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INTRODUCTION

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

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

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

A WORD ABOUT PROGRAM USAGE

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

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

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

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

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



TABLE OF CONTENTS

PRECESSION OF RIGHT ASCENSION AND DECLINATION ., . , .1
Given the equatorial coordinates (right-ascension and dec11nat1on)

if a body for one epoch, this program will calculate the precessed
coordinates for any other epoch.

LOCAL SIDEREAL TIME & 0§LIQUITY FROM LOCAL STANDARD TIME_. .+ + + . ©
Compute obliquity & Tocal sidereal time from Tongitude, local

standard time (and time zone), and any valid Gregorian date.

Useful for preparing a table of local sidereal time as a function
of local standard time for evening viewing of an object. Can also
be used as a companion program for program ------ » Astronomical
Spherical Coordinate XFRM's.

SPACE SCIENCE & TECHNOLOGY No, (1)

RIZON TANCE, GREAT CIRCLE DISTANCE. . , |
Hrgggam ca{éu ates, as a function of altitude and radius of ‘the

body, the slant distance to the horizon, the total angle subtended

by the body, the central angle from the horizon to the sub-altitude
point, and the distance over the surface. It also calculates the
smaller and larger great circle distances between any two points

on the body as well as the central angles. The mean radii of various
astronomical bodies are stored in the secondary register.

SPACE SCIENCE & TECHNOLOGY No. (2)

VIS VIVA AND PATH_ANGLE RELATIONS. . . A
Various astrodynamical relations are computed by the 'vis v1va,

Kepler's Third Law, and the Orbital Path Angle Equations.

SPACE SCIENCE & TECHNOLOGY NO. (4) BALLISTIC MISSLE RANGE . . . 21
Program computes, for various planetary bodies, the range of a

ballistic missile, given the burn-out altitude, velocity, and elevation
angle. The maximum ordinate and elevation angle for maximum range is
computed. Provision is made for target altitude.

CELESTIAL POSITION . . 27
This program computes "the azimuth and altitude and' the hour1y rates’

of change of azimuth and altitude of a celestial body. Local
siderial time is also computed. Required data are observer's
latitude and Tongitude, month and day, object declination and
right ascension from an ephemeris, and Greenwich mean time.

BINARY STAR EPHEMERIS ., . . 33
iven the standard B1nary Star Orbit parameters, compute the apparent

position angle and angular separation of the companion relative to
the primary star, for any date. Provision is made for automatic
entry and recording of parameters. Parameters for two binary systems
may be stored simultaneously.

PRECESSION/GALACTIC COQRDINATES . R T T
Precesses equatorial coordinates (r1ght ascension and declination).
Transforms equatorial coordinates to new galactic coordinates and
vice versa.

. 38



SPACE SCIENCE & TECHNoLOGY, No. (5) KEPLER'S EQUATION , . . . . U3
Program computes the time after perifocus of a body travelling

in an elliptical orbit. Conversely, program computes the true
anomaly and focal radius at any time in the orbit. The vis viva
velocity and path angle are also calculated.

ORBIT DETERMINATION BY THE METHOD OF GAUSS . .+« 50
Position and ve]oc1ty vector is determined from two pos1t1on

vectors at two given times by the method of Gauss. This program
may be used with "Classical Orbital Element" program.
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This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

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

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

\_ _/




Program Deseription 11

Sketch(es)

.

~

Sample Problem(s)

/e (i foclele She mecer coortnetes b € Cotanks Sov Jes0.0
F~ven 7las (—(7(5) (E ) }rr‘ /5C0.C ar€ R4 & SOs Py 4
— 505t 'r5

X. //)5//\/( ///f A //0‘4/ /90. & ('/{-'/ft ﬁ‘é[(,'t‘" ('(;/(‘c;z //,/e” /4& s20 €L &
Ceodmales o E CTctantis Sy Wev 1,575 / Tl D? WNewnrde v
= Zy¥A 7745

Solution(s)
/. 15¢6c [Slﬂ ] 0.coco =77 s sisvo S e-scee = 7
Z2.0£50 (] -20. 56,5 [E] 22h u32s = a0 |Rfs] - 8041 25"

A. ( VE774 /F‘Zi c.ove "_/: T neeel wol be € /!"/"?/))‘
24427/8 [B] £.7563 =7 3 24.0650[F) - 50.5¢/5|E]
2Zh17w235 =X [R5] -€c©33737 7

\_

e

Reference (s)

/i 7 Eb’(f‘véa/) i’/‘fe'/zané (‘/ %fé'p//» P rrrry "7 é\//‘/? /SER

2. "E,k/o/dné’é? .5»'r/y//nrnu/ Ao She Ashosrone i / ﬁ;o//r,urn S el fhe Ao receon
E/7 bomoris cned Nowhie ! Ahimesic:c '; ﬁ{’/ M/}fjé/ 5 SA Ko (“f)(:;c;

(k/
Loiclon, +5€ 7.




T < ° . 3
User Instruetions
Peq | 7D
/reffﬁj‘/zﬂ £
FF ,/ At Hlscens o
{ _D(t’ 707171:‘»7
STEP INSTRUCTIONS o A'T’:SSJITS KEYS o ‘?TLLT/S:ITS
/| Enterm Vel Y crnrel [;I [_:_I
L

A\ E fr #He ,1Fha/ epect. E. Fbeor I,,_w,

al Tolian Lois Niwbe~ 5 or JD * LA Te

b Zf.:)’f/lan }/é’or /dn(/ /g-z?(/;m p/(,*/ ‘ﬂ") \/Y\/Y‘- FF 5 A 7o

3 Af/// fAf‘p ﬁ) é’/’#f ﬂ( ;/s/}ﬂ‘/ € pocd,

E #b e

a | Talivo DPap Nuwdor ov TD* B A

b | Besselic, Yerr //m// Sorre forvr ) YYYY. FF § B 7

Yol Kea n Xp HHMmS S T

b| Keo iy de o). rr15s| |
¢ (';‘-»7)7“ /e X E HH. P55

Al Compete & R/ + DD. P55

5 /Z‘ﬂt’n/ from e.tber Step X or

S%e,oi Gs Aesi> el




4 67 Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oo1 YhBL A |31 25/ | Thbial Epech 2./ | 34 O/
£ 658 ¢ |3/ 22 ©F " X 77
s77 © 23 o0 T o X%
R /5 gy 060 7 o7
$LFLE |3/ 25 2 |Fonal Epach -TO% ¢ o6
Y459 |3/ 22 09| _ _ _ _ _ _ _ _ — 5/
$L0LT7 |30 25 07| Cempute 7 307
RCe 3y oo Trecessiom X 7/
— S5/ ,4,? /es g 05
010 37 ¢ 33 ¢/ s o5
/ o4 3 o3
4 o8 20 O 24 00
X 2/ A 7/
3 o3 070 — 5/
a3 OO0 Z o2
7 02 C o0
+ &/ 0 o0
2Ce [ 3y o0/ % oy
X 7/ & A
020 J o/ [ CF
3 o3 A o2
7 ok 4 + G/
A oé 2¢e / 3y 0/
2(L O 3y 00 080 X 7/
X 7 e 5 3¢ o5
4 ¢/ - s/
4 o2 50 Y |33 0¥ Sfere €
3 o3 gl / Iy o/
() oo ;l /5 Sy
030 y oy LALE |3) 25 /5 | — ./
X O $ He 3/ 7y I,:'/,AA./X;
N Te D
5 oS h X7 35 52 /
[ o0 f & 3¢t 7Y
-+ 6/ 090 i, o/
LCe / 3y o/ 5 os
X 7/ X 7/
2 o3 2Cc 2|3y 22
¢ o + .
EEX Y3 hXZ=Y |35 52
040 5" 05_ I} o
ST 5 33 05 & Re 37 722
- £/ ) h R+ 35~ 53
572 X 33 e Store So hx=y |35 52
I 1 30/ 100 Wit 35 sY
S 32 sy $ e 3/ 72
"7 o7 hx=) [35 52 ,
g cq 57O & 33 of Y - cecre’
! o/ h RS 35 53
X 77 hxsy |35 52
050 L2ce 5= |39 s 4 7P 32 7%
- £/ hx=7 [ 35 5X
-+ £/ 2Ce of 3y oY
s7o 3 33 03 Stere Z — 57
¥ ey 110 h XY |35 52
Z o2 § Re |3) 72 ,
CHS 2 so7 | 3367 | Z-crers
REGISTERS i
8
0 ‘—/7 ! T 2 gp ° } ¢ & 53é Es ® }/—(’c"h?/ 7‘? —verd
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1




o [ ] <
67 Program Listing 11 5
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
h /Z'f 7553 o o0 Trans Sov
£2C L 3y 06 170 o o0 elia
hX=7 | 3552 - 5/ 52”“' 7
s 2P |32 72 / o/ 774 ,
h XY |35 52 ) o0 fo Tropiia (enkurd
ZcL 3 3¢ c3 o oo Sram 5008
+ ¢/ = 21
120 3 03 WRTN 135 22
A o6 8y
[ oo
-+ 5/
] &/ 180
+ &6/
& FEAC |34 83
R o2
¥ oY
X 7/
130 S HMHMS |32 7Y - /,, y '
£/5 o Pyl rew A
ACLT 3¢ 07 i
s szwv-' | 34 42 Doplat
b2 4775 | 32 7/ new  ( 199
s La(j g BZI o5
LBLY |3/ -
2 L2 //;;,u)g'rm
q oy —.
vi vy T ran /71/
140 CH o5
> 00 /(/um[é/
2 oL 7z
o oo —_ .
’ 23 [frep & / ) 200
3 o3 ('f/l /"///j
/ o/ nA
3 o3 s
- 5/ TOi5z0.¢
3 o3
150 A XA
5 o5
z o2
Y o
o 9'3 210
2 O2
2 OL
s 8/
h ZZ/V 35 22 =
s LBLA (32 25 /1 |70 Jovit c4
0 1% 458 8 13/ 2208 )% e
m o 33 o0 z;5¢/1‘¢”1
£ /s £y
f/—b’é é 3225 /2| Fnas Epecd
3) 3/ 2L 0% 2 220
Gro 7 | 2227 _3"_”9_/’“_: _
$L4L 2 13/, 25 0¢
/ o/
g o9
LABELS FLAGS SET STATUS
A 8 v c ° E o 0 FLAGS TRIG DISP
i e ‘ ‘ ° 1 oOSOEF DEG & | FIX &
0 1 2 3 4 2 1.0 0O GRAD O sci O
O o| rRaD O | ENG O
5 3 7 5§ _— |9 o— 3 ;2:, 0o n ¥




Program Deseription 1

rl-’rogram Title /t"(‘z‘."/ jjl/e’f'ﬂf:/ Tome £ (7-44/’”? /g""’ Kosce ! Ihpictoret Tims e

Contributor’'s Name ;o’x /5/&'1//’/(
Address 27765 Ao ¥ [J?

City (zormes state <A Zip Code #3552 ,
_
( ™

Program Description, Equations, Variables

/. /z;/»y,,// e ,nrm/// a///’, 5 ﬁ,m OJan /58¢ uJ/;;/: o wn v liler!
revhie 4 Z(///rr/c ._5\,7/(/' '® I*/ZY*/W'JJ f/r_n
T Dy = Limm[f/l)-ﬂf%.sl’ +D+l _)__I_ fl
/X 78 /220 Y %00
where /=/1F¢‘./‘ N7 = wrcsh _D:‘/c(.-.) Lagsd /5 e ,,;/,/{,.,,/,‘,_/ va Qs
A. (4»4 Wis / Hh e Hevinbe— (‘[ N et foirrés y/{M [‘;/z"ﬁ/rwfzé /et
/l/mn) dc,”a /sc0: 7 = (.fc,/zy I Dgrp ~ € f)/ﬂ.mf chere 1l e
(r(r’rrw ch prean Bowe é (/ﬂrr/5)én,t,/‘/ﬁme)+/t‘/m(jcnc) +}m’we:f — Sov Bt
(am/u/f' A75, 77 e (r(énw,(/ mec: i ,,¢/e/m/ Sfoime :
= (2 39‘23157{- Seyagy sy T 5 ol08 7 Votoo # z/ /ma/}(///fzurs A
4. /;,n/a,,/e LS/ Hhe Jfoca / sSereas e -
Ls57 = Fg - ASs
here // Js e _GECTrr ph i //z‘ﬂ‘ ot L5 ﬂ///e’ev’g (f- S L(Jrs/
- Jr 57:/)
5. [::m wle é The ,ipeqrsm ”“4/7”"/2 [/Ze e //5/44
(svyzfuo Y645 7 — 52577 Y 3¢0cccr  Agarees

_L535cy/

Operating Limits and Warnings
A/e;}d'APt‘ //(~ /e‘J’ /ﬂ (’.) &Gre //a/ /J/c?/’t//A/ /!ﬂ(//e‘f/é //’/
e /ﬂ///'/é/ e /4),-( . S /1‘4 PR /e’j nrecsF A cen verFet

ﬁ 6/?5"/1'4'4«/ //tl'//'j //:.kz'y' ;év ‘15(.’/‘ <.

\_

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Desecription 1

11

rProgramTitIe SPACE SCIENCE AND TECHNOLOGY NO (1), HORIZON DISTANCE, )
GREAT CIRCLE DISTANCE

Contributor’'s Name ROBERT C. WYCKOFF

Address 9517 CORDERO AVE. -

City TUJUNGA State CALIFORNIA Zip Code 91042

\ y,

( )

Program Description, Equations, Variables As a function of altitude, the slant distancHd

to the horlzon of a spherical body of radius
R is given by (1) L = (2Rh + h 2)%., The sub-tended angle P is giverr-

by (2) +tan @/2 = R/L, and the central angle between the horizon and

the sub-altitude point is £3) 90 - @g/2.= 8
The smaller great circle distamnce between two points on the sphere
is given by the Law of Cosines of a Spherical Triangle, where the

central angle is 8. (4) cos 8 =(sin LatA)(sin LatB) + cos (LongA).

(cos LongB)(cos(LongA-LongB]))
where Lat A, Lat B, Long A, and Long B are the usual geographical
coordinates of the two points on the sphere. The distance over_the

surface along a great circle 1is given by (5) S = Ra. The larger
great circle central angle is given by 2f- 8 where B is in radians.

The greater gmeat circle distance again follows from the RB relation. .

Southern latitudes are entered as (-] and Northern, as (+). Longituded

are entered as Eastern from O to 360 degrees and are all (+). 1In
addition, to provide for common usage, both latitudes and longitudes -
are entered in degrees, minutes, and seconds. The radius of the sphe

is entered in km, but the values of L and S are given both in km and
nautical miles. There appears to be no prohibition against either —

the latitude or longitude being 0,*80, 0 or 180/3B0 degrees respectivg

Values of mean radii of various astronomical bodies are loaded From

the program card into the secondary register, with the value for the
moon being in 810, the first or closest planet Mercury, in Rqq, Verus,

..LII Illld, edl bII LTT l_l13 ELl .

Operating Limits and Warnings

Remember that when the second side of the card is loaded into the
HP-B67, the above constants are loaded first into the primary

register. These then must be transfered to the secondary register.—
This is necessitated by the program being loaded on the first side of

the card. Additional operating instructions are glven on page 3

Provision is made for re-iterative operation. T

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Sample Problem(s) PROBLEM NO TI: A satellite 1is orbiting the planet MARS in
a circular, concentric orbit of constant
altitude of 850 km. What is (a) the distance to the satellite Ffrom a
fixed ground abservation site as the satellite First appears above the
horizon, (b) the total angle subtended by the diameter of MARS as seen
from the satellite, (c] the angle at the center of MARS subtended by th
sub-satellite point and the ground site, (d) the distance over the sur+t
Fface of MARS from the sub-satellite point and the ground site?

PROBLEM NO II: The Soviets announced the VENUS 9 and gO lahd%ng coor-
dinates of the descent capsules as 33 N, 2393 E and

150N, 295° East respectively. What is (a) the smaller angle at the
center of VENUS between these two landing locations, (b) the smaller
great circle distance between them, and (c), the larger great circle

distance?

SOLUTION NO. I: Load both sides of the program card. Side 1 contains f

program and side 2, the radii in km of the moon and
planets in increasing distance from the sun, with the value for the moor
in Rqg, MERCURY in R44, VENUS in Rqgz, EARTH in Rg, etc. After loading
| side 2, IMMEDIATELY interchange primary and secondary regicters  cince |
the presence of the program on side 1 "fooled" the HP-67 into believing
Solution(s) <ide 1 was empty. Next enter 14 in display,pressh STO I. RCL(1) an
in the display the contents of the storage register Ry14,; or the radius g
MARS in km as 3387.55. Store this value in primary register Rg. Load
1.852 in Ry, and B50 in Ry. Press Key A for solution of (a) and observg
2545.85 km. Press R/S for solution in n. miles, which is 1374.65. Press
R/S again to prepare for Key B operation. You again have 2545.85 in thd
display. Press Key B for solution (b) giving 106.15°. Key C gives (c]
as 36.93°. Key D gives the distance over the surface (d) as 2183.21 km
while R/S gives this distance in n. miles as 1178.84.

See page <2a for the solution of PROBLEM NO,., II.

\_ J
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SPACE SCIENCE AND TECHNOLOGY NO. (1) HORIZON DISTANCE, GREAT
CIRCLE DISTANCE.

SOLUTION NO. II : Place 12 in display. Press h STO I, RCL (i) and
observe 6052 km as the radius of VENUS.

Store this value in R4. Place 33 in H4, 293 in HS’ 15 in

Rg, and 295 in Ry. [?F these were not givemn in even degrees,

they MUST BE ENTERED AS DEGREES, MINUTES, AND SECONDS).

Press Key E for (a) and observe 18.08°, Press R/S and observe
1910.93 km as the solution for (b), with R/S again giving

the solution io nautical miles as 1031.82. Press f Key A

and observe 36,114.90 km as the solution for (e). R/S gives
this greater distance in n. miles as 19,500.48

CAUTION: It is not advised to recall the constants from the
secondary register by interchanging them with the
primary register, since the primary registers are
no longer filled with zeros, and the particular
sequence of operations chosen can easily destroy certain
values of the planetary radii originally placed
in the secondary register.

Of course, the radius of ANY pbody can be stored in Rg for
applicatton to this program. Some additional planetary
satellite radii, as mentioned on page 3, follow:

Jupiter: Io = 1670 km, Europa = 1460 km, Ganymede = 2550 km,
Callisto = 2360 km
Saturn: Titan = 2440 km .
The remaining planetary
Neptune: Triton = 2000 km satellites have much smaller
radii, and have masses so
small they probably do not
have aven roughly a spherical shape (through gravitational
effects).
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User Instruetions

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 |Load program, Side 1 first, side 2 last rﬁ jl; |
2 |Interchange primary and secondary regd. [ii;]ﬂ:::}
3 |Recall desired planetary radius through|h STO I, RCL| (i) || |
4.|Load Ry with above value. Load 1.852 in L] |
Ry, the altitude h in Rp, delta h | I[ |
im Rg{for re=iterative operatior] I | |
Lat. A in Bus long A in Bg, lat. B i
Rg, and Long. B in R,, all in degreges, ‘ l‘ |
minutes, and seconds, NEVER DEC. DEGREES. t I‘ |
5.|Key A computes L in km | A I[ ‘ L in km
6 |R/S computes L in n. miles IH/S]l | L in n. .
7 |R/S For initializing Key B operation | rR/S] | | |L in km
8 |Key B computes subtended total angle I B ‘I | P in dec ©
9 |Key C computes central angle |7Qﬁl[ ] B in dec} °©
10 |Key D computes distance S in km I'D || ] S in km
11 |R/S computes S in n. miles | R/ | | 1S in n. p.
12 |FOR RE-ITERATIVE OPERATION , press R/S | again. |H/S’| I new h
(New h = h + delta h appears in displaly) | | | |
R/S again re-iterates Key A through D I N |
Store proper value of planetary radius in Rg I I| '
through h=sto-=1 I l[ l
13 Key E computes central angle between ppints |E || | |8 smallef
A and B Tor smaller great circle digtance l l‘ l
14 R/S computes smaller great circle distgnce in Km 1H/S|[ l S in km [S)
15 R/S competes above in n. miles | R/9| | | IS in n.mh
16 f Key A computes S larger in km F-A || | S in km [L])
17 R/S computes larger S in n. miles IH/S’| | S in n.mp (L]
Secondary registers are loaded as Ffolldwss Nthicélt—haJ the radii
R4g = Radius of Moon = 1739.29 km ot the [pladetpry bodids
Riq = ) " Mercury = 2420.99 km arTe entered ip order off
Aig = Ty T Venus = BO52 <m t:Ieir“ NCRBASING UISTANCE
Frg— 1 - Earth =—6374-647+&m Friom % B syn. Fhgss
Reg = ki " Mars = 3387.55 km EEll’“th, being [the THIRO
H15 - " 2] .Jupiter‘ = 71375 km pl[ane‘ti [FI"DH“ the sun, Has
Rig = o T Saturn = 60400 <m i?s Pﬁqiuslloaded intd
Ry - H—thranus—=23500 = Ri3-
B4g = il " _ Neptune = 25000 km | |
Rig = " " Pluto = 2930 km I N .
Additional planetary satellit ’ || I
I

on page S may be stored in

Rop - HE:I
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67 Program Listing | 15
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 F-LBL-A [31-25-11 RCL-4 34-04] Lat A
RCL-2 34-02| h FH 31-7
ENT a1 fF-cos 31-63| cos A
g-x< 32-54 060 RCL-6 34-06] Lat B
h X7y 35-52 F-y 31-74
RCL-0 34-00] R f-cos 31-63] cos B
2 02 x 71
x 71 RCL-5 34-05| Long A
x 71 £ 31-74
010 + 61 RCL-7 34-07 | Long B
F-(x)% 31-54| L F- H 31-74
R/S B4] L in km - 51
ENT 41 h-ABS 35-64
ENT a1 070 f-cos 31-63
RCL-1 34-011 1.852 x 71
/. 8 + 61
R/S L in n. miles g-cos 32-631] B8
h=7 35-52 R/S 84| B in dec. deg.
R-RTN 35-22| L in km g-Rad 32-73
020 F-LBL-B [31-25-12 STO-8 33-08
RCL-0 34-00| R RCL-0 34-00| R
h-7 35-52 x 71] Re = s
./ . . 81| tan @/2 R/S 84| S in km (smalle;f
g tan”l 32-64| @B/2 in dec. deg,™ RCL-1 34-01] 1.852
2 02 /. 81
= 71| @ h-RT 35-22| S in n. miles
h-RTN 35-22| P in dec. deg. g-LBL-A [32-25-11
F-LBL-C |31-25-13 h-" 35-73
) 02 2 0e
030 ./. 81 x 71
k) 09 RCL-8 34-08] 8
0 00| 9o = S5T1 81
R=7 35-52 RCL -0 34-00]| R
- S0-p = 8 090 X 711 Rey
h-RTN 35-22| 8 in dec. deg. R/S B4 | S4 in km (large
F-LBL-D [31-25-14 RCL-1 34-01 1.852
g-RAD 32-73] B8 in Rad. ./ 81
RCL-0 34-00] R h-RTN 35-22 ] S1 in n. miles.
x 71l RB = S
040 R/S 84| S in Km.
RCL-1 34-01] 1.852
o/ 81
1/S 84| S in n. miles
RCL-3 34-03] delta h 100
5TO+2 33-61-02
RCL-2 34-02| iterative h
R/S 84
F-GTO-A [31-22-11
F-LBL-E [31-25-15
050 RCL-4 34-04]| Lat A
£ _H 31-74
f-sin 31-62] sin A
BCl -6 34-06 Lat B
f H 31-74 110
F-sin 31-62| sin B
X 77
REGISTERS oFEET
< 3 7 .
0 Eaglus1l.852 ’h (km) ae%ﬁ?]h gL?t"A 5Ong,A S'SEF A 5098 (prog)
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
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Program Desecription |

4 )
Program Titte SPACE SCIENCE AND TECHNOLOGY ND. (2), VIS VIVA AND PATH

ANGLE RELATIONS

Contributor's N\ame FAobert C. Wyckoff

Address 9517 Cordero Ave.

City TUJUNGA State California Zip CodeS 1042

> /
(o )

Program Description, Equations, Variables For a body moving in an ellipse, the VIS VIVA

equation is
(1) v :IE{? - iﬂ% where Vg5 is the velocity of the body at a point
o

Freo -84 on the ellipse where the focal radius is rg, the
semi-major axis is a, and u = GM, where G is the constant of Universal
gravitation and M is the mass of the primary. The circular velocity
is given by (2) Vv =r51% where r_ is the radius of the circular path.

c Lhé The escape velocity is given by
1

(3] Vg E_[EJ%{C. From Kepler’s Third Law, we have the period of the

| —2_3|% motion, T iven b

lqn—a ) s 9 Y
() 7= -

- Figure (1) on page 2 illustrates these parameters.

The path angle @ is given by
[ (1 2y1% . - .
(8) sin g =l4Y= - e ‘J where e is the eccentricity of the ellipse,
Yo and is given by
() e = (a - ry) where r, is the periapsis distance.
a

The larger and smaller focal radii for any given path angle @
is given by:

1y . .
_ o+ . 2 2, 2 Figure (2) on page 2 illustrates
(7) r= a‘gzgéa—— [éln p-r el thes e parameters.
The values of u for the planetary bodies, plus the modn
and sun, are stored in the secondary registers on
side No. 2 of the program card.

Operating Limits and Warnings For an hyperbolic orbit, the value of the semi-
ma jor axis, a, is to be entered as a negative
number. Other operating instructions are given
on page (3)

\_ y,

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

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

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

\_ _J




Program Deseription 11
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Sample Problem(s) PAOBLEM NO. 1: A7, parth 7o5malite, v aRiriRets: in1 20t ot ce

he mi-ma jor axi i= 300,000 km. 6 Radar range data gives the distance
15 tRe proba’as"840, bBo km. Assuming the range d?sta%ce was determineg
from the center of the earth, what 1Is (a)

b

the orbital velocity at
this distance, (b)), the circular velocity at an altitude of 1000 km,
and (c), the escape velocity AT THIS ALTITUDE.

PROBLEM NO 2: A lunar probe is. launched from Earth in an elliptical

orbit with a semi-major axis of 200,000 km. The periaps}
distance is 8000 km. The mid-course maneuver correction is to be ﬁeh—
Formed at a distance of 100,000 km from the center of the Earth. hat

(al, the path angle at the time and place of the mid-course correction,

(b), the NEAREST distance from the center of the Earth to the probe whef

the path angle is 20 degrees.

SOLUTION NO (1): Load both sides of rogrg? card. Recall contents of
Ri3., Observe 3.986012 x 10~ Place this value in R,
Place 200,000 in B and 300,000 in R

Press Key A and observe Vo as 1.630135373 km/sec for (a). Place 1000 +
the radius of the Earth (6371) = 7371 in R. Press Key B and observe
7.353703163 km/sec for part (b). Key C ives 10,3

IS abou m/sec Bess an or aunc at the sum

Fgce ? the gah%h, which demonstrates the advantage of launching fFrom a
Solution(s) parking otrbit.

SOLUTION ND. (2): With both sides of program card entered, place 13 h st
—S1U 0, 200,000 in Rz, 100,0007in R4, 8000 in R 2.,and 20 in
Rg. Press Key A to load the square of the eccentricity, é in Rg.

Observe 2.445203059 in display as the VIS VIVA velocity. Press F Key A
and observe 18.86358066 dec. degrees as the solution to (a). Press

Ff Key B and observe the MAXIMUM focal radius as 318854.2098 km. Press
R/S for the MINIMUM focal radius and observe 199981.1364 km as the sol-
ution to part (b).

JJ0-
Qoo

TJ

I,

L J
Reference(s) Any standard work on ASTRODYNAMICS such as W
SPACE TECHNOLOGY - H. Seifert, John Wiley and Sons, Inc. or
HANDBOOK OF ASTRONAUTICAL ENGINEERING - Koelle, McGraw-Hill.

=
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Values of u, in kma/sec2 for various planetary satellites

Primary

Jupiter

Saturn

Neptune

SPACE SCIENCE AND TECHNOLOGY NO. (2]

Satellite

TIo
Europa
Ganymede
Callisto

Mimas
Enceladus
Tethys
Dione
Rhea
Titan
Hyperion
Iapetus

Triton

48390
3130
10319
6455

2.523
5.722
43.035
68.465
146.67
9330
2.934
82.17

8.803

(less than)



User Instruetions

SPACE SCIENCE AND TECHNOLOGY No.

VIS VIVA,

KEPLER’S THIRD LAW,

(2]

AND PATH ANGLE.

1

9

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

Load both sides of card. Interchange

primary and_ secondary reglisters. HRed

the aggro ate value oF u through op

lace La
DCal d? “in 1, Snd tRe’ Behe: ma jd
dist nce 1

all
er t on
ad

r ax1s

SFET80SE -5, "B1alkt RRELBEFTL LT IR YA

Hgelutlor

Place the .periapsis distance, r  in

Rgq and tH

he

path—arngte#—1in Rg— fTorpathargte

eration

Key gives the VIS VIVA velocity V_

Key gives the circular velocity Vg

Key gives the escape velocity Vg

Key gives the orbital period T in sed

onds

(ORNORFSREORNY

m| o0 | o>

Key gives the semi-major axis in km

For path angle computations, Key A md

st

1h1tlaély be pressed 1n order to comd
load = in R The VIS VIVA valoci

ute and

voowi 1]
Y—Wida

appear in the display. Disregard thi

S

Key f-A gives the path angle @ in dec.

(0]

Key f-B gives the larger focal radius,

"max-

R/S gives the smaller focal radius, rg;

For Key C operation, Key B must first

be

pressed,

in order to compute the circy
velocity .

lar

=

Values of uin kmd/eec are on the sid

e 2

in

the program Car*dE and_can be placed

Body

Moon .90098 x 109

Mercury 2.15215 x 107

105
105

. 24815 %
. QQRF\4 9\1

Venus
Earsh

A =aSa=acy

Mars .30430 x 104

Jupiter 1.26658 x 108

-
107

408

. 79416 x

27QQ2 ..
77/ OO

Saturn

3n01a.bcnu3m.b

| b

oPands

Neptune 6.85500 x 10°

Sun 1.324948x 10"

Additional values of u for various sate

lites

are given on page 2a.

Re-iterative operation is not provided

in as

much as generally discreet values of t

he

parameters are desired.

L
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/ sec

Vg in km

/ sec

Ve in km

/ sec

T in

secC|.

a in km

dec|.

in

j<m

in

j<m
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97 Program Listing |1

STEP KEYENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
«LBLA giil sE7 yy -41
2 2 B58 z -24
RCL! 3¢ at &59 K2 53
g -24 GEe €T0S 75 a5
FoLz € 8z 3. 1 !
£ £z ggr xRy -41
- -35 €3 - -45
spe RCLA 3 8 764 ROL2 3 a2
ape s -35 ¢€5  RCLG 3¢ 6@
1P L5 54 Vo € X -35
g1t &8TOF 35 &7 _ &7 v -35
2 PN 24 Vo 1nm km €8x 54
517 ¥LELE 2112 €2 RCLI 3 81
i14  RCLE T 78 RCLT 36 67
§15  ROL! 3 61 a7t x -35
a1€ z -24 2 . -24 &
TR 54 Vo "2 SING 16 41 @ in dec. ©
518 RTH 24 Vg in km 4 RTN 24
719 ¥LELC 21 13 5 slBLb 21 1€ 12
el z 2 £ RCLE 35 86
i rs 5 7 SIN 41
-5 Ve e -21
24 Vv e in km Ta =21
21 14 g8 -35
e 281 -41
az ig2 ROLE 3 62
31 587 xRv -41
16-24 84 z -24
53 T ! -41
84 13 1 o1
-3 o7 - -45
-35 GgR  PCLS 35 @s
36 aa cRa 4 -58
-4 590 s 54
s ] 21w -35
24 T in seconds zer  ENT# -21
21 1% £a7 2 5 82
':;.; éé ::_‘; P"q&“ iy b_g's'_ r(max) in km
3 837 695 RS 51
53 Ga5 X2y -41
-35 §97  RCL2 3 8z
£-7 ] Ly - ‘
N E; §§§ b _Zé | r(min) in km
a4 186 FTH 24
-35 1
-24 .
LTI P 5z .
48 ¢ 5! a .
o568 RTH 24 a in km =
i51 #LBLo 21 16 1! -
32 PCLZ 36 62 s
L5 ENT? -21 110 i
£54 ENTH -21 .
£55  RCLY 3% 84 .
56 - -43 REGISTERS _ -
1 2 3 4 5 2 6 7
0 rokm akm T . ™ km e(prog) @ dec©O VO(PFOQ
SO u S1 y S2 u S3 u S4 u S5 u S6 u S7 u S8 S9 y
Moon Mercury | Venus |Earth Mars Jupiter|Saturn Uranus |[Neptune | sun
A B C D E I
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Program Deseription |

-
Program Title SPACE SCIENCE AND TECHNOLOGY NO. (4),  BALLISTIC MISSILE RANGE h

Contributor's N\ame Rex H. Shudde and Robert C. Wyckoff

Address 5§}9SCAr %gg 3%.
Carmel California 93921
City Tujunga State California Zip Code 91042
\_
(

Program Description, Equations, Variables Computation of the surface range of a ballistic missi

is fairly common in the literature, but it is generall
assumed that the launch and target point are located on the surface of the body. The
unasymetric case is more difficult and seldom seen, This program, utilizing Newtoni
2-body theory, gives an exact solution. The basic assumptions are that the body is a
sphere, is non-rotating, and has no atmosphere, The latter assumption is nearly
correct, since the large portion of the trajectory is above the atmosphere. The various
astronomical and planetary constants are held on a data card and are loaded into the
primary and secondary registers, where the appropriate values of -he gravitational
constant u, and the mean radius of the body r are selected as desired.

The path of the missile is a portion of an ellipse of semi-major axis a, given by

1) 1/a =[?/R1 - V12/§} where R; is the radius of the body plus the altitude of
burn-out, and V., is the burn-out velocity. R& a are given
km and V1 is in km/secz. u is in km’/sec2. The semi-latus rectum of the ellipse 14
given by 2 ] ]
(2) p= (Rlvlcos 2 where @ is the elevation angle (to the local horizgn)
at burn-out, The eccentricity of the ellipse is

(3) e = (1-p/aE;/2 The true anomaly of the launch point is givem by

%) £y = cos™1 /Rl’l)llé] where 04f; (1 The true anomaly of the target point
B is given by
(5) £, = 2m - COS-H}P/Rt-ﬂ 1/§] where TN{f (21 Range over the surface between
perpendicularies through the launch-
and target points, is given by (6) S = R(f ) where R is the radius of the body
radius of the body + the altitude of the target iocalﬂdngenerally equals R,

To compute the time of flight we need to calculate the eccentric anomalys, E; and E_4
(continued on page 1la)

Operating Limits and Warnings

The line of apses must separate the burn-out location and the
target point, 1i.e, the elevation angle § at burn-out must be 0( f {n/2
JObserve operating conditions given on page 3. —

emember, the planetary constants are loaded in the registers from the data card in
order of INCREASING DISTANCE from the sun, with the Moon, as 0, Mercury as 1, Venus
as 2, Earth as 3, Mars as 4, Jupiter as 5, Saturn as 6, Uranus as 7, Neptune as 8

nd Pluto as 9, Values for the sun are loaded in Register A,B. The numbers above
E NOT REGISTER NUMBFRS, but index no's, used to recall the proper values from the

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

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

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

\_ _/

J




SPACE SCIENCE AND TECHNOLOGY, No. (4), BALLISTIC MISSILE RANGE, etc.

E, is given by (7) E, = cos'ﬂ}i - Rlla)lléj where O Eq (T

1

and

(8) E, = 2m - c°s-1[@ - Rt/a)l/§] where T{E, (2T

The time of flight is given by
a3/2

9
(9) tg 1/2

EE - El) - e(sin E; - sin Eli

The maximum ordinate is given by

(10) hm = a(l +e) -R and the velocity at burn-out and max altitude
are
1/2 2
ain v, ﬂ(u/Rl) / and vc,m = (u/R+hm)1/

The value of the semi-latus rectum which correspondes to the elevation
angle for maximum surface range is

12 ., = 2 while the value of @ for
P 1 1 maximum surface range is
7a - R, Za-TR
_ 1/2
(13) ¢max = COos 1 [S_En_p:u ) J
Registers are Loaded
as follows:

FREG e

Fret:

4. 90858006663 € i
1. 73929866663 ; 1.2665880888+a35 €
: 152150866+84 : 7. 1375066866+64 i
2. dFUISREGE+ES z :‘-:. F94160a8a+G7 =
e aes 6.846000686+64
6.852668066+63 9. 78320600 0 4
S acairoooier o 2. I500G0AEE+ES 5
6.371017608+83 T 6. Guse0gaEE 00 o
S nasaepoeens b 2.500000008+84
3. 38755@060+65 3 J.31z237apaa+ls &
1.324945086+1] & £.330680008+65 >
6. 96000806a+65 E 1.324348808+11 &
. 00ABGAGAA+E ¢ 6.J6pananE+ES &
G, BAABAAOAA+GE  © 8.808686668+60  {
G, GOBARGABG+EE  © 8. gggegaaaa+a@ i
posaroo  t 0. ROBGARAGE+EE  ©
@.0ERABEAGR+AE ] o saseaneomige
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Program Deseription 11

Sketch(es)

_ J

o
Sample Problem(s) I An IRBM is launched vertically from the earth and after a gravity tuf

burns out at an altitude of 60 km, a burn-out velocity of 1.5 km/sec|
and an elevation angle of 30 O, what 1is: (a) the range, (b) the maximum ordinate,
(c) the flight time, (4} elev. angle for maximum range, ¢ max, and (e) the maximum raf

II Calculate the above for a burn-out altitude of 20 km the same burn-out velocityl
and a target altitude of 3 km. Use 30° for the elvation angle,
IIT Perform problem I for the moon,

SOLUTIONS: I Load program and data cards. Since Earth is the 3rd planet from the
sun, place 3 in display. Do f-E,. Enter 60, do f-A, Enter 1.5, do f-B,
enter 30, do f-C, enter 0, do f-D.

Key A gives 281.81 km for (a). Key B gives 90.14 km for (b). Key C gives 219,48 sec.

for (c), Key D gives 38,54° for (d), Key A gives 290.32 km for (e).

ITI Enter 20, do f-A, Enter 30, do f-C. Enter 3, do f-D.
Key A gives 230.66 km for (a). Key B gives 49,76 km for (b). Key C giveg
179.05 sec. for (c). Key D gives 42,50° for (d). Key A gives 250.78 km

for (e).
II1 TLoad data card again. The index no. for the moon is 0, Place 0 in
) display and do f-E. Enter 60, do f-A., Enter 1.5, do f-B, Enter 30,
Solution(s) do f=C. Enter 0, do f-D.

Key A gives 2725,60 km for (a). Key B gives 593.74 km for (b). Key C
gives 3032.18 sec. for (c). Key D gives 21.00° for (d). Key A gives
2858.99 km for (e).

\ v,

s A
Reference((%)) HANDBOOK OF ASTRONAUTICAL ENGINEERING, by H, H. Koelle, Ch. 7, 1961.

McGr Hill
(2) NONSYMETRIC BALLISTIC RANGE, HEIGHT, TIME OF FLiGH?Y-A D OPTIMUM FLIGHT PATH ANGLH

COMPUTATION WITH PROGRAMS FOR HP-65 CALCULATOR, R. H. Shudde, Naval Post-Graduat
School Technical Report, NPS 55Su76031, Mar 1976
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User Instruetions
SPACE SCIENCE AND TECHNOLOGY, No. (4), BALLISTIC MISSILE
1 MAXIMUM ORDINATE, TIME OF FLIGHT, ELEVATION ANGLE FOR
= MAXIMUM RANGE
=1
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 load Program and Data Cards. L ’
2 Select and enter body index no., do f-E (%) n [ff?i][ji::l u gggvinde(
3 | Enter burn-out altitude, (in km) do f-A h | £-A ]| | [hin km,
4 | Enter burn-out velocity, (in km/sec-), do f-B vy f-B | | | |vq in km/sgc
5 |Enter elevation angle, dec.®, do f-C )] | £-C || ] # in dec.®
6 | Enter target altitude (in km,; generally 0) h, | || |
do £-D l¢-p]| | |n, in km
7 Key A computes Range in km | A || | IS in km
8 Key B computes maximum ordinate in km | B || ’ hmax in km|
9 R/S computes circular vel, (km/sec) for h | R/S || | v in km/sec
10 R/S computes circular vel.(km/sec) for h | R/S || | Ve,n in kmy sec
11 Key C computes flight time in seconds | ¢ ’| | t. in sec
|- — =" |
12 Key D computes # for maximum range, (dec. ©) | D || | |9 max.
13 Key E computes any distance, Key A or B to n.|miles | E || | Sy hp.y inn.m.
.
Step 2 must be performed BEFORE any subsequenf step. | ‘I ]
Step 7 must be performed BEFORE any subsequeng KEY oper.| | ||
If a new body 1s selected, DATA CARD and step[2 must | | K |
inttially be performed
.
Primary and Secondary Registers are loaded fyom the datp Qard ?* fol}ows'

ko ] s
J €L,

Themr go to step

Index No. Body u (km3/sec2) Radius (km) Registlers | |
0 Moon 4.,90098 x 103 1.73929 x 103 0/1 l ll I
1 Mercury 2.15215 x 10° 2.42099 x 103 2/3 ]
2 Venus  3.24815 x 10: 6.052 x 0; 475 ’ K ]
3 Earth  3.986012 x10 6.371017x 10 6/7

4 " 10% 3.38755 x ‘ng 8/9 | [ |
Sun 1.324948 x1011 6.96000 x 10° A/B l | |
5 Jupiter 1,26658 % 100 7.1375 x 1ot —tror1t L

6 Saturm3.79416x16. 6.0400x 0% 12/3] | [l
7 Uranus 5.77892 x 10° 2.3500 x 10% 14/1s| | [ |
8 Neptune 6.85500 x 10° 2.5000 x [0y 16/17| | || |
9 Pluto  3.31237 x 10> 7.960 x J0° 1871 | i |
Sun 1.3246948 x10 6+96000-x $02  A/B | i |
CAUTION: If the sun is used as the primary pody, no | | |
index number is used., Value of u [is already|in|regipter A}
Recall contents of register B, and[load in ¥ girter Fr ’
N
| |
| |
K |




¥/ Program Listing |

25

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

g3 ¥LELF 211 E7 LR 1€ 45

BEZ  RCLC 36 13 g58 - -45

88T ROLL 7€ 14 g5e  RCLC I 13

£as + -55 RER % -3z

gae 2 az g2 ETOE 2z @@

gaT Y -41 867 ALELE 2112

BES 2 -24 B4 RCLI 6 637

BES  ROLE I 17 BES ! @l

E1E e 53 REE + -55

B1: i I 11 BET  RCLI € @l

R1z z -2 fes 1-8 Sz

p13 - -45 RES ¥ -35

14 STOS = 8l Computes 1/a 876 RCLC 2 13

B1S  ROLE I @ P71 - -45

B1€  RCLE 26 12 BTz RS 5 |Computes hygy

217 ¥ -35 877 RCLC I5 13

B1&  RCLE I 15 874 + -55

g1 COS gz 7S RCLA I it

A . -35 BTE X2 -41

221 53 grr 2 -24

522 RCLA I 11 pTe 7K 54

B27 : 24 8re Rs8 51 Computes V

624 sToz 3% ge | oUPutes P 8¢ RCLA 26 1 cmax

B2 ROL! 75 @ 88!  RCLE I aa

s . 38 gas z -24

g2r ! @l gez IS 54

BoE Ky -4] ae4 TN 24 Computes V

- a5 E8S  ETOE 2z aa c

: ok 54 B2  *LBLC 2113

pI:  STOZ 75 gz [computes e Ber ! a1

23 ROLE JE @z 288 RCLE JE @@

3T  RCLE 3 @a ges  RCLI Je @l

£34 B -74 Bae ¥ -35

pIs ! @1 Bo! - -45

BIE - 45 837 RCL3 76 @3

837 N -41 B3z 2 -24

B35 z -24 ge4 [0S~ 16 42

g3& OG- 15 42 lcomputes £ pOE  STO4 75 84 Computes E;

B48  RCLE TE AP 1 1T ! @1

4!  RCLE JE 12 gsry  RECLC Je 13

g4z RCLE 6 @9 e3&  RCLS J& @s

43 + e paa + -55

144 : -24 186 RCLI & Al

845 i I3 181 X -33

" - -4 182 - -45

847  ROLZ € az 183 ROLZ 7€ a3

648 2 -74 164 B -24

g4e  Cos- 1€ a7 185 Cos- 16 42

Bs z az 1@8¢€ D+R 16 45

151 Fi 1E-24 ey z az

Bs2 y -5 188 FPi 16-24

gz H7 -41 189 ¥ -3%

85 03k 15 45 e N2y -41

gss - -45 Computes ft 11! - ,_4§ Computes Et

B5E &7 —41 112 R[ 1€ 46

REGISTERS

Ry i [1/a in [p inkn [e ‘E1dec® [°E, dec®|® ’ ® " RaiBek®
SO L S1 S2 S3 S4 S5 S6 S7 S8 S9
A u in km3/sec? ° € # dec © :

B
Vi in km/ sec

C
RE in km

h in kg
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97 Program Listing 11

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

1z 8705 35 @5 1c2  RTH 24 |

114 D=k 1€ 45 176 GT0@ 2z a8

115 N2y -41 17! *LBLE 21 15

11¢ O+R 1€ 45 v i 8i i

17 - -45 173 ] -2 |

118  PRCLS 3 85 174 g as

119 CIN 41 (75 5 @5

128 FCL4 36 a4 17€ z as

121 SIN 41 177 z -2

a2 - -45 17e RTH z4

27 RCLZ 36 a3 I7e ¥LBLe 21 15 1%

124 X -35 186 z az

25 - -45 181 B -35

12¢  RCL1 36 @1 182 &TCI 35 46

27 148 5z 183 RCLi 36 45

2 3 a3 184 ISTI 1€ 26 486

128 ENT? -21 185 RCLi IE 45

12@ z ez 18¢  STaC 7= 13

131 = -24 187 R -31

132 i 31 188 ETOR 35 11

122 RCLA 36 11 {g¢c R85 g9

134 TE 54 13¢ *LBLa 21 15 11

35 z -24 ia!  STOD 75 14

13¢ X -35 132 RS 5

137 RTN 24 Computes t_ in sec. 187 %lBLk 21 18 12

138 GTo8 25 @ s 194 STOE i

139 xLBLL 21 14 1395 [ 5]

148 RCL! 35 a1 19¢ xLBLc 21 16 13 |

141 178 5z 197 STOE I5 15

142 z ez 198 Reg 51 ;

143 X -3E 195 xLBLd 21 16 14

144 RCLLC JE 13 PEE STDS 35 @9

145  FRCLS 35 @z 2@1 BT 5i

146 + -55

147 - -45 ]

148 17K 5z i o

149 RCLI 36 81

156 178 z

L z az

152 by -35

153 RCLE 36 @@

154 - -45 210

155 178 5z

156 + -55

157 z a:

158 N -41

158 : -24 Computes p opt.

166 RCLA 35 11

161 x -35

162 X 54

163 RCLRE 36 8a

164  RCLE 3E 12 220

165 b -35

165 z -24

167 rCos- 16 472 Computes f max.

168 STOE 35 15

LABELS FLAGS SET STATUS
S=Range [Max. Ord. ‘E;’r of F.[°9 opt. [fm to n.m.[° FLAGS TRIG DISP
@ lk/s = Circdlar Vel ford Max. Ord.e 1 0 o[’]\l 05F DEG O FIX O
0 R/S = Circy2ar Velocity for BurnfOut Altitulfe 100 GRAD O SCI g
2 O O RAD O ENG

5 6 7 8 9 3 s 00 n
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Program Desecription 1

~

- - )
Program Title C ELESTIAL P

oS 17 jon/
Contributor’'s Name JOS EPH /? %/0 BAE T
address G723 Bespy Aus s

City SrPeve Vaies v stae (A ZipCode 72077
\ J

( )
Program Description, Equations, Variables FPROG6RArM CALCULATES LocAL SIDsEIAL

TIME AnD AZIMCTH AnD ALTITUDE AnvD HourRLY RATES COF
CHANGSE OF THE AZIMUTH AND ALTITUDE OF A CELEST/AL BODY
AS A FuwneTlon OF DPATE AmD TIiME, OBSERVEE'S GEOGEAPH IC
PosiTion , AnD CELESTIAL COoORDINATES OF THE BoDYy .

FORMAT S D LATITUDE | LONGA/TUDE |, AND DECLINAT IO ARE //\/
Dscress - MINUTES - SEConDS ; RIGHT ASCENSIOMN AND Al TIMES
ARE IN HOURS - MiNUTES - SECONDS 5 AND AZIMUTH AvD ALTITURE
QUT PUTS ARE N DECIMAL DEGREES.

PRocRAM STsPRS 72-78 ARs A SIDERIAL CoNSTANT THAT
MATCHES T HE ZEROTH HOvR OF O JANUARY Fork THE YSAR
GIVEW N STePS ¥-/1 :

" . .
CoMSTANT = SIDERIAL Tims ( DsCimAL /—}oues) Foe O% JAN O
24

THE SIDSRIAL TIME 1S AVAILABLE N THE UANVERSAC AxD
S/DERIAL TIMES TARBLES OF AN _EPREMSEIS . NOTE THAT. T HE
Operating Limits and Warnings V' PU7  SOUTHEIRN LATITODES A~nD DéEcl) —
NATjonS AND SASTERA LONBNITUDES AS WNEGITAVE NLmMBERS .
STEPS &§-// AnD 72 - 78 MosT BE CHANGED EACH
Ysar . AMNMY INPUT OF MovTH AND DAY MUST L
PEsCEDPED BY LATITUPE AnD LONBN/TUPE JNPUTS TO
SNSURSE THE VYEAR ]S SNTERED /NTO THE CALCULAT /IO
ufafc’ DAY OF THE TEAR. )

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

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

L J
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Program Description |

~
Program Title

Contributor’s Name

Address

\_

City State Zip Code

J

( . e .
Program Description, Equations, Variables V/) Lug FOR DECEMBER 3/

THE NEXT YEAR

¥ Soms  CowsTAwnTS . )97 7T7 = 276578
/978 > .27585)/
FOR APPARSNT SIDERIAL  TIME.,
/F /EAN  SIDERIAL T IME /S  ACCEP,TARLE
17 76 > |, 274436
/177 >, 276571
)77 > . 275848
/777 > ,275/8%
)0 >, 274522

OF CNE

YSAR ]S  SQuIVELIENT TO THE VALVE ForR JANUVARY O OF

S

upon any representation or description concerning the program material.

MATERIAL.

Operating Limits and Warnings EnSups DATE USED mMATcHES GM 7'-)'
THE GMT DATS CHANGES AT O~ Gm7 wor A7 ON Locar
TIME .
\. J
( N\

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

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

_/
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~
Sketch(es)

\_ y,

8 N

Sample Problem(s) AT Jyco ST /5 e /977 (0200 CrT /6 J/QN) , Fe
/ /7

An OBSTevie A7 32°92° N L AaTIeps /)7° 05 Tt sonvenrTens

FIvD  LochAL SiDE@IAL Tims  AmnDd THE PifiTion oF Vswoos A~D

y , A
JS 7° 207 5533 NovrH Dre civarion Anwp 227556747 .42
Jnv RPlienrT ASCSASIon AT THIS TImME .

Secorions s 32. 42 8T 11705 f£A — /977
1 $~v7 2 /6 F B - /)6 (DAY 0F ysar)
7.205533 CHS SAT P 22.569792 A —> /.
2 - * 537 5.7
234.5°

S

/2.9553 o/ﬁ/e

RATS CF CHARGE gF PesTiond. From Ax SPHsSmsers I/s,uw.

IS

AY

IO O ™

——>

R 32.0°
£ —
£ - — 0,437 °/ AR

C

Viwos s s 7ms Ssvrpwssrsen sky 32° amovs Tee
FORIZON 5 4T )L poins SR THWAPD J2 453 °//7’/Q
AND  TowARD THE  FOri2in J0, %37 T/ ER (nssscTivg
ATMOSPHERIC 25 FRASTIIA ) .

A
s e 27037 )7.4°

\/u’iw LST (//‘)FTZ‘P ComrPuTInG A ) /S NORIGINAL oam7T + )07

y,

7
Reference (s) 77/2’ /4/72‘/?/(/?/\/ gp/‘?’i/’//'il/?/S ArD _/{,4‘,’UT/('/0,L ///’LM»‘,’A//?C,

PRINTED SAcH YEAR Ry TrHs S Govsramsasr 2R nTin6
DFEFice, WASHIvETON | D, C

T




Y [ ]
0 User Instruetions
CSLsST/AL [POSITION
LAT 4 Love MO P DAY NAz A AT
CMT>LST o Az Aeg
STEP INSTRUCTIONS DA'T'SS;,TS KEYS DSTUAT/SlrJuTTs
/| | Loap sipes / Anp 2 LIl ;7
2 //VPU?j LATITUDE AMD La/u(,/v/rupz, LQT/D-HS [?/‘F’;] Lﬁiﬁj
cows/pps| | £ AL | Y5AR
| 3 | JvpoT Movts  Awp DAy | 70 12 vy 1
[ 70 3i | f || B |Y%ar Day
4 | /vpur OBJUScT DSciimnATION AnD Pic /D113 lsmr || |
RitrnT Ascsnsjon BA 4. M8 A |
S |Cowvser GMT 1o LST GMT [ H.11S | B | |sr /HMS
G | Compors Az2imors ¢ | Dsc
7 | Compurs  ArTs7Uns DI | Ds6
B Compurs A Azimurr /Hovre L F Il ¢ | | pse/He
Q| Compore A Acrizens [/ Houve | £ H D L Dsc [Hr
\
RsTtuvesrn To sTsPs 4 or 5 As .
PESIRED . o CHAnNGE S MopTH l || |
AND DAY SITHER PsPFOPM  STEP \ || I
2 FIBST OP SNTER YSAR IN T |
STACK PRk To MonvTH. STsp I .
8 APps O minuTsS TO ORIGINAL I
6MT . \ N |
l | |
T HIS PROGRAM LUAS DSSIGNED TO I .
PRovIDE  PoSITIONING AND | N |
TRACKING DATA For2 A  Ssmi- ‘ | |
PorTrABLS  AlT- A2 T5LEScoPs L]
| I |
LST CAN BE RECALLED ANY TIME | £ |1 | |s7/Hms
AFTsR STeP 5 [ | | |
| |
I | |
I N |
i | |
l N
I | |
l | |
| | l
l | |
| |l |
| | |




67 Program Listing | 3t

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 L BL a 3225 /i = H 37 7o
DSP 5 23 05] STO0 S 22 05
> H 3/ 74 T 3s 22
S70 2 33 02 060 LBL B [3) 25 72
X= 7 35 52 SF O |35 5/ oo
—> H 3/ 74 STOC 33 ;3
S7o 1 33 0/ | 2oCL Z 24 O2
/ or]|) MusT mMATCH 3 03
9 01|S pAaTE oF & 06
o1 7 o7 UTATION o 0o
7 o7 comp S70 7 33 07
DSP O 23 oo —= 5/
RTN 35 22, 1 0/
LBL b |32 25 /2 070 X =7 35 52
X= 35 52 — 5]
S70 4 33 0¥ - 93 S IpERIAL
3 03 2 02 CONSTANMNT
X>7 32 8l 7 07 MUSZH
G70 1 22 0 A 06 MAT
020 GSB 1 31 22 ol 5 05 Véﬂgs
R 1 35 54 / ol s7Z /)
4 o4 8 08 8 7o
- 81 + &l
FRAC 32 g3 080 X=7r 35 52
X =0 3i 5 —> H 3/ 7%
1 0l 2 o2
RCL3 34 03 F 0
+ 6l -+ 8/
INT 3/ 83 RCL 3 34 03
030 RCL4 34 0y + 6/
. 83 1 o/
4 o4 . &3
X 7/ @) 00
2 02 090 O o0
. 83 2 02
3 03 7 o7
+ A 3 o3
INT 3/ 83 7 o7
— 5/ 7 09
040 s70 3 33 03 X 7/
PT N 335 22| > véae pAY + o/
LBL 2 |3/ 25 o! FRAC 32 83
R 35 52 2 oz
1 o1 100 4 o4
- oY X 7/
3 03 > H.MS 32 74
/ (o] S7TO O 33 oo
X 7/ DsSP 5 23 0S
+ o/ TN 35 22
050 570 3 33 03 LBL C |3/ 25 /3
BTN 35 22 RCL O 34 00
LBLA |31 25 /)] CFO |35 &/ o0
SF O 35 5/ 0o GSB2 |3/ 22 o2
GSB2 |31 22 02 110 RcL 6 34 06
S7T0 6 33 06 — 5
X< 35 52 STO & 33 08
REGISTERS 8 a
4 5 _ 7
“1s7 247 [rowve ['ve pas|morn7y | pec RA 360 | LHA | SwALT
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
B C D E
AT A2 G717 A7 JAALT A2/ A2
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2 67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RCL 1 34 o] LBL D |3] 25 /4
SIN 3) 62 170 F? 0O 35 7/ 00
rCL S 34 05 GSB C 3] 22 3
S/INV 3) 62 DSP/ 23 0
X 7/ RcCL A 34 /1
BCL 1 34 o/ GT0 4 22 o4
cos 3/ 63 LB 2 [3) 25 02]
120 RciL S 39 OS > H 31 74
cos 3/ 63 / ol
X 7/ S 05
RcLE 34 08 X 7/
oS 31 63 180 RTN 3522
X 7/ LBLc [22 25 13
—+ A RCLA 34 /7
STO 9 33 09 S70 D 33 /4
sin =7 32 62 RcL B 39 /2
S70 A 33 )] S70 & 23 /5
130 RPCLS 34 OS RCLC 34 3
SIN 3/ 62 . 83
BcL 9 34 09 7 0)
RcL 1 34 0/ + Al
SNV 3/ 62 190 GSB B |3/ 22 12
X 7/ GSBC |3/ 223
— s/ RCLE 39 15
RcL 1 34 0/ - 5!
CcoS 3/ 63 & 0b
- 8/ X 7/
140 RcL A 34 )) S70 § 33 /5
cos 3/ 63 PSP3 23 03
—= 8/ RTN 35 22| A Az
cos '/ 32 63 LBLd |32 25 )¢
rCL 8 34 08 200 RCLA 39 /!
SIN 3/ 62 RCL D 3y )y
DSP 1 23 0} — s
X <0 3 7/ 2 A
G703 22 03 X 7/
R v 35 53 S70 D 323 /4
150 RcL 7 3y o7 DSP3 23 O3
X=y 35 S2 RTN 35 22| — A ALT
— S/
S70 B 33 )2
RPTN 35 22| > A2 210
LBL3 |3) 25 o3
IS?\// 35 53
TO0 B 33 2
BTN 35 22| —= Az
LBL4 |3 25 o¢
160 2T AN 35 22| — AL T
LBL E 3) 25 )5
PSP S 23 0S5
RCL O 34 00 ]
RT N 3S 22| — 457 220
LBLC [31 25 73
DSP 1 23 0]
RCL B 34 )2
GTO 4 22 O0Y
LABELS FLAGS SET STATUS
"pecrpar fontsest’> Az P>Acr > 57 Plwrese. | FLAGS TRIG DISP
aL'AT’FLOA/64\ b_/"/04‘ DAY A c-?A ,42 d-—’ A AT € ! 0 OS OéF DEG R FIX
0 1 2 3 4 10 X GRAD O scl O
- sz DAy 7/—/—‘rD 8—>/}z gfaﬂ(_r i : 0 x| mo O e
3
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Program Deseription |

(" ~
Program Title B/NARY STAR EPHEMERIS
Contributor’'s Name Williame C. Wic kes
Address Dept. of Physics , Tadw v Hall, Privceto U"""‘"""[y
City Princedon State AT Zip Code o5 5¥e
\ y,
( ] )
Program Description, Equations, Variables Foir « g iven date |, Hue prograv~ caleo lafes

+ae apparent Pos;-;-ub.« a\v\é'\a_ea\z\a\ a.w.a;,(av- sepa¢k¥‘bw F of o«

bn;nc\r\/ shav S‘y$-‘-¢w~ Crc:M +la fo/low'.nj e},uttattéusc
P= Paru-cp( of ocrbid

”Muv\ Av\o»v\t\‘y” M = ZF"(é-T) = EF-esin E t= ephemeris Date
T= epoclh of pcr\'as-"rbv\ possoqa
E = "eccentric avewaly "
vedivs vedvor v = a (|- Ecos e) = sem-major axs
e = eccev\-"f;c.\"n/
% I+
ten(3z) = T—e Eoan % v = "4Hrve C\Momly"
w o= av\a|e e drve orbit
'EA\«(\){H.)) = tan(6-R)sec L vetween line of nodes aud
pcr\éﬂ-rov\
p= Vvces (v+ &) N = PO;I,J.,gM avgle of line o;nodq
L= twclvmatiow of +vve crbi{m
lnput dada ave P, T  e,a, w, ¢, N to plava of sky

For any t, progvaws cowmputes /9 and 6 = “W“m“* ,705/#:6»\ angle

P~ apparve wt ‘hﬂ?uhr ,e‘anm-‘»vén

Operating Limits and Warnings Angvlar guanf.hies ave input and ocotput s ctegrees .

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

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




3 User Instruetions

INPUT OUTPUT

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

/. Lood. Orbit Parameders TB j [f’

a . As O flashes , data card ‘,77”

may be enferad

b. l‘p ne card will M4ere¢l

Aot ts endeved Manya//}'\

{ ‘H«rochk T will be d}s,a\qyepk

dur\'vxg whiels Soccessive orbit

,oav'qwa_'f-ers are ewfered . [-p

no en—(f}, 5 made c‘lur»iﬂg Lavse

d('slp[q}, , ex ecvtiom halis

Eunter i Foilow nug ocder
(74

/. P (years) _
2. T (years)
3. Q
4 . a (arc-sec)
5 w((°)
é. < (%)
7. L ()
rC. To rese. afl de |a eufry /s ]
| . 4
Ii. To en"er M+‘/\ Parr-‘\wunnLer- N - Vl]
2. Enter Q?l‘\eMe\"\S dode t(ye&n) Lo
3]
3. For new Jk“'a; 3.0 e .
4. Lor new 54.;"-; 3:««.’./;3 old faraw:’»ers D

Nofe ; Following date v.v‘4r3,{,.

"Ced" ot dl‘spfﬁ;/,iy\ol;cou/-n@g

‘f"\&+ da{‘gu A ay bc fQC(':.‘dcd lq

endering a maguetic cacd .
U %4
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Program Deseription 11

s —)

Sketch(es) /\/

&Coﬂdany
e
P
£ P,e/man}/ h/

\_ P y,

Sample Problem(s) 745 DowmE SrAC  SS-7AU  Sas orkb Fal Clhmenrts

AS T socoS
2 =g ovdy,

7 = /1?7»57)/
e = bod
a= 0. 56/
= 130008
T - R
= syl s

FEopd Ahe vebiFal  Pas;Fsens Zoe /9769

Solutions)y B —> O. 5 (ochen 7 coo A Sy S DT 04L B S~ @
- 7 T Y y Vs S A
89754 [RE] — 7 B g0y VL 4 7, S ZZJ/ 7 ;f/ |
3 fog f T b 5 e [BIST— 7] ¢ 908 (RIS T Crd
/Ef] 1976 L] —F O 998, T 66/

\.

s ) ,
Reference (s) A1 FKen, 7He 2z nary SHars / Do VEL. /7416/,40;‘/0/7;
New Sork /969)
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% 67 Program Listing I
STEP KEYENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 L3 A 30 25 il | puter £ X 71
STC A 33 ) TAN ! 32 b4y
ReL 2 34 o2 rd o
- s 060 x 21 . L
2 02 | Coupoute m RcL S 34 os| T T
X T + AN
™ 35 13 T 4|
X T( TAN 3\ 64
RcL ) 34 ol Rt b 34 6b| Couwpute O-R
010 L i cos 31 &3
STO 8 33 o8 | _ o - .. * Al
RAD 35 42 TAN! 32 ed | ...
LBL O 3i 25 co [N 35 52
~ 41 070 cos_ 3. 63
SN 31 62 BcL ¥ 3y 68| Cowmpota p
R_cL 3 34 03 3% 11
x i X2y 35 s2
peL 9 34 o% cos 31 63
+ Al LT X 35 P2
020 - S covmpote E R¥ 35 53
LSY X 35 82 ) ' -+ B I Cow.aék 6 Tttt
1t 4 | \0/ tFarae o [ & 35 £y
RY 35 53 ReL 7 34 o7
< Si 080 + ey |\ .
ABS 35 64 RY 3s S3
EBEx 43 X <O 3 71 £ p <O
crs 42 SF2 35S S oL
s 65 | Accovcy 1,05 485 s od tpr—=F
XLy 32 71 sTo 8 33 12 (s0+6 = B
030 sE2 3y 51 o2 CLx 4
R 35 54 / ol
F2? 35 71 o2 % o3
&T0 © 22 ool _ o o ____. (2] oo
r 41 090 z+ 35 sy
cos 31 &3] F22 35 7! o2
RcL 3 3 o3 + (]
bed 71 360 63
) ol 6 c6 ¥ 6> 360°
™~ 35 52| (owmpote v o o
040 - S| x>9 32 8) 6 -360°—> 6
R 4 34 o4 cLx 44
x T - 51
sTo 8 33o08|. o _- STo ¢ 3% 13
Ry 35 53| 100 ReL B 3q 12
2 o2 —x- 3\ 84 | Display P
¥ i X2y 3S 52| Dusplay ©
TAN 3 ¢4 RTN 3s 22| -
PES 35 4| L2 B 3125 12| Euder dako
| Oj Cowmpota cF 3 3s 61 023
050 RcL 3 34 o3 7 7
+ GJ STT 35 33
] oi o ool .
Rcc 3 34 o3 - - 3 84| Display O +o
- 5 110 MERGE 32 ] 2utar cavih
L Y PAUSE 35 12
Nz 3\ 54 F32 35 71 oy
REGISTERS
4 6 7 9
° 1 P, ? T, ° e, a., > w, <, 2, OSED
S7 S8 S9
S0 S1 P, S2 T S3 e, S4 s S5 >, S6 . =, o5
A D E I
A =)
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67 Program Listing a7
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RTN 35 22
| 1] 170
ST I 3y 3
LBL | 31 25 o)
cE 3 3S 6V ©3
PAUSE 35 12
F3? 3s 71 63
120 &To 3 22 03| Stop W o Aot
RIS BY Qutered
c3L 2 3) 25 o1
Sro G) 33 24
52 21 34 180
7 o7
gc T 35 34
xéy 32 7
GTO i 2L O
ax 44
130 W[ DATA 31 4
RTN 35 22| ...
LBL D 3 25 i4 N I
Pzs 31 42| T3 e e
RTN 35 22| ™Y %o
LBL C 3t 25 13
STT 35- 33 S‘Lv«"\- C\DA';\ Q»\“’\“\'
SHTO | 22 O)
3L E 3 25 |5 at vdn Parameter
X2y 35 52
140 RTN 3s 22
200
150
210
160
220
LABELS FLAGS SET STATUS
A D E 0
PATE > PL,0| LOoAD DPATA| LoRD N~ Naw Star = o FLAGS TRIG DISP
a b c d e 1 ON OFF
o O ™ DEG FIX B4
0 1 _ 2 _ 3 4 2 1 0 W GRAD O SCI O
USED UsSED USED OSEP
3 3 = 5 5 3 2 0O N RAD O ENG O
oS P 3 0O X n 3
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Program Desecription |

( )
Program Title PRECES5lé’U/G/U.ﬂCT,Z( COORDINATES

Contributor’'s Name £2/ wa v‘a/ Jd. &ro thh

/7
Address Phys/cs Depf. , Priveeken ()r)/ufv.s/ﬁr
City Privnceken , NJ state N J ZipCode OFS 10
\_
a - . '
Program Description, Equations, Variables /. Precesses /'/‘75/“ ascension (X, ) avnd W

declinabion (s, ) at an /14;'/117/ epoch (zrr) to /:ih,‘ ascension lx)
and declinehon (§) al « Ll epoch (FF), (Uses formolae
g/'beu i the Lxplanalory Scpplemeat fo fhe Lphemeris fP 503/,
These formolae aciede  the eFlecls of jt’ntre/ and foai-solar ,u/c’(c’ss/c'fw,

2. Converts  1450:0  oquakorial coovdinates (g, , 850 ) fo new geluche
/oujzyyde (2) and unew jq/«té} latitvde (b).  Formolue ave grven

by Alien, Astrophysicel 4’0«7/7'/7'&5 3 ed. po 283. .

3. Cenvevhs eyo’q/t'r/'a/ coovdiautes for any epoch o ﬁa/m/ﬁ zoordma/c_;l,/
(%,,8 ) =2 (A ,850) — (4,6) '

4, Converds 34/4:/92 coovdinaks b liaa/v"/;:/ coovdinates fov ¢y f/'c(/v by

(!J b) — (ds'o/ é\.S‘c.:) — ["(/S)

A. flpochs ave ja  yeavs, €. 5. {150.0

B. b and { ave /n decrwmal /(/reu, S /s im a’efxer:, wtiavhes, seconds , < Py
/1 hoors, m/r;v/(J/ sgecemds ., On /r;fu//oufptf/'_, Ser b s su ¥ anc o orl
/5 in X. 0°5 A <360° , oh s« <2¢4",

€. For opevahens 3 or 4 above, [he Anel or inihal epoch, re.rpﬂ/w‘a//, mest be
1950.0 and the precess Flag (Flag i) wmust be sci.

Operating Limits and Warnings  7¢ ,vrevcnl octpols 1a H.MS or OHS Firmel from

a/pcaru}y as 10,5960 (/€. vevaded /'0/5‘/5"7"7)/ /e program revads ,.}
HMS Fformal, convevls fo A Levmef aad converhs back Ffo [1MS A rmal
To prevedd rovadiay, the no rocad Fleg  (fleg o) most ke self. ﬁous:c/uiy ;/;cu/;/
not be vsed with less fhan 3 6/[:7/’/5 b right of decimul poink  as 14 wilf
rot we-k pro/(r/// when /'cuuc//::j Aom  Teconds b mmmoks or Bow minvbes

(oo hovrs/degrees  ja HMS format, )

7

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

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

\ _/
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Program Deseription 11

N
Sketch(es)
\_ J
4 . )
Sample Problem(s) The Abell Cleskvr /1656 has 1355,0 coovdingles
K gee = (27 5277
Siges = 28° 4
What are (ks g’alat he (Dorcllnlel‘gs ?
solution(s) [ [F] [A] 1,0000 (Set NORND Flag )
[f] [B_] 1,0000 (Set PRECESS F/cj)
Sclehom | 1855 [A) 1950 LB] 1950.,0000 (IE and FE)
28,4600 LEMNTER] 12,5248 12.5248 81555, % ipss
[>] 58.1767 £ (decimel deg)
(Wl [x32y] 87,9582 b (decomel deg)
Teanshom ([£1 [c], [W]1[XSy] Cinkevehenge T€,FE, veshre biny, £inx)
bueck b
check [E] 12,5248 A p55
L resits (W] [x2y] 28,4560 81555 (McRWOD) )
( ) . : )
Reference(s) /» &g/ana/prry Jopplement fo the Ashonomicel Lphemers ard fhe Amevican
. Fphemeris awad Navhoal Almenac . 1961, hondon, New Majestys Shhmevy Ofbiie .
2 C W, 4//!'1, As 4’0/961;«/ 4:0’1(ﬂﬁ‘/l;.l 3"/ e’(j«j /973, l'/ru/.h's'//& ol fondm,
Athlcune Press .
L J




v
0 User Instructions
PRECESSICN / 6ALACTEC COGRDINATES PROCRAM CARD
‘1 NO RockD ? PRECESS 2 IF JNFE IE»y, FE->X
g 1E FE Sofa, 8% g §4x 9 b, ¢
STEP INSTRUCTIONS DA'T':S,LTS KEYS DAOTL:-\.I;B}:ITTS
| bead sides | and 2 _of preycem card [;:I [TI
Lowd sides | and 2 od comshants cavd | 71 [#I
I B
For Precessium: L] |
2 Enker inihal epoch (when Joaded ZE=7900:0) IE (years) ‘ A H l fft:i
3 Evlev Anal epoch (when leeded FE = 1906.C) FE (yeavs) |8 |l ] :-fs :f(
4 | Precess So,dp' fo $, o $¢ tao [ < ‘ l I ::y&
For new case with game ZE,FE, go ko skp 4 | I |
Te chaunge LE, gc bo skp2 ‘ || |
L chanyc FE , g¢ ko Skp 3 } H :
/1950, 0 egu«/z.‘ial = 94/«4/:2 Conv evsi0m G | || ] '
S| Tewnshem 19500 §,a b b, 4 Sgsc F %eso| | D |1 | 1232
¢ | Tequshem b, L b 1950,0 §, o b+« B Il s 2%
I
Cphvnal: [ || |
7 Change NO ROUND §lugy £ || a | é;bgfﬁsao
s Change PRECESS fleg | # 116 | | 620 ase
1 Exchanye IE,FE lravn‘n‘«,, X,y (_'n(lqay'ﬁ('c( I £ H l X,y vichauge
/0 D‘;P/“,V corrent IE FE I £ l | f-‘lr l ﬁ:;
[ —
// Transkim o, 8§, «f I/')I‘/“I;(/ z’lpotﬁ ke 4, b l II i
//4*' Set No Rovwp f/aé (5lp 7) | H I
118 Set PRECESs flug (shep 8) N
el Entev 1£ (skep 2) o
i10 FE = /9500 (skp3) | | |
/] £ Traushrm o, 8, o X, S;‘P o, [ D]l 7 ] ﬁ::,(
For new case wilh same IE ge Vo skp IE I l[ l
(R
12 Transhkemn L, b kb «, 5 al Huel e,ymh I I I l
12A4] Sel No _Rovwo flay (skyp 7) | I |
128] set PRECESS Floy  (slep ) R
I2¢€] TE=)950.0 (shkeyp2) | | |
12D Enkv FE (skyp 3) I I I I
2E| Transhorm £, 4 b a,s btd el | [$34%
For new case wilh seme FE go h shkp [RE E H :
* Ophb;ndl - aveidy fov-ad,},;, od qalermed.ate reselds || : : ;




67 Program Listing |

41
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
0" Al £ LBLA | 3i 25 1] | ErTER MEw IE (R3E) F o]
1 0l RC. B 34 I2
1 0 + ¢l
o ee 060 Ree S 34 0S
(s} ¢C X 2/
- S/ s7ro_ | 33 ol ]| e—
ENTER 4/ d | 6.8 3225 14| 764y, FE=2 X
CHS 42 "Ra 4 34 o4
R 4 34 ¢4 l ol
010 f’ é/ q 07
ST0 45 33 ¢l 0S| FE- N2> 5 o 00
h RY 3553 0 00
STc 4 33 04| vre-190c2 4 + ¢/
GCTC | 22 0] | 6T PREC (ORST. JLO. 070 sT0 3 33 03
o) FLBiB |31 25 /2 | EwreR wew FE (MFE) RCL $5 34 o5
i (s + A
9 o9 RcL 3 39 03
e 0l hxay 35 52
0 oe h RTN 35" 22
020 = 51/ C £ 48 € | 3) 25 13 | PRECESS
Rce 4 34 04 FCSB S |37 22 05 | —» H, Re7#TE
— 3/ f£6sp 2 |3/ 23 02 | —» Hims, Revkp
STc s 33 oS | NFE-IED S h RIN 3y 22
1 £ 480 ] |31 25 Of | UPOETE PREC (SRST. 8 &5 | £L.8.5 |3, 35 oS
Ret 9 34 ¢9 f He 3/ 724 Convevt o, § b
Rt 5 3¢ o5 ! o/ decivel degvees
X 2/ S oS
RcL § 34 08 X 7/
+ 6l h X2y 35 52
030 ReL § 3¢ o8 f He 3/ 7
X 7/ o £ LBLO |3/ 25 00 Rekk svb,
RCL4 34 0 s70 3 33 03
e 7 ] 35 8
R; = ;[ 090 hR:fo’y 24 oj } KRolude aboot 2 by
+ ol + 6/ 13F Eorew wmyle
A é 34 0¢ hxs2y 35 52
r ¢l £ cos 3/ 63 Comvent b polev
RCLS 3¢ 0S5 £ Re 3/ 22 m XK=2 phne
X 2/ R<e 3 3¢ 03
040 s70 0 33 c0| T 2o £ SIN 3 &2
Rt 8 3¢ 08 é — P 32 72
g X* 34 3 h xey 35 52 roh ke «booty by
;u. A 34 I/ RCe | 34 o) } 3“" Luleo 4—1,/(
X -Z[ 100 —-— 5/
1 of h x =y 2552 |7 Cnverd o veck 102
S5T6 2 3302|272 f R 3, 72 plume
RELE 34 /s g sin 32 62
K 34 oS sro 3 33 03 ,
ch‘. 7/ h R" 3$ 53 } (enve b b pul;;‘;\fx-}
050 Rce D 34+ 14 9 - P 322 72
+ é/ W x 2y 35 S
RCe & 34 03 Rcé 2 34 ©02 Rolale couwt 2 by
X 7/ + ‘6;1_. fhivd Eclee yuylc
Rct 4 3¢ o4 110 { P
Rce € 34 /13 0 o0
X 1/ g oy
REGISTERS
0 1 2 3 4 5 6 xic~3 |7 ;(/c'g 8 xw-719 -2
T, € 2 Osed LE-170c | FE - ZF  |6,400654449 3.977221))8 | 8,38888%557 | S.0X I¢
SO Si S2 S3 S4 S5 S6 S7 S8 S9
167,75 | ¢2.6 | =57 vsed
A e c x10~8|D x10-& |[E x e |1
2.197422223K0 | $.565SE 1111 x| ~2. 361444444 | ~/./93333333 | = /.s666606¢7
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2 67 Program Listing 11
SYEP® KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
(@) co STO 4 33 0%
1+ &/ 170 nRé 35 53
3 03 [A £LBLO | 31 25 06| INVERT EULER ALEKES
[4 o6 CET Ree O 39 ec
0 oo }» 0% «/0 <360 pS 42
- g1l RLL 2 34 o2
g FRAC 3283 Cits 42
120 Vo3 3 ST0 0 33 oo
A ¢ h R 35 53
1) 00 STc 2 33 02
X 21 |/ ce X 44
RCe 3 34 ¢3 180 Ree 34 o}
h RTN 3522 CHS 42
2 FiLBc2 |3i 25 ¢a |PH M58 Rcind Svi STO | 33 o0j
g = H.MS 32724 $ — H,MS nKRb 35 $3
hxa x 35 52 h RTN 35 22
i ol a g (BLa |32 25 il | Mo rovad Free Tocéte
130 5 05 “m Flo |35 7/ o0
- 8l cT0 3 22 o3
g = H,MS 32 74| & 2 Hms nsFo |35 s/ 00
WF?2 0 |35 71 cc| cweck Fucs ] 0/
h RTN 3y 22| SE7T D MORoLNO 190 nh RTN 35 22
£ RNO 3/ 24 3 §£ 463 |3/ 25 63
£ He 37 24 hcrkro |35 ¢/ 060
3 - H,MS 32 724 o o0
b xa 3y 52 Rovi v h RTN 35 22
£ RND 2/ 24 b o LBLL |32 28 /2|Proscess viRs TOGELE
120 f He 3, 74 hFl1 |35 7i ol
G = M3 32 74 GTO0 % 22 04
hx2y 35 52 h SF i 35 s/ ol
h RTN 35 2 | 8/
D - LB8L D |3/ 25 /14| F4vdT. > AL, 200 h RIN 35 22
h F2 | |35 724 0j| Precess Frag? 4 £ 48.4 |3/ 25 0%
F €ESB8C |3, 22 13 | s£7 = PRECESS h(eFi |35 &/ ¢i
£ P2S 3j 42| EFuveErR ApeLeS FOR coby 3] [<Xe)
Fes8s |3/ 22 05| —» 4.M5, RuraTE h RTN 3s 22
h xSy 35 $§2 COKTENTS OF DATA
150 £ P23 3; 42| ResTorE RegSs @f—ié;gjoﬂé '-[;:5;’:‘,,5
_ h RTN 35 22 € ARD ¢
E FARBLE |3/ 25 IS | GAL, — EQovarT, -5 0.0
fea2s 3i 42| c#7 Fvoifk AnbiEsS ‘ ) -
FG658¢ |31 22 06| swvrrT FeranuRIE TRan.|210 €. 6'4006"1444 3
h xsy 3y 52 9, 3.§11127718=§
£os580 |3/ 22 00| RoTATE 8. ¥.338888881-9
fo38 2 |3/ 22 02 | 2 HMS v Rocid .
£65B 6 |31 22 06 | REInisRT ANCIE S 9, 5.0-12
fFpes 3192 | presrors rec’s 1o, 167.75
160 WiEll 135 721 Ol | check pregrss Fise 1i, @2.¢
+6S8 € |21 22 (3| s€7 = precss .-
i RTN 25 22 12, *572.0
< L LBLc |32 25 /3 | EACHANGE IE,FE i3-19. 0«
“Ree 4 34 04 220 20, 2197222222~ %
Rl 34 05 20, S.se¥Se1iili =3
s 42 22- ~2.3099444444=8
- ‘ 23. -10,1%3333331-%
S0 s 33 oS 24, —iclbeceeee1-Nl
— S 2S, 0.C
LABELS FLAGS SET STATUS
A _ B D E 0 ¢ D Rocwdp
ENTER 1E ENTER FE PRECESS Epu 26AC | 6AL D EQU | [ dncenno FLAGS TRIG DISP
a NMe Revk D b PRECESS [ d e 1.¢ 9 No PrRECES ON OFF
FLAG MeGLE | FLAG TLCSLE 11X ZFE | Fx X, JE=y (D PReczss |0 O X DEG FIX X
Opuinres | eaTa P U 2 P ko | e s | 1O K| GRAD O | SC1 O
SiumMs>H 6 INMVERTS 7 ) 3 3 2 0O 0O RAD O EN%D
* ROTATLE LUcER AUOLES 3 O 0O n
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Program Description, Equations, Variables Kepler's Equation is the only relation which intro-

ian two body dynamics.
of the body in orbit., Kepler's Equation is

(1) At = E - eSin E

A¢ is the time after the time at perifocus, E 1s the
n

eccentric anomaly (See Figure L, Page 2), e is the
eccentircity, and n is the mean motion in radians/sec, degrees/hr. etc.

In this program, (2) n = 27 where T is the period. E is given by
(3) E = cos'l[} - r/;I

= where T r is the focal radius, and a is the semi-major

-~ axis. a is computed by uT2 1/3
(10) as —-2- and
(5) r = a(l-e?) yhere v is the true anomaly (See Figure 4w
1+eCosv 1 page 2) e 1s computed
by (6) e .[% - é} where rp is the periapsis distance from
a_l
U = GM where G is the Constant of the primary.
Universal Gnavitation and M is r is given by 2
the mass of the primary T

The velocity of the body at a point on the ellipse, and the path angle are freq- _
uently desired. They are given by

_ 1\1/2
(1) Velgetty =y .= U(2 %] and
- - ( 2 :
Path Angle to the local vertical Bv = gin T%uari - i

The path angle to the local horizon is given by Bh =90 - B8

(Continued Page la)

4 )
Program Title SPACE SCIENCE AND TECHNOLOGY, NO. (5 ) KEPLER' S EQUATION

Contributor’s Name Robert C. WYCKOFF

Address 9517 Cordero Ave. :

City TUJUNGA State California Zip Code 91042

\_
- )

duces time after some epoch into the classical Newton-
All other relations deal with the various position parameterss

Operating Limits and Warnings Equation (1) breaks down around 180 degrees, due to the
cosine function rounding off to a value slightly larger than
one, and beyond 360 degrees, The solution to the latter is to simply add
the period initially to the time at perifocus and proceed on into the n+l orbit,
The actual region around 180 degrees is very small, being something like (179, 995
to 180.005) degrees, Page 3 will show how to avoid this situation,
For a new iteration involving Key C, the original value of Av must be
replaced in R,, since it has been reduced through successive divisions by

a factor of 5 in step 117. por gey C operation, the original value of Av
must be placed in R, after the end of an 1tetation, since it has been successi

ely

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

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

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

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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SPACE SCIENCE AND TECHNOLOGY NO. (5) KEPLER'S EQUATION

The inverse process for equation (1) is another matter, The
equation cannot be solved explicitly. It must be solved through a
matter of successive approximations or iterations. We wish to solve
for the true anomaly given a particular time for the body in the
ellipse.

We start by entering a trial value of v and computing the time.

If this time is less than the desired time, we augment the original

value of v by Av a sufficient number of*times until the calculated

time is greater than the true time. The value of v_ is then decreased
by Av and a smaller Av established, saw 1/5 th Av, The iteration is
then performed until the computed time is again greater than the true
time, and the process is repeated with ever smaller Av's, When the
difference between the computed and true time is smaller than a predetermined
interval, say 1 second (it can be any value from seconds down to fractions
of seconds) the program stops and displays the true anomaly. Register

y holds the associated focal radius.
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rogram Deseription 11

N
Sketch(es)
1
\_ J
~ ) )

Sample Problem(s) A--satellite 1is in orbit about the moon, with a period of 3 hours, and
a periapsis altitude of 50 km, On orbit x, the time at perifocus is

1653:19 GMT. What is:

a) The GMT when the true anomaly is 40°

b) The velocity in the orbit at that time of a).

c) The focal distance (focal radius) at the above time.

d) The path angle to the vertical at the above time.

e) The true anomaly at a GMT of 1900:26 in the same orbit,

f) The focal radius at the time in e).

SOLUTIONS: Load program, Place 4.90098 x 103 (from the table on page 4a) which
is u for the moon in RA' Load the period, 3 x 60 x 60 = 10800 seconds|
in R ., Place the periapsis distance from the center of the primary, 1739,29 + 50 =

1789?29 km in R .. The mean radius of the moon also is taken from page 4a. Place
the perifocus tgme of 16,5319 in RD and 3600 in RE.
Key A must be used to initialize, This computes the semi-major axis, the eccentricl

and 27/T = n 1in radians per second in R, R, and R, respectively, Observe
0.000581776 radians per second in display. Place 40 in display and do Key B.
Program will pause and display 694 seconds, which will become 17,0453 GMT for the
answer to part a). Key D gives 1.788 km/sec as answer to part b), Recall

Solution(s) contents of R,, 1881,76 km for answer to part c)(The focal radius).
Key h R¥.Key E gives 81.918° for the value of B, for part d).

Place 20 for Av in .
Place the new time of 19,0026 in Rg. Let us place 0.0001 r one second) in R
which will determine that the program stops when the calculated time minus the true
time is less than one second. Place a trial true anomaly of 200° in display.
Press Key C. You will see displayed for two seconds each the values 6383, 7288.
8070, 7455, 7617, 7773, 7648, 7623, 7629, 7624, 7625, 7627 after which the program
run will stop and display 228.256° as the value of v which results in the calculated
time in orbit of 7627 seconds AFTER 1653:19 GMT, Roll down the stack to y and see

2752.31 km for the focal radius. These last two results are the solutions to part
e) and f) respectively. One could modify the program at step 124 to do this by
2 R/S 1if desired. y
( )

Reference(s) Any standard text on Astrodynamics such as AN INTRODUCTION TO ASTRODYNAM-|
ICS by R. M., L, Baker and M, W, Makemson, Academic Press, New York
1960 or THEORETICAL PHYSICS by G. Joos, Hafner Publishing Co, Inc. New
York or EINFUEHRUNG IN DIE THEORETISCHE PHYSIK by C. Schaefer,

Walter de Gruyter & Co. B rl%n and Leigzi% 1929 or
JPL Technical Memorandum 33-414 DETERMINATYON OF INTERPLANETARY

TRAJECTORIES, H. F, Lesh 1968




4 User Instruetions

SPACE SCIENCE AND TECHNOLOGY, No. (5)
KEPLER'S EQUATION

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

1 Load program. Select the astronomical body ,[;1:7

from the table below and load the value of u

U

in KA. Place the period, T, In seconds in RB

and the value of the periapsis distance (TO THE

CENTER—ﬁF'THE‘BOD¥)——tn—RET———?taCEFthe*timE‘a

periapsig in hh.mmgss in R and 3600 in R
b E

a, e, n

2 |Key A initializes the program by computing a,
e, and n and placing them in R,, R, and R,

3 |Place the value of v in display, for which the v

time is desired.

4 |Key B computes the time after periapsis time At in sec|

in seconds(displays for 2 seconds) and the t in hms

Iinal GMT value

5 |After any operation of Key B, the vis viva vel-

ocity and the path angles can be computed by

6 |Key D computes the vis viva velocity in km/sec v

7 |Key E computes the path angle to the vertical

vert®
R/S computes the path angle to the horizontal

horiz.
FOR DETERMINATION OF TRUE ANOMALY

8 |Load the new time in hh.mmss in R,. Load in R7

a difference constant(generally tens or

fractions of one second, such as (0y0001 for

will now

Wit x

stop when the difference netween the true and

the calculated times is less than one second.

9 | Place a trial value of the true anomaly in trial v

the display.

10 | Key C will compute successive values of At's successive

¥n seconds and successively display them for At"s and final

2—seconds, —The valtues quickly bracket—the —valueof—|v

correct At in gseconds (GMT at periapgis -

_in_dec+_d§grees

GMT at each computed value of v, 's, expresspd

in seconds) and stop when the difference is

1e3§_than“the—vatue—ptated*in—k————btsptayeu s

the corresponding wvalue of v in decimal ©
11 |The corresponding focal radius is in the y regigter,

12 |At any part of the above, the value of the semifFmajor

axis is found in Ry, the particular value of |v

( v+ Av) in R, the focal radius r, in Rj, the

fuamd o f g R re N Ay
CLLTIItL ITILYy I L\C’ the vaiue (’( n i“ RB ana oV

in R,
4

See page 3a for additional informatfion




SPACE SCIENCE AND TECHNOLOGY, No. (5) KEPLER'S EWUATION

Some experience 1is needed in choosing the initial value of v and Av.
Generally Av will be less than v if some 1idea before hand is available

as to the relative magnitude of the parameters, The period, expressed

in seconds 1is very useful, as T/2 immediately 1s associated with

a true anomaly value of 180°, 1If the value of the time is such that

its difference from the periapsis time is greater (expressed in seconds)

than one half the period, then Av should be considerably less than v

so that upon the first iteration, the value of v + Av is not greater

than 360 degrees. If the time, (in R,) 1is close to the periapsis time
(say T/4 or less) then one should start with a relatively small v

(say 60 degrees) and a large Av, sav 90 degrees. Care should be taken

to see that the initial v + Av does not equal 180 degrees, (for instance
120° and 60°) An error will then result. Simple start with a slightly
different v or Av (say 120 degrees and 59 degrees,

One can always start, in a completely unknown situation, with a small
v and Av, say 5 or 10 degrees, and 10 degrees for Av, but then a
large number of iterations will be probable. From a knowledge of the
A times, t_-t or just t_ and the period (for Key B operation), one
can make a gensigle estimate of the initial value of v and Av.

Values of u and the mean radius of various astronomical bodies follow

Body p in 3 /sec? R in km

Moon 4,90098  x 10, 1.73929  «x 103
Mercury 2.15215 x 105 2,42099 x 103
Venus 3.24815 X 105 6,052 X 103
Earth 3.986012 «x 104 6.371017 x 103
Mars 4,3043 x 108 3.38755 x 104
Jupiter 1.26658 x 107 7.1375 x 104
Saturn 3.79416 x 106 6.,0400 x 104
Uranus 5.77892 x 106 2.3500 X 104
Neptune 6.85500 x 105 2,5000 X 103
Pluto 3.31237 X 1011 2,960 X 105
Sun 1.324948 x 10 6.9600 x 10
Titan 9.300  x 103 2.900 X 103;
Io 5.950 X 103 1.829 X 103
Europa 3.250 X 103 1,500 X 103
Ganymede 9.940 X 103 2.500 X 103
Callisto 7.100 x 19 2,635 x 10

47



67Program Listing |

48
1
STEP KEmrﬁ'ngQUAEEV‘EODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 f-LBL-A 31-25-11 o—RAD 32-73
1 01 h = x 35=73
RCL-B 34-12 g=X ¥ 32-81
g - x 32-54 060 GTO-1 22-01
RCL-A 34-11 GTO-2 22-02
X 71 =-LBL=-1 31-25-01
h - 7, 35-73 h=down 35-53
g - X 32-54 h=doun 35-53
4 04 GTO-3 33-03
010 X 71 fF-LBL-3 31-25-03
of o 81 f-sine 31-62
h-x/¥x 35=52 RCL-C 34-13
3 03 x 71
M. 81 070 - 51
h = v* 35=-63 | computes a RCL-3 34-03
STO-0 33-00 ol 81 At in sec.
RCL-C 34-13 h-pause 35-72
h=- x/v 35-52 h-deg 35-41
/ 81 RCL-E 34-15
020 - 51 |computes e / 81 At in dec. hrs,
STO-C 33-13 g-hms 32-74 At in hms
h == 35-73 RCL-D 34-14
2 02 h-hms+ 35-83 t
x 71 080 h-RTN 35=22 time after periapsis
RCL-B 34-12 f-LBL-2 31-25-02
o 81 | computes n h- x/vy 35-52
STo-3 33-03 CLX 44
h - RTN 35-22 INITIALIZATION 2 02
f -LBL-B 31-25-12 Place v in x X 71
030 STO-1 33-01 h= x/y 35-52
1 01 - 51
h- x/y 35=52 ENT 41
1 01 GTQ=3 22-03
RCL-C 34=13 090 f ] BL=C 31m25=13
O - X 312-54 f-GSB-B 31-22-12
= 51 STO-8 33-08
RCL=0 34-00 RCL-9 34-09
x 71 g Xy 32-81
he x/3 35689 GTO-4 22-04
040 f -cos 31-383 GTO=5 22=05
RCL-C 34-13 -LBL-4 31-25-04
x 71 RCL=1 34=01
1 01 RCL=4 34-04
+ 61 100 +
e 81 computes r GTO=C 29-.113
STO - 2 33-02 faLBLa5 31-25-05
RCL-0 34-00 RCL-8 34-08
oS 81 RCL-9 34-09
- 51 CHS 42
050 RCL-C 34-13 h=hms+ 35-83
oo 81 h=ARS 315-64
h-RAD 35-42 RCL=2 34=07
g - cos 32-63 computes E e 32-71
ENT 41 110 °GTO-h 22-06
ENT 41 GTO=7 22=-017
RCL-1 34-01 f-1BI-f 31=25=06
REGISTERS
1 2 3 4 5 6 7 8 9
°a Km v r km n Av At diff. t(last) tx
S0 St S2 S3 S4 S5 S6 S7 S8 S9
AU km3/sec? °T seconds |[° r?e)k?prog) Dtp £ 3600 :
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STEP

KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP KEY ENTRY KEY CODE COMMENTS
RCL-1 34-01
RCL-4 34-04 170
- 31
RCL=4 34-04
5 0S
/ 81
STO=4 ’l’l-ﬂi
120 N 6
GTO-C 22-13
f-LBL-7 31-25-07
RCL-2 34-02 r in x
RCL-1 34-01 v in x 180
h-RTN 35-22 vinx; r iny
f-LBL-D 31-25-14
2 02
RCL-2 34-02
of o 81
130 RCL-0 34-00
h - 1/x 35-62
- 51
RCL=A 34=11
X .. 71 190
£ - x'7“ 31-54
h =RTN 35=22 V in km/sec.
f-LBL-E | 31-25-15
1 0l
RCL-C 34-13
140 g - x° 32-54
- 51
RCL-0 34-00
X 71
RCL-A 34-11 200
X , 71
£ - x/ 31-54
h- x/y 35=52
RCL-2 34-02
X 71
150 / 81
o -1 29-62 B (vertical)
Bt 8h v
9 09
0 00 210
h- x/vy 35-52
- 51
h-RTN 35-22 Bh (horizontal)
160
220
LABELS FLAGS SET STATUS
A B C D E
FLAGS TRIG DISP
a b [ d e ON OFF
o O O DEG O FIX O
0 1 2 3 4 1 00| GraD O | sci O
5 5 > 5 5 > O0O| RAD O | ENG O
3 0 0O n
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Program Deseription 1

2

;mz( /f, ;7{;: 51/}3’ (/?’) ol Fwe /, . Le f L = s vite oen (m,,/,,,//([%ﬁ”u”,x/,)’é

t = /w/-m//ja—’/ »iss . Then //m/ﬂu/f’ Y = r/< /ZL - é/ ) 3 /'; = VI /::// z
('05(7);;'7,)= (/f/’/rz)/(/?/L); /: I 1/ ,é : o 1
o = (P v [rre (vs/l)’;’f/)

[z i cos( 22) 77 ,
e /c:/ffv = gl //:y /Zfraz(w/ T Jg'//mw)g' é/td'é&%ﬁ a/'//(b/
2ENG L5 wnelarged s = /f”’?e/é"é N C'f'j(Ei:_’E)’ (-Zx
sin( 222 ) = JgzlrTy X = [, -E,)— s (£ )] /5027 (E22F7); anet
=/t X(L+7). When u fos sALA e, conppte :
a’l - ,7/\[/:'/[2(‘,”}?,;"(@5 ﬁ%ﬂ/jjm/fj_;_,ff)’j)' JC: /'» %[/’(‘JJ(E;'E:)J;
p= rmaV[(6-6)-snlec£)I/F | o= ol ool Sopaife,
/'f/ = .//';_jff//’, ) TAe  orl Kl s’ oA e éazé‘—’
(4/
ol Fme L ol comren S Ko i z»/fz///,:’ . J ese ath¥e/
é‘//wz—'//)é /)v?gd b e (’;7”4/(’//;// }4 C /aSsrce / cs/?‘ﬂ/z‘//f‘»' é»‘f/g-f

ﬂ/)«vf/d}l sers /7/?{/2’/ ez / ) .,

(. . Al

Program Title 0/‘ Z?, 71 -7/70 %/m/tfﬂ ’é/&” + /(/ 7/76 /‘/e /Z“/ o/C (7(( €35 )

—
Contributor’'s Name -E€X / 5/%4/:4'
Address A Tr2.5” /g e éﬂ?e
. - e

City (é////ﬁ / State Cr Zip Code S7IR/
> J
s

Program Description, Equations, Variables Griven //;(7/ s Z/)"‘ L, and 17 (% ,gz,&) af L(z,w

Operating Limits and Warnings ./ /’3 7€ //J'f/ jtffz([f" ] ;’M 4 /ﬁf’{””{’{’/‘ :,/ Oy 21 €
colbien e 4?4& $rim ) S Wy s e ler Fhon SO Z £ .
«a /5(7 ../lJfl//V’F/( 7%(-‘ / ﬂ '3 s !/./ Aﬂ'} P4 c’(('("r/é’/f ,*/(‘,4 - ﬂ //5j

//1/,‘/1 / 5 7/7/4/ /J) /Z(‘ /'V/;/ oy é////’/é(‘c/ €Y O rScei fama,

\_

J

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

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

\__

N
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Program Desecription 11

Sketch(es)

S

— I A

~
Sample Problem(s)

//{ = /.0 &. ..

£,= 0 min

6/}(—}7 7%« ,_ga//ow,;;,, :/qég !

k= o orv3es e (er)Vmin,
and I, = (2. ¥0607, 1. 050523 0,/¥3815 ) e.r. at
ond 15 =( 155809/, 1. 503334y 0.3/4/55Y )e.r. S

, gz, = /5.0355 32F 1 edes , (‘d/n/u Y= /, o 7 ”é/ =0 07
1.8R88 ENT?T o
87436574 G3ch _
8. 80688868 T T
14381 156e
Zapufz 2.84832366 InT
i 2. 456808586 c3EE o
15.835532686 ERT?
31453480 EHT -
2.58333%86 ChiT -
1.98&84168 &S8eC
Solution(s)
GSEE o
&0« ‘//Dﬂ K T < ‘z(‘d/”r(
 «— — Z
L _}74« ] Y — -
Cen /F/H‘j X s el
) 7 \y -
\ _
( N
Reference(s) , .
7 . .
/7'/6 EJ’(‘e'én / Me //;o//f qu //\/—/,/ _D,g ;/(,,,,,);zr %/,j
< —
ld‘/gg eyl 3, /5ES . o
_J




%2 User Instruetions

STEP INSTRUCTIONS DAITB:S,I.TS KEYS DSTUA1/-S:;"TS
/ E/I/!/ oL 2717 ('/r"'/f: E_]l [,_;—I
‘ L
A Looter pzrmve /,";z&'/ #1155 ,,L( | vr l |
Lnter - prriitartrenn GonifenF ya :ﬁwjl || }
3 | £ ter /f}//(‘n('g 22 /;,/: 76/)7( é / [ ” ‘ l l
§ ( =, [~ 0
1, C'/‘/npé)/h‘/‘/‘é { ﬂ/ I A ' [ |
[ Z, 5] |
I R
‘/ fn Fep seceonc! I/Ia,};/ /};hé é?, I,,f‘ | [ I
{ Z: L+ 0]
/1 (’dﬂj/’é‘ﬂfﬂﬁs { e | Til I |
[ 7. e I ]
I
5\ (ompetfe e I
.
é @u é/u,z/ -3 ngé: mmzéén{/w ﬂr//}/rz/ l H I
o2 Re AP -57 //,Lfﬂﬂ/n“ T s 3fer / { H : l
‘ ’ I
7 o0 fhe HPE7  rott fre skl Aoron I Z,
fo cbtrn i VA2 )
¥, /1 n Fle X- /(f,{r;/f’/ [ R J,] [ ] 2,
c'?”,/ " - Viiie dekddd ‘ I |
Z’/ . “ “ Z- /7!/5/10/ ] || |
R
& /g",/)fn/ Srm ;/7; 2 o 5F4~ 5 l | |
o 5/r;ﬁ S zs  Aesyral [ [
(N
NorE ;. TAe sép ¢ s A s | | |
/N /rr,m'/é, z‘/f}/{;}, Av/ S S //(‘ /z’/ /f)’e'a/ l ] [ I
f/f/> 3 (tt//ﬁﬂ“} s eatiss J’//f/3 v [ ] l ]
! ) . I .
NerE: Thy “(fassral B bbbt ESensens ” I
/Zcz‘/’f///t/ o /(’ 123 (z’( | I { I
/ﬂ:/)/((/('n/f,/ﬁ L;//‘/LJ e ﬁ«zﬁf,— | I I ‘
/)I/u/ /’;U/>€(/. I I [ ‘
7 7
[ .
]




STEP KEY ENTRY

*LELE
STG
kv
gus STaz
ale Fi
11 STGZ
&
STGE
ai4 |
*LELC
STC4
Fi

861 wLELA
G STOR
BBz Fd
£ EToE
@ RS
]
a
-

L DI A O BV o)
(RRE TR I SR, [ 8

158 STOS
Eis Fi
aza 5706
arl Fi
Bzz  STGD
823 k<8
824 #LELE
az5 Rub
626  RCLD
8z7  RCLC
aza -

823  RCLA
Bza X

831  5TGEC
432  RCLI
833 RCLZ
az4 +F
835 RCL3
aze +F
37 SToe
838 RCL4
a39  RCLS
a44 +F
841  RCLE

a4z +F
@43 STOT
G44
445
a4s
647

g45  RCLS
CEL I
656+

851  RCL3
a5z
@53
a5
855
656

KEY CODE

=i i
i ia
5 G
i i

s
S el

- e
<4 <
- :
]

Tla
rd O
QNG

wd
cd dw
-z 24
[N X
-

Taa
-z =
T ST
(VIR S

Toa
o =S
B S

[Py
U S
-
il
[ SR
;= =
J ¥ <l

[l P
i
.
- s
b i
o=
T
35 i3

g

- ==
Pl I
-,

o

T T
IS
-
b Ha
S0 Eo
-4

KL

46 b
=4

Kr

brd 5 i
PRI 4]
Y
- =4
oo b
ST
S o
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e
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ot o
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o
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COMMENTS

57év*€

frog K

ﬁﬁévé’
v, € b

Store
s f £

[10”7/7“ /67 -

X

Y

/f/lt 1y

STEP

KEY ENTRY
RCL?

O B Rt B I ¥ (e 'O SR 'R = D P S S R = U SR L IR |
Cad Pl bea 05000 0 ) T R e g P e 0 M QD )

DBy oy oy I oV Bl Do B o B o o I oy BDoT DOV IDO Dy B BDoU R Y

4 4
ra <
are .
a8rs ]
@re -
875 RCLD
age he
g1l RCLE
8&z S
883  ECLE
aéd z
AgS ¥
Gge 3
aar ¥
aas <
[ Fes
@g@  STGA
891 K
@3z &T01
693 i
as4  5T0S
@35 ¥LELS
g%  ECLZ
Q57 AT
geg 158
@38 RCLE
1aa8 X
181  RCL1
14z -
183 574

lag -
183 X
i@ S
ill STaS
11z i

KEY CODE
T .
i€ 42

&c

-4

T
- =
Sb g

oot
36 &

COMMENTS

53

: \
ol )
‘ 5 =

\r~——— ) ’()1'7)/)
RYARE (05( —

17

Exc hogie 7éS
/?: 5 A€o

S fpre M £ L

| Tadealye & _
/.fe/d

o (Ez’E)
S\ ——

r LS

z

8 3 —
A/z E.-E&,

S0 St
”

S3 S4

S8 S9

- Used § /e
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STEP

[ N S R VI Sy Sy Sy

Tad Gl Ca) Vel Va) Cad Ced fug Cad Cad PO P Bl P Py P

LY I O e SO, I VAN I NI A IRV e I = S R N

N SR S

[N
£ o
L A

T Ty Ty Ty 0Ty Oy O Ty 0T LN N L Lh Loy oo Lholn
O ) 0 LR e e Pl b 000 C00 ) O3y L B e Pl e 0

[ s T - S oy S P Sy Sy W VPR WG U T S

KEY ENTRY

RCL4

el

.
—~ 2~ T

SOt ot o

o

A “n
-
[ E
D O po OO = Ly G0 Ty

A1

e
s I T 1

LYY

KEY CODE
& &4

_.‘_-;:_ (7&5/52. ';/ )
z

oy T

[

.
on

36 Eo

ol
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LS

] b )

[
o
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COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

LY I ACUIRL 4O B ¢ T A T )
e v

ke e

S I SR AoV 4
[N 3

|
P 0
w o oy

Test  Sor

|
S I X
r (3

-3¢ 7 ur,:

[}
r
o 0N

|
o
3
}

£y o €

L e

Y
&
<
&
S
4
¢
S

£l 60 e

Cer?e (’/ké' e'//

New valué 57}<f

£ g?vvufpffnff

ic &%
ig-4l Leep I S

b
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R A

1

DIRY TR ~ T B~ SR A T O YT OV SR LY R R e LA I SRR I RIS VIR o

L0 NG O O M O NG My N N 0 €0 00 OO0 O0 QD Qo 0 00 O Tu) T ) T T T

R R RN T T S O R T T e T e R i ]

" e MG O <) Ty LN g P e

]
i
1
i
+
STal
RCLS
SIk
LSTN
RCLE
h

LY ad]

LI B o BTSN o B a AR ol n B o e R3]

~
[
Py O ) 0y LR O P ) e OO0 e

Y

NaY
RCLS
RCL4
PRST

K8
ETaw

*%LELE

&Cl

RCLI

N

tia
—43
-5d
[
-3
KNI ¥
ob &
G
ib-oo
—4.
- ==
o b
N
Te T
GJE Lo
-

o
=5
- 4
JbB o ia
i~ =4
-\-i\-‘
& 1d
- .
e
TE 4=
K
= =
“to &s
I L
36 b
J Ec
=
o &%
g c

5 6c
éc
-4

36 65

3¢ @4

16-14

-~
3t =€
-
—de

.

;Zv;f/ sHick

Eppor A5 Pl

Subreahire

”i*ébﬁ

//7:

£
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LABELS

FLAGS

SET STATUS

,ﬂﬁ“' /

c /fL;‘fl o

E(’&"/n/h -/é

FLAGS

TRIG DISP

a b c d e 1

0 1 2 3 4 2
E;TL/

5 6 7 8 3

° [4%y7

w N = O

o
R
1

oooo$
RARK

DEG O
GRAD XX
RAD O

FIX &
scI Od
ENG, O
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Hewlett-Packard Software

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

Application Pacs

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

You can choose from:

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

Users’ Library

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

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

Users’ Library Solutions Books

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

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

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

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

Reliability/ QA Forestry



SPACE SCIENCES

Precession, sidereal time, coordinates, distance, path angle relations,
eclipse parameters, time of events, ballistic missile range, etc., are calcu-
lated by 10 programs in Space Sciences.

PRECESSION OF RIGHT ASCENSION AND DECLINATION

LOCAL SIDEREAL TIME & OBLIQUITY FROM LOCAL STANDARD
TIME

SPACE SCIENCE & TECHNOLOGY No. (1)
HORIZON DISTANCE, GREAT CIRCLE DISTANCE

SPACE SCIENCE & TECHNOLOGY No. (2)
VIS VIVA AND PATH ANGLE RELATIONS

SPACE SCIENCE & TECHNOLOGY No. (4)
BALLISTIC MISSILE RANGE

CELESTIAL POSITION
BINARY STAR EPHEMERIS
PRECESSION/GALACTIC COORDINATES

SPACE SCIENCE & TECHNOLOGY No. (5)
KEPLER’'S EQUATION

ORBIT DETERMINATION BY THE METHOD OF GAUSS
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