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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

—- F.D. 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 expen-
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,
b)  the method had to be easily and quickly applied to new results being produced,

¢}  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
compuier the necessary conversions to wavelength and intensity from the
onginal graph readings.

Several methods of conversion were possible but most of these neglected one or
more of the above mentioned requirermnents. 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 360/50 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 wnits. 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 XPLQT| with the exception of the control subroutines NAME, PAGE, and PEND.



II. General System Description
a) Magnetic Tape Format

The data on the magnetic tape are blocked at &4 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 B0 characters of each block after the spectrum identification contzin
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 displaved on the
conscle 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 conscle 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--}) 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 Ilc).

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.

b) General Card Farmar

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, IX, A4, 1X,
SE14.7.

The continuation indicator must be gne of the following:

0 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.
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TABLE 1

Format of spectrum identification card

Format Purpose

[l Continuation indicator

Ad Spectrum identification

E14.7 Minimuim x coordinate in wavelength {A)

El4.7 Maximum x coordinate in wavelength (&)

El4.7 Minimuin ¥ coordinate in source graph divisions
El14.7 Maximum y coordinate in source graph divisions
El14.7 Dark cument in nanoamperes

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

c) Conversion of Raw Data

The first step in processing the raw data is to convert each data point {0 known
units from the relative representation produced by the digital converter. The con-
version equations are as follows,

W - W,
_ C C
W’n = Wemin T Wrp — Wrpgl W m“_ W =
T max T mmin
I =\ +d. -F ‘omax ~ Yomn S, - D.C
n C min {Tn_Tmin] I - T K - B
T max T nin

is the wavelength,

is the intensity,

W

I

n iz the » th point,

C  is the value from the card,

T  is the value from the magnetic tape,
S, is the scale factor, and

D.C. is the dark current.
d) Scale Factors
The scale factors are the appropriate ranges of the Keithly micromicrocammeter

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 I5, 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 artay. This number should be between | 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 I is the factor location in the storage array,
T is the digit from the tape and
N is the origin from the input card.

e) 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 praphs 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 volis. In each case, the alternate independent
variable scale is given at the top of the graph as a reference (i.e., 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:

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

By  descriptive titles are included along each scale,
¢} the dimensions of the graphs are variable, and
oy the scale factors and starting values are variable.

To satisfy the above requirements, a subroutine called XFLOT was written and it
is used by all of the processing programs except the absorption spectra program. In
the case of the absorption specira program, a variation of XPLOT called XPLOT1 was
written.

ITl. 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:

f
Optical density = log 10 ?1— = ux log €
2
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where /| is the light incident on the sample,
Iz 15 the light transmitted through the sample,
g is the absorption coefficient of the material,
x is the thickness of the sample,
€ 15 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 datz 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 Oto 1l
2 ] to 2
3 0to.l

The second program uses the gquantities /| and I, to calculate the optical density.
Both programs use the optical density to calculate the absorption coefficient as;

Owptical density X 2.303
Thickness of the sample

Absorption coefficient =

Inpuf Card Format

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

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

Wavelength in angstroms {F7.1),
Electron volts (F7.4),

I, (E12.5) (program 2 only),

I, (E12.5) (program 2 only},
Optical density (E12.5) and
Absorption coefficient (E12.5).

N

_ Two 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 ¥ axis,
either optical density or absorption coefficient may be chosen (see Table II1
item 11).
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TABLE II

Card input to optical density — Ahsorption coelficient program

ltem Format  Numberof Lize Comments
cards —
1 aks 1 Origin for scale factors  Program 2 only, See Section
[1d.
2 15, E14.7 i3 Scale factors Program 2 only, See Sectjon
Il4.
3 2044 1 Owerall page title-plotter
4 20A4 1 Wavelength scale title-
plotter
3 2044 1 Electron volt scale title-
plotter
& 20A4 1 Optical density scale
title-plotter
7 20A4 1 Absorption Coefficient
scale title-plotter
8 11, 1X, A4, 1X, One plus 1 data, program 2 For program 1, specirum data,
JE14.7 continuation See Section [Tb,
g I1, 1X, A4, 1X One plus I2 Program 2 only
SE14.7 continuation
i0 E14.7 1 Thickness of specimen  [f not used must be zero,
11 13 1 Selection of quantity [f equal to zero, the program
for plotting plots the optical density, other-
Wwise it plots the absorption co-
efficient,
12 2044 1 Spectrum title In this position for program 2
only.
13 8E14.7 2 Plotting information
{1} Btart wavelength
{2} Wavelength scale
{3} Start electron volt
(4} Electron volt scale
(5} x length
(6) ¥ length
(7) Optical density scale
(8) Absorption Coef
ficient scale.
14 2044 1 Spectrum title In this position for program 1
only
15 11 1 End of data card

NOTE:— For esch set of absorption cosfficient and optical dengty values to be processed, items B to 14 must be repeated,



Subroutines Used

Both programs described use the XPLOT1 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 f, 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

I
Corrected emission intensity = 1 .
Response function

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

Inpui Card Formats

The order, number and formats of the input cards are given in Table I1l. {t 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-of-file card.

Output Data

The processed data are printed in the following format.

1X, F7.1, 2X, F8.4, 3(2X, E12.5), F8.5

These format items correspond to:

wavelength in angstroms (F7.13,

electron volts (F&.4),

uncorrected intensity (E12.5),

value of the response function used (E12.5),
corrected intensity (E12.53) and

the normalized intensity (F8.5).

L

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 {fsed

All plotting was carried ouf using the XPLOT subroutine. The subroutine SINTP
was required to interpolate the response function when required.
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TABLE 111

Input cards for emission spectrum program

Item Format Number of Use Comments
cards
1 15, 2E14.7 As required Response function Last card must have
99909 in 15 position
2 15, E14.7 Maximum of 15 Scale factors See Section Ud. Last
card = 9999% 0.0....
QLD
3 2044 1 Owverall page title for
plotter
4 2044 i Heading for wavelength
scale on plotter
5 2044 i Heading for electron
volt scale on plotter
a6 2044 1 Heading for intensity
scale on plotter
7 2044 1 Heading for spectrum
on plotier
8 11, IX, A4, 1X, One plus any Data for spectram See Section IIb
5E14.7 number of con-
tinuations
9 15 1 Scale factor origin See Section I1d
10 Data for the plotting
routing:
(1) Start of wavelength

(2) Wavelength scale
{3) Start of ev, plot
{4) e.v. scale factor

i1 2E14.7 1 Page size for plotter Actual plotting surface will

(1} x direction be ane inch smaller

(2} » direction

12 20A4 1 Individual spectrum
title
13 Il 1 end card This must conlain a nine in

columin one and be the last
card




V. Luminescence Excitation Spectra

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

where [ is the uncorrected intensity of luminescence and
I, is the intensity of the source causing the excitation.

Both J and I, vary in intensity as a function of wavelength.

In the processing program, both f, and [, are selected, converted to the approptiate
units, and stored in temporary tables. ‘The wavelengths associated with J are selected
one at a time and used as the reference in selecting I,. If the /, table does not contain
a wavelength identical with the wavelength being uaea from I, the £, 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.
Outpur 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),

{, in nanoamperes (E12.5),

{1, in nanoamperes (E12.5),

excitation intensity (E12.5) and
normalized intensity of excitation (E12.5).

Sl

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).
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TABLE 1V

Input cards for excitation spectrum program

Item  Format N‘éﬁggr of Use Comments
1 215 1 Table origins for See Section Iid
scale factors
2 15, E14.7 Maximum of 15 Scale factors See Section Iid. Last card
must be 99999 0.0000000E
0o
3 20A4 1 Main page title for
plotter
4 2044 1 Wavelength scale title
for plotter
5 20A4 1 Electron volt scale title
[ 20A4 1 Intensity scale title
7 1, 1X, A4, 1X, Cine plus con- Data for 1 See Section Iib. In the case
SE14.7 tinuation of the limited range’ pro-

gram, a second card must
follow with a format of
2E14.7 where the last two
fields are the lower and
upper limits in angstroms of
the range to he processed.
This applies to the continu-
ation cards as well.

B 11, 1X, A4, 1X, One plus con- Drata for !,1 Same as item 7 above.
S5E14.7 tinuation
9 20A4 1 Title for the specific
spectrum
10 4E14.7 ! Data for plotting
{1) Start of wavelength
{2) Wavelength scale

{3) Start of ev. plot
{4} e.v, scale factor

11 i 1 End of data card

MOTE:— For each spectrum to be processed, the group of cards from item 7 to itermn 10 must be repeated.
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¥%% CALCULATICN CF ABSCRPTICN SPECTRA,
11,12 INPUT - OPTICAL DFARSITY=LCGIG(ILI/12).
WRITVYEN BY F.D.BLAIR,
RACIC AND ELECTRICAL ENCIMEERING,
NATIONAL RESEARCH CCUNCIL CF CANADA,
CTTAWA, CNTARIC,
1969.

OO aOoOo

CIMENSICN  TIL{20),XQUUZCHoXQZ120)4¥Y0(2C),MKL42],M1(70},M2(7C),
1#3(20)3SC{2C) 4 WL (1000} ,FIL1000),EVIICOCHsFNILOCUI,STLTC LY,
InWKE4), WINTA) ,¥Y0L1200,¥Q2020) ySKK{1CO0) o SKGLICTO),
2FIRWI{L0CO) 4FIRIC1000),5KI(1C00)

INTEGER*4 TR(20),TQ{20}

CALL PSAVE (8000)
IP=3
ic=1
IT=59
J1=1
1im=}

J2=1

0=12395.¢
¥C=1.0
XL=19.0
YiL=11.0
REAC (IC,5C0) 11,12

500 FORMAT (215)
CO 4% I=1,20
45 5C(1)=0.0
CO 7 I=1,20
REAC (ICy8) Ny W1
8 FORMAT (15,£14.7)
IF (N-99999) 7,97
7 SCiI)=hl
WRITE (1P,42)
42 FORMAT (1X,'TO MANY SCALE FACTGRS')
CALL EXIT
9 READ {IC+1ITIL,XQL,XQ2,YCL,¥Y(2
1 FORMAT {2044)
20C IiL=1
15C=11
31 Q=0
70 READ (IC,2) Ml,LQyWLS4WLE,FIS,FIE,NCU
72 FORMAT (5E14.7}
IF {MI-5) 602,5,602
602 INS=1
XC=1.0
IL=1
IBL=0

' 2 FORMAT (I141XsA491X,6{E14.7})

: IF IMZ-9) 17,5417
17 IF (UFREADIMKsL 1)) 90,4,22
' 90 IF 1L-84) 17,13,17

: 13 IF (MKU1)=LQ} 3,14,3
t 14 GO TO (15,16),1L
' 15 IL=2
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Nl=1

16 I=2
LS=lL-4]/8
0O 201 K=1,4LS
CALL INCCRE {MK{I),8)
REAC (IT,6) MLUK) M2IK)¥2(K}

& FORMAT {T4,13,11)

30l I=1+2 e

GO TO (73,74} 4 INS

73 IF (M1{11}-9G99 ) Ta,77,7¢

T7T WRITE (1P, TBIMLIAL) 4M211) 4M21{ 1}

FB FORMAT (1X4*SCALE ERRCR' 3{5X,41%1)
CALL EXIT

76 WMS=M1(1) S G it B
FIMS=M2{]1)
WMB=N1{2]
FIMB=MZ212)
INS=2
L5=L5-2
00 75 I=1.L5
M1{T¥=M1(I¢2)})
M2lDI=M2{[+2)

T5 ¥3{1)=M3{T1+2}
hWMA=ABS{ WMB~-WMS5}
FIMA={FIMB~FIM5}
WLM={WLE—W{ S)/HMA R —
FIX=[FIE-FIS}/FIMA

T4 D0 20 I=1,L5
IF (MIfI)~%9%9 } 21,20,21

21 MQ=NQ+l
WK=M1{I)
WZ C=WLSE{{WK—WMS ) WL M} R

I[F {WZI-WLE) 2000,2001,2001

2001 MO=MQ-1

GC 10 28

2000 wWLiMG)=H2Z

WK=NM2{I}
WE=FIS+( (WK-FIMS)*F 1X} . .
LX=PM3{I)+15C-1
SIIPO)=tWK=SC(LX))-DCU
20 CONTINUE
G0 10 17
3 GO 7C (17,18),1L
18 IF _(MZI-1) 71,300,771
300 CALL UFREW (0}
60 10 7C
7} €0 7C (1Cl,102),4 11IL
101 DO 103 I=l.MQ
FIRWII)=wL (1)
103 FIRI(Id=S0CTY S
I5C=t2
[IL=2
MIC=MG
MS=LQ
FIDC=DCU



102

81

501

118
104

117
107
108
112
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110
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L14

123
109

601
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600

10¢
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CALL UFFEW {0C)

GQ 10 31

I=1

READ [TC,72}) THICK
REAT (IC,81} ICON
FORMAT {SI5}

MN=0

IF {J1-1) 118,118,541
CALL PAGE

Ji=1

IF {I-MZQ) 104¢1C%,1CE
WK=FIRKII]

IF (WK-WL{1l)) 116,117,117
00 106 K=1l,MQ
IF TWK-WLIX)) 108,1CT,10¢%
S=5I1(¥)

G0 TO tOS

Kh=K=2 i

IF {({KH+3) -MQ) 116,110,111
KW=KW-1
GO TC 112
IF (¥W) 112,113,114
Kh=KW+]

GO TC 110

OO 11% L=1,4%
WHK{L)I=WL{Kh)
WINILI=STIEW])
KH=KW+1
S=SINTPIRK  WhK W IKe &)
GO TO 109

CONTINUE

LK=1

IF {LK+1-MZG) 120,120,122
FIRWILK}I=FIRW{LK+1})
FIRTALKI=FIRILLK+1}
LK=LK+1

GO TC 11¢
MZC=MIQ~1

GC FC 118
MZZ=FIRILI)/S
IF [WZZ) 6CC 600,801
AN=NN+1

FIUNKI=ALOGLO{WZZ)
SKIINN)=S

SKK{NNI=FIRI(1)
SKQENKY=FIRWIT)

IF (THICK) 6C454C5,604
FNONKI={FI{NN}#2,303)/THICK
GC 10 606

FNINNI=C.0

ICON=0

CONTINUE

I=1+41

GO TO 118

FX=C.0
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FZO=NN
D0 121 I=1,.MZC B
EVUI=C/5KQIT)
121 CCGNTINUE
READ {IC41) TR
KP=5(
KP=1
DO 24 [=1.MZGQ bt
IF INP=-50) 28427427
2T WRITE {IP+25) TR,KP
25 FORMAT (1HL,1X 2004 6% "PACE Y 2%, 15//)
KP=KP+1
WRITE (IP+é08) THICKSFIDC,NCU
600 FORMAT (5X o' THICKNESS="4E14.7/5Xs 'CARK CURRENT FOK I=1,514,7/
15X+ *DARK CURRENT FOR I0=Y,El14.7)
WRITE (IP,26]
26 FORMAT (2X s "WaLla®pbX s EuVa 45X ", 12X, %10, 12%,
1'0PY. DEN. *,2X"485CRP. CIEF.'/)
NP=0
28 WRITE (IP+29) SKQUIJ+EN(1)s SKK{T)aSKILI)FI(I}4FNLT)
29 FORMAT {1XF7al,2%sFRa44402%,E12.5)1}
24 hP=AP+l
READ {IC,T2) XSLaXCleXS2¢XC24%L YL ¥CPN,YARS
IF {ICON) E1C4610,48611
611 00 812 I=1,MZIQ
612 FI{Ii=FNL])
¥YSC=YARS
0n £13 [=1,20
613 YoUli=Yg2i1)
GO TO els
61C DO £15 I=1,20
615 YQUI)=YQL14{I[} _
YSC=vaep
614 CONTINUE
CALL XPLOTLU{XS1aXCY y#S2XC2X Y0 XL YL s SKGeFL e X0 1,002, ¥, 1H,
IMZQ Qe YSL)
CALL NAMEZ2 (TIL,E0)
CALL PAGE S
CALEL KPLEIIIxSZ,NEE.ESI,xtl,ICfYC,XL,YL,EH,FI,XEE,HQI'VQ,TH.
IMZIQe Qe YSCH
J1=2
J2=2
CALL NAMEZ (TIL,BOQ)
AdM=2
CALL UFREW{Q)
g GO 7O 200
32 CALL UFREW {0}
GO 7O 133.18),1IL
33 WRITE {IP,35) LQ
35 FORMAY _(//3X,*CAN KNOT FIND EXP, NN.',A44)
5 G0 TO 139,40} .42
40 CALL PEND
39 CaLL ExiT
4 WRITE (IPg4al) IBL
41 FORMAT (/71X 'ERROR IN BLCCK® .15

GC TO 17
END
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Leminescence Emission Spectra Program
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e CALCULATION OF LUMINESCENCE EMISSION SPECTA,.

WAITTEN BY F.D.BLAIR,

- RANIO AND FLCCTRICAL ENGINFFRING.,

NATIUNAL RESFARCH CDUNCIL 0OF CANATA,

OTTAWA, ONTARIO,
L9659,

OLMENSIEN  TIL(23) . X01020) 4 XQ2{20Y,¥YG{20) ,MK{421,M]1{20),M2020), _

IM3020)»SCCI5) o WL LOO) S FICLION0DY 3 EVILOOD) 4 FNILOOD Y 4SILL000),

IMTEGER=4 TR{Z20).TQ(20}
CALL SUMDER
CALL PASHAVE {ANID)

I e — —

ZCAL (1000, CINCLIOOO s WK L&)y WINIE 4) ,CORELION0T, WX{100D)

iC=1

IT=59 - ) - -
Ji=1

J2=1

G=12395,0

—_— YIIM=1 -

g1

~—READ (IC,B)1}) Kl CWILT) CENCTY

XL=8.5

YC=11.0

Jr=1

LCC=0

oo 80 I=1,1000

FORMAT 1{I5+2E14.7)
LCLC=LLEC+1

IF (Ki-%59999) 80,82,80
CONTINUE

WRITE [1P,83)

FCEMAT (EX,3T0 MANY CORRECTIONS®)

42

—5 BFAD {ICLITI) oXD14XQ2,¥Q,TQ

1
231
TO
b
i2

EORMAT (TS ,Eléd.TI —

LALL EXIT

DT 45 I=1,15
SCIUIi=0.0

D0 7T I=s1,189

READ {IC.8) Ny WI

IiF {N—9%999) T7,9,7

SCINI=WL —

WRITE (IP,42)

FORMAT {1X,"'TD MANY _SCALE FACTORS?Y)
CALL EXTIT

FORMAT (2004

MQzU o

READ {(IC,2) MZI, L0y WLS,WLE,FL1SsFIFE,SUBT
FCRMAT 11131 Xe A4 15, 50E14%.T1)

FUAMAT (5F 14, Th

ALA0 (TC.8) 10BG — e
IMNE=1

AC=1.0 : —_

=1

I2L=0
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ir IME=9) 1T7445,17
1 T5 JTUFRFADTME L VY 1344,37
e A3 I MROLI-1L0Y 3.Y4%,3.
Lg fr 70 [ 1%gvm) s IL
is |

.I' 4
T

Z
1

B ==

L]

i6
LE={L-4%1/8
S L Tl o T 3 DY . T

Cald THCOKRE (ME{T1.8)

RIAD (I746) MLIKY S MZ2{K) M3I{K)

£ O TTIREAT (74,1341 10

00 I=1+7
GO T (73,74} & INS
e J3IF ML) 9999 ) TH.TT.16

77 WRITE [IP,T8IMLL2),M2(2),M3{2)
78 FORMAT [1X,"SCALE ERROR® +3(5X,15))

CALL EXIT
76 WMS=M1[1)
FIM3=MZI(1)

e WMB=MIT 2} —.

FIMB=M2 {2}

TM5=2

L5=L5-2

DO 75 I=1l,L5 _____ .. . _..
MICTh=M1(T+2)

M2l T¥=MP1{I+2])

75 MI{11=M2{[+2)
WMA=ABS [ WMB-WMS]
FIMA=IF [MB—FIMS}
WLM=[WLE—WLS )/ UWMA
FIX={FIE-FIS)/FIMA

oo A% 00 P20 T=1,15_._. S

IF IMLII)-9999 | 21,20,21
21 MQ=MU+1 .
WK=MLI(T )
WI=WLS+ ([ [WR-—WMS5)*WLM) |
IF {WZ-®WLE) 20003,2001,2001
2001 MO=Mg-1

GOTH 20
2000 WLiMQ)=WZ
WE=MZ2 (T}
WE=F15+{{WK-FIMS5)}%FIX]
LX=M3I{TI+I0RG~1
—— u___"_Siiﬂﬁi%ﬂﬁiiiiLXl:SUEJ

20 CANTINUE
ol T LT
| 3 5L T {1V .18),1L
' 18 IF {(™Z-1) Tls311,71
v 311 TALL UFPEW (0}

e ) IS J00 "
t Tl #¥X=0,0
. 10 [95=17
8 TS 2 Twl MR
H oG4 KRII=1,LCC
]
]
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IF (WL{TI-CHWLIKIT)} 86485,84
BR 0= [NIET}
SRS - O UL K S —- R
B “w=ktI-2
B9 17 [{KW+3)-LOC) 87:87:88
B :

-
=1

Do TT 4y S
BT 1 (k) 020,91
o G0 =Rl e SRR
GO Th AT
84 CONTINUE
GO TO 22
91 DO 92 KEK=le%
WWHK KKK )}=CWLIKW]
e MEINIEEEI=CIMN{K W3 N o
9?7 KW=KW+1
- WSZ=HWELLI} -
CO=5TKTPINS Zs WWK  WiNs%)
93 [55=I585+1
FILISS)I=51({1)}/CO
—_— CORFLIS®)=LN e
EVIISS)I=0/WLIT)
- WALIZSY=¥L{1)
IF (FX=FI{ISS5}) 23,22,22
23 FX=FI([55)
- 22 COMNTTINUE
-  MO=ISsS - o
PEAD (TC,T2) XS1+X01 552,502
- REALD (IC,72) XL,¥L
READ {(IC+1) TR
MP=50
- KP=1 )
WY P& T=1,M0
FNITI=FI{I)1/FX
IF {NP=~50) Z2B,27,27
27T WRITE (IP;2%) TR,KP

T &

25 FURMAT {1H1.2044 - rBX TPAGE Y, 2¥ , 15}
WRITE {iP,1000) 3UBT
— 1000 EGRMAT (/I1O0X,*"DARK CURRFNT=" ,F14.7/1 S— e

WA ITE (IP,261}
26 FURMAT {2X e "Wal o 9854 "EuWa? 5%, VEMISS ION IV, 4%, "CORRECTIONY j 4% o
1'"COMRECTED 112X, "NORMALIZED It /)
Me=0
KisrP+]
e 2B ARITE {TP29) WX(T)EVIT)STII),CCRELIY,F AL ENIYY
29 THRMAT [(1XsFTals2XeFBoa33(2X,E12.5),2X,F08.5)
— e L 2% MNPsNP+]
’ 1_ I (JP=2) 300043000,3001
P - -30G0 YO=11.000

T 17 {JP=1) 002,3002,3003
W12 3003 CAll PAGE } } — e
M 3002 Jp=3
L G5 T 3004 _
3001 ¥=1.0
R de=2 e




9
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3004 CUONTINUE
TALL LPLGT

S T - 8
A e T=1,M0
WLII)=EVILY])
SETTY=FhILY}

A0 LAa=LX-]
¥C=11.0

[XSTyXCL o XS2 g XCZyXCy YO o XLy Y1 o WX o FM, XQ1,XQ2, Y0, TR,MQ, Q)

e CALL XBLOT XS24 X020 %81 oXC1 G XC L, YO o X o ¥L oWl o ST X02,X01,Y QTR MQ,y 03

CALL NAMEZ{TIL,B0)
Ji=2

J2=2

IZM=2

CALL UFREW {0}

GO T (33,3404 1L
33 WRITE (1IF+35) L@
35 FORMAT (//1X,.*CAN NOT FIND EXP.
READ {1C,72) XS1,%XC1,X52,.,%xC2
—_ RFAD {JC.1) TR

NO. "y 44)

TIM=1
GO TO 31
34 GO TO 1R
5 GO TO {39,401,J2
40 CALL PEMD
o 39_CaLil EXIT

4 WRITE {1P.41) 1BL

T Tl s e e e T 5 e S o e et & 5t

%1 FORMAT (F/71X+"ERROR IN BLOCK",I5)
GO TO 17
FMD

T IR i i 1 e e e
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Luminescence Excitation Spectra Program



-

L T L = L I T 3

o ——

12 17 IF_(JFRFANIMK,L 1} 90,4,32

11

&

rﬁhrﬂﬁ
| :

oo e

. -20 -

w=k% CALCULATION OF LUMENESCENGE EXITATIDN SPECTR A,

CONPLETE SPECTRA.

voe e WRITTEN BY FuD.BJAIR,

RATIO AND ELECTRICAL ENGIMEFRR ING,

MATIONAL RESEARCH COUNCIL OF CAMADA,

CTTAWA, OMNTARIY.
1967,

DIMENSICN MK (421 M1 (201 ,M2020),M3120)FI(20001,EVI2000} FN{2000},
LWWK{4) yWINCA) s SKIA2000) ,TILI20)} ;XQLL20) 4 XQ2(2G),YQL20),5C(20),
2WLL2C00),5112000) JFIRWI 2000) (FIRI(2000)

INTEGER™4  TR{2(3)L.TQ(201
CALL SURDER
CAILL_PSAVE [RGOD]

1p=3

c=1 BT
iT=99

V=1 .
174=1

A2=1

e —— =

e — B0 FORMAT (275

. 45

8

O=1239%.,0 :
¥isla. . e e o £
AL=19.0

¥Yi=11.0

READ {(1IC,.500) Il,I2

oD 4% [=1,20
sC{l)=0.0

pn v I=1.20

REALD {IC,3) Ny Wl
FORMAT {I5,E14.7)
[F {N=99999]) T,9,.71

T

42

£l
1

S5C{I)=Hl
WRITE {IP+42)
FORMAT (1X,'TO MANY SCALE FACTORG?Y)
CAaLL EXIT

RFAD {TIC,1ITIL.XQLl,XQ2,¥0Q
FORMAT {2044 )

200

31

[IL=1
[5C=11
MO=0

_ TG READ LICs2) MILLQeMLS,WLELEIS.FIE,DCL.

T2

—F emem———na P

2

90
13
14

15

FORMAT [5El4.7)
IMNS=1

XC=1.0

IL=1

I8L=0

FORMAT {J1l+1XoA%e1Xy0iF14.7])1
IF (MZI-5) 17+5.17

IF {L—-B4) L17,13.,17
I[F (MELL}-LGY 3,.14,3
G TN {15,161, IL
1L=2




L&

R N T A S

&
3l

-2 -

Ml =]

e

Y 371 E=1,L5%

CALL IMCORE {MEILY,.81

READ (ITs6) MLIK)4MZIK) sM3{K)
FURMAT ([4,13,114

T=1+72

DA 30 (FR,TaY . IMNS -

T3
T7
T8

ThH

—EIML=M2{1)

iIF (M1I(1}=9999 )} Té&,T7,7T6
AR ITE (IP.781M101),M201),M3{1)

FORMAT {1X,*SCALE ERROR®,3(5X,15))

CALL EXIT
WMS=N1(1]

HWMBA=MIT 2]

FImB=MZ(21

NS =2

L5=L5=-2 _
Cfl 5% I=1,L%
MILI)=M1{T+2])

15

MZIT¥=M2{1I+2)
MITII=MA{I+2)
WMA=ABS [ WMB~WMS}
FIMA={FIMB=FIMSY =

WLM=(WLE-WLS)/WHA
FIX=IFIE-FIS)/FIMA

74

21

DN 20 I=1,L5
IF {M1{1)=9999 ) 21,20,21__..
MI=MQ#]

WE=M1{1) P

WZ Sl { [ WK=WMS ) xWL M)

— IF (UWZ=WIE)} 2000,2001,2001

2001

2000

MQ=MO-1

GO 1O 2 .

WLIMO)I=WI

WK=MZ2{I1] e

WK=F [S+{(WK—FIMS)%FIX}

—_— L X=MT{T Je]SC=]

20

3

[
300

STOM = 1WK*SCILX) }=~DCU
CONYINUE o e
50 T0 17

G TO [17,181,1L e e

IF {MZ=1} 71,300,711
Calt UFFFW [0}

Tl
101

133

G0 10O TO

G 1D (1014102}, IIL e

1103 I=14MQ
FIRW{I)=WLU]])

FIRINII=5I{T]}
15C=12

e = T £

L=z

MLOQ=M{ - S
M5=L 1

LALL UFREW (0}




.27 .

ST ]
Inz 1=1
oAl Ldd=1) 11Be118e5201 0 ———— e
501 "ALL PALGE
il=1

114 1F 1 1=-M7u] 104,104,105
104 wx=FJRW{T}
PP TwE-WLIL}) 1164117117
LT DS 106 K=1.M0 S — R R
IF (WH-%l{K}} 100,107,104
LC7 %=5I{Kl
G2 TCOL09
128 Xk=k-2
112 TF {({¥W+3) —MZ} 110,110,111
g 111 Kh=sKW=1 . — A e e e e e
GO TO 112
110 IF [KW! 113,113,114
113 Huw=fW+l
GO TO 110
114 00 115 L=1;:4
— WL Y=l (WY R e
WIN{LI=SI{KW)
115 KW=Kh+l
S=SINTPI{WK ;WHWKsHINs4)

GO0 TD 149 . e
1066 COGNT INUE
- 11& k=1 _ . S e
119 IF {LK+1-M70)} 120,120,123
120 FIRWILK)I=FIRW{LK+1} S e
FIRTILKI=FIRIIL¥Y+}) :
Lk=LE+1 . e
GO T 119
— 123 M20sMIG-Y e . e
GO TO 118

109 FI{IF=FIRIIIIFS
SKItIY=5

- I=1+1 L
GoTo 118
105 EX=0.0 - e
Do o121 I1=1,MIQ
EV{I}=Q/FIRWI{T)} i Eem
[F (FX-FITI)) 122,121,121
122 FX=FI{]) — e a
121 CONTIMUF
— e READ (1G]} TR : - e
MP=11]
KP=1
WE=1.0/FX
o z24 IslyMZIQ © e
FRTTY=F LI T)5WK
—  LFE INP=50) FHLIT,2T - - S

27 WHITE {1P,25} TR,KP
25 FOHEMAT t1H1,1X220A446X, tPAGEY,2X,15/2) .
KO=K P+l
WLITE {1P426) : - . o




- 23 .

dh TR MAT {EHT'NrL-'16H|’E1?q'15xr'11'11211'[2';1211
L"COPRECTED I*,2X%, "NORMALIZED I* /)
—_— e NPEO L _ . —_— .
o WrIYFE {1i7,29) FIRH{I]IEVfI}rFIR[{i]fﬁﬁl![]iFIfI}fFNi[]
.29 FORMAT ilH;FT-112K;FH-#¢3(2K:E12;5];2H.FE-5}
24 NP=MNP+1
READ. [I1C.72) K51+ X1 e X52,X0C2
CALL XPLGT [KSl,KEHKSE,HﬂEgxﬁiYﬂierYL:FIRHth,KQI1Iﬂ21YE-TR1
e I MTDL Q1 - . . e
CALL NAMEZ {TIL,820)
Call PACE
LX=mig
DO 30 [=1,MIQ
WLIT)I=EVILX}
—— ey e ST TI=FALLX) —— e — — e ——— ey
30 LE=LX-1
CALL XPLOT [xSE.KCE,ISl.xCL,xC,YE.er?L-HLTSI,xﬂszﬁl.?ﬂ.rﬂ.
I1HZIQ QY
Ji=2
J2=2
e _.CALL NAMEZ (TI{.BQ) . . R
[ZM=2
CALL UFEEW(O}
G TO 200
32 CALL UFREW {0} B I
GO TO {33;18), 1L
.33 WRITE [IP,348) 4Q

35 FORMAT (//1X,*CAN NOT FIND EXP. NO.',A4)

5 GD TO [39,40),42

40 CALL PEND

39 CALL EXIT

4 WRITE {1P,413) IBL

......... &l FENEMAT 171X, "FRAOR AN RIGCK?Y 151

G0 TOD 17
END
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#¥x& CALCLLATICN OF LUMINESCENCE EXITATICN SPECTRZA,
LIMITED RANGE OF SPECTRA.
WRITTEN BY F.C.ELAIR,
RADIO AND ELECTRICAL ENGINEER ING,
RATIONAL RESEARCH CCUMCIL COF CANATA,
OTTAWA, CKTARIC.
lqﬁqI

ODIMENSICN T[LIED!fHQI{EU]gKQZ{EﬂlgYQIEGl:HKIﬁE],V]{PD}.H?E?D}1
1!3{20!.SCIEG}rHLllﬂDﬂl,FI[IGHDI:EV‘lﬂﬂﬂlrFNflﬂﬂﬂinblIIGJE]-

WWK (4} ,WINTG},
FIRW(1CQO) ,FIRIL1D00)SKI{10001
INVEGER#*4 TR{20),TQ120}

45

T
&2

9
1
240

31
[£¢:
12

L7
3G
13
14

500 FORMAT {2144

CALL PSAVE (8000)
IP=3
1C=1
IT=99
Jl=1
[ZIM=]1
J2=1
G=12395.0

YC=1.0

XL=19.0

YL=11.0

REAC [1C,500) I1,02

£0 45 I=1'EE
5CI1)=g.0

o 7T I=1,240

READC [IC+8) Ny Wl

IF {N-99999) 749,7
SClI)=N1

WRITE {IP,42}

FORMAT (1X,*TO MANY SCALE FACTCRSY)
CALL EXIT

READ {ICsl)TIL,XGLoXC2y ¥
FORMAT §20A4)}

IIL=t

15C=I1

MQ=C

READ (IC32) MZI,LQ+WLS WLE,FIS,FIE,DCU
FORMAT (5E14.7)
REAT (IC,72) BOWsUPW
INS=1

XC=1.0

IL=1

18L=0

IF {MZI-9) 1745,17

If [UFREAD(MKsL )} 904432
IF {(L-84) 17,413,17

IF IHE{LI-LQY 341443

GO TO [15:16),1L

FARAT A
Frororog
FORLCES 30
FTEXOSD
FREJODS0
FORCOMAD
FORIOOTN
FOBZUCOFRND
ENEnar3a
FOoApy N
FRECOYI 1A
Freatt 29
FRAgdl1=n
FORCOYIAD
FOEA01 80
FORDGIAD
FRRIIT T2
FOROOTR™
Fngonlan
FrPpea2ind
FRPa0210
FRBECOZ220
FRET3230
FORGOZ240
FNMR-O2857
FOBENOZAD
FARLOZTO
FRBOGZA )
FoRagran
FRR 1030
FIIEUO3T O
FRRGND 220
FOBRCHAIT
FPRS 380
FORIIGN

FP 3 3a00
FRRIJ3ITO
FRRMI3an
Fpaa3ga

_FORIC400

EAROGLTN
FRg 12ea 2}
FOEGDA 30
FOR 440
FTORpaRD



18 IL=?
e M=y

- 25 .

16 I=2
LS5={L-4}/8
D0 301 K=14L5%
CALL INCCRE ([MK{I).8)

READ {IT+6) MILK)M2EH) MITK)

4 FORMAY (14,13,11) -

301 I=1+2
GO TO {73,741 , INS
T3 IF (M111)-9999 ) Ta,77,76

T7T WRITE (IP,TBIMLIL)} M2{1),M2(1)

T8 FORMAT {1X,*SCALE ERRORY,31(5%,I5)}

CALL EXIT _ __

76 WMS=HM1{1}
FIMS=M2{1}
WMB=M1{2)
FIME=M2{2)
INS=?

L=l 82 e .

DO 75 I=14L5
M1{T)=M1{1+2}
M2{1}=M2{1+2)
T5 M3TII=M3{1+2)
WMA=ABS{WMB~WMS)
——eee FIMA={FIMB~F M5}

WLM={ WL E-WLS )/ WMA
FIX={FIE-FISI/FIMA
T4 00 2C I=1,LS
IF (RLL{0)-9999 ) 21,20,21
21 MQ=MQ+1
EN— .S A N .

WZ =HLSH{ (WK~ WMS )WL M)
IF {WZI-WLE} 2000,2001,2001
2001 MQ=Mg-1
GO0 1O 2C
2000 IF {wI-BOW) 2001,300C,3000

2000 IF {wZ-UPW) 3001.3001,2001

3C0Y WLIMQ)=WZ
WK=M2TT)
WK=FIS+{{WK-FIMS)2FIX)
LX=M3(I}+15C~1
STHMQI=IWK£50(LXx})-DCU
— 20 CONTINUE

GO 7O 17
e 260 T (176180510
18 IF (MZ-1} T14:3C0,71
300 CALL UFREW {0}
G0 TOD 70
21 GO TO {IC1.1828, 111 -

101 DO 103 I=1,MQ
FIRRITI)=WLII)
FIRI(TI=SI(T)
13C=12
I1L=2

103

e ——

PB4 50

EDRLO4TO

FRRNOg 4
FROBRM™ &)
FRRGORN
FOHGASLO
FRORING®2D
FRAC0ED
FOBONRSO
FRRoOE SO
ERB™RAD
FOAOGS TN
FORNR A0
FDRaDOsyn
FrOufne~;
Fopyels
FRUe2n
Fhpasan
FRARODAL
Fopnaese
ERn Qs
FRROGOATD
FOARDAYD
FOBCOEIN
FRBROOT N
FROBOODT1A
FOROOT 2O
FORCOT3A
FOBCAT4D
FOBRCOTRD
FREOXTAN

FRHOGTTO

ENROOTHN
FRBCCTaD
FAGBGOaI0
FRROUOG]

FRbEr QA2 5
FRANME 30
Fhpedean
ChghmaEs.s
FRBLMEAN
FoRoraT)
FOROLEAD
ENHOOHYD
FMET D00
EDHJ_‘IDQ j S
FRgo02n
FDBLO9AD
Fritoegs o
FROalanees
FRABIL94.)
FORM a7
Eray cgan



102

501

104
117
107
108
112
111

__11¢
113

114

115 _

10e
116
L1S

118

FZQ=MQ

¥3=L4

CALL UFREW (01}

GO 1O 31

=1

IfF 1J1-1) 118,118,501
CALL PAGE

J1=1

- 26 -

IF [I-MIC) 1C4+1C4,1C5

WK=FIRW(I)
IF IWK—WLI1)} 11€,4117,117
DO 106 K=1,MQ

IF {WK-¥L(K)) 18,107,106
S=511K)

G0 70 1409
KW=K~-2

[F {{KW¢3) —-MQ} 110,110,111

KW=HW~1
60 TQ 112

IF {KW) 113,113,114
KW=KW+1

60 VO 11¢

00 115 L=1.4
HWKIL Y =WLIKW)
WINILI=SI{KNK)
KW=KW+1

S=SINTPhK, KWKy HINs &)

G0 TO 14Q%

CONTINUE

LK=1{

IF {LK+1-MZQ)} 12C,120,122

_120 FIRWILKI=FIRWI{LK+1)

123

109

185

122
121

FIRI(LK)I=FIRT{LK+1)
LE=LK+1

GO 70 119

MIG=mIC-1

GO TC 118

FILI)=FIRIGID/S |

SKE(I}=5

I=1+1

GO TC 118
FX=0.0

0O 121 I=1,M74Q
EVIII=C/FIRWIL)

IF {FX-FI{I)) 122,121,12%

FX=FIl1)
CONTINUE
READ (IC,1) TR
NP=50
KP=1

WE=1.0/FX

DO 24 TI=1,M2Q
FNOTI=FI{T)*uK

IF INP-50) 28,27,27

2T WRITE (IP,25}) TR.KP

Frorag
Fopeloas
Pt a
LRl LRI IEAREEY
AR AN TS
FMitnYdign
TR IR
FpbTie
URMEEIRE R RN
FRO Gy
Fragtogn
Fruop1 s
TNgsilTn
FhRAgllen
FOR(MIT 3G
FRRO1 140
ERENE LR
Fhoasrieaq
FoRAS11 1O
FOrer119n
Frpilrga
Frgal 2o
VR R
FRRGL 220
ERAirl 2 an
FRAOT 24
FAMIL 250
FORG] 2610
FrBEsy 270s
FIHa1 2 4r,
ennil 290
GOEOE BT
FORC1I2E0
FRgntrara
FORat 240
S VEEVE BT
Frgit 2rn

CFNBOL 340

Fhanyay~
ENB 11340
FRpalaan
FRMATL 490
FRARTL&1A
FROE2L4 20
FREYT4 3
FRENL 44
FRRG] 450
Frany4a:)
EOHLAT)
FRgol43n
FRRG 140
FRRATE 30
FOpET RN
FRBGLA2M
FRED]RRN
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25 FORMAT (1lH1,1X420M446X,*PAGEY,2X,15//)
KP=KP+] s
WRITE {IP,26)
26 FDRHﬁT iZ}h'H-L.'|E|!|'E-'H'-'15.lr'II',!ZH.'IE'.IEI,
1'CORRECTED 17%,2X,*NORMALIZED [/}
MP=0
28 WRITE (IPe29) FIRNLI I +EVII}yFIRICTYySKILT)FL{I) 4FNCT)
29 FORMAT (1X+FTala2XsFBuafda302XsF12.5)42X,F8.51 . -
24 NP=NP+]
READ {Ily72) XS] XCEsXS52s%C2
CALL XPLOT lHSluxﬁl;HSprCZ.KC,YﬂgELqYLtFIRh.Fh;KCI.XQ21¥Q,TR,
IMZQ,Q)
' CALL NAMEZ {TIL,80})
S CALL PAGF . - .
LX=NZG
DO 30 I=1.MZIQ
KLET)=EVILX)
SI{T)=FNiLX}
30 Lx=1Xx-1
CALL XPLOT (XS52sXC24XS1aXChaXCu¥CoXLaYL oWl oSL4XQZ4+XC1,¥0, TR,
1PIQ Q)
Ji=2
Ja=2
CALL NAMEZ (TIL.80)
[ZM=2

CALL UFREW{Q) ___ — - —— - e

GD TD 260 :
32 CALL UFREW {0}
EC TO {33,;18),1IL
33 WRITE (IP,35) LQ [
35 FORMAT (//1Xs'CAN NGT FIND EXP. NC.',A4)
5 GO 7O (39,403,402 o S
40 CALL PEND
39 CALL EXIT
4 WRITE {IP,41) I8L
41 FORMAT [//7/1X+"ERROR IN BLOCK®,[5}
GG T4 17
_END — . . B,

FORG] Sa0t
FhRpI153N
FIZRA1RAD
FOIED1mTY
EDEm &40
FROPI1G92
L PLES A P
LDBEOYA1O
FOROQLI& D
FArdl &40
=X Tl A
FOEN]1 ALD
FRAl]abL
FhOHale T
FOUOL1650
FOMGT &0
Fropgt an
FTETITED
FOROLTT A0

. FDBRG1TAN

FRegl 740
FAOROL TS0
FOROL7en
FORITTTD
FRao1740

EDAg1T790

FOADLRON
£0R01810
LI EEN
FOLCL® 50
FNBOYLAL

_ECRG18:50

FOBY1R 60
FAGO1IATY
FORULBAHD
FDH[’:]QQ.:]
FOESTQUN

JERBO1SL1N



Appendix D

Subroutines XPLOT and XPLOTI1
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**#* SUBRCUTINE XPLQOT.

WRITTEN BRY F.O.PLAIR,

RACIC AND ELECTRICAL ENGINEERING,
NATIONAL RESEARCH COUNCIL CF CANADA,
OTTAWA, CNTARIC.

1969,

IS

SUBRCUTINE xPLOT {5TH15CH15T515C5:KE,YE.HL,TL;I.?.Hu],KQZ,YG,
1TITeN, Q)

CIMENSICN

11

IF {N-2)

x[lﬂﬂﬂl.¥{1C{ﬂ},xﬂllzﬂl1xQ2{2C},vqt?EI.T[T{?Dl,Yut?:,
IKPIE]flPARIQI:?PhR[Q},x!Rlé,Iﬂﬂ}fIRPI?,?}1¥XPlTr“l.Isnv{3!
DOUBLE PRECISION WK wWLQ{3,100C)

- 28 -

10,111,411

XPAR{1)=XC
YPAR(1)=YC
XPAR(2)=XL
YPAR{Z2}=YL
XPAR(7)=0.1

1CCG

YPARITI=0.1
XPAR{B)=0.1

YPAR(BY=C

-0

APARI9I=1.0

IP=1

DC 1600 1

_CALL GRID2 (1,8.C,XPAR,YPAR)

=1,9

KXPAT,1}=XPAR[I)
YXPIi7,T)=YPARI(I)

XPARIL)=XPAR(1)+0.5
YPAR{L)=YPAR{1)§4+0.5
___XPAR{2)=XPAR[2}=].0
YPAR(Z2)=YPAR{Z2)=-1.0
CALL GRIDZ {1,8.0,XPAR,YPAR)
IE

XPAR(TI=0

YPAR(7)=~0.25
DO 301 I=1,9

XXP{ly1)=

XPAR{ I}

301 YXPU1,I3=YPAR(!)

K=XPAR{Z}
X5=5TM

xpaRfs)=0.0
YPAR(61=C.C
_ XPAR{7)=—0.3

YPARAT j==0.1
XPAR13)=C.0

YPARI(3)=C
XPAR(4)=1
YPAR{4) =1

- XPAR{5)=3

'ﬂ
«0
« 0
0

XKP{l)=C.0
XP121=0.0
YP{1l)=0.0

 YPARIS5)=8.0

¥YP12}=0.25

S WAVELENGTE AVD FNERGV,

XPL IO
YEL™14 20
XPLOAn 3y
XPLT 04
XPLCOSy
XKPLI20s
ALY I A A
XPL20gn
KPLOGD T
EPLO0100
XeLagiio
XKPLni 20
¥PLIL1AN
KPL Y214
¥oLanisd
Pt nolan
XPLAGLT

XoLaglon
YRLAN 20N
YPLOOZLN
EPL L2220
XPLoaz3n
XPLag2en
XeLagz2sn
XPLaL2e0
RBELIG2TO
KPLOGASS
YO 297
¥2L L
L R
XEL T 47,
EPLondan
'.I:"I:ll_-"l{_' ah
EELo03AN
XPLIOETO
XPLAN3AD

KELag3gn

ERLAGAND
FELOO4T O
XBLOG 200
XPLOG430
EPLNO440



300

302
13

14
16

ILG=0
00 200 1=1,9

XXPL2,1)=XPARLI)
YXPL2,1)=YPAR{I)
DO 1 I=1+K

CALL L INEZ (XP,¥Ps2:XPAR,YPAR)

CALL INCCRE (WKq8)
WRITE {1P.2) XS5 __

ILC=TILE+]

WOl TLO}=WE
XAR{1,1LQ)=XPARILT)
XPAR(T)I=XPARI[T)+1.0
XP{1r=XP(1l)+1.0

XPi2i=xef23+1,0

X5=X5+5CHM

CORT INUE

ISAVILI=ILG
XPAR{T)1=0.5
YPAR(TI=YPAR(2)+40.375
XPAR(B)=0Q.1 -

DO 302 I=1,9
XXP {2, 1)=XPARLI}

¥YXP{3,1)=YPARIIL)

X5=5TS
XR=C/X5
IF [XR=5TM) 1641i5,14

X5=X5+5C3

60 TC 13

¥S5=X5-5CS

AR=Q /XS

IF {XR—5TM) 146,15415

15 YP{1)=YPAR(2)—-0,25

YPi2)=YPAR{2)-0.05
XI=SCM=XPAR(2Z)
APAR(TY=—0.3
YPAR(7)=YPAR(2)+0.25
XPAR(4)=5CM
YPAR(4}=]1,0Q

I5K=0

DO 203 I=1,%
XXPI4, I d=XPARTI)
YXP {4 1}=YPAR(I)
I=0¢
XP{1)={G/XS)—-5TM

_XPAR{TI={XP{1}/XPAR(4})=0.2

AP(2)1=XP{1)

IF {ISK} 200,201,200

. 15K=0

YPARLT7)=YPAR{T7)40,15

£LC TE 202 ) —

I5Kk=1
YPARIT)=YPARITI-0.15
CONTINUE

IF AXP{1)-XZ) 12,12,.5

CALL LIME2 (NP Y2, 24 XPAR,YPAR )

KPLOD&RD
¥PLooagy
KPLUGATO
WL mapn
KELI 47N
KPLLOS:AY
ERLT IR RN
AO0LAGSE?Y
TRL GRRY
EOLUGS4)
Pl f)hnn
EPLCgRAD
EPLNOST
EPLOORG
Lo I AR R
EPLOOASH
KBPLS6LD
XPLODe?]
XOLOOs 3N
XPLLCCE4N
¥OLOGES0
YPLICEAD
XPLOCORTN
ERLOMAELN
XPLUGASD
XeLcpran
¥ALOT N
EPLOOTAD
XRLTOT I
XPLODTan
HPLUOTSD
XPLEOTED
XPLLDTTD
EPLAOUTSD
XoLanyen
¥ELNEAD
OLMGALD
XPLQOARPD
¥XpLrrA an
EPLTO840
KOLSOER
YPLOOPA"
¥PL oAy
KPL0Ran
XL qear
XPLeggan
EPLOOSY
¥PLvASA0
XoLMngan
EPLJ0Sg,
£eL5055%
¥PL 20940
XRLCOSTO
¥OL 0950
KoL Ongan



L

3405

205

204

206

208

207

CALL INCCRE (WK,8)
WRITE (1P,20 XS ==
FORMAT {FB.2)

FORMAT (FB8.41)

I=1+41

XXR{2,1)=XPAR(T)
XXRU3, T 4=YPARIT)
WLQUZ2,1)=WK

.30 -

XS=X5~SCS

GO TO 4
APAR(T)=—,25
ISAV{2)=1
YPAR{T)=0.5
YPAR(IB)=0Q.1 _

XPAR({E)I=0.0
XPARIS)=2.0

DO 304 I=1.,9
XXPiS.1)}=XPARII)
YAPIS,1)=YPARI(TI)
K=2(0

_YPAR(3)=C.0

YPI{1)=0.0

XZ=YPAR{2}/2C.0
XPAR(T)==0.1
YPAR{Ti= C.O
X5=0.0
XPARIZ2)=0.0

XPART14)=1.0
YPARL{4)=1.0
YPAR{8)1=0.1
XP{1)=0.0
XPl2)=.25

YP{21=0.0

ISK=0

DO 305 I=1,9
XXPLo, 1)=XPARLI)
YXPLELTI=YPAR(T}
ILQ=0
DO & I=1,K
IF (15K} 204,205,204
XP12)=0.25

GO TO 20¢

XP{2}=0.15

CONT INUE B

CALL LINEZ (XPoYP,2:XPAR,YPAR)
IF (ISK) 207,2084207

IS5K=1

CALL IMNCORE ([WKs5])

WRITE {IP,T7) X5

FORMAT (FS.2) . .

ILG=ILQ+]

XXRU44 ILQI=YPAR(T)
HLQ{3,TLQ ) =HK

GO TO 209

ISK=0

——— e e

CPLI1IL T
AoLalalae
¥oLo 100
KPL2LDAr
XPLOYT DA
¥eL IR
KPLILICED
KPLGLC P
LR W AR T
KEL YOG
APLILLOD
XPECTLLD
Xepmylde

CXPLYI1 A

YRLTT 40
XBLOll 50
¥BLT11#0
¥XOL3I1vyn
ARLCLYIED
el A )
XPLMUP2 00
XBLO1A10
XBLI1Z70
XPLILZ23N
¥ELC124 )
XPLATPRG
EPLOL2A
YPLI12T"
YRLS1240
XELO1m
XeL 130
¥OL21ALG
XPL122
¥PLJ1A3D
WPLMM1Faen
¥PLAL1 380
KPLI1 34
¥DOLCIZTF
XKPLOT34g0
HPLOY 390
KDL 1400
YPLN141D
YPLI14 2N
NOLD14 3
YepL 144N
¥PLO) &S0
XPLOY&&0
¥RL Y470
NPALDY &0
XPLG1&90
EALTIEN]
XPLOYIGTEN
XppLc1sn
XOLO1IS%N
xoLnlean
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209 CONTINUE KPLOY5RS

e YPARI T YI=YPARLT heXZ . S . XPlals40

YP{LI=YPIl)+XZ ¥PLO1ERTAD

YP{2)=YP(2)+X2Z DL L 5aAn

XS=X5+0,0% ¥DLATARG])

6 CONTIMNUE YPLTLEO N

I5AVI{3)=ILQ XPLrLATD

JPARIZ)I=-5TM/SCM e e e AOLOL920

YPAR{3})=0.0 ¥PLTIC AN

HPAR{&}=5CM XPLO194

YPART{4)=1.0/YPAR{2]) XPLO1Sh

KPAR{E)=17.0 XOLLLOAD

YPARI{S)=13.0 XPLG1STL

— . CALL PCINT (X,Y,N.,XPAR,YPAR] . - . R : KPLul9eld

DO 206 I=1,7

00 207 ¥=1,9 . KPLO1EAD

XPAR(K))=XXPI[,.K)} EPLOT£40

30T YPARIKI=YXPII K] XPLL1ES
GO TO {3CE!3G§131113121314-.31511001}| I

308 CALL PRINT2 {XQ1,R0,XPAR,YPAR]) S APLUYIsRO

GO 1O 3Qe& XKPLT e

09 J=ISAvil) _ KPLOYEI

DO 310 L=1,4 XKPLOLT IO

KWK=WLQI{1,1]) XPLOY 1

XPAR(TI=XXRI1l,L) ¥PLOTTN

310 _CALL PRINTZ (WK,B.:XPAR,YPAR) _ s B ) KPLOL T

GO TO 308 ¥OLCYI T4

311 CALL PRINT2 (XQ2,B80,XPAR,YPAR) KBTI 7R

GO TO 306 APLNLTAD

312 Jd=[5AV{2) . XPLL 1770

PO 313 L=1,4 ¥R a1 790

e HPARITY=XXRI2.0) - e XPLOT T

YPAR{TI=X¥R[3,L) KPLO1LEI"

ME=hLO{2,L) . X¥OLCLBYN

313 CALL PRINT2 (WK+8,XPAR,YPAR} XPLizlgan

GO TO 20& . ; XPLTL93n

214 CALL PRINT? {Y0,804XPAR rYPARD MNP L1 HED

. L0 10 366 _— I XPLUlEs

315 J=15Av{3) ¥EpAlans

DO 31é L=1,J . XPLM1a7n

¥YPAR{TI=XXRT4,1L1 Kriulugo

WE=WLO{3,1) ¥R legn

316 CALL PRINTZ (WK.5:XPAR;YPAR) EOLTYOr

— G0 70 366 . .
1C01 CALL PRINT2 (TIT,80,XPAR,YPAR)
— 306 CONTINUE XPLC1GLY
10 RETURN XPLu199y
END ¢ APLA2000




11

1c51
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#%% SUBRCUTINE XPLOT],

BLCTTING DF LINNORMAL IZ7FQ _INTENSETY AGAINST

WRITTEN BY F.D.ELAIR,
RADIC AKC ELECTRICAL ENGINEERING,
MATIONAL RESEARCF COUNCIL OF CANADA,
OTTAWA: CNTARIC,

1969,

SUBRGUT INE xPLE%11é%v,scn,sr5;scs[it,#&,xf;wl.§}w,xq1

1TETaNsQeYSC)
CIMENSICN XTLOOO0}sY{10GCI,XC1L20),XG2¢2C)
1HPIZI1XPAREQ}fTPﬂRIQI,Kxﬂlﬁglﬂﬂl:XEPiTp?lt
COUBLE PRECISION WK,WLQ(3,100})
iF_IN—2} 10,11.11

1?G[ECI!I£TI?3]|VP[2:!
YXP{?;Qi:ISﬁU{“I1N5E{ﬁJ

XPAR(L)=X{
YPAR(L)=¥YC
XPAR{2)=XL
YPAR{Z)=YL
XPAR(T)I=0.1
YPAR(T)=0a.1 _ .
APARI[B)}=0.1

YPAR{B)I=0.0

XPAR{9]=1.0

Ir=1

CALL GRIDZ {1,8.0,XPAR,YPAR)
DG 1051 I=1,9

XXP{T+I3=XPARII}
YXPL7, 1)=YPARI(])
XPAR{L)=XPAR{11+0,5
YPAR{1)=YPAR[1)+0.5
XPARIZ2)=XPAR{2}-1,0

YPAR(Z}=YPAR{2}=1.0
CALL GRID2 {1,8.0,XPAR,YPAR}
XPARIT)=0.5
YPAR{T)==-0.25

CG 201 I=1,.9
XAPL{1+[)=XPARII)
YXP{l.1)=YPARL])

K=XPAR(2)
XS=STM
XKPAR{S)=0.0
YPagi{s =G, 0
APAR(7)=—C.3
YPAR{?)=-0.1

XPAR(3)=0.0
YPAR(3})=C.0
XKPARI4)=1.0
YPARI4I=1.0
XPARI51=3,0

PXC2,v0,

YPAH(5)=A.0 B - . ) -
API1)=0.0

IF{E]=D-U

YPIl}=C.0

ILg=0

-WAMELFANGTH AMD ENEROY,

TRANY TNy
RRALLT27

DQeAnY TS
HRAZL T
REAYL Th
DRASE T
TLEC]TRA
S Sl B
SRAS sl
JEACLALS
PEATLADD
REANYTATS
READL A4
TRADLRG
HRAM AN

Hr AT 230
RN Ry
BaATIann
KRAJED1D
RN 1G22
RADACLEED
HRADTOAL
TRACTOE
HOAo ]G
Foar a7
LIEAEEE
faZha 4

N -
SHAGRO A
TOAN 2T AN
aran2,un0
ARAL A0
ERALZLTT
PRALDME
RELC 2O
HRACEY S
FRALDZ]ILG
QA 20
HRAT YA,
RREADPLAD
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no 300 I=1,%
o XXPt2.1V=XPARYCTY) __
300 ¥YXPL2,1¥=YPAR(I)
0 1 I=1,K
CALL LINEZ [XPoYP,2:XPAR,YPAR)
CALL INCURE (WK,8}
KRITE {TP,2) X5
ILC=TLQ+] _
KLOUL1-TLO)=WX
XXR{1,ILCI=XPAR(T)}
XPARLTI=XPARIT)+1.0
XBE{LYI=XP(1}+1.0
XP{2)=XP{2)+1.0
. XS=EXSH+SCM
1 CCNTINUE
ISAvV{li=ILQ
XPAR(T)I=0.5
YPAR(TI=YPAR(2)+0.375
XPAR{8)=0.1
00O 302 I=1.9
AXPUL3,1)=XPARII]
302 YXP(3,[)=YPARII)
XK5=5TS
13 XR=Q/%S
If {XR-5TM) 16,1514
__ L& XS5=XS5+5C5
GG 1O 13
16 X5=X5=-5{5
XR=0/X5
IF (XR=STM) 16,15,15
15 YPI1)=¥YPAR(Z2)-0.25

S YPL2)=YPARL2] . — —

XI=S5CMEXPARTZ)
XPAR(T)I=-0.3
YPAR{TI=YPAR(2)+0.25
XPAR[4)=5CM
YPARI4)=1.0
- 15k=0
DO 3¢3 I=1,S
XXPLAyT)=XPARITI)
303 YXP{4; 1 )=YPARII)
I=0
4 XP(LI=(G/XS)=5TM
XPL2)=XP(1) -
XPARITI=UXPIL) /XPARLGL) }=0.3
IF {15K) 2C0;201l,200
200 ISK=(Q
YPAR(7I=YPARIT}+0.15
G0 10O 202
- 201 1SK=1

202 CONTINUE
IF (XP{1I-%Z} 1241245
12 CALL LIKEZ (XP,YP42:XPAR;YPAR)
CALL INCORE {WK,8)

ARASIIYY
R -Fup N
ALFTTO
HRANAY S
RBAGA] 0
RS i T
HEATT
KRAG, D a0
QrAC22E0
ARALZZ40
SR & ZP2GD
RIEAND 3 &0
TRACD2TY
RRACZ?EN
ROANF Q0
NPAMZ 00
AN AN
HRADLAZD
PoOpanzIT,
RREACE 34
RRADZ 3G
RAEALIIAN
TRASERTD
RN 2R
RRADZ 290
HPASRAC
BREAI2EN
RRAGFLZ2D
DRATZSEED
REAITHA
ANAD L5
RPAC24RD
RRACZ&T
RRAL2LHAD
FRA &SN
RRANZGN
HRAGIRT D
HREAGDAEDD
RirAanpea-
~HACTRL
RRACHSS

CRACTRA D
A=l N
BMREADIEAS
= Q_,"-f'.;.-"_-'_u:”-'-
REAT2RTT
RRATZELD
RREAIZE®N
HEADIELD
RRACZRL
ARALDPESD
HEAJFE D
ARACLILT
QRA: FEHD
ARACZE TN



WRITE (IP,2) XS

2 EORMAT (F8.2)
3 FORNAT {FB.4)
I=1+1

AXR{24 1 )=XPARIT)
XERLILI1=YPARILT])

WLQ{Z24I V=K
. MS=x5-3C5
GO TC 4
5 XPAR{T7)}=-.25
ISAVI2)=1
YPAR{T)I=0.5
' YPAR(8)=0.1
. - XKPAR{81=0.0
XPAR(G)=2,0
0 304 I=1,9

- 34 -

XXPIS5+1)=XPAR(I)}
304 YXP{5,1)=YPAR(I)

K=20

N— XI=XPARL12})/20.0C

XPAR(T)=-0.1
YPAR{T]I==0.1
X5=0.0

DSN={YSC*YPARIZ2} ) /20.0

XPAR{3)=0.0

XPAR(4}=1.0

YPAR{4)=YPAR(2)/10.0

YPAR{8)=0.1

XP{1)=0.0

Xp{2)=.25
_¥Pili=C.0

YP(2}=0.0

15K=0

DO 205 T1=1,:9

XXPle, L)=XPARL])
305 YXPles [)=YPAR{I])

. 1Lg=0

C55=4
D0 & I=1,K

iF [ISK} 204,205,204

205 XPl2)i=0,.25
ISK=1
B0 10 _ 208

204 XP(2}=0.15
- I3K=0
206 GONTINUE

CALL LINE2 (XP,¥YP42 ,XPARYPAR) __

IF {D55-4})
- —<208 LONTINUE
055=0

CALL INCCRE (WK.6)
WRITE (IP,7) XS

7 FORMAT ({F56.2)
[LC=TLG+1

2C7+2C8,207

REA?TFAM
RRAGZTLOC
HRAQRTT 20
HRALZTEN
SLYTES F%
HRAM D750
RRAT 2 Finn
REA2TYG
TRAT TR
LA R Ry
ORAZDHDD
HPACZRLT
HRADDAIN
RRACZEAC
RRADZHEL
REACIRED
RREADP R LR
BRAGZETF
ROADZ2EDD
REALZORUD
HRAGR2OQMO]

RPN 2O30

RRALPD
RRAT2GE
RO DOEN
fRAMPGAT
RRAT G I
BRAR2GHN
PPRAC 2390
RREALIOLD
REACIOLL
Hopasangn
BRrALRDE
HREADY AL
HEAROGRT
RRAM IS,

(LR R T
AN AR RN ol T

KRACADOD

Q0 ANIL D0
REANTL]A

ROATIT 20
HEADZL A

FRATDT] T

FRAIZL9D



207
209

XXRC4» ILO)=YPARL(T)
WLAL3,1LAI=WK

- 15 -

GC TO 269
CORTINUE
CONTINUE
D55=055+1
YPAR(TI=YPAR{T)+X2Z
YPULLI=YP(1)+XxZ
YRI2I=YP{2)2X7
ES=N5+05HN
CONTINUE
ISAVI3)=ILQ
XPAR{3)=-5TM/5CM
YPAR{3}=0.0

XPAR{4)=5CM
YPAR(41)=Y5(
XPAR{5}=17.0
YPAR[5)=13.0

CALL PCINT (X,Y,NyXPAR,YPAR}

DO_306 [=1,7

aor
308

05

lc

311

312

313
314

. 3158

1050

DO 307 K=1,9
XPARIK}=XXPI1,K])
YPAR{K)=YXP{[,K)

GO TO {308+309+3115312:314,315,1052), 1
CALL PRINTZ (XQl804XPAR,YPAR)

50 Y0 30¢

J=ISAVIL)

DO 310 L=1l4J
WEK=hWLlQ{1l.L)
XPARLTI=XXR(1,L}

CALL PRINTZ (WK B4XPAR,YPAR])

G070 306

CALL PRINTZ (XQ2.,80,XPAR,YPAR]

GG TO 3Cs
J=I15AV(2})
D0 313 L=1,J
XPARLT)=XXR{2,L}
YPAR{T)=XXR{3I,L}

WE=WLQ{2,L)

CALL PRINTZ (WK, ByXPAR,YPAR)

GO TO 346

CALL PRINTZ (YQs80,XPAR,YPAR)

GO TO 306
J=ISAV(3} .
DO 1050 L=1,J
YPAR[TI=XXR{4,L)
WEK=WLOI{3,L])

CALL PRINT2 (WK,6,XPAR,YPAR)

G TO 304

1052 CALL PRINT2 {(TIY,80Q,XPAR,YPAR}

306
10

CONT INUE
RETURN
END
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