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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 1l 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.




TABLE CF COMTENTS

BLACK BODY THERMAL RADIATION . . . . . |
Calculates the wavelength of maximum emissive power for a’ g1ven

temperature.

BLACK HOLE CHARACTERISTICS . v, 9
Computes temperature, Schwarzchild rad1us, and Tifetime of a black '

hole.

SPECIAL RELATIVITY CONVERSIONS . . N
Provides relativistic conversions between rest mass, ve]oc1ty,

energy, and momentum.

THREE DIMENSIONAL SPECIAL RELATIVITY. . . v 17
Computes intervals, dilation factors, and Lorentz transformations.

EINSTEIN'S TWIN PARADOX ., . , v 22
Calculate real and relative time and age "differential based on the

Lorentz transform.

DELTA-V--0ORBIT SIMULATOR . . v 27
Computes orbit parameters from initial’ pos1t1on ‘and ve10c1ty data.

EQUATIONS OF PARTICLE MQOTION . . 32
Compute two unknown values based on the known values of the 'variables'

distance, time, V-final, V-initial, and acceleration.

BALLISTICS TRAJECTORY COMPUTATIONS . v . 37
Computes range, velocity, energy, time of f11ght r1se, and drop "of

a bullet.

ISOTOPE OVERLAP CORRECTIONS . . . ... B8
Corrects for spillover between channels in a 11qu1d scintillation

spectrometer.

CRITICAL REACTOR CODE . .+ . e e e e e 22
Estimates the parameters of a reactor

SEMI-EMPIRICAL NUCLEAR MASS FORMULA . . . v v . . 59
Calculates approximate binding energies and mass excess for any

nucleus.

CLEBSCH-GORDON COEFFICIENTS AND 3J SYMBOLS EVALUATION . + . B4
Uses Racah formula to evaluate coupling two states of angular momentum

32-P REMAINING ON MM,DDYYYY GIVEN MCI ON EARLIER_MM.DDYYYY. . . .69
Given millicuries of 32-P on date 1, this program calculates the decays

per minute and counts per minute on date 2 as well as the number of days
between date 1 and date 2.



Program Deseription |

‘ (Program Titte _Black Body Thermal Radiation

Contributor's Name Hewlett-Packard .

Address 1000 N. E. Circle Blvd. )
City o Corvallis _ State __Oregon Zip Code 97330
\_

Program Description, Equations, Variables e
Bodies with finite temperatures emit thermal radiation. The higher
e the absolute temperature, the more thermal radiation emitted.
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,

Black body
monochromatic
emissive power

Ti>T2>Ts

N/
- /

] ! 1 1 | 1 i 1
1 2 3 4 5 6 7 8

Wavelength, microns (continued
Figue 1. next page)
Operating Limits and Warnings -

A minute or more may be required to obtain E, ,
U\\I

or E.,, , , since the
v‘l\l l\‘,

L

X
N

integration is numerical. -
Sources.differ on values for constants. This could yield small discrepancies

... between published tables and program outputs.

7
This program has been verified only with respect to the numerical example given in Program Description ll. 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 is 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 notety@at 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 ﬁgﬂn zero to a specified wavelength, and the emissive power between
specified wavelengths.

Equations:

Eb(o_m) = gT*

2nc,

)\5 (ec2 JAT _ 1)

A
Eb(o-x)=f Epx aa

o
had _k_c’ 1 3
=2m0, 3 -Thkeye T (L) + 3T
k=1 A A’ke,

6 (T)\? T\
+—— [
A <k62> *6 (kC2> ]

Eva, -2,) = Eb(o-r,) = Eb(0-1)

Epa =




where

Amax is the wavelength of maximum emissivity in microns;
T is the absolute temperature in °R or K;
Ep(0-=) 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/
em?-um;
Ep(o-» is the emissive power for wavelengths less than X in Btu/
hr-ft? or Watts/cm?;

Eb(k, -A,) is the emissive power for wavelengths between Ay and A,
in Btu/hr-ft? or Watts/cm?.

¢y = 1.8887982 x 107 Btu-um? /hr-ft2
=5.9544 x 10°> Wum* /cm?

¢z =2.58984 x 10* um-°R = 1.4388 x 10* um-K
€3 =5.216 x 10° um-"R = 2.8978 x 10 ym-K

0= 1713 x 107% Btu/hr-ft®-°R* = 5.6693 x 10~ 12
W/cm? K*

Oexp = 1.731 x 107° Btu/hr-ft%-°R* =5.729 x 10~ 2
W/ecm?-K?




Program Deseription 11

§ = )
. Sketch(es)
| N A ——
( )
Sample Problem(s) Fyamn]p 1: I e
What percentage of the radiant output of a 1amp is _in_the v1s1b1e range (0.4 o
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? -
'WWK&;YS%Y‘OKQS"?“"”“" e i e - o et e e Outputs e e s
[£] [B]-cmmmmmmmmmmmmmmoomee oo o mmme e cemees 5.669 x 10712 W/cm?-K*
2400 [A] .4 [B] .7 [f] [E] [C] [ 1100 [x]mmrmmmmmms  2641%
2500 [A] .7 [f1 [E] [C] [#] 100 [x]-==-===z=cmm=co- > 3.337%
,Exﬁmple_z e e
If the human eye was designed to work most eff1c1net1y is sun11ght and the
visible spectrum runs from about 0.4 to 0.7 microns, what is the sun's
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: o ' :
B T + 1.713 x 1072 Btu/hr-ft2-oRY
— Computemean—of -visible- range. e SR
4 [4] 7 [+1 2 [+] — 550.0 x 107> um-

]

J
Ww__ng.mpute _.tempepatu,pe, of sun. e e N
____,__;EB}_.W-.._._---.L---_._-... S yIVE SR o I ¥ < ¥/ G2 ]03 OR e

Reference(s) e

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




Compute percentage of power in visible range.

[A] .4 [B] .76 [C] [:] 100 [X]--n-mmmmmmmmmmmmen > 33.70 x 100 4
Compute percentage of power under 0.4 microns.
[E] [C] [+] 100 [x]-m===mmmmcmmmmcem e > 8.433%




Y [ ]
° User Instruetions
Black Body Thermal Radiation
STEP INSTRUCTIONS DATAIUNITS KEYS D/?TT/S:TTS
1 Load side 1 and side 2. [:::i][::;]
2 Store constants: :] =g
For English units (Btu, ym, hr, ft, °R) L £l Al [1.713x10
For SI units (W, um, cm, K) Lell B 1 |5.660x10'2
3 For experimental Stefan-Boltzman constant [ N ) q
instead of theoretical value press [ £ Il ¢ | 1.731x10
] [5iz20x1012
4 Calculate any or all of the following (T and I
A need only be input once): { }( }
Calculate » _ for a given Ti T }A } }J Amax
Calculate T such that A is A for Ts A :L]I % ]] LLCS)
Calculate total emissive power; T %A {% C: Eb(e }
Calculate the emissive power at X; T AL ] A
) (Bl o] [ B
Calculate the emissive power between zero [” H, ﬁ]
and 1; T Ca T
A lBHEI Eb/(},\\\
Calculate the emissive power between X T | ) ’
and A'. T LAl ] Max
A | B ][ ] TO.)
3 LFILE T [CEpaan
5 For a new case, go to steps 2, 3, or 4. [ 7,][,;7]
I
I B
I
LI ]
N R
I N
.
]
I .
N .
l It
]
1]




Wl’mgram Listing 1

7
STEP KEY ENTRY ) KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
BE! A BLe 1 16 11 57 s @5
ez : a1 : gsg ) -62
pid z a8 peo £ a6
ges & a8 el a 89
685 o 67 Be2 z a3
paT % as pE3  EEX -23
ez z s B64  CHS -22
8a9 z 8z BES 1 81
g18  &T: i al BEE 2 az
611 z az REF STC4 35 a4
i2 5 a5 g8 RTH 2 I
8:3 g a8 P69 AiBLc 21 16 13
B14 2 a5 p7e ! a1 ?;2:§;% §° exper
1S g 068 er1 . -62 .
P16 ) -6 g2 a ae
17 4 G4 872 ; ai
p1g  &TO2 35 6z B74 ) ae
19 £ as 875 5 85
26 z 82 p76 STv4 35-35@4 |
21 : a1 877  RCLY 36 84 Store T and cal
22 g 86 878 RTN 24 e
B23  STOT 35 &3 879 «LBLR 21 11 culate A .x:
824 . -52 pa@  £T0S I5 @5
25 1 @1 pS1  RCLI 35 83
BZE 7 &7 ge2 X2y -41
827 : @i pg3 3 -24
828 z 83 #84  RTN 24
229 ! ai #85 %LBL 21 12 |memsmommemmmemoeme-
638 z z peE  STOE 35 @5 |Store A and calcu-
831 EEX -23 P87  RCLST 36 83 |late T for which
BI2  CHE -2z peE X2V -41 A would be 2 .
£33 £ 88 o 3 -2
4 &T04 35 64 898 RN 24 | .
B35 RIS 24 891 LBLC 21 13
@36 #LBLL 21 16 12 | =---mmmmmmmmmmmmees @92  RCLE 36 85 Calculate Eb(0-°°)'
8zv 3 as Store SI constants. 893 ¥e 53
838 a as pa4 ¥z 53
79 5 @35 pas  RCL4 36 94
640 4 a4 g * -35
a1 -2 g7 FTH 24
64z s a4 898  kLBLD 2114 |_____
g43  STOI 35 @l P99 RCL! 36 a1
p44 : @l 168 ENT? _zy  Calculate Ep,.
g45 g 4 181 + -55
P45 z 63 182 Pi 16-24
47 g as 183 ¥ -35
48 g ag 184  RCLE 36 86
p49  STOZ 35 @z 185 5 as
858 2 8z 18¢ v k|
g5l s ag 167 : -24
p52 3 as 188 RCL? 36 8z
53 7 a7 189 RCLE 36 @6
@54 ) -5 11e B -24
pss 2 g 111 RCLS 36 a5
g56  ST03 5 63 12 z -24
REGISTERS
4 6 7 8
Y 1 Cq ’ C, ’ C, o © o A, A sum ke, /T
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1




9% Program Listing 11

8
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 e 33 165  xev% 16-35

114 ! 61 178 ETO! 2z 8l

115 - 43 171 Ré -3

116 : -e4 172 0L -51

117 RIN S U 173 RCL? 36 &7

118 wBLE 2115  |Calculate By - 174 ENT? -21

113 & aa 175 + -85

120 STOE 35 @8 17 Pi (6-24

121 §T07 35 o7 177 v 35

122 xLEL! 21 8l 178 PCL1 36 @i

123 Ri -31 179 ¥ -35

124 CLY -51 120 BTN 24 e

125 RCLE 36 88 g - 2{ 15 15

126 RCLZ 36 @2 1ol daey fHiely |Caleulate Bygy

127 RCLS 36 85 183 ENT# -5

123 i -24 184 GSBE 23 15

129 - -4 185  xav -4]

138 5T08 I5 &8 186  RCLE 36 @6

131 3 83 187 §T08 35 96

132 K& -41 188 R4 -31

1:3 = 24 129 §T0¢ 35 66

134 RLLS 36 86 19¢  GSBE 23 15

135 ¥E 33 . 191 - -45

12 z -24 192 A4S 16 3t

137 LSTY 1e-63 193 PCLO 35 6@

138 1s% 9z 194  STOE 35 86

139 RCLE 36 86 15 Y -3

146 * -4 196 RTH 24

141 - -45

142 € 86

142 RCLE 36 @6

144 < -24 200

145  RCLE 36 88

146 HE 53

147 : -24

148 - -45

149 3 06

158 RCLS 36 @8

151 ¥z 53

152 2 -24

153 ROL® 75 86

154 2 -24 210

155 + -55

156 RCLE 36 88

157  ROLE 76 06

158 2 -24

159 e 33

169 % -35

161 RCLE 36 88

162 : -24

163 ST+7 35-55 @7

164 RCLT 36 67 220

165 z -24

166  EE¥ -23 |

167  CHS -z2 |

168 5 a5 |

LABELS FLAGS SET STATUS
AT—»A_, A>T(A )C->E.‘,,\ \ ° e TN =, E,rn o FLAGS TRIG DISP
a X N L AN inbad d R e WAVTARAT ON OFF,
Eng SI Exp ¢ AMoE L 0o O DEG FIX O
0 ' E 2 3 4 AR 1 O &) GRAD sct O
T B0 — = s 2 O ? RAD O | ENG@~
3 0 n




Program Description |

rProgram Title BM //6& WM
Contributor’'s Name /( Laéoé

Address /5 /Y Ox x@/ #JO/ e
i — ate i e 7Y709

& M@ state C.A Zip Code 7%/ 7

- ~

Program Description, Equations, Variables

G Blach Koty sfmacs((M).n srarmo fas MWM'
naelivo Q&A)m%&}ww “ o

G _ -
NRa = 2 ‘M (P ). S8 956 $55 X0 * ke Gw il

WW Conalan.and & oo M?/%&’

T K W%@M L L4l CCL) 4%«4&@14/&0&0%
b= m> 142°% )

K= )y

Operating Limits and Warnings /77 W W mf%&’ _
Unolllowr @cw/% 4 w M< 6.737 066393 X/0
)

ML 2, J59Y 39653 X0

@'W’;[Z’w ©Ceuls /'90 K ke m< |, oo:aooooo/)(/,o'ﬁ
€ M> 2,15 9% 39650 x/p33
- u Ro>/ 454756854 x,07%

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.

g _/
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Program Desecription 11

Sketch(es)

\.

-

ij;fprom&mm/ﬁ»o Ym0 WA wrout] bo B0
Lo Naolius, MW%@W
MG/WW i

1

-2 yver MW@ & /34 ”
) Y %ﬁ%\(&w %ﬁz M /Oéli(;’oy %@ww

Solution(s) /) /n 77 [@ 33 @ -7 /. G0 X /033
o @ - ->2.955) x,0°0 Ao
Bl --7 5 0251 /6% k
- 7.6506 xs0" T
2) ¢ 9¢Ee /0 A - ¢.Jeo0 )</0”>
Q) - 4 e#6? xy0% M
B)-» 2./33¢ x57° K

\.

v,
r,;‘eference(S) /4/ a/uur)‘) /nﬂ/bé)l« CZW____\MM CUJ_&?/) Nicer y%/&\




User Instruetions "
STEP INSTRUCTIONS o A'T':F/’S;'Ts KEYS 5 STLfAT/SlthTTs
I | Enk greonam ]
4 L
3 Enlr  nqoo M L d ] I m
[ T |
oL Mm,zgﬂ/;rwﬁa&zm Rs { A H } As
v Lmyppralire. K ‘[ B H : K
R
3. Con}zw/@ INALD '|~D H } .
Qv _dedutrppd lod 2ealiis {ALJ| l[ J' Ra
cr  Emoezalis 81 <
&L ﬂbﬁw |”CL I % Zo
LI
For el fdpront Vel ,;&CZ« 3 1L
F@ﬁamz/wc,aae go Zo 2, i
4 .
Lotore cined Compr.Ta leerza, af I
/ 7 | 4 | | 1L ]
%nwm?»/%j@al /Z,chfz/aMc [L . J [ %
| I
2 Kove been enlomed et [l} { ?
Li0eb T 1oild det tengread olad i LI
0]
oot a e 2abi ynZael B
Loo L4 bu L K Oaiioun (Fe LW |i:ﬁ
7 -~
| Rl
N alosla e, [ 10 ]
|1
L
I ]
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67 Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBl Al as 1) W%M 24 7 06 26
M 72 335171 03 Caoluw) XN Z A5 52 m-—%
Ty O 22 O =+ '
/ ol 060 Sve.3 3303
£ ¥3 Res. | 34 0]
',5/ 04 Re-= L RTN 3522 — - - - — — =
& of| "S- L8 C 13125 713 Lfelime
3/ oyl m- 2 Zzg'?B ’3{2/03
091 ., b 355 X/0 JO O 12 QC) -28
010 2 &g /-7 FEX 43 &y =70
A 06 CHS 92,
2 of 2 o2
N as [ of
5 o5 079 RCL3 3403
EEX 43 £t 1
2 02 3 O3
s oL éyﬁ‘ 15 €3
A4S 42 X 71
LRCL D 34 03 ;S'@Tz.lb 33 o2
020 X 71 7 3522
ST& o 33 00 L2AL 013 25 00 CQ/WW
4 T 35 22 Syrer2 33 02 “7’/&)@9”’90“22’
2LNL 0 13285 0O #@nﬂto/mty EEX 43 Sl MAO?
72 0 33 ool V4, computs 080 2 o2
" d?g mué-' ;‘: C"?T =3 Z 24
7 y - psw 55%3 e
3_ o3 - 5L 27 : 2
Y oy RS'°'73¢0$<6/303?7 Ay > 15 43
030 o oo S¥e3 33¢3
6 06 2Ol 2, A4 02
[ (Y’ BTN d5 22 - —=
3 o3 LALARLD |3 25 19 mMawo
¥ Y3 090 F23 135 )03
}a oY Grool 2 00| g/ npuraralie P-4
S foch e s ooty
7. a1 LBLO 131 2500 Ji’a’wﬁo/
X 71 STa3 3303 ) abee onleteod
040 S1er 3 33 032 A RPTN o)
/;oz o} 34 00 R/s Sy
) RTA 3522l - - - -~ D) —d x
S LAL B3 Q5 12 TWME& C ’([aﬁoo ‘/%
A F2 3135 91 03 “ 700 ’ Deg meale
Grao | aool K= 15"/ m Dl
EEX 43 () %CEV
2 62 SFE
& b é[ ane ‘M 444&‘4()
RCs 3 39 03
050 = 51/ Labelo wazrd:
ST | 33 ¢ A.B.CD ©
A RTN 3522 Y 272
2 LBL 031 25 o0 &/QJMWV
EEX 3 — 7lasd
REGISTERS
7 8 9
0 R,o 1 K 2 tL 3 m 4 5 6
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1




Program Deseription 1

13

~
Program Title SPECIAL RELATIVI TY CONVERSI ONS e S
Contributor's Name Ctein
298 Vista Grande
Address : :
city Daly City  State Ca. _ ZipCode Q4014
\_

sions between the following quantities: rest mass (m ); velocity

it is possible to find the two unknowns by the following equations:

(I)-- E= m/SQRT(1- vg // (II)-- E—SQRT(P 'ﬂnl // (111)-- E=P/v

( . s _ )
Program Description, Equations, Variables This program provides relativistic conver-

(v, in units of c=1); energy (E), and mementum (P). Given any twe ———

(IV)-- P=vE // (V)-- P=SQRT(E°-m%) // (VI)-- v=P/E // {VII) m—SQRT(E 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 equatiens:-

If insufficient data , then the program displays Error. The fqllgw;pgm
selection patterns are used:

on the next page which diagrams the access patterns used by each

TO FIND: v m P
GIVEN: m,H v,E v, v,E . —
use V,VI use IV,VIT wuse I ~ use IV
m, P v, P v, P Vo B -
use 1T, V1 use III,VII use III use I, IV ) -
~E,P - E,P - m,P m,E - —
usekVI use VII use I1 ~ use V

Because of the complexity of this program, a - chart is provided - —

labeled subsection. Boxes are used to represent direc® jumps,
. and circles represent subroutine calls. The user ig adviged.to.
review this carefully before modifying this program.

Operating Limits and Warnings . . ——
all data must be positive. Velocity must be

less than 1. ERROR message will be displayed if a real solution

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 ll. 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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ggram ])(‘b(‘l’lpll()ll ll

Special Relalc

Sketch(es) :
B C E
1 2 —
| ke R v
re

Sample Problem(s) .. .
1) Find the velocrty and momen’cum 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 1s the
particles mass and velocity.

3) At +9c, and electron has an energy of 1. 1723 MeV Flnd
s rest mass and momentum.

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

Solution(s) ..
A, .511, ¢, 1, D, B, v=.8596c; E, P=.8596MeV/c.
'2) A, 500, D, 498, E, B, v=.996c; C, m= 4k, 6766MeV
3) A, .9, B, 1.1723, D, C, m=.511MeV; E, P=1.0551MeV/c
4) A, .3, B, .511, C, D, E=,5357MeV; E, P=.,1607 MeV/c
L
e

Reference(s) ~ HP-65 library program #308 by this author.
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User Instruetions

1 SPECIAL RELATIVITY CONVERSIONS z}
RESET VELOCITY MASS ENERGY MOMENTUM
STEP INSTRUCTIONS DAIT':S,LTS KEYS DAoTlirllPngrTS
1 Load Side one of card 1]
2 Reset registers | m===—- A il
3 TO ENTER A VARIABLE: O
velocity v B || ] v |
mass m [c I ] m )
energy E (D ] E |
momentum P [ E [ | P f
I
L | TO FIND A VARIABLES VALUE: i |
velocity none [ B[ ] v ‘
mass none [ CI0 ] m %
energy none (D1 ] E |
momen-tum none [E [ ] F |
) |
GO TO STEP 2 FOR EACH NEW SET OF I N ‘
KNOWN VARIABLES Lo J0 ] |
N .
[,W :,7j} L, - E
L] {
Ii;f ,:J [ - ;:J ’
[ _ ,J Lj: ,] l
T
T |
[:, . J Lif:,,j '
o] |
[Af,i;] Li:,j ] !
. [ - 7} lj;f,f, l
FLAGS SET STATUS |
E 0 ——--- FLAGS TRIG DISP |
T _ ON OFF !
o0 ®B| DEG B | FIX ® i
2 ______ 1 0O ®| GRADO | sci O ﬁ
| RAD O | ENG O
E Taata? |2 O ® Ny _ E
LABELS ' !
f Areset [Relocity [° mass [°energy [fhomentum ,
! |
6 R store'x' |*0'error|®eq.V, VII[® —==--- |
%1 or g?|'find v [eq. V, VIT [{{1-2/y) |¥ind m;¥ 2
L 6 eq.I1I |"eq.VI RB1-v<) [¥ind P;¥ |
|
f’s
|
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67 Program Listing |

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
7 [#LBT, A |31 25 11| RESET *LBL 8| JT 25 09 —
CI-REG {31 L3 XQY 35 B2 voin
3% 67 03 asin 32 62 2
R/S 84 = |TToommmmooomeTS 060 cos 31 63 SQRT(1-v")
*TBL B |31 25 12 FIND/STORE v 81 )
1 01 . RTN 35 22 |ed.I gives B
GSB O |31 22 oop|store new v *IBL E |31 25 15/ FIND/STORE P
RCL 2 34 02 mf . K L ol
_ x=07% 31 51 iheﬁ 1§ %2 ?Own GSB O 31 22 00| store new P
ggg %ﬁ %i 8% B g é;%”g g; 8; if v is unknown
X207 31 61 |if E,m are known RCT 556 05 | racn &° Fo U
GT0 3 |22 03 |then go to 3 X707 31 61 |then eq.I gives
GSB 6 |31 22 06]|eq.II gives E oo |GSB 8 31 22 08| g,
ENTER _ |81 | RCL 3 34 03 If R i
*LEL. 7 |31 25 07 =07 T3 51 5(1 2. 709 then
R ¥ 35 53 R v 35 53 this takes prior
RCL 4 34 oh g RCL 1 34 01 ity.
Xoy 35 52 X 71 .
020 181 eq. VI gives v ¥TBEL ¢ |32 25 1 eq.1V gives P___
TQ ¢ |22 31 13|check out P x=07 31 51 if variable or
LBL C [31 25 13| FIND/STORE m / 81 result is not
2 02 RTN 35 20 legitimate,end.
GSB 0 |31 22 oo|Store new m %0 |*LBL 0 |31 25 00|check/store'x"
x=07? 31 51 %ﬁ v 1is inkﬂown ST I 35 33 store (i)
GTO &k |22 OB én go to F? 3 35 71 03|if data has been
RCL 3 [34 03 E ] GTO b 22 31 12|entered,go to b
X 71 eq.IV gives P RCL(i) |34 24 check contents
IST x |35 82 E X£0? 31 61 of register'x'
030 x£07? 31 61 if E is known, R/S 8L and display if
GTO 2 |22 02 go to 2 RCL 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 0 R ¥ 35 53 in register defi
RCT. 1 3L 01 v STO(3) [33 2% ned by (i)
81 eq.III gives E__ R/S 8l
*LBL 2 [31 25 U2]l'eq, V or VII ¥LBL 1 |31 25 Ol]| FIND v;m UNKNOWN
gN$bR g% - RCL 3 34 03 E
ENTER L1 )
[ GSB 3 31 22 03] SART(x2-y?) Gro 7 |22 07 |ed.VI gives v
R 4 35 5L *1,BL L4 31 25 oh| FIND m;v UNKNOWN
X 71 eq.VII gives m RCL L 34 ol P
GTO ¢ |22 31 13]check for valid GTO 4 22 31 go to d
*LBL 3 |31 25 03]|results 100 *¥LBL 6 31 25 06}EQ. IT
81 find 5 o RCL 2 3L 02 m o
asin 32 62 SQRT(1-y</x~) GSB ¢ 32 22 13|check validity
cos 31 63 RCL 4 34 oh P o
RTN 3522 GSB c 32 22 13}check validly
*TBL D 131 25 14| FIND/STORE E R+P 32 72 E=SQRT(m“+P2)
050 3 03 RTN 35 22
GSB 0 31 22 00)store new E *T,BL, 9 31 25 09| FIND P:v_UNKNOWN
=8?6 21 5é if v is unknown R%%de %g 8% T m
GT 2 0 then go to 6. | PLBL d 132 25 18470 " " i as
RCL 2 |34 02 itm Sis unkmown [ __IGSB ¢ 32 22 1 EheCk validity
GTO 7 |22 07 GTO 2 22 02 eq.V orVil
REGISTERS
0 Velocity? mass [Energy (fhomentum|’ ® ’ 8 s
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D I
used




Program Desecription 1| ’

2 . . . . . ]
Program Title Three Dimensional Special Relativity - i

William C. Wickes ” B |

Contributor’s Name

Address Princeton University, Department of Physics

: fitv Princeton State N.d. Zip Code (8540 ]
E 4 E

'S )
Program Description, Equations, Variables

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

x™M= (x',y',z',ct') or p'H= (p'x,p'y,p'z,g'). calculate the components x* or

p" in a frame in which the original framecis moving With velocity — - - -
(8%,8”,8%,).

momentum ; , e 1

total energy , i

™y M oY o)
H|
i

V/ic V= velocity

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

‘ 3. For a 4-vector AxH connecting any two space-time events, calculate the :
invariant interval cAt.
Formulae: - A o e
) oy ! 2
8x = &X' + B[(y-1) Eéé“ + yeht'] B = 1B = [gaY 471 V2
At = y(t + B-X/c2) IAX1 = [Ax?fAy“AzﬂVz
y = [1-82]71/2 C2AT? = c2At2- | AX] 2

The coordinate frames are assumed to be synchronized so that the event {(0,0,0;0)
has the same coordinates in both frames. r
1
!

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

N

4 )
" 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

V )
Sketch(es)
v,
s N )
Sample Problem(s) An observer moving relative to the Earth with velocity g=(.4,.5,.6)
measures the coordinates of an event as x'M = (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] --=ccmmmmeaaaa 3.00
Enter B: .4[4] .5[*] .6[A] ~-mmmmmcmm- .88*** ||
2.09 Y
Enter x'M: 1[4] 2[4] 3[4] 4[B] ----vn--- 1.00 «x'
Calculate_ cAt [D] -=------ 1.41  cAt
Calculate x*: [0 e —— 15.01%** t
10.71*** 2
8.43%% y
L 6, 14%%* x y
(ﬁeﬁﬂence“) J.D. Jackson, Classical Electrodynamics (J. Wiley & Sons, NY 1962)
L )




User Instruections 0

‘ 3-Dimensional Special Relativity
H cAT
STEP INSTRUCTIONS b A;’f/'b’;”s KEYS o A"TLZS:LS
1.] Set number space dimensions N 1.2,0r 3 [ 1 E] N
(default is N=3) I
L0 ]
2.| Enter § (if N=3) gX LA ]
(if N>1) g [+ 00 ]
2 | [ all ] -
I Y
3.| Enter x*, (if N=3) L+ 10
(if N>1) y [a 10 ]
z [+ 00
ct - X
L 1]
Compute x" [ C J[ ] [x***(if N=3)
I ey
‘ I R
]
5.| Compute CAT LD T 1 {4 jear]
Result is positive if _cAt (1]
negative if  cAt L 10 ]
[ ;,, J [”,f—,;;'l
6.]To calculate the speed B corresponding to a Ir;,:] E;;]
dilation factor ' : Y [ £ 11 Al B
R
LIt ]
-
(I )
I
N
[T ]
R
R
N
SR
o R
A
I .
L]




g7 Program Listing I

20
STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 LBL D 31 25 14 LST X 25 B>
rLL b 34 ob sTo | 33 o}
Fto 35 11 oo X224 35 S
e 4 22 o4 060 £z 35 91 o)
reol i 3. O G710 b 22 06 |
e —>P 32 72 R+ 35 s¢ !
F17 4 35 21 _of| Compute Txil? 570 2 23 oz| a ;
Gro 4 22 o4 2P 32 72 ./f/‘-‘ o
RCL & 3y o5 8L b 3 25 ob - ‘
010 R>P 32 72 sro A 33 I
LBL 4 31 2% oy cos=! 32 63 i r_'\—pi
r* 32 sS4l __ _ _ . ——— SIN 3 ¢
RCL 7 Iy 67 /X 3S 62
x* 32 sS4 070 sto B 33 12|
= S| e - x> ecL A 34 1]
cHsS ar]_ e ol 31 _84]| PisPLAY £
X <o 3 7 - - X2y 3s 52
SFEo 35 %102 spaceLIKE? RIN 35 22| 4 e -
ABS 35 64 sFo LBL B 325 12
020 x c Y] Sto 7 33 o7
F22 35 oz B4 35 53
<HS 42| - for spacELIKE sTo b 33 06 STe
2ral 3 23] e . Ry 35 53| ¢
t3ta 32 25 0 Calculate 3 080 s 4 33 o4
s 8 33 12 Ry 35 53
X 32 sS4 Frow 510 5 33 05
/2 35 b2 TN 3 22] L e m ==
] ol LBL C 31 235 i3 !l
= ey GSB e 32 22 /5 /Iti"
030 cHS 2 ’ciL A 34 N
x 31 sy x> 32 sy
sTo A 33 1) + 81
RTN 3 22| —ee B 34 iz
LBLe 32 25 157 . . 090 { ol
ReL b 3 ©6 Cownnpute /3\1' - s
Ree 3 34 ©3 i bad xdi
X 7 = Z‘pi x't ReL B Y 12
£Fo? 35 U oo ‘ reL 7 34 o7
RN 35 22 % nd
040 reL | Y 34 _ ol + ol ]
Rce 4 3y o4 Sro € 3% 13
w i 3 o3
+ 61 STO © 33 060 | USE RO As counNTER
F2 35 11 0) 100 ST I 3s 3
RTN 35 22 LBLoO 3 25 60| Cowmpute ona
Rri 2 3y o2 REL © 34 oo Commponent eadi
ReL 5 34 oS 5T 3s. > cycle
< Y RLL & 3 i3
+ 6l ree () Y 2
050 2TA 3s 2»| . % U
8. A 3¢ s 1| Coumnpute ¥ Rc T 35 3«4
sT0 3 33 o 3 o3
Fio0 35 oo + 6i
&To b 22 oG | 110 ST T 35 33
X2y S s2 cLx 44
Rap 32 12 Rew 1) 3y 24
REGISTERS = = —
4 6 7
OCow.hr 1 /"”* ? p‘n ’ P’ ’ x 7 <t
SO S1 S2 S3 S4 { S S6 5 ST gl S8 S9
A y: S © ° ' oosep




67 Program Listing 11

21
STEP  KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS
+ 6y
P=s 3t 42 170
s1o () 33 24
25 3 42
2 o2
F%o 35 71 _oo| One cyde for A=)
s~-0 |33 51 00
120 - 83
5 oS
£ 35 71 0| | Two oycies for N=2
sTo — © 32 S| 006
o oo 180
sT T 3s 33
D52 (i) 22 33
AGTO © 22000 _ o
rLL 7 34 o7 Compute ct
GsB e 32 2° IS
130 + 6'
ece 3 34 12
bl 1
g=s S 42
sTO 7 33 07} _ _ _ _ ——
—x- 3t B4
ReL & 34 o6
-x= 31 8%
F20 25 1 oD
GTo S5 22 o5
140 RrRCL 4 24 O4] DIsPLAY RESLLTS
o 384
F2{ 3 7t of
670 S 27 o5
BLL S 34 057 200
8L 8 31 24 os]
PIS 3| 42
RTN 3522 . _
LB3L E 31 25 |5
ST T 3s 33
150 &1e (1) 22 24 Set appm‘:rllcde
L3 | L 25 o
Py 3y ol of Ciags for A=,
SEo 3¢ 5| oo 2,0v 3
2N 3 22 210
LRAL 2 3l 25 o2
CEO 35 6) o0
sei 35 st o)
RIN 35 22
3L 3 31 25 03
160 cEo 35 &I oo
<F( 35 o1 _Of
TN 23 22
220
5 LABELS FLAGS SET STATUS
Baay P77 pm [P L u P L [P, O = FLAGS TRIG DISP
a ot b C d o3 > -
LRl A [Tm=2 oD% | oec 0| mx ®
0 10t s 2155 3 /59 401t 2 oyeD 1 0 ®B | GRAD O scl 0O
2 O RK RAD 0O ENG O
5145 665 7 8 9 3 s 0 B Nz
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Program Desecription | .
~ ™) )

Program Title Einsteins Twin Paradox

Contributor’'s Name David M. Weingold

Address % Synergy Research P.0. Box 372

City Woodmere State N.Y. Zip Code 11598 , !
\. y,

. ) .
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 light. 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 light, 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

0old but when he steps from the ship his twin is over 37 years o0ld! Thét over -

16 years had passed on Earth. The explanation as to why this happened involves QNW
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 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. w

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 |

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
.

—

Program Description, Equations, Variables
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

dimension of space, the Universe is

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., / U-—%zd,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 1ight. 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 before the flights. With input TE,time passed on Earth, the equation

2
TS=TE/(1- %?) gives TS,["time passed on board"] ship during journey. WInpuL,TS,timeﬂ
passed on board ship,and the equation: Ts gives you TE,["time passed on
Te=vVIVE
E ]-ET N

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 appropriate time passed on earth the E's give
ages.

J

Earth"] during journey. The label A clears and initiates the program. Lbl B is the

Operating Limits and Warnings Be certain vthat you enter the speed of the space craft in
meters per second. A1l time and age entries must be in years. Outputs will be in

as this will only show an error as should be and is implied by the theory of

relativity.

years. Do not try to make the space travel at the speed of light, = (3.00x108meters/second)

This program has been verified only with respect to the numerical example given in Program Description /I..User acqepts 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

rSke'ch(es) , ,
| - T
e
> v
~ - Z
~ , , . o
L

L .

(Qampwrnobmnus) Suppose two twins,age thrity, tgke part in this experiment the - A
ve]oc1ty of the sh1p 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
. > -9.00 x 10'6
2.999111111 [EEX] 8 [B]
1 [D] [f] [D] ~=memmmmcmcmmm e > 41,08 years passed on Earth
30 [E] —---mmmmm > 71 twin on Earth's age
Age differential is 40 years (71-31)
[A]
2.999111111 [EEX] 8 [B]
L 25 [C] [f] [C] ~m=mcmmmmmmmmmm oo > .6085 years passed in space y
e
30 [f] [E] --===--ceme- T > 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. y
\-




User Instruetions 2

Einsti - . .
1 instien Tm?sl.’?:gg?x [f][C]+(T5)yrs [f][[)]—»(TE)yr‘s [FILE] S}ace twins age

INT (Tgyears  (Tg)years age of Earth
[c] twin

speed of craft

[B]

STEP INSTRUCTIONS o A'T':\'/’Ll::ms KEYS b STL"\T/E‘;‘"TTS
I.| Run tape ]
2.| Hit [A] initiate clear registers set display IZQE;] - 9.000+16
3.1 Enter ship average velocity in meters/sec 999+8 (e 1l | 8.994+16
4 Enter time passed -on-ship in vears 1 |I’ [——] 3.155+07
T =TToGT LA A T rl LA R] J\-U' -~ ffj [*] )
5.] Calculate time passed on Earth in years [;Z;ff ~D 1 13.873+01
6.1 Calculate how old Farth man is upon end 30 [ EJ [ 71 [6.874+01
7.] Enter time passed on Earth in years 25 :Api;]L;i:jJ 7.889+08
8.] Calculate time passed on ship in years L f Il c ] |5 a50-01 |
9 Find ageof space twin at end of 1gurneu 30 L;;;i][,EW:] 3.064+01
] —
Always enter time jn years, and speed in mtrs [f;;?][i;;;
per—second,—to-go—to—hew—case—i—e——hewSpeed [f;til[z—f:]
or different amounts of time or ages*. Hit LfffJ [ J
[Al, and then continue from step #3 with new [W 7] [ iﬁJ
, values. [ J[~;;:]
¢ B
If time passed outputs are decimals, [ ] ]
multiplying by 365.25 converts to days I N
I
* The ages used in the [E] and Lf] [E] 10 ]
subroutines need not be the same, our two { ][,_ J
"participants" need not be twins. ] ]
L]
Time passed outputs, _or age outputs can all I
be viewed in fixed mode by hitting fix key L;;::]Lf:;]
i.e., 3.873+01+38.73, or 6.873+01>68.73 I ]
-
L]
[
9L ]
N .
L
N
I
- LABELS e FLAGS ' ' 'SET STATUS
A .. HVg D”lp C . JaSSEU D pu:acu l cat oIt 0
@ [ Initiate ] Vel Ent lon Eartn fnf space Ent[Twin F.age FLAGS __ TRIG DISP
a ‘ cEarth_T.td9Space T. _[¢Space twilp1 ON OFF
_ Y : 0o 0 ® | pEG ® | FIX O
. 1 :Ezro%t1ne fh1p T. to Earth T} F. age ' 0w | crab o | soi @
- = = = — - ggg RAD O ENGQD
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97 Program Listing 1

STEP KEY ENTRY KEY CODE 9

COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
501 ¥LELA 2T 11 P57 X
02 | _CLRG 16=53 58 | RCLI 7643 Enles Tine
003 | scCI -12] | D59 X 35 fessed v Seece | o
004 | DSP9 =63 09 fwTrate 060 RCL2 36 02 covvert brom v
005 CLX =51 061 x Years e —econds
Tore cossknTs =35
— S | e Repitens po2-BIOB |35 1] ) Tere (7 RO
008 O OO Fl Mcl CACMJ S*d'f 862 *LgITJg 2 1 162;*4
009 0 00 iv RA . D65 | RCLD 36 14 Ca fcuiu“e
T s'rog 35 82 26 GS.EO 23 08 T = —— '
D67 =2 s W=
012 n ol 68 RCLO 36 00 TH
013 15701 35 01 69 + =2 STore swRip .
01 3 03 070 RCL1 36 01
015 6 06 71 <+ yn
016 5 05 2 RCL2 36 02
017 . -62 073 + =24
018 2 02 D74 STOL 35 04
08019 5 05 75 | PSE 16 51
07 A —
=14
8%% EE}E3 =23 78 RTN P
o 2 08_ 79 [*LBLO 21 00
= s%'{m\ 35 ?% °8§ RCLB 32 12 / X
P81 RCILA 36 11 =
026 RTN 204 D82 + =2 bl
027 _|*LBLB 21 12\ Euter ship Avaveloity P83 CHS -22 :
028 x* 53 Sqvare awd STore DBl 1 0
29 | STOB w -
030 RTN = éﬁ 1B gg «;z 53 W ‘
»*
31 |*LBLC 21 13 £ Ter Trmefssed RBZ RTN pmn
032 RCLO 36 0 v 88 [|*LBLE 21 15 Caleols
0313 X =35 On Earth.wyees DB [ ROLA 36 _0h P 7"
Oqu RCLl 36 01 couveﬂ‘- To Secouﬂs 090 + _55 Ea_r’ﬂﬂ 7:‘/:»' .1-./
035 X =35 STore IVRC 091 PSE 16 51 A
036 RCL2 36 02 D92 SPC 16-1
037 X =35 093 PRTX -14
833 sggg 39 1; D94 RTN 24
2 D *LBLe 21 16
40 WLRILc 21 16 13 0365 RCL3 36 0% Calevlate Space
041 | RCLC 36 13 Calcolate ho7 + =55 Teim Fiwe lage
042 | GSBO 23 00 T. = TeN1-Z pas PSE 16 51
33 RCEO 36-33 s7ovre R3 ﬂgq P gpc lé-l}# '
re BTX -1
45 2 =24 01 RTN 24
0l RCL1 36 01 SPace awd Brivt R/S 51
2 L 3 :"Zﬁ— :
o048 | RCL2 36 02
049 < -24
050 olUJ 35 03
051 PSE 16 51
052 SPC 16-11
0573 PRTX -14
054 RTN 24 110
055 FLELD 21 14
056 | RCLO 36 00
REGISTERS
4 5 6 7 8 9
3600 ot | 365,25 T | T2 W
SO S S2 S3 S4 S5 S6 S7 S8 S9
A Cz B ‘; cvlme paSsed [p tlme passed [e 1
Earth in sec{rocket in set¢. ;

.
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Program Deseription |

Contributor's Name Harold T. Coderre
Address L14 1915 Hall

ciy Princeton stateNew Jersey Zip Code 08 540
.
-

Program Description, Equations, Variables This program calculates orbit parameters T

from initial position and velocity data both for elliptical and
hyperbolic orbits in a plane. It 1s also possible to move the point
of interest to anywhere along the orbit and then recalculate orbit

parameters. Equations Used:
Encv‘sy: E-= _iwz_%cm éiVCV\ 9..«., :
AnJular Momentum ©: A = vrsin(x;-6;) Reew = Ro/(1+ & cos (6uea—67)
Eccentricity : €= -:‘i (Gm)* Vi = J2(E# "'km_u)

Ro,_ bm -1 RO - — . - l

e = 6, + tos fl‘: 1) 0(.,4., = QW*SIA‘ (m)
Rmih = Ro//'*é &
Sem'mjor Acs® A= Ro/( (-e?) for o c‘\auJQ " Veloc}'fy
Semiminer-Aces- b = aJi -€ N —

Priod : T = 2T/ & View = Vo + 4V

Distauce to Asympfote Vertex S = K,_;" ,ﬁ - z")
Ang‘e between Asynp‘foies and B, = COS-'(ZL')

Radius Vector
Operating Limits and Warnings A1l 8ngles should be 0&£©<360. If & (A) gives a
negative radius for a hyperbolic orbit (e>1) the orbit does not exist
for the inputted ©. This program becomes ill-conditioned and
inaccurate near degenerate conics (Circles, Parabolas and Straight lingg).
For added realism: avoid all orbits where Rpin <radius of the attractijE

body ( 6.400 * 106 m for the Earth).

. Yy, \

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 1
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) v Ellipse (e<1) W
- ‘\5"
’ ® Jo ~. V4
e "'u\ .\9 65% .' N "ln_:a \e
N
(e>1)

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

Step 1: Initialize R;= 7.1E6 6;= 0 V;= 7.4E3 &= 90
Step 2: Position Satellite at Perigee
Step 3: Accelerate to Synchronous Transfer
Step 4: Position Satellite at new Apogee
Step 5: Circularize
AV1§ j

Solution(s) Keystrokes: (all underlined numbers are machine output)
Step 1: 7.10E6 ENT 0 [f]A]

7.40E3 ENT 90 [f](E]
Step 2: [D] 180.0 [A] 6.7462E6
step 3: 2312[RcLI (3] A  270.0
Step 4: (D] 180.0 180[F [A] 4.228688E7
step 5: 1455 [RCLI[3]1[B] 90.0 [€] 3.505809E-3 [E] 4.213916E7

[BZ5) 23.90148 [ESH.MS] 23.54053 #*ewsnss

\ J

Goldstein: Classical Mechanics Chapt 3

Reference(s)

v

W !

W




W, ¥ e

Sty

R Lt T T SR TS RN

Y [ ]
User Instruetions *
STEP INSTRUCTIONS DATAIUNITS KEYS DBTLJ\T/.SﬂrTS
1 |Load side 1 and side 2 L0
2 | Initialize Utility Registers 3600| | STO[ 5 |
360| | STO| D |
180| [ STO| B |
3 | compute c* M7t 6.6732E-11| | ENDERT |
(Mass of attracting body (Kg) )+— M | * J§To4| [ G *M
4 |Enter initial position B; | ENTERT |
8; I £ |[ A | R;
5 |Enter initial velocity V; [  ENTER?
¥ [ £ |l B | v
6 | (Optional) Calculate the eccentricity e 1L ] &
7 |Calculate 6 and R,,, (program will [ D [ ] e’
pause to display € ) k=yi [ Rp,
8 [(Step 8 must always be preceded by -‘Step 7) [0
For e<1: Calculatas semimajor and L E || ] a
gemiminor Axes kvl ] b
Calculate the Period T R/S][ | T (Hrs)
For e>1: Calculate S L E I ] S
Calculate 6, B/S|| | €s
(1if e=1 program will return O [for S) [0 ]
9 |Position the Satellite at a given © © [ A ][ ] Boe
Pind new Speed [RCL|[ 2 | Vnew
Find new Velocity Bearing [RCL|[ 3 | Xnew
10 |Introduce a change in Velocity AV [ ENIER
4 [ B || ] XKnew
11 |Now go back to step 6 or 7 and recalculpte [ 1L ] '
the orbit [ 1 ]
Y
Note on dimensions: All inputted distarces [ )
and velocitlies should be in meters and [ 1

meters/sec. The Program will also outy

ut

in these units.

+For the Earth G* M = 3.98991 * 1017

_._,__,_‘_._.__,—
—_——_———_————— — — —
i i .
| i . ;
i i il
, Lo I |
—

i .




Note: All quantities listed
below are per kilogram

30
STEP

KEY ENTRY

KEY CODE

STEP

Program Listing I

COMMENTS

KEY ENTRY

KEY CODE

COMMENTS

001 LBL a [32 25 11 RCL 8 08
STO 1 33 67 : >
X—Yy 35 52 GSB 4 2 22 14
STO O 33 00 w0 [gpg-1 32 63
RTN 35 22 RCL 3 34 03
LBL b [32 25 12 RCL 1 3% 01
STO 3 33 03 - 51
Xy 35 52 Ccos 31 63
STO 2 33 02 LST X 35 82
010 SF_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 RY 35 53
2 02 CHS L2
+ 81 Bt 35 54
BCL & 3 ol LBL 7 1 25 07
BCL O 3 Q0 Bi 35 53
+ 81 + 61
020 - 51 GSB e [B2 22 15
STO 6 33 06]—>ENERGY STO A 33 11 |—¢
BCL 3 34 03 CLF 1 B5 61 01
BCL 1 3 01 RCL 8 34 08
- 51 o0 |RTN 35 22
SIN 31 62 LBL D 125 14
RCL O 3 00 TF 1 5 71 01
* 71 GSB C 1 22 13
RCL 2 W 02 RCL 8 3% 08
* 71 Pause 35 72
030 STO 7 33 07—>ANGULAR 1 01
X%%2 32 sb| MOMENTUM + 61
2 02 1/X 35 62
* 7] RCL 9 34 09
BCL 6 W 0 090 * 71 FRpan
* 71 STO C 33 13
RCL 4 W 04 RCL A 34 11
X#%2 32 5k RTN 35 22
+ 81 LBL E 12515
1 01 TF 0 5 71 00
040 + 61 GTO 2 22 02
VX 31 54 RCL 9 W09 gaciien
STO 8 33 08->ECCENTRICITY 1 01
1 01 RCL 8 34 08
CLF 0 |35 61 00 100 *#D 32 54
XSy 32 71 - 51
STF 0 [35 51 00 ¥ 81
RCL 1 3L STO E 33 15 —>Semima jor
RCL 7 3 07 LST X 35 82 Axis
X##2 32 5l X 31 sk
050 RCL & 34 0 Rc; 5 7 '{5 —>Semiminor
+ 1 Axis
TQ 9 33_09/—R, B/S 84
RCL O 3 00 RCL E 3 15
+ 81 110 XE%2 32 54 |
1 01 LST X 35 82
- 51 * 71
REGISTERS
0 2 3 Speed |4 5 6 7 8 9
Dist BEARING [‘Speed [poBRir. |G * M |° 3600 [Energy | A. M.| e -
S0 S1 S2 S3 S4 S5 Sé S7 S8 S9
’ 6 ° 180 Bmin 360 - a :

w ¢

W |




STEP

KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

31

BRCL 4 34 Oy BCL 1 34 01
+ 81 170 RCL A 34 11
xX° 31 54 - 51
2 02 SIN 31 62
* 71 * L871
i 35 73 x>0 31 81
* 71 GTO &4 22
% |RCL 5 W 05 | CLX +
y 81 -~»Period (Hrs) RCL B 12
359 225 CHS B2
LBL 2 31 25 02
BRCL C % 13| Typerve.a 5 Bt 35 5k
1 01 LBL & |31 25 O4
BCL 8 ¥ 08 S 35 53|
1/X 35 62 BCL 1 34 01
- 51 +
x#0 31 61| Output Zero GSB e |
130 GTO 3 22 03! ) for a Parabola STO —new
RTN 35 22 RCL 0
LBL 3 31 25 03 BTN 35 22
* 81 ILBL B [31 251
R/S B4 [—S 190 X"y 35 52
RCL 8 3 08 —R 31 72
1/X 35 62 BCL 3 3 0
cos-1 32 63148, RCL 2 3% 02
RTN 35 22 —R 7
LBL A 31 25 11 XYy
140 STO 1 33 01 _R¢ 35_5
BCL A W1 + 6
- 51 ): 13 35 5
CcoS 31 63 + 61
BCL 8 34 08 200 RT 35 5k
* 7 —3P 3
1 01 STO 2 3
+ 61 Xy 35 5
BCL 9 3 09 GSB e [32 22 15
— 1/; 81 gTO 3 = 33 0
F 1
STO O gg—%‘o — Ry o RTN 2
RCL 4 I o4 LBL e |32
x>y 35 52 BRCL D L
Y 81 210 + 8
RCL 6 3l 06 FRAC 32 8
+ 61 1 01
2 02 + Alﬁ
* 71 FBAC
by 35 o
% 1STO 2 33 02—V, 0w * 7
BCL 7 M 07 RTN
RCL Q 3% 00 LBL 4 |32 b
BRCL 2 34 02 INT 31 83
* Val 220 b4 2
$ 8 RTN
GSB 4 [32 23 14| CIX
SIN=® 32 62 LST X 35 82
BRCL 7 M Qo7 BTN 33 22
_ LABELS FLAGS SET STATUS
A8 B av [° ¢ O, Bpin |- Graph [°ex>1 FLAGS TRIG DISP
* By Py “Adjust |°Mod 360['Pind e | VR | 0 ®= | Fx O
0 1 2 Lused- [° -used- |* -used- | 1 0®| GRADO | sCl ®
- = —used_ 17 5 > ";Sg RAD O ENGE]
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Program Deseription 1

( )
Program Title E®VATIONS OFf PARTICLE MoTION -

Contributor’'s Name ERIK  GOETZE
Address 1613 caMLLOS AVE.

Lcity GENDALE ~_State  CAWF __ZipCode Qi208
( -
Program Description, Equations, Variables HERE ALL VRARIABLES ARE IN #,BUT A 30 4

wdl g= £(Vg + Vgt COULD BE REPLACED WiTW X's. :
w v,%,.:,,,,\,.‘ot + ia’t‘, ,, V«,,,‘-‘,Vg*A«,‘t inrlol ,7= DISTHNCE COVERED 8y

w =Ny -V 4 _V il :
3 '2’2-5;’3 e ' ’Ej"t-wme IN WHICH PARTICLE

wd t = _Vj_a:l’za V"° + = E Vy = VELOUTY AT Time -t
3

t 2
S| i S— V'1° “V‘r - 7‘“77&—@ Vio - VeLouTy AT TIME O

) Vyo + V 4 | S
| | (WVERAGE OVER time £) v ¢

)]

||l V, = V‘;o ¥ Oat , a‘} - !1_2‘-/31. I S EXPERIENUNG —IN-TIME 4

ouUT OF THE ABok Five, wiul

Ve 2 v B g (aove
o LI / 172 1—@’.—0" SOLVE THE ABOVE ERMTIONS

WSl = | Ve 201-,t¢,.w= Ve - Vel
e e o

Operating Limits and Warnings IF You ARE SolviNt [orR . V- ivitiaL /- You _musT
STORE THE Umwe wu GET By pPRESSWe [D] BeFure soviva
For. THE OTHER. UNknoww. TS IS Betause Vo IS IN Ate THE.
OTHER EWUVATIONS. IF THE DisPLay comes P Error WHEN Tov.
ARE soLvivG fFor. €, You HAVE AN IMAGINERY RUUT, SIMPLE Skalid.

TO PRDGRAM MORE, FRESS MmO SumTwl B8AK To RUN AnD
| PRESS

~—" i

f

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 w ‘
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) /™ |

- g —

R I

§8.88 &5EC
( 32,36 GSEBE ?
e hep, ‘1
samHmp'e P'°$?r'3"’£‘?“e%“’“m Quad roots 1‘:,” °;E" e ) |
€ * Za 88 oobu |
WE ~PREVIOVS ~SHIRET. pause -~ 5.3i f## i le.gE oSER ?
ingsx B.14  xx 4,555 G5EE il

Clear everythingzsze  sove for V i 3563 658

| 13.86 &5B0 —

Gl & N =
- »
L & G
L & ) 1
) 4 G
R o er
[val
-3
i

Initial vel. :zs¢ -2,56 GSBE 183. XK
F]na] Ve]. 4 P 4+ G:—-"s"! Fagsd =30 —

Time (seconds) £.08 bbb G5Be

3.86 E5B4d 33.86 63BC

Solve for y a -3.5F k¥ -32.36 GSBE
11 SZEe 1 ¥ <Rl

Vi o
[ B R Y B acw )

oy ) G G G
666
)
o
T

i ESED Solve for a bsBe - :w
& G3Ed 4.76 GSEC {

o 4oL BoD R ¥ 3 3 24,38 5580
R 55Be 2.06 GSEE  —-

= G R
g 0
t L
m
[xa]
E -3

)
Al

2 a0 G5ke -9.50 GSBE 5.66 GSEd

Ce 8l bobL < @@ CSE — 555 EEE S |
s o porn G-ty w2 y down + - - .
15.66 btD 23.06 GSED 65Be |
Toeal Boblh 3.86 G5B .68 635B4 ;
1.08 G5Ea Z6.TE ki 15,66 GSEC 1
i1.67 ¥ Solve for V C5Ee ' ;

. y0
Solve for time

28.86

§.86

- =

br

e G LN S
o G5 I S 0T

b
INELE SR
r

W
-

=1 E G G G

P G O O
.- L K]
23 LN LTy

[Aa]

o

['xd

(4]

[aa]

11

~32.39 : 4,88 GSEd i7.a8 63BC
2.88 goba ZELTE RkR 3%.85 655D

g, 58
B.68 &
47.68 &

.

[ B N A N
.

[~

a

0

o

X

-~
.
K
o
O Lt L b
.
o G0 G LD E

.
xR |

i
§ .68 G3EC o

786 i .86 Gibd ‘
i 16,52 dud

<63 65Be

[

7

Reference (s) PH‘I“C& Y RESMUC AV ALY (i 3 Pate. 49 - il




—4T

* User Instruections
S (ANt TREE INPUT) | ve 1y J RESET
‘1 N 4 - nwr 3 - 4 w5 Z}
g DISTANCE Il TimE V emwvac Vi || AccaLera
STEP INSTRUCTIONS oAIT':\F/,SrIlTs KEYS D;?lezzltrs
| |oAD sipe 1 AND 2 LI ]
2 | ReSET [ £ 1[e | | ooo
3 |INPUT DISTANCE TRAVELIED X DIs. LAl | ©.00
(F_Yov DONT KNOW Tyis, GoTo STEP 4) 0 )
L |INPUT AMOUNT OF TIME yome | (B[ | | ooo
(UF _vou DoNT KNOW THHS, GOTO STEP &) I ]
5 |INeuT  VELOUTY AT 1ime E xbrs/omel | C 1|1 | aco
(UF wou DoNT kwvewW TS, 6070 STEP &) 1
o |INPUT _VELOUTY AT TIME ZERO X 0/pmel (D ][ ] | ooo
(IF_You poNT KNOW THis, GO STEP 7 I
7 |ivour  acusieration X%ome{ (E I 1 | 000
|F Yov DONT ENOW THIS, GuTo STEP & I ]
S _|INPUT NUMBER OF vARMBLE YOV DONT LIl ]
KNOW. (REFER TO ARD LABEL) % X NTER [ ]
O |sowvE FOR. THIS VARIABLE L& I[d ] n.nn
1O [SOVE For  2n) UNKNTWN Y (e I1[d ] m.mm
Il |for. NEW CASE, 60TD STEP 2 L0
]
I
I
LI ]
LI
1]
LI ]
Y
[ I ]
L]
¥ |WHEN Viumm 1S UNKNoww, SOLVE 1]
For IT FRST, THEN soRe 1TSS WLUE [ I ]
BY Pre3sSING BeFore SOLVING [ 1]
for THE OTHER uNkNOWN {T %ﬂ
[ 0 ]
LI ]
I
.
| ]
1]

v ¢

v ¢




Program Listing I

' 35
STEP KEY ENTRY KEY CODE 97 COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 »LBLn 21 1 v 857 «xlBL® 21 8% . y
8az 1 a1 MR oF R Al 858 RCL® 35 88 LUNATE
5 27 8@ o1 15 ST - 7 wA
o0z orp 16 2 g = R
805 ®LBLB 21 12 we OF BC 0 e AT 861  RTN 24
885 2 Bz Time 15 862 #LBL2 21 82
ggg Gggg 16 gg gz 863  RCLS 36 85
22 9@ 864 Pi 16-24
889 xLBLC 21 13 Re® =y 6-33
NR 863 N=Y7 16-33 NO Oce
a18 3 63 V et 866 &TD6 22 86
] L~ 2 I - La) gl
oo e S El
B3 wBLD 21 14 } V i e R0 863 RCL4 36 04
4 4 878 X2 53
615 6108 22 @@ REY 871 RCLS 36 85 ol
g:g tLBLg 21 ég }er e 872  RCLI 36 61 ou? :uﬁ'f'w
5 873 2 a: gvh
18 LBLE 21 88 a7 x -35 o € M
819  STOI 5 46 875 x -35 Wb f
e} - -
g'é? srgﬁ 35 45 SToRe M REC g;ﬁ ix gg WML ¢
@22 RCL3 36 83 878  ST09 35 89
823 xe 53 879 RCL4 36 84
oot wn lows omow g
826 - -45 \IJ/‘L 882 LSTX 16-63
827 2 8z 7 883 RCLO 36 89
828 : -24 884 - -45
e.;s sT08 35 @@ 885 RCLS 36 85
8@  CLX -51 886 z -24
831 RIN 24 887  PSE 16 51
832 lrLBL‘{ i 2{ a1 888 LSTX 16-63
ov Gi05 | 3y  DWT HAvE Tm< v Rt 3
835 F2° 16 23 87 891 N -24
a3 croc 2o g5 00T wAE Vener 892  RIN 24
gg; sgt‘f gg 84 893 «xLBL? 21 &7
L3 36 83 894 RCL3 3 63 T
039 s gt 9 @95 RCL4 36 B4 caLrATE
4 L2 az v 896 - -45 UsinG
841 x -35 uswb "’5 897 RCLS 36 85 MY
842 2 8z M 898 z -24
843 : -2 899  RTN 24
844  RIN 24 188 sLBL6 21 86
845 xLBLE 21 @8 181 RCLI 3 81
846 RCL4 36 84 182 2 62 LATE T
847  RCL2 36 82 183 X -35 U’Us,m, Fd’”"M
848 x_ -35 ALATE Y 164  RCL3 36 63 W &
a;g Rg.L.; 36 82 ol cormAA 185 RCL4 36 84
a X 53 166 + -55
851 RCLS 36 85 M 2 187 : -24
@52 X -35 | 188  RTN 24
as3 2 ez 189 #LBL3 21 83
as4 z -24 118 Fe° 16 23 8@ M 4
855 + -55 111 €709 22 89
856  RTN 2 SEamiene 112 F12 16 23 81
2 3 2 5 6 7 8 T
Vo - Vyo | DIST. TME | Veam | Vingm | ALUER. b*- bac
S0 A S1 S2 S3 S4 S5 S6 S7 S8 S9

A

D




36 97l’r0gram Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP e _KEY EN_TRY KEY CODE COMMENTS
113 6T0a 221611 | M* les  ReLs 3% 65 1 Vr
3 3
114  RCLI 36 81 17 ! o1 CM,CW'
115 2 6z . }2 . o Uguvb 3
116 X -35 -35
117 RCLZ 36 82 Mfé VFM iz: X 35
118 z -24 Ww_ﬂ ; - -
119 RCL4 36 84 v‘:m p i;g Rg: gj
128 - -45
121 RIN 24 Ve 177 #LBLS 21 88 y
122 #LBL® 21 89 12 178 RCLI 36 a1 4o
123 RCL4 36 o4 Cﬁ"‘:r o 179 2 ez cN—""‘Me A
124 RCLS 36 85 vs! y 188 X "3 ‘,Mfo@-
125 RCL2 36 82 "y ;gé RCLZ 3 S; v - \
126 x -35 : -
127 + 55 183 RCL3 36 83
128 RTN 24 184 - -45
129 #LBLa 21 16 11 :g; tngg N i;
g? R % 2; < Ve 187 F8° 16 23 8@ "
132 RCLI 36 81 (‘_M—’"M igg 9;11?; 6 §§ g;
A S ysin® 1 cioe 2286 €
135 X .35 VMR 191  RCLI 36 81 _a
136 X -35 192 RCL4 35 84 (2
137+ -55 193 RCL2 36 82 ¢ " WW)\A
138 o 54 igg X —j; U‘;I/IL <
139 RIN 24 : - 45
148 #LBL4 21 84 196 RCLZ 36 0z
141 FO? 162380 o 197 K 53
142 ET0b 22 16 12 198 : -24

[av]
5]
P

143 F1? 16 23 @1 e 199 %
144 ¢Toc 221513 P 80 x -35

Y7
[
145 RCLS 36 @5 261 RIN 24 . d
146 Pi 1624 262 sLBLr 2187 MM
147  X=y® 16-33 283 RCL3 36 83 ps

148 €108 22 86 % A 24 RCL4 36 B4 us v

149 RCL1 35 81 265 - 45

158 RCL2 35 82 Y ;gg RCLZ 36 g.;

151 z -24 1¢ 9 28 : -

152 RCLS 36 65 can W L , 24 a

153 RCLZ 36 6z ySIN 209 sLBLe 21 8¢ {€

154 X -35 o L 218 RCL@ 36 @8 WM

155 2 8z 211  RCL! 35 81 V5iNe

15 ¢ -24 212 2 -24 v ‘0

157 - -45 213 RTN 24 w

158 RIN 24 Vo 214 #lBle 2! 16 1 gy o™

159 #LBLb 21 16 12 1€ V4 215 gFa 16 21 8@ g5l & R¢

168 RCL3 36 83 Wd’“‘ 216  SF1 16 21 81 0%

161 RCLS 36 85 \ﬁ'“" 0 gé s;;_ 16 ?i g;

162 RCLZ 36 82 i -

62 x ° 35 e 219 §T0S 35 @5

165 RTN 24 2 a4 | Lo

166 #LBLc 21 16 13 222 #LBLd 21 16 14 A et

167 RCLI 36 83 223 ST01 35 46

AR A% 33 LABELS 224 ET0i 2249 SETsTATUS
%TWE o [“emme pme “store Ve | STORE Vi |"stoRE A v eoean FLAGS TRIG DISP
AuseD ° usep  |© wsen  [Csove [P psmET [T Tl XD | oec & | Fx o
OSTORAGE |l D18 [2cane Tims | OALC 4 CALe 256T1F Ve 1 0| erRap O | sci O
55'r g 7 —F Ve 5 Vues, £ > O| RAD O | ENG D
cre A. | Usep Usep vseD 3 0 O n
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Program Deseription 1

~ , )
Program Title

Ballistics Trajectory Computations

Contributar's Name Dgvid M, Ivey

Address Scientific Atlanta, 3845 Pleasantdale Rd,

City Atlanta State Gg, Zip Code 3030
\

( . c oy
Program Description, Equations, Variables The Program computes remaining velocities ,

energies, flight times, rise and drops plus sight-in trajectories
for bullets at user specified intervals, Computations technically
apply to ICAO conditions which are satisfactory for most shooting
conditions. The method: uses a Mayevski drag formulation with
different constants for the various velocity zones, The program
automatically selects the correct zone., There are three programs
combined on the one card, Note that data is stored on another
card, LBL A: This program does the standard trajectory computations
with outputs selected by two flags. LBL B: Knowing the velocities
at two ranges enables one to compute the Ballistic Coefficient

with Label B. LBL C: Given a "sight-in" range, this program
calculates the actual bullet path, Label C represents the advanced
capability of this program set.

Operating Limits and Warnings Be sure to use balligtics coefficient based on Ingalll's
Tables (presently all American bullets are)., This system works best
when the coefficient Cb is greater than 0,150 and velocities are o
above that of sound. Most importantly however, use range intervals
no greater than 100yds, shorter intervals give better accuracy.
Typically about 3% error occurs with this program relative to

L numeric integration techniques at 1000yds,

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.

M ! 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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BALLISTICS TRAJECTORY COMPUTATIONS D. Ivey

Zone Data

The drag is computed according to the formula Avn, where
A and n are constants particular to a certain velocity
zone, The constants A and n for each zone as well as the
limits for a zone are best stored on a magnetic card.

Mayevski Velocity Zones

Range of V n

36002600 1.55 L 064882535[10 3]
2600-1800 1,70 1., 2479517&6[10
1800-1370 2.00 1.316[10
1370-1230 3.00 9. 569787630[10:111
1230-0970 5.00 6.336817507[10

There are two more zones but memory space
does not allow any more storage.

i ‘b u - .. . . - »
PR L S T I RV B S, S W RS SRR O T I D tiowd TR IEVI I TR I E E  S JU R
Q &«
.
IR I Ry - SRR RSOV o BRI BN Bow i v}
W e Tl v D D R D D~ DR D DO
i I o1 w1 =« = o « & - .
S TR W R T L SR [ S o B T B e i o]
ry Y (5] 1+ ()
W 1w DAY (v} Wl
1) — v [ [
(X0 U] [ [~ v
x5 528 o Ve [
e d LS vl ¥y o
(') "y — L¥'w} P
e ) t+a U Iy
- . - - .
i -4 —y I:J'- '.D
Seasndar )/

Scientific-Atlanta, Inc., 3845 Pleasantdale Road. Atlanta. Georgia 30340 Telephone 404-449-2000. TWX 810 7664912

Telex 054 2898. Cahle SCIATLADORA

v ¢

W {

“




BALLISTICS TRAJECTORY COMPUTATIONS D. Ivey

List of equations and variables:

Vo= (Vf’— Z'D)% vi=initial velocity ft/sec
vf=final velocity
D - Av? V= muzzle velocity
D = Drag
Z' = ZAX/Cb n = Mayevski constant
A = Mayevski constant
te = Zﬂxg(l/fviwfh C,= Ballistic Coefficient
> (Ingall's)
h = 48.26t Ax= Range interval, ft,
te= flight time from v. to v
r ve = (/31 + 2fr /o] o o

h = maximum ordinate (rise)
Bp= (w,v5) /450,240 Vg~ roP a8t range xp
Efz energy of bullet at Ve
Cb: (ZAXD)/(Vi—Vg) W= bullet weight in grains
x = sight in range
o, (Xi/xo)(yo+H)'yi"H Vo= drop at sight in range
H== height of scope above bore

X;= range at intermediate values
Xp = X4 +0Ax y;= drop at intermediate values
X= maximum range
€;= projectiles position at X
Scientific-Atlanta, Inc.. 3845 Pleasantdaie Road Atlanta Georaia 30310 Teiepaone 04 440 D000 TN 810 TGe 4at

Telex 051 28398 Cable SCIATLADORA
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Program Deseription 11

fggéym@‘ y' | s.gH" N :y,ve/ (Lv\r—ywez - S
,.,éli__{?’ <@ Ke A XT Xhﬂx XM
o e STANPARD 4ueue,

—

~is run,

At right is the output:

Note: Cb is destroyed each time this program

Print the

ax=300ft

Wwwb—165

two

o

SMMMn@)Vm=2800fglsec

(100yards)

X =1200ft (400yards)
Set flag one and

Press A

STO A
STO B
STO C
STO D
STO E

7
HolkEick g Remarks:.

energye.

Thus at 400yards, we have
lost 28% of our initial
velocity and 48% of the

2800. 40

-47
300~ 00
1288, hé

I6s, ga !

~<§ 331'15?;;
Rowne. 156
Vedsorhy 2553

EN&"‘,Y —E43%.
time ~a.iiid
rige — *- 18

P

Sample Problem(s) LBL A problem: .Compute the complete trajectory of a 30/@5}
cartridge where the bullet is a 165 gr. Sierra Boat
Tail.(Cb=O.h7) at a muzzle velocity of 2800 ft/sec,
in 100 yard increments out to 400 yards..
energy, flight time, maximum ordinate (rise)
and drop.

STOA4
ST08
S$TRL
sTob

LS X3

LERY
L3R
AR
¥R
tEXK

ERR

1
|
1
]

|
e
1

[ —

i
i

-
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Program I)(-serlplmn ||

Sketch(es) : . - ; i 1 i s //wf/c)/ Z/&/op%
o ~ N | ¥ {,w,/ e
y ‘ L le—— ax —~—~———-—r—"—r">' : 1 >l/ e
Lo i ‘ .
beo ' I : ’ l ‘ i , f‘|__F‘ ‘_,! .]._ _
Co ' Lo S |
| | | 7S A
I % T i Lo ' %2 | I !
\ | J

o )
Sample Problem(s) LBL B Problem Compute the ballistic coefficient -

for a 165gr. Sierra Boat Tail bullet if the initial interval
velocity is 2588ft/sec. and the final interval velocity is
2385 ft/sec,, assuming x=300ft.

NOTE: Due to the tiype of, drag -
formulation used, different data
sets yield different ballistic

coefficients, This is especially true

for the interval beginning at the muzzle.

Several sets are shown, its best to average o
‘them, ::;ff:,i-;

Solution(s) Ax=300 STO C
Vi ENTER Vf Press B
2588 enter 2385 B

Av&ro.o'{/ VA T

\_

7
Reference(s) 1is entire program set represents the first complete ballistia

wi

system without extensive numeric integration techniques long tables,
It was specifically developed for micro-computer applications. For morsg
information regarding theoretical development or program usage, contactj

the author. Home phores 404/ 448-5394 Bus: LOL/ 449-2000 J

\.
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Program Deseription 11
rSl(thh{es) . 7(, . i XZ- 1 ‘ ; X3 i E )",4 j :_ ) —?
e | l , ] .
L [Sighted Zw N -
LU ')‘)’IMS .= 0 i »
<

-
Sample Problem(s) LBL C Problem Assume we wish to sight .a rifle in- at - 200yds

with the parameters of Sample A, We want to know the bullet's position
at each range increment to 400 yards.l Using the data from Sample A,
the drop at 200 yards is 9.86inches., Let our rifle scope be 1l,5inches.
above the rifle bore,

2866.86 STOH i

368.86 oT0C

1286.6886 5780
S.5c STa4
t80.15 o70E
eSEC
Solution(s) 2800 STO A% _
0.470 STO B 28686.68 sy
300 STO g* Zed.dé  aw
) 1200 STO D ' s an
9.86 STO 4
600.15 STO E Eéoo =200yds in feet, ) ige. v ?
Press " " 15=1,5 inches above bore) 1.65 ki
*not necessary if entered with LBL A. . S8, a4k
\. i .86 X
S8, K
mmm Remarks: From the aitput, to hit
dead on at 4L0Oyds we need to hold 23,15 inches hlgh A6 ak
This program itself has great applications! 483, arx
=23 15 ¥
\ —
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BALLISTICS TRAJECTORY COMPUTATIONS D. Ivey

Special Comment on Program C:

Programs A and C can be used togethor to deter-
mine the optium sight in range for a particular
bullet/velocity combination,

Consider the 165gr. Sierra BT. What velocity
and sight in range would yield a trajectory within
ten inches of correction at most out to 400yards?

/ £ 1Binghas HoDy ds

X

|
-
' } <10 inthes

From the sample with Program A, 2800ft/sec sighted
at 200 yards is not adequate. Suppose we try a range
of 300 yards for sight in? Then, using Program C we
obtain a -12,54 inches drop at 400 yards. This is out
of our design specs. Probably by increasing the powder
charge to get 2900ft/sec we can suceed, .

This example is one way the powerful Program
C can be used. Also note that with Program A one
can sight in using the rise data.

Scientific-Atlanta, Inc., 3845 Pleasantdale Road. Atlanta. Georgia 30340 Telephone 404-339-2000. TWX 810 766-4912
Telex 054-2898° Cable SCIATLADORA
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“ User Instructions
Ballistics Trajectory Computations
F1l prints E{lerg}z}
Cb Sight In F2 prints rise,time
STEP INSTRUCTIONS oA'Th;SLLJ‘rIns KEYS DSTL;\T/S:ITS
1 | Load both the data card and program [ ]
card, (Be sure to load both sides LI
also) ';———I | |
2 lFor regular output (PRGM A) Vi LSTO} A |
Cp lstoll B |
x lstoll ¢ |
Xm |stoll D |
wh" |sToll E |
To_excutes | A H ]
B
Program Outputs Initial DATA. e L
I %g if §1
N c,
L | I | "
Then the calculationss I |I - ] 0
{1l | |Range
I E
[ 1] ] [|velocity
| 1| lenergy
| Il | [time
| Il | |rise
| Il ] [drop
( [
3 New problem, go to Step Two I R
L]
L4 | For Program B Enter data: X [STO][ C ]
Vi }entfff{
V. . B
f N ey
I
[ .
N
| o
I .
I N .
I N .
T R
_ I
]

v

v ¢

v ¢
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User Instrucetions

STEP INSTRUCTIONS DA¥:$:WS KEYS Dﬁﬁszgﬂs
5 For Sight In Program C [__][T::J
|
Store constantss Vo IsTo]| &
- Ch lsTo !l B
x lsTo |l ¢
Xm Isto Il D
Xo.hh IsTo |l E
Y, IsTo | [ &
l
To Execute: C

Outputs Calculations:

(Intial Parametdrs) V.

X

o]

fal

b

Bullet path:

Range

Ei is in inches, Ei




° 97 Program Listing |
STEP “KEVENTRY® KXE®LODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@61 HLELK Zi i 857 LBLS . 21 65
@8z  DSFE -83 6 ggg E&z 36 6
BET  §5BE 23 8 Y , CLS 36 @5 -
o src 16-1 T W aliRakian oo -55 | Cown Qutes
865 RCLh 3 i 5z , '
fec  FRIN ~i4 angd 852 ST+6 35-55 i ?\1\\* Xlme
ea7  s10z 336z SeVou 8- 863 RCLS 36 @5 .
888 Fi¥ 16 23 &l @64 . 5T0Z 35 8z Q\ o
g0%  CSEE 23 oé 865 RCLE 36 86
818 RiLE 35 12 866 RCLC 36 i3 qnd dv oQ
811  PRTX -14 8e7 % -iE
817 RLE 3 IS 868 z 62
813 K#67 16-4Z 869 X -35
814  PRTY -4 878 DSP4  -63 84
815  RCLC I iz 871  Fa: 16 23 &6
A€ RCLE 36 if @72  PRTX 14
817 : -34 673 Ke )
o1e : 8z 874 4 4
@815 X -7 7o 8 8z
26 STOB 35 2 876 . 62
821 #lBia 21 I il 877 : &
822  RCLI 6 & N ‘ 878 6 5
623 RCLD 3 14 SoR gg? n'}f' I
824 KLYE 16-35 i DSFZ -63 82
25 FTN ¥ Lave L @ei  F8? 16 23 86
126 G584 21 64 882  PRTA -14
827  RCLZ 36 82 883 4 4
828  £SB1 23 6i 884 X -3
825 GSE3 2383 885 3 3
836  FRTx -4 086 : -y
831 FI7 1€ 23 & 887  RCLS 36 85
832  GSBG 23 @6 #3e  RCL#A 3 1
833 ©SB5 Z3 05 g9 : -24
834  FRTN -14 89a V¥ &5
835 ¢Toa 22 16 13 ggz z 8z
836 $LBL3 2 &3 Cowmpute SO -35
837 RCLp 3& iZ Re \V\Q - S 833 1 H
aze -35 AV LN 894 + -5&
839  CHS 2k AV 895 ¥ -35
840 RCL: 36 & Neloch h\ 89  RTN 24
841 NE 3 897 #LEL® Z1 68
842 + -g5 898  ENTt -z ex
843 VX 54 o9 RCLE 35 I5 M !
844 STOS 35 &5 1 RCL3 36 63 .
845  RTN 24 161 2 -24 Q"\\ <lat oS
A45 KiBL4 2 o4 ig-.: K2Y -4:
847  RCLC 36 i3 \ 3 XE 53
648 SPC  16-11 Revats 113; " -35
849 DSF6  -o3 @6 " RTH -is
656 ST+1 35-55 6 fanqs 186 Fe -3
851  RCLI 6 81 Takervals 187 RIn 24
a5z =z -24 188 RlLe 3e &6
854  PRTX ! 118 s<ye 16-35
955  SPC le-1 111 €702 22 8z
as5e RTN 24 112 1 &i
REGISTERS
0 1 2 3 4 5 6 7 8 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1




97Program Listing I1 o ’
|
|

STEP KEY ENTRY " KE;_CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
1132 3 6z ) 169 SFC 16-5i
114 5701 35 4¢ 176 FRTS -14 |
115 ROLE 36 62 171 sToz 35 6 |
; 116  RCLT 36 & 72 ROLE 36 I3 i
: 117 £4y? 16-35 173 INT i 3% 3
] 118 6102 2z @z A Y 3 3
1 119 i 61 delects e s - ‘
126 4 b5 176¢  PRT& -14
-. 20 stor 35as MNayoyey: 177 RCLE 36 i
22 RL2 3 e \ 178 PRI -14 1
123 RCLE 36 &6 D 178 RLLC 36 i3 |
124 x£y7 16-35 (%6  RCLE I 1 r
125 6702 gz el 181 = -4 |
127 3 g€ 182 x -33
3 128 &T0I 35 4¢ 184 ST0B 35 iz
128 RCLZ 36 éc 185 5FC 16-1:
5 136 RCLS 36 85 166 xiBLe 21 16 i3 ‘
3 131 K&v7 16-35 187 kLS 35 81 .
132 &70: £ az 188 RCLD e |4 00\ W §
4 133 1 éi 189 Esy? 16-38 1 f
: 134 8 &é 198 RTk 4 Nox |
135 8701 35 de 191 564 23 64
136 wblLz  Zi e 192 Rz wer | R am C f
137 R -3i 133 6561 i3 & i
138 KCLi 36 43 194 GSEZ 23 é !
178 ¥ 31 b Nc\ 195 €885 23 @5 ;
146 1521 16 26 45 , 19  RCLE ;5| !
141 keii x4 Calculgqtion 187 FRC 6 4 |
b4z x -5 ag i 6 !
143 [DSZ1 i€ 25 4¢€ 195 g Gé i
144 KTK S oae = -3F g
145 ¥LBLE Zi 1l a1 . -s= ?
146 &TOA 35 1: 282 CHS -2E
147 M ~3d 283 L5TX i6-62
148 &7 49 82 284  RCi4 6 8%
3 149 £SBS 23 8E 205 + -5 ;
{ 156  FCin 3g 11 285  RCLI 36 a1 f
151 E£SE1 23 @i 287 -3z i
152 Rl 3 iz 288 RCLE 36 15 !
153 =35 268 INT 16 4 J
154 : 6 218 : -24 !
155 -35 211 + -£5 |
156 RCL: 36 el 212 RND 16 24 ?;
57 AE 213 PRTH -14 J
138 Rl It 1i 214 &T0c 22 16 13 i
138 XE 33 215 #LELS il @6 ' “
150 - -43 26 & e Neqis Yoy
et = ~od 217 ST06 35 e¢ Q
16z RTN 4 218 STOL 35 @i cleatanc
163 LBl £i i3 218 1 @l
164  (Fé 16 2 &g . 228 i 86
1 165 CF1 Qs 22 & Toavkiqo 221 sm? kAT
1 166 &3B5 &3 oac 222 RTH 24
3 167 Riik 35 i 5%‘\ veQ 3-3 RS 53
168 SFC 16-ii ] 1 i
LABELS FLAGS SET STATUS
A B c ° € 0 FLAGS TRIG DISP
a b c d e 1 ON OFF
o O O DEG (O Fix O
0 1 2 3 4 2 1 D O GRAD O SCI g
2 00O RAD 0O ENG
5 6 7 8 9 3 3 00 n
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Program Description 1

~
Program Title ISOTOPE OVERLAP CORRECTIONS

Contributor's Name Lawtence T. Grossman
Address 206 Crest Ave.

ho tedivachiue Kb\c‘n: ete &.m‘ suntld 1 o i {u'ﬁ sciwdh llakem s,«k—rme‘hr
”Bu.bj "
simle isolope.
, I$°4°eu X am‘ 7 are. c«mM - machmz c'ﬁamlels A ad B m’f“"“’"‘]

Let a= Crackiond spillever o isolope ¥ Qrom chamnel 8 o A.

be fackond spillec o -sdep}x (o clomned B 40B.

o o I—ab  ohsand cOmbs pun i eah
chavwnd .

City Ann Atber _State M} _ ZipCode 48/03
.

~

Program Description, Equations, Variables PTOT‘QW\ Cocrects f _spillover tﬂ"’Wﬂ'\- channzls whey

8l Subtrackon .Gr eacla .sg-\o‘m U ko fpw ?ro%mu may be usad  with

Cx = covvechd caumls /i ns-kfz K chawned B = Ca=aCs  where Caond (g are 4o

Tohl  aunls i bOhF.)l :Ct' (lt@) = 7;

Operating Limits and Warnings

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 materiai.

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. :

O

@
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Program Desecription 11

r Skgtch(es) ‘ )
\___ _
=
Sample Problem(s) & ‘nsohf!-l. Sp:uo«.c A>8 = ph , B>A~ 20% ), Bka=10 cpm , Bka= 50 qpw
for Ha (olowing valus & ch/mmy and clsfmimg ) calulite correchd vels  aed
samp® A 8
4 2000 / 000
.3 1400 2200
Solution(s) Kg:shnl’v > 90 (Iy)
¥] Lol - 0.00 -3 ()
0.2 enteR 10 1] - 0.20 1400 [A) 200 (B11] > 1098 (T)
0.l ewTER so (E]) - 0.10 * 2% (Ty)
] Wl = /o0 >4 (werd)
jooo (A) 500 18] [£] - jol0 () 18] >4 (En)
> 4% ) - 3 (=7)
» 2 (et samph) >0 (saet)|
2000 (3] jow0 18] ic] > 200 () )
4 )
Reference(s)
- y,
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User Instructions
ISOTOPE OVERLAP CORRELTIONS
STEP INSTRUCTIONS o A'T':\’/’S;”s KEYS b :TL»’AT/S:ITS
L | Load side ¢ [ 1]
2 |Set for +uro isolopec L€ 1A | | o000
3_|Entec numbec of Pt saimple n. L Jle | | n
¢ |Pc si Iﬁ‘lk \50hﬂl O-uj’g_&d\""wq illover channsd Béﬁi ;‘ L ,]
bucksreurd _sobhackon fr clg.wu\ g>alsca | [ D |1 | | 8ap
5 1Ig bue Scologes, cnduc Gaskem D spillosss chawnal 528, I .
b%mamw for clhaunel B s8tekg | € |l | [p58
6 [Enbc coum ¢ i isole 8. [cpma A [ | |cpmp=8ka
3 |Enbc_combjuin for_channt) B, cpma (B8 11 ] kpme-ske
| 8 lovkeut corcochd combimin for chand A, B (if wed) [L; J’ [L J‘ v
Y I o used
I et
9 &r_nntsam-kwuro&— o 6. EJI;T
1 ¢ bt M*Y ounn H'-Q & _all stmpﬁs ok [ 1 J
MJMMM fr I
boe iselops; iz cleaced and o aciwmolabion rumm I
0\ Sampby ace ducd | £ |8 TI £ Tx
I £
I 07;'
i |For now st of samgluc, g0 fo 2. [fju(jj
N
L]
[
L]
I
Lij;l IR
0]
[ L
[ 1]
]
[ 1L ]
[ 1]
]
[ 10
N
I
-
L L]

QO
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67 Program Listing I

51
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBL D 3 25 I X +
sTo © (33 oo Bka o 5T0 +8 [33 6] ©F
Ry 35 53 store Bka, 509 |33 o¢
f;{;"o L_ 133 o1 060 ReL 3 (3% 8:} otpet T,
N 35 22 . - X-
Lol = 32 25 (3 stos ReL. 9 134 09 T, (i Fo set)
ST T 35 33 < g sammple o, Fo? |35 31 o0
RTN 3527-57-,{ e -~ X- 3 &
o o T e X T
f;:g 35 53 store. BRg _Bw s 22 -
S : 33 03 IBLa |32 251 sFo 3 fabals
*Bnl 35 2% — . e e e ] SEO 35 57 €0 e
entec comBfmm for A [P0 BTv 35 22- S |
L O 34 60 ch\\»&\, 5°5M3kﬁ ¥ Lge b 32 25 41
= Ly store.. o RCL 6 06 oobput dohl x for
ST 4 |23 of —X- 3 B4 all samples) Jobod y
RV l3ger | _ RCL 8 (34 of 2
LBL B (3 25 /2 |ewhe oumls fmin for B FoZ? 35 3 o0 | U Fosst). cro.
020 RCL & 34 02 ch.““,\, svbhad Ble , =X~ | 84 Clear atcomalaton
- 51 : CFo |35 ¢/ 00 k
ST S5 33 o5 B - 00 "’3‘5"‘6.
RTV 3% 22 e - SO 6_ 133 06|
8L C (3125 /3 080 sp2_ |33 of
geL 4 |34 of Caludate G, C ST ¥ 35 33
RcL 34 o ) Y Ry |35 22 | - |
R & |34 ps Te T T T T T T
X ] vy
- 57
030 I OI
REL ¢ 4 o]
ReL 3 |3y p3
X 2/
- “l 090
+ 8]
[ 0/
ReL 3 |34 03
+ 1
X o
040 Y i) 33 61 o6
870 ;6—33 oz LABELS
P ; 833 :; RN Ty |attekdn [Dloakdp
0 wly o
RcL 3 03 ® 2 fabals ; - © 1 g armpls Mo ¢
RCL & ¥ oH 0 1 2 v 3 4
X 2/ 5 6 7 8 9
- 51
! ol -
ReL | o/ — ;LAGS SET STATUS
050 ReL 3 34 03 a pes FLAGS TRIG DISP
X # I ON OFF
- / o w 0| DEG & | FIX &
- 181 2 1O & | GRADO | sc1 O
1 Y] 70 = 20| rRap O | Encg O
ReL]  [Bvor 3 0 & ne—
+ 6l
REGISTERS
0 1 2 3 4 5 6 7 8 9
Bakaerndy [ @ Bukyornd | b Ca Cs 2 Cx Gu ég, Cy
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
Mk Nﬂﬂw
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Program Deseription |

( ™)
Program Title Critical Reactor Code

Contributor's Name Richard D, Hyman
Address 23822 80th W.

city Edmonds , state Washington Zip Code 98020
.

.

4 .
Program Description, Equations, Variables The program est1mates the Pa"amete,‘”s Ofa 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.
Yp357¢(235) of
N7 T, (38) T Yo

£ = ZaF_ZameF+E

Zat T VE
- Ty 1xyu,lxye ., @
F(X) = 1+ E (2)2' 'dz) -'.4_»_8(2) ¢ X /LF
: oy o 14232 zy 3 ,y: 4 .z="m
Ely,z) = 1+ [;r_—.y-z"n(y) -7t ] Y
, ey = LM
o NFVFI'
O'-'EXP-[m I=A+C/ Vap
m- sm'm
B2 = (%)Zsphere‘
F .
e= 1+ .3 () P = 1 2 = 2(M2

T

Operating Limits and Warnings  This program works best for low enrichment fuel,
(-7%-5)% this is much like a power reactor. The accuracy is only to be taken

ésA an estimate. But the trends are good. Note: Radius of reactor is storéd in
S-6 register to change this you must change [P<>S] [STO 6] [P<>S]

\_ J

4 )

This program has been verified only with respect to the numerical example given in Program Description 1i. 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.

\. /

O 4

®




New data cards can be made for U235 Pu299 fuels & H,0, C, on D

moderators. The information needed on these cards éan be founa
“in John R. Lamarsh, Introduction to Nuclear Engineering,

0

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.) (em-1)

P-5 = Const A

P-6 = Const C

P-7 = Im Zsm

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

S-8 = Diffusion length of moderator (cm)

§-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)

= Radius of fuel

m o O ™
t

A11 these must be set for different fuel + moderators this is why it is

best to record this on a card.

53




Values for Diff. Fuel + Moderators

235

239

u Pu H,0 D0

p 19.1 21.45
MW 238 239
NF .04833] .04938
TafF
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
Lp 1.55 2.0

cafiss 680 1011.3
ca238 2.7 2.7

Q
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Program Deseription 11

-
Skgtch(es) ; Q O Q

Nuclear Fuel

SO
O O

Moderator

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 radius 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 = ;°8]1 = # of neutrons abs in fuel per neutron abs

p= .98 = probability a neutron 1is not abs, in 238 uranium
e = 1.0002 = fast fission factor (from y238 fission)

'bL= .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 emmmmr - > 1.33

B ----mmmmmmeee - > 811

C - - > .98
D ——-—mmmmmmm e > 1.0002

SFy1 » B mmmemmmmieem oo > .879
> .936

e
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.
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User Instruetions

STEP INSTRUCTIONS oAIT':\F/’StIns KEYS Dlej\T/lFJ’:rTS
1. | Load side 1 and side 2 L 10 ]
2. ] Load data card I
3. Optional: Sto fuel enrichment %fiss fuel lfm'm [A_]
4. | Optional: Sto fuel pin radius a/cm STO/[ D}
5. Optional: Sto fuel cell radius b/cm [ s10ll D |
6. | Optional: Sto radius of reactor R/cm [ |lsToel
[ ][Pe$]
7. | Optional: Clear flag 1 for cube reactor hlcr |11 |
8. | Optional: Set flag 1 for sphere reactor hlsp 1
9. | Calculate n [ 1[A ] n
10. | Calculate f [ 1ls ] f
13 Calculate o [” i ] '7(:7—‘ Jo)
12. | Calculate ¢ [ J[D | €
13. | Optional: Calculate K | flle | Keo
14. | calculate P, [ I[E | P,
15. | Calcualte K L flle | K
16. | For new fuel or moderator go tg 2 I
17. | For same fuel and moderator go to 3 [ 11 ]
L]
I
NOTE: Step 6 [P<—S] [STO 6] [P<S] 1
I ]
LI ]
18. | Optional: Recall n [P<>S] [RCL1Q N
19. | Optional: Recall f [P>S] f
20. | Optional: Recall p [P<>s] RCL 2] o
21. | Optional: Recall e P»S] RCL 3] €
22.{ Optional: Recall Py [p>s] kel 4] Py
23.| Optional: Recall K [P<S] RCL 5 K
L1 ]
[ 1]
.
T
I
]
o
A .
.
LIl ]




97 Program Listing |

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@81 xLBLA 21 11 857 & 8¢
A aaz 1 ai 858 ¥ 31
‘ 883 é aé ass 4 84
ga4 é dé a6e & 8&
885 RCLA 36 il 861 178 ac
a8c - -435 862 X -35
aa7 RCLA 36 1i 8632 RCLI 36 46
pag 2 -24 Calculates n 864 4 84
8as RCLC 36 13 @65 ¥ 31
aie X -35 #6s 1 a1
a1 RCLE 36 Iz 867 2 az
a1z + -55 ace 1-X 3
813 RCL 36 88 a69 X -35
814 RCLS 36 85 gra CHS =2z
ais X -35 87’1 + -5&
L H) 22T -4} 872 RCLI 36 46
gi17 < =24 ‘ 873 e a3
aig 25 1e-51 | 874 . -6
a18  srce 35 88 ars N 85
828 5705 35 85 Y x -39
21 PIE 16-51 arv + -35
22 RTN 24 ere 1 a8l
823 xLEBLE &1 1z a;9 + -55
824 RCLE 36 a6 @88 RCLE 36 15
25 RCLI 36 @i 861 AS 93
a2e = ~24 agz sT4I 35 46
827 . -6& 883 RCLD 26 14
a28 & ac Calculates f as4 AL a3
] Bz9 8 a6 885 - -45
i 838 2 82 886 RCLI 36 46
F 831 3 83 887 * -24
a2 X -35 age X -35
833 sT0f 35 &8s age P2S 16-51
834 RCLA 36 1i a9 RCL4 36 84
ass i ] a9l RCL3 36 83
@36 RCLE 36 IZ aaz < -24
ai7 X -33 a3 X =35
ase b éi a94 pPzs 16-51
83s é ag a9 sT0! 35 81
aqe a 8a ass RCLE 36 15
841 RCLA 36 il 897 RCLE 36 48
a4z - -43 ass < -24
847 RCLZ 36 8z 899  STO0I 35 46
a44 Ney -4] 188 RCLD 36 14
845 % 55 161 RCLE 3o 88
846 RCLC 36 I3 182 * -24
847 X -35 183 o -24
848 + -55 184 LN 3c
a49 8103 35 &3 185 RCLI 36 46
858 Fzs 16-51 18¢ Xz 83
asi RCLD 36 14 187 RCLD 36 14
@52 RCLS 36 89 188 RCLE 36 88
853 < -Z4 189 2 ~-24
854 Z az 118 se 83
855 < =24 111 - -45
856 STOI 35 46 REGs 112 RCLI 36 46

..‘  0 1 2 3 4 5 6 % b 8 o 9
MW fuel N fuel zaF zam A C smsm f25 Y
SO n S1 f S2 o 53 € S4 PL S5 K SGRad.us S7 S8 L S9 L
12R) M
D E I
enrich % ® o fiss. fuel “Ta non fiss fuel a (cm) b(cm) used




% 97 Program Listing 11

STEP KEY ENTRY KEY CODE ' COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 X2 53 1 169 e* 33
114 2y -41 178 25 16-51
115 z -24 | 171 sTO02 35 8z
116 X -35 172 STx5 35-35 85
117 . -62 173 25 16-51 - 0
118 7 87 74 RIN 24 End of
119 5 85 175 xLBLD 21 14
128 - -45 176 RCLD 36 14
121 RCLD 36 14 177 X2 53
122 RCLE 36 85 178 sTO0I 35 46
123 z -24 179 RCLE 36 15
124 4 84 196 xe 53 Calculates
125 z -24 181  RCLI 36 46 c
126 RCLI 36 46 182 - -45
127 z -24 183 z -24
128 RCLI 36 46 184 . -6
129 z -24 185 1 61
138 + -5 186 x -35
131 RCLI 36 46 187 1 ai
132 Xz 53 188 + -55
133 x -35 189 Pz¢ 16-51
134 2 8z 196 5703 35 83
135 z -24 191  5T=5 35-35 85
136 1 61 192 28 16-51
137 + -55 193 RIN 24
138 RCL1 35 81 194 xLBLE 21 15
139 + -55 195  P2S 16-51
148 17X 5z 196 Pi 16-24 Calculates
141 5T01 35 a1 End of f 197 RCLE 36 86
142 5Tx5 35-35 @5 198 z -24 p
143 P:3S 16-51 199 X2 53 L
144  RIN 24 288  F1? 16 23 @l
145 xLBLC 21 13 281  ETOM 22 a1
146 RCLE 36 @@ 28z 3 63
147  RCLD 36 14 203 X -35
148 x -35 284 xLBLI z1 ai
149 Ix 54 ) 285 ST0I 35 46
156  RCLG 36 86 Calculates 286 RCL® 36 68
151 2y -41 e 287  GS5B% 23 89
152 z -24 288  STO04 35 84
153 RCLS 36 85 289 STx5 35-35 @5
154 + -55 218 25 16-51
155 RCLD 36 14 211 RTN 24
156 xe 53 212 ¥LBL9 21 85
157 x -35 213 X2 53
158 RCLZ 36 82 214 x -35
159 X -35 215 1 a1
168 RCL7 36 87 216 + -55
161 z -24 217 17X z
162 RCLE 36 15 218 RTK 24
163 Xz 53 219 xLBle 21 16 15
164 RCLD 36 14 228 P:S 16-51 Recall K
165 Xz 53 221 RCLS 36 85
166 - -45 222 25 16-51
167 z -24 §23 RTN 1 24 1
168 CHS -eé LABELS FLAGS SET STATUS
A n ® © 0 ° ¢ £ P| 0 FLAGS TRIG DISP
a b c d ' e 1 ON OFF
0o O &R DEG FIX K
0 1 B 2 3 4 2 1 K GRAD g ESIG B
2 04 RAD
5 6 7 8 9 PL 3 3 K g n
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Program Deseription |

i
Y ’ﬁrogram Title  Semi-Empirical Nuclear mass Formula o L H]

Contributor's Name ~Dan  Shapira , - - R .
Address Physics Division, Oak Ridge National Laboratory, Bldg. 5500~ X=10 ~~ — — -

city Oak Ridge o State Tennessee . . Zip Code _37830._..__

\ _

r - . i =~
A Semi Empirical formula is used to calculate

Program Description, Equations, Variables
~approximate binc_i}p»g__gngrgie_s‘ and mass excess for any nucleus with a given

nuclear chargé -Z and number of neutrons -N.

Definitions: Binding energy (B.E,)= Z * Mp + N * M o-MCN
M = proton mass(energy) in MeV, Mn= neutron mass in MeV R
M(N,Z) = mass of nucleus_having Z protons and N neutrons. __ __

Mass Excess = M(Z,N) - A * amu

A=7Z+N, lamu = M{6,6)/12 --- 1/12 mass of 12C e
Weizsacker's Semi-Empirical mass formula contains seven terms
= 7% &
, M(Z,N) = Z Mp + N Mn + EV + ES + EC + ESym + Epair
' E =-al*A, E_=a2*aA%3 | B =a3% 72313
v s o
E = a4 * (Z-N)Z/A E .= +or - 34/A3/4 depending on -
sym pair
whether Z and N are both odd
or both even.
Epair= 0 for odd A nuclei - -

Operating Limits and Warnings  The 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 2 Z especially for heavier nuclei.

1L ‘ J

4 - — )
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.

w 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.
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Program Desecription Il

Sketch(es) R
\ -
N
Sample Problem(s) Which one of the mass-25 isobars (Nuclei with same number of.. . _
protons+neutrons) is stable.
A=25 isobars are nuclei that can have N(#of neutrons) = 10, 11, 12, 13, 14 etc.
and at the same time Z(#of protons) = 15, 14, 13, 12, 11 respectiyely
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 Z=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 ]
3 15, B 25 N of Isobar(mass displ.]
C -180.69 Display Binding energy
11, A 26 new Z entered i
14, B 25 new N entered
c -193.53 Display binding energy
12, A, 13, B 25 enter new Z and N
C -196.88 Display new binding energy
13, A, 12, B 25 New Z, N -
c ~190.75 Display new binding energly
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 y
( — —= — T
Reference (s) De Shalit and Feshbach  Theoretical Nuclear Physics
. _— ]
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User Instruetions

Semi Empirical Nuclear Mass Formula

»E

E
Esurf = coul sSymm
<+ B.E -+ Mass

STEP INSTRUCTIONS DA;’:SS;,TS KEYS DI-(\)TUA-‘/’lPJ:L’S
1 Load Program (sides 1 and 2) [____] [___J
2a | Enter Number of protons in Nucleus Z E:J L:A;_—J A_‘(=,_ZTN)_
2b | Enter Number of Neutrons in Nucleus N | | Ds_wj A (=Z4N)
L ]
From here on functions may he called on in anly [_—::J L;;;]
order [ ;I‘T,‘] l—:::‘]
Get Binding Energy of nucleus (N,Z) [ ,7_j LC_ | B.E.
" " " per nucleon [,:,,_J Lr.l_sl B.E./ A
| Get the Mass of nucleus (Z,N) = Total energy L_—;:J [7_4};—_-] M(Z N)
" " "  per nucleon [ _1lx/s] M@z,m)/a
Get the mass excess of nucleus (Z.N) [ ' {E_t] M.E.
"nomoom " per nucleon | Jlr/s] M.E./ A
Get the Volume energy term £ 1{la | E
moon " " per nucleon L 1 x/s] E:;/ A
Get Surface energy term [f ] [_ij E_
per nucleon [ l [115" Es/ A
Get Coulomb (charge) energy term [ f;,-_l [il;:,:l E
" " " per nucleon [ Jlz/s | ES/ A
Get Symmetry (N vs Z) energy term [_,f ,,VJ Id_] E
" " " n per nucleon L’"] [1“_. S,J Ebym/A
Get Pairing energy term L 1[le ] E_
w " " per nucleon [ )78 E;/ A
-
Note! the program is loaded with flags 0 and 1 on l___;] L__
When the first value of Z or N is entered flag { ,_:;J [——~—
0--is—reset—and-program constants—areloaded— ] [:T :] LT_:]
. i L]
Tizg 0 mow rematns offtt—Hence allways )
remember to reset flag O before recording ] [' -:i I”—’—‘_I
program on card. 11 ]
[
I
[J [t: :_',I
L
I
LT
I". _ L_,:I ['fj“ l
I
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67 Program Listing I

STEP KEY ENTHY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBLA |31 28 1] pr 6/
s70d A3 ¢y RCL @ 34 00
RCL 2 34 g2z . &3
tBL @ |2 B5 00 060 7 07
-+ 61 5 05
£70 @ A3 de y X 35 43
CF4 |35 61 O = 31
F?0 35 71 00 GSA 2, 3) 22 C2
GSR 9 31 22 P9 SF4 38 81 @f
Y RTN 25 22 RTN S 24
LBL A 3125 1 LBL 2. 31 25 02
S70 2 33 #2 RCiL(z) 34 24
Rce 4 EVIKY > 7/
Gro® 22 00 070 RCZ 35 2%
(L1 12125 ol g 09
£ 24 35 71 @1 4+ |
RTN A5 22 ¥ 7 35 35
4 ¥, = 36 52
ST I 35 23 STole) 33 2k
020 RCL ¢ 24 OF RCZ 25 34
GSB D, 3l 22 01 9 08
eClL 4 34 P — I
GSR2 [31 22 92 <T I 35 33
RCL 2. 34 @2 080 RTN A5 22,
saz |2 22 P2 AL oU |32 25 i
ReL @ 24 ¢¢ GSR 4 |31 22 of
GSAR2 |21 22 P2 RCL A 3h i
RCL @ 2% ¢¢ G7O0F, 2% OF
3 93 LR X |22 25 12
030 1/ x 35 62 GSR4 |91 22 e/
y* 35 63 RCLB 3% 12
X% 32 54 Gio0 F 22 _OF
GSR2 Al 22 ¢L LABL C |32 25 12
RCL A ) | 090 S A 3 22 @l
Z 32 54 ReL C ELIIES
ReL & 2 60 G670 F 22 of
3 @3 LBC d |32 25 14
1/ x 25 62 GSBR 4 |31 22 6/
y* 35 63| RCLD L
040 = 81 G70F 22 OoF
6SR82 31 22 02 (8L e. |3z 25 5]
rcL 4 34 ol csad 31 22 i
RCL 2 3k 02 ROL & 24 Is
- st 100 GTOF 22 @F
Xz 22 54 LBL 2¥ 28 /3
RCL P 24 0o 6SR4 |31 22 ol
= 1] 4 ~al
GSR2 31 22 @2 q 09 |
4 o4 T 7 35 33
050 CHC [P3 &S 4 31 22 04
RcL 4 34 o4 G710 F 22 O
"2 35 &3 (ALD |3l 25 14
77 @4 <l [31 22 0l
CHS 42 110 4 IsY ]
RCL 2. a2k 02 £ of
X 25 €2 ST L a5 33
' REGISTERS
6] A 1 Z 2 N 3 4 5 6 7 B_G‘M.u.g ”@)
SO S 32 S3 S4 S5 S6 S7 S8 7| 59
M(In) -y CLZ a—lf - Qs *H’ ‘NM
B8 D E - I ‘
A £y £ E . ESy-m £ pan, |
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67 Program Listing 11 63
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
(Y 3122 O A Q&
G707 22 OF 170 GSR S 3122 08
LAL £ 3125 I8 4 oY}
csSad |3/ 22 ¢4 Y o5
4 e/ . 43
A 2¢ A 06
Tz 25 33 I< o0&
120 GSR 4 |21 22 04 CHS 47
Lac 131 25 OF GSRX 37 22 ok
RIS . &4 4 o1
RCiL P ) 8 04 |
= g 180 . 35
R7 N 35 22 5 o5
LBL 4 |31 25 04 A 06
J7) 00 GSRY Al 22 04
<706 33006 . PE)
LAL S |51 25 05 £ 04
130 IS Z a1 =24 ] oA
RCZ 25 2% 7 (s
2, g2 Gsak 2 22 08
5 [ XY 2 0z
- : 5 190 g 0d
X=0 YY) ° 349
GTO €& 22 @ 4 04
RCe(z) 3% 24 GSRY 31 22 vy
ST0+6 [33 61 @6 4 04
G7C % 22 BS 'z of
140 LAL [P 25 Qb CHS 42
RCL € 34 00 GiA 31220y
RTW 35 22 CF 35 6 o
LBLY |31 25 @3 RCL @ 34 o¢
£ 07 200 R7TAN 35 22
ST I 25 2= LALE 31 25 of
g 09 IS7 EYEY"
3 0= <706G) A3 24
f [ RTN 25 22
. d’é
150 S [
g go
4 cH
CHS 42
GSRY |21 22 Of 210
q " 03
3 03
s 08
. 33
v 0F
160 fj 0‘3
2 (1G]
GSAK 3 22 Gk
g ¢9
) 03 220
9 c3
L 42
5 03
7 OF
N_ ] LABELS FLAGS SET STATUS
AOZER B INTS PBLE. PM@EN) [F M. Exess® N\ FLAGS TRIG DISP
E b c — d = 3
~&v - £ —~&c ~ Egym | *Epan ~ o RU | oee 0| Fx O
0 T~ 2 -\ 3~ 4 1 ) 0O GRAD O sCt ™
5 3 7 5 2 00| rRAD O] ENng O
—~ ~ ~ - ~ 3 00 n
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Program Deseription |

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

Contributor's Name G. Richard Scott

Address 110 Donelsonwood Drive - ;

City Nashville State Tennessee Zip Code 37214 ,
N J
7~

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

P ' -1 J )L‘PM .
dy du oG, */Cj,+ m)! (G -m)! G m)! G ) (T em)! (T-m)]

— x%(")tﬁi (J-)'L+t+m,>,’, (J’—:)"r{-MJ.’(JJJZ*J_V;{’}.,‘ |
35 SymBel

’w;'fA A(J, J)—— L_<0+J4 )’(‘;&h} )'(Jw-u;)j <J td, 4J+D'H

-1

SUBJECT 70 THE E[s7,e,qm/7$ @ l "dzi 4 J £ /d +J /

@ moam, = /Vl
THE (CLEBSCH- Goebent Ec‘t'FF)ClENT) <d,,d,zm,m2/ M> :)“' at wm, mz—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 calculator will

display all 9's in the x-register), If illegitimate values are
entered for ji, ;]2. and J or for my, m,, and M, spurious results
(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

\ Recah formula exceeds 69. )

4 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.

|
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Program Deseription 11

Sketch(es)

\_ _/

T

Sample Problem(s) (D S UPppPos €

— o N
C.G. CCEFFICIENT <K dd, mom,lim>
IS NeepED WM = 4=,

wiw T

)

NOTE FOoR Scly71eA/S % o

4

2] “LMJ@Q/“ A)« /7:’655//1.9 “/]

J, v & ” B

o )

o AT

P
' /V) /S /rg*/(;/) W AS =M and

is entdered” by pfcfj/n? £L e

. . i, 4, J
@ IF THE 34 Sy mel (m' mz‘M> wes dcs;rci) IT 1S STeREP

IN REEisT7eR €,

Solution(s) @ '05‘ EA] QL’g] er‘ECj ,5[{][,/?] O,H][Bj ‘.5—[{][Cj
Cc?m/)/c-/c s entry of data

LD siwis pregram  —> 2.937700221-01

(DIMENSICA/L555>

© [kel]red — [,195228¢10 -0 |

( DlleN‘)iONLESS)

-

r

Reference (s) MESS A /’/) /4//5[:/(’7_) /)ZUA/\ZTUM MECHANICS
Volcea € 2L pp 10591058, NCRTH-Hece A
Pigrispwivneé co. (Amsrerenam ) AND TCHAN WILE Y
L ScANS (New Yor k. ]958.

(71"‘1/‘/5/&4'/(/ -//74‘/70 He é/u/zc/; (()/,(7/,0/1/> J




User Instruetions

C. G. Coefficients and 3j Symbols

A= ] B = j c=J RCLE ¢
1 2 START == 3j ’

b = m2 c

INSTRUCTIONS DATAUNITS KEYS DATATORITS
Load 'side 1 and side 2 LI
Load j4,JnsJd,my tmg"'M’* Iij,:’
imiut“jl B 31 L—A—J[j;iﬁj Jq
imput jo 32 (B[] >
imput J J [C Il ] J
imput my my [ £ ][ A ] my
imput m, m [T ][ B ] M2
imput-M ## =M | £ ][ C ] -M
3 | Compute and output C.G. coefficient | D |l ] [c.G.
4 | Optional:s OQutput 3] symbol's value [RCL|[ E | 3j valuse
5 | Fer a new case, go to step 2 I
L0
##*When data is entered as above, the [ 1]
Clebsch-Gordon coefficient computed ]
ts <y jmm, [JN> , while the 3] ]
symbol which is computed is L 0]
d d, TN\ [ L ]
. M) LI
' 7 L]
# If an error is made while entering [ ]
data, it is suggested that step 2 I
be begun again. I .
L 1]
I
[
[T ]
L1 ]
L1 ]
L
LT ]
I
(R
(1]
.
LT
I
N
I
I
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97 Program Listing |1 67
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
- 88! ¥LELA 21 11 e AR S 8s7 I8 54
862 CLRG 16-53 CECISTERS 858 STO4 35 84 STCRES
682 Fis 16-51 AND STCRES 859 1 61 NS
884  CLRE 16-53 ;. 268 1 !
885  STo! 35 &1 81 STl 35 46 _
8as  RTN 24 862  RCLI 36 8i CempuTes
807 *LBLE 211z PP 863 RCLi 36 45
g8g  STOZ 35 @z STORE=d, | 864 + -55
889  RTN 24 i 865 ! 16 52 <
@16 xLBLC 21 13 sTofES J 866  RCLI 36 8i o
811  ST03 35 83 867  RCLi 36 45 N
812 25 16-51 ace - -45 3
813 RIN 24 869 NI 16 5z ~
814 ¥LBls 21 16 1i a7e -35 ~
a15  ST01 35 @i sTcees m, 871 ST0S 35 89 =
816  RIN 24 872  ISZI 16 26 46 3
817 kLBLb 21 16 12 oos m 873 RCL? 36 8z N
@18  STOZ 35 8z =Toee> Mo 874 RCL: 36 45 T~
@19  RIN 24 ars + -55 o
828 *LBLc 21 16 13 STORES —M 876 Nt 16 52 N
@21  STG3 35 @3 877  RCLZ 36 82 s
822 P2S 16-5i 878 RCLi 36 45 &
823 RIN 24 879 - -45 el
824 ¥LBLD 21 14 BCCINS 88 N! 16 52 ~
825 RCLI 36 @i COMPUIATIONS 81 x -35 o
826 RCLZ 35 6z 882 STx5 35-35 65 !
827 RCL3 36 83 205, T 883 ISZI 16 26 46 S
828 - -45 884 RCL3 36 a3 —
829 + -5 'S ComplTED @85 RCLi 36 45 =
82e NI 16 52 a8¢ + -55 N
831  STo4 35 84 IN sTEDPS 887 N? 16 52 S
832 RCL? 36 82 _ 888 RCL3 3¢ 83
@33 RCL3 36 83 25-57 @89  RCLi 36 45 5
834 RCLI 3681 698 - -45 =
835 - -45 | 891 NS 16 52 o
836 + -55 892 X -35 !
a3z NI 16 52 893 §Tx5 35-35 @5 >
838 STx4 35-35 @4 @94  RCLS 36 85 N
839  RCL3 36 @3 895 X 56 | °—]
848  RCL1 36 81 896 STOS 35 85
841  RCLZ 36 8: 897  RCLI 35 a1 CompuiES
a4z - -45 898 RCLZ 36 82 DM
843+ -55 899 RCLi 36 45 Ci)
844 ! 16 52 100 + -55
845 STx4 35-35 a4 181 - -45
846 1 81 182 ! ai
847  RCLI 36 al 182 CHS -2
A48  RCL? 76 82 104 2y -41
@49  RCL3 36 @3 165 X 31
856 + -55 186  ST0s 35 86
851 + -55 187 RCL4 36 84 MULTIPIES
as? + -55 188  RCLS 36 85 Cempuie D S§.
853 NI 16 52 189 RCLE 36 86 Rucis Tee&eTHEE,
854 RCL4 36 @4 118 X -35 Myt s BY
855 Xy -41 111 x -35 Lyt I
856 : -24 112 sT0D 35 14 ) sreees’d
REGIS 1 ERS
0 1 2 3 4 5 6 7 8 9 _
Usep | uvsed | vsed | vsed | vsed | vsep | vsep!| vsep| vseD
SO S1 S2 S3 S4 S5 S6 S7 S8 Sg
PSED USEPD | VSED
A B C D £ , I
USED Lsepd ysed PseED 3) VALUE psen




e 97 Program Listing 11

STEP KEY ENTHY KEY CODE COMMENTS STEP KEY EMTDY wEV ~NDE COMMENTS
113 CLX -51 169 + -55
114  SF8 16 21 8@ : VT 17@  RCLI 36 46
115 ST0I 35 46 CompuTES 171 - -45
116 26 16-51 M, 172 x<87 16-45
117 RCLI 36 81 SUMMATIO 173 6703 22 83
118 STOA 35 11 tw 174 NS 16 52
118  RCL? 36 82 RACAH ‘ 175 STOR 35 88
126 STOB 35 17 176 CFe 16 22 @6
121 RCL3 36 83 FORM U LA 177 RCL4 36 84
122 ST10C 35 13 178 RCLS 3o 85
123 PsS 16-51 (stc pS 179 RCLé 36 86 ‘
124 »LBL2 21 8z 188 X -35
125 RCLI 36 63 13- 198 ) 181 X -35
126  RCLI 36 46 182  RCLY 36 &7
127  RCLA 36 11 187 RCL8 36 88
128 + -55 184 X -35
129 + -55 185 X -35
138 RCL2 36 8z 186 RCLI 36 46
131 - -45 187 NI 16 52
132 X<@8? 16-45 188 x -35
133 6703 22 83 189 1% 52
134 N! 16 52 198 1 1
135 ST04 35 64 191 CHS -28
136 RCL3 36 83 192 RCLI 36 4¢
137 RCLI 36 46 193 i 31
138 + -55 194 k4 -35
139 RCLI 35 81 195 ST+9 35-55 @5
148 RCLB 36 17 196 ISZ1 16 26 46
141 + -55 197 6102 22 8z
142 - -45 198 6102 22 8z
143 x<@? 16-45 199 xlBL3 21 83 CHECKS To
144 6703 22 83 288 I1SZ1 16 26 46 see v = Fraished,
145 N? 16 52 281  FB? 16 23 @@
146 STOS 35 &5 282 ET02 22 82 IF S0, complies
147 RCL1 36 61 283 RCLS 36 89 3, VALUG
148 RCLZ 36 B2 284 RCLD 36 14 crogEs W
149 + -55 285 X -35 _
158 RCLZ 36 63 286 STOE 35 15 Recis1er £
151 RCLI 36 46 287 1 a1
152+ -55 L 268  CHS -2z CompuTES
153 - -45 289 RCLI 36 81 ,
154  X<0° 16-45 ’ 218 RCLC 36 13 CLEBSCH-
155 €T03 22 83 ’ 211 - -45 - \
156 N! 16 52 ' 212 RCLZ 36 82 Goepor
157 ST06 35 86 ' 213 - -45 COEFFICIENT
158  RCLI 36 81 [ 214 X 31
159 RCLI 36 46 [ 215 RCL3 36 83
168  RCLA 36 11 [ 216 2 8z
161 + -55 I 217 X -35
162 - -45 [ 218 i 81
163 X<¢8° 16-45 [ 219 + -55
164 ©T03 22 83 I 2ze I 54
165 N? 16 52 I 221 X -35
166 §T07 35 a7 I 222 RCLE 36 15
167 RCL2 35 82 I 223 X -35
168 RCLB 36 12 224 RIN .24
r— — ——LABELS - _FLAGS SET STATUS
- Jy _ Jo _ J d—-> C.G 1 FLAGS TRIG DISP
— € ON OFF
om. 1’”1 2/V\ - - _ o® O| bEG B | FXx O
Cat C CALC 1 0 &R GRAD (OO sSCl B
5 6 7 8 S 5 2 0O RAD O | ENG_ O
3 0O n
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Program Deseription |

rProgram Title 32-P REMAIN/ING on2 MM.DDYYYY GIVEN MC/ on h
EARLIER MM.ADYYYY

Contributor’'s Name Gﬂky Q. A‘-TMA N

Address 3307 NoaTaBrook DRIVE

City MidDLE TON State WISCOAISIN  ZipCode 535 6 2 )

\_

( ™)

Program Description, Equations, Variables
. JVeian DAy NIMBER IS CALCVLIATED As DESCRIBRED
W THE HP-bF STAVDARD PAC PAGE OY-0Ol;
THE NUMBER OF DAyS BETWEEN DAra ! AVd DATE 2
IS AtSO CALCULATED AS DESCRIBED IV THE HP-62
S7TAvDARD PacC . n
2. Ravwscrive decay i (4mitia mC;>L°°5'> - mCiow
DATE 2 , WHGERE n= 14.3 /ADAYS = 7HE AUmBER
O MALF-Lives ok 32P iwmicy MHAVE OCCVRRED .
3. SVBRovT/IHNVE D Yigeps: mCi on Date 2
(m C/ o DATE z)L?. 2 KIOq DPM) > DPM on owe-z
avd (0.3)(DPM) T cPMew da7s 2
Eﬁssvmes 0% <ovwT.na EFFICIENCY AN NO QU«TA’CM/A/S]
4. svgrovnNE f ©  yigess:
(0.8)"(com swopre )= P od DATE 2 ; Ams
[Lz.zx:o’wm Imc)/lcpm/. 3ﬂ mCi ow DA-TE 2

Operating Limits and Warnings PROGAAM K4S I1F DATE | = DATE 2 or
IF DATag | 'S Mone RECENT THAN OATE 2. .

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.

_ J
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) “ o [ ]
Program Desecription 1l
Sketch(es)
|
. {
(~ ) |
Sample Problem(s) ). How MANY DPM(AN’ CPM) REMAW oF A 0./25 mC)
P sampeg 7 GiEN: DATE OF Speciric RAVIACTINITY RATING
A5 FEB 2,1977 , And ToDAY's DATE AP 2T, 1937
2. How mawy cpm (awd mC)) remawn 0F 4
 3.2x0% clm sampie oF P s memsuned By cHErEnKoV
RAVIATION on AveusT N 1976 7
sotionsy + 2.0672192%2 A issay: 2443:/32) 42219238
Cospeay: 2443256.) C (Dispeayr P4, THE NVMEBER oF DAays BETWEEN
FEB 7 Aavd APrR 22) 0.135 D (Disseay: F.2220 x:o‘) 2-466 x10% - g
THE DPM AND THE CPM RemawWsa)6 )
2. 3111976 A (2¥43002.) H.22192% B (249325¢.)
¢ lesy. = Adays) 3.2 €EEx b F o (wswens: 4. , :
2.0 x 'oﬁs - 14 <pm RSMAIV'IA/‘ ) Z-IS‘XIO-t m C, /2;‘,”,4/4//4\/6') '
y,
4 N
Reference(s) CALEANDAR [uncTion S, PAGE oYy-0l i~v KHP-67
STAVDANY PAC , And CHASE 6.p. ¥ T L RABWowITZ,
PramciPLes oF RpbioisoTopE MG T#000)06 Y/, SURGESS,
- Mivwenppous, My (1262).
_ )

—
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User Instruetions

nITIA L
m Ca

INPUT OUTPUT

STEP INSTRUCTIONS KEYS

DATA/UNITS DATA/UNITS
L | Cepad s10& | And S1dE 2 - .
.| ivevr DaATE! A4S MM.DDYYY) oare s | | 1Al [Ba%
2. | INPVT DATE2 A5 mMDIYYYY oae2| ||| B Tt
4. Carcuiate ¥ of DAys BeTwesn - L]
QATE /| Awvd Dare 2 — c A DAYS
5 |(ro smvpvr cPm Go 7o S7TEP &)
INPUT mC/ of 3P a5 or DATE !/ mC, .3 DPM
c PM
6. | /iwPYT CPAm onN Darse / cPm £ e cpmM
mC.
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2 67 Program Listing 1
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 fLBLA |3 251 53 10 3 33 o3 CALe
2 £ Fix 31 23| catt ADAYS 3] Rct A 39 41 DAY SF Me~NTH
3 bsp 2 A3 o2] L PUT cowTOL | S | b XPY 35 s»

y acL l{ 3¢ Olf 3 I~ DiSgLAY |os0 Act &b 34 o6
[ LeL € Sy (3 ] x 2/

| G - St 02 (S 31 3
Z > ° [ 62 - St
S GTe @ 22 o0 | oy| stoé 33 of | ,

9 [ fiacB [ 35 25 12| . coate c| Aer? Ty 07| Auid (n'-1).00

- Ac! 3 3¢ o3 ADAYS AmD VT |k ] of PANRT 6F pispLay
h RerLC 3y 13 w DISpLAY | €2 rc\ ¥ 3Y af
12 + o] “ il £ % 11 82
13 o o4 o9 -— )
1Y E 81 @ | 31 215 00] sTORE cContintoL 070 o <] ’
i$ hste i 35 33| csdE 1 Rel 3 3y 03| conncer M-!
16 A RV 35 53| srons 7L ! ol | ano Yy’ To M
17 3 31 coamsTANTS 23 4 o4| amd Y.

13 6 o6 Y e X!
19 5 o5 | esgz | 3) mo2]

020 : ¥3 2| AcL9 34 0 eimsH ByiLbING
Zl 2 oz 72| EEX ¥3l pm.poyYYY
22 < PYs % G 06| pesuT Awd DiSPLAY
23 ST S 33 o5 o | < B!l Anvswer.

Y 3 e3 080 + Gl
28 o oo ¥1| pseb 23 ob
26 . g3 Y2l LRIV 35 2|
237 e oG 3] Clul4 [31 25 01| greak MATE
° oo N WOV 385 §3]| wwpyT IvTe THE
29 o L o1 . 41| 1wmavidvaL

030 ] o %6 E ivr 3] §3! compomwENTS oF
3 ST 6 33 ob| §#| S0} 33 o1 mm; 2R VYYY:
22| KRV 35 s3| ReTvan A DAYS 5 - ]

372! W RY 35 S3|___Te DISPtAY 9 €ex 42
3y | hF3? [ 35S # o3| (¢ pDare wevT [0 2 o
25 GTo | 22 of] Go To Qi X )
36 h sti 33 24| sSTonE ODAYS 92 1t 4)
3? ] Ol| acconpinG 70 92 T 1] 23
38 T -1 CondTROL YMODE ,]t m_g %3 oF
39 r o2 , N - S

040 . 73 care Y 7% Eex Y
“i | ol 93 o4
¥ — St 9% X 21
43] nev s 34 o5 9 S10 9 33 o9
[ - %) 100 Rery 39 1220 |
Y$1 & T 3) ¥3| , lo1 I o!

| 46 ST09 3309] ecate ™M loz -; o)

Y| ner s 14 ¢ 163 4 4
Ly X EY) Loyl h V/x 35 oz] Mt m
el £inT 3 &3 (0§ . ¥ ,

050 h RCH 34 2y 106 3 o3| Y—}Y
St - S 103 + el
St cHS Y2 108 cns o

3 STo A 33 1 199 G6sg 2 |31 2t ot
SY rcL b 34 ob 110 (WA 3y 06| compevTE
< - 31 i X 1| rviiav DAY
St £.nT 3) &3 N £t 3] 23] ~NMvmBER
REGISTERS z
2 3 4 5 6 7 8

° 1 DAY ) pay 2 | 365,25 | 3o4enl M~ DD YYYY

S0 S1 S2 S3 S4 S5 Sé6 S7 S8 S9

A B D E 1
VSED A days CONTRO L

!
b



67 Program Listing 11

73

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113] RCL 9 3y 09 169] RcL2 3yor
1’91 gce§ 3405 170 - gl n
21S X #1 41 ] b oy* 1S e3] (%)
el € awvr 3) &3 LFL] % #/x 35S 62
(2] & + A #3] gee @ | 3w o0
ng | ReLd 3y o3 (#Y] gce ! 3y ol
1na -+ Gl 125 X 3
120 h Sri 23 29 | %6 X 2!
12! 1 ol 3| 9 scq 3t 3
22 3 o1 13+%] Ds¢ 4 23 oy
151 2 oz 1+ $-=x- 3) $Y| DAy DFPM
1Y (2] oo 180 A “4)
13| a 09 7 31 33 |
| 126 B 0% 1521 3 ©3
1% 2 2 ot 157 X 2!
1e? -+ 3] (YY)l L—x— 3] B4 | DpiseLay CPM
30171 pSPP ;3 oo {gr WRTN| 35 22|
! L RTAN g 22 . [¥6] g tblc [t32 2§ 13
13/ [ CrarL 2 [S) 25 o 1F INPVT To Tuis 23] ‘s A 33 1| STeng cPM
132 ©anT 31 g3 Rovmve Has [ geL o 34 13
STe+9 (33 e 09| ABS Vawve oF I%"l oL 2 34 02
| Y] 4 ok > 190 ey <) A)ays .
2 o y= Y%l 149, . 3| /4.3
X >/ M= M1 I?ql g 05
- q) T /93 x>y 3¢ s
h vl [ 35 22 U pon puss 120097 19¢ &,Zx 35 3 (?’_')A
Cisec (31 2513 Sreme 1mpvT 195] eée A 3¢ i
nsp 23 00 196 X 21
s C 3213 oy FLAG 192] [ —-x— 3) ¥4 | DISPLAY CPM
h E3 15 2103 | 1~ /mNOVT N 3
h gTN 35 21| TRWE, TAEN STOP 533} 3 Z;
Rce Y 1Y o compvure A DAys [200 - 51
gce3 34 03 AVD €Top 290)| ecel Zy ol
— <] 202 - % | .
snc 33 13 203] W W 3¢ 20 bispeay mCy
h 2T~ 23S 22
hF3 [ 353 e
Gro Y 22 0¥
fGroe | 3/ 22 13| compvre A DAYS
psé |} 2301
£ ;‘;:3 3 ;—; Y sreea covstants L
! sro | 330
lobl FLBLE 13) 2528 ] OdMs_
| 163 % o T4.3
16Y] L € TNE
. LABELS FLAGS SET STATUS
DATE | BbA—r; 2 CA Days Dn.c.'—oc_rm £ ° FLAGS TRIG DISP
a ) c —|d 1 ON OFF VARIES |
- 1 ZCFM-MC. - - o O & DEG ® | FIX O
10 GRAD O | sci O
3335-'c = = 5 5 2 O RAD O | ENG O
"INPYT |3 0O W n




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
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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

BILLACK 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

32-P REMAINING ON MM.DDYYYY GIVEN MCI ON EARLIER
MM.DDYYYY

HEWLETT ’! PACKARD

1000 N.E. Circle Blvd., Corvallis, OR 97330

Reorder No. 00097-14015 Printed in U.S.A. 00097-90180
Revision C 1-78
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