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PROGRAM SUMMARY

Title ofprogram: FRICTION Keywords:Quantummechanics,Schrodingerequation,fric-
tion, opticalpotential,atomic,nuclearphysics,scattering

Cataloguenumber:ACWT

Programobtainablefrom: CPC ProgramLibrary, Queen’sUni- Natureofphysicalproblem
versity of Belfast, N. Ireland(seeapplicationform in this Quantummechanicaltreatmentof classicalequationof mo-
issue) tion mx + -yPnX + d V(x)/dx 0 (mcI. ~ = 0), by time dependentnonlinearSchrodingerequationsor solutionof arbitrary(in-
Computersandinstallations: IBM 360/91-370/145at IPP cluding optical) hamiltonians.
Garching,IBM 370/165atGSI Darmstadt

Operatingsystem:HASP Methodof solution
Finite differencemethod

Program languageused: FORTRAN

High speedstoragerequired: 140 K bytes Restrictionson thecomplexityof theprogram
One-dimensionalmotion.

No. of bitsin a byte: 8

Overlay structure: none Typicalrunningtime
Dependingon problem0.5...5 mm.

No. of magnetictapes:none

Otherperipheralsused: cardreader,line printer Unusualfeaturesof theprogramDoubleprecisioncomplexarithmetic(IBM typeCOMPLEX*16)
No. of cardsin combinedprogramand testdeck: 546 is used.It shouldbereplacedby singleprecisioncomplex

Cardpunchingcode: EBCDIC arithmeticif run on a computerwith morethanapproximate-
ly tendigitsof accuracy.
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LONG WRITE-UP WK = h(s—(s)), Kostin [2], (5a)

1. Introduction WH ~ [x—(x),p+ (p)]÷, Hasse[3], (Sb)

Frictionalproblemsoccurfrequentlyin various WA = (p>(x—(x>), Albrecht [4], (5c)
fields of physics,not only in classicalmechanicsbut
alsoin atomic andnuclearphysics.A specificexample wheres= — ~ i ln(~D/~/,*)is the phaseof the wave
is theso-calleddeepinelasticreaction,i.e. thescatter- function and [,]+ denotestheanticommutator.
ing of heavyionswith energieswell abovethe Coulomb Analyticalwave packetsolutionsof the Schrodinger
barrier.At the instantof contactthe ionslose their equationwith the frictional potentials(5) andthe
entirekinetic energyandarethen repelledby their trivial conservativepotentials(forcefree motion,free
mutualCoulombenergy.Thesereactionsarewell de- fall, andharmonicoscillator)aregiven in refs. [2—61.
scribed[1] by classicalmechanicswith conservative The presentprogramis primarily intendedto provide
forcesandlinearfrictional forces.The typical equa- numericalsolutionsfor nontrivialconservativepoten-
tion of motion in onedimensionreads tialsasthey occur for instancein barrierpenetration

P+ P + d V’11~’dX= 0 ~ [7]. However,theprogramis notrestrictedto solving
‘ ~‘l ‘ ‘ frictional hamiltonians.It is alsocapableof computing

whereX andP arethe coordinatesof positionand wavepacketsolutionsof arbitrarynonhermitianopti-
momentum,respectively,y is thefrictional constant cal potentialsof thetype V—iWwheretherealand
and V(X) is theconservativepotential.If theenergy imaginarypartsmay dependuponx, a/ax,a2/ax2,~i,

is definedasE = P2/2m+ V, the energydissipationis etc. In this case,thenormof thewavefunction may
given by not beconserved.

E=_(y/m)P2. (2)

A classicaltreatmentmay notbe adequateif the 2. Method of solution
angularmomenta,energies,andmassesinvolved are
small.However,a full quantummechanicaltreatment, The numericalmethodfor the solutionof the par-
for instanceby timedependentHartree—Fock,is im- tial differential equation(3) follows closelyGoldberg
menselycomplex.Hence,a compromiseis to quantize et al. [8] but is heregeneralizedfor arbitrary,not
theequationof motion (1). This meetswith theprob- necessarilyhermitian,potentials.
lem that frictional forcescannotbederivedfrom a If H doesnot dependexplicitly on time,eq.(3)
classicalhamiltonianwhich is theconnectionbetween has the formalsolution(with 11 = m 1)
classicalandquantummechanics. . . ~ t + 6) = e~1~’i~(x,t), (6)

The oppositecourseis to seekquantumfrictional
potentialsW(x,a/ax, i,li) in the time dependent which is approximatedby theCayley expression
Schrodingerequation 1—~i6H

(7)
~ (3) l+~i6H

t This is unitary if H is hermitianandtheerror involved

~2 a2 is 0(6 3). If we considera one-dimensionalbox of
H

0 = — — + V(x), (4) lengthL with infinitely highwalls whichis divided in-
m ax

2 toJ equalpartsof length e,then the meshpointsare

which reproducethe classicalequationsof motion (1) denotedby x
1,j = 0,1, ...,J.Theinitial time is t = 0,

in the Ehrenfestlimit (x> = X, (p) = Pwithp = —tha/ax, thefinal time is t = Tandconstanttime incrementsare
wherethe bracketsdenoteexpectationvalues.Three denotedby 6 sothat therunningtime is t,~= n6, and
different hermitian,not explicitly time-dependentnon- a wavefunction ~1i(x, t) is characterizedby iI’7. The
linearfrictional potentialsare known which fulfil these boxboundaryconditiondemandsi~ = = 0. Hence
requirements, thefinite differenceapproximationof eq.(7) is
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(1 +~i6Ii)~/r’=(1 —~i6B)~/7. (8) e7B7—A7/e7_i, (17)

In addition,onehasto specify thefinite difference 17 = c17 +A7_i/e7_i. (18)
approximationof Hti. If H containsat mostsecond
derivativesbut is otherwisearbitrary in the sensethat Eqs.(16—18)providea numericallystableschemefor
it maydependuponx and ~ (andfunctionsof x and the computationof the wavefunction at time t,~

1if
~1i)thenthemostgeneralform is isgiven. Initially, thecoefficientsa7, b7, c7 and

1 A7,B7,c7 are computedfrom eq.(13) for
HI,1I7 = —j (—a7i/i7_i + b7~/i7—c7i,Li7+i). (9) 1 1, ...,J—1;thenthe coefficientse7 andf/~are corn-

2e putedupwardsfrom therecursionrelations(17,18).

If H is hermitian,thecoefficientsare restrictedto The startingvaluesare obtainedfromthe box bound-
b7 = (b7)* andc7 = (a7~j)*.The finite differenceap- arycondition,e7 = B? andffZ = = —~ +C~/j

1.
proximationfor thesecondderivativeis Once thesequantitiesare calculatedthe wavefunction

at time t,~_
1is iterateddownwardswith the recursion

~‘ =—~ (~,ti~_1—2~Ji~+ ~‘j+~)~ (10) relation(16). Its startingvalueis =

� by virtue of i~i~ = 0. By this proceduretheaccumula-
and hencethecoefficientsa1, b1,c1 of H0 read tion of roundingerrorsis avoided.
a = c.= 1 b. = 2(1 + e

2V.) (11) A simplification ariseswhichleadsto a savingin
/ I ‘ / / ‘ computationtime if the coefficientsa

1, b1, c1 do not
where V1 = V(x1). dependon time.ThenalsoA1, B1, C1 do notdepend

Eq. (8)is animplicit equationfor ~ becauseit on timeandthe coefficientse1 are only calculated

containsalso thequantities~‘7±~and~1’7j’.Its solu- once.Theft~however,do dependon timevia the
tion proceedsaccordingto ref. [8] asfollows. Under
theassumption

-,~t—_ ~—. n Ln n

a~
11 a1~ bn+l bn .,. in~coeuiclenisa

1 ,u,, c,
/ / ‘12’

“ / The different frictional potentials(5) containthe
I / ‘ first derivativeandthephaseof thewavefunction and

andwith the definitions the expectationvaluesof position(x) = X, momentum

a7 b7—ix (p>= P andphase(s) = S. The correspondingfinite dif-
A7 =—~-, B1~’= , ferenceapproximationfor a~/axis

‘ \ ~‘——~—‘‘ ‘ ‘— 1 , ~13, ~)‘ 2� ‘/~1~’/~, (19)

whereA = 4�2/6, eq.(8) becomes
n+1 B~ ~ +A’~ ~ — ~ + To avoid the multivaluedbehaviorof the complex

— / 1’/ / ~‘j—i — ‘
1’i+l C’, 1i~ A

1 /‘/~1’ logarithm,the phaseis computedby a recursionrela-
tion similar to ref. [6]=~7. (14)

The right-handsideofeq.(14)isknown at t t,~and S1 sj1_ImF~LL’_!(%1//÷1_I~t1i_l~21 (20)
is thereforeabbreviatedby ~27.On the other hand, if L ~ 8 \ ~ / J
one defines with the startingvalues1 = Im(ln i,1i1) andthe final

= fl ~,n+1 + f1fl, (15) value

with ~. (1 relationsby a comparisonof eq.(14) ~ = + Im[~j_1/~j_2_(~ij_1—~/J_3)
2I8;j~J_2].

Expectationvaluesare computedusingthe trapezoidal
(16) rule



356 R.W. Hasse/One-dimensionalsolutionsof Schrödingerequations

I_i Maximumperformanceis achievedif all termsin

X’~= e ~ x1hP71
2, (21) eq. (14) havethe sameorder of magnitude.Eq. (13)

j1 thereforedemandsA 2, or, 6 2e2.Consequently,

J— 2 themaximumerrorin H
0, WK and WA is

= Im ~ (~7)*~ , (22) O(e26)= O(c~)andin WH is O(e6)= O(e~).With
j-i � = iO—~and6 = 5 X 106 and1000timestepsthe

andS’~similar to eq.(21). In evaluatingeq.(Sb)no accuracyis still aboutl0~which, however,inactual
useshouldbe madeof thecommutatorrelation computationsdependsverymuchon how sharply
px = xp—i becausethis gives riseto an imaginarycon- peakedthe wavepacketis. Doubleprecisioncomplex
tribution to thecoefficientb7 which makesthe finite arithmeticshouldnotgive riseto seriousrounding
differenceapproximationnonhermitian.With eqs. errors.
(19—22) thecoefficientsbecome

WK. 5. Physicalunits
a~= C1 = 1,

b~= 2(1 + e
2V. + c2

7(s._Sn)] (23a) The basicunit isL, the lengthof thebox, chosen
/ I / ‘ asL = 1 in theprogram.Fromthis the following

physicalunits arederived:
1 — ~ i�7(x1—X~—~e), {x}, position = L,

= 211 + �
2v.+ I �2 pn(x _x~i {p}, momentum= nIL,/ L j 2 7 ‘- / ~ ‘ {t}, time = mL2/h, (24)

— ,~ {‘y}, frictional constant= {t—1} = h/mL2
— 1 + ~ i�y(x

1—X + -~ e)’ (23b) {E}, energy= l’1
2/mL2

WA:
a

1 = C1 = 1, 6. Programoptions

= 2(1 +e
2V.+e2yP~(x.—X’~)]. (23c)

I I I To maketheprogramas versatileaspossible,sev-
eraloptionshavebeenbuilt in. The integerIFRI =

4. Error analysis 1, 2,3,4, S determineswhetherno friction, Hasse,
Kostin, or Albrecht friction, or a user-suppliedoptical

The errorassociatedwitheq.(14) is threefold:(i) potentialis used.In the lattercasetheappropriateco-
from the approximation(8); (ii) from the finite differ- efficientsa7,b7 andc7 havetobe computedandin-
enceapproximationof thehamiltonian,i.e. theerror sertedinto thesubprogramOPT. TheintegerIPAC
in the coefficientsa7,b7,c7; and (iii) from the approx- determinesthe initial wave packet~i(x,t = 0).
imation(12). By multiplicationwith A theerror(i) in IPAC = 1 usesoneinitial gaussianwavepacket
eq. (14) is O(e262).Taking into accountthat the / (x—x

0)
2

first, eq.(19), andsecondderivatives,eq. (10), have i,li = exp ~— 2 + iP
0x) (25)

errorsO(e~)andthe expectationvalueserrorsof 20o
O(e2)usingthe trapezoidalrule (Simpson’srule gives with initial positionx0, momentump0,andwidth cri~,
no improvement)the coefficientsb7 haveerrorsO(e~). IPAC = 2 givestwo countermovinginitial gaussian
Similarly, thea7 andc7 haveerrorsO(e~)if no poten- wave packets
tial or WK or WA is employedbut O(e~)if WH is used. / (x—x0)

2
With respectto contribution(iii) thedifferences exp — 2 + ip

0x
b7~_b7= 6~7are of theorder O(c26)whereasthe ~ 2ao
coefficientsa7 andc7 contributenothingexceptin WH / (x + x0)

2

wherethe erroris 0(e6). + exp (~— 2 — ip
0x ) , (26)

2u0
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andIPAC = 3 selectsa user-supplied,not necessarily is optimal. To keepthewave functionawayfrom the
normalized,initial wavepacketto be insertedinto the wall, 1x01 � 0.25 and00 ~ 0.05 arenecessary.Since
function PSI. J = 1/c andthe dimensionsarelimited to 1000(may

IPOT= 1,2,3 choosesthe conservativepotential, be easilyremoved),we have� ~ l0—~,but 1/�must
ie. no potential,a squarewell potentialof height be amultiple of 100. The finite resolutionof energy
VBAR (or depth—VBAR) positionedbetween requires1p01 � ~ 0.15and VI ~2 ~ 0.02. Finally, the
—0.05~ x ~ 0.05 anda user-suppliedconservative wavepacketshouldnottraveltoocloseto thewall
potentialto be insertedinto thefunction POT. Final- and frictional effectsshouldcomeout clearly.Since
ly, the integerIPRI = 1,2selectsbetweenthe options friction dampsmomentaby e~tandthemotionby
of print andplot on theprinterof the wavefunction l_e7t, optimumresultsare obtainedif yT~1 and
orsuppressionof the plot, respectively. p0 T 0.7. The lattertwo conditionsare only valid

for free runningwavepackets,in othercases~ andT
shouldbe estimatedby similararguments.

7. Input

Thereis onlyoneinputcard in the FORMAT 8. Output
(9D7.1, 3X,411) for eachrun.The numberof runs,
however,isunlimited andterminationof the compu- The outputconsistsof as manydouble(IPRI = 1)
tationis achievedby addinga blankcard. or single(IP~= 2) pagesas specifiedby TIME and

The nine datafields correspondto thefollowing DTIME. The first pagecontainsin theheadingwhat
nine quantities: kind of friction, initial wave packetandconservative

(i) TIME: T, total runningtime of thewave packet potentialis chosenandtheinputparameters.The
asdefinedbeloweq.(7); nextblock on thefirst pagelists therunningtime, the

(ii) DTIME: printing timeinterval; if for instance reflection andtransmissioncoefficients,i.e. the frac-
20 printoutsare requestedduringTIME, then tion of thenorm of the wavepacketlocatedat
DTIMETIME/20; —0.5 ~x ~0 and0 ~x ~0.5, respectivelyandthe

(in) PIN: Po~initial momentum; norm.Thelattershouldbe equalto one ifHis her-
(iv) SIN: ~ initial width, and mitian. Thenthe expectationvaluesof position,mo-
(v) AIN: x0, initial positionof thewave packet,as mentum,kinetic,potential,and totalenergyare

definedin eqs.(25,26). printed.In the last blockthe absolutevalueof the
They shouldbe chosenin sucha waythat the initial wave function is printedat the99 meshpointsx1 =

wave packetis essentiallyzero atx = ±0.5. For instance —0.49,x2= —0.48, ...,x49 = —0.0l,x50= 0,x51 =

if AIN = —0.25andPIN = 150,the centreof the wave 0.01, ..., x98 = 0.48,x99 = 0.49.
packettravelsfromx = —0.25 to largerx-values,i.e. Thesecondpage,if requested,gives a plot of the
fromleft to right in the plot, absolutevalueof the wavefunction at these99 mesh

(vi) GAM: 7, frictional constantfrom eq.(7). If the points.The abscissais fixed butthe ordinateis com-
optical potentialoption(IFRI = 5) is usedGAM may piled automaticallyin sucha waythat twice the initial
be employedin OPT for otherpurposes. heightcanbe accomodatedin the plot. This scaleis

(vii) VBAR: height (if positive)or depth(if nega- also printed out.
tive) of the squarewell potential.If theuser-supplied
conservativepotentialoption(IPOT 3) is usedit
may be employedin POT for otherpurposesor in the 4. Commentson the program
optical potentialversionin OPT.

(viii) EPS: e,the meshsize, and (i) Dueto thefact that a secondorderpartial differ-
(ix) DEL: 6, the timeincrement.The four integers entialequationis solvedandthat IBM computershave

IFRI, IPAC, IPOT,IPRI completethedatacard, asingleprecisionaccuracyof less thansevendigits, the
Thereare severalrestrictionson themagnitudeof programemploysdouble precisioncomplexarithmetic

the input quantities[8]. As alreadymentioned6 2�2 (IBM typeCOMPLEX*l6). If run on a computerwith
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morethanapproximatelyten digits of accuracyin a Acknowledgements
realword, it shouldbe replacedby the usualsingle
precisioncomplexarithmetic. The authorappreciatesvery muchthehelpof

(ii) Theplots on theprinterhavea resolutionof Dr. D. Kolb at theGesellschaftfur Schwerionenfor-
= 0.01.Thereforeinterferenceof two counter- schung,Darmstadt,in runningthis programmany

movingwave packetswith anapproximatewavelength times.
of L~x= ir/p (p is themomentumof eachwave)can-
not beresolvedin this plot if p > 2ir. If highresolution
is requireda plotteror movie camerashouldbe used. References
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TEST RUN OUTPUT

ALARECHI F~iC1(UN JNE WAVE PACIUT 500IAF P)7E~T!AL V 10000.00
EPS.1.000—03 0EL5.OOC—0f,
P IN= 153.00 S IN~ 0.0500 A ZR~—C.2500
GAMMA— 150.0)

t1ME~ 0.0
LEFI. 0.10000 01 RIGHT. 0.77130—12 NORM= 1.0000D 30
(XIs —0.2500 (P)~ 149.4231 (TI. 11261.392~ (A). 3.0001 (Ei~ 112A1.39’6

A8SULI..TE VALUE OF ~AVE FUNC11JN

0.000033 0.000085 0.000210 0.000496 0.001127 3.01)24,8 0.005152 0.01)375 0.020074 0.037317
0.066649 0.114370 0.188564 0.298699 0.454609 3.666768 0.9J3965 1.260723 1.635066 2.037418
2.439233 2.805785 3.100873 3.242620 3.359136 3.29262) 3.103873 2.1305785 2.439233 2.037418
1.635066 1.260720 0.933965 0.o64768 0.454609 0.298700 0.188564 0.114370 0.066649 0.037317
0.020074 0.010375 0.005152 0.002458 0.001127 0.003436 0.000210 0.000089 0.000033 0.000013
0.000005 0.030002 0.000001 0.000000 0.000030 3.1)3)0)0 3.00300) 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.001000 0.700000 0.003000 3.000000 0.000300 0.000000 3.003330
0.000000 0.000000 0.000000 0.000000 0.000000 0.30)303 0.000000 0.033000 0.000001) 0.0001)00
0.000000 0.000000 0.000000 0.000000 0.000000 0.000003 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.0 )l) 0.) 3.0 3.0 0.0 0.0

V—SCALE. 10.000

0 I I I I 0 I I 1 I 0

I I
I I
I I
I I
I I

I I
I I

I I
I I
I I
1 1

I I
I I
1 1

I I
I I
I I

I I
I * I
I ****

I I
I * * I

I * * I

I I
I I

I I
I * * I
3 * *

I I
0 I I I U I I I I
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818410,17 FRICFION ONE WAVE PACKET SQ0A~EPOTENTIAL V= 10000.00
5P11.003—03 0EL5.000—06
P = 150.00 S Ill. 0.05o3 A 1N=—0.2~Jt)

GAMMA= 10.0)

TIME= 0.00120000
LEFT 0.9995D 00 RIGH1 3.5136D—C3 5049= 1.00003) 00
(X(=—0,0840 (P1= 102.5700 311= 5349.4190 IVI= 1132.9533 (43= 3032.5723

ABSOLUTE VAI)JE OF WAVE FJNCTIJN

0.000007 ch00000W 0.000002 0.000007 0.000009 0.000035 0.000007 0.000010 0.000008 0.000010
0.000014 0.000009 0.000020 0.000017 0.000038 0.003093 0.000176 0.000431 0000847 0.001837
(1.003493 0.000771 0.012504 0.022430 0.039177 3.045320 0.107658 0.156937 0.259696 0.374472
0.549337 0.738613 1.016026 1.237190 1.632667 1.993)08 2.256723 2.779495 2.665898 3.428967
2.796444 3.565979 3.062735 2.717134 3.701542 2.123597 1.252750 0.738529 0.43052W 0.246282
0.137525 0.074636 0.039913 0.020104 0.008670 3035596 0.003499 0.002121 0.001244 0.300709
0.000396 0.000222 0.000132 0.000093 0.000079 3.030070 0.000014 0.000072 3.000070 0.000067
0.000062 0.000057 0.000052 3.000046 0.000041 0.00)036 0.000031 0.000027 0.000024 0.000021
0.000019 0.000017 0.000015 0.000013 0.000012 0.000011 0.000010 0.000009 0.000008 0.000007
0.000006 0.000006 0. 000006 0.000005 3. 000004 0.033009 0.003005 0.000006 0.000003

P—SCALE- 10.000

O I I I I U I I I I 0
I I
I I
I I
1 1

I I

I I
I I

I I
1 1
I I
I I

I I
I I
1 1
I I
I I

I I

I * I
I *

I * I
I I
I I

I — I

I * * I

0 I I I I 1 i I U
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ALBRECIII FR ICT ION CI3E WAVEPACKET SOtJAEF PUTENTISL V 10000.30
EPS=1.000—03 001—5.000—06
P IN— 150.00 5 IN= 0.0500 A I N=—0. 2503
GAMMA (50.03

TIME 0.00240000
LEFI 0.95480 00 RIGHT- 0.45200—01 NUAM= 1.0000D 30
101= —0.1138 IP)= —100.0651 (73= A316.0513 131= 865.3126 IE)= 7159.9639

AI3SULU1F VALUE OF WAVE FJNCTION

0.000249 0.030325 0.000543 0.00C867 0.001327 0.002055 0.T0307* 3.004535 0.00675* 0.009747
0.013943 0.019708 0.027452 0.037819 0.051504 0.069251 0.092072 0.121024 0.157238 0.202000
0.256678 0.322622 0.401246 3.493733 0.601466 0.725630 0.866200 1.023448 1.199634 1.368883
1589074 1.810192 2.024798 2.223289 2459362 2.633112 2.702158 2.899676 2.915931 2.o29265
2.810188 2.598619 (.710585 2.276249 1.834086 0.830590 0.791384 0.936439 0.994964 0.976100
0.968079 0.995783 0.927557 0.656666 0.375726 3.355268 0.332870 0.308964 0.283908 0.258108
0.231987 0. 205959 0. 180450 0.115853 0. 132557 0.110931 0.091 172 0.073583 0.058265 0.045223
0.034396 0.025623 0.018686 0.013334 0.009311 3.006368 0.004277 0.002823 3001827 0.001154
0.000721 0.000461 0.000300 000C184 0.000108 0.003099 3.)50C085 0.000057 0.000046 0.000070
0.000071 0.000038 0.000045 0.000074 0.000063 0.303019 0.300050 0.000074 0.000053

8—SCALE. 10.000

0 I I I I 0 I I I I 0
I I
I I
I I
I I
I I
I I
I I
I I
I I

I I
I I
I I
I I
I I
I I
I I
I I
I I

I I
I I
I I
I I

I I
I I

I I
I I

I I
I I
I I
I I

I I
I ** I

I * I

I * ** I

I I
I ** ** I
I * * I

**** I
1) I I I I U I I I I
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ALBRECHT FRICTION (1~E jAVE PACKET SUU6RE POTENTIAL 3 10300.))
EPS~L.0)D—00 D&L—5.300—06
P 19— 150.00 S 19 0.OSIJO A 15—3.2503
GAMMA= 150.0)

TIME. 0.0)360003
LFF7~ 0.903133 00 81051= ).(‘~29I)—31 775M 1.30000 0)
383= —0.2270 IP)= —A5.*953 (U 5281.°093 (11= 297.022, (El 5358.JEO

ASSULUTE VALUE 01 SAVE 1-3901101

0.2273130 0.10351) 0.250810 0.2077)5 0.307230 0.321757 0.401237 7.454239 0.535203 0.613190
0.703265 3.804899 0.912110 ~.073450 1.160122 1.299544 1.44523) 1.6)049) 1.759251 1.922074
2.0825013 2.237195 2.378641 2.50C299 2.59331 2.650487 2.660504 0.422222 2.523663 2.363232
2.141332 1.863879 1.544158 1.203254 0.1-69926 0.579300 0.340446 3.238341 0.193432 0.180919
0.178626 0.1~4969 0.142186 0.121033 0.162043 0.068736 0.059175 7.763737 0.273565 0.545344
0.790668 0.913421 0.84’349 3.594893 1.349812 3.359153 3.367222 0.375945 0.384279 3.391991
0.398965 0.*05127 0.410229 3.41’173 0.416833 0.417985 3.417623 0.41556) 2.4116139 3.40*086
0.398566 0.389172 0.378065 3.3*5101 3.350544 0.334473 0.316923 7.295261 0.278460 1.2578.9
0.236724 0.215143 0.193699 0.172446 0.151802 0.1)21*9 0.1135)3 3.396377 0.280740 0.066747
0.054387 0.043723 0.034943 3.028771 0.321050 2.316654 3.010397 0.039973 0.308619

Y—SCALE— 10.000

O I 1 I I U I 1 I I 0
I~ I
I I

I I
I I
I I

I I
I 1

I I

I I

I I

I I

I I
I I

I I

0 I I I I I I I I 0


