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A PROGPAM IN BASIC FOR CALCULATION OF CAVITY THEORY CORRECTIONS

Erling Bugge Christensen, Arne Miller

Abstract. 1 program in BASIC for a desk-top calculator HP 9830A
is described. The program allows calculation of cavity theory
corrections according to Burlin's general cavity theory. The
calculations are made by using tabulated values for stopping
powers and energy absorption coefficients, stored either as

coefficients to a fitted polynomial or as the actual table data.
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1. INTRODUCTION

The accurate celculation of weighted stopping power ratios and
weighted absorption coefficient ratios are tedious work without
the availability of large computers and sophisticated computer
codes. This report describes how a desk-top calculator may be
employed for an approximate calculation, with errors being in-
troduced mainly in the determination of stopping power ratios
at the higher energies (> 10 MeV). For the calculation, the
seconaary electron and photon energy spectra must be known
approximately. The theoretical background for this program is
described elsewherel). This reference also contains examples
of calculations made by the use of this program. Other cal-

culations may be made upon request.

2. GENERAL DESCRIPTION OF PROGRAM PARTS

2.1. Stopping Power Program

The program divides into 3 parts:

1. Routine for fitting of tabulated data to a ninth-order

polynomial.

2. Routine for calculating stopping powers at specific energies.

3. Routine for plottinn stopping powers as a function of

enerqy.

2.1.1, Fitting

2
The stopping power data published by Berger and Seltzer ), or

by Pages et al.3) are loaded into the calculator, stored on
tape for later use, and a print is provided of the stored table.



The data are then fitted to a ninth-order polynomial by a poly-

nomial regression fit routine from HP Plotter Pac4)

for the

HP 9830A calculator/HP 9862A plotter. The routine is modified
slightly to adapt to this problem. After completion of the fit
a print is provided of the 10 coefficients as well as a table
over the deviations of values calculated by the polynomial from
the actual table values. Fits have been made for 34 elements
and the maximum deviation was found to be 0.3%, but in most
cases the deviations were less than 0.1%. The coefficients
must for the time being be transferred manually to the tape

containing the stopping power calculating and plotting routines.

2.1.2. Calculation

This routine can calculate stopping pow. and stopring power
ratios at specific energies according to selected input data.
The values will be calculated by use of the ninth-order poly-

nomia! found by the fitting routine.

The calculation can be made for one material only, or it can be
made for two materials simultaneously, and in that case the
ratio is also calculated. Each material can be regarded as
compounds containing maximum 8 elements each, and in that case
the stopping power is calculated as the sum of the individual

stopping powers multiplied by their weight fraction.

The energy information is put into the routine as a histogram
spectrum with arbitrary scaling. Each 1interval is given a
weight according to its area relative to the total area of the

spectrum.

A choice can be made not to include the spectrum in the calcu-
lations. 1In that case the stopping powers are calculated at
the beginning of each interval. This is arranged in order to

facilitate tables of stopping power versus energy.

If the spectrum is included in the calculations then the stop-
ping powers are calculated at the average energy of each inter-

val, and the stopping powers are multiplied by the weight of



that interval. Thus a total stopping power for the material
exposed to the selected energy spectrum is obtained by summing
these values, and the stopping power ratio for two materials is

found by dividing the summed values into each other.

2.1.3. Plotting

A graph of the stopping power variation versus energy for the
materials and for *he stopping power ratio can be provided by
this routine. There is also included a possibility of providing
a plot of the secondary electron energy spectrum used in the
above calculations.

The scaling of the plot is preset logarithmic on the abscissa
over 4 decades (0.01 - 100 MeV) and linearly on the ordinate
(0-8 Mev-cmz-g-l) by standard procedures. The plot is made by
calculating the stopping powers at specific energies with equal
logarithmic intervals, and drawing straight lines between the

caiculated values.

2.2. Enerqy Absorption Coefficient Program

This calculator has a limited memory capacity (2808 words) and
the program utilizes almost all this capacity. It has there-
fore been needed to build some space-saving into the program,

which may make it somewhat difficult to survey.

The program divides into 3 parts:

1. Routine for loading data into the calculator.

2. Routine for calculating (uen/p) at specific energies.

3. PRoutine for plotting (uon/o) as a function of energy.

2.2.1. Input

The photon cross sections (~ energy absorption coefticients)

)

. [
published by Storm and Israel”’ are loaded into the calculator,



stored on tape and a print 1s provided. The routine is preset
to follow the outline of the tables by Storm and Israel with 313
energy steps between 0.01 and 100 Mev.

Unlike the stopping power program, this program stores the
taplc values directly. We attempted to make a fit to a suit-
able polynomial, bwvwt as the number of constants needed was ap-
proaching the number of data points. we decided to store the

data points.

If uen/p for an element contains discontinuities (K, L, etc.),
this information is loaded into the calculator with information
about the energy of the discontinuity and the two p-values

(u+ and 1) .

2.2.2, Calculation of Energy Absorption Coefficient

This routine will calculate energy absorption coefficient at

specific energies according to the selected input data.

It is possible to transfer material data from the stopping
power program if it has been used prior to this program, but
new data ca.. be entered as well. The procedure for doing so is
the same as for the stopping power program with maximum 8 el-
ements in each material, but the total number of different el-

ements may not exceed 12.

The energy spectrum information is put into the calculator as

in the stopping power program and it is used in the same way.

For calculation of u for an element at a specific energy an
interpolation routine is applied (2nd order Lagrange): 3 data
points are chosen close to the specified energy and a parabola
is fitted to these points. The wanted value of u is then cal-
culated by the expression for this parabola. The data points

are chosen according to the following:



data points
* + specified energy

2
L

[
I

A

L ]
L]
" <+

data points used for interpolation

If discontinuities are included in the energy interval to be
used for interpolation, the choice of data points are made in

the following way:

t = t + discontinuity
*] N *
* data points originally to
be used for interpolation
+— + | € + O specified energy
x *x ' *
+ new data points to be used
for interpolation
+ +—-o | + + | data points
* * I *
L] - .‘
) l ‘l {}J ' 'l
* l * I M v
. _l n | , ) in this case linear interp-
* * | e I M ' olation is applied.
4 ]



If the relative area of each energy interval has to be taken
irnto account in the calculatiorns., it is done as in the stopping
power program wWith the discontinuity as a special case as fol-

lows:

If a discontinuity is included in the energy interval, then
this interval is divided into 2 intervals by the discontinuity.
The coefficient is calculated for the average energy of each
interval and the average coefficient is found by averaging

these two subintervals.

2.2.3. Plotting

2 graph of the energy absorption coefficient variation versus
energy for the materials and for the ratio can b.: proviced by
this routine. There is also included a possibility of provid-
ing a plot of the photon energy spectrum used in the above cal-

culations.

The scaling of the plot is preset logarithrmic on the acscissa
over 4 dacades (0.01 - 100 MeV) and logarithmic on the ordinate
over 3 decades (0.1 - 10 cm2 . g-l) by starndarcé procedures.

The plot is made by calculating the energy abs-orption coef-
ficient at specific energies with equal logarithmic irtervals,

and drawing straight lires between the calculated points.

2.3. Calculaticon of the Final Correction Factor

This routine calculates f according to Burlin's general cavity

theory6):
S i
£=d-22+ (1-a)
..,2 L~2
-reg
g = e~

.'. ag



. volume

g = area
: = 16
- 0.036)1-4
max
S L
Information about E . 1 and 1 is transferred from the stop-
max Sz ;2

ping power and energy absorption programs. Volume ard area

-2

have to be entered in units of ¢ *cm “.

3. LIST OF VARIABLES IN STOPPING POWER PROGRAMS

KS[92.10j

x{l]
N(2]
N[3]

N[4]

M{a, bl

pla.b]

A,F9.Z

E[l1]
Elal
WiAl

wlil]

Coefficients for ninth-order pclynorial

Number of elements in material 1 (max 8)
Number of elements in material 2 (max 8)
Xumber of intervals in energy spectrunm

Number of materials (1 or 2)

Atoric number of elements in current problen

(a,b) = (element no.. material rno.)
Percentages of c¢lements M{a,b!
variables for intermediate use

Beginning of first interval of energy spectrum
End of Ath interval
Heiqght of A“h interval, arbitrary numbers

Arca of spectrum
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Q 1l =» “topping power calc. with spectrum
0~ " " " without spectrum

Gl1] Stopping power for material 1, I SPli-wi at
specific energy

G[2] Stopping power for material 2, & SPZi-Wi at
specific energy

G[3] Summation of SPl over energy spectrum

Gl4} Summation of SP2 over energy spectrum

G[5] Gl31/:6l4]

Glel Gl1l/G[2]

D8 = GI[5] for transfer to calculation of final correction

factor

Variables in plot routine for Stopping Power

>
fl

log (energy)

=
]

energy.

4, LIST OF VARIABLES IN ENERGY ABSORPTION PROGRAMS

Generally the same variables are used as in the stopping power

programs, but some more are added:

Kslal Contains information about discontinuities
Ys(b, c) Energy absorption coefficient table values
{(b,c¢) = (value (34), element no. (max. 12))

Ts(d] Energies for coefficient table (33)
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N9 Counter to locate table values in Y-array,
Mlelement, material no. + 2] = N9

Pl Ratio of energy absorption coefficients.

5. PROGRAMS

5.1 Stopping power fit program

5.2 Stopping power calculation program

5.3 Stopping power plot program

5.4 Absorption coefficient data input program
5.5 Absorption coefficient calculaticn program
5.6 Absorption coefficient plot program

5.7 Correction factor calculation program

€. APPENDIX

The _Organization of Energy absorption Coefficient Table Values

If one element is present in both materials, then the data for
this element is only stored once in order to save space. This
is arranged as follows:

The M-array is an 8 x 4 matrice. 1In the first column is stored
the atomic numbers of the elements in the first material, and
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in the third column these elements are numbered in succession.
In the second column is stored the atomic numbers of the el-
ements in the second material, and in the fourth column these
elements are numbered in succession, but if an element in the
second material is present in the first material, then the num-
ber of this element in the third column is transferred to the
fourth column. The numbers in the third and fourth column
point to the location in the Y-array containing the data for

the respective elements.
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t ower fit

1 REM ###%% ROUTINE FOR FIT OF SFL DATA TO A 9TH DEG. FOLVHOMIUN s#3s:
4 REM ®z#%3% DATA INPUT ROUTINE ##3s2 ~

5 PIM CL6oBLI1 DLESLIERLRSISRTKSL 2]

& FRINT "#7»"ENEREGY"»"STOPPING POWER™

13 FOR ¥=1 TD 55 :

15 DISP "#"3Ks"EsSP™S

20 INPUT ELX3s0Q0X)

38 PRINT M>E[X1:3LXK]

48 NEXT ¥

36 DISP "LORDI 3F TABLETAPE"
&8 STOP

78 DISP "RTOMIC MUMBER"S

88 INPUT 29

9B STORE DHATA 23,1
188 DISP "PRESS START FOR CALC.
116 END

4 RFEM #++2+ FIT MOUTIME FREOM HF PFLOTTERE FRC FOR THE HP 9353BR - HF 2362H

9 D=9

S 20 FOR I=1 TO 11
38 CLI11=ELI]

"4 HEXT 1

58 FOR I=12 TO g6
6B L1 )=0

78 HEXT 1

g€p BL1I=1

90 W=H=51=52=53=54=55=0
178 Cd= FHH

126 O4=FHEI1

190 O4=FHC1

280 (4=FHD1

219 EHD
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S REW s##:% ROUTINE FOR TRANSFER OF DRTA T0 CALUULATION OF FIT sssss
16 DEF FHACFT »

8 IF W THEH 28

48 FOR H=1 To 55

58 BL21=LGTELR]

&8 Y=R[A]

78 IF FN21 THEM 28

80 NEXY R

98 DISP "DOHE™

faRd RETURH 1

5 REM #s#%xx HP PLOTTER PAC SUBROUTIME #sxx+
18 DEF FHE{F7>

280 IF N <= Tiz-W THEH =28

28 Di=9

48 IF D1 <= D2-W THEH 78

Sa DISP "WMAR DEG=":D2-H

&8 EHD

7R IF HW=8 THEH 31@

EB T=n

99 FOR I=1 TO Di+i

198 BEI1=p i

118 FOR J=1 T3 Di1-I1+2

120 R=0I+ -1 0% D242~ B, 5% I+ 430
128 BLIJ=ELII+CIT+I1+CIR]

125 HEXT .-

148 O2=IHTLGTRBSELT ]

158 05=0.5

168 IF BL13 »= 8 THEH 128

178 05=-0%5

126 BL13=BL11+0%x181C03-65
139 KL11=BL1]

2af BLI3=K[1]

219 T=1#(Dz+i23~10/20

228 HEXT 1

239 R1=p

249 FOR I=2 TO Di+1

258 R1=R1+C01+0D2+02-10,2) 312
259 HEXT 1

278 TR=CL DZ+15+(D2+22 /2]
250 To=Ta-CLDZ+1 112

2%% DISP "DOME"

300 FETURM 1

3186 IF M>DZ2 THEN 248

320 DISP "HOT EMOUGH FOIMTZ"
338 EHD
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2.1 _Stopoing powsr fit program

348 P=H=1

35Q D2=Dp2+1

368 FOR J=1 Ta b2

378 IF CLP)Y >= 8 THEH 428
‘289 FRINT “MATRIX UNSTABLE-USE LOWER MAXIMUM DECREE '~
398 PRINT

488 FRINT

418 END

428 CILF)=50RCIF]

438 FOR I=1 TO D2- 1
448 CIP+I1=CIP+1)/CLP]
458 NEXT 1

468 R=F+1

478 5=R

480 FOR L=1 TO b2-)
498 P=p+1

Se8 FOR M=1 TO BZ+2-J-L
%10 CLR+H-1 }=CLR+M-1 1J-CLP I5CIP+N-1]
526 HEXT H

538 R=R+M-1

540 HEXT L

558 P=¢

560 HEXT J

576 T=(DZ2+1»+<D2+2>-2
588 FOR 1=1 TO b2-1

3568 T=T-1-1

688 CITI=1-CLT1]

€18 FOR J=1t 10 D2-1

620 P=Dz2+1-1-J

620 FP=P¥(D2+1-<P-13>r22-1
é48 k=P-J

&£58 S=

6680 U=1+J+1

€78 V=P

€30 FOR K=1 TO J

599 Y=Y+U-K

788 S=S5-CLR+E J=*CLY]

710 HEXT K

V28 CIPI=5-CLR]

738 HEXT )

748 MEXT 1

vo8 CL1)=1-C[1]

7e8 GOTO 29
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2.)..Stopping pover fit program

4 REH ##%#% HP PLOTTER PAC SUBROUTINE FOR OUTFUT ss#s+
S DEF FNCI{FT2
18 IF W=8 THEH 1Zz®

28 FRINT

38 PRINT "COEFFICIENTS®

48 PRINT

58 FORHAT F3.8.E13.95

&8 FOR I=1 TO D1+1

78 NRITE (15,98)"B{"I-1")="B[[]
88 HEXT I

98 PRINT

188 PRINT "R SOURRE = “Ri-T@
118 PRINT

128 RETURN 1

S REVN ##¥#: SUBRDUTINE FOR DEVIRTIOM EVELUATION =4x%kx
13 DEF FHD(FT: '

28 PRINT
38 PRINT

- 48 FRINT "ENEEGY MEY ™, "EREOR IH % OF TRELEYHLUE®
98 PEIHT "ORDER ="3D1, "ATOMIC HUMBER ="329

68 PEIHT

78 FOR X=1 TO S1 STEF S
58 WRITE < 1S:383ELX ],
93 FORMAT F&. 2

66 FORE ARZ2=HB YO 3

110 HREITE <15 1583 1 ~FHZLGTEL X+AZ QL A+RA2 Y2
126 KEXT AZ

138 FRINT

148 HEXT ¥

150 FORMRKT Fi1z2.3

168 FRINT

176 PRINT

126 RETUEN 1

K1 4

ree,
o]

19 DEF FHP.2Z)
29 RETURH 1
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5.1  Stoppi £

3 REM *#xxx HF PLOTTER PRC SUBROUTINE *¥sx»

1R DEF FHELZ>

28 FOR I=2 TO 02

30 BLI+11=BLII<B[ 2]

43 HEXT 1

58 BLD2+21=%

€8 R=9

¥ FOR I=1 TO D2+2

88 FOR J=I TO D2+2.

98 R=R+1

198 CLRI=CIFI+ECI I=RL J 122
118 HEXT

120 MEXT I

138 Si=51+BL2 12

148 S2=02+B[2112x2

158 53=53+V*2

160 S4=S4+V#Va2

178 59=SS+B[ 2 1+%#2

186 N=N+Z

190 IF P2#1 THEM 228

288 IF 2#1 THEH 236

218 WEITE (1S5:250 HsBLZ21sY
229 RETURN FHPZ

238 WRITE ©15:266)"DELETE"BLZ DY
290 RETURHM FHPZ2

. 258 FORMAT FA.By2F14.4
266 FORMAT 2F14.4

9 REM #x#xx HP PLOTTER PAC SUBROUTIHE #3s»»

18 DEF FHZ{KD

28 Y=BI[D1+11]

© 3B FOR J=D1 TO 1 STEF -.
49 Y=y+4+BL ]

98 HERT J

68 REETURM %

S REM +####3 FOUTIME FOR MAHURL TRAMSF. OF
16 DIN KS[92510)

29 DISP "LOAD SF CALC. TAFE"S
30 STOP
4% LOAD DATA 7yK

56 DIZP "ATOMIC #73

€9 IHFUT 79

78 FOF X=1 TO 19

80 PRINT "BC”5x=15"3";

99 THPUT K[29:2)

100 PRINT KLZ9:%]

116 MEXT 4

120 STORE  DATA 7s¥

1289 EHD

CNLFF? S

T LE.

LALD TRARE *#%=2a-
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3.2 Stopping poWer calculation DEOGLam

S REM ##ess3x++3 ELEMEHT [HPUT ROUTIHE 2-Fce-xws
12 DISF "HOM HAHY MATERIALS. 1 OF 275
26 IHFUT HL41
38 PRINT -HNL41]
48 FOR HZ=1 TO H[ 41
S8 FRINT "MATEEIHL HNE“IR3: "HOE HANY ELERBEMIS &
€8 IHFUT HIAZ]
78 HERXRT A3
88 FOF A3=1 TO HI{41
85 REM sxxx» LDOFP QVER MRTERIALS =2-3%3
98 PRIHT "HRATERIAGL HE™SH3 "% "RATOMIC KE™, "%~
1989 FOR fA=1 TO MLA3]
165 REH #s%2#%% LDOF OYER ELEMENTS INH ERCH MARTERIAL =s3sssT
118 BISF "HRE"SH " ATOMIC HE.X"s
iz INFUT MIR.AZIYyFLRA'A3Z]
125 FPEH +x+xxxxxx THE M APRAY [3 ATOHIC MoaBERS. P IS % FOE THE ELEM
138 FRINT -~ "eFAsHLAYAT PLERZ]
148 HEXT R
158 HERT A3
155 FEH *x*+x+ss LIHE 166-2538 15 “wmf B LE i~ PReCEMHIE +<3+$%+-~
1689 FORE A==t TO L4131
i78 FOR f=1 70 Hi &3]
128 FESTUFE
FEM *+=erxerrx RELCT DRTH FIIRTER 74 F .o 4 li0i 0 v0EHG w=se¥rs
FOFE Ai=1 TO 24
FEM +exex++ THE UFPEF EOUGHD IS5 % OF EoolinT- CUFRENMTLY SPECIFIED
FERD 23
IF HIA-AZ3I=Z2 THEM 248
MEXT A1
FRIHT "ELEHEHT HE"SMLR:B31:"ISH®
HEXT H
i HE=T HZ
260 REM #%#+x LIKE z270-3248 IS "i48G 7 CHELE® -+ s++»
2ve FOR A3=1 T3 HL41]
275 E9=8
zze FOF =1 TO MLAZ]
296 E?=E92+F[H.AZ]
295 RER #x%3% SUMMATIOH OF I #+sx2ex:
380 HEXT A
318 IF 99,.3{E9 RAHD E3<{186.2 THEN 249
320 FRINT "TOTAL * I35 HOT 166 FOR MATERIRL HF"3AZ
338 LOTO &/
348 HEXT A3

MY

]
n

Aot 3 oo bt o B b B 3 o BN
|
LN
-
g
Bl
ro
-
——
ol

Tt T30 B Pot e ke ek
Fo L Tat week 1T AL 0L OO

M

-

A
n
=

]

350 LATA 1:2: 53967 BB 1B 120 130 180 260 00, S v S T4 a 20 749 790 520 3.
351 DATA Sy11s14x159 1591791920 259 5039 35

268 EHND



9 REN =#xsxs> SPECTEUM INFUT ROUTIHE sxx<sses

18
28
38
48
58
68
&3
e
8
%8

PRINT “HOH HAHY INTERYALS™

INFUT HL31

PRINT HL31]

FRINT "BEGIMMIHG OF FIRST INTERYRL™:
INFUT E[11]

PRINT Ef11

RER =rsxe»% LINE 72-1i0 IS INFUT L02F coF -FROTEUH
FOR A=2 TO HL31+1

DISP "EHD OF IHTERYAL.HEIGHT™:

INPUT ELRI-NIAH]

188 FPRINT ELR-1)3"-"SECRI-ULR]

118 HEXT A

128 WL 31]=0

123 REM #+s3% CALC.. OF TOTAL RARSA OF SPECTRU +exaess
139 FOR A=2 10 HL31+1

140 NL31J=HI31 +{CECAJ-EIR-1J0:HEA DD

158 HEXT A

168 FRINT ~ EHERGY INTERVALS™s "HEIGHT™ . "FEL.HREA™
78 FOR A=2 TO HLZ1+!

199 HEXT A
208 FORMAT E11.3>" -"sE11.3sF18.2:F15.3
218 END

18 COM DayHMILA«S LPSL 5y 2 3 ESL 30 i 3 MEIN
28 DIN Gals) ’ Sy 3B Y WS 2 JaHIL 4 30k

38 LORD DATA 7K
48 LOAD KEY 3
58 EHD

[22,18]

xSy ey

FER x#x3x%%% PRINT OF SPECTRUH MITH HOFMALICER HMEIGHTS =#sexi%»
HEITE 152008 ELR~-1 1 ELADYMIRIWIA)I: ELARI-ELA-11>-HLZ11]



S E
1
28
38
48
58
6
L)
&a
%08
168
1as
118
112
113
114
115
i1
126
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3.2 Stopping power calculation program

EM #¥<33x% TALC, OF STOPPING FOMER EOUTIHE +%+esxs
DIZF "CALC.TRELE WITH SPECTRUM.EMTER 1 ELSE A"

INFPUT @
GE3Y=GL4 1=GL5 1=G0 & 1=k
PRINT “EHERGY SPECTRUM":

IF & THEH va
FEINT " HOT™S
PRINT * IHCLUDED IN CRALCULRTIOHS"

IF H[43=1 THEH 234
PRINT "EMERGY IHTERYRLS"STRE(28:"SPE1"»THE 4L v "SP2 " TRRBCSB» "SP1-5F2"
FOR AL=2 TO H[21+1

REM =+x%% LOOF OYER EMERGY INTERVALES »xx%x

GL1)=GL23=8

REM * IF SPECTRUM INCLUDED IM CALCULATIOHZ. THE EMERGY

FEM * IS THE AYERAGE OF THE IMTERYAL. ELSE THE EHERGY IS5 THE
EEM % BEGIMHIHG OF THE INTERWAL *x##+:

E=E[A1-11]

IF HOT & THEH 136

E={ELAL J+E[R1-1]>~2

FOR RZ2=1 TO HL4]

REM #xx2x LOOFP OYER MATERIALS +2+¥#

FOR A3=1 TO HLAZ]

FEW #+%%+ LOOF OYER ELEMEMTS IH MATERIAL. 4 xws

GLAZ IFGLAZ I FHSE*PLAZ A2 171003 xS WL HL Jo ET AL I-ELHL1~1 J0 WL 31 10 a1
FEM =xx%+ FHZE @ SUBROUTINE FIOR CALC. 0OF SF

FREM *+x#%% P{x3 ¢ % 0OF ELEMEMT

FEM #%%%% BEALT*,...... t WEIGHT FOR THIS EMERGY IHTERMAL =
FEW =xxx» 0O ¢ IF @ WEIGHT HOT IHCLUDEL. TF 1 WEIGHT IWHCLUDED
HEST A3

HESXT A2

GLEI=GLL2-GL2]

GL3I=GE334GE1 ]

GLdI=G0343+GL 210

KMEITE (15«36BELRT~1 HELAL-GLL 1002 fatid en ]

HEXT A1

GLSI=GL33-GL4]

a=GL5]

FEWM #++%% D5 I5 USED FOR CALCULARTION OF FIHWL CORRECTION FROTOR
IF =8 THEMH 278 :

FPRINT "SUMMATION"

WRITE (154783560 33:GL41:G05]

GOTO 586
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27va GOTO 508

258 FRIHT "EREEGY IMTERYALS “»"STUFRFING POHER”
298 FPRINT

380 G[31=6

318 R2=

328 FOR H1=Z2 TO HL31+1

325 REM #xxx+ LOOF OYER EHERGY [NTERYALS ~ss#%:

338 GL1]=8

333 REM **#x% SEE REMARRKS AT LI*E 112 ##x««

335 E=E[A1-1]

336 IF HOT @ THEHM 358

346 E=CE[ALI+ELAL-113-2

358 FOR A2=1 TO H[11]

355 REM #%x%¥ LOOP OYER ELEMEHTS *xxx=

368 GL11=G01J+{FHESE*PLA3s11-1CB+C(WIAL I+ ELAL I-ECAL-1 12 /HI31 10100
363 REM #¥%#% SEE REMARKS RT LIHE 135 #%<x#

378 HEXT A3

380 GE21=G[33+501]

390 WRITE (15»4%03E[A1-11,E[AL3-G011]
" 488 HEAT A1l
418 FRINT
426 IF 0= THEM 458
438 FPRIHT "SUMHATION"
440 WRITE ©15-4803GL 2]
458 PRIMT
460 FORMAT E168.2:7 ~"»E18.8,F11.5:F11.2:F11.2
476 FORMAT F34.3:F11,3:F11.7
426 FORMAT F35.
3 FORMAT E16.
968 PRIMT
518 EMD

T3 G

2 =T ELR.Z2.FL12, 2

o REM ##%x+ SUBROUTINE FOR CALCULATION OF P, rsss#

6 REM #xs+% SP=A10%LOGCE I3 +A3%LOGE 384, ., .. +FAD

7V REM ####% THE FOLYMOMIUM®S COEFF*S ARE =TORED IM THE ¥ ARERY
B REM ###%% MOAZA2Y 15 A SFECIFIC ELEMEMT #%%+%

186 DEF FHS(E)

38 H=EIMLRZsAZ1s 18]

48 FOR J=% TO STEP -1

58 A=AsLGTE+EILMIRZ A2 .01

68 HEST )

78 RETURH ¥
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A.1__SSaNning DAL BLOL. _RISSCAD

18 PER o355 BOUTINE FF - 1T OF CTORFING POMET 2o EHERYLT #3335
28 SCALE -2»2.8.2

3B HAXIS 8.1

48 TRXIS -2

S8 PEH

€® FLOT -2.1.-1

78 FOk X=1 T0 7

88 LABEL <2 1.5:2.728+8, 6508

@R CPLOT &6

1o
118
129
138
148
158
168
178
158
198
208
218
220
238
231
232
233
233
248
258
268
278
288
298
390
3108
328
338
348
358
3508
370

{ =4
379

350
390
490
410
420
430
440
450
460
479
475
430
485
499
b2 %)
510
520

BEZT X

FLOT -1.95.8.2s~1

FOR X=-2 TO0 1

LABEL <2%:1.5:1.7:8:0.653201%

CPLOT 26+Xs1

HEXT =

FLOT 1.4:8.2:-1

LABEL <2s1.35s1.7:2sB.65 cHERGY FEY™
PLOT -1.9:7.7+—1

LABEL (%,1.35:1.7:8:8.635>"STOPPING POMER™
CPLOT -14.-1

LAREL <#+1.5:1.7+8:08_&5Y"HEYECMZ2 /"
FLOT -8.4,7.7>-1

LABEL <(¥31.5+1.7+8:8.63)"HASS COLLISION STOFPING FOMER™
BISP “ENT 1 SEIP SPECT.Z2 SKIP SPIASPZ™S
INFUT H

IF H&a THER 260

FEM zt%s* LINE 242-358 PLOT 0F HOREPALICEDR “PEITEIN 22353
H=HL 2]

FOF 0=3 TO HL 334!

IF MLD]Y <= ¥ THEM 228

HX=Wl0]

NEXT O

Wl{13=8.

FLOT LGTEL1):9

FOR 0=z TO M 31+i

FLOT LSTELO-1 I-MEiO =S4

FLOT LGTEL O LD 1S/

HEXT 0O

FLOT LGTELHLIZ1+1 1:0

FPEN

PLOT Ze2y—1

REH #%+%3 LIHME 3238-478 IS CARLCULATIGH OF SZTJFFIHG FPOHER 33sss
A4=9

FOR R=-2 TO Z STEP 8.&7

GL1I=GLZI=8

E=181H

FOR RAZ=1 TO H[L41]

FOR RA3=1 TO MLAZ2]

GLAZ I=GLAZ I+<FHSE+PL A3 RZ 1/ 18A>

MEXZT A3

HEXT Az

Ad4=Fd4+1

IF H=2 THEHW 450

PLOT AsGEL]

REM #x%%# PLOT OF SP1 #%##%%

IF HL43=1 THEH S52p

FIA4I=GL13/GL 2]

L[EA4I=GL2]

HEXT A



L) _2eaning ainz Alet BCONCED
$3@ FEN
540 IF M(4)=2 THEN 560
558 END

68 TAXIS Z-2.3

578 MLOT 1.7:7.7+-1

508 LABEL (3+1.5+1.7+8:0.65)"5PLSP2"
599 FLOY B.4>7.75-1

688 CPLOT @,-1

19 LABEL <3:+1.521.720»08.65)"-5F1"
€20 PLOT 1.9:2.5+-1

630 FOR %=1 TO 3

48 LABEL 73:51.5+1.7s8:8.653¥%

£3589 CFLOT &,13.121

628 PLOT 2+55-1

675 IF H=F THEH 750

688 PISP “CHANCT PEN-

29 STOP

708 R4=1

7186 FOR f=-2 T0 Z STEF w.87

728 FLOT A-LIR4)

725 FEM »x=33 PLOT OBF SFZ 355+
730 A=l

748 HEXT A

To8 FEN

766 =1

778 FOR fA=—-2 T2 Z STEP 8.67
780 FLOT ARsRILAA1:2.5

78S FEM »z3x3» PLOT OF RATID szexs
70 f=Rd+t

816 NEXT A

€15 PEN

8§20 FLOT -B.457.7y-1

838 CPLOT 9,-2

840 LABEL <3y1.5,1.7+8y0.65)>"-5P2"
€50 PLOT 2+85-1

866 END
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)
.

REM **#x+ SUBRCGUTINE FOR CALCULATION OF SP. ssx¥%
REM #x%xxx SP=A1B¥LOGCE>TD+A9%LOGCE M8+, ... . +AP
"RPEM ¥¥¥3¥ THE POLYNOMIUM®S COEFF'S RRE STORED IH THE K ARRAY
B REM #x*xx M{R3,A2} IS A SPECIFIC ELEMEHT %%
18 DEF FMNSIE)
39 X=KIMLR3>A2 1 11.'1]
%ﬂa FOR J=3 TD 1 STEF =1
%sa R=RELGTE+KIME ASs A2 32 0]
NEXT J
?9 RETURH

74

VS

S Sl e e

B'LGM DEMILE 435 P50 21 ESE 2815 WSE21 1 HIL4 1 KSI925 18]
DIM GSL&JsLSE1001,RS0106)
%§B LORD FKEY 5
56 END
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5 REM #¥#### PHOTON CROSS SECTION DATA INPUT PROGRAM #%##%
48 DIM T5[33D¥YSI[33]

11 DISP "LOAD PCS TABLE TAPE"

) | )

26 LOAD DATA 8,7
38 DISP "ATOMIC #°3
INPUT 29
.58 DISP "COMVERSION FACTOR"S
268 INPUT ©
65 REM ##%#% THE PCS MUST CORRESFOHD TO THE EHERGIES SHOMN ##sx
- 70 PRINT "ENERGY"s "PCS"s "MU"
88 FOR X=1 TO 32
98 DISP TEX13"PCS";
189 IHPUT ¥[31
118 PRINT TLR1s¥0H s YDA 13C
120 YR I=YLH 150
130 HEAT 2
- 148 STORE DATA 29s¥
150 DISP "DOHE”
160 EHD

B8
1
2 STOP
8

3

2
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3.5 Absorption coefficient calculation program

" S REW *3¥sx INFUT RDUTINE FOR MU CALCULRTIONS #x33s

19
12
15
. 28
38
48

.58

€9
" 78
- 88

.98

DISP "EHT 1 SKIP INPUT"S

REH *%xx% THIS OPTION ALLOWS DATA TD BE TEANSFERRED FRDOM SP PROGREAN
INPUT H

IF H THEN <212

BISP "HATERIALE 1 DR 273

INPUT HL4]

PRINT NL41

FOR R3=1 TO HL4]

DISP "MAT.HNR"SA23 "# OF ELEMENTS"S
INPUT HILRA3]

HEXT R2

# 198 FOR A3=1 TO NL 4]

185

REM *x+xx INPUT LOOP STARTS HERE *#x:xx

‘110 PRINT "MATERIAL MNR"SA35"#"» "ATOMIC NR","X"

115
120
‘138
140

R ZVI:E ‘5
158

"£.-360
=162
D 1%
16k
- 167
178
- 429
438
435
- 4406
- 445
458
455
460
- 478
480
485
490
495

E9=86

FOR A=1 TO NIA3]

BISP "NR"§A5 " ATOMIC NRs%"3

INPUT MLAsA31sPLAsA3]

E9=ES+P[R>R3] :

PRINT ~ "yRAYHLAsAZ 1L PLASAZ]

NEXT R

REM #xxxx CHECK OF PERCEMTAGES IS PERFORMED HERE ##s#s

IF RBS(E9-100)<H,2 THEM 170

FRINT E9"%"

GOTD 115

HEXT A2

H3=1

FOR AZ=1 T HNL41

REM s###x LDOP OVER MATERIALS STRRTS HERE »x%#:

FOR RA3=1 T HIRZ]

REM #x+xx LOOP OVER ELEMEHTS SYRRTS HERE #+%xs

FOR A4=1 TO H3-1

PEM #x%%% THIS LODP CHECKS IF ARM ELEMEHT HRS BEEM RERD IH BEFORE
IF MLA3,AZ1=Y[34,RA4] THEH 578

HEAT A4 )

LORD DATA MIAZsAZ1sT

REWM ##+%% DATA 15 HERE RERD INTO THE BUFFER RRRAY T #%#%%
FOR A=1 TO 32

REM ##%%% THIS LOOP TRAWSFERS THE BUFFER TO THE Y RARRAY #x##+
YA NI I=TLA]

fgaa
‘510 HEXT A

520
552
525
530
540
550
560
570
550
53
595
669

YL 345H9 1=MLA3s A2 ]

REM #+%## ELEMENT’S ATOMIC # STORED WITH DATA »####

ML A3 AZ+2 1=N9

HO=H9+ 1

MEXT A3

HEXT A2

GOTD 530

MLRASs AZ+2 J=F4

GOTO 549

LOAD DRTA @57

gsg ##%%% THE EWERGY YALUES ARE STORED IH THE T ARRAY s##xs
H
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5.5 Absorption coefficient calculatjon program

9 REM *x»x% SPECTRUM INPUT ROUTINE #xexx

18
20

PRINT "INTERVRLS";

INPUT HL31]

38 PRINT HL31]
48 PRINT "LOWEST EMERGY™S

59
1)

INFUT E[1]

PRINT EL11]

€5 REM *#x#% LINE 78-118 IS INPUT LOOF FOR SPECTRUM »sssx
70 FOR R=2 TO N[31+1
80 DISP "END OF INT.;WEIGHT";

29
;188
‘118
%“r;; 48
- 143
/158
166
1ve
~190

288
285
210
238
278

280

INPUT ELRISHWLR]

PRINT E[A-115"-"SELRIHLA]

HEXT A

"WL31 )-8 . . .

REM *#x3% CALC. OF TOTAL ARER OF SPECTRUM #xexx

FOR H=2 TD HL31+1

WE311=WL 31 J+<CELAI-ELA-1 1D *HIA D

NEXT R

PRINT * FNERLGY INTERYALS">"HEIGHT":"FEL.RRFR"

FOR A=2 TO NL[21+1

REM ###x+ PRINT OF SPECTRUM WITH HORHALIZED WEIGHTS #x%%:x
WRITE {15,278 ELA-1E[ATWIAYHIAI#{ECAI-E[R-112-WL[31]
NEXT A '

FORMAT E11.3," ~-"yE11.3:F18.2»E18,2

END



-30-

5.5 Absorption coefficient calculation program

D REM #s+xx MU CHLL, ROUTIMNE xxxxs

18 DISP "WITH SPECT.ENTER 173

20 IHPUT @

“38 GL31=G[41=GL51=G[ ¢ I=8

48 PRINT “WITH™3

58 IF @=1 THEN 7@

‘68 PRINT "0OUT";

+ 28 PRINT " SPECTRUN"

288 IF H[41=1 THEH 11@

99 PRINT “INTERYALS™: TAB29"HU1"3i TAB41 “HUZ"; TRESI "HUM ZHUZ"
1198 GOTO 120

s PRINT “INTERYRLS" MU~

PRINT

FOR R1=2 TO HL[31+1 A

REW #3*#3 LDOP OVER EMERGY IHTERVALS #x#3%
G[11=GI21=8

FOR A2=1 TD N[ 4]

REM #xx3% LODP OVER MATERIALS *3#%s

FOR A3=1 TO MLA21

REM ##%%% LODP OYER ELEMENTS #¥%%+

Z=MLA3s A2 ]

REW #¥%%% ATOMIC % OF ELEMENT ##%%3

D=ELR1-11

IF @ THEM 198

GLAZ 1=GL A2 HFHARCEL A1-1 1 #P[ A3, AZ 17180

GOTD 320

REM ####% LIME 182-133 IS CALCULATION WITHOLT SPECTRUM #:s:s
REM #%3##% Pi{#%) 15 THE PERCEHMTAGE OF THE ELEMEWTS ##+%%
REM ##%%% FNA IS5 THE ROUTIME FOR MU CRALCULATION ###%s
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5.5 _Ahsoratiog cosfficient calenlatinh REOSCAR

REM #xx33 HU INTERPOLATION ROUTINE #3sxs
@ BEF FNR<E)

28 FOR A=33 TO 2 STcr -1
38 IF TIA] <= E THEH 7O

48 HEXT R
50

55

o LA

PISP “ILLEGAL ENERGY»><.815 MEY"
REM =szs3 THIS LIMIT IS5 NEEDED IN ORDER TO RLLOM

56 REM sxx#s FROPER INTERPOLATION
&8 STOP

76 D=TLR]

88 C=£

-9% IF FHEI=8 THEN 388

308 E0=KI[X]

$18 YB=LGTKIX+21]

-128 B=E

338 C=TIRA+1)

=348 IF FNB1=8 THEN 190

&5: E1=KIX]

368 YI=LGTKIX+11
“¥7e P=(v1—va}f(£1—se}*<s EB)+YD
‘188 RETURN 18tP

. 198 E1=TLA+1)

208 YI=LGTYIA+1sMIA3:A2+21)

. 218 C=TLh+2]

2R D=TLR+11
.i238 IF FNB1=8 THEN 278
U249 E2=KLX]

‘258 V2=LGTKIX+11}
. 268 GOTO 459

270 E2=TLR+23

280 Y2=LGTVIA+2>HIAZ A242]]

298 GOTD 430 '

360 Ei=T(R)

1310 Vi=sLGTVIAWAZAZ+2)]

328 D=TLA-1]

-336 C=TLR]

3406 IF FNB1=0 THEN 358

356 EB=K[X

268 YB=LGTKL3+21

378 OTO 486

380 EB=TLA-11

350 YO=LGTYIA-1:MLAZ,R2421)

406 D=E

416 C=TLA+1)

420 IF FNB1=0 THEN 468

439 E2=K[X]

440 Y2=LGTKLX+1)

458 GOTO 4506

469 E2=T[A+1]

470 Y2=LGTYCR+1,MLA3:R2+421)

480 P=(E~E1)¥(E~EZ)/(EP-E1)/(EV-E2)>*Y8
490 P=P+(E-EB)*(E-E2)/(E1-EB)/(E1-E2)#Y1
500 P=P+(E-EO)*(r-E1)>/(E2-EB)/(E2-E1)>*Y2
5190 RETURH 10%F
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C=ECA1]

H7=FHNB{1>

REN *xs%: DISCOMTIRUITY CHECK *¥®x»
p2=h

ci=C

IF R7=8 THEH 276

A9=K[ X 1]

AS=C

Ci=Krt¥]

H={C1-B2)-~{ELRA1]-ELAL-1 D>

GLA2 I=GL A2 WFNAC (C1+D2) /2> #*H¥PLA3>A2 1+0, 015 <EL A1 -ELAL1-112
REW ssxsabl: SPECTRUM MEIGHT #2xx¥ »»  *W(A1)-H{31J

IF A7=68 THEN 329

B=R9

C=HA%

GOTD Zae

NEXT R3

HERT RZ

IF HL43=1 THEH 3286

REM s¥xxx JUMF IF OHLY 1 MATERIAL ®x~ws
GL&I=Gl11-GLZ]

GI4I=6I41+GE 2]

GI31=GL31+GL1 1

IF-HL 43=1 THEN 488

HRITE 7Ci5,55680ECR1-1 1+E[AL L5011 G020,G0G D
HEXT A1

GI51=G[31/G041]

PEINT

IF =06 THEH 450

PEINT "SUM”5 TABS 1 "WEIGHTED"

HRITE (15+568)GL31sGI41sGL5]

P1=GL5]

REM *##%% P1 IS5 USED FOR CALC. OF FIHAL CORE.

PRINT

EHD

HRITE <15s5862ELR1-11ELAL HGIL]
HEXT Al

IF =6 THEH 538

PRINT "SUM~

MEITE <1555783GL 3]

FRINT

END

FORMAT E19.2y" -~"»E18.25E12.2E12.2:7 12,4
FORMAT E35.2sE12.2yF12.32

FORMAT F35.3

FORMAT E108.2," -~-"»E10.25E12.2
END .

FRETOR #%%%%
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5 REM #sxx+DISCONTINUITY CHECK ROUTIME ssxs+

18 DEF FMB(S?

38 RESTORE 148

48 FOR X1=1 TD 9

S8 RERD 21sMN1:D1

&8 IF Z1=M[A3>A2] THEN %9

€5 REM #¥%%% T3 ELEMENT INCLUDED IN DISCOMTIMUITY LIST 7 #xsxx
9 NEXT Xt

B9 RETURN &

98 FOR ¥=H1 TD N1+D1 STEF 3 :

”@ﬁe IF DSKIX1 AND KL %1 <= C THEN 130

REM ***%¥* DOES EHERGY LIE IN EMERGY IMTEEMAL 7 *x3#%
‘iia HEXT ¥ '

#$28 RETURN B

339 RETURN i

235 REM *xxx* DATA STATEMENT 1S DRGAHIZED IM GROUPS OF 3:
436 REM »xx%# 13 ATOMIC HUMBER

q,

éf

'~%3? REM *##+% 2: POINTER TO START OF DATA FOR THIS ELEMENT IH K

;38 REM #3##3 3% LEMGTH-1 OF DATA FOR THIS ELEMENT
‘59 DATA 269122937343 2558s 7929545 1829743 12 Bs79s 225119229345 11
441 DATR 92,46,11:35,58,2

!ﬁ CON DEyMILE,dHLPEI2y 2L ESIZB8 1 USLAL LHILS HESL PSS L YS0 34,12 3, TS[ 331

2B DIN GSLE)

8 LOAD DHTH Ik
48 LLOAD KEY 5

78 EHD

i
Iy
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1 REM *#3x% RKOUTIHE FOR FLOT OF Hi YZ. EHEFGY sstss
.2 REM #%=%¥ LINE 18-220 IS5 AYIS PLOTTIHG & LABELIHG s#sxs
18 SCRALE -32»32:-2:1
28 XAXIS -32s1
3B YRXIS -2.1
.. 48 PEM
. 58 PLOT -2s-1.9-1
- 68 FOR X=-2 T0 1
F 70 LABEL (Fs1.51.7vBy3.652181X
81 CPLOT B.12.8
.82 CPLOT ©8,08.5
98 NEXT ¥
198 PLOT -25~1.9y~
£ =418 FOR ¥=-2 TO 1
128 LABEL (*+1.5:1.7:08,8.65>101%
22!25 CPLOT 8.1
'136 CPLOT 2448
131 CFLOT -X.8
i%148 HEXT ¥
158 PLDT 1.4s-1.%-1
JISG LABEL (*51.5,1.7+8:8.65)"EHERGY HEY®
170 PLOT -1.%9:8,5s~1 ’
;}136 LABEL (*51.5:1.7,0,8.652"MU  CH1Z2-0"
218 PLOT -B.4,8.2s-1
~228 LABEL ©%>1.35:1.7:G,8.65>"MASS EHERGY RAESORETION COEFFICIENTS™
- 221 BISP "EHT 1 SKIF SPECTs2 SEIP Muiimuz-s
222 IHPUT H
L2272 IF H#8 THEH 358
225 BEW #x#3¥ LIME Z39-356 PLOT OF MORMALIZED SPECTRUM s+ss%
j233 A=Wl 2]
240 FOR D=3 TD HI3I+1
250 1IF WLD] <= ¥ THEH 276
~268 ¥=Wl[0]
278 HEAT D
£80 HWl(11=-2
298 FLOT LGTELL1 -2
309 FOR D=2 TO H[IZ1+1
318 PLOT LGTELO-1)s IO Is2-,%y~2
320 PLOT LGTELO I (MWL DI%2-Ks-2
- 338 MERT O
349 PLOT LGTELMLZI+] )s-2
356 PEH
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a8 AaacEian. sanilicisnt _Rlat Rrascan

" 35S REM ¥#sx LINE 366-49%2 IS CALC. OF MY & FLOY OF MUl sssss
366 =8
378 FOR ﬂl--l.- T 2 STEFP 0.87
358 cl1)=GL2)=R
29 FOR A2=1 TD H{4)
488 FOR A2=1 TO #{AZ)
418 GIAZJISGLAZ J+<FRAC18TAL DPLA2 A2 ] 100
428 NEXT A3
1 438 NEXT AZ
435 M=Rrd
. 436 IF H=2 THEH 458
- 448 PLOT Rl.LGTGL L ]
458 IF H{4)=1 THEH 428
el MMFLIVEL2Y -
7o LA I=GI 2]
xﬁﬂﬁ HEXT A1
498 PEN
, m IF N(43=2 THEH 528
:S!! END
“B1S REN #z3#% LIME 526—6& IS RXIS PLOTTIHG & LABELING #3333
5% YRXIS 2.1
%38 PLOT 1.7:8.8:-1
m LABEL <%+1.5:1. ?;ﬁ;@.éﬁ}'&l:&“
558 PLOT -0.4:9.8.-1
,&3 CPLOT @s-1
LBTB LABEL €3+1.5:1.758:8.65"-WU1"
m PLOT 1.9+-15-1
598 FOR X=1 10 3 -
98 LABEL (#+1.5+1.7.8:8.&5)Y
.-618 CPLOT 8,13 -
~ 515 CPLOT By 1
628 NEZT ¥
638 PLOT 25151 ;
€49 DISF "CHRAHLE PEN”
E58 STOP
€55 REM >332 LIME 659-738 IS PLOT OF MUZ & HL. MZ >ex¥s
659 A3=P
- 660 FOR Al=-1.8 T 2 STEP 8.87
665 A3=A3+1
- 666 IF H=2 THEN 688"
€78 PLOT RISLGTLIR3)
688 HEXT Al
699 FEN
695 A3=0
700 FOR Ri=-1.3 TO 2 STEP 8.97
785 A3=A3+1
?IB FLOT ALl>PLAR2)-2
738 NEXT Al
735 PEN
737 REM =233 PLOT HUZ LABEL IN DIFFERENT COLODIF »#%23
746 PLOT -0.4,0.85-1
758 CPLOT 8,-2
760 LABEL (%,1.591.7+8:8, 65> " -MU2"
7706 PLOT 251+-1
786 END



+

- 36 -
2.6 Absorption coefficient plot program

S PEH #ss%% N IHTERPOLATION ROUTIHNE xxx+x
BEF FHACED

FOR A=22 TO 2 STEP -1

IF TLA) <= E THEN 78

NEXT A

PISP “ILLEGRL EHERGY:<.215 MEV™
STOP

P=TLAl

C=E

98 IF FME(1>=88 THEH 388

168 E8=K[Z]

© 318 YO=LGTKL X+2]

*§26 D=t

- 130 C=TIR+11 :

348 IF FHB(1)>=8 THEHN 196

198 E1=K(X]

168 YI=LGTKLIZX+11

178 P=(¥1-v8) (E1-E®)£{E-EB¥+YA
~ 188 RETURH 10tF

198 E1=TLAR+11]

208 Vi=LGTYIA+1 > MILA3»A2+21]
218 C=TLA+Z1

220 P=TCR+11

“Z238 IF FHB 1y=9 THEM 27

248 EZ2=FL¥]

258 V2=LGTKLE+1]

266 COTD 450

276 E2=TLA+2]

288 Y2=LGTVER+2HIR3:A242 11

29 GOT0 458

308 E1=TLA)

216 VI=LGTVIRHLAZA2+2]12

326 b=T[A-11

338 C=TL[R}

349 IF FHE<1>=8 THEH 3226

358 EO=K[X]

360 TO=LGTEL:+2]

378 GOTO 480

259 EO=TIA-1]

398 YO=LGTYIA-1HIA3sRZ2+21]
499 b=t

418 C=TLA+1]

4268 IF FHBE(1>=0 THEN 440

4386 EZ2=K[X]

448 Y2=LGTKLX+1)

456 GOTO 438

468 EZ=TLA+1]

478 V2=LGTVIA+1 M R3,AZ+21]

428 P=(E-E1)*{E~-EZ2>/(EB-E1)>/(EO-EZ)*V8
490 P=P+(E-ED)*LE-E2)/(E1-EB) (E1-E2)+%1
508 P=P+ E~EQ)*(E-E1)>/(E2-EB>/(EZ-E1)+Y2
519 PETURH 191P

288888



-37..

2.6 Absorption coefficient plot program

S REM #xxxxDISCOMTIHUITY CHECK EOUTIMNE *xxsx
© 18 DEF FHB{Z)
"+ 38 RESTORE 148
48 FOR X1=1 To 5
- 58 RERD Z1sN1»D1
68 IF Z1=M[RA3sA21 THEH 28
65 REM #+x++% I5 ELEMENT INCLUDED IHW DI%EHHTIHU17; LIST % #%#xs
TU78 HMEXT X1
.. &8 RETURHM 8
= 989 FOR X=MN1 TO MHi+D1 STEP 3
i} IF DXELRX] RHD KL X3 <= C THEN 138
REM #3¥3#3% DOES EHERGY LIE IM EMERGY INTERWYHL = #x*xs
HNERT ¥
RETURN &
RETURN 1
REM **>3%3% DATH STATEMEWT IS5 ORGARNIZED IW GROUFS OF 33
REM #xxx3% 13 ATOMIC HUMBER
REM ##%%:+ 2: PDIWTER TO STRART ©F DRATA FOR THISZ ELEMENMT IH K
REM *%x%3% 3 LEMGTH-1 OF DATH FOR THIZ ELEMENT
DATA 2615224794 29509792:545 18257451258y V9220114322345 11
DATA 92:46511:35:58,2

;:9 COM D&, MI0 2y 41, Ps 25 e
28 LOAD ;E' r" yFPElEy 21 ESE 3BT USL 31 1o HIT o fab s ALV YEL 34,123, T 23]

89 DIM G506 L5 tug
3 o ’ IyESU 1801
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5;Z__SHI:IStSﬂl_‘lES;K.SIISIllﬁlﬂh"IIlIIII

-5 REM *s#x%x ROUTINE FOR CALC. OF F ¥+3#x

b REM #x3xx THIS ROUTIHE IS RCCESSED WITH A LIHE 9 ssza»x
7 REN zxxxx FREOM THE MU CRLC. PROGRAN *xsxx

18 PRINT "THICKMESS IM G-CHM%2"3

515 REH #xx+% FOR LARGE CAYITY INFUT NEGRTIYE YALUE »xx+%
28 INPUT G

525 PRINT &

.38 IF G>3 THEM 5@

ﬁge PEINT "YOLsRREA (G-/CHTZ231t3s {(G7CHT2)>1Z2"S

Ba INPUT YR

&0 L=4*V/R

PRINT %sA

£ DISP "SF1-5P2"s

88 INPUT D7

IF DBY>B THEM 128

bY=D3

B=16-CELRL3)+1 }-B.835>11.4
2=(1-EXP{~-B*G 1) /B0

PRINT "DP="3D32

F=D32D7+{1-D3>2P1}

PEINT "F="3F

EHD

L
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