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Unclassified 

ERRATUM SHEET 

for 

PROJECT REPORT PA-229-2 

Page 2: 

The channel on the transcription tape labeled Az error is in reality traverse 

error.   Therefore, please replace Paragraph 2 with the following: 

The VHP LC RCS is computed for all requested range gates. The gate with 

the peak RCS is identified, and the RCS in the Az and El error channels for this gate 

are computed.   The RCS differences 

ATr (db)  =  Az error channel RCS   -   VHP LC RCS 

AE1 (db)  =  El error channel RCS   -   VHP LC RCS 

are computed and used to index prestored tables of ATr (deg) vs ATr (db) and AE1 (deg) 

vs AE1 (db). The magnitude of the angle offsets [ATr (deg) and AE1 (deg)] is then given. 

The azimuth offset is computed: 

AAz (deg)  ■ ATr (deg)/cos El (deg). 

The label on the Uanscription tape, Az error channel RCS, has not been 

changed. 

'   J Ü 

Distribution  limited to U.S. Government agencies only;  test 
and evaluation;/« May 1971    Other requests for this docu- 
ment must be referred to ESD-TR-2. 

17 May 1971 Publications Office 
^^ M.I.T. Lincoln Laboratory 

P.O. Box 73 
Lexington, Massachusetts     02173 

Unclassified 
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FOREWORD 

This is the second report in the Data Reduction Program Documentation 

series.   It is dated according to the date of completion of the documentation.    No 

implication is made that this program will not subsequently be modified, amended, or 

superseded:   on the contrary, the history of radar data processing is one of continuous 

evolution of techniques,  and it is unrealistic to assume that steady-state has been 

leached.   The PA-229 series is being published for the convenience of interested 

parties, and Lincoln assumes no responsibility for the correctness of the information 

presented, nor for its currency. 

The preparation of reports in this series is under the Editorship of Charles R. 

Berndtson of Lincoln, and of D. Nessman and R. French of Philco-Ford Corporation. 

Inquiries,  suggestions, corrections, criticisms, and requests for additional copies 

shoulu ne directed to C. R. Berndtson. 

The principal contributor to this report was A. J. Poirier (Philco-Ford).   Due 

to the intricate, evolutionary manner in which the programs came into being,  the 

editors regret that it is in general impossible to give due credit to all -- mathematicians 

or radar analysts or programmers -- who contributed to the definition and writing of the 

programs. 

Alan A. Grömetstein 

in 
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ALTOAK 

PURPOSE AND UTILIZATION 

A. Source of data 

ALTAIR1 

B. Data Input 

ALTAIR transcription tape 

escription 

ALTOAK is used to analyze data onAtargets which were not in angle 

track.   For any object in range track by theffiiS sytem, the program computes for 

selected averaging intervals the off-axis airgle coordinates (AAz, AE1)   the total 

off-axis angle  ffr), and the ftßS-corrections at VHP. and UHF.   The angle 

coordinates are obtained by comparing the VHF&C RCSH-ith the RCS in the A0A 

and^Elerror channels.   The corresponding phases are ufied to determine the 
A 3 

sense 

D, Output^ 

1. A listing of all computed ylantities. 

2. Plots vs TAL of the uivVrrected and corrected RCS at VHF 

LC (Optional:\punched cards containing the/kCS corrections). 

Punched cards conraining R, Az, and El, corrected for 

I 

known errors, in a format suitable for/input to NRTPOD. 

>^r^m 
ßJuismM^v- 

JmJj-G*' 
. 
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II. DESCRIPTION 

The following computations are performed each averaging interval. 

The VHP LC RCS is computed for all requested range gates. The gate 

with the peak RCS is identified, and the RCS in the Az and El error channels for 

this gate are computed.   The RCS differences 

AAz (dh)   = Az error channel RCS   -  VHP LC RCS 

AE1 (db)   = El error channel RCS    -  VHP RC RCS 

are computed and used to index prestored tables of AAz (deg) vs AAz (db) and AE1 

(deg) vs AE1 (db). The magnitude of the angle offsets (AAz (deg) and AE1 (deg)) is 

then given. 

The pulse by pulse phase of the Az and El error channels are compared 

with the VHP LC phase to produce: 

N 

PHAZ = Tt   /   (Az Phase   "   VHF LC Phase) 

i=l 

N 

PHEL = r,   /   (E1 Phase   "   VHF LC Phase) N L-i 
i=l 

where N is the number of pulses in the averaging interval. 

The sign of AAz (deg) is positive when cos PHAZ is positive and the sign of 

AE1 (deg) is positive when cos PHEL is positive. 

The total off-axis angle ^0 )  is found by: 

9= [AE12 + AAz2   cos2   El ]s 

• 
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VHF and UHF RCS corrections are determined from tables of the VHP and 

UHF beam shapes.   Plots of corrected and uncorrected VHF LC RCS vs TAL are pro- 

duced. 

The following options are also available: 

1.    Punched cards containing TAL and the VHF and UHF RCS cor- 

rections. 

2.    Punched cards in a format acceptable to NRTPOD may be obtained 

containing R, Az, and El corrected for certain errors.   R is corrected for bias, 

tropospheric refraction, and target position in sampling pattern.   El is corrected for 

bias, tropospheric refraction, and AE1.   Az is corrected for bias and AAz.   Ionospheric 

refraction corrections are not made. 

A number of input parameters and transcription tape parameters are checked 

for validity before processing. 

The main program checks the following input parameters: 

IP AT = 1 or 2 

TAVG / 0 

INTARG / 0 

NRG ^ 0 

Subroutine ALREAD   makes a number of other checks on transcription tape 

parameters.   For some errors (missing format tables; end of file; target no., 

sampling pattern, or polarization not on tape) information is returned to the main pro- 

gram for decision to terminate. 
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III. OPERATION 

A.       Input 

Start and stop times (GMT) 

Averaging interval and skip time* 

Target and sampling pattern numbers 

Specified set of range gates 

In addition, punched card output may tx requested containing RCS cor- 

rections or observation data for input to NRTPOD. A sample ALTOAK input is shown 

in Appendix A. 

CARD 1 (15A4) 

(Col.) 

1 "60 TITLE 60 character title for printout and plots 

CARD 2 (2 (213, F7.3),   4X,   415,   2F10.3,   215) 

(Col.) 

1-3 IH1 (13) \ 

4-6 IM1 (13) \ Start time (GMT) in h, min, and s 

7-13 ZSEC1(F7.3)) 

14-16 IH2 (13) \ 

17-19 IM2 (13) \ stop time (GMT) in h, min, and s 

20-26 ZSEC2(F7.3)) 

31 -35 NRG Number of range gates   (15) 

36-40 INTARG Target no.   (15) 
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: 

41-45 IPAT 

46-50 ING* 

51-60 TAVG 

61-70 TSKIP 

71-75 ICARD 

76-80 

CARD 3 

1- 5 

6-10 

11-15 

INRT 

(315) 

IYEAR 

IMONTH 

IDAY 

Output 

Sampling patiern in which initial gate is located    (15) 

Location within IPAT of initial gate    (15) 

Averaging interval in seconds    (F10. 3) 

Skip time* in seconds    (F10.3) 

1 ■ punch cards with VHF/UHF RCS corrections 

0 = no pun en 

1 = punch cards for NRTPOD 

0 = no punch 

If INRT = 0 Card 3 must not be included 

Last two digits of year 

Month (1 to 12) 

Day of month 

LISTING, 

GMT 

Az and El corrected for bias 

VHF LC RCS for peak gate 

Az and El error RCS for peak gate 

AAz, AE1, and     9 

VHF and UHF RCS corrections (db) 

PHAZ and PHEL 

CRLC (corrected VHF LC RCS) 

RFRANG, AZCR, RFELV (corrected values of R, Az, and 
El for input to NRTPOD) 

-Called ISG in program listing, and ISTGAT in ALREAD. 

'-'Skip time is the time in seconds from the end of one averaging interval to the start 
of the next. 



P: OTS 

Peak gate RCS vs TAL 

Peak gate RCS corrected for off-axis position vs TAL 
(Both standardized to 4 s/in for the abscissa and 20 
db/in for the ordinate). 

PUNCHED CARDS 

RCS correction data: 

TAL (F10.3) 
AVHF RCS (db) (F10.3) 
AUHF RCS (db) (F10.3) 

Observation data (NRTPOD): 

Radar identification  (A3) 
Year (3X. 12) 
Month (12) 
Day (I2> 
h (12) 
min (12) 
S (12) 
ms (15) 
Orbit no.    (IX, 11) 
Az (F8. 3) 
El (4X, F8. 3) 
R (4X, F12 •4) 

R, Az, and El are related to the middle pulse of an averaging interval. 

They are   determined in ALREAD as follows: 

R = R    + R      (t - t  ) 
'o       0 

where R   ,  R     are R and R at the first pulse in the minor cycle 

tn is the time of the first pulse in the minor cycle 

t is the time of the middle pulse 
Az and El values are available every 25 ms.   The value closest to t in the major cycle 
containing the pulse is used. 



The middle pulse is determined by the largest integer in (N + l)/2, where N is the 

number of pulses in the averaging interval.   Other output quantities are associated with 

the median time of the averaging interval, determined bv (T - T \n 
_       .    AT -^ v  last pulse       first pulse;/ 

bample ALTOAK outputs are shown in Appendix B. 



IV. PROGRAM LIMITATIONS 

A. General Remarks 

When using ALTOAK, the foLowing precautions should be observed. 

The noise level should be determined theoretically or by ex?mining a 

gate that does not contain a target.   The signal in the VHF LC, Az, and El channels 

should be > 5 db above this noise level to obtain valid results.   If the error channel 

signal is at or just above the noise level, the computed angle offset is an upper bound 

for the actual offset. 

When correcting RCS for off-axis position, a rule of thumb frequently 

used is that th^ cross section correction must be ^ 6 db.   If the correction is > 6 db, 

the accuracy of the correction is questionable. 

The user should be careful when using ALTOAK for trajectories that 

have high Az and El rates.    Due to the method used in ALREAD for picking off the Az 

and El associated with a pulse, a lag of as much as 50 ms may result.   This lag, which 

will vary in a saw tooth shape, probably will be small compared to the noise in the Az 

and El offset angles for trajectories with small angular rates.   The RCS corrections 

and off-axis position data are not affected. 

B. Limits of Parameters 

Start Time 

Stop Time 

NRG 

TAVG 

TSKIP 

INTARG 

Length of Run 

Must be on tape 

Must be on tape 

^30 gates 

Must be larger than the PRI 

Can not be negative 

Must be on tape within start and stop times 

:£ 1200 averaging intervals 

■jpylfjp . %i iim;..! '■^?T' >.-«'=* "^r^f^m^Frnm 



V. PROGRAMMING 

A.      OAKOS (see Appendices C and D,) 

OAK OS is the control section of ALTOAK.   OAKOS reads the input 

cards and calls all of the subroutines that process, plot, and print the data. 

B.       GLMP (see Appendices E and F.) 

GLMP searches the array of gates selected to find the one with the 

largest RCS for each time interval.   GLMP then computes and saves the corresponding 

PHEL, PHAZ, Az channel RCS,  El channel RCS, and gate number.   GLMP then inputs 

these values to SUBOAK along with GMT, R,  Az, and lift-off time. 

The call statement is GLMP   (AVGAL, 1STGT, AVGAZ. AVGEL, 
IGAT, AVGTM, AVGRG, NRG, INDEX, 
ICARD, TLIFT). 

INPUT 

AVGAL Alt* 

AVGAZ Az* 

AVGEL El* 

AVGTM Time* (GMT) 

AVGRG R* 

ISTGT Start gate for peak 

NRG Number of range gates 

ICARD Flag for punched cards 

TLIFT Lift-off time 

OUTPUT 

INDEX 

IGAT 

Number of correction cards punched 

Peak gate number 

•Midpoint in averaging interval. 
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C.      TSPLIT (see Appendix G.) 

GLMP calls TSPLIT.   TSPLIT is used to convert time from total GMT 

to h, min, s, and decimal fractions of s. 

The call statement is TSPLIT  (AVGTM, IHM, TP.UN). 

INPUT 

AVGTM 

IHM (1) 

IHM (2) 

TRUN 

GMT total seconds 

OUTPUT 

Hours 

Minutes 

Seconds and decimal fractions of seconds 

D.       SUBOAK (see Appendices H and J.) 

GLMP calls SUBOAK.   SUBOAK is the routine in which most of the com 

putation is done.   It consists mainly of pre-stored tables and equations to compute 

AAz, AE1, and A 9.   SUBOAK computes correction factors for UHF and VHF RCS. 

SUBOAK also prints the data and punches the UHF/VHF correction cards. 

The call statement is SUBOAK   (IHR, IMIN,  ZSEC, GMAX, AVGAL, 
IGAT, AVGTM, AZE,  ELEX, PHAZ, 
PHEL, Az,  El, INDEX, AVGRG, 
ICARD, TLIFT). 

INPUT 

IHR 

IMIN 

ZSEC 

GMAX 

AVGAL 

AVGTM 

Hours (GMT) 

Minutes (GMT) 

Seconds (GMT) 

RCS for peak gate 

Alt for midpoint of averaging interval 

GMT for midpoint of averaging interval 

10 
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AVGRG R for midpoint of averaging interval 

IGAT Peak gate number 

AZE Az 

ELEX El 

PHAZ Az phase - VHP LC phase 

PHEL El phase - VHP LC phase 

Az Az channel RCS 

El El channel RCS 

ICARD Flag for punching correction cards 

TLIFT Lift-off time 

OUTPUT 

INDEX Number of correction cards punched 

STORED IN COMMON 

TIM 

TEM 

CRLC 

GTMAX 

RRANG 

RELEV 

AZCR 

TAL 

Seconds and fractions of seconds (portion of GMT) 

Corrected VHP LC RCS 

Uncorrected VHP LC RCS 

R corrected for tropospheric refraction 

El corrected for tropospheric refraction and 
off-axis position 

Az corrected fo- txis position 

11 
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E.       REFC (see Appendix K. ) 

SUBOAK calls REFC. 

The tropospheric refraction correction subroutine, REFC, is based on 

tropospheric refraction tables in PPP-36.       A modified version of this subroutine is 

now in us a 

The call statement is  REFC (E,  R, DEE, DRR) 

E Uncorrected El (must be between 0    at \ 90 ) 
R Uncorrected R (ft) 
DEE El tropospheric correction 
DRR R tropospheric correction (ft) 

The corrected values to be computed after exiting from the REFC 

routine are: 

El 
R (ft) 

OAKPLT 

=    E - DEE 
=    R-DRR 

OAKPLT is a plot routine which is called twice from OAKOS, once to 

plot the uncorrected VHF LC RCS vs TAL and once to plot the corrected VHF LC vs 

TAL.   The user has no control over the size of the plot. 

- 

12 
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G.       REW 

4 
REW is an entry to subroutine BREADS   used to rewind the tape. 

H.      ALREAD2 

ALREAD is the Fortrai        /er for the assembler language tape reading 

routines.   Appendix L presents an ALREAD program listing which has minor differences 

from the listing in Ref. 1,   These differences occur because: 

1. ALTOAK requires VHP LC, Az and El error channel RCS 

data.   Only one channel per run is used by the other versions of ALREAD. 

2. Only ALTOAK requires Az and El data. 

The call statement is   ALREAD (TSTART, TSTOP, TLIFT, INT ARC, 

INPAT, NOPHA, NPTS, NFP, NEWPAS, NRG, ISTGAT). 

INPUT 

TSTART Start time of processing (GMT total seconds) 

TSTOP End time of processing (GMT total seconds) 

INTARG Target number to be processed 

1NPAT* Sampling pattern in which initial gate is located 

NOPHA 2 (phase and RCS data wanted) 

NRG Number of range gates to he processed 

ISTGAT** Location within INPAT of initial gate 

INPUT AND OUTPUT PARAMETERS 
t NPTS Output:   number of pulses of data returned 

Input:     must be initialized by calling program 
before each call to ALREAD 

-Also called IPAT. 
**Also called ING or ISO. 

Set to zero for first call.   Set to number of saved points for subsequent calls. 

13 
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NEWPAS* 

TLIFT 

NFP 

TIMES 

XSPHA 

RANGKM 

ALFiAV'* 

IRGA 

AZI 

ELE 

IPOL 

NPOL 

Cycle and error pointer (see error returns and 
switch settings) 

OUTPUT 

Lift-off time (GMT total seconds) 

Frequency code:  1 = VHF;   2 = UHF 

STORED IN COMMON 

Pulse times (GMT total seconds) 

RCS and phase for each pulse and gate 

R 

Alt 

Range gate array associated with XSPHA 

Az (rad) 

El (rad) 

Data channels wanted 

Number of data channels used 

Plotting System Subroutines 

The subroutines are   REREAD, STOIDV, and PLTND. 

:;:Also called 1AGAIN. 

**Valid only for first pulse of minor cycle.   It is repeated for subsequent pulses. 

14 
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COMMON SYMBOLS AND ABBREVIATIONS 

(The units given for certain quantities are the units commonly used for thosc 
quantities, unless otherwise noted.) 

ADT ALCOR Data Tape 
Alt Altitude (km) 
APS Average Pulse Shape 
ARS ALTAIR Recording System 
Avg Average, Averaging 
Az Azimuth (deg; 

CADJ Adjusted Calibration Const 
C-band ALCOR frequency,   5664 M 

El Elevation (deg) 
EOF End of File 

GMT Greenwich Mean Time 

h 
Hz 

Hours 
Hertz 

in 

LC 

Inches 

Left Circular Polarization 

mm Minutes 

NB Narrow Band 
NRTPOD Non-real Time Precision Orbit Determination Program 

POD Project PRESS Operation and Data Summary Report 
Phase Presented in deg 
PRF Pulse Repetition Frequency (pps) 
PRI Pulse Repetition Interval (s) 
pps Pulses per second 
pts Points 

16 
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R 
R 
rad 
RC 
RCS 

Range (km) 
Range Rate (km/s) 
Radians 
Right Circular Polarization 
Radar Cross Section (dbsm) 

s 
SD 

w 

Seconds 
Standard Deviation of Wake Velocity 

T 
TAL 

Time 
Time After Launch (s) 

UHF ALTAIR Frequency; 415 MHz 

V 
Vd 

Velocity 
Doppler Velocity 

V w Mean Wake Velocity 

VHF ALTAIR Frequency; 155. 5 MHz 

WB Wide Band 
/ 

0 

* 

Tota/l Off-axis Angle (deg) 
Wayelength 

17 
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PLOW DIAGRAM SYMHOl.S 

PROCF.SS, ANNOTATION 

' 

CD 

maasioN 

TERMINATOR 

SUBROUTINE:   where NAMK is the entry 
call into the subroutine 

© 

CONNECTOR:      where P specifies a page in the 
Iluw diagnm, and L designates 
a statement nurnher in the program 
listing or a > '-fevence point in the 
flow diagr? n 

CONNECTOR: where X ItnpuM a continuation 
of üie diagram to the next page 

INPUT/OUTPUT OPERATION 

MAGNETIC TAPE 

PUNCHED CARD 

DISK 

18 
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» Q( '— _ «s* ro ^r '-o ^— ao en g 
>5<— rvi «*> ■^- ^ tr» i^-. ae> <** £, 
> 8  '— «^ «"r> -^r IJ-) to r^. ac-j CT> 3 
»S— CNJ r^» -^r ti-» «» r— tiL. cr»s; 
> JR — rsi r-» ^» ur> to r— ao en K 
> t» •— «^J *■'■* ^«r ur» to f^- ao o^ ^ 
| JH ^— ♦»j r»» «w t^> to ^— ao en '£ 
» jt ^" #si r^ ^r t<^ to ^— atn CFI ^1 
• 31"— «^ ro ^»' u-> to ^— ao o^Jt 
» rT — r»j *•-» ^ fco to r— ao «S? 
»W^ CSJ ^ ^r ^ to ^ ao «fe SI 
I 5; •— cw •'l ^w k/» to ^^. as» 'jn ,r. 
»S^ «^ <*> ^ un co p— oo V* äl 
»5— f^j »r» ^ tr» to ^- ao o^^ 
» 9 ^•,~ •,,** ■^ ^^ *" co '■^ »ao o^ 2? 
» fe ^— «SJ c<n ^ trt cor-. oo crs^ 
» 9 •— **l t*l ^r i^» co r— oo o^»,"? 
»   9    •— •*•* •"Tt ■» f^ "« ^ CO O^   Xr' 
> 3 ""~ ^i f^* •H IÄ o l*i OO ^r> 5. 
I t7 •■■ •*•! *^» ^^ t^9 (A f—- OB AB ü1 

» 9 ^~ ^ «^ ^^ *^*» «*» ^^ ao m 5; 
1 5 •— tsj •'-» ^ wi co r-. ao cr> ^ 
< • ■■■ e^j i^ ^^ of* to '— eo or» „' 
iJR*— *>J c-i «v «J-» ta r— ao 3^ ^ 
»Ä«— *S4 ro <«r w» to ^-. «B CT^S 

•S— «^ «*» ^r u^ to r-- ao «T»^; 
(SO-. C^ d *m ^ ^ r~. m Gr»^ 

• A ^ •^ «** "'•' ^1 IS '•— ac» wi jq 
• A— fN «^ ^ wo co — ao o^j; 
iSl*— •** ^ a> fcr» to f— ao «« ^1 
■»— rsj ro ■^- to co »^- MS »»Pi 
' n — r>^ ««^ ^ to to ^^- ^^ o^ s; 
• S«. rs*i n-) •«■ i^ to F«. ao ^ - 
• B W" esj ro ^ LO co f*- 00 crsjC 
1 IB •"- iN "* ^F to to f- ao oi S 

1 n - 
l-O 

t-O 

i-O 

C-sJ to 

1 
-j 

c 
r- 

X-sj m a i-O 

CNJ **» «Hi w-j 

C^J r-» •m- to 
OJ ro ■^ to 
CNJ c^-» '^■ to 

C^J PO «V to 

CSJ r^ «r to 

CVJ 00 ■^r tr- 

CNJ ro ^p to 

CVJ .-0 ^ to 

Csi «*» •««- to 

rst *^» -*»■ to 

en 
en 
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APPENDIX B 
A LTOAK OUTPUT 

AlTAIP    HAK   VfRMON      77   UN   ie71 

HTTAK    037    Al 
TARr.FT   ^U«BFP    » 7 

«1 T IMF   • 6774.050f      THEPF   1 5   A   TfE GAP   08 PAD   CATA FKTE" 0 ,0 nno 

AI TIME   * 6724.Ulf      IHERF   IS   1   T IMF GAP   OK 8A0   CATA E»TEN ■            r. 1 103 
DELTA     DELTA DELTA DELTA DELTA 

T 1 »p II EL     \ -IC(CB1 «ticx ruoei «I   DEC   K    Ott niMFES «#(0111 UMFIO»» 'HAI PH»I C»L C 1   44 
1  <.'. 

3.775 
1.271 

50.10 
50.11 

6.0« 

6.0T 
-2.?« 
-7.71 

-11.4* -u.ei 
-ii.*«   -«.«1 

-0.70       0.« 
-0.6»    -C.»0 

0.8* 

l.o* 
2.3* 
3.12 

13.*7 

77.87 
14t «MT 
1*5.533 

ir.T»* 
1 I 3.37« 1.91 7 1    M'. 

1     44 
1    '•4 

1     ü 
1     44 
I     4<, 

1     44 
1     4« 

1    44 

1     44 
1     44 
1     44 
1     44 

1     44 
1    44 

1. 375 

<.374 
1.475 

3.475 
1.575 

1.5 75 
3.(i?4 

3.675 

3. 775 

1, 775 

3.f:25 
3.174 

■".975 
■>. i;75 

4.075 

if, 10 

50.09 

5C.09 

5C.07 

50.05 
5 0.03 
50.00 
49.9« 

49.95 

49.92 

49.RB 
4<;. <U 
49.7« 

49.73 
49.6« 

6.07 

6.06 
6 .06 

6.r5 
6.r4 

6.04 
6.03 

6.0 2 
6.07 

6.01 

6    01 
6.00 
5.9<) 

^.99 
5.98 

-7.40 
-1.87 

-7.78 
-2.17 

-7.48 
-7.16 

-2.1; 

-1.86 
-1.66 

-1.25 

-1.37 

-111 

-0.86 
-1.79 

-10.71   -17.77 
-U.85  -12.17 

-11.«1   -17.14 
-11.31      -9.79 

-12.41   -13.76 
-17.57   -11.53 
-11.83     -9.77 

-12.21     -9.79 
-12.08   -13.4? 

-17.6"     -9.U 

-13.1«   -17.6«; 
-14.45    -13.fU 

-13.53      -9.66 
-13.85      -9.T9 
-15.49      -9.«7 

-0.76        0.65 

-0.67        C.67 

-0.66         C.65 
-1.69      -0.80 

-0.63         C.56 
-1.59      -1.6« 

-0.65       r.«o 
-0.59         C.77 

-0.59         0.53 
-0.50     -r.78 

-1.*6         C.56 
-1.35         (,*« 

-0.38      -C.77 
-0.36      -0.71 

-0.33      -0.75 

0.99 

0.8B 
0.9? 

1 .15 
0.8* 
o.<jn 

1.33 
0.97 
0.79 

1.93 

0.7? 
1.63 

1.11 
1.81 
0.87 

7.87 

7.34 
7.54 

3.16 
2.13 
7.44 

3.04 

2.7« 

I .83 
7.55 
1.35 

0.67 

1.97 
1.15 
2.00 

27.79 
15.77 

17.70 
78.53 

14.47 

16.46 
75.31 

73.7« 

1'.93 
17.7T 
1 1.41 
6.71 

1 3.67 
13   11 
13.78 

151.161 
15*.566 

150.077 
1*9.116 

151 .363 

154.176 
l**.969 

1*9,731 

n?.*36 
139.41' 

111.631 

153.531 
I'7.437 
174.787 

I71.961 

«5.237 

70.0*3 
76.3fO 
90.706 

«6.751 
91.615 

72.*33 
83 .«1 8 

73.619 

96.7 35 
16. »75 

77.303 
95.«7* 
90.1 35 

97, r 1 4 

0.*TJ 

0.*»? 
".263 
1.98 7 

-C.3*«» 
".276 
0.877 
1.917 

0.16* 

1.2»» 
0.077 

-1.*97 
l."7ij 
'.99- 
1g 7(,7 !    44 4,074 49.6* 5.9« -1.07 -15.61      -9.1« -0.3?      -0.76 0.87 7."4 H.99 1 15 ,547 10).«14 

81-,51% 

114.71" 

t17.77" 

1   -*. * l    44 
1     44 

4. 174 

4. 175 
49. 53 

49.47 
5.^7 

5.96 

-0.B7 

-0.53 
-16.76   -11.63 
-15.95      -9.40 

-1.27       0.*« 

-1.29     -C.71 
1.55 

0. 77 

1.38 

1.67 
6.16 

17.09 
17-.57« 
10",«63 

1 . '—r 

1 , 7^ T 
1    44 4,??5 49.40 5.95 -0.39 -14.41      -1.45 •1.3'«     -f.77 0.83 2.1r 14.31 1 '■9,81 ' 
1    44 4. 775 49. »3 5.95 -0.36 -17.37   -13.07 -1.44      -0.4« 1.65 0.96 8.77 o?.064 c* ], 1 (. 5 

f\    1 % u 
1     44 4.376 49.76 5.94 -O.S" - 14. 57   - 10. 80 -l'.3*     -C.63 1.71 1.11 1 ^ 18 1"! .C 71 lA»,l75 

97.571 
95.71R 

118.261 
138,766 

»l.Jl' 
|i*.*11 

04. i»t 

1     44 
1    44 

1    44 
1    44 

1    44 
1    44 
1    44 

4. 375 
4.475 

4.4 75 
4, 575 

4.576 

4.676 
4. 475 

49.72 
49.14 
49.OT 
49.01 

48.97 

48.97 
4«. 8« 

5.93 
5.97 
5.91 

5.90 

5.«9 

5.«« 
5.87 

-0 .66 
-0. j9 

-l.l« 
-^.97 

-1.14 

-0.84 
-*,9II 

-14.06   -10.87 

-14.07   -17.03 

-12. 16  -12.»8 
-10.91   -17.57 

-17.66  -11.1« 

-11 .74   -10,74 
-1 1 .71    -17.11 

1.35     -C.63 
1.35      -0.55 
0.5*     -0.56 
0.63     -0.55 

0.*9     -0.6* 

0.59     -C.65 

1.56      -1.57 

1.77 
1.65 

0.77 
0.83 

".«1 

0. 8 7 

0,81 

1.36 
0.0? 

1.71 

7.1'' 

1 .19 

7. 11 
1.87 

1 1. 44 
7.99 

17.31 
14.31 

1 3.'3 

15,61 
13.10 

79.l*> 

73.«61 
69.91? 

81.464 

60.7?' 
66.00' 

*7.171 

• ' 1 * 
1.711 

1.478 

0.5?V 

1.131 

r.750 

i.*7| 
". 888 1    44 

1    44 

1    44 
1    44 

4, 7?5 

4.776 
4, l>75 

4.^75 

4«. »5 
4«.80 

4!. 76 
4«.74 

5.h6 
5.85 
5.84 

5.«4 

-0.77 
-n.53 

-0.87 

-l.U 

-11.67   -10.85 
-9,73      -8.70 

-11.51   -14.59 

-10.70   -10.f8 

0.5*      -f.63 
0.69      -C.79 
1.57         0.47 

1.65      -C.71 

0.83 

1.^5 

".71 
".96 

2."7 

3.13 

l.ll 
2. 7? 

14.1« 
71."1 

11.13 
18,49 

48.5 11 
61.51" 
65.081 

56 .w5s 

1 18.856 

116,303 
»4,71.7 

97.131 

1 .39« 

'.597 
1.*13 

1 .61 ? « 1     111h- 6310.0360    7AHGET      7 IS   NCT    P«   THF   TAPF,    TABGEIS   ÄVAiLA8lf >RF      17 1    4« 4.c?5 48.71 5.P4 -1.12 -1".63   -11.51 

tFRAXO 

'■PO.776 

9fi.l35 

979.863 
979.555 

979.250 
978.9*5 

971.f3« 
978.796 

0.66      -O.fr« 

BFFLV 
8.727            50 

7.281            50 
7.433           50 
7.*?9            5" 

8.610           50 
7.331           51 

7.*6»,           50 

1.>5 

A7CR 

.518 
.531 

.548 

.546 

.5'» 

.477 

.517 

.4SI 

7.64 17.9? 4| .946 rq.ny'i I.5?7 

977.989 

977.MS 
7,397          5" 

(.457          1(1 

.*54    , CO««ECT8D   R,    EL AND AZ FOR INP 

NRTPOD <ALSO OUTPUT ON RJNCHRD 

UTTO 

.477 CARDS) 
07T.575 7.551           51 .467 
'■77.133 7.«45           5n .581 
976.777 7.57?           1« .468 
976.42r 7.539           51 541 
976.080 7.487           51 .574 
075.773 7.60?           50 433 
r75.466 7.546           50 *'1 
975.1'» 7.50 5           50 49 7 
974,Pl« 7.454            51 55? 
974.610 7.439             SO, 475 
:'74.1 69 7.49R            51 516 
"73.861 7.491            %*, 515 
973.«54 7.488          sr. 447 
973.713 7.586            51 451 
977,016 7.467            5n. 345 
077.610 7.556            51. 753 
977,794 7.543            53, 537 
971.953 7.410           50. 515 
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r 
CD 
Q 

to 
U 

4Ch 

20- 

-20- 

-40- 

ALTOAK G37 AL 
UNCORRECTED V-LC 

TARGET 7 

-60+ l 1 1 r 
1546 1550 1554 1558 

1 1— 
1562 

"i r 
1566 

TAL 
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20- 

ALTOAK G37 AL 

CORRECTED  V-LC 

TARGET    7 
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CO 

Q 
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u 

-20- 

-40- 

•60  
154G 
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1550 

"i r 
1554 1558 

TAL 

1 r 
1562 156G 
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c 
C 

c 

1 
0. 

< 
h = s 

s => s 

z 
u = s r- 

H ma 0J 

U -ac 
UJ C3  3?   0 

2 
o «= a 

0 <=> s 
>r) <=»5 

g «» r- 
<=>« 0. 
c=3  K 
c=»   ^        > 

= » o; 
C9   S 
=>  • 
ea IE! 
C3  X 
<=> M 
=> s 
=>« 
= » CC 
C3  S    **1 

=. M f 
<= s     • 

s •= 
=. R  li- 
es R ^ ^ 
«=3«   C 
«=> K 
c= S   ^1 
^^ S C'. 
=.K ••J: 
<=»K ^J 
■      R  •" 

<==  Ti 
«=.-   T} 
<=» -   f 
C3   ^    T} 

~ 1* 

^s f— *— oj «•■> ^r       t^» co ^-. ao o^ SJ 

^3 R •— CNJ <*> -^r'        L/^ co f—_ oo rra S 

• B ^~ *^ r,w> *»       w^ to p-» co o» E; 

^Ä— CNi ro ^        w» co r— oc <T>» 
C3!C~ CVi c-, ^-        co M, ^ co ^^ 

v.^   n.   ^•" CN4 f^^ ^r          t^ f £> f-« as O^ IS 

^^       ^ C ^ cvi d ^       co co P— oo <y> ^? 

Q        SB— cvo^^^^^ooo,- 

2or;»— CNJ c*i ■«»■        CTJ co r~~. ao o^^: 

i^ff^- c^j m -^r        u-i co r— ao ar>£? 

^J          ^B^- «^«J «^ ^f        co co r-— oo oi« 

2             C»Ä»^ CNJ C*» ■»»-          LO CO P-— OO CTJJJ 

■"^^        es £ •— C^J ro ^r       cr> co —— ao in ij 

^J          ^3 .7.  — e^^J *^i ^        co co r- - ao ar> 3 

?*^         C33.^ C>J ro -v u-, to _ QO cr>S 

^*          ^ Z  *— '^» «n ^»-            ctco r— 00 CT>i 

Q         csS— rsjo-s^rLoco ' ■ ' ■■r'  n 
l""^         CD 51 •— tj «--^ *«r co co ^—. ao arj 5 

►^          czsj^-csj r,^rcOcop— c«» 

O^ä ^~ cs-' "^ *ff t^J co P^ ao cy> ^; 

P          V S ■— c-vjro-«w-LOcoi--ao ^ 

rj         cs y, *— cvj m *o- co co ^— ao »»S 

^J         ez» ^J — evi o-» *& co co »— ao at d 

Q>         C3i j;— evi r~i -ma- co co r-— ao o^c^ 

coX— cvj <*■» -, co co f— ao err> Si 

''*         cs % •— e*4 co «v to co f^- ao o^5 

c»5^- ufo ^r co co r— ao W»lg 

^ 5^— tjpo -^r co u> ^- ao o» 'I 
O   5    ^— fV* f*. 'wt CO «^ IMc <3->   5 

e» 5? — cvj o-> -»r cr» (-0 '— »»V 

^#^- c-*j co ^r u-» co r— ao 0»5 

coR— csj ro ^> co ce r— aa er»^ 

«^ II •— <vj **^ ^r L/» co *~. ao cr» J5! 

c=»  p;   — C-^J ro -^ co co r». ao a^p; 

csj^.^ cvi ro ^ co co P— ao <y> & 

^ XI^— cvjro^covo^—ao c^ Ä 

c=» S — *N* f*i ^r co co »^ ens 

es ^     14 cvj co <«r c/*» co f-~— ao en "; 

c=> £ — CNJ co -w          aco P^- ao o^S 

C3 S— «"^J r>**VkOco^~ o>?; 

^Ä ••■ cvj co ^^ co co ^— ao o*» 8 

c j f, —- e^J ■" o ^^ cor-^aocnJC 
ca B^— CNJ f*» ^r co <o r^» ao a^R 

^«— owi co ^r co co 1— ao o»« 

co^^- c^J ro ^r co co r-~. ao or»« 

^^ S ^"~ PM p* ^C u^ co f - ao cr> " 

c»^^— cviro*«-co< ^ ao j-.    , 

^3 K "* CM ro a co co f*^ ao o^ ~ 

•• R      u1 c^ «*» ^ cr» co r»». ao co S 

^3 E ■— CNJ (k. -«^ cr^ co ^— o» g 

c=- g ^ CNJ r»^ cr» CJD ^^. ao o» 2; 

^ ^ «^ cvj r.. ^ »j^ to r^. ao m Sfl 

ea^r— CNJ co aco co f-— ao 0k £ 

^3  T       c/ CNJ C^» ^ CO CO r^- ao or» 

C3 ^ ^— cvj co a co co r-^ ao crs 

es ~ ^— C^J c^» ^r cr> co P^. ao at 

C3 2      tj CNJ co "^r cr» co r-^ ao at 

co ••      u oj co ^r co co r—• ao at 

^^   ^— Cvj CO ^T L/^ CO f*" CO O^ 

o ^ ^— csj ro ^r ir» co ao at 

t=> -i. — cvico ^r co co 1— 00 oj 

^3 1*1 ^— csi co ^a- cr» co r— ao at 

^o ■• ^^ rsj co ^^ cr» co f— ao at 

■   ^M ••■ ^^ ^ *•" to co r— 00 ^ 

o      ^3 *• »*■ €*** 1- ^ co co r-— ao o» 

^o —      ^ fsj co ^9 Lrt co r^. ao at 
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APPENDIX C 

SUBROUTINE OAKOS PROGRAM LISTING 

UIHENSION   DFPG(2) ,S0nsX{y,30) .TDENT (15),IHH(2) ,UPinG(H,30) , 
1SUrA(30) ,SUnE(10) ,PITAG(4) ,FlOTAr.(U) ,nsEC(120n) ,ISEC(1200) 

COPIMCN/OAK/Tin(1200)fTEH(1200),CRLC(1200)fr,T(1A)((120o) , AVGSK (U, 30) 
IDE! (30) .RRANR (1200) ,RFLI= V (1200) #AZCR(1200) fDA7(30) ,rHRX{1200) , 
2irrNX(i2GC) 

CO^«lCN/FDCOHT/TIf«ES(300)fXSPHA(a,30,300),RANr.K1(300) ,ALSAV(300)f 
1A7I (300),ELE(300),IRG*(30) ,IPOL(U) .NPflL 

POTIBLE   PRECISION   A VGT PI ,SEC, SUIITn ,T 1 ,T2,TinES,TOTIM,TST ART.TSTOP , 
1T^VfZSEC,ZSEC1,ZSFC2,TIPfTT.IFT.TEn,TM2,PRAC 
TOTTf1(IH,IM,SFC) = C FICAT (6C ♦ (f.0*I FI+IH) ) »^EC 
DATA   lriL/10v)0ü00/ 

lORDTT/O/ 
FADAR/'ALT'/ 
SIJ«1E/'3n«0.0/ 
.SUHA/30*0.0/ 
SIJMSX/120*0.0/ 
;IPIOG/120*0.0/ 
EtOTAG/«UNCORPFCTPD   V-IC»/ 
FI.TAG/'COFHFCTEE   V-LC      •/ 
REREAD (99,S30) 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
CALL 
TSTOP=0.0 
IAGAIN=0 

U1     SOHTB«0.0 
TrARC=0 
NPTS=0 
INDEX=0 
HEAD ('i,20,END=9ni) IDENT 

20    FORMAT(ISAU) 

READ (5, 60) Ill1,lrn,7SEC1,IH2,I.«12,ZSEC2,NPG,INTAi',;,IPAT 
1,ISR#T»VC#TSKIPfICÄBD#t«8T 

60 FORMAT (2 ( 213,F7.3) ,«X ,U15,2F10.3 ,215) 
If (INRT.GT.0) READ (5,6 1) nEAH,I MONT»,! DAY 

61       FORMAT (315) 
IPOL (1) =1 
IPOL (2) =3 
1101(3) =U 
TPOL (U)=0 
I5TGT=1 
WPITE(6,e«) 

64      FORMAT (5X,'THESE   ARE   YCtIR   INPUT   CARDS«) 
WRITE(6,6 2)IH1,IM1,ZSEC1,IH2,IM2,ZSEC2,NRG,INTARG,IPAT,IP0L, 

1ISG,TAVG,TSKIP 
6 2      ECPf1AT(2(2I3,F7. 3) ,I4X,BI3,2F10. 3) 

WFITE(6,63)ISTGT 
63      FCRMAT{I5) 

CALL   STCIDV(IDENT,5S,0) 
IF(NRG.FO.O)GO   TO   550 
IF(INTARG.E0.0)GO   TO   560 
IF( (IPAT.IC-0) .OR. (IPAT.GT.3))GO   TO   570 
IE(TAVG.EC.0.0)GO   TC   590 

70        TSTART=T0TIM(IH1,IM1,ZSEC1) 
IF((TSTAPT.GT.TSTOP).AND. riAGAIN.hE.UU))GO  TO   72 
CALL   REW 
1AGAIN=1 

72     TST0P=T0TIH(IH2,IH2,7,SEC2) 

OAK00010 
OAKÜ0020 

,OAKC0030 
OAKGOOUO 
OA','00050 
OAKCC06C 
nAK00070 
OAKOOO«0 
OAK00090 
OAKOOIOO 
oAKonnn 
OAK00120 
0A"00130 
CAKOOIUO 
OAK00150 
OAKcnv.o 
CAKOOVO 
OAKOOI10 
nÄ»00190 
CAKO)?on 
OAK()0210 
OA'r00220 
OAK00230 
OAr0O2(»0 
OA,(C0250 
OA<'00260 
O»«ron?70 
OAfOO^HO 
OAKC0290 
OAKn0310 
OAKOOnO 
OAKC')320 
n»K00 310 
OAKOO UO 
OAK00 (SO 
OAKCO IhO 
OAK00370 
OAKOOIflO 
OAKCT 1 10 
OAfü04U0 
OAKOOU10 
OAK0()«20 
OArOOHIO 
OAfcouao 
OAK00U50 
OAK0OU60 
OA«tOOa70 
OAKOOyRO 
OAKr0ü90 
OAK005O0 
OAKOOSK) 
OAKC05?'j 
CAKCOSJO 

OAK00M0 
OAfCOS^O 
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10 0 

<:°"N^=0 OAKOOSbO 
^''T=0 OAFTCOSTO 
T1=TSTART OAKC0S80 
r2»TUT*TG CAKOOSOO 
CALL ALBEAD(TSTAHT,1ST0P,TLIFT,INTARG,IPAT#2,HPTS,HFPG,IAGAIN,    CAKOOfiüO 

INPG.ISG) OAKOOfelO 
IF(IAC,AIN.FQ.S5)G0   TO   901 OÄKC0620 
IF(IAGAIN.EC.4a)ÜC   TO   S10 OAK00610 

110   IF{NPTS.EQ.0)GO   TO   «1 OA^OOhüO 
IF(INT.EQ.0)HRITE(6,1«0)IDE^T,INTARG OAfCOftSO 

1UÜ      FORÜAICISIOX«   ALTAIR   OAK   VEBSIOH     27  JAN   1971 V/31X, OAK006Sn 
115Aa/31X, »TARGET   HUHBER   =   ',15//) OAKC0f)70 

IF((INT.EQ.O) .AND. (ICARD.GT.0))«RITE (7,ISO)TDENT OAKCOftPO 
150   FORHATdSAU) OAKCO^O 

INT=1 OAKOOTOO 
DO   220   i=1,NPTS OAKC0710 

160        IF(TIf1ES(I) .GT.T2)GO   TO   2U0 OÄKC0720 
IF(T1.GT.Tinii:S(I))GO  TO   220 OAIC0071Ü 

DO   210   N=1,NPOL CAKC07S0 
DO   200   K=1,NRG OAKC0760 
EXTEN=nSPHA(N,K,I)/10.) nAKCn77 0 
IF(EXTEN.GT."7S.O) GO  TO   24«) OJllt0078Q 
XSPHA(N,K,I)=10.*»EXTEN nAKC07qn 
SOHSX(N,K)=SOnSX(0,K)*XSPHA(li,K,l) CAKCOaOO 
IF(N.GT.1)GO   TO   2C0 OAKC0810 

195      X5PHC=XSPHA(2,K,I*150)-XSPHA(1,K,1*150) OAr00920 
IF (AES(XSPHQ).LT.180.) GO  TO   190 rAKC0a30 
IF(XSPHQ.GT.O.O)XSPH*(1,»,!♦150)=XSPH» {1,K,I*ISO) ♦360. OAKOOPaO 
IF(XSPHQ. LT.0.0)XSPHA(2,K,I*15a) =XSPH A (2, K, I* 150) 060. OAK CO 3 5 0 
GO   TO   105 OAKCn-^,0 

190 XSPHC = ABS(XSPHQ) riAK01470 
sunA(K)=sunA(K)*xsPFo oAKmeo 

191 XSPHX=XSPHA(3,KtI»150)-XSPHA(',K,1*150) OAKOC.gO 
IF(ABS(XSPHX) .Ll.in0.)GO TO '«92 fUKCOOOO 
IF(XSPHX.GT.O.O) XSPRA(1,»,I'-150) =XSPH A (1, K, I* 150) »IbO. OAKC09 10 
IFfXSPHX.LT.O.O)XSPR*(3,R,T*150) =XSPH»{3,K,I*150)*360. OArC0920 
GO TO 191 nAKC3930 

192 XSPHX-ABS(XSPHX) O\KC09U0 
SUnE(K)=SönB(K)»XSPHX OAKC1950 

200   CONTINUE OArCO^O 
210 CONTINUE OAKC0970 

CCUK1=CCUNT*1 OAKC09S0 
220   CONTINUE nAKC099n 

IF(IAGAIN.EQ.0)GO TO 2H0 OAK01000 
NPTS=n OAfOIOlO 
GO TO 100 r\K01J20 

240  IF(COUNI.NE.O.O)GO TO 280 nAK01030 
245  HRITE(6,260)T2,EX1FN CAfUIOftO 

260   FOEPIAT (/25X,AT TINE = • F12. H ,2X • THERE IS A TIHE  GAP CP BAD DATA  OÄK01050 
1 EXTEN = '»FlO.«) OAK01060 
GO 10 440 OAKC1070 

280  DO 350 n=1,NPCL PAKOICPO 
DO 340 J=1fNRG CAK01090 
IF(n.GT.1)G0 TO 290 OAKOIIOO 
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mammmmmm mmm 

1 

2qC 

»20 

114 0 

?SH 

!4 4 0 

U60 

see 

531 

510 

5i43 

D*2(C;=SUI!A(J)/COUNT 
DEL (J) = SUnE{J)/COUNT 

jn"rtOG(B,J).ßT.0.0)GO  TO   100 
*VGSX(BfJ).«m.ij 
GO   TO   320 

s!"s;!;:J!:^mcRlo,moG("'j»' 
SUH»(J).0.0 
s"nE(j)=o.o 
CONTINUE 
CONTINUE 
?1IDPTM(C0ÜNT*1)/2) »INPT 
AVGEl = EIE(niDPT) 
AVr,A?»:AZI(niDPT) 
»VGTMTlnESfBIDPT) 
AVGR0=R»NGKI»(B1DPT) 
*Vü»I=ALSAV(HTDPT) 
KCONT=CC0NT 
rF{ISTGT.EC.0)GO   TO   1440 

n^R
Ln^iP

F
(;rM''r?TGT'*V(;AZ'AVGEl'IG*T'*'^''.AVGBG.N.G,INDE]f. 

CC1IMT = 0 
T1-T2 + T.SKIP 
T2=TUTAVG 
3nni=o.o 
S"''RG = 0.0 
Stlfl»t»0.0 
IF(T2.LE.THES{NPTS))GO TO 
IF(T2.GT.TSTOP)GO TO «10 
DO 460 K=INFT,NPTS 
KNPT=ff 

IF(T1.LE.TI!1ES(K)) 
CONTINUE 
Nr=NFTS-KNPT*1 
Dr 5 01 N=1,[1D 
^L=KNPT♦N-^ 
TinES(N)=TlnE.S(NL) 
BA.NGKN(N)=B4MGKN(NL) 
ALSAV(N)=AISAV(NL) 
*ZI(N)=AZI(Nl) 
EIE(N)=EIE(NL) 
DO   U<J0   K=1fNPCL 
DO   SCO   L=1,NRG 
JtSPHA(M,N)=ISPHA(M,Nl) CONTINUE •l»"»-» 
CONTINUE 
CONTINUE 
NFTS=ND 
IFflAGAIN.NE.OjGO   TO   100 

«FITE(6,5(|0) *»'1-i«-.lNTARG,rDFHT) 
FOR^ATfUaX'RPRANG RpElv 

«PrTE(6,5.4l)(PRANG(N),BELE,(N,,AZCAM;)
,.H^.INDEX, 

160 

GO   TO   UflO 

OAK01110 
OAK0n20 
OAron TO 

OAKCinO 
OAK01150 
OAK01150 
OAKC1170 
OAKOnqo 
OAKCIiqo 
OArC12öO 
OAProi210 
OAK01220 
OA«r0123U 
oAroi2«o 
nAK012S0 
O»«t0 1260 
OAKOU^O 
OAKOU^O 
OAK01290 
oAKonoo 
0 A K 0 1 ) 1 0 
OAK01J20 
OAK01.no 
OA«:C1 MiO 
OAK01350 
O»F01 160 
OAK01 170 
OAK01 390 
OAK01 I^O 
OAKC1I400 
oiitoiuio 
OAKCla20 

OAK01a30 
OAKOiauO 
OAfr01U50 
OAKC1i460 
0AKCly70 
OAKOiaao 
OAKOIUOO 
CAK 11500 
OAK01510 
OA«:015.?0 
OAKC1530 
OAK015I40 
OArC1S50 
OAK01560 
OArC1570 
oAKCisao 
OAK01590 
o i «r c 16 o o 
OAK01610 
OATC1620 
CAKC 1630 

OAir01640 
OAirC1650 
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5<n 

sfnoc 

5mc 
SKI 1 

55 5 

560 
565 

570 
5-?5 

590 
595 

900 

901 

FORnAT((*0X,3F10.3) 
IF{INHT.EQ.0)GO   TO   5U11 
DO 5<noo  n=i,INDEX 
Tr!2=IDINT (TFB{H) ) 
ISEC (n)=Tn2 
FPAC=TEn (n)-TH2 
IFRAC=IDINT(FRAC*If1IL) 
MSEC («1)=DFIOAT(IFRAC)/10.*.5 
CONTIMUE 

nSEC(T) ,I0RBIT,A7CRa) ,HELEV(r) ,HRARG(I) ,1=1,INDEX) 

IF(ICARD.EQ.0)GO   TO   900 
HPITE(6,5«2)INDEX 

. FOR«IAT(///I5,'CORRFCTION   CARDS   HAVE   3EEH   PUNCHED«) 
CO   TO 900 
HPITE (6,555) 

G2
8
?J

T
9C0

2X,Ä
 
ZEF0 VAl"E HAS IMP"T F0R NRG TRIS IS * N0 N0,) 

WPITF tfi   Cif%t\\ 

^vAiivAz'iiiA'r MS
 

rNpoT FOP
 

THE
 

TäRGET
 •■ "E

 
CA™ ED 

GO   TO   900 
WFITE(6,575)IPAT 

^VUi'lln I^IZ'"-' *h5 INPÜT F0BIPAT TnE CN^ LEG
^ 

GO TO 9 00 
MPITE(6,595) 

PORMAT(//2X«» ZERO VALUE FOR TINC CAN NOT WORK IT »III BE SET TO 
10.05 SECONDS AND THE PROGHAF HILL CONTINÖE') 
TAVG=0.C5 
GO TO 70 
IAGAIN=99 
GO TO U 1 
CALL PLTND 
RETURN 
END 

OA(C01660 
OAK01670 
OAK016fl0 
OAK01690 
OÄKC1700 
OAK01710 
OAir01720 
OAK01730 
OAK017I40 
OAKC1750 
OAK01760 
OAK01770 
OAKC1780 
0AK01790 
OÄK01800 
OAKC1R10 
OAK01fl20 
OAKOia30 
oAKCieao 
OAK01850 

I'OAKOISeO 
OAK CH70 
OAK0188O 
OAK0189Ü 

VAOAKCnOO 
oAromo 
OA»f01920 
OAKC1910 
oAKonao 
CAK01950 
OAKC1960 
OAKC1970 
0AKC19fl0 
OAK01990 
^»■^02000 
OAK02ni0 
OA»rn2ü20 
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■ »lililiWlliiMIIMiliM i^itiWolliiWiiiit« 

APPENDIX D 

SUBROUTINE OAKOS FLOW DIAGRAM 

3,41 

START 

I 
TST0P = O,0 

lAGAIN^O 

41 I 
SUMTM = 0.0 
rCARD=0 
NPTS =0 
rKiDEy=o 

READ 
INPUT 
CARDS 

9,41 

PLTMD 
CLOSE 

PLOTTER. 

I 
RETURN 

28 



' t 

A 

I 
INPUT 
CARDS 

STQIDV 
INITIALIZE' 
SC40&0 

CALCULATE 
TSTART 

R£W 
REWIMD 

TAPE 

29 



II ,m mm-tTÜ0nV^--^™^'*<^^~'~-'i''-^ .MZa»V.'»a..a-MiBJ^^Mk. 

:ALCULATE 
TSTCP 

100^ 

30 



WRITE 

HEADING, 

7;lGa 

5(J 

±G0 I 
COMPUTE 

RCS 

A= (''"; ASEOF 
A?}-(PHASE OF R£FJ 

(PULSE BY PULSE) 

5; K 4 
Y£S 

REF = 
REF t 3£0 

31 



■iiiiiiiiMwiiwii»^  ■'■'- 

1 

l^K 

MJ>— 
A= fPHASE OF 

EL)-(PMASfOFREF) 

(PULSE BY PÜL9E) 

6,M 
YES 

<   <180 

a 
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EL=EL + 3G0 ■W5-, L 

5;M 
A=IAI 

SUM = SUM+A 

CONVERT 
FROM   M2 

TO  OQSW\ 

(i) 

BAD 
DATA 

T 
440; 

33 

* ■' f:    V » mgmmmm''   ' •L>^^»<-»<w^^|Wp|ia^|pyBgpw|ll||p ml m, «iJi!l»^i<    ^Ji» ■■MJHI» ' , j), *=*'  "TB*« '",'—^imiww, pjw 



M40 

GLMP 
PEAK 
WAKE 

ROUTINE", 

COUNT-0.0 
rt=T2+TSKIP 
T2=TAVG+T1 

ji,  um pww—witjW" i*11'-.»1 iiin»i i   1.1 jMi i nujui.  ^ I.» ^ 



. 

V   PRINT 
liCORReCTION/ 
\    CARD 

I 
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WRttt 1NVAUD/ 

900 

*l/l£/IIN-99 ^ 1^> 
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APPENDIX E 

SUBROUTINE GLMP PROGRAM LISTING 

SUBBOUTINE   GLnP(AVGAL,IS1CT,AVG»Z,AVGEL,IGÄT, AVGTM,AVGRGfNRG PBACOOK) 
1,INDEX,ICARD.TLIFT) 

DIMENSION   IHn(2) ogACOOSO 
DOUBLE   PRECISION   A VGTfl ,TI1ES ,ZSSC, Tin.TEH, TLIFT 
COnnCN/OAK/Tin(1200) ,TEfl(1200) .c'RLCCnOO) ,GTnAX(1200) ,AVGSX C», 30) , 

1 DEL (30) ,RRANG(1200),PELEV (1200) ,AZCR (1200) ,DAZ(30),1HBX(1200), 
2iniNX (1200) 

CO»1P!CN/HDC01T/TinES(30 0) , X5PHÄ ( «,30 ,300) , R ANGK1 (300) , ALS A V (100) ,      PRAOOOf 0 
UZI (300) ,ELE(300) ,IBGA(30) ,IPOL('4) ,NPOL PFAOOüTO 

ECÜIVALENCF(IH1(1) ,IHR) , (IRü (2) ,IHIN) PFAC008 0 
Gf1AX = -1000.0 PEA 000^0 
DO   20   I=1STGT,NRG PEAOniOO 
IF(AVGSX (1,1) .LE.GPIAX) GO   TO   20 PEAC3110 
G«AX=AVGSX(1,I) PFA0ni20 
IGAT=IRGA(I) PEA00130 
NN=1 PEAOOIUO 

20      CONTINUE PEAOOISO 
CALL   TSPlIT(AVGTn,IHn,ZSEC) P-'AOOIfO 
PnA7=DAZ(NN) PEA0Ü170 
PHEL=DEL(NN) PEAOOIPO 
AZ=AVGSX(2,NN) PEA001O0 
EL=AVGSX(3,NN) PFA0O700 
CALL   SÜBOAK(IHRf lniN,ZSEC,Gf1AX,AVGAL,IGAT,AVGTn,AVGAZ,AVGEL,PHAZf PPEA002n 

1HFL,AZ,EL,INDEX,AVGIIG,ICARC,TLIFT) 
RETUFN PEA00230 
END 
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APPENDIX F 

SUBROUTINE GLMP FLOW DIAGRAM 

(    START    j 

I 
GMAX = 

-1000,00 

i 
I = ISTGT-1 

NO 

GMAXr: CROSS 
SECTIOKJ (I) 

G-ATE KJÖ. = 
IRGA(I) 
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■1, 

A 

SAVE 
&ATE   NO. 

A-Z.EL 

I 
SAVE 

A2 TDBSM) 

S'jBQAK 
COMPUTE" 
OFF-AXIS 

.CORRECTION 

RETURN 

39 



APPENDIX G 

SUBROUTINE TSPLIT PROGRAM LISTING 

20 

SUBROUTINE  TSPLTT (A VGTH .IHH rTatIN) 
DIF1ENSICN   IHH (2) ,CIVID1(2) 
DOUBLE   PRECISION   »VGTH.THUN 
DATA   DIVIDE/3600.,6C./ 
TFUN=AVGTM 
CO   20   1=1,2 
IHH (t) =TRUN/DIVirE(I) 
TnUN=TRUN-FlOAT{IHn(I) )»CIV IDE(I) 
CONTINUE 
PETUEN 
END 

TSPC0010 
Tspoon20 
TSPC0010 
TSPOOOaO 
TSPC0050 
TSP0OO60 
TSP00070 
Tspcnopo 
TSPOOO^O 
TSPOOIOO 
TSP00110 

40 
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APPENDIX H 

SUBROUTINE SUBOAK PROGRAM LISTING 

SUBPCUTINE   SUBOUKCIHH^niN^ZSECjGnAXjAVGAL.IGAT.AVGTn.AZE.ELKX, SOBOOOin 
IPHAZ.PHEL.AZ,EL,INDEX,AVGBG,TCARD,TtirT) 

DiriKNSION   ?t(2'») ,B(2«) ,C(27) ,D(27) ,Q(27) ,F(16) ,S{16) 
DOUBIE   PHECISION   ZSECTII, AVGTH,TEn,TLrFT 
COIinON/OAK/Tin(1200) .TEW (1300) ,CBLC(12f)n) ,GTnAX(1200) ,AVGSX (4,30) , 

1 DEL ( 30) ,nRANG( 1200) ,RE!.EV( 1200) ,AZCR (1 200) ,DAZ ( 30) , I HBX (1 200) , 
2IMINX (1200) 

DATA   DR, NIT,NNIT,NITT/.0 17(45 33,2af 27, 27/ 
DATA   XKUFT/.000301*0/ 
DATA   A/-20.6,-27.3,-23.2,-20.1,-17.0,-12.8,-10.U,-8.4,-6.2,-4.6, 

1-3. 2,-1.7,-0.7, 1.1, 1,7,2.9,4. 1,5. 1,7.0,8.5,9.% 10. 3, 10.8,12, 4/ 
DATA   B/CO,0.03,0.1,0. 17,0.24,0.37,0.59,0.75,0.90,1,05,1.26, 1.34, 

1 1.48,1.61,1.75,1.88,2.01,2.14,2.28,2.39,2.61,2.74,2.8 1,7.9 3/ 
DATA   C/-3'4. 1,-29.3,-24.2,-19.9,-17.4,-13.8,-11. 3,-8.9,-6.8,-5.0, 

1-4.0,-2.3,-1.1,-0.1,1.4,2.6,3.5,4.8,5.1,7.9,9.6,11.3, 12.7,14.2, 
217.2,18.4,19.7/ 

DATA   D/CO,0.07,0,14,0.21,0.28,0.42,0.56,0.71,0.85,1.0,1.14, 1.29, 
11.44,1,57,1.71,1.85,1.98,2.12,2.25,2.39,2.53,2,66,2,75,2.92,3.04, 
23.17,3.28/ 

DATA   0/0.0,0.0,0.0,CO,0.1,0.1,0.4,1.3,2.2,2.9, 3.6,5. 1,6. 3,7.5, 
19.1,10.9, 12.5,15.0,17.5,18.6,24.0,27.9,31.7,36.9,43. 0,48. 7,52. 3/ 

DATA   R/Ü.0,0.025,0.10,0.17,0.24,0.29,0.35,0.50,0.61,0.65,0.75, 
1C84,CS6,1.00,1.07,1.14/ 

DATA   S/0.0,0.25,1.00,1.25,2.00,3.0 0,3.60,5.25,7.00,8. 10,11,50, 14.5 
1,18.40,2 3.70,30.2 5,40.2 5/ 

INUEX=INDEX+1 
DELAZ^AZ-GHAX 
DFLEL = ET.-r,MAX SUH00100 
XD = 99.9 St1BCC120 
DO   20   J=1,NIT SOBOOnO 
IF(DFLAZ.GT.A (J) )Ü0  TO   20 StIH0014a 
IF(DELAZ.EQ.A(J))G0   TO   15 
IF(J.E0.1)GO   TO   14 SMBOJIfSO 
XA = A (J)-A (J-1) 50800170 
XE = B(J)-E (J-1) SDP00180 
rC=nELAZ-A(v7-1) SUBOOIOO 
XD= ( (XC/XA)*XB)+B (J-1) S;[JBÜ020r 
r,0   TO   2 5 

14 XD=0.0 ^'1000220 
GO   TO   25 sriB0O230 

15 XD=B{J) 51)8 0124 0 
GO   TO   25 

20     CONUNOE 50000250 
25      AP=DR*PHAZ SUB00260 

AD=CCS(AB) 
IF(AD.LT.O.C)XD=-XD 
XH=99,9 SÜRCC290 
DO   30   K=1,NNIT SUBC0310 
IF(DELEL.GT.C(K) )GO  TO   30 SOBC0320 
IF(DELEL.EQ.C(K))GO  TO   32 
IF(K.EQ. 1)GO   TO   31 STIR00 340 
XF=C (K)-C (K-1) 50B0:11C,0 
XF=D(K)-D(K-1) SUB00360 
XG=DEIEL-C(K-1) 
XH= ( (XG/XE)*XF) ♦D(K-I) ^rj^OOTPO 
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i 

i 

3 1 

32 

IS 

«0 
m 

e 1 

c 1 

54 

6 1 

no   TO   35 
XH=0.C 
ac TC ^5 
XH=D (J) 
30   TO   iS 
CCNTISUE 
AF = rR«'pnEL 
AF=CCS(AE) 
IF (AF.n.0.0)TH=-XH 
CFLEX=COS (FlEX) 
DFLDG = SQBT((XR**2)♦(((CEIEX)*(XD) ) ••2)} 
XJ=t)9.q 
DC   HC   L=1,NITT 
IF(DELDG.G;T.n(L)) GO  TO   «0 
IF{DELDG.EO.D(L))GO  TO   «5 
X^=( (CELDG-C(L-1))/(C(t)-D(L-1)))*(g(L)-C(L-1)) »QCl-l) 
30   TC   U 1 
XJ=Q(L) 
30   TC   U1 
CCNriNIIE 
X(1HF= cq,9 
STX=16 
DC   5C   1 = 1, NIX 
IF (DElDG.r.T.R(l) )G0  TO   SO 
IF (DFLDG.EO.PCI) )GC  TO   51 
XnHF= ( (DELDG-R (fl- 1) )/ (P (>l) -S (1-1) )) ♦ (5 (R) -S (1- 1) ) »S (1- 1) 
3C   TC   S2 
XrHF=S (1) 
GC   TO   5 2 
cosTirji: 
»rE=»3S/DR 
EIFX=EIEX/PH 
IHPX (INDEX) =IHR 
IflNX (INDEX) =I".IN 
TI« (INPFX)=»VGT.1-TLirT 
TE»» (INDEX)=2S7C 
3T1AX(INDEX)'G1iX 
CFIC(IVDEX)=G»iX*XJ 
AVr,3C, = AVGRG* ( (IGAT*30. 0) / 1000. 3) 
KF=AV3RG/XK1FT 
E=ELEX 
CUll   PFFC (E.PH.DFE,CPR) 
'»FANG (INDEX)=AVGFG-(DRR*X,(',FT) 
HFLEV(INDEX)=EtEX-DEE*XH 
A?CR(INDEX)=AZE*XC 
XF=XDHF 
IF(ICARD.EC.O)GO   TO   50 
• FITE (7,53)AVGTI.XK.XJ 
Ff 5"AT(3F10.3) 
T.F(INCEX.GT. 1)G0   TO  70 
HFITS(6,55) 
FCPrA-r(?2X,DELTA 
»FITF(6,60) 
F0R1AT(BX'TIffE 

CEGBEES   VHF(CB) 

DEITA        9EITA        DELTA       DELTA») 

SnPC0390 
SUBOOUOO 
.lUBOomn 
SÜP0OU20 

SÜP'OUIO 
supmuüo 

SUP ecupo 
soBonupj 
SÖBC0510 
SOBCOS^C 
snaonsio 

SUPOTS^O 
SOPOOSSO 

SOBOOS;o 

SOBOOSOC 

SUPCTb20 

SOPCöttO 
S 'J B C16 S C 

AZ Fl      V-LC(EB)       AZ(DB;f    F.L (D3)    AZ   DSG 
1      DEGREES   VHr(DB)    aBP(DP) PHA2 PRBl CHLC«) 

UPITE(6,75) IHR,IHIN,2SEC,AZE,fLBX,G!1AI,AZ,EL,XD,IH,DElDG,XJ,Xlt 
12,PFEI,CRIC(TNDET) 
FC81ÄT(2I1,F7.3,2F7.2,F6.2,3XF6.2,1XF6.2,2XF6.2,1XF6.2,3(2XP6. 

KFIC. 3,FID.3) 
HFTaFS" 
END 

ST1CD700 
ST?>' ,710 

EL   DEaSUHC073D 

,PHA 

2), 

,^-T 
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APPENDIX J 

SUBROUTINE SUBOAK FLOW DIAGRAM 

START 

♦ 
DATA      t 

TABLES 
A&CD.Q.RjS 

INOEX=lMDEXtl 
COMPUTES 

Yfs 

3=T^1 

TWE TABLES CONTAIN: 
A AAZCDB) 
B AAZ 
C ABL(DB) 
D A£L $ AB- 

Q AVHP  RC^DB) 
R AG- 
S ALI MFRCbfDS) 
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XD- 0.0 

YES 

YES     /   3=1 

INTERPOLATE 
V-ALUE Of-' XD 

ZS 

COMPUTE 
COSINE   OF 

PHA-Z 

A 

XD= B(TJ 

^COS.(PMAH 
<0.§ 

f XD IS AAZ 
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3> 
32. 

32 

XH -DCK) 

YE 

NO 

TNTERPCLATL 
VALUE OF XH f 

35 

3/ 

COMPUTE 
COSJNE: 
PHEL 

[35 |     /COS.CPHELJ 
\.      ^ n ^     ^ 

XH--0.0 

YES 
^H=-*H 

COMPUTE 
A PEG- = 

VxHMft:os(Ei.>XD) 

t XH IS AEL 
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» 

*&,4l 

>^4S 
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i Mi 

INTERPOLATF. 
VALUE    XT 

41 

XUHF=99.9 
Nrx=iG 

Zl 

YES ADEG XNÖ 
>RrM)    ~ —♦v P 
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IMTERPOLATE 
VALUE 
XUHF 

/UHF^SfM) 

SAVE -*T(M€ 

FOR klRTR)C/ CARDS 

I 
SAVE GMAy 
POR PLOTS 

SAVE CRUC 
FOR PLOTS 

^1 
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- 

COMPUTE 

EL-DEE +^EL 

\     PuwcH 
\coRRBCl\ON, 

YES 

50 

I    lH—Hil>t  mu. •sw» ß»mi» iuj]>i ß, j. jrmfet ...pi.. 



WRITE 
DATA 

RETURM 
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APPENDIX K 

SUBROUTINE REFC PROGRAM LISTING 

yUBRCIITINF   REFC(F,P,CEE,CBR)                                       VERSION 6/16/70 REKCOOII 
DINENSION   DE(16,R) ,CR(16,B) ,ED(16) ,RD(8) REPC002n 
CUTA   DE/O.C         ,0.0         ,0.0         ,0.0         ,0.0        ,0.0         ,0.0         ,0.0         , REFCOOIO 

10.0        ,0.0        ,0.0        ,0.0        ,0,0        ,0.0        ,0.0        ,0.0        ,0.0313, RBPCCOUO 
20.0303,0.0292,0.0287,0.0282,0.0272,0.0262,0.0253,0.02«3,0.0223, BEFOOO^O 
3 0.021«,0.0195,0.0171,0.0135,0.00 75, 0.0       ,0.0937, 0.0B<48,0.0770, REFCOOf.0 
i»0.0T32, C. 06 ;<»,0.C627,0.C57 1,0.0522, 0.0« 80,0.0m2,0.0385,0.0337, PEFOOO-'O 
50.0 27 8,0.0205,0.0105,0.0        ,0.1850,0. 1520,0.1250,C.11«0,0.1050, rFPOOORO 
6ü.0 9C«,0.C795.0.C708,0.n6 36,0.0 523,0.0«78,0.0«05,0.0323,0.0 2 29, PEF0O0PO 
70.0114,0.0        ,0.5310,0.3070,0.2120,0. 1830,0.1600,0.1280,0.1060, BEP00100 
8 0.0 899,0.0780,0.0612,0.0550,0.0«55,0.035«,0.0246,0. 0120,0.0        , PEF00110 
^0.7550,0.3720,0.2«00,0.2020,0.1750,0. 1370,0.1120,0.0 9«2,0.0811, RFF00120 
A0.0631,O.C566#0.0«66,i;.C36 1,0.02 50f0.ni22,0.0        ,0.9120,0.«110, DEFOOnO 
BO.2 560,0.21«0,0.18«0,0. 1«20,0. 1150,0.0967,0.0830,0.06«3,0.0575, RHP001B0 
CO.0«72,0. 03 65,0.0 25 2,0.0122,0.0        ,0.9700,0.« 200,C. 26 00,0.2 200, RFFC01r.O 
D0.19 00,0.1«60,0.117C,O.CS80,0.08«0,0.0653,0.0 58«,0.0«78,Ü.0369, REFCOIIO 
E0.025«,0.0123,0,0   / PEF00170 

OATA   CR/      0.0,      0.0,      0,0,      0.0,      0.Ü,      0,0,      0.0,      0.0,      0.0, PEFCOIHO 
1 0.0,      0.0,      0.0,     0.0,     0.0,      0.0,      0.0,   22.6,   21.5,   20.«,   19.9, RF;?001 "O 
2 19.«,    18.5,    17.6,    16.8,    16.1,    1«.8,    1«.2,    13.2,    12.0,    10.«,      8.6,"EFC0200 
3 7.7, 67.3, 57.9, 50,2, «7.0, ««.1, 39.3, 35.«, 32,1, 29,3, 2».8,PBFC0210 
« 22.9, 19.7, 16.3, 12.7,, 9.«, (.1,132.0, 98.5, 77.14, 60.7, 6 3.2, ,?SFm22n 
5 52.9, ««.7, 38.«, 33.«, 26.«, 2.,..9, 20.1, 16.«, 12.7, ..«, 8.1,P^P00230 
63«O.C,167,0,103.0,    86.1,   73.«,   56.7,   «6.2,    38.9,    33.6,   26.«,   2«.0, !?EFC02«Ü 
7 20.3,    )6.«,    12.8,      9,5,      8,2,«05.0,170,0,10«.0,    86.3,   73.6,   56.3,3EFC0250 
8 «6.3, 38.9, 33.7, 26.5, ;'«,1, 20.3, 16,5, 12,8, 9,5, 8,2,«21,0 , PEFC0260 
9171,0,10«,0, 86.6, 73.9, 57.1, «h.«, 39.C, 33,8, 26.8, 2«. 3, 20.5,PEFC3270 
A 16.6, 13.0, 9.«, 8.«,«'6.0,172.0,105.0, 87.«, 7«.0, 58.0, «8.6,BEF00280 
B 39.2, 3«.0, 27.0, 2«.6, :?0.7, 16.7, 13.0, 10.3,  8.«/ »EF00790 
TATA ED,RTEEG/0.01,2.0,«.'1,5.0,6.0,8.0,10.0,12.0,1«,0,18.,20., PEFOO^OO 

12«. ,30. ,«0.,60.,90. ,57.2r'5 7fi/ PEFOT310 
DATA BD/0.C1,10.,3J.,60.,?00.,«00. ,1000.,2000./ V.*Fr.0120 
IF(R.LE.O.O)GO TO 300 REFn0330 
TG=R/6080.27 BSP003«0 
DO ICC IED=2,15 RFF00350 
1^17-IED PEFOOI^O 
rF(E.GE. ED (I) ) GO TO 120 TPOT370 

ion     CONITNMF ppFCceo 
1-1 PEF.)0390 

120        DO   2C0   JRD=2,8 .'    FCO«00 
.1=10-JRD F'FCr«10 
IF (RG.GF.RC(J))GC   TC   220 F"F^0«2n 

200         CONTINUE REF0)U30 
>1 = 1 REFCOUUU 

220         IF(J.EQ.a)GO   TO   3«0 aSFOO«50 
7,P=A10G (HG/RD(J) )/AlOG ( HD (J ♦ 1) /nD(J)) '»EPn«60 
IF (i.LE.O.O) GO   TO   320 R",FrOtt70 
ZE=ALOG(E/ED(I))/ALCG(ED{I*1)/ED(r)) RrrC3«8 0 
DF1= ( (DE(I»1,J)-DE (I,J) ) • (1.-ZR) ♦ (Dl (I, J*1>-DE {I,.1)) ♦2») «JB HEFC1M90 
nE2= ((DE(r,J + 1)-DE(I,J))*(1.-7F)*(DE(I»1,J*1)-DE(I,J*1))»,',E)*7R PFF00500 
nFE = DF1«DE2*DE (I, J) ^"FCOMO 
DP1=((DR(I*1,J)-tB(I,o))»(1.-ZP)»(DR{I,J+1)-DP(r,J))»ZP)*2F TEF00ci2n 
DR2= ( (DP (I,>U1)-Dn (I,J) ) * (1.-ZF) ♦ (DP(I»1,J*1) -DP (1,J+ 1) ) *ZS) *7.R R,:'FnOr)'<n 
DPR= (CRUCB2*DH(I,11) ) "EFCOS«! 
GO   TC  «00 PEFCC55C 

1 (^             DEE^O.O TPfT ,   r, 

DRH = 0.0 '>PrC'i'''''^ 
Gi    TC   «00 rpFOO^O 

320         DFE=CE(I,J)♦ (DE(I,J + 1)-DE(I,J))»7P RSFCC59Q 
DRR^ER (T,J) ♦ (DRiI,J*1) -DR (I, J) ) »^B PEE 006 0 0 
GO   TO   «00 PEFC0610 

3!»0         DFI,T= (E-ED(I) )/(FD (I-H)-ED(I)) REFC0';'2O 
DEE = DELT» (DE(T+1,J)-DE (I,J))♦CE(I,J) KEF0063 0 
DHR = DE1,T* (DR(I*1,J)-0R(I,J))*DP(I,J) PEFC06«n 

«00         RET'IFN PEFC0650 
END P^FOhftü 
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APPENDIX L 

SUBROUTINE ALREAD PROGRAM LISTING 

SUBFOUTINI   AlRIAD(TST»BT,TS10P,TLIPT,IllTARG,IMPAT,M0PHAfNPTS,NFP, 
1NEHFAS,NRG,1STGAT) 

t DIHEN3I0N   ALT (5) , AnT(3,5) ,AZ(6) ,CALADD(a) ,CALCOII (19) , EL (6) ,IHD(13) 
1,inT{5) , INGATE (5, 3) ,IPBICB(5) .ISENS (6> , ISLIDE (S , 3) ,lSPAC(5f 3) , 
2ITARET (5,3,3) ,ITARG(5) ,IH»VE(6) , LOC (5 , 3,4) , HODE (5 , 3) ,nC{H) ,RTa(2) , 
3NBODES(5,3) .NPTEST (2) ,NSAHP(5,3) ,lISAnPT(5) , POWER (6) ,RAD(6,5) , 

t ^RANGECS) ,VEL(5) ,IFPAB(22) 
COn»1CN/TREAD/LM,IELG,IBTRHD,PI1TRHD,PnTRnA,FnTBTGfrnTRPI,FI1TPSP, 

1FMXSIC,FK<RSG,FHRR11fFnGLOT,FnCHAr,PflBSBC,FnASLP,EnAnP(6),FnPHA{6) 
2,NAME{25) ,NI(2(») ,IX(2U) ,TAnP(128,6) ,TPH(128,6) fITEB(2000) 
conHCN/Tincon/iHns,:Fs 
COnnON/RDCOHT/TIBES (300),XSPHA(4,30,300) , PANGKH(300) ,»LSAV(300) , 
1AZI (300) ,ELE(500),IflGA(30) ,IP0L(«) , «POL 
EOOIVALENCE (IHD (1) ,IDREC) , (IHD(2) ,LREC) , (iHD(3) .ITGTRI) , 

1 (IHD(4) ,ITGTn2) , (THE (5) ,1FPG) , (IHD(6) ,IPRI) , (IHD(7) ,NELRD) , 
2(IHD(£) ,n?XYBA) , (IHD (9) ,NTARG) , (IHD (10) .NTPDA) , (IRS(II) , HNIROR) , 
3 (IHC(12) ,niCyBA) , (IBD(13) ,IB1CT) , (IPPAR (1) , EBTRHC) , 
4 (RAD (1,1) ,PCHER(1)) , (R AC (1, 2) , AZ (1) ) , (RAD (1, 3) , EL (1) ) , 
5 (ITA RDT (1,1,1) , BODE (1,1)) , (ITARDT (1, 1 ,2) ,ISPAC(1,1)) , 
6(TTARDT(1,1,3) ,NSABE (1 , 1) ) , (IBT(1) , IGCHG) , (1BT(2) , IG A IM) , 
7 (I MT (3) ,NFIS) , (IBT(a) ,ISIEA), (iaT(5) , SBP) , (ABT (1, 1) , R AMGE (1) ) , 
8 (AMT (1,2) ,VEL(1)), (ABT(1,3) ,ALT(1)) 
DATA PCON ,RKB,VKH/1.0E6,1.87 370 3E-3,U.4672E-4/ 
DATA NEX^ETEST/O^^OOtflSO/ 
DOUBLE FRFCISION DRANG,fINTIM,FPG,GBTIHE,PRP,TIflE(6) ,TIBES,TIHCLD, 
1TLIFT,TSTABT,TSTÜP,ZTDIP(6) 
IWTEGER«2 ITEM 
IP(NEWPAS.GT.2)GO TC 2CÜ0 
IF(NRG.GT.30)NRG=30 
NPC1=0 
DO 10 1=1,4 
IF(IPOL (I).NE.O)NPOl=NFCL*1 

10    CONTINUE 
GnTIME=TSTART-1.0 
NPTS=0 
TINC=0.0 
NTEBE=0 
CALL THEAD(NEWPAS,C9960) 
DO 60 1=1,6 
IF(1FPAR (1).GT.OJGO  TO   60 
WHITE(6,40) NABE(l) 

40 FORMATC    FORMAT   TABIE    •,A4,«   WAS   NOT   POOHD   -   RUN   ABORTED,') 
NEWPAS=55 
RETURN 

60    CONTINUE 
80    DO ICC 1=2,19 

CALCCN(I)=GET(PMXSEC,IBTRHC,I) 
100   CONTINUE 

TLIFT=0.0 
ITL=IGET (FMGLOT,IBTHHE,1) 
IF(ITL. NE.2)GO  TO   HO 
IHMS = Ifi£T (FMGLOT,IBTBHD,2) 
IFS=1GET(FHGL0T,IETBHE,3) 
CALL   GBTUPK(TLIPT) 
GO   TO   140 
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120        CALL   EREAC(I) 
140        IHD (Ij^IGEIfFHTRRE,1ETRHE,1) 

IF( (1DFEC.LT.127) .ADD. (IFIG.NE.3)) GO   TO   180 
WPITE(6,160)GnTIHE 

160 FOFMATC    END   OF   FILE   ENCCDNTERED   ON   INPDT   TAPE   AFTER   IIFIE   '^12.4) 
NEWPAS=Ua 
RETUFN 

180   IF(ICREC.NE.2)GO TO 120 
TinOlD=GMTIHE 
DO 2C0 1=2,13 
If'D (1)=1GET(FKTRHD,IBTRHC,T) 

200   CONTINUE 
IRMS=ICFT(FMTRHD,IBTRHDf14) 
IFS = 1GET (FBTRHD,1ETRHD,15) 
CALL   GHTUFKCGMTIrtE) 
IF(GnTIME.LT.(TSTAFT-0.2C))GO   TO   120 
IP((GHTIHB.GT.TIH01E).AND.(HACYBA.Eg.0).AND.(NTEEA.EQ.0))GO TO 120 
NC0N1=0 

IF( ( (CARS (TinOLD-GflTinE)) .GT.0.01) .AND. (NTDBA.NE.0))GO TO 280 
IF(NTEFR.NE.O)GC TO 120 
NCONT=1 
GC TO 1200 

280   FINTin=GnTIHE 
TI110LD = Gmii1E 
NFP=]FPG*1 
DO   300   I«1,!5 
NSAHPTd) =0 

300        CONTINUE 
PPF=FCOK/FLOAT{IPBI) 
TINK=1./PRF 
IF(NBIRD.Eg.0)GO   TO   600 
NBLRCC=NELRC 
DO   SCO   I=1,NBLBD 
IBTn«A=IBTBHD*MACYBA*24*(I-1) 
DO   400   K=1,3 
PAD (I.K)=GET(FnTBHA,IETRnA,K) 

400   CONTINUE 
IHMS = nET(FnTRnA,IBTRnA,4) 
IFS=IGET (FBTRBA^ETFRA^) 
CALL GMTUPK (TlnE(I)) 
ISENS(I)=IGET(FnTRnA,IBTRnA,6) 
I HAVE (I)=IGET(FnTRnA,IETFBA,7) 
IF(IHAVE(I) .E0.4)IHAVE(I)=3 
IF(IHÄVE (I) .GT.3) I HAVE (I) =0 

500   CONTINUE 
NCHANZ=IFPG 
IF(IFPG.EC.1)NCHÄNZ=NCHANZ*3 
DO 560 IP=1,NFCL 
NC(IF)=NCHAN7J + IPCI (IF) 
DO 520 I=1,NOPHA 
INDEX= (I-1)*6 + NC(IF)-H2 
IF(1FFAE(INDEX) .GT.C) GO TO 5 20 
HRITE(6/40) NABE(INDEX) 
NEHPAS=66 
FETUFN 
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520 

S60 
600 

700 

760 
780 

800 

820 

900 

920 

» ^60 

uco 

1020 

CONTINUE 
KCNGET = 3« (NC(IP)-I) 4IHAVH (", »1 
CALACt(lP)=CALCCN(KCNGET)-P0HEH(1) -FLOAT(10*ISENS(1J ) 
CONTINUE 
IF(NTARG.EO.O)GO TO 120 
ITPIK=0 
NBPTST=0 
DO 9C0 I=1,NTARG 
IPTRTG=1BT1'HD + NTEBA*12* (1-1) 
ITARG(I)=IGET(FnTFTG,IBTBTG,1) 
IPRICE (I)=IGET(FRTRTG,IBTHTG,^) 
NK=1 
DO 8C0 K=1,3 
IK=fK-»-1 
NK=IK*2 
DC 7C0 L=1,1 
ITARDT (I,KrL)=IGET(FHTPTG,IBTRTG,ItIK) 
CONTINUE 
IF (ISP AC (I, K) .£0.2^14) ISP AC (I, K)=-1 
ISPAC(I,K)=2**(ISPAC(I,K)*NE)((IFPG*1)) 
IF(ISPAC (I,K) .EQ.0)ISPAC(I,K) =1 
NSAHtT(I)=NSAnPT(l)♦NSABE {I,R) 
NMODES(I,K)=0 
DO   760   l=1rl» 
LOC (I,K,L)=0 
MODtJK = 10D (NODE {I,K) ,2) 
IF(MCEUPI. EQ.O) GO   TO   760 
NPIODES(I,K)=NnODES(I,K)«-1 
LOC (I,K,I.) =Nf10DES (I, K) 
PIODE (I,K) =MODE (I,K)/2 
CONTINUE 
IS!IDE(I,K)=2*NSAnP(I,K)*NflCDES(I,K) 
NBPlSl-ntPTST+ISLIDE(I,K) 
CONTINUE 
DO   820   J=1,3 
INGATE(I,J)=IGETfFnTHTG#lBTRTG,J*11) 
CONTINUE 
IF(ITARG (I) .EQ.INTABG) ITEIK=I 
CONTINUE 
NBPTST=NEPTST-MOC(NBPTST,6) 
NTERP=0 
IF(ITPTX.GT.0)GO   TO   960 
WEITE (6,9 20)GMT 1 HE,INT ARG, (ITARG (I) ,I=1,NTARG) 
FORHATC      AT   TIME   ^   •»Pia.*»,«   TARGET   ,,I2,•   IS   NOT   ON   THE   TAPE,   TA 

1RGETS   AVAILABLE   ARE   ,,,:I3) 
IBTRni=IBTRtC+niCYEA 
NBP=IGET (PnTRni.IBTRni,?)' 
IF (NEP.EQ.NBPTST)GO   TC    10000 
NTERF=1 
GO   TO   120 
IF(NnODES(ITPIK,INPAT).GE.NECL)GO   TO   1020 
WRITE (6,1000) 
FORHATC    EITHER   PCIABIZATICN   OR   PATTERN   CHOSEN   IS   NOT   AVAILABLE') 
GO   TC   10000 
IFdSTGAT.GT.NSAHE (IT F IK , IN PAT) ) ISTGAT= i 

] 
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IF (ISTGAT.LT. 1) ISTG«T=1 
NSTEST=:NSAHF (ITPIK , 1NFAT)-ISTGAT* 1 
NSTrJA

,I = ISTGAT 
IPAT=INFAT 
1=1 

10 (JO  IRGA(I) =INGATE(ITPIR,IPAT)*iNSTGAT-1) ♦ISPAC (TTPIK , IPAT) 
NSTGAT=1 

1060  IF (I.GE.NBG)GO TO 1100 
IF( (1+1) .GI.NSTEST)GO TO 1080 
1 = 1+1 
IPGA(I)=IRGA (1-1) +ISFAC(ITPIK,IPAT) 
GO TO 1060 

1080  IFAT=IPAT+1 
IF(IFAT.GT.3)GO TC 1100 
IF(NSAnr(ITPIK,IPAT).IE.0)GC TO 1080 
N£TEST=NSTFST+NSAnP(ITFIF,IPAT) 
IF(Nf1CDFS (ITFIK,IPAT) .LT.NPOL) GO  TO   1100 
I»I*1 
IF(I. LF. NRG) GO   TC    10(40 
1 = 1-1 
IPA1=TNPAT 
NRG = I 
IPTR«I=IPTPHC+niCYEA 
DO   2200   NIB» 1,81111101 
IFfllN.LE. 1)GO   TO   1220 
IPTFri=IETBflI + LniCY+NPI,S*NEP 
DO   12(40   1 = 1,S 
IHT(T)=IGE1 (FnTRni,IBTR«I,I) 
CCNT I HUE 
IF (NPP.FQ.NBPTST)GO   TO    1280 
HPITH (6, 126 0) G!1TlrE,FIN,NBF,NBPTST 
FORHATC «T TIME ■ •fri0.ii,«(p MINOR CYCLE MI,« SOHETHING IS SCRE 
1HED UP NBP = MS,' IT SHOULD BE ',1(4,• - SHOOT HARTOG ENS IS«) 
GO TO 133C 
IF(NrLS.(!I. 1)GO TO 13(40 
WRITE (6,3' ') NPIS,niN,IiniNCI 
FORMATC NPLS = ', 12, 3X,'HINOR CYCLE «,1!,JX,I1,' BINC R CYCLES ') 
GnTifiE=GmiiE+Tmc 
GO   TC   120 
TINC = FI.CAT(NPLS)/PPF 
DO    1500   L=1,NTARG 
IBTBMT=IBTBHI+ {L-1) «^ 
DO   moo   1=1,3 
AHT(I,I)=GET(FnTRni,IETPf,T,l + 5) 
CONTINUE 
VEL (L)=VEL(L) »VKH 
CONTINUE 
IBTRf«T=IBTRni+ (ITPIK-1) »12 
TSDRE1=IGET (FHTRHI.IBTRnT,?) 
l<SDDM = NSAnPT (ITPIK) 
IF(NPG.lT.NSnUn)NSDPn=NHG 
CPANG = RANGE (ITPIK) 
IF(EBANG.GT.O.O)GO   TO    15^0 
WRITE(6,15ttO)GnTinE,DFANG 

15(40      FORMATC      AT   TIME   =   «.FIS»«,'   THE   RANGE  =   •,1PE20.6) 

1 100 

1200 

1220 

12(40 

1260 

1280 

1320 
1330 

13(40 

1t4CC 

15C0 
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1580 

16CC 

1620 

16,10 

UDO 
165C 

PINTin=FINTin*TINK 
2000 

DP»NG=1.0 
1q<60      DRANG = 40.*DLOG10 (DPANG) 

CALIP=DRANG+F10AT(1GAIN) 
DC   2000   I=1,NPLS 
IF( (MIN.GT. 1) ,0R. (I.GT. 1)) 

IF(TS1ART.G1.FINTIP!)G0   TC 
NPTS=NPTS+1 
IF (NFTS.GT.1)GO   TO    1600 
TIMES (NPTS)=FINTin 
GO   TO   1620 

IF( (I.EO. 1) .AND. (HIN.EQ.I).ARD. (NCONT.EQ.0))GO   TO   1580 
TIMES (NPTS)=TinES(NPTS-1)«TINK 
tANGKM{NPTS)=RANGE(ITPIK) ♦PKn*VEL( ITPIK) ♦ ("IHES (NPT3) - FINTIfl) 
ALSAV (NFTS)=ALT(TTPIK) 
IF(NHLRD.NE.0)GO TO 1630 
INTEfF^NEIRCC 
GO TO 1650 
ZTDIF (1) =DABS(TinES(NFTS) -TIP!E(1)) 
IMTEFP=1 
DO IfcaO NAE=2,NBLRD 
ZTDIF (NAE)=[ABS(TIMES (NFTS)-TIME (NAE)) 
IF{ZTDIF{NAE) .LE.ZTCIF (NAE-1)) INTERP = NAF 
CONTINUE 
AZI (NPIS) =AZ(TNTERP) 
EIF(NPTS) =EI,(INTEBP) 
ISAMFT=IBTRHD+ISEPA*ISCREl*(1-1)«NBF 
NSTEST=NSAHP(ITPIK,INPAT)-ISTGAT*1 
IAD=0 
IF (INPAT.EQ. 1)GO TO 1680 
JST^INPAT-1 
DO 1660 J=1,JST 
IAC=IAD+ISLIDE(ITPIF,J) 

1660  CONTINUE 
168C  L = IS^GAT-■, 

DO 1800 K=1,NRG 
L=L+1 
IF(K.LE.NSTEST)GO TO 1700 
IAD=IÄD+ISLIDE(ITPIK,IPÄT) 
IPAT=IPAT*1 
N5TEST = NSTEST + NSAHP(ITPIII,IPAT) 
1=1 

170C     DO   1780   IP=1,NPOi 
IPIK=ISAMPT + IAD»2^(IOC(ITPIR,1 PAT,I POL(IP) )-1♦NMODES(ITPIK.IPAT) 
1*{l-1)) 
IAMF=IGET (FMTRSP.IPIK,1) 
IF((lAMP.LT.I).OR.(IAnP.GT.128))IAnP=1 
XSPHA(IP,KfNPTS)=TAHP(IABE,NC(IP))»CALIB+CALADD(IP) 

17ii0      IF(NCFHA. EQ. 1) GO   TO   1780 
IPFiA=lGET (FMTRSP.IPIK, 2) 
IF((IPHA.GE.O).AND.(IPHA.LE.127))GO   TO   1760 
X5PHA(IP,K,NPTS+150)=0.0 
GO   TC   1780 

176C      XSPHA(IE#K,NPTS+150)=TPH(IPHA+1,NC(IP)) 
178C      CONTINUE 
18C0      CONTINUE 
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IPA"r = INPAT 
IF(TSTOi-.lT.TIMES(»PTS))GO TO 10000 
IF(NP'IS.LI.NPTEST(NCPBJl))GO TO 2000 
NEWPAS=99 
RETUFN 

2000  CONTInnE 
2200  CONTINUE 

GC TC 120 
9960  WPITI(6,9980) 
9980  FORPIATC  THBAD HAS DEFAULTED - RON 
1CC0C NEWPA£=0 

RETUFN 
IND 

HAS BEEN ABORTED.•) 
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