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00853D Program Deseription 1

(Program Title OR3ITOR GAME 1

Contributor's Name Hichard Z2rowm

Address 277 Beacon St .
city Boston : State __liass, Zip Code - 02116
\__ -
(. You are the commander of an orbiting )

Program Description, Equations, Variables

space craft, Your problem is to land st a specified target on the
planet rotating below, You have & limited szmount of fuel for your
——mission,

The space craft has one main enzine, and two side thrust

engines. The ifuel for the msin engine is in a separate chamber
———7Lrom-the-side-thrust-fuel-chumber;—so you may-run-out of one—beiore
the other. )
Burning fuel in the main engine sccelarates the craft, thst
is, the craft-velocity increases-in the-direction the-crsft-is-
pointing. Buring fuel in the 'positive" side thrust engine increases
the rate the crait is rotating counterclockwise; burning fuel in
....... the ‘'megative! side thrust-engine incresses the-crsft—rotstion

in the clocikwise direction. This means that s vositive side burn
o 30 will cnecel a megative side burn of 30. ifter executing
——both, your_rate of rotstion will unchanged

~ To summarize, a main burn changes velocity and s side burn
—_changes rotational veloeity.. o e

Theeraft's position is specified by its Tocation on
the plsne, #nd its orientstion. The third dimension is.
ignored. If the orientatian is 0°, the craft is pointing

———Yto-the-right;—if-the orientation-is 90°%-it-is pointing up:
The craft's location cen be exnressed ss one of the following:

Operating Limits and Warnings .

L e e O e 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 upen 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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1. ibsolute cartesian coordinate, Point 0,0 is
o at the center of the planet. The X-sxis is horizontal;
T the Y-axis is verticsl. In the diazram, the craft's
sbsolute rectangular coordinates are 0,3000.

2. ibsolute pglar coordinates. In the Sla cram, this
coordinate is magnitude 8000, anzle 90V.

3. Relative cartesian coordinates. In this

coordinste system, the target is st the point 0,0,
The X-axis is tangent to the surface st the targzet
point, and the Y-axis is perpendiculsr to the surface
st the target point. In the diagram the craft's
relative rectangular coordinates sre -5667, 3657.

“imilarly, there ars four ways to express velocity. Let's
ssume that the current velocity is -500 along the absolute
X-axis (that is, the velocity is 500 to the left).

e T

1. Absolute cartesian velocity. This is the chsnge in
absolute L and absolute Y coordinates. In the example,
this would be -500,0.

2. ibsolute polar velocity. This is the magnitude and angle
of the ve’oc1ty (not the change in magnitude and

chsnge in anzle). In the eyarvle, the polar velocity is
magnitude 500, angle 130°

. 3. Relative cartesisn velocity. The fact tha® the
plenet is rotsting 1ntroduces an apparent velocity in
the relstive X-axis., The relative csrtesisn velocity
includes this '"grouad effect.' If the rotationsl
velocity of the tarzet is 19, the relaztive cartesisn
velocity of the craft would te -313, =354,

b, Relstive nolsr velocity. This velocity has the same relation
to relative cartesisn velocity that the absolute polsr

velocity has to the absolute cartesian velocity. In

the exzmple, the relative polar velocity has magnitude 476,

and angle 228°,

The unit of time used to express velocities is &
fmove. " That 1s, suppose the craft's rotation were known
to be -10° ner move #nd the current orientation were 100°,
Then after this move the new orientation would be 90°,
Sfuppose that nothing very ilmmortant was expected in the next
five moves, fince the calculstor takes about seven seconds
to make & move, we would like to be able to compress five
moves into one.
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‘ Suppose that initially a move tekes place every hour. If
things become excited (for examnle, you are about to crash),
you might like moves to occur every 10 minutes. That is, you
uant to change the rste at which moves occur so that 6 of the
new nmoves occur for every one of the o0ld moves. The orbitor game
program sllows such & clock change, For exemple, to change the
move rate (or, equivalently, chanze the clock raste) so that
© new moves occur for every old move, one would press ﬂ
(see steop 3 of user instructions). The orizinal clock rate is
retained, and the clock rste can be reset st any time,
8 mentioned esrlier, velocities are expressed in terms of
"change »er move," Sfimilarly, fuel expendstures (burns)
sre specified in terms of ¥chsnze in velocity (or rotational
velocity for side burns).' This means thst after changing
the clock rate the zmouat of remsining fuel will sppear to
have chanzed.

PACHTIEG TS UTSPLAY

The orbitor computer usually displays two numbers st
& tine, These numbers are integers, sepasrsted by a decimel
point, wmuch &s in the moon rocket lander game in the standard pac.
However, since the orbitor computer needs to display negstive

values, the sizn of the second intezer is indicsted oy the
presence of s 0 dizit immedisztely following the decimal point,

‘5 =xamples:

o 3000,.90 3000 and 90
~5667.3657 -5667 and 3657
12.015 12 and =15
-319,0354 -319 and -3

The two integzers packed into the display by the orbitor computer
cun be resd quickly snd easily by remsmbering the simple rule
"f a O follows the decimsl point, the second integer is negative.®

purn comnands:
ILI-— continue., This is eoquivslent to s O main burn or a 0 side burn.

-- main burn. This command specifies the amount of fuel to burn

in the mein enzine. The zmount of & burn does not need to be &n integer.
The crsft's velocity will be incressed by the amount of the

ourn in the direction of the current orientstion. That is, suvpose

the craft's orientation is 45°, snd & burn of 10 occurs ([1 @, |
Iznorin: the effect of gravity, the velocity will increase oy

7.07 alon: the absolute i-axis and by 7.07 slong the absolute Y-axis.
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.[;E]-- Side burn. This command specifies the amount of fuel to burn
in the side engine. The smount of & burn need not be an integer,
If the amount is negative, the fuel will be burned in the
negative side thrust enzine, producing rotation in a clockwise

divection (or partislly canceling counterclockwise rotation).

s L

Thase three commends adjust the position, velocity, &nd
orientstion of the crait, :ifter doing that, the new
orientction and position will be displayed.

Qrientstion:
rotational veloecity . current orientstion

A

SO08

S

tion (one of the following):
E05 & o 4
rel X ., rel 1
abs na001tur . &bs angle
rel mognitude . rel angle

A
1

OA
(Dlxh

The first nuaper disployed is the orientation. & positiv rotational
velocily is counterclockuwise, nezative is clockwise. Thz second
number will be in one of the four foms sbove. Polar va. rectangulsr
is controlled vy flag 0:

7 0 set -- use polsr
az 0 clesr «- Use rect szrulfrr

- Zelative vs., sbsolute is controlled by which was the last requested:

request -- use relastive |
request -- use sbsolute |
|

C)

r:sh, I you should crash (the new position of the craeft is below
7o surfzce of the planet) the absolute polar coordinates are
displayed once, ond then the calculator enters & loon displaying
irst the relitive velocity snd then the relative poqltlon.

ou msy us huo stop the loop.

By O ]

Clock comnands:

-- Change the clock rdue. '(ﬂ@ specifies that & new moves
occur for every old move., {imilsrly []&ﬂ[][] specifies that
one new move occur for eVerJ two old wmoves.,

1ff!~- Reset clock rate to what it was when the game began,
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. Informstion requests: (note: may be used to stop
any of the following commands ‘
at any time)
[E:ﬂ_- display relstive position. The relative position will
be in rectanzulsr coordinstes if the polar flag (flaz 0) is
clesred, snd in polar coordinates if the fla z is set.
rel Z . rel ¥ if rect"ngular
rel magnitude , rel angle if polar

&

T:l-- Asolsy reletive velocity and position. The velocity will be
in relstive cartesian velocity if the polar flag (flag 0) is
cleared, znd in relstive volar velocity form if the flag is set.

rel X velocity ., rel I velocity
rel velocity magnitude , relative velocity angle

-= display absolute position. Likej Jl except that absolute
nosition is used,
-- Gisplay ebsolute velocity and position. Ii’eeﬂj except
thst sosolute coordinstes sre used, snd ground effect is
3

1unorea (see discussion of absolute velocity and relstive
velocity sbove),

[]-- genersl information request., rour values are displayed:

)

uel , remeininy side fuel

- .
1. remaining main

2., rotstionzl velocity . orientation

AN

. target position in polar coordinates
naznitude . angle

The rate &t which the planet is rotating. This
the conly time a uln r1e number is disolayed by the
~swe. This number is isplayed using [ZE2)9.

D“i P =
“n e

SHOEZVOUS. Flag 1 controls whether the calculator checks
Tor cracs n1n~ Thls flag can be cleared to create a variation
of the orbitor geme, rendezvous. In rendezvous the object

to catch un with sn orbitinz spsce station. The station
in ¢ eircular orbit,

[RAEN
©

©

RC3. The calculsator can keepn trasck of two crafts at the same
time. This allows two people to race (number of moves) to
the target, 3oth plaje“s may have identical initial conditions,

or initial conditions may be different.
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of the cerd is needed for solo nlay.

t

PAGCE & oF 0

The initial configuretion is on a dats card. Only one side

Racing will require both

sides of the dats eru.
Registers RO to R9 ( and R0 to 399 for races) contain

information ?bout the current ststus of the eraft and the
tarzet. Reglsters R4 to RZ contain more global constants
Rez. Jescriotion of contents . xample
0 (£0) absolute X coordinate of craft 0
1 (f1) &sbsolute Y coordinate of creft 3000
2 (22) absolute X velocity of craft -500
3 (83) absolute Y velocity of craft 0
b (¢4)  orientation of craft in degrees 135
5 (¢5) rotztional velocity of craft in dezrees 0
6 (26) radius of plenet (or spsce ststion orbit

radius for rendezvous) 2000
7 (¢7) engle of target point in dezrees

(registers & end 7 contszin »olar coordinate

of terget noint) 45
8 (#3) reumuining main fuel 11423
9 (#9) remeining side fuel 1140
& sravitational constant -8163265305
B rate clanet is rotsting (not = 0) 1
c rate planet is rotation (must be same as above) 1
o (temoorery) 0
: constant 360

T L‘
SAasaw

LLITe GH5 Qroits are Oﬂlv
to discrete step 51ze. One effect of
orbit will precess,

There is a singularity at the ce

sinzu

ceroit should psss too near this
may result,

The display pocking routine may fail 7 the number of
digits necesssry to displszy both numb
For example, 10250 and -20215 will be
s 10250.,02021.

roximste due

00
is is that the

th

nter of the planet. If the
larity, error conditions

ers 1s greater then 10,
inceorrectly displayed
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Program Desecription 11

C_Rﬂ’:r’(g 000 Y CIROMQTE )~ T
Sketch(es) ; ;

,Oﬂer/vF N
R.OM]'T/M/

.._,,;‘,\

L S
.39
\

o P "
_.SWF i R ) . : : ’
RERORI - ‘ o ‘ o e S - - : ‘
' \ ’ : H ‘

PR S

2 <—
} e DIRECTIOAS
oFr

ORIENTATIdA.

__S10E __THRvsT
PISITI8NVS

D,

from the example dsts cerd descriotion

Using dats

Sample ?robler_n(s)
given in the oprogram de crlotlon I, one might start as

———sghovm-belowy — e

explanation

msin and side fuel remaining

— ——targel vosition in-polsr-coordinates

——---new -position in- absolute rectangulsar cooras—-——

input dlqnlav
< 11428,1140
S 0.135
200045 — -
1,000000000
oseE Pl s, 133
T _500.3000
1 ~3.130
T - o ~992.7373
[Ele T
D] 7935.97
- ~3.123
. 7758.101 _
| -3.125
ffff - 7479.105 -

rotational veloc*tJ and orientation

rotatlonal rate of planet (one number)
new rot. vel. and orientation (rounded off)

B __.

we will now be using polar coordinates— -
absolute polsr coordinate of position

.--new position in absolute polar coordinstes——

"note that magnitude is decreasing,

Solution(s)

solution to the problem of landing in the situation above -

__would
sbsolute position is decreasing, we mizht think that the

"""""" ~trajectory is either parsabolic or hyperbolic (inctead of elliptic).

spoil &ll the fun, Zowever, noting that the magnitude of the S

_In fTact, it is

parabolic (zs can be discovered by pressing

until =

erash occurq)

so we are not in orbit and will crash on

———-thywvron» “side oithe™

__negstive I direction.

anet,

e want to have more velocity in the~

——in-the proper direction (68

The first step towards o

solution is to get the craft pointing
[ﬁ, and then sccelarate (6OOC3) e

7

Reference(s)
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INSTRUCTIONS

OUTPUT

DATA/UNITS
LoAp [BoTH SIJES oF FRocRam CaRp I ]

2 |Logp owE  SwE ofF Dhrm cARp (2 For ) |

3 | oPrionAL ;.  SEcecr Clotk Rpre ) PER oLy _meve] - [C.— ‘:5525;;{0542

Y | oPTiorAts  SET PochAR  coorMiare  FLAG @ [ é

5 | oPrioa#il! SET RECTACSwsAR COMRINATE FLrig- leF | L@—_}

G | oPTiorAL: SUPRESS CRAsH CHECEING (ce ]l ]

72 | OPTIoMALl ALiow  CRHASH CHECkrE (iﬂ [g

¢ | 35EcEcT FrEC Buen * [ 10 1
MBI [ &8 ] ORIEVTATIA,
SIPDE (IVCREASE A ) COoNTERCLoCkunsE OREATHTIOr
S0E (VECREASE AB) cLockw,ise [AmanT ORIERTATION

convtivoe (Mo FUEC Boew)

ORIEATATIONV

OPTIOVAL]  RERQUEST ApLITIoMC  (AFolmHTiow

Iii;

REMAINIVG- FUEC, ORBaTHTION, TARCET AR,
~ o T4

NSl
i

f—

THRGET O&

i
"

0

MFo. REGVESRA

RELATIVE  POS/rior’

|
t

.
o
L

LELATIVE VUVELotity + Posirion

N
N

AlBsoCvTE  PoSirion

t
-
m
L

ngsocvTe VELoeiry +POSITION

|

‘l“.

il

1F RACIVG , SwiITCH IN OPALENTS pATA

"

—
i

i
¥

To MAKE [VEr MOVE 60 T0 STEp 3

i

. 1T0 _RESTART, Cv0 TV STE 2

|

1O LESET THE CLock LATE TO ORIGAAL

N

|

XIF A cRrRASH 15 DETETED, A coor

IS EwLTERED G1vIMN6—~ RELATIVE VELOCITY

VD PosiTion

S

X% QRIEWTATION  Givegp INMN QEGCLEES,

POSITIOV RETVWRNVED BY STES §F

15 EITHER REATIWE OR AbSOLVTE,

DEPELDING OV (AST FOSITIOA |MNFOD.

RExueSTE) (& STEL 4,

IR TR SE]

ITNRININ]

H

|

TO CREATE /9 DATA CARD :

EVMIER R,—Rgq AM Ry ~Re

FoR RAGE EATER R. R.,.

L

0L

W 1y

WRITE __DATA cARD

|

-
L
g

|

—

N
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l'rogram LlSllllg 1 Page § of 17
STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 ¥uL 9 |31 25 o re 4y 35 52
F? © 3§ U_ee R&p 31 72
6o Y 22 oy Sto + 2 133 61 o2
610 9 22 o 060 R 35 52
g 4 31 25 oY sto+3 [33 é1 03 .
R—> P 32 72 GT0 A 22 /N
r ey 35 52 O ER |32 28 12
G658 8 31 22 of CE 3 35 €6l o2
a2 4 3s 52 2L O 324
oto ¥ege 9 31 25 ©9 5= 2 s Ste3
CFr 3 3% el 03 9 o9
DsP_© 23 oo &Ss8 S 3] 22 o5
e y 3y 52 E? 2 |35 o3
LMD 31 24 070 CHS Y2
x< o 31 Sro + 5 33 61 265
S 3 35 ¢ o3 ¥gL A |31 2g M
_ABS 35 69 ReL B 34 12,
BNT N 4 Sre +? 32 6l o7
y#o 31 6/ Rer 3 34y 02
020 LoG- 37 §3 Sro+ | 23 &1 el -
1AMT. 31 83 Rer 2 3y o2
sT.L 35 33 $T0 - O 33 61 00O
¢ 35 53 Ret | 3Y ol
Fsz 31 34 | MEVRR SEI4S 080 pet O 3y oo
FY 3 35 21 o3 R—FP 32 72,
IS2 KX ! LVEVER SESS F3) 35 721 ol
Rc I 35 3y Gs8 7 3l 22 07
(o ”® 32 53 nt 32 §Y
- gl ‘e 35 62
., [030 & 4y 35 52 ReL A 39 1l
RM7D ) Yy X 71
'y 2t 71 R< P 72,
S 3 35 s103 Sto+2 13341 0%
ARS 35 ey 090 Ry 35 52
+ él sro +3 7236l 93
F? 2 35 71 o3 Rel § 34 o5
CHs ua STo + 4 33 ¢t oY
Ds5o () 23 24 38 1| |31 22 o)
Rev 35 22 £E? 2 3¢ U o2
040 X8t X |31 25 0o CTo €0 22 3 1Y ‘
Ret E 24 185 el FE | 31 25 1S5
= Z1 CFE 2 25 6l 02
FRAC 3z 53 . Re | 39 ol
Ret E 34 (5 100 Ret © 3y oo
x rd | sre 4 22 of
nsp © 22 ¢&o XL 5 3l 25 ey
R¥D 31 2¢ ST I 35 33
x>0 3 21 R+ 35 53
RTV 35 22 Ass 75 69
050 Rci & 34 IS Bev (1) 34 24
+ Y vy 35 52
RTNV 35 22 Al 4 32 ¥
¥cge B8 [31 25 42 o X 35 52
2 ¥4 110 sto ~ (x) ]33 51 29
G5B & |3122 08 RTV 35 2%
e 4 34_0oY ¥edu & | 3) 2513
- REGISTERS T
0 X 1 lr 2 ox 3 AY 4 5 a6 GR-ggf:;r 77[;RCIT ol Jooe
s0 St n S2 g S3 S4 v S5 g S6 gy S7 h S8 S9
STAwy IV B C TAReET a6 D E I
o | L B? | deanty | Cemm | 360 rene)
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY éJVQ.EY CODE COMMENTS
Ret 9 34 ¢9 Ret- 3 |1 34y 3
pet 8 | 34 93 170 ReL Z 1Yy o2
G38 4 3 22 ©9 R 3: 72
‘ —— | 31 g4 | Remouive FUEL N2 35 52
58 | 3i 22 o) MAW » 570E XTI 31 22 o6
Ree 7 3y e7 \ - 5!
G358 @ | 22 0% KR 4 25 52
120 Rer &6 | 34y 06 RE P 31 722
58 9 31 22 09 Rev 8 34 12
—— 31 gy | ;TARGeT . & DR 3> 72
Rct B 3y /2 e Rew & 3y ¢o
05 g 23 o9 180 x 71
RTN 36 22 LV TARGEr O & + &l
¥ige | 31 25 ol : 658 Y 3 22 o4
ReL Y Iy oY —%— | 31 5y | Rec. veLe=TY
68 8 3122 oF ¥eoL €0 |32 35 1Y vk . VY
Ree 5 3Y o5 SE 2 35y 51 02| °R
130 &58 9 31 22 &9 Rew 7 24 07 MAGMITVOE « Ao
-%x- 21 8y ; a8 & Rer ¢ | 34 o6
R~ 3y 22 RE P 31 722
e £¢ |32 257 13 RS Y2
Yy 35 62 190 Ree © 34y &0
sA__ 3 31 22 03 + Y
ST X 35 33 &8 & 31 22 o6
Ree B 3y 12 VD 4 25 52
X 7/ ReP 21 72
Ste A 33 (2 Rel | 3y Ol
140 Rc T 37 3y R 4 35 59
. 22 32, 5Y — 51
‘ pRer A | 34 1] Rew O | 34 1Y
' X 21 K a? Y 35 52,
STe A 33 1 200 ReP 3 72
RC I 3¢ 39 R 35 53
¥eA 3 |31 25 o3 + &)
Srox 3 |33 2123 R 3y 53
Srox 2 13137 p2 - 5
STe ¥ y {337 &5 RA 35 54
150 Stox § 133 It of oTo 1 22 O
Sto xq |33 &9 ¥Lgt & |3 25 o6
P2 S 31 T2 Rece 7 34 o7
Rrwv 3s 22, q ogq
Xeae 7 3) 25 o7 210 o oo
Rel & 34y o6 -— 51
YL ot 32 &l STo © 33 1Y
o 7 | 22 o7 RM 35 22
R 35 53 YeBe E13) 25 15
RTV S5 12 Ree 3 | 34y 03
160 ¥LRL 7 2125 07 Rel 2 1y o2
Ry 35 53 eS8 Y 13 22 oF
G5 9 3 22 09 —— 31§y | ,/85, VELoUTH
-X= 312y cT0 £E 22 3 IS Ux.ly
o 2 2y 25 02 ||\cRASH coo” 220 yiiL €A 3225 1
SB © 3,122 1Y ReL B 3q 1% MAGRITVIE. AvE
- = 21 Y Rer- € v 13
GTO 2 2z O + g
xeBe 0 | 3 iy 1Y : Cre £ <« |12 31 13
‘, : LABELS FLAGS SET STATUS
Acow‘r.wF_ Cmaw Bogr CF,&’, T, a7 PRe. vio Saps vip % use pocar | FLAGS TRIG DISP
® Reser cooacl® Sipe goor [Cacioek  [YRec P PPags A ' | DG oes m | oAx =
0 1Used 2CResa LooP |3usep 4 sep 2yse R&L. |1 ® O | GRAD O SCi g
At e | Uskp 7CRAsM CHEoe|® USEp ° pishay 3TEmp g g RAD O ENGo




