le there Bonest Perplexity with your Byrerlunar Passage? 1If so,
use Hardy Persistence!

See page 32 for program. Delmer D. Hinriche (967)

‘elential Mechanics Simulation: "Lunar Landing fros Random Orbit®

This challenging game simulates the landing of a spaceship at a
predstermined target locstion om the moon. The initial spaceship
position ie randomly chosen to be in eny direction fros the moom, st a
radius of 2,000 kn. to 3,000 k. from the moon's center (lunar radius
191,799 kn.). The randos slliptical orbit is always counter-
clockwiss. VWarning: some orbits will evemtually impact on the lumar
surface, if not modified.

This program accurately cslculates the initial orbit snd landing
trajoctory of a spaceship. This allows the user to botb observe some
of the peculiarities of oelestial mechanics, snd to bave an engrossing
geme progras. Some realistic features of the program are:

1. BReal, 2-D spaceship trajectory is calculated as a series of
pegments of user-specified duration. Segment duration may be
sny integer or decimsl nusber of seconds. (Accuracy is better
vith shorter segments).

2. True, inverse-square-law gravity is calculated, acting upon the
approximate seput mid-point. Cravity at the lunar surface is
1.62 m./eec.?, the correct value. :

3. Any integer number of segments of free fall may be automatically
calculsted.

4. The spaceship has & rocket engine with an exhuust velocity of
4)xn./sec., simulating s hydrogen-oxygen fuel.

5. The spaceship gets lighter as fuel iz used. Therefors maximum
scceleration increases from about 1.3 g'# to about 4 g's as fuel
de used (vith a 100 kg./sec. fuel usage rate).

6. Total fuel usage is limited to 20,000 kg., which, along with the
dry mass of 10,000 kg., resulte in a 3 : 1 mass ratio.

7. Puel usage rate may be any integer or decimal mmber of kg./sec.
(Yor realiss, marimum usage should be 100 kg./sec.).

8. Ao attempted burn greater than the remaining fuel results in a
signal, and only the actual remaining fuel is burned.

9. An sttempted burn when fuel is gone results in free fall to
impact.

10. Impact (or landing) on the lunar surface results in a signal,
and then landing conditions are sutomatically calculated.
Dietance along the lunar surface to the target site, and
direction and velocity of the spaceship at the moment of impact
are interpolated from the segment-end conditions ismedistely

. before and after impact.

Note that the direction of spaceship travel, and ite engular
position, are with respect to the fized frame cof reference of the
lunar center (origin) and the target landing site (0°). See sketch.

On an BEP-97, the new status will automatically print.out after
each move, as will the impsct signal and the impact conditione.

°°| ¥
’ Landing Site
+180° Fosn / 0°
3 I X
1739 k. 'y
\q;acuhip
5°]y {Random Seed = 0)

Sxetch for: “lunar lLanding from Random Orbit®

See page 36 for program.
Delmer D. Rinrichs (967)

sCelertial Nechamice Demomstrstion - Hobot Rocket Landere

This two-card progras is intended for those "REocket Lander”
pilote that sometimes have difficulty estimating bov to make a landing
from orbit. With this progres, all you have to do ie to rtert it,
ndtbnlot;t_ﬂguﬂanivhtbdo.

Initislly, the spaceship ie ip » circular orbit at a veriable
altitude above Nars or the Noon, and must land at a preselected target

‘:ﬁ:c eite. This progrem calculstes the descent ar a serier of

te of varying duration. As required, the progras sutomstically
sdjusts segment tims up or down, decides for each sagment whetber it
should be a free fall or s rocket bum segment, snd eelectr the angle
of thrast for rocket burns.

3

.28

The descent is made in five stages: 1) Vait in circular ordit
until oppogite the target site (the initial positicoas are all clese to
this point to avoid long waite); 2) Make s yecket burm for a Bebmans
transfer orbit (for s minimm-fuel-usage altitude change); 3) Wait ia
elliptical trspsfer orbit wntil time to: 4) Stop orbital motios above
the target site, them: 5) Make & fimal, vertical descent onto target.

Realistic features of this progrss include: 1) Trus imverse-
lav gravity is calculated, ecting upon esch segment's midpoint;

2) Rocket engine thrust simulates the use of a hyédrogen-oxygen fuel,
with ap exhaust velocity of 4 km./sec.; ) The spaceship loses mass
as fuel is used; with less inertia, the ship's accelerstion rate
increases; 4) The ship's positism is updated using its sverage
direction and velocity for the segment.

The equations used to sstimste whether to free fall or tc make a
rocket burn for the next segment, and whem to reduce segment édurations,
are barically quite simple:

8, = MWt whem: § = Est. seg. free fall to impact
8.-'/AV 8..M. weg. rocket bure to stop
4 = Altitede

Pree fall if: S < 2(8, - 1) V. Sip'e velocity

t « Seguent duration
AV = Vel. change fros rocket burn

Red. peg. if; 81< 1

or Af: s.< b3

These equations are first used to stop horisontsl velocity over
the target site, then again to etop vertical velocity at the surface.
Vhen in the final vertical descamt, ¥V sust be corrected for ite
anticipated increase due to gravity during tbe mext segwent, and AV
must be corrected for its decrease due to gravity.

If you wvant to try these descents mamually (they cpn be improved
wpon), initialise for the deeired orbit, thew load whichever of my
previous programe, "RHandos Lunar Lander” or "Mars Lander®, is
appropriate and go. Do pot reinitialize! INote that the sign of the
gravity conetant of "Random Lunar Lander® smst be changed before doing
a manual descent with thie initialisation (1.e., "RCL B, CBS, ST0 B").
Also note that the initial fuel supply will be less than for the
normal initialisation, so be careful!

See page 35 for program. Delmer D. Binrichs (967)

*Flip", a Lesrning Ceme
This game appears very siwple, but is actually rather difficult.
The HP-67 chooses beads or teils {1 or 0), and the user then tries to
guess the HP-67's choice. At first, the odds are even (50-50) on
sach guess. Hovever, the HP-67 gradually determines the patterms in

~4the user'e guesses, and then chooses the opposite of what the user is

predicted to choose.  Actually, the HP-67 doee not strictly maximire
ite chances on each move, but instead includes some randomness, to
Wake it harder for the user to predict the HP-67's choice. This game
thus eimulates the type of two-person game in which each tries to
outguess the other's behavior and to etay one step ahead.

Thie learning program differs from others such as "Hexapmwn ",
"¥ini-Checkers”, "Cybernim”, etc. in that:

1. "Learning" does not completely exclude the possibility of a given
Bove, but merely shifts the probabilities.

2. The program learns from every trisl, not only from loring trials
(i.e., there is both positive and negative learning).

3. Learning ir pot absolutely fixed; what has been learned may be
unlearned later, if conditiona change.

Thie program keeps track of its last two choices, and of the

-user's last two guessee in response, As these four bitg of

information define 16 different casee, the progras also keeps an array
of 16 different probabilities (in R4 through K19). Each of these
probabilities is initially set to 0.5, representing even odds. After
each user guees, the corresponding probability is sdjusted by 0%
{i.e., from 0.5 to 0.4, or from 0.6 to 0.68). The probability is
‘sdjusted upwards or downwarde depending upon whetber or not the user's
-guess wvas correct. Graduslly, the arrsy of 16 probabilities becomee
a profile of the uzer's probable responses, and is ured by the HF-67
to chooee the oppordte. Any probabilities very far from 0.5 shov s
predictable user responme in that sftustion.

The *memory factor® of 0.8 is stored in X2; .4t controls the rate
of changs of the probsbilities with nev learning, and hence the rate

‘Of decay of old learning. The "randomness factor” of 0.7 is etored

in B3: it affects the amount of randomness added to the decieion
besed upon the vrobabilities. Either or both may be changed after
initislisation to other values betvesn O and 1 to see how the
progran’s decizione sre affected. After chamging R2 and/or R, reset
by pressing "D". e - - .

This progras ie breed upon a BASIC l;ngnue program by J.S. Jamer
in *Creative Computing™, March-April ¥977. :

See page 47 for program. Delmer D. Binrichs (967)
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STEP  KEY ENTRY ! KEY CODE STEP  KEY ENTRY 2 KEY CODE 1. nw 8Y:  Delmer D. Binrichs (967)
1 A %15 fov | BB | 34
o2 0D 32 14
2 02 RCL A 41
[} Q0. _SoC % |3
s * gos R4 >4 67
. &% ﬁg%: B 3% 1:
5 — 05 R 35 54
S0 0 33 00 504 33 1
A8 O N 500 | CLx A4
10 | D5z ns 0 1 01
BOL © %4 00 a2 4 02
o (1) 3324 = 51
4 ) 4 71
RC I XU BCL (i) 4 24
[0 32 61 13 2 34 02
610 0 22 00 X T
CSB 1 31 22 01 +
g0, 3511 S50 (1] 32 STEP) INSTRUCTION TRPT DUTPOT
G8B ) 31220 5 05 S KEYS
20 SO B 3312 120 | O 00 1 |losd Program, Both Stdes
G5E 1 A1 22 01 RCL O 34 00 2 |Initialise
dMWC 1 Iny 2 61 2 1.
S 1 31 22 01 G0 D %5 17 3 {Guess EP-67's Choice, O or 1 Oor1l R/S Display
S0 D 3314 LB € A5 E (Diaplqyiaﬂ'ugmuv‘cmu
25 . 83 13's DF 2 23 02 - .
8 08 RCL 1 34 01 and *1.000000000" if guess was correct)
= ____® 5 |
?‘1‘0 2 22 02 4_;"’ 85 4 {Repeat Step 3 until 50 guesses have been
3 03 EEX 43 made. Then your percentage correct is
30 (;ﬂOJ ____27_%-—0 130 % (.;i shown in FIX 2 format. % Correct
10 0 g gtli o] 35 22 {¥in if over 50K, Draw if 50%,
S0 1 LEL 1 31 25 01
) %14 GSB 2 312203 Lose if under 50%)
3s | oo 23 00 Bs 2 52
g g —:%%—g—i ]:l‘!' ol ;13 5 {To continue game past 50 guespes, Reset: D 1.
RCL 4 34 11 . BN ® 22 | and then return to Step 3
8 08 i’ 2 1 % 02
0 X T a0 | _RQL E 561% 6 |Por a new game, go to Step 2
B 3412 _1r » ;V}
4 04 + 51 R
1 = 4 3754 T {At any time, to check current status: A # Cuesses
+ FRAC 32 B3 (¥o. of guesses, FIX 0; percent, FIX 2) % Correct
a3 RGL C 7] S] SOE 215 . 1
2 02 RTE » 22 .
X T __LEL A nBU and then return to Step 3
+ € DEP O 25 00
49 RCL D 34 14 9 RGL O 34 00
50 + 61 50 | PAUSE » 12 Totes:
4 o4 o 2 & 1) During s game, some values are stored in the stack] and all regilsters are in
ST 1 23] Re ] ;;) uge. If the stack contents are dis repet by pressing "I".
o %—-—— ' —é‘g g g 5 2) Any entry other tham "0" or "1" will jresult in an [Error” displdy.
RCL (1) % 24 To continue, reset by preesing "Clx, [D".
t t t the int.
5] 5503 3) Percentage correct is calculated autdmetically omly & 50 gjess po:
x§y 32 Zlo .
60 | SO *x 51 60
BRGL 3 4 03
X T
1 [
LST x 35 82
s -~ 5 51 65
o %N o
CLx 4
+
1M 3 _n»503 .
70 S8 2 22 02 iy
x>7
1 — %% 61 01 STEP KEY ENTRY  KEY COOE Registers
g? T —smror— 201 £ Cuess L.l Corr. 0.8 3 0.3 4 Prob.
2% o1 75 Prob. [° Prob. |7 Prob. |2 prob. [9 Prob.
by A ] -
L - 203 Prob. |' Prob. |2 prob. | Prob. |* Prob.
r 7oz ] Prob. [0 Prob. {! Prob. [© Prob. |° Prob.
80 I 13 g 3 80
s .!4 Fc.lclﬁm IEMc.anur f Seed E P IndexJ
2<0 A T 230 TabeTs
C10 a 22 11
x>y 2 ~TE
= h 5 Fstatus B D peset [F1nitia.
% a Brror < d &
T 3 83 213 ] 3 ()
"Xy 32 61 I loop {'Rap.Bit |“ Random Scip . Skip
¢N s 231 ] Reentry[°Percent
90 'Y} 90
1 Ji.gj__ — TTag Set Status
0 +0 |
& Pore Torr Porr P ]
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