS pATA/UNITS

|

KEYS

|

paTA/UNITS
 

1 Load side 1 of program.
 

2 For explicit functions, go to step
 

8; for discrete case, go to step 3

DISCRETE
 

 

3 Key in the spacing between
       x-values. h oO
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STEP INSTRUCTIONS oaraonis KEYS pArnoNTs

4 Repeat this step forj = 0,

1, ..., n: Key in the function

value at x;. f(x;) 0 j

5 Compute the area by the

trapezoidal rule. TRAP |

6 |Compute the area by Simpson’s

rule (n must be even). 0 SIMP |

7 |For a new case, go to step 2.

EXPLICIT FUNCTIONS

8 Load the function(s) into program

memory (either key them in with

|W and GED, or link from

step 112).

9 Specify the function i to be

selected. i(1 -5) [1

10 |Key in the beginning and final

endpoints of the integration

interval. a

b on

11 Key in the number of subintervals

(must be even). n 20

12 |Compute the area by

Simpson's rule. 0 J2 fi(x) dx

13 |To change a, b or n, go to the
 

appropriate step; for a new case,
 

go to step 2.
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Example 1:

Given the values below for f(x;),j = 0, 1, ..., 8, compute the approximations to

the integral

2

| f(x) dx
0

by the trapezoidal rule and by Simpson’s rule.

The value for h is 0.25.

i 0 1 2 3 4 5 6 7

Xi 0.25.5 1.75 1 [125/15 |1.75

f(x;) 2 1283852 792 12.1/15.6 20

 

 

         
Keystrokes: Outputs:

250202883330
5:@37039208 12.18
1563208 16.68 *** (Trapezoidal)

0 —» 16.58 *** (Simpson’s)

 

 

Example 2:

Find the value of

2m

| dx

0 1-cosx +0.25

for n = 10 and then for n = 16. Note that x is assumed to be in radians. For

safety, if you work mostly in degrees,it is good programming practice to set the

angular mode to radians at the beginning of the routine, then back to degrees at

the end. Key the function in under LBL 1.

Keystrokes: Outputs:

(112
Switch to PRGM.

@ OES
25
Switch to RUN.

  

IEED.2NRlE0 100A

16m 0 0 8.36 *** (n=16)

The exact solution is =F = 8.38.
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GAUSSIAN QUADRATURE

GAUSSIAN QUADRATURE

 

START ERR ERIN

This program will compute approximations for integrals over finite or infinite

intervals by the six-point Gauss-Legendre quadrature method. If f(x) is the

function to be integrated, then either

Jreo dx or [Re dx

may be found.

The function f(x) must be explicitly known and keyed into program memory

under LBL E by the user. Upon entry, the value of x will be in the X-register.

48 program steps are available for defining f(x); registers R, through Ry, Rg

through Rg9, Rp, Rg and the stack are also available to the user.

Equations:

b 6
J f(x) dx = 22 > wens)

i=1

© 6

| won 23i( 2 ra-1)
a i=1 (1 1 +z

 

+ zy)?

where

zy = —Zy = .2386191861

Z3 = -74 = .6612093865

Zs = -Zg = .9324695142

Ww; = Wo = .4679139346

ws = wy = .360761573

ws = Wg = .1713244924

Remarks:

If more program steps are needed to define f(x), all of BO (steps 001-076)
may be deleted after executing it (pressing {§) one time.

Reference:

Applied Numerical Methods, Carnahan, Luther and Wilks, John Wiley and

Sons, 1969.



10-02

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

STEP INSTRUCTIONS paTaUNITS KEYS porieT

1 Load side 1 and side 2 of program.

2 Prepare to key in function f(x).

3 Switch to PRGM. Line number

is 177.

4 Key in the function f(x) (need

not add Gif).

5 Switch to RUN.

6 Initialize. A]

7 |For a finite interval, key in the

lower and upper bounds of the

interval and compute the integral. a

b 0 J f(x) dx

8 |For an infinite interval, key in the

lower bound of the interval and

compute the integral. a [2 f(x) dx
 

Example 1:

10 d

Find | x
1 X

The function is f(x) = os the only key required is .

Keystrokes: Outputs:

a
Switch to PRGM.

Yx

Switch to RUN.

0! 0a
The exact answer is 1n 10.

2.30 Hx
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Example 2:

Find | e™* x8 dx.
0

Keystrokes: Outputs:

a
Switch to PRGM.

(If Example 1 has been run, delete the key .)

8
Switch to RUN.

BO} (need not be pressed ifExample

1 has been run)

0 > 0.92 **x*

The correct answer is I' (1.8) = 0.9314.
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Notes
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DIFFERENTIAL EQUATIONS

DIFFERENTIAL EQUATIONS

 

EER) Yo Yi f(x yy")

This program solves first- and second-order differential equations by the

fourth-order Runge-Kutta method. A first-order equation is of the form

y' = f(x,y), with initial values xq, yo; a second-order equation is of the form

y" = f(x,y,y"), with initial values X,, yo, Yo -

In either case, the function f should be keyed into program memory under LBL

E, and should assume that x and y are in the X- and Y-registers respectively;

y' will be in the Z-register for second-order equations. 56 program steps are

available for defining the function, as well as registers R; —- Rg, Rgo - Rgg, and I.

The solution is a numerical solution which calculates y; for x; = x, + ih

(i=1,2,3,...), where his an increment specified by the user. The value for

h may be changed at any time during the program’s execution. This allows

solution of the equation arbitrarily close to a pole (y => £x).

The valuesfor x; and y; may be output in one of two ways. In its normal opera-

tion, the program will halt each time a value is calculated for x; or y;. The user

may re-initiate execution by pressing [Jfy. Thus, in its normal use, the program

outputs all results by halting and showing the result in the calculator’s display.

The other way to operate the program is under AUTO mode. In this case, all

results are output by a PRINTx command, which means that on an HP-97,

the result will appear on the printer, while on the HP-67, the program will

pause briefly to display the answer. After that output, the program will auto-

matically go on to calculate the next result.

Equations:

1st —order:

1
Yier = Yi + 6 (ci + 2c; + 2c3 + cy)

where

C= hf (xi, yi)

h
ne (n+ 2 yi +=

h
CE 5 yi +=

(EE hf (x; + h, Yi + C3)
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2nd _order:

onelero|

Vier = Yi + £ (+ 2k, + 2k + Ko)

I

k, = hf (x;, Yi, yi)

h h h k
k, = hf ito yi + oy + ok, yl +22 (» 2 Y 5 Y 3 15 Yi >

h h h k
ks = hf ito yi Sy + ok, yl +223 X > Y 5 3 15 Yi >

ne (ene hy; Bien )

Remarks:

1. When inputting values for a second-order solution, the values for x,

and y, must be input before the value of y,'. All values must be input even

if zero.

2. If the program is to be run for different functions, be sure that the first

function is no longer in program memory when the second is keyed in.

The best way to ensurethis is to load the program anew before keying in

each function.

 

INPUT OUTPUTSTEP INSTRUCTIONS pATA/UNITS

|

KEYS

|

paTa/UNITS
 

1 Load side 1 and side 2 of program.
 

2 |Prepare to load function f(x, y,y’)

under LBL E. a

3 |Switch to PRGM.

 

 

 

4 |Key in the function (need not

add G9).

5 Switch to RUN.

 

 

 

 

 

6 |Input step size. h a h/2

7 |Input initial values for x and y. Xo

Yo 0 Xo
 

8 For a second-order solution,
 

inputinitial value of y'. Yo       
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STEP INSTRUCTIONS oataonTs KEYS |pSAUNITS

9 |For AUTO mode go to step 10;

for manual use, go to step 13.

AUTO

10 |Select AUTO mode for output

by Print/Pause. 0 1.00

11 |To cancel AUTO mode later. 0 0.00

12 Output successive values of

x andy. 0 Xq

Y1

Xz

Y2

etc.

Manual

13 Output successive values of

x and y. 0 Xq

Ys

X,

Y2

etc.
 

Example 1:

Solve numerically the first-order differential equation

sin x + tan™! (y/x)

y - In GfC+y?)
y =

where xo = yo, = 1. Let h = 0.5. The angular mode must be set to radians.

Keystrokes:

Load side 1 and side 2 of program

G0 6
Switch to PRGM. See line 148.

sofa) Ksofaf x]
0m EDRMEQ
E00 CE CB EE8 69

Outputs:

 



Switch to RUN. Do not set

 

 

 

 

Auto mode.

SIREN 00— 1.50

IE > 2.06

> 2.00

> 2.78

> 2.50

> 3.28 

Example 2:

Solve the second-order equation

(1 =x) y" +xy =x

where xo = yo = yo’ =0and h = 0.1.

Rewrite the equation as

y' =rU-y) ,X #1
1-x2

Keystrokes: Outputs:

Load side 1 and side 2 of program.

a
Switch to PRGM. See line 148.

mms
1868

Switch to RUN.

JENNIDG 1.00

40 0.1000
0.0002

0.2000

0.0013

0.3000
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(x4)

(y1)

(x2)

(y2)

(x3)

(¥3)

(AUTO mode)
kkk (x4)

xk (y1)
kkk (x5)

k3kok (y2)

kkk (X3)

0.0046 *** (yj)
0.4000 *** (x)
0.0109 *** (y,)
0.5000 *** (xs)
0.0217 *** (ys)

etc.
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INTERPOLATIONS

INTERPOLATIONS

 

SAR] LFA /)

This program allows selection of one of three different interpolation routines:

linear, Lagrangian, and finite difference.

Linear interpolation

If y is a function ofx, let y, and y, be known function values corresponding to

Xo and x, respectively. Then if x, < x < x,, the function value of x can be ap-

proximated in a linear fashion by

y _Xi =X) yo + (X=X0) V1

X1 = Xo

 

  

 

Lagrangian interpolation

Given three points, (Xo, Yo), (X;1, Y1), and (Xs, ys), the program will evaluate

for an argument x the Lagrangian interpolating polynomial Py(x) of de-

gree two which passes through the three points. Let the value of P,(x) also be

denoted y.

2

Py(x) = 2, Lx) y;

where 2

(x = x
L; =

®) j=0 (Xi =X;)

i]

 ,1=0, 1, 2
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Finite difference interpolation

This program interpolates for data points in the region of tabulated data for uni-

formly spaced abscissas, with spacing h. The equation used is the backward-

interpolation formula of Gauss which uses four pairs of data points and sets up

the polynomial for cubic interpolation.

The equation used is:

y =ys + udy_,, + 2 uu + 1) 8%y, + Su + 1) (u-1)8%_y,

The difference table is:

u X y

-2 X1 Yi y y
Pa 1

ox Ys ¥ Yom Ye Es Ya—3ys +3y2-y3 = 2 4 = 3 2=J1

0 xs ys Ny -2y ty”
Ya—Y3

1 X4 Ys

where dy1, = ys — Ye

8%yo = ya — 2y; + ¥2

3%y_y, =ys—-3ys + 3y:- yi

 

 

 

 

 

 

 

 

 

  

and =X"
h

STEP INSTRUCTIONS amnomirs KEYS pATAGNITS

1 Load side 1 and side 2 of program.

2 For linear, go to step 3; for

Lagrangian, go to step 7; for

finite difference, go to step 12.

LINEAR

3

|

Inputfirst point. Xo

Yo 0 Xo

4 Input second point. X

Yi a X4      
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STEP INSTRUCTIONS oataonTs KEYS pores

5 [Input an x and find the inter-

polated y. X oO y

6 |Repeat step 5 any number of

times.

LAGRANGIAN

7 Inputfirst point. Xo

Yo a Xo

8 Input second point. X,

Yi 0 Xi

9 Input third point. Xz

Y2 Xz

10 Input an x and find the inter-

polated y, where y = P, (x). X 0 y

11 Repeat step 10 any number of

times.

FINITE DIFFERENCE

12 Input third abscissa. X3 20 X3

13 Input abscissa spacing. h 20 h

14 Input ordinates 1 through 4. Ys

Y2

Ya

Ya 0 Yo

15 Input an x and find the inter-

polated y. X 20 y

16 Repeat step 15 any number of

times.       
Example 1:

The points (7.3, 1.9879) and (7.4, 2.0015) are known to lie along a curve which

may be approximated by a straight line. Uselinear interpolation to find approxi-

mations for the function values at 7.33 and 7.37.
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Keystrokes: Outputs:

(4) 7.3 1.9879 83

7.4 2.001583 7.3380 » 1.9920 ***

7.3780) > 1.9974 **x* 

Example 2:

The points (1, -5), (3, 1) and (10, 25) lie on a curve which is to be approxi-

mated by a second-degree polynomial. Find by Lagrangian interpolation the

function values corresponding to x = 1.7 and x = 9.

Keystrokes: Outputs:

(bsp) 2) | ENED 5 EB B
ENED 1 @ 10EED 253
1.7080

I0)

-2.94 Fk

21.29 **x*

 

Vv
Vv

Example 3:

The following table lists four data points with uniformly spaced abscissas

(x-values) of spacing 2.

 

 

1 1 2 3

Xi -1 1 3

yi “1 2 9 30    
Use finite difference interpolation to approximate the y-values for x-values

of -0.5, 2.567, and 4.8.

Keystrokes: Outputs:

002001 E3
ENED 2 ENED 9 ENED 30
 

 

Pr) > 14.00
SERB ~0.08 ***
2.5670 8 6.64 +x

 

4300 26.99 Hx
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COORDINATE TRANSFORMATIONS

COORDINATE TRANSFORMATIONS

XotYotO FRY

 

This program provides 2-dimensional and 3-dimensional coordinate translation

and/or rotation.

For the 2-dimensional case, the coordinates of the origin of the translated

system (Xo, Yo) and the rotation angle (6) relative to the original system,

specify the new coordinate axis. These quantities are input with the {J key.

Subsequently, points specified in the original system (x, y) may be converted

to the translated rotated system (x’,y’) using the key. Points in the new
(x",y") system may be converted to points in the original (x, y) system using

the @ key.

ORIGINAL
SYSTEM

 

 

 

The 3-dimensional case is analogous to the 2-dimensional case. The only

important difference is the specification of the rotation. The rotation axis

passes through thetranslated origin (Xo, Yo, Zo) and is parallel to an arbitrary
direction vector (ai, bj, ck). The sign of the rotation angle (6) is determined

by the right-hand rule and the direction of the rotation vector. For instance,

the special case of 2-dimensional rotation (rotation in the (x, y) plane) could

be achieved using a direction vector of (0, 0, 1) and a positive rotation angle
for counter-clockwise rotations. The direction vector and angle are input

using the {8 B key. The coordinates of the translated origin (x, yo, Zo) are

input using {J BY. Conversions from the original system (x, y, z) to the new

system (x', y', Zz’) are initiated using [{J while the inverse conversion is per-
formed with [3 B3.
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Equations:

’ -

X I, my; nl] x=x
! —

yl = |. my nf y-Yo

z ls; mg ng|| z-z,

X I, 1, 13) x Xo

y| = |my my mglly]| + Yo

z n, n, ngf||z Zo

where

1, m, n, a%(1-cosf) + cosf ab(1-cosf) —csinf ac(l-cosf) + b sind

lI, my, n,|=|ba(l-cos) + csin@ b3(1-cosh) + cos® bc(1-cosh)—asinh

I; mg ng ca(l-cosf) —bsinf® cb(l1-cosf) + asin c?(1-cos6) + cosh

Two dimensional transformations are handled as a special case of three dimen-

sional transformation with (a, b, ¢) set to (0, 0, 1).

Remarks:

1. Degree mode is set when the card is loaded. However, any angular mode

will work.

2. For pure translation, input zero for 6.

3. For pure rotation, input zeros for X,, yo, and z,.

Reference:

Julian, Rene S., Rotations in Three-Dimensional Space, HP-65 Users’ Library

Program—O01368A
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STEP INSTRUCTIONS arauniTs KEYS oaraoniTs

1 Load side 1 and side 2.

2 For 2-dimensional transforma-

tions go to step 3.

For 3-dimensional transforma-

tions go to step 6.

3 Input the origin of the translated

system and the rotation angle. Xo

Yo

0 0 1.00

4 Transform coordinates from

the original system to the

translated-rotated system. X

y x
y

or

From the translated-rotated

system to the original system. x

y X

y

5 For a new set of coordinates, go 

to step 4. For a new 2-dimen- 

sional transformation, go to   step 3.      
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sree] wermucrions om[wens ourur
6 Input the origin of the translated

system. Xo

Yo

z on Xo

and

Input the rotation direction

vector and angle. a

b
c
9 oo Hore

7 Transform coordinates from

original system to translated

rotated system. X

y
z 0 x’

y

z

or

From the translated-rotated

system to the original system. '

y
z 0 X

y

z

8 For a new set of coordinates, 

go to step 7. 

For a new 3-dimensional
 

transformation go to step 6 

(either (xo, Yo, Zo) OF (a, b, c, 6) 

may be changed independently).
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Example 1:

The coordinate systems (Xx, y) and (x’, y’) are shown below:

*P,(-9, 7) P,(6, 8)

X
>>

   

 

P, (-5, -4) \

P;(2.7,-3.6)
° 

Convert the points P;, P, and P5 to equivalent coordinatesin the (x, y') system.

Convert the point P, to equivalent coordinates in the (x, y) system.

  

Keystrokes: Outputs:

7 EAED 4 €B EIED 27 8» 1.00
9 7 ~9.26 *** (x'})

17.06 *** (y'))

5 4 — 10.69 *** (x)
5.45 *** (y'y)

6 8 4.56 *** (x'5)

11.15 *%* (y's3)

27E00ED3ERE— 11.04 *** (x,)
-5.98 *** (y,)

Example 2:

A 3-dimensional coordinate system is translated to (2.45, 4.00, 4.25). After

translation, a 62.5 degree rotation occurs about the (0, -1, -1) axis. In the

original system, a point had the coordinates (3.9, 2.1, 7.0). What are the co-

ordinates of the point in the translated rotated system?
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Keystrokes: Outputs:

2.45 4.00 4.25

on > 2.45 

0 IED | E©B ENED | @D

 

 

6250 0 1.41
3.9 2.1 7.0
TI . 3.59 *xk (x)

0.26 *** (y')
0.59 *** (Z')

In the translated rotated system above, a point has the coordinate (1, 1, 1).

What are the corresponding coordinates in the original system?

Keystrokes: Outputs:

IGIED  EAED 08 — 2.91 *** (x)
4.37 *¥* (y)
5.88 *** (2)
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INTERSECTIONS OF LINES AND LINES, LINES AND CIRCLE
AND CIRCLES AND CIRCLES

INTERSECTIONS

X1tY140, X2tY2+ 0; Xo1*Yo1tf1  Xop2tYo2 th?

 

This program calculates the point of intersection of two coplanar lines, the

points of intersection of a coplanar circle and line, or the points of intersection

of two coplanar circles.

Lines may be specified by two points (x, y and x’, y'), or by one point (x, y) and

an angle (6), where 0 is the angle from the positive x-axis to the line. Circles are

specified by their center coordinates (Xo, yo) and the radius (r).

To find the intersection of two lines, input lines specified by two points using £3

@ and/or £3 B. Inputlines specified by one point and an angle using § and/or

8. Calculate the point of intersection using 8 £3. The coordinates of the point

of intersection (x, y,) will be output. ‘‘Error’’ will be displayed if you input

parallel (non-intersecting) lines unless they were also vertical in which case an

overflow will be generated.

Calculation of the intersections of a line and a circle requires that the line be

input using [3 for point-angle representation or [ff 3 for point-point represen-

tation. Thecircle is input using. 3, £3 B and@ must not be used during

circle-line intersection calculations. Once the line parameters and circle
parameters have been input, pressing {8 [J initiates calculation of one point of

intersection and { @ initiates calculation of the other point. If the line is

tangentto the circle, both calculated points will be identical. If the line does

not intersect the circle, ‘‘Error’’ will be displayed.

Calculation of the intersections of two circles is accomplished using the3 and

B keysto input the circles and {3 BJ and E83 @ to initiate calculation of the

points of intersection. If the circles are tangent both calculated points will be

identical. If the two circles do not intersect ‘‘Error’” will be displayed.

Equations:

Line-Line Intersection:

X; tan 6; — xp tan 6, + y, — y,;
 Xp =

tan 6; — tan 0,

Yo = y1 + (X, — xy) tan 0,
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yA

 

 
Circle-Line intersections:

Xp1 = X; + Pjcosf

Yp1 = yi + Pysinf

Xp = X; + PycosO

Yp2 = y; + P,sinf

where P, and P, are the roots of

P2P-2Dcos (-a) P+ D?>-1r2=0

0 = tan’! iYi ]
Xe — X4

=
Xo — Xg

D =,/(xo — x1)? + (yo — 1)?

R I 5 a
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Circle-Circle intersections:

Xp1 =

Yo1

Xp2

Yp2

D? + 1? - 1,2
a = cos! |Zt

Xo; + 1; cos (0 + @)

Yor + ry sin (60 + «)

= Xo1 + 1; cos (0 — a)

Yo1 + I; sin (6 — «)

tan=! Yo2 = You

X02 — Xo1

2Dr,

 
D = VKoz - X01) + (Yoz — You)?

  

x

  x
VY



Remarks:

14-04

You may specify any angular mode (degree, radian, grad) after loading

the card. When the card is loaded degree mode is set.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

STEP INSTRUCTIONS oataunTs KEYS paraiNiTs

1 Load side 1 and side 2

(degree mode is set).

2 For line/line intersections go to

step 3. Forline/circle inter-

sections go to step 6. For

circle/circle intersections go

to step 10.

LINE/LINE

3 Input two points on each line:

First point on line one. X,

Y1

Second point on line one. x,

yi’ nn Xi’

First point on line two. X,

Y2

Second point on line two. Xo

y2' 20 X;'

or input one point and the angle

of each line. Point on line one. X4

Yi
Angle of line one. 6, 0 X;

Point on line two. Xz

Ya

Angle of line two. 0, 6 Xz

4 Calculate intersection point. on Xp» Yo

5 For a new case go to step 3

and change either or both lines.    
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STEP INSTRUCTIONS oanunits KEYS porns

LINE/CIRCLE

6 Input two points on line:

First point on line. X

y
Second point on line. x’ ENTER 4

y’ on x’

or input one point. X

y 3K)

and angle ofline. 0 0 X

7 Input circle center Xo

Yo

and radius. r 0 Xo

8 Calculate one intersection

point. nn Xo1, Yor

Calculate the other intersection

point. na Xo2, Yp2

9 For a new case go to step 6 or

7 and change line or circle

or both.

CIRCLE/CIRCLE

10 Input circle one. Xo1

Yor

ry Q Xo1

Input circle two. Xo2

Yo2

ra a Xo2

11 Calculate one intersection point. on Xp1s Yp1

Calculate the other intersection

point. 08 Xp2s Yp2

12 For a new case go to step 10
   and change either or both circles.     
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Example 1:

Find the intersection of the vertical line specified by two points:

P, = (0, 0)

P'; = (0, 50)

And the oblique line specified by one point and an angle:

 

P, = (10, 20)

0 = 45°

Keystrokes: Outputs:

0 0 0
5000 > 0.00

I0EED 20 ERED 450 — 10.00

og 0.00 *** (xp)
10.00 *** (y,)

 v

Example 2:

Calculate the points of intersection forcircles at (0, 0) radius 50 and (90, 30)

radius 70.

 

Keystrokes: Outputs:

0 0 508— 0.00

90 30 08 — 90.00

20 > 21.64 *** (x)

45.07 *** (y,)

0G > 44.36 *** (X50) 

-23.07 *** (yu)

Example 3:

Find the points of intersection for a circle with center at (0, 0) and radius 50,

and the line containing the points (20, 30) and (0, -10).

Keystrokes: Outputs:

0 0 508 — 0.00



14-07

20 ENED 30 ERED 0 GED
Eon

 

v
v

0.00

~18.27 *** (xy)
_46.54 *** (y,))

26.27 *** (Xp)
42.54 **% (y.,)
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Notes
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CIRCLE COMPUTATIONS

CIRCLE COMPUTATIONS

 

SaLaat S22 83 SIR2ANC] Bo tn CHIR 8

This card combines two separate circle programs. One program calculates the

center (Xo, Yo) and radius (r) of a circle given three non-collinear points. The

other program calculates the coordinates of points on a circle (x;, y;), given the

center and radius of the circle.

To find the center and radius of a circle, simply input three points P,, P,, P;

(represented by x and y coordinates) using {3 3, £3 B, and £3 respectively.

After all three points have been input, press [[§ B to generate the coordinates of

the center (X,, yo) and the radius (r).

To find coordinates of points on a circle with a known center and radius, you

may choose one of three options:

1. You may key in an angle 6, press 3, and calculate the coordinates of the

point on the circle at angle 6, where 0 is measured counterclockwise from

a radius parallel to and in the direction of the positive x-axis.

2. You may manually increment around the circle one point at a time by

successively pressing@ . The outputs are angle (6), number of the point

(i), and (x, y) coordinates of the point.

3. You may automatically increment around the circle by pressing { 3

once. The outputs are the same as those of option two above.

For options two and three above, two input options exist:

1. An initial angle (0) and an incremental angle (A#) are specified and

is pressed.

2. An initial angle and the number of increments around a complete circle

are specified and B is pressed.

Equations:

Circle determined by three points:

K, - K;
Yo = oN,0 Kem Nay

 

r = Vix - Xo)? + (¥3 — Yo)?

where K. = (Xz — Xp) (Xz + x1) + (Ya = yy) (Y2 + ¥1)

! 2 (Xo — Xp)

 

(x3 — Xp) (X3 + x1) + (Ys =y0) (ys + ¥1)
K, =

2 (x3 - xy)
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N, = Ye = V1

Xo — X4

N, = Ys = Yi

X3 — X4

y

A

P,

(x4,¥,)3°73 P,

(x4,y,)

 
(x,,Y,)

Points on a circle:

Xi = Xe + rcos (6, + (1-1) AH

Yi = Ye + rsin (6, + (i- 1) Af)

2a .
Af = —— (fornevenly spaced points)

n

0; =6, + (1-1) A0

Remarks:

1. If x, = Xx, 0r Xx; = X5 in the calculation of the center and radius ofa circle,

then point 1 replaces point 3, point 3 replaces point 2 and point 2 replaces
point 1.

2. Degree mode is set when the card is loaded. However the program will

also work for radians and grads provided the appropriate mode is set after

loading the program.
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STEP INSTRUCTIONS barons KEYS pottirs

1 Load side 1 and side 2

(degrees mode is set).

2 To determine a circle from three;

points go to step 3. To generate

points on a circle go to step 6.

CIRCLE FROM THREE POINTS|

3 Input point 1. X4

Yi on X4

Input point 2. Xz

yz 20 Xz

Input point 3. X3

Ys 0 X3

4 Calculate center coordinates

and radius ofcircle. on Xo, Yor

5 For a new case go to step 3 and

change any or all of the points.

POINTS ON A CIRCLE

6 Input circle center and radius. Xo

Yo

r 0 Xo

7 Optional: input an angle and

calculate coordinates. 0 0 X,Y

8 Input starting angle 0,

and

angle of increment Af A6

or

number of increments. n 0 A6
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STEP INSTRUCTIONS
INPUT

DATA/UNITS
OUTPUT

KEYS pATAUNITS
 

Manually increment around
 

circle by pressing E for each
 

successive increment.
a 0.,i,%;,Yi

 

or

 

automatically increment around
 

circle.
0 a 0,,i,%;,Yi

 

10 For a new increment size go
 

to step 8. For a new circle go to
  step 6.     
 

Example 1:

Find the coordinates of the points shown on the circle below.

o 0

 
A = 30°
R=1.125
X.=

Yo=3
8,=-50°
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Xj Yi
 

1.72 2.14

2.06 2.62

2.11 3.20

1.86 3.72

1.38 4.06

0.80 4.11

0.28 3.86

-0.06 3.38

-0.11 2.80  O
O

0
0
J
O
N

n
n

b
h
W
K
N

=
|
=

Keystrokes Outputs

| CHEN EEE 1.1258 > 1.00

50 30 —» 30.00

v ~50.00 *** (6)

1.00 *** (i)

1.72 *** (x)

2.14 *** (y)

-20.00 ***

2.00 **x*

2.06 ***

2.62 Fx

10.00 ***

3.00 ***

2.11 *x*

3.20 ***

40.00 ***
4.00 *x*
1.86 ***

3.72 **x*



70.00 ***

5.00 ***

1.38 **x*

4.06 ***

100.00 ***

6.00 ***

0.80 ***

4.11 **x*

130.00 ***

0.28 **x*

3.86 *x*

160.00 ***

8.00 **x*

-0.06 ***

3.38 ***

190.00 ***

9.00 ***

0.11 ***

2.80 ***

(stops program short of a complete circle.)

Example 2:

What circle contains the points (1,1), (3.5,-7.6), and (12,0.8)?

Keystrokes:

1 GED | 0 0 3.5E9ED 7.6
Eon

 

Outputs:

3.50

15-06
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12 30 12.00

 

6.45 *** (Xo)

-2.08 *** (y,)

6.26 *** (r)

v

Example 3:

For the circle below calculate x and y coordinates at 4 equally spaced points,

starting at 225°. Use the manual increment feature (@ key). Also compute x

and y at 37°.

r=2.5

X,=5.5

Yo=5-5

 

 
  

Keystrokes: Outputs:

5.5 5.5 250» 5.50

225 40 90.00 (A6)
a 225.00 ***

3.73 H**
3.73 Hk

 

v

> 315.00 ***

7.27 ***

3.73 xk

 



v

 

3170
v

405.00 ***

3.00 ***

7.27 xE*

7.27 Fx

495.00 ***

4.00 ***

3.73 xk

7.27 Fk

7.50 ***
7.00 ***

15-08
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SPHERICAL TRIANGLES

SPHERICAL TRIANGLES

 

S+S+S SEY.LR S+StA At AA XL.

This program will compute solutions to all six cases of spherical triangles, in-

cluding the two ambiguous cases. In spherical triangles, as opposed to plane

triangles, sides and angles have completely reciprocal qualitites. Thusa spheri-

cal triangle is well defined by the specification ofits three angles. Let the angles

of the triangle be A, B, C and the sides a, b, c.

 

Equations:

The four unambiguous cases are three sides (SSS), three angles (AAA), two

sides and the included angle (SAS), and two angles and the included side (ASA).

The following equations are used for the four unambiguous cases (laws of

cosines):

cosa = cos bcosc + sin b sinc cos A

cos A = — cos BcosC + sin B sin C cos a

The two ambiguous cases are two sides and an opposite angle (SSA), and two

angles and an opposite side (AAS). The case of SSA is equivalentto specifying

a, b, A (a#b). The solution is found by the following equations:

sin B = sin b sin A/sin a

Cc . A+B a-b . A-B
tan — = sin tan sin RRpron (85) (250) ) (25°)

cosc—-cosacosb

sin a sin b

  

cos C=
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If a <b, two solutions exist. The alternate solution is found by replacing B by

its supplementary angle cos™! (-cos B). The program computes both solutions.

The case ofAAS is equivalent to specifying A, B, a (A#B). The solution is found

by the following equations:

sin b = sin B sin a/sin A

cot C/2 = sin ath tan A-B / sin a-b
2 2 2

cosC + cosAcosB

sin A sin B

  

CoS C = 

IfA <B, two solutions exist. The alternate solution is found by replacing b by its

supplementary angle cos™! (-cos b).

In the ambiguous cases, two sets of outputs will be given if two solutions exist.

Whether one or two solutions exist in these cases, the end of all output for the

cases SSA and AAS is signalled by a 0.00 in the display.

For all six cases, the output is similar in format and consists of the output of

every parameter of the triangle. The first value output will be the first value

input, whether an angle or a side. The second output will be the adjacent value

to the first output. Each successive output is adjacent to the one before, thus

alternating between sides and angles. For example, if the first value input is a

side, the order of the outputs will be first side, first angle, second side, second

angle, third side, third angle.

Remarks:

1. AUTO modeis available to allow automatic output of all results through

Print/Pause commands. If AUTO is not selected, each result will be out-

put through a @8.

2. The area of a sphericaltriangle is determined by the formula Area = r®

(A + B + C - mm), where r is the radius of the sphere and A, B, C are in

radians.

3. The program works in any angular mode. If in DEG mode, decimal de-

grees must be used. Note that the program sets DEG mode when read in.
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STEP INSTRUCTIONS barons KEYS potiirs

1 Load side 1 and side 2 of program.

2 Select AUTO mode to allow

automatic output by

Print/Pause. a 1.00

3 To cancel AUTO mode later. na 0.00

4 Go to appropriate step for case

(SSS, SAS, SSA, AAA, ASA,

AAS).

SSS

5 Input three sides. S,

S.

S; a OUTPUT

SAS

6 Input two sides and included

angle. S,

A

S, 0 OUTPUT

SSA (ambiguous)

7 Input two sides and angle

opposite first side (Two sets of

outputs will be found if S, < S,) S,

S.

A OUTPUT

0.00

AAA

8 Input three angles. A,

A.

A; 0 OUTPUT
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INPUT OUTPUTSTEP INSTRUCTIONS pataUNITs

|

KEYS

|

DATAIUNITS
 

ASA
 

9 |Input two angles and included
 

 

 

side. A,

S
A, a OUTPUT
 

AAS (ambiguous)
 

10 |Input two angles and side
 

opposite first angle (Two sets
 

of outputs will be found if
 

 

 

A <A) A

A,
S on OUTPUT
 

0.00
 

OUTPUT consists of the six para-
 

meters of the triangle in the order
 

First side (angle) input
 

Adjacent angle (side
 

Adjacent side (angle
 

 

Adjacent side (angle
 

)

)

Adjacent angle (side)

)

)Adjacent angle (side
 

If two solutions exist, this schema
 

will be repeated.      
 

Example 1:

Thethree sides of a spherical triangle are 0.20 radians, 0.91 radians, and 0.93

radians. What are the three angles? Do not use AUTO mode.

 

 

Keystrokes: Outputs:

2 91
930 —» 0.20

R/S » 1.59 (A)

LE » 0.91 
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R/S —» 0.25 (Ag)

LE > 0.93

R/S > 1.40 (As) 

Example 2:

Solve the spherical triangle below for the missing parameters. Do not use

AUTO mode.

A

158.05° 21.63°

C4120 B

Note that this is an angle-side-angle (ASA) case.

 

 

 

 

 

Keystrokes: Outputs:

21.63 1.12
158.053 21.63
LR > 1.12

> 158.05
> 51.90 (b)
> 0.52 (A)
> 52.94 (c) 

Example 3:

In the sphericaltriangle ABC below, A = 30°,a = 15°, and b = 20°. Find B,

C, and c. Use AUTO mode. (Note that as this is a case of SSA, two solutions

may exist.)

20° B
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Keystrokes: Outputs:

Ve) 1.00 (AUTO set)

SERED 20 ENED 3008 — 15.00 ***

111.15 *** (OC)

20.00 ***

30.00 ***

28.87 *** (c)

41.36 *** (B)

15.00 ***

11.89 *** (C)

20.00 ***

30.00 ***

6.12 *** (c)

138.64 *** (B)

0.00 (end)

The two possible solutions are pictured below.

A 30°  
20° B

1M11.15°

A 6.120
300 B

138.64°

20° 15°

1.89°7 ¢
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GAMMA FUNCTION

GAMMA FUNCTION

 

START xT (x)

This program approximates the value of the gamma function, I'(x), for 1 < x

=< 70.

Equations:

0

I'x) = J tx"! et dt

I(x)
A
5

 
I. ITxX)=xx-DIx-1)

2. For 1 =< x < 2, polynomial approximation can be used.

I'xX)=1+b,(x=-1) +b, (x-12%+...+bg(x-1)>°

where b, = -0.577191652, b, = 0.988205891

bs; = -0.897056937, by, = 0.918206857

bs = -0.756704078, bg = 0.482199394

b; = -0.193527818, bg = 0.035868343

Remarks:

1. This program can be used to find the generalized factorial x! for 0 < x < 69,

where x! = I'(x+1).

2. When the value keyed in for x is an integer, I'(x) is evaluated as the fac-

torial of (x-1).

3. If x <1, the program will halt and display ‘‘Error’’.
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References:

Handbook of Mathematical Functions, Abramowitz and Stegun, National

Bureau of Standards, 1968.

 

INPUT OUTPUTSTEP INSTRUCTIONS pATA/UNITS

|

KEYS

|

paTA/UNITS
 

1 Load side 1 and side 2 of program.
 

 

 

      
 

2 Initialize. oO 0.00

3 |Key in x and compute I' (x). X 0 I" (x)

4 Repeat step 3 any number of

times.

Example:

Find the gamma function for the following arguments:

 

 

5.25, 8, 3.34.

Keystrokes: Outputs:

052583 35.21 ***

8 8 > 5040.00 ***

3.34 8 > 2.80 *** 
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BESSEL FUNCTIONS, ERROR FUNCTION

BESSEL FUNCTIONS, ERROR FUNCTION

 

ll LSU) ASN x+1,(x)  x=erf,erfc

This card combines two separate programs in one. The first routine computes

the Bessel functions J,(x) and I(x), where n is a positive integer and x > 0.

The second of the two routines finds the error function and complementary

error function for positive arguments.

Bessel Functions

The Bessel functions J,(x) and I(x) are computed by generating trial values

Ty through the use of recurrence relations. The recurrence is begun at an index

m given by

 

 

Oz6
m= 2 INT Tmax®Fm

2

3xh _ 3xwhere Z 2

The initial values selected for recurrence are Tp; = 107°, Type = 0.

For the functions J,(x), each term Ty, 0 < k < m, is computed by the relation

D130) = Taz) ©Tk(x) SA

beginning with k = m.

Ja(x) is then found by dividing the term T(x) by the normalizing constant

m/2

K = T(x) + 2 D Tox(X).
k=1
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After calculating a J,(x), the values of Jy(x) and J,(x) may also be found with

very little additional computation.

For the functions I,(x), each Ty is calculated from the recurrence relation

D130) + Tina),Tw(x) Shed

0 < k =< m, beginning with k = m.

I(x) is then found from the equation

LAR) =mr
Tox) +2 DO, T(x)

k=1

Error Function

The error function is defined as

erf(x) 2" edtVa 0mT

and the complementary error function as

erfc (x) = 1 - erf (x).

For large values of x (= 3), the error function is very close to 1. If erfc(x)is

computed as 1 — erf(x), most of the significant figures of erfc(x) will be lost

for x > 3. Hence two different algorithms are employed in this program, one

for x =< 3 and one for x > 3. For x < 3, the error function is computed by a

series sum

erf(x) = 2 eX >2"en

Va  Shl3nt)
 

and the complementary error function by

erfc(x) = 1 - erf(x).
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For x > 3, the complementary error function is computed first, by the

asymptotic expansion

erfc(x) = ! x | 1 + > =n" 13. Gren|

V n=1
X aT 2x3)"

 

and the error function by

erf(x) = 1 - erfc(x).

The accuracy of the calculation of erf(x) and erfc(x) from series sums may be

controlled by the user’s specification of the display setting. If the displayis set

at DSP 6, for example, the program will halt when two successive terms of

the series are equal when rounded to 6 places. Thus if the display is set to

DSP N,the result will have N places ofsignificance. Alternatively, the digit N

may be keyed into the program on key { @ and the display will be set auto-

matically by the program. For x =< 3, it is quite reasonable to specify DSP 9 for

maximum accuracy; for x> 3, the series may not ever converge with DSP 9,

and a safer specification would be DSP 6.

Remarks

1. The range of values 0 < x < 107 is out of bounds for the Bessel func-

tions in this program. In this range, however, one may take Jo(x) =

Jo(0) = I(x) =1p(0) = 1, and J5(x) = J4(0) = Iz(x) = I(0) = 0, n7O0.

2. The computation of erfc(x) will halt on overflow for x = 15.

Reference

Handbook of Mathematical Functions, Abramowitz and Stegun, National

Bureau of Standards, 1968.
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INPUT OUTPUTSTEP INSTRUCTIONS bATAUNITS |KEYS |DATA/UNITS
 

1 Load side 1 and side 2 of program.
 

2 ForBesselfunctions, goto step 3;
 

for error function, go to step 6.

BESSEL FUNCTIONS

 

 

3 To find J, (x), go to step 4; to
 

find 1, (x), go to step 5.
 

4 Ford, (x):
 

e Inputn(n =0,1,2,..) n
 

 

a

e Input x and find J, (x) X 0 Jn (X)

e (optional) Find J, (x) and J; (x) Jo (X)

IB Ji (x)

 

 

5 For l, (x):

e Inputn(n =0,1,2,..) n 0 n

e Input x and find |, (x) X D I, (x)

ERROR FUNCTION

 

 

 

 

6 Specify places of accuracy
 

desired by setting display or by

inputting N. N oe N

 

 

7 Key in x and find error function
 

and complementary error
 

function. X a erf (x)

erfc (x)

        
Example 1:

Find J5(9.2); also find J,(9.2) and J,(9.2). Display results to 9 places and

compare to table values.

 

 

Keystrokes: Outputs:

©58%2083 -0.100528623 *** J;(9.2)

> -0.136748371 Jo(9.2)

5 > 0.217408655 J1(9.2) 

The actual values from tables are J5(9.2) = -0.10053, J4(9.2) =-0.1367483708,

and J,(9.2) = 0.2174086550.
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Example 2:

Find I3(4.7) and I5(5.0).

 

 

Keystrokes: Outputs:

2308470 7.42 **x*

50 > 10.33 **x*

Example 3:

Find erf and erfc of 1.34 to full 9-place accuracy.

Keystrokes: Outputs:

(91.3483 0.941913715 ***

0.058086285 ***

 

Example 4:

Find erf and erfc of 4.55 to 6 places.

Keystrokes: Outputs:

6234558 1.000000 ***
1.237404615-10 ***

 

134.7)

15(5.0)

erf (1.34)

erfc (1.34)

erf (4.55)

erfc (4.55)
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Notes
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HYPERBOLICS

  

HYPERBOLICS

  

      SINH   COSH TANH

This program computes the hyperbolic functions and their inverses. The stack

is preserved during execution of any of the functions on this card. The argument,

however, is not saved in the LASTx register.

Note, in the equations below, the appropriate restrictions on the values of the

argument in each case.

Equations:

Hyperbolic functions

X _ aX

sinh x = e-ec
2

X —X

cosh x _ ete”

2

X _ aX

tanh x =e-c
eX + eX

cschx = _ (x#0)
sinh x

sechx = te
cosh x

1
cothx = ———  (x#0)

tanh x

Inverse Hyperbolic Functions

sinhx = 1n [x + (x2 + 1)%]

cosh™' x = In [x + (x2 - 1)*%] x=1

sn] +x ] x?<1
I -x

| x#0

tanh™! x  

>
=csch™! x = sinh™! |
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sech™! x = cosh™! | : | 0<x=<l

coth™! x = tanh™! | : | x2>1

STEP INSTRUCTIONS oaTAONTS KEYS DaraRTS

1 Load side 1 and side 2 of program.

2 |For hyperbolics, go to step 3;

for inverse hyperbolics, go to

step 4.

HYPERBOLIC FUNCTIONS

3 |Key in argument and compute

e hyperbolic sine X 8] sinh x

e hyperbolic cosine X cosh x

e hyperbolic tangent X 0 tanh x

e hyperbolic cosecant X oe csch x

e hyperbolic secant X 0 sech x

e hyperbolic cotangent X ne coth x

INVERSE HYPERBOLIC

FUNCTIONS

4 |Key in argument and compute

e inverse hyperbolic sine X an sinh! x

e inverse hyperbolic cosine X 0 coshx

e inverse hyperbolic tangent X on tanhx

e inverse hyperbolic cosecant X a

00 cschx

e inverse hyperbolic secant X 0

08 sech! x

e inverse hyperbolic cotangent X 0

oe coth’ x     
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Example 1:

Evaluate the following hyperbolic functions:

sinh 2.5; cosh 3.2; tanh 1.9; csch 4.6; sech -0.25; coth -2.01.

 

 

 

  

Keystrokes: Outputs:

2.58 > 6.05

3.2 — 12.29

1.90 > 0.96

4.60 0 0.02
25 ga 0.97

2.01 20 -1.04

 

Example 2:

Evaluate the following inverse hyperbolic functions:

(sinh 2.5)

(cosh 3.2)

(tanh 1.9)

(csch 4.6)

(sech -0.25)

(coth -2.01)

sinh™! (2.4); cosh™! (90); tanh! (0.65); csch™! (2); sech™1 (0.4); coth™! (3.4).

 

 

   

Keystrokes: Outputs:

2403 0 1.61

900 > 5.19

.65 on -0.78

20 8 0.48
400 1.57
34000 0.30

 

(sinh™! 2.4)

(cosh™ 90)

(tanh™! -0.65)

(csch™! 2)

(sech™! 0.4)

(coth™1 3.4)



L00-00

PROGRAM LISTINGS

The following listings are included for your reference. A table of keycodes
and keystrokes corresponding to the symbols used in the listings can be found
in Appendix E of your Owner’s Handbook.

Program Page

1. Factorsand Primes. ................... 0. iii...L01-01

2. GCD, LCM, Decimal to Fraction . .......................L02-01

3. Base Conversions .............uiiiiuiiiiiiL03-01

4. Optimal Scale for a Graph; Plotting ......................L04-01

5. Complex Operations ..............cuuiiiiniennennenn..L05-01

6. Polynomial Solutions ...................... ci...L06-01

7. 4 X 4 Matrix Operations (2 cards) .......................L07-01

8. Solution to f(x) = Oon an Interval ......................108-01

9. Numerical Integration ....................... .........L09-01

10. Gaussian Quadrature ................. iii...L10-01

11. Differential Equations .................................L11-01

12. Interpolations ...............iiiL12-01

13. Coordinate Transformations ............................L13-01

14. Intersections ..........citiesL14-01

15. Crcles. .ooL15-01

16. Spherical Triangles ................ iii.L16-01

17. Gamma Function ..............iinL17-01

18. Bessel Functions, Error Function ........................L18-01

19. Hyperbolics .......ciL19-01
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Factors and Primes

 

  
  

   
  

 

         

Factor integer n. as7 RCLE
ase ~ If upper < lower, halt on
859 Kiet Error.
as@  ET0S

: a51 RCLAIf non-integer, halt on Error. 62 INT

863 z Handle 2 as special
I. 664 XV pecial case.

Initialize d. ass ¥=t0

If n <0, halt on Error. aes ere

gee = ) LL
85a . This routine finds greatest

are cE potential prime < user's

71 + input.

a7 2 INT
If n>2 x 10°, halt on Error 673 2

F1 clear for factors. 474 X

Find factors. ars 1

—m=== ave -

Lower bound for primes. 877 xLELE

2 678 STOE

8. SAT If negative, halt on Error. 878  RCLA Store final prime U.

8x4 ET0S @se FTN oom
825 ENT? This routine finds smallest 681 xLBLD Routineto list primes.
82¢ INT potential prime = user's 852 é

627 input. es? fron Initialize d<0

8:28 @s4  RCLE

823 ass 2 If L=2, print 2, add 1
a3 ase he and go.
az a87  E=Y?

[2 Handle 2 as special case ggg ETOE

g3z (only even prime). eed 1 IfL=1,print1,2, add 1

a3 ase xEY? and go.

a3 841 ET01

a3e 652 GSbe If L#1and L#2, go
er oe ROLE directly to LBL 1.

838 95 iY

agg NMY?

657  ET04

838 xLEBLS

833 ESBe
rrr _ Output 2.

aad aE Store beginning prime L. lot cro

84¢ 2 9. 12 «BL! TTT"
847 EEX 2x10 is default upper 183 CSE. -

84€ & . 184 RCLE egin main loop.

44a STOE 185 RCLL Check for factors of

#56 X&yo If input => 2 x 10%, halt on 166 ¥=Y? current n (Rg).

@51 cos Error. 187 GSBe If Rg = Rc, nis prime.

g5z oF 4 Flag 1 set for primes. 188 z Output n.

857 RCLA 1859 xLBLE

@s4 RIN |____________ ie +
655 *LBLC i. af . 111 £100 Set n to next potential
a3 STOR pper bound for primes. 112 &T0E prime.

REGISTERS
0 1 2 3 4 5 6 7 8 9

SO S1 S2 S3 S4 S5 Sé S7 S8 S9

A B Cc D E |

Used n Potential prime d u    
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Co
be

n
b
t

be
d

be
a

be
d
b
e

be
a

Co
b

Ca
f

Ta
d

Ca
f

Ca
g

Po
r
B
y

I
G
g

P
O

r
e
L
E

o
h

 

 

 

 

 

If n> U, exit.

Else loop again.

Subroutine called from both
A & D which finds factors
of n.

Check first if n divisible by
2,3,5,0or7.

LBL 2 check for division by

integers whose position in a
cycle of 30 corresponds to

11,13,17,19, 23, 29, 31,
or 37.

 

E
R
E

od
Ty

C
h

30
G
g
P
=

oR
0

V
L
E
A
G
L
L

A
D
G
G

On
Gr

w
g
F
y

L
R

d
a

fa
)
P
y

v
e
D
M
G
0
D

 

 

Loop again for next 30.

Tests if d|n.

d<d+x
n

n/d

d, n/d
If d > n/d, then d >/n
Exit.

[n/d] ::= INT (n/d)

n/d, [n/d]
If non-integer, d does
not divide n.

Else n «<n/d

If finding primes,exit.

If factoring, output d.

Check for d a multiple

factor.

 

 

 

 

 

  
MmE7+4) |4gxB1-—-—-——-

Coming here means n
prime.

a If finding primes, exit.

13 (=11 42) a
~ Else output last n.

50 outputlastn.
1
2

17 (=13 +4) <
Exit displaying 0.

19((=17+2) |

Auto toggle.

23 (=19 +4)

29 (=23 +6)

Output routine.

31 (=29 +2) Print if AUTO.

pe 37 (=31 +6)
be; Halt if not
168 ’

LABELS SET STATUS

An — Factors Cprimesto |” = Primes | AUTO? TRIG DISP
d

®Factor n ¢ © Output 0 DEG X FIX X

2 4 . 1 GRAD O SCI O
% Used 2 Divisor loop dn? : Exit 2 RAD 0 ENG O

5 Non-existent |° 7 8 L=10r2 3 n_2        
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GCD, LCM, Decimal to Fraction

 

  
 

 

 

        
   

@a1  ¥LELA GCD @as7 ke
ea: STOR b 858  FPRT¥
[TK had 858 SPC

864 STOR a ack Fe

aus 1 8s! Ey
@eé  STOC Bec Rss mmm

887 LY 8c? xLELE LCM
age STOD #64  STOE b
gas N=V? If b=0, list a as GCD. 86s ry

ee e108 gs€ STOR a
81: TOC 57 X

a £ToE sex<0 fot os c=axb
or ro B63 x=67 Ifc=0,LCM =0

ois enor rove a-
61€ ALELS Main loop. #72 ESBe Find GCD throughiteration,
817  ESBe 873 K#e”
8:8 pi If b=0,list a as GCD. 874 ETOE Atend, a= GCD.

ais 7S RCLC
828 RCL! @7¢  RCLA
8:1 RCLC pes +yq arr =z
22 ETO y<s are ARS LCM = [c+ GCD|
22 RCLS 679 &LBLZ
024 x as@  PRTX
25 + as! SPC
26 gro =p #ez RTN

27 ROLE 83 *LELe Common subroutine which
ze RCLL asd RCL# finds GCD if iterated until
828  STOE pet +xq 83% RCL b=0.
a3@ RCLS 83¢ RCLE
a3! x x1 as7  STOk
832 + ase z
832  STCh te aga INT _3 700 > g yi q< -INT (a/b)
634 7 Loop again, ase CHE
83s «BLE ________ esl STCS p<a+bg=amodb

os Rie Atend, ais GCD a RCLE a<b
37% 53 X

o38 E10: (a<0) 624 +

a3: Lb Load stack with 835 STOE b<p
848 RCLD asc RTN
841 CHE t>2Z es? xiBLI oo____
84z REL as € Decimalto fraction.

be oars SY sa STOR Initialize.
CL 186  STOD

= c Iv +

Ho ene GCD=>X ht ioe
847 *LEL! 162 STOE LL
fee CL PE 164 y Rg «Original value.

649  RCLE @>0 165 STOE
ase Peis . lac &70C

of a
857 PRIN ceo tea Ei
pad Fe Output routine. ; 1 DsPe

5 PRT (optional) Print s, &. 12 LST
REGISTERS

0 1 2 3 4 5 6 7 8 9
q

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A 8 Cc D E |

a; Numj_4 b; Denj_q s; Num; t; Den; x; Value y; Temp
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113 ENT? 169  GSBS Output Num;.

fa EF 17€  RCLD
115 ot aj 171 £SpE Output Den;.

il€ INT 17 =
117 e701 173 DSF Output Num;/Den;.

i18 x 174 GSES
118 - 17% ESRE
128 RCLI 17é  RCLE Halt displaying error.
121 RCLC 177 Ee
122 x 178 RTH AUTO output.

122 RCLA 179 XLBLE
124 + If Num; = 0, clear flag 1. 138 Fav If FO set, print and rtn.

125 x=e? 181 PRTS
12¢ CF1 182 Fe?
127 RCLC 163 ETN Else halt.

128 STOA 154 RE

129 0 185 RIN mmm
136 &T0C ise xLELS Space if FO set.

131 F17 Output Num. 187 Fev
132 GSES 188 SPC

132 CL) ge RTH |mmm
134  RCLI 198 *LBLE AUTO toggle

135 RCLE 19] Fao

13¢ X i892 ETO&
137 RCLE 163 SFE

138 + 134 !
138 RCLD 195 RTH
148 STOR 19¢ kLELE
141 kd 1&7 CF6

142 STC isE é

142 FI? Output Den;. FL1
144 ESBS

i45  RCLC
14€ 53

i47 *

148  DSFE

144 Fi? Output Num;/Den;.
15@  E3BT

io RCLE Error = Calc. —orig. value.

153 X=e%

154 ESEE If error = 0, halt.
138 x=@"

15¢ rTH |________

187 8CI

158 F17 Output error.
158 GSES

iol Fi?

isl  GSEE

102 E+

163 SF! Loop again.
164 e107 | ——————__

16% #LBLD Recall last fraction.

ied FIX

le?  DSPE

108 RCLC
LABELS FLAGS SET STATUS

"atb~GCD [PatboLCM  |“Dec>Frac  |°—Last Frac |“AUTO? °AuTO FLAGS TRIG DISP
: ° ¢ ¢ 1*ecoem ['Numi#0 | BE oes © mx x
0 ExitGCD |['GCD,a>0 [20utput GCD [3Exit LCM 4 2 10 GRAD O sci O

2 0X RAD O ENG O

> AUTO out 6 Space DecFrac loon 8 LCM loop 9 GCD loop 3 3 0 xX n_2           
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Base Conversions

 

   
 

 

        
   

861 LELr Input xp, (no. in base b to 857  ESBe Convert

[1 STOE be converted). ase ET0S Exit
843 Fa? ess xLBLZ =
004 SPL 858 CL Here b # 10, B# 10.

065 Fa? #51  ESEo

fac PRTY as2  STO0C Convert xp t0 xq.

8é7 i 867  ESEe

oe J Default bases b & B are 10. oot Ret

ee  STOC @5é  RCLA

€11 EEX #67 STOC

812 1 ase ESE Convert x; to xg.
012 2 ace STOO

a14 £708 eve  ESBe _______

15 Hd 671 x%LBLS

[213 Kd 872  PRTX Exit
817 rN eee a73 Fe”

618 #LBLE Input base b. gra SPC
e119  STOD ars re oo______

ze Fa” 67¢ xLBLd Subroutine tests input in

621  PRT¥ av 1 X-register > 10.

8:2 Fe? a7 e If > 10, returns value 100.
x SFC ars STCv If < 10, returns value 10.

24 SFZ age Ae

25 RIN 881 NY?

zt. kLBLC Input base B, to which xy, is as2 EEX
az7  &T0C to be converted. 8&2 1

a2e F290 834 STx7

28 ETOE 88s RCLT

ese re: gse FTN}____
831 SPC 887 *LELe Main subroutine;
832 wLEBLY 886 € actually converts to/from
833 Fa? 858 &T08 base 10.

834  PRTX ase STOF

83s eN 8s]  RCLE ———

83¢ ¥LELD Find xg. sz *LBLS Shift right until <1.

837 RCL Save b and B. 833 i
838 STOR as4 5X?

839 RCLD gsc TOE

848 STCI 83 ET+S Ro keeps track of no.
641 : asv? CLY places shifted (exponent).
a4z a 898 RCLC

842 KEY? ass =

844 ETO Ne 186 STOE
845  RCLC Ver test B > 10 er eros ——————=
B84¢  ESEd (Choose 10 or 100). 182 xlBLE On entry, Rg contains

847  STOD Convert 163 RCLC normalized xp:
848  6SPe Exit le4  RCLE 0<xp <1.

#98 E02 |== 185 x

856 LBL: b+# 10 18€  CSTOE

@51 RCLC Is B = 10? i167 EEY

852  X£Y7? No, branch. 18g 4

853 ET0Z2 Yes, test b > 10. 18s +

@54 RCLD (Choose 10 or 100). 11a EEX

85%  ESBd 111 4

@5¢  °T0C 112 -

REGISTERS
0 1 2 3 4 5 6 7 8 9

10, 100 10'2 Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A D |

xg B, Used b, Used Xp, Used b
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Build up xg.

Do not build mantissa
beyond 10'2.

Input new x for same b and
B.

Last value of B.

Last value of b.   
 

 

 

 

  
Print toggle.

165 x*LELE

i6€ Cre

167 a

168 ETN

LABELS FLAGS SET STATUS
A B C D E 0 .

Xp b B — Xg Xp = XB Print FLAGS TRIG DISP
a b c d e 1 ON OFF

P? 10, 100 Convert 0 1 X DEG X FIX &

0 1 2 3 4 2 1 0X GRAD O SCI Od
_ Used . b+# 10 b, B#10 - End fE - Input b > 0 ® RAD O ENG OJ

5 Used 7 Build xg Shift loop 3 0 ® n_2_         
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Optimal Scale for a Graph; Plotting

 

   
 

 

       
   

881 LBL Min 857 RCLE

fe: ST0E 858 RCLE

a6 RIN |_______ 859 RCLS % efficiency =
884 xLBLF 86e -

ags STAC Max as! = Max - Min «100

foc RIN ___________ 862 EEX Top - Bot

@87 xLBLC 863 2

age STOC #Tics 864 x

[LE] 1 855  RCLS
aie 870! 86€  RCLS Fill stack and print:

g11 RCLD 857  RCLA Top=>T
812  RCLE 858 Rt Bot~>Z
13 - 868 PRST a
6:14 STOE : are RTN ©

615 RCLC Rg «Max - Min 871 #LBLD bro
#16 : 22 §@n ubroutine by find floor”

ar LOE n = Floor (Rg/#Tics). 873 ET0E TorrSx oor grea

618  GSED 874 INT ‘

G18 1@* First guess: A = 10", ie RTN

ze SToR ____ ____ @7¢ xLBLE

821 *LBL® Begin loop. 77 ENTT

gz 1821 ie INT

8:2 CLE 879  8=y?

8:4  RCLA ase RTN

25 = 6&1 1
826 GSEn Trial bottom = A x Floor 852 -
827 RCLE (Min/A). 852 RTN

|

____________
aze x 854 LBL

az  §T0¢ 88s STOE Begin x

838 RCLR 886 RTN oo

831 RELL 857 *LBLk

a3z x ase  £T0C End x
833 + Top = Bot + A (#Tics). 839 FIN

|

_________
834  STOE 8% xLBlLc
35 RCLD 9 STO! .

pe Key If Max < Top, exit. oz RTH Step see

838 4 Else try new A: If I mod 4 ass sro ________
a4@ 3 =0,A<1.254; else A<2A. 8% xLELE

841 FRC 857 ESET Output x.

842 x=g° 838 ESFi

843 gTOR 89% CSET Output fix).
844 z 168 Fes
845 CT0E This sets Ato 2,4, 5, 10, 20, 161 SPC End x.
@4¢ ALBELE 40, 50 etc., times initial 182 RCLD

847 1 guess. 182  RCLE

848 . 184 RCLC
849 = 185 + x <x + Step.

asa £ 0 £340
85: #LBLE toe oe If x > End x, exit.

852  RCLA ieg  STOE

833 X les e106 ____
834 STOR Loop again. 118 xLBL@ Exit

ess e088 —--==——-- 111 CLX
85¢ «lLBLY Exit routine. 112 RTN

REGISTERS

0 1 2 3 4 5 6 7 8 9
Top Bottom

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A P Max - Min; x c #Tics; Step o Max; End x E Min; Begin x I Used

 
 



L04-02

 

  
 

 

 

 

 

113 ®lBL7 Output subroutine

114 Fe? If AUTO set, print.

115 PRTX
11¢ Fe?
117 FTN Otherwise halt.

118 R/Z
118 rTM fo

je prs: Select LBL |.

ae ETH | ____
i123 sLBLE TTT
124 Fa? AUTOtoggle.

izs E108
126 SFe
127 i
128 RTN
129 sLBLE
138 Cra
131 a
132 FTN

LABELS FLAGS SET STATUS

A Min 8 Max C#Tics CFloor (x) |F AUTO AUTO FLAGS TRIG DISP

@ Begin x ® End x € Step I(x, f;) ej 0 on oF DEG X FIX ©

Used 7 2 3 a 1 0 ® GRAD O sci O
2 0 RAD OO ENG O

> 6 Used 7 Used 8 Plot loop 9 Opt. loop 30 ® n_2          
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Complex Operations
 

  
 

 
 

 

     
 

Be: sLBLA Input ath 657 STOD
882  RCLD 858  PRTY
862 STOR Last b~>Rg (b;) B5e SPC
a4 Ri ps8 RN ee
ges cSTor Present b—>Rp (b;) B€!1 «LBLE Divide(+)
sec Ri 862  RCLE
86>  RCLE Last a~>Rc (a;) Bez RCLC no 6
888 STOC p64 IP
see Re Present a—>Rg (a;) BES  RCLD
g1e  STOE B6€  RCLE
811 RIN ——ee== 867 +F rn 0; ro 0,
812 sLBLE Add (+) 86e (2y
812 RCLC RES CHS
814  RCLE Be x2 Vrs 8, rn, 68,
B15 + 871 8
816  STOE aca+a 872 ero __________
@17  PRTY 877 slBlLa zl
B18 RCLE B74 RCLD

819  RCLD 75 RCLE
628 + 87€ IP teva10
21 STOD by «by + by 77 PRTX
822  PRTY ere SPC
27 SPC ave RTN

|

__________
24 RIN oo__ 8ee sLBLb 12
25 sLBLC Subtract (-) BE!  RCLD
826 RCLC 882  RCLE
827  RCLE ez +P Ce
£28 - 884 2Y
B29  STOE “a - #85 CHS
78  PRTX EE BBE Xv
82  RCLE Bev 1.x 1 -8
832  RCLD eee eros _________
833 - 885 LBL: ,
834 sT0D b; <b; -b, gge S10! n->1
825 PRTY 891  RCLD
82¢ SPC 892  RCLE
837 RIN 8937 af 0
83s «B00 ____ 894  RCLI f
829 RCLE ; gas yx
848 RCLC Multiply (x) 895 Xav
a4! +P 897 RCLI
842 RCLD 06, 898 x
843 RCLE a39 Kay
B44 +P 1ee  gT08 "oe
B45 sLBLY no 8 rn 8 181 sLBLJ mo
Bde sv CC 182 sT01 Vn -
847 t 183 3 I
ade + 184 € n
849 2y 165 8
858 Rt 186 2y
851 x 187 :

2 sLBLE rr B 6 * 62) i 1 en 360/n—~>Rp

854 STOE Output routine. 11e RCLE
855  PRTX 111 *F . 8
856 x= 112 RCLI

REGISTERS

0 1 2 3 4 5 6 7 8 9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A 360/n [ by [ a; © b, E a ! n   
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113 1X
114 yx
115 X3yY
11€ RCLI
117 z "i
118 XY in —

119 sLBL?
1286  6SB8 Convert—>R and print.

121 DSZI
122 e706 Loop n times.

123 RTN
124 sLBL®
125 Y 0
126 JP Back—=P (= ¢)

127 X2y n
128 RCLAR
129 + 5,360
13e 2 n n
2r e077 |\______
122 sLBle e?
132 RAD
134 RCLD
135 RCLE
13€ ex fb

127 IR

138  PRTX

pe TE e? cosb

141 PRTX
142 SPC

147 S100 e?sinb144 DEE
145 RTN

LABELS FLAGS SET STATUS

ath B+ © x £ + FLAGS TRIG DISP
a |z| b1/z C nz" dpn-zn e 0 on ok DEG FIX

3 4 1 0 GRAD O SCI O
Used ’ 20 w| RAD O ENG_O

5 6 7 Used 8 Output 9 Multiply 3 0 n          
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Polynomial Solutions
 

  
 

  

 

       
   

*LBLA th 857 2
082 4 5% degree. se ST=6 A

882 STOE 859  ST=7 B
p84  STOI 858 RCL?
885  ESEa Find one real root. 86: Xe
86¢ RCL? #62 RCLA
887  PRTX BES -
88g RCL4 B64 IX D
869 1 pes STOO
ple GSBL Synthetic division to find Bee x=@°
B11 6SEL new a;, i=3,2,1,0. gs €106 00]ee-

e122 ¢s%4 }|l------——- BEE RCLE
812  6SBL 869 RCL?
814 sLBLB 4™ degree (quartic). eve x Compute C for D # 0.
815 RCL2 871  RCLB
B81€¢  STOC 87z 2
817 CHE 73 $
e1e S102 B74 -

819 RCL! Compute coefficients 75 RCL
828 STOE b,, by, bo for cubic equation} B7¢ £
21 RCLZ to find yo. 77 ETO1

22 STOD eve «LBLée |
822 X 879 RCLéE
824 RCLE pee x2 Compute Cif D =0.
825 STOR 88! RCLC
B2€ 4 pez -
27 x 882  RCL7
ze - eq 2
829 STO! aes X
83e RCLC age +
821 4 pe’ x
832 x eee «BL! ________
832 RCLD Bee S108 Cc
834 ye Boe SFe Print roots.
82s - B91 GSE?
B3€ RCLA ee2 LBL? oo___

837 * 837 RCLE First time through,set
838 RCLE B94 RCLS a, =A-Canday=B-D.
822 Xe 895 CHS.
p4e - 89¢ STOE

i = . 7 +Fo” ie If bg =0, Error will occur. oo STO!

R47  ESBC Do not print roots. 895 RCL? Second time through,set

844 F2? Solve cubic. lee  RCLS ay =A+Candap=B+D.

845  6T0€ If only one real root, branch. 181 CHS
B4¢  RCLV 182  ST09
847 RCLZ 182 +
Bee X>Y° 184 STOG
842 STO? Else find largest real root 185 6SBD
856 RCLV from among Rs, Ry, R;. 186 RTN Solve quadratic x? +a; x
851 RCL4 167 LBLC +a =0.
852 Ye 168 2
852 STO? 189  STOE 3" degree (cubic),
854 sLBLE Yo R; 116 S701
ess rRCLD 0mm ——- 111 6SBa Find one real root.

89¢  ST06 112 RCL7
REGISTERS

0 a0. bo ! a, by 2 a,b, 3 a5. Root 4 2. Root Vio 6 A, AX 7B, Root 8c +1 ° D

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A ao P a c ay 0 a3 E 20rd ' Counter

 
 



L06-02

 

  
 

 

 

 

 
       

113 Fe? 169 1
114  PRTX 17e + AX will be larger of the
115 RCL2 vl 16% pair (1, 105).
116 1 Synthetic division to find 172 1 Re «AX
117  6SBb new a, ao. 173 X4ye

11e esp |-----—-—-—-==--- 174 yl meee
119 #LBLD 2™ degree (quadratic). 175 ST06
126 RCL1 176 BLS
121 CHS a 177 1
122 2 = 17e 8
123 : 2 179 sT=6 Rg <Re/10
124 ENT? 186 RCLE

i125 ENTt 181 CHS
126 Xe (a; 2/4) 182 sT08 Rg+- Rg

127 RCLE 182 «BLE _______
128 - D=(a,;2/8) - ao 184 RCL7V
128 x<ev If D <0, complex roots. 185 RCL?
12e 6T0€ 186 RCLE

131 Ix If D 20, roots are real. 187 RCL8
132 + 18¢ x
132 S703 Root 1 = (-a,/2) +VD 180 +
134 Fe” 19 S107 RyRy + Re Rg
135 PRTX 191 X="

136 Rt -a,/2 192 RTN If no change, done.
137 LSTY 132 ENT?
12 - vb 194 ENT?
132 STO4 195 6SBc
148 Fe" ' Root 2 = (-a, /2) vb 19¢  X=87 Evaluate f(R,).

141 PRT. 187 RTN If f(R,) =0, R, is a root;

142 CF2 F2 clear for real roots. 198 RCLS done.
142 RTN 199 x

144 «BLE ________ 2ee  x<e° Else loop again.
14% CHS D <0, roots are complex. 281 6708
14¢ I5 282 €T09
147 8705 v=v-D 202 sBLe ————______
148 Rt 284 RCL: Evaluate the polynomial.

149  RCLS u=-a,/2 28s + E.g., for cubic, I = 2

15e CHS 28¢ X f(x) = ((x +a) x +a,) x
15! Fe? Stack contains -v u v u. ev Dsz +a.
152 PRET 288 6T0c
152 SF2 269 RCLe
154 RTN F2 set for complex roots. 21e +

5S iB. }|----—-—--- 211 RCLE

15€ Find onereal root for 3" 212 ST01 Restore I before exiting.

157 STO? or 5% degree poly. 212 RS

156 RCL® 214 RTN
159 ENTt 215 «BL oe____
168 ABS Root will be in R;. 21¢ DSZ2I Synthetic division.
161 2 17 =LBLSB E.g., for degree 5, let c;
1e2 S708 ao/lagl = £ 1 218 RCL? be coeffs. of new poly. of
163 LSTX 219 X degree 4: c; = Ry + ay;
164 RCL: Jao | z2e + c=c3 Rtas; co=c;
165 ABS 221  RCLi Rq +a3;co =c; Ry +a.

166 + laz| or lag | (k) 222 SY
167 LOE Let E =a] +k 222 STO:
168 INT 224 RIN

LABELS FLAGS SET STATUS

Aghgeg [Pat deg Ca%aeg | 2¥deg | © Print? FLAGS TRIG DISP
a Oneroot |? Syn.div Eval. poly. |d e ! 0 x oFF DEG K FIX ®

0 1 3 4 2 RAD O SCI OUsed Used 2 Complex ; E 0 ona = ENG O

5 6 7 Quartic 8loopinfA [%LoopinfA [3 30 © n   
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4 x 4 Matrix Setup

 

   
 

 

 

        
   

aa! xLELA Input matrix by columns: a5;  x=y7 1fn=1, no row inter-
fas < a, @58  ETOE change.
aa cT0l ay, g59 GSE Else increment Ry by n.

84 1 ayy fol 1

eas STOE a, ec] ESE:
gue STOC az 862 z Swap row n with row 1.

gu? LBL a2 863 GSE:

88e¢  RCLE a2 a64 3

ass RCLC az, #65  &SEc

ale I etc. a6¢ 4

g11 é 867 ESE

az ¥ ast xLELE

é:3 + 868 RCLS Store multipliers: mj; «

8i4 E/E ava CHE -aj1/a11,i=2,3,4.

a1s Fa? 671 ET=¢

aié  FRTX ers?

e17 STC STE

aie I8Z1 s Adjust remaining elts. by

a9 4 I multipliers: ajj<ajj + mj;

gze RCLE fol Xap, i,i=2,3,4.

B21 KEY? Rg isindexi, Rcisindexj @———————-
gz2  ET0E for element a;j, i,j =1,2,3, Begin 3 x 3.

823 RCLC 4. nek<e2
8:4 K=v0 Repare to find pivot,
25 ETOE column 2.

8z¢ 1

8:7 ETOE

az +
azs  8T0C Re<laza|

ese ET0S n<3

83! xLBLE a3,

asz 1

a3z + nea

634  ETOE

835  £T0S faz
a3 «BLE ____________

as? a Begin execution.
838 ETO Note: pivot is element of

ase i greatest absolute value in If n = 2, no interchange.

848 STOE column.

as1 ston

442 STOE n<k<1 Otherwise, increment

843  RCLS Ro by 10n.

a44 RES Prepare to find pivot,

645 ETOC column 1.

84€ Re< lanl
847 Rlie n<2 Swap row nwith row 2 of
#48  GSEc ay, 3x3.

a4 2
ese RCLT n<3

851 ESE as,

asz 4

853 FRCLE n<4
854 ESF. ag) Store multipliers: mj; «

ass 1 -ajp/agz,i=3, 4.

@a5¢  RCLE

REGISTERS

2 3 5 9
Pivots ap a1, My, az, M3 a1, May ai

50a, St azz, M32 S232. Mg S3 a3 S4 a3 SS a33 a3, Ma3 s7 aia se aa S44

A asa B in e i ° k E +1 "Used
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113 RCL! 169 Ré

114  RCL4 178  ST0C
115% X Adjust remaining elts. by 171 Ri

116 §T+5 multipliers: 172 STOR n~>Rg
117 RCLZ aij aij t Miz X az 173 rN m=
118 RCL4 i,=3.4. 174 %LELb Store pivot info in Ry.

118 x 175 &T+e CHSof Rg for each swap.
i28 ST+€ 17¢ ROLE o_o _________

121 RCL1 177 CHS Swap jt (Re) elts. in rows
122 RCLE Iv8  STOE m (Rg) and k (Rp).
23 x 178 RTN

i24 8T+8 188 »LBlLc

128 RCLZ 181 STOC

126 RCLE 182 RCLD
27 x 183 RCLC
126 RCLA 184  ESPE aki

128 + 185 RCLE !
13e sto ___ ____ 186  RCLC am; (1)

131 RCLS Begin 2 x 2 187 GSBE !
132 ABS If lags] <las3l, no inter- 18€ KEY amj* akj
132 RCLE change. 189 £70

134 ARS 198 IY

135 RLY? 191 RCLD

15 ci Otherwise swap. pred RELL
37 AL 138

138 RCLE 194 x

138 £705 3 F003 195 +
140 Ney 2a 1% £701

141 €T0E fea 157 Ri
142  RCL® 1%8 ETO:

143 RCL#A RTN at
144 STO9 *LBLE ML
iss key g Given iin Y, jin X,
146 CTOR x recalls ajj.
147 . +

14€ 4 sT0I

pot a Increment Ry by 0.4. po rok

131 pes 267 RTH

152 =xLBL® z8& aLELd

152 RCLS Store multiplier: oe —— ===154 CHS Maz <= ma3/ms;. Fa Used to adjust each
135 ST=¢ Iszl column of 3 x 3 sub-
15¢ RCLS ROLE matrix by multipliers in
157 RCLé ESBe Re, R;, and Rg.
i5& Xx RCL?
158  RCL#A ESEe

- "i &

Joo S108 844 “age T My3 X a34 RLS
16 Sg

162 2 z RTN
163 RTH DONE LL 218 #lBLe

lo she Used to find pivots. -

pp KC c R. contains largest element Re TTTCo rT

ppd nro yet found in column, B contains ayj, j = 2, 3, 4.
i AST! : . .

sé RTN ‘gnoring sign. Goes down column.

LABELS SET STATUS

A Input 8 Execute c o E RCLaj Print? FLAGS TRIG DISP

a Find pivot |? Store pivot [© amjaj 9 Adjust 3x3 | Col. Mult. |’ 0 On gy DEG FIX &

0 Used 1 2 3 4 2 10 GRAD O scl Od

2 0K RAD O ENG O5 6 7 8 9 Input loop [3 3 0K n—-—       
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4 x 4 Matrix Solutions
 

  
 

 
 

 

       
   

B81 #LBLA Find determinant. 857 X=e° If n = 0, no interchange.
pez RCLE 852 E708
B82  RCLS Rg = * 1 depending on 859 ST10I 1fn#0, swap b, and b,.

004 x number of row interchanges. pee RCL:

88s PS 861 RCL2
866 RCLG B62 STO:
ee’ X Bez Y
868 RCLS ess STOD2
gee x |Det| = ay; az2 a33 asa 865 sLBLE
eie PS B66 psc
8i1  RCLA 867 RCLZ
1 x BEE RCLI

812 RIN oe_ 86s PSS
B14 sLBLP Input vector eve RCL2 by «bs + m3; b,
B15 ST04 b= (by, by, bs, bs) ev! X
#1 Re ~ 72 ST+Z
817  STOZ 73 LX
Bie RY 874 RCL2
819 S102 evs x
eze Ré eve ST+4 bs “bs + may by

e2: S101 es RCLE _______
822 «BL. -————————— ere FRC Begin k = 3.
22 RCLe Solves Ax=b 87%  RCLD Pick off fractionaldigit
624 1 First find L b; gee xX of Rg (=n).

2% 8 Ber x=e°
82¢  STOD Pick off units digit of Rg @e2 e106 If n = 0, no interchange.

27 2 (=n). aes S101
Bae FRC B84 RCL If n #0, swap bp, and bs.

825 RCLD @es  RCL3
ae X eee STO:
831 INT ev iY (n can only be 4)
SZ x=a? If n = 0, no interchange. gee sT102 Y
B33 6T0e ees sLBLE

834 STO! If n #0, swap by, and by. ase  P2S
82% RCL: #91  RCLE
83¢ RCL! p92 2S
837  ST0i B92 RCL3
83e 2 894 X
829 STO! 89S  ST+4 bs + bg + maz bs
848 «LBLE @% RCLRA ame
641 RCLI #97  ST=4 Now solve Ux= Lb

842 RCLE B9€  RCL4 bs «ba fags ~
842 x 299 CHS te -by
#44  ST+2 by <b, + my; by 1ee STOR
P4S RCL! 1e1 PS
846  RCLT 182  RCLS
847 x 182 £T0C
84g ST+3 bs «bs + m3, b, 184 RCLS Rc<«ass
849 RCL! 185 RCLE a34
858 RCLS 18€ RCL? a
as1 x 167 3S ais
852 ST+4 “<b, + 188 RCLE
852 RCLO Therma 189 x
854 RCLD Begin k = 2. 118 ST+1 by <b; a4 bs
855 + Pick off tens digit of Rg 111 CLX

85¢ INT (=n). 12 RCLB
REGISTERS

© Pivots 'b, 2b, ° bs bg > ag my 7 m3; ° Mg $ ara

SO S1 S2 S3 S4 S5 S6 S7 S8 S9
az: m32 M42 a3 a23 a3 M43 a4 a4 33a

A ag F Used ° Used P10 E 1 [ Used
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113 X by <b, —az4 by 169 STOZ
114  ST+2 176 6SBa whereJ; is the column
115 CLX bs «bs — ass bs 171 GSB: vector of length 4 with
11¢ ROLE

0
eee 172 1 _J1i=j

117 X bs +b; - by /ass 172 S102 b=
118 ST+2 174  6SBa

119 RCLC Rg«< -b; 17S €SBc i=1,234
126 ST=3 17€ 1

i21  RCL2 77 STO4

122 CHS 176 €SBa
123 STOB 17 CcLY

124 2S 18e RTN ___________
125 RCLE Reap; 181 slBLc

12¢  STOC a3 182 CLX Set all b; = 0.

127 RCL4 as 183 S710!
128 RCL3 184 STO?

129 2S 185 S102
13@  RCLE 18¢ STO4

131 x 187 RIN
132 STH by <b, - a3 bs 18¢ «BLE oe____
132 LY 182 Fe? AUTO toggle.
134 RCLB 19¢ ¢TO0@

pa saa 191 SFe

+2 b, <b, — 2,3 b 182 1
127 RCLC Pom 192 RIN
138 8122 b; «by /ag; 194 sLBLE
129 RCLS 195 CFe

146 RCL2 19€ 8

141 CHS 197 RIN ce__

142 x

142 ST+1 by <b; —a;; by

144 RCLS eee-

145  ST=1 by «by /ay,

14¢ Fe?

147 SPC

14¢ RCL! Output

149 ESBS b,

158  RCL2 by

151  6SBS bs

152 RCLZ bs

152 es |---—-—-—-=-===——--
154 RCL4 Output routine.
155 &LBLS Print for AUTO.

156 Fe?

157  PRTX

15¢ Fe?

159 RTN

168 R/S Halt otherwise.
161 RIN eee_

162 sLBLC Compute inverse by 4 calls

162 €SBc to LBL a, each one solving

164 1 Ax=1,j=1,23,4,
165 STO!

166 €SBa

167  €SBc

168 1
LABELS FLAGS SET STATUS

ADet B Input b Clnverse 0 [E AUTO? 0 auTO FLAGS TRIG DISP

2 Solve © “Clearb d © ! 0 a orF DEG K FIX B

0 Used 1 2 3 4 2 1 0K GRAD O scl O
2 0 RAD O ENG O

5 Output 6 7 8 BE 3 3 0K n_2       
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Solution to f(x) = 0 on an Interval

 

   
 

 

  

 

      
   

901 *LBLA b B57 1 1fs>1, reject b’.
pez  STOB B58  X<y°
p83  ESBE f(b) B58  €T01
pe4 S708 Bé@  RCLE
pos RIN eee___ B65!  RCLC
80¢ sLBLB 862 -
887  STOA c B€2 ABS
8ee  STOC 864 4
pee  £SBE BES = If b' is closer than
pie SsT08 fc) BEE RCLD

ol Te TTT TTTTTT oe RoLC bodZ to c, then reject b'.

813 sLBLC TOL BES ABS
614 STOE gve  X<y°

BIS RIN ee____ 871 ET0M
B1€ sLBLD 7¢  RCLI
BIT RCLE If f(b) = 0, exit. 73  RCLD
81 X=a? 874 RCLE

819  £T0S 7 - If |b’ -b| < TOL, b'«b+
268  RCLB TE ABS TOL1 x sgn (c - b).

821 RCLC E77 XY?

22 - ave E6702

23 ABS gre Xe
824  RCLE If TOL > |b - c|, exit. 68¢  RCLC

25 XY? Be! RCLB

B2¢ 6705 pes -
27 2 B82 ENT?

p2¢e : ag4 ABS
29 EEX ees =

eze CHS Bee x
831 Q TOL1=10"°b+% TOL. BET  RCLE
B32 RCLE age +

822 x age STO0D
224 + gee  ¢T02
3s cT0! eer «BL! eee—
e3¢ RCLE 89:  RCLE Reject b', set

837 RCLE Linear interpolation (secant esz RCLC

B3¢ ROLE method): 834 + p= xe , i.e.,midpoint
829 - 9s 2
848  RCLA bop f0) B9¢ : of [b, cl.
B4! RCLE f(a) - f(b) eer stob ________

a4z2 - a-b 89¢c sLBLZ Set new values for next

B42 : 89% RCLE iteration.

844 £ b’ may be next b. 1ee  STOA a+b
B45  RCLE 18! RCLE
-213 KY 182  STDB

p47 - 182 RCLD fla)lb)
4c STOD Testif b’ € [b, c). 184 STOE bb’
849 RCLE 185  6SBE
ase - b —b 16¢ £108 f(b) «f(b')
#51 RCLC s= 1867  RCLS
852 RCLE c-b 18g x
852 - 169  x<@° If f(b) x f(c) <0,leave c
254 % 11e 6703 unchanged.
855 xe? If s <0, reject b'. 111 RCLA Else replace c+a.

B85¢ 6701 112 §10C

REGISTERS

0 1 2 3 5 7 8 9
f(a) f(b) f(c)

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

Aa Cec °y ® ToL ' ToL  
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112 RCLE f(c) f(a)

114 sT09 ———————-=

115 slBL2

11€  RCLS

117 ABS

116 RCL8
119 ABS If |f(b)| < [f(c)I, loop again.

128 X<y°

121 ET0D
12 RCLE Else swap b and c and set
27 RCLC a< (new) c.

124 STO0B

125 ay

126 STCC

ar STOR

126 RCLE

129 RCLS

136 S108

121 Xsy

28 8109

IZ ST08

134 E700 Loop again.

125 BLS |

13¢ RCLE Display root.

137 RTN  |-----———

138 «LBLE

120 RTN User-defined f(x).

LABELS FLAGS SET STATUS

"b Bc © ToL ® root E fix) 0 FLAGS TRIG DISP
a b c d e 1 ON OFF

oo 0K DEG FIX K
0 7 s 7 3 a 2 KI RAD O |Reject b 2 Newa,b,c End loop ; 5 : ona 5 Beg 0

5 Exit 6 7 8 3 3 sO wm a)    
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T #LBLA Input h. B57 LBL’

ee:  cT0D 85¢ c If n is not even, display
eez RTN meee ese < “Error”by call to E.

064 =xLELE Input f(x) gee FRC
ges sroe Ro contains TRAP Z. per x¥@”

BBE STO Ry contains SIMP Z. ee2 e6EE -——-——=————-

per e n=0 BEEZ RTN Compute Simpson area.

Bes croc 864 xLBLc
869 LBL? BES RCLA
a1e RIN mea== B6¢  6SEi Ro +f(a)
e1! LBL Input f(x;), j odd. BET STOR

812 ST0R Ro «Ro +2 f(x;) PES  RCLE
812 EGSBé BE9  ESBi
814 ENT? gre ST+@ Ro + Ro + f(b)
a1s + ev!  RCLB
Bl€  ET+9 Ry «Ry +4 f(x;) 72 RCLR
17 RCLC 872 STOE Setinitial x to a.

BIg 1 B74 -
e19 + 7S RCLC
exe £T0C nen+1 ave %
21 RTN 77 STOD h<(b-a)/n
2: sLBLE -—————————— ere e
62: STOR Input f(x;), j even. eve S709 Ry will count to n.

24 GSBE Ro + Ro +2 f(x;) gee s*BL¢ a___
25 ST+2 pe: RCLD
2¢  RCLC ee: RCLE
27 1 Ry «Ry +2 f(x;) aes +
ele + ees  STOE xx +h
20 STO0C nen+ 1 BeS  E6SBi
#ze 6709 Exit B2E  6SBE
Bz! wBLC |——— 887  ST+@
8:2 2 Compute trapezoidal area gee 2 Ro «Ro +4 f(x)

23  RCLE #29  ST+9
834 E708 8%e RCLC
JE «Bl |—_—_—_= 89! RCL

B36 RCLC Compute Simpson area. B92 X=vy? If Rg =n,exit.
827 GSE 692 E108
128 2 Test n even. 894  RCLD
82° RCL 89% RCLE
nade sxLPLe 89¢ +
84! RCLA 897  STOE
842 - 2 f(x,,) were added, so sub- 89g 6SBi xx +h
B42 xLBLd tract f(x). 899  GSRE
#44  RCLD 1ee GT08 Ro «Ro + 2 f(x)
4c X ie! «BL6 ________
p4¢é £2y 182 2
e47 =: 182 RCLE =
BS PRIX 184  CT0d Area 3 x Ro
p49 RTN Area 185 xLBLE
856 «BL. 00____ 186 ENT* __________
851 STOP Inputaandb . 187 + Subroutine.
852 X2y Store b. 188 ST+e

853 STOA 189 RTN
854 RTN Store a 118 xLBLe Ro + Ro +2 f(x)

855 #LBLb Inputn. 111 8101 Inputi toselect function
BS¢  €T0C 112 RIN 1-5

REGISTERS
0 Used 1 2 3 5 6 7 8 9 Used

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A fix), a PF b § n © h x : Function i
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—>SIMP [ None

Output i

Loop fc Loop B 
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Gaussian Quadrature
 

    
  

 

      
   

[881#LBLA 8s’ 5
pa: Pee ese 1
83 . ese 4
864 2 ace 2
aes 3 BE! STO4
88¢ 8 8&2 .
ser € 2, =-2, BES !
pee 1 [121 7
B89 s BES 1
pile 1 86¢ 2 Ws = Wg

81! e 8ev 2
812 g Bes 4
812 : 869 4
814 STOE ere Q
1s . 671 2
ele 4 72 4
Hs & evs  ST0S

B18 7 874 pas
B12 9 evs CLX
B26 1 wi =w, eve rRTK eee

21 3 B77 &LBLE Integral from a to b.

22 9 eve STOR b
23 2 are ay
824 [] eee  STOC a
82% € ae! -
B26 STO! aes 2
27 . 82 z

B2¢& & 884 STOR Ra< (b-a)/2
829 € 88s RCLC
83e 1 B88¢  RCLE
82! 2 23 = -24 ev +

32 e 88¢& 2
823 9 eee 2
834 3 ese STOR Rg «(b+ a)/2
82s 8 acl e

83¢ 13 892 S108 Ro will accumulate Z.
837 5 Bez 1
83g 102 894 e Set I to point at z, .
829 . #95 STOI
p46 3 8%¢  6SBb Each call to b computes 2

84! € 897  ESBb terms for Z.

842 a B3¢  GSBb
84z 7 #9¢  RCLE
B44 € Wi = wy 166 RCLA
845 1 181 X b-a Zw; fix;)
B4¢ S 182 PRTX
e847 7 182 RTN
84g 3 184 «BLb o_o ____
842 S702 185 RCL: Computes terms of Z.
e5e . 166  1SZ1 Zz (j=1,3,5)
851 Q 1867  sTO0C I points to w;
852 3 188 CHS Re«zj
852 2 189  RCLA Zj+1 =
854 4 25 = -2¢ 118 x Compute term j + 1

855 € 111 RCLB xj+1< [241 (b-a) +b+a] /2.
856 3 112 +

REGISTERS

0 3 1 2 3 5 6 7 8 9

SO S1 S2 S3 S5 S6 S7 S8 S9
Z Wi 23 W3 Zs Ws

A b-ali2 B b+a)2 C Used © : 10-15
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113 6SBE Wj = Wj4q 169 #LBL8 Finds one term.
114 RCL: wit Flxjeq) 176  RCLi
115 x 17 x — fix)
116  ST+8 172 RCLE (+z)?
117 RCLC 172 Xe
118  RCLA Compute term j. 174 &

112 X 175 S146 ——————————_
126  RCLB 17¢ RTN 48 stepsreserved for user-
21 + 77 BLE defined function f(x).

122 GSBE w; f(x)) 178 RTN
122 RCLi
124 X

125 ST+@ I points at zj45. Also available are R; - Ry,
12¢ 182 Rp. Rg, and stack.
127 RIN |e____
128 =LBLC Integral from a to oo,
129 E€T0A a
i136 e

121 sT0€ Ro will accumulate Z.
122 1
133 e I points at z; .
134 £70!
13% ESBc Each call to c computes 2
13¢€ GSBc terms for Z.

37  6SBc
126 RCLe
129 Z
148 X }
141 PRTX 25 — fix)
142 RTN (1+z)?
142 «BLe ——_____
144 RCL: Computes terms of Z.

145 1821 7; (j=1,3,5).
146 STOC I points to w;.

147 CHS Rez
148 GSB9 Zj4+1 = 7
149  GSBE
158 csBe jer)
15! RCLC
152 6SB9 z
153  6SBE (xi)
154  €SB8 '
155 1821

156 RTN I points to zj42.
157 #LBLS pono_
158 1 Computes argument.
158 +
168 STOB x= —2+a-1
161 2 +z
162 2Y
163 £
164  RCLA
165 +
166 1
167 -
168 RTN

LABELS FLAGS SET STATUS

A START [Batb-sP¢ [Cassl¢ b E User f(x) FLAGS TRIG DISP
a b c e ON OFF

Z terms (B) 2 terms (C) o O DEG Xl FIX &
0 1 2 3 4 1 0 GRAD O sci O

2 0 RAD 0O ENG O
5 6 7 Susedine [° Usedinc 3 0 n   
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B81 #LELA 2 B57 RCLC
ge: 2 ese + =

pezA ese £TOC Vier ZVith
B64 STOR ace RCLE

eas RTN F1 clear for 1%-order. 86!  RCLD Xj+1 = Xj +h
88¢ xLBLE Yo Bes +
aery CF! REZ STOR

aes croc Xo 664  6SBS

gee Ki BES  RCLC

eie csT0B —m———————— BEE ESPE

e1! RTN F1 set for 2" -order. Bev Fes Loop again.

212 #LBLC Yo Bes Lo
812 SF! Bee ETO 2™.ordersolution.
et4 crop ———_______ 876 sLBLd vo
81s RTN Compute solution. 87! RCLD Yo
81¢ #LBLD Branch for 2"-order. 72 RCLC Xo
17 Fi] B72 RCLE

R18  6T0d4 1%.order solution. 874 ESBE ky /2

819 =«LBLS 7S STOE

g2e RCLC av S102

B2! RCLE iT RCLR

22 GSBE ky /2 878 ESB ka /2
23 ETOE eve  cT0@

24 RCLC yi + (ky /2) ese S109

2C + es: RCLA

B2¢  RCLE es2 RCL?

27 RCLA x; + (h/2) 8eZ  RCLD

2€ + Be4 +

829  CSBE ky /2 #95 ROLE Ks/2
aze cv08 B8¢  EGSBL

7 ROLE yi + (kz /2) BST ST+8
32 + BES ENT?

32 RCLE pes +

824 RCLA x; + (h/2) egg  ST09

2° + 89! RCLA

B83¢ GSEBE k3/2 892 ENT?
ezv cT+8 aes +

835 ENT? 894 GSB. Ke/2
eze + B9S RCLE

p4e RCLC yi + ks 9c ENT?

84! + oF +
642  RCLE Bac +

#42  RCLA 89° RCLE
844 ENT? h 1ee +

B4S + 18! 2

B46 STOD x; +h 1e: :
p47 + ka /2 182 RCLD
848  CGSEBE 164 +

849  RCLE les STOD JH +2ky +2k3 +
858 + 166 LSTX vill t2a +2thV6
851 RCLE 187 RCLe

BS2 ENT? 182 RCLE

852 + 189 +

B5¢ + ; 116 3
855 z = 5 ki +2k, +2k3 +ke) 111 : yi’ + (ky +ky +k3)/6
B5¢ 3 112 +

REGISTERS

0 Used A 2 3 5 6 7 8 ® Used

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A h/2 x; I vi © yh [ Used !
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112 RCLA

114 ENT?

115 + h

11€  STOE

117 X

11€  RCLC yi+hlyi + (ky +k, +k;3)/6]
112 +

126 ST0C

121 RCLE

122 RCLE Xi+1 = Xj +h

123 +
124 STOR

125 6SBE Yit1

126 RCLC

127  6SBS

128 Fe?

128 SPC Loop again.
13 6104 |

131 «lBlLa Routine to find k,, ky, k3

132 RCLS ka
i232 RCLD

124 ZY [PU

125 RCLS

136 =*LBLb

137 2

12 z

129 RCLD

148 +
14! Rt
142 x

142 RCLC

144 +

145 RCLE

14¢ Rt

147 PS

148 sLBLE User-defined f(x, y) or

149 RCLA fix, v,v')
15e x

15! RTN | __________

SZ slBLE Output routine.
153 Fe? If FO set, have AUTO
154 PRTX mode: print/pause and

155 Fe return.

156 RTN If FO clear, halt to display
157 RS result.
15¢ RIN ____________
159 =xlBle AUT le.

166 Fe UTO toga

161 E7100

1€2 SFe

162 1

164 RTN

165 =sLBLE

16€ CFeé

167 8

168 RTN
LABELS FLAGS SET STATUS
1

Ah B xotyo Yo Px;; vi Etix,v.v)  [° AuTO FLAGS TRIG DISP

2 Used © Used 92Morder © AUTO? ' 2™ order 0 ON oF DEG © FIX ®

2 X DO sci O
0 Auto toggle|' ° ‘ : 0 mao. 0 ene O
5 6 8 Qutput 9 1%.order 3 a 0 n   
 



 

   
  

 

   
   

Interpolations

001 eLBLA F1 set forlinear. 857? -
082 SF1 Yo 858 STO! (x = xg (x = x3)
883 STO? 859 X
064 XY Xo 868 RCL? Lo (x)
885 STOR Be! x
006 RIN mee.___ B62  RCLE

887 sLBLB B63 RCLA
B88 STOB Yi B64 -
pes XY 855 STOD
ple STOB x) Bcc RCL! (x = xo )(x = x,)
B11 RIN -———————== be” X
812 #LBLC B€E  RCLE
812 STO v2 Be x Ly (x)
p14 x3 uve +
B15  STOC Xa 71 RCLD
81¢ CFe FO clearfirst time through. 872  RCLE
817 CF1 F1 clear for Lagrangian. 8rz x (x = xo) (x = xy)

818 RNFW- ll ev4  RCLS
819 ¢LBLD 7s x La (x)
828  STOE Bre +
B21 F1°? If linear, GTO 1. 77 PRTX P, (x)

822 ETD! ere RTN mmm
822 Fe? If second time through, 879 xlBL! Linear interpolation.
824 708 GTO. pee  RCLE
82s RCLR |]=== 88!  RCLE
B2¢ RCLE Lagrangian,first time 8e2 -
27 - through. 88z  RCL7

B82¢  RCLA eq X
828  RCLC 885 RCLE
83e - B8¢  RCLA
83! x per -
832 87:7 vo/l{xo = x1 )xo = Xz] gee RCLS
832 RCLB gee x
2 qi

bn Fo 00:  RCiE Jytexa)ve.
83¢ RCLE 892  RCLR Xi = Xo
827 RCLC RZ -
B2e - 894 z
839 x #95  PRTX
pee  ST=8 yi/llxy =x )x; = x5)] 89¢ RTN
84: RCLC 897 LBL
#42  RCLA eee ston __ _ ________

B42 - es RTH Finite difference.
844 RCLC 16e «xLBLb X3
045 RCLB ey sto oo___
B4é - 182 RTN h
B47 x 182 «Ble ___________
848 ST=9 J(%s = xg )(X5 = X 184 STO!
B49 SFB va/lba =xolba =x] 185 Re ve
85e sLBLE FO set from now on. 1866  STOE
851 RCLE --————————_—-= 1687 Re vs
852 RCLB Lagrangian 188  STOD

853 - 169 Rt Ya
854 STOE 118 -
855 RCL6 111 3 -3y; +3y,
856 RCLC 112 X

REGISTERS

0 ! 2 ° ‘ s ® x 7 Used ® Used * Used

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

Xo, X3 Pon C X2,U D x — x, y2, Used [ X-Xy,Y3 ! X =X, Ya
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=Y -3y3 +3y2 -v1
114 - Ya

115 Rt 83y_u

11€ +

117 8709

118 RCLE

119 RCLD

126 - Sy_y

121 STO?

122 RCLI

122 RCLD

124 +
125  RCLE

126 2

12 ~ 8%y,
129 sT08

136 RN |----------—-
131 sLBLd Compute y given x.

132 RCLA

132 -

134 RCLE

138 z u=(x-x3)/h

13¢ STOC

7 RCL?

13¢ X

129 RCLE

148 + ys +udy_y

141 RCLC

142 RCLC

142 1

144 +
145 x

14¢  STOD ulu+1)
147 2

14¢ z

149 RCLE

156 x we nsty,
151 + 2
152 RCLD

152 RCLC

154 1

15% -

15¢ X
157 €

158 2
159 RCLS .

168 x —ulu+1)u-18%y,
161 + 6 yu
162  PRTX y

162 RTN

LABELS FLAGS SET STATUS

A xo tye Bxty C xty 0 xy ® 2 time FLAGS TRIG DISP
2 x3 bh Cyityatystya [9 x-y ' Linear 0 ON 5 DEG ® FIX ®

TrJw FT losses] mS
5 6 7 8 3 30 uw n   
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[ B81 *LBLA Store 6. esv  s101
882 S103 85¢  6SB1
883 CLX 859  STO4
#64 ESB. Store 0, yo, Xo- pee 1 Calculate y or y'

885 RCLY Set rotation axis of 0, 0, 1 ac! 2 coefficient.

BBE  RCLS in display and recall 6. Be: STO!
p67 yr ________ B62 6SBI Stop if 2 -D.
88g  RCLZ Ac4  STOS
889 =LBLb BES F2?
sie CFe Store 0, a, b, and c. B6E RTN Calculate z or 2’
[ ST03 BET 1 coefficient.

e12 Rt ace 2
812 S106 8es S10!
B14 Rt eve ESB!
815 STON 671 STOE
ele Rt 872 8 Stop and display final 3
817 S102 872  RCL4 -D results.
p18 IP Calculate Va? +b? +c? 874  RCLS
19 2Y 875  RCLE
aze Re 87€ RIN ae_
821 +P 77 sLBle Set matrix done flag.

822 ST=8 Calculate unit vector eve SFe (Program pointer says

22 ST=1 components. B79  ET0c matrix done.)

824 ST=2 ese «BLL ————
8zs RIN eee___ ge! Fe Set matrix done flag.

B82€ sLBLa Store zg, Yo, Xo- gz eroc —ee____

827 CFe 887 LBL! Matrix multiply x and y.

82g S109 p84 8
829 Rd 885  RCLA
836 STOE 88¢  £5B4
831 Re 8e7  RCLB
azz sT0? 888 £584
832 RTN 8es  RCLC
834 «BLC --—————— ase 2S Fetch xo, Yo or zo depend-
835 SF2 Set 2 -D flag and input 891 RCL: ing on which coefficient

836 e dummy zero. 892 PS is being calculated.

837 «Lc: --——-—-—-—--- 892  STOD
838 RCLO Store (x = xg), ly = yo), 894 RY Matrix multiply z.
829 _ (z - 20). 895  CSB4 If calculating P from P’
p4e sT0C 89€ RCLD add appropriate translation

84:  CLY 897 Kav distance.
842  RCLE 89g F1°
p42 - 899 +

844  STOB lee  PRTX Outputresult,set stack for
045 CLY 181 RCL4 2 -D stop.

P46 RCLT 182 2 ————-—-4
847 - 183 RTN Matrix multiply and

848 STOR 1864 xLBL4 counter.
849 Fe? 185 RCL
ase ¢cT08 Calculate matrix coefficients] 18¢ x
851 eSBs if not already done. 187 +

852 wpe eee 18e 1821
853 CFe Calculate x or x’ coefficient. 189 1821
854 SPC 116 1821
855 1 111 RTN
85¢ 1 112 #LBLS

REGISTERS

°a "ob 2c 0 [xe yo) [Pa "vo | ow
SO S1 S2 S3 S4 S5 S6 S8 S9

2, 2 2 m, my m3 nz n3

A xix’ P yly') [ 2(2') Post, (xo, Yo. Zo) [ sin | control   
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12 RCL3 Calculate sin, cos@ and 169 ST-2 csind
114 1 1 - cosé. 178 ST+4
1s +R 17 CLK
116 STOD 172 LSTX
117 CHS 172 x b sin6
118& xy 174 ST+3
119 STOE 175  ST-7
12e CLX 176 CcLY
21 1 177 LSTX
122 + 17 X asinf

23 RCLe Recall unit vector 17 ST+8
124 RCL! components. 186 ST-6

125 RCL2 181 pas Matrix complete.
126 Rt 1 -cosf 182 RIN -————_————
127 PS Store 1-cosf in Rgy - Reg. 182 sLBLE Set 2D flag and input
128 STO! 184 SF2 dummy zero.

128 S102 185 e  t{t--------—-

136 S102 18¢ =LBLe Input x, y, z.

131 ST04 187  ST0C
132 S8T05 188 Re
32 STOE 189 STOE
134 S707 19¢ Re

135 sT08 191 STOA
13¢ ST09 192 SF1 \
137 Ri Multiply by c unit vector 182 Fe? Set inverse flag.

138 STx7 component. 194 CT06 Calculate matrix coeffi-
122 STxg 195 6SBS cients if not previously

148 STx9 19¢ sLBLé done.
141 STx9 197  6SBe , TTTT 7
142 STx€ 19 CFI PoP
143 STx3 199 RIN | ___________
144 Re 200 sLBlLe
145  STxS Multiply by b unit vector 281 SFe Set matrix done flag.
146 STS component. 282 €T0e

147 STx2 203 wBLE =02|-------—-—-=-=
148 STx8 2604 SFe Set matrix done flag.

149 STx4 es e¢re¢e

$8480|

-------——-

156 STxé
151 Re

152 §Tx2 Multiply by a unit vector

153 STi component.
154 STi
155 STx4
15¢ STx?
157 8Tx3
158 R¢
159 Ré c+X
166  RCLD

161 STH Add cos.
162  ST+3
163 ST+9
164 CLX
165 RCLE
166 F1? sin
167 CHS CHS for P'>P.

168 X —
LABELS FLAGS SET STATUS

Axotyotd |B C xty->P' D [E x'ty'>P  |OMatrix done FLAGS TRIG DISP

Axotyotze  [Patbtcts [© xtytz>P’ | © Xty'tz>p |'P'>P c DW oes m Fx
0 Used Mult. 2 3 4 Mult. 220 = GRAD Of SC 0
5 Matrix 6 7 8 ® 3 3 0 & n       
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Intersections

981 sLBL. Input Py, P,’. 857 RCLE

ee: esses oo___ 858 RCL?
862 sLBLA Input P, and 6, . ese sty |===
864 1 eee RTN Setflag for alternate

885 STOE 86! sLBLe point solution.
80¢ Ré Bez SF1 TTT TTTTTT
#87  STOD 862 CTO0@ Start primarypoint

888 Re 864 sLBLd solution.
oe SToe ~ bes “os Select type of solution.

811 STOR Cr BET CF2
InputPy,P,. mmm mmm ————

a12 RTN Prr eee SPC Line-line intersect.
813 #LBLb Input P, and 6,. 869 E70:

814 ESBS ave xLBLZ2
815 sLBLE 871 RCLE
ele 2 7a 1 Check for input error.

e817 STO! 73 KEY?
8:8 Re 874  ET06
819  STODA 875 RCLD 1£0, = + 90° go to special
a2e RI avé cos solution 8.

22 RY eve E6708
822 sT0C B79  RCLA If, = 90° go to special
824 RTN ee ase ces solution 7.

825 sLBLD Input X01, Yo1., r- 881 X=0"?

82¢ 2 8e2  erov
827  ¢T0I Bez  RCLB
62¢e RY B84  RCLD
829 STOR ees TAN Calculate xp.
a3e Re ase  STO6
831 STOD9 eer x
832 Ré 8%¢ RCLE
83: £708 889  RCLA
6834 RTN ese TAN
e35 «BLE —————————— es: £107
B83€ 4 Input xo2, Yoz, r2- as: xX

837 STOE 892 -
83e Re 894  RCLS
#38 ST0D 89s +
B46 RY 89% RCLC
841  STOC as? -
842 Re 898  RCLE
64: STOE 899 RCL?
44 RTN 108 -
#45  sLBLS 181 z
e4¢ StO07 o___________ 182 sLBLS
847 oY Transform P and P' to P - 0 182 ENT ___________

84  STO6 form. 184 ENT? Calculate yp.
849 Re 185  PRTX
856 - 16€  RCLE
8s! 2Y 187 -
852 Rt 188 RCLé
852 - 189 x
B54 IP 116 RCLC
5s Re 111 +
856 + 112 PRIX

REGISTERS

0 ! 2 s s ® Used 7 Used ® a. Xey ° Y2. Year

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

Agr T X1, Xgg I° Yi. Yer 0,,r, Code "Code
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113 RTN Calculate x; for §, = + 90°. 169 +
114 slBL7 178 PRTY
115 RCLD 171 RTN ]
116 TAN 172 sLBL4 Calculate xp for circle-
117 ST06 172 ¢spe circle.
11g RCLE |-m———————=—= 174 +
119 6109 Calculate Xp, Yp for 8; = 175 RCLD

128 LBLS $90". 176 x2
121 RCLB 177 -
122 RCLB 178 2
122 PRTX 179 z
124  RCLS 188  RCLE
125 - 181 :
126 RCLA 182 RCLA
127 TAN 182 :

128 X 184 cos
129  RCLS 185 F1°

130 + 186 CHS
121 PRIX 187 +

132. RIN |e 188 RCLA
132 slBL3 Circle-line or circle-circle. 189 IR

mm ,
1 Res Ie RCLE Calculate yp, for circle-
136 670: 192 PRTY circle.

137 waLBL! 192 2Y
138 &sBe Calculate xp, for circle-line. 194 RCLY

132 - 195 +
148 £707 19¢  PRTY
141 XY 187 RTN
142 RCLD 198 sLBLE Calculate a and D.

143 - 199 xz
144 cos 206  RCLC
145 RCL 281  RCLG
14¢ x 28° -
147 CHS 282  RCLB
148 X«<@° 204 CLE
149 SFZ 205 -
158  ENTt 206 2p

151 Xe 287 STO06 ) 2
52 RCLV 288 xe Calculate D? and r®.

153 - 289 RCLA
154 [Ed 218 Xe
155 F2° 211 rN eee__
15¢ CHS

157 + Calculate P,.

158 5 Calculate P, .
159 F1? Bring P, back if flag is set.
1€6  LSTX Calculate xp.
161  RCLD
162 SY
163 +R
164  RCLE
165 +
166 PRTX
167 SY Calon

culate yp.
pp CABELS FLAGS SET STATUS

Axityi 10, [Bxatyat6, C TPxortvor tr [Exoztve: try FLAGS TRIG DISP

d e LI ON OFF
a x; ty; txty, ® x2 tya tx, '1y, © >Xo1, Yo1 X02, Yo2 Prim/sec o O DEG X FIX

— 3 4 2 10 GRAD O scl O0 Used "xp 2 Line-line Used Xp Quad 0D © AAD O ENG O

5 Line spec. [° 7Vert. line  [Vert.line  [%yp 3 3 0 n         
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       I Xc, ky Ye 

Circles

B81 #LBLo Store x;,Y;. 857 x
8ez  STO4 85¢ RCL?
663 RY 859 RCL3
804  STO3 #68 -
885 RIN |e B61  ST=2
806 sLBLb 862  STOD
807 STO6 Store x3, Y3. B62 RCL?

es R¢ B64 RCL3
889 STOS 86S +
816 RTH |e__ B66 x
81! sLBLc 867 +
812 sToe 86€ 2
812 Re Store x3, v3. Bes z

814 STO? 878  RCLD
815 RIN  |-—e 71 z
81€¢ sLBLd If x; =x; or 72 STOE
817 SPC X; = x3 then 872  RCLC vo=Sa-ki
BIE  RCLS 874 - N: -N,
819 RCLZ Py 875 RCL2
828  X=v°? LN 87€  RCLI
821 CTO Ps > Py 77 -
822 RCL? ave %
823 RCLZ 879  STOD
824  %=Y° 888  RCLE
82s  croe Ber Xay
626 sLBLI 882  RCL2
27  RCLE Calculate k; and N;. 882 x Xo =kz = Nz yo
828 RCL4 884 -
829 - ees  stocC Output x.

838  STOI 886  PRTX
831 RCLE 887 RCL?
822 RCL4 age - Output y.
833 + 889  RCLD
834 x 898  PRTX
835 RCLS 83!  RCLE
83¢ RCL3 89s - Output r and stop with x

837 + 892 +P inZ,yinYandrinX.
83g RCLS 894 RCLD

829 RCLZ 895 2
048 - 896 RCLC
B41  ST=1 B57 X2v
842  stOC 89  STOE

042 x pac SPC

844 + 188 PRTX
845  RCLC le: RTN
84¢ : 182 sLBL@
047 2? 182 RCL? - P TTTTTT

948 =z 184 RCLE J \

849  sTOC 165 RCL3 Py +P,
856 RCLE 18€ STO?

#51 RCL4 lez CLX
_ 188 RCLS832 $T02 Calculate k, and N,. 189 S702

854 RCLE 11 CLR
855 RCL4 111 RCL4

85¢ + 112 S708
REGISTERS

° ! Ny, i N3, 60 Xi 4 Yi 5 Xz © Y2 7 X3 8 Ys ’ 0

SO S1 S2 S3 S4 SS S6 S7 S8 S9

A AS F n 0 r ! n-i
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13 CLY 169  PRTX
114 RCLE 1786 DSZI
115 STO4 171 =LBLE
116 Rd 172 RCLB
117 STOé 172 RCLI
118 Re 17. -
119 S705 175 PRTX
126 e140. fem 17¢  STO1
12! #LBLA Input x, Yo, and r. 177 6SB2

122 STOE 17e Rt
123 Re 179 CLY
124  STOD 188 RCL9
125 Rd 181 Rt
126  STOC 182 CLX
127 RIN |e 182 RCL1
128 &LBLC Calculate n from AG. 184 Rt
129 1 185 Rt ——e_—_—_—=

138 CHE 18¢€ RTN Set to begin automatic
131 cos 187 =LBlLe loop.
132 ENTt 188  RCLB
132 + 189 sTOI
134 X2yY 196 RCLZ
125 : 191 RCLA
13¢€ LSTX 182 -
137 6708 mm 19z s109 m= ——-
136 &LBLD 194 «xLBL4 Automatic loop.
139 ! Calculate A8 from n. 195  €SBE
148 CHS 19¢ 182
141 COS- 197 sLBLE
142 ENT? 19¢  DSZ1
142 + 1899 GT04

144 ay 2ee RIN |ee_=

14% : 2681 sLBLB Calculate x and y for
146 LSTX 282 SPC given 6.
147 2 287 ET0A@
146 sBL6 | __________ 204 sLBL2
142 STOR Store AG, n, 8, and 6, -A0. 285 RCLS Calculate x and y for

156 Re 286 sLBLB contents of Rg.
151 ABS 2687  RCLE
152 . 288 R

153 5 289 RCLC
154 + 216 +
155 INT 211 PRTX
15¢ STOR 212 2Y
157  ST0I 213 RCLD
15¢ Re 214 +

159  ST02 215 PRTX
1686  ST09 21€ RIN eee
161 RCLA
162 ST-9
162 RIN | ___________

164 #LBLE Calculate and output 8, i,
165 SPC x; and y;.
166 RCLA

167 ST+9
1686 RCL9

LABELS FLAGS SET STATUS

A xotyotr B gx, y C 6,100 TPogtn E6,i, x,y FLAGS TRIG DISP

a x; ty, 0 x; ty, c x3tys d>xo,Y0,r [2AUTO 0 on OFF DEG © FIX ©

0 Used 1 xo. Yo. r 2 =x, vi 3 4 Loop ; 5 x va 5 ENG 5
5 6 7 8 9 3 0 n         
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Spherical Triangles
 

    
  

 

       

981 sLBLE S57 Fe?

802 SFI ALE B58 SPC
863 ==LBLB SAS (aCb) 852 RN ___________

684  sTOB Second S (or A) B66 sLBLb Subroutine to find one

ees Rd Bé1 RCLA angle (side)806  STOC Angle (or S) 862 RCLB
887 Re BES STOR
88g STOR First S (or A) 864 RCLC Rotate sides (angles)
889 RCLC 86S  STOB
e1e cos 86€ Re
81! RCLA 867 RI
812 SIN cosc=cosacosb+sina eee sTOC cos A= COS3-cosbeosc

812 x sin b cos C 869 cos sin bsin ¢
14 RCLE 87 RCLA
81% SI 871 cos
ele x 872  RCLB
817  RCLn 873 coc
81g cos cos C = —cos A cos B +sin A 874 X cosa = CBAC
819 RCLE sin B cos ¢ 87s Fi1° sin Bsin C

aze cos eve CHS
21 x 77 -

22 F1° B?e  RCLA
822 CHE ave SIN
24 + pee :
25 0S B81 RCLE
B2¢  STOC Third S (or A) 882 SIN
827 eroe | 882 :
828 sLBLD AAA (ABC) 684  Cos-
829 sFr

|

________ ees RTN

|

___________
836 sLBLA SSS (abc) #86 sLELE AUTO output.
831 sToc 887 Fe? Print if FO set.
832 Rd ese PRTX
832 STOB Store three sides (or angles). 889 Fe?

834 Re a9e RTN
825 ST0A 89! R/S Else halt.
83¢ sLBLE 892 RTN

837 6SBb LBL b finds one angle (or 892 «Bla ___________
838 CSTOE side) 894 SF1 AAS (A.B.a)
829 €SBb 695 slBLC Ambiguous cases
648  STOI 89¢ STOE Co
841  GSBL a9v 1
#42 STOD #98 STOR oo
843  CF1 899 SIN nae for side
#44 BLS ________ 168 SY Secondside (or angle)
845  RCLA Output routine. i81 STOR

b4e  cspe First side (or angle) 182 SIN First side (or angle)
847  RCLD First angle (or side) 163 * Co
848  €SBE 184 RCLE sing= Sinbsin A
849  RCLB Second side (or angle) 185 SIN sina
858 ¢ses 106 x } }

851  RCLE Second angle (or side) 167 SIN sinb= SinBsina
852 6sBg 182  GSBd sin A
852 RCLC Third side (or angle) 189 RCLA
254 6SB8 118 RCLE Find one solution.

#55 RCLI Third angle (or side) 111 XY? If a<b (A<B), have 2

85¢  €SBg 112 solutions.
REGISTERS

0 1 2 3 5 6 7 8 9

SO S1 S2 S3 S4 S5 - - S8 S9

B C . D_. E I.
First S (or A) Second § (or A) [ Third S (or A) First A (or S) Second A (or S) [ie A (or S)
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113 CLX

 
 

 
 

 

 

 

  
  

Else end. 169 SFe
114 RIN ________ 178 1

115 sLBLE For 2™ solution, B«cos™! 171 RTN
116 RCLI (~cos B) 172 sLBL@
117 cos 173 CFe
118 CHS 17 8
nie cos mee 175 RTN
126 sLBLd Routine finds one solution

121 ST0I given 2 angles and 2 sides.
122 RCLE
122 +
124 2
125 =z
12€ ENT?
127 SIN
12¢ oY

129 RCLI
136 -
131 SIN
122 :
122 RCLA
134 RCLE
125 -
13¢ 2

138 TAN

139 ¥
146 F1?
141 1s

142 TAN

142 ENTt
144 +

145 sT10C
14¢ cos
147  RCLA

148 cos cos C= SOs€cosacosb
149 RCLE sinasinb

158 cos
151 x

152 Fhe cosc= cosC+cos A cosB

154 or sin Asin B

155 RCLA

15¢ SIN
157 =:

158 RCLE
159 SIN
166 :

161 COS
162 STOD
163  6SB9
164 CLX
165 RTN
le¢ #BLe  |---------——-
167 Fe? AUTO toggle.

162 6108
LABELS FLAGS SET STATUS

A sss Bsas C ssa D AAA E AsA 0 Auto FLAGS TRIG DISP
a AAS b c d € Auto? ' Angles 0 a OFF DEG ® FIX ©

2 Xl RAD O SCI O

0 Used ! 2 ° : 0 pha 0 enc O
5 6 7 8 Auto out I° Output 3 30 W n       
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Gamma Function
 

   
  

 

        

aT #LBLA Load constants. 857 7
882 PS 858 8
883 . 859 CHS bs
084 5 pee  STOS
885 7 861 .
806 > 8e2 4

7 ! EZ e
ees 9 864 2
089 1 B¢S 1
aie € [1:13 9
811 S BET 9

e112 2 eee 2
813 CHS b, 8c2 9
eld S70! 87 4 be
e1s . 871 STO0€
81¢ 9 iz .
817 § 73 1
e1e 8 87 9
819 2 evs 3
82e 8 JE 5
821 5 i 2
822 8 878 7
822 9 879 8
824 1 ese 1
825 S102 b, ae! 8
82¢ . 8gz CHS b,
827 8 Beez  sTOv
82¢ 9 884 .
29 7 88s 8
83e 8 88¢ 2
831 5 eer 5

83z € ase 8
822 9 8gQ &
834 3 89e 8
83s 7 891 3
e3¢ CHS 892 4
ez?  sT03 bs 892 2
82¢ . 894 STDS bs
839 9 895 CLX
648 1 89¢ PS
64} 8 897 RTN
842 2 ase wBlB ___________
843 8 899 3S x = I(x)

044 6 16e 1
845 8 16! - (x-1)
84¢ 5 182 X<e?
847 7 182  GTOE .
#48 STO4 184 INT Brrorif (x= 1) <0.
04 . .
be > bs 10 pi If (x-1) integer, GTO b.

851 5 167 CTO
852 6 188 1

3 7 189  ST09
854 8 118 Y
8355 4 111 BLS Exit when < 1.
856 8 112 X£y?

REGISTERS
0 1 2 3 4 5 6 7 8 9

SO S1 b, S2 b, S3 bs S4 be S5 bs S6 be S7 bs S8 bs S9 n

A [ [© D [ 1
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113 eT0@ Ry accumulates product

114 STx9 (x = 1)(x = 2) (x - 3)...
115 1
11€ SE
117 6709 Polynomial approx.

118 sLBLE Here 0 < argument < 1.
119 ENT?
128 ENT?
121 ENT?
122 RCL
12 X
124 RCL?
125 +
12¢ x
127  RCLE
128 +

129 X
138 RCLS
131 +
132 X
132 RCL4
134 +
13% x
12¢ RCLZ
137 +
13¢ x
139 RCL2
140 +
14! x

142 RCL!

143 +
144 x

145 1
146 +
147 RCL9
142 xX
149  PRTX I(x)

15e 2S
151 RTN
152 sBL6 |_____
153 N?! If (x - 1) integer, simply

154 PRTX take factorial.
155 2S
156 RTN    
 

 

 

    
    

LABELS FLAGS SET STATUSLABEL
AstART [FB x-T(x) [© b [E 0 FLAGS TRIG DISP

ON OFF

° ® Integers |° ‘ © ' 0 O DEG B FIX
3 2 2 1 0K GRADO sci O

> opr. | : 2 0 ®| RAD O ENG_O[ 5 7 8 P Mioop  |3 5 09 n    
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Bessel Functions, Error Function
 

   
  

 

    
   

p@1 #LBLA Bessel n as7v sT09

082  STOA 858 EEX
002 [EE 859 CHS

804 sLBLB Jn (x) 86e 9
885 €SBa Initialize 861  STOD
8c SFB FOset for J,,. 862 RIN
#87 stBL9

0000|

________ 863 #BLb

|

___________
oo i Main summing loop. pod ol Compute one term.

m (even k). =818 ST+9 Compute term (even k) 866 RCLI F2 set except for k 0.

811  €SBb Accumulate even terms. 867  RCLA

812 F2? Compute term (odd k). oe X£Y?

813 E709 F2 clearfor last term. 9 6108 = >
814 RCLC Loop again. 676  RCLD Ith mn save To Re.
15s RrCLS | 871 €T0C
816 ENT? Rc. =T,, Rg = To atend. 872 «B86 |
817 + T 872 Re
818  RCLE Jax) =——2 874 RCLE
819 - “To +2 ZT, 875 Fe” Tht
82e : eve CHS
821 PRTS 77 2y CHSfor Jn (~Ti+1)
822 SPC 878 RCLE
822 RTN co____ ar x 2k
824 =LBLa Initialization for Bessel ese RCLD x
25 1 (Jn and I). 88! STOE Tk+1<Tk

826 . ae2 x
Bz? 5 883 + Tee2K Tt Toes
828 x 884  STOD x
a Ho Rg1.5x 88s RTN ___________

886 =LBLC831 ery n oe RoE Compute Jq (x), J; (x)

832 2Y max (n, 1.5x) 8ee  RCLY
833 6 889  ENTt
834 + e9e +
B35 RCLC 891  RCLE
83¢ 9 892 -
83r x 892 2
838  RCLC 894 R/S Jolx)=To
839 2 895 RCLD “To +22 Ty
840 + Compute m. 89¢ CHS
84} 2 897 RCL9
842 + B98 ENT?
842 2 899 +

p44 : 166  RCLE
845 INT 181 -
B46 ENT? 182 z
047? + 182 RTN
842 2 164 BLD ___________
oe + 185 CFe I(x)

8 S701 186 €SBa
851 3 107 sLBLS FOsearfor In.
852 RCLC lem +2 1ee st+¢

2 sTo8 1 Ce Accumulate each term.
855 8 111 cT08 Compute next term.

056  STOE Rg «2/x 112 RCLC F2 clearforlast term.

REGISTERS
0 1 2 3 5 7 8 FT.

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

An; erf term B 2/x; c 1.5x, Tp, 0 Tw: (ex vr)! E Ti+1: ! k; places
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115 RCLS 160 3 =
e

pr ENT? Rg = Ty atend. 176 x rx

116  RCLE i” J erfe = 1 — rf
nr ex

19 * A 174 LSTX
I = 1 7

126 RCLE nbd =e To+22T; pe ana ———

121 3 ° 177 RCLE Find erfc, x > 3
2 v 2),

12 e" 178 1% 1/(2x*)>Rg

124 PRIX 175 S108
125 SPC 188  RCLA 1/x>Ra

126 RIN 181 1
127 wee ooo 182 sto

0000|

eee

128 STOR Evy and grtc 182 sLBLE Loop forerfc

129 xe Initialization 184 RCLB (Stack contains Zp_1)

138 STOD 185 RCLC

ph 2 186 2
132 x 2 ! & c . 2

133 sToB ZR 186 S70 BatSnoy 221
124 1 189 x 2x2

135 sTOC 196 RCLA

13 RCLD 2 a ore
137 er e log TOR TatZn1 +8,
138 Pi od xe
129 x - RY RND (Z,_1)

148 x 2 185 RMD
141 STOD Vm) 1% xzv RND (Z,)
142 3 197 RNC If last 2 sums are equal

142 RCLA 138 X=y? to N places,exit.

na 199 ¢T08
145 e103 If x > 3, compute erfc first. 288  LSTX Zn

14€ sBl7

|

T0000 28:1 e606

|0

_______

147 RCLE Loop forerf 262 sLBL®

148 RCLC (Stack contains Z,_1) 283 LSTX

149 2? Let5,, =, be n™ term and 284  RCLD

156 + sum thru 1% n terms,resp. 205 = erfe(x)

151 sToC +1. a 1
152 = 288 x erf(x)

133 koa ” 209 LSTX
808n-1 —_— 21e XS

I n+ 211 sLBL2

157 x3y ZacZn-1 48s Hz PRIX erf(x)

158 RMD RAND (2,1) 214 prs
159 xv n-1 TX erfc(x)

168 RND 2s x
161 x=yo RND (Z,) 216 SPC

162 cT08 If last 2 sums are equal to 217 rN ________

N places,exit. 218 slBlLe
163 LSTX 5 219 STO Set DSP to places of

164 €T07 no 228 Deri accuracy desired for erf

165 sale Exit erf. 221 RIN azo.
66 uw

===

TTT

167 RCLD Zl Vr)
162 :

. = LABELS FLAGS SET STATUS

n x=>Jp (x) C Jo: dy 0 x15 (x) [E x—>erf, erfc [© Jp FLAGS TRIG DISP

: Bes. init.  [° One term c d © Accuracy 1 . ON OFF ee © x ®

Used 1 2 Print erf 3x>3 (erfc) [4 2 k=0(Bessell 1 O & GRAD O scl O

5 6 erfc loop 7 erf loop 8 I, loop 9n loop 3 2 cS RAD O ENG 0        
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Hyperbolics
 

   
  

 

      

861 #LBLA Arc 857 R:
882 SF2 Set F2 forinverse. ese 2€
08S RTN mmm ese RIN -——--——-——-
664 #LBLB Sinh 8c #LBLD Tanh
805 PS Be! P2E

aec Rt 862 Rt

ee: Ssto0@ Save t BE: STOR Save t

fee RI bedq Rt
aes F22 If inverse, GTO 0. 8e5  sTOE Save z
aie eToe BEE Ri

811 ex 8e7 Ri

812 ENT? 868 27

12 18 Compute sinh x. Bee CT04 If inverse, GTO 4.
14 - 67€ ex
iS 2 ev! ENT?

Ble z v2 x

err 6Ted Exit. 873 -
fle wpe |-———ec——_—____ 674 STO9 Compute tanh x.
819 ST09 7S LeTX
exe NE Compute sinh! x. B76 ENT?
821 1 ery +

822 + ere +
23 Is gre RCLY

824 RCL9 bee Sy
625 + Be: : Exit
8z¢ Ww oo ____ geez eros ae ee___

27 #LBLI 882 xLBL4

B22 RCLE Restore t. 884 ENT?
829 RY 88S ENT¢

ee  P3s bee !
82! RTN 887 + Compute tanh! x.
32 Bc --————— eee Xa

832  pxs Cosh 829 CHS
£34 Rt ase 1
835 cro Save t. 631 +
a3 RY eaz :
ezv Fae If inverse, GTO 2. 693 LN
ee 6702 634 2
820 ex 035 *
#4€ ENT es¢ sBLE _______
841 17% 897 RCLe

842 + Compute cosh x. 695 RCLS Restore t and z.
8432 2 899 Re
844 5 16e Re

845 C703 Exit. 16: ps
84¢ sBL2 02| 162 RTN
847  STOS 183 #BL6 --————————
p42 ge 164 F2? csch
849 1 “1 185 6106
856 - Compute cosh” x 166 CSBB
851 IX 167 1-8

852 RCLO 188 RTN csch x = (sinh x)!

853 + 169 ssBLE ===

854 ww meee 118 SF2 csch™! x =sinh~! (1/x)
855 «LBL3 Restore t. 111 17%

856 RCLO 112 6708

REGISTERS
0 3 2 3 a CO 6 7 8 9

S0cvet [5 e k Sa S5 S6 S7 S8 sez |” Used

A PF [ D [ |
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113 #LBLc Sech
114 F2°
115 6707

11€  6SBC

117 8 sech x = (cosh x)!
118 RIN meee
119 «LBL?

128 SF2

121 17% sech™ x = cosh™! (1/x)

122 e020 |-————

122 sLBLJ coth

124 F20
125 6708

126  €SBL

127 it coth x = (tanh x)!
126 RIN eee
129 «LBLE

138 SF2

131 145 coth™! x =tanh™! (1/x)

132 67

LABELS “FLAGS SET STATUS

A Arc B Sinh C Cosh © Tanh E 0 FLAGS TRIG DISP

: > Csch ° Sach ¢ Coth ° co D%®| oes FIX
0 sinh! 1 Exit sinh 2 cosh! 3 Exitcosh |* tanh! 2 Arc ; 5 GRAD S NG 5

5 Exittanh [6 csch™’ 7 ech! 8 coth™! y 3 30 n       
 

 



Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS
 

SYMBOL OR
CONVENTION

INDICATED MEANING
 

 

White mnemonic:

X

Gold mnemonic:

y
X

oe
X4y

a

 

White mnemonics are associated with the user-

definable key they are above when the card is
inserted in the calculator’s window slot. In this case

the value of x could be input by keying it in and

pressing 3.

Gold mnemonics are similar to white mnemonics

except that the gold f key must be pressed before

the user-definable key. In this case y could be input
by pressing [1 3.

4 is the symbol for ED. In this case is
used to separate the input variables x and y. To

input both x and y you would key in x, pressENED,
key in y and press £3.

The box around the variable x indicates input by

pressing a

Parentheses indicate an option. In this case, x is not

a required input but could be input in special cases.

+ is the symbol for calculate. This indicates that

you may calculate x by pressing key £3.

This indicates that x, y, and z are calculated by

pressing [J once. The values would be printed in

X, y, z order.

The semi-colons indicate that after x has been calcu-

lated using @3, y and z may be calculated by

pressing GRY.

The quote marks indicate that the x value will be

‘‘paused’’ or held in the display for one second. The

pause will be followed by the display of y.

The two-way arrow <p indicates that x may be

either output or input when the associated user-

definable key is pressed. If numeric keys have been

pressed between user-definable keys, x is stored.

If numeric keys have not been pressed, the program

will calculate x.
  



SYMBOLS AND CONVENTIONS (Continued)
 

SYMBOL OR
CONVENTION

INDICATED MEANING

 

 

P?
0

 

The question mark indicates that this is a mode

setting, while the mnemonic indicates the type of

mode being set. In this case a print mode is con-

trolled. Mode settings typically have a 1.00 or 0.00

indicator displayed after they are executed. If 1.00

is displayed, the mode is on. If 0.00 is displayed,

it is off.

The word START is an example of a command. The

start function should be performed to begin or start

a program. It is included when initialization is

necessary.

This special command indicates that the last value

or set of values input may be deleted by pressing

Three dots (...) indicate that additional output

follows. See User Instructions for complete

description of variables output.
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