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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 |l pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). |If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

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

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

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

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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PRECESSION OF RIGHT ASCENSION AND DECLINATION .« + 4+ & 3.4 & 4 s
Given the equatorial coordinates (right-ascension and declination)

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

LOCAL SIDEREAL TIME & O?LIQUITY FROM LOCAL STANDARD TIME .+ . .« . &
Compute obliquity & local 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 Tocal 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)

N DISTANCE, GREAT CIRCLE DISTANCE. « + + s o 4 « + o 11
Jiggggaaca{tu 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. « .« « .y o 4 s.2 + o o « 16
Various astrodynamical relations are computed by the vis viva,

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 hourly rates
of change of azimuth and altitude of a celestial body. Local
siderial time is also computed. Required data are observer's
latitude and longitude, month and day, object declination and

right ascension from an ephemeris, and Greenwich mean time.

BINARY STAR EPHEMERIS 4 v v s + v w.v v v v o v v o 0 x o 4 a 4.1 33 ‘
Given the standard Binary 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 + 5 4 s o o a4 o 1 u s.0 4 v s o 38
Precesses equatorial coordinates (r1ght ascension and declination).

Transforms equatorial coordinates to new galactic coordinates and ‘.’
vice versa.
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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 . . . . v+ . 50
Position and ve10c1ty 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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Program Deseription 1
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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.

\ _/
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Program Desecription |

Program Title /t"(':-/ jl/e’fm‘/ Toe ’” (75/"' 7(7444 Aﬂfﬂ/ jféﬂt/ﬂn’/ 7 A

Contributor's Name ¢ x /‘/g/ﬂl/’/(—
Address 27765 Ao b ZJ?

City (Z’ s n1el state A ZipCode Z552 ,
- J
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Program Description, Equations, Variables
/. //;7?1;1// e /;u//f/k/ p/z/ ;/;m OJan /1506 t(}/ﬂ(’,' e n an///é/.!/ﬁf
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yza /8 /220 Y50
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A. (cm whe / L e Arein b o'[ N et foirrés 5‘/(»4 [re’c’ﬂwmév /%e:n
/l/mn) J(m& sscer 7= (éc;/lVf\/-D'ice '¢' 5’)/3£¢sz chere fle
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Rs =(2 3425,54/4- bey oy’ sy T 4 0 ‘o /,%zao ta zé (mecl 2 //h.rs
74 /&«,ﬂ/gﬂ/e 15/ e foca / 5.ferens Sye
L5T Zgg - /'//"
wilere // /s e G ECTrr i //znf ot L5 n/errfeo (% S Wes £,
- ?W 5%'})
5. [d,w/jpv/P E, Tlhe ,yeam pé/}'u,'{; A Fhe ec lpFoc :
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— b53%5¢/

Operating Limits and Warnings
/1/«‘!/444 Aehes (8. c. ) are ot /ar,p/»//. Somelleel é Sy
o /(,/,,/4, Py A,,( . J ¢: /et m el /6’5 A5 G cen ver fet

ﬁ 6/?9&'//44«/ Ay //ctz"" 7 ¢'154'/‘¢

\_

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

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

%3

2/
cs

Cé

-4

&o

or

73

oY

%3

os

(244

¢/

N
M)

2y 0

2/

X

o3

130

07

OZ

o5
22
P2l

oy

&/

o3

cé

aoc

140

ce

I2Y,

\ -S«bm$u$§m\u\n\\ung‘\-Q“\’*““‘ AN S ON

3¢ /7

¢/

s*%ﬁ
W

KL

3y 3

S/

X

oy

&y

32 23

150

h\
- \s.(».‘
{

™
N

K _
NalNia
<

\n

b

™
)

160

LY
%

NRMNY| & U,
wtmv<xh§\ ik

[’0/”/7;1/6

[';w/:m/f and
[/,3/7 lay
Local

S.ilerea /

T o e

Z‘()M/Ju / ¢
& n //(

4'/’3/7 /ﬁ/
05 A/’ “ ’%Z

—

S5/

170

LlL O

3y b0

7/
o8

cy

ey

2

o8
oz

otk

oo

180

&/

o3

o¢

¥3

oq§vu+bmnmx*&mk
k

o5

VX4

5%‘2

33 0%

5 IS

32 72¢

R/s

sv

gy

190

200

210

220

LABELS

FLAGS

SET STATUS

\

D E

FLAGS

TRIG

DISP

o

d e

ON OFF

Y

3 4

8 9

W N = O
ogog
ooao

DEG &~
GRAD O
RAD O

FIX &
scl O
ENG O




11

Program Deseription |

@ ‘(ProgramTitle SPACE SCIENCE AND TECHNOLOGY NO (1), HORIZON DISTANCE, .. _

GREAT CIRACLE DISTANCE ) e

Contributor’s Name ROBERT C. WYCKOFF . . e
Address 9517 CORDERD AVE. i o . ) _

City o TUJUNGA State CALIFORNIA _ ZipCode 91042
\_

4 N

Program Description, Equations, Variables AS a Function of altitude, the slant distancd
to the_horizon of a spherical body of radius

R is-given by (1) L = {2Rh + h2)%. The sub-tended angle B 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 distance between two points on the sphere

is given by the Law of Cosines of a Spherical Triangle, where the

central angle is B. (49 __J g =(sin LatA)(sin LatB) + cos (LongA).

(cos LongB)(cos({LongA-LongB))
where Llat A, Lat 8, Long A, and Long B are the usual geographieal
coordinates of the two points on the sphere. The distance over the
surface along a great circle 1is given by (5) S = R8. The larger
great circle central angle is given by 27- 8 where 8 is in radians.
The greater gmeat circle distance again Follows From the RO relation.__

Southern latitudes are entered as (-] and Northern, as (+). Longitude:
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 spheré
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,%+90, 0 or 180/360 degrees.respectivg

Values of mean radii of various astronomical bodieées are loaded From
the program card into the secondary register, with the value for the
moon being in H1D’ the first or closest planet Mercury, in R11, Verus,

= N =
1T T cSar il 1717 1_113 e,

Operating Limits and Warnings

. Remember that when the second side of the card is loaded into the
HP-B87, 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 given on page 3.

Provision is made for re-iterative operation. o -

\_

4 N
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.

\ e _/
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Program Deseription 11

- R ~N N
Sketch(es) 90°-Lat A--. _ — 90°-Lat B W
B \\
REOFEed- . AATN
‘L AN V
Lat AL ¢ %‘ 2\ \;”Lat B
‘" LongAtLongB
\ N~ 7 ‘ ~ IR _J
~ ) .

Sample Problem(s) PROBLEM NO T: A satellite is orbiting the planet MARS in
a circular, concentric orbit of constant
altitude of 850 km. What is (al) the distance to the satellite Ffrom a
fixed ground aobservation 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 thd
sub-satellite point and the ground site, [(d] the distance over the surit
face of MARS from the sub-satellite point and the ground site?

PROBLEM NO II: The Soviets announced the VENUS S and gO landéng coor-
dinates of the descent capsules as 33N, 283 E and

159N, 295° East respectively. What is (al) the smaller angle at the
center of VENUS between these two landing locations, (b) the smaller .w
great circle distance between them, and (c), the larger great circle

distance?

SOLUTION NO. T: Load both sides of the program card. Side 1 contains the
program and side 2, the radii in km of the moon and
planets in increasing distance from the sun, with the value for the moon
in Rqg, MERCURY in R,;,;, VENUS in Rqgz, EARTH in Rg, etc. After loading
S
the presence of the program on side 1 "fooled" the HP-67 into believing
Solution(s) 5ige 1 was empty. Next enter 14 in display,pressh STO I. RCL(1) and see
in the display the contents of the storage register Ry14; or the radius df
MARS in km as 3387.55. Store this value in primary register BRpg- Load
1.852 in Ry, and B850 in A,. Press Key A for solution of (al) and observg
2545.85 km. Press R/S for solution in n. miles, which is 1374.85. Presd
R/S again to prepare For Key B operation. You again have 2545.85 in the
display. Press Key B for solution {b) giving 108.18°. 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. )

Reference(s)
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a 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 RA. Place 33 in H4, 293 in HS, 15 in

Rg, and 295 in RAy. [?F these were not given in even degrees,

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

Press Key E for (a) and observe 18.09°. Press R/S and observe
1910.83 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 fFor (c). R/S gives
this greater distance in n. miles as 18,500.49

CAUTION: It is not advised to recall the constants from the
sscondary register by interchanging them with the
primary register, since the primary registers are
no longer Ffilled 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 body can pe stored in Ag for
application to this program. Some additiomal planetary
satellite radii, as mentioned on page 3, follow:

Jupiter: Ie = 1670 km, Eurcopa = 1460 km, Ganymede = 2550 km,
Callisto = 2360 km

Saturn: Titamn = 2440 km

The remaining planetary
Neptune: Tritomn = 2000 km satellites have much smaller

radii, and have masses so

small they probably do rnot
have aven roughly a spherical shape (through gravitational
effects).
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User Instruections

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 |Load program, Side 1 first, side 2 last [:::
2 |Interchange primary and secondary reg.
3 |Recall desired planetary radius through|h STO I, RCL[(i) ][ |
4.|Load Ry with above value. Load 1.852 in [ ]
Ay, the altitude h in Rp, delta h rWMWW[waj
i Rg{for re-iterative operatior) ST T
i Aglror T . A .
Rg, and Long. B in Ry, all in degreps, LIl
minutes, and seconds, NEVER DEC. DEGREES. L]
5.|Key A computes L in km [ Al ] L in km
6 |R/S computes L in n. miles ﬁzgj[:ijl L in n. .
7 |R/S For initializing Key B operation [R/s|[ ] |L in km
8 |Key B computes subtended total angle 7ﬁ§} -;;:] @ in dec|®
9 |Key C computes central angle [ Cc E;::} B in dec} e
10 |Key D computes distance S in km fig;]:r;;] S in km
11 |R/S computes S in n., miles [H/SIFV_A] S in n. . ‘W
12 |FOR RE-ITERATIVE OPERATION , press R/S | again. [ ] [rewh
(New h = h + delta h appears in displaly) I ]
R/S again re-iterates Key A through D [ [ ]
Store proper value of planetary radius in Rg F:W" Wﬁiﬁ
througm =sto-=1 [ffij[ffij
13 Key E computes central angle between ppints lE [ ] B smallef
A and B FTor smaller great circle disgftance [ ‘WJ{W“T
14 R/S computes smaller great circle distgnce in Hm [ﬁ{?‘fi?f] S imn km [S)
15 R/S competes above in n. miles [jigﬂ[_:.J S in n.mk
16 f Key A computes S larger in km F-A10 ] S in km [L)
17 R/S computes larger S in n. miles [r/sl] 1 |s in n.mp (L)
Secondary registers are loaded as fellguws: NJ@ieél%haé the radii
R4g = Radius of Moon = 1739.29 km ofi_th [piajﬂetar*y bodigs
Riq = " " Mercury = 2420.89 km arfe erjfered ih order of
Rip = Ty T Venus = B052 <m t:IEir" 'NEF;SASLLNG OIS TANCE
Ryg—=—" U Earth =637 4847 —km Friom-the sgn . —Hhas,
Reg = kil " _Mars = 3387 .55 kmn Eébwgr beidg [the THIRD
Rig = " " Jupiter = 71375  km planey [Fron the sun, Has
Ri1g = ﬂ T Saturn = 60400 m iWS“rﬁquS]loaded intd
K yame H Y—Hrarmus = 23500 KKm HHETT: e ‘M
H"-S = " ' Neptune = 25000 km . ] [77—7——:—7—J
Rig = " " Pluto = 2930 km LI
Additional p]ahpfary satellit i1 i * ILT'J
on page < S may be stored in Roq _ g | L”W,H,ﬂ J
[ st
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67 Program Listing I 15
STEPY "KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 F-LBL-A [31-25-11 RACL-4 34-041] Lat A
RCl.-2 3a-02| h rH 31-74
ENT 41 F-cos 31-63| cos A
g-x< 32-54 060 RCL-6 34-06| Lat B
h X/Y 35-52 F-y 31-74
RCL -0 34-00f] A F-cos 31-63)] cos B
2 02 x 71
X 71 RCL-5 34-05]| Lorng A
x 71 £ 31-74
010 + 61 BRCL-7 34-07| Long B
F-(x)% 31-54| L F-H 31-74
R/S 84] L in km - 51
ENT 41 h-ABS 35-64
ENT a1 070 F-cos 31-63
RCL-1 34-01} 1.852 X 71
/. 8 + 61
R/S L in n. miles g-cos 32-63] 8
h=7 35-52 R/S 84| B in dec. deg.
R-ATN 35-22] L in km g-~Rad 32-73
020 F-LBL-B8 [31-25-12 STO-8B 33-08
RCL-0 34-00] R RCL-0O 34-00]| R
h-7 35-52 x 71 RB = 5
./ i 81| tan @/2 R/S 84| S in km (smallef)
g tan~l 32-64| @/2 in dec. deg,™ RCL-1 34-01] l.852
2 02 /. 81
X 71 7] h-RT 35-22] S in n. miles
h-RTN 35-22] @ in dec. deg. g-LBL-A [32-25-11
F-LBL-C |31-25-13 h-" 35-73
) 0z 2 ae
030 /. a1 X 71
g 09 RCL -8 34-081| @
9] 00] 8o = 5 B4
R=7 35-52 RCL-0 34-00f R
— 90-p = 8 090 X 71 HQ1 .
h=ATN 35-22] @ in dec. deg. R/S 84| S, in km (largef)
F-LBL-D 1|31-25-14 RCL-1 34-01 1.852 g
g-RAD 32-73] 8 in Rad. e 81
ACL-0 34-00| R h-RTN 35-22 5S4 in n. miles.
X 71 AB = S
040 R/S 84] S in Km.
RACL -1 34-01 1.852
/s 81
i1/S 84] S in n. miles
RCL-3 34-03] delta h 100
5TO+2 33-561-02
ACL-2 34-02]| iterative h
R/S 84
F-GTO-A |31-22-11
F-LBL-E [31-25-15
050 ACL -4 34-04| Lat A
£ H 31-74
F-sin 31-621 sin A
BCl -6 34..06 Lat B
£ 31-74 110
fesin 31-62] =sin B
X 77
REGISTERS —
°Begivs1.ese [h (km) (B9S2 (CE9EA Fhona, A 1Phay 8 |Thorg, B [P T20 3
) S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 1
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Program Deseription |

4 ) -
Program Title SFPACE SCIENCE AND TECHNOLOGY NO. (2), vIs VIVA AND PATH 'w
ANGLE RELATIONS

Contributor's Name Robert C. Wyckoff

Address 9517 Cordero Ave.

City TUJUNGA State California Zip Code91042

> J/
-

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

equation 1s .
(1) v = EF - ljlyz where Vg is the velocity of the body at a poihtk
o r

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) v_ =|ul% where r

c c is the radius of the circular path.

LP§ The escape velocity is given by

AVC. From Kepler’s Third Law, we have the period of the

(3) v, =¢
{ 2 §]é motion, T, given by

(a) 7
Figure (1) on page 2 illustrates these parameters.

The path angle @ is given by

‘ 2
(5) sin @ :[93[1 - i] where e is the eccentricity of the elllpse
Yo and is given by

(8 e = (a - ry) where rp is the periapsis distarnce. \W

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

1,
A
+ a [éihew -1+ eéjz Figure (2) on page 2 illustrates

“sin @ thes e parameters.
The values of u for the planetary bodies, plus the mod#
and sun, are stored in the secondary reglsters on
side No. 2 of the program card.

(7) r=

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)

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

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

\. ) _/

S ¥ G




Program Deseription 11

(oratonton "17p 8RS he Mikso
Sketch(es) .. N . .
 Sketchles) Migfopm Path, RS CaRa'pheh |ERS1e

L .
v a Xﬁxiepi "
1 4
S R{{ 38" de
/5
o -+
Te
a
Figure (1) O deg.
Figure (2)
g L )

- )
Sample Problem(s) ZACBLEM NO. 11 A7) PREED,7oRs L 80 8L 7aRet 51401 20490k Yo

h mi-major axis is 300,000 km. Radar range data gives the distanmce

o tRE"proBd°5s"3h8, b8a km. Assuming the range d?sta%ce was determined
from the center of the earth, what Is . .
B (al 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]s

distance is 8000 km. The _mid-course maneuver correction is to be ﬁer—
Formed at a distance of 100,000 km from the center of the Earth. hat {|s

[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 EPOQP3$ card. Recall contents of
Ry3. Observe 3.986012 x 182 Place this value in R,

?}gqg 200,000 in F 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 i s 10,3

. 5 15 abou m/sec less an tor launch at the suf-
§§ce ?§ the earth, which demonstrates the advantage of launching from a
olution(s) parking orbit.

SOLUTION NO. (2): With both sides of rogram_card_entered, place 13 h st||l,
>iU"0, 200,000 in Rz, 100,0007in Rq, 8000 in R ».and 20 in
Rg. Press Key A 'to load the square of the eccentricity, 4 in Rg.

Observe 2.445203058 in display as the VIS VIVA velocity. Press F Key A
and observe 18.863538066 dec. degrees as the solution to {al. Press

Ff Key B and observe the MAXIMUM focal radius as 318854.20398 km. Press
A/S for the MINIMUM focal radius and observe 199981.1364 km as the sol-
ution to part (b).

Reference(s) Any standard work on ASTRDOYNAMICS such as
. SPACE TECHNOLDGY - H. Seifert, John Wiley and Sons, Inc. or
‘“’ HANDBOOK OF ASTRONAUTICAL ENGINEERING - Koelle, McGraw-Hill.
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Values of u, in I<m3/sec2 For various planetary satellites

Primary

Jupiter

Saturn

Neptune

SPACE SCIENCE AND TECHNOLOGY NO. (2)

Satellite

To
Europa
Ganymede
Callisto

Mimas
Enceladus
Tethys
Dione
Rhea
Titan
Hyperion
Iapetus

Triton

4890
3130
10319
6455

2.523
5.722
43.035
68.465
146.67
93380
2.934
92.17

8.803

{less than)
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User Instruetions

SPACE SCIENCE AND TECHNOLOGY No.

VIS VIVA,

KEPLER’S THIRD LAW,

(2]

AND PATH ANGLE.

19

ié
L
-4

ST PR

/ sec

/ sec

/ sec

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1| Load both 51385 of Sard. Int%rchanqs T L__WJE‘_:
primary and secondary registers ada
the EEBPD? ate value oFgu through Epeg E' N l::i:][:::
OCaI d ?cgn the' sem? ma jqr axis L] |
7 .
S ANET 0, "B1adh SRELRO o TT0 SRRSO tTote ()|
Place the _pe&riapsis distance, rmp in |Rg and the [ W[ ]
path—argte—# irr*F%r—Fur*path—angte—&perathmT [—”’r'—j
2 |Key A gives the VIS VIVA velocity V. [ A J[ ] |[VYo in knm
3 | Key B gives the circular velocity Vg [ B‘,J[,’:I Ve in km
4 |Key C gives the escape velocity Vg [ C'JI, | Ve in km
5.|Key D gives the orbital period T in sedonds [ D || J T in sec).
B | Key E gives the semi-major axis in km I~E,HILA;J a in km
For path angle computations, Key A mdst [ ] B
1n1tlaé1y be préssed 1n order to comgute an ”ﬂw '»
lo locitdy JM‘I 131
J
appear in the display. Disregard thils. - ] j]
7 | Key F-A gives the path angle @ in dec.Y FA | | @ in ded.®
B8 [ Key F-B gives the larger focal radius, |rpax- ?BJ 4771 Fna. in km
9 | A/S gives the smaller focal radius, Cmilne R/9[ | Fmip in km
For Key C operation, Key B must first |be

pressed, in order to compute the circy
velocity Veo

lar

Z

Values of u in kmd/sec are on the sid

e 2

EE the program catj*dE and_can be placed [in
Body U Register
Moon 4.90098 x 109 Rin
Mercury 2.15215 x 107 R4
Verus 324815 105— 15
— Earth—-3,886042x 405 Bi3
Mars 4.30430 x 104 Ria
dupiter 1.26658 x 105 Rqs
Saturn 3.79476 x 107 B1s
L lam ey o 5 77QDD e 4('18 =1
L=l R - § g | = e ) =JL IR AR g = r = J N I\JS ll’l /
Neptune 6.85500 x 10 Rqig
Sun 1.324948x 10" Rig
Additional values of u for various sate)llites
are given on page R2a.
Re-iterative operation is not provided]| in _as
much as generally discreet values of the

parameters are desired.
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97 Program Listing |1

STEP KEYENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
#@r #LBLA i i1 [oad -41
a8z : az < -24
rCL!: 3g a4 Xe 53
- -24 eTes 5 @5
FoLz 36 8z 1 é!
1K 5z Xy -4
- -45 - -435
ROLA J< 86 RrCL2 35 a2
35 RCLE 3¢ 6@
& I¥ 54 o -3
sTa7 s & . BE7 -5
M2 PN 24 Vo 1n km G ¥ 54
5137 wLBLE 21012 BEQ  PCLY 35 81
z14 RCLE £ B8 &78  RCL7 36 67
F1  RCL! 36 6l &7l -35
a1 : -24 272 : -24 )
217 g4 Voo gT3 0 BING 16 41 @ in dec. ©
g1e RTN 24 Vg in km ard RN 24
xLELD 21 13 575 wlBPLb 21 1€ 12
z az a7e RCLS 35 66
Iy 5 y 7 SIK 41
¥ -25 e . & ENTt -21
RTH 24 Ve in km 7a ENT? -21
¥LELD 2114 & X -35
RCLZ s a2 1 X2y -4
2 az ROLE 36 82
¥ 3 RV -41
Fi 16-24 z -24
HE ) HEY -4]
4 a4 1 g1
! : -35 - -45
3z =35 pCLE 3o 83
37 RCLE 36 ae s < -5&
4 z -24 &ae Iy 54
75 54 T aa1 ¥ -35
T 24 T in seconds 302 ENT? -21
21 18 583 RCLZ in 82 .
- T n km
2 08 VI .55 rmax) i
35 83 ¢95 RsE 51
53 g9 KIY -41
-35 §87  RCLZ 35 82
16-74 gag Y -41 . .
€37 I _ -45 rimin) in km
; a4 a¢  RTH 24
C4E -35 .
-24 .
g;: 5% ~4
Cgg 51 a -
56 24 a in km .
551 ¥LBla 23 16 11 -
&82  ROLZ 35 42 n
SETOENTt -21 e -
#5854  ENT? -21 B
£a% RCLY 3% Be .
EL - -4c
e 4 REGISTERS g
6 7 8
0 o 2a 8T rm 5 o2 @ dec® V_(prog
km km cern km (prog) o) P
S0 U STy S2 u S3 u S4 U S5 u S6 U §7 u S8 u $9 u
Moon Mercury | Venus |Earth Mars Jupiter{Saturn Uranus |Neptune sun
A B C D E 1
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Program Desecription |

M r,,,og,am Titte SPACE SCIENCE AND TECHNOLOGY NO. (4),  BALLISTIC MISSILE RANGE

Contributor's Name Rex H. Shudde and Robert C. Wyckoff

Address 5%195035 %gg X%Z.

Carmel California 93921
City Tujunga State California Zip Code 91042 .
\

ﬁ’rogram Description, Equations, Variables Computation of the surface range of a ballistic miss
is fairly common in the literature, but it is general
r 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
o 2-body theory, gives an exact solution. The basic assumptions are that the body is a
i 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 vario
| jJastronomical 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.

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

1) 1/a =E’Z/R1 - vlzlﬂ where R; 1s the radius of the body plus the altitude of

| burn-out, and V, is the burn-out velocity. R& a are given
L km and V1 is in km/secz. u 1is in km3/sec2, The semi-latus rectum of the ellipsge 14
given by

? &
; “’ (2) p= EELXLEEE_EZ_ where @ is the elevation angle (to the local horizdn)
; 5 u at burn-out., The eccentricity of the ellipse is
3 e = (l-p/aﬁ;/ The true anomaly of the launch point is given by

(4) £y = cos™ /Rl'l)ljé] where 04f; (I The true anomaly of the target point

- is given by

(5) £, = 2 - COS-H}P/Rt-D 1/e| where MN{f (21 Range over the surface between

| perpendicularies through the launch-

| and target points, is given by (6) S = R(f, - f;) where R is the radius of the body
radius of the body + the altitude of the target }ocaandngenerally equals Rt

To compute the time of flight we need to calculate the eccentric anomalys, E, and

E,
—td
(continued on page la)

Operating Limits and Warnings

The line of apses must separate the burn-out location and the
target point, i.e, the elevation angle § at burn-out must be 0( # {II/2
HObserve 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
ﬂEE NOT REGISTER NUMBFRS, but index no's, used to recall the proper values from the

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

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

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

. J

J
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SPACE SCIENCE AND TECHNOLOGY, No. (4),

BALLISTIC MISSILE RANGE, etc.

E1 is given by (7) El = cos'q]l - Rl/a)llé} vhere O Eq (T

(8) E,

and

= 21 « cos”

The time of flight is given by

(9)

t

s

a3/2

The maximum ordinate is given by

(10)

1) v,

The value of the semi-latus rectum which correspondes to the elevation
angle for maximum surface range 1is

(12)

h
m

P

opt

a(l +e) - R

and the velocity at burn-out and max altitude

are

1/2 and V =

c,m

2

(u/R+hy)

1

1

e B

[
" 38:
5

U1'~.D

alzaga+as
8lrapa+g3
Jagaaa+ag
FoSapea+as
2494888+ i
£. Fb@BU@BUH+w5
&, gppBeBagaa+6E
&, AhpbpEBEG+aEd
8. 0paBresaGE+Be
@, BhrAoBEaEB+aE

.I'A.le:;hc-l.,

L]
815
fUUB@UU*UJ
&
1
4

M&J-&U.(j@',hjl"lh.‘.l—».-&..

24
3
&
r
a
&
2

f.u._l r-M ol r.c-

2a - Rl

Registers are Loaded

13)

1/2 l:(E - El) - e(sin E, - sin Elﬂ

1/2

I[ﬁ - Rt/a)l/éJ where N{E {21

while the value of # for
maximum surface range is

)

as follows:

o
Pl
™
!

SR

e PP 1 0 B T gy 000 S 88, R R G Py w

max

Rlvl

A.IJTSUUUUU?"&

Fo4lepana+ay
.B4BB@@UHH+U
. Fr882668a+85
. 350paaREE+9
85588686+ 88
. J808P0BEGA+04
3
9

12378868+85
. 3388860EE+63
. 324948806+]1 1
. SsappogeE+aEs
.B@GBBB@&B+U@

R Ty e Py g BN O oL oy Gy

U.Ba@@@@@ﬂd+ﬂ@
8. BpepebEea+Ea

[0 B o B B e NI VR v PR O S ) T SN R AN M .

= cos~l [%EEanliigl

v
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Program Desecription 11

(U

Sketch(es)

s

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

burns out at an altitude of 60 km, a burn—out velocity of 1.5 km/sec)
and an elevation angle of 30 °, What ig: (a) the range, (b) the maximum ordinate, -
(c) the flight time, (4}~elev, angle for maximum range, ¢ max, ~and (e) the maximum rafjge.

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

e enter 30, do f-C, enter 0, do f-D, R :

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),

II Enter 20, do f-A. Enter 30, do f-C. Enter 3, do £-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).

1]1 Load data card again. The index no, for the moon ia 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).

.

\__

e
nefe,ence%,)d HANDBOOK OF ASTRONAUTICAL ENGINEERING, by H, H, Koelle, Ch. 7, 1961.

M Hill
(2)  NONSYMETRIC BALLISTIC RANGE, HEIGHT, TIME OF FLIGHT" ANDLOPTIMUM FLIGHT PATH ANGLE

COMPUTATION WITH PROGRAMS FOR HP-65 CALCULATOR, R, H. Shudde, Naval Post-Graduatd
School Technical Report, NPS 55Su76031, Mar 1976
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User Instructions
SPACE SCIENCE AND TECHNOLOGY, No. (4), BALLISTIC MISSILE G W‘
1 MAXIMUM ORDINATE, TIME OF FLIGHT, ELEVATION ANGLE FOR Rg‘
= MAXIMUM RANGE
§
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 lLoad Program and Data Cards. ,
2 |Select and enter body index no., do f-E (%) n ;-g '_l u ggavindec
3 |Enter burn-out altitude, (in km) do A h f-A|| | |hin km.
4 | Enter burn-out velocity, (in km/sec-), do f-B v, 'f-Bi [::fj V1 in km/sgc
5 |Enter elevation angle, dec.®, do f~C ) [£-C| [ ] # in dec.®
6 | Enter target altitude (in km,; generally 0) h, [777J [7: .
do f-D [£-p)[ ] |h, in knm
7 Key A computes Range in km [ A ][ S in km
8 Key B computes maximum ordinate in km - hmax in km
9 R/S computes circular vel (km/sec) for h [R/S | Liij A in km/sec
10 R/S computes circular vel.(km/sec) for h [R/S] [ Vo, n in knmfsec
11 Key C computes flight time in seconds [L] [ t. in sec
12 Key D computes @ for maximum range, (dec. ©) [ D ][ ] |0 max.
13 Key E computes any distance, Key A or B to n.|miles [ EJ[ ] |S» hpay infn.m
- .
Step 2 must be performed BEFORE any subsequenf step. [ J [77 ﬁ]
Step 7 must be performed BEFORE any subsequeny KEY oper. [ ] [ ]
If a new body 1s selected, DATA CARD and step[2 must | f;W [;,,,,; ]
uzi%'.‘:&}]:y«be—per—f-emeé; e e ——
L
Primary and Secondary Registers are loaded fyom the dacia cfa’ra §§ foTﬁ}ows‘
Index No. Body u (km3/sec?) Radius (jm) R_gist]er;{ 10
0 Moon  4.90098 x 103 1.73929 x og 0/1 I
1 Mercury 2.15215 x 10 2.42099 x 102 2/3 | [T ]
2 Venus  3,24815 x 10:’ 6.052 x ].O; 475 0]
3 ~Earth  3,986012 X10° 6.3710Y7%x 0. 6/7 le”—J Liifj
4 Mars 43043 3% 10° 3.38755 x {03 8/9 [
Sun 1.324948 x10t1 6.96000 x 10° A/B [
5 Jupi 1.26658 108 71375 ot 1071t - .
ter X 1 - :
6 azgurn—3—7—9%6—x—}97—6—9490—x 92 w2ns| L 1L
7 Uranus 5.77892 X 10 2,3500 x for 16/1s| [ 1|
8 Neptune 6.85500 x 10 2.5000 x }0, 16/‘17 [ L]
9 Pluto 3.31237 x 102 72,960 x og 18719 l 10 ] .
Sun 1.324948x10 6-96000—=x%}0 A/B [ : ] [’ *;"]
CALUTION: 1f the sun is used as the primary body, no [ II J
index number is used. Value of u [is already in[regiH:er KJ.
Recall contents of register B, and[load in T gifter ft ,,,]
Them gotostep—3-etes -
- ] v
T
T
I

L




Y7 Program Listing 1 2

STEP "KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
e8! %LEBLR 1011 9-55 L=k 1& 4§
, 8e2  RILC Kk B52 - -45
@ 882 RCLD 7€ 14 858  RCLC 3 13
883 + -55 BER 5 -3
gas ST 35 aa 861 RTN 24 Computes Range in kp
gac 2 @z g62  ETOR 2z a@
0a7 2y -41 867 XLBLE 21 12
BES : -4 864 RCL3 5 637
863  ROLE 6 17 BES 1 a1
B1E vE 53 BES + -55
@11 RCLE 7€ 11 867 RCLI 3¢ @1
1z : -2 ase 14X 57
12 - -43 Computes 1l/a ee2 X -39
B14  STOI = a P / B7e  RCLC 3¢ 12
815 ROL@ 6 @6 P71 - -45 Computes
B1&  RCLE IE 12 872 R-S 5] P Pnax
¥ 217 ¥ -35 BF7  RCLC 5 13
: 12 ROLE 7 15 74 + -55
g1¢  COS 4z 875 ROLA 7€ 11
B2E e -3 BT K2 -41
21 yE =3 g7y B -24
827 RCLA I 11 s 7K =4
oy 2 24 879 k-8 a1 Computes V
ez4  SToz 3T g [oWPutes P gae  RCLA 6 11 cmax
125 ROL! 76 @1 881  RCLE 36 a8
BZE -35 egz < -24
327 i Al 883 e 54
825 KPY -41 gad RN 24 Computes V
825 - 45 €85  CTOE 22 @@ c
i 36 r 54 126 *LELC 2113
@ T D Ll e g ot 2 5
4 % sz ow K * i
75 ROLE € @z g2&  RCLE % B
177 RCLEG 3¢ aa 8Es  RCLI 26 ai
234 : -24 89¢ ¥ -35
235 ! @1 891 - -45
B3¢ - 45 837 KCL3 7€ 63
6837 hngd -41 B8z Oi 1 _—:—'-?
B38 E ~-24 854 cos- & 47
B35 COSY 15 42 oz 704 35 g | Computes Ey
o S o= Computes f, ar _
848 RCLZ I 67 Bag 1 @l
B4  ROLL I 13 887 RCLC 3 13
B42  RCOLZ I 89 P38 ROLS I& @S
43 + -5g 9a + -55
B4 : -24 tee  RCLI 2 a1
845 ] 3 181 ¥ -35
B4E - -45 182 - -45
847 ROLZ 2 03| 183 ROLZ 36 83
B4 2 -za ! 184 : -24
p4e oS- 16 42 185 oS- 16 42
1 BSE 2 a: 186 DR 1€ 45
g5 1 Fi 16-24 17 z 1 az
h5 2 x 35 108 Fi E-24
g:t? e -41 169 ¥ -35
854 O=R 15 45 11e K=y -41
BES - -45 Computes ft 111 - —-41? Computes Et
B5¢  X2Y -4 112 R+ 1€ 46
REGISTERS
8
u OR; in '1/a in |9 in km [3e 4E1dec° 5 E, dec® 6 7 ?a*ﬂekm
kn k- 57 5 59
S0 S S2 S3 S4 S5 S6
A 3 218 C D E P dec © I
u in km
/sec Vl in km/sec RE in km h in kg
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2 97 Program Listing 11
STEP KEYENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

117 &705 I5 65 169 RTH 24

114 D3R 1€ 45 17 G108 22 @@

115 ¥y -41 171 *LBLE 21 15

116 D3R 1€ 45 iTE 1 a1

117 - -45 173 . -5z

11& RLLS 36 85 174 s 88

112 EIN 41 iI75 g as

1268 RCL4 5 a4 176 2 az

121 SIN 41 177 z -2

122 - -45 I7e RTH 24

122 ROLZ 36 a3 17e wLBle 21 15 1%

124 X -35 186 2 az

125 - -45 181 % 35

12€  RCL1 5 @1 182 STOI 35 48

27 X 52 187 FROL: 3¢ 45

128 k; @3 184 ISTI 16 26 46

129 ENTt -2 185 RCLi 7€ 45

130 2 ez 186  STOC kiA K]

131 2 -24 187 Ri -31

132 v 3] 188 ST0A 35 11

137 RCLA 5 11 188 R-8 51

134 S 54 198 %LBLa 21 16 11

135 z -24 18! STOD 75 14

13¢ ¥ -15 182 R<S 51

137 RTN a4 Computes t_ in sec. 182 *LBLb 2! 1& 12

138 GTo@ 2z a@ s 184 STOE T gz

139 xLBLD 21 14 195 RS 51

148 ROLI 35 @1 19€ xLBLe 21 16 13

141 178 5z 197 STOE IS 15

142 2 az 188 RS 51

143 x -35 129 xiBLd 21 18 14

144  RCLC I 137 288 5TO% 35 @g

145  RCLS Ic @z a1 RAE 51

14¢ + -55

147 - -45 ]

148 1% 5z i N

149 RCLI 5 a1

156 1% 52

=1 2 @z

152 ¥ -325

153 RCL@ 76 @@

154 - -45 210

155 1.8 52

156 + -85

157 z az

158 s2v -41

15% : -24 Computes p opt.,

166 RCLA I8 11

161 s -35

162 I 54

163 RCLE 36 an

164  RCLE 2 12 220

165 u -35

165 z -24

167 cos 16 42 Computes § max.

162 STOE a5 15

LABELS FLAGS SET STATUS
AS-Range ?{ax. Otd. %S:T Of F. o ﬂ Opt . Ekm to n.m, 0 FLAGS TRIG DISP
a R/s = circdiar Vel fot Max. ord.|® 1 s DE | e o | mx O
0 R/S = Circy2ar Velocity for BurnfOut Altituffe 1 0 0] GRAD O sC O
- - - - 5 ~ 2 0 O| RAD O | ENG O
3 O 0 n
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Program Desecription |
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Grogram e CELesTiac J20s 17 om0

Contributor's Name JO-SZ PH /Q: /L/O BAET
Address &723 B EADY /4 VENVE

City Srewe Vs v state CA ZipCode 72077
\_

Program Description, Equations, Variables FPRo6RAM CALCULATES LOocAL SIDsSEIAL
TIME AvD A ZIMUTH AND ALTITUDE AnvD HourRLY RATES CF
CHANGE OF THE AZIMUTH AMD ALTITUDE OF A CSLESTIAL BODY
AS A FuneTlopn) OF DATE AwD TIME, OBSERVER'S GEOGEAPH IC
Paszr/a,u} ANVD CELESTIAL CooRDINATES OF THE BobDy .
FORMAT S | LATITUDE | LONGNI/TUDS | AND DECLINAT IOMN ARE IV
Dscpess - M/NUTES — SEConwDS 5 RIGHT ASCEAMSIOMN AND ALl TIMES
ARE IN HOURS - M/NUTES - SECONDS 3 AND AZ IMUTH AnD ALTITUDE
OUTPYTS ARE (N DEC/MAL DEGREES.

PROGRAM STEPS 72-T78 ARS A SIDESRIAL ConSTANT THAT
MATCHES THE ZEROTH HovR oF O JANUARY Fog THE YSAR
GIVERY /N STsPS ¥-)1 :

CONSTAMT = SIDERIAL Tims ( DscimaL ﬂoues) Foe 0% JAN O
24

THE SIDSRIAL TIME 1S AVAILABLE NV THE UANIVEESAC AmD.

S/IDsRIAL T/ MES TARLES OF AN SPHEMSEIS . NOTE THAT T HE

4 N

Operating Limits and Warnings //VPU7~ SOUTHERAN LATITUDES A~D DECL) —
AVATIoNS AND EASTERX LONBNITUDES AS NEGITAVE NLmBSES.
STePS K-/ AnvD 72 - 78 MosT BE CHAMNGCED EACH
YEAR . ANY INPUT OF MovTH AND DAY MUST BE N
PEECEDED BY LATITUPE AND LONBNITUDPE JNVPUTS TO
ENSURE THE YEAR ]S SNTERED JNTO THE CALCULATION
| FOR DAY OF TH: TEAR.

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 |

4 )
Program Title

Contributor’s Name

Address
City State B Zip Code

\.

(oro ipti VAL oR YREE 3B/ OF OMNE h
Program Description, Equations, Variables 1Lve f DECEMBE s .

YSAR ]S  SQUIVELISANT TO THE VALVE FOR  JANVARY O @ OF
THE NEXT TEAR

¥ Soms  CowsTAwTS ¢ )97 77 > 276578
/978 = .27585/

FOR APPARINT SIDERIAL  TIME., |
/F SHEAM  SIDERIAL T M /5 ACCCPrTARLE

/776 > . 2744306
/777 > , 276571
)27 >, 275848
/777 > ,275/85
) %0 >, 274322

Operating Limits and Warnings EnNSuRE DATE USED MATCHES 6/‘47—)'
THE GMT DATS CHANGES AT O+ 6m7T woer A7 O™ LocAr
TIME .

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




Program Deseription 11

B
rSketch(es)
__ y
-

7 N
Sample Problem(s) /4 7 /j/C’O //-75/ /5 Jday /977 ( 0200 CMT )i Jﬂ/u) ) Foe
An OBSTevie A+ 32°492° N LAT)ITv

/
DE //’70 0SS W Lone T eDE
F/vD  LocAlL SiDEEIAL TIimE AQuD THE

PosiTIon oF Vswous AD
PATS CF CHAMNGE 0F PosTion. From Asx sPHSmsers , [sawvs
Js 7°207 533" Sovrn DrcomaTion Anp 22h5é%77.4/zs
v RisnT ASCSNSIonN AT THIS TIME.

Secorron : 32.42Env7 1 117,05 f£A — /977
1 w7 2 /6 F B - /6 (Dav oF vEar)
7.205533 CHS SAT 9 22.564792 A —> /.
2 - 553757
> 234.5°
—> 32.0°
—> 72.4953 ° /e
. — —/0.437 °/ KR

s

SIOOY O ™

£
£

C

> o
L/Z/NUS /5 g THRE SsurHwssTsPA SKY 32 ABovs THE
FORIZ0N T 5 moviné  fweTiwAeD  [2. 453 ° JHR
AND TowARD THE Fori2i8 0. %37 C /) He ( WEsLECTING
ATMOSPHSR IS 25 FRACTIIN ) .

A o
3 — 27037 7.4°

Fo
\/K/E:Lu' LST (/)FTZ‘E’ CoMPUTING A_,) /S A ORIGINAL am7T + 077

v,

4 -

Reference(s) 7 /& Amspicar & PHEMspis Avp Alovrical ﬂLM»‘,’/\//‘?C,T
PRINTED SAcH YSAR RBv THs .S GovsPamsa/7 TR inTInG
OFFics, WAsSHINGTIN | D.C.

29




. User Instruetions

CELSSTI/AL POSiTion

LAT 1 Lows MO P DAY AAz A At
Dicy RA g GMT>LST Az Aot
STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS
/| | Loap sipzs [/ Arp 2 L 1]
2 //VPUT LATiTuDS AnD  LomewmiTups L@TAD.MS lenvT D
LowG/D.MS _F£1[ A YEAR
3 | JwvporT Mowtn Amp DAy | 7o 12 | EMTI[ ]
| 70 3i [ £ ] L?;J Year DAY
4 |/vpor  oBuscr  DicrimvAToN AnD pee /13| lerT ] ]
RienT Ascsnsion galdps| L ATL ]
S | Conveer GMT 10 LST G,MT/H.MS R Lsr///..ms
b | Compurs Az2imurs eIl ] Dse
7\ Compure At Tr7vps L DIl ] Dse
8 |Compurs A Azimurr /Hovr [ FIl ¢l |pse/He
O |Compors A Acrizvre [/ Hove ’Lj-j] E% Dsc [HR
Reirven To sTsPs 4 or S5 As B —
DESIRED . To CHAwGS  MoTH {fJ [ ]
AMND DAY SITHER PiRFORPM STEP 0]
2 FIBST OB _SNTER YEAR IN I
STACK PRiIoR _To MINTH. STsp 1L
8 ADDS  JO mMiNUTES To ORI6INAL I
6MT . [0
I
T HIS PROIGRAM wAS DSSIGNSD TO I ]
PRovIDE PoSITIoNING AnD .
TRACKING DATA For A4  SsmMil- N
PorrABLS  AlT- A2 TsLEScops, 0]
LST cAn BE RECALLED ANY TIME (1 |est/Hns
AFTER STeP 5 b ]
LI ]
I
[ 10 ]
I
R
S
L]
[
N
| [
L]




67 Program Listing | 3t

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oo1 LBLa |32 25 ) —> H 3] 7y
DSP .5 23 05] ST7T0o 5 33 05
> H 3/ 74 BTN 35 22
S70 2 33 02 060 LBL B [3) 2572
X= 7 35 52 SF O |35 51 oo
—> H 3i 74 SToC 33 /3
S70 1 33 0/ PCL 2 34 O2
Ji o/ MUST MATCH 3 o3
9 04l\ paTe oF g A
010 7 o7 UTATION Q0
7 o7 corpPoT S70 7 33 07
DSP o 23 oo = 5/
RTN 35 22 1 o/
LBL b 32 25 /2 070 X=Y 35 5:/2
X=v 35 52 — s/
S704 33 oY - 23 S IpPERIAL
3 03 2 Oz |( ConSTANT
x> 32 8 7 07 MUST;‘H
G70 1 22 o) A YA MA
020 GSB 4 |31 _22 oi 5 05 Vf.ggs
R7T 35 59 / ol ST )
4 o4 8 08 8 7o
- 81 + &l
FRAC 32 83 080 X=Y 35 52
X =0 3 5/ —> H 3, 7%
2 0l 2. 02
RCL3 3y 03 4- o4
+ 6l - g/
INT 37 83 PCL 3 34 03
030 RCL4 39 0y + 6/
. 83 1 o/
4 oY . &3
X 7/ o 00
2 02 090 () oo
. 83 2 02
3 03 7 o7
-+ 6l 3 o3
INT 3/ 83 7 o017
— kY, 3 09
040 s70 3 33 o3 X 7/
TN 35 221 = vear pAay + o)
LBL 1 3/ 25 ©Of FRAC 32 83
R 35 52 2 02
1 o1 100 4 0%
- S X 7/
3 03 > H.MS 32 7Y
/ o]} S7TO0 ©O 33 oo
X 7/ DsP 5 23 05
-+ @/ BTN 35 22
050 STo 3 33 02 LBL C |3/ 25 13
RTAM 25 22 RCL O 34 00
LBLA |31 25 7 CFO |35 ¢/ oo
SFO 35 5/ 00 GSB 2 13/ 22 o2
GSB2 3] 22 02 110 RcL 6 EXNZA
STO & 33 06 — ey,
X< ¢ 35 52 S7T0O & 33 08
REGISTERS - =
4 5 6 7 -, v
“Ls7 'zaT [Lowve [ve payimorry | psc ea |'360 PPepn 'swAT
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
B8 C D , E
" AT A Z 617 4907 JAALT |Az/4 AZ
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32 67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RcL 1 34 oi LBL D 3] 25 /4
SIN 3/ ¢2 170 F?0 35 7/ 00
gCLS 34 05 GSB C 3] 22. )3
SIN 3] 62 DSP / 23 o/
X 7/ RCL A 39 /1
Ecc 1 34 o/ GTo 4 22 o4
CoS 3/ 63 LB 2 |3) 25 02]
120 RCiL 5 39 05 —> 4 3 74
cos 3/ 63 / oi
X 7/ 5 X
RcL8 34 08 X 7/
Ccos 31 63 180 RTN 35 22
X 7/ LBLc [22 25 13
-+ &6l RCL A 34 /]
STO 9 33 09 S7o D 33 /¢4
sin=7 32 62 RCL B 39 /2
S70 A 33 1) S70 & 23 /5
130 rCLS 3y o5 RCLC 34 13
SIN 3) 62 . 83
BcL 9 34 09 1 (2]
RctL ] 3y 0/ + .
S/N 3/ 62 190 GSB B 3/ 22 )2
X 7/ GSBC 13/ 22 %}
— s/ RCLE 349 )5
RciL 1 34 0/ — 5/
CcoSs 3) 63 & 0b
- g/ X 7/
140 2cL A 39 JJ S70 § 32 15
CoS 3/ 63 PSP3 23 03
—= 81 RTN 35221 A A2
cos =’/ 32 63 LBLd |32 25 )4
gcL 8 34 08 200 RCLA 32y /
SIN 3/ 62 RCL D 39 )y
PSP 1 23 0] - s/
X<LO 31 7/ & 06
GT7TO 3 22 03 X 7/
R ¥ 35 53 STO P 323 /Y
150 RCL 7 3y 07 DSP3 23 o3
X=7y 35 S2 RT M 35 22| —= A ALT
— s/
S7TO B 33 )2 _
RPTN 35 221 - A% 210
L3L 3 3) 25 03
)S? v = 35 53
TU 33 2
BTN 35 221 — A7
LBL4 |31 25 o¢
160 RTAN 35 22| —» AT
LBLE |3 25 )5
PSP § 23 05
RCL O 34 OO _
RT M 35 D2 | —» 45T 220
LBLC 31 25 73
DSP 1 423 0l
RCL B 39 /2
GTO 4 22 OY%
LABELS FLAGS SET STATUS
Apecf\ EA 1 BGMT—> LSTC—> Az C > A F> LST OC‘WT,@L FLAGS TRIG DISP
a b c d e 1 ON OFF
LAT Teomip| Mot Daypa "> A Az | = A AT 0o O X DEG R FIX
0 1 2 3 4 2 1 0 8| GRAD O sci O
- , e DAY 7/-/—9 D 8—) Az 9——>A¢T i ) % g BAD. O ENG
3
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Program Deseription
r N
Program Title BiNARY STAR EPHEMERIS
Contributor’s Name Willtame €. ickes H
Address Dept. of PAYS,}; , Jadw Ha.//) Prty(ftkv\ Uw'vercr"[y
City Privcedon State AT Zip Code 25542 )
N )
rF’rogram Description, Equations, Variables For « givew date , e pregran~ calew lafes
Hae apparent POg;";‘I‘OV\ Awaie. & awd u.v.au(av- se(za¢a.-‘>|bw F o+ a
bu;\ar\/ shav systewa  frown  Haa ‘ﬁc"/lowvn—sg e},ua-}:cc;ns :
P= Pav‘;oo( of ocbid
”Mu;.v\ Av\owu\’y" M = ZF"(é'T) = EF-esin £ t= Cpl«cmcris D“k
T= epoclh of peciastron passoge
E = " eccentric av\ow\aly "
vadius vedto v = a ( | - Ecos ¢) a = $¢M-M¢\J'Ov‘ axis
C = e Ccev\"w’;c\{\/
kY ]l-)— e
I:QV\("{ )y = .'___e tow -Ez v = "4rve a.v«owm’y "
w o= a»a\e " Yvve orbit
taw (v+w) = tawn (6-R)see & Letween lime of nodes awd
PLY‘K.A >"'row
p= vrcos (v+ @) JU = position avgle of /:;\cc;nadq
L= tnclimation of $rve crbit
'V\P\H— dat. ave Py, T,e,a, w, ¢, N +o plava of sky
For any t, progvaw. co waputes /D and 6 = ‘V’f’“““‘# zes iow ““a"
£~ apparvent 2ugular se ':aam-‘»'éw
Operating Limits and Warnings l)na viav 7,uan-f:.-1,e's ave l.upu‘* and ooFput jw clegrees .

.

4 )
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

| _/
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34 User Instructions
‘1 BINARY STAR ECPHEMERLS
i LOAD LOAD Zud Shar
STEP INSTRUCTIONS DATAIUNITS. KEYS DATAIUNITS
/- Lood. Orbit Pavameders (8 [ _|
a . As O« flashes . data card I;j ':/
Moy ba enferad [_H ]
I
b. 1f no card will endered R l,ji] [,,, ]
Late l’s ewlered mauua//v. rﬁ l [7 7? ]
{ 'Huro'.xl.k T will be z‘ii;'p\q\,,qck r, 7] lif J
dur\'vxg whitl, sSuccessive orbit [ i} L:, _J
pPoarangters are ewntered . (£ l,,;, i] | 7]
ne e«\-\(r;/ 15 made during pLavse E;, ;J lfj’fiJ
d(;-.,a{qv’, ey ec vt om koj'{s [ ,,J L,, ]
Ewl»m»/ e 'FO/IOw:;«ag order ; [,777] r:, l
/. P (years) [ 1 ]
2. T (years) Li—l ff,,,]
3. e ]
4. a (arc-sec) | [ Il N
5 w () N
. i (%) LT ]
7. R () L]
[_C. To resvme affe, dela)(gd ew‘r;, [FK}E%
Z‘(t To eunfer ne 'ﬂp\rC\VM—ﬂ-“zr— n LC ] E7 I "7
‘ [ b ~
I
<. Ewter QPL\Q\M\QY‘.\S dode t(yer.\n) LB } C7] L
06
3. For new dale 5 30 4o 2. [ j [:Tiil
1]
4. Lor _new s-{‘o«r; 9:«Vrlﬂ~3 old parawaters (D[ ]
[0 ]
N
Note ; Following date entyy | [ —j L,,,_J
"Cod" will “display , indicating I N .
that data maiay be recorded IGIY ° [ - l {,7 ,,,]
e_v\-‘er-;\a o Maa’me-,-fc card . l H ;J
I
N
I R
I
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Program Deseription 11

Sketch(es) /\/ ) ) . .t
Secondany
e
P
£ P.e//nar}/ h/
- _J

)
Sample Problem(s) 7 /7& Do« E S7AL SSs-74« Sas ocrb, e/ 5/2"47€/in5
AS Fois oS

4 7009y,
T T /877 58y
e = oo
a= 0. 50/
w= s3/°08
L= 520 LG
@ Ju= gyl s

Fopndd Ahe oebiFal Las, F NS Zoe /P79

‘ Solution(s) 8B — 0. 5 [W/)’t’/} s ooo :/'_S/a/otyJ) 7/. ﬂ?‘//fzz,—/“?ha?;’

i p > —_— ol 17V ., S 4

| /ﬁp/“s—f (KT G oy [LE/—77Y, S ZZJ/ 7’5, )
A3 fog BT ) 50 s BB 7] 908 (RBIs] T Crd

SEfl /976 L] —F O »98, 66/

\_

( - .
Reference(s) /4/*’/(6/1, 7re ézﬂéf/ SHFars /ﬁﬂVEA /Daé/rCa/‘/zwg

w Aew York /96 )
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36 67 Program Listing I
STEP KEYENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 LB A 31 25 Il | puter E X Tt
STC A 3> 11 TAN"! 32 64
RCL 2 34 o 2 (=23
- s 060 x 21 o L
2 02 | (owpote M RiL S 34 05| T T TS
X T4 + 6!
LS 35 13 T 4t
X {( TAN 3\ 64
ReL ) 34 S| ReL 6 34 06| Coupute BN
010 L 8 cos 363
STO 8 33 o8 | L ... x Tt
RAD 35 42 TAn™ 32 64| ...
LBL o 31 25 oo e 4 35 52
~ 41 070 cos_ 3 63
SN 3i 62 L ¥ 3y 08| Cewmpota p
et 3 34 o3 x T4
x T4 24 35 s
2cL ¥ 34 o% cos 31 63
+ X LST X 35 32
020 -—x- = Z; Cowmpute B Klw 3s5 :;5 N N
LST RN R 2 B B G
* 41 by (harahon er 35 53| Ot e
RY 35 53 ReL 7 34 o7
+ Si 080 + 6 |\ .. -
ABS 35 64 RY 35 53
EBEX 43 X <O 30 74 ¢ p<oO:
cHsS 42 SF2 35 51 on
s 65 | Accovcy 17,05 485 35 o4 tpr= "¢
XLy 32 1t sTOo 8 233 12 80+ > B
030 SE2 3y 51 o2 Lz 44
X 35 54 / ol
Fa? 35 71_o2 % o3
G610 © 22 OO0| . o e e . (2] co
7~ &4 090 R 35 s
cos 31 63| F22 35 7! 02
rcL 3 34 03 + el
x 71 3¢0 83
] of A o6 O 360°
x2: 35 52 - o b
— x: -] p) = (owmpote x5 Fe— O -360° > 6
Ree 4 34 o4 cLx 44
x il - S
sTo 8 33 c§ . STO € 33 13
Ry 35 53| 100 rcL B 3 12
2 o2 —_x- 2\ 84 Display P
& i X2y 35 52 PDuplay 6
TAN 31 64 _RTN 3s 22| -
PES 35 4| LB B 31 25 1| Eoder Aako
| o Cowmpuoute ) CF 3 3s 6' o3
050 pic 3 34 o3 7 o7
+ o) STT 35 33
' oi 24 o0 .
Rce 3 34 o3 o 3| 84| Doplay O +e
- 5 110 MERGE 32 4| ewker cavil
L Y PAVSE 35 712
Vi 3\ 54 F3% 35 71 oy
REGISTERS -
a 6 7
0 1 P, ? T, ’ e, a, ° w, <, 3, LOSEP
S7 S8 S9
S0 St P, S2 ., S3 e, S4 oy S5 s, S6 - %, vsep
D E I
A 'b B /o C 9
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67 Program Listing 11 ¥
STEP  KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS
RTIN 35 22
L 1 [=1] 170
M st I 35
LB 3L 25 o)
cE3 3S 6V ©3
PALSE 35 7L
F3? 3 71 03
120 Gro 3 22 o3| Stepe $ e daka
RIS B & ewtered
cBL 2 31 25 o1
STo () 23 24
(S2 2 34 180
‘ 4 o1
' gc T 35 34
xéy 32 7
; GTo i 22 o)
‘ ax 44
130 wf DATA 3 4|
RTN 35 22| ..
LBL D 31 25 i4
pPas 3 42 =S for wnew
eTw 35 22| e [
LBL C 3 2% 13
sT T 35 33
Stur ¥ Aot
61'0 i 22 o‘ x oo Qv\.‘\’fy
3L E 31 25 |5 at vdn parametrer
X2y 35 52
140 RTN 3s 22
200
150
i
i‘ 210
1
'
‘ 160
i 220
‘ LABELS FLAGS SET STATUS
\w A B C D E 0
PATE >pP,0| LOAD PATA| LA & Naw Star = o FLAGS TRIG DISP
a b c d e 1 ON OFF
o 0O & DEG FIX B4
0 vsep 1 usep 2 ysED 3 4 2 Lsep 1 0 K& GRAD O sct O
5 3 7 ) 3 3 2 U o RAD O ENG OJ
OSED 3 O & n 3
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Program Description 1

~ ™
i PRECESS LS !U/ GALACTIC COORDINATES U

Program Title

Contributor's Name Edwavd J. Groth T

Address Phy&ld: Dfpl’. , Privcelen Uﬂw:va;ﬁ

City Privcekn , NJ State N J Zip Code OFS ¥O

\ J
<

Program Description, Equations, Variables /. Precesses //éﬁl‘ 45(€WJ;W (x,) . and

dectinabion (s, ) at an alhel epoch (r£) fo /w"b/ ascension (o)

and decliachon (5) ot a  Fal epoch CFF), Uses formvlae

g[u’u m the -5)fp/anabg Sopplement fo Hie ._F//:mﬂ'/'-f/ A 30 -3/,

These formvlae acfede the eflec/s of jenﬂe/ and fowi-solar /J/(‘GSJ/I:’YI’

2., Convevis i950.0 pfua/ﬂrral ceovdiv ates (0(501550) fo new ‘7“/"(6‘

/oufl/vc/e () and unew jq/n/rc tabivde (b).  Formulue ave grven

by Alien , Astrophysice! quqbﬁe’: 3 ed ., pr A83.

3. Cenvevks e7uq/vr/q/ cosrdiaalkes for wny e/och o ja/aréz zoordlne/c.sb/r
(%,,8 ) = (dey , 850) — (4,6) _

4, Converds 34/4:6( coovdinaks fo e’f.}aérml coorcdinetes Jov any f/a:h by
(4, 6) = (%, 850) — (%, §) o (™Y

A. flpochs ave jv  yeavs , €.,9. [950.0 o .

B. b and € ave 1n decimal /e/reu, S /s um a/ef,er:,mm,,/f.x, seconds, « /4
/1 hoors, mmu/a, secemds . On inpvbfoctpot, Fer b s iu ¥ and o ord
/5 im X. 0° s £ <360° , 0" 5« <247

€. For sperahens 3 or 4 above, the Anel or inibhil epa;/r re.rpﬂ/n'ear, meaf be
1950.0 gad the precess Flag (flug i) imust be sci.

Operating Limits and Warnings  7¢ prevead oo bovls 1a H.MS or DMS Fermel Sfrom

a/peawhj as 1015960 (1if. vevnded 10, 59597), rfhe program revnds sa
HMS Fformal, convees fo A Lvme) aad converh back Fo [1MS A -mal
7o /vrevwrcf rovadiag, the #o rovad Fleg  (Flay 0) most ke sef. /?ouuc/uiy qkuc'/p/
not be vsed with less fhan 3 0/1‘}1'/3 Jo right o f decrma/ ok &s i will

el wek pr»/(r/// when /‘cuut/t:if Howm Tecomds fo muwoks or Srim P

\/v hcur.s/de,rfes ju HMS fprmal, )

2

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material. .
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS u
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NE!ITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING QUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

_/

\.

B G
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Program Deseription 11
)
rSketch(es)
\_ J
Sample Problem(s)  7The Abell Cleskvr 16456 has /855.0 coovdynetes
Ugss = 127 527%
$i3s¢ = 287 44
What are (ks galat he (oorc/:nlel‘cs ?
Solution(s) { [¥] [A] 1,0000 (Set NORYD Flag)
[f] [B]) 1.0000 (Set PRECESS Fley)
Sclvhm | 1855 [A) 450 [B] 1950.0000 (ZE and FE)
28,4600 LENTER] |2,5248 12.524%8 SMSJ %) pss
[D] 58.1767 & (c/eu;tw/c/e")
| (Wl [x32y] 87,9582 b (decivesl deg)
; Tvansdorm [f] [CJ, Lh] [X:)‘J (IIMLfV‘h(ﬂyf JEJFf) reshore bni)f, I:hxj
i back b
T PAR NS 2525 s
i | resetts | [n] [x32y] 25,4560 Si55s (beRWD)
v _ ‘ . ‘ —
Reference (s) /, f_-)_fp/(ma/m;y Sopplement b the Ashonomicel Lvhermeris ard e Amevican
( s Fphemeris aad WNavheal Almanac 196, bondm, Hee Majeshy s Jh«thcV/ Offiie
! \& 2 C W, 4///11, As Afapyaf;k/ Goanbhos 3’( ec/:j /973, ‘Uﬂl;("s;'$0//04‘/¢71/
j Athlone Press .
_ )




Opbu;ncl - duux.c/_) fo;'vidl;qy oJ 1.:¢krm("¢{.‘a/-r f(d“/d-s

v
“ User Instruetions
PRECESSICN / 6ALACTLEC CO6RDINATES PROCRAM CARD
‘1 NOROGAD?  PRECESS?  IE XFE  IEsy FE-X Z’
FE Sota, 28 o Stax 9 b, ¢ btl=>3,x
STEP INSTRUCTIONS DATAIUNITS KEYS DATANITS
l Laa;l 512/65/ 4-46/2 of 'pra;,r‘dm (‘be{ l:j B
hosd sides § avd 2 od comshnts cavd L
[ N
For Precessiom: L 11 ]
2 Enkvr inihal epoch Cwhnen Josded 1£=71900:0) IE (years) IAil L ] ifs:':(
3 Euvter fual epoch (when lceded FE= 1900:) FE (yeavs) [3 ] [ ] 2£ :;
4 | Precesy Sp .0y Fo i}fo& $ctao { < 7J [ VfJ i:yg
For new case with same ZE,FE, go ko skp ¥ (Wij [7l
T chaunge LE g¢ bo_skp 2 [ - H T
I chaaye F& g¢ ko J'/P,p.? [ ] Ljfﬂl
I
/950, © e’;yue/h‘d'a/ - 5)4/‘“/:& Conv evssom S f7i1 [, 7]
5| Transhem 19500 5,0 b b, L s P ool T2 10 ] |52Z
6 | Teanshrm bt b 19500 §, « b $4 LEe |11 ] |$use 2%
I
Oph'onal: [0 ]
7 | Change NO ROUND Flug [ # [ a | |43 85
§ | change PRECESS fleg [ # L6 | |62t
i EXchauye IE,FE /?“Vl"‘:) X,y cn ehanj.('c{ [ 3‘ ] Gil X,y v hanged
/0 D:;'ulaly corrent IE, FE rj] [ :] ii-:b;
I
U | Teanshem o, 50 ot ol epech o 018 0 )
/Iﬁ* Set NO Rovwmnd f/ag [Jj\"p 7) L,,,,, l l,:i,j
1IB| Seb PRECEss flug (shep 8) I,
li ¢ Enbevy 1E (step 2) | “j |
up | FE = 9500 (shp3) 1]
/E Transhrm oo, 8, o £, 4 5. f «, ' Dj [—7—7 ] ﬁ:!
For new case wiMh _sqme IE ge Yo skp UE | WT L, ]
I
12 | Transhem b b «,5 al fuql epech I
I24] Set No RovwD Huy  C(skp 7) LT
128| set PRECESS fay  (shps) R
2¢| TE= 9500 (sheyp2) N
120| Enkve FE (skg 3) N
RE| Teanshem £,4 b a5 btd | £ 1l ] {$34%
For new case with seme FE go b shkp [2E [ , H |
. l M
* I
I




67 Program Listing I a

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
0t Al £ LBLA | 3i 25 I/ | £nTEr nEw ZE ( 13E) + ol
1 o RCe B 34 i2
9 04 + ¢l
0 00 060 Ree § 34 0S5
4] ¢e X 2/
- s/ sro | 33 ol | e
ENTER 4/ d ql_BLi 228 19| ze—»y, FE* X
<HS 42 YRa 4 34 o4
Ree 4 34 ¢4 { Y
010 f é/ 9 c3
ST0 $5° 33 ¢! 0S| FE-NaE—> 5 o 20
h RY 3553 fe) 00
ST0 4 33 04| vre-1qaec2 4 + ¢/
GCTe | 22 0} | 6Tc PREC 6R3T. JGO. 070 sT0 3 33 03
Bl £.BipB |3i 2§ /2 | EwieR pew FE (nFe) RcL $ 34 o5
I o/ + Gl
1 oy Rece 3 39 03
o 0d hxey 35 2
o oe h RTN 35 22
020 - 51 C £18e¢ |3 25 13 | PRECESS
R¢L 4 34 04 £6358 5 13/ 22 05 | — H reiatrs£
— 5l £658 2 |3/ 23 02 | —» H,M3, Rovap
S7c S 33 oS | NFE-IE DS h RIN 35 22
1 FeBa ]l |31 35 & | UPOETE PREC (SRIT. B0 &5 | FLBi S |3, 25 oS
R 9 J¢ 0 F He 3, 724 Convevt o, § b
RS 3¢t 05 ! o/ decranl deguees
X 2/ S5 o3
ReL & 34 03 X 7/
¢ él h X2y 38 52
030 Res & 34 o8 ¥ He 3/ 74
X 2 O | £:.8L0 |3/ 25 00| Rekk svb,
RCL4 34 0% sTO 3 33 03
Ree 7 34 07 hXxa2y 35 s2
X 2/ 090 RQ.(; 24 00 Rolube aboot 2 by
+ él -r éj_ ‘3} Lorev una/e
fei ¢ 34 0¢ hx2y 35 52
+ ‘/ f ces v 3/ 63 Convewvé /bpo/(r
RCL S 34 08 £ Re 3, 72 m X~2 phkne
X yJi R<e 3 3¢ 03
040 S70 0 33 00| I 2o £ SzN 3 &2
Ree 5~ 3¢ 05 —pP 32 72
g x?* 3:i 54 h x&y 35 32 roh ke «booty by
Ree A 34 i/ Rer I/ 34 ¢l 249 foles wagle
X 7/ 100 — 5-/
1 o/ | h x=y 25 52| 7 Gnvert bovek 12
ST6 2 33 02|22 £ Re 3, 72 plue
RELE 34 /s g s’ 32 ¢2]
RcL S 34 gs “ro 3 33 03 .
X 2/ h Ry 35 53|} (nve-t b f’°';;«';c"f
L, 050 Ree D 3+ 14 g9 =P 22 72
+ é/ W x 2y 35 S22
; Ree § 34 o5 RC& 2 34 02 } Rofale abuut 2 by
i X 7/ -+ &/ thicd Eclee 4uyle
4 Rct ¢ 3¢ o¢ 110 { ol
& Rce € 3% /12 0 Y
4 X 7/ 8 og
f ‘ REGISTERS
w 0 1 2 3 4 5 I 2 xw~317 xse°8|8 xw=7(9 -2
L. ¢ 2 Osed LE 1900 | FE-LE  16,400654444 3.977227718 | 8,38588%8%5 | SoX It
S0 Si S2 S3 S4 S5 Sé6 S7 S8 S9
§ 167,75 | 62.6| =57 vsed
,‘ A -%/B .3 C x10~8|D x /0~% |E X e~
: 219722222300 | S.S€ESSE111 A " | ~2. 369444444 -~ /./83333333 |—/./7666606¢7




2 67 Program Listing 11

SYEP® KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
o oe ST 4 33 o¢
+ X 170 nReé 35 5
3 03 [A £ LBLO 37 25 06 | IMVERT Luisr AN HES
(4 b GET Rée O 39 ec
0 oo } 0% /0 <360 cn3 42
o b 4 R(L 2 34 o2
g FRAC 32 83 Ci¢ 3 42
120 3 03 STo O 33 o0
A 06 h R 38 §3
o) 00 STec 2 33 02
X 21|/ ce X 4
Rce 3 34 o3 180 Ree 3¢ oi
h RTN 35 22 CHS 42
2 FiLPc2 |3i 2502 |PH M58 RcAD 5v STO | 33 0J
g —* H.u3 32 74 § — H.Ms n ki 35 §3
h xa ¥ 35 52 h RTN 35 22
i ol a g LBla |32 28 il | Mo Rovad Flae Tocé G
130 5 08 hWFl0 |35 7/ oc¢
- 3l cTo 3 22 o3
G = H,MS 32 74| &« > HMs nsFEo |35 $1 00
WrEr o 135 97 oe| cweek Fus i o/
h RT 3y 22| se7 D MoRotNO 190 n RTN 35 22
£ RNOD 3/ 29 3 F £8L3 |3/ 25 63
£ He 31 24 h¢F O |35 ¢/ 00
3 ~> H,MS 32 724 ) P-X]
h Xg2y 3y 52 Rovk v b RIN 35 22
£ RND 2/ 24 b a LBLD |32 28 j2|Prrcess FeRs TOGCE4E
140 £ He 3, 74 nFli |35 1i ol
g = H.MS 32 74 G610 4 22 04
hx.‘t,y 3y 352 h SF i 35 s/ ol
h RTN 35 2 i s/
D £2.8L D13/ 25 14| £4vaT. = GAL, 200 h RN s 22
h B2 | |35 74 0j) PRecESS Frde? 4 £ 48e4 |3/ 25 04
F €ESBC |3, 22 13 | s£7 = PREESS h ¢F | 35 &6/ 6}
£ P25 3 42} Fucir ANsLES FOR Coby (3] &0
F 6385 |3 22 o5 | —» 4.M5, RreTE h RTN 35 22
—- CONTENTS OF DATA
h xsy 35 §2 , REG ISTERS - TC BE
150 £ P23 21 42| RLSTORE R&eS STORED 0 &5 CONSTAATS
h RTN 35 22 CARD ¢
E FLRBLE |3/ 25 IS | GAL. —> Efoar, 6-5. 0.0
fFeP2s 3i 42 £e7 FoLLR AuFLES _
£F658¢ |21 22 0e| swvrrr Fer anufie Traw,|210 ¢. é'*"cmq*";‘;_g
h xz*y 35 52 n 3817777
£6580 |3/ 22 00| RoTaTé 8. 9.3388¢8881-9
fFoe38 2 |3/ W 02 | P HMS ¢+ Rocud .
fesR 6 131 22 o0& REIWERT ANGLE S 9, s.0-12
fFpa2s 3442 gresrorE Re¢’s lo, 167.75
160 hiEll |35 2 O/ ) curck rregrss Fuss 1, €2:¢
+0sB € |71 22 [3 | s€7 = pPREZcSSS 12, = 572.0
A RTN s 22 o 0.0
c L LBLE |32 25 /3 | EXCHANGE IE,FE i3-149. ¢
Rce 4 34 04 250 — 2¢C. 2,417‘7222211:8’
2i. S.56850111i-3
LS 3¢ 05 220 " 2.3609444944=8
CHS 42 23 ~1,183333331-8
S70 8 33 oS 24. =ic16eceeeeT-Nl
— S/ 28, o©.C
LABELS FLAGS SET STATUS
A _ B C D E 0 ¢ D Rocwp “
ENTER 1F EMTER FE PRECESS EQu SEAL GCAL D EKU | | D NcRoinD FLAGS TRIG DISP
a Nve Reckn b PRECESS c d e 109 No PrECESS ON OFF
FiAG eel& | FLAs Tecsie IX ZFE | FE 2x L) (D precass o O X DEG FIX ®
Opoinies |V QUPLTRcl2 4 20 1P cF o T 1 0 ® | GrRaD O | scI O
S1ums>H 6 LAVERTS 7 8 ) 3 2 0O 0O RAD O EN% O
r ROTATE EucERR £USLES 3 0O 0O n
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Program Desecription |

4 )

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

Contributor’s Name Robert C. WYCKOFF . e
: Address 9517 Cordero Ave. S e
‘ City TUJUNGA State California Zip Code - 91042 _A,)
s ~ '
' )

Program Description, Equations, Variables Kepler's Equation is the only relation which intro-

duces time after some epoch into the classical Newton-
ian two body dynamics, All other relations deal with the various position pat‘&n‘féﬁﬂﬂ;
of the body in orbit, Kepler's Equation is

1) At = E = eSin E

At is the time after the time at perifoeus, E is 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 = 2% where T is the peried. E is given by — .
(3) E = cos"l[l - r/aT

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

~ axis, 211/3

a 1s computed by 4) a _[u’rjl and
(5) r = a(l-e?) yhere v is the true anomaly (See Figure 4w
1+eCosv 1 page 2) e is computed
by (6) e -1:1 - _‘-’_ﬂ where t'p is the periapsis distance from ™
) a._l B . e
p = GM where G is the Constant of the primary.
} \’ Universal Gravitation and M is r is given by 27 I
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

Hj2 = 1 1/2 o
@ Ve% ityg N -1/ (t a and
= - -e2) ! 4
Path Angle to the local vertical B = gin pa(l-e )]r

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

(Continued Page la)

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 1is to simply add
ﬁ the period initially to the time at perifocus and proceed on into the n+l orbit,.
i 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 stituation. - -
For a new iteration involving Key C, the original value of Av must. be S
| replaced in R,, since it has been reduced through successive divisions by

‘ a factor of 5'in step 117. g, Key C operation, the original value of Av
must be placed in R, after the end of an iteration, since it has been successmely

e reased B et or o S — a4 —res
5 Bs 2 H

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

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

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

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

% \ y
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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 golve
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
\@ rSketch(es) T B o | ~

é R e /5?\
el 4 \ - \ \\)
8 \ © /7\ .
t h\ H I ) \ N
| i P 1
J
| ~N //‘/
\‘ - o - /“
— /
. \‘\ /
L A
- > aQL — =4

j
Sample Problem(s) A--satellite 1s 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]

Q" 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 eccentriclity,
and 27/T = n in radians per second in R, R, and R respectively, Observe
0.000581776 radians per second 1in 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 RV.Key E gives 81.918° for the value of By for part d).

Place 20 for Av in gﬂ;
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. Thege last two results are the solutions to part
e) and f) respectively. One could modify the program at step 124 to do this by
a R/S 1f desired, Y
\_
r ™

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
\o York or EINFUEHRUNG IN DIE THEORETISCHE PHYSIK by C. Schaefer,

Walter de Gruyter & Co. Bsrlzn and Lei zi% 1929 or
JPL Technical Memorandum 33-414 DETERMENA YoN"OF INTERPLANETARY

TRAJECTORIES, H, F. Lesh 1968
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User Instruetions
SPACE SCIENCE AND TECHNOLOGY, No. (5)
KEPLER'S EQUATION
1 | Load program, Select the astronomical body [::jj 7ﬁvj
from the table below and load the value of u |
in RA. Place the period, T, In seconds in RK [' "][fi;;
and the value of the periapsis distance (TO THE 1
CENTEROF THE BOPY)in Rs,Place the time = e
periapsis in hh.mmss 42 R. and 3600 in R L] [j
4 - la Il ] [3&"
2 {Key A initializes the program by computing a, B b
e, and n and placing them in R,, R, and R, [ ,J L,
3 |r1 the value of v in display, for which the v [wvj:J Lm:jj
time is desired, [:;mJ [:,;]
4 |Key B computes the time after periapsis time (s Il At in sec|
in seconds(displays for 2 seconds) and the 0] t in hms
final GMT value r:ﬁ [i
5 |After any operation of Key B, the vis viva vel- L;;:] S—
ocity and the path angles can be computed by [ 1]
6 |[Key D computes the vis viva velocity in km/sec Ligjfltﬁigi v
7 |Key E computes the path angle to the vertical Le J[ | B
P SRR rt'
R/S computes the path angle to the horizontal (Res ] Ve
[ horiz.
FOR DETERMINATION OF TRUE ANOMALY —
8 |Load the new time in hh.mmss in R,. Load in R, [j;f,] l
a difference constant(generally tens or f r""j ["‘
fractions of one second, such as (00001 for ﬁf" S —
a—ene—seeead—aeeuzaey)wl——¥;eg:am w;ll now [t::* [;::;
stop when the difference netween the true and Lﬁggj [A,AJ
the calculated times is less than one second. [ 1]
9 | Place a trial value of the true anomaly in trial v [ ]
the display. L] [i
10 | Key C will compute succesgive values of At's (¢ [ ] successive
En seconds and successively display them for 1] At's and
2—seconds, —Thevalues quickly bracket—the R [47::] —value—of—
correct At in seconds (GMT at periapgis - Lj:j, Hn dec, dg
GMT at each computed value of v.'s, expresspd [ [
in seconds) and stop when the difference is [ 1]
mmm . ‘ is S
the_co:zesponding_nalue_of__»_i;_decima1 ° | ;j Lﬁ,g,
11 IThe corresponding focal radius is in the y regikter, L:,::JL::u;
12 |AL v e valu f the semifmajor | [,1j;J E::AJ
axis is found in R,, the particular value of |v [ 1 ]
( v+ Av) in R, the focal radius r, In K;, the [ "'JL'”*j
ectentricity—in—R~7—the—va}ne—of—n——iﬂ—R3—and Ay e —
In R, c L]
.
See page 3a for additional informatfion [ '}r”'"j
.

inal
v
grees
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Some experience 1s needed in choosing the initial wvalue of v and Av,
Generally Av will be less than v {f some idea before hand is available

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

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

a true anomaly value of 180°, If 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, say 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 gensiﬁle estimate of the initial value of v and Av,

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

Body p in Im3 /s ec? R 1in km

Moon 4.90098  x 102 1.73929 x 103
Mercury 2.15215  x 10¢ 2.42099 x 103
Venus 3.24815 X 105 6,052 x 103
Earth 3.986012 x 10 6.371017 x 103
Mars 4.3043  x 103 3,38755 x 10
Jupiter 1.26658 x 10, 7.1375  x 10°
Saturn 3.79416  x 10, 6.0400  x 102
Uranus 5.77892 x 10 2.3500 x 10
Neptune 6.85500  x 102 2.5000  x 103
Pluto 3.31237  x 107, 2.960 x 10,
Sun 1.324948 x 10 6.9600 x 10
Titan 9.300 X 103 2.900 x 107
To 5.950 x 10 1.829 x 103
Europa 3.250 x 103 1.500 X 10%
Ganymede 9.940 x 103 2.500 x 103
Callisto 7.100 x 10 2,635 x 10

47




m 67Program Listing |

1 ]
STEPKEE&E?EﬁiﬂgQUAIEV%ODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 f-LBL-A 31-25-11 o—RAD 32-73
1 01 h=xu 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 -1, 35-73 h=down 315-53
g - X 32-54 h=doun 35=-53
4 04 GTO=-3 33-03
010 X 71 F-1L.BL-3 31-25-03
o/ 81 f-gine 31-62
h=-x/x 35-52 RCL-C 34-13
3 03 x 71
. 81 070 - 51
h = y* 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
he 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 -7 35-73 RCL-D 34-14
2 02 h=hms+ 35-83 t
x 71 080 h-RTN 35-22 time after periapsils
RCL-B 34-12 f-LBL-2 31-25-02
A 81 | computes n h- x/y 35-52
ST0-3 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 GTQO=3 22-03
RCL=C 34=13 990 ~LBL-C | 31-25-13
g = x2 32-54 f-GSB-B 31-22-12
- ‘51 STO-8 33-08
RCL-0 34-00 RCL-9 34-09
X 71 g XYy 32-81
hea %/ 3569 GTO-4 22-04
040 t -cos 31-563 CTO=5 29-05
RCL-C 34-13 =LBL-4 31-25-04 |
x 71 RCL=1 14=01
1 01 RCL=4 34=04
+ 61 100 +
o o 81 | computes r GTO=C 22=113
STO - 2 33-02 f-LBLe5 | 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
oS 81 h=ARS 35-64
h~RAD 35-42 RCL=12 34=07
g - cos 32-63 computes E L 32-71
ENT 41 110 °GTO=-h 22-06
ENT 41 GTO-7 22-07
RCL-1 34-01 f-1RL-A 11=25-06
REGISTERS 5
1 2 3 4 5 6 7 8
0 a Km v r km n Av At diff. t(last) ty
S0 S1 S2 33 S4 S5 S6 S7 S8 S9
Ay km3/sec? |°T  seconds Cr?e)k?prog) Dtp E 3600 !
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STEP  KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
: RCL-1 34-01
- RCL-4 34=04 170
@ - 51
! RCL=4 34=04
; 5 0s
: ot 81
STO-=4 'l'{-ﬂf
120 + [
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; riny
f-LBL~D 31-25-14
2 02
RCL-2 34-02
o 81
130 RCL~0 34-00
h-1/x 35-62
- 51
RCL=A 34-=11
X ., 71 190
f - x"7* 31-54
h -RTN 35-22 V in km/sec.
f-LBL-E [ 31-25-15
1 01
RCL-C 34-13
140 g - x° 32-54
- 51
O RCL~-0 34-00
] X 71
RCL-A 34-11 200
x . 71
f - x7d 31-54
h- x/y 35=52
RCL-2 34-02
X 71
150 / 81
-1 39-62 | By (vertical)
R/S 84
9 09
0 00 210
h- x/vy 35-52
- 51
h=-RTHN 35-22 Bh (horizontal)
160
220
LABELS FLAGS SET STATUS
!')A B C D E 0
FLAGS TRIG DISP
a b [ d e 1 ON OFF
o O O DEG 0O FIX O
0 ! 2 3 4 2 1 00| GraDO | sc O
5 6 7 8 g 3 2 OO RAD O ENG O
3 0 0O n
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Program Desecription 1
(, i 0,z~/7,/ .DE’ %fm///a 74? »1 é(w 776 /1/4 /Zéf/ Q)C é‘a ey A

Program Title

Contributor’'s Name )(/ €xX / 5 / Mz/é/e'

Address A Tro5” /4 e éd/?‘ N
City é’////f’ / sae (7 ZipCode 7772/
\_

rProgram Descrlptlon Equatlons Variables 61V€f' /f'/Y,,(i, Z )"/LI and 11, (ZZA(Jz Z?) 4 L(z
Sincl 1o (L S LE) ot pwe d,. Lol ke = sravitetoon comstont (LVL™ conts )/
= /'ﬁf’W"/jc‘“«// niss . Then //m///@ Y = A /f; - £, ) [’; = V’F,—/F- (=02 4

cos (Up-2, ) = (157 Y5, 1n); /= I 17 ont

P e o \rire ces / lj;/_lj')

):2 Ve co:.( De- ﬁ’)j

Ay fc'/(ﬂ =/ gl /- //p;/(c/ #p J;‘//ﬂu)/rr ftaémﬁ ﬂ/’//f/

rEwia s wne barg el s 2’ //7/J ,_é' C'd‘j(E” E) =(-Zx ;

s (B2 ) = Sl Ts X = [Ee-E,)~ 500 (£ )] /527 (622F); anet

= /+ X/[-/'Z’) a//en heis shBs ;f/ (a'w/u/e

a’ - ’VF/[z iR Ces ’Jl,z?),,,(fz E/)j {= /,’[/,[ﬂj/ﬂ E)j

A= - 43/2[(5 -£,)-s(E. E)j///_«t— )(6 (//,é , aned )(,,m/;«, )
,;; = i — ‘F//’, . TAe ol Fnl ElervenSs of He éﬂéé@’

/

/‘
i

N\\

p7d % 74/9"@ Z/ &€ (‘/M}//i/t;/ Fo /€ /// ﬁ‘/’///c . 7 /(fc" 6“//}4‘?
& lewmcs s e be comvasal A o fessie/ @/g,,,é,, A e e
(’M/dﬂ cers /a/f/f'rc’;fw / ) P

Operating Limits and Warnings 7;//) A”é/%'/’/ J‘tr'/gé”f fm' ,,,;//,(, a/ (’wrr’;«nzc’
cwben fhe 4?4/( )Craw) i S My s /F/C'd'//c.‘/' //cw S0°  TF 5
alsc zssumerl Fhaf Fhe v BiF fos crer cccems Ko AR £ fess

//‘(/,‘/I / s TZa/ o3 e b’/ s é////}/é,‘e..- YT OB e e,

\_ i Y,

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

|




Program Desecription 11

‘Skelch4(»es)v S | o ‘ r ' j

O N [ N —— .- . . S NP A S U SO S

prrm e N 3 . - . e e

A 4 - i
|
i
e - + - —_ + e

7

Sample Problem(s) Given 7%e -;;%W!?gew,f/ﬂ i k= o o7v3¢s 2 (e ’-)y‘/’" 2
p=00 e and i = (2960607, 1. 050523, 0,/¥38/5) e.r. at
£, =20 min, and srp =(15882Y/, 150533y 0.3/455y )e.r. =S

le = /50355328 mumtes | Compute i af L =0

e e |, 8668 ENTT - S S
- 87436574 &3En —

P U . 14381568

2 RAAST TGN
® | - 2.04652300 ZnT!

T o @, depdagbe £NT? T

. Ty
Wt Ly &

Solution(s) B

e i e R - e

Oeitpit . 8.000006606+66 T <— FFT
B 1. 16674785582 2 «<—u— 3 S
Stk 3.356191327-62 Ve .
-2, 850618346-65 X &

\
J

Reference(s) .. . .

O | - P bty [tetbects of DphS Detormmaton ”,
ldf‘/gg e’ Fens, /5L
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52 User Instruetions
STEP INSTRUCTIONS DA'T%S,I.TS KEYS DSTLQ/.S:ITS
/ Eden Wl ki g et :__I I:
‘ ]
A Enter norwe Ly  pross LA Lr Il ]
Eter o rnvidarvinas conilfonkt "L LA 10 ]
¢ 1]
3 Eﬂ fer /f}é'rc’nrg ,7/,;,/: 7é/)7¢ él [,tJ ’, ,T
7 ( Z, [~ 0|
1, C'Jmpwlfr/é ‘{ 4(‘0 [777\:1 Elj
( Z, (B ][]
[
Y | £ b secene ! ,/0/}// Z{/Zhé é?_ Llj [:j
{ Zs L+ 0]
s (’&ﬂ’/’/&/m//é { ("z [~ ][
( s e 10 ]
L]
S (Ipmpu /e Ej] [r‘]}
é 04/ //7;1/ /3 auié mn)ézﬂ//ﬂ pPrin Aol rj [jﬁf
o JHe AP -57 / gnore 7"— /,cu/r’/ / L]
.
7 (7,1 ﬂ( H/’"é/) /’17// ﬂ( 5)4'64 (7/014714 C] :’ /l;/
j‘D ﬂ.éé//// /If, ’ ?J’ |:| ‘}_‘;/
’]{/ /1 /n /’//f X - /(/t{a—/»’/ L/_éj] |:] Z.,
C;,/ o . - rgpeifew 0]
Z’, . . . Z- resdfer LI ]
| -~
o | fepens Srrm Shn 2 or Shs3 [ ] l:|

7 7
o 5/:«;,0 5 Awsral

Nore . TRe 5//pV /h//z/ Ak s

A /fr/m-/é, z‘/f‘j/{é‘,,él/ S A o/ repeal

f/f/) 3 ¢¢/ ﬁauj

p Oy /rll/ I/r/a 14
L (9 7

WNerE: Tly [ fassiral (B b.bes ESonsens ”
yA crrim coon B o5 el
/ﬁullt’c‘//ﬁ/p,és' ew Y o )g,«,o/?f”‘

/I’I P et / //‘/ u/>e-(/

]
L
=
L

[ I ]

L__J_,_J_-_#L;_JJ
BIEH
L

.
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53

Z

ty &

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
861 xLBLK Z1 11 - 957  RCL7 36 ér
wez  sTon 35 i 0 Pr€ g5z < = \
@63 R -3 Lt g K g53  [Og- i 4l Up - 1
aed  STOE 33 i a6@ 2 éz
@65 RS = a1 : 4
885 *LELE i1z @Ez 008 iz A
ger  ST01 358l SARvE 663 RCLE 36 &k cos( 125;;—’/
Gag Ri I r i @64 ROLT 36 &
@es  STOF 35 &z BES % -zE
a1e i g6 Ix 54| 59
611 5T03 35 &3 ge7 % -33 Y
817 Ré -3 665 STOE i |nn 5”5("7':' )
a17  STOC 35 I @63 RCLE 36 80
aid RS s @78  RCL7 36 67
@15 xLELC Zi iz arl + -52
ale  ST04 35 a4 672  RCLE 36 i
a17 Fi -3 Store 873 z -23
alg  §T05 35 & 674 4 e
ais Ri -3 g ls ars : =24
aza  ST06 35 3 are ) -Ef
@z Ri -3 a77 5 a5
@22 STOD 35 04 @78 - -43 YA
@23 RS o @75 ROLD 36 14
@24 *LBLE :1 i3 a8 NE £z
@25  RAD 16-2C @81  RCLE 36 iZ
626 RCLD 36 14 @8z x -I5
27 RCLC 3¢ 17 , @83  RCLE 36 T
23 - —4¢ 4 Vi fe ag4 z EZ
@29 RCLA 36 1. AgS % -35
a36 X -3 7~ age 3 a3
@31 5TGD 35 i4 887 ye I
932 RCLI 36 &1 aae z -4 M
@33 RCL2 36 &l G839  FIS 16°5i | £ap hogie 2P
a4 3F 39 @s@  STGE 35 6 v /5 b v
@35 RCL3 36 &3 a1 R -3:
836 4P 4 g3z STa si | Shre mid
@37 5To@ 5 a0 Y @9z I @i
a3g  RCL4 3é G4 @%4  ST0Z 1L |\ Tudealye o
B39 RCL5 36 &3 695 ¥LBLS —, - 7]
848 P 34 @36  RCLZ > Leep
a41  RCLE 3 8 @37 e 5z
a4z 3F 34 gag 1o sz
@43 §TO7 a5 & e @39 RCLE 36 &
@44 RCLI 36 &l 168 x iz
845  RCL4 e o4 18] RCLI 3€ 62
@46 X -3= 1az - 43
@47  RCL2 36 & 183 §T04 35 @4 V4
@48  RCLS 36 &5 184 4 G4
@49 -3z 185 % Iz
ase + 2 186 1 i
851 RCL3 36 &3 167 RCL4 36 &4
852  RCLE 36 86 Ir, < 1 188 - 4%
@53 -3z 163 % -3 _
85 . eI 118 ox =, /E__’f}
#55  RCLé 3o &F ill 8705 35 G& *
a5g : Y 112 1 i
L REGISTERS
4 6 7 8 9
° Iy 1 X ° & ’ z 2z ° ot Z. &= a¥z Ez-&,
SO S1 S2 S3 S4 S5 - S6 S7 S8 S9
m L [ = A e
A B C D ,
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 RCL4 36 64 Teo ;i R
114 z gz ira - -45
115 -3 _ 171
e - = es(BzE ) S
117 3F 34 = + -zz
11e Ry -4 ir4  §TOI 35 45 5
11; : 8z 175  RCLS 36 &3
2 -33 176 SIK 4
121 §TOs s (B, -F) 177 LSTX 6-63
122 ENT?T =i 178 - -45
123 SIN 41 179 RCLS 36 &a
124 - -45 156 X 33
125 RCLS 3 &g 181  RCLE 36 L
126 3 & 182 ¥ 4
127 i i 183 : -i4
28 = - X 184 RCLD 36 &4
125 RCLI i & 185 + -5 £
138 RCL4 36 @4 186 RCLA I Qi
131 + -55 187 : -i4 _
132 % -32 is8  stoE 35z | g =Sk
122 ! & 189 DSP5F  -€3 &5
134 + 5 New valwe oF & 198 RCL4 36 &4
135 RiLz se & is1  RCL1 36 &1
136 x4 ~4 192 GsBE 23 &6 .
137 8To2 35 £ 183 ST04 35 & X,
i = ES R PR O 194 RCLS 36 85
139 i i 185 RCLZ 36 &
148 - -45 Con veysena e 196 6568 23 @8
141 FI¥ -1l 197 STCS 35 &3
142 DEFE 198 RCLE 36 @6
143 RHD ic 29 199 RCL3 3¢ &
144 s#e7  la-il Leop F aof sge CoBs 21 66
145 GTCS ii @ Cevegsec! 281 ST06 a5 &€ P
146 RCLE 36 14 2a2 8 éé ‘
147 RCLE 36 i& 283 K2y -5
148 v 54 I 284  RCLS 36 @5
143 B -38 s 265  RCL4 36 &4
13¢ g &< 286  PRST 16-1i4 Foind  shick
151 : -2 267 RS 5l
152 RCLZ 36 &2 288 ET08 L8 | Eoper Al
153 £ -24 269 xLBL& 21 66 ~ :
154 RCLE 36 if e en B8 U Submatine
135 * "Zs 11 RCLl k{4
156  RCLS 36 65 a’l 212 X -35 ”‘, Iy - a(/ﬁ
157 : -24 213 - -4% r- .
15§ KCLE 36 & , 24 ROLE 36 13 &
155 PS5 16-51  |Exchage €5 215 = -i4
leg  ST05 33 &s E, £/ Z1€  RTN 24
161 A&y { 217 R-B 5
162 §TOS 5 a’t
163 a
164 §Tx§ 35-35 a e =5
165 RCL® 3
165 :
167 RCLS 36 &5
68 C0s §:
LABELS FLAGS SET STATUS
At P it |©rmdds P Compete |° FLAGS ____TRIG DISP
a 1 N OFF
i : ° ° 0 OD Oé: DEG Er FIX g/
0 1 2 3 4 2 10 GRAD SCl
Er‘f”lr‘f
2 O & RAD O ENG, 0O
5 6 7 8 9 pr 3 s 0 n_ ¥




Hewlett-Packard Software

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

Application Pacs

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

to increase your problem-solving potential.
You can choose from:

Statistics
Mathematics
Electrical Engineering
Business Decisions
Clinical Lab and Nuclear Medicine

Users’ Library

Mechanical Engineering

Surveying
Civil Engineering
Navigation
Games

The main objective of our Users’ Library is dedicated to making selected program solutions contri-

buted by our HP-67 and HP-97 users available to you.
at your fingertips, literally hundreds of different programs.

By subscribing to our Users’ Library, you'll have
No longer will you have to: research the

application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source

of programming techniques in your application area.

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

Users’ Library Solutions Books

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

areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up

to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide

you with a valuable new tool for program solutions.

Options/Technical Stock Analysis
Portfolio Management/Bonds & Notes
Real Estate Investment
Taxes
Home Construction Estimating
Marketing/Sales
Home Management
Small Business
Antennas
Butterworth and Chebyshev Filters
Thermal and Transport Sciences
EE (Lab)

Industrial Engineering
Aeronautical Engineering
Control Systems
Beams and Columns
High-Level Math
Test Statistics
Geometry
Reliability/ QA

Medical Practitioner
Anesthesia
Cardiac
Pulmonary
Chemistry
Optics
Physics
Earth Sciences
Energy Conservation
Space Science
Biology
Games
Games of Chance
Aircraft Operation
Avigation
Calendars
Photo Dark Room
COGO-Surveying
Astrology
Forestry




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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