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A COMPUTER PROGRAM FOR THE SMOOTHING AND DIFFERENTIATION
OF DATA FROM MULTICHANNEL ANALYZERS

D. J. Gorman
Lawrence Radiation Laboratory”'

University of California .
Berkeley, Callfornla 9h720

In the 1nterpretatlon of spectra-taken on multrchannel analyzers it is
frequently helpful espec1ally 1n cases where.the statlstlcs are poor, to smooth
the data in order to reduce the statistical fluctuatlons.

When presented w1th such a spectrum one would normally draw through the
points a smooth ‘curve whlch best fits them. This can be done numerically once

we define what We mean by best’ flt._ The most common crlterlon is to minimize

~the sum of the squares of the re51duals between the actual and fltted points.

This method has been described by Sav1tzky and Golay who fit a poly-

nomial over a range of (2m + l) data points and use that to evaluate the smoothed

value at the:mid-point. The data points taken are then shifted by one, dropplng

the point at the‘left and picking up one at the right. This process is repeated
to cover the entire spectrum.

Upon doing one least squares analysis one obtains a set of coefficients,

~one for each point over which the fit is performed. The value at the mid-point

~of one interval of 2m + 1 points is found by summing the products of the counts

in each channel and the particular coefficient for that channel.

+
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where the 'Yi+j are the counts in channel i + j, the"Ci are a set of con-
voluting factors and Yb is'the best calculated value for the number of counts
in channel j-; J is an index which rune over all of the channels in the spectrum.

The main part of the least -squares analy51s of Sav1tzky and Golay is

reproduced here along with some correctlons and addltlons

-Convolution Using a Least Squares Procedure

A set - of 2m + 1 consecutlve values are to be used to determine the best
least squares fit. through the values of a polynomlal of degree n<2m+1l, The
'polynomlal has the form:

. n M M = = o
- ' k _ . 2 .n o
--zz bnki = Ppot bnll gl * : cor byt ) (1)

k=0 ‘

The derivativeS'Qf'this polynomial are

ar _ . - - I |
= = bni + 2bn21 + 3bn31 + + nbnnl (IIa):

ml
]

b, + 6bn31 I s n(n—l)bnnl : ‘v (ITp)

Sty . : ’ -~ (IIe)
The value of i ranges from ;m to +m, and ‘i 1is equal to zero at the

central point of the set of 2m +-lvvalues. Therefore the value of the sth deri-

vative at the point i = 0 is:
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YEE AN ' PR |
] . = slb =g R G _ ©o(I11)
.S - - ns ns
ai” Ji=o : v _
where

5= Puo = 2no (1ve)
dr

& =Pl fm (1ve)
dgfo S

—-=2b ,=a, . (Ive)
di _ ‘

The least squares criterion requires that the sum of the squares of the
_differepces betwéen the observed_#alues, Yi and the calculated ones fi be a
minimum.

+m

wme | ) e "0 W

nk |y = 'n

Minimizing with respect to b , we have

0
~ #m :
9 L e n o2
% = | Z (b o+ b 1+ +b i -y.) _ (VIa)
n0 | . .
L1 = -m : .
+m
. ; n
= 2 zz: (bno + b i+ + bnnl - yi) = 0
1= -m

Minimizing with respect to bn we have

1
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+m : v
-9 : . .n N2
D R T - g
o - (bno +b i+ bnn; _.yi) | (VIb)
nl :
. i=-n
t
=2 (bn0+bn11+. R .-_annl —yi_)]f =0
LT m :

3 | - ‘ .n 2 :
emet—— ' : 3 e e e o s &4 -
ob_ -z: (bnO * bnll * _ Prnt yi) : (Vic)
nr ! : o : . .
i= -n
.n r
=D Z (bno +b 41 + bn”r; - yl)l =0
+m [ n ’
.k r _
2 Z Z bnkl ¥ (1 =0
i=-m k=0
+m on +m
NG o ' . T
E: E: Pt F ¥it > : (viI)
i=-m k=0 i=-m '

r 4is.an index representing: the equation number which runs from O to n.

“Since: bnk is‘_i_ndependent of 1 we can write the ééuafion as
n ' +m , +m s
L ©oLk+r r
[ ] : 1 = = F
Z Pnx z * Yt r
k=0 i=-m i=-m



or
n o
et
bnk vsr+k Fr
=0 '
" where
_ +m
i} Tk
ST"‘k i
i=-n
and.
. +m .
k) _ - T
Fr ,— iy
’ i = -m

When r+l§ is od‘d‘ Sr+k='

S

4

r+k

UCRL-19903

(VIIIa)

(VIIIb)

(VIIIc)

exists for even values of r+k only,

the set of n+l equations can be separated into two sets, one for even values of

k and one for odd vslues.

Note: In the paper of Savitzky and Golay this is ,gi#en as Fk’ when it should

be F'I,“
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_ For n even the secular eQuations VIiIIa are

y [ sp o+ - P P
v - S0Pn0 * Sobpo ¥ SyPny * * Snbnn _,FO
| SPno *SWPa2 *SePan t T T T T T Y FuePin T T2
(IXa)ﬂ »’ _
.Suan +'861_)n2 + SSbnh toee e 0 4 Sn+hbnn = Fh
: \SnbnO f sn#an2v+ Sn+hbnh toeorsn 0 # Sgnbnn‘= F
( Sanl.f Shbn3 +'86})115"" ottt Snbn;n;l i l‘= Fy
S)-Lbril."" S6p_n3 + _S,Sbns S o + Sn+2bn,n—l = F3
umw . -
' S§bn1‘f SgPn3 * S10%n5 * "t §n+h?n,n-l = ?5'

. : + o
\ SnPa1 'n+2bn3 * n+hbn5_+

For n odd they are:

( p | =
S0Pn0 * S2Pn2 * F4Pny * * 511,01 Fo
S2bn0'+_$hbn2'+ Sghay ¥ 7 7T 0 Sn+lbn,n—l . =¥

: (IXC)ﬂ o | _ ' L
Shbno + S6bn2 + Sanh + - + $n+3bn,n—l = Fh
S < 4+ S =

cy 4+ . L .
\Sn-lbnOv,-Sn+1bn2 * n+3bnh * _ 2n—2bn,n—l Fn--l



(IX4)

[ Sébnlv%,SMth * Sgbps * t 0 B Sn+lbnn
Shbniv+véébn3 + Sgbpg + 0t ',f * S 43Pnn
S§bnl f;S§5n3 + Slo?nE + Cee et Sn+5b?nﬂv

\Sn+ibr;1 * ?z;+3bn3 * SI:1+5bn'5 Feorronw Sar'lbﬁn

The convoluting factors are the ans(= s!bns)' and

- solve the secularfequations (IX).for the_bns.

For a third degree polynomial (n=3) the secular equations are:

Solving

Example

Sb. +Sb.,=F

0730 © "2732 T “o

SaP3g * SyP3p = T

Spbgy +. 8)bgy = F

Syb3y * Sgbzz = Fa

for'thefcoefficients b we have

_ TSy = FpS

SOSM - S

30

32~
. Sosh -5

UCRL~19903

0
vxj

to find them we must
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30

32

31

Py - FS),
8286 - Sh
F382 - Flsh

' 2

+#1=7. Then from Egs. (VIIIb) and (VIIIc)

T, 8, = 28, 8), = 196, S6 = 1588

NS SR PR A TR P 8

-3y, - 2Y -Y ,+>Yl + 2Y2 3

"3 2T + 3

9Y .+ by 4+ Y _ + Y-l f;,wz + 9Y3

3T Mt

?TY_3 -8 ,-Y * Y, + 8Y, + 27Y,

555 [196Fg - 28]

s L . _ o, , ;
Zohs [1588Fl - 196F3] = 15"1‘2' [397Fl - )49F3]

UCRL-19903.

3 . |

ggg,[-56y_3 + BUY_, + 168Y_, + 196Y, + 168Y; + 8hy, - 56y3]
1 2

.ggg'[7F2 - 28F0]

g [35Y_g - 21Y_; - 28Yy - 21, + 35Y,]
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P31 = 1515 32,

3~ ho2y , - 3h8Y_1>+'3h8Yl + h02¥2 - 132v.]

a1 1. o
P33 = goug 1283 - 1967, = 3555 [7Fy - bor, I

_ 1 kv oy
= 1515 [-MQY_B + hzy_ yzyl hgxz + h2Y3]

2

+ hay 1

From Eq. (TII). ﬁhe value of --thé s'th derivative at the point i = O is given by

a
ns

2z, =‘p309=—o.0952uy_3i+ 0.1k286Y_, + 0.;5571¥_l ;10.33333YO_+ 0.2857lil
B + 0'153?6?2_‘,0'0952h¥3wf
ay §,§3i1;0;08730Y_3 - 0.26587Y_, -_0.23016f;l + 0.0%, + 0.23016Y
T 0.26587i2- 0.08-730Y3
a =.2b = 0.11905Y_3.-‘0.07143g_l.- 0.095238f0.-'o.071h3Y1 + 0.11905Y3

32 T 732

a33u?,6b33 =-0.1666TY_, + o.166§7y_2 + ¢.1666TY41_f 0.16667Y, - 0.16667Y,

+ 0.16667Y3»

The coefficients of the Y's are the convoluting factors which give the value of
the s_th derixfati_ve at the point i = 0. They are given in tabular form in
vAppehvdix B, ﬁhére N=3, M= T. As ‘an example of the use of these factors take

- i-8)2 '
the Gaussian array Y, = 1000e 0.09(1-8)% ;1 rapie 1.
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Thé_smoothedvvalue at i = 6 is given by the derivative of zero order.

?6 =»-o._o95238Y3 + 0.1L4285TY) + 0.28571MY5 + 0.333333Y6 + 0.28571uy7
+ 0.1L285TYg - 0.095238Y, = 700

The value of the first derivative of Y. at i = 9 is given by

Yé = 0.087302Y6 - 0.265873Y7 - 0.230159Y8 + 0.230159Y10 + O.265873Yll

-‘0,087302Y12 = -153
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Table I. Effect'of a seéven point. cubic convolution on a Gaussian

i Y. First ' Second -  Third

' . T Derivative ~ Derivative Derivative
Actual - Caléa Actual? Cale - ActualP Cale ActualP Calc

1 12
> - 39
3 105  Vv,'

y 237 2'253. o 80 L8 -y -16
5 b5 462 2b0 237 50 1k -60 -51
6 698 700 251 2b0 =35 k2 -103 -70
T o1k 8k 165 153 . -135 . -9 8y 51
8 1000 970 0 0 -180 - =119 0 0
o o1 89k - -165  -153 135 =97 gy 51

0 698 00  -251  -2ko 235 k2 103 0

1 hhs Cuee _-éhd 237 50 1b 60 51

12 237 253  -1m 17k 80 :'he SN 16

13 105

1% 39

15 2

®This is the émbothed value of Y.
Prhe actual values are calculated by differentiation of the function '

. : : . 2
Y = 1000e” o.og(q_- 8)<
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Tablé7I;iistsvthé value of the furction Y., the'gmcothedrvalue, and the
.first, sécondvéﬁd;third dérivaﬁives. They are plotted in Fig. 1. The deri;
Vativés.are uééfﬁl in computeriiéd peakVfinding'routin¢s (1, 2, 3).

| A combﬁter-program has been written to calculate these convolution fac-
tors for any'dégree of polynomial and taking any number of points. Appendix A
contéins.a listing of the program-and explanation as to its use. Some tables of

the more commohly'used convolution factors are given in Appendix. B.

Repeated Convolution

We may wish to perform two or more convolutions in succession. For
example, avsmobthing using p pbints with a polynomial of degree n followed by
a differentiation:ﬁsing q points and a polynomial of degree m.

For the first convolution,wé havé

8 : C
ate | -k
i ‘ o n
Sq- ! ° . s
l 520 1 ns, ns, oo isyd

di

(Sl)

i .

to produce the new array Y

For the second convolution

s . .
s 1 +q
52 ¥ a 7L, . }Z: o Y(sl)
;%2 \ a1 | 1=0 =0 3 54 3sp
+q +D
_ m n
- st ClS i+
2 1 Y
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+q +p
m n
= ¢t ooy, .
‘s . j52 8 *J
j=-q¢i=-p
If we set h ='i+j then we have
rtq -
aﬁs"ms' = - thh where ,
12
b = -(ptq)
e ) G, ey
. LR

where the sum’is

-qg < jSq, —p

J i

over all values of i and j such that i‘+ 3

i <'p.

= h and

UCRL-19903

(x1) -

(x11)

As an example take the case: where we have a five p01nt'

quadratlc smooth followed by a seven point convolutlon to obtain the quadratlc

first derivative..

C_, =
, c_l_=_'o;3h286 _ ‘ : S
C, = 0.48571 c
c, = _b.3h286 o } 65
c, = -0.08571 )
oy
o S cy
d g =C_,Cly=+ 0.009183
a,=Cpc',+c_c'=-0.03061

-0.

08571 ' c

NI R

Then p = 2, and g = 3, and we have

_0.1071k
-0.071L3

~0.03571

0
0.03571
o,o71h3

0.1071kL
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- - 'l ' : B '. : ' = e
d3=C_,Cly +C Cly+CHCly 0
) _ : LI 1 Nt
d__2 = C;z,co + C__l C_l+ C0 C_2 + Cl
= [ ! ' 1
a,=C 0 +C cl+cyc! +CC
= o L A 1
d, c__.a‘c2 +C_, Cl+C Co*Cyc!
’ ‘ i ' ‘-t [ '
4 =C., 0+ C_Cl+CyCl+CCy
4 =c.cl+c.c'+c.clvc.cl
2 -1 73 7 Y0 "2 1717 7270
a. = é ¢l +c.c'+c.c! = 0.07347
"3 0”3 172 2 Y1 :
At v
a), 7;C1 Cj+Cp0) = 0.03061
a_. sc-c§=mxmmﬁ3

5 2

" Use of the Cohvolutio

.OT3LT

3

c', = ~0.08367

1 + C

2 2 3

» oo
1706 =0

+C,C' =0.03571

2 1

= 0.08367

n Factors

1. Smoothing

Figuré IT shows an alpha spectrum of

239),% gng 2

c:' = -0.035T1

UCRL~-19903

LAm taken with a 6 mm
. Au-8i detector and recorded in a 400 channel pulse-height analyzer. In Ila is

plotted the raw data and IIb is the spectrum after performing a smoothing opera-

tion using alquadratic polynomial and smoothing over eleven points at a time.

The smoothing'operation has not changed either the peak heights or the

peak shapes but it has‘partiéularlyuaccentuated the two ao's.which in the raw

on the raw data;

~data are barely discernable above the statistical fluctuations of the background.

It is much easier to perform a stripping operation on the smoothed spectrum than



e  UCRL~19903
:vFigure:IIIa shows an 239Am5 alpha spectrum taken on a magnetic alpha
particié spectogfaph; The statistics‘are quitevpdor.. Tﬁe improvement after
smoothing (over eleven'points using a quadratic) shown:in'IIIb is remarkable.
The computer proéram which.performs fhe smoothingvusiné.fhe'convolﬁtion factors

~is listed in Appendix c.

2. Peak Location

Figure IVa shows a.gamma,spectrum of 2l,”‘Am ande7Co. In Fig. IVb is

plotted the first derivative of this spectrum formed from a five point quadratic
convolution. The peak_maximum is the point at which the first derivative is zero.

In Fig. VIa is plotted an alpha spectrum of 239Am and 2 lAm. The first
and second derivatives of this. spectrum are shown in Vb and Ve. Thé'first deri-

vative is more useful than the second'dériVative'for determining peak locations.
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Appendix A

The computérfprogram.for calculating convolution factors

A oomplete listing of the program is given beloﬁr~~

For\eaoh set of factors one data cardiis required giving the values of
POWER and NPOINT in a 2I10 format. POWER is the degree of the polynomial (i.e.
2 for a quadratlc) and NPOINT is the total number of points (2m + 1) over whlch.
the convolution'is to be performed. Readlng is terminated by a blank card.

In accordance with the dimensions of the matrlces
POWER < 20 and NPOINT < 30

The program runs in a field length of 51000.
The subroutlne MATIV was wrltten by Burton S. Garbow of the Argonne

National Laboratory.
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PROGRAM CONVOL { INPUT,OUTPUT,TAPE2=INPUT,TAPE3=NUTPUT)

CONVOL CALCULATES SETS OF CGNVOLUTING FACTORS FOR SMOOTHING AND
CALCULATING DERIVATIVES BY A LEAST SQUARES PRCCEDURE

NIMENSION S{30),F0(30),F(20,30},A12C,30),8(20,30),C(20,30},0120,30

1}
DIMENSION OARR(10,30)

e

@

20
3¢

4C

50

60

7C
80

90
100

11

115

|38

INTEGER PCWER POWSUMS,SC4FCySFoCyD

POWER IS THE OEGREE CF THE FITTING POLYNOMIAL
NPOINT IS THE NUMBER OF PCINTS USEN TO FIT THE PCLYNOMIAL
NPCINT MUST 8E COO

READ12,1000) PCWERyNPCINT
00 6 1 = 1,NPCINT

Bl2+1) = 0.
IF(POWERLLE.O) CALL EXIT
MPY = (NPCINT - 1)/2

POW = 2 * POWER .
IPWR = POWER +. 1

SUMS = 0O

SO = NPOINT

N4l = NPCINT - 2

SET SCI) = O FCR QODC |

00 10 [ = LaNM1,2
St1r = 0

CALCULATE S(I} FCR EVEN 1

DO 30 | = 2,PCW.2

00 20 J = 1,VMFT

SUMS = SUMS + 2%(Jsw])
S{I) = SUMS

SUMS = 0

SET UP F MATRIX . .

DO 40 I = 14APCINT
FOLL) = ) :
D0 50 J = 1,PCHEP
00 50 § = 1,APCIATY
FlJol) = (=MPT + 1 = 1)#%y

TEST TO SEE 1f POWER EVEN CR CDD

PKO = PCWER/2
PA2 =.PWD % 2

"IF(PW2.NE.POWER) GO TC 160

IF POWER IS EVEN CO THIS SECTION
SET UP MATRIX FOR'EVEN DERIVATIVES

MADIM = (POWER + 2)/2

Cily1) = SO

D0 60 J = 2,MXCIM

Cllyd) = S((2%3) = 2}

00 70 1 = 2,MXCIV

00 70 J = L,MXDIW

c«r.J) = S{(2%1) + (2%4) = 4)
80 J = 1,NPOINT

Dlle) = FO(J)

00 90 1 = 2,MXDIM

DG 90 J = 1,APCINT

CULyd) = F(2eT - 2),J)

00 100 I = 1,MXDIM

00 100 J = 1,MXDIM

AL, d) = FLOATIC(I,J1)

DO 110 1 = 1,MXDIV

00110 J = 1,NPOIAT .

BOIsJ) = FLOAT(D(I,4))

CALL MATINV(A,MXCIM,8,NPOINT,DETERM)

WRITE(3,3000) FOWER NPCINT, PCWER (WP

WRITE{3,3001) . :

WRITE{3,3002) :

WRITE(3,3CC3) : :

MULTIPLY THE B MATRIX EY THE FACTCRIAL OF TFE.CERKVATIVE NUMBER

00 115 1 = 2,MXDIM

00 E15 J = 1 ,NPDINT

KX = 2&] - 2

BUl,J} = BUI,sJ) * FACTCR(XX}
00 118 [ = 1,¥XDIW¥

IMZ = 2e] ~ )

00 118 J- = 1,NPOINT
OARR{IMZ,J) = Bl1,J4)

SET UP MATRIX FOR OCD CERIVATIVES

MXDIM = POWER/2
00 120 [ = 1,MXDIM

T0C 120 J = L.MXDIM

12¢

130

3

150

155

15

@

159

Cllvd)
00 130

s S{(2%]11 + (2%y) - 2)
I = 1,MxDIM

00 130 J = 1,APCINT

Olled) = FO(2%] - 11400

0C 140 I = 1,MxXDIM

00 140 J = 1,MxDI¥

ACl4d) = FLOAT(C(I,2))

00 150 1 = 1. MXDIWM

00 150 J = 1,KPOINT

B(lsJ) = FLOAT(D(1.,d))

CALL MATINVIA,MXCIM,B,APCINT,BETERM)

MULTIPLY THE B MATRIX €Y THE FACTORIAL OF THE DERIVATIVE NUMBER

DO 155 [ = 2,MXDIM

00 155 J = 1,APOINT

KX = 281 - |

BUIyJ) = BLI,J) * FACTCRIKX)
DO 158 I'= 1,MXDINM

IMZ = 291

0G 158 J = L, NFOINT
DARR(IMZ,4J) = B(I,4}

JPWR .= . [PWR .
IF(JPWR.GT.T) JUPWR = 7

DO 159 N = L,NPOINT

MIN a2 (NPCINT « 1)/2

NIT = =MIN = 1 ¢ N
ARITE(3,3004) NIT,(0ARR{J,N),J=1,JPWR)
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000563

000565
'€C0600
*C00603
"€00606
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‘00615

000617

0C0640

000640
000¢43

000644

€00¢&55
000657
000661
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- 000677
.ccorcy

000711
000713
000726
000733
€00734
000743
G00750
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000760
C00765
000770

001003

celrcos
001011

Go1CL4
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oo1C17
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001033
001C34
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001050

001055
001057
001061
©01072

" 00r077
- 6C1100

001113
0ct120
ool1121
001130
001135
Col1l3e
Q01145
oolr1s52

00115¢
001157
001160
001162
001174
001175
00l176
001210
001215
001217
001222

. 001224

001226
001230
001251
01253
00126¢
001271
€01274
001277
001301
001302
001305
ocL3ze

a01326
001326

‘001326

00132¢
CCl326
001326
Q01326

001326

[aXaXalal

[zEaKal

la XX a]

[aXaXal
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IF{IPWR,.LE.7) GO TO S
WRITE{3,3000) DOHEF.NPCINY'PDkER.PPT
ARITE(3,3CC1)
WRITE(3,3005)
WRITE(3,3003)

. DO 300 N = lckPUINT
MIN = (NPOINT=1)/2
NIT = =MIN = 1 ¢ N

300 ARITE(3,3004) NIT,(0ARR{JIN)+J=8,IPWR)

G0 10 5
IF POWER IS ODC DO THIS SECTION
SET UP MATRIX FOR EVEN DERIVATIVES
160 MXDIM = (PCWER ¢ 1)/2
Clls1) = SO
D0.170 J = 2,MXDI¥
L7C CU1,J) = S(2%y = 2}
0C 180 I = 2,MXDIM
DO 180 J = 14MXDIN
18C CUI4J) = S(2%1 ¢ 2%§ ~ &)
DO 190 4 = L,NPOINT
190 D(1,J) = FC(J)
DO 200 I = 2,MXDIM
DO 200 J = 1,NPOINT
20€ DUy} = FU(2%1 = 2),0)
D0 210 I = 1,MXDIM
NC 210 J = 14¥XDI¥
21C A(L,J) = FLOATIC(L,d))
00 220 1 = 1,%XDIM
DO 220 J = 1,AFCINT

220 B{I,J) = FLOAT(D(I,J}}
CALL NATINV(A.VXCIM,B,NPO!NT.DETERM)
WRITE(3,3000) POWERAPCINT,PCWER,¥PT
WRITE(3,3001)
WRITE(3,3002)
WRITE(3,3003)

UCRL-19903

MULTIPLY THE B MATFIX BY THE FACTCRIAL OF THE CERIVATIVE NUMBER
D0 2251 = 2,¥XDIW
N0 225 & = 1,NPOINT

KX = 2%1 2
22% B(1,d) = B(I,J) * FACTCR(KX)
DO 228 [ = 14MXDIM
IMZ = 221 - 1
DO 228 J = 1+NPOINT

228 DARR(IMZ, J) = BlI,J)

[

SET UP MATRIX FOR ODD CERIVATIVES

" MXDIM = (POWER + 1}/2
00 230 I = 1,MXDIM.
DC 230 4 = 1,Mx0I¥
230 C{I,d4) St2¢1 +.2%4 - 2)
00 240 = 1yMXDIN-
nn 240 1+NPOINT
240 C{l, 1) FE(221 = 1),4)
00 250 = LyMXDIM
00 250 = 14MXDIM
250 A(I,J} FLOAT(C(1,3))
00 260 = LMXDIWM
00 260 = 1,APOINT
26C B8(1,0) FLOAT(O(I,4))
CALL MATINV(A,MXOIM,B,NPOINT,DETERM)

[ I T

MULTIPLY THE B MATRIX BY THE FACTCRIAL OF THE CERIVATIVE NUMBER

DC 265 1
00 265 J
KX = 2% - 1

265 B1,4) = B(I,J) * FACTCR(KX)

00 268 1 = 1,MXDIV

1MZ = 231

08 268 J = 1,NPOINT

OARR(IMZ,d) = B(1,J)

JPWR = IPWR

IF(JPWR.GT.7) JPWR = 7

00 269 N = 1,NFOINT

MIN = (NPOINT - 1)/2

NIT = =MIN = 1 + N

269 WRITE(3,3004) NIT,(CARR(J,N) J=1,JPWR}
IF(IPWRLLE.TY GO TO 5
WRITE(3,3000) POWER,NPCINT,POWER,MPT
WPITE(3,30C1)
WRITE(3,3005)
WRITE(3,3003)
00 400 N = L,NPOINT
MIN = (NPOINT=1)/2
NIT = =MIN = 1 ¢ N

400 WRITE{3,3004) NIT,(QARR(J,N),J=8,IPWR)

- GG 10 S

2 MXDIN
1, APOINT

tun

26

@

100C FORMAT(2110)

3000 FORMAT(1H]L 29X %CEGREE®,13,% PCLYNOMIAL*92Xs13,% POINTS®,5X,8N=%,]

13,5X,%M=%,]3)
3001 FORMATULFOSX,6KPCINTS 45X, LOHDERIVATIVE)

3C02 FORMATUIH 920X s 1HOs 15X s IHL 415Xy 1H2 p 15X 4 1H3 415X 9y 1H4 ¢ 15Xy 1H5 15X, 1H6

1)
3002 FORMAT(LH
3C04 FORMATOLH 219,4X,7{F12.844X})
3005 FORMAT(LIh
12H13)
ENC

220X o LHT o 15X g IHB s 15X IHO g 14X 2H10, 14X e 2H11 4 14X 2H12,24X,
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FUNCTICN FACTORUI)

C
c THIS FUNCTICN COMPUTES THE FACTORIAL OF I
[ 4
ool 1FL1.€Q.0 JOR. 1.EQ.1) GO TC 30
oto1r? - - 1PRCO = 1
01012¢ 11 =1 -1
010122 . IF(1.EQ.1) GO TO 20 . -
010123 . IPROD = IPROC * | . o "
010125 GO TO 10 :
010125 20 FACTOR = I1PRCD
010127 RETURN
010127 30 FACTOR = l.
010131 - - RETURN
010131 END
FORTRAN IV SUBROUTINE WATINV{A,N,B,M,CETERM)} £4020003
e . . F4C20002
[ MATRIX INVERSICN WITH ACCCMPANYING SOLUTION OF LINFAR EQUATIONS . ANF40201
4 : F4020004
olo161 - DIVMENSION IPIVCT(20) 4A(20,30),B8(20,1),INDEX(20,2),PIVCTI20}°
010161 COMMON /LSP/ PIVOT,IPIVOT, INDEX o
01016t EQUIVALENCE (1RQW,JRCW}, (ICOLUM,JCCLUM), (AMAX, T, SWAP) F4C200C7
. c : L ‘F4020008
3 [ INITIALIZATION F4020009
. C £402001¢C
010161 - 10 DETERM=1.0 . T £4020011
010162 15 £O 20 J=1,N R F4020012
010167 20 1PIVAT(Y)=0 R F4020013
010174 30 DO 550 I=1,N o F4020014
T : F4020015
. C SEARCH FOR PIVOT ELEWENT : . £4020016
LT ¢ : F4020017
01017¢ 4C AMAX=20.0 : £4020018
010177 45 D0 105 J=leN ’ ) o F4020019
cio2cl S0 IF (IPIVOT(J)-1) 60, 1C5, 6C . F402C02C
010204 -~ 60 DO 100 K=1,N F4020021
010206 70 IF (IPIVOT(K)=-1) 80, 100, 740 F4020022
010211 8C IF (ABS(AMAX)-ABS(A(J,K))) 85, 10C, 100 .
010220 85 IROW=J N F4020024
10222 90 [COLUM=K ' . F4C20025 .
010224 95 AMAX=A(J,K) . £4020026
010230 100 CONTINUE . F4020027
010233 . 1G5 CONTINUE ) F4020028
01023¢ - © IF{AMAX) 110,800,110 F4O2REV.
010231 110 IPIVOT(ICOLUMI=TPIVCT(ICCLUM)+1 . E F4C2C029
. c . - : £4020030
4 INTERCHANGE ROWS TO PUT PIVGT ELEMENT ON DIAGONAL F4020031
. ¢ o F402C032
010242 130 IF (IROW-ICOLUM) 14Cs 26C, 140 " F4020033
010244 140 CETERMs=CETERM : F4C20C34
010245 150 0D 20C L=1,4N : . F4020035
- 010247 160 SWAP=A{IROW,L) : ' F4020036
010253 . 17C. ALIROW,L)=ACICCLUM,L) F4020037
010261 - 200 ACICOLUM,L)=5WAP . F4020038
010265 205 IF(M) 260, 260, 210 - £4020029
010267  21C D9 250 L=1, N : F4020040
010271 220 SWAP=B( [ROW,L) ’ : F4020041)
010275 - 230 B{IROW,L)=BLICCLUN,L} F4020C42
010303 250 R{ICOLUM L )=SWaP . . F4020043
010307 260 INDEX{1I,1)=IROW . F4020044
010311 27C INDEX(I,2)=1COLUM F4020045
010313 310 PIVOT(1)=ALICOLUNM,ICCLUM) . F4020046
010320 320 DETERM=DETERM*PIVCT(I) - : e F4C20C47?
N ’ : £4020048
- CIVIDE PIVOT ROW BY PIVOT ELEMENT . F4020049
c - . £4C20050
010322 330 A{ICOLUM, ICOLUMI=1,C £4020051
010376 34070C 350 L=1,yN . . F4020052
010342 350 ACICOLUM,LI=ACICOLUM,L)/PIVCTLTY ~ . - F4020053
010347 355 IF(M) 380, 380, 360 : F4020054
0101351 360 00 370 L=1,M : F4C20055
010364 370 B{ICOLUM,L)=B{ICOLUM,L}/PIVCTLI) S F4020056
o . . F4020057
c RECUCE NCN-PIVCT ROWS : F4020058
[ ; F4020059
010371 - 380 D3 550 L1l=L.N : - F4C2C060
010373 390 IF(LL-ICCLUM) 400, 550, %00 ’ F4C20061
€1037S 400 T=A(L1,1COLUM) F40200€2
010401 42C A(L1,1COLUMI=0.0 - £4C20063
10405 430 00 450 L=1,N . L F4C20064
010417 450 A(L1,L)=ACLL,L)~ACICCLUN,L)*T - F40200¢5
010425 455 IF(M) 550, 550, 46C ’ F4020066
010427 460 DC 500 Lzi,M : F402C067
010440 500 A(L1,L)=BIL1,L}=BCICCLLM,L)eY ) F4020068
010446 550 CONTINUE : F4020069
. cC 7 F4C2007C
c INTERCHANGE COLUMNS - F4020071
c . F4020072
010453 60C DN 71C =1,N F4020073
010455 610 L=N+1-1 L F4020074
010460 62C IF (INDEX(L,1)-INDEX(Ls2)) 630, 710, 630 . F402C075
010463 63C JROW=INDEX(L,1) £4020076
010465 640 JCCLUM=INGEX (L2} F4020077
010467 65C DO 705 K=14N F4C20078
010471 66C SWAP=A{K,JROW) ol 4020079
010475 67C ALK, JROW) =A(K, JCOLUM) ‘ F4€20080
€10504 700 A(K,JCOLUM)I=SWAP ) £4020081
010511 705 CONTINUE: F4020082
010513 71C CONTINLE : F4C20083
010516 ° 740 RETURN . 4020084
010517 800 DETERM = 0. F4O2REV.
01052¢ RETURN : F4O2REV.

010520 ENC
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Appendix B

Cohvolution Factors

In this appendix are given the convolution factors calculated using

fitting‘polyndmials from first to sixth degree and smdbthing up to 23 points.



PCINTS

-1
0
1

POINTS

-2
-1
[}
ot
2

POINTS

-3
-2
-1
-0

1
2
3

POINTS

-4
-3
-2
-1

SWN =0

POINTS

-5
~4
-3
-2
-1

MEWN-=O

POINTS

-6
-5
-4
- -3
-2

+
OV S WNRO -

“PCINTS

-7
-6
-5
-4
-3
-2
-1

~wCW AW~ O

]

«33333333
+33333233
«33333333

o

. 20000000
.2€C0C0C0
«20000000
.20€00000
.20000000

-0

+14285714
214285714
«14285714 -
« 14285714
- 14285714"
«14285714
« 14285714

o .

L11111111
L11111111
J11111111
Sll11111l
SL1T11111
S 11111111
EICEVENTY
S11111111
11111111

°

.€9090909
+C9090909
.09090909
.€9C90909
.09090909
.€9C90909
.C9090909
.£9090909
.€9090909
.09090909
.09090909

0
«07692308
+07692308
.07692308
«07692308
«07692308
«07692308
«07692308

- +C7692308
07692308

+076923C8
+07692308
+07692308
.C76923C8

‘C

06666667
06666667
06666667
0666667
06666667
06666667
+C6666667
. 06666667
06666667
06666667
06666667
« 06666667
06666667
06666667
06666667

-20~

DEGREE 1 PCLYNCMIAL 3. PCINTS K= ] M=

. DERIVATIVE

~+5000C000

Co
+5000€300

DEGREE 1 PCLYNCMIAL 5 PCINTS N= M=

OFRIVATIVE
1

=+20C00000

-.10c€CC0CO

Ce
«10CCCO00
.20CcCC0GCO -

OEGREE 1 PCLYNOMIAL 7 POINTS N= ] LA

DERIVATIVE
1

~.1071428¢
-.07142857
~.03571428
. o
+03571429
«G7142857
=1071428¢

CEGREE 1 POLYNDMIAL 9 PCINTS N= 1 M=

OERIVATIVE
1

=+ 06€EE66T
=-.05C0C000
-.03333333
~.01€6£667
0.
«0lEEL€E6T
.03233333
.Q5¢0C000
+0666€667

CEGREE 1| POLYNOMIAL 11 POINTS N= 1 M=

. . DERIVATIVE
1 2 . 3

~.04545455
-.03636364
-.02727272
-.01818182
=+.00906091
0. .
00508091
«cleia182z
«02722273
«0363£364
+04545455

CEGREE * 1 PCLYNOMIAL 13 POINTS N= 1 M=

DERIVATIVE
1

~.0329€703
~.02747253
-.02197802
~.01648352
~.C1C98901
~.00869451
0.
«00t45451
«01C98901
«01648352
.02197802
202747253
«0329£703

OEGREE 1 POLYNOMIAL 15 POINTS N= ] Mz

DERIVATIVE
1

-.02500000
-.02142857
~.01785714
~+0142€571
-.01071429
-.0071428¢
-.0C357143
C.
+00357143
.0071428¢
«01071429
.01428571
«01785714
«02142857
.0250C0¢C0 -

UCRL-19903

5 &
5 6
5 &
5 L}
5 €&
5 &
5 6
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DEGREE -1 PCLYNOMIAL 17 PCINTS N= L. M= @
PCINTS o ' DERIVATIVE -
' c 1 2 3 4 ’ s
-8 .C5882353 . -,C156C784
-7 .05882353 ..  ~,Cl171568¢
-6 .05882353 -.0147C588
-5 .05862353 ~.0122549¢C
-4 .05882353 -.0068C392
-3 .05882353° °  -,00735296
-2 .05882353 -.0C45C196
-1 .05882353 -.00245098
0 .05882353 C.
1 «05882353 .€0245098
2 .05382353 .0049C196
3 .05882353 .0C735264
4 .05882353 .0058C192
5 .05882353 . +01225490
6 .05882353 .0147¢588
7 <05882353 - 01715686
8 405882353 .CLS6CTB4
DEGREE | POLYNOMIAL 19 POINTS N= 1 M= 9
POINTS : o C DERIVATIVE : :
4] T 1 2 o3 4 ]
-9 .0526315€ -.01578947
-8 .05263158 -.01403509
-7 -0526315¢ -.0122€017C
-6 . «05263158 - . -,01052632
-5 .0526315¢8 . -.0CE77193
-4 +0526315€ . ~.00701754
-3 «05263158 ~.00526316
-2 .05263158 -.0035C877 :
-1, .05263158 -.0C175439
0 .0526315¢ c.
1 .0526315¢ - 200175439
2 £0526315€ .0035C877
3 +C526315¢ .0052€316
4 «05263158 .0070175¢4
s .0526315€ .0C877193
6 .0526315¢ .01C5z€632
-7 -05263158 . <0122€07C
8 +C526315¢ ° .01402506
9 205263156 -, .015789417
CEGREE 1 PCLYNGMIAL 21 PCINTS N= 1 M= 10
POINTS R OFRIVATIVE
: o - 1 - 4 5
-10 © .C4T619C5 -.0129€701
-9 .04761905 ° -.01168831
-8 +04761905 ~.01038961
-7 +C4761905 ~.00SCSO9L
-6 .04761905 * -.00776221
-5 .C47619C5 - =.00645351
-4 .04761905 -.0C516481
-3 .04761905 -.0038961C
-2 .C47619CS ~.0025574C
-1 .04761905° -.00129870
[ .04761905 c.
1 .04761905 .0C12987¢C
2 .04761905 . .00255740
3 «C47619C5° .0€389616
4 «047619C5 . . .00515481
5 «047619C5 .00€45351
6 .04761905 .0C776221
7 «047619C5 .00$€5091
8 +C47619C5 - .01C38961
9 © 04761905 .- .0116€831
10 .04761905 .01298701
CEGREE 1 PCLYNCMIAL 23 POINTS N= L M= 11
PCINTS . . NERIVATIVE
. ‘o ! 2 3 4 5
-1l «C4347826 -.01CBE957
-10 .C4347826 -.CC58€142
-9 .043476826 -.00889328
-8 .04347826 -.0079CS514
-7 «04347826 -.00€517CC
-6 .04347826 -.00592885
-5 .04347820 ~.0C494071
-4 © 404347826 . -.00395257
-3 .04347826 ~.00296443
-2 .04347826 . -.00197¢628
-1 .04347826 -.00098814
[} .C4347826 c.
i «043647826 . .0009€814
2 .043647826: .00197628
3 04347826 1.0C29¢€443
4 «04347826 .00395257
H .04347826 40€494071
6 «04347826 .0C5927885
7 .04347826 .00661700
[ .04347826 .C075C514
9 . 204347826 .00886328
10 04347826 . +00S8€l42
it .04347826 .01C8€957



PUINTS
0
-1 « 00000000
¢ 1.00000000
1 «0N000GO0
POINTS
0
-2 -.08571429
-1 34285714
"] 48571429
1 +34285714
2 ~. 08571429
POINTS
0
-3 -.095238i0
-2 14245714
-1 .28571429
n «33333333
L «28571429
2 14285714
3 ~+09523810
POINTS
0
-4 -+09090909
-3 <06060606
-2 .16883117
-1 23376623
0 2255411206
1 .23376623
2 .16883117
3 . 06060606
4 -+ 09090909
POINTS
[
-5 -+08391608
-4 +02097902
-3 +10256410"
-2 .1608391%6
-1 . 1953042¢C
0 .20745921
1 19580420
2 . 16083916
3 . 10256410
4 .02097902
5 -.08391608
POINTS
[4
-6 -.07692308
-5 [
-4 « 06293706
-3 .11188811
-2 . 14685315
-1 16783217
o 17432517
1 16783217
2 + 14685315
3 11148811
6 +06293706
s 0.
6 -.07692308
POINTS
0
~7 -.07058824
-6 -e01176471
-5 .93800905
-4 07873303
-3 . 11040724
-2 .13303167
-1 «14660633
0 15113122
1 . 14660633
2 .13303167
3 11040724
4 07873303
5 .03800905
6 -.01176471
7 -.07058824

DEGREE ™ 2 PULYNOMIAL 3 POINTS N
DERIVATIVE
1
~.50000600 1.00000000
. ' -2.00000000
+50000000 1.00000000
DEGREE 2 POLYNOMIAL 5 POINTS N
R DERIVATIVE
1
~.20000000 28571429
-+10000000 ~.14285714
0. . ~.28571429
.10000000 ~.14285714
+20000000 «28571429
OEGREE 2 POLYNOMIAL 7 POINTS N=
DERIVATIVE
1
-.10714286 <11904762
~.07142857 .00000000
-.03571429 ~.CT142857
0. -.09523810
.03571429 -.07142857
07142857 .00000000
. 10714286 L 11904762
DEGREE 2 POLYNOMIAL. 9 PUINTS
DERIVAT [VE
1
-.06666667 .06060606
-.05000000 01515152
-.03333333 ~.C1731602
. ~.01666667 -.03679654
0. ~.04329004
.01666667 L03679654
.03333333 -.01731602
.05000000 .01515152
206666667 66060606

DEGREE 2 POLYNUMIAL 11 POINTS

1

-204545455
-.03636364
~.02727273
-.01818182
=+00907091
0.
+00909091
+0lBlul82
»02727273
+G3636364
204545455

DERIVATIVE

«C3496503
+01398601
-.00233100
-.01398601
~-.02097902
~.02331002
-.02097902
-.01398601
~.00233100
01398601
+03496503

DEGREE 2 POLYNDMIAL 13 POINTS

1

~+03296703
~«02747253
-+U2197802
~«01648352
~.01098901
~«005497451
0.
+00549451
»01098901
.01648352
+02197802
+02747253
.03296703

DERIVATIVE

«02197802
.010989¢C1
+00199800
-+00499500
-+.00999001
-.01298701
-.01398601
-.01298701

'~.00999001

~«.00499500
«00199800
.01098901
«02197802

DEGREE 2 POLYNUMIAL 15 POINTS

1

~.025G0000
-.02142857
-.01785714
~.01428571
~.01071429
-.00714286
—.U0357143
0.
«00357143
«20714286
«01071429
+01428571
«01785714
«02142857
02500000

DERIVATIVE

.01470588
.00840336
.C0307046
-.00129282
- 00468649
-.00711054
~.00856496
-.00904977
-.00856496
-.00711054
-.00468649
-.60129282
.00307046
.00840336
.U1470588

N
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DEGREE 2 POLYNOMIAL 17 PUINTS N= 2 M= 8
PUINTS ' . DERIVATIVE .
. 0 o 1 2 "3 4 5
-8  ~.06501548 -.01940784% 01031992
-7 -+01857585 -.01715686 00644995
-6 .02167183 -.01470588 00309598
-5 05572755 ~.01225490 .00025800
-4 .08359133 -.00980392 ~.00206398
-3 .10526316 - -.00735294 -.00386997
-2 .12074303 -.00490196 -.00515996
-1 «130030%6 -.00245098 -.00593395
i} .13312693 0. ~.00619195
1 + 13003096 .00245098 -.00593395
2 .12074303 .0D490196 - -.00515996
3 10526316 . - .00735294 ~.00386997
4 .08359133 .00980392 . -.00206398
5 05572755 .01225490 .00025800
6 +02167183 .01470548 .00309598
7 -.01857585° .01715686 .00644995
3 -.06501568 01960784 +01031992
DEGREE 2 PULYNUMIAL  I9 PUINTS N= 2 M= 9
POINTS : . : : DERIVATIVE
o - 1 N 2 . 3 4 s
-9 -.06015038 ~.01578947 .00751386
-8 -.02255639 -.01403509 .00501253
-7 01061477 -.01228070 .00280112
-6 . 03936311 -.01052632 . .00085456
-5 . 06368863 -.00877193 -.00073714
-4 .08359133 -.00701754 -.00206398
-3 . 09907121 -.00526316 -.00309598
-2 11012826 -.00350877 -.00383311
-1 < 11676249 ~-.00175439 ~.00427539
0 . 11897391 0. ~.00442282
1 11676249 .00175439 ~.00427539
2 . 11012826 .00350877 - -.00383311
3 09907121 - .505261316 -.00309598
4 .08359133 00701754 ~.00206398
5 . 06368863 .00877193 ~.00073714
6 .03936311 .01052632 00088456
7 «01061477 .01228670 .00280112
8 -.02255639 .01403509 .0C501253
9 -.06015038 01578947 .00751880
" - DEGREE 2 PULYNOMIAL 21 POINTS N= 2 M= 10
PUINTS DERIVATIVE )
i} 1 2 3 “ 5
-10 ~.05590062 -.01298701 +00564653
-9 -.02484472 -.01168831 .00395257
-8 00294214 -.01038961 .00243692
-7 .02745995 ~.00909091 .00109959
-6 .04870873 -.00779221 -.00005944
-5 . 06663846 -.00649351 ~.0C104015
-4 08139915 -.00519481 -.00184255
-3 . 09284080 ~.00389610 ~.00246664
-2 .10101340 ~.00259740 -.00291242
-1 . 10591697 -.00129870 -.00317989
0 .10755149 n. -.00326904
1 + 10591637 .00129870 -.00317989
2 .10101340 «00259740 -.00291242
3 . 09284080 .00389610 ~.00246664
4 .08139915 .00519481 ~.00184255
5 . 06668846 - .00649351 ~.00104015
6 . 04870873 .00779221 ~.00005944
7 202745995 . .00909091 .00109959
8 .00294214° .01038961 00243692
9 -.026846472 - .01168831 .00395257
10 ~. 05590062 .01294701 .00564653
DEGREE 2 POLYNOMIAL 23 POINTS ~ N= 2 M= 11
PUINTS : DERIVATIVE
’ 0 1 2 3 4 5
-1t -.05217391 -.01086957 +00434783
-0 -.02608696 -.00938142 .00316206
-9 -. 00248447 . ~.00889328 +00206922
-8 .01863354 -.00790514% .00112931
-7 .03726708 -.00691700 .00028233
-6 +053%1615° °  -,00592885 -.00045172
-5 .06708CTS -.00494071 -.00107284
-4 07826087 . =.00395257 ~.00158103
-3 .08695652 ~.00296443 -.00197628
-2 .09316770 -.00197628 ~.00225861
-1 . 09689441 -.00098814 -.00242801
o .09813665 0. ~.00248447
i . 09689441 .00098814 ~.00242801
2 09316770 .00197628 -.00225861
3 « 08695652 . 00296443 -.G0197628
4 07826037 .00395257 -.00158103
5 06708075 .00494071 ~-.00107284
6 © +05341615 .00592385 ~.00045172
7 .03726708 .00691700 .00028233
8 .01863356 - .00790514 00112931
9 -.00248447 .00889328 .00208922
10 -. 02608696 . 00988142 .00316206
11

= 05217391 01086957 00434783



PUINTS
0
-1 . 00000060
0 1.00200000
1 . 00000000
POINTS
0
-2 ~.08571429
-1 .34285714
0 +48571429
1 . 34285714
2 -.08571429
PUINTS
0
-3 -.09523810
-2 L14285114
-1 .28571429
0 +33333333
1 .28571429
2 .14285714
3 -.09523810
_PUINTS
. Lo
-4 -.09090909
-3 +06960606
-2 .16883117
-1 .23376623
) .25541126
1 £23376623
2- .16883117
3 . 06060606
4 -« 09050909
.. POINTS
o
-5 -.08291608
-4 .02097902
-3 .10256410.
-2. .16083916
-1 .19580420
0 .20745921
1 .19580420
2 .16083916
3 .10256410
“ .02097902
5 -.08391608
PUINTS o
0
-6 -.07692308
-5 0. -
-4 +06293706
-3 .11188811
-2 . 14685315
-1 .16783217
0 L 17482517
1 .16783217
2 .14685315
3 .11183811
“ .06293706
5 0.
6 -.07692308
POINTS
0
-7 -.07058824
-6 -.01176471
-5 - .03800905
-4 .07873303
-3 11040724
-2  +13303167
-1 .14560633
0 . .15113122
1 + 14660633
2 .13303167
3 L11040724
4 .07873303
5 .03800905
6 -.01176471
7

-.07058824

DEGREE 3 PULYNOMIAL

1
=.50000009

»50000000

DEGKREE 3 POLYNOMIAL

1

«08333333
—+ 666660667
0.

T 66666667
<.08333333

DEGREE ~ 3 POLYNOMIAL

1

«08730159
-+26587302
~.23015873
0. .

+.23015873

+ 26587302
- 08730159

DEGREE 3 POLYNOMIAL

1

.07239057
~. 11952862
-.16245791
-.10606061
0.

« 10606061

«16245791

11952862
-.07239057

DEGREE 3 POLYNOMIAL

1

05827506
-+0571C956
-.10334110

~.0977C785:

~.05749806

0.
.05749806
+ 09770735
« 10334110
.05710956

~.058275006

DEGREE 3 POLYNOMIAL

1

« 04716117
~«02747253
~+.06568432
-+07475857
-.06197969
~.03463203
0.

«03463203

+ 06197969

«07475357

«06568432

«02747253
—.06T16117

DEGREE 3 POLYNUMIAL

1

.03867102
-.01233271
-+04234600
~.05486725
-.05339486
~.04142725
-+02246283
0.

«022406283

«04142725

+05339486
' «05486725

06234600

.01233271
~.03867102

_oh

3 POINTS Ne 3
DERIVATIVE
3
1.€0000000 0.
-2.00000000, 0.
1.00000000 o.

S POINTS N= 3
DERIVATIVE
.28571429 -.50000000
-.14285714 -1.00000000

~.28571429 0.
-.14285714 -1.00000000
.28571429 450000060
7 POINTS Ne 3
DERIVATIVE
11904762 - -0 16666667
.00000000 < 16666667
-.07142857 .16666667
-.09523810 0.
-.07142857 - .16666667-
00000000 - 16666667
.11904762 216666667
9 POINTS N= 3
DERIVATIVE
2
06060606 - -.07010707
.C1515152 .03535354
-.01731602 .06565657
-.03679654 104545455
. ~.04329004 0.
~.03679654 -, 04545455
-.01731602 - ~.06565657
.01515152 ~.03535354
06060606 .07070707
11 POINTS N= 3
DERIVATIVE
+03496503 -.03496503
.01394601 .00699301
~.00233100 +02564103
-.013985601 " .02680653
-.02097902 .01631702.
-.02331002 o.
-.02097902 -.01631702
-.01398601 -.02680653
~.00233100 -.02564103
.01398601 -.00699301
+03496503 03496503
13 POINTS N= 3
‘OERIVATIVE
.02197802 -.01923077
-01098901 ~.00000G00
.00199800 .01043951
-.00499500 .01398601
~.60999001 .01223776
-.01298701 .06699301
-.01398601 0.
-.01298701 -.00699301
-.00997001 ~.01223776
-.00499500 -.01398601
.00199800 ~.01048951
.01098901 . 00200000
.02197802 .01923077
15 POINTS N= 3
DERIVATIVE
3
.01470588 -.01143791
.00840336 -.00163399
.00307046 00439920
-.00129282 .00729010
-.00468649 .00766717
-.00711056 .00615887
-.00856496 .00339367
-.00904977 0.
-.00856496 -.00339367
-.00711054 -.00615887
-.004068649 -.00766717
-.00129282 -.00729010
.00307046 -.00439920
.00840336 .00163399
.01470588 .01143791

UCRL-19903
5 6
> 6 R
5 -
5 6
5 [
5 b



¥

of:

POINTS

-8
-7
-6
-5
-4
-3
-2
-1

0

TN NS WN -

PUINTS

-9
-8
-1
-6
-5
-4
-3
-2
-1

VWD NT VSN =0

PUINTS

-10
-9
-8
-7
-6
-5
-4
-3
-2
-1

QOVIT~NOCWVMPWN~D

—

POINTS

11
_lo .
-9
-8
=7
-6
-5
-4
-3
-2
-1

0

=D ORNCWVS LN~

——

[}

-+06501548
-.01857585
.02167183
«05572755
.08357133
+10526316
«12074303
»13003096
«13312693
«13003C9%6
« 12074303
«10526316
.08359133
«05572755
«02167183

-.01857585"
=+ 06501548

0

~+06015038

~.02255639
01061477
» 03936311
06368863

»08359133
«09907121

.11012826
.11676249
.11897391
«11676249
. 11012826
.09907121
.08359133
. 06368863
.03936311

01061477
~+02255639

-.06015038

0

-+05590062
-, 02684472
«00294214
«02745995
. 04370873
. 06568846
+08139915
.09284080
«10101340
+10591697
+10755149
+10591697
«10101340
+«09284080
«38139915
« 066688406
04870873
«02745995
« 00294214
-.N2484472
-« 05590062

0

-.05217391
-.02608696
-.00248447
01863354
.03726708
05341615
. 06708075
.07826087
. 08695652
.09316770
09689441
« 09813665
«09689441
. 09316770
. 08695652
.07826087
06708075
.05341615
.03726708
.N1863354
~+00248447
-.02608696
-.05217391

-25-

DEGREE 3 POLYNOMIAL 17 POINTS

1

.03216374
-.00621397

-.02764878 -

~.03998968
-.04308566

-. 03878569 °

-.02893877
~.01539388
O.
.01539388
«02893877
+03378569
04308566
-03998968
«02764878
200421397
-.03216374

DEGREE -3 POLYNOM

1

«02711324
.00026582
~.01816931
-.02924368
-.03400882

~.03351628

~.02881759
-+02096429
-.01100791
0.
+01100791
«02096429
. 02881759
.03351628
.03400882
+02924368
.01816931
-.00026582
-.0N2711324

DEGREE 3 POLYNOMIAL

1

02313508
60276052
-.01191054
-.02151184
-.02667709
-.02804002
-.02623434
~.02189378
-.01565205
-.00814289
0.
«00814289
.01565205
.02189378
02623434
02804002
.62667709
02151184
«01191054
~+00276052
-.02313508

DEGREE 3 POLYNOMIAL 23 POINTS

1

.01995541
+00412993
-.00769231
-.01591162
-.02092835
-.02314280
-.02295531
-.02076619
-.01697578
~+01198439
-.00619236
0.
.006192306
+01198439.
«U1697578
+02076619
02295531
+02314280
02092835
.01591162
«00769231
~.00412993
-.01995541

N= 3
DERIVATIVE
.01031992 -.00722394
+00644995 -.00180599
.00309598 .60180599
.00025800 .00386997
-.00206398 100464396
-.00386997 00438596
-.00515996 .00335397
-.00593395 00180599

-.00619195 0.
-.00593395 -.00180599
-.00515996 -.00335397
-.00386997 ~.00438596.
-.00206398 -.00464396
00025800 -.00386997
.00309598 -.00180599
£00644995 . 00180599
01031992 .00722394
IAL 19 POINTS N= 3
DERIVATIVE
2
00751880 -.00478469
400501253 -.00159490
00280112 +00065672
00088456 .00208744
-.00073714 00281452
-.00206398 +00295525
-.00309598 00262689
-.00383311 +00194671
-.00427539 .00103199
~.00442282 0.
-.00427539 -.00103199
-.00383311 -.00194671
-.00309598 -.00262689
-.00206398 -.00295525
~.C0073714 -.00281452
.00088456 -.00208744
.00280112 -.00065672
+00501253 +00159490
00751880 +00478469
21 POINTS N= 3
DERIVATIVE
2
00564653 -.00329381
.00395257 -.00131752
.00243692 .00013869
00109959 .00113261
-.00005944 .00172203
-.00104015 .00196473
-.00184255 .00191850
~.00246664 .00164113
-.00291242 .00119039
-.00317989 00062409
-.00326904 0.
-.00317989 -.00062409
-.00291242 -.00119039
-.00246664 -.00164113
-.00184255 -.00191850
-.00104015 -.00196473
-.00005944 -.00172203
.00109959 -.00113261
00243692 -.00013869
. +00395257 .00131752
00564653 .00329381
N= 3
DERIVATIVE
2
00434783 -.00234114
00316206 -.00106415
00208922 -.00009121
00112931 00060809
.00028233 +00106415
-.00045172 .00130739
-.00107284 .00136820
-.00158103 .00127698
~.00197628 .00106415
-.00225861 .00076011
-.00242801 .00039526
~.00248447 0.
-.00242801 ~.00039526
'-.00225861 -.00076011
-.00197628 -.00106415
-.00158103 -.00127698
-.00107284 -.00136820
-.00045172 -.00130739
.00028233 -.00106415
.0C112931 -.00060809
.00208922 00009121
00316206 .00106415
400434733 .00234114

M= 10

UCRL-19903



_26_ : - : | UCRL-19903

DEGREE & PULYNOMIAL . 5 PUINTS N= 4 M= 2

POINTS o VERIVATIVE
0 : 1 2 3 » 4 - 5
-2 ~. 00000000 .08333333 -.08333333 ~.50000000 1.00000000
-1 00000070 - 66666667 1.33333333 1.000000006 -4.06060000
- 1.00000660 0. - -2.5C000000 0. " 6.00000000
1 00006000 < 66666667 1.33333333 -1.00000000 ~4.00000000
2 -300000000 -.08333333 -.C8333333 50000000 1.90000000
DEGREE 4 PULYNOMIAL 7 POINTS Ne 4 ¥= 3
POLNTS _ DERIVATIVE
0 1 .2 3 4 - 5
-3 +02164502 . 08730159 -.09848485 ~.16666667 .27272727
-2 -.12987013 ~.26587302 .50757576 16666667 -.63636364
-1 32467532 -.23015573 -.14393939 +16686667 © 09090909
) $5470995.7 0. ~.53030303 0. 54545455
1 ©32467532 223015873 -.14393939 - 16666667 09090909
2 -.12987013 <26587302 .50757576 -.16666667 ~.63636364
3 .02164502 -.08730159 -. 09848485 16666667 27272727
DEGREE 4 POLYNOMIAL 9 POINTS N= 4 Mz 4
PUINTS DERIVATIVE v
0 1 2 3 4 5
-4 .03496503 <07239057 ~.07342657 -.07970707 .09790210
-3 -.12320513 ~.11952862 +21620047 .03535354 -.14685315
-2 <06993007 -.16245791 .08799534 <06565657 -.07692303
-1 +31468531  -.10606061 ~.12296037 404545455 .06293706
n < 41726942 o. -.21561772 0. .12587413
1 -31468531 . -10606061 -.12296037 -.04545455 <06293706
2 .06993007 . 16245791 08799534 -.06565657 -.07692303
3 ~. 12320513 <11952862 +21620047 -.03535354 -.14685315
4 .93496503 -.07239G57 -.07342657 .07070707 <0979C210
DEGREE & POLYNOMIAL 11 POINTS N= 4 M= s
PUOINTS DERIVATIVE
[¢] 1 2 3 4 . 5
-5 .04195804 .05827506 ~.05244755 -.03496503 +04195804
-4 -.10489510 -.05710956 10139860 +00699301 -.04195504
-3 -.02331002 ©  -.10334110 .08508159 .02564103 -.04195804
-2 .13986014 -.09770785 .00058275 ° +026805653 -.G0599301
-1 .27972028 -.05749806 -.C7925408 .01631702 - 02797203
0 .33333333 0. -.11072261 0. 104195804
1 .27972¢24 05749806 ~.07925408 -.01631702 £12797203
2 +1398601 4 . 09770785 .C0053275 ~.02640653 ~.00599301
3 -.02331C02 .10334110 .08508159 -.02564103 .  -.04195804
4 -.10489510 «05710956 .10139860 <.00699301 -.04195804
5 .04195804 -.05827506 -.05244755 03496503 +04195804
- DEGREE 4 POLYNIMIAL 13 POINTS N= 4 M= 6
PUINTS DERIVATIVE _
0 1 2 3 4 s
-6. .04524887. £04716117 -.n3789593 -.01923077 102936199
-5 -.08144796 -.02747253 05090498 ~.C0000000 .  -.01357466
-4 -.05553270 ~.06568432 .06005759 .01048951 -.01974495
-3 <04524887 -.07475857 .C2766351 .01398601 -.01110654
-2 .16042781 -.06197969 - 61664267 .01223776 .00226244
-1 24681201 -.034563203 ~.05169340 +00699301 .01316331
0 .27848622 o. -.06478815 7. 01727684
1 .24681201 03463203 -.05169340 -.00699301 .01316331
2 16042781 .06197969 -.Gl664267 -.0122377 00226244
3 .04524887 <07475857 .02766351 -.0138601 -.011100654
4 -.05553270 .C6568432 .06005759 -.01048951 -.01974496
5  -.08144796 $D2747253 « . 05090498 . 00000000 -.01357465
6 +04524887 - 04716117 -.03739593 .01923077 .02036199
DEGREE 4 POLYNOMIAL 15 POINTS N 4 M= 7
POINTS : DERIVATIVE
0 _ 1 2 3 4 5
-7 +04643963 -03867102 ~.027992738 -.01143791 .01083591
-6 -.06191950 T-.01233271 .62670279 -.00163399 -.004664396
-5 -.06358657 - 404234600 <04013853 00439920, -.00940700
-4 -.00357228 -.05486725 .02873700 .00729010 ~.00762086
-3 .04129641 -.05339486 +00593485 <00766717 -.00269545
-2 <16237632 -.06142725 -.01781719 -20015887 .00271710
-1 .21920804 -.02246283 -.03505434 .00339367 .00672238
0 .23951590 0. -.064129771 0. 00818377
1 .21920804 .02246283 -.03505434 -.00339367 .00672238
2 .16237632 .04142725 -.C1781719 -.00615887 +0271710
3 <08129641 05339486 +00593485 -.00766717 -.00269545
4 -.00357228 .05486725 .02873700 -.00729010 -.00762086
5 -.06358657 -04234600 .€4013853 -.90439920 -.00940700
6 -. 06191950 01233271 02670279 -00163399 -.00464396
7 +04643963 -.03847102 -.02799275 SOL163791 01083591



POINTS
o
-8 .04643963
-7 -.04043963
-6 -.06191950
-5 ~.027U6378 -
-4 .03215051
-3 .098833006
-2 .15718028
-1 .19647535
0 .21028816°
1 19647535
2 .15716028
3 .09883306
4 .03215051.
5 -.02786378
6 ~.06191950
T -.04643963
] 404643963
POINTS
0
-9 04576659
-8 -.03432494
-7 -.054653520
-6 -.03903621
-5 00242294
-4 £05451609
-3 . 10634002
-2 + 14941446
-1 17768206
0 L 18750841
1 . 17768206
2 + 14941446
3 + 17634702
4 L05451609
5 . 00242294
6 -.03903621
7 ~.05653520
I ~403432494
9 .04576659
POINTS
0
-10 04472050
-9 -.02484472
-8 -.05001635
-7 -.04315136
-6 -.C1515297
-5 02452935
-4 .06789993
-3 10841682
-2 .14099137
-1 .16199065
o «16923254
1 .16199065 .
2 . 140991487
3 .10841682
“ L06789993
5 .02452935
S -.01515297
7 -.04315136
8 -.05001635%
9 -.02484472
10 . 04472050
POINTS
) 0
-11 . 04347826
-10 -.01739130
-9 ~.04347826
-8 ~.04347826
-7 -.02517162
-6 L00457666
-5 .03981693
-4 07551487
-3 L 10755149
-2 .13272311
-1 .14874142
0 .15423341
1 14874142
2 13272311
3 .10755149
4 .07551487
5 .03981693
6 .00457666
7 -.02517162
8 -.043647826
9 -.04347825
10 -.01739130
11

«04347826

DEGREE & POLYNOMIAL

1

«03216374
-.00621397
02764878
-+03998968
-.04308566
-.03878569
-.02893877
~.N1539388

.01539388
.02893877
.03878569
+04308566
«039989638
02764878
00421397
-.03216374

. DEGREE 4 POLYNOMIAL

1

202711324

00026582
-.01816931
~e02924368
-.03400882
-.03351628
~.02881759
~.02096429
+01100791

0.
«01100791
«U2096429
.02881759
03351628
.034C0882
02924368
«01816931
-.00026582
-.02711324

DEGREE 4 POLYNOMIAL 21 POINTS

1

.02313508
.00276052
-.01191054
-.N2151184
-s02667709
-.02804002
-.02623434
-.02189378
-.01565205
-.00814289
0.
.00314289
.0156520%
.02189378
02623434
02804002
«02667709
.02151184
«01191054
~.00276052
-.02313508

DEGREE 4 POLYNOMIAL

1

.G1995541
+«00412993
00769231
T-.01591162

-.02092835

-.02314280

-.02295531
C2076619
01597578
-.01198439
ceel9zie

.00619236
.01198439
.N1697578
202076619
402295531
.02314280
.02092835
.01591162
.00769231
-.00412993
-.01995541

—27-

17 POINTS N= 4
OERIVATIVE
2
-.G2115583 -.00722394
01431889 ~.00180599
.C2670279 .00180599
.023806481 00386997
«01246328 - 00464396
-.00205406 +00438596
~.01545011 «00335397
-.C2469834 .00130599
-.0279828% 0.
-.02469834 -.00180599
-.01545011 -.00335397
-.00205406 -+00438596
.01246328 ~eU0464396
+C2386481 -+00386997
02670279 -.00180599
«01431889 +00180599
~a02115583 + 00722394
19 POINTS N= &

DERIVATIVE

2

-.01633035
«GGT66244
«01792117
.01853761
+C1305796
200448284

-.00673268

-.01267912

-+01799255

201985462

«01799255

.C1267912

~.00473268
00448284
«01305796
.01853761
«01792117
«00766244

-.01633035

1

-+00678469
~+00159490
-00065672
+00208744
200231452

+00295525°

«002626489
«001940671
.00103199
0.
-.00103199
~+00194671
-.00262689
-.00295525
~.00281452
-.0020874%
~+00065672
+00159490
« 00478469

N= 4

DERIVATIVE

2

-.01284585
.C0395257
.C1216975
.11407669
L01167721
.00670795
.00063837

-.00532924

-.C1025975

-.01348524

-.01460493

-.C1348524

-.01025975

-.00532924
.50063837
.00670795
.C1167721
.01407669
.01216975
.00395257

-.01284585

23 PUINTS

-.00329381
-.00131752
00013869
+00113261
.00172203
+00196473
+00191850
.00164113
+00119039
+00062409
C.
-.00962409
-.00119039
-.00164113
-.00191850
~.N0196473
-.00172203
-.00113261
-.00013869
«00131752
+00329381

N= &

DERIVATIVE
3

-.01027499
.00183271
+C0835614
.0106246%
.00982764
.00701461
.00309511

-.00116123

~.00512474

-.00830564

-.01035411

-.01106026

-.01035411

-.00830564

-.00512474

-.00116123
.C0369511
.00701461
«00982764
S01062464
.00835614
.06183271

-.01027499

-.00234114
-.00106415
-.00009121
+00060809
«001006415
20130739
+00136820
.00127698
.00106415
00076011
+00039520
Q.
-.00039526
~-.00076011
~+00106415
-.00127698
-.00136820
-.00130739
-.00106415
-+00060809
00007121
+00106415
200234114

4
«00619195
-.00154799
~+00464396
-+00464396
-.00285782
-.00035723

00202429

.00369136
00428673
00369136
00202429
-.00035723
-.00285782
-.00464396
-.00464396
-.00154799
.00619199

00374454
-.00041606
~.00237399

~.00277169
-.00216596"

-.00102791

.00025698

.00138891
.00215372
00242294
. .00215372
.00138891
.00025698
-.00102791
-.00216596
-.00277169
-.00237399
~.00041606
00376456

M= 1O
"
.00237154
© +00000000
-.N0124818
-2001l06424

-.00150516
-.00099365

-.00031816

.00036711
.07094225
.00132160
.00145376
.00132160
.00094225
.00036711
-.00031816
=.00099365
-.00150516
-.00166424
-.00124818
.0000¢000
.00237154

M= 11

4

+2C156076
.30014189
-+00066890
-«J0101348
-.00101881
-.00079691
-.00044486
-.00004481
.00033605
.00064543
+00084599
+00091533
+00084599
.C0064543
00033605
-+000C4481
-.00044686
-.00079691
-.00101881
-.0010t348
-.30066890
«00014189

.00156076

UCRL-19903



PUINTS
o .
-2 -.200C0000
-1 . 00NGOCCO°
c . 1.0000000C
1 . 00000000
? -.00300G0C
POINTS
0
-3 232164502
-2 -.12987013
-1 . 32467532
2} «56709957
1 '«32467532
F4 -.12947013
3 02164502 .
PUINTS
0
-4 «03496503
-3 -.12820513
-2 069393007 -
-1 - «31468531
o] 41724342
1 31468531
2 . 06993007
3 -.12820513.
4 +0N3496503
POINTS
0
-5 04195804
-4 -.10489510
-3 ~.02331002
-2 13986014
-1 27972028
[« +33333333
1 27972028
2 13986014
3 ~.02331602
% -.10449510
5 04135804 °
PUINTS
0
-6 74064524837 -
-5 ~.081464796
~4 -.05553270
-3 <04524887
-2 16042731
-1 .24681221
0 27348622
1 .264681201
2 . 16062741
3 «04524887
4 -.05553270
s -.08144796
5 .06524887
POINTS -
0
-7 . 06643963
-6 © ~.06191950
-5 ~. 00358657
-4 -.,00357228
-3 .08129641
-2 .16237632 .
-1 21920804
[ .239515490
1 21920804
2 .16237632°
3 08129641
4 -.00357228
5 - ~.06358657
6 -eD6191950
7 «04643963

DEGREE 5 POLYNOMIAL 5 POINTS N= 5
-DERIVATIVE
1 2 : 3
.07109333 -.08333333 ~.40812500
-.63200000 1.33333333 . 74300000
0. - i -2 .50000000 0.
+63200000 1.33333333 -.74000000
-.G7108333 -.08333333 .40812500.
DEGREE 5 POLYNOMIAL 7 PUINTS N= 5§
B DERIVATIVE
1 2 3
-.01666667 -.09848485 . 12500000
. 15000000 50757576 -1.90000000
" -. 75000000 -.14393939 1.62500000
0. -.53030303 0.
. 7590C000 -.14393939 -1.62590000
. =.15000000 .507571576 1.00000000
L01666667 -.07848485 -.12500000
DEGREE 5 POLYNUMIAL 9 POINTS N= . 5
DERIVATIVE
1 2
-.02960373 -.07342657 .08741259 .
. 16095571 .21620047 . ~.39947552
- 426445221 . 08799534 .22377622
~-.33554779 -.12296037 40122378
0. . -.21561772 0.
.33554779 " -.12296037 ~.401223738
. 26445221 08799534 -.22377622
-.16095571 | .21620047 .39947552
. 02960373 -.07342657 ~.08741259
DEGREE = 5 POLYNOMIAL 11 POINTS N= 5
DERIVATIVE
1 2 3
~.03339161 ~.05244755 .05638112
.12622378 .10139860 -.17569930
-.07278555 .08508159 ~.00480769
-.21993007 .00058275 . 14360140
-.17972028 ~.07925408 .13811189
0. -.11072261 0.
.17972028 -.07925408 -.13811189
.21993007 .00058279 -.14860140
07278555 .08508159 . 00480769
-.12622378 10139860 .17569930
.03339161 -.05244755 -.05638112
UEGREE 5 POLYNOMIAL 13 POINTS N= S
. DEREVATIVE
1 2
-.03306938 ~.03789593 03676471
.09287330 .05090498 -.08399321
-.00004114 66005759 -.03532497
-.11437385 .02766351 .04198375
-.15679761 ~.01664267 07841423
-.10756890 ~e05169340 .05789798
0. ~.C6478815 0.
.10756890 ~.05169340 -.057489798
15679761 -.01664267 -.076841423
.114387385 02766351 -.04198375
00004114 .06005759 .03532497
~-.09287330 .05090498 .08399321
.03306938 -.03789593 =,03676471
DEGREE S POLYNOMIAL 15 POINTS N= 5
DERIVATIVE
1 2
~-.03109907 -.02799278 .02465170
067460654 .02670279 -.04237926
02539069 .040133853 -.23049724
-.05130043 .02873700 .00570374
-.10573986 400593485 .03474339
-.ll112765 ~.01781719 204221243
~.06951060 -.03505434 .02772982
0. ~.04129771 0.
.06951060 -.03505434 -.02772982
1112765 -.01781719 -.04221243
.10573986 . 00593485 -.03474339
.05130)43 .02873700 -.20570374
-.02589069 04013853 .03089724
-.06740454 .02670279 04287926
.031099C7 -.02%465170

-28-.

!

-.C2799278

b

1.00000000

-4.300300000
6.00000000
'~4.00000000
1.00000000

27272727
~e63636364
« 09090309
«54545455
+09090909
-.63635636¢
£27272727

M= 4
%
.09790210
- 14685315
-.07692308
.06293706
.12557413
.06293706
-.07692308

-.14685315
.09790210

.04195804
-.041958G4
-.04195804
-.00699301
.02797203
.04195804
.02797203
-.00599301
~.04195806
-.04195804
.04195804

.‘4'

.02036199
-.01357466
~.01974496
-.01110654

.00226244

.01316331

01727684

.01316331

.00226244

-.01110654 "

-.01974496
~.01357466
.22036199

M= 7

4

.01083591
-.N0464396
~-.00940700
~-.00762086
-+00269545
00271710
.00672238
.30818377
«20672238
«00271710
~.00259545
-.00762086
-.00940700
~.004064396
«01063591

UCRL-19903

5

-+36750000
1.04000000
0
-1.04000000
«367500090

5

-+30000000
2.00000000
-2.50000000
0.
2.50000000
-2.00000000
+50000000

5

-«15384615
«42307692
-+15384615
-+34615385
0.
«34615385
«15384615
-.42307692
+15384615

5

-.05769231
11538462
.01923077

-.07692308

~.07692308

0.
07692308
.07692308

-.01923077

-.11538462
05769231

5

-.02498688
03733032
«02036159

-.012644344

—.02941176

-.02262443

0.
+02262443
«02941176
«01244344

-«02036199

-.03733032
+N2433688

5

~«01131950
«01362229
01165754
+00052393
-.00394261
-.01190760
~e2038U3T63
G.
.00803763
+21190760
+20894261
-.00052393
-.01165754
-.01362229
201191950



PUINTS
0
-8 W N4643963
-7 -.04643963
-6 -.06191950
-5 -.02786378
-4 .03215051
-3 .094833006
-2 .15718028
-1 +19647535
0 .210284816
1 . 19647535
2 15718028
3 .09853306
4 .03215051
5 ~.02786378
6 -.06191950
? -.04643963
8 .04643963
POINTS
0
-9 . 4576659
-8 -.0343249¢
-7 -.0565352C
-6 -.N3903621
-5 .00242294
-4 T .05451609
-3 . 10534002
-2 14941446
-1 + 17768206
0 J18750841
1 177682006
2 T 149414406
S 3 $10634002
4 «05451609
5 . 30242294
6 =.039703621
7 05653520
8 -.036432494
9 L 04576659
PUINTS
0
-10 +34472050
-9 -.02684472
-8 -.05001635
-7 -.04315136
-6 -.01515297
-5 . 02652935
-4 06789993
-3 .10841682
-2 - 14099137
-1 16199065
0 L 16923254
1 . 16179065
2 «14099i47
3 .10341682
4 . 06789993
5 202452935
6 -.01515297
7 ~.04315136
8 -.0500163%
9 -.024344172
10 204472650
PUINTS
0
-11 .04347326
-10 -.01739130
-9 ~.04347826
-8 -.04347826
-7 -.02517162
-6 « 00457666
-5 +03981693
-4 .07551487
-3 .10755149
-2 413272311
-1 14874142
0 15423341
1 14874142
2 « 13272311
3 10755149
4 07551487
) .03981693
6 00457666
7 ~.02517162
i -.04347826
9 -. 06347826
10 -.91739130
1L . 04347826

VDEGREE 5 PULYNUMIAL

i

~.02858617
.N4894221
.03310114
~.01720846
-.06411447
-.UBT26879
-.0803425¢4
~.04752124
0.
«04752124
.08034254
08726879
06411447
«Gl72C846
-.03310114
~.04894221
. 024858617

DEGREE 5 POLYNUMIAL

1

~.02601415
«03568407
.03287465
.00096601
-.03557139
~.0616425%
=+06996527
» 35950768

+33392561
«05950768
« 06996527
«06164254
+03557133
-+00096601
~eN3287465
-.03568407
.02601415

DEGREE 5 POLYNOMIAL

1

-.02358468
.02612040
+02989134
« 01004449

~.01717885

-.0%085299

-. 05460851

-.05587288

-.04511105

-.02506614

0.

. 02506614
04511105
.C55487288
«05460851
04085299
.01717885

-.01004449

~.02989134

-+02612040
+02358468

DEGREE 5 POLYNOMIAL

1

-.02137124
.01915789
«G2612040
«0l4l4sl2

-.00570274

-.02551562

-.04C15826

-.04686723

-.04485643

-.03492167

~+01904514

2.
«01904514
.03492167
34485643
« 04686723
«04015826
«025515562
- 00570274

- Ul414412

~.02612040

-.01915780
«02137124

—29-

17 POINTS

DERIVATIVE

3
-.02115583 01702786
01431889 -.02302632
202670279 -.02244582
.02386481 -.00522446
.01246328 .01303882
-.00205406 02374077
-.01545011 02387473
-.02469834 .01463146
~.02798285 0.
-.02469834 -.01463146
~-.C1545011 -.02337473
-.00205406 -.02374077
.C1246328 ~.01303882
.02386431 .00522446
. 02670279 .02244582 .
.01431889 .02302632
-.C2115583 -.01702786
19 POINTS N= S
DERIVATIVE
2 3
-.01633035 .01209174
00766244 -.01284585
01792117 -.01555789
.01853761 -.00750896
.C1305796 .C0331089
.004643284 .01188983
-.00473268 .01569785
-.01267912 .01419040
~-.01799255 .00631202
~.01985462 0.
-.01799255 -.00831202
01267912 -.0141%040
~.00473268 -.01569785
200448284 -.01183983
.01305796 -.003319089
01853761 .00750896
01792117 .01555789
.C0766244 .01284585
-.01633035 -.01209174
21 POINTS N= S
DERIVATIVE
3
-.01284585 . 00860207
.00395257 ~.00736546
01216975 -.01068394
01407669 -.00703741
.C1167721 ~.00073709
.00670795 .00528204
© 00063837 200926465
~.00532924 .01043841
-.01025975 .00881741
-.0134852¢4 . 00500557
-.01463493 0.
~.01348524 -.00500557
-.01025975 -.00381741
-.00532924 ~.01063841
.00063837 -.00926465
.00670795 ~.00528204
.01167721 .00073709
.01407669 .00703741
01216975 01068394
.00395257 .007 36546
-.01284585 -.00880207
23 POINTS N= 5
DERIVATIVE
2 3
-.01027499 .00654961
00183271 -.00429715
00835614 -.00736546
.0106246% -.00585791
.00982764 -.00221139
.00701461 .00181786
.00309511 +00506913
-.00116123 .00689219
-.00512474 .00706222
-.00830564 00569469
~.01035411 .00316032
-.01106026 0.
-.01035411 -.00316032
-.00830564 -.00569469
-.GC051247T4 -.00706222
-.C0116123 -.00689219
.00309511 -.00506913
.0NT01461 -.G0181786
«G0982704 .00221139
01062464 00585791
.00835614 00736546
.00183271 .00429715
-.01027499

-+ 006549061

00619195
-+00154799
~«004064396
~.00464396
-.00285782
-.00035723

+00202429

+00369136

«00428673

«00369136

00202429
-.00035723
-.00285782
-+00464396
~+004643%6
-.00154799

00619195

«00374454
-.00041606
~.00237399
-.00277169
~.CN216596
-.02102791

.06025693

00138891

00215372

«00242294

.G02153712

00134891

«00025698
-.00102791
~+00216596
-.00277169
~.00237399
~+00041606

«00374454

10

4

-00237154
+00000600
-.00124818
-.00166424
-.00150516
-.00099365
-.0D031816
.00036711
.00094225
00132160
.00145376
.00132160
.00094225
00036711
-.00031816
~.00099365
-.00150516
-.00166424
-.00124818
+00000000
100237154

11

4

.0C156076
« 00014189
~+00066890
-«00101348
=.90101881

. =s00079691

-.000444486
-.00004481
.00033605
(064543
+00084599
+00091533
+00084599
+C0064543
«09033605

~+«00204481

-.000¢4436
~.00079691
-.00101881
-.001C1348
-.60066890

.00014189

.00156076

UCRL~-19903

5

-.N0619195
00541796
00619195
00232198

~.00214337

-+ 00494165

~.00523934

-+00327459

0.
+00327459
200523934
00494165
.00214337

-.00232198

-.00619195

~«N2541796
00619195

5

-.00343249
.00228833
«00329749
.00195181

-.00010096

-.00181720

-.00265850

~.00249024

-.00143068

0.
00148068
00249024
00265850
00181720
«N0010096

-.00195181

~+00329749

-.00228833
«00343249

5
-.00200669
.00100334
00179546
.00135540
1.00040796
-.00055034
-.00121372
-.00145946
-.00126531
-.00072688
0.
00072688
00126531
. 00145946
.G0L21872
.00055034
-.20040796
~.00135540
-.00179546
-.00100334
.00200669

S

-.00122631
+00044593
«00100334
.000d49186
.00045180

-.00007041

-+.00051047

-.00077451

~.00082732

300689063

20033139

0.
.000381139
+00068063
.00082732
+ 30077451
00051047
«JC007041

*=~.00045180

-.00089186
~.00100334
-.00044593

.00122631



PUINTS

-3
-2
-1

wN-~-o

POINTS

-4
-3
-2
-1
(o)
i
2
3

4

POINTS

-5
-4
-3
-2
-1

o

[ R

PUENTS

PUINTS

-7
-5
-5
-4
-3
-2
-1

~NTWM PN ~O

POINTS

-8
-7
-6
~5
-4
-3
-2
-1

E O VS WN O

o]

« 00000000
-+ 00000700

» 00000000 -

1. 00000000
+00109000
=+ 2C¢200000
« 90000000

o]

-+10543701
04351204
-.15229215
30458430
« 61926962
«3045R8430
-.15229215
«04351204
-+ 30543901

o}

~.21151789
+ 006622739
~. 12569633
«01151789
«32250103
<4 7593543
32259103
«01151739
-el26696813
206622789
-«NLL51T89

0

~.015670064
.27335080
-.07804389
-.07577562
.0935083¢
.30310247
. 37106714
+30310247

«N3850830 -

—.07577562
~.07304889

. 0733508¢C
~.N1667Q64

o]

~.02063983
« 07223942
~.33778677
-.028613162
-«01111376
13892197
+ 277841393
. 33333333
£27784393
13892197
~.01111376
-.J8613162
~.03778677
«07223942
~e 02063933

o
-.02355633
36730331

-.00942253
-.J7151125

-.053998306

.03624C51
« 15583420
+25368359
« 29105274
«25368359
+1558342C
+ 03624051
-.05399836
-.N7161125
-.00942253
06730331
~.02355633

-30-
NEGREE 6 POLYNOMIAL T PUINTS N= 6
DERIVATIVE
1
-.01666667 01111111 .12500000
. 1500000C -.15002000 -1.0C000000
-. 75000000 1.50000000 1.62500000
0. -2.12222222 0.
. 75000000 1. 50000000 ~1.62500000
-. 15000000 -.15000000 1.00000060
01566667 LOl111111 -.12500000
DEGREE 6 PULYNDMIAL 9 POUINTS N= 6
DERIVATIVE
1 2
~.02960373 .02852629 .08741259
. «16095571 -.21709920 -+39947552
-.26445221 .64873608 .22377622
-.33554779 ~-.09747216 40122373
0. -.72538203 0.
.33554779 -.09747216 ~.40122378
. 26445221 64873608 -.22377622
~+16095571 ~.217C9920 .39947552
+6296G373 .02352629 ~. 08741259
- DEGREE 6 PULYNOMEAL L1 POINTS NE b
OERIVATIVE
1
~-.03339161 .03142054 .05638112
.12622378 -.16697930 -.17569930
~.07278555 $24722656 -.00480769
-.21993007 20186517 14960140
- 17972028 -. L4634855 .13411189
0. -.33437086 0.
17972028 ~.14634455 -.13811189
.21993007 20166617 -.1486G140
07278555 24722656 00480769
~. 12622378 -.16697930 17569930
.153339161 .03142054 -.05638112
DEGREE 6 POLYNUMIAL 13 POINTS N= &
DERIVATIVE
1
-.03306933 « 02904594 .036764T1
.09287330 -. 11644968 -.08399321
-.00004114 . 08440009 ~.03532497
-.11487385 +15850443 04198375
-. 15679761 .05029919 07841423
-.107563%0 ~. 11254965 .05789798
0. ~418650063 0.
.107556890 -.11254965 05749798
15679761 05029919 07841423
.11497385 15850443 -.04194375
.00004114 . 08440009 03532497
-.09287330 - 11644968 .08399321
.03306938 .029045%4 -.03676471
DEGREE 6 POLYNOMIAL 15 PUINTS N= &
OERIVATIVE
1 2
-.03109907 025275117 024565170
. 06740454 -.07983431 -.04237926
.02589069 .01965062 -.03089724
-.05180043 .09429829 00570374
~-.10573986 .07931880 .03474339
-. 11112765 .00080817 204221243
-.06951060 -.08l61776 02772982
B . -.11579918 0.
.C6951060 -.08l6l776 -.02772982
11112765 .00C80817 -,04221243
. 10573986 .07931880 -.03474339
.05180043 09629829 -.00570374
-.C25890069 01965062 .03089724
- . 06740454 -.07983431 04287926
.03109907 02521571 -.N2465170
DEGREE 6 POLYNOMIAL 17 POINTS N= 6
DERIVATIVE
1
-.02858617 .02150282 .017021786
04896221 -.05500142 -.02302632
.C3310114 -.00529120 ~.02244582
-.01720846 .05052647 -.00522446
. 06411447 064696624 .01303882
8726879 .03609262 .02374G77
3803425¢% ~.01462975 .02387473
-.04752124 -.(5956358 311463146
o. -.07720437
04752124 -.€5956358 -.01463146
.03034254 01462975 .N2387673
08726479 03609262 -.02374077
06411447 06496624 -.01303482
01720846 .05052647 00522446
-.03310114 -.06529120 02244582
-.04894221 ~.05500142 02302632
02858017 .02150282 -.01702786

M=

4

-. 16666667
2.020000000
-6.50000000
9.33333333
~6,50000000
2.00000000
~e 16666667

4

-. 11623932

+ 76324786
~1.25470085
.00940171
1.19658120
+00940171L
-1.25470085
2163247086
-+115623932

~.06300452
31312217
-.256485617
~.27330317
Lll674208
.337854822
+11674204
-a2733031L7
-.25b648567
.31312217
-.069006452

4

-.064106152
13993411
-.04207351
-+13112249
~+05914107
06898468
«12891958
+06398468
-<25914107
-a13112249
-+04207351
« 13993411
-.04104152

4

-.02516340
L06735466
.00443889

-.05192771

-.05228890

-.00987007
. 03319031
.05R53245
.03419031

-.00987007

-.05228490

-.05192771

« 00443889

+06735466
-.02516340

4

-.01597344
03447077
.01198008

-.01849733

-.032713830

-.02017820
.00159803
.02180730
«02986218
.02143730
00159803

-.02017820

-.C3913830

-.01849733
.011930903
034647077

-.0159734%

5

~.+50030000
2.00000000
~2.50000000
D
2.5%000000
=2.9306000000
+50000000

5

-.15334615

42307692
15334615
34615385

234615385
»15384615
-+42307692
«15384615

5

~«05769231
+11538462
+01323077
- 27692308
-.07692308
Ce
Q7692308
«17692308
-.01923077
~.11538462
05769231

5

-.02488688
.03733032
+02036199

~+01244344

-.02941176

~.02262443

0.
02262443
«029411176
01244344

~.02036199

-.03733032
+22488688

5

-.01191950
.01362229
.01165754
.00052393

-.00894261

-.01190760

-.00803763

0.
.00403763
.0119076G
.00894261

-.00052393

~.01165754

-.01362229
L01191950

5

-.00619195
.00541796
.00619195
.00232193

~.00214337

-.00494165

-.00523934

-.30327459

0.
.00327459
.00523936
.00494165
220214337

-.00232198

-.00619195

-.00541796
.30619195

UCRL-19903

[

1.00000000
~6.00000000
15.0000C300

-2G.90000000
15.00030000
-6.000000n0
1.00000000

[

+ 2666066617
-1.13333333
1.46666667
<06666661
-1.33333333
06666667
1.46666667
-1.13333333
26666667

[

.04823529
~.28235234
.17058824
«21176471
-.07055824
23529412
-.271058824
221176471
«1705882¢
-.28235294
.J3423529

&

+N3405573
~.08513932
.01238390
«N6656347
+03405573
-+03095975
~« 06191950
-.03095975
.03405573
+ 06656347
01238390
-.08513932
03405573

6

«01475748
-.02951496
-.00567595

.N1816305

. 02033024

00515396
-.01289990
-.02063983
-.01289990

+ 00515996

+«02033024

.01816305
-.00567595
-.02951496

+01475748

6

+20699360
=.01137434
-4+30524970
.00437475
.008614439
00625325
«00013461
~.00572082
-.00B8076406
~.00572082
03013461
00625925
.00861489
+00437475
-.00524970
-.01137434
« 00699360



POINTS

9
3
7
6
5

-4

3
2

-1
]

PGINTS

-1

CENOWVE WN -

0
3

-8

-6 -

7

-5

4

-3
-2

—

POINTS

-1
-1

-

1

1
0
9
8
7
6
S
4
3
2
1

O LXNOCOVMEWN~O

COUET NV N =O

0

-.02562929
+ 06086957
. 00326100

-+05163548

-.06407323

-.01827971
« 06708844
.16093687
«23217122
+25858124
«23217122
+16093687
+ 06708844

-.01827971

-.00407323

-.05163548
+2092610¢C
«06086957

-.02562929

0

-.02705314
«05410628
.02100178

-+032951935

-+05955041

-+04296675
«01136986
«N8618477
«16005743
21340991
«23278443
+21340991
. 16705743
.08618477
.01136946

- .04296675

-.05955041

-+ 03295195
.02100178
. 05410628

-.02705314

0

-.02798601
«04757621
« 02798601

-«01749125

~+04944896

~+05081670

-.0202227}
03379866
«09747448
«15617578
+19711506

21175883

+19711506
«15617578
«0FT4T448
.03375866
~+22022271
-.0%081670
~.04944896
~«01749125
02798601
«34757621
-« 02798601

DEGREE 6 POLYNOMIAL

1

=eN2601415
.035684C7
.03287465
.C0096601
-.03557139
-.06164254
-.06996527
-.05950768
~+03392561
2.
+03392561
.05950768
.06996527
06164254
.03557139
-.0N096601
-.03287465
-.03568407
©..02601415

DEGREE & POLYNUMIAL

1

=.02358468
+2612040
«02989134

«01004449

~.0171788%
-+ 04085299
—«05460851
~.05587288
~.04511105

~+02506614 -

0.
«025060614
«D4511105
.05587288
.05460851
04085299
«01717885
—<.01004449
-.02989134
~.02612040
.02358468

DEGREE & POLYNOMIAL

1

-.02137124
01915780
02612040
01414412

-.00570274

~.02551562

-.04015826

- 04686723
=.04485643
~+03492167

-.01904514

0. i
«C1904514
03492167

W04485643
04686723
.04015826
«02551562
00570274

-.01614412

~:02612040

~.01915780
© L02137124
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19 POINTS N= 6 M=
DERIVATIVE
3
.01816323 «01209174
-.03832901 ~«01284585
~.01386704 -.01555789
«02462471 -.00750896
«C4518434 .00331089
«03965277 .01198983
«0"1423099 «01569785
-.013924596 «Cl419040
~.04431797 .00831202
-.05419213 0.
-+04431797 -.00831202
-.01324596 ~«0G1419040
.01423099 -.01569785
«03965277 -.01138983
" +C4518434 -.00331089
02462471 «00750896
-.01386704 +01555789
~.03832901 .01234585
.01816323 -.01209174
21 PUINTS N= 6 M=
DERIVATIVE
2 3
«01534134 . 00880207
-«02705334 -.00736546
~.01572073 -.01068394
.01007115 -.00703741
02911312 -«0G273709
.03321525 .00528204
.02283905 +00926465
+00340181 .01043841
~.01774725 «0C881741
-.03367878 + 00500557
-.03956324 0.
-.03367878 -.00500557
-« 01774725 -.00881741
«00340181 -.01043841
.02283905 -.00926465
.03321525 -.00528204
.02911312 .00073709
.01007115 .00703741
-.01572073 «01068394
-.02705334 «00736546
.01534134 -.00880207
23 POINTS N= 6 M=
DERIVATIVE
2 - . 3
01300059 «00654961
~.01932691 -+00429715
-.01491945 ~«00736546
»00216079 -.00585791
01773465 -.00221139
02505597 .00181786
202264975 «N0506913
.01243857 00689219
-.00184270 ~«007C6222
-.01594407 + 00569469
-.02610919 +00316032
-.02979602 Q.

" ~.02610919 ~.00316032
-.01594407 ~+00569469
~+00184270 -.00706222

«01243857 -.00689219
«02264975 -«00506913
«025035597 -.00181786
«01lT73465 «00221139
«0N0216079 « 00585791
~+01491945 «00736546
-.01932691 « 30429715
.01300059 -+00654961

-.01048055
.01855072
01073541

-.00528200

~.01541482

-.01553192

-.00756360
00368466
.01301028
01658366
.0l301C28

«00368466

~+00756360
~.01553192
-.01541482
-.00528200

.01073541

.01855072
-.01048055

10

4

-.00708535
01040258
.00810916

~.00032037

-.00735496

-.00988693

-.00776656

-.00256218
.00345433
.N0309660
.009821735
00309660

400345433

-.002556218

~.(0776656

-.00988693

-.00735496

-.00032037
.00810916
.01040258

-.00728535

11

4

© =+00491934

«C0603288
00581120
«00134292
-.00322018
-.00581976
-.00588902
-.00383109
~+00057769
.00277202
«00523232
«00613151
«N0523232
«00277202
-.00057769
-.00383109
-.00588902
-.00581976
-.00322018
«00134292
00581120
«0306032388
~.00491934

UCRL-19903

5

-.00343249
.00228833
.00329789
«00195181

-.00010096

~.00181720

~.00265850
~.00249024

-.00143068

0.
.00143068
+00249024
.00265850
.00181720
«00010096

-.00195181

-.00329739

-.00228833
.00343249

S

~+00200669
«00100334
«00179546
«00135540
00040796
~+.00055034
~.00121872
<.001459%406
~.00126531
-+.00072688
0.
«00072688
.00126531
«00145946
.00121472
.00355034
~.00040796
~.00135540
-.00179546
~+00100334
+00200669

5

~.00122631
«00044593
«00100334
+00089186
«J0045180
~+00007041
-.00051047
-.00077451
-.00082732
-.00068063
-.0n038139
0.
.00038139
«00068063
.00082732
«20077451
«00051047
+00007041
-.00045180
-.00089186
-.00100334%
-.00044593
.00122631

6

.00356979
-.00475973
-.00328981-

« 00062996

«00332481

.00363979

«00196258
-.00057612
-.00272446
~.00355364
~+00272446

=.00057612

«00196258

«00363979

+00332481

00062996
-.00328981
-+00475973

«00356979

6

.00193237
-.00212560
-.00191203
-.00027460

+00119532

.00181720

.20152196

.00059856
-.00051330
-.00138436
-.00171101
-.00138436
-.00051330

.00059856

.30152196

.00181720

.00119532
~.00027460
~.00191203
-.00212560

.00193237

6

00109945
-«00099950
=+00109945
-.0C039980

«00037350

+00085221

«00092369

«00064240

.00015503
~.00036081
-«00074421
-.00088501
-+.00074421
-.00036081

+00015503

+ 00064240

00092369

. 00085221

«03037350
~.00039980
~+020109945
-.00099950

«00109945
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Appendix C

Computer-brogféﬁ‘for smoothing and differentiation of dats

The smoothing program, in the form of a subroutiﬁe, is reproduced below. Q)

It is a more gehéralized form of the program given by Savitzky and Golay.lffNDATA

s

is the input affay of N'points which is to be smoothed dr_differentiated. CONF
_is the array of NP:copvélution factors. These four variables are set by the main
program for inéuf‘to the subroutine. OUTDAT is the afray of M smoothed (of
differentiated) data points as caiculated by the subroutine. |

‘BecauSé~the dimensiOnvof the array IPOINT is éef at 50, NP must beless
fhan 50. If smoothing is'desired:over'moré than 50‘pqint51f The ﬁiﬁensién.of TIPOINT

can be increased.



002715
02715
002715

002717

002720
002721
002727
002730
002733
002740
002741
002743

- 002751 -

002752
002755
002763

002771
003000

003003

C03004

003006
003012
003014
003022
003026
003030
003030

~ SUBROUTINE SMOOTH(N, INCATA,¥,0UTDAT,NP,CONF)

e XaXakakoXstaXakaRataks

10

20

30

106

120

140

-33-

THIS SUBROUTINE SMOOTHS DATA CVER NP PCINTS

N=NUMBER OF RAw CATA INPUT POINTS
INDATA=ARRAY OF N INPUT DATA POINTS

M=NUMBER OF SMOOTHED UATA PCINTS=N-NP+l1
OUTDAT=ARRAY OF M SMCCTHED POINTS :

UCRL-19903

NP=NUMBER OF PCINTS OVER WHICH CONVOLUTION IS PERFORMED

CONF IS THE ARRAY OF CONVOLUTING FACTORS

DIMENS ION INUA?A(N)QGUTDAT(ND.CONF(NP)'IPGINT(SO)

INTEGER CQUTDAT
INIT = (NP-1}/2

SUM = 0.

M =N+ 1 - NP

DO 10 I = 24NP
J=1-1 ) :
IPCINT(I) = INCATA(J)

Ca 100 I = 1,4M

NPML = NP = 1

J = 1 + NPM]

DO 20 K = 1,NPM1

KA = K + 1

IPGINT(K) = IPCINT(KA)
IPCINTINP) = INDATALJ)

DO 30 L = 1yNP

SUM = SUM + CONF(L) * IPOINT(L)

OUTDAT(ISINIT) = SUM
SUM = 0.
CONTINUE

DO 120 1 = 1,INIT
OUTDAT(I) = 0 '
NEXT = M ¢ INIT ¢ 1
D0 140 I = NEXT4N
OUTDAT(1) = 0
RETURN

END
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. :

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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