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ABSTRACT 

This report describes a series of programs 
used for processing data from luminescence 
experiments and an accompanying. technique 
for transferring the data from strip charts to 
magnetic tapes for input to a digital computer.
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COMPUTER REDUCTION OF ABSORPTION AND LUMINESCENCE 
EMISSION AND EXCITATION SPECTRA IN SOLIDS 

~ FD. Blair 

I. Introduction 

The programs to be described were developed to assist in the reduction of data 
from a series of experiments on the luminescence of alkali halides. When the experi- 
ments were set up, the results were taken on a strip chart recorder and no provision 
was made for automatically recording the data for later processing by digital computer, 
This system of recording the results was dictated by the cost of the associated digital 
recording equipment. 

‘The manual operations required to produce corrected spectra from the strip charts 
proved to be laborious and time consuming. With a large number of experiments already 
on strip charts and more experiments to be run, it was decided to find some simple but 
reasonably efficient method to put the results into a form suitable for processing on a 
digital computer. The main restrictions placed on the method to be used included: 

a) previously recorded data had to be salvaged, 
8) the method had to be easily and quickly applied to new results being produced, 
ϱ) the recording medium had to be suitable for use as an input to a digital 

computer, and 
d) some simple method had to be built into the data recording to indicate to the 

computer the necessary conversions to wavelength and intensity from the 
original graph readings. 

Several methods of conversion were possible but most of these neglected one or 
more of the above mentioned requirements. The method finally chosen was to use a 
curve tracer to magnetic tape system which not only satisfied all the restrictions, but 
also offered a saving in manual labour over the other methods 

For the present system of programs, the data are transferred from the strip chart 
to a seven-track low-density magnetic tape by use of an Auto-trol Corporation 3400 curve 
tracer and the magnetic tapes are then processed on an IBM 360/30 computer. Data for 
the conversion of units is in part included on the tape. A simple linear relation is used 
for the conversion of the various units. Tests on the data have shown that the accuracy 
of the method of conversion is within the experimental error, 

Since most of the programs to be described require the same form of input data 
conversion and similar output representation, these features will be outlined in several 
common sections. Variations of each program from the general form will be described 
in separate sections for each program. It should be noted that the main programs have 
been kept independent of the NRC plotting routines as much as possible. All references 
to these plotting routines, used at the NRC Computation Centre, are contained in XPLOT 
and XPLGTI with the exception of the control subroutines NAME, PAGE, and PEND.



Π. General System Description 
a) Magnetic Tape Format 

The data on the magnetic tape are blocked at 84 characters per block, with the 
first four characters giving the spectrum number taken from positions 11, 12, 13, and 
14 of the thumb wheels on the console of the curve tracer. In the processing pro- 
grams, the first block of the desired experiment is found using the four-digit spectrum 
identification, and each following block is accepted until a different identification is 
found. 

‘The remaining 80 characters of ezch block after the spectrum identification contain 
ten data points of eight characters each. Positions 1, 2, 3, and 4 of each point make up 
the X value taken from the left four positions of the X register as displayed on the 
console of the curve tracer. Positions 5, 6, and 7 give the Y value taken from the 
middle three digits of the Y register. The eighth position of the data point is taken 
from digit fifteen of the thumb wheels on the console and it is used to represent the 
scale factor of the recording instrument. 

In the first block of each spectrum, the first two data points contain the calibration 
data, The first point is the minimum (x~y) coordinate taken at the lowest value on the 
chart being recorded and the second point contains the maximum (x—y) coordinate taken 
at the highest point on the chart for both the x and y readings. At run time, these two 
points are used to form factors which multiply each (x—y) pair to give the readings in 
wavelength and source graph divisions (see Section Πο). 

At the end of each spectrum being transferred to magnetic tape, the last block 
must be filled with nines by pressing the final button on the console of the curve tracer. 
When the tape has been completed, an end-of-file must be put on the tape. 

5) General Card Format 

Each spectrum to be processed by any of the processing programs must be indicated 
by a card with the format shown in Table I. The general format is 11, ΙΧ, A4, 1X, 
5ΕΙ4.7. 

The continuation indicator must be one of the following: 

© No continuation to follow, 
1 Next spectrum card contains information about a spectrum which is 

to be considered as a continuation of the present spectrum, and 
9 No more spectra, terminate the program. This must be the last data 

card to avoid an end-of-file indication. 

The identification (A4) is a four-digit number which must be equal to one of the 
identifications on the tape. 

The four maximum —minimum values are in angstroms and divisions on the graph 
and must correspond to the two first experimental points on the tape from the curve 
tracer.



TABLE I 

Format of spectrum identification card 

Format Purpose 

ul Continuation indicator 
A4 Spectrum identification 
E147 Minimum x coordinate in wavelength (A) 
E147 Maximum x coordinate in wavelength (A) 
E147 Minimum y coordinate in source graph divisions 
E147 Maximum y coordinate in source graph divisions 
E147 Dark current in nancamperes 

The final variable on the card is the dark current and must be in units of 
nanoamperes to agree with the final experimental data points after processing, 

c) Conversion of Raw Data 

The first step in processing the raw data is to convert each data point to known 
units from the relative representation produced by the digital converter. The con- 
version equations are as follows, 

LA = W 
Woman + Won = Wrmia) | qe 

” We max 7 We sie 

ke max 1ς min In = | Tonin + Con ~ Erin) {mem} Sx - DC 

where W is the wavelength, 
Tis the intensity, 
nis the nth point, 
C is the value from the card, 
T is the value from the magnetic tape, 
Sy is the scale factor, and 
D.C. is the dark current, 

d) Scale Factors 

The scale factors are the appropriate ranges of the Keithly micromicroammeter 
in use for the present experimental setup. At input time in the program these factors 
are fed into the computer, one factor per card with format 15, E14.7. The fixed point
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number (15) which appears first on the card represents the number of the factor 
and its location in the storage array. This number should be between 1 and 15 and 
should be unique for each card. 

Since the digit on the magnetic tape which selects the scale factor can only 
vary from one to nine and since the table of factors can contain fifteen values, it 
was necessary to define a table origin for the set of scale factors to be used. The 
location of the scale factor in the table which is to Be selected is calculated as 

=T+N-1, 

where 1, {s the factor location in the storage array, 
T is the digit from the tape and 
Nis the origin from the input card. 

€) Output Requirements 

In each of the processing programs, the final data are both printed in table form 
and output on magnetic tape for the plotter. Since each program requires different 
printer formats, the description of the output printing will be deferred until the 
individual programs are described. 

Two graphs per spectrum are required. The first is the normalized intensity 
plotted against wavelength in angstroms and the second is the normalized intensity 
plotted against the energy in electron volts. In each case, the alternate independent 
variable scale is given at the top of the graph as a reference (Le., an electron volt 
scale is given at the top of the angstrom plot and vice versa). 

Four additional requirements placed on the output graphs are as follows: 

a) the values of the variables are printed on the graphs at convenient intervals 
along each scale, 

5) descriptive titles are included along each scale, 

©) the dimensions of the graphs are variable, and 
4) the scale factors and starting values are variable 

To satisfy the above requirements, a subroutine called XPLOT was written and it 
is used by all of the processing programs except the absorption spectra program. In 
the case of the absorption spectra program, a variation of XPLOT called XPLOTI was 
written, 

ΠΙ. Absorption Spectra 

The absorption of a material at a given wavelength is proportional to the optical 
density of the material at the same wavelength. The optical density can be calculated 
using the following relationship: 

L Optical density = log 10 2 = ax loge 



where J, is the light incident on the sample, 
J, is the light transmitted through the sample, 
x is the absorption coefficient of the material, 
x is the thickness of the sample, 
€ is the base of natural logarithms. 

‘Two programs have been written to process the absorption data, The choice of 
program is determined by the form of the source data. In both cases, either the 
optical density or the absorption coefficient may be plotted as a function of wave- 
length in angstroms and energy in electron volts. The input data for both programs 
are in the form described in Section II. 

The input to the first program is the optical density taken from the graph of a 
Cary spectrophotometer. In this case only, the scale factors are accepted according 
to the following scheme. 

Range (from tape) Optical density range 

1 Otol 
2 1to2 
3 Oto 1 

‘The second program uses the quantities f, and {, to calculate the optical density. 
Roth programs use the optical density to calculate thé absorption coefficient as; 

⋅ Optical density X 2.303 Absorption coefficient = Optical density X 2.303 sorption. Thickness of the sample 

Input Cord Format 

‘The input card format for both programs is shown in Table Il. Differences in 
the card layout between the programs is indicated in the comments column. 

Output Results 

The final printout of results from the two programs is as follows. 

Wavelength in angstroms (F7.1), 
Electron volts (F7.4), 
1, (E12.5) (program 2 only), 

L, (E12.5) (program 2 only), 
Optical density (12.5) and 
Absorption coefficient (E12.5), S

e
 
e
e
N
 

. ΤΜΟ plots are given for each spectrum processed. In the first the x axis is 
in wavelength, and in the second the x axis is in electron volts. For the y axis, either optical density or absorption coefficient may be chosen (see Table ill item 11).
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TABLE If 
Card input to optical density — Absorption coefficient program 

Item Format Numberof Use Comments 
Cards = 

1 215 1 Origin for scale factors Program 2 only, See Section 
tid. 

2 15, 514.7 1 Scale factors Program 2 only, See Section 
Il. 

3 2044 1 Overall page title-plotter 
4 20A4 1 Wavelength scale title- 

plotter 
5 2044 1 Electron volt scale title- 

plotter 
6 2044 1 Optical density scale 

titleplotter 

7 2044 1 Absorption Coefficient 
swale title-plotter 

8 Ην 1X, A4, 1X, One plus Π date, program 2 For program 1, spectrum data, 
SEi47 continuation See Section IIb. 

9 1, 1X4, ΙΧ. One plus 1 Program 2 only 
SE14.7 continuation 

10 EI47 1 ‘Thickness of specimen if not used must be zero. 
u 15 1 Selection of quantity If equal to zero, the program 

for plotting plots the optical density, other. 
‘ise it plots the absorption co 
efficient, 

13 2044 1 Spectrum title 

5 8E14.7 2 Plotting information 
(2) Start wavelength 
(2) Wavelength scale 
(3) Start electron volt 
(8) Electron volt scale 
€) x length 
(6) y length 
(7) Optical density scale 
(8) Absorption Coef. 

ficient scale. 
14 2044 1 Spectrum title In this position for program 1 

only 
15 u 1 End of data card 

NOTE:- For each set of absorption coefficient and optical density values to be processed, items Β to 14 must be repeated,



Subroutines Used 

Both programs described use the ΧΡΙΟΤΙ subroutine for setting up and formatting 
the graphs. The SINTP function subroutine is used to interpolate where required. 

IV, Luminescence Emission Spectra 

The uncorrected luminescence emission intensity J, is read into the machine on 
magnetic tape and converted to the appropriate units as described in Section II, a) and 
¢). The emission intensity is then corrected at each wavelength by the response function 
of the measuring equipment with the relationship 

1 
Corrected emission intensity = ⋅ Response function 

The response function is the product of the quantum efficiency of the photomultiplier 
tube and the transmission function of the monochromator. 

Input Card Formats 

The order, number and formats of the input cards are given in Table Ill. It should 
be noted that for each spectrum to be processed, the group of cards starting at item 8 
and ending at 12, inclusive, must be repeated. The card in item 13 must be placed after 
the last group and before the end-ofrfile card. 

Output Data 

The processed data are printed in the following format. 

1X, F7.1, 2X, F8.4, 3(2X, E125), F8.5 

These format items correspond to: 

wavelength in angstroms (F7.1), 
electron volts (F8.4), 
uncorrected intensity (E12.5), 
value of the response function used (E12.5), 
corrected intensity (E12.5) and 
the normalized intensity (F8.5). a

a
 
a
e
 

As well as the printer output, the normalized intensity was plotted against both 
angstroms and electron volts by use of the XPLOT subroutine. It should be noted that 
the program at present is designed to plot four graphs per page and that the size of the 
page described under ‘Input Card Formats’ must be kept within limits to avoid over- 
lapping. 

Subroutines Used 
All plotting was carried out using the XPLOT subroutine. The subroutine SINTP 

was required to interpolate the response function when required.



TABLE Il 

Input cards for emission spectrum program 

Item Format Number of Use Comments 
cards 

115, 2614.7 As required Response function Last card must have 
99999 in 15 position 

2 IS.EI47 Maximum of 15 Scale factors See Section Ud. Last 
card = 99999 0.0... 
0800 

3 2044 1 Overall page title for 
plotter 

4 204 1 Heading for wavelength 
scale on plotter 

5 20Λ4 1 Heading for electron 
volt scale on plotter 

6 2044 1 Heading for intensity 
seale on plotter 

7 2044 1 Heading for spectrum 
on plotter 

8 11, 1X, A4, 1X, One plus any Data for spectrum See Section Ib 
SEAT number of con- 

tinuations 
9 15 1 Scale factor origin See Section Πὰ 

10 Data for the plotting 
routine: 
(2) Start of wavelength 
(2) Wavelength scale 
(3) Start of ex. plot 
(4) ον. scale factor 

u aan 1 Page size for plotter  Actual plotting surface will 
(1) x direction be one inch smaller 
(2) y direction 

12 2044 1 Individual spectrum 
title 

5 n 1 end card ‘This must contain a nine in 
column one and be the last 
card 



V. Luminescence Excitation Spectra 

The excitation spectrum is calculated at each given wavelength by the relationship 

where J, is the uncorrected intensity of luminescence and 
1, is the intensity of the source causing the excitation. 

Both /, and Z, vary in intensity as a function of wavelength. 

In the processing program, both J, and {, are selected, converted to the appropriate 
units, and stored in temporary tables. “The wavelengths associated with J, are selected 
one at a time and used as the reference in selecting Z,. If the J, table does not contain 
a wavelength identical with the wavelength being used from J,, the J, table is interpolated 
at the nearest wavelength by use of the SINTP subroutine. When the excitation spectrum 
has been completely calculated, the program normalizes the spectrum to one at the peak 

value. 

Two programs have been written to process the excitation spectra. The first program 
calculates the spectrum as it is given over its entire range. The second program has the 
ability to select a given range of each spectrum and to give results for this limited range 
only. In all other ways, the two programs are identical, 

Input Card Format 

The details of the input data cards are shown in Table IV. 

Output Data 

The completed data output is both printed and plotted. The following variables 
are printed with the Fortran format items indicated in brackets: 

wavelength (F7.1), 

electron volts (F8.4), 

J, in nanoamperes (E12.5), 
J, in nanoamperes (E12.5), 
excitation intensity (E12.5) and 

normalized intensity of excitation (E12.5). a
e
 
e
e
e
 

The normalized intensity is plotted against angstroms and electron volts. Both 
graphs are plotted on the same page with the angstrom plot in the upper half of the 
page. The size of the graphs is fixed at 19 X 11 inches (18 X 10 inch plotting surface).



-10- 

TABLE 1V 

Input cards for excitation spectrum program 

Number of Item Format umber Use Comments 

1 315 1 Table origins for See Section Πά 
scale factors 

2 1SE14.7 ο. το See Section lid. Last card 
must be 99999 0.0000000E 
00 

3 2044 1 Main page ttle for 
plotter 

4 2044 1 ‘Wavelength scale title 
for plotter 

5 20A4 1 Electron volt scale title 

6 2044 1 Intensity scale tide 
7 T1,1X,A4,1X, One plus con- Data for 4, See Section Lib. In the case 

SE147 tinuation of the ‘limited range’ pro- 
gram, a second card must 
follow with a format of 
2614.7 where the last two 
fields are the lower and 
‘upper limits in angstroms of 
the range to be processed, 
This applies to the continu- 
ation cards as well. 

8 1, 1X,A4,1X, One plus con- Data for /, Same as item 7 above. 
5E147 tinuation 

9 2044 1 Title for the specific 
spectrum 

10 4147 1 Data for plotting 
(4) Start of wavelength 
(2) Wavelength scale 
) Start of ew. plot 
(4) ον, scale factor 

u 1, 1 End of data card 

ΝΟΤΡ:-- For each spectrum to be processed, the group of cards from item 7 to item 10 must be repeated,
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Absorption Spectra Program
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INPUT - OPTICAL DERSITY= 

ONTARIC. 
1969. 

ΤΠ (20) xQICZ 2120), 

##% CALCULATICN CF ABSORPTICN SPECTRA, 
11312 
WRITTEN BY F.D.BLAIRS 
RACIG AND ELECTRICAL ENGINEER ING, 
NATIONAL RESEARCH CCUNCIL CF CANADA, 
CTTAWA, 

S{I1/L21« 

(2G) ΜΚ{ 421 120) NPE OD 
1M3 (20) ySC{20) 4ΜΙ {1000} FIT19000) ΕΝ (1000 1 ΕΝ LOCO), STÉ ICE) 
TRWK £4) 9 WING4) YOLE 20) #VQ2 (20) ; SKK 1COO) » SKGLICOO)Ds 
2FIRWELOCO) FIRI(1000)»SK1(1000) 
INTEGER#4 
CALL PSAVE (8000) 
IP=3 

REAC 
500 FORMAT 

00 45 I= 

LIC5C0) 

TR(20),TG{203 

1,12 
(215) 

120 
45 SC(1)=0.0 
ce 7 120 
READ (108) No WI 

8 FORMAT 
IF_{N~99999) 729.7 

(15,61 7 

7 SCD) 
WRITE Ε1ρ, 42) 

42 FORMAT (1x,"TO MANY SCALE FACTCRS() 
CALL EXIT 

4 READ (UC ol ITIL 3 XC1 r XQ25YCLeVC2 
1 FORMAT 

200 If 

Το READ (1Cy2) ¥ZsLO;WLSyWLE SFIS, 
72 FORMAT 

IF {MZ 
INS=1 
XC=1.0 
1 
Τρι. 

2 FORMAT 
IF (NZ-9) 

11 1ε 
90 TF 
13 IF 
14 ça 
151 

1204. 

($E14.7) 
5]. 60215602 

119 1Χν 447 1X, 6CE 14470) 
175117 

(UFREADUPKyL 3) 9074922 
(1-84) 
OKO LG 
TO (15,16) th 

17,13,17 
331493 
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Nisi 
16 1=2 

LS= (1-4) /8 
00 301 K=1,LS 
CALL INCORE EMKCTI»8) 
REAC {IT:6) MLCKI5M2CK3 M2 UK) 

€ FORMAT (14,13, 01) 
301 I=142 

GO TO (73,74) 
73 IF (M1(1}-9999 } 76,77, 76 
77 WRITE (LP, 781M1 01) M201) M241) 
78 FORMAT (1X,*SCALE ERRCR* 53(5X 5153) 

CALL EXIT 
76 WMS=ML(L) .-- 

FIMS=M2(1) 
ΜΜΒΞΜΊ(2] 
ΕΙΜΗΞΝΖ (2) 
IN 
LS=t$~2 
00 75 J=14LS 
MICYI=MI(I42) 

WLE-WLSI/1HMA 
FIE-FIS}/E1MA 

74 00 20 I= 
IF (MIC1)-6959 } 21920921 

21 HQ=MG+1 
HKÆML UT) 
ο ΕΡΤ 
ΓΕ «ΝΖ-ΝΕΕ) 2000920019 2001 

2001 MO=MQ-1 
60 Τὸ 20 

2000 WLEMGI =z 
20) 
183 ( CHK=FLMS IX 
361141 SC-1 

SICPO)= (HK#SCÉLX I )-DCU 
20 CONTINUE 

60 T0 17 
3 60 Τὸ t17,28),IL 
18 IF_(MZ-1) 71,300.71 

300 CALL UFREW (0) 
GO το 7¢ 

71 GO Τὸ {161102} TIL 
101 DO 103 I=1,N0 

FIRRET)=UL (1) 
103 FIRI(RSIET) 

Tsc=t2 
TiL=2 
W2C=HQ 
WS=LQ 
FIDC=DCU 
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CALL UFREW {C) 

οὐ το 31 _ 
102 1=1 

REAC (1C,72) THICK 
READ (1581) ICON 

81 FORMAT {515} 
NN=0 

IF (J1-1) 118,118,501 = 
501 CALL PAGE 

dist 
118 IF {I-MZC) 10441C4,1CE 
104 WK=FIRKEL) 

IF CWK-WL{1)) 116,127,117 
117 00 106 K=1,HQ 

IF CWK-ULCKI) 108,107,106 
107 S=SI(K) 

GC TO 105 
108 Kh=K-2 

112 IF ({KW+3) -MQ) 11C+110,114 
LL kW 7 

GO TC 112 
110 TF (KW) 113,113,114 
113 KW=KW+L 

Go TC 110 
114 OO 115 L=lr4 

RHKCLIZKLEKN) 
WINCLI=SECKW) 

115 KW=KW41 
SE=SINTPURK sWhK WING 4) 
co TO 109 

106 CONTINUE 
116 LK=I ----.. 
119 IF (EK+1-M2ZC) 1209120123 
120 FIRMILKI=FIRWILK41) 

FIRT{LKI=FIRILK#1) 
LK=LK+41 
Go Το 119 

123 νζς-ΝΖ0-1 
GC το 118 

109 MZZ=FIRICTI/S 
IF (WZZ} 6CC+600,601 

601 ΝΝΞΝΝΗΙ 
FIENNI=ALOGLOCHZZ) 
SKTUNNI=S 
SKKENND=FERECLD 
SKQENN TRWOT) 
IF (THICK) 6042605604 

604 FNONNI=CE LINN #2. 303)/ THICK 
GG ΤΟ 606 

605 FNINNI=C.0 
TCON=! 

606 CONTINUE 
600 I=1+1 

co 10 118 
105 Fx=C.0 
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NZO=NN 
00 121 1=1:V2C ee 
EVCII=G/SKQt1) 

121 CONTINUE 
READ (ICyL) TR 

DO 24 I=L MZG -- 
IF {Νρ-50) 28121927 

27 WRITE Ε1Ρι25) TR,KP 
25 FORMAT (1HLy1X 42004 56X44 PACE", ΖΧν Ι5//} 

KP=KP+1 
WRITE (Τρ, 608) ΤΗΙΟΚΝΕΙΟΟνΡΟυ 

608 FORMAT (5X 4: THICKNESS=*4E1447/SX24CARK CURRENT FOK 
15Xy"DARK CURRENT FOR IO=",£14.7) 
WRITE (TP, 26) 

26 FORMAT (2Xy"HeLs 
110ρΤ. DEN. ‘42% 
NP= 

28 WRITE {1Ρ.291.. SKQITI2EV(T)a SKKCT)a SKICTJaFICL Da FN CT) 29 FORMAT (1X sF 741, 2X F8 446 2K, E1205) 
24 KP=NP41 

READ (1Ce 72) XSLeXC1yX 529 XC2 9 XL Ye YEP VARS 
IF (ICON) €1C, 6104611 

611 DO 612 I=1,M2Q 
612 FICI=FNCD) 

YSC=YAB 
on €13 [=1,20 

613 YOUI)=VG211) 
GO TO 614 

616 00 €15 I=1,20 
615 YOUT)=YCICT) 

YSC=VOPD 
614 CONTINUE 

CALL XPLOTLEXS 1 eXC1y ¥S2 9XC2aXC HVC aXLe VL y SKGrF Le XCL AU VO TR e 1MZQ202YSC) 
CALL ΝΑΝΕΖ (TIL, 80) 
CALL PAGE. ο, 
CALE XPLETA(KS2,XC2,y 
1MZQ2QxY¥SC) 
J1=2 
J2=2 
CALL NAME2 (TIL, 80) 
AIME 
CALL UFREW(O) 
Go To 200 

32 CALL UFREW {01 
GO Το (33.18), TL 

33 WRITE {1Ρ/35) LQ 
35 FORMAT _(//1X44CAN NOT FINO EXP, NO.*,A4) 
5 GO TO 139,40), J2 

40 CALL PEND 
39 CALL EXIT 
4 WRITE (1P 641) IBL 

41 FORMAT (4/1X)"ERROR IN BLCCK',151 

*El47/ 

GXetE Vel SXa tL Tel 2Ky C5 12Χν 
BSCRP. COEF. 1/1 

ACL XC HVC ΧΙ νΥΙ EVIL XC2y XO] VON TR 

Go TO 17 
END
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ee CALCULATION. OF LUMINESCENCE EMISSION SPECTA. 
WRITTEN BY F.D.BLAIR, 
RADIO AND ELECTRICAL ENGINEERING, — 
NATIONAL RESEARCH COUNCIL OF CANADA, 
OTTAWA, ONTARIO, 

1989, 

n
o
c
o
o
s
p
o
a
 

- ~ DIMENSION ΤΙ (201. ΚΩΝ 201 χΟ2 {201 γω (20) 4 MKC 421 MLL 201eM21 202, — 
193020) y SCC15) 8 WLU1099) ΕΤ( 1000} ΕΝ {1000} ,FN(LOON) yST(1000)+ 
208: (10009, CINE 10001 » Wait 4 4) pWINE 4) 4CORE( 10001, WX{ 1000) 
INTEGER#4 TR{20} ,TO( 20) 
CALL SUNDER 
CALL PSAVE (4000) 

ο να -- -- a 

80 1=1,1000 
READ {10581} ΚΙ CML LEE CENE TD 

81 FORMAT {15,2€14.7) 
LCC=LCC+i 
IF (KI-69999) 80,82,80 

80 CONTINUE 
WRITE (1P,B3) 

mu 83 ECRMAT (1X,"TO MANY CORRECTIONS) ο — 
CALL EXIT 

82 DC 45 15 ne 
45 SC(11=0.0 

= DO 7 1=1,18 : ... 
READ (10.81 Ny WE 

~8.EDRMAT {19,614.71 
IF (N-95999) 74947 

7 SCUN}=WL - — 
WRITE (1P,42) 

42 FORMAT (1X,'TO MANY SCALE FACTORS") 
CALL EXIT 

ο READ {IC LITU 4X01.X02.¥0, TO 
1 FORMAT (2044) 

31 MQ=0 - 
70 READ (1092) ΜΖνίων ἨΙΣΝΕΕΝΕΙΣΕΙΕΝΣύΒΤ 
2 FORMAT (4191 ΧνΛάν ΙΧ Ξ{ΕΙΔ «ΤΙ 

72 FURMAT (SEL4.7) 

Ε Β Β | | | 

m
a
x
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ir (MZ=9) 1755517 
TY EF TUPRFADGHRL OP 1394432 

23 IT CMKOLI-LO) 391453. 
14 GA TR (18; here TE 
15 IL=2 

ΜΙΞ1 
16 1-2 

LS= té) /8 
- HO 300 Kells 

CALL TICORE CMKETI BD 
REND (17 6) HECK) ΜΖ{Κ) M3 CKD 

6 FORFAT (Τά 139 ΣΤ} 
300 I= 142 

GO Τη (73474) 4 INS 
73. WF_1M102129999 1 Τάμπι]. 

TT WRITE (EP, 7B)ML(2),M2(2) 9312) 
78 FORMAT (1X,"SCALE ERROR s3(5X215)) 

CALL EXIT. 
Τό ΝΗΦΞΜΗ {1} 

FIMS=M2 (1) 

ο -M2t=M2tie2) 
75 MR{LI=N3{I42) 

WMA=ABS (WMB-WMS1 - - 
FIMA=(F INB—FIMS) 
WLM= (WL E-WLS 3 / MA 
FIX=(FIE-FIS)/FIMA 

_.14-00.20-1=141 
IF (MLEI)-9999 1 21,20,21 

21 MQ=MQ+L 
ων 

κ. 5 (0 κ--Μς WL ED 
IF {WZ~WLE) 2000, 2001 

2001 MO=Mo—1 
Ge TN 20 

2000 WLIMQI=Wz - . 
WKEM? (1) 
WK=E I Se LUKE EMS) #EIXL 
LX=M3 LT) HIORG= 1 
SLUMO1SWK*SC (LX) =~SUBT. -.. - AN TINUE 
sn ta 17 

3 SU TN (1,18) yg IL 
18 IF (MZ-1) 71:311,71 

311 TALL UFEEW (0) 
ο cone 

2? T=1yMQ 
ο μα. 
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TF CeLCLIMCWLEKTI ID} 86985784 
CINK IUD 

ο μι. 
86 ΚΞΚΙΙ-2 
89 Uki+3)-LCC) 87487288 

Lis KHL 
To 99 
ΚΕ} 9020491 

eo TO 87 
84 CONTINUE 

GO TO 22 
91 00 92 KKK=1r4 

WWK (KKK 

SENTPIWS Ze HUKe WING) 
93 1995159541 

FICISSI=S1(19/C0 
GORE LISSI=CO υ. ο... 

EVCISS)=O/Wi (ED 
NXUISSI=UL( 1) 
ΤΕ CEX-FIUISS)} 23422522 

23 FX=FICLSS) 
22 CONTINUE 

wa -- 
READ (ICy72}) XSLeXCLrXS2:XC2 
READ (1C,72) XL,VL 
READ (iCy1} TR 
NP=50 ↽ 
⇂≺⊨⇌⇂ ⋅ 

↽↰⊓⊥↼↲∣∥∩ 
⊧⋯∥ 
IF 

27 WRITE 
25 FURMAT 

WRITE 
—--1000 FORMAT (/10X,ADARK CURRENT=" 614.77) ο... 

WRITE 
26 FURNAT 

inp! 
FILD/EX 
501 28,27,27 

(1P,25) TRIKP 
{IHLr2024 

{1P,1000) SUBT 
6X 

CIP, 26) 
(21Η... 26Xs ΤΕ Νε ην 

PAGE", 2%,15) 

ΑΧ, "EMISSION 11 ν4Χ, "CORRECTION 4X à 
L'COKRECTED I*, 2k, *NORMALIZED I*/) 

seven 28 ARLTE {2P 429) WHET) ΛΕΝΕ) STI) CCREC IL), FCI «ΕΝ 
29 CURMAT (1XF Te 192K pF 804930 2X0 E1265) ¢2XpF O05) 

των 24 NPSNP+1 
ή TE (JP-2) 300043000, 3001 

- --3060 YC=11.0 
17 JP-1) 3002,3002, 3003 

ος 3008 Cali PAGE - -- 
"3002 J 
wo 65 
2 3001 Ye 

το 3004 - 
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3004 CANTINUF 
CALL XPLOT {Χ5ΥΥΧΟΣ A XS? ? XC2 9 XC à VC 8 X Le VL gWX GEN ΥΧΩ 1 7 KQ2 9 YO ΤΑ MQ QD 

LKR 
MEET 
WLU 
SECT 

30 LX=LX-1 
XC=11.0 

GALL XPLOT 1X82 X02.0 XSL XCD XC YO XLV gil SLeXD2s XO Le Y QT Re MQs QD 
CALL ΝΑΝΕΖΙΤΙΙ 8Ο] 

22 

CALL UFREW (0) 
GTO. a — 

32 CALL UFREW (03 
GO TO (33,341 TL 

33 WRITE (1P,35) LQ 
35 FORMAT (//1X,SCAN NOT FIND EXP. NO, A4) 

READ {1Cy72) ΧδΙνΧΟΙ νΧδ2νΧςΣ 
READ CIC LI TR 

IZM=1 
Go τὸ 31 

34 GO TO 18 
5 GO TO (39401992 

40 CALL PEND 
39. GALL EXIT 

4 WRITE {Πρι} TBL 
41 FORMAT (//1Xe*ERROR IN BLOCK* 415) 

Go το 17 
END 



Appendix € 

Luminescence Excitation Spectra Program
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ο wee CALCULATION ΟΕ LUMENESCENCE EXITATION SPECTRA, 
€ COMPLETE SPECTRA. 
Lon - WRITTEN BY F.DaBLAIRy = - _ ee 
ς RATIO AND ELECTRICAL ΕΝΟΙΝΕΕΒΙΝΟ, 
ο NATIONAL RESEARCH COUNCIL OF CANADA, 
ο OTTAWA, DNTARIO. 
© 1969, 

DIMENSICN MK (42) 9M1 (20) «Ν2 {2019 M3(20) FI(20901 ΕΝ(20001 yFN( 2000)4 
LWWK (41 ΜΙΝΑ} gSKI( 2000) 9 FIL {201 ΧΟ1 {20} ¢XO2( 20) 9 YQU 20) y SCL 20)» 
2WL{ 2000), 5112009) ,$FIRW 2000) ¢FIRI (2000) 
INTEGER*4 TR(20)4TO{201 
CALL SUNDER 

eue CALL PSAVE ΠΑΟ _ _ 

9=12395.0 
YCs1.C ↽ 

YL=11.0 
READ (1,500) ILyI2 

— 500. FORMAT (215) 
00 45 [=1,20 

45 SC(1)<0-0 . 
DO 7 1=1,20 
READ {15.8} Ne WL 

8 FORMAT (15461447) 
IF 1N-999991 74.9.2. 

7 SC(T)=W1 
WRITE L1P,42) 

42 FORMAT (1X,'TO MANY SCALE FACTORS*) 
CALL EXIT 

9 READ LIC9LITIL νΧς Εν XQ29 YO 

31 Q=0 
— 10 READ 11042) MZoLQoMLSSULES FIS4 TE DCU 

72 FORMAT (5E14,7) 
ο ΙΝΣΕΙ - 

XC=1.0 
IL=1 
18L<0 

2 FORMAT (IlelXsA@elXs@{El447)) 
IF (MZ-9) 1755917 

17 1E 1UEREADIMK 41 1) 90,6432 ος 
90 IF (1-84) 1713.17 
13 IF (ΜΚ{1) 101 361493 
14 GTA (16,16),IL 
15 11=2 



σ 

301 
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Πλ ϱ-,, 
Oi) 491 KeL,LS 
CALL INCORE (MKCI),81 
2FAD (17,6) MLCK)9M20K) ΛΗΛ UK) 
FURMAT CI4,13,11) 

+2 
DID 4734744 4 IN -----. 

B 
17 
78 

τό 

iF (41011-9999 } 76,77, 76 
WRETE (IPs 7B IM1C19 M201) ,M31 1) 
FORMAT U1X,*SCALE ERROR" ,3(5X,15}) 
CALL EXET 
WYSERLCL) 
EIMS=M2t1) - -. _ 
WHB=ML( 23 
FIMB=M2(2) 
INS=2 
LS=LS-2 . 
00 75 I=1,LS 
MLLI)EMLTe2). 
M2CTI=M20142) 
M3CTI=MB(1#2) 
WMA=ABS(WMB—WMS? 
ΕΙΜΑΞ{Ε IMB-F IMS). a ce 
WLM=(WLE-WLS)/WHA 
EIX=LELE=FIS)/FIMA 

200 1 

2000 

OM 20 T=1si$ 
IF {M1{1)-9999 4 2120921... 
MO=MQ#1 
WK=MILT) ο —— 
WZ ΞΧΙΣΕ( (WK-WMS DHL MD 
JEtuz=uLE) 2000,2001,2001 
MQ=MQ=1 
GO TO 2¢ 
WL (ΜΟ)ΞΝΖ 
MK=M2LLI a _ 
WK=F[S#((WK-FIMS)#FIX) 
παν πμ _ 

20 

3 
18 

ST(MQ)= (HKKSC{LXI = DCU 
CONTINUE à 
50 Το 17 
50 ΤΏ (17,183,1L eee 
IF {MZ-1) 715300, 71 

OO CAit UFREW 10} a 

τι 
101 

103 

69 TO το 
GO TD (l0l,102)9 LIL. 
D9 163 f=1,MQ 
FIRUII 
FIRI(I 

CALL UFREW (03 
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su TA 31 
in? 151 

if LILI) 118,118,991. 
501 “ALL PAGE 

ατα 
118 15 (I-M7u1 104,104,105 
104 ἨΚΞΕΤΑΜ{Τ 

- ER ΟΝΚΞΜΕ (1 1161175117 
117 D8 106 ΚΞΊΝΜΩ a 

TF (WK-WLEKD) 108y107,106 
TERY 

62 τρ 169 
108 “Wek 

- 112 IF (CKW#3) —MQ} 110,110,111 
IL σσ 

σα TO 112 
- 110 IF (KW) 113,123,114 

113 KW= KWL 
GO ΤΟ 110 

- 114 00 115 

- ic? 

MINCLI=SEE KM) 
- 115 KW=KW#L 

S=SINTP (ΝΕ ΝΗ ΚΕ WINs 4) 
60 TO 109 -... 

= 166 CONTINUE 
—-—-116.LKs1 ----. 

119 ΤΕ {LK#1-M70) 120,120,123 
~ 120 FIRW(LKI=FIRW{LK+1) ↽ _ : 

FIRIILKI=FIRE (LK#L) 
LKSLK+L 

~ Go TO 119 

GO TO 118 
= 199 FEC TDSFIRICII/S ↽↽ 

≤⋉⊓⋂≖≤ 
↽⊨∥∎ ↽↽↽ 

↽⋡ ⊑⊓⊺∏⊔⊟ 
≓≓⊥∩≦⊲⋮∣≗⊾∙⇂≓≓↽ 

∥∏⇂⋜⇂ ⋁↾∙↿∑∘ 
- EVCT)=O/FIRWT) -- : 

IF CPX-FICID) 1229121121 
122 FX=FICL) oe 

- 121 CONTINUF 

WK=1.0/FX 
BO 24 1<1,M20Q a - 

= PN CLDSE LCT WK 
7 te NPR πα 
" 27 WRETE €1P,25) TRyKP 

ie 25 FORMAT {1HLy1X120A446% 
9 KP=KPEL 

ΠΕ £1P,26) - - 
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26 SIRMAT (2K) "Malet 6X 1 En Ve η SX TT 0 12K GUL 2% E2X 0 - L'COPRECTED I, 2X, *NORMALIZED I*/} 
—KP ↜ - _ -... 

28 RETF {12199} ΕΙΑΜί ΤΙ ΕΝ (1) FIRE CL) ΟΚΤ ΕΙ «ΤΝ ΕΝΙ Τ - 29 FORMAT {1Χν ΕΤ. 1y2XsF 804930 2X5 £1265) 42% 9F8.5) 24 NPENP4L 
READ. (IC,72) XS1yXC1¢XS24XC2 = CALL XPLOT LXS1,XC1 Χ52 9 ΧΟ2 «Χο VC Xe VL GF IRW ΕΝΑ XUL pXO2 9 Gy TR a AMZO,Q) a = CALL NAME2 {TIL,80) 
CALL PACE 
LX="26 
00 30 1=1,M2Q 
WOT 

30 LX=LX-1 
CALL XPLOT (XS2¢XC2)XS1 XL y XC 9 YC oXLy VL pW ySI pXQ24XGL¢YQeTRe 1MZ0,0) 
Ji=2 

- J2=2 
LA NAREZ TE BOD ο ον ος 

IZM=2 
CALL UFREWION 
GO Ta 200 

32 CALL UFREW 10) a 7 GO TO {33,18),TL 
33 WRITE {1P,35) 19 . 
35 FORMAT (//1X,*CAN NOT FIND EXP. NO." νΛ4} - 5 GA TO (39440),92 
40 CALL PEND 
39 CALL EXIT 

~ 4 WRITE €1P,41) δι. 
—4i-FORMAT {//1X,YERROR TN BLOCK, 15) .. 

60 TD 17 
END 
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wee CALCLLATICN CF LUMINESCENCE EXITATICN SPECTRA, 

DIMENSICN 
1H3(20) 5Ε(201 
ΣΝΜΚΓΦΣΛΜΙΝ(ά 1 

LIMITED RANGE OF SPECTQA. 
WRITTEN BY FD. BLAERS 
RADIO AND ELECTRICAL ENGINEERING 
NATIONAL RESEARCH COUNCIL CF CANADA, 
OTTAWA, CNTARIC, 

1965. 

2FIRH(1000) sFIRIL 1000} SKI10001 
7 INTEGER*4. 

500 

TRI201.TQ(20) a - CALL PSAVE (8000) 

_ READ (1C,500) 11,52 
1.0 

FORMAT (215) 
00 45 1=1,20 
SCI 
90 7 1=1,20 
READ {1098} Ny WL 
FO 
IF {N-99999) 4997 
SCL 

πο 

1 
WRITE (1P,420 
FORMAT (1X,*TO MANY SCALE FACTCRS*) 
CALL EXIF 
READ {ECeLITIL #XG1LaXÇ2 VC 4 

READ (1C+2) WZ yLO WLS yWLE,FIS,FIE.OCU 
FORMAT (5E14.7) 
READ (1C,723 BOW,UPW 

MAT (Ils 1XpA4y1X,61E1467), 
CME-9) 175,17 
CUFREAD(MKyt 3} 9094432 
(L-84) 17413917 
{ΜΚΟ ΣΤ) 341423 
το 1516) IL 

TEL (20) 1 ΧΟ 1{ 201 y X02{ 20) 1ΥΘ (201 ΝΚ( 42} MIE 20} #2 
WL(1000),FI(1000I EVE 10003FN€ 1000), ST (1000), 

wo, Freacena 
Frraro 20 
FORE ET ae 
Εεελοῦός 
ECR00050 
FDRCOC60 
FDR20970 FOBCCCRO 
ENBAON3A 
FORAGING 
Enecolis 
FNEAG 120 
Frrao17n 
FDRCGL4D 
ΕΠΡΊΟΊ50 
ΕΡΒΟΟ}δυ 
ΕΡΑ2ΟΙΤ2 
ΕΟΡΠΟ1Β3 
ΕΠΡΟΦΙ54 
FFPCO?D) 
FDP)0210 
FNECO220 
F08°9230 
FDR9D240 
FDR-9259 
FCB09760 
FABLO? 70 
FOROG28) FDanGoan 
FOB i499 
FDBUOALE 
FDRGN22n 
FOBCD3 2 
ENRG 1249 
ÉLLSRECE 

ΕΡΕ λος 
ΕΡΡΟΟ 470 
eneraaan 
9892999 
EDRA040C 

TenengZ14 
FD 19623 
FOHD0% 30 
FoR inaan 
FERIIERO



LS=LS$=2 = 

75 

τά 

2001 

2000 IF {κ7-ΒΩΜ} 2001»300C,3000 
3000 ΙΕ {hZ-UPW) 300193001.201 
3501 

ο 20. 

18 
300 

1οι 

103 

_ EÏMA=tFIMB-E EMS). 

GOTO. (10141029 1 

LS={L-4)/8 
00 301 K=1,LS 
CALL INCORE (MK(11¢8) 

-25- 

READ UIT,6) M2(K) νΗ2 («1 ,M3TK) 
FORMAT (14,13,11) 
12142 
GO TO 473,74) , INS 
IF (M1{1)-9999 ) 76577, 76 
WRETE CLP, 782MLCL)9M2¢1) ,M3CLd 
FORMAT (IX, SCALE ERROR'»315%X915)} 
CALL EXIT _ 
WHS=ML(L) 
FIMS=M2U1) 
HHB=ML (2) 
FIMG=M2(2) 
INS=? 

DO 75 f=1yLS 
MLCT)=MLC142) 
2 ΠΞΝΖΙΓΛ21 
MBC TISM3CT +20 
MHASABS {WMB=UMS 

WLM=(WLE-WLSD/WMA 
FIXStFIE-FISI/FINA 
00 20 I=1,LS 
IF (82£1)-9999 1 21420421 

WZ σαι δεί CWK~YMS DHL HD 
IF (WZ-WLE} 2000,2001,2001 
ΜΟΞΝΟ-1 
Go 10 20 

κι (Μο) 
WKEM2UEY 
WK=FIS4£(WK-FINS I SF IX) 
LXSN3UL IT SC+1 
STENQI=CHKASCILXI-DCU 
CONTINUE - 
60 τα 17 
GG TO (17-18), 
IF (MZ-1} 71130071 
CALL UFREW {0} 
Go To Το 

De 103 
FIRED) 
FIRICTISSIOLD 
ASC=12 

Fnac aes 
Forgo47a 
FEROC4AU 
FDBATA 0) 
Μο. 
FOBOOSIO 
FDRIGS 23 
ΕΡΛΟΟΣ2 
FDBON 4. 
FPR90 
ERBOO AG 
FOODS TO 
FOROS 
FDAONS IO 
Fouanens 
ΕΟΡΟΛΕΙ 
ΕΡΠΟΓΕΖ 
Μον 
FDROO4E 
FD809650 
FPACDé 4 
ΕΓΡΩΘΕΤΟ 
FDARC EST 
FORCOE IA 
eneuo7 on 
FD890719 
FDRCO7?0 
FD8C0739 
FDBCO7AD 
FOBCO 780 
FNBOO TAN 
FD800770 
EDRO07a0 
EPECCT0 
ΕΛΒΟΟΒ29 
Fraraays 

Fn 0822 
Franrs 30 
FRangean 
Engoses 
ENRAGED 
FDRCOB72 
FDRCCR AN 
EDHUGEG 
FNPEGU 
FQRAD9 17 
ΕηΒΟΡ 122 
FDRCO930 

FDBLDG RC 
RTE EN 
ΕΡΛΟΟΤΗ 
πας caas
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MLQ=NQ Frayess 524g Le. ↽↽ ↱⊓⊔⊓↥↗⋅⊐⊾ 
CALL UFREW (0) Πα ο. 
GO TO 31 ENB 

102 I=1 Feeney Tf {J1-1) 118,118,501 En 
501 CALL PAGE Γημη τα. 

= Ji=1 . —_ - . POT A 
118 IF CI-MZC) 104,104,105 FRBELUTO 
104 WK=FIRWII) FOR CS TF CWK-HL(1)) 1161175117 Fnaytage 
117 00 106 K=1,MQ FRACTIONS 

IF (WK-WLEK}) 108,107,106 TIBI 
. Atk) . . ue _….… = ESROLL AN 

Go Το 109 FORO1132 
108 KW=K-2 FRAIS 
112 TF {{KW+3) -MQ} 1101109111 ERGOT LOS 
111 Κη-κη-α FD891149 

GO τα 112 FOROVL TO 
TF (KW) À: ---. ἀπ ἀπ — . Foecivpas 113 KW=KWEL FRRULI90 
GO TO 110 FOBOL2 I 

114 00 115 1=1,4 FDA491213 WRK EL FARE L? 20 
enpntzsa 

a = μασ -- ΕΓδΟ] 24 
ENRO1 250 

GO TO 105 Fen) 260 106 CONTINUE ERPALITD 
116 LK: FOBIL2 26 
115 IF (LK+1-MZQ} 1201209123 ΕΠπΗ 1290 120 FIRWILKISEIRWELK SL) ee _ EDRNLA 

FIRE(LK IRT(LK41) FDRC1319 
LK=LK+1 FRR 11322 
GO το 119 FOUDT3 40 

123 MZG=M2C-1 FD42134: 
GG TC 118 Επ} λπη 

109 FIT RICH) : -.. FDB91360 
SKECID=S FORT ATS +1 np} 40 
60 TC 118 F9B91390 105 FX=0.0 Balan 
DO 121 I=1,M2ZQ FNRI]410 
EVII AFIRWEL) LL ee .. ΡΠΕΟ1άρ IF (ΕΧΞΕΙΚΗ1 1229121, 121 Μπ. 

122 FX=FI(1) ΕΠΕ] ήν) 
121 CONTINUE 

READ (IC) TR Frag} 4on 
NP=50 

LOI LEA) co CS -. POVES 
WK=1.0/FX DRAC 
DO 24 “ντο FORTS 9 
FNCEI=F IT L)4WK FOR9I619 IF {NP-50) 28427527 FOBSIS29 27 WRITE (1P,25) TRykP 691539 
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25 FORMAT CLH1y1X420A496X 4 "PAGE, 2X,15//1 FNBGI au KP=KP4L - FORILS5 WRITE {4P,26) FMT RSD 26 FORMAT (2XotWeL et sOXs PE Vey Ske IL" 5 22Xr LQ el 2Xy FOR1S79 AYCORRECTED 1%¢ 2X, *NGRMALIZED [8 /) Engen 934 
NP=0 FDPOIS 45 

28 WRITE (TP 029) FIRNEL DS EVIL) ΕΙΚ ΕΤ ΣΝΣΚΕΚ Τὸ FECL) NC) EnPS1E 90 
29 FORMAT (1X3F Tale 2X3FBa4a3(2X9E12451e2X,E82 5) - E9BO 10 24 NPONP+L FoRO1670 

READ (1Cy72) XS1rXCL3XS 23 XC2 FORUL 64) 
CALE XPLOT (XS 19 XCL 9 XS2 9 XC2 9 XC 9 VC XL VL eFERM GER 5 XCE 5 XO2 5 VO» TR FOUT Ian 

1MZ0,0) FD891650 
CALL NAME2 (FIL,80) Frac leon 
CALL PAGE ne ΕΡΗΩΙ6ΤΟ 
LX=NZG Ennead 
00 30 1=1,MZQ FON9LE 0 
MLCIISEVOLX) FRAGT 70 
SIUTISFNELX) μι 710 

30 LX=LX-1 EDRAL? 20 
CALE XPLOT (XS22XC24 XSL XC 1e X Ce YCr ΧΙ «ΥΓ ΝΕ Sl 2 XQ28KC Te VD Te ÉDRC173 1MZQ:0) FOR 74 
Ji=2 FAROI 750 
J2= ΕΟΛΟΙ 767 
CALL NAME2 (TILY80) FDBOI 772 
IZM=2 Fesci7ay 
CALL UEREM{O) . - 0891790 Go TO 200 . FD#DLBON 

32 CALL UFREW {0} ΕΟΔΟΙΔ1 
GC TO (33218) ΠΙ. μμ 

33 WRITE (1Ρ,35) LG - FDbü1e 50 
35 FORMAT (//1Xe'CAN NOT FIND EXP. NCs ts 44) FNBDLA AN 

5-60 T0 (39,40), 42 — . agles 40 CALL PEND 60821 39 CALL EXIT Le ENGGIA 7 
4 WRITE (1P,41) T8 FORDIB40 41 FORMAT [//1X9"ERROR IN BLOCK, £5) ue FOHC 1839 

60 10 17 F0861900 
END 



Appendix D 

Subroutines XPLOT and ΧΡΙΦΤΙ



-28- 

c ### SUBRCUTINE XPLOT. 
ς PLCTTING CF_NI 
€ WRITTEN BY F 
€ RACIC AND ELECTRICAL ENGINEERING, 
€ NATIONAL RESEARCH COUNCIL CF CANADA, 
ε CTTAWA, ONTARIC. 
c 1969. 
€ -.. wn 
ο 

SUBROUTINE XPLOT {STMsSCMsSTSySCSsXCaVCo ΧΙ VL XVe Lo XU 2 VO y xPLar 10 1ΤΙΤ ΝΑ 0) xPLer C2 DIMENSICN  X(1000) 3 V{1CCC) νΧΩ1 (20) νΧ02 {20} s YQU?CIsTITI20), V2), XPLE NA 30 1ΧΡ (2) ,XPAR (9) » VPAR(O D XXR Ce 100} ΧΧΡ( Τι 9) YXPU T0) 4 [SAVE 3) πο DOUBLE PRECISION ΜΚκΠΙΟ(2 1Ο ος. PLIS CES TF (9-21 lOrliy ld XPLID06u 11 XPARILI=KC 
YPAR(L) 
XPAR(2) 
YPARI2) XPLACTNG — - -. XPLOG110 

XPLOD121 
XPLICLAN YPAR(B XPLIDL49 XPAR(D XOLAN159 IP=1 XPLAGLEN CALL GRIDZ (1, 8.0, XPARS YPARD - = XPLLTO DC 1000 1=1,9 

ΧΧΡ {Τε Π}ΞΧΡΑΒ{Τ) 
1000 YXPC7yT=YPARCT) 

XPAR(L)=XPAR (194005 XPL90199 YPAR(1)2YPAR(1190.5 XL 90 20 _XPAR(2) =XPARI2: ----- = xPLSo2 Lo YPAR(2)=YPAR(2)-1.0 XPLOU220 CALL GRID2 (1,840 XPAR 9 YPARI χι (0211 XPAR(T}=0.5 XPLA0249 YPAR(7 XPL00250 Do 301 XPLDC 262 XP Uy -.... ... XPL30270 361 Oy XPLO0283 K=XPAR(2} OL: Can XSSSTN yeni xPaR ré ⋅⋅∽ ∣∥∎∥≘ ⋏∏⊽↙ -. . LL . αριος 24 YP ARC? Χρυσ aan XPAR(3 X0L9C 255 YPAR(3 XBLON ARN ΧΡΔΒ {45190 XPLOO 270 ΥΡΑΒ{4}Ξ1.0 XELAN 240 LL XPAR(S)æ3:0 2 XPL 10399 
XPLAGEND XP(1)=0.0 yeLaoarg XP (2920.0 XPLAO2E YP(1)=000 XPLOU430, YPC 23=0.25 xpLan4aa 



ILQ=0 
90 300 _1=1:9 
ΧΧΡ U2, ΤΠ)ΞΧΡΑΑ{ ΤΙ 

30ᾳ YXPC2,1)=YPARCI) 
ba 1 I=1,K 
CALL LENEZ (XP 3 VP 3 23 XP AR» YPAR D 
CALL INCCRE (WKe8) 
WRITE (P22) XS 
ILC=ILG#1 
κια) Το) κκ. 
ΧΧΡ C1, 11.0) «ΧΡΛΕ{Τ) 
XPAR(TI=XPAR(7)+1.0 
XP(1I2XP(1)+1.0 

= -XPAZD=XP {2041.0 
XS2X5+SCM 

1 CONTINUE 
ISAVILI=ILC 
XPAR{71=0.5 
YPAR(7}=YPAR(2)40.375 

ο ου μμ 
DO 302 151ν9 
XXP{3¢T)=XPARCED 

302 ‘YXP(3y1)=YPAR(T) 
XS=STS 

13 XR=G/XS 

14 XS=XS+5CS 
60 TC 13 

16 xS=xS-SCS 
XR=Q/X5 
IF CXR=STM) 16915915 

AS _YP{1)=¥PAR(2)-0.25 
YP(2)=¥P AR 129-0205 
XZ=SCM#XPAR (2) 
ΧΡΑΒ(7)Ξ-0.3 
ΥΡΛΒ(ΤΙΞΥΡΑΑ(21 90.25 
XPAR(4)=SCM 
YPARC4 SL Q 
ISK=| 
po 2 
ΧΧΡ {491 ΣΞΧΡΛΑ{Τ} 

303 YXP(4s1)=YPAR(I) 
130 

4 XP (LIS (G/xS)-STH 

ον TFAXR=SIM) 16015314  . 

«29 - 

XP(2)=XP{1) 
= ΧΡΑΒ (T= XP LI /XPAR (43 3 

IF {ISK} 200,201,200 
200 ISk=0 

YPAR(TI=YPAR (7140.15 
6ο 10 202, 

201 ISk=1 
YPAR(TI<YPAR(TI-0,15 

202 CONTINUE 
IF UXPULI-KXZ) 1241295 

12 CALL LINE2 CXPoYP 425 XPAR 4 YPARD 

XPLOO4E I 
XPLEQ SU 
XPLGG4 70 
XPLE GRR 
xPLEE gan 
XPLLOS 09 
χοι 051 
Χο 1050 
XPLI 0513 
χοιυύδόο 
XPLUO5SH 
xPLCURAN 
xPLOOSTI 
XPLOOSD 
XL CR S99 
XPLOORGN 
XPLOO619 
XPLORE?D 
XPLO06 39 
ΧΡΙ 00643 
XOLOGE SE 
XPLEC ER 
XPLENR 7 
XPLOC SN 
XPLÜ06 GO 
XPLEO790 
X8LNQ7 19 
XPLU0720 
XPLEO Ta 
XPLODTAN 
XPLUO 750 
XPLCATED 
XPLCOTT9 
XPLOUT5O 
Χοι 00793 
xeL neon 
Χοι 9981) 
XPLYOB?0 
ΧΡΙ ΓΓΑ 30 
xPL 70840 
χοι ο08 5η 
xPLi 
xeLonara 
XPLOD A0 
χι 0830 
XPL 0092 
Χρι 00919 
XPLEAS20 
χο GREC 
XPLUCS qu 
X2L60659 
PL 20960 
XPLCOS79 
Χρι 20981 
Χοι 00806 

creer 



-30- 

CALL INCCRE (Wk, 8) 
WRITE (1P,2) XS 
FORMAT 1F8.2) 
FORMAT (F8.4) 
I=141 
ΧΧΝ (21 1) ΞΧΡΑΒ {7} 
XXRO3¢ 1 b= YP ARIT) 
WLQU2,1}=WK 
XS=XS-SCS 
οὐ το 4 

5 XPAR(T 
TSAV(2 
YPAR(T)=0.5 

_.YPAR 
XPAR(83=0.0 
XPAR(S 

00 304 
XxP E591 

304 ΥΧΡ{5, 1 
K=20 

w
n
 

XZ=YPAR(2}/20. 
XPAR(7)=-0,1 

___YPAR(3)= ↽ 
≍⊳∥∥∥−∎⋅⊓ 
⋁⇂≻∎∏∥∎∙∣⋅⊓ 
⋁∎⋯⋜∢⊡∎−∘⋅∎ 
≍⊳∢∥∘⋅∘ 

∣⊐∏∃∘⋮⇂− 
≍≍∏≙∙∥≖⋊⊓⋯∥ 

∃∘≶∀≍∥≐⋅⊔≕⋁∥∙∏⋂ 
ILQ=0 
DO 6 1= 
IF CISKI 204,205,204 

205 XP123=0.25 
GO ΤΟ 206 

204 XP{21=0.15 

CALL LINEZ (ΧΡ ΧΡ, 2η ΧΡ ΑΕ ΥΡΑΡ) 
IF (ISK) 207,208,207 

208 ISK=1 
CALL INGORE (WK,5) 
WRITE (10,7) XS 

7 FORMAT 
ILQ=ILQ 
XXR C49 ILO 
Ες] 
GO Το 209 

207 TSK=0 

χρι σον 
Χα 21010 
χοι Ίσση 
XPLOLO 4 
XPLOI NAN 
χοι 5ο 
xPLUICES 
XPLULO TS 
XPLI1MAG 
χοι 5197 
Χρ ΕΥ 
XPLCTELO. 
XLT 
XPLII1 39 
XPLE 114 
xPL51150 
XOLALIAA 
Χο 1 Τα 
ΧΡΙΟΊ1Ν9 
Χρις115η 
ΧΡΙ Λ1213 
XPLO1Z10 
ΧΡΙ 21223 
Χρι 21233 
XPLCL24) 
ΧΡΥΣΗ 
XPLD1240 
XPLO127 
yeus12ay 
XPLILZ 1 
XPL51309 
XeLOLAIH 
XPLOL329 
YPLUTA39 
XPLOLRG® 
χρί 1150 
XPLI1360 
XPLCLa7® 
XPLO1300 
XPLOI 395 
ΓΩ 
YPLO1419 
eLNT4 σα 
XPLOLA 1η 
FELOT4 AN 
Σρι ο]450 
XPLOI 460 
YOLPLATES 
XPL O14 SG 
XPLO1490 
υπ ο 
XPLOISED 
XPLELS29 
xPLDIS39 
XPLAL ELA, 



209 CONTINUE 

308 CALL PRINT2 (XO1,80,XPAR,YPAR) 

1501 
ο 306. 

10 

YPAR(T1=YPARL7) 6x7 __ 
YPCLI=YPCL) ¢XZ 
YPEZI=YP(2V4XZ 
XS=X540.05 

6 CONTINUE 
ISAV(3)=11Q 
XPAR(3)=-STM/SCM 
YPAR(3}=0.0 
XPAR(4)=SCM 
YPAR(4)=1.0/YPAR(2} 
XPARS)=17.0 
YPAR(5)=13.0 
CALL PCINT_{XsYaNs XP 
00 206 
00 207 

T=1,7 
K=119 

XPAR UK I=XXPE LE K D 
307 YPARIK)=YXPIT 4K) 

GO TO (3C84309y3115312¢3144315,1001), 1 

Ga Το 306 
309 J=ISAV(L) 

πο 310 Lalas 
ΚΚΕΜΙΟ ΓΣ} 
ΧΡΛΗΕ(ΤΙΞΧΧΗ {121} 

ο 81ς CALL ΡΕΙΝΤΟ (WK. BeXPAR,YPAR) 
GO TO 306 

311 CALL PRINT2 (XQ2480sXPARsYPAR] 
60 το 306 

312 J=1SAV{2) 
00 313 Lelyd 

WK=WLO(2,L) . 
313 CALL PRINT2 (WKe8,XPAR,YPAR) 

GO Ta 306 . 
314 CALL PRINT2 (Υ0ν 809 XPAR » YPAR) 

60 10.306 7 
315 J=1SAVE3) 

90 316 Lele 
YPARTI=XXRU 41) 
MK=WEQC3 31) 

316 CALL PRINT2 (WKy5eXPARyYPAR) 
60 T0 306 

CALL PRINT2 ITIT,80,XPARVYPARD 
CONTINUE 
RETURN 
END 
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ARSYPARY ου ο 

XPLOIS 0 
XPLO1S60 
XPLELE 7 
XPLI15 an 
VOLA149) 
ÉCRIT 
XPLP TOLD 
XPLIL920 
XPLETE an 
ΧΡΙ 01941) 
XPLAL9SN 
xoLc1c 60 
XPL&1S7U 
XPLDL 980 

XPLÈTE 2) 
Χρ ο] κά) 
XPLELES 

XPLUL670 
XPLC IE 
XPLC 1690 
XPLOLTI0 
xPLO1 715 
XPLUI TP 
XPLUITI0 
YOLEN Ta 
XPLC TS 
XPLOLT60 
Χρ 1170 
Χαν ο. Τὰ 
XPLOL799 
XPLOL899 
APCE O 
XPLGL2N 
XPLCI839 
XPLGLHAN 
ο, 
Χδι AIRES 
XPLALA7A 
xLulano 
XPL CEST 
XPLOLIC à 

XPLOIg1 
XPLULASùU 
XPLA26 nn



πι 

1051 
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### SUBROUTINE XPLOT1y 
CLOTTING OF UNNORMALIZEO INTENS(TY AGAINST WRITTEN BY F.0.ELAIR, 
RADIO ANC ELECTRICAL ENGINEER 
AATIONAL RESEARCH COUNCIL OF 
OTTAWA» CNTARICS 

1969. 

ING, 
CANADA, 

SUBROUTINE XPLOTIESTH,SCHySTS,SC5)XCy VO y XL y VL Ro Va X01 902,00 ATET Ny Q2¥SC) 
CIMENSICN X{1000), YC 1060) ,xC1f 20) 

1XP 02) 9 XPAR (9) YPAR (91 XXRT 44 160) 3 X 
DOUBLE PRECISION WK;hLQ(3:100) 
UF_{N-2) 10911911. 
ΧΡΑΒ{Τ)Ξχς 
YPAR(LI=YC 
XPARE2Z)=XL 
YPARE2]=YL 
XPARC7)=0.1 
ΥΡΑΒΙΤ1Ξ0.1. 
ΧΡΑΒΙΒ) «0.1 
ΥΡΑΗ(8]50.0 
XPAR(91=1.0 
IP=1 
CALL GRIO2 {198.08 XPAR,YPAR) 

YXPCTS 
XPAR{LI=XPAR(11+0. 5 
YPARULI=YPAREL) +0. 5 
XPAR(2)=XPAR(2)-1,0 
YPARL212YPARL2I- 10 
CALL GRID2 (128.04 XPAR, YPARD 
XPARIT) 
YPARIT 
Ρα 301 
XxPC1 yD 

#XQ2 (20) ,VQ(2C),TET(20),YPI2), 
Χρί τν DD YXPAT 49) ET SAVE) ,WSXES D 

XS=STM 

YPARESIZC.C 
XPAR{ 7) == 
YPAR(? 
XPAR(3 
YPAR(3 
XPAR(4)=1.0 

WAVELENGTH AND ERERGY, 

Axa NE) 

RRALLT20 

BeAr TEs 
BRAD TSS 
ΛΑΟ τοῦ 
82461779 
ο. 
Ανα. 7 
ARAL ALD 
2RACIRLO 
Poa2taoe 
REBNTR IE 
RRAD186Ù 
DIT EEN 
«ΡΟ Τηρα 

ο 
RIAN LAVA 
RRAT pang 
ΚΒΑΟΙΦ19 
22:16 
RRACL622 
RRADT QE | 
RKATE GES 
Ra 
Feanqer 
SRE 

160 

RAUL 
Re Anaran 
ARANDJSN 
RRAU2G#L 
REAU2UTS 
Πο ΑΙ 
RRAC2Q 
KRACD ISS 
RPAG?I LG 
AB AC ZI 
ERAN TAY, 
KRA19149 
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00 300 1=1,5 
__XXPC2sTP=XPARCT) 

300 YXP(2,L)=¥PAR(L) 
00 1 T=1,K 
CALL LENEZ (XP, YP 3 29 XPAR » YPAR 3 
CALL INCURE (WKy8) 
WRITE {1P:2) XS 
TeCsteQe, - 
MLQCI,1LQ)=HK 
XXR (1, TLG)=XPAR(7 
XPAR(TI=XP ART) 41,0 
XPCLI=XP(1)41.0 
XP(2)=XPA2)41.0 

—-__XS=XS#SCM.00 ... 
1 CONTINUE 

ISAV{LI=ILQ 
XPAR(7}=0.5 
YPAR(7)=¥P AR (2140-375 
XPAR{8)=0, 1 
DO 302 1519. 
ΧΧΡ {39 1)=XPARTL) 

302 YXP(3,T)=YPAR(T) 
XS=STS 

13 XR=Q/xS 
IF (XR-STM) 16515914 
XS=XS#SCS 
Go TO 13 

16 XS=XxS-SCS 
XR=Q/XS 
IF CXR-STM) 16915415 
YPULISYPAR(2)-0.25 

∣ ≓∆⊔≳∟≓ 
≍≀⇋≤∁∣⊸∙⋉⊳∥∥⊇≀ 
XPAR(7)=-0.3 
YPAR(TI=YPAR(2140.25 
XPARL4 
YPARL4 
1SK=0 
Do 303 
XXP C4 

303 YXP(4,1 
1=0 

4 XPOLI=CG/XSI-STM 

IF (ISKI 2005201:200 
200 ISk=0 

YPAR(TI2YPAR(7I+0.15 
60 TO 202 

201 Is 
ΥΡΑΒ(Τ)ΞΥΡΛΑΙΤΙ- 0915 

202 CONTINUE 
TF (XPCLI-XZ) 1241295 

12 CALL LINEZ (XP, YP 42+ XPAR a YPAR I 
CALL INCORE {WK,81 

«ΚΑΤ 21Ν0 
AM BEZLED 
PALE TN 
ο. 
ΚΕΛΙ LIC 
ΠΡ AGIT AC 
REA? 
RAGE D AU 
ÉANEZEN 
RkAU2240 
PAL 225€ 
RRAU?265 
RPAC?2TY 
RRAD2280 
RR 402290 
RAL 230K 
ο ο 
RRAERAD 
PRanaz7e 

RRAGP36N 
DPARZATR 
RRAG? HG 
HRAG2 290 
ο... 
BRANIGIN 
RRAG?Z429 
BANG Σο 
RRAD2q40 
9402457 
RPAC?460 
RAC 267€ 
RRAU2ERE 
HR AC2200 
ο. 
KRA575 12 
RP AIS 21 
Καλο στα. 
πο. 
πμ... 
EP ACD SAC 
ΕΡΔΟΛΟΤΣ 
BRAG S35 
PAPER 
READ INET 
RRALZELI 
RPAI2E DA 
RPAUDE 27 
RAC 
35 ANIASY 
RR AO? 600 
RPALIET 
πρλιρέῶς 
ARAC2EIA 



WRITE (1P,2) XS 
--2-EORMAT (F842) 00 

3 FORMAT (F824) 
I=I41 
XXR {29 LI=XPARIT) 
ΧΧΒ {39 Π}ΞΥΡΑΝΙΤὸ 
κις (2) 1 =WK 

_XSSXS-SCS 
co Τὸ 4 

5 XPAR(7) 
ISAVE2)=1 
YPAR(7)=0.5 
YPAR(BI=0.1 

= ος νο ---. 
XPAR(9I=2, 0 
BO 304 I=1,9 
XXP (59 TISXPAR(T} 

304 YXP{5s1)=YPAR(TI 
=20 

_ KZ=VPAR1 2142020 
ΧΡΑΒ{Τ)Ξ-0.1 
YPAR(TIS-0.1 
XS=0.0 
DSN=(YSC#YPAR( 23/20. 
KPAR(31=0.0 
YPARL31=0,0 
XPARCA = 
YPAR(4)=YPAR(2)/10.0 
YPARI8120.1 
xP(11=0.0 
XP(2)=.25 

ος YPIII=C. 0 
yec2i=0.0 
1SK=0 
Ba 305 
XXP (67 L 

305 YXP(6,1 

«25 

ου τοι μμ Ἑµμ-ϱ4.-. _ 

.0 
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Oss=4 
90 6 I=1,K 
IF CESK} 20492051204 

205 XP12)=0.25 
ISK=1 
GOTO 206 _ 

204 XP(2)=0,15 
_ ISK=0 

206 GONTINUE 
CALL LINE2 (XP: YPs2,XPARsYPAR). 
IF (DSS-4) 20792082 

+208 CONTINUE 
DSS=0 
CALL INCCRE (κό) 
WRITE (1P,7) XS 

7 FORMAT (F6.2) 
πο αι 

07 

READ? TAN 
RRALZTLO 
ARAC2720 
BRAG 2 TIN 
WAC ITED 
RAT 27S 
RDA 2ο 
RAZ TE 
RFACATR 
REAL PTSD 
PRASPHDS 
ÉLIVELTE 
RRAD?A ID 
RRAGZE 20 
RRAU2BL 3 
RRAG?REN 
RRAPEET 
RRAG2ETA 
REAN2ED 0 
RPAC2RO 
RRAG790 

RP AL2O> 

RRAL?9 3€ 
BRAS σσ κο 
RoArIaen 
ΚΚΑΟΦΟ7 
ARAC?G TN 
ΡΟΔΩ2ΟΗ 
FRAC 2995 
RRAUAULS 
RPAH3OIC 
HO AC 3020 
RRALIORE 
RRADILEL 
PRANzO5" 
RRACIAS 

pensar 
RRAIIo ae 
RRACAIO’ 

TER 
ReAUT1IN 

ο 
ΑΡΑΡΑΙ 1η 

FRANS] 75) 

BRAD31 90
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XXR (άν TLQ)=YPAR(7) 
WLOC3sTLOISWK _ 
60 TO 204 

207 CONTINUE 
209 CONTINUE 

DSS=0SS+1 
YPAR(7) =YPARC7}4XZ 
YPCLISYP 
γρ2) τυρί 
XS=XS+05N 

6 CONTINUE 
ISAV(3} 
XPAR(3) 

_-YPAR (3) 

πια 

XPARTG) 
YPAR(4 
XPARI5}=17.0 
YPAR(5)=13.0 
CALL PCINT CX5Y Nr XPARSYPARD 
20 306 I=1,7 

pa 307 19 
ΧΡΑΒίΚ)ΞΧΧΡ{1νΚ} 

307 YPARIK)=YXPET SK) 
GO TO (30893090 311931121314931 591052) I 

308 CALL PRINT2 (ΧΙ 980 9 XPAR»YPAR) 
GO 19 306 

305 J=ISAVE1) 
90 310 J 
ΗΚΞΜΙΟ (121) 
XPARÉTI2XXR OL LI 

31C CALL PRINT2 [HKrBeXPAR y YPAR) 
— 60.10.3906 - 
311 CALL PRINT2 (Χᾷ2,80ΥΧΡΑΒΥΡΑΑ} 

GG TO 306 
312 J=ISAV(2) 

ϱ0 313 L=lo 
ΧΡΛΒ{Τ)ΞΧΧΑ {29} 
YPARUTI=XXR(3¢L) 
WKEULO{29L) 

313 CALL PRINTZ (WKy8,XPAR,YPAR) 
GO TO 306 

314 CALL PRINT2 (YQr80 9 XPAR » YPAR D 
60 To 306 

315 J=ISAV(3} 
00 1050 15114 
YPAR(7IEXXRL4 gL) 
WKEWLO(34L) 

1050 CALL PRINT2 (ΜΚνόν XPAR + YPAR 
GO TO 306 

1052 CALL PRINT2 ΙΤΙΤεΒΟεΧΡΑΒΙΥΡΑΒ} 
306 CONTINUE 
10 RETURN 

END 

RPAG3200 
FRAD3215 
near 3274 

RP AGB IGE 

BAC AGO 
BRATION 
Reeve fH 

FRAGAZIO 
PPALBRIA 
πθλρό] 
πβέρ2ς23. 
ΛΟΦΟ 

μαληλεδο 
RRA2e4n 
RRAT 3472 

BRAËRIN 
RRA 7330 
RRAN IT, 

πο. 
ΒΑΛΩ 27 
RPADZIS0 
ReAIA29) 
RANG 
RRAIIAIC 
Πολ 2 λο 2 
Reagzac 
4ΡΑΟΞέ 43 
ΠπΔΟΛ45Η 
τς άρα 
RRAG3& TD 
RRangean 
PATA 
HRAN23RD 
4RAOBSIC 
PRACRS29 

RPAC RAYE 
BRACRERC 
RRANI DC











FIGURE 4 PARTIAL FLOW CHART OF EMISSION PROGRAMS


