MITNE-40 |
Addendum No. 1 |

PULSE

An IBM 7094 Program for Calculation of
Fast Neutron Kinetics by MonteCarlo

Addendum No.1, May 1964

A.E.Profio

Massachusetts Institute of Technology
Department of Nuclear Engineering
Cambridge, Massachusetts




MITNE-LO
Addendum No. 1

PULSE

An IBM 7094 Program for Calculation of

Fast Neutron Kinetics by MonteCarlo

Addendum No. 1, May 1964

A. E. Profio

Massachusetts Institute of Technology
Department of Nuclear Engineering



PULSE

Addendum No., 1

The purpose of this addendum 1s to bring up to date the re-
port MITNE-lO, "PULSE - An IBM 709l Program for Calculation of Fast
Neutron Kinetics by Monte Carlo", by A. E. Profio, issued in October
1963 by the Department of Nuclear Engineering, Massachusetts
Institute of Technology, Cambridge, Massachusetts. Familiarity
with the report is assumed,

The ma jor change which has been made in the FORTRAN program
is an improved method of treating neutron leakage. In the earlier
version the distance and time to the next collision was computed
in subroutine FLIGHT, and then one of the geometry subroutines
BLOCK, CYLIND, or SPHERE was used to calculate the new position.
The geometry subroutine also decided if the new position was in-
side or outside of the assembly., If it was outside, the neutron
was tabulated as having escaped, but the time of escape was record-
ed at the time at which the next collision would have occured, had
the boundary not been crossed. This is evidently incorrect and
biases the decay toward a longer mean lifetime,

In the new version, the distances to the various boundary
planes (for a block), end planes or cylindrical surface (for a
cylinder) or spherical boundary is calculated. There may be more
than one positive distance to a boundary along the direction of
travel of the neutron because the surfaces are supposed to be ex-
tended to infinity, and there is no way to know beforehand which
boundary will be crossed first. Hence the distances to all
boundaries are calculated along the direction of travel, and the
smallest positive distance chosen as the distance to the surface

of escape.

Outline of Revised Calculation

The main program of PULSE has been modified by substituting
new instructions from FORTRAN statement number 130 up to but not
including statement number 160, and by replacing subroutines
FLIGHT, BL@CK, CYLIND, and SPHERE by new subroutines FLITE, P@ST,



DTPB, DTCB, and DTSB (see the listing included with this
Addendum). The remainder of the program remains unchanged.

The logical flow is now as follows: after returning from the
cross section subroutine SIGMA and making a few checks as be-
fore, subroutine FLITE is called. FLITE is similar to FLIGHT,
except that now only the time increment (flight time between
collisions, not total time since start) is calculated as the
variable TIMET. The main program then calls the appropriate
subroutine to calculate distance to boundaries: DTPB (distance

to plane boundary, for a block), DTCB (distance to the boundaries
of a cylinder), or DTSB (distance to the sphere boundary). The
subroutine to use 1s indicated as before by specification of the
input variable KAS = 1 (block), 2 (cylinder), or 3(sphere). The
distance-to-boundary subroutines calculate the distances as ex-
prlained above and find the smallest positive distance along the
line of travel. The program then returns to (main) and calls
subroutine P@ST. This subroutine first compares the distance

to the boundary, DISTB, with the distance to the next collision
DIST which was previously computed by FLITE. If the distance

to the boundary 1is larger than the collision distance, then the
new position 1s calculated, the time 1s updated by TIMET, and
calculations proceed since the neutron has not left the assembly.
On the other hand, if the predicted collision distance is larger
then the distance to the boundary, the new position is calculated
(which should then be on the boundary; this information is not
retalned now but the main program could be rewritten to save it),
and the time is updated to the time the neutron crosses the
boundary. The leakage tabulation subroutine LEKTAL is then called
as before,

New Subroutines

Subroutine FLITE is very similar to FLIGHT, the difference
being that a time increment is returned rather than the current
time plus the increment,

Subroutine PZST finds if DISTB is larger or smaller than
DIST, claculates new positions as before, new times from either
TIME + TIMET or TIME + DISTB/VEL, and returns also the index



variable KGEfZ = 1 (if inside) or KGEg = 2 (if escaping).
Subroutine DTPB computes the distance from the last
collision at x, y, z to all six boundaries of the block, where
the planes are assumed to be extended indefinitely. The dis-
tance 1s calculated along the direction of travel (specified
by the direction cosines); negative distances indicate an inter-
section along the travel line but for the opposite direction in
which the neutron is actually moving, The calculation is based
on a vector formula given by Clark and Hansen (22,53 Class Notes,
M,I.T.):

(r -r)°n
L = (1)

where distance to plane

-

1]

vector from arbitrary reference point to plane
= vector from reference point to neutron
unit vector perpendicular to plane

I I8N o

= unit vector in direction of travel of neutron

The reference point was taken at the origin of coordinates (center
of block), 3' and n are colinear, and r' is + XMAX, + YMAX, or
+ ZMAX depending on the plane being considered, {2 = ai + 8] + vk
where i, j, k are the usual coordinate unit vectors. Substitution
and simplication then gives the formulas in the FORTRAN listing.
The distance to the plane boundaries of a cylinder are
calculated in DTCB as in Eq. 1. The distance to the (infinite)
cylindrical surface is given by




where is the distance desired

= vector from origin to the neutron
= unit vector along axis of cylinder
unit vector in direction of travel
= cylinder radius 1/2
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Subroutine DTSB calculates the distance to the spherical
boundary using the relationship

: 1/2
L = -f -r + {(Q.£)2+r'2-r2}

where L. 1is the distance desifed
r = vector from origin to the neutron
L = unit vector in direction of travel

r = sphere radius 1/2

r=|r| = (x2 + y2 + z9)

Reduction of these equations gives the formulas in the FORTRAN
listing.



*M246
*FORT
*LIST

5=20334FMSIRESULT 1591595009500
RAN

DIMENSION SP(10)sSBE1(20)sSBI1(20)sSBF1(20)9SBC1(20)+SBE2(20)sSB12
1020)9SBF2(20)»SBC2(20) 9VBOUND(20)»sAP1(10+20)9AP2(10+20)3SBL1(20+20
2)9SBL2(20920)sP(22)sVLLI(20)sVL2(20)9SLI20)sPLL20)4FP1(22)9FP2(22)
3LEAK(100910)sNELS(100510)sNINS(100)sNFIS{100)sKAPT(100)

READ 19XSsYSsZS9sPARA9PARByPARCsTHETAYKSyNEUT

FORMAT (TFBe4s129114)

PRINT 29sXSsYSsZ5sPARASPARByPARCsTHETA$KS,NEUT

FORMAT (1H1 9 3HXS=FBe492Xs3HYS=FBe492X93HZS=FBel492Xy5HPARA=FB4442X 45
1HPARB=FBe492Xs5HPARC=F84 492X s 6HTHETA=FB84492X93HKS=1242X s5SHNEUT=114
2)

READ 3,5P

FORMAT (10F744)

PRINT 4sSP

FORMAT (1HO93HSP=10F744)

READ 59 XMAXsYMAX 9 ZMAX sRMAX s KA S

FORMAT (4FBe4y12)

“PRINT 69 XMAX's YMAX's ZMAX 9 RMAX 9K AS
FORMAT ( 1HO s SHXMAX = FB8e492XySHYMAX= FBebs2X9sSHZMAX=FBe4 92X 9y SHRMAX=F 84

T44,2Xy6HKAS=T2)
READ 73TDs TCHsEMINSECHIKT14KT2

" FORMATUI4F7439213)

PRINT B8eTDsTCHIEMINSECHKT19KT2

T FORMATI1IHO W 3HTD=F 7433 ZX 9 4HTTH=F 7T 39 2X s 5HEMIN=F 743 42X 9 4HECH=F 70 392X

194HKT1=1342X94HKT2=13)

READ 9P
FORMAT(11F642)

""""""""""" PRINT Y0, 7 77T

FORMAT (1HO»2HP=11F6, 2/3X911F642)

""""""""" READ 11 VBOUND ~ "7~

FORMAT (10FT744)

PRINT 12,VBOUND
FORMAT (1HO » THVBOUND=10F744/8X s 10F 7o &)

"""""" TTT 7T READ 139ADY»ALSALIMYSLIMIZCTNL»VST19FNUL 9DELNUL +KIA1

FORMAT (F7e592F7e295FB8e4s12)
PRINY 149ADY» A1 9 ALTMI»SLTMI 9 CTINL S VST19FNU19DELNUL$KIAL
FORMAT (1HO 94HAD1=F74592X s3HA1=F 7429 2X9s6HALIMI=FT74292X96HSLIMI=F844

Te2X s SHCINI=F8e% 92X 9 BHVET1=FB8 el s 2X s SHFNU1=F846 92X s THDELNULI=FBe&4 42X
25HKIA1=12)

19

20

21

22

READ 15+SBE1

FORMAT (10F7,43)

D0 16 J=1,20
SBE1(J)=AD1%#SBE1(J)

TPRINT 17+SBE1

FORMAT (1HO 9 4HSBE=10F7¢3/5X910F7e3)
READ 15+SB11

DO 18 J=m1,20

SBI1(J)=AD1*SBI1(J)

PRINT 19,SBI1

FORMAT (1HO 4 4HSBTI=10F7¢3/5Xs10F 743}
READ 159SBF1

DO 20 J=1,20

SBF1(J)=AD1%*SBF1(J)

PRINT 21+5BF1

FORMAT (1HO s 4HSBF =10F7¢3/5X»10F 74 3)
READ 15,5BC1

DO 22 J=1+20

SBC1{J)=AD1*%SBC1(J)

PRINT 234SBC1



FORMAT (1HO s 4HSBC=10F743/5Xy10F743)

READ 159AP1

PRINT 244AP1

FORMAT (1HO s3HAP=10F743/4Xs10F7e3/4Xs10F7e374Xs10F7e3/4Xs10FTe3/4Xy
110F7¢3/74X910FT7e3/4X910F7e3/4X910F743/4Xs10FT7e3/4Xs10F743/4Xs10F743
274Xy 10F Te3/74Xs10FTe3/4X910FT7e3/4Xs10FT7e3/04Xs10F7e3/4Xs10FT7e3/4X510
3F7e3/4X910F743)

READ 15,VL1
PRINT 25,VL1

T READ 130 ADZ2, A2 ALTMZySLIM2,CINZ»VST29FNU2 sDELNU2 9K IA2

PRINT 299AD2sA29ALIM2ySLIM29CIN2sVST2sFNUZ2IDELNU2,KIA2

T 2% T T FORMAT(1HO 93HVL=10F743/4X310F743)
READ 159SBL1
CTUTTTTTTTUTTUPRINY 26.5BLY
26 FORMAT (1HO 9 4HSBL=10F743/(5Xs10F743))
READ 27sFP1 I
27 _ FORMAT(11F6e43) = . .
TTTTTTTTTTUPRINT 28FP1
28 FORMAT (1HO 93HFP=11F643/4Xs11F643)
- 29

TTTTA0TTTREAD 1%5wSBEZ? O T

FORMAT (1H& s 4HADZ=FT 452X+ 3HAZ=FTe 292X s6HALIM2=F 74 292X 96HSLTM22FB 44
192X 95HCIN2=FBe4s2Xs5HVST2=FB el 92X 9s5HFNU2=FBe4 92X s THDELNUZ2=FBe492Xs
PEHKTA2=Y2) T T T

IF(AD2) 4040430

DO 31 J=1,20

31

TTTTTTTTTTTREAD 15, 5B12

SBEZ({JY=AD2#SBE2TJT oo
PRINT 17+SBE?2

DO 32 J=1,20

T TR T T SBYI2UNEFADZ¥SBI2NUY T T T T B

PRINT 1945SBI2

READ 1595BFZ
DO 33 U=1,20

T TT 33T USBF21J) =ADZ¥SBF2UY)
PRINT 21,5SBF2
TUUTTTTTTTTREAD 15,SBCZT 7T T T
DO 34 J=1,20
34 SBTZ{JT=ADZ¥SBCZ T,

40

42

— T

PRINT 2345BC2
"READ 1%,AP2 T
PRINT 24,AP2

" READ 15sVLZ

PRINT 25sVL2

" TTREAD 15,5BL2

PRINT 26458L2

‘T READ 274FP2

PRINT 28sFP2

© GO TO 50 °

DO 41 JU=1,20
"SBE2(J1=040
DO 43 J=1,20

THF T SBI2(J) =060

44
Y
46

50

&

DO 45 JU=1,20

~ SBF2(J)=040

DO 47 J=1,20
§BC2(J1=0e0
REWIND KT1
REWIND KT2
KT=KT1



MULT=1
NL=0
NC=0
NS=0
NT=0
NF=0
NLTD=0
NGTR=0
NGZR=0
NLME=0
NGER=0
NOSL=0
KSCAT=0
100 DO 801 N=1yNEUT
110 CALL SOURCE(ALPHASBETA9GAMMA 3VEL sXsYsZ s TIMEgPARAsPARBIPARCsXSsYSeZ
1S53 2MAX s THETA 3 SP 4K S)
120 CALL SIGMA(VELsSBE14SBE2,SBI1sSBI23SBF143SBF245SBC14SBC24sAD19AD2,VBO
1UNDs TMFPsPE14PE2sPI14sP12,PF14PF2+PClyJ)
. IFtJ)12291225127 N o
T 122 NT=NT+1
IF(NT=5)110,110+124
124 PRINT 125sNT
125 FORMAT(1HO3HNT=12)
GO TO 900
127 NT=0 o o
130 CALLFLITE(DISTsTIMET,TMFP,VEL)
e __ 140 GOTO(145+1505155) yKAS
) 145 CALLDTPB(ALPHAYBETASGAMMASXsY sZ s XMAX 9 YMAX 3 ZMAXsDISTB)
146 CALLPOST(ALPHASBETAIGAMMAsXsY sZ9sDISTeDISTByTIMESTIMETVEL
TTTTTTTTTTTIXGEDY T
147 GOTO(1609600) 9KGEO
150 CALUDTCBUALPHAYBETAsGAMMA s XsY 92 sRMAXsZMAXsDISTB}
151 GOTO146
155 CALLDTSBUALPHASBETA GAMMA X sY s ZsRMAXsDISTB)
156 GOTOl46
“““““““ 130 " 1F(AD2I 1815181185
161  CALL COLIDI(PE14PI1yPF1,KCOL)
Y o B o o H By 4
165 CALL COLID2(PE1sPE24PI1sPI29PF1sPF2,PC1,KCOL)
T T T TTATO  KTYPE=KCOLIY
KNUCL=KCOL=(10#KTYPE)
T GU YO t1200s3005400+500) +KTYPE
200 CALL ELTAL(TIMEsTDsTCH»Z»ZMAX»KELSHNELS)
T T NS=NS+1 )
GO TO (203,205920792079209) sKELS
203  NLTD=NLTD+1

GO TO 209
205 NGTR=NGTR+1

GO TO 800
207 NGZR=NGZR+1

GO TO 800

209 KSCAT=KSCAT+1
IFI{KSCAT-100)211s2114225

211 GO TO (2154220) sKNUCL

215 CALL ELSCAT(ALPHASBETA9GAMMASVELsA1sALIM1sSLIM1yAP1yJ)
GO 7O 120

220 CALL ELSCAT(ALPHASBETAIGAMMAZVEL sA23ALIM2,3SLIM29AP2yJ)
GO TO 120

225 NOSL=NOSL+1



KSCAT=0
GO TO 800
300 CALL INTAL(TIMEsTDsTCHsKINSsNINS)
i NS=NS+1
GO TO (303+305930593059307)9KINS
303 NLTD=NLTD+1
GO TO 307
7305 NGTR=NGTR+1
_....GO TO 800
307 KSCAT=KSCAT+1
IF(KSCAT~100)30993099320
309 GO TO (3104315)sKNUCL
310 CALL LEVEL(VELsSBL1sVBOUNDPLyJ)
T CALL T INSCAT(ALPHASBETASGAMMASVEL s AT 9 CINL9PsPLsVL19VST1sKIAL)
GO TO 120
"7 315 CALL LEVEL(VELsSBLZ»VBOUNDYPL»J)
CALL INSCAT(ALPHAsBETAyGAMMASVELsA23CIN23PsPLsVL2)VST2sKIA2)
GO TO 120 B ‘
320 NOSL=aNOSL+1
T K8CAT=0 T
GO TO 800
TH00 T CALL FISTALITIME » TD W TCTHWKFISWNFTIS)
KSCAT=0
T TGO YD Ta02940% 9 A0% 404 506 W KF TS
402 NLTD=NLTD+1
Ll U
404 NGTR=NGTR+1
T G0 TO 8O
406 GO TO (407+409)sKNUCL
407  CALL FISSN(XsYsZyVELsTIME)FP19FNU19DELNUL ¢NF 4KT)
..GO _T0 800 SO
T 409 CALU FISSN(XsYsZsVELsTIMESFP24FNU2sDELNUZ2 9NF 4K T)
Go 10 800
500 CALL CAPTAL(TIMEsTDs TCHsKCAP»KAPT)
.. NC=NC+1
KSCAT=0
GO TO (504+50695064+5069507)9sKCAP
TNLTD=NLTD+1 T B )
. GO 70 800
506 NGTR=NGTR+1
507 GO TO 800
600 CALL LEKTAL(TIMES)VELsTDsTCHIEMINSECHIKLEK sLEAK)
NL=NL+1
KSCAT=0
GO TO (604+6069608356109611) 9KLEK
604 NLTD=NLTD+1

GO TO 800
606 NGTR=NGTR+1

GO TO 800
508 NLME=NLME+1

GO TO 800

610 NGER=NGER+1
611 GO TO 800
800 &GO TO (80148099820)sMULT
801 CONTINUE
KS=1
803 MULT=2
REWIND KT1
REWIND KT2



IF(NF1850+8504+807

807 N=NF
NF=0
809 N=N-1
IF(N)B8144811,5811
811 READ TAPE KT1sXSsYSsZSePARASTHETA
KT=KT2
GO TO 110
814 MULT=3
REWIND KT1
REWIND KT2
IF(NF)85098504818
818 N=NF
NF =0
820 N=N=1
IF(N)B039822,822
822 _READ TAPE KT2sXSeYSsZSsPARAYTHETA
KT=KT1
60 _T0 110 . .
850 PRINT B851sNLaNCINSINFINLTDsNGTRINGZR sNLME sNGERyNOSL
851 FORMAT (1H1s3HNL=I1892Xs3HNC=1892X9s3HNS=I8+2Xs3HNF=I18/1HOs5HNLTD=184

12X 95HNGTR=1892X95HNGZR=1892X s SHNLME=1892Xs5HNGER=1892X»5HNOSL=18)

__PRINT 853sLEAK

853 FORMAT(1HO»5HLEAK=2016/(6Xs2016))
PRINT 8554NELS
855 FORMAT (1H45HNELS=2016/(6X92016))
oo PRINT 857sNINS -
857 FORMAT(1H&45HNINS=2016/(6X92016))
e . PRINT 859,NFIS R
T 9 FORMAT (1H&45HNFIS=2016/(6X92016))
PRINT 861+KAPT e
861 FORMAT(1H&4s5HKAPT=2016/(6X92016))
e . PUNCH 8634LEAKsNELS)NINS,NFISsKAPT
863 FORMAT(1016)
o--.-._800 CALL EXxIT
END

274



e : 5
SUBROUTINE SOURCE(ALPHAYBETAsGAMMASVEL sXsYsZ s TIMEyPARASPARByPARCyX

1S eYSsZSsZMAXs THETASSP4KS)
o .. __._..__DIMENSION sP(10)

) GO TO (10920530940)9KS

10 X=Xs
Y=Ys
2225 , )
GAMMAC=2 4 O0%RANNOF (W) =140

VEL=PARA

CALL TSOANG(ALPHABETA»GAMMA » GAMMAC4VEL)
TIME=THETA

RETURN

20 X=XS#*(2¢0%#RANNOF (V) =14

0)
Y=YS*(240%RANNOF (W)=140)
o ._._13m2S I
GAMMA=1,0
... ALPHA=0.0
BETA2040
VEL=PARA-PARB*RANNOF (U)
TIME=0,0

"""" T 77307 T CALL ANGLSUSPHRGAMMAC) T T
iemecmemeo . YEL=PARA=PARBXRANNOF(V)-PARCX*(140=-GAMMAC}

CALL TSOANG(ALPHAsBETA»GAMMA ¢ GAMMAC,,VEL)
S=(-ZMAX-ZS5)/GAMMA

X=S*ALPHA
_Y=S*BETA

Za~7ZMAX

TIME=S/VEL

e R URR S T e e

40  CALL TARGET(ALPHAsBETAsGAMMA,VEL sX9sYsZsTIME)PARASPARBPARC)

. RETURN
e END .



10

20

30

SUBROUTINE ANGLS (SPyGAMMAC)
DIMENSION SP(10)

R=RANNOF (X)

M=10e0%R+1,0

REM=R=0¢1#FLOATF (M=1)
IF(10=M)30,10520

GAMMAC=SP (10)+(REM/0s1)%(140=-5P(10))
RETURN
GAMMAC=SP(M)+(REM/041) % (SP (M+1)=SP(M))
RETURN

GAMMAC=1,0

RETURN

END

13



7

SUBROUTINE TARGET(ALPHA,BETAsGAMMAsVEL 3XsYs2»TIME yPARAsPARBPARC)

X=X
LoYEY
7=2
.. ALPHA=ALPHA
BETA=BETA
GAMMA=GAMMA
TIME=04.0
_ VEL=PARA-PARB*RANNOF (V) ~PARC*ABSF ( GAMMA )
RETURN
END

11



14

8

SUBROUTINE SIGMA(EN,SBE1,SBE2,SBI14SBI2,SBF1,SBF24SBC14SBC2,3AD1,AD

124EBOUND s TMFP sPE1sPE2sPI14sPI23PF14PF24PClsJ)

DIMENSION SBE1(20)sSBE2(20)sSBI1(20134SBI2{20)sSBF1(20)+SBF2(20)435B

1C1(20)+5BC2(20)sEBCUND(20)
10 CALL GROUP(ENJEBOUND s sKGP)

J=J
11 GO TC(12914)sKGP
12 J=0
13 RETURN

1F(20-U160+60520

20 SE1=FIND(ENsJsEBOUND,SBE1}
21 SI1=FIND(ENsJsEBOUNDsSBI1)
22 SF1=FIND(ENsJsEBOUND,SBF1}
23 SC1=FIND{EN»J»EBOUND,SBC1)}
24 1F(AD2)25+25430
25 SE2=0,
26 512=0
27 SF2=0,
28 5C2=0,
29 GO TO 40
30 SE2=FIND(ENsJsEBOUNDsSBE2)
31 SI12=FIND(ENsJsEBOUNDsSBI2)
32 SF2=FIND(ENs»JsEBOUNDSBF2)

"33 SC2=FIND(ENsJsEBOUND,SBC2)

49 TMFP=1,0/(SE1+SI1+SF1+SC1+SE2+SI2+SF2+5C2)

41 PE1=TMFP#SF1
42 PI1=TMFP*ST1

43 PF1=TMFP#*SF1

_ 44 1F(AD2)45945,50

45 PC1=1,0=-PE1-PI1-PF1
46 IF(PC1=040001)47448,48

47 PC1=0.,0

48 RETURN

50 PCl=TMFP#*#SC1

51 PE2=TMFP#SE?2

52 P12=TMFP#*512

53 PF2=TMFP#SF?2

- 54 RETURN

60

!

62
63
64
65
66
67
68

SE1=SBE1(20}
SI1=SBI1(20)}
SF1=SBF1(20)
§C1=SBC1120)
SE2=SBE2(20)
S12=SB12(20)
SF2=SBF2(20)
$C2=SBC2(20)
GO TO 40
END

48



SUBROUTINE GROUP (ENEBOUND s JsKGP)
DIMENSTON EBOUND(20)
10 IF(EN-EBOUND(1))115,13,13
TTTTUTT11T KePel
12 RETURN
"""" 137 T U=20 0
14  1F(EN-EBOUND(J)115+91,91
15~ J=10 o o
16  IF(EN=-EBOUND(J))17+9129
A
18 IF(EN-EBOUND(J) 11959125
Tl us=2
20  TF(EN=-EBOUND(J))90+91s21
e 1190s91s21

... 22  IF(EN-EBOUND(J)190+51s23
5 BN PN S '

L RNES |
26 1F(EN=EBOUND(J)) 2791421 B
27 J=J-1
28 GO TO 24
- 2 R P I T T
30 IF(EN=-EBOUND(J))31591,33
oo 33 JEIENEBOUNDLI1) 21051032
32  IF(EN-EBOUND(J))27+9121
33 J=17
34  IF(EN-EBOUND(J))27s91s21 )
SRR« N T D(J))27591921
91  KGP=2 ,
92 " TRETURN
END O i o~ . A 21

31



10

FUNCTION FIND(ENsJ+sEBOUNDsSBX)

DIMENSION EBOUND(20)sSBX(20)
FIND=SBX(J)+(EN-EBOUND(J)I*(SBX{(J+1)=SBX(J))/{EBOUND(J+1)-EBOUND(J
1)

RETURN

END



10 B=RANNOF (X)
12 IF(B=40000454)10510913
13 C=LOGF(B)
_DIST=TMFP*(-C) _
IF(DIST)10416916
16 TIMET=DIST/VEL
IF(TIMET)10,18,418
18_RETURN
END

SUBROUTINEFLITE(DIST s TIMET, TMFP4VEL)

11

~10



10

20

SUBROUTINE POST(ALPHA+BETAsGAMMA X sYsZsDISTyDISTByTIME

1TIMET 3 WVELIKGEO)

IF(DISTB=DIST)20+20410

X=X+ALPHA%#DIST
Y=Y+BETA*DIST
2=72+GAMMAXDIST
TIME=TIME+TIMET
KGEO=1

RETURN
X=X+ALPHA*DISTB
Y=Y+BETA*DISTB
2=2+GAMMA*DISTS
TIME=TIME+DISTB/VEL
KGEO=2

RETURN

END

12

16



13

__ SUBROUTINE DTPB (ALPHABETA»GAMMA sXsY sZ s XMAX s YMAX » ZMAXsDISTB)
D1=(XMAX=X)/ALPHA
_D2=-(XMAX+X) /ALPHA

D5=(ZMAX=Z)/GAMMA
Dé=—(ZMAX+7)/GAMMA

D3=(YMAX-Y)/BETA
e _. . Da=-{YMAX+Y) /BETA
IF(D1)10s11,11
fmeemeno. 10.D1=10000.0
11 IF(D2112,13513
o 12 D221000040

~ 13 1F(D3)144+15,15

14 D3=1000040

15 1F(D4)16917417
16 D4=1000040

T 19 1F(D6Y 20,421,210 T

17 1F(D5)118419419
18 D5=1000040

20 D6=1000040

21 DISTB=MINIF(D1sD2sD3+sD&sD5406) -
e 1F{D1ISTB)23y24924
T 23 D1ISTB=040

24 RETURN ,
5 - T B




10
20

30
31
32
33

35

40

14

SUBROUTINE DTCB (ALPHASBETAsGAMMA X sYsZ sRMAX s ZMAX4DISTB)
OMR=X*ALPHA+Y*BE TA+Z*GAMMA

R=SQRTF (X**24Y#¥2+Z%#%2)
D1=(Z*GAMMA=OMR+SQRTF ( {Z*GAMMA=OMR) %2+ (1 40=GAMMAX*2 ) *
1(RMAX#%24+Z %% 2~R%¥%2)))/(1,0-GAMMAX*2)

IF(D1)10+20,+20

D1=-D1

D2=(ZMAX=Z)/GAMMA

D3=—(ZMAX+Z) /GAMMA

IF(D2)30s31,31

D221000060

1F(D3)32933,33

D3=1000040

DISTB=MIN1F(D1sD25sD3)

IF(DISTB) 35440440

DISTB=-DISTB

RETURN

END

18
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SUBROUTINEDTSB(ALPHAsBETAsGAMMA X sY sZ 4RMAXsDISTB)
OMR=X*ALPHA+Y*BETA+Z*GAMMA
__R=SQRTF (X**2+YR#2+7%%2)
T T T T T T T T DTISTB=~0OMR+SQRTF (OMR® ¥ 2+RMAX ¥ % 2=R %% 2 )
... . .5 IFtDISTB)20+10s10
T 10 RETURN
20 DISTB==-DISTB
GO 70 5

__END.
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SUBROUTINE LEKTAL(TIMESVELsTDsTCHyEMINSECHIKLEKyLEAK)
DIMENSION LEAK(100,510)

ITIME=(TIME-TD)/TCH

IF(ITIME=1)12s14s1¢

CKLEK=1

RETURN

IF(100-1TIME)15491717

KLEK=2

RETURN

TEN=(0e5227* (VEL®*%2)~EMIN) /ECH
IF(IEN-1)19421y21

KLEK=3

RETURN

IF(I0-1ENY22424924

KLEK=4

RETURN
LEAK(ITIMEQIEN)=LEAK(ITIME.IEN)+1

KLEK=5
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SUBROUTINE COLIDL(PE1sPI1sPF1,KCOL)

9 "R=RANNOF (X}

10 IF(R=PE1)20s11s11
11 IF(R=PE1-P11)30s12912

12 IF(R=PE1-PI1-PF1)40413413
13 KCOL=41
14 RETURN
20 KCOL=11
21 _RETURN
30 KCOL=21

31 RETURN
40 KCOL=31
41 RETURN

END




SUBROUTINE COLID2(PE1sPE2sPI1sPI2sPF19PF2,PC1yKCOL)

9 R=RANNOF { X )

18

10 IF(R=PE1)20s11911

11 IF{(R-PE1-PE2)30s12+12

12 IF(R=-PE1-PE2~PI1)40413,13

13 IF(R=PE1-PE2~PI1=-PI2)50s14414

14 IF(R-PZ1-PE2-P11-PI2-PF1)604+15+15

15 IF(R=-PEL1-PE2-P11-PI2-PF1-PF2)70s16+16
16 IF(R=PE1=-PF2-P11~PI2-PF1~PF2~PC1)8049090

20 KCOL=11
21 RETURN
30 KCOL=12
31 RETURN
40 KCoOL=21
o.... %4l _ RETURN
507 KCOL=22
51 _ RETURN
60  KCOL=31
61 RETURN

70 KCOL=32
... 71 RETURN _ . -
80  KCOL=41
~..-.81 _RETURN
90 " KkCOL=42
91 _ RETURN e
END

26
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DIMENSION NELS(100,10)
10 ITIME=(TIME-TD)/TCH

1Y IR OITIME=I 1214010
12 _KELs=1 . . ..
13 " RETURN

14 IF(100-T1TIME) 15417917

I5  RELS=2 T
16  RETURN
““““““ 17777 17=6.0+15,0%2) /ZMAX
18 I1F(17-1)19,21,21
"""""" 1577 " kELS=3 T T
20 RETURN
21 TF(10-T2122y24524
22 KELS=4
““““““ 23TTREYURN T T
24 KELS=5
""""" 25T T NELSIITIMES 12V =NELSTITIME, 120+~
26 RETURN
END ”

20
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SUBROUTINE ELSCAT(ALPHASBETAsGAMMASVELsAsALIMySLIMyAPyJ)
DIMENSION AP(10,+20)
10 IF(VEL-SLIM}114+20,20
11 GAMMAC=2 4 0#RANNOF (X) =140
12 IF(A=ALIM) 13,415,515
13 CALL CMLAB(ALPHA+BETAsGAMMA »GAMMAC 4VEL )
14 RETURN
15 CALL ISOANG(ALPHASBETAsGAMMA s GAMMAC,VEL)
16 RETURN
20 CALL ANGLE (JsAPsGAMMAC)
21 GO TO 12
END




21

SUBROUTINE ANGLE (JsAP s GAMMAC)
- T DIMENSTION AP[10,20)
R=RANNOF (X )
""""""""""""" M=10,0%R+1°D
REM=R=-041%FLOATF (M=1)
"""""""""""" TF10-M)305,10920
10 GAMMAC=AP(10,J)+(REM/0s1)%(140-AP(10sJ))
i itla a Rt b AL E AL A

30 GAMMAC=140
TUTTTTTTITTTUTREYURN T
END

13




22

SUBROUTINE CMLAB (ALPHAsBETAsGAMMA , GAMMAC 4VEL sA)
10 R1=RANNOF (X)
11 R2=RANNOF (X}
12 ETA=(2,0%R1=140)%%¥2+(240%R2=140)%*2
13 IF(ETA=140)16314,510
14 ROOT=SQRTF((1+40-GAMMAC*%2) /ETA)
15 ALPHAC=(240%R1-140)#R0O0OT
T T 16 BETAT=1ZJ0¥RZ-1,07%¥RO0OT
17 RTG=SQRTF(1e0-GAMMA®*2 )
18 ALPHAP= ((ALPHA®GAMMA*ALPHAC-BETA*BETAC) /RTG) +ALPHA*GAMMAC
19 BETAP=( (BETA*GAMMA*ALPHAC+ALPHA*BETAC) /RTG)+BETAXGAMMAC
20 GAMMAP ==ALPHAC*RTG+GAMMA*GAMMAC
21 RTA=SQRTF(1,0+A%%#2+2 4 0*%A%XGAMMAC)
T 22 AULPHA=(ALPHA+A*ALPHAP) /RTA
23 BETA= (BETA+A®BETAP)/RTA
24 7 GAMMA= (GAMMA+A®GAMMAD) /RTA
25 VEL=(VEL#RTA)/(A+1,0)
TTTT T 267 TREYURN T o
END

i
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SUBROUTINE ISOANG(ALPHABETAGAMMA s GAMMAC 4 VEL )

10 GAMMA=GAMMAC

11 R1=RANNOF (X)
TTTTTTTTTTA?T T T R2=RANNOF XY

13 ETA=(240%R1=140)%#%¥24+(240%R2=140)%%2
T T T T T T TG T T IFETA-1.,0115915511

15 ROOT2SQRTF ((1+0-GAMMA*%2) /ETA)

1% ALPHA=(2,0%RI-1,0)¥ROOT

17 _BETA=(240%R2=~140)*ROOT
T TTTTTT18 T T VEL=VEL o

19 RETURN o
TTTTTTTTTTTTTTTEND T

12
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SUBROUTINE INTAL(TIMEsTDsTCHsKINSsNINS)
9 DIMENSION NINS(100)
10 ITIME=(TIME~TD)/TCH
11 IF(ITIME=1)12s14414
12 KINS=1
13 RETURN
14 IF(100=-1TIME) 15517917
T715  KINS=2 ’

16 RETURN )
17 NINSUTTIME)=NINS(ITIME)+1
18 KINS=5
19 RETURN

_END




L 25

SUBROUTINE LEVEL (VELsSBL,VBOUNDsPL yJ)

__________ 10

___________ 13-

BDIMENSTON SBLUZ0520)sVBOUND(20) sPL(20Y9SL{20)
IF(20-J)10,10420

DU 15 L=1s20

SL(L)=SBL(Ls20)

CONTINUE —~ ~

GO TO 30

25

B0 25 (1,20 T
SL(L)=SBLI(LsJ)+{VEL=VBOUND(J))*(SBL(LsJ+1)=SBLIL»J))/(VBOUND(J+1)~

TVBOUNDTUYY

CONTINUE
TUM=0,0
DO 30 L=1,20

SUM=SUM+SL D)
CONTINUE
BUMI=1L,0/5UM

DO 35 L=1420
PLILY=5SUMI¥SLIL)
CONTINUE

RETUBN e o e+ et e e e e e

e e e e 2
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SUBROUTINE INSCAT(ALPHASBETAsGAMMASVELsAsCINgPsPLyVLVSTsKIA)
DIMENSION PL(20)sVL(20)sP(22)

10 GO TO (11s14)sKIA

11 GAMMAC=2+0%RANNOF (X)=140

12 CALL ISOANG(ALPHA+BETA,GAMMA 4 GAMMAC,VEL)

13 GO TO 20

14 CALL ANGLI(VEL»A»GAMMAC)

is GO TO 12

20 IF(VEL-VST)121+30430

21 R1=RANNOF (X}

22 L=1

23 SUM=0,

24 SUM=SUM+PL (L)

25  IF{R1-SUM)28,264+26

26 L=L+1

277 6O TO 24

28 VEL=VEL=-VL (L)

“29 TRETYURN i
30 CALL INSPEC(VELsCINyP)
31T RETORN

END




SUBROUTINE
GAMMAC=T40
VEL=VEL
A=A
RETURN
ENDT

ANGLI(VELsAGAMMAC)

27
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SUBROUTINE INSPEC(VELsCINsP)
DIMENSION P(22)

VMAX=CIN*VEL

R=RANNOF { X))

K=2040%R+1.0
REM=R=0¢05#FLOATF (K=1)

W=P (K)+{(REM/0e05)%(P(K+1)=P(K))
VEL=W#VMAX

RETURN

END

10
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SUBROUTINE CAPTAL(TIMEsTDsTCHsKCAP 3KAPT)

S 7 DIMENSION KAPT(100)
10 ITIME=(TIME=-TD)/TCH
TT11 T IF(ITIME=1)12914414
12 KCAP=1
T 13 7 RETURN'
14 IF(100-ITIME) 15917517
TTTTTTTTTTTTIS T UK CAP D
16 RETURN
T T KAPTIITIME)=KAPT(ITIME)Y+1
18 KCAP=5
19 RETURN
END

13



SUBROUTINE FISTAL(TIMEsTDsTCHsKFISHNFIS)

9 DIMENSION NFIS(100)
10 ITIME=(TIME-TD)/TCH
11 IF(ITIME=1)12414,14
12 KF1s=1
13 RETURN
14  IF(100=1TIME)15517517
18T KF18=2
16  RETURN
17 NFIS(ITIME)=NFIS({ITIME)+1
18  KFIS=5
19  RETURN
o END

30

13



31

SUBROUTINE FISSN(XsYsZsVELsTIMEsFPsFNUSDELNUNF4KT)
T T T DIMENSTION FP(Z227
FISNO=FNU+DELNU* (VEL*%2)

o ' IF(FISND=3.,0)20+30+40
20 R1=RANNOF(W)+2.0
T T TTTT T I F(RI-FIENDO) 30930925
25 1=2
T GO 70 50 o
30 1=3
e~ e

40 IF(FISNO=440)41+49949
TTTTTTTTTURYT T T R2=RANNOFIWI 43,0

IF(R2=FISNO) 4954945 3
45 1=3
o T050
Y T R 7 S

50 DO 60 N=1,1 o
T T T T T T T R3=RANNOF WY
K=20s0%R3+1.0

REM=R3=0¢05*FLOATF(K=1)
PARA=FP (K)+(REM/0.05) % (FP(K+1)=FP(K))

25=2

WRTTE TAPE KTsXSsYSeZSsPARAZTHETA
60 NF=NF+1






