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APPENDIX 1 

THEORETICAL CONSIDERATIONS IN NEurRON ACTIVATION ANALYSIS OF MANGANESE 

The de'::.ermination of manganese is based on the reaction of 
55 56 . 

Mn with a neut:~n to p~oduce Mn , in high energy states. This nuclide 

then decays by eJdssion of gamma rays of characteristic energies, to a 

more stable low onergy state. The most frequent transition results in a 

gamma-ray energy of 0.845 Mev (million electron volts). The half-life 

for this decay i s 2.54 hours (Holden and Walker, 196e). The rate of 

56 emission of gamma rays is directly proportional to the amount of Mn , 

55 
and hence Mn , 1n samples and standards. Hence, the amount of Mn 

(Mn
55= 100o/0 of natural manganese) in the sample can be directly related 

to the amom.-r. in the standard, assuming a 

1) bot received the same neutron flux 

2) absorption effects of the matrix are either negligible or 

equal in standard and sample. 

3) co~~ating reactions are negligible, or can be corrected for. 

4) bo~ sample and standard are counted in the same position 

relati·re to the detector. 

5) botn are counted on the same detector (Ge-1i or Nai-Th) 

using the same settings. Counting times may V3ry; since they 

can be corrected for decay (see Appendix 2). 

InteX"farences in this procedure are of two types - other 

nuclides like r.o 59 and Fe 56 can form Mn 56 by competing reactions, and 

55 . 56 
Mn can produce nuclides other than Mn by similar react. ions. Table 8 

gives the reactions involved, with their relative probabilities, or 

cross sections. 



TABLE 8 Nuclear reactions involved in manganese d~termination. 

Nuclj,de A bur: dance (%) Reaction Cross Section+ 

Mn!5!5 100 Mn55 (n, ~) Mn56 1).) barns ++ 

Mn!5!5 100 Hnss (n, p) Crss 0.4 millibarns 

Mn!55 100 Mn55 (n, oc) y52 0.1 ) millibarns 

Mn!5!5 100 Mn55 (n,2n) MnSIJ 0.16 millibarns 

Co 5 9 100 Co 5 9 (n, C() Mn!56 0.2) millibarns 

Fe 5 6 91.66 Fe 56 (n, p) Mn56 0.87 millibarns 

+ for a fj .ssion neutron spectrum, after Roy and Hawton (1960) 

++ for a tr~armal neutron spectrum, after Hol den and Walker (1968) 

In order to correct for these competing reactions, the value 

of the thermal neutron cross section must be determined., based on 

published fissior neutron cross sections. An approximate conversion can 

be made by consi ering the so-called cadmium ratio, which gives the 

proportion of fission (fast) neutrorts in the total reactor flux. This 

value varies from about 0.1 to 0.0), 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 reacti on of Mn55 to produce Mn 56 has 

a probability about 10 5 times greater than these competing reactions. 

The reaction o! Z.u1 55 to produce nuclides other than Mn 56 will therefore 

be negligible ~cause of its low probability. Also, both sample and 

standard mangane e undergo the same reactions, so that the effects will 

cancel. The reaction involving Co 59 will also be negligible, because of 

low cobalt contents of the minerals being considered. 
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.§!!m>h 

19G steel 

KP-1 

~-2 

DP-1 

DP-2 

KCpy-1 

KS-1 

KS-2 

DS-1 

DS-2 

TABLE .9 Correction of Mn analyses for Fe 56 (n, p) Mn56 contribution 

Fe 56 (n%) Mn ( PP.m) _: Fe/Mn Fe 56 cont~(ppm) !1n.(ppm): 

90 6000 150 6 6000 

42.6 130 3280 J _: 127 

42.6 31 1). 7'!/J 2.9 28.1 

42.6 12 35,6o0 2.5 9.5 

42.6 11 38,700 2.5 8.5 

27.9 110 2540 2.1 108 

8 4440 18 1 44LlD 

8 3500 23 1 3500 

5 40 1250 1 40 

5 31 1600 1 31 

1 1st approximation from activation analysis ( = Mn 55+ Fe 56 contributions) 

a Fe 56 contribution = (A/(A+1))Mn 

where . , A = (Mn 56 activity duo to Fe 56 /}frt 56 activity dua to Mn55 ) 

= (Fe/Mn) X (0.1/13,300) X (55/56) 

3 2nd approximation 

• 3rd approximation 

Mn(ppm)~ 

6000 

127 

28.0 

9.0 

8.0 

108 

4440 

3500 

40 

31 

g 
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The reaction of Fe 56 to produce Mn 56 will be quite significant 

however, si;ll!e the high proportion of iron in many of the samples tends 

to compensat~ for the low probability of interaction. k1 approximate 

thermal neutron cross section of 0.1 millibarns can ~ used to estimate 

the magnitude of the Fe 56 contribution to the measured Mn 56 activity. 

This has been done in Table 9, for samples containing large amounts of 

iron. The 'true' m~.nganese content is calculated by successive approx­

imations, b~ det&rmining the ratio of Fe 56 - and Mn 55-produced activities 

(activity= concentration x cross section). From these values, the Fe 56 

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 i~ used to determine an improved Fe/Mn ratio, and the 

process is repeated. 

Th~ Fe content 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 11o correction, a ratio of 

13,000 produces a 10o/o correction. The resulting error in sphalerites 

will not be great enough to significantly affect the temperature values, 

due to larger er~>rs from other sources. The error in pyrite analyses, 

however, could be as great as JO% • 



APPENDIX 2 

CORRECTION OF COUNTING TIME FOR DECAY 

Wllen Ct>mparing samples with standards that have been counted 

for a different 1ength 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 n~~ber of counts 

accumulated aftel' a certain length of time will ..!l2.1:, be twice the number 

of counts Mcumul ated in half that time, unless the half -life is very 

long relative to the counting interval. In the same way, if two 

different sample are considered, the ratio of total counts for one 

sample relative t o the other will change if the counting interval for 

one of the samples is changed. 
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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 ori the curve, a rectangle with the same area 

as t he 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 these times, t~ and t~ , are plotted on a semilogarithmic 

graph with their corresponding average counting rate values, then the 

two points will l :le on a line with a slope corresponding to the half­

life of the isotopa being counted. If the initial times, t 0 , or final 

times, t 1 and t 2 J were plotted in this way, the resulting points would 

not lie on a ~ine with the appropriate slope. 



TI~ val ue of t' can be calculated for any counting interval, 

t 0 to t, by integrating the decay equation 1 

A = Ace -).t where A. = ln2/half-life (t~) 

Since the area under the curve from t 0 to ~ is equal to the 

area from t' t.o t , we can write 1 

I 
Solving for t , we get 1 

t ' = ce-).t + 1 - ln ) /A. 
2 

Fr0M this relation, it can be seen that a 

a) as (counting time/half-life)increases, 

b) as (counting time/half-life)decreases, 

t/t-o 

t'/t-1/2 

In the ~ase of Mn 56
, the half-life (2.54 hr) ls much greater 

than the counting time (maximum 25 min), so that~ is close to the 

midpoint of the counting interval a 

i:~ t = 25 min, t' = 12.1 min 

t = 10 min, t' = 4.9 min 

t - 5 min, t' = 2.5 min 

Thus the correction only becomes significant for long 

counting intervals (more than 10 min for Mn56
). To apply the correction 

the value of t'is added to the clock time, t 0 (when the count started), 

and the result, t 0 + t~is used for comparing different samples at 

different times. 

4) 
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Figure 8 Graphical illustration of relationship between counting 

interval and time of accumulation of half t he total counts. 



APPENDIX 3 

A FORTRAN IV COMP'Ol'ER PROGRAM FOR HANDLING (!'-SPECTRUM DATA FROM NEUTRON 

ACTIVATION ANALYSIS 

This pr~gram is designed to calculate the area under a sample 

4.5 

peak, such£.~ would be obtained from .a multichannel a-spectrum analyser. 

A graph of the raw data might appear somewhat as follcws 1 

pulse 
height 

(counts 
per 

second) 

Channel Number-

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 P.Qlynomial, of the form 1 

••• 

is fitted by a least-squares method to the baseline values, 

with the statistical error of each point being taken into account. 

This error, which is due to the probabilistic nature of radioactive 

decay, is equal to the square root of the number of coQ~ts, because it 

is a first order rate reaction, ie dN/dt~N. Hence, for each channel 
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number, Xj_ , the pulse height, Yi , has an error, *.fYi , associated with 

it. The statistical parameter, X2 (chi-squared), is determined for the 

final polynomial as a measure of the goodness of fit. The definition of 

a X is 1 

whi!!re Yo is the observed pulse height 

Yp is the pulse height given by the polynomial 

~ is the sum over the channel numbers 
IC 

The ~ssian function, which is the theoretical shape of the 

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

y = A exp(-h1 (x - m) 1
) 

wh•:3re 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, 

I 
y 

so that 1 2/h =width at A/e = (x2 -x1 ) 

I 
I ___ ._j ___ _ 

I : r- 2/h --+!---~ 
I I 
I I 
I I 

x=m X a 



The Gaussian function is fitted by determining the parameters 

A, h, and m, from the sample data - A is determined as the maximum y 

val ue, h is determined from the width, x 2 -x1 , and m is taken as the 

midpoint of the tnterval x1 to x 2 • 
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PROCED'IDE The program handles the data by the foll owing stepsa 

1) INPur 

a} The sample name (10-digit alphanumeric) and range of 

channel numbers (5-digit integers) are read in, along with the first and 

last x valuus of three (and only three) regions which are treated as 

baseline (these ntust be in increasing order). 

b) Tbe pulse height values are read in from data cards, the 

first and last values being those specified by the range in part(a) 

above. 

2) BASELINE SEPARATION 

!he x and y values of the specified baseline regions are 

extracted from tha input data, and stored in a separate array. 

3) FIT POLYNOMIAL TO BASELINE 

The b1seline polynomial is fitted to the dat a in the 

separated array,. ~sing a subroutine developed by Bevington (1969). The 

X2 value is also determined at this stage. 

4) SUBT U.CT BASELINE 

The baseline polynomial is subtracted from t he input data 

to give a residua spectrum, in which the sample peak is sitting on 

a baseline of zero. 

5) SMOO~~H DATA 

Ba~ause peaks are often jagged at the top, the maximum is 

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



curve is obtaine by computing a running mean& (i = 1 to N, N = last x 

value) 

y(i) 5mooth = y(i-1)/4 + y(i)/2 + y(i+1)/4 

y(1)smooth = 3y(1)/4 + y(2)/4 

y(N)smooth = y(N-1)/4 + Jy(N)/4 

It should be noted that smoothing does not significantly 

affect the poak area, although the shape of the curve is altered- the 

change in width compensating for the change in height. 
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The most suitable number of smoothings is bost determined by 

trial and error. For no smoothing, the entire step 5 section is removed; 

for 1 smoothing, ;tatements 20 and 9 are removed; for 2 or more 

smoothings, the last number in statement 20 specifies the desired number 

of smoothinga. 

6) LOCA'l'E MAXIMUM OF PEAK 

This portion of the program requires that thta peak of inter­

est be the highest peak in the data. 

7) DETEHMINE PEAK WIDTH 

The vaLues of Xs, and · x2 (see previous diagram) are determined 

by interpolation. These two x values are used to determine h and m. 

8) DETERMINE PEAK AREA . 

The area under a Gaussian curve is given by AREA = AJW/h 

(Young, 1962) 

9) OtlrPUT 

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) T~e residual data, smoothed 

f) T~1e area 

g) O?TIONa the Gaussian function which was used to determine 

the area 

h) O~'TIONa computer plots of the input data, and the 

un·moothed and smoothed residual data. 

EXAMPlE I 

The fol~owing is an example of the input data, with the 

resulting outp~t o The graphs have been omitted. The fitted function, 

and the affect of rounding are shown in Figure 9. 

1st carda 

KG-2 12.50 470 600 470 510 549 562 590 600 

remaining cards 1 

given with output data. 
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SAMPLE KG-2 12.50 CHANNELS 470 TO 600 

70 80 88 69 89 73 77 70 83 56 
52 72 59 6o 74 68 70 54 66 76 
52 67 74 73 87 76 80 68 83 82 
86 6o 82 77 70 65 6) 80 57 72 
69 55 84 75 80 71 83 71 87 67 
61 85 68 80 83 74 79 86 82 102 

102 141 195 262 294 410 576 620 694 697 
645 584 435 336 224 179 113 57 56 42 
43 }3 43 39 45 43 39 44 49 40 
33 42 45 45 60 )6 56 45 54 51 
60 57 84 82 91 107 108 102 114 94 

102 106 103 105 116 98 109 77 65 52 
35 36 39 24 37 32 24 37 31 24 
26 
POLYNOMIAL 69.29 + .2963 X + •• 0120 X**2 + .0001 X**) 

CHI SQUARED :c: 1.35033 

DATA-BASELINE: , NO ROUNDING 

0 10 18 -1 19 2 6 -1 12 -15 
-19 1 -12 -11 3 -3 -1 -17 -5 5 
-19 -4 4 3 17 6 10 ~1 14 13 
17 -8 14 9 3 -2 -4 14 -9 6 
4 -10 20 11 16 8 20 9 25 6 
0 25 8 21 24 16 21 29 25 46 

46 86 140 208 240 357 524 568 643 646 
595 534 386 287 176 131 66 11 10 -3 
-2 -11 -1 -4 2 1 -3 3 8 0 
-7 J 6 7 22 -1 19 8 18 15 
25 22 49 48 57 73 75 69 81 62 
70 74 71 74 85 67 78 46 35 22 
5 / 

·J 9 -6 7 2 -6 7 1 -6 
·-4 

RO UNO ED DATA 

6 8 10 9 8 7 5 J -1 -7 
-10 -9 -8 -6 -4 -4 -5 -7 -6 -6 
-6 -4 1 6 9 9 7 8 10 11 
9 7 7 6 4 1 1 2 2 1 
2 4 9 12 13 14 14 15 14 11 

11 13 16 18 20 21 23 27 33 44 
65 9~' 146 205 280 376 477 558 6o4 610 

572 49'/ 398 294 204 132 76 36 13 2 
-3 -5 -4 -2 -1 0 1 2 2 1 
0 2 6 9 11 11 12 13 15 19 

24 31 41 50 59 67 71 73 72 70 
70 72 73 75 75 72 64 51 )6 22 
13 7 4 3 2 1 1 1 1 6 
20 



51 

AREA= 5680.71 

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

.18 .20 .22 .25 .27 

.30 .34 ·37 .41 .46 

.51 .56 .62 .69 .76 

.84 .92 1.02 . 1.12 1.23 
1.35 1.48 1.63 1.78 1.96 

. 2.14 2.34 2.56 2.80 3.06 
3·34 3.64 ).96 4.31 4.69 
5.10 5·54 6.02 6.53 7.07 
7.66 8.29 8.97 9.70 10.47 

11.30 12.19 1).14 14.15 15.2) 
16.38 17.60 18.90 20.28 21.75 
23.30 24.95 26.70 28.54 30.50 
32.56 34.74 37.03 39.45 42.00 
44.68 47.50 50.46 53.56 56.81 
60.22 63.78 67.51 71.40 75.46 
79.70 84.11 88.70 93.48 98.44 

103.59 108.9) 114.47 120.19 126.12 
132.24 138.55 i45.06 151.77 158.68 
165.78 173.07 180.55 188.22 196.07 
204.10 212.31 220.68 229.22 2)7.92 
246.78 255.77 264.90 274.16 283.54 
293.03 302.62 312.29 322.04 331.85 
341.72 351.62 361.55 371.50 )81.43 
391.36 401.25 411.09 420.87 430.57 
440.17 449.66 459.03 468.25 477.31 
486.20 494.89 .50J.J8 511.64 519.66 
527.42 534.91 542.12 549.03 555.62 
561.88 567.81 573·38 578.59 583.42 
587.87 591.92 595·57 598.81 601.63 
604.03 606.00 607.54 608.64 609.30 
609.52 . 609.30 608.64 607.54 606.00 
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Figure 9 Ef'f'eot of' smoothing on the shape of the Gaussian 

function. 



A FORTRAN rJ COMPUI'ER PROGRAM FOR HANDLING D- SPECTRUM DATA FROM 
NEUTRON ACTIVA1ION ANALYSIS 

c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

STEP 1 READ IN DATA 

DIMENSION Y(200), Z(200), BX(200), BY(200), ZR(200), A(5) 
REhD (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 

BX(1) = Q - XI + 1.0 
M1 = IFIX(R - Q) 
DO 3 I :: 1, M1 
BX(I + 1) = BX(I) + 1.0 

3 CONTINUE 
BX(M1 + 2) = S -XI+ 1.0 
M2 = IFIX(T - S) 
K = M1 + 2 
L = M1 + M2 + 1 
DO 4 I = K, L 
BX(I + 1) = BX(I) + 1.0 

4 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 
L3 = L2 + 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 

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

STEP 4 SUBTRACT BASELINE 

XB = 0.0 
DO 7 I = 1, N 
XB = XB + 1.0 
YB = A(1)+A(2)*XB+A(3)*XB~XB+A(4)~XB*XB*XB 
Z(I) ~ Y(I) - YB 
ZR(I) =.: Z(I) 

7 CONT!NUE 
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c 
c 

c 
c 
c 

c 
c 
c 

STEP 5 SMOOTH DATA BY AVERAGING ADJACENT CHANNELS 

MAX= H -1 
20 DO 9 J = 1, 3 

Y1 = ZR(1)· 
DO 8 I = 1, MAx 
Y2 = (! 1+2.0*ZR(I)+ZR(I+1))/4.0 
Y1 = ZH(I) 

8 ZR(I) ~= Y2 
ZR(N) ~= (Y1+3.0*Y(N))/4.0 

9 CONTINUE 

STEP 6 LOCATE TOP OF PEAK, B 

B = ZR{1) 
NM1 = ] - 1 
DO 11 l = 1, NM1 
P = ZR (I+1) - B 
IF(P) L1, 11, 10 

10 B = ZR(I+1) 
ICENT = I+1 

11 CONTINUE 

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

BE = B/2.71828 
DO 14 I = 1, 100 
K = IC8:NT - I 
D = BE - zR(K) 
IF(D) 14, 13, 12 

12 J1 = K 
J2 = K + 1 
GO TO 15 

13 J2 = K 
. J1 = J2 

GO TO 15 
14 CONTINUE 
15 DO 18 I = 1, 100 

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

16 J4 = lC 
J3 = lC - 1 
GO TO 19 

17 J3 = lC 
J4 = 3 
GO TO 19 

18 CONTINUE 
19 YA = ZR(J1) 

YB = T.R(J2) 
YC = 2:R(J3) 
YD = T.R(J4) 
XA = f'LOAT(J1) 
XB = f'LOAT(J2) 
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c 
c 
c 

c 
c 
c 

XC = FI.OAT(J3) 
XD = FLOA1'(J4) 
XE = ( B-XA)*(BE-YA)/(YB-YA) + XA 
XF?' = XD-XC)*(YC-BE)/(YC-YD) +XC 
CENT = (XFF + XE)/2.0 
H = 2. /(XFF - XE) 

STEP 8 DETERMINE AREA UNDER CURVE 

AREA = (B*1.7724539)/H 

STEP 9 our pur 

WRITE(6,50) NAME, XI, XF 
50 FORMAT (10X,8HSAMPLE ,A10,10X,9HCHANNELS ,F5.0,3X,4HTO 

-,F5.0/ ) 
WF.ITE(6,51) (Y(I),I = 1, N) 

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

54 FORMAT (//10X,12HPOLYNOMIAL ,F7.2,2H +,F7.4,4H X +,F(.4, 
-7H X**2 +,F6.4,6H X**3 /) 
WRITE(6,55) CHISQR 

55 FORMAT(10X~14HCHI SQUARED = ,F10.5//) 
WRITE(6,53J 

53 FORMAT(10X,28HDATA-BASELINE , NO ROUNDING /) 
WRITE( / ,56) (Z(I),I = 1, N) 

56 FORMAT(5X,10F7.0) 
WRITE(6,59) 

59 FORMAT(/10X,12HROUNDED DATA /) 
WRITE(5,57) (ZR(I),I = 1, N) 

57 FORMAT(5X,10F7.0) 
WRITE ( 6, 58) AREA 

58 FORMAT(/10X, 7HAREA :: ,FlO .2/) 
c 
C OPTION 1 GAUSSIAN DISTRIBt1riON 
c 

c 

XINITL = CENT - ).0/H 
XFINAl = CENT + ).0/H 
XINC ::. 0.1 
CALL GAUSS(B,H,CENT,XINITL,XFINAL,XINC,XI) 

C OPTIO:K 2 PLOT DATA 
c 

X = 0,0 
DO 60 I = 1, N 
X =X + 1.0 
CALL PLOTPT(X,Y(I),9) 

6o CONTI UE 
CALL OUl'PLT 
WRITE (6,_50) NAME, XI, XF 
X = 0.0 . 
DO 61 I = 1, N 
X = X + 1.0 
CALL PLOTPT(X,Z(I),9) 
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61 CONTINJE 
CALL O'JTPLT 
WRITE(6 ,.50) NAME, XI, XF 
X = 0.0 
DO 62 I = 1, N 
X =X + 1.0 
CALL PLOTPT(X,ZR(I),9) 

62 CONTINUE 
CALL OIJTPLT 
WRITE(6 ,.50) NAME, XI, XF 
STOP 
END 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

SUBROuri NE POLFIT (X, Y ,SIGMAY, NPTS,NTERMS,MODE,A,CHISQR) 

REF-BEVI NGTON,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~l(1)+A(2)*X+A(3)*X**2+A(4)*X**3+ ••• 

DESCRIPriON 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 
Nl'ERMS - NUMBER OF COEFFICIENTS (DEGREE OF POLYNOMIAL+ 1) 
MODE - DETERMINES METHOD OF WEIGHTING LEAST-SQUARES FIT 

+1 (INSTRUMENTAL) WEIGHT(I) = 1. /SIGMAY(I)**2 
0 (NO WEIGHTING) WEIGHT(I) = 1. 

-1 (STATISTICAL) WEIGHT(!) = 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) 
D~NSION SUMX(19), SUMY(10), ARRAY(10,10) 

C ACC UMULATE WEIGHTED SUMS 
c 

11 NMAX = 2*Nl'ERMS - 1 
DO 13 N'=1, NMAX 

13 SUMX(N) = 0. 
DO 15 J= 1, Nl'ERMS 

15 SUMY(J) = O. 
CHISQ = O. 

21 DO 50 I = 1, NPTS 
XI = X(I) 
YI = Y( I) 

31 IF (MOtiE) 32, 37, 39 
32 IF (YI) 35, 37, 33 
33 WEIGHT = 1. I YI 

GO TO l.c·1 
37 WEIGHT = 1. 

GO TO L,1 
35 WEIGHT = 1. I (-YI) 

GO TO L}1 
39 WEIGHT = 1. I SIGMAY(I)**2 
41 XTERM =-= WEIGHT 

DO 44 lf= 1, NMAX 
SUMX(N = SUMX(N) + XTERM 

44 XTERM :: XTERM * XI 
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c · 

45 YTERM ·= WEIGHT•YI 
DO 48 N== 1, Nl'E&'viS 
SUMY(N) = SUMY(N) + YTERM 

48 YTERM = YTERM * XI 
49 CHISQ ~ CHISQ + WEIGHT•YI••2 
.50 CONl'IN'lD~ 

C CONS'.rRUCT MATRICES AND CALCULATE COEFFICIENTS 
c 

c 

51 DO 54 J== 1, Nl'ERMS 
DO 54 K== 1, Nl'ERMS 
N=J+K-1 

54 ARRAY(J .,K) = SUMX(N) 
DELTA = DETERM (ARRAY, NTERMS) 
IF (DEL~ rA) 61, 57, 61 

57 CHISQR :: 0. 
DO 59 J :: 1; Nl'ERMS 

59 A.(c.r) = 0 • 
GO TO 80 

61 DO 70 L== +, Nl'ERMS 
62 DO 66 J :: 1, Nl'ERMS 

DO 65 K== 1, Nl'ERMS 
N=J+K-1 

65 ARRAY(J !I K) = SOMX(N) 
66 ARRAY(J !,L) = SOO(J) 
70 A(L) = DETERM(ARRAY, N'l'ERMS) I DELTA 

C CALCULATE CHI SQUARE 
c 

71 DO 75 J:: 1, Nl'ERMS 
CHISQ = CHISQ - 2~*A(J)*SUMY(J) 
DO 75 K:: 1, Nl'ERMS 
N=J+K-1 

75 CHISQ = CHISQ + A(J)•A(K)•SUMX(N) 
76 FREE = HPTS .- NrERMS 
77 CHISQR :: CHISQ I FREE 
80 RETURN 

END 
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FUNCTIC N DETERM (ARRAY, NORDER) 
c 
C PURPOSE 
C CALCliLATE THE DETERMINANT OF A SQUARE MATRIX 
c 
C DESCRIFTION OF PAilAMETERS 
C ARRAl. - MATRIX 
C NORDER - ORDER OF DETERMINANT (DEGREE OF MATRIX) 
c 
C COMMEN'l'S 
C THIS SUBPROGRAM DESTROYS THE INPtrr MATRIX ARRAY 
C DmENSION STATEMENT VALID FOR NORDER UP TO 10 
c 

c 

DOUBLE PRECISION ARRAY, SAVE 
DmENSI ON ARRAY(10,10) 

10 DETERM = 1. 
11 DO 50 It= 1, NORDER 

C INTERCHANGE COLUMNS IF DIAGONAL ELEMENT IS ZERO 
c 

c 

IF (~~Y(K,K)) 41, 21, 41 
21 DO 23 = K, NORDER 

IF (~AY(K,J}) 31, 23, 31 
23 CONTINliE 

DETERM = O. 
GO TO cO 

31 DO 34 I = K, NORDER 
SAVE = ARRAY(I,J) 
ARRAY( I ,J) = ARRAY(I,K) 

34 ARRAY( I ,K) = SAVE 
DETERM = ...DETERM 

C SUBTRA.C:T ROW K FROM LOWER ROWS TO GET DIAGONAL MATRIX 
c 

41 DETERM = DETERM * ARRAY(K,K) 
IF (K •· NORDER) 43, 50, 50 

43 K1 = K + 1 
DO 46 l = K1, NORDER 
DO 46. ~ ·= K1, NORDER 

46 ARRA.Y( J:,J) = ARRAY(I,J) - ARRA.Y(I,K)•ARRAY(K,J)/ARRAY(K,K) 
50 CONTINllE 
60 RETURN 

END 
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SUBROUTINE GAUSS(A,H,XM,XINITL,XFINAL,XINC,XI) 
c 
C GENERATES GAUSSIAN DISTRIBUTION 
C GAUSS(X) = A*EXP((-H**2)*(X-XM)**2) 
c 
C A - MAXIMUM HEIGHT OF PEAK AT X = XM 
C H - 2/H = PEAK WIDTH AT A/E 
C XM - VALUE OF X AT CENTRE OF PEAK 
C XINITL - FIRST VALUE OF X 
C XFINAL - LAST VALUE OF X 
C XINC - INCREMENT OF X 
C XI - CHANNEL NUMBER OF FIRST Y VALUE 
c 

DIMENSION FGAUSS(5) 
X = XINITL - XM 
INITL = IFIX(X) 
X = FLOAT(INITt) 
FIRST = XI + XINITL - 1.0 
WRITE(6,4) FIRST, XINC 

4 FORMAT(10X,22HGAUSS(X) FROM CHANNEL ,F4.0,13H ,INCREMENT= 
-,F4.2/) 

XNO = (XFINAL - XINITL) /XINC 
NROWS = IFIX(XN0)/10 + 1 
DO 1 J= 1, NROWS 
L = J + 1 
XDEL2. = FLOAT(L)*XINC*5•0 
DO 3 I= 1, 5 
K = I - 1 
XDEL1 = FLOAT(K)•XINC 
FGAUSS(I) =A EXP((-H**2)•((X+XDEL1+XDEL2)**2)) 

3 CONTINUE 
WRITE(6,2) (FGAUSS(I),I = 1,5) 

2 FORMAT (10X,5F10.2) 
1 CONTINUE 

RETURN 
END 
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