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w

Abstract (Cords 10-99, Columns 12-72)

ROCKET IV is a FORTRAN IV program which mathematically simulates
the flight of aerospace vehicles by numerical integration of

their equations of motion. A special-purpose 1nput_form

enables the user to specify the characteristics of his
vehicle and'its flight plan, both of which can vary through
a wide range of choices, with comparatively little effort.

The program requires the use of a FORTRAN compiler, reads

input from tape 5, and writes output on tape 6. It occupies

about 25,000 words of core.

A complete description of the program and a number of illus-
trative examples are given in "ROCKET: RAND's Omnibus Cal-
culator of the Kinematics of Earth Trajectories," by Barry W.

Boehm, Prentice Hall, 1964.

User must speclfy 7-track or 9-track tape.
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Write-Up )

ROCKET PROGRAM (RS RKT4)

ROCKET is a standard FORTRAN IV program. It requires the use
0of a FORTRAN compiler, reads input from logical unit 5, and
writes output on logical unit 6. It should run comfortably

in any system.

Page 2 gives the contents of the ROCKET tape. There are two
versions of the source program. File 1 contains a COMMON
package of program variables in every subroutine; this is
needed for correct compilation and execution. File 2 contains
the same routines without common packages in any but the main
routine. This saves space and improves readability when the
source cards are being used for documentation purposes only.
File 3 is the input for a problem, and File 4 is the resulting
output. This sample should be run first to check for possible
transmission errors and to get a feel for the order of input
to the program.

The source program on File 1 is libérally sprinkled with
comuent cards, taking the place of a detailed flow chart. A
general flow chart is given on page 3. .

Pages 4 and 5 show the ROCKET sPecial-purpose input forms
for the sample problem. By comparing these with the sample
problem set-up from files 2 and 3, one can see the order in

which input is accepted by the program.

Pages 6 and 7 are blank input forms by which the user speci-
fies his inputs to the program.

Pages 8, 9, and 10 contain a list of differences between the
FORTRAN IV version and the FORTRAN II version which is
currently avallable as SDA No. 3001.

A complete description of the program and a number of illus-
trative examples are given in ROCKET: RAND's Omnibus Calcu-
lator of Earth Trajectories, by Barry W. Boehm, Prentice
Hall, 1964. A list of errata in the book is given on Page 11.

Page 11 also includes a small list of program errata
discovered to date. These changes should be made before

compiling.

Barry W. Boehm, John Rieber (RS)
May 4, 1967
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ROCKET TAPE DESCRIPTION

FILE 1 (BCD)

Cards 00000000 -~ 12700030: FORTRAN source decks.
Cards 00000030 - 00000640
contain the COMMON package,
which must be inserted in
every subroutine referring
to program variables. Each
FORTRAN deck is sequenced

separately.
FILE 2 (BCD)
) Cards 00000000 - 12700030: FORTRAN source decks similar

(3688 words) to File 1, but the COMMON
' . package has been deleted from
all but the main routine,
producing greater legibility.
This file is for documentation
purposes only, and should not
be used for compilation. Each
FORTRAN deck is sequenced

separately.
FILE 3 - Sample Problem Input (BCD)
Cards 001 - 015: $1BJPB card and flight program
subroutine.
Cards 016 - 112: $8ENTRY card and input data

cards.

Source deck from File i goes between cards 015 and 016
for compilation and execution.

FILE 4 - Sample Problem Qutput (BCD)

132 character line images - BCD, unblocked.
(Standard FORTRAN carriage control.)

Tape is 800 BPI
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0000

Flight

Contreol Form:

Sputsput 1

] 4 & 10 19 10 bl b 33 40 48 0 35 [ [ 1]
2460 f,l"‘lrlrl’lulrlng’j‘Lti‘f‘lrllrlﬁIl’-lllIlIl!lllllllillllll'lllIlllllllllll.
2470 FUSE U T IO0RT  W AHO0 0 A U A W N W IO T W W0 W NN 0 O W YT W A O T U W W U WO 1 A T U W S A W 0 K I O |
2420 4 s 0L 1,0
2490 PO T Y N R N R Y N OV O N T WO WO A NN Y O T M IO W I NG O S O A S SR S IO A AU U O O B W R A A AN U I AR I e A O )
0000
INITIAL CONDITIONS
4 . s tr e 28 % 3 4) 43 43 $4 80 50 47 59
0001 FEGUENCE WD, TRLAT. WoYAT. TNCON. 7
/oL"Jllllljo’llllLllLlLl l_lAllLJLllll l1|11|||114 %
00085 TIMK ALY, VEL.
: Ea v xav sl *Jfl“l‘l‘ill_x [\ ud +l‘r";l‘1‘zlll+orz l’illzxdlrlill"‘lot’ I N A
0010 ‘l..l_ AZim, war LAUNCH LAT. LAUMCM LONG.
[N W Wt ﬁ’iillllllﬁoxz'*l?zl"l:111['*1"5’J'LL;]LLnll: boy ror a0 1 b g
0018 INEN REF. LONE ALPHA TR '
ll_la;.‘rl_.‘lclgin‘lll lllnlnlrn.zllL lLlL;illiLl 141|‘|r|1ll|| lllll’!lllll
5 £ 3 LAT. LAY, T2
0020 WA LG A AR L lill‘lyl‘L?;l 1he3 r‘l”r’lllJli s od | I PRI TP PO
002% LONS. T2 ALY T2 ONd T3 ALT. TS
I AR A A A lll!lllkl_ll(é" 1i. lllll!IIIll lea ool
TERNINATION Co¥O TERWM ¥1 TEEM Y2 IERN. X3 IEAN ¥4
eilid ST AT @ WEA T 2L | N T J_Lll:lnl'll.lulllllnluIng
0_200'l-’nxllx_lll'l"l’"']ollllllll“'lal"lllllllnlll Lo et s aday Lt s a1
o300 Laissaaaalseyg la a1y b Liaaaaaalyy lasagaaades deas s salay
0400 Lage v oz lag Loas v gl baea v ess las [N VW Lo v g oo by
JETT. WAT TILT ANGLE REF. ARLA THAYLT COLF F.F. COEP.
otos Laga st adla g RSN B 1"1’1111111_!*1‘1, Paaa s el NN Bt
0208 [0 ) oot Bt vss g aa i vl i bag | T S A I
LY | NN i it NN ETEN EWY | NI W W B | T DWEwY W
0408 1oy galyy 1oy aa a1l Laa s 1 v dig laagaara b it ialay
AEND. :!!l !!lﬂ. ﬂgll EX. COEF.
°|l° llillllllll IIIIIlIIlLl lllllllll)] ||l|||lLliL lLJlJllllil
ozio0 baoos g dag | TSN IS B WY IS N [T YN
0310 Lo aaaaa by [N IS N B laaavaaalig ta o g aalag
o410 1o o gt aal e Lo g v a by b s g aaa by Lo s s aaa b, Lo ialayg
MULT VAL. FLAS. Y1 e i) v
o113 P g el “I'L‘ BTN = L AR LU TR Y 't | e W)
o215 [ WY raaa el [ W W { gt s s a1 laa Yol
o3 Laa i ko at g My s a v taty bags NI N [ N Paa e vl
Laid | TN ET RS T [T TETTTE v [ T TTY T I NN TU T I Lo gt gty
PRINT INTERYAL AERG P9, JRACHEA P Q. -LI Thal - N QU P Q.
ko | Lew AT L0 DR EETE SN | LU LT . N e 1o aaaal s
0220"1’:‘111111["1’1111114111111*l’nlnl;tnl"l’l’ b daada i P a1 g 1y
6320 _Lllllllllll I!lil'lllll lllllllllll Llllll.lllll llll]!lllll
o420 Lo as g sab s a Bl a e by ISV ENERE UE Lag a1 a0l llll_l_lllllll
SPEC. P O.¢ !_"C ’.&I ) wEIc. £0. 3 LT T.C AT TV
i | AN NV Lacse e e d e Pbraavrarliy 1131 a s by La o e a9 1as
o223 W W | T T T U I O I IR NS NN I SN A A Lo g aaataa baoaatari by
0328 Ao s s aafsy Lo ssaaal ey Lia s s aaaday I A W W [ WA W S A
atad | IR TR U  IETNNTRTE U P a st b Yo aaali la s 1t ag
THA TARLYS AN TANLES S0 TAPLLY X TADLES
O180 11, s b Byt I NN | Lag e b Laav oy plogg
02% 1l | v s ey e gy Loy e v s ea b Pl s s aga i s s aale
0330 Laa sy g i ala laad s s lag Liaat i3t La g s eaaalay I ENRWH |
0430 1f | by Lig s a1 oy RN N b g a g g i v a g
BATRA (NPUTS .
Jaa g aaa b g g paraalag (TN TN NS TN SUNEE N Lot s e gl
Laos gy s n d oo W e s aaa e by o HE e 00 paa s Ut sve g ea b gl liesaasslag
Las g st e 2149 e sata gt Lag s o s alyy | NN NN | Y AT ST
@ @: ALWAYS KEYPUNCH THIS CARD
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DESCRIPTIVE REMAAKS
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1 4 & L] L 20 28 £ 35 40 43 S0 55 &0 s
2460 st v vl Lee v by aaa b el e vy Lo s r o e st by sl
2470 e d g v L gu e e g bav s el v ey v s b be sy g by i adi oty
2400 A e da e b by g ad s s b e b s v b v by gy gl b
2490 L b Ly oo b g b bop v b g by by L v b bt by o i Ll
0000@ ‘
INITIAL CONDITIONS
1 4 & . 15 1T 19 20 30 232 41 43 45 34 35 %0 87 &9
0001 SEGUENCE NO. OBLAT ROTAT, TNEON, WW
| ST T S W I O O I | N AT EE A T A [T I A i I Lo i by St o 1 o 8 0 U B
0005 TINE ALT. LAT LONG. VEL.
I I Lotova o405 14 I I Poov g ads o by sv g ga g
0010 GAMMA AZIM. w§T, LAUNCH LAT, LAUNGMH LONG.
[N I A laov el Loy gy a1l baga g sl o gt v gl g,
0015 INER. REF. LONG. ALPHA PETA N 80DY
I I I T W N 1oy ot lag Ls o s a0 a0y [ I A
0020 NO. TRACKERS LAT. T1 LONG. T ALY TH LAT. T2
Lo 10y NN I IS WA I AN T N N
0025 LONG. T2 ALT. T2 LAT. T8 ‘ LONG T3 ALT. T3
I AW boa g g g b [TV AN B S T A Laa st g gl L v g a1y
ELYION TONDTTIONS
IERMINATION COND. TERM V1 TERM V2 TERM Y3 JERM v 4
0100 dva gt fa | Lo g xaa by e N ISR R N A
0200 Peaoa v sl Lot v g Le sy o1y Paoy v v gl Lot s e a g by
0300 Yoo v paar g RN W O S AT TN R oo gl Lo s v g g s by
0400 [ e bovoy g g a ba IR U AR I I I I Laova s ol
JETT. WGT. TILT ANGLE REF. AREL THRUST COEF F.F. COEF.
0105 ARSI I A I Lo v eyt by Lo s aaa s oy IS SRR AN I S [ I
0205 Joaa vt il gy | S T R | I A IR R N B A IO I A A A I
0305 Lot a1ty [ N (IS AN W IR I I I SRR U I B A BV
0405 S Ll saalag (I AR A T WO Lo g albig Lo g g a1 by
AERD. COEF. SUID. COEF. _EX. COEF.
0110 Lt g 101113 Leaag v a0 Lag WA N Lt v sa i1 3 1ag Lo v e 00V,
o210 L1600 ]y v v g by (I S N Lo v g by Lot s gy
o3to Lo g e Pty gy vy 14 I IS I W A IS A Lot ea 113
0410 Lo v o vyl W N Los s bag Lo aa 0]y | IR A
MULT. VAL. FLAG, Vi V2 vy V4
0115 oo g g e Mt v o by [N AR A Ly v g by IS I I U AR A
0215 [ A I Lo o a1 41y | IO B I S A | U SN N A Lo g1 10014 40
| 9315 Lo ve v b b g0 914y | TS S A I I S S BT | VU S A B N A
2415 baav v e g Jaa Ul sy aaa Loy Leig g0 43 [ S ST I A S I
. PRINT INTERVAL AERD. #. O TRACKER P 0. ORBIT P. O GUID_ P D.
P
0120 bt g sl U s iy 1) Loa g v v g aley (I I A | A
0220 e b e s | NN IR T ET Lo s oa vl Lo psva v ]y g
|
}_0320 R W [ AN SR A A A W g g fay NN N
y
L\AZO Lid s ex gl ot 1 Pt by Lot v e a4y (IR Y O A
SPEC. £ O 1 SPEC. 0. 2 S$PEC. P.O. 3 ALT T C. ALT T v
oras | I W [ IS I UR N A A O A [N S I I i I O I N B A O
Ll | N RS A I A | I BT W A W I N Lol i1 by
0-25 Eaot i1 g by Lya vy ea )y | NIRRT I I o B A1 Py g paad o Ly o0 v o0 by
0‘.25 [ IS I S Lot a0 iy IS S Lt g0 11 NS )
_ THR. TABLES AERO.TABLES GUID. TABLES EX TABLES
[_9_130 Laaa o v v ad e 0 Ul vy s a1 by {4t 1 ea b Lessrvy g ]y Lo a0 gy
o _
i | N e I I i I | IS B A i I | I NS A I N NN N
-y
En330 VN EEENE NN (IS e Lor g g b by gy g by IS W
!_C‘:io Ly pr oo b Hlwvgaragg by | A N S O A Lo o1 v 4y Lo p iyt a0a0 bty
EXTRA INPUTS
AN EEEESnY (TN N Lo vt et by [ R A I N A
L Po v g Hle g r g by las o e by o lyv s o by Loa vy lay
et e b e Wy e vl Lo v oy g tag NN ! A i
OOOQ m {AY : ALWAYS KEYMUNCM THIS CaRD
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Differences Between FORTRAN II and FORTRAN IV Versions

A.

FORTRAN 1V Version Modifications (partially incompatible
with FORTRAN II version)

1.

Since some systems don't read in blanks as -0., we
have programmed ROCKET to ignore all zero entries
read in from the input form, be they plus or minus.
ThlS can be a little inconvenlent as it means you
can't change a non-zero quantity to zero. If you.
want to do this, put in 10-20, yhich works just
about as well as zero.

The MAP-coded fourth-order Adams-Moulton, Runge-
Kutta integration routine has been deleted. This
means you always use the second-order integration
routine, which may give slightly different results.
We're working on a FORTRAN version of the fourth-

" order routine; it should be available soon.

Locations B(2440) through B(2459) and B(7001) through
B(10000) are no longer available for use. Table
storage has been restructured; see the new Table
Table (Table 1).

FORTRAN IV Version Additions (completely compatible with
FORTRAN II Version)

1,

More variables have been put into the COMMON package,
where you can get at them. See program listing on
tape. ‘

Three more slots are available for specifying
derivatives (X6D, X7D, X8D) and obtaining their
integrals (X6, X7, X8)

Section and branch numbers are printed as part of
the basic output. .
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Termination quantities are now automatically
furnished without your having to worry about
computing them. Some new ones have been added:

Ttem No. Quantity

-~

18 time increment t—ts since

beginning of section (sec)

_19 orbital inclination i (deg)

20 bank angle 9n (deg)

21 inertial attitude angle Bi (deg)
22 Vélocity incremeﬁt v - v, since

beginning of section (ft/sec)

23 weight increment w - L since

beginning of section (1b).

The initial azimuth angle y_ is set to 90° if not

explicitly specified. This eliminates inadvertent
specification of polar trajectories.

A general one-dimensioned table lookup subroutine
has been provided: TABLDV(X,Y,NTAB,N), where

X = value of independent variable
Y = resulting value of dependent variable

NTAB = number of table in which independent
and dependent variable values are
stored

N = order of Interpolation (N =1 or 2).
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Table 1
TABLE TABLE
Table Table zH zN_ - Base zu< No. of
Number Type Location Stages
1 Alr Pressure, Density 199 3000 2 1
2 Thrust, Fuel Flow 54 3600 2 3
3 Guidance 49 4100 1 3
4 Guidance . 49 4400 1 2
5 Axial Aerodynamics ‘ 49 4600 1 3
6 Normal Aerodynamics 49 4900 1 3
7 Arbitrary 49 5200 1 2
8 Arbitrary 49 5400 1 2
9 Arbitrary 24 5650 1 1
10 Arbitrary 49 5700 2 2
11 Arbitrary 149 6000 1 1
12 Arbitrary 99 6300 1 1
13 Arbitrary 49 ‘ 6500 1 1
14 Arbitrary . 24 | 6600 1 1
15 Arbitrary 24 6650 1 1
16 Axial Aerodynamics 25 10 4600 1 1
17 Normal Aerodynamics - 25 10 4900 1 1
18 Arbitrary 25 10 6700 1 1
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ROCKET Book Errata: 8-28-66

Page Line Is Should be
34 19 1000 _ 10000
35 20 DH = HEFT - EMV(1) DH = EMV(1l) - HEFT
37 11 EMB{(3) : EMV(3):
37 12 0.1 0.00001
70 23 ' AA = 0'4'Aref'q : AA = -0.4.Aref.q
73 delete last 4 lines
- : 2 2 - 2
.117 12 (rx RT) (rx RT)
. T T
150 19, 20 insert between lines 19 and 20:
Q, dynamic pressure gq (lb/ftz)
189 Table storage is cut back in the current

model. A revised Table Table is attached.

ROCKET Tape Errata: 5-4-67 (File 1 locations)

Card No. Is Should be
00003290 DP 13 I=1,7000 D$ 13 I=1,11257
03200670 .. - ,TEX(17) .. .,TEX(20)
03201260 .+ . (ENDP(I),I=1,4)... .o« (ENDP(L) ,L=1,4)...
- 03101450 SLPRES=211.6224 SLPRES=2116 . 224

05300740 «+ + ,EINC,BfMEG ,#MEG, ...  ...,EINCD,B#MEGD,@MEGD, . .




Notice to Ugers:

for one user to make this PTOgram operate correctly on a
8ystem 360 or 370 Computer. The program ag changed is running
on 0S/MVT Rel. 18.6. Whether these changes will make thig
Program operate in your environment is for your determination.
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ARRPE TR . . ) L .
w L, _.l.;‘.lc‘_h Lo Lo p-:'u--_"l Yo, :"Ij.\.lv_'.' I . .
I:-.- LA N L PP J-"h.ﬂ.'.'i'\";.‘&f}s‘l;.d.:.%‘."" _'7.\,.0:.‘...“-?6_."-.,3 FIFTTIN ;-! .t
% _ :
. R N
- St k } t ‘l ] I ’,' h -’-.f.-_' . 1‘.' ,:
"\ 'Subjecﬁg',f;‘ﬁxmgu'w Emgrm3600~"-16.'1.00f__‘.1‘?;' et LR
h. ' ' - Thoee mrpﬁérae ofﬁ-:hisfmemo is to docﬁment c_hingea made to the originauy-"
. 8upplied version aof the ROCKET. program package. The changee wade £all in three
: . categoriesr . - C .
! -’."'(a),%- Bactiine-dependent features (that vere not e_frou on the
) - TOI4), (ditem: (1) below) . :
&) Ennﬂde;prog;a;n ercvors (item (2) through (5)) _
It is interesting to note that-some (not all) of the programming errors did not
dn fact cause operational. errors on the particular combination of 7094 /compiler
: - used by the original program-author. When are programe really checked out?
& m:mg, of: specific. changes is given below: ‘
. ' mrhs. source. decks that wa received ware BCD} they wera
", comverted: to: EBCDIC for our 6o. N '
) (2} . The first executable statement in the MAIN program was
;3.-,"-'t-‘-. incnr:act.b-the:count was wrong, and on our 360 an addressing
.V ecTox vesulteds. The corrected form of this statement now
[ m ‘ Lo
i . o DDJ13.T = 1, 9209 .
t "7 Becauge off the:way COMMON was allocated on the 7094, this
coding error-did not cause an operational error on that
] mEChine. i T
,€3) " A problem occurreq in subroutine RANGES becauge of the
" precision. change in transferring from a 36-bit wachine
.+ 't & 32-bit-wmachina. The change made applies to the
eacond. exacutable statement, which now reads: .o
PR ;1P (DELER = 0.0025) 22, 22, 23.
: ) R [ . .
o e ' , RIS oo .
', " ‘._':'I:';"I”‘ . ’ . _'(',:', g 1;':' ! ‘ ' .'.'.: :'l‘ \ X :.- o H
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' 'and aupposedly princed {in subroutine PAERO. The origimal ' . '.ﬁ
a g program failed to transfer the computed value to PAEROD. '

PR .This error wau corrected by adding a lgbelled common areal,

-II-" Epp——_

DO Pl

..
o |
il

. 1

: On the 7094 this variable probably was e :
¢ zexo (because memory was cleared by the operating system .
'in most instances), thus forecing linear interpolation . = = i
even. though higher order interpolation may have been - B !
specified on the input form. The corrected call statement = ° {
_.:l.n CAXAL now reads " R o ok

P T




