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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 instructions to 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 calculators is 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 programs in 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 Gfy.

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, [f} on the
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HP-97 and 3, @, and ) on the HP-67. Fdr example, the operation is per-

formed on the HP-97 as €3 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,

(30%]). 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 TO +PRIMES 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, or27.
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 optional input; 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 or is 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 of the search for primes must be greater than or equal to
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 of all calculations is
signalled by a 0.00 in the display for both modes.

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

STEP INSTRUCTIONS paraunirs | KEYS | poreuT
1 | Load side 1 and side 2.
2 | To allow automatic output of
results, set AUTO mode. (£ | 1.00
3 | To cancel AUTO mode later. a 0.00




01-02

STEP INSTRUCTIONS pataunTs | KEYS | o rminirs
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 (] Factors
0.00
PRIMES
6 | Key in the lower bound of the
search for primes. FROM (5] 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). B Primes
0.00

Example 1:

Find the prime factors of 924.

Keystrokes: Outputs:

243 > 2.00
> 2.00
> 3.00
> 7.00
> 11.00
— 0.00

Thus 924 =2 X2 X3 X7 X 11.

Do not set AUTO mode.

(end)



01-03

Example 2:
Find the prime factors of 3623. Do not use AUTO mode.

Keystrokes: Outputs:
3623 3
R/S
3623 is prime.

3623.00
0.00 (end)

v Vv

Example 3:
Find all prime numbers between 101 and 125. Use AUTO mode.

Keystrokes: Outputs:
1018125808 1.00 (AUTO set)
D] > 101.00Q ***

103.00 ***

107.00 #**

109.00 **x*

113.00 ***

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

GCD, LCM. DEC + FRAC

atb-GCD  atb-LCM DEC+FRC -+ LST FRC AUTO?

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 of the 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 of the 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) = W(ab)—

The third routine in this program will find rational fractional approximations for
decimal values by the method of continued fractions. Each successive approxi-
mation is closer to 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 output first 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. At this
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. Since this is 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 .
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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 +
ag +

an

Each f; is output as a numerator N; and a denominator D;, which are computed
as follows:

N;

aNi; + Ni,
D; = aDy; + Dyy

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). Letx; = 1
and let y, = FRAC(Dec). Then

a1 = INT (x/yy)
Xi+1 = Vi

Yit1 = Xi = 3i41Yi -

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 patauNTs | KEYS | paTaONITS
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. S
t
LCM
5 |Key in integers a and b and find
their least common multiple. a
b (5] LCM (a,b)
DECIMAL—FRACTION
6 | To allow automatic output of
results, set AUTO mode. 1.00
7 | To cancel AUTO Mode later. 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 paraunits | KEYS | ooraonirs
9 | To re-output last 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 I3 14.00 *** (GCD)

R/S > 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 O 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 Ny 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,)
RIS > 2. (Den,)

R/S > 0.500000000 (Frac,)

R/S 4.353000000-02 (Error,)
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The best values are thus N,

Example 4:

5.

11.

0.454545455
-1.924545500-03

21.

46.
0.456521739
5.173910000-05

173.

(Num,)
(Den;)
(Frac,)
(Errory)

(Numjy)
(Deng)
(Fracs)
(Errors)

(Num, > 100,
SO stop)

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

Keystrokes:

v

v

Outputs:

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
ok %k
*okk

k¥ ok

ok %k

Kk ok

Fkok

kK

Hekk

kK

sekk

Kk k

kK

Fok

kekk

ek ok

(AUTO set)
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104348, **x*

33215, Aok
3.141592654 sk
0.000000000
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BASE CONVERSIONS

BASE CONVERSIONS

Xp b ] +Xg Xp* Xg

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 output is 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 (. 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 of x,, 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;o, and next x,, is converted to xg. Thus the routine is here
executed twice.

A number such 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 o

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 exponent is 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 162 or 0.BC x 1671



Remarks:
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1.  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 x;.

For example, 9815 will be treated the same as 1201,.

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Load side 1 and side 2.

To cause input values to be

output, set Print/Pause mode.

1.00

To cancel Print/Pause mode.

0.00

Key in number in first base.

(optional) Key in first base.

(If omitted, defauit value of b

is 10.)

(optional) Key in second base

(If omitted, default value of B

is 10.)

Calculate number in second

base.

Xg

To convert another number

between the same two bases

(from b to B), key in the new

X, and find the new xg.

Xg

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:

1777003 8 A D 65472.00 sk
1777358 > 65501.00 #*x*
177777 > 65535.00 %k
Example 2:

Find the ten-digit binary representation of . (x, = 3.141592654, b = 10,
B =2)

Keystrokes: Outputs:
DB280Q0F 0 — 11.00100100
Example 3:

Convert the following octal numbers (b = 8) into hexadecimal (B = 16):
7.200067 X 8719, 1.513561778 X 87

Keystrokes: Outputs:
7.200067 g
16800 —»  1.130000031-14 ##*

(1.D003A X1677)
1.513561778 33 178 —— 1.302141404 25 %

(13.02141404 24

=D.2EE4X16)
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OPTIMAL SCALE FOR A GRAPH; PLOTTING

OPTIMAL SCALE. PLOTTING

MIN MAX 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, subject to 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 of x repre-
sented by

x; = 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 .

Although we have discussed only one f(x), there may actually be up to five
different functions fi(x), i=1,2,...,5, in program memory at one time. Each
function should be under its own label, 1 through 5, and should be followed by
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RTN. The function to be evaluated is specified by keyingin 1, 2, 3, 4, or 5 and
pressing @ 3.

92 program steps are available to the user for specifying functions fi(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 R, and
Rg, through Rgg, as well as the stack, are available to the user. The functions
f,(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 @@OOEE.

3. . Press (MERGE].

4. Load your own magnetic card with the functions fi(x) recorded.
To key in a new function:

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

2. Press @OMOBE)-

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

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

iLoad side 1 and side 2.

|For optimal scale of a graph,

go to step 3; for plotting, go to

step 7.

|OPTIMAL SCALE FOR

A GRAPH

Key in the minimum value on

the graph.

Min

Min

Key in the maximum value on

|the graph.

Max

Max

IKey in the number of tics desired

Iand find the graph top, bottom,

value of one tic, and % efficiency.

Tics

Top

Bottom

%

To change any value, go to the

|appropriate step, then to step 5.

[PLoming

7 JLoad subroutine(s) (either key

|them in with and G,

or link from step 132).

Select function under 1,2,

3, 4 or 5.

i (1-5)

ng

Key in the beginning x-value.

Begin x

Begin x

10

Key in the final or maximum

x-value.

End x

End x

11

Key in the step size for x.

Step

oQ

Step

12

|For automatic output of results,

go to step 13; for manual output,

go to step 16.
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STEP INSTRUCTIONS parauns | KEYS | pATAGNITS
AUTO mode
13 |Set AUTO mode to allow auto-
matic output of resuits. 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. oo X
f, (x)
Manual mode
16  |Output first ordered pair. [+ ] D] X
fi (x)
17 |For all successive ordered pairs;
0.00 signals end (x > End x). R/S X
fi (x)

18

The value for i may be changed

|at any time. Begin x, End x, and

Step need not be re-input if

|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:
2034085 40.00 (Top)
20.00 (Bottom)
4.00 2]
100.00 (% Efficiency)
40 45
36 / // 40 //
32 35
/
28 / 30—
24 - //
201 2 3 a 201 2 3 a
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:
2184185 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) = x*. 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: Outputs:

BCOOEE
Switch to PRGM.

03 0@ G EB @
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Switch to RUN.

106200300

250000 200 (%)

R/S I 7.39 (e¥)

> 2.25

> 9.49

> 2.50

— 12.18

> 2.75

> 15.64

R/S > 3.00

> 20.09

R/S —> 0.00 (end)

20060 20008 1.00 (AUTO set)

(¢ ]o] > 2.00 *** (x)
4.00 *** (x¥)
2.20 **xx
5.67 ***
2.40 ***
8.18 ***
2.60 ***
11.99 ***
2.80 ***
17.87 ***
27.00Q ***

0.00 (end)
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COMPLEX OPERATIONS

COMPLEX OPERATIONS

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 | , Yz, 28, z”“, and
€?). Functions and operations may be mixed in the course of a calculation to
allow evaluation of expressions like z;/(z, + z,), eu?%, |z1 + 2z, | + |z2 -3 l,
etc., where z,, z,, z; are complex numbers of the form a + ib.

Keying in a complex number

A complex number is input to the program by keying in its real part, pressing
GENED. keying in its imaginary part, and pressing . For example, the complex
number z; =2 + 3iis input as 2 3 0. This number is then stored by the
program. There is room in the program to remember up to two complex num-
bers at atime. A second complex number z, = 5 - i could be input as 5 1
B . The program would now contain both the first and the second complex
number.

Functions

The complex functions in 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 30 B 8. The result is calculated as a + ib = 0.15 - 0.23 i. This re-
sult is now stored in place of the 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,
2; = 5 -1, and we wish to find z, - z,. This can be calculated by the keystrokes 2
GIED3 0SSN | EB B M. The result z; = a + ib is found to be -3 + 4i.
This result is now stored by the program in place of the second complex
number z,. A further calculation zz X z, could be performed by inputting
z, and pressing [ for multiplication. This type of chaining can be continued
indefinitely, and functions can be interspersed with arithmetic operations.
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Equations:

Let 7 = 3 + ibg = el ,k=1,2

a +ib = rel?

z

Let the result in each case be u + iv.
zy + 2, = (a; + a,) + i(b; + by)
Z, - Z; = (a; — @) + i(b, - by)

le2 = rer el(ol + 02)

Zl/Z2 = _rl é(ol - 02)

Iy
|z| = V a? +b?
1/2 =i— i.E.
P
in6é
" =1"e i(2+ﬂ)
zl/n =r1/l'l e n n N k=0,1, e ey n—l

(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, . Upon input of a second complex
number z, (as a, b, ), 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 ¢é-register, and the result (except for |z I) 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 oavaomts | KEYS | poraomirs
1 | Load side 1 and side 2.
2 | Key in first complex number
(a; +ib,). a
b, o
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
(@; + iby,) a,
b, a
5 | Select one of four operations:
e Add (+) 5] u
v
e Subtract (-) u
v
o 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:
o Magnitude (|z|) on |z]
e Reciprocal (1/z) [+ N 6] u
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STEP INSTRUCTIONS oatavmts | KEYS | o oratnmes
v
o Raise zto aninteger power (z") n [ 1] u
v
o Find the nt" root of z (z'/")
Note: n roots (u + iv) will be
found. n oo u
v
o Raise e to the power z (e?) [ 1] 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
S
Z, +2z3°

where z; =23 + 13i, z, = -2 + i, z; = 4 - 3i. (Suggestion: since the program
can remember only two numbers at a time, perform the calculation as

X [1/(z2 + z3)].)

Keystrokes: Outputs:
2 1@ 4 3
o0 2.00 *** real (z, + z3)
-2.00 *** imag (z, + z3)
(1 K& > 0.25 *%*% 1/(z, + z3)
0.25 *x*
23 300 2.50 *** (z4/(z + 23))

9.00 **x



05-05

Example 2:
Find the 3 cube roots of 8.

Keystrokes: Outputs:
8 0T Y ] - J——

Example 3:

Evaluate e2°, where z = (1 + 1).

Keystrokes: Outputs:
1 8208 —

v

a
@
v

2.00 ***
0.00 ***

~1.00 **x
1.73 wxx

~1.00 **x
1,73 wrx

0.00 *%** (z%)
2.00 ***

0.00 *** (z72)
-0.50 ***

0.88 *** (e27")
—0.48 *xx*
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POLYNOMIAL SOLUTIONS

POLYNOMIAL SOLUTIONS

a, [5TO]k](0-4)
5th 4th 3rd 2nd

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

x4+ a, ,x"'+ ... +ax+a=0 , n=2,3,4,orS5.

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
a, in R, 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 (I3 through
B)) 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;, a5, and az have been stored in registers R, through R;, then key
@) should be pressed to compute the four roots of the fourth degree polynomial
equation

x* 4+ a5x3 + a;x% + a;x + 34 = 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

y® + by2 + byy + by =0

where b, = -a,
bl = aza, - 430
by = ag (42, - a5%) - 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:

X2X+A+COx+@B+D)=0
X2+ A-COx+@B-D)=0

where A =22 B =3
2 2
D= B2—ao
(AB-E‘ZL)/D ifD #0
C=
A2 - ag+y0 lfD=0

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

A quadratic equation x* + a,x + a, = O is solved by the formula x,, =
ay a,? a,* .
iy =+ ula a,- If D =T - a4 > 0, the roots are real; if D < 0, the

. . a; .
roots are complex, beingu * iv = - > +1 ,/—D.

A real root is output as a single number. Complex roots always occur in 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
by = ag(4a, — aZ) — a? = 0 in the solution of the 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 @ Q) @ 1B After execution
of @, press () 044 G . The program will now continue to execute
normally.
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STEP INSTRUCTIONS patauns | KEYS | omrAlONITS
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 @
a, ®
a, B
a, B
a, @
3 | Compute roots to polynomial
of degree
e 5 Roots 1-5
e 4 a8 Roots 1-4
e 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 x5 - x* - 101x® + 101x2 + 100x - 100 = 0.

Keystrokes:

100 @8 B8 [© 100 @3 [
101 B @ 10! €8 @6 @

Outputs:
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1 A0 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 - 13x%2 - 10x + 22 = 0.

Rewrite the equation as x* - 2x3 - 13 x2 - 17? x + 24% =0.

Keystrokes: Outputs:

22 EIED 46 60 [ 10 5D
4@ =5 60 () 13 EIED 48

(chs i sTo JE3PA cHs W sTo REIK 6 -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 x2 - 4x2 + 8x - 8 = 0.

Keystrokes: Outputs:
8 ef]sJo

4 @ 2.00 *** (Root 1)

1.00 (Roots 2 & 3

1.73 are
1.00 1.00 = 1.731)
-1.73

Example 4:
Solve 2x2 + 5x + 3 = 0.

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

Keystrokes: Outputs:
158 @258 0B — -1.00 *** (Root 1)

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

4 x 4 MATRIX SETUP

GO

4 x 4 MATRIX SOLUTIONS

SDET  bytbytbgrby=Xx = 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 of the first card, the
original matrix A no longer exists 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:
Fan e a3 a4
dg; g9 dgg Q94
Let A =
agy CEY) ags dzq
Ay LY 243 44
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The determinant of A, Det A, is found affer its transformation to U by the prod-
uct of the diagonal elements:

Det A = (-1)* ay; a3 ag3 244,

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

A set of 4 simultaneous equations in 4 unknowns may be written as
a;X; + 255Xy + 213X3 + a14Xg = by
821X T 82X t 8psXg + 24Xy = by
ag;X; + agpXy + agaXg + 8g4Xq = by
auX; T 24Xy + a53X3 + a4Xg = 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
X7 and b, respectively.

X2 b,
X3 by
Xy 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 1
is the 4x4 matrix such that

g L=
I —{0’ i ,i,j=1,2,3,4.

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

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

e =lcy | Li=1,2,3,4.
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Then ¢? is found by the solution of the equation
A¥ = 19 where 19 = { (1) i:j ,i=1,2,3,4.

For example, ¢V is found by solution of

Al =

S OO =

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 of time,
it might be convenient to record the elements of the matrix on a magnetic
card for rapid input at 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 [0EL), GI).

Switch to RUN and press [ to start data input.

After the input of a 44, the program will halt. At this point, the data
may be recorded for later use.

f. To continue execution, press Y.

oaoos

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 O.

E9 (e

Prepare to input elements of

matrix in column order (a,,

81, A3, 8u, Arz, A, €1C.)

1.1

Display shows i.j; key in element

in row i, column j.

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.

1.00

11

To cancel AUTO mode later

0.00

12

(optional) Compute determinant.

Det A
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STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

13

To solve a system of four

simultaneous equations, key in

right-hand side and find x.

b,

ENTER ¢

b,

ENTER ¢

b,

ENTER ¢

b,

X4

Xz

X3

14

Find the inverse of matrix A

(C = A"), displayed in column

order.

Cas
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Example 1:

By applying the technique of loop currents to the circuit below, find the cur-
rents I, I, I3, and I,. Do not use AUTO mode.

The equations to be solved are

211 —'Ig = 34
-1, +3L, -I3 = 0

—12 +313 _14 =
-I3 +31, = 0

In matrix form,

2 -1 0 0 I 34
-1 3 -1 0 I, _ 0
-1 3 -1 I, 0
0o -1 3 I, 0

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

Keystrokes: QOutputs:
GROOEAE

Switch to PRGM

Switch to RUN

(A A /s BN chs R R/s R R/s Y R/s ]

1 &8 @83 1

(ER 0GR | ED 08 3 68

| BB C3 068 068 | €5 63

3 4.0

Program halts, displaying 4.0.



07-07

W/DATA “Crd”’

v

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

(5 ] > 2.6

Load side 1 and side 2 of 4x4

Matrix Solutions. ———» 2.62

34 0

W enen Jf ) 2100 (I
R/S > 8.00 1)
R/S > 3.00 (I3)
R/S > 1.00 (L)

Example 2:

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

7 5 1 3
5 7 7 7
3 3 3 5
1 1 5 1

Keystrokes: Outputs:

Load side 1 and side 2 of 4x4

Matrix Setup

a’ 5 3 1

5 7 3 1

IGB7ER3ED 5

‘ENERSER 1 ER — 2.5

Load side 1 and side 2 of 4x4
Matrix Solutions —» 2.46

> 1.00 (AUTO set)
> -256.00 (Det A)
3] > 0.218750 *** (c,,)

-0.046875 *** (cyy)
-0.015625 *** (cy)
-0.093750 *** (cyy)
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-0.281250 *** (c,y)
0.453125 *** (cg0)
-0.015625 *** (cy,)
-0.093750 *** (c,p)

0.218750 *** (c,;)
-0.546875 *** (cyq)
~0.015625 *** (cy5)

0.406250 *** ()

0.218750 *** (c,,)
-0.296875 *** (cy,)
0.234375 *** (cy,)
-0.093750 *** (c,,)

0.000000 (End)
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SOLUTION TO f(x)=0 ON AN INTERVAL

SOLUTION TO f{x) O

b+ f(b) c~flc) TOL ~root X=+f(x)

This program finds one real root of the equation f(x) = O 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 ¢ 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 Rgy, 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 of f(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, youmay 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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STEP INSTRUCTIONS oaraonrs | KEYS | pATALNITS

1 | Load side 1 and side 2.
2 | Prepare to key in function. [E ]
3 | Switch to PRGM. See line 138.
4 | Key in the function f(x) (need

not add GI9)-
5 | Switch to RUN.
6 | Key in the end points of the

interval (remember f(b) x f(c) < 0) b [ 4] fb)

c (5] fic)

7 | Key in the accuracy tolerance. TOL TOL
8 | Compute a real root. 0] 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 & = 0.1. Hence let
f(x) = sin x — 0.1. Assume a tolerance of 1073.

Keystrokes: Outputs:
Load side 1 and side 2.

Switch to PRGM. See line 138.

18

Switch to RUN.

100083

-0.61 (f(100))
10180 0.35 (f(101))
3 1.000000000-03

D] — 100.63 (root)

v .y

Example 2:

Find a root of the equation In x + 3x — 10.8074 = 0 in the interval [1, 5]. An
accuracy of 107 is acceptable. Store the constant 10.8074 in R,.
Keystrokes: Outputs:

Load side 1 and side 2.
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Switch to PRGM. See line 138.

DED OO0
Switch to RUN.

10.8074 B8 [ 10.81
18 > -7.81
o > 5.80
4 1.000000000-04
(D] > 3.21

Check the solution by computing its function value.
»  -1.901000000-05

(f(1))
5

(root)

(f(3.21))
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NUMERICAL INTEGRATION

NUMERICAL INTEGRATION
h f(x)) - TRAP - 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 Xq, X1, . . . , X be n equally spaced points (x; = X, +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

L
X f(x) dx

may be approximated using

1.  The trapezoidal rule:

n—|
fx f(x) dx = g [ fxg) + 2 D, f(x) + f(xn)]
=1

i
2. Simpson’s rule:

Xn

0

Xn
f f(x) dx =D [ f(xo) + 4f(x)) + 2f(xq) +
Xo 3

v+ Af(xp_3) + 2f(xy-3) + 4f(Xp—y) + f(x4) ]

In order to apply Simpson’s rule, n must be even. If n is not even, the calcu-
lator will halt displaying ‘‘Error’’ if B} 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; if it is not, Error will be
displayed. The program will go on to compute X, = a, X; = Xo + jh, j =
1,2, ..., n-1, and X, = b where

b
The integral fa 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 under labels 1 through 5. The function to be integrated is
selected by keying in a digit 1, 2, 3, 4, or 5, and pressing [ @ . The function
under the appropriate label will then be selected. 112 program steps are avail-
able for defining the fi(x), as well as registers R, through Ry, Rg, through Rgg,
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 fi(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 fi(x).

Remarks:

Note that the function values for the discrete case f(x;), j =0, 1, ..., n, are
keyed into @ . 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 OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/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 a
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STEP INSTRUCTIONS paraonits | KEYS | oraonms
4 | Repeat this step forj = 0,
1, ..., n: Key in the function
value at x;. f(x;) (5] i
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
and @), or link from
step 112).
9 | Specify the function i to be
selected. i1 -5) ne
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 o0
12 |Compute the area by
Simpson’s rule. 1 ] J2fi(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 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 01].25|.5 (.75 |1 (125|15]|1.75
f(x;) 2 128 (38(52 |71]92]12.1|15.6 |20

Keystrokes: Outputs:

2508202803808
5:@378@3928@ 1210

156 320080 16.68 *** (Trapezoidal)
D] > 16.58 *** (Simpson’s)
Example 2:

Find the value of
2w

f 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.

0 ® e

25

Switch to RUN.

IEED: D800 IOIIB

1pB8o0e 8.22 *** (n=10)
I JefJc 8.36 *** (n=16)

The exact solutionisg—; = 8.38.
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GAUSSIAN QUADRATURE

GAUSSIAN QUADRATURE

START atb- P f ERN f(x)

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

fa oof(x) dx or fa bf(x) 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, Rgg
through Rgy, Rp, R and the stack are also available to the user.

Equations:

b 6 ‘
[t ax <2 wf(<b>—+b+)
a 2 p 2

6
foodx =2 — % ¢ 2 1,
a i=1(1+2z) \[I+z

where
Z, = -z, = .2386191861
Z3 = -z, = .6612093865
Zs = -Zg = .9324695142
w; = wy, = .4679139346
Wy = Wg = .1713244924
Remarks:

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

Reference:

Applied Numerical Methods, Carnahan, Luther and Wilks, John Wiley and
Sons, 1969.
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STEP INSTRUCTIONS oataonts | X€¥s | o STANITS
1 | Loadside 1 and side 2 of program.
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 @1})-
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 o 2 fix) dx
8 | For an infinite interval, key in the
lower bound of the interval and
compute the integral. a [ f(x)dx

Example 1:

10 d
Find f &=
1 X

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

Keystrokes: Outputs:
Switch to PRGM.
Yx

Switch to RUN.
Do 100

The exact answer is 1n 10.

2.30 ***
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Example 2:

Find f e * x%8 dx.
0

Keystrokes: Outputs:
Switch to PRGM.

(If Example 1 has been run, delete the key 2)
-8

Switch to RUN.

B (need not be pressed if Example

1 has been run)
0 > 0.92 #**

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

DIFFERENTIAL EQUATIONS

XgtYo Yo Y 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 x,, 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 h is 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 — %),

The values for 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 Gfy. 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:
15t —order:
1
Yitr = ¥1 + 3 (cr + 2¢y + 2¢5 +cy)
where
¢; = hf (x4, yy)
h C
= hf i + -, i + -1
Co ( X 5 Yi 2 )
h ¢
= hf it ooyt 2
Cy ( X > y >
¢y = hf (x; + h, y; + ¢3)
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27 _order:

, 1
Yi+1=Yi+h[)’i + 6(k1+k2+k3)]

1
Yier =Y+ § (k; + 2k, + 2k, + ky)

ki = hf (x4, yi, ¥1)
h h h k
k, = hf ity vy ok y 2
2 (x T T g Ty
h h h k
k=hf i+—,i+—i,+—k, ,+—2
3 (X 2)’ 2y 3 1 Yi 2

K, hf(xi+h,yi+ hy! + gk3,yi’+k3)

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 ensure this is to load the program anew before keying in
each function.

INPUT OUTPUT
STEP INSTRUCTIONS paTaunits | KEYS | patauniTs

1 | Load side 1 and side 2 of program.

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

under LBL E.

3 | Switch to PRGM.

Key in the function (need not
add ).
5 |Switch to RUN.

6 |Input step size. h (] h/2
7 |Input initial values for x and y. X
Yo (6] Xo

8 |For a second-order solution,

input initial value of y’. Yo
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STEP INSTRUCTIONS pataonts | KEYS | o T ONITS
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. [ 1] 1.00
11 |To cancel AUTO mode later. [ ¢ ] 0.00
12 | Output successive values of
x and y. 0] X
Y1
Xz
Yz
etc.
Manual
13 | Output successive values of
xandy. 0] Xy
Ve
X,
Ye
etc.

Example 1:

Solve numerically the first-order differential equation

Keystrokes:

sin x + tan~! (y/x)

Lp—

y - In afC+yd)

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

Load side 1 and side 2 of program

Switch to PRGM. See line 148.
(570 NED x>l sTO NI x> ]
GEOECEME O

(sin ] + el JA) e B8] - | - JOE9

Outputs:




Switch to RUN. Do not set

Auto mode.

s@1 a8—
R/S >
>
>
—
R/S —>

Example 2:

Solve the second-order equation

1.50 (xy)
2.06 (y1)
2.00 (Xg)
2.78 (y2)
2.50 (x3)
3.28 (y3)

a1 -x)y" +xy =x

where X = yo =Yy’ =0and h =0.1.
Rewrite the equation as

” XI_,
y=(y)

1-x2

Keystrokes: Outputs:

Load side 1 and side 2 of program.
Switch to PRGM. See line 148.
D@9
188

Switch to RUN.
1B EED @800,
Gsp 403 >

11-04

1.00  (AUTO mode)

0.1000 *** (x,)
0.0002 *** (y,)
0.2000 *** (x,)
0.0013 *** (y,)
0.3000 *** (x)
0.0046 *** (y)
0.4000 *** (x,)

0.0109 *** (y,)
0.5000 *** (x5)

0.0217 *** (y5)
etc.
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INTERPOLATIONS

INTERPOLATIONS
XotYo X1ty X2tY2 x=y

This program allows selection of one of three different interpolation routines:
linear, Lagrangian, and finite difference.

Linear interpolation

If'y is a function of x, 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 _ZKi-X)yo + (X=X ¥1
X1 = Xo

1 ] S D

Yol — —

X e e - ——

X - —— - - - =

Lagrangian interpolation
Given three points, (Xo, o), (X, ¥1), and (X, y,), the program will evaluate
for an argument x the Lagrangian interpolating polynomial P,(x) of de-

* gree two which passes through the three points. Let the value of Py(x) also be
denoted y.

2
P = D, L) s
1=0

where 2
L =[] &%) 0, 1,2
j=0 (Xi =Xy
i#j
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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, + %u(u + 1) 8%y, + %u(u +D-1)8%._,,

The difference table is:

u X y

-2 Xy Y1 y y
2~ )1
oeow Ys— ¥ Yoo et Ya=3ys +3y2-y
3~ 2 4~ 3 2= )1
0 X3 Y:}/ \}’4'2}’3‘*’)’2/
Ya—Ys
X4 Y4

where 8y 1, =Y3— Y
Yo =ya-2y; + Y2
By y, =ya-3ys + 32 - 11

and =X~ X
h
STEP INSTRUCTIONS oaraomrs | KEYS | paraomiTs
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 | Input first point. Xo
Yo a X
4 | Input second point. X4
Y1 a X
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STEP INSTRUCTIONS pataonts | KEYS | oarainirs
5 |Input an x and find the inter-
polated y. X (D] y
6 | Repeat step 5 any number of
times.
LAGRANGIAN
7 | Input first point. Xo
Yo a X
8 | Input second point. Xy
Y a X4
9 | Input third point. X,
y2 X2
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 [ J 4] X3
13 {Input abscissa spacing. h (1] 8] h
14 {Input ordinates 1 through 4. Y1
Yz
Ys
Ya [ ¢ &Y
15 | Input an x and find the inter-
polated y. X (1] 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. Use linear interpolation to find approxi-
mations for the function values at 7.33 and 7.37.
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Keystrokes: Outputs:

@73 1.9879 8

7.4 2.0015@ 7338 » 1.9920 ***
73780 > 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:

=0 @ | EIED S ED B
3 EIED | @ 10 EWED 25 B

1.780 > -2.94 *¥*
420 | > 21.29 Hok*
Example 3:

The following table lists four data points with uniformly spaced abscissas
(x-values) of spacing 2.

i 1 2 3 4
Xi -1 1 3 5
v; -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:

00200 ! E3
D 2 D 9 GED 30

o > 14.00

SED OO > ~0.08 **x
2567 30 R 6.64 *¥*
413@0 > 26.99 *+x
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COORDINATE TRANSFORMATIONS

COORDINATE TRANSFORMATIONS

XotYotO Xty~p'

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 (Xy, yo) and the rotation angle () relative to the original system,
specify the new coordinate axis. These quantities are input with the £ 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 the translated origin (X, Yo, o) and is parallel to an arbitrary
direction vector (a1 b_|, ck) The sign of the rotation angle () 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 f) B key. The coordinates of the translated origin (Xo, Yo, Zo) are
input using ) . Conversions from the original system (x, y, z) to the new

system (x', y', z') are initiated using §J [@ while the inverse conversion is per-
formed with [ B.
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Equations:
- - -
x'] 1, m; n]} x-x%o
Y| =11 m nffy-Yo
4 s mg ng | 220
X | 1, 1, L|[x Xq
y| = |m m m|ly| + ]V
Lz n, n, ny Lz’ Zy
where

1, m;y n, a2(1-cosf) + cosf® ab(l-cos#) - csin@ ac(l-cosf) + bsind
1, my n,|=|ba(l1-cosf) + csinf b2(1-cosb) + cosf be(l-cosh) - asinf
13 mg ng ca(l-cos@) -bsinf cb(1-cosf) + asin c*(1-cos) + cosf

Two dimensional transformations are handled as a special case of three dimen-
sional transformation with (a, b, c¢) 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 pataunTs | KEYS | oaranirs
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. Xg
Yo
[} [ A ] 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. !
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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INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS | XEYS | paTAUNITS

6 | Input the origin of the translated

system. Xo

Yo

Z, an X
and

Input the rotation direction

vector and angle. a
b
c
) oD m
7 | Transform coordinates from
original system to translated
rotated system. X
y
z 1] x'
y
z
or
From the translated-rotated
system to the original system. x
y
z o6 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 (x,, Yo, Zo) OF (&, b, ¢, 6)

may be changed independently).




13-05

Example 1:
The coordinate systems (x, y) and (x’, y') are shown below:

B9, 7) P4(6,8)

x

¥

P,(-5, -4)

P;(27, -36)
.

Convert the points P,, P, and P; to equivalent coordinates in the (X', y') system.
Convert the point P, to equivalent coordinates in the (x, y) system.

Keystrokes: Outputs:
7 GNED 4 €5 EIED 27 B> 1.00
9 7 -9.26 *** (x'))
17.06 *** (y'}) -
5 4 — -10.69 *** (x'y)
5.45 *** (y'y)
6 8 4.56 *** (x'y)
11.15 *** (y'y)
2 7EED3CERE — 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

an > 2.45

0 1 1

625808 1.41

3.9 2:1 7.0

> 3.59 *** (x)
0.26 *** (y"
0.59 *** (2)

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:
| GIED | GIED ' 8@ — 2.91 *** (x)

4.37 *xx (y)
5.88 **x (z)
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INTERSECTIONS OF LINES AND LINES, LINES AND CIRCLE
AND CIRCLES AND CIRCLES

INTERSECTIONS

X1tY116, X24¥16; X01*Y¥0o1*l  XpptYo2th2

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 (), 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 £
@ and/or @ B. Input lines specified by one point and an angle using § and/or
B. Calculate the point of intersection using {8l B . 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 Y for point-angle representation or {3 ¥ for point-point represen-
tation. The circle is input using B3 . 3, @ 3 and @ must not be used during
circle-line intersection calculations. Once the line parameters and circle
parameters have been input, pressing [ B initiates calculation of one point of
intersection and EJ B initiates calculation of the other point. If the line is
tangent to 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 the ) and
keys to input the circles and f) B and @ B 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, - X, tan 6, + y, -y,
b =

tan 6, — tan 6,

Yo =¥y1 + (X, — Xy) tan 6,



(X1, Y1)

Circle-Line intersections:
Xp1 = X; + Pjcosf
Yo1 = yi + P;sind

Xpz = X; + Pycosf

V2 y; + Pssind
where P, and P, are the roots of

P2-2Dcos(-a) P+ D?-12 =0
6 = tan~! [Y_z“L]
X = Xq
a=tan'—l[ yo_yl ]
Xo — Xy

D =\/(Xo - x)% + (Yo - Y1)?

14-02
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Circle-Circle intersections:

Xp1 = Xg1 + 15 c08 (6@ + )

Yor = Yo + 1y 8in (6 + @)
Xpe = X1 + 1; cos (60 — @)
Yp2 = Yor + 1y 8in (0 — o)

# = tan—! Yoz = You
Xo2 — Xo1
D? + r? - r,?
a = cos™! —_ 2
[ 2Dr,

D = /(Xe2 = Xo1)® + (Yoz - You)?

<Y

¥



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 oaronrs | KEYS | oraonirs
1 | Load side 1 and side 2
(degree mode is set).
2 | For line/line intersections go to
step 3. For line/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. X4
Vi
Second point on line one. Xq'
12 on X/
First point on line two. Xz
Y2
Second point on line two. Xp'
173 o8 X'
or input one point and the angle
of each line. Point on line one. X4
Y1
Angle of line one. 0, (4] X,
Point on line two. X,
e
Angle of line two. 6, (5] X,
4 | Calculate intersection point. nn X, Yo
5 | For a new case go to step 3
and change either or both lines.
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STEP INSTRUCTIONS oataonTs | KEYS | parabNirs
LINE/CIRCLE
6 | Input two points on line:
7F;st point on line. X
y
Second point on line. x’
y' oo x'
or input one point. X
y
and angle of line. ‘] (4] X
7 | Input circle center Xo
Yo
and radius. r 0] X
8 | Calculate one intersection
point. anQ Xo1s Yot
Calculate the other intersection
point. o6 Xo2: Y2
9 | For a new case go to step 6 or
7 and change line or circle O
or both. B N
CIRCLE/CIRCLE
10 | Input circle one. Xo1
Yor
r (0] Xo1
Input circle two. Xo2
Yoz
ra € ] Xoz
11 | Calculate one intersection point. no Xp15 Y1
Calculate the other intersection
point. 1] Xpz: Vo2

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’y = (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
10 20 58 — 10.00
oo > 0.00 *** (x,)

10.00 *** (y )
Example 2:

Calculate the points of intersection for circles at (0, 0) radius 50 and (90, 30)
radius 70.

Keystrokes: Outputs:

0 0 0@ —» 0.00

90 30 708 — 90.00

1 D] > 21.64 *** (x,,)

45.07 *** (y,))

1] > 44.36 *** (xpp)
=23.07 *** (yp2)

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
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20 EIED 30 ENED 0 CWED

oEgEon
o0

>

(] €]

v

0.00

~18.27 *** (x,;)
—46.54 *¥* (y,))

26.27 *** (x,9)
42.54 *** (y.5)
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CIRCLE COMPUTATIONS

CIRCLE COMPUTATIONS

XotYotr O=x-y 00t20 o tn “Q Xy

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,, Py, P3
(represented by x and y coordinates) using B} @3, €3 B, and 83 @ respectively.
After all three points have been input, press @ B to generate the coordinates of
the center (Xo, 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. Youmay key in an angle 8, press ), and calculate the coordinates of the
point on the circle at angle 6, where 6 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 (8), number of the point
(i), and (x, y) coordinates of the point.

3.  You may automatically increment around the circle by pressing @3 B
once. The outputs are the same as those of option two above.

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

1.  Aninitial angle (#) and an incremental angle (A6) are specified and
is pressed.

2. Aninitial 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 = W,X0=K2—N2YO

r = ‘\/(xa - X0)? + (y3 - Yo)?

where K, = Ze=X) Ge 4 X0 + (Y2~ y) (2 + 1)
' 2 (xp - xy)

(X3 = X1) (X + Xx9) + (Y3 -y (y5 + ¥1)

K2 =
2 (X3 = Xy)
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N, = Y2— V1
X2 = X1
N, = Ys—=Y:
X3 = X4
y

-
P

Points on a circle:
X;i = X, +1rcos (6, + (1-1) A
yi = Ye +rsin (6, + (- 1) Af)

2
Ag = =T (for nevenly spaced points)
n

6 =6, +(1-1) A0

Remarks:

1.  If x; = x, or X, = X3 in the calculation of the center and radius of a 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 oavaumts | KEYS | paraonirs
1 | Load side 1 and side 2
(degrees mode is set).
2 | To determine a circle from threel
points go to step 3. To generate
points on a circle go to step 6.
CIRCLE FROM THREE POINTS
3 | input point 1. X,
Y1 ] X4
Input point 2. X,
Y2 o0 X2
Input point 3. X3
Y3 0 X3
4 | Calculate center coordinates
and radius of circle. [+ ]o] Xos 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 a X
7 | Optional: input an angle and
calculate coordinates. [4 (6] X,y
8 | Input starting angle [
and
angle of increment Ag A6
or
number of increments. n (0] A6
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STEP INSTRUCTIONS oarnonits | KEYS | paraoniTs
9 |Manually increment around
circle by pressing E for each
successive increment. 6,,i,Xi,Yi
or
automatically increment around
circle. [ ] 6,,i.x,Y;

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.

[«]
(3]

9
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Keystrokes

Xy

Y1

O 0 IAUN D WK =

| GIED 3 GUED 11258 »

50 @8 EED 308 —

v

1.72
2.06
2.11
1.86
1.38
0.80
0.28
-0.06
-0.11

Outputs

2.14
2.62
3.20
3.72
4.06
4.11
3.86
3.38
2.80

1.00

30.00

-50.00 *** (6)
1.00 *** (i)
1.72 *%% (x)
2.14 *** (y)

-20.00 ***
2.00 ***
2.06 *x*
2.62 *x*

10.00 ***
3.00 #**
2,11 ***
3.20 **x*

40.00 **x
4.00 *xx

1.86 ***
3.72 ***



70.00 ***
5.00 ***
1.38 **x*
4.06 ***

100.00 ***
0.80 ***
4.11 %

130.00 ***
7.00 **%
0.28 ***
3.86 ***

160.00 ***
8.00 ***
-0.06 ***
3.38 *x*

190.00 ***
9.00 *x*
~0.11 *xx
2'80 %k %k ok

(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:

| G | @10 3.5 D 7§
B 00

Outputs:

3.50

15-06



15-07

12 30 12.00
(0] — 6.45 *** (x,)
-2.08 *** (y,)
6.26 *** (r)

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=25
x0=5.5
¥,=55

Keystrokes: Outputs:

5.5 5.5 258 5.50

225 40 90.00(Af)
— 225.00 **x
3.73 *hx
3.73 ks

> 315.00 ***
2.00 ok
7.27 **
3.73 *Hx



> 405.00 ***
3.00 *dk*
7.27 ***
7.27 sk

—> 495.00 ***

378

4.00 ***
3.73 wxx
7.27 *xx

7.50 ***

v

15-08
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SPHERICAL TRIANGLES

SPHERICAL TRIANGLES

S+S1+S S1A+S S+S+A AtArA ArStA

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. Thus a spheri-
cal triangle is well defined by the specification of its 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 + sinb sinc cos A
cos A = - cos B cos C + 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 equivalent to specifying
a, b, A (a#b). The solution is found by the following equations:

sin B = sin b sin A/sin a

tan — = sin A+B tan a-b / sin A-B
2 2 2 2

cosc-cosacosb
sinasin 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 of AAS 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 C2 = sin(a—g—b) tan(A—;—B)/ sin(a;b

cosC+cosAcosB
sin A sin B

CcCos C =

If A < 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 mode is 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 BS.

2. The area of a spherical triangle is determined by the formula Area = r*
(A + B + C - 7), 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 paraunirs | KEYS [ o SuTEuT
1 | Loadside 1 and side 2 of program.
2 | Select AUTO mode to allow
automatic output by
Print/Pause. [ ] 1.00
3 | To cancel AUTO mode later. [ ¢] 0.00
4 1 Go to appropriate step for case
(SSS, SAS, SSA, AAA, ASA,
AAS).
SSS
5 1Input three sides. S,
S
S [ A ] OUTPUT
SAS
6 | Input two sides and included
angle. S,
A
S, (5] 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, D] OUTPUT
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INPUT OUTPUT
STEP INSTRUCTIONS paTAUNITS | KEYS | paTauNITS

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, < Ay). A,
A,
S 00 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 angle (side)

Adjacent side (angle)

Adjacent angle (side)

If two solutions exist, this schema

will be repeated.

Example 1:

The three 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

N80 —» 0.20

R/S » 1.59 (A)
R/S » 0.91
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R/S > 0.25 (Ag)
R/S » 0.93

R/S > 1.40 (Ay)
Example 2:

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

A

158.05° 21.63°
Ci12¢B

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

Keystrokes: Outputs:

21.63 1.12

158.0583 > 21.63

R/S +> 1.12

> 158.05

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

Example 3:

In the spherical triangle ABC below, A = 30°,a = 15°, andb = 20°. Find B,
C, and c. Use AUTO mode. (Note that as this is a case of SSA, two solutions
may exist.)

20° B

150
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Keystrokes: Outputs:
s B8 1.00 (AUTO set)
SENED20EED 308 — 15.00

111.15 *** (C)

20.00 **x*

30.00 ***

28.87 *** (c)
41.36 *** (B)

15.00 **x
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

M1.15¢0-

A_6.120
300 B
138.64°

20° 15°

1n.89°” ¢
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GAMMA FUNCTION

GAMMA FUNCTION

START x+T"(x)

This program approximates the value of the gamma function, I'(x), for 1 < x
= 70.

Equations:

o

I'x) = J; t* et dt

[(x)

A
5_

o
-
N
(AR
-

. T®=x-DTx-1)

2. For 1 = x = 2, polynomial approximation can be used.
I'x)=14+b,x-1)+b,(x-12%+ ... +bg(x~-1)°

where b; = -0.577191652, b, = 0.988205891
by = -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’".



References:
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Handbook of Mathematical Functions, Abramowitz and Stegun, National
Bureau of Standards, 1968.

STEP INSTRUCTIONS paraumrs | KEYS | pomreut
1 Load side 1 and side 2 of program.
2 | Initialize. 4 ] 0.00
3 |Key in x and compute I' (x). X 5 ] T (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:

0s52580 > 35.21 *x*
88 — 5040.00 ***
334 89 — 2.80 ***
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BESSEL FUNCTIONS, ERROR FUNCTION

BESSEL FUNCTIONS. ERROR FUNCTION

n X+ Jp (x) +Joidi X+ 1, () 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

9z
m = 2 INT 6+max(n,z)+z_‘_2
2
_ 3
where zZ= >

The initial values selected for recurrence are Ty, = 1079, Tyip = 0.

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

D 1 (3) ~ Taa(x)

Tk(x) =%

beginning with k = m.

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

m/2

K = Tox) + 2 kZl To(X) .



18-02

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
2k +1
T =285 D160 + Ty,

0 =< k < m, beginning with k = m.
I,(x) is then found from the equation

In(x) = e LY

To(x) +2 D, Ty(x)
k=1

Error Function

The error function is defined as

2 f e
e dt
-‘, 0

erf(x) =
™

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

oo}

-x? 2" 2n+1
€ X
- nz:()m- ..~ (2n+1)

erf(x) =

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

1 —x2 S -nD"1-3-...-2n-1)
erfc(x) = e [1 + 2 ]
‘v n=1

xVm (2x*"

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 display is 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 of significance. 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 < 1078 is out of bounds for the Bessel func-
tions in this program. In this range, however, one may take Jo(x) =
Jo(0) = Io(x) =14(0) = 1, and Jo(x) = Ja(0) = L1(x) = I4(0) = 0, n70.

2.  The computation of erfc(x) will halt on overflow for x = 135.

Reference

Handbook of Mathematical Functions, Abramowitz and Stegun, National
Bureau of Standards, 1968.
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INPUT OUTPUT

STEP INSTRUCTIONS paTaAUNITs | KEYS | paTaunmrs

1 | Loadside 1 and side 2 of program.

2 | ForBesselfunctions, gotostep3;

for error function, go to step 6.
BESSEL FUNCTIONS
3 |Tofind J, (x), go to step 4; to

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

4 |ForJ, (x):

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

a
e Input x and find J, (x) X (5] Jn (%)
o (optional) Find J, (x) and J, (x Jo (x)

Jy x)

5 |Forl, (x):

e Inputn(n =0,1,2,..) n o
o Input x and find |, (x) X (D] In ()
ERROR FUNCTION

6 | Specify places of accuracy

desired by setting display or by
inputting N. N [ ]e] N

7 | Key in x and find error function

and complementary error

function. X 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:

®58920 -0.100528623 *** J4(9.2)
>  -0.136748371 159.2)
RIS > 0.217408655 34(9.2)

The actual values from tables are J5(9.2) = -0.10053, J4(9.2) = -0.1367483708,
and J,(9.2) = 0.2174086550.



18-05

Example 2:
Find 1;(4.7) and I4(5.0).

Keystrokes: Outputs:

230470 —— 7.42 *** 15(4.7)
580 — 10.33 *** J4(5.0)
Example 3:

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

Keystrokes: QOutputs:

® 1348 0.941913715 *** erf (1.34)
0.058086285 *** erfc (1.34)

Example 4:
Find erf and erfc of 4.55 to 6 places.

Keystrokes: Outputs:

6mBd 4558 1.000000 *** erf (4.55)
1.237404615-10 *** erfc (4.55)
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HYPERBOLICS

HYPERBOLICS

SINH COSH

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
. eX —e7X
simhx =——~
2
e* +e7X
coshx =————
2
X _ o—X
tanh x = e_e—
eX + e’ X
cschx = —L— (x#0)
sinh x
sechx = —1
cosh x
cothx = 1 x#0)
tanh x

Inverse Hyperbolic Functions
sinh™' x = In[x + (x2 + D*]

cosh™'x = In[x + (x2 - %] x=1

tanh™! x =1/zln[ ;+x ] x2<1
-x

csch™! x = sinh™! [ 1 ] x#0
X
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sech™! x = cosh™! L i 0<x=l
coth™' x = tanh™! )—l( x2>1
b -
STEP INSTRUCTIONS oatauNTs | KEYS | o STANITS
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
o hyperbolic sine X 6] sinh X
o hyperbolic cosine X cosh x
o hyperbolic tangent X B tanh x
e hyperbolic cosecant X ne csch x
o hyperbolic secant X [ ¢ ] sech x
o hyperbolic cotangent X [+ ]o] coth x
INVERSE HYPERBOLIC
FUNCTIONS
4 |Key in argument and compute
e inverse hyperbolic sine X on sinh™ x
e inverse hyperbolic cosine X cosh™' x
e inverse hyperbolic tangent X (7 ]0] tanh? x
e inverse hyperbolic cosecant X [A]
on csch! x
e inverse hyperbolic secant X (4]
[ 1] sech” x
e inverse hyperbolic cotangent X [ 1]
oo 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:

258 > 6.05 (sinh 2.5)
3.2 > 12.29 (cosh 3.2)
190 > 0.96 (tanh 1.9)
4.6 8 > 0.02 (csch 4.6)
.25 [ 1 ] 0.97 (sech -0.25)

2.01 oo

-1.04 (coth -2.01)

Example 2:

Evaluate the following inverse hyperbolic functions:

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

Keystrokes: Outputs:

248308 > 1.61 (sinh™! 2.4)
w0 > 5.19 (cosh™! 90)
.65 an -0.78 (tanh™! -0.65)
2000 > 0.48 (csch™! 2)
400 > 1.57 (sech™ 0.4)

4000 030  (coth™' 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...........c.counininiiiinininnnnnnns L01-01
2. GCD, LCM, Decimalto Fraction ........................ L02-01
3. Base CONVErsions .. .......ovvvenenenenenennenaaennnenn L03-01
4.  Optimal Scale for a Graph; Plotting ...................... L04-01
5. Complex Operations ..............cooiiiuuinneeinnnn.nn L05-01
6. Polynomial Solutions ............. ... ..., L06-01
7. 4 X 4 Matrix Operations (2 cards) . ...................... L07-01
8. Solutionto f(x) = Oonanlnterval ...................... L08-01
9.  Numerical Integration ................ccoviiiiienn.nn.. L09-01
10. Gaussian Quadrature ................ i L10-01
11. Differential Equations ............. ... .. ..o i, L11-01
12. Interpolations ...............oiiiiiniiiiiiiinieennannn. L12-01
13. Coordinate Transformations ................ccvviinin.n. L13-01
14, INEErSECHONS ...\ vvvvtin ettt ia i L14-01
15, CIrCleS ..ottt e L15-01
16. Spherical Triangles ............. ..o, L16-01
17. Gamma Function ........... ...ttt L17-01
18. Bessel Functions, Error Function . ....................... L18-01
19. Hyperbolics ......... .o L19-01
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Factors and Primes

80! xLBLA Factor integer n. 857  RCLE
682 ST0R 858 - If upper < lower, halt on
863 ENTT 839 K{e? Error.
884 INT 6568 E6TOS
885 X#£Y?7 i @51  RCLA
086  £TOS If non-integer, halt on Error. 62 INT
867 & 863 2 "
888 STOD nitialize d 664 K2y Handle 2 as special case.
889 pead : 855 ¥=Y?
gj;’ gﬁ;: 1f n <0, halt on Error. ng‘ GTOQ
812 2 858 + . o
813 EEX 959 . This ro_utmg finds greatest
814 9 a7e 13 potential prime < user’s
015 X2y 23! + input.
816 Xv? 5 87z INT
817 £T0S 1fn>2x 10, halt on Error. arz 2
218 CF1 F1 clear for factors. 674 X
819  £5Ba Find factors. @75 1
aze RSN | a7 -
821 *LBLB Lower bound for primes. 77 ®LBLE
822 STOR 878 STOE
823 x@° If negative, halt on Error, 87 RCLA Store final prime U.
8z ETOT 8a¢é [4 1 O
825 ENTt This routine finds smallest 8z1 #LBLD Routine to list primes.
826 INT potential prime > user’s 852 [
827 ¥=y° input. 852 ETO0D Initialize d<0
8z8 EToe B854 RCLB
829 1 835 2 I L =2, print 2, add 1
838 + 86€ Xy and go.
851 sLbL@ 887  X=Y?
832 2 Handle 2 as special case 68¢  £T0€
833 Y (only even prime}. 883 1 IfL=1,print1,2,add 1
834 ¥=Y? 8% X#£Y? and go.
835 £T08 891 £TOM
gig 2 ggé Gsfe IfL#1and L#2,g0
ol N directly to LBL 1.
638 INT 994  ROLE irectly to LBL 1
838 2 895 X2
848 X 996  X>Y?
841 1 897 ET04
842 + 898 xlBLE
847 xLBELE 892  bSBe
8a4  STOB N 188 1 Output 2.
845 STOC Store beginning prime L. 181 cTo8
c 52 N
g:; Efi 2 x 10? is default upper i;; ‘éggi
Bdé é bound. 184 RCLE Begin main loop.
5 RCLL Check for factors of
g;g )S(Zei If input > 2 x 10°, halt on 126 xg‘{,‘; current n (Rg).
as51 9?05 Error. 187 &58e If Rg = Rg, nis prime.
852 oF: Fiag 1 set for primes. 188 2 Output n,
652 RCLA 189 sLBLE
es4  RTN | ____________ 118 +
855 »LBLT 111 STOC "
85¢  STOs Upper bound for primes. 112 STOB :i‘n?em next potential
REGISTERS
0 1 2 3 5 6 7 8 9
S0 [S1 S2 S3 [S4 S5 S6 S7 S8 S9
B8 C 0 E |
Used Potential prime d u




L01-02

113 RCLE 168 RTN Loop again for next 30.
114 ay e et02 | __________
115 e 1> U, exit. i7l #LBLI
116 6704 172 RCLD Tests if din.
17w (4 173 +
118 STOD Else loop again. I STOD ded+x
L - (/) N R 17, RCLE n
126 #LBla Subroutine called from both 17 Ry
121 H A & D which finds factors bt ® n/d
122 €SB3 of n. 178 LSTX d, n/d
122 %=a 179 X0Y? 1£.d > n/d, then d >/’
124 RN 168 6708 Exit.
“E o -y
i;: cssé ;}h;cl;ﬁvs\ if n divisible by igé ,;,; N
pireny _ ,3,5,0r7. [n/d] ::= INT (n/d}
127 x=0? 163 LSTX n/d, [n/d]
i s e e
138 E£SB3 LBL 2 check for division by 136 STOE Else n  n/d
131 x=87 integers whose position in a F1?
132 RIN cycle of 30 corresponds to CLX If finding primes, exit.
132 c B.? 11,13,17,19, 23, 29, 31, F1?
134 SB3 or 37. RTN
135 X=8% RCLD If factoring, output d.
136 RTN £5Be
137 w2z @000 | = a Check for d a multiple
138 4 6702 factor.
139 6SBI NE7+4) sLBLE e
196 X=87 Fi? Cgmmg here means n
14 RTN CLX e
A If finding primes, exit.
1a2 2 13 (=11 42) ki
143 58B7 ETN £
144 =07 RCLB se output fast n.
145 RTN 6Ske o
146 4 17 (=13 +4) *LEL4
147 ESE3 CLX it di i
148 N80 Foo Exit displaying 0.
148 RTh SPC
156 2 RTN
151  6SE3 19 (=17 +2} #BLE | e
152 =87 Fo° Auto toggle.
133 RTH &T08
154 4 Sfe
155 £3882 23({=19 +4) 1
15¢  ¥=@9 RTN
157 RTH sLBLE
158 & _ cre
158 csE3 29 (=23 +6) &
166 X=87 RTH
s e e ale Swpsie,
1‘!; csai (=29 +2) PRI Print if AUTO.
o. xi f
164 ¥=@? Fa?
i65 RTH RTH
156 £ k-8
167 &8SEF 37 (=31 +6) RTIN
168  ¥=8° RsE Halt if not.
LABELS FLAGS SET STATUS
ABEL
R Factors [P Primes from |C Primesto | » Primes  |© AUTO? _ |° Auto FLAGS TRIG Disp
#Factor n ° i ° Qutput ' Primes 0 Oal O&F DEG ® FIX ®
0 1, 2. . K 4 . 2 10 GRAD O scr O
sl)sed . . Primes loop : Divisor loop . din? s Exit . 2 0 ®@ RAD O ENG O
Non-existent L=1o0r2 l- 3 0O G n




GCD, LCM, Decimal to Fraction

861 sLELA GCD 857 ke
eaz  STOE b 858 PRTX
843 X2Y 859 SPC
864  STO# a 8se L
6% 1 851 v
866  STOC 862 R e
867 CLX 863 #LBLE LM
888 STOD i 864  STOR b
eg9  X=v? Ifb =0, list a as GCD. 965 2y
318 E;gg 86¢  STOR a
11§ 867 X
812  ETOE 808 STOC
8137 4 sex+0 859 ¥=09 c=axb
81; qTDE' by o Ife=0,LCM=0
815  STOI rove o -
816 wLBLS Mainvlowop_. _____ &:_é 65Be Find GCD through iteration,
817 £5Be 873 Rf6°
818 k=@ 1fb =0, list a as GCD. 874 £T08 Atend, a=GCD.
0{9 £T08 7S RCLC
628  RCLI 87¢  RCLA
Z1 RCLC pestyq awr =
B8z2  £T0I y©s are ABS LCM = [c+ GCD}
9%’3 RCLE 879 lBLZ
824 X 8ge  PRTX
825 + as1 SPC
o R o 87 wEle | Govmen svesinm o
< 63 #LBLe Common subroutine which
g;’g '*'g'-[’ 864 RCLA finds GCD if iterated until
2 STOE pet+xq 835  RCL& b=0.
@38  RcLs 88t RCLP
g;: x et @57  STOA
2 + 858 0
832 STGg tep 889 INT g« ~INT (a/b}
| B
o 'R ________ 95£ ST0S p<a+bg=amodb
el X?‘éﬁ Atend, ais GCD 2§§ RCLE a<b
o X X
83§ L‘TO‘z' (a<0) 894 +
gz‘e Pg:[‘ Load stack with g;f SZ:OE b<p
RCLL 3 ™
84{ CHS =2 8y7 xLBLC | o ___
g:; Rghg 89'3 & Decimal to fraction.
o Ror sy 893 5108 Initialize.
o L 168 ST0D
181 v
GCD—~>X
g:g WLELT 182 ENTt
848 CL:"‘: ________ ;gj STng Rg < Original value.
gas RLLD fa>01 165 STOE
PCLE 166 gTac
851 RCLA ‘s 167 §F1
852 slBL2 GCD 188 sLBLY
es3 pRTS 1P 189 FIX
3;; R/R; Output routine. ; I? DS’??
856  PRTX (optional} Print s, 1. 1i2 LSTX
REGISTERS
0 1 2 3 5 8 7 8 9
q
[so— S5 52 S3 S4 55 S6 57 53 59
A B |
a; Numi .y b; Den;_q s; Num; t; Den; x; Value y; Temp




L02-02

113 ENTt 169 ESBY Output Num;.

{4 R 176 RCLD

115 &Y 3 17 £SES Output Den;.

i1€ INT 172 :

117 €701 172 DSPe Output Num;/Den;.

118 X 174 6SBS

119 - 178 6SBE

126 RCLI 176 RCLE Halt displaying error.

121 RCLC rd - e

122 x 178 RTN AUTO output.

123 RCLA 179 #LBLS

124 + 1f Num; = 0, clear flag 1. 188 Fev If FO set, print and rtn.

125 %=8? 181 PRTX

126 CF1 182 Fa2

127 RCLC 162 RTN Else halt.

128 STO& 184 RC

122 Ré 185 RN 000 | mmm-——--m—=

138 STOC 186 #LBL6 Space if FO set.

131 Fi? Output Num;. 187 Fer

132 GSBT 188 SPC

133 O8N 189 RTN | e

134 RCLI 1%6 sLBLE AUTO toggle.

135 RCLD 151 Fe?

136 X %2 ET08

137 RCLE 153 SF@

138 + 154 1

138 RCLD 195 RTN

148  STOB 19€ sLBLE

141 ke 197 CFe

142 STOD 198 @

143 F1? Output Den;. 198 L £ ittt

144  GSBS

145 RCLC

146 prag

147 %

148 DSPS

148 F12 . :

158 CSES Qutput Num;/Den;.

151 RCLE Error = Calc. —orig. value.

152 -

153 x=87

154  ESBE If error = 0, halt.

i35 X=8°

156 TN ] o ___

157 SCI

158 F17 Qutput error.

158 BSET

ic@ Fi7

161  6SBE

162 K¢

163 SF1 Loop again.

64 6107 @000 |

165 #LBLD Recall last fraction.

166 FIx

167 DSPé

168 RCLC

LABELS FLAGS SET STATUS
A G c BCA € g
atb—>GCD | atb—>LCM Dec—Frac — Last Frac AUTO? AUTO FLAGS TRIG DISP
2 ° © 5 leoconem ['wumzo | BDE| oea X ®
0 ExitGCD |'GCD,a>0 |20utput GCD {3Exit LCM _ |* 2 t 0 ® | GraDO | SCI O
"-— 2 0 RAD O ENG O

5 AUTO out 6Spat:e Dec Frac oo 8Lem loop °Geo loop 3 0 n




L03-01

Base Conversions

861 sLBLR input xp, (no. in base b to 857  €5Be Convert
882  STOE be converted). 858 6T05 Exit
883 Fe? 859 B2 | -
864 SPC 856 RCLD Here b # 10, B+ 10.
065 Fe? 861  G6SBo
8ot PRTX 852 STOC Convert xy, to x;o.
867 1 863  GSke
233 STDS Default bases b & B are 10. :':; :g’ag
i@ £TOD 856 RCLA
811 EEX &7  STOC
812 1 856  ESBd
213 2 8ge  STOD Convert X, to Xg.
814 €708 ezé espe | _______
815 Re 671 *LBLS
1€ ké 872 PRTH Exit
817 RIN ——————— e 873 Fe?
818 #LBLE Input base b. 874 SPC
818 STOD 875 ke | - ___
aze F&7 876 sLBLd Subroutine tests input in
621  PRTY avv 1 X-register > 10,
822 Fa? 878 e 1> 10, returns value 100.
823 &PC 878 €107 1£ <10, returns value 10.
824 SF2 ace >4
8zt RN e — 8g1  DY?
825 sLBLC Input base B, to which xy, is 882 EEX
827  STO0C o be converted. 887 1
828 F29 834  STxT
829  ETOE 883 RCLT
a3e Fe? 886 RN
831 SPC 887 sLBLe Main subroutine;
832 sLBLé bsg € actually converts to/from
833 Fe? 888 ST09 base 10.
834  PRTX 8%  STOR
835 RTN | ____ 891 RCLE | L.
836 sLELD Find xg. 092 &LBLS Shift right until < 1.
e37  RCLC Save b and B. 893 1
838  STOR 8%4 Y2
833 RCLD 89s  5TOB
848 STOI 856 ST+8 Ry keeps track of no.
841 i 857 CLX places shifted {exponent).
842 (] 898 RCLC
843 X#Y? lob = 107 292 2
844 ET01 No, try B = 10 166  STOE
845 RCLC Yes, tost B> 10 181 e8| e
846  ESBd (Ch;)ose 10 or 100). 182 «xlBLE On entry, Rg contains
847  STOD Convert 163 RCLC normalized xy,:
848  6SBe Exit 184 RCLE 0<xp <1,
642 €705 20| == 185 x
856 lBL: b#10 166  STOE
851 RCLC IsB =107 167 EEX
652 X#Y? No, branch. 188 4
852 6702 Yes, testb > 10. 189 +
854 RCLD {Choose 10 or 100). 118 EEX
855 6SBd 11 4
85  ST1oc 112 -
REGISTERS
4 5 6 7 8 9
10, 100 102 Used
[S4 S5 56 S7 58 S$9
] |
B, Used b, Used Xp, Used b




L03-02

113 INT

114  RCLE Build up xg.

i1§  RCLD

116 x

117 +

118 STOR

119 RCLE

128 EEX

121 4

iz2 +

123 EEX

124 4

25 -

126 INT

127 RCLE

128 -

29 ARS

138 STOE

131 1

132 87T-5 Do not build mantissa

133 RCLE beyond 10'2,

134 RCLE

135 X2¥?

136 6704

137 RCLE

138 X#@°

133 ereg | o

148 &lBL4

141 RCLD

i42  RCL?

143 ¥

144 RCLE

145 x xg

146  STOP

147 RTN e

146 LBLE Input new x for same b and

148 STOE B.

158 Fa?

151 SPC

152 Fa?

ig: . :g[z Last value of B.

155 sTOC Last value of b.

156 RCLI

157 STOD

158 670D @000 e

158 xlBlo Print toggle.

168 Fa°

161 6T0e

162 SFe

163 1

164 RTN

165 sLBLE

166 CFe

1e? e

168 RTN

LABELS FLAGS SET STATUS

% P c 8 P Fagoxg | Print FLAGS TRIG DISP
2 p? ° © ? 10,100  |® Convert [’ o D% oes m | Fx
0 Used " b#10 [ bB*10 | * End 1E E inputy |1 O grAD O | s& B
5 Used g 7 I¥ Buitdxg_ |° shiftloop |7 5 0 ® n—2_ -




L04-01

Optimal Scale for a Graph; Plotting

881 LBLA Min 857 RCLB
882  STOE 856 RCLB
883 RN . @59 RCLS % efficiency =
864 LELF 868 -
ees  STOC Max 861 + Max - Min o0
86 RTN |\ _ 862  EEX Top-Bot
867 LBLC 863 2
ese  STOC #Tics 864 X
882 1 865 RCLE
818 ST0: B6€6 RCLS Filt sta-:_:k and print:
611 RCLD @57  RCLA Top—
812 RCLE 858 Rt Bot>2
813 - 869  PRST @;;
814 STOE . ave RTN
-Min ) WE R ___
glg RC:';C Fa e =t gz; ‘tg’é& Subroutine to find ““floor”
: - . . : of x, where floor = greatest
a1z LoE n = Floor {Rp/#Tics). 873 ¢T08 integer < x
618  6SBD 874 INT ’
a8 18% First guess: A = 10", avs RTN
gz¢ S0 | ____ ____ 876 xLBLO
821 xLBL® Begin toop. 877  ENT?
8z ISZI ave INT
823 RCOLE av8  R=Y?
8z4 RCLA a6e RTN
8z5 = 8&1 1
826  GSBD Tri'al bottom = A x Floor 882 -
27 RCLG Min/B). ez RN | _________
828 x 864 xLBLa
828 S§T0° 8s5  STOE Begin x
638 RCLw 866 RTN | o ____
831 RCLC 837 #LBLb
832 X 888 STOC End x
832 + Top = Bot + A (#Tics). 859 rONO |
634  STOE 85¢ #LBLc
835 RCLD 851 8TOC i
832 XL79 If Max < Top, exit. 892 RTN ite_pil_! ________
837 ETOV 652 sLBLd Compute (x, f; (x))
838 RCLI 834  RCLE
838 4 Else try new A: If I mod 4 8ss st | ______
840 ES =0,A+1.25 A; else A<2A. 8% xLBLE
841 FRC 857  ESET Output x.
8a2  x=e? 838  G5Ri
843 aTO@ 83 ESBT Output f;{x).
844 168 Fes
B4s GTDS ThissetsAto 2,4, 5, 10, 20, 181 SPC End x.
836 ALBLE 40, 50 etc., times initial 187 RCLD
847 1 guess. 1862 RCLE
848 . 164  RCLC
849 2 185 4 XX+ Step.
858 £ 186 Y2 .
851 fLBLE 187 &Toe {F x> End x, exit.
832 RCLA 188 STOE
833 X le¢ ¢roe | ________
854  ST0a Loop again. 116 «LBLB Exit
85 ero8 | - 111 CLX
85¢ %LBL7 Exit routine. 112 RTN
REGISTERS
0 ° ° 4 ° Top ° Bottom
0]
S0 |‘ [S4 S5 S6 S7 S8 S9
A Max Min; x © #Tics: Step © Max; End x le Min; Begin x Used




L04-02

113 #LBL7 Qutput subroutine
114 Fe? H AUTO set, print.
115 PRTX
116 Fe?
17 FIN Otherwise halt.
118 R/8
119 RN __
iﬁ? ‘lgg“ﬁ Select LBL i.
2 RN |
123 #LBLE 0T
124 Fe°o AUTO toggle.
125 6T08
126 SFe
127 1
128 RTN
129 sLBLE
138 cre
131 a
132 FIN
LA_E_E_LS FLAGS SET STATUS
AMin JE Max C4Tics DFioor () |F AUTO AUTO FLAGS TRIG DISP
2 Begin x ® End x © Step 9(x, ;) € o OE"\‘ OéF DEG ® EIX
OUsed ! 2 3 g 10 ® | GRAD O [ sc1 O
2 0O W RAD O ENG D
g 6 Used 7 Used 8Plotloop  |° Opt. loop 3 0 ® n_—2_




Complex Operations

881 #LBLA I #57  STO0D
982  RCLD putath 258 PRTX
882  sTop Last b->Rg {by) 859  SPC
8¢ Ré 868 RTN 0 | e
885  stor Present b~Rp (b, ) 061 sLBLE Divide (+)
8¢ Ré 862  RCLB
80”  RCLE Last a>Rg (a) b6z RCLC noo8
882  STOC 864 P
869 Re Prasent a->Rg (a;) 865 RCLD
818  STOE 866 RCLE
VRN [ —— 867 P no6on 8
812 sLBLB Add (+) 868 X2y
813 RCLC 869 CHS
814 RCLE 876 X2¥ 1y -8, n 8
815 + B71  1o¥
B1€  STOE 2 <a +a 87z ero9 | __________
81T PRTX 872 alBla 12l
818  RCLB 874 RCLD
81e  RCLD 875  RCLE
8z2e + 87¢ P r=va +p?
821 sTOD byeb, +b; 877 PRTX
822 PRTX 878 SPC
822 sPC 879 RTN | __________
82¢ RN | ___________ 880 xLELb 1/
825 sLBLC Subtract (-) 881 RCLD
826 RCLC 882  RCLE
827  RCLE 882 2P . e
62! - 884 X2y
829  STOE “ay - 885 CHe
838 PRTX B2 T8 88 x3v
83: RCLB 887 1% W -8
832 RCLD ese eree | __T______
833 - 889 sLBLc o
83¢  STOD ba+by ~by 898  sT0I n~>1
835  PRTX 891  RCLD
83€  SPC 892  RCLE
837 RIN 892 I 0
e w0 | _______ 894  RCLI ’
839  RCLE : 895 yx
P48 RCLC Multiply () 89  xav
#41 »» 897  RCLI
842 RCLD N8 B9 X
847 RCLE 829 xay
844 s 188 cT08 "o
245 2LBLS o 6 6 o 101 #BLd .
B4 x3v @ %o 182 sT01 tin
847 Rt 163 3 -l
848 + 104 6 "
B4s X2 105 8
858 Rt 186 x2v
851 x 187 B
5 o w60 195 #d %0im+p
854 STOE : 118 RCLE
055  PRTX QOutput routine. 11 o e
856 X3 112 RCLI
REGISTERS
E [T I§ 4 5 g 7 B
S1 [S2 ISS [S4 S6 S7 S8 S9
A. 380/n IB by |C a b; ' n




L05-02

113 175

114 yx

115 X2y

116 RCLI

117 =

e xy a2

119 aLBL7

128 £SB8 Convert~>R and print.

121 psz1

122 ¢lo08 Loop n times.

123 RTN

124 aiBLE®

125 Xy 9

126 P Back—>P <r1/", -

127 Xy

128 RCLR

129+ 8,360

138 XY n n

2t oev07 |\

132 siBle o

132 RAD

134 RCLD

135 RCLE

136 ex & b

137 R

138 PRTX

;Zz s;gs e cosb

141 PRTY

142 SPC

i:f s;gg e sinb

145 RTN

LABELS FLAGS SET STATUS
Rato F+ - Px [+ ° FLAGS _TRIG DisP
o o1 ° n>?" R ! 0o D% | oes FIX
aT=n — — —— — - Y
2 0

F F 7 Used F Output F Multiply 3 10 ® n—2




L06-01

Polynomial Solutions

(] ® K
o0z 4 5" degree. 56 ST6 A
883  STOE 859  ST=7 B
884  ST0I 868 RCL7
885 (SBa Find one real root. 861 X2
886 RCL? 862 RCLA
807  PRTX 2o -
808 RCL4 864 X D
889 1 865  5T09
eie CsB. Synthetic division to find B66  X=8?
11 ESBb new a;,i=3,2,1,0. LG 1 £
12 ¢sBb @0 |---m——————— 868  RCLE
812 CSBb 869 RCL?
814 sLBLB 4™ degree (quartic). 87e % Compute C for D # 0.
815 RCL2 871  RCLB
B1€  ST0C 87z 2
817 %3 872 E
81 sTO2 874 -
619  RCLI Compute coefficients 875 RCL9
828 STOB by, by, by for cubic equationy 87 ¥
821 RCL3 1o find vq. 877 6701
2 STOD 87 stBlée 0] o _____
827 X 879  RCLé
824 RCLE [2:] Xe Compute Cif D = 0.
825 STOA 881  RCLC
82¢ 4 8e2 -
827 x BB3  RCL7
eze - 084 2
829 sT01 885 X
838 RCLC B8E +
831 4 aer IX
832 % ege «BL: 1 ________
832 RCLD 889 ST108 c
834 XE 298 SFe Print roots.
835 - 891  GSB?
836 RCLA 092 sBL? | . ___
837 X 852 RCLE First time through, set
838 RCLB 894 RCLE ay=A-Canda, =B-D.
839 X2 895 CHS.
848 - 89€  STOE
#41  ST08 - " 897 +
842 cF8 1f by = 0, Error will occur. 89 ST01
842  GSBC Do not print roots. 899 RCL? Sacond time through, set
844 F2? |Solve cubic. 188 RCLS a, =A+Candao =B +D.
845 £108 If only one real root, branch.| 161 CHS
B4€ 7 182 sT09
847 RCLI 183 +
13- 43 ¢4 104  STOB
848  STO? Else find largest real root 185 658D
858 RCL? from among Rj, Ry, R;. 186 RTN Solve quadratic x? + a; x
851 RCL4 187 #LBLC +3, =0,
852 Xve 188 - R e T,
852  sT07 189  STOE 3™ degree {cubic).
854 slBLE Yo R, 1186  STO0I
855 RCLLS 02| - 111 6SBa Find one real root.
856 ST06 112 RCL7
REGISTERS
% 8. bo a.by [Pay.b, a.Root |*ai,Root Vo0 [*Aax |'BRoot [ct1 [P
S0 St [S2 IS3 S4 S5 S6 S7 S8 S9
2 Fa. lc a a3 F 20r4 ' Counter




L06-02

113 Fa7 168 1
114 PRTX 178 + AX will be larger of the
115 RCL2 718 pair {1, 105).
116 1 Synthetic division to find 172 1 R¢ +AX
117 65Bb new ay, a. : 173 X4y?
112 ¢s8b 00 | 174 xy ] -
119 #LBLD 2™ degree (quadratic). 175 ST06
128 RCL: 176 LBLS
121 CHS » 17?7 !
122 2 - 178
123 = 2 179 S§T:6 Ry <Rs/10
124  ENTT 188 RCLE
H ENTT 181 CHS
126 &2 (0,2/8) 182 sT08 Re- Ry
127 RCLE 182 siBLs | 7 _______
128 - D={a;2/4) -a, 18¢  RCL7
12¢ x<@7 If D <0, complex roots. 185 RCL?
138 €708 186 RCL6
131 X If D >0, roots are real. 187 RCL8
132 + 188 X
133 sT03 Root 1= (-a,/2} +VD 189 +
13¢  fe° 198 sT07 R, <R, + Rg Ry
135 PRTX 181 x=y°
136 Rt -a,/2 192 RTN If no change, done.
137 LSTx 192 ENTY
128 - ') 194 ENT?
138 ST04 195  €SBc
148 Fo?  Root 2 = {-a; /2) -VD 19¢  x=87? Evaluate (R, ).
141 PRTY 187 RTN If f(R;) =0, R, is a root;
142 CcrF2 F2 clear for real roots. 19 RCL8 done.
142 RTN 199 X
144 wBl®e | ________ 280 x<8° Else loop again.
145 CHS D <0, roots are complex. 201  6T08
146 K 202 6709
147 705 v=vp 203 sBLe ) o _______
148 Rt 284 RCLi Evaluate the polynomial.
149 RCLS u=-a,/2 285 + E.g., for cubic, I =2
! CHS 26€ x f(x) = ({x +a;) x+a;} x
151 Fe? Stack contains -v u v u, 287 D21 + a0
152 PRET 288 6T0c
152 SF2 289 RCLE
154 RTN F2 set for complex roots. 218 +
155 eBla 0 e 211 RCLE
15¢ [} Find one real root for 39 212 sT01 Restore I'before exiting.
157 sT07 or 5% degres poly. 213 Ri
158 RCL8 214 RTN
159 ENTt 215 sBe 0000 |
168 ABS Root will be in R;. 216 DSzI Synthetic division.
151 3 217 wiBL® E.g., for degree 5, let ¢;
162 sT08 so/lagl =t 1 218 RCL?7 be coeffs. of new poly. of
163 LSTX 219 X degree 4: c; = R, +ay;
164 RCLi laol 226 + € =c3 Rytazic =,
165 ABS 221 RCL: Ry +ay;co=c; Ry +ay.
166 + laz | or lag| (k} 222 X2y
167 L06 LetE=a| +k 223  STOi
168 INT 224 RTN
LABELS FLAGS SET STATUS
A m. |6 ; N
Aohdeg P4 deg C3%deg  |° 2™qeg [ © Print? FLAGS TRIG DISP
Eone root  |° Syn. div. C Eval. poly. [9 e 1 o ° OEF DEG ® X ®
0 Used 1 Used 2 3 4 " [? complex 1O ®| GRADO | scl O
ENG O
F ‘if 7 Quartic FLoop infA I9 Loop in fA i" § g g RAD O n—2.




L07-01

4 X 4 Matrix Setup

801 xLBLA Input matrix by columns: 857  ¥=y? I1f n =1, no row inter-
882 < an 858 ET08 change.
aaz  E10I ayy 859  GSBE Else increment Ry by n.
o84 1 a3 866 1
eas  ST0B Ay, 861  GSEc
Bas  STOC A 862 2 Swap row n with row 1.
887 #LBLS a2 8563 GSBEc
886  RCLE 22 864 ki
865  RCLC a2, 855  §SBc
(313 1 etc. 856 4
é11 e 657  6SEBc
12 H 856 sLELE
23 + 869 RCLT Store multipliers: my; <
814 (243 oré CHS -aj,/ay1,j=2.3,4.
815 Fa? 671 ST=€
81€  PRTY a2 817
817 STC# 873 §T:8
818 IsZ1 874 & Adjust remaining elts. by
a1 4 873 8T0I multipliers: ajj <ajj +m;,
826 RCLB 8¢ GSEd xayj,i,j=23,4.
621 X#Y? Rg is index i, R, is index j 877 &84 00000 | - ——
8z2 ET0€ for element a;;, i, = 1,2, 3, ese E65Bd Begin3x 3
823 RCLT 4. avs 2 neke2
8z =Y? 8s@¢  &TOER Repare to find pivot,
825 ETOE 8g1  §TO0D column 2.
828 1 85z 23
827 ST0B @87  RCLE
28 + 884 ARE
62%  STOC 885 ST0C Re<lanal
836 €109 ase 3 n<3
83! aLBLE 867 RCL1 a3y
832 1 888  ESE.
837 + 882 4 nea
834 ETOE 8yg  RCLZ a
835 €708 851  §SBa 2
83 BR | ____________ 83z Pt
a37 @ Begin execution. 893 z
838 ST08 Note: pivot is element of 894 RCLE
832 b greatest absolute value in 895 8=y? If n = 2, no interchange.
848 STOE column. 8%  CT08
@41 STOD as7 H
842 STOE n<k<1 Otherwise, increment
2 RCLS Ry by 10n.
244 AES Prepare to find pivot,
45 sT0C column 1.
g6 Z Re<lan|
7 RCie ne2 Swap row nwith row 2 of
448  GSEc a5, 3x3.
842 2
858 RCLT n<3
851  GSBo a3,
a5 4
852 RCiE n<4
834 ESPa a1 Store multipliers: mj, <
855 1 -aj3/az1,]=3,4.
85¢ RCLE
REGISTERS
° Pivots § ° ‘ 5311 a1, My, 7031."‘31 8341rm41 gan
Soazz 5! @32, M3z Szau/ Maz 52 ars >4 a3 i a33 S6 343, Ma3 57 14 S8 a9 59334
A aas |a in C ° IE 1 " Used




L07-02

113 RCL1 169 Rié
114 RCL4 178 STOC
115 X Adjust remaining elts. by 1?1 R
116 ST+5 muitipliers: 172 STOR n—>Rg
117 RCLZ 3jj < ajj + Miy X &y 173 RIN T
118 RCL4 i,=3,4. 174 #LBLb Store pivot info in Ry
119 X 175 5T+ CHS of Rg for each swap.
128 ST+6 1?76 ROLE = | e
121 RCLI 177 CHS JSwap j™ (Rc) elts. in rows
12z RCL8 178  STOE m (Rp) and k (Rp).
123 x 178 RTN
124 8T+8 166 sLBLc
125 RCL2 181 stoOC
12 RCLE 182 RCLD
1z7 x 183 RCLC
126 RCLA 184  ESBE aj
128 + 1865 RCLB
1@ stT0R | ____ ____ 166 RCLC am;j (1)
131 RCLS Begin 2 x 2 187 ESBE ’
132 ABS If ag3] < las;1, no inter- 138 X amj* akj
133 RCLE change. 188 STO0&
134 &) 158 X2y
135 R<y? 181 RCLD
136 ¢cT08 Otherwise swap. 152 RCLC
137 RCLS 192 4
138 RCLE as3 Zass 194 X
139 8705 195 +
148 Xy 2 196  ET01
141 sT0E fraos 57 R
142 RCLS 138 STOi
143 RCLA 189 RTN -
144 STD3 20¢ ¥LBLE Wt
i45 2y 261 4 - L
146  STOA 2 x Yo din X,
147 . 203+ !
148 4 264 STOI
148 F2e 285 CLX
156 ESBb Increment Ry by 0.4. 266 RCL:
151 P2s 267 RTH
152 sLBLe 286 xLBLd
153 RCLS Store multiplier: _399 ROL:
154 C{is Ma3 <= Mg3/mas- iw STQEf Used to adjust each
155 ST f‘ll IS_LA’ column of 3 x 3 sub-
136 RCLS 212 RCLé matrix by multipliers in
157  RCL§ 213 GSBe Re. Ry, and Ry.
158 X 214 RCL7
158 RCL& 215  GSke
168 + - 216 RCLE
151 ST0A 244 R ¥ Mz X ae zi7 este
182 Pzs 218
163 RTH ?O_Nf o 213 #LBle
ig: 'Lgég zsed to find pivots. iﬁ? RCI;B
e " c contains largest element e . ST T T T
iz'g gf\:‘}-'g Yet fo'und. in column, Efé. §g;; Rp contains agj, j= 2,3, 4.
168 RTN ‘gnoring sian. 224 RTN Goes down column.
LABELS FLAGS SET STATUS
Floput | P Execute [© o ERCLay | Print? FLAGS TRIG DISP
@ Find pivot [P Store pivot | am; @ a; 9 Adjust 3x3 |® Col. Mutt. | o 0[51 O1£F DEG ® EX ©
0 Used 1 2 3 4 2 1 0 ® | GRAD B gﬁé g
X
5 F 7 F P Input loop |3 125 E] AAO N—>Q




L07-03
4 X 4 Matrix Solutions

*LBLA Find determinant. . X=e? If n = 0, no interchange.
882 RCLE 858  ¢T08
882

RCLS REg = 1 1 depending on 858  sT0I I1f n#0, swap b, and b, .
984 X number of row interchanges.| 866 RCL:
885 Pes 861 RCL2,
886 RCLE 862  STO0:
807 x 862 £44
888 RCLS 864 ST02
ses X [Det| = a;; 333 233 a4s 865 aLBLE
818 P3S 066 P3s
BI1 RCLA 7 RCL2
81z X 868 RCLI
812 RN o ___ 8639 e
814 sLBLE Input vector a7 RCL2 by+bs + myy by
BIS  STO4 b=(by, by, by, by} a7 X
#1é Ré 872 ST+3
817  sT02 87z oLx
3 R 874  RCL2
819  §T02 875 X
e2e Ré 876  ST+4 b, +
821 STo1 77 RCLE BT rmabs
822 #Ble 0 | em—mmmme 876 FRC Begin k = 3.
822 RCLE Solves Ax=h 87 RCLD Pick off fractional digit
824 1 First find L b; gee x of Rg {=n).
825 8 8er  x=e°
82  STOD Pick off units digit of Re g82  £108 1f n =0, no interchange.
827 B (=n). 88z  ST0I
828 FRC 884  RCLi 1f n#0, swap by, and bs.
825  RCLD 8es  RCL2
838 X 886  STOi
031 INT Ber K2y n can only bs 4)
032 x=8° 1£ n =0, no interchange. 8ee 5703 Y
832 €708 889 sLBLE
834  sT0I If n# 0, swap by and b, . 8se  p2s
83 RCLi 891  RCLE
836 RCLI 092 P2s
837 sT0:i 892 RCL3
83g X3y 894 X
83 sTO1 095 ST+4 be+be +Mgs by
048 xLBLE @%€ RrRCLA | -
041  RCLY 897 STz4 Now solve Ux = Lb
842  RCLE 898 RCL4 by by fa4s ~
842 x B899 CHS te by
P44 ST+2 “b, + 1ee  sTo
$45  RCLI B <tr * e oy 181 pas
846 RCL7 182 RCLS
847 x 182 sTO0C
848 ST+3 by «bs +my, by 184 RCLY Re<ay3
848 RCL: 185 RCLE 234
256 RCL8 166 RCL? 824
851 x 187 P2S a4
852 ST+ “b, + 188  RCLB
53  RCLO Behermab 109 x
854 RCLD Begink = 2. 116 8T+! by by —ay4 ba
855 % Pick off tens digit of Rq 111 CLX
85¢ INT {=n). 112 RCLB

REGISTERS

0 o 1 2 3 4 5 6 7
Pivots by b, b, bs an My ms, "‘u
S1 [S2 S3 S4 S5 S6 - S7 9
83 ms2 a3z a3 3 a3 "‘43

4 Iaum C Used ° 10 1 " Used
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113 X bz “b; ~a34 by 169 ST0Z
114 ST+42 178  €SBa where ] is the column
115 CLX b3 <by ~ 834 b 171 6SBc vector of length 4 with
e rOLE 0 | - 172 1 b--{“-j
117 x b3 by —bs/ag3 172 5102 R CEES]
118 ST+3 174 €SBa _
119 RCLC Rg+ -~ b3 175  ©SBec i=1,2,3,4
128 ST=2 176 1
21 RCL2 177 ST04
122 CHS 178 €SBa
122 sT0B 179 CLX
124 P3S e RN | ___________
125 RCL8 Re<aaz 181 sLBLc
126 STOC a3 182 CLX Setall b; = 0.
127 RCL4 a3 183 STO04
128 RCL3 184 ST02
129 P2S 185 8102
138 RCLB 186  STO4
131 x 187 RN
132 sT+11 by¢by -ay3 by 18¢ ®BLE @0 0z —--mmem———
132 CLX 188 Fe? AUTO toggle.
134 RCLB 19¢ ¢T08
135 x 181 sFe
136 ST+2 “b, —a;3 b 192 1
137 RCLC e 192 RN
138 sT22 bs by /a3, 194 LBLE
139 RCLS 195 CFo
142 RCL2 19¢ []
141 CHS 187 RIN | e
142 X
142 ST+l by+by ~852 by
144 RCLS 0| —eeeeee-
145 STt by b, /2y,
146 F8?
147 SPC
148 ! .
149 CSBS putou
158 RCL2 by
151 8BS bs
152 RCL3 be
153 6885 2= |--mmmmm————
154 RCL4 Output routine.
155 =LBLS Print for AUTO.
156 Fe?
157 PRTX
158 F8?
159 RTN
168 RS Halt otherwise.
161 RIN |
162 «lBLC Computs inverse by 4 calis
162 €SBc 10 LBL a, each one solving
164 1 Ax=L.i=1,23,4,
165 STO01
166  £SBa
167  €SBc
168 1
LABELS FLAGS SET STATUS
A->Det T Inputb Clnverse ° [E AUTO? 0 AuTO FLAGS TRIG DISP
2 Solve ° cCIurg‘ B i ! 0 og F DEG K FIX S
2 RAD O S§CI
P thed : : ° . ; g gAD w] ENG [
Ot |° 7 I? P g 3 0 n
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Solution to f(x) = 0 on an Interval

1T «LBLA b B57 1 1f33 1, reject b’
862 STOB B58  X<Y?
882  CSBE 1ib) 859 6701
08¢ ST08 86@  RCLB
pes RIN | e 86! RCLC
886 sLBLB 862 -
887 STOR c 862 ABS
888  S10C 264 4
869  ESBE BES H 1£ b’ is closer than
818 STO08 flc} 866  RCLD
:g S;?: 22'8 RCEC b-d A ol to ¢, then reject b’.
813 sLBLL TOL #€3 ABS
614  STOE 78 XLY?
BIS RIN | e ____ 871  £T01
B1€ #LBLD ar:  RCLI
BI7 RCLE If £(b) = 0, exit. 8’2  RCLD
81g  x=6¢ 874  RCLE
819  ¢&T0S 87s - I b’ ~bi < TOLY, b'<b+
82 RCLB B7é ABS TOL1 x sgn (¢ - b).
82: RCLC B77 2Ye
ga22 - 8ve  E702
8237 ABS 879 XY
824  RCLE 1£ TOL > |b - i, exit. Bge  RCLC
25 XYe? 881  RCLB
826 €705 B8z -
827 2 883 ENT?
ga2e < 884 ABS
829 X 8es %
83e CHS Be¢ X
831 9 TOL1=10"b + % TOL. 887  RCLB
832 RCLE 888 +
822 X a82  ST0D
834 + 8% 6702
835 sTOI 891 wsBty | e
03¢ RCLE 892 RCLB Reject b', set
837  RCLE Linear interpolation {secant 893 RCLC +
838 RCLE method): 894 + p'=Bte . i.e.,midpoint
829 - B9s 2
848  RCLA o fib) 8% = of (b, cl.
841  RCLE f{a) - f(b) 887 syop 00 | e
42 - a-b 892 sLBL2 Set new values for next
B4z 2 839  RCLB iteration,
844 : b’ may be next b. 188 ST0A avb
845 RCLE 181 RCLE
B4¢ 44 182 ST08B
07 - 182 RCLD flal<-tie)
84c  STOD Testif b’ € [b, cl. 164  STOE beb
843 RCLE 185  GSBE
858 - b b 18¢  S708 f{b}+f(b')
851 RCLC s= 167  RCLY9
852 RCLB e-b 108 x
852 - 182 X<@” If f{b) x f{c) <0, ieave ¢
254 H 11e €703 unchanged.
55 X<9° 1£5s< 0, reject b’ 111 RCLA Else replace c+a.
85¢ _ CT10! 112 sTOC
REGISTERS
| ? ° ‘ > ° i o) ° o)
| ] S2 S5 5+ S5 56 57 53 So
s I—" b Ic c Py © ToL " oL




L08-02

112 RCLE fic) f{a)

114 st | -7 —===

115 LBLZ

116 RCLS

117 ABS

118 RCL8

118 ABS If If{b)| < |f{c)l, loop again.

128 X£Y?

121 670D

122 RCLB Else swap b and ¢ and set

123 RCLC a+{new) c.

124 STOB

125 K2y

126 sTO0C

127 STOR

126 RCLE

129 RCLS

138 ST08

131 Y

122 s109

133 SsT08

134 670D Loop again

135 sBts 000 | -—-—-—-——--

13¢ RCLB Display root.

137 RN |-

138 sLBLE

129 RN User-defined f(x).

LABELS FLAGS SET STATUS
Ab B C ToL P a0t [ ot ° FLAGS TRIG DISP
: 8 ° ° ° ' 0 0[?]4 F DEG g FIX g
0 1 Rejectb’ |2 Newa,b,c |3 Endloop |* 2 1 0 GRAD SClI
2 0K RAD O ENG,_ O

[Fexit [F 7 8 I i 3 0@ n—2_
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Numerical Integration

*LBLA Input h 57 sLBLY
gez  sTop 856 2 If n is not even, display
ez RN e 859 = “Error’ by call to E.
884 eLBLE Input f(xo) a6e FRC
885 sTo8 Ro contains TRAP Z. 861 Xr@”
886  STD9 Ry 'contains SIMP Z. 862 €T0E 000 | e
8er [ n=0 863 RTN Compute Simpson area.
8ee  STOC 064 sLBlc
889 sLBLS 865 RCLA
e18 |21, 5 B66  ESBi Rq «f(a)
81! sLBLE Input f(x;), j odd. 7 STOB
812  STOR Ro+Ro +2fix) 868  RCLE
813 €586 869  6SBi
B14  ENT? 878  ST+e Ro + Ry + t{b)
815 + 871 RCLB
B16  ST+2 Ry <Ry +4 f(x)) 872  RCLA
817 RCLC 872 STOE Set initial x to a.
H 1 674 -
818 + 7S RCLC
B2e  £10C nen+1 87 %
2 RN 77 STOD he(b~al/n
822 #tBLlE @ |- ————— 878 8
823  STOR input f(x;}, j even. 879 8709 Ry will count to n.
824  £SBE Ro «Ry +2 f(x;) eee sBL8 @000 |
825 5T+9 88!  RCLD
826  RCLC 882 RCLE
7 1 Ry <Rs + 2 1(x)) 883 +
82¢e + 884  STOE xex+h
820 sT0C nen+ 1 885 65Bi
ele 6109 Exit 88¢  CSB6
831 wBlC 00 | e 887 ST+e
832 2 Compute trapezoidal area 88 2 Ro+Ro +4 fix)
822 RCLE 889 ST+9
824 €708 898 RCLC
835 &BLD 0 | e —— 83! RCLS
836  RCLC Compute Simpson area. 892 X=y? If Ry = n, exit.
837  gse? 832 6708
eze 2 Test n even. 894  RCLD
83 RCLS 895 RCLE
04¢ aLBLE 89¢ 4+
84! RCLA 897  STOE
842 - 2 f{x,) were added, so sub- 838  6SBi x<x+h
B4Z #iBLd tract f{xn). 893  GSBE
844 RCLD 188 €708 Ro+Ro + 2 f(x)
B4s X 181 sBL6 O} 0 _______
B46 X2y 182 2
847 £ 182 RCLE =h
845 PRTX 184 ¢T0d Arse = 3 % Fo
849 RTN Area 185 lBLE
856 &lBla 0| oo ________ 186 ENTt | ___________
851 sroe Inputaand b . 187 + Subroutine.
852 X2y Store b. 188  ST+8
853 5T0A 189 RTN
854 RTN Store a. 118 »lBle Ry <Ry + 2 f(x)
855 slBLb Inputn. 111 §T01 F\Euﬂ to setect function
856 SToC 112 RTN
REGISTERS
0 Used 1 3 4 5 6 7
S1 S3 [S4 S5 S6 S7
tixy), N n ° h [ Function i




L09-02

TABELS FLAGS SET STATUS
Kh F CoTRAPS |° +SIMP[. |F None FLAGS _ TRIG DISP
2 atb b n C [t 4 Qutput € i X ° Og F DEG ® X ®
- — ——— — | Y
2 0
[z 7 Testn _|° Loopfc  |° LoopB F 20 ® n




Gaussian Quadrature

I slBLA 857 H
802 c] 25¢e 1
883 . 85¢ 4
864 2 8é6e 2
8es 2 861  STO4
L3 8 862 .
88" € 2y = -2, 863 !
see 1 (2] 7
889 Kl B6S 1
816 1 856 3 Ws = We
811 8 867 2
812 & ace 4
812 H 863 4
814 STO8 pre 9
815 . 871 2
B1g 4 872 4
817 € 872  sTDS
;38 7 874 P2s
818 9 875 LY
626 1 Wy =w, 87¢ RTN e __
p21 3 77 LBLB Integral from a to b.
822 g 878 STOR b
82, 2 879 X
824 4 888  sTOC a
825 6 881 -
82¢ 5701 a8z 2
827 . ees B
82¢ [3 884  ST0A Ra+{b-a)/2
829 [ 885  RCLC
236 ! 88¢  RCLB
83! 2 23 = -24 887 +
822 e 88e 2
832 9 889 ES
834 3 8%  STOB Rg+ (b +a)/2
835 e 891 8
03¢ € 892  ST08 Ro will accumulate T,
837 s 893 1
832 s102 894 ] Set I'to pointat z, .
829 . 895 STDI
B84 3 89 6SBb Each call to b computes 2
84! € 897  6SBb terms for Z.
842 e 838  C5Bb
842 e 89S  RCLE
844 6 — 106 RCLA
845 1 181 X 222 Twitxg)
B4c 5 182 PRTX
B47 7 183 RTN
B48 3 184 sBLb 00| - ___
B43  STOZ 185  RCL; Computes terms of Z.
85e . 186 1521 7 (j=1,3,8)
851 9 187 STOC 1 points to w
852 3 188 CHS Rgez
853 2 189 RCLA bAa It |
854 4 25 = -2 118 X Compute term j + 1
8535 € 111 RCLB Xj+1< (241 (b-a)+b+a] /2.
B3¢ 3 112 4
REGISTERS
0 g g 2 g g 5 6 7 F 9
SO 1 [S2 S3 [S4 5 S6 S7 S8 S9
Z wp 2 Wws s Ws
A (b -ail2 ls (b +a2 C Used ° E ' 10-18
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113 CSBE — 169 #LBLE Finds one term.

114 RCLi Wi fxjaq) 176 RCLi w,

15 x 7 x —L_ )

116 ST+8 172 RCLB (1+z)

117 RCLC 173 xe

118 RCLA Compute term j. 174 &

118 X 175 ST+ | e e e

128 RCLB 17€ RTN 48 steps reserved for user-

121 + 177 #lBLE defined function f(x).

122 GSBE w; ) 178 RN

123 RCLi

124 X

125 ST+ I points at zj42. Also available are R, - Ry,

126 1821 Rp. Rg, and stack.

127 RIN e _

128 sLBLC Integral from a to e,

128 STO0R a

138 e

131 s708 Ro will accumulate Z.

132 1

132 e Ipointsatz,.

134 s70I

135  ©SBc Each call to ¢ computes 2

136 658c terms for Z.

137 6SBc

138 RCL8

129 2z

e x i

141 PRTX 28—t

142 RTN (1+2)

143 sBte | ________

144 RCL: Computes terms of Z.

145 1821 2 (j=1,3,5).

146 STO0C I points to w

147 CHS Re+z

148  ¢SBS 241 = -7

149 GSBE p

158 6588 Bgerd

151 RCLC

152 6sB% y

153  CSBE #xg)

15¢  ¢588

155 1821

156 RTN 1 points to zj43.

157 Bl | ____"___

158 1 Computes argument.

158 +

168 ST0B A S

161 2 147

162 X

163 %

164 RCLA

165 +

166 1

167 -

168 RIN

LABELS FLAGS SET STATUS
R'START [Patos/2t [adfat | i
atb—+fy t adfy f User t(x) FLAGS TRIG DISP
2 ° £ torms (B) [° £ terms (c) [° ° o D% | oea FIX ®
— i— SHESEY:
2 0O

F F Used in ¢ PUudlnc F 3 0O -
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Differential Equations

801 *LELA h/2 857 RCLC

802 2 85¢ + 1 =yt
ez <= | ____________ 959  STOC Yinr = vitA
864  STOR 866 RCLB

ees RTN F1 clear for 1®-order. B61  RCLD Xi+1 = X +h
08¢ sLBLE Yo (134 +

087 CF1 B62  STOB

8ee  sToc Xo #64  6SBE

pes Ré 865  RCLC

ele stoB 00 | — e p66  £5B8

a1l RTN F1 set for 2™ -order 067 Fe° Loop again.

12 #8LC Yo 868 s | e
81z SF1 862 gr00 2™.order solution.
614 st | oo _______ 678 wLBLd vo'

815 RTN Compute solution. 871  RCLD Yo
81¢ =xlBLD Branch for 2™ -order. 872  RCLC Xo
817 L S R 872 RCLB

812 6704 1%.order solution. 874  GSBE ki /2
819 sLBLY 875  STOE

828 RCLC 876  ST0C

82: RCLB 77 RCLA

822 CSBE ky /2 878  6SBa Ky /2
623 STOE 879  ST08

824 RCLC y; + (kg /2) 8se  ST09

825 + 88! RCLA

B2¢ RCLB 882 RCL?

27 RCLA x; + (h/2) 683 RCLD
8ze + 884 +
829  ESBE Ky /2 885 RCLE Kks/2
82e sT0e 88€  ESBb
821  RCLC yi + (k3 /2) 88?7  ST+8
8z2 + 888  ENTt
832 RCLE 8eY +
824 RCLA x; + (h/2) 896  STO9
83s + 891  RCLA
B3¢ CSBE k3/2 892  ENTt
837 ST+ 893 +
838  ENT? 894  GSB. ke /2
e + 89S  RCLE
848  RCLC yi+ks 896  ENTt
841 + 27 +
842  RCLE #9¢ +
842 RCLA 899  RCLE
844 ENTt h 108+
845 + 18! 3
84 STOD «+h 182
847 + ke /2 183 RCLD
842  GSBE 164 +
849  RCLE 185 STOD ek 42K, 42K, +
856+ 186 LSTX vitlat2 12 v
851 RCLe 187 RCLe
852  ENTt 188 RCLE
852 + 189 +
854 + 1 118 3
855 3 A=E(k1+2kz+2ka+k¢) 111 B ¥i'+ky +kg +k3)/6
85 | 12

REGISTERS
0 Used T 2 3 g s g 7 B 9 sed
S0 S1 [S2 S3 IS4 S6 S7 S8 S9
A hr2 T)q c vioh Fum l'
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113 RCLA

114 ENT?

115 + h

11€  STOE

1z X

118 RCLC yithly] +(k; +kz +k3)/6]

119 +

1286 ST0C

121 RCLE

122 RCLE Xi41 =Xj+h

123 +

124 STOB

125 6588 Vier :

126 RCLC

127 68BS

128 Fe?

129 SPC Loop again

136 6704 00| -

13! #lBle Routine to find ky, k3, k3,

132 RCLS

132 RCLD

134 + | e ____

135 RCLY

136 slBLb

137 2

138 2

138 RCLD

148 +

141 Rt

142 X

142 RCLC

144 +

145 RCLE

14¢ Rt

147 2 PSS,

148 #LBLE User-defined f(x, y} or

143 RCLA fx, v, v}

156 X

15¢ RN | ______

152 siBLE Output routine.

153 Fé? If FO set, have AUTO

154  PRTX mode: print/pause and

155 F8? return.

156 RTN if FO clear, halt 1o display

157 RS result.

15¢ R | ____

159 sLBle o

166 F8° AUTO tose

161 gT08

162 SF8

163 H

164 RTH

165 aLBLE

166 CFe

167 8

168 RTN

LA_B|§_LS FLAGS SET STATUS
A n B xotvo Yo _ Eex,v.v) | AuTo FLAGS TRIG DISP
2 Used ° Used 92™ order  [¢ AUTO? ‘2Morder [ NE| oee @ | Fix
4 2 ® GRAD [ sCt 0O

0 Auto toggle]" s :o0m| mo ol eneo
5 F‘Output F 1%.order F 3 O n_2_
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Interpolations

801 slBLA F1 set for linear. 657 -

0’2 SF1 Yo 858  STOI (% = x; Hx = xq)

883  ST07 858 X

004 X2 X 866 RCL? Loix}

885 ST0a 961 x

886 4L, 862 RCLS

887 sLBLB 863 RCLA

888 sTOB Y1 864 -

209 X3y 865  STOD

p18 STOB Xy B6S  RCLI (X = X Hx = X3}

811 RN - 867 X

812 sLBLC 86  RCLE

812 sT09 V2 262 i Lylx)

e14 X2y 878 +

815 STOC X, 871  RCLD

Bic CFe FO clear first time through. 872 RCLE

817 CF1 F1 clear for Lagrangian. (- et x = xg)x ~ %}

81 RfN | 874 RCLS i

BI1S aLBLD 875 x Laix)

828 ST06 87¢ +

82! F1? If linear, GTO 1. 77 PRTX Py ix}

822 ¢T01 8’e RN e

822 fF8? 1f second time through, 879 slLBL1 Linear interpolation.

824 CT08 GTOO. 88e  RCLE

825 Rl | - 881  RCLE

82¢ RCLB Lagrangian, first time 882 =

827 - through. 883 RCLT

828 RCL& 884 x

B29  RCLC 885  RCLé

836 - 88¢  RCLA

831 x 887 -

832 &727 Ilixo = X, Hxo = x. 88  RCLS

832 RCLB Yo/llxo — X1 Mxo = x3)] 289 -

:g,:. RC’:“ g;? RCZE y= (X1 =x)yy +x=Xo)¥o

836 RCLE 892  RCLA X1~ Xo

837  RCLC 893 -

83e - 894 2

839 x 895  PRTX

846  5T:8 y3/[{xy — X Mx; = x3)] 896 RTN

84! RCLC 897 lBL.

842  RCLA ese  svon | ___________

b4z - 299 RTN Finite difference.

844 ROLC 188 #LBLb X3

845 RCLE 181 sTOB 0000 | o ____

84¢ - 182 RTN h

847 x 182 «BLe | ___________

842  ST29 Hixa - %0 Hxa - x 184 STOI

849 SF8 Ya/l{xa = xo}Hxz 1)) 185 Re Ya

856 s«LBLE FQ set from now on. 186  STOE

B5f RCLE 00| ——m————— 167 R ¥s

852 RCLB Lagrangian 188 STOD

853 - 189 Rt Ya

854 STOE 118 -

855 RCL6 111 3 =3y3 + 3y,

856 RCLC 112 X

REGISTERS
0 1 2 3 5 6 8 9
x Used Used Used

[se 1 &3 S3 ] S5 S6 53 & 59
AT Fx-'h x2,u P x-x. v2, Used F X = X1, Y3 ' x=xave




L12-02

13 X2y -3ys +3v2 -y
114 - Ve
1S Rt 8y
116 +
117 ST09
118 RCLE
119 RCLD
128 - Sy.y
121 ST07
122 RCLI
122 RCLD
124 +
125 RCLE
126 2
127 x
128 - 82y,
129 §108
138 RN |-
131 elBLd Compute y given x.
132 RCLA
132 -
134 RCLB
135 * u={x-x3)h
13¢  sT0C
7 RCL?
138 x
139 RCLE
148 + vs +uby_y
141 RCLC
142 RCLC
142 1
144 +
145 x
146 STOD wu+ 1)
147 2
142 2
149 RCLE
15 X 1—u(u+l)8”\(n
15¢ + 2
152 RCLD
153 RCLC
154 1
155 -
15¢ x
157 £
158 2
158 RCLS .
168 x —ulu+Nu-118y_,
161+ R von
162 PRIX v
163 RTN
LABELS FLAGS SET STATUS
" xatvo xtvs Cuat, P v ° 2™ tme | FLAGS TRIG DISP
°h Syityatystya[? x>y e 1 Linear 0 OE']‘ OEF]F DEG FIX
i i 3 4 2 ® | cRAD O | SCI
e Lo : ; g RAD O ENG O
! F F § s O n—2_




L13-G1
Coordinate Transformations

961 #LBLA Store 0. 857 STCI
882 sT03 856 6581
683 CLX 859  ST04
884 £SBa Store 0, yo, Xo- sé6e 1 Calculate y or y'
885 RCLY Set rotation axis of 0, 0, 1 8¢l 2 coefficient.
886 RCLS in display and recall . 86z sT01
287 | 86z 6581 Stop if 2 -D.
288 RCL2 864  STOS
809 =LBLb 8€s F2?
618 CFe Store 9, a, b, and c. 866 RTN Calculate z or 2’
811 sT03 8c? 1 coefficient.
812 Rt 86¢ 3
812  sT08 869 STOI
014 Rt 8786  65B1
815 5701 871 STO06
81€ Rt 872 8 Stop and display final 3
817 STO2 872  RCL4 -D results.
B1e P Calculate Va® +b? +¢? 874 RCLS
819 X 875 RCLE
826 R 87¢ RTN | o _____]
821 3P 677 slBLc Set matrix done flag.
822 5T=8 Calculate unit vector 878 SFe {Program pointer says
822  ST:1 components. 875  £T0c matrix done.)
B24 §T:2 gge sBLC 00| e __]
825 RN e 88! 5F8 Set matrix done flag.
826 wlBLa Store 2, v, Xo. ez eroc 000 | —e e __ ]
827 CFe 887 slBL! Matrix multiply x and y.
828 £T08 884 8
829 R 885 RCLA
838 STOB 886  £SB4
831 R¢ 8e7  RCLE
832  STO? 888  6SB4
832 RTN 889  RCLC
834 wBLC 0 | e __ 89e P2S Fatch xo, vo or 2, depend-
835 SF2 Set 2 -D flag and input 891  RCLi ing on which coefficient
83¢ [} dummy zero. 892 S is being calculated.
837 sBle 0| @ e 892  STOD
838 RCLS Store {x ~ Xq), {y - o), 894 RS Matrix multiply z.
839 - (z-2,). P95  GSB4 If calculating P from P’
848 STOC 896  RCLD add appropriate translation
841 oLy 897 x2y distance.
842 RCLE 838 F1?
842 - 839 +
844 STOB 186  PRTX Output result, set stack for|
845 Ly 181 RCL4 2 -D stop.
B4E  RCL? 182 xy | e ]
847 - 1683 RTN Matrix multiply and
848 STOA 164 aLBL4 counter.
843 Fe? 185  RCL:
85e  ¢T08 Calculate matrix coefficients| 18¢ x
851 CspS if not already done. 187 +
852 wBle @0 - __ 188 18Z1
853 CFe Calculate x or x' coefficient. 189 1821
854 SPC 118 1821
855 1 111 RTN
B85¢ 1 | 112 #(BLS
REGISTERS 5
‘ xix) vy [ " % ® v 20
5 S6 S7 S8 S9
m my my m L) n3
B T ] T
cosd,(xg, Yo. 20) sind control
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113 RCL3 Calculate sind, cosd and 168 5T-2 csind

114 1 1 - cos. 178 ST+

1S R 171 CLX

116 sT0D 1722 LSTX

117 CHS 173 x bsing

118 XY 174 ST+3

119 STOE 175 8T-7

12¢ L 176 cLX

121 1 177 LSTX

122 + 178 X asiné

123 RCLE Recall unit vector 17 ST+8

124 RCL1 components. 188 ST-6

125 RCL2 181 28 Matrix complete.

126 Rt 1 -cosb 182 RTW ] e

127 PS Store 1-cos8 in Rgy - Rgg. 182 sLBLE Set 2D flag and input

128 §T0! 184 SF2 dummy zero.

128 ST02 185 ¢ | ----—-—-----—-

138 ST03 186 %iBle input x, v, z.

131 5704 187 STOC

132 8705 188 Ri

132 ST0¢ 182 STOB

134 ST07 198 R¢

135 sT08 191 ST0A

136 STO08 182 SF1 '

137 Ré Multiply by c unit vector 192 Fe? Set inverse flag.

138 STx7 component. 194 CT06 Calcuiate matrix coeffi-

139 STxg 195  ©SBS cients if not previously

148 STX9 196 sLBL6 done.

141 STx8 187  €SB8 , T T T T

14z STx6 19 CFt s

143 STx3 199 RN | _____

144 R 200 elBle

145 STxS Multiply by b unit vector 281 SFé Set matrix done flag.

146 STXS component. 282  €£T0e

147 sTX2 283 #BLE 0 | -

148 STx8 264 SFe Set matrix done flag.

149 STx4 285 CTOE itttk

158 STxé

151 RS

152 sTx2 Muitiply by a unit vector

153 STxt component.

15¢ STxt

155 STx4

156  STx7

157 §Tx3

158 Ré

159 Ri X

166 RCLD

161 5T+1 Add cosé.

162  ST+5

163 ST+8

164 oLx

165 RCLE

166 F1? sin

167 CHS CHS for P'->P.

168 X

LABELS FLAGS SET STATUS
Axgtyoto 15 C xty—>p’ o [E x'ty'-+P 0 Matrix done FLAGS TRIG DISP
Axotyotz, [Patbtcte ¢ xtytz—p' |¢ M x'fy'h'-'Pl 1p'p o OEJ‘ OF DEG © FIX
2 |

0 Used ' Mult. 2 3 ¢ Mol 20 2 g E:QD E ESG o
5 Matrix F ’ 5 [° |" a O n




Intersections
387 ibLe Input Py, P,’. 857 RCLE
88z ¢ses 0000 | ________ 858 RCL7
882 &LBLA Input P, and 8. 858 Lstx | e __
864 1 B6e RTN Set flag for alternate
885 STOE 86! siBlLe point solution.
806 R¢ 8e2 SF1 ST T m——
207  STOD 862 €108 Start primary point
888 R 064 ¥LBLd solution,
:1': ngf :gz ‘Lg{; Select type of solution.
811  sTOR = A
812 RIN I"‘m_P:'_P AN, B6e  SPC Line-line intersect.
813 sLBLb 1nput Py and 6, 869  6T0;
814  ¢SBS 870 alBL?
815 =LBLE 871  RCLE
1€ 2 872 1 Check for input error.
817  stoI 87, X£Y?
818 R 874  E£T06
818 STOA 875 RCLD 18, =+ 90° go to special
8ze R 87¢ cos solution 8.
821  sT09 877 x=g°
822 Re 87 108
822 stoe 879  RCLA 1€, = £ 90° go to special
824 RTW e 8se cos solution 7.
825 slBLD Input Xo1. Vo1, 3. 881 =82
82¢ 3 882  6TO7
827  sT01 882 RCLB
82g R 884  RCLD
828  ST04 885 Tan Calculate xp.
838 R 886 ' STO6
831 ST09 a8” X
832 Ré 882  RCLS
833 - <108 889  RCLA
634 RTN a9 TAN
835 sBLE 000 |- 891  §T07
836 4 Input Xo3, Yoz, 2. 892 x
837 STOE 892 -
e3¢ R 894  RCLS
838  STOD 835 +
B4e R 896 RCLC
841 sTOC 8ar -
842 Ré 838  RCLE
842 sTO0B 892  RCL?
844 RTN 188 -
845 #LBLS 181 %
b46 sTO? | __ __________ 182 *LBL9
847 XY Transform P and P' to P - § 162 ENTT b ___________
848 STO6 form. 184  ENTt Calculate yp.
849 Ri 185  PRTX
858 - 186  RCLE
851 X2 187 -
852 Rt 188 RCL6
853 - 189 x
854 P 118 RCLC
255 Ré 112 +
856 + 2 _PRIX
REGISTERS 5
0 [T 2 3 5 5 Used 7 e ax,’ e var Yo
S1 52 S3 54 5 S6 57 S8 So
Aozrfl IB Xy, Xey I Y1:Yes o [ Code r Code
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113 . RIN Calculate xp for §, =+ 90°. 169 +
114 slBL7 178  PRTX
115 RCLD 171 RTN i
116 TAN 172 olBL4 Qalculnu xp for circle-
117 ST06 172 ¢sBe circle.
118 RCLE |- 174 +
119 €109 c.loglatn Xp. Yp for 8; = 175 RCLD
1280 #LBLS +90°. 176 xe
121 RCLB 177 -
122 RCLE 17 2
122 PRTX 179 B
124 RCLS 188 RCLE
125 - 181 +
126 RCLA 182  RCLA
127 Tan 182 2
128 x 184  Cos+
129 RCLS 185 F1?
128 + 186 CHS
131 PRTX 187 +
132 RN e 188 RCLA
132 =LBL3 Circle-line or circle-circle. 189 R
:;; Rf(i;s :g? RC£.8 Calculate yy, for circle-
136 £T0; 192 PRTX circle.
137 wLBL! 193 Xay
138 ¢sBe Calculate x, for circle-line. 194 RCLS
139 - 195 +
148 STO7 18€  PRTX
141 X2y 197 RN
142 RCLD 198 aLBL8 Calculate a and D.
143 - 198 x21
144 [0S 288 RCLC
145 RCLE 281 RCLY
14¢ x 202 -
147 CHS 282 RCLB
142 Xx<e" 204 RCLE
149 SF2 265 -
156 ENTt 28¢€ P
151 Xz 287  ST06 . .
152 7 288 Xz Calculate D? and r?,
153 - 289  RCLA
154 I3 218 x2
155 F2? 211 RN | e
156 CHS
157 + Calculste P;.
158 = Calculate P, .
159 F1? Bring P, back if flag is set.
1€8  LSTX Calculate xp.
161  RCLD
162 X2y
163 R
164 RCLE
165 +
166 PRTX
167 X2y caeut
Iculate yg.
18R LABEL; FLAGS SET STATUS
Axity 16, T x3ty; 16, C 10—"01 tyoitn Exoszcn te, [° FLAGS TRIG DISP
b D G E] o T ON OFF
® xi vt tn]® xa tyatxaty +Xo1, Yoi__ | *%o2. Yoz Prim/sec o O DEG FIX ®
5 0 Ty 3 0 7 Quad " O ®| GRADO | sci O
Used Xp Line-line Used Xg a 20D RAD O ENG O
5 Line spec. F 7 Vert. line FVon. line Fv, N 3 0 n
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Circles

887 4LBL. Store xy, ;. 857 X

882  STO4 858 RCL?

083 Ré 859 RCL3

884  ST03 866 -

85 RTN 000 | 861 ST=2

886 sLBLb 862  STOD

887 STO6 Store x;, y;. 863 RCL7

e Ré 64 RCLI

#89 ST0S 865 +

818 RTK | 866 x

811 slBLe 867 +

a12  stoe 868 2

812 Ré Store x3, v3. 869 z

814 sT07 878  RCLD

815 RN 000 | 871 A

816 #lBLd 1) =x, o 872 STOE

817 SPC X1 = X3 then 873 RCLC vo= X2k

815  RCLS o7¢ - N2 - Ny

819 RCL3 Py 87s  RCL2

828  X=y? 4R 876  RCL1

821  CT08 P3P, 877 -

822 RCL? 27 M

8235 RCL3 #79  sTOD

824  x=y? 888  RCLE

825 6108 881 xzv

826 sLBL} 882 RCLZ

827 RCLE Calculate k; and Ny. 88z X xo =ka — Nz ¥o

828 RCL4 884 -

829 - a8s  sTOC Output x,

838  sTO1 886  PRTX

831 RCLE 887  RCL?

832 RCL4 888 - Output y.

833 + 889  RCLD

834 X 89@  PRTX

835  RCLS 991 keis

836 RCL3 - - Qutput r and stop with x

837 + 833 +P inZ,yinYandrinX.

838 RCLS 894 RCLD

829 RCL3 895 44

948 - 8% RCLC

841 5721 857 - X2y

942  STOC 898 STOE

842 X #9¢  SPC

844 + 188 PRTX

945 RCLC 18! RTN

846 : 182 siBLE

847 2 182 RCL? TR Tt

848 = 184 RCLE v

849  sTOC 185 RCL3 PP,

856 RCLE 186 sT07

85! RCL4 167 CLX

952 it 188 RCLS

853 sT02 Calculate k, and N, . 188 5703

854 RCLZ e (X

855 RCL4 111 RCL4

856 + 112 STO08

B REGISTERS

° " Ny, g N3, 6o i X3 ¥ Y1 ° X3 Y2 7 X3 ° ¥ ° [
SO 1 [S2 IS3 [S4 S5 S6 S7 S8 S9
DY IE n |c X, Ky Ye <IE r " n-i
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115 [7%4 169  PRTX

114  RCLE 178 pszI

115 STO4 171 aLBLE

116 R 17, RCLB

117 ST06 172 RCLI

118 R 174 -

119 S705 175 PRTX

126 ¢4 00 |- 176 ST01

121 #LBLA Input Xq, Yo, and r. 177 €8B2

122 STOE 17e Rt

122 R 17 CLx

124 STOD 188 RCLS

125 Ré 181 Rt

126  STOC 182 oLx

127 RIN | 183 RCLY

128 #lBLC Calculate n from A§. 184 Rt

129 1 ' 185 Rt | e

138 CHE 186 RTN Set o begin automatic

131 Cos+ 187 slBLe loop.

132 ENTt 188  RCLB

132 + 183  §T0I

134 XY 196 RCL2

125 < 191 RCLA

136 LSTX 192 -

137 €708 ——— 132 s708% @00l @ ===

138 #lBLD 194 sLBiL4 Automatic loop.

139 1 Calculate A8 from n. 1895 GSBE

148 CHS 196 1821

141 C0S- 187 siLBLB

142 ENT? 19¢  psz21

142 + 199 €704

144 Xy 208 RTN | e~

145 % 281 sLBLB Calculate x and y for

146 LSTX 282 SPC given 8.

147 X2y 282 6108

14¢ sBL6 0 | __ 204 wlBL2

149 STO0A Store Af, n, 8, and 8, -08. 205 RCLY Calculate x and y for

158 R 286 aLBLE® contents of Ry,

151 ABS 287 RCLE

152 . 288 R

153 5 289  RCLC

15¢ + 210 +

155 INT 211 PRTY

156 STOE 212 Xe

157 sT01 213 RCLD

15 RS 214 +

158 sT102 215 PRTX

168 STOS 216 RTN | ceemm e

161 RCLA

162 ST-9

162 RN | __

164 #LBLE Caiculate and output 8, i,

165 SPC xj and y;.

166 RCLA

167 ST+

168 RCLY

LA_B'ELS FLAGS SET STATUS

A xotvolt B 6rx.y C 6,140 D 8yta Foeixy |° FLAGS TRIG DISP
@ xitys o xa 1y, c xtys 9 >%0, Yo, r [0 AUTO i cOE] oec m ]| X ®
0 Used T vt 2w |° * Loop ¢ 18 sao D | S 5
il E 7 F L 2 0 "
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Spherical Triangles

882 SF1 AR 838 SPC
803 slBLB SAS (aCb) o5 RN
:; 375 Second S (or A) :g? .:gt: Subroutine to find one
806  STOC Angle (or §) 862  RCLB angle (side),
087 Ré 862 ST0A
888 ST0A First S {or A) P64  RCLC Rotate sides {angles)
805 RCLC B6S  ST0B
818 cos 866 Ré
81! RCLA 867 R
812 SIN cosc=cosacosb+sina 868  STOC cos A = 5088~ cos b cos c]
812 X sinb cos C 869 €os sinbsinc
814  RCLB 87e RCLA
815 SIN (241 oS
81¢ x 872  RCLB
817  RCLR 873 cos
a1g cos cosC=—cos Acos B+sinA 874 X cos o= S8AtoosBoosC
819 RCLB sin B cos ¢ 875 F1o sin Bsin C
8ze cos 87¢ CHS
82! x (263 -
22 F1? 878  RCLA
823 CHS 872 SIN
024 + 8se %
825  cos+ e8!  RCLE
B2¢  STOC Third S (or A) 882 SIN
voereé | _____ 882 =
828 #LBLD AAA (ABC) 884  COS+
829 b 885 RTN | _____
838 sLBLA SSS (abe) 886 sLBLE \
31 sToc 887 Fo? Ak
832 R 888  PRTX
832 ST0B Store three sides {or angles). 889 Fa?
834 Ré ase RTN
835  s70a 891 R/S Else halt.
836 »LBLB 892 RTN
837  ¢sBb LBL b finds one angle {or 692 wble | ______
838  cTO0f side) 894 SF1 AAS (AB.a)
839 GsBb 695 sLBLC Ambiuu;m's cases.
848  S701 896  STOE .
841 ¢SBL 897 R
842  STOD @98  STOB PR
843 (F1 899 SIN "
844 aupte ) ________ 188 X2y Second side {or angle)
B45  RCLA Qutput routine. 181 5T0R
b4c  Cspe First side (or angle) 18{ S{N First side {or angle}
847  RCLD First angle {or side} 163 = L
848  cSBe 184  RCLE sing= Sinbsin A
849 RCLE Second side {or angle) 183 SIN sina
85 ¢csee 186 x o
851 RCLE Second angle {or side) 167 SIN+ sinb= M
852 ¢seg 182 CSBd sin A
853 RCLC Third side {or angle} 189  RCLA
85¢ CSBs 118 RCLB Find one solution,
5 RCLI Third angle (or side) 111 Xy? If a<b (A<B), have 2
856 £588 ! 112 €108 solutions.
REGISTERS
o 1 3 5 6 7 8 9
ts-o ST S3 54 5 S6 Is7 S8 So
A . C . . D _ E [
First S {or A) Third S {or A) First A {or S) Second A (or ) Third A (or S)
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Else end. 169  SF8
———————— 170 1

For 2™ solution, B+-cos™! 17, RTN
(~cos B) 172 LBL®
173 CFe

174 8

-------- 175 RIN

Routine finds one solution
given 2 angles and 2 sides.

cos C= SOSC—COsa cosb

sinasinb
cosc= cosC+cosA cosB
sin Asin B
AUTO toggle.
LABELS FLAGS SET STATUS
C ssA ° AAA E AsA © Auto FLAGS TRIG DISP
d 0 7 ON OFF
° Auto? Angles oD ® | DEG FIX &
2 3 4 2 1.0 GRAD O SCI 8
2 RAD O ENG
7 Autoout [® Output 3 3 g g N2




Gamma Function

[ 881 eLBLA 524 H
282 pas Load constants. 58 ¢
883 . 859 CHS bs
884 5 866 STOS
8es> 7 861 .
886 7 862 4
087 1 862 &
888 9 0864 2
009 1 B6S !
818 € 86€ 9
811 5 867 9
B12 2 868 3
813 CHS b, 86e 9
el4 STOL (X 4 be
815 . e71  STo6
81¢ 9 87z .
817 8 873 1
a1 8 874 9
819 2 875 3
82e 8 87e 5
821 5 it 2
822 8 aze 7
822 9 (réd 8
824 1 86 !
825 ST02 by 881 8
82¢ . 882  CHS by
827 8 8ez  sT07
82¢ s 884 .
828 7 085 e
83e 8 8¢ 3
831 5 aer S
832 é 88¢ 8
822 s 88e [
834 32 898 8
835 ? 891 2
83¢ CHS 892 4
837  §103 b 993 3
838 . 994  sT08 b
839 9 89S oLx
848 1 89¢ P2
841 8 897 RN
842 2 898 asBLB 00| __________
843 8 899  P2§ x> Tix)
844 6 100 1
845 8 101 - x=1)
846 5 182 x<8?
847 7 182 CTOE i
48 STO4 184 INT Brror i b -1} <0.
849 . 185  LSTX —1i
858 5 by 186 xeyo It (x~1) integer, GTO b.
851 5 187  €T0b
852 é 188 1
853 ? 188 5T09
854 8 118 X3y
855 4 111 «iBL9 Exit when < 1.
856 8 112 X£y?
REGISTERS
0 i 2 3 5 7 g ]
[so " b, 52y, S S 5 bs S 5 o, 5 S
A IE Ic D |E ]
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113 ¢T08 Ry accumulates product

114 STx3 (x~ N - 2)(x - 3)...

115 1

116 S e

117 €709 Polynomial approx.

118 sLBLE Here 0 < argument < 1.

119 ENTt

128 ENTt

121 ENTt

122 RCLE

123 X

124  RCL7

125 +

126 X

127  RCLE

128 +

129 x

138 RCLS

131 +

132 x

132 RCL¢

134 +

135 x

136 RCL2

137 +

138 x

138 RCL2

148 +

142 x

142 RCLY

142 +

144 x

145 1

146 +

147 RCLS

148 X

149 PRIX Tx)

15 P3s

151 RIN

152 sBlb 00 | __

153 N if (x - 1) integer, simply

154  PRTX take factorial.

155 P3S

156 RTN

LABELS FLAGS SET STATUS
ASTART P x~+Tix) id [ FLAGS TRIG DISP
a > Integers < ° o DE| oes w | Fx
D GRAD O | sci

© Approx. |1 > 20 5| Mo o eneo
5 F F M'loop a0 n—2.
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Bessel Functions, Error Function

° T = Vit IE Ti1:

1 eLBLA Bessel n 857 ST09
082  STOA 858  EEX
002 Rl | e __ 855 CHS
884 #iBIB Jnix) 868 9
80  (SBa Initialize 861  ST0D
006 SF8 FO set for J,,. 862 RTN
887 w9y | ___T____ 863 eBLb | ______
:: ng Main summing loop. g; ngf_é Compute one term,
Compute term {even k). =
018 soon pu { ) 866 RCLI F2 set except for k = 0,
811  ¢seb Accumulate even terms. 867  RCLA
812 F2? Compute term {odd k). 868  XrY?
813  CT09 F2 clear for last term. [ ] = 5
014 ROLE Loop epain 876 RCLD Itk =n, save T,~>R..
815 ROLS L __ 871 st0C
816 ENTt Re =T, Rg = Ty, at end. 872 wgte | _______
817 + T, 872 R
818 RCLE ) = —— 874  RCLE
819 - BT ZTk 875 Fe? Tieet
eze % 87¢ CHS
821  PRTY 877 X2y CHS for Jy {=Tice1)
822 spC 878 RCLB
62z Ry 879 X 2
824 slBla Initialization for Bessel 888 RCLD x
825 1 I and I). 881  STOf Tre1+ T
826 . 882 x
827 5 883+ LY
828 x 884 STOD x
:g: ngt‘ R« 1.5x 885 RTN | o ____
CLA n 886 #iBLC ,J
831 xev 987  RCLE Gompate o, )
832 Xy max (n, 1.5x) 888  RCLS
833 3 889  ENTt
834 + 896 +
835 RCLC 891  RCLE
836 9 892 -
837 X 893 %
632 RCLC 894  R/S Jolx)=—To___
839 2 895  RCLD To+22 T
848 Compute m. 89¢ CHS
841 € 897 RCLY
842 + 898  ENTt
843 2 899 +
844 B 188  RCLE
845  INT 181 -
846  ENT? 182 %
84? + 183 RTH
848 2 184 B0 | ___________
842 + 185 CFe Iy (x)
858 sT01 186  £SBa FO clear for L, (x).
#51 167 sLBLS Initialize.
852  RCLC lem+2 188 st+9 | T
53 = 189 CSBb Accumulate each term.
54 sT0B 118 F2? Compute next term.
g STK’ Rg+2/x :ié :TOB F2 cl:ar_fgrlas't term.
REGISTERS
0 g 2 g > Tk
5o T &) S8 E
A n; erf term e 2/x; Ic 1.6x, Ty, ! k; places
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113 RCLS 169 2 erf{x)

114 ENT? Rg = Tg atend. 178 x

115 + 1”2 1 erfc =1 - erf

116  RCLE 172 X2y

117 - 173 -

118 L T 1724 LSTX

119 2 Ipix) = — 0 ___ s ero2 | _______

128 RCLB “Tot2ET; 176 aLBLY Find erfc, x>3

121 % 177 RCLB 1/(2x*)>Rg

122 e 178 1%

123 x 179  sto8

124 PRTX 188 RCLA 1/x+Rp

125 SPC 181 17X

126 RIN |\ ______ 182 st 0000 | e

127 sLBLE Erf and erfc 183 sLBL6 Loop for erfc

128 ST0R Initialization 184 RCLB * (Stack contains Z,,_q)

129 Xt 185 RCLC

138 STOD 18¢ 2

131 2 187 -

132 x 2dR5 188 stOC Bpt-Spug 2021

132 sTOB 189 x 23

134 1 198 RCLA

135 s10C 191 x

136 RCLD o 192 sT08 Za+Zay + 61

137 e 193 +

13e Pi 194 Xy RND (Z,_4}

138 IX 195 RND

48 x (0 V) 196 x2v RAND (Z,)

141 STOD 197 RND If last 2 sums are equal

142 3 198 X=y? to N places, exit.

143 RCLA 199 ¢ro8

144 X070 e erfc first. 208 LSTX Zn

145 cT03 11> 3 compute erfe 201 eros " _______

146 olBL? Loop for erf 282 eLBL®

147 RLB (Stack contains Z,_y) 203 LSTX

148 ReLC Let &, Z, be n™ term and 204 RCI_.D

i;: ‘2 ;‘:."l t'hvu 1% 1 terms, resp. m = P erfc(x)

151 sTOC : 287 X2y erfix)

152 % 288 -

153 RCLA R 209 LSTX

154 x BBy =2 218 X2y

155 sT0a 2n+1 211 #BL2

156 + 212 PRTX erfix

157 x2y Bt Tny +0n 213 xav *

158 RND RND (Z,_y) 214 PRTX erfc(x)

159 p 24 215 Xy

16e RND RND (Z,} 216 SPC

161 X=v? I last 2 sums are equal to 217 W

162 ¢roe N places, exit. 218 sLBle Set DSP to places of

163 LSTX Zn 219  s101 accuracy desired for erf

164  CTO? ——————— 228 i (1-9).

165 aLlBL® Exit erf. 221 L2/, 1

166 LSTX 2

167 ZalleX /)

168 3

LABELS FLAGS SET STATUS

Ao Brrdad [ doidy xlnix)  [Exvertorfc [0 4, FLAGS __ TRIG oisp
8 Bes.init. |°Oneterm |° d ®Accuracy | oD% | oee w | mx ®
0 Used i 2 Printert  |3x>3 (orfc) |* |2 k=0 (Besse 1 O gurogd | so O
5 r«fc loop 7 erf loop Fl: loop Jn loop N 3 0 ® n—2_




L19-01

Hyperbolics

88! 2LBLR Arc 857 Ré

882 SF2 Set F2 for inverse, 85¢ P&

803 RIN —mm————— - 859 RN | c——-mm——— e

884 #LBLB Sinh 868  sLBLD Tach

885 Ps 861 28

08¢ Rt 862 Rt

887 ST08 Save t 863 STOR Save t

088 R+ (/2] Rt

8as F2? If inverse, GTO 0. @€5  ST08 Save z

81e ¢€T08 :[33 Ri

(2} ex 867 Ri

812 ENT? 868 Fa?

8:3 178 Compute sinh x. 868 €704 If inverse, GTO 4.

e14 - 7e er

8Is 2 7! ENTt

81¢ H 872 178

817  £701 Exit. 873 B

@1¢ wple = 2=009|-————-—--e-=-=- 874 STO9 Compute tanh x.

819 5709 7S LSTX

eze Xe Compute sinh~! x. Bz ENTt

821 1 it +

822 + e +

823 5 878 RCLY

824 RCLY gge X2

825 + 881 : Exit,

82¢ w |l e eez eros 00000 | —-e

827 sLBLI 283 sLBL4

B28 RCLE Restore t. 884  ENT?

829 R 885  ENT*

838 28 gee !

821 RTIN 887 + Compute tanh™! x.

a2 mBtc @0 |- 88 xav

833 P Cosh 889 CHS

834 Rt 898 1

835 SToe Save t. 891 +

83¢ Ré 8s2 £

837 F2° If inverse, GTO 2. 693 LN

e3¢ €102 834 2

839 ex 895 2

848  ENT? 8% eBLS 0} L

841 1% 837 RCLB

842 + Compute cosh x 098  RCLS Restore t and z.

843 2 899 [

844 : 100 Ri

845 €103 Exit. 161 pPss

846 sBL2 0| e 162 RN

847  sSTOS 182 oBle 0 | mme e ————

48 X2 164 F2? csch

843 1 Compute cosh™! x 185 €106

858 - 186  £SBB

251 I8 187 15

852 RCL9 188 RTN esch x = {sinh x)~*

853 + 169 wBtse 0000} -

854 P 118 SF2 csch™ x =sinh~! {1/x)

855 #LBL3 Restore t. 111 175

856  RCL® . 112 CT0B

REGISTERS

o i 7 3 g g g 7 B 5
Fsver 'sz 's: 54 Ls lse IF ‘sa sovoz | Used
A IE c i g IE |




L19-02

113 #LBLe Sech

114 F2¢

115 €107

11€  ¢sBC

117 1% sech x = (cosh x) !

118 RTN | —emm———

118 #BL?

128 SF2

12 175 sech™! x = cosh™* (1/x)

122 e 020 e

122 wlBLd coth

124 F2?

125  ¢gr08

126 £SBD

127 178 coth x = (tanh x)~!

126 RN | -

129 siBLS

138 SF2

131 17 coth™! x = tanh™" (1/x)

132 ¢T0D

LABELS FLAGS SET STATUS

A arc T sin © Cosh ® Tanh £ FLAGS TRIG DISP
: | Cieh | Sech ° Coth ° oD ® | oee FiX
0 sinh~! " Exit sinh 2 cosh™! 3 Exitcosh |* tanh~! 2 Arc ; g g;‘so E ESIG ED]
[FExtud [Fan 7 sach ! R P 3 0™ n—2_




Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS

SYMBOL OR
CONVENTION

INDICATED MEANING

White mnemonic:

X

Gold mnemonic:

X4y
(A

x]
x)
a
X
a

*X,V¥,Z

*X, Yy, Z

‘CSX 7”y

> x

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 .

Gold mnemonics are similar to white mnemonics
except that the gold £ key must be pressed before
the user-definable key. In this case y could be input
by pressing @1 @.

4 is the symbol for @IHY. In this case is
used to separate the input variables x and y. To
input both x and y you would key in x, press @YD,
key in y and press [¥.

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 [ once. The values would be printed in
X, Y, z order.

The semi-colons indicate that after x has been calcu-
lated using @, y and z may be calculated by
pressing @Y.

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 <> 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?
(A )

START

DEL

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 acommand. 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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