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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 i and

Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program

was written (HP-67 or HP-97). |If the calculator indicated differs from the calculator you will be using, consult

Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97

keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but

some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,

several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s

Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your

program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have

recorded the program. This simple step will protect the magnetic card and keep the program from being

inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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PRECESSION OF RIGHT ASCENSION AND DECLINATION ., . , .1
Given the equatorial coordinates (right-ascension and dec11nat1on)
if a body for one epoch, this program will calculate the precessed
coordinates for any other epoch.

LOCAL SIDEREAL TIME & O?LIQUITY FROM LOCAL STANDARD TIME . . . . 6
Compute obTiquity & Tocal sidereal time from longitude, local
standard time (and time zone), and any valid Gregorian date.
Useful for preparing a table of local sidereal time as a function
of local standard time for evening viewing of an object. Can also
be used as a companion program for program ------ » Astronomical
Spherical Coordinate XFRM's.

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

Higggaéaca{zulates, 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. . .+ . 16
Various astrodynamical relations are computed by the 'vis v1va,
Kepler's Third Law, and the Orbital Path Angle Equations.

SPACE SCIENCE & TECHNOLOGY NO. (4) BALLISTIC MISSLE RANGE . . . 21
Program computes, for various planetary bodies, the range of a
ballistic missile, given the burn-out altitude, velocity, and elevation
angle. The maximum ordinate and elevation angle for maximum range is
computed. Provision is made for target altitude.

CELESTIAL POSITION . ., . 27
This program computes "the azimuth and altitude and’ the hour]y 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 . .. 33
iven the standard B1nary Star Orbit parameters, compute the apparent

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

PRECESSION/GALACTIC COQRDINATES ., . 38. . n . . . . s . 0 . . " !

Precesses equatorial coordinates (r1ght ascension and declination).
Transforms equatorial coordinates to new galactic coordinates and
vice versa.



SPACE SCIENCE & TECHNoLOGY, No. (5) KEPLER'S EQUATION , . . . . U3
Program computes the time after perifocus of a body travelling
in an elliptical orbit. Conversely, program computes the true
anomaly and focal radius at any time in the orbit. The vis viva
velocity and path angle are also calculated.

ORBIT DETERMINATION BY THE METHOD OF GAUSS . .+ . 50
Position and 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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This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _J
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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 Title SPACE SCIENCE AND TECHNOLOGY NO (1), HORIZON DISTANCE,

GREAT CIRCLE DISTANCE

Contributor’'s Name ROBERT C. WYCKOFF

Address 9517 CORDERO AVE. e

City | TUJUNGA State CALIFORNIA ZipCode 91042
- J
 
 

 

 

Program Description, Equations, Variables ASs @ function of altitude, the slant distancg

to thehorlzon of a spherical body of radius
R is given by (1) L = (2Rh + h2)%, The sub-tended angle @ is giverr-
by (2) tan @/2 = R/L, and the central angle between the horizon and
the sub-altitude point is £3) 90 - @g/2.= 8

The smaller great circle distamnce between two points on the sphere

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

central angle 1s 8. (4) cos B =(sin LatA)(sin LatB) + cos (LongAl).
(cos LongB)(cos(LongA-LongBJ))

where Lat A, Lat B, Long A, and Long B are the usual geographical
coordinates of the two points on the sphere. The distance over_the

surface along a great circle 1is given by (5) S = RBe. The larger
great circle central angle is given by 2f- B8 where B is in radians.

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

Southern latitudes are entered as (-] and Northern, as (+). Longitudes
are entered as Eastern from 0O 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 ofthe spher
is entered in km, but the values of L and S are given both in km and
nautical miles. There appears to be no prohibition against either-

the latitude or longitude being 0,+*80, 0 or 180/360 degrees,respgcpiys

Values of mean radii of various astronomical bodies are 1loadedFrom

the program card into the secondary register, with the value faor the

moon being in 910, the first or closest planet Mercury, in Rq1, Venus,
 

17T1l1d, cal Lall LT I_I’IB oLl .

Operating Limits and Warnings

Remember that when the second side of the card is loadedinto the

HP-67, the above constants are loaded first into the primary

register. These then must be transfered to the secondary register.—

This is necessitated by the program being loaded on the first side of
the card. Additional operating instructions are glven on page3
Provision is made for re-iterative operation. R

L -

 

   e )

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.  . _J   
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Efi@?gaé°“7“ };k?fifi

Lat é‘_' , e ,# ; fem

&Lj’;;r?‘” ~

\ LongAH

\“ ,//j; - ‘ P

N B eR,L \\\ B L
J

~ )
PROBLEM NO I: 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 from a

Fixed ground observation 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 surif

Fface of MARS from the sub-satellite point and the ground site?

Sample Problem(s)

PROBLEM NO ITI: The Soviets announced the VENUS S and 10 landing coor-
dinates

150N, 295° East respectively.
center of VENUS between these two landing locations,

great circle distance between them, and (c]),
distance?

SOLUTION NO. I: Load both sides of the program card.
 

of the descent capsules as BSON, 293°E
What is (a) the smaller angle at the

the larger great circle

and

(b]) the smaller

Side 1 contains {he

 
program and side 2, the radii in km of the moon and

planets in increasing distance from the sun, with the value for the moo
in R1p, MERCURY in R44, VENUS in Rqg2, EARTH in Rg, etc. After loading
S

the presence of the program on side 1 "fooled" the HP-67 into believing
Solution(s) 5ide 1 was empty. Next enter 14 in display,pressh STO I, RCL(1) an
in the display the contents of the storage register Rigq; or the radius ¢
MARS in km as 3387.55. Store this value in primary register Rg: Load
1.852 in Ry, and B50 in RAs>. Press Key A for solution of (a) and observg
2545.85 km. Press R/S for solution in n. miles, which is 1374.65. Press
R/S again to prepare for Key B operation. You again have 2545.85 in the
display. Press Key B for solution (b) giving 106.15°. Key C gives (c]
as 36.93°. Key D gives the distance over the surface (d) as 2183.21 km
while R/S gives this distance in n. miles as 1178.84.

2a for the solution of PROBLEM NO.See page IT.

d see
F

 

    Reference(s)    
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SPACE SCIENCE AND TECHNOLOGY NO. (1) HORIZON DISTANCE, GREAT

CIRCLE DISTANCE.

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

Store this value in R4. Place 33 in 84, 283 in HS, 15 in

Rr, and 285 in Ry. [?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

1910.93 km as the solution for (b), with R/S again giving
the solution io nautical miles as 1031.82. Press f Key A

and observe 36,114.90 km as the solution for (c). R/S gives

this greater distance in n. miles as 19,500.49

CAUTION: It is not advised to recall the constants from the
secondary register by interchanging them with the

primary register, since the primary registers are
no longer filled with zeros, and the particular

sequence of operations chosen can easily destroy certain

values of the planetary radii originally placed

in the secondary register.

Of course, the radius of ANY pbody can be stored in Rg for

applicaton to this program. Some additional planetary

satellite radii, as mentioned on page 3, follow:

Jupiter: Io = 1670 km, Europa = 1460 km, Ganymede = 2550 km,

Callisto = 2360 km

Saturn: Titan = 2440 km .
The remaining planetary

Neptune: Triton = 2000 km satellites have much smaller

radii, and have masses so

small they probably do not

have aven roughly a spherical shape (through gravitational

effects).



14

User Instructions

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 |Load program, Side 1 first, side 2 last rfi j[;__J

2 |Interchange primary and secondary reg. | Ei'*i

3 |Recall desired planetary radius through{h STO I, RCL| (i) || |

4.|Load Ry with above value. Load 1.852 in L l
Ry, the altitude h in Ro, delta h ‘ |[ |

im Rg{for re-iterative operatior) | ||' |
Lat A 1n Hfi’ long A in 957 lat. B 1]

Rg, and Long. B in R, all in degrees, l || |
minutes, and seconds, NEVER DEC. DEGREES. | || l

5.|Key A computes L in km | A ] \ L in km

6 |R/S computes L in n. miles | H/SH | L in n.

7 |R/S For initializing Key B operation | R/S|| | |L in km

8 |Key B copputes subtended total angle ‘ B H ,I @ in dec ©

9 |Key C computes central angle |7Qfi][ l 8 in dec ©

10 |Key D computes distance S in km |’D || | S in km

11 R/S computes S in n. miles |H/8|| ] S in nNn. M

12 |FOR RE-ITERATIVE OPERATION , press R/S again. |H/SH l new h

(New h = h + delta h appears in displaly) | | | |
R/S again re-iterates Key A through D l || '

Store proper value of planetary radius in Rg [ ll |

through h=-sto-=1 l ‘[ I

13 Key E computes central angle between ppints | E || | B smallef
A and B Ftor smaller great circle digtance ‘ ’I l

14 R/S computes smaller great circle distgnce in Km {H/S]{ i S in km [S)

15 R/S competes above in n. miles | R/S|| | |8 in n.mh

16 f Key A computes S larger in km F-A|| ) S inm km [L)

17 R/S computes larger S in n. miles l H/fl[ | S in n.mjp (L]

SF‘CfihdFIPy f"Pg] sters gre ]na_d_gd as Folldws NCltiCJItiha\J, the pad_'_i

R,g = Radius of Moon = 1739.29 km o thé[plaHtpry bodigs
Riq = " " Mercury = 2420.99 km arfe erftered ip order of
H12 = v TY Venus = 6052 <m jEll’“ NCREASING DISTANCE

P"Id = 11 11 Earth =6374-0647+km % B sSyn. Hag s
H14 - o " Marc = 3387 B5 Lm Eéfith bal g [the THIRD

Rqg = " Jupiter = 71375  km planet [Fror the sun, Has
Rig = » T Saturn = 60400 <m 135 Pfiqluslloaded into

Ay H—Yrarus = 23500 km R13-
R'{B = " " Neptune = 25000 km I ]l I

Rig = " " Pluto = 2930 km L
Additional planetary satellite radii a4 given ‘ | [ ]

on page amay be stored in Ron _ Boe | ][ l
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o o o67 Program Listing | 15
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 F-LBL-A [31-25-11 RCL-4 34-04 Lat A
BCL-2 34-02| b F g 31-734
ENT a1 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 34-00| R f-cos 31-63 cos B

e a2 X 71

X 71 RCL-5 34-05]| Long A
X 71 F , 31-74

010 + 61 RCL-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 32-6 e

k-7 35-52 R/S 84| B in dec. deg.
R-RATN 35-22| L in km g-Rad 32-73

020 F-LBL-B [31-25-12 STO-8 33-08
RCL-0 34-00] R RCL-0 34-00| R
h-7 35-52 X 71] R = S
/. . 81| tan @/2 R/S B4] S in km (smalle
g tan”l 32-64| B/2 in dec. deg™ RCL-1 34-01] 1.852
2 02 ./ . 81
% 71| @ h-RT 35-22| S in nNn. miles

h-RTN 35-22| @ in dec. deg. g-LBL-A |32-25-11
-LBL-C |31-25-13 h-" 35-73
2 02 < o2

030 ./ . 81 X 71
g RCL -8 34-081] B8
0 00| 90 - ST1 81
h=7 35-52 RCL-0 J34-00 R

— 90-p = 8 090 X 71 HQ1

h-RTN 35-22] 8 in dec. deg R/S 84| Sq4 in km (largeq
F-LBL-D [31-25-14 RCL-1 34-01 1.852

g-RAD 32-73] 8 in Rad. /. 81
RCL-0 34-00] R R-RATN 35-22 Sq4 in n. miles.
X 71 RB = S

040 R/S 84] S in Km.

RCL-1 34-01| 1.852
/. 81
1/S 84] S in n. miles

RCL-3 34-03] delta h 100
5T0+2 33-61-02
RCL-2 34-02] iterative h

R/S 84
F-GTO-A_[31-22-11
F-LBL-E |31-25-15

050 RCL-4 34-04] Lat A
£ H 31-74
f-sin 31-62] sin A

BCl -6 34-06 Lat B
f H 31-74 110
F-sin 31-62| sin B
X /71

REGISTERS O sd s

° Badius|'y.gse [h (km) [¥2lf2N |00 [emanA PKav B |"hona,B (D)
SO St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I       
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Program Desecription |
 
 (

Program Titlte SPACE SCIENCE AND TECHNOLOGY NO. (2), VIS VIVA AND PATH

ANGLE RELATIONS

Contributor's Name Hobert C. Wyckoff

Address 9517 Cordero Ave.

City TUJUNGA State California Zip CodeS 1042

\_ Y,
 

 
 

Program Description, Equations, Variables For a body moving in an ellipse, the VIS VI\A
equation is

(1) v = u[?-— ifl% where Vg, is the velocity of the body at a point
o

 

o &l 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 =lul% where r_ is the radius of the circular path.
c Lré The escape velocity is given by

(3) Ve = CEJéVC. From Kepler’s Third Law, we have the period of the

[j”e—]é motion, T, given by

Figure (1) on page 2 illustrates these parameters.

The pathwghgle @ is given by

(5) sin @ :[;a[1 - & 112 where e is the eccentricity of the ellipse,

Yo and is given by

(8) e = (a - ry) where r,;, is the periapsis distance.

a

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

Sy . _

I_a [%ihefl -1 + eéjz Figure (2) on page 2 illustrates

“sin @ thes e parameters.

The values of u for the planetary bodies, plus the moaL

and sun, are stored in the secondary registers 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 /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

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

\_ _/    
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Program Deseription 11
 
 

     

rq,r, areg the fi%
Sketch(es) ! . 2 and.mig.

~ . Mighmgm Path SR
Q:?;' Xaxi Pa

ngle
1 ¢

-

Figure (1) T8T

Figure (2) )
 
 

 
 r

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

N

Sample Problem(s) FROBLEM NO. 1: Ay, gacthgagedlive,veRicdeets; iM12n0i00h)ee
he,semi-ma jor axi 1= 300,000 km. Radar range data giuves the distanceEO tRe probe’as 208, bbo km. Assuming the range d?sta%ce was determineg

From the center of the earth, what 1Is (a)

 

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

orbit with a semi-major axis of 200,000 km. The periapsl]
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
(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 whefy

the path angle is 20 degrees.

 

SOLUTION NO (1): Load both sides of Bhoghag card. Recall contents of
Ri3. Observe 3.986012 x 132 Place this value in R,

Place 200,000 in A and 300,000 in Ra
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)l]. Key C ives 10,3

1S abou m/sec ess an rtor launc at the sun. S
Fqce ? the earth, which demonstrates the advantage of launching From aSolution(s) parking orbit.

  _SOLUTION NO. (2): With both sides of Bhogram card _entered, place 13 h stST0°0, 200,000 in R, 100,000 in Ry, 8000 in Ry, and 20 in
Rg. Press Key A to load the square of the eccentricity, & in Rg.
Observe 2.445203059 in display as the VIS VIVA velocity. Press F Key A
and observe 18.86353066 dec. degrees as the solution to (a). Press
f Key B and observe the MAXIMUM focal radius as 318854.2098 km. Press
R/S for the MINIMUM focal radius and observe 199981.1364 km as the sol-
ution to part (b).

 

 
   eReference(s) Any standard work on ASTRODYNAMICS such as W

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 km3/sec® For various planetary satellites

Primarx

Jupiter

Saturn

Neptune

SPACE SCIENCE AND TECHNOLGGY NO. (2)

Satellite

Io

Europa
Ganymede

Callisto

Mimas

Enceladus

Tethys

Dione

Rhea

Titan

Hyperion

ITapetus

Triton

 

4880

3130

10318

6455

2.523

5.722

43.035

68.465

146.67

893380

2.934

82.17

8.803

(less than)



User Instruetions
SPACE SCIENCE AND TECHNOLOGY No.

VIS VIVA,

 

KEPLER’S THIRD LAW,

(2)

AND PATH ANGLE.

1 9

 

 

 

 

 

 

STEP INSTRUCTIONS DATAIONITS KEYS DATAILNITS

1 Load both 51395 of Sard Int%hchanqs T E::j]fl___
primary and secondary registers ada
theafigroiiatevalue oFgu thhough Epeg tion [:i:]E:::

ace aa the
0081 *5d an fiesem?-ma dr axis ]
distgrnce i R y TdESTIISTLY, alaé’g RRECEES0l170 tArsolutions [
Place the ?pehlap51s distance, r; in |Rq and the
 g A .

path—angte 8 1In
Az—F | : :

 

Key gives the VIS VIVA velocity Vg 

Key gives the circular velocity Vg
 

Key gives the escape velocity Vg 
Key gives the orbital period T in seaq onds 

Q
g

i
d
|
i
w
i
n

m
o

o
0
|
o
|
>
»

Key gives the semi-major axis in km
 

 
For path angle computations, Key A my st
 

initiall pe ressed 1n order Tto coy P
lo 

m

'lr-u-"l'h

ute and

|.
_|

= 

appear in the display. Disregard thi

N, W
J

S 
Key F-A gives the path angle P in dec.O
 

Key f-B gives the larger focal radius Fmax:- 

R/S gives the smaller focal radius, rmj
 

 

For Key C operation, Key B must first be
 

pressed,
veloc1tv

in order to compute the circy lar
 ~—a

o

 

Values of u in kmd/sec2 are on the sid e 2
 

  

 

  

 

 

 

 

 

 

 

gi the program cardE and _can be placed |[in

Body U —Hegisterd
Moon 4.90098 x 107 R1Q
Mercury 2.15215 x 107 R4 4
Veros 3.24815 x 10° A5
Earth— 3.886042x 10> Rt
Mars 4.30430 x 104 Ria
Jupiter 1.26658 x 102 Ris
Saturn  3.79416 x 107 R1G
e B_277QQ2 .. 4n6 =
T QT I O - 8 7 7T J N 6 ll"l/

Neptune 6.85500 x 10 R4 g

Sun 1.324948x 101 R1g
 

Additional values of u for various sgte lites
 

are given on page Z2a.
 

Re-iterative operation is not provided in as
 

much as generally discreet valuss of the
 

parameters are desired.
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Vo in km/ sec
 

Ve in km/ sec 

Ve in km / sec 

T in secCi. 

a in km
 

 

 

 

 
decd|.
 

in j<m 

in j<m
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STEP KEYENTRY KEY CODE

97 Program Listing 1
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
 

sl

i

D

RS
TG

~REg

SaAe

S
By

o
g

e
S
e

Y
T

- e
a
0

F
o
r
P
y
P
P

P
o
d

F
o
l

F
h
l
e

b
e
a
b
t

b
t
b
b

b
t

b
t
y
s
b
)

.~
;:

.
T

T
y
M
R
D
N

c
G

1
-

2
.

-
=

214
-4a1
T
I

YD
218

18
c28
ztBl
STg
B23

a2d
g25

T
T
R
O
T

O
y

g
TT
l
T

L
o
y

1

Ca
d
V
)

fa
]
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d
e

o
T
y
O

N
E
a
g

T
y
a
0

D A

g
T
y

e
gm
e

e
e

v
T

R
T
R
L
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w
&

E
n

B
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)
)

ta
g
e
l

€
"
y

.
.
o

C
a
]

T
h
)
=
1
'

1
o

-

P
R

n
4+

e
T
T
e

g
P
y

T

D
t
}

-
e

0
o

e
e

T
T
O

T

T
y
0
B
)

T
y
e

T
R
y
M
O

CR
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A
L
T
N
N
&

$a
Ta

-
#LBLA

[

Z i
r‘«L'bd

RTH
#LELD

RCLZ

w
)

wE
T
R

d
a

1)
e

g1)
g

FTH

¥lBlLa 21

RCLE
ENT?
ENT?
RCLY

ilZ1
- a

o
] )

L
a
e

0
T

M
o

K
a
=

E
e

L
R

T
3

T
R
D

P
O

B
a
b

P

) e
y

) T
y

P
y
M

0
0
e
P

M
R

L
N
g
T
e

0
N
D
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) T
y
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g
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L
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e
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a
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O
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a
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o
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a
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P

T
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T
y
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5

T

T

a in

in km

in km

in km

in seconds

km
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S59
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'
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R
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110   

Ll
S

g

TIE
it

n
m

r
y

r
L

¥y

RCL2

-41
-24
-
N

as

1
1

1
1

1
1  

in dec. ©

r(max)

r(m in)

in

in

km

km

 

REGISTERS
 

1ro

km

3T 4r
selc

M km
5.2
e(prog) 6@ dec©

7
Vo(prog>

8

 

SO u

Moon  
S1 gy

Mercury  
S3

Ea 
u sS4

rth  
u

Mars
S5 u

Jupiter  
S6 u
Saturn  

S7 u

Uranus  
S8

Neptune  
S9 y

sun

  B

  

D  

I
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Program Deseription |
~

ProgramTitle SPACE SCIENCE AND TECHNOLOGY NO. (4), BALLISTIC MISSILE RANGE )

 
 

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

   
 

 

 

Address 6;}95(:égg ?% .
Carmel California 93921

City Tujunga State California Zip Code 91042
\_

-

Program Description, Equations, Variables Computation of the surface range of a ballistic missi
is fairly common in the literature, but it is generall

assumed that the launch and target point are located on the surface of the body. The
unasymetric case is more difficult and seldom seen, This program, utilizing Newtoni

2-body theory, gives an exact solution. The basic assumptions are that the body is a

sphere, is non-rotating, and has no atmosphere, The latter assumption is nearly

correct, since the large portion of the trajectory is above the atmosphere. The varioT¥

astronomical and planetary constants are held on a data card and are loaded into the

primary and secondary registers, where the appropriate values of -he gravitational

constant u, and the mean radius of the body r are selected as desired.

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

1) 1l/a =[?/R1 - Vlzlq} where R; is the radius of the body plus the altitude of
burn-out, and V, is the burn-out velocity. R& a are given

km and V1 is in km/secz. u is in km?/secZ. The semi-latus rectum of the ellipse i

given by 2 A ‘

(2) p-= (Rlvlcos 2 where @ is the elevation angle (to the local horizdn)
at burn-out, The eccentricity of the ellipse 1is

The true anomaly of the launch point is givean by(3) e = (1-p/a .

(4) £y = cos'lfip/Rl-l) l/e:l where 04f;( 1 The true anomaly of the target point
B is given by

(5) £, = 2Rk - COS-%}P/Rt-fl 1/§] where TN{f,(21 Range over the surface between
perpendicularies through the launch-

and target points, is given by (6) S = R(f ) where R is the radius of thebody

radius of the body + the altitude of the targetiocalddngenerally equals R,

1/2

 

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

(continued on page 1la) -
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¢ # {1/2
Observe operating conditions given on page 3. e

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
figE NOT REGISTER NUMBFRS, but index no's, used to recall the proper values from the

J

  
 

 

( )

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

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

. /    
 



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

El is given by (7) E1 = cos'fl}l - Rlla)llé] where 0¢ E14.H

and

(8) E, =21 - cos‘l[b - Rt/q)l/éJ where T{E{21

The time of flight is given by

a3/2
(9 t, = 1/2[}E - El) - e(sin E; - sin Elfl

The maximum ordinate is given by

(10) hm = a(l +e) - R and the velocity at burn-out and max altitude

are

1/2
1) v, -(u/Rl)I/2 and vc,m = (u/R+hy)

The value of the semi-latus rectum which correspondes to the elevation

angle for maximum surface range is

(12) »p = 2 while the value of @ for
opt
P 1 + 1 maximum surface range is
 

(13) fimax = cos™} [%EEQDLlEK:]

Registers are Loaded

as follows:

FREG s
FrREG

4. 9089560G6+05 £ e
[.73929@086+63 | l.26co50806+0e ¢
2. 152150806+64 . r.l3cabegeeras L
2. 42E9900GE+GT 2 J.75dledamatls 2
2.245150006+85 4 6.0dbpaanabad -
6. B526000G6+63 5 J.rr8Szedarle 4bbb 2.350060088+84 5

6. 371017660+85 1 6. Bonpapobe+de ¢

. 960060008+05  E {'j:‘?‘????*%i n
G.0008660GA+60 6.Sbbpdud+Es &

d.008006686+60 £ g ggggggggg:gf &
6. B6ABBERGE+EE it

‘ a.8pepeRRAG+an |
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( )

Sketch(es)

\_ J

N
 

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 is: (a) the range, (b) the maximum ordinate,

Sample Problem(s)

I1 Calculate the above for a burn-out altitude of 20 km the same burn-out velocity|
and a target altitude of 3 km. Use 30° for the elvation angle.

I1I Perform problem I for the moon,

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

Key A gives 281.81 km for (a). Key B gives 90.14 km for (b). Key C gives 219.48 sec.
for (c), Key D gives 38,54° for (d), Key A gives 290,32 km for (e).

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

Key A gives 230.66 km for (a). Key B gives 49,76 km for (b). Key C giveg

179.05 sec. for (c). Key D gives 42,50° for (d). Key A gives 250.78 km

  

for (e).

111The0. 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). \ J

s 1 )
Refe,ence((s,) HANDBOOK OF ASTRONAUTICAL ENGINEERING, by H, H, Koelle, Ch. 7, 1961.

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

COMPUTATION WITH PROGRAMS FOR HP-65 CALCULATOR, R, H. Shudde, Naval Post-Graduat

School Technical Report, NPS 55Su76031, Mar 1976

___ _

 

 
     
 

(c) the flight time, (1) elev, angle for maximum range, ¢ max. and (e) the maximum rafige.



User Instruetions

SPACE SCIENCE AND TECHNOLOGY, No. (4), BALLISTIC MISSILE
1 MAXIMUM ORDINATE, TIME OF FLIGHT, ELEVATION ANGLE FOR

= MAXTMUM RANGE

 

 

 

  

  

 
 

  

  

  

  

  

  

  

  

 

  

  

  

   

  

 
  

  

  

  

  

  

  

  

  

  

   

   

  

  

  

 

CAUTION: If the sun is used as the primary pody, no |

index number is used. Value of u [is already|in|regi
  

er A
  

Recall contents of register B, and|load in r,gifter
  Then go to step —3—etcs ‘

  

  

=4

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

oad Program and Data Cards. L i]L;_ij

Select and enter body index no., do f-E (%) n LE?E_IEA,A_I u ggfivinde%

Enter burn-out altitude, (in km) do f-A h [f—Al | | h in km.

Enter burn-out velocity, (in km/sec-), do f-B vy f-B| | | [V] in km/sgc

Enter elevation angle, dec.®, do f-C 9 | £-C | [ ] # in dec.®

Enter target altitude (in km,; generally 0) h, l | |
do f-D | £-p | | | |h, in km

Key A computes Range in km | A ] | |S in km

Key B computes maximum ordinate in km | B Il | hmax in km|

R/S computes circular vel (km/sec) for hmax | R/S || | v max im0 km/ sec

R/S computes circular vel.(km/sec) for h | R/S || | Ve,n in sec

Key C computes flight time in seconds | 'C I[' | t_ in sec
I |tginsec|

Key D computes # for maximum range, (dec. ©) | D || | |9 max.

Key E computes any distance, Key A or B to n.|miles | E || | |Ss hpay in{ n.m.

I
Step 2 must be performed BEFORE any subsequeng§ step. | ‘[ ]

Step 7 must be performed BEFORE any subsequeny KEY oper.| | ]| ]

If a new body 1s selected, DATA CARD and step |2 must | N ]

initiallybeperformed- -
I

Primary and Secondary Registers are loaded fyom the dath qard ?# fol}ows'

Index No. Body u (km3/sec2) Radius (km) Registlers |

0 Moon _4.,90098 x 102 1.73929 x 103 071 1 , I

1 Mercury 2.15215 x 10 2.42099 x 103 2/3 l |
2 Venus  3,24815 x 107 6.052  x 107 475 | N
3 Earth  3,986012 x10 6,.371017x 10 6/7 | |
4 Mars 43043 x 10° 3.38755 x 103 8/9 |

Sun 1.324948 x1011 6.96000 x 10° A/B | |

- |
5 Jupiter 126658 X 100 71375 x ot —torit - |
6 aturn3.79416x1676.0400x 1o% 12113 | f
7 Uranus 5.77892 x 106 2.3500 x 10% 14/15]| | l
8 Neptune 6.85500 x 102 2.5000 x 100 16/17| | |
9 Pluto 3.31237 x 107 2,960 x Og 18719 | |

Sun 1324948 x10 69600030 A/B [ ,

|
b

|
|

     -
_
—
!

—
—

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

EG] sLELR 2111 gsv L+F 1& 45
- - - = -~ 5

ez FCLL 28 1 ga& - -43

gez FOLE IE ] gsg RCLC Je 13

gas + -5 BEE X -35

aes  sTCe 5 @ Bel RTN &4 Computes Range in ki
EEE > g ETGE 22 a8

ger ey - BE6Z xLELE 21 1z

BEE = - Bcd eLL 3 I35 B2

ggz FCLE 26 BES 1 gl

E1E e BEE + -85

gii FCLR JE Ber’ ECLI 3t @

Biz : - Aee 1% 3
i T - - BES ¥ -3
4 Computes 1/a oe o
Bld  STO: = P 876 RCLC 31
B1s ECLE 3& 37l -

JE
o R Computes hmax

B77  RCLC
r4
7S RCLA

g1 ECLE

M
)
r
,17

i d i

N
e
b
)

T
D
P
s

G
0
G
e
e
g

ke
O
D
g
P

k
e

L
R
e
T

e
fa

0E
0
P

Ca
)
g

L
R
R
e
R
e
P
g

ke
G

L
A

P
O
G
R
C
R
P
B

e
R

LR
e

G
P

g
ke

P
y
T
0
N
f

) T
,

|
N
4

—
U
)
e
R
G
]
R
T
b

|

e
l

e
y

s
,

B1&  FCLE
g12 ces  

  

|'_
_.,

J
n
-

(s
}
TB4T  ROLZ € 182 RLLT

B4E : -za ! 1684 :
p4s  Cog- 16 47 185 CCS-

ax

|
V
0
e
e

P
O
D

d
a
W
T
D

e
o
,
o
=
R

J
u
P

- - i} BTE 82y _41
o vz e : Y
122 RCLE 7 P7E s cg
g2z % - C ere k& a1 Computes Vomputes - cmax
Bz4  STOZ e P P BEE  RCLA 7€ 11
BZE  RCL1 2c BE1  RCLE 2 A8
BrZ - _ per : _24
po7 ; gez e 54
pre Ry - ged  RTN 2 Computes V,
g2c - - B85 CTOE 22 a@
75 r REE  *LELC 21 13St L " e

87: ST 7 Computes e peT ! al
B3> ROLE I @ 08 RCLE 5 A
837 RCLE i B ge  RCLI 75 @
B34 : _z RaE - _35
27c 4 i poy - _45
- _ g5 B3z RCL3 I @3
BI7 Ny Y Roz : g
- - - Q ™ 3" \: E‘B35 < -=q gai f.;TO.# i; gcf Computes El
27T - g i o ! .l T

oit  FCL gz [oTPUTes f1 B9€ ! o; 0Lz IE B2 ag :
B4l ROLC  3E 13 o7 RCLC 36 13
84> RCLS 6 @9 pOZ  RCLS 76 AG
" ; _ec pog ‘ _55
144 : _og 186 RCLI 3 a1
B45 ] @ 181 x _35

c

BiE — -4 182 - 5
; 3

4

5—
b

0
.
|

.:
T.
‘

BESE Z az 1@s b+K

0&l Fi 1e-24 1av z

1s2 X -35 188 Fi 1¢€-

esa et -41 189 .x.

854 [+k 1£ 45 11e Ny

gSE - -4 omputes ft 11! -

Bac XaY -g41 i 112 k=L
REGISTERS

ORy in 1/a in |9 in km [|Ce 4Eldeco > E, dec®
km km

S0 St S2 S3 S4 S5 S6

|

N
N
N
o

Computes Et L
Y

T
y

 

 

o2
}

~ @

PadBbm
S9 S8w

n ~

         
D

h in lag

m

S . 1) 0

o    
B C

A u in km3/sec2 V; in km/sec RE in km     
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STEP

112

114
H
11e
117
11&
11%
1268

121
122

27
e

24
125

12¢
a7
[y

128
12¢
1z@
131

L
S

0
L
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P
k
b

b
t

b
k

P
l

P
e
d
b

b
t

P
e
d
4

B
e
d
k
A

T
y

T
y

T
y

X
y

T
y

T
y

T
y

O
y

T
y
R
N

O
=
g
O
y
s
Y
B
e
L
0

C
)
)  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

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

8705 35 @5 168 RTH 24 |
D+F 1€ 45 176 GT0E 22 a8
N2y -41 171 *LBLE 21 15
DR 1€ 45 v 1 8]
- -45 17z . ~EF

FCLS 3E 85 174 g a8
SIN 4 | 175 5 45

FCL4 IE a4 » 17E z az
SIN 41 | 177 z -24
- -45 178 RTH 24

RCLZ 3¢ @3 1I7e wLBLe 21 1% 1E
¥ -35 186 g as
- -45 181 ]

RCL1 36 a1 gz §T0I 35 46
) 5z 182 FRCLi & 45

3 a3 184 ISTI 1€ 26 45
ENT? ~21 g5 RCLi IE 45

2 ez 186 STOC I 13

c -4 187 Ri -3
i 31 188 ESTO# 35 11

RCL# IE 11 ae R-8 51
T 54 126 %LBLa 21 16 11
2 -24 19! 5TOC 35 14
B -35 132 RS 5

RTH &4 Computes t_ in sec. 123 xLBLE 21 16 12
GTO& 22 aE 194 STCE 35 1F

xLBLL 21 14 135 R-& 51
RCL! 35 @l 19¢ xLBlLc 21 18 i3
18 52 197 STOE IE 1S
z az 198 R-E 5] |

X 38 135 xLBLd 21 15 14 |
RCLC IE 13 266  STODO 35 a9
RCLS 35 83 2@l R-E 51

+ -85
- -45 ]
1k LZ i ]

RCL1 36 a1
108 5:

z az
5 -35

RCLE 36 @8
- —45 210

1% 52
+ -55
z a:

NEY ~41
z -24 Computes p opt.

RCLA I8 11
X -35

Ty 54
RCLE 36 @i
RCLE 3 12 220

3 -35
2 -24

cos- 16 42 Computes ) max.
STOE 35 15
 

LABELS FLAGS SET STATUS
 

 

 

          

AS=Range |Max. Ord. %;T of F.[°9 opt. [|%km to n.m.|° FLAGS TRIG DISP
d 1 ON OFF

° lii/s = Circdlar Vel fot Max, Ord.| o O O DEG O FIX O

0 R/S = Circylar Velocit¥y for BurnfOut Altitulfe v 0o GRAD O scl O

5 6 2 0O 0O RAD O ENG O7 8 9 3 0O
n 
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~

Program Title C ELESTIAL POS 17Jor/ )

Contributor’'s Name JOSEPH /? /L/O BAERT

Address 8 7253 BE’/‘? DY AVZ/VUZ R R

City SPeNG %‘)AL s ¥ State CAH ZipCode 72077

\ y

N  
fProgram Description, Equations, Variables FPRoOGRANM CALCULATES LOcAL SIDsEIAL

TIME ANMD A ZIMCTH AnD ALTITULDE ArD HouvrRLY RATES OF

AS A FunCTlons OF PATE AmD TIME, OBSERVER 'S GEOGRAPH IC

CHANMGE OF THE AZIMUTH AMD ALTI)TUDE OF A C£LEST/AL BoDY

POS/T/G’A/ AND CSLESTIAL CoopPDINATES OF THE FBobDy .

FORMATS LATITUDE | LONGAI/TUDE | AND DECLINATIO ARE. o
DscresS - MINUTES — SEConvS 5 RIGHT ASCSASIoN AND ALl TIMES

ARE IN HFOURS -,MINUTES - SECONUDS 4 AND A2 IMUTH AND ALTITUDE

QUTPv7S ARE N DEC/MAL TDEGCREES.

PrROGRAM STsPS 72-78 ARs A SIDSRIAL CoSTANT THAT

MATCHES THE ZEROTH HovR oF O JANUARY Fork THEYSAR

GIVEND AN STsPRS Y-)1 :

" ,

COMSTANT = S/DErRIAL TIME (DEC/MAL }-iauES) Foe 0/“ JAN O

24

THE SIDSRIAL TIME 1S AVAILABLE N THE UNIVERSAL AvD
S/DERIAL TIAES TARLES OF AN EPREMSEIS . NOoTE THAT THE
 
Operating Limits and Warnings V'/PU7 SOUTHERN LATITUDES AND DéEcl/) —

VATovS  AND SASTERN LONBN/TUDES AS WNEGITAVE NVUrMIBERS.

STEPS K-/ A~vD 72 - 78 MosT BE CHANGED EACH o

Ysar . AMNMNY INPUT OF MovTH AND DAY MUST BE o
FPESCEDED BY LATITUPE AMD LONGN/TUDE J/NPUTS TO

SNSURSE THE YEAR ]S SNTERED JNTO THE CALCOLAT/ION

| ForR DAY OF THE YEIAR.

 
 
-

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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 r D
Program Title

Contributor’s Name

Address

City State Zip Code

\_ J
 

 
 

a8 . e . ,
Program Description, Equations, Variables VALUS FoR DEcCsrmBEL 3/ OF OMNE

VSAR ]S  SQUIVELSMNT TO THE VALVE FOR  JANVARY O OF

THE NEXT VTEAR

¥ Soms  CowsTAwTS o )97 7T > 276578

/978 > 27585/

FOR APPARSNT  SIDERIAL  TIME .,

/F /EAN  SIDigIAL Time /S ACCERPTARBSLE

/7 7¢ > , 274436

/1777 >, 276571

)77 >, 275848
/777 > ,275/85

) k0 >, 2743522

 

Operating Limits and Warnings Ewnvsues DATE USED MATCHES OMT}

THE GMT DATs CHANGES AT O+ GmM7T wor A7 O* LocaL
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.   \. _/
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/ /

An OBSTEevie A7 32°92° N LaTieps /)7 ° 0S5 TLovenasTeps

FIvD  LOCAL SiDI@IAL Tims  AnDd THS PofTiond oF  Vswoul AMD

/N /Q/C:fiT ASCEUS/&'/\/ AT THIS TIME.

Secvorrion s 32.42 80T P 1705 FA —> /777

1 $vT 2 /o £ B - /)6 ( Dpv OF vear)
7.205533 CHS SATP 22.569792 A —> 7.

2 ) X537 57
234.5°

S

/) 2.455 0//7’,6

[ N
Sketch(es)

L
J

~ — , =
Sample Problem(s) 7 7~ /Y00 ST /5 Janw /977 ( 0200 GMT ] J/W) , FOF

RATS OF CHANGE OF PosTion. Fprom An sPHSmsers , [eavs
_ _ " , A s
]S 7° 20" 55.33 SovrH Dscenvarion Anvp 22 5(:4”‘7’7. o 2

 

S
O

O
™ -
>

— 32.0°

£ —>

f - — 0,437 °/) ARC

< ¢ - : 3D ?Vswvs 15 v 745 SsumpwscTsea ke 3 ABoys THE
: , o ,

R)20A = 4T )5 oA SporTHwARD /20 453 //mQ
2

ATMOSPHEL IS 25 FERASTIAN ) .

h -m S

s 7 2,03 7.4

NeEwe LST (//-)FTZ’F’ COMPLTING A‘) /S N ORIGIVAL amrT + 07 /7

AND  TowARD THS  Fori2sa) 0, %37 T/ ER (NssiscTivg

y,
 

 
 
s

Reference(s) ; //2‘ AM?/{)/C/‘}N g PHZ/”/ZE/S /‘}AJD /{,4‘?(/7/6',/?& ALM/’A/A C,

PRINTED SAcH YsArR RBv TrH: .S, Goveramsa7 J2RwTine
DFEFice, WASHIvETON | D, C.  S  
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CSLSST/AL POSITION

 

 

 

 
 

 
 

  

  

 
 

  

  

  

  

  

  

LAT 1 Lonve MO T DAy NAAz A AT
GMT>LST Az A

STEP INSTRUCTIONS DAITh:xF/,lLJJrIITs KEYS DSTUAT/SlleTs

/ Loap sipzs / Anp 2 I
2 //VPUT LATiTUDS AnD LoneniTuPE L"?T/D-"’S lé;‘j‘d Livfl

come/pms| |11 AT YiaR
3 /wpor Mowts 4 DAy | 7o j2 lsmT |

| 70 3 | F Il B Year DAY

< /A/Pur OBJECT ,DZL’L.’A/AT/OA/ AnD ch/D.M;\ ENT

Ricrt Ascsnsjon ep 'domst | A
S |Convser GMT 1o LST GMT[H. 1S E LST JH.MS
G| Compors A 2imurs C Dse

7\ Compurs  Ar7s7U0ps D Dse
8 Compurs A Azmmurr /Hove A+ C Dse /He

Q| Compore A Acrizvns / Houe + D Dsc /He  
  

Rstuesa To sTsPs 4 or 5 As   

PESIRED . Jo crAnGs MonTH   

AND DAY SITHER PiRPFoPmM STSP  

Z FIPST ORP SNTER YSAR IN   

STACK PrRorR To MonvTH. STsp  

8 APPSO MINUTES TO ORPIGINAL  

GMT .  

  

THIS PPROIGRAM wWAS DSSIGNED TO  

PRovIDE  PoSITIONING AND  

TRACKING DATA For2 4 Ssm/-  

  

  

LST CAN BE RECALLED ANY TIME LST/H.MS
  

AF7sRe STeP S
  

  

  

  

  

  

  

  

  

  

       

|
|

|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|

PoRrABLS  ALT- A2 TsLs5coPs, |
{
|
|
[
(
|
|
|
[
|
|
|
|
|   
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

3L @ 2 25 = 37
SP 70 0

-> 3/ 7 44 S 22
S70 33 02 LBL B |3] 25 12
= ¢ 35 52 SF O |35 5/ o0
- 3 STOC 33 /3
S70 1 33 0/ | CL 94 02

o/ MUST mMATCH

DATE OF
o COM PUTATION
07

3 0o
35 22.

/2

_?; gz 2| SIpPERIAL

03 - CONSTANMNT

32 8l MUS TH

22 o) ' MATEC55 VEA R
= s7ZPS
= 8 7o /!

j
32 93
3 5

01
03

 
> YS§AF PAY

RAC

O/

S/ X
o3 > H.

C STO O
/ SP 5

A T
23 0 LBL C |3/ 3

35 22 CL O
25 7] CF O / 00

5/ 00
22 02 cL 06

33 06 —
35 52 STO 33 0O

REGISTERS
76 - 8 9

157 'z47 Frowe ['ve pas|morvsy|” pec R4 360 2pp |sw AT
1 S2 S4 S5 S6 S7 S8 S9

0

At © G D/)n ANALT E/)z A AZ



u
L

EE)NBOavy
O10soavaoLo&«|T€|U€H,AvaF4,
&Xid®©3a-

440|ofTV<y
dsiaOidlSHV14=MOJO1S7<«L7«—Z<|157<—_LN98VI¢o037

TV<¥AVDLow|YarerdLy7
2Q

SN1V.lS13SSOV14$138V1

2oL

ZlA72
/Q

1
ooA&72
SO£Z

Z7
<

0S¢787

VvV

7172
1D
!

S70
oL
~IS
oLS

72

2797
L1€S02
XQAE70

£9SO0D

g&~7222
T.2787£9(&SOO

Z0L9OA<72
/S)

22(&VIS lo£zS

Slzz&D959SOk€S72
/ 00O

R/SZIa7287Okg20

SINIWWOD30090A3AHLIN3A3

1SUDSI'|weagod]/9  
d31sSIN3IWWOD30090A3AHLIN3A3d3l1s
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Program Deseription |
 
 

(- ~N
Program Title B/NARY STAR EPHEMERIS

Contributor’s Name Williauwa C. Wic kes

Address Dep/'. of PAYS.'cs , Tacd co Ha//) Pr:yf(‘¢1LoA UW'thC'.’(y

 
 

 

 

City Privcedon State VT Zip Code ©F S¥@
\_ J

a8 ' )
Program Description, Equations, Variables Foir « Givew date , the progravs~ ca leo lates

+ie apparent pos;#.éw otvna‘o.?avw\ a.wa;,,(av- sc(:a-ra;\w'ow F ofF o

bu;tar\/ ‘J-\v\r S‘yskm frOM +a 'fiollow'unj e-},WtJ:&uS:

?= pa\’v-oo( of ocbid

" 2 . = .

Meun AV\ow\A’y“ M = —;_r(é-T) = E-esin E t e—Pk¢M¢ru Dw‘a
T= epoclh of per\as-"mw passogd

E = "eccentric av\0\un\|y "

v'c;d\i;s vecko - v = a ( | — Ecos &) O = 5¢M-M¢\J‘¢>r a)‘}s

c = ¢CC¢\A"f;cV\4\/

> i+ e
ten(z) = T—e Eaw 'Ez v = "4+rue av«owua!y"

W = awa\e . Yvve orbit

‘Law(\)-(-w) = taw(6-)sec L Oetween line of nodes aud

er\q )""rO\A

p = Vees (v+ ) N = po;'.#,g,w avgle of line c#nodq

(= uclhination of $rve crbit

'V\p\."‘- dad. ave P, T, e,a, w, ¢, N +o plavae of sky

For any t, programe cowputes P and 6 6 = apparent ,709,-4-,6“ angle

L = appare wt ‘Ufl?uhr 7e'aam4~v6u.

 

Operating Limits and Warnings A“a“'“"' ?V“"'r'l'é’ ave '.“PV’} and ocotpot w Aegrees .

\
 

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

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

\_ _/   
 



3 User Instruetions

INSTRUCTIONS DATA/UNITS

r

/ d.ata. card

< v\“e

lC no carde wrill M—"e_re

4 s en

+h wi oA

| . I‘V

AQ nter

2 n (5 A Adovrin

ey ecvtiom halls

oc/low ng ocder ;

/.

3.

Evler 2 lhewmaris dode

For o XL.

A/O{‘Q i ) d&“’ck v

" n
(s Qa

+hat afe naa be vecorde

Q,v\“er‘ ON  AACG @ .‘c card

OUTPUT
DATA/UNITS
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Program Deseription 11

  

 

 
    

s )
Sketch(es) /\/

ScCondany

e
D

£ P,e/man}/ h/

! )
a4 . :

Sas oeb/Fa/ é'/flmeazfgSample Problem(s) 7/& Dowé& S775€ Ss-74«

AS  Foiows
2 = 9 o4o

7S 1497.5%y
e = 609

a= 0. 50/

o= 137008
= SR L0e
Ju= 59X

Fond  Ahe  oebiral Das,Frons roe 7769

 Solution(s) 6 —=> O. 5 Ztl/fl/fn /o000 (/’.S//@J) 7/. fl?’l//ZZ;‘-? 27;’

- ? —_— Vol y /s ‘i >
/897.58 [RLT 37 eodS 7, Sl ZZJ/ 7 ;{/ ,

3sfTT 6 sS [BIZT— 7] 908(RISTCrd
/L] 1976 FHL] —FO 98, T/66/ 
  sF-Ken , 7He Ehéfl/ SHrars /pflVEA /Z/é/éca/‘/zwgReference(s)

New Yook /96%)     
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3 67 Program Listing |
STEP KEYENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS

001 L3 A 31 25 Il puter b X -7
STC A 33 TAN ! 32 64

ReL 2 34 o2 2 o

= 51 060 x 21 o
2 02 Counpoute M RcL S 34 os| o
X T + 61
v 35 13 T+ 4|

x T TAN 3\ 64

ReL ) 34 ol RcL & 34 66| Coupute OBO-R
010 L $i cos 31 &3

STOo 8 3% 8 | . _o- - » T

RAD 35 42 TAN"! 32 ed|
LBL o 31 25 oo KT 4 35 52

™ 41 070 cos_ 3L 63
SN 3i 62 RcL ¥ 3y 08| Compota p
ReL 3 34 o3 W T

x =1 X2y 35 S

RcL ¥ 34 of% cos 31 63
+ 6 LST X 35 B2

020 - S conpte & RY 35 53
LST X 35 82 _ . - 3B | "Cow',,;k e e

1t 4 | \0{ tFarabion cr 3s £

RV 35 s3 ReL 7 34 o7

+ Si 080 + ey |.

R3S 35 b4 Ry 35 S3

EEx 43 x<o 3 71 £ p <O
cHS 42 SF2 35S S oL

s 65 Accovecy 1),05 ABS 35 o4 lpr=F
XLy %2 71 sTo 8 23 12 /s0+0 > B

030 sE2 35y 51 o2 CLx 44

X 35 54 l ol
F27? 35 11 o2 3 o3
aTo O 22 OO0l _ o o o—e ___ 0 oo

r 41 090 Rt 35 sy
oS 31 ¢ F2 2 35 71 O

RcL 3 3y o3 + ol

x 71 360 63

i Y 6 o6 ¥ 6> 360°
= 35 52 WA o o530 = é - (owmpovte v x5 > 8| O -360°— 6

ReL 4 34 o4 cLx 44

x T —_ 5

SToO 8 3B3es| . ___ . _- STO < 33 13

RV 35 53| 100 RcL B 3q 12
2 02 —x- 3\ 84 Display P

* B 2y 35 52| Diplay ©
TAN 3i 64 RTN 3s 22|e==

PES 35 4| L2 B 31 25 12| Evder dan
| Oj Cowmpota ) cF 3 35 6| 93

050 R<L 3 34 03 7 o7
+ ©) STT 35 33

| Oi o o0 i

Rce 3 34 o — 3 84| Doplay O +e
- 5| 110 MERGE 32 )| ewkar cavN

- 31 PALSE 35 12

V& 3\ 54 F32 35 71 O
REGISTERS

4 6 7 9
° 1 P, ? T, ° e, a., ° L, C, 2, OSED

S7 S8 S9S0 S1 - S2 T S3 e, S4 o S5 o, S6 . =, osep

A B o o D I      
 

 



STEP KEY ENTRY

67 Program Listing 11
KEY CODEe COMMENTS STEP

35 22

o

3y 33

31 25 o)

3sS 6\ ©3

35 72

3ss 71 ©

22 o3| Srep ¥ e da

3 Qv\*tfeo\

3) 25 o1

KEY ENTRY KEY CODE

3|
3

(=)
s

2

22

Ell
22

3| 42 2S5 for wnew

s 22 Yo

13

> 33 S“'v«‘\’ do("r.\ Qw“’w

22 ©
25 |5 at vdn P(&Ya\w\e\flzr

35

3s 22

-— = wam o—-— - =

25

LABELS

Naw Star

COMMENTS

SET STATUS

TRIG

DEG
GRAD U
RAD U 

37
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Program Desecription |
  (" ~
Program Title PRECESSO M/ GALACTI¢ COORDINATES

Contributor’'s Name Sdwavd J. Groth T /

Address Physthc:i Depl’. , Privceben Umugn./&

City Princeten , NJ State N J Zip Code OFS10 )
\_

  
  

S
Program Description, Equations, Variables /. Precesses //(9‘”‘ ascevision (&, ) and

declinabiom (5, ) alt an ;alhal epoch (I%) fo r:jh/ ascension &)

ancd decliaehon (§) af «  FHaal epoch (FE), Uses formvlae

gfucu im the Lxplanalory Scpplement fo He ,_F//;:m(r/:J ype S0 -3/

These formolae  acfede fhe e Flecls of j?fl{re/ and [foni-solar /J/r(t’ssléfw,

2., Convevls 950,00 07ua/¢'r/é¢l ceovdivates ('0(50,550) fo new ya/tf(fic'

/owj/)vc/f (L) and sew galache tabitvde (b).  Formelue ave grven

by Allen , Astrophysice! 4’0«7/777'&] 3‘”‘/&/., po 283. ‘

3. Cenvevlhs e7u¢/t'r/a/ coovdivubes for any e/och ) ‘74/0(/7} (cavc//ne/(_sb/r

(%,,8 ) (“5—01550) —  (4,4) .

4, Converds alache coovdinabks P eiaa/ur/r}/ coovcinates Fov ¢y f/ac/'/ by

(4, 46) — (%5, , Ssc) — (o, §)

,4. [,aochs Qve ia yeavs , ¢.g9, (1500

B. b and € ave v decrmel /f/reu, S /s im c/e;rc’f&, mm}/fi, seconds, x 7

/1 hoors, m,r;u/a/ seecemds, On ;r;/u//au)‘/acffj Secr b s iu ¥ ancd o ord

/5 /m x. 0°5h <360° , oY cx <24,
€. For opevahens 3 or 4 above , [he hnel or imihal epoch, re.rpa/w‘i//, mest be

[950.0 god the precess Flag (flag i) s} be sei.

Operating Limits and Warnings 7¢ ,ureucnl ocbpols 1a HMS or DMS Frmel Frimm

afflcaru}j as [0,89¢0 (V€. veended /015‘/5"1"7)_/ /e pregrem revads ,;1

HMS  Sformal, convevhs o A Sovme) wad converhs back o [1MS A -mal

To preved’ rovadiag, the no rocad Fleg  (flag o) most ke self. Rovediag g‘fiac'/4/

not be vsed with less fhanm 3 d/:;/'/y Jo right of decrme/ /at?/* ‘s 14 will

70t week pr«—/(r/// when rct/»!d/:i]' Homwm  Teconds fo muwmotes or frowm M/fl;zla

(b hoers/degrees  su HMS format, )

 

 
  
7

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    _/ \_
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Program Desecription 11
  

  

  

 

   

  
    

( )
Sketch(es)

L )

rSample Problem(s) The Abell Cleskr 1656  Aas 1355,0 coovdsngtes
. - 9 mXgss = 127 527

oSises = 2§ 46

What «re ll‘S U’alat /7¢ (ao“;/:rllei‘u f?

Solution(s) [#] [A] 1,000O (Set NORND Flag)

[f] [B) 1,0000 (Set PRECESS Fleg )

Scivhom 1855 [A)  [a9Ss0 LB] 1950.,0000 (I aud FE)

28,4600 LENTER] i2,5248 12,5299 8555, %ipss
[DJ 58.1767 L (deu;rc/c/e&)

(Wl [x&)yl] 87,9582 b (deciwel deg)
'Il;'anifi:vm [f] [CJ,- [w] [X:)‘J (I’MH’VchMyf IE,FE, reshore by, £inx)

« ¢

check [£] 12,5248 X igss
L rescits [W]l [x2)] 28,4560 8,555 (MCRWD)

f 4 . . )
Reference(s) /» Explanalory Svpplement fs the Ashonomicel Lyphemers and fae Amevican

Lphemeris aad Nao heal fl/manacJ 196), Londm, New Majeshy's «flah&ncr/ Office

20 CoW. Allen, Ashophysical Goanbhes 379 edi, (973, Pnisersity of Londen,

Athlcune Pross .

L _

  

   
  



40 User Instruecetions

PRECESSICN /GALACTEC COORDINATES PROCRAM CARD

‘1 NO RouND?  PRECESS?  1F >FE
=N
4 1F FE 3o fo,28

INSTRUCTIONS

ad 2 o

i and 2 o¢

cyr&m

wmsban/s

0

FE = [90C:C

/ i —

‘q DJO X

b, { h

4/‘(‘ ( eV VSIS,

b b, {

1950 ,0 o

can erm

hrm

(4

Change NO ROUND  flu

Change PRECESS £l

IE ,FEXc “ leaviwn

D rr F

ran /cr o

t 0 ov D

Tran: fvrm j

Fo.r

*l o

IE>y, FE»X

§4x 9 b, ¢

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

IE (years

eqv

Scta

195¢ f “I%)'O I 2

b + 4 Si9507
b

!l =D N Reepop
= X

/D PRECESS
¢ PREC

X vichg

IE =)
-

 



® o o67 Program Listing | #
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 ' EWTER NEw ZE ( MIE)

 

e

3 &l 0S| FE-Nag 3 5

nire-lq0c—2 4

GTe PREC (63T, JLO.

EWTER WEW FE (MFE)

PRECESS
—>H, RoTATE

— 4, M3, R6LAD
NFE—-IE > 5

OPDBTE PREC (sWST.

Convev t o, § b

decrvmel deyv(fj

Rcbk va:

} Rolude aboot 2 b,

13 Foien gn,/@

('ona(.fil‘ h FU/(V

m X-2 phkne

roh ke qbou/) by

29 fules an,/(

Convevd ko veck 1n %2

plave

} (enve- bt b polav " X-x
plaue

j Rolale «ouob 2 by

thivd Eclee suyle

oo

o

REGISTERS
3 4 6 xiw~2 |7 Xs/0°9|8 x/w~-7195

€ 2 Osed LE-190c| FE-12 |6, 400634444 3.9777270) soxi'*
S1 S2 S3 S4 S5 S6 S7 S8 S9

167,75 ¢2.6| =57 vsed
A -%B C x10"8|D x /0-¥% |[E X se” |1

2.197422 222 X0 .f.s‘é&fé/z//x/o“3 ~2.3¢944£144¢ -~/./8§ 3333333 |- /.7666606¢7



67 Program Listing 1142 rogram Listing
SYEPY KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

0 3

 

INVERT LEUCLER BLELES

GET

0% /0 <360

3522
»H. M5 4 Reind Svj

S — (. MS

il

|

bo RovakD Fras Tocé 4G

o0

o

X = H.MS
: o

CHECK FlIG
>

SET D NCRotWND
-

: 6
g0

o

5

PrRECESS FLAs TOGELE

E4qUAT, = AL,

PRECESS FLAw?

SET = PRECESS

EVLER NI6LES FOR ol

— H.MS ,RoTATE
’ CORTENTS 6F DATA

» ' ) REGEISTERS - Te BE
RESTORE R&LGS STORED ok CORSTAMTS

’ ) CARD ¢
GAL., = EQouar, 6-5. 0.0
CET FOLER AKELES -
LWVERT Fel I0NERIE Traw,|210 €. 6. 4006“1*44 3

N 3'3-77777773"5’

ROTATE 8. 9.388885881-9
D HMS + ReciD

O—-i2
REINVERT ANGLE S 9, 5.

RCSTORE REGC’S 1o, 167.75
CHECK PRECESS FLLAE 1, ©2.6€
SE] =7 PRECES 12, -572.0

‘3 - l Qo 0‘0

0
206 2.197222222~-%

2i. S.s¢¥Se1i1i -3

o 22+ ~2.309444444=8
23. -1,183333331-8

oS 24, =ic1beCeeecel-ll
Sl OIC

LABELS FLAGS SET STATUS
A _ B E 0 c = RrRocwp
ENTER 1E MTER FE RECES EQu AL €A1 D EQU [ D necwno TRIG

a e Reckn |b PRECESS c s d e 1.¢ 9 Vo prEcES
LAG MECLE ¢ . 1x 2 FF E >Xx, JE-Y /D PRECLSS DEG

0 1 COMPULITES PREC. HiMS 3 4 2
ROTATES ,Eu‘.zf; DNLE 2 "OU/UO CF O CF gESD E]
1. MS>H INVERTS 7 9 3

o «ER A MLES

LBLc |32 25 )3 TXCNANGE IE,FE
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rogram Deseription |
o )
Program Title SPACE SCIENCE AND TECHNOLOGY, NO.(5) KEPLER'S EQUATION

 
 

Contributor’'s Name Robert C. WYCKOFF

Address 9517 Cordero Ave. )

City TUJUNGA State California Zip Code 91042
\_ _J
 
 

 
 —

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

duces time after some epoch into the classical Newton-
ian two body dynamics. All other relations deal with the various position parafiéfétfi
of the body in orbit. Kepler's Equation is

(1) At = E - eSin E At is the time after the time at perifocus, E 1is 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 px.'oglramT (2) n =27 where T is the period. E is given by

(3) E = COS-I[} - r/a where T r is the focal radius, and a is the semi-major
e - axis. a is computed by ul‘2 1/3 |

4) a = — and
5 = (1_ 2) 4n(5) r a(l-e where v is the true anomaly (See Figure

1+eCosv 1 page 2) e is computed

by (6) e 3[? -__é] where rp is the periapsis distance from

a_l

u = GM where G is the Constant of the primary.
Universal Gnavitation and M is r is given by 2n

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 W2 -1 1/2

(7 Ve% ity = v =L( - ;] and
Path Angle to the local vertical Bv sin [uaiie i]

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

(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 is to simply add
the period initially to the time at perifocus and proceed on into the n+l orbit,

The actual region around 180 degrees is very small, being something like (179. 995

to 180.005) degrees. Page 3 will show how to avoid this situation,

For a new iteration involving Key C, the original value of Av must be
replaced in R since it has been reduced through successive divisions by

a factor of 5 1“ step 117. For Key C operation, the original value of AV
must be placed in R, after the end of an 1teration, since it has been successfl

 
ely

 

 

 
 

 

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

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

. D      
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SPACE SCIENCE AND TECHNOLOGY NO. (5) KEPLER'S EQUATION

 

The inverse process for equation (1) is another matter, The

equation cannot be solved explicitly., It must be solved through a

matter of successive approximations or iterations. We wish to solve

for the true anomaly given a particular time for the body in the

ellipse.

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

If this time is less than the desired time, we augment the original
value of v by Av a sufficient number of*times until the calculated

time is greater than the true time. The value of v_ is then decreased

by Av and a smaller Av established, saw 1/5 th Av, The iteration is
then performed until the computed time is again greater than the true

time, and the process is repeated with ever smaller Av's, When the
difference between the computed and true time is smaller than a predetermined

interval, say 1 second (it can be any value from seconds down to fractions

of seconds) the program stops and displays the true anomaly. Register

y holds the associated focal radius.



SPACE SCIENCE AND TECHNOLOGY Nolf) KEPLER'S EQUATION 45
rogram Deseription 11
 

 

\_

Sketch(es)

 

_/
  

 

    

 

f

1653:19 GMT, What is:

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

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 yu for the moon in RA' Load the period, 3 x 60 x 60 = 10800 seconds

in RB’ 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 eccentric
and 27/T = n 1in radians per second in R, R, and R, respectively, Observe

0.000581776 radians per second in display. Place 40 in display and do Key B,
Program will pause and display 694 seconds, which will become 17,0453 GMT for the

answer to part a). Key D gives 1.788 km/sec as answer to part b), Recall

ity,

 

Solution(s) contents of R,, 1881.76 km for answer to part c)(The focal radius).

Key h R.Key E gives 81.918° for the value of B, for part d).

Place 20 for Av in .
Place the new time of 19,0026 in Rg. Let us place 0.0001 r one second) in R

which will determine that the program stops when the calculated time minus the true

time is less than one second. Place a trial true anomaly of 200° in display.

Press Key C, You will see displayed for two seconds each the values 6383, 7288.
8070, 7455, 7617, 7773, 7648, 7623, 7629, 7624, 7625, 7627 after which the program

run will stop and display 228.256° as the value of v which results in the calculated

time in orbit of 7627 seconds AFTER 1653:19 GMT, Roll down the stack to y and see

 
 

 

2752.31 km for the focal radius, These last two results are the solutions to part

e) and f) respectively. One could modify the program at step 124 to do this by

a R/S 1if desired. )
\_

4 )
   Reference(s) Any standard text on Astrodynamics such as AN INTRODUCTION TO ASTRODYNAM-

ICS by R. M, L. Baker and M. W, Makemson, Academic Press, New York

1960 or THEORETICAL PHYSICS by G. Joos, Hafner Publishing Co, Inc. New

York or EINFUEHRUNG IN DIE THEORETISCHE PHYSIK by C. Schaefer,
Walter de Gruyter & Co. Bgrl%n and Leigzi§ 1929 or
JPL Technical Memorandum 33-414 DETERMINATYON OF INTERPLANETARY
TRAJECTORIES, H, F, Lesh 1968    



4 User Instruetions

SPACE SCIENCE AND TECHNOLOGY, No. (5)

KEPLER'S EQUATION

 

 

 

 
 

 
 

 
 

   

   

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1l Load program. Select the astronomical body L——;] [—i:J
from the table below and load the value of u L
in K . Place the period, T, In seconds in KRA ace period, T, seconds 1 | |

and the value of the periapsis distance (TO THE ]
€CE .

neziapsis__in__hh+mmss__in_R§__and 3600 in R
v E A a, e, n

2 |KeyAinitializestheprogrambycomputing a,    

  e, and n and placing them in Ry, R_, and R,

3 |Placethevalueofvindisplay, for which the v    

time is desired.   

4 |Key B computes the time after periapsis time At in sec,  
in seconds(displays for 2 seconds) and the t in hms

  
final GMT value

  

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

ocity and the path angles can be computed by
  

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

7 |Key E computes the path angle to the vertical   
vert®

R/S computes the path angle to the horizontal   
horiz.

FOR DETERMINATION OF TRUE ANOMALY   

8 |Load the new time in hh.mmss in R,. Load in R7  
a difference constant(generally tens or

o~.  

   will nowA TROTW

stop when the difference netween the true and  

  

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

the display.
  

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

Kn seconds and successively display them for At"'s and final
  —valueof—{v

I2—seconds,—Thevaluesquicklybracket—the

‘_in_dec+_d4greescorrectAtinseconds(GMTatperiapsis -  

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

in seconds) and stop when the difference is
   

   

    

1 . i ts —

the_cor:esponding_nalne_of__»_i;_decima1 o

11 |Thecorresponding focal radius is in the y regipter,

12 |At abov e value of the semifmajor  
axis is found in R,, the particular value of |v
  

( v+ Av) in R,, the focal radius r, in R,, the
   -l A

C, aa v

  4
  

See page 3a for additional informatfion
   

|
|
l

|
|
{
|
[
|
|
|
|
|
I
|
|

{
the calculated times is less than one second. [

l
[
I
l
[
[
l
|
|
|
I
|
I
|

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

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

in seconds 1is verv useful, as T/2 immediately 1is 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,) is «close to the periapsis time

(say T/4 or less) then one should start with a relatively small v
(say 60 degrees) and a large Av, sav 90 degrees. Care should be taken

to see that the initial v + Av dces 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 km> /sec? R in km

Moon 4,90098  x 102 1.73929  x 103
Mercury 2.15215  x 10, 2.42099  x 107
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 102
Saturn 3.79416 X 106 6.0400 X 104

Uranus 5.77892 x 10 2.3500  x 10,
Neptune 6.85500  x 102 2,5000  x 10,
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 19 2,635 x 10
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STEPKEm&RgQUAIEV%ODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 -LBL- -

 

computes a

At in sec,.

computes e At in dec. hrs,
At in hms

t

time after periaps

computes n

INITIALIZATION

Place v in x

computes r

computes E

REGISTERS

4 5 At diff. |8t 9
Av last

S4 S5 S7 S8 S9

km D t

(prog) PBT seconds C:rQe)
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

- 34-01

r in x

v in x

vinx; r iny

31-54
35=22 V in km/sec.

31-25-15
0l

34-13
2—

Bv (vertical)

Bh (horizontal)

LABELS SET STATUS

TRIG

DEG 0O
GRAD O
RAD O 
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Program Desecription |
  

  

  

a Y )

Program Title Or /7/ / jf’ ’4‘7murectre p /(/ 7/76 /‘/e4 o/C (m €53

Contributor’s Name -é’x /{/ 5/4{4/4’

Address 7//’ /4/‘//4 éé/z;(,

City Froe [ | State Cr Zip Code F7IR/ )
\_

(o Z)K/Z( 4 7 (,?’2 (/22)/fzTProgram Descnptlon Equatlons Variables 6;/;/6% //'(7/ )CI

$onal //’(3 (/)A Swe l, . Let L
z‘u/r

cos (02-7, ) = (1572 W1, 72 ); f =
,a?"
 

//V VibFren /fl;;,é,//(jg/"-/un/f)£

t =/'/’/’Vl/’/jf‘f/ VLY —7@7 /KM/wé’ Yy = A /ZL - z{ )

S (vt505/7)’”’

— .
VI iy (=4, %

on

,’;.

ffZ_ / ;i-——

Z

icném/ éf/'//(/

(’d‘j(EzE)= (-Z2x ;

‘dn/(

s
[2scos(2]

T ff/(fl gr( //v flffi:/(c/ fle’ Jg'//md,,g

PEIIG)5 l//’/('/d/’ els = /71/1,/ -

s ((BEE't/)= Jyzli-x), [QFLE)—;’/n (€2£)]/507 (225 );

/Aj f/éff= /+ X//+Z)

= - 43/’[(5 -E,)-s.2(E. E,)J///'I

//"/ = A/r’—"_"f/r/ TAe el Kl
(4/

d?z 7’4/)46 /,

C;////lf’('}/é /)4?.«/ b e

&

 

).fl/w%dn seas /9//’(’/2’1 ”wi /

((d é(//én

a” = Y[[24 077 s fi)500 (BtEx)j $=/-2[1-eo(e-£)],

5 &

£

G€ corsiNer Fo K2 1 ol2.

CereyStdf/ ]4’ & /FESres / & /et‘77/Ep7A e 5 s?’}’

ffl/ Conipy, Ao ;

| (¢/k , aredl Sone /;w

é"///?”t‘;”é 0/ %C’ éd’/éu

77]/5-(’ 6"/"//‘ /fi /

 
Operating Limits and Warnings //,3 eFZel jn)%érj‘ .)(;/ul ,,};/n%/% fi/ CONoy e#1-&

seaher Fhomn So° ZF£ 5

  
 

colbicn fhe 4?4/£ _)C/'c‘“/fl N o Ny s

«a /5€ fi’sz//r/()// 717/6' / 7% ' eor /,'/ AA’J &7 C’(('(’/‘/A’/é ,”/- - ; //55

//(fi‘/l / > 7‘7/4/ /:I) fié’ /V/r/ /;( é////)/;/\d/ oy ()’/;('ti/flt"

.

( ) 
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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Hewlett-Packard Software

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

Application Pacs
To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-

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

You can choose from:

Statistics Mechanical Engineering

Mathematics Surveying
Electrical Engineering Civil Engineering

Business Decisions Navigation

Clinical Lab and Nuclear Medicine Games

Users’ Library

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

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

Users’ Library Solutions Books

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

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

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

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia

Real Estate Investment Cardiac

Taxes Pulmonary

Home Construction Estimating Chemistry

Marketing/Sales Optics

Home Management Physics

Small Business Earth Sciences

Antennas Energy Conservation

Butterworth and Chebyshev Filters Space Science

Thermal and Transport Sciences Biology

EE (Lab) Games

Industrial Engineering Games of Chance

Aeronautical Engineering Aircraft Operation

Control Systems Avigation

Beams and Columns Calendars

High-Level Math Photo Dark Room

Test Statistics COGO-Surveying

Geometry Astrology

Reliability/ QA Forestry



SPACE SCIENCES

Precession, sidereal time, coordinates, distance, path angle relations,

eclipse parameters, time of events, ballistic missile range, etc., are calcu-

lated by 10 programs in Space Sciences.

PRECESSION OF RIGHT ASCENSION AND DECLINATION

LOCAL SIDEREAL TIME & OBLIQUITY FROM LOCAL STANDARD
TIME

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

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

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

CELESTIAL POSITION

BINARY STAR EPHEMERIS

PRECESSION/GALACTIC COORDINATES

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

ORBIT DETERMINATION BY THE METHOD OF GAUSS

HEWLETT ’! IPACKARD

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

Reorder No. 00097-14028 Printed in U.S.A. 00097-90203

Revision C 12-78


	Cover
	Table of Contents
	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 Missle Range
	Celestial Position
	Binary Star Ephemeris
	Precession/Galactic Coordinates
	Space Science & Technology, No. (5) Kepler's Equation
	Orbit Determination by the Method of Gauss

