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AMTR~~ 

A FORTRAN computer program incorporating a second 
difference peak search was developed to calculate 
nuclide abundances from gamma ray spectra on magnetic 
tape without applying iterative fitting techniques. 
Peak areas are obtained by summing counts above a 
statistically justified cubic or linear equation back
ground, and confidence limits are determined for all 
analytical results. 
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INTRODUCTION 

Quantitative analytical interpretation of multichannel spectra 
involves extensive calculations which become tedious and costly 
when performed manually on a routine basis. A number of computer 
programs have been written for data reduction of high resolution 
spectra. These programs l - 4 normally search for significant peaks, 
resolve overlapping peaks if possible, calculate the net counting 
rate for each peak, and identify the isotopes present. The differ
ent needs of each author and the complexity of the codes make 
effective use of another's program difficult. At Savannah River, 
this work has been done by the program GELI with peak search SPAN, 
written by R. A. PriestS in 1968. 

The FORTRAN computer program described in this report is 
intended for routine analytical calculations of 4096-channel gamma 
ray spectra. It was written by modifying and supplementing 
GELI, and by replacing the SPAN first derivative peak search with 
SPAN2, a much more sensitive and quicker second difference peak 
search. This program has the special advantages of: 

• Effective detection of overlapping peaks without time
consuming iterative curve fitting. 

• More accurate area calculation by improved background deter
mination for single peaks. 

• Use of peak search data in evaluation of analytical results. 

• A statistical analysis of all analytical results including 
"less than" estimates for nondetected isotopes. 

• Comment codes which identify in detail the results of all 
tests. 
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SUMMARY 

The existing computer program for routine analysis of high
resolution gamma ray spectra has been substantially modified, a 
new peak search subroutine has been written, and computer runtime 
has been decreased by more than 50%. Nuclide abundances are 
determined by summing counts above background in a region of the 
spectrum defined for each peak by empirical equations relating 
energy and full width at half maximum to channel numbers. Back
grounds are approximated using either a linear or cubic equation, 
depending on statistical justification. Confidence limits are 
reported for all analysis results including "less than" estimates 
for nondetected nuclides. Peak search data are reviewed, and 
peaks which may interfere are listed for each nuclide. 

The peak search applies five tests in its evaluation of the 
second difference curve to locate significant peaks, and accurately 
determines the peak energy from a linear channel-energy relation 
by fitting a Gaussian curve to the spectral data. Areas of suf~. 
ficiently separated single peaks are calculated by summing counts 
above background, and an error analysis is provided. Five edit 
options control the amount of printed detail obtained from the 
peak search routine. These options vary from no printout at all to 
the extremely detailed output which includes a graph of the spec
trum. Comment codes generated during the search cross reference 
overlapping peaks and identify all test failures. 
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DISCUSSION 

The computer program described here consists of two 
parts: the main program GELI2, and the peak search subroutine 
SPAN2. GELI2 calculates all analytical results; SPAN2 performs 
peak searches on the input spectra and supplies information such 
as peak energies, areas, and full width at half maximum CFWHM) for 
user evaluation of the GELI2 analytical results. The only quanti
tative data from SPAN2 used by GELI2 are peak locations needed for 
the energy-channel calibration. The GELI2 and SPAN2 routines will, 
therefore, be discussed separately, as will the subroutine BKGND, 
which is called by both GELI2 and SPAN2 to calculate backgrounds 
under peaks. Examples of the program are used in the Appendix to 
illustrate proper form and arrangement of input data cards. 

GELI2 

The computer program (as shown in the GELI2 Flow Diagram of 
Figure 1) first calls subroutine READIT to read nuclide input 
information such as energy, intensity, efficiency, etc. This 
information is organized by the user into sets, each containing 
data for up to 100 nuclides of interest. Selected nuclides are 
then designated for analysis by identifying the set. A maximum 
of five nuclide sets is permitted by the DEFINE FILE statements. 
The CALL NINIT(IDF) statement identifies the set of nuclides (IDF) 
to be considered and supplies all interference information needed 
later in the interference calculations. After reading sample 
input data from cards, the 4096-channel gamma ray spectrum is 
read into common storage from magnetic tape for use by both GELI2 
and SPAN2. A peak search is performed on each spectrum. No 
option has been provided to bypass the peak search because this 
information is necessary to evaluate effectively the analytical 
results. 
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The calibration option must be used on the first spectrum to 
relate channel numbers to energies. The channel numbers and 
associated energies for up to 25 peaks may be input on cards for 
this calibration. The minimum input data required for the cali
bration are the channel numbers for the four default energies 
(74.7, 661.6, 1173.2, and 1332.5 keV) supplied by the BLOCK DATA 
portion of the program. If accurate values for the channel numbers 
are not available, estimated channel numbers may be input, and 
precise values may be obtained from the spectral data by using the 
option to call subroutine LOCATE which examines the stored results 
of SPAN2 and locates the single peaks nearest to and within 15 
channels of the estimated channels. If a peak is not found, the 
estimated channel number is used in the calibration. 

After the channel numbers are corrected for any nonlinearity 
of the analog-to-digital converter, a linear least squares fit is 
performed on the data. The resulting equation which relates 
channels to energies is used by both GELI2 and SPAN2 for all sub
sequent channel-to-energy calculations. 

Since the abundance of a given nuclide is proportional to its 
peak area, the accuracy of the analysis is directly dependent upon 
the accuracy of the peak area determination and is especially 
critical for small peaks. Calculation of the peak center and FWHM 
from the data for small peaks may also be unreliable. For this 
reason the peak center and FWHM are determined from appropriate 
equations in the GELI2 routine as follows. 

The peak center is determined for area calculations in GELI2 
from the known gamma ray energy using the energy-to-channel cali
bration equation and recorrecting for analog-to-digital converter 
nonlinearity. The fWHM is then calculated from the empirical 
equation FWHM=FWHMT + .001 (peak channel number), where FWHMT is 
an input estimate of the FWHM in the first quadrant of the spec
trum. The gross area of the peak is obtained by summing the counts 
in each channel from (peak center - AFAC*FWlIM) to (peak center + 
AFAC*FWHM). AFAC is a numerical constant (presently equal to 
1.S) that controls the number of channels in the area summation. 
The background under the peak is described by a cubic equation 
fitted to the spectral data by subroutine BKGND. The background 
area is obtained by summing the background .counts over the defined 
channel range. Any nuclide interference corrections are then made 
and the net peak area defined as 

NET AREA = GROSS AREA - (BKGND AREA + INTERFERENCE AREA) 
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The data are then statistically evaluated at the 95% confi
dence level using the principles discussed by Currie. 6 The 
detection level is determined by comparing the net peak area with 
the net area above which the observed signal may reliably be 
recognized as detected (Lc) and with the level at which the meas
urement precision becomes satisfactory for quantitative determi
nation (Lq). Lc , Lq , and the variance of the net area 0 2 are 
defined by the following equations when considering radioactivity. 

Lc 2.33/GROSS AREA - NET AREA 

Lq SO{l + [1 + GROSS AR~~.~ NET AREAj~} 

02 2 GROSS AREA - NET AREA 

Table I summarizes the statistical evaluation. Note that 
for these calculations, interferences are considered simply as 
part of the background. 

TABLE 1 

Summary of Statistical Data Evaluation 

Detection Level Reported 
Confidence Limits Reported 

Net Peak Areaa 

Not Detected 
Upper Limit Only: 
Peak Area + 1.6450 

>Lc and <L9 

Qualitative Quantitative 

Upper and Lower Limits: 
Peak Area ± 1.960 

a. Lc = net area above which the observed signal may be reliably recognized as 
detected. Lq = level at which area measurement preCision becomes satisfactory 
for quantitive determination. a = standard deviation of net peak area. 
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After the GELI2 routine has examined the peak search data of 
SPAN2 to identify all peaks in the vicinity of the peak of interest, 
the analytical results in terms of area are converted to the desired 
units using the appropriate equation of Table II; the variables used 
are identified in Table III. The input variable ICALC identifies 
the calculation option and will be discussed in the section on the 
use of the GELI2 program. 

TABLE II 

Peak Area Conversion Expressions 

lCALC Expression Defining ABUNDI or ABUN in GELI2 

o DEFAULTS TO I 

2 

3 

4 

AREA'DIL'IOO 
CT'EFF(IEFF)*XIN*EXP(-(.693*DT)!HL*1440)) 

AREA*IOO*IO' 
CPMMG*wr*CT*EFF(IEFF)*XIN*EXP(-(.693*DT)/(HL*1440)) 

AREA*100*HL*1440*WTMOL*10' 
CT*EFF(IEFF)*XIN*.693*XSECT*FLUX*IO-2'*6.02*IOid*ABISO*.01 

*wr*EXP(-(.693*DT)/(HL*1440) 

AREA*100*HL*1440*WTMOL*I02' 
CT*EFF(IEFF)*XIN*.693*XSECT*ELMASS*ABISO*.01*6.02*IOid 

*EXP(-(.693*DT)/(HL*1440) 
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Units 

dpm 

ppm 

ppm 

neutron/cm2 



Variable 
or Constant 

ABISO 

ABUN 

ABUNDI 

AREA 

CPMMG 

CT 

DIL 

DT 

EFF (IEFF) 

ELMASS 

FLUX 

HL 

ICALC 

IEFF 

WT 

WTMJL 

XIN 

XSECT 

TABLE III 

Identification of Variables 

Identification 

(Ratio of Isotope abundances)*lOO 

Uncertainty of ABUNDI 

Nuclide abundance or integrated 
flux 

Net peak area or its uncertainty 

Nuclide specific activity 

Counting time 

Dilution factor 

Decay time 

Efficiency 

Element mass 

Integrated flux 

Half. life 

Input variable specifying 
calculation option 

Input variable specifying 
efficiency option 

Sample weight 

Molecular weight 

Intensity-lOO 

Cross section 
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Units 

None 

Table II 

Table II 
counts 

dpm/mg 

minutes 

None 

minutes 
counts/photon 

mg 

neutron/cm2 

days 

None 

None 

mg 

g/mol 

photon/dis-
integration 

barns 



The analysis results for the nuclide of interest are printed 
out in the form shown in Figure 2. In this output the "background" 
includes any nuclide interference corrections made, the "channel 
number" indicates the center channel for the area summation, and 
the "peaks from peak search" lists all peaks which occur wi thin 
(2.0* SEPFAC*FWHM) channels of the calculated center channel. 
SEPFAC is a numerical constant (presently equal to 2.0) which 
defines peak separation requirements. The program then reads the 
next nuclide and repeats the calculations until all nuclides of 
the set are considered. Control is then returned to subroutine 
SPAN2 by the CALL POINT statement for calculation of the peak 
energies for the peak search data. After the peak search data are 
edited (Figure 3), GELI2 begins calculations on the next spectrum. 

243A~.137CS.60CO SAMPLE, TAPE HAlOn. FILE 1 

SAMPLE "EIGHT (J.D MILLIGRAMS OILLLlTION fACTOR a.IDE 01 CQUNTI'lG TIME 6.67 Mt~UTES I).) MINurf) 

FLUX 0.0 NEUTRDNICM~'" 10 NUMBER 1601 FILE NUMSEA 1 EfFICIENCY OPT 1 CALIB OPT 2 CALCULUIO,.. tlPT 1 

CALIBRATION: CHA"'II.El NO. EQUlS -'18.4 CHANNELS + 3.0687 CHANNELS PER KEV 

ENERGI ES 

' .. , 
661.6 

l113.2 
133Z.5 

CHANNEL 

131-8 
1930.3 
3501.6 
3'>'>1.6 

NUCLIDE HALf GAMi'I~ 1 GAMMA COUNT ING CROSS GROSS BKGND NlCLIOE DETECT 
UFE 
CAYS 

ENERGY INTENS. EFf. SECTION COloNTS COUNTS LEVEl 
KEV PHD/DIS CT/PtOTON BARNS 

C06Q 1.9lE 03 1173.2 1('0.0(' l.rOE 00 0.0 

C060 1.92E 03 1332.5 10(1.00 1.00E 00 Q.O 

661.6 as.NI ... 37E-03 C.O 

(:1865. 

56436. 

5941. C060 

2115. C06) 

115360. 12107. C5131 

QUA' 

QUA't 

QUAN 

QUAN 

ElEMENT 
ABU"IOA'tCE 
UNITS • OPM 

CONf 
LIMITS 

CHAN 
NO. 

PH KS fMO'" 
PEU iEUCH 

o.426E 06 ./. ).275E 04 135 135.1, 

0.929E 04 +/- ().7'HE n 3502 35)Z.J. 

().814E 010 +/- ().112E 1)2 3992 :nn.:;, 

O.191tE ()7 +1- (I.I32E 05 1931 nn.l. 

18169 Cl.O 63,,1 "'50(0 1.noE au 0.0 12160. 72160. Y81H NOT OET: LESS TMA't ),lOSE)3 

V8169 0.0 109.8 16.f'l1" I. COE 00 O. () 92192, 92192, Y81b~ NOT oeT: LESS TMAN 0.591 e n '" lil. ~. Hh) 
221.7. Z64. " 

YBI69 0.0 130.5 11.0" 1.01)E 00 0.0 3565600 3565~ Y8169 NOT DET: lESS THAN O.601E 03 '" 211.,), U'"-, 

1S169 0.0 171.2 22.()C· l.neE [)J O.C" 316310 31631. V811:19 ~OT DET: lESS TM"'" 0.282E f)3 '48 \lulli 

18169 0.0 198.CI 35.0Cl lo(lCI: O(J O,C 3 ... 3130 311M. V8169 QUAL (l.109E 04 .,- 0.216£ 03 5ll 5:lh o. 

FIGURE 2. Typi ca 1 GELI2 Analysis Output 
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p , . , ANALYS I FILE 

IIIINoolol . ,. TOLERANCE . , SEPFAC .. 2.000 AFAt • 1.5'''' 

COUNTS ENERGY NET PEAK AREA REL S TO DEV tAftON FULL WIDTH COMMENT 
PEAKCCHANNEll " PEM< IIleVI I:OUN151 '" AREA I N PERCENT AT HALF 1It.lll CODE --------- ------ ------------ -----------

'''' 2279, ,6.91 5.91) >. , 
litle It 215 •• .4.06 a.2b 0.0 
65.2 1841. 51.86 1.08 ,.1 , ... 2:852. 59.JoIt 20.0095 
93.5 3186. 641" 1 T .10 20.3000 

135,7 31+505. 1''''9 8.26 ,. , 
Zl1.6 , .... 9 __ 81 hoe •• 0 
224.0 11033. 103.94 2("'232 
221.1 12116. 105.15 1!5r. 34 2n.oooo 
26lt.lt ~lt6. 111.18 8.26 ••• 276.3 2273. 121.10 ,. '" ,., 
3lltoot 138800 1110,:10 22.lt2 41.000(' 
lltT ... 13(,,9. 14,.. 26 53,OB" 
534.0 U61. 205.52 4.72 " ) 541.0 2oH5. 20 ... 11 1.08 ••• 567.0 1265. 216.ll IS.3ft ltl.))'1r1 
51S.0 130011-. 218.92 sn.0561 
002.1 3541. us-aD 0.1263016E 05 2,151 8,26 '" 6"'9.(1 1017 .. 2'-3.14 1 Z. 98 41. "'0 
655.0 988, 2 .. ,.11 50.06,.9 
In.l 3112. 211.38 001216943E 05 1.3:)6 8.26 ,., 
854.8 811. 310.*1 1.08 hI 
1:110.0 "50 )15.43 8.26 0.0 
886.2 1,,"2. 320.11 8.2f> hI 
U6.1 1001. 3:U.95 O.ll56918E 04 15.142 .. " •• 0 

IH5.C 100. 405. 29 50.1152 
11401.0 11)1. 405.94 5J.1152 
11 ~2 .. 1) 69C. 401.51 12.98 410 00('0 
1246.1} 714. 438.26 14.16 'U.JltOO 
1254.(l 756. 440.88 '500.1246 
1'138.0 5"0. 500.93 4.72 41.tlO'l(, 
1441.-'; 1t72. 501.90 50.1438 
1491 • ., .... 52('1.46 0.0 529.396 7.1\8 O •• 
1621.0 371. 560. 61 50.1628 
1621t.O 337. 561.5<1 53.1 !l28 
162&.1l ,,"- 562.90 15.34 U. Men 
1154.5 588. 6040.13 O.1689113E (I" 8.1)9,) 8.26 hI 
19290 2 148(12. 6610)1 1).1029312E 06 C.341 8.26 0.' 
2036.C 299. 695.86 50.2(142 
2(42.(, 321. 697.82 11.80 41.)n~ 

21l 94.11 m. 111.50 50.2086 
2('86.0 295. 112.15 11.8) 41.)""" 
2232.(1 321, 759.69 50.2236 
2230. (I 321'. 760. 99 11.80 41.0('l!!'f' 
23(113.0 332_ 181.8~ .. ,. 41.)~'1" 
2302_(l )C900 782_411 'I).2)l)n 
2:341.9 4111. 1'!5o 47 C.491703}E 03 3'.317 13062 D.> 
2393.C 323. 812.11 5).2399 
2399.1.1 379. 814006 11.81) 410 0000 
2551.(. 384. 863.54 50.2558 
2SS&' ( 395. US.82 11.80 41. noon 
2671t .. G 422_ 9030 '7 15.)4 41.0000 
2683.1'1 423. 906.50 5).2!>14 
2769.() "9. '>3 ... 411 12.98 41.0000 
2776.1) 1t84. 936.16 5),2769 
3f1l80(l 336. lC122.02 15034 4100000 
3-.46.0 328. lQ24.62 50. lO18 
3<:01.0 34<;1. U'29.5!l 53.30~~ 
3( ~9.f 351. lC 32.11 15.34 401.01)1)0 
}419.l' 118. 11406.02 51).3425 
¥f25.t; 177. 1147.97 12. 'Ill oftl. )))1" 
34:H.O "So 115).83 1 oft. If> 4ol.nl)~(' 

340,,"5.0 181. 11540. oft 8 53.HH 
3~\lZ.3 ~822. 1113.13 C'.f>lltl(or6E 1'5 (".4,,"1 l~. 62 ,.0 
35'ii6.~ , .. 12e3.64 51'.36"2 
,Hai2.11 ", lZO'.6(, n. !If 41. "'0 
H56.C ... 1223.1 !I 50.3663 
36630" 75. 12250""6 11.98 oftl,')'l(! 
31~o. 0 6~'. 1231.51 5C'. 3 704 
3 'W1o. C ". 1238.81 11.8') 41.00"'" 
38,,"1." ". 1283.44 51).3844 
3114'" -. 31. 128 ... 42 8.26 41.0M!'I 
387b.0 37. 1294. 84 1: .61 41.ll'l,)" 
3879.0 ... 1295.82 50.1876 
,992.5 SoU. 1332.81 0.53922b6E '15 ~.448 11.8(\ 0.' 

FIGURE 3. Typi ca 1 Peak Search Output 
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SPAN2 

Subroutine SPAN2 is called by GELI2 to perform peak searches 
on spectral data in common storage. This routine uses a second 
difference method to find peaks, and locates the peak centers 
precisely by fitting a Gaussian curve to the spectral data. Peak 
shapes are thoroughly evaluated by applying tests to the second 
difference curve, thus making it possible to distinguish single 
peaks from Compton edges and multiple peaks. Peak areas are 
calculated for single peaks if no interfering peaks are present. 
The relative standard deviations of the peak areas are also deter
mined. A comment code is generated which identifies all test 
failures, classifies peaks, and cross references overlapping 
peaks. Five editing options are available to vary the amount and 
detail of the printout. 

Some general aspects of the peak search are discussed before 
describing the details of the SPAN2 routine. Consider first the 
shape of the second derivative of a Gaussian curve (Figure 4). 
The second derivative is characterized by a minimum value at the 
peak center, zero at the peak's two inflection points, and maxima 
near the peak's two tail regions. The distance between the two 
zero values gives a measure of the Gaussian peak width. A peak 
finding procedure employing the second derivative method searches 
the second derivative curve for the characteristic maximum-minimum
maximum shape and applies appropriate tests to confirm or reject 
possible peaks. 

To adapt this concept to the discrete data of a gamma ray 
spectrum, the second derivative must be approximated. This is 
done using the second difference function Si, which is evaluated 
at channel i, and defined by 

where N is the number of counts in the subscripted channel. If 
the second difference as described above is calculated and graphed 
as in Figure 5 for a real peak, a noise-like signal results which 
does not resemble the second derivative of a Gaussian curve because 
of statistical fluctuations of the data. 
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Second Derivative 
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FIGURE 4. 

Gaussian Equation: Y= Ae B(x-,.12 

Second Derivative of Gaussian Curve 
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The noiselike nature of this second difference curve, however, 
can be reduced by repetitive averaging of neighboring channels, as 
illustrated in Figure 6. Since only relative values are necessary 
to establish the shape of the curve, the averages are not norma
lized. The number of channels used in each average is called the 
window and is usually 3, 5, or 7. A window of 3 channels is very 
sensitive to narrow peaks, whereas a window of 7 channels is more 
sensitive to wider peaks. Mariscotti" has shown that peak search 
characteristics are optimum with a.window equal to 0.6 FWHM and 
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,I-- Wi ndow -I 
Second Difference I 3 0 4 -3 6 5 -7 -1 4 -3 3 2 4 

1 s t Averagea 7 1 7 8 4 -3 -4 0 4 2 9 

2nd Average 15 16 19 9 -3 -7 0 6 15 

3rd Average 50 44 25 -1 -10 -1 21 

4th Average 119 68 14 -12 10 

5th Average 201 70 12 

a. Averages are not normalized. 

FIGURE 6. Smoothing Second Difference by Averaging 

five averaging steps. The smoothed second difference curve gives 
an excellent approximation to the second derivative, as shown in 
Figure 5. 

The second difference followed by the averaging steps can be 
calculated from the spectral data in one orthogonal-polynomial 
type operation using the following equation if the weighting 
coefficients Cj are known: 

j =last 
Si CoNi + I Cj (Ni_j + Ni+jl 

j=l 

Cj is a function of the window and the number of averaging steps, 
and N represents the number of counts in the subscripted channel. 
The subscript j has a minimum value of one for the summation, and 
a maximum value dependent upon the window and number of averaging 
steps. Weighting coefficients for five averaging steps with 
windows of 3, 5, 7, and 9 are given in Table IV. Since each term 
in the above equation is independent of the others, the standard 
deviation of the second difference, evaluated at channel i, is 
gi ven by 
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TABLE IV 

Weighting Coefficients for Calculating 
Smoothed Second Difference 

Weighting Coefficients Cj for Averaging 5 Times 

i Window of 3 Window of 5 Window of 7 Window of 9 

0 -12 -32 -62 -102 

1 -9 -29 -59 -99 

2 0 -20 -50 -90 

3 +5 -5 -35 -75 

4 +6 +6 -14 -54 

5 +3 +13 +3 -27 

6 +1 +16 +16 -4 

7 +15 +25 +15 

8 +10 +30 +30 

9 +6 +31 +41 

10 +3 +28 +48 

II +1 +21 +51 

12 +15 +50 

13 +10 +45 

14 +6 +36 

IS +3 +28 

16 +1 +21 

17 +15 

18 +10 

19 +6 

20 +3 

21 +1 
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For practical application in the computer program a simpler 
expression for the standard deviation of the second difference is 
used which requires the assumption that all values of N be replaced 
by Ni . The approximated value of the standard deviation is then 

Fi. approx = {c~ Ni + 
j=last 
2: C?(Ni 
j =1 J 

j=last ,) }~ 
+ 2 Ie. Ni 

j =1 J 

The term (C~ + 22: cj),.evaluated for five averaging steps using 

windows of 3, 5, 7, and 9 has the values 448, 5220, 27342, and 
95034, respectively. The approximate expression for Fi is very 
nearly equal to the correct value for small peaks on large back
grounds. For large peaks the approximate value exceeds the correct 
value, but the difference is small compared to the magnitude of the 
second difference at the peak center. 

The peak finding portion of SPAN2 was written using a 
procedure similar to that of Mariscotti 4 because this procedure 
provides an excellent test of peak shape with a tolerance control, 
and because optimum smoothing parameters have been defined for 
this method. 

This peak search begins by calculating the smoothed second 
difference and its standard deviation at each channel in the spec
trum as shown in Figure 7. (Since data for neighboring channels 
are required in these calculations, Si and Fi cannot be calculated 
for the 1 + 2.5(WINDOW- 1) channels at each end of the spectrum.) 
The data are evaluated and significant channels identified by 
comparing the second difference values with their standard devi
ations and with zero for each channel. A channel II is identified 
(Figure 7) each time the second difference becomes greater than 
its standard deviation; an 12, when it becomes less than its 
standard deviation; an 13, when it becomes less than zero; and an 
IS when it becomes greater than zero. When a channel IS is 
identified, all minimum values of the second difference between 
13 and IS are located, since each could possibly indicate a peak. 
The most negative minimum identifies the main peak and is called 
14. In the case of two overlapping peaks, the second difference 
has two minima as shown in Figure 8. 
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Five tests applied to the five significant channels for each 
main peak distinguish real peaks from Compton edges, statistical 
noise, etc. Test zero requires that channels II-IS be in numeri
cally increasing order. Test one checks the significance of the 
second difference and requires that its absolute value be more 
than twice its standard deviation at channel 14. Test two 
defines acceptable peak widths and requires (15-13) to be within 
the range of 2 to 27 channels. Tests three and four require the 
number of channels between II and 12 and between 12 and 13 to be 
within a specified tolerance limit of those expected for a Gaussian 
peak of the same width. With the third and fourth tests, peaks 
can be distinguished from Compton edges because the left maximum 
is small or absent for an edge. The peak finding procedure can be 
made very selective by narrowing the acceptable range of test two 
and decreasing the tolerance limit. 

The precise location of all single peaks is determined by 
fitting a Gaussian curve to the spectral data using the following 
technique. A Gaussian curve has the equation 

Y = AeB(X - ]1)2 

where A is the height of the curve above background at the mean 
]1, and B is a constant dependent on the width of the Gaussian 
curve and equal to (4 In.S)/FWHM2. Taking logarithms and 
rearranging gives the quadratic equation 

lnY = [InA + B]12] + X[-2B]1] + X2[B] 

The expressions in the three brackets are numerically evaluated by 
performing a quadratic least squares fit of InY and X, where Y 
represents the counts in channel X. By defining R = [-2B11] and 
S = [B], the mean for the Gaussian curve and, thus, the center for 
the peak are given by 

-R 
]1 = 2S 

The peak search subroutine SPAN2 is outlined in Figure 9. 
All input data are in common storage with either the calling pro
gram GEL12 or the BLOCK DATA. The window, tolerance, SEPFAC 
(the factor which determines acceptable peak separations) and, 
AFAC (the factor which determines the number of channels included 
in area summations) are defined in BLOCK DATA and can easily be 
changed. The window can assume only the values 3, 5, and 7 unless 
additional definitions of Si and Fi for the new window values are 
included in SPAN2. The tolerance can assume any integer value. 
SEPFAC and AFAC should not be changed from their respective values 
of 2.0 and 1.5 without considering the indirect relationship 
between them. 
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The variables must be properly initialized because of a dual 
indexing system used to conserve computer storage space. The 
storage location for the input spectrum TFN(I) is dimensioned 4096 
so that this index correlates with channel numbers. The second 
difference and its standard deviation, however, each have storage 
locations dimensioned 300. A new index is established for these 
each time a new channel II is found such that the spectrum index 
(I) is related to the second difference index (IND) through II by 
the equation I = IND + II - 2. 

After the values for the second difference and its standard 
deviation are calculated and channels II through IS are obtained in 
numerically increasing order, tests zero through four are applied 
to the main peak at 14, and comment codes are assigned at all 
minima in the second difference between 13 and IS. If the curve 
passed all tests, the peak center is then determined for the main 
peak by fitting a Gaussian curve to the input data between channel 
MAXL, the maximum in the second difference between 12 and 13, and 
channel MAXR, the maximum in the second difference between IS and 
(15+15-13). Additional second difference data which are required 
to determine MAXR are calculated by temporarily setting the variable 
MORE equal to 1. After the peak center is calculated, the peak 
search is continued until the whole spectrum has been searched. 

All information acquired by SPAN2 for future printout by 
subroutine EDIT is stored as the doubly subscripted variable PDATA 
in a location dimensioned 500,7. The first subscript (KOUNT) num
bers all possible peaks consecutively as they are found, and the 
second subscript identifies the peak characteristic (peak channel, 
energy, etc.) which has been calculated. These data are used to 
evaluate peaks for area calculation by SPAN2. 

Peak areas are calculated for all peaks having comment codes 
zero or 20 if they are sufficiently separated from other such peaks. 
Sufficient separation is defined by describing a region of 
(2*FWHM*SEPFAC) channels centered at each peak. If this region 
does not overlap with that of any other peak nor extend beyond 
either end of the spectrum, the net peak area is calculated as 
the sum of counts in each channel above background from channel 
(peak center - AFAC*FWHM) to (peak center + AFAC*FWHM) using 
subroutine PKAREA. FWHM is defined for each peak as FWHM = 
(15-13) ~2 In 2. The background under the peak is described 
by a cubic equation fitted to the spectral data by subroutine BKGND, 
which is discussed later. The relative standard deviation of the 
net area is also calculated by PKAREA using the equation 

_ ~Gross Area + Background Area RSDA - Gross Area - Background Area 
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After the last peak area is calculated and the spectrum is plotted, 
if this option was chosen, control goes to GELI2 and is returned 
to SPAN2 at ENTRY POINT for peak energy calculation at all 
possible peaks using the calibration equation from GELI2. 

The accuracy of the area calculation was tested using synthetic 
data composed of various size Gaussian peaks on a quadratic back
ground. Since the theoretical area of a Gaussian peak is given by 

THEORETICAL AREA = A*FWHM*[rr/4 In 21~ 

where A is the peak height above background, the percent difference 
between the calculated and theoretical areas was defined by 

~ D' ff = [CALC AREA - THEOR AREA] 100 
, 1 THEOR AREA 

The data reported in Table V reflect the combined accuracy of the 
area calculation and the cubic background fit, and show a maximum 
error in the area measurements of less than 0.27% for the 12 peaks 
tested. 

TABLE V 

Accuracy of Area Calculation for 
Gaussian Peaks on Quadratic Background 

Percent Difference Between Calculated 
and Theoretical Areasa . 

Peak Height Above Peak Height Above 
FWHM Background of 20000 Background of 200 

4 

7 

10 

13 

16 

19 

a. 

0.2644 0.2651 

0.2618 0.2621 

0.2392 0.2387 

0.1906 0.1897 

0.1130 0.0544 

-0.0684 -0.0693 

% Diff = [CALC AREA - THEOR AREAJlOO' 
. THEOR AREA ' 

Background = 110 - 0.16X - 0.0000lX 2
, 

where 1 ~ x ~ 500. 
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An alternate PKAREA subroutine based on the method of Reber 
and Majo~7 in which the peak area summation was begun at the peak 
center channel, was written and subsequently rejected. One channel 
on each side of the peak was added successively, and the relative 
standard deviation of the area was calculated after each addition. 
The summation was terminated when the RSDA reached a minimum. For 
a Gaussian peak on a linear background, the following empirical 
equation derived by the author 

~Eopt = FWHM*EXP[-.1364 In R + .2608] 

accurately predicts the number of channels, ~Eopt, which must be 
summed to obtain a minimum RSDA. R is defined as the ratio of the 
background height to the net peak height evaluated at the mean. 
A simple calculation using this equation and a table of Gaussian 
areas show that for R greater than 0.16 the Reber-Major 7 method 
underestimates the area by at least 5%. The Reber-Major method 
of area calculation was, therefore, rejected. 

Typical output of peak search data is shown in Figure 3. 
Comment codes are identified in Figure 10. 

CO'ME~T EX PL AN AT IO~ 
CODE 

0.0 SINGLE peAK WHICH PAsseD ALL TESTS. 
1.0 SINGLE PEAK WHICH PASSED ALL TESTS BUT GAVE A POSITIVE 

Be ZI IN LEAST SQUARES FIT TO LOCATE CENTER ::JF PEAK. 
20.0 THIS IS TrE 'lAIN PEAK OF TWO OR MORE OVERLAPPING PEAKS. 

THIS MAI~ PEAK PASSEO ALL TESTS. 
ZO.AAAA THIS PEAK OVERLAPS WITH THE PEAK AT CHANNEL AAAA WHERE 

AlVA PASSEC ALL TESTS. 
Zl.C THIS IS THE ~AIN PEAK CF TwO OR MOPE OVERLAPPING PEAKS AND 

PASSEC ALL TESTS BUT GAVE POSITIVE Be ZI IN LEAST SQUARES. 
4b.O~C'( THIS IS THE ~AIN ~EAK CF TWO OR MCPE OVERLAPPING PEAKS. 

THIS PEAK FAILED TO PASS TEST B. 
5C.CCCC THIS PEAK OVEHAPS WITH TH PEAK AT CHA'mEl CCCC WHERE 

eccc FAILED TO PASS ALL TESTS. 
6D.OOO~ THIS SINGLE PEAK FAIL<C TO PASS TEST D. 
80.0COC THE MAXIMUM OIME~SION OF VARUBlES SAND F WAS EXCEEDELl 

BEFOR E A NEW VAL UE Of Il WA S f OIJNO. All HI NI ~A I N THE 
SECOND DIFFERE~CE OCCURRING BETWEEN 15 AND THE MAXI~UM 
DIMENSION ARE Gl VEN CC~MENT COllE 80.0000. 

81.000C' NJ HINIMUM wAS FOUND IN THE SECOND DIFFERENCE CURVE 
BETWEEN 13 AND 15. 

FIGURE 10. Explanation of Comment Codes 
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BKGND 

Subroutine BKGND and CALC IT fit cubic equation backgrounds 
to peak data for both GELI2 and SPAN2. The calling program 
defines two background regions each M channels wide centered at 
channels IXL and IXR as shown in Figure 11. M is an odd integer 
approximately equal to the FWHM and presently limited to the range 
5 through 25. Channels TXL and IXR are defined as integer values 
by 

IXL Peak Center SEPFAC"FWHM + . 5 

IXR Peak Center + SEPFAC*FWHM + .5 

The spectrum TFN, M, IXL, IXR, AND ICA, a print control variable, 
are input to BKGND from common storage. 

Slopes and their standard errors,' which are determined by 
subroutine CALC IT for the three linear regression lines fitted 
individually and jointly to the two background regions, are evalu
ated by BKGND. If the slopes of the lines through the two back
ground regions are statistically the same as the slope of the line 
through both regions, the linear equation through both background 
regions is used as the background equation. If one or both slopes 
are statistically different from that of the line through both 
regions, a cubic equation is fitted to the data such that at IXL 
and IXR this line has the same magnitudes (PL and PRJ and slopes 
(QL and QR) as the two individual regression lines. The background 
in counts is given as a function of channel number I by rearrange
ment of Quittners equation' as 

Background = 13 [TM3] + 12 [TM2] + I [TMl] + [TMO] 

where 

[TM3] [(QL + QR)(1XR-1XL) + 2(PL-PR)]/(IXR-IXL)' 

[TM2] -3IXL[TM3] + [3(PR-PL) - CQR+2QL)(IXR-IXL)]/(IXR-IXL)2 

[TMl] QL-2IXL[TM2J - 3IXL 2[TM3] 

[TMO] = PL-IXL[QL] + IXL2[TM2] + 2IXL 3 [TM3] 

The background equation coefficients are transferred via common 
storage for use by the calling program. This method usually fits 
a cubic equation if the counting statistics are good, but gives a 
linear fit if the statistics are poor. 

- 27 -



<Il 
"0 
c: 
0 
<Il 

" 0 
.c: -c: 

<Il -c: 
" 0 
u 

2or----r----~--_,----_r----~--_, 

16 

12 

8 

IX L 

4 
Lett 
BKG 

°7~O~--~8~O~---90~----~IO~O~--~I~IO~--~1~20~--~130 
Channels 

FIGURE 11. Cubic Background Fitting 

The background routine was originally written without the 
statistical slope evaluation, and consequently a cubic equation 
was fitted to the data even when slopes were very uncertain. 
The background equations were often grossly in error if counting 
statistics were poor. The statistical slope evaluation incorporated 
in the present method greatly improves Quittner's background method 
and has completely eliminated this former problem, since it requires 
that a linear fit be used unless a higher order equation is statis
tically justified. 

Excellent backgrounds are obtained using the statistical 
evaluation method (Figure 11) if no peaks interfere with the back
ground on either side of the peak. However, if interferences are 
present, the slope of the interfered background, and consequently 
the background equation, may be in error. Although this problem 
should not occur for backgrounds obtained for SPAN2, the user 
should be aware of the possibility for GELI2 results. 
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USE OF PROGRAM 

Tapes 

Both binary and binary coded decimal (BCD) tapes are used at 
Savannah River to input spectra to the GELI2 program. Binary 
tapes are prepared using a Potter Instruments Co. Model M906II-l 
Tape Transport System, and BCD tapes are prepared using a Nuclear 
Data, Inc., Series 2200 System Analyzer, and a Kennedy Model 
l400R Tape Transport System. Both systems use O.S-in. seven-level 
magnetic tapes. The Kennedy system uses a word length of 36 bits 
in six bit frames, even parity in the seventh level, and a packing 
density of 200 bits per inch. The Potter system uses a word length 
of 18 bits in six bit frames, odd parity in the seventh level, and 
a packing density of S56 bits per inch. Tagword lengths for the 
Kennedy and Potter systems are 36 bits (written twice before each 
record) and 18 bits (written once before each record), respectively. 

Tape formats are as follows. The brackets enclose the format 
which is repeated for each spectrum. 

Kennedy (BCD) Pot ter (Binary) 

• Reflector Spot • Reflector Spot 

• File Gap • File Gap 

• File Mark • File Mark 

• Interrecord Gap • Interrecord Gap 

• Tagword • Tagword 

• Tagword 

• Data for Channels 1-4096 • Data for Channels 1-4096 

• Interrecord Gap • Interrecord Gap 

• File Mark • File Mark 

• File Mark 

• File Mark • File Mark 
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Kennedy and Potter transport tapes are read in GELI2 by 
subroutine LFZR (I,TFN,J) and READ (I,TFN,J), respectively, as 
indicated by the tape option variable ICD. Binary and BCD tapes 
require slightly different job control language (JCL) cards. JCL 
cards will be discussed later. The tape number is identified in 
the JCL cards. 

Card Arrangement for Submitting Program 

The arrangement of cards for submitting data for computer 
calculation using GELI2 is outlined below. Cards are read in 
order from A through G. 

A - JCL cards 

B - Program (GELI2 and all subroutines) 

C - JCL cards 

o - Nuclide input data 

E - 'ENDIT' card 

F - Sample input data 

G - Final card 

Each section of this outline is discussed. 

A - JCL C~d8 

JCL cards provide the computer with instructions on how to 
handle the program and/or data and depend on the techniques 
employed by the computer group. The author uses the following 
JCL cards at the beginning of a program: 

IIRVS13753 JOB (3753#L044~0ee,04,000011118477-1Y,L5365-01,T,01), c 
II ' R V SLATES ',MSGLEVELal 
IISTEPt EXEC FORTHCLG,GTIME=6,GOSIZE-220K 
/IFORT.SYSIN DD • 

B - FPogpam 

This section is composed of GELI2 and all subroutines. 

C - JCL caPds 

These JCL cards, which provide instructions to the computer 
and identify the tape number, depend on the techniques employed 
by the computer group and also on the tape transport. The JCL 
cards used by the author are as follows: 
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Kennedy Tape T!ansport (BCD) 

/* 
//GO.FT4~F~BI DD UNIT=SYSDA,DISP=(,PASS),SPACE=(66,100) 
//GO.FT4IFB01 DD UNIT=SYSDA,DISP=(,PASS),SPACE=(66, 100) 
//(JO.FT42F001 DO UNIT=SYSDA,DISP=(,PASS),SPACE=(68, IBID 
//GO.FT43F~01 DO UNIT=SYSDA,DISP=(,PASS),SPACE=(66, 100) 
//GQ.FT44F~01 DD UNIT=SYSDA,DISP=(,PASS),SPACE=(66, 10~) 
//GO.TAPE DD DSNAME=X,DISP=(OLD,KEEP),LABEL=(,NL),UNIT=TAPE27, 
// DCB=(RECFM=U,BLKSIZE=24566,DEN=0,TRTCH=ET,BUFNO=I), 
// VOLUME=SER=NAI018 
//GO.SYSIN DD .. 

Potter Tape Transport (Binary) 

/* 
I/GO.FT40F001 DO UNIT=SYSDA"DIS?=(,PASS)ISPACE=C6B,100) 
//GO.FT41F001 DO UNIT=$YSDA,DISP=(,PASS),SPACE=C68,100> 
/IGO.FT42F001 DO UNIT=SYSDA,DISP=(,PASS),SPACE=C68,100> 
//GO.FT43F~01 DD UNIT=SYSDA,DIS?=(,PASS),SPACE=(68,100) 
//GO.FT44F001 DO UNIT=SYSDA"DISP=(,PASS),SPACE=(68 .. 100) 
I IGO. TAPE DD DUMMY 
IIGO.EINTAPE DD DSNAME=SAMPLE,LABEL=(,NL) .. UNIT=TAPE27, 
/ I OI SP= (OLD, KEEP) .. DCB= DEN=0 .. VOLUME=SER=NA0018 
IJG~.SYSIN DD * 

D - Nuclide Input Data 

This section lists the nuclides for analysis and defines 
various constants for each. These data are arranged into sets, 
each containing information for up to 100 nuclides. Nuclides 
are then selected for analysis by identifying the set for each 
spectrum on card 1 of the sample input data. A maximum of five 
nuclide sets are permitted by the DEFINE FILE statements. 

Two cards are required for each nuclide. The formats and 
identification of variables follow. 
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Nuclide Data Card 1 Format (A5,E14.7,FIO.l,FlO.2,4ElO.3,Al) 

Col. 1-5 SYM - Symbol identifying nuclide 

Col. 6-19 HL - Nuclide half life in days 

Col. 20-29 ENG - Peak energies in keY 

Col. 30-39 XIN - (Peak intensity in photons per 
disintegration) *100 

Col. 40-49 EFF (1) - Efficiency (l) in counts per 
photon 

Col. 50-59 EFF(2) - Efficiency (2) 

Col. 60-69 EFF (3) - Efficiency (3) 

Col. 70-79 EFF (4) - Efficiency (4) 

Col. 80 SYMBOL - This variable, which was used in 
Priest's original program,S is 
no longer used and should be left 
blank 

Nuclide Data Card 2 Format (Il,F8.3,FlO.2,2El1.4,I3,35X,Il) 

Col. 1 

Col. 2-9 

Col. 10-19 

Col. 20-30 

Col. 31-41 

Col. 42-44 

Col. 45-79 

Col. 80 

BOP - This variable, which was used in 
Priest's original program,S is no 
longer used and should be left 
blank 

XSECT - Nuclide cross section in barns 

ABISO - (Ratio of isotope abundance}*lOO 

ELMASS - Mass in mg of element irradiated 

CPMMG - Nuclide specific activity in dpm/mg 

WTMOL - Molecular weight in g/mole of 
element irradiated 

- Not used, should be left blank 

NO - This variable indicates the end of 
the nuclide set for GELI2. It must 
be 1 for the last nuclide of each 
set and left blank for all other 
nuclides. 

Nuclide data card pairs are arranged one after another for 
each set. Each set, including the last set, must be followed by 
one blank card to indicate the end of the data set in subroutine 
READIT. 
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E - ENDIT .Card 

One card with ENDIT punched in the first five columns must be 
inserted between the nuclide data and the sample data. 

F - SampZe Input Data 

Sample input data to GELI2 require 1, 3, or 5 cards per 
sample, depending on the values selected for the calibration option 
and the input option. The input cards required for the chosen 
options will be readily apparent from Figure 12, which shows a 
simplified flow diagram for reading input. 

The first sample of every set must be used to establish the 
relationship between channel numbers and energies. Thus, ICALIB 
must be 1 or 2 for the first sample, and this requires that channel 
numbers or esti~ates be supplied on cards 4 and 5. After the 
channel-energy calibration, subsequent samples of the set may use 
the same calibration equation by setting ICALC equal to zero. 
GELI2 is dimensioned to accept up to 25 pairs of channel-energy 
data for the calibration. If energies are not supplied on cards 
2 and 3 for the calibration, the four default energies are used. 
The five data cards will now be described in detail, using an 
asterisk C*J to indicate values which will not default to a usable 
number. 
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Read Nuclide Data Card 1 

Write Out All 
Input Data for 
Nuclides of 

This Set 

Return to 
Read Data 

For Next Nuclide 

Return to GELl 2 

Read Sample Data Card 1 

lOP:: 0 

Call NINIT to Identify Nuclide Set 

lOP", 1 

Read Sample Data Cards 
2 and 3 to Get Wt, 

DT, Flux, and Energies 

Call "READ or LFZR to Retrieve Spectrum 

FIGURE 12. 

Ca 11 SPAN2 to Do Peak Search 

ICALIB = 1 or 2 

Read Sample Data Cards 4 and 5 
to Get Channels or Estimates. 

Perfonn Calibration. 

Return to Begin 
Next Sample 

GELI2 Flow Diagram for Reading Input 
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Card 1 Format (I3,13A4,E9.0,F5.0,2Il,I2,4Il,F3.0) 

Col. 1-3* 

Col. 4-55 

Col. 56 -64 

Col. 65 -69 

Col. 70 

Col. 71 

Col. 72-73* 

Col. 74 

Col. 75 

FILE - the sequential integer location of the 
spectrum on the tape 

SAMPL - Hollerith information describing the 
particular sample being considered 

DIL - the sample dilution factor. Defaults 
to 1.0 

CT - counting time in minutes; defaults to 
16.66 min 

IEFF - specifies detection efficiency (function 
of detector and geometry); defaults 
to 1.0 

lCD - tape transport indicator 

o - Kennedy - BCD 

1 - Potter - Binary; defaults to 0 

IDF - Nuclide set 

40 - Eu, Ce, Am, Cm, Tb, Ho, Er, Tm, 

41 - Rh, Cs, Ce, Pr, Eu, Zr, Nb, Am, 
42 - Cm, Tb 

43 - Cr, Sc, Fe, Co 

44 - Co, Po, Bi, Zn, Sb 

lCALlB - calibration option 

0 - uses previous calibration (not 
for first sample) 

Lu, 

Ru 

used 

1 uses given or default energies and 
input channels for calibration 

2 - uses given or default energies and 
finds exact channels from channel 
estimates using SPAN2 and LOCATE 

Calibration option defaults to 0 

lCALC - calculation option 

Yb 

1 - calculates nuclide concentration in dpm 

2 - calculates ppm from dpm/mg and sample 
weight 

3 - calculates ppm from integrated flux, 
cross section and sample weight 
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Col. 76 

Col. 77 

Col. 78-80 

4 - calculates integrated flux from cross 
section, sample weight, isotope abund
ance, and molecular weight 

Defaults to 1 

rop - rnput option 

o - uses default energies - 74.7 keY 
661. 6 keY -

1173.2 keY -
1332.5 keY -

24 3Am 
137

CS 
60

CO 
60Co 

1 - enables user to input energies, etc. on 
cards 2 and 3 

rCA - peak search print control option 

o - does not edit peak search results 

1 - edits only single and overlapping peaks 

2 - edits same as 1 plus all test failures 

3 - edits same as 2 plus channel-by-channel 
details of search 

4 - edits same as 3 plus graph of spectrum' 

FWHM - full width at half maximum to be used 
in GELI2 peak integration 

Defaults to 7.0 

Card 2 Format (2FS.0,ElO.4,IS) 

Col. 1-5 

6-10 

11-20 

21-25 

Card 3 Format 

Col. 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

WT - sample weight, mg 

DT - decay time, min 

FLUX - integrated flux, neutron/cm 2 

NET - number of energies on the next card 

(6FI0.0) 

E - the energies in keY to be used for 
calibration 
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Card 4 Format (I3) 

Col. 1-3 NTOT - the number of channels used to 
calibrate 

Card 5 Format (6FIO.0) 

Col. 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

C - the channels or channel estimates used 
to calibrate 

Sample data sets are arranged consecutively, one after another, 
for calculation of multiple spectra tapes. 

One card with /* punched in the first two columns must follow 
the sample data to indicate the end of cards for the job. 

Computer time required for all calculations excluding the 
graphing option is about 15 seconds per spectrum. About 425 lines 
are printed per spectrum using print option lCA = 2. The appendix 
shows specific examples to illustrate proper form and arrangement 
for sample input data cards. 
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APPENDIX 

EXAMPLES OF CORRECT FORM AND ARRANGEMENT OF SAMPLE DATA 

Correct form and arrangement of sample data cards are shown 
in Figure 13 for four spectra recorded using the Kennedy (BCD) 
tape transport system. The order in which cards are read is 
apparent from Figure 12. The first spectrum illustrates use of 
the calibration option which requires data cards 4 and 5. This 
spectrum of a multiple source containing 2.3Am, 137Cs , and 60Co 
has peaks at 74.7, 661.6, 1173.2, and 1332.5 keV which are suit
able for channel-energy calibration. The multiple source was 
counted for 25 min, and the FWHM for peaks in the first 1000 
channels was estimated to be S.5 channels. The first card identi
fies File I (col. 1-3) as the multiple source by the sample 
identification in columns 4-55. The dilution factor DIL (col. 
56-64) is left blank causing it to default to 1.0, and counting 
time CT (col. 65-69) is given as 25 min. lEFF (col. 70) is left 
blank causing it by default to use efficiency number one from the 
nuclide data. The tape transport indicator lCD (col. 71) is given 
as zero or left blank indicating a Kennedy transport tape. The 
nuclides of data set 40 are designated for analysis by setting 
lDF (coJ. 72-73) equal to 40. The calibration option lCALIB 
(col. 74) is chosen as 2 which causes the computer to accurately 
locate the calibration peaks before calibration. The calculation 
option lCALC (col. 75) is left blank causing default to 1 which 
specifies that nuclide concentration in dpm be calculated. Input 
option lOP (col. 76) is given as zero or left blank because peak 
energies of the multiple source are identical to the default 
energies. If other energies are used, both energies and channels 
must be input on cards 2-5. The peak search print control option 
rCA (col. 77) is chosen as 1 to print only confirmed or possible 
peaks. The estimated FWHM of 8.5 channels is punched in column SO. 

Sample data cards 2 and 3 will not be read for File I because 
lOP specifies that the default energies be used to calibrate. 
Sample data cards 4 and 5, however, will be required because 
lCALlB = 2 was chosen. Card 4 contains only a 4 in column 3 indi
cating that channel numbers for four peaks will be supplied on 
card 5. Card 5 lists the four channel estimates corresponding 
to the default energies. 
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Use of the previous calibration equation is illustrated for 
the second spectrum by selecting lCALIB equal zero or blank. For 
this spectrum, the dilution factor is 1.00E 04, counting time is 
changed to 15 min, and efficiency number 2 is sped fied in column 70. 

The third spectrum illus~trates the use of data cards 2 and 3. 
Since ICALC = 2, the analysis results will be reported in ppm, 
which requires that the sample weight be input on card 2. lOP 
must equal 1 if cards 2 and 3 are to be read. The sample weight 
(237.4 mg) is therefore punched in columns 1-5 of card 2. DT and 
FLUX are not reqUired in the calculation, so they have been 
omitted. Since ICALIB equals zero, no calibration will be per
formed,and it is not necessary to supply energies. Card 3 in this 
case becomes a blank card and NET on card 2 is either blank or 
zero. 

The fourth spectrum will be analyzed for the nuclides of 
set 42, and a graph of the spectrum will be printed out because 
leA equals 4. The estimate of FWHM by default is 7.0 for this 
spectrum. 

FIGURE 13. Examples of Correct Form and Arrangement of 
Sample Data 
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I 
~ toss 

·/T 1>r'C::N D I 'f II 

J....(STING Of PR.O G-teflM 

- .~. 

~ .~ __ ._ . .eo.... 

C GELI2; THIS PROGRAN CALCULATES NUCLIDE ABUNDI,NCES FKD~i G~,MM4-~AY 
C SPECTRA AND CALLS SPAh2 WHICH DOES A PEAK SEARCH ON THE DATA. 

CU'~ICt\ It>FR~YI T FN 
C CMt'CN IB~G I t' 
CONNON ICH~NELI C 
ccn'CN IDATAI CDEL 
COMMON IENERGYI Ah,BB 
CO~I~\ON I HELLI IXL, IXR 
COMMON IrlCt'EI H'3 ,TM2 ,TMl ,TM: 
COMMON IIMITI NT6,NT5,!P,KOUNT,WT,DT,FLUX,ID,ICALIB,ICALC,E 
r:CM~!CN /INCEXI NTOT, FILE, ICA. IDIS,NPD 
COMMON IINTERFI Nc,NI,lPT,F 
CCMY,ON IPEDlfl PDt,TA 
COMMON ISHELFI WIND,lTCLER,SEPFtC,ftFAC 
REAL *8 A,B,C(Z5),ElZ5),T,W,AA,BB,SYM,TCH,STAT,VARB 
B8 = lJ' 
REt> L * 8 T M3 , HZ , T Ml , B" 
PE~L *8 CETL1/' NOT ':JET'/ 
REAL *8 CETLZ/' Ol!AL 'I 
REAL "8 DE TL3/' QLJAN 'I 
PEAL "8 :;Pt,CES 
FEAL *4 PDATt>!50c',7) 
REA.L "4 PEAK S (3'J ) 
RE AL *4 CD IF (5 ) ,F 15,5 ) 
REAL *4 MA SSt 
REAL *4 CDELlS) 
INTEGER *~ FiLE,CHN,WTMCL,BOP 
INTEGER "4 NI"LAG(5),N!(5),IPT(5,S) 
01 "E NS leN e (l ), STAT (3 ) ,w ( 25 ) , v ,~o B ( 1) , T (l ) , E F F I 4 1 , SA '1' L I 15 I , TF 'H 4C 9 

161 
DEI"iNE FILE 4CIl.(YJt68,L,IP),4l(lC·,68,Lt!P),4~(lCC,68,L,!P),43IEO 

1 ,68, L tl P) ,';4 (l~,;) ,68 , L, I P 1 
CALL ERPSET(Z53,256,-l,01 
Lt,LL ER"SET (251,25b,-l,(; 1 
ULL ERP5ETI2·'7,256,-1. ,':." 
CALL EPRSETIZ f 9,256,-l,r) 
etLL EER5ET(Z'8,256,-l,C 1 
CALL RE'ADIT 
NTDT =4 

lCO CCNTlNUE 
C BEGIN RE ~DING SAMPLE DATA INPUTc 

c 

C 

HEAD INT5,5SC',END=4311 FILE,IS".MPL(II,I=l,13ItDIL,r;TtIEFF,I:~,!DF, 
HCAL lB ,IeALC ,IGP,IU ,F~HMT 

! 0 IS =' 
IF IFwH,~T" EO.(.: 1 HIHt'T=7.:> 
IF (lOP.EQQ1.D,~oIOP.EQ,,21 READ (NTS,54") WT,DT,FLIJX,NET,(EIII,l=l., 

1 NET) 
IF (ICt,LC.EQ."; ICALC=l 
IF (I Ef F. EO? .'" 1 IE F F = 1 
IF (DIL,EQ.'.'o"'1 O!L=l<c. 
IF (CT.EQ.,rcOI ::T=lbc 66 
IF IIDF"NEo01 IDH=!CF 
SU6 Q.OUTINE N1NIT SUPPLIES INTERFERENCE INFORMAT ION. 
CALL N1N!TIIOFl) 
RETr,IEVE SPECTRUM FRC~ THE. 
J;{l 



,~ ((,56 
.~ 0(;58 
~ 0(;60 , 0062 
~ 0C64 
~ ()C66 
'I 0068 
~ C070 
,~ 007Z 
i'l ((174 
.~ GOb 
'~ 0(;77 
,~ (C7a 
~ ((; 8.) 
\j 01)81 
~ (C 82 
,'I IJUS 3 
I 

~ (084 
':'4 (C85 

:'1 G087 
I. ( 089 
G (:091 
I, 0(;92 
~ 'J093 
~ (094 
~ Cti95 
" OC'16 
;4~O97 
\1 
I 

((99 

~ CI00 
N 01(2 
~ \1 11:' 3 
i, 

:' C104 
'~ 0105 
I 

.~ 0106 
4 elC 7 
l! C 1('9 
" 

~ ..,111 
~ caz 
J C1l3 
j t114 
I (j1l5 , Cll6 

,)117 
0118 
,;)119 
C 12.) 
(,1Z1 
(122 

• '"23 

11(' IF (ICD.EQ.CI CALL LFlR( I ,TFN ,JI 
IF (ICD.EQ.ll CALL READ(I,TFIl,J) 
IF (J.EQ,';"AI\D.!COuE\:,(,) CALL LFlP(I,TFN,JI 
IF (J.EQ.OQAND.ICD.EQ.(') O.LL lFZF:(! ,TFN,JI 
IF (J.EQo'.AI\C.ICC.EQ.I'1 CP.LL LFlP(I,TFN,J) 
IF (J. EQ. O.ANDoICD.E Q. 0) CALL LF zp· (I ,T HI, J) 
IF (J.EQ.;l.ANC.ICD.EQoC) CALL LFZP(I,TFN,J) 
I F ~ J. EO. C'. A 1\ Dd C D. E Q. 1) 0. L L R E II D ( 1, T FN , J ) 
IF (J.EQ.O.AND.ICO.EQ.ll CALL READ(! ,TFN,J) 
IF (J.EQ.':') GC TO 122 
KOUNT=KOUNT+l 
J=O 
I F (F Il E. E C. C. CR. K CU NT. E Q. F XL E) GO T 0 13~; 
GO TO 110 

lzr wrITE (I\T6,52:'1) 
WRITE (NT6,5S':'1 (SAMPLIIAI ,IA:l,13) 
WRITE (NT6,56C) 

C THIS RETurN OPD STOPS ALL CALCJlATIONS IF THREE FILE MARKS JCCUR~ 
RETURN 

13(' IF (FEEoNE'." 1 ID=I 
IF (F!LE<t:Q~r:.,AND~ID.NEcI) GO TO 110 
IF (FILEoEQcO) FILE=KuUNT 
ID=1 
CALL SPtI.NZ 
WRITE (NT6,52() 
WF ITt: (NT6 ,55r:l (SM1PL( I) ,1=1 ,13 ) 
WRITE PH6,57C) WT,DIL,CT,DT 
WR.1TE (~IT6,58:)) FLUX,ID,FILE,IEFF,ICAL!BdCALC 
IF (Ict,LI!3, EC. ,:;1 GO TO 140 

C 8EGIN CALIBRAT:ON OPTION. 
READ (lIJT5 ,59 f , ,E1C=4AC) NTOT, (C(T), !=l.,NTOT 1 
IF i ICtUil"EQ.2) CALL LOCATE 

140 ! P=l 
CALL CLEARINFLAG,51 

15C FW H1= fl.W'~T 
RfAD (lOn'IP) SYI<,HL,ENG,XIN,EFFIlI,EFF(Z),EFF(3),EFF(4I,SYMBOL,B 
lOP,XSECT.lBISO,ELMASS,CPMMG,WT~OL,ND 

FLAG<'.:' 
IF II P. G To 2) GO TO 18; 
IF (leALI8.EQ.')) GO TO 17') 

C CORRECT FO~ NCN-LINEARITY. 
DO 16'" L=1. ,NTOT 

16') C ( L 1 =C ( L )- ( CD El (3. ) +C (L 1 * ( C DEL ( 2 ) +C (L ) * ( CD E L( 3) +C ( Ll * ( C DE L ( 4) + C ( Ll * 
lCDEl(SI)II) 

CALL CLEAR(W,5P) 
A=1.0DI' 
MM=l 
MPL=::i 

C PEPFOR~' U NEt,R FIT FOR SAMPLE CALIBRAT ION~ 
CALL LSTSQF(E,:,W,NTOT,MM,A,B,~PL,STAT,VAR8,T,25) 
B8=BIl) 
AA=A 
WRITE INT6,6')f1 M,B(l) 
WRITE (NT6,61:1) (EU),C(I),l=l,mOTI 

17(: WR ITE (6, 63GI 
WRIT E (6, 64" ) 



0124 

012 " 
{l1.2t1 
Cl30 

J {:131 180 
C 

I 0132 

C 
0133 
0134 

C 
J 0135 
~ m.3h 
J 0138 

" 0139 
:~ UI41 , () 1~ 2 
.i (,144 
J 0145 19( 
\ ()146 

l ·C 
,Jl47 20[,,' 

~ 111.48 
~ Cl4S 
N () 15,; , 
1 C 
~ CI51 
~ 0152 
~ t 153 
~ G15 .. , 
;'~ (1155 
:,1 alSO 
N 0157 , 

el58 'j 

.~ 016U 2H' , 
~ 0161 
.~ 0162 

C 
C 
C 
C 

:'J 
c 

0164 
,~ ('165 I, \1166 
.~ C108 22C.' 
~ C17(! 
.~ Cl71 
~ (173 

.' (;174 

~ 0175 230 
:~ (177 24(; 
\1 0178 

C 
C 

IF (IC.~,LC.EQ.ll WRITE (6,65,)) 
IF (ICt,lC.EQ,,2.0R<!CAlC.EQ~3) wRITE (6,66C') 
IF (ICt.LC.EQ.41 WFIrE (6,67 ... 1 
WRITE (6,62(11 
TC H=AA +B (1) *ENG 
PECORRECT FeR NON-LINEAPIrY e 
TC H= TCH+t C DE L (11 + TCH * (C 0 EL (2 1 + T C H* (C C E l( 3 ) +T C H* (CDEL (41 + T CH*C DEL ( 5 

11))11 
BEG!~ APEA CALCULATION. 
CHN=TCH+.5 
FWHM=FWHM+TCH/lrcc. 
DETERMINE f'I, THE ~UMBER OF POINTS IN EACH BACKGROU'W P EGION. 
M=FWH,'H¢5 
IF (~O[(~,21.EQ.O.GI M=M-l 
IXL=TCH-SEPFAC*FWHM+.5 
IF «TCH-SEP FAC*FYlt-t1+1-(t~/2.lloL T.l. U GO TO 190 
IXR=TCH+SEPFAC*FWHM+.5 
IF « TCH+SEPFA,C*FWH~Hl+( M/2.II.GE.4t97.1 GO TO 190 
GC T C 2')0 
WRITE (6,49'11 SYM 
GO TO 470 
CHANGE ICA TEMPORARILY DURING BKG~'D F,ULlT!NE TO PREVE'JT DR1NT OUT. 
ICATE~l=IU. 

lC\=2 
CALL 5KGND 
ICA= lOTE.., 
DETERt-'!f\E LO;HR ANC UPPER CHANNELS (LAL AND LAR 1 F)~ AREA r:~LC 'N. 
LAL= TC H-AFAC *F WH'1+o 5 
LAR=TCh+.FAC*FWHM+.5 
SUM=\fC. l') 
BGSUM="'. () 
DO 21r, IC=LAL,L,~R 

SUM=SUM+TFf\( ICI 
BK INC=HU+IC*( TMl +IC *( H12+IC*TM31) 
IF (BKINC~ LE.::.:!I i3KlNC=:)~:' 
BGSUM=RGSUM+BKINC 
OX FF=SUI'-BGSU,'1 
IF (DIFF,LEQCQOI O!FF=ccu 
WHEN 'riE CIJME OUT OF THIS DO LOOP WE HAVE DETERMINED THE TOTA'. ARE. 
OF THE PEAK (SJMI AND THE BACKGROUND MEt. (BGSUM I, A\lO H.~VE 

DEFINED THE NET PEAK AREA AS OIFF. WE MUST NO~ MAKE ANY NECESSA~Y 
CORRECTIONS FCR NUCL ICE IrHEi<FEREt;CES. 
BEGIN NUCL!~E INTERFERENCE CALCULATION. 
K=l 
DO 220 N=l,NC 
IF (IPl(K,NI.EQ.1P-1I CDIF(NI~DIFF 
IF (IPT(K,NI.EQ.IP-lI NFLAG(\lI=l 
DO 2~~. N=l,I\C 
IF (NFLAG(NI.EQ,tl GO TO 24P 
~IK=~.I (f\) 
DO 23!) K=2 ,Nl K 
IF (IPT(K,NI~EQdP-lI DIFF=DIFF-(,)!F(NI*F{K,NI 
CCNTINLE 
IF (DIFF.LE.C."I DIFF=(.O 
AT THlS POINT, D1FF IS THE 'HT PE,\K ~REA AFTER ANY CORPECT!J"lS 
FOR NUCLIDE INTERFEPENCES HAVE BEEN ,.,ADE. NOw REDEFINE BGSU"1 TJ 



0180 

0181 

~ 0182 
~ 0183 
~ ll184 
~ OJ. 86 

:' 0187 
~ r)l8B 
~ (> 189 
~ 1.1191 
I 
~ 0192 
(j 0193 
i 
~ 1.'194 
I 
\ (, t 95 
~ (lS6 

t 0197 
;, (1<;8 
\. 02("" 
} 02('1 

1 

1 
N 0203 
~ C 21' 4 
~ 02e 5 
• u2i)c 
~ 02(; tl 
~ C209 
.j .')211 
~ C213 
~ f. 215 
" ';217 
~ en 9 
• ')221 
'Ii e 22 2 
~ J224 
~ 0225 
~ 0226 
~ C227 
N ·)228 

.~ 0229 
~ ;123'1 

C 

C 
C 
C 
C 

C 
C 
C 
C 

C 

c 
27f. 

28(] 
C 

C 
C 
C 
C 

29P 

3(,'J 

INCLUDE AN~ INTERFERENCES o 
BGSUM=~U:~-DIFF 

NOW ~E SHALL DETERMINE DETECTICN LEVELS '~D CALCULATE CONFIDEN:E 
LImTS. NOTE THAT FOR THESE STATISTICAL CALCULATIONS, INTERFER
ENCES ARE CONSIDERED SIMPLY AS PART OF THE BACKGROUN), AND TiUS 
THE STD DEVIATION OF THE NET PEtK AREA (SIGMA) rs DEFINED '!<.S: 
SIGMA=SQRT(SUM+BGSU~) 

DETER~\lNE THE DETECT rON LEVEL ~ND CALCULATE CO~!FIDENCE LIMITS ON 
THE INTEGRATED AREA DATA USING THE WORKING EXPRESSIONS OF TABLE II 
FOR PAIRED OBSERVATIO:lS IN L.A.CURRIE' S PAPER,Mj~.L CHEM, VOL 4(, 
NO" 3, PAGE 586. 
$LC=2033*(SQRTlBGSUM) ) 
$LC=5':;e*n.+(SQKTno+(BGSU'1/12~5))) ) 
If (OIFF.GT. $lC) GO TO 25G 
SPAC ES =CET Ll 
DETERMINf THE ONE-SIDED CONFIDENCE LIMIT. 
CONLIM=1.c45*SIGMA 
GC Te 28) 
IF (DIFFQGT~$LQ) GO TO 260 
SI'~CES=DETL2 

GO TO 271) 
SPtCES=DE TL3 
DETERMINE TWO-SIOED CONFIDENCE L If1ITSc 
CONU..,,=)..96*SIGMA 
GO TO 28) 
CCNTlNLE 
CHECK PEAK SEAR:H DATA FOR PEAKS WHICH MAY INTERFERE. 
ISDT =T CH-2.0~'SEPFAC*F·,mM+. 5 
IF ([8CT,. LE.1) I BOT=1 
ITOP=TCH+2. I';.SEP FAC* F"HM+. 5 
IF (ITCP,GE.4.';9~) ITOP=4:)96 
KFIF.ST AND KUST t.KE THE PEA.K t\UtJ8ERS FeR THE F!RST AND LAST PEtKS 
BETWEEN 180T A'lD nop FOR AREA INTERFERENCE PP,!NT-DUT, 
INlTUUlE KFIRST=DClt' ,THH~ IF KFlRST REM;\I"lS UNCHANGED,NO 
iNTERFER~ING PEAKS WERE FOUND. 
KFIRST=l'J':i[ 
I B =Ij 

DO 31(, IE=l,NPD 
IF (PDATA(JE,1l.GE.I8CT.AND.PCt-TP(I:,1l.LEcITOPI GJ TO 29" 
GO TO 31.'l 
!F (PCtTtdIE,3)oEQ.,O.I)) GO Tel 3,·( 
IF (PDATA(JEt3).GE.21",r·.AND.PDAT !>(!E,3)cLE.2C'.4:"1961 GO TCl 3'}O 
IF (PCATA( lE'3)oGE,,4C.( .AND.PDATl<IE,3IoLE.4l,.r) GO TO 3')(, 
IF (PDATAIIE,3).GE.5~"r:.AND.PDH t(IE,3)oLE<5C.l.';96) GO TO 3·1:3 
IF (PDITA( lE,3).E';),21.C) GD TO 3((". 

IF (PC-Pl."( TE,3). t:O.l) GO TQ 3"0 
GO Te 31' 
IF (KFIP.ST.EQ.l(":Q·-) KFIRST=lE 
KLAST=IE 
IB=1B+1_ 
PEAKS (~8)= PCATA (I E, 1 ) 
I L =1 B 
CONTHlUE 
NOW CCNVEP.T ANALYS IS PESULTS FFOM UHlTS OF A.REA TJ DESIRED U'llTS< 
DIV=(DIFF/XIN)·!~:.~ 

IF (IEFF-2) 33lc , 34':, 35( 



~ 0231 330 

• 0232 
>I 0233 34rl 
~ 0234 
~ 0235 350 
\j 0237 
~ ()238 
~ 0239 360 
\j !)240 370 
>I 0241 
'\j 0242 38C' 
'\j 1)243 , 0244 ~90 

,\I <,)245 4(\[: , e246 qO , 0247 , 0249 , 0250 
,\ 0251 
~ (252 420 
:~ 0253 
,~ ('255 
I, 0256 I. 
l 0257 , 
" t25d 43C 
, 026:) • 

.\j 0261 
j , 02(;2 
;J 0263 
~ OU4 
~ 0265 
~ 0267 
'j ,1268 
N C269 

~ (;270 44C; 
~ <J271 
~ 0272 
" 

(;273 
I 

0274 .'1 
N 
1 

027C 
'J ('277 :, 0278 451 

• t. 7. 7'i 
, () 281 
'I C 282 

• (;283 461; 

• ()285 

• (2S6 
1 0287 

• 0288 
J (129-~ , C292 

• ()294 
J 0290 47C 

• G29d , (, 3>;;J 

OIV2=CIVI EFF(!ll 
GO TO 37'1 
o IV2=O IV IEFF i 21 
GO TO 37:> 
IF (IEFFGEQ o 41 ::;0 TO 360 
OIV2=CIV/EFFC31 
GG TO 370 
01V2=0!VhFF(41 
OIV3=0!V2/CT 
IF (OTI 38(,380,390 
DPMO= DIV3 
GO TO 4':,;"\ 
DP NO =D I V3/E XP (- ( Co 693* 0 TI I (H L * 144(00 I I 
JF (ICALC-ZI 410,420,430 
ABUN=DI L*DPMO 
IF (FL~G.EQ.lol")) GO TO 450 
ABUNOl =ABUN 
OP MY=D P,'10 
GO TO 45') 
ABl:N=( 1v)0('0 C.*OP1~CII (CPMMG*WT I 
IF (FLAG.EO.l.OI GO TO 45" 
AEUNCl =ABU~J 
DPMY=OPMO 
GO TO 45') 
IF (ICALC o EQ.,41 GC TO 440 
EN=OPMO*HL*1440.0/.693 
Et--C=ENI ( US ECT* FLUX I *1.:' oJ **( - 24ef II 
MA S S1 =ENO* "'TMC LI< 60 ,j2 *1 :,'. C **2 ( I 
EL M= M AS S II ( A B ISO" 0. 1 1 I 
AB UN= (1''';,1' CO. *E LMII WT 
IF (FL.4GoEQ.l.(1 GO TO 45(· 
ABU~'Cl =~gUN 

o P M y=o P ,'<\0 

GO TO 450 
EN=DPM~*HL*144~.~/.693 
MASS!=ELMASS*4B!SO*v.~1 
E~C=~ASSI*6.QZ*1~.·:**20/WT~JL 
FLlJX=(~N/(ENO*XSECTII*1().~''''*(24.C I 
IF (FLAG.Ea.l~CI GO TO 45~ 
ABU;-,Cl =FLUX 
DPMY=DPMO 
01 FF=C CNLHl 
IF (FLAGo!"Q.l.UI GO TC 46:" 
FL AG= 1.0 
GO TO 32:1 
IF (IC.~LCoEQ.41 t,BUN=FLLiX 
MM= IEFF 
UPABLN=ABU~Dl+ABUN 
WR lTE (6, 68~1 SYM,HL ,ENG,XIN,EFF (~H'" ,XSECT,SU~,BGSUM,SY'1,CHN 

IF ((SUM-BGSUr-I.LE.$LCI WRHE (6,7';(\1 SP6,CES,UPIIBU\I 
IF ((SUM-BGSUMloGTo$lCI "'''ITE (6,69"1 SPA.CES,tBU~iDl,tBU~1 
IF (KFlRST c NE o lY'(11 WRITE (6,.5(":1 (PEA,KS(IBI,!B=l,ILl 
I F (KF IRS T. EO. 1:; ;;:) I WRIT E (6, 51: I 
IF (ND.E\),(1 GJ TO 15) 
IF (IU"GEol • .t.NDoIOIS.EQ.11 CALL POINT 
IF IlCil,GE.U C6LL EDIT 
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48t) 
C 

IF (NO. E Q. 11 GO TO 1 ')0 
STOP 

49( FORMAT (' ',AS,5X, 'CHANNEL Df,TA OUTSIDE THE 4096 CHJ\.NNEL RANGE IS 
1 R E QU IRE 0 FOR T HIS L\L eu L AT 1J fi .' I 

50C FORMAT ('+' ,119X,F6.1,',',F6.1/(lZ'lX,F6Gl,',',F6 Q lll 
5H FORMAT ('+',lZZX,'NONE'1 
52[: FCRI-IAT 11 HI I 
53( FORMAT l!3,13A4,E9.'),FS.C',2IJ,I2,4!l,F3.CI 
54(' FOPf'AT (2F5.~;,E1('.4, 15/(6FIO.(,11 
55t FORMAT (lH-,13A4 1 
56(, FORMAT llHl, 'Tfi<.EE CONSEcun VE TAPE ~IARKS HAVE BEEN ENCOUNTERED ON 

lTAPE, CHlINI\EL Ie' NOT POSS!BLE'l 
57(; FOFM.6.T (1H-,'St,'1PLE HEIGHT ',FlC'.2,' MIlUGRAI'S',' D!LLUTION FtC 

ITCR ',ES.Z,' COUNTING TI'1E ',Flf'>oZ,' MINUTES DECAY TIME',Flfh:>' 
2,' ~llf'lUTES'1 

58C FOF-MAT (lHf','FLUX ',Elr.3,' tiEUTRON/OI*U1 10 NUMBER ',Nt, 
l' F!lE NUMBER ',12,' EFFICIHlCY OPT ',11,' CAUB OPT ',xl,' 
2CALCULATTON OPT' ,Ill 

5% FOP'\AT (13/(6F10.'~' II 
60e FORMAT llH( ,'U,L!8i:AT!Cf'I: CHt,NNEL NO" EQUt.LS ',F7~l,' CHANNELS + ' 

1,Fbu 4,' CHANNEl.S PE'. '<EV'I 
61(, fOFI,:AT (lHc:·,13X,'ENERGlfS',3X,'CH?NNEL'/14X,8(lH-I,3X,7(lH-1//(14X 

1 t F 30 1.,3 X, F 7. 11 I 
62C Fa RM AT (' ',5 ( l. H- I , l. x , 8 ( IH - I , 2 X, 6 ( It-; -I , 2 x, 6 ( 1 H- I ,2 X., <; (1 H- I ,1 x, 8 11 H 

1-) .1 .. t 7 n H- I ,2 X ,7 11 H- I t 2 X, 5 (HI-I, Z X, 8 ( 1 H- I, <: X. 25 ( 1 H- I, 2 x, l,( 1H- I t 2 X 
2,13(lH-IIl 

63( FCRMAT (J.H-,' NUCLlCE I-ALF GA"'r,\~. % GM-1M6, COUNTING CROSS G 
lROSS BKGND NUCLI DE DETECT ELEMENT CO'l F CH~,'l 

2 PEtKS FROM' I 
t>4t FeRMAT (' ',' LIFE ENERGY INTE'JS. EfF. SECTION C 

lOUNTS COUNTS LEVEL ABU~CANCE LIMITS NO. 
2 PEtK SE~PCH' I 

65( FORMAT (' ',' DAYS KEV PI-O/DIS CT/PHOTON BARNS 
1 UN! T S = 0 r M ' I 

66( FCR~\AT (' ',' DAYS KEV PHD/DIS CT/PHJTJN BA~,'lS 

1 UNITS" PPM ' I 
670 FCRhAT (' ',' CAYS KEV PHJ/DIS CT/PHOTON BARNS 

1 UNITS = NEUTRCNS/C~I*CM 'I 
68( FOR.Mn (lHC,A5,lX,lPE8.2,2X,rpF6.1.,2X,F6.2,2X,lPE9.2,lX,lPE8.2,lX, 

l( P F 7. ,; ,2 X, F7. c' ,2 X ,,\5 ,39 X , T 4 I 
69[ F(lR~\AT ('+',76X,.~8,2x,El().3,' +/- ',El"<31 
7[.0 FORMAT ('+',76X,,·1.8,': LESS THAll ',E~0.31 

END 
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SUBROUTINE BKGND 
C THIS SUBROUTINE CDMPARES THE SLOPES OF THE RIGHT AND LEFT BKG 
C !<.EGIONS \,lITH THE SLOPE OF THE LfAST SQUbRES LINE T,~U BOTH. 
C IF THERE I S A STATISTICAL DIFFEREflCE BETWEEN EITHER SIDE AND THE 
C LEAST SQUARES LINE, A CUBI: EQUATWN 1 S CALCULATED, IF NOT, THE 
C LINEAR LUST SQUARES LINE IS USED AS ThE BACKGROUNDc 

COMMON !ARRAY! TFN 
COr-MON I BAG! M 
COMt40N IBoxl X,Y,A,B,STERRB 
C0I1HON IHELLI IXL,IXR 
CC~MON IHOfJEI H3 ,TM2 ,TM1,TM0 
COMMON IINDEXI NTOT,FILE,ICA,ID1S,NPD 
REAL *8 tA,bB,SS,tAL,B8L,SSL,AAR,BBR,SSP,TM3,TM2,TM1,TM0,PL,QL,PR, 

lQR,TERMl,TERM2,TERM3,TERr-'4 
REAL *8 X(60I,Y(6GI,A,B,STERRB 
REAL *8 DELTA 
REAL *4 TFN(4C961 
INTEGER *4 FILE 
NN=(r-'-loll2~ 

J=IXL-NN 
DC 100 1·1,M 
YIII=TFNIJI 
XIII=J 

lce J=J+l 
J=IXR-NN 
I'P~="+M 
NP 1=1-1+ 1 
DO 110 !=MPl,MPM 
YII)=TFNIJI 
XI I I =J 

lli. J = J1'1 
DO 12(1 1 =1 , M PI' 

120 IF IICA.GE.3) wRITE 16,11,::1 !,XIU,YIII 
CtLL CALCH(~PMI 

C DEFINE AA tND BB AS THE INTERCEPT AND SLOPE OF THE LSTSQR LINE 
C THRU BKG F-EGIONS ON LEFT ,~ND PIGHT JF PEtK WITH sn eRR IN SLOPE 
C OF SSe 

M=A 
B8=8 
SS=STERPfl 
IF (ICAGGE.?1 WRITE 16,18:1 ,"P,..,,8B,A,~,SS 

C wORK ON LEF7 BKG FIRST ~ 
CALL CtLCITIM 1 

C DEFINE ,t\AL ANC S8L AS THE I\1T E" CEPT AND SLOPE OF THE LSTSQR LJNE 
C THRU THE LEFT BKG REGION WITH STD ERRCR IN SLCPE OF SSL. 

AAL=A 
BBL=B 
SSL=STERF-B 
IF IIG.6,GE.3) ~RITE 16,18") "l,BBL,f.AL,SSL 

C REINDEX X-v DATA TC BEGIN WORK ON RIGHT BKG. 
J=IXR-NN 
DC l3( 1=1 ,M 
YIII=TF~I(J) 

X(II=J 
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IF (ICAoGE.31 flRHE (6, 17r'l I,X(II,Y(II 
13( J=J+l 

CALL.CALCIT(MI 
C DEFINE AAR '.NC BBR AS THE PH ERC EPT AND SLOPE OF T-lE L STSQR Ll'lE 
C THRU THE RIGHT BKG REGION WITH STD ERROR IN SLOPE OF SSR. 

t,t,P=A 
BSR =B 
SSR;oSTERR8 
IF (ICAoGE.31 "RITE (6.18:;1 '1,BBP,MR,SSP 

C EVALUATE THESE SLOPE DATA. 
C COMPARE SLrPE FJR LEfT SKG WITH SLOPE THf;U LEFT AND P-lGHT oKGS • 

IF (8B.GE.BBL<AND~BBL+SSL.GE<BeoOR.BeL.r;E.BB.AND.Bb"GE~BBL-SSLI GO 
1 TO 14(' 

GO TC 161) 
14(' IF (B!3.GE.BBP.o~.'JD, BBR+SSRcGE.BB.OF.o8BP..GE.BBe.~ND.BB.GE~B8R-SSRI GO 

1 TO 1ST: 
C NEITHEF THE SLOPE OF THE LEFT OR FIGHT BKG REGIONS WAS 
C STATISTICALLY )IFFERENT FROM THE SLOPE THPU BOTH BKG REGIONS. 
C H'E l!I\EAR BKG 1/ ILL 1 t-EREfJf<E BE USED. 
I 51"' TM3='. (" 

TM2=·:. C 
H'l ;EB 
TMO=AA 
K ETUR N 

C SLOPE FOR LEFT OR RIGHT BKG REGION WAS STATISTICALLy DIFFERENT 
C FROt~ THE SLOPE TH:\U 80TH REGIONS. OlE '..JILL THEREFORE FIT A CJB!C 
C BKG US!,lG TH, EQlJATl:JN GIVEN BY QUITTNER IN ANilL CHEM, VOL 41., 
C NO 11, PAGE 15':4 ?EilRRiI.NGED IN THE FClLCW1NG FORM. 
C BACK GROUNO = TM,·+X*( TM1+X*( 1.'12+TM3*X; I 
16r Pl=~AL+IXL*BBL 

QL=BBL 
PR=~IIR+!X"*5BR 
QR =BBR 

C WRITE (6,19~ I PL,QL,PR,QR 
DELTtI=,XP.-TXl 
T[RM1=(QR+QL+QLI/(-DE~TAI 

TERM2=3~*( PF-FL 1/ (eEL TA*DELT.4 I 
T E RI' 3 = ( Q L + Q R I I ( 0 E L U. * lJ E L H. ! 
TER~14= (2 .*~PL-PR I I/( OEl TA**31 

C WRITE (6,).91'1 TERf.'1,TERM2,TEPM?,TEPM4 
TM 3= TE P. ~13+ TE:;' 1'4 
T ~12 =T E ;; "1 +T E P !12 -3 <~ * I XL * ( T Ef< I' 3 +T E R ~1 4 I 
TM).=OL+1 XL* (-2. ~ (TERI'll +TERM2 I +3 •• ~'IX' *ITEF,'13+T ERM41 I 

C WR IT E (6,2('0 I IXL,PL ,QL, TEP1l ,TER~'2, T~R~13, TEP.~4 
H'O = P L + r H'" (- Q l + I X L ~, (T E R M 1 + T E K M 2 - J x L * IT E PM 3 +T ER '1 4 I I I 

C \-iF lTE (6.iS() TM3,m2,Tln,T·'1:~ 
Po ETJRN 

C 19(' FOF'IAT (I ',4(3X, C14.711 
C 2,:;') FORMAT (I ',!5,6( 3)(,014.711 
C 
170 FORMAT (I '.I5,3x,F8.2,3X,Fl~.21 

181-; FORMtT (I ','LST SQ'" LINE THFU',I4,' POINTS H.~S SLOPE = ',014.7,', 
1 rt.TERCEPT = ',014,7,', STD ERR IN SLOPE ~ ',014.71 

EtJD 
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SUBROUTI NE CALCI T( 1'1 
SUBROUTI~E CALCIT T.KES M PAIRS OF X-V DATA AND CALCULA~ES THE 
UIIE,6R LEAST SQUARES LINE OF SLOPE B AND INTERCEPT A. IT THEN 
CALCUUTES THE STANDtRD ERPOR CF ESTIr1t,TE (STCERRI AND TrE 
STA"lCARD EFROR OF THE SLOPE (STERPBI USING ECUA.TIONS (281 AND (691 
ON PAGES 149 MID 313 OF '~\ETHCDS OF COFREL,6TlON ANALYSIS' BY 
MCRDECA! ElEKIEL,lnLEY AND SONS, NEW YORK,(19501 
CCMMCN IBOXI X,Y,lI,B,STERPB 
PEAL *8 X(6~),Y(6,H,I\,B,STDcPR,SU~X,SUf'ly,SUMX2,SU/-IXy,SUMY2,ME.".IjX,M 

lEANY, RAD,R,RBA.'l.2, SBAR, STOEVX, STEPFB,lCOM 
5UMX='::;n'i 
SW'IY=O~O 
SUI'X2=(\,·1) 
SUMY2=t.J 
SUMXY=C."1 
DO 101) l=l,M 
Slit', X= Xi I I + SU~1 X 
SUMY=Y (I I+SUMY 
S U~I X2 = X ( I I * X (,11 + S U ~lX 2 
SUMY2= Y( I I *y( II + SU'W 2 

. lOu SUMXY=X (Il"Y (I1+SiJr~xy 
IF (SUMY2.Hl.'~.()1 GO TOll:"' 
MEAN X= S U;~ X! ~1 
MEANY=SUMY I M 
B=!SUMXY-( M*MEANX*MEANYII/(SUMX2-(M*MEANX*MEANXII 
A= M E ~NY - S* M E: AN J( 

RAD=(SU""X2-("1*MEANX*MEANXII*( SUMY2-(M'"~·EA\l:Y*MEANY II 
R= (SUi-1 XY- (M *'\ EA~ x*r·\E AN Y I I I ( OS QF T ( FAD I I 
R8I1R2=1.-( (n ,-R*R 1* (M-l o I II (~\-2< II 
SSAP =0 SQK T( ( ( SUMY 2-( ~'* I',E"V*ME ~NYI 1* n .-RBAR2 II I (/-1-10 II 
S T DE VX = os on ( (S J ,'1 X 2- ( (SU"~ x *s U,\I )( I I~\ I I I ( '1- 1 .. I I 
lrCN=M 
STERRB=S BAr,/( STDEVX*(DSQRT( lOOMll1 
RETURN 

B=C on 
S-,E~RB="o 

P,ETUP.N 
END 

.L 
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SUBROUTINE EDIT 
SUBRCUTINE EDIT PRINTS OUT RESULTS OF THE PEAK SEAR:H. 
COMMON IIMITI ~a6,NT5 ,I P,KIJUNT,!-IT,DT ,FLUX,ID, reALIB, ICALC 
COMMO~ IINDEXI ~TOT,FILE,ICA,IDIS,NPDX 
COIJr',CN IPEDITI PD.4TA 
COMMON ISHELF/ WIND,ITOLER,SEPFAC,AFAC 
RE.eL *8 FMT(9I1'(3X, ','F7.1,9X,','F7.',7X,','F7.2, ',' 

1 ',' ',' ',' ','8X,F8.4I'/ 
REAL *8 f.'-1R(41/'6X,D14.7',',8X,F9 Q 3',',1.2X, ·,·F6.2, 'I 
REAL *8 f~IA.(4I1'16X,A4 ',',13X,1\4 ',',14)(, ','A4, 'I 
REAL *4 DASH/'----,/ 
RUL *4 pen A (5:::(',71 
INTEGER *4 FILE 
NPUX=NPDX-l 
NPO=l 
WRITE (6,1101 FILE,WIND,ITOLER,SEPFAC,AFAC 
DO E':l NPD:l, NP[)X 
IF (!CA.LE<J..~.NDoPDATA(NPO,31.GED6CQ.ANOoPDATA(NPD,3I~LE.69.1 GO T 

10 W':l 
IF (peAT t>(I\PC,5IoEQ.CPSHI FMT (SI=FnA( 11 
IF (PDf-TAINPD,51.,NE.DASH. FMT(S.=Ft-'RIJ I 
IF (PCATA(NPo,6.~EQ~DASHI F~T(61=FMA( 21 
IF I POATA( NPD,51. NE" CASH. F'IT (61=FMRIZI 
IF (PDtTA(p.,?D,71.Er~.DASHI FMT(71=Fr-1f\(~1 

IF (PCAT~(NPC,71,NE.OAShl PH(71=FMR(31 
IF (PDt,TA(NPD,71.EQ.DASHI Frn(81=FMA(4. 
IF (PDATA(N P O,71,NE.,oASHI F~T( 81=F~I~( 41 
WRITE (6,FrvTl PDAT.6(NPD,11,PD/lT~.(NPC,21,POf.TA(')PO,4),PDATA(NPO,51, 

IPDATA( NPD, 61 ,PDATA(~PD, 71 ,P:JATA( NPD ,31 
IrQ C(~TINUc 

RETI,;RN 
C 
IF F 0 F .'111 T (' t ' ,22 J( , 'P E A K t. N II L v SIS', 2<: x, 'F! L E ' ,I 4/1' '>11 NO 0 

1,; = ',F2.",2CX,'TOLERAI'\CE = ',!:,2"X,'SEPFAC = ',f5.3,2'X,'.~FAC = 
2',F5.31!2·;X,'CJUNTS',8X.'Er,EPGY',6X,' NET PU.K ARE" ',4X,'REL STD 
3D c VI A TJ eN' ,3 x , , F U L L .. lOT H' ,7 X , , C 0' M E NT • I' P E II K ( C H Mm Ell' , 6 X, ' AT P E 
4AK',7X,'IKEVI',1"X,I(COUNTSI',8X,'OF ~.?EA ,N PERCENT' ,2X,'AT HALF 
5 MA X' ,6 X, ' C CO E ' 11 x ,13 11 h- I ,lOX, 7 n H- • , 7 X, 6 ( 1 H- 1 , u., 13 ( 1 H- 1 , 6 x, 13( Ih-
6 1 , EX, 11 ( 1 H - 1 , t x, 7 ( 1H - 1 III 

END 
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SU8POUTI NE LeCAT E 
SUBROUTINE LOCATE IS USED IN THE CALIBRATICN OPTION TO SEARC~I THE 
PEAK SEARCH DATA AND LOCATE ThE NON-ClVERLtPPING PE~K (COMMENT 
CODE = III WHICH IS NEAREST TO ~ND WITHIN +/- 15 CHANNELS OF THE 
INPUT CHANNEL. IF NO SUCH PEAK IS FOUND, THE INPUT CHANNEL IS 
t,SSU~~E C CORR ECr 
COMMON /CHANEL/ C 
COMMON /IMIT/ NT6,NT5,IP,KJUNT,WT,DT,FLUX,IO,ICALIB,ICALC 
CO~MON /INDEX/ NTGT,FILE,ICA,ICIS,NPO 
COMMON IP~DITI PDATA(500,71 
REAL "8 C(251 
REAL *4 CT(251 
INHGER *4 FILE 
DO lG( 1=1 ,NTCT 
C T( Il=C( II 
NPC=t<.PD-l 
DO 16' 1=1 ,NTCT 
DIFF=4C96. 
DC 12(1 N=l, NPO 
IF (.6.BS(POATA(N,1I-:TlIII.LT.DIFFI GO TO 1D 
GO TO 12') 
o IFF =A B S ( P r 1\ TA ( N ,1 I - CT (l I I 
IN=N 
GO TC 12") 
corn! NUE 
AT THIS POINT, ALL POSSIBLE PEAKS HAVE BEEN TESTFn AND PEAK 
NUMBER IN IS THE CLOS EST PEAK OR POSS ABL E PEAK TO CHANNEL C( I I" 
THE VAPI.6(>LE 'SIGN' DETERMINES WHETHE" TC LOOK LEFT OR Q,IGHT FIRSl 
FRCfv THE INPUT CHAN'HL., 
IF (PDATA(JN,11-CT(!I.GE.0.'1 SIGN=-1.0 
IF (PDAT A( IN d)-CT( I I.L T. ;',.r;) SI GN=l< \: 
DO 14(; NUMB=l,3 
NUM=NLMB-l 
JTt->=JN+SIGN*NU'1 
IF (JThLT.14CR~JTN.GT<t\PDI GC TO 13{1 
IF (P DA TA ( JTN ,31. EO. r). c. AND. PO A T A ( J TN, 11 • GE. C T II )-15 •• t.ND, PDAT A (JT 

IN,lI.LE,CT(II+15.1 GO TO 15~ 

JTN:JN-SIGN*NL'1 
IF (JTN.LT.l.0R.JTN.GT.NPDI GO TO 16 C 
IF (PDA T H JH. ,3 ). E Qv '; ~ (,\. A NO. PUT A (JT N, 1 I. G E~ CT ( 1 1-15. cAN D. P 01< TA. ( J T 

HI ,11 • L E • C T ( I 1+ 15. I GO TO 3. Sf 
CCNT lr-.UE 
WR IT E (6,1 7!; I C (I I 
C(1I=CT(1) 
GC TO ! 6<) 
C( I I=PDATA( JTN,lI 
CONT T f\U E 
NPD=NPDtl 
RETURN 

170 F(1R~lAT (' ',' r-.O SINGLE PEAK COULD BE FCUND WITH!N PLUS OR 11lNUS 15 
1 CHANN EL S (1 F CHANNEL ' ,F7. 2, '. 'I 

END 

. , . 



N ";~;":2 

N 0003 
N 0004 
N 0C(S 
N f·t;f: 6 
N 0007 
N feu<; 
N ce10 
N cr: 11 
N nelz 
N 0,,13 
N 0C14 
N Cl)lS 
N ',)(1. 6 
N OC17 
N (JOls 

N OC19 

N te20 

#f<: 

-~. 
.. . • 1......,_. 

SUBrOUTINE NHIITIIDFI 
C NINIT SUPPL! ES COEFFle rENTS FOP NUCL!GE INTERFERENCE eHCULAnONS~ 

CONMON IINTERFI NC,N!,IPT,F 

lOD 

C 
11(; 

REAL *4 F(S,SI 
INIEGER *4 NI(51.IPT(5,51 
ULL CLEAR(NC,561 
IF (IDF?EQ~4C 1 G(J TO ICC' 
WP! T E (t, 11 t: 1 ID F 
RETURN 
F(Z,11=lo186 
F( 3.1 )=0205 
NIH)=3 
IPT(l,l'=lZ 
IPT( 2, J 1=13 
IPT(3,1I=14 
NC =1 
P,ETUKN 

FCRtJ,AT OHI,' 1'\0 NUCLIDE INTERFERENCES EXJ!,T FeR THIS C,Ht. SET'I' 
1 EX ECUT I eN eONT INU lNG' 1 

END 

f"" . 



Nee:) 2 

N 0003 
N 0:'04 
N (C(;5 
N CCCo 
N 00"-7 
N tee e 
N 0(109 
N cno 
N 0('11 
N oe12 
N Oel3 
N ('014 
N 0015 
N (el6 
N 0017 
N CelS 

N 0{;19 
N C020 

N Ot'2l 
N ceZ2 
N CC23 
N 1.:024 
1\ ('025 
r~ 0(126 
N 'Jl27 
N C029 

,N llC30 

I 
I 

N O{'32 

, 
,N C033 
,N ()r 34 
N C( 36 
N (;037 
N 0('38 

N Q(;4i~ 

N 01')41 
N 0('42 
N CC43 
N (044 
/Ii (045 
N LL'47 
I'. (C48 
N (,049 

C 
C 
C 
C 

C 

, . 

SUBROUTINE PK~,REAI KCNTRI 
THIS ROUTINE CALCULATES AREAS BY SU.'1IHNG CH6.NNELS 3ETWEEN MEAN 
PLLS AND MINUS AFAC*FWHM. IT REOJIPES THt,T BKG IILIJ~YS BE PJSITlVE 
BUT PERMITS BACKGROUND TO EXCEED THE COUNTS IN THAT CHANNEL. IF 
THE FINAL ~,REIIIKCNTR I IS NEGAT IVE, IT SETS IT EQUAL TV lERO. 
CCMi~CN IO-RRAYI TFN 
COMMm1 IHOMEI TM3,TM2,TM1,n',:~ 

COMMON IINDEXI NTOT,FILE,ICA,ICIS,NPC 
COMMON IPEDITI PDATA 
CCMMCN ISHELFI WIND, ITOL EO, SEP FtC,AFI>.C 
EQUIVALENCE (PDATA<l ,J I ,PKCNTP <111 
EQU I V ilL EN C E (P OA T p, ( 1 , 2 I ,C 0 UN T SIll I 
EQUIVALENCE (PCATA!!,31,COMCODIlll 
EQUrV~,LENCE (Pot" TAIl ,41 ,Er,GPII 
EQUIVALENCE (POtlT,\1l,51,AREAIl.ll 
EQLI\lt>.LEf\CE (POATA(~,61,RSCA(111 

EQUIVALENCE (,POATAI1, 71,FWH~11 111 
REAL *8 RHEAN 
REAL *2 Ti~3,T~2,TMl,TM0 
REAL *4 PDATAISC'(),71 
REAL *4 PKCt';TR(5L'.·; I ,CCUNTS 15~r I, C00'1COl) 15r'C ), ENGI 51') I,AP,EAI 7<) I,RSO 

ill I 5et' I,FWHM(5')OI 
HEAL 0'<4 TF/\ (4'-'90 I 
INTEGER *4 FI LE 
THE CAP,O 1AR = DEFINES THE 'Wf'lBEP. JF CHANNELS TO B: SlIM'1EO. 
I AR=PKC /\ TR I KCNTR I +AF ,~C*FWHM (KCNT R I 
MEAN=PKCNTR (KCNW, 1+.5 
Rt-'E~ 1\= I'EAN 
1=0 
SUMTFN=TFNIMEAN I 
BKG=TW)+RMcAt';''IT i"l +RME~N*(T '12+R~IEAN*TM311 
IF I SKG.L T.f'G (;l BKG=ro C' 
SUt-'BKG=BKG 
IF ISU~TFN-SUI'BKG.GT.~.nl GO TO 100 

C GIVE T~E COMPUTER SOMt LARGE ARB!TRAPY VALUE FOR RSDA(KCNTRI 
C TO LSE FIJR CCMPAk!SOiJS. 

R SOil, (KCN TR I =999. 
C GIVE THE CLMFUT ER A LARGE t,RBITUF Y VALUE FOR XRSD6, TO SATI SFY 
C THE EQUATION RSOAIKCI\TRI = XRSCA 

XP SCA= 999. 
IF IICA.GE.31 "RITE 16,15"1I I,f,MEAN,TFN(MEA,\JI,BKG,SUMTF'j,SU'~3KG 
GO TO 11 0 

10( ,<S[)lIKCNTP 1=(ISQRTITFNI'1EAIJ I+BKG II*E'-'., I II TFNIMEANI-3KGI 
IF I1CA.GE.31 WF!TE 16,1581 I,R~lEHI,TFNIMEAIJI,BKG,SJ"1Tf"J,SU'13KG,RS 

10A(KCNTP I 
110 MEND=IAR-~EAN 

DO 141' ! =1 ,MEND 
XC"ANL=~,MEAN- ! 
XTFNL=TFNIME'I'.-!I 
XEl KGL =T WH I R ME AtJ- I I" I TM 1 + I PM E: AN- I I" (T"12 + I p, ME AN-I I *T '13 I I 
I F I x B K G L. LT.'j • r! I X ElK GL = 0 • ~ 
XCH~NR=R"'EA,N+I 

XTF~R=TFNIMEAN.I I 
X B KGR =Hn + I RM E AN + I I'" IT I~l + I PM Ep. N+ I I'" IT M 2+ I R'1 EAN + I I*T'1 3 I I 



N ee50 
N liC 52 
N CC53 
N GOS4 
N D055 
N (057 
N te5S 
N (;059 
N 006') 
N nC61 
N CC62 
N tC63 
I\j 0064 
N ('n65 
N l()67 

N C06'.: 
N CC70 
N (jC72 

N r073 
N 0(174 

IF I XBKGR.l Tgl\o(\) XBKGR:O.' 
XSIFN=SUMTFN+xTFNL+XTFNR 
XSBKG=SUMBKG+XBKGL+XBKGR 
XAREA=XSTfN-XS8KG 
IF IXARU.GTorJ,C) GO TO 12C 
GO Ie 130 

12C XRSDA=«SQRI{XSTFN+XSBKGII*l~LGI/XAPE' 
130 CONTINUE 

SUnFI\=XSTFN 
SUMBKG=xsaKG 
AREAIKCNTR I=XAREA 
RSDAIKCNTR)=XRSDA 
X". F~.C= I/Fl,JHMI KC~;Tkl 
IF (ICAo GE.3) ~f<.!TE (6,150) I.XCHANL.XTfNL.XBKGl 
IF (lCA.GE.31 WRITE (6.15 r q I.XCHftNR.XTFNR.XBKGR.SJMTFN.SUMB.<G.APE 

lA(KCNTRI.RSOA(KCNTR).XAFAC 
!40 CONTINUE 

C 

IF (AR~e( KeNIR), LT.O. (') ARE~.( KeNTR) =(.0 
RETURN 

15(' F 0 R'~A T (I I t1 4. 8 I 2 .... D 14. 7 ) ) 
END 



N (;(!L2 

N CO'J3 
N CC':' 4 
N oor'5 
N CCu6 
N Oft: 7 
N cercs 
N (;'«)9 
N C'( 10 
N (,fJ 11 
N (101.3 
N 0(14 
N cJ(~ 16 
N Oi~18 
N CCH 
N 0(,;20 
~ oe21 
N C~';22 

N 0G23 
·N 0024 
N 1'(;25 
N Cil26 
r~ e(28 
N JOO 
iN C,032 
,N (('34 
'1\ 0') 35 
iN 0(;36 
iN l'B7 
:N ('038 
N lO9 
iN 0(40 , 
I r\ ( r:41 
'N (~(J 42 
N (1)43 
N (t144 

N OC45 
N ( [,46 
N uC'47 
N (;(49 
N CU5C 

N le51 
N (052 

.N cC 53 

C 
C 

.. ' 

SUBRCUT INE PLOT!T 
THIS RCUTINE GRAPHS TFN(I) AGA!NST CHANNEL NUMBERS IN lrn CHANNEL 
!NTERVPL~ BEGI~NING WITH C-iANNEL A MiD STOPPING WITH CHANNEL l. 
COMMON I~RRAYI TFN 
CC~!~;ON '/INDEXI NTOT ,F! LE ,!lA,IDI S,NPD 
REAL *4 TFN(4';961,X(11(),Y(lHI 
INTEGER *4 FILE 
INTEGER *4 NSCL( 51 /1,J,-l,e,-11 
A :0 II 0 
Z=4il96o t:' 
CHL F= A 
IF (CHLF. LT,,1'::·.C I CHLF=lfj~ 

IOC ICHLF=CHLF 
IF (CHLF.Efo:.lnC·1 CHRT=lC'J.:· 
IF (CHLFQGEcl.:".t!1 CHRT=CHLHl.":;<t 
lCHR T= CHR T 
J=(. 
DO 110 I=ICHLF,ICHRT 
J=J+l 
X( JI =1 

110 Y(J)=TFN(II 
HiAX=Y (l I 
DO 12,', J=2,J;:>j 

120 IF iY(JI.Gi.Y","'XI YMAX=Y(JI 
IF (YMAX, LT.l·.:J'~1) I GC TO 13:' 
IF (YMAX.GE.l(C('.".AND.YMAX.LT.1CC:;j!'<(:1 GO TO 140 
! F (Y r-'AX. GE.l1:.'-:'r'G<c·1 YMAX= 1:,;(,\([ ~c 
GO TO 15':' 

130 YMAX=lC~~.C 

GO TO 15'1 
14J YMA ~=l' (iV). C 
150 WRIT E (6,181' I 

LOGICAL *1 GRAPH (1"1 ,10 I 
C~LL PLOT1(NSCL,\~,lr,lC,ltl 
CALL PLOT2 (Gf:.APH,Yr'AX,C.( ,-CHLF,-CHRT I 
DO 160 J=)., E.'" 

16C Cft.LL PLOT31'*',Y(JI,-X(JI,lI 
CALL PLOT4(6C,' CHM!~lEL NUMBER WITH SIGN CHA'4GED T8 

1 NEGATIVE' I 
WRITE (6,19C I FILE 
C HLF =C HK T 
IF (CHL F 0 GT .l I GO TO 170 

GO TO 1(.;0 
170 R E TUf-N 
C 
18C FCRMAT ('1'1 
19r · FOP'IAT (1.;;',15X, 'COUNTS FOF. FILE ',131 

END 



N ~~OC02 
C 
C 
C 
C 

N (CD 
N <"JO 4 
Ii OQrl5 
N (Ci.l6 
N Oe07 

N ()Oe S 
N C!)C 9 100 
N CCll) 
N COIl 110 
N (>e12 
N (014 
N 0015 
N en 7 
N eelS 

N eCls 
'J OG2(, 12f 

.N v021 DC , 
, 

iN , 00:>22 
N OC23 
N ~)(, 24 

IN Ot,26 
iN ()(27 14( 

IN 
C 

Ct,2 e 151 
!N 0(2S 16C 
·N CO') 17,: 
'N or31 18;;' 
:N 0)32 

1Ji"' . 

. . 
SUBROUTINEREtDIT 
SUBROUTINE REtDlT READS THE NUCLIDE INFORMATICN.AND STORES IT IN 
THE APPROPRIATE REGION DETEK'HNED BY Tf'E DEFINE FIl: STATEMENTS. 
THE NUCLIDE DATA SET MUST END WITH AN 'ENDIT' CARD IN WHICH 
'ENDlT' IS PU,~CHED !N THE FIRST FIVE COlUMN$o 
COMMON IHlITI NT6,NT5,IP,KOUNT,WT,DT,FlUX,!D, ICAl!B,rCAlC 
REAL *8 ENDIT/'ENDIT 'I 
R Ell *8 SY M, BlK/' 'I 
REAL *4 EFF(41 
DE'F!NE FILE: 4C(1C,C,6B,l,IP),4](lOr,6B,L,IP),42(DJ,68,L,IPI,4311CC 

1 ,68,ldPI,44(l):,68,l,IP) 
N X=39 
NX=NX+l 
! P=l 
FEAD (S,lsr) SY'l,Hl,E~JG,XIN,EFF(1),ErF(2),EFF(3),EFF(4),SY'180l 

IF (SY 1'. EQ. ENDIT .Of'?Nl(,EQ~45) GJ TO 14'; 
NP=IP 
IF (SYM.E~.BlK) GO TO 120 
REftO (~,16rl BOP,XSECT,AB!SO,ELMASS,CPMMG,WTMOL,ND 
wRITE (N)('IP) SVM,Hl,ENG,XI~!,EFFn),EFF(2),cFF(3),EFF(4),SYMBOL,BO 

1 P ,XS ECT, ~,B IS 0, El~IASS, lPMMG, WH!Ol, N 0 
GO TO 11,) 
IF= 1 
FEAD (NX'IP) SYM,Hl,ENG,X!N,EFF(1),EF!'(Z),EFF(3),EFF(4),SYM8Ul,eOp 

1 , )( SEC T , A3 1 SO , E l'l,l, S S, C P MMG , wT '10 l , NO 
WFITE (6,170) syr,i,HL,ENG,XIN, tFF(l),EFF( 2),EFF(3),EFF(4) ,S'(.'1BOL 
WRITE (6,lar') BLI',XSECT,A8!SO,'=l'~tSs,CPMr~G,wTMCl,ND 
IF (IP. EQ. ~!P) GO TO 1(;(' 

GO TC 13': 
RETURN 

FORM,:'T (0.5,El4.7,Fl~ol,Fl~~2,4Elf,,3,A)) 

F'JRM,~,T (Il,F8.3,rLc. 2,2Ell.4,!3,35X,111 
FORMAT nH-,A5,E14.r, FlC .1,Fl('e2,4ElC,,3,~.1) 
FCr;MAT (lHC,11,FS.3,Fl,!.2,2Ell.4,I3,35X,!1) 
EN D 

'-r""'-" 



N GO~;:: 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r 

'"' C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

N ~O()3 

N ('004 
N C~C5 
N ('1)')6 
N V:07 
N «,,) 8 
N {jC~9 
N cnc 
N iYJ 11 
N (012 
N GCl3 
N 0014 
N (~(, 1 5 
N U1l6 

• . orr,,>· 

SUBROUTINE SPAN2 
SUBROUTINE SPAN2 TAKES 4096 CHA.NNELS OF D:TA (TFNI FROM COt-t~:lN 

STORAGE AND SE.RCHES FOR PEAKS USI~G A SECOND DIFFERENCE METHOD 
ESSENTIALLY LIKE Ml.RISCOTT! '5. (SEE AS REF: M"A.r~AR.I SCOTTI, NUCL,. 
INST. !>ND ~1ETH. 5((196713,~.gel THE SECOND D!FFEPENC~ S AND ITS STD 
DEVIATION FARE P,EINDEXED EACH TIME A NEW Il IS FOUND. THE AMOUNT 
OF INFORMATION PRINTED OUT DJP.ING THE SEtPCH IS COHROLLED BY THE 
EDIT OPTION Vt,RIABLE ICA (IN COMMON STORA.GEI ~S FOLLOWS: 
Iet\ PR tNT OUT 
C DOES NuT EDH PEt.K SEARCH FESULTS c 

1 (DITS ONLY SINGLE AND OVERLAPP!NG PEAKS. 
2 EDITS 5';,"1 E AS 1 + HL TEST FA1LURES" 
3 EDITS St)~E AS 2 + CHt.t\f\EL BY CH!NNEL DEfAILS OF SEA;l.O:~ 
4 EO ITS SlIM E AS 3 + GRAPH OF 41'96 CHII.NNEL SPEC TRU~, 

THE FOLLOI/!NG IS AN EJ(PLA~.6.TICN OF CGMMENT CODES GE'Jf:r:~,TED BY SPt,N 
COMMENT EXPLANATION 
ceDE 

,"00 SINGLE PEAK ,mICH PASSED ALL TESTS. 
101. SINGLE PEM WHICH PASSED ALL TESTS GUT GAVE A POSITIVE 

B(2 I IN LE~ST SQUARES FIT TO LOCATE CENTER, JF PE,\K. 
2(.r THI SIS THE Mt·.! N PUK CF 1 WC CR MORE OVERUPP ING PEAKS. 

THIS MAIN PEA.K PASSED ALL TESTS. 
2(oAAAA TH! S PEAK OVERLAPS WITH THE PEA.K AT CHANNEL UtA WHEP E 

M.M PAS5EO ALL TESTS. 
2l~C THIS IS HE MAIN PU.K CF TWO OR ~\oRE OVERLAPP I'IIG PE.IIKS AND 

PASSED tolL TESTS BUT GAVE POSITIVE BI21 !N LEAST SQJARES. 
4B.~CN· THIS IS THE ~IAIN PEAK OF HID OP 'lORE OVER.LAPPING PE~.KS, 

TflIS PEAK FA.ILED TO PA.SS TEST B. 
5C.CCCC THIS PEAK OVERLAPS WITH THE PEAK AT CHANt\EL CCCC WHERE 

CCCC H.ILED TO PASS t.LL TESTS. 
6D.I"(lf'r: THIS SINGLE PEAK FAT,LED TC P.~SS TEST c. 
Bt.COGO THE MAXIMUM DIMENSION OF VARIABLES SAND F WAS EXCEEDED 

BEFORE A ;~EW VALUE OF !l. Wt.5 FClUND~ ALL "11.'1JMII IN THE 
SECOND JIFFERENCE CC:URRING BEThEEN IS AND THE MAX!MUM 
DIMENSION ARE GIVE'l cor~ME~H CODE 8::.r()ri1~ 

81.COC( NO MINHIUM wAS FOU~D !N THE SECCND DIFFERENCE CURVE 
BETWEEN 13 AND 150 

THE VAFIOUS TEST F\-41 ARE DESCRIBED iN ThE BODY OF THlS F.OUiINEt 
BEGIN C'LCULATiON OF THE SMOOTHED SECOND DIFFERENCE S AND ITS 
APPFOX!MATF.D STANDAPD CEV!ATlON F. 
COMMON IARRAYI TFN 
COMWJN I BAGI M 
CerMGN IC4TAI CDEL 
CCHMON IENERGY/ AA,BB 
CU1-'CI\ /HELLI 1XL, !XR 
CO~MON /HOr-'EI TM3 ,m2 ,ml ,T~:" 
COMMON IINDEXI 'JTOT,FILE,ICA,IDIS,NPD 
CCM,"CN /PECIT/ PClATA 
CO~MON /SHELF/ Wlrlo,ITOLER,S~PFAC,AFAC 
REAL *8 AA, ee 
P.EAL *8 CH(5!'l,21 ,$LNTFN(5CI,WISr),A,B(21,STAT{31,VARB(21,T(21 
REAL *8 n13,T\~2,TM1,n'l) 
PEAL *4 CDEL 15 I 
PEAL ·4 D'SH/'----'I 



N C\;17 
N (C18 

N C019 
N C<; 2 (} 
N (Je2l 
N C022 
N eL23 
.N {;O24 
'N , (1225 
N (026 
:N 0(>'27 
N (1\28 
N (;'029 

, 
N 0030 
I 
I 
I 
:N , \'C 31 
t , 
j 
I 

'N 0(;32 
iN (:(,33 , 
iN 0,)35 
iN n.C' 37 
!N , 0(;3 9 

IN {C41 
iN 1'042 
iN ()(, 4 3 
N t('44 
'N 0045 
I 
N C(46 
t , 
I 

N (;047 
N ((;48 
'N ((;49 
N C[; 5':; 
N ((;51 
N (,·)52 
N (f:3 
N (:J54 
N v;, 5 5 
N t:C56 
N OL 58 
N UJ6'.; 
N 0';62 

N 0063 

N (<64 
N ( C'66 
N ce6S 

PEAL *4 PDATA(SW":,71 
REAL *4 PKCNTR(SO::::'.COUNTS(S"CI,COMCOD(501)1,ENG(5C'01,AREA(5')lIl,RSD 

1 A ( 5(0 I , F 'rlH M (5:'1:J I 
REAL *4 S(3fOI,F(3CO) 
REAL *4 TFN(4"961 
Hl1I::GER *4 F!LE 
EQUIVAL EN CE tPDA Tf, (1,1 I, PKC)JTP ( 1 I I 
EQUl VALENCE tPDATA(1 ,2 I ,coums 1111 
EQUIVALENCE (.PDATA(1,31,COMCOD(111 
EQU!VALENCE 'PDATtdl,41, EN Gil II 
EQUXVALENCE (PDII.TAIl,51,AREAlllI 
EQUIVALENCE (PDATAll,6),RSDA( UI 
EQLIIIALENCE (PDI,TA(l,71,H,H,'1(111 
Ef~UIVALENCE (KOUNT,NPDI 

C AFAC IS A FACTOR WHIC\-, DET ER"I INES THE NU,'15ER OF CH~NNEL S INCLUDED 
C IN AREA SUMMATIONS. 
C SEPFAX IS TbE FACTO~ WHICH DETERMINES ACCEPTABLE PE'K SEPARATIONS. 
C !TOLER IS I'ARISCfJTTI'S TOLERANCE DEFINED ON PAGE 316 OF HIS P~.PER. 
C WIND IS '1A"ISCOTTI 'S W!NDOW,W, DEFlNED ON PAG~ 31" OF HIS PAPER. 
C lwlND IS t, FUNCT !O~I wHCH SE1PS SEAPCH AT CHANNEL 4096~ 

I WI ND=l. + « 5.* (WIND-I. I )/2. I 
C KOUtH IS THE l"WEX WHICH COUNTS THE PEAKS, 

KOUNT=( 
C MORE IS A VARIABLE WHICH PERMITS CALCULtTION OF MORC SECOND 
C DIFFERENCE CATA FOF- LOCATION DF PEAK CENTER IF MOP.E = 1. 

MOR E =!} 

IF (!CA.GE.31 "RITE (6,87(;1 F!LE 
IF (IIIl\D.EQo3.:11 GO TC Dc 
IF (\,II\O,1:Q. 5eCI GC TO lle; 
IF (Wlr-D.U:.7.:i) GO TO 12~' 

11";('1=8 
GO TO 13') 

111.1 I =l":l 
GO TO 13 1) 

12C 1=18 
GO TO Dr! 

C INITI'LIZE THE VARIA3LES 11 ThRU 15. 
13:) ll=i+l 

12 =1 + 2 
13= 1+3 
14 =99 
15=95 
INOIl= Il.-ll +2 
IND12=12-11+2 
INDI3=13-11+2 
I ND=l 

14r ! F (WI NO, EO. 3. 01 GO TO 15" 
IF (WIND.EQ.5.CiI GO TO 16,) 
IF (IIIND,,;:Q.7.;) GC TC 17') 

150 S ( IN 0 I = I. ,,( T F "" ( 1- 61 + TF N ( 1+ 6) I + ~. * ( TF N ( 1-5 I + T F ~ ( I +5 I 1+6 9 * IT FN ( ! -4 I + 
1 TFN( 1+41 1+5~"'(T FN (1-31 +TF'l (1+311-9,*( TFNI I-I I+TFN( 1 >1) )-12n*TFN( I I 

F(INDI =SOPT(443.*(TFN(I) I I 
C TO PREVFH DIVIDHIG BY ZERO, LET S = C,Q'I:':0Cl 

IF (S(1NDI.E(Jo:'o~1 S(INDI=.~'rcr:rl 
IF (let. G E • 3 I wn T E (6, 88 t, I I, TF N ( II , S (J t,; 0 I , F ( I NO I 
IF (~GRE.EC.l I GJ TO 610 



N CCl7') 
N ((72 

N 0073 

II: 0074 

N (;075 
N 1~C77 
N COS 
N OOBl 
N ('(a3 
N ( 084 

'! cess 
N 00B6 

N C(BB 
:N 0090 
iN , von 
'N U)94 
iN C695 
!N CC96 
IN C()97 
!N u: '" <; 
iN CWI 
iN 002 
N (;103 
:N (, 105 
iN 01('7 
.N (:1(9 

, 
N C 111 
N 0112 
N OlD 
N (l1l5 
N C 116 
N C1l7 
N C1l8 
N 0119 
N 02'J 

N 0121 
N C122 
N 1.1123 
N 0124 
N r:125 
N Cl2.e 

IF (IND.EQ.II GO TO 18C 
GO TO 24') 

1. 6(; S ( IN D I ~ 1. "' ( T fN ( 1- 111 + TF N ( 1 + 11 I 1+ 3. * (i TF N ( ! -1 () I + T F N I 1+1 r· I I + 6 Q * ( TF N I ! 
1-9 I + TF NIl +9 I H 1) • * IT F N ( 1-8 1+ T FN ( ! + 8 I 1+ 15 0 * IT FN ( 1- 7 I + TFN I I +7 I 1+ 16. * 
2( IFNI 1-61+TFNI 1+611+ 13.* (TFN( 1-51+TFN( 1+51 1+6.*ITFN( 1-4 I tTFN( l+411 
3 -5."' IT FN (I -3 1 +T F~, ( 1+ 3 I 1- 2(:. * ( T F~l ( ~- 2 l+ TFN ( ! + 2 I 1- 29, '" ( TF N ( I-II" TF N I 
41+ 111-32. * TFN(l I 

FIINCI=SQKT( 522(9*( TFN( I III 
C TO PREVENT DIVIDH1G BY ZERO, LET S II I = .CC'I)('I)Ol 

IF (S( INDI.EQ.'J.UI S(!NDI =.r'(OCf'{':l 
IF (IeA.GE e 31 ~RITE (6,88el !,TFNIII,S(INDI,FIl'JDI 
IF (MORE. EQ.lI GO TO 61:-
IF (INC. EQ.II GO TO 18C1 

GO Te 24r: 
l71:' SI IND 1=1. *( TF N ( ! -161 +TF N ( l + 16 I 1+ 3. ~, IT F N II -15 1+ T FN I 1+ 15 I 1+6. * IT F'IJ I 1 

1-14 I + T FN I I + 14 I 1+ F ., * ( IF N I ! -13 ) + TF N ( I .;- 131 I t 15. * I TF N I I -12 I + TF N I ! + 12 1 
2 I + 21 • * ( TF N ( ! -11 1 + T FN I 1+11 I I +2 8 < * IT FN I I -E, 1 + T FN ( 1+ 1C I I + 31" *( T F N I X - 9 
31+TFNI 1+91 )+3r. *( TH (1-8) +TFt!( I+811+25,*(JFNI 1-7 )+TFNI 1+711+16. *IT 
4 F N ( 1-6 '" T F r-. I Hb I 1+3. * IT FN ( 1-5 HT FiH l + 5 1 1-14. *' TF ill ( 1- 41 + TFN I 1+ 41 1- 3 
55" * ( TF N( 1- 3 '" THJ I ! +3 I I-50. 'i< I TF N { I -2 I +T FTI: I I +2 I I-59, * (TFN I I-I I +T f~ ( ! 
6+111-62.*TFN( 11 

F (INDI =SQPTl273!t2.* IT!'Ni I I I 1 
IF (S( INO I.EQc) • .'el S( I NDI =. CCCeGO 

C TO PREVENT DIVIDING BY lERC, LET S I II = .rrn'Kc1 
IF (I U. G Eo 3 I \'IP.! T E (6,88 r' I I, T F N ( II , S II NO I , F IT N D I 
IF (NORE,EQcll GO TO 610 
IF 11"'0.EQ.11 GO TO 18r 
GO TO 24(' 

18(1 HC=INO+l 
I =I+ 1 
IF It.GE.4(196-IW!tiDI GO TO 72C 
IF (INO.GE~3'/'1 GeTD 19:1 
GO TO 14') 

190 DO 23'; IND=INC!5,298 
IF (SIINDI~GE,")o':.1 GC TO 231) 
IF (SIINDI.LT.SI !f\IO-l!.AND.SIHlDl.LToSIHJD+ll) GO TO 2{/) 
IF (I"'O.EQ.Z~81 GO TO 23~ 
IF (S ( IN 0 I. L To S I I NO-l I. AND. S : I t\D I. E Qu S (I N C+ 1 '0 f II: C. S I IN 0 I • LT. S ( IN D + 

12 I I GO T'] 2~O 

GO TO 23:'1 
20" KOUNT=KOUNT+l 

IF (KCUNT.GE.5')OI GO TO 21:, 
GO TO 22'; 

21') WRITE 16,9<;f) 
GO TO 72,', 

22G I=HW+II-2 
PKCNTF (KCUt\T 1=1 
ENG ( KOUNTl = ( ( P Ke N TR ( KC UNT I - ICC EL n 1+ PKC NT R (K OUNT I * I C DEL 12 I +P < C'lJT R ( 

lK OUN T I * I CD ELI ,3 I +P KCN TR ( KO UN T I * (C D': LI 41 + PKC NTR ( KOUNT I * Co E l( 5 I I I I } 1-
2~A}/5B 

COL N 1 S ( K 0 UN T I = TF N I I I 
F'rlH'i IKOUNT I=O~.SH 
COMCeDIKOUNTI=8C.: 

23 f j CONTlNUE 
SI1I=S(2981 
F ( 11 =F ( 2 S 8 I 



N 0127 
N ("128 
N «12S 
N vB·) 
N 0131 
N 0132 
N 0133 

N 0134 
N C136 
N 0138 
N 0139 
N 0141 
N 0143 
1\ () 14 5 
N 0146 
N C147 
1\ lJl48 
N r149 
N (; 1.5': 
N Cl51 
N C152 
N 0153 
N C155 
'N 0157 
'N 0159 
, , 
r'4 (l6'} 

:1\ (1161 
N ('162 
~N Ot3 
IN 0164 
iN ':H:5 
!N 0167 
:N ;;169 
N '0171 
~N 0172 
'N 0173 
N 0174 
N ~175 

, 

N C176 
N 0177 
lJ .. 178 .. 017'7 
" N C18\) 
N CISl 

N C182 
r. 0183 
N ~184 
N C186 
N 0188 

N 019'.1 
N on 
N 1..192 

$(21=SI2991 
F(2)=F(299) 
I=299+Il-2 
INO=2 
11 =1 
INOI1=2 
GO TO 18:) 

C BEGIN THE SEARCH FOF VARIABLES Il THFU 150 
24() IF 1 SIIND)oGT.F(!ND) I GO TO 261 

I.F (S(INO).GT.CQOI GO TO 27r: 
M=3 

25(; IF ($( IND-ll.GT.FIIND-l)) GO TO 280 
IF ISIINC-ll.GT o 8. r" GO TO 31G 
IF (M.EQe 31 GO TO 180 
15= I-I 
J 1\015= INO-I 
INDZ=IND-l 
GO T C 3"8 

26C M=l 
GO TO 250 

270 ~ =2 
GO TO 25,; 

280 ! F (/-1. E).l) GO TO l8C 
IF IM o EQ.2) GOTO 29" 
IF I M.EQ. 31 GO TO 31'.'1) 

290 12=1-1 
I NOI 2=1 NO-l 
GO TO ]8:l 

3CO 13=1 
IND13=INO 
GO TO 298 

3H IF IM~EQ.l) GOTO 32) 
IF IM.EQ.2J GO TO 18(' 
IF (f". EQ.3 I GO TO 33':1 

32\.· 11=1 
INCI1=2 
S(l)=SIINO-l) 
FI 1 i=F I IND-ll 
S I 2 ) =$ liN 0 ) 
F ( 21 =F (1 ND) 
Hi c= 2 
GO TC 18,) 

33C 13=1 
INOI3= !ND 
GC TO lsr 

c CCt1PUTE THE MINH1A BETWEEN 13 AND 15. IF THERE IS ONLY ONE: 
C To'INIMUr', LET IT BE C6LLED 140 
!4( KCLNTA=KGUNT+l 

DO 38:j l N 0= IN D 13, !ND I 5 
IF ISIlt<.OI.LT.,SI1NO-ll.ANO.S(!NDloLT.SIIND+ll) GO TJ 351' 
IF I INDoEQ. INOZ) GO TO 38r 
I F I S I J N D) 0 LT. S ( IN 0-11 G AN O. $ ( IN 0 ) < EQ 0 S I !flO + 1 ) 0)\ "10. S I I NO I • L T, $ ( I NO+ 

121 I GO TO 350 
GO TO 380 

350 KOLN1=KOUNTtl 
IF (KOUNT.GE. 50(,) GO TO 21« 



N G194 
N C195 
N Cl C; 6 
~~ (j 19 7 
N (198 
N 0199 

N {'200 
iN 02<'2 
:N 02(13 
:N 02(:5 
tJ o 2tH: 
N 02:.J7 
N 0208 
N {,209 
1\ 0211 
N C212 
N ('213 
N C215 
N 0216 
N 0217 
~N {J2l9 
N (: 22) 
iN ('222 
(N 1)223 
'N , 0224 

1 
I 
iN (;225 
!N I) 22 C , 
iN ')221 
iN 0228 
N C,22<; 
N 023:) 
!N lI231 
'N (j 23 2 
N ('233 
iN C234 
N 0235 

N (,236 

N ()238 
N C239 
N 024,:' 
N 0241 
N 0242 

'N 0243 
N tJ 2 l .5 
N 0246 
N 0248 

N 0249 

1= IND+I 1-2 
PKCNH (KOUNT 1=1 
FWHM(KOUNTI=CASH 
RSDA(KOUNTI=DASH 
ARE/lIKCUNT I=CASH 
ENG(KOUNTi =( (PKCNTR( KOUNTI-(C)ELH I+PKCr,TR(KOUNT I*(C)EL(ZI+P<CNTR( 

1 KOUNT 1 * ( CD EL ( 3 I+P KC'nR (K DUN T 1 ,,( C OE L( 41 +P KC NT R ( KD UN TI *C OE L( 51 I I I I 1-
ZAAI/BB 

IF (lU,oGE.31 WRITE (6,9C!)1 K(lU~IT,I,13,15 

CCUNTS (KOUNT )=T FN (! I 
IF (KOUNT. EO. KOUNTAI GO TO 36J 
GO TO 37:) 

36(' LPGPK=1t\D 
KGUNTL=KOLJNT 
GO TO 38) 

37C IF I S( LRGPKI. GT. S(lNDII GO TO 360 
GO TO 38:,) 

38(1 CONlINLE 
IF 1 KOlJNTA-l. EO. KOU~ITI GC TO 390 
GO T C 4,:' [) 

3SC KCUr,T=KOUNT+1 
IF IKOUNToGE.5,j::, GO TO Z10 
CCMCCOIKDUNT 1=310 
IF (ICA o GE c 31 WRITE (6,9H:1 KDUNT,I3tl5 
PKCNTRIKrJUhT ,=(13+151/2. 
F ,'HMI KCV'H I =DASH 
ENG(KOUNTI=(IPKCNTR(K~UNT'-(COEL(11+PKCNT~IKOUNTI*(:0ELI~I+PKCNTRI 

1 KOUNT 1 * 1 CD EL 131 + PKUH R (K OUN T 1 '" 1 C OEL( " I +PK: NTP- ( KO UNT ) *C DE L ( 51 I I I I 1-
2MI/BB 

COUNTS(KQUNTI=TFN(PKCNTR(KOUNTII 
AREAIKCUNTI=CASH 
R SDi', (KOUNT I =011 SH 
1= 15 +1 
II\D=I-11+2 
GO TO 18,) 

4C( 1=15+1 
H;D=I-Il+2 
KCUhTl=KOUI\T 
I"=LPGPK 
14C HA, ~j "I 4+ I 1- 2 

C IF PEAK IS t, SINGLE PEAK GiJ TO 41C, 
IF I KOUNn. EQo KOLf'iTLI GO TO <')" 

C IF n-IS IS f.'1UL TIPLE PEAK GO TO 47(. 
GC TO 47>\ 

41l Nl=!5-r3q 
N2 = ( -. 5 * 1 N 1 + IT OL E R I * ( F 1 ! 4 II S 1 ! 4 I 1 1+. 5 
N 3= 1 1 Nl-iT CL E R 1* (1" v- (2 ~ C * 1 f( !411 S 114 1 I I I 1+.5 
FWHM(KOUNTI=1.16"'115-!31 

C TEST CCNDI TIO!\SDEF1NING NJM EP, !UL ? EL6.T IOhSH!P JF CrlAN~!EL '1UM3EP S 
C FO? 11 THROUGH 15, U.LL THIS TEST Cm;DlT ICN NUMBER ZEPO. 

IF 1 Xl.L E. JZ&A'<O. !2.LE.I3.~'<D. I 3+1. L To 1 51 GO TO 4211 
CCfJC CD (KCU~'TI :6~_ 
IF (ICA.GE.31 WRITE 16,92(,) !l,I2,r3,I4CH~N,r5 
GO 1 C 18') 

C TEST ~\t,RI SCOTTI'S CONDITICN NUr.'BER GNE~ 

4Z0 TESTlA=ABSI S(;,{4) 1 



N 0250 
N (251 
N 0253 
N 0255 
N (~256 

N 0257 
N 0259 
N C261 
N C262 

N C263 
N (264 
N 0266 
N C268 
N Q27~; 

N C271 

N 0272 
N (273 
N C275 
;, 0277 
N (,278 
N 0279 

N 0281 
,N (282 
N t; 283 
:N 'n84 
IN 0285 
irJ 028 c 

! 
• I 

:N D287 
'N 0289 
'N C29J 
iN 0292 , 

N C293 
N 0294 
N (295 
N 0297 
N 0296 
N 03(,') 

N (J 3;)1 
N 03.,)3 
N 0304 
N 0306 

N U3C 7 
N 03C 8 
N C3UJ 
N <'312 
~, C 313 
N ('31 5 

TESTIB=200*F (141 
I F (T E S Tl Ac GT • T ES T1 B 1 GO TO 43(' 
IF (ICAoGE~31 WRITE 16,9301 14CH/l.N 
CCMCODIKOUNT)=61. 
GO TO lSI) 

C TEST OUR CONDITION NUMBER TWO INSTEAD OF MARISCOTT1'S NUMBER TWO. 
43C IF (Nl.GE •. 3.AND.Nl o LE.28) GO TO 440 

IF ·(!CAoGEo31 WRITE (6,940) 14CHAN,I5t13,Nl 
COMCOD(KOUNTI=62~ 

GO TO 18,1 
C T[ST MM'ISCOTTI'S CONDITION NUr'BER THREEc 
440 IT EST3=I3-12-1 

IF IlTESB.LEo N2oAND.N2.GE.lI GO TO 45) 
IF (ITEST3,LE.l,AND.N2.EQ.Cl GO TO 450 
I F (I C.6 e G E. 3 I \; ~ IT E (6,9 52) N 2 tl 2, 13 
COMCOD(KOUNTI=63o 
GO TC 18"1 

C TE ST M.~RI SCOTT!' S CONDIT I ON NU/-:3 ER FOURo 
',Sf ITEST4=I2-11+1 

IF (IEST4. GEoN3 1 GO TO 46:1 
IF (ICtoGi:: 0 3 1 WPI TE 1 6 ,96~)) N3,I 2,1l 
COMCOD(KOU~T l=c4. 
GO TO 18~' 

46(0 IF (ICA.GE.31 ~rl,ITE (6,970; I4CHA~J,!TOLER.,Nl,N2,N3,Il'!2,I3,HCHAN 
l,I5 

COMCOOIKOUNTI=(.0 
GO TO 58) 

471; Nl=!5-!3+1 
N2=(-. 5*(Nl+I TOLEF,I* (F<I41/S( 1411 1+.5 
N3 = 1 nil- IT CL E P 1 * (l Qi) - (2,0 * ( F( 141/ S 1 141 1 I I 1+. 5 
j= ~.'HM (KCiUNTL 1 =1.1 J* (! 5- 13 1 

C TEST CONDITIONS DEFtNING NUMERICAL PELATIONSHIP O~ CHANNEL NUM8ERS 
C FOR 11 THROUGH 15. et.LL THIS TEST CONDITICN NUMBER ZERO • 

IF (IleLE. IZ.M.Do I 2. LEo I 3. AND. 13+1.. LT. 151 GO TO 48~ 
CCMCOO (KCU I\T L 1=4':. 
IF (ICA.GEg31 WRIT:: (6,nrl !l,~2tI3tI4CHANt!5 
GO TO 53,) 

C TEST MfRISCOTT!'S CONCH !O;i I~U~'BEP, mIE., 
48'.: TESTU =Ai3S, S( I"II 

TES118=2,-, *F( :41 
IF (TEST1~.GT.TEsnBI GO TO 4';( 
CO MC 0 a ( ;, CJ UN T L 1 = 41, 
IF (IC"" GE.3 1 \; p, IT E 16,93:' I 14CHAN 
GO TO 53" 

C TEST OUF. CONDITION NU~lBER HiO INSTEAD OF Mt.U SCOTTI'S NUMBEq TWO, 
49" IF (Nl.GE.3.~.NDuNl.LE.281 GO TO 5(0 

COMCOD(KOUNTLI=42. 
1 F (r c,~" G E., 3) rl RITE (6, 94') I I 4C HAN ,I 5,J 3, ~Il 
GO TO 53,' 

C .TEST NARISCOTTI'S CONDITlm, NUf'8EP, THP~E. 
sec 1 TEST3 =I3-!2-1 

IF (!TEST3,LE,N2.~ND.N2.GEoll GO TO 51!) 
I F (IT EST 3 c L E" 1 ¢ AN C. N 2. EQ 0 C' I GO TO 51 (') 
COMe CD (KCUNTLI =',3" 
1 F (ICA.GE.31 WP. HE (6,9501 N2,I 2,r 3 
GO Te 53" 



N 0316 
N 0317 
N (.319 
N 0320 
N 0322 
N 1,)323 
N 0324 

iN 032& I 
iN (327 

'N (,328 
N C 33:1 
N 0332 
N i) 333 
. N 0335 
N C336 
'N 0337 
.N 0338 
N 0339 
.~ (,340 
'N (1 ':41 
:N 0342 
IN ('343 
!N 0345 
!N 046 
I" C347 p. 
iN 1)348 
iN 0349 
!N 035,) 
IN 0351 

I 
i 

iN ':'3~2 
N 0353 
N ~354 
N t 355 
N /)356 
N ,)357 
N 0359 
N 0360 
N 0361 
N ':<~62 
N G364 
N C365 
N 0366 
N C367 
N 'J368 
N 0369 
N C370 
N (.371 
N (;373 
N (374 

.~ .. ,"- , 

C TEST MI>RISCOTT!' S COI\CIT ICN NUMBER FOUR. 
51C HE ST 4=12- 11+ 1 

IF (IT EST4.GE~N31 GO TO 52C 
CO~\C 00 (KOUNT LI ="-40 
IF (ICA.GE.31 WKITE (6,96r:1 N3,I2,!l 
GO TO 53l 

520 COMCOO(KOUNTLI=2( .• C 

530 

54(' 

55« 

56C 

571' 

C 
C 
C 
C 
C 
580 

IF (lCA.GEo31 "KITE (6,97(') 14CHAN,ITOLER,Nl,N2,N3,!l,!2,!3,I4CHM-i 
1 ,! 5 

GO TO 530 
CCNTINUE 
IF (CO~COD(KCUNTLI.Et.2rol GO TO 54~ 
IF (COMCOO(KOU'lTL '¢NE.2".l~) GO TO 56<' 
DC 55n KOUNT=KOU~Tft,KCUNTl 

!F (KOUNT.EQ.KOUiHLI GO TO 55(; 
CCf.1COD (KOU t\T ) = (2,-')(" (;C ~ +L R GPK + Il- 2. C () )/1 or:cc • 
F~HM(KCUNTI =CASH 
CONTIN IJ E 
1=15+1 
H,·IO=I·· 11+2 
K OU"'T= KOUNT L 
GO TO 58) 
DO 570 KOUNT=KOUNTA,KOUNTl 
IF (KOUNT,EQ.KOUNTLI GO TO 571:' 
COMCOD(KOUNTI=(5~~(00.+LRGPK+Jl-2.0~)/1C~Or. 
FW hM (KOU,NT 1= DASH 
C (NTI NUE 
KCU~iT=KOUNTl 
1=15+) 
I NO =1 -ll + 2 
GO TO 1.8';' 
FIT A G.6.USS!A'" CURVE TO ,HE PUNTS BETWEEN THE MAXIMUM IN S ON 
THE LUT (MAXLI liND THE "A,(!"IU~' eN THE RIGHT ("AXPI OF THE PEAK 
CENTER~ ULlULATE THE PEAK CENTED FRO"l THESE DAH., LET ILSQ 
COUNT CHt.N~,EL$ STAf;TING WITH ~1~XL = 1< LET KCUNT BE THE YNDcl( 
WHICH COUNTS THE PEAKS. 
ccrnINLE 
H;Oil$=INDIl+1 
INDI5$=I'IO!5+1 
JNDLl=INDI5+INOI5-INCI3 
INDBB= INDI 3+r~;OI 3-!NOI 5 
IF (INOllhGT.INCi361 INOtlB=!'lOIl$ 
MORE=l 
MAXL= IND36-1 
DO 6e n I~O=lNDaB,INDI2 
IF ($( INDI.GT,S( M~,XLlI GO TO 59'! 
GC TO 6(.) 

59(· M XL =1 ND 
6:::(; CONTINUE 

I ~AxL=nxL+!l-2 
1= r 5*1 
!N 0= 1- Il +2 
GO TO 18" 

6F' IF (I.~E.I"'Dll+I 1-21 GO TO lar, 
~10RE=:: 
GO TO c2G 



N 075 
N (376 
N C377 
N 037'> 
N 038;) 
N 0381 
N 0382 
N 0383 
N 0384 
iN ()385 
:N tJ3E6 , 

0387 r-.: 
N 0388 
N Q39J 
N C391 
N (392 
N Ii 39 3 
N 0394 
N (395 
N 096 
N (1397 
t" 0398 
jN (!4C'Q 
N 04':)2 
IN 0404 
!N 'J 4~' 5 
!N 
1 

OL,:i6 
iN 040,;7 
:N C4( € , 

0409 ~'" i 
" . 
iN ()410 
i 
N :411 
,N e412 
N (,413 
N 0414 

I 
I 
r, 0415 
N C417 
N ,0418 
N 0419 
N 042::' 
:N 0421 

N 0422 
N (1,23 
N 0424 
N (425 
N 0426 
N 0427 
N (;429 
N 0431 
N C432 
N 0434 
,N 0435 

I: 2C MA XR=I NDl5 
DO 640 IND= 1ND15 $, INDll 
IF (S(INDI<GTcS(I-'MRII GO TO 63~ 
GO TO 64'.' 

63[; MAXR=IND 
1:4(' CONTINUE 

1M AXP= Mil XR + I 1- 2 
1 LSQ=<:' 
L= I~1A XR-H1.~ XL+l 
DQ 67D !=H'AXL, H1AXR 
I LSO=! LS Q+ 1 
CHI ILSO,ll=I 
IF (TFr,(II~EQ.,)o~ I GO TO 65J 
GO TO 66': 

65( $L NT FN ( IL SQ 1=-4:l 0 

GO TO 67': 
1:60 $UHFN(ILSQI=tLOG!TFNIIII 
67C CCN11NUE 

CALL CLEAR(W,l~01 
11= lo'lDG 
CALL LSTSQR(CH,$LNT,N,W,L,2,A,B,l,STH,VAFB,T,5CI 
IF (ICAel~E.3, riP I TE (6,98:'1 at:?I,B(1I,,~ 

IF (B(2 'oGEoO.~;oMWo COMCOD(KJUNT I.EOo('.( I GO TO 68~ 
IF (B(21,GE.~o(J.t.~<Do CCf<CCQ(KCUNT I" EQ,,2'.[, I GO TO 7,)"1 

GO TO Hl' 
680 CC~CCD(KCUNT I =t.; 
69'" n<Htll KOUNT 1=1,18* 1 I 5-131 

1=15+1 
I ND=I-!l+2 
KOUNT=KOUI'H l 
GC TO 188 

70S C01CODIKOUNTI=21.J 
GO TO 69,:'·' 

71C P KC N T Fe ( K 0 U 1\ T) = (-05 * B (l ) 1/ 8 (2 I 
ENG(KOUNTI=(IPKC~T~(KOUNTI-(CDEL(ll+PKCNTP(KOUNTI*I:JEL(21+PKCNTR( 

1 KOUNT 1* ( CD EL (3 1+ PK CN T R (K OU'l T I * (C DELI 4 I +P K OITf' (" 0 U'H I *C DEL ( 51 I I I I 1-
ZU'll /88 

IF (]CA.GE.31 W~ITE 16,990 I KCUNT,PKCNTRIKOUNTI 
I =!5+1 
IND=I- 11+2 
KCUNT=KCUNT l 
GO TO 1 W' 

720 CO~:TINUE 

C BEGIN EVALUATION :JF PEAK CENT EP ;'.ND FWHM OUA TJ F!'lD SINGLE P~~KS 
C SUFFICIENTLY SEPA~ATED FROM NEIGHBCRING PEAKS TO PERMIT AREA CtLC. 

$LOL=l.' 
J SlJI R T=1 
NU~IP K= 1 
KCUNT=O 

73( KOUNT=KOUNT+l 
IF (KOUNT.GT.KOUNTlI GO TO 78(' 
IF ICOr-'CODIKCUNT 'oEQoO.:Y.OR.CGf',COD(KDUNT loEO,,2r • I GJ TJ 740 
GO TO ')3,-' 

74( IF (NUtJPK.EQ.ll GO TO 750 
GO TO 76' 

750 KCNTP=KOUNT 



N ('436 
N 0437 
N tJ 10 38 76( 
N C439 
N !l441 
N 0442 7 7(~ 
N C443 
N 0444 78(; 
N 0445 79C 
IN (446 
IN 0447 
iN 0449 , 
'N 0451 
N 0452 80( 

.N [,454 
tl C455 81(1 
N C456 

C 
C 
C 

N 0457 82( 
~, t4~8 

C 
N (459 
'N C46() 
, 

0462 N 
iN 0463 
iN , (\464 83( 
:N (;466 
i~, 1:468 
!N (46S 
IN 0471 

1 C 
l-i 1:.472 E 4L' 
'N 0473 
:r J r; 474 
N (476 
N (478 85(' 

C 
C 
C 

N C48(, 
N (1482 
N 1)483 
N r. 484 
N 0485 
N :::486 
N 0487 
N (J4E€ e6C 

N <J489 
C 

N ( 490 871' 

N C491 e 8': 
N C4S2 89" 

NUHPK= 2 
GC T C 73;) 
KRGH T=KOUNT 
IF (JSTART.EQ.U GO TO 771:< 
GO TO 78,:· 
J STI'.R T=2 
GC TC 79;) 
$l(1L=P KCNT F (KLEF T I +S EPFAC*HIHM (KL EFT I 
COLL=PKCNTR(KCNTRI-SEPFAC*FWHMIKCNTRI 
COLf{= PKCNT F IK CNT R )+S EP FAC* FW HIH KCNT R I 
IF (KOUNT.GT.KOUNTLI RCL=4Cr96o 
IF (KOUNT. GT .KOJNTZ) GO TO 80( 
ROL=PKCNTR(KRGHTI-SEPFAC*FWHM(KRGHTI 
IF (SLOL.GT.COLL.OR.COLR.GT.ROL) GO TO 810 
GC TO 82c' 
APEA(KCNTRI=DASH 
GO TO 84) 
BEG! N AREA CALCU LAT I CN. 
IXL AND IXR ARE THE CHANNEL NUMBEPS FOR THE LEFT AND RIGHT POINlS 
THRU WHICH T~E B,4CKGROUND IS FITTED. 
l X L= PKC NTP, ( KCN TF. 1- SE P F IC * F WH r~ ( KC NT R ) +.5 
IXR~PKCNTR (KCNTk l+SEP "I\C*Fl-iHi1\KCI'HRI+. 5 
DETERt'IINE 1', THE NUMBER OF POINTS TO BE USED IN SMOJTHING o 
~I= 25 
IF (FWHI'(KCNT P leLT ,5. I M=5 
DO 831' N=2,11 
~1S=N +N +l 
IF (FWH,'1(KUJTP).GE"'·;SoI\ND~FWH'1(KCNTP,I.LTcl·;S+21 M="S 
IF (IO .• GE.31 W~,;TE (6,1(}((1 PKCNTR(KCNTPI ,~~ 
C:'1LL BKGND 
!F (ICAD GEe 31 WRITE: (6 ,101C I T"3 ,TM2 ,TM]. ,TM:) 
CALL PKPREA(KCNTP. I 
ENe AREA U.LCULAT!ON~ 
KLEF 1=KCNTR 
KcrHP,=:~RGHT 

IF (KOLNT.LEcKCUNTlI ,;C TO 73C 
IF (KOUNT.GT.KOUNTZ) GO TO '350 
IF (!U.GEdl wPITE (6,1.12"'1 FILE 
CALL EDT THERE r F H\~'EDIATE EDIT OF PUK SEARCH IS DES IRED. NOTE 
HowEVER THtT EIIE"GIES wILL BE INCO'WECT UNTIL AA A'ID BB (~H!CH 
APE DETE~Mlt<ED IN THE ~AIN GEU2 FOUTINEI A.RE DEFI'IED. 
IF (IC~oGE.41 ::UL PLCTIT 
lOIS = 1 
RETURN 
ENTFY POINT 
NE C=NPC-~ 
DO 8e;: I =1 ,NED 
Pl=PDATA(I,U 
PO t> TA ( i ,4 I = ( (Pl- ( C DE L (1 I + Pl * ( ( eEL (2 ) +P 1 * ( CD EL (3 l+P 1 * ( C DE l( .10 I + P 1 *:; 0 

1 E L ( 5 I I I I ) I -A.t. ) 18 B 
RETU R N 

FORMAT ('l',5X,'BEGIN DETAILED PRINT OUT OF PEAK SEARCH FOR FILE' 
!,I3,'.'11I 
F(!P.M.~T (' ',Il'),3)(,FF',,1,3)(,D14.7,3X,D14c 7) 
FCPIHT (' ','T t-E NUM eEr OF PEAKS TESTED H!\S EXCEEDED THE NUMBER PE 



N (,493 900 

N 0494 910 

N 0495 921', 
, 

I 
iN 0496 C; 3 f-, 

iN (:1497 94C 
I 
N (\493 95(\ 

N 0499 <;60 

:N 05(Q ~7C 

N 0501 980 
;N 0502 99' 
I 
i 
N C503 1 (., ''', '" 

' ... 1.1 '.I' , 
N C 5{14 1(,1", 

IN C 5[ 5 1 (2 ~~ 
i 
IN 

I 
05(6 

I 
i 

IPMlTTEC BY THE Dli1ENSION STATEP.ENT. '/' PEII.K SEARCH IS 01 SCONT!NUED 
20 PRJ NT OUT OF PEAK AN,I>,LYSIS FOLLOWS Q ' 1 
FOR'~AT (' 'tI4,'. ',5)(, 'A "1!NI"1UM IN THE SECOND DIFFERENCE OCCURRED 

I I>.T CHAN:-JEL ',14,' BEHIEE:~ 13 = CHA,NNEL ',14,' AND! 5 = CHANNEL', 
214,'.'1 

FORt'I>T (' ',14,'. " 5X, 'NO '1I'Ii!11U~1 IN THE SECOND DIFFERENCE WAS FOU 
IND BETwEEN 13 = CHANNEL' d4,' ~.ND 15 = CHtNNEL ',14, '4'1 
FOF~IAT I' ','THE ZE"OTH CONDITION TEST FAILED.'/' Il = 'tl4,', 12 

1 = ',14,', 13 = ',14,', 14 = ',I't,', 15 = 'tl4,'.'1 
FOiU~AT I' ',' TrlE FIRST TEST CCNDITI0N FAILED FOR l't = ',14, '.' 1 
FOR~1tT (' ','THE SECGNO TEST CO'lD! nON FAILED FOR 14 = ',!4,'. 15 

1=',14,',13=',14,' Nl=',II·,'.'1 
FORM,~T (' ','THE: THIRD TEST COND!T1otJ FA! LED: N2 = ',14,', 12 = 

1 • , I';' ,', 13 = t,! ''r f ' $ • ) 

FORMAT I' ',' THE FOURTH TEST CONDITION FAILEe: N3 = ',14, " 12 " 
1 ',14,', 11 = ',14,'." 
FOR~IAT I' ',' ALL TEST ceNDH leNS 

1 CHANNeL = ',14, '. TOLfR.~,NCE 

2,', N3 = ',14,', Il. = ',1't,', 
3',14,', 15 = ',IL,,'o'j 

WERE ~HT FOR. THf TESTS AT '1INIMUM 
: , ,! 2 , /' Nl ~ ',I <t , " N2 = ',J 4 
12 = ',I4,', 13 = ',t4,', 14 = 

FOR:" AT I' ',' B( 2 1 = ',01 'to 7 , 5 X, ' BIll = ',I) 14. 7,5)(, 'A = ',014.7 1 
FOR MAT (' ',!4,'.', 5 X , ' L E ,1 ~ T S QU A" ES F IT Fe R T H ! S P E 1\ K L CJ CAT EST H E 

1 CENTER AT',Fl0.41 
FO~MH I' ',','1 FOR PEAK AT ',Fc.l,' = ',I2.'~'1 

FGP~IAT (' ','TM3 =' ,D14.7,5X,'TM2 = ',0'.4 0 7,5X,'TMl = ',D14.7,5X, 
1'T~',(' '" ',D14.7j 
FOR~:,I>j (':)',5)(,' END DETAILED PRINTOUT OF PEAK SE~·.RCH FOR FILE',I3 



N ( "'('2 
N·GOC3 
~, COC 4 
/I: 00C5 
N 0,);;6 
N G ... J()7 

N (cG8 
N 0;:V:'9 
.11: Cl.,l:) 

N UHl 
N OC12 

.•.. , . 

BLOCK O~ TA 
COMMON ICATAI CDEl 
COMMON II i~ITI NT6,NT5,IP,KOJNT "IT, DT, FLUX, 10, ICALIB, ICAlC, E 
COMMON ISHElFI WIND,ITOLER,SEPFAC,AFAC 
REAL *B E(Z5 )174.7,(,61..6,1173.2,1332< 5, 21.*'.~;.1 
REAL *4 CDEU 5) 'o48625EQl ,-, 71(6~·E-')2 ,o2377BE-'::5 ,-o9n27 E-l) ,-.307 

ID5E-131 
REAL *4 WIND/5.I,SEPFAC/Z.I,AFAC/1.51 
REAL *4 WT/,;.CI,OT/.: .• CiI,FLUX/C,t'1 
INTEGER *4 NT6/6/,NT5/5/,KOUNT/~/,ID/~/,IP/1/,ICALIB/1/,ICAlC/11 
INTEGER *4 I TOLERI3I 
EN C 




