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ABSTRACT

The report discusses in detail computer programs that have
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and then cerrect for polarization and geometric factors, atomie
gscattering factors, and the Ko doublet. Fourier coefficients are
calculated ueing Filon's method of evaluating trigonometric inte-
grals. The Stokes' corrected Fourier coefficients are separated
into particle size and disfortion coefiicienis using the Warren-
Averbach technigue modified for hexagonal close-packed metals,
Domain sizes are obtained from fault-unaffected peaks, whereas
staciking fauit probabilities are obtained from fault-affected peaks.
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COMPUTER PROGRAMS FOR THE ANALYSIS OF THE
BROADENING OF X-RAY POWDER PATTERNS

INTRODUCTION

The effects of various crystal imperfections such as domain size, elastic strains,
and faulting on the diffraction profile of x-ray powder patterns have been studied exten-
sively (1-5). These studies have analyzed the changes in the positions and the profiles
of the diffraction lines from powders prepared from metals and alloys by deformation
{6,17,), electrodeposition (8,9,), vapor deposition (10,11,), and by chemical processes
such as catalytic reactions (12,13,).

The broadening of the peak profile is assumed to be caused by the reduction in size
of the coherently diffracting domains, by elastic strains within these domains, or by
faulting on certain planes. Although many studies have been carried out on face-centered
(fec) and body-centered cubic (bec) lattices, only a few investigations have been made on
the broadening of x-ray powder patterns of metals and alloys that have the hexagonal
close-packed (hep) structure (14-25). In hcp metals and alloys the separation of the effects
due to either domain size, faulting, or strains can be accomplished because certain {hkil)
peaks are unaffected by faulting, whereas other (hkil) peaks are affected by faulting.

This report discusses in detail computer programs that have been written to analyze
the broadening of x~ray diffraction profiles to hep metals and alloys. The programs allow
for the correction of the overlap of the long tails of the diffraction peak, and then correct
for polarization and geometric factors, atomic scattering factors, and the Ko doublet by
Keating's method (26). Fourier coefficients for both cold-worked and annealed powders
are calculated using Filon's methoad (27) of evaluating trigonometric integrals. Stokes'
correction (28) is applied to these Fourier coefficients. The domain size and distortion
coefficients are separated by the Warren-Averbach technique modified for hcp metals.
Domain sizes and slopes of the curves of the distortion coefficient as a function of the
product of the harmonic number and the interplanar spacing are then computed. Finally,
the stacking fault probability can be found from these results.

This report was greatly influenced by a similar report by Wagner (29). Several in-
corporations have been made, such as the corrections for peak overlap, atomic scattering
factor, and Ka doublet, and especially the method of evaluating the Fourier coeificients,
Although primarily written for the analysis of peak profiles from hcp metals, a few minor
modifications would make the programs applicable to fcc and bee metals.

THEORY
Peak Broadening

An x-ray diffractometer must consist of a source, specimen, and detector, all of
finite size; otherwise, the diffracted x-ray intensity would be infinitesmal. As a con-
sequence of these finite sizes, the difiraction profile is spread over a range of angles in
the neighborhood of those given by Bragg's 1aw. Therefore, one of the problems of X-ray
powder diffractometry is the appropriate measurement of line positions and line profiles.
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The most obvious measure of the line position is the position of the peak height.
Another possible measure of the line position is the cenfroid or center of gravity, which
can be expressed as

=F™” sxayd 2
SCG'“_!: sI(s) sl; I(s)}ds, (1)

where I(s) is the distribution of scattered x~ray intensity across the diffraction peak as
a function of s = 2sindy /A, ¢ is the Bragg angle, and s, and s, are the upper and lower
limits of integration, i.e., the positions at which the peak profile merges with the
background.

Several measures of the dispersion of the line profile have been considered, and no
one measure of this peak broadening is universally accepted. The hali-width (30) is the
angular distance between two points at which the intensity is one-half the peak value. The
half-width is an easy quantity to measure experimentaily as long as only moderate
aceuracy is required.

The integral breadth (31) is defined as the integrated intensity of the diffraction peak
divided by the peak height;
=t [ ?(sya
£y = o [ T, (2)
1

The peak heights accur at sy = 2 sing, /A, where §; is the Bragg angie of the peak
maximum,

The most mathematically satisfying measure of dispersion is the variance {32}, The
variance is the second moment about the center of gravity and is defined as

5, 52
w =7 sms? 1rds /[ 1imas, @)
51 51

The peak profile - I(s) has been expressed ag a Fourier series by Bertaut (38) and
Warren and Averback {34):

I(s) =K i C, exp [—2mina; (s—su)l. {4}

n=—wm

where na; = L is the distance normal to the reflecting pianes of interplanar spacing
ag = dpy;y and n is the harmonic number. K, a slowly varying function of s, is egual to

K= 2 (14 cos? 2o cos? 28)/[sin? 6 (1 + cos? 2a)l, (5)

where f is the average seattering factor of the material, corrected for temperature, and
a ig the Bragg angle of the monochromator. The complex Fourier coefficients, a meas~
ure of peak broadening, are given by

C = 1 fs2 I%S> exp {+2Winas (S—‘Sg}} ds. {6}
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The Fourier series can be expressed in terms of real guantities as

I(s)=K i {An cos [2'ﬂna3 (s -—so)] + B, sin [2wna3 (s —so)]} . (7

n+—m

Fourier Analysis

Fourier coefficients have been shown by Warren (2) to be the product of two terms:
one, AS the size coefficient, is a function of particle size; and the other, AP, the dis-
tortion coefficient, is a function of strain, i.e.,

n

— AS AD
A, = AS AD. (8)

The size coefficients AS are independent of the order of reflection and can be approxi-
mated for. small values of na; = L as

A‘E‘] = exp (-L/D,}, (9)
where D, contains the average size of the coherently diffracting domains D(hkil) normal to

the reflecting planes (hkil)and the fictitious size DF(hkil) due to faulting:

5B (10)
D D(hkil) DF(hkil)

€

The distortion coefficient A? is dependent on the order of the reflection and may be
approximated for small values as

AE = exp {—an L? (<EE> - €L>2)sg}, (11)

where ¢, “AL/L, <€ﬁ> is the mean-square strain, and <5L> is the mean strain,

Warren-Averbach Method

The Warren-Averbach (35) method is applied to seperate the size coefficient A5
from the distrotion coefficient AD. The method requires measuring the peak profiles
for several orders (at least two) of the diffraction peak. The distortion coefficient AD

approximated by Eq., 11 can be subatituted into the expression for the Fourier coefficient,
and consequently

Ag=afen [-2n2e2 (@) - ¢)%)s). (12)
which can also be expressed as

1nAn=lnA§‘2W2L2(<512.> "<€L>2)Sg' (13)
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By plotting in A, as a function of s2 for different diffracting orders for different values

of L = nay and extrapolating to sg = 0, the value of AS for each L is found. The slopes of
the in A, Vs s, curves for different values of L = na; are a measure of the difference be

between the mean-square strain (/) and the square of the mean strain <€1>2'

The initial slope of curves of A3 vs L is a measure of the domain size p,, since

Warren-Averbach Method Modified for HCP Metals

In metals with hep crystal structures, however, it is often very diffieuli to measure
the second order of diffraction from a get of (hkil)planes. Neverthelegsg, sinee certain
(hkil) planes are affected by stacking faults and other (hkihplanes are unaffected by
stacking faults it is possible to use this information to separate the size and distortion
coefficients., Assuming that the distortion coefficients can be expressed by Eg. 11, then
by plotting for different values of L the In & vs sg (i/dik“) tor fault-unajfecied peaks,
the slope of such 2 curve ig the difference between the mean square sirzin ({) and the
square of the mean strain { ) %, The intercepts of these plots are the size coefficients
for these peaks, The distortion coefficients & are now utilized to correct the coefficient
&, of the fauli-affected peaks for strain broadening in order o give the size coefficients
A5  of these profiles,

The initial slopeg of curves of the size coefficienis as a function of L are & measure
of the effective domain gize, The slopes are given by

dAFY 4 £ld
(“ EL—) =o' 2 (3a+ 38, {15)
for h-k =3titand £ even, and by
dAF\ 1 ela
(‘E) =gt 2 Ba + 5, {18}
for h—k=3t+1 and £ odd, and by
dATY 1
(* ?11—) =5 4

forh — k= 3t and/or ¢ = 0, where ¢= 2 dogger D 18 the domain size, and « and 3 are the
stacking fault probability and the growth fault probability, respectively.

Integral Breadth -The integral breadth A¢s)can be expressed in terms of the Fourler
coefficients c_, Since

B(s) =—I—{§—0-}J’2 1(s) ds, (2
51




NRL REPCRT 7253 5

and

n=—®

then substituting and integrating, one obtains

18
Bls)=1/a3 " C,. (18)

Variance-Wilson (32) has shown that the variance W(s) is the sum of the domain size
variance WSs) and the strain variance WXs);

W(s) = WS(s) + WP(s), (19)
where
As21
W3(s) = 20
2m? D, (20)
and

v = (6D - @2)35, (21)

Experimental Considerations

Exiremely accurate measurements of peak profiles are necessary to apply the analy-
sis of line broadening to cold-worked metals, These measurements require that the dif-
fractometer be aligned, that the sample be prepared carefully, and that the proper choice
of x radiation be used,

In an investigation of titanium-alluminum binary alloys the samples were filed, fil-
tered through a 325-mesh screen, and then placed in a holder, using as a binder a 2-wt%
solution of parlodion in amylacetate., Copper Ko x rays were ugsed, The diffracted radi-
ation was incident on a LiF curved crystal monochromator which, in turn, diffracted the
radiation into a proportional counter. The gignal was then fed through a pulse-height
analyzer, and the diffracted intensity was recorded as a function of angle on paper tape.
The automatic step scanner was set in the preset time mode, The angle was then auto-
matically stepped by a fixed amount {usually 0,02° in 26).

PROGRAM ORTAILS

In studying the line profiles of hep metals, the first problem that must be considered
is how to correct for the peak overlap that occurs, Figure 1 shows the diffracted inten-
sity of a titanium 5 wt % aluminum alloy as a function of 2¢, for the (1010), (0002),
and (1011) peaks, and exemplifies the problem of peak overlap. Sato (36) has considered
the problem and attempted to solve it by replacing adjacent peaks by either Cauchy or

Gaussian distributions and subtracting the "tails" of these digtributions from the peak
being considered,
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Fig, 1 - Diffracted intensity as a function of 26 for the {1010} ,
{0002}, and (10fi)peaks of a titanium Swi% aluminum alloy

Every peak in this analysis was approximated by a Cauchy distribution of the form

u(x) = ;——-—‘f—-—- (22)

+ a2 (x -—xa)2

where u(x;)=U, x,is the position of the peak maximum, and a is a constant determined
from the real peak, This two-constant Cauchy distribution gave an accurate approxima-
tion when fitted {o the peak of the intensity distribution, I the peak maxima of adjacent
peaks were within a certain range of each other ¢A2¢ 2 5°, overlap was assumed to ccour
and was corrected by subtracting the tails of the adjacent Cauchy distribution from the

corresponding value of the peak,

The true background of the peaks was taken to be the x-ray intensity of the annealed
filings far from any peak. No guantitative method was developed to bring the background
of the peak down to the true background.

PROGRAM XRAY 40

The intensity of the line profile corrected for overlap now serves as the input to the
main program. These intensities {H1 in the program) are corrected for the atomic scat-
tering factor (adjusted for temperature) of each type of atom present in the alloy, The
atomic scattering factor is

f = g exp (-B sin? 8/A%), (23)

where fp is the scatiering factor of the atom af rest, and B is the Debye-Waller temper-
ature factor of the atom (for values of B, see Ref. 37).

The atomic gcattering factior at rest has been represented analytically by Vand and
others. (38) and by Forsythe and Wells (39) as

~
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fo = A exp (—as?) + B exp (-bs?) + C, (24)
where s =sind/r, and A, a, B, b, and C are five constants given in Refs. 38 and 39.
The intensities are further corrected for the Lorentz polarization factor for radiation
monochromatized by reflection from a curved crystal monochromator at Bragg angle «.

This correction is

Lp = 1 + cos®2a cos?26 ]
sin?8 (1 + cos? 2a)

(25)

The values of the ordinate 2¢ TWOH are converted to equally spaced values of sin ¢
[ET1)

The Ka,—Ke, doublet is separated, using the method of Keating (26). In order to
utilize this technique the ordinates must be such that

k= (47/7) sin,, (26)

(Kj‘l/Kj)m =, (27)

where m is an integer convenient for describing the pattern and r = A1/, the ratio of the
wavelengths of the K« doublet. Let x be the fraction of the Ka radiation in the a, COmpo-
nent, 1-x the fraction of Ke radiation in the ay; component, let F(«)be the pattern that
would be produced if all the energy of the characterisitc radiation were in the 2y compo-
nent, and let G(~) be the observed pattern; then

N 0
Fs) = lix; (l__—x§) Gl o) (28)

where N is a constant value (210),

The position of the peak maximum (n, = ETMAX) is determined using a three-point
parabola, The value of sp [SMAX is given by s, = 2n,/%, and the value of 26, is given by
26y = 2 arcsin (7, 180/). The center of gravity [ETCG]is given by

N
i =9, h(7,) (1, —7,)/ AREA, (29)

i=1

where

N
AREA :Z h(n,), (30)

i=1

and N is the number of data points. Then the center of gravity (s.g) can also be expressed
as

Scg = 200 M- (31)
The integral breadth [BSINT] can be evaluated by

B(s) = 2AREA An/Ah(n,) . (32)
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The variance (W) can be written as

N
W(s) = 4[2“?1;) {m; knm}}/}\? AREA. (33)

i=t

_ The Fourier coefficients have been determined using Filon's method (27) of evalua-
ting trigonometric integrals. This technigue wag used since the ordinary methods of
quadrature often fail at high harmonie numbers because of the rapid oscillations of the
trigonometric integrand. The formulas for applying Filon's method can be obtained irom
the work of Abramowitz (40}, The normalized Fourier coefficients can be expressed as

n Zwl (27; -2
HR(L) = 51;_[ YH(n,) cos [—W(—Z——T@] dn/AREA, (34)
Tt
" . [2nl (2n; —27y)
HI(L) -7—?;_[”; h(n,) sin [_-——T-—] dn/AREA, {35)

AREAI = HR(1). {38}

Using the interplanar spacing of the reflection plane a; = d;,, the interval 29, -
25, would have to extend over several tens of degrees. A much smaller interval 29, -
2a;, which still encloses the difiraction peak, can be chosen. Thereiore, the true har-
monic number n is related to an experimental harmonic number n by

n=n’ (26, - 26,)/(20) — 26}, (37
L=naz=n' ag, {38}
where Lis the distance normal to the reflecting planes ¢hkilyof interpianar spacing
ay Ty

Extraneous broadening due to such things as slit widths, sample size, penetration in
the sample, or wavelength spread is usgually grouped under the name "instrumental broad-
ening.” Instrumental broadening of the peak profile is usuaily corrected by determining
the peak profile of a standard or annealed sample under conditions identical to those of
the cold-worked sample, Letf g(z) be the intensity function from the annealed sample, and
et h{x} be the intensity function from the cold-worked sampie; then f(x—2), representing
the broadening due to particle size only, can be found from the convolution integral

by = [ tx-2) r(a) da (39)

Stokes {27) has shown that if the three functions F(x—z), H(x), and G{z) can be
expressed ag Fourier series over the same interval, then

F(x—z} = H(x) lG(z). {400

thus
FR(L) = A, = [HR(L) GR(L) + HI1(L) GLL)IAGRILI? + [GI (L)%}, {41)
FI(L) = B, = [HI(L)GR(L) + BR(L) GI(L)I/{IGR()I? + [GI(LY*}, {42)
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(FLyl = ley| = [H)]/]1GL)| = ABAR(L), (43)

The Stokes-corrected integral breadth 3, .(s) (BSINT] can be written as
By = AL+ ?.ALE A,

where AL is the increment in L values. The corrected integral breadth 5.(s) (BINTC can also
be calculated, Let A3 (s) (BINT be the integral breadth of the profile h(s) and /B, (&) [BINTS] that
of gs). Wagner and Aqua (4) have shown

B(s) = By(s) — [B(s) /B (s) (45)

The corrected variance W(s) [WC] is the difference between the variance W, () (W] of the
broadened profile h(s) and most of the standard profile W,(s) [wS]:

W(s) = Wy(s) — W (s). (46)

When the Fourier coefficients A;(L) [ASAVE] and A,(L) [ABAR] of two orders of reflections
are known, it is possible to separate the size coefficient A7 from the distortion coefficient
AE using the Warren-Averbach method, Their method indicates that

InA((L) = In AS (L) — 2w2 L2 (<e§> - <EL>2) s2y, (47)

and

InA,(L) = In AS (L) — 27212 (<e§> - <eL>2) 52y (48)

Note that the size coefficients are independent of order. The two equations can be com-
bined to yield the strains [EPS]

1/2
12 [InAy(L)/In A, (L)
(@ - <& )" - e o (#9)

1~ 502)

The particle size value can be found by plotting the size coeificient Af[ALP] L
extrapolating the linear part of Ai for small values of L to the value L = 0,

The integral breadth particle size Dy {DINTP] and strain E; [EPSP] can be calculated as

b, = By sg2 = B 531 (50)
8 shy + ’8:2:! St2
and
€1 = By By (By - B4 (51 sg2 — B2 531)’ (51)
where g, and j, are the corrected integral breadth, and s,, and s,, are the peak maxi-

mumsg of the first and second order reflection, respectively. The value of D; [DINT] can
also be calculated from the size coefficients oS as

D, = /(14 2aL Y AS) (52)
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PROGRAM SEPARATE
I, however, two orders of reflections can not be measured, the separation of the
size and distortion coefficients is still possible. This techniqgue utilizes the fact that if

h~k=3¢ (t = 0, £1, 2, ete), or -0, then the Fourier coefficient which is independent of
faulting can be expressed ag

B, = AS exp [*2::12 v -EY dz]

When thé In¢A) vs 1/d° for different hkil reflections not affected by faulting and for
different values of L=na; are plotted, the slopes of these curves become a meagure of
the difference between the mean square and the mean strain squared, The distortion
coefficients calculated in this manner can be utilized to correct for strain broadening
those Fourier coefficients of thoge reflections affected by faulting, thus separating the
size and distortion coefficients of fauli-affected peaks.

This program has as an input for each reflection the hki! value, 1/42 hkil, the Fourier
coefficients, and L=naz, for all values of L. The program computes for fault-unaffected
peaks the natural logarithm of their Fourier coefficienis and the stope of these natural
logarithms as a function of the inverse of the square of the d spacings. From this infor-
mation, the distortion coefficients of each peak and then the size coefficients of fault-
affected peaks are calculated.
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Appendix A

Program ORTAILS

Conirol or Data Cards Format
WLGTH DWLGTH 2F10.6 WLGTH=wavelength and
DWLGHT=wavelength
(AKey — AKay)
1JK 12 parameter=0 do program
#0 go to end of
program
TWOH(1) F10.6 TWOH(1)=2¢, value for
first data point
DTWOH F10.6 DTWOH=A26 interval be-
tween data points
NPK Il NPK=number of peaks <3
{TWH(H=1, NPK) F8.4 TWH(L), mapprox, position
of peaks
NDP 13 NDP=number of data points
<900
(H(I), I=1, NDP) 10¥7.1 H(I)=intensity data
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“PROGRAM BRTAILS
DIMENSION M(1000),H1(1000),H2(1008),E1(1000)
DIMENSION TWON(1000),X(1000) THH(S) HE1(1000),HE2¢1000) (HES(1000)

13& fﬂRMAT i121
102 PEGRMAT (FL0,6)
103 FORMAT (11}

- TETY 3

104 FﬁRﬁATGiHi;#THE INITIAL TWh THMETA VALUE 15 #,F10,6,% AND THME TWe
LTHETA INCREMENT IS #,F10,6//)
107 FORMAT (13}

A0
111 FORMAT(SX;»THE PEAK 1§ AT #*,14.,» WHICH HAS THE TW® THETA VALUE *,;
LFi0,4,% AND HAS THE iNTENSiT¥ aF t:FiQ 4771
o] (5% %7 T

CFGRMAT(S5X4 ¥ TH
1 OF &;Fi0,%%, AND AN INTENSITY OF »,F10,4//)
115 FTORMAT(//* SELECYT NOY SATISFIED )
L bt

1TREAD 301, K
tF{TJK,EQ,0) 2,68
CONTNUE

EAD LOS NP T

READ 104, {TWM({},1al,NPK)
PRINT LOB NPK, (THH(TI 121, NPK)
PRINT 106, THOH(1},DYWEH

3 % i

nE 3 [=2,NDP

TUOHLL)Y = TWOHII~ 1) * DTUdH
(4

[af A :
LMAXL B L1IMAX
n@ 4 [=21,NDF’
ELC1r = (10, /HILIMAX)YIOH(TY

CALL #xlbigcfﬁa;9HINTENSiT¥19tIQ.iqgaaig;ﬁ;;i;l4ﬂfﬂ 1
CALL AXISIO0, 0, :FHTHE THETA n9: X5, 0,12 THOR{LY 1, (4HFE,2)
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CALL LINE(X,EL)NDPsL,e1,0,,1)
CALL PLETIXT,0,,=3)
TS540,0}

- CALL PLSTI-iU.-G,a-S}
AF(NPKLEQWL) 5,6
x1).

UM NDE, LMA
PKIPES = TWEH(LMAX1)
PKLINT = HCLMAX1)
PRINT 111,LMAX1,PKLPOS,PKLINT.

£ PRINT 110?(H(1):!§1,NDP)
}BB Te 13
JﬂEﬁ;EQﬁ?!?.O

7KL & (0,5%(TWH(1) # rwu<2)>:znrwau';'fw@H(i)/DTNQH
CALL HAX(HJNl:LNAXl}
PKIPES = TWBH(UMAXY)

PKLINT & M{LMAXLY = A
"PRINT il?.LMAXt;PKiPﬂS.PKiINT

____n_ﬂﬁlﬂ__ilﬂiiﬂill41314N1’
Jeo
INL = Niei
DO _8_1=INi,NDP

B Hl(J}IH(I} L
JNL m

CALL MAX(IHL, JN1,LMAX2)
PK2PES = TWOH(LMAXZ2sN1)
PK2INT = MI(LMAX2)

- PRINT A34LMAXZ,PK2PBS,PK2INT
PRINTY 110i!H1!!3a!'1aJN1) '
60 Y8 138

9 IFINPK,EQ.3) 10,68
10 N1 = (0.5*(TNH(1) * THH(Z2}))Y/DTUOM = TWOH{L1)/DTWOH
CALL MAX(H,N1,LMAX1)

PKIFES = TﬂﬁH(LﬂiXt)‘;gj'-,gizn,; AR

J. PRLINT = W{LMAX1)
. KIPAS, PKLINY
PRINT 110,(H(I),Iul N1y
uans (o, 5*(TNH(2)*TNH(S)))/DTH@H » TWOHtL)/DTWEH
JE

. IN1: Niwy o n
ne 1t I:!Nl NZ
“JBJal

11 H1¢JY = H{)
JNis J
CALL, MAX(HL, N1, MAX2)

TPK2POS & THBH(LMAKEtNl!
. PK2INT & H1(LMAX2) - '
_ _EBIML.MLMMEMAPKEINT :

PRINT 110,¢{H1(}),1m1,JN1)
IN2 & N2*1
NNLIY

NIaNDP
ne 12 1BIN2 NDP
NN NNTEY

12 W2(JJIsHLT)
JNZEJJ
CALL MAX(HZ,JN2,LMAx3)
PKIPBS = TWBH{LMAX3«N2)
PKIINT = H2(LMAX3Z)

SRR |

©PPRINT (1144 LMAXT, PKIPES, PK&‘NT
CPRINT 1190 'infl) !-1;JN2)
13 JFINPK,EQy) 1‘;15 o

14 THALHTN@Hll)
PRINT 110, (H{I},I21,N0R)




i6 E.A. METZBOWER

CALL PRPLOTZ(H,NDP, THAL)

15 IF(NPK.EG,2116,10
16 XB1 5 PK1P@S

ABIPT s PRIINT
Al 8t

‘ ALMAX K
PKiPOSL = TNﬁHtLHAxi*NXN}
nIFL & (PKIPOSL-PRIPES}a»2
BEL & (1 fﬁ Fi%*f?ﬁi.k? PRIINTL =1,)

YNEWL © AXL * ([=1)sDTWOH
17 WCLLI} 2 AGIPI/(1,+BBLs(XNEWL=XOL)wa2)
X2 2 PK2ROS

PKEP@Si = TN@H(Ni*LMA!?*NXN?
NIF2 » {(PKEFBSL~PKZPESInvE
BB2 # (1,/DIFEIs(PKRINT/PK2 NTi v 1,4

PG 18 181,501
XNEWZ = AX2 + {]=1)xDTuoH

18 WC2(1) 3 ABZP1/(1,+BB2¢ (XNEWZ=XD2)ss2)

AB1P1 ¥ PKLINT
AG1 x ABIR] » 3,14159
CALL SELECT(H Ni;_H-ﬁ NN

DIFL & (PKLPOS4<PKLPGS)#s2
BB1 3 (1.4DIFLI*(PKLINT/PKEINTL o1}
AX1 3 TWOR(LMAXY) ~ 5

¥82 s PKZ2PAS

AG2P] 8 PKRINT

ABZ = AG2PL # 3,14459

CALL SELECT{HL JNL,LMAR2 NUNY
ENX G4l a

._‘-. R S Rl B
BBZ & (1,/DIF2Y#{PK2INT/PK2INTL » 1,
AX2 ® TﬁﬂH‘Ni*LﬁAXZ) « 5,00

AGIF] ® PKIINT
403 5 AQ3P] * 3,14159
ALL SELECY {H
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FKIINTL 8. H2tLMAX3+NxNI

DIF3 = tPK3P951=PK1PGS)**2

FE3 8 (1, /DIF3Y&(PKIINT/PKIINTL = &,)
AX3 @ TNGH(NE*LMAXG) ) ann
. DB 23 1slg801
XNEWS -3 AX3 * CleilauTN@H !

23 HCc3 . :

GO Te 39

24 COMPL ® PK2PAS o Pkipﬁs

O.L L]

s 3;Ns¢gngxagzsu;w fily
TFCL,LT, Nil 26,33
26 1J=*0
, ADQ 27 KJel, Nl_ _
LT nalyet B
A H‘KJ‘ L] H(KJ’ .- HGQ{‘
o AFLYY.GE 501 28,27
27 CONTINUE
28 CONTINUE

R IO 338
T g ta 80w (NERUHAXSY
¢ HEZ(I)mTWBH(L).

30 1ol

ne J1 KJsL,NL
H(KJ) = HGKJJ~HG?(IJ)

32 ce~r:~ue
33 CONTINUE
38 _CONTINUE

IF!(THGH(NiﬁLMAXES TN@H(LMAXlJ) GT.E.! Go TO 38
35 1Je251+N1slelMAXL

DB 36 KJ=sy,JN1

MI(KJY) @ Hi(KJ)=HCL(EJ)}
!Ju J*i

3% ceNTtﬁuE
37 CONTINUE
38 CONTINUE
THAL 3TWOH(NL+1)
PRINT 110,(H1(1),151,JN1)
CCALLIPRPLOYZ(HY 1IN TH
CALL PLETS(0.,0) -
CALL PLAT¢w iusIOAl'S’
6B YO 48
39 COMPY = PK2PRS « PK1PAS
C@MPQ 3 PK3PBS » PKZPAS

L ;sﬂgugﬁix2q25aw@f.~
c AX22THAHIY)
TFCI LT, NL}Y 41,48

' ¥ HAKJISHER LT )
TF(IJ,GE,501) 43,42
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42 CONTINUE
43 CONTINUE

12} K 4
IFCT oL TeNLY 45,48
45 1=l

ne 46 Klei,Ni
IR g T

46 CONTINUE
47 CONTINUE
CBNTINUE

“CALL PRPLOTZ(M(NL, THAL)
TFCITHOH(NLLHAX2) « THBN(LMAXS)) 67,53 GO TO 62

SESATLY
1Fil, GE (NLSLY ,AND,T,LE, N2) 51,58
51 iJ#ithi*ii
pe 52 KJjei,504

52 CONTINUE
53 CENTINUE
68 Y8 857
54 1eN2+LMAXI»25Y
{ sTWRH

HL(KY) £ HL(KJ) = HOZ(1J)
1JslJst .

59 [J22B1eNIeLrLMAXL
D6 60 KJz1,JNi

63 FONTINUE
62 CONTINUE
5 H

TP CTWOHANZELMAXS ) ~THOH(NLOLMAX2Y ] GT 5,3 GO TO &7
64 1JI254+NZeln{NL+L MAXDY

65 CONTINUE
66 £ONTINUE
&7 CONTINUE
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CUTHALETWEHINZALY
PRINY 113‘{H2{!,‘1'1|JN2’

CALL PLOTS(0,0)
CALL PLOT(~10,,0,,~3)
68 CONTINUE

CALL PLBTS(0,0) -
IF(IJKiNE v 71,69

70 PRINT 115
71 CALL STePPLOT
_END

v

i SUBREBUTINE SELECT(A NL,NXY
’ DIMENSIGN A(N)
; Mx & 37
SEC 4B AL RNX)
. 02 » ALL*+NX) -

T AQ1 & 1,101
A £02 ® 1,1%02
L BOL = 0,9%31
LT BR2 w0, 902

IFLQAV. T AQL) BeR
____z_1£1n5149T.A92: 5,3

3 TFC(QAY,LT¢BQ1) 5,4
4 1F(QAY,.LTyBQ2) 5,8
B MY &8 KX ¢ 4
C AT LN BT NY T8
QZ!F{LahX,LE 1) 7,1 s
7 NX & § e
8 RETURM

FND

SUBROUTINE PRPLATZ (XX NDP, THAL}
PIMENSTEN XXINDP),E1(1000),Fi(1000)
| DIMENSION TWAH(1000)
e 10a FORMAT(F4y0, 313,78, 5,
' 104 FORMATLIF6,2,F8,5)
19%_£BRMﬂT{€1UF6 0})
WAVE & 1,54(050
WAVEZ = 1454434
TWOH{1)=ThAL
T pe 1 IBReNDP iy
1 TN@H!I)!TH@H(I-I)*D 02
. CALL MAX{XX,NDP, LMAX}
THAMBTWRH({[ MAX}
YHAHEYWEH{NDP)
YM=NEP~1,
JNELHAXSY 0
JERLMAX ;
JPE MAXeL . R .
PRINT 100 ,¥YM, N, J®, JP)HAVER
PRINY 101 s THAL , THAM, THAH,; WAVE
___BRINT_ XX(1),181,NDP)
PUNCH 100 FYMr N JBgJR HAVER
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Fxﬁ:B;QE#NDPéi,
K?! xs L 2'
310 -3

s 5

CALL AXIS{0,,8,,9HTHE THETA,=9,X5,0,,1., THOH{L), L, 4uFs,2)
CaLy LINE{FL,BL,NDP,1,=1,0,,%)
Tl X \ -

G

END

SUBROUTINE MAX(A,N,L)
DIMENEIGN A(N}
r =,

SUBRBUTINE MINCAsNsL}
PIMENSTEN A(N)




Appendix B

Program XRAY40

Control or Data Cards Format
WLGTH, DWLGTH 2F10.6
NA 12
(SK(J) J=1,NA) Fb.2
(SA(J), SB{J), SD(J), F7.3,F6.3
SE(J), SH(J), J=1, NA) F7.3,F6.2

.3, F4.2
LIK 12
IH, IK, II, IL, Spec, Comp, 412, 3A6
NFC, VIK 12, F10.5
NRAC 11
NACW I1

21

WLGTH=wavelengthand
DWLGTH=wavelength
difference (AKa; — AKag)

NA=number of atomic
species in alloy

SK(J)=atomic percent of
each atomic species in alloy

8A, 8B, SC, SD, SE,are con-
stants in equation for atomic
atomic scattering factor,
SH-Const for temperatured
dependence of atomic scat-
tering factor

TIK-parameter -1 do
program

=l- go to end
of the program

(IHIKIIIL)=HKIL Spec,
Comp, State characterize
the sample

NFC=number of Fourier
coefficients wanted £100
VIK=interval in Al between
Fourier coeificients

NRAC=0 no Ka, correction
=1 do Ka, correction

NACW=l annealed peak only,

=2 this peak annealed,
cold work peak to follow

=3 this peak cold work
follows annealed peak, use
previously calculated
GR(L) and GI(L)

=4 this peak cold
worked, read GR(L) and
GR(L) values
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NSTR i1 NSTR=0 no strain caiculation
=1 do strain eaicuiation

using this peak and {following

=3 do strain calculation

uging this peak and preceding

ALPHAL F10.6 ALPHAl=monochromator angle

TWOH(1) Fi0.6 TWGH(I)=2%, value of first
data point

DTWOH Fi0. 6 DTWOH=42¢, interval between
data peints )

NDP 13 NDP=number of data points
£900

{(HI{D},1=1,NDP) 10F6.0 Hi{l}=intensity daia

{GR{1,), GI{1}, L=2, 8F10.6 IF NACW =4, NFC values of

N¥FC1) GR{L} and GI{L) vollow the

intensity data. The interval
between data points AL must
be equal to VIK,
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" MROGRAM XRAY4D
ANALVSIS Ar THE aﬂﬂansnzna er PowpsR PA??ENN PlAns
N SAL99 g0t e

DIMENSIBN THIH!OUO} ETit909).ETEtOUD).ETS(OOU)aET¢9° ) Hi(908),
1H2¢908) H3t9003,HR(101! MI¢101) ,HBAR(101),0Rt200),01¢108) He00t),
__2cEaRca0d)gPRe0d _JJ__il4ABAELlﬁ_11LiAll1“_MJLBHLlh_ilLEIwi!f_l,_*H

DIMENSION BALG(103) ,00A(101)

DIMENSIEN ALRHA 101|.B!tasiota.0AnMAtlnix ol g

_ DIMENSION EY5(900),p761900),vxc9b0s,v2¢o00) o v

PIMENSION X(908),A(900),xxf30%), vvfiaia.zzc101}.ALPz101).Ensczas)

RIMENSIGEN ET4(900)

_n UFFER{254)
SRR R
BiM 1 TLEL(%), 4
DATACTITLET(4)u2dy - iﬂlil INTENSTYIRS

: l».iﬁﬁf

S ﬂAIjiilILl_iiluﬁz!H_ﬂBAB_igluiﬁﬁﬁui,BAlﬁ )

e A RYA .} .
100 FERMAT (2H10,6)
104 rERMAY (12}

¢

PATACTITLEL (L) adsH ALP VERSUS BAL )
DATA{TITLRZ(L)n24H EPSILON VERSUS BAL H

DATACTIVLEM(L) 524K Auan (+) VERSUS Bal o
DATACTITLRR{L) wS&H FINAL KALPHA lNT!NlITiis AT lnua

102 rerMaT {FB,d)
103 FORMAT (FY 3, P653,F7,3,F86,2,F7,3,F 1)

h.ﬁ_a_;os_;sngjx_4134_,WL,_L,_A,_gﬂm4A %%%%%%%% R e

109 FORMAT(FL0,6)
_ %190

109 FORMAT (432,348)
106 FBRMAT t:u1-25HANALYsIs BF REFLECTI@ON 141203A8/77)

108 reRNAT (1K) i

111 FORMAT (/§731R TRE GRIQINAL DATA PEINTS ARE /7

1121FBR2AT (1EH THOM(L) s FB,¥,2%,13H AND DTWOW w Fg,¥, 2x.11u AND NDP
n 18,27}

A AD=IN VALUE ;
130 FeRMAT t/r110§sauaAL.=sx.!HuntL).1lx.5HH tL:.le.‘

123 FORMAT (20N S BOQUARE, SSMAX m  F10,5///)
124 pORMATY {3DW RAS

113 FORMAT (10F6,0)
111 FORMAY |1iro 1) .

T Y 13N NETA iR :
11& f@RNIT /9 /34M THE FINAL INTEﬂslTY VALU&! ARE 77}
117 FORMAT (/#310W NET IS 187000

119 FORMAT(FAN,§)

120 roRMAY lili,aruwasgrten OF PEAK MAXIMUM, Efatnax_ )
24 reAMAY (3NH PREITIAN BF PEAK MAX EE e
122 FORMAY (BN PRSITION OF PEAK MAXIMUM, SMAX = F10, szzza

1Y16N _3F Gulug_llzzla
i bl e i Sl
-] RAVIY SCG s - ' /'
9RMAT (10W AR Ax_zlliy M

8A_UNDER: PR
128 FORMAY (20W INTEGRAL BREADTH » F1 .a///)
129 FERMAT (13H VARIANCE = E45,8///)
13n4L_RHAI_Jixﬂ_nﬁLilﬁam;_Lxgts///’
134 reRnAT t zou I!AK Haxlnuu p: quc!Ng n

|Pl!c!/lil

133 reRuA? t?u uul ;412.21H  COSORT I8 QGUAL mo.;
134 FORMAT |z|x.3nsantsax.!uan4L:.1sn.suu!¢La.1sx. )

136 TORMAT(8FL0,4)
1;; FORMAT (r!ﬂ.aa

L THABARILY XX, THABAR(L)  //)
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440 yoRMAY {5EM USE COMBUYER VALUES 8F GiL) ¥ - : i g
4% PORMAT i{!l&!.iﬂsiL,izx,SHHRtL}.!UH;SHﬁ!!L&;iﬂx !HﬁRfL};inx.
L Sngleb),a0x 5RFR{L}r1“x:5ﬁFI{L} L0X, THARARLL) 1y
342 romuAT (Fs2.2,9F1 |

143 FoRMAT(FIZ 2;!1! i)

144 rsasa? 1268 53!3;;?55 u;a;snas; uﬂ_s ssﬁf;sz; ;
oLi 44 § . 0d D 1 - - tW, BRINT:
146 rannst (37H CYRRECTED !HTEERAL sas;avu; s:»rc w TLi2,87/77)
1¢?$rsnfﬁ; (i1, 340 SYRAIN DETERMINATION FOR REAKS ,*1¥,su AND
4]

TUUTAAD FORNAT (ARX,INBALIBN IZHABARIL) PEAK 412, 10X, IIMABANCLY PEAK
xitz,iﬁx;inu;:;;-p3ﬂ1:$ks ;isxalﬁ!atztaufif: : .
ABUFFER, 284,

READ L1000, WLGTHM,DWLATH
READ 104,N4
e BEAD SO SN oM Ny
ni;a 133:iiiidiqsﬁﬁdixacléifiﬁidi:lﬁidi sncaa;au&,u;: N
. 8A : o
. sesan
sCL» O,
8Pl = n;
. SELm O,
SHY w0,

28 4 183,84
!li 1] Sﬂi NE S!f%[!!lll}

sB1 = 8BL & SK{1)aSB(!}
scl o SCL & SH{l}eSO{)

— _jniq;_sni_!_sililliniil-
SEl s BE% o SKITJuSE(]Y

4 BHW4 ‘8 BHY % ssiiiasﬂixi N

READ 404, bJK
!fttd&;ﬁﬂ;-t& 88 18 997 _
_ R 40 K PEC,COMP,STATE

PRINT 135?!H1¥K11In L;S?aﬁacanﬂlsrits
READ - 39?,nr:é¥:x '

READ $08,NACW
nEAn L08,N5TR
Mad
nsxn :ns,muausii
READ - lgi;iTKaﬁ

PRINT 4%}
PRINT 1§z¢fuescis.u!wan I NDP
e READ 318, fuicyy,tmt NpRY
BRINY L8345 (Wi(1), 08, NDP)
1F (NACH,BG,3) 3,2
@ CALL Hlxtitrﬂﬁ?utnlxi
LIVElS ﬂﬁtLﬁAX?

3 natza"-’in.;saasa —
¥(iy » €, .
o 08 & 182,HDR o
XCT) E XEgat) & DFWEH

YHING » THONLL)
x5 3 DIWBH _» NDP ¢ %,
e %7 = X% s 2 _
CALL ixlﬁiultﬁci7§Ti§?;133?44$3a:99,;$;;ﬁntiésf§?ﬁ§¥ '

CALL AXISE0440,i0723 X! ,ﬁ,,i,,vnzﬁe;
X o b -~
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ceﬂnEcT;Bu_igﬂ_szAﬂlzgilgngu_¥aﬁsuﬁl_lg__AnfQﬁLﬁA_nmggﬁ!ﬂﬂilgﬂfﬁ__
OF TWOM -SCALE TO ET4 = SIN(TWOW/2) SCALE
RADIAN :# 3,5L4159/140,
XKPACTS (CAS(ALPHALSRADIANSD,)) 082
ne 5 [#2,NDF
5 TWAH(]) =TWaHlloA) + DTHONW

EBRRECTION FGR AT@MIC SCATTERING FACTORS

441893 /(2,0980,) Y/ W QYW )02
ALI 1!(SA:*EXP(:SBiUS)*SCi#ExP{-SDl#S’¢S!1)*EXP(-SH1'S)
s l(SlNitTNGHlNDPi'S 141599)/(2,%180,))/0LGTHI w2
* ns4:sc115121,sn1154151141£x24,sgigs:
AL 8 (AMZAL)en?
pe OldiirHDP

§ HI(J) ® HEC(JIe(ALeZutl, oA/ (NDPeL})
po ¥ Iai,NDP
o WA EHL( )WL, e XKFACT )0 (SIN{TWARC(T )eRADIAN/Z ) )wud/
4 (3 IKFAGVOICOS{?NGHII!ORAD!ANiitlzi
Y s;t (1) a SINCTWOMH(I)eRADIAN/Z,)

[+ Bele]

aan

1F(NRAC,F@,0) 08 % 12
c

c RACHINGER CORRECYION OF KALPHA I[NTENSIT|ES,BACKGROUND CORRECT]ON
L _AND CONVERSI@N TO _EQUALLY SPACED BYA INTERVALE
ET2(1)8ETE(L)
ET2(NDPYRETL(NDP)

NDPMIENDP el
DFPMisNDRME

BT PYRPOT I LAiseLaTiieET Ly T o
ETSLNDP)!I‘r*3-1‘1591HLGTH’*ET1tND')

ET2GI}IET3!I laanETA
8 FTS({l)n(dyn3, 14159/HLGTH)&5T1II)

— ARV HJJHLﬁiutDHLﬂJmn—
MAREd .
AMARSMAR . y —_
OMARES , FANAR
RLOMAR®S s A{ARL#2QMAR)

{1)

ne 9 }w=2,800
ETS(IIWETA([wyl)*RLOMAR
. L IF{EYA(]YeGY EYH(NDP)} GO _T@ 10 o
9 CONTINUB
INETARSO0
—.__R® T8 1%
40 INETAB]=d
60 Te 14
13 CALYL INTERP(EYS,ETS M1, YX,NDP, INETA)
CALL .ARANOBRCYX, YZ, INETA MAR)
CALL AINTERP(RTO,ET2, Y2, MY, INETA,NRTA)
_!Bnlﬂiﬂi4ﬂiiA1,

LR
6o Y6 13

¢ {NE RACHWINGER CSRREGTION )

€ BACKGRBUND CORBECT]GN AND CONVERSISEN YO WOUALLY SPACED ETa INTERVAL
12 gy2¢1) u Briedy ' EAR

NETA ® NDB
NDPMY B NPRsY
e DPML m NDEM1
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DE?l‘i‘igﬁttﬂﬁﬂinﬁfiiiiii&isi
R NpAMNL

eALL INTERP tiwz;s?z.nt W3 NDPNETH)
SLOPE # 1#31NETA}=H3{1}}f{ETEtMETA!uET!iiii

D8 .14 :::;ngf; _ . o
CRIS N ) {I}*H§BAVi-$hi?Ett!T2£!}1E¥2£$1} SRl g,

PRINT iisis?iiilrbﬁfl

¢

€ CALQULATIBN OF PEAK MAXINYM (3 POINY PARABOLAY
CALL nsxzﬁa&ﬁitafunxx; - ,
':uas@sﬁttsﬁ tNﬁ;xaii-a I INMAX 4 Lu (NN xaﬁi

ETAMAN -u !721HMLKa‘%tﬁETA#PNUﬁ/PBiﬂ!i 5
PN '8 4 tﬁ3lNMAX}a3 tHS{NHanSinHGtNﬁkitS)
a3 {NMANST)
stnn; - itttuuaxtaz % ﬂi?la?ﬁﬂf?ﬂitt 5

' _,2--ﬂsinn§x¢¢a

';fi‘

ETAN 5 BTZ(NMAXS2) o nﬁf;aﬁnzpnsi 'y
ETHAX '8 CETAMAX + ETAMA & ETAMIZS,

% NETH
e .58 TalyNET
!?3§I}W! !Titii

NET#IRET:!

PRINY 136
o BRINT i44jtut]y,lad,NET)
_ PRINT 1%7?NET _ . ) :
i E?!i!t 1] t?;i%!t;oa, N T T
1?&&: WaBE:3) 10438 B T A,

19 asTts " Oy /PEAKE
FEAK? L] HtLMAX:

EY4(NET) 8 RTILNET)
pETH 8- tﬁﬁ#tﬁl;;ﬁn g?&(ii!fﬁu&?-ii

89 20 1w2¢NET

AiTY w weipreRaTyO
20 BY&il) ® ET4{fes) o

COFMING CE @MAqLY T L o
x5 gratwEny w g, o SRR U IR
Lﬁ “2 e i . AR

G%LL iXISiﬂtri;;ﬁf'itK e 0 %.:*Mlﬁi;,ﬂi;lﬂf& 3’

ALl ;xnsia,,n.;T!YLEn!: !6;1ﬁ.;96‘;1-;*1::1.:*HF& 2

chaLl RPLBTIaET :

rall: LINE (RT404 NG iirﬁllnr01)
o '_-GiLL’PL!TiX?:i;t#Z’ L e e e
g sgstrl 5 B : -
T g AND v;a;aaee INS » !S!NtfﬂﬁﬂlzifﬂLGYH

THOHM & 2;nistngsfnﬁx}faaaran

. !SHA! - an;xkinax
_Hﬁixsl?ﬁiﬁnixi

iMw Ty

vAR 88, ] .

ET(1) w ERY{Y) -w BTMAX.
AREA '8 AREA & M{1). .
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ETCG L A"’lREA L] ETH‘X
§CG s ETCGe2,/WLGTH
i NET

. . n@ 2% _
ETA(D) :w BET3(]) = ETCG _
23 VAR » Vjﬂwt H(ZJ'ETQ(I!QE??&%&

W oo VARZAREASE, /WLOTHsR, /WLGTH
DELTAS # IBTA(NET)=ETA(L))%2,/WLGTH
e DRMg L /gMAY
BCe # 1,/8¢CG
oHL :® 1 /BTNAX - ETMAX.
i1

PUNCH 1&9assnnx
PRINT 1204,B7TMAX
© PRINT 122BNAX
PRINT 133;38MAX

PRINT 3254E7CG
PRINT 1R26;8C6
e RRINT 427 G AREA

PRINT 13B;BINT

—e.t .. PRINY 129w
PRINT 430#DELTAS
PRINY 434§0RM

E———— 111k i P10 I ‘
PRINT AU TRL TR R Y 1N IT]

"

—..L. m__m__GALﬁULlilﬁNmﬂE_EﬂURlEE_ﬂﬁEFPICIENYS
t
€

c

ViKE2,
‘ Teid}/2

NETWRONETS

NFCLaNFCak

‘CinaNEQL
NG 24 IE1§NET
24 FTACI)IRET(])
‘2% ETANETHETA(NET)
ETALERTALR)

TP1s2,sPR]

PE 26 Lei NFCL

ELul =l

BAL(L)RELeV]K

MR{LINO,
— 28 M1, 3ul,

ALPHA(L}wE,

BETA(L)u0y66606666666646
— —e  GAMMA(Ll)yaR, 333333333333
‘ PO 27 La2gNred
?H!TA!BALlL!*TPI‘E:tDETA/HLGTH .

12/TH574¢-33
BETAtL)!!E.ITHETArl2)-ti.tﬂmsFtTHE?A}!.Z.&INF(Q,UTHEYAl/THETA)

Vﬁ____ElmﬁAﬁﬁAiLl_ik4£I!ETA*12)i(SINFtTHEIAlLIHEIAhgﬂsllTHETA!)
. B8 29 Lalgnred

lRﬂxng!LILQ‘TPIGQ iETli!HLG?H
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sunch--ﬁt51{ﬁ{nsftﬂcasrtansxiuiiﬂz1;-c@s?tinax@x;

“H2N§CG ']
Sii!ﬁi!&l"%!! H{NEY}w ﬁz&! !ﬂgﬁxgﬁ}&ﬁ{i} [ﬂ_ﬂ_ tARGUB)Y )

ey
T k3] AE L téﬂhﬂﬁﬁ

' ARGQBDSEAE!L!!T?!iZ SETACIALIZHLATH
sunzw:ssunannmue:;naesrtaaasvswz

C SUMEN ISﬂniﬁQQHtI g ﬁ!tiaasvﬁﬁ;
z&fsuwants;SEnzntsquziﬂ a-s:urtxsaﬁnai

':*sewhxtztsunzﬁu-a;nn:tL:*suaﬁnzcs
HR(L?!*RE‘R!ET&&ET .

1aE¥att?tﬂﬁﬂiﬂiaﬁknnklL%:!HRQH&S} o .
_MICLISARRAT/BYANRY i T

MRCL) B NRLLI/AREA
o MIIL) ® RY(LY/ARRA

¢ _&NNEALE? REAK, ﬁQLDﬂ&RKEB PEAK TR FoLLOW

733 GBARLL) & MBAR(L)
GINTS ¥ ByNT

34 IFCNAGHINE,3) 08 10 €0

Rﬁii 3ﬂ7:§?§|Vﬁ
: B ‘i FN ‘; :

ﬁri; nras.urcz
FF 8 NF
YyEiflis

fff?f‘@faigitgi e 38

38 BALGLL) ¥ VGwOL
€ALL INTERP(BALG,BAL,GBALGRAR, NEal Nrcly
o Y8 38 |
.38 P837 LuiyNECy
BAR 58

vé!ﬂf 138
n? 3% %liiﬂﬁci

LT




NRL REPORT 7253 29

39 PRINT 135;9!LIL);HR{L’.HIIL) HBAPﬁLilGSAl{LlalBAFtHW
00 e 4

[ +4 . 3 . L

¢ STOKES CORRECTION (USE READ IN VALUES or nu AND GI)
40 IF(NACW,NE,4) G@ TO 43

u__”A_!Eln4114+lﬁaiLl+ﬁllul+L12+NFF11

cRidyud,

Gl‘t)'QQ ] ) o

PRINT $38 :

41 JFINAGCWL,ER,3) PRINT 140
PRINT 143
FR(L) & (BRILIWGRIL) o u:lL:-GItL’:Jcautt»seutLa¢n§

FICLY B (BLELINGRILY » GllL?iHR!L) ;canc yegR{LINGTL 3
_LBABA LLL_[L,L}! i

T ag PRINY 142i9ALlLl.Hﬂ!L)nH!(L).GR(LinolGL).FR(Li;F!ILWnA Ri{L)

43 np 44 (i Nrcl
Ll

 PUNGH 113iBnLtLa.AakntLa
xxegy o 010 -IALIE)

t1)
x5 » xx|~ Ci) » 4,

X7 8 l! L] 25
e YMINE & BRL{LY
CALL -BXISEDy, 0y ¢ TITUEM(]) 24,30,,98
CALL - nstlUtfo.aor-t,x!.olfi,'vntﬂﬂ

AL PLOTIXT 01 e ad)

WOsWENS
)
4% pIN w1,
ne -48 Llaiﬂﬂﬂl
. 48 BIN

T I TYY. ‘
BSINT = 11/D!NIVIK
PRINT L454BSINT )
o BIN®C 3 BINT«RINTSeRINTS/BINT
PRINT 1!5;83NTG
trtusrn-la lw.‘l.ﬁﬂ

rR(NFGl: 1] 0
Ge TE 999

8 IASAVE alM
IKSAVE w1k
138AVE x. §1
sCAs -# SC@
RINTCS n BINTC

___SSMAXS % SSMAX

b8 49 LsiFNFCY

49 ABAYE (1) » ABAR(])
_88 10 999

A

¢
c SEPARAT]EN OF FARTICLE Sle AND STRAN

- 50 PRINY 14741 AVE
PRINT 1105!H8AVE:!K§AVI.ttSAViul”Sl
- CALL :STRAIN ( ps;vi,gagn.sues, Cay

50 51 lsiléNres
Xty = UQU‘tEALll)
v Sy0paLP(1)

BLAAGE LN
T OBL ZUCL) W B0 w ERPS{])
x5 .8 XX{NFC3) o 4,




30 E. A, METZBOWER

X7 s X5 %2, L
-*ﬂlﬁ! ¥ 3*£i$} - ‘-&qrj;-};i'f_'.;v';.

'ﬂﬂLL AXIS(0,, ,;Gr-i;xﬁ 9,;1.:YH!H3325;,iﬁf¢ 2)
BALL . L!NE!X;;E?;&?GE a,cz,c,.i

I ey ] )
eALL X3S0, /0,y TITLRA (], R430, 31,0, E‘ie ¢ﬁ¢§ 3}
c&LL$tx#$i3;;0:aG;aggxﬁlqg,i., TR

CALL PLETS L0, )
68 18 999

_eALSTaPRLRY

CBUBRBUTING MAX LA ML) |
CAX SN, VRLUE 88 ARRAY. A BF CENGHM N B AL e T

DIMENFIAN AN}

lﬂiiki 115 %

59 .1 233:*5 o
a:;&iiiiﬂnm_la

SMALLAJ! £11)

Lel

RE?E*&
!N&

n;nsnsxen *at&n;.?atus:;*acnst,Yetna:

NAL on "Na
NBY iw Ngad

g:a}uia
 geysra,nat
i !f(

1 viz e {?Biﬁaii*ilatziatgtéi?!Yata}tixalﬁniii!itJi?!fitI{&iixlfﬁii3

A ) oy \
e gﬁi ttf‘f k. .kt _ ‘ PR . ) . ¥ i ‘ e
Y§¢41!;y13¢1xsfk*i’***‘J’"Ygs*txatx.l}'x*tJ"iitxttu.i}'xs{k't}}
‘3 NBBG ® K
. RETURN
A END R
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BUBROUTINE ARANGOR(G(FINIM)

€ ‘ . ‘
. fi _ _ MACMINGER CORRECTI®N BY KEATINGS METWOD
¢

DIMENSIBN GIN),FIN)
N - L-!é e
¥NuN
SLGPEICG(N’@G(i!)/(NNul )
pe 1 I!iaﬂ
¥im]
= ‘,y
pe ¥ iJu2l,H
FiJ) 0 Gt
ne ‘2 lmd, gn
JENM = JalaM
IF(JNMLTyd) GO TR 3
R P(J) R FOY) o (Beel)eGlJNM)
'? EENTIRUE
‘J CONYINVE
RETURN .

O ENnD

© T BUBROUTINE ATNTERP (X8,XA,YE, YA, NO (NA)

¢ :

— & QUADRKTIC INTBRPALATIEN PRACADURE -
¢

DIMENS!BN :AfNA!rYA!NA).XB(NBI-YB(NB!

- ¥
nADlAN u §,44499/180,
NBl = NB.» &

ﬂisﬁjﬁmg_ﬁ__
AMULTOXB(E) #£XALL)
3 Jel,Na

e .1 KANBRG,NBY
fr(XBtKlriTy!TJ) A% g2
e A CONTINUR e
2 vyi2 s {YBlkal}t(xs(n)-!TJ!-YBtK)'(NB(K-;}-HTJ } cxn(ua-xstnatai
¥2y :» (VBIK)'&lB!Kt;3;5?Ji-va(Kci:igxatK’-ETJ Yy (xB(K¢1).xs¢K)3
e YALYY w(YE2e(XB(Kel)=ET ) (x8¢ ) 3
¥ NBEG ®# K '
RETURN
__END
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JIJ#

I:uiiitnim:
3E tLNtH¥!!7???778

RE?UEN
‘END
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c

. DIMENSTON A{408),B(3041,EPS(40 01, TITLE

U—— [ -

100 FORMAT(BXgw THE VALUKG. OF THE pAnttcLl c-er~aua \
£01 PORWAT(£13.2,7L0,4)

TR R YT [T INTEGRAL BREADTH FARTICER S1ZE, DINT & Fi0.2//)
104 FORMAT (/48 !NTEGRAL snsanvu PARTICLE 3115. DfNYl’n ri0,8//)

{334 1
urc; it WEQe§
P-4 .Lug,BFCL

BAL(L) 'm RLeVIK

vl 5 ALOGIA(L))
(L))

xi:m i §0Qsyad

X2 -,ucaz.-a

XZ » txitrsaxlnYﬂl/:xa-xll
1F{BC,GT,9,) lPS!L!ugnﬂTGBC)/(SORTGZ Iy, 141!9*DAL{LI3

IF(BC 07,0, . AL!(L).!gp{x‘) e
!F!BG‘LI h,}. ALPtkﬁ;s A¢L;

PUNCH 1!0
PUNCH 100

8 2 uu‘inrut . J
runcH L81gBaLely aLmeLs

DI " i
DO 3 lenﬂlcl

DlNTrl V1K » B!
_lRINT A93g03N :

UINTH!SX/III&;B!tassa . a;&aa[?tsss)
EPSP u1 snRTtlliaataa(pxanalillsxld,;’-100

PRINT 19:,:93!
A(NFC) » 0.

‘LP[N!G;’ . ] U.
ERS(NFCL) = 0,
RETURN )

END




Controt or Data Cards

NFC
IH1, IK1, 111, IL1
AAl

(BAL), Al (D),
I=1, NFC)

Appendix C

Program SEPARATE

Format

12

4i2

F10.5

Fi12.2,F15.4

34

NFC=number of Fourier
coefficients

IHILITIL =(HKIL) Miller-
Bravais indices of Peak

AAL = 1/d]

BAL= 1"163
AlL=Fourier coefficient
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PROGRAM SEPARATE
DIMENSIEN ALCLOL1),A20101),A3(101),440101),A50101),A56¢63013,4A7(101)
DIMENSTAN AB{101),A9(101),A0(101)
DIMENSIAN B1¢101Y,R2¢104),B3(101),R40101),85(101),R61101),87(101}
DIMENSION BB(101),R9(101),B0(10¢)
DIMENSIGEN C1¢ic1y,Cl¢1n1y,C30101),040101),05¢101y,r6¢101%,C7(101)
DIMENSIAN CB{1913,09¢1011,C00201)
DIMENSION N1¢1013,01¢101),03¢101),D40401),N58101)y,n60101),070101}
DIMENSTAN DE(101)3,NP9¢1n1),000101)
DIMENS 1@N DD1(101).DDI(101) DO3¢tot)sDT4¢in1y, ND5(101),DD&LANT)
DIMENSTGN DD7(101),008¢101),DD9¢101),000¢1N1}
DIMENSION w(100>}YI(100)}DEch100>.8(30).89c30!.Tt30!-ST!lG)
DIMENSION €2¢11),50(11),A1(¢30,30),%1(100)
DIMENSTIEN SM(10)
DIMENSI@GN STR1{101),5TR2¢101),DSTRL(L0LI,DSTR2¢101)
DIMENSION STYR{30Y,AYK(101),8YK(1D1)
DIMENSIGN APAR(101),RMSSTR(191)
DIMENSIBN STRAINCINL),PARSIZ(101)
DIMENSION XK(L101),YK(ln1l}
DIMENSTIEN AVSLO(101) ) ABAL(101),584L¢101)
DIMENSIGN ABUFFER({254)
DIMENStGN SLAPE(LCL)
96 FORMAT(IZ}
100 FRRMAT(412)
101 FORMAT(F10,5}
102 FORMAT(F12.2,F15,4)
103 FORMAT(1Hg,5%,s THE HK!L VALUES ARE %,412//)
104 FEGRMAT(SX, % THE VALUE ®F 1,/D(W<ILY SQUAREN 1S «'F10,5/7)
105 FGRMAT(SX,s THE VALUES gF ABAR aRZ =//,(10F7,4))
104 FURMAT(SYX,% ThE VALUES OF THE NATURAL LOG BF ARAR ARFE %,//
101%,10F9.5))
107 F@RMAT(1W1,2X,* BAL *,4X,» STRAIN »,6X,% SLEPE *" 7%, PARTICLE §17
1E »,//)
107 FORMAT(1X,.F6,1,3%,F10,6,3X,F12,8,5%,F10,6)
109 FERMAT(//, 4X.'Lu.4k *BAL*.3(6X.*SLHPEr ex.-unn S1ZFeY//)
110 FORMATL//,3X,12,2X,F5.1,3(2X,E45,7,2%,F6,1))
111 raamarcsx,t THE VALUF nF #C#2 IS »,F10,6//)
112 FORMAT(//,2X,% DNy = *,Fqg.8,% D02 = *,F10,6,% DNY = %,F1pg,6s% DDA
1 5 #,F10.6,% DD5 = #,F1Q0,6,% DD& = *-Fiﬁ 6.- DN7 = «,F10,86//7)
113 FORMAT(1Hg.,2%X,* THE DISTRRTION CAEFFICIENTS ARF t//.!lOF? 43
114 FORMAT(//72X,* THE PARTICLE SIZE COFFFILIENTS ARE n/.tiﬂF?.d}}
CALL PLETS(ARBLFFFKR,254,18)
HOUT=wq
READ 99,1.K
90 READ 99,N¢C
NOUT=ENAUT L
NFCeMNFC#+4
READ 100, 1H1,1X1,111,181
READ 101,441
READ 102.¢8ALrl) ALtY), 1=1,NFCY
PRINT 103, IHS,IKL, 111,108
PRINT 1p4,441
PRINT 105.(A1(1),1=1,NFC)
READ 100,1M2,1K2,112,1IL2
READ 101,442
READ 102:lBAL(I)|A2‘I)|131lNFC,




36 EA, METZBOWER

08, EAZ0LI R0
READ 100,IH3,IX3,113,1L3
READ 101:AA3
READ 102; (BAL(L), 3010, Lo, NFC)

-7 then

CIPRIRT 308, (ABLEY) IRLINFC)
READ 100, 1H4,1K4; 114,104

READ 101,444

SEAD 02, (BALLLLAS(L) |

READ 1005 1H5, K5, 115,105
READ 101, AAS
READ 102, (BALUL),AS (L) 103, NFC)

READ 100, H6,1K6)116;1L6

READ 101,4A8
_READ 1@2.;3&;%1;;&%({1;141 NFC)
s B tas

Do i ';-1'.NF |
BBAL(T120,085686665670BALYLT)
Aﬂrl;xtp *A4CE)

kP!gI}-ze;155§i§
AFG%!}IiU !Aét!)
ALEL)

Bkt kol s N¥ oy, & 8
CalL LINE(BBAL AP NFC i, =4:0,,0)
Calt LINEEBB&L;AP&;NEC el 0400

4 NFC _

EALL PLerciz;.u.;w3>
D8 2 lei,NFC
Eifx} 3 Lﬁﬁ?;ﬁii!}}

TBS(I) = LGGFEASI]))
B6(]} = LBAFLASLI))
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PRINT 106 ,| (BIC]Y,Im1,NFE)
PRINT 106 ,{B4{I}.1ug NFC)
PRINT 3106 __Estlij !iJNFEI
PRINT 106 B&({1),1=1,NFC)
XJt1) = AAl
XIt2y = AA2
XI1¢3) & AAS

Mx¥ § KMmi & W80 § [SWmd s:‘gp,é_'=
Do 3 L=i,NFC ) : o

SM(1) = BL(L)
SM(2) = B2(L)
SM(3) = B5(L)

CALL LSQPBL (M KM, IW, TSK,LP,S1GMA, xx.sn,w.?: BELY:
1A1.8TR)

_"PaRSIZtL) = BXPFB(3)) - D 2.

SLBPE(L) = B(2)
STRAIN(L) » «SLOPE(L)/(19,7392088+BAL(L)#n2)

PRINY 107, BALlelsTRAIN(liSLBPEIL)

3 CONTINUE
uﬁ__,_u_ﬂﬂ_i_klllen

PRINT 108, BALcLJ.PARS:ZtLJ

APARC(L) = 103,*PARSIZ(L)

4 CONTINUE

6 CONTINUE

B 6 L =22 NFC
RMSSTR(L) ® 1000,#SQRIF(ITRAINILY)

RYF(AAZ)

PRINT 111,0C
ADY = 1,/SQRTF{AAL)
_AD2 = 1,/SORTF(AAGY
A03 » 1, /SQRTF(AAY)
ADd = 1 /SGRT fAA43

AQS = 1, /SGRTF{AA&)
PRINT 112 ADYL,AD2,AD3, 4D4,AD5,A04
CALL ORDER(PARS[Z,NFC,MM)

IR IR L

D& 13 Is1,NFC
01¢I)uEXPF¢AAL*$L@PE¢
CICIYnEXPF(AAZELOPE(

C3([)=EXPF(AASHS| APk
C4tII=EXPF(AA4wSLEBPES
CO{[J=EXPF(AABASLOPE(]

{
L}
I
[

. Do {4 Y=i.NFQ - -
DDi¢1) = 10,0 » Di(i}
ODI¢I) = 10,0 * Di(l)}

- BU3(!) = 10,9 * D3(])
DD4(I) » 10,0 = DAL}
POS(I) » 40,0 » P5(]).

_ D51y s AS5¢13/C5¢1)

CO(])aEXPF (AAGHSLORPEL]
DICLY moALCID/CALYY.
T : 1 N
D3LLY) £ AJ(1)/C3LD)
Dafl) = A4¢ly/C4¢])

A

D6tl) w AGCTY/CHLT)
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BO&{L) & 10,83 » 55‘1! S L . . :

&4 CONTINUE :;lfﬁ nﬁ.ﬁ;}”z;jbi‘_', S S e i e s ot
CNFRNFCey e h ' AR A A SR e
CALL AXIS(&,;G;;3H L l’sliﬂtlﬂili:!&}!15!I4HFél2!

CALL Ag;s§a,,a,,12H RHS STRAIN 4 124400490 (1,10,:.001,4H4F7,3)
RMSSTR(E!;NF;LJ;Q L.'H _ - - -

Lo COALL FL&Tssﬂ;ﬂ} - R . ‘
A CALL ?Lﬁ*iiﬂﬁpﬂgt'ﬁi C
-—5A“f_~§§%§.§¥15$ﬂ+4ﬁ+42&3_ﬁaﬁllnhi,ﬁilﬁ_ﬂﬂﬁﬁﬁlglﬂs!42541344£ﬁ44i44ﬁ44xis;__m-______k__
i
CALL AXIS(O,,0,,38 L ,#3,10,,0,,1,,0,745,:40P6,2)
Call LINE(BBAL,DDA,NFT 91;“1 HEWE
CALLY LINE(BBAL DDA,NFC 11y otaD, 01} S ' SR
L SALLULINE{BBAL,DD6.NFE siﬂigﬂu%} S m e s e
S e CALLTLINE(BBAL ARMARNES, L ndn0 10 : A R R e A
CALL STEPPLET

END
: T SUBRBUTINE MAX (A,N,L}
:: L DIMENSIGN A(NY - . oL L o LR T
wi o BIGA moALRY. UL o Tl e UL U PRI G A SO v+ 4
L o? 3
D8 1 1=2,N
_f__ﬁ,ﬁ_1£131114LE$EL§_1‘Gs ?s 1 _ : : . : -
B!GA =AU ] o ' s = '
._m____i_ﬂﬂﬁllﬁuﬁ ‘ i
RETURN
END

. -BUBRBYTINE ﬂﬂﬂﬁaiﬁtﬁiai : _
CDIMENSION AGN)

BlGazarly
be 1 1=2,N
1Ftatly, GT BIGA) G@ TB Z
TR IBARAC _
T ) %G! T
lm_;;_ii_ﬁﬁ_Ilﬁﬂﬁﬁ;;__
Gg 18 3
2 L=l
3 RETURN
BND
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SUBROUTINE LSQPEL (M, KM:!N:[SN LPISIGMAIX,
18C,4,STR)

P2, N-V.DELY.BpSE.T 57 CI LSGPL

CeRRECTED APRIL,1964

R I
c
c M@DIFIED 8CT, 16,1964
9

F60, F62, F&3
DIMENS]ON - 8300,

X WF201000758% ¢
L F(L00),PMC00),

B{30),DELY {4
1)

(190
100
ﬂiii

!D’,

30) ;S 130 o
Q0),Wta00), - -

)
P{L00),
B ZAjgﬂliﬂlJtlﬁgljiigﬂﬂlla 11
DIMENSI®OND(11,31),C(11),5C114
DIMENSION STR(3Q)

1uK=0

SCl11)

LL=0
9 FM=p,0
__A(S,1)s81,0

A{2,2)=1,0
FuaR=0,0
e .. XBAR=Q,0

pe10t=L M
!F(XH}1009|101011009
2010 W2ei,0 .

Wwilyel,0
GETE101L
_..1009 W2=SQRTF{W(]Y)

1011 FHMeFMau(l)
Fel)sW2uF2(])
e PMUIN e M2 .

FEARSFBAR+F (])ePM(I)
10 XBARSXRARSX([)&PM({])ws2
e XEBARIXBARAFM

slbrias v
LSOPL 23

T(L}»FBAR/FM
A(2,1)maXBAR
— . PXFwd,O .

PXF=z0,0
pDe20I=1,M
P(lys(X{])aXBAR)}WPM(])

LSOPL 28
LSOPL' 29

T PXFRPXFeP(L)eF (1)
20 PXPaPXP+P(]}eP(])

e YL2)=PXF/PXP — — . £ 1r1 ) it
PHXPMZFM LSOPL: 34
S{1)=PMXPM LSGPQ

KMEKM+1

BL)eTC(L)ealL,1)4T(20%A(2,1)

B(2)sTt2)spl2:7) . LB0R) 48
_______ 60 D0 490 Ke2,KM T . .. AR :
IF(K,GT,2)65,165 LSQPL 40
65 xPXP-o i LSAPL 41
XPXPMeQ 0 - _LsOpL 42
B(K)ID.O .
DaToJad ¥ f .
e XPEXUISPG]Y o bl -1 il | KRR
XPXP=XPXP+XP#P{J) LSOPL 46
70 XPXPMsXPXPM+XPepPM(J} LSGRL 47
ALPHA=XPXP/PXP _LSQPL 48
BETARXPXPM/PMXPM ”.sapt?aq —
PPXFEO,D
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PPXPPa0, LSERL §1
DRI YAl , LSgrl, $2
8% Plamely - L - I LI -
81 PLIynX{])oPToalLPHA*PT=BETAsPH(]) LSOPL B4
B2 PRYFaPPXF+RP{1)eF (]} LSQPL, 55
83 PPXPP=PRXPReP L] 1P L) L3GPL 88
90 PML]IRPT LagrL 87
(K} #PPXF /PFYPP L3QPL 38
PHXPMEPXR - LSOPL. ¥ o
RXPaPRXPP L3IGPL 60
AR, L)mahAl PHARA{K~L 1 1~BETA«A(Ka2,1} LsgPL 4%
o kiR, Kal)BA(Kel K2 A (K, Kt ) eALPHA LSOPy &2
A(K,Ky2d,0 LSORL A3
1F{Ka3!153;153:$10 Lsnﬂg at
B30 KinkeZ . L
BB120122, K1 LSQPL a&
120 A{K,11eAtKad, inat=ALPHASA{KnL, [ 1aBETA#A{Ke2, 1] LsarL &7
150 DeLsnlai,K LSOPL 48
$60 BOLIwBI1Y+TIKI*ALK, ) Lsepl g
465 §16290,0 Lsa?;% 8
- peiBOIsiun -
Y(1)=sPBLYEL(XC(T},K,B) Lb&?t ?2
175 DELYCL)aYelyeF2(]) LSQPL 73
160 S182sS1G2+(DELY (1) w2 mwt]) LGP, 74
SIGZRSIGR/FLOATF (M=K} Lsgpl 75
§IGMA=BQRTIF(S]IGE}Y ts&!h &
BiKy & PP .
NEdselel K LsQPh vé
439 STCI)=SIGMA/SERIFISLIN LserL 79
DE50find, K LSSPL 80
SB(lyeD,0 LSOPL: a3
DE500Jn K LSORL' 87
A"uhﬁﬁﬂh5&111_§ﬂ¢11#1_1gLiLEMILQLLF#EAM . Lslpi 8y -
501 SBC1Y=SGRTF(SB(IN) LSOPL 84
1FtLP)658,183,6B8 L3OPL 83
658 (F{Ke2)652,651,652 LsapL 8%
854 Dit,37e1,0 Lsarl- 87
ﬁtz,i’}ti;ﬂ hEQFL .13
e DiB,10w0,0 e
Dt3,3)=3,/72, LsaPL 33
Hed,2rs0, LSOPL 94
. Dt3,t)se1,/2, I LSQPL 9%
Did,d43ad,/3, ) L30PL 83
Di4,3)88, LSarL 94
. DiA,2)wa3,/2, _ Lagel 98
Di4,1)=0, LSOPL 96
0(5,5)835,/8, LSORL 97
e D5, A2, LSOPL 98
bt5,%52358,/8, LSQPL 9-
Dt 2380, '
Pi5,4)n3,/8, -
Di6,6)863,/8, LSaPLLaz
D(6,5)=0, LSORLLGS
D(&,4)2070,/8, LSUPLAA4
Db, 80, LSOPLLES
- L3oRLLDS

Dih,2r=15,78,
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D(7,7)8231.,/16,
ble, )=,
D(7,6)s0,

D(7,5)ce0315,/16,
D(?lq,=0|

.D(7,3)=2105,./16,

D(7,2)80,
D(7,1)=35,/18,
D(B8,8)k429,/16,

‘LsoPLiie

D(B,7})a0,
D(B,6)Ec693, /16, LSGPLALTY
 D(8,5)=0, _ . LSGPL118
Did,4)e315,/10, -
D{8,31s0, ; v
e D(B,2)=c3G, /106, 1 .” '»=
D(H,1ye0, LsOPL122
G(9,9)c6435,/128, LSGPL123
D(9,8)=0, LsnPL124
D(9,7)es12012,/128, SOPL12%
D(3,6)a0, SqeL1R6 -
— . DI19,8)26930,/128, T LINEYE
D(9,4)=0, i LSQPLi?B
D(9,3)2c1260,/128, LSQPL129
N D{9,2)e0, _LSOP{ 13D
D(9,1)%35,/4128, ~hstrLas
Dc1o.1n)-12155./128, el
S " D{i0,9)%0, SOPLAYS
D(10,8)=s~25740,/128, LSOPL134
D(10.7)=o, LSGPL135
o D{10,6)=18018,/128, _LSQPL1%s
D(10,5)x0, o, WBORLAXY
D(10,4)%r4620,/128, . Lseplise
nei0,3120, LN LT ER
P(10,2)a315,/128, LSAPL140
D(1041)e0, LSOPL14y
D(11,11)=46189,/256, Lsopl142
D(i1,10)=0, - LBAPL
D(11,9)wl0939%, /256,
ne1t,R)m0,

| LsoPg14s

D(11,7)=90090,/256,
g:il'g,gﬂéeoxu /256 LSQPL:;;
1 1Ew o 1 S_Q_E_
Di11,4)80, )  LBOPLL49
D(11,3)63465 /256, o Jp;LBQPLQ'B
D(11,2)e0, T
D(11,1)=rb3,/256, LsoPL1n2
DE 650 181,121 LSOBPLL8S
____650 BMtI)sD, LSAPL154
652 DE700IIsy, K < LE0PLLES
Jekalleg .84P 1§6
YaRA=(,0 &_Laﬁg
[1lskay LSOPL1SS
1Feillyro2, 701,702 LSOPLLEY
702 DE?03IJJ=L, 111 LSOPL
JKEKrJ et . ‘LhsoPLLAY
703 VARA=VARAD(JK, J)wBM(K, JK)

JSQPLEQE
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701 BMIK,J)8{ALK, J)-VARA)IflJaJ)
’ lr(x-znrbo 794,7ao o wl
4

700 CONTINUE
70% De7081=1,K
C¢l)=0,0

SC(l)s0,d L
D6707Ju} 'K o
c(l AJLLL_ILil_____

707 SC(1reSCtI)¢(BI(Js1)eST( I Ie02 T LSOPL172
708 SC(])=SQRTF{SC(1)) LSQPL173

163 CONTINUE - Lsgztizi_mvwm
IBLANKS=1H - | " S - LsaPLLYS

D8 1100 Isy,K
NLEINLTS

STR(1JK) = B(I)
1400 CENTINUE

492 PR] K 1.%) £
1 FBRHAT(41H1C@EFFlGIEN1$ oF: 7:aaasznxa51c AND ER&QRS//(S{A;.SHBtIaatsﬂPLl_
12H)SE1%,7,6H ﬁnRQsE;ot§~ EToTy o m o sk tsc? 118
185 PRINT 186, Se1dr41) LK) sopl1de
186 FORMAT(BHQSIGMA =E16,7//45 caerrlczsmfs QrF v-71-91¢72tP2-ETc AND LSOPL180
1ERRBRS//(3 (AL, 2H7<!¢.2H)-515 7464 ERRTEELD,3))) Lsnpg1a1
IF (LP)187,670,187 _ 8
187 PRINT 188, (18LANKS,|,C{1),9C{[1,i=1,%} L4
188 FORMAT(23HQ LEGENDRE‘?UWX:QQAALS/tﬁﬁ CQEFF!GIEN¥S ev YscttuatcaﬂLLiaPk;Qi .
12+ETC AND BRRER AL ENOEIQ2N)%E1S, Y, 6H ERROELD,3))) L80RLAAS
870 PRINT 2,¢1,X¢}), thx).Y(!>.nELv<!:.wc1) 1x4,M) LSOPL1A6
2 FGRMAT(A7HO 1 Xt Fel) Lsapg187
137HY(]) DELY(]) Wel)//¢]16,8E46,7)) ap
190 CONTINUE ) | Lsewgasﬂ
211 lF(]SW) 210,220,210 i o _ ,gggpgtgg :
) 0 DE215Tw2 KM i . T SR R sk ST, s . || A% § § N
215 PRINT 5,1, (ACT ) d51,1) LSOPLLG2
% FORMAT c29Ho aRTHeGaNAL POLYNBMIAL COGFF LSOPLL93
16HFBR Kx15//(BEL5,6)) PL®
220 KMaKMay Sy LBOPLASS
RETURN -4{;L30PL1§6
END _

TUNCYION rn;vgttx.xvis
. DIMENSIeN B(30)
10 $s38(K)

LSOPLR0L
LsaPLanz

KKEK=1
20 DO 40 Imy,KK
30 lK®sKe]

40 SsXsS+B(IK)
POLYElsS
‘30 RETURN

END




