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INTRODUCTION

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

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

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

A WORD ABOUT PROGRAM USAGE

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

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

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

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

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

-
Program Title _ Black Body Thermal Radiation

Contributor's Name Hewlett-Packard

Address i ] 000 N . E . C] rC] e B] Vd o e -
City Corvallis State Oregon Zip Code 97330
\_
4 N

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

Amax,
/
Black body / ST.»
monochromatic /" Amax Ti>T2>Ty
emissive power 2
[/ Amax, \ \

Wavelength, microns (continued
Fi .
e 1 next page)
Operating Limits and Warnings R R I S
A minute or more may be requ1red to obta1n Eh,n ,yor E. .. . since the
U\U ZAY ] W\I\ l "A I

integration is numerical.

Sources differ on values for constants. Thls could _yield small discrepancies
_between published tables and program outputs.

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

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

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




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

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

Equations:

A T =

c
max Amax 3

Eb(o_m) = 0T4

2me,

A\S (ecz/}\T_ 1)

A
Epo-n = f Epa da

o

o ke,
-— 3
=2mc, Z ~T/key e TA 'i(%.) + 3T

k=1

2
NYEALWERL
A kC2 kCz

Ebr, -7,) = Eb(o-1,) = Eb(o-1,)

Epa =



where

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

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

c; = 1.8887982 x 107 Btu-um® /hr-ft?
=5.9544 x 10® Wum® /cm?

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

0=1.713 x 10~ Btu/hr-ft2.°R* = 5.6693 x 10~ !?
W/cm?2-K*

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



Program Deseription 11

—

Sketch(es)

SR S —

Sample Problem(s) _Example 1: ] I
__What percentage of the radiant output of a 1amp is in the visible range (O 4

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

—Keystrokes: DR Outputs: o a4
) P— O - 5.669 x 10712 W/cm®-K
2400 [A] .4 [B] .7 [f] [£1 ch [:] 100 [x]=mmm=mmm- S 2.641%
2500 [A] .7 [f] [E] [C] [+] 100 [x]---ﬂ--:,f,--::_Tt, 3.337%
__xgmple Z

If the human eye was designed to work most efficinetly is sunlight and the _

visible spectrum runs from about 0.4 to 0.7 microns, what is the sun's
___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:

B I > 1.713 x 1072 Btu/hr-ft2-°R?
——FCompute-mean—of visible range. — —
S I B I 5 A -1-7 W BIVER i S
——FGompute-temperature of sun. - e e

[B] mmmmmmmeemmmemmmmemmemeemm—> 9,484 x 103 °R
- (continued) B B S -
rl-'#eference(s) S S . S T

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].7@8) [C] [+] 100 [x]------mmmmmmmmmm- > 33.70 x 100 %
Compute percentage of power under 0.4 microns.

[E] [€] [+] 100 [x]--===mmmmmmmmmmmmmmmmmccmemeeeeo > 8.433%



User Instructions

Black Body Thermal Radiation

OUTPUT
INSTRUCTIONS DA'TNA‘,’SJ,TS DATA/UNITS

Load side 1 and side 2.

Store constants: g
For English units (Btu, ym, hr, ft, °R) 1-713x10]2
For SI units (W, um, cm, K) 5.669x10

For experimental Stefan-Boltzman constant 9

instead of theoretical value press 1;731X]0

5,729x10'2

Calculate any or all of the following (T and

A need only be input once):

Calculate A __ for a given T; T Amax
mdX
Calculate T such that A is A__ for T; A T(pax)
Calculate total emissive power; T Eb(O \
Calculate the emissive power at X; T Amax
X =
Calculate the emissive power between zero
and 2, T >‘n‘@.;(
! Epo-x)
Calculate the emissive power between i
and 1'. T Mmax
A T(Am:-n()
A Eh(x_)'\

For a new case, go to steps 2, 3, or 4.




g7Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS !
BE! ¥ BL:. i 15 1i gs7 < 5
gé: 5 Store English g‘:i . 'gi
13 b & 208 )
P4 : gz | constants. peo £ a6
S g g el a 3%
Bas - a7 BE2 z 83
geT z @s pEI  EEY -23
Bas g s B64  CHS -22
a0 = az BES ! a1
g18 570 T a1 BEE 2 az
Bil 2 3z BT STC4 35 @4
B2 g @5 BEE  RTH 2 O
@:3 z ag P69 #iBLc 21 16 13 Convert to exper-
B14 3 as e ! a1 imental o
15 z 05 BTl ) -62 .
Bl ) -2 172 2 ae
7 4 @ 72 ; al
g18  §Toz is &z g74 ] ae
g1 < as 7S = 85
B2 z 6z g7€  STr4 35-35 44
- 4 =« - T ~ j | TTTTTETEssssssssssS
g:é : Z: 78 Rg.;; 36 gq Store T and cal-
g27  ST0T 35 &3 @79  xLBLA 21 11 culate A -
124 ] -52 pe@  ST0S 75 a5
@25 ! &1 BS1  RCOLI 35 a3
BZE 7 &7 g2 X2y -4]
27 : i pa3 3 -24
28 z a3 884  FTN 24
220 ! ai P85 XLBLE 21 12 |=mmmmmmmmmmmmmmoee-
630 : bz PeE  STOE 35 @5 |Store A and calcu-
871 EEY -23 pe7  RCLI 35 83 late T for which
372 rys -2 poE way -4] A would be )‘max'
£33 £ a8 poa : -24
174 ST04 35 @4 ge@  RTN 24 |
s RIS 24 pa1  xLBLC Z1 13
BIE WLBLE 21 16 12 | —-mmmmmme—m———————- paz koLt 36 95 |cateulate By .
pzv s a5 Store SI constants. ez ¥z 53
78 a a5 a4 ye 53
179 g a3 pas  RCL4 36 94
40 4 a4 pag ¥ -35
pai ) -6 pa7  FTH 24
g4z 4 @4 pags  xLBLD 2114 |
g43 ST 35 ai P99 RCL! 36 ai
p44 : Gl 168 ENT? _zy Calculate Ep,.
£45 g 4 101 + -55
845 z 53 18z Pi 16-24
847 = as 183 ¥ -35
48 g ag 164  RCLE 36 @6
P49 STOZ a5 az 185 g as
g5a 2 az 18¢ §o a
3 g ag 187 3 -24
g52 o as 188 RCL? 36 az
53 7 H 189 RCLE 36 86
54 ) -5 11 3 -24
Bss 2 g 111 RCLS 36 a5
gss  STOZ 5 @3 12 z -24
REGISTERS
0 1 2 3 4 5 6 , 7 8 9
by Cq C Co o T X, A sum ke, /T
SO Si S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I




5 G Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
112 e’ 33 169  xz77 16-35
114 ! @1 S 2z 81
15 - -4 171 Ri -3i
116 2 -z 172 oLy -51
117 RTN 24 |mTToTmmmmmommooeees 173 RCLT 36 a7
11e «LBLE 2115 Calculate By . 174 ERNT® -2
112 & aé e + =g
126 STOS 35 a5 Y, i (6-24
121 sTO7 35 &7 177 - 3%
122 xLBL! 21 @i 178 prL1 36 ai
123 Ry -31 179 ¥ -35
124 CLY -51 199 BTN 24 |
125  RCLE 36 88 o1 xLELe 21 1 15
126 RCLZ 26 o2 isé i o o |Caleulate By,
127 RCLS 26 a5 183 ENT* -Z1
128 : -24 184  GSPE 23 15
129 - 43 185 K2 -41
138 ST08 I5 es 186  RCLE 36 @6
131 J 63 187 8708 35 o
132 xay -41 2g Ri -3i
123 N -z4 123 STOE 35 @c
134 RCLE 36 @6 198 GSBE 23 15
135 ye 53 191 - -45
135 % -24 192 ABS 16 31
137 LSTY 16-63 193 RCLS 36 @@
138 1s% 9z 194  STOE 75 @6
139 RCLE J6 Bé 195 =3 -3i
14€ B -4 196 RTH 24
141 - S 2 N e S E— U
142 € a6
147 RCLE 36 @6
144 < -24 200
145  RCLE 36 as
146 e 53
147 z -24
148 - -45
149 £ a6
158 RCLS 35 a8
151 xz 53
152 z -24
153  ECLE 36 @5
154 = -24 210
155 + -55
156 RCLE 3¢ a5
157  FCLE 76 @6
158 2 -24
159 a¥ 33
169 ¥ -35
161  RCLE 36 88
162 z -24
163 ST+7 35-55 &7
164 RCLT 36 67 220
165 z -24
166  EEX e x I
167  CHZ -z2 |
168 g a5 |
LABELS FLAGS SET STATUS
A B C D E 0
T->) AT IPE Ay >E, > E /n 2y FLAGS TRIG DISP
a MUA b MUA c IJ\U ] d L= AN e U\V—I\I 1 ON OFF
oEnq SI Exp o - A'+E.,(,A " o O “ DEG [ Fx O
1 4 e "12 10 GRAD scl O
- - Ep(o-a) , - - > O &) RAD O EN%@/
3 0 & n




Program Deseription 1

[(Program Tite B.lact ﬁ/&éx Wm B —

Contributor’s Name /</ (,aéoé N .;__;_
Address /3 / Y O )&/ #\50 /

fiw Bgz&b@ state (A ZipCode 74709

( N

Program Description, Equations, Variables

Q@ blach Aol &fmaao () rarmo Aao Mm%\d«.&z
Naeliwo (Z&,o)m ng)m “ o

/&o';

L= ), 579986 955 %00 wkbre G

WWW Conalant.and & o W?/%&’
MW@%@M% L) snaecondts io Wz,

f.L M QO 239 - - o
e /0 /;7 ” e

M& 2, 599 3%esaxo>!

Operating Limits and Warnings M WW MM cgp
Unolsflowr Scewns for Aa M< 6.734066393 X0 "
£L

®/wr7/£9uf eCouls K ke m< |. 00000000 ixeo
/90 ' MY LI5S 3Y%s0 033
/N Ro>/ 4547856854307 %

J

( h
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.

\_ 7/
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Program Deseription 11

r - : ~N\
Sketch(es)

\_ : .
( )

Sample Problem(s)

)T dens Hava maso /. 99 X/oﬁpgw. WA croelds e 2o

Lo naolis, and @ Llach

2) WAMWJ@W 6,/“@)(/0/0647@.1&%)/
w%m%ﬁ)w ? Jnd 11 B Loz aZions?

Solution(s) /) /: 77 @ 33 @ =7 /. 590 X /033
@~ ->2.955) x,0° R
Bl --7 5 0251 X565 k
-2 7.8006 x/0" T

O
> 6.7660 X/O/
2 Y6867 Xp0%° M
> 2./336xm"° K

2)  6.94 (EEX]) /0

g
A
0)
(8]

\_ J
[ Reference (s) //m«»a‘) M arlon MM w/,&#} N YVorss,)




User Instruetions K
Z, m
STEP INSTRUCTIONS b A'T'f/’l‘,’;”s KEYS b STTIS:LS

/- | Enkr gresart I
a4 ]

2. Enler a0 m Y . m
(I

oL &@m%ﬂMﬁMu Rs l A H ]] As

v GmporaZine. K { B { !} A

v Lfelime, £ el 1 [ 2o
R4 T

3. (’anw/ WD madnd {;D H ]] m

v deduwargedla 2actius {LJH[ Jl Ra

ov Ermperalic e s

ou_ 4t dome {CHJ Ze
For aalfforert 1-010dd, 6753 [ I’:j
Fma,méuy@a /4—9'445’.24 {H}
i ] o fais ziariall Rl
Woto: 4 auwr vabue sndozeo! } H J]
Zx,w%A b v K oo e { J}l[ J]
Al Mo s ey (5 b ; } ll %
o loslnled. } | % {%
BRI
| I ]
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STEP

67 Program Listing I

KEY ENTRY KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

001 LBl Al as )] Loduwa ?4/&&/ b oY) 26
A F2 3135171 o3 Caolud z A5 .52 m-——%
G1e O 22 O =+ g1
/ ol 060 StTe.3 3303
P ¥3 Res | 34 o)
</ o Re- L RTN 3522 - - - = — —-
5 o8 s= liLFﬂiz?;g/ 3125173 me
o9l M- 20 3y 71 23
9 09 L 8STX/D &yor o 22 00 -28
010 2 o /. 46475 FEX 493 é,;/r’ﬁ /O
A 06 CHS 92
£ o s 3
o8
Y of 070 RCL3 3903
EEX 43 Eatt 41
2 o 3 [OF)
c:?/ ?/y {%;% 315 63
S 2 71
R)C(L 3 39 03 %‘7’2&2}1} 33 62
020 71 7 3522
\zro* o 33 00 14/;42 31 25 00 cg/uﬂgﬁ“/w
LT 39 2 o e 33 02 Z cm,aali" g
LLBL 0 |3 25 00 G?QWWLy EEX 43 Zw’)ﬂtaﬂ”
Rwredle) 33 ool V4, W 080 2 02
A 06 & MAso e Of
. g3] 7“ X U ;=37 0>
7 07 m= 193% 3523 M=)ty e
3 03 T e ' : 2
B4 oY R$'°'7340$<e/3::?7 Ay™* 35 43
030 o 0o S¥e3 33 ¢
A 06| 2ol 2| 39Yp2
6 1Y) A rTN 3522 . — -
3 o3 L ALRLD 3] 25 19| 7 aao
z oY 090 A F13 35 ) 03 o
oY Gyre o LA OO wwrralie g
EEX 43 Rei 3 394 13 J{WW
2 02 27N | 35 22] 47
)% a7 L/;’L(g) 3/ 2500 &%/
71 STor 3303 ol 20,
040 Srer 3 33 02 A /;“7'/\} A5 22
ROL O 3Y 00 R/s X9
A RTA) 3523 __ _ - _] > | e laz 0-4
LBL BI31 98 12] Topgporalin. < az0 ‘9[%
£ 31354 71 03 % 100 l 0_7 meale
Gy o 22 00l K= /p //;7 DI
iEX 43 () -SDC'—Z
02 Y
é Db sl aNe 4444/45
RCL 3 34 03 v
050 =+ l ; 5/ Labelo waed:
A RTN 3522 J 2%
LB2 031 25 00 cg/Mua’/uaZAV
STOIl 33 0i] W compnte 110
A oa] 7YX
REGISTERS
0 R,o 1 K 2 tL 3 m 4 5 6 7 8 9

S3 S4

S5

S6

S7

S8 S9

D
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Program Desecription |

Contributor’s Name Ctein o o
298 Vista Grande
Address ) .
City Daly City _ State Ca_ Zip Code Q4014
\_

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

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

(I)-- E= m/SQRT(1-v2) // (II)-- E=SQRT(P*+m%) // (I11)-- E=P/v
(IV)-- P=vE // (V)-- P=SQRT(E°-m?) // (VI)-- v=P/E // (VII) m=SQRT(E’-P?)

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

TO FIND: s m P
GIVEN: Wy B vy, B v,m - v,E ———
_use V,VI use IV,VII use I ~use IV
m, P- L/ B 5P e -
use II, VI wuse III VII use III ) use I, IV -
—E,P - E,P — myP i - myE
use VI use VII use 1T B use A"

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

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

Operating Limits and Warnings _— S
all data must be p081t1ve. Veloc1ty 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 /. 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.

\. v,
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ggram Deseription 11

(¢
Special Relat1v1

ﬁ\

Sketch(es)

S = = ‘ - | =

E Pl B
i 2 pfc] 7] —e—0
WOk 8 T oPld
O—ID)

\_
4

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

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

3) At .9c, and electron has an energy of 1.1723 MeV, Flnd
its rest mass and momentum.

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

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

~
Reference (s) HP-65 library program #308 by this author.
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SCr Instruetons
1 SPECIAL RELATIVITY CONVERSIONS z}
VELOCITY MASS ENERGY MOMENTUM
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Ioad Side one of card ]
2 Reset registers | ===—-- | A
3 TO ENTER A VARIABIE: || |
velocity v B ]| B v
mass m | € || | m
energy E [ D 11 ] E
momentum P [E || ] P
I
L TO FIND A VARTABLES VALUE: [ [ ]
velocity none [ B[ ] v
mass none [ C0 ] m
energy none [ D 1 ] E
momentum none | E [ ] P
I
GO TO STEP 2 FOR EACH NEW SET OF I
KNOWN VARIABLES ]
I
I
.
LI
I
I ]
L]
-
.
['7,'7ff] [fi,:fj]
I
FLAGS SET STATUS |
0 ----- FLAGS TRIG DISP
T ON OFF
o0 W| DEG ® | FIX ®
2 ______ 10 ®| GRADO | sci O
RAD O | ENG O
3 data? 2 E] ?.f n_%
LABELS
Areset [Relocity [© mass [Penergy [momentum
R —— bstore'x' [*0'error|®eq.V, VII|® —===--
01 or #2|'find v;ml|%eq.V, VII RT1-xYy) |¥ind m;V
S 6 eq.II |["eq.VI [RBT1-v<) [¥ind P;¥
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
%[ *LBI, A [31 25 11| RESET *LBL 8 |31 25 08
CLBEG 31 43 X6y 35 52 "
F 3 35 o3y __lasin 32 62 SQRT(1-v2)
R/S 84 cos 31 63
*TLBL B 31 25 12 FIND/STORE \A 81 .
1 01 RTN 35 o2 |&d.1 gives F
GSB 0|31 22 oo|Store new v ¥IBL E |31 25 15| FIND/STORE P
RCL 2 34 02 m . I ol
x=02 |31 51 if m 1s unknown GSB 0 31 22 00| store new P
010 GTO 1 22 01 Ehen go to 1 x=07 3151 if v is unknown
RCL 3 03 GT 2 09 .
A>Tt 1 |if E.,m are known RCL 515092 f?ea’%okﬁng,
GTO 3 |22 03 then go to 3 X707 J1 61 then eq.I gives
GSB 6 |31 22 0é]eq.lI gives B Joo |GSB 8 31 22 08| g,
ENTER 41 | __ RCL 3 34 03 If R, contains
*LBL 7 |31 25 07 x=07 31 51 E(i.8.#0), then
R ¥ 35 53 R v 35 53 this takes prior
RCL 4 [34 ok g RCL 1 3? 01 ity.
Xy 35 52 X 7 .
020 81 eq. VI gives v ¥LBL ¢ |32 25 13 4.7 glves I __
TQ_c 22 31 13]|check out P x=0% 31 51 if variable or
LBL C [31 25 13| FIND/STORE m / 81 result is not
2 02 RTN 35 22 legitimate,end.
GSB 0 |31 22 00 ?go?e.new m 80 [*IBL 0 |31 25 00]|check/store'x"
x=07 |31 51 1f v 18 unkﬂown ST 1 35 33 |store (1)
GTO L |22 o4 | then go to F? 3 35 71 _03]if data has been
RCL 3 [3L4 03 E ) GTO b 22 31 12]entered,go to b
X 71 eq.IV gives P RCL(i) |34 24 check contents
LST x |35 82 E i 0?2 31 61 of register'x'
030 X£0°? 31 61 if E is known, R/S 84 and display if
GTO 2 |22 02 go to 2 RCL 1 3L 01 good. Otherwise
RCL 4 |34 ok P RTN 35 22 RCL v_and return
ENTER |41 *IBL b |32 25 12| STORE NEW "x"
ENTER |41 o0 RV _ 35 53 in register defi
RCL 1 |34 01 v STO(i) |33 24 ned by (i)
181 eq.III gives E__ R/S 8l
*LBL 2 |31 25 021764,V or VII *LBL 1 |31 25 O1| FIND v;m UNKNOWN
EN$ER g% - RCL 3 Zh 03 E
R ENTER 1
040 GSB 3|31 22 03 SQRT(x2-y2) CTO 7 22 07 eq.VI gives v
R 4 35 5L ) *1,BL L 31 25 o] FIND m;v UNKNOWN
X 71 eq.VII gives m RCL 4 34 oL P
GTO ¢ 22 31 13]|check for valid GTO d 22 31 14|80 to d
*LBL 3 |31 25 03] results 100 *LBL 6 31 25 06]EQ. IT
/ 81 find RCL 2 3L 02 m
asin 32 62 SQRT(1+~y2/x?) GSB ¢ 32 22 13|check validity
cos 31 63 RCL L 34 ob P o
RTN 35 22 GSB ¢ 32 22 13|check validiy
#*TBL, D |31 25 14| FIND/STORE E R+P 32 72 E=SQRT(m“+P?2)
050 3 03 RTN 35 22
GSB 0 |31 22 00| store new E #TBI, 9 |31 25 09| FIND P:v_UNKNOWN
X=g?6 2% 5% if v is unknown R%%de %g 8% T L
GT 0 6. TTTTS
R“gq? 2$ 23 f?eg ggstanknown 5 Gg% g zi g% 1 EheCk validity
Y=
10 7 [Pz Q7 | hen g0 o 7. GT0 222 02 __lea.V orVII
REGISTERS
0 elocity® mass [|energy |thomentum|® 6 ’ 8 9

SO

S1

S2

S3 S4

S5

S8 S9

D

used
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Program Desecription 1

4 . . . . .
Program Title Three Dimensional Special Relativity -

Contributor’s Name William C. Wickes I

Address Princeton University, Department of Physics e —
City Princeton State N.d. ZipCode (08540

_
)
rProgram Description, Equations, Variables
1. Given the components of any 4-yector, in particular -
x™M= (x',y',z',ct') or pM= (p'*,p"Y,p'%,E"), calculate the components x ™ or
p" in a frame in which the original frame is moving with velocity — - —
g = (8%,8",8%,). B
3 = momentum o
E = total energy o
B=V/c V= velocity R
2. For any B, calculate the time-dilation/length contraction factor v .
3. For a 4-vector AxM connecting any two space-time events, calculate the
invariant interval cAT. R
Formulae: N 51 — T
BX = ax' o+ BL(v-1) B+ yeat'] B = 1Bl = [g%p 4g7 ] 12
At = y(t + B-X/c2) 16X1 = [axzay2az21V2
y = [1-p2171/2 c?AT? = c2At2- IAKIZ

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

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

~

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.

L D
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Program Desecription 11

Sketch(es)

\

~
Sample Problem(s) An observer moving relative to the Earth with velocity 8=(.4,.5,.6)

measures the coordinates of an event as x'" = (1,2,3,4).
a) Give the coordinates relative to the Earth frame.
b) What is the interval between the event and the origin (0,0,0,0)

Solution(s)  (If necessary) Set dimensions = 3: 3[E] -------------- 3.00
Enter B: .4[4] .5[*] .6[A] -=-mcmmmmmm- _ggxkx 1B

2.09 Y

Enter x'M: 1[4] 2[+] 3[+] 4[B] -------- .00 x'

Calculate_ cAt )1 [ —— 1.41  cAr

Calculate x*: (o) [—— 15.01%%* t

10.71%** z

8.43%%% y

\— 6. 14%*% x

-

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




User Instruetions *
3-Dimensional Special Relativity
H cAT
STEP INSTRUCTIONS DATAIUNITS KEYS A
1.] Set number space dimensions N 1.2,0r 3 [ ] [I_I N
(default is N=3) I
LI
2.| Enter B (if N=3) X I .
(if N>1) g’ .
B? [ a L ] grrx
L] Y
3.[ Enter x¥, (if N=3) X R
(if N>1) y L+ 0]
z [+ 10 ]
ct L Il ] X
L]
4.| compute x [ C J[ ] [x***(if N=3)
L 1] [y**(if N>1)
I Ry e
L0 ] fet
-~
5.|Compute CAT [—E;J [r;:J + |cat]
Result is positive if _cAt [ ][f;J,
negative if cAT [ _ ] l ]
I
6.]To calculate the speed B corresponding to a |1 ;] [,:]
dilation factor ' Y [—ffl [Q B
(L]
L]
0]
[ I
L1 ]
L]
.
[ 1]
[ 1L ]
L]
I
[ ]
I
[T ]
.
LI ]




g7 Program Listing |

20
STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 LBL D 31 25 14 LST X 35S B>
rRCL & 34 ob sTO J 33 o)
F?o 35 11 o0 X2y 35 s
P 22 o4 060 £z 35 2 o)
rLL 4 3y O# aTo b 22 06
R —>P 32 72 R+ 3s s4
2 35 21 of| Compute T wi? s70 2 23 02| a
GTOo 4 22 o4 PEY 22 72 !(_3/ .
RcL S 3y o5 8L b 3 25 ob Tt T oo
010 R-=>P 32 72 >0 A 33 )
LBL 4 3125 oy cos™! 32 63 g (\—g=
x* 32 SY| o o — SIN 3 ¢ P
RcL 7 Iy o7 /X 5 &2
X 32 Sy 070 sto B 33 12|
- S| cxr - x> 2ce A 3y |
cHS 42| . __ -x— 31 84| PisPLAY £
X <o 3 7 - - 2y 35 52
SE o 35 51 _o2]| spaceLikE? RTN 35 22| _ _
ABS 35 64 SFo LBL B 3125 2
020 x 3| Sy sro 7 33 o7
F22 35 21 o2 24 35 53
<HS 42| - for sSpPACcELIKE sTo b 33 06 STo >
ey 35 22| o . Ry 35 53| ¢
Lt8La 32 25 () Calcolate /3 080 sSTe 4 33 o4
sTo 8 33, 12 N 35 53
X+ 32 S¢ Frow 570 5 33 05
I/ 35 b2 rTNV 35 22| __ _ _ __ - ——-—-
[ ol LBL C 31 25 13| kLS ™
- 5 GsB e 32 22 IS /x‘z"
030 CcHS 42 ’cL A 3y )
53 31 54 x> 32 sy
sTo A 33 1) -+ 1
RTN 3 22| e 8 34 12
LBLe |32 25 5| T T 7 090 [ ol
ReL 6 06| Cowmpute Bk - s
Rce 3 34 o3 X e 2
x 7l = 2/51 't RrcL 8 34 12
Fo?z 3s 7(__©co é ree 7 34 o7
RT N 3s 22 kd i
040 P -~ 34 o) + A
RcL 4 3y oy STo C 33 13
bed udl 3 o3
+ 61 STo o 33 060 | USE RO As counTER
F2y 3s 11_o) 100 ST I 3s 33
RTA 35 22 LBLO 3l 25 oo | Compute owna
RCL 2 3y o2 REL © 34 oo Comnponent eacdi
rcL 5 34 os ST 35 33 cyele
x 2 rRLL < 3¢ |
+ el rce (1) 34 24
050 TN 3 22| _ . U
8. A 3025 | Coumpute ¥ rC T 3s 34
Sto 3 33 o3 3 o3
Fto 35S oo + 6i
&T0 b 22 o | 110 ST T 3s 33
Iy S s2 cLx x's
RI P 32 12 ’ee (1) 3y 24
REGISTERS
% ceouter Vx4 2 3* S [57 ! 4 >z ® 3 T et ® s
SO S1 S2 S3 S4 I} S5 x! S6 ?‘ S7 ct! S8 S9
A S B 4 c ° E USED
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21
STEP  KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS
+t 6/
pP=s 3 42 170
sto (i) 3y 24
P2s 3 42
2z o2
Fz2o 35 71 _oo| Ore cyce for N=|
sP-0 |33 51 00
120 . 83
5 oS
F2 35 7 _o| | Two cycies for N=2
SsTo — © 3% S| o6
o oo 180
sT T 35 33
psz () 32 33
GTO O 22c00|_ _ _ __ o __
rcL 7 34 o7 Compote ct
Gs8 e 32 22 IS
130 + 6'
egcL B 34 12
bl 11
p=Ss Sl 42
s 7 33 o7 _ _ _ _ _ e
o g 3L B4
ReL & 34 o6
-x= 31 8%
F20 25~ 1 0O
6T S 22 o5
140 RrLCL 4 34 O] DI13PLAY RESOLTS
- %= 3184
F2{ 3y N of
670 S 27 oS
BeL S 34 OF] 200
L8L 5 31 24 OS]
PTS 3 42
RTN 3ss 22|
LBL E 3\ 25 |5
ST I 3s 33
150 aro (1) 22 24| Set appropriaie
L3L | 3125 o©
e 3y 6l o) flmés for N=1,
SEo 3¢ S| oo 2,0r 3
12TN 35 22 210
LBL 2 3l 25 o
CEO 35 61 <O
sei 35 St o)
RTN 35 22
LBL 3 3l 25 o3
160 CEo 3~ &1 oo
CF( 35 61 _O( ]
RTA 35 22
220
LABELS FLAGS SET STATUS
AT By P75 im0 50 P e [F 0 ® w=1 FLAGS TRIG DISP
o | ‘ ’ A | M=2 oD% | oec o | Fx B
0 100 st 2155 3/59 4ou 2 seD 1 0O B | GRAD E}] SSIG g
2 O KB RAD
5145 665 7 8 9 3 ! n_z
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Program Desecription 1

-
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 1ight, 3*10**8. The
astronaut travels for what he measures to be a year well past the sun at which
time he fires retro and navigational engines, and turns around and heads

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

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

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

Operating Limits and Warnings

. J

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 1

a )
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

\_

- N
Program Description, Equations, Variables dimension of space, the Universe is

then conceived as a giant four dimensional sphere with a three dimensional surface.
The space craft in its turning travels relative to the Earth, not as far along that
fourth dimension and hence the differential between the twins age. The equations
for this case are quite simple and adeguate for this case. They consist primarily
of the Lorentz transform i.e., v/ O-—%y),where v is the velocity of the space craft
relative to the Earth, and ¢ is the universal constant, 3x108 meters per second,

the speed of Tight. The program inputs consist of speed of space craft in meters
per second, time passed on Earth, time passed on board the craft, and the ages of
the twins before the flights. With input TE,t1me passed on Earth, the equation

TS TE/(1--—?) gives Tg s["time passed on board"] ship during journey. Input Tg, time
passed on board sh1p,and the equation: ‘ Ts gives you TE,["time passed on
e )
Earth"] during journey. The label A clears and initiates the program. Lb1 B is the
input for average velocity of the craft. Lbl C is the input for time passed on
earth in years and outputs time passed on board ship by hitting fC Lb1 D input

time passed on board ship fD give appronriate time passed on earth the E's give

ages.

Operating Limits and Warnings Be certain that you enter the speed of the space craft in
meters per second. A1l time and age entries must be in years. Outputs will be in
years. Do not try to make the space travel at the speed of light, = (3.00x108meters/second)
as this will only show an error as should be and is implied by the theory of

relativity.

This program has been verified only with respect to the numerical example given in Program Description I/.'User acc_epts and_uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reiliance
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

S
Sketch(es)
i /
—

SRR B v
@y N
i V4
T ; \ ,/

— ——/—<1X:::::]

L

~
Sample Problem(s) 8
velocity of the ship will average 2.999111111x10~, if the twin on board travels a

Suppose two twins,age thrity, take part in this experiment the

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

7 > -9.00 x 10'°
2.999111111 [EEX] 8 [B]
1 [D] [f] [D] ~----mmmmmmmmmmmeeee e > 41.08 years passed on Earth
30 [E] =mmmmmmmmmm oo > 71 twin on Earth's age
Age differential is 40 years (71-31)
[A]
2.999111111 [EEX] 8 [B]
L 25 [C] [f] [C] =-===mmmmmmmmmmmemeee >  .6085 years passed in space
30 [f] [E] -=--mcmmmmmmm e > 30.6085 twin on board's age

Age differential is 24.3015 (55-30.6085)

REFERENCE (S) Introduction to Special Relativity by James H. Smith (chp. 6)
W.A. Benjam Inc., New York, Amsterdam 1965.




INT

User Instruetions

Einstien Twin Paradox
mtrs./sec.

speed of craft

(TE)years

[FIICT-(Tg)yrs  [FI0DITE)yrs [FILE] s

age of Earth

(Ts)years
twin

25

sice twins age

v

1- —rroutine

C

ship T

. _|eSpace twin!
tg Earth T, F?

r4

6

7

ooag
RRE

STEP INSTRUCTIONS DATAONITS KEYS DATATONITS
I.| Run L0 ]
2.] Hit [A] initiate clear registers set display [;E;;][::::I 9.000+16
3.] Enter ship average velocity in meters/sec 999+8 (g J[ | 8.994+16
4.1 Enter time passed-on-ship—inyears 1 1 |3.186+07
5. Calculate time passed on Earth in years [;;;] ijiﬁ] 3.873+01
6.] calculate how old Farth man is upon end 30 [ E J[ 1 [6.874+01
7.1 Enter time passed on Earth in yegrs 25 [c Il | 7.889+08
8.] Calculate time passed on ship in years LfifmlLiﬁﬂll 6.454-01
9.1 Find age of space twin at end of jo 30 [i] [7E7J 3.064+01
.

Always enter time in years, and speed in mtrs [t:;; [;;;;]

per-second, to go to new ~e——hew-speed [7 . Lf—gj

or_different amounts of time or ages*. Ltjffj[ ]

[A], and then continue from step #3 with new [7 Afllg;;;J

values. [ I

L0 ]

If time passed outputs are decimals, [ 1 ]

multiplying by 365.25 converts to days [0

.

* The ages used in the [E] and |f] [E] [ 10 ]
subroutines need not be the same, our two lﬂﬂfj [rgf]
"participants" need not be twins I,,fj][ - ]

I

Time passed outputs, _or age outputs can all Ijl";][f;w1

be viewed in fixed mode by hitting fix key I -~ 7J [ 1

i.e., 3.873+01+38.73, or 6.873+01+68.73 [ 10 ]

[ 10 ]
[ 10 ]
[ L]
L1 ]
[ 1]
[ 1L ]
[ 1]
]
= LABELS FLAGS SET STATUS
A 4 B c 1 .pasSS&UoT poassed i )
Initiate on Earth Ent space Ent|Twin F.age TRIG DISP
a b °Earth_T.tq%pace

DEG & FIX 04
GRAD O sCl ™
RAD O ENGQD
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;
STEP KEY ENTRY KEY CODE 97

Program Listing 1

— 'LBLA — - \ COMMENTS OSTEP KEY ENTRY KEY CODE COMMENTS
02 CLRG 16=-53 27 £ =33 Evter Time
003 | _scI -12] T % Pogn]| | fred i srece
ggg DSP9 =63 09] |\ uTiate % | RCL2 36 02 ;””":”;f}::,d,
006 3 -(5)1 sTore conslrts PO1 5 =33 efd RO
007 6 Og Clear ﬂ97;67°er5 Ogg sggg 351 e
008 0 00 Find Crom) Shre D64 |*LBLA 21 16% /
009 0 00 ; 6 Calecul
0 v RA D6 5 RCLD 36 14 alcolate
o STog 35 88 £6 Gsiso 23 08 T.-_5
i -2 € Vi —v=
012 n ol 068 RCLO 36 00 &
012 STO1 35 01 9 + —24 STore 1w RL-
01 3 03 070 RCL1 36 01
012 6 06 b7 1 + —24
8}7 5 (6)2 D72 RCL2 36 Oi
0 - 73 - "'2
83{3 2 02 D74 STOL 35 04
0 STOS 05 D75 PSE 16 51
o 2 35 02 D76 SPC 16=1
21 EE)? _gg 77 | PRTX -14
023 | ,8 58 2ol 106
024 X [ 080 :
025 | STo 35 12/ TR T 32 ) T
2 082 + =24 -
027 |*LBLB 21 12 f,/'fer Sship AVY. (/e/oél‘f)r 83 CHS -22 M
028 x* 53 Square axdSTore DBl 1 01
ggq sggg 35 éﬁ jw RB 82 + -55
8
031 |*LBLC 21 13 E Ter Tre fssed 87 m?rfx( gﬁ
032 RCLO 36 00 wler limeidssed heg  |*LBLE 21 15 Colenl
033 X -35 Own Earth.,»yes NBG | poLL 36 0k alevlete
qu RCLl 3b 01 COUUcy"/‘ rD 5(’(0“"} 090 + _‘;s Ea.r’ﬂl 7:/1” 'Flﬂd-/
832 Rcf.z 6-35 STore INRCT P91 PSE 16 51 e
037 5 36 02 092 SPC 16-11
38 STOC 35-%’55 832 Pﬁgx qﬁ
RTN 2
039 RTN 24 D95 [*LBLe 21 16 1
040 *LBLC 21 16 13 96 RCL3 36 0 Ca./cu/afe 5/0a<e
821 RCLC 36 13 Calcolate D97 + -55 Torm Fm/q,/aqe
42 GSBO 23 00 T, - TeAI-Z pas PSE 16 51
843 RCEO 36-38 sTore R3 10909 BSPC 16_1};
ve PRTX -1
4s - =24
QL6 RCL1 36 _O_iJ; SPace awd Pv‘}uT 1 glﬁg %L{
) + =24 ]
048 | RCL2 36 02
049 + -2k
050 olUJ 35 03
051 PSE 16 51
052 SPC 16-11
053 | PRTX =14
054 RTN 20 110
055 MLELD 21 14 \
056 | RCLO 36 00
REGISTERS
°3600 4 T I'T ° ° ’ ° ’
3 2 365.25 s £
SO St S2 S3 S4 S5 S6 S7 S8 S9
A ctime passed |p time passed I
CZ ‘F Earth in sec{rocket in se¢.
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Program Description |

~
program Title Delta-V - Orbit Simulator A

Contributor's Name Harold T. Coderre

Address 414 1915 Hall

city Princeton state New Jersey Zip Code 08540
\_ J

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

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

parameters. Equations Used:
om
Energy: E= TV =7 Given Opew °
AnJulor Momentum © AL = vrsin (X, -6,) Rm.u = Ko/‘“écos(em"a'))
Eccentriciry : Ké=- —li-i—(ﬁ"fn';x Vm_"‘J = J2(E+ QR.M“)
o/— Gm -ty Reo .= 4

G°= g, + tos Er‘- ‘1) Kpew = Orew *sin (v 7o)
Rmih = Ro//*é (S
Semimjor Axes: Q= ko/( 1-e?) for o (J\auJQ ® Velac}fy
SemiminerAses. b = aJi -€ N e

eried © T = 2T/ & View = Vew + 4V

Distance. to Asymplote Vertex S = Kmin ,ﬁ-— L)
Anjle between Asynp‘foz‘es and Ga = COS-‘(EL')

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

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

inaccurate near degenerate conics (Circles, Parabolas and Straight lingg).
For added realism: avoid all orbits where BRpin <radius of the attractinz

body ( 6.400 * 106 m for the Earth).

. _J

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 Deseription 11

N
Sketch(es) v Ellipse (e<1)
el :g
® >~ ,
/’ S
o ”"': m R ‘M \e
\ T
Se"l.' .% .
Axig V¥ Hyperpola
(e>1)

Y,

sample Problem(s) EXecute a transfer from Low Earth Orbit to Geosynchronous
Step 1:

Step 2:
Step 3
Step 4

Step 5

Initialize R;= 7.1E6 ;= 0 V;= 7.4E3 o= 90
: Poslition Satellite at Perigee
¢ Accelerate to Synchronous Transfer
: Position Satellite at new Apogee
¢ Circularize
Av,‘é j

Solution(s) Keystrokes: (a1l underlined numbers are machine output)
Step 1: 7.10E6 ENT O [f][A]

7.40E3 ENT 90 [fIE]
Step 2: [D 180.0 [A] 6.7462E6

Step 3: 2312[RCLI (I B 270.0
Step 4:[D] 180.0 180[% [A] 4.228688E7

Step 5: 1455 IB_QZJD]LE] 90.0 [C] 3.505809E-3 [E] 4.213916E7
BZS) 2 23.90148 [ESH.MS] 23.54053 #¥*#xsx

.

s
Reference((s)

Goldstein: Classical Mechanics Chapt 3 A




Y [ ]
User Instruetions #
STEP INSTRUCTIONS DA'T'ZF;S;,TS KEYS ofrl:\T/SlrilTTs
1 |Load side 1 and side 2 [ 0]
2 | Initialize Utility Registers 3600 | STO | 5 |
360| [ST0/| D |
180| [STO/| B |
3 [Compute G*M*¥ 6.6732E-11| | ENTERT |
(Mass of attracting body (Kg) )1— M | * |$To«]| G *M
4 |Enter initial position B; | ENTERT |
6; | £ ][ A | R;
5 |Enter initial velocity V; | ENTERt |
o | £ Il B | v
6 | (Optional) Calculate the eccentricity Lc Il | &
7 |calculate 6 and Rp4, (program will [ D [[ ] e’
pause to display € ) k= [ | R
8 | (Step 8 must always be preceded by Step 7) [ ] |
For e<1: Calculate semimajor and | E || | a
semiminor Axes k—yl | | b
Calculate the Period T R/S|| | T (Hrs)
For e>1: Calculate S L E || ] S
Calculate 04 [BR/S ]| | €a
(if e=1 program will return O [for S) [ ]
9 |Position the Satellite at a given © 5} [ A ][ | Bﬁs :
Find new Speed IRCL || 2 | Vnew
Find new Velocity Bearing |[RCL|| 3 | Xnew
10 |Introduce a change in Velocity AV | ENIER |
a4 [ B [ | Xnew
11 [Now go back to step 6 or 7 and recalculpmte l | |
the orbit I
I
Note on dimensions: All inputted distarces [ 1 ]
and velocities should be in meters and [ 10 ]
meters/sec. The Program will also outgut [ 1]
in these units. . [ [
+For the Earth G* M = 3.98991 * 101 } : B
[
[ ]
L
]
| ]




Note: All quantities listed
below are per kilogram

30
STEP

KEY ENTRY

KEY CODE

COMMENTS

STEP

Program Listing 1

KEY ENTRY

KEY CODE

COMMENTS

001 LEL a 32 25 11 RCL 8 3408
STO 1 330 67 : 81
X—Y 35 52 GSB 4 2 22 14
STO O 33 00 060 cos-1 32 63
RTN 35 22 RCL 3 34 03
LBL b [32 25 12 RCL 1 34 01
STO 3 33 03 - 51
Xy 35 52 Cos 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<O0 31 71
RCL 2 34 02 GTO 7 22 07
X%%2 32 54 070 B¢ 35 53
2 02 CHS L2
+ 81 Rt 35 54
RCL 4 3l o4 LBL 7 1 25 07
BCL O 34 Q0 R{ 35 53
¥ 81 + 61
020 - 51 GSB e [32 2215
STO 6 33 06|—>ENERGY STO A 33 11 |—¢
RCL 3 34 03 CLF1 B35 61 01
BCL 1 3 01 RCI 8 3 08
- 51 080 |RTN 35 22
SIN 31 62 LBL D 1 25 14
BRCL O 34 00 TF 1 5 71 01
* GSB C 1 22 13
RCL 2 3 02 RCL 8 34 08
* 71 Pause 35 72
030 STO 7 33 07—>ANGULAR 1 01
X%%2 32 54| MOMENTUM + 61
2 02 1/X 35 62
* 71 RCL 9 3409
BCL 6 34 06 090 * 71 [—Rpin
* 71 STO C 33 13
RCL 4 3 o4 RCL A 34 11
X#%2 32 54 RTN 35 22
+ 81 LBL E 125 15
1 01 TF O 5 71 00
040 + 61 GTO 2 22 02
X 31 sk RCL 9 34 09 :ﬁiigg;
STO 8 33 08}>ECCENTRICITY 1 01
1 01 RCL 8 3 0
CLF 0  [35 61 Q0 100 *3D 32 54
XSy 32 71 - 51
STF 0 |35 51 00 % 81
RCL 1 3 01 STO E 33 15 ——>Semima jor
BCL 7 U 07 LST X 35 82 Axis
X2 32 54 VX 31 54
050 BCL 4 34 04 * 71 —>Semiminor
+ 81 RCL E 34 15 Axis
" ——T
¢ 8 110 X5%2 g::%éz:
1 01 LST X 35 82
- 81 * 71
REGISTERS
° Dist BEARING [Speed [32BSS% ‘s * M | 3600 [Emergy | a. m.| e |' &g
SO St S2 S3 S4 S5 S6 S7 S8 S9
A 6 ° 180 Bmin 360 £ a :




STEP

KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

31

RCL 4 W Ol | RCL 1 34 01
& 81 170 RCL A 3 11
VX' 31 54 - 5
2 02 SIN 31 62
* 71 * 71
m 35 7 x>0 1 81
* 71 GTO 4 22
= |RCL 5 % 05 CLX +
¥ 81 —>Period (Hrs) RCL B W/ 12
RTN 35 22 - 51
LBL 2 31 25 02 Hyperbola — CHS 42
RCL C 31 Section Rt 35 sk
1 01 LBL 4 |31 25 O&4
RCL 8 34 08 B 35 5
1/X 35 22 BCL 1 34 01
- 1 +
x#0 31 61| )Output Zero GSB e |32 22 15
130 GTO 3 22 03] ) for a Parabola STO 3 33 03}—*cnew
RTN 35 22 RCL O W 00
LBL 3 [31 25 03 BTN 35 22
3 81 LBL B 31 25 1
R/S 84 —s 190 Xy 35 52
RCL 8 34 08 —R 31 72
1/X 35 62 RCL 3 0
cos-- 32 636, RCL 2 W 02
RTN 35 22 —R 31 72|
LBL A [31 25 11 Xy 35 52
140 STO 1 33 01 R¢ 35 53
RCL A 34 11 + 61
- 51 R¢ 35 5
coS 31 6 + (o)
BCL 8 34 0 200 BT 35 544
#* 7 —P 32 7
1 01 STO 2 33 0
+ 61 X—y 35 5
BCL 9 3 09 GSB e 32 22 1
+ 81 STO 3 33 0
y._’
RCL 4 H o4 new LBL e | 32
Xy 35 52 BCL D W 14
+ 8 210 + 81
BRCL 6 M 06 FBRAC 32 83
+ 61 1 01
2 02 + 61
* 71 FRAC 32
X 31 54 BCL D 34 14
0 [STO 2 33 02—V, o * 71
BCL 7 M| 0 RTN 35_22
RCL O 34 00 LBL 4 |32 25 14
BCL 2 34 02 INT 31
* 71 220 x¥0 3
+ 81 RTN
GSB 4 32 2 14 CLX |nn
SIN=* 32 62 LST X 35 82
BCL 7 3l 07 BTN 35 2
_ LABELS FLAGS SET STATUS
A8 B AV |© €« ©, Bpin |° Graph [|"e>1 FLAGS TRIG DISP
a R R 7 9Adjust |° Mod 360|'Find e |, D% | pes = | rx O
0 i 2 _used- |° —used- |° —used- |? 1 0®R| GRADO | scl ®
- , —sed_ 7 - . g E}g RAD O ENGD
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Program Deseription I

f A

City GLENDALE State  CALJFE  Zip Code _QL’).QQ.,._J
_

Program Title E®VATIONS OFf PARTICLE MoTION

ContributorsName ~ ERIK ~ GOETZE.
Address __ 1613 cAMULLOS AJE.

nrl

w3
wi
o

nrb

nr?

ggram Description, Equations, Variables HERE ALL VARIABLES ARE IN ‘4-, BUT Auw j

_#_Lﬂv,,'fV}t COULD BE RePLACED witd ¥'s.

—y =Nyt + $0yt" Vo= Vy-A st [oro]] = DISTHNCE COVERED BY
\ a v _TimeEe £
U= Vg = Vyo Vao = 2% -V [orill | PARTICLE IRt
20, - — = més—wwcﬁ PR TICLE
" ‘1-. Ht_ s ,,,m,‘_MQ_ . A
t=Y a‘ Vo ~ V‘-'°v1~~-~t z I_j vg“s‘va AT -Time—t
Ay L ——
t = VZ& — , V;Z = (V;:?:“.ﬂ b3 V"‘ = VgELouTY AT _TME ©
Vyo +Vy X |
Voot Veot2d,y) Ay A -
j’sﬁ ~— (AVERAGE OVER time 1
V= Vyo + Oyt a, :_v.,_tg,t nr THAT PARTICLE 13

OoUT OF THE ABovk FIveE, wilL
COLVE THE ABIVE EWMTIONS
foR THE OTHER. TWO .

Operating Limits and Warnings IF _Yov MMEQ&J_‘. IA[LZZﬂL_,. You musT
_SIDRE THE UMvE WJ GET B4y PRESSWG (D] BeEFure solvivg
For. THE OTHER UNknOww. THS IS BeAsE  Vyo 1S IN Ac THE
_OTHER EWUATIONS. JF THE DIsPLAy cnrmesw Errcr WHEN Yoy
ARE SoLVINMG

L%mpe 1&55 @_m MI(H__BLTO RUN g0

J

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.

\. ./




Program Deseription

f T T
Sketch(es)/” i
g 4
|
d
, . . G - _\vl
y 0!
1 L ,n~ ' i =
\
§6.88 GSED
~ -32.36 GSBE
Sample Problem(s)I_E__sT__ Z.86 G5EA
EACH EQTN. GIVEN Quad roots 5 65Bd
PREV IOV —SHEET——— pause > 5,31 kkk 115.08 5SBA
— 8.14 ¥k 4.965 GSBB
Clear everythinggspe Solve for Vg coBe _}2.35 P
Initial vel. 255.66 5550 15.66 &S50 4.88 G5Bd
Final vel. . i ESE‘C '-?‘i-‘ GSEE 163.95  dkx
Time (seconds) s.66 GSEE :59 G;gi ~ GSBe
Solve for y 8 G5Bd e bova 33.86 &3BC
1173.56  *kk 7t Gil’? '?5'36 Eggt
op. obe .78 BSBA
155,00 come 7.80 55BN 4.86 CSBd
%0 coon | 1.88 GSBE 45.36 ¥kx
g donm ¢ 550 ot | 12,86 GSBD Solve for a £5Be
Y T7.od b 3.66 G5Ed 24.78 GSEC
Solve for dist, I.6¢ co0d 422w 44.326 CSED
bow. oy ¥ GSBe 2.06 GSEE
‘;“ﬁf -9.80 GSBE 5.66 G5Bd
- | . obE
‘ng_’,{, 3.86 G5Ed 3.66 G5BA
t;: Solve for V 20.76 18.96 GBS
. op y0 G5be 2.56 GSEE
Solve for time gggg 19.88 GSBC 5.66 6SBd
“ o0 LoBe -9.88 GSEE -13.44 ¥y
e c=’~5§ .36 ESBE 635Be
o ap 4.86 6SBd 17.68 GSBC
550 ver 22.72 wux 39.86 GSBD
o 8 Cobe £5Be 9.808 GSBA
P Gi{Bf 14.80 GSBA 5.86 65Bd
oy 525'1 2.71 6SBB -68.44 kx
e canC 8.68 GSBC
ey 4,86 GSEd
“e ' 18.52 ¥k
s
r——— —
Reference (s) uc 1D,




. User Instructions
) (Aw THREE INPVT) I VvE N l RESET
‘1 NR A nw 2. nw 3 nr 4 w5 Z}
g DI'STANCE TinmeE V evaL Vwmm. ACCELERA
STEP INSTRUCTIONS o A'T':\";‘S;”S KEYS o STU;;lPJ:ITTS
| |[oAD sipe 1 AMD 2 LI
2 | ReSET £ ][e | 0.00
3 |INPUT DISTANCE TRAVELLED X DIs. Al ©.00
(F Yov DONT KNCW TS, 60To STEP 4) [ |
[l |INPUT AmMOUNT OF TIME yome | [B [ | ©.00
(F You DoNT KNOW TH1S, GUTO STEP 5) [
5 | INPUT_ VELPUTY AT 1ime E Xbis/rmd [ C Il | c00
(F wou DoNT oW THIS, 6070 STEP &) T
6 |iINPJUT  vELOUTY AT TIME ZERO X0smmel (D[ | [ ooo
(IF Yov poNT KNOW Tiis, GOTO STEP 7 l I |
7 livour  acusieraTion X Shme{ [E Il | 0.00
(F Yov DowT k~NOW THIS, GuTo STEP & ]
& |INPUT MUMBER OF VvARMBLE YOV DONT I
KNOW. (REFER. TO ARD LABEL) % X ENTER [ |
O |sowvE FOR THIS VARIABLE & 13 | n.nN
10 [sovE o 2n) uNKNTWN v le I[d | m.mm
1l |[for. NEW CASE, a0TO STEP 2 I
LI
[0
L]
I
L
.
R
.
[0 ]
I
[ 10 ]
¥ |WHEN Viumm S UNKNowN, SOLVE L]
For (T FRST, THEN SRe 1TSS WLUE [ I
BY PrRESSING BEFOoRE SOLVING [ 1
For THE OTHER UNKNOWN { TJ %1
L]
.
N
L]
[
.
1L




Program Listing |1

STEP KEY ENTRY KEY CODE 97 %
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
881 xLBLA 21 11 =7 21 85
862 1 a1 MeoF REC o g58 ”égfg 5:: gg LnATE ¥
@83  CF8 16 27 @@ P C e e 7] nA
2z bé 859 RCLS 36 85 e-ath
884 G0 27 @@ 968 = -24 VeI 3
85 $LBLE 21 12 e OF REL o AT @51 RTN 24
aes 2 & Time 15 862 #LBL2 21 ez
ggé Ga;gé 16 2 ;:_’ @63  RCLS 36 85
2 864 Pi 16-24
@89 ¥LBLC 21 13 J carmt. N2 peb BeS  X=y? 1::-33 fc.
aia 3 fiz o 866 6106 22 86 wo
o1 CF2 1€ 22 6 867 Fo? 162386 | oy
612 €108 22 v o 868 G107 22 67
o1 wBD i 4 } V it M RE 69 RCL4 36 64
4 878 Xz 53
815 cT08 2z @@ b 871 RCLS 36 85
) N '
816 xLBLE 21 15 }NL 72 RCL1 36 61 o ‘o‘rr,oﬂ
817 5 #5 873 2 8z gvﬁ""mr
18 #LBLA 21 @@ 874  x -35 AR Y
819 STOI 35 46 875  «x -35 AU "
2 -3 Z I
32? srgt 35 jé store M. N REC g;f’ » -gg WML e
egg RCL3 36 63 878  ST09 35 89
g;; RCi; _ g; 879 RCL4 36 84
625 %2 53 caLa e 33? e :gg
a2 - -45 Vv ~Nye 2 53
26 i 5 3/7} 882 LSTX  16-63
535 2 22 883 RCLS 36 89
2 : -2 884 - -45
gg;_; sgfg s gf 885 RCLS 36 85
3 t - 886 z -24
a3l RTN 24 88?’ PSE 16 fjl
gg.g *Lf-ﬁi g 21 gi 888  LSTS 16-63
638 CT09 22 g DONT HAVE Tim< 333 x;‘;:' :;i
835 29 16 23 82 N -2
oz 105 oo ag 00T Ak Venas Sﬁé RTN 33
@37 RCL4 3 84 893 LBL7 21 87
838 RCL3 36 83 ) 894 RCL3 36 83 1€ T
S gonate 4 @95 RCL4 36 04 Cﬁ%
2 6 82 ) 96 - -45 wsiNG
- Fo‘f‘/"‘ as
041 X -35 v ) 897 RCLS 36 65 e 4
842 2 0z 898 : -24
243 s -24 @99  RTN 24
gzi tngg N gg 106 *LBL6 21 86
5 21 88 181  RCLI 36 61
846  RCL4 36 04 182 2 @2 LWATE T
@847  RCL2 36 82 183 X -35 d‘usw" F"ﬂ’ﬂm
848 X -35 AATE Y 184 RCL3 36 83 [
g;g "l}.{i 36 g.g fﬁu‘—s o cormiA 185 RCL4 36 04 me
3 186 + -55
@51 RCLS 3 85 M 2 187 : -24
852 X -35 | 188 RIN 24
@53 2 8z 189 #LBL3 21 83
@54 B -24 118 Fe° 16 23 08 N 4
ggg R; -85 111 €709 22 89
N 2 oS 112 F12 16 23 81
0 1 2 3 4 5 6 7 8 oI
SO A S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E [hr OF LAGEL+




7Pr0gram Listing 11

36
STEP KEY ENTRY KEY CODE COMMENTS STEP ‘_‘KEY EN_'l_'RY KEY CODE COMMENTS
113 6T0a 22 16 11 169  RCLS 36 85 e Ve
114 RCL1 36 81 :;g RL‘L:IB 36 gé mm:
115 2 62
116 X -35 v 172 x =335 Ui‘w‘ \3
117 RCL2 36 82 M 173 x -35
118 z -24 oINS m"' 174 - -45
119  RCL4 36 84 9 175 IX 54
120 - -45 Nf’~ 176  RIN 24
121 RIN 24 177 sLBL8 21 88
122 #LBL9 21 89 1e ;;g ReL1 36 gé © V‘;A
123 RCL4 36 84
124 RCL5 36 85 usl“'" 188 x -35 c!\l"":': o™
125 RCL2 36 82 181  RCL2 36 82 VA
126 x -35 182 = -24 w
127+ -55 183 RCL3 36 83
128 RIN 24 184 - -45
129 #lBLa 21 16 11 185  RTN 24
138 RCL4 36 84 y 186 #LBLS 21 85
131 X2 53 187 Fe? 16 23 8@
132 RCLI 36 81 c,,w"’“e y 188 cror 2207 M
133 RCLS 36 65 Nb 189 F12 162301 | ¢
134 2 82 196 6106 22 86
135 x -35 M’“ 191 RCL1 36 61 a
136 x -35 192 RCL4 36 04 (2
137+ _55 193 RCL2 36 82 C W_w"“
138 ¥ 54 194 x -35 o s
133 RTN 24 195 - -45 3
148 »LBL4 21 84 196 RCLZ2 36 82
141 F8? 16 23 86 197 xe 53
142 crob 221612 M@ 198 = -24
143 F1? 16 23 8i £ 199 2 82
144 croc 221613 M 280 x -35
145 RCLS 36 85 281 RTN 24 d
146 Pi 16-24 282 LBL7 21 67 MW
147 K=y? 16-33 oo A 203 RCL3 36 83 o
148 6708 22 88 204 RCL4 36 84 U ¢
149 RCL1 36 81 285 - -45 NR
158 RCL2 36 82 v ggg RCL2 3 gﬁ
151 ) -24 ¢ Vo s -
152 RCLS 36 65 MW 288 RTN 24
153 RCL2 36 82 USINY 209 xLBL6 21 @6 5« O
154 x -35 w V1 218 RCLO 36 @6 AV oA
155 2 82 211 RCLI 36 81 V5INv o
156 = -24 212 ¢ -24 . 1@
157 - -45 213 RIN 24
158 RN 24 Ve 214 slBLe 21 16 15 e 4l TING
159 #LBLb 21 16 12 1€ 3 215 SF8 16 21 @@ ges€l w R¢
166 RCL3 36 63 WW‘*W 216  SF1 16 21 81 aroy ¥
161  RCLS 36 85 \ﬁ"”" 0 217 SF2 16 21 @2
162 RCL2 36 62 N2 218 Pi 16-24
163 X -35 219 STOS 35 85
164 - -45 220 e - 86 e
165 RTN 24 221 RIN 24 L V"'";"
166 #LBLc 21 16 13 \ 222 sLBLd 21 16 14 Q'“
167 RCL3 36 83 223 STOI 35 46 i
15 X i" LABELS - Zey EMOi, 24 SEvstatus
STORE_ OIS bsvm ome [Ysrore Ve | srore Vi, [Fsmre A [3oswt Déag FLAGS TRIG DISP
a c d e
Usen Usep vsED SoLvE REIET 0 og, T | oec & | Fix a’
OSTorAGE  |'canC Drs 2eme Tims Pore Ve |4 Ce Vi 22577 1 % 0| GRAD O | scI
ere A [Umr 7 usep 8 Usep % useD : X o b0 EN&D
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Program Desecription 1

Ballistics Trajectory Computations

Program Title

Contributor’'s Name DaV1d M. Ivey

Address 2470 New Clinton Rd.

City Macon - State Ga. Zip Code 31201

\_ Sttt
(

Program Description, Equations, Variables _ The Program computes remaining velocities,
energies, flight times, maximum rise and drops of bullets at user
specified intervals. Computations technically apply to ICAO condition
which are satisfactory for most shooting conditions. The method uses
a Mayevski drag formulatlanidnag_ﬁvn) with different constants for

different velocity zones. The program automatically selects the
correct constants. Program control is by Label A, the various data

outputs are done by Labels 2,3,4,5, and 6 so that users may easily
arrange output data order. Label 7 computes air resistance, Note

that maximum rise gives sight in data.

Use vEmo’ylfSL\ MNH’S OA)(/V

Operating Limits and Warnings _Be _sure to use ballistic coefficients based on
Ingall's Tables (most are, usual exceptions are foreign bullets). This
system works best when J:he,cnefflclenLLC_bLls_gneaLex'_than_‘lﬂand_
velocities above that of sound. Most importantly however, use range
intervals no_greater than 100yds, shorter intervals give better
accuracy, For typical rifles about 3% error occurs relative to numeric |
kint egration techniques.at 1000yards. I

J

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) drop graph

s y . : — )

Xi .y *g=range; yy=drop iwthe:

X; . Rise graph =
(l’l_\t A hf—'—‘I‘ise’[U(‘JlﬂéS L

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

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

Velooity 1o THeeo

E"’"’“‘?}’ Im o 5t lbs Muzzle Vel|>2800. xxx

L . Bullet wt —PIED. a4

Fme /N §e,czon>:£5 d —> E.478 A&
8 . 1 B

Rise & Jmf) in /'NO;\%

eqvqb )’c‘S iga. A

Solution(s) Input keystrokes VelocdFy z5zs.  aik

Cb=Olh’7O STO 6 EDqu 243'7. X

N x} ‘11 3% ey

Ax=300feet STO 7 A iy

rsé t:'. ob P EXX

xm=200yds=600ft use 601 to stop. __\ drop 2337 xan

601 STO 8 Om‘Fw/’ s R
wb=165 STO 9

KAK

V,=<800 STO A Ari

Set flags Zero and One to 14

raa

koutput energy and rise Eress /4 "

-

Reference(s)This program represents the first complete ballistic system
withouﬂextensive numeric integration techniques or long tables., It
was specifically developed for microcomputer applications. For more

information regarding theoretical development,write the author.

\_

S
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DAVID M. IVEY

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

g&llfs+i&$ Tl’oa}‘t’;c‘,”}’ok/ @&MPW‘{'&‘{—;@Y»Q

A) E%Mm“’ier\)&/ MQ,/F,VSK; i/é,/D(’,l‘J"/\/ ZONIO/S

2
. 2 /
£~[Vi ~Z D] Ro\m?e,o? v N A 3
300 Yo 2600 /.55 4.@64?92535([0)
b= Av" 2600 o |900 L70 1.247954766(167)
- (Yoo +o 1320 200  1.316067)
2o 24X I3%0 to 1230 .00 A5e4393630(168)
C- 1230 to 70 5.00 6.33L1F50F(167'%)

- 1 .
JGFUZAXZ vi+Vg LO(‘;th(bl\) of Coms‘/’au%s

The , A valwes octupy Se(‘,o/urla.r/
storone r'&gfsﬁvrs, Zone, Welowitics
ooty feaistors B to &

h=48.2( f:

Beolow < o fr'}'u‘}‘ out ot l?_@qi::'./‘or

z Comwtonsts?
3 WgVy
450 240
(wg 1% Araiss) 4.064562575-33_ 13 > ReSers to
aa55 ’1 Iﬂidre'x{‘ O%
1.247951766-63 |2
FORR storan e
8) Note 7he eonstants 1.316060006-65 14 Reaistor
A mud N ore s*f‘ore)J ,_ﬂ_{_______f‘_-_ﬁ ¢
9,569767636-83 ¢
o reﬁ,'s-f'ors b)/ the B
doto Cord. 6.336817567-14 13
5.6 13
1378.8 ¢
236,89 ©

e &0



User Instruetions

Ballistics Trajectory Computations Prgm

‘1 fO=prints fl=energy and rise
g Run Clears
STEP INSTRUCTIONS DATAIUNITS KEYS DATAIUNITS
1 Load Program Card, Both sides 1]
Load Data Card, Bothsides I
I
2 Store Parameters Ballistic coefficieng C. LsTol [ 6 | Cy
Range Increment (ft.) Ax | stoll 7 | Ax
Maximum Range ft X | sTol [ 8 | X
Bullet weight Grainsl w, [WVSTQH 9 | wh
Muzzle Velocity v STO I (A | v
) ° I °
3 Set Output status I
Flag Zero set will Print ans, else pause [ I
Flag One set will compute Energy and rise I .
according to Flag Zera's status {A_J] } }
L | Execute program Press LBL A [ |
Prgm first outputs initial data T A
I
[ Cy.
Then the computations : i 0] -
Il | PRange
I
| Il | [elocity
[ Il | Pnergy
| | | Fime
| Il | Fise
| Il | Brop
5 | New Problem go to Step two after clearing I
by LEL G ]
I
[
I
6 To chnnmfb a ba///sﬁa, ﬁoa‘?-?re:f&/u-}’ A/_Z,Z,@o,//f I 7 ” ]
4 STORE Kawae botween) | AX [s7o][ 2 | AX
Known  pelocities L]
Enter  Vedooities ‘./’{ [ [ | A
]/;,_“_,, !5 ][,,Vﬁj -Cg
N i
I
I




7 Program

Listing 1

) S—TEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 4
Z31 »LBLA 2l 11 P a r\)'{' l 057 CHS -22
F32 FO? 16 23 00 ram LowTro 056  RCL4 36 04
883  SFC ig-ii _ 859 X 52
884 G550 T id Iwitiol 868 . -35
865 RCLT 36 &r 861 i 54
gBs  STLL 35 &2 Sett LIS 862  6Sbi 23 al
867 : 6i 863 RIN 24
865 g @ 864 ¥LBL3 2i 83 E/u&r’7 §4
@69  STOI 35 16 Zoitinl 865 RCL4 35 84 4.
818 RiLn 35 il piTI0 866 X3y -41 Ca lewlations
811 STGs i a4 Dot 867 + -55
@12 G5Ei 23 6l 868  LST 16-63
813 RCLS 36 63 0w+pw+ 869  ST04 35 a4
@14  GSEl 23 &l 878 XV vy
@15  RCLG 36 8¢ 871 ST03 35 83
@16 DSF3  -63 @3 872  RCL4 35 04
@17  3E! 23 a1 873 T 53
818 [D5F6  -63 &6 874 RCLS 35 33
819  F&7 1¢ 23 @c 875  x -35
828 SFC i6-1i a7é 4 a4
821 ¥LBLE 2i 1z Mo i ,Oml m 877 5 8
82z Fa7 16 23 6i 878 é ég
823 SFC 16-1; Control 79 2 6z
824 6368 23 o8 88a § 84
@25  FE7 16 23 B o ter 881 6 T
826  SFC i6-it iwitial ization 882 £ -24
827 652 23 B2 883  FiT 16 23 oi
828 6563 i3 &3 1ot 884  S5BI 23 ol
829 GsBs 23 64 ala 885  RTN 4 | Flight
@36  6SES 23 85 comf,,.f’:?“;mos 836 ¥LBL4 ed | Time
831 §SB6 I3 &6 887 RCL3 36 83 | (0a/on/ations
32 RCLT 36 ar 888 1% 52
833 ST+2 35-55 é: 889 z 82
834  RCLS 36 62 Emuo,e, 898 X -35
€35  RCLE 36 86 decisions @91  RCL7 35 &7
836 ALYy 16-35 3 8sz X -39
837  RTh 24 X; = Xy 893 ST+5 35-53 &t
838  &T0B 230F: 894 X -35
839 LBLI 21 d 0 895 RCLS 36 &5
@48 Fe7 1€ 23 & rause o 996 [DSF4  -63 04
841  6Téa 22 16 1 Privty @97  F17 16 23 &l
942 PSE i€ 5l , 898  6SBi 23 B!
843 FSE 15 Routine 899  RIN 24
844 RTN 24 180 xiBL5 165 | Rise. (Maximam
845 *LBLa 21 i€ 1) 181 Nz 52
846 FRTA -i4 182 4 &4 M"’\""h’)
847 RN 24 183 & 05 | as lowlations
848 ¥LBLZ 282 | Yelseit 184 . -82
@49 RCL4 35 a4 N 185 Z 6c
856 GSB7 i3 ér COMfW+“+'°“)5 186 6 8¢
@51 RCLT 36 &r 187 X -3%
@852 X -33 188 DSFZ  -63 b
853 Z 8: 189  GSE! 23 6!
854 X -35 118 RTN 24
055 RCL 36 06 “ é :,,LeLg 21 %
L - vy
936 : 24 REGISTERS
0 1 2 3 a 3 5 /|6 7 8 9
)(1' (AdLQ— V; 27‘7"/‘_ & 8 ax )(/n WB
SO _a\|S1 S2 - S3 | S4 S5 S6 ~3.187 S8 -4YS9
w5 1.55  |r2w D 1.%0 [1.30u6%) 2. 00 |95%157)|3.00 L3410 5. 00
A B c D E 1 USE
V, 1¥voo 13%0 1230 ato eikeaees a




7 Program Listing 11

42 .
STEP7 KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE” COMMENTS
X LBL G | 169 ¢T0b 22 16 12
e 3 3 (7@ rLBle 21 16 I5
115 : -24 dre P 171 i 6l
116  RCL4 3 64 , 172 § e
117 RCik 36 11 ﬁ‘”’“f’“ﬁ”%‘m\’ 173 sT6I 35 4
18 = & 174  GTOb 22 16 iZ
1y A 34 175 wiBLd Zi i6 14
1za < bc 176 i
121 -35 177 s
lez K i 178 sT0I 33 46
123 + -55 179 670k 22 i6 iZ
124 > -3 188 *LBii  Zi i+ Clears
125 6SBI i3 él 181 é 66 #ime Ko tor
lze  RTh e 182 ST6z 35 & e
127 xLBL7 Siobr s@léz(‘;‘};@ﬂ)ﬂ 183 5705 35 &5 AL ‘fﬁ q
128 < bz 184 KTH 24 tonnvTer
129 3 G6 0% corratt 185 *LBLE Zi6é
g? EEa g L, N pomsTanls 186  RCLZ 36 &z Ou‘f'fw?l's
< o 187 3 63 ,
- = N g /o
132 kit 135 g drao 188 = 5| remge v yards
133 €106 2 @ 189 OSFé  -63 &6
134 A= i | e lew letions 198 G551 23 6
135 KRCLB 36 ic 191 RTi g
ﬁ‘; e foad de.fermives 192 xLBLE &1 15 | Gallistic
3 ETOc && io 13 . 193 SToi e )
138 & 4 | veboeity ot xrr CoesSicienT
139 RCLC 36 13 AoONeEs 195  5TG1 35 &: CalowlaFion s
148 xev?  16-35 196 sT04 35 @4
141 GTOe &2 i6 13 197  GSE; I3 BT
142 AT -4 198 z G
143 RCLD 36 14 199 ) 3t
144 - hsis 16-35 200 RCLT 36 6T
145  GT0d Z8 ic is 281 N _35
146 i ol 262 RCLI 36 @i
147 0 g5 283 AE 53
148  5TCl 3o 46 284 CH3 -Z
148 tLE_Lb ci ic: i 74&7‘1}6&/ 285 RCL 35 BE
158 RCL4 Jo a4 286 KE 53
151  RCLi 36 45 ﬂm7 267 + -53
152 ISZI 16 Z6 46 ~ z i
> , (7.3 n 288 - o
153 RCLi 36 43 ConenlaTioms 268 G5Bl 23 6
154 xav -41 318 RN L
155 K4 =31 211 RS 5;
156 y 3
157 ki i6-31
158 P -35
159 RT# T
168  ¥LELE 266 bobels BC e
161 i 6l
162 & 6 d assare ,
163 STOI 3546 porrect cowsTh
164 GTOe <22 16 i J + 220
165 ldic il 16 i3 For drag vEleely
ian i 61 Zeone
167 2 02
(68 ST01 35 46
x - LABELS FLAGS SET STATUS
C D E
ToFial Cont]” wsed llears Vs 2Ce |° Prints FLAGS TRIG DISP
a b c. d 1D ON OFF
used wsed £ owe3 Zowes | Zoves Farse |om O | DEG ® | FX B
Zoves | Grist/use|’ Velooidy [*bveray  |*tme. [ - E} SIS IV
5 6
ise diop | drag  |"Romse [’ ° 3 0 R nZ4 0
<! ,
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Program Desecription |

rProgram Tite ISOTOPE OVERLAP CORRECTIONS , . ‘77]

Contributor's Name Lawtence I G’V0$SM°-V\- i I o

Address 306 Crest Ave. D
city Ann Atber _State M|  ZipCode 48/03
\_

( )
Program Description, Equations, Variables P\‘ijw\ Coctects »F! sri"W" w,,chgn,nﬂb 9‘)@\,,,

ho tadioackie wolopes  are L._\‘v«‘ osunted 4 o ,I-‘{uil seiwhk lakon s,a{\-mahc-_,é
Bar.bf)num& sub trackon er eacla ‘\s,o,\oeﬂ. U abo fwvtu- ?roam may be sl with
simle isolope. , B
I$°'|°F.\ X and ) ae conted w machine channels A a-d B mf“% -
Let a= Grackond spillover & isobope ¥ Goom chamnal 8 JoA. o

be fackomdt s':llmf o isologe X frm chawnel A 0 B. o

Cx = cmw\'d cmb/m:n- isokfg X wm chawnel A : Cn -a(Cg , vhere. Ca aud (8 are Ha
I-ab observed cOmbs fmdr el

. ,  chawa,
Cy : CB-LCQ_ , , . S
|-ab - B
Tokd Cmb/m.m, Dﬁkrl x= Cx (H‘L) = Tx I
Tohl Mb}“\‘m boh‘t y :C‘ (‘fﬂ) = -r] ; , I
Operating Limits and Warnings
\. J

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)
\
rSample Problem(s) 2 JSD"‘"‘-‘. 59‘-”91&( A>B = /D./OJ B=A~ 307") Bkg =10 cpm ) Bkg-‘-‘S'O,qw
ﬁfﬂ‘- go\\ow\.n1 values o« Cb/m‘wg awd cﬁ/mfus) calelade  correchd valims o
sampe?® A
2 200
3 1400
Solution(s) Keystrokes > 90 (Ty)
€] L1 - 0.00 -3 ()
0.2 eNteR 10 1Dl —> 0.20 1400 [A) 2200 (B])C] - 1038 ()
0.l ewter so (£] - 0.10 > 2% (Ty)
A SE , = /o0 | >4 ()
jooo (p) 500 Y81 [£] - J0[0 (%) 1] >4 En)
2> 4% (Ty) - 812 (27})
. > 2 (next sample) > 0 (o)
2000 (7] jo0 18] Ic] > 200  (T;) )
7
Reference(s) w
\__ _




User Instructions *
ISOTOPE OVERLAP CORRECTIONS
STEP INSTRUCTIONS o A;”:\’/,SJITS KEYS o ﬂ%ﬁﬂfrs
| [ Lot site I
2 |Set (\6( +urn tsdoan L€ 1A | | o0.00
3 | Enfec numbec of Ilrsf s-vsple. n. L £ Jle | n;
¢ |Pc si nqk \sohpt entec kavmﬂ spillover channe B34, l:l | |
bu.qu su&\v«.‘-m { medﬂ &961”5_ [ D I | 8>A
5 | M@mm_@&\im-o « chawnal § 58, | I
bg%m__nlj_higgkvn for dumu—e B 281 8kg | [E 11 | A>B
6 |Entec com ¢ | isole 8. |cpma A | | cpmp - BKa
? %M&Mﬂj. cpme [B,, I 7 | Cpmeg - Bkg
| 8 [Dokpst coctechd combjmia for channd A, B (i «ed) le Il | |
I B R | PP
1T |nedt my
9 |Foc next sample oc paic of sa o 6. [f‘”,]
10 ankry , obdain o & all samphs o [ 7 ] { 7 J
isolope X avd y (i wal). Afbec outpols, e (g for IR
bue isolops 5 cloated aud o actumolbien teastors .
fr_job o all Saeely are cleaced. ) ¢ I8 | |£7x
LT ey
L1 e
Ul |For now sit of samplec, go o 2. { H %
I .
I
[ ] ]
L1 ]
[ 10 ]
[ 10 ]
[ I ]
[
(0]
[ 10 ]
[ 1L ]
[ 1L
[ 1]
[ 10 ]
(10 ]
[ 00 ]
0]
0L ]




67 Program Listing |

46
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 B LBL D 3 25 4 X i
sTo © 33 0o tore. Bkn, @ STo +& (33 6] OF
RY 35 53 store. PRA, 570 9 33 09
STo | |33 oi 060 ReL?  |3% 67 ovtpot T,
R7N 35 22 o - X- 3 34 T, (i Fo set)
F Lol c 32 25 13 Ree. 9 |34 09 y (& Fose
ST I 35 33 *LMSAM"‘L". Fo? 35 F OO0
RTN 35 22 — - X~ 3 84
L8l £ 3 25 /5 152 31 34
010 S70 2 33 o2 b Re LT 5 3y
R 35 53 store BRg RTW |35 22 e ]
ST 3 33 03 YlaLa |32 25 ) SFO foc 2 Labals
RTN 35 22 e e e e SE© 35 57 €0
*L&A_RC.L 5 3] 25" 11 | cntec c.uv-i/m;ﬂ fr A 070 ; zT"b 25 22- - e =
34 60 ha LgL 32 25 1L
= 51 °ﬂ::\’ sbheck Bk RCL 6 06 potput doh0 x for
STO 4 |33 o ' - X- 3 84 -
RTV 22 | _ RCL® |34 of ol sumfls, dobet y
LBL B 3 25 /2 |euhe ounhjmin for B Fo? |35 w oo | (i Fosst). cFo.
020 g_q; FY 5317 02 chamnel, svbhad BRg, ’C_XF"O 325_27—60 — Clear atcomalafron
STo 5 133 o5 store ° 00 fegistes.
RTV 3% 22 o ST0 6 33 06
gL C  |3125 /3 080 S 8 33 of
Rl 4 |34 o4 ldate G, C ST % 33
RCL | |34 o Calodale =5 M, v 3s 22 | _ . _ _ __|
Rl S Y DS
- 5/
030 ‘ °'
RCL | 34 0]
RcL 3 |3y o3
X 2/
- l 090
+ 8/
L o1
RCL 3 |34 03
+ 6l
X M o
040 SO+t 33 6l )
S0 7 |33 0% . - - LABSLS
DSP?o a3 oo Coun fmin A |omoals [min._ 5 LMI TeTy latekatn | Dloakdp
Wy o5 b T d e
RR‘:JC-L 3 03 aﬂ Labals T!\lr.g- ° l*Sﬁ&"& No -
RCL & 34 o 0 1 2 °
X pyi 5 3 7 8 9
- 51
KC‘L ;,'f o FLAGS SET STATUS
050 ! 0§et
ReL 3 |34 03 2 sokepes FLAGS TRIG DISP
X 2 [ ON OFF
- 51 o ¥ O DEG # | FIX &
- ] 2 1 0O P | GRAD O SCIGEI
1 0| 10 5 > O rr| RAD O ENo
ReL ) By o s 0 & I
+ 6l
REGISTERS
0 1 2 3 4 5 6 7 8 9
Backacond o Qa &&}M B b Ca Cg 2 Cx Cx éCy C‘\
SO St S2 S3 S4 S5 S6 S7 S8 S9
B C D E I
A mrk_ Nombacr
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Program Desecription 1

( . )
Program Title Critical Reactor Code

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

city Edmonds state Washington Zip Code 98020
\_

< .
Program Description, Equations, Variables The program estimates the parameters of a reactor

with different fuels, moderator, fuel to moderator ratios, size, and shapes of the
reactor. Its most important use is in indicating trends in certain changes of mod.
etc.

Y352 ¢ (235) _ L of
7, (235)+7_(238) Y Ga
_ ZaF _ Zam Vm
U i o
_ 1 (x _ 1/Xyu,] Xy6 . - a
F(x) = 1+ i (2)2 17(2) +ti—8(2) DX /LF
b/
_ q.2%r 2° zy 3.y q.z=""1M
E(y,z) = 1+5 [WM(S/_) -zt 422] Ty
y= "M —
NFVFI o
p=exp-[f—z—V—]I=A+C/vap
m“sm'm
B? = (-TRI)Zsphere
v R o
F
e= 1+ .3 ( P = ] 2 _ 2M2
Vm L mz—[:; B¢ = 3(R) cube R

Operating Limits and Warnings  This program works best for low enrichment fuel, i
(-72-5)% this is much 1ike a power reactor. The accuracy is only to be taken

as an estimate. But the trends are good. Note: Radius of reactor is;store.d 1'nm
S-6 register to change this you must change [P«»S] [STO 6] [P<>S]

\_ B J

N

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

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

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

\ _J
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New

moderators. The information needed on these cards éan be founé

35 ,.299

data cards can be made for U2 Pu fuels & H,0, C, on D,0

in John R. Lamarsh, Introduction to Nuclear Engineering.

P-0
P-1
P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-9
5-8
5-9
A =

m O O o™
n

A1l

1]

o - Density of Fuel

= MW - Molecular weight of fuel

= Atom density of fuel

= zaF - Microscopic cross section of fuel (abs.)(cm-1)

= Microscopic cross section of mod. (abs.) (cm-1)

= Const A

= Const C

= ¥m Ism

= Microscopic fission cross section of fuel (in barns)

= # of nuetrons emitted per fission

= Diffusion length of moderator (cm)

= Diffusion length of fuel (cm)

Enrichment % of fissilte 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

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

best to record this on a card.



Values for Diff.

235

239

Fuel + Moderators

u Pu H.,0 D.0 C

o 19.1 21.45
MW 238 239

NF .04833 .04938
raF
zam .0222 | 2.9x10° .0002728
A 3.0 3.0
C 38 38
Imzsm 1.46 .178 .0608
of 580 742.5

Y 2.6 2.98
Lm 2.85 170 59
Le 1.55 2.0
cafiss 680 1011.3
ca238 2.7 ; 2.7

49
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Program Deseription 11

rSketch(es) O
N ,
Nuclear Fuel

O
O 0
B

\_

Moderator

. s cs e sy 5o )
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= .811 = # of neutrons abs in fuel per neutron abs

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

PL= .879 = non leakage probability

k = .936 = neutrons in generation n

neutrons in generation n-1

k<l so reactor is subcritical

Solution(s)  Keystrokes assuming data has been stored.

A mmmmmemmeeeee > 1.33
P > 811
o > .98
N > 1.0002
SF,1 > E mmmmmmmmmmmmeeeee > .879
1 R —— > .936

7

Reference(s) S€€ Introduction to Nuclear Engineering,
John R. Lamarsh, Volume 1 pag 188, 198, 203, 202, 204, 227, 229-235, Addison-
Wesley Publishing Co., 1975.




v ®
P \ ~ 51
User Instruetions
INPUT OUTPUT
STEP INSTRUCTIONS DATAUNITS KEYS DATA/UNITS
1. | Load side 1 and side 2 0
2. ] Load data card ]
3.| Optional: Sto fuel enrichment 9fiss fuel] [STOJ[A |
4, | Optional: Sto fuel pin radius a/cm STQ [ D |
5. ] Optional: Sto fuel cell radius b/cm | stollp |
6. | Optional: Sto radius of reactor R/cm | | [STO 6
[ |[Pes]
7. ] Optional: Clear flag 1 for cube reactor hi CI;H 1|
8. | Optional: Set flag 1 for sphere reactor hlse 11 |
9. | calculate n | [[A | n
10. | Calculate f | 7 i B”] f
11. 4 Calculate p [ . H C ,] o)
12. | Calculate ¢ | J[D | €
13. | Optional: Calculate K | flle | Keo
14. | Caiculate P| | Il E | PL
15. | Calcualte K | flle | K
16. | For new fuel or moderator go to 2 [ [
17. | For same fuel and moderator go to 3 [ 1] i
1L
I .
NOTE: Step 6 [P<S] [STO 6] [P<S] L
[
L]
18. | Optional: Recall n [P<>S| [RCLTQ n
19. | Optional: Recall f [P<=S| RCL11 f
20. | Optional: Recall p [P<>s] RCL 2] p
21. | Optional: Recall e [P«sS] RCL 3] €
22| Optional: Recall P, [P—s] kel 4l Py
23.| Optional: Recall K [P<S]| RCL 5] K

|

I
I A
I .
I N
I
]
o
I
I
I




Program Listing I

52
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

@81 ¥LBLA 21 11 857 & Bé

aaz 1 i asg ¥Y* 31

883 7] a6 as9 4 84

884 a4 aé 868 & as

885 RCLA 36 11 861 178 5z

a8t - -435 862 X -35

887 RCLA 36 1i 863 RCLI 36 46

aag * =24 Calculates n 864 4 84

889 RCLC 36 13 @65 ¥ 31

aie X -35 866 1 ai

a1 RCLE 36 1& 867 2 az

a1z + -55 a6t 175 8z

813 RCL 36 88 869 X -35

814 RCLS 36 43 78 CHS -2

815 X -35 871 + -55

81é a2y -4] 872 RCLI 36 46

aiz : -Z24 873 Xz a3

aig &8 16-51 874 . -6

@18  sT08 35 6o 875 5 as

g2e ST05 35 a5 876 x -35

821 pc 16-51 ar7 + -55

a2z RTN 24 a8 1 i

823 «LBLE gl 1 a9 + -335

824 RCLG 36 b6 @ge RCLE 36 15

825 RCL1 36 81 881 se 33

826 = -24 882 STCI 35 46

8z7 . -6 883 RCLD 36 14

828 6 as Calculates f 884 Xe 53

829 é a6 a8s - -45

a3e z 8z 88¢ RCLI 36 46

831 3 7K 887 = -24

a3z X -35 ase X -35

833 st102 35 8z age [ 16-51

834 RCLA 36 1i 98 RCL4 36 84

835 4 55 891 RCL3 36 83

836 RCLEB 36 17 aaz < -24

a3z x -35 893 X -33

a3e 1 a1 894 pzs 16-51

838 a aa @95 S701 35 ai

a4e a 8e 89¢ RCLE Je 15

841 RCLA 36 il 897 RCLE 36 88

842 - -45 asse < -24

843 RCLZ 36 87 @99  ST0I 35 46

844 e -41 188 RCLD 36 14

845 4 55 181 RCLE 36 8§

84¢ RCLC 36 13 182 e -24

847 X =35 183 < -24

848 + -55 184 LN 3z

a49  ST103 35 63 185 RCLI 36 46

a586 &S 16-51 186 Xe 83

as51 RCLD 36 14 1867 RCLD 36 14

A52 RCLS 36 89 188 RCLE 36 8§

853 < -24 189 < -24

854 Z az 118 Xz 53

8ss = -24 111 - -45

856 STOI 35 46 G 112 RCLI 36 46

2 4 5 6 9
° 1Mw fuel | N fuel zaF vam o Esmzsm 0f25 Y
S S7 58 59
S0 N S S2 0 S sa p 5 ¢ GRadwr?n LM
, C D E I
enrich % Oa fiss.fuell Ca nonfiss fuel a (cm) b(cm) used




Program Listing 11

53
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 xe 53 ' 169 e* 33
114 X2 -41 | 178 P3sS 16-51
115 z -24 171 §T02 35 82
116 % -35 172 §Tx5 35-35 85
117 ) -62 173 25 16-51 : 0
118 7 87 174 RTN 24 End of
119 5 as 175 *LBLD 21 14
128 . -45 176 RCLD 36 14
121 RCLD 36 14 177 K2 53
122 RCLE 36 85 178 STOI 35 46
123 z -24 179  RCLE 36 15
124 4 84 186 Xe 53 Calculates
125 z -24 181  RCLI 36 46 e
126  RCLI 36 46 182 - -45
127 3 -24 183 z -24
128 RCLI 36 46 184 ) -62
128 z -24 185 1 a1
138 + -3 186 X -35
131 RCLI 36 46 187 1 a1
132 Xe 53 188 + -55
133 x -35 189 25 16-51
134 2 8: 198 STO3 35 83
135 : -24 191 STx5 35-35 85
136 1 a1 192 P:2S 16-51
137 + -55 193 RTN 24
138 RCLI 5 81 194 $LBLE 21 15
139 + -55 195  P2S 16-51
148 1% 5z 196 Pi 16-24 Calculates
141 sTO! 35 a1 End of f 197  RCLé 36 86
142 5Tx5 35-35 85 198 < -24 P
143 P2S 16-51 199 X2 53 L
144  RTK 24 288 F1° 16 23 81
145 *LBLC 21 13 281 €701 22 81
146 RCL@ 36 66 282 3 83
147  RCLD 36 14 203 X -35
148 X -35 264 ¥LBL1 Z1 81
149 s 54 , 285 ST0I 35 46
158 RCLE 36 86 Calculates 206 RCL8 36 66
151 K=2v -41 P 207 6SBY 23 89
152 z -24 288 STO04 75 84
153 RCLS 36 85 289 STx5 35-35 65
154 + -55 210 25 16-51
155  RCLD 36 14 211 RN 24
156 K2 53 212 #LBL9 21 89
157 % -35 213 X2 53
158  RCL2 36 82 214 X -35
159 X -35 215 1 a1
168  RCLT 36 67 216 + -55
161 : -24 217 14X 5z
162 RCLE 36 15 218 RN 24
163 Xe 53 219 #lBle 21 16 15
164 RCLD 36 14 228 25 16-51 Recall K
165 K2 53 221 RCLS 36 85
166 - -45 222 P2S 16-51
167 : -24 223 RN 24
168 CHS -ec LABELS FLAGS SET STATUS
n 8 5 © ° ¢ Py 0 FLAGS TRIG DISP
b [} d 1 ON OFF
o0 ®| DEG ® | FIX ®
1 B 2 3 2 1 KX GRAD O scl O
= - = 5 - > 0w | RAD O | ENG O
L 3 K 0O n
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Program Deseription |

Semi-Empirical Nuclear mass Formula o S

f
Program Title

Contributor's Name Dan Shapira ) o ~ R,
Address Phys%cs Division, Oak Ridge National Laboratory, Bldg.5500—X=10 — — —-
city Oak Ridge o state Tennessee ZipCode 37830._..
\_ J

Program Description, Equations, Variables A Semi Empirical formula is used to calculate W

approximate binding energies and mass excess for any nucleus with a given

nuclear chargé -Z and number of neutrons -N.

Definitions: Binding energy (B.E.)=Z * Mp *NHEM - MEZN)

M_= proton mass(energy) in MeV, Mn= neutron mass in MeV B
M(N,Z) = mass of nucleus having Z protons and N neutrons. . __

Mass Excess = M(Z,N) - A ¥ amu

A=2Z+N, lam =M(6,6)/12 --- 1/12 mass of L%C o

Weizsacker's Semi-Empirical mass formula contains seven terms

= *
M(Z,N) = Z,"‘Mp + N Mn + Ev + ES + EC + Esym + Epm.r
1/3
C
_ 2 _ 3/4 .
E a4 * (Z-N)“/A E . = +or - 34/A depending on
sym pair
whether Z and N are both odd

EV=—al*A, ES=3.2*A s E=a3*ZZ/A

or both even.

E .= 0 for odd A nuclei
pair

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#® Z especially for heavier nuclei.

J

—J

e

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 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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Vely

: T )
Sketch(es)
] )
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 neutromns) = 10, 11, 12, 13, 14 etc.
and at the same time Z(#of protons) = 15, 14, 13, 12, 11 respecti
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 B
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 ]
- 15, B 25 N of Isobar(mass displ.)]
C -180.69 Display Binding energy
11, A 26 new Z entered )
14, B 25 new N entered -
c -193.53 Display binding energy
12, A, 13, B 25 enter new Z and N
(o -196.88 Display new binding energy
13, A, 12, B 25 New Z, N o
C -190.75 Display new binding energy
14, A, 11, B 25 New Z, N
C -175.14 New binding energy -
From the results displayed - the Z=12, N=13 combination has the highest value
\of hinding energy — - —
!fﬂeference(s) ] — - — | W
! De Shalit and Feshbach  Theoretical Nuclear Physics
|
!




o User Instructions
K K I\
Esurf 1.Ecoul
-+ B.E
STEP INSTRUCTIONS DA'TB:SJ.TS KEYS D;?T%S:rrs
1 Load Program (sides 1 and 2) [;__J L___J
| 23 | Enter Number of protons in Nucleus Z L;;;;][;;;7] f;ﬁjEiNZ
2b | Enter Number of Neutrons in Nucleus N l l[;_m] A (=Z4N)
- l;] Lt::.‘__ 1
From here on functions may he called on in afy Ij::‘jj %—_;—_:{
order . S ——
[i:Z?]LZi:J
Get Binding Energy of nucleus (N,Z) [ __][j;__l B.E.
" " " per nucleon [jj: I[{éfJ B.E./ A
Get the Mass of nucleus (Z,N) = Total energy L:i:;]Lj};iJ M(Z N)
" n n per nucleon [,_ —l [,Ii/ﬁ:i M(Z’N) /A
Get the mass excess of nucleus (Z,N) F, ::ngifJ M.E.
nonoon " per nucleon |  J[x/s] M.E./ A
Get the Volume energy term [ £ | [é:;jj E
[} [} n n - - 5 - v
per nucleon ljﬁfT]LfléJ Ev/ A
Get Surface energy term [”,m} [h»_J E_
m s " per nucleon I""”Irfqu E;/ A
Get Coulomb_(charge) energy term riﬁii]E;;;;l E
" " " per nucleon [ ] L;“§J Ef/ A
Get Symmetry (N vs Z) energy term Lyfﬁj Ldﬁ_] E
" " " " per nucleon [ 1[x/s] E:ﬁ:/A
Get Pairing energy term L £ J[e | Enl
m m " per nucleon [ [ji?{] Eg/ A
-
Note! the program is loaded with flags 0 and 1 on I____jlti:_J
When the first value of Z or N is entered flag r_—_vvJ “1
O—ie—reset-and-program constantsare loaded [;T:i_ ;rt:]
I, . . L1 ]
flag O mow rematns offtt . Hence aiiways o
remember to reset flag O before recording 1 -

program on card.

! |
L.
/] =
N
b
et e )

|

|
|
[
i |
| N
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| |
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: |

|
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|
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|

|
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KEY CODE

67 Program Listing |

COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 L3L A 31 285 I/ ] ¥ Y,
s704 3} ¢y RCL @ 34 00
RCL 2 34 g2 ™ &3
tBL® 12) p5 00 060 7 07
S70 @ 33 de y X 35 43
CF4 135 61 O = /
F?0 35 71 o0 6S8 2 3) 22 02
GSA 9q 3122 99 SFE1 35 &1 @/
oto RTHN 35 22 R7N 3S 22
LBL A 31 25 1 LBL 2. 3 25 02
S70 2 33 #2 RCi(2) 34 24
Rce 1 2y ol * ed
GTO P 2L 00 670 RCI 35 24
/aL 4 21 25 ol g 09
F?24 35 71 61 - A
RTN 35 22 T 7 35 35 |
8 0§ XY 36 52
ST I 35 23 ST0 2) 33 Pk
020 RCA @ 24 O RCZI 35 34
GSRP 3 22 02 g 0%
RCiL 4 34 P — St
G582 3 22 @2 ST I 35 33
RCL 2. 34 @2 080 RTN A5 22
GSA2 |21 22 P2 L oJ |32 25 »
ReL @ 34 ¢¢ GSR 4 |31 22 of
GSAR2 2122 @2 RCL A 3 1/
RCL & 34 ¢¢ G7ro¥, 22 OF
> [ € LB X [22 25 12
030 1/ x 35 62 GSB4 |31 22 e/
y X 35 63 RClLB 34 12
YZ 32 54 G700 # 22 OF
GSR2 |31 22 ¢L LBL C |32 25 19
RCL A4 Sh O 090 S R4 3 22 @
X< 32 54 RCLC 35 i3
RCL & 3 69 670 F 22 of
3 ) LBL d |32 25 1%
1/ ¥ 25 62 GSR 4 31 22 6/
y* 35 63 | RCLD 24 14
040 = 8i G70T Z2 o¥
GSR2 3 22 02 (BL € |3z 25 5]
RCiL 1 EVY csadf 3 22
RCL 2 3K 02 RCL E 24 I5
- S/ 100 G7TOF 22 OF
XZ 22 54 ar C 3! 28 /3
RCL P 24 pp SR A 31 22 ol
= ] 4 o/
GSR2 21 22 Q2 q 0
4 o4 T 7 35 33
050 CHC [73 &S 4 21 22 04
RciL 4 34 o1 G0 £ 22 OF
y> 35 &3 (AL D |31 25 (¥
77 o4 &sad |31 22 ol
CHS 42 110 4 o1
RCL2 24 02 £ ot
"2 25 €2 ST L 35 23
" REGISTERS
0 A 1 Z 2 N 3 4 5 6 7 8_0.,’”.“‘9 ”0’)
So S1 S2 S3 S4a S5 Sé6 S7 S8 S9
M| ~04 | Q, ay |-Cs M [N,
B D E -~ I
E, £ E . ESy-m £Epan
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58
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
GSB4 31 22 O4 G 2&
G70F 22 OF 170 GSR R 3/ 22 08
LRLE |3125 18 4 0/
cSA4d |3/ 22 o4 Y 05
4 o4 . 43
[ 26 [ 06
T Z 25 33 % o0&
120 GSR Y 31 22 04 CHS 47
Lt F |31 25 OF GSRY 31 22 o
R/S R 54 4 of
RCL D >4 PP 8 94 |
- 21 180 o 33
RTN 35 22 5 o5
LBL 4 |31 25 04 A 06
@ 00 GSRY Al 22 04
S706 33006 . 32
LRL S |31 28 08 ¥ 04
130 I< Z 31 24 ! o4
RCZ 55 24 F oZ
£ @2 GSRX A 22 08
Y X4 2 0z
- &4 190 L 0d
X=0 3 5 o &3
GTO ¢ 22 @6 1 04
RCL(Z) 34 2 GSRY 31 22 oy
S70+06 [33 01 @0 {4 o4
G705 22 @5 z oF
140 LRL G |31 25 @b CHS 42
RCL 6 34 006 G<R 3122 @3 |
R7T 35 22 CF 35 6 o9
(BLY |21 25 @9 RCL @ 34 ¢¢
£ 07 200 R7TN 35 22
ST I 35 33 LALE 31 25 @f
g 03 ISZ EYEY
3 02 <70G) 33 24
] o4 RTN 35 22
. X3
150 Y Qs
0] Qo
4 o4
CHS 42
GSR Y |21 22 0k 210
q 03
3 03
g 03
. 33
¥ 0-F
160 9 Dj
2 03
GSR K 31 22 O
9 09
3 03 220
9 o3
. 82
5 05
£ O+
_ LABELS FLAGS SET STATUS
8 EN&CER N PB.E. PMEN) [F M. Exess{® \ FLAGS TRIG DISP
3 c g d . 1 N OFF
~Ey - —~Ec — Esym |\ *Epan ™~ 0 Oﬂotjr DEG O FIX 0
0 ~ T~ 2~ 3N 4 2 1 RO GRAD O scl ™
= —— > 5 5 3 2 0 0O RAD O ENG O
~ ~ ~~ 3 0 0O n
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Program Desecription |

~
Program Title Clebsch-Gordon Coefficients and 3j Symbols Evaluation =

Contributors Name G. Richard Scott

Address 110 Donelsonwood Drive
City Nashville state Tennessee , mpmme37214 B
_
-

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

(J, c”z ‘—_> J mM JAGLD /(J )G -m)! () Gy ;)'(J'fM)'(J—M)'
" xg(:>ﬂ'(J-(,L+t+m)'(:r-J,+{ o) v - J- O

, x (3,-t=m)! (5, 14 "4)!]
with ali,1)= [GiDGT-0)N (T azﬂé(m 13402

svgJecT 7o THE PESTRAINTS (D lJ,-dzl €T =044, L
@ mam,=M -~
f__;’_j A4HJ_

THE (CLEBSCH- GoueDer CCEFFICIENT <d dam m, IJM> J»-m m, m, -M

-4

Operating Limits and Warnings 1f any one term in the Racah formula is greater

than 69, an error message will result (or else the calculater will
display all 9's in the x-register). If illegitimate values are

entered for ji, 32' and J or for my, By, 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

\_ Racah formula exceeds 69. y

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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CNOTE FoR S0LYTIONS o J, 2 tmdered” by pressing v g

Jy o £
AR L
m, " 7 " " f[ﬂj
m, o Y

/M s /rey(;D v AS =M and
is ‘entered " by p/asm% £
@ —_ . 0'. J,_ J
&) L1LF THE 3y sywmol m, ’“z‘M was Clcs,"’g_i) IT IS sTtoprchD
IN REGISTER €,

rSkeytch&es) | 1
_ y,
~ _ — — .. )
sample Problem(s) (O S UpPPos € THE G.G. CoEFFICIENT < 4,9, m,m, |IM>
"o _ _ ‘ 3 C_ T=-3 - n Iy
1S MEEDED WiTH = ;)JZ—Q) —L)m‘:z_)mlf—u}/ﬂ-‘z_,

soltionis)y 0 o5 CA] 2087 2.5[c] ,5[{]&4] O,H][B] ‘.5[{7[(:3
V Cam/;/ﬁ-/cs‘ e;*z%r/ 0/ Adata

C D] S dur 4s program —> 2.939770022] -0/

(DIMENSDONL1555>

© [fel]rCed —> 1195228610 -0 1

( DlML:N‘)iONLESS)

\.

rFieference(s) MESS //4/'/) /44'5[:/('7—) /)20/4/\/7—(}/14 MEC///]A//CS
VoLome IL , pp 10541058, NORTH-Hove an 1S
PuoBLispineé cov. (Amsrerenam ) AND  JToHA/ WILE)Y

seNs (New Yor K>) /95 8.
(Franslated Lom He Gunch <dition)

:
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C. G. Coefficients and 3j Symbols
A= B =j cC=J RCL E A

& 2 START =3 3 4
a =nm

c = =M

STEP INSTRUCTIONS DA'lI"’\F/’lljl;ITS KEYS nfrlf/{::rrs
1 Load side 1 and side 2 (1]
2 Load jlojng'mlomgo'MS* LI ]
imput Jjy 1 LA [ | Jq
imput j, 32 LB J[ ] Ja
imput J J [C [ | J
imput mq my [ £ ][ A | m,
imput m, m | £ J[ B | m2
imput-M ## =M [ £ ][ C | -M
3 | Compute and output C.G. coefficient [ D] ] |c.G.
4 | Optional: Output 3j symbol's value [RCL|| E | 3j valu
| 5 | For a new case, go to step 2 [0 ]
[ 10
##When data is entered as above, the [ [ ]
Clebsch-Gordon coefficient computed (10 ]
is <3, i,mm, [J0> , while the 3 LI
symbol which is computed is .
di d, T N\ L]
m_m, =M ) L]
4 L]
# If an error is made while entering (1]
data, it is suggested that step 2 [ 10 ]
be begun again. [ 10 ]
LIl ]
.
[ 1L
- —
-~
1]
[ I ]
(10 ]
[ 10 ]
[ 1L ]
[ 1]
[ ]
I
I
I
.
I ]
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62
N . COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
884 CLRC  16-53 AnD STULES o ! 61 NP
885  STOi 35 81 ' o . 1 _ e e
805 RTN 24 j 861 ST 35 46 o, -
867 LBLE 21 12 —_— | 66z RCLI 368 CompuTES
@88 STOz 2 g- STORES § B63  RCLi 36 45
gTas 35 BZ 2 [
869  RTN 24 ! gg‘; ; -55 <_
- 1 1] ol 5]
816 *LBLC 71 13 — J : 16 5z
811 STG3 ::;'5 éE sToREs J 866  RCLI 36 @i ™
B12  P3S 16-51 867  RCLi 36 45 -
- ; g - -45 =
813 RTH 24 69 . T Z
614 ¥LBla 21 16 1 o =
815 35 6i _ ' -35
o6 RN 24 sToees 871  ST05 35 65 =
817 *LBLb 21 16 12 gre 152l 16 26 46 2
819  RIN 24 @74 RCLi 36 45 T
21 1£ 1% 875 + -55 ~
828 *LBLc 21 16 13 <rogEs - 7 55 )
21 £TG3 35 83 M 8ve ! 16 52 N
PR 877 RCLZ 36 82 *
el i o g;g RCLi 36 45 =
= A —— - -45 © o~
921 +LBLD <l 14 BEGINS ese N! 16 52
825 RCLI 6 52 ~
<Ll J6 81 COMPUTATIONS esi1 " _2c
826 RCLZ 36 62 L e E N
@27 RCLI 36 83 . 862 STx5 35-35 65 ;
828 - 45 2366, TD 883 ISZI 16 26 46 =
823 + -5 , ) 884  RCL3 36 83 N
3 y e ag age + -55
831  ST04 35 - - J N\
oy2 Rz  ees | W osTEPS 87 N2 1652 7!
@33 RCLI 36 63 | 25-57 @88 RCLZ 3¢ 63 >
834 RCLI 35 81 888 RCLi 36 45 =
835 - -45 ase - -45 ~
836+ -55 91 N! 16 52 ™
437 N! 16 52 e 35 vl
838 STx4 35-35 64 893 STx5 35-35 @5 >
639 RCL3 36 &3 894 RCLS 36 @5 N
848 RCL1 36 81 855 T 54 =
841 RCLZ 36 8: 8% ST05 3585
a4z - -45 837  RCLI 36 a1 Compuie>s
943+ o @98 RCLZ 36 82 LM
44 N 16 52 @99  RCLi 36 45 e
845 STx4 35-35 a4 lea  + -55
846 1 a1 1e£ -, -45
847 RCLI 36 @l 162 ! 81
@48 RCLZ 36 82 163 CHS -2z
@49 RCLI 36 63 164 ¥y -41
ase + -55 185 ¥x 31 4
851  + 55 186 ST06 35 86 |
as2 + -5g 187 RCL4 36 84 MULTIPIES
o K 168 RCLS 36 @5 Compuien 54
854 RCL4 36 84 189 RCLé Jo 86 RooTs TeeETHEE,
855 :Y _41 119 X _35 ﬁ’\U.LT!PLIEf By
856 z -24 111 X -35 iy
Z 37 TcRE
~ 1 . REGIs ens 112 STOO 35 14 2 £
e ) 3 4 5 6 7 3 3
50 _UseD | Used | UseD | voed | UseD L UseD [ LseRl UseD Use D
] - 3 Sa S5 S6 s7 S8 59
RSED USEPD ]| LSED
A B C ) £ -
VSED Vsep VseD VSED 35 vALpE U e
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63
STEP KEY ENTFY KEY CODE ' COMMENTS KEY EnTOV wEvV ~ONE COMMENTS
13 L -3l :gg RCZI 36-52
114  SF@ 16 21 6 Com PLTES i L i
115 sT0I 35 46 P 1645
116 P2& 16-51 SUMMA TIO"J 1'___4 CTO.? 22 8‘.';'
117 RCLI 36 81 Ly 174 N8 16 5
118 STOR 35 11 PR 2 e
119 RCL2 36 6z RAcAH 1'?% CFa 1€ 22 86
128 STOB 35 12 1o RoL4 e B4
121 RCL3 36 83 FORMULI ’f >
22 STOC 35 13 78 RCLS 36 85
Pt 179 RCL 36 86
123 P:S  16-51 (steps s s
124 ¥LBL2 21 6z > 181 y e
125 RCLI 36 63 13- 193 e, &
126 RCLI 36 46 187 RCL'S ;,6 eé
127 RCLA 36 11 1oy - 3=
e o 185 x -35
138 RCLZ 36 @2 igg RC:{ fg ;’f
131 - -45 186 _3§
132 x<e8? 16-45 189 1% 52
133 6703 22 83 198 "1 a‘;
134 N! 16 52 a1 cH o
135 ST04 35 84 197  RCLI 36 46
136 RCL3 36 83 193 g 31
137 RCLI 36 46 1oy . 35
N i e 195 ST+8 35-55 85
= bt 196 ISZI 16 26 46
148 RCLE 36 12 ppadess %2 g
iji ! :is 198 ¢T02 22 82
S wepa = 199 LBL3 21 63 CHECKS To
143 x<@7 l6-45 208 ISZI 16 26 46 see e = Finisked,
144 €703 22 @3 291 Fa? 16 23 86 t
145 NI 16 52 282 GTO;" 22 82 IF 50) COMPUTGS
146  §T05 35 85 < A _
° i 283 RCL9 36 89 3, VALUG
147 RCLI 36 61 oy RLLD e 14 >
148 RCLZ 36 8z 264 L % 1t sToRES N
149 + -55 i RecisT1erk E
- 3
156 RCLZ 36 63 266 STOE 38
1ol RCLD 36 % 208 CHS 22 ComPpUTES
< ; 9 RCLI 36 61
B3 - 4 g?e Rgu: 36 13 CLEBSCH-
154 %<@° 16-45 oL - * g5
155 €703 22 83 512 RCL2 2% 8 Goepor
156 N1 16 52 < ) ‘ o
157 ST06 35 86 g: ox :,’3 CoeFriCIENT
158 RCL1 36 81 -
159 RCLI 36 46 {ig RCL3 36 gg
168 RCLA 36 11 P o 3
el + s 218 81
l62 - 4 219+ -55
163 X<8° 16-45 520 - p
164 €703 22 83 o N 3
165 NP 16 32 222 RCLE 36 15
166  STO7 35 87 e " 35
167 RCL2 36 82 224 RIN 24
166 RCLE 36 12 LABELS |__FLAGS SET STATUS
-, 5, c 7 "> 6 0 F;:G:FF TRIG DISP
d 1
m_ |° omy =M o® O | DEG ® | FX O
1 3 2 1T O & GRAD O scI B
Cac C cALC 2 O™ RAD O ENG_O
6 7 8 3 s O n
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Program Desecription 1

(- )
Program Title 32-P REMAINING o~ MM.DDY yyy GIVEN MC/ o

EARLIER MM.ADYyYyYY
Contributor’'s Name Gﬂ&y 4. A‘-TMA N

Address 3307 A/OATHRROM Drive o

City MidDLETON State WISCOMSIN  ZipCode $ 35 6 2
_ Y,
- ~

Program Description, Equations, Variables
. JVeian DAy NIMBER IS CALCVLATGED As Descn IRED
IN THE AHP-67 STAVDARD PAC  PAGE OY-0OI;
THE NUMBER OF DAyS BETWEEN DAarc | ANVD DATE 2
IS ALS0 cA(cULATED AS DESCRIBED IV THE HP-62
S7AvDARD PaAC . ,
2. RAdugecrivEe DECAY : Qourru/ m Ci) LO'S') N m Ci ow
DATE 2 , WHGRE n= 14.3 /ADAYS = 7H&E 2/umBER
0L WMALF-LiIVes of 32P wmicy MHAVE OCcVRRED .
3. Sv8rovryve D Yigeps: mCiow date 2 .
(mCs w DATE 2)(2.2 x/0%0Pm) > DPM on dAVE Z:
amvd (0:3)(DPM) T cPMew dars 2
Eﬁssumgs 30% covwT.va EFFICIENCY Mo a0 decwda_lw
4. sSvgrovmNE f C  yigess:
(0.6)"Ccom ow DATE Iy = SPm 0N 0ATE 2 Amp
[Q 2x1072pm /m C,)/@Pm/;)] m C/ ow DA'TEF 2

Operating Limits and Warnings PROGRAM Egq,s I1F DATE | = DATE 2 or
IF DATG | 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.
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Program Deseription 11

Sketch(es)
| — — . . 4 ; . . . . - 4 — 1! . . + i + + - S U G S—
k e Lo d S i ek . - S SIS SN S SN S i L 1 1 i 4 ;e L “*J

)
Sample Problem(s) ). How mMany DPM (rm> cPMm) REMAW oF A 0.3 m,
3P sSampeg GIEN: DATE OF Specific RADIACTINTY RATING
A5 FEB 2,1977 5 AnDd TODAY's DATE APAL 2T, 1937.

2. How mawy cpm (awd mC)) reman oF A
3

 32x10° cem sampie or P as memsuned By cHErEnKoV

RAVIATION o AVevusT N, 1926 7

Solution(s) I 2.0219%% A CD’-”’MY" Zl-/lfjlslb ‘“4.22/97?28

Cospeay: 24432S6.) C  (Dspiays R4, THE NVMEBER oF DAys BETWEEN
_FEBF ave APR 22) ©.135 D (Diskiay: F.22zo x10° 2466 %08 -
_THE DPM _AnD THE CPM Rempwsal§ ) , o
2. 311926 A (2443002.) 4.2219727 B (29¥325¢.)
C (z54. = prays) B2 eexl F & (pwswees: 4.,
2.k x10"2 - 14 <Pm pemawiin s ) 208 %107 m €\ Rempsnin/E)

(Reference(s) CALENDAR [FunwcTion S, PACE OY=0! i~v MHP-67 , ) w

STANDANRD PAC, Anbd CHASE 6.p. ¥ J L RAaBmow)! Tz,
PramciPLEs oF RpD)01SoTOPE MG TR0 00706 Y, SURGESS,
Mivwerpous, My (1962).
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wITIAL
m Ci

STEP INSTRUCTIONS DA'T'L';S,I,TS KEYS Dl(\)Tli\T/S:ITTS
.| toad sio& | Anp S1d€ 2 — I — _
2| ivevr 2ATE) 45 MM.DDYYYY o4 1 | | ILA ] [33v'%
3 | /NPT DATE2 As mM-DDYYYY oare2 | |11 B |24y s
4. CarcuLate ® or dAays deTnEen - LI
DATE ! _And DATE 2 — [ el | adays
5 (7o wovr cpm Go 7o S7TEP G) I
INPUT mC/ o 32P 4s os DATE | mC, - DPM
(I c PM
6. | iWPYT CPm onN DATE / cPmM [ £ || | cpPM
Il [ mC
L]
]
[
I
LI
I
I
LI ]
(I
I
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Hewlett-Packard Software

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

Application Pacs

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

You can choose from:

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

Users’ Library

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

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

Users’ Library Solutions Books

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

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

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

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

Reliability/ QA Forestry



PHYSICS

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

BLACK BODY THERMAL RADIATION

BLACK HOLE CHARACTERISTICS

SPECIAL RELATIVITY CONVERSIONS

THREE DIMENSIONAL SPECIAL RELATIVITY

EINSTEIN'S TWIN PARADOX

DELTA-V—ORBIT SIMULATOR

EQUATIONS OF PARTICLE MOTION

BALLISTICS TRAJECTORY COMPUTATIONS

ISOTOPE OVERLAP CORRECTIONS

CRITICAL REACTOR CODE

SEMI-EMPIRICAL NUCLEAR MASS FORMULA

CLEBSCH-GORDON COEFFICIENTS AND 3j SYMBOLS EVALUATION

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