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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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CONTENTS 
Program Page 

1. Factors and primes ................................... . 01-01 
Finds prime factors of an integer; finds all primes between two 
numbers. 

2. GCD, LCM, decimal to fraction ........................ . 02-01 
Finds greatest common divisor and least common multiple of two 
integers; finds nearest fractional approximation for a decimal number. 

3. Base conversions .................................... . 03-01 
Converts a number in base b to its equivalent in base B 
(b, B < 100). 

4. Optimal scale for a graph; plotting ...................... . 04-01 
Finds a "nice" scale for graphing a function; generates ordered 
pairs for a graph. 

5. Complex operations .................................. . 05-01 
Arithmetic and several functions for complex numbers. 

6. Polynomial solutions .................................. . 06-01 
Solves polynomial equations up to 5th degree. 

7. 4 X 4 matrix operations (2 cards) ....................... . 07-01 
Computes determinant and inverse of 4 x 4 matrix, solves 4 
simultaneous equations in 4 unknowns, by Gaussian elimination. 

8. Solution to f(x) = 0 on an interval ...................... . 08-01 
Uses combination of bisection and secant method to guarantee 
rapid convergence to a root. 

9. Numericalintegration ................................. . 09-01 
Trapezoidal rule and Simpson's rule for discrete case; Simpson's 
rule for functions known explicitly. 

10. Gaussian quadrature .................................. . 10-01 
Uses the six-point Gauss-Legendre quadrature method to find 
integrals over finite or infinite intervals. 

11. Differential equations ................................. . 11-01 
Solves first- and second-order differential equations by the fourth-
order Runge-Kutta method. 

12. Interpolations ........................................ . 12-01 
Linear, Lagrangian, and finite ·difference. 

13. Coordinate transformations ............................. . 13-01 
Two- and three-dimensional translation and rotation of axes. 

14. Intersections ......................................... . 14-01 
Line-line, line-circle, circle-circle. 

15. Circles ............................................. . 15-01 
Circle determined by three points; equally spaced points on a circle. 

16. Spherical triangles .................................... . 16-01 
Solutions to six cases of spherical triangles. 

17. Gamma function ..................................... . 17-01 
Computes f(x) for I ,,;; x ,,;; 70. 

18. Bessel functions, error function ......................... . 18-01 
Computes the value of the Bessel functions In(x) and In(x); computes 
error function and complementary error function. 

19. Hyperbolics ......................................... . 19-01 
Finds hyperbolic functions and their inverses. 
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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 lB. 
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, D on the 
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HP-97 and D, iii, and II on the HP-67. For example, the operation I 'lOX I is per­
fonned on the HP-97 as D I 'lOX I and on the HP-67 as iii I 'lOX I. In such cases, the 
keystroke solution omits the prefix key and indicates only the operation (as here, 
I 'lOX I). 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 (***). 

v 
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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 > ViI, at which point n is returned as 
the final factor. The trial divisor d takes on the values 2,3,5,7; then for d > 10, d 
takes on those values that satisfy (d - 10) mod 30 = 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 109 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 ~ 2x 109
• 

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 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. 

2 To allow automatic output of 

results, set AUTO mode. a 1.00 

3 To cancel AUTO mode later. a 0.00 
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STEP INSTRUCTIONS INPUT 
KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

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 B Factors 

0.00 

PRIMES 

6 Key in the lower bound of the 

search for primes. FROM m FROM 

7 (optional) Key in the upper 

bound of the search (if omitted, 

TO = 2 X 109). TO II TO 

8 Find all primes between FROM 

and TO (0.00 signals end of 

calculation ). EI Primes 

0.00 

Example 1: 

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

Keystrokes: Outputs: 
924B 2.00 

liD 2.00 

liD ~ 3.00 

liD 7.00 

liD ~ 11.00 

liD ~ 0.00 (end) 
Thus 924 = 2 x 2 x 3 x 7 XII. 
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Example 2: 

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

Keystrokes: Outputs: 

3623 m ~ 3623.00 
liD --------.... ~ 0.00 (end) 
3623 is prime. 

Example 3: 

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

Keystrokes: 

101 m 125 m II 
ID----------.~ 

Outputs: 

1.00 (AUTO set) 

101.00 *** 
103.00 *** 
107.00 *** 
109.00 *** 
113.00 *** 

0.00 (end) 



02-01 

GREATESTCOMMON DIVISOR, LEASTCOMMON 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 sand 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. If b i- 0, z ~ a mod b, a ~ b, and b ~ z. Return to 1. 

The algorithm is actually extended somewhat to allow calculation of sand t. 
Full details may be found in the reference below. 

LCM(a,b) is found by 

ab 
LCM(a,b) 

GCD(a,b) 

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 lO-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 EJ. 
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Equations: 

The algorithm employed in this routine uses a method of continued fractions, so 
that the nth fractional approximation fn is computed as 

a2 + ---------,-----

+ 

Each fj is output as a numerator Nj and a denominator Dj, which are computed 
as follows: 

where N_I = 0, D_I = 1, No = I, and Do = ° by definition. 

The values for the aj may be found by the following algorithm: 

Let Dec be the original decimal keyed in. Then a l = INT(Dec). Let XI 
and let YI = FRAC(Dec). Then 

Xi+! = Yi 

Remarks: 

AUTO mode is available on the Decimal to Fraction routine. 

References: 

(GCD,LCM) D. E. Knuth, The Art o/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 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

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 ImmD 

b D GCD (a,b) 

4 (optional) Compute coefficients 

sand 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 ImmD 

b III LCM (a,b) 

DECIMAL-FRACTION 

6 To allow automatic output of 

results, set AUTO mode. II 1.00 

7 To cancel AUTO Mode later. II 0.00 

8 Key in a decimal value and find 

successive fractional approxi-

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

Den; 

Num;iDeni 

Error; 
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INPUT OUTPUT 
STEP INSTRUCTIONS DATA/UNITS 

KEYS 
DATA/UNITS 

9 To re-output last fractional 

approximation (Errorn shown in 

display only). II Numn 

Denn 

Numn/Denn 

Errorn 

Example 1: 

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

Keystrokes: Outputs: 

406 ImDm 266 D 14.00 *** (GCD) 
liD ---------... ~ 2.00 *** (s) 

-3.00 *** (t) 

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

Example 2: 

Find the least common multiple of 406 and 266. 

Keystrokes: Outputs: 

406 ImDm 266 II 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. IfNg and Np are the number of 
teeth on the gear and pinion respectively, then the reduction in speed is by a 
factor of Np/Ng • Find the best values for Np and Ng subject to the constraint 
that neither value exceed 100. Do not use AUTO mode. 

Keystrokes: Outputs: 

.45647 m ~ 1. (Num!) 

liD ~ 2. (Den!) 

liD ~ 0.500000000 (Frac!) 

liD ~ 4.353000000-02 (Error!) 



02-05 

m-------.... ~ 
m ------------....~ 
m------­
m--------+ 

m--------+ 
m--------+ 
m------­m ------------....~ 
m--------+ 

5. 
11. 

0.454545455 
-1.924545500-03 

2l. 
46. 

0.456521739 
5.173910000-05 

173. 

The best values are thus Np = 21, Ng = 46. 

Example 4: 

(Num2) 

(Den2) 

(Frac2) 

(ErrOf2) 

(Num3) 

(Den3) 

(Frac3) 

(Error3) 

(Num4 > 100, 
so stop) 

Generate the series of fractional approximations to 1T. Use AUTO mode. 

Keystrokes: 

11-------­
~lI-------.... ~ 

Outputs: 

1.00 (AUTO set) 

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 *** 



104348. *** 
33215. *** 

3.141592654 *** 
O. 000000000 

02-06 
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BASE CONVERSIONS 

BASE CONVERSIONS 

xb b B ·)(6 Xb",XB 

This program will convert a positive number in base b, Xb, to its equivalent 
representation in base B, XB. The bases band B may take on integer values from 
2 to 99, inclusive. Inputs to the program are Xb, b, and B; the single output is the 
value ofxB. Input of either base, b or B, may be omitted if its value is 10 since a 
default value of lOis assigned to both b and B upon input of Xb to key II. If sev­
eral conversions are to be done between the same two bases, i.e., there are 
several values of Xb for the same band B, then the bases need not be re-input 
each time. Once the new value ofxb is keyed in, then pressing II will immedi­
ately cause the calculation of XB, based on the most recent values for band 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 XB. If, on 
the other hand, neither b nor B is 10, then Xb is fIrst converted to its decimal 
representation, XlO, and next XIO is converted to XB. Thus the routine is here 
executed twice. 

A number such as 4B616 cannot be represented directly on the display because 
the display is strictly numeric. Therefore, some convention must be adopted to 
represent numbers Ra when a > 10. We use the convention of allocating two 
digit locations for each single character in Ra when a > 10. 

For example, 4B616 is represented as 04110616 by our convention (in hexa­
decimal system, A = 10, B = 11, C = 12, D = 13, E = 14, F = 15). 

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

4.1106 04 

which is interpreted as 4.B6 x 162
• 

The displayed exponent 4 is for base 10 and only serves to locate the decimal 
point (in the same manner as for decimal numbers). 

When base a> 10 (as in the above example), divide the displayed exponent by 2 
to get the true exponent of the number. When the displayed 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 16-2 or O.Be x 16-1 • 
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Remarks: 

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 Xb. 

For example, 9818 will be treated the same as 12018. 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. 

2 To cause input values to be 

output, set Print/Pause mode. all 1.00 

3 To cancel Print/Pause mode. all 0.00 

4 Key in number in first base. Xt, II 

5 (optional) Key in first base. b iii 
(If omitted, default value of b 

is 10.) 

6 (optional) Key in second base B II 

(If omitted, default value of B 

is 10.) 

7 Calculate number in second 

base. m Xs 

8 To convert another number 

between the same two bases 

(from b to B), key in the new 

Xb and find the new Xs. Xt, II Xs 

9 To change either base, go to 

step 4. 
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Example 1: 

The following octal numbers (b = 8) are addresses of a segment of a program 
in an HP2100 minicomputer: 177700, 177735, 177777. What are the values of 
these addresses in base 10 (B = 1O)? 

Keystrokes: Outputs: 
17770088 mm • 65472.00 *** 
17773511 • 65501.00 *** 
17777711 • 65535.00 *** 
Example 2: 

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

B = 2) 

Keystrokes: 

@ 8 2 a m lospl @ 
Example 3: 

Outputs: 

--.... 11.00100100 

Convert the following octal numbers (b = 8) into hexadecimal (B = 16): 
7.200067 X 8-10 , 1.513561778 X 817 

Keystrokes: Outputs: 
7.200067 __ 10 88m 

16 am • 1.130000031-14 *** 
(l.D003A X 16-7) 

1.513561778 _ 1711 _ 1.30214140425 *** 
(13.0214140424 
=D.2EE4X 1612) 
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OPTIMAL SCALE FOR A GRAPH; PLOTTING 

OPTIMAL SCALE PLOTTING 

MIN MAX TlCS.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 ~ 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, ~; 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 

Xj Beginx + jStep , j=O, 1,2, ... ,n 

where n is such that Xn+! > 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 fj(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 keying in 1, 2, 3, 4, or 5 and 
pressing D II. 
92 program steps are available to the user for specifying functions fj(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 Ro through R9 and 
Rso through RS9, as well as the stack, are available to the user. The functions 
fj(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 mmGGJ@)!IJ. 
3. Press I MERGE I. 
4. Load your own magnetic card with the functions fj(x) recorded. 

To key in a new function: 

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

2. Press mmGGJ@)!IJ. 
3. Key in your function(s), beginning each with LBL (1 through 5) and 

ending each with RTN. 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. 

2 For optimal scale of a graph, 

go to step 3; for plotting, go to 

step 7. 

OPTIMAL SCALE FOR 

A GRAPH 

3 Key in the minimum value on 

the graph. Min D Min 

4 Key in the maximum value on 

the graph. Max II Max 

5 Key in the number of tics desired 

and find the graph top, bottom, 

value of one tic, and % efficiency. Tics S Top 

Bottom 

~ 

% 

6 To change any value, go to the 

appropriate step, then to step 5. 

PLOTTING 

7 Load subroutine(s) (either key 

them in with Dill and 1imI, 

or link from step 132). 

8 Select function under Dill 1, 2, 

3,4 or 5. i (1-5) 011 i 

9 Key in the beginning x-value. Begin x OD Begin x 

10 Key in the final or maximum 

x-value. End x 011 End x 

11 Key in the step size for x. Step OS Step 

12 For automatic output of results, 

go to step 13; for manual output, 

go to step 16. 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

IAUTO mode 

13 Set AUTO mode to allow auto-

matic output of results. II 1.00 

14 ~o cancel AUTO mode later II 0.00 

15 Output successive ordered 

pairs; program will halt displaying 

p.OO when x > End x. am x 

f, (x) 

Manual mode 

16 Output first ordered pair. am x 

liD f, (x) 

17 For all successive ordered pairs; 

p.oo signals end (x > End x). liD x 

liD f; (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: 

20a 40 II 5 II 

40 

36 

32 
/ 

/ 
V 

28 

24 

/' 
/' 

/ 

2 3 4 

Figure 1 

Example 2: 

Outputs: 

40.00 
20.00 
4.00 

100.00 

45 

40 

35 

30 

/ 25 
/ 

(Top) 
(Bottom) 
(a) 

(% Efficiency) 

;' 

/' 
/ 

2 3 4 

Figure 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: 

21 a 41 II 5 II 

Example 3: 

Outputs: 

45.00 
20.00 
5.00 

80.00 

(Top) 
(Bottom) 
(a) 

(% Efficiency) 

Two different functions are to be plotted in the range from 2.00 to 3.00. The 
first is f1 (x) = eX, and the second is f2 (x) = XX. Use a step size of 0.25 for 
f1 (x) and 0.2 for f2 (x). Load f1 (x) under LBL 1 and f2 (x) under LBL 2. Use 
AUTO mode with f2 (x). 

Keystrokes: 
mm8[D@]m 
Switch to PRGM. 
-[D __ -m 

Outputs: 
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ImDiIJUI _ 
Switch to RUN. 

101l20B30ID 
.25 am aID ~ 2.00 (x) 

liD 7.39 (eX) 

liD ~ 2.25 

liD 9.49 

liD ~ 2.50 

liD ~ 12.18 

liD ~ 2.75 

liD ~ 15.64 

liD ~ 3.00 

liD ~ 20.09 

liD ~ 0.00 (end) 

2 all .2 a mil ~ 1.00 (AUTO set) 

aID ~ 2.00 *** (x) 
4.00 *** (XX) 

2.20 *** 
5.67 *** 

2.40 *** 
8.18 *** 

2.60 *** 
11.99 *** 

2.80 *** 
17.87 *** 

3.00 *** 
27.00 *** 

0.00 (end) 



05-01 

COMPLEX OPERATIONS 

COMPLEX OPERATIONS 

atb + _ )( _ 

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 (Iz I, liz, zn, zl/n, and 
eZ

). Functions and operations may be mixed in the course of a calculation to 
allow evaluation of expressions like Z3/(Zl + Z2), eZ'Z' , I Zl + z21 + I Z2 - z31, 

etc., where Zt. Z2, Z3 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 
1mI!iD, keying in its imaginary part, and pressing B. For example, the complex 
number Zl = 2 + 3i is input as 21m1!iD 3 B. This number is then stored by the 
program. There is room in the program to remember up to two complex num­
bers at a time. A second complex number Z2 = 5 - i could be input as 51m1!iD 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 
21m1!iD 3 B D ID. The result is calculated as a + ib = 0.15 - 0.23 i. This re­
suit 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 I Z I 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 Zl = 2 + 3i, 
q = 5 - i, and we wish to find Zl - q. This can be calculated by the keystrokes 2 
ImI!iD 3 B 51m1!iD 1 _ B II. The result Z3 = a + ib is found to be -3 + 4i. 
This result is now stored by the program in place of the second complex 
number Z2. A further calculation Z3 X Z4 could be performed by inputting 
Z4 and pressing II for multiplication. This type of chaining can be continued 
indefinitely, and functions can be interspersed with arithmetic operations. 
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Equations: 

Let Zk = ak + i~ = rkei~ ,k = 1,2 

Z = a + ib = rei8 

Let the result in each case be u + iv. 

inB 
zn = en e . ('I 360k) 

zi/n =rl/n e' ii+-n- ,k=O,I, ... , n-l 

(All n roots will be output and temporarily stored, k = 0, 1, ... , n-l; 
at the end of the calculation, the final root will be stored.) 

eZ = ea (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 e and the top 
register T. These are analogous to the X- and T-registers in the calcu­
lator's own four-register stack. * A complex number Zl is input to the 
e-register by the keystrokes al IIIIIia bl B. Upon input of a second complex 
number ~ (as a211111ia b2 B), Zl is moved to T and Z2 is placed in f The 
previous contents of T are lost. 

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

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

in the complex stack. We will speak of the complex stack registers as though they were each just 
one register. 
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Functions operate on the ~-register, and the result (except for 1 z I) is left in ~; 
T is unchanged. Arithmetic operations involve both the ~- and T-registers; the 
result of the operation is left in ~ and T is unchanged. 

STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. 

2 Key in first complex number 

(a, + i b,). a, ImmIJ 
b, B 

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 

(a2 + i b2). a2 ImmIJ 

b2 B 

5 Select one of four operations: 

• Add (+) m u 

v 

• Subtract (-) m u 

v 

• Multiply (x) m u 

v 

• Divide (+) II 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: 

• Magnitude (I z I ) DB Izl 
• Reciprocal (1/z) om u 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

v 

• Raise ztoan integer power (z") n am u 

v 

• Find the nth root of z (z'I") 

Note: n roots (u + iv)will be 

found. n am u 

v 

• Raise e to the power z (eZ
) all 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 

where Zl = 23 + 13i, Z2 = -2 + i, Z3 = 4 - 3i. (Suggestion: since the program 
can remember only two numbers at a time, perform the calculation as 

Keystrokes: 

2_lmIBla41m1B3 
_alii ~ 

alii 

231m1B 13 aID 

Outputs: 

2.00 *** real (Z2 + Z3) 

-2.00 *** imag (Z2 + Z3) 

0.25 *** 1/(z2 + Z3) 

0.25 *** 

2.50 *** (Zl/(Z2 + Z3» 

9.00 *** 
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Example 2: 

Find the 3 cube roots of 8. 

Keystrokes: Outputs: 

81mDi1J0B 30m ---+~ 

Example 3: 

Evaluate eZ-', where z = (1 + i). 

Keystrokes: Outputs: 

IlmDilJIB20B ---+ 

alii 

all 

2.00 *** 
0.00 *** 

-1.00 *** 
1.73 *** 

-1.00 *** 
-1.73 *** 

0.00 *** (Z2) 

2.00 *** 

0.00 *** (Z-2) 

-0.50 *** 

0.88 *** (ez-') 

-0.48 *** 
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POLYNOMIAL SOLUTIONS 

POLYNOMIAL SOLUTIONS 

a k I§IQ]IElIO -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 

n=2, 3, 4, or 5. 

If the leading coefficient is not I, 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 
ao in Ro through an-l in Rn- l . Zero must be input for those coefficients which 
are zero. It is not necessary to store the leading coefficient as 1, or any ak where 
k > n. 

After the coefficients have been stored, the user-definable key (B through 
iii) 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 au, at> a2, and a3 have been stored in registers Ro through R3, then key 
iii should be pressed to compute the four roots of the fourth degree polynomial 
equation 

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 au not be zero for these equations. (If au = 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 

where b2 = -a2 
bl = a3al - 4ao 

bo = ao (4a2 - ai) - al2. 

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

x2 + (A + C)x + (B + D) = 0 
X2 + (A - C)x + (B - D) = 0 

where A = aa B = Yo 
2 ' 2 

if D f. ° 
if D = 0 

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

A quadratic equation x2 + al~ + ao = 0 is solved by the formula X1.2 = 

al V a12 
a12 

• - - ± - - ao' IfD =- - ao>O,therootsarereal;lfD<O,the 
2 4 4 

I b · . a1 . rr\D roots arecomp ex, emgu ± IV = - 2 ± I ,,-u. 
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 
bo = ao( 4a2 - al) - a12 = 0 in the solution of the cubic to find Yo. If the 
calculator halts at line 161 displaying Error, then bo has been found to be 
zero and the following key sequence should be performed to recover from 
the error: 0 mm 0 mD CD mm @) mD m mm CD B. After execution 
ofB , press mm G 044 m. The program will now continue to execute 
normally. 
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STEP INSTRUCTIONS INPUT 
DATA/UNITS 

1 Load side 1 and side 2. 

2 Input coefficients below order 

of polynomial (Le., for degree n, 

input through an.,)' 

Coefficients = 0 must be so 

input. ao 
a, 

a2 

a3 

a.. 
3 Compute roots to polynomial 

of degree 

• 5 

• 4 

• 3 

• 2 
4 A single number will be output 

for a real root; complex pairs of 

roots (u ± iv) will output as 

shown: 

5 For a new equation, return to 

step 2. 

Example 1: 

Solve x5 
- X4 - 101x3 + 101x2 + 100x - 100 = O. 

Keystrokes: 

100 _ am @) 100 am OJ 
101 am ill 101 _ am [!) 

Outputs: 

KEYS OUTPUT 
DATA/UNITS 

-@) 
_CD 
_0 
_0 _0 

a Roots 1-5 

m Roots 1-4 

II Roots 1-3 

m Roots 1-2 

u 

v 

u 

-v 



Example 2: 

Solve 4X4 - 8x3 - 13x2 - lOx + 22 = O. 

10.00 *** (Root 1) 
1.00 *** (Root 2) 
1.00 *** (Root 3) 

-1.00 *** (Root 4) 
-10.00 *** (Root 5) 

R . h . 4 2 3 13 2 10 + 22 0 ewntet eequatlOnasx - x - 4 x -4 x 4=' 

Keystrokes: Outputs: 

221!mi1J411_@]101!mi1J 
411 a _ ill 13 1!miIJ411 
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a _ fIl 2 a _ rn II ----~ -1.00 
1.00 

-1.00 

(Roots 1 & 2 
are 

Example 3: 

Solve x3 
- 4x2 + 8x - 8 = O. 

Keystrokes: 

8a_@]8_ill 
4 a_fIlm 

Example 4: 

Solve 2X2 + 5x + 3 = O. 

Outputs: 

-1.00 ± 1.00i) 
-1.00 

3.12 *** (Root 3) 
0.88 *** (Root 4) 

2.00 *** (Root 1) 
1. 00 (Roots 2 & 3 
1.73 are 
1.00 1.00 ± 1. 73i) 

-1.73 

Rewrite the equation as x2 + 2.5x + 1.5 = O. 

Keystrokes: Outputs: 

1.5 _ @] 2.5 _ ill m - -1.00 *** (Root 1) 
-1.50 *** (Root 2) 
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4x4 MATRIX OPERATIONS 

4 x 4 MATRIX SETUP 

START GO 

4 x 4 MATRIX SOLUTIONS 

"DET bltb2tb3tb4"~ "INV AUTO? 

This two-card program allows several ofthe 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 au have been 
replaced by the elements ofU (i~j) and ofL (i>j). (The elements ofU will still 
be referred to as au; those of L will be called mu 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: 

a11 al2 al3 al4 

a2l a22 a23 a24 
Let A 

a3l a32 a33 a34 

a4l a42 a43 a44 
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The detenninant of A, Det A, is found after its transfonnation to U by the prod­
uct of the diagonal elements: 

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

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

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

In matrix notation, this becomes A x = b, where x and b are the column vectors m mdm <e,p~tiv"y· 

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 = I, where I 
is the 4x4 matrix such that 

{
I, i=j 

Iii = 0, iFj , i, j = 1, 2, 3, 4. 

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

let c(j) be the jth column vector of C, i.e., 

[

C

li

] c(j) = C2i ,j = 1,2,3,4. 

C3i 

C4i 
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Then c(j) is found by the solution of the equation 

where I(J) = {
I i=j 
o iFj 

,i = 1,2,3,4. 

For example, c(1) is found by solution of 

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 a44' This may be 
accomplished by the following steps: 

a. Load side 1 and side 2 of 4 X4 Matrix Setup. 
b. Press mm 8 025. 
c. Switch to PRGM, press /OELI, m. 
d. Switch to RUN and press B to start data input. 
e. 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 II. 

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 KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 of 4 x 4 

Matix Setup. 

2 If data has already been stored 

on magnetic card, go to step 7; 

to key in data, go to step 3. 

3 To cause output of elements 

{ajj} of matrix as they are 

keyed in, set flag O. ~@) 

4 Prepare to input elements of 

matrix in column order (a11 , 

a21 , a31 , 8." a,2 , a22 , etc.) a 1.1 

5 Display shows Lj; key in element 

in row i, column j. au liD next L j 

6 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. 

7 If matrix data is already stored on 

magnetic card, load side 1 and 

side 2 of data card. 

a Begin program execution. m 
9 Load side 1 and side 2 of 4 x 4 

Matrix Solutions. 

10 For automatic output of results, 

set AUTO mode. a 1.00 

11 To cancel AUTO mode later a 0.00 

12 (optional) Compute determinant. a Det A 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

13 To solve a system of four 

simultaneous equations, key in 

right-hand side and find x. b, ImDiD 

b2 ImDiD 

b3 ImDiD 

b. m x, 

X2 

X3 

X. 

14 Find the inverse of matrix A 

(C = A'), displayed in column 

order. II c11 

c2, 

c3, 

c., 

C'2 

C 22 

C32 

c'2 

C'3 

C 23 

C33 

C43 

C,. 

c2• 

C34 

c44 

0.00 
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Example 1: 

By applying the technique of loop currents to the circuit below, find the cur­
rents II> 12, 13, and 14, Do not use AUTO mode. 

1n 1n 

+ 

f~ 1~ 1~ 1fi~ 12 13 14 
1n 34V 

The equations to be solved are 

211 -'12 34 

-11 +312 -13 0 

-12 +313 -14 0 

-13 +314 0 

In matrix form, 

[~ 
-1 0 

-il [iJ [~l 3 -1 

-1 3 

0 -1 

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

Keystrokes: 

em G @) ill @) 
Switch to PRGM 
IOELI liD 
Switch to RUN 

B 2 liD 1 EIiD 0 liD 0 liD 
1 E liD 3 liD 1 E liD 
o liD 0 liD 1 E liD 3 liD 

Outputs: 

1 EIiD 0 liD 0 liD 1 EIiD 
31iD 

Program halts, displaying 4.0. 

4.0 
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Iw/~ml---------------+ "Crd" 

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

g-----------------

Load side 1 and side 2 of 4x4 
Matrix Solutions. 

341mDi1J01mDi1J 
olmDilJog 
m --------------... ~ 
m ------------------... ~ 
m--------
Example 2: 

2.6 

2.62 

21.00 
8.00 
3.00 
1.00 

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

Keystrokes: 

7 

5 

3 

Load side 1 and side 2 of 4x4 
Matrix Setup 

B7m5m3mlm 
5m7m3mlm 
Im7m3m5m 
3m7m5m 1 m-+ 
Load side 1 and side 2 of 4x4 
Matrix Solutions ~ 

II-------------------+~ 
B--------­
lospl ~ II 

5 

7 

3 

1 

7 

3 

5 

3 

7 

5 

Outputs: 

2.5 

2.46 
1.00 

-256.00 
(AUTO set) 
(Det A) 

0.218750 *** (c u ) 

-0.046875 *** (C21) 

-0.015625 *** (C31 ) 

-0.093750 *** (C41) 



-0.281250 *** (C12) 

0.453125 *** (C22) 

-0.015625 *** -(C32) 

-0.093750 *** (cd 

0.218750 *** (C13) 

-0.546875 *** (C23) 

-0.015625 *** (C33) 

0.406250 *** (C43) 

0.218750 *** (C14) 

-0.296875 *** (C24) 

0.234375 *** (C34) 

-0.093750 *** (C44) 

0.000000 (End) 

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

SOLUTION TO I (x) 0 

b'f(b) c·f(e) TOL • root X'I(X) 

This program finds one real root of the equation f(x) = 0 in a finite interval 
[b,c T, 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 feb) and f(c) , one will be positive and one negative, i.e., feb) X fCc) < o. 
In this way, band c will bracket the root. An accuracy tolerance TOL (:::0) 
must also be specified. This number should be the greatest allowable error in 
the final approximation for the root. That is, the actual root will be no farther 
away than TOL from the program's solution for the root. 

The function f(x) should be keyed into program memory under LBL E and 
should assume that x will be in the X-register upon entry. 85 program steps, 
registers Rl through R7 , Rso through RS9, 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 c which will satisfy f(b) x 
fCc) < 0, you may simply keep inputting different values until you strike a good 
combination. Each new value input overwrites the old. 

References: 
George E. Forsythe, Michael A. Malcolm, and Cleve B. Moler, Computer 
Methods in Mathematical Computation, Computer Science Department, 
Stanford University, 1972. 

Richard P. Brent, Algorithms for Minimization without Derivatives, Prentice­
Hall, 1973. 

T. J. Dekker, "Finding a zero by means of successive linear interpolation," 
in B. Dejon and P. Henrici (editors), Constructive Aspects of the Funda­
mental Theorem of Algebra, Interscience, 1969. 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 load side 1 and side 2. 

2 Prepare to key in function. Ea 
3 Switch to PRGM. See line 138. 

4 Key in the function f(x) (need 

not add_). 

5 Switch to RUN. 

6 Key in the end points of the 

interval (remember f(b) xf(c) < 0) b m f(b) 

c m f(c) 

7 Key in the accuracy tolerance. TOl II TOl 

8 Compute a real root. m root 

9 To evaluate the function at 

any point. x a f(x) 

Example 1: 

Find an angle a between 100 and 101 radians such that sin a = 0.1. Hence let 
f(x) = sin x - 0.1. Assume a tolerance of 10-3 . 

Keystrokes: 
Load side 1 and side 2. 

Da 
Switch to PRGM. See line 138. 
IRAOI EmI .1 • IOEGI 
Switch to RUN. 
100 B ----------+. 
101 11----------+. 

Outputs: 

-0.61 
0.35 

----...... 1.000000000-03 ID3 rmJ 3 II 
11---------------------.. 100.63 

Example 2: 

(f(lOO» 
(f(101» 

(root) 

Find a root of the equation In x + 3x - 10.8074 = 0 in the interval [1,5]. An 
accuracy of 10-4 is acceptable. Store the constant 10.8074 in R1 • 

Keystrokes: Outputs: 

Load side 1 and side 2. 

Da 
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Switch to PRGM. See line 138. 
lID I LAST xl 3 II a _ CD. 
Switch to RUN. 
10.8074 am CD 
1m ~ 

50 ~ __ 4m 
EJ ~ 

10.81 
-7.81 

5.80 
1.000000000-04 

3.21 

Check the solution by computing its function value. 

II ---------+~ -1.901000000-05 

(f(1» 
(f(5» 

(root) 

(f(3.21» 
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NUMERICAL INTEGRATION 

NUMERICAL INTEGRATION 

h fix,) - 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 xo, Xb ... , Xn be n equally spaced points (Xj = Xo + jh, j = 1,2, ... , n) 
at which corresponding values f(xo), f(XI)' ... , f(xn) 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(xj), j = 0, I, ... , n, then the integral 

may be approximated using 

1. The trapezoidal rule: 

2. Simpson's rule: 

f xn 
f(x) dx 

Xo 

f x
n 

h [ f(x) dx = - f(xo) + 4f(x l ) + 2f(x2) + 
Xo 3 

... + 4f(xn- a) + 2f(xn-2) + 4f(xn- l ) + f(xn) ] 

In order to apply Simpson's rule, n must be even. If n is not even, the calcu­
lator will halt displaying "Error" if m 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 Xo = a, Xl = Xo + jh, j = 
1,2, ... , n-l, and Xn = b where 

h = b-a 
n 

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 D II. The function 
under the appropriate label will then be selected. 112 program steps are avail­
able for defining the fl(X), as well as registers Rl through R8 , Rso through RS9 , 

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 fi(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 mm 8 112. 
3. Press I MERGe!. 

4. Load your card with the functions fi(x). 

Remarks: 

Note that the function values for the discrete case f(xj), j = 0, 1, ... , n, are 
keyed into II . 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(Xl), lest the 
next f(Xl) entered go into the wrong LBL B. 

STEP INSTRUCTIONS INPUT 
KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 of program. 

2 For explicit functions, go to stej: 

8; for discrete case, go to step 3 

DISCRETE 

3 Key in the spacing between 

x-values. h Et 
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STEP INSTRUCTIONS 
INPUT 

KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

4 Repeat this step for j = 0, 

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

value at Xj. f(xj ) iii j 

5 Compute the area by the 

trapezoidal rule. m TRAP J 
6 Compute the area by Simpson's 

rule (n must be even). iii SIMP J 
7 For a new case, go to step 2. 

EXPLICIT FUNCTIONS 

8 Load the function(s) into program 

memory (either key them in with 

D and lim, or link from 

step 112). 

9 Specify the function i to be 

selected. i(1 - 5) all 
10 Key in the beginning and final 

endpoints of the integration 

interval. a ImDiII 
b aD 

11 Key in the number of subintervals 

(must be even). n alii 
12 Compute the area by 

Simpson's rule. am Jabf;(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(Xj) , j = 0, 1, ... ,8, compute the approximations to 
the integral 

2 f f(x) dx 
o 

by the trapezoidal rule and by Simpson's rule. 

The value for h is 0.25. 

i 0 1 

Xi 0 .25 

f(Xi) 2 2.8 

Keystrokes: 

.25 B 2 D 2.8 D 3.8 D 
5.2 D 7 D 9.2 D 12.1 D 

2 3 4 

.5 .75 1 

3.8 5.2 7 

Outputs: 

5 6 7 8 

1.25 1.5 1.75 2 

9.2 12.1 15.6 20 

15.6 D 20 D EI • 
m • 

16.68 *** (Trapezoidal) 
16.58 *** (Simpson's) 

Example 2: 

Find the value of 

f 27T ___ d_x __ _ 

o 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: 

mm 8112 
Switch to PRGM. 
_ OJ IRAOI _ OJ EiD • 
. 25 a • IOEGI mm 
Switch to RUN. 

01mlB2 ~£1 OB 100m 
101l0El • 
160 mOEl • 

Th I ·· 87T e exact so utlOn IS"3 = 8.38. 

Outputs: 

8.22 *** (n=lO) 
8.36 *** (n=16) 



10-01 

GAUSSIAN QUADRATURE 

GAUSSIAN QUADRATURE 

START aib")}if a+.l1f 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 00 f(x) dx or fa b f(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 Rl through R9, RS6 
through RS9 , RD , RE and the stack are also available to the user. 

Equations: 

where 

Remarks: 

f b f(x) dx = b-a ± Wi f( zi(b:"'a) + b + a) 
a 2 i=i 2 

f oof(x) dx = 2 ± Wi f(_2_+ a-I) 
a i = i (1 + Zi)2 1 + Zj 

Zl = -Z2 = .2386191861 
Za = -Z4 = .6612093865 
Zs = -Z6 = .9324695142 
Wl = W2 = .4679139346 
Wa = W4 = .360761573 
Ws = W6 = .1713244924 

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

Reference: 

Applied Numerical Methods, Carnahan, Luther and Wilks, John Wiley and 
Sons, 1969. 



STEP INSTRUCTIONS 

1 Load side 1 and side 2 of program. 

2 Prepare to key in function f(x). 

3 Switch to PRGM. Line number 

is 177. 

4 Key in the function f(x) (need 

not add mm). 

5 Switch to RUN. 

6 Initialize. 

7 For a finite interval, key in the 

lower and upper bounds of the 

interval and compute the integral. 

8 For an infinite interval, key in the 

lower bound of the interval and 

compute the integral. 

Example 1: 

10 

Find f 
1 

dx 
x 

INPUT 
KEYS DATA/UNITS 

smll 

D 

a ImmD 
b iii 

a II 

The function is f(x) = J..- ; the only key required is II 
x 

Keystrokes: 

Ell 
Switch to PRGM. 

II 
Switch to RUN. 
m 1 mmm 10 m---.... ~ 
The exact answer is in 10. 

Outputs: 

2.30 *** 

10-02 

OUTPUT 
DATA/UNITS 

fab 
f(x) dx 

f: f(x) dx 
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Example 2: 

Find f 00 e-X X O•8 dx. 
o 

Keystrokes: 

011 
Switch to PRGM. 

Outputs: 

(If Example 1 has been run, delete the key II .) 
cmJ mil I LASH I cmJ .8 DiI £I 
Switch to RUN. 
g (need not be pressed if Example 
1 has been run) 
o m--------.... ~ 
The correct answer is r (1.8) = 0.9314. 

0.92 *** 
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DIFFERENTIAL EQUATIONS 

DIFFERENTIAL EQUATIONS 

h XotVo Yo "'x, Y, f (x Y V') 

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 xo, Yo; a second-order equation is of the form 
y" = f(x,y,y'), with initial values xo, 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 Rl - Rs, Rso - RS9 ' and I. 

The solution is a numerical solution which calculates Yi for Xi = Xo + 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 --+ ±oo). 

The values for XI and Yi may be output in one of two ways. In its normal opera­
tion, the program will halt each time a value is calculated for Xi or Yi. The user 
may re-initiate execution by pressing 1iII. Thus, in its normal use, the program 
outputs all results by halting and showing the result in the calculator's display. 
The other way to operate the program is under AUTO mode. In this case, all 
results are output by a PRINTx command, which means that on an HP-97, 
the result will appear on the printer, while on the HP-67 , the program will 
pause briefly to display the answer. After that output, the program will auto­
matically go on to calculate the next result. 

Equations: 

1st -order: 

where 

c1 = hf (Xb YI) 

= hf ( Xi + h 
+ ~l) C2 2' Yi 

C3 = hf ( + h +i) Xi 2' Yi 

C4 = hf (Xi + h, YI + C3) 
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2nd -order: 

Yi+1 = Yi + h [ Y{ + i (k, + k2 + k3) ] 

, , 1 k ) Y i+1 = Y i + "6 (k, + 2k2 + 2k3 + 4 

k, = hf (Xi> Yt. yt') 

k2 = hf ( +!! + 
h , h k ' kl) Xi Yi "2 Yi + - I y. +-

2' 8 '1 2 

k3 = hf ( h + 
h , h k ' k2) Xi + - y. "2 Yi + 8 "Yi + 2 2' 1 

k4 = hf ( Xi +h, Yi + hy{ + h k ' - 3 y. 2 '1 + k3 ) 

Remarks: 

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

and Yo must be input before the value of Yo'. 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. 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 of program. 

2 Prepare to load function f(x, y,y') 

under LBL E. Elmll 
3 Switch to PRGM. 

4 Key in the function (need not 

add E). 

5 Switch to RUN. 

6 Input step size. h B h/2 

7 Input initial values for x and y. Xo ImDiD 

Yo iii Xo 

8 For a second-order solution, 

input initial value of y'. yo' II 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

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. DII 1.00 

11 To cancel AUTO mode later. DII 0.00 

12 Output successive values of 

x and y. iii x, 

y, 

x. 

y. 

etc. 

Manual 

13 Output successive values of 

x and y. iii x, 

liD y, 

liD x. 

liD y. 

etc. 

Example 1: 

Solve numerically the first-order differential equation 

sin x + tan- 1 (y/x) 

y _ In (~2+y2) 
y' = 

where Xo = Yo = 1. Let h = 0.5. The angular mode must be set to radians. 

Keystrokes: 

Load side 1 and side 2 of program 

ema 
Switch to PRGM. See line 148. 
IRAOI mm OJ f3D mm ~ f3D 
aDlmmm@]liDlmOJ 
&II a 1m ~ 1m @]lIlIloEGI 

Outputs: 
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Switch to RUN. Do not set 
Auto mode . 
. 5 D 1 ImI!m 1 II m ~ 1.50 (Xl) 

liD ~ 2.06 (Yl) 

liD ~ 2.00 (X2) 

liD ~ 2.78 (Y2) 

liD ~ 2.50 (X3) 

liD ~ 3.28 (Y3) 

Example 2: 

Solve the second-order equation 

(1 - X2) Y" + xY' = X 

where Xo = Yo = Yo' = 0 and h = 0.1. 

Rewrite the equation as 

" X (l-y') Y = --'-----"--"-
l-x2 

Keystrokes: 

Load side 1 and side 2 of program. 

Ell 
Switch to PRGM. See line 148. 

Eml@IiDIiDII1B@£1 
B@lIll1. 
Switch to RUN . 
. IDOIml!mOIliOmall~ 
lospl4m ~ 

Outputs: 

,x =11 

1.00 (AUTO mode) 

0.1000 *** (Xl) 

0.0002 *** (Yl) 
0.2000 *** (X2) 

0.0013 *** (Y2) 

0.3000 *** (X3) 

0.0046 *** (Y3) 

0.4000 *** (X4) 

0.0109 *** (Y4) 
0.5000 *** (X5) 

0.0217 *** (Y5) 
etc. 
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INTERPOLATIONS 

INTERPOLATIONS 

Xotyo X,'Y1 x2 t Y2 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 Yo and y 1 be known function values corresponding to 
Xo and Xl respectively. Then if Xo < x < Xl> the function value of X can be ap­
proximated in a linear fashion by 

y 

Y 

Y, 

Y 

Yo 

L----L----~--------~x~,--------~x 

Lagrangian interpolation 

Given three points, (xo, Yo), (Xl> Yl), and (X2, Y2), the program will evaluate 
for an argument X the Lagrangian interpolating polynomial P2(X) of de­
gree two which passes through the three points. Let the value of P2(x) also be 
denoted y. 

where 

2 

P2(x) = I Li(x) Yi 
i=O 

2 

L;(x) = n (X - Xj), i=O, 1,2 
j=O (Xi -Xj) 
i;ofj 
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Finite difference interpolation 

This program interpolates for data points in the region oftabulated 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: 

The difference table is: 

u x y 

-2 

-1 

o 

where 8y _'12 = Y3 - Y2 

82yo = Y4 - 2Y3 + Y2 

STEP 

1 

2 

3 

4 

83
Y_V2 = Y4 - 3Y3 + 3Y2 - YI 

and 
x - X3 

u=--
h 

INSTRUCTIONS 

Load side 1 and·side 2 of program. 

For linear, go to step 3; for 

Lagrangian, go to step 7; for 

finite difference, go to step 12. 

LINEAR 

Input first point. 

Input second point. 

INPUT 
DATA/UNITS 

Xo 

Yo 

x, 

y, 

KEYS 
OUTPUT 

DATA/UNITS 

ImDiII 

D Xo 

ImDiII 

iii x, 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

5 Input an x and find the inter-

polated y. x EI y 

6 Repeat step 5 any number of 

times. 

LAGRANGIAN 

7 Input first point. Xo ImmI 

Yo D Xo 

8 Input second point. x, ImmI 
y, iii x, 

9 Input third point. x2 ImmI 

Y2 m x2 

10 Input an x and find the inter-

polated y, where y = P2 (x). x EI Y 

11 Repeat step 10 any number of 

times. 

FINITE DIFFERENCE 

12 Input third abscissa. X3 aD X3 

13 Input abscissa spacing. h alii h 

14 Input ordinates 1 through 4. y, ImmI 

Y2 ImmI 

Y3 ImmI 

Y. am f} Yo 

15 Input an x and find the inter-

polated y. x aEl 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: 
IDSpl 07.3 mmiIJ 1.9879 D 
7.4 mmiIJ 2.0015 D 7.33 ID ~ 1.9920 *** 
7.37 ID 1.9974 *** 

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: 

lospl ill 1 mmiIJ 5 cm1 D 
3 mmiIJ 1 D 10 mmiIJ 25 m 
1.7 ID ~ -2.94 *** 
9 ID ~ 21.29 *** 

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 

Yi -1 2 9 30 

Use finite difference interpolation to approximate the y-values for x-values 
of -0.5, 2.567, and 4.8. 

Keystrokes: 

30D20Dlcm1 
mmiIJ 2 mmiIJ 9 mmiIJ 30 

om 
.5cm10ID-----
2.567 OlD ~ 

4.8 OlD 

Outputs: 

14.00 

-0.08 *** 
6.64 *** 

26.99 *** 
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COORDINATE TRANSFORMATIONS 

COORDINATE TRANSFORMATIONS 

XotYot8 x+y"'P' x'+y' ... 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 (xo, Yo) and the rotation angle (8) relative to the original system, 
specify the new coordinate axis. These quantities are input with the B key. 
Subsequently, points specified in the original system (x, y) may be converted 
to the translated rotated system (x',y') using the m key. Points in the new 
(x',y') system may be converted to points in the original (x, y) system using 
the II key. 

p-p' 

-----------+~~~--L----T~~X 

NEW 
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 (xo, Yo, zo) and is parallel to an arbitrary 
direction vector (at, br, dh. The sign of the rotation angle (8) 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 D m key. The coordinates of the translated origin (xo, Yo, zo) are 
input using DB. Conversions from the original system (x, y, z) to the new 
system (x', y', z') are initiated using D m while the inverse conversion is per­
formed with D II. 
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Equations: 

[~] [" 
m1 "1[X-X.] 12 m2 n2 Y-Yo 

13 m3 n3 z-zo 

m ti' 
12 

:][~] [~] m1 m2 + 
n1 n2 

where 

~ 
1 m1 n~ ~2( I-cos8) + cos8 ab( I-cos8) - csin8 ac( I-cos8) + b Sin8] 

12 m2 n2 = ba( I-cos8) + csin8 b2( I-cos8) + cos8 bc( I-cos8) - a sin8 
13 m3 n3 ca( I-cos8) - b sin8 cb( I-cos8) + a sin8 c2( I-cos8) + cos8 

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 8. 

3. For pure rotation, input zeros for xo, Yo, and zoo 

Reference: 

Julian, Rene S., Rotations in Three-Dimensional Space, HP-65 Users' Library 
Program-01368A 



13-03 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2. 

2 For 2-dimensional transforma-
--

tions go to step 3. 
-~--

For 3-dimensional transforma-
---

tions go to step 6. 
-~------ ----~----

3 Input the origin of the translated 
-------- -----------------

system and the rotation angle. Xo ImDiD 
~--~-

Yo ImDiD ----------._---

(J a 1.00 
--- --- .. _._----

4 Transform coordinates from 
------ --------------

the original system to the 
--- ------------

translated-rotated system. x ImDiD - ----

y m x: 
--r----~--

y' 
- ~------~--

or 
----- -- -------~ 

From the translated-rotated 
--- - ---- -,,-_.-

system to the original system. x' ImDiD --
y' II x 

----------

----__ -"1 ____ 

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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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

6 Input the origin of the translated 

system. Xo !mID 

Yo !mID 

Zo DEI Xo 

and 

Input the rotation direction 

vector and angle. a !mID 

b !mID 
c !mID 
8 am ..J82+b2+c' 

7 Transform coordinates from 

original system to translated 

rotated system. x !mID 
----

y !mID 

z Dm x' 

v' 
z' 

-- ---------

or 

From the translated-rotated 

system to the original system. x' !mID 

v' !mID 

z DII x 

y 

z 

8 For a new set of coordinates, 

go to step 7. 

For a new 3-dimensional 

transformation go to step 6 

(either (Xo, Yo, Zo) or (a, b, c, 8) 

may be changed independently). 
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Example 1: 
The coordinate systems (x, y) and (x', y') are shown below: 

y . 
• P,(-9, 7) P3(6,S) 

P2 (-5, -4) . 

Convert the points PI> P2 and P3 to equivalent coordinates in the (x', y') system. 
Convert the point P4' to equivalent coordinates in the (x, y) system. 

Keystrokes: Outputs: 

7 mmilJ4mmJ mmilJ27B~ 
9mmJmmilJ7B1 ~ 

5mmJmmilJ4mmJBI --

2.7 mmiIJ 3.6 mmJ 11----+ 

Example 2: 

1.00 
-9.26 *** (X'1) 

17.06 *** (y'1) 

-10.69 *** (X'2) 

5.45 *** (y'2) 

4.56 *** (X'3) 

11.15 *** (y'3) 

11.04 *** (x4) 

-5.98 *** (Y4) 

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? 



Keystrokes: 

2.45 ImDiIJ 4.00 ImDiIJ 4.25 

aD 
o ImDiIJ 1 a ImDiIJ 1 a 
ImDiIJ 62.5 a iii ~ 
3.91mDi1J 2.1 mmm 7.0 
am ~ 

Outputs: 

2.45 

1.41 

3.59 *** (x') 

0.26 *** (y') 

0.59 *** (z') 

13-06 

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: 

1 mmm 1 mmm 1 a II --+ 2.91 *** (x) 
4.37 *** (y) 

5.88 *** (z) 
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INTERSECTIONS OF LINES AND LINES, LINES AND CIRCLE 
AND CIRCLES AND CIRCLES 

INTERSECTIONS 

x,'y,'8, X 2 tY2'82 Xo,tYo,tr, x02tYo2,r2 

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 (0), 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 0 
a and/or 0 iii. Input lines specified by one point and an angle using a and/or 
iii. Calculate the point of intersection using 0 m. The coordinates of the point 
of intersection (xp, yp) 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 a for point-angle representation or 0 a for point-point represen­
tation. The circle is input using m. iii, 0 iii and II must not be used during 
circle-line intersection calculations. Once the line parameters and circle 
parameters have been input, pressing 0 m initiates calculation of one point of 
intersection and 0 II 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 m and 
II keys to input the circles and 0 m and 0 II 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: 

XI tan 01 - X2 tan O2 + Y2 - YI 
tan 01 - tan O2 

yp = y, + (xp - x,) tan 8, 
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y 

x 

Circle-Line intersections: 

where PI and P2 are the roots of 

p2 _ 2 D cos (0-0:) P + D2 - r2 = 0 

o = tan-I [ Y2 - YI ] X2 - XI 

0: = tan-I [ Yo - YI ] Xo - XI 

D = /(xo - XI)2 + (Yo - YI)2 
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y 

x 

Circle-Circle intersections: 

Xpl X01 + r1 cos (8 + ex) 
YPI YOI + r1 sin (8 + ex) 
X p 2 X 01 + r1 cos (8 - ex) 

YP2 YOI + r 1 sin (8 - ex) 

x 
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Remarks: 

You may specify any angular mode (degree, radian, grad) after loading 
the card. When the card is loaded degree mode is set. 

STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

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. x, mmm 
y, mmm 

Second point on line one. x,' mmm 
y,' DD x,' 

First point on line two. X2 mmm 
Y2 mmm 

Second point on line two. x; mmm 
y; Dill x; 

or input one point and the angle 

of each line. Point on line one. x, mmm 
y, mmm 

Angle of line one. 8, D x, 

Point on line two. x2 mmm 
Y2 mmm 

Angle of line two. 82 III x2 

4 Calculate intersection point. om x., y. 

5 For a new case go to step 3 

and change either or both lines. 
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STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 
KEYS OUTPUT 

DATA/UNITS 
1---4---~----~~---- ~--~--+-------+---~~- --------

LINE/CIRCLE 
I----f-----~---~--~~-------

6 Input two points on line: 
- -~~---~--~~-------~~~-----~ !------------ --~.~---- -~.----~~--~-

First point on line. x mmm 
1---4--------~~ ----~~-- ~~---- f--~--~----- ~---- - .. ~- -~----------

Y mmm 
I---+----.-~- -----~~--~~-.----~-~~--- ----~---~-~- -~~~---.-- ----~---~-

Second point on line. x· mmm 
1_--4-----.. - ---~~---~-~----~~-~-~-- f-- --------~- -~ !----- -~-~------~~ 

Y' oD x· 
---- ----- .--~---.-.----~ 1------------ -------~ .--------------

or input one point. x mmm 
I----+---~------~--------~~.--- ------ ~~ -----

Y mmm 
--- ~-------~------- f-----~~---- ~------ ~-~~-------

and angle of line. (J D x 
-~ --~--~--- !------- ----_._-----

7 Input circle center Xo mmm 
-----~---------+---~~--~---- ---- ----~~~-~--

Yo mmm 
----------+------~--- ----+----------

and radius. II Xo 
1----+----------------+------.--4------- -~~--------

8 Calculate one intersection 
--- -----~----------~-+--------II-------------

point. 0 II xp" YP' 
----+--~----- ------.----~-+------~--+------- -----~-

Calculate the other intersection -- ---- --~-----------

point. 0 II xp2• YP2 
I_--t----~~-----------------!-I_----- --- 1------ -----------

9 For a new case go to step 6 or 
-- i------------------ f----------- ~---~--~~--~. ----

7 and change line or circle 
_.- -------~-~--- ~~-~-----r__-~~~-~~----~~ ------- ~------~-- ~~.--

or both. 
I----+---~-------~ -----------~-- I-------~ -~~ - -- ----~-~-~ ~-----~~ 

CIRCLE/CIRCLE 
I---+------~~---~---~ -------- ---~------- -----~-- ---------~.~-.~ 

10 Input circle one. Xo, mmm 
I----+----~--------~~--~-- !--~- ------ --~~~~~~~---~--~----

Yo, mmm 
~~-- ---~------~-------------------~ !------~--~- !------ -.--~-----------

r, II Xo, 
--- --------~ -----------~- -----~- ~.~-- ----~ --~---------~ 

Input circle two. Xo2 mmm 
I----+-~----~-----------~~-~-!-- -~ ---~------------

Y02 mmm 
---- ----~-~--~------------_t--~--

r2 II 

11 Calculate one intersection point. 0 II xp,. YP' 
1_--4------------4-------1----- I----~-~---

Calculate the other intersection 
--~---------

point. 011 xp2• Yp2 

12 For a new case go to step 10 

and change either or both circles. 



Example 1: 

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

P1 = (0, 0) 

P\ = (0, 50) 

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

Keystrokes: 

o Imma 0 Imma 0 Imma 

P2 = (10, 20) 

() = 45° 

Outputs: 

SOD D ~ 

10 Imma 20 Imma 45 11-

DID 

Example 2: 

0.00 

10.00 

0.00 *** (xp) 

10.00 *** (yp) 

14-06 

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

Keystrokes: Outputs: 

o Imma 0 Imma 50 ID - 0.00 

90 Imma 30 Imma 70 II - 90.00 

DID 

011 

Example 3: 

21.64 *** (xp1 ) 

45.07 *** (YP1) 

44.36 *** (Xp2) 

-23.07 *** (YP2) 

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: 

o Imma 0 Imma 50 EJ _ 0.00 
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20 lmIB 30 lmIB 0 lmIB 
10_08-----

am 

all 

0.00 

-18.27 *** (xpt) 
-46.54 *** (Ypt) 

26.27 *** (Xp2) 

42.54 *** (YP2) 
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CIRCLE COMPUTATIONS 

CIRCLE COMPUTATIONS 

xo.yo+r e .. xy 8o+~e 80tn ·SIXY 

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;, Yi), given the 
center and radius of the circle. 

To find the center and radius of a circle, simply input three points PI> P2, P3 
(represented by x and Y coordinates) using 0 B, 0 II, and 0 m respectively. 
After all three points have been input, press 0 m to generate the coordinat~s 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. You may key in an angle 8, press II, and calculate the coordinates of the 
point on the circle at angle 8, where 8 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 pressingll. 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 0 II 
once. The outputs are the same as those of option two above. 

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

1. An initial angle (8) and an incremental angle (6.8) are specified and m 
is pressed. 

2. An initial angle and the number of increments around a complete circle 
are specified and m is pressed. 

Equations: 

Circle determined by three points: 

where 

Yo = 
K2 - Kl 
----, Xo = K2 - N2yo 

N2 - Nl 

r = V(x3 - XO)2 + (Y3 - YO)2 

(X2 - Xl) (X2 + Xl) + (Y2 - Yl) (Y2 + Yl) 

2 (X2 - Xl) 

(X3 - Xl) (X3 + Xl) + (Y3 - Yl) (Y3 + Yl) 

2 (X3 - Xl) 



y 

~ ____ ~ ____________ -7~ __ ~X 
o 

Points on a circle: 

Remarks: 

Xi = Xc + r cos (80 + (i - 1) .:l8) 

Yi = Yc + r sin (80 + (i - 1) .:l8) 

27T . 
.:l8 = -- (for n evenly spaced pomts) 

n 
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1. If Xl = X2 or Xl = 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 INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 

(degrees mode is set). 

2 To determine a circle from three 

points go to step 3. To generate 

points on a circle go to step 6. 

CIRCLE FROM THREE POINTS 

3 Input point 1. x, rmDID 
y, aD x, 

Input point 2. x. rmDID 

Y. am x. 

Input point 3. X3 rmDID 

Y3 am X3 

4 Calculate center coordinates 

and radius of circle. am Xo, Yo, r 

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 rmDID 

Yo rmDID 
r D Xo 

7 Optional: input an angle and 

calculate coordinates. 6 m x,Y 

8 Input starting angle 60 rmDID 
and 

angle of increment M m t:.6 

or 

number of increments. n m t:.6 



STEP INSTRUCTIONS INPUT 
KEYS DATA/UNITS 

9 Manually increment around 

circle by pressing E for each 

successive increment. II 

or 

automatically increment around 

circle. all 
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. 

y 

3 

2 6.8 = 30 0 

R= 1.125 
xo=1 

Yo=3 
80 =-500 

-4------------------------------~X 

15-04 

OUTPUT 
DATA/UNITS 

8;,i,xj ,YI 

8h i,x
'
,YI 
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XI 

1.72 
2 2.06 
3 2.11 
4 1.86 
5 1.38 
6 0.80 
7 0.28 
8 -0.06 
9 -0.11 

Keystrokes Outputs 

1 mIDiIJ 3 mIDiIJ 1.125 B ~ 

50 EmJ mIDiIJ 30 II 

Dill 

YI 

2.14 
2.62 
3.20 
3.72 
4.06 
4.11 
3.86 
3.38 
2.80 

1.00 

30.00 

-50.00 *** (8) 

1.00 *** (i) 

1.72 *** (x) 

2.14 *** (y) 

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

10.00 *** 
3.00 *** 
2.11 *** 
3.20 *** 

40.00 *** 
4.00 *** 
1.86 *** 
3.72 *** 



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

100.00 *** 
6.00 *** 
0.80 *** 
4.11 *** 

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

160.00 *** 
8.00 *** 

-0.06 *** 
3.38 *** 

190.00 *** 
9.00 *** 

-0.11 *** 
2.80 *** 

m (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: Outputs: 

IIm1D 1 a B 3.51m1D 7.6 
em am ~ 3.50 

15-06 
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121111!i1J .8 a II 
aEl 

Example 3: 

12.00 

6.45 *** (xo) 

-2.08 *** (Yo) 
6.26 *** (r) 

For the circle below calculate x and y coordinates at 4 equally spaced points, 
starting at 225°. Use the manual increment feature (II key). Also compute x 
and y at 3r. 

y 

r=2.5 

xo=5.5 

Yo=5.5 

+---------------------------~x 

Keystrokes: Outputs: 

5.51111!i1J 5.5 IIII!iIJ 2.5 m ~ 5.50 

225 IIII!iIJ 4 EI 
11----------------~ 

90.00 (dO) 

225.00 *** . 
1.00 *** 
3.73 *** 
3.73 *** 

315.00 *** 
2.00 *** 
7.27 *** 
3.73 *** 



15-08 

II ~ 405.00 *** 
3.00 *** 
7.27 *** 
7.27 *** 

~ 495.00 *** 
4.00 *** 
3.73 *** 
7.27 *** 

37 II ~ 7.50 *** 
7.00 *** 
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SPHERICAL TRIANGLES 

SPHERICAL TRIANGLES 

Sf.StS StAtS S+StA AtAtA AtStA 

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): 

cos a = cos b cos c + sin b sin c 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 ~ 
2 

cos C = 
cos c - cos a cos b 

sin a sin b 
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If a < b, two solutions exist. The alternate solution is found by replacing B by 
its supplementary angle cos- 1 (-cos B). The program computes both solutions. 

The case of AAS is equivalent to specifying A, B, a (ArfB). The solution is found 
by the following equations: 

sin b = sin B sin alsin A 

cos c = 
cos C + cos A cos B 

sin A sin B 

If A < B, two solutions exist. The alternate solution is found by replacing b by its 
supplementary angle cos- 1 (-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 liD. 

2. The area of a spherical triangle is determined by the formula Area = r2 
(A + B + C - 7T), 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 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 of program. 

2 Select AUTO mode to allow 

automatic output by 

Print/Pause. 011 1.00 

3 To cancel AUTO mode later. 011 0.00 

4 Go to appropriate step for case 

(SSS, SAS, SSA, AAA, ASA, 

AAS). 

SSS 

5 Input three sides. S, ImDIIJ 

S2 lImB 
S3 B OUTPUT 

SAS 

6 Input two sides and included 

angle. S, ImDIIJ 
A ImDIIJ 

52 II OUTPUT 

SSA (ambiguous) 

7 Input two sides and angle 

opposite first side (Two sets of 

outputs will be found if S, < S2)' S, ImDIIJ 

S2 ImDIIJ 
A II OUTPUT 

0.00 

AAA 

8 Input three angles. A, ImDIIJ 

A2 ImDIIJ 

A3 II OUTPUT 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

ASA 

9 Input two angles and included 

side. A, ImDiD 

s ImDiD 

A. II OUTPUT 

AAS (ambiguous) 

10 Input two angles and side 

opposite first angle (Two sets 

of outputs will be found if 

A, < A.). A, ImDiD 

A. ImDiD 

s au 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: 

JRAOI .2 mmm .91 mmm 
.93 B -------..... 0.20 
liD • 1.59 (AI) 

liD ~ 0.91 
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liD • 0.25 (A2) 

liD • 0.93 

liD 1.40 (Aa) 

Example 2: 

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

A 

21.63° 

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

Keystrokes: Outputs: 
IOEGI 21.63 ImDm 1.12 ImDm 
158.0511 • 

liD • 
liD • 
1iD--------
1iD---------
1iD--------

Example 3: 

21.63 
1.12 

158.05 
51.90 

0.52 
52.94 

(b) 

(A) 

(c) 

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

A 

B 

c 



Keystrokes: Outputs: 
IOEGI a II ~ 

15 ImDiII 20 1mDi1130 m-+ 
1.00 (AUTO set) 

15.00 *** 
111.15 *** (C) 
20.00 *** 
30.00 *** 
28.87 *** (c) 
41.36 *** (B) 

15.00 *** 
11.89 *** (C) 

20.00 *** 
30.00 *** 

6.12 *** (c) 
138.64 *** (B) 

0.00 (end) 

The two possible solutions are pictured below. 

41.360 

B 

A 

300 

138.640 

c 

16-06 
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GAMMA FUNCTION 

GAMMA FUNCTION 

START x -1(x) 

This program approximates the value of the gamma function, f(x), for 1 .:;;; x 
.:;;; 70. 

Equations: 

00 

f(x) = fa tX- I e- t dt 

rex) 

3 

2 

1 

o 1 2 3 4 

1. f(x) = (x - 1) f(x - 1) 

2. For 1 .:;;; x .:;;; 2, polynomial approximation can be used. 
f(x) == 1 + b l (x - I) + b2 (x - I)2 + ... + bs (x - I)s 

where 

Remarks: 

bl = -0.577191652, b2 = 0.988205891 
b3 = -0.897056937, b4 = 0.918206857 
b5 = -0.756704078, ba = 0.482199394 
b7 = -0.193527818, bs = 0.035868343 

1. This program can be used to find the generalized factorial x! for 0 .:;;; x .:;;; 69, 
where x! = f(x+ 1). 

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

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

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

STEP INSTRUCTIONS INPUT KEYS 
DATA/UNITS 

1 Load side 1 and side 2 of program. 

2 Initialize. 

3 Key in x and compute r (x). 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: 

D 

iii 

B 5.25 II ------+ 35.21 *** 
8 II---------_~ 5040.00 *** 
3.34 II ~ 2.80 *** 

OUTPUT 
DATA/UNITS 

0.00 

r (x) 
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BESSEL FUNCTIONS, ERROR FUNCTION 

BESSEL FUNCTIONS ERROR FUNCTION 

n x-+JIl(x) +Jo Jl x+I,,(x) x-+erferfc 

This card combines two separate programs in one. The first routine computes 
the Bessel functions In(x) and In(x), where n is a positive integer and x > O. 
The second of the two routines finds the error function and complementary 
error function for positive arguments. 

Bessel Functions 

The Bessel functions In(x) and In(x) are computed by generating trial values 
Tk through the use of recurrence relations. The recurrence is begun at an index 
m given by 

where 
3x 

z = 
2 

The initial values selected for recurrence are Tm+l = 10-9
, Tm+2 = O. 

For the functions In(x), each term Tk, 0 ~ k ~ m, is computed by the relation 

beginning with k = m. 

_2....:..(k_+_l...:...)T k+1(X) - T k+2(X) , 
x 

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

ml2 

K = To(x) + 2 L T2k(X) . 
k=! 
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After calculating a In(x), the values of Jo(x) and J1(x) may also be found with 
very little additional computation. 

For the functions In(x), each T k is calculated from the recurrence relation 

o ~ k ~ m, beginning with k = m. 

In(x) is then found from the equation 

Error Function 

Tn(x) In(x) = eX _____ ::..;...~ __ _ 
m 

To(x) + 2 L Tk(x) 
k=! 

The error function is defined as 

2 fX _t2 
erf(x) = -jr e dt v;- 0 

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 

00 

erf(x) = _2_ e-
x2 L 2

n 
X2n+1 

v-:;; n=OI·3· .... (2n+l) 

and the complementary error function by 

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

erfc(x) = 1 e-x2 [1 + i (_1)n 1.3 ..... (2n-l)] 
x.y;- n=! (2x2)n 

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 D II 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 ,,;; 10-6 is out of bounds for the Bessel func­
tions in this program. In this range, however, one may take 10(x) = 
10(0) = lo(x) = 10(0) = 1, and In(x) = In(O) = In(x) = In(O) = 0, n iO. 

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

Reference 

Handbook of Mathematical Functions, Abramowitz and Stegun, National 
Bureau of Standards, 1968. 
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INPUT OUTPUT 
STEP INSTRUCTIONS DATA/UNITS 

KEYS DATA/UNITS 

1 Load side 1 and side 2 of program. 

2 For Bessel functions, go to step 3; 

for error function, go to step 6. 

BESSEL FUNCTIONS 

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

find In (x), go to step 5. 

4 For I n (x): 

• Input n (n = 0,1,2, ... ) n a n 

• Input x and find I n (x) x II I n (x) 

• (optional) Find Jo (x) and J, (x ra Jo (x) 

m J, (x) 

5 For In (x): 

• Input n (n = 0,1,2, ... ) n a n 

• Input x and find In (x) x II In (x) 

ERROR FUNCTION 

6 Specify places of accuracy 

desired by setting display or by 

inputting N. N all N 

7 Key in x and find error function 

and complementary error 

function. x II erf (x) 

erfc (x) 

Example 1: 

Find 15(9.2); also find 10(9.2) and 11(9.2). Display results to 9 places and 
compare to table values. 

Keystrokes: Outputs: 

lospl ® 5 B 9.2 iii ~ -0.100528623 *** h(9.2) 

lI---------~ -0.136748371 10(9.2) 
liD ~ 0.217408655 11(9.2) 

The actual values from tables are 15(9.2) = -0.10053, 10(9.2) = -0.1367483708, 
and 11(9.2) = 0.2174086550. 
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Example 2: 

Find 13(4.7) and 13(5.0). 

Keystrokes: Outputs: 
lospl rn 3 B 4.7 m 7.42 *** 13(4.7) 
5 m --------__+. 10.33 *** 13(5.0) 

Example 3: 

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

Keystrokes: Outputs: 

lospl@I.3411----......0.941913715***erf(1.34) 
0.058086285 *** erfc (1.34) 

Example 4: 

Find erf and erfc of 4.55 to 6 places. 

Keystrokes: Outputs: 
6 D II 4.5511 ----...... 1.000000 *** erf (4.55) 

1.237404615-10 *** erfc (4.55) 
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HYPERBOLICS 

HYPERBOLICS 

ARC SINH COSH TANH 

This program computes the hyperbolic functions and their inverses. The stack 
is preserved during execution of any of the functions on this card. The argument, 
however, is not saved in the LASTx register. 

Note, in the equations below, the appropriate restrictions on the values of the 
argument in each case. 

Equations: 

Hyperbolic functions 

sinh x 
eX _ e-X 

2 

cosh x 
eX + e-x 

2 

tanh x 
eX _ e-X 

eX + e-X 

csch x 
sinh x 

(xrfO) 

sech x 
cosh x 

coth x 
tanh x 

(xrfO) 

Inverse Hyperbolic Functions 

sinh- 1 x 

cosh-1 X = In [x + (x2 - l)'h] x;:' I 

tanh- 1 x = 1f.z In [~] x2<1 
I - x 

csch-1 X sinh- 1 
[ ] 

x 
xrfO 
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sech-1 x = cosh-1 
[ ] 

x 
o <x";;; 1 

coth-1 
X = tanh- 1 

[ ] 
~ 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

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 

• hyperbolic sine x m sinh x 

• hyperbolic cosine x m cosh x 

• hyperbolic tangent x m tanh x 

• hyperbolic cosecant x am csch x 

• hyperbolic secant x am sech x 

• hyperbolic cotangent x am coth x 

INVERSE HYPERBOLIC 

FUNCTIONS 

4 Key in argument and compute 

• inverse hyperbolic sine x am sinh-' x 

• inverse hyperbolic cosine x am cosh-' x 

• inverse hyperbolic tangent x am tanh-' x 

• inverse hyperbolic cosecant x a 
am csch-' x 

• inverse hyperbolic secant x a 
am sech-' x 

• inverse hyperbolic cotangent x a 
am coth-' x 
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Example 1: 

Evaluate the following hyperbolic functions: 

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

Keystrokes: Outputs: 
2.5 B 6.05 (sinh 2.5) 
3.211 ~ 12.29 (cosh 3.2) 
1.9m ~ 0.96 (tanh 1.9) 

4.6aB ~ 0.02 (csch 4.6) 

.25 mmJ a II ~ 0.97 (sech -0.25) 

2.01 mmJ am ~ -1.04 (coth -2.01) 

Example 2: 

Evaluate the following inverse hyperbolic functions: 

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

Keystrokes: Outputs: 
2.4B B 1.61 (sinh-1 2.4) 
90B II 5.19 (COSh-l 90) 

.65 mmJ B m -0.78 (tanh-1 -0.65) 
2BaB ~ 0.48 (csch-1 2) 

.4B all ~ 1.57 (sech-1 0.4) 
3.4B am 0.30 (coth-1 3.4) 
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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. Factors and Primes ................................... . LOI-OI 
2. GCD, LCM, Decimal to Fraction ....................... . L02-01 
3. Base Conversions .................................... . L03-01 
4. Optimal Scale for a Graph; Plotting ..................... . L04-01 
5. Complex Operations ................................. . L05-01 
6. Polynomial Solutions ................................. . L06-01 
7. 4 x 4 Matrix Operations (2 cards) ...................... . L07-01 
8. Solution to f(x) = 0 on an Interval ..................... . L08-01 
9. Numerical Integration ................................ . L09-01 
10. Gaussian Quadrature ................................. . LIO-OI 
11. Differential Equations ................................ . Lll-OI 
12. Interpolations ....................................... . LI2-01 
13. Coordinate Transformations ........................... . L13-01 
14. Intersections ........................................ . LI4-01 
15. Circles ............................................. . LI5-01 
16. Spherical Triangles .................................. . LI6-01 
17. Gamma Function .................................... . LI7-01 
18. Bessel Functions, Error Function ....................... . LI8-01 
19. Hyperbolics ........................................ . LI9-01 
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Factors and Primes 

8ill .LBLA Factor integer n. 857 RCLB 
882 STOll 858 If upper < lower, halt on 
803 fliTT 859 X,e" Error. 
964 lilT 868 H05 
885 X<Y? If non·integer, halt on Error. 861 RCU. 
Bil6 .TOS 862 lIlT 
887 e 86J 2 Handle 2 as special case. 
8i1S STOD 864 X;Y 
889 X;y 

Initialized. 
8bS X:~? 

818 U\'· 
If n '" 0, halt on Error. 

866 .TOB 
811 .TD5 867 2 
8<0 2 868 ,-
8JJ EEX 8r;9 This routine finds greatest 

814 9 878 potential prime'" user's 

815 X;Y 971 input. 

816 X)y? 
If n > 2 x 109

, halt on Error 
872 lilT 

817 brO~ 87J 2 
e18 CFl Fl clear for factors. 874 X 

819 .S8. Find factors. 8'5 1 
828 RTN ------------ 876 
8~1 .LBLB Lower bound for primes. 87 -' .LBLa 
822 STOA 878 STaE 
813 x <eo If negative, halt on Error. 879 RCLA Store final prime U. 

824 brOS 8B8 RTN -----------
825 EIiTl This routine finds smallest 881 .LBLD Routine to list primes. 
826 IHT potential prime> user's 882 B 
827 X=YI) input. 863 HOD Initialize d+-O 
828 nOB 884 RCLB 
829 1 885 2 If L'" 2, print 2, add 1 
838 + 86£ X;Y and go. 
831 .LoLB 88;' X=Y· 
iB2 2 Handle 2 as special case 888 .T08 
833 X;y (only even prime). 889 1 If L'" 1, print 1, 2, add 1 
834 X=yo 898 X"Y· and go. 
835 HOB 891 HOI 
93£ 2 892 .S8e If L* 1 and L*2,go 
837 893 + directly to LBL 1. 
838 nn 894 RCLE 
1339 2 895 X;Y 
848 896 :<>'r'? 
841 897 H04 
042 + 898 .LBL3 
843 .LBL8 899 .see 

Output 2. 
844 STaB 188 1 
845 STDe 

Store beginning prime L. 
181 H08 

846 2 192 .LBL1 -------

847 EEX 
2 x 109 is default upper 

183 .58. 
84e 

bound. 184 RCL8 Begin main loop. 

849 HOE 185 Rete Check for factors of 

858 XfY? If input;;;' 2 x 109
, halt on H;6 X=Y? current n (As). 

851 HOS Error. 187 'SBe ft AB '" Ac, n is prime. 

852 SF1 Flag 1 set for primes. 188 2 Output n. 

853 RCLIl li19 .LBLB 
854 RTN 118 ------------
855 .LBLe 111 STOC Set n to next potential 
85£ sro,; Upper bound for primes. 112 STOE prime. 

REGISTERS 

I' 12 1
3 14 I' 17 1

8 
1
9 

SO IS1 IS2 IS3 
1
84 S5 IS' IS7 IS8 IS9 

A 

I" Ie Potential prime IE I' Used U 
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113 RCLE 169 RTN loop again for next 30. 
114 x:y 178 GT02 ----------
115 X) y? If n > U, exit. 171 .LELJ 
116 GT04 172 RCLC Tests ifdln. 
11;' e 173 
118 STOD Else loop again. J?4 STOCi d +-d + x 

119 HOl ------------ 175 RCLB 
128 .LEL. Subroutine called from both 176 X:V 
121 2 A & 0 which finds factors 1'7 nld 

122 G5B3 of n. 178 LST;.' d, n/d 

123 X=8? 179 X)Y" If d > nld, then d >.In 
124 HN 188 GrOB Exit. 

125 1 181 x:)' 
126 GSBJ Check first if n divisible by 182 INT 
'07 X=B? 

2.3,5, or 7. 
1&3 LSTX 

[n/d[ ::= INT (n/d) 
'", nld, [nidi 
128 RTN 184 x.)'? 

If non-integer, d does PQ i85 RTN not divide n. 
138 GSBJ LBL 2 check for division by 186 STOB Else n +- n/d 
131 X=B? integers whose position in a 167 FJ? 
132 RTN cycle of 30 corresponds to 188 CLX If finding primes, exit. 
133 2 11,13,17,19,23,29,31, 189 FJ? 
134 GSB3 or 37. 198 RTN 
135 X=B" JjJ RCLD If factoring, output d. 

136 RTN 192 GS8e 
137 .LBL2 -------- B3 8 Check for d a multiple 

138 4 194 GrOJ factor. 

139 GSBJ 11 (=7 +4) 195 ,LBLe ---- ---
148 X=B? 196 Fl? Coming here means n 

14; RTN 197 CLX prime. 

142 2 198 F'1? If finding primes, exit. 

143 ;SB2' 
131=11 +2) lj9 UN 

144 X=0? 2fJ11 RCLB 
Else output last n. 

-------
145 RTN 281 GSFe 
146 4 17 1=13 +4) 282 .LBL4 
147 .SF3 283 CL~' Exit displaying O. 
148 g=8? 284 FB? 
149 PT~ 285 SPC 
158 2 286 RTN 
151 GSB3 19(=17 +2) 287 .LBLE -----------
152 X=B~ 288 FB" Auto toggle. 
153 PIN 289 GTO~ 
154 4 218 SF. 
15~ .SBJ 23 (;019 +4) 211 1 
15£ x=e? 212 RTN 
157 RTN 213 ,LBLe 
158 6 29 (=23 +6) 

214 CFe 
159 GS83 215 e 
168 X=P? 216 Rnt 
161 PTN 217 .LBLe -----------
1152 31 (=29 +2) 218 Fe? Output routine. 

Print if AUTO. 
1153 GSBJ 219 PRTX 
164 X=B? 228 FB? 
;65 PTN 221 pm 
166 f ?)':' P/S 
167 GSBJ 37 1=31 +6) 223 RTN 
168 X=B" 224 R/S Halt if not. 

LABELS FLAGS seT STATUS 
A 

n -+ Factors B Primes from C Primes to 0 
-+Primes E AUTO? Auto TRIG DISP FLAGS 

a Factor n e Output Primes ON OFF I 
o 0 " DEG ~ I FIX ~ 

° Used 1 Primes loop 2 Divisor loop :3 din? Exit 1 0 " 
GRAD 0 SCI 0 

5 Non-existent 6 8 L - 1 or 2 
2 0 GiJ RAD 0 ENG 0 

3 0 " 
n-2-
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GCD, LCM, Decimal to Fraction 

981 • LBL'; GCD 957 R • 
9€l2 STDE 958 PRT,' 
8,iJ x:v 95~ SPC 
91>4 STO': 86e p, 
985 801 p, 
986 SToe 862 R."S -----------
887 eLX BoJ .LBLB LCM 

9118 STDD 864 smB b 

8i19 X-'," If b '" 0, list a as GeD. 865 X:\, 
828 HOB 86£ STO~ 
9ll STae 967 x 
912 fTDE 

s~x+-O 968 STOC c=axb 8JJ 869 X-B' Ifc=Q, LCM:O 
914 STDr t+-y+-l 978 HOJ --------
925 STOI -------- 871 .LBL8 
816 • LBL9 Main loop. 8;'2 SSS • Find GCD through iteration 
917 S5B. 873 X.8? 
818 X-Be If b = 0, list a as GCD. 874 HOe At end, a = GCD. 
819 HOB 875 RCLe 
828 RCL! 876 ReLIl 
821 PCL[ ~+-s + yq 8'-" 822 STOI y~s 878 ABS LCM: Ic~GCDI 
823 RCL~ 879 .LBE 
824 888 PRTX 
825 881 spe 
826 STOe 

s~p 882 RTN -----------827 ReLE 883 .LBL. Common subroutine which 
828 RCLC 884 RCLA finds GCD if iterated until 
829 STDE p+-t + xq 985 ReLIl b: 0, 
838 RCL9 886 RCLB 
831 

x~t 857 STO~ 
832 888 
833 STOr. t~p 989 INT q+- -INT (alb) 
834 STP: Loop again. 998 CHS 
835 .LBL8 -------- 891 ST09 p+-a + bq=a mod b 
836 RCLIl At end, a is GCD 892 ReLf ,~b 

837 X.>B' 893 
938 STOl 1,<0) 894 
939 CU: Load stack with 895 STO£ b~p 
948 ReW 896 PTN 
941 CNS t~Z 897 .tLBLC -----------
842 RCLt 898 e Decimal to fraction. 
843 CHS 

s~y 
89~ STD~ Initialize. 844 RCLIl 188 STOD 

845 CHS 
GCD~X 

1~1 R. 
846 H02 182 fHit 
847 .LELl -------- 183 STOf 

Re +--Original value. 846 eLX 184 
849 RCLD 

(,>0) 
185 STOB 

958 peL:: 186 STDC 
851 ReLIl 187 SFI 
852 .LBL2 s 

188 oLBL7 
953 PRE GCD 

189 FIX --------
854 R/S Output routine. 218 DSPt 
855 R, III 
856 PRTX (optional) Print s, t. 112 LSTX 

REGISTERS 

r I' 1
3 14 

1
6 I' I' 1

9 

q 
SO 

1
51 1" 153 

1
84 S5 IS6 

1

57 t 1'9 
a; Num,_1 1

8 
b; Denj_1 lC s; Numj t; Den, IE x; Value I' y;Temp 



L02-02 

IB EHTt 169 GSB5 Output Numj. 
114 PI 178 RCLD 
115 :';"v " 171 .585 OutPUt Deni. 

11': 1ST 172 
117 STDI 173 DSP~ 

Output Num/Deni' 

118 174 .S85 
119 J75 .SB6 
128 RCLl 176 RCLE Halt displaying error. 
1.2l RCLe F' -----------
122 X 178 HN AUTO output. 

123 RCL~ 179 'LBL" 
124 + If Nurnj = 0, clear flag 1. 188 F8' If FO set, print and rtn. 
125 X:8? 181 PRTX 
126 CFl 182 Fe? 
:27 RCLe 1&3 RTN Else halt. 

128 STD+; 184 R.·'S 
129 RJ 185 PTN -----------
138 STDe 186 .LBL6 Space if FO set. 

131 FF Output Nurnj. 187 Fe? 
132 GSB5 188 SPC 
133 CLX 189 RTN -_ .. _--------
134 RCU 198 .LBLE AUTO toggle. 

J35 RCLD 191 F8? 
136 X 192 H08 
137 RCLE 193 SFe 
138 + B4 J 
J39 RCLD 195 HN 
148 STDB J96 .LBLe 
141 ~i. 197 CF8 
14£ STOD 198 8 
143 Fl? Output Deni' 199 FIN -----------
144 GSB5 
145 RCLC 
146 X:V 
147 
148 DSP~ 
149 Fl' Output Nurnj/Oenj. 
158 GS85 
151 
152 

RCLE Error = Calc.-orig. value. 

153 X:8" 
154 GSSG If error"" 0, halt. 
155 X:8" 
156 RTN --------
lSi SCI 
158 Fl' Output error. 
159 GS85 
ib8 Fl? 
1bI GSBG 
1b2 Ri. 
Ib3 SF! Loop again. 
104 HD? ------------
J,;5 'LBLD Recall last fraction. 
1';6 FIX 
1';7 DSP8 
1';8 ReLe 

LABELS FLAGS SET STATUS 
A 

atb-+GCD 
B 

atb-+LCM COec-+Frac 
D 

-l>Last Frac EAUTO? °AUTO FLAGS TRIG DISP 
d . eGCO/LCM 'Numj *0 ON OFF 

0 0 Iiil 
OEG ~ I FIX Ilil 

o Exit GCD 1 GCD, a>O 2Qutput GCD 3Exit LCM 2 0 iii GRAD 0 SCI 0 
0 Iiil RAD 0 ENG 0 

5 AUTO out 6 Space bec-+ Frac too 8 LCM loop 9 GCD loop 3 0 Iiil n~ 
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Base Conversions 

881 'LBL~ Input Xb (no. in base b to 857 'SBe Convert 
882 STDE be converted). 858 HD~ Exit 
803 F8? 859 .LSL2 -------
81i4 SPC 868 ReLD Hereb-=fo 10,B:;i: 10. 

885 F80 861 GS8. 
886 PRTX 862 STDe Convert Xb to X,o' 

8.7 1 863 GSB. 
888 8 Default bases b & Bare 10. 864 RCa. 
8.9 STDe 865 STDr 
818 nOD 866 RCL~ 
eJJ EEX 867 STDe 
812 1 868 GSB. Convert x Iota XB. 
813 ; 869 HOD 
814 fTOB 878 GSBe -------" 
815 RJ 871 *LBL5 
816 ~I 872 PRTX Exit 
817 HN ------------- 873 Feo 
818 .LSLr Input base b. 874 SPC 
819 STOD 875 R/S -----------
828 F8? 876 .LBU Subroutine tests input in 
821 PRTX 8?7 1 X-register> 10. 
822 Fe? 878 e If> 10, returns value 100. 
823 SPC 879 STD? If 0;;; 10, returns value 10. 

824 SF; 888 X:Y 
82~ RTN ------------ 881 x>r? 
826 'LSLC Input base B, to which xb is 882 EEX 
827 STOC to be converted. 883 1 
828 F2? 884 STx? 
829 .TOB 885 RCL~ 
838 F'f'? 886 RTN _. - - - -- - - - - --
831 SPC 887 .LBLe Main subroutine; 
832 .LBU 888 f actually converts to/from 
833 Fe? 889 ST09 base 10. 
834 PRTX 898 SrDe 
835 nN 891 RCLE -------------------836 .L£LD Find XB. 892 .LBL9 Shift right until < 1. 
837 ReLe Save band S. 893 1 
838 STO~ 894 X)yo 
839 RCLD 895 HOe 
848 STDI 8% ST+9 R9 keeps track of no. 
1i41 : 897 CLX places shifted (exponent). 
842 8 8ge RCLC 
843 X"Y? Is b ~ 107 

8:99 
844 >TOl 1.8 STaE 
1i4~ RCLC 

NO,tryB=10 
lill H09 -------

1i46 .SB. 
Yes,testS> 10 

182 .LBLS On entry, RE contains 
(Choose 10 or 100). 

1i4? STOn Convert 183 RCLC normalized xb: 

1i48 GSB. Exit lli4 RCLE O<xb<1. 

1i49 H05 --------- 185 X 

858 .LBU b" 10 186 STOE 
851 RCLC Is S = 107 187 EEX 
852 X;yo No, branch. 1.8 4 
853 .T02 Yes, test b> 10. 189 + 
854 RCLD (Choose 10 or 100). 118 EEX 
855 GSB. 111 4 
856 STor 112 -

REGISTERS 
0 

I' 12 1
3 14 5 

1
6 

17 10, 100 1
8

1012 1
9 

Used 
SO IS' I

S2 IS3 
1
54 S5 

I
S6 r J8 r 

A 

1
6 Ie 0 IE I' B xB S, Used b, Used xb, Used b 
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113 INT 
114 RCLB Build up XB. 

115 RCLD 
11£ x 
117 + 
118 5TDB 
119 RCLE 
128 EEX 
121 4 
122 + 
123 EEX 
124 4 
125 -
126 IN, 
127 RCLE 
128 -
129 ABS 
138 STDE 
131 1 
132 5T-5 Do not build mantissa 
133 RCLB beyond 1012 . 

134 RCL8 
135 X;YO 
136 H04 
137 RCLE 
138 X#8" 
139 H08 -------
148 *LBL4 
141 RCLD 
142 RCL~ 

143 Y' 
144 RCLE 
J45 X XB 

146 5TOB 
147 RTN ------------
146 .LBLE Input new x for same band 

149 5TOE B. 

15tl F8" 
151 SP[ 
152 Fe? 
153 PRTX 

Last value of 8. 
154 RCLA 
155 STOC Last value of b. 
156 RCLI 
:57 STOD 
158 GTOD ------------
159 .LBL •. Print toggle. 
168 Fe? 
161 Hoe 
162 5Fe 
163 1 
164 RTN 
165 *LBLS 
1';6 CF8 
167 8 
168 RTN 

LABELS FLAGS SET STATUS 
A B 

b 
C 

B 
D E 

~ x. 
0 

Print FLAGS TRIG DISP xb ~xB x 

a P? b , d 10,100 e Convert 1 ON OFF 
0 D ~ 

DEG ~ I FIX III 
o Used 1 

b" 10 2 b, B" 10 
3 4 End fE 2 

Input b 1 D " GRAD D SCI D 

5 Used 6 7 6 9 Shift loop 3 2 D IiiI RAD D ENG D 
Build xB 3 D iii n---2.... 
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Optimal Scale for a Graph; Plotting 

88l .LSLh Min 857 ReLE 
882 STOE 858 ReL8 
883 RTN ------------ 859 RCL9 % efficiency = 
894 .LSLE 868 
885 STDD Max 861 Max - Min x 100 
886 ~TN ------------ 862 EEX Top - Bot 
887 .LELC 863 2 
888 STac #Tics 864 X 
88S 1 865 ReLS 
818 STO; 866 RCL9 Filt stack and print: 
Bl1 RCtD 867 ReLA Top~T 

812 RCtE 868 Rt 80t-+Z 

813 869 PRST 
,,~y 

814 STO£ 878 RTN %~X 

815 RCte 
RB+-Max - Min 

871 .LBLD ------------
Subroutine to find "floor" 816 872 X<8? 
of x, where floor = greatest 81' LO. n = Floor (AB/#Tics). 873 .,08 integer"';;; x. 

818 GSBD 874 INT 
81S 18' First guess: 1'1 = lOn, 875 RTN 
B2~ SroA ---- ---- 87£ .LBL8 
821 .LBL9 Begin loop. 877 ENIt 
822 ISZI 878 INT 
823 ReLE 879 x=yo 
8.24 ~CLA 888 ~TN 
825 881 1 
826 'SBD Trial bottom = t::. x Floor 882 
8L? RCL!. (Min/l'1l. 883 RTN ------------828 X 884 .LBL. 
829 STO~ 885 STOE Begin x. 
838 RCL.~ 886 HN ------------
831 RCL[ 88:' .LEU 
832 888 STOE End x. 
83J ToP'" Bot + 1'1 (#Tics). 889 RTN 
834 STaE 898 

------------
.LBL< 

835 RetD 891 STat Step size. 
836 X£'r'? If Max";;; Top, exit. 892 RTN ------------837 HO~ 893 .LBL" Compute (x, fj (x)). 
838 RCLI 8.14 ReLE 
839 4 Else try new /'::..: If I mod 4 1195 5mB --------
848 '" 0, /'::..+-1.25/'::..; else /:::.+-2l1. 896 .L8LS 
841 F~C 897 'S87 Output x. 
842 X=8? 898 '58. 
843 {;T08 899 'SB7 Output fj/x). 
844 " 1811 Fe? 
945 H06 This sets/:::. to 2, 4, 5, 10, 20, 181 SPC End x. 

846 *LBLI! 40, 50 etc., times initial 18i' R[LIJ 
84? guess. 183 RCLB 
948 194 ReLe 
849 2 185 x+-x + Step. 

8511 186 X})'? 
If x > End x, exit. 851 tLBL6 187 HOB 

1152 RCLR 188 STDB 
853 X 189 .T08 --------854 STOA Loop again. 1111 .LBL8 Exit. 855 H09 -------- 111 [LX 
856 .LBL7 Exit routine. 112 RTN 

REGISTERS 

I' I' J' 1 1
6 17 18 

Top 19 
Bottom 

so 
1
51 

1
52 

1
53 184 S5 IS6 

1
57 ISS r 

" Max - MIn;x I" , Ie #Tics; Step 
0 

Max; End x IE Min; Begin x l' Used 
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JJ3 .LBL7 Output subroutine 
JJ4 FII? If AUTO set, print. 

J15 PRTX 
116 FII" 
117 PTN Otherwise halt. 
J18 R/$ 
119 PTN ------- ---- -
1211 .LBLe Select LBl i. 
12J nO! 
122 RTN 
J23 .LBLE ----------- -

124 FII? AUTO toggle. 

125 H08 
126 SFe 
127 J 
128 RTN 
129 .LBL8 
1311 em 
13J II 
132 PTN 

LABELS FLAGS SET STATUS 
AMin B Max C#Tics o Floor (xl E AUTO 0 AUTO FLAGS TRIG OISP 

a Begin x b End x C Step d-+(x, fil e i , ON OFF 
0 0 I"l 

DEG ~ I FIX ~ 

°Used 
, 2 3 4 2 , 0 iiJ GRAD 0 SCI 0 

2 0 iiJ RAD 0 ENG 0 
5 6 Used 7 Used 8 Plot loop 9 Opt. loop 3 

3 0 iiJ 
n __ 2_ 
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Complex Operations 

881 *LBLil Input 8tb ~7 5TOD 
882 /lCLD ~8 PIITX 
883 5TOS Last b-+ RS (btl ~9 SPC 
884 RJ 868 /lTH ----------
88S STOI) Present b~ Ro (~) 8£1 *LBLE Divide (+) 
886 RJ 862 /lCU 
88~ /lUE Last 8-toRe (a, I 863 /lCLC " D, 
888 STOC 864 +P 
889 RJ Present a-+RE (al) 8£S /lCLD 
.IB STOE 866 /leLE 
8ll /lTH ----------- 867 +P " 8, " 8, 
812 *LBLB Add 1+' 868 X:Y 
813 /lCLe 869 CHS 
814 /leLE 87e X:Y 1/r1 -8, " 8, 
815 + 871 1.'X 
816 STar 82+-81 + 82 872 Gr09 ----------
81;' PRTX .73 *LBL. Izl 
818 /leu 874 /leLD 
8I9 RCLD 875 /leLE 
828 + 876 +P r"~ 
821 5TOD b,;+-b t + b:z 877 PIITX 
822 P/lTX 878 SPC 
82Z SPC .79 /lTH ----------
824 11TH ----------- 888 *UU, liz 
825 *LBLe Subtract I-I 881 /leLD 
826 /leH 882 /leLE 
827 lIeLE 883 +P · 8 
828 - 884 X:Y 
829 STar 12;+-81 -81 885 CHS 
838 PIITX 886 X:Y 
831 /lCLB 887 1/)( 1/. -8 
832 linD B88 GT08 ----------
833 - 889 *LBLc z" 
834 STOD b:z+-b t - b1 

898 STOl n~I 

835 PIITX 891 lIeLD 
836 SPC .92 /leLE 
837 /lTH 893 +P 

8 
838 *LBLD 894 lIeLl · -----------839 /leu Multiply (xl 89S Y' 
848 /leLC 896 x:y 
841 +P 897 /lCLl 
.42 IICLD 

" 8, 898 x 
•• 3 /lCLE 899 x:y 
.44 +P 1118 GT08 ." n8 
.4S *LBL9 

" 8, " 8, 181 *LBL. ----------846 x:y 182 STOl zlln 
847 /If /83 3 
848 + 184 6 

n~I 

849 x:y 1~ 8 
~8 /If 186 x:y 
~I x 187 
~2 *LBL8 rlf1 (6 1 + 81 ) 

188 STOll 
360/n ...... RA 8S3 +11 189 /lnD -------

~4 STar ll8 /lCtE Output routine. 
~S PIITX III +P · 8 
~6 x:y ll2 /lCLl 

REGISTERS 
0 I' I' 1

3 I' S 1" r 1
8 

1
9 

"" 151 1
52 

1
53 

1
54 S 

1
56 

1
57 1"" 1

59 
A 

360ln I" b, Ie D IE I' " '" .. n 
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ll3 I/X 
ll4 y. 
llS x:y 
ll6 IICLl 
ll7 • B 
ll8 x:y r1/n -
ll9 *LBL7 

n 

12. 'Sl8 Convert-+ R and print. 
121 DSZI 
12Z 'T08 Loop n times. 

123 11TH 
124 $l.BL' 
IZS x:y 

Back-+P (, "". ~ ) 126 ~P 
127 x:y 
128 IICL~ 
129 + ~+360k 
13. x:y n n 

131 H07 ------------13Z *LBL. e' 
133 IIIl/) 
134 IICLD 
IlS IICLE 
136 .' e' b 
137 ~II 

138 PIITX 
139 5TO£ 

8
8 cos b 148 x:y 

141 PIITX 
142 SPC 
143 SroD 

e8 sin b 144 on 
145 11TH 

------------

LABELS FLAGS SET STATUS 
A 8tb B+ C - D x E + ° FLAGS TRIG DtSP 

a 1,1 b lIz C n .... zn d n .... z1 n ... 1 

ON~FI I ° 0 11!1 DEG 1<1 FIX 1<1 
o Used 1 2 3 4 2 10" GRADO SCI 0 

201i1 RAD 0 ENG 0 
5 6 7 Used e Output 9 Multiply 3 3 0 iii n---.2..-
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Polynomial Solutions 

181 .LBL~ 6'" degree. r.J; 
ST'~ .. 2 85e A 

.. 3 STO£ 859 Sr.7 B 
884 STOI 16. IICL7 
885 'SB. Find one real root. 861 Xt 
881i IICL7 .li2 IICLA ee, PIITX 8.3 -
.88 IICU 164 (X 0 
.89 I ID ST09 
81e .5& Synthetic division to find 866 x=e? 
81J '5& new ai, i - 3, 2.1, O. .67 'TO' --------
812 '5& ------------ .6e IICL6 
813 '5& 169 IICL7 
.14 .UU 4th degree (quartic). 878 ,. 

Compute C for 0 -::f:. O. 
.IS IICL2 871 IICLB 
81£ STOC 872 2 
8J7 CHS 873 
818 ST02 974 -
819 IICLI Compute coefficients 87S IICU 
828 STOB ~, b l , bo for cubic aquatior 876 • 
821 IICL3 to find Yo. 877 'TOI 
822 STOD 878 .LBU --------
820 X 879 IICLD 
824 IICU 88B Xt Compute C if 0 = O. 
82S STO~ 881 IICLC 
82£ 4 8e:: -
827 X 883 IICL7 
828 - 884 2 
829 STOI 88S X 

838 RCLC 88£ • 
831 4 887 (X 

832 X 888 .UU --------
833 RCLD 8e9 ST08 c 
834 X' 898 SFII Print roots • 
80s - • 91 .SB7 
83£ RCL~ 892 .ULl --------
8T, X 893 IICL6 First time through, set 
838 RCLB 894 RCL8 81 ""A-Cand 80" 8- D. 
835 Xt 89S CHS 
848 - 89£ ST08 
.41 STOll If bo - 0, Error will occur. 897 • 
842 CF8 89E STDI 
842 .SBC Do not print roots. 899 RCL7 Second time through, set 
844 F2? ISolv8 cubic. lee IICU 81 - A + C and 80 ,. B + D. 
845 .T08 If only one real root, branch. lSI eHS 
84£ IICLl IB2 ST09 
847 IICL3 IB3 • 
848 X>Y' IB4 STOB 
849 ST07 Else find largest real root ISS .SSD 
85B IICLl from among R3 • A. , R,. 1.6 RTH Solve quadratic x3 + 81 X 
851 IICU 1.7 .LSLC + 80 "'0. 
852 x>y< 188 2 ------------
85Z ST07 189 STD£ 3rt! degree (cubic), 
854 .LBL8 vo-+R, liB 5TOI 

~ :~~~ 
-------- m ;~~. Find one real root. 

R 7 
REGISTERS 

0 .. , bo r ai, b l 1283, b3 1383, Root t4 84, Root Sv::D 16 
A,flX 17 B, Root 18C,± 1 1

9 
0 

SO 1S1 IS2 f53 1
84 SS IS6 I"' IS6 IS9 

A .. 1881 Ie a3 
0 

" IE 2or4 I' Counter 
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113 Fe? 
:~: I 

JJ4 PIITX • !lX will be larger of the 
JJS IICL2 171 I'" pair 11, IOEI. 
JJ6 I Synthetic division to find 172 I R,+-6.X 
JJ7 ,5& new 81,80' 173 X~Y· 
JJ8 G5& ------------ 174 X:Y -------
JJ9 *LBLD 2nd degree (quadratic). 175 ST06 
121 IICLI 176 *LBL9 
121 CHS a, 177 1 
122 2 -'2 178 , 
123 • 179 Sf;6 R,+-R,/10 

124 £HTf 18. IICL8 
:25 £HTf 181 CHS 
126 xt (.,'/41 IS2 ST08 Rs+-- As 
127 IICU 183 *LBL8 -------
128 - 0'"'(8,1/4)-80 184 IICL7 
129 X(.? If 0 < 0, complex roots. les IICL7 
13. GTO. 186 IICL6 
131 (X If 0 ;>0, roots are real. 187 IICL8 
132 • 188 x 
133 5T03 Root 1 - (-• .121 + vD 189 • 
134 FS" 19. 5T07 R..,+-R.., + R6 AI 
135 PIITX 191 x=y' 
136 lit -81/2 192 11TH If no change. done. 
137 LSn: 193 £HTt 
138 - vD 194 £HTt 
139 ST04 195 GSBe 
148 FB~ 'Root 2 - (-11,I2I-vD 196 X='? Evaluate fiR, I. 
141 PRT:. 197 11TH If f(R..,) - 0, R"I is a root; 
142 CF2 F2 clear for real roots. 198 IICL8 done. 
143 11TH 199 x 
144 *LBU -------- 288 X(," Else loop again. 
14~ CHS 0< 0, roots are complex. 281 GT08 
146 IX 282 GT09 
14~ ST05 V-u 283 *LBLt -----------
148 lit 284 IICU Evaluate the polynomial. 
149 IICL5 U '" -8112 285 • E.g .• for cubic, 1"'2 
15. CHS 286 X fix) = (Ix .j.al' x +8, J X 

151 F8? Stack contains -v u y u. 287 DSZl + 80· 
152 PIIST 288 'TOe 
153 SF2 289 IICU 
{54 11TH F2 set for complex rooU. 21e • 
155 *LBL. ------------ 211 IICLE 
156 8 Find one real root for 3rc! 212 STOl Restore I 'before exiting. 
157 ST07 or 5th degree poly. 213 IIJ 
158 IICU 214 11TH 
159 £HTt 215 *LBL~ ----,....------
168 ABS Root will be in R,. 216 DSZl Synthetic division. 
161 217 ~BU E.g:, for degree 5, let Cj 
162 ST08 80/1 •• 1· ± 1 218 ItCL7 be coeffs. of new poly. of 
163 LSTX 219 X degree 4: C3 - R, + a..; 
164 /tCLi 1 •• 1 Z2e • c, "'CJ R, +a3; CI "'~ 

165 IIBS 221 IICU R, +al;cO ""CI R, +81' 

166 • la,1 or 1 .. 1 (kl 222 x:r 
167 LOG Let E -1801 +k 223 STOi 
168 IHT 224 11TH 

LABELS FLAGS SET STATUS 

A 6'" deg B 4'" deg C 3n::! deg D 2'" dog 
E o Print? FLAGS TRIG DISP 

a One root b Syn. div. C Eval. poly. d e , ON OFF 
0 1'9 0 DEG I!l FIX lID 

o Used 1 Used 2 3 4 2 Complex 1 0 Kl GRAD 0 SCI 0 

5 6 BLoop in fA 3 
2 0 Kl RAD 0 ENG 0 

7 Ouartic 9 Loop in fA 3 0 Iil n---2.... 
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.';1 .LBLI. 
8i12 
8.H HOI 
804 1 
885 STDB 
886 STOC 
8i17 .LSL9 
888 RCLS 
9BfI RCLC 
BIB 
ill1 
8' > 
€I;] + 
814 ~/E 

815 ~e? 

816 P~TY 

817 STO; 
818 IS:I 
Bl~ 4 
828 RCLS 
821 X#~'? 

8" Hoe 
823 RCL( 
8.24 X=),? 
825 HOB 
826 
827 STaB 
828 + 
829 STO~ 

83B .T09 
831 .. LBL0 
832 1 
8J3 
834 fTOb 
835 GT[I~ 

836 .LKB 
BJ? e 
838 STOD 
83~ 

848 STaB 
841 5TOD 
842 STor 
843 PC~5 

844 ~f' 
645 STOC 
84£ 2 
847 RC~6 

848 'SB,. 
B48 
858 ReL? 
851 .58, 
852 4 
853 peLf: 
854 .SB. 
855 
856 ReLF 

I' Pivots I 

"'. I" . I I, n 

4 x 4 Matrix Setup 

Input matrix by columns: 

a" 
a" 
a" 
a41, 

an 
a" 
an 

"". 
etc. 

RB is index i, Ac is index j 
for element ajj, i, j = 1,2,3, 
4. 

Begin execution. 
Note: pivot is element of 
greatest absolute value in 
column. 

Prepare to find pivot, 
column 1. 

Rc+-Ia,d 
n~2 

a" 

REGISTERS 

1
3 14 a" 

o k 

857 X=\,? 
858 HOe 
859 .SB •. 
86~ 1 
861 .SPc 
862 Z 
863 'SBc 
864 
865 ~SB(. 

866 4 
867 .se, 
868 .L8L8 
869 RCL5 
87. CHS 
871 SH£ 
8;'2 8T-=-7 
873 SHE 
8?4 9 
87~ STOl 
876 .SF. 
87? '58 .. 
878 .se. 
879 2 
888 STaB 
881 8rOD 
Sis:: r:s 
883 ReLf 
884 ~BS 

885 STOC 
886 
88? RC~l 

886 .58. 
B89 4 
898 RCL2 
891 .SF. 
B~2 P;-S 
893 2 
894 ReLS 
895 g=y') 
896 Hoe 
89, 
89P 
999 x 
188 .SB. 
181 2 
Hi2 'SBc 
183 3 
184 'SBc 
185 4 
li!6 .58, 
18? .LBL8 
JiiS P:S 
1';9 RCLB 
l1B [HS 
111 ST~1 

112 5;-:-2 

If n 1, no row inter­
change_ 
Else increment Ro by n. 

Swap row n with row 1. 

Store multipliers: mjl +­
-apia", i = 2, 3,4. 

Adjust remaining elts. by 
multipliers: aij+-aij + mil 
x a,j, i, j = 2, 3, 4. 

Begin3x3. 
n+-k+- 2 
Repare to find pivot, 
column 2. 

If n = 2, no interchange. 

Otherwise, increment 
Ro by 10n. 

Swap row n with row 2 of 
3 x 3. 

Store multipliers: mjl +­
-aj2/a22, j = 3, 4. 

II Used 
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JJ3 RCLJ J69 R.I 
U4 RCL4 J78 STDC 
U5 x Adjust remaining elts. by J7J R~ 

U6 ST+5 multipliers; 172 STOS n-+RB 
U7 RCL2 ajj+-aij +mi2 xalj J73 RTf.! -- - ~ - - --
U8 RCL4 i,:: 3, 4. 174 *LBL. Store pivot info in Ro. 

U9 X J75 ST+8 CHS of R E for each swap. 
J28 ST+6 17£ RCLE -----------
J2J RCLJ J77 CHS ,Swap jth (Rei elts. in rows 
122 RCL8 178 SToE m (Re) and k (AD). 
J23 X 179 RTN 
J24 ST+9 Jee *18L, 
J25 RCL2 J8J SToe 
126 RCL8 J82 RCLD 
127 X J83 RC1..C 
J26 RCLA J84 .SBE akj 
129 J85 RCLB 
J3Jl STDA J86 RCLC amj (-+tl 
13J RCL5 Begin 2 x 2 187 .SSE 
132 ASS If la431.o;;; la331, no inter- J88 X:Y amj+-akj 
133 RCL6 change. J8~ HOI 
J34 ASS J98 x:y 
135 X~Y? J.9J RCLD 
136 Ho8 Otherwise swap. J.92 RCLC 
J37 RCL5 J93 4 
J38 RCL6 

a43:;:a33 
194 

139 ST05 J95 + 
J48 X:\' i44:;:a34 196 sro! 
J4J STO£ J.91 R. 
142 RCL!! J98 :rD; 
143 RCLA J99 RTN 
J44 STD9 200 *L8LE 

3kj+-t 

145 X:Y 2.J 4 -----------
Given i in Y, j in X, 

146 SToA 2.2 recalls aij_ 
147 Zii3 
148 284 STDl 
149 F'tS Increment Ro by 0.4. 285 CLX 
158 .58. 2&6 RCU 
J51 P;S 2.7 RTN 
J52 *LSLe 288 *LSL. 
J53 RCL5 Store multiplier: 2&9 RCU -----------J54 CHS 

ffi43+--m43/rnB-
218 STDB Used to adjust each 

155 Sr.6 211 lSZl column of 3 x 3 sub-
156 RCL9 2J2 RCi..6 matrix by multipliers in 
151 RCL6 213 .58. Re;, R7 ,and Rs_ 
158 X 214 RCL? 
159 RCL~ 2J5 .58. 
J68 ~4 -+-~4 + m43 x a34 216 RCL8 
161 STDA 217 .58. 
162 P:S DONE 218 RTN 
163 RTN 2J9 tLSL. 
J64 *LSL. 

------------ 228 RCLE 
Ib~ ASS 

Used to fi nd pivots. 
22J X 

Rc contains largest element -----------
J66 RCLC 222 ST+j RB contains a1j, j" 2, 3, 4. 
167 X>Y? 

yet found in column, 
223 lSZI 

J68 RTN 
ignoring sign. 2.24 RTN Goes down column. 

LABELS FLAGS SET STATUS 

A Input B Execute C D E RCL ar o Print? FLAGS TRIG DISP 

a Find pivot b Store pivot camj:takj d Adjust 3x3 e Col. Mult. ON OFF 
0 0 Il<l 

DEG ~ I FIX ti<l 
o Used 0 Il<l GRAD 0 SCI 0 

0 !!l RAD 0 ENG 0 
9 Input loop 3 0 !!l n __ l_ 
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4 x 4 Matrix Solutions 

m ·~~t~ Find determinant. .~; X=.? If n '" 0, no interchange. 
~8 .T08 

.. 3 /lCLS RE '" ± 1 depending on ~9 STOI If n *'0, swap bn and b1 • 

.. 4 X number of row interchanges. 868 IICU 
~ P:S 861 /lCL2, 
816 /lCU 862 STO; 
887 x 863 x:y 
888 /lCLS 864 ST02 
"9 x IDetl '" all I·U au i.t. 86~ .UU 
818 P:S 866 P:S .ll /lCLA 867 /lC~2 
812 X .68 /lCLl 
813 /lTH ------------ 869 P:S 
814 .LBLS Input vector 87. /lCL2 b, +-b, + m31 b1 
81~ ST04 ~""'(bl.bl.b3.b4) 871 X 

816 R. 872 ST+3 
817 ST03 873 CLX 
.IB II. (f/4 /lCLZ 
.19 ST02 e~ x 
.2. R. 876 ST+4 ~+-b4 +m41 b1 .21 STOI S" /lCU -------
.22 .LBL. ------------ .78 fllC Begin k - 3. 
823 /lCL8 Solves A)!.' R. .79 IICLD Pick off fractional digit 
824 I First find L!!; 88~ x of Ro (- nl. 
825 8 881 X=8? 
82£ STOD Pick off units digit of Ro 882 .TO. If n '" 0, no interchange. 
827 I- "), e82 STOI 
• 28 fllC 884 /lCU If "=1=0, swap bn and bs . 
829 /lCLD 885 /lCLl 
838 Y- 886 STO; 
.31 INT 887 X:Y In can only be 4) 
.;;2 X=8? If n '" D. no interchange. 8BB ST03 
B33 bTOB 889 .UU 
834 STOI If "'*0, swap bn and b l • .98 r:s 
.35 /lCU 891 IICL6 
836 IICLl .92 r:s 
837 STO; t93 IICL3 
e3e x:y 894 X 

e39 STOI '9~ ST+4 ~+-t>. +"",3 b3 
'4' .uu 896 lIeLA -------
841 IICLl 897 STH Now solve Ux '" Lb 
842 /lCL6 898 /lCL4 b.t+-.,./a.. - -
.43 X .99 CHS t+--Il. 
.44 ST+2 bt +-bt + mll b l 18e STOe 
.45 RCLl 181 P:S 
.46 /lCL7 le2 /lCLS 
847 X le3 STDC 
848 ST+3 b,+-b, +m:u bl le4 /lU9 Rc+-au 
.49 /lCLl I~ /lCLB '" ." /lCLB Ie! Rel.,7 '" '~I x le7 P:S ',. m ST+4 bot +-bot + m.41 b l I.e IICU 
m /lU. -------- 189 x 
~4 /lCLD Begin k" 2. 118 ST+I bl +-b l - al4 Il. 
855 . Pick off tens digit of Ro III CLX 
~ IHT 1- "), 112 /lCU 

REGISTERS 

a Pivots rbl 
,2", 

13 
b, r.,. 5 16 m11 17 m'l 1

8 
rT\t1 1 au '" 

1"" ... IS1 182 
rT\tl 1

83 

1
84 S5 IS6 

I
S7 IS8 IS9 m" '" .. , '" ",<, ',. ... '" 

A ... 1
8 

Used JC Used 
0 

10 IE '1 I' Used 
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I:~ 
x b:J+-~ -824 ~ 169 5T02 

5T+Z 178 'SB. where,.!, 'is the column 
115 CLX b) +-b, - 1'4 b. 171 'SB. vector of length 4 with 
116 /lCL8 -------- 17Z I {I i-j 
117 X b, +-b] - b,/an 173 5T03 bj" 0 i=#j 
liB 5T'3 174 '58. 
119 /lCLC Ra+--ba 175 'SB. i-I, 2, 3, 4 
IZ. 5H3 176 I 
lZ1 /lCL3 177 5T04 
IZ2 CH5 178 ,se. 
123 STOS 179 CLX 
IZ4 P:S Ise /lTH -----------li5 RCL. Rc+-a:az lSI 'L8L, 
12. 5TOC "', 182 CLX Set all bj -0. 
12? /lCL4 a" ISJ 5TOI 
128 /lCL3 184 5T02 
129 P:5 185 5T03 
138 /lCLS 186 ST04 
131 x 187 /lTH 
IJl ST+! b1 +-b1 - a13 b, 188 .LSLE -----------133 CLX 185 F.' AUTO toggle. 
134 RCLS 198 ,roe 
135 x 191 SF. 
136 5T+2 ~ +-bz - 813 b) 192 I 
137 /lCLC -------- 193 /lTH 
138 SH2 ~+-bz/a'n 194 .LBLB 
139 /lCU 195 CF' 
148 /lCL2 196 • 141 CHS 197 /lTH -----------142 y 

143 ST+I b1 +-b l -'12 b:J 
144 /lCL5 --------
145 5HI b1 +-bl/au 
146 F" 
147 SPC 
148 /lCLl Output 
149 ,SS:; b, 
IS8 /lCL2 II, 
lSI ,SS:; b, 
IS2 /lCL3 II< 
153 'SB5 ------------
IS4 /lCL4 OutPUt routine. 
155 .LBLS Print for AUTO. 
IS6 F.' 
157 PIITX 
ISS F" 
159 /lTH 
168 /1/5 Halt otherwise. 
161 /lTH ------------
162 'LILC Compute inverse by 4 calls 
163 'SB. to LBL a, each one solving 
164 I AI!. -.J;,j -I, 2, 3,4, 
165 STOI 
166 'SB. 
167 GSB. 
16S I 

LABELS FLAGS SET STATUS 
A ..... Det B Input~ C,lnverse 0 E AUTO? ° AUTO FLAGS TRIG DlSP 

a Solve b eClaar b d e , ON OFF 
0 0 I!!l DEG Kl FIX Kl 

o Used , 2 3 4 2 , 0 Kl GRAD 0 SCI 0 
2 0 1<1 RAD 0 ENG 0 

5 Output 6 7 8 • 3 
3 0 iii n--..%.... 
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Solution to f(x) = 0 on an Interval 

.. 1 .ULA b ." 1 If 5 > 1. reject b' , 

.. 2 STOS B58 X~Y? 

.. 3 GSBE I(b) 859 HOI ... ST08 B6B RCU 
BB5 /lTH ------------ B61 RCLC 
886 .UU B62 -
887 STM e .63 ASS 
888 STOe 864 • 889 'SSE 865 . If b' is closer than 
tl8 ST08 I(e) 866 RCLD 
811 ST09 ------------ 86:' RCLC Ib - cl to c. then reject b'• 812 RTH 868 - 4 
813 .ULC TOL B09 ASS 
814 STO£ 878 UY~ 
815 RTH ------------ 87J 'TOJ 
810 .LSLO 8-0 RCLI 
e17 RCLB Iff(b) =O.exit. 873 RCLO 
818 X=8? B74 RCLB 
B19 'T05 875 - If Ib' - bl "TOll, b'~b+ 
828 RCLS 876 ASS TOLl xsgn (e-b), 
B21 RCLC 877 x>y,:, 
822 - 978 'T02 
82J ASS 879 X:Y 
824 RCLE If TOl > Ib - cl. exit. 88C RCLC 
825 X>Y? B8J RCLB 
826 'T05 882 -
B2, 2 883 EHTf 
82B 884 ASS 
829 EEX 885 
838 CHS 886 x 
83J 9 TOL1=10·'b + % TOL. 887 RCLB 
832 RCLB 888 + 
833 x B89 STOO 
834 + 89B GT02 
835 STOI 89J .UU ---------
836 ReLB 892 RCLS Reject b', set 
837 RCLB linear interpolation (secant B93 RCLC 
B38 RCL8 method): B94 • b'::l b; C • i.e.,midpoint 
839 - 895 2 
848 RCLA b'·b-~ B96 01 Ib, eJ. 
84J RCLe I(a) - I(b) B97 STDO --------
842 . a-b 898 .LBL2 Set new values for next 
843 899 RCLB iteration. 
844 b' may be next b. J88 STDA a~b 
845 RCLS lBJ RCLe 
B46 X:Y J82 STD8 

l(a)~I(b) 847 - J83 RCLO 
848 STOD Test if b' € [b, el. 184 STOS b+-b' 
B49 RCLB J85 'SSE 
85B -

b' - b J86 ST08 I(b)~f(b') 
85J RCLC s·_- J87 RCL9 
852 /lCU e-b JB8 x 
853 - J89 X<8? If fib) x ftc) < 0, leave c 
854 HB GT03 unchanged. 
m X<8? If s < 0, reject b' , Jll /lCLA Else replace c+-a. 
856 'TOJ 112 STDC 

REGISTERS 
o I(a) I' 12 1

3 I' 5 1" 1 18 1(b) 191(e) 

ISO IS' IS2 
1
83 

1
84 S5 

1
86 

I
S7 

1
86 IS9 

A . 1
8 

b Ie e Db' 1" TOL I' TOll 
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113 RCU Ilc) +-11.) 

114 ST09 --------
115 .LBL3 
116 RCL9 
117 IIBS 
liB RCLB 
119 1185 If Illb)I';;lllcli. loop again. 
128 Uyo 
121 .TOD 
122 ReLB Else swap band c and set 

123 ReLe a+-(newl c. 

124 ST08 
125 X;!r 
126 STOC 
12~ STOA 
128 ReL8 
129 ReL9 
138 ST08 
131 X;!Y 
:Z2 ST09 
133 ST08 
134 .TOD Loop again . 
IJ5 • LBLS --------

136 ReLB Display root. 

137 11TH ------------

138 .LBLE 
139 11TH User-defined fix). 

LABELS FLAGS SET STATUS 
Ab B c c TOL 0 

~root E Ilx) 0 
FLAGS TRIG DISP 

a b c d . , ON OFF) o 0 I!l DEG I!l ) FIX III 
0 , 

Reject b' 2 Newa. b. C 3 End loop 4 2 , 0 Kl GRAD 0 SCI 0 

5 Exit 6 7 • 9 3 2 0 Kl RAD 0 ~NG2D 
3 0 Kl 
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Numerical Integration 

::1 f~~t~ Inputh. ~B ,LIIL 2 
If n is not even, display 

~e3 RTN ------------ eS9 , "Error" bV call to E. 
.e4 fLBLB Input '(xo) 8li8 FRC 
ess STOe Ro contains TRAPI I. 8lil X1'8' 
886 Sro9 R,'contains SIMP 1:. 862 .roE -----------
8e7 e n-O .63 RTH Compute Simpson are •. 
ees STOC 8li4 ,LBLe 
8.9 fLBL9 965 RCLA 
Ble RTN ------------ B66 '581 Ro .... f(.) 
811 ,LBL8 Input f(xl)' i odd. 867 sro. 
BIZ STOA Ro+-Ro +2f(xl. 8li8 RCLB 
813 'S81i 869 GSBI 
814 EHTt 878 ST+' Ro+-Ro +f(b) 
815 + 871 RCLS 
816 ST+9 R, +-R, + 4 f(xl) 872 RCLA 
817 RCLe 873 STOE Set initial x to a. 
tUS I 874 -
819 + 875 RCLC 
828 STOC n+-n + 1 876 • 
821 RTH 877 sroo h+-(b - alln 
822 'LBLS ------------ 878 8 
823 STDA Input f(xl), j even. 879 ST09 R, will count to n. 
e24 .SS6 Ro +-Ro + 2 f(xl) 888 ,LBL8 --------
82S ST+9 881 RCLD 
8ZIi RCLC 882 RCLE 
82;' I R, +-R, + 2 f(xl) 883 + 
828 + 884 STOE x+-x+h 
829 srae n+-n+' 885 GSBI 
838 GT09 Exit 886 'S81i 
~31 .ULe ------------ 887 SH8 
832 2 Compute trapezoidal area. 888 2 Ro+-Ro +4f(x) 
833 RCL8 889 ST+9 
834 GT08 898 ReLe 
83S 'L8Ll) ------------ 89J RCL9 
836 RCLe Compute Simpson area. 892 X=Y? If R, '" n, exit. 
837 GS87 ~93 .roe 
9JB ;; Test n even. 894 RCtD 
839 RCL9 895 RCLE 
84e .LBLe ~96 • 
t41 RCLA 897 STOE 
842 - 2 flxn) were added, so sub- 898 .581 x+-x+h 
843 .LBLoI tract fb(n)' 899 'S81i 
844 ReLD lt8 Gr08 Ro .... Ro + 2 fix) 
B.fS . leI 'ULB --------
~46 x:y lB2 3 
847 183 RCLB Area""";-xRo 
848 PRTX lB4 .TOol 
849 RTH Ara. ISS fLBLIi 
sse _L8L. ------------ I eli EHTt -----------
SSI STOB Input a and b . Ie: + Subroutine. 
8S2 X:Y Store b. ltB ST+8 
SS3 STOA IB9 RTH 
8S4 RTH Store a. llB ,LBLe Ro+-Ro + 2 fix) 
ISS 'LBL~ ------------ III STOI InjiUti to select fllliCtlon Input n. 
SS. STOC llZ RTH -5. 

REGISTERS 

° Used I' I' 1
3 r 5 IS 17 1

8 
1
9 

Used 

~ IS1 
1
52 1S3 1

54 S5 rs r r8 

I
S9 

A til'll,. J" b I n 
0 

h IE x II Function i 



L09-02 

LABELS FLAGS SET STATUS 
A h B l(x)1 c ~TRAP f o ~SIMP f E None 0 

FLAGS TRIG DtSP 
a .tb b n c .... Jfj d Output • i 1 ON~FI o 0 Il!I 

DEG Il!I I FIX Il!I 
o Used 1 2 3 4 2 1 0 iii GRAD 0 SCI 0 

5 6 8 looP fc 9 Loop B 3 2 0 ~ RAD 0 ENG 0 
21(xl 7 Test n 3 0 Il!I n---L 



L 10-01 

Gaussian Quadrature 

::~ .LBL~ 8:)"7 5 
P:S 858 1 

883 .59 4 
884 2 eo8 2 
885 3 .61 5TD4 
.eo 8 862 
"7 6 Zl ., -Z'Z eoJ J 
888 1 .64 7 
819 9 eos 1 
• 18 1 eo • 3 Ws -W6 

811 8 .67 2 
812 6 •• s 4 
.13 : 869 4 
.14 ST08 878 9 
8JS 871 2 
.16 4 ,.,.., 4 
.17 • .n STDS 
.18 7 .74 P:S 
819 9 .7S CLX 
.29 1 WI =W2 .76 RTH ------------
821 3 8~' .LBLB Integral from a to b . 
• 22 9 .78 STOB b 
823 3 879 x:r 
824 4 .88 STOC . 
825 6 • Bl -
.26 5TDl 882 2 
827 8BJ 
828 6 884 STD~ RA ~ (b -.)/2 
829 6 8BS RCLC 
838 1 886 RCLB 
831 2 Z3 "-z.. 887 + 
832 e 888 2 
.33 9 889 • 
.34 3 898 STDB RB~(b + .)/2 
835 B .91 8 
836 6 892 ST08 Ro will accumulate I . 
• 37 5 .93 1 
.38 ST02 .94 • Set I to point at ZI . 

• 39 895 STDI 
.48 3 .96 GSBi> Each call to b computes 2 
• 41 6 .97 GSBi> terms for 1: . 
842 8 898 GSBi> 
.43 7 899 RU. 
844 6 W3 =W4 1.8 RCLA 
845 1 181 x b;a ,l;wlf(xjl 
.46 5 1.2 PRTX 
.47 7 /83 RTH 
.48 3 184 .LBLI, --------
.49 ST03 185 RCLi Computes terms of 1:. 
8S8 186 IS21 'J 0 -I, 3, 5) 
851 9 187 STOC I ,points to wJ 
852 3 188 CHS Rc~zj 

.53 2 189 RCU Zj+1 • - 1J 

.54 4 Z5 "'-~ 118 x Compute term j + 1 

:: ~ ::~ RCLB xJ+1 .... [Zj+1 (b-a)+b+all2. 

+ 
REGISTERS 

o 1: I' l2 1
3 I' s IS I' 1

8 

1
9 

SO l' WI 182 
Z3 193 f54 ISs 

1
56 T 1

56 

1
59 

" w, " w, 

A (b _ .,-/2 18 
(b + .)/2 Ie Used 

0 IE I' 10-15 
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113 '51[ WJ-WJ+1 169 .LILB Finds one term. 
114 IICL! wJ+1 flxJ+" 17. IICLi 

wI ll5 X 171 X 
(1 +zl" f(xI' 116 5T+' 172 IICL8 

ll7 IICLC 173 X· 
ll8 IICL~ Compute term j. 174 . 
119 X 175 ST+' -----------
12. IICU 176 11TH 48 steps reserved for user· 
121 + 177 .ULE defined function fIx). 
lZZ '51[ wlf(xl' 178 11TH 
123 IICLi 
124 X 

lZ5 5T+8 I points at zl+2' Also available are RI - Rt. 
126 1521 RD. Re. and stack. 
127 11TH ------------
J28 .L8LC Integral from a to-, 
129 STOA • 13. 8 
13J STOB Ro will accumulate 1:. 
132 J 
133 8 I points at ZI' 
134 5TOI 
13S '58e Each call to c computes 2 
136 '58e termstorI:. 
J37 'S8e 
138 IICU 
139 2 
148 x 
14J PIITX W; 

2E---f(xj) 
142 11TH (1 + zil2 

143 .ULe --------
144 IICLi Computes terms of 1:. 
145 IS21 Zi (j" 1,3,5). 
146 STOC I points to wI' 
147 CHS Rc"-zj 

148 '589 z)+1 ,.. -Zj 

149 '58£ f(xj+,) 
158 '588 
J5J IICLe 
152 'SS9 ZJ 153 '51[ f(xI' 
lS4 'SBB 
J~ 1521 
lS6 11TH I points to ZJ+2. 
157 .LBL9 --------
158 J Computes argument. 
159 + 
168 STOS XI __ 2_+8_1 
16J 2 1 + zJ 
162 X:Y 
163 • 
J64 IICLA 
165 + 
J66 I 
J67 -
lIi8 11TH 

LABELS FLAGS SET STATUS 
A START B atb-+J: f C a:4>f:f 0 E User fIx) 0 

FLAGS TRIG DlSP . b l:terms (B) C I:terms(C, d . 1 ON OFF 
0 0 !!J 

DEG !!J I FIX ID 
0 1 2 3 4 2 1 0 II!I GRAD 0 SCI 0 

2 0 iii RAD 0 ENG 0 
5 • 7 8 Used in c 9 UMdinc 3 

3 0 iii n~ 
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Differential Equations 

Dl 'LeL~ h/2 857 ~CLC 
882 2 S58 • Vi+l - Vi +6. 
883 ------------ B59 STOC 
B84 STO~ 868 RCLB 
885 ~TH Fl clear for 1lt-order. 861 ~CLD XI+1 .. xi + h 
88. .LBLB VO 862 • 
887 CFl 863 STOB 
888 STor Xo 864 GSB8 
889 RI 865 ~CLC 
810 STOB ------------ 866 GSSB 
811 RTH F 1 set for 2nd -order. 867 FB" Loop again. ef ':' .LBLC VO 868 SPC --------
813 SFl 869 GT09 2 nd ·order solution. 
814 STOD ------------ 878 .LBL~ vO 
815 RTH Compute solution. 871 RCLD VO 
816 .LBLO Branch for 2nd -order. 872 RCLe Xo 
817 Fl" -------- 873 ~CLB 
818 GTO,; l lt-order solution. 874 GSBE k,/2 
819 .LBL9 875 STor 
B2B RCLC B76 ST09 
821 RCLB 8~~ ~CL~ 
8" GSBE k,12 878 GSB. k,12 .-
823 STOE 879 ST08 
B24 ~CLC Vi + (k I /2) 888 ST09 
e2~ • 88: RCL~ 
826 ~CLB 882 ~CL9 
8?~ RCL~ Xi + (h/21 883 ~CLD 
828 • 884 • 
829 GSBE k2/2 BBS RCLE k,/2 
938 STOB 886 GSB. 
821 ~CLC Vi + (k:z/2) 887 ST •• 
832 • 888 EHTt 
833 ~CLB 889 • 
834 ~CL~ Xi + (h/21 B9B ST09 
B35 • 891 ~CL~ 
836 .SBE k,12 B92 EHTt 
837 ST.8 893 • 
838 EHTt 894 GSB. k./2 
B39 • 895 ~CL8 
84B RCLC Vi + k3 896 EHTt 
841 • 8Q~ • 
842 ~CLB 89S • 
843 ~CL~ 899 ~CLE 
844 EHTt h 18B • 
845 + 181 3 
846 STOD Xi +h 182 
847 • k./2 183 RCLD 
B4B .SBE 184 • 
849 ~CLE 185 STOD Vi' +(k l +2k:z +2k3 +"--)/6 
858 • 186 LSTK 
851 ~CL8 187 ~CLB 
852 EHTt 188 ~CLE 
853 • 189 + 
854 • 

6'" i Ikl +2kl +2k3 +k..) 
11B 3 

:: 3 111 Vi I + (k l +k:z +k3 )/6 
+ 112 • 

REGISTERS 

o Used l' 12 13 \' S \6 r 1
8 

1
9 

Used 

SO 15
' 152 153 154 JSs 156 T 1

56 IS9 
A h/2 IB Xi Ie V; 

0 Yj',h IE Uted I' 



L 11-02 

113 RCLR 
114 £HTf 
115 + h 
116 STO£ 
117 x 
118 RCLC Yj+h(v{ +(k1 +k2 +k3 )/6] 
119 + 
128 STOC 
121 RCL£ 
122 RCLB xi+,·xj+h 
123 + 
124 STOB 
125 'SBB Yi+1 
126 RCLe 
127 .SBB 
128 Fe? 
129 SPC Loop again. 
138 GrO. ---------
131 _UL. Routine to find k t • kl • k), 
132 RCL9 k. 
133 RCLD 
134 + ---------
135 RCB 
136 _UL. 
137 2 
138 • 
139 RCLD 
148 + 
141 Rt 
142 x 
143 RCLe 
144 + 
145 RCLB 
146 Rt 
147 + ------------
148 _ULE User~efined fix, v) or 
149 RCLR fix. v. vI 
15e x 
151 RTH - -----------
152 .UL8 Output routine. 
IS3 F8? If FO set, have AUTO 
IS4 PRTX mode: print/pause and 
ISS F8? return. 
IS6 RTH If FQ clear. halt to display 
IS" R/S result. 
158 RTH ------------159 _ULe AUTO toggle. 
168 Fe" 
161 'TOO 
162 SF8 
163 1 
164 RTH 
165 _LBU 
166 CF8 
167 8 
168 RTH 

LABELS FLAGS SET STATUS 
A h B Xotyo c ' Vo O~i;Yi E fix, y. V') o AUTO FLAGS TRIG DfSP 

a Used b c d2nd-order e AUTO? 1 2nd-order ON OFF Used 
0 0 Ii) 

DEG ~ I FIX Ii) 

o Auto toggle 1 2 3 4 2 1 0 ~ GRAD 0 SCI 0 
2 0 II!l RAD 0 ENG 0 5 6 7 8 OutPUt 9,It-order 3 
3 0 Ii) n---L 
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Interpolations 

III ~eLll Fl set for linear. 115": -
N2 SFl vo 115"8 STOI Ix - XI)(X - Xl' 
.3 ST07 859 X 

.. 4 II:Y .. 868 RCL7 Lo(x) 
lIS STOll 861 X 

N6 RTH ------------ 862 RCL6 
H7 ~IU 863 RCU 
He STOB v, 864 -
"9 11:1' 865 STOO 
818 STOS x, 866 RCLl Ix - )Co)(x - X2' 

811 RTH ------------ 867 x 
812 .LBLC 868 RCLS 
813 ST09 v, 869 x L,(x) 
814 II:Y 878 + 
815 STOC x, 871 RCLD 
816 CF8 fa clear first time through. 872 RCLE 
817 CFl Fl clear for Lagrangian. 873 X (x-xollx-xd 
818 RTH ------------ 874 RCL9 
819 .LILD 87S x L,(x) 
828 ST06 B76 • 
821 Fl? If linear, GTO 1. 977 PRTX Pl(X) 
822 'TOl 878 RTH -----------
823 F.? If second time through, B79 .LBLl linear interpolation. 
824 'TO' GTOO. 889 RCLS 
825 RCLA -------- 881 RCL6 
826 RCLB lagrangian, first time 882 -
827 - through, 883 RCL7 
828 RCU 884 x 
829 RCLC 885 RCL6 
839 - 8B6 RCLII 
831 X 887 -
t32 SH7 Yo!((xo - xd{xo -)(1)] 988 RCLS 
833 RCLS 989 x 
834 RCLA 898 • (xl-xlvI +(x-Xo)Yo 835 - 991 RCLS v-
836 RCLS 892 RCLA XI - Xo 

837 RCLe 893 -
838 - 894 
839 x 895 PRTX 
848 SHB vi/[Ixl -Xo)(Xt -Xl)] 896 RTH 
84~ RCLC 897 .LBL. 
842 RCU 898 STOll -----------
843 - 899 RTH Finite difference. 
844 RCLC 188 'LSL~ x, 
845 RCLB 191 sros -----------
846 - 182 11TH h 
847 x 183 .:'SLc -----------848 SH9 Yl!((Xl - XO)(Xl - Xl)] 184 STOI v. 
849 SF8 II!; IIJ 
115"8 .LeL8 Fa set from now on. 186 STO£ 
115"1 RCL6 ------------ 187 RJ v, 
852 IICU Lagrangian 188 STOO 
853 - J89 Rf v, 
115"4 STO£ 118 -
115"5 :g~ 1;; 3 -3Va + 3Vl 
115"6 x 

REGISTERS 
0 l' 12 

1
3 I' S 

1
6 -r Used 1

8 
Used I" x Used 

SO F' 1
52 

1
53 

1
84 55 

1
56 

1
57 ISB 1S9 

A 
"0. X3 I" Xl. h Ie Xl. U 

0 
X - Xo. Vl. Used IE I' x - Xl. V3 X-Xl.V. 
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III x:y -3y, + 3Y2 - v, 
ll4 - Y. 
ll5 lit B3 y_% 
ll6 + 
III 5T09 
llB IICLE 
ll9 IICLD 
128 - 6 Y-ll 
121 ST07 
122 IICLI 
123 IICLD 
124 + 
125 IICLE 
126 2 
J27 , 
12S - Blyo 
129 STOB 
138 11TH ------------
131 .LBL. Compute y given x. 

132 IICL~ 
133 -
134 IICLB 
13~ · U'" (x -x,,/h 
136 STOe 
1" lIeL? 
13S x 
139 lIeLE 
148 • v, +u6y_% 
141 IICLe 
142 lIeLe 
143 I 
144 • 
145 x 
146 STOD u(u + 1) 
147 2 
148 • 
149 lIeLS 
ISS x + u (u + 1) 6] Yo 
151 • 
152 lIeLD 
153 lIeLt 
154 I 
155 -
156 x 
157 6 
158 
159 lIeH 
168 x i- u(u + 1)(u _1)6 3 y-% 
161 • 
162 PIITX Y 
163 11TH 

------------

LABELS FLAGS SET STATUS 

A Xo tvo BXI tVI C X2tvl 
D x->y E o 2nd time FLAGS TRIG DISP 

a x, bh cYI tV] tV) tY4 d x->y . , 
linear ON OFF 

0 0 II!l 
DEG ~ I FIX ~ 

o 2nd time 1 Linear 2 3 4 2 , 0 II!l GRAD 0 SCI 0 
2 0 iii RAD 0 ENG 0 

5 6 7 • 9 3 
3 0 iii 0---4.-



L13-01 
Coordinate Transformations 

:~ *L8L~ Store 8. :;8 STOI 
5T03 '581 

883 CLX 859 5T04 
884 '58. StoreO. vo, Xo· 868 1 Calculate V or V 
885 IICL9 Set rotation axis of O. O. 1 8£1 2 coefficient. 
886 IICU in display and recall 6. 862 5101 
8.7 1 -------- 86J G5Bl Stop if 2 -D. 
8.8 IICU 864 ST05 
8/19 .L8U, 86S F2? 
818 CF. Store 8, a, b, and c. 866 RTH Calculate z or z 
@II ST03 867 I coefficient. 
812 lit 868 3 
813 ST08 869 STOI 
814 lit 878 '581 
815 STOI 871 ST06 
816 Rt 872 8 Stop and display final 3 
817 ST02 873 IICL4 -0 results. 
818 ~P Calculate"'; ai + b2 + c2 874 IICL5 
819 x:r 875 IICL6 
828 IIJ 876 11TH -----------
821 ~P 877 .LeLe Set matriX done flag. 
822 SH8 Calculate unit vector 878 SF8 (Program pointer says 
823 5TH components. 879 'TOe matrix done.1 
824 ST+2 888 .LBLC -----------
825 11TH ------------ 881 SF8 Set matrix done flag. 
826 *UL. Store Zoo VOl )(0' 882 'TOC -----------
827 CF8 883 .L8U Matrix multiply x and y. 
828 5T09 984 8 
829 RJ 885 IICLA 
838 5108 886 '584 
8JI IIJ 887 IICLe 
832 5T07 888 '584 
833 11TH 889 IICLC 
834 .LeLC ------------ 898 P:5 Fetch )(0. Yo or 10 depend· 
835 5F2 Set 2 -0 flag and input 891 IICU ing on which coefficient 
836 8 dummy zero. 892 P:S is being calculated. 
837 *LBLc -------- 893 STOD 
838 IICL9 Store (x - xo), (v - Yo), 894 II/ Matrix multiplV z. 
839 - (z - '01. 89S '584 If calculating P from P' 

848 STOC 896 IICLD add appropriate translation 

841 CLY. 897 x:r distance. 

84Z RCLB 898 FlO 
843 - 899 • 
844 5TOB 188 PIITX Output result, set stack for i 
845 CLX 181 RCL4 2 -0 stop. 
846 IICL7 182 X:\' -----------
847 - 18J 11TH Matrix multiply and 
848 5TM 184 .L8L4 counter. 
849 F8? 18S IICU 
858 'TOB Calculate matrix coefficient 18£ x 
851 /;5B5 if not already done. J87 • 
852 *LBL8 -------- 18B 1521 
853 CF8 Calculate x or x' coefficient. 189 lSZl 
854 5PC 118 15Z1 
855 1 III 11TH 
856 1 liZ .LBL5 

REGISTERS 
0 -I' b 12 1

3 e I' xix') " v(v'1 16 
, 17 ><0 1

8 
1
9 

e c z(z) vo '0 

ISO IS' i, 1
82 e. 183 

i, (54 m, 1"" m, IS6 m, IS7 n, 158 
n2 

IS9 n, 
A x(x'r 1

8 
v(v'1 Ie zlz') 

0 
cosB,(xo,Vo,zo) IE sinS I' control 



L13-02 

Jl3 IICL3 Calculate sin8, cosS and 1.9 ST-2 csin8 
Jl4 I 1 - casB. 178 STH 
1J~ ./1 17J CLX 
Jl6 STOD 172 LSTX 
Jle CHS 173 x b sin8 
JlS X:Y 174 ST+3 
Jl9 STOE 17S ST-7 
12e CLX 176 CLX 
121 J J77 LSTX 
122 + 178 x a sin8 
123 IICU Recall unit vector 179 ST+8 
124 IICLJ components. J88 ST-6 
12~ IICLZ J8J P:S Matrix complete. 
12. lit 1 - cosB J82 11TH -----------
127 P:S Store 1 -cosB in RS1- RSS' J83 .LBLE Set 20 flag and input 
J28 STOJ 184 SF2 dummy zero. 
129 ST02 18S 8 -----------
138 ST03 186 .ULe Input x, y, z. 

131 ST04 187 STOC 
132 STOS 188 III 
133 STO. 189 ST08 
134 STO? 19B III 
13S ST08 191 STO~ 
136 ST09 192 SFJ , 
137 RJ MlJltiply by c unit vector 193 F8? Set inverse flag. 
138 ST.<7 component. 194 'T06 Calculate matrix coeffi-
139 STx8 19S 'S8S eients jf not previously 
14e STX9 J9. .UL6 done. 
14J STX9 197 'S88 -------
J42 STx6 198 CFI p'-+p 

143 STx3 199 11TH ------------144 III 2ee .L8Le 
14S STXS Multiply by b unit vector 28J SFe Set matrix done flag. 
146 STXS component. 282 'TOe 
147 STx2 283 .L8LE -----------
148 STx8 284 SF8 Set matrix done flag. 
149 STX4 285 'TOE -----------
Ise STx6 
ISJ III 
IS2 STX2 Multiply by a unit vector 
IS3 STxJ component. 
IS4 STX1 
ISS STx4 
IS6 STX7 
IS7 STX3 
IS8 III 
IS9 III c~X 

16e IICLD 
161 ST+I Add cos8. 
162 ST+S 
163 ST+9 
164 CLX 
16S IICLE 
166 FlO sin8 
167 CHS CHS for p' -+P. 

168 X 
LABELS FLAGS SET STATUS 

'><otVotB B C xty-+P' 0 E x'ty'-+p o Matrix done FLAGS TRIG DlSP 

a XotVo tZo b .tbtctB C xtytz ... p' d e x'ty'tz' ...... P, 1p' ...... p ON OFF 
0 0 !!l 

DEG !!l I FIX !!l 
o Used 1 Mult. 2 3 4 Mult, 2 20 

, 0 I!l GRAD 0 SCI 0 
2 0 Kl RAD 0 ENG 0 

5Mltrix • 7 • 9 3 
3 0 il n---L.. 
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Intersections 

::~ ,Ul. InputP1,P/. 1IS7 RCl. 
'585 -------- 1IS8 RCl? 

.. 3 'UlA Input PI and 8,. 1IS9 lsTX -----------.. 4 I 868 RTH Set flag for alternate 
ees STor 861 fLBLe point solution. 
886 RJ 81i2 sFI -----------.,7 sTOO 863 Grot Start primary. point 

888 RJ 864 ,lBL.I solution. 

889 STOC 865 CFI ------------
81e IIJ 866 fLBL8 Select type of solution. 

811 sToe ------------ Bli7 CF2 Input P2. Pi', -----------812 flTH -------- Bli8 SPC line-line intersect. 
81Z 'lBll> Input P2 and 62, 869 GTOI 
814 'SB~ 8?B 'lBL2 
81~ 'lBlB 871 flClE 
8J1i 2 872 I Check for input error. 
817 sT01 873 XfY? 
818 IU 874 GT06 
BI9 sTOA 875 flCLD If 8 ... ± goO go to special 
828 III 87. COS solution B. 
821 sT09 877 X=8? 
822 Rl 878 Groe 
823 STOB 879 flClA If 82 "" ± goO go to special 
824 flTH ------------ 888 COS solution 7. 
825 fLBLD Input Xol. YOlo r) . 881 X=8? 
82. 3 882 'T07 
827 ST01 883 flClB 
82B Rl 884 flClD 
829 sTOA 885 TIlH Calculate "p. 
838 fll 881i STD. 
831 ST09 887 x 
832 fll 88B flCl8 
833 ST08 889 flClA 
834 flTH 898 TAH 
83~ 'UlE ------------ 891 ST07 
83. 4 Input >Co2. V02. r2. 892 x 
837 STOE 893 -
838 III 894 RCl9 
839 STOD 895 • 
848 fll 89. flClC 
841 STOe 897 -
842 RJ 898 flClli 
843 SToe 899 flCU 
844 RTH 188 -
845 *LBLS 181 • 
84. ST07 ------------ 18Z *Ul9 
847 X:Y Transform P and p' to P - 8 183 EHTt -----------848 ST06 form. 184 EHTt Calculate Yp. 
849 fll 185 PflTX 
858 - 186 RClB 
IISI X:Y 187 -
1IS2 fit 188 flCl6 
8~3 - 189 x 
854 +P 118 flCle 
855 fll III • lIS. • ll.' PflTX 

REGISTERS 
0 l' 12 1

3 I' 5 
1
6 

Used 17 Used 18x
1.Xct 1

9 
Y'l. Vel 

ISO IS' r 1
83 JS4 5 IS6 IS7 I

S8 1" 
A 82 ,r. IB Xl. Xc2 Ie Yl. Ycz 

0 81 • r1 IE Cod. I' Cod. 



L14-02 

113 11TH Calculate xp for 8 1 '"' ± 900
. 169 • 114 .-LBL7 17. PRTX 

115 RCLD 171 RTH 
116 TIlII 172 .-LBU Calculate xp for circle-
117 ST06 173 'SB' circle. 
118 RCLS - ----------- 174 • 119 'T09 Calculate xp, Vp for 8 2 "" In; RCLO 
12. tLBLB ±9Qo. 

176 X' 
121 RCLS 177 -
122 RCLS 178 2 
123 PIITX 179 
124 RCL8 18. RCL6 
125 - 181 • 126 RCL~ 182 RCU 
127 TIlII 183 
128 X 184 COS~ 
129 RCL9 185 Flo 
138 • 186 CHS 
131 PIITX IS;' • 132 RTH ------------ 188 RCL~ 
133 .LBU Circle-line or circle-circle. 189 'R 
134 RCLE ------------ 198 RCLS 
135 X:1 191 • Calculate Yp for circle-
136 I:TOI 192 PRTX circle. 
J:r:' tLBLl 193 x:r 
138 'SS8 cilculate xp for circle-line. 194 RCL9 
139 - 195 • 148 ST07 196 PRTX 
141 x:r 197 RTH 
142 RCLD 198 .LBL. Calculate Q: and D. 
143 - 199 X:1 
144 COS 288 RCLC 
145 RCL6 2.1 RCL9 
146 x 282 -
147 CHS 283 RCLB 
148 )«11" 284 ReLS 
149 SF2 2.5 -
158 EHTt 286 .P 
151 X' 2.7 ST06 
152 RCL7 2.8 X' Calculate Ol and r2 . 
153 - 289 RCU 
154 [Yo 21B X' 155 F20 

211 11TH -----------156 CHS 
157 • Calculate P2' 
158 Calculate Pl' 
159 Flo Bring P2 back if flag is set. 
1£8 LSTX Calculate xp. 
161 RCLD 
162 x:r 
163 oR 
164 RCLB 
165 • 
166 PRTX 
167 x:y 
168 RCLC Calculate V . 

LABELS FLAGS SET STATUS 
A XI tvl t8 1 B Xl tv, t81 

C o XOI tYOI trl EXol tYOl trz 0 
FLAGS TRIG DISP 

a x, tVI tx'tvl b X:ztvl tXl'tv:z' c d 
e """"02. VOl 1 Prim/sec ON OFF 

il """)(01. YOI 0 0 il 
DEG ~ I FIX 

o Used 1 Xp 2 line-line 3 Used 4 .. 2 Quad 1 0 II!l GRAD 0 SCI 0 
2 0 il RAD 0 ENG 0 

5 Line spec. 6 7V.rt.line 8 Vert. line ·Yp 3 
3 0 iii n~ 
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Circles 

::f i[J[. Store XI, Vi- 857 • 
ST04 .58 IICL? 

883 II~ 859 IICL3 
884 5T03 .68 -
885 11TH ------------ 861 ST'2 
886 ~8L. 862 STOO 
887 5T06 Store Xl. Yz. 863 IICL? 
888 II~ 864 IICL3 
889 ST05 865 + 
818 11TH ------------ 866 x 
.11 .LBLe .67 + 
el2 5T08 868 2 
813 II~ Store X3. Yl' 869 · 814 ST07 878 IICLD 
815 /lTH ------------ 871 • 
81£ ~BL" 11)(1 "'X, or 872 STOE 
817 SPC Xl - X3 then .73 IICLC ~ V. -
81B IICL5 874 - N,-NI 

819 IICL3 P, 875 /lCL2 
.28 X=Y? I \ 876 /lCLl 
.21 'TO' 

P3 -+Pz 8~' -" 822 IICL7 978 • 
823 /lCL3 879 STOO 
.24 X=Y' 888 /lCLE 
825 'T08 881 X:Y 
826 .all 882 IICL2 
827 IICL6 Calculate kl and NI • 883 x Xo a k1 -N2 yo 
828 /lCU .84 -
829 - 885 STOC Output x. 
838 STOI 886 PIITX 
831 IICL6 887 IICL7 
832 IICU 888 - Output y. 
833 + 889 IICLD 
.34 x 898 PIITX 
835 IICLS 891 /lCL8 
836 /lCL3 892 - Output r and stop with x 
837 + 893 +P in Z, y in Y and r in X. 
838 /lCLS 894 /lCLD 
839 /lCL3 895 X:Y 
848 - 896 /lCLC 
.4J S1+J 897 X:Y 
842 STOC 898 STOE 
843 x 899 SPC 
844 + J88 P/lTX 

8.' RCLe 181 /lTH 
846 182 .LBLB 
847 2 183 /lCL7 ------------
848 • 184 /lCLS P, 

849 185 /lCL3 I \ 
STOC P, -+ Pl 

858 IICLS 186 5T07 
851 IICH 187 CLX 
852 - Calculate k2 and N,. 18S /lCLS 
853 ST02 189 ST03 
.54 /leLS 118 CLX 
85S IICH lJJ IICH 
856 • lJ2 STOS 

REGISTERS 
0 1 Nlli 12 N:z,80 13 x, I' v, 5 x, 1

6 I' x, 1
8 

Yl I" 8 V, 

SO 
1
51 

1
52 

1
53 

1
54 55 

1
56 I"' I

SB 

I"" 
A M IB n Ie xc. kl 

0 IE I' n - i V. r 



L15-02 

IIJ CLX 169 PIITK 
1I4 IICL6 178 0511 
liS ST04 171 ~BL' 
1I6 II~ 172 IICU 
1I7 ST06 173 IICU 
liB II~ 174 -
1I9 STOS 17S PIITX 
128 GrOI ------------ 17. STOI 
121 ~BLII Inputxo,Yo,and r. 177 '512 
122 STOC 178 lit 
123 II~ 179 CLX 
124 SToo lB. IICU 
125 IU IBI lit 
126 STOC 182 CLX 
127 11TH ------------ 183 IICLl 
128 .LILC Calculate n from M, IB4 lit 
129 I 185 lit -----------138 CHS IB6 11TH Set to begin automatic 
131 COS" IS7 .LBLe loop. 
132 EHTt IS8 IICLI 
IJJ • 189 STOl 
134 X:Y 198 IICL2 
135 + 191 IICU 
136 LSTX 192 -
137 GT08 ---'---------- 193 ST09 -------
138 .LILD 194 .LIL4 Automatic loop. 
139 I Calculate M from n. 195 'SIE 
148 CHS 196 1521 
141 COS" 197 .LIU 
142 EHTt 198 0511 
143 • 199 GT04 
144 x:r 288 11TH -----------
14S 281 ~BLI Calculate x and V for 
146 LSTK 282 SPC given 8. 
147 x:\' 283 Gr08 
148 .UU ------------ 284 ~BL2 
149 STOll Store 68, n, 60 and 80 -6IJ. 285 IICU Calculate x and y for 
158 II~ 286 ~BL8 contents of Rg. 
151 illS 287 IICLE 
152 28S .11 
153 5 289 IICLC 
154 • 218 • ISS IHT 211 PIITr. 
156 SToe 212 K:Y 
157 STOl 213 RCLO 
158 II~ 214 • 159 5T02 215 PIIT>I 
168 5T09 216 11TH -----------161 IICU 
162 ST-9 
163 11TH ------------
164 .ULE Calculate and output (). i. 
lOS SPC Xi and YI' 
166 IICU 
167 S1+9 
168 lIet9 

LABELS FLAGS SET STATUS 

A XotVotr B 8~x. y c O.tM D Botn E-+8, if x, y 0 
FLAGS TRIG DISP 

a XI tYl b Xl tY2 C Xl tY3 d -+"0. Yo. r eAUTO 
, ON OFF 

0 0 iii DEG iii FIX iii 
o Used 1 -+)(0. Yo. r 2 -+)(1, Vi 3 4 Loop 2 , 0 iii GRAD 0 SCI 0 

2 0 iii RAD 0 ENG 0 
5 6 7 • 9 3 

3 0 iii n---L 
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Spherical Triangles 

--.-r ---.rJ1[£" !'SA (AcS) :;~ ;c nz SFl --------
.. 3 .LILI SAS (aCb) 859 RTH -----------"4 ST08 Second 5 (or A) 868 .LILI> 

Subroutine to find one m IJ 861 ICLA 
886 STOC Angle (or 5) 862 ICLI angle (side). 

ee7 IJ 863 STIJIl 
888 STIJIl FirstS (orA) 864 ICLC Rotate sides (angl.s) 
ee9 rlCLC 865 STOB 
Bl8 COS 866 /lJ 
'll IfCLA 167 IU 
.12 SIH cosc '" cos a cos b + sin a 868 STOC cos A' 

cosa-cosbcosc 
813 X sin b cosC 869 COS sin b sin c 
Bl4 /lCLI 87S /lCLA 
81~ SIH 871 COS 
el6 x 872 /lCLI 
817 /lCLA 873 COS 
818 COS cos C - -cos A cos B + sin A 874 X cos a- cosA+cos B cosC 

819 /lCLB sin B cos c 875 Fl? sin Bsin C 
828 COS 876 CHS 
82J x 877 -
822 Fl' e78 /lCLA 
en CHS 879 SIH 
e24 • 8Be • 
825 COS" eBl ICLI 
826 STOC Third S (or AI 8B2 SIN 
827 GT08 ------------ eB3 
828 .LBLD AAA(ABC) 8B4 COS" 
829 SFI -------- 885 11TH -----------818 fLlLA SSS (abc) 886 .LBL8 AUTO output. 
831 STO' 887 F8' Print if FO set. 
832 /lJ e88 P~TX 
833 STOB Store three sid8$ (or angles). 8B9 F8? 
834 RJ 898 11TH 
835 STOA 891 II/S Else halt. 
836 .LlLe 892 RTH 
837 GSIlI> LBL b finds one angle (or e93 fL8L. -----------838 STOE side) 894 SFI AAS (A,B,a) e39 ,SIll> .e95 .LlLe Ambiguous cases. 848 STOI 896 STOE 
841 GSIlI> 897 IIJ -------
842 STOn 898 STOB 

SSA (a,b,A) 

843 CFl 899 SIN 
Angle lor side) 

844 *LlL9 -------- 188 X:Y Second side (or angle) 
845 lIeLA Output routine. JIll STOR 
84£ 'S88 first side (or angle) 182 SIN First side (or angle) 
.47 IICLD First angle (or side) 183 
.48 '588 184 IICLE sinB""~ 
849 /lCLB Second side (or angle) 185 SIN sin a 
1158 'S88 186 x 
851 /lCLE Second angle (or side) 187 SIN" sinb'" sin B sin a 
852 '58B 1.8 'S8. sin A 
853 IICLC Third side (or .,gle, 189 IICLA 
854 '588 ll8 IICLI Find one solution. 
m ~~i 

Third angle (or side) III X>Y? If a<b (A<B), have 2 
856 112 HOB solutions. 

REGISTERS 
0 I' I" 1

3 I' 5 16 r 1
8 19 

ISO IS' 1S2 1
50 

1
54 5 IS6 r fS8 IS9 

A Fint S {or AI fa Second 5 (or A) rc 
Third S (or A) o First A (orS) jE Second A (or 5) 11 Third A (or 5) 
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;;; CLX Else end. 169 SF. RTN -------- 17. 1 
Jl5 .LIL. For 2nd solution, B+-cos- I 171 11TH 
Jl6 IICLl (-cos B) 172 .tBLe 
Jl7 COS 173 CF. JIB CHS 174 • Jl9 COS- -------- 175 11TH 
12. .tIL. Routine finds one solution 
121 STOI gillen 2 angles and 2 sides. 
122 /lCLE 
123 + 
124 2 

.{A+~}.#) 125 SI -- ta 
126 EHTt c 2 2 

127 SIN tan2-f-~) 
128 x:y Sln-

2
-

129 IICLl 
. ~.+b~ ~A-B\ 138 -

cotf. Sln~.~nb) 131 SIN 
132 

Sin --133 IICLA 2 
134 IICLS 
J3~ -
136 2 
137 • 
138 TI!N 
139 oX 

148 FJ" 
141 1/X 
142 TIlH-
143 EHTt 
144 + 
145 STOC 
146 COS 
147 IICLI! 
14S COS cos C- cose-cosa cosb 

:49 /lCLS sin a sin b 

15B COS 
151 X 

152 Fl~ cosC+cosA cosB 
153 CHS cosc-

sinAsinB 154 -
155 /lCLA 
156 SIH 
J57 • 
158 IICLS 
159 SIH 
16B • 
161 COS-
162 STOD 
163 '589 
164 CLX 
16~ 11TH 
166 .LILe ------------
167 F.? AUTO toggle. 
J68 'TOB 

LABELS FLAGS SET STATUS 
'sss BSAS C SSA D AAA E ASA o Auto FLAGS TRIG DISP 
a AAS b c d e Auto? ' ,Angles ON OFF 

0 0 Iiil 
DEG ~ I FIX Ii] 

o Used 1 2 3 4 2 1 0 KI GRAD 0 SCI 0 
2 g ~ RAD 0 ENG 0 

5 6 7 8 Auto out 9 Output 3 
3 n-Z.... 
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Gamma Function 
--..r _LBLR Load constants. 1J!j, 

~ 812 P:S 858 
883 859 CHS b, 
814 5 868 STOS 
815 7 861 
.86 7 862 4 
887 1 863 8 
H8 9 864 2 
889 J 865 1 
8J8 6 866 9 
811 5 867 9 
812 2 868 3 
813 CHS b, 869 9 
BJ4 STOI 878 4 b, 
BIS 871 ST06 
B16 9 872 
81~ B 873 J 
BJ8 8 B74 9 
B19 2 87S 3 
828 8 876 5 
821 5 8~" 2 
822 8 878 7 
823 9 879 8 
824 1 888 1 
825 ST02 b, 881 8 
82£ 882 CHS b, 
827 8 B83 ST07 
826 9 884 
829 7 885 8 
838 8 886 3 
831 5 88;' 5 
832 £ 88B B 
833 9 889 6 
834 3 898 8 
835 7 891 3 
83£ CHS 892 4 
837 ST03 b, 893 3 
838 894 ST08 b. 
839 9 895 CLX 
848 1 89£ P:S 
841 8 89;' 11TH 
842 2 898 _ULB -----------
843 8 899 P:S x .... r(x) 
844 6 188 J 
845 8 181 - Ix -1) 
846 5 182 X(f? 
847 7 J.3 'TOE Error if Ix -1) <0. 
848 ST04 184 IHT 
849 14 1.5 LSTX If (x -1) integer. GTO b. 
858 7 186 X~Y? 

851 5 187 m». 
852 6 188 J 
853 7 J.9 ST09 
854 8 118 X:Y 
855 4 11J *LBU Exit when < 1. 
856 8 112 UY? 

REGISTERS 
0 I' 12 1

3 I' 5 I" i' 1
8 

1
9 

SO -T51 b, 152 
b, 153 

b, 154 14 !Ss b, 1
56 

b, 1
87 

b" 1
58 

b. 1
59 n 

A I" Ie 0 IE I' 
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::! ;~~ R, accumulates product 
(x -1)(x - 2)(x -31 ... 

115 I 
116 - --------
117 'T09 Polynomial approx . 
118 . 1..1.. Here 0 < argument" 1. 
119 EHTt 
128 EHTt 
121 EHTt 
12Z l/eL8 
123 x 
124 I/CI.7 
125 + 
126 x 
127 I/CI.6 
128 + 
129 x 
138 I/CI.5 
131 + 
132 x 
133 I/CI.4 
134 + 
135 x 
136 I/CI.3 
137 + 
138 x 
139 I/CI.2 
148 + 
HI y 

142 I/CU 
143 + 
144 x 
145 I 
146 + 
147 I/CI.9 
148 x 
149 PIITX I'(xl 
158 P:S 
151 RTH 
152 -'-.LI> ------------153 H! If Ix - 11 integer. simply 
154 PIITX take factorial. 
155 P:S 
156 RTH 

------------

LABELS FLAGS SET STATUS 
A START B x-+r(x) 0 E 0 

FLAGS TRIG DlSP . b Integers c d . 1 ON OFF 
0 0 iii 

DEG ~ I FIX iii 
o Approx. 1 2 3 4 2 1 0 ~ GRAD 0 SCI 0 

2 0 Gil RAD 0 ENG 0 
5 7 • • 0'1_ 3 

3 0 Gil "--2-
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Bessel Functions, Error Function 

881 .aLII Bessel n 857 ST09 
8t2 STOll 1S8 £EX 
.. :J 11TH ------------ 1S9 CHS 
.. 4 ~BLB In(x) 868 9 
tr.J '0. Initialize 861 STOD - SF. FO set for JR' 862 11TH 
.. 7 .aL9 -------- 863 *LBL • -----------.. e ,~ Main summing loop. 864 DSZ1 Compute one term. 
N9 CF2 Compute term (even kl. 865 SF2 F2 set except for k - O. 
'18 ST+9 866 IICU 
811 ,. Accumulate even terms. 867 IICLII 
812 F2? Compute term (odd k). 868 XlfY? 
813 'T09 f2 clear for last term. 8611 'T08 If k - n, save Tn-+Rc. 
814 flCLC looP again. 878 IICLD 
815 /lCU -------- 871 STOC 
816 EHTt Rc" Tn. Re - To, at end. 872 ~BL8 -------
817 + 

Tn 873 R~ 
818 RCLE In(x) • 874 IICLE 
819 - -To+2 ~Tk 875 F8' Tk+1 
828 + 876 CHS 
821 PRTX 877 X;!Y CHS for I n (-T k+l ) 
822 SPC 878 I1CL8 
823 11TH ------------ 879 x 2k -
824 *LBL. Initialization for Bessel 888 /lCLD x 
82S 1 (In and In)· 881 STOE T k+1+-Tk 
826 882 X 

Tk+-~ Tk ± Tk+; 8"' :; 883 + <. 
828 x 884 STOIJ x 
8211 STOC Rc ""·5x 885 11TH -----------838 I1CLI! n 886 .uLe Compute Jo (xl. J1 (xJ 
831 KiY· 887 I1CLE 
832 K:Y max (n, 1.5xl 888 I1CLlI 
833 6 8811 EHTf 
834 + 8118 + 
835 IICLC 8111 I1CLE 
836 9 8l1Z -
83, x 8113 . 
838 IICLC 8114 I1/S J,,(x) • T. 
8311 2 895 IICLD -To+2;Tk 
848 + Computem. 896 CHS 
841 897 I1CU 
842 + 8l1B £HTt 
843 2 8911 + 
844 188 /lCLE 
84S 1HT 181 -
846 EHTt 182 + 
847 + 183 11TH 
848 2 184 .aLD -----------849 + lIS CF8 In(x) 
8S8 ST01 186 '0. FO clear for In Ix). 
lSI 3 J.7 ~Bt.8 Initialize. 
1S2 /lCLC I~m+2 1.8 ST+lI -------153 + 1.lI ,. 

Accumulate each term. 154 STOll 118 F2? Compute next term. ISS • RB+-2/x III 'T08 F2 clear for last term. r.i6 STor 112 /lCIC 
REGISTERS 

0 I' I" 1
3 I' S IS I' 1

8 I" la. 
SO r' 1

82 

1
53 JS4 5 ISS I

S7 r 1" 
Ao n; art term 19 

2/x; Ie 1.5x. Tn. o Tk; (8X2 Vir)-I ,E Tk+1: ,I k; places 
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::: ~~ J69 2 .rfbe) 
RE ""To atend. J7' x 

US + J~J J erfc""l-arf 
Wi IlCU J7Z x:y 
U7 - J73 -
U8 ~ 174 LSTX 
U9 2 In(x)''' eX 

T. J75 'T02 -------J28 IleLB -To+2~Ti 176 .LBU Find erfc, x>3 12J • J77 IICLB 1/(2)(2 )-Rs J22 e' 178 J/X 
123 X J79 STOll 
124 PRTX IS. lieu l/x-+RA 
125 spe 18J J/X 
126 11TH ------------ J82 STIM -------
127 ~BL£ Ert and eric IS3 'LBL6 Loop for erfc 
J28 STIM Initialization 184 IleLB • (Stack contains 1:n_1) 
129 X· 185 IICLe 
13. STOO 18. 2 
131 2 187 -
132 X 2X2-+Rs JS8 STOe I) +--6 ~ 
J33 STOS 189 x n n-1 2X2 

JJ4 J 198 lieu 
J35 SToe 191 x 
136 IICLD , 

192 STO~ 1:" +-1:n_1 + 6n 
eX 

137 eX 193 + 
138 Pi 194 x:y AND (E._,) J39 IX 195 IIHD 
148 x (eX'Vo) J96 x:y AND (E.) 
141 STOO 197 IIHD If last 2 sums are equal 142 3 198 X=Y? to N places. exit. 143 IICL~ J99 'T08 144 X>Y° If x > 3, compute erfc fint. 2811 LSTX E. 145 'T03 -------- 2.1 'T06 -------146 ~7 Loop for arf 282 .LBL. 
147 IICLB 

(Stack contains 1:n_1) 283 LSTX 
148 IICLe 

Let6 n.l:n be nth term and 284 IICLD 
149 2 

sum thru 1· n terms, resp. m . 
erfebe) IS. + 

2n + 1. Z86 J 
151 STOe 2.7 X:Y 

artlx) J52 • 2.8 -
153 IICL~ 289 LSTX 
154 x 6n+-6n_1 

2.' 2J. x:y 
JSS STIM 2n+ 1 2U ~2 
156 + 1:n +-1:n _ 1 + 6n 2J2 PRTX arflx) J57 x:y 213 x:y 
J58 IIHIJ AND (E._,) 214 PRTX erlc(.) 
159 X:Y 2JS x:y 
16. IIHIJ AND (E.) 216 SPC 
J6J XzY' If last 2 sums are equal to 2J7 11TH -----------162 'TOB N places •• xit. 2J8 ~. Set DSP to places of J63 LSTX E. 219 STOI accuracy desired for ,rf 164 'T07 -------- 228 DSPi (1-9). J65 ~8L' Exit arl. 221 11TH -----------166 LSTX 

E./(ex'Vo) 167 IICLD 
16B • 

LABELS FLAGS SET STATUS 

• • B x-+Jn(x) .lo;J, x-+ln(x) E x-+erf, erk 
• J. FLAGS TRIG DlSP 

b One term c d eAccuracy 1 ON OFF 
Iii) 

a Bn. init. • 0 iii DEG Iii) FIX , 
2 Print erf 3 x>3 (erfc) 4 2 k-O(BeueI 1 0 Gil GRADO SCI 0 • Used 

2 0 I!!I RAD 0 ENG 0 
5 6 erk loop 7 erf loop 8 In loop 9 I n loop 3 

3 0 I!!I .--2.... 
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Hyperbolics 

.BJ _LBLR Arc 8S7 11~ 
882 SF2 Set F2 for inverse. 8S8 p~c 

883 11TH ------------ e59 11TH -----------
884 _LeU Sinh B68 _LBLD Tanh 

88S P:S 86J p<c 
886 IIf 862 I1f 
887 ST08 Save t 863 STOB Save t 
888 II~ 864 IIf 
889 FlO If inverse, GTO O. e6S ST08 Save z 
810 H08 866 IIJ 
ell .' B67 III 
812 £H11 868 F"O · , 813 1/X Compute sinh x. 869 .T04 If inverse, GTO 4. 
8J4 - 878 e' 
BJ5 2 971 £HTf 
816 . 8" l-'X 
8J7 HOI Exit. 873 -
018 _ULe ------------ 874 ST09 Compute tanh x. 
819 ST09 875 LSTX 
828 s· Compute sinh-I x. 876 £HTf 
821 1 B" + 
822 + 878 + 
82J Ie. 87!l IICU 
824 IICL9 888 x:r 
825 + 881 · Exit. 
8<£ LH -------- 882 .T05 -------
827 'LBLl 883 ,UL4 
828 RCL8 Restore t. B84 £HTt 
829 Rl B85 £HTt 
838 r:s 886 1 
831 11TH 887 + Compute tanh-I x. 
832 _ULe ------------ 888 X~V 

833 P:S Cosh B89 CHS 
834 Rf 898 1 
835 ST08 Savet. 891 + 
836 Rl 892 · 837 FZO If inverse. GTO 2. 893 LH 
838 GT02 894 2 
839 e' 8!!S 
848 £HTf B96 ,ULS -------
841 J/,\ 897 IICL8 
842 + Compute cosh x. 898 IICLB Restor. t .nd z. 
843 2 899 III 
844 188 11. 
845 GT03 Exit. 181 P:S 
846 _LBL2 -------- 182 11TH 
847 5109 183 'LeL. -----------
848 X' lB4 FZ? csch 

849 J Compute Cosh-I x. H':; GTO' 
858 - 186 .sse 
851 IX lB7 l/X 
852 //CL9 188 11TH csch x ,., (sinh X)-l 

853 + H'9 .LBL6 -------
854 LH -------- llB SFZ esdI- l x,., sinh-I (l/x) 

8SS .LBU Restore t. 111 l/X 
856 RCL8 112 'faii 

REGISTERS 
0 l' l' 13 I' S I" I' 1

8 

1
9 

SO Save t 1
51 

1
52 

1
53 

1
54 S 

1
56 

1
57 

1
58 

Save z IS9 Used 

A IB Ie 0 IE I' 
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113 .LILe SadI 
114 F2? 
115 H07 
116 .SBC 
117 1/)( sech x - (cosh X)-I 

lIS RTH --------
JJ9 .LILl 
128 SF2 
121 I/X sech- t x,. cosh-Ill/x) 
122 HOC ------------
123 .LBLJ coth 
124 Fl? 
125 GTOB 
126 .SBD 
127 1/)( coth X = (tanh X)-1 

128 RTH --------
129 .LBLB 
138 SF2 
131 l/X coth- I X" tanh- 1 (l/x) 
132 HOO 

------------

LABELS FLAGS SET STATUS 
A Arc B Sinh C eo.tl o Tanh E 0 

FLAGS TRIG DlSP 
a b Csch c Sech d Coth . 1 ON OFF 

0 0 IliI DEG 1<1 FIX 1<1 
o sinh-I 1 Exit sinh 2 COSh-I 3 Exit cosh 4 tanh-I 2 Arc 1 0 Ll!I GRAD 0 SCI 0 

2 0 ~ RAD 0 ENG 0 
5 Exit tanh 6 csch-1 7 sech- 1 8 coth-I • 3 

3 0 ~ n---L 



Appendix A 
MAGNETIC CARD 

SYMBOLS AND CONVENTIONS 

SYMBOL OR 
CONVENTION 

White mnemonic: 
x 
D 

Gold mnemonic: 
y 

x 
011 
xty 
D 

00 
D 
(x) 

D 
+x 

D 
+x, y, z 

D 

+x; y; z 

D 

+"x ",y 

D 

4>x 
D 

INDICATED MEANING 

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 D. 
Gold mnemonics are similar to white mnemonics 
except that the gold 0 key must be pressed before 
the user-definable key. In this case y could be input 
by pressing 0 II. 
t is the symbol for tmDiIJ. In this case tmDiIJ is 
used to separate the input variables x and y. To 
input both x and y you would key in x, presstmDilJ, 
key in y and press D. 
The box around the variable x indicates input by 
pressing mm D. 
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 D. 
This indicates that x, y, and z are calculated by 
pressing D once. The values would be printed in 
x, y, z order. 

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

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 4> 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 

P? 
B 

START 

B 

DEL 

B 

+x; ... 

B 

INDICATED MEANING 

The question mark indicates that this is a mode 
setting, while the mnemonic indicates the type of 
mode being set. In this case a print mode is con­
trolled. Mode settings typically have a 1.00 or 0.00 
indicator displayed after they are executed. If 1.00 
is displayed, the mode is on. If 0.00 is displayed, 
it is off. 

The word START is an example of a command. The 
start function should be performed to begin or start 
a program. It is included when initialization is 
necessary. 

This special command indicates that the last value 
or set of values input may be deleted by pressing 
B. 
Three dots ( ... ) indicate that additional output 
follows. See User Instructions for complete 
description of variables output. 
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