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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 boUle 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 I page gives a basic description of the program. The Program 
Description II 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 I and Program Listing II 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 I and 
Program Listing II 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 Deseripfion I 
Program Title _ Black Body Thennal Radiation 

Contributor's Name Hewlett-Packard 

Address 1 QOO N. E. C i rc 1 e Blvd. _ ___ _____ _ 
----------------------------

City CQrygllis ___ State~OT_e _ _"'Cg_o_n _____ Zip Code _9_7_33_0 __ _ 

Program Description, Equations, Variables ___ ~___ _________ _ ____________________ _ 

- -

-.. ~--.----

Bodies with ftnite temperatures emit thermal radiation. The higher 
the absolute temperature, the more thermal radiation emitted. 
Bodies which emit the maximum possible amount of energy at every 
wavelength for a specifted 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. 

Black body 
monochromatic 
emissive power 

II 

1 

~maXl 

I I I I 

2 3 4 5 

Wavelength, microns 
FI .... 1. 

I 

6 7 8 

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

(continued 
next page) 

Operating Limits and Warnings _______________________ ~ ______________________ ~ __________ _ 

_____ A __ mjJlutfL9IJTlQr~ull1~.J' be required to obtain Eb(O A) or Eb(Al A2) since the 
___ integratj ofl~is_nurneri ca 1_. _____ ~__ __ __ _ ____ ~_____________ ____ _ ___________ _ 

___ u_Sourc.esrliffer on values for constants. This could yield small discrepancies 

_ _ __ .. .between_-publisbe.cL _tables ..anl"'-d---jp~r-"o~g-,-,ra""m'-L-",o'Mu~tp~u.ut!%s ..... ______________ _ 

----- ~---- --------------

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

This program has been verified only with respect to the numerical example given in Program Description 11. 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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Figure 1 is a representation of black body thermal emission as a function of 
wavelength. Note that as temperature increases, the area under the curves (total 
emissive power Eb(O_oo)) increases. Also note~at the wavelength of maximum 
emissive power A shifts to the left as temperature increases. max 

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 ferrm zero to a specified wavelength, and the emissive power between 
specified wavelengths. 

Equations: 

21TCI 
Eb.\=----­

AS (eC2/'\T_ 1) 

+- - +6-6(T)2 (T)3] 
A kC2 kC2 

~I 



where 

Amax is the wavelength of maximum emissivity in microns; 

T is the absolute temperature in oR or K; 

Eb(O_~) is the total emissive power in Btu/hr-ft2 or Watts/cm2; 

EbA is the emissive power at A in Btu/hr-ft2 -pm or Watts/ 
cm2 -J.U11; 

Eb(o-A) is the emissive power for wavelengths less than A in Btu/ 
hr-ft 2 or Watts/cm2; 

Eb(Al -A-,) is the emissive power for wavelengths between AI and A2 
in Btu/hr-ft2 or Watts/cm2. 

CI = 1.8887982 X 10' Btu-pm4 /hr_ft 2 

= 5.9544 x 103 Wpm4 /cm 2 

C2 = 2.58984 X 104 pm_oR = 1.4388 x 104 pm-K 

C3 = 5.216 X 103 pm_oR = 2.8978,x 103 pm-K 

0= 1.713 x 10- 9 Btu/hr_ft2_ o R4 = 5.6693 x 10- 12 

W/cm 2_K4 

0exp = 1.731 X 10- 9 Btu/hr_ft2_ o R4 = 5.729 x 10- 12 

W/cm2 _K4 

3 
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. Sketch(es) 

Sample Problem(s) --Ex amp 1 e -1-:-------­

_____ Wh..~t_p~rc;~ntage of the radiant output Of a lamp is tnj;neylsible range (0.4 

___ J_Q OJ microns) if the filament of the lamp is assul11ed to j:>eaJ:)lack body 

__ ~_t_14.Q9J_·LWl1at is the percentage at 2500 KJ __ 

Keystrokes~- Outputs: 
[£] [B]---~~~~~_~~=~~-~_~~~~--~-~------------------:r_ _ 5.669 x lO:~ 2 W/cm2_K4 

.24.00. [A).4 [Bl-.l-[flm.-lCJLLJ--lfiO-!.xl-~-~~.,,~~---+ 2.641% 

__ -.25illL.[Al .. LLflL£l [el [f ) lQQ[xJ~~~_---~~_~~_-~~~~~.:t_ 3.337% 

____ ~mple.2~ 
lithe human eye was designed to work most efficinetly is sunlight and the 

visible ~p..ec:trymruns from about;0.4tQ O.}microns, what is the sun'? 

______ t~mper~t;y.re in Ae.9rees Rankine?.l\s~Y.ll1e_that the sun is abtac;k~ody. Using 

the temperature calculated, find the fraction of the sun's total emissive 

power whi c_b JalJ sj n the vi sib 1 e range. Fi nd the percenta9.e of the sun's 

radiation which has a w~vel~ngth less than 0.4 microns. 
---

------ -Keystrokes: Outputs: 

[ ] E ] -9 2 ° --- f- A ---------------------------------+1. 713 }(H}-Btu/hr-ft - R 
Compute mean -ef-vi-s~-¥'-aflge. 

-_.-,4 {+] .7 [+] 2 [+}--- ---------------------+ -3 550.0x--1-0 iiffi 

Compute -tempera-t-lH'-e-of sun. 

------[i;--] ~~~~-~---~-~ ...... -----~------------.. --~ 9. 484 x 1 O~ °R_·· 

Reference(s) __ 

Robert Siegel and John R. Howell, ThermalRadiation Heat Transfer, 
Volume I, National Aeronautics and Space Administration, 1968. 



Compute percentage of power in visible range. 

[A] .4 [8] .7~~] [C] [~] 100 [x]------------------+ 33.70 x 100 % 
Compute percentage of power under 0.4 microns. 

[E] [C] [~] 100 [x]--------------------------------+ 8.433% 
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Black Body Thermal Radiation 

~1 Eng 
~ 
~ T -+ Amax 

SI 

INSTRUCTIONS INPUT KEYS OUTPUT STEP DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 ClL~~ 
? 'Tn ... ", rnnc::T.::InTc::· C=:J [ I 

For Enalish IJnits (RtlJ 1m hr ft OR) [~[ A I 1.713xlO-9 

For SI units (W, urn. cm K) LLJ[ B I 5.669xlO12 

3 For experimental Stefan-Boltzman constant [ II I (1 

instead of theoretical value press r f I [ c I 1.731xlO" 

[ I [ I IS.729xlO12 
4 Calculate any or all of the following (T and [ - I r . I 

A need onlv be inDut once): [ I r ] 
I II I 

Calculate A for a aiven T; T l.A I [ j A",,, 
Hid),; I .. II·J 

Calculate T such that A is A for T; A I 1:::. I [ ] T(A . ) 
1110" I I r I 

IIIUI\ 

Calculate total emissive power; T I A II cJ E"'ln . \ 

r 1 [ I 
..... \V . I 

Calculate the emissive power at A; T I A I [ I A 
A I B II D I E" I ... 

:h, 

r." 1 rlJ 1" tp thp pmi s s; VP Dower between zero [ I [ I 
and A; T [ .A /I ··-1 A 

A I I [ I ."'''' 
3 E EI In \ 

[ I [ I 
IJ\V , I 

Calculate the emissive power between A 
and A I. T I.A_ I [ . --] 

Am:> v 

A I B II I TTAm.::l v ) 

AI [ f I [ E J Eh(,_,I) ----

5 For a new case qO to steps 2. 3. or 4. l - I [ 1 
r- 1[ I 
[- .] L_ J 
[~_ . ] L __ ~-' 
L I [ I 
[ 1 [ J 
L 1 [_.1 
[ I [ ... ] 
I J l .. - J 
[ I [ j 
r 1 [ .1 
I I l_.·_ j 

I I [---1 
- --- --

I- J L ] 



STEP KEY ENTRY KEY CODE 

971'n'~r8m I~ls.ln~ I 
COMMENTS STEP KEY ENTRY KEY CODE 

7 
COMMENTS 

8fl ,: ... BLc-. 
... ,. 

16 '11 857 5 05 '::1 

IW2 , t3i Store English ElS8 . -62 · ee3 ;-, BS e59 6 86 ~. constants. 
004 869 .- 86 c· 68 .. 
f113S B fIB 861 ~ 89 
806 ~ 67 0£2 J 83 
eO? 9 89 863 ffX -23 
80e B tiS 864 CHS -22 
8e9 2 132 06S 1 81 
fHe STOl 35 61 1366 2 82 
811 ;-, 82 ~£7 STN 35 84 .::. 
fI~" eo &S 868 RTN 24 . .:... ~I -------------------813 S 88 869 .LBLc 21 16 13 Convert to exper-
814 'j 89 fI?e 1 81 _ .. 

imental G. 
815 ,;:. (,8 ell -62 I.' . 
816 -62 072 e 88 
(if"? 4 64 873 ; 131 • I 

018 Si02 ~C" 

,j~1 62 e?4 e 88 
819 5 85 875 c:- 85 ~. 

a2t3 -::' 62 876 STy4 35-35 84 
8n RCL4 36 84 -------------------821 · 81 Store T and cal-

822 .. - 86 8r8 RTN 24 c' culate 1323 STu? ~C" 83 ~"?Q *LBLR 21 11 Amax· ,j.J ,_. 
824 · -62 880 ST05 35 85 
825 1 81 881 RCLJ 36 83 
e26 ? 67 882 x:r -41 
a""? , 

81 e83 -24 ~I .. 
a28 :; 83 884 RTN 24 
829 1 81 8SS *LBLB 21 12 -------------------
83e i:: 82 8S6 STOG 3S 86 Store A and calcu-
1331 fEX -23 a87 RCL3 36 83 late T for which 
0?2 CHE -22 e88 x ...... • +-. -41 A would be Amax· 
833 S 88 089 -24 
834 ST04 35 04 898 PTN 24 -------------------83S RT\ 24 a91 *LBLC 21 13 Calculate Eb(O_ClO)" 836 *LBLh 21 16 12 ------------------- 892 ReL:' 36 85 
aJ7 5 05 Store SI constants. 093 >,2 53 
838 9 89 094 ""':'-,"'1" 53 
839 .5 85 895 RCL4 36 84 
B413 4 84 896 :~ -35 
1141 -62 097 PTN 24 
642 .!. 04 898 *LBLD 21 14 1-------------------043 STD1 35 81 899 RCLt 36 81 
a44 · 61 1ge ENT1 -21 

Calculate EbA . 
· 

f!45 4 84 1 ~1 + -55 
846 ~ 63 182 Pi 16-24 
a4? c, BB un x -35 
848 ~~ 88 184 RCL6 36 96 
849 STa2 35 tP 195 C" a~ 

"" ._' ~, 

85e 2 82 196 y~: 31 
851 Co 8S 1137 -24 I. 

852 Ct 89 1es RCL2 36 02 -
853 "7 87 189 RCLf 36 86 
854 · -62 lle -24 
855 ,... 

B8 111 RCL5 36 85 c· 

856 ST03 7<:: ,-',.' 63 112 -24 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 
A c, c? c~ G T A, AI sum kc?/T 

so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie D IE 11 
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STEP KEY ENTRY KEY CODE 

113 
114 
lIS 
116 
117 RTN 
118 *LBLE 
119 0 
120 sros 
121 STa? 
122 *LBLl 
123 PJ 
124 CU; 
125 PCLe 
126 PCL2 
127 
128 
129 
130 
131 
132 
1:::3 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14'5 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

ReL5 

STOS 
3 

.... ~,.} 
r"\" , 

PCL6 

1/'·:' 
• I' 

PCLf 

6 
ReL6 

peLS 

6 
PCLS 

,-,.;Z 

F.:CLB 

+ 
PCL8 
peL6 

e": 
,},;' 

PCLS 

SH"? 
PCL? 

EEX 
CHS 

33 
01 

-45 
-24 
24 

21 15 
88 

35 88 
35 87 
21 81 

-31 
-51 

36 08 
36 82 
36 85 

-24 
-45 

35 88 
03 

-41 
-24 

36 86 
53 

-24 
16-63 

52 
36 86 

-24 
-45 
86 

36 fl6 
-24 

36 08 
53 

-24 
-45 
06 

36 88 
53 

-24 
36 8& 

-24 
-55 

36 88 
36 86 

-24 
33 

-35 
36 88 

-24 
35-55 87 

36 87 
-24 
-23 
-22 
85 

COMMENTS 

Calculate Eb(O-A)" 

LABELS 

STEP KEY ENTRY KEY CODE 

200 

210 

220 

169 
i?!3 
171 
172 
173 
174 
175 
176 
177 
178 
179 
1813 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 

GT01 
PJ· 

CLX 
PCL? 
ENT':' 

+ 
Pi 

PCL1 
x 

PIN 
*LBLe 

ENH 
HiT'" 
GS~E 

X:i"' 
RCLf 
STO@ 

R.i· 
STOE. 
GSBE 

4BB 
RCLO 
STDe 

R4 
PIN 

FLAGS 

16-35 
22 81 

-31 
-51 

36 67 
-21 
-55 

16-24 
-35 

36 01 
-35 

24 
21 16 15 

-21 
-21 

23 15 
-4i 

36 86 
35 08 

-31 
35 a6 
23 15 

-45 
16 31 
36 86 
35 86 

-31 
24 

AT-+A B A-+T(A ) C-+E In .\ 0 -+E" E-+ E In ,\ 0 FLAGS 
a .. ,~" b S I '''~F C - \ ~ 'de - \ ~ . I 1 ON O~ 
~E:.:.:n~q __ +-.:::..:.. ___ ~E:.::x.:.cm:.....::::(J_-+.,--___ -+..:.:A_' -+~E ~...-3!~---~ 0 0 ~ 
o 1 E

hi 
n .. l \ 2 3 4" \ "" 2 1 0 ~ 

~5----b6~~~7--r-7~---~8----~9----~3---~ 2 0 ~ 
3 0 116 

COMMENTS 

Calculate Eb(A-A')" 

SET STATUS 

TRIG 

DEG ilV" 
GRAD 0 
RAD 0 

OISP 

FIX D 
SCI 0 
EN~~ n __ 

..... 

i 

. f 

~ 

.. 
I 



Program Deseripfion I 
Program Title 

Contributor's Name ~ ~ ~ 
Address jS"JY O~.& #.3DI 
City ~ State CA Zip Code ff?t29_ __ 

Program Description, Equations, Variables 

(2.&a.cA~ ~~01)~~kCb~ 
~ (L24) -Vn.J ~~ cy'" : _. - . -

/) .2 G /YI / .N7) . _ r' -.;z.J1. /J _ ., -.JJ2 , 
../c:...cl = C;2" :::U'{/- I. y~yjg~ is.:; x/o ~ G . .u ~ _____ _ 
.~~~~e~~~r¥ 

m~ra~M (t-~-t4t<U~--u~~: 
.J. 3 // -.:2.?~ 
LL "::" m '1.,.(6 ./. 

- --

~~~~rA.~~CK) ~~~~Z~-¢.-. 
~~/ 

.K~ /0 //IJ 

(!).~ ~eI.J.UJ r;< ~ 1J1< 1.00000000' X/o-
7 '1 

t,,- fJ1 ') 2., I S- '1'1 3 If b so )Va 3 3 

,m {\..a>/. (j~~ itf68.S-'1'X1o '72-

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. 

9 
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Sketch(es) 

Solution(s) ;.} 

;;) iD 
(; . Cj t:, (c E xJ 10 @ - -) ~. 7 t t:J 0 X / () 

CW --y i. ~R6J:,i X/D 38 !VI 
(ID-'i ..2./330)( /0- '3 ;( 

Reference(s) I!~IY}~ .~~ w~lfo'a&Y&d~ 
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(!...IIII R.lle TE fZISTrc.S' 

Rs K 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

/, &kv /)/1 ...... /I,,/VYU Clr~ __ 1 
I ~ I~_ IC=I 

02. &nE:~.) /VJ1/J/JA m I~II I (Y) 

LJI I 
'-9-'L Yf'U, "'~ /l/ld, /l~ /} /)d; LIA Rc I A II I as 

(J I II I 
&-1; r;: N?1 fl /I _"''''' 7':, JI _~ K [ B II I K 

I I II I 
&1; ~.J4r /Ih'1"} CL I e- Ii I t.6 

7 I I I J 

3- (:J.:"""/II bJ /YY//1.1lA tD I [ I t'Y) 
/ I II I 

(0-"'..; J./' £1_11 '""'" /I /)./I;), tid /2-(Z/I& LU'J ILJ[ I ~./J 
\/ I II j 

to'l,! ;:;;""/Jp 1.,n//;;J~" IB j [ I K , 
[" II j 

&1 ;/'kf;-~ Ie I [ - -] t/-
c [ .- ~_.J [-~_~ ] 

F&-'L- c1- t:I....!b''''J"nY-1,)..(l-U<l.l.4 c~~; _1 ,---I [-I 
rt9'2., L'i /J1{._~_.'-' r-' /J /V ~:r t;;;; 2~ 1- J [--1 

- ----

/.J' 1=--11 J 
/J", .. kr1-L'_ t'L"YU--i .;("'~.rv 7;; ~j -1J5f I II J 

! 7 / ~ I _ J Ll 
P.?A d ~_re./ ;£ b.;U,1) ~/uJjl/ t1Md 

[-- I I J 
Y I L~_ J I J 

.-~ ~A __ -e /.<p/.?-?,! t//Y! t;':j .. ·)d (<;.'2) [ __ J [ J 
[ Il=-~] 

A ..-1 .. i/ T:. / J .~ Pi. • _j/,j/ / ")1/}/1Jf.d. ~/;;JI JJ L-l,-- -] 
I l_-J [-~-J 

tJ/~ 1 // m'~'1 'r' /1 <-t1_ifu "'''''' ~d [n~--l L __ I 
r-~] r=-_ j 

~.'-"~-I) I-: J ,0Zi AI /' A / f,/J. 'A ~ L __ l [---=.J 
f '/ L lc=J 
hJI1.A...1A ./\.f'M¥~"/h1 ~,'~_1'-.--'!U 1b~N2..· [--~ ['--~ 

7 1 __ J ~] 
/lJt!..{1 fi jl /I h Jl.A~ r-_-J r- __ ~ 

I _~ [_-_ -I 

L=--=- I I _-=J 
I~ [---J 
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Program Deserip'ion I 
Program Title SPECIAL RELATIVITY CONVERSIONS 

Contributor's Name Cte in 

Address 
298 Vista Grande 

City Daly City State Ca Zip Code -24014 ____ _ 

Program Description, Equations, Variables This program provides relatl.vi_stJc ___ conve~- __ 
sions between the following quantities I rest mass (m ); velocity 
(v, in units of e"'1); energy (E), and momentum (P}.Given any two---­
it is possible to find the two unknowns by the following e~uations: 
(I )-- E= m/SQRT( 1_v2 ) II (II )-- E=SQRT( p2+m2 ) II (III )-- E=P/v __ _ 

(IV)-- P=vE II (V)-- P=SQRT(E2_m2 ) II (VI)-- v=P/E 1/ (vn) m=SQRT(E2-pZ) 
Data may be entered in any order and recalled at anytime. ThepJ'o~Cl,TIL 
scans the registers and, after determining if there is enough data to 
solve for the unknown, seleets the appropriate subset of equatiens-. 
If insufficient data, then· the program displays Error. The folJ.<>.wj.!!~_ 
selection patterns are used: 
TO FIND: v m E P 
GIVEN: mlE v.E v,m v,E 

use V,VI use IV,VII use I use IV 

m,P VIP VIP V,-Hl ~ -- --~----- -----------

use II, VI use III, VII use III use I,IV 
-------

E,P ElP mlP ffilE --- _._-. -----"----

use VI use VII use II use V 

Because of the complexity of this program, a clla.rti-s pr~viQ.e.4---­
on the next page which diagrams the access patterns used by each 
labeled subsection. Boxes are used to representdirec~JU:mps,--­
and circles represent subroutine calls. The user is advised to--------­
review this carefully before modifying this program. 

Operating Limits and Warnings 

all data must be positive. Velocity must be 
less than 1. ERROR message will be displayed II' a real solutTon ---­
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 11. 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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... 

Special 
II 

Sketch(es) 

B E 

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 
par1;lc1.e~s mass and velocity. 

3) At .9c, and electron has an energy of 1.1723 MeV. Find 
~i -e-Elr~s"tmass and momentum. 

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

Solution(s) 
1 ) 
2) 

3) 
4) 

Reference (s) 

A , 
A , 
A , 

£" 

.511, Q, 1, Q, ~, v=.8596c; ~, P=.8596MeV/c. 
500, Q, 498, ~, ~, v=.996c; Q, m= 44.6766MeV 
.9, ~, 1.1723, Q, Q, m=.511MeV; ~, P=1.0551MeV/c 
.j,], .511, Q, Q, E=.5357MeV; ~, P=.1607 MeV/c 

HP-65 library program #308 by this author. 
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'.e SPECIAL RELATIVITY CONVERSIONS 

RESET VELOCITY MASS ENERGY 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load Side one of card CJc=J 
2 Reset registers ------ Q::JCJ 
J TO ENTER A VARIABLE: I~[- I 

velocity v [JO[ I v 

mass m I C~ ~ll ~ -.J m 
energy E r D _I [--':--J E 

momentum P [ E] [....=J P 
1- --I L_~=J 

4 TO FIND A VARIABLES VALUE: [~- I r-- -I 
velocity none l -B.l [~_~_] v 

mass none l_C-l [-~-J m 
energy none [i) l r _::J E 
momentum none [-_~J L __ -=J l' 

r-- -, r-_ --] 
GO TO STEP 2 FOR EACH NEW SET OF I - ] [ J 

KNOWN VARIABLES L J 1 __ -.1 
r-- ] [~-~l 
[~=-~J [_~J 
[ ----I [- --1 

--- ------

[ J 1 ___ J 
r-=:- -] L_":--l 
l --_J [-- J 
L __ J [ --] 
[- J L ~ 
[ J L_=J 
[- - ] L ---1 

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

[ -- - --] [---] 
r co r- 1 

FLAGS SET STATUS 
0 ----- FLAGS TRIG DISP 
1 ON OFF ------

0 0 ~ DEG ~ FIX I!(I 

2 1 0 ------ ~ GRAD 0 SCI 0 

3 data? 2 0 ~ RAD 0 ENG 0 
3 0 ~ n~ 

I ,-
f 

LABELS 

A reset '\eloci ty c mass o energy ~entum 

a bstore IX I ct 0 I error d eq. V, VII e ______ 
------

o I or (1? 1 find VIm 2eq. V, VII V!.l-xY-?J 'find m;v 
5 ______ 

6 eq.II 7 eq. VI Nfl- v-Z:) 9find P;v 
.-
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STEP 

001 

010 

020 

030 

040 

050 

0 

80 

A 

67 
KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY 

*T,"RT A 11 2') 11 RESET ·'fI'LH~ b 
(1T D'[;'(1 '21 }.'2 X4-+V 
CF 1 1s 6:( 0'3 asin 
Ris 84 --------------- 060 COS 
*LBL B 1'31 2'5 12 FINDLSTORE v II 
1 01 RTN store new v GSB 0 111 22 00 *LB~ E 
RCL 2 114 02 m 4 
x=O? 1'31 1)1 if m is unknown IGSR 0 
r!fT1n 1 122 01 then go to 1 Iy,-:n? 
RCL 1 114 01 E GTO 9 
x]iO? i31 61 if E,m are known IRCL 2 
GTO '3 22 0'3 then go to 3 xtO? 
GSB 6 31 22 Q6 eq.II gives E 070 IGSB 8 
ENTER 41 --------------- RCL 3 
*LBL 7 1'31 21) 07 x-O? 
R" 1'3 I) 1)'3 R i 
Rb 4 1'34 04 P RCL 1 
X<fltV 1'3 '5 '52 E x 
/ 181 eq. VI gives v *LBL c 
r!fT1n (' 122 11 11 check out P x=O? 
*LBL C 31 25 13 FINDZSTORE m / 
2 02 store new m IR'T'N 
GSB 0 131 22 00 OBO *LBL 0 
x=O? 131 51 if v is unknown ST I 
GTO 4 22 04 then go to 4 F? 3 
RCL 3 34 03 E GTO b 
x 171 eq.IV gives P RCL(i) 
LST x 1'3'5 82 E [xlo? 
xiO? 1'31 61 if E is known, IRis 
GTO 2 22 02 go to 2 IRm 1 
RCL 4 114 04 P IRrrN 
'RNrr'RR 141 *LBi b 
EWT''RR 141 090 R i 
Rm 1 114 01 v STO( i) 
I 181 ~g.:.~~~_~i~~~_~ __ RIS 
'fI'LBL ;G Ijl ;G5 U;G eq. V or VII *LBL 1 
t;NTER ILl-I RCL '3 
R ... 35 53 SQRT(x2-y2) tENTER 
GSB 3 31 22 03 GTO 7 
R + 35 54 *LBL 4 
x 1 eq.VII gives m IRm.4 
GTO c 22 31 13 check for valid GTO n 
*LBL '3 31 2'5 03 results 100 *LBL 6 
/ 81 find RCL 2 
asin 12 62 SQRT(1~y2/x2) GSB c 
cos 11 61 RCL 4 
WT'N 11) 22 GSB c 
*T,RT, D 11 21) 14 FINDZSTORE E R~P 
1 01 RTN 
r!~R 0 111 22 00 store new E *T,RT 0 
x=O? 31 51 if v is unknown RCL 2 
GIf'O h 122 06 then go to 6. I*LBL d 
R(,T ? hI! n? 110 GSR r. if m is unknown 

IRm 1 y:-:()? h1 c.;1 then go to 7. 
GTO 7 1~2 07 GTO 2 

REGISTERS 
IVeloci tJ 2 mass :energy &omentum 5 

6 

81 82 83 84 85 86 

IB Ie 0 

KEY CODE COMMENTS 

]1 ;C.:J ua 
V in X 11) 1)2 

12 62 SQRT( l_v2 ) 11 61 
81 
'31) 22 eq.I,gives E 
112'11'1 FINDLSTORE P 
04 
11 22 00 store new P 
11 c.;1 if v is unknown 
22 02 then go to 9. 
34 02 if m,v known, 
31 61 then eq.I gives 
31 22 Ob E. 
34 03 If R~ contains 
31 51 E(i. .rO), then 
35 53 this takes prior 
34 01 ity. 
71 ~S.:.~y_g~~~~_~ ___ '32 2'5 13 
11 1)1 if variable or 
81 result is not 
1') 22 legitimate.end. 
11 2'5 00 check/store'x' 
3'5 33 store (i) 
3'5 71 OJ fuf data has been 
22 11 12 entered,go to b 
14 24 check contents 
11 61 of register'x' 
84 and display if 
1u n1 good. Otherwise 
1c.; 22. RCI, v and return 
12 21) 12 STORE NEW "x" 
35 ~3 in register defi 
33 24 ned by (i) 
84 
31 25 01 FIND V· m UNKNOWl\ 
'34 01 E 
41 

eq.VI gives v 22 07 
11 21) 04 FIND miv UNKNOWN 
14 04 P 
22 11 14 go to d 
31 25 OQ EQ. II 
34 02 m 
32 22 13 check validity 
34 04 P 
12 22 11 check va~idiw 
12 72 E=SQRT(m +p2) 
11) 22 
11 :?c.; 00 FIND PIV UNKNOW~ 
'34 02 m 
'32 2'5 14 ------------
12 22 i3 check validity 
14 01 E 
22 02 eq.V orVII 

7 8 9 

87 88 89 

E II used 
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Program Deserip'ion I 
Program Title Three Dimensional Special Relativity 

Contributor's Name William C. Wickes 

Address Princeton University, Department of Physics 
City Pri nceton State N. J. Zip Code 08540 

Program Description, Equations, Variables 

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

2. 

xl]..i= (XI,yl,ZI,ct l ) or pl]..i= (p'x,p'Y,p,z,I'), calculate the components x]..ior 

p]..i in a frame in which the original framec is moving with veloci-ty 
S = (Sx,sY,Sz,). 
-+ p = momentum 
E = total energy 
7: -+/ -+ l ' ~ = v c v = ve oClty 

S, calculate the time-dilation/length contraction factor For any 
'f ,- . 

3. For a 4-vector ~x]..i connecting any two space-time events. calculate the 
invariant tnterval C~T. 

formulae: 
-+ 
~x = 
~t = 
Y = 

~Xl + S[ (y-l) 
y{t + S-x/c 2) 
[1-S2r 1/2 

lx' 
~+ yc~tl] S = lSI = [SX!sY\SZ2] 1/2 

liXl = [~x2+AY2+~2]1/2 
C2~!2 = C2AJ;2-JtJJ 2 

The coordinate frames are assumed to be synchronized S"O that the event {O,Q-;it,67 
has the same coordinates in both frames. 

Operating Limits and Warnings 

display II - IC~TIII 

For a spacelike interval, c2M2<0, the calculator\'iill 

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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Sketch(es) _ 

SampleProblem(s) An observer moving relative to the Earth with velocity S=(.4 •• 5 •. 6) 
measures the coordinates of an event as Xl~ = (1.2.3.4). 
a) Give the coordinates relative to the Earth frame. 
b) What is the interval between the event and the origin (O.O.O.O) 

Solution(s) (If necessary) Set dimensions = 3: 3[E] --------------3.00 

Enter S: .4[1'] .5[1'] .6[A] ------------ .88*** lSI 

Enter XI~: 1[1'] 
Calculate_ cM 
Calculate x~: 

2[1'] 3[1'] 4[B] 
[0] 

[C] 

2.09 y 

1.00 

1. 41 
X' 

cM 
--------15.01*** t 

10.71*** z 
8.43*** y 
6.14*** x 

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



STEP 

l. 

2. 

3. 

A 

5. 

6. 

3-Dimensional Special Relativity 

Set number 

y+ISl 

S-+y Xl)..! 

INSTRUCTIONS 

space dimensions 
(default is N=3) 

Enter S 

Enter xl-l, 

r.nmDlJt,:. x)..! 

Compute cM 

Result is Dositive if 
n,:.niltiv~ it" 

~ 

N 

(if N=3) 
(if N>l) 

(if N=3) 
(if N>n 

cM 

cM 

To calculate the sDeed ~ corresDondina to a 
rlililtinn t";::or+n~ y 

cM 

INPUT 
DATA/UNITS 

11 .2 .or 3 

~x 

sy 
SZ 

x 

v 
Z 
ct 

Y 

19 

N 

KEYS 
OUTPUT 

DATA/UNITS 

CJCD N 
c=JCJ 
~r-··I 

COl - -] 

r- +--1 [ ] 
r A If _~ B*** 
[ Jl __ J y 

[-(~l [~=I 
[--t ~I r-_-] 
[ -f -I [ -I 
L._sl [ __ J x 
[---1 r==:J 

- ---

CC-] l=~-] x***l if N=3 
l--1 r- -] 

- ---- Iv***( if N>l 
I . Il--~] 17*** [--- J r --1 

-- -- - - - -- ---- ct 
1=-_1 [-__ J 
I D 1 [--.=J 

+ ICMi 
[ 

-- 1 r- _=] 
[-] [---] 

---- -------[ ..J [ -- J 
- -- ------I -- J [--] 
-" "-"-- .~ - - -

L~C_l r l[~] S 
[ - J l .. -] 

lJ L_J 
[::::_J [~::J 
[---] [~J 

- --- - ----

l __ -] [-] 
[. Jr··---.J 

----- ---

[- -1 [--j 
~- - -- -" - - -

[- 11 1 
[ - J L _ J 
I _.j [ _I 
I 1 [ - -1 
r II -I 
[ 1 I J 
1 I [ ... 1 

1 II -I 
I J L 1 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 L~L. D ~I 2.S" 11.# L~T"" ~S" '8~ 

(ZL.t..f. 3'1 of. 570 J ,~ 01 
Flo 3$ ~I 00 l'~51 ),- 5'~ 

<=7m~ 2.4 04- 060 F~/ 35'" ,1 01 
/U-l- 4- ~'" 04 ~TO '" ,:2. Ob 

I 

I 

~ ~p ~1. 72. (l...,. 35" 5'~ I 

F1I ';5' ." 0/ Coo-pvt. ~"I'-; ~ ~TD "2- ~'l 02- ~ 

C!;TO 4 2.1- 04 (l..4? 3,- 7:1- I~I I 

------ - - - --- I 
~~ '34 o~ Ll1L.J. >1 2S- Ot.. 

010 ~-"p P '}1 7'1 .)-rt> It ~'30 If 
l-8L. 4 ~I 2S"" 0'+ cos-I '32.. b3 S~~ )c:.:a. ,'1. ,lj- SiAl " b:L .----------
/U.i.. 7 ,1.4 07 'Ix.. ~S- b2. 
)o{~ }'1. 54 070 noB 3, I"L r 
- 5"( c1.t.~ - l'~ ~A J~ / I 

C.HS 42- -1'- 31 ~q. ill' PLAY (J I 

- - --------- -
)'<0 1, 71 ~~J# 3s- ~, 

SFO ~:, ,.., 02. 5pIt£..eL.IICE 1 IZTII/ ~ 1.'1. ..:J __ -------
.4135 '3S"" 64- 5'FO l- 61.. a '31 2., 12-

020 [i ~I 5'tI- no7 3'l 07 

F?2.. ~,- ,I 0"1. ~..(, 3,,3 
CHS +2- - +0.- S pA-cE.t..I ~C;; ~l:. 33 0," ~ 

35" 2.'1. 12>1- 3,53 5TC r IZ-rlJ ------------, 
L.9L ~ ~2 1.5 " C~'c .... I .... +e. f3 

080 '$TO" 33 04-
STO (3 3'; 1'2-

~ ... o..- '"i f2..J. ,., '-3 
)("1. 32.. '4 '71) S- ~3 oS-

II7/. 3S- '-2- I'TIV 3s- 2"'2. - - - ---
I 01 L9L. C 31 2.5 13 - -;.,~-;~ 
- -S-J 4sa e 3"1- 2.'2- IS" ~.t, 

030 c.~S 41- 124 A '1.t II 

fi. ~, SIf ~:z... 3'1. 5J.1 
,"TO A ,'l II .J.. 

" . 
(2.TAI 3, 2'1 ~8 3lf- ''1. - - -- -- ------

LBLe 32 2.S 15 090 I 01 
lUi...," ~ 0," CO-F'v+C fo ~, - S-I .~ 

/Z£L :3 'S1f- 03 )<C if 
)( 71 -= +f3~""L IU-I- (3 3'" 1'2-

t=oC! 35" 71 00 , JU.L "7 34- 07 
P-TIV 3S" ~"?. ')( fl 

040 1UL. , ... 34 01 + bl 
IkL 4- 34 olf '3ro c ~ ..... 13 

)( 7/ 3 03 
+ 61 'STO 0 ~'J 00 LISE ftO As covNTEt. 

t= '2-i -;S"" 71 01 100 SIr 35 J,.~ 

IZTN 3, 2.2 L.IJL. 0 "3.1 2> 00 <.c.. ...... pv+c. OIAA-

R-C-L. 2. 3~ 02. ~o 34- 00 cO ...... f'O~<l.""t- eac.i.... 
/U-L.-S""' H- os- >T::t 35'" 3>1 c-yc\ e 

x ,( {2LL.. c. 'H' 13 
+ 61 (Z£<- (I) '34 L'f 

050 lZ-ilV 35"' 2."1- X- 'lC 
- - - - - ------- 3s-'-5;... A 31 '1~ " C o""'pl.Jf& 'Y lUX }If 

no ~ ~') o~ '3 0'3 
F10 's- " OC:> + 61 

em;, " 
'l.'1. Ob 110 ST'l: '3s- !-3 

x.;'1 3., 5'~ CL)L 44 
Ii!~ P '12 71 /U-'- (I) '~l.4 '1,+ 

REGISTERS 
0 1 2 3 4 5 6 7 ct 8 9 

CuJ ... tc}- fo'i- ~1t f" ~ ~ 5 
80 81 82 83 84 

~' 
85 ~f 86 

t' 
87 ct.' 88 89 

A IB Ie D IE II r.)SEP f-> 7 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

'T 61 
p~S "31 4'2. 170 

57t:o (I) 3~ ;l.~ 

p~S ;, 42-, 02-

F?O 3s- ,1 00 "1lC- c.., de.. -k>r- AJ= I 
'S'n)-- 0 c~~ 5'"1 00 

120 . n 
-r- oS-
F~ I ~S" ,I 01 To-JO eyc.i.n .for- N~~ 

S7l:) - 0 '3~ SI 00 
0 00 180 

~~ ~S" H 
PS"Z. (,) ~'1.. ~~ 

6TO 0 '2.'1.. 00 - - - -- - -----
07 fU.L.. 7 "3l1 

CO .... pv+1l. ct 
Gsa ~ ~'2. 2'l. IS" 

130 + bf 
(l.c..L..B 34 I~ 

)( 71 
p-;s ~I 4'1-
~7 ~~ 07 190 - - -- - - ---
-~- 31 'ill 

/U.I- " 
S4f 0'=> 

-)C- 31 8+ 
1=10 ~,- "71 CD 

C7TC 5' 2'1 os 
140 P.CL 4- 34 04- DI~PLAY I2.E'5>I.lLTS 

-1'- 'I i ... 
F?-f ~7" "71 <'I 
(Il7'Z) S 2.'1.. o'S 

~S' 3~ o$' 200 

t.8L S" 31 ZG" oS-
P-::s -;, 42-
fl.TN ~>- 2..'l.. -- -- - - - - ---
LI3L E ;\ oz.> /5'" 

~Tr ~s- 33 
150 cfJ70 (,) 21- Z4 Se..+ ,,?PY"Of'Y"I ~de. 

Lf3L , 3\ 2.S" 0' flo..~s .tor- N= I) 
CF' ?J:s- b. 01 

~FO 3s- S""I 00 2 , 0 .... ~ 

I~N }> '2.1- 210 

L..8L 1- "3\ 2..s- 0'1. 

CFO 3> '" 00 

~FI ~,- ~I 01 

!Z.TA/ 3S- 21-

~&3 31 ~03 

160 C,:a ~, ", 00 

CF( 3"> '" I 01 

ILrlo/ ..; .. '2.'1.. 

220 

LABELS FLAGS SET STATUS 
A 7"1 .... B ens Cost 000( E/IH" 0 

/3~7 'X-'~ ~X.: ... CAl. "c A/ N:I FLAGS TRIG OISP 

a ol4 (3 b c d eo7/1 jt .... 1 IV!! 2- ON OFF 
")'- , 1::' 0 0 ~ DEG 0 FIX ~ 

o '0' 115"1 2 IS-S- 3 ;~'1 401/ 2 1.J"1 ED 1 0 ~ GRAD 0 SCI 0 

5/'1 ,. 6'S- 7 8 9 3 
2 0 gj RAD 0 ENG 0 
3 0 g n~ 
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Program Deseripfion I 
Program Title Einstein! Twin Paradox 

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

City Woodmere State N. Y. Zip Code 11598 

Program Description, Equations, Variables 

The program is arranged to calculate subjective and real time differential 
between an observer on Earth and the pilot of a vehicle accelerating near 
the speed of light. If you imagine twins at age 21. One becomes an astronaut 
and volunteers for the first interstellar flight. He takes off and travels 
at a ponderous speed of say 2.994444444*10**8 meters per second. In this 
situation it is accurate enough to call C the speed of light, 3*10**8. The 
astronaut travels for what he measures to be a year well past the sun at which 
time he fires retro and navigational engines, and turns around and heads 
toward Earth; the journey naturally takes another year. He is now 23 years 
old but when he steps from the ship his twin is over 37 years old! That over 
16 years had passed on Earth. The explanation as to why this happened involves 
very complicated non Euclidian geometry and relativistic considerations of 
accelerating frame of reference too complicated for this discussion, it 
sufficies to say that in the event of tremendous accelerations such as the 
turning around of a space craft traveling near the speed of light that 
the order of magnitude of energy involved is extremely large and the consideration 
of it as it interelates to space as time is conceived as a fourth physical 

Operating Limits and Warnings 

This program has been verified only with respect to the numerical example given in Program Description 1/. 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 Title Einsteins Twin Paradox 

Contributor's Name Da vi d M. Wei ngo 1 d 
Address % Synergy Research P.O. Box 372 

City Woodmere State New York Zip Code .1l~9Jt .. ~. 

Program Description, Equations, Variables 

then conceived as a giant four 
The space craft in its turning 

dimension of space, the Universe is 
dimensional sphere with a three dimensional surface­
travels relative to the Earth, not as far alon~-that 

fourth dimension and hence the differential between the twins age_ The equations-~ 
for this case are quite simple and adequate for this case. They consist primarily 

2 

of the Lorentz transform i.e., I(l-b),where v is the velocity of the space craft. 

relative to the Earth, and c is the universal constant, 3xl08 meters per second, 
the speed of light. 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 b~fore the flights. With input TE,time passed on Earth, the equation 
TS=TE/(l- 2) gives TS,["time passed on board"] ship during journey. Input Ts-+-time 
passed on board ship,and the equation: TS gives you TE,I"time passed.on. 

T = I VZ 
E l-~ c 

Earth"] during journey. The label A clears and 
input for average velocity of the craft. Lbl C 
earth in years and outputs time passed on board 

initiates the program. Lbl B ts..the.... 
is the input for time passed on 
ship by hitting fC Lbl D input 

time passed on board ship fD give appropriate time passed on earth the Els giy~. 
ages. 

Operating Limits and Warnings Be certain that you enter the speed of the space craft in 
meters per second. All time and age entries must be in years. Outputs will be in 
years. Do not try to make the space travel at the speed of light, :::: (3.00xl08meters/second) 
as this will only show an error as should be and is implied by the theory of 
re 1 at i v ity . 

This program has been verified only with respect to the numerical example given in Program Description II .. User acc~pts and. uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program matenal 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. 

. 

1 
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Sketch(es) 

- ---------C]>--
G; 

'- ---
----- ---- --- -<.0/ 

S I P bl () Suppose two twins,age thrity, take part in this experiment the amp e ro em 5 

velocity of the ship will average 2.999ll111lx108, if the twin on board travels a 
total of one year how much time will have passed on Earth? And given that 25 years 
passes on earth before return of the ship,how much time passed on board? What was 
the age differential in both cases? 

Solution(s) Load side 1 and side 2 

[A] ---------------------------------> -9.00 x 10
16 

2.999111111 [EEX] 8 [B] 

1 [D] [f] [D] ------------------------> 41.08 years ~assed on Earth 
30 [E] -------------------------------> 71 twin on Earth's age 
Age differential is 40 years (71-31) 
[A] 
2.999111111 [EEX] 8 [B] 

25 [C] [f] [C] -----------------------> .6085 years passed in space 

30 [f] [E] ---------------------------> 30.6085 twin on board's age 
Age differential is 24.3015 (55-30.6085) 

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

W.A. Benjam Inc., New York, Amsterdam 1965. 
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Einstien Twin Paradox 
mtrs./sec. 

INT speed of craft 

[f][C]+(TS)yrs [f][D]~ E)yrs [f][E] s~ce 

(TE)years (TS)years age of Ea~thl~ 
[C] D E tW1n 

twins age 

[A] [8] 

STEP INSTRUCTIONS 

I. Run tape 

2. Hit [A] initiate clearr-egist€rs set display 

INPUT 
DATA/UNITS 

3 Enter shiD averaae ve10citv in metF>re:/c::er ~ qqqH~ 

,- ~ ~ 

5. Calculate time passed on Earth 1n years 
6 Ca"lcu1ate how old Fnrth mnn ic: IJnnn ~nrl 30 
7. Enter time passed on Earth in years 25 
8. Calculate time passed on shio in vears 

Alwavs enter time in vears and soeed in mtre: 
no ... "ol"'nl''II'l +n nn +n no' ,.,,, .... ; '" nn ..... ,.I 

;;J ,~ - ---- • -., '-' -t:'-~-

or different amounts of time or aQes*. Hit 
rA I i'lnrl th~n rnntinll~ from c:ten IJ? with n~w 
values. 

If time passed outputs are decimals, 
multiplying by 365.25 converts to days 

* The ages used in the [E] and Lf] [E] 
subroutines need not be the same, our two 
"oart;c;nantc;" ne~d nnt h~twins 

Time passed outpu~_ or aqe outouts can all 
he vi ~w~rI in fi )(~rI mnrl~ Iw "'itti nn fix It~ 

i.e., 3.873+01+38.73, or 6.873+01':;'68.73 -", 

KEYS 

a v<' Ib CEarth T. tc dS pace T. e Space twi 1 ON OFF 

1- ?routine ship T. to EarthT F. age r".2---...; ~ ~ : 

u 11" L.. 0 I<1l 
~5-------~116--------~7~-----4~8------~9-------4~3------~2 ~ 

I 3 0 IKl 

TRIG 

OUTPUT 
DATA/UNITS 

19,000+16 
IQ aall " ~ 

3.155+07 
13.873+01 
6.874+01 
7.889+08 
16 4S4-0l 
3.064+01 

DISP 

DEG ~ 
GRAD 0 
RAD 0 

FIX 0 
SCI ~ 
ENG9D 
n __ 
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" I)r()~ram I~ls'ln~ I 

KEY CODE '97 COMMENTS STEP KEY ENTRY KEY CODE STEP KEY ENTRY 

001 

)02 
ttLELA 

CLRG 
003 
004 
OOS 

SCI 
DSP9 

CLX 

-12 \ 
-63 09 \ 

-51 
006 1 01 
007 6 06 
008 o 00 
009 o 00 

010 STOO 
011 2 O? 

1012 4 04 
011 STO 
of4 01 
01S 6 06 
016 S os 
017 • -62 
018 2 02 
019 

02.:....0 _f----IoSI!.oIoo.3o!TO&.._2--1-_...,I.1 . .,..L......J C;01oU1:?~ 
021 1 0 
022 EEX -2. 

024 X 53 
025 STOA 3S 11 
026 RTN 24 

~g~~L 78 ~*~L~~!!:!!!!i;:..-~~2'-*--1_~_1 ~ 
1029 STOB 3S 12 1 

B'l'N 24 1/ 030 

1011 *LBLC 21 11 
1012 RCLO 16 00 

x -1'\ I 
RCL1 36 01 I 

x -3 S 
016 RCL2 36 02 
017 x -35 
1018 STOC 3S 11 
019 RTN 24 ./ 
040 I*LBLc 21 16 11 
0~1 RCLC 16 11 
042 GSBO 21 00 

044 ReLO 16 00 ~ 
~0=4,~C;~~~~~~~-~2~4 
lou;; ReLl 36 01 
p..tln=liu.?""---+-==~= --1--~::2-~ 

048 RCL2 36 02 
049 ~ -24 
050 t)'!'UJ J5 OJ 
OSl PSE 16 Sl U 

SPC 16-11 0'>2 
Ii) :~ PRTX -14 

RTN 24 
O<~ 
OS6 

o 
3600 

so 

A 

~LBLD 21 14 1\ 
RCLO 36 00 1 \ 

24 
S1 S2 S3 

057 X -3'5 
OC;S HCL1 "jo 01 
0';9 X -35 

070 

b71 ~ -24 
b72 RCL2 36 02 
071 .;.. -24 
074 STol} 1'5 04 

PSE 16 Sl 
070 SPC 16-11 
b77 PRTX -14 
h?H RTN ?u 
h?Q *LBLO 21 00 , 
080 RCLB 16 12 
b81 RCLA. 16 11 
b82 ~ -24 

-r - e. j hR? HTN 24 EN I er liMe <U~ hAA *LBLE 21 15 
OAl Eo.. ... -fJ.. ,"'YE'c"" P89 RCL4 16 04 
CONVerT TD S(>c"..,I.s 090 + _ S S 
STore I IV R.c b91 PSR 16 '51 

092 SPC 16-11 
b93 PRTX -14 
094 RTN ?4 ~ 
5qr:; ttLBLe 21 16 1 c 

096 RCL] 36 03 

100 

01 RTN 24 ./ 
Rls 51 

110 

REGISTERS 
5 6 

S4 S5 S6 

I~ I,,~me passea 0 t; lme passed E 

~arth in sec rocket in se • 

7 

S7 

8 

S8 

I 

COMMENTS 

('" t~v 17"" e 
fc.ssecL rAJ S!'«.ce 

C O"Jllert .p,rf}#I 

yea:rs I~ Sec.o.d$ 

Siore I'" RO 

Co..l c., r<. it: 
Eo.. .... fl. /W''" f,,,, ... ( 
A7~ 

9 

S9 
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Program Deseripfion 

Program Title Delta-V - Orbit Simulator 

Contributor's Name Harold T. Coderre 
Address 414 1915 Hall 
City Princeton StateNew Jersey 

I 

Zip Code 08,540 

Program Description, Equations, Variables This program caloulates orbit parameters 
from initial pos1tion and velocity data both for elliptical and 
hyperbolic orbits in a plane. It 1s also possible to move the pOint 
of interest to anywhere along the orbit and then recalculate orbit 
parameters. Equations Used: 

f.:, i "~l'\ e .. ~: 
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RMItJ = ~o 1(, + E c.O\ (911ft1 -91) 

Dis~ TO Asy"'pto1e. Vert~x 
At\,1e btA,e.eI\ ky,.ptok.5 a.~ 

R.a.cJ ius Vec..Tor 

V"cw::: :H E + sr.J 

" Operating Limits and Warnings All angles should be 0, e " )60. If e (A) g1 ves a 
negative rad1us for a hyperbo11c orbit (e>l) the orb1t does not exist 
for the inputted Q. This program becomes 1ll-cond1tioned and 
inaccurate near negenerate conics (Circles, Parabolas and Straight linEs). 
For added realism: avoid all orb1ts where Rm1n <radius ot' the attracti] g 

body ( 6.400 * 10
6 m for the Earth). 

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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Ellipse (e < 1 ) 

la 
(e > 1) 

Sample Problem(s) Execute a transfer from Low Earth Orbit to Geosynchronous 
Step 1: Initialize Hi = 7.1E6 ep= 0 ~ == 7.4E3 0<;= 90 
Step 2: Position Satellite at Perigee 
Step 3: Accelerate to SynChronous Transfer 

Step 4: Position Satellite at new Apogee 

Step 5: Circularize 

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

7.40E3 ENT 90 1!l[B] 
Step 2: WI 180.0 IAl 6. 7462E6 

Step 3: 2312 m:aL1 CII ml 270.0 
Step 4: IDJ 180.0 180 [II [A] 4.228688E7 

Step 5: 1455 IRQL] III IE 90.0 [[] 3·505809E-3 [E) 4.213916EZ 
~ 23·90148 Ia+H.MSI 23.54053 ******* 

Reference(s) Goldstein: Classical Mechanics Chapt 3 
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Vi. 

A 

e AV 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 CJc=J 
2 Initialize utility Registers 3600 ~O=I 

360 [ STOI [ D I 
180 ITrn IE I 

3 Compute G* M'" 6. 6732E-11 [ .. ENtdEaf] 
(Mass or attraoting body (Kg) )-~M I * J tT04f] G *M 

4 Enter initial position Ri I EnERf] 
e· ( r--t-='J CA.] Ri 

5 Enter initial velocity V· l 1~~E:!lr11EBt I 
O(i. I 

.. 

t J IB_=J Vi 
6 (Optional) Calculate the eccentricity [cLI L __ ] ce 
7 Calculate e' and Rm1n (program will [D_-] L~J e' 

pause to a.lsp~ay e ) ~C __ l Rm1n 
8 (Step 8 must always be preceded b1 'Step 7) l--='~-l [- ] 

For e<1: Calculate semimajor and L:e: II -] a 
semiminor Axes ~:Yl [--I b 

Calculate the Period T [ftl~l [ I T (Hrs' 
For e~l: Calculate S [~ II .J S 

Calculate 6a l1i/s 1 L---] &A 
( if e -1 program will return 0 Por S) ~=-] [ ] 

9 Position the Satellite at a given e e [1.-]I--=-J Bt\AW 

Find new Speed lE~L I L:Z-] Vnew 
Find new Velocity E earing LRCj,J LJ] O(new 

10 Introduce a change in Velocity hv l~~=:J 
~~ [~B J L ___ =J O(new 

11 Now go back to step 6 or 7 and recalcul ~te r=---.J l_ .~ 
the orbit 1 __ J [ -] 

r===] L ] 
Note on dimensions: All inputted distal [-J L --1 ces 

--- ---- ----

and velocities should be in meters and L ~=-l r--J 
meters/sec. The Program will also out~ ut [ ] [ . __ I 
in these units. I- I I -] 

+For the Earth G* M - 3·98991 * 10.1"1' [ - -] r ] 
[ ] [ --I 

r I I ___ J 
[ 1 [ - - I 
I I r J 

I ] I ] 
I I [ J 



Note: All quant1t1es l1sted 1)"~)ldram II·S.lud I 
30 below are per k1logram •• ~ ~ ~ ~ 

STEP KEY ENTRY KEY CODE COMMENTS 

l-oO_1_+L~BL~....::;ai--~3=--:22X-!~5~1~ 1 67 
STO 1 1'3 01 
x;:: v 35 52 
STO 0 33 00 
RTN 15 22 
LBL b 112 2" 12 
STO 3 33 03 
x~Y 1'5 '52 
STO 2 11 02 

010 SF 1 11'i 'i1 01 
BTN 35 22 
LBL C 131 25 13 
BCL 2 14 02 
X**2 12 54 

2 02 
~ 81 

BCL 4 14 04 
BCL 0 14 00 

~ 81 
020 - 'i1 
1--_~S~TO~6~4-__ 1~ll~0~6~ENEBGY 

BCL 1 14 01 
Rei 1 ".,. 01 

'51 
SIN 11 62 
BCL 0 14 00 

* 71 
RCL 2 14 02 

* 71 
1-03_0_~S~TO~7~_+-__ 1~11~0~7~ANGULAB 
~_+~X'*_*~'2~~_~1~2~'5~4 MOMENTUM 

2 02 
* ?1 

* 71 
BCL 4 34 ()I+ 
X**2 32 54 

1 01 
040 + 61 

-¥r 11 54 
1--_.j.....IS .......... TOL-~8-+-_1~1·1.........,..0""'-l8~ ECCENTRICITY 

1 01 
CLli' 0 111\ 61 00 
X~y 12 71 
STF 0 115 51 00 
BCI 1 14 01 
BCL 7 14 07 
X**2 ~2 'i4 

050 ReT, 4 ~ 04 

STO Q 11 OQ 4Bo 
BCI 0 14 00 

.. 81 

~ 81 
1 01 

'i1 

STEP KEY ENTRY KEY CODE COMMENTS 

BCL 8 34 08 
81 

aSB d 112 22 14 
060 I r.o~-l 

BCL 1 
RCL 1 14 01 

151 
COS 11 01 

ILST x 1'; 82 
I~TN ~1 h? 

* 71 
x<O 11 21 
GTO 7 22 07 

070 B+ 15 51 
ICBS 42 

Bt 11) 1)4 
LBL 7 1'31 25 07 

+ 61 
OSB till ~2 22 1'i 
STO A 31 11 ~e' 
CLF 1 RI) 61 01 

080 BTN ~'5 22 
LBL D r31 2'5 14 
TF 1 r35 71 01 
GSB C 31 22 11 
BOL 8 14 08 
IPaUSA ~I\ ?2 

1 01 
+61 

1/X 1'i 62 
BCL 9 '34 09 

~09_0_+-_* __ +-_~7~1~~Bmin 
STO C 11 11 
BCL A 34 11 
BTN 35 22 
LBL E ru 2'i 1 I) 
TF 0 135 71 00 

1--_~G~T~0~2_+-~2~2~0~2~_ellipse ___ ~ 
BCL 9 14 09 section 

1 01 
BCL 8 14 oa 

100 

51 
~ 81 

~_4-'S:::....:;;T;.:::.0:,........;:;E_+-_~31~31~5'-i0 Semimajor 
1--__ ~L=S~T~X--+_-~11~58~2~ Axis 

rx 11~ 
1--__ ~=*-=--+_-=~7~1r-+Semiminor 
~ __ ....... B~C.,..L"----",,E,---+-_..-.<....:.... 34-..:;1::-t'2~ Axis 

IBIS 84 

r.S'1' x 11) ~2 

* 71 
REGISTERS 

o Dist I.1.EABING 2 Speed 3 speed 4 G * M 5 3600 
p. Bearing 

6 7 
Energy A. M. 

8 9 
e 

so S1 S2 S3 S4 S5 S6 S7 S8 S9 

E A e' Ie I Bmin 
D 

a 



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

BCL 4 14 oQ. BCL 1 14 01 
R 170 RCT. A 141 

'Yx 11 c;4 - 11 
2 02 SIN 31 )2 

* 71 * 1 
1S 71 x >0 31 1 

* 71 GTO 4 22 )4 
120 BCL S 14 O'i CLX 44 
f---I-::-::,-L-~_-+-------::-::--~Erf1"'-1~Per ioci ( Hr s ) aCL a 34 12 

RTN 1'i ?':) - Sl 
~ __ ~L~B~L~2~411~:1~2y.~~02~_Hyperbola ____ +=~~~CH~IS~ __ +-~~~4:2 
1--_+B~C~L!:!........!oC~-+-_~34--!!1~14- Section 180 at V ~ 

1 01 LBL 4 11 2 c 04 
BCL 8 14 08- .at. Of' ~ 
11X 1S 62 BCL 1 14 01 

_ 'i1 + 61 
x ~ 0 11 01 ~,outPut Zero GSB e 12 22 iii 

1---13_0 _+~GTO~1~-+_~?;-?~0~~!4 for a Parabola 8'1'0 1 "=11 01 ~ 
BTN 35 22 BCL 0 ~14 00 ne. 

~--~L~,B~L~1-+11-1~2:~SO=114- ~---+~B~TN~-4--?I'i~2~2 

:. R' LBL B 11 ~~'i 1.2 
t--_~BI::"/:S~=-----+_-.---,8:!-:~l;.....!~S 190 x -:!v IS I 2 

RCI. 8 ':l4 ru -B 1 r: 2 
11X 15 62 BCL 1 14 01 
COS-J. 32 61 ---+9q BCL 2 ~ 02 
~N 3522 ~ d~~ 
LBL A 31 25 11 x:=v,5 5~ 

140 STO 1 11 01 BJ. ~ I)' 

BCL A 14 11 + 6! 
- 51 ~ in~ 

cos 1161 + 61 
BCL 8 14 08 200 R1' ':\ii .;Ii: 

* 71 -+1>~·"2 
1 01 STO 2 ~ 1 02 
+ 61 x::::!v 1{ -'i~ 

BCL Q 14 OQ GSa e ·12 22 l' 
~ 81 STO 1 ~ 0 

150 1/X. ~'i 62 SF 1 1'i 01 
t--_~ST~(O~O!:-.-+_~~f·r'--=ro;.;::r~-+ Bnew BTN:r, 2 

RCL 4 14 04 LBL e 32 ~15 l' 
x==v 15 S2 BCL 0 34 1~ 

.&. R1 210 ~ 8 
RCL 6 14 06 FBAC 12 8 

+ 61 1 0 
2 02 + 61 
* 71 PBAC 12 W. 

'IX' 11 I)l BCL D ~ 14 
~16_0_+xS~'T~0~2~~_~11'1~0~)~~Vnew * 71 

BCL 7 14 07 R'I'N ~~ " 
RCT. 0 'UI. 00 LBL d 12 ~'i 1.4 
RCL 2 ~ 02 INT 11 E 

* ~1 220 X ~ 0 ff (~ 
~ SI BTN Iii 

GS'R d 12- 2.:1. 1l.1. CLX U 
SIN-J. 12 62 LST X 1S E 
RCL ? 14 017 RTII ~t; 

LABELS FLAGS 

e B .AT! C E ~,Bmin E Graph 0 e~ 1 A 
FLAGS 

a Hi b Vi C d Adjust e Mod 360 1 Find e ON OFF 
~ __ ~~~ __ =-__ ~ ______ ~~~ __ ~ __ ~ __ ~ ____ ~o 0 ~ 

o 1 2 -used- 3 -used- 4 -used- 2 1 0 ~ 
~5------~6-------t7-_-u-s-ed~_~8------~9--~~~3------~2 0 ~ 

3 0 18 

SET STATUS 

TRIG 

DEG 18 
GRAD 0 
RAD 0 

OISP 

FIX 0 
SCI ~ 
ENG 0 
n~ 

31 
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Program Deseripfion I 
Program Title ecyvATlONS O-F PARnc.L.£ MDTiON 

Contributor's Name ERIK aDE.rze:. 
Address ~'3 cAMUa..oS M~· 

City ~~L-E: . State e:.4 UF Zip Code 9f'Wa 

Operating Limits and Warnings IF I(Ov ARE SoLV/fIb R:»'<,. V - II1./LTlI1t.,'IO!LtnuSr 
S.fORE rHf;. L1~ Wei 6~ 8f(~~/N6 !12J 8~.so/..JIlN'lL 

_ f<1rL me ~ lJr\J~t>unJ. "fI.Iof.5 IS I3@.AVSE V,ol~ IN Mi.. .. I1+& ... 
OTIt~ E3N:VA7iON~. IF THE ()/SPLJttt c.cmt~ VP ~rrcr M/1;;;.7V'f(},L 
AfV.E SO~V,/116 Rm- t, Yov .~ lIN 1,.,1t6/~" Il~}trrL.sIIJfPL tpSMILlJ. .. 

7t!> p~ Molle, P~~$ (SST] It1v() S£1ArU/ BIl:.J( rO R.i/N . ./J!'4> 
PP.ESS l.BL.sJ 

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. 

.. 



TesT Sample Problem(s) ______ _ 
EItJ-I EQrN. GIVEN 
arr;r--PRevtodS SllIiiIfl: 

Clear everythingGSB~ 

Initial vel. 256.i3ti GSED 
Final vel. d.th:") ';SSC 
Time (seconds) 8.6B ';SSS 
Solve for y 1.0i3 GSBd 

GSBe 
159.i3iJ GSBD 

4.Se GSBE 
9 down + -5.80 GSBE 

So 1 ve for d i st. 1. Be GS8J 
650. JiJ **:#: 

GSEe 
12.06 GSBC 
IS.0e ';SBD 
-9.86 GSBE 
1.00 ';SEd 

11.07 u* 
Solve for time GSBe 

29.06 GSBC 
6.00 GSBC 

-32.33 GSBE 
2.0!3 GS8"; 
0.90 h:#: 
0.00 GSBe 

47.6iJ GSBH 
28.fifj GSBD 

7.86 GSBC 
i..ae GSBcJ 
2.63 *** 

GSBe 

Quad roots 
pause -+ 

Solve for Vg 

88.03 GSa: 
-32.30 GSB£ 
12.i:iti GSBH 
2.[16 GSBd 
I:" -; ~ 
.,J. ~ •• ~** 
0.14 u.t. 

GSBe 
15.0i3 GSBD 
-9.86 GSB£ 
2.56 GSBB 
3.0e GSSd 

-9.5B *** 
GSB~ 

Solve for 

7.60 GSBh 
1.86 GSBB 

12.68 GSBD 
3.titl GSB,;j 

-4.22 *** 
GSBe 

-9.80 GSBE 
5.63 GSBH 

23'. i30 G5BD 
3.06 GSBd 

2i3.76 H4· 
V 0 GSBe 
y 1.9. ee GSBC 

-.9.se ';SEE 
.38 GSBE 

4.00 GSBd 
22.('2 .u* 

GSBe 
14.8fi GSBH 
2.7i GSBB 
o.eo GSBC 
4.BO GSf,d 

113.92 h* 
GSBe 

Solve for a 

y down + 

118.0B GSBh 
4.565 GSSE; 

-J2.Jii GSBE 
4.ee GSBd 

103.95 *** 
GSB~ 

33.M GSSi: 
-3l.Je GSBE 
15.70 GSBf'i 
4.i3i3 GSBd 

45.86 *** 
GSBe 

2tf.7i3 GSBC 
14.30 GSBD 

Z.OO GSBB 
5.ee ';SEd 

-9.80 *** 
';S8e 

J.fjO GSBH 
18.ui3 G58[; 
2.56 GSBB 
5.e6 GSBd 

-13.44 **:4: 
GSBe 

17.j}8 GS8C 
39.30 GSSD 
9.0i3 GSBH 
s.ei3 GSSd 

-68.44 *** 

33 
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(AN'1 TtlREE 1"'f1lT SOL.\lC- v\ RES€T 

~~~~~~--""I rlr '3 .."... 4 ,.". 6 

\I F''''~L V '''',T/AL Af-~ 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

I LOM> SlOE j If--M:) 2. CJCJ 
2 RESeT [l~~ 0.00 

3 INPUT () Ij1ll1'1 C"E ~']) )( D/5. [AJ r-= __ ) 0.00 

l(i~ Yo" DO," K./iOW THIS I 6trro STEP 4-) CJl --j 

q. 'NPtJT It,"O(HrT OF TIIYI£ ( "IMe [G -I L~- J O.CO 

IUF 1(0&1 DoNr KNUW 11115. I (fJoro STEP S) l_] [ :=J 
S INPrff VEa-DGtTI( AT 77M~ r. XP'~ [CJ [--~ 000 

(jf: 'tDv [)OIIT K.IV9'W 11/15 1 6070 STeP 6) L_-:J L ~ 
~ INPc}T Vt::LoC./7Y ~7 TlI't1£ "1.E1'W " IJIJ/nwtf: [ I) -] [-=~-J 0.00 

IOF 'fbV 001lT 1CIi~ iHlSI 6OrO S1FP 7 L=-J [-=-~l 
7 INPcJT ~enA7i01'J l( i)r.Slnttt~ [£]CJ 0·0() 

IllF 'fav IX»ff /CJV(]k/ 11"'~ 6cJTo S1EP e l-~ [_-~ 

b JIIPtfI NUmBE:'R oF vlJl<JitlJl£ YOv Do/\/T L---=:J [_~ 
KIlO'W. (/ZE1tR 70 G+Ri) lABEL) * )( ~[ ---J 

------ . -----

9 SOL.\IE FOR- ruLS VARlAI3L€ [£-1 [F:J n.nV) 
10 soa..\fE' fOR. '}...ri) UNKHTJ'WN Y [~_J Ld __ J VW\.m~ 

II .t=oR.. NFN c.A5E 1 601t> STC'P 2- I-~ [---] 
-- -- -----

l=-=-J c=J 
1 __ J LJ 
[-~ r-~ 

LJ C-:-J 
CJC=J 
[-~ r-J 
-- -----

[ __ =.1 c=J 
[=:] [_J 
~[ ] 
r ] [ ] 
C:=J L=::::J 

~ W'-I.:N V • ..,ITIf1n.. l~ UHtcNOWH soL.vE [-~ [--~ 
~ IT .f=,~r. ll#f£N S(oR,€ 113 ~l..lJf: [~--=:J [=-=-l 
~ '" PfJ.E!>~11\I6 \lil B6Fo1lAC: SoLVIHl:f r __ -~ I [=-~ J 
~ nt~ onteR vllflC.K tJwN [-=--:-J L --~ 

--- -. --

[~ [_ . .::J 
-- - ----.-

l-J C~l 
[_J [_~=-J 
f--J 1_=] 
l J L- -J 

--- - -----

[ 
- - -- --------: 
._-J [--1 

I---J C J 
\ 



STEP KEY ENTRY 

9 l)rC'~r8m 1~ls'ln~ I 
KEY CODE I 7 COMMENTS STEP KEY ENTRY 

35 
KEY CODE COMMENTS 

--
881 *LBLA 21 11 857 *LBL9 21 89 
882 1 81 /'11K ISF Ilfb "1 858 RCL8 36 8B ~ c.IIuPLI\~ 'I ~ 
883 CF8 16 22 BB ) 0'" IS~~ 859 RCL5 36 85 vc,/"~~ 884 GTOB 22 BB 

} ~~ ~.,.~ II'" 
B6B - -24 

I) 885 *LBLB 21 12 861 RTH 24 
886 2 B2 1l~ I~ !.1 862 *LBL2 21 82 
887 cn 16 22 B1 863 RCL5 36 85 
888 GTOB 22 BB 864 Pi 16-24 
889 *LBLC 21 13 } ~R'~ 865 X=Y? 16-33 rIOtle&. B18 3 B3 '1FC~ 866 GTD6 22 86 
811 CF2 16 22 82 867 F8? 16 23 88 

NO t-812 GTOB 22 88 868 GTO'? 22 81 I'" 813 *LBLD 21 14 ) ~~ 869 RCL4 36 84 
814 4 84 "INI"''''' NfL. 878 X2 53 
815 GT08 22 BB J fI.J.r I'M- fl,e'"b 

871 RCL5 36 B5 ~ ,."rr 816 *LBLE 21 15 872 RCLl 36 Bl \ ~WIf{/~ 817 5 85 873 2 B2 
818 *LBL8 21 BB 874 x -35 ~~~ 819 STOI 35 46 875 x -35 
828 RJ. -31 S101tE ftI*... ,,., ~ 876 + -55 "",JII {p 
821 STOi 35 45 877 IX 54 r.JI.. 
822 RCL3 36 B3 

... 
878 STD9 35 89 

823 X2 53 879 RCL4 36 84 
824 RCL4 36 B4 OU .. WV~1( I 888 CHS -22 
825 X2 53 > 'l \}'l. I 881 + -55 
826 - -45 V~ 882 LSTX 16-63 
8?7 2 82 "£. 883 RCL9 36 89 ~, 

828 - -24 884 - -45 
B29 ST08 35 88 - 885 RCL5 36 B5 
838 CLX -51 886 - -24 
831 RTH 24 887 PSE 16 51 

II 832 tLBLl 21 81 888 LSTX 16-63 
833 Fl? 16 23 81 DoN'T HihI£ -r,,"c. 889 X:'r' -41 
834 GT09 22 89 898 RJ. -31 
835 F2? 16 23 82 OO/'IT It~ V~''''''L 891 - -24 
836 GTOS 22 B8 

'" 892 RTH 24 h 837 RCL4 36 B4 893 *LBL? 21 B? ! 838 RCL3 36 B3 894 RCLJ 36 83 

~~ 839 + -55 &,CJAAt~ ~ 895 RCL4 36 84 
848 RCL2 36 B2 ~ vt./l 896 - -45 

~ 841 x -35 ( \h~~ 897 RCL5 36 B5 ,nt4 
842 2 B2 Nft 1 898 - -24 
843 - -24 ) 899 RTH 24 -< 
844 RTH 24 ~ 18B *LBL6 21 86 ) 
B45 *LBL8 21 88 181 RCLl 36 B1 

~(}I~1I'~ 846 RCL4 36 84 IB2 2 82 
847 RCL2 36 B2 IB3 x -35 
B48 x -35 CA~1( L)~ 184 RCL3 36 83 I tJP.. t; 
849 RCL2 36 82 185 RCL4 36 84 
B58 X2 53 V~~ f01tIW\ 186 + -55 I 851 RCL5 36 B5 NfL'l- 187 -24 
852 x -35 I 188 RTH 24 

..... 

853 " 82 

) 
189 *LBU 21 83 .:. 

854 - -24 118 F8? 16 23 88 flO 1-
855 + -55 111 GTD9 22 89 
856 RTH 24 REGISI~";:' 112 Fl? 16 23 81 

°V~'\. - v..o 1 Dts1. 
2 

11Me 
3 
"fl~ 4 V uwf lin.- 5~~. 

6 7 8 l~b"'-4aL 
50 ~ 51 52 53 54 55 56 57 58 59 

A 

1

8 Ie 0 IE IIh~ LMEL4-
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 

36 85 
36 81 

82 
-35 

113 
114 
115 
116 
117 
118 
119 
128 
121 
122 
123 
124 
125 
126 
127 
128 
129 
138 
131 
132 
133 
134 
135 
136 
137 
138 
139 
148 
141 
142 
143 
144 
145 
146 

, 
GTOo. 22 16 11 
RCLl 36 81 

2 82 
x 

RCL2 

RCL4 

RTN 
*LBL9 

RCL4 
RCL5 
RCL2 

x 
+ 

RTN 
*LBlo. 

RCL4 

RCLl 
RCL5 

2 
x 
x 
+ 
IX 

-35 
36 82 

-24 
36 84 

-45 
24 

21 89 
36 84 
36 85 
36 82 

-35 
-55 
24 

21 16 11 
36 84 

53 
36 81 
36 85 

82 
-35 
-35 
-55 
54 

169 
178 
171 
172 
173 
174 
175 
176 
177 

RCL5 
RCLl 

2 
x 
x 

IX 
RTN 

*LBLS 
RCLl 

2 
x 

RCL2 

RCLJ 

RTN 
*LBLS 

F8? 
GT07 
Fl? 

GT06 
RCLl 
RCl4 
RCL2 

x 

-35 
-45 
54 
24 

21 88 
36 81 

82 
-35 

36 82 
-24 

36 83 
-45 
24 

21 85 
16 23 88 

22 87 
16 23 81 

22 86 
36 81 
36 84 
36 82 

-35 
RTN 24 

178 
179 
188 
181 
182 
183 
184 
185 
186 
187 
188 
189 
198 
191 
192 
193 
194 
195 
196 

-45 
*LBL4 21 84 RCL2 36 82 

53 F8? 16 23 86 
GTOb 22 16 12 

197 
198 -24 

n? 16 23 81 NO t. 
GTOc 22 16 13 288 x -35 

2 199 82 

RCL5 36 85 281 RTN 24 
Pi 

X=Y? 
GT08 
RCL1 
RCL2 

RCl5 
RCL2 

x 
2 

16-24 282 *LBL7 21 87 
16-33 .... A«- 283 RCL3 36 83 
22 88 "V 284 RCL4 36 84 
36 81 285 -45 
36 82 286 RCL2 36 82 

-24 _. , I AAt' V,o 287. -24 
36 85 ~. ~- -~ 288 RiN 24 
36 82 VS1w\J ~fdYU'.~. 289 *LBL6 21 86 

-35 wr \.... 218 RCL8 36 88 
82 ,Q 211 RCLl 36 81 

-24 212. -24 
-45 213 RTN 24 

RTN 24 214 *LBLe 21 16 15 
*LBLj, 21 16 12 ~, A~ 215 SF8 16 21 88 

RCLJ 36 83 {j('tI-~ f4'u,·· 216 SFI 16 21 81 
RCL5 36 85 . .c.I~ \0 217 SF2 16 21 82 
RCL2 36 82 v' ,.,.. 218 Pi 16-24 

-35 219 ST05 35 85 
-45 228 8 88 

RTN 24 221 RTN 24 
*LBLe 21 16 13 '"'\ 222 *LBLoi 21 16 14 

x 

RCLJ 36 83 J 223 STOI 35 46 
1 hR X2 53 LABELS 224 . G!2~~ 22 45 

147 
148 
149 
158 
151 
152 
153 
154 
155 
156 
157 
158 
159 
168 
161 
162 
163 
164 
165 
166 
167 

b vsa C vsE'O d So~ e R...c"3er ON OFF o ~ 0 
2 G41L. TiM" 3 (AU 'If 4 CA1L V"",T, 2 1 !ill 0 
7 8 2 ~ 0 

V5E:P ~Q 9 VSb'" 3 0 0 

COMMENTS 

SET STATUS 

TRIG 

DEG ~ 
GRAD 0 
RAD 0 

OISP 

FIX ~ 
SCI 0 
ENi 0 n __ 

I 

I 
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Program Title 
Ballistics Trajectory Computations 

Contributor's Name David M. Ivey 

Address Scientific Atlanta, 3845 Pleasantdale Rd. 
City Atlanta State Ga. Zip Code 30340 

Program Description, Equations, Variables The Program computes remaining velocities 
energies, flight times, rise and drops plus sight-in trajectories 
for bullets at user specified intervals. Computations technically 
apply to ICAO conditions which are satisfactory for most shooting 
conditions. The methode uses a Mayevski drag formulation with 

different constants for the various velocity zones. The program 
automatically selects the correct zone. There are three programs 
combined on the one cardo Note that data is stored on another 

card. LBL A: This program does the standard trajectory computations 
with outputs selected by two flags. LBL B: Knowing the velocities 
at two ranges enables one to compute the 
with Label B. LBL C: Given a "sight-in" 
calculates the actual bullet path. Label 
capability of this program set. 

Ballistic Coefficient 
range, this program 
C represents the advanced 

Operating Limits and Warnings Be sure to use balli.stics coefficient based on Ingal I"- 's 

Tables (presently all American bullets are)o This system works best 
when the coefficient Cb is greater than 0.150 and velocities are 

above that of sound. Most importantly however, use range intervals 

no greater than 100yds, shorter intervals give better accuracy~ 
Typically about 3~ error occurs with this program relative to 
numeric integration techniques at 1000yds. 

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 CO"lNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFOR'v1ANCE OF THIS PROGRAM 
MATERIAL. 
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BALLISTICS TRAJECTORY COMPUTATIONS D. Ivey 

Zone Data 

The drag is computed according to the formula 
A and n are constants particular to a certain 
zone. The constants A and n for each zone as 

n Av , where 

velocity 
well as the 

limits for a zone are best stored on a magnetic card. 

Mayevski Velocity Zones 

Range of V 
3600-2600 
2600-1800 
1800-1370 
1370-1230 
1230-0970 

n 
1.55 
1. 70 
2.00 
3.00 
5.00 

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

'\) "-..1 I '.J j···.1 .,t' bj ICJ I· .... "~I) ',."' •. ::c I.Q I ... ) t.~ UJ H 

.~ I'~ ,~~ I~ 'o,~.~ .~r~ I~'~ I'~I~ I~ I~ ~ 
1· .. .1 I,':::" .~:.J I~ ','.J I.::' lSi '.~;~ ";:' IS) .. ~ I.~ Is:. "':;' ,"tI I.::;:' 

.. II • .. .. .. .. .. .. .. .. .. .. .. .. .. 

,-::) '.~ I::;" ':::. II) I~ -:~I I:t) I.:;' ,'tI f$:l ,s;. (~ "::' f'W ~;.:a 
'.:t" 'T' I~I 'i) ...... I·· .. " 
-,'J I.J.) ,:.:;. I ...... I:"J 
'-:::. ("',J ............. ....... 
Lt'"';. 
"1-

'G ~ ',J .. _, ".J ") ":1" ") '.:, r·.. ") oJ'o <c II) ' .. j 0.::' hJ .... 
ILQC: 

I).~ 

::~ :,~ ;.:~: ::~~ :~ .:1 :;g :::5 :~ .. ~ :.~ :;~ :.~~ ::~~ .3 .g 
.. 1.1.1.1.1 •••• ·· 

..... II~;' ..... '0 ':\J '.~ I") I'~ II") 1',_ I:~ f~ I':;' ''''';:. fJ 0 
r.) ''':) I.~ II') I:~ 
I.,':. r·_ (SJ '.I.) I.n 
','.J t:~~ I"'~ 1,-
u:,.1 IJ) .;:w '0 .. ~ 
().) (J', I.~ I 'h. -::.:-

···t· r '_ '.(,1 ')", '.J) 
ILJ .".. _.. I . .CJ r ....... 
I'~ ,"'.J r .. :. lI'~ r,) 

Scientific-Atlanta. Inc, 3845 PleasantdCllc ROCld AtlantCl. GeorqlCl 30340 1 elcphone 404 449<)()()O TWX 810 766 'l~) 1:' 
Telex 054 2898. Cat,le SCIATLADORA 



BALLISTICS TRAJECTORY COMPUTATIONS D. Ivey 

List of eguations and variables: 

n D = Av. 
1 

Z' = 211x/Cb 

t f = 211x £ (1/[ vi +v fJ) 

2 h = 48.26tf 

Yf = (4h/3)[1 + ~vf/VffiJ 

e.= (x./x )(y +H)-y.-H 
11001 

= x. + IJ x 
1 

vi=initial velocity ft/sec 
vf=final velocity 
vm= muzzle velocity 

D = Drag 

n = Mayevski constant 

A = Mayevski constant 

Cb= Ballistic Coefficient 

(Ingall's) 

~ x= Range interval, ft. 

t f = flight time from vi to vf 
h = maximum ordinate (rise) 

Yf= drop at range xf 
Ef = energy of bullet at vf 
wb= bullet weight in grains 

xo= sight in range 

Yo= drop at sight in range 

H~= height of scope above bore 

xi= range at intermediate values 

Yi= drop at intermediate values 
x = maximum range m 
e i = projectiles position at xi 

SCientific-Atlanta. Inc. J845 Pleds,llllej,llt? fi,l,1(j ,1\11,1111.1 C;"111,;I,1 ,i l \, 1,1 l,ol,',"h1I', ·le\; .;.1,1 \\\,' 1\\ \:;. 11 -,i" .;,11 ' 
Telex l15·\ ,'",'H C,li,ic' Sc'lfI II i\l'cll,,\ 

39 
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'X 

Sketch(es) V /15i~k 
. (\ X X, 'II... 
~ 

~ --=---

Sample Problem(s) LBL.Aprobl.em:.Compute the complete trajectory 
cartridge where the bullet is a 165 gr. Sierra Boat 

of a 3-0/06 
2&00. 00 ~10~ 

.+7 .5iOi 
300-, 00 ~ 10(. 
128e.~f; STuD 

Tail (Cb=0.47) at a muzzle velocity of 2800 ft/sec, 
il1.100 yard increments out to 400 yards. Prin~the 

ene:rgy,flight time, maximum ordinate (rise) 
aI1(t~:trol' ___ 

Note: Cb is destroyed each time this program 
is run. 

At right is the output: 

Solution(s) Vm=2800ft/sec 
Cb=0.470 
~x=300ft (100yards) 
Xm=1200ft (400yards) 
wb=165 
Set flag one and 
two 
Press A 

STO A 
STO B 
STO C 
STO D 
STO E 

~M Remarks: Thus at 400yards, we have 
lost 28% of our initial 
velocity and 48% of the 
energy. 

{(4A>"r~ 1u(;. 

VeJ~t.rty -~.5~'; . 
c/oIe-,y ~~·4;j4. 

tiiYOt.. -1:1.ij14 

~l"e... - (;.60 
d. T"I> r _.2. 33 

2385. 
~iaB4. 

6 • .2J';:il . 6[ ..:.. 
~. eat· 

~tl.t.;i. 

2133. 
J -'6":. 

&. ::'631 
0.3\5 

'-.~ ..:,:., :~ 

4ec. 

.2t?~ 1. 
~ .:1:-; ",-

(). 5058 
12. . 5S 
+'I. 37 

.5FiJ 
~:= 1 

~~BH 

:,.:f.J; 

."if.:t: 

11:;,.* 

.+:*+ 

.n .. V 
H~E 
H¢. 
~Mh •. qy 

U~ 

ltU 
Hlf 
.rtH 
ut 

~", .. -': 

.~ .•.. f. 

·f··""'· 
.f.~~ 

Jt:·n; 

H::f 

~.":f 

:fJr .• 

.U .• 

(·u 
itt 
UlC I 

j 



cr 2) I>: 
.~~. ____ ~~ ~J(----~'----~I----ri~>7' 1 

Iii : 
, I 

I 
I I 

~; .., V, 
I 

Sample Problem(s) LBL B Problem Compute the ballistic coefficient 
£or a 165gr. Sierra Boat Tail bullet if the initial interval 
velocity is 2588ft/sec. and the final interval velocity is 
2385 ft/sec., assuming x=300ft. 

NOTE: Due to the tlype Df, drag~, 
formulation used, different data 
sets yield different ballistic 
coefficients. This is especially true 
for the interval beginning at the muzzle. 
Several sets are shown, its best to average 
them. 

Solution(s) 6.x=300 STO C 

Vi ENTER Vf Press B 
2588 enter 2385 B 

.E5SE. 6~; GSi..b 
6 . .:;.1:'j •.. , .... 

25SS. f;i;11i1 c/tT1 
2305. 6(1tJl"; ';SB~ 

e. 4 il~': l(oH 

2385. Jf;66 £;(1 f 
i.193.6[:66 ·;5,M 

t: • .f70':1 ut 

.2193. Jii6t'; f.'t1f 
2611. JJ6f; .;s8B 

fl.466l n" 

."Jr .. ,. 

41 

~========================= '" - ____________ ----1 

Reference(s) This entire program set represents the first complete ballistic 
system without extensive numeric integration techniquesw;~hlong tables. 

,It was specifically developed for micro-computer applicationsoFor more 

information regarding theoretical development or program usage. conta~t 

the author. Home phone: 404/ 448-5394 Bus: 404/ 449-2000 
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Sketch(es) 
I 
I 

1 

X, 
: 

i Xz. I : Xs I 
i 

) q. 1 
I 

--1 
! 

I -_._- I 
I ; , 

, 

i 

Sample Problem(s) LBL C Problem Assume we wish to sight a rifl€ in-· at· 200yd 

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

Solulion(s) 2800 STO A * 
0.470 STO B 
300 STO e* 
1200 STO D* 
9.86 STO 4 
600.15 STO E 
Press" " 

(600=200yds in feet, ) 
(15=1.5 inches above bore) 

* - not necessary if entered withLBL A •. 

KM~l~ Remarks: From themtput,to hit 
dead on at 400yds we need to hold 23.15 inches high. 
This program itself has great applications! 

28ti6.66 ~;-Ok 
.ofi 5 TOE. 

386.Jti 5TOe 
12(18.B6 STDD 

5.56 STD4 
6ti6.15 ,:,TC,c 

.. ~SfC 

28€16. tie ·f·:n· 

2€!fJ.i!6 ~llt 
0.4, Hi 

li1[. tit 

1.6.5 t(,If 

2i!£1. .u 

B.iI£ ~H 

306. *it:it. 

- • • _-;CI .f-.t:+. 

'186. Jt.Jf . .f. 

-23. jS .-w 



BALLISTICS TRAJECTORY COMPUTATIONS D.Ivey 

Special Comment on Program C: 

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

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

~ L. I () j ~~&5 4-()(')y Js 
I 

From the sample with Program A, 2800ft/sec sighted 
at 200 yards is not adequate. Suppose we try a range 
of 300 yards for sight in? Then, using Program C we 
obtain a -12.54 inches drop at 400 yards. This is out 
of_our design specs. Probably by increasing the powder 
charge to get 2900ft/sec we can suceed. 

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

Scientific-Atlanta. Inc .. 3845 Pleasantdale Road. Atlanta. Georgia 30340. Telephone 404 4492000 TWX 81 () 7664912 
Telex 054-2898' Cable SCIATLADORA 
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~1BallistiCs Trajectory Computations ~ 
~ Fl prints Energ~~ 
~ Regular C

b 
Sight In F2 prints rise,ti 

INPUT 
KEYS 

OUTPUT 
STEP INSTRUCTIONS 

DATA/UNITS DATA/UNITS 

1 Load both the data card and program 1_' JI_,_' I 
card. (Be sure to load both sides L_~ [--I 

f---

I_II I alSQL 
? li',... ........ orr"l" .... ,...,,+"",,+ {P'PI"!M II' Vm rSTOl1 A I 

'0 'r , . 
Cb I SToll B I 

x I SToll C I 
-' 

Xrn I SToll D I 
Wb* I STol L E I 

To excute- I A II I 
I I r I 

Program Out'Outs Initial DA'T'A I, II I 1T 

r _ I r _~] t~ if 1 
I, ,- I r- "'1 " .. 

C -
I II I u 

lAT. - ---------------------

I II J 
0 

I--- Then -the-calclJlations: 
I I I __ I Ran2"e 
r 1[ .. ' I 
I 11_1 velocity 

I 'II_- ___ ~I energy 
I, _ I [ ,._ J time 
I 

",. Il ., ... I rise 

I -11-- J drop 
! 

I II 'I 
3 New problem, go to Step Two I •. ,1 I I 

I I L ~-J 
4 For Program B Enter data: x I $,];(51 [ ~CI 

Vi I entH· I 
V I B II I 

I I If I C"h 
r I [--I 

- ------

I II_ I 
I II I 
I II I - ----
I II J 

f II I 
r II I 

. ---

J II I ----_ .. _-- ------------------.------~--- ._._-----

I II I ------------------ ------ .- . --.- -- ---------------- ,---------

I II I 
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INPUT KEYS 
OUTPUT 

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

5 For Sight In Program C LJf_1 
l~-=] r- -I 

f----
ISTO II A I StGI!e GGnstants; V,." 

C ... ISTOJ I B I 
x ISTO II C J f---- -

ISTO II D I Xm 
Xo.hh ISTO II E I 

Y" ISTO II 4 I 
I II I 

To Exec.ut.e o C I " I 
I II I 
I II I 

OutDuts CalCl]l Ht-.tons o I ___ " I 
(Intial ParametE rs) I II - I V 

I II I X lll-

I 1/ I nr::J 

I II I b 

Bullet Dati ,: [ II I 
[ II I Range 
I II I 

E. is in inches. I II I E; ... 
I II I 
I II I 
I " I 
I II I 
I II- I 
I J I - I 
I II I 
I II I 
I [ I I i- -------------

I II I 
~-

I II _ I 
I " I 
I " I 
I II I 
I II I 
I ,,- - I -

I II I f--- -------------_.. - -- - --_ .. .. - ----_._--------------- - ---- ------

I " I 



46 97 Program Lls.log I 
STEP COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

e61 hBLH -. , 
l~ 857 tLBL5 2i 85 ~~ 

882 DSF:2 -63 6~ 858 RCL2 36 B:2 

B8J {;SB6 ':17 8£ 859 RCL5 7- 85 
'-'-' 

:I. 1'\ \\-\ <\ \ ~ ~~\ \ 0 i\ 
... 0 

884 SPl, 16-1.i 868 + -55 <:: 0 W\ ~\)'Q<j 
805 F.CLi:; 36 ' , 

a.~~ 
861 l/X r·-· .. ...;" 

'\~1~t 8BE Fnx - ~ . 8~" ST ... e 35-55 at; \ ,~{ ."t ooe 

887 Si02 ~c 6';; cs~, 863 RCL5 36 135 .j..J u \ • t\~~ fl88 Fl'? 1 t: .2~ 61 864 ST02 35 iJi. 

889 GS8B 23 8e 965 RCte 36 06 
BHl RCLB 3b 1~ 866 ReLC 36 J.';' C\.'\cl d.'(o~ 
911 PHX -lot 867 x -Z5 
812 RCLE 36 'C: 868 ... , 02 .Lw oe 

813 111iJ? 16-4.2 869 x -35 
814 PHX - ' < 

.'T 
878 DSP4 -63 84 

8~~ . ..., ReLe 3i lZ 871 F8? 16 23 Be 
81£ RCLB 36 ' . - 872 PRTX -h . .:. 
817 - -~'4 872 X'2 53 
81e 2 6i. 874 4 84 
819 .".( -3~ 875 8 es 
82B 3TOB 35 .. .::. 

876 . -62 
821 *LBl..o. 21 16 oj of 877 •• 2 6i. 
8?" RCd J5 61 878 6 fl6 
~"-

1..00 ~ \ (\ j 823 .RCL[; 36 14 879 )(' _7~ ... '''; 

824 UY? 16-35 l~ 'o~ L 88ft DSP2 -63 82 
825 UN ~4 881 F8? 16 23 at} 
826 GSB4 23 64 882 PRTX -14 
827 RCL2 36 62 883 4 84 
828 GSBl 2J 61 884 ,:'( -3: 
829 GSB3 23 [:J 885 J 83 
838 FUx -14 886 - -24 
831 Fj·;- 16 23 61 887 RCL5 36 85 . , 
832 GSB6 .-,-, fj[; 888 RCLA 36 I' 

~.j 
... 

83.'3 GS85 23 95 889 - -24 
834 PRT;>; -H 898 iX 

.,., 
~i't 

835 HOo. ~;;;: 16 11 891 2 iii. 
836 "LBU ill t,J,;, CO~~utCl S 892 }:: -,5:! 

83? RCi...B 36 .L~ ~Q. ~o,.\ 'I\. \ ~j 
893 1 61 

838 ::( -35 894 + -55 
839 CHS ..... - \l ~ \oc.. \ 1',,\ 995 X _'71; 

-r::.~ 
... ~. 

848 RCL2 36 8i. &96 fiTN 24 
841 ;",,~. ~~ 89? *LBL8 21 68 ,.).j 

842 + -55 098 ENTt -21 ~"'~<1J 
843 iX 54 899 RCLE 36 15 

844 ST05 .c: @5 188 RCLJ 36 e3 ~ 0.. \ c \} \ a. \- \ 0'' ~ ~ . .., 
945 RTN .-, .-i 181 -i.4 

~'t 

846 "LBL4 21 &4 182 g;r -4~ 

847 RCLC 36 1~ ~'C\,,\~ 183 :x:~: .,.-
I 

.Joj 

! 848 SF'C 16-11 184 x -35 
849 DSF'fJ -63 fie to. V\.\ ~ 185 PRTX ... " 

- .. '1 

958 51+1 35-55 B1 186 F.:. -Z,1 

851 RCLl 7 - 81 \...i\ \ (2" \I <\ \ <) 187 RTN '-1.' 
~·b 

.;., 

852 3 63 188 tLBLl .-, . iil ~.1 

853 - -24 I 189 RCL6 36 fi6 
854 P~:Tx -14 

I 118 x~r'? 16-35 

l 855 SF'C 16-1l 111 H02 .~.-. Iii. ,;., 

856 RTN 24 112 1 !.1l 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 

SO Sl S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie 0 IE r 



A 

STEP KEY ENTRY' KEY CODE 

113 2 ti.;: 
114 5r01 35 46 
115 RCL2 36 02 
116 
117 
118 
119 
12£1 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
148 
141 
142 
143 
144 
145 
146 
147 
148 
149 
158 
151 
152 
15"3 
154 
155 
156 
157 
158 
159 
168 
161 
162 
163 
164 
165 
166 
167 
168 

RCL7 
X!!Y? 
H02 

1 
4 

STar 
RC~2 
RCL8 
X!!'i"''? 
&T02 

1 
6 

STOI 
RCL2 
RCL9 
x;r'? 
&T02 

i 
8 

sro! 
*~BL2 

j(,j. 

Red 
'(Ii 

IBZI 
RCLi 

x 
DS21 
Hi-i 

tLBLB 
STOH 

5702 
&'SB6 
RCLH 
~SBI 
ReL[ 

.... 

RCU 
X' 

RC .. R 
Xi 

RTN 
.~BL[. 

CF8 
CF1 

;5B6 
RCLk 

SFC 

B 

36 vi 
16-35 
22 82 

61 

35 46 
36 e~ 
36 8£. 
16-35 
22 ~z 

61 
€l6 

35 4£ 
36 62 
36 i15 
16-35 

tic. 
35 415 

-31 
36 45 

31 
16 2i, 40 

-3:: 
16 25 46 

21 1';: 

-31 
35 62 
23 6£ 
36 11 
23 ~1 
36 1:7, 

53 

53 
-45 
-24 

16 2l:. 0J 
16 22 6~ 

2Z Di 
J£ ~j. 

lci-l~ 

c 

97Program Lls.lng II 
COMMENTS 

'S~\ e <..ts 

tl\a. '1 ~ ~ S~ ~ 
J)~~~ 
Cc~~Va.. V\ t-s 

))-(~1 

Co.. kv l" \',0 V\ 

LABELS 
o E 

STEP KEY ENTRY KEY CODE 

169 SPC 16 -1 ~ 
Fe PRTX - lot 
171 5T02 35 fJi. 
17" , "-
173 
174 
17~ ....... 
F€ 
177 
178 
179 
188 
181 
182 
IS:! 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
288 
281 
282 
283 
284 
205 
286 
287 
288 

21B 
?11 
~ ... 
212 
213 
214 
215 
21£ 
£.'1? 
218 
219 
226 
221 
222 
FJ 

o 

PRE 
RCLB 
PRTX 
ReLe 
RCLB 

STOb 
SFC 

*LBLc 
RCLl 
RCLG 
i:£)"?' 

RTf; 
&554 

&581 
';SB3 
bS85 
RCLE 

FH. 

+ 
CHS 

~STX 
RC~4 

T 

ReU 
.~ 

RCLE 
INT 

+ 
RNu 

PRIX 

STO~ 
STOl 

1 
8 

STOI 
RTti 

FLAGS 
I 

36 :5 
i6 34 

-.:-,. 

-c.- ."-
Jb J.~ 

-35 

10-11 

35 61 
315 14 
1£-.35 

,:,c· u.:: 
'::'3 f:. 
i.J i~ 
Z3 85 

10 44 

-55 
~ -. 

-~.:: 

16-i,':: 
36 d4 

-5~ 

36 ~l 

-:: - 1 c .)t· ..... 
ii, 3 .. 

-2ai 
-~:: 

Ii, 24 
-14 

2~ it. 1~ 
.::.. a!5 

8(; 

~5 6(: 
35 81 

81 

51 

FLAGS 
abc d e ON OFF 
~ ___ -+-____ t ____ +::-___ -I~ ___ --+::;--___ -t°OO 
o 2 3 4 2 100 
k-----k,.....-----b,.....-----b-a -----1~9-----4-3~----1 2 0 0 
5 6 7 3 0 0 

I 

COMMENTS 

L OC~ ~ ~ 1 
\0'( 

~ '( ~~ c. 

~e~\~ \0-( 

c\~o..( '\ ~ <. Q 

SET STATUS 

TRIG OISP 

DEG 0 
GRAD 0 
RAD 0 

FIX 0 
SCI 0 
ENG 0 

"--

47 
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Program Deseription I 
Program Title ISOTO pe: ove RLItP coRREC1iONS 

Contributor's Name LQ.\.\He. r\~ !, G("e>~S 1'1'\ A. VI. 

Address a. 0 6 C reo stAve., 

City A- ~fI Arbor State HI Zip Codettel03 

Program Description, Equations, Variables Prr>j~W\ Co('re~f$tL Sr;//OIIU· ~ _c~~I1".Q.b l.J~t"\. 
M \'o.l~OQ.o\WL~.r .~ k.\j ~f.&N\t~ i;t,"/~\lll sc.~~ll ... ~'"tM 'rc~ll.f-r:,. 
B~~~l S\Jb~h~ fr e.a,J." HQ~~ lJ ~. r)OU:~ '. P,.,,~ f!\A,'jL.. ~ wi*, 

&;~k ~rz.. 
J:50-leru X ~ Y o...N.. c,CIU'r\W I'.A. m.d,;J14,.c.hp.n"els II -J. 8~resr(,~' 

L.e.t Q.~-~~-kQll\.t S,:JlI\lfl' ~;~f'&y ~ ~.W\",a.l B ~ A, 

b r: ~.o ~;Il"'c.r ~ is*tt X r d1lllt""J h .Jo 8. 

ClC :. CM'f«c,tcA cfMll1fs/~:rA. is.\or- Il ',,,\ ~"-..d Ii = C4 - a. Cs J 

I-o.b 

. ~.y.: C&- h~d.. 
,- cd) 

CAttf"h.. 
~. c~hJ"":,,., .~ X: C~ (Jtb) = ~ 
-r~ ~1~~~ ~ y:;;C, (It-d): 1j 

Operating Limits and Warnings 

wM.C".(L CA ..d CSA.ft. -Hs... 
,.vd C.~h.kMl~ .. ~ .. 
e~ .. ~.~ .. 

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. 



Sketch(es) 

fir. -H& ~lolN;.' " .. \.un ~ cls/",.;".,. tJMJ. dJ/ ... , ..... ) c.(,.,(A.. c..f('CI~ M1.N ...J. 
~. 
~1ftfle.~ ~ A-

t J.f11O IitIJ 

~ ~ 1000 

.3 11100 ~;loo 

Solution(s) ~jn.~ -""1D 

(f] fA1 ......, 0.00 ~3 

0·2 e~~ to D>J ~ 0.,0 1'ItO ~lWlOfJ)[c.J ~ 'D18 

D.' e~~~ 50 (£) ~ 0.,0 ~ zw,l. 
J (~J (c] -it I. eo ~.f 

lDOD f1'l 500 te) U:) .... /oJO (1jc) ~)fB] -;)fl06 
~ 'f30 (ry) ~ ~Il. 

~ ~ (MId s.+) ~() 

.1000 (B) ,000 uJ [c.) ~ ;lez.o (~) 

Reference (s) 
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(rr) 
~) 

(~) 

(ir) 
c .. ) 
~]iI) 

(~1j : 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

J LOtd s, .. ~ I CJLJ 
~ Set ler -h.."o • _I [f~ [LJ 0·00 

3 E wthc ~u"''''4'' .c Q.n.t· s .. __ I .. 1l~ LU [c._J 11; 

1# FOr 
~. 

-' c=J L ~~J Si~41c. iSoh~ e.\IItcr ~'"'"~ ..,illD.ll<" "",",,,,,,Ai 8~" 
L .J.._ I 

.1 .. ~L~k-N\ (.r "''-..... ....t A. 
, 
I~A f Ska i-I) -l r J s .. /+ 

5 u: .&..... : • .u .. _-br c. . .1.. ...... .D u~I .... 1(' c:"-,,,~ A -"!> B • [ 11- :-J 
b ... ~_~ ..... _1.1. "'''''' r.r c.L..",~ B IA",a l' 8"'. [E _Il_~ 1&~.8 

6 If ... -b.c- :Duv.b I ... ~ c... cl..... . .....J A J:eC" I i,,*pe _ -10, IcPtI'J .. f7i~ll~ __ J I,.,,.,. - 8k .. 

~ I~ c.atMhl., ....... ;: cL.... oM. B .,- . C.PMA [B~_J ~=-l ~-SlcR 

8 1t)u4-0"t ~Ot'c,~t.1 CIJoM"J",~. {er ,"-.",,..4 II a (~ dSd) rc: -] [ I h , , 
L____) L _____ J Tv ~~) 
[-~ c=J . 

rteJit fI'; 

q I Fer 1itL..t ~ .. _.Ia. IIIr OI.~r • c: ..A. ~ Jo (., i=-=.J C~ 
II IAlk~ M _~" .. u:..=", ~ &,' 0.11 .~-.J,s .1. 

[--I r---] 

i.~ ~ ...,J ~,. (il lUI). Aau 0Ilt-"'* .JI. ~ c.r I ) [ J 
J... tk.a& 7,.La. -.J • · ~ ~ ~ :se Lt tt .... 1 ... 4U.r.JMotkk_ ~flI~ L--~] [_=~ 

, to.......... " l_L j [G -l ~ w .w.a I[.. al\ ~ aClt. c.WaC"~. 

I II ) l'L-T, 
[ -1 L_J () 

II Fw naw ea± ..r e"" _ .. D ... 4flo .2 • c:::---] [~-:=J 
• u [ -) L ___ J 

l_J[ J 
l __ ~~J L-=J 
I=J l __ ~ 
L __ ] c=J 
L=-=--.J L_.::J 
L==J L __ 1 
L ___ ~~J [~=~J 
[-=_=-.J L~ 
[~-~ ~-] 

[ I [ 1 
r J L ___ J 
[---l [_] 

[ -

I r _____ -] 
[ 1 r--] 
[ l [ --] 

r -1 [ --) 
[ I [ J 
1--- J [ ] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 ~LBL D 31 1.5" 1'1 X 71-1 

S1"O f') In 00 
s~.c. ~Ic'" Q... 

S"'RI -1-11 l:l~ 61 till 
R~ 3G" n ~70 <f 133 0" 
~-ro 1 33 01 060 RC.L r 13¥ B-:r ~ Tt..1 
R1N 35" :;l;l -J(- I~I IJY 

" (~ Fo S&t) .. LAL Co 1~ ~fi " 
- - - - - - - - -- flu ., 13". O'f 

ST :r 3S' 33 ~ ... ~ 5",~ NI. FO? IE -:tt DO 

~:r,., JS z.l. - - - -x- 131 8'1 
1t"Ul£ ~I 1$ ~ 

-- - - - - - -
lSi- 131 3!1_ 

010 ~1b ~ 13) 02- flc. .:r. Ij5" 3J.l 
R4- '3~ 5"3 5~ 8ke} b ~1)1 3s- 2.1. - - - - - - -
S1t>~ 1'1 O.i ,. UU a. 132 2S II $1=0 €D'- ,.~ -ftli 135"' 2-"2.. - - - - - -- ---- <Ii': D 13r 5"1 DO 

lfi"Ull. A- 31 25 II ,'t,tu- r.--h/fI4;'" ~ A 070 er~ 1Jsu. - - - - - -RC.L. 0 31f 10 ". UIt " 132 2~,1-
-

- I.n o",-"....1, s..,.,h-ct. Sk,...J 
2C.i.h l:J,c,. D' 0II.,.tt M..D,. ('er 

~7b ~ '~".l oil- s+."" . -x- 131 ~II .. \\ s.+; ~ , Il,,.tI 3-r- 2,.'1. rCL II 13It tJR -- - - - - -- -- (rf Fo s.l:). c,:o. ~LgL B 31 1S 11.- ("'~ c;a"""fs / .. :", .(.r 0 FO? ~":H ~ 
020 QCL ~ ,'?JU. D2- GI-.",~ s"~t--a. &Ii,.1 -x- '31 '''/....;. _ Cltaf' ,,"""""'''~P\ - IS-I CFo 1M " DD 

5Th _<" '3l Dr ~ 0 00 ~rstacs. 
II,"" ~ 2.'2. - - - - - - -- m_'_ ~_06 

ft LQL C I~I 2S' 13 OBO ~8 33Jl1 
Q:L.II 134'- /)II C~\-.c. C.,. J C'f} • I~ ,n 
~ I I~~ DI en, ~ ,a. 
Rc.LG I=lN /)fj - - - - - ---

/It) Ty X '1-1 - lSI 
030 1 101 

RcL. I 1311 01 
R,Cl _1 IJIJ IJ3 

X I~J - lor} 090 . Ii ":'" 

I 101 
i2.c.L. ..3 13. 03 
i- 1'1 
X Iii 

040 
S1l) +" B3 " '" S1b r 133 f)':J- LABELS 

!-"JIIt~ A 
e ~'w-.t.A "1~.la. t)s P. e> .23 00 ~..,..tsJ ... : ... A ~ ' •• T" QcJ.J:; 13IJ. fJS" a b 
C 1st ia..,.fa A30 

d e 

Rc,-~ '1u. D3 ~w, i:r-.. LA .... 

2 3 4 ReI. -lJ. 13i1 D¥- O 1 

t 11-1 5 6 7 8 9 

- I.n , 1o. 
FLAGS SET STATUS Ru I 1311- 01 

O~~~_ 050 eel 3 13~ D3 FLAGS TRIG OISP 
)( I:J.I 1 ON OFF 

I.s-I o ~ 0 DEG ~ FIX g - 0 I 

181 2 1 o ~ GRAD 0 SCI . 
0 ~ RAD 0 ENG 0 , 0' 110 2 

3 
3 o ~ n1L-

R<:.L. I 3'101 

+ " REGISTERS 

I~ .L 
1 2 3 4 5 6 

7 CI' 8 
9 c" 

\A Q. Bad........, A ~ CA C. ~Cx 2Cv 
SO S1 S2 • S3 S4 S5 S6 S7 S8 S9 

A B Ie D E 

I~ "'" ... ~ 
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Program Deseripfion I 
Program Title Criti ca 1 Reactor Code 

Contributor's Name R i cha rd D. Hyman 
Address 2J822 80th W. 
City Edmonds State Washi ngton 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. 

n = 

f = 

F(x) = 

E(y,z) = 

p = 

E: = 

Y235Ef(235) 
Ea(235)Ha(238) 

L:aF _ Eam Vm F + E 
Eat - EaF VF 

= 

1+ 1 (~? _ ~~) 4.J. (~) 6 
~2 12482 

2 2 

X 

l~ [z 1 (~) 2 zr:::yz n y 
3 ~ 
'4 + 4Z 2J 

= a/LF 

z = 
y = 

NFVFI 
I A + C/ rap-exp - [ ] = 

EmEsmVm 

V 
1 + .3 (..L) PL = 

Vm 1 + 82 
LT 

b/LM 
a/LM 

82 'IT 
= (If) 2sphere 

82 'IT 
= 3 (R) 2cube 

Operating Limits and Warnings This program works best for low enrichment fuel, 
(-7 2-5)% this is much like a power reactor. The accuracy is only to be taken 
as an estimate. But the trends are good. Note: Radius of reactor is stored in 
S-6 register to change this you must change [P++S] [STO 6] [P++S] 

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

8 ~ 



New data cards can be made for U235 Pu299 fuels & H~O, C, on D 0 
moderators. The information needed on these cards Ean be founa 
in John R. Lamarsh, Introduction to Nuclear Engineering. 

P-O = p - Density of Fuel 
P-l = MW - Molecular weight of fuel 
P-2 = Atom density of fuel 
P--3 = EaF - Mi croscopi c cross secti on of fue 1 Cabs. )(cm-l) 
P-4 = Microscopic cross section of mod. (abs.) (cm-l) 
P-5 = Const A 
P-6 = Const C 
P-7 = Em Esm 

P-8 = Microscopic fission cross section of fuel (in barns) 
P-9 = # of nuetrons emitted per fission 
$-8 = Diffusion length of moderator (cm) 
$-9 = Diffusion length of fuel (cm) 
A = Enrichment % of fissile fuel 

B = Microscopic abs - cross section of fissile fuel (in barns) 
C = Microscopic abs cross section of U238 (in barns) 
D = Radius of fuel pin (cm) 
E = Radius of fuel 

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

53 
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Values for Diff. Fuel + Moderators 

c 

I 

p 19.1 21.45 

MW 238 239 

NF .04833 .04938 I 
I I 

I EaF I 
I 

I I 
I 

I .02Z2 2.9xlO- 5 I .0002728 Earn 
, 
I 
: 

A 3.0 3.0 I 

I 
I , 
I 
I 
I 

C 38 

I 
38 I 

I 

EmEsm I 1.46 .178 I .0608 
I 

I 
I 

af 580 742.5 I 
y 2.6 2.98 I 

I 
Lm 2.85 170 59 

LF 1. 55 2.0 

aafiss 680 1011.3 

aa238 2.7 I 2.7 I 



Sketch(e.)~ 0 
Nuclear Fuel 
L~ttice 0 

o 

o 
o 
o 

I 

\ 
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SampleProblem(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 
f = .811 
p = .98 
E = 1.0002 
PL= .879 
k = .936 

= # of neutrons produced per neutron abs in fuel 

= # of neutrons abs in fuel per neutron abs 
= probability a neutron is not abs, in 238 uranium 
= fast fission factor (from U238 fission) 
= non leakage probability 
= neutrons in generation n 

neutrons in generation n-l 

k<l so reactor is subcritical 

Solution(s) Keystrokes assuming data has been stored. 
A -----------------> 1. 33 
B -----------------> .811 
C -----------------> .98 
0 -----------------> 1.0002 

SF,l -+ E -----------------> .879 
fE -----------------> .936 

Reference(s) See Introduction to Nuclear Engineering, 
John R. Lamarsh, Volume 1 pag 188, 198, 203, 202, 204, 227, 229~235, Addison­
Wesley Publlshing Co., 1975. 
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n f p 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

l. Load side 1 and side 2 CJc=J 
2 Load data card C::J c=J 
~ nn+;nn::ll· C:;+n fll",l ",nY'irhm",nt %fi S~ fuel 1 sto I rmA~J 
4. Optional: Sto fuel pin radius a/cm 1- STO II D~J 
5 Ootional' Sto fuel cell radius b/cm [~lf}J [_0-] 
6. Optional: Sto radius of reactor R/cm [-__ J iSTO 61 

[-~::J lP+-+$ j 
7 Ootinni'll' Cl F'a r fl aa 1 for cube reactor h [_CLJ 11-:--] 
R Ontional' c:;",t fl;!(] 1 for ~ohere Y'Pi'lrtnr I -] r -] h SF ____ L_ 
9. Calculate n C~ lJL_J n 

10. Calculate f C-ilBJ f 
11 r::ll,..,ll::1+" 1"'1 

[-- = I rc-l 0 

12. Calculate € [_J[ D I € 

13 Ootional: Calculate Koo [~i] l~ Koo 
14. Calculate PL L_=-_J [[~ PL 
15. Calcualte K Lf J [ e ] K 

Hi Fnr npw fllPl nr mnrlpri'ltnr an tn 2 r---j [~-_~ 

17. For same fuel and moderator go to 3 C=-l C=::J 
[ Jc=J 
[ -_ J [ __ --=-J 

NOTE: Step 6 [P++S] [STO 6] [P++S] CJ [-=::J 
[ n] C~ 
[---I [ -~ 

lR Qotional' Recall n ~~~m n 
19. Optional: Recall f rp~3J RCill f 

20. Optional: Recall p I E....++:::sJ RKi-2] p 

2l. Optional: Recall € [p.(-t5J ffi:}] € 

?? Onti nn;! 1 • Rpri'lll P, [£.~~ PI 
23. Optional: Recall KL. lP~~ RC::C5l K 

L=--=--l [--] 
[ ---I [-_ I 
[---ll~=J 
I -- --1 [~: _____ ] 
I J [ -] 

r ---- -] [----] 

I I [ j 
-l _1 I •. - 1 
1 I [ I 
1 ] L I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 *LBLR 21 11 857 6 86 
382 1 81 858 r.>: 31 
883 8 Be 859 4 84 
884 8 oe 868 8 Bb 
885 RCLR 36 11 861 1/); 52 
886 - -45 B62 x -35 
BB7 RCLR 3"6 11 863 RCLI 36 46 

I B88 - -24 Calculates n 864 4 84 
889 RCLC 36 13 865 ~')( 31 
818 }," -35 866 1 81 
Bl1 RCLB 36 12 867 -:> B2 L. 

012 + -55 868 1.····X 52 
813 ReL8 36 88 869 x -35 
814 RCL9 36 89 87B CHS -22 
815 x -35 871 + -55 
816 X:f -41 872 RCLI 36 46 
817 - -24 873 x'Z 53 
818 P:S If-51 874 . -62 
819 STOB 35 Bfi 875 r 85 

I 

~, 

828 ST05 35 85 876 x -35 
B21 p-oc .. ~: 16-51 8"'''' ( ( + -55 
8"" LL RTN 24 878 1 B1 
823 *LBLE: .-; i' 12 8"?Q + -55 L. , -' 
824 RCLEt 36 88 888 RCLE 36 15 
825 RCLl 36 81 881 ... ~ 

,,~ 53 
8'r _b - -24 882 STOI 35 46 
B27 . -62 883 RCLD 36 14 
828 6 86 Calculates f 884 x'Z 53 
B29 8 Bfi 885 - -45 
83B 2 82 886 RCLI 36 46 
B31 :3 B3 887 - -24 
832 .~. -35 888 x -35 
833 ST02 ~r 

,j .... 82 889 P:S 16-51 
834 RCUi 36 11 898 RCL4 36 84 
B35 .~~. 55 891 RCLJ 36 83 
836 RCLB 3f 12 8Q" JL - -24 
837 )( -35 893 x -35 
838 1 81 894 P:S If-51 
839 8 Bfi 895 ST01 35 81 
84B 8 8B 896 RCLE 36 15 
841 RCL'; 36 11 897 RCL8 36 88 
842 - -45 898 - -24 
843 RCL2 3f 82 899 STOr 35 46 
844 x-o v 

• f-' -41 188 RCLD 36 14 
845 .~~ 55 181 RCL8 36 88 
846 ReLC :36 13 192 -24 
847 x ~r 183 -24 -,j ... J -
848 + -55 184 LN 32 
849 ST03 ~r 

,j .... B3 185 RCLI 36 46 
858 P:S 16-51 186 X'Z , 53 
851 RCLD 36 14 187 RCLD 36 14 
852 RCL9 36 89 188 RCL8 36 88 
853 - -24 189 -24 
854 .-, e'-' 118 x'Z 53 L L 

855 -24 111 - -45 
856 STOI 35 46 REGIS 112 RCLl 36 46 

0 1 2 3 4 5 6 
tsmL: sm 

8 9 
P MW fuel N fuel L:aF L:am A C °f25 "Y 

80 81 82 83 84 PL 85 K 8~ad1~ffi) 
87 88 89 

LF n f p E: LM 
A IB °a fiss.fuellcoa 

0 IE II enrich % non fi S5 fue 1 a (cm) b(cm) used 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 X2 53 I 169 e)o: 33 
114 X:Y -41 

I 

178 P:S 16-51 
115 · -24 171 STD2 35 82 
116 x -35 17 ,) ,- STx5 35-35 85 
117 -62 17- P:S 16-51 End of p . ,,j 

118 ? 87 174 RTN 24 
119 5 85 175 .LBLD 21 14 
128 - -45 176 RCLD 36 14 
121 RCLD 36 14 177 X2 53 
122 RCL8 36 88 178 STDI 35 46 
123 · -24 179 RCLE 36 15 
124 4 84 188 X2 53 Calculate! 
125 · -24 181 RCLI 36 46 E 
126 RCLI 36 46 182 - -45 
127 -24 183 . -24 
128 RCLI 36 46 184 . -62 
129 · -24 185 1 81 
138 + -55 186 x -35 
131 RCLI 36 46 187 1 81 
132 X2 53 188 + -55 
133 x -35 189 P'*c +-..., 16-51 
134 2 82 198 STD3 35 83 
135 · -24 191 STx5 35-35 85 
136 1 81 192 P:S 16-51 
137 + -55 193 RTN 24 
138 RCLl 36 81 194 .LBLE 21 15 
139 + -55 195 P:S 16-51 
148 1/X 5~' .:. 196 Pi 16-24 Calculates 
141 STDI 35 81 End of f 197 RCL6 36 86 
142 STx5 35-35 85 198 . -24 PL 143 P:S 16-51 199 >;'2 53 
144 RTN 24 288 n? 16 23 81 
145 .LBLC 21 13 281 GTD1 22 81 
146 RCL8 36 88 282 3 83 
147 RCLD 36 14 283 x -35 
148 x -35 284 _LBLl 21 81 
149 [X 54 285 STOI 35 46 
158 RCL6 36 86 Ca-'culate! 286 RCL8 36 88 
151 x:r -41 p 287 GSB9 23 89 
152 · -24 288 ST04 35 84 
153 RCL5 36 85 289 STx5 35-35 85 
154 + -55 218 P:S 16-51 
155 RCLD 36 14 211 RTN 24 
156 X2 53 212 .LBL9 21 89 
157 x -35 213 >;'2 r-

.J,j 

158 RCL2 36 82 214 x -35 
159 x -35 215 1 81 
168 RCL7 36 87 216 + -55 
161 -24 217 l---'X 52 
162 RCLE 36 15 218 RTf.! 24 
163 X2 53 219 *LBLe 21 16 15 
164 RCLD 36 14 228 P:S 16-51 Recall K 
165 X2 53 221 RCL5 36 85 
166 - -45 222 P'*C "v 16-51 
167 · -24 223 RTN 24 

I 168 CHS -22 I I 

LABELS FLAGS SET STATUS 
A B 

f 
c D E 

PI 
0 n p E FLAGS TRIG DISP 

a b c d e 1 ON OFF 
0 D i2Il DEG i2Il FIX ~ 

0 1 
B 

2 3 4 2 1 ~ GRAD D SCI D 
2 D ~ RAD D ENG D 

5 6 7 8 9 PL 
3 n~ 3 Kl D 
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Program Title Semi-Empirical Nuclear mass Fonnula 

Contributor's Name Dan Shapi:ra 

Address Physics Division, Oak R:tdge National L_aboratory, 

City Oak Ridge State Tennessee 
Bldg. SSOO---X::tO--- ---

Zip Code -37&311-. ___ _ 

Program Description, Equations, Variables A ___ ~~mi Empirical fonnula is used __ 10 __ c:~J~ulat~ 
approximate binding energies and mass excess for any nucleus 
nuclear charge -Z and number of neutrons -N. 

with a given 

Definitions:BLn.ding~nergy (B.E.)= Z * Mp + N * ~ - M(Z,N) ____ _ 

Mp = pI:oton mass (energy) in MeV, Mn = neutron mass _in_MeV 

M-CN ,Z) = mass of nucleus_having Z protons and N neutrons. 

Mass Excess M(Z,N) - A * arnu 
A = Z + N, larnu = M(6,6)/12 --- 1/12 mass of l2C 

Wmizsacker's Semi-Empirical mass fonnula contains seven terms 

E -al * A, E = v s a2 * A2/ 3 E = a3 * Z2/Alt3 
c 

E = a4 * (Z-N)2/A 
syrn 

E = + or - 34/A3/ 4 depending on -
pair 

whether Z and N are both odd 

Operating Limits and Warnings The 

masses ang])inding energies 

to the valley of stability. 

or both even. 

E . = 0 palr for odd A nuclei 

semiernpirical fonnula has been derived from measureq 

and is expected to work for nuclei reasonably clo~e 

Usually N ~ Z especially for heavier nuclei. 

This program has been verified only with respect to the numerical example given in Program Description 11_ 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 PEHFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) 

Il 

I 

Sample Problem(s)WI:!icj1 onfLQf th_e mass-25 isobars (Nuclei with same number-of .. 
protons+neutrons) is stable. 

10, 11, 12, 13, 14 etc. A=25 isobars are nuclei that can have 
and at the same time 

N(llof neutrons) 
Z (llof protons) 15, 14, 13, 12, 11 respect ely 

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

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

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

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

SOLUTION(S) KEYSROKES DISPLAY COMMENTS 
10, A 10 enter Z of Isobar - 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 
C -196.88 Display new binding ener 

13, A, 12, B 25 New Z, N 
C -190.75 Display new binding ener 

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 

De Shalit and Feshbach Theoretical Nuclear Physics 1 
I 

~==~==~==~~====~====~~==~ 



STEP 

I 

?'" 

2b 

---

-

r---

~--

-

Semi Empirical Nuclear Mass Formula 

~Evol -+Esurf 
Z.... N_ 

INSTRUCTIONS 

Load Program (sides I and 2) 

.. E 
coul 

.. B.E 

Rnt-A1'" Nl1mhpr of nrotonH in Nuc.leus 
Enter Number of Neutrons in Nucleus 

~------------------------------------------

-..E 
synnn 

+ Mass 

INPUT 
DATA/UNITS 

Z 
N 

From hpre on flln {' r; on H m<>v hp {' <>, , pn on ; n <>r Iv 

~~A~ 

Get Binding Energy of nucleus (N,Z) 

" " " per nucleon 

Get the Mass of nucleus (Z_N) = Total enerQV 
" " " per nucleon 

Get the mass excess of nucleusCZ N) 
" " " " per nucleon 

Get the Volume energy term 
" " " " per nucleon 

Get Surface energy term 
per nucleon 

Get Coulomb (char£e) ener£v term 
" " " per nucleon 

Get Svmmetry (N vs Z) energy term 
" " " " per nucl~on 

Get Pairing energy term 
per nucleon 

Note! the program is loaded with flags 0 an, 1 on 

When the firHt v::Il Ie of Z or N iH enr, ren f~aQ 

0 .t- A . ...l 
r ·0· 

r .LCl~ v UUW l.- ULL ••• n~uc~ '1j 

... E . pal.r 

.M. Ex. 

KEYS 

c=J [=:J 
C:=J G:J 
~[~~J 
c=J [~-~J 
[--l [----] 
---- ----

[- ~~J [_=-~I 
C~_] [~-l 

[---:-=J [(~] 
r=~~] [~i~-I 
C=J L~~~J 
[----l [r-s] ___I __ 
r-] LR~] 
1 _____ ..I I :i! s-J 

I [--I [ a -J 

lJI ~ _ __ __r s 

r f1 [b_-=J 

1- -
-I [-r-/8:1 

r . - 'l------ , 
f-- -c---

r -_ -I [J:Z~~I 
LfJ Ii-=- 1 
l-=~] [i~J 

Li.l L~~-=J 
[-=J I!T~] 
I ~_ ~--~] r-=--J 
C---] C=.J 
[-=-~] L=-~ 
r----] [-] 
-- ---- --~ [ ---11---1 

- --~-- - - -- -----

l_-~._J L-=] 
remember -to reset t~ag U bet ore recorc ling , l _-- _ -j [-~ ~~_-J 
program on card. 1- _: -__ I [-- I 

I -_=1 r :=-=-J r- ~ -- J [~_ J 
[- J L~ =-.-1 
[ _I 1-- --I 

__. J 

1 - --_-1 1 :~ __ I 
L I r ~ __ -_ J 

I -__ Il --: J 
------- 1- --I [ I _. 
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OUTPUT 
DATA/UNITS 

-
A (=Z+N) 
,"---"---- -
A (=Z+N) 

B.E. 

B.E.I A 

M(Z N) 
M(Z,N)/A 

M. F. 

~.E./ A 

E 
Ev i A 

E 
E) A s 

F. 
ECI A 
~ 

E 
E1jYill

/ A 
-~,~ 

E 
E~/ A 
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STEP KEY EN I HY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 

010 

020 

030 

040 

050 

A 

LBL .It 
S701. 

L8L tJ 
+ 

RTN 
LBL .& 
SiO i!. 

LeLL 
F? I. 

..$, I 
RCL' 

GS,82. 
~CL e.. 

'IX 

~CL f/J 

1/ )l 

• .. 
RCI.. Z 

1.( 

CH~ 
RCLl.. 

'" 

.33 112. 
3~ tJ I 

~I lZ. 02. 

3If ", 
:3J 2.2. "'2 
~I 22.. f)l. 

32. 5'" 

31 l.2. 02... 

.. ~ 01 
3 J., 02.. 

SI 

II 

04. 

060 

~. 8/ 

J.8L 2.. 31 15 02 

070 

9 09 

+- " ST 1 :3.5 3~ 

ReI 35 3" 
g 08 
- 51 

080 R I j'I 35 2.2.. 

~ ~ :b1.22" 01 
RCL. A 3~ II 
GI 0 T z.z.. 01 

c;.ro .7- 2..2. cq 
L BL.;C 1~:2 Z5' Ie 

090 

i...,AL cL 32. z.S IJ, 

G/o=r z2 o~ 

100 

G&8 J.. ?:.Il. Z 0/ 
~ 0/ 

G70 .. ~ 1.2 01 

110 

REGISTERS 

~ ./ IB Ie 0 c IE r:- - II ~ r 1 £ .s 5 c.- c...sy·m c:.. pcu .. :l. I 

1 



STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 

G I o"T 2.2.. O-f 170 

01 
05 
43· 

31 2.2 or 
(1/ 

8 01 
+ ill 180 

5 

()O i) I L2. 0& 
• 

130 

ReI 

Ol 
190 

Gro6 0,,1 
31 2.2. uk' 

..s:ro +u, 
6705 01 

140 CHS 
RCL ft: 3~ t'>(o 

RTN CF('b 

200 

9 
::3 332h 

RTN 

150 

o OD 

efts. 
210 

q 
3 03 

-f 0-/ 
160 ty3 

03 220 

9 0.'3 

O.!;,' 

LABELS FLAGS 

~~_I::._ ... __ -+-b -__ £s..;o" =--_+C_-_o_G_c _ __+..,..d -. __ £.....;~~;Z-",'11l~_e .... _£._~J>L..!!(lJi1.::::....-4,.1_, __ ~ 0 o~ og 
0 ........ 1 __ 2~ 3 ..... 4-. 2 1.CJ 

t...5---....------lf:::-6--~---47--_----+-=-8 --_---+-9-_-,----+-3---~ ~ g g 

COMMENTS 

SET STATUS 

TRIG 

DEG 0 
GRAD 0 
RAD 0 

DlSP 

FIX [J 
SCI iii 

~~ 

63 
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Program Deseripfion I 
Program Title Clebsch-Gordon Coefficients and .3 j Symbols Evaluation 

Contributor's Name G. Richard Scott 
Address 110 Donelsonwood Drive 

City Nashville State Tennessee Zip Code .37214 

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

I , 

j,-J2. +M , 
(-I) /bO,;J) (j,+trI,)!(j,-m,)~(Jt4ml)!(jt:-()I.)'(JrM)~(J-M)! 

X~ (-I )i~ ~ (J- jz. + t + m,)! (J-j. + t - fI1J! G. t Jz- J --()! 
-t 

X (j I - t - m I)! (J z. - -{ -t YYI z ) ! J -, 
W I .f It ~ (J

1 
J t :J) - [( J', + j l. - J) ! ( J~ t I - ; ) ! (J+- Ii I - j; )]-;-( j, t j z (J + /) 1 

Operating Limits and Warnings If any one term in the Racah fOrIllula is greater 
than 69, an error message will result (or else the calculator will 
display all 9's in the x-register). If illegitimate values are 

entered for jl. j2' and J or for ml' l'Jl2 ' and lVi, spurious results 
(ie, non-zero) may be obtained ~ the the calculator may get caught 
in a "loop" which will not terminate until the "t" value in the 

Racah formula exceeds 69. 

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

1 



Skelch(es) 

Sample Problem(s) (l) S () P I/O S,; ,- H G C. G-, C CC: F Fie I E IV -/ <: J I jl WI, m, Js /II> 
I c' fl.I f; .- \) J-: D f •• ,-, ,I J' - ~ J' - '1 7 - 2- • ~ 1. "', - M - I 

=> "" C' vv...., \ - "") 1. - co< ) U - z.. ) "', = z. ) f", - U ) - z.. . 

IN 

Solulion(s) CD 

\~ ./-0"( j " bl r o:s 5 • "1 II A /1 

ff " f' e J 2- 1/ 

;r. " " f' If C 
II " If I[AJ 

ff f· /' I [IJJ 

'.!l C A J J [B] 2.5- [C J .5 al.A] 0., Hr 8J -.5 [tlee] 
ec f}1 f Ie -Ie sel1-Jr;l C (' dt1ltL 

C /)] 

1,(~52J.8&IO -0 I 
( D I N1 e tV "? , 0 N LE.s s) 

Reference(s) MESS /AH} IUGE!?/) 4{)t1AITU/Vl ;11ECflIlNIC-.S 

V -- ) t)c.. ()/tit: ..LL ) If /05'Q-/C5"S) N{),{'TH-l/t'tt/lNP 

P V f) LI S fI I IV {- C L _ (If m <; u; I<? I) A /V)) A IV /) J cHIli kJ J l ~ Y 
~ 5 c tJ:s (111 £ \'\'-' Yo R k )) / q S' g , 

( j raN .5 I C1 fe cl /:C'01 -Ik ..:J/U /( C k.- <.d..< -It D/v ) 

65 
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C. G. Coefficiente and Jj Symbols 
B = j2 C = J 

START 
b = DI2 c = -00 

STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 

LL- --.Load'eide 1 and side 2 
2 Load j ... .i",.J ,111 ,m?-MI* 

~- ""j ~ -imput )1 j1 
imput j2 J2 
imput J J 

imput 111 111 
illput lR? 112 
imput-M ** -00 

3 Compute and output C.G. coefficient 
4 Optional: Output Jj eymbol's value 

J For a new caee, go to etep 2 

**When data is entered as above, the 
Clebech-Gordon coefficient computed 
ie <31 j"l1l1 II", I JM > , while the Jj 
eYllbol which is computed ie 

/ dj J 7_ y" 
( flI tn, -M ) , / 

* If an error ie made while entering 

data. it ie euggested that etep 2 
be begun again. 

RCL E 
-+Jj 

KEYS 

CJ[-~ 

C~c=J 
LU 1_~_J 
r- B I L ~-~~ __ l 
L __ 9 __ II_ ] 
[_ iJ [A~J 
r--~~ L_~_J 

l:rJ [9_] 
[ b -] C~J 
rn9J~] l E-I 
[=-=1 L ____ J 
Ln =J 1_ _J 
[_--] C~-=J 
I 

--

-11~=--] 

L ____ J l -l 
L=--J [-=-~J 
r _J [~-J 

I - .. 1 t:~~ 
l---] [=:J 
L_--J [=:::::J 
[=_J L_--l 
[=--~l [ ] 
l-][~ 

------- -

[-··Il~ 

[~ •. _J LJ 
L~~~] L-=:J 
[~-lr--=:J 

[:-:] L_~ 
[_~~~J 
L--l [---] 
--- -- ---

[---1 l I 
[ - .. I L __ J 
l --I [ __ Un] 

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

[ 
.- ] [---1 

I 1 1 
---I 

[ -]1 -

J 
I I r:-~·I 
I II 1 

I II I 

OUTPUT 
DATA/UNITS 

j1 
j2 
J 

m1 
m2 
-M 

C.G. 
Jj valut 

I 
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COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
881 *LBL,::, 21 11 e _GAt( 5 85'? fX 54 
882 CLR(; 16-53 

RE(~" S IE R S 858 ST04 35 84 :S TC (2~s 883 p~C' 16-51 859 1 81 ..[,6.( .i . .Jz J ) , 
+-~. AN f) STI- r2t:S 

884 CLR[; 16-53 
J, 868 1 81 

885 ST01 35 81 861 STOI 35 46 
c.c""PUTE5 886 RTN 24 l 862 RCLl 36 81 

88'? *LBLB 21 12 . I 863 ReLi 36 45 
888 ST02 35 8i. ~ Te; IZ IE" J :l. I 864 + -55 
889 RTN -, ." I 865 N! 16 52 ~ ~'t 

818 *LBLe 21 13 5 TO ~ ~ 5 'J" 866 RCLl 36 81 ~ 

-~-811 ST03 35 83 86'? RCLi 36 45 " 812 P:S 16-51 868 - -45 -~ 813 RTN .-, ... 
869 N! 16 52 "-../ ~'t '-814 *LBLo. 21 . ~ 11 878 x -35 .tb 

~ 815 STOI 35 81 :5Tcee-s t11, 871 STC5 35 85 -
816 RTN 24 872 ISZ1 16 26 46 ~ 817 *LBa. 21 16 12 

~TO" G'S WIl- I 873 RCL2 36 82 V 818 ST02 35 82 874 RCLi 36 45 0-
819 RTN 24 875 + -55 ~ 

c.. -828 *LBLe 21 16 13 STOt2~~ -1"1 876 N! 16 52 '" 821 STD3 35 83 877 RCL2 36 82 
..... 
~ 822 P:S 16-51 878 RCLi 36 45 IV 

"-" 823 RTN 24 879 - -45 -824 *LBLD 21 14 13G'-,1fl/5 888 N! 16 52 .............. 825 RCLl 36 81 (DAllPUiATION..5 881 X -35 '- . 
IN 826 RCL2 36 82 882 STx5 35-35 85 I 

82'? RcLi 36 83 ~C,JZ'j) 883 1SZI 16 26 46 ~ 
'" 828 - -45 884 RCLJ 36 83 ---829 + -55 15 cent PUTii'I:> 885 RCLi 36 45 0-

038 N! 16 52 886 + -55 ~ 831 STD4 35 84 ,'" STI:?PS 887 H! 16 52 LI 
...L. 832 RCL2 36 82 

2~- S7 888 RCD 36 83 S 033 RCLJ 36 83 889 RCLi 36 45 \...../ 834 RCLl 36 81 898 - -45 '-835 - -45 891 N! 16 52 ~ 836 + -55 892 x -35 , I 
837 N! 16 52 893 STx5 35-35 85 ~ 838 STx4 35-35 84 894 RCL5 36 85 "-" 839 RCLJ 36 83 895 fX 54 "-... 848 RCLl 36 81 896 ST05 35 85 
841 RCL2 36 8i. 8Q"' RCLl 36 81 CO»1PUlt<S J( 

842 - -45 898 RCL2 36 82 
(-li·-JJtM 843 + -55 899 RCLi 36 45 

844 N! 16 52 188 + -55 
845 srx:4 35-35 84 181 - -45 
846 1 81 182 f 81 ~ 

84'? RCLl 36 81 183 CHS -2i.' 
848 RCL2 36 82 184 x:r -41 
849 RCLJ 36 83 185 t'J( 31 
858 + -55 186 ST06 35 86 
851 + -55 187 RCL4 36 84 MVL r 'PIGS 
852 + -55 188 RCL5 36 85 (.-mp.;~o s'j. 
853 N! 16 52 189 RCL6 36 86 RoCH TC6tTHEfj 
854 RCL4 36 84 118 x -35 MUI-T'''I..IE"s ~y 
855 x:r -41 111 x -35 j ,~,fM IN 

(-I)' )5TOIt€~"D 856 -24 112 STDD 35 14 
REGI~'tH~ 

0 1 2 3 4 5 6 7 8 9 

US~D U SG /) VS~ j) \ 's G' /) USE 0 L'SE D /' S E () l'S E ,,,) Us£; [) 
SO 51 52 53 54 55 56 57 58 59 

U S(:" i) US F f) USED 
A /B Ie 0 IE II US€' D f.l S c; I') /) SE /) Us E /") 3j VAtu ~ L' S ~,~ 
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STEP KEY ENTf'Y KEY CODE COMMENTS COMMENTS 

113 CLX -51 169 + -55 

114 SF8 16 21 88 COM PUTl?S 
178 RCLI 36 46 

115 ST01 35 46 171 - -45 

116 P:S 16-51 SUMMATION 172 X<81 16-45 

117 RCLl 36 81 173 GT03 22 83 

118 STOR 35 11 IN 174 H! 16 52 

119 RCL2 36 82 RltcRH 175 ST08 3S 88 
128 STOB 35 12 176 CF8 16 22 88 

121 RCL3 36 83 FO 12 /VI U LA 17""1 RCL4 36 84 I { 

122 STOC 35 13 178 RCL5 36 85 

123 P:S 16-51 (STG"PS 179 RCL6 36 86 

124 ,LBL2 21 82 
113- IQS) 

188 x -35 

125 RCL3 36 83 181 x -35 

126 RCLI 36 46 182 RCL7 36 8f' 
127 RCLR 36 11 183 RCL8 36 88 

128 + -55 184 x -35 

129 + -55 185 x -35 

138 RCL2 36 82 186 RCLI 36 46 

131 - -45 187 H! 16 52 

132 X<81 16-45 188 x -35 

133 GT03 22 83 189 1 ... 'X 52 

134 H! 16 52 190 1 81 

135 ST04 35 84 191 CHS "i""': -"" 
136 RCL3 36 83 192 RCLI 36 46 

137 RCLI 36 46 193 P 31 

138 + -55 194 x -35 

139 RCLl 36 81 195 ST+9 35-55 89 

148 RCLB 36 12 196 ISZ1 16 26 46 I 

141 + -55 197 GT02 22 82 

142 - -45 198 GT02 22 82 

143 X <In 16-45 199 ,LBL3 21 93 CII£CI\s TO 

144 GT03 22 83 288 ISZ1 16 26 46 SEc IF:£" r.-".!>k<ij 

145 H! 16 52 281 F0? 16 23 88 
to 

146 ST05 35 85 282 GT02 22 82 IF so) COM PUIb-S 

147 RCLl 36 81 283 RCL9 36 89 3j VALd)G) 

148 RCL2 36 82 284 RCLD 36 14 s ,ok' £ ~ ,N 

149 + -55 285 x -35 

158 RCL3 36 83 286 5 TOE 35 15 12£(;0'5 1 ~ e G" 

151 RCLI 36 46 287 1 81 

152 + -55 288 CHS -22 COM pu TI?S 

153 - -45 289 RCLl 36 81 

154 >«8? 16-45 218 RCLC 36 13 CLfi3ScN-

155 GT03 22 83 211 - -45 GOqzDD~/ 
156 N! 16 52 212 RCL2 36 82 

157 ST06 35 86 213 - -45 C()€FI=ICII:NI 

158 RCLl 36 81 214 Yl( 31 

159 RCLI 36 46 215 RCL3 36 83 

168 RCLR 36 11 216 " 82 " 
161 + -55 217 x -35 

162 - -45 218 i 81 

163 >«8? 16-45 219 + -55 

164 GT03 22 83 220 IX 54 

165 H! 16 52 221 x -35 
166 5T07 35 87 222 RCLE 36 15 

167 RCL2 36 82 223 x -35 
, 168 RCLB 36 12 224 RTH 24 

LABELS FLAGS 
- - --

SET STATUS 
A t B C D~C G ~Jl J2 J 

E 0 
FLAGS TRIG DISP 

a m b c -M d 1 m-z.. e ON OFF 
0 I)lj 0 DEG ~ FIX 0 

0 1 2 3 
C" c.... e.... 

4 2 1 0 [$ GRAD 0 SCI IS 
CAt. c.. 

5 6 7 8 9 3 2 0 IjI RAD 0 ENG 0 
3 0 [jj n~ 



Program Deseripfion I 
Program Title 'It.-/' Ite;.mAJAlINa (M/ MM·I>D "Ivy Y ~/I/.N Mel oN 

e,fIf.LI6/l. NlM.JJbYYYy 
Contributor's Name GAll.y 6. . .IIL.TN)A N 

Address 33D~ N(JlC.r"'el'l~ l)R'V£ 

City "'1 , I> /) /,.E TOAI State WI scDAJr Ufl Zip Code ~3 ~ 61 z. 

Program Description, Equations, Variables 

I. Jtl4.IAAJ /)lfy NtJ",,8£Je. 1$ CALCt./L.ltT_D .!Is j),:sCltlI3E IJ 

IN 7110£ ~p-,~ -ST;iMlIJ"1C1J PAC. ~ PA-G.£ Oll-D I j 
TN'£. NVWlIJ£/l. tu= /),4y5 atE Tw£ EN /)'+7" I AN'h l>A-rE 2 

/'5 ,4-I.SD CAiCIILA-TE l> A-s /)c5CR.J~ ED IN TNt IIP-' ~ 

SrA#' A"-IJ P,+c. 

Z. R."'~/'ACTIt/. 'b£CAY: 0.NITJAI."Ci)(g.S-)1\.,.,.,C,·OA/ 
Dlt-Tt;. Z. ~ W~_Jt£ JI'\ = 1'1.3 I AJ)AYS • 7~£ ~II"'I:!£/l. 

"p NAt..':-LII/£s O~ 3Z.p W~JCH Jllf.ve oc;c."~tr.t:D. 
SII8/loIJT/N£ D Y/64./)S I ", C, ON IJIt-T£ .z. . 

.I 

(!va c.; ~ bMe z) lz.· -z. ""t 10 ct 0 PM) a 7:)PM ON i)1W~ Z i 
A-~~ (..0.3)( bPm) ~ c:..PIYI GAl i),+'tE Z. 

3. 

69 

[Ass"",~s 30·/" ~"Nr;d~ £~~/~/EN~y ,4#1J No QIJ~'«ItV~ 
Sf/IS /Co"",..)1 F Co Ylliu~ : 

LE:>.~)~Cc.'1¥t .,.,IVrT£ I)=- c.p,v, 

(~. "Z.)(I 0' I>,IW I ~ c/) / fs:pm;' J)J-~ 
DN ()A-rj$ Z j ,,",vI) 

"" Co; ON b1'r7t: Z 

Operating Limits and Warnings PlttJCItAA'I ~A-ILS IF bA-r£ I = L)/f-Te z o~ 

LF 1)19-7. I IS MlltE /t6t:.E"', 7#.1+'" /),+TE 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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Sketch(es) _ i 

Sample Problem(s) .I!. f./.t4/. M,fAly Dl'ltII ~N~ ep,.,.,) IZ.cMAut/ t!>,t; A O./~f''''' C,' 
II. P SA-NlPLE? G"II'EN: b""TE "1= :spec.II:~c .R.Abl.A-CTlfIITy RA-T;/'IIG 

~r (;£B Z, Iq?-~ j .+"'1> TobA-Y'r bA-T£ ~Plt.ll. 2'Z.J I"~~. 

2.. HIJw MANy epm (.4-N'~ WI C./) R.eNII4/N IlF A 

.. 3..1.~LD"C.PrIJ s!t",,'l-e 6':" lZ.p II-s Mc1t-SI/tL£:b BY C.1l"e1t£N~'" 
R;+.,ItTIDN ~N .411~I/ST II,; It:t?'- ? 

Solution(s) /. Z..O~/PJr~ A ('HSJlL,4Y: 2.1.{'1JIB~) "t.7..'LI"~~11 
ClIS.PI.A,/: 2'f'l3 'Z.~".) C ttJ ISPl.I' i' 1-4.; TH£ AJtlMJl£/l. Ill=' /)/lyS J1£TWEEN 

Fed l' AN' Aplf. z.z.) 0./35" D <'O/S*,L'+Y~ 7."2.'2.1..0 XIO" Z.'!l-/'Xlo6 -

Tlt4 1) PM t4",f 7H£ C-PItIt IL.NJ"~AlnJ fA ) 

.......... Z. , . " , ,1"" A ( 7.. 'I Cf 3 CD '1. • ) 

.. c (.2.-.;".,." tJ.)~ys) '3 .. ~ £ex u, f' C. 
-8 . . 2.. If x 10 - Iii c..PHI It£NI,4JNIAI ~ J 

) 

Reference(s) CAL-eNbAIf. P"AlCTIfUv S, PA-6t:. 0'1- 01 IN I-I-P-" ':1 
'5.r,.",.bAAb ,,~ I ANI> CHtH£ ,G..!>. 1/ J."L. RA-8INO lAlJrz, 

P/lINCI'I.ES ~p RA-~J{)ISD7'D/J~ J1#116rNtJl)t)I()6 Y, 8c)1l~£Jr I 
1VI/lIINelf"~tS I Mill L19' z). 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

J. lIJAl> SIL>~ I ~N/) SIt>e Z - l J 1 __ 1 

t. Ilt/PIIT I>II-TI£ I -+5 MN/·/)D YYY I' DA-T4 I l~_ ~ [A -I oTVl.IA-"" 
Dit-V # 

~. III/ PlIr /)IJ-T; 2 ~ I'IIlM.Ju) yyyy /)A-7e Z I~IBI .rv4IA~ 
IJA-V 

A/. CAl.LuLI'tT£ .. ~~ l:>l4vs &4'7~.N - LHJI I 
/) A-rJ:. I A,v~ hA-T£ Z - I II c. I A bAYs 

~ lTD 1141'117" C.PN Go TD srcP ~) I II I 
/N/J&IT 1M C/ .,; 3&P ,,"s 4~ /)I+T£ I ;t1 C " I II b I .Il PNI 

I II I c.P~ 

". INPtlT C.PNI t'JN /)It-r£ I C-PN'I I; II el c.PNJ 

I II I WI C i 
I II I 
I II I 
1 __ 11 I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I II I 
I II I 
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STEP KEY t:NTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 of LSL It 31 z.S"" n '1b + 3) e=l- c..*L.C-

1- f- F'~ '3' "L3 CAr£.C- AbA¥S ~ 1Lc.c. A ,"- ~I () '" "J ",::. ftI\ eNTH 
1 I>~P ~ 1~ 02- AN) PJr uAl'T"ltcH. csq &t. ~'JI '1 lS n 
'f ILCL '* "3 Cf 0'1 3 ,#IJ D ,tp,-'" 'I 060 4lc\~ 3" D6 
S t.e L C ~IJI) ", J( 'fo' 
(, - '5'1 ,,~ .~ .. l,./f 31 "1 , .) 0.3 (,J - ~I 

t can (j) z.z. DO -- ",tI STO " )! ~ 
all'~D l",'-I).bb ., c: LGe. 8 '3' a:.5" 12-

c.~&. C\lc.. ... T£ r.(" /te.\.1 ~" 0)-
010 itel , 1 If OJ A 1)""1 S ~N£l PtlT ILl. , of PA /I.'T • ~ I> ,s,""y 

h IleLC 3'( ,] 
lot /1" J)'S,LJt Y ,,~ 1lC.\. r 1., ~ 

Il. 
.,. 

" "i + e/. l' 8"2 
13 I.f DLf - 'II - !'I 
,1/ ~ ,., fJ '3 J "&.5 00 VT.ItE (MJTNL 070 - ~, 

,C" " ST. i 3 S" 31 (.60£ ,;, ~e.\"1- J ~ e>) c..",,~~ 'T ....,~I 

,I, 
" It V 

"!>~ S-, 
~T."" rl I t:)1 ".,.,0 y' To M 

11 l OJ U ~~ r ,.,.Jrs l-l -"t 0'1 "",,,0 y. 
IT , 41"_ =loti · SlI · 
" 

$" o~ 1< G.SB Z. J I n (Jl -020 . U % I\.e.L ~ J C/ tJ1 t::INlfH o t/''-'HN. 

1.1 Z en.. 11- t!e.~ !B t"\/t1. 00'1'1"1 Y 
tl. ~ Dr- '9f c. .,,, 

«. as "'" 'T A-N" I> 'S, &.A-) 
Zl STo~ 33 oS' ?of - ffl A-1tI~W~". 
loY '3 03 080 ..... G., 
-z.{ 0 00 trl I>SP C. 'Z~ Df. 
U . '3 Y'l ... R.:rtJ 3S' u . -

" il ~ till ~ 1.5' " - Jlt-T£ %~ 0(. 31 B~IC 

ti 0 00 J\I \.,. tl." IS" ~3 .. p.rr 1".-0 7/t'E 
'til 0 00 Yr~ to '11 ,,,.'v _I' \lito .... 

030 I ., etC» ~'NT "S I I'l U"",f)#IIa,,.ITS ~,: 

31 ~.,. ~ 33 o{" - i, '5Tor 31 c>J. "'" ""'I i) I, 'IV Y Y • 
1~ lo\ tl" 35" n It.£. T""-'" A 0"'''$ ., - S-I 
'u h (tv lS Sl _TO O,S'lA.Y ,., E€'l ..,1 
3., h F S'1 3$ l-' -3 'F ,,~ ,III,"T 090 l. O~ 

1)' G.TO , U. of ~n 
, CU _)C" ?oJ 

l' h ~Ti 3~ 1.,/ ';i'T.~ lll>A-Y,S Cf2. f. q, 
1?- , 01 IrGWt'J)lN G 7 I) en C:JAJT 11 p:r 

It 

1 
I 

I 
'Si "L cu. c..o,v 'Tlto l. YI'I 01> if -'If ~~. '!'! 0' 
'\'i t- 01. y': ,'"'" - ~I 

040 . '3 CJI-&"c. 

.~" E..~'I. Lfl 
I 
j 

loft I 01 ~~ .... 011 
&11, - 5'1 'it' X :Jol 

1;1 /le. .... s- 3'1 o~ Cjq h. 't J3 0' -1J4l. ...r. "..1 100 ~(.t.1 sy .~ ""-t" , . 
It<" C ,NT 31 1'3 - , /11 I 01 

tJ, S"TO , 35 ott eA-c.c. If\I'\ • ">t.. + .J -tn, I\LI.. S J 'I o~ 10] f- LlL M"" ~ 1M' 
lit' )( 1-1 Ibll '" \J~ ""5 S" r- l. 

II1f ~/NT lJ I'l 10<' · n 
y- y" 050 '" IL~' ?, If "'l.1f It> " ~ o~ 

n - ~I ,o~ + '" S'z. c.J.J.S Ifl loa ~~s 4~ 
5"J s-ro A- II " 

Jf1C'f GSit Z 31 '11. 0'1. -!'I MI.. " 1" of, 110 I'.(.L C. 3¥ 0" Co. o,.,._tlT£ 
~~ -+ ." " I 

J( ~I ~ .... ,~AI I)A-}' 

5'''' f,,J-r '3J ,J 111. -t-,..s1' 3' IJ~ Ntlm66A. 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 
llilry I 0",.,/ 'l. 3'~.z.~ .30,'00 , MN\ lll> YY,,/Y 

SO Sl S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie 0 IE II \lS'::b A l>A1.1 UNTl..OL.. 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

IJ~ ~L 9 ~lJ.o'l " Of 
/l.CL 1. '1./01-

J I 'I tit CL ~ ., ~ O~ 170 - 1'" 

I''; )( ~, J."fl h "JA 'l ~ ~3 L'Iz. t 
,'l1li CJIIJT l' B-3 I ~z. k [Ix 3$' .~ 

U1 .. + ~, J~~ Ll..L (/; :3lJ. ~o 

/If jC.-t'-t.. 8 "',1.1 o~ ,?-V L c.t. I ~lJ- cl 
I,q -+ (PI 1~'; X -:fl 

120 
'" S'-r i y~ 2.'-/ 11-, X ~I 

J -z.,' 1 01 I~~ ~ sc:; 11. z.~ 

Itl. ~ 0+ '~i' 1l'i' ~ 2., 0"1 
H.T 2- 01- ,~ c-)(- ':t I $1./ n ,~ p 1.1'+ 'I ~PM 

ltV (/) I!) 0 180 l' "II 
Jt.r 't 0, f J>, • ~3 

IV. <g ~y- It; 1.. 3 /S)] 

n1- ., oz.. ;~1 )I( ~, 

,t' -I- fDl 1'(11 £-x- ~, .. '" D '~'LA-'1 cp M 

n ... • nS1>d> z...J 00 Itrl '", It. TN 'l t;' z. Z. 
130 l f. TAl 1'; Z1. '~ft, ~ l &,t c "2- ... r 13 

131 C a..t.L 2 II 1.;- 01- J~ ,,,,,tlT To T~I' If~ Js-n> A "5l II $T"II.I- epM 

Ill. ~ .• IIIT l' i't ,JIlOVT"~& WH 
'~'i It. c(. eo. 1"1 'l In ."\T"" ~ CJ ~ '\ ." D' A&S '/A""e,.~ r~., ttc. L. t. 34 01. 

11t! I 01 ~ oIL > 190 . .... , A1;A'IS = I'\. -
1.1':- 2. c:J'2. y_ y1:.1 191 • ~~ /4/.3 

1111 X ~I N\ ~ M.:!: ''L ,CJt ~ 05' 
/3? - "-J ~ Fo1\. , .. ,,~ ,,,,,tiT) 1'17 L.x~t ~~ s""-
Ili- L. «-TN 3~ 1., I 'U ~ lC. l~ c,~ (i-)t'\ 
nq C?uu c 3 J 1.; 11 -s r.mE ,,,,,,,7' Iq{ 1 .... l.L. A J'-t It 

140 1\~lJ (l) ,.~ oD ,-q (, >t ~, 

If/I ... n C 31 I 'Y ',0]1 L-)(- 31 )'&1- b I~Pl..l'\y ~PM 

I'll. k F~ 1 <) ~I 03 ,,: I""'" FLAC Icrr • 1'"3 

'" T 
}., ilTN 3$''''' TIfI~ ~ T"~ S'TOP ,qq 3 03 

Ifill flL:.L. &+ -- A D14'1s ~l "! II 0'+ ~/tt""'£ 200 -=-
Jlfi'" L.c:..c...3 3Y D3 

.+NI> 5..,.., z..a I ~ct.1 3 tJ. 01 
l,tJ~ - <"I ,-,) t. + "" I~; ~1\ C ~" 11 1.1) ~·raw .~ ~ "2.'l. b'SPLAy WI C,.,' 
l_'fJ h 2.iN 7<: z.~ 

I'" L ~3 '!~ ~, OJ 
150 r.TD Lf 1.1. 0'1 , {" fGTb ~ 31 u, '3 C.O;t1\,""'e.. A b fty.t 

I ;-z. 051 J l.'301 -Kc. '~l...b '3 I ":>'11- Srd/l4. ~S"'ANTS ,.;tJ S'7"'n d> 7, Do 210 

'1(' J 01 

1r'6 4- 04 
I('.} • 1'3 
, .:'1 ~ 03 
I,,'q Sn 1- '3 ~ 0'1. 

160 '2. (> .... 

/111 . ill 
,flL 2.. 01.-

in E€.)( '+3 
/611 q C!)CJ 220 

, ,,; ~ft I ~ "' ~ , 
i'~ F f.&&.1! '3,' -z..f tS'" .0 ~hU..,. V\. 
,,,~ Z. .,,, 

l't·'] 
,fit tt.c:.(... c. '\"1- (3 

LABELS FLAGS SET STATUS 
A 
I>~E. I B bl+re. Z- C Ll bAtS D ... ~.~,,,, E 0 

FLAGS TRIG DISP 
a b 

C 'WIt'.. d 
e 1 ON OFF "IA,f<.' e s <=1"'-. ; o 0 CI DEG r.- FIX 0 

°COA&.t. 1 2 3 4 2 1 o ~ GRAD 0 SCI 0 

5 6 7 8 9 3/NPtlT 
2 o iii RAD 0 ENG 0 
3 o iii 

n __ 



Hewlett-Packard Software 
In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully 

programmable calculators is nearly limitless. And in order to see the practical side of this potential, 
we have several different types of software to help save you time and programming effort. Everyone 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 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

Games 

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 
Portfolio Management / Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing I Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

Games of Chance 
Aircraft Operation 

Avigation 
Calendars 

Photo Dark Room 
COGO-Surveying 

Astrology 
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.DDYVYV 

HEWLETT' PACKARD 
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