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l. INTRODUCTION

The NASA Tri-University program at Ohio University is currently involved in
the development of a low-cost Loran-C navigation receiver for use in general aviation
aircraft. This paper describes a set of programs designed to be run on the 1BM System/370
computer at Ohio University. These programs are used to plot Loran-C lines of position
(LOP) on any common map or standard aviation sectional chart. The Loran-C plotting
program JRPLOT FORTRAN uses a standard Calcomp-compatible plotting subroutine
package for the Hewlett-Packard 7203A graphic plotter.

This paper gives o general description of the features of the Loran-C plotting
program, This program involves a simple ada/subtract method to calculote the LOP.
Refer to Figure 1. Included is a description on how to use the program and some methods
of operation.

1. FEATURES OF THE LORAN-C PLOTTING PROGRAM
The program will accommodate any scale of map desired. (Note: the larger the
scale of the map the more distortion will occur.) The program was designed for standard

aviation sectional charts; any larger scale than 1:500,000 is not recommended.

Plotting may be done on any size chart within the limitations of the Hewlett-
Packard 7203A grophic plotter (10" high by 15" wide).

Four station pairs are calculated in the progrants execution where, for the 9960
chain: (Master) control for W, X, Y, and Z is MALONE FL 30° 59' 38.7" N and
85°10' 09.7" W.

Block address 1 is the W-pair
Grangeville LA 30° 43' 33.0" N and 90° 49" 43,6" W

Block address 2 is the X -pair
Roymondville TX (X) 26° 31' 55,0" N and 97° 50' 0.1" W

Block address 3 is the Y-pair
Jupiter FL (Y) 27° 01' 58,5" N and 80° 06' 53.5" W

and block address 4 is the Z-pair
Carolina Beach NC (Z) 34° 03' 46.0" N and 77° 54’ 46,8" W

For best results only plot two LOP sets on a single chart.

The time difference for each line of position is placed fo the top or side of the
chart, depending on the angle of the LOP, along with the station pair identifier.
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i,  ACCURACY

There are two sources of error in the system. Although the latitude/longitude
conversion subprogram tokes into account the curvature of the earth, the plotting
routine is purely linear, therefore, the larger the scale of the chart the greater the
percentage of error. The error for large scale sectionals is approximately * 10 usec.
The error for small scale geographic survey charts is £ 5 p sec. The other source of
error {s in measurement of the parameters listed below, These errors can be reduced
by methods listed in Section IV depending on the ac _.iacy the programmer wishes to

achieve,

V. EXECUTION

1.  The center point of the chart must be measured as accurately as possible.
Then, the latitude and longitude must be taken from that point. The proper form for
entering into the computer is:

integer degrees integer minutes floating point seconds
/ o _/
’ 4 f
Mt pacettipace?t

2.  Then measure the number of inches per degree of latitude and measure
the number of inches per degree of longitude, See Figure 2,

3.  Then enter the increment that the lines of position should be spaced apart,
Recommended increments are:
50.0 for standard sectional charts
2.0 for geographic survey chorts.

A,  Enter the octual dimensions of the chart to be plotted (see Figure 2). The
chart should be no larger than 11 x 15 inches and no smaller than 5 x 5 inches. These are
the practical limitations of the Hewlett-Packard 7203A plotter. When the program is
finished executing, the chains will be located as follows:

Block Ad.iress Station Pair
1 w
2 X
3 Y
4 Z

it is recommended to plot all four choins on o blank sheet of poper the same size as the
chart. This procedure will help the operator
the actual chart.
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V. IMPROVING ACCURACY

This procedure should be necessary only when there is a need for extreme accuracy.
To make the Loran=C plotting program more accurate, three time difference positions are
needed before execution of the program: the time difference of the center point, the
time differences for a point left of center, and the time differences for a polnt right of
center, Then it is a simple matter o align the grid with the known time-difference positions.
By adding or subtracting from the latitude position of the center point, the grid will shift
north or south respectively, By adding or subtracting from the longitude center point
position, the grid will shift west or east respectively. Another method of adjusting the grid
would be to add or subtract from the inches per degree parameters. Then the grid may be
expanded or contracted respectively.

Vi.  SUMMARY

The Loran=C plotting program Is a system of plotting routines and conversion
subprograms, The program is designed to accommodate a wide range of mapping needs.
The program may be easily modified to meet the specific needs of the current experiment.
VIl. ACKNOWLEDGEMENTS

The subprogram TDPOS is a program written by Josuph P. Fischer of the Ohio
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FILRs JoepLnT FNPYRAN *

CLCCCPPACCOEre PLATTING | NRAN=" CURVES OM SEFTINNAL FUYUARTS Crrence | Lada b Ll )
ATUENS TN TNIR),THI4),NPPNS( 2),PNST 2) JROAANZ2N
NIVENSTIAN [REND(2V,%X212,200),Y2(2,200) Jepopoan
NIVMENSTIN SHIF(T) IRONNANKN
BEAL®A DHIQ,GAM® LI LLLT]
FANMAY OMIR,GAME JRPOADA A
COANMVMAN/FHATND/ZNFELI2) g AS,AS,AN(R) ,NN(AR) ,FSIR) JROANNTA

PRPPEPPPPPrPACELPCPCrCAr INPUT SEFTINN CrrrrrCr P rrrrrCCrrrrrrrrrrrrrre JRPANAARA
WRITF(A,11) ILLLLLLL

1 FARMAT( 940 , ' ENTER | ATITUNE NE FENTED PATNT ENRW §88 #¢ 04,8 ) pRoNNI AN
PEANIS AV INFEGRyMIN,SFF Jeenniin
WRITF(Ae12) jennnion

12 FARGUAT( O ¢, 0ENTFR LINGITHYNE OF FENTER DRAINTY) m»9n13n
PEANIS,4)TNFG],MINL, SECL 1RPANL4N

4 FARMATIT 3, IX, 12, IXF, 1) jrennisn
WeITr(A,13) LLLLITY))

113 ENDAAT(® 9, 0FENTER NIJMRER NF [NCYES DER ODFGRFFE LATITINE?Y) jeennyrn
0FAN(S,S)A jeonnien
WPITE(R,14) JROANYI AN

14 FRAMAT(® 0, 9ENTER NUMAER NF [NFHES DER NEARREE L OMARITIHNE ) 1o90AN2 NN
RFANIR,S)N 1eeAN21 N

s FPRVAT(E7,4) JRP0N271
WRITE(4,15%) JRINN23N

5 ENRVAT( ¢ 4 " [NPUT [NFOFMENT AFTWEFN L.NePee') JRONNI4N
OFEANIS,R) Y INC Jopnnr?sn
XM=Y INC JREON24N
TEIXINC AT 10.NIXINT2210,.0 menns7A
AzQ%(=-1,0N) monnzan
VIP=INEGA(MINGSFEC /8N ,NY) /A0, N ILLLLEFLT)
YI2N=INFGI e (MINTSSFEr 1 /760,00 /40,N 1PNANIAN
CAVL PLNTS(9F,1,11) ILLLULER

PPCPCPPrrOrCrrrrrr MAD NIMENSINNG Frr e rr e e rrCrrrrCrr e rrrrrrrrrrrrrrr Jannny?n
WOITF(4,1) 129780330

1 FAPUAT( 940 ,IENTEP HNARTTANTAI NIMENCTNNG ) 1oPNYI&N
PrAN(S,2)XLAT jaonniIgn

? FPPMAT(F6,2) 199NNYAN
WRITE(A,1) Jonnnarn

1 CANUAT (040 IENTER VERTIFAL NIVENSINNY) jeondlen
OFANIS,2)XLNNAG jaoennlI9n
YILAT=XLAT=N_ 3178 j199AA4NN
XI AN XLING=1, 0 JeonnstLn
OHIR=(INFGEIMINGSFET 76N,V /60, 183,14]5972485/13n, JRONNEIN
GAMRE(INEGLS(WINLeSEM 176N, 1 /60,182, 141809265 /1aNn, 120NN6N
Vee=XLAT/2.1 Jjeonnssan
Xro1=XLNNG/ 2,0 jeoNN4eSN

A A AL A A A A A A LA A A AL H AL A A KL A AA LA A LA A A A o AL A A S A S A AL AL LR L L L LT
FEPPEACArPCCPAPPPCrRrrrr FANYERSINN TN TIME AIFE, CCCPOrCrrrrrrrrrrrrerr JRONNLTA

FALL TASITNY LLLLYY L)
APONS (1) =[NEREIVINGSFP/40,) 760, jannnsan
RODNC 21 [NEGLSIMINTSSFTY /AN, ) /AN, JRONNKAO
WOTTF (A IN)INFAMINGRFC,, INERL, IV, CFC Y ILLILITE,
N ECRUAT(E 0 OLATITUNE: 12,0 ¢, 12,8 §,F€ 0 0L WAITYNE=, 1) 12000821
Dot 12,0 0,FE,D) Jeennsan
TELALAT 20N 7TN 48 129ANKAHAN
N 40 Kzl.6,l JRPANKEN
ORIGINAL PAGE IS
-9 OF POOR QUALITY
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EILEs JomiOT FARTRAN NHTN UNTYFRSITY AVIONITS FNGIMNFFOINA CFENTFR
Y1=TNIXY /10 Jepnnsan
Ki=K1e1D IROONKTA
FesTNIK)=K] IRBNOSAN
IFIC=%,7)2N,30,3%0 ILLTLITY)

20 TO(K)=TN(K)=C ILLLULS L
aNTA 4N JRPONALN

n TAIK)sTHIK) (1N N=C) JRON0A0

40 CONTINUE IRONNAN

S WRITF(6,80)1(TDIK)gKnl,b) IRPANALN

sn FROVAT(? 9 ,°TDS=",4F15,2) JReNnaRn
ne %20Q9 [7s],85,1 1PPNANKAN

CCCr P e CrCCrCCrrCrCCrCerrCCCCrCrrCrrCrrrarCCerrroceccereerrorerer  JRPANATN

CrPCCLCCErrCrCCCEC DATA ALLNCATIAN COCCrCCOCrCrar R CrCrrCrarerCrrcrrrrerryepnnann
IEF(TIT.GF.S)IGNTN 3000 TILLITL)
J7=0 )R NOT00
IFU17=219Nn,100,110 1R0NNTIN

an 1=1 LLLULREL]
J=? JRPONTIN
17=] JROANTAN
Jo=2 JROANTSN
CALL DAVAWX IRANTAN
aRTN 130 JRBANT TN

170 =2 FLLLLRAT]
J=1 |ReNANTIN
122 Jeennann
J2=1 JjopQneyn
FALL NATAWX FLILELEL
ARTA 130 jeennean

110 TFIIT7,FN.6I1GNTN 120 Jeenneen
=3 JIROPONASN
J=? IRONNNAN
1282 ILLLLLRA]
1%2=1 moenARan
FALL DATAXY jemsnnann
ANTN 110 LLLLLLL

12n =6 SLLLELTL)
J=1 JROONYIN
1229 TILLLLEY)
J2=1 1000NQ40
CAlL NATAY? (LLLLLELY,)

139 TF(NPBAS(2) AT, TANIFALL NEWNAT(TT7,7,12,40,J2) LLLLL TR
1f=zn epPNNnTN
1n=n ILLLLLULD)
THIT2)=TOL ) |ponAnaAn
THII?2) =T jepnynan
IPEN=Y TLLIGLIG

(A ddd il ddA A d i A g da g s didddiddd da ol d o ol o ol o of { Ll ol ol o L L J R k)

FALL CONVER(TH,ONS, NBDBNE , 1FORNA VID Yr 3] VI, XID], XY, A)
1C=17 e

Y2(1,.17 )=y

Y1, 1F ) =X

{ =N

FALL TESTIXLAT, YINYUA X, v, 12, [FoRrD)

TELT,5F,1)50TA 149

164N

-10-

R T — i =

JRPN| N4N
JPPN1NASH
1990108
joenInNTn
JjR®ANAN
19PN NON
joon1 1190
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FILF: JroLrT

FARTYPAN

NHIN UNTVERSTTY AVIONEIRS ENGINFFOINA CENTFR

TALL PLOTIX, YV, IPEN) Jeeniiin
THUI? ) =TH J2 Ve X INC 2 JRPOL120
1PFN=? epniian
149 1FL12=1014N,9%N, 090N ILLUI RN L
CCRCCOECPCOrCrOQCCrCCrrrC PLATTING SEOTINAN 2 CRCCACerrrrCrCCrrrrecrrrrrrer JRon] IR0
ano 13=0 JROAL1AN
NRONS (L) =INERSIMINGSFR/ENNYI/A4NN LA R Ry
NPONSI2V=INEGLe(MINLISSEFY 76N, 00740 N mmengien
THLI?2)=TN( ) SLLLIRE Ly)
1PENM= Y JennY 2NN
AATA 918 17eN) 219
91N THII?2 ) =TH( J2)1=XTNC? JepNL220
AR FALL COANVER( TH, PN, NOPAS , TEPRNP ,¥FD , YFO| VIR YID) XYy A)Y JRONY 2310
fRaRe| JrPoNt 240
Y2{?,1R) =Y jeoN 287
X2(2,10)=X 19901240
12=0 NLLIJIRAL)
FALL TESTI(XLAT,XINNA,X,Y,T13,1ERPND) jrony2en
1IF(13,06F,1IGNTN aan ILLLIEBLL
CALY OLNT(X,V, INPFN) RN NN
1DFNe? LLLIREN:)
239 1F(T123=1191Nn,10N00,1N000 ILL A R

e PP el e r CCCCr e rrrCrCrrCrrrrrrCrrrrrrrrrrcrerr jeon)12n

crrccerrcrerrrecrecreeeer

1000

1093%

1004

1An0°Y

100AR

10

1929

HUEIAMTEN, )

IFLITLT,20)6G0ATN 1NI8

ANTN 1394

NEL TAX=XD(24,LTR/2))V=Y2(D,(1/%))
NFILTAVIV2( 2, (12/2))=¥Y2(2,(1R/713))
1P=?2

neYA 1997
NELTAXSX2( Lo (I7/2V V=201, (LT /3))
AFL TAYSY (1,17 /2))=vo2( 1,017 /2))
IP=)

AMALF=ATAN2(NFL TAY,NFLTAY)
ANGLFsARS( (ANGILFSIRN, ) /3, 1461592A45)

TEOOCANGLE QLR 4S5, 1. NP (ANGLE AR ANE NN MO (ANAI P RF, 118,

S AV (ANALF I F,.296,)))107C) =]

TEOCIANALF oGV 8 ) AN IANGLE 1T 136, ) ) N0 ((ANG F, AT D9€,)

SoAMN,IANALF L T,315,))1)11PNC =)
NPl ACF N

ql!",‘t".ﬂ

NFHAD e

THIMTH( 1?)

TRC(1V=101+17
TFOIPNSI=2)1027%,1011,101
NP 0

CALL NUVRFP (X2 (L oIF ) o (XLAT=XNOWN) (HETAKMT , ENUYM AN MO ACE)

NJYRER ING SECTIW FEFFPPCrPrrrCCCarrrrirrrrcCrr 1RDNY 140

ILLOARL L
10N 49
12001379
[LALIRLL]
(LLLIRL L}
1R9N1 4NN
JRONAL 41N
JRNN1429
LLUL R L)
ILLLITYY]
19001481
1900 146AN
190901479
LLLITA L)
LLLIN L)
jannysnn
FLLLIEN)
19901€° 0
JRNNY§3A
ILLLARTYY))
JRPN &8N
ILLLOART N
ILAL IR L]
LLLIELT)

CALL SYVANL ((X2(1 101N 20, (YLAT=(XNNUN=T,2)) ,HFTIGHT, [30A( 1), M7 FIRONYRAN

SoMrHAR)
[ G GLY))

CALL MIMRER (N, 2 ,¥I( 2,1 8) HE[AHT ENIIMGANRY F 0] AFT)
CALYL QYVAN (N, R, Y212, TA) HF [GUHT TRFA( ) JANAY F NP HARY)
1r=n

1agn

=11-

jannjenn
JRPNIALA
19901420
19901430
16PN ALD
Je001ARN




FILE: JROLNTY FNRTRAN C OMID UNIVFRSITY AVIONMICS FNGINEERING FENTF2

TFEIT.FQ. 116NN 2910 179014560
CeCCOCEererrrCCerrCarrCCrerCCerrrCCCereCCeCerereCeerrtrecrCrrrrCrrrerrer jRontarn
CCRPErCrerrererrCrCrrCrre INCREVENT P CRPACEFLECRCCArrrcererrrrCrrare Jenayaan

1010 TYHUI2)=TH(T2)+XINC Jup 01400
THLI2)I=TN( ) JorOyY 710
1PFN=13 LLLIRAL!
CALL CONVER(THPOS,NROOS, TERRN2YCP 4 XM Pl (VIPXTIPI o XoV,R,eA) IrRONy| 729
13=0 JRenNy 720
FALL YESTIXLAT,XL'NGeXyY,13, TERRND) IRO0Y 740
IFLT3=1)14N,2N000,2000 JRPNL 7SN

CCACCrOCCrerCrrrrrCrrcrrrrr INCRFMENT NNWN FOCCACArCRCOrrrerrnrrCercrcere Juony 740

200N THIT2)=TNLI) jeporL7?70
J7=1 J]on] 73n
13=0 Jenny 70N

2010 TH(I?2)=TH(T2)-XTINC JRP0Y 800
TH( J2)=TN()) Ren]LAaLN
1PFN=3 ymenggon
CALL CNVER(TH PNS,NRPAS, TERRNR ,YCP XD ,VID,XIPL 4 XY, Ry ) JR2N] 830
13=0 JRONL RGN
FALL TESTIYLAT,XLNNG,X oV, 13, IFRRNR) RPN RSN
TFI12-1)140, 7999, 2999 JROQOY 26N

g ddddddaidaddddgnidaganidddsd gngandddgddgsdssddasaddgaadnaigidsgaddaidadandaal Ll ERd)

2999 ALL PLNTI0.097.0,-3) JrRPO1 RGN

3NN FALL PLDOTIN,NgN,04999) Jenniran
sSTNne jepni9nn
END JRPNIOIN
SURRRUYTINE TNSITN) JRON1920

FECCCCOCTCOCICOENCOrCCC NATA FNR TIMFE DIFF, COANVFERSINN FCCOCCPCCCOOCraCrrCyoPnyIQin
NIMENSINN TN(&) JRPN1IQ4N
NEALER PHIM, SAMM, DHIW,GAMW, OPHT X, GAVY,, PHTIY ,(RAMY,DU( 7 ,GAV? JRPNYI QSN
NDATA PHIV ,SAMM/N, 7655002761 ,1.260870724/ JRPAL AN
PATA PHIW,GAMW/N, R1A069159N0,1.1855591n3%/ JRPO1I97TN
NATA OHIYX,5AMY/N,T2NNNAZAT]L,1,.22)345%9R/ 1PPN19GRN
NATA OHIY,GAMY/0,.5945N0573318,1,.359840219/ JRPN199N
NDATA PHIZ?,GAMZ /N, AQRE4T64630,1,526928N09/ JRON20NA
NATA CNRW/1.379724F4&/ JroN2010
NATA FNAY/2,65609]F4/ JARDRa2D
NATA CNRY/&,?222161F&/ 120020130
NATA CNNR7/S.T16K2N5F &/ JreN20n4n
TRM=ARF (DH [V, GAMM) JeenN2nsn
TNI1)=CNAWSARC (PHIW,GAMNI=-TNIM JRPNI0AN
TNI2)=CNAXSARF (PHIX ,RAMX)=-TNM ' JROOIATN
TN(2)=CNRY+APC (DHTIY ,GAMY )=TNM Jron2nan
TN(4Y=CNR7+ARC(PHI7 ,GAMZ)-TNM JRPN209N
RETIIRN JRPA21NAN

L o o o ol o o o o of o o o o of o o o o o o o o o o o o A o A e o o o o o o A o A o o A AL LT AR
COFCCCOCCOrrerrrCencr TRESTING ROYTTNFE CrrrrrerCreCCCeCCreaerrerrrrrrrrrrjann?|n

FNN JIRPN21N
SURPPYT INE TESTIXLAT XLNNG XY, T2, T ERRNR) JrRPO21 40
CTFUYGFL(XLAT=1,5))13=] Jrono18n
TE(VLF.1.275)13=] JRPN21 40
TF{XeGFIXLNNG=1,.N) 1T 3=} JRON2Y TN
TEIY LF1,.5)12=1 IRPN21130
TFITERRNR FN,~1)T13=? ' IRPN2190

PETHRM JRPN?2Nr




£nn
; SURRNUTINE NATAWX

4 FOMMON/~HATND/NEL(2) 4 ASo AG ANTRY ,NULAY,CSIA)Y
) NEL(1)=11,0€)3
: NEL12)=2%,0F)

. AS=2, 1275406F4

5 Ab=2.1201281€4 N

: ANC1)=42,0 ,

3 AN(2)1=76.0 Poog "QQ
{ ANE 31 =46.0 %
? AN{&YV=AT .0

i

ANIS)=42,0
ANIAYI=THLN
AN T)=61.0
3 AN AYV=A9,0
& Nt 1)1=42,.0
' NY{21=49,0
: M(3)=49,0
| "M{&)=85_0
f NMES)I=42.0
; NMERY=469,.0
nM(7)=15.0
nM(RY=53,0
rSe1)=5n0,47
. rFe12)=124,44
. | rsr2)=27,.84
! rS(&)=39,16
CSI5)=50,47
FS(R)=36.44
rFS{7)=11.99
fS()=60.51
PETIRN
can
SURARNUTINF DATAXY
FAMMAN/CHA IND/ZNFLE2) 3AS, A6, ANIR),DM(R),FS(2)
NFEL(1)=25,"F3
NEL{2)=19,NF3
AS=2,12926NF4
AR=2,121045F4%
) ANM1)=42,0
t ! AN(2V=TA.0
£ AD(3)=41,.0
e AN(&4)=69,0
- AN(St=42,0N
3 ANIAY=THN
4 AN(TY=34,.0
4 ANIRY=TT7,0
| N YY=42,0
nNME2)=49,N
] nM(3)=15,0
NM(4)=83,0
= NY(8)=42,0
: Nv(K)=49,0

L P —

N =

-ia-

COCCErrCCCrCCCCCaCCCCCCCrrrCCCCrCeCarCCrCCCrCCCCCreCCrCCCCCrrCCOCCrCCrrrIrRPN?221n
CCRCCRCARCrCrCrrCCCCCCRCrrC NATA FOR LAT, o LANG FANVERSION FPAFFCCACCONT JRPAD 22N

i

FILF: JRPLAT FORTRAN C MMIN UNTVERSITY AVIANICS FNGINEEPING FENTER

JRP0D2210
JRBN?2240
JROON?28N0
JRON?22A4N
JRPN22TH
pPN224an
JRPO2290
JRON23INN
JROON2310
I1IPO2320
jepn232n
JRPN2340
Jeen213sn
JRBAZ22AN
JRPO227N
JRPN?23A8N
Jjepnr3an
JRDN2400
IRPN2410
JRoN2420
JRAN243IN
JRPN2440
JRPN2450
JRPN2&AN
JRPO247T0
JR?PN2480
JRDN?249N
JRDN25NN
JRPN?261N
1202520
JRPO?282n0
IRDN?R&N
JpPONISSN
IRPNDKKN
JRPN2§TN
JRPNAPKAN
Jren?25a0
JRONIAND
JRPO26L0
JRON?420
JRON2461IN
1RON2K4LN
JRON2650
JePNDIAKAN
JROADPATN
Jeonrz24an
JRPO2A9N
jonpn2 7ANn
ILLLYAAK)
JROPN2720
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IRP02740
JennN275n
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' FS{2)1=34,44 JRO02790
rs13)=11,99 JRPO24NN
i £S(4)=40,51 1=0 02810
' CSUSI=6N,47 JRON2820
il re(a)=33,44 1=002210
3 FSi7Y=245.61 JenNIRAN
: re(9)=47,29 JRPN2RKN
i RETYON JRPO28AN
END Jeonrarn
SHRRNT INF DATAY? IRPN?23AN
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i AS=2,129260F4& jrRO0N29721
: A6=2,121N45F4 JRP029130
! AN(1)=42,0 12902940
AND(2V=T4,9 JrRON2498N
AD(3)=34,.0 JROD?294N
AN(&)=T7.0 jepnra71n
\ AN(S)I=42,.N Jjnen”Qan
AN(K)=T74,0 Jopn29an
L AN(T)=39,0 120N3NNN
AN(])=97,0 LALERLE)
NY{1)=42,0 JRONYIN?N
nM({2)=649,0 JRPN3INAN
M(3)=03,0 IRBNYINLN
NN{4)=54,0 JRPNIOSN
NM(&)=242,.0 J20N3INAN
nM(6)=49,0 1ePN2RNATNH
M T7)=51,.0 JrRoOINGN
nv(R/Y)I=29,.0 jrRpPN3INAN
rs(1)1=50,47 JRPN3ILIN
FSt21=34,44 Jearniin
A rs{3)=46%,96 IREN21 2N
{ FS(&)=46.76 Jepniyan
; FCIS)=8N 47 12P034N
i re(6)=36,44 Jepniisn
B re(ari=12,16 JrRPO3Y 7N
t PETYRN JRPO21R0O
e | FNN JrRON319N
% SURPAITINE NEWNAT(T7,1,1%, 1,J2) JRPN2290
{ FAMVANZCHATNDZNEL (2) gAS, A6, ANIR) NV (R) ,FS[R) JIRPNI210
- TFL17=2)10,20,30 J°P0131220
? tn 1=" jennyr?iyn
£ 1=? 1900I24N
f 12e1 LLLEELD!
i Jr=2 LLLGEFLY)
t CALL DATANWX FLLLEER L)
H nrTvnen KL OREFA )]
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FAPTRAM *

SHNONITIME THOAKITY,NAS ARDNE, [EBDND)

AULA INTYPICITY AYTANTPC ENBTMFENIVS FENTEE

rannanyn

NTUFASTON 1NSVI2) 4 SVI2) G ANAIR) JANIR) ,AM(8),ARER),BI§(2),2 14N () ,FTADAANIA
TWHED) NELE2), TRDI2),NRNE2) ,NOME2),THI2),ALTT),R011),CL111,N(11),F(TN2AANA
$Y1) o FFENR) g THI2 ) RLEN(D ), AENFL (2),RAND () (AETAL2),AUAT2), TWA(2), TATNIANNAN

1PN ,NRONEL D)

TAPNAONEA
TARANALA

NATA A1/24 .90/ A2/ =N GNTRRY AT/ AATTAF=T/ Y1 /0,510402/,N2 74,0 THDOANTA
$1aNY7 4,00 VD1 TAN/ yRN/ L, T6832QC-2/,04/D QNAARQAIE-4 /,08/4,2491 2A7F-A/TADANNAA

o1 22,141%9%2/,A4/2,904Q)2F)/
FRsaAnMIEHATMN/NEL JAS AR AN, N, S
RE~IN TIUE NICEECEMAE TN OAGITINN FAMYERSTNM,

oY 1=1,?
AR Y)Y=NEANS(T)
neN(r)=taeN( 1)

1 MM )=(NPONS(TY=-NPN([)) %R0, N
froorp=\
AIN=1 AGEAS-AAXAL) JIARHARY
A14=1,N=AR/AE
ARN= (] ,NeAV44AT4%ALA)
ART =1 ARN=],N)
AEP=(A14®AL4) /2.0

ASY=_AR| /2. N Qm

ACL=(AV4RATL) /1A N
ARGz (A14EAL&) /2, N
AFh=A)4%A )4
ACY-pEEE) DE
\EA=ARAIL, N

e 128 K= ,R8
TEUANIVIIN24,176,174

126 AMG[K)=DPNEANIK )=PHEN (K )=-PSRrSIY)

A0 TA 120

126 AMC(V )=DNEAN(K ) 4OMANM(IK )22SR S(K)
12R revTIANYE

A2z (AMALL)=ANA(S)#AMGID ) =AMLY
A12=ARC( ) 2)
TE(AY2=-N ANNNL Y7, 7,8
7?7 All==1."
o YN 0
2 *11=1,"

APOPAY [MATE DNSITINNS AN STATIAY FNANRNINATES,

9 T(1V=ANTLY)
FIIY=ANTIED)
ey =AnG()
reeP)=Av14)
reyy=SIrviraY )
Fla)=CPir(1)Y)
CIRY=F(3)/F(&)
rray=(c(s))e() N=AV4)
Ae9=ATAMNIF ()
CEla)=CI%IARD)
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rAanANNaN
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TNPNNGIN
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rEte)=CNS(rrEL))
rFEERY=Fr(Y)/0C(4)
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FrIAY=SINMIARY)
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c(N)=A1S
FIIN)=AAA
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ag)y=c())
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frEY)=ANALT)
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FlLeY=F(Y)/F(5)
CLOYI=(E(S))I2 (). N=AV4)
ACI=ATAN(FETIOY)
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F(T1=CNS(AAR?)
FEEIN=SINITCL1))
Frea)=""S(7c (1))
rFE(SY="r (Y /(0 L4)
FEIR)=(rr(5IVXI) ,N=A14)
AR =ATAM(FF(R))
FrIaY=CINIAARY)
rFri7Y=r"S(Ag?)
1=2
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F(NY=-A15
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Cl11Y=ALT
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NEYY="r ()
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TANANDL Y
TANANARN
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TANAINAN
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raeniAaan
AR LIGLL]
LGLEIR L]

Py




| e e

“11eg

1

1%
L)

as

LY

an

Q>

a5

LR )

A3

ne

TANNG FROTYPAN ™

DAND (K ) =2NENPAIK )=2'2%NDVIK)
AN TA AN
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r{ay=cnsSIiceLyY)
CIS)=FINV/FL6)
E(A)=(T(&YV)E(] ,N=A4)
ALD=ATAMIE(IR))
E(a)=STIM{ARY)
FE7)Y=CASIAARD)

nhoQe -y, 0

FECIN =)

=1

an T 'eNA

f1=A1§

F2=A4%

r1=24%§

rF1N1=A4"

no oy =1,
rcen="()

T=4

AN GO b |

foe=\31%

Fe=ALAG

fl=ALSK

FINL=ALT

ne gy g=1,9
cecrv=0t¢))

r=F

ar v 5V

r7=725

rO-ALY,

FoO=A4S

r,nv-l‘?

TFEAY] )82, 90,687
ryn=r>

r1y=ro

ry12=ra

FYI1N=r 1YY

Lo Lol A | ’:"ﬂ
re(gy=nt))

I=A

ol (B L}

rf7=AR
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FI=TH( M) =C (1IN = 11 )1=F19]+C1NL=-NTY ()
F17=F 11204
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PR LYY !
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AYIN YNTYFRCTITY AVIANTTS FNGIMEED NS FEMTEN
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TnAay 121
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TANAYL 24N
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TADAYAL AN
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TADAILN
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TADAYSIN
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rf2vzC)=r|?
F24=T4
o LT Y )
rf2har 1N
FRT=1(FIarR)e(FIRarf I ) 4(FI3=FOR)e(FL11-70))
FAN: P I=CH I 2=FO)a(f1=CR)IS(( 0= 1))
FfAN=F 27/ 29
FAR2(FI2=af 244 AN ("= V(P S=r ?)
an T 119

R?2 F1IaTU(N)=FIIN)=F1LV=F 1IN 1N&=NE) (?)
FYP=r11%A%

CrazTHI ) =A(IM)I=A( 11 )=FINTerN6=NFLI])
F2%=r19¢A4
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FP42r4

FOR=F Pl 22
FO2T=(r2%(C28=C24) 4022 (C8=-CR)M XM I4=-CRErD§)
FIN=2(FI8(FraalO) el 2R (TP R-FS) 4P ERC G qars)
ran=r2v/r%20
FIa2((21=C2447 N (CA=CR) )/ IFS=rD)

130 FAP=(ASEALERI ] N=A1 V)Y, N=AINEE2)er (1) ) ee) <
FAI=(ASEAL) /(] N=A1NKFE(3)*F () ) 8eN &
rez(r292011)

FA4=(=FI23/7(FA2%C(4)))
FILV=F(1)er VY
FI2V=F(2)ef%
IF(APR)112,Q9, 14

1212 APa=\_."
nNoTe ag
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TADAIASNH
AN 4N
rnonyarn
ranpntaan
TABNINNA
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TANAYYIAA
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