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This paper describes a computer program (SIMULT) that 

calculates the time dependent, spatially averaged density, 

electron temperature and ion tempe�ature in a toroidal 

mul tipole. The program is an adaptation of one deveilioped 

to simulate confinement in the ElMO Bumpy Torus at Oak 

Ridge. The program is zero-dimensional in the sense that 

it predicts only spatially averaged quantities. It has 

been used mostly to study cw microwave heated plasmas, but 

pulsed microwave and gun injected plasmas can also be 

studied. The numerical predictions and comparisons with 

experimental results will be described in detail in a sub-

sequent paper. 

The numerical method consists of solving three coupled, 

time dependent, non-linear, first order, ordinary differen-

tial equations, one for the particle density, one for the 

electron energy density, and one for the ion energy density: 

an I at (n, no' Te, Ti' B, a) diffusion 

an I at (n, Te, Ti' a, L, Ao) obstacles 

an . 
at (n, B, B) I field decay 



dUe 
= 

aUe 
dt at (P, n, a, L, f, Q, B)!microwaves 

aUe 
at (n, Te, Ti)!ion collisions 

aUe 
at 

(n, Te)!bremsstrah1ung 

dUe (n, Te, B) !synchroton at 

2 

dUe (n, no' Te, Ti' B, a, L, Ao) !therma1 conduction at 

dUo au· 
dt

l = 

atl (n, Te, Ti)!e1ectron collisions 

au· 
at

l (n, no' Ti) 'charge exchange 

The symbols and units are as follows: 

n = electron (or ion) density (units of 109 cm-3) 

Te = electron temperature (eV) 

T. = ion temperature (eV) 1 

U = nT e e 
U. = nT. 

1 1 

9 -3 no = neutral particle density (10 cm ) 

B = average magnetic field (kG) 

B = dB/dt (kG/sec) 



a :;:: minor radius of plasma (em) 

L :;:: length of plasma (2nR for toroid) (em) 

Ao :;:: obstacle (hoop supports and probes) area (cm2) 

P = microwave power (watts) 

f = microwave frequency (GHz) 

Q = unperturbed microwave cavity Q 

t :;:: time (sec) 
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The three equations are solved by the simplest method of suc-

cessive iteration using the current values of each parameter. 

The electron and ion temperatures are incremented according to: 

6Te = (6Ue Te6n) In 

6T. :;:: (6U. T.6il)/n. 
1 1 1 

The iteration step 6t can be adjusted to insure any desired 

degree of accuracy. The initial conditions (n, Te, and Ti) 

can be set arbitrarily. The detailed form of the various 

terms is given below: 

Magnetic field: Any time dependent magnetic field can be 

specified. For the small octupole we use: 

B :;:: B e -tiT sin wt, o 

where w = 200n sec -1 and T = 10-2 sec. The magnetic field 

is corrected for finite beta as follows: 

B = I B2 - 4.05 x 10-8 n(T + T.) 
VAC e 1 

Microwave power: Any time dependent microwave power pulse 

can be specified. For the small octupole we use (PLP 494): 

p = Po max [0, 2B/Bo - 1]. 
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Neutral density: The neutral (hydrogen) density is calculated 

at each time step from the pressure (p) as follows: 

no 
= 322p exp[-3.07 x 10-4 

T
n�/8 e-1dTe] 
e 

+ l2.88p exp[-1.7 x 10-5 � e-17 /Te] 
T l/e e 

where the first term is for thermal (0.025 eV) neutrals and the 

second term is for Franck-Condon (7 eV) neutrals. The exponential 

factors account for the finite penetration depth of the neutrals 

into the plasma. When the neutral density is increasing in time, 

the rate of increase of each component is limited to: 

dnTH 1.9 x lO-5nTH 
-- < -------"'-= 

dt a 

dnpc 3.4 x l0 6npC 
-- < ------

dt - a 

representing the transit time of a neutral from the edge to the 

center of the plasma. 

Ionization: The ionization rate for a maxwellian electron dis-

tribution is approximated by an analytic function: 

an, = 50 4 nne -17 Te 
at ionization . 

T lSe 
e 

Diffusion: Classical diffusion due to electron-ion and e1ectron-

neutral collisions can be written as: 
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The ambipolar electric field has been considered, but ion

neutral collisions have been neglected since they amount to 

only a 1.2% correction to the diffusion rate . 

Obstacles: Hoop supports and probes which intercept the plas-

rna are assumed to collect particles at a rate given by the ion 

saturation current for an isotropic plasma: 

where in practice Ao is an effective obstacle area calculated 

from lifetime measurements of ions and hot electrons . For 

the small octupole we use 90 cm2, which is somewhat greater 

than the geometric area . 

Field decay: When � is negative field lines are leaving the 

machine, and plasma is assumed to leave also at a rate given 

by: 

3n l . n . 
- = -In1n a - B 
3t field decay [ ' B  ] 

Microwave heating: The microwave heating rate is given by: 

3Ue I = _2_x_1_0_9 _P __ 

at" microwaves (1 + nc/n)a2L 

where nc is the density above which the microwaves are to

tally absorbed . From PLP 282, nc can be estimated from: 
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Excitation: Energy lost by inelastic collisions with neutrals 

is estimated by assuming that each electron loses 30 eV per 

ionization: 

aUe l = an i 
°t to 30 - 0 0 

t
o 

at eXCl a lon at lonlza lon 

Ion collisions: Classical electron-ian collisions result in 

an energy loss given by (Spitzer, page 135): 

aUe �I ion collisions 

Bremsstrahlung: Electron-ion Bremsstrahlung losses are given 

by (Rose and Clark, page 233): 

aUe �I bremsstrahlung 
= 

Synchrotron radiation: Electron synchrotron radiation, neglect-

ing reabsorption, is given by (Rose and Clark, page 25): 

Electron thermal conduction: Heat conduction due to classical 

collisions and to obstacle losses (Huddles tone and Leonard, page 

98) is given by: 

aUe , �n �n 
- 2 5T a 

, 
+ 5 54T a I 

at thermal conduction - . e a; diffusion . e a; obstacles . 

Electron collisions: Ions are heated by classical collisions with 

electrons (Spitzer, page 135): 

auO 6ln2(Te - Ti) 

at

l l
electron collisions 

= 

T 3h e 
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Charge exchange: Charge exchange losses are represented by an 

approximate analytic form: 

au· 0.0186nnoTi3 

at

1
1 charge exchange = 

T. + 100 1 

Ion Thermal conduction: Rea t conduction due to classical col-

lisions and to obstacle losses (Huddlestone and Leonard, page 

98) is given by: 

au. � � 1
1 

on l 
on l � thermal conduction = 2.5Ti at diffusion 

+ 2Ti at obstacles 

The following pages give a FORTRAN listing of the code and 

typical output. 



I. ( PROGRAM ,rMULT e JAN 25. 1973 
2, D,MENSION T(I01),O£"0.),TE(101),T1(10l) 

), OIMtNslON BP' lOll" " 101_ ,SJ( 101 a 
If, 
S, , PEflNE ,UNCTIONS 
6. C 01 IS ONIDT DUE To IONIZATION 
7, OI'OENS.QNEUT.TE��'Q,�·gENS.ONEUT'£Xf1(.11.Q/'TE+O.3) 1TE'.O,l2� 

8. C 02 Is ONIDT DUE TO 01"uSl0N 
9, 02'O£NS.TE •• O�NS·CQ.l3.OEN5/$QRTCT').',7'DNEuT'TIA)�"a/AlA 

la, C 03 Is ON/DT OUt TO OBSTACLE LOSSES 
---

III D3(DENS.TE�.2.QE5'QENS'AO'SQRT(AMAX1(TE,TIAt)/A/A/AL 
I�, C. PEl IS OUEIOT DUE TO MICROWAVES 
Il, PE1(p».2.0E9'P/11.o+OEO/DEA)/A/A/AL 

I�. C PE2 IS oUEIDT DUE TO ION COLLISIONS 
II, PE2(OENS.TE,ll)a61,O'OENS'OENs.(TE_T')/TE" l.S 

10, ( . PElf IS DUE lOT DuE TO BREMSSTRAHLUNG 
11. PEIf(OENs,TElal.oE-q.O£NS'DENS,SQRTCTE) 

18, C PES IS OUE/DT DuE TO SYNCHROTRON RADIATION --�19�, --�- --P=-E;;;-S=-(:-O::-E::--N:-:-S'::-. '--'::, TE) �3. 81E,,3'DENS'B.lhTE' ( I,O'T£/2 .Olf£$) 
20. C PE6 IS DUE lOT DUE TO THERMAL CONDUCTION 
21. PE6(OENS.TEt-Z,S'TE.02CO£NS.TE).S,SIf'TE.D3(OENS,TE) 

22. C PI3 IS DUIIDT DuE TO CHARGE EXCHANGE 
23. P'3(OENS.DNEUT.Tl.�o.0186'DENS'ONEUT'TI" 3/(Tl.100. � ) 
21f, C Plo IS DUIIOT puE TO THERMAL CONOUCTi�O�N ____________________ ____ _ 

2$, P16(OENs,TE.r' •• 2.S.Tl.p2(OENS,TE.+z.O'TI,03CP[N5.TEt 
26, 
21. C SPECI" PARAMETERS 
28. C. PO Is PEAK MICROWAVIPowER IN WATTS 
2., POalO,Q 

� __ -=3�O �. __________ �' �PWR. 1 
31. zoo CONTINUE 
32, C liMAX IS NUMBER 0, ITERATIONS 
33, C PEA IS tNITIA� DENSITY IN lO" '/(( 
lq, C TEA IS IN.rIAL ELECIRON TEMPERATURE IN EV 
3S, C: TIA IS INITIA� ION TEMPERATURE IN tv 

'36, C A IS RADIUS IN (M 
:31, C AL Is LENGTH IN CM 
.38. C AO Is Q8STAC�E AREA IN SQ CM 
39, C PRES IS NEUTRAL PRESSURE IN 10" -S TORR 
1f0. C 80 '5 'I�LP AT OUTER WALL IN KGAUSS 
If.. C , IS MICROWAVE 'REQ�ENCy IN GHZ 
qa. ( Q IS THE MICROWAVE CAVITY Q 
q3. C TMAX IS DURATION 0' EXPER1MENT IN SECONPS 
q�, J'MAX�1QOO 
qs, PEAaO.OOl 
1f6. TEA�O,I 
1f7, TIA_O.02S 
�8, .-18,0 
1f9, AL-Z70.0 
so, AO.90.0 
51. PRES-S,O 
52. eO- •• o 
53. '.2.1f5 
SIf. Q-2000.0 

i, TMAXaO.OOS 
56, __ _ 



57, 
'I. 
69, 
60. 

65, 
66. 
67, 
68. 
,., 
70. 
71t 
72, 
'3, 
"h 
75. 
7 •• 

I 77, 
78, 
7., 
80. 
81, 
82, 
83. 
8,.. 
85, 
86. 
81. 
8a, 
89, 

92, 
93. 
9�. 
95. 

9a. 
99. 

100. 
& 0 It 

10 .. , 
IDS, 

! 106. 
1°1, 
lOa. 
109, 
110 • 

.. Ie 

c 

c 

SPECifY INITIAL CONPlTIONS 
IPRINT-IIMAX/100 
OT-TMAX/FLOATCIIMAX) 
8!1!,.OE195 ' 
.. .. 0 
TIMf;!IIOiO 
DNT.3�'.O'PRES 
DF'Cll!lJ2.88'PRES 
DEMAX.OEA 
TEMAX!I!TEA 
TIMAX_TlA 
ONHINlI!Ill5.0'P8E$ 
8PHAXliO" '80 
PP_HAX.O_tJ_�_�CL __ � ___ _ 

SJMAX!llO.IO�'DEA.SQRT'TEA) 

RECORD VALUES 
WR.TE.C . . .. ..  O) 

""0' FaRHAT (1M •• , STEP 

4S0 
2. TI 

CONTINUE 
DNEIJT 

TIME u: 
POWER JSATt) 

80LD.8 
B�BO.SJN'3.1'159.TJME/THAXl.EXP(·O.S.T1ME/TMAX)/O.7A87+1·0E�S 

,.aQ, 

e.SQRT(ABS(s·e· .. . osa·a·PEA.cTEA+TIA))) 
-

OEO�F.'.(O.OQ�5.'F/B)·.�+37.Z·'23�O.(B/F).·O.66'67)iQ 
P!llAHAXI(O.o.2.0'PO" B/80�O,S)) 
SJI-O.JO�'DEA'SQRTCAMAX,CIEA.TIA») 
DNTO.DNT 
DreO_Ofc 
ONTlI!I3Z',Q.PRES.EXPC.3.07E· .. . OEA.A.EXPC.l'.0/CT£A.0.3tl11EA" 0.125) 

DEC-12.88,peEs'EXpCel'70E_S'PEA*A'EXPCel'.0/CTEA+Q.l»)/TEA··O" ZS) 
,FCDNT.GT.ONTO) DNT,PNT.(DNTOwDNt).�xp(.1,9E5'DT/A) 
IE(DFC�GI.D'CO) D'CaPF(+(P'CO.D,C)'(XPC-l,ijE'.OT/A) 

(H�'IJT.DNT·DFe 
OEMAX.AHAXICOEHAX.D�A) 
TEHA�.AHAX1(TEMAX.TEA) 
tlHAX-AMAXICTJMAX.TiA) 
DNHIN.AM1Nl(DNMIN,DNEUT) 
&PHAx.AMAX1,&PMAX.Ul 
PPMAXl!!!AMAX1CPPMAX,P) 
SJMAX�AHAXICSJMAX,S�I) 
lFCMOPCll+,.lpRlNT),NE,l) GO TO �80 
WRITE" .�60) ll.TlHE.DEA,tEA,TIA.DNEUT.e,f,SJI 

'ORMAT11H .1'3.8'll.�) 
IlI!IIIIIPRINT+, 
I(l)-T!ME 
OE(I)aOEA 
TE(I)!IITEA 
T1CI).fIA 
8P(I).a 
PP(IJeP 
SJ(1)I!SJl 
CONTINUE 



112, 
Ill. 
11�. 
IlS. 
116, 
Il" 
lIS, 
I 19. 
120. 
IZI. 
122. 
123. 
12�, 
,21, 
12,. 
121 • 

. II •• 
I". 

( 

C 

'"C�£"ENT DENSITY 
OOENS-PI'OEA.ONEUr.IEA)40T 

�eDZ'DEA.TEA.·DT 
3e0310EA.TEA)tOT 
�.2.0·DEA·AMIN'COtO.B·eo�DJ/BOLP 

IECABSCOPENS1,GT'O,S.OEA) DD�NS.SJGN(O.StPEA.PD�NS) 

INCREMENT ELECTRON tEMPERATURE 
OU£-PE1(P.·OT 

2·30,O-Pl(DEA,DNEUT.IEA).DT 
3-PE2(OEA.TEA,TIAl.DT 
�·PE�(OEA.TEA)'OT 
S.PES(OEA,TEAltDT 
,.PE6CPEA.TEA)'OT 

OTE-COUEeTEA'DOENS)/OEA 

130. 
131·�,----�C�--�'=N�'=R=E=M=EN�T��1 0�N�. �T�E�M�P�E-R�A

�T�U
�
R
�E�--------------------------------------

13Z, OU1-PEZ(OEA.TEA,TJAJtPT 
133. zeP13(PEA.ONEUT,TIA)'OT 
13�. 3ePI6(OEA,TEA,T1A)'OJ 
135. OTI�(DUl·TlA'DDENS)/DEA 
(36. IFCABSCDTtJ.GT,O.S-'IA) OT1=SJGNCO.StTIA.DTI) 
131. TIAaT1A+OTI 
138. 
139, C INCREMENT TIME 
IqO. 11-11., 
Jq" TIMEaOT.FLOAT(,!) 
lQZ, GO TO �50 
lQ3, ,�O CONTINUE 
Iq�. 
lQS. C RECORD MAXIMUM VALUES 
1�6. WR1TECo.700) O£MAX.TEMAX,TIMAXtDNMIN,BPMAX.PPMAX,SJMAX 

1�7. 700 FORMATCIHO,' MAXIMUM VALU�S't7f13.�) 
1�8. 
l�'. C GRAPH OUTPUT 
ISO. 00 820 1-1.101 
151. ' TCI)� •• O·TCI)/TMAX 
152. DE(1)�6.0.DECI)/PEMAX 
153. TE(,t-"O.TE(I)/TEMAX 
15�. TICI).6.0t'ICII,TIMAX 
ISS, BP(J).6,O.SPC1)/BPMAX 
156. ppel)�6.0.PPCI)/PPMAX 
157. SJe!) ••• o*SJCI)/SJMAX 
ISS. 820 CONTINUE 
159, CALL 4RAPH2(T.tR'.O�.'Rt.10lt'6X6" 'NONE'.'MULTIPOL[ SIMULATION" , 
160. 2.'T1M" .'.'PENSITy AND TEMP (NORMALIZEO) ••••• D') 

161. CA�L GRPHZVCT.fR'.TE.'Rt,IOI,'NONE','E') 
16Z. CALL GRpH2VCT,'R·.TI,'Rf.l01.'NONE'.'I') 
163. CALL GRAPHZ(T.'R'.BP,'R,.lO I.'6X.t,'NONE','MULTIPOLE SIMULATION,.' 

16Q. 2,·TIME,.· •• 'IELD AND POWER (NORMAL1ZEP) •••• 'S') 

165. CALL GRPHZV(T.'R',PP.'R',lOl" NONE'," ') 
166, CALL §RPHiVCT.'R'.SJ,'Rf.l0t.'NONE'.'J') 
167. CALL GRPHNP 
168. JPWR-IPWR •• 

169. 8'0 PO�lO.o-PO 
170. IF(IPWR,LE.�) GO TO ZOO 
",, STOP 
172. END 



STE' TIM' OENSITy T, 11 ON£UT fIE�P POW,R JSAT 
o • elrOD ,0010 ,lOOO .02$0 ,67'1.,.000 .0000 .0000 .0000 

�o fOOOO .Ooo� .0366 .009, 167,.,qOOO ,0396 ,0000 .0000 
80 ,0001 ,000,. .0362 .00'2 161q.�000 .0788 ,0000 .0000 

-120 .0001 .000,. ,0359 .0092 ,67't.'*000 ., l16 ___ .oo_oo _____ �o(,)o 
'(60 .ij002 ,OOO� .0356 .0092 167 ..... 000 .1556 .0000 .0000 
200 .0002 .00o't ,0352 .0091 161 ... ,.000 .1935 .0000 .0000 
2�O .0003 .000'1 ,03't9 ,009• .67'1.'1000 .2306 ,0000 .0000 
280 .0003 ,000'1 ,03'16 .0091 167'1 ... 000 ,2671 .0000. .0000 
320 .000" .000,. ,03'13 .00" 161,. ... 000 .30)0 .0000 ,0000 
360 .000" .000'* ,03,*0 .00'1 167'1.,000 .3382 .0000 .0000 
'toO .000S .000.. .0331 .00'1 161 ..... 000 .3121 .0000 .0000 
't'tO '0005 ,000" .033't .0091 ,61't ... 000 .'t065 ,0000 .OO�O 
't80 .0006 ,000q .0)31 ,0Q'1 l61't�'t000 ,'t396 .0000 .0000 
520 .0006 ,000" .0328 .0090 161 ... ,.000 .'t71' ,0000 ,oO�O 
560 .0007 ,000'1 ,16,.9 ,00'0 16,,. ... 000 .50)If 6.7238 .0000 
600 .0007 ,QOt2 70J2993 .0027 167,..3951 .53,.0 68.0722 .ooio 
6't�. .0008 .0015 162.0977 ,0003 1,7�.3681 .5639 127.73�1 .0099 
680 .0008 .0�$9 228.7121 .0000 167�,207q .592$ 185.66" .0721 
720 .Q009 ,27�8 20$.6915 .0000 1673,2�lO ,6209 2�l,8280 .�o99 
160 .0009 1,7228 90.8089 .0001 1667.161\ .6�el 296.1741 ,.'Ol� 
800 .0010 8.89�3 21.6'38 t0016 1'�9,726e ,'7,.3 ),.8.682' �.300� 
8�0 .0010 20,3578 9.9,�3 .0,03 '6�8.6S8S ,6997 399.310S ',6765 
880 ,0011 32.'965 •• 0153 .0283 164',0018 ,72�0 �"8,0231 9.�798 
920 .0011 �5" �08 1.111, ,055� 16�2.9339 .7�7� ,9Q.792' 12,S193 
960 '0012 59,1636 6.S)89 .092, 16ijO.036� .7,,8 53',5,,1 ,5.7��O 

.1000 ,0012 7�.1571 "IJI6 'lqOs ,,)7,33S9 ,79,2 582.)'" " ,o"s 
d 



1040 .OOlS to.Ol�6 5,820' --;l"� 163�,83�6 ,a&.. '23.17'� 22" ,60 
10'0 iOOIS 106.6271 5,5123 .26'5 1632,533� .831� ",.923j '2'.176i 
1120 .oo,� 123,8907 5.366$ .3506 1430,�3�0 ,8�'J 698,6083 2',eQ82 

,1160 iOOI� '�J.703� 5.1'11 .'M!) 16la.52e� .8666 733.2178 33,$1'2 
1200 .0015 159.'66' 5'Q�03 ,5�3' 1426,8187 ,8829 165,1378 37,3$00 
12 .. 0 ,0015 118.5812 !i,'OlO .65�1f 1625Ltl.1JL ,898& 796,1561 �lq2' 
128Q _0016 ",.�15� �,'882 ,'7�7 1623" S53 ,9122 82�.�632 ��.93" 
� ,0016 216.$�8l .. . 6813 .e"2 16l2.2e�1-- .9253 850.65,5 'f8.7271 
1160 .QOI7 235.12'2 �,S8 .. l 1,0265 1621,1128 .9311f 87�,71$6 S2,�909 
1'f00 .0017 2S�.'�l' 1f.,95? 1.1589 1620.909' .9 .. 83 890,6625 56.21'3 
l'flfO .0018 27'f" �06 �'''Ilflf 1,2926 .,20.18 .. , ,9582 91'.1f6J� 59,9012 
Ilf8Q ,0018 293.2501 1f.3393 lt�261 16I,.S8"'1 ,9671 93If,l,.3'" 63,5301 
1520 ,0019 312,22'" .. ,2698 1.5577 1619,1017 ,9, .. , 949,7018 67,0970 
1560 00&9 331.0186 �.2050 1.68'8 161a,1268 .9816 '63.� 70.S'�1 
1600 0020 3�9,S8'� �'l��$ 1.80'3 1618.�S3a ,9812 '7�,�12J 7�,0.59 
1"0 0020 .367.89a8 4,0876 1,9270 16i8'21�6 " '1' 983,7015 77.3565 
1680 002& 38S,911� If.Q3�0 2,0379 16Ia.l'07 " ,S� "O,8�1. 80 •• ,02 
1720 0021 "03.5'35 3,9833 2'I�lS ude'le:., ,'980 995.,0$7 e3.1116 
1140 0022 .20.'125 3.9350 2.2)73 1618,2078 .9,,$ "8,'100 a',8353 
1 800 0 ° 2 2 � 32 !t 8367 ) , 8888 2 • .) 2 50 I • i 8 • 2 ea 0 • 9 en , 9-2-4U'..a e , • 19-.S.1--18�O .0023 -S3,8"5 3,8�7� 2,"0" 1618,�02' ,9'9. '98,810. 92,$923 
1880 ,0023 �68.6't71 3.8,09 2t�e3s 1,18.5,+29 .9979 995,7"71 95,-U-Z.o 
1920 t002� �82.0�.... ).7782 2.55.8 1618.7056 ,9'S� "0,70,+' '7, ... ... 5$ 
U6CJ i OOZ. ... , •• OS32 :h '4a5 2.6202 '618, ,022 ,991' 9-&-l-.--Ul-8-7 U .. -� 
2000 .0025 50 ... . . 380 ).7211f 2.6"7 16}9,1"35 ,981. '7 ... ,78�' lOl,2'+31 
20410 10025 5L3..,767$ 3.690$ 2.1)35 1619,'t3'� ,'820 _!t-A,34-'-'4-i l.o.i-t-l-Ul-
2080 .0026 521,'+,1f7 3.6735 2.7820 1,1",.,. ,'15' 95,.2691 103 •• )33 
2120 .0026 527.5S7s 3.4S21 2.8256 16io.2260 .908� 9)6,1382 10'•8508 
2160 ,0027 S32.17.9 ).6320 2,8617 '6l0,130' .'602 920.�020 IOS.�7e8 
2200 10027 535,2701 3.4131 2,89'8 ,.21.314>2 ,9511 902,29$1 l-OS-.-al.5.0-



J24Q ,0028 5�6.�230 ),5952 2.9l15 1.21.,869 ,9ff12 882.H531 10S.8587 
2280 ,0028 536,83'8 3.5781 2.,,01 1.22,'�S7 ,9305 860.9134 105,6,02 
2320 .002' 535,3273 ).5'17 2,98'1 l623.$9�9 ,9.e9 ell,71H' 10S.�� 
2360 .0029 532,2981 3,5�5e 3,009, 1 6a�.s362 .906� 812.8965 10�,2.i7 
bOO ;0030 527,713" 3.S303 3,0319 1625,$706 ,89.3-1 786 .. .s-0-0-2- lO�-l-Z!l-9. 
2��O _0030 52.,7767 3.5150 3.052� 1626,6'88 ,8193 758.5680 101,7310 
2q8b .0031 51".3901 ).9"7 J.0718 1,27,9209 .86�' 729.1�)l 100.0695 
2520 .0031 505,5008 3.�8�4 3.0,03 .629,231, . •  8�9' 698,2105 98,13�2 

-2..5...61.l • 0032 .. 9 S , 30 , 6 3 • 'tI� 8 8 3.1 Q 8 At I 630 , , " .. 9 • • 8 ;) )� 665 , 9953 95 , , 3 81 
2600 .0032 '183,7'0' 3,�S27 3,1262 ,,32.1500 ,8'62 632,36'" 93,'1"3 

' .. 0 H3033 'f'a.Q2�3 3'''359 3,'''''1 1.33.7"�7 ,7981 S97.4f24fl--.------9Jl.a-O-l-5-
2680 .0033 .S'.OS�2 3, •• 80 3'16�3 "�S •• 33� ,7806 561,2231 87,87'3 
2120 .o03� .91.950, 3.3987 3.la13 .,37t�116 ,76,9 52J,81,8 8'.7Js� 
2160 .003� .2s,11eS 3.)777 3.2013 1639,01,7 .7�2' �8S,2382 81.381� 
2800 '003S �08.6119 3.35�3 3,2228 "�I,036S .7228 ��5,5$)3 7t.829� 
2e�0 .00)5 390,5278 3.3219 3.2�'2 '6�l.080� ,70Z'l �O�,8081 '�,0918 
2JULO ,0036 37"'080 l.�'77 3.27Z0 . . .. 5�092 ,681S 3.�.O$�' 7�.'� 
2'�O .0036 J51,'276 3.2622 3.)00. "�7,.Z23 .6602 320,3.31 66,�,�S 
2.60 .00,7 331.5201 3.�I'Z 3.332� "�'.'27� . " J8� 27 •• 72.2 t2.9l9, 
3000 ,oOl7 310.�72� 3'167� 3,367, 16�2.1237 ,tl" 2)2�26l� 6!.2�63 



30'0 ,00a8 288,8920 3" °39 l.�019 ,.5�.6008 ,S9)S "7,0005 'I,�.�o 
lOIO .0031 266.8965 ),02.6 3,.531 l657 ••• ' . ,5105 1�0" '3' 51."00 

120 ,0039 2"�.6158 2.9-2.33 3,50'*0 1659.1'''''6 ,5'1_71 9 .. . 29$'1 .. 1.621, 
3160 '0039 222,1978 2.7899 3.5602 .662,370� ,5235 .6,96'. .3,6021 
3200 .oo�o 199,8209 ,.6081 3.'1.' ,,6ij,9820 .H99S .0000 )9,5328 
32.0 .00.0 111,8.05 2 •• ,82 3 •• ,87 "" .3683 ,.'53 ,0000 35,.7., 
3280 .00.. 156,856'1 2. '1068 3.1&5" I"" 1.l.82 +IfS08 • 0000 �+U-
1320 .00.. 131,1207 ,.3177 3,8,08 .610 ••• '9 •• 262 ,0000 28,020. 

-1)40 .0012 118.1,59 2.3636-- '1,0020 1671,a6Hi ,40&3 .0000 2H,,9�� 
3.00 .00.2 101" 68. 2.3572 ••• 850 1672.0100 .3763 ,0000 21.6305 
3 .. ..  0 ,00•3 85,9820 a.lSHl g'''16� 1,1a.�.gt ,3$,2 ,0000 18.'917 
3180 ,00.3 11.6500 2.3S36 .,1030 ,612.S." ,325' ,0000 " ,&598 

120 .00.... 58.659, 2.3516 S.O�3, .,73.1)6' ,3006 .0000 13,71'1� 
3540 .oO�� �6,997s 2.3�'. S'�76. ,473.3760 ,a�sa .0000 '1.�38 _ 

_ �600 ,OO�5 36.6�89 �,33g7 S.978S ,,23.$800 .2�98 ,0000 '.31'ij 
36�0 .00�s 27" O�2 2.31Z2 6,5589 1613.7S1S t2Z.� ,0000 7.3523 
3480 .OO�6 19.8.'0 �.�12) 1.2QI, 1.7l,9l�i .",0 .0000 S.'�30 
3120 .00.. 13.�261 Z.20�9 7.8566 &67�.0�.. .'737 ,0000 3.91�O 
3760 ,DO" 8,3168 2.09S3 8.�1�7 '67�'157' .lij85 ,0000 i� 
3800 ,oO�1 �.5l88 •• 9235 8.6820 "'�'2�11 ,lz3. .0000 1.3909 
l8�O .OO�8 2.0�8S 1,"72 S,3,08 ,'7�.3050 ,0983 ,0000 --.,,7, 
3880 .QO�8 " 8�6 1.3150 7.30�2 167�.3�3e .0735 ,0000 .192� 
3920 ,00.' .1390 .8898 5,3997 .,Zq,367& .Q"ei .0000 .032� 
3960 .OO�9 .0072 ,QS17 2,9S2� 161 •• 3808 ,02.3 ,0000 ,0013 
9000 10050 .0000 .0033 -.022, 167't.386' ,0000 ,0000 .0ol1o 

MAXIMUM VALUES 537.0231 23�.'�O' a.6a31 1618'182, ,"99 999,8725 l05.87-U 

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