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"Magnetic Tape Deck and the Graphic Display is described-in the 4051 manuals.

R T - LBID-121
Software Manual for -the

-Scanh1ng X—ray Fluorescence: Hair Ana]yzer

L. H. Chr1stensen and A. C. Thompson
Lawrence Berkeley Laboratory

1. INTRODUCTION

This manual will describe the software developed for the Lawrence Berkeley

Y.Laboratory Automated Hair Analyzer. The system measures hair samples using a
~ special h1gh voltage Mo x- -ray-tube together with a high-resolution Si(Li)
‘detector. ~ Hair samples are mounted in p]ast1c frames which can then be moved

into‘position for analysis The system is complete]y automated so that once
the hair frames are placed in one of the 16 sample trays they will be sequen-
tially moved into position, scanned down the hair and the results for 19

~elements in ppm/mm and the. mass 1n ugm/mm w111 be written on a 3M cassette

tape. This tape can then be used to produce plots or printed output of  the
concentrat1on of any element or mass versus sample- position.
~ The first part of this manual will give a user oriented description and

- the second part a programmer oriented description._ Reading the_first'part
‘should make it possible for a relative inexperienced user to run the. spectrom-

eter and to obtain useful results. Part two demands that the programmek is
familiar-with the Basic Language and understands the general idea behind the
spectrometer -hardware and hardware functions. _ : |

The computer part of the hair analyzer consists of a Textron1x 4051 com-
puter with 32 K words_and_atTexas Instrument,9900 microprocessor with 16 K of

~ 24-bit memory. The 4051 is programmed in Basic and the TI 9900 in assembler

language. The Basic Language used is described in the 4051'manuals;1,
TI 9900 software will be described elsewhere. 2

F1gure 1.shows an overall d1agram for the hair ana]yzer The central
computer, wh1ch is operated from the keyboard, - 1s connected to the micro-

processor via the interface bus. This interface is an.integral part of the

The; '

- 4051 and as such'described in the manuals.3 ‘Some of the program works ~in an

interactjve way and the Graphic Display is used by the programs to question
the user. The display can also be used to plot an acquired'spectrum or the
cOnCentration'versusvhair length for a-giveh element. ‘A1l the programs and

the data results'are'stored.On,3M magnetic cassette tapes. The use of the .
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The collimator choice,-sample chahger, X-ray controi]er and the ana]og-to-
digital converter (ADC) are all program controlled.’ Except for the ADC all
these control functions can be operated via front panel push-button sw1tches
in what is ca]led the manual"mode The front pane] of the hair analyzer is
shown in Fig. 2. v A ' ‘

The software for the ha1r ana]yzer cons1sts of f1ve ma1n programs

1),'The Runhing Program v
2)  The Setup Program |
3) - The Data Tape Marking Program
4) The Data Presentation. Program
5) The Hardware_TestfProgram'

- These: programs use various subrout1nes, wh1ch are d1v1ded 1nto three B
~ groups: B ’ ' ‘

.1) Control Subroutines
2) Service Subroutines = .
3) Data Analysis Subroutine

The purpose . of the Control SubroUtines is to take care of sample handling'
and to select the experimental conditions (collimator, HV, etc.). The Service
SubrOUtines takes care of all the necessary data manipuiation (input/output,
plot, etc. ). The Data Ana]ys1s ‘Subroutine is des1gned to facilitate automatlc
elemental analysis (area, concentrations, etc. ) '

II. USER ORIENTED DESCRIPTION OF SOFTWARE

A1l programs'are stored on tﬁé Program Tape. By pressing the AUTO LOAD
key on the 4051 a small program will be loaded which will load any. of the f1ve
Basic programs. . - : : .
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The?program asks which program you wish to runvin the form
_HAIR ANALYZER PROGRAM TAPE

WHICH PROGRAM. DO YOU WANT TO LOAD
R - Running Program |

P - P]ot1ng + Pr1nt1ng Program
S.- Setup Program _

"M - Tape Mark1ng-Program

T - Hardware Test'Program

Answer the quest1on by typ1ng the appropr1ate character The desighated

program is then 1oaded from the tape. . .

1. Running Program

The general'scheme for using‘thevRuhning'PrOgramﬂis.shown in Fig. 3. Two
modes of operation are possible: AUTO and SEMI AUTO. The only differences
between these two modes are the 1nput to and output from the program. In the
AUTO mode all the necessary information about the sample and the runn1ng
conditions for the spectrometer is. stored on ‘the Data Tape (see II. 3) and the

- final results will automatically be stored on the tape In the SEMI AUTO mode

the 1nformat1on has to be supplied on- line before the analysis,. and the final

| results will only be d1sp]ayed on the 4051 screen. ~The SEMI AUTO mode is use-

ful if the user only wants to run one sample at a time and does not want_ to
permanent]y record the data on magnetlc tape. ' :
When the Runn1ng Program has been 1oaded -the f1rst quest1on asked by the

program is:

HAVE YOU LOADED ALL YOUR SAMPLES, AND PLACED
THE SPECTROMETER IN AUTO MODE (Y. OR  N)?

If the answer is Y the program will ask:

~ HAVE YOU REFILLED THE LIQUID NITROGEN DEWAR RECENTLY? -
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~ This- question'is'asked to remind the operator to refill the dewar. The dewar
shoqu be refilled at Teast once every four days. After ref1]11ng wait at .

: least . one hour - before using: the system to enab]e the. system to stab111ze

' prOperTy. The next quest1on ise ' '

Cy

DO YOU WANT TO_ USE- DATA TAPE -OR -
SCREEN INPUT (T OR 'S)?

. In the AUTO mode the Data Tape conta1ns the necessary 1nformat1on and the
program will ask ' '

© INSERT DATA TAPE - WHICH TAPE FILE FOR FIRST SAMPLE?

‘The program refers tolthevData Tape previously marked and the answer
'should be obvious (see II. 3). The last question in this mode is: =~

_ HOW MANY SAMPLES.DO YOU WANT TO ANALYZE IN ONE RUN?

Aga1n the answer shoqu be. obv1ous..“y‘”: : oL
‘In the SEMI AUTO mode the foT]ow1ng seven quest1ons w111 be asked '

;TYPE DATE'(DDDDDD)?v' |
'WHICH KV SETTING DO YOU WANT (1, 2, 3)?.
WHICH COLLIMATOR DO YOU WANT (1, 2, 3, 4)?.
TYPE MM ADVANCE/STEP AND TOTAL NO. OF STEPS7

- TYPE MM TO ADVANCE BEFORE ANALYSIS?

* TYPE COUNTING TIME?
SAMPLE POSITION IN TRAY?

The user is referred to II 3 for exp]anat1on.

ATT ‘the necessary 1nformat1on is now in the computer and the system will
start..v —_— g : ‘ N '
For each hair segment anaTyzed the'Output'from the program-wil] diSpTay-
the mass/mm and the elemental, concentrations in ppm/mm. Fignres 4 and‘S'giVe
-an example of the output. _ ' '

In the AUTO mode the elemental concentratlons ‘an error estimate on these
and the mass for -each segment are all stored on the Data- Tape. The Data .
Presentatwn Programs al]ows the user to prmt or p]ot the concentratwn :
versus length (see II. -4) at a later time. ‘
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If an unusua] comblnat1on of co]11mator and h1gh vo]tage have been select-

ed then the ‘program will ask

SPECIAL SENSITIVITY FACTOR REQUIRED--,
-TYPE IN DESIREI FACTOR '

rThevuser should respond with either 1, 2, 3 or 4. Special care should be
used in answering this question as the calibration'factor'presently stored in
the system may not be the appropriate one for the particular'HV-current and

- collimator chosen._ Results may be 1in error by a constant factor if an error
is made at th1s po1nt. '

2. Setup Program

| The purpose of the Set- Up Program'is'to perform the necessary calibration
of the spectrOmeter. The ca11brat1on is related to the quant1tat1ve data
analysis (see II. 5) and th1s ‘analysis is based on: :

1) A stored background spectrum
© 2) Stored shape standard spectra,
3) A calibration table o
4) . An,attr1but1on table (Part of 3)

Besides measuring the d1fferent spectra and creating the tables the

- program makes it possible to display prev1ous]y stored spectra and to d1sp1ay

and edit the Calibration Table. . _

‘Other options are: energy ca11brat1on transfer of ca11brat1on 1nforma-
t1on stored in the TI 9900 ‘memory to. a backup tape and vice versa. F1gure 6
shows a list of the d1fferent opt1ons or.menu items. '

The TI 9900 16 K memory is organ1zed as fo]lows

}Buffer' 1,2 : Data_acquisitibn
3 : Calibration table
4 : Background spectrum
5-8 : Shape standard spectra
. . 9-16 : Temporary. data storage
The Setup . Program uses buffer 1 and buffer 3 to 8.
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- The fo]]ow1ng will explaln how to run the program and 91ve a stepw1se
_descr1pt10n of the calibration procedure.c ' '

2.1 'ELEMENTAL_CALIBRATION-

fes.

The Setup Program is stored as a b1nary file on the Ca11brat1on Tape (see
3) Press1ng the AUTO LOAD key w1l] load the program 1nto the computer .

- and execute it. The screen will d1splay the. MENU as shown in Fig. 6 The
7program is also stored on the Program Tape and can be loaded from 1t also.;;,
The program works . in an 1nteract1ve way and quest1ons w111 be d1splayed on

L

the screen.

STEP #1: EXPERIMENTAL CONDIIONS - -

The ca]1brat1on standard must be placed in one of the sampTe trays and the
tray lowered so that it will enter the spectrometer (with. the HAIR analyzer .
contro]]er in the MANUAL mode) The spectrometer shou]d then be p]aced 1n the
- AUTO mode - and the .program. w111 ask how ‘many steps you Wish to insert the

: sampTe, whatrvoltage.(l, 2 or.3) to use and which coTTlmator to use. '

STEP #2: ENERGYHCALIBRATION ITEM 11.[

. The energy ca11brat1on is based on a know]edge of the energ1es and cen-
troids for two well defined peaks. The energ1es (kev) and limits (channeT |
numbers) for the two peaks are g1ven as input.  The centro1ds (1 ) are
ca]cu]ated accord1ng to ' o

wherefIi is the'intensitydin‘channel i.

To perform the calibration place a sample in the'spectrometer"choose ITEM
11 and input the countlng time (sec) when the program asks for 1t The
spectrometer will then acqu1re a ca11brat1on spectrum and d1splay 1t on the
screen as shown in F1g. 7. ' '
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- The next step is to supply the program with the energies and limits for
two peaks. The program will then calculate the centro1ds and the number of v
“electron volts per channel. F1gure 8 shows an examp]e of the energy calibra-
tion. B : ‘

' The ca11brat1on should not change very much from t1me to time. If the
1ocat1on of the centro1d of the Mo coherent peak shifts more than one channe]
from its typ1ca1 channel positin of 531. 25 minor adJustments of the amp11f1er
gain or zero controls may be necessary ' '

STEP #3: BACKGROUND MEASUREMENT ITEM 6 -and 7

Place an appropriate,background_sample‘in_the SpeCtrometer,.choose MENU
"ITEM 6 and input the counting time (Sec)' The acquisition time should be
chosen in such a way. that the spectrum has.good statistics.: :

The program w111 display the background spectrum as shown in F1g 9 and
asks for the limits for Mo scattered peaks The scatter peak region is shown
in F1g.‘10 ' ' o
B The limits for the coherent and incoherent peaks are determ1ned as’ we]1 as
the‘1ntegrated peak intensities. The intensity for the incoherent peak is ‘
used to normalize the background spectrum before subtracting it.from the shape
standardvspectrum or from an unknown spectrum. The coherent peak centroid is
also calculated and used as a fixed po1nt for sh1ft1ng an unknown spectrum
(see II. 5). ' , ‘

Figure 11 shows the coherent peak and F1g 12 shows the incoherent peak.
The 1limits for these peaks can be changed until the user is sat1sf1ed ‘With the
two regions. The fo]]ow1ng parameters are used in Step #4 and should be noted:

Typica] Values-

Mo coherent: "':jLimitﬁ. S s 538:
. Centroid - . - - . 531.25
. Mo incoherent:  Limits . 490 - 519

Integral/sec _ S . 224.51

It s possible to change the‘backgrdund spectrum’withOut changing the rest
of the calibration by measuring the background from an appropriate sample.
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Use of MENU ITEM 7 will d1sp]ay the background spectrum current]y 1n the '
calcu]ator (see F1g 13).

~ STEP #4: CALIBRATION TABLE FOR MS ITEM 2

'MENU~ITEM'2,ishused in this caSevbecause it is the easiest way to store

the calibration parameters'for'One e]ement The Ms 1nformat1on is part of- the
Calibration Table and this tab]e w111 be described in greater deta11 under
STEP #8. ‘

The program will ask the user:

WHICH ELEMENT DO YOU WANT TO EDIT (2 CHAR.)?

and the answer shou]d be Ms (Mass) The program w111 ask- for wh1ch parameter
~you wish to change. After the user answers with the number of the parameter
(1—32)1the program types. the Current value of th1s parameter and asks for the
new vaTue when you have f1n1shed ed1t1ng parameters,. type "-1" for. the |
parameter number and the program will return to the 1n1t1a1 MENU. :

The mass Calibration parameters are defined as::

Parameter 1 - :: Group number (=0)
2 Z-value (=100) .
3 Peak centroid coherent peak -
4 Left. Timit for coherent peak
5 : Right limit for coherent peak
6 :.;Left 1imit for incoherent peak .
7 ¢ :R1ght 11m1t for 1ncoherent peak
8. : ,Normallzlng factor ,
9 | Intercept mass ca11brat1on for sen51t1v1ty 1
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11

B

13
14

15

16
17

'~18B 5

19

21
22
23

24 -
25

26
27

28

29

30
31

32

20 -

.'.9__

Slope mass calibration for

Intercept mass calibration

Slope mass calibration for
Intercept mass calibration

Slope mass calibration for

Intercept mass calibration
Slope mass calibration for
Countwng time

" LBID-121

sensitivity 1

for sensitivity 2
sensitvity 2
for sensitvity 3
sensitvity 3

for sensitvity 4
sensitvity 4

Background integral for 1ncoherent peak (counts/sec)

Start of Background Reg1on
Start of Background Region
Start of -Background Region
End of . Background Region 3

1
2
3v

Start of normalizing reg1on for Background Region 1
End of normalizing region for_Background Region 1

Integral normalizing region for Background Region

Start of normalizing regjon for Background Region 2
End of normalizing region for Background Region 2

Integral normalizing region for Background Region

Start of normalizing region for Background Region 3.

End of normalizing. region for Background region 3.
'Integra1 norma11zwng region for Background reg1on

Unass1gned

1 (c/s)
2 (CIS)'

3 (ﬁls)
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It is poss1ble at this time that not all the parameters have been deter-

vm1ned and the user can then set these parameters to- 1. In order to. ‘measure
' the shape standard spectra the parameters 3 to 7, 17 and 18 must be given the
| right- values. o o ' ‘

STEP #5: - ENERGY CALIBRATION ifEM 11

Th1s step may not be necessary, but the user has to make sure that energy |
calibration is the same before and after measur1ng the shape standard spec—,
tra. 0therw1se th1s measurement w1ll be wrong ‘Anyway, STEP #5 is l)ke STEP

2.

STEP #6: MEASUREMENT OF SHAPE STANDARD SPECTRA ITEM 5

As explained in 1.5 the Data‘Analysis'Subrouttne is a straight forWard
spectrum str1pp1ng rout1ne in which the contribution due to scattered back-
ground and 1nd1v1dual fluorescence peaks are sequent1ally subtracted from the
spectrum to be analyzed STEP #6 measures these standard fluorescence spectra'

 for 1nd1v1dual elements sequent1ally.

‘In order to store all the necessary spectral data in the TI 9900 memory 1t
is necessary to compress the shape spectra: us1ng the limits on the important '

‘regions entered by the user. The spectral data for a particular element w1ll o

typically consist of two reg1ons (see Fig. 14) and in some cases of a third
region. Region 1 covers the Ka line, region 2 the Kg line and region 3 for
example an escape line-of a L line.. The»uservalso has_to-specify’affourth

" region: the fit region. This region is a part of region 1. The three

regions w1ll be stored in the TI 9900 memory buffer 5 to 8.

" Before measur1ng the shape spectra be sure. that the r1ght background is in
buffer 4, the Mo calibration 1nformatwn 1s stored properly and that all 19
samples are ava1lable : '

' "ﬂElement List::

K'_Ca Ti V _ Cr Mn Fe Co Ni CuZn As Se Br Rb SR HG Pb
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After the user has answered the questions:

DO YOU WANT TO. ADVANCE SAMPLE?
WHAT HV DO YOU WANT?
INPUT COUNTING TIME?
and . o ' o
| HAVE YOU LOADED THE SAMPLE FOR *** K _ %% (Y OR N)?

the program will acquire the first spectrum and whéh-finished'displéy it as
“shown in Fig. 15. The program will then ask for the limits for each region,
"subtract the background and then display that particular region. The Timits
can be changed until the user is satisfied. For most elements it is not
necessary to define a third region and the 1imits should be set to zero. It
is suggested that region 1 and 2 are adjacent and if possible also region 3.
The 1imits of region 1-3 should typically be chosen to include the peak.untiT
it is near the background. The 1imits'of:region'4 should normally be selected
to include the peak from 3/4 down on the lower side to 3/4 down on the upper
“side. o - | : | -
When all the limits have been determined the program will store the three
spectral regions and then print and copy the final results as shown in _
Fig. 16. The same procedure should be done for all the elements. Some ele-
_ ments can be omitted if no analysis will be done for them:

STEP #7: ENERGY CALIBRATION ITEM 11

The énergy calibration should be checked after all the shape spectra have
been measured. Thé calibration shou]d not hdve changed compared with the
calibration in»STEP #5. If the calibration has changed it is probably neces-
sary to remeasure the shape spectra in order to get the best data analysis |
results.

 STEP #8: CREATE A CALIBRATION TABLE FOR 19 ELEMENTS ITEM 1

~ The Calibration Table contains all the information which is necessary to. .
perform the data analysis. The table is stored in buffer 3 in the TI 9900.
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- For,e3ch_e1ement-the following information is stored:

Parameter

10

b
.14

16
17

19
20
21
22
23
24

The 19 elements can be.divided into. four groups numbered 1 to 4.
If this parameter is not determ1ned yet then set

eter 1 1s the group number.

© ® NN AW N e

13 ;f

15 :

18

25
2
/)
28-32

‘Group number R
: - Z-value
: Peak centroid

Left limit region 1

Right limit region-1
: Left limit region 2
:,»R1ght limit region 2
;- Left limit region 3

R1ght_]1m1t region 3
Left 1imit fit region

: Right Timit fit region
First address buffer 5

Last ‘address buffer 5

Number of data points -
- Not used (=0)
:* Not used (=0)

Counting time

Integral region 1 counts/sec
Integral region: 4 counts/sec

Sensitivity 1
Sensitivity 2ur
Sensitivity'34'
Sens1t1v1ty 4

Z-value for 1nterference 1

Ai' j correct1 on

: Z-value for 1nterference 2
A correct1on -

1

. Not- used‘

it to 1. The Z-value is found in.the periodic table.
Parameters 3 to 19 are determxned when the shape standard spectra are

measured and the user should refer to the output from ITEM 5.

LBID-121

Param-



13- ' LBID-121

- Parameters 20 to 23 are the sensitivity factors for example expressed as
counts per sec per ng. These numbers will be determined in STEP #13.
As’exp]ained in II. 5 overlapping lines in a spectrum cause problems.

Interference between two lines will result in erroneous intensities if no

correction is applied. The correction @ 5 has to be determined experi-
mentally. It is assumed that at most only two elements interfere with the
element of interest. Parmeter 24 to 27 contains the Z-values and correction
factors. ' '

It is possibie that not all the parameters have been determined at this

- moment. The parameter is then set to 1 and can then be changed later on using
‘ MENU ITEM 2. ‘

At any t1me it is poss1b1e to 1ook at the Ca11brat1on Table us1ng MENU
ITEM 3. Up to f1ve elements can be d1sp1ayed at the same time.

STEP #9: CREATE AN'ATTRIBUTION'TABLE ITEM 4

To ensure that interference effects between elements are_minimai it is
necessary/to carefully choose the order in.which elements are stripped‘from
the spectrum (see II. 5). In the Data Analysis Subroutine the sequence of
removal of elements is speCified‘by inc]uding each element in one of four.
groups. These groups are analyzed in order, but the elements within a group
are removed from the spectrum in. order of decreasing intensity. Some
knowledge of possible 1nterferences for a given sample type is necessary in
order to create the table. . _

The group table is part of the Ca11brat1on Tab]e stored in buffer 3. The

32 parameters are used as follows:

Parameter o 9 17 25 Group number
2 8 10 26 : Number of elements in group
11 19 27 'Peak centroid. Position in

w

~ element list for peak 1
12 20 28 B Saneﬁbutsfbr’peak 2 |
13 21 29 : Same hut for'peak 3
14 22 30 : Same but for peak 4
15 23 31 : Same but for peak 5

e N o

16 24 32 : Same but for peak 6
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Each“group may contain up to. six eTements. ,The position in the element
list is caIcuIated automat1ca11y when the program is g1ven the chem1ca1 symbo]
The program asks the user three quest1ons

1) HOW. MANY ELEMENTS DO YOU WANT TO PLACE IN THIS GROUP (1 - 6)? '
2) INPUT APPROXIMATE PEAK CENTROID
3) INPUT ELEMENT (2 CHAR. )

and the answers should be obvious. The last: tno questions will be asked for
each element and the f1rst quest1on for each group It iS‘possib]ertoanace
zero eIements in a group '

‘ When the program has stored the tab]e it w111 d1sp1ay the whoTe tab]e on
. “the screen as shown in F1g 17. At any time the user can. 100k at the table
us1ng MENU ITEM 3 and the element symbo]l 'MC*.

2.2 TRANSFER TI‘MEMORY-CONTENT.ONTO TAPE

In case of a power fa11ure a11 the ca11brat1on 1nformat1on will be Iost
It is therefore necessary to store the 1nformat1on on a Ca11brat1on Tape every |
time this information is changed. MENU ITEM 9 _gives: that opt1on.

F1gure 18 is a listing of the files on the Ca11brat10n Tape Filel is a
load program which Ioads the Set Up Program, file 2, 1nto the 4051 memory when
the AUTO LOAD key is’ act1vated Each Ca]wbrat1on Tape may contain up to. four
d1fferent ca11brat1ons (1, 2, 3, 4) In this examp]e(only_calfbrat1on.1 is
used. . | . o T
Execut1ng the program (MENU ITEM 9) w111 be foTIowed by these two ques- :
t1ons : :

"HAVE YOU LOADED THE SET-UP TAPE (Y OR N)? -
and T
' - TYPE OUTPUT TAPE FILE #(1-4)

When the tape‘has been inserted the first;answer'iS’of course'YIand the fg
second answer’ shou]d be 1, 2,3 ‘or 4 correspond1ng to ca11brat1on 1, 2,3
-or 4. Then the program w111 transfer the content of’ buffers 3.to 8 onto the
tape automat1ca]1y. ' '
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_ MENU ITEM 10 fransfers’ca]ibration ihformation preVious]y'stored on the
CaI1brat1on Tape from the tape into the TI 9900 memory in the appropr1ate
buffers. Two similar quest10ns are asked-as in MENU ITEM 9. ,
To Ccreate a new Calibration Tape it should f1rst be marked in the same way
as th 18 shows and then the Load Program and the Set Up Program should be
stored in file 1 and 2, respectively.

2.3 MASS CALIBRATION

In order to transform absolute concentrations to relative concentrations
(e.g. ng to ppm) it is necessary to determine the mass of the analyzed hair
segment. It is assumed that the mass M (ug/mm) is linearly correlated to the
intensity of the Mo incoherent scatter beak, Tur (counts/sec).

M (ug/mm) = CML + I, /CM2

Before the mass can be calculated, CM1 and CM2 have to be7determined._ CMI and
CM2 are determined by measuring 1MI for different known masses, M. Again
. MENU ITEM 6 is used. CM1 and CM2 must be measured for each sens1t1v1ty (i.e.
operational values of HV and co]]1mator settings). ‘ :
cM1 and CM2 are then stored in the Calibration Table for element MS as
parameters 9 and 10 for sensitivity 1, 11 and 12 for sensitivity-2; 13iand"14
for sensitivity 3 and 15 and 16 for sensitivity 4. ITEM 2_is-used‘to'put the
values in the calibration table. L s S

2.4 BACKGROUND SPECTRUM

The background from'different sampTe_typgs will most likely be different.
It is therefore necessary to meaSure-the background and store it every time
the sample type is changed using.MENU-ITEM 6. It is important to use a blank
sample with Very low elemental concehtratidns;from Ca to Pb and of similar
COmpbsition to the material befng-ana]yzed beééuse a normalized. béckgroUnd
vspectrum is subtracted before the elemental concentrat1ons are .calculated and

a poor cho1ce of background can g1ve wrong concentratlons



-16- - LBID-121

" Before the elemental concentrationS'are calculated, the background is
subtracted from the raw spectrum us1ng three d1fferent normalizing regions.
Th1s procedure reduces the dependence of the background subtraction on samp]e

~ composition since ‘the norma11z1ng factor is determ1ned for each element us1ng

a few channe]s which are c]ose to the peak

* At the start of each background reg1on are parameters 19 .20 and 21 in the
mass ca]1brat1on table (each region is assumed to continue to one channel
before the start of the next) Parameter 22 1s the end of the th1rd back-
ground reg1on Parameters 22- 23 26 27 and 29-30 are the f]rst and 1ast
channels of the window in each background reg1on wh1ch are used to norma11ze
the background. - Parameters 25, 28 and_31 are‘tbe 1ntegra] in (counts/sec) in.
each of the three window'regions ' The region integrals‘can be determined '
using. MENU ITEM 6 and the parameters can be entered in the table us1ng MENU :
ITEM 2. . o . . ‘



-17- . ’ - LBID-121

2.5 DETERMINAT;ON OF THE SENSITIVIfY FACTORS

_ The sensitivity factors can be determ1ned by us1ng appropr1ate samples and .
running them using the Runn1ng Program in the SEMI AUTO mode. The user then
has to correlate measured intensities w1th ‘the known concentrations of the
individual elements (e.g. ng/mm). _

The sensxt1v1ty factors are stored as parameters 20 to 23 for each element
‘us1ng MENU ITEM 2.

3. Data Tape Marking Program

~ As mentioned in Section II. 1, the Master Program can be used in two
modes an AUTO and a SEMI AUTO mode. The  AUTO mode assumes that a Data Tape
has been marked before the analysis. ‘The Data Tape Marklng Program fulfills
this requirement. vIt'is.loaded from the Program-Tape by.typing_"M" following
the first MENU. ‘
The purpose of the program is:

1) to preset the experimental conditions (e.g. HV, collimator, step, etc.)
under which each sample will be analyzed and,

2) to create e]ement data files on a magnetic tape, where the acqulred
data can be stored. Each samp]e has to be marked 1nd1v1dua1]y, but the job is
simplified if the samples are grouped together in such a way that the exper1—
mental cond1t1ons are the same for that particular group

The program has the option to mark a'new,tape or»to_extend the marking on
old partly used tape. The latter'a]Tows-the user to add new and maybe oom_
pletely different samples to an existing tape _

The space requ1red on the tape for a g1ven sample depends on the number of
steps to.advance.and the numbervof elements analyzed. Given-all the input
information the program automatically computes the space requirements, marks
the appropriate number of files and tells the user when-the’tape is filled.



- The Data Tape

“File .

The Directoryhcont

 The D1rectory will
the tape
Each sample he

- 1)
2)
3)

4)
5)

is organized as follows:
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A Directory -{overall sample heading)

1
2 Sample header for samp]e"’l'
3 : Data file element number 2
.4 Data file element number 3
Sample header for sample = 2

ains:

Number of bytes st111 ava11ab1e on the tape
Number of samp]es on the tape
Last file used.

~List of element symbo1s. ‘
.Samp)é codes-one‘for each sample.

be updated automat1ca11y each time a new samp]e is added to

ader code cons1sts of a 72 characters word wh1ch conta1ns

Date (dddddd 6 characters)

Instrument setting. Parameter Pl to P8 (4 characters each)

First file for that element; e. g-. samp]e header f11e._
Parameter P9 (4 characters) :

Element 1ist code (20 characters).

-Samp]e label (8'characters).

: Numbers 1) through 5) are a11 g1ven as 1nput to the program

The 1nstrument

P1
P2
P3
P4
P5
P6,
P8

sett1ng parameters are def1ned as:

KV + current Setting (1, 2, 3)
Collimator setting (1, 2, 3)
MM to advance/step'(l, 2'..,, 10" mm)
Total number of steps (1-200)
_ ~ MM to advance before analysis -
P7  Counting time = P6 * P7
) Horiiontal/Vertica] position code

[
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The sample position code is defined by the sum of the 10'* tray number plus
the horizontal position (1, 2, 3 or 4). The horizontal position is defined as:

if the sample is a 12" frame
if the sample is a 9" frame
if the sample is a 6" frame

W NN -

if the sample is a 3" frame

The vertial position or tray number is labelled on the trays and ranges from 1
to 16. Several examples of this code are:

Tray Number Frame Size Position Code
1 12 | 11
8 6" 83

12 - ' 3" | - 124

The eight parameters contain all the information which is necessary for
the Running Program to run a sample. When the Running Program is used in the
SEMI AUTO mode the same input is used, but the output from the analysis will
not be stored on a tape. |

The element files will contain concehtration/uncertainty in concentration
as a function of hair length after an analysis. The files are empty when they
are marked. |

Figure 19 shows an example of how the Data Tape Marking Program works.

The user's answers are marked with a *. '

The 'preset values' for the instrument setting are the initial values. If
the user changes one or more of the parameters the 'preset values' will change.

It is possible to analyze for 19 elements, but it will save time and space
on the tape if a smaller number of elements are analyzed.

Figure 20 shows the Data Tape Marking Program output when all the informa-
tion is suppiied and all the fi]es created. In fact the output is the content
of the Directory. Figure'Zl shows a TLIST of the Data Tape after the program
has been used. '
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4. Data Presentation Program

The Data Presentation Program g1ves d1fferent presentations of data
previously stored on a Data Tape (see IT. 3) The MENU item list for the
_program is shown in F1g 22. The overaTT sampTe head is the D1rectory men-
tioned in Sect1on II. 3. The program is Toaded from the Program Tape by
~typing 'P' after the MENU. S -

' An example of item #1 is shown in Fig. 23. ‘The parameter list is defined.
in II. 3. Twenty samples have been marked on the Data Tape us1ng the Data
Tape Marking Program. In this case the parameter Tist is the ‘same for all.
these samples. Only the sampTe identification is d1fferent B

Figure 24 shows the output when menu item #2 is used The user has to
spec1fy the file number for the samplevheader file. This number is given as
parameter P9 in the sample code. - - B

Menu 1tem #3 and #4 plots. the concentrat1on (ppm)'uersus.Tength of hair
(mm) for a given sample and a g1ven eTement The program'allows the user to
plot the same Tist of elements (maximum, 5) from. all the sampTes stored on the
tape. The starting and ending addresses (step) has to be the same for,aTT the
samples. If not all the elements in the specified Tist have been anaTyZed in
all. the samples, the program will automatically skip that element for that
particular‘sampTe. Given all. the necesSary information lthe’program needs no
further attention. ‘Use of item #4 will g1ve a hard copy of the. resu]ts ~The
.aUtomatic'scaTing of the data can be suppressed If the ‘max imum step is
greater than: the value on this tape then the program pTots from O rather than
the minimum data point.. e e S . ' -

F1gure 25 shows the quest1ons asked by the program and F1g 26 an example
of the output from the program. . . '

. Menu item #5 and #6 print the concentrat1on versus length for a g1ven
,sample and. a given T1st of eTements.,.The_prTntwng opt1ons ‘works 1n_the,same
way as the plotting opt1ons. o B .

. Figure 27 -shows the quest1ons asked by the program and F1g 28 an -example
of the output from the program “In this exampTe no analys1s has been made for
K, T1 and Cr (zeroes in the coTumns)
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5. .Data Analysis Subroutine

The Data Ana]ys1s Subrout1ne, which is 1nc1uded in the Running Program,
performs the spectrum analysis of an acqu1red pu]se-he1ght ‘spectrum. The
approach used in the analysis is bas1ca11y the same as the one used in other
LBL x-ray fluorescence spectrometers.

Crucial to the problem of converting a measured counting rate into an
‘elemental concentration is the extraction of an accurate peak area. from the
tSpectrum. ‘Since the energy resolution capabilities of the Si(Li) detector
~ does nOt prohibit some interference of.peeks_from neighbouring elements in the
periodicvtable, it is necessary to accurately subtract out'the ]ineS'produced
by each element so that the Value'for an adjacent element is not affected.

" This problem has received considerable attent1on in the literature and
general formalisms exist for extracting peak areas from complex pu]se-he1ght :
spectra. Limitations in the computer core s1ze necessitates certain, -and in a
1ot of cases, reasonable assumptions to be made, which also can simplify the
problem.” Sbécifica]ly, the number of possible lines in a spectrum is limited
and the energies or channel positions and relative intensities of the lines
'frOm any one element are known beforehand. Thus, to a-good approximation the
only free parameters in the problem are the magnitude and shape of the back-
ground under the peaks and the relative intensity for each of the constituent
elements. . :

When analyzing a ser1es of alike samp]es, the continuous background due- to :
scattering from the matrix ‘is similar from samp]e to sample. Furthermore, the
variation in background due to varying matrix contributions is mainly one of
relative magnitude, rather than shape, provided the average Z at the matrix
remains unchanged. o

In the analysis of air filters used for part1cu1ate co]]ect1on this fact
has been used to advantage by using for a background shape a spectrum acquired
by analyzing a blank filter. It may be more difficult to find a blank hair,
but it could be useful to ana]yze synthet1c fiber threads and use these as
backgrounds. It is important to find a sample where the backgroundvresembles
the background from hair samples since a normalized background is subtracted
before peak areas are determined. | _ | '

Calculation of the areas of the x- ray peaks is potentially a more diffi-
cult problem due to the variation in relative intensities of the elements and
the possibilityfof_interferences from spectral lines. 'The_USua] approach to
_this prob]em‘isfto mathematica]lytgenerate_a,function-which simulates the - '
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response of the system to a part1cu1ar photon energy. The shape is then
fitted to the exper1menta1 data, usually by a. 1east square - f1tt1ng, and peak
location and area determ1ned As noted earlier the peak location for a 11ne
is fixed: furthermore the complex1ty of the x-ray 11nes, both in terms of
Ka/Kg rat1os and with regard to part1a11y resolved Kul, 2 ]1nes makes

the synthes1s of such line shapes difficult. Fortunate]y, the profile of -
the 1nstrumenta1 response to the X rays of an element can be established by
vrunn1ng a spectrum from a pure samp]e of the element Thws approach takes ‘;
advantage of this by using a stored spectrum of the 1nstrumenta1 response to

' the x- rays of an element as a shape standard for that element. Thus the

problem of determining the area of a given peakjreduces to that of comparing
the jntensity of the Unknown}peak to’that of a stored"shape standard spec— -
trum. Once this intensity ratio has been established, the tota] contr1but1on
of that element. to the spectrum, 1nc1ud1ng all x-ray. 11nes, can be subtracted
from the spectrum , _ - _

Figure 29 111ustrates the operat1on of the subrout1ne on a schemat1c
spectrum-as shown in the upper left hand portion of the figure.. " The blank
samp]e spectrum is first compared to the unknown sample’ over the. spec1f1ed
shaded reg1on norma11zed, and then subtracted po1nt by point to give the #2
_spectrum. The Tines due to ‘elements #1 #2, etc. are then sequent1a]]y str1p—
ped out after f1rst compar1ng 1ntens1t1es over the shaded reg1ons to der1ve '
normalizing. factors Any se]ected port1on of a spectrum can be specified for
comparison. Th1s is necessary when cons1der1ng comp]ex spectra where reg1ons
with over]app1ng Tines. must be. avo1ded in making the comparison. After sub- -
tract1on of the last e]ement the res1dua1 counts in the spectrum shou1d be’
~zero within statistics. _ o o

In practice, the prob]em is sl1ght1y more comp11cated Samp]eskuSedvfor ’
generatjng shape standards must be'made. of mater1a1,suff1c1ent1y thinzto,v
prevent changes.in Ka/K8 ratios due to se]frabsorption,' Also; to ensure that
interference effects between elements are minimal, it is necessasry to care-.
fully choo$e the order in which elements'are'removed'from the spectrum (for.
examp]e Pb before As, Fe before Co, etc.). In the present program, the
sequence of removal of e]ements is spec1f1ed by 1nc]ud1ng each element in one
of four groups These four groups are ana]yzed in order, but the elements
'w1th1n a group are removed from the spectrum 1n order of decrea51ng intens—. -
| ity. In the above case Pb and Fe . might be in group 1 wh11e As and Co could
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be in groups 2, 3 or 4, This'pre-supposes some knowledge of poSSible inter-
ferences on the part of the person Specifying the order. _Tne order may be
different from one samp1e type to another. '

Other features of the subrout1ne 1nc1ude a peak sh1ft1ng rout1ne to
correct for any small shifts in peak location which might have occurred
~ between the time that the shape’standards were stored and that when-the'

- unknown - spectrum was run. Experience with other systems indicates that the
stab111ty of the system when runn1ng cont1nuous]y is adequate so that the same
shape standards can be used for. many weeks of runn1ng. Small shifts in the
- energy ca11brat1on can be corrected by adJustment of the amp]1f1er ga1n.

The next step in the data analysis is to convert elemental peak 1ntens1-
ties to absolute concentratons. The senswt1v1ty of the instrument when
running under certain experimental conditions has to be determined for'each
element. In order to transform absolute concentrations to relative concentra-
tions (e. g. ng to ppm)}it is necessary to determine the.mass; For'hair
_analysis it is assumed that the mass is linearly corre1ated to the intensity
of the Mo incoherent scatter peak. = Equipped with the'mass ca]ibration'con-
stants the subrout1ne ca]cu]ates the ppm concentration for all the e]ements

To summar1ze, the data analysis is based on:

1) A stored background'spectrum ‘
2). Stored shape standard spectra for each element
3) A calibration table.

"~ 4) -An attr1but1on table (part of 3)

The'Ca1ibration Table contains ]imits for the comparison regions, sensi-
tivity factors, etc., and the attribution table for the grouping of the
elements. Measurements of the backgrOUnd spectrum, shape standard spectra and
how to create the tables are more fully explained in II. 2.

The actual ca]cuTations of the areas and c0ncentrations are given .in .
Appendix 1. - ‘ : v
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I1I. PROGRAMMER ORIENTED DESCRIPTION OF SOFTWARE

1. Input/Output

Figure 1 shows the communication diagram for the Hair Analyzer The
'Input/Output operat1ons between the 4051 computer and the spectrometer or more
precisely the TI 9900 m1croprocessor has to go through the 4051 Interface A
detailed description of this 1nterface and how it operates is given in the
manua]s3 and the following will on]y g1ve a br1ef d1scuss1on in re]at1on to
how. it is used in the Hair Analyzer. .

 The Interface has a set of programmable parameters data-Codé Ahd hand-'
shake. (n1), 1nterrupt mask setting (n2), number of data Tines (n3),'humber_of
~ command lines (n4), data and command logic (n5) and,tﬁansfer~]ogic'(n6); which
tan_be programmedvusing'bne_of the Environmental‘Statemehts: PRINT at 61, 6:
- "nl n2 n3 nd n5 n6". Tablel shows,thevchoseanntékface programming for the
input dperation and Tab1e 2 the same for the‘output operation. '

TABLE 1: Interface Programmingvarufhe'Ihput,Operation: .

: Parémeter“-"},; : _ .,yélgg | | - .Statement .
Data code,And_handshake Sighed;Magnitude' o - PRI @.61,6: "O....."
' . and two-wire ) S -
Interrupt mask setfing‘ . off . 1 . PRI @ 61,6: ",O.f;.“
Number of data lines - 32 o - PRI @ 61,6: "..8..:"
Number of command lines 8 PRI @ 61,6: ";.fz.;ﬁ
Data and_éommand‘xjgic o ~ High, High PRI @ 61,6: "3

Transfer logic High, High, High, High PRI @ 61,6: ".....F"
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' TABLE 2: Interface Programming for the Output Operation

, Paramefer B Value S - Sfétement

Data code and handshake "S1gned Magn1tude - PRI @ 71,6¢ “5....."

o _ o and two-wire - ' g v

Interrupt mask‘seftdng 2 Off', - PRI @ 71,6: ".0...."

Number of_dafa 1ines'v, | 32 : o : PRI @ 71,6: “..8..."
. NUmber.of'command Tines 8 . o PRI @ 71,6: *...2.."

Data and -command 11g1c " High, Low T PRI @ 71;6: L P

Transfer lTogic - High, Low, Low, Low PRI @ 71,6: "..... 8"

PRI @ 71,6: "508218"

The General Interface Bus is organ1zed with 1 to d data lines, d +1 to
d + ¢ command lines, d + ¢ + 1 to 40 unused 11nes, 41 to 44 transfer 11nes, 45
trigger line, 46 to 49 ground lines and 50 to 52 unused lines. Both the Input
and Output use 32 data lines and 8 command lines. The 32 lines are used to '
transfer a signed datum and the 8 lines are used to transfer the command.

The handshake in the system has caused problems. So far on]y a two-w1re -
handshake has been_used, and every Output operation must be foi]bwed by "non-
sense" Input operation in order to avoid a hang-up. | |

Three Input/Output statements are used in the programs:

PRINT @ p,26: n_ Programs the command as the value n
PRINT @ p,12: e Outputs the value of the data parameter e
PRINT @ p,13: t  Inputs datum and assigns it to the target value t

The primary address p selects the peripheral, and the secondary address
(26, 12, 13) selects the operation to be performed. .In fact, each peripheral
device has two primary. addresses: one for the Output and one for the Input -
(e.g. p = 61,71). According to the syntax for the.last two statements it
should be possible to Output or Inbut an array, but at che moment only one
parameter can be sent at a time. ' This fact slows the Input/Output operation
down
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The control and Service subroutines described in the next two.sections
(III 2 and”III 3) make use of various 8-bit ASCII" Command Codes and a 32~ b1t
Status word. The Codes and Status Word are. def1ned in- Tab]es 4 and 5, respec-
t1ve1y, and Table 3 g1ves two examp]es to 111ustrate the1r use. '

TABLE 3: Examples of the Use of Command Codes and Status

Ex. 1: Read Status . . Ex. 2: Lower Stack
- . of a sample L ' L
s2 =8 . s2=7
S1 = 229 - .§1 .= 0 (arbitrary)

PRI @ 61,26: S2 | - .
. Ex. 1'and Ex. 2

PRI @ 61,12: 51
INP @ 71,13: 'S4 | T
INP @ 71,13: S3 %j. Ex. 1 only |

The first input (S4) is a nonsense input and the second input (S3) returns
the status of instrument, (i.e. the status of the sample). In’brder’to get
. the status of, for exampley the c0111mator at the same time it is necessary to
set S1 = 229 + 29 + 28 “The TI 9900 Microprocessor will then return the "
summed value of bit 30 10 and 9. The program will have to decode the mess-
age. In Ex. 2, S1 can arb1trar11y be set to zero, only the Lower Stack act1on
will be performed ' '
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TABLE 4: Command Codes

Comand o — BITS ; ~ DESCRIPTION
Character 8 7 6 5 4 3 -2 1 | o
L 76 0|1 fo o {1 |1 |o o | LOWER STACK
U 85 o {1 o ]1]o]1 {01 RAISE STACK
I 73 o110 o |1 {0 |0 |1 INSERT SAMPLE
P 80 | o101 ]o oo }o WITHDRAW SAMPLE
C 67 o}11{o0}o oo |1 |1 | ADCON |
S 83 [ o |1 ]of1]o o (1 ]1 READ STATUS
T 84 of1lol1o]1fo]o TIME
A 65 | o {1 {0 {0 |0 |0 |0 |1 | ADVANCE SAMPLE
X 88 o {1 o110 |0 |0 | ROTATE COLLIMATOR -
{0 68 of{1fofojo |10 }oO CLEAR BUFFER
E 69 of1lolool|1 o1 CLEAR TIMER
64 o|1lo|ojofojo{o SELECT ADC BUFFER
B 66 of1lofo oo f1]o SELECT BUFFER
R(A1,A2)* 82 ol1]0o|1]o}o 1 ]o0 READ BUFFER
W(A1,A2)* 87 o1 (o101 |1 |1 WRITE BUFFER
F 70 |- of1]o}ofo {1 {10 ADC OFF. -
V. 86 o1 ]o0l1]0 |1 |1 |0 | INITIATE HV CONTROLLER
y 89 ol1Joj{1{1 |0 ]0o |1 | HV TO STANDBY
1 49 | oo |1]1|0o]0o o |1 | SELECT Hv1
2 50 0o |o |1 |1]0|0 1|0 | SELECT HV2'
3 51 oo |1 f1]0o]o 1|1 | SelectH3 )
Z 90 o1 of1}{1]o}1}]oO ADVANCE TO CALIB. POS.
M 77 ofl1|ofof1]1}o0 {1 X-RAYS OFF
0 79 | o1 ]ofo]1|1]1]1 | x-RAYSON

TRIGGER OUTPUT - PRINT @ 71,2:
 TRIGGER INPUT = PRINT @ 61,2:

FIRST ADDRESS ~ -~
LAST ADDRESS

*Where Al
~ *here A2
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TABLE 5: Status Word

s

BIT.

32

31
30
29
28

26

| 2
24

23

19
18

16

15
14

113
12
11

10

09
08
07
06

‘.05 ,
04
03

02
01

-22
21
20

. DESCRIPTION-

SAMPLE LOCATED

CALIBRATE POSITION . |~
1 1.34217728E8
6.7108864E7
~ | 3.355443267
| 16777216

BETWEEN SAMPLES
FULL INSERTED
FULL WITHDRAWN

STACK LOADER FULL up

STACK LOADER FULL. DOWN

STACK - LOADER LOCATED '

ADC ON

HV BUSY

HV STANDBY
X-RAY ON
HV- ON

| HV AUTO
1 Hv 1.

W2

HV.3.

HV TROUBLE - -

HV DOOR OPEN -
COLLIMATOR POSITION
COLLIMATOR POSITION
COLLIMATOR LOCATED

‘AUTO/MANUAL

éh ¥Q1-‘

5.36870912€8

8388608 -

|- 4194304
2097152

11048576

524288 .

262144

131072

32768

16384

8192
4096

| 2048

1024
512 =
256
128 -

64

. LBID-121
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2. Control Subroutines

The purpose of the Control Subroutines is to set up the experimental
__cdnditidns (HV, collimator, X-rays on/off, ADC'on/off) for the spectrometer
and to perform the -necessary sample manipulation‘(Stack Loader up/down,
InSert/Withdraw;lAdvahCe Sample). Table 6 is a list of the different sub-
routines, and the following will give a Short_descriptioh of each of them:

TABLE 6: CONTROL SUBROUTINES

SUBCON 1: Stack loader up and down

1
',,b_ SUBCON 2: Select collimator
‘SUBCON 3: X-rays on/off
SUBCON 4: . High voltage setting
< SUBCON 5: Initiate ADC (count) .
" SUBCON 6: HV control to standby
SUBCON 7: Insert/Withdraw
SUBCON 8: Advance Sample .

Description of SUBCON 1:

Purpose: ~ This subroutine moves the Stack loader L steps down
or U steps up '

Input: L Number of steps down
U Number of steps up

"
o

If L is greater than 0 then U
If U is greater than 0 then L. =

n
o

- =1 4f want full down
-1 . if want full raise



~ Commands:

* Status Bits:

Subroutines:

Errors:

Comment :

-30-

Lowér'StaCk

.S2 =76

~ Raise Stack
52 = 85

 S24  Stack 1oader full down

S25 Stack loader full up
$23 Stack-Toader located

SUBSER 1+2 Status/Command

1
2 SUBSER 12 Error -
3

3 SUBSER 13 Time Delay

Error 1:° Stack failure

“Error 2: Stack poSitibn not!fqund_

‘Error 1 occurs when the Stack 10ader 1n1t1a11y _

is not 1ocated Check. the hardware.

Error 2 occurs when the. Stack loader 1s not 1ocated
after a move Check the hardware

Description of SUBCONh2§1

Purpose:

Input:

Commands :

This subroutine changes or rotates the collimator.

X~ Collimator position -
X = 1, 2,.3 or 4 -

Change c0111mator to next pos1t10n o
S2 = 88 S

LBID-121
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Status Bits: S8 Collimator located L
" S9  Collimator position (LSB)
S10 Collimator position (MSB)
'S3  Collimator position value

$3 = 0

for X =1 :
| X = 2 : S3 = 512
X = 3 : S3 = 256
X = 4 : S3 = 768
“Subfodtines: 1 SUBSER 1+2 Status/Commaﬁd :
R 2 SUBSER 12~ Error
3 SUBSER 13 ~ .Time Delay
'Erkorez Error 3: Motors or timer: is not in AUTO MODE
| Error 4:'»Collimator not in position
Comment: - Error 3 occurs ‘when e1ther the timer or motor control is not  ,

in the AUTO mode.

| Error 4 occurs when the wanted c0111mator did not show up
after a change command '

Description of SUBCON 3

- Purpose: This subroutine turns the X-rays on or off.
- Input: M =1 X-fays offe
- 0 =1 X-rays on.
Commands: X-rays off
sz =7
‘X-rays on

s2 = 87



-32- B €5 B FY
‘Status Bits:  $21 HV busy
' S19 X-ray on
520 X-ray off

SUBSER 1+2 Status/Command_

Subroutines: 1
2 SUBSER 12 Error message
3 SUBSER 13 Time delay
,Errors} v - Error 6: HV not on - cénnot-turn-on X-rays -
- Error 7: Final status check of X-rays not OK
Comments: Error 6‘otcurs when the hiQh'vo]tage'has not’BeeniSuccesst]]y

turned on. . Check'X-ray controller.

Error 7 occurs when the wanted status of the X-rays is not
OK. Check the X- ray controller.

Description of SUBCON.4:

Purpose: Th1s subrout1ne se]ects the HV vo]tage sett1ng
and 1n1t1ates it. : K

ingut: v High vo1tage setting
V = 1, 20or3

Commands: Initiate HV controller

- S2 = 86

Select HV1
S2 = 49

Select HV2
'S2 = 50

Select HV3

s2 =51
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~ Status Bits: S11 HV door open
| - 12 HV trouble
' S13 HV 3 '
S14 HV 2
S15 HV 1
S16 HV auto
318 HV on -
-S20 HV standby.

* Subroutines:  SUBSER 1 + 2 Status/Command

SUBSER 12 Error message
- SUBSER 13 Time delay -
Errors: .. Error: 8 HV door open

Error: 9 HV trouble
Error: 10 HV not in AUTO mode

- Error: 11 Final HV status not OK ‘
Error: 11a Unexplained error in HV controiler

Comments: _ The first four errors éXplaih themselves. Error 1lla indicates
' there is a major problem in the HV controller. .

Description of SUBCON 5:

PurQoSé: _ This subroutine initiates-the ADC for a certain time period
~ and places the accumulated data in buffer 1 or 2.

Input: B Buffer number B = 1 or 2
o -T. Time (sec.)

© Commands: Select ADC buffer B
7 S2 = 64

4Sef ijer.Interval
S2. = 84
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1
0

Status Bits: S22 ADC on S22
' ADC  off S22

1]

Subroutines: 1 SUBSER 1 + 2 Status/Command

" Errors: Hardware error: No HV, fully inserted or not in AUTO
‘Commands: . Error message occurs when high voltage is not on, thersample

has gone in too_far“andjactivatedAtheAfu1]yvihserted;micro-
switch, or the controller is not in the'AUTO mode.

Description of SUBCON 6:

Purpose: This_subkoutine sets-HV control to standby.
Input: . Nome
Commahds:v ‘HV to'standby'; ’

S2..=.89.

Status.Bfts: 520;=Hy tq stahdby,'SZO f=‘,1 “ 

*

~ Errors: Error: unable to put HV to standby
Comments: - Error indicates that .the Xeray contrq11er is either already in
' standby or there is a hardware problem and it cannot be put in
standby. ' '

Description of SUBCON 7:

Purpose:  This subroutine'inSerfS 6r'Withdraws‘a'samp1g in
' the sample tray. o '
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: Ihgut: : I =1 Insert
- P=1 Withdraw
IfI = 1 thenP = 0
IfP =1 thenl = 0
Commands:  Insert
' S2 = 73
~ Withdraw -
s2 = 80 -
Status Bits: . S27 Full inserted
$26 Full withdraw
S28 Between samples
$30 Sample located
Subroutines: 1 SUBSER 1 + 2 Status/Command
' 2 SUBSER 12 Error message
3 SUBSER 13 Time delay
Erkors: ,. Error 12: Insert failure -‘may have no sample in tray
~ Error 13: Withdraw failure
Comments: " Error 12 usually occurs:when the routine tries.to insert a

sample and there is no sample in the tray. Check the Idcation
of the tray. - | | | S

“Error 13 occurs when the'routine tries to withdraw a sample
and there is no sample located. Check hardware.

Description of SUBCON 8:

Purpose: ThiS“subroutine advances a sample a certain number of steps.

- Input: A Number of steps



Commands: ‘

‘Subroutines: .

Errors:

-36- o B LBID-121

‘Advance sample one step

.§2 = 65

1 SUBSER 1 +2 Status/Command
2 SUBSER 12 - Error message

3 SUBSER 13 - Time delay -

Errdr 14: ,Sampié isvfuiiy inserted
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3. Service Subroutines

The purpose of thé_ServiCé Subroutines“is to send status or command to the

“microprocessor, program interface'and'perfOrm the necessary data manipulation ,

(e.g. 1nput/output data storage, plot, etc.). Table 7 is a list of the dif-
ferent subroutines and the folloW1ng w111 g1ve a short descr1pt1on of each of
them: '

TABLE 7: Service Subroutines

SUBSER 1 + 2: Status check and command -

'SUBSER 3 - Program interface |
'SUBSER 4 + 5: Read or write TI 9900 memory
SUBSER 6: " Read sample head on tape ,
SUBSER 7:  Read sample head from terminal - o
‘ SUBSER-S: . Store data results temporarily in TI 9900 memory
‘SUBSER 9: - Store data resu1ts on tape
SUBSER 11: Plot spectrum |

SUBSER 14: - Data Analysis

Description of SUBSER 1 + 2:

Purpose: | A to send and receive the status;'4051 i:TI-QQOO.
- - SPECTROMETER : :
B to send a command to the T 9900

Input:  © Sl Mask

'S2 Command ‘ |
See the command codes and the status word.

vCommands:' See the command codes

OQutput: - S3 return status
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Description of SUBSER 3:

'-'fhPurQesé:v
’Commahds:

Comments:

This subroutine programs ‘and initiates fhe interface.

None-

- None -

None

See'Input/Output.Manuals:for the interface

Descriptidn'of SUBSER 4 + 5

PurQose:

Input:

Output:

Subroutines:

Comments:

Th1s subroutine reads/wr1tes an array UO from the TI 9900/4051

 memory into the 4051/TI 9900 memory. _

B . Buffer humber in TI 9900 memory

-bAl A2 First and last address -

S2 Command:
S2 = 82 Read U0 (A2 - Al +v1) Output

S2 = 87 Write U0 (A2 - AL +1) Input
CIf S2 = 82 then array U0 (A2 - Al + 1)

_SUBSER.I + 2

If. S2 = 87 then the U0 has to be dlmenSIOned out51de the

~ subroutine. If §2 = 82 then U0 is dimensioned within the |

subroutine.

Description of'SUBSER.St,

Purpose:

Th1s subroutlne reads ‘the samp]e header on a prev1ously marked -
Data Tape (see II 3)



'Comments:

Input:

) Outgut:

Comments:
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F1 ~ File number for sample head file on Data Tape

A$ Sample code

© p1(9) Experimenta]»parameters

P2(20) Element list

A$, P1(9) and P2(20) are defined and described in detail in
“Section 1I. 3. - v

Description of SUBSER 7:

Purpose:

Input:

Qutput:

None

_This-subroutine'reads the sample header information from the
~ keyboard (SEMI-AUTO mode). -

A$ Sample_code - _
P1(9) Experimental parameters

Description of SUBSER 8:

v Purpose:

Input:

Outguté-

Subroutines:

This subroutine stores concentration information temporéri]yvin
the TI 9900 memory buffer 9-12. '

E2 Number of time subroutine is ca11ed (e.g;'steps)
Q0(19,5) ‘Elemental data results array (19 elements)

'P2(20) Element list code

Q1(F5) Elemental concentration array
F5 is the number of elements analyzed

SUBSER 4 + 5 write TI 9900 memory -

©Q0(19,5) is defined in III. 6 and P2(20) in II. 3.
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Comments:  (continued)
' | The subroutine uses buffer 9 as a base buffer and depend1ng on
the number of elements analyzed and the number of steps some of
_ the buffers 10 to 12 are used. '

’The data results are stored in TI 9900 memory as shown below.

STEP 1 STEP 2 STEP 3

ELEMENT 17 'NELEMENT 2 T MASS

Description of SUBSER 9:

Purpose: This subroutine rearranges the data resu]ts temporar11y stored
. in the TI 9900 memory and stores the rearranged resu]ts on a
"prev1ously,marked Data Tape (see II.'3) and: prints the output on
the external printer if it is connected. -

Input: - P1(9) Experiménta] parameters (see II. 3)
‘ P2(20) Element list code (see II. 3)

Output: - None
Subroutines: SUBSER 4 + 5 Read TI 9900 memory

Comments: - The way the,fina] results are stored on the Data Tape is
~explained in II. 3. :

Description of SUBSER 11:

Purpose: This -subroutine plots a spectrum.
Input: Uo (A2 - Al +1) 'Data array

Al, A2 First and last channel



.OutEut:

Comments:
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Plot on screen

The'plot Subroutine is a modified version of the Tektronix plot
subroutine. B ” : '

Desckiption-of SUBSER 14:

PurEose:

InEut:

| Data Arrays:

- Subroutines:

Qutput:

This subroutiné performs: the data ana1y$is:'vThe analysié 15"'

" based on a stored background spectrum and shape standard spectra

(see II 5).

1 19 shape standards stored in buffer 5-8.

2 1 background sectrum stored in buffer 4. .

3 A calibration table stored in buffer 3.

4 An unknown spectrum stored in either buffer 1or 2.
5 T Time in seconds. '
6 Q2(2) Calibration option.

(1), Buffer number for unknown spectrum (1 or 2).
(2) - Sensitivity factor used (1 to 4).

UO(A2 - Al + 1) General date array. _
1 (A2 - Al + 1) Data array unknown spectrum
10(32) |

11(32) Ca11bratlon 1nformat1on (see II1. 2)

SUBSER 4 +'5 Read/Write

Q0(19,5) Data: analysis results

- (i,1) Area of peak |
(i,2) Delta area o
(i,3) Background in fit reg1on
(i,4) Concentrat1on :
(i,5) Delta concentration _



Comments:

MS 1.
2.
3.
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Error message: shift exceeds more than one channel
Warning counting rate greater than 10K
Anal error: zero counts in spectrum

First'error'heSsage'indicates the amplifier gain has drifted.

to gi
usual

~ The second message indicates that the-sample is too concentrated
ve good results under this HV-current setting. Message 3

ly indicates the x-ray tube has trtpped"off.

4, The Running Program

’ Pukgose:

Input:

Output:

Subroutines:

Parameters:

- Comments:

_E2

This

program is designed to perform a complete aha1y$i$ of one

or more samples automat1ca1]y after some pre11m1nary 1nformat1on

A$
P1(9)

Q2(2)

F1
F2

F3

has been given.

Sample code (see II. 3) :t, _ o )
“Experimental parameters g1ven as tape or screen 1nput (see
‘II. 3 and II. 1) .

Calibration option (see II. 2)

File for f1rst sample head on the Data Tape (see II. 3)
Number of samples to analyze in one run '

Tape (F3 = 1) or screen (F3 = 2) input

Q0(19, 5) Data Analysis results (see III. 3)-.

A11 control and service subroutines

D1
D2
F4
El

Horizontal position
‘Vertical position

Stack Ppsition
Sample Loop Counter

Step Loop Counter . .

Command Codes (see II. 3)

_ A central part in the program is the Data Analysis Subroutine
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‘5. The Setup Program

Purpose:

Input:

Qutput:

SQbroutines:”

This program sets up the spectrometer for'quantitative.

analysis;

_ Parameter -

10(32)
B$
C3(1)
1%(16)
Al, A2
T
19

El, E2
A3, A4

| Spectrum
0

B3

- Al, A2
Q(4,2)
Integral
Centroid

Part ofne1ement list
‘Limits (channels)

creates a ca11brat1on tab]e, measures background ,
- spectrum and shapes standard spectra; performs energy '
~calibration and transfers the stored 1nformat1on from the TI,
‘9900 memory to a tape and vice versa. ’

Description

Menu item _
Calibration information'
Chemical symbol
YeS/No_answer

Counting time

First calibration on tape
Energies
Limits (channels)

Background, shape calibration
Calibration information
Chemical-symbo] _

Limits (channels).

Limits

SUBSER 1 + 2, 3, 4 +5, 11, 13 =

SUBCON 3, 4, 5, 8



Parameters:
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General

11(32) .
U0, U1 Arrays (general)
E$ Element Tist
L _' Number of elements _
BL Element position in element list

P1(5) Array. Element positions in element Tist
st Status ' |

- s2 " Command

Comments:

The program is described in great detail in Sec. II.

Because of the size of the program and espec1a1]y the size of
some of the arrays it 1s in some cases necessary to delete
parts of the program and then reload it. This is done

- automatically when the program is stored on a Ca11brat1on Tape

file 2 (B1nary vers1on)

6. The Data

Tape ‘Marking Program

Purpose:

Input:-

This program is used to set up the experimental conditioos when
the user wants to run a lot of samples automatically. The~Data.
Tape is used to store the information. '

Q%(1): New or add to old tape answer
o (N or A)
~ 'Number of parameter to change .
: _Number of elements analyzed
Number of samples o

P$(6) Bit 1-6: Date (dddddd)
P(9) Experimental_conditions'where:
P(1)  Bit 7-10: KV + Current setting (1,2,3)
P(2) -Bit 11-14: Collimator setting.(1,2,3,4)
P(3)  Bit 15-18: MM to advance/step (1,2,...10 mm)
P(4) - Bit 19-22: Total number of steps (1 to 200)



P(5)
P(6)
P(7)
P(8)
P(9)
P1(20)

Bit 23-26:.
Bit 27-30:
Bit 31-34:
Bit 35-38:
Bit 39-42:
Bit 44-63:
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MM to advance before analysis
Counting time (=P(6) * P(7))
Sample head file

Horizontal/vertical position
Element list code. One bit per element.

(Bit = 0 if ot ana1yzed;
I -bit = 1 if analyzed)
z$(8) Bit 65-72:

Additional remarks or sémple 1.D.

Output: Y Number of bytes 'still available
' S _ Number of samples on tape
T ~ Last file used. _
E$  List of element symbols
D$ ~ Date |

P(9) Experimental conditions

P1(20)

z$  Sample I.D.
Error message: parameter outside preset range

Parameters:  A$(72) S

amb]e code

Comments:  The program is described in great detail in Sec. II. 3.

7. The Data Presentatio

n Program .

Purpose: This program presents data stored on the Data Tape during the
analysis of one or more hair samples.

- Input: Menu Item

1
2.
3,4,5,6

None
T Fil
s1
 F1(51)
Y1(S1)
Y2(s1)
1$(10)

Input Parameters,A'

e number for sample heading |

Number of samples to plot or print

Array for sample head files '

Array for starting addresses (steps)

Array for ending addresses (steps) |

- Coﬁtains'the chemical symbols (2 charac-

~ ters) for a given list of elements (max 5)-



AOutput:"

Parameters:

Comments:
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Number of bytesvavailable

M % 1: , Y
S__’, Number of samples on tape
T Last used file on tape
E$ List of element symbols
VA$ ’ Sample Code (see III. 6)
M= 2: D$ Date (dddddd)
| P(9) ~ Array for exper1menta1 parameters _
'Z$(20) -_E]ement 11st code (equ1va1ent to P1(20)
in Sec. III. 6)
$$(10) - Additonal remarks or sample I.D.
M= 3,4: - A3 - Samp]e‘cbde“
Plot  Concentration or mass versus
hair  length
M=5,6: A$ Sample code o .
' 'APrint Concentrat1on or mass versus ha1r _
]ength¢for a given list of e]ements‘
~ General . _ .
P1(5) Array Pos1t1ons in e]ement list
P2(20) Array. Element list code ' »
C1(P4) . Array. Contains concentration. Delta concentra-

~ tion versus 1engthvas stored on the Data Tape
C2(Y2-Y1+1,L) Array. Contains concentrat1on versus length for
l'L e]ements o _
L - Number of elements to be plotted or printed

See II. 3 and II. 4

The plot'routine is a modified verSidn of .the Textronix routine.
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APPENDIX I

FORMULA USED

_ §ymbo]s‘Used:

F Y fit region
P ) primary region
Np channei counts in raw“spgctrum
Ng channe] counts fn'baékground épgcthm
_ NS_A _channel Counts-in.shape standard spectrum
-3 “uncertainty | |
N hormaTizing factor
S sensitivity‘factor.
COR&» corfection to the concentration of eiemeht'i
5 .jnterelément toefficient: o
CONC concentration
EIi interelement error
E ~ total error on CONC{
Nooo =W NB_

i | -'i'tﬁ element
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* Area/Concentration
NPF' o,
*AREA - — X NS
AARE] woP N (N P22
TARER ) \oF)  \5F ) X AREA
P 'S AN
A_Ng_ 2 * NB + NP'
" (%)
CF\2
s 1
—= = L
s s
P\2 o
i S
\ N/ - Ng o
If Np < O THEN AREA < 3 NG
[ aN .
If —'—-—PF > 1 then AAREA < 3"'NS'F
A\ % | 3N
| N x AREA,
*CONC. = —e— 1
i .
;
: . N x AAREAi

i



* APPENDIX 11

* CONTROL ERROR MESSAGES: -

ERROR

(Yol o ~ [+)]
LX) . . ae

W

10:
11:

ylle:

12:
13:
14:
15:
16:
17:
18:
19:

. Stack failure

Stack positionfnot fquhd

Motors or timer is not in AUTO MODE
Co]11mator not in p051t1on '

Hardware error - ‘no Hv, fu]]y 1nserted or

not in AUTO MODE

¢ HV'not on - cannot turn on x-rays

Final status check of X- -ray not OK

¢ HV door open

HV trouble error
HV not in AUTO mode
Final HV status not OK

Unexplained error in‘HV‘conth011er

Insert failure - may have no sample in tray

Withdraw failure

Sample is fully inserted

Unable to put HV to standby

- Warning - Counting rate gredter than 10K

Ana] error - zero counts in spectrum :
Shift exceeds one channe1

Unab]e to shift spectrum correct]y

SUBCON

 SUBCON

~ SUBCON

- SUBCON

~ SUBCON

SUBCON

~ SUBCON

SUBCON
SUBCON

SUBCON-

SUBCON
SUBCON

SUBCON
SUBCON

SUBCON
SUBCON

SUBCON

SUBCON

SUBCON

SUBCON

. I CUE XN

N O NN e s s e AW W

LBID-121

L
-] H h =]
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FIGURES

“-Diagram for Hair Analyzer.

Front panel Hair Analyzer unit.
Flow chart Running Program.
Spectrum from Running Program.
Data analysis results from Runn1ng

Menu Setup Program.

Energy Calibration Spectrum.
Energy Ca11brat1on results. -~
Acquired background spectrum.
Béckground_écatter_peks.f
Coherent peak. L

.Incoherent peak.

Stored background spectrum.

~ Shape spectra regions.

Shape standard spectrum.

“Shape standard results.

Attribution table .. -

Program;

Content (TLiSt) of calibration tape.

. 'Data Tape marking input.

Data Tape marking output.

. :Content_(TList) of Data Tape.
. Menu data presentation program.

Menu Item 1 data presentation.
Menu Item 2 data presentation.

Menu Item 3,4 input data presentation.

“ Menu Item 3,4 output data presentation.

Menu Item 5,6 input data presentatioh.
Menu Item 5,6 output ‘data presentat1on._

’ Sequent1a1 peak strxpp1ng. .

LBID-121
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|
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Figure 1
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INITIAL SETUP
QUESTIONS ASKED
ON DISPLAY SCREEN

AUTO MODE SEMI-AUTO MODE
3 N .
READ DATA SCREEN INPUT
TAPE FOR OF RUNNING
RUNNING PARAMETERS
PARAMETERS
MOVE SAMPLE INTO POSITION
SELECT COLLIMATOR
INSERT SAMPLE .
TURN ON X-RAY TUBE
START TIMER AND ADC e s STEP TO NEXT
ANALYZE SPECTRUM FOR POSITION
ELEMENTAL CONCENTRATIONS
AUTO MODE SEMI-AUTO MODE

OUTPUT CONCENTRATIONS
IN PPM TO DATA TAPE

OUTPUT CONCENTRATIONS
TO HARD COPY UNIT

t

TURN OFF X-RAY TUBE
WITHDRAW SAMPLE

h |

bY—

MORE SAMPLES ?

— =

P

STOP

Figure 3



SHOULD BE DOING DATA QHRLYBIS ON POS 60

o egQTrs 3 2 2 60 3180 & 63 86 111111111&1111111111 R OTTER
L SFEC ‘HIFT8-0.8°63”632?°23
SPEC SHIFT=4, 8194!75925

- - MASSe 63438999214 o
- 24 CONC= iens,.4 PG/HH 28,6
- FE CONC= 273.45 PG/MN +— 18,7
-~ €U CONC= 38.13 PC/MH 4+~ 181
 MN CONC= 66.32 PG/MH ¢~  19.4
K CONC= 3887.42 PL/MM 4+~ 248,95
CR CONC= - 273@,36 PG/MM +- 133.%
-~ HG CONC= 383.18 PG/MM +-  32.4
. PB CONC= 8.88 PG/MM +- 123.9
- BR CONC= 48.76 PG/MM +- - 17,8
- RB CONC= .08 PG/MM +- 38,9
RS COHC= 8,35 PG-MM +-  30.6
- SR CONC=" - 8.80 PG/MM 4~ 48.5
- SE CONC= 8.28 PG/NM +- 33.1
- N1 CONC= - 8,08 PG/NN 4+~ 19.8
- TICONC= ~  @,88 PG/MM +-  83.5
. VU CONC=. . 9.90 PG/MH +- = 62,3
- CR COMC= - @.80 PG/MM +-  46.8
Figure 4

-G-

Clet-qigl
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0T 2 2 11 17 100 5 2 11111111111111111111 WT-H-1

L oconCcs .o '

225 .07 000 .02F 10%4.,072 306.037 £59.0:8 £5G.C39 1062.042 531.041
1117.042 ©C02.037 PR5.0:2 ) ‘
CL COLC= :
286.016 =23.017 3U5.01¢ 212.017 330.018 353.012 417.020 377.919
74,019 322.C17 240.015 :
Ti CGNC=
2.010 10.011 2.011  8.011 12.006 18.006 12.007 1.012
21.007 16 .006 §.009

V CCiC= :

D.006 2.008 0.008 '0.008 2.009 3.000 5.009 0.ce0
. 5,009 2.008 2.007 -
CR CllC= _ : ‘
1.005% 2.00%8 0.006 1.006 2.006 2.007 4 .007 0,067
Q.004 0.C056 1.005

" MN CONC= -
0.004 2.004 0.005  0.005 0.005 0.005 0.005 0.005
0.005 0.005 0.004 . :

FE CCNC= :

94,003 46.003 47.00%  50.003 44 002 LE 003 42.002 45 .0C3
4y .0032 51.003  67.003% : :

70 CORC= - 4

0.000 0.000 0.000 0.000 0.000 0.000 0.0c0 0.0Co
0.000 0.000. 0.000 -

NI CONC= , :

2.001 15.001 16.002 15.002 20.002 17.002  12.002 20.002
17.002 28.002 24.001 : ' ‘

CU CGHC= o : _ )

15.001 25.002 21.002. 23.002 . 43.002 25.002 26.002 28 .002
23.002 26.002 23.001 ' : ' ' :
ZH CONC= . . . y :
47.002 57.002 60.002 53.002 72.002 . 62.002 62.002 72.002
71.002 68.002  67.002 o : : :
GA CONC= - . _
C.00C 0.000 - 0.000 ©.000 0.000" 0.000 0.000 0.000
0.000 0.000 0.000

AS CCHMC= : _ ' ‘ , , _
C.004 3.00U4 10.002 0.004 0.COU4 0.004 £.002 0.004
5.002 6.002° . 2.003 -

SE CONC= : : :
2.00Y4 0.004 0.004  2.004 3.005 4.005 0.005 C.0C5
1.005 °  1.004 0.004 ' :

BR COWC= . S S
7.002 6.002 7.002 3.002 14,002 12.002 4.005 10.007
4.005 9.002 2.004 : S :

RB CCNC= _

2.005 0.005 0.005 3.005 7.003 2.005 D.006 0.00¢C
2.006 0.005 0.004 '

SR CCNC= :

0.005 0.005 0.005 . 0.005 1.006 I .006 0.006 0.008
0.005 2.005 0.005 '

HG CONC= : . : S , :

2.008 ©.008 0.00% 5.008 4.005 8.004 0.000 0.00%
0.009 0.008 -0.007. : e

PB CONC= S -

132.009 112.009 . 125.009 150.010 161.010 1583.010- 13L.010 162.010
129.010 122.009 104.008 '

MS CONC= ‘ R : S : , _

o 8.740 5.172 T.753 - . T.753 7.563 7.350 6.518 €.512
oJB.ou0 7.031 10.005 . -
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 X&% NENU X% | I
1. CREATES A MEW CALIBRATION TABLE FOR 19 ELEHEHTS i

. HAND THE MO INCOHERENTY PEAK
2. EDIT IN THE OLD TABLE

~ 3. TRBLE LOOKUP.S ELEMENTS AT THE SQME TIHE
. 4. CREARTES A GRUUP ATTRIBUTION TABLE

S+ MEASURES SHAPE SPECTRA FOR 19 ELEMENTS QHD STORE . THEM

-~ 6+ MERSURES BACKGROUND SPECTRUH AND STORE THIS
- 7. DISPLAYS A PREVIOUSLY STORED BACKGROUND SPECTRUN
- 8. DISPLAYS A PPEUIOUSLY STORED SHAPE SPECTPUM

- .9+ TRANSFER INFQ FROM T! 9900 TG TAPE

... 18. TRANSFER INFO FROM TQPE 10 T1I 9900

. ¥ ENERGY CQLIBRRTIOH

 "7fjthcH nENu ITEM GO You unn77 -

s
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EXLEXRXXX. ENERGY CALIBRATION RESULTS ¥xxxkxkxk

CHANNEL=A+BRENERGY

PEAK 1 :ENERGY, LIMITS ::
'PEAK 2 :ENERGY, LIMITS ::
PEAK 1 :CENTROID .2
PEAK 2 :CENTROID ¥
R =
B' =
EV/CH | c
DO YOU WANT THE MENUCY OR

Figure 8
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—EN Y 6 D ’ o
"-.-no COHERENT PEAK Lxmxrs,usuraoxo INTEGRHL::: 512 532 S522.16 227220
ARE THE LIMITS OK(Y OR NX? | . o
29090 -\
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16000 |

14900 |

A
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Figure 11 _
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IERE T2 113 BRCKGROUND 5PELTRUM BUFFER 4 #ttttt!&g
DO YOU.WANT TO REPLOT THE SPECTRUM 7
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- Figure 13'a
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- Figure 15
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SHAPE wTRNDHF‘D RESUL TS FOR

CENTRQID
LINITSs INTEGRAL REGION 1
LINITS REGION 2 _

LINITS REGION 3 |
LIHITS, INTEGRAL REGION 4 ;
FIRST ADDRESS s

 LAST ADDRESS
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Figure 16
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RNV M
2% GROUP TABLE xX%%

GROUP 1 CONTAINS :

NUMBER OF ELEMENTS
ELEMENT NUMBER |
ELEMENT NUMBER
ELEMENT NUMBER
ELEMENT NUMBER

GROUP 2 CONTAINS !

NUMBER OF ELEMENTS
- ELEMENT NUMBER

| * GROUP 3 CONTAINS :

" NUMBER OF ELEMENTS
ELEMENT NUMBER

- GROUP 4'CONTRIHS :

MUMBER OF ELEMENTS

ELEMENT NUMBER

- DO YOU WANT THE MENUCY

=D &
Land

CENTROID =1t

CENTROID :180

CENTROID :202
CENTROID :244

24
8

~ CENTROID . :0
" CENTROID :0

CENTROID 16
H)

Figure 17
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A BUATION O TAPE

"0 P ROG Ram

wuSCIl  PROGRAM 768 Loa
CRE T VA PG RAM

~ BINMRY . PROGREM 39208
CBINARY  DATA - 10249 —
kB s
Huk'y M , : _ S o ‘ ‘
‘EINKMRY  DRTR 10248 CANINRAT o N
 BINARY  CHTA 10240 . | o
" BINARY DATA 10240
. NEW L 19240
 NEW | 19246 | |
- HEW o SRR 0240 A U Bl Ty o
- NEW S tezée . T EASNTHIOo N 2
NEW - | 18240
- NER - 192407 e
| -rrgﬁ- ) ~ - - {3243 B .
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 NEW 10249 - |
- HEW o | 10249
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THE PRESET UﬁLUEb FOR. IWSTRU“ENT wETT’HGS ARE

| 80 |
GDDITIONAL REHARKS OR SAWPLE 1.D. (HAX e CHQRACTERS).x

225E9504

- TAPE MARKING PROGRAM - PLERSE INSERT DATA TAPE

ENTER DATECDDDDDO) :

%, 950979
WHAT DATA TAPE NUMBER?

20 You. NQNT TO MARK - NEN TAPE OR ADD 1O OLD TGPE(N or R

» SU+FU¢REH7 SETTING CODE Pi:3
COLLIMATOR SETTING CODE PZ‘Z
MM ATLUANCE/STEP . P32
TOTAl. HO. OF STEPS P4:10

MM ADURNCE BEFORE ANALYSIS PS:S

TIME PCEIRP(?) " P6,P7:100 6
SAMFLE POSITION IN TRAY  PB:tl

ELEMENT LIST K CﬁTIU CRHNFECONICUZNGQ#SSEBRRBSRHGPBHS o
TIPE IN ELEHENTS YOU WAKT TO RNQLYSE (2 CHRR/EL or RLLG-l) -

flL4s

| ¥ou MaNY SAMPLES DG YOU WANT 10 aunLvss7 g

'SAMPLE NUHBER ¢4
. 1;%}; 3P1HHY FARAMETERS DO YOU WART TO CHRHGE(M\!. 8)7

TYPE PARAMETER NUNBER;NEH UﬂLUE!
0P _ 328
(27 C R34
$3) ’ r'aR

12L-aIan

Figure 19



CONTENT OF OUERALL SHHPLE MEADING :

 NUMBER OF BYTES STILL AUVAIBLE
- NUMBER OF SAMPLES ON TAPE
. LAST FILE ON TAPE USED
LIST OF ELEMENT SYMBOLS

DATA TAPE 7

: 360600
v'Sxos:

K CRTIU CRHNFECONICUZNGQQSSEBRRBSRHGPQHS

SRMPLE CODES :

- onrs

080779
. 9808779
88877y
868?79
 ese77s
PROGRAM HAS ENDED

N w

2 .
2 .
2
:: 2],
e

2
2
2
2

2

23

PZ P3 P4 PS. PG P? P8 PS
HU COL STEP ® STRT TIME POS FILE

3

11 17188 6 4
§ 24 108 6 24
S 1860 6 44

186 20 180 6
68 5100 6 63
_FigurévZO o

SQHPLE ! D,

2 11111111:(1:11::11:1 ur-u- f

23 llllll!lllllllllllll HT~H-2*
44 tllllllllll!llll!lll WT-P-1
..

86 $1111111111111118111 A.OTTER

65 11111111121111121111 NT-P-2

o -

e
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DATA PRLESENTATION PROCRAM EX .

¥ VSR ANSWERS
B HENU FOR DARTA PRESENTATION :

- 1. :DISPLAY OF OUERALL SAMPLE HEQDING(FILE 1
2..DISPLAY OF R SPECIFIED SAMPLE HEARDING -
. 3.:PLOT OF CONCENTRATION VERSUS LENGTH
- 4,3N0,3 + H&aRD COPY OF THE RESULTS
o .5..PRINT OF CONCENTRATION VERSUS LENGTH
. 6+3tND.S + HARD COPY OF THE RESULTS
f.oHE” "ENU
8..bTOP v

¢F¥HICH MENU ITEM 00 You HRHT '(TYPE NO. )

Figure 22
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™ o= .
CONTENT OF OUERALL SAMPLE HERADING :
'NUMBER OF BYTES AUAIBLE

NUMBER QF SAMPLES ON TAPE
LAST USED FILE ON TRPE

LIST OF ELEMENT SyMeoLS

-
NS

K CATIU CRMNFECONICUZNGARSSEBRRBSRHGPEMI

SAMPLE CODE
 DATE
812979

812975

812979
612979
. 812979

 q;29?9'

812979
612979

812979
812579

n912979;

P1

=

O
ro

P3

(S

P4
200
200

200

200

2890

200
208
200
200
208
200

o 0 O 0 O O 0 © 0 O O

P6
169
100

160

106

180

100

100
198
100
100

10 11
18 11

10 11

10 11
1@ 11

10 11

19 11
10 11

Figure 23

P? P8
18 11

1811
10 11
100

P9

2

8

-
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‘ o

| SAMPLE 1.D.

0101010101000¢000800

©1910181016000000000
81019101010020000600
©1010161010000600000
181018101010000060005

121018101019806009000

©1010101010030009600
01018101019230800000

©1010101010000020000

61010101010000000090
61019191010000000600

LHC
LHC

LKC

LHC

LHC
LHC

LHC
LHC
LHC
LHC
LHC

..oo O

h
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=2
INSERT DﬂTﬂ TAPE ! !

: EILE NUMBER FOR SAMPLE HEADING ?
-

‘”-INQTRUMENT SETTINhS AND SQNPLE I.
‘DATE

SAMPLE HEAD FILE
KU+CURRENT SETTING -
COLLIMATOR SETTING

" MM ADURNCE ~STEP
TOTAL HUMBER OF STEPS

MM T0_ADUANCE BEFORE ANALYSIS

~TIME P&xP?

SAMPLE POSITION IN TRAY

"ELEMENT LIST CODE

-SQHPLE I. D.~

“IF YOU WANT THE MENU PRINT 7 OR &

D.._,

1812979
P9:2
P11

- P2:1

P3:y

P4:200

P5:0 B
PE,P7 100 10

Peill |
.91910191919000099000
 LHC

-9/~

IF STOP!

" Figure 24 -
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*&?OH'MANY”SHMPLESvDD YOU WANT TG PLOT?
INFUT HEAD FILE WUMEER FOF EACH FILE!

" INPUT STARTING WNG ENDING ADORESSES FOR ERCH SAMPLE(STEPS)
o INFUT & b ENDI _
0 WHICH ELEMENTE DO WOU WANT(MAX 532 CHRR ERCHO?
*—BENE CA | -_

Figuré 25
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Figure 26
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FLEASE LOAD DATA TAPE

..4ou MANY SAMPLES DO YOU WANT TO PLOT?
'xgrur HEAD FILE NUMBER FOR ERCH FILE! |
. IHPUT STARTING AND ENDING ADDRESSES FOR EACH sanPLE<STEPs>

<Ly 128

- WHICH ELEMENTS DO YOU HANTCHAX $)2 CHQR ’ﬁCH)?

HG

Figure 27
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STEP#l  STEP#2 = STEP #3 s e
ORIGINAL

| SPECTRUM

A\

HE " 0"
Pt ty 1
COMPARE. | 1 1 i} comeare, COMPARE
SUBTRACT | 1 | 4} | sverRAcT. SUBTRACT '
......... X MR NS AR NERTETRE SR n
. I L S PP et b
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