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Abstract 

PIRS-0173 

An option has been added to the PEGS4 code in the EGS4 System for 
the Monte Carlo simulation of radiation transport . This option allows the 
user to input an arbitrary density-effect corrrection for use in calculating 
electron and positron collision stopping powers. A data base containing the 
relevant density-effect corrections for a large number of the materials in ICRU 
Report 37, as generated by the NBS (NIST) program EPSTAR (S .M. Seltzer, 
1988), has been created. In conjunction with the code EPSTAR, one can 
therefore implement t he latest electron/positron collision stopping powers 
for any material . 
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1 Introduction 

The EGS4 system of codes does Monte Carlo simulations of the radiation 
transport of electrons and positrons in any material[l]. Part of the system is a 
stand alone code called PEGS4 which creates the necessary electron and photon 
data sets for use by EGS4 when doing the simulation. One important cross 
section is the collision stopping power for electrons or positrons. PEGS4 includes 
a large collection of data which allows the calculation of the collision stopping 
power for an arbitrary material. Aside from straightforward parameters such as 
the atomic number and material density, there are two more complex material
dependent physical parameters needed. These are the mean excitation energy I 
and the density-effect correction o. The standard version of PEGS4 includes a 
table of I values for all elements (see section 2.13 of the EGS4 documentation[l]). 
These values are from the work of Berger and Seltzer at NBS[2] and have been 
adopted by the ICRU in their Report 37[3]. For a compound or mixture, PEGS4 
determines the mean excitation by the standard procedure of taking a weighted 
average of the log of the I values of the elements in the compound. For an arbitrary 
material PEGS4 determines the density-effect correction using a formula due to 
Stemheimer and Peierls [4] which depends only on simple physical parameters 
plus the value of I for the material. 

PEGS4 also contains an internal data base for 73 selected elements and ma
terials for which both the I-value and Stemheimer et al.!. [5] parameterization 
of the density-effect correction used in ICRU Report 37 are included. Thus for 
these 73 materials, PEGS4 uses close to, but not exactly what is in ICRU Report 
37. This is because the ICRU Report calculates the density-effect correction indi
vidually at each tabulated energy whereas the Stemheimer et al. five-parameter 
fit is just that, a fit to those data points. Figure 1 presents a comparison of the 
ratio to the ICRU values of the collision stopping powers calculated by PEGS4 for 
water using either the general formula of Sternheimer and Peierls to calculate the 
density-effect correction, or the tabulated five-parameter fit to the density-effect 
correction, and for comparison, the "old" (1964) standard values from Berger and 
Seltzer [6]. The differences between the stopping powers using the "best" fit values 
in PEGS4 and the ICRU values are quite small (~O .5%) but in some situations 
(e.g. the calculation of stopping-power ratios) this variation could introduce some 
uncertainty. Figure 2 presents a comparison of the density-effect corrections for 
water as presented in ICRU Report 37 and from the Sternheimer et al. fit used 
in PEGS4. It is these small differences which cause the differences seen in Figure 
1. The purpose of the present work was to allow PEGS4 to utilize an arbitrary 
density-effect correction. 
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Figure 1: Comparison of collision stopping powers calculated using different den
sity-effect corrections. Results are plotted as ratios to the values in ICRU Report 
37. 
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Figure 2: Comparison of the density-effect corrections for water as used in the 
·lefault PEGS4 code (stars, dashed line) and as presented in ICRU Report 37(solid 
curve) . 
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2 Changes to PEGS4 

All changes have been implemented so that a standard input file, as defined 
in the EGS4 documentation[1j, will produce the same results as in the original 
version of PEGS4. To invoke the new option, the following must be done: 

• In the user's input file, the ENER option must come before the MIXT, 
ELEM or CaMP options (so an internal check on energy limits is valid). 

• In the input file, in the ELEM, MIXT or CaMP options, set a new flag 
called EPSTFL to have a value of 1. This instructs PEGS4 to read in a 
file containing the density-effect correction as a function of energy for the 
material being studied. 

• Assign to FORTRAN unit 20, an input file for the density-effect correction 
which has the following format: 

- Title line (::; 80 characters) 

- NDATA, lEV, RHO, NE, (Z(I),FW(I),I=1,NE) 
where 

* NDATA is the number of data points to follow(::; 150), 

* lEV is the mean value of I in eV for the material (real format) . 
This overrides any other value in PEGS4. 

* RHO is the density for which these density effect corrections apply. 
This is forced to equal the value used in the rest of PEGS4 within 
1%. 

* NE is the number of elements in the material being input. 

* (Z(I),FW(I» are the atomic number and fractional weight of this 
element in the material being input. These must match the com
position being used in the rest of PEGS4 within a 1% tolerance. 

- ENERGY(I), DELTA(I), I = 1, NDATA 
where 

* ENERGY(I) and DELTA(I) are the energies and density-effect cor
rections at these energies. The energies are kinetic energies in MeV. 
The energy range spanned by the data set should exceed the values 
for which calculations are to be done. If the energies requested are 
not covered, a message is printed and the calculation carries on af
ter setting the lower or upper energy to the minimum or maximum 
required in the code (i.e. one effectively extrapolates the lowest or 
highest energies input to those needed - this could be wrong in 
extreme cases!'). 
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• Run PEGS4 

The output data file from PEGS4 will have the same format as in the original (with 
some minor additions on the second line which do not affect EGS4). The only 
real difference is that the density-effect correction used to calculate the collision 
stopping powers for electrons and positrons will be those from the input file on 
unit 20. 

Appendix A presents a differences comparison showing all the changes made 
in PEGS4 to implement these changes. Note that almost all new variables have 
been introduced with EPST or EPS in the name. 

When we input a table of density-effect correction factors from ICRU Report 
37, the resulting unrestricted collision stopping powers, output by PEGS4 with 
the IUNRST=l option turned on, are the same as those in ICRU Report 37 
within 0.01%. Similarily, the ratio of the restricted collision stopping powers to 
the unrestricted collision stopping powers were checked against Table 7.1 of ICRU 
Report 37 and found to agree within ±l in the last digit. 

3 Data Sets from EPSTAR/ICRU 31 

In principle, the option described in this report can be used to input any 
arbitrary density effect for use in calculating the electron and positron collision 
stopping power. The data set is interpolated linearly, so that not a great deal 
of data is needed. However, what spurred this work was the availability of the 
PC-based EPSTAR/ESPA programs written by Steven Seltzer of NBS[7]. These 
programs can generate the entire data base available in ICRU Report 37 (they are 
the programs which generated the data base), or they can do ab initio calculations 
for an arbitrary material. We have run these codes for a variety of compounds 
and elements which appear in ICRU Report 37 and have put the density-effect 
correction data into two files. These data are available on a floppy disk or via 
bitnet. The elements/compounds included are listed below, along with the first 
few lines of that part of the data file which specifies the density effect for that 
material in the format described above. To make a file which is suitable for use 
as input to PEGS4 one just extracts the data of interest from the larger files. 

File COMPOUNDS.DEL 

A-150 TISSUE-EQUIVALENT PLASTIC 
113 65.10000 1.127000 6 

1 0.101327 6 0.775501 7 0.035057 8 0.052316 9 0 .01742220 0.018378 
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AIR, DRY (NEAR SEA LEVEL) 
113 85.66600 1 . 2047900E-03 4 

6 0.000124 7 0.755267 8 0.231781 18 0. 012827 

C-552 AIR-EQUIVALENT PLASTIC 
113 86.79900 1. 760000 5 

1 0.024680 6 0.501611 8 0 . 004527 9 0 . 465209 14 0 . 003973 

CARBON DIOXIDE 
113 85.00000 

6 0.272916 8 0.727084 

1 . 8421200E-03 2 

FERROUS AMMONIUM SULFATE (STANDARD FRICKE) DOSIMETER SOLUTION 
113 76 . 31200 1.024000 7 

1 0.108366 7 0.000027 8 0 . 878913 11 0 . 000022 16 0.012582 17 0.000035 
26 0.000055 

LITHIUM FLUORIDE 
113 94.00000 

3 0 . 267585 9 0 .732415 

NYLON . TYPE 6 AND TYPE 6/6 
113 63.90000 

2 . 635000 2 

1.140000 4 
1 0 . 097976 6 0 . 636856 70 . 123779 8 0.141389 

POLYETHYLENE 
113 57.40000 

1 0.143711 6 0.856289 

0.9400000 

POLYMETHYL METHACRYLATE. "LUCITE". "PERSPEX" . 
113 74 . 00000 1.190000 

1 0.080538 6 0.599848 8 0 . 319614 

POLYSTYRENE 
113 68 . 70000 

1 0 . 077418 6 0 . 922582 

SODIUM IODIDE 
113 452.0090 

11 0 . 153373 53 0.846627 

WATER, LIQUID 
113 75 .00000 

1 0.111894 8 0.888 106 

1.060000 

3.667000 

1.000000 

2 

"PLEXIGLAS " 
3 

2 

2 

2 
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WATER VAPOR 
113 71. 60000 

1 0.111894 8 0.888106 
7.5618201E-04 

File ELEMENTS.DEL 

CARBON, GRAPHITE (2.265 g/cm3) 
113 78.00000 2.265000 

6 1.000000 

CARBON, GRAPHITE (1.700 g/cm3) 
113 78 . 00000 1.700000 

6 1.000000 

ALUMIIMI 
113 166.0000 2 . 698900 

13 1.000000 

SILICON 
113 173.0000 2.330000 

14 1.000000 

IRON 
113 286.0000 7.874000 

26 1.000000 

COPPER 
113 322.0000 8.960000 

29 1.000000 

GERMANIUM 
113 350.0000 5.323000 

32 1.000000 

TUNGSTEN 
113 727.0000 19.30000 

74 1.000000 

GOLD 
113 790.0000 19.32000 

79 1.000000 

LEAD 
113 823.0000 11.35000 

82 1.000000 

7 
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1 

1 

1 

1 

1 

1 

1 

1 

1 
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URANIUM 
113 889.9990 

92 1.000000 

18.95000 

4 The Distribution Files 

The following files are available on a PC floppy. 

PEGS4.MOR 

8 

1 

This is the current NRC version. It therefore includes the upgrade described in 
PlRS177 [8] to allow lCRU 37 radiative stopping powers to be used by PEGS4. It 
also includes two patches: one to correct an error in calculating the density effect 
for gases not at NTP (i .e. for GASP non-zero: see SPlNlT, error was pointed 
out by Prof. Kamae in Tokyo, via Hideo Hirayama); the second to correct some 
errors in SPTOTE(P) when IUNRST=2, 3 or 4 were used in the PLOT or CALL 
option .. 

COMPOUNDS.DEL 
The file of deltas described above for a set of compounds. 

ELEMENTS.DEL 
The file of deltas described above for a set of elements. 
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Appendix A 

Changes Introduced into 
PEGS4.MOR 

•••••••••••• 
Fil. stsSSYSDEVICE: IEV_PEOS4.ftOl;9 

1 "PUlED VITI iT IkC lOY 1988 TO GET DEISITT EFFECT " 

•••••• 
File STS$STSDEYIC6 : OLD_PEaSt.KOI;S 

2 "!COftKEITS;" 

•••••••••••• 
•••••••••••• 
File STSSSTSDEVlCE; IEY_PEaS4.KOl;9 

255 " ••• tpST41 lace !DOITIOI, lOY 1988 
2St5 ,,------------------------------------------------------------------" 
257 lEPI..lCli {,aJKII/EPOTU/,} VIII 
258 (; IIttGD EPStFl. ;CBlllCTEB.*l EPSTTL(80); nTEGEl ZEPST; 
259 COIUIOI/EPSTll/EPSTEI(tSO) .EPSTD(lS0) ,£PSTn,EPSTTL.IEPST .IEPST. 
260 IELEPS,ZEPST(20),VEPST(20),I1PlIK;} 
251 
262 "TlIS COmlO' IS USED FOI OPTIOI VlICK l.EJ.DS II DEiSITT EFFEct .. 
263 "COIJ.ECTIOI II SPIIIT .liD ClLCUUTES aSIIe IT II SPIOIB 
264 "TIE ruG EPSTFL IS lE.1D urDEI. 11JItELIST I1PUT • .tiD OEF1ULTS 
2155 TO ZE1D II TllE Bl.()a DtU .• SET TO UlITT TO USE TRE OPTIOI .. 
2i5d "PECS DSES nE I-VALUE II THE' DEISITY IIPUT FILE 
281 "Vlll0US CBECXS l~ ODIE to EISt1J.E TIlE DEISITY COUECTIOI 
268 COlltESPOIOS TO THE JUTEU1L OUIIITIOI II PEGS 
269 "TllE DEllGT UBLE IE1D II IS lSSUIlE'D TO BE UlETIC EIE10T II " 
210 KEY BUT IS COIVEl.TED TO TOTll ElD.OY BY THE CODE. 
211 "THE EIEl.CT OPTIOI J(UST BE USED II PEGS PUOI TO THE KIn .COIU''' 
272 01 ELEl!I OPTIOIS TO 1U.Ov 1U. TBE CRECIS TO VOU PI.OPEILT ... 
273 "IELEPS IS Tn 1UKBEJ. OF EL£JI:En'S II TEE JUTnI1I. 
274 "z.EpST(I) (IITEGEI.). YEPST(I) llE TIE Z YllUE 110 rucnOI 
276 BY VEIon OF nE I-TR EL.EKEIT II TKE OIU FILE. 
275 

271 .. --------------------------------------------------------------_---" 
278 ..... FUlCS 

•••••• 
File STS$SYSDEVlCE: OLD. PEaS4.KOI;8 

241 ..... fUlCS 

•••••••••••• 
•••••••••••• 
Fil. SYS$SYSDEVlCE: IEV_PEGS4.K01;9 

540 PRPU1,PJIICDIS ,PVLFII.l.1TLEI ,I.SLTS. TBIESB ,£PST11/; "KODIOV 23,1988" 
541 lE£L IP(4) ,V1S1V(20); 

•••••• 
File STS$SYSDiYlCE: oLD_PEOS4.Kol ;S 

510 PHPla,PKCOIS ,PVLFII .UTLEI .I.SLTS, TBJl.£SB/j 
511 lE1L XP(4).V1S1'(20); 

•••••••••••• 
•••••••••••• 
File STS$SYSDEYlCE: IEV_PEGS4.K01;9 

569 EI,ISUB,GlSP.IUllST.Il.1TL,lflCT,SI ,10 ,I1,IEV,CB11,ISSB.EPSTFL. 
570 I1P1I. ; 
571 '{DD 10V 23,1988 __ " 
572 11ftELIST/PYLFIK/EPE,ZTBIE,Z£P£,IIPE,I1LE,£PO.ZTH1G.ZEPG,lIPG,llLG, 

•••••• 
File STS$SYSDEVICE : OLD_PEGS4 .KOI;S 

539 EI,ISUB,G1SP.IUllST,IR1YL.IF1CT,SI . IO , Il,IEV,C811,ISSB; 
540 11ftELIST/PVLFI"/EPE.ZTHlE.ZEPE.IIPE,11LE.EPG,ZTS1G,ZEPG.IIPG,IlLG, 

...•........ 

............ 

9 



Use of ICRU 37 Collision Stopping Powers 

fil_ SYSSSYSDEVICE : IEV_PEGS4 . JlOR;9 
940 

941 
942 

PHP4Il,PftCOIS.PVLfrl,aiDLEI,lJYLEI,SPCOKft,RSLTS,THRESH ,EPST111; 
1100 lOY 22 1988 aaa. .... 

•••••• 
Fil. SYS$SrSDEVICE : OLD_P£GS4 . ftOl;8 

908 PBP4Il,PKCOIS,PWLFII . a1DLEI . IlYLEI,SPCOKK , lSLTS,TBlESB/; 
909 

•••••••••••• 
•••••••••••• 
file STS$SYSDEYICE : IEV_PEGS4 .K01;9 

1185 
1188 "DAU roB. EPST11" 
1187 D1Tl EPSTFL/O/,IEPST/l/ . 11P1IK/O/; 
1188 
1189 EJO; "EID Of BLDCX DiU" 

•••••• 
File SYSSSISDEYICE : OLD_PEGS4 .K01;8 

1152 £10; "UD OF BLOCl DiU" 

•••••••••••• 
•••••••••••• 
Fil. SYSSSTSDEVICE: IEV_PEGS4 .K01;9 

225& COKII/PKCOIS.SPCOKK,DE1COI,KOLY11.JlIIDiT.ELEKTB.LSPIOI , EPST11,TBiESB/ ; 
2257 KOD 10' 23.1988 ------_ 
2258 
2:259 IEll IPIEY; 
2260 TOLlIO-2.0.tLDO(10.0);IK--1OO; 
2261 
2262 IF(i:PSTFL < 0 I EPSTFl. > 1) (EPSrn. - O;"E11Dl 01 I1PUT. ICIOlE"] 
22153 "&.BOVE IS IICC KOD DEC 1988" 
2254 
221S5 IF(EPSrn.-o) ("DEFJ.ULT TO SrllDlln PEeS4 IlETlIODS" 
2266 

•••••• 
Fil. STS$STSDEVICE: OLD_PEaS4.KORie 

2144 CDKII/PftCOIS.SPCOIlK.DEICOI.BOLf41.IIID1T.ELllfrB.LSPIOI/; 
214& lELL IIlEY; 
2141S TOLl1O-2 . 0.&LOO(10 . 0); 
2147 

•••••••••••• 
•••••••••••• 
Fil. STSSSTSDETICE: IEV_PEOS4.1l01;9 

239& ] "E1D OF EPSTFL-o BLOCS" 
23ge 

2397 ELSE( "EPSTn-1 BLOC' I.E. U1D II TI.E I1PtTT FIlOK THE DEiSITY" 
2398 "I1PUT FILE" 
2399 
2400 i.E.1D(20.:1:)EPSTlI.;:A : FmUU,T(80U); 
2401 lEAD(20 •• ) IEPST.IEY,EPSTRB,IELEPS,(ZEPSr(I),VEPST(I),I-l.IELIPS); 
2402 1£lD(20,.) (EPSTEI(I),EPSTD(I).I-1.IEPST); 
2403 
2404 IF(I'EPST>IS0) (OOTPtTT I£PST; 
2405 (II' •••••• EPST·'.I4.' IS CLE1TE1 Till THE ISO lLLDWED');STOP;] 
2406 "COIYUT TO TDTll EIEllCIES" 
2407 DO I-l,IEPST(EPSTEI(X) - EPSTEI(I) + IK : ] 
2408 IKE'Y - IEY.l . i-06; 
2409 
2410 "CHECJ: !BAT lIE HlYE COVER.ED Einar UIOES IEEDED" 
2411 IF( A£ < EPS~(l»(OUTPUT EPSTEI(1).AE; 
2412 (II' •••• LOVEST EIERCT XlPUT FDa DEiSITT EFFECT IS',lPElO .31 
2413 T20,'VHICH IS BlOHEI. THlI THE VALUE OF lE-',lPElO.3,' 'ff£V'1 
2414 •••• IT HAS BEEI SET TO lS ••• ·II);EPSTEJ(I) - lEo] 
2415 IF( UE) EPSTEI(IEPST»( OUTPUT EPSTEJ(JEPST),UE; 
2416 (II' •••• HICHEST EJERCT IJPUT foa OEiSITT EFFECT IS',IPEI0 .31 
2417 nO,'VHICK IS LOVER. Till tHE V.lLUE OF ut-'.lPEIO.3.' 'ff£V'1 
2416 ' ••• It HAS BEE. SET TO UE ••• JII);EPSTEI(IEPST)· UE;] 

10 
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:1:419 

24:20 "DO 1 CHECI 01 TDE' CO){POSITIOI UO DEISITY TO IISU'RE THE I.IGKT Dun" 
24.:21 "BIS BEEf PIeIED UP . lLLOV.1 TOU:U.ICE or 1 PElC£1T EllOR. O' TiE" 
2422 "COKl'OSITIOI BY VEICBT ." 
2423 
2424 ICBECI-<>; "ruo GETS SET TO UlITY IF THE C01'lPOSITIOI DOES lOT JUrCB" 
24:25 nuCEaQ.Ol; "TDI.EllICE llLOVED 01 FRJ.CTIOI BT VEICBT" 
24.26 
2427 "FIlST CRECI TilT THE 1'UKBEJ. OF ELDlEIlS la.E THE S.lJIE" 
'20428 IF(IEL£PS.IE.IE) leBEC'-1; 
2429 
2430 "IOV CBEC! THiT TIE DE.SITIES lIE THE S.ut:E VITlII TOLEUlCE:" 
24.31 IF( (ICHECI.EQ.O) . AlO . 
2432 ( (EPSTU .LT . «1. O-TLUCE) -UO» . 01.. (EPSTJJl . QT . «1.O+TUlCE).I.HQ» 
:2(3.3 ) ) leBECI-1; "DEISITT IS OUT OF UIGE" 
2434 "VE 1I05T FIlS! IQIJUI.I7.£ THE PEas FlJ.CTIOIS BY WEICHT TO EISUlE TlET" 
2435 ".lIE IORlULIZED TO VlIn" 
24.36 EPSTVT - 0.0;00 1-1,1£( EPSTVT • EPSTVT + uoz(n ;J 
2431 IFCEPSTVTaO.O)[ 
2438 OUTPUT:(I/' ..... 11 SPlln ••• SDftETlIIIO nOlO, KOLECUUI VEIGEl OF', 
2439 'ROLECULE IS ZE1D (I . E . SUR or IBOZ) ••• '//);) 
2440 
2 •• , IF(ICHECl_EQ_O)[ 
2442 IESPEL-o ; "I1ITIllltt ESP ELEIIEIT COUlTEl" 
2443 IC1lECl-1; " USUm: FULt1I.E" 
2444 LOOP ("LOOP OYE!. ESP COIIPOIEnS" 
2445 IESPEL-IESPEL+1; 
24415 IPEGEL-<>; "IIITUUZE PEGS EI.EXEIT C011ITEl." 
2447 LOOP("LOOP OYE1 PEas CDJIPOIEnS" 
2448 IPEGEL-IPEGEL+l; 
2 •• 9 IF(IFII(Z(IPEGEL»_EQ_ZEPST(IESPEL»[ICHECloO;EIIT;] 
2450 ]VHILE(IPEaEL.LT.IE): 
2451 IF( (ICBECJ:.EQ . O) "Z OF ELDIDT IUTCHES" 
2452 .110. 
2453 ( (VEPST(IESPEl) . LT . «1 . 0- TL1ICE).IBOZ(IPEGEL)/EPSTVT») 
2454 .01. (ViPST(IESPEL) .QT.«l .O+TL1ICE).lROZ(IPEQEI.)/EPSTVT» 
2455 ) ) IC3.Ea:-l; "KiTCHED ELEKEIT BUT VErGKT FlJ.CTIOI VJ.OIG" 
24.515 )VB:n.E(IESPEL.LT . IELEPS) ; 
2457 ] "ElD OF TEST FDI ICBECl - 0" 
2458 
2459 IF(ICBECJ:.EQ.l)[ "PlIn IlESSiO£ lID STOP" 
2460 OUTPUT ; 
24451 (/II/JO ••• COIIPOSITIOI II I1PtTl DEiSITT FnE DOES lOT IUTca J • 

2462 'IBlT BEIIG USED BY PEGS, QUITTlla £iILY ••• 'III/); 
2463 STOP;" El.J.QJ.S OETEC'TD)N; .... ] 
2466 
.. 6<5 
2467 ) "ElO OF EPSTFL-1 BLOCX" 
2.68 
24159 
2470 SPCl-2 .• PI.lO •• 2.lK.EDE'.lLC: 

•••••• 
Fil. SYS$STSDETlCE : OLD_PEOS4 .KOl;S 

22745 SPC1-2 .• PI.lO •• 2.aa.EDEI.ILC; 

•••••••••••• 
•••••••••••• 
File SYSSSYSDEYlCE: IEV_PEGS4.KOl;9 

247S ELSEIF(IK· -1) (OUTPUT; 
2479 (' STEllIBElKEJ.-SELTZEl-BE1GEI. DEISITY EFFECT Dln. SUPPLIED BY USEJ.I);J 
2480 ELSE ( 
2481 OUTPUT EPSTTL;(' DEiSITT EFFECT !.E1D II DlllEC11.T:'/TtO.80J.l);) 
2482 OUTPUT;(lI.64('-')/); 
2483 OUTPUT IEV;(/' 10JUSTED JllEJ.J IOIIZ1TIOI· ',F8.2,' EV'/1I,38('-')/I); 
2484 IF(EPSTFL. 0) (SCURF IEV,VPLJSK,CB11,IO,Il,SI.1F1CT;] 
2485 SDUftP SPC1,SPC2 ; 

11 
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2486 ...... 
Fil. SYSSSYSDEYICE : OLD_PEGS4 . K01;8 
2284 ELSE (OUTPUT ; 
:2285 ( , STEIIHEIKEI-SELTZE1-BERGElDEISITY EFFECT OJT! SUPPLIED BT USEa ' );) 
2286 OUTPUT;(ll,64('-')/); 
2287 OUTPUT IEY;(/ ' ADJUSTED KEl' IOIIZJTIOI. ', F8 .2. ' EY·/lI.38( ' - ')//); 
2288 SDUKP IEV,VPLJSK,CBJK , IO,Il,SI,1flCT,SPCl.SPC2; 
2289 

•••••••••••• 
•••••••••••• 
Fil. STS,SYSDEVlCE: IEV_PEGS4.K01;9 

2783 n 
27M %14 "II'DEIT K01TUI" 
2785 !IIOEYT F2; 
2786 .................................................................... " 

•••••• 
Fil. SYS$SYSDEVlCA: OLD_PEGS4 . K01 ;8 

2588 .................................................................... " 

•••••••••••• 
•••••••••••• 
Fil. SYS$STSDEYICE : IEV_PEGS4 .K01 ;9 

4326 COIlII/DEl.COI,LSPIOI,£PSTU/; "KaD lOY 24,1968" 
43'27 caPlllOI POIiT FaJ. E- UO E+ £JTIIES . 

•••••• 
File SYSSSTSOEVlCE: aLD_PEOS4 . ftDJ.;8 

4079 COKII/DElCOI,LSPIOI/ ; 
4080 COmrol POIIT FOI E- 110 E+ EI'TlIES . 

•••••••••••• 
•••••••••••• 
File STS$SYSOEVICE : IEV_PEGS4.KOJ.;9 

4355 
4.356 IOV COIIPUTE TllE OEl'SITT COUECTlal T'EU. 
4357 
4358 IF(EPSTFL - 0) ["OSE S!UOUD PEGS4 KETEOD" 
4.359 IF (I.LE.IO) [DELT1-o . 0;) 
43&0 ELSEIF (I . LT.I1) [DELTA-TOLli0.1 - CD1. + 1F1CT. (Il - I) •• SI ; ) 
4361 ELSE [DELT1-TOLl10.I - CBll ; )) 
4362 
4363 ELSE ["USE LIIEll IITDPOUTIOI OF usn SUPPLIED lJPUT TULE" 
4364 
4385 "IEPST IS .1 POllTEI SUCB THiT 
4366 EPSTEI(IEPST) <- EO < EPSTEI(IEPST+l) 
4367 
4368 "IEPST IS IIITULIZED II BLaCI D1U TO 1. VE STlIT Fl.Oft 
4369 "TBE PREVIOUS YllUE OF THE POIlTD. SliCE VE lSSUJ'lE THiT 
4370 " THE CODE IS VOIIIIQ UP 01. OOVI 1 QUO . 
4371 TRIS COOIIO IS Fl. FI.OK OPTIK1L 
4372 
4373 IF(EO >- EPSTEI(IEPST» ["iT 01 lBOVE PUVIOUS EnU" 
4374 IF(EO. EPSTD(IEPST» ("FOUID EITU . I1CLUDIIa TRE POSSIBILITY" 
4375 "TUT VE .11.E .1T T1IE TOP OF THE T1BU" GO TO :EID-SE11CH : ;) 
4376 
4377 DO I - IEPST. I EPST-i ( 
4378 IF(EO<EPSTEI(I+1) ( "VI FOUID IT" IEPST - Ii GO TO : ElD-SElB.CH : ) 
4379 ) 
4380 "IF VE FllL TBI.U TO HEllE, VE IruST BE iT UPPEI. EJElGY" 
4381 IEPS!· IEPST; GO TO : EIO-SEIB.CB:; 
4382 ] "EIO OF BLOCI EO>EPSTEI ( IEPST) " 
4383 
.... 384 ELSE "EO<EPSTEICIEPST)" 
4385 
4386 DO 1 • IEPST , 2 ,-1 [ 
4387 IF(Ea >- EPSTEI(I - 1» (IEPST - 1-1; GO TO : £ID-SEJRCB :; ] 
4388 ] 
4389 IF WE GET BEllE VE IruST BE II TBE FIlST REGIO." 
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4390 lEPS! - 1;] 
4391 
4392 :£JD-S[!1CR: 
4393 
(394 "IOV JUST I1TElPOU,TE LII£""1..Y II THE EIOGY" 
1395 IF(IEPST < rEPST) ( 
.(39d DELT! - EPSTD(IEPST) + (EO - EPSTEI(IEPST»)/ 
4397 (EPSTE.ClEPS!.1) - EPSTEI(IEPST» • (EPSTD(IEPST+l) - EPSTD(IEPST» ; ) 
4398 ELSE [DELU • EPSTD(IEPST);] 
<399 
",(00 ] "ElO OF EPsrn. IOI-ZE1Q BLOCl" 

4401 
4402 10V PUT IT 1ll. rooETlrEl 

•••••• 
Fil. SYS$STSDEVlCE: OtD_PEOS(.K01;8 

4108 IOV COltPUTE TIl}; D&lSITY COU.ECTIOI rEM. 
4109 IF (I.LE.IO) [DELTJ-o.O;) 
4110 ELSEIF (I .LI.ll) (DELTi-rOLIIOeI - CBll. trier-CII - 1) •• SI;] 
4111 ELSE (CELY1-rOLltO-X - CBll;] 
4112 IOV PUT IT ll.L TOGETIEI. 

•••••••••••• 
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