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FOREWORD

This is the final report submitted in fulfillment of Contract
F04611-67-C-0019. The program had two Air Force Project Engineers,
Lt. James D. Cox/RPRRC and, later, Capt. J. F. Ensminger/RPRRC.
Volume I of this report contains the background, development, and
critique of the Sensitive Time Lag Theory of combustion instability,
a description of the computer program that is used to provide a solu-
tion of the analytical model, and the use of the model in the analysis
and design of liquid rocket engines based on empirical correlations.
Volume II contains the flowcharts and listings of the computer program.
Therefore, Volume I is referred to as the Engineer's Handbook while
Volume II is referred to as the Programmer's Handbcok.

The contract effort was conducted by the Thrust Chamber Engineering
Diuision of Liquid Rocket Operations under Dr. C. B. McGough, Program
Manager; Dr. R. J. Hefner and, during the final phases of the contract,
by Mr. J. M. McBride, Project Managers; Mr. A. J. Smith, Jr., Project
Engineer; Dr. F. H. Reardon, of Sacramento State College, and
Dr. L. M. Crocco, Dr. W. A. Sirignano, and Mr. D. T. Harrje, of Princeton
University, Consultants. This report has been prepared in accordance
with MIL-STD-847 (USAF) dated 25 February 1965. The period of this
report is 2 September 1966 through 31 November 1967.

It is essential to give special acknowledgement to Dr. L. M. Crocco,
originator of the Sensitive Time Lag Theory, and his co-workers whose
individual contributions to this discertation are reflected throughout.
In addition to contributing significant portions of the Background,
Theory, and Conclusion sections, as well as Appendices I through III,
they have reviewed the entire text and have made many helpful suggestions
during the entire course of the contract.

This technical report has been reviewed and is approved.

Capt. J. F. Ensminger
UISAF Project Engineer
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ABSTRACT

The main objective of this report is to include, under one cover,
all of the work concerned with the development of the Sensitive Time
Lag Theory of liquid rocket engine combustion instability. This work
includes all tie a:;::': :' t he - fvom the mathpmatical formulation
of the analytical model to the application of the model to actual engine
problems. The initial section of the report reviews the logical con-
siderations of the instability phenomenon and relates how the time lag
concept conforms analytically as well as experimentally to the problem.
Thereafter, the mathematics of the model are developed with the major
emphasis placed on the linearized model; however, various aspects of
the nonlinear model are also discussed. The mathematical analysis gives
rise to a computer program, which is presented in Volume I in the form
of an Engineer's instruction manual and in Volume II in the form of a
detailed description for the Programmer. The report then focuses its
attention on the designer and instructs him in not only how to use the
model in practical situations but also how to interpret and correlate
test data. The main body of the text concludes with a critique of the
time lag concept and outlines the kind of research that is needed in
order to imprcve the time lag model.
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40 6171A4 9*63 150

C PA61 14"
S0 L.L£41S'2 Aw6 17040 IF t 196 .to. 0 1 CALL 0A1E (TODAY% :m 1I0
'0(0 *P -9 X * - ow to0

WRITE £4,603 TODAY. 14(40. K90 PAM 24
00 FORMAT f 1941 5( 640*19 2A4. 121 12A&. 111 59P41 9 1 PAGE6 210

*~~~t T0o7 40 96 3
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&4

ON IGIN &LODE
INMCLUDE &.,Do
of BP'C H1HAN LIS?."4" CHAN

SLA7C-.l 'MI CHIHIA CHIN 10
CHIN 20

C 10 SrP 6 MOIFIED FOR IAGULA IIACTCU COIEFFICIENTS CHAN 30

C CHAN 40
LOGICAL LOGIC. R*M*CU. E.FU.INHb.I3.3 CH"N 50
LOGICAL SLI. *LZ. F'J CHIN 40
REAL N&u C96AN 70

Cr. m I /CHIAN g0
I Gan. NMI. WIT4101. AVNIIOl. A9lIela. CvINI1301. CvMIIOt1. EEf.DSCCHIN 90
C. mO /690CCG LOGIRISSI. HEADIIZI. 14L3. 54.2. 109J Cluml to6

COSMIA4cofl 0111.STOM CHAN 110

DIMNISION EXItRA300I. uC179l CHA" 1t0
DOIENSION t'~a0IA3.llC..IlCHIR ISO

0CINENSIOM 131N 33034.'V22 SOAI6' CHIN 340
DIMENSIWP ZZ120911 CHAIR I90
DINENsIoo GIjI.OISTLI200.DISINI7Ol (III 10
C'ufisEUSoM INITIOO, CHIN 176
ECUiVILENCE I EXTRA. DI. STOOl? I CHIN 1#0
IOU! VILENcI CHIR I90

I ILOGIKIII &lIAIMI OL0611121 BRUNT*. ILOGICISI COrN. CANu SOC
14061KI144 DQ033*. 610631693 * £33). (10611161 FRP33*. CHIN 210!

A ILOGIKII *GRUNI. ILOGIKESi 1 I*. (LOGIII INUM! 1. C"ll 220
4Eo4L06IK1101. .393*' CHIR 230

OIYV LEM~f IEXIII.,41113CIXI(1CIIXR I CUMN 240
ICOI.IESTIIII.CfI. ITRII.CFI.IEJTRAIT..CGI.411?1116I.CM3 CHIN 290
EOUIVAIE IfXRi9JI.C33 CH"N 2"0
EQUIVALENCE C"Awl,4I301.I1I461.I.(4. 270
II45303,O.I.101P301I.C.I3TRIII.MCI 0 10141.Utl CHIN 260

I IDRlif49l103.1 CHIN 300
EUVALENCE CHIN 330

I ISOVI11.MZ. lSTOM1?139.'3 CHIN 320
2 IS45OWI?34I.Ji. ISON12191.0111. fStOVI2Il.,LI. IS?0u4237I.A3BCHI 330
I * 'TC101211.NI. 4ST041219I.EEU. ISTOWIZZI1.101 CHIN 340
4 . STOW.2211.11WJA0. *STOS6Z2I.XLI CHIN 390
5 * EXTRAISII. 035113. IEXIRAI3IP. OlSEIN I CHIN 3&0
6 . EXI?1110I.CJi. 11EXAI21I.SNH0 I. 4EXY*Afl2l. MACH I CHIR 370
7 * 1011 0711.U3113 CHIR 3410

C CHIN 390
CO& O4O4HM"0pwWkO w"00" CHIN 400
C CHAN 410

10 P0SMN11M.GON A 6 C 0 E F 6 Of CH"INI20
1 I .1 I/I 1.f30P4.OII CUAmN 430

20 THIT/,9136IA4** 3 44~lE FOLLOWING, MAIN COICHAM 460
3304t DATl WILL K1 USED ift THIS CASE * * ~ * .'I./Cmm1 490
24SX.S3HNA7I 0 F SPECifIC HEAT IGIAIM) - V7.4./l.451.2201DES126 NACHMI 46C
SCM NRSER - EZ.234-40 If KEING CALCL..IDI 114SX 1?,4~CHCHI 470
91.4613 RADIUS - 071.1. OH ffIMCESI./I.4SX.17MCO4IJSE LENGTH - *E7.3CNAm 40
4. OHN CHS.I4I 17SREEO Of S&O - 0P8.3. OH IFT/SECI.t/.CAN 490
1495. 2imCHASSea NODE DESCRIPTION - *rs.s. 2R,4 4.0 FOR LORGITUDINiAICHIN 900
9 "DOES1.i.1 CHAIR 910

30 FOI?/,1l4 A CleANSER PEOUENCIffS 4MCI *0004.*@ ColN 520
1 .1.. CHIN 930

40 FORMAYISFZO.S./ I CHAN 940
50 FOR1101h011. 44~90 PAC". II:TRYOUTION INI CHAM3ER IS I VIACTION CICHIN 990

I LENGTH S"..I111CISA.9.IAC.4.HHHIR1IISCCA 4
2.14XTHCNE6.391.IHAC.I.12X.HLEMN .313.1ZHIISTIUTIOMl.331. CHAN, 570
34MIL.ENGT. X.12401 STR 9UT IOM. I I.&MLENGT4.2X1.2MI STRIOJIIOft./, I CHIR 960

40F0INI?44130.FI0.Sll CHAN 590
C.A..A IU ..f..... A A .aiflllllll CHIN 400
CA. I. .. A. ... .. .. I....A. b . A CHIN 410

CHIN 620
If I SL2 I G0 TO 171 CHAN 430

C CHAN 440
SL7 - *TRUEI. CHIN 490
0070 1 * 1. 4100 CHINf 440

TO 0116 ITT - 0.0 CHIN 470
so0 TO It0 CHIN 60

C CHIN 490
C ... ................. n n n *. CHIN 700
C CHAN 11in

: WRIITE 16.3001 NE CHIN 72,
0 CALL EXIT CHIN 130

100 FORMAT IIMO1OXIHINPUT ENRON. 14E 1 ). 19M4. HENCE TERMINATION I CX14 740
C CHAIN 190

C f l f l a l l f f l uCHIN 140

CCHIN 780
310 CEO - 0 CHIN 190

CALL OYCHK (ECHO I CHIN @00

CCHAN 610
00 I. I - 1. 30 CHIN 620

320 0116111 . 0.0 CHAN 630
CALL 11131I I D136131. HEAII. ME I CHIN 04C
IF I NE .ME. 3I GO0 TO so CHIN 630
A"3 - CA .ME. 0.0 CHIN 540
DRUM - Ce .0Mf. 0.0 CHIN 810

CRUM - CC .ME. 0.0 CHIN 00
DRUM - CO .ME. 0.0 CHIN 390

ERUMN - CE .ME. 0.0 CHIN 900
I"3 - CP *Mr. 0.0 CHIN 930

133* * CI .1. 0CHIN92
NUM3 c ( ME. 0.0 CHIN 930

OGRM DIN(??)I.LE. 0.0 CHIN 940
I .AMD. i A RUM .04. ARUM .00. COUM o0t. 133* I CHIN 990

c ~CHIN 960

c PINT NEW MAIN CONTROL. DATA CHIN 910
C .... -400..*-*....9000-*--00..... CHIN 960

CALL PAGE 1 40 1 CHAN 990
WRITE 1610) IDIMPfII, t-1.101 (PIANIOCO
WRITE 16.2m) 01301111. MACH. 013611i4l. DINPoIISI. DIMP1IAI. SN4 CHINjII

6-- ...0....... . 0...... ..... CHAM1020

C ARE FRFOUENCIES TO OE CALCULATED... IF SO, CALCULATE AMO PAINT. CHAWI030

.... ........... ............... .. * ........***0*.O ..... CHAN104O
IF f WNT. GRUM I SOD to 330 CMAHIOSO
CALL1 CfMMEG I W(III CHANIO&O
IF I SlUM .00. ARUM I 'RUN - .TRUE. CHAWIO70
If 3 CRLIA I CC - CC * 33.0 CHANIOSO

130 JONFOA.AA$IfXTRA1212I2.D00l C"AMIO9O

WRITE 16.101 CHAI 10

WRITE IIIIETAI..3JNGICHANIIIO
WRITE 14.501 CHANI I2O

WRITE 16.60if 01311111. TIIITMIII. DfSTLII.TI 0ISTNII.71C"AM130

1. DfSTIII.IAI. 01TITWIIA. 1.61. .IISTL1I 015T"47I. CHAMIII&,
7DISTtfI l 113 I-OTNI II CHAMI 130

C...OR.* . ...... .# ......... .. *.................... CHI1110
CHIN 1170

[OR) .J10 .Co. JOUM .03. [RUN3 CHA it A0
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IF I Cft= .00. IEmJ I CALL PAN I Get I CMIXO
itR IF I MT; conj 51ai Ga0 2" 01iu125

WRITE IT&) CH00? 0151*1
SACKSPACE I& 0U25sz
Olt - cc CHMIun0
flue - CI c'MIIo
1G * evoinis cum:so
to .11m. IWm I Go To 1s" c'u2"i

ARTI 3mm22 11 -1 iiill

00 190 1 - 3i . f c-isa.
I"5 1111vissn *tp 0.52 1CMInis"

255 e6ia - e*56 Jong I 0OW154

C C0* 035159

I'1t81319.2.l CIAISO
ls sesommssms "M"04660 uisio

C mom. uses

iIF I WT. 1!& I GO TO 5 03315554
C - c-bi

C I I411 --- WTCMiAeOU

slop *-112 sn folit CNAjaqi
11111eI4t 1 03" - 1-I CIOW1tlO
111I 1"9a191 - bMII M

seSIN35540i * CIIAII 0351755

DIN.los~ -53 0.i CUSO

C -------- - -- 035151

I. *98888" CM-S
210mnosOStII.0IISEIA.52III502SUI51I Cn109

S0 T2 Omni&$*

DINIM - Kom CEMJIQ 035190

C IIIZWIC13(41~EtA lollos~oso CHAUSo"

C m -~ GMP I -Z 1D 00,8 14MZ1111

CALL CO5111IIII&CI CHANZ030

GO ptO 90o CHAN1OGO
so Fa .. te ASIA .0 O 300 I~flIG CHANITO

C" Sal O-P~ P6KC100.0f ~CKT CAM16oo
C oooo CHA!ISJO

30 " * USII POO C.02A110

IW to 0S CHAN'120

AN0 - SORT1 121 EA1110050.I' SIIP 51011 cI4Si0oo
AWTi.M - ZZIWOAD I CMNIO

28000CO IIAMA CHARM~S

01.4210 ii* 0. CVWU1119O
AI4001i - C.VOKINIO cHON*2l
AtpmIt(N41 * 0.0O C0411,1119
IFI MACHOZ *L! 0.01 2 IA ZEOCMNl21

C CMAN*Z30

310E UP Mol AD"1 FORi .AN.10.0.0 I Got CHAII20BGO

C MC0 FOUtP~ FHOM P000 ERR R C . ALWu LCASES6 TCFMISAT. 01*20
CAL C..[III..) ****AA*.*********A CHANIZSO

37 10 TO ".6.0 CHMI00
150 IF .II wpl AM 4 T $0 NM0?

C W UTUTFRM NT 1PU 9OC T cA"0230

34 o -Cl C14AN21 10

19 0 190~IJ 1 41010CA2140

woZL -'0tAC IOU two P6- I.S c"6o2140

IS 071W CHANZISO

000 I IP00t1 1.0 2 50 10 (2*00
AMMIMP.41)P~ 9. 0AIT



CHAA12400
-10 CALL. I.ONG CHA"2630

C CHA.2&)0

( 1 f;AO PSOGRA. A CHAN24SO
CALL CONE I At]$. ?CIO. CA I CN24)40
r oMTit-,? CHAWOA 70

....... I.. ........... ...... ........A..*A................ .... CH&MZ530

450 1 1 ."0?. Sa I GO To SID CAIARZ22

flh1,E1TS,1lICHANS40
8131,171111Afill5 CHAMZSSO

Til 03435 CHAMPISto

* z4'.~elu "*3)400
DO 4.40 3-..500(6 C603410
P-1I.160l.WCI I.71 CH"*M2620

AS' CC..'33uf CI4AW.S1O
O *f' 01-ILII- 0 DR3331141 ('4*51330

01371 2 . CHANZ440
DO *80 1 - 2. 20 CA27
t040IST"I II IAI.4 40.472 CHA,0240

Pt .1IT.OtTU IICM4AVI?00

.*~'CO.?W~ffC"AMI?20

.a- CONTTINUE C94AN2716
CALL ?9U41% t P. a. tS. %to C04AN2146
t0 300 1 - 9. to CA005

Sa0 Dole A Kill CHAM2130
* Pg 13 I 10.30 .3'H04*27)0

151" walk-T 410.60.40 om eom CHANZIIG

CA"L Coattai .40.cl.3nhl
GO To 110 ('4*n2Sl0

9"l IF I .%OT. t*I GO To S2" C04AN2650
4*0 00 Mli' I.3.1 CM-A2640

AA~ OSTC5AM1250

03 -170 1 - 9. 300 CW*M.2S0
11T0 Sol$ * 0335 (l6AU25

CALL OW0 I 1131. Volt. CO. Sea. CM9 C4"19"
of a can I 3361.10.S00 CUU1f

Sao to I R13 I fosI0.330.O3 (3*52920
0 wallh 46.4501 CKA529)0

530 wa cI0.685.l0 om dxa So0 I0*5 (14362940
CALL C1,10101"".CO
60 to 333 C144-2901

538 COlA CHA"?o
SI) IF I Q1?. P"1 a Go *0 eve C01429,11

C 11? 4F CEam Won P039 f . VAW 6 (K"500

690 VIIg.(3TU**3bl ('455120

CA" Far I Vill. 0Wis. CF. Sea. well$I SCmu*5ses
it a 13 5?".61M0.611140N~

6%8 Naive 46.4405 C$"36740
540 ff"AST fale 350.&A.33 F33 33 9 ,(1,060110

'ALL CGW0911.300CV9 C4401o0"
*?0 To0 1-- 330 (54*52300

C ClHlU49 30
C (54*5232
C C001A118330
C ******AA*AA***0AA.*C***0***A.WAAfAAA 1.3160

. ..... A . ...... A.A S A *A A AAA ( S533

file 114n*5)

5319?( *a% Lt3Td.

f, ~ jIf WWIIeu 3 so

U041IT34IU3t WILL WOW a" SO nusen WILL WSET ?TO MC30 scroll offullum 40
C IF SON 3 LM61T3IV016L *11 *ECf a 0 (313 009fO Pit .013 70

iU,513lloam.S0.10 0620 GO

C PON VTMAISVIEWSK 6i(AftI 10 WftelS aN~tn SOW . 0(uCM. SWLO AND .03 Il0
C 33 ote(15? 5305? own 120

uslt-%L0(fN.. IS" 144-33

00 30 1-0.32 36n1390

fa-"3643 4 opea 226
1 (K1tlwv14 INDICATES11 to POOLOA Total recouqcgS Am1 316(5*110 3tESWIJ 21141

-191. AA A AAAA A A AA A A A AA A lJ ISO

C IF W%4 6(6(3511 00 1- IS "0 3(( 3F PDIIV INITIA 33 L GUESS "NIGE Ise

VVI3I1.0 106404 I10
4 0 "06011 Il0

l3, .10111192 WWII 130
ccto 110 3615 140
110 WAN3 150

paw, 1



"*Isla9 BLCC NIf

11I09TC 'II'S I, ~.S1.k9 MN' to
SuOROUI To&"0 I em. tanT. Co. CEO III'S 20

C CALCULATES CU'SITI0I PAAMETERS MR. NJ N""a 00
C 0906*IN 91 LIM KWEO Feel 11MaY1 AAYSIS OF A. SMITHl. A NY'S 90
C 14COMATES C0ORCTIONS TO ANALYSIS THOU I JUN61 N11' "0
C SOOE INTEGRATION AS OF 12 JUN673 0m MIS 0
C Sale. ON& CONVENTI3ONS CORRECTED 22J.1 67 bv'S s0
C 20 SEP 07 MOIIED FOR TASMLAN IRJECTO COEFFICIENTS HYMN g0
C #amS I$$

41AL IAN. [At. 300. 1310! MI 13
LOGICAL LOGIC1. 14111. CKOUJI. SI~MP. £90?. LIMIT. VAII NT'S 100

C wn I SO
COMMO /PNOL09/ L06ICISOO. MCA91123 41. 54. S2. ECOJ Wall IGO
CO /OOCOF / 01N 16051 NT'SI 170

1 . SP0C162223. W3T1171. *WIIPI. WWII?$. CW'SII?I. CWMI41?3 NTIse6
D3MSION 0 6 260 1 . s 1 60. 162 1 .ff N I l

I 22 1 102 1 .STAID4102 1 OL I6It.3I3 @a MI20
2 u 1 102 1. CT6 4 102 0 SLAM 1 121 Hy 210ZI
1 SI. 4 102 1. 02U f 102. ZAP 1 121 *Y 110
0 M 1. 4102, hh.iL (2021.6 £12 1 WYN NI'SO
NS Q 601102 1. ~ 1 1ISI1. OLD 1612) 1 N'2
6 ONQL 1 02 1. DIM 110231.Sias 16 03 * Y12
7 IU*814102 1. Do 6 10231. SIMNY 63 1 N '2"
*9 1P9 1102 1. V1 1 102 1. ES 4061 me lie27
* IP 239152 . WIS e 612.Z V 061 $"M)526

DIMENSION 3411 290
1 TO 30 1.TNi 1 91. THT1 3031. f 1140 1 "m) NYS3
obiiWmS*0 AL I G3 I OPEC 1 0 1 mm NY' S
I 21IR 400 . ROMUI I**) I MC 610 22 147)920
2 WEl f 303.1.to I"I 0 .11 ES 49S0 m 13
I 20351 2031. CRT I Do 3. CST I90 so I off=
* 0161111 20 1011110 390

EoDIvALIN" " NTSe30
1 ~ IS . LOGIKE 013.4 ClOUT. L061I111#1 SIM04.. L11.03. NMI 370

2 4 CNOT . L063C11311.1 LIMIT. L061K1611.1 1.9t. L06161131 Nm'S 30
GUl VAILENCI! WN 194

I I 9613 . 5104 l.4 of 10o * ZINC 1.4 0D0M1 103 *0 toM om NTS00
2 11 9421 * If W. o6 lot . 2NE 3. ULIII UL to "va NYS 10
3 1 3433 . GAP 3.6 of 39! . Raw 3. 1.1041 mt * MS If NT'S 020
0 1 W4) . US1 3.9 314110) . WC 1., 04203 NE WY . WNYS 030
S 93 ls .043630 1.4 12003 *OS 20 1 .1 111903 to 19 141NTIS1000
G 6 0161 . ULM V.4 042103 . *ISTN 3.4 110419,) II? . NT' 400
7 1 $47) . 11 ).4 11101 . CRT 1# NYo 000
I 1 403 *CIP 10 .. 40111164 . CIT I WNISOS
EQUI3VALENCE IIM' 00

1 4 D3N01 00). 94.09 3.6 00634071. 14.09 I TIS 0910
EQUI VALENCE NTISea0

I I ATR* AL 4 11 3.6 A201* AL I4I 1 .6 A09 AL 1 33 3. NTImSt91
I I Alt AL I It ?.4 A231 AL I AS 3.6 &&1 AL 161 0). NTI Sze2
3 4 *209! * 14.0 93 3.4 56209. S* 14.0613. NtIS $to
0 40201 S 34.09411f 3.4 0611031 . SLAN1121 m NYS90

C~0E W NTwT 990
C HYMN 0

10 FORMAT I 0934 TRANSVERSE STABILITY P9060*... CALCULATES IS. HI NY'S $70
1 09 N4T. NT! I NTm 900o

20 P0)5*? I / It-* INPUT DATA// VXSOISW512M2ZE101SLMA932,3 "Tom NYSa99
I 1IPt$&Lm FTIreC, 2111130 ULM. CFT/SECI 94 "M1 459R 311N3l~c4p HYN 000
2.113 1/ 15.11, V10.11. 12.S, F10.10 F16.2, 231 IF19.0 H MN' 010
3 Si1OntIMCRIWNTS 41131001 111030.1"/9 SKFS.I. ZF19.T It I Nl'S 020

30 FORMAT I / 29N NOZZLE ADMITTANCES INPUT// 19194MACCN 121 HYMN B90
I YACW ? 171W!? 173)NCRT 1ISRNCIT /1 1 NT'S 600

00 FORMAT 4 /1///22 CALCULATED RESULTS.- * 10 2WIUSI-0981R S0OLO I IMT'S 690
1MWF 1191 1 I9IZlNSECt)5-0900( SOLUTION II11 T9N000A 12so610411 HYM.NI 000
2 103610 INAG6 13330.1 REAL *3X730T 1MA 1 NYMN 600

90 FORMAT1 4 91F19.7.2120.9 3 HYN 080
00 FORMAT I 91PS1.120.0 I WN 090
70 FOSMA? 1 /1 $IN ILIACIOR COEFFICIENTS INPUT7... HYM3N' 700
00 P0530 I 1133NA10 .7X3SWI&XW BE6C34 104C54 IN 0120.61 NT'S l10

100 FORMAT I 12I2NIEOALS 61.0 1 NYMN 730
11 IP0FORAT? 6" EDISO 10041119.0 I NT'S 700
120 FORMAT I 2934006161 OF TASMLAN PUNTIONS,* 11 612NZZ1211114111UN0U 04T'S 790

I 111230JL113ISN0930463404930N0AR93*NIPI9XINNZIP9 /I WIN 9115.93 iNTIS 760
110 FORMAT I 1ONDT6LfS FOR NINOACN,1012NZZ11X3N023J1111NUL9X0N09N093 NTIS 770

1 4 09L102900111214V1112352/fl Ny'S 70
14.0 FORMAT I IN 0113.9 I "Y'S 790
10 FORMAT 4 leaI3NAIINAI19)IR9SII1X9EC3SN CN' 0

IN/630NG2091*N*199002091313900G2 MI133I41ft153R1R332C NT'S $t0
2 /606011N61119001330111)011331213N3/ NTS20

100 FORMA? 4 ?[I@.$ I NY'S 030
C HYMN 640
C ... fb.0 ff#l...Qlm f*.**f0.*0 WN' 800

.... "Yom 460
Nme * 0114193 G0. 0.0 mT'S 070O
CALL OVCN I 6 C'S I HYNSao0
Nwl - 0114400 . 0.01 NY'S 090
TAOLR - NW! .0t. 3 NT'S 900
DO01703 1 1. 2*0 NTIS 910

170 off) *iil "3( Tom 920
100 IF I C-10.0 3 220.190.190 NT'S 930
190 CALL6 PAGE I 70 I NT'S 90

IOU? - 2 NTMN 990
NET - NINE N'S 900
WRITE 46.101 NTmn 970
IF I CO-100.0 3 ?2O.200.200 NT'S 90

ZOO WRITE 16.2111 1 9413, 1 - 1, 0 3. ZINIC. *LON. 11011 NT'S 990
WRITE 40,303 hymt'S100
WRITE 16.01 1 WET11I). ERT1II.E1T633. C11113,C6TI13. (-.19113I NT'S10I0
CKOIUT - I CR GT?. 200.0 ) NTMNIO20
IF I NO0T. NOUN 1 6O TO 220 NT'SI,1010
WR11t 40,703 HT'S100
If I TRST I GO 10 210 myNS104
WRITE 06.603 A"11lI. eWN1lI. CTN10,1 CVNIIII HYN'SS0
00 TO 220 ynT'1070

210 WRITE 16.90) 1 93133!. AWIII. RYNII( CYNU14i.! CVNIIII, NTISIOO
I I * 1. NW! I "'4011090

c "ly'S11100

c GENERATE NORNALIZEO DISTNRUTION AMID OTHER TABULAR FUNCTIONS HvMII 10
c KT'S1120

220 ZC * CWL I C NY'SIl)0
ZC ItU YNII10
302 210INC *0.00! HYNIS 3
CALL INTO4 I 0ST. 0111W. . U IENAM 1 4110

SCALE : LIE WHuCOM 
II 7

11,0L 1 02 .Lt. 0 NY.SI 30
It I SINKP I Go TO 2S0 NT'SI190

Paqe 11



MUST At PSITIVE MLRATIPLf 01' FOLIM. LESS T04AN 101 myoIZzo

00" 10 74
0 10T-IKMUI?0

002 - -1002 * 2 "TN1290

C HYM1296

C 302 i I .GER O 2-1111EOMTS. smilsoo
C N13510

302' - lot - I HYM120
O2 - IC I FLGA?1I023 HYM135

2111, . 0.0 NIVIII)S'0

Will3 * 0.0 N is?*
amoiII. 1.0 ofm3ise

G,3 -1.0 / I6*4-1.01 NYIIl4ac
6,2 * W*-1.01 1 2.0 .4To430
*"Of( - 1 1.0 *GDZ"*Utf, I *.GFI kymt420

MwL *.2 *ml Ut / LAO WMi1410
00*0111I - 0.0 A! m 1448
1401111 - 0.0 bovIIl10

A00VE ARE FIRST TASULAR ENRIES. Hvow3A?o

2 0.0 WIWI*"
C wom1s00

00 250 3t - 2. 3020 Hysol510
I - I - 02 .iYOISIO
CALL 30140 I ZO1ST. D35THM. Z. UIIZI. 011132 1 3myow510

Uiz 112 * UIIZISCALE HYNmISSO
UL4321: - ULIIZ-11 * EOOl U(12-114Jgl3Z-1l1 IM411-11 W14111197
YEAR, - 1.0 - 6AMP, U1321-ULI'ZI m'nUIZI WNIlsA0
"fll 32 I 1.e * Grzf2WUI32)J132 I *qGFI myIs"190

RI£0L4I11 - I RwIIo2Et! - IROMI)UCII I / UIIZI orimi00
0 @1*31121 . I 1 1.0 - 6ANMU4IZlouUIZl lon"1011213uI23 my1oo 10t

- GAIMUOIIHOOLIIZIGXCOI U1igilMtLII I I I. TIMP u.If 620
Z3051121 - 01"M1123 / 41 11 oym*0

IS0 CON1TINUE NVMI$50S
221102PI * 2C HY1640
u (30201 - for WOMIiTO
GUINA 30' 0.0 ,IY'SISA

OARlozO, M .0 MM31
1101)(102p) 0.0 KYONI720
ZIPS(ICPI *0.0 ""141730

C MYowI140
C 09A4. ZIPS. ZIPS AS TAIMUL&TED AbDVE ARE FlIO-IHNtPINDENT PARTS MYONISO

c OF INEGAOS. "YIV11470

I No.R? HOUR 1 00 to 10 04YINN9O

C INITIAL VALUES FOR 141-010111 TASLE9 "*~l
(402 * 0.5 * O 0 401111828
pyll it) - 0.0 I4YM1SS0
04*40111 0 .0 0y1N640
0OOI * 1.0 4yMiSso
00 (33 0.0 otymIOIsIo
0123 III *-1K W1001876
VI 111 0.0 Hymmisso
Va 111 1 .0 "111690

C~ a14Y100
MOZR - 0.5/02 .Y" 1At - HOZ/ULO MT3920

C MI-001CtS TAKLES IT"16I9310
00260 It - I. 302' MY413940
A? - .402/ULCIZI ym"1U950
VIIIZI *VlfIZ-II At . A? "Y41U960
VZ(I21 * Af. 100V1112 I ,Iy"1191O
Al - At "Y1,01199
0423 III) I UL. f12.3) -I U) IZ2-1l I MO2O HYDO1990
00(401121 I AND0 fI2*31 AND( 112-11 1144130 HYMN20OO
CROtIIZI I AHOLI3.1.1 - HOLMI-11 I OMOZI HYMN2010
DO 1121 I 0gARIfl.;f - 0A03I3-11 '4403 MN2010
D2U III) I O U 132.1 - 04U Ill-11 IMOZR HYPU200

260 CON T 3042 (4-P2040
c FINAL VOLUES I4?112050

DUlL 110201 I XEIUF-ULiII?2011IAIIDZPI HMM206

ORO40rI I D I v .0 'IflA26l0
00 OID24' * .0 100102090
DI0 110201 0.0 "Y"11210

DAU121 * 0.S*C2UIII HY"2lI10
00 421 . 0.9000 131 14?PU2320
02L211024 - O.S*02UI302-11 KYNN42130
DO II02) - 0.S.00 II0Z-11 HYM1(4240

C MYRN21 S0

K NOT * II .10. 3.0 .4T002 110
.120 " . Y"112110
XIIQ 0.0 HYAlIS
V140 0.0 I4TA2 390
VI)* 0.0 HY"Mo
Vw? *00T .4YNOI30
IV' I TAI,)R GO0 TO 210 HYPIMOO

£.4 : AVA1,l)1 myM0220
RON AVA 43 LOAI M41(42240
CPII NH CYOPI) * TLON 441MA422110
CNHI * V#41III * ?LON (41(42260

270 C4T INUF 4YON2280

2? C- NNW~ "4Y"422,00

C CALCULATIONS r03 rACH CRELQUECY, W HYMA210

.4M1(440

DO 120 IV - 1. MW 141(4z 021
W , MCf)w "W MN2360
0-4142 - SNH*Stw V*W USM"2390
0(G - %004q000(40S21 HYMNlACO[ Page 12



CALL INT4, I VIT. CR1. W, ER 1 milazI.S0
CALL 3904 1 WT. EI?. V. El 3 myoN2440
IF I OME2 1 260,2"0.300 "00112450

240 IN* . 1ffN2466
GO TO 310 3T4 von2?

C 341362460
290 "YON14.62490

036(62 *0.251-2@ 347992910
C 347992920

I. NVI02940
C EVALUATION9 OF SIN INTEGRALS 97y BOOLE FORWAiA I 0N SIMPSON 3 M79929$0
C BOOL.E INTEGRATION9 If ZINC INPUT3 POSITIVE. ELSE SIMPSON MAE 34792940
C t B00OLE V; SIMPSON RULE WITH4 ERROR FORUA I 34199210

C IN IS 4 1. 2. S I AS 091062 IS I - 0. # 3. Myll"2990
C THEM3 USE I CIRCULAR. LIMIT. HYPERBOLIC I FUNSCTIONS 37992400
C 341992030

310 DO 520 1 31,4 340992420
12C Z21963 33 0.0 1000126110

M00 - 3 367092640
00 430 12 - 1. IMP9. 39? 9TR2MS0

GO 00 I350.340.130). 90D '47992430
C HYM92490

330 WY . 1.0 34799341290
900D - 1HYM2700
6c TO 140 04092110

C 34M79220
340 Vt - 2.0 347992130

If i IZ EQ0. 3029 1 60 TO 330 360992140
900 * 1 M1,1012390
60 TO 16o 347992740

C 34I716
IS0 Vt 6 .0 HYMZ9271

900 * 2 "7992790
C 36792800

140 PSI *NE 09( * '-21 "799N2010
GO TO 1390.270.380). 109 "Y42020

C HT4792430
370 111 -ZE- Z 347992600

M * alARIEZI *E 212'49989
Z1213 09AR312) 367992800
ZF43 Z 233112) *E LU 10921170

21461 Z* SM 239332 379996
60 TO 410 "T"111290

C 367992920
390 CP * COSMIPSII 4799129310

SP - 5393419333 '4092940
G0 O o 0 to 4792950

C '40992960
390 Cf COS (PSI) '4092950

C '40912990
400 29333 * OBAR(323 - SF "41635000

ZF2 OARI 323 * CF 367993030
ZF#31 ZIPlII323 Sf ,07993020
Moll 2IPIIizi ACf .409030
29303 * 23,3323I SF 347993040
Z1,161 * 2393 323 Cf 3409930s0

C Zf ARE COKPLEIE INtERANDS 100013040

410 00 420.1 . 3NV93080

420 CONTINUE '40993300
410 CONsTINUE '40993110

O TO 14&C-440',. 39? 3679931130
C 3479913140

440 39? * I '4093330
00 450 3 - 1. 6 34099110

C $34VP 3S SIMPS09 3 iTEOAL f'* 1OZ12 INCREMENTS H60663300
GO TO 310 '47M16390

C '40991300
440 DO047031.6 34093230
470 2196313 239GI!3@0l,3.0 34093220

c Z3336 IS $19103SO INTEGRAL FOR 302 IMMC 41111t0 '4Y93230

if 3 S3993 GO 600 490 '40"1290
39? - 2 340991200

10 410 1 6 HYMNSI09113
E**Z333 * 3 2340333-13993 ) I / 3.0 340991285
IF I0392 33/2396333NG1 I .Gt. 0.05 1 COCOUT . TRUE. 340993290

c ZING. $IMP L:!!' SIMPSON IN3TEGRAL$ WITH4 302. 101/2 INCREMENTS 340990000

C CORRECTED 239(* 35S NOV B00OLE IN1EGRAL y3103320
480 CONTINUE 34093110

C 340993140
C ABOVE Z396133 ARE T341 REQUJIRED INTEGRALS 340993)1
c Hy3)30

490 IF I N903. CR03.3 1 o 6To 300 .0993170
WRITE (6,1003 Z3NG 94099)300
IF 1 .0. ',369L * WRITE 34.1101 (992 .30993390

C 340993400
S00 Orr OM091 * 0 HYMN993410

W050 * XK*X1 - W*W m094 2 0
TI Yi.V I 9050 340991430

*Z V*V "00W1393440
c 330991490

Y13 GAMt*I2I-ZMG4 330361-IOIN 6 HM34 tO
VI 34099IGIl YM340

C '40991100

F3(09 * 504-11 3409)S40
60 to 950 340993310

120 COlE *COSM10rOZEMN 0935310

GO to1 340 340991)10

110 COlE * (332943496141

Page 13



Soze - -SINIOZE) 14YN620
$0 ERCON - SW-HE/OMEG 14YNNI&4

EICON - So4*I/ONEG 14Ym999
TPA -SOMER/NNCOZE YM3640
Y21 *-SNWMEIAFOCOZE -OMES/VOSOZE NYN7O

990 TEM4P *GAPOOZING4(1-ZINGIII ZINGMS VIDTZO2IUSI9I0 1vM$90
Y311 faECO"NZO@T1* I951 EICOONTINP NYPUITS
T91 *EICOM*IKOTl@I60191 - ISCOMPOTEMP 14116310
y43 ESCOMMOIGII, 4 ZIheGIZIHN"2

C 141163790
C wol?"

C KTM1370
C ... CALCUAT1ION Of FIRST-O60C3 SOLUTION... .qmS?6110
C NYIUS7t0
C NYoIltaM
C uvgeo '

990 MIN3 I YI3*123*Y33 I/GAN 141130
Hit31 I Y11"I*Z.V9Z )/"AM 141630

c HIM $590
MR 1 43100M 14116Y1 I / No k4116399
Il I 4'1114 - 1413*16Z I f 04 141660

C NYMNSGOO
TIIIIIw) - Hit M14111349
?HI I 1w) - HZ 141961380

C 14116391
IF I.IIOT. ~lU 1 GO TO 320 14116392

C 141169990

C 14116395
C TERMS FROM HIOM-OlDCR ANALYST$ I STILL In U-LOOP 1 4 13960
C INITIALIZE INTEGRALS9 INTtGRAMOS FOR Z-0.0 141160
C HYM90 O

00 970 I 1 91416 *9
ALM2 6 .0 1Y416400
00 910 !2 - 1. IM2P 14116401

970 0941.I21 - 0.0 14116020
DO M6 I It1 12 N4116403

04.011) 0.0 141166W4
ZAPIRI 0.0 WIN""05

$160 1,614111 * 0.0 14116070
04.0431 - -14901(02 1411640
IF I IN ME. I I Sale -SOZE 14114099

TEMP - -73901404. W146110
04L1 9.11 - TFIVOOKOVOSOZE 14116120
60180.11 * TfMp#SK*wCO2E 14196130
64.111.11 * TEN3804IE620SOZE 14196140
6012.&1 - TENPOCEG2*COZC "141641941

C N4191929
If I *00T. TAGLM I GO TO 939 1i41611
CALL INT4 I WIT. AWN . No ANN I 14162
CALL INT4 I WIT. BVkt W, NoNN I 1IT11.11145
CALL INT4 I WIT. CVNI. W. CAMl I W4M64164
CALL ZN?' I WIT. CVMI, w. CfMlI 1 YM169

C 141164199
IM6 Ko O10 PN" M141637
CAMl TLON COOl 0y41689
C("l *LO 740W CNNI HYM19669

C 14114170
96 YE *ANN4 - CUZ/IROGANI 1411417 1

YF 1 134"I * CN144 I / 4~141N 14191413
1427 Y6P4*11 - Y91IF HYMN.390
"1 YARoIf * MOVE1 1Y46200
14190 142*143 # "1*121 141164210
MA 1 I 41*0814 * 14116H421 1 / 1SSO 14120
"a * I11112a - H1411 I " 1SSG 1419z429

C 14/964240
CALL INT4 1 WET. CRT. No CA 1 14YMN9250
CALL JAYA I WET. CIT. W. CI I 14114260

C WM144270
GO TO 1590.610,6301. ZN14 HY19260

990 DO0900 IZ - . 3023 11114290
ARG - OMEG*2ZZIZI 49300
STA111I) * 5IN1410 14N)T164910

400 CTAII Ill - COS (ANGI HY43420
SMW HYM.N1114930
GO TO 990 1Y419340

C M141N4150
910 DO 920 It - 1. Zolp 1Y41N39

62C CTA@OWE2 * 10 YM18
GINHIAIGI 1Y4490

L. 1023 HN4400

C MY400 423

AG-OUIIZI * V HYNAS0
04612*V *640 1IUI11*0 IllARG 1416440

SI - 1.0 3111-UIZ .0DIZ 147164910

* HYIZ*UI12 4490
I O 8 I-. GMDIZI - 0121* 411N900

*40 UIIZ/611 141NM99510
V3 I *#I Z~f"fI 1Y4420

VSZ. AVONA)*V4 . 04611021 *D1ZI2 MYP04540

V? I * 2040211121 O1,14112 + V - 9W149 N40vs X 2,i ,-I -3.Oo Z1HM4?
0 V V31 DfI) -DULIZ - LIMNHO1110001.1Z I YM144



V2) 202 1.0
VZ 2013 . A4nI
V2S . V22 lo211A3I3ZIDUCIZI - uI3Z2P011212N14
V26 . bui2z) - IV2240101111?l # lOAM - VI.02111RZIS NMIU16
V27 - 121fZI&VIIT2 mw&611T0

0 V29 - V22 0 #.A2Z.OA33U2IZ *U111 kil=6
1 - Z.MfI4zloml0 ll Z337
o V29 . MMOI02312 0 2UIIZZ2IU(IZ - ULIIZII ""Ha""U

.* mjEIZefoJ!tzl - omUl 2 NVISAI
VIO U!IZI002ufll WU0A26

C THE FUNCTIONS VI ... V20 Aft INDMINIM Of W. MECE WE COULD YUA
C TRADE COME FOR TIME SIT TAK ING ALL. 03 SO air 0 W.4j0 AS wnYIA8S
C S1*IC1110lED VARIABLES. LET S ME FIRST WHAT CORE W sMAW. "rAIoo

ANG - v * VICIZI wYI90A0
CWV - COSIARGI NYIUAIUG
SUV * SINtARO NI WAIs
X:310l - CWV29ZI I3/b40I It I Vfm9I0
Mot0 - SVVOVZI I I NMI12 mrsoole
ZETAR - CUV/V21121 WW095
ZETA! * SWY/UZI Il) *WWI*%*
11144 - X11303003L131 HYMOOOD
MA1T - XIISODAEIZI II00SA0A
OZEZ . DREG 0 1 Zt-zU23Z! ! NIS9T
60 To I1,0.40.UOl. IN NVmWC

C NyWIMme
"o0 PC - CTAGIIZI WI$

Po0 - -ONESOETAOIIZI WYoffooI
ST * SIN I OZEZ a NEIUSOZ
CT * COS I 0112 I "vmSo"
GO TO 090 TU

670 PO * 1.0 MTUSSOA
POO - 0.0 mnYIISOT
St * ZE-ZZIIZI NIia0
CT - 1.0 "o"

GO TO 694) MM91tOO

460 9O * CTAIII(IwrW22
P90 - ONEGOSTAIit12 YflS
S' * SlUmh OZEZ I 4054

190 340.-0 NTM9170
DO 700 JZ - It. 2029 WYMSISO

IJO * IJO I 1"motto9
0 GSII.JZI (OSAEIIZI.STAAIIJE4ISARI3Z-l*131108(1A3)) IHYSSM
I * Mot # GS(I1I KiT009l10
0 GS(2.J2! * (OARIIZ!NTAIIJIOARZIIZ1CTMSIIAIII MY03Z0

1 0 Hot * GSII.Jzl 14Y UIS O
0 G S I S .J Z I - Z I 9 I Z I CS T A (I J K 3 .1 9 S 6 Z 1 T111 A 1 31JK I I M 0322 4 0
1 T Mot * 63"'J"5 ,T9290

0 0529,423 IZIPSIZISTAIJIZ3SII-II$TAIIJAIII ,1TO92*0
1 02 *O +GSIS.JZI M1039240

I0 MOZ + 0024.42) MSSIS

PIO0N -KWGIKA .II 0 TS4I MYONSISO
0 Plo0t 4 10N02.Z - "2 l 54Il2Yos4

IF I LINOT I GO TO 7i0 241039400

C EALAT PIWTEGUA. 32 XPESOW 0 LNAS2Al! 4100

71 PI3R * AIOI3ZOA * VI9OZETA3 3 * T M090

a 3 PP 2 W.I*DOL2.Z/H224UIIZ- 652.1 A 904.Z 241R039
+23 W9161.2 1 9 W30 MY19RO

TA * ONEO 0.0 1 WI0NNOW534

IF2 I 9 ANO 1O 241T035000n~t
02 7VLUT INERL 331 N EXRSIN FOR3 LAMSITLM1 Y 900
02 32 * 32I W*OIIOEA -91 V1941A 09020msi
02 92 - I34 1*11OI09A -P9103AR1 ? 2412240
T312 134 I P93DRLIZ/1,03 1 024T03114A40omsl
02312 - T134 - 99103 24139050

Gil - 111RT4 M970
G41 X02111 0T m414950
G322 6s)40.03 2*0 PO MO9N1 .04M9990

72 f ILII! X14 032II M10320
Cf9 o * T3P2OO RUL 2 41090

4 AII IGl 34 Lbf2/R24023 Z/9AIIZ 2) 02Z1 410390

C ITAEODLRL HYMNS790
70 3213 - X2320 I2 * 2V29 - Z/O - V2- V2l4 V29 * VO1 141039600

I 22 * HANV0 IIDIIZI 2V . 2410342

c g.Y1,111190
C1 241039090z v~ Z6-VV-V9 2 VI YMSO

Kil -K1T2 60VK TSO 7 2410339000
A21 --I G14OVIG23 - 03I. T2oV4I 4039920
X131 - V3430ZA97 1340293 *2wv OMA09.39YMNSIS
X41 - YIOV2- V201-V9/324 222090242329



al 4J1f18

a * ALI Pla "HZ~ f~as d~ui

"I - '*?1AVP

"I- 'MIZOf?8Ut"MO - ENSNW o~~i on*

1. 0 "0 1 * wI*

* LZI a:0 a" aD -W.9elAu* * l.i2

76 so "I Is "a

c act5n so W"D "di its-5** IW- 3IM-*Ebsni

am - I WtOMS"

30 .SS In5i aI -- I I

SAM: 4LN f nA~

SLW2 SLW %",nS

I LP -SAII sIm~cg -tiIFw.5Flml -Was""

ILAUII2I * -. *mIIZI - T9P)9iDo/*w NVSSS.I
PS *.**E*CTAG 102086SOa5pfp, F *09G*WIM 3

a" 61 A.5..assil sSLANI7, . COWSLANISO Col CIISLsgI 7 OVIN67
s6f11 &A-4.2111* GPSLRI4I - CWIN*I CIO.S*8EI I?"
OG2U I &asA4.L&-4v * SSLhUIS3 * CeSAMI$I Cin@51881*,Ntoins?S

C T" FOLOW!% lVAL$I SI by EOIi LIT. EU SCS. IC9.

61 *e SLA

C ODO 53 WW*O I-. DIIINSTW SIPIITIWOO.(CN TNs
*OJc I&Q at e. lo1o * [t oC 1151

*O)C 1&4 1 060- fa"* ONS ESonwo #o""570

lei i (-OU "2 Dull ECiONr 63 CI O& I 'Ela IOWC ym
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20"ft go 1!1le 
rwie

we . e I.el * .4N133uY ?u

Ilt! 16.603 f U11. ,AtI. TIIIIl. 101,M. 13071419. .YNTITS
I I we I. ITW

SAI 1' 1 NOT C1Uir Go To '090KT
CALL PA" f I NVIWAIS
VOITi (1.13 1 21111. U111. SUM. I. II. 11. S. 3. s*III. NYIZ.
1 ~311. ZIP9III. Z10913i. I . 1. 111,21 1 NY"WS

CA" va 3 TO I OM M14
NOM? fe.1923 wm&
gIuTI 16.14*1 f ZZI.wuI.A3.mIWgSeSOZ7leI Y10

i II* I*1 Istp

C 00lo. hms is SLOITINE NSo is010 WI T" 333mil. KNlI.uyo7%o
C Oft VILL 125*60 VASUt III S? 3U1A?3INI. * smut. .IYUamoo

0" Pse Yue



MNT 20
PROGRAM 0 ';OwPu00 HTI....l - INTEROLATE 40 POINTS HNT 10

20 SEP 6? MODIFIED FOR tABULAR INJECTOR COEFFICIENTS HTNT 40

LOSICAL LOGIK.H~UN.TAOLN "TNT 60
COMO /PROLOG/ LOGIC1501 HINTY 70
Co.OMO /AlTCOF / EXY8411001. AGLOK16OOI. A . 9 . SPACEIIS556. MY11? 60

WI'017. AV41111. OvN11171.CV80UI71. Cv01lli,, NYU 9c

*.~Ul3)$Tl3~IHfUI1,.!IUY I. 6SA'Il 04TN? 110
2.D001303 NYU!T 120
EO>IVALEUCF ILCC.IKlA2."8Nl.2LOGIKI1?i.?A9LU2 NYU! 230
1CUIVAL(NCF "T .UI((I.NI112.mUE~A..NI,* NTT 140
114fSI.GANNA,.lAt6,.IL9U).2Al72.XLON,,IACI.1MI.IAI0I.O~rGA "TOOT? 150

3181921.HYI114T2 . I OMEGA. DO" I HTUAT 170
NTY? 180

1, V0OAT I ZINO [##PUY TO PROGAM 0 1/ I03814 G6A - F4...1y4LO/1 MIYNT 190
'22.8. "TH~/ 128HNT 200

20) FORMAT I Of3AN21NH2ACHN 916140.4 IN /I 9X 4FIS.7 // I NYU!T 220
)Y FORMA' I // ilH IJECTOOR Dl-NTUISUION COEFFICIENTS... // NYTU!9 220

11715MOSIEGA RINIHAUNN 12X3~RW IIX6NCNM Of 9X&NCH IN f/ f9XSF13.72IHTlY' 23C
4t' FZOMAI 1RH0. I9X,6IMEGAICI.9X3H MR.1313H HI i IMT 240
5 FORMAT I21.191. SHMEAC.9X3.4TR 13X1m4!I I NYUO Z30
6: F3R"AT2- *I0X.3FI6.0.1 MINT 260
YC FOIINAT fINI .,'ON PROGRAM D OUTPUT // 1931SNWEGACl III "TOOT 270

16Y -'Q .101.0. HI /I I "TNT 280
8? ICiMAT 191NOALL VALUES OF MTR ARE NEGATIVE- I I.E. OUT? OW RANGE OP14YNY 290

II TEQESI- W:LL PROCEED TO NEXT CASEI " NTU 300
90 FORMAI/.301.09H FOLLOWING WILL Of INTERPOLATION WITHIN "IN NYIHNIN 310

1 YABLE GIVEN AROAF IHNU 320
Y'NW?1191.6M4 OMEGA *9X6MH.2tUIUT.IOX.6NTI IN? I "NU 330

11' FOR-&' 2IIF .~.09IX.F10.9I HYNT 140
HTNT 330

EVR9.0.0 NYNT 310
C-*0.0 "TNT 370
CALL DVCHC IKOO0F81 HNT 380

120 00 '!A 1.1.133 HINT 390
All$. D0:1-1 NNT 400

130 Bi11.0.0 NYU!T 410
NCR (FY 2ZUWI TNIT 420

IFINEN 2140.140,140 NYUT 430
140 WRITE 26.I3OIUEIm NTUT 440
150 FORMAT IIO103NNUMBERt OF OOEGAS RN ER909 .3X,14 "?HmN 430

63 TO 510 HNU 460
160 IF(miNE-291170.ItO.140 MN? 470
170 0MW - 40.0 HNU 480

IF I HIUNl I GO TO 190 "TY 490
Nlwt - AMl - 0.01 MNU 300
IF 1 NWI G0'. 2 1 GO TO Ito HNTY 310
ASSIGN 280 TO NYT NTNT 520
YABLIt - FALSE. NYU? 330
ANN - AVN III HTNIT 340
BOOM - BYN (1) HNT 330
CNE VM*I I I MINT 310
CHO41M *CVN(211 NTNT 370
GO TO 190 MIT? SID

190 ASSIGN 770 YO NT NYTU! 390
TABLR - .TRUE. NY 100

190 IFICD-99.01260.260.200 "TNOT 610
200 CALL PAGE 1 60 1 "NT 620

WNITE 14,101 GAMA. XLIN. XLON "NU 630
IF ( HRU'4 I Go '0 230 HTNT 640
IF I YABLRI GO TO 210 "TNT 630
WRITt 16.20) ANN. B2114 CUNHRE. CHII NYU!T 660
O to 220 HINT 670

213 WUITE 16,301 1 WIttiR. AVOW)I. SVUII). OVAIAII). CVNIII(. HNT 680
II - 1. NW1 I "NT 690

?20 WRITE 16.402 HNY 700
GO TO 246 HINT 710

230 WRITE 16.50) HNTY 720
240 D0 230 I - I.0NEN NYNT 730
250 WRITE (6.6OlOMEGAII2.HA(jl.HIIR, HNTY 140

C NYU? 'S0
240 IF I HRUN4 I GO TO 330 "NU?670

DO 340 2.1.9(1f HNU 770
W - OMEGAII NYUT 780
GO TO 14Y.1270.2001 HNU 790

270 CALL IN!4 I WRY. AVN * W. ANN I "NT 800
CALL INT4 I WIT, 869 W . ONN I WNU 610
CALI INT4 I WIt. C696. A. CNNEt I MIT 020
CALL 1914 I WRY. C691, W, CNIN I HNU 810

280 DEN - GAMMOW HNT $10
X ANN - CNIM/DEN*XLON HINT 830
SON" f DEN - XLftN + CNRE - XLON OE HI9NU 860

500l - X * X V * V "NU 870
NYNIII) (XI HNll) I . HullI I /SOO HNT 1190
tiTtIl) (XI HIMI Y * 14111 1 5 00 MNU 690
CALL DVCNE 121000FX1 "NT 900
O TO (110.790),EIOOFX MNU 910

290 IF (CD-10.tl1 340.300.300 HNU 920
306 IF 41-1) 330.320.330 HNU 930
31^ 0.20.0 HNU 940
120 LIU.U-PER,6 HNU 95-1,

CALL "IAGE IL INI HNU 960
WRITE 46.702 NN 970

)30 WP11E 16.6015014) IlITA( II.NYI, II NYU 980
340 CONTINUE NT'IT 990

GO 10 310 . tN 11000
c NINTIOIO

350 00 360 1 - 1,9(0 HTNT1020
HIIIII - HIIl) HTNT1030

363 NTA) HRIII NTNT1060
170! JOW'01 n 0TY NT050

JO.FG2.0 HTNT110
IF I CO *Ll. 99.0 I CALL PAGE 160) NINTInAS
DO 390 I .9( NYNYIO7G
(F (ITI 111 190,390,380 HTITI080

380 .,ONEGI - I N?,1?1090
6O TO 410 H491110

390 CONTINUE NINI 1110
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41m 70 43n j .I,NFR HNTY2160
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490 (0313M I " 89TOT
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IFICI S10.S20.510 KYNTI416
010 mcm.0 NMI"*42
020 3123MN k7311430

130 NTO214440
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COO. CARL UIL BUS NO 4 0*066 ONGAM0 ST JOW 0109.aO $052994@@3m If

C*066000030Nu 60
C 302331 MONFEO " JUL 67 TO VWPft CII1.C11 33 PLACE OF 01911. ODIN 76
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A 61 .I .63 .66 .PLS.UI3ol 32110
7 a .no .PI Oft .351*1 .31*T2 nun31019
0 SW TI4 TIC . it .1) .333 .3020390
9 11 323 Us2 .22 . S1 Am mobs in22
Comm I*6C391 PRn 210

I All .*LPIAI .*ALPKIWI .6* ASI . t1103 1192 MIN226
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Y521.0.0 1.07 .2 o.

"111.6.o 80282090
y14..0 8029Z2100
V I S.O.0 m80e2 I1t0

1.1-10 Not ?10860

y 
Not.*C 1 22200

yP341.WIGl0l11 3 80292220

Y~i7~.-914029720

1.10 CALL A4088 NQ8? 70
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C IF OUu CALCULATED MACHNUMER IS CLOSE ENOUGH TO DESIRE WE WILL STOP- 100262760

430 IF MSSIREW-ES lot 1-7 AE-5 1 0.500.470 110211270
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101.0 - 19111W 11Z12900
MOLED - IPIE A102112910
CALL IN?1TtASLEIII.YTASLEI1I.IEM.U2I M0Z%29310
C2 * *0164.0-4I?@IG-3.01I 90212940
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0. 1C S:S 00lm86am. I L41A141A t~pltIiiaLN S

a 4l.0Zf'L8I ~0~I 6046' &.0
*"I.480lt8~a1..LON'4. 610

UEA*0 Zhx 604 740
tI~M~a~aSLOG 60 9 70

4IUMSl~a?~LW. 7.0
CI'..CO~a'aqLu 600 7)0

SININI. o I LO -S7%

S01. -6tloF0M4T~tlv LOPO. 820

C !I . 0o C 001- - o 'ta. 7040

00 46S Ism6LW 10

I. 141- t)4.r 040

;arD.S.~~~1SA6.* . @Ifl('acS3A-C.01.1 ".04I1fI.00 a 1000 90

I.~Raa0.a~.IaSC-.I LON. 900

C.'aBCa~ **aSCI--011I L0NG 920

a.aa cPaa1C,10"1146 111 1 i0U9410

a .~9.a4~ p".'aCp t14 97e,

C.41Oa1.A~LO0NG 990
sillo0 r P"9 L~ a0 . 000
08006ll I .,8 1 Su00COSOOt 106G.10
if ,141 S O .0. .1 0461020O

80 If 0,0Wa 100!1000,1 I. 041010
*0 0040FL.2 101-040[1. .0 040

0,0 7 11'L04-61040'

0' " II' 0 001070
t~~~~~ o'4a17.i'.7o10610

1?1 0!fL'Aa'WOOL10-fGA 0G16

*D A*D% 00s.?h.L0.aS )aaba 11 Ii1 1046100

%it: t 0061Sata1I18*1,1a2'I4 10 4

IL ?ug" L3SGl 110"
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3ISFIC MlA, LIST.694 N4
SUBROUTINE 01" Plot. Foul-. CF. NER. w I 1*42A 10

......... A...........A.lAAf~l*6A4AA*Af*AAff RIAU 20

DINENSIoN Fill I I.Il1j11 1 1.1440.1 33.~A1lX 11 W f I.61 INTAV SO
l..9R2612I.41111111((TU 40

DI-frosION I(6641PCPIIN l TAU 30
"Mmom IASCOP f P316*(1001. ABLOCI400;. A .S. 566(6. MRCS 61*42 60

EQUIVALENCE (A6,NI all.1*.A3.,TIT.~9IN26I6AJ 70

%TAU t0
"TAU 100

CoNtST.1'CT 1101, MITAU 110
1616.1000.0 41*42 120

CALL VAGE4TOI P6TAU 130

CALL OVCNMKCKlDOOF1I MITAU 140

10 00 20 1.1.133 M1*42 1SO

Ali) *P16121I RNTAU 160
20 9111.0.0 14T*U 370

%ER-l~IfI06,ll "T*AU too
3140.01M "TAU 190
IFICIF-99.0170.70.110 M61A4 20

-t CALL PAGE 14*) AITAt, 210
WAIT[ #6.-0; %TAU 220

40 900MAT 11140.109 POGIAM F INPUT SOLVE FOR R161 AMO 1AUg63 61*4 230
I// 1911.601fONE" ID,91.491R INT. IOX.~ 4I INTI 61642 240
00 So 2 -1.40 "TAU2 220

30 WRITE 16.6010666111.94TRIO6TIII MYTII1IIIl NTAU 240
40 VORNAII.4 .1011.30'16.61 "TAU 270
7' CONTINUE 6161.2 260

00 17A 1 .1.4- "TAU 290
IRII.(91R1T116941l6T IIV 1Tl2692194116111l/2.OHTR6TII TA42 100

DOWN . 114111 - 4T1T111 RIAU 310
CALL QUAD I0N0.1412lT1.lAUjIIII 61642 320
IAUII.11*UII(.A(IIASI.3333111/IA*129 A6lI N'1AU ISO

CAil.L.AI21.CO M61A 340
061(1 9.0N*' I RIAU 390
CALL 0VC"- SOOPII 61642 360
GO 0 6.901.9cooFI 61642 370

60 011140 RIAU2 SI60
GO T0 220 M1*42 390

of, IPtINEI 121.2.6 1 400
ton ifi26111-16616~l1I10.120.120 61*42 410
110 R"N6.6119 M1*42 420

1616.1 "T*AU 430
120 CONTINE6AI2A 61440

DO 110 1.1.100 61*42 490
130 P0421119 - Bill "14AU 440

IF I CP-9.0 1 160.100.140 "TAU2 470
140 CALL PAGE (411 M1*42 400

WRITE (6.1501 61*42 490
130 FOV66A111140.201 PROGRAM F OUTPUT /f2l)(0,7IICCPShI.1141IIFGAID. %T*42 $00

1133C.71,1AAINSI.1611,lIN I 61*42 S10
00 160 1.1.40 RIAU2 920
PCCOI12.-COIIS1.0601f "TA 614233

140 66111' 16.1701(cPs~iiI.oON1Ill.1*UIII.16I 61*42340
170 POaN11~211.07.1 IIX?0110P0111PS 61*42390*
Ift- MT'II61(42?! - 61*4 3TU60

9416261 14110.0 61*42 370
,6(4 1 .0.0 6144. 361'
060(411.0.0 NT1*4 390
FCCP(411.0.0 61*424600

160 606114.66.I..31O4AISI.1.,3194OEAD.114 10
10.1./41.6NPICPS(.?10.1. 16 20

00 200 I .1.40 41*0 630
200 CALL I10001.N1.619SVO.6E1114U40

066069V411.0.0 61*4 AU360
CALL PIT1661201l,00016 61*U 640
FC WI R.C060AT .',OW I$I Y 61*270
CALL 16141?FCCPS2II.NH16161229.PCI.4TII NI1*42660
CALL 161T41FCCPS11.411161(22.FCN.ItII 61*42690
HN N - f HT I I TR I.44 IHI 11/ 12.06919Q I14 I1TA 00
DM06.MYRNI14H11 61*42 710
CALL 042AD10606..411,T*426161 61*4 720
1AL1ll426166NA(1 1A6.3331311/lA(21600916I 61*42 730
CALL PAGE (RI 61*42 740
WRITE 16.2101 61*42 730

210 FORMAT(//213099 1(4 FOLLOWING ARE VALUES INTERPOLATED At SLOPE 01'6144 760
1 6.0.0 ./1 T1*42 70
WRITE I*.1901HT9616.TA2626,130662(.PC616 ((1*2 760

220 RETURN 61*4AU 790
END ((TAO 00

SIIFTC 042*06 LI4.T.694 042*0
SUBROUTINE 042*0 IA,6.ANGLE) 042*0 10
tialB 105.900 042*0 20

to IFIA) 23.30.40 042*0 30
20 ROTATE - 3.1415927 042*0 40

GO to 110 042*0 50
30 ANGLE - 4.7123090 0QU*D 60

60 10 120 042*0 70
40 ROTATE - 6.2011653 042*0 s0

00 T0 110 0110 90

Sn IFP CI 60.7' .7n0MA 0
*0 ANGLIF - 1.14114027 042*0 210

(90 TO I7 0,42*0 120
70 ANGLF - 0.0 042*0 130

GO TO 120 042*0 1*0
00 IPI*( 20.90.110 042*0 130
40 ANGLE * 1.5707961 042*0 240

G0 TO 120 042*0 110
lIt) NOTATE - 0.0 042*0 Ig0
110 ANGLE - A11619/A) * ROATE 042*0 160
120 RP'u6( 042*0 200

0611 00An* 210

SIRFyr CORE LIIT.(464 toRE
TU6OROUiTI((0 1CPCI(V.(,Or)F C09 10
IIME((4 (11 WORT.61 20
TFICoifl-5110.014MI16.1n t*[* 30

11) COTP.10l1.0 *0*' 60
CALL PAGE17MI *061' 0
6611' 1647211 PORIE 60

20 F0RMAT(11.14116PtI7 DATA 0269 F06 PROGRAM FAII.IER Ml *090 70

1' 76~1,lI1..0 KOPF 90
41 RETUR*N xtO too
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$ICLUDE AEC?00

flOPTC lei L ISTOMA, lei
S4U T(M7 391(13 in) 30

*.. 7
Com A ..11 001,/ 100(14333 'RE&O12", SaL. IL?. CONJ 3.., so
C ~ 1AC~thO fill"AI 010I lJ as

lei so
COJ3VALCOCE 110633(5IC3 - ILOG(11303.AU I . LOG33191.(U£J311 410 6
LOGI3CAL LOGIC, E"-Jk S LI 5.3 SLI. CORJ.. SkO. I.. le 0T
DIMENSION q6401f323 lei so

c (NJ 90
IF f(L11 6000 toJ 300eIS
00 le I * 1. 9900 39.1 It0

30 I(AAI(3 * 0.0 39.3 320
541 * *?ftw. 09.9 3301
60 To lei 193 40

C lei 350
7. READ f311 IDOATA lei I(So

SAC1140a(e 13 lei 170
-0 CALL AS190 I EiSA?4. 3q40,. 14 1 l*J ISO

IF M g.11E. I3I CALL EITi lei 3t0
WRITE list CARTA 391 its
BACE5ACE 13 39J 394
IF I 'No?. ~U I GO TO 40 34.3 200
CALL .1.3. (tj 230

40 If I MAIN .00. 1"i 1 CALL IRA!% 3lei 270
C 3041 2)0

s0 RET3U *Ift 240
Elio I31i. zSO

139711' AC' LI-kT."94 ACT
SIJsmvUI( iii ACT t0

c ACT 20
C -*A*"*"- DC MODIFIED 20 AUG 67 i9 @@ ** ACT s0
C ACT 40

DimnsnS0 THE?144901. 33414503. 1OI13000, ACT so
DIMENSION 67(303K13Y1.I,130.(*Jc 0

3.IMAIb23AS(0I.?E(3003AA33m3AW(g99IUA963001.M3,ACV 70
23003.I3JOT£03.3TYZOO.4.TV(003U(300IYY(000ACT so

CM m 0ACT861 DATA 1 96001 ACT t0
C ACT Is*

EOUIVALE90CIF 10T43.N.IAAt43.1N3 ACT 340
FOUIVALINCE ire?03.663.O?(9?313(AA493.M, ICSO5
FOJ(VII11E1CE 19YI.AA203.£MVO6(033(F?.AA10,WT30

13. OAT(3931,KI.OAT(2933.73.047(4931,3N30T3ACT 370
C ACT lo0

O(3603.0 ACT 200
SECT-DATAISI ACT 230
INT.04TA(9S733 ACT 220
a3mNAOATA99111 £ ACT ISO
XO.AAIOS?Sl ACT 240
frc.OAYSIOS761 PECT 290
DPFC.0AYA1947 ACT 240
4?.OA?619?03.0001 ACT 270
OLAR.OAA 394723 77(1y 230
RE.0ATt19S733..0001 AECT 290
4011.OAT11191191 ACT? 100
ROF.OA?4191130) Wr11103£
910AX.5.0 it 1 370
PXA0.1.3.0 i(T 330
97*0.3.3.0 40. 340
COIADAT(9SGSI ACT IS0
COP07.DAA 911333 ACT 140
K£'C.0ATA19%911 ACT S?0

flI~.~*~fAireA? 190
377 * A?19433t30.0ACT 190

PxvC D 41194901/100.0 .1(1' 400
If? (3M t.10 I7. I WIN pn.0 371'? 430
If I RN .fO. fT.r I RaN 1433.0) I7 4?0
V.110 trey 410

''41'.'1337/"it 7 441.
r1117?1120030.40 110 AS0

I'A 1.345924i53.y 0( .JT 440
.Cn 10 .0 AC?1 470
11,; 1tATf .,. *it CT 430g

4n£ IfPrLA~i lit .4 f7( 490
- 07 r 3I(7I . r) I RA'.h. AECT 500
4p no ?#I I-IOW3 ACT S30

41..?ACT 520
9717£?3.0?. II ..003ACT 933

I' (lnAhvii 1 ACT $40
Vi (3.0ATAINI471 J1CC? $50
AIYPEFIIII.DATA(1g.74.-.0001 AECT 540
SAVE.4;03yltiI(3W1I33YII3.YIIl3 ACT 570
Y£ 33.IATANIV( 1#l£33I.IROTATE ACT SOO
X? 33.VAVE AEC? S90

£ .3.4 J'c T *,OC
70 CONTINUIE If C1 430

60 TO 7'0 iFC 420
"00 17n 1.3104f ACT 4)0

11.14? 17r'? 440
N(1733 1.0D44(3 31.001 .1C? 65P
xI-3.0ATAfwK*33 ACT 660
W43 *DATAIKK42) ACT 470
N1737£ 3I.O-ATAIKK31..000 Irey 600

C ?.4F FOLLOWING SEGMENT 0f CODING REPLACI SUBR3OUINE NOVXY... ACT S90
IF I Vill 3 90.130,140 Act 700

90 IF I Rill1 003.310.120 JFCt 730
lip ROTATE * 1.3434927 ff T 77r.

60 to 340 ACT? 10
330 Rill * 1.04-34 ACT 740
320 ROTATE * 6.211185 iffy 140

fit in 140f Iffy? 740n
3'- a301*7 . 0.0 i~C? 170

(Inl 70 340 iFC?$TA
140 if I W)( 1 300.140.310 .1C? 140
I40 £3311 * Il734te? 00

NOTATE - 0.0 .IOCT 310
140 SAVE - S0OT I 3I1j13*3(4T1(3A?113 I AECT 370

9.9.4 IF( I?
I'? C014T 114 I(' Sir

60 ?0 7'5 rage 31 if 33111



I8 f'~CT-1.03l90.140.200 ACT 0
190 l0aE.0.O EC t 930
200 00 ZIO, I:.f'3 ifCT It 10

ACT 920

I'l l.AIA3 ACT 940
V1II 1011 111AAIK, 1 *.0114992 "IMITATE ACT 990

* ~.4ACT 970
2., CONTINUE AC? 9"0

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrJECT 990
C CALCULATtNG AREAS OF ELEMENTS AECT3OD

'C(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCO0'
22,v N.94 JECTI.'

Z0260 3.1.11? Ac",;OSO
(KK.. S(CTI40

llST:OATAIAK3V*.0003 ACTHOSO.

55.(3ACT lom
NE.;OATAIKAI I..0001 AC?300e
ATviolT 3.0.0 ACT 3I90
IF 13114,9.1 ACT 1100

21. 00 2411 .u..NECTII
J.((3.JX ACTI3ZO

AXTYIIT.IVN?..g39.OTIJAAAJ1 ArCiSIso
290 CONIftUff ACTI*O
M290 N3J* ACTIISO

'*3al 5ECT3160
NDAAll3 3*.0003 JECT33?0

A6YYIN43.0.tl CTIISG
If N1640 .290 AECT3390

240 00 21 0 0.1i.9 ACTIZOo
NN.403 *A ECIIO
AFTY1 MST I.AFTVlftI 1T3.I.79391"1 (ATA NN0010ATAN 3 IM AIJCT1220

7?CONTINUE AECT122:
250 CONTINUE JFCT3Z9O

ANTOT.0t ACTIRSO
ATOT:::f4 ACT3260

00 290 l.1.pE ACT 270
N03.NVPEE II CT12 0

LATI I.AT713ACTIZ9O

A,,TOT.AXTOT*&AAII A3JCT1310
N TO?.AFTOT#AAPI 1 AC?13U0

290 CONTINUE AECTIS30
A XToT:AFXT:SfC? 

ACT1134:A600'.A TOT*9EC1 ACT13is
CCECCCCCCCCCCCCCCCCCCccccccccccccccccccccccCCCCCCCCCCCCCCCCCCCCCCCCCCCC1EC? 1390
C CALCULATING RADII AND ANGI BOMO30IES ACTI9lO

300 "PTa I O.0,SEC? ACT1390
T! ACT1400

DELTI3.TIL/IPS JECT1410

AREA - 3.141992 - INS** ACT1420
AECT - A1EA/(XtN@xmt AICT1430

It,3 I 0 .0 JECI3A44
IN * ASEC? * 180.0 1. 3.141992 SECTI4SO

00 130 I *221 JECT1460

I13*99 I AACT * lI3A2 C?470
10CO.TIN.E JECTIAGO

01223 0.0 AEC 1490
xNUW0:0 JECTIS00

0 120 J.2."PS3 ADCT39ZO

ONU.N.. 0 SEO CT 3930
THETAITI3 OELTHOMXUN JECTIS&O

320 CONTINUE SEC?1990
rc(CCCCCCCCCCCCCCCCCC(cccrccccccccccceccccccccccccccccccccccccccccc(ccccJiec?390
C CALCULATING WEIGHT FLOW ACT39?0
cccccccccccccccccccccccccccccctccccccccccccccccccccccccccccccccccccccccrCT3ssO

WFTI W/11101.01ECTI3O
WVTI .T-WFTI JFCT3AOO

W
6 
72.WF?1 JEC? 3420

111P 12.N1,*4;10 SEC?19240
310 W6?-.T I. 1 .0- FCl AECT 90
34.0 IFITPrC190.36O.190 SEC?1990

390 Wl T2;.WXTI*11.0.*06C) ECT1903I SIGN NWTI 1 .41 92001NJ.1IN53 AECT 70
170 AXNAATO SECTibSO

AOT IN.AXTOT JECT1690
A6TMAl.APIOT SECTI?70

100 APC.00SE 
172

AFTWN Ort)T IEC?3710

31066IC1430.400.390 AECT 1 14
M9 AFFC.6FCo.?S4$91DPPC*OVFC JECT1?90

,1;1:,14 PT"IN:AFFC SECTI 760

AP?*0A FT A.AFPC SEC?1770
400 IF I 0XC 1420.420.410 AECIT O8
410 AxFC.IFCA. ?I91AXCD JECT1?90

AX T"A N. 4 IN-;AICXC ASEC330
ANTPPAX OT A XC SECTISIO

420 AONO*. (AXTN4AX*AXYITNII 0 JEC?382
APNO AFATMAX*AFNIN:12.0 AECTIS1
IfIPC.06IC1440.440.490 JECTI 840410 WT2.IWXTZ*ATN0N3IfATNON*#AXFC JECTSO

44"? XM1.T21 ,T2 JECT187O
440 ETOF.O.0 SECT 3810

ETPT.0.0 SECTI 890
QX-WXT21AItOT SECT 3900
OF.WPTVITOT JECT1910
C ALL DVCHIXlOOOFXI JECTIO20

440 0"0 . 1AF A.6SCT940

WOEI.AIIIICJECTIO370

ETOF.Etop.wxEI SECTI000
ET6FEYP.WPE I SEC T20130
C AL L 1)VC"K 4 It OOCIOTI JECT2020
GO TO (470.4I0).K000PX SEC?2030

470 NAANDIII.-1 58C12040
480 CONlTINRUE AECT2090

ETor: rCT:,106 SEC32040
FTFr.?ECT.E?Ff 56(12070
WOORELP.EOF/ET6 JEC?2060
AIIIT.AIT0*4C JECT2O90
F ?TT APTO1c SECT2100
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well 'WI' 110 "C A2C1211z

VIM 1,10V ".09oC, JECT2140
4(01 41011 It 101~ ACIZI9

1260j3411141 1 911..90 ACIZ11311

40003113.f11 C1220

0.PCI 111C99116 - V24749402463

DM1I .1 ACT2220
TalC? " 01I. 2C' ACIt220

OFIC XI 41*.0 - 0CR024
111C 4 110C.1411TV - A00CVDI4FF01 ACt2z10
T C well1 - vFIC ACIUSO11
V22j.0012140f Most2 A).212041

00-1 900GE"IC ACI2310

900430014 X42410.41T01.AXFC.A00C.A1011.A1!01.911.902 A2240
111 210211203143.7001.0C.1C 4011. We1l *JECI2311

2VI3IJ0Vlopi RECT21161
Pr!C.90pC4100.0 JECT23TO

,oPNPC.P01C4 200.0 JE23200
WRIT 431 .404T"I.(:. JIECT2390
i321T $410 ,C01. P91C .P0IC.O01C.DIIC.VF(c.xC~.ROF30 J1C02400
CALL P940321 .1CT2410
WRITE fG.8102 .2CT2420
1001.9 RC'2410
00 940 2131 10C2z4

S20 CAL..902022(24
3.; .41r.T I MEC12410

530 010R311 21.0017412 JECT2490

4.022 2*CSIII 222 29210

SA9 49 ' (13, JE(TM))
CA.) 940(270 .2C12S40
'I 0.44.A(19
JCOIII.0 .E211
4311f 2.60401 .w2S11

DO 410 2.1.01T .J1C1200
IC0.* I JEC12:00
NS104A2002*I.00 .2CT26410

1J111* 
.21C1262

A0012( 2*.00 .0(2630
OF20-.JC030 II9.00.9 JECT26.1

99 A)) 46f-0 TSOSS. 70 jC12670

It3E11 4. .402 .,0CTM40

340 401.0. JECT2700
A(4.. JECIT2IO

"FE1.0. A3CT2720

W4111 24.S90INS.211 21(1214
.I A." 7 0. 590.1170 .21CT2700

970 00 580 .21.1.01 JE2121

AJ.1'2 740(1DT4JIOIjJ1JC2760

WRIT160601TAJI.0024 JE(02760

43)11 24902442J.A32:100

60l1100.1* it CT? '.
So0 C031030,t 40C12390
990 44 .44-I 40C1264

3F.DA1A23312..0001 JEC20(20
JC031.JC031.MF*2 C21

12390-J4(0310200,400.410 41(12 a0
400 CALL) 900 2702 JiCTZ6IO

WR2T0 1 4.0401 AEC12 00
2(031.0 .20(129 10

610 WAITE 141,07021 .0120

420 00 410 f.1..3!, 2C12 94 0

41. 120 123709S

BA31.140. .0129'D

AF11.3 * .01700M

40 WT10-~IWf A1 I2 11000

4311610 . 111A44.1 2040104 .CTIO)O

.'D ., I14. 11 AC"xA.~twOIJ T 1100

" 0 ... * 0 JOCT011

0 700D ,2 *31 DATA1)230

BACKLIOC I I0.026 I 0 A9 jC;3100
LI0 . . 10 21(11310
4301S 2.10 J111 10

7I23 m I II .W E i1(sII ,1490
)13 0 F 209K 7 030 GO TO 590Cf 1 1.

790 C.06 AC 0220I" 31

00~~~~~ 700 .3 2()2

40N1NT 2- LI 0K 0it I T121 0
7 (004C 1 .2120 i 1740

00XOC 119 F 012. 0
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000x x* AV ASECT AECTIZVO
j. JCCTS340
00 110 t.I.OP AEC13110
IF113 *,Lf. 31.J.11 *AAD. K636 .61. I6.963 IOTA * OTA . tEII AECT)UO

110 Tfj -066:6mgAJCT3340

IPrl Oip AI-0.RIA0").730.720 AECIIIB
720 :R*A0.96i106.I RCT93M
710 COTINUE *EC?370

CALL, PAGEI?09 AECISISO
WIle 16.7401 AECT39.

00 740 .9.1.20 ACT3AOO
XXMAX -w TI IfMUM*9 X JECT34 IT
WR ITE I6.7-oIR6J.I.SJTOTIJI.066AX A~C, 320

740 CONT I NUE JECTISO
4 EtURA ACT344O

190 FONNATI120.t.1.1..110&.41 AECI)AI
76 ORMATI/1 0. .. POEL.ENT ORPICE WBAS.,/.911.4ELCIERT TOIAACT34,64
IL OXIDIZER 'PEI llf11!:$6 SO I6I..1i0.10HELIENRT TOTAL FUEL ACTO1470
,A.EA IN.SS6 O I.,9I4TOTAL OXIDIZER FIL14 COOLING AJECT3440O
3RCA *iipm 9. Il..9X0.I TOTAL FUEL FIL COLING AREA *j1.sJEcT99o
4.0 SO. .1/.904IJCTOR TOTAL OXIDIZER AREA *.011.6.40 SOJECT3500

9.1... J'OR1 TOTL 111L AREA -0111.9.6' . o .ISjr1

1 Sfm....IACTON PRE SURE D*RP FOR ABOVE IECTOR DESIGA./l.91 JCT3520
OOIDIIEA PRESSU 00*f.I0P.~~.O4ULPE~RE DROP &WTSI

4,14,1,4" P!1,./i/.Io.710KC.... PROPLLANT FLOWS AND IRAECTOB VELOCITIACTS546
S1 FOR APCVL IJE CTOR O"OIOA.1 JECT... 9710 PO".AT 1,.46% 1 9TOTAL 0ElC,0T FLOW *.AI1.LISEC..2X.AVRAGJ(CT1960

IE IATR RATIO OF T.. ELEMENSTS *.r?.3,411AOA6OVERALL MIXTURE RAJECIIR7O
2T.. lop T I 16J CTOR *.f.3/,.9l.IA. LE69NT TOTAL ONIDIKEN FLOW JECT3960
3 ;:F6 :.766 L8/SEC.2.0.2.ICLNEAtT TOTAL FUEL FLOW .. *amL9/JLCTS9
4IC./.9X .H'. OTAL OXIDIZER FILM COOLINGS FLOW .f )74LB/SEC.2I0.ACT3600
t2WHTAL PAEL FILM COOLING5 *.A .1SEC.I,9113.INIRCTOR TOTAJECTIAS0
6L OXIDIZER FLCV -.-6.17)H LO/SLC*211.294H6JLCT06 TOTAL FUEL FLJECTS620
7OWfTI.7'6;? L6I'CC.2E.ITOLIIDIZfA OVERALL IN6JECTION VELOCITY *O.JCT)10
CA1.9 6 lISEC9180X113NFUEL OVERALL IN6JECTION6 VELOCITY *.AS.3 TjECT34
95EC.7hl JECTIASO

?so ForsAT19X.23HfUCL LOSS COFlICIENT sF51.3,/,9X2?H6fACE%6T PUEL FILJECT)AI0
10 14 OLIN ... X.IHPCRCEN6T OXIDIZER FILMS COOLING *.FS.1.,.9X..9C136?0
2.I0I AMTER OP FUEL FILM COOL-46 ONPICE *.F7..73" 1In. INOTL..TO6I ECTIAIO
3S " IGA BE AN LO.JIVALENT DIAMETENR WA MITIPLE-AOW C006.N191/.R0.JECT)L90
4142MDIANETER Of OXIDIZER FILM4 COOLING ORFICE *.P7.5.ZIM 100. ISlE ASJECT3TOO
IOVE.4 MOEI,.I1HUBR frE FILM COOLINGO ORIFICES PER INACTOJECTMOS
AR *.P.3/.X.M9UM§El OF OXIDIZER FILM COOLI140 ORfICES PE# TOIJECJLCT3726
lY00 *,FS.O..7.IO0IOIZR OP66ITY -,F.,& PCF.f.9.166UEL 0(RJCT3738
SSITY *.16.1,4M6 PCF.,,/, RECII7AO

190 FORMATI//f/01X.1IAVSLCTION 4..RLSULTANT FLOW DISTRIBUTION 669.6: AS JECT37SO
I A FUN6CTION OF OLY THP RADIUS. I.E.. AVERAGE Of N9. IN A RADIAL BA"JC?3760
D0. lI.2.66A)US30IMUR.5.1M6J366J AXI..I4X.S"616ACT3770

JECT5700

IT fRPATI1 .ISXS[512;.X. l50fo""6 JECTS79
61FORMAT //.X 96SC1 2.. :ELE AIT LOCATION AND IN.JECTION TYPEJECT 600

I.//1:.11X. 1O.ELEREI6T:ISX. 4HTI .IH6.17 . 6T66TA.110.56491.IJC~t1s6
26..13.: 30010-1 AINX )6 60.10 111 CHESI.12X. SMIDEGREE1.1211. 696,69(11620
JINC66ES,.SOX.l96116C9ESI.//) JECT183O

620 FORMAT(1//.311. 7AIISECTION6 I.... MISCLLANE6OUS INFORM6ATION P0R INAECJECT34AO

*IS DESIGNED BYT PROJECTS /I) .ECT118SO
630 FORVATI//. I.D .......INPUT INFORMATION USED IN6 COM6PUTATION6S .1JECT16AO

11. I 93H7OT. *OPELLE6T FLOW *.06.1.7" LLFOEC./.90. 5966TOTAL TU-JLCTS170
26E 2 of ELEYC6TLTYPESSISYRE T RICAL SECTION, 06611- .13.1.9X. S414T0?TA 690
1*1 NUMBECR OFE ELAC14T (SYMMETRICAL SECTION OnLY) - .14,/.9X. 27660XJECTIIRE
41DIZER LOSS COE.FFICIEN6T ..fs .. I JECTIVO

S40 F ORMATI//.2X, 76"SECTION 3....TYPL DECRIPTIO6.ORIFICE AREA. PROPEJECTMOS
ILLAST FLOW. ANDO MIXTURE PATIO./1.3X, 84MTYPE ------- OXIDIZER JECT3920

'OR'IFIC' AAE DATA ------ OAIIC 0AA//,9)X.JECT3930I S.TOIAL.S0. SNTOTA.5. 5 TOTL 49X 766191TU*E.,.,ZX. AI6UMEN.31A0CTS940
'.. 661UMB0lt.33X. R'IOXIOIZLR.4X. *66FUELLIX.1OPLLERT.)0. SH6RATIOJECT3950
I./.1 X .200F.SX. OIIOIAMETTR.AO. 4MAREA.AX. A6FLOA.7)(.21OF.1SX. BHDIAJECT3960
64LTIR.. 11OA.0 1:,4 LOA.6X;,AVARLA.60, 4A*EA.0 I6PWRTLJCI?

1/11:0, 7APFCL4..I9.I 790. IN. .4. 614LR/SEC.0 66*IPCETR0
1.90. 3166..T 790. IN..4X6. ALB/TC.3X. 16600. I66..10. ?"SO. Il.JECTI9
.,4A. ,6L"!,;41,;/7. 

ECAO

H60 FXA(2.6.1.RA2.0A I ECTA02O

67 FRM ':AO 12 1 ACT DID
60 F0:A:ATX6F.,0f..Xf.)JCAA

090' FMATI21.,F .4 .8..92K.PB.6)Xf7 JECTADID

:0 FoRMATs4,z AI016E.MN EJT ICTA03O

92 0 TORAT 6 ,F : :1 :6,1)A O. II IT 1. 0 l ..I P T A J!CT1 400
90 FORMAT9I X fT06)X6LRIX .RFUV0IA. EIODITIUT0, JECTADOC

1I166CSLFFICIL66T/34 ,3m0.3S76RADA601002mlA69// I JECTAICO
END J41410

Page 34



C 33* 20
C "400041041400 SICKE uOSlP3ES 26 &As 6T lain:.. so
C la.in 40

REIM 3PP*3PA.3P.31FE0.366 Ina SO
3376660SRCII. TIRE INA 60
LOSICAL.6116199.91.1. S33. 1031.0 OW5 I3* To
cam. 1935.06, L0616003. SI#l 132. 160. INA so
cs" 1I*C1061 DATA 4 %"10 INA 90
CaMs. GAMA. W. uc. AVO. gyM. CIN Cyt. CE. CI I-sin ISO
Simmis 33* Ito

I SO li600,. Av3 I Sol. o03 I Il3. CV 363. Ina*ISO
I CAIIII 1 9010 a 1600. TISA MIuSS$ FIRST I so$. INA 140
9 SECORSI 363. I 1 21. SIC I s0t. INA*15
4 111111491. 6996003. 110611908 6PROSO3. 31011160. OPTIS93. INA 1"
9 If 310063. v M1000 I"* ITO

9410VALRACE I SPA#. L0631939 I. 33* 10
1 I ga *0SATa3111. I=3 .A&TA3)1 I3 ILAIt
3 MIS &AT111.1V DbAIA14110S60 OISAVAgI,. INA t00
9 IPOC .OaA11. its 9011TA11113.9 3INA 210
4 10# A. 601A619113 3.ITVATA. TO DSI4297111~. INA 220
9 fu &.OIS"Ills13 I ni 210
& IIPp 4411112019. 33* 260
1 to99 OSAAI?0I).463P31 .OATA1Ia6110 ION DAOSIDIS03. 33" 2s33
0 6 T*AA 3201 1otgz,.10W, DAVAO ?011.111091116190111. INA*260
9 3?FLR.SDa1A69973ITFLT.0ATa390, 110,0 270

c 3NA 260
If FOVM? 11112)R SULIAS OF 0KCR3336 FUNCTION // 233I1.ELEIIT INA 290

1 61.A.3U1A353A~kiESWMACTOIA ,IISMUU6A7IXSNO.?xlee 7xmQhADtm3 Jo0
a *XWCL-aaE1o323UPla2I31a2wt //I IN 33, 91

a0 POns M I1643.I..IOePI9231. T INA 320
30 P0.34/ Il 12141MESULTS OF INJECTION SISTR3IT3ON EFFECTS if I3 RioIt

aiJI I3*ISO
40 FORS? 19919110.4 1 INA 940
SO P0.3? I 4031OSHA3. 020.4 1 IRA 14

66FOOM? I off SXSOH143n T 10 INACTION DISTRIBUTION3 P3003*IM1019..C0333.h 911"
IST&AMS/1.1414W6ER OP OSOALS - 13I,4K23656E3M OP CLEMNTIS .30.33 19,
1 1314 FOR EACH Of 16. 20ON SYMMETRIC SECTION3S* 33410 391
2//Ii41a~AIAL giIiSo3Simi FI6/42'NA D IvISISMIS 4333 INA 400
ISFPO1922?UACGUSC SIM1 19606633F1.IfAKWIIO OF 6ESSCE3* 410
AS. FU3CT3013V3 - 103.e,,11.17MINJECT41 RAIS offI.1910. 31.J1o492N3I 430
91AaaO OF SPECIFIC NEATSI6A3S3*F.J1*j36NU PRESSURE AM03.333* 430
AIVUSI RA13O0P003 *P71A/133974PS FUNCTIS FOR LINEAR OPERATIMA .460
730103,aO1a6 SS3ETFLP, *F7I.31225MAI VELOC3TYITFLRI 070101A 416
6,03IZM"TMS61T3M. VgLC3?Y4TPLTS .91.3 I INA 660

T0 PONA? I// 10KIm13511 PREGUE33S I 1"m &To
60 FeweT I/ I 990121.4 1 INA 400
"0 FOSS? Ii,/te11666LEE3 INpORAtis. I INA 490

100 FOSS? 1 /1 xELeSnT &&%~$SIIUs 91S6I1Iu11a21113 ITROUT 3014/11011 3* $no0
111KOFFc33T43W3.14011N11?3AS66I123 I, IN 336 3

110 FOOSS? INA9IKIOIINI.41KI. 9 3 20
120 POOSAT 111411/26" TAIMULAIN NONL.INEAR EPEC?1/,1i363611U3111zbo34c03336, Slo

16U5?ST 1a0111AO3AL111S6L1C0NUST IONIOISNTAIsET IA IonOMeCombul. T 30333, 143 %4o
2/519PM4yEI.03??3I66WELOCITY 9" 3112NME3?UAIOPI$K4SANil2xl I 1i 36 o

190 P0534? 1 611"1.9.2111 3 INA1 Sao
140 P03? /W f4N66Te @ THESEf VALUES PERTAIN TO A STANDING. 30336*) 30'

It! "4b*0410040 I I o i1r A N.
190 MOST THuESE..... 340 VALUES PERTAIN TO A SM 143463 4 u~M 190)

JOSE 00"0000*6 1 IN 36.1 00
1I" POSIA? 1251420TIAE VALUE OP Ill IS It"0 half NOT ALLOWEOI lai 36.3410
170 PONIAT12SX4$4VALUE Of SSEL ARGUMENT TOO 34104H OR LOW Z F111.413 N 36.6420

CIti 36.3430
Ito MSS 0 1 36330 44.0

IF3 I.IT. IM I3 G 0To0IO90- I"'
Ca - 100.0 33.0' 64.

IN 0 2 Minl 470
60 TO 300 'n) 600

39N)011 3W 1 3, m pi90n
WC613 * 1.0 1% , '' 0

200 T119 - I IN 413'V'10
333.1 - O0TA199741 I3N In "?o
009 * ATA97?1) *0.0001 INA6.100
NI * DATAISI 4 0.0003INJ 336331
RU-s. - 0AA19993 * 0.0001 3INA1 740
3MI3 - DATA121I In6, 700
K - V 40.0001 336.3 740
Kl . K #*I INA.1003
L - INS-I 1330.10060

IS 3* 336 1.10 37
If I F1 *LE. 0.0 1 F1 - 0.0003 1-*
If I UIOR Lt. 0 33963.l -10 IN "'
IF I CI Lt- 99.0 3 60 TO 240 I'41! 330
CALL PAGE I T0 I 3INA1 64.0

GO TO 6220.2101. bKJ19 336.1 86010M A 1 6.7031 3343 1171
WRITE 4.603 IWCIIW3. 3W - 1,101( INA.3 too

330 LINKS? - 0 IN6to3 940
003240.1 * 1010! INJ.O 900
IF ILININT .67. Of 6O TO M) 336NA 910
CALL PAGE 1 70 1 300.10 920
WRITE 46.903 3360' 9%0
WRITE 34.100) 3361f) 94.0
3.31413 * S0 130f 900

300 WRITE 34.1103 .1. RRIJ). TIIATA6.1l. U6.1l 3636 940
LINKS? - LINENOT - I 33610 970

240 CONTINUE INA10 960
SO TO 1260.2s03. OSCRO I36N in900

IS0 WRITE 14.1201 331000
WRITE 14.1301 6393.P33,P3,0063Ij3.oT 333.0 3331j6'

C BURNING3 DESCRIBING FUNCTION IMPLIES 04T THE EXPANSION 3103030l
C COEFFICIENTS £VO4s NVII. Also CVNf Alt FUN4CTIONSI Of THE FRtEOU3600.1A.136.300.o
C TWEREPSEo AN6 0410 LOOP OUST I ST 4AILIHTO. OT34ENW31TE, 43 LOOP 36 03".'
C IS GONE T34303J034 ONILY ONCE. 13101'

34000O 470 IV * 3. NW 136.In01
WCRI - VCIIWI 3 1000n
VIO - POO/30ANAOWCRI INJO 1n300
SUMP - 0.0 336.3II030
£4333 - 0.0 31033I20
SHORT * 0.0 136.30330
LINKN? * 0 13063I.0
Do AS0 .1 * I. NE9 36.30370

ETA - U4.301351361 1N06A1370

C T141 CALL TO EfSSEL 01E00111E5 THEt DEFINITION1 OF THE1 REAL PORTION6 1360190
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C OF Tot ANOAPEE?. III,. AND THE IMAGINARY POTIO0N. 212. Pon a INJD120
C GIVEN ORDER V. THE OUTPUT OF VESSEL. GIVU ,weIz. AMID22. .1133213. 3m*12OZI
C J1314221. .... JVE3233. JV33ZII. ?EUE909E. THE *353(35 W3IL Go INJD1220
C STONED IN THE FOLLOWING3 FASHIION. JO1 - FRSTILI. JIVI * 11.001236
C FI35?1M3. MID JI113 - F3RS33I. 116.0240

Kill *VN 0 31A24

lip3s 0.33 IN1*326
CALL VESSEL. I FIQSTII. SECODIII. K. II3$. KEN3 163.101290
If I KENN I 270.270.390 IM*3300

210 5333A *ISTM P341" 3 1310
OSIVI . I V.7310S?3E3 - z31309315TIN3 IM3 IN3*332

2323 0.33 33*3340
CAL.L WESSEL. I 1115111). SECONDI11. 9K. 233$. KENN I 10LID33369
if I KENN 3 200.2110.11S 33*3300G

2110 GO TO 42911.3201. T11N1 I100170
290 IF I It 1 906.1106.303111604D"
300 0 - I FhNSTIN304WI3SIONO * 933S?3LIOPIRST11.1 I / 2.0 13"1990

Go To It0 3N*3400O
330 0 - I 0 113 MIAST3N IM5)N FIS P3ILW.933514N31.33912@O 111,00*1410
120 It I 3223? 1 920.1160.160 INA1420

c336333333K36333333ZA3333333323332331333SNx31U3333I3333333U3333333333333NJ1436
C I223T is NEGATIVt FOR STANDING WOSES AM POSItIVE PCI SPIMIES6 N8OES IN401440

330 VT V@133LTAIJI 33.11440
CV? COSI VII SNJD1470
SVT * 5311VTo INJO1480
GO T0 390 1101490

940 CV? 1.0 1"*1506
SV? 1.0 INJOISIO

ISO PIP * .0 1EJ01920
PR * 1.0 3NJSIDS
VT 1.0 II1410
60 T0 3420.34010 OS 33.1035

V6 O - LSODS 00 WT 14,101911
30 - ABSVOO@9S3V3PVsV? INAISSO

A -3.141S9 3N*359"
6 -A 33*1400
If I TPLP I 570.36.1170 1401630

M7 SAVE, - 1.0if3*141598000?PLP3 3 1.420
CALL 1011411A..059J6 U33.2"150
CPS3 COSIPII 3NA1014O
fps P@9CPS3 3340100
CALL 3314410399(13. @9913. I011. @933 3340144
F . @P0CVSI 3N*1410
CALL 1NOSIP,3NT[GE.1S 111.100
PIP * SAVE363NI 33.10149

360 IF I TPLE 1 390.4m0.39 31*3100O
1190 SAVESI * .NIAV19V0P133*33

CALL INTORA*A9.N*OIWI 11*1120
CPS3 - COMIT 31*1130
393 * VO'PS3 31*1140
CALL 14 3300113. 01101(1o. 3. 01011 101.011750
P - @93*CP53 IE*3140O
CALL 13105 iP. 33190. El. IIII 33*111
nS - SAV1ERG3116 31*1160

400i I 3 PLY 3 410.4200410 110.01790
430 SAVE? * 1.0/33.1419~VTT I 3"1600

CALL SN?OAIAl.BoPSI*MASN 330100110,
CPSI *COSIPS11 16001020

CALL 331 3391333. @91313. 303. 0933 31JD*40
F * @93OCP51 31*10,0IS
CALL 1N1653P.1EE6.EI. MI3 1"160.
FT *SVEVO131EG 33*1170O
C2 EI ETA009S3V33"2*CVT**p 31110110
SUNe SUM 531 TErw 10890
SO 1111.1SIN 3VPS3VNOCVT1.2 31*1900

SUMI SUMP53 * tEENN 1"*1910
11011 - -ETA1.?A*S3V%*62*CV?9*SV?/R 33*1920
5331? - 5453 * 1113? 31*19)0O
1331 * 2 33*1940
GO TO (40.4303. OSCAR 33*1930

430 If I L.33131 .$1. 0 3 G0 10 440 31*1960
CALL PAGE I 70 1 1"*190
WRITE (0.103 33*19610
1.3333? - 50 310001"

440 3RI1E 44.203 VCN. Jo. Q. TNAAIJI. ETA. VP*. no F? 33*2000
1.33331 * LIMIT1 - I IMA2010

4S0 C0E113UE 33*J2020
b0 - 0 33402030
IF 432(31 .GT. 01 0o * 012.0 33.12040
LVIIfw 33*Su"0180 33*2050e

CNOE 333 * 5331/00) 3*2060

CVN3133I - 0.0 3 3*2090
GO 0 47 0 33A2100

460 CVIO3133 - 0.0 33*2110
CV011110 33 * 313DO 33.120

470 CONTINU1E 33*2130
If (CC .0.. 30.0 1 GO T0 S10 33*J2340
CALL PAGE 1 70 133*J2190
WR3TE 44.103 tN3*2160
so TO 3460.4903. OICI 33*J2170

400 WRITE 34.403 LV141 III .63 ,33 CVNNI 13. CVM333 I 33*O210
00 TO SO0 33*O2390

390 WAITE 34.401 1 WC433. AVIIII. OJ4311. CV144333. CVNI333. 3.1.33 133.J02200
S00 IF I 3223T1 3 10.560.920 33*2I210
330 WoIU..401 13*O2220

00 T0 $30 '3*O2230
510 353!r 34.1503 INA12240
9-0 CONTINUE I3.12250
340 RETURN3 33*220
330 WRITE 1.1703 loll 33*22I70

60 10 340 33*O260
S40 WRI1E 1.103 33*O2290

60 M0 340 3 3*29300
EN0 306.2130
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ISIOF BESS LIST.R(F.O(CI KSSIO
MANP 3(11002
POIC on 3111000
MINT1 SiL 3(SsOO4

LOL 3SSIL-2 KnISONSO
* CALL SESEL IFIRSS.1(C.NAt.9001 I 3(15004

* FIRST - FIRS? LOCATION OF ASEOINSTONING, St@SCIEC FOR J1112. 0055005
0 fa Nlls. 0055009

* SECOND - FIRST LOCATION OF ASCENDING STORING *ingci VON INIZI. 3(550100
*OR £3621t. RESSoIlO

a N H IGHEST INTEGRAL OUn" 90110 F= Son" mwll Am1 , Wl1(1 020
* ON 10121 AND RaIll. 0(550130

AN *5 - LOCATION O F a R*Iev WIT" R**Mti1) Am6 W*A59il. 0050140
ROD! - * O.COMU1E J111.1 AND 73125. 00130130

* NMLCSS l(RO.CoNwuTE 101121 AND Ci. O(530160
* IESONS REGUISIMNTS FIRSI 300l .SCOUSI 002 19ARV1 REMITS11

*gu~ ass o 3(510I5
SESSEL SXA D14.4 31150*00

IRA 15441.1 UESSO*10
SIA "4#202 3(150220
Txl S(SSI.4.-I 005502301

31131 CAL 1.4 0015024
STA 3(SSF.1 31550210
CAL. 2.4 W00ss "
ALS to MU1M21
STO GEISPI ve110090
LOO S.& 5(55029
Ito OI55F.2 16150300
CAL* 1.4 00S5010
SIP 3(SSP.1 0055032
CLA 4.4 0se50350
STA OEM3 K055034
ADD .1 3(1*035
STA SESI) DE150964,

BE11* CLA 00 U(11031
Lo .. SE.3 SIUs"1O4

RESSS LOG ** KS130
RESSF IT 3FlF.a 3(350420

pi LiJ199LI75 3(150030

TR 1302 (5503.SFU 1(110
PRO 0.0 3(13040

314 AZT **. SE150013
ART **.I 31040
ART 00.2 8(195890
11OP 7.4 "&WOO50
TRA 1.4 119110910

E0*31 CLA . I 16550520
TRA 514 3(110900

111102 CLA .2 16550540
73* 314 00150510
R EM ALL ORDERS OF THE OfSIEL FUNCTIONS T 53A 9 TIMES eit 0015054

AND3 J SUB It TINES eI FOR CONWLEf I 3(15011
;FF SIt SF1ro 00110

Lot 1.4 3(110550
LFT 400000 3(110000
XCA 0015006f
$RD SF0.1 0051002
530 621.2 3(550630
US0 621.4 "l(530
STO COMN31511 3(13410"
CLA 0 3(110610
ITO CL 16550630
CLA a 00550090
ITO CL#I 00160700
CLA TRAI 111460110
170 S 041118720

321 CAL 1.4 31150140
STA SFNI VE110750

ACI L1I 3(510710
ITO C in.17 "I110100
CLI 2.4 Rr1330190
ALS is 35100
STO Vit1 K91110
CLA COftoN.I VES10920
LOG COUCmN.1A lsEIOso
TIE of1F.4 3(110340

6331t Pill 00.000 3(510010
620 TEL SF31.0 3(110060

LOO COMOO.1 3(110010
341 PU4P COSOR.5 3(150510

STO COO%.3 3(135190
LOG CA M N16 3(510000
FPO CM AO3.16 31130910
FAD C *9O B ESSOOZO
POW LOC4 OF110930
MT CMWNA .) 3(10940

CLA CAWO. m ls30910
CALL ALOeCOON,3I VSS0960
TRA 621#1 3(110970

OI TEL 3P3E,0.9 31110980
FONI LOCF RS 11990
XCA RE111100
FAD GILlS "31911010
$TO CONO. #9 .40111 3(11020
LOG COcSIN A105131010s
CLA INCON 31111040
Las 0 als11010
TLO 32 OCSSID60
ISA as REISlOTO

32 LOG (03303.16 BES16650
CLI PIV2 elslolo
LLS 0 HIS31100

622 IlL R4.0.6 RE(S11l0
as CLI CA M O.II. AI131120

Fo0 COION41 RES1I4I
CALL ATINICOMSoNI 0S51190
toG CM m *IS aISSlACl
ToN 34 R135117W
Ito COMMON es(SIIS
CLA Lot elsilI90
LOG COI3601.I Be111200
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FAD rOo 1112
44 SIC Cn m .9 RESSIZIC

LEA C -ON17.1 M7991240

10OG 1.1 seIzIH
751 XULT.4 RE151270
Ste C, .4~. SE151210
M1 Csa. -S 15S1290
Sil C0401.Al III551300
ITZ Come".9 1(551110
LID A30.2 BESS1320
SID 946. 1(551530

86 CLA .OCI K(511S40
110o StO C iO.6 11511350

FAD LOCI RESS13&0
STe Comm"l.1 ISSI37O
CLA 8.1 IIE151160

14 O COWBOMI.?1 SESSISIO
CLA 4.1 1(514-10
crop CO 46D.A 9(11420
STO Cm 9 -. BE111430
CLA 11 -11 RIE 9(51440

FAD COMS'l.I "E1551440
SIC CWImI.4 "ESS1470
CLA 9.1 SESS1480

966 fp. Comg. AT SES1490

'Li S.1 .I SESSISIO
P..a COSWdiN+6 1(55112
SIG CONNmooI 3(553550
CLA coNsmII*o 51131540

R6? f55 commostit SISSI9SO
FAD C 4dq9 BES51540
STe CONNN9 BS5117
CLA C091910114 BESSISIO
PAD LOC2 ME551990
TN? "68.1.-8 RE551600

B&C ?1" 110.1.* BESS1610
Z40 LO0 C000,30.8 913111620

Pmp LOCI BE551430
FAD C0m1R41.4 51514640
ICA KSS11490
pop lYPI 81511440
LID C016a1417.2 III51470
LIM CONUOM*l7*1 IFES140
STe 0.2 912 Ge551490
LOG CO4PIUAI RESS1700
Fp LOCI 81551710
9 AD CONOM£. arqS1720
ICA BES517)
pop t9PI sE551740

LID 622.4 MUM174
CIA 2.4 lS5170

LID 022.4 eS51100
CIA 2.4 sessisl0
19' 1 01-1%1920
?I f lltv m(551450
LLS 1 SESS1640

Act LI BE1551540
ALS 19 Sf55S1170

III £190.1-2? sS1655
Aps0 III 1712.- 11900

S7 tD *Is 91151910
STO M79 RES11920
CLA COUOOM#A S119310
L'1 19!! L9AI9I929140
119% 0 971119115
110 4(7942 BESS1960
CIA 1? BFSSI970

414 FAD 10CI 1111S1950

ACL C2 RI112000
Mt COgUNl~l GSSIOI
ItZ CONUSDU9 BESS2020
CIA CO6SSoIAI 5? S2030
t00 ComOINIA 91112040
T511 O11.4 m1112050
Ito COMM*&. 91512040
S10 CONWOM.9 aS2
CIA 0$2 Fl1112040
LDOG 1.2 81112090

ITO NI414.l BES12100
P21 P55 0-2.2 9SSI20

5t0 2.2 51112120
CLA COMN-1 1112140

910 1.2 A1992160
CIA COOUMO.S 1 912170
TNT RIS,2.-? M1912180

ITS 119" R14.2.4 91 SI?190
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