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APPENDIX 1

THEORETICAL CONSIDERATIONS IN NEUTRON ACTIVATION ANALYSIS OF MANGANESE

The de-ermination of manganese is based on the reaction of
Mn55 with a neutrron to produce Mn56, in high energy states. This nuclide
then decays by emission of gamma rays of characteristic energies, to a
more stable low energy state. The most frequent transition results in a
gamma-ray energy of 0.845 Mev (million electron volts). The half-life
for this decay is 2.54 hours (Holden and Walker, 1968). The rate of
emission of gamma rays is directly proportional to the amount of Mnsb,
and hence Mnss, in samples and standards. Hence, the amount of Mn
(Mn55= 100% of natural manganese) in the sample can be directly related
to the amowy: in the standard, assuming :

1) both received the same neutron flux

2) absorption effects of the matrix are either negligible or

equal in standard and sample.

3) comoeting reactions are negligible, or can be corrected for.

4) bota sample and standard are counted in the same position

relative to the detector.

5) bota are counted on the same detector (Ge-Li or NaI-Th)

using the same settings. Counting times may vary, since they

can be corrected for decay (see Appendix 2).

Interfarences in this procedure are of two types = other
nuclides like 0>’ and Fe®® can form Mn3® by competing reactions, and

MnSS

can produce nuclides other than Mn®® by similar reactions. Table 8
gives the reactions involved, with their relative probabilities, or

cross sections.



TABLE 8 Nuclear reactions involved in manganese determination.

Nuclide  Aburdance(%) Reaction Cross Sectiont
Mn®® 100 Mn®® (n, y) Mn®® 13.3 barns' "

Mn®® 100 Mn35 (n, p) CrSS 0.4 millibarns
Mn3S 100 Mn%% (n, «) V52 0.13 millibarns
Mn33 100 Mn%% (n,2n) Mn®* 0.16 millibarns
Co%? 100 Co3? (n, =) Mn%® 0.23 millibarns
Fe3* 91.66 Fe%% (n, p) Mn%*¢ 0.87 millibarns

for a fission neutron spectrum, after Roy and Hawton (1960)

'  for u trermal neutron spectrum, after Holden and Walker (1968)

In order to correct for these competing reactions, the value
of the thermal neutron cross section must be determinec, based on
published fissior. neutron cross sections. An approximate conversion can
be made by consicering the so-called cadmium ratio, which gives the
proportion of fission (fast) neutrons in the total reactor flux. This
value varies from about 0.1 to 0.03, depending on the neutron spectrum
in the particular irradiation position used. Thus the maximum thermal
neutron cross section will be about 0.1 times the fission neutron cross
section.

It can be seen that the reaction of Mn®3 to produce Mn3% has
a probability about 10° times greater than these competing reactions.
The reaction of Ma®® to produce nuclides other than Mn%% will therefore
be negligible bacause of its low probability. Also, both sample and
standard manganese undergo the same reactions, so that the effects will
cancel. The reaction involving Co3° will also be negligible, because of

low cobalt conterts of the minerals being considered.
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TABLE 9

Sample
19G steel
KP-1

¥p-2

DP-1

DP-2
KCpy=-1
KS-1

KS=2

DS-1

DS-2

Fo®* (wt%)
90
42.6
L2.6
b2.6
42.6
27.9
8
8

5
5

where ,

Fe5%® contribution

Correction of Mn analyses for Fe53® (n, p) Mn3% contribution

Mn (ppm) ® Fe/Mn Fe®’cont?(ppm)  Ma(ppm)? Mn(ppm)*
6000 150 6 6000 6000
130 3280 5.1 127 127

31 13,750 2.9 28.1 28.0
12 35,600 2.5 9.5 9.0
11 38,700 2.5 8.5 8.0
110 2540 2.1 | 108 108
Luho 18 1 Lo L4440
3500 23 1 3500 3500
Lo 1250 1 4o 4o
31 1600 1 31 31

1st approximation from activation analysis ( = Mn®5+ Fe3® contributions)

(A/(A+1))Mn
Mn®%® activity due to Fe®%/Mn%® activity due to Mn®3)

(Fe/Mn) x (0.1/13,300) x (55/56)

A

2nd approximation

* 3rd approximation
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The reaction of Fe®% to produce Mn®® will be quite significant
however, siice the high proportion of iron in many of the samples tends
to compensate forr the low probability of interaction. An approximate
thermal neutron cross section of 0.1 millibarns can be used to estimate
the magnitude of the Fe3® contribution to the measured Mn®® activity.
This has been dorne in Table 9, for samples containing large amounts of
iron. The 'true’ menganese content is calculated by successive approx-
imations, by determining the ratio of Fe®®- and Mn5%-produced activities
(activity = concentration x cross section). From these values, the FeS3®
contribution can be determined, and then subtracted from the original
Mn value to give a second approximation to the true Mn concentration.
This new value is used to determine an improved Fe/Mn ratio, and the
process is repeated.

The Feicontent of the sphalerites is estimated from values
reported by Benson (1960). It can be seen that the correction becomes
significant (relative to experimental uncertainty) only when the Fe/Mn
ratio is large - a ratio of 1300 produces a 1% correction, a ratio of
13,000 produces a 10% correction. The resulting error in sphalerites
will not be great enough to significantly affect the temperature values,
due to larger errors from other sources. The error in pyrite analyses,

however, could be as great as 30% .
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APPENDIX 2

CORRECTION OF COUNTING TIME FOR DECAY

When comparing samples with standards that have been counted
for a different length of time, it is necessary to adjust the counting
time assigned to each sample. This is because the decay rate (or
counting rate) decreases during counting. Thus the number of counts
accumulated after a certain length of time will not be twice the number
of counts accumulated in half that time, unless the half-life is very
long relative to the counting interval. In the same way, if two
different samples are considered, the ratio of total counts for one
sample relative to the other will change if the counting interval for
one of the samples is changed.

The approach used to correct for this decay is to determine
the time during the counting interval at which half of the counts has
accumulated. This is illustrated in Figure 8. The area under any portion
of the curve is the number of counts accumulated during that time
interval. If we superimpose on the curve, a rectangle with the same area
as the integrated curve, then the point of intersection of the curve and
the horizontal line will be at the time at which half the total area has
accumulated.

If theso times, tj and th , are plotted on a semilogarithmic
graph with their corresponding average counting rate values, then the
two points will lie on a line with a slope corresponding to the half-
life of the isotope being counted. If the initial times, t, , or final
times, ty and t, , were plotted in this way, the resulting points would

not lie on a _ine with the appropriate slope.
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The value of t' can be calculated for any counting interval,

to to t, by integrating the decay equation :

=ML here A = 1n2/half-life(ty)

Since the area under the curve from t, to t' is equal to the

area from t' to t s We can write ¢

t' =At t =At
J Age dt = | Age dt
g t/

Solving for t sy We get :

’

~At
t = 1n(2_2_+_1)/;\

From this relation, it can be seen that :
a) as (counting time/half-life)increases, t/t =0
b) as (counting time/half-life)decreases, t/t—1/2
In the zase of Mn®®, the half-life (2.54 hr) is much greater
than the counting time (maxismuii 25 min), so that ¢ is close to the

midpoint of the counting interval :

/

i* t =25 min, t' = 12.1 min
t =10 min, t' = 4.9 min
t = 5min, t = 2.5 min

Thus the correction only becomes significant ior long
counting intervals (more than 10 min for Mn®%). To apply the correction
the value of ¢’is added to the clock time, t, (when the count started),
and the resulti, t,+ t’,is used for comparing different samples at

different times.
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APPENDIX 3

A FORTRAN IV COMPUTER PROGRAM FOR HANDLING ¥-SPECTRUM DATA FROM NEUTRON
ACTIVATION ANALYSIS

This program is designed to calculate the area under a sample
peak, such &¢c¢ would be obtained from a multichannel }Y=-spectrum analyser.

A graph of the raw data might appear somewhat as follecws ¢

O\
pulse / \
height i
(counts '

per ;
second) / i
l\ \
/ PEAK \
AREA contaminant
v I;aseline /\ \\ 'R A
o—r s /
AN M
4 \./‘\.,-\‘_.Is, N 1 K \.
Nt .,/.\- k. \m._.’./ \
Channel Number —-

—_— amn e

The method used is to fit a polynomial to the baseline and a
Gaussian function to the peak. The area under the peak can then be
determined from the parameters of the fitted functions.

The baseline polynomial, of the form :

y =ag tax+ a:'xz + a.,‘x3 + ooo

is fitted by a least-squares method to the baseline wvalues,
with the statistical error of each point being taken intoc account.
This error, which is due to the probabilistic nature of radiocactive
decay, is equal to the square root of the number of counts, because it

is a first order rate reaction, ie dN/dte<N. Hence, for each channel
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number, x; , the pulse height, y; , has an error, +(y. , associated with

i
it. The statistical parameter, X?(chi-squared), is determined for the
final polynomial as a measure of the goodness of fit. The definition of
X? is

X2 =2 (y, - yp)z/yp
X

where y, is the observed pulse height

yp is the pulse height given by the polynomial
2:: is the sum over the channel numbers

3
The Gaussjan function, which is the theoretical shape of the

peak (see, for example, Friedlander et al, 1964), is defined as 1

y = A exp(=h?(x - m)?)
whsere A is the maximum value of y
n is the value of x where y = A, ie the centre of the
symmetrical function.
h is an inverse measure of the width of the function,

so that + 2/h = width at Afe = (x;-x,)

.._._y=A
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The Gaussian function is fitted by determining the parameters
A, h, and m, from the sample data - A is determined as the maximum y
value, h is determined from the width, xz-x; , and m is taken as the
midpoint of the lnterv#l x; to x;

PROCEDJRE The program handles the data by the following steps:

1) INPUT

a) The sample name (10-digit alphanumeric) and range of
channel numbers (S-digitvintegers) are read in, along with the first and
last x valuos of three (and only three) regions which are treated as
baseline (theée rnust be in increasing order).

b) The pulse height values are read in from data cards, the
first and last vslues being those specified by the range in part(a)
above.

2) BASELINE SEPARATION

The x and y values of the specified baseline regions are

extracted from the input data, and stored in a separate array.
3) FIT POLYNOMIAL TO BASELINE

The baseline polynomial is fitted to the data in the
separated array, ising a subroutine developed by Bevington (1969). The
X? value is also determined at this stage.

L) SUBTRACT BASELINE

The baseline polynomial is subtracted from the input datd
to give a residual. spectrum, in which the sample peak is sitting on
a baseline of zero.

5) SMOOTH DATA
Because peaks are often jagged at the top, the maximum is

best determined after one or more smoothings of the data. The smoothed



curve is obtainec! by computing a running mean: (i =1 to N, N = last x
value)

¥(L) smooth = ¥(1-1)/4 + y(i)/2 + y(i+1)/4

Y(1) gmooth = 3y(1) /4 + y(2) /b

Y(M) smooth = ¥(N=1)/4 + 3y(N) /4

It should be noted that smoothing does not significantly
affect the peak area, although the shape of the curve is altered- the
change in width compensating for the change in height.

The most suitable number of smoothings is best determined by
trial and error. For no smoothing, the entire step 5 section is removed;
for 1 smoothing, statements 20 and 9 are removed; for 2 or more
smoothings, the last number in statement 20 specifies the desired number
of smoothing;.

6) LOCATE MAXIMUM OF PEAK

This portion of the program requires that ths peak of inter-
est be the highest. peak in the data.

7) DETERMINE PEAK WIDTH

The values of x; and x, (see previous diagram) are determined
by interpolation. These two x values are used to determine h and m,
8) DETEFMINE PEAK AREA
The area under a Gaussian curve is given by AREA = AJT/h
(Young, 1962)
9) OUTPLT
a) Sample name and range of channel numbers
b} The input data
c) The baseline polynomial and X?

d) The residual data, unsmoothed
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e) Tae residual data, smoothed

f) Tae area

g) OPTION: the Gaussian function which was used to determine
the area

h) OPTION: computer plots of the input data, and the

unsmoothed and smoothed residual data.

EXAMPLIE :
The foll.owing is an example of the input data, with the
resulting output. The graphs have been omitted. The fitted function,

and the affect of' rounding are shown in Figure 9.

1st card:
KG-2 12.50 470 600 470 510 549 562 590 600
remaining cards:

given with output data.



SAMPLE KG=2 12.50

20

89
7
87
70
80
83
294
224
b5
60
91
116
37

19
17

16
24
240
176
2
22
57

toto

13

280
204
-1
11
b
75
2

70 80 88 69
52 72 59 60
52 67 74 73
86 60 82 i
69 55 84 75
61 85 68 80
102 141 195 262
645 584 435 336
L3 3 43 39
KX 42 k45 ks
60 57 84 82
102 106 103 105
35 36 39 24
26
POLYNOMIAL 69.29 +
CHI SQUARED == 1.35033
DATA-BASELINE , NO ROUNDING
0 10 18 ol
w19 1 12 -11
=19 ik 4 3
17 -8 14 9
L4 -10 20 11
0 25 8 21
46 86 140 208
595 534 386 287
-2 =11 ] o7}
-7 3 6 7
25 22 49 L8
70 74 71 74
5 5 9 5
S )
ROUNDED DATA
6 8 10 9
-10 -9 -3 5
5 4 1 6
9 7 7 6
2 I 9 12
11 13 16 18
65 9y 146 205
572 7 398 294
-3 -5 -4 -2
0 2 [ 9
24 31 41 50
70 72 73 . 75
13 7 L 3

CHANNELS

73
68
76
65
71
74
410
179
43
36
107
98
32

357

470

i'd
70
80
63
83
79
576
113
39
56
108
109
24

6
-1
10

20
21
524
66
=3
19
75

=5

14
23
477
76

12
71

1

TO

70
5k
68
80
71
86
620
57
Ly
45
102
77
37

«2963 X + -.0120 X**2 + ,0001

-7

15
27
558

13
73
51

1

600

. 83
66
83
57
87
82

694

114
65
31

X»u3

10

14
33
604
13

15
72
36

1

49

56
76
82
72
67
102
697
42

51
94
52
24

-15

LRSS ob R Eoobu

610

19
70
22

6

50



AREA =

5680.71

GAUSS(X) FROM CHANNEL 523 ,INCREMENT= .10

018
.30
51
.84
1.35
2.14
3.34
5.10
7.66
11.30
16.38
23.30
32,56
44,68
60.22
79.70
103.59
132.24
165.78
204.10
246.78
293.03
341.72
391.36
440,17
486.20
527.42
561 .88
587.87
604.03

609.52.

«20

173.07
212.31
255.77
302.62
351.62
401.25
L"‘"’9o66
49l .89
534,91
567.81
591,92
606.00
609.30

22
.37
'62
1.02
163
2.56
3.96
6.02
8097
13.14
18.90
26.70
37.03
50,46
67.51
88.70
114,47
145,06
180.55
220.68
264.90
312.29
361.55
411.09
459.03
503.38
542,12
573.38
595.57
607.54
&8.&

.25
A1
.69
1412
1.78
2.80
4,31
6.53
9.70
14,15
20.28
28.54
39.45
53.56
71.40
93.48
120.19
151.77
188.22
229,22
274,16
322.04
371.50
468.25
511,64
549.03
578.59
598,81
608 .64

607. 54

27

.76
1.23
1.96
3.06
4.69
7.07

10.47
15.23
21.75
30.50
42.00
56.81
75.46
98044
126.12
158,68
196.07
237.92
283. 54
331.85
430.57
L77.31
519.66
555.62
583.42
601.63
609.30
606.00

51



COUNTS PER CHANNEL

52

no smoothing
600¢ KG-2 12.50 ; o
smoothings
\ ,‘._ofiginal data
. (minus baseline)
S00¢+
400+t
300+t
200r
100+
(v} &
? o ,/M/ '~
o/ S
A - g o i i Y

530 535 540 545
CHANNEL NUMBER

Figure 9 Effect of smoothing on the shape of the Gaussian

funetion.
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A F’ORTRAN IV COMPUTER PROGRAM FOR HANDLING ) - SPECTRUM DATA FROM
NEUTRON ACTIVATION ANALYSIS '

C STEP 1 READ IN DATA

DIMENSICN Y(200), Z(200), BX(200), BY(200), ZR(200), A(5)
READ (5,1) NAME, XI, XF, Q, R, S, T, U, V
1 FORMAT (A10, 8F5.0)
N = IFIX(XF - XI + 1.0)
READ (5,2) (Y¥(I), I =1,N)
2 FORMAT (10F7.0)

STEP 2 SEPARATE BASELINE ARRAYS, BX AND BY

aQaQ

BX(1) = Q = XI + 1.0

Ml = IFIX(R = Q)

DO 3 I=1, Ml

BX(T + 1) = Bx(I) + 1.0
3 CONTINUE

BX(M1 +2) =S -« XI + 1.0

M2 = IFIX(T - S)

K=M +2

L=M +M +1

DO4TI=K,L

BX(I + 1) = BX(I) + 1.0
L4 CONTINUE

BX(L + 2) =U - XI + 1.0

M3 = IFIX(V - U)

K2 =L+2

L2 =M1 + M2 + M3 + 2

DO 5 I = K2, L2

BX(I + 1) = BX(I) + 1.0
5 CONTINUE

I3=12+1

DO 6 I =1, L3

XJ = BX(I)

J = IFIX (XJ)

BY(I) = Y(J)
6 CONTINUE

STEP 3 FIT POLYNOMIAL TO BASELINE VALUES

aaQa

CALL POLFIT(BX, BY, BY, L3, 4, -1, A, CHISQR)

STEP 4 SUBTRACT BASELINE

(e NoNe!

XB

0
:.1 N

3
~3
< HO

XB = XB + 1.0
YB = A(1)+A(2)*XB+A (3 )% XB*XB+A (4 )% XB*XB*XB
Z(I) = 1(I) - YB
ZR(I) = 2(I)
7 CONTINUE



QOO

aQaaQaQ

20

10

11

12

13

STEP 5 SMOOTH DATA BY AVERAGING ADJACENT CHANNELS

MAX = Il = 1
DO9J =1, 3

Y1 = ZR(1)

DO 8 I =1, MAX

Y2 = (Y142, o*zn(1)+zn(1+1))/u 0
Y1 = ZR(I)

ZR{I) = Y2

ZR(N) = (Y1+3.0%Y(N))/4.0
CONTINE

STEP 6 LOCATE TOP OF PEAK, B

B = ZR(1)
NML =N -1

DO 11 [ =1, NM1
P = ZR(I+1) - B
IF{P) 11, 11, 10
B= ZR(I+1)
ICENT = I+l
CONTINUE

STEP 7 DETERMINE PEAK WIDTH (=2/H) AT B/E

BE = B/2.71828
DO 14 I =1, 100
K = ICENT = I

D = BE - ZR(K)
IF(D) 14, 13, 12
J1 =X

J2 =K +1

GO TO 15

J2 =K

- J1 = J2

GO TO 15

14 CONTINUE

15

16

17

18
19

DO 18 I =1, 100
K = ICENT + I
D = BE - ZR(K)
IF(D) 18, 17, 16

J4 =K

J3 =K -1
GO TO 19
J3 =K

b =43

GO TO 19
CONTINUE
YA = ZR(J1)
YB = ZR(J2)
YC = ZR(J3)
YD = ZR(J4)
XA = FLOAT(J1)
XB =

FLOAT(J2)

54
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Qo

aaQaQ
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XC = FIOAT(J3)
XD = FIOAT(J4)
XE = (¥B-XA)*(BE-YA)/(YB-YA) + XA

XF¥ = (XD-XC)*(YC-BE)/(YC-YD) + XC
CENT = (XFF + XE)/2.0

H = 2.,0/(XFF - XE)

STEP 8  DETERMINE AREA UNDER CURVE
AREA = (B#*1.7724539)/H

STEP 9  OUTPUT

WRITE(6,50) NAME, XI, XF

50 FORMA;’§10X,8HSAMPLE ,A10,10X,9HCHANNELS ,F5.0,3X,4HTO
=3F5.0/,

WRITE(6,51) (Y(I),I =1, N)
51 FGRMAT (5X,10F7.0)
WRITE(6,54) (A(I),I = 1, 4)

54 FORMAT(//10X,12HPOLYNOMIAL  ,F7.2,2H +,F7.i4,4H X +,F7.4,
~7H X%%2 +,F6,4,6H X#%3 /)
WRITE(5,55) CHISQR
55 FORMAT (10X, 14HCHI SQUARED = ,F10.5//)
WRITE(S,53) |
53 FORMAT (10X,28HDATA-BASELINE , NO ROUNDING /)
WRITE(5,56) (Z(I),I =1, N)
56 FORMAT(5X,10F7.0)
WRITE(5,59)
59 FORMAT(/10X,12HROUNDED DATA /)
WRITE(5,57) (ZR(I),I =1, N)
57 FORMAT(5X,10F7.0)
WRITE(5,58) AREA
58 FORMAT(/10X,7HAREA = ,F10.2/)

OPTION 1  GAUSSIAN DISTRIBUTION

XINITL = CENT - 3.0/H
XFINAL = CENT + 3.0/H
XINC = 0.1

CALL GAUSS(B,H,CENT,XINITL,XFINAL,XINC,XI)
OPTION 2  PLOT DATA

X = 0.0
DO 6O I=1, N
=X + 1.0
CALL FLOTPT(X,Y(I),9)
60 CONTINUE
CALL CUTPLT
WRITE(6,50) NAME, XI, XF
X =0.0
D061 I=1, N
X=X+ 1.0
CALL PLOTPT(X,2(I),9)



61

62

CONTINE
CALL OJTPLT

WRITE(6,50) NAME, XI, XF
X =0.0 .

D062 L =1, N
X=X-+1.0

CALL PLOTPT(X,ZR(I),9)
CONTINE

CALL OUTPLT

WRITE(6,50) NAME, XI, XF
STOP

END

56
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SUBROUTINE POLFIT (X,Y,SIGMAY,NPTS,NTERMS,MODE,A,CHISQR)

REF-BEV.INGTON,P.R.(1969), DATA REDUCTION AND ERROR ANALYSIS
FOR THE PHYSICAL SCIENCES, MCGRAW-HILL
PURPOSE
MAKE A LEAST-SQUARES FIT TO DATA WITH A POLYNOMIAL CURVE
Y=A(1)+A(2)*X+A(3)*Xu*2+A(L)*Xn¥3+ . . .

DESCRIPTION OF PARAMETERS
X - ARRAY OF DATA POINTS FOR INDEPENDENT VARIABLE
Y - ARRAY OF DATA POINTS FOR DEPENDENT VARIABLE
SIGMAY - ARRAY OF STANDARD DEVIATIONS OF Y DATA POINTS
NPTS « NUMBER OF PAIRS OF DATA POINTS
NTERMS - NUMBER OF COEFFICIENTS (DEGREE OF POLYNOMIAL+ 1)
MODE - DETERMINES METHOD OF WEIGHTING LEAST-SQUARES FIT

+1 iINST.RUMEN‘I‘AL) WEIGHT(I) = 1./SIGMAY(I)wx2
0 (NO WEIGHTING) WEIGHT(I) = 1.
-1 (STATISTICAL) WEIGHT(I) = 1./Y(I)

A -~ ARRAY OF COEFFICIENTS OF POLYNOMIAL
CHISQR - REDUCED CHI SQUARE FOR FIT

COMMENTS
DIMENSION STATEMENT VALID FOR NTERMS UP TO 10

DOUBLE PRECISION SUMX, SUMY, XTERM, ARRAY, CHISQ
DIMENSION X(1); Y(1), SIGMAY(1), A(1)
DIMENSION SUMX(19), SUMY(10), ARRAY(10,10)

ACCUMULATE WEIGHTED SUMS

11 NMAX = 2#NTERMS - 1
DO 13 N=1, NMAX
13 SUIMX(N) = 0.
DO 15 J= 1, NTERMS
15 SIMY(J) = 0.
CHISQ = 0.
21 DO 50 1= 1, NPTS
XI = X(I)
YI = Y(I)
31 IF (MOLE) 32, 37, 39
32 IF (YI) 35, 37, 33
33 WEIGHT = 1. / YI
GO TO L1
37 WEIGHT = 1.
GO TO 41
35 WEIGHT = 1. / (=YI)
GO TO 41
39 WEIGHT = 1. / sxcmx(x)uz
41 XTERM :: WEIGHT
DO 44 N= 1, NMAX
SIMX(N) = SUMX(N) + XTERM
Ly XTERM == XTERM # XI
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45 YTERM = WEIGHT#YI

DO 48 N= 1, NTERMS

SUMY(N) = SUMY(N) + YTERM
48 YTERM = YTERM #* XI
49 CHISQ = CHISQ + WEIGHT#YIsw2

50 CONTINUL

CONSTRUCT MATRICES AND CALCULATE COEFFICIENTS

51 DO 54 J:= 1, NTERMS
DO 54 K= 1, NTERMS
N=J+Ka«1

54 ARRAY(J,K) = SWMX(N)
DELTA = DETERM (ARRAY, NTERMS)
IF (DELTA) 61, 57, 61

57 CHISQR = 0. |
DO 59 J:= 1, NTERMS

59 A(J) = 0.
GO TO 80

61 DO 70 L= 1, NTERMS

62 DO 66 J:= 1, NTERMS
DO 65 K:= 1, NTERMS
N=J+Ka-1

65 ARRAY(J,K) = STIMX(N)

66 ARRAY(J,L) = SWMY(J)

70 A(L) = DETERM(ARRAY, NTERMS) / DELTA

CALCIILATE CHI SQUARE

71 DO 75 J:= 1, NTERMS
CHISQ = CHISQ - 2.%A(J)%SUMY(J)
DO 75 K:= 1, NTERMS
N=J+K a1
75 CHISQ = CHISQ + A(J)*A(K)*SUMX(N)
76 FREE = NPTS - NTERMS
77 CHISQR := CHISQ / FREE
80 RETURN
END
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10
11

21

23

31

FUNCTICN DETERM (ARRAY, NORDER)

PURPOSE
CALCULATE THE DETERMINANT CF A SQUARE MATRIX

DESCRIFTION OF PARAMETERS
ARRAY - MATRIX
NORDER - ORDER OF DETERMINANT (DEGREE OF MATRIX)

COMMENTS
THIS SUBPROGRAM DESTROYS THE INPUT MATRIX ARRAY
DIMENSION STATEMENT VALID FOR NORDER UP TO 10

DOUBLE PRECISION ARRAY, SAVE
DIMENSION ARRAY(10,10)
DETERM = 1.

DO 50 K= 1, NORDER

INTERCFANGE COLUMNS IF DIAGONAL ELEMENT IS ZERO

IF (ARFAY(K,K)) 41, 21, 41
DO 23 J= K, NORDER -

IF {ARFAY(K,J)) 31, 23, 31
CONTINIE

DETERM = 0,

GO TO €0

DO 34 1= K, NORDER

SAVE = ARRAY(I,J)
ARRAY(1,J) = ARRAY(I,K)

34 ARRAY(I,K) = SAVE

41
43

46 ARRAY(1,J) = ARRAY(I,J) - ARRAY(I,K)*ARRAY(K,J)/ARRAY(K,K)

50
60

DETERM = -DETERM
SUBTRACT ROW K FROM LOWER ROWS TO GET DIAGONAL MATRIX

DETERM = DETERM % ARRAY(K,K)
IF (K .. NORDER) 43, 50, 50
Ki=K+1

DO 46 1= K1, NORDER

DO 46 ¢= Ki, NORDER

CONTINIE
RETURN
END
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SUBROUTINE GAUSS(A,H,XM,XINITL,XFINAL,XINC,XI)

GENERATES GAUSSIAN DISTRIBUTION
GAUSS(X) = AMEXP((~H¥%2)%(X-XM)#*2)

A - MAXIMUM HEIGHT OF PEAK AT X = XM
H - 2/H = PEAK WIDTH AT A/E

XM - VALUE OF X AT CENTRE OF PEAK
XINITL - FIRST VALUE OF X

XFINAL - LAST VALUE OF X

XINC - INCREMENT COF X
XI CHANNEL NUMBER OF FIRST Y VALUE

DIMENSION FGAUSS(5)

X = XINITL - XM

INITL = IFIX(X)

X = FLOAT(INITL)

FIRST = XI + XINITL - 1.0
WRITE(6,4) FIRST, XINC

4 FORMAT(iOX 22HGAUSS(X) FROM CHANNEL ,F4.0,13H ,INCREMENT=

=N

,F1+ 2/ )

= (XFINAL - XINITL)/XINC
NRows = IFIX(XNO)/10 + 1
DO 1 J= 1, NROWS

XDELZ = FLOAT(L)*XINC*5.0

=1, 5

K = I - &

XDEL1 = FLOAT(K)#*XINC
FGAUSS(I) = A EXP((-H**Z)*((X+XDEL1+}G)EL2)**2))
CONTINUE

WRITE(6,2) (FGAUSS(I),I = 1,5)
FORMAT (10X,5F10.2)

CONTINUE

RETURN

END
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