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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effort.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving- potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description Il page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
‘“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). |If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s
Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Deseription 1

-
Program Title __Black Body Thermal Radiation

Contributor's Name Hewlett-Packard

Address ] 000 N . E . C.i rc.l e B] Vd . o o R
City Corvallis =  state Oregon  Ziocoge 97330
\_
f =\ﬁ

Program Description, Equations, Variables
Bodies with finite temperatures emit thermal radlatlon The mgher
the absolute temperature, the more thermal radiation emitted. T
Bodies which emit the maximum passible amount of energy at every
wavelength for a specified temperature are said to be black bodies.
While black bodies do not actually exist in nature, many surfaces
may be assumed to be black for engineering considerations.

Amax‘

y
Black body /

monochromatic '
emissive power

Ti>T2>Ts

lmax,

1 1 1 1 1 1 L |
1 2 3 4 5 6 7 8

Wavelength, microns ( continued

Flawe 1. next page)
Operating Limits and Warnings . R

A minute or more may be requ1red to obta1n Eh{n sy or E .o

y Since the
7

integration is numerical.

Sources differ_on values for constants. This could y1e1d small discrepancies
between published tables and program outputs.

\ _

( )
This program has been verified only with respect to the numerical example given in Program Description Ii. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance

upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ -




Figure 1 1is a representation of black body thermal emission as a function of
wavelength. Note that as temperature increases, the area under the curves (total
emissive power Eb(O-m)) increases. Also note htat the wavelength of maximum
emissive power Amax shifts to the left as temperature increases.

This program calculates the wavelength of maximum emissive power for a given
temperature, the temperature for which a given wavelength would be the
wavelength of maximum emissive power, the total emissive power over all
wavelengths, the emissive power at a particlular wavelength, the emissive
power form zero to a specified wavelength, and the emissive power between
specified wavelengths.

Equations:

Eb(O—w) =oT*

27TC1

S (602 /AT _ 1)

A
Eb(O—A)=f Epa an

o

o ke,
-— 3
=2mc¢, Z ~T/key e T |:<>1\_> + 3T

k=1

2
NTSALE AT
A kC2 k02

Ebr, -7,) = Evo-a,) = Eno-r,)

Epa =



where

Amax is the wavelength of maximum emissivity in microns;
T is the absolute temperature in °R or K;
Ep-= is the total emissive power in Btu/hr-ft? or Watts/cm?;
Epa is the emissive power at A in Btu/hr-ft?-um or Watts/
cm?-um;
Ep(o-» is the emissive power for wavelengths less than X in Btu/
hr-ft? or Watts/cm?;

Eb@, -a,) is the emissive power for wavelengths between A, and A,
in Btu/hr-ft?> or Watts/cm?.

= 1.8887982 x 107 Btu-um* /hr-ft?

=5.9544 x 10* Wum* /cm?

C

o

c; =2.58984 x 10 um-°R = 1.4388 x 10* yum-K
c3=5.216 x 10°> um-°R =2.8978 x 10> um-K

0=1.713 x 10~? Btu/hr-ft>-°R* = 5.6693 x 10~ "2
W/ecm?-K*

Oexp = 1.731 x 107 Btu/hr-ft*-°R* = 5.729 x 107 '2
W/cm?-K*



Program Deseription 11

Sketch(es)

-

N

Sample Problem(s) _Example 1: S i e
What percentage of the radiant output of a Tamp is in the visible range (0.4

_to 0.7 microns) if the filament of the lamp is assumed to be a black body
at 2400 K? What is the percentage at 2500 K?

—Keystrokes:— - Outputs: - B

Robert Siegel and John R. Howell, Thermal Radiation Heat Transfer,
Volume 1, National Aeronautics and Space Administration, 1968,

[£] [B]==---- e 5,669 x 10712 W/cm?-K®
2400 [A] .4 [B] .7 [f] [E] [€] [+] 100 [x]-=--==---> 2.641%
2500 [A] .7 [f] [E] [C] [:] 100 [x]--=m--zmmmmmmmoey  3337%
__Example 2: , .
If the human eye was designed to work most efficinetly is sunlight and the _
visible spectrum runs from about 0.4 to 0.7 microns, what is the sun's ) B
temperature in degrees Rankine? Assume that the sun is a black body. Using
the temperature calculated, find the fraction of the sun's total emissive
power which falls in the visible range. Find the percentage of the sun's
_____radiation which has a wavelength less than 0.4 microns.
——Keystrokes:———— Outputs:
S 2 T 7% S + 1.713 x 107 Btushr-ft2-opY
——FCompute mean-of visible range. R
8 [4} 7 [4) 2 2] - - 550.0x 10 3w
—Fompute -temperature of sun.
[Bl- mmmmmmmmmmmeemmmememmmeemes 9484 x 105 R
\ - {continued) - )
s
Reference(s) . .




Compute percentage of power in visible range.

[A] .4 [B] .76 [C] [:] 100 [x]-----mmmmmmmmmmme- > 33.70 x 100 ¢
Compute percentage of power under 0.4 microns.

[E] [C] [] 100 [x]--===mmmmmmmm e > 8.433%



User Instruetions

Black Body Thermal Radiation

INSTRUCTIONS DA¥£3:WS KEYS DS#JS:LS
Load side 1 and side 2. ]
Store constants: I - ——] [ —J
For English units (Btu, pm, hr, ft, °R) £ A 1.713x107°
For SI units (W, ym, cm, K) L ¢ 1l 8| [5.669x10"2
For experimental Stefan-Boltzman constant | || | g9
instead of theoretical value press £l ¢ | 1.731x10°~
1 [5i720x10"
Calculate any or all of the following (T and | | ’
A need only be input once): : }f :
Calculate A for a given T; T | AT | Amax
mdX ' H I
Calculate T such that A is A for T; A 1 {} : T
Calculate total emissive power; T A ll ¢ | Eb(“ )
(R N . ;
Calculate the emissive power at A; T A | A
A | B || D | Ep,
Calculate the emissive power between zero | i |
and A; T | A | | Amax
A | 8 [ E | Ep o)
Calculate the emissive power between X | I | ' '
and A'. T | A | | Apay
A LB TOG)
" P E T B
For a new case, go to steps 2, 3, or 4. | | |
R
[ N T
] |
l I |
R
I
I N .
\ N
I .
N .
| N |
I .
]




g7Program Listing I

7
STEP KEY ENTRY ' KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
BE! wiBL: S1 18 1i gs7 < @5
bez g1 Store English o8 . 62
ez z g& constants. gse & a8
e 6a pEa a6
BES s el a a5
gos - h €2 z 83
geT a3 pE3 EEY -23
Bes as p64  CHS -22
gao z 8z BES 1 ai
g18  STO: ki BEE 2 az
Bl : az BET  STC4 35 a4
gir 5 &5 pee ETH P N
g;j : e:i gfg "‘BLE el 1e é;’ Convert to exper-
s Ub P i 62 imental o.
B1E ) -5z 272 2 ae
Bi7 4 @ 1732 i a1
g1g  STOC s &z B74 ] ae
@19 < as s T as
26 = 6z P76 STv4 35-35 @84
A + = - (] -7 S D
g:é p o 78 R;‘;:, i g“ Store T and cal-
g23  STO7 35 a3 @79 xLBLA 21 11 culate Ap..-
124 . -5z pe@  £T0S 35 a5
825 1 &1 ge1  RCOLZ 36 a3
Bz 7 &7 g2 X -4]
g7 i o3 : -24
28 ki a3 884 PN 24
224 ! ai @85 XLBLE 21 12 |TTmmmmmmesssssseees
638 z gz PeE  STOE 35 as Store A and calcu-
@31 EEY -23 ge7  RCL3 35 83 late T for which
72 CHE -2z peg K2 -41 |2 would be x ..
33 a8 pog z -24
35 ST04 35 a4 gog  RTN 24 | e
a5 RIY 24 @91 LBLC Z1 13
BIE ¥LBLE 21 16 17 | =-mmmem-mmee—————a- paz  RoLs 36 @5 |catculate Bpg oy
Bzv g as Store SI constants. paz ¥z 83
38 a as B4 ¥z 53
pIa 5 @3 pas  RCL4 36 94
40 4 34 ag * -35
pai ) -62 pa7  FTH Z
g4z s Pag  xLBLD 21 14 |
g43  STO! 35 a1 P9 RCL! 36 81 |
p44 : @i 166 ENT? _zy  Calculate Ey,.
g45 2 4 101 + -55
845 : @3 182 Pi 16-24
47 ag 183 -35
48 as 184  RCLE 36 86
P49  STOZ a5 az 185 5 as
B58 2 gz 10¢ §¥ I
3 ag 187 z -24
g52 as 188 RCL? 36 8z
53 7 H 189 RCLE 36 86
54 -6 118 z -24
BsS 2 ae 111 RCLS 36 @5
g5 ST 5 a3 112 B -24
REGISTERS
0 1 2 3 4 5 6 , 7 8
A Cq C, C, o T As A sum ke,/T
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B D E I




9 Program Listing 11

8
STEP KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 33 169 X£yT 16-35
114 1 I8 GTO 2z @i
115 45 171 R -3
116 -z4 172 oy -5i
117 24  |TTommomemsossemooes 73 RCLT 36 &7
118 21 15 Calculate Eb(O-A)' 174 ENTT b_g.l-
12 88 1vs 4 -55
120 3u a8 176 Pi 16-24
121 35 &7 177 v 3%
122 21 el 178 RCLI 36 @i
123 -31 179 % -35
124 =31 128 TN e S
125 26 88 g1 #LBLe 5
15 e oz isé Ezl.;-r lt_éj Calculate Eb( _
127 76 85 183 ENT* -2]
123 -24 184  GSPE 23 15
129 -4 185 H2Y -4]
138 5 a8 186  RCLE 36 66
131 83 187 §TD@ 35 o6
132 -4l 188 Ri -3i
153 -24 182 S§TOE 35 @c
134 36 @c 196  GSBE 23 15
1335 33 191 - -45
125 -24 192 ABS 16 31
137 16-63 193 RCLO 36 @@
138 2z 184  STOE 35 @6
139 36 ae 195 Ry -3i
146 -4 196 RTH 24
141 % T N [y
142 ac
1432 36 @
144 -24 200
145 36 a8
146 53
147 -24
148 -45
148 a6
150 L 36 a8
151 X 53
152 2 -24
153 RCLE 36 @6
154 z -24 210
155 + -55
156 RCLE 3¢ @&
157  RCLE 26 @6
158 z -24
159 e 33
169 X -35
161 RCLE 36 as
162 : -24
163 ST+® 35-55 @7
164 RCLT 36 @7 220
165 z -24
166 EEX -23
167  CH: -z2
168 5 @5
LABELS FLAGS SET STATUS
A B C D E 0
T>A AT IPE A >E, . e TP FLAGS TRIG DISP
a LLLLe 7Y b LT\ PR AN 7 d Ay e LANANAVA B ON OFE
Eng SI Exp o AMoEp o o O DEG FIX O
0 "Erinay P 3 4 M E 1 0 é// GRAD scl O
T 7 2 O RAD O EN
5 6 7 8 9 3 s O B/ n G:s




Program Desecription 1

Program Title BM //6& Wm e

Contributor’s Name /( wéoé ;__‘._;_
Address /5 / Y O »&/ #3 o/ e
city Bu%b@ state CA Zipcode 74709

\_

( N

Program Description, Equations, Variables

blach L maao (1) o g/e,amzo Aao @ MW

Ra = 26/’7 (M) /. 585986 855 X0 ke G

WW Conalanr.and & /o W%@.&’

MW@%@MM (fdmmwimaé
‘= m>. 173 JJD | -
,7;’14, /@WM/ZZ«A@74 Loneh Aol (&) m@@z&/m w

K= Jo /77 | R

Operating Limits and Warnings /7] W He D %/)0 f%&’ e —
Unolsflowr 9cown Jor Aa M<. 6. 734066393 X/0 g —
£L

ML 2, j5943%53x0""

Orverflowr eCouts fou K akem M< |. cooococo 1x6 !
/90 MY ISYY3Y%esop33
Vi Ro>/. 454756854 x07%

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Deseription 11

N
Sketch(es)

| -

e

Sample Problem(s) T

L) T He M@amao/f’?X/O”W MMW&%
LA ), and @

‘

-?)M,a&du A eehD 6/%)(/0 WW
w%m%ﬁzw Q/MM%J caZiie

Solution(s) /,) /99 [EEX) 33 @ 7/ T 900 X /033
> R.955) x/oj P

‘B

B -5 0051 x/6% k
-+ 7.6s06 /0 .
2) ¢ 90EEN/w B - . 9%e0 x/0
| @) --> 4 6€69 X035 M
(B)-> 2./33e x> K

\_

J
[ Reterencets) Haur, M ason Qutrgaligacal Concypls Wby, Nl Yook




User Instruetions i

pATAUNTS KEvs DATAUNITS
Entle gresrany LI ]
7 I —
Enler  anano m L J[ | m
C 1]
ou &Aumman/lﬁ/ Nacig Rs } A H } Ks
ov GmporaZive. R Bl [ X
v A felime 4L (e ll 1 [ 2
7 [
Compuls amaad {o H ]] m
b At gl 22l )] R
ov _Tamoeralis %BH } V%
Sv__Lfelome {c JH[ } Zo
For aolffowent varald, 5003 .
Fma,méwvaaoe &49«445/,.?4 { H %
Bofore amy) Lompunliona, at { . JI { ) J
%Aﬂjm?/%‘}és&z 20 albo |[ J [[j]
el e will bt tinialcladide } 7] }j]
Wotor a awuwr valbie pndozeo! } - H ) }
Sow Ro, by on K cauana Lo L]
000 et e riminy L b { H 1]
re0.0loslale. -
.
]
I ]
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STEP

KEY ENTRY

67 Program Listing I

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

001 LeBl A3l a5 11| Lchuarsad b oY 26
W 72 31351 Pt XNigl ax.sal m-Lr
GTe © 22 O <+ P
/ ol 060 STe-.3 3303
P §3 Res. | 39 o]
</ ol o . 2 RTN 3522 - _ - — - —~-
o o S - /2B C 131251713 e
O 5X/0 Yo' © 22 00
010 2 g5 |- HH7erSTX FEX 43 &, = /0
/A 06 C4S 42,
L oy ) o2
S5 as 4 of
S > 0 | RCL3 3903
EEX 43 Eqt =i
2 ox 3 o3
S of L;” 15 63
CAS 42 X 7/
R)c(/; 3 39 03 %Tz‘.i) 33 62
020 7) 7 3522
ST& o 33 00 124 0 131 25 00 c?/ vak-e
4 2T 35 22 STerl 33 02/ %’/t‘)@””f’“t‘
LBL 03125 00 C?em/maﬁ;oy EEX 431 L maos
ST O 33 ool T 4, W 080 2 o
7 oLl .- maso s of
? oxlm= 13% 5523 *
3 03 T N e ' : 2
Y oY Rs“wn"o‘}ffgfv ki 35 43
030 ()] (v]% SY¥e.3 33 ¢33
6 Oe £ OL 2, 31902
6 Y LRTN| 3522 — _ _ _— —_
3 o3 J ALRLD | Maao
¥ oY 090 3 135 ) 03
va o Gyre o 2 00 J{W,,.aéle,mgz/
EEX 43 Rl 3 34 3
2 o2 2 RTAN| 352 onwo)) olgplay
2 a7 L2L0 |31 Jsa0] & %L%a
71 a3 330 2'44‘4
040 Srer 3 33 02 A RTN 35 22 orete
,j’f{eo} 39 00 R/s 39
) RTA 392l . _ - - =~ =] D) _
LBL B35S 12 Tompouraline C ﬁl%oo‘/%
A F2 3135 71 03 % 100 l DJ:gmoaév
Grey o 22 001 K= /o7 m) DI
EEX 43 g SDCZIY
o SP
RCL 3 34 03 v
E S — Labels wazd
A 2TN 35 22 )0,
7 182 0131 95 00 %MMWV
/  STAI 334)/ 110
EEX 3 _
2 02 m ntaosy
REGISTERS
0 R,o 1 K 2 t‘_ 3 m 4 5 6 7 8 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1
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Program Deseription 1

rProgram Title SPECIAL RELATIVITY CONVERSIONS o
Contributor’'s Name Ctein R

298 Vista Grande
Address )
City Daly City State Ca_ __ZipCode 94014
\_
s )

Program Description, Equations, Variables This program provides relativistic conver-
sions between the following quantities: rest mass (m ); velocity

(v, in units of e=1); energy (E), and momentum (P): Given any two —|
it is possible to find the two unknowns by the following equations:

(I)-- E= m/SQRT(1-v2) // (II)-- E=SQRT(P°+m%) // (II1)-- B=P/v
(IV)-- P=vE // (V)-—~P=SQRT(E2—m2) // (V1)-- v=P/E AV(Mu),m=SQRT(E2-P2)

Data may be entered in any order and recalled at any time. The program
scans the registers and, after determining if there is enough data to
solve for the unknown, selects the appropriate subset of equations+—
If insufficient data , then the program displays Error. The following
selection patterns are used:

TO FIND: v m E P
GIVEN: m, B vy B - VR - v,B - o
~use V,VI  use IV,VIT wuse I ~ use IV
My, P- N | - A
use IT, VI use IITI,VII use III . use I,IV -
-E,P -~ E,P — My P . - mE -
use VI use VII ~use II use A

Because of the complexity of this program, a --chart -is provided - —
on the next page which diagrams the access patterns used by each
Tabeled subsection. Boxes are used to represent direct jumps,

—and circles represent subroutine calls. The user is advised to
review this carefully before modifying this program.

Operating Limits and Warnings R e S
all data must be positive. Velocity must be

does not exist or the input data is outside these-limits+ ——

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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rogram Deseription 11

Special Relatlv

( .
Sketch(es)
L B c D
] - [ A= ,
s |2 b :
-0
— e cod —— e
‘ ©—[1)
L

-
Sample Problem(s)

1) Find the velocity and momentum of an electron (m=.511 MeV)
with a total energy of 1.0 MeV.

2) Given an E of 500 MeV and a P of 498 MeV/c, what is the
particles mass and velocity.

3) At .9c, and electron has an energy of 1. 1723 MeV. Find
1ts rest mass and momentum.

L) An electron is traveling at .3c. Find its momentum and energy.

Solution(s)
1

A, .511, C, 1, D, B, v=.8596c; E, P=.8596MeV/c.
'2) A, 500, D, 498, E, B, v=.996c; C, m= HL.6766NeV
3) A, .9, B, 1.1723, D, C, m=.511MeV; E, P=1,0551MeV/c
L) A, .3, B, .511, C, D, E=.5357MeV; E, P=.1607 MeV/c

\,,

7
Reference (s) HP-65 library program #308 by this author.
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ser instruetions
1 SPECIAL RELATIVITY CONVERSIONS Z}
VELOCITY MASS ENERGY MOMENTUM
INPUT OUTPUT
STEP INSTRUCTIONS DATAUNITS KEYS OATAUNITS
1 Load Side one of card 1]
2 Reset registers | =====- | A
3 TO ENTER A VARIABLE: l |
velocity v [ B ]| B v
mass m [ C |l | m
energy E [ D] ] E
momentum P [ E || | P
LI
L TO FIND A VARTABLES VALUE: [ H ’]
velocity none [ B ] v
mass none [ Cl m
energy none [ D | ] E
momentum none | E [ ] P
]
GO TO STEP 2 FOR EACH NEW SET OF ]
KNOWN VARIABLES [ ] |
I .
CoI
Co
Co
[
.
LI
.
L]
I
1]
FLAGS SET STATUS |
0 -—--- FLAGS TRIG DISP
T ON OFF
o0 ®| DEG ® | FIX ®
2 ______ 10 ®| GraD O | sci g
® | RAD O | ENG
3 data? :2, E]] ; n¥ _ |
LABELS '
Areset [Relocity [° mass [|°Penergy |[momentum
i SpEpR— bstore'x" |*0'error|®eq.V, VII[® —==---
%7 or @7 find v;m|%eq.V, VII R{1-XYy) |[find m;V
5 6 eq.II [Teq.VI [§1-v¥) [¥ind P;¥
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67 Program Listing I

T

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
| *LBL A |31 25 11]RESET *LEL 8 [ 31 25 08l . —
CL_REG '3;13 Léj.'f XeyY 35 52
o3y —fasin 32 62 SQRT(i-vZ)
R/S 8L cos 31 63
*LBL B |31 25 12| FIND/STORE v 81 .
1 01 . RTN 35 22 |e9.l gives B
GSB 0 |31 22 oo|S8tore new v *IBL E |31 25 15| FIND/STORE P
RCL 2 |34 02 m ) L ol
x=0? |31 51 |if m ls unknown GSB 0 |31 22 00|store new P
00 1aro 1 |22 01 Ehen go to 1 X=07? 31 51 |if v is unknown
RCL 3 (34 03 - GTO 9 22 09 th to 9.
X707 31 61 if E,m are known RCL 2 34 02 ifeg,%okngwg,
GTO 3 |22 03 then go to 3 X707 31 61 then eq.I gives
GSB 6 |31 22 o0é]eq.Il gives E  [oo  JGSB B 31 22 08|,
ENTER (41 | __ RCL 3 34 03 If R, contains
*LBL 7 |31 25 07 x=07 31 51 E(i.8.#0), then
R ¥ 35 53 R ¥ 35 53 this takes prior
RCL & |34 ok g RCL 1 34 01 ity.
Xey 35 52 X 71 P
T/ 81 eq. VI gives v *TBL ¢ |52 25 13| g=1f-gives b
QTQAQ7 22 31 13|check out P x=0% 31 51 if variable or
LBL C [31 25 13| FIND/STORE m 81 result is not
2 02 RTN 35 22 legitimate,end.
GSB 0 |31 22 00 ?EO?Q.QGW E o0 [*ILBL 0 |31 25 00|check/store'x"
x=07 31 51 ih v is gn E°W“ ST I 35 33 store (1)
GTO |22 O& en go to F? 3 35 71 03|if data has been
RCL 3 [3k 03 E ) GTO b 22 31 12|entered,go to b
X 71 eq.IV gives P RCL(i) |34 24 check contents
LST x |35 82 E ) X707 31 61 of register'x'
030 xZ07 31 61 if E is known, S 8L and display if
GTO 2 |22 02 go to 2 RCT. 1 3L 01 good. Otherwise
RCL 4 |34 O4 P RTN 35 22 RCL v _and return
ENTER |41 *IBL b |32 25 12| STORE NEW "x"
ENTER |41 o0 RV _ 35 53 in register defi
RCL 1 34 01 v STO(i) [33 2k ned by (i)
81 leq.III gives E__ R/S 8l
*LBL 2 31 25 02]7%q, V or VII *LBL 1 [31 25 01| FIND v;m UNKNOWN
ENEER 4; - RCL 3 34 03 E
R 35 53 ENTER L1 .
040 GSB 3|31 22 03 SQRT(x2-y2) GTO 7 22 07 eq.VI gives v
R 4 35 54 ) %+ 1BL 4 31 25 o] FIND m;v UNKNOWN
x 71 eq.VII gives m RCL & 34 ol P
GTO ¢ |22 31 13]check for valid GTO 4 22 31 14]go to d
*LBL 3 [31 25 03]|results 0 [*LBL 6 [31 25 06]EQ. IT
/ 81 find RCL 2 34 02 m o
asin 32 62 SQRT(1~y2/x2) GSB ¢ 32 22 13]|check validity
cos 31 63 RCL & 3L oh P o
RTN 35 22 GSB ¢ 32 22 13]check validlly
#IBL D |31 25 14| FIND/STORE E R+P 32 72 E=SQRT(m“+P?)
050 3 03 TN 35 22
GSB 0 31 22 00| store new E *TBL 9 31 25 FIND P:v  UNKNOWN
X=0?6 31 Sé if v is unknown E%%de %g g% "
GTO 22 0 then go to 6. | [FLBL d 132 25 14"~~~ =" A
i L L - s A
x=0 3
ST0 7 [Bs oy | hem & to 7. GT0 2 122 02 leq.V orViI
REGISTERS
0 Velocity’ mass [Energy |[fhomentum|® 6 ’ 8 ?

SO

St

S3 S4

S5

S8 S9

D

used
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Program Desecription 1

(" . . . . . )
Program Title Three Dimensional Special Relativity

William C. Wickes

Contributor’'s Name I

Address Princeton University, Department of Physics N —

City Princeton State N.dJd. ZipCode (8540
\_

( )

Program Description, Equations, Variables L I

1. Given the components of any 4-yector, 1in particular

x™M= (x',y".z',ct') or pM= (p'*,p'Y,p'%,E'), calculate the components x ¥ or
p" in a frame in which the original framé:is moving with velocity — - — ——

(8%,8%,8%,).

momentum

total energy
-> ->
v/c v = velocity

™y M Ty Y
n

2. For any B, calculate the time-dilation/length contraction factor ~ ..

3. For a 4-vector AxH connecting any two space-time events, calculate the
invariant interval cAt.

Formulae: . Bx ' T2 g2 52
AX = A"+ B[ (y-1) S5+ yeat'] B = Il = [g¥+pY +p2 1 1/2
At = y(t + B-X/c2) I8X) = [ax2ray2+az2]V/2
y = [1-g2171/2 c2AT? = c2At2- 1A%1?

The coordinate frames are assumed to be synchronized so that the event{6,0,0;0)
has the same coordinates in both frames.

Operating Limits and Warnings For a spacelike interval, c®At?<0, the calculator will
display " - lcaTI" i B -

\_ J

( N\

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ J/
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Program Deseription 11

S
Sketch(es)
N
- N ~
Sample Problem(s) An observer moving relative to the Earth with velocity £=(.4,.5,.6)
measures the coordinates of an event as x'"™ = (1,2,3,4).
a) Give the coordinates relative to the Earth frame.
b) What is the interval between the event and the origin (0,0,0,0)
Solution(s) (If necessary) Set dimensions = 3: 3[E] ----comeeeeo- 3.00
Enter B: .4[*] .5[4] .6[A] =mmmmmmommm- .88%* |B]
2.09 Y
Enter x'™: 1[+] 2[+] 3[+] 4[B] -------- 1.00 «x'
Calculate. cAT [D] -==-m--- 1.41  cAT
Calculate x*: (o — 15.0T%**
10.71*** 2
8.43%** y
6, 14%** x )

Reference(s) Y-D. Jackson, Classical Electrodynamics (J. Wiley & Sons, NY 1962)




User Instruetions *
3-Dimensional Special Relativity
u
STEP INSTRUCTIONS DATAONITS KEYS Al
1. Set number space dimensions N 1,2,0r 3 [ fg N
(default is N=3) L]
LIl
2.| Enter B (if N=3) gX I .
(if N>1) B .
BZ [ all ] gk
[ Y
3.| Enter X", (if N=3) X L+ 1L ]
(if N>1) y L4 1]
z [+ 0 ]
ct s Il ] X
L]
4.| Compute xM [ C J[ ] [x***(if N=3)
L] |y (if N>])
N N (PO
LT ] et
I
5.] Compute CAT [ DQ.”J [::',,;J + |CAT|
Result is positive if cAT [ ][,N:]
negative if cCcAt L,, ][—7—7—7—]
.
6.]To calculate the speed B corresponding to a | I[,W,,]
dilation factor ' Y | f I [ Aj B
]
L]
[ ]
[ 1L ]
L 1L ]
I
(I
[ 1]
[ L ]
L1 ]
.
[ ]
I
(N
1]
L IC ]




g7 Program Listing 1

20
STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 LBL D 3t 25 14 LST X 35 B>
rRCL & 34 ob sTO | 33 o)
F2o 35 11 oOo X2y 3 s
p— 22 o4 060 £z 35 2 o)
rReL Y 3y O Ga70 b 22 06
R —>P 32 72 R+ 35 s4
F2 35 21 of| Computa T it 570 2 23 o02| a
GTo 4 22 o4 PEY 32 72 !@/ .
RcL & 3y o5 8L 6 3 25 06 ot oo
010 R-=> P 32 72 S0 A 33 )
LBL 4 31 25 oy cos™! 32 &3 g 3"_\_ .
) At 32 s¢| _ __ _ _ . —_—— SIN 3 ¢2 P
RcL 7 34 o7 /x 3S 62
x* 32 sS4 070 sto B 33 12|
- 5 c™? - x> rcL A 34 1|
CcHS 42 ___ -K= 31 B4| PisPLAY
K <O 307 - - =Y 35 52
SE o 35 51 02| spaceLikE? RTNV 35 22| 4 _ _ -
ABS 35 64 SFo LBL B 3 25 2
020 x 3| SY Sro0 7 33 o7
F22 35 21 o2 4 35 53
<HS 42| - fo- sSpPACELIKE STo b 33 06 STo
”TNn 35 23| _ e . oy 35 53 €
t8ra |32 25 0| calcolate f3 080 S0 4 33 o4
sTo 8 33 12 Seonm Ry 35 53
X 32 Sy 570 S 33 o5
I/x 35 b2 RTNV 35 22| __ _ _ __ -
] ol LBL C 31 25 13| xS e
- 5 GsB e 32 22 /S /!-Z"
030 CHS 42 _cL A 3y 1)
52 31 Sy x* 32 sy
sTo A 33 1) + 31
RTN 3 22| e 8 34 iz
LBLe 32 25 157 090 1 ol
ReL 6 4 o6 Cowmpute /3‘{' - s
Ree 3 34 o3 - y
X 7/ = Z‘Fa y,'i reL B 34 12
Fo?z 35 7(__©co i rL 7 34 o7
rRT NV 3s 12 % ndi
040 rcL | - 34 o) + bl |
ReL 4 3y oy Sro C 33 13
< il 3 o3
+ 6l STO © 33 60 | USE RO As couNTER
F2 35 71 0) 100 ST I 3s 33
RTAN 35 22 LBLO 31 25 6o | Cowmpute owna
RCL 2 3y o2 REL © 34 oo Component eaci
rcL 5 34 os >ST * 3s 33 cycle
x U rL < 34 (3
+ el Rce (1) 34 24
050 TN 3s 22| o ___ _ e T
8. A 32 1) Compute ¥ Rc T 3s 34
Sro 3 233 03 3 o3
yax X-) 35 71__oo + 6i
&10 b 22 og_‘ 110 ST T 35 33
2y 3S s2 cLx xs
rEY 32 712 e () 3y 24
REGISTERS
ondu_ P 2 (3., 3 P’ 4 5 z 6 z 7 et 8 9
SO S1 S2 S3 S4 ] S5 x! S6 ‘5" S7 ct! S8 S9
A P 8 4 ¢ ° USEP




67 Program Listing 11

21
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
1t 6/
pP=s 3t 42 170
sto Q) 3% 24
P2s 3 42
z o2
Fzo 35 =1 oo One cyde for N=|
sP-0 |33 sI 00
120 . 83
5 os”
Fz2 I 35 7 o) | Two cycies for A=2
STo — © 3% S o6
o (oY) 180
sTT 35 33
osz () 32 33
GTO O 22oc0|_ _ _ __
rRLL T 3y o7 COMPw+¢ ct
Gs8 e 32 22 IS
130 + 6‘
ece B 34 12
bl |
p=Ss 3 42
sto 2 33 o7 _ _ _ _ _ o __|'s0
-x- 3L B4
ReL & 34 o6
-x= 31 84
F2o 25~ 1 OO
6T S 22 o5
140 rCL 4 34 Ol Di3PLAY RESOLTS
- K= 31 84
F2{ 3y N o
670 S 22 oS
LS 34 O5] 200
8L S 3| 25 os]
PTS 3 42
R_TN 3ss 22
LBL E 3\ 25 |5
ST I 3s 33
150 aro (1) 22 24 Set &Pprofrl;\{e
3L 3> o
I;F‘ J }; z‘j o' ‘-lwas for =1,
SEo 3¢ 5| oo 2, 0v 3
12TN 35 22 210
LRL 2 31 25 o2
CE O 35 61 0]
sel 35 51 o]
RTN 35 22
LB 3 31 25 03
160 cro 3s~ &I oo
cF( 35 61 Of
TN 35 272
220
LABELS FLAGS SET STATUS
A7 By P77 P 50k P e [P0 O m=1 FLAGS TRIG DISP
aoz‘;_‘ﬁ b c d e 0?4 2. = T a=2 o OEI\]I OF DEG O FIX &
0 101 115} 215S 3/59 4 014 2 sep 10 R GRADE} ggG E}
2 O K RAD
5148 665 7 8 9 3 3 0O 5 n_z
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Program Deseription 1

Program Title Einsteins Twin Paradox A}
Contributor’s Name David M. Weingold
Address % Synergy Research P.0. Box 372
City Woodmere state N.Y. Zip Code 11598 J
\_

~

Program Description, Equations, Variables

The program is arranged to calculate subjective and real time differential
between an observer on Earth and the pilot of a vehicle accelerating near

the speed of 1ight. If you imagine twins at age 21. One becomes an astronaut
and volunteers for the first interstellar flight. He takes off and travels

at a ponderous speed of say 2.994444444*10**8 meters per second. In this
situation it is accurate enough to call C the speed of 1ight, 3*10**8. The
astronaut travels for what he measures to be a year well past the sun at which
time he fires retro and navigational engines, and turns around and heads

toward Earth; the journey naturally takes another year. He is now 23 years

old but when he steps from the ship his twin is over 37 years old! That over
16 years had passed on Earth. The explanation as to why this happened involves
very complicated non Euclidian geometry and relativistic considerations of
accelerating frame of reference too complicated for this discussion, it
sufficies to say that in the event of tremendous accelerations such as the
turning around of a space craft traveling near the speed of light that

the order of magnitude of energy involved is extremely large and the consideration
of it as it interelates to space as time is conceived as a fourth physical

Operating Limits and Warnings

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Deseription |

4 )
Program Title Einsteins Twin Paradox

Contributor's Name David M. Weingold
Address % Synergy Research P.0. Box 372

City Woodmere state New York ZipCode 11598 J
\_

4 )
Program Description, Equations, Variables dimension of space, the Universe is

then conceived as a giant four dimensional sphere with a three dimensional surface.
The space craft in its turning travels relative to the Earth, not as far along that
fourth dimension and hence the differential between the twins age. The equations
for this case are quite simple and adeguate for this case. They consist primarily
of the Lorentz transform i.e., /(1 -%:J,where v is the velocity of the space craft
relative to the Earth, and ¢ is the universal constant, 3x108 meters per second,
the speed of Tight. The program inputs consist of speed of space craft in meters
per second, time passed on Earth, time passed on board the craft, and the ages of
the twins bgfore the flights. With input TE,time passed on Earth, the equation
TS=TE/(1- %7) gives TS,[“time passed on board"] ship during journey. Input Ts,time,
passed on board ship,and the equation: Ts gives you TE,["time passed on _
Ty, .
Earth"] during journey. The label A clears and initiates the program. Lbl B is the
input for average velocity of the craft. Lbl C is the input for time passed on
earth in years and outputs time passed on board ship by hitting fC Lb1 D input
time passed on board ship fD give appronriate time passed on earth the E's give

ages.

Operating Limits and Warnings Be certain that you enter the speed of the space craft in
meters per second. All time and age entries must be in years. Outputs will be in
years. Do not try to make the space travel at the speed of light, = (3.00x108mete[$/second)
as this will only show an error as should be and is implied by the theory of

relativity.

\_ y,

N

This program has been verified only with respect to the numerical example given in Program Description //..User acqepts and_uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reiiance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/




24

Program Deseription 11

Sketch(es)
| — T T /™
—
I g " ; N
En L
g | | J
~ | -
| e v e e
\_
r

Sample Problem(s) Suppose two twins,age thrity, tgke part in this experiment the

velocity of the ship will average 2.999111111x10”, if the twin on board travels a
total of one year how much time will have passed on Earth? And given that 25 years
passes on earth before return of the ship, how much time passed on board? What was

the age differential in both cases?

Solution(s) Load side 1 and side 2

1 > -9.00 x 10'°

2.999111111 [EEX] 8 [B]

1 [D] [f] [D] ===mmmmmmm e > 41,08 years passed on Earth

30 [E] ==mmmmmmm e > 71 twin on Earth's age

Age differential is 40 years (71-31)

[A]

2.999111111 [EEX] 8 [B]

25 [C] [f] [C] =====mmmmmmmmmmmmeeee o > .6085 years passed in space
7

30 [f] [E] === > 30.6085 twin on board's age

Age differential is 24.3015 (55-30.6085)

REFERENCE (S) Introduction to Special Relativity by James H. Smith (chp. 6)

W.A. Benjam Inc., New York, Amsterdam 1965.

\__




User Instruetions 25

Einstien Twin Paradox

‘1 mtrs./sec.  LTALCI(Toyrs [FIDIArp)yrs [FILE] ssxce twins age
= INT speed of craft (TE)years (Ts)year‘s age of Ear.‘th
£ [A] [B] [c] twin

STEP INSTRUCTIONS DATAUNITS KEYS DATATONITS
I.| Run tape 10 ]
2.| Hit [A] initiate clear registers set display LA T | lo.000+16
3. Enter ship average velocity in meters/sec 999+8 [ ] L;Aﬂf] 8.994+16
4.1 Enter time passedon shipin years 1 Co JL 1 [5.155+07
5.] Calculate time passed on Earth in years [ f 10D 1 [s873:m
6.1 Calculate how old Farth man is upon end 30 [EJ [~j [6.874+01
7.] Enter time passed on Earth in years 25 [;L] [:;J 7.889+08
8.] Calculate time passed on ship in years [ 7,7,] L;Cf,,;J 454-01
9.1 Find age of space twin at end of journey 30 [ — ”,,E] 3.064+01
.

Always enter time in years, and speed in mtrs g; Ej

per cnrnnd t0-go—to-new—case—i-e new_cneed r 7] [ﬁﬁj
vvvvv A A A~ B A~ A= T A= Teleo ) LAA"A AL JPCCU — — _—

or different amounts of time or ages*. Hit [777] [: 7]

[A], and then continue from step #3 with new [7 7] [W:"J

values. L1 ]

L0
If time passed outputs are decimals, [ 10 ]
multiplying by 365.25 converts to days [,:,;J [,,:7 |
R —

* The ages used in the [E] and Lf] [E] L]0 ]
subroutines need not be the same, our two [; ] [—;,:,,, ]
"participants" need not be twins. [ j [ j

I

Time passed outputs, _or age outputs can all [ [,,,,;, i

be viewed in fixed mode by hitting fix key [J [ j

i.e., 3.873+01+38.73, or 6.873+01+68.73 l:J Lf,:?]

-
0L
-
L]
]
[ 1L ]
[ 1]
. —
LABELS . e FLAGS "' 'SET STATUS
A . . HVB JHIP l PasSs D car crr )
Initiate |° el Fnt lon Eartn Enf space Ent|Twin F.age FLAGS TRIG DISP
a b °Earth_T.tdd9Space T. _[eSpace twin' ON OFF
v . : o 0O®R| DEG ®W | FIX O
- 1- Ezroultme ship T. to EartnT, F. age ' 0w | crap D ol g
= > 0®| RAD O | ENG
5 6 7 8 9 3 s 0 ® n_9
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STEP KEY ENTRY KEY CODE 97

Program Listing 1

COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 ¥LELA 21 11 57 X -35 -, :
N02 CLRG 16-53\ 58 | RCLI 36 01 éss:iw,fmsimc
003 ScI =12 059 X =35 Cowvert Lrom
004 | DSP9 =63 09| |\ juTiate 0660 RCL2 36 02 years To Seconds
002 CD3( (5)% sTore Corshils P23 ey 3k sTore v RO
007 r4 06 ClLear ﬂer&’fevf 063 RTN ol

008 0 00 Foud C*one) Stve D64 |*LBLA 21 16 14

009 0 00 iv RA D65 | RCLD 36 1k Calevlate
010 STO0 35 00 66 | GSEBO 23 00 T-_15
011 2 02 D67 3+ =24 R g s
12 L4 ol 68 RCLO 36 00 r <2
013 | sTO1 35 01 9 + -24 Slore sw RY-
01% 3 03 070 RCL1 36 01

015 6 06 71 + 24

016 5 05 D72 | RCL2 36 02

017 . -62 073 + =24

018 2 02 74 | STO4 35 04

019 5 05 ns | PSE 16 51
020 STO2 35 02 P76 SPC 16-1

021 3 03 77 | PRTX -14

022 | EEX =23 78 RTN P

0273 PY: 08 79 |*LBLO 21 00

02% X 53 080 RCLB 36 12 e
022 STOA 35 1& 081 RCLA 36 111+ I —=
02 RTN 2 082 + =2 W By o
027 |*LBLB 21 12 |\ Euler shp Avi.veloity 083 CHS -22

028 x* 53 S uare avd STore 8L 1 01

029 | STOB 35 12 jw RB D85 + -5

030 * RTN 24 086 VX Slzt

031 |*LBLC 21 13 - 87 RTN 2

32 RCLO 36 0 FuTer Time fsscd 88 |*LBLE 21 15 Caleolete
033 X -35 On Earth ,»yers DB9 T RCLL 36 08| Vg gh o Fny
03L RCL1 36 01 COoNvVert Tp Secows [090 + -5 /4&: Wiw fiwe
035 x =35 STore iInRT P91 PSE 16 51 7

036 RCL2 36 02 D92 SPC 16-11

037 X =35 093 PRTX -14

038 STOC 35 13 0oL RTN P

039 RTN 24 D95 |*LBLe 21 16 1 Co it

040 WLBLc 21 16 13 b96 | RCL3 36 03 aleviate Space
041 [ RCLC 36 13 Calcvlate D97 + =55 Twim Fuwe lage
042 | GSBO 23 00 T. - TeA-2 P98 PSE 16 51

043 x -35 5= “* D99 SPC 16-11

L [ RCLO 36 00 s7ore R3 100 PRTX -14

oLs5 s =24 o 01 RTN 24

oL4 [ RCL1 36 01 | | SPece and frivt R/S 51

n7 <+ =2k

048 | RCL2 36 02

049 + =2

050 olUJ 35 03

051 PSE 16 51

052 SPC 16-11

053 PRTX -14

054 RTN 2k 110

055 FLELD 21 14 \

056 | RCLO 36 _00

REGISTERS =
4 5 6 7 8

°3600 2b [ 365.250 T | T,

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A ‘F cvlme passed |p time passed 1

C2 Earth in sec{rocket in se¢.
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Program Deseription |

=
Program Tile Delta-V - Orbit Simulator )

Contributor's Name Harold T. Coderre
Address b1k 1915 Hall

ciy Princeton stateNeWw Jersey Zip Code 08 540 )
\

rProgram Description, Equations, Variables This program calculates orbit parameters
from initial position and velocity data both for elliptical and
hyperbolic orbits in a plane. It is also possible to move the point
of interest to anywhere along the orbit and then recalculate orbit

parameters. Equations Used:
om
Encrsy5 E = '7'; \/‘.2__72? éivgy\ Bnews -
AnJalar Momentuny : A = vrsin (%, —9‘-) Rm.u = Ko/ 1+ & cos (Ores -6'))
Eccentricity : i i C Vi = J2(E+ GBY
O’— Gm ~17Ro o= Vi

= g + cos [TT ‘1> X pews = Orews * Sin (m)
RMih = Ro//"é &
SCMI'MJOV‘ Aces ' O = Ko/( | "é_z) For o (,‘\auJe ™ thcc;r)/
SemiminerAses: b = aJi -€ N -

Rried : T = 2T/ & Views = Vou + AV

Distance. to Asymptote Vertex S = Kmin ,ﬁ -4)
Angle betscen Asyupletes aud  Ba. = cos (&)

Radius Vector
A
Operating Limits and Warnings A11 angles should be 0£©<360. If 8 (A) gives a

negative radius for a hyperbolic orbit (e >1) the orbit does not exist
for the inputted 6. This program becomes ill-conditioned and

inaccurate near degenerate conics (Circles, Parabolas and Straight 1lindg).
For added realism: avoid all orbits where Bpjn <radius of the attracti

body ( 6.400 * 106 m for the Earth).

\. J

4 N\
( This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Deseription 11

Sketch(es)

Ellipse (e<1)

R . ’
Y 2n 18 55«:.;,,;

<

_

/ \ Ars™

Hyper

bola
(e>1)

—

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

4vy

Initialize R;= 7.1E6 @;= O V;= 7.4E3 &= 90

Position Satellite at Perigee
Accelerate to Synchronous Transfer

Position Satellite at new Apogee
Circularize

sample Problem(s) EXecute a transfer from Low Earth Orbit to Geosynchronous

N

Avy

o
7

Y

Keystrokes:

Solution(s) (all underlined numbers are machine output)
Step 1: 7.10E6 ENT O [f][A]

7.40E3 ENT 90 [f](E]
Step 2: [D] 180.0 [A] 6.7462E6
Step 3: 2312[RCLI I A  270.0
Step 4: D] 180.0 180[E [A] 4.228688E7
Step 5: 1455 [RCLI[31[B] 90.0 [C] 3.505809E-3 [E] 4.213916E7
WQM_‘@ [OH . NMS] 23.54053 #xewsxx

J

e
Reference(s)

Goldstein: Classical Mechanics

Chapt 3 A




Y [ ]
User Instructions *
STEP INSTRUCTIONS DA'II'P:\F/’lle:l'ITS DSY‘ZS:ITS
1 |Load side 1 and side 2 [
2 |Initialize Utility Regilsters 3600 STO| [
360| | ST0)
180| [STO|
3 | compute g M+ 6.6732E-11| | ENTERT
(Mass of attracting body (Kg) )1t— M | * |4 G *M
4 |Enter initial position B; | ENTERT
6; | £ H A R;
5 |Enter initial velocity V; | ENTER?
o [ £ |l B V;
6 | (Optional) Calculate the eccentricity | C | e
7 |Calculate 6" and R;,, (program will | D | e’
pause to display € ) B;iﬂ R
8 |(Step 8 must always be preceded by Step 7) [ ]
For e<1: Calculate semimajor and | E | a
semiminor Axes —yl b
Calculate the Period T R/S ] T (Hrs)
For e>1: Calculate S | E | S
Calculate 0g [B/S | 6a
(if e=1 program will return O [for S) [ ]
9 |Position the Satellite at a given © 6 [ A | Bﬁ
Find new Speed |RCL | Vnew
Find new Velocity Bearing |[RCL|| 3 Xnew
10 |Introduce a change in Velocity AV ~ ENTER
4 B - Knew
11 |[Now go back to step 6 or 7 and recalculpmte

the orbit

/T
AN N N

Note on dimensions: All inputted distarn

ices

and velocities should be in meters and

meters/sec. The Program will also outq

ut

—_—

in these units.

+For the Earth G* M = 3.98991 * 1017

mininininisinnEEE

| |
| NS SN S (SRS [ (NSRS A gy SN i SN (y GHUN Oy NS SU_—_




Note: All quantities listed
below are per kilogram

30
STEP

KEY ENTRY

KEY CODE

COMMENTS

STEP

Program Listing 1

KEY ENTRY

KEY CODE

COMMENTS

001 LBL a |32 25 11 RCL B 3% 08
STO 1 330 67 : 81
X—y 35 52 GSB 4 2 22 14
STO O 33 00 060 cos-1 32 63
RTN 35 22 RCL 3 34 03
LBL b [32 25 12 RCL 1 34 01
STO 3 33 03 - 51
Xy 35 52 Ccos 31 63
STO 2 33 02 LST X 35 82
010 SF 1 1|35 51 01 SIN 31 62
RTN 35 22 * 71
LBL C [31 25 13 x<0 31 71
RCL 2 34 02 GTO 7 22 07
X*%2 32 54 070 B 35 53
2 02 CHS L2
+ 81 Rt 35 54
RCL 4 W 04 LBL 7 1 25 07
BCL O 34 00 Ri 35 53
+ 81 + 61
020 - GSB e B2 22 15
STO 6 33 06]—>ENERGY STO A 33 11 [—¢
RCL 3 3 0 CLF 1 [B5 61 01
BCL 1 34 01 RCI. 8 34 08
_ 51 080 |RTN 35 22
SIN 31 62 LBL D 1 25 14
BRCL O 34 00 F 1 5 71 01
* 71 GSB C 1 22 13
RCL 2 3 02 RCL 8 34 08
* 7 Pause 35 72
030 STO 7 33 07—>ANGULAR 1 01
X%%2 32 54| MOMENTUM + 61
2 1/X 35 62
* 71 RCL 9 34 09
BRCL 6 34 06 090 * 71 —Rpin
* n1 STO C 33 13
RCL 4 3 o4 RCL A 34 11
X#*2 32 54 RTN 35 22
+ 81 LBL E 1 25 15
1 01 TF 0 5 71 00
040 + 61 GTO 2 22 02 ]
X 31 sk RCL 9 3 09| ooiipse
STO 8 33 08}->ECCENTRICITY 1 01
1 01 RCL 8 34 08
CLF 0 [35 61 00 100 [X%#2 32 54
XSy 32 71 - 51
STF 0  [35 51 00 P 81
RCL 1 34 01 STO E 33 15 |—>Semima jor
BCL 7 3 07 LST X 35 82 Axis
X#%2 32 54 VX 31 54
050 RCIL 4 34 * 71 —Semiminor
+ 81 RCL E 3 15 Axis
S —— R s
: 81 b LT 330
1 01 LST X 35 82
- 51 * 71
REGISTERS
8 9
° Dist PBEARING | Speed giggfgg “G* M [° 3600 |’Energy| A. M.|" e Ro
S0 St S2 S3 S4 S5 S6 S7 S8 S9
A o ° 180 Bmin 360 £ a :




STEP

KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

31

RCL 4 Ol | RCL 1 34 01
3 81 170 RCL A 34 11
X 31 54 - b3
2 02 SIN 31 62
* 71 * 71
NN 35 7 x>0 31 81
* 71 GTO 4 22
120 RCL 5 34 05 CLX oL
¥ 81 >Period (Hrs) RCL B 34 12
RTN 35 22 - 2;
LBL 2 31 25 02 CHS
RCL C % 13| Hypervola 0 Bt 35 5k
1 01 LBL 4 31 25 O4
BCL 8 34 08 B 35 53
1/X 35 %2 BCL 1 34 01
- 1 +
x#0 31 61 50utput Zero GSB e |32 221
130 GTO 3 22 03 for a Parabola STO 3 33 —x
BTN 35 22 RCL 0 3 00  oe¥
LBL 3 31 25 03 BTN 35 22
. 81 IBL B |31 25 12
R/S 841—s 190 Xy 35 52
BCL 8 34 08 —R 31 72
1/X 35 62 RCL 3 3 03
cos~~ 32 6316, RCL 2 # 02
RTN 35 22 —R 31 72
LBL A |31 25 11 Xy 35 52
140 STO 1 33 01 B¢ 35 53
BCL A W 11 + 3
- 51 R¢ 35 53
CcoS 31 63 +
BCL 8 34 0 200 RT 35 54
* 71 —P 32 72|
1 01 STO 2 33 02
+ 61 Xy 35 52
RCL 9 M 09 GSB e 32 22 15
¥ 81 STO 3 33 03
150 1/X 35 SF_1 35 51
STO 0 33 00} —Rpeyw RTN 35 22
RCL 4 3 04 LBL e 32 25 1
x=y 35 52 BCL D W1
+ 81 210 + 81
BCL 6 34 06 FRAC 32 8
+ 61 1 01
2 (6) + 61
* 71 FRAC 32 81
X 31 54 BCL D 1
% __|STO 2 33 02—V, en * 7
RCL 7 0 BTN 35 2
RCL O 34 00 LBL 4 32 25 14
BRCL 2 34 02 — IN;I‘O 31 8
* 71 X ¥ 3
+ 81 RTN g_g%l
GSB 4 32 2 14 CIX |nn
SIN=* 32 62 LST X 35 82
RCL 7 3 Q7 RTN 35 2
_ LABELS FLAGS SET STATUS
A8 8 av ¢ e ©, Bpin |° Graph [*ex>1 FLAGS TRIG DISP
° By | V3 [ 9Adjust [°Mod 360|'Find e |, V| e = | Fx O
0 ! 2 _used- [° -used- |[‘ -used- |’ 1 0O ®| GRADO | sci ®
- - —used_T? - - i E} g RAD O ENGD
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Program Deseription 1

[(Program Tile _EW®@VATIONS OFf PARTICLE MoTION

Contributor's Name _  ERIK coeETZE.

Address 1613 cAMULOS AJE. o

City GLENDALE State  CALIJF ~~ ZipCode QIA08
_ Y,

nwrl

wi

|

'’

&

w9

~ R
(Program Description, Equations, Variables HERE ALL VARIABLES ARE ,LAL#,‘ ,BUT A ‘;l 5
ys= 4 Ly%e + ,)t CoULD BE RePLACED wITH Y's.

—g=Vgot +$ayt™ Vo = V= A ?t@'mg = DISTANCE COVERED Gy
2 2 \ 5 10 parRnaEe IN-TImE ¢t
= Ny, —~ V o V o = l.i '-V il
LAl za‘;"‘ LA E:I»»t- TIME TN WHICH PARTICLE
V Ve & - Ot g "=
o t= 4t A o S V= VELOCTY AT Time ¢
4 ey S
t=_29 , wv o =|Vy - 24,9 E \f— = VELouTY AT TIME G
- Ve 4+ Vy . | e
__AE_A_(;M?li V;., *ZG,?» Ay (1. = ACCELERATION
i — | 7 (averrce over time £)
V,z qu ¥ Oqt a‘i = V’-!“’: w AT PARTICLE 1S
’ 4t P T
V.= 2% _V = = Vot \|outr oF THE ABovE FIVE, wiL
4 € Yo ly 2 .1 __’

bl } \ i [SOLW"THEW’EMTIGWS‘“

Operating Limits and Warnings JE_M_W&JLM&;ML
_SIDRE _THE UMwE WU GET 24 PRESSW® [D) BEFuRE solLvinvg

For. THE OTHER UNknOww. THS IS BeAse  Vyo 1§ IN Atc THE

_OTHER  EWUVATIONS. JF THE DISPLAy comeds P Errcr WHEN Yoy
ARE soLvivt fFor. t, You HMWE AN IMAGINARY ROUT, SIMPLE ShaZtd_

_E_%mpg_.l&ﬁé (55T) A Sswm Ak To RUN prD
\

y,

1 )

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/




Program Desecription 11

T 1
rSkelch(es) - [2‘ |
3\
0 , )
] G . .-G - _\v‘.
wof ] Yy u 1 o
\ $5.88 GSED =
—~ -32.36 GSBE —
TesT 12.86 6564
Sample Problem(s) * =" - N
€QIN. GIVEN Quad roots  z,86 6sBd
EACH o pause > 5.3i ki 116.06 85BA
| Clear ever.ythmgGSEé Solve for Vg 614 G;‘EZ -Eéfgg gggg T
cs o 15.86 &5BD 4.8 656d
Initial vel. 256,66 6550 -2.88 GSBE 163.95 kkx
Final vel. i7.88 GSBC 2.58 G3BE G5B
| Time (seconds) §.66 GSEE 3.86 GSBd 33.86 GSBC
Solve for y  1.88 &SEd -9.56 ki -32.36 GSBE
1173.56 ¥ G5Be 15.78 65Bh —
 GsBe 7.86 55BR 4.86 65Bd
159.08 638D 1.86 GSBE 45.56 %%k
) ;.z{; gggb 12.80 GSBD Solve for a G5Be —_—
g down v -5.5¢ bobt 3.68 65Ed 24.78 65BC
Solve for dist. p;-fw G5B -4.22  ¥Er 44,38 GSED
650.36 ¥xi 5Be 2.68 6568 —
12 36 ‘ligf -9.58 GSBE 5.86 658d
£.86 G3EL 5.88 GSBA down ¢ ~9-88 axx
15,68 GSED 23.96 GSED y dow G5B
igg zggg | 3.68 GSEd 3.68 65BA
. Bd | Z6.T6  Wki 15.86 G5BT
11.67 xxx | Solve for V e s : ‘2.53 sss:g _
Solve for time 65Ee 15.80 GSBC 5.66 £SBd
25.86 GoBD -5.58 GSEE -13.44 kk¢
686 6SEC .38 GSEE 6B ___
-32.30 GSBE 4.88 65Bd 17.68 6SBC
2.86 GSEd 22.72  kkx 39.86 6580 ——
0.36 ik G5Be 9.88 GSBA
6.66 Gsbe 14.88 &5BA 5.86 &SBd
ir‘.GU &5BhA 2.71 GSBB -68.44 Xk —
28. gg §§gg 8.80 6SEC
7.8 & 4,68 656d
2.08 Esbd 16.52 bm-
Z. 68 kxR E5E¢e
G5Ee J

Reference(s) M@ﬂmw ) HMLIDNY

ume 3 mmee 49




. User Instruetions
5 (AN‘f THREE INPUT) | vE N ( RESET
‘1 NR 4 w 2. nw 3 nr 4 g Z’
[52 D'STANCE TinmE Vt:wm. VlNITIM- ACCELERA
STEP INSTRUCTIONS DAITNAF/,S,LTS KEYS DSTT/S:ITTS
| |LoAD s 1 AMD 2 I
2 | reseT 4+ e | 0.00
3 |INPUT DISTANCE TRAVELLED X DIs. AT | ©.00
(F _You DONT KNCW TS, GoTo STEP 4) I
[L |INPUT AMOUNT OF TIME yome | [ 3] | ©.00
(F You DONT KNOW THIS, GY9TO STEP 5) L
5 | iIveuT  vELOUTY AT 71IME E xXpis/rmd | C |1 | o000
(IF vou DoNT kwoW THIS, 607D STEP &) I
6 [INPUT  VELOGUTY AT TIME ZERO X 0s/ome] | D || | 0.00
l(F wov powT KNOW Tiis, GUIO STEP 7 I I |
7 |livour  acusieration Xl [E Il | | 00O
(F Yov DoNT ENOW THIS, GuTo STEP & ]
& |INPUT NUMBER OF VARMBLE YOV DONT [0
KNOW. (REFER. TO ARD LABEL) % X ENTER [ |
o |[sowvE FOR. THIS VARIABLE & I[d | n.nn
10 [SoVE For 2n0 UNKNTWN v e I[Jd | m.mm
Il |for. NEW CASE, aOTOD STEP 2 I
I
L
I
L]
[
L
I
L
[ 1]
I
(.
¥ |WHEN Vinmem 1S UNKNOWN, SOLVE (I
for (T FRST, THEN STRE TS WLt [ 10 ]
&‘1 PREJSING Uj] BEtoRE SOLVING [] [ ]
For _THE OTHER _unNknxown {J % }
L]
.
[ 1]
[ 10 ]
I
[ 1L ]




97 Program Listing 1

35
STEP KEY ENTRY KEY CODE | COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
ggi tLBLf; 21 éi o gE" @57 LBL9 21 85
2 T 36 LA €
883  CF@ 16 27 8@ ors s ST A 233 2‘&2 e 32 AT FOZMM
884  CT08 22 68 968 - ® 2 wine '3
865 ¥LBLE 21 12 we OF B o AT @51 RTN 24
aas 2 6z TImE ! 862 #LBL2 21 @2
ggg cggé 16 -Si’ gl 863 RCLS 36 85
22 @@ 864 Pi 16-24
@89 xLBLC 21 13 o~ NR RE® 665 4=y 16-33 |\ Oee
818 R Ve 866 ET06 22 86
el CF2 16 22 62 867  Fo? 162386 | o
@12 cToe 22 e 5 @68 6707 22 67
ol owpD AN } NPT 863 RCL4 36 04
878 Xz 53
@15  ¢To@ 2z 86 L 871 RCLS 36 85
J N i
gig tLBLE 2 ég }N,c 872  RCL1 36 61 o :U"‘;;,w
7 5 5 873 2 8z gvit
@18 xLBLA 21 86 874 x _35 ol t oA
819  STOI 35 46 875  «x -35 b e
26 Re -31 76 -
621 ST0i 35 45  SURE M REC g%; x 23 WNK e
022  RCL3 3 83 878  ST09 35 89
A T 53 879 RCL4 36 04
gg‘; RC!::“ 36 B‘i CAW‘A‘{E ase CHS =22
ae O 1 agl1 + -55
826 - -45 Vj/v‘l’ 882 LSTX  16-63
gig 2 g; z 883 RCLS 36 89
2 : -2 8a4 - -45
gg.; 5;{‘5 33 g? 885 RCLS 36 85
LY - 886 z -24
@31  RTN 24 887  PSE 16 51
€3z sBLI 21 61 888  LSTX 16-63
ov s 3 gg  DowT WAVE Time % R =1
835  F2° 16 23 82 : -
a3 cl0s 2z e 0ONT Ak Vemer 3§§ RTN g:
ggg ggtg 3g 84 893 #LBL? 21 87
L3 36 83 894 RCL3 36 83 T
g.:;'g RCZ" 3_-35 (PLUMATE 9 " 895 RCL4 36 84 Cuﬂ;mlw",“:ﬁ,,n/\
2 6 @z o 896 - -45
841 X -35 vswb A 897 RCLS 36 85 MY
842 2 8z mR 898 z -24
843 : -24 893  RIN 24
314 ngg 1 sz 106 *LBL6 21 86
5 X 21 88 181  RCL! 36 61
@46 RCL4 36 B4 192 2 62 L T
847 RCL2 36 B2 183 x -35 mus,m, Fo
g5 x o35 ALrATE Y 164 RCLI 36 83 w5
g;.; Rl}.{z 3 gc ol cormiA 185 RCL4 36 a4
3 186 + -55
851  RCLS 36 85 M 2 187 : -24
@52 X -35 | 188 RTN 24
@53 2 8z 189 #LBL3 21 63
@54 : -24 118 F8” 16 23 @@ M 4
855  + -55 111 6709 22 89
856  RTN 2 ais.eno 112 F127 16 23 81
1 2 3 4 5 6 7 8 9
Vo - Vyo | DIST. T™ME | Veum | Vimim | Aluser. b hac
A S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C 0 E 'nr oF LBE-+
RET




frogram Listing 11

36
STEP KEY ENTRY KEY CODE COMMENTS STEP ““KEY ENTRY KEY CODE COMMENTS
113 €T0a 22 16 11 M £ 169 RCLS 36 85 Al Vo
114 RCL1 36 81 1768 RCL1 36 81 ol
115 2 62 171 2 82 J5IN
116 «x -35 v 72 x -35 W 3
117 RCL2 36 @2 M'fé A 173 x -35
118 o -24 porM 174 - -45
119 RCL4 36 64 vsIN® g 175 1% 54
126 - -45 (L 176 RIN 24
121 RIN 24 Ve 177 sLBL8 21 88
122 #LBL9 21 89 1 178 RCLI 36 @1 ¢ Vo
123 RCL4 36 04 179 2 8z LMM A
124 RCLS 36 65 usIvY p 188 x -35 C oo
125 RCL2 36 62 vy 181 RCL2 36 82 Va7
126 x -35 182 = -24 w
127+ -55 183 RCL3 36 @3
128 RIN 24 184 - -45
129 #LBla 21 16 11 185  RTN 24
138 RCL4 36 04 y 186 sLBLS 21 @5
131 X2 53 187  F@8° 16 23 66
132 RCLI 36 61 e 188 cror z2zar W
133 RCL5S 36 85 Jsinb ot 189 F17 1623681 | o4
134 2 82 196 €706 22 86
135 x -35 v 9 191 RCL1 36 81 a
136 x -35 192 RCL4 36 04 AT
137 + -55 193  RCL2 36 82 d W..W‘A
138 % 54 194  «x -35 oIl Y
139 RIN 24 195 - -45 "3
148 sLBL4 21 84 19 RCLZ 36 82
141 F82 16 23 86 197 ke 53
142 ¢cTob 221612 M ¢ 198 = -24
143 F1? 16 23 81 ¢ 199 2 82
144 6r0c 221613 M 200 x -35
145 RCLS 36 65 281 RTN 24 | d
146 Pi 16-24 282 sLBL7 21 67 MW
147  X=Y*? 16-33 . A 283 RCL3 36 83 o
148 6708 22 68 204 RCL4 36 84 U g
149  RCLI 36 61 285 - -45 NR
158 RCL2 36 82 Y 206 Rz 3 82
151 z -24 ¢ Vvo z -
152 RCLS 36 65 Mt L 200 slble 21 66 0
153 RCL2 36 62 N *
154 x -35 "r;", I 218 RCL8 36 68 Wﬁ A
155 2 82 211 RCL1I 36 81 5IN e
15 = -24 212 = -24 . 1@
157 - -45 213 RN 24
158  RTN 24 Ve 214 #lBle 21 16 15 _ o 4l TING
159 #LBLb 21 16 12 <€ VI 215 SFB 16 21 88 el UL Rg
168 RCLI 36 63 \;',vu""‘}‘ 216  SF1 16 21 61 ey ¥
161 RCLS 36 85 v‘:"‘"’ 0 217 SF2 16 21 @2
162 RCL2 36 62 N3 218 Pi  16-24
163 x -35 219 ST05S 35 85
164 - -45 2268 8 . 8e
165 RN 24 221 RIN 24 ot P
166 #LBLc 21 16 13 | 222 sLBLd 21 16 14 A
167 RCL3 36 63 223 STOI 35 46 i
— = ki Z" LABELS 224 CI0i, 2245 SEvsvatus
STORE OIS bgmu pme [store Ve | srore V,y. TRIG DISP
a c d
Usep Usep vsED SoLve oeG & | FIX o
OstorAcE  |loal Drs  [2cate Tims [3cAc Vg GRAD O | sci O
eme A |UoEr 7 ysep 8 Usep RAD O | ENg O
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Program Deseription 1

(;mgmmee Ballist;cs TraJectoyyrﬂgomputatlons

Contributor’'s Name DaVld M. Ivey

City Macon State Ga. Zip Code 3 1201
\_ _—
(. g c s
Program Description, Equations, Variables __The Program computes remaining velocities,

energies, flight times, maximum rise and drops of bullets at user
specified intervals. Computations technically apply to ICAQ condition

which are satisfactory for most shooting conditions. The method uses
a Mayevski drag formulahlan_(dnag_Avn) with different constants for
different velocity zones. The program automatically selects the
correct. constants. Program control is by Label A, the various data
outputs are done by Labels 2,3,4,5, and 6 so that users may easily
arrange output data order. Label 7 computes air resistance, Note
that maximum rise gives sight in data.

Use Emo’;hsk MNH’S O;o(/y

Operating Limits and Warnings Be sure to use ballistic coefficients based on
Ingall's Tables (most are, usual exceptions are foreign bullets). This
system works best when the coefficient (Cy) is greater than .150 and
velocities above that of sound. Most importantly however, use range
intervals no_greater than 100yds, shorter intervals give better
accuracy. For typical rifles about 3% error occurs relative to numeric
\int egration techniques.at 1000yards.

s

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Deseription 11

( . - . . [
Sketch(es)  |Y , o drop graph

X; - Rise graph
T‘:\L | h;riSe,[UbL}é-S

\_

S __._,_..ﬁ_,u.\

x;=range; yi;dr:dp'»‘blﬁéj

\.

—
Sample Problem(s) Compute the complete trajectory of a 30/06 cartridge

where the bullet weight is 165grain Sierra boat-tail (ballistic
coefficient for this bullet=0.470) at a muzzle velocity of 2800ft/sec
in 100yd. intervals out to 200yards.

Volooity v Ftkeo

E"’”‘W In 5t lbs Muzale Vel>2800. xxx

+ime ‘N <eo N;l,s Bullet wt+ —PIE5.  axx
) I > Cg —7 .47 #a&

Rise & J.mf) In /'No/\%

Ranroe st i68. aixa
Solution(s) Input keystrokes Ve,‘,,c’ﬂ-)/ IE2E. ek
Ax=300feet STO 7 fime s
s t.ob P E2 3 )
X _=200yds=600£t use 601 to stop. %_X drep 2337w
601 STO 8 Ovtpwt” = oh. e
wb=l65 STO 9
V_=2800 STO A 2834, Aan
Set flags Zero and One to 6.2526  aaa

385,  Kikx

T it

. PRIV AR 2 L
dutput energy and rise Press /4 9.86

~

Reference(s)This program represents the first complete ballistic system
without’extensive numeric integration techniques or long tables. It
was specifically developed for microcomputer applications. For more
information regarding theoretical development,write the author.

\.

N
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DAVID M. IVEY

2470 NEW CLINTON RD.
MACON.GEORGIA 31201
PH (912)743-4206

Ballisties Tro»)‘&cf}’ok/ @wmpw‘/’m+7<»n>§

E uations .
{0 FAmTS, o Ma./é,vs}{f !/é,/DaH‘/ Zonegs

. 2 / '

\é“[V" -2 D:} RomaI&()? 1’4 N A 3

%o to Z60O LS5 4064952535010

D“‘AV'N 2600 to |00 /.70 1.24%5@4,@(15?)

- (Yoo o [3%0 2.00 13601677

z'= 24X I3t0 to 230 300  A.56139630(108)

c 1230 to 470 5,00 6.33%R1T50F(167'%)

- 1 ,
N ZAXZ v+l Location of Comstantz

The /V/ A volnes octnpy sec,o/wlo.r)/

2
h= 48.2
* ¢ f$ S-f’af’aqé, r’ﬂﬁfﬂLM’s, Zone. Velooities
peenpy Reqistors B to E
- 4 SV
= L + Ve
y¥ 3h<1 Alb) Below |5 o fr)’nﬁ"ou-"‘ of &y,isfor
z Cbru?"(,,()f‘sf
450240
(wg in qrains) 4umﬁ“f—§5 : ,opdie,jiri :c
1.247951766-63  |: T ey
LTOs storane
B) Note 7he comstamts 1.316060606-65 14 Reaistor
Aavd v ore store 9 I 5
LSE9FETEIE-83 e
o reﬁfs‘-f'ors b}/ the i
doto tord. 6.336817567-14 I3
5.6 13
13768 C
i G
:F
.8 I



User Instruetions

Ballistics Trajectory Computations Prgm

‘1 fO=prints fl=energy and rise
g Run Clears
STEP INSTRUCTIONS DATAONITS KEYS DATAUNITS
1 | Load Program Card, Both sides ]
Load Data Card, Bothsides I
I b
2 Store Parameters Ballistic coefficieng C. [sTol[ 6 | C.
Range Increment (ft.) Ax | sTol | 7 | Ax
Maximum Range ft X [sTol| & | X
Bullet weight Grains{ w_ | sTol | 9 | wh
Muzzle Velocity v sTO || A I v
) ° ] ©
3 | Set Output status I
Flag Zero set will Print ans, else pause ]
Flag One set will compute Energy and rise I
according to Flag Zero's status {A J] { }
4 | Execute program Press LBL A ]
Prgm first outputs initial data L v
I I
I Cy.
Then the computations : I -
[ Il | PRange
[
[ | [ | [Nelocity
| Il | Energy
|1 ] pime
[ 1L | Fise
|1l ] Brop
5 | New Problem go to Step two after clearing I
by LBL C ]
L]
.
.
6 | To Compnte. a ballistie Coosiciont blZpma//é| | 1L |
4 STORE Kawae betweer) | AX [s7ol[ 7 | AX
Known _pelocitres L]
Entee  Pelooities v: [~ 10 ] 2
Vo £ 10 | |cg
' (I -
]
I
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Listing 1

41
) §TEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
+LBLA 21 11 P & y\)'{’ l 057 CHS -22
FO? 16 23 @0 ram Cowfro 056 RCL4 36 04
SFC i6-i: _ 859 NE 52
6560 I3 14 Iwitiol 86@ ' -55
RCLT 3 &7 , 861 Td 54
8752 35 6z Sett LS 862  656i 23 &1
: 5 863  RIN 24
864 xLBL3 2i 83 Evergy
R 865 RCL4 36 84
Loitiol 866 X2v 4! Ca e lations
Data 867+ -55
868  LSTX 16-63
ot pvﬂ" 863  S5TO4 35 a4
878 KoY Y
71 sT03 35 83
@72  RCL4 3 o4
873 xE 53
874  RCLS 36 83
875 x -35
876 4 a4
Main Pram 77 5 62
' 1 878 é a3
Control a7a z 6z
838 g 84
- oﬁ’*@z(" 1L as1 p 86
SF [ 1 ivitialization 882 : =24
GSB2 62 883  Fi7 16 23 bi
6563 i3s3 1ot 884  GSEI 23 6!
6564 23 64 aTe 885  RTN 4 | Fliaht
G6SES 23 65 cmrﬁrk‘oms 836 #LBL4 e | Time
6566 23 &6 887  RCL3 3605 | Qalonfatrions
RCLT 36 & 888 1% 52
ST+Z  35-55 62 889 z 6z
RCLZ 36 62 Rmao,e, 898 X -35
RCLS 35 66 decisioms @91 RCLT 36 &7
XEVT 16-35 > 892 X -35
RTH 24 X; = Xy 893 ST+5 35-55 &f
6T0B s 894 N -35
¥LBLI Zi 8i 0 - 895 RCLS 36 65
F6° 16 23 6 rause @ 89 OSP4  -63 84
§TGa 22 16 1) Privtg @97  F17 16 23 &l
PSE i6 5l , 898  GSBi 23 6!
FSE €5 Routimve 893  RTN 24
RTH 4 186 *iBL5 i &5 | Rise. (MMaximam
¥LBla Z1 i€ i) 181 e 52 . )
FRTi -i4 182 ¥ v |ordivate
RTN 24 183 & 3 | aalownlatFions
¥LBLZ a2 | Velseid 184 ) -5Z
RCL4 35 94 . 185 z 6
GSBT 23 67 COMrW{"*‘{"”}S 186 6 6c
RCLT 36 67 187 x -35
X -33 188 DSFZ  -63 6:
z 6l 189 6SEBI 23 6.
-35 118 RIN &4
RCLE 36 06 (g HLBLE 21 g
s - 4
056 : 24 REGISTERS
0 1 2 3 2 3 5 <7 [ 6 7 8 9
)(l' MLQ— |/; e & B ax )(/n u)B
SO _s\[S1 S2 - S3 ) S4 ,ﬁSS S6 - S7 S8 -4 S9
wootN 1.55 |25 2.%0 (2.31u6%) 2.00 |astic)| 3. 00 4.34(10) 5. 00
A B C D E 1 US&ED
v, 1vo0 13%0 1230 e YothdOs
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
Bk X L6L G | 169 €TOb 22 16 12
1i3 3 ) [T® +LBLe 21 16 15
115 : 24 dro P 171 i a1
116  RCL4 Jc b4 ) 172 4 gs
117 RCLH 35 il c""“f’“ﬁ’%‘m\’ 173 STl 35 4
g = -es 174  ET0b ZZ i6 il
113 IK 54 175 xiBlLd Zi i6 14
128 : 62 176 i
121 -35 177 . T
12;5' i di 178 STOI 33 %6
123 + -55 179 670k 22 i if
124 x -3 188 BiD 2l ix Clears
125 G5Bl 23 6l 181 @ 6é Fime ,&:qrsfbr‘/
126 RTh 24 182 STz 35 &l '
127 *LBLT Z1 67 SeleotionNa 183 5705 35 a3 avd ﬁ"”\)q&
1£8 - 0% &wrr$b+ 164 . F.Tn ..ot onr Ter
129 C t_”:"‘ 185 «xLEBLS ci 6é&
1;@ EEx -&3 £, N ComsTants 186  RCLZ 36 ac Ow/’ew{'s
131 < be 187 3 63 .
o ; e /v yar
132 A=Y 1_‘{"{’;‘ Smr dr'a,of 188 = =24 I"mrvﬁ )’Dz 45
133 &T06 i &G / 189 DsFa 63 &
134 X3 =4 | oo, lowlations 196 GSBI 27 6
135 KRCLB 36 1& \ 191 RTH 24
136 x<vs 16-35 | detfermives 192 sLBLE i 15 | Gallistic
137 GToc 22 i 13 ) ¢ FLELE
3w | veleerty PEOR CoesSivieonT
139 RCLC 36 13 Zones. 195 5701 Colowlation s
148 X£vT i6-35 196 STO4
141 ET0e 2& 16 i3 197 oSBT
142 X2 -4 198 z
143 RCLD 36 14 199 X
144 K<V 16-33 288 RCLT
145 GT0d E2 Io I+ 281 X
146 i 6l 262 RCLI
147 o s 283 NE
148 5Tl 35 46 284 CHS Iz
158  RCL4 35 a4 286 i =3
151 RCLi 36 45 ﬂm; a7 p
152 ISZI 16 ¢ 46 o 288 :
153 RCLi 36 43 Confen (BT 005 288 GSEi :
154 & -4 218 RTN 4
155 K4 =21 211 [P 5
156 ¥ 3i
157 Rt 16-31
158 -35
159 RT# 4|
168 MELE  Z1 06 bobels B0 e
161 i a:
162 g i d assare '
163 STOI 354 porrect consTa
164 GTOe &2 it ic ‘ 220
165 aldic i 16 i3 fordrg V&‘O"f“{}/
168 i R Zone
167 2 02
(68 STOI 35 46
LABELS FLAGS SET STATUS
A B C D, E _9 (¢}
T Ha) Cont]” wsed Clears VM 2Ce | Prints FLAGS TRIG DISP
a b C. d 1D ON OFF
used wezed Zowess Zones eEo;oé)S 5?-#06,—,‘5& 0o ® O DEG K FIX K
Zorves | Priot/Base|>  Velooity |2 £uveray " Ame 2 ; % g EESD E] SSIG 8
5 6
ise diop [ drag [Rome |’ ° 3 0 R nZ4 0
9 ‘
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Program Desecription |

4 )
Program Title [SOTOPE OVERLAP CORRECTIONS , R o

Contributor’s Name LG.\AH‘:'\,C—Q-, I G'('DSSMO-V‘-
Address A06&6 Crest Ave. R e

City Ann Atber __State M| , _ZipCode 48/03
\_ J

s N
Program Description, Equations, Variables P(‘ijw\ Coﬂ‘ecfs o(_ goillover &M _channzls ‘JAQA _

ho tedivachue KD\O‘&: ate &_\w‘ sumted 1 o /-‘{ﬁ& sciwh (ladeon Sﬁwa‘hﬁ-g___

Bt.obam'«& sub frackon ‘er eack “s,o-\OPl U abo fpvlu- Pw«anwu may be usmd with
simle isolope. . o o o
Iso-keu X and Y aw~ comted . machine channels A aul B, rerrtcl«u]. -
Let a= Crackoned spillever & isotope ¥ Grow chamnel B foA. B
b- (:ﬂdﬂr-\-o $'3"‘“( \(— ‘-SO‘O'Q X 6,.—.\ channel A o B. o

Cx = corceeted Coumts /min istope X ‘w chawnel A = Ca-alg , wherz. Ca aed (B are Ha
I=ab  observd cOmb fuin i ewhr
_chawn,

Cy = CB- LCﬁ_
| -ab

| Ouvtpts B
Tokd o /min ook‘u x= Cx (Ith)=Tx ; B S

Toh  aunls fmia 1olope y =C1 (1ta) = Ty o I

Operating Limits and Warnings . i S

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Deseription 11

I —
Sketch(es)

\_

~

Sample Problem(s) 2 ,isokp&, Seillowe A8 = p'lo B=A~ ,3070 Bka - 10 cgm | Bhg= 50 g~

faf Ha Qd\oww\‘ values * cb/;mu,q Pow | d!/htng) a(w(.h orrechd valos ol

gy__l,\,d(..‘,,,, ﬁ B
1000 500
_ a 9000 | 000
3 1400 2200
Solution(s) @s’mk&s =» 70 (TY)
_[£] 1e] - 0.00 -3 ()
0.2 enteR 10 D] - 0.20 1400 Ml 200 8]1] - 1038 (T)
0.l enTerR so (E] — 0.10 > 292 (Ty)
) Wkl V = /.00 > 4 (red)
jooo (A 500 18] [c] - /o]0 (&) 18] >4 EnR)
> 4% (Ty) >3 (=7)
, | > 2 (next sample) 20 (o)
| 2000 [A] 100 18] Ic] > 200 () y
0 1
Reference(s)
. J




User Instruetions “
ISOTOPE DOVERLAP CORRECTIONS
STEP INSTRUCTIONS o A‘II’NAsl‘:;ITS KEYS b ST‘{JS:'TTS
| Loa-a §|‘¢ / [:] I:I
2 |Set for o isolopec L€ 1[a | | o000
3 | Entec nombec o Rrs‘l’ sawple n. Lg Jle | | m
¢ |Pc si nqk \sohpc entec M—m.ﬂ spillovac channdd 834, LI |
bu.k(nwal sukb‘;{.m { c]guv\&l/\ @aahk&_ [p Il | B8>»A
5 g wmmﬁww chawnsl § 58, [ N ]
becksroond sobtmckim for cluuns? B s8texg | [E |l | |ps8
6 |Entec combs/min (o0 channel A, for i isolepe, eief. |cpma LA |l | cpmp = BKn
2 |Enbuc combjmin fr chapuel B, cpma (B Il | lpms-oug
9 |Oukpst corsuchd comblmin for chansd A, B (if wed) e Il 1 |&
I R R | AP
(R N R R P P
9 {For next sample o paic of saraphs, o9 do 6. (I
10 we«n*y;ouuhmga\l sam"ﬁs ok [ ” ]
isolope. X amd y ({ wal). Aftec ostpols, He Plaq for I
buwe isolopns i cloaced awrd 4o actumolbiom N%»Shts [ I
fr_loht o all Samghy ace cleaced. {flll[a]l £ Tx
I [e”
I |Foc now sit of samelic, go fo 2. {H 1|
[ L
[ 10 ]
[ I ]
I
[0 ]
[ 0]
[ 1]
[ L]
(10 ]
[ 1]
[ 1L ]
I
[ 1]
[ 1]
(10 ]
[
I
L]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 hLEL D 3 25 ¥ X 2+
sTo © 33 00 STo +8 |33 6] ©F
R¥ 35 53 store Bka, - s09 (33 0% het
STo | 33 ol 060 ReL F |34 0% Tx
RTN 35 22 o -x-__ |u v ’ R
FLoL e 32 25 (3 Ret. 9 |34 09 Tr('fr"‘"‘)
ST I 35 23 Stere. ekt sample. vo. Fo? |1 71 60
RTN 35 22 e - X- 3 84
LBl E 3 25 /5 I1s2 31 34
010 S0 2 |33 02 b ReT |35 3y
Ry 35 53 store BRg RTW |35 22 ]
S 3 33 03 YlgLa |32 25/ SFO fr 2 fa
RV 35 22 . e e e m e SE© 35 5/ 0 N bels
VLBL A 131 25 1l | catec ombfmm for A |7 RTw |35 22. o
ReL 0 |34 ¢ chaunely sobhact Bk YigLb |32 26 42
= 5 shore.. 2 RCL 6 06 outpst dohd X for
STo 4 |33 o¥ —-X-__ |31 84 all sawmgles. Jobed
| RTW 35 22 o ReL 8 |34 o8 7 /
LBL & 3 25 12 |ewhe awh/u\;n (uf 12} Fo? 35 H oo (": Fo sst). <FO.
020 gq; & 3_47 02 channel, svbhad Bke, :fo-‘-o ;—Z 2739 — Clear atcomolalion
ST 5 |33 o5 Hore ° 0o fegistes.
RTW 3 22 . Sfo6_ (33 06
tigL C |3/ 25 /3 080 S 8 33 o8
L 4 |34 ok Ldate Cr, G ST |36 33
ReL / 34015 Ca » 1 Ry |35 22 o
ReL & 4 D -
- 1
030 ’ ol
RCL | 34 0]
RcL 3 |34 b3
X 2/
- l 090
- 8/
{ /
ReL 3 (34 03
+ 6l
X M
040 STO+6 33 61 ©6
S0 7 (33 6% . - LABgLs
PsPo 123 oo s [min A lcoumts [mim Tx, Ty |o Bukad. A Ebl“-ksiL
ReLS W o5 a b o ST 1d e
RCL 3 03 2 fabals ~ 1 Sav-_e& No
RcL 4 - 0 1 2 3 2 B
X Py 5 6 7 8 9 1
I ol FLAGS SET STATUS
RCL 3y el
050 ReL 3 |34 03 08 N es | FLAGS TRIG DISP
X 2 1 ON OFF
- / o 0| DEG & | FIX &
- 8 2 1 O Pr| GRAD O scl O
1 )] 110 3 2 O T RAD O El\éG Od
RLL | 34 o s O & n
+ 6l
REGISTERS
1 2 3 4 5 6 7 8 9
Bakacsnlly | a l&d:},ml b Ca Cs 2. Cx G =Gy Cy
S0 St S2 S3 S4 S5 S6 S7 S8 i S9
A B C D E 1
Wf"- Nombar
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Program Deseription 1

C o A
Program Title Critical Reactor Code

Contributor’'s Name Richard D. Hyman R

Address 23822 80th W. B

city Edmonds State Washington Zip Code 98020

\_ y,
-

Program Description, Equations, Variables 1N€ Program estimates the parameters of a reactor

with different fuels, moderator, fuel to moderator ratios, size, and shapes of the

reactor. Its most important use is in indicating trends in certain changes of mod.
etc.
_ Yp35%£(235) _ _of
T (235)+1_(238) Y oa )
rtaF _ Zam Vm
f= SF=2=—=F+E
rat ZaF VF I
- T Xe_ 1Xyu,l xye ., -2
Fix) = 13 GF- o) ygl)® = x = /LF
b/ o
_ o142%r 2 zy 3.y q.2z="1M
E(y,z) = T"‘g [?—_72171(),) -7 + 47_2] Y
y ="M - .
NFVFI -
P = exp - [3737—17‘] I =A+C/Yap
m“sm’'m
B? = (%)zsphere -
Vv o o
F
e= 1+ .3 () P, = 1 2 — (M2
Vm L T_'*—B—TTI-. B 3(R) cube N

This program works best tor low enrichment fuel, -
The accuracy is only to be taken

as an estimate. But the trends are good. Note:
S-6 register to change this you must change [P<«»S] [STO 6] [P«>S]

Operating Limits and Warnings
(-7%-5)% this is much 1ike a power reactor.

Radius of reactor is stored in

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _J
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New data cards can be made for U235 Pu299 fuels & H,0, C, on D,0
moderators. The information needed on these cards 5an be founa

in John R. Lamarsh, Introduction to Nuclear Engineering.

P-0 = p - Density of Fuel

P-1 = MW - Molecular weight of fuel

P-2 = Atom density of fuel

P-3 = zaF - Microscopic cross section of fuel (abs.)(cm-1)
P-4 = Microscopic cross section of mod. (abs.) (cm-1)

P-5 = Const A
P-6 = Const C
P-7 = Im Ism

P-8 = Microscopic fission cross section of fuel (in barns)
P-9 = # of nuetrons emitted per fission

S-8 = Diffusion length of moderator (cm)

S-9 = Diffusion length of fuel (cm)

A = Enrichment % of fissile fuel

= Microscopic abs - cross section of fissile fuel (in barns)
= Microscopic abs cross section of U238 (in barns)

Radius of fuel pin (cm)

m O O w
"

= Radius of fuel

A11 these must be set for different fuel + moderators this is why it is
best to record this on a card.



Values for Diff. Fuel + Moderators

235

239

u Pu HZO DZO C
P 19.1 21.45
MW 238 239
NF .04833; .04938
raF
zam .0222 | 2.9x10° .0002728
A 3.0 3.0
C 38 38
Imzsm 1.46 .178 .0608
of 580 742.5
Y 2.6 2.98
Lm 2.85 170 59
LF 1.55 2.0
catiss 680 1011.3
|

ca238 2.7 i 2.7

49
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Program Deseription 11

: )
Sketch(es) Q Q
H L v - : ;
Nuclear Fuel
Lattice /
. ; I
O
S <:::> <:::> ,<:::> Moderator
\_ i _J
-

Sample Problem(s) What are the parameters of the reactor and is it critical if it is

natural Uranium filled graphite moderated with a fuel pin radjus of 1.02 cm and a
fuel cell radius of 25.4 cm. The reactor is a sphere of radius 5 meters.

n=1.33 = # of neutrons produced per neutron abs in fuel
f= .811 = # of neutrons abs in fuel per neutron abs

o= .98 = probability a neutron 1is not abs, in 238 uranium
e = 1.0002 = fast fissfon factor (from U238 fission)

PL= .879 = non leakage probability

k = .936 = neutrons in generation n

neutrons in generation n-1

k<l so reactor is subcritical

Solution(s)  Keystrokes assuming data has been stored.

A mmmmmmee - > 1.33

B —emmmmm e > .811

C ———mmmmmmmmem - > .98
Tt ettt > 1.0002

SFel » B —mmmmmmmmeee e > .879
fE -=-=-mmmmmmmem - > .936

7
Reference(s) €€ Introduction to Nuclear Engineering,

John R. Lamarsh, Volume 1 pag 188, 198, 203, 202, 204, 227, 229-235, Addison-
Wesley Publishing Co., 1975.




User Instruetions
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INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1. | Load side 1 and side 2 0]
2. ] Load data card I
3.| Optional: Sto fuel enrichment 9fiss fuell [.STOJ[A |
4. | Optional: Sto fuel pin radius a/cm [;iﬂ; [D |
.| Optional: Sto fuel cell radius b/cm | stoll D |
6. | Optional: Sto radius of reactor R/cm | | [STO 6]
| |[Pes]
7. | Optional: Clear flag 1 for cube reactor hl CE_][ 1 1|
8. | Optional: Set flag 1 for sphere reactor hlsell1 |
9. | Calculate n { Il A | n
10. | Calculate f [ B,,I f
1 Calculate p { - H C ,] o)
12. | Calculate ¢ | J[D | €
13. | Optional: Calculate Keo | flle | Koo
14. | Caliculate P | Il E | PL
15. | Calcualte K | flle | K
16. | For new fuel or moderator go to 2 | | |
17. | For same fuel and moderator go to 3 | ']
I
.
NOTE: Step 6 [P—S] [STO 6] [P<S] I N .
I
L]
18. | Optional: Recall n |[P<>S| [RCL1Q n
19. | Optional: Recall f [P«-S| RCL1 f
20. | Optional: Recall p [P—s] RCL 2] P
21.| Optional: Recall e [P++5]PCE3] €
22. | Optional: Recall Py [p«s] kel 4 P
23.| Optional: Recall K P<S| RCL 5] K

(

I
I A
I
I
.
I
o
I
.
[




Program Listing |
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
881 *LBLA 21 11 as57 & bé
88z 1 81 858 > 31
883 é ae asse 4 a4
864 é a6 ase & 8s
885 RCLA 36 1 861 175 8
aeé - -43 862 X =33
887 RCLnA 36 1i 863 RCLI 36 46
aae * -24 Calculates 1 864 4 84
889 RCLC 36 13 @65 ¥* 31
aie X -35 865 1 ai
811 RCLE 36 1 867 z az
a1z + -5 a6t 15X ac
813 RCL 3o 88 869 X -33
814 RCLS 36 85 78 CHS =22
815 X -33 871 + -33
816 HY -4 872  RCLI 36 46
a7 2 =24 73 xe a3
aig S 16-51 874 . -6Z
a13  sT0e 35 86 875 N1 85
gz2e  ST0S 35 85 ere x -33
821 P& 16-31 arv7 + -33
82z RTN 24 are 1 a1
23 &LBLEB el 1z 879 + -35
824 RCLE 36 86 @ge RCLE 36 15
25 RCLI 36 61 881 ac 53
826 = -24 882 STOI 35 46
827 . -6Z 883 RCLD 36 14
828 6 a6 Calculates f 884 Xz 53
829 é 86 885 - -45
83e Z a8z 88¢ RCLI 36 46
831 3 83 887 = -24
a3z X -35 ase X -39
833 s102 35 &z age P&S 16-51
834 RCLA 36 11 898 RCL4 36 84
835 =4 35 8s1 RCL3 36 83
B36 RCLB 36 12 asz < -24
a3z x -35 a93 X -33
838 1 a1 894 P:s 16-51
839 a aa @95 ST01 35 81
848 8 88 896 RCLE Je 15
841 RCLA 3o il 897 RCLE 36 @b
842 - -43 assg = -24
843 RCLZ 36 87 899 ST0I 33 46
844 Ay -4 188 RCLD 36 14
845 % 55 181 RCLE 36 86
846 RCLC 36 I3 182 z -24
847 x -35 103 = -24
848 + -35 184 LN 3c
849  ST03 35 63 185 RCLI 36 46
858 o8 16-51 186 e 23
851 RCLD 36 14 187 RCLD 36 14
A52 RCLS 35 89 188 RCLE 36 88
853 : -24 189 = -24
854 2 8z 118 ye 33
8ss = -24 111 - -48
856  STOI 35 46 REGIS 112 RCLI 36 46
1 2 4 5 6
° MW fuel | N fuel | zaf zam ¢ [EsmZsm of25 Y
S 4 S5 S . S7 S8 S9
S0 o St ¢ 2, 8 ¢ S PL K GRad}g%) Ly
. .. Co. ) D E I
enrich % Oa fiss.fuell “a nonfiss fuel a (cm) b(cm) used
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53
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 X2 53 1 169 e* 33
114 %2Y -41 | 178 P25 16-51
115 z -24 171 ST02 35 8z
116 P -35 172 STx5 35-35 85
117 ; -62 173 25 16-51 - 0
118 7 87 174 RIN 24 End of
113 5 8s 175 «LBLD 21 14
128 - -45 176  RCLD 36 14
121 RCLD 36 14 177 X2 53
122 RCLE 36 @85 178 STOI 35 46
123 z -24 179 RCLE 36 15
124 4 84 188 Xe 53 Calculates
125 z -24 181  RCLI 36 46 e
126  RCLI 36 46 182 - -45
27 z -24 183 z -24
128 RCLI 36 46 184 ] -6Z
128 z -24 185 1 81
138 + -55 186 x -35
131 RCLI 36 46 187 1 a1
132 Xz 53 188 + -55
133 x -35 189 2 16-51
134 2 8z 198 ST03 35 83
135 z -24 191  STx5 35-35 65
136 1 &1 192 P2S 16-51
137 + -55 193 RTN 24
138 RCL! 35 a1 194 LBLE 21 15
139 + -55 195  P2S 16-51
148 1% 52 196 Pi 16-24 Calculates
141 sTOM 35 a1 End of f 197 RCLé 36 86
142  5Tx5 35-35 85 198 z -24 p
143 P28 16-51 199 X2 53 L
144 RIN 24 288 F1? 16 23 81
145 xLBLC 21 13 281 €T0! 22 81
146 RCLE 36 6@ 282 3 83
147 RCLD 36 14 203 X -35
148 x -35 284 xLBLI Z1 8i
149 ' 54 _ 285 STOI 35 46
156 RCLE 36 86 Calculates 206 RCL8 36 85
151 rad -41 e 287 6589 23 89
152 z -24 288 ST04 35 84
153 RCLS 36 85 289 STxS 35-35 685
154 + -55 218 25 16-51
155 RCLD 36 14 211 RIN 24
156 Xz 53 212 #LBL9 21 89
157 X -35 213 Xz 53
158  RCL2 36 8z 214 X -35
159 x -35 215 1 81
168 RCL7 36 87 216 + -55
161 z -24 217 17X 52
162 RCLE 36 15 218  RIN 24
1863 Xz 53 219 xLBlLe 21 16 15
164 RCLD 36 14 226 25 16-51 Recall K
165 X2 53 221 RCLS 36 85
166 - -45 222 P38 16-51
167 z -24 §23 RTN . 24 :
168 CHS -eé LABELS FLAGS SET STATUS
n ® f c ° € Py 0 FLAGS TRIG DISP
b [ d 1 ON OFF
o O &K DEG FIX K
1 B 2 3 2 1 KX GRAD O scl O
= - 5 5 3 2 0 x| RAD O | ENG O
L 3 K 0O n
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Program Description |

a2 D

Program Title Semi-Empirical Nuclear mass Formula

Contributor's Name Dan Shapira

Address Physics Division, Oak Ridge National Laboratory,

_ “Bldg.5500—X=10 — ~~ -
city Oak Ridge . , ) State Tennessee Zip Code 37830..
\_

Ve ) . - )
Program Description, Equations, Variables A Semi Empirical formula is used to calculate

approximate binding energies and mass excess for any nucleus with a given
nuclear charge -Z and number of neutrons -N.

Definitions: Binding energy (B.E.)=Z * Mp + N * M - M(Z,N)
M = proton mass(energy) in MeV, Mn= neutron mass in MeV
o M(N,Z) = mass of nucleus having Z protons and N neutrons. _ _
Mass Excess = M(Z,N) - A * amu
A=2Z+N, lamu =M(6,6)/12 --- 1/12 mass of -%C

Weizsacker's Semi-Empirical mass formula contains seven terms

= * *
M(Z,N) Z Mp + N Mn + EV + Es + Ec + Es + Epai‘r‘
E =-al*A, E =a2*AY3, E =a3* z2alf3
v s c
2 3/4 .
= * (7- = -
ES a4 * (Z-N)°/A Epair + or - 34/A depending on

whether Z and N are both odd
or both even.

E .= 0 for odd A nuclei S
pair

Operating Limits and Warnings  1he semiempirical formula has been derived from measured
masses and binding energies and is expected to work for nuclei reasonably close
to the valley of stability. Usually N# Z especially for heavier nuclei.

( = ’ e ——

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHAMTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

J
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P «»gl am l)(\s(*npllon |

Sketch(es)

\ . . R - . ,,y R “‘J

Sample Problem(s) Which one of the mass-25 isobars (Nuclei with same number of . _. __ _ _
protons+neutrons) 1is stable.

A=25 isobars are nuclei that can have N(#of neutroms) = 10, 11, 12, 13, 14 etc.
and at the same time Z(#of protons)

The most stable Isobar will be the one that is most strongly bound

nucleus.
The experimental observation is that the only stable Isobar of A=25 is the
element Mg (Magnesium) which has 2Z=12 and N=13

One can make use of the semiempirical mass formula in predicting this result

For each Z and N in this group we shall calculate the binding energies
(all the binding energies will be negative numbers) the largest number (in this
case the most negative one) will belong to the most stable Isobar.

SOLUTION(S) KEYSROKES DISPLAY COMMENTS
10, A 10 enter Z of Isobar ]
) 15, B 25 N of Isobar(mass displ.]
C -180.69 Display Binding energy
11, A 26 new Z entered
14, B 25 new N entered -
o -193.53 Display binding energy
12, A, 13, B 25 enter new Z and N
C -196.88 Display new binding energh
13, A, 12, B 25 New Z, N o
C -190.75 Display new binding energ}
14, A, 11, B 25 New Z, N
C -175.14 New binding energy

From the results displayed - the Z=12, N=13 combination has the highest value

\of hinding energy — — —

15, 14, 13 12, 11 respectively

<

<

- — . . — o

Reference(s)

De Shalit and Feshbach Theoretical Nuclear Physics




56 U N e lng' ® 0'. \
ser Instruetions
Semi Empirical Nuclear Mass Formula
-~ Esurf = E'coul *Esymm
-+ B.E -+ Mass
STEP INSTRUCTIONS DA-';':S,I,TS KEYS ofrlf/ﬁﬁﬂs
1 Load Program (sides 1 and 2) r__] L___]
2a Enter Number of protons in Nucleus Z If:_ E;_gjj ﬁ_‘(fEiN)_
2b | Enter Number of Neutrons in Nucleus N | [B___,_,l A (=Z+4N)
From here on functions may he called on in ady L—:::J L:f;]
r\rdnr [""l'—,:] E::_]
[ —
Get Binding Energy of nucleus (N,Z) [ 7Aj LCM J B.E.
" " " per nucleon [::l [r‘é§| B.E./ A
Get the Mass of nucleus (Z,N) = Total energy L_,_A_J Lj;)j‘-f_—] M(Z N)
" " " per nucleon [_ ,__‘ [_I'. ,§J M(Z’N)/A
Get the mass excess of nucleus (Z,N) f ,,,,, ] [E_t] M.E.
"t " per nucleon |  Jlx/s] M.E./ A
Get the Volume energy term [ f_| [al E
" " " " per nucleon [‘“"’J [r@ E:;/ A
Get Surface energy term [f] [_b_J E_
m " ™ per nucleon [ ] [‘f/§"l E/ A
Get Coulomb (charge) energy term [ {:f_l L_::;:l E
" " " per nucleon [ B L];__sAl ES/ A
Get Symmetry (N vs Z) energy term LJLJ [d*_] E
) ) " " per nucleon [ (x/s] |E /A
Get Pairing energy term Lf Ile ] E_
m v n per nucleon [ T )[*7s] EY/ A
i e— P
[::_“‘J [:;J
Note! the program is loaded with flags 0 and 1 on [__‘] I___J
When the first wvalue of Z or N is entdred flag (_—_‘J L]
0-1die recet and program constants—are Jsaded [__j [_k]
T L 1]
tiag O Tow rematns offtt.Hence atiways [!55- [’5—1
remember to reset flag 0 before recording R lliw:i l:*‘l
program on card. |:7_] [:::‘]
N —
[;_7_.7 !J L::J
L_ _J [:;A;‘l
L_*:"*] I;; J
[ . ‘«I [ — I
-
I" :LI [ fi'f'fJ
1




STEP

KEY ENTRY

KEY CODE

67 Program Listing 1

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

57

001 LBL A 31 25 41 | + 6/
SsTo0d 23 ¢y RCL @ 34 o0
RCL 2 34 g2 ° &3
(8L ® [2) g5 o0 060 7 07
+ 61 5 05
S70 @ A3 de Yy 35 43
CF4 35 61 ©O1 = 31
F?0 3571 00 GSB 2, 3) 22 02
[dY-X 3122 9% SF4 35 &1 O/
010 RTN 35 22 RTN s 22
LBL A A1 25 I LBL 2 3 25 02
S70 2 33 g2 RCiL(2) 34 24
Ree 1 3y ol »* */
GTo P 22 00 070 RCI 35 3%
/8L 4 21 25 ol g 09
F 2?24 35 71 &1 + A
R‘fi - 282 ST],{L 955 gz
[ ) S )
S7I 35 23 ST0 (%) 33 Pk
020 RCL @ 24 D@ RCT 35 34
GSRP |2 22 02 Fd 08
RCL 4 34 P - 51
GSR 2 3] 22 @2 SZ‘I 3§ 33
RCL 2. 34 @2 080 RTN 35 22
GSA2 |2 22 P2 L ad |32 25 n’
ReL @ 24 ¢¢ Gsr 4 |31 22 ©
GSR 2 |21 22 ¢z RCL A 34 U
030 " 35 62 GSR4 |31 22 el
yx 35 63 RCcLA 34 2
X% 32 54 G0 # 22 OF
GSR2 |31 22 ¢ LBL L [32 25 1
RCL A Sh Of 090 6SR4 31 22 @l
< 3z 54 RcLC EVIEES
Qc)f. ['4] 24 OP 670 F 22 of
3 @3 LBRL d 32 25 1%
1/ % 25 b2 GSBR4 31 22 6/
y* 35 63 RCLD 24 14
040 = 8i G700 ZZ‘ o¥
e e
RCL 2 3k 02 RCL E 24 I5
— EXY] 100 GTOF 22 @F
X Z 32 54 e C |2 2513
RCL P 24 g? %BL 21 22 gll
6&21 31 22 Q2 5‘%‘1 == ga
4
050 CHC lyozi &S 4 31 22 04
. s 1
/VJ 2 5}3 esSad |31 22 ol
CHS 42 110 4 o4
L STy
25 €2
'v = REGISTERS 5
4] A 1 Z 2 N 3 4 5 6 7 B—G.m-u. ”0,)
S St S2 S3 S4 S5 S6 S7 S8 * S9 H
’ M(M) -y a, CL3 O,q - Qs ZIN, N m
c D E - .
YE, °Eq E. Esym £pan |
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67Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
GsSR% 31 22 04 G 9¢&
G707 22 OF 170 GSR K 31 22 08
LRLE |3125 18 4 0/
GSAd |31 22 &4 Y 05
{ o4 . 43
[ YA [ 06
T Z 25 33 g o0&
120 GSR 4 |21 22 04 CHS 47
LaL F |31 25 O0F GSRR 31 22 o
R/S R 54 4 o/
RCL P >4 @ 8 [7)
R 8’ 180 e 3
R7TN 35 22 5 o5~
LBL 4 |81 25 04 A 06
P 00 GSRY Al 22 04
S706 33006 .« 32
LBRL S |31 25 085 ¥ [oF
130 IS Z 31 34 ] o4
RCZ 25 2% F OF
F=3 g2 GSRK 3 22 08
5 [ 2 0z
- 51 190 q 0d
X= a 3' 5' ° aa
G70 ¢ 22 @ 4 04
RCL(z) 3% 24 GSRY 3122 oy
ST0+0 [33 61 @06 VI o4
G70 X 22 @S 4 o
140 LRLG |21 25 @b CHS 42
RCL 6 34 0606 G<R 31220
RTN 35 22 CF 35 6! o9
(BL9 |21 25 @9 RCL @ 34 ¢¢
£ 07 200 R7TN 35 22
T I 3523 LALP 31 25 of
g 083 IS7Z EYEEY
3 0> <76G) 33 24
[ o4 RTN _ 35 22
L 83
150 5 a5
Q Qo
4 o4
CHS H42
GSR Y [>1 220X 210
q 09
3 03
g 03
. X3
£ 0F
160 3 Dj
2 02
GSA R 31 22 Of
q (]
) 03 220
9 03
- 82
5 05
£ O+
_ LABELS FLAGS SET STATUS
5 aézk N [PB. OM(ZN) [F M. Exess® ™\ FLAGS TRIG DISP
a b c g d . 1 FF
~Ey - —~Ec — Egym |\ *Epan ™~ 0 QISODF DEG O | FIX O
0 ~ T~ 2 3N 4 2 1T RO GRAD O sCcl ™
a— —— > 5 5 3 2 0 0O RAD O ENG O
~ ~ ~ 3 0 0 n
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Program Desecription 1

(" )
Program Title Clebsch-Gordon Coefficients and 3j Symbols Evaluation =

Contributors Name G. Richard Scott

Address 110 Donelsonwood Drive S
City Nashville state Tennessee Zip Code 37214
Q y,
-

Program Description, Equations, Variables This program will evaluate all valid
Clebsch-Gorden Coefficients and/or "3j" symbols coupling two states
of angular momentum which are small enough so that the capacity ef
the calculator's factorial function is not exceeded. The fundamental
formula used by the program is the Racah Formula;

/o

T 40, tM N
(‘}' o J = (-0 o@D /(J", m)! (G- m)! (e m)) G- m)! (Tem)! (T-m)!
m\

m, -M , R
N x%(-:)*ﬁ'. (J-)',_)rt e ) (3544w (i T- O]

3, SymseL -1 -

X (‘5;_{:- m,l)l (J,;' -(--i mz>l’] _
with o, 7)= [Grir1) -5 (T+J,-J,)3%(J,+JLJ+I>.'

svgiecT 70 THE pEsTRANTS @O i -a,] €T = 15,44, L
@ m,'f'"a"

i /——;71 ‘d, 414_
THE (CLEBSCH- Goebert Cc‘t‘FFJCIENT) <d;d;”")’”;1 M> ,y.a. M, -

Operating Limits and Warnings 1f any one term in the Racah formula is greater _
than 69, an error message will result (or else the calculater will

display all 9's in the x-register). If illegitimate values are

entered for jj., Jj,» and J or for my, m,, and M, spurious resulis
(ie, non-zero) may be obtained or the the calculator may get caught
in a "loop" which will not terminate until the "t" value in the

\ Racah formula exceeds 69, )

( )

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\ J
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Program Deseription 11

Sketch(es)

\

J
Sample Problem(s) O svpposE -‘:5 GC.G. COEFFICIENT <J,J8M.M;JJ’M>
'S MeeDED WiTH J\:Z)J2=2)1T=%_;m,:;’_)mlzu)M=';_,

N[)Té: FOR SoLly 7/0MS . J’, u tbv:l%cj” Ay p/ass,',\_g "/]”

P

£
.o rc
m, v " " .y
m, r " " 7 [5_7

/M s keyed v As =M and
is ‘entered " by pressing £

_ i d, T

Q@ IF THE 34 Sy mol (

m,  m, =M wes dcs.‘rci) IT IS sToREDP
IN REGISTER €,

Solution(s) @

.5 CAT 2087 2.50c] 5[] o8] =5[]
CGM/)/ﬁ-/CS' eﬂ/r/ 0! At

A7

Star 4s progjram —> 2,93770022] -0/

(DiMENSDONLEs_s>

Cb]

© [rel]red —> 1195228610 -0 |

( DIN\EN‘siONLGSS)

re

Reference(s) /2/)555 //4/‘/) /4[/55/(—/’) @UAA/TUM /WEC///}/I//CS

VOLOME ZL , pp 1059-1058, NORTH-Hote AN/

PuBLisninég co. (Amstepenam ) AND JTOHN WILE)Y
450/\15 (New Yor k>) )95°8.

(trawslated Loom He Daench <ditiow )
\




User Instruetions 61

C. G. Coefficients and 3j Symbols

B = c=J RCL E 2
2 START - 3] ’

D = m2 c

INSTRUCTIONS DATAUNITS KEYS DATAUNITS

Load side 1 and side 2 (1]

Load jyoJpedemy oMy, =Ms* LI
imput Jy i1 LA J[ | 3
imput j, J2 (B Il ] o
imput J J [C [ ] J
imput mq my [ £ 1] A ] my
imput m, m2 [ £ [ B ] ™2
imput-M ## -M [ £ ][ C | -M
3 Compute and output C.G. coefficient [D | | C.G.

4 | Optional: Output 3j symbol's value [RCL|| E | 3j valug

| 5 | For a new case, go to step 2 L0

I .

##When data is entered as above, the (I

Clebsch-Gordon coefficient computed [ 10 )

ts <iy jpayn, (N> , while the 3] .

symbol which 1s computed is 0]

J, J, T\ L]

m, m_—M/ I

7 .

# If an error is made while entering (11 ]

data, it is suggested that step 2 (.

be begun again. [0 ]

L]

[ 1]

[ 1]

-

-~

L1 ]

[

(10 ]

[ 10 ]

[ L ]

[ 1L ]

[ 1]

(. .

(1L ]

[ 10 ]

]

I ]




Program Listing |

62
981 wLELL . COMMENTS STEP GSKEY ENTRY KEY CODE COMMENTS
\LELH 2l = &7 I c
3 'w L 22 e _EARS { : 34
gg; ng ;: 53 CecieTERS 858 STO4 35 84 STCRES
- - - ) g H '
804 CLRG 1653 AnD STULES oA 6! T
8as  STO! 35 6l K . LU
Py, : ¢ #el  STOI 35 46 M _
[ RTHN 24 ] 862  RCLI Y COMPUTES
867 xLBLE 21 IZ ——_ | pee R e
@e8  ST0Z 35 6: STORES A, bey b % B
889  RTN 24 ! ags T - e
NN - - - H 16 52 K
gi? *é%; gé 13 sT0RES U 866 RCLI 36 ai ;\
biz P 1651 A A B
7 RTA o4 - -45 -
813 RTN 24 863 N! 16 52 Z
814 ¥LBla 21 16 1 678 x -35 ~
gig s;% 35 g; SToRES M, 871 ST05 35 @5 & -
817 XLBLb Z1 16 12 ors gl el e 3
@1s stz 35 6z STOCES My 3 RCLZ 36 62 ~
o1e 7z o 874 RCLi 36 45 T~
- :,' - r\
828 xlBlc 21 16 13 STORES - 975 +. - 5'? <.
@21 ST03 35 63 M e vooKx E
o2 pes 1,_59 @77  RCLZ 36 62 =
2 ke e-5i 878 RCLi 36 45 <
< L, - o7 - 45 —
o4 wbD o BECINS 8@  N! 16 52 ~
; 5 RCII.I_ 36 ai COMPUTATIONS e8! X -35 &~ -
I 5 o - ~
egg ggrg 3 gi | 882 STXS 35-35 @5 '
27 RCL3 36 63 AT 883 ISZI 16 26 46 =
029+ _5a i 884 RCL3 36 63 —
A IS CompUTE D 885 RCLi 36 45 -
- : 4 886 + '55
831 5704 33 84 IN sTEPS 887 N? = /L\
832 RCL2 36 6: : P18 3!
833 RCL3 36 63 25-57 ggs  RCLz 36 &3 =
834  RCLI 35 81 35{; ReL Jb :2 ~
5 - -45 y e -
ggs + _;é 891  N! 16 5z n
837 N! 16 52 Y 2 &
838 STxd 35-35 4 ey b =
839 RCLI 36 &3 ool Needt
848 RCLI 36 81 996 we % ~
941  RCLZ 26 8: % STO5 385 :
442 . 45 897 RCL1 36 41 Ccom 'Pu TES
ez el @98 RCLZ 36 82 LM
e G2 99 RCLi 36 45 it
845 STx4 35-35 @4 ig? ! jg *
846 1 a1 182 1 ai
847 RCL! 36 81 183 CHS 2
848 RCL2 36 8z 184 2y ]
849 RCL3 36 63 MG LR
g5e  + _ss 185 it ]
P % 186 ST06 35 @6
oo 5 167 RCL4 35 @4 MUCTIPIES
po S 188 RCLS 36 @5 Compuien $4.
603 e L6 189 RCLE 36 @6 Rocts TeeETHEE,
@55 vy 41 118 X =35 MULTIPLIES BY
asé : 24 111 X -35 1yt I
< - - g - b} TCRES
—— 112 sToD 3514
0 1 2 3 4 5 6 7 8 9
UseD | Used | vsed | vseD | UseD | Usep | Psep| UsepPp| VsSED
SO St S2 S3 S4 S5 S6 S7 S8 S9
VS ED USEPD | USED
A B C D E I
VSED Vsepd Vsed vsep 3J VALpE rsen




g7 Program Listing 11

STEP KEY ENTEY KEY CODE COMMENTS STEP KEY EMmMTDV ¥YEV ~NNE COMMENTS 03
113 Ci¥ -5] 169 + -55
114 SF8 16 21 86 - VT 178 RCLI 36 46
115 ST0I 35 46 ComprTES 71 - -45
116 3G 16-51 , A 172 x<@7? 16-45
117 RCL! 36 81 SUMMATIO 173 gT03 22 83
118 STOR 35 11 pY 174 N! 16 52
119 RCL2 36 82 RAcAH 175 sT08 35 88
128 STOB 35 i 176 CFB 16 22 86
121 RCL3 36 83 FORM U LI 177 RCL4 36 84
22 SsTOC 35 i3 178 RCLS 36 85
123 P2S 16-51 (ste pS 179 RCL6 36 86
124 ¥LBL2 21 @z 188 X -35
125 RCL3 35 83 13- 19 8> 181 x -35
126 RCLI 36 46 182 RCL7 36 87
127 RCL& 36 11 182 RCL8 Je 88
128 + -55 164 X -39
28 + -55 185 X -3
138 RCLZ 36 8z 186  RCLI 36 46
131 - -45 187 NI 16 52
132 x<@7 16-45 188 x -35
133 €703 22 83 189 14X 2
134 NE 16 52 198 1 a1
135 ST04 35 84 191 CHS -2z
136 RCL3 36 83 192  RCLI 36 46
137 RCLI 36 46 192 T 31
138 + 55 194 x -35
139 RCL! 36 @i 195 ST+9 35-55 8§
148 RCLB 36 17 196 ISZI 16 26 46
141 + -55 197 6702 22 82
142 - -45 198 6702 2 82
143 5<@? 16-45 199 #LBL3 21 83 CHECKS To
144 €T03 22 63 208 1SZ1 16 26 46 see i = fasked,
145 NI 16 5z 281 F@° 16 23 0@
146 ST0S 35 85 282 6702 22 82 IF 50, compyies
147  RCL1 36 61 283 RCL9 36 89 35 VALVE,
148 RCLZ 35 8z 284 RCLD 36 14 sTCeES 1NV
149 + -55 285 X -35 _
158 RCL3 36 63 286  STOE 35 15 Recis1e@ £
15! RCLI 36 46 267 1 a1
152 4 _s5 288 CHS -22 CompuTES
153 - -45 289 RCL1 36 81
154 %¢@° 16-45 218 RCLC 36 13 CLEBSCH-
155 €103 22 83 [ 21 - -45
156 N! 16 52 ' 212 RCL? 36 82 Goepor/
157  ST0é 35 86 213 - -45 CUEFFICIENT
158 RCL1 36 81 [ 214 Yx 31
159 RCLI 36 46 [ 215 RCL3 36 83
168  RCLA 36 11 216 2 ez
161 + -55 217 x -35
162 - -45 218 1 81
163 X<@8°  16-45 [ 219+ -55
164 G103 22 83 L 220 Ix 54
165 Nt 16 5z I 221 X -35
166  STO7 35 87 222 RCLE 36 15
167 RCL2 36 8z L «gﬁ R-;'N -35
. 36 2 24
168 RCLB 36 12 —5ES e RTH T
A ¢ B \ C = D ] E 0
_J, . Jo J d—" C. & FLAGS TRIG DISP
i € 1 ON OFF
m, 1 M5 _ M 3 _ o ® O DEG ® FIX O
CacL C cALC 2 10 ® GRAD O scl &
G 7 5 3 3 2 0 8| RAD O | ENG O
3 0O n
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Program Desecription |

( )
Program Title 32-P REMAINING o MM.DDYYYY GIVEN MC! o~
EARLIER MM.DDYYYY

Contributor's Name G ARY G. AermAan

Address 3307 Noarn Brook DRI\E )

City M)d>DLETON state MWISCOAISIN  ZipCode $ 35 6 2
N\ Y,
( )

Program Description, Equations, Variables
. JVenn DAy NIMBER IS CALCVILATED As DESCRIKRED
IN THE HP-b7 STAVDARD PAC  PAGE ©Y-0l;
THE NUMBER OF DAyS BETWEEN DAarc | A2 DATE 2
IS ALS0 CALCULATED AS DESCRIBED IV 7HE HP-632
S7TAnDARD PaC . B
2. RadrgcTIVE DECAY : Qm'ru/ mCi)(Pof) e m Ci ow
DATE 2 , WHGRE n= 14.3 /Ab/}ys = THE AVNUMmRBER
OL Mack-Lives or 32P ey MHAVE OCCVRRED .
3. SvBrovrwe D Yigeps: mCiowdaTe 2 .
(MCi wbats 2)(2:2 x1070PM) = DPM on 247 Z;
4wy (0.3)(DPM) T cPMew dp7s 2 | S
Eﬁssumes 30 <ovwT.ma EFFICIENCY ANO MO ouedcwdsl
4. SuBRovPNE f C  yigess: |
(0.5)"(com ew DATE Y= Cpm oN DATE 2; Awd
[Lz.zx:o’bﬁm /mC:)/LCPm/-z)]-"-' m C, ow DATE 2

Operating Limits and Warnings FPROGAAM EqiS I1F DATE | = DATE 2 oRr
IF DAT& | S More RECENT THAN DATE 2. .

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Desecription 11

(Swetchess

P 4 — . .

| I H i i + ; . . . . - i e . . . i i + - ——
Al i - i

— - - - ——— ——— "

— —y ——n — —— »——-4‘

| ! I ! i

L SR S S | ; I S N | SRS S I S S, i i i 1] . . s L4 1

( ’\
Sample Problem(s) ) How Many DPM (am CPM) REMAWN 0F A O0./35 mC,

“’P SAamPLE 7 G/VEN: DATE OF SpEciFic Zﬁb/cur/ngI?A-T;n/a
A5 FEB 2,1972 3, Amvd TodAY's DATE RPAR 2T, 1937.

2. How mawy cpm (awd mC,) Reman oF 4

" o
3.2 x0% cPm sampie o " P s memsuned By cHeEreEnxoV

RAVIATION N AVeusT N, 1926 7

Solution(s) L 2.021927 A CD'-”MY" 244 3:32) “4.22/192 28

Cospay: 24432S6.) C  (Duspeay. RY., THE NVMEER oF DAys BETWEEN

FEB# avd AP 22) 0.135 D (Dissiay: ¥F.2220 x:o‘) 2-4964 x0% -

_THE DPM _AND THE CPM Rempwsa6 ) o

2. 2111976 A (2¥43002.) H.221927? B (299325¢.)
C (2549. = ppays) B2 exl F ¢ (pwswens: 4.,
2.k %102 - 14 <Pm pempwivs | 2.0¥X10°T mC) REmpInINE )

s ~

Reference(s) CALENDAR [UnCcTiON S, PAGCE oY=0) iv HP-67 _
STANDAND PAC , AnDd CHASE G.p, ¥ J L RABwowlTz
PrumciPL€s oF Rpb)0i1soTorE MIETRI00106 Y, SuRGEEsS, R
Mivwenpous, My (1262). I




" User Instruetions
et
STEP INSTRUCTIONS DA'T':SS,LTS KEYS Dlei\T/lF;:;rTS
L | topd s10& | Anp SIDE 2 - ] _
.| ivevr 2aTE) A4S MM.DDYYYY oaret | | 1Al |F¥ ‘5’:#
3| /wvpuT DATE2 A4S mMM.DIYYYY oare2| |1l B [pav’s
4. Carcuiate # or days deTmein — I
DATE ! Anvd DATE 2 — | Ile ] | a»ays
5 |(ro iwevr cPm Go To STEP 6) I
INPUT mC/ o 32P 4as or DATE ] mC, ’ 2 | DPM
[ c PM
6. | iwPYT CPm on DATE / cPmM | £ ][ e] cpm
[ L] mC.
L]
l [
I
l I
I
I
I
[ 10
[
[0
(I
I
I
(I
[0
[ 10 ]
[T ]
L]
[0 ]
[ 10 ]
[ 10 ]
[
10 ]
L]
[ 10 ]
10 ]
I
]
R




6 Program Listing I

67
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oot fLBLA [3) 251 53 STO 3 33 3 cAaLe
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several different types of software to help save you time and programming effort. Every one of
our software solutions has been carefully selected to effectively increase your problem-solving poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of “Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation
Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner
Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
Industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA Forestry



PHYSICS

These programs are drawn from a large range of disciplines within physics.
The three major areas are nuclear physics, quantum physics and relativity
theory.

BLACK BODY THERMAL RADIATION

BLACK HOLE CHARACTERISTICS

SPECIAL RELATIVITY CONVERSIONS

THREE DIMENSIONAL SPECIAL RELATIVITY

EINSTEIN'S TWIN PARADOX

DELTA-V—ORBIT SIMULATOR

EQUATIONS OF PARTICLE MOTION

BALLISTICS TRAJECTORY COMPUTATIONS

ISOTOPE OVERLAP CORRECTIONS

CRITICAL REACTOR CODE

SEMI-EMPIRICAL NUCLEAR MASS FORMULA

CLEBSCH-GORDON COEFFICIENTS AND 3j SYMBOLS EVALUATION
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