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PROCESSING OF 7-SPECTRA IN ACTIVATION ANALYSIS Wl FH A
PROGRAMABLE CALCULATOR

E. Garcia Agudo

ABSTRACT

T'*e use of a 9810 A Hewlett Packard programabie calculator in activation analysis data processing is

òesc Dej

W e e naepenaenr programs have been developed:

a1 *5e--k smoothing, area and standard deviation calculation, peak energy and statistical significance

oi Concen"3í'on calculations, ana
c) Decay cun/e analysis

T^ese j oc,ams a'e specially usefuM when the same elements must be measured in a lot of samples.

Tne on^es* p'ogram has only 884 program steps.

P'og-am itsi-ngs, user's instructions and examples have been included.

I - INTRODUCTION

The processing of y-spectra and related data in activation analysis is a time consuming

work and it is convenient to eliminate, or at least, to reduce it as much as possible, specially in

routine work

Many computer programs for automatic spectra processing have been described in the last

years1' < 3 4 ' ° ' 6 1 , and they routinely used at various laboratories. Most of them require digital

computers with a minimum memory capacity of 32 or 64 K bits, which are not always

available

Programs for automatic spectra processing, using table computers with 8000 memory

positions have also been described ' .

programabie calculators are limited by their small memory capacity, not being able

to process complete spectra. Nevertheless, in activation analysis, most of the analysis are

concerned with a small number of elements in each sample. In those cases it is possible to use

programmable calculators to avoid hand calculations. In the present work, the use of a mod.

9810 A HEWLETT-PACKARD programabie calculator, for the routine data processing in

activation analysis, is described. The calculator has 51 data storage registers, 1012 program

steps, and is equiped with printer and the statistic and printer alpha ROM modules.

Due to the small memory capacity of the calculator, three independent programs have

been developed:



PROGRAM A: Peak smoothing; exact peak positioning; energy, area and standard
delation calculations

PROGRAM B: Concentration and standard deviation calculation.

PROGRAM C; Decay curve analysis.

In program A, the activities must be manually -ntroduced in the calculator. An HP 9863
A Tape Reader can be used to introduce the peak activities from a punched tape into the
calculator memo y, but this possibility has not been included in the program, because it
depends on the type ot multichannel analyzer used for the measurements.

Programs A and B a-e the most used in activation analysis. Sometimes it is also necessary
to solve compiex peaks, like the 511 keV ampliation peak, in order to get the individual
components in tr>is case, tne program C is very useful To use it, an HP 9862 A calculator
plotter is also necessary

II - PROGRAM DESCRIPTION

11.1 — Program A

11.1.1 — Energy calculation

In modern multichannel analyzers, equiped w t h linear amplifiers, the peak energy and
channel number are related through the formula:

E( = aCi + b (1)

where

E( is the energy corresponding to channel Ci. The coefficients a and b are calculated
through linear regression, using energy standards, and stored in the calculator memory.

The calculator also calculates the determination coefficient, (r2), corresponding to the
regression performed

111.2 - Peak smoothing

The >-ray peaks measured in activation analysis often do not have statistics as good as it
would be desirable, either because the nuchdes are short lived, or the number of samples to be
measured are so great, that the counting time must be consequently reduced. The processing of
those spectra can introduce errors, specially in the calculation of photopeak energies, because
the actual peak position is not always ax the channel with maximum activity. For this reason,
smoothing of data before computer processing is always desirable.

Several smoothing methods, have been described19 1 0 r 1 * ' ,

The technique used in this work is that from Gibbons and Shanks'10 ' consisting in adjust



a !n:ru order polmomial to five consecutive channels. The smoothing equation is given by

D =
35

- 3 C , + 12C . + 17C + 12C

where

C and n a'e the measured and smoothed number of counts in channel i.

Due to the small capacity of the HP programable calculator, the smoothed number of
counts are stored in the same memory positions they had before smoothing.

As a consequence of this, after the 5th channel, equation (2) changes to

D = — -3D .
35 L 12 17 C, + 12C1 + 1 - 3 C , < 2 (3)

This may introduce an error in the results only when the peak to be smoothed is a very
narrow one, only 3 or 4 channels wide, and has big discontinuities in activity between
successive channels. Such a case appears when the spectra is measured with a solid state
detector and a multichannel analyzer of small capacity (e.g. 400 or 512 channels).

However, a peak with these characteristics needs no smoothing. An option for avoiding
smoothing in these cases has been included in the program.

The program gives very good results when applied to y spectra measured with a gam
calibration up to 1 keV/channel.

11.1.3 — Area calculation

The area under the peak is calculated by the Total Peak Area method'121, using the
smoothed data. In that method the counts from the peak channels are added and corrected for
the Compton contribution (fig. 1) The first and last peak boundary channels are identified
(chi -ch< in fig 1). Just left and right of peak, two regions of the spectra are < hosen,
corresponding to the Compton continuum (ch| -ch2 and ch3 - ch4 in fig. 1) The number of
channels must be the same in both areas.

T he net peak area is

and its standard deviation

Np = NT - (N, + Na) —
¥ ' 2A

(4)

(N, il
4A2

(5)
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where

N = Net peak area (counts)
P

NT = Gross peak area, from ch : to ch

N, -- Ccmpton area from ch, toch-

N = Compton area from ch. to ch,

B = Number of cnannels between ch, and ch-,

A = Numoer or channels between ch t - c h : o r c h 3 cru

The channels ch, , ch eft, and ch, must be identified visually by the operator from the
activity read-out, or from the oscilloscope display Trie data from a maximum of 37 channels
can be stored in the calculator memory.

Frequently, when looking at a >-ray spectrum, it is difficult to establish "a priori"
whether a peak exists or not, in the energy rang», of interest This is particularly true in the case
of small peaks, because they can be masked by the statistical scattering of data points, along the
Compton continuum

The problem can be solved by means of a statistical significance test for the recorded
data, also included in the program

If D( is the maximum number of counts after smoothing in the region chj - ch.3 and N the
mean number of counts in the Compton continuum, the condition for the peak to be
significant is meet when:

D, - N > 2 oü

When it is not so, the computer prints "NO SIGNIFICANT PEAK".

The net area and standard deviation are also printed. Through the last one, the detection
limit for that element in the sample, can be calculated.

11.1.4 — Peak position and energy calculation

The exact peak position is obtained through the smoothed first derivative ,

1
c =

1 10
- 2 D . 2 - D , _ , + D | t J + 2 D . , | (6)

At D^ maximum, E( 0 For locòüng the peak, the computer searches for the channel
where E( takes the first negative value

If the peak is statistically significant, its exact position is calculated by linear
interpolation between E, and E , values, using the expression



where

Cp - exact peak position

C i = number of last channel Aith positive first derivative

E = first derivative value in channel C -

E - f"-st derivative value in channel C

The peak energy is calculated through eq 1, replacing C( by Cp and a and b by the
corresponding values already stored in the calculator memory.

In order to test the program, a -y spectrum of a 0 5 Hg sample was recorded with a
Ge(Li) detector, accumulating approximately 500 counts at the peak. Then, without erasing the
multichannel analyzer memory, a ' " Na spectrum was accumulated ever it.

In fig. 2, the 279 keV peak of tne ' ' Hg sample is shown.

The same peak, accumulated over different intensities of l ' Na Compton continuum is
shown in fig. 3 and 4, including the results of area calculation and the calculated peak energy in
each case

As can be seen, the calculated area ts the same, between the statistiC2l limits, for the three
spectra, and the maximum variation in the calculated peak position is only 0,7 channels

11.2 — Program B: Concentration calculations

After computing the areas and the standard deviations of samples and standards, the
concentration of the different elements can be calculated

A M W.
[ X I — — • 1C6 (8)

AS WM

where

[ X J = concentration of element X, in ppm

A M = sample i 'Cfvty

A- -- standard activity

Ws = weight of element X T\ tne standard

WM = sample we«ght

The standard deviation is given by

As

%
106 (9)

where



a w - . and oW!V| ref9' to the e<ro s assocateci with the weights of standard and sample.

A M , A , , a A M and o ^ are calculated

(IS), U , ,

A M
(10)

' P ' B

3

(11)

0 , - -
A3

(12)

(13)

where

A - net activity

Np r- peak arta

t = measuring time

Subscripts M, B and S refer to sample, background and standard, respectively.
Background subtract/on has been <ncluded only for those cases where the measured peak is
coincident w,th a background peak If this is not the case, the Compton continuum from
background does not affect the net peak activity calculation.

The possibility of decay ccrtct ion has aiso been included in the program

11.3 — Program C: Decay curve analyse

Several decay curve analysis programs have been described
using the least souares technique and matnx calcu'ation

* ' most of them

In our caso, the calculator pe-forms the same operations as in manual processing, but
obviously at very much higher speed

The operator must introduce the expenmentai activity and time data in the calculator.
The present program will accept up to 15 pans of activity and time data. The values are stored
tn the calculator memory and the decay cu<ve is then p i t ted For the correct processing of a
decay curve, the sample must be counted until only the longest lived nucltde is present. The last
points will be on a straight Hue, co'esponding to the decay of that nuclide The operator
determines visually, from the plotted decay curve, the number of points that meet that
condition and introduces it in the calculator



A linear regression is then performed through those points. The extrapolated activity at
t = 0 and the half life are printed.

Using the linear regression coefficients and the values of time corresponding to tno
different experimental points, the contribution of that nuclide is subtracted from the
experimental activities. The new values replace the old ones in the same memory positions

The new decay points are then plotted. This procedure is repeated until the last
component has been obtained.

In fig. 5, a decay curve with three components, processed with this program, is shown
The sample consists of a mixture of ~4Na(T /2 = 15 h), MCl(T / 2 37.3 mm) and
'7S(T1/:! = 5 min).

Among the computed data in fig. 5, there are two more experimental points, at 900 and
1380 minutes, not included in the figure, but used in the calculations.

The calculated half lives are in good agreement with the theoretical values.

The program has the same limitations as hand processing: the measurements must be
continued until only the longest-lived nuclide is present in the sample, and the half lives of the
components must be quite different in order to be able of separating them.

Nevertheless, this program can be successfully used in many cases and is a real help in
data processing.

RESUMO

É descrito no presente trabalho o uso de um calculaaor Hewlett Packard 9810 A no processamento de
dados de analisas por ativação

Três dife'entes programas foram desenvolvidos.

a) Atísamento, cálcu'0 da árra e respectivo desvio padrão, energia e teste de significação estati^ca
dos picos obtidos

b) Cálculo 'íc concentração, e
cl Ana '̂se de curvas de decaimento

Estes programas são especia mente úte s quando os mesmos elementos devem ser medidos em ijidnr.ii;
numero de amostnis

O ma's longo deles tem apenas 884 nstíuções As listagens, nstruções rjr; uso <; exemp'or, acham -,i-
incluídos no texto

RÉSUMÉ

On décret l ' u t i ' oa t ion ci un calcuiateu' p 'og-ammable Hewlett Packard 9810 A pou» I'liturJ.; d>- •i;-,u|:cit i,

d'analyse par act ivat ion

Trois p'ogrammes independents ont été développes

a) " s m o o t h ' n g " du pic, calcul de 'a surface, de !a deviat ion sranrj.i-d <M 'le '^ f;ricr | r; riu [;" • ' ;<•••!

ae la s igni f icat ion statist ique



b) Caicu'; 'Je conrenuai'ons, et
c) Ana'yse Je 'a coo-be de decrossance

Cej piogiamates sent speca'ameni u'.'isab'es auand les mêmes éléments doivent être mesurés dans une

sene d'écha.ntpl'ons.

Le ;> ojramme >e p'us iong comjo.'ie seulement 884 lignes

On a inciuî !es usi-ng rie u'-'OVôm ne, les, nsuuct ons d utilisation et des exemples.
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Ill - APENDIX

Program listings and instructions

111.1 - Program A

Press FMT. GO TO

Insert program

{1) — Enter energy of standard

Press CONTINUE

Enter peak channel number

Press CONTINUE

Repeat step (1) until all calibration data are entered.

Press SET FLAG

Press CONTINUE

(2) - Enter chi

Press CONTINUE

(3) - Enter activity value

Press CONTINUE

Repeat step (3) until all activities are entered.

Press SET FLAG

Press CONTINUE

Enter 1 if smoothing is desired

If no, enter 0

Press CONTINUE

Enter ch4

Press CONTINUE

Enter ch^

Press CONTINUE

Enter ch2

Press CONTINUE

The program goes automatically to step 2 for a new peak.
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EXAMPLE A:

Channel
Number

ch, |403]

404

405

406

407

ch2 [408

409

410

411

412

413

414

415

416

ch3 (4J7]

418

419

420

421

/"*/-*! i n '

L.oun

2728

2743

2644

2651

2613

2603

2701

2768

2795

2846

2684

2703

2720

2585

2711

2689

2760

2527

2551

ch4 [422J

ACTIVATION
ANALYSIS

A) ENERGY
CALCULATIONS

E = A « N + B

LEAST SQUARES
FITTING

A (KEV/CHAN)
0.998

B (KEV)
0.537

CORRELATION
1.000

B)
PEAK SMOOTHING
AND AREA
CALCULATIONS

AREA (COUNTS)
520.132

SIGMA (COUNTS)
214.385

PEAK CHANEL
411.300

PEAK
ENERGY (KEV)

411.159
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EXAMPLE B:

chi

ch2

ch3

ch4

Channel
Number

BUD
404

405

406

407

Rõê"
409

410

411

412

413

414

415

416

m
418

419

420

421

|422_

Counts

2358

2263

2339

2396

2374

2350

2334

2287

2328

2390

2372

2258

2259

2324

2323

2224

2248

2200

2222

ACTIVATION
ANALYSIS

A) ENERGY
CALCULATIONS

E = A • N + B

LEAST SQUARES
FITTING

A (KEV/CHAN)
0.998

B (KEV)
0.537

CORRELATION
1.000

B}
PEAK SMOOTHING
AND AREA
CALCULATIONS

AREA (COUNTS)
295.736

SIGMA (COUNTS)
198.664

NO SIGNIFICANT
PEAK
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0130-
8181-
0132-
0183-
0134-
0185-
01S6-
0187-
01S8-
0189-
0190-
8191-
0192-
0193-
0194-
01 95-
0196-
0197-
019S-
0199-
0200-
0201-
0202-
O203-
0204-
02O5-
0206-
O207-
0208-
0209-
0210-
0211-
0212-
0213-
0214-
0215-
0216-
8217-
9218-
02 í 9-
0220--
0221-
0222--
0223--
0224-
0225--
0226--
0227 —
022S--
0229 —
0230--
0231--
0232—
0233--
0234-
0235 —
0236--
0237~-
0238-
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8 0 6
3 0 7
8;'i8

- - L È
--F'ii

- - f íÍ

--FN
-- ÍI

-- E

-- t
- - C M
-- C
-- h
-- 8
-- H

r

L
— Fn
.. . T ; ,

- -;; F
— ;... .. j

— 7
--:F
— ^
_ - 4
-- 3
..... rr t í

— — F r i

!_-
P -
! -
T-
-
-

-
-
-
-
-
-

T-
—

F1 -
-
-
-
R-
-

-
7 _

1 —

— J

--2
• - - 4

--4
ST

--6

— — 5

--4
--6
_ _ —•
...-1:,
--7
— 6'
- - 7
--4

--4
--6
- - 3
- - y
--0
--6
- - 3

1

*'
'c.

0

5
i

1
4
2

o
2
c:

rr

"T*

6

4

3
--04

1

+

— 4

11.-: ; n — -

- - - i f-.

6 0

;• - - C L F: 2 0
y y 1 4 - -

0 ::• ' ':. - -

Ú O í ' - •

U 8 Í !• - • •

0 8 1 T' ••!

O 8 2 'M - - • i

O ;'J' 8 [--•'.

0:' ; . • - '2- -

2 O
f". 0

r, 0

i\ - -- - 1 •-";

- - 4 :

Í N Í

u ' , •;

^ t ; . .

i t :

M ;:: ::
; 1 ; -| ,

• 6 y
r.4

• 4 2

- 4 r . i

• 4 5

• • ' 4

• 4 7

-'.. 1
7 1

03 40-
0841-
0842-
Õ 8 4 3 -
0P44-
0 345-
0846-
0847-
0843-
0349-
0850-
0351-
0852-
0858-
0854-
Ó355-
0856-
0857-
08 58-
y 6 J 9 -

y 3 6 0-
y 8 '.-• í -
y 8 62-
y 8 63-
i-t:-:64-

Ü :-•'»:• .'-

y 8 ̂' 6 -
y 8 6 7-
0 8 6 3 -
0 8 6 9 -
y 8 70-
0871-
0872-
0873-
y 374-
•0 8 7 5 -

y 8 ' 6 -
08 77 -
0 8 78-
y 8 7 9 -
0 8 8 y -
0881-
0382-
y 8 3 3 -
0 884-

- YTn 4ti
•- I —-65
— C _ * c

»J • '

... u ;• :;- 1 r.«;

- F Ir
- I ---65
- 1. 61
- Ft 62
- K 73
-XTO 23
-CLP 20
_ n 5 fl,

- E 60
- H 62
- K 55
-FJ1T 42
-LBL 51
- i-n—25
-FMT---42
-FMT 42
-CLR---20
-CLR 29
-SFL---54
-3FL 54
-SFL 54
-SFL 54
-SFL 54
-3FL 54
-8FL---54
- -SFL—-54
-SFL 54
-SFL---54
-SFL---54
-SFL 54
-SFL 54
-SFL 54
-CLR 20
-CLR 20
-FriT 42
-GTj 44
- 1 01
- 6 06
- 1 01
-END 46

f ;

0 77 8



Ul.2 - Program B

Concentration calculations

This program is seif-expiaimny, as can be seen below

Example: Cooper Analysis

f i C T i ' ' t i r • v i - i
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0 . 0 3 *

i i l f r ' i i ,
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PROGRAM B - Listings

0000- - CLP---2U
00Ü1--FMV \Z
0082--FHT 42
0003 - -
0 ti 04 —
0005 -
Ü006- -
0 0 0 7 - -
0O0S--
0009 - -
8 0 1 0 - -
0 0 1 1 - -
0 0 1 2 - -
0 0 1 3 - -
O 0 1 4 - -
Õ015--
0 0 1 6 - -
00 1 7 - -
0018 ;
0019 - - '
0020- -
0 0 2 1 - - '
0022--I
0023-- i
0024- -
0 0 2 5 - -
0 0 2 6 - -
0027- -
0023- -
y 0 2 9 - -
0030-- :
0031 -•-
0032- -
003 3 - - :
0Õ34--
30 35--
0 0 3 6 - -
0 0 3 7 - - í
0 0 3 6 - -
0039 --
0 0 41 j - •
0 0 4 i - -
0 0 4 2 - - •
iTl M . t '~i _. „
M t_i "-f . i

0 M • Í 4 - -

0 0 4 L > ~ - •:••

H ---62
C - - - 6 1

MTij 23
I - - - 6 5

INT — 64
H 6 2

XTÜ — £ 3
I - - - 6 5
0 71
M 73

i"LF:---20
H 62
N 73
fl 6 2

:.I , - • — 6 "
'.' TO 40

[ 6 5
,'TO 4Ü
CLR 20

:LP—2e
C 6 1
0 - - - 7 1
N 73
L 61
E - - - 6 0

• : T G - - - 2 3

,., 1 3
H 62

; T M /?,
I ---65
f! - - - 7 1

N - - - 7 3
":LR--- 20
C - - - 6 1
H 6 2
L - - - 7 2
C - 6 1

•• • . 1 i t

i - J •-.
L — i' £.

fi 6 2
: in—:•••?.

•;• ft ,; t. .....

0 0 4 9 - -

1 i -

1 • •O O í
Ü 0 ':< 2 •- •

U õ 5 3 - -
Í .HH54- -

H •

' ' Ú
.: L i": -
: L R -
r.

1

• • !• 0

- ,.•: 0

- 2 0
6 0

'TO 23
L - • • • 6 0
., . . I O

• H •; i :

O 0 6 0 - -';', T 0 •
H •

CHT-
EEíí-
CLR-
CLP-
CLR-
fi -

0062
0063

0066
0067
0068
006 9
0 a ? o
0071
0Ú72
007 2
O O 7 4
0 0 7 5
0 0 7 6
O O 7 7
0 0 7 A
0 0 7 9
0 O o tf
i3 0 S 1
0032
0 0 8 3
0 ij 3 4
0 Ü: j 5
O i j ; j 6
O Õ 8 7
0 0 8 'i
y o y y
O 0 9 o
o 11 ? t
0 ü 9 2 •
Ü 0 9 3 •
O O 9 -1 •
0 U '.-1 Lj
00':
ij fi 9 ' • -
0 0 9 8 ••
0 0 9':' -
O 1 0 0 -
0 1 0 1 -
y i 0 ; •• -

0 5 » : i 3 -
0 .: 'H ! -
0 1 i'i j -
(1 ' Ü.I ••

o i IJ. r -
0 1 0 X -
M 1 - I 1 : ••

0 1 1 0 -
0 1 1 1 -
0 1 1 2 -
O i l " : -
0 1 1 4 -
•3 1 1 L-; -
0 1 1 6 -
M : 1 ,-' ••

-it.
-47
-26
-20
•20
•20
-62
-57
-47
66
62

- - - 6 1
- - - 5 5
- - - 1 5

13
1 1 ""•

_ _ _ (, ^

6 3
20
20
3 6
36
36
61
71

•CUT-
• B •
• Fl -

• c -

• I: -
• G •

• o, •

• 0 -

• D

• C L . R
•CLR

1 • ' f;

h 7 3

• Y •; o —
• F P I T

• - ' ! I

• P N T

- P U T - • -

. : ; - . . _ ; • ; T 0 _ - . . .

; • - - L . P L -

- H

• U P -
-FM !"-
-FMT-

GTP
rnr
PUT

11 V
' T O

1

• t ! T

i j 2 3
4 0
42
4 1
4 5
45
5Ü
44
5 1
6 2
4 7

• 2 (

•42

• 3 6
' I b

3 6

• 7 0
C 0

•'! 2
-4 1
•4 5
•4 5

- 01

0 1 20
01 21
0122
0123
0124
0125
0126
0127
0123
0129
0130
0131
0132
0133
0134
0135
0136
0137
0 1 3 o
0139
01.40
0141-
0142'
01 43-
0144-
0145-
0146-
014 7-
0148-
0149-
0130-
0151
0152
0153
0154

— X 36
--"/TO 40
~ I ---63
-- G ---15

- M
- fl •
•FI1T-
- l .TP-
•PUT-
PUT-
KEY-

-DIV-
YT0

•-LEL-
- i: -

•-LBL-
•- ft -

*.f~r .-i --*«-." " .-''. I IJ - - - - c ;•
- 1 - — 01

-76
-62
-42
-41
-45
-45
- 3 0
- ~'.c<
-4Ü
-02
-44
- c> 1

-5Í
-62

— LEL- —
__ E
--FMT---
--FMT
__ p
--PSE- —
--CNT- —
--Y7 0---
- - X I 0

51
60
42
42
66
57
4 7
48

M

H
D
ft

- i •-'

0 1 5 6 - - D 6 3
-62

Ol53-- o. 13
615?-- D 63
0 1 6 Õ
0 1 6 1

•CLR
CLR

20
20
3 6
36
'.' 6

0 ! 6 3 - - V.
016 4 - - X
01 65-- C 61
ÕÍ66-- 0 71
01 6 7-- i/'A- --17
01 68-- H 73
Ú !, 6 y —)'.T 0 2'.1
0 1 ('0--YT0 4 0
oi7i-- -Fir; — 4 2
GL72 —STP---41
Õ173--PHT 45
0174--PHT---45
Í)Í75 UP---27
fil76--FMT--- 42
0Í77--FHT -- -42
Ol" 7:? •- V, •• 'I.

|J '.",' 9 — !'. • - ' :>
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0180-
0181-
0182-
0183-
Õ1S4-
0185-
0186-
0187-
0188-
0189-
0190-
0191-
0192-
0193-
0194-
0195-
0196
019?
019S
0199
0200
02O1
0202
O203
0204
02O5
0206
O207
O208
02O9
0210
021 1
0212
0213
0214

jfc.
-XTG-
- I •
• M •
- E -
-FMT-
•STP-
-PNT-
•PNT-
-B1V-
-Y T 0-
- 3 •

- UP-
•FMT-
•FMT-

,- i — — —

— _ V — — —

— YTO
- - I - - -
- - G - - •

- - ft
— FMT
- - S T P - —
— PNT-
— PNT-
— XEY-
— DIV-
- - DN-
--XSQ-
- - UP-
- -HFR-

-- • St!

-23
- 6 5
-70
-60
•42
•41
•45
•45
-35
-40
-03
"27
-42
-42
• 3 6
36
36
40

-65
15

-70
-62
-42
• 4 1
• 4 5
-45
•30
-35
• 2 5
• 1 2
-27
• 6 7
•02
12
o'J

0 2 1 6 - - DH-
0217- - r - - - 7 6
0218--ÍÍTO- —23
0 2 1 9 - - 4 04
022O— DN 25
0221--KFR---67
0222— 1
0 2 2 3 - - -
0224--YT0
0 2 2 5 - - 5
0226--FMT
0227--FMT

023O —
0 2 3 1 - -
0232 —
8233 —
0234 —
0235
0236

ID---
É

l

Ül
:J4
40
05
4 ?.
42
36
3 6
3 6
31
60
65

-- H ---74

0241-
0242-
0243-
0244-
0245-
0246-
0247-
0248-
0249-
0250-
0251-
0252-
0253-
0254-
0255
0256
0257
0258-
0259-
0260-
0261-
0262-
0263-
0264-
0265-
O 2 6 6 -
02S7-
0 2 6 8 -
0 2 6 9 -
02 70-
0271-
0 2 V 2 -
0 2 7 3 ••
0274-
0275-
0276-
0277-
0278-
0279-
028O-
0281-
0332-
0 2 o 3 -
0:; 8 4 -

•FMT-
•STP-
•PNT-
•PUT-
•KTO-
• 1 •
• O -

•FMT-
•FMT-

YTO
I

•21
•42
•41
-45
-45
•23
•01
-00
•42
•42
36
36
36
40
A «=;

- - - 4 !

- - i •,

- - H

- M
- G

-FMT
-STP
-PNT
-PUT
-XTO
- 1
- 1
-FMT
-FMT
-CLR
- I •

- F •

- C U T -
- H •

• 0
-CHT-
- D •

• E •

- C •

- H •

• C L !•' •

• r •

65
15
7õ
62
-34
-70
-15
-21
•42
-41

0 2 8 7 - - - o. •
ft.i'JS-- f-, •
0 2 8 9 - - L •
0 2 9 0 - - K T 0 •
029 i - I
0 292 — 0
0293-- N
0 2':! 4 - - CI.:'.
0295--CLR

-01
-01
-42
-42
-20
-65
-16
-47
-73
-71
-47
- £• 3

-60
-61
- A 2
-6 7

•61
- 7 1
-1 3
-13
• 6 0

-61
-23

71

— 20

> li

0i-3y —

0300
0301

--- F ---16
-- L —-72

0302-- ft 62
030?
0 ''. 0 4
0 505
0306
0307
O308
03O9

— G ---15
— CHT 47
-~EE:'—26
— CLR 20
--CLR---2O
--FMT 42
— STP —41

031O--LBL 51
0311
0312
0313
0314
0315
03 16
0317
0318
0319
0320
0321
0322
0 3 2 3
0324
0325
O 3 2 6
0327
032:3
0329
0330
0331
0 3 3 2
03 33
03 34
0335
03 36
0337
03 3 o
03 39
0 3 4 0
0341
0 3 4 2 •
U343
0344-
0 34 5-
0:3'K.
034 7-
0 •; 4 3

0 i 4''-' -
O 3 r:< 0 •
H -'r 1

0.3'J 2
0 3 5 2 •
0"-'54-
0 3 55-
i.i '•'• 5 6

n •:t7;?

u .:'.-::
U .; J '
i\ V.ii-

-- '.: -"-56
--IFG 43
--GT0 44
--LBL 51
-- B 66
--CUT 47
--FMT 42
--FMT 42
-- H 74
-- fi 62
-- L ---72
-- F 16
— CHT 4?
-- L 72
-- I — 6 5
-- F 16
-- E 1-0
..... _ 34
- - f.| 70
-- I 65
-- N ---73
--FMT 42
--STP 41
--PMT- — 4 5
--PUT 41.
-- UP — :•:?
-- . —21
-- 6 06
..._ 9 ii
— 3 03
- -::Êv—30
--Ii IV 35
- - V í Ü 4 0
-- 6 00
-.-FMT 42
-F til !.":

-- n —63

.- ^ j

••~::FR---''.7

-CUT 17
•••;•: T O — 23
... i - - - , _ , « - ,

... rf ----/o
.... £ h,n

>t
M • • ;'n

f t i ' ' :



20

8361 —FMT 42
8362 —STP —-41
8363--PNT \5
8364 —PUT 45
0365— I' 36
8366-- UN 25
6367 — CHS 32
836t--- J 75
8369 —XTQ 23
8370—DIV 35
8371— 5 05
8372--XFR 67
0373 — DIV 33
8374-- 4 04
8375 —N.'Tü 23
0376— 4 04
0377 —GT0---44
8378 —LBL 51
0379-- f 61
8388 —LBL —-51
8381— E: —-66
0 3 S 2 - - 1 01
03S3--VTO 23
0384-- b 14
0385--LEL 51
8386— C 61
0337 — FMT 42
0388 —FMT —-42
8 3 3 9 - - C 6 1
039O--PSF. 57
0391---CUT 47
0392--YT0 40
0393-- H 62
0394-- M 70
0395-- fi 56
0396-- L 72
0397-- E 60
0 3 9 3 — C L P 2 0
0399 —CLP--- 20
fi 4 fi y - - V j £

0401-- X 36
0 4 0 2 - - X 3 6
0 403-- 'I 6 1
0404-- 0 71
O405-- 1 • X : ~
Ú406-- V 73
8 4 0 7 - - X 7 0 23
04 0y- -y'r 3 ..-.'0
Õ409 —Fill 42
0 4 1 0 - - i T r' 4 1
04 1 1---Ph T 40
0412 —PUT *5
0 4 13- U P 2 "
04 14 —FfiT ..'2
8415--FMT --42
0416-- ;•: —:-:6
0 4 1 7 - - ••; '>'.
041Í -- X --->•.
O4i -.'--XT0— ;•..

0 4 20
0-121
0422
8 •» 2 3
0 4 2 4
0 1-25
rj 4 .-.' 6
0427
0423
0429
0436
04 31
0 4 32
04 33
0 4 3 4
04 35
04 36
0437
043S
0 4 3 9 •
04 40
0 4 41-
0 4 42-
0 4 4 3 •
04 44-
0445-
04 4 6-
0447-
04 43-
0449-
8450-
O4':: I -
0 4 5 2 -
0 4 53-
0454-
0 4 55-
0 4 56-
04 57-
0 4 5 S -
04 59-
O 4 6 0 -
0 4 6 1 -
0 4 62-
0463-
0 4 6 4 -
O4 6'.;-
04 66-
0 • i 6'/ •

0468-
<j 4 6'Cl -
U4 7"-
0 4 7 1 -
04 72-
0-; 7 3 -•
04 74-
0475 -
O'i 7'. •-
04 77-
0-1 "i:-

0 4 •."•••

-- I ---65
-- M 70
-- E 6Ü
--FMT 42
— CTP —-4 1
--PUT 45
— PHT 45
— DIV —-35
--YTO 40
— 7 07
-- UP---27
--FMT- —42
--FKT 42
— :•••: —36
-- 'A 36
- - ';•', 3 6

— YTO 40
-- I ---65
— G 15
-- M 70
- - fi 6 2
--FMT 42
--STP -41
-.-PUT 45
— PNT 45
--XEY 30

T, T IJ -| t"

-- UK 25
- - X S I'I 1 2
•-- UP 27
- - X F R 6 7
.._ 2 02
-->ÍSQ Í2
- - + 33
-- DM 25
-- r ---76
--KTO 1§3
-- 8 10
-- DH --25
--XFR- --67
•- 1 - - - 0 1

. _ ... -; 4
- - Y T 0 4 0
•- 9 - - - 1 1
•-FMT 42
•-FMT 42
• - x - 3 6
•- x Jt
... ;,; 26
•••I HI) 31
... f. .... - ijT, ft
... 1 6 5

- G - 15
\\ 74

-XTO 2 3
— _ . — «. V 1

- M 70
- Q ---15
-Ffir \z
-•-,- f.... - 4 !

043O--PUT—4S
0431 --PUT 4!J
84tí2--
0483--
8434--

XTO 2:
1 1 j 1
2 - — 02

O485--FMT 42
0436 --
0437 —
04 8S--
04S9--
849Ô--
0491 —
84 92--
0493--
0494--
0495--
0496 —
0497--
049S--
0499--

FMT 42
;! — 36
'/', 36
X '•*:

YTO 40
I 65
r, it,
Í1 TV
Fl 62

"*. 4
-J i

M —?e
G -—15
FMT 42
STP 41

8588--PNT 45
05Ó1--PMT 45
0502--
0583--
0504 —
O505 -
8586--
Õ507--
O50S--
05Õ9--:
O518--I
Õ51 1--I
8512--
8513--I

XTO 23
0 H0
1 01
3 03
1 61
UP 27
b 14

v = y 5y

GTO 44
LBL 51
D 63
['NT 4 7

0514--FMT- —42
0515--FMT 42
0516--
05Í 7 —
051S--
8519 —
052Õ--;
8521--Í
0522--;
8 5 2 3 - -
0524--
8525--
0526--
8527 —
8528--
0529---

L b 3
E 68
C 61
fi 62
:FR—67
;HT 47
:TO—23
I ---65
M 70
E ---60
- ---34
fi 78
1 65
H 73

ÚÍ30--FI1T--- 42
8531--S1P--- 41
8532 —PhT If
0 1J 3 3 - - \
0534---;
0535--
0536--
8537 — C
0-jjtf- -
M
r
- , . ; •'•* • !

•MT ;5
:FP—67
;••; V h

6 • — -• '.'6
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III.3 — ProgramC

Press: FMT, GO TO

Insert Program

Enter Y max

Press CONTINUE

Enter Y min

Press CONTINUE

Enter X max

Press CONTINUE

Enter X min

Press CONTINUE

Step 1: Enti*r activity value

Press CONTINUE

Enter time

Press CONTINUE

Repeat step 1 until all data is entered (maximum 15 activity values)

Press CONTINUE

Step 2: Enter number of points to be used for linear regression

Press CONTINUE

Repeat step 2 until the plotted points are on a straight line
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Xmin = 0

Xmax = 120

Ymin = 1

Ymax = 10*

t

( min }

4,0

5,5

6,8

8,0

9,0

10,1

12,5

15,2

A

! cps)

170,6

141,2

124,2

111.1

103,6

96,5

82,4

73,1

I min )

17,5

30,6

36,5

61,0

109,5

900,0

1380,0

A

( cps

65,7

50,5

47,1

35,7

25,2

9,7

6,7



24

PROGRAM C - Listings

0O9Ô--CLR 20
OOO1--
0002- •
0003--S
0 0 0 «i - •

ÜH05--X
0906 —
8087 —
OO0S--
OO09--S
8010 —
8011—X
0012 —
0013--
0014 —
0015 —
0016--
OOl? •--
891S--
0019--x
0020 —
0021--X
0022--D
OÔ23--Y
0024 —
6025--
0026--S
0027--;:
0028 —
0029--
0 0: •: 0 —
0Õ31--S
O032--X
0033--
0 i j 3 4 - -

00 35 —
0 0 3 6 - -
0Õ37--X
0033--D
0039--Y
0040--
0041 —
G 0 4 2 - -
0 0 4 3 - -
6 0 4 4 — X
0 0 4 5 - -
0 0 4 6 - - S

K 55
2 02
TP 41
I 65
TO —23
4 04
6 06
UP 2^
TP 41
I 65
TO 23
4 04
5 ---05

34
9 11
9 11
M —n
•? - - - i i

TO 23
o. 13
EY 30
IV 35
TO 40
4 04
6 0 f.
TP 41
TO 23
4 04
8 10
HP 27
TP 41

4 04
7 07

34
a 13
EY 30
IV---35
TO 40
0 0 0
4 04
8 10
6 0 r,
TO - --23
o. —13
TP 41

0 9 4 7 - - L B L 5 1
01'1'to-- '

0049 — X
0050--I
ij 0 51- -
0052--
0 0 5 3 - -
0054--
0055 —X
8050--
095?-
Rv?S8 6
0 0 59-••- X

tí UÜ
TO 2 3
ND —-31
o 13
I 65
UP 27
1 MI
TO —-23
+ 3';
a 13
TP-- 41
id--- 23

0068--IND — 3 1
6061— ft 13
8062--GT0 44
0063--S/R —-77
6064 —LBL — 5 1
00Ò5--XSQ 12
0O66-- 1 — 9 1
0067--XTO 23
0O63-- + 33
0069-- o. 13
8070 —STP 41
9071 —IFG — 4 3
O072--GTO 44
Ü073--LEL 51
É1Q74--EEK 26
0O75--CNT 47
0076--GTO —-44
0077 —LBL —-51
0078-- O 0O
0079 —LBL 51
0080 —EE5Í 26
0031--XTD 23
G032-- - 34
0033-- o. 13
O034 —GTO 44
0885--LBL 51
Õ ft R K - - 3 H 3

0087 —LBL —-51
0088-- 1 91
9 0 3 9 - - o. 13
0096--XT 0 23
0091--- 0 00
^092— 4 84
9093-- 2 02
0094-- 6 06
9 W95--XT 0 23
0H96- - b 14
0097 —LBL 51
0998-- 2 02
S099--XFR 67
O1.O0--I ND 31
9101 b 14
0102-- I 65
OI03-- UP- 27
0 l O 4 - - 1 Ol
D 1 85---••'T0- 23
0106 - + j 3
Ol 07-- b 14
0108--XFF-: 67
fJluy--IH.H 31
01 10-- b 14
0 1 11--GTO---44
0112--S/R- 77
0U3 — LBL —51
01 14--XS0 12
0115--XFR- — 6 7
n 1 1 t. •- - b 14
8117 UP 27
01 1.8 XF;P &-'
i) 1 1 9 - - 4 - - Ü 4

0120--
0121—X

2 —82
= Y —-50

0122—GTO 44
0123 —LBL—5i
0124 — 3 ---03
0125—CHT 47
0126 —
0127—fi
0128—
0129 —

1 —01
TO—23
+ 33
b 14

0130 —GT0---44
0131--LBL 51
0132 — O — — — fi ""J

0133—LBL 51
0134 —
0135 —

3 83
a 13

0136 — XTO 23
0137 —
0138 —
0139 —
9149 — X
0141 —

0 00
4 04
2 --02
T0---23
b -—14

0142—STP 41
0143 —
0144 —
0145 —
0146 —
ÕÍ47 —
0148 —Y
0149 —
OÍ50--

UP 27
2 ---02
X 36
1 Ol

34
TO 40
4 04
1 ---Ol

0151—YTO 40
0152 —
9153 —

3 4
b 1 4

0154 —LBL 51
0155 —
0156 —
0157--

4 0 4
ft 6 2
0 ---71

0158—LBL 51
9159 —
0169—X
0161 — I
0162 —
0163--
0164 —
Õ165 —

5 ---05
FR 67
ND 31
b 14
I 65
U P 2 7
1 - - - O l

0166--XT0 23
9167 —
O i 6 8 - -
O 1 6 9 - - X
Õ170—I
0171--
0172 —
0173 —
0174--
0175 —
01 7 (-',-- X
0I.77--G
i i t 7 O - -I

+ ---33
h 14
FR 67
Nil 31
b 14
0 71
o 13
UP 27
fc 14
~Y 50
TO 44
at 51

5 96



0180 —CNT — 4 ?
»t 31— 1 -—01
8182 —XTO —-23
0183-- + — 3 3
0184-- b 14
0185--GT0 — 4 4
0186 —LBL —-51
8187— 5 — 0 5
8188--LBL---51
0189-- 6 ---06
019O-- E — 6 0
0191—XTQ — 2 3
919S-- 4 ---04
0193-- 0 ---00
0194 —YTQ 40
0195— 3 03
0196-- 9 ---11
Q197-- UP — 2 ?
019S— . 21
0199— 6 06
0200— 9 ---11
0201— 3 --03
6202 —KEY — 3 0
0203 —DIV — 3 5
6204-- DN 25
8205 —CHS — 3 2
6206 —FMT — 4 2
8207 —FHT —-42
0208 —XTQ — 2 3
6209 —CNT — 4 7
0210— .1 ---01
0211—DIV 35
0212-- 2 ---02
0213 —CNT 47
0214 —CNT 47
0215 —CNT 47
1'216 —CNT 47
0217 —CNT 47
0218 —CNT — 4 ?

0219 —FMT —-42
0220 —PNT — 4 5
0221—PNT — 4 5
0222 —FMT —-4t-
6223 —FMT 42
0224 — fl - - - 6 2
0225--- 3>r
0 2 2 6 - - 0 —-Of-
0227--FMT 42
0228 —RUP—22
0 2 2 9 - - J 75
9230--PHT r5
023 i--PUT IS
0232 —XFR — 6 7
0233-- 4 --- íí-<
0234 — I OI
02 3 5 - - UP 2"
M 2 3 6 - • i - - O í

> ' • • ' : " ; • > - '•'•' o • •:!'• f . i . : - I ; . . - - ••••! r- • • r . v ' \ \ À z ; ; t i 1 • • • • ( • ;

' • ' ' • • • • : ' - ' — •'>•' 0 2 : ' ' " - :•• • :•>.• u / , • ' • : M

0 2 4 0 - -
0241 —
Ü242--
024 3 —
0244 —
0245 —
0246 —
0247 —
0243 —
0249--
O 2 50 —
0251 —
0252 —
61253 —
0254--
0255--
0256 —
0257 —
6258 —
025'^--
0260--
8261 —
0262--
8263--
0264--
0265--
0266 —
0267--
0268---
0269 —
y 21' Ü - -
0271 —
0272 —
Ü 2 7 3 - -
0274 —
0275--
0276--
0277--
0278--
0279--
028O--
02SI--
O 2 8 2 - -
0 2 3 3 - -
0 2 '6 4 - -
02:35--
0 2 v 6 •- •-

y 2 c 7 - -
0283--
0289 —
0 2 9 O - -
U 2 9 1
0 2 9 2 -• -
0 2 9 3~ •-

0 2 9 4 •--
1 ;"• 9 u ; - • •

'1 " "•) ̂  • -

' . • ' .

r •• —

XTQ —
b

LBL---
í — — —

!i F R
IND
h.
XFR — -
X

13
0?

14
51
07
67
31
14
67
36

4 04
o ---
XFR —-

+
3
9
j

UP
1 — — ™

XTO--—
_ _-_
I-,

YTO- —
INB
_

XTO
+
b -
k

U P
C' — "*""

;••; - Y - ••

tJTO-
LBL
O —

CHT
;"•

XTO -
*r • — " —

b —
::;TO-
LBL -

LEL.

s — —5KL-
H

• Í T 0 -
;.

P» - - -

BL
q .. .....

'.f-'R- •

!-;

00
K- 7
•J* Z'

03
11
75
27
01
23
34
14
40
31
34
14
23
3 3
14
14
2 f'

13
50
44
51
10
4 7
02

o • J

14
4 4
51
07
51
10
5t
00

n J
10
51
: i

Vi
11'

0 •..': 0 0 - - 4 -
0301— 0 -
\\ •; -| :_...' 'f f.. .-
Ü 3 0 3 •- - + -
0304— 3 -
Ó305-- 9 -
0306-- UP-
0307—PUP-
0308--GTO-
O309--S- R-
O310--LBL-
0311--XFP-
0312--IFG-
0313--FMT-
'3314-- UP-
0315--KHT-
0316-- DN-
0317 —FMT-
03 IS-- DN-
03 19-- UP-
0320-- 9 -
0321-- 9 -
0322-- 9 -
Ú323-- 9 -
0 3 2 4 - - V. < Y -
0 3 2 5 - - G T 0 -
0 3 2 6 - - L B L -
Ó327-- fl -
0323—CNT-
0 3 2 9 - - 0 -
0 3 3 0 - - RIJ F -
yy;i-jj i - - ) • / Y -

O 3 3 2 - - G T C I -
0 3 3 3 - - L l : L -
0 3 3 4 - - Fl -
0 3 3 5 - - C H T -
0 3 3 6 - - 1 -
«oSi'-'CN r-
033C--)'. \ -J -
0339-- + -
0340-- 3 -
0341-- S -
0342--GTO-
034 3--LBL-
0344-- 9 -
0 34 5--LBL-
0:346-- fl •-

0347--FNT-
034S-- UP-
0349-- S'FP-
03 5 0--GlO-
0 351--LEL-
0 :: 5 2 - - 1 -
0353---LM. -

0 -.5 5 Y'I !.'•
n '.'"ii-.--

-••04
--00
- - • r, -

— o i

--o;
— 11

--22
— 44
— _ •?•?

--51
— 67
- - 4 3
--42

j "7

--42
— 25
--42
--25
--27
--11
--11
--11
--1 1
--52
--44
— 51
— 62
--47
- - 0 0
--22

c* O

Í4
- - 5 1
- - fc. 2
--47
— 01
--47
— 23

--. --i

- - 0 3
--10
--44
--51
--11
--51
•"62

— 42
--27
--41
--44
--51
- - U 1
--51
- - j 2

-40

• n::
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036U--
0301 --
0 3 6 2 - -:
0 " b ••'

0?'-4---
'J 3 6 f< - -
U 3 6 6 - -
036 7--
036L:--
0369--
03 7O--
037!--:
0372 —
ÍÍ373--
0374 —
0375--:
0376--
0377--
0378--
037'? —

4 04
7 07
::rp.—67

'•' — - :'•<:•

4 Ci .1

3 10
UP 2/
YE 24
3 0:";
7 ---0 7
DH 25
'FR---67

34
4 04
5 ---05

•-CFP---6?
li ---36
4 04
6 06
ijp 27

0380--XFR 6?
0331--
0382--

3 03
7 ---07

0383 —FMT 42
0384 — UP----27
0385--FMT 42
0386 — DH-—25
0387--FMT 42
0388 — UP 27

S
0390 —LBL---51
0391—XFR---67
0392--YTO----40
6393-- 3 03
0394-- 7 07
0395---:-'FR 67
0396— - 34
0397-- 4 04
0398-- 7 97
0399--ÍÍFR 67
0400-- X 36
0491-- 4 04
04Õ2-- 8 16
0403— UP 27
0494— YE — 2 4
0495-- 3 03
0406-- 7 ---07
0407-- DM —-25
0403--XFR 67
0409-- - —-34
04 10-- 4 04
0411-- 5 —-05
0412 — XFR —-67
04 13-- X 36
0414— 4 ---04
0415-- 6 06
0416— UP —-27
0417--XFR 67
04 18-- 3 03
0419-- ? ---*?
0420- -S/R 7?
042J---END —-46
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E

en
H
Z

600

500

400

300

200

100

Ch.

CtuUkMl

Nunbar

FIG 1 - AREAS USED FOR PEAK INTEGRATION.

ARLA (CHIHTS)

SIGHA (COUNTS)

PEAK CHANNEL

FLAK LNERCY
(KeV)

2030.30

49.17

553.57

279.68

55b 56?
Channel Number

2 - PEAK AREA CALCULATION, WELL DEFINED PEAK.



28

~T
AR' = UOUSTS) 2 1 5 0 . 1 8

SIGMA (COUNTS) 4 3 } . 9 2

PEAK CHANNEL 5V< JO

PEAK ENERGY 276 99

..ÍER1MEÍJTAL DATA

DATA

542 546 550 55i 558 562 566

Channel Numiier

3 - SMALL PfcAK ON A MEDIUM COMPTON CONTINUUM.

AREA (COUNTS) 2 5 1 0 . 5 5

S1CMA (COUNTS) 8 H . 0 7

PEAK CHANNEL 552.87

PEAK ENERCY
(KeV)

EXI'hHIMENTAL DATA

:;MOÍTTHI:I) ÍMTA

542 546 550 554 558 562

Channel Number

FIG. 4 - SMALL PEAK ON A HIGH COMPTON CONTINUUM.
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FIG 5 - DECAY CURVE ANALYSIS


