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ABSTRACT

Interpretation of raw gamma spectra from NaI(Tl) scintillation
systems is difficult because of complications introduced by a multi-
plicity of gamma interactions and light-emission processes within the
detector. The apglication of computers to interpretation permits
sophisticated spectral A;alysfg through spectrum stripping or un-
folding techniques. Although digital systems have been utilized pre-
viously, an analog-digital hybrid system offers the possibility of
avoiding laborious and time-consuming parameter selection required
for the purely digital approach. The hybrid systém was applied to the
Hyodo response function procedure by using the analog computer for
empirical selection of fifth-order polynomial coefficients for seven
required fitting functions; once fitted, the polynomials are employed
by the digital system for actual spectrum unfolding. Two calibration
spectra were employed for coefficient selection; the procedure was
then applied'to several "catalog" spectra to illustrate its generality.
Unfolded spectra show the expected residual full-energy peaks; with
only small Bremsstrahlung, non-rectangular Compton components, and ad-
jacent-peak overlap components as interferences. It is possible that
the general approach could be accomplished with a purely digital sys-

tem by applying analog simulation language.
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INTRODUCTION

Pulse-height distributions obtained from gamma radiation inter-
actions in scintillation spectrometers are complicated representa-
tions of monoenergetic, line width, gamma rays (1). Thallium-activat-

o

ed sodium-iodide scintillators have the advantage of high interaction
-

efficiencies in the range of 0 t;,S Mev (approximately 30% at 1 Mev);

however, they suffer from spectrum distortion because of limited

energy resolution (approximately 7% fulljwidth-half-maximum at 1 Mev).

The spectra are further complicated by the statistical nature of the

counts in each channel as recorded Ey a multichanﬁel analyzer.

The several complications, Compton areas, escape peaks, etc., of
scintillation gamma-ray spectrometry make the interpretation of com-
plex gamma spectra difficult. Analysis of such spectra has been ap-
proached through several computer techniques (2) known as "unfolding",
which is an operational process on the measured pulse height distribu-
tion to obtain a better approximation of the incident gamma-ray spec-
trum. Of the various unfolding procedures, a number of them &nvolve
analytical and matrix inversion techniques for describing a mono-
energetic gamma-ray spectrum with subsequent identification of the
troublesome interactions generated within the spectrometer.

The approach presented in this thesis utilizes the digital com-
puter less like a traditional numerical computational device and more
like a "digital filter" (3). An analog computer generates the re-
Sponse parametric functions associated with the spectrometer and

Communicates this information to the filter. These parametric func-

-
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tions can be readily tuned up for any given experimental set-up with
a minimal effort of potentiometer adjustments. Unfolding is per-
formed in the order of milliseconds, and output is in graphical or

numerical form, or displayed via digital-to-analog oscilloscope.

.

e T T

BEATE I NEBRIE T

L h e W SN
Lo = T ey




CHAPTER 1 MODEL (4)

Triangular Matrix

w@f) =

The pulse-height distribution of a scintillation spectrometer is

related to the incident gamma-ray spectrum by the equation:

Ed

o0 -

7 4 I= - =
OI Ai(E YP(E')dE bi + e i=01,2,....,n, (1)

in which:

’ th
b = the observed number of counts recorded in the i

channel of a multichannel analyzer, (the channel re-

/

sponds to pulses from Vi to Vi+1 in height);

e, = the random statistical counting error;

the response function of the spectroﬁeter (the pro-
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bability that a monoenergetic photon source with

g e St st

energy E’ and unit intensity will result in a count

in the ith channel); and,
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P(E’)dE’ the number of photons in the incident spectrﬁm be-

o ———
i

tween an energy of E’ and E’ + dE’.

Pulse height distributions are, in truth, a representation qf the
interactions of the incident gamma flux with the detector. These
distributions include distortion and degradation of the true gamma
Spectrum resulting from Compton scattering, escape peaks, smearing,
etc., in the detector itself, and by signal-handling characteristics
of the subsequent electronic system.

It is difficult to unfold the response of a spectrometer exactly




without introducing spurious features in the desired resulting spec-
trum. The major problem of the gamma scintillation spectrometer is
not one of instrumental smearing, but rather derives from the fact
that the monoenergetic response Ai(E') has spurious peaks resulting
from escape processes (pair-production annihilation photons, iodine
X-rays, etc.), and a igw-energy tail arising from internal and ex-
ternal Compton scattered pho;ons. OOne approach is to accept the fi-
nite instrumental line width (produced by statistical broadening in
the crystal and photomultiplier), and then try to remove the tails
and spurious escape peaks from the result. The final estimated spec-

trum obtained will be denoted by f(é); this estimated spectrum is re-

lated to the true spectrum P(E’) by:

B(e) = | S(E,ENP(E AR, | (2)

in which S(E,E’) is the inherent smearing function. In other words,
P(E) is the ;pectrum with some Gaussian smearing, and P(E’) is the
true unbroadened spectrum.

The principal problem in obtaining the desired solution, in a
discrete formulation, is finding a set of coefficients Uik’ k=1,2,..
..n, for each of the n response functions Ai(E') such that

i n
Ai(E ) = % UikS(Ek,E’). (3)
k=1

A significant simplification can be achieved without obtaining

numerical values for Ai(E'), if one accepts the restriction that a

,?r/VE; b=u
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linear relation holds for Ek’ k=1,2,....,n, to be the energies at tx
which the main peaks of Ai(E') vs E’ are centered in chanmel k. A 'rz;\
two dimensional sketch of Ai(E') is given in Figure 1. Note that 'QEE)
slices through this response surface parallel to the discrete- channel k
number axis, Ai(E') vs i, are the conventional pulse-height distribu-

tions for monoenergetic sougces, But that slices through the response

surface parallel to the energy axis, Ai(E’) vs E’ for fixed i, are

"efficiency functions" which give the efficiency of a single channel

of a gamma photon.

In order to obtain a relation between the observed pulse height

distribution, bi’ and the estimated spectrum, f(E), a finite set of B
5

simultaneous algebraic equations may be derived by substituting Eq. E?
. z |

(3) into Eq. (1); ;;g
N

o n EE'

U 4 4 ’ I |

o [kg,l S E )] P(E)AE’ = b, +e,. () gt

Hl

P

‘;5!

By interchanging the order of integration and summation, the follow- '%R
0

ing results: | &

n rm
N Uik [Q S(Ek,E')P(E')dE'] = bi +e (5)
k=1

and making use of the definition of P(E) given by Eq. (2), the final
form is obtained:
n

k§1 FikP(Ek) = bi + e i=1,2,....,n. (6)
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Finally, expressing Eq. (6). in matrix form and neglecting eyt

W; ) (B ) =y ), (7

ﬁr.ﬂﬂ%:)’?

where i = 1,...,n, and k = 1,...,n.

The estimated sﬁ;ctrum f(E) may be obtained directly from a
solution of Eq. (7) using tﬁe measured bi for an estimate of the
right hand side. Since it is not necessary in Eq. (7) to use any Ek

less than the center of the peak of Ai(Ef), the equations given by

Eq. (7) have the triangular form;
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Hyodo Response Function } :
L

2

In estimating the coefficients for the U matrix, the response

function is assumed to be composed of a full energy peak, Compton,
first and second escape peaks, backscatter peak, and a valley fill
component. The Hyodo U matrix is an approximation to the actual re-
sponse function, Ai(E’), used to simplify the unfolding numerically.
This model replaces the total energy peaks by isolated components on
the diagonal of the matrix. This procedure can also be extended to

other peaks in the response function. For instance, the broad escape




peaks are replaced by a sharp ridge of components in the U coefficient
matrix. A more complete analysis shows that the backscatter peak must
be replaced by several components because its position does not vary

much with the emergy of the incident photons, as can be seen from the

Compton equatiom for 180° backscatter:

o

0.51 E, -+
E = ———

s 0.51 + 2Ei

in which Es is the scattered photon energy and Ei is the incident
photon energy. The continuum can be approximated by flat rectangular
sections extending up to the pulse ﬁeight of the Compton edge for the
Compton are;, and one small rectangle below the total energy peak for
a valley fill function. The location of the escape peaks, the back-
scatter peak and the Compton edge are treated as being functionally
related to the photopeak location. These approxim;tions are re-
presented schematically in Figure 2.

The resulting U matrix is composed of five components: (}) Comp-
ton fraction, (2) backscatter fraction, (3) first escape fraction,

(4) second escape fraction, and (5) valley-fill fraction as follows:

where each column is composed of a combination of the components

(above) depending upon the position of U The diagonal is

diagonal’
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represented by the peak-to-total ratio.
If many monoenergetic calibration sources are available, one may

interpolate by suitable functions between the calibration sources and

)

then determine the U matrix coefficients by a least-squares fitting

procedure. The problem of interpolating between available calibration
o

energies is a formidable task, however, it can be simplied by an em-

pirical method utilizing a hybrfd computer.
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CHAPTER 2 COMPUTER PROGRAM

A computer program was developed to (1) empirically determine the
U matrix coefficients from caiibration spectra obtained with a parti-
cular spectrometer; (2) unfold pulse-height distributions once the
filter is calibrated; (3) output the unfolded spectra via digital plot,
numerically, and/or digitalito—aQZIOg oscilloscope; and (4) provide
overall conérol between the analog and digital computers. The program
(listing in Appendix) consists of a main program plus the following
subprograms:
A) Plot - provides digifal plot routiné, Fortran IV;
B) Scope - provides oscilloscope display of an array
stored in the digital computer, Fortran IV
and Assembly language; |
C) Hybrid- digitizes analog function and stores as an
array, Fortran and Assembly language.
Several libr;ry (hybrid) routines were utilized for operational con-

trol.

Generating U Matrix Coefficients

To calibrate the filter to unfold 4 Mev maximum distributions,
sample spectra from the spectrometer (Cs-137,Na-24) are read in and
stored in the digital computer One of the sample spectra is then
selected for initial trial. If one considers the hybrid filter as a
black box with variable "knobs", the philosophy of design is to pro-

vide a tuniné adjustment for each objectionable feature of the pulse-

11
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height distribution which is to be "tuned out". The analog computer
is patched (wired) to generate a fifth order polynomial with variable

coefficients. Control is shifted to the analog computer and the poly-

~(us)”

nomial is displayed. The five coefficients simulated by potentio-
meters on the analog gomputer, can be varied while the resulting Comp-
ton function is displayed, and angempirical trial array is digitized
and stored in the digital computer. Another five coefficients are
obtainéé for the backscatter function, etc. After all the arrays
(Compton, backscatter, first and second escape, valley-fill) are pro-

duced, control is transferred to the digital computer for unfolding,

-/

The resulting spectrum is filtered by the digitized empirical polyno-

9
mial function, and displayed on the oscilloscope. Imperfections are s%ﬁf
then corrected by adjustments of the polynomial coeffi¢ients, and the lfgl

[
filtering process repeated. After several trials, a nearly perfect ;?f
filtered spectrum can be displayed. A second calibration spectrum is |;E:

1
then selected, and the coefficients for the polynomial are further jg&
refined to obtain the spectral components relationship as a func- jgé

Jl

——
z

tion of energy. The ultimate set of coefficients is thus generated

by successive trials on several calibration spectra.

Unfolding

Once the response function parameters, in the form of a 5th
order polynomial coefficients, are obtained and stored, general
unfolding can be initiated for any distribution obtained from the
Same spectrometer from which the calibration spectra were obtained.

Unfolding is accomplished entirely within the digital computer.
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After a pulse-height distribution has been read in and stored,

N

and following matrix equation exists:

~
NS)

-~ ~
V1,0 9,20V 001 Uy g Py b1
U2,2°" U2,n P2 b2
- :‘ .:- = :
n-l,n-lUn~1,n Pn-1 bn--l
i U P b
n,n -J n J n.
- - - .
By solving first for §n’ and then working backwards toward ?1, the
triangular matrix can be reduced to the solution. The results of the i
unfolding procedure will then be related to the true incident gamma ,t
vl
spectrum by Eq. (2). Thus the effect of the Hyodo model is to produce gLi
T
. u.,'
a smeared approximation to the desired spectrum, with the degree of u§
hit
z |
smearing given essentially by the resolution of the detector. ‘EE
i3
i31'
3¢
[R5
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CHAPTER 3 RESULTS

A__/;S)W

Response Function

ol

Of the nine required functions, the first two (peak-to-total and
intrinsic efficiency{ were simulated from data obtained from Heath (1)
for a 3" x 3" scintillation‘Crysﬁfl. The remaining seven functions
(Compton, first escape, second escape, backscatter, and three valley-
£il1 fuﬁctions) were generated as fifth-order polynomials by an empi~"~

rical selection of potentiometer settings for the five necessary

coefficients. Cesium-137 and Na-24 spectra were employed for pro-

gressive trial and error refinements of the necessary potentiometer r‘\
settings. These spectra were chosen because they provide a wide energy EEI
£
range and relatively uncomplicated distributions. égj
The general shapes of the seven empirically fitted polynomials i§$
are presented in Figures 3 and 4. The functional coefficients §é:
|
(potentiometer settings) can be selected within 30 minutes utilizing }EE
a hybrid computer. jén
|
l

Unfiltered and filtered (Cs-137 and Na-24) spectra are illustrated

£ LCrLrs

7

in Figures 5 and 6, respectively, to present a measure of "goodness"
for the technique. As apparent from the figures, the unfolded spectra
fulfill the objectives of removal of the complicating features, ex-
cept for Bremsstrahlung in the Na-24 distribution. The criteria for
Ssetting an individual channel to zero was plus or minus the reciprocal
of the plotting scale height (e.g., = 0.01 for a scale height of 100)

times the maximum count.

14
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Filter
A83-=f--27 z-227-z Svo= T=zzt- L, wzrz _—=itlizi Tt Tzt Iz Enh\
. _ .. . 2
operetiosn o the Iilzer T-z3z distribotizans (S:.4:22) zve orezsznzad ZZ .
LS
in the Appendix and include the isotopes Ar-41, Co-80, and R-42. ¢

Argon-41, being similar to Cs-137, was unfolded with resulting

full energy peak and upper Compton tail remaining. The Hyodo model
assumes a rectangular Comp;on d{Etribution; therefore, the true Comp-~
ton components are not removed from the spectrum.

A Co-60 spectrum was tried to test the applicability of filter-

ing a distribution with adjacent full energy peaks. Finally, a K-42

distribution was selected for unfolding to determine the-effect of a

[

large Bremsstrahlung component. The K-42 spectrum shows the residual gE;
Bl

Bremsstrahlung as exbected, and demonstrates the effect of a continu- §§1
um. For Co-60, the complicating features were well removed by the ggl
2.0

unfolding procedure; however, it is apparent that a small residual ‘§Ei
peak overlap remains. The source of the peak overlap is not known %;;
. i

because it could arise from either poor crystal resolution or valley Egt
: 251

fill component. It would be of interest to employ spectra from a hg

¥

4
]
.

crystal of very high resolution to attempt to isolate the source of
the peak overlap of the unfolded Co-60 spectrum.

Although utilization of the unfolding procedure described here is
limited to installations of comparable hybrid systems, the speed with
which the response functions can be fitted makes this operation
attractive. It is possible that the procedure could be applied to

purely digital systems by introduction of an analog simulation language.
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Figure 5

Unfolded Cs-137 ‘Spectrum
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Figure 5a

Folded Cs-137 Spectrum
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Unfolded Na-24 Spectrum
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Figure 6a

Folded Na-24 Spectrum
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APPENDIX A
COMPUTER PROGRAM LISTING

Pages 41 through 52
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41

DIMENSIAY A(500),1505CT(422),10(5)
DIVENSICY TR {40 PT(4D3),CHMETIN) B8P (490), e~
IVER (420 p VA a G0 ) hVEENLGDD) ,FEST (420),SESC(409)

DINMENSIAE Y T(L),P(4),2(48),0(8),

IVP(E) 2 Yd(B) L VE(SHY»F(3),S(5)

DIYENMSTE IPHLY (), P3LYVLI4)Y, TRES(SH)Y

LRGITCAL T=<

DATA IPE'Y/CvI 41‘31701

DATA PalrvL /.23 103,;-/ ?» e 175/

DATA IRES/A2,67472,77222,100/7

JV ’)
- NBIGP=400
DesCul=1,4
C
c SETS UP POLYLE1LAL
C
507  CALL SPST(IPSLY(1),P3lyvVL(I))
C
C READ IN PALY 9 41AL CSEFFICIENTS .
c 4
PEAD(5,378)(5(1),1=1,6) M |
READ (5,5 8)(F(1)s1=1,6) S
READ(S,B0EN(C(1)al=1,6) B f
RELD(D,222)(L(1),1=1,€) |
READ(S,502)(VP([),1=21,5) < |
READ(S,30E)(VE(I)sT=1258) -
READ(S,S2E1(VatT)sl=104) o
READ(S,503)1(F(1),1=1,8)
READ(S,59%)(S(1),1=21,6) ¢
50%  F8IMAT(EF1IC.u)
C ] |
o READ IN SPECTAJM 12 AND CALISRATIAN {

109 READ(S,108) 1L s CiyAr, ZHAN WY
105 FADMAT(E 4, 1172,F104581)
IFA(NCHANMEL« )08 TY395

REAC In SFECTRUM

N O

READ (9, 110) (ISPECT(I)a1=1,MNCHAN)




OO O -

111

11?7

D00

125

126

FB=MAT(12X,1CIR)
WRITZ sP=CIeL™

WRITZ(A5,1110) 10
FARMAT(IL")32K,84,77)

ARTTE(S 112V (I3PECT (L), =10 NCHAN)
FAIMaT(12112)

DA1251=1,NCHAN

ACI)=13PECT ()

-

DIGITAL PLAET 87 INPUT SPRECTRUM

CALL PLBT(\ZHAMSIDIX)
CALL Savsi'1cn)
WRITE(1C2,122)
FeRMAT(/7)
FEAD(101,126)K
FEIMAT(IL)

DISPLAY IKPUT SPECTRUM VIA 8SCILLASCOPE

L UNCHANG YY)
TS

AU
RESPINSE FUNCTIBN R[JITING

WRITE(A,511)

FARIMAT(VIEFT Y, //)

CALL SSR¥(é&4)

CALL HYBR2ID(R,RESP, I19FS,E,185CT,57F)
DE3131=1,N0ESP

EFF(I)=sEFF(T)/ZC
WRITE(G,S0I(TTF (1), 1=12WRESH)
FOMAT(10F10.4)

ARITE(64515)

FARMAT('IFTY,/7)

CALL RYBRIS(rsWRESP,IRFS,P,»ISPECT,T)
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43

L ] ;x‘ .
NBTTE(6s509) (PT(1) s 1=1,NRESP) -
[F(K-ETe1)38TE58D =

g20  JRITZ(5,521)
521 FERMAT('1C3%',//)
CALL S3RF(54)
CALL HYBRID(K, RESP, IRFS,Cs 1SPECT,CH™)
H?ITE(&J?G?)(C?W(I):I=1J‘?ESP)
[F(K-EG 1) 597580 '

325 WRITZ(4,525) “
825 FARIMAT(MLES® !, //)

; CALL S5R2(nH4)

CALL RYSRID(#,NRES?, IPFS,2, 1SPECT,HSP)
Das271=1,N5E87

527  9SP(1)=HSP(1)1/10.
‘:QITTL(’3ICCB)(1SD(I))I:l‘\‘r‘\ESp)
[F(KEDe1)35TIZRU

537 NO1TE(5,531)

531 FEMAT(YIVFD Y, //)
CALL S5P2(A4)

_

CALL HYBSID (<,NRESP,15ES, VP, [SPECT,VFP) |
HpITE(GJSGB)(VTP(I):I=113QES°)

535 ASITE(H2B55)
534 FanmMAT(VIVFEL',//)
COCALL HYBRID ((1V¥ESDJIQESIVE)IQPECTJVFED)

D953a]=1,*YESP

538 VECD(T)=YFED(T)# 10,

NQ!TE(é;SCS)(V:EE(I);I=1;\QESQ)

540 ARITE(E25481)
541 FRGMAT('IVFurn',//)

CALL HYRRID (<1ﬁ;E3D:IQE%:VMAISPECFerxH)
ﬁQITE(é:bC?)(Vrfﬂ(l)t1=1'\QESD)
IF(KeEDel1)50T25RY

3) HRITE(H2245)
6 FEIMAT('IFESC',//)
CALL S3R2(54%)
Catl RHYZ2KRIE (X,NRESP, 12E5,F, 1SPECTFESC)
HQITE(éIECq)(:ESC(I)II=1;VQ€SD)
559 ARITE(£5351) .
551 FO9aMAT("1SESC ', /7))
CALL RYERIO (K:WFESPJIQE%:S}ISPECTJSESC)

gy T TS EVERSI S Y

P

i




g N
(b))

e

VOOCOOOOO

00

[(aNeEe!

ONOon D OO0

NS Ee]

WRITE(5,009)(S2SC(1),1=1,NRESR)
CALL save{r'1o")
D8=9UI=1,NCHAN
ISPECT(L)=L(])

L4
UNFBLDING RAUTINE

-
L4

DITAGIONAL CALCULATION

DA90JII=1,NCHAN
LT=MNCHAN=]
CHAN=LT

ESCAPE BEA< CALCULATINY

ESC=e511/CnA" N
KESC1=ChAN=ESC
KECCZ=CHA=22455C

COMFTON 0GR CALCJLATIAN

ENEROSY=CriAnN«CHanN»H
EDCE=ENERCY /{1 e4+0555/FNERGY)
EDGECHh=E0GE /ZHANAA
KEDCriseDLE L
COMHT=COKT)/EDLEZH

VALLEY FILL CALCULATIBY

[FILED=VFED(HT)/7CHANGH
IFTLAH=VEYH(RT ) /AN N
[FIL3E=IFILES-TFIL «H
VEUCEVE R~ (KT I/ AN H
VERT=VFP (KT )Y /YT uC

BACKSCATTER CALCULATICN

KE=KT=<EJCH

44
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[aFale]

&

OO MO0
¢ Eo
DO O

KBEND=X2+3
KEBOE=X3-3

NORMALTZATI®Y 41TH PZA/=T9-TATAL RATIH

XPT=AGLT) /2T (4T)
[F(KT=1)902,307,23C3

Ca4PTay FILTER

IF(KEDCHYED2, 270,810
0BAluL =1,kEDCH

ALY =X (L) = AP T2 T5HHT
ESCAPE PLA<S FILTER

[F(KESCZI)I%40,5-0,82C
X(L)=4 (L) ={PT*TESC(LT)
IF(KESZZ)Ya4C,72000225
X{LY=RK{L)=XPT#2ESC(¥T)

RACKSCATTE - FILTER
[F (KA Y ED D 301 047

DARGOL =S, ~3TND
X{L)=A(L)-xPT¥2GP(LT)

CWALLEY FILL FI_TER

AL)=xX(L
CONTINUE
CALL SZ8rL(NCHAN,X)

CeNTRSL REUTINT

IF{TRSL(3) .0« TRSL(1))GATIFIE

45




82C71=1,4CHAN
X(1)=13PECT(])

[F(TRSL(2))58T3915
IF(TRSLAD))IA2TR810
IF(TRSLI1))GEETH211
IF(TRSL(1))GyTas2®
[F(TRSL(Z) 135 9572
IE(TRSL(2))AATASES
IF{TRSL(3))53T5913
[FUTRSL(3))3~Tn83C
IF(TRSL(4))30T3914
[F(TRSL(4))30T=8uE

GB8T6200
CALL PLET(NCHANSID,X)
K=2

GATE10D
CALL RelLECE
END

46




47

SUBRIUTINE PLIT(MNEHA Y, 1D,7) .
DIMENSIAN Z(409) y
DIMENSIOY Y(111) ‘
DIMENSIO:, ID(5)
DATA BLAYK,DRT,STAR,ZERA/ v 1,1t y1 e, 101y
700 CTHMAL=Ge)
DR7051=1,NCHAN
TERM=Z(1) .
IF(TERMeSToCTHAX) CFuax=Tr3M
705  CANTINGE
L ARITE(L,710) 13 :
710 FOSMAT('ICHAN',1Xs'SRERT Y, 1X, 'C8UNT 1, 20X, SA4)
D97151=1,111
715  Y(1)=0uaT
Y(11)=72C3"
ARITE(6,720) (Y () s d=1s111)
720  FORIMAT(12Xx,11141) :
D%73Ul=1,111
730 Y(I)=3LANK !
D875u1 =1, NCHAN
L=tZ2(1)*1CL)/(CTYAX)
Y(L+11)=3TAR ‘ '
Y(11)=D8T L
[F(LeETel)Y(11)=7E7s .
WRITE(6,740) 107 (1)L (Y (J)sd=1s111)
742 FOAMAT(las1XsFaelsdzs las3Xs111A1) |
752 Y(L+11)=2LAanc
RETURIN
END ' |

=




48

SURRIVUTINEG SCAPE(NCHAN,Z)
DIMENSISN Z(420)
LBA3ICAL TRSL
DISHAX=0+D
OB4011=1,%C-aN
ANS=Z(D)
IF(ANS«GT e DISHAX)IDISHAR=ANS
401 CerTINUE ’ ©
400 D405 =1,MCHAN
FRACT=2(1)/D154A%
L IDeML=sFRACT+ 32747

3 WD 0 YTEL3Y
S Ldsl [

S Lasz #NCAHAY
S Cl,1 ]

S BwE 510

1) LI»10 X104000
) ¥, 10 ¥1'E121
S10 LCH, 5 [>AME

S WD»5 XT1EDRT!
S Cwal2 1

5 B"E 405

S LI»10 X1'C&HCO
5 vos10 X'gleze

-+
(@]
n

5 COENTINJIE
[F(TRSL(DH))GETA41D

4173 IF (e vSTeTRK3L(5))3ATA2400
RETU=N
EV:’) L]




49
=
SUBRAUT[HE HYZRIN(K, 4RFSP, IRES, A, ISPRCT,Z) L
DIMENSIEN TR2S(6)2A(5), ISPECT(400)2(4C0) -
LO3ICAL TR3L
K1=C

N332101=1,46

CALL SPBT(I=CS(I)sACTI)Y

IF (K- Fﬂol));T51?ﬁ

CALL PARY b

CalL HYAIT(EIT;ES y 15PFCT,KH)
IF(KHe LT «NNESPYEATR31E

CALL SAMI('IT"Y)

n932ul=1,N26E5%

2(1)Y=FLBAT(I57E CT('))/%2767o
JEF(KeESeQ)RETURN
IF(KIWEQeD)ZITYRY

CALL STCz{'~m")

CALL SAM2(0'PFEY)
IF(TRSL(D) )15~ T=332

IF (e BT« TRSL(5))5378330

CALL SAMs('R2CH)

Dﬁ?351=116 |
CALL SACH ("1, IRES(1)) i

CALL DYMR(ACT)) . !
WRITELS) 3PS LIRES(I),A(I) s 121,6) )
FAIMATITIC,T1044)
K1=5

539768312

END,
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STwa 2
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RO#3
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MTwg
LIs3
Wls 3
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GErsB,7517

Ba.JnD

RYALT
X'5037!
X'TEDO!
11102
A253D
:Ilégl
SAVE
*3 d
ArE1EE!
i5
=15
$+2
%73
3
CoUNT
195
*»15
T+ 2
*5
4030
STs
ST3=E
15
*15
ATHR
C
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wrezas!
MAGL
€1s)
13
X'3000!
xtvizgu2a!t
xroezl!
~GNE
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TRANS DATA CoCs INT, L A
ST DATA W' IH3CH030 :
werp DATA 2V 30CIFF=F
CBUNT CATA C
MAGK DATA | 1 O00L !
SAVE DATA ¢
RE DATA o,
ADDR DATA 6 “
HENE DATA ARSI
INT STh, 2 PEs
. WDs3 11350
MTwis1 *ADDR
TEST C RDs3 srtezzet
Cia3 MASH
BANZ TEST
R)s3 x1C23s:
STAKRE DATA C
MTu,d §TaRE
MT v, =1 C9 NT
BE xIT
RETURN Lvs2 HES |
GEN,12,3,17 ¥10031,0, TRANS ' !
XIT L1,3 X1 7ECSOY |
W), 3 X'1302!
Lvs3 WBNE |
W), 3 X'c123!"
Las3 SAVE
STW,3 FARNA
WD 3 X10271
Lds3 [N4BT :
AND, 3 TRANS+H] |
STW, TRANS+1 ' :
B RETUDN
INH3T DATA X'TRFFFFSF

EnD
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CEF PR !
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LIse 3

Wis6 XK1EQ2

WDsb ¢ KVED2

Llsé X 10200

WDs b L 02e

LIs5 X101070

W, b XVEQZAY

v B «15

END
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