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$TYPE MEDARR(24, $SMATNO);
DATA MEDARR/$SWATER-IAPRIM-PHOTX',6*' °,
$SAIR-AT-NTP-IAPRIM', 7*" '/: (SMATNO):2

NMED=$MATNO; "Number of medium used" HATCH
DO F1,NMED [DO I=1,24 [MEDIA(l,J)=MEDARR(1,J);]]
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IXY=$NXBIN*$NYBIN; IXYZ=IXY*$NZBIN;
NREG=IXYZ+6; "ACTUAL NUMBER OF REGION USED"

DO I=1,NREG [MED(1)=0;] "Set dl region to vacuum at first"

DO 1ZP=1,$NZBIN [
DO IYP=1$NYBIN [
DO IXP=1,$NXBIN [

1ZP=(1ZP-1)*IXY +(1Y P-1)* $SNXBIN+ X P+1; —

IF(1IZP.EQ.1.OR.IZP.EQ.$NZBIN) [MED(11ZP)=2; "Air region"] <=
ELSE [MED(11ZP)=1; "Water phantom region" /
|IEDGFL(11ZP)=1; "1:Produce fluorescent X-ray" <«——
" O:Fluorescent X-ray does not produced.”
IF(ITYP.EQ.SNYBIN/2+1.AND.IXP.EQ.SNXBIN/2+1) [
IDMED(IZP-1)=MED(11ZP);] <
]

11]
OUTPUT,; (' Key in mode. O:trgectory display, 1:dose calculation);

READ(5,*) IMODE;

IHZP
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XMIN=-16.0; XMAX=16.0; YMIN=-16.0; Y MAX=16.0;
ZMIN=-5.0;
ZMAX=20.0+2.0*ZAIR+2.0; "PICT"

DO J=1,NPLAN |
PCOORD(1,J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1,0)=0.0: PNORM(2,J)=0.0; PNORM (3,J)=0.0;

]

"Define for PICT only"

PCOORD(31)=0.0; PNORM(B)=10; +———— _~ &

PCOORD(3,2)=PCOORD(3,1)+20.0; PNORM(3,2)=1.0;
PCOORD(2,3)=-15.0; PNORM(2,3)=1.0; :/
PCOORD(2,4)=15.0; PNORM(2,4)=1.0;

PCOORD(1,5)=-15.0; PNORM(1,5)=1.0; / X- X-

PCOORD(1,6)=15.0; PNORM(1,6)=1.0;

Y- Y-

CALL GEOMOUT(0,6); "PICT"
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XWIDTH=15.0; "Phantom half-width, X-direction in cm"
YWIDTH=15.0; "Phantom haf-width, Y-direction in cm"
XDET=0.5; "Detector haf-width, X-direction in cm"
YDET=0.5; "Detector haf-width, Y-direction in cm"

"SET ALL COORDINATES AND NORMALS TO ZERO TO BEGIN WITH"
DO J=1,NPLAN |
PCOORD(1,J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1,0)=0.0: PNORM(2,J)=0.0; PNORM (3,J)=0.0;

]

ID1=3NZBIN+1; ID2=1D1+1; ID3=ID2+$NYBIN;
ID4=ID3+1; ID5=ID4+$NXBIN;

DO I=1,ID1 [PNORM(3,1)=1.0;]

DO I=1D2,ID3 [PNORM(2,1)=1.0;]

DO I=1D4,1D5 [PNORM(1,1)=1.0;]
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"Z-direction"
PCOORD(3,1)=-SPOSI;
PCOORD(3,2)=PCOORD(3,1)+SPOS!;

DO [=3,ID1-1
PCOORD(3,1)=PCOORD(3,I-1)+1.0;

]
PCOORD(3,1D1)=PCOORD(3,1D1-1)+SPOSI;

"Y-direction"
PCOORD(2,|D2)=-YWIDTH;
PCOORD(2,|D2+1)=-Y DET;
PCOORD(2,1D2+2)=YDET;
PCOORD(2,1D2+3)=YWIDTH,;

" X-direction”
PCOORD(1,1D4)=-XWIDTH;
PCOORD(L,|D4+1)=-XDET;
PCOORD(1,|D4+2)=XDET;
PCOORD(1,1D4+3)=XWIDTH;

SPOSI:

YWIDTH:

YDET:

XWIDTH:
XDET:

Z=0cm

1/2

12

12

1/2
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OUTPUT;(' Key in source position from phantom surface in cm’);
READ(5,*) SPOSI;
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:X-RAY TYPE:

OUTPUT,;(' Key in source type. 1:100kV");

READ(5,*) IXTYPE;
IF(IXTYPE.EQ.0.OR.IXTYPE.GT.$NXTYPE) | Appendix 1-5

OUTPUT;(" IXTYPE must be >0 <= $NXTYPE.";
GO TO :X-RAY TYPE:;]

‘NEW-CASES:
0
OUTPUT; (" Key in number of cases (0 means end of calculation.)");

READ(5,*) NCASES;
IF(NCASES.EQ.0) GO TO :End of Run:;
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“Determine direction o source"

:ANGLE:

$RANDOMSET WO;

WI=WO* (1.0-WIMIN)+WIMIN;

$RANDOMSET PHAIQ;

PHAI=PI* (2.0 PHAIO-1.0); Z1=-SPOS
SINTH=SQRT(1.0-WI*WI); X1=0.0; YI=0.0;
UI=COS(PHAI)*SINTH,;

VI=SIN(PHAI)*SINTH;

DIS=SPOSI/WI; "Distance between source and phantom surface"
XPF=DIS*UI; "X position at phantom surface"
YPF=DIS*VI; "Y position at phantom surface"

IF(ABS(XPF).GT.XHBEAM.OR.ABS(Y PF).GT.YHBEAM) GO TO :ANGLE;;
IRI=6;
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" Determine source energy from CDF"
$RANDOMSET EIOQ;

DO IE=1,201

IF(EI0.LE.ECDF(IE)) [GO TO :ENERGY-CAL:]
]

:ENERGY-CAL:

SASPEC(IE)=SASPEC(IE)+1.0;
EI=EBIN(IE-1)+(EI0-ECDF(IE-1))* (EBIN(IE)-EBIN(IE-1))/
(ECDF(IE)-ECDF(IE-1));

EKIN=EI+IQI*PRM; "K.E. of particle---PRM is the electron rest mass’

TOTKE=TOTKE+EKIN;
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CALL SHOWER(IQI,EILXIL,Y1,ZIL,ULVI,WILIRI,WTI),

"Add absorbed energy per incident and it square”

DO KKK=1,$NDET [

DEPEH(KKK)=DEPEH(KK K)+DEPE(KKK);
DEPEH2(KKK)=DEPEH2(K K K )+DEPE(KKK)* DEPE(KKK):
DEPE(KKK)=0.0]]

"Add exposure with and without phantom and its square”
FAEXPS=FAEXPS+FAEXP;
FAEXP2S=FAEXP2S+FAEXP*FAEXP,

FAEXP=0.0;

FEXPSS=FEXPSS+FEXPS,
FEXPS2S=FEXPS2S+FEXPS* FEXPS;
FEXPS=0.0;
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AREA=4.0* XDET*YDET;
DO KKK=1$NDET |

VOL=AREA*(PCOORD(3,KKK+2)-PCOORD(3, KK K+1));
DOSE(KKK)=DEPEH(KKK)/NCASES;
DOSE2(KKK)=DEPEH2(KKK)/NCASES;

ERROR(KKK)=SQRT((DOSE2(K K K)-DOSE(K KK)* DOSE(KKK))/NCASES);

DOSE(KKK)=DOSE(KKK)*1.602E-10/\VOL;
ERROR(K KK)=ERROR(KKK)* 1.602E-10/\V/OL ;

DEPTHS=PCOORD(3,KKK+1); DEPTHL=PCOORD(3,KKK+2);

OUTPUT

DEPTHS,DEPTHL,(MEDIA(II,IDMED(KKK)),11=1,24) DOSE(KKK),ERROR(KKK):;
(' Dose a depth',F4.1,'--',F4.1,'cm (',24A1,)=,
G15.5,'+-,G15.5,'Gy/incident");

]
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FAEXPA=FAEXPSNCASES;
FAEXP2S=FAEXP2S/NCASES,
FAEXRR=SQRT((FAEXP2S-FAEXPA* FAEXPA)/NCASES);
FAEXPA=FAEXPA*1.6E-10/AREA;
FAEXRR=FAEXRR*1.6E-10/AREA;

FEXPSA=FEXPSS/NCASES,
FEXPS2S=FEXPS2S/NCASES;

FEXERR=SQRT ((FEXPS2S-FEXPSA* FEXPSA)/NCASES);
FEXPSA=FEXPSA*1.6E-10/AREA;

FEXERR=FEXERR* 1.6E-10/AREA;

IF(FAEXPA.GT.0.0) [BSFA=FEXPSA/FAEXPA;
BSFERR=BSFA* SQRT((FAEXRR/FAEXPA)**2.+(FEXERR/FEXPSA)**2.):
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IP=(IRL-2)/IXY+1;, "SLAB NUMBER"
JP=(IRL-2-1XY*(IP-1))/$NXBIN+1; "COLUMN NUMBER"
KP=IRL-1-IXY*(IP-1)-$NXBIN* (JP-1); "ROW NUMBER"

IF(JP.EQ.$NYBIN/2+1.AND.KP.EQ.SNXBIN/2+1) [
"Middle region of each Z-plane"
IDET=IP-1,
IF(IDET.GT.0.AND.IDET.LE.$NDET) [
DEPE(IDET)=DEPE(IDET)+EDEP/RHOR(IRL);

]

EDEP:
RHOR(IRL): IRL

Appendix 1-8




IF(W(NP).LT.0.0) [LATCH(NP)=1;]
IF(IRL.NE.IROLD.AND.IQ(NP).EQ.0) ["photon cross plane"
IF((W(NP).GT.0.0.AND.IP.EQ.2).OR.(W(NP).LE.0.0.AND.IP.EQ.1))
"Calculate exposure at phantom surface"
IF(ABS(W(NP)).GE.0.0349) [CMOD=ABS(W(NP))]
ELSE [CMOD=0.01745]
ESING=E(NP); coy
DCON=ENCOEA(ESING); "PHOTX data’
FEXPS=FEXPS+E(NP)*DCON*DPWT/CMOQOD;
IF(W(NP).GT.0.0.AND.LATCH(NP).EQ.0) [
FAEXP=FAEXP+E(NP)* DCON* DPWT/CMOD;]

1]

ESING
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IF(IMODE.EQ.0) [
CALL PLOTXYZ(IARG,NP,IQ(NP) X(NP),Y (NP),Z(NP),E(NP)): "PICT"
]
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$NZBIN=18:
$SNDET=16:
3cm-13cm
0.3
DOS

— negArunp body k.dat



/-

PARAMETER $NZBIN=18; "NUMBER OF BINS IN Z-DIRECTION*
PARAMETER $NDET=16; "Detector number"

3cm-13cm
0.3

NZP=(1ZP-1)* XY +(1Y P-1)* $NX BIN+I X P+1;
IF(1IZP.EQ.1.OR.IZP.EQ.$NZBIN) [MED(11ZP)=2; "Air region"]
ELSE [MED(11ZP)=1,; "Water phantom region’
IF(1ZP.GE.5.AND.IZP.LE.14) [RHOR(11ZP)=0.3;]

IEDGFL (11ZP)=1; "1:Produce fluorescent X-ray"

! 0:Fluorescent X-ray does not produced.”
IF(ITYP.EQ.SNYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
IDMED(1ZP-1)=MED(11ZP);]

]



"Define for PICT only"

PCOORD(3,1)=0.0; PNORM(3,1)=1.0;
PCOORD(3,2)=3.0; PNORM(3,2)=1.0;
PCOORD(3,3)=13.0; PNORM(3,3)=1.0;
PCOORD(3,4)=PCOORD(3,1)+16.0; PNORM(3,4)=1.0;
PCOORD(2,5)=-15.0; PNORM (2,5)=1.0;
PCOORD(2,6)=15.0; PNORM(2,6)=1.0;
PCOORD(1,7)=-15.0; PNORM(1,7)=1.0;
PCOORD(1,8)=15.0; PNORM(L,8)=1.0;

CALL GEOMOUT(0,8); "PICT"



3cm 2Cm
X- Y-
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3cm-5cm

NZP=(1ZP-1)* XY +(1Y P-1)* $NX BIN+I X P+1;
IF(1IZP.EQ.1.OR.IZP.EQ.$NZBIN) [MED(11ZP)=2; "Air region"]
ELSE [MED(11ZP)=1,; "Water phantom region’
IF(1IZP.GE.5.AND.IZP.LE.14) |

IF(1IZP.NE.8. AND.IZP.NE.9) [RHOR(1ZP)=0.3]]]

IEDGFL (11ZP)=1; "1:Produce fluorescent X-ray"

! 0:Fluorescent X-ray does not produced.”
IF(ITYP.EQ.SNYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
IDMED(1ZP-1)=MED(11ZP);]

]
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(Fe FE-IAPRIM-PHOTX
PARAMETER $MATNO=3; "Number of materia used"

$TYPE MEDARR(24,$MATNO);
DATA MEDARR/$SWATER-IAPRIM-PHOTX",6* *',
$SAIR-AT-NTP-IAPRIM', 7% "',

$S FE-IAPRIM-PHOTX' ,9*''/;
NMED=3; "Number of medium used"

DO F1,NMED [DO I=1,24 [MEDIA(l,J)=MEDARR(1,J);]]
3cm-4cm

DO 1ZP=1,$NZBIN [

DO IYP=1$NYBIN [

DO IXP=1$NXBIN [

NZP=(1ZP-1)* IXY +(1Y P-1)* SNX BIN+I X P+1;

IF(1IZP.EQ.1.OR.IZP.EQ.$NZBIN) [MED(11ZP)=2; "Air region"]

IF(1IZP.EQ.6) [MED(1ZP)=3; “Fe region’]

ELSE [MED(11ZP)=1,; "Water phantom region"

IEDGFL(11ZP)=1; "1:Produce fluorescent X-ray"

! O:Fluorescent X-ray does not produced.”

IF(IYP.EQ.$NYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [

IDMED(1ZP-1)=MED(11ZP);]

]



