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TO: Distribution

FROM: D. W. Hewett

SUBJECT: Program to Evaluate Electron Counting Efficiencies

I. Introduction

This program is designed to compute silicon electron detector efficiencies

for various electron incident energies. The program essentially performs a

numerical integration of the energy deposition function which has been tabu-

lated for various incident energies at several detector thicknesses.1 Abso-

lute efficiencies may be calculated for arbitrary detector thresholds Eth; and,

any tabulated detector thickness ~ may be considered by choosing the appropriate

data set.
The detector relative efficiency may be defined as

where To is the incident energy, R(To,h,t) is the response function of the

detector, and E is the threshold of the beam monitoring detector. The response
m

function may be further broken down as follows:
00

R(To,h,t) = f
o

O(T ,T,t) G(T,h)dT. 0

~.J. Berger, S.M. Seltzer, S.E. Chappell, J.C. Humphreys, and J.W. Motz;
Tables of Response Functions for Silicon Electron Detectors, NBS Technical
Note 489 (August 1969).



D(T,T,t) = DE(T ,T,t) + PA(T ;t) 8(T - T )o 000 (4)
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D(T ,T,t)dT is the probability that an incident electron at T incidento 0

will deposit an energy between T and T + dT; and, G(T,h)dh is the probability

that an energy loss T wili produce a pulse height between hand h + dh.

G(T,h) has been taken to have the following form:

1G(T,h) = &' o
e

cr depends upon detector and electronic noise (cr = full width at half maximum

/2.348). D(T,T,t) may conveniently be broken down one further step.o

The second term on the right represents a total absorption peak while the

first term represents the energy.deposition contribution from electrons before

they have been completely stopped. It is these two functions, DE(To,T,t) and

PA(To,t), that are tabulated in reference (1).
This is the expression which results from these substituting (3) and

(4) into (2) and integrating

00

~ dh R(To,h,t)

dh

-
The second term on the right may be expressed in terms of the error function.



dh =

E-T=Jf a PA(To,t) erfc ~:

Therefore the final equation to be solved numerically is

ENT(E h,T )
( )

. t 0
e T ,E h' t = ( )o t ENT E ,T .m 0

where
ex> T

ENT(E, To) = i dh ~ 0 dT DE(To,T, t )

2x
2 dx
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(6)

(8)
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II. Numerical Procedure
The numerical procedure involved in calculating a detector efficiency

may be broken down into several general sections .. First, run parameters

and data tables are read in; a specific incident energy and detector thresh-

old is chosen; and, artefficiency value is calculated.
This last step, of course, involves the evaluation of ENT in a function

subroutine ENT(E~TTOP,TZERO). This routine first employs a 16 point trape-

zoidal rule technique to perform the integration over h from E to "infinity"

(TTOP). The integrand of this integration is itself the integral of DE(To,T,t)

exp (_(h_T)2/2cr2) dT. This "second" integration is done with a 32 point

trapezoidal quadrature in another function subroutine RESP(TZERO,H). The

integrand of this integral is, aside from the exponential factor, an inter-

polated value from the selected input data table. This interpolated value

and the exponential multiplier are generated in still another function sub-

routine called DAVW(H,T). These routines and their functions are denoted in

this diagram.

ENT(E,TTOP,TZERO) -

DAVW(T,H)~~~------~~---------~)
RESP(TZERO,H)

One other difficulty is that the·original data is presented by giving

an average value of DE for each small energy band DELTE from ° to TZERO. The

obvious way to interpret this data is to assign :each average DE value to the
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argument of the midpoint of the corresponding energy interval. This arrange-

ment causes the endpoints of the integration to be slightly outside this data

table. Since the interpolation routine is required to produce values for all

integration arguments, the original table was extended on both ends. At the

lower end of the argument range, the DE function was extended to the negative

side ofT = 0 by treating DE as an odd function, i.e. DE(To,T,t) = -DE(To,-T,t).

This extension insures that the interpolated values of DE will go through zero

when the argument is zero. On the top end of the argument range, extra zero

data points are added to energy arguments greater than TZERO - insuring that

interpolated values of DE will go smoothly to zero as the argument approaches

TZERO.

Additional problems were encountered for incident energies where To» (j

for which the main contribution to

TJ °dT DE(To,T,t) e
o

comes from the relatively narrow. spike at h = T. The difficulty is that, as

To increases, the width of quadrature intervals (To/32 in this code) also. in-

creases. Typical run parameters (FWHM = .064, .2 Mev ~.T ~ 5.0 Mev) produceo

quadrature intervals from - 0.1 to 2.5 times the full width at half maximum.

This difficulty resulted in the construction of.a section in the main routine

to compare the DE quadrature interval to the full width at half maximum and

quarantee that there will be at least 4 integration points within a FWHM in-

terval about h = T.

In summary, the sequential order of operations described above goes

like this. First the noise factor FWHM and the detector thresholds ETH are
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read in. Next, absorption peak constants PA' energy intervals DELTE, and

incident electron energies TZERa are read in for each incident energy we

wish to evaluate. Finally, the DE tables for all energies are assimilated,

thus completing the input.

With all the data required for each TZERa value now stored in core, the

next task is to select a TZERa and calculate the efficiencies for each thresh-

old. In the version of the code given in appendix A, efficiencies are cal-

culated for each incident energy starting with the smallest. After a TZERa

has been selected, extended DE and argument arrays are generated and the in-

tegration interval in the DE integration is compared to the width of the

noise function. The upper limit TTap used in the evaluation of ENT

TTap TZERO + 3.0(DELTE)

is effectively infinite for this integration. Now the denominator of the

efficiency relation is calculated by using the function subroutines previously

discussed. All that remains is to very the threshold energies and calculate

the numerator of the efficiency relation, divide, and print the results. When

this procedure is completed, a new TZERa is selected; and, this entire process

is repeated.
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III. Discussion of Results
The computer methods described above have been applied to a·typical

'detector system (Explot'er47 prototype unit, APP 1-11, March calibration at

GSFC). The results are shown in Figure 1,wherein the relative efficiencies

of the three electron channels have been plotted versus incident energy. The

attached listing also applies to this case. One can see from Figure 1 that

the agreement is very satisfactory except at energies above the nominal elec-

tron energy required to penetrate the 900 micron ,detector. The experimental

efficiencies are 10 to 2of,higher than the calculated efficiencies. The

major source of this discrepancy probably lies in the fact that the experi-

mental system had a 40 micron detector in the path of the electron beam

ahead of the 900 micron detector. The electron energy loss in the 40 micron

detector was not more than 10 to 20 keV and was probably not as important at

the scattering of the electrons in the 40 micron detector causing the beam

to be incident on the 900 micron detector with a spre~d of angles. The pro-

jected depth in the experime?tal situation is therefore somewhat greater than

the theoretical model. The electrons would leave more energy in the 900

micron detector than expected and cause the higher energy portion of the pulse

height spectrum to be enhanced.
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IV. Program and Typical Data Deck Set-Up

The data deck for the following listing consists of these cards. The

first card contains the noise factor FWI~ and four detector thresholds, the

first threshold being that of the monitor. The format for this card is

(5X,F10.5,5X,4(E15.7)). The quantities on this first card are constant for

all i~cident energies considered in the run.

The next set of data contains the data set number ITZ, the total ab-

sorption factor P, the corresponding incident kinetic energy1TZERO, and the

data table energy interval DELTE.· There is ~ .£!U:!! for ~ incident energy

to be read into storage. From this point on, reference to a particular in-

cident kinetic energy and all parameters uniquely associated with it will be

made by reference to the. correspo~ding data set number. The format for each

of these cards is (6X,I2,2X,3D10.3).·

The final set of.data consists of the DE tables. The DE tables are

stored in core with tWo subscripts. The first subscript denotes the corres-

ponding energy argument value. within each DE table;. the second, denotes the

particular incident energy to which that DE table applies. Notice that the

second subscript is just the data set number.. These two subscripts are read

in on the same card with each DE value to help prevent errors occurring due

to misordering in this section of the data deck. However, with this version

of the code, there must be 50 DE values read in for each incident energy

read in.
The program presently reads in data for 13 incident energy values im-

pinging upon a detector one millimeter thick with three detector thresholds.

Data sets could be produced in this same format. for other values of detector
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thickness or other values of incident energies. Care must be taken with

the size of connnon blocks in the event that greater numbers of incident

energies are used or if data tables with more than 50 entries are used.

B.w,iI~/:~
D. W. Hewett /

DWH/mjo
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--
C
r,
: ~:R IrE: (6.-1\ ~ ) , 0 A \I :.!, H t-iT

1\2 rO~lHAT (~)X. ~IH :0;. [)17', 7 ,5x ,'6HnillJ~~ = ;017,7, 5X, 5~~Y"'T e , [117.,...;7'-1.. -::-,,-- _
40 nAvw~DAv~DEXF H~T) 20

___ ~T..1 RETUHN 21
4~ END ,2
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---E773'50108-~-29-72 15.~75 PAGE 1

1 SURROII]"! Nr~ SlJ,OOrH
2
3

c 0 ~'lIlO r: 0 f: ( :5ti), E 1\ ;; r. C :;!l). P, V5 I G •
D 1i-1Eus I OJ,; r,E 0 r; oJ( ') (j i , ./ORK <" '5 2)

5IG, EPS. X. ITOLlT~, 1>:0

4
5

c
o LOCAL L~hST S~UA~~S S~nOTHING

6
7

c
r,

(i~Sr • IgM SSP PAGE 255)

i 0 1 1 2 X • 5H:);, I G !f:.u, L , 9 y. , 6' I S ~~0 I) TH .. 11 X " 7 H5 ~\O0 TH;': • lOX I e HA R[; :)<'1E ~JT)
il jlFr~n 3

8 wRITE (6.190)
9 i96 FORMAT (1~1'7X'46~Oql~!NiC AND SMOUTH VERSIONS Jr T~~ INPllt DATAl :I

12 200 jIFF=J1FF+i 4
___ ....,-~'9 [l ::~j G.';, (d,,', (, b (, (, I: (, I, (, t> 6 7 [) n ;:. ( 0:'; , !lQ <! ,J!: (1 I + ? , 11[1 " '1 E ')

1.4 flo 40Q 1::~LI1!)Ur~ 6
is A=[l 7
l' 6 B ::: 3 ,)3 :! 3 :I H 3 3 0 3 3 :5 .j :nU 0 * ( ilE ( I': 2 ) + DE ( I - 1 ) .. DE ( I ) ) 8
17 400 ~:OflK (1-2) =il
18 '..J (1Ii:~( I 1" 0 u T2-1 ) ::=1 ii
.1- 9 \01 n Rv. ( I 1.: II r:2 ) = • 1', ()"" r, 6 (, ., (, {, 6 (, 6 (, 6 'I I) () " c 5 , ;) (1<, n F,.( I T () II r;o. ) 1 ?
20 1 +7.. DO<>D:i (I IC)IIT2-t) -lJE (I rOUT2-2) l

____ .J;?1 r: .
22 C IF O~LY UN~.L~VEi OF LEAST S~UARE SHOOT~ING IS

-'-_----'~.;i f. [1;: S ifi F.D: ~~:L:L->.clJ..!l.i-'-.!-_' _

~4 C JIFF=2____-1~ ~
~6 GO TO (~OO.7GO), JIFF. 13
~7 soo no 600 1=1·lrOUT2 14
28 f) [(lf~i)( ! )= 0;' ( i ) 1"i
29 600 DEc'l )::·101(.«(!) . ----' 1.::..6 _
30 Go TO 20~ 18__ ---'it r.
:,2 c
33 r

----34 C
35

T rlt s ::;t: r; T I ()~! LIS T S T Hr: :) r~I 0 ! \I AL. !JA TA I L:: A S T S:! UARE a ~JF. .-
l.Et.ST S~UAI,C: H!(;': flNil THE: :'RGU~IE~Ir.

70n no e nn !::1.!iC;UT2

35 BGO DEll )::wO~~IIJ
39 RErUHN ?S---~4 0 E~1iJ 26

ImrTE (6.7:;0) i)r:OH,';(I),
750 fOR~AT 15X.4b17,7)

19
36
:p

nE!!), WOR~(I). EAHG(I) ~J)

2~
2:~

2 T6a 1\ ,j0 frOs 0 r M~ MUfl Y USE D '1 y T HIS en He !l/; T! U "-i

------:----------------------------------------..,------_.

----~----...-.---- _. --.---' .
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OR1GIIliLI AND SHOOTH VERSIONS Or. THE· I~PUT DATA
_._._0 =t'L3:L'1 A.L· Ji.O.QTH SM.D.OJ'H?· AB.G.'1.ME.i'l.L- . _
~Q,375bQOOD 00 -0:3583333D 00 -0.3527778D 00 -0.14000000-01.

___ .-:~ !L.J. Z.5_0-.9Jl.R.L1LL--=-.Q :' 2 0 8 33 3 ~O __ :Jl . 21..'L1.1..4..iD..:...Q.Q __ -.O_<.1. O_Q.D.P_OJl.D=_O_L
-0.75000000-01 -O;9166~61D-01 -O,1083333D·OO-0.60000000-02

--,-~g ...?211.9.Q.Q..DJ2.:.Q..1,,0 ';'25Ci o O'(LQ..D..:.O 1 -(). 31)55556D.-=-0~Q.L4.0JtO.illl..Olt~P,-'=2 .
. 0.2500000D-Ol 0~25000000-01 D,3055556D~di· O.20000000~02

____ ,O..!J..?_O.Q.O.D'O.D.:-JU.~--D~..16 6.Q.6JJ1.:.O 1 0 • 1 O..8..l~~4.D_0.d__ tL-6QJl.Qj)J10.D-=1'-2;.,... ~ .
0,1750 DOO 0 DO. 0 :2083333D 00 Q .213S8890 en 6.10000000-01

-D..J...3LtO..o.QOJL.o.o, 0 ';'3 'liilM.n 0 0 L..~.1.3.:UlJt2...£LQL-D...W...1.0l!.0.D.O.D': lLJ... ..:- •

0.47500000,00 0;3916667D 000,391666Z0 00 0.18000000-01
______ ~.O_'_~~5.0_QO.Q.d.:...Q.0__ 0:' 4 41 6 6 6} DODO. '! 6J,.LU.J; D_Q.Q __ .lt•.?Z ° D.O Q_0.0.::.9),_

0.52500000 00 0~550DOOUO 00 O,5666667D 00 ~.26000000_01
__ .__ (L&OO.O :lO.O 0_O.O__ Q.1LO.{l..3..3..3~0_0~,L.!~7JJ1.z..e.lLOO.__ Q.•.3.Qb.D.o 0.011.::.0.1 -:-- .

0.80000000 00 0~7750DoGO 00 0.73888690 00 0.34000000-01
___ n~?).Q_~Jl.O.[LQJ)__ 0..2Z.;5.;S.P 3 Ql.lL.O_O 0 • 7 S f?J.1..L1;JLQO--Il-'-3Jl.n.f1~Q.o_O'D=.(l.1'__ _

0·675DOOOo 00 0:700000DO 00 Q,7605556D od 6.4200000D-01
__ -"OJ.7.0.Q.o.OO.OJLJl.n. __ !l..:..I3...1.U3_3...~n.._o..~.o.....a.u2.2.2.21Lo.0_6.d.6'O.0.n..O"OD.::.O..I.._ _

0.11700006, 01· O~1003333D 01 0,10683330 oi 0.5000000D-Ol
____ ..__ O_;X:s.~Q.Q.Q.Q1LJU: 0 '.' 1?- '13~ll.!L.Ql.. __ o..tJJ.~_a..9_Q.Q.p_._9__1 __ 0...!..2.1'O..9.Q.Q.IlD.:.9J"'-- --' _

O.i27boOOD 01 O~11B33330 01. 0.1182222D 01 0.58000000-01
_. D..:_?lUlJ1..0..Q"OJLQ.O 0 :, 1 QJ.J)JI..QQ.IL.Ql__ D.J_U.?Ii..~_(>L~_.9J..__ 0.ill.JtQ.Q.9.'O.O~QJ:':._ _

O,1100!l000' 01:' 0'."110666?D 01 O.H2666?Ll 01 0.66000000-01
____ Q_!.f3.2J).O.Q.9.Q . ....Q.l__ 0..:;~1163 3_~.~_Q 1 0, 11 ZJ.1J,11LQ.L __ Jt!.1.1HL0J1_0_0iJ- 0 1, • -'-_

0·ii3(jOOOO 01 0~12233330 01 0,11966670 01 6.7400000D-01
_____ . .0 .!.J.2.'-OO.0.O.O..:....QL__ o.lu§..:3.;$.,3).lLJ:ll_· __ D.t.1H ..3_33,lrLD.l--1LLl§ 0 O"O.0.0.D.::1I.1 _

0.i2DOOOOO 01 0~11733330 01 0,11744440 01 6.02QOOOOO-01
_____ ...Q..!..JJ:_Q..Qjl_9..0.l2.01 0 ';' 11 ~.~-?.~o 1 0 • 11 71.U1.1L9.1 __ 9....!...8~.9...Q.Q.9_Q.D.=.9)._· _

0.12000000· 01 0~11733330 01 O,119BB89D 01 0.90000000-01
___ --,--->:0. 1220!lOoti· 01 0:'12566670 01 0,'.242222D o i 6.9400000D-01

o . {35000··C)o. 01 0':i296()670 01 0:12 811-u: 0-0-1--6 ~ 96oiioOO·D-:-O1"----------------·
______ ._(l..!.1.t?I).O.Q.Q.O_QJ.._0.{12!O.'O"O.Q.D"':""'O"~-'-.1.2 4 7 7Z.?LLO..l.:...-O .....1.D.<l.O.£LO.Oi,LO_O"-- __ ~-----------------.------ . _

0'12000000. 010;11~666ID 01 0'11294440 oi 6'1060000D 00
__ -J1.t.9..2.Q.D.a.o.o.bLJlO __ D.~A.1..6.n.61.D no .0.....2..8.0..0..0o.OJL.li.o__ !L.ll.0.0.CLO ..oJL.Q..IL- .

D.6750aOOD 00 0:8416667D 00 0.8555555D 00 0.1140000D OU
------·~·!if~~·~·~·~~·~~---&H·~~-}~H5~~--_i~-n·H·~-~~§-~-~--~~H~-~·~·~g.g- ~ ~,'-----------------------......:....-.

0.7500DOOO 00 0~7500000D OD 0.7638889D od 6.1260000D OU---0. 72500·o-fo"---:,-o---0:rr:f:53;S 330 00 D.725Q-O~o5o·o---0-:-'i~fo000-ii6-00'------------·-----·---------------:...--
___ -!I)_Lt~.\19.9 ..0.!LQ...0 O~ 16.E..9..ZJL.QJi __ Q...l.!l2.?...;'~?6 O~ci __ o.......j.:.L4.0.Q_OJ1.DJ.-.!oO!-'!O'-- • .

O,6250DOOO 00 0:69166670 co 0.67222220 00 6.1300000D 00
___ . D..!.1.2 5'Q...QJJ_O.Q... 'lQ_' __ 0 ',' 6 3 3 3 3 3 30 00 0 , ~2.0.11.9.Q..Q.lL.p_O-.Jl.!_lm1LO...QJL'O,..!!OC_ _

Q.5500GDQD 00 0:6250000D 00 0,6250000D 00 d.1460Qooti 00
______ D.d)J)OJLDJ1.0(LO O· 0 ';'.o.1.6.Q.Y.61.D_OJl__ I1......5Jl8iJB8..2.rLQ~OJ.15.0.DJLO.Q.D._.a..o' _

0.70000000 00 0~5250DOOD 00 Q.51944~40 00 6.1540000D 00
O.~75bOQOD· 00 0)41666670 00 O.40B3333n 00 d.158DOO~~0~0 ~ .

-----·0-,275·00·000, 00 0':28333330 00 0,32-77-778'D 00 6: 1620000D 00
_____ 0.•. 3 0.0 O..a.0.OD~.D....--D..::.2..B..3.3.J.3.3.lL.OJJ~._3.O"2..7J_Z..8.L'OJJ--D....1.6.60.n.DOD-O.O _

0.2750000D 00 0:3416667D 00 0.31944440 00 0,17000000 00
. ....D_·.A.?_O'.D.0_Q.O.Q_Qt1-.D..:~.3J..3].3.30_.Cl~0.!....3..2Zl.Z1.§.JL_oJL __ d_·..1l~.QD_O.Q.lLO.O'- _

D,2750000D 00 013083333D 00 0.28611110 00 6,17800000 au
___ . o. ?;.Q..ll.Q.Q_Q.9..9.,:..oJL__ 0 t216 ~6 6 70· 00 0 •23Ji.1.~.!1lLJ1..9. q~1..s..?.Q.Q.oJlj) 0 0:- '-:-- _

o , 1.7 500000· 00 a ;' 1s:f33 3 3 D 00 0 , 1759222 DOD -0 .1 B 6 0 n 0 0DOD
___ iL! iU_t!.Q..D.P.9.:Jl..Q__ D ;'J.?..?2.66 7 0......9J!..__ Q..!...12 Q,84 4~._(H_)·_·_0 ..'.},2Jl.Q.Q.Q.~JLQ.9.. . _

O.3~30aOOD-01· O~6943333D-01 0.69433330-01 0.19400000 00
. --.-0.. •. . Q.~ 0 0 0 D - O.1-0"~.2..6..8..1.1..45J1~_OL_.....JJ...!.1.9.eO.O.O.O.LO_O _

o. O~ 0,37000000-02 6.2020000D 00
____ ..n.. I" • . O......2.D_~...DJ!.D.Q.u._.a_o

e , 0·.' O. 0.2100000D 00 .
_. . O... .. D..: _0... ._. <1. 2H.O 0 0 0 D._..o.O .. .

~------..-- ----------- ---------- -----,--



- - ------- ------ ------------------- --- •
,-

----------_. ----------------------------------------------------------------------------------------------------------------iZERO = 0.20000
_____ . ~E_\l_"l!''_.LNAI..DR_\LALJ:J.L.1L= 0 • !L~_·_..i...o_LA_t.t:iilla.L.lHREsH,oL_rL..OL__ 0: 1 520.0, _

----THT ....lNC--rDE~iT EN:nfG"f"T"s sEL.QW TH! s. TH~I;;SHO\.D ENERGy 0.20900
__ ~_(LiHLLI;;F'~ltClElI..cl....Jj~ fl.F BE SUL TOE, TH_ELIIO I SC_CJ~J:l.T R 13Ji.I.LQ-'.1: ~ _

A DETE::;,TOR EEE!_CIENCV' OF Q,379Bg WAS- COMPUTED FOR A DETECTOR THRESHOLD OE 0:20900

._._....1~El.JH;.:_19EutI __E1'1£RGr:....tLllELOJi....l!:Ll S: TH~i;_5HOL.D_~E3~y __ 6_L~J&O' _:_--------------
so THiS. EF':"!I:;,IENCY IS: THE RESULT OF THE; .IIOISE· CONTRl3UTION

_______ LJ)E.I.E].i.OR EEE IC IENa:.J1F D • IIAS_CJ21i~'..LIEJLDlJLA_J1EJJ:.CTO.R....nJRE~JiCH.j)_O F O~6-,,-0-,,-O _ ----------_.----_._----

-----n:fErNcf5"E'iil' ENERGY IS BEl.OW THlS THRESHOL.D ENERGY 0.82600
__ ~.Q.-LIii3.:....Ef;"IL:J.l8LC.LL~· THE R~SULT Or TH>=' IIOISE ~Q.NlBl3ll..L."'_ll. _

------....--A ..(iE'fE-:5JO:fr-EFFrCrE~ c Y 0 F 0, WAS-:-C....OM~-U-'fS 0 F'O-RAD~-E c l' 0R "H RESHOl.DOF"-, -0. 8 U, 0 e -
------_ .._---

------.------------------------------

_._------------------------_._---

------ ..----.-------------~---------------'-----------------------------------------------------------------.

----------------------------------------------------~--------------------------------------------------------------

--_._ ....._ ....-----

--------_ .._-------------------.----------
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!:

O~! GI 1j~~1 AND: SMOOTH'-vEils ior~S:-·Or, THE !.'~PUTDAf-A - .. ----- ..... -- ---
______ Q.1.1~J.NAl.~ Sk'...o.QJ' H SJ11JQ1J-L2 ··SJ3.V.t1EN.'-- .

. ' -D,~4aGGODD 00 ~D~2333333D GO -D,22888890 00 -6'17500000:01
~o,f20D~OOD DO: ~0~1333333D 00 -0.14222220 GO -d.1250000D-01-----. O~4-0·00-00'0O::-Ol:--·;'C):;'6 0'00 0 0 O-D-=O~O-:688;\ 8 89 D.,.0 i---():-is-OGOOO-6-;02'----------------------------._-- _ ..
;. ;i..!.~O0.99Q 0_Q 91 - 0: 13 3 3 3 3 3 D- 0 1 • a • 2 O.OJl.OJJ..QJ2.:..o_L-=-Q.,2?O.OJ2..0_0.D:_Q2 .

0.20000000-01. 0~1333333D-Ol D.2000aOOD-Dl 0.2500000D-02
9_!./~QJllO.O..Q.O.:...ql' 0 .,'6 0 OJlJUL~Jl=_O1 O_,-.~8}3 8 8 9Jl::.O_l__ 0-,..L~D O.Q.O.O..D=-.C""Z --'- _
O.i200000g.00 0:13333330 00 0.1200000n od d.1250000D-Ol
0.2400000D' DO 0~1666667D 00 0.1666667D 00 d.175000DO-01·

-----'0.14000000 00: 0 ~'20 0 00 Q 0 D· 00 0,19-777 780 0 d--o •22,'0'0-0'00-0'71-,------------'---------------------
.q.L2~~9g..Q.9..P..:....Q..0_.__ OJ.?_1.66667D 00 o. ?.?..1.1..l"i ..tlUto __ tL_V3_0_Q.Q..Q].~..Q) '._
0.3200.0000' 00 0;'3266667D 00 0.34000000 00 0.32500000:-01 '_ ...-__

_____ OL4...1.0_0..D.QQD 00 0 ·.'1...6_~~.PD...-O...O 0, 444A4_1.:1JLJ10--.dJ...3.l2..D.O.O.OD=.0. -----.--- .
0.6400000D 00 0~5400DOOD 00 0.5355555D ad d.42500000:01____ O"..3.1.D.O..DJLO.DjOQ':60Q.OlllLU.lL.O..D Q. 55.nn.fLO. 00 rl.•AL5.a.n.o.Dil.-...ol_· _
D,62DOOOOO' 00 0;53333330 ou 0.56222220 00 d.52500000-01

__ . o".~~9 .o"q..QJiJ'J 0 0 0 .;:.?..?.~;?.~;5_~JLQ.O__ .Q..'_~.12.~J~.!L.0_o.__ d-'..?L~MLoOD.::.O,:!,1 --------._.-_. _
. 0.60000000· 00 0','666666'/D 00 0,5755555D 00 0.6250000D-01 •..

__ . ._0 ... 9(>0.0 0.0.0 O-'_0..0.__ O":::'i).D.~_(lQ.,~1.L.D..D__ JL_19.5555i~JLo CL__ tL.61:?0.JJ.0OD~.O'J._. _'__ __'_
0.86QOOOOD 00: 0~9133333D 00 0,86888890 00 6.7250000D-01

___ . O.,_2.2l!.OJ..QoIL.ll.D 0 ·;'JLQ.~~ ..6.IP_D1L_~_~_4..tl1..1ILll.!l__Ii...2z.;,;.Q.n.D.Ol) - _
0.8800DOOO DO O~91333330 00 0.911111~n od 6.8250000D-01

______ ..0... 9 .~..D. 0.0O'.D.O._0..Q_-D~<i..3.>13..3.3_3.D....Jl.D_D...._2..3n...7_7_8ILilO._· _0 .....8.7.5.000.0.0-n; .. _
0.9800000D DO O:9666667D aD 0.9577778D 00 .d:9250000D701'

. .__ ~1).J_9.GQ0..O..o.P._O_L_.O .'9 Z~..3}3~.12.....Q.9_·__ O)_~?_?5_?.~~._Q.o __ j_'.2L5 ..Q.O.9_0.D_=_O_~ .
n,96DooOOO 00 D~ge66~6~D 00 Q.991111~D od 6.1025000D 00

_______ P_1J,p_~('!.n~jl rLQJ __ Q..;'J...Hn ..~.~[LQb.__ 9..,J&O..Q.OM.D.--O.t-_qJJ..O.L~~!J.P..D_.Q.Q~---------------------_---------O.10~OOUDD 01 O}100000DD u1 0.96666670 00 0.1125uOOD 00
_________ O~9_;;.;"1.9.Q_Q.O~9jl 0 ;'88 66667 DoD Q.~\.U lJJL'LQ_L--.-6-'-u,.!_~.O ..o_oJLo 0_' ---' _

0.5BOOOOOD· 00 0:0466667D 00 0,81777780 60 6.1225000D 00
___ .__ ._!1...,9~40.00DoJL.9..o Q..:....7..20..9.9JIUJ) 0_0__ O--'..L6.H11.4Q __OJ.l__ JL_l?J.';iP.D"OD_QO, _

. 0.5400000D 00 0:7S!666~0 0.7600000D 00 O,lS25000D 00
0.9800000D 00 C~7733333D 00 0,78222220 00 6.1375000D 00

----=-0.:..., 9(fODoOO:[j 00 0 '.'7866'66(D 00 0,7-644444 D 00-' --0-' ;14'~5Do-o6'........!:0:..::o-.----------------------------.
______ ._. __ P..L? ~'OQ9..P_0.LQJL__ O_::.z.~~_~.~11UtO 0 • 71.9j2.9JI.LD.O__ 6--'-L~Z.?_O..O_O.D_Q.CJ.
. 0,72000000. DO 017200000D 00 Q.7~85989D od ~.1525000D 00

_____ O.J!~QILP.9Jl.iLQJL __ O';'79~33:~J,LQ_Q __ O..J 46 6..~6JLo.o..__ o__'_022 ..Q_Q.OjLQJ1L_ _
Q,BOOODOoD. 00 O~7266667D 00 0.74000000 do 6.1625000D 00
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~~~~6_tt'~~~~,D;SMOOTH V~~66~~S:Or, THE 1:~~~6.~.i~r\ 'ARGt!J~Er-t.l..·_' _
~0,200DDOOO-Ol' ~O~33333330-Dl -O.32777780-0t ~O.35tiooo6D-01

____ '!.(L.~';.MllJlJl.Dll.::.Q 1 - 0 ';'23333 3~.D_:..o 1 . - n .~..1_4.1.-4.!LD -OJ:_'_-.O .s:22J10.D_OJJJL-..Ql
D. ~0~1666Q67D-Ol -0.1333333D:01 -O.lsoooobD~Ol -_______
O. 0 ';' eO. 55_555;;6Jt:ll.~ ...,0 • ~..9.0.Q.Q..9_0 ..0 - 0 2 -
0, O? 0,55555560-02 0.50000000-02'

__ -:0, _ 0 ';' 166 ~6 61lt:JlJ. 0 , t;5.3...rr~_:?'Q '"'QJ. 0 r 12~Q.O_O_Q[)"" Q "'--1' ~ _
0,50000000-01: 0~2333333D-01 0.28888890-01 0.2500000J-01

_____ !L2 .D.Oj!,ry.Q...llQ..:..Q_L--O: 4..~Af>....9..6l.l1.:..Qj.__ O_'...l.U.?JJ.L1iQ.:..(1~_O..J.2.flO.(LO.O.D_=J)J'____' .:....___ ___' ---,-'- _
O.70~ODOOD-Ol 0;43333330-01 0.5nooOOOD-oi 6.~5000000-01

____ 0 L411.0 OJLO.O_D_:..O_l----D.1.li.DlLD.D_O.QD.=-CUn ill7.V.JJ1Jc.o.1.:.. __ 0....3.~Q.QO.O.O.tL':"'O.- -
O. '1000QOOO-010'.'7000000D-01 0, 7777778D-01 6.65000000-01 '- -- _

_____ O".1.0Q O_O_\1.Dli._.O_D__ ·Q~J.ill~_~!LrLQ __ O...J,j...D.Q.Q.D_Q':L.Q_L-.d ..J5ri..O_O.0.O 0.;"0.1· ----- -_" _
0.14000000 00 0)15666670 00 0,1711111D DO, 0.35QOOOOD-01·

_____ 0. 2 3.Q.Q!LQJl..D~0~0 '.'?333 3 33IL..Q.O 0 • :'.~o66 2..0LO_O __ d-,-~?O~QQO_OJl;:_U.l:!:..- _
0,39000000 00 0~3CODOOOD 00 0.28333330 00 0.1050000D DO

__ ._. __ 0.-" 28_1).00 Q.OJL..Q.O . 0 ','2 9 6 66 6 7 iLQ_O __ O~~.4 .41_i1.n_0_o.__ O_!..1.t~O..o._Q.OD_Qil.
Q,2200DOOD 00 0~2066667D 00 0.2933333D 00 d.125000CD 00

_._. o....;~('_0_00 00 [LO.O __ a.i22...6_tli?~1lL ODD r..3.1.1.(L4..1..'l..LoO__ tL..1.32O"O.O.O.D_O.O .
1),3100DOOO 00 O~5600QOOO 00 0.3366667D 00 d.1450000D 00___ . jl-,-'~j,QD_QQ...Q1LQJl__ O:O:353 33 3.;3D (10 Q • 3~J.jJ.H1LOJL __ O_Li.2.?0.(LQQI1:....Q"_ _
0,34000000' 00 O~3700000D DO 0.36555560 00 6.1650000D 00

____ .__ Q!..3_6_0Q.O.Q_O.fL..Q.Q_· __ ...Jl..:,~3.l3:5 3 D--.il._0 __ tU_~QJLI)_OJ) .91LQ.P __ JL!...t??.Sl..D.IJ_D.D. 0 O,,-- ~_
O.42DOODOO 00. 0~39666670 00 0.39B88890 00 6.185QOOQO 00

____ .__ . Od.l.Q_v_Q 9 OJLOL_OJ'..1..2.M.Qf>LD-.lLO~~.u_Zl.z.Q.gJ..D_O.!.19_!3_00_0.0.D_.0 ..0 .
0.45000000 00 0','43000000: 00 O.44H1UD' 00 0.2050000D 00

_________ D..!..1.3.D ..OllSLO.D Ji.D __ a.;' 4.Q6 q_Q.A?JLDJl~d2..QH§1.La.o... __ [j..!.21.~O.n_oJ)JLo.O .
0,52000000' 00 014733333D 00 0.4755556D 00 Q.2250000D 00

___ .__ J1.d} jlO 0 9.91L.J'JL__ 0 ';.:..~_a..~~~ 6 7 D 00 0 .476 6_6_c?lJLO_O_' __ Q.!._~}_~OJLOJ2L.o_9. _
0,47000800,00 0;47000000 00 0.4766667D 00 0.24500000 OU
D.4700000D DO, 0:47333330 00 0.4688809D 00 6.25500000 00--.-.--.-- O';'i)-ii'oo 0 ODD 00 0t 4 6 3 333300 0 O. 1\ 6 3 33 33D 0 0 i:i~·2650-000D-·OO=---------------------------·

. . 0.4400DOOO 00· 0;4533333D 00 D.46onoon~ 00 0.27500000 00
-----~44oooo-o1Yoo-·--0 0,''; 6-33"3~~3DO-O--O-.-,r~'-i2-22 2Doo--cr:2s's'o- nODD-aD
__ . rc!_:?1.o.Q.QQ.o.!LQL __ (U~_iQjliLQ.Q.lLOJl___.D..!4 311l.1.ULQri----.fi_•.22.~0.o.o00.. __0.0

O,~7DODOOO00 0;3900000D 00 0.3788689D Od d.3Q50aOcD 00
_______ .9.~9. 00_Q.D01L.Q.Q __ 0L3Jl.9..~_~~7JLD0 0.J...~.34 4.i1.:'lLo_o __ Q s.,3J.5ltO.OliD_Q.o.

O.2&~OOODC 00 0,3066667DOO 0,30222220 00 6.3250000D 00
O,37DOOOOD 00 D~29333330 00 O,3133333D 00 6.3350000D 00

------6:·2·'rOOOOCID'DO 0 ;'3-400000D 00 o . 3222222-0-6-0-'--O:-3·450ii-ri-oO--QO-------------------,.-------~--------
0.40000000 00 O:333333~0 00 0.3d66667D 00 6.3550000D 00

----------·-0-:·:5 s 0-0--0-0-0'5---0-0--(fTtf6b-6 661"500--0 --;-3'(is{IF.r§-9IJ-'6·o--d':- 36!ro--5'oorj-iio
_____ Q..!...:)_?Jl ...O_Q_Q__Q.p.:...Q..Q.. __ tL~,;5l. 6 ?.?.. 6 ip........Q.Q __ O • 3 ?~0..?J;>7 Q.....,iL~.!~ 75 D. 9_QY.D_O_O.·

0.25000000,00 O)2966667D 00 0.29444440 06 0.38500000 00
_____ ._~O.!..?9.c_n..o.00Q.....,..9_0__ Q2.?.l.60-0-00~-D·00 o. 2.Z...1..1_1JJJLO..O__ r.i.'-:l9_~oo.o_niLQ.D~---------------- -'- _

O.2?~OaODD 00' O~24 666'D DO 0.24555560 00 O,4050000D 00
_____ . q.~~\~0 0..0 P. O.Q.__Cl..L_Q.'.~2:.9Jl..~_ 0 (;D 0_O__ Q~A. 2? 2~. 0.._2 .O__ O_•.it5 0 oQSl 0_0_0.

O.~lDO~ODD 00 O~23DOOOOD 00 0.2366667Q OQ 0.4250000D DO
___ ~ -'J._'.3.PJ_Q.P_Q.Q LQ. 0 0 ~'2 6.Q.9..Q_O.JIJLQ ..o 0 • ~JL(LQJLQJLJl.o__ d..!_4_3_~.fJ.P~QJliLO.o, _,__-----------_:__ _

0.27DODOOD, 00 0~550DOOOD 00 0.34444440 00 d.4450DODD 00
. ...,..O_d.o?..OJ)JJlJ)JL.ll..o ° ';'~2~}333 DOD Q-L4..~_QOJLOJLQ_O----D-'-.t?~QJHLQ~----------'-------- _

0, 5200000D: 00 0;'1\5666670' 00 0.41777780 00 D. 465QOUOD 00
______ ll..!..:FQ Q. Q_Q.G_g· 0 0 Q-,~:~7 3 333~_D......Q..Q__ Q..t..~_"~?,.2_?.2.?,.1LQ'O. __ JLfl?_QQ_QJ\D_O_O, . _

O.~300JOOD 00 0~2266667D 00 Q,234~444D 00 6.4850000D 00
. _. O_!.B_Q Q,Q.Q..Q.QJL~ 0.L __ 01.1Q 3 3 3 3 3~D 0 0 Q 11 ().~'£'-8~~.P-'20.....Q.....~t9?.!w...rr.D_9_Qo. 0:26666670-01 0.4333333D-01· Q.5050000D 00
___ . 0-'_ 0 'L- _MJ}.f.ll1.\?D..~P.::..Q2 __ L5J_~Q J1..Q.Q1L.fJ...Q

O. O~ D. 0.5250000D 00
C- ••_. o. '- ,_IL' O... O.•.53.?D n O.Q.ILO_D.

"

------_._------- --------- ------' -_. -- ._ ..- ..---_. "

-,
-,

?

------_._---

-----------------------------------------



I' I I I I I I
I

I I
I I

II
I 1

!'
I

"-
..n....
..-t
{'\J
0

zzOJI-

I
It-: ....!~j

I
"IU
10 oi

I-'-'!

I I--.d
:~ .1 .j I

I
I.o~ I-' -'

I I I. ,~J:'.!
I IIIi ffi .

I
I

I
I. I,:;:,c.:\

I
I

I ....".. :?[

I
I I\.::i~ I i i !i I

I
I'":l.. "Oc I I I

I
I iX~l

I I I
I.11,1 UJ

1 I i
-I

I
j I i iI

I I
I

I II I I II I ,
I I II i I I I I I I I I! i I I !

I
, IJ I I I I I I I I I

II

i
I
· !

i

-I
I
I

! I _

I I i
i i
I I
I '
I'

I I
i
I,
J I

i '

I

I
i" ,

"



---- "_ ... -""--

TZERO = 0,50000
_~ ~;)j:-'l.Qj~LUJA.to..LV~J.J:i.Ll S = O...J.L4..lS_ut8.J....21.0Rllo.Ul:iH£!il:lO.L.o Q f' 0 ~i52 Q ~

___ t.x~_UNO;R::.\, 02_I\..LkiH;_.tUQN 02U1ol.6~7 .
EXft, UND:R='L,O. liT LOCATION 021167'

---------------------------------------~------ ..-------------------
____ UETE::.TOR' EFFICIENCY Of .Q.97705 Wt.S COM?UTq,~QlLL..tiEi'ECi'OR THRESHOL.D OF" 0.20900

__ ~A 0 E.IE_g.iI.9.B~~f..EJ.llE.lLC..L.OJ~...!...S 377,]' '1/ A~(h~01.ElLE.OR_L!l.Er.EC_tO fL.IHBE-S..!iOiJ.l.JJ_F'__ Q~O !L- "

--fI>!E; iNt,j DE '.JoT ENERGY IS BEl.OW TH I S: TH~ E SHOLD ENERGY 0 .82600
__ S_LHl.l5.J: C::.!l.::~_Elic1..:.J.s" HI;: RES UL T 0 F lJ:!L \)0 !S:::' C})l:lB.te.UJ.J.O N

A DEfI:CI1'QR' EFFICIENCY' OF' o . HAS. COMPUTED FOR A DE~EttOR THRESHOL.D OF' 0:82600.
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------ ----------------- --~---_. _.- ----. _. -. --_ .. - -- ------_. ------ ---- -" ----_.---- .------.---- .__ ._-_._--
ORIGI ~~_I AND' SMOOTH VERSIONS or. THE' INPUT' llATA _

__ . O_i'!..ltNA . SJ10D...rJi C;Mo.Qi82 ARGl'1'1EN!-l.;.-.:. _
-O'i61bDOOD-01 -0:23626330-01 -0'23858610-01 -6·42000000-01

____ ::..Q..__3J.3.oJl_O..OQ - 0 l' '"0_1.12.4 4 3 3)J).:..Qj __ ::il...J~.e UfllJ" QJ:_' _- O-L3_D_O_O.Q.D.O!2.::..Q 1 --'- ,-,
-0.83300000-02 ·0~1387667D-Ol -0.1203222D~oi -0.1800DOOD-01

____ (1-.. ., 0 :'2776667 D- 0 2 - D.......i.92352£dl ..::.Q2-..::.1LL6_0Jl'OJLClOll::_a_2~ __:'--- .0; O~2776667D.02. 0.46255560-02 0.6000000D-02n.83300000-02 0':'1387667D-01 0, 1203222D-01. 0 .18aOOOOD-01.~ _
----o~-j;no-o-oTb-01· 0';'1sfifir3-33D'-01 a .T2Ti7780-=Ol 0 .:3-00(10-00-0::-01
____ o_~WlOJtQJl::g1 0 ':33333330- 0 1. 0 • 2j nUl'), D- 01 0 .4 ?..o 0 0 9_0_D.~-::L0:':.;1.'__ ~ _

0.50000000~01 0~30566670-01 0.3074444D-01 6.5400000D.01
_____ .D_,_2_?i'-Oj10..oJt::::Jl..~Q.2?B 3 33 3 3 ~_l __ Q-,-~,?_V 7 7J'J).:-_oi (j-,-~2.6O_tiU..QD-=-OJ,. .:....- ---=-_=_~

. a ! 1'0:1 Q 0 0 a D- 01 O'~ 3 943333 D - ci1 0 • 515 t:1. H 0,., 0 l' 0 • 78 COO OOD:- 0 1:
__ ._~_o_,_a3.3 00 0 oJL::.Q1--.O.1.a61..6.Q.6LD-=-0~D_L~tQtL33.3.3_!2::0_1.:___ D_..9lJ 0 00 O.O.lt-=.Ol . _

Q.{6700000 00 0/1391000D 00 0.13184440 od 0.1020000D 00
_____ .fh.16}~oq_9.QD.-llJ)__ O:- ;),,6.9 6 6621L.(LO__ O..!...~.O_1l7 8.1LO_0- __ 0..1J...1.1.Q.11_P_0.0_0.9 .-:- .

O.i750DOOD· 00 n~1666667D 00 0.16577780 00 6.1260000D 00
______ Q .. j,.5_:l_0yO_01L..Q_Q· 0 :l_~iJLO_.cLQJL.O_O __ Q2J.~~~EO_!LO.__ (j_d38_0JHtO.D_.O"'_0 _

0.i5ryODOQD 00 0~1693333D 00 O.172111lD 06 0.15000000 00
___ . 0_._2_0o_O.O_O_OCLO_P_'__ O";:J_e_~_Q.QllJLJ)_0__ O_._t"~1.4..:L4JL...Q_O rj_,_1~?O_S)OOD_O_Q

0.20900000 00 0~22500CDD' 00 Q.2277778D 06 6.174000bo 00
__ . ._O.L2_6Lo.D.n..oJL.QD· (1.' 2J..?.3.;?..3 3 0 n 0 D.L.2f>8.1>_Q.(,,] ..L_o.o_-D-<.1.i16.o_QQ_QJLO.OI -:-- .

0.3420000D 00 O~30B6667D 00 0.2974444D 00 0.1980000D 00
______ O_.);J,7~Q OQ_O_D_Q..L-_.Q.;~~:lLt~~L~.lLD_O __ !L_~_QLQ~2IL_O_o __ O_._2to. O.O_OJl.D_._.O_Q!· . .,-- _

0.27500000 00 0:3030000D 00 0.3057778D 00 6.2220000D 00
_______ tl!.317·0_QO.O.Q.:...9.QQ_,'-~_o.3_0_Q.DQ1LJLO~_'_3J.JnJ.~Q.Q d-'-2_~j.O"O_OIW_O'O:L- _

. 0.31700000' 00 O~34'l33330 00 0.3417778D 00 6.2460000D 00
.lL!.1.Q20_tl..D.QQ':"'0_P..Q ;; ~_Z_~JIQ!2.QJLJ1.Q--D.-l.,;3L'J.l~..3_lLJ)jL:. __ d_'_2_'J} Q.OJLQ1UJ 0, _
0.40000DOD 00 0~3BD6667D 00 0.38600000 00 0.2700000D 00

_______ -'~.~_~~951_QO.OQ.:...Q_00 ;' 3 9 4 ~~~~ __ O_'_3~L~U3 D (J.O__ U-'-2.?2_ClO_QO'O_'_O_OL-. _
O,G250DOOO 00 074000000D 00 0.4055556D Od 0.29400000'00

__. O'~_17'pOU_DQ._O_Q Q24-2~~.3-;3.3n-(L0---Q.L39-?..6_6_6_~1)_0.O ~,-:>D_:SO.(!_OQD_O._¥O-----------------------D.~25DDOOD. 00 O;35~66670 00 0.3760008D 00 0.3180000D OU
, 0.225DOOOO 00 O~3500000D 00 0.3426657D Od 0.3360000D 00
------o-;-4ifi.lriOoon-oo--o ~):522 :f~{33 D' 00--0-:3556667 (100-.-0':-342o-n-clono-6

0.3420000D DO 0:3946667D' 00 0.36222220 od d.3540QOOD 00
-.---------(,~ iF! 2 ij-6'o-ti D. DO --0-::3696667 D~-il--ci-:3i611 i-i·fj--d-ri----O:-3T6-0(1(lO-o·- 0-'''''0---'--
_,- __ ":"'--.!J_~_122:0_0illJQ.._Q 0 0;' :?.P_i.oJ!lL!lJLJLQ--.O• .3 51J).O_01LO.-D_0__ Q.!..3LB.O_Q_0_D.D._O_."-1 _

Q.325bDooD 00 0:3193333D 00 0.34900000 00 0.3900000D 00
__ . . _o.!.}0 9 Q 00_n_LP_O__ O.ll6_63_6"t?L/..!ULO __ Q.L~..:'!2.17]-?JLO_~0 ..d ..Q-<j)-"LQ..I1D._OJl~------------_---.--~----------0.45900000 00 0;36 3333D 00 O.~645556D 00 0.41400000 00
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0.560000DO D1 0:3656667D 01 0.3154967p 01 0.33750000 00
______ 0..:..2.9 3Q..0_Q_Q_O~1 0..l.~Jl46 1?2n Q 1 0 ,?:; U_4 4 4 [) 01 6 .4.1.2.5JLQ.QiL.D.Q· -=- _
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0.12DOOOOD-01· O~1553~33D-Ol 0.1~2n3J3D-01 0.1237500D 01
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O'lIGI 'J~\'~! AND, SI100TH VERSIONS. OF. THt:· I'lPul' nATA
_______ O\L'1'UJHAL> Sf.OQ TH S~~.tOJl:l2 ARG11liEI'LL ,.-- .

~O~4750,o.OD 01 -0~493250o.D 0.1 -0.4791194D 01' -0,3500.0.0.0.0 00
____ -'-.'O' ....2H2n,o.o..oLD..1~:;'25LiU.o..Q D 01 - 0 • 2 a5]-'t1!.:lLD.1_.::ll.~.2.5.0 0.0.0.0D....n.o'_-'-- ---' _

:0.45000o.o.D-o.1· -O~1065333D 0.1 -0.1218444D 0.1 -o..15000o.OD 00_____ ~Q~?~~QDOQ]·o.O -O~150o.aO~al -a~~5111l~YO .-0. ~~~Q~~l _
0.2310.000.0 00 0~150aOOOD-Ol O.355111~D aD 0.500.000.0.0-01

___ ..JI 1..1.20_0o._Q 0].:..0..1__ 0.'·' 1.02.?~~tLO 1 0 , :1..2.J.1.l44 4ui __ o....J..s_O_OQ_O.OD_O.U, .
0 , 29 2 a a 0. 0. 0: 0.1 0 ;'2575000. D 0. 1. 0 , 219566 I' DOL 0 .-250. 0. 0 0 0 D 0 a
Q.dL5.0_QJlOD 0.1 0:'2946667p 01 C! .?..?..1.1.5':i~ OJ; 0.3..?_~_o.JLqJ'_P.-!,!.0~O ~ _
0.11500000 01' 0:210.30.000 0.1 0.1075556D 0.1 o..45o.ODo.o.D.OD

____ Q..!.-'~ ~_OJJJLQ.P~O __ O :. 5 7 La 0 0.o....J)0.0 0 ...1Q.Lli.'1.4J'!.~JL~o.,,53.. o._OltO.OJLO.Q
0..1820.000.0 DO· D;2223333D 00 0,3057778D 00 0.65000000 00

__ ....:Q.!.9 9.DJl.QQ 0 [1.::.0.1_' __ O.JJ ...:'LOJlD.P.iLQJJ__ --".."J,.3_6211.!3 D._O.~O.,J.5_D..DJlO.Q D_O.O' __ --'- .
0,7600000D-01 0:70000000-01 O.7B4444~D-01 0.8500000D 00

_____ Q_.l..?JJ2.Q.Q.9Jl:"_Q..1_' __ Q.;'4 7,i33 3l~..D- 0 1 0 • 4 7.~5 5. 5 6J):_0_~ 0 • 9 ?D_O..QJl.O.D_Q.::'..O . _
0..28000000-01 0)25333330-01 O.29BB8a9D-oi d.105o.OOOD 01

____ 0 s.~0 GO g 0.O.Q_:JL1__ Q...!.~JLQ.9_0_DD1)- 01 0 • tZJ;).11J:.P.::.jH O...!j,~?D.'2.Q.P.D 0 1"-- .
O.i300000D~Ol D~QOOOOOOD-o.2 O.1166667D-oi d.1250000D 01

__ .. ._0_• .4 bOO 0 0. 0tl.::.D2 __ 0_'L'LtlJLOlLO.O.D::..o.2 Q ' 8..3 3 3.3.33.!l..::.0.~dJ1.35.00..00.0-0.1, .
o.iOOOOOo.O-01 0:70DODOUD-02 0.8111111D-02 d.145000DD 01

_. .0 ,-7 0P O.O_Q.o.D.::1l_20 ;'~~l.~.~.;t:;..D..::.O2 0 , 7 ?22.V2D::..D2-- __Q._122JJ.Q.0.O.LO,l, _
. 0.8000DOOU-02. 0)6333333D-02, 0.68888890-0.2' d.1650000D 01

. . 9._,.,:1Q.O_Q.QY ..9.tl..:-_0.2 0.l~Q.clJ)_QJLO..D Q1.__ 0~?~.§!)_§..9.?Q::..Q_2~__ Q.L1.?.~LOJ1.0.0D _O_~"-- .
. 0.6dOODOOO~02 0~4666667D-02 0.4666667D-02 6.1850000D 01

________ 0,,1.0.0. O_O.Q.OJl.3l2 O.L3 3 3 ~_3~l..n.:..O.f_'__ o.J.lZ.22.2 2 ?D_::.02 D...I.L2?o_O.O.QD_0L, _
0, 0:1666667D-02 0.1777775D-02 6,20.500000 01

____ lLd.o_o..n'O.Q..Q.D_: ..tLa~O,' 3]133].3 0- Q 3 0. :llJJJ..J..§. P"'::.D_3. __ 0..t21?.D.D.O.O_D_..oi.,_· _o. 0~3333333D-03 0.2222222D-03 O.22~OOOOD 01
___ . __ Q.• __ . 0 ~, 0 , 11 11 UA!l..:.Q.3 __ 0_e , 2J~P.D ..OOD-'pJ.

. 0 • 0,' 0 , 0 • 2450000 DOl
9..L... Q~;~ ..9_!_U.1.Ulf.Q.:__9 . .3__ ...0...!..?2.5J)g_O.O.D_O,_=1'____ . . .
O. , O~3333333D-03 0.2222222D-03 0.2650000D 01

,__ ._. 9~.QJ..9J..Q.Q.Q..:.9L.. __ O_~.~~1.~.~.~}.P..:_Q_3__ Q_' 3 3_U~}.~~3_· __ 0-'.?l.~(ULO .0..0_.01,
a, 0}3333333D-03 0.2222222D-03 0.2850DOOD 01

_____ jl.~ .0 :' . ~.1l1J.1.p..::.0.3. __ 0_L29?OJ!.O.ODJl _
e , 0;' O. 0.305QOOOLJ 01

_____ O...L.-- 0 ';' Q, 0..L3.1:i.OD.1l.on""'OJ, . _
(J, 0';' D. 0,3250000[J 01

. Q. 0 :, o. 0 • ~~2.9.~.Q.p.-.9..'.::...!. ~--------------
0, O! 0, 0.34500000 01
O. 0 '; 0 • 0 . 355000 aDO 1-!'.- -:-_---------·-0',---------0',' 0', 0 ;-3-65-00000--01
o , 0 ',' 0 • 0_,-312.0.0_0..0JLOJ.
~. 0: 0, 6.3850000D 01.

___ ._OJ.. 0 ~ D 0 ,-3.9.?J!.!1.r...Q.D ~. 1'!'- _
0, 0',' Q. 0.4050DOOD 01O. 0.; O. 0.4!50000D 01 __
O. '0 :, e. 0 :·"4-2·soo·0-oO--il1
0. 0',' o. 0.435QODOJi Ol.:!l'- ~--

------0-;- 0.';' 0-. O. 445O"0-0-oD--01
O. 0 ~. Ct.L..4..?.2.Q.!LOJ!.D.-ll1, __
'0. 0;' 0. o.,4650000D 01.

______ 0, 0 ',' 0.. 0 • 47~ 9_Q.Il.Il.O,~0_:=_1--'-----------------------------.-----o • 0 '.' 0 , o • 4 850 0 0 0 DOl
:;..._. __ ~Q...L 0 " O. 0 e , 1.95.n..Q.QitD_o ..~o. O~ 0, 6.5050000D 01
__ . .0.,- 0' a O....5L"i.D.P_OOD_.DJ,o. 0) O. 0.5250000D 01
_. __ ._. O., . QL Q.L.... ._0 .• ..5 3.2.0.0.D.!lD._.O.L__ . _
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~ •- . -. -- - ----. -------------- -- - .,------------ -- --- .._. -------------------------
aR-lGI'l\U AbiO' SMOOTH VERSIONS OF': THe:' PlPUT DATA

___ ---,~-fl,~L:t.r.NALL 1:IllD..tH S/:iD.O.'l'J:l2 -ABGW1ENL _
;O'12S0000D 01 -0;29243330 01. "'0·2g90833D 01 -6·43750000 00
;,.0_,592.0..0 0.0 Q_Q..l---=-O_:.:2.39.u..3..~Q~2.5..3..3_11Lai __ ..,d.....3.125J10_O.D_O..o
70,13400000 00 -0?19993330 01 -0.14684440'01 -0.1875000D.00

_____ ~~_1:X5_0(U)OD 00 ..,0;'44666670-01 ..,a , 66~~4410--1l.P ·-0. 62..?C!.Q.0..Q.O-Ol
0.17400000 00 0~44666670-01 0,6664444D DO' 6.6250DOOD-01

__ .__ Q.d:.s.~.Q_Q.Q..QlLiLO ~_1J1.~2.3_3}lLQJ. 0 • ~.f>._'Llli.9~0..1 __ 0..!.-1_'i?.J_OJtQJLQO _
0,56;00000' 01 0;23613330 01 0 •.2264556D 01 6.3125000D 00

__ -,nL.!•.i?~51t~J!..OLO l' 0 .,'2433 QJJJl...LO 1. 0-LlZ.244 I, iQ 01' ri • 't3.Z2Jl.O.0.D--D_.'-L- ---,- --'- _
0.34900000 00' 0~5890000D 00 0.10730890 01 d.56250000 00

__ --'n ._f5.S0.Q_O_O_D..:.Jl..Qo"·1922.Q_6.LD_o.o a ,2._~52.3_8.9L..o..o_· _IL.6.8_75.D.O.D.D_0.Q _
O,84900000~Ol: 0:9960000D-Q1 0.11877780 00 0.8125000D 00

______ Qi.~~J)Q.D.QQ.D.:::_O 1 0:' 5 9.4.~_66 7 D..::J)J._' __ 0~?_~£~.~4Q.::_Q_L_·__ Q..•.2,;3}..:r:;.n .9_QLQ 0 _
0.37600000-01' D~3786667D-01 0.39733330-01 0.1062500D 01

____ .---D..,,2.0_QD.:lltO_Q-0 1 O~'2.1§..hf2Q D- 0 1 ---.iL2} 02_222.11::: Q , 6...1.1.~1~.Q.O'LO_~ .
. O,~000000D-Q2 0:1173333D-01 O,1386667D~01 6.1312500D 01

_____ ---'o_t.'1_? OJLO 9_D_Q.::..Q2_· __ Q.{§..Q.Q..Q..9._0.Q U::O 2 0 • EllUJ;_iL::Y_2 __ 0_._1_4..;3.2.~QO'.D__O.l -'- _
0,8800DOOO-02 O~640~OOOD-02. 0.6400000D-02 6.15625000 01

____ ._._.0 .• 32.0.QO.00 D=-.0.2_'__ !l'':''4.B_D..O_CLO..o.n- 0 2' a ._4_1AtdA.:1.D.::.D2_--1L e , L6 87-=>_0.0.0_0.L _
0,24DODOOD-02 0~21333330-02 0,2841444D-02' 0.18125000 01__. '2.!,..o_0_o,gQ_0.'OJ2.::Q}0,'lm.9 DQ.n:.-.Q_2__ D_'-t~.9.Q.OJ!..O.!l-OL __ rL.l.2XZ.?J2.9D_J~~'-- . _
o,16aooooo..,02· 0~1006667D-02 0.11555560-02 0.2062500D 01

__ . ._Q )_8_0_D.Q1J.Q__O_D..::..Q_3,__ Q~~.~j).Q.OJLO_Q.D.::D_3_.__ .o..J_LU. J, H.D...:-:"O"3: 0_L21.§.?2_0.0D.OJ _
A. 0~2666667D-03. 0,35555560-03. 0.23125000 01

__ . ...D.~ . Q.L .__ O""_l.7]]] 7. 8D.::..D_3 0_,2~_32.5..0.0LO.l, _
D. 0~266666?D~03 .0,17777780-03 0.25625000 01,

______ j1~O_QjLO..Q,'O D" Q.~..:.__ Q12.Q.P.9_6 6 7 D ~ O_3__ ...P.....!J.j_6_§_~Q?"D -_Q.~fh.26.~2.2Q.Q.P_O.,!,..1 ,___
D. '0?2666667D-03 0.17777780-03 0.28125000 01
O. O~ 0.17777780-03' 0.29375000 01---0-, -----------0 :--2606667D- 03 0;-rnTl7B5·=O-3--0·~·3-ij62~ro-O b-O-·1;:-------------------
D.BODOOOOD~03: 0~2666667D-03 0,26666670-03' 0.3197500D 01

-----·-0;--·-·-------0}2 6666 670- 03 D.177777!f/;::-0'3-. --0 -;-33i250-0D-O;-'1=----~--------·--------------
_____ O. Q ~ O. 88E!~~.99D-Jl..1..__ 6__'_;i.H75JLQ1L.Q1· _

0, 0',' O. 0.3%25000 01
__ . O_'-- Q~' JL. O-,_.3.~$.-z2.0.0D.__01,, _

D. 0-:' 0, 0.3812500001
______ Q ..'-- 0 ';' 0-,-- 0.......3.9) V5Jl...f.1_D_.D..1!'- --
. O~ O~ 0, 0.4062500D 01

O. 0:' a. _Q..L1..~_82.~J!.D.:;.;01::-...,- . _
0, 0;' 0, d.43j.2500D 01

_____ 0. 0;' Q... O-'-1.43.??Jl.Ql.LO.l'"-- _
O. 0;' O. 0.4562500001

.__. l. 0:' d. o_!_-'H&7.2.0_00_._.0l.. . _
D. O? O. 0.48i25QOD 01

______ 0_1 0' 0 Q-'..1J.l.Z_?_OJl..!LQJ.~---'-------------------------------d. o~ 0, 0.5062500D 01
0, 0 'i' 0, 0 •?). Cl."0_0_QJl.~o1=.,:. :.....- _

--0 . 0';' 0 • 0 •53125000 01'
--;: 5:;: ~ : ~-:~·§·~H-~-~·~~-1"'-1-----------
___ -'0. 0'; D. ..5 6.E2.iLQJLO-*e- .

O. 0',' O. 0.5812500D 01'
______ ~_'___ I) .., 0L Q.,5_s>.;U::;O.QD_'O_~'_---------------------------

0,0.' Q, O. 6062;300D 01
O. 0 ',' . O.J. Q-,-6.1.~75.Q.O_D 0<.::1=-- . _

---------0- i 0 :' a • 0 , 631 ;: 5 0 0 DOL
. l!.... 0 ., O_.....6.1.312D..OD-IU _

0.0';' 0, 0.6562~;OQD 01
___ ._.__ .._._.O_ t, __ -.:. .: JL~ O_' .__ O.• 66.n Z.20.0D__D.l

, . I.';,'

---------------------------
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