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ABSTRACT!

Gun and microwave (ECRH) produced plasmas in toroidal multipoles
are simulated by a fast general computer program which calculates the
time dependent, spatially averaged density, electron temperatures, and
ion temperature by solving three coupled, non-linear, time-dependent,
first order differential equations from which the spatial dependence has
been removed by averaging over profiles assumed to be constant in shape.
Mechanisms included in the calaulations are microwave heating, ioniza-
tion, atomic and molecular excitations, bremmstrahlung, synchrotron ra-
diation, charge exchange, electron-ion collisions, classical diffusion,
obstacle losses, and field decay. Proper treatment of reflux neutrals
is important. A program listing and discussion of program usage are

included.

1This PLP is an expanded version of a talk given at the Philadelphia APS
meeting on 2 Nov. 1973. It is also an updated version of PLP 505 by
Sprott.and is the promised PLP cited by Sprott in PLP 535. Examples of
results of use of this program - the remainder of the APS talk - will be
presented in a separate PLP.



I. Introduction

This paper describes a fast, simple, time dependent, spatially
independent computer model of gun injected and/or microwave ECRH plas-
mas, confined in a toroidal device. It consists of three coupled dif-
ferential equations - one each for charged particle density and electron
and ion temperatures - that are simultaneously solved by a second order
iterative ‘technique..

Since it was motivated by an attempt to understand energy and par-
ticle loss mechanisms in toroidal devices, it included only physically
justifiable loss mechanisms, expressed in approximate but physically
justifiable forms. Of course, this means that not all losses are treated -
but the program philosophy has been to omit those phenomena that we can't
include properly (without, for example, adding more differential equations),
rather than to include them in some ad-hoc form simply to tailor program
predictions to fit experimental results.

Everything in the pregram is described in terms of (possibly time
dependent) quantities that have no dependence on spatial coordinates, which
are removed by proper averaging or approximating. The end products are
particle density and electron and ion temperatures that are somehow
average quantities. This technique may be continued to handle any ma-
chine which can be approximated by cylinder (see next section) as long as

the proper loss mechanisms are included.



II. General Method

To develop this model, the effects of simple models of various
loss mechanisms are approximated or averaged over the volume of the
toroid. Where possible the plasma is taken to be a cylinder, with
electrons and ions having equal densities and each having a maxwellian
velocity distribution. |

Since the loss and gain mechanisms all refer to the time rate of
change of something, and since this ''something'' may also depend on
position - for instance, electron density may vary from region to re-
gion in the device, suitable approximations or averages must be done
to get rid of these spatial dependences, to get our spatially inde-
pendent code. (For example, classical diffusion needs a density gra-
dient. So, Vn = 0, except that we allow Vn = n/a for diffusion, where
n = average electron density and a = plasma minor radius. This crude
approximation hasn't bothered us, for classical diffusion has been
virtually negligible in cases considered so far.) In this way, the
time rates of change of particle density and electron and ion energy
density due to various loss or gain mechanisms, become simple alge-
braic quantities, functions only of time and some initial parameters,
and now wholly independent of spatial coordinates.

Expressions '"conditioned' in this way are magnetic field, neutral
density and all the particle and energy loss and gain mechanisms: ioni-
zation, classical diffusion, obstacle losses, field decay, microwave
heating, classical electron-ion collisions, neutral excitation by in-
elastic electron collisions, bremmstrahlung, synchrotron radiation, ther-
mal conduction ignoring temperature gradients, and charge exchange. Fur-

ther descriptions will be found in the next section.
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These expressions were then combined into the three differential
equations seen below - one each for average electron(= ion) density
and average electron and ion energy densities. They form a system of
three first order, coupled, ordinary, non-linear, time dependent, spa-
tially independent differential equations.
The equations are as follows:

dn
dt = dt (n’no’Te’gas)lionization
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where

n = averaged electron (= ion) density (109/cm3)

averaged neutral density (109/cm3)

n, =
Ué = averaged electron energy density (eV/cmS)
Ui = averaged ion energy density (eV/cmS)

Te = averaged electron temperature (eV)

Ti = averaged ion temperature (eV)

B = time dependent, average magnetic field (kG)
é = dB/dt (kG/sec)

a = plasma radius (toroid minor radius) (cm)

L = plasma length (toroid circumference) (cm)

A = obstacle area (cmz) (AO is slightly larger than the

geometric area)

microwave power (watts)

microwave frequency (GHz)

P
f
QO unperturbed microwave cavity Q
T

W toroid wall temperature (eV)

t = time (sec)

dt = iteration time step (sec)



These three equations are then solved simultaneously by the
following second order method. Given a time step dt and the time
derivatives ﬁ, %e’ %i at time t, then calculate n, Te’ Ti at time
t+dt. First calculate B, P, n, at time t. Second increment n, Te’

Ti to approximate them at t+.5dt (x is any of n, Te’ Ti):

x(t) + (.5dt) (x|

x(t+.5dt) t-.Sdt)'

Third, calculate n, U , U. at t+.5dt, using values of B, P, n_ at
e’ i o)
time t and n,, Te’ Ti at t+.5dt. Fourth, calculate Te’ Ti from

- _ 2 . -
Te;i = ( §'Ue,1 e,1

Finally, using n, Te’ Ti at t+.5dt, increment the original n, Te’ Ti

at time t to get (x is any of n, Te» Ti)

x(t+dt) = x(t) + (dt) x| yy cqe) -



III. The terms

After the averaging and approximating the final terms that go
into the program are detailed below. The labels in parentheses are
the corresponding variable names in the program.

Gun Injection

If gun injection is used, n, Te and Ti all change abruptly at

t tgun’ For the old gun on the Barn octupole, the parameters at

_ _ 109, 3 _ _
t = tgun are n = 107/cm”, Te = 10 eV, Ti 40 eV. Turbulence effects
from the filling process are ignored and can account for some dif-
ferences between experimental and program results at times close to
injection time.

Magnetic Field

Any time dependent magnetic field can be specified. For the UW

equipment (both octupoles and the quadrupole), the uncrowbarred vacuum

field 1is
“t/7.. -5
Bc = Bge /TS in(wt)/.7887 + 107° .
For the Barn octupole, T = 1072, » = 200m sec L
PSL octupole, T = .086, w = (7/.043) sec’t

.004, w = 500m s.ec_1

quadrupole, T
The 10™° term prevents 1/B from blowing up; 107> is smaller than the
typical field of the earth.

For crowbarred fields, BVAC after crowbar is given by

Buac = Baroe O+ @/

where t. is crowbar time after start of run, and 3 is field decay
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time, and BCRO is the value of the uncrowbarred magnetic field at

t= tCRO‘ For the PSL octupole, Tq = .08 sec,
quadrupole, Tq = .005 sec.

In either vacuum case, B is corrected for finite B by

- 2 -8
B = //BVAC 2.70 x 10 n(Te+Ti) .

Microwave Power

Any time dependent power waveform may be used. In the program
listing at the end of this PLP, there are 7 standard choices: 1 con-

stant power, 5 step-type powers, and one used on the small octupole

(PLP 494):

T(t) = P_max(0, 2B/B_ - 1)

where P0 is the maximum power, B0 is the maximum magnetic field, and B = B(t).

Ion Saturation Current

J+ in mA/cm2 to a Langmuir probe is calculated at each iteration

step by

+
J = O.lD4n/'max(Te, T,

) .

Neutral Density

For molecular hydrogen, the neutral density is calculated at each

time step from the pressure p as follows:

4.1x10a 1 dn

= (322p + Any,)exp
™ R v Ty n_ dt {. . .-
o ionization
-7, 1 dn
Npe = 0.04(322p + AnWR)exp -1.09 x 10 "a - )
o) ionization

Ny = Dy * Dpe -
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Ny represents thermal (0.025 eV) neutrals and o represents Franck
Condon (7 eV) neutrals. The exponential factors account for the finite
penetration depth of neutrals into the plasma. Ay is a kind of run-
ning total of the net gain or loss of neutrals from the plasma, and
takes into account neutrals used to make up the plasma and the reflux

neutrals knocked off the walls by energetic lost electrons:

Ay (8) = Anyp(t-dt) + (g *(Dy;¢*D5 1. Pg 9.0 = Dignldt -

g represents the number of reflux neutrals created by each lost electron-
ion pair when it strikes either a wall or obstacle. It is an experi-
mental factor from preliminary results of work by Etzweiler and Sprott

(PLP 552):
g =1+ .002T,

When the neutral density is increasing in time, the rate of in-

crease of each component is limited to
-6
dnTH/dt < 10 7V TW nTH/a

6

anC/dt < 3.4x10 nFC/a

representing the neutral's transit time from the plasma edge to the
center. The thermal neutrals are assumed to be at wall temperature
CTW). The experiment is assumed to take place on a time scale short
compared with the pumping time so that no neutrals are lost to the
vacuum pumps.

Ionization (D1)

The ionization rate for a Maxwellian electron distribution in a

cold neutral gas, can be written in a form given by Drawin.1 For HZ’



the electron-neutral collisional ionization rate is

s
& - 276 (L .on@.2s
at|

ionization 1+ Te 20

where S = 15.6/Te. For different gasses, the numerator in S, the
coefficient 371, and the 1.25
coming PLP will further discuss this point.

Diffusion (D2)

Classical diffusion due to electron-ion and electron-neutral

collisions is given by

2 nn T
dn - 0.33 =2+ 1070 —2¢
ok a2
diffusion e

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.

Obstacle Loss (D3)

Hoop supports and probes which intercept the plasma are assumed
to collect particles at a rate given by
dn _ 55 A T + T4
= = 2x 10 >
obstacle S

where in practice Ao is an effective obstacle area calculated from
lifetime measurements of ions and hot electrons.

Field Decay (D4)

When dB/dt = é is negative, field lines leave the machine, and

plasma is assumed to leave at the same rate:
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dn = -C * min[O0, %—n] =C o max[O,-iglﬂ

dt
field decay

where C is a coefficient whose value depends on the number of hoops

in the machine.

For octupoles, C = 0.5
quadrupoles, C = 1.0.

Microwave Heating (PE1l)

The microwave heating rate is given by
e __2x10°P

dt 2
microwaves 1+ nc/n)a L

where n. is the density above which microwaves are totally absorbed.
From PLP 282, this correttion for finite cavity Q can be estimated
from

2

n_ = %-[0.0045&/13)4 + 123(B/E)

2/3;.

In this program, Q is allowed to be frequency dependent by setting

its value relative to the Q at 2.45 GHz:

Q=Q, 45 gz T/2-55 .

Ion Collisions (PE2)

Classical electron-ion collisions result in an energy loss

i 2.30°(T_ - T.) 5.2 x 101973
e _ B i e

. - 1n
dt 73/2 (40 + T)n

ionization e
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Excitation (PE3)

Energy lost by inelastic electron-neutral collisions is given

by
du
c

dn
L = R(T ) &
dt ( e) dt

excitation ionization
All neutrals are assumed in their ground state. Excited neutrals
are assumed to undergo radiative deexcitation before it is again
excited. Collisional deexcitation is ignored. R(Te) is an analytic
fit to the total energy loss rate for the various excitation pro-
cesses, divided by the ionization rate.

For HZ’

1.096 -.738)

R(T,) = .95T [exp (11.99T - 1.036].

How this was obtained, plus R(Te) for H and He are subjects of a
forthcoming PLP.

Bremmstrahlung (PE4)

Electron-ion Bremmstrahlung losses are given by (Rose and Clark,
p. 233)

du
e

dt

bremmstrahlung

Synchrotron Radiation (PES)

Electron synchrotron radiation, neglecting reabsorption, is

given by (Rose and Clark, p. 25)

du
e

at

- 3.87 x 107>

synchrotron

nBzTe(l + T _/2.04 x 10°) .
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Electron Thermal Conduction (PE6)

Heat conduction loss, neglecting temperature gradients, is given
by the energy carried from the plasma by particles lost due to diffusion,

to obstacles and to field decay:

du
s

at = [2.5afg5¢ * 2.00fg 1+ nlg g 1T - Typpp)-

thermal conduction

Electron Collisions (PE2)

Ions are heated by classical electron-ion collisions:

du. 2.302(T_ - T.) 5.2x 101173

1 _ e 1 ; S
dt i = B (40 + T)

electron collisions e e/

Charge Exchange (PI3)

Charge exchange losses are represented by the approximate analytic

form:
dul.
i

at

2 .
_ 0.0186mn T3 (T; - T)

charge exchange Ti L

Ion Thermal Conduction (PI6)

Heat conduction, neglecting temperature gradients, is given by the
energy carried from the plasma by particles lost to diffusion, obstacles
and field decay:

du.
i

at = [2.5n]45¢ + 2.0n] 5 g+ nlg g 1T - Tppp)-

thermal conduction
The following pages are a listing of the long version of SIMULT. It
exists as a deck, and the first 4 pages tell how to use the program plus
some further description of it. At the end is some typical output, using
the Calcomp plotter. The page printer output is the same as in the pre-

vious PLP (Sprott, PLP 505)



EXPLBENATION ano (/SE

s AFNLAILN
[ ZrrP i i e e
] .
oot
on2 C H 8 W T O USE P ROGRAM S 1 MU LT
003
nng C DEFINITIONS
095 C FREE FORMAT-NUMERICAL VALUES APPEAR ON THg CARD,FROM LEFT TO RIGHTY
00s C IN THEIR CORRECT ORDER,WITH NO IMBEODED BLANKS,BUT &#ITH AT
on7: C LEAST ONE BLANK SEPARATING ADJACENT DATA.DATA MAY BE ERITTEN
0na C IN INTEGER,DECIMAL OR EXPONENTTAL NOTATION,
ong9. C CONTROL VALUES=EITHER A SET OF NUMBERS OR THE SET OF CARDS HOLDINgG
010 c THOSE NUMBERS(CONTEXT SHOULD MAKE CLEAR WHICH ONEYWHICH SELECT
011 C THE OPTIONS AND SET INITIAL CONDITIONS FOR ONE SET oF
012 cC ITERATIONS FOR ONE *STMULATION’,
013 C RUN CONTROL-ONE POSSIBLY TWo,CARDS SPECIFYING,FIRST ,HO® MANY SETS
014 C OF CONTROL VALUES(HOW MANY ?STMULATIONS’)ARE TC BE PROCESSED
015 C BY THIS PROGRAM EXECUTION AND,SECOND,THE SIMULATED=-MACHINE’S
016, C PARAMETERS,EITHER THROUGH PRE=SELECTED OR USER-SELECTED OATA.
017
n1a C 0OUTPUT
019 C THE OUTPUT GENERATED NORMALLY FOR EACH DATA SET (SIMULATION)
020 C CONSTSTS OF A HEADING BLOCK GIVING ALL THE INPUT DATA AND o
021 C SEVEN COLUMNS OF CALCULATED OUTPUT, PLUS 2 COLUMNS GIVING THg
0 I ATTO E ND T WHICH THE PRINTED VALUES ARE
n23 C CALCULATED, TIME INTERVAL BETWEEN PRINTED VALYES IS GIVEN BY
n24 C (TSTOP/IPTS)=-SEE CARD A BELOW, ALSO SEE CARD A BELOW UNDER
025 C *NP* FOR OTHER POSSIBLE OUTPUT FROM THIS PROGRAM,
026 C THE NORMAL OUTPUT VARIABLES ARE, IN THE ORDER PRINTED, -
n27 C ITERAT]ON STEP
028 C TIME (IN MILLISECONDS)
029 ¢ ELECTRON DENSITY (IN 10¢*9/CMus3)
030 C ELECTRON TEMPERATURE (IN EV)
031 C 10N TEMPERATURE (IN EV)
032 C NEUTRAL DENSITY (IN 10%¢9/CHew3)
033 C MAGNETIC FIELD (IN KGAUSS)
034 C MICROWAVE POWER (IN WATTS) ,
035 C ION SATURATION CURRENT (IN MILLIAMPS/CM¥#2)
036 C AFTER THESE VALUES ARE PRINTED, THREE LINES ARE PRINTED GIVING
037 C THEIR MAXIMUM VALUES, TIME OF MAXIMA, AND VALUE AT TIME OF MAX
038 C ION SAT CURRENT, (FOR NEUT DENS, MIN AND 7TIME OF MIN ARg PRINTED.)
Q39
040
041 C DATA CARD ORDERING
042 C (IXQT)
043 C CARD 1=ALWAYS NEEDED,
044 C COLUMNS | To 3-=-THREE DIGIT NUMBER,RIGHT JUSTIFIED,SPECIFYING
045 C NUMBER OF DATA SETS TO FOLLOW,
046 C COLUMAS 4§ T0 9==0Ng OF THE FOLLOWING & LETTER WORDS,SPECIFIES
047 C MACHINE - BEING SIMULATED
048 c BIGLEV=-PSL OCTUPOLE,LEVITATED o
049 C BIGSyP-PSL OCTUPOLE,SUPPQRTED
050 C LITTLE=BARN OCTUPOLE
051 C GUADXX=BARN QUADRUPOLE
052 C OTHERX=ANY OTHER MACHINE,DR ANY oF THE ABOVE MACHINES
0563 C WITH NON=STANDARD PARAMETERS.IF *OTHERX’yTHEN
e CARD 2 MUST APPEAR, -

054




— 55 € CARD Z=APPEARS [F AND ONLY ITF *OTHERX” IS USED oM CARD [+

056

C DATA 1S FREE FORMAT,BELOW ARE,FIRST,THE DATA ORDER FOR THIS
— @857 € CARD,AND,SECOND,THEIR NORMAL VALUES FOR THE VARIOUS & LETTER
058 C NORDS ON CARD 3,
nes C  THAX =LENGTYH OF MAGNETIC FTIELD HALF=STNE JAVE TN M5,
060 C IF 1B=s3, THEN TMAX IS ARBITRARY,
061 C A =PLASHA (MINOR) RADIUS [N CMe
062 C AL =PLASMA LENGTH (CIRCUMFERENCE,IF TOROID) IN CM,
os3 ¢ AO =0OBSTACLE AREA (HOOP SUPPORTS,PROBES) IN 5@ ¢M,
064 ¢ 90 =MICRO¥AVE CAVITY Q AT 2,45 GHZ,
065 A D4GCC =NUMBER=OF=HOOPS DEPENDENT CUEFFICIENT OF D4,
N66 C DECAY =DECAY TIME OF CROWBARRED MAGNETIC FIELD IN SEC,
a7
068 C ‘ THEIR NORMAL VALUES
069 C BIGLEV BIGSUP LITTLE QUADXX
070 C TMAX(SEC) «043 043 v 005 ° 002
071 C A(CM) 50 50« 184 be
072 C ALlCHM) 800, 800 270. 160
073 C AQTCM#e2) 0. 700 90, 3.
N74 C Q0 20000 20000 2000, SO0
075 o D4CC *5 5 5 1»
076 C DECAY(SEC) +08 +08 O + 005
077
078 C DATA SET ORGANIZATION--(CARD A,AND B AND C,1F USED, MAKE UP
079 C THE DATA FOR ONE SIMULATION,)
080 C CARD 1=AL#AYS NEEDED
GER C HOLDS THE 16 OPTION FLAGS AND [INITIAL VALUES IN THE ORDER AND
082 C UNITS SHOWN BELOW,FIRST 6 ARE INTEGER,LAST 10 ARE DgCIMAL
083 C (E OR F FORMAT),ANY OF THE LAST 10 THAT ARE UNUSED OoR UNWANTED
084 C MUST BE INPyT AS DECIMAL ZERO,
085 C IPWR IS A FLAG FOR THE SHAFPE OF THE INPUT MICROWAVE POWER,
n8s C = |} MEANS A NON=SQUARE SHAPE, p=MAX OF (0,2#P0s(B/BQme,5))
ga7  C = 2 MEANS P=PO FOR ALL TIWE, '
oas ¢ = 3 MEANS P=0. TIL TMO,THEN PaPO,
0ay ¢ = 4 MEANS P=PO TIL TNMO,THEN P=0, =
090 C = 5 MEANS P=0, TIL TMO,P=PO TI|L TMO+TMW&,THEN P=QD.
091 C = 6 MEANS P=P0O TIL TMOU,P=0, TIL THO+TMA,THEN P=F0,
ne2 c = 7 MEANS IPWR=} AS B INCREASES,THEN P=0, AS B DECREASES,
093 C T8 I5 A FLAG FOR CROWBARRING THE MAGNETIC FIELD,
094 c = | MEANS 3 IS NOT CROWBARRED,
095 G = 2 MEANS B IS CROWBARRED AT TIME=TCRO,
096 C = 3 MEANS B=B0O ALWAYS,
57 C T NGI 15 A FLAG FOR GUN INJECTIUN,
098 C = | FOR NO GUN INJECTION.
D9y | = ®TGI,USE PROGRAM-SET VALUES (FOR
‘100 C DEAGUN,TEAGUN,TIAGUN) FOR THE BARN OCTUPOLE’S GUN,
101 C =~ 3 FOR GUN INJECTION AT TIME=TGI, USE USER=SUPPLIED VALUES e
102 C FOR DEAGUN,TEAGUN,TIAGUN,(SEE CARD A.)
103 C NP=XYZ=A THREE DIGIT FLAG,YZ CONTROLS IF AND HOW THE VARIOUS
1ny C DERIVATIVE VALUES(DY TO PI1s)ARE PRINTEDs X CONTROLS
o5 C IF AND HOW DEA TO SJI ARE PLOTTED, )
106 C Z= | MEANS DO NOT PRINT DERIVATIVE VALUES,
07 [ = 2 YEANS PRINT THE OERIVATIVE VALUES,
‘1n8 C = 3 MEANS PRINT THE DERIVATIVES’ MAXIMUM VALUES,
1ne . C° = 4 MEANS PRINT BOTH Z=2 AND z=3,
410 ¢ Y= 3 MEANS DO NOT PRINT A T&¥0 LETTER sYUBOL REPRESENTING THE
C DOMINANT L0SS MECHANISH, = =

111

i




112 T £ 3 NEANS PRINT A 2 LETTER SYMBUL REPRESENTING TAE DOMINANT
113 C < FOR DENSITY=-=CD=CLASS,DIFF,,0L=0B5,L0SS,FO=FIELD DECAY
114 C - L0OSS (DERTVATIVE WITH LARGEST ABS.VAL,) FOR THE THESE
115 C VARIABLES,AT THE TIMES DISCUSSED UNDER *IPT5’ BELOW,

116 C " FOR ELEC TEMP==IC=10N COLL,,EX=EXCITATION,

117 d BR=BREMMSTRAHLUNG,SR=SYNCH,RAD, ,TCaTHERMAL COND,
118 C _ FOR TON TEMP=-=CX=CHARGE EXCHANGE,TC=THERMAL CTOND.,

119 C X= | MEANS DO NOT PLOT.

120 C = 2 MEANS PLOT ON THE CALCOMP PLOTTER.

121 C IF X=2,THEN TWO CARDS MUST APPEAR AFTER BRUNCTHEY AREa-
122 C ~ 9GSP o o

123 C PLOTTER (OPTIONS-SEE MACC *GRAPH’ ROUTINE.)

124 [ WITH NO OPTIONS LISTED,GRAPH WILL BE IN

125 C BLACK BALLPOINT, DO N 0 T SELECT 3g INCH PAPER,
126 C = 3 MEANS PLOT ON THE OUTPUT PAGE PRINTER,

127. ¢ IIMaX IS NUMBER OF ITERATIONS IN AN INTERVAL TIME=Q TO TIME=TSTOP,
128 C SET TIMAX,LTe0, TO LET USER SET INITIAL VALUES OF DEA,TEA,TIA,
129, ¢ (SEE CARD B) IF IIMAXeLTeO,NUMBER OF ITERATIONS=ABSVAL(IIMAX),
130, C IPTS IS THE NUMBER OoF PRINTED AND/OR GRAPHED POINTS IN

131 C AN INTERVAL TIME=p TO TIME=TSTOP. ACTUAL NUMBER OF sUCH

132 ¢ ~ POINTS IS (1PTS+1),SINCE TIME=p VALUES ARE PRINTED FREE,

133 C SAVING INTERVALS ARE (TSTOP=TSTART)/IPTS,

134 C NOTE==IPTS MUST BE LESS THAN OR EQUAL TOU 100

135 o PRES IS NEUTRAL PRESSURE IN 10s%#=5 TORR,

136 C IF INPUT AS NEG NUMBER,IT IS TAKEN T0 BE GAUGE PRESSURE,AND
137 C IS MULTIPLIED BY (=2.5) TO GET CORRESPONDING TRUE PRESSURE,
138 C IF INPUT AS A PgS NUMBER,IT IS TAKEN TO BE TRUE PRESSURE,AND
139 C IS USED AS 1S.

140 C PO IS PEAK MICROWAVE POWER IN WATTS,

141 ¢ F IS MICROWAVE FREQUENCY IN GHZ,MUST BE NON=ZEROs

142 C IF PU=De,PUT IN F=1.

143 C BO 1S THE MAXIMUM MAGNETIC FIELD AT WALL, IN KGAUSS,

144 ¢ THE FOLLOWING TIMES ARg INPUT IN Ms,,THEN CONVERTED 70 SEC,

1458 C TSToP IS THE END OF A SOLUTION INTERVAL TIME=0 TO TIME=TSTOP,
TH6 C TSTOP DQES NOT HAVE TO EQUAL TMAX,BUT IT USUALLY DOES.

147 C TSTOP AND IIMAX SET TIME INTERVAL PER ITERATI®N (=DT)

148 C EQUAL To (TSTOP,/I1IMAX) .

149 c TMO =MICRQWAVE TURN=ON TIME=SEE IP&R,

150 C THW =~MICROWAVE PULSE WIDTH =SEE IPWR, R

151 C TGl =~GUN INJECTION TIME =SEE NGI.

162 C TCRo=B FIELD CROWBAR TIME =SEg IB,

153 C BOHMC=A VARIABLE COEFFICIENT FOR THE BQOHM DIFFUSION TERMa

1584 C BOHMC=0e USUALLY.

155

156 C CARD B=NEEDED IF AND ONLY IF ITHAX,LT.0. SEE CARD A,

157 C NORMAL INITIAL VALUES AFFECTED BY THIS CARD ARE

158 C UEA=ELECTRON DENSITY(IN UNITS OF 10%#+9,CMewd)=, 001

159 C TEA=ELECTRON TEMPERATURE(UNITS OF EV) =,1

140 C TIA=ION TEMPERATURE (UNTTS OF EV) =,025

161 C INPUT NEW VALUES IN ABOVE ORDER AND UNITS,IN FREE FORMAT,

162

163 C CARD C=-NEEDED IF AND ONLY IF NGglI=s, SEE CARD A,

164 C NORMAL GUN INJECTION PARAMETERS,VALID FOR THE BARN oCTUPOLE,
165 C THAT ARE AFFECTED BY THIS CARD ARE

166 i DEAGUN=GUN INJECTED ELECTRON DENSITY(IQ®*#*9/CM*s3)= 1.

147 C TEAGUN=GUN IMJECTED ELECTRON TEMPERATURE(EV) =210

168 C

TIAGUN=GUN INJECTED 1ON TEMPERATURE(EV) =40,

/



— Ty € INPUT NEW VALUES IN ABOUVE ORDER AND UNITS,IN FREE FURMAT,
170
171
172 C REPEAT CARDS A 10 € FOR EACH SIMULATION, aLL SIMULATIONS wlLlL BE FOR
173 C THE MACHINE SPECIFIED IN CARD [(AND CARD 2,1F USEDY,TF CARD 2 IS NOT
174 C USED,OMIT IT-DO NOT PUT IN-A BLANK CARD,LIKE®ISE,I1F FOR AnY

‘_ﬁT75“—"t‘__3TﬂUtKTTUW“tIWU3‘E—WHU‘t“IWE_HUT_USEﬁ_HﬂTT_TﬁEW_UH—NUT'USE‘____“" —
176 C BLANK CARDS, '
177
178

179 C FOR MOST RUWS,THE ONLY CTARDS NEEDED ARE CARDS 1 AND A=

180 C CARDS 2,B AND C EXIST TO EATEND THE FLEXIBILITY OF THE PROGRAM,

T61

i182 C A TYPICAL NUMBER FOR IIMAX I3 2000.1500 1S QUITE GgOOD,ESPgCIALLY FOR

183 c MEDIUM T® LOW POWER LEVELS AND/OR NO GUN INJECTION(NGI=1),BUT FOR

184 C  IiMax PELoW 1500. ACCURACY BEGINS TO DROP DRASTICALLY, FOR /500 \TERATIONS

T8~ WiTH /NP = {11, COST 7 ABOUT 1TT¢ PER SIMULARTION.

‘186 C IF,IN *NP’,2=2, 3,q-THE COLUMN HEADINGS PRINTED FOR DERIVATIVES ARE~m
___TF7_“_t"_____UEN5TTY*UT?TﬁﬁTTWTTﬁﬂ‘EfitEI3STUT?__Dii6§§TTﬁ§__Uﬁ?TTEID*ﬁEfTY“_‘_"_‘

" 188 C ELECTRON ENERGY=PE)|=MICROWAVE HTG, ,PE2=I10N COLL.,PE3=EXCITATION,

189 [ PE4=BREMMSTRAHLUNG ,PES=SYNCH,RAD, ,PEA=THERMAL CONDUCTION

190 C 10N ENERGY=PI3=CHARGE EXCHANGE.PIA-THERMAL CONDUCTION

191 C THE SIGN CONVENTION QF THE PRINTED NUMBERS IS THAT DI IS P0S FOR

192 C PARTICLE GAIN,PEl IS P0S FOR MICROWAVE POWER INPUT.IF Pg2 IS POS,.,

193 C ENERGY GOES FROM ELECTRONS TO IONS,ALL OTHER DERIVATIVES,IF POS,

194 C INDICATE A L 0 S Se

195

196 c C AUT I O N=a=PLOTTING GETS EXPENSIVE, CALCOMP PLOTTER TIME ALONE

197 C COSTS $,70=.80 FOR ONE PLOT, PAGE PLOTTER IS CHEAPER=BUT BOTH I

198 C PLOTTING METHODS ADD A LARGE COST SIMPLY BY FORCING INCLUSION OF

199 C THE WHOLE,ENORMOUS GRAPHICS PACTKAGE INTO THE PROGRAM EXECUTABLE

200 C ELEMENT, FOR THIS REASON,THIS PROGRAM DOES ITS PLOTTING VIA A

201 C SEFPARATE SUBROUTINE WHICH WAY BE OMITTED gNTIRELY BY THg FOLLOWING

202 C METHOD?$

Z03 T 1e IF INPUT IS FROM CARDS,REMOVE FPLOTTING RUUTINE,

204 C 2¢ RIGHT AFTER *gMAP,1X* CARD, PUT ANOTHER CARD:

205 T [GMAP, IX J

206 C REF GRAFF

Za7 ¢ {aXaQT )

208 C THE EXECUTABLE PROGRAM 1S NOW 1,3 THE SIZE OF THE PLOTTING
"—"?ﬁ7F__T_____TERETQW??WNﬁ_TﬂUS_ﬂUtﬂ_tﬂEﬁPER—Tﬁ_tUﬁ?TtETHﬁfTIWﬁ_EXﬁtﬁTET—__’“”*_“_

210
— 211 € SUBROUTINE ADDED IS CALLED AT THE END OF EVERY STMULCATION, IT HAS

212 C NO ARGUMENTS, THI!S SUBROUTINE MUST BE PROVIDED BY THE USER,

213 C AT A MTWIMUM, AT MAY BE THE FOLLOWING: -

214 C 2FOR, IS HURNAME

215 c SUBROUTINE ADDED

216 9 RETURN

217 o END

218 C HOWEVER, THE USER MAY REPLACE IT WITH ANMYTHING HE LIKES, TO

219 & PASS VALUES ON 7O ANOTHER PROGRAM, TO0 USE HIS OWN PLOTTING

220 c ROUTINE, TO SAVE VALUES FROM SEVERAL SIMULATIONS AND PRINT THEM

221 C I'N ONE TABLE AT THE END, OR TO PUNCH OUTPUT. VIRTUALLY ALL

222 C CALCULATION RESULTS ARE EASILY ACCESSED THRU THE MANY CoMMON

223 C BLOCKS [N THE PROGRAM, ONLY THESE RESTRICTIONS APPLY.

224 C 1. NEVER CHANGE THE VARIABLES NN (OR NNN) 1N BLOCK *CALQUT-,

225 C 2, NEVER CHANGE THE 7 ELEMENT ARRAY DEVPAR IN BLOCK "ALLES”,—~ - 4

22t —=C 3 IF PLOTTING 1S OONE, THEN NO VARTABLES IV BLOCK *CALQUTT

227 % MAY BE CHANGED, SINCE ‘CALOQUT’ FEEDS THE PLOTTING

ROUTINE, WH] H IS5 CALLED AFTER S5,Re« ADDED.
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PROGRAM SIMULT=ND PLOT/14 NOV 73
DIMENSION TLOOP(102), DC15) ¢ NAMA(U) yNAMB(6) s NAMC ()

'conMON/ALLeszxcamsr(s) 2(20),DEVPARC(T) ,GUNC(D)

COMMON/CALOUT/SAVE(102,7),SATE(102,15), TIMES(102),VMAX(R),1Z,NN
COMMON/MAXTMA/VMAXT (R) ,VSIMAX(7),DDMAX(18),DDMAXT(15)
COMMON/DISIBP/STORE(9),8(15)
COMMON/BNDB2DT /RDOT,B2,DT

EQUIVALENCE(DC 1),DDENS ), (DC 2),DTE  ),(D(C 3),DTI ),

4-5*4-

+ &

o+

.+

+
+

+
&

*
+

+
+

(PC 4),DDENDTI,(DC S),DTEDT ), (D A),DTIDT ),

(BC 7),PEAT ),(DC B),TEAT - ),(D( 9),TIAY ),

(DC10),DEAL ), (DC(11),TEAL ),(D¢12),TIAL ),

(DC12),TDUMA ), (D(14),TDUMB ), (D(C15),TDUMC )
EQUIVALENCE(Z( 1),PRES ),(2( 2),PD Yo (ZC 3),F )

(ZC 4),Bo ), (ZC S),TSTOP ),(ZC 6),TMO ),

(ZC 7),TMW Yo (2Z( B),TGI Yo (ZC 9),TCRO ),

- (Z2(10) ,BOHMC ) e S

FOUIVALENCE(ICONST(l) IPWR ), (ICONST(Q) 18 ), (ICONST(3),NGT ),

(TCONST(4Y NP ), (ICONST(S),TIMAX),(TCONST(6),IPTS )
EQUIVALENCE(SC 1), DNWRP) (St 2,ONT )., (S( 3),DFC ),(SC 4),D1 ),

(SC S5),D2 ingiuénglmW_liialleiaﬂhﬁrlllaiﬂgllPEl_)l;

SR -
+ (8C 9),PE2 )s(8(10),PE3 ), (SC11),PE4 ), (S(12),PES ),
+ ;

(8(13),PE6 ), (8(14),PI3 ),(8(15),PI6 ) ————
EQUIVALENCE (STORE (1),DEA 3, (STORE (2),TEA ), (STORE(3),TIA ),
_(STORE(4)sB ), (STORE(S),P ), (STORE(6),8J1 ),
(STORE (7),DNEUT), (STORE(B), TIME ), (STORE(9),0NWR)
EQUIVALENCE(DEVPAR(1),TMAX ), (DEVPAR(2),A  ),(DEVPAR(3),AL ),

(DEVPAR(4),AD ), (DEVPAR(5),00 ), (DEVPAR(S6),DUCC),
(DEVPAR(7),DECAY )

EQUIVALENCE (VMAX (1), DEMAX) (VMAX(2), TEMAX) s CVMAX(3),TIMAX),
(VMAX (4),BPMAX), (VMAX(S),PPMAX), (VMAX(&);SJMAX)a

(VMAX (7),DNMIN), (VMAX (B),DNMAX)
EQUIVALENCE (GUN (1) ,DEAGUN), (GUN(2), TEAGUN) 4 (GUN(3), TTAGUNY
DATA NAMA/! ch oL FO v/

NAMR/§ IC EX BR SR TC '/
NAME/T  CX TC '/ |
BZ e 1,0

_RSVC = 371,0 S e i
TEION = 15.6

 XABS=2,0 ) -

YABS=0.0
I1SKIPP={

__SPECIFY DEVICE PARAMETERS,

AAARRARRRRA KRN AR RRRANRARRARRRAARRARNRARRARARRRARARRRRRRRIR AR AR A NN

wkkke SELECT MACHINE PARAMETERS #ammaathkhdkhh TARNRARARKRRAN KR KA A AN
AR AAKAI IR AR AR RNRAR AR ARREAR KRR AR AR R AR R ARR R AR RRRERR AR RNk

NN IS TOTAL NUMBER OF DATA RUNS TO BE DONE,

CALL SETSUP(IERR)
IF(IERR,FG,1) GO TO 4999




89
90
91
92
93

94

95
96
97
98
99

100

1019
102
103
104
105
106
107

108

109
110
111

C

¢

1080

1081

L

{

OO DY

S III=lr

CALL N
DO 500
ok ok ok k
Ckkkok ok
RkkA K
*hkkk K

_CALL Y

SET SO
TGRAPO
NP
LOSSPT=
NP

 ISAVE

 NPMAX

IFC(NP
IF (NP,

_CLEAR

DO 108

IFCIQT,
DCINT)
DDMAX

DDMAXT
CONTIN
D0 108
VMAXT

VSJMAX
CONTIN

INITIA

NEMAX
TEMAX
TIMAX
DNMIN
PNMAX
BPMAX
PPMAX
SJIMAX
GO TO
113232
ok ko
rhkN Rk
*h kKN
I ITEL
'S 222
(3822
khkAkRR
Y1243
T Y
* %k ok Kk
e ok ok ok ek

FTCH B
0 TI=1,NN

Wk ok ke ok ok oo ko Rk e ok ek Rk e R ok R kR R o R Rk ok ok Rk
MATN DATA INPLTe=SEE S,R, VALIN FﬁR DATA MFANINGS H*nwkkxskknhx
INTTIALIZIATION ALSO OCCURS IN SRy VALIN Akkkkahahhhkkhdshr

****t**********************************************t********

ALINCITI,QG,TWALL)

ME INTERNAL FLAGS
= NP/100

8 NPwi00*IGRAPO

= NP/1D

= NPei0xLOSSPT

= IIMAX/IPTS

= TSAVE

20

EO 2).0R, (NP EQ,4)) NPVAL=Y
GE 3) NPMAX=1

SOME ARRAYS,
I10T=1,15
GE.4) SCIGT)BO 0
80,0
gzaTaao"q
(107)=0,0
VE =
1 10T=4,7
(IOT)[O_O
(187)=0,0
UE
LIZE MAXIMUM VALUES
= DEA
TEA
TIA
335,04PRES
' 315,0%PRES
0,1%B0
o,i*PD
2 0,10uwDEA®SQRT(TEA)
JOR etk otk b kot okt ookt ok koot ok ook o ok ok
SECOND ORDER METHODs AT TIME T/EVALUATE B,P,DNEUT,DED **xwnx
A8 FUNCTIONS OF (DEA(CT),TEACT),TIACT), T), skhhkakkhhhkrhhkkhsk
THEN INCREMENT DEA,TEA, TIA BVrE Ga FOR DEA. THE SCHEME k%
DEA(T+, S*DT)-DEA(T)+(DDEN3/DTJ*(.StDT) Yo g ok ok o ok ek
i SDEA(T)+,S~DDENS AL L
AND THEN CALCULATING THE DERIVATIVES BY,E,G, FOR DFA, #xax#x
DDENS = (DDENS/DT)(B,P,DEO,DNEUT, DEA(T+ StDTJ,...)*DT * %k
AND FINALLY CALCULATE THE VALUE,E.G,,FOR DEA. Yook ok ok ok ok ok ok ok ok
DEA(T+DT1§DEA§I)QDQENS kR Rk kR AR kR A AR RR R Rk A Rk
KR AR RARARA IR R RRRKRRRRRER R AR AR AR KR AR R AR IR Rk kA RRE Rk Ak kkok
ORI AR RR A AR R AR AR AR AR AR AR RRRRRARKANRR R RN AR R ARREAR AR AR R kK



8601
€

C

c

3

C

c

e

_JFJSTGI,J,OE!10)_ET TIME) GO 7O 1082

~CALL MAGFLD

CONTINUE
_INCREMENT TTERATION COUNTER, IF,UP TO THIS PQINT,ITERS=I,
"THEN WE ARE ABDUT TO DN THE (I+1)ST ITERATION, (THE INITIAL

ITERSIITERS+1

" INCREMENT TIME

TIME=SNGL((DBLE(FLOAT(ITERS))*QBLE(TSTOP))/DBLE(FLOAT(IIMAX)J)
IF(NGT.EQ,1) GO TO 1082

NGI=t

DEAsDEAGUN

TEA=STEAGUN

TIASTIAGUN

71082 CONTINUE

*t************************i***tt*********ﬁ************************

kkkkk CALCULATE FIFLD Akddkd Ak m Ak ARk Rk kAR NI ARk ek ke Rk ko ks ke o
g*!t***t**tgg*gg***g*gg**gﬁﬁg*tggg**t*******g**ggggj***********igﬁ —

W e v o o ok v ok ok e ek e ke e R kR R R R R ko kR kA kR kA Rk kA R A Rk
wkkkk CALCULATE POWER A makANARRAARAARRRAR R dh ek ke ko klk ke kk koo

ek ok Ak kAR AR AR R AR R kAR AR A AR AR RN RRAR AR AR RN R ARk Ak

CALL MICPOW

Ak R RA KRR RN RR AN RR KR AR AR R AR R AR RN A AR R RRRRARRRRRARRRRR AR R AR,

wkkkw CALCULATE NEUTRAL DENSTITY ARk o khdk ok kkkmkkkdokkk
W g de e e e e e e ok e A e e Al ok ok e Tk ke ok e ot o ok o vk kR ok o e ok o e o o ek ok ok ok ok

GLC=2,0Ew3xTEA+1. 0
DC=TEION/TEA
RA= RSVC*EXP(-DC)*(l _+DC)+ALOG(1 25*82*(1.+1 /DCIIN/Z (1, 4+DC)w

+SORT(TEA))

DRDAZRAADEA®A

DNWRP=DNWR

DNTO=DNT

DFCO=DFC

DNT= (322,0*PRE3+DNNR)*EXP( (ﬂ 2 1E=7/SORT(TWALL))DRDA)
DFCe=0 pdt(BEZ O*PRES+DNWR)AEXP (mi oQE.7*nRDA)

IF(DNT GTa DNTO) DNT!DNT+(DNTO-DNT)*EXP( {1 ,0E6*SQRT(TWALL)#DT/A)

"IF (DFC,GT,DFCO) DFC=DFC+(DFCO=DFC)®EXP (w3, 4E6%DT/A)

DNEUT= DNT+DFC

RAERAXDNEUT

RBE((,001/A/A)#((330,*DEA)/SORT(TEA)+DNEUT#TEAY) /B2

*#(thSO.*BOHMC/A/A)tTEA)/B

RC=(2,0ESwAQ/A/A/ALI*SQRT(TEA+TIA)
RD:DMCC*&MAtho 0,=BDOT) /B
DNWR:DNNR+(GLC*(RB+RC¢RD)-RA)tDEA*QTW_MWH_7_,7
CHECK 70 SEE IF ANY DIVISION BY ZERO HAS OCCURRED,
IF 80,PRINT A MESSAGE AND JUMP OUT, IF NOT,CONTINUE,
1F GUOTIENT OVERFLOW 200:5001

PRINT 20%,ITERS

_FORMAT (15X, 144+4DIVINE BY ZERD4444  1,iT1=1,13%)



169

170

171
172
173
174
178
176
177

178

179
180
181
182

183

184
185

186

187

188
189

190

191
192
193
194

30

i
32

33

34

198- @

196
197
198
199

200

201
202
203
204
208
206
207

208

209

210

211
212
213
214
215
216
217
218
219
220
221
222
223

224

225

345

2002

1083

c

35

_ G0 TO 5003

IF TIME=0,0,THIS IS THE LOOP ENTRY POINT._

CONTINUE

SJT=0,104*DEAXSORT (AMAX{ (TEA,TTIA))

'**tt*************w******ﬁ**********i****w*************************
kkhkk TF

TIME TO SAVE SOME THINGS,THEN SAVE THEM skkdkkdhdkhkhhakhhnd

;******'k*******l**************************************************

 IFCICOUNT,NE,ISAVE) GO TO 1083

SATE(IZ,J)=8(J)*DEAS

TCOUNT =0
IF(IZ,GE,101) GO TO 34
1221241

IF (NPVAL ,EQ,0) 60 TO 32
DO 30 J=4,15

CONTINUE

00 31 J=1,3%
"SATE(1Z,J)ES(J)
CONTINUE N
DO 33 INZ=1,7
SAVE(IZ,INZ)SSTORE(INZ)
CONTINUE

TIMES(IZ)=STORE(8)
ILOOP(IZ)=ITERS

CONTINUE
NMAX=4Y
NMBXE6
NMCX33 )
TF(LCSSPT,EN,1) GO TO 345
DMAZAMAX1(D2,D3,04)
ODMB=AMAX{ (ABS(PE2),PEX,PE4,PES,ARS(PES))

 DMC=AMAX1(ABS(PI3),ABS(PIb))

CONTINUE

IF (DMALGT.0.) NMAX SINT(D2/DMA)+2+INT(D3/DMA)
+3xINT(DU4/DMA)
IF (DMB,GT,0.) NMBXz INT(ABS(PE2)/DMB)+24INT (PE3/DMB)

+3xINT(PEU4/DMBY+4xINT (PES/DMB)
+S*INT (ABS (PE6)/DMB)

IF (DMC,GT40%) NMCXs INTCABSCPIZ) /OMCI+2%INT (ABS(PI6)/DMC)

CONTINUE - == _ o

PRINT 2002,1TERS,TIME,DEA,TEA,TIA,DNEUT,B,P,8]1,
NAMA(NMAX) NAMB(NMBX) NAMC(NMCX)

FORMAT (4X,I8,3PFi11.2,7(0PF12, a).sAb)

ICOUNT=ICOUNT 4+

ERAREN R AR AR AR N AR R R AR R R R RN KRN AR AR RRARER R RN R ARARRR AR AR AR AR Ak
wkkkt CHECK FOR MAXIMUM VALUES Sk rkikdakhdhhahihhhhrhkhhkhhhhkkhhhk
RRRRRAR AR R AR RAR KRR AR IR A RI AR R AR RRRR AR R ARA KRR AR AR AR AR ARk Ak

KEYSJ=0
DO 35 M=1,6 N A

IF (STORE(M),LE,VMAX(M)) GO TO 35
VMAX(M) =STORE (M)

VMAXT (M) =TIME

IF(M,EQ,6) KEYSJat

CONTINUE

IF (KEYSJ,NE.1) GO TO 37

DO 36 Mz1,7

VSJIMAX (M)=STORE (M)



226 36 CONTINUE

227 KEYSJ=0

228 31 ~ CONTINUE o - o e B
229 IF(STOREC(T) LT, VMAX(B)) GO TO 375

230 __VMAX(8)= STOREKT) o

2%1 VMAXT (B)Y=STORE (8)

@32 = ¥s IF(STORE(7).GE.VMAX(7)) GO TD 38 ]

233 VMAX (7)=8TORE(7)

2%4 . VMAXT(7)E=ETIME - B -
23S 38 CONTINUE

236  C RRRRRRR R AR AR KRR A RARRRRRR R ARAAR AR RN R RARINRRAR AR RRRRARRNR Rk bk
237 C 3T Y Y S R R 22 222 2232223232232 3212233232X2222)
238

239 c TEMPORARILY INCREMENT DEA,TEA,TIA TO GET VALUES AT (TIME+,5#DT),
240 DEAT =DEA |

u1 DEA =DEA +0,.5*DDENS

2uz ~ DEAS =DEA _ S _

243 TEAT =TEA

244 _ TEA =TEA +0.5%*DTE

24s TIAT =TIA

246 _ TIA =TIA 40.5%DTI

247 c H AR Aotk o ok ko T ok ok e ok ok ke Aok ke e ok ok e ok
248 C wxnxx CALCULATE D()/DT'S CAUSED BY THE VARTIOUS ks sokshhhiskk ks s hn
249 c wxkkkk PHYSICA| PROCESSES CONSIDERED whuwwhhndkkkhkk kA rAk Ak k&
250 - C wwkwwr THE EQUATIONS THAT FOLLOW ARE TO BE MULTIPLIED mknhdkhakhahns
251 C kuxxkx BY DEA TD GET THE ACTUAL FUNCTIONS. THAT COMMON #AXARkadkkkhisk
252 C *kxxx FACTOR DEA HAS BEEN FACTORED OUT AND MOVED TO THE wwkAdkakskn
253 C kxwkkx |INCREMENT INDEPENDENT VARIABLEST STEP, swwahkaahsksdhknhhidkk
254 =G AARARR AR AR AR AR RN AR R AR KRR AR AR AN R R RRRRRA AR R R AR AR RAARRA AR R R AR R ARk AN
255

256  C D1 70 D4 REPRESENT PARTICLE DENSTTY CHANGE MECHANISMS,

257

258  DC=TEION/TEA

259 RSVMEXsRSVC*(1 /020, +DC)+ALOG(1 25*32*(1 +14/DC))) 70 (1. +DCI*

eho _ +SORT(TEA)) - DA

eht RSVERSVMEX*EXP (=DC)

262 . c 01 IS DN/DT DUE TO IONIZATION

263 D1=RSVADNEUT

264  C D2 IS ON/DT DUE TO DIFFUSION

265 D2A=((.001/A/A)*((330,0%DEA)/SORT(TEA)+DNEUT#TEA)) /B2

266 _ DZB=((6250 OxBOHMC/A/AY*TEA)/B B

267 D2 3D2A+D28

268 c D3 IS DN/DT DUE TO NBSTACLE LOSSES

269 D3=(2,0ES*AD/A/A/ALI*SORT(TEA+TIA) N
270 ¢ D4 I8 DN/DT DUE TO FIELD DECAY B

271 DUsDUCCwAMAX1(0,0,=BDOT) /R

272

273 c PEY1 TO PEé6 REPRESENT ELECTRON ENERGY DENSITY CHANGE MECHANISMS,

274

278 c DEO IS A CORRECTION FOR FINITE CAVITY Q,

276 DEOSF*F*((0,004S*((F/B)**4,))+123, O*I(BIF)**O 66667))/0 B
277 o PEY1 I8 DUE/DT DUE TO MICROWAVES

278 PE!S((Z 0E9/A/A/AL)I*P)/(DEA+DED) =B, N
279 c PE2 IS DUEDT DUE TO ION COLLISIDNS

280 PE?2s2, S*DEA*tTEA-TIA)*ALOG(S 2B {1 XTEAX%3/(ARS(DEA) % (0. 0+TEA)))/
281 +TEA**1 s

282 C PE3 IS DUE/DT DUE TN ALL EXCITATION PROCESSES,



283 PE3= LY FALN BESAFVEARIL < PO PIEXP LG AR TYDE B DA D LT )
284 “\eﬁ- WW( -&JA PE3 was corREcTED TO

2BsS _ PE4 I8 DUE/DT DUE TO RREMSSTRAHWLUNG 954 DNEUT*RSVMEX o
286 ) PEUS(1.0F=4) *DEAXSART (TEA) # (TEA *x 1.096)

287 ¢ PE5S 18 DUE/DT DUE TO SYNCHROTRON RADIATION .- " e a1
288 PESE((3,87E=3/2,04E5)wB2xTEA)w (TEA+2,04ES) CEXP (11997 TeAw138)
289 € PEe I8 “UE/DT DUE TO THERMAL CONDUCTION  -DC)-/03¢%EXP(-DL))
290 PEb:tz S*DZA+2 O*D3+DU)* (TEA=TWALL)

291

292 C PE2,P13,PI6 REPRESENT ION ENFRGY DENSITY CHANGE MECHANISMS,

293

294 PI3 IS DUE/DT DUE TO CHARGE EXCHANGE

295 PISB(O 01B6*DNEUTATIAXTIAX(TIA=TWALL))/(TIA+100, )

2% P16 1S DUE/DPT DUE T0O THERMAL CONDUCTION

297 P16-(2 5*02A+2 O*D34DUI(TTA=TWALL)Y

298

299 c IF OPTION FOR PRINT«OQUT OF MAXIMUM ABSOLUTE VALUES NOF NERIVATIVES
300 C I8 SELECTED (NP=2 OR NPm4) THEN CHECK FOR THEIR MAXIMUM VALUES,

304 IF (NPMAX,EQ,0) GO TO 40 e -

102 po 39 IDMAX=1 15

303 - _ ”WIF(ABS(S(IDMAX)*DEAS) LE.,DDMAX(IDMAX)) GO TO 39

304 DDMAYX (IDMAX):ARS(S(IDMAX)*DEAS)

30 ) DDMAXT (IDMAX)=TIME B

306 39 CONTINUE

307 40  CONTINUE o
308 e e I I T I I I T ™
309 c wakknr TNCREMENT DEPENDENT VARTABLES waakhkwhhhkhwkkhhhhhhhh ok hhrdh
310 R RRRN AR R AR AR Ak Rk ok ok Atk sk T o A ek ok ok T v e e e ok ok e o ok ke ok Rk ok ok
311 C  CALCULATE D(DENSITY)/DT S

312 DDENDT=(D1wD2eD3wDUd)*DFA

313 DEAL=DEA/(2,0%DT)

34 IF CARS(DDENDT)Y,GT,DEAL) DDENDT=SIGN(DEAL,DDENDT)

315

316 c CALCULATE D(ELECTRON TEMPERATURE)/DT

317 DQEDT=(?ﬁluPF?-PEigPEQ-PFSpPEb)*QE}

318 o DTEDTE((2,/3.)*DUEDT=TEA*DDENDT)/DEA

319 TEALETEA/(2,0%DT) B 7 _

320 IF(ABS(DTEDT) ,GT.TEAL) DTEDTsSIGN(TEAL,DTEDT)

321

322 c CALCULATE D(ION TEMPERATURE)/DT

323 DUIDT!(PFEHPIB-PlbjiﬂEl -

324 DTIDT=((2,/3,.)*DUIDT=TIAXDDENDT) /DEA

325 TIAL=TIA/(2,0%DT

326 I?[ABS(DTIDT).GT.TI&LJ DTIDT=STIGN(TIAL,DTIDT)

327

328 c INCREMENT DENSITY

329 DDENS sDDENDT#DT A - )

130 DEA sDEA +NDENS

33¢ - K

332 c INCREMENT ELECTRON TEMPERATURE

333 DTE =sDTEDT «DT

334 TEA =TEA  +DTE

338 , == . L .
336 c INCREMENT ION TEMPERATURE

337 DT1! sDTIDT DT )

338 TIA =TIA +DTI

339



- 2003%

2004

744

5000

4998
4999

 CALCULATING DEA,TEA,TIA FOR TIME=TIME+DT,

_END _OF LOOP, S e
AT THIS TIME ALTHOUGH TIME=TIME, WE HAVE JUST FINISHED
IFCITERS,LT,ITIMAX) GO TO 8601

CONTINUE
I mmmmImTmmmmTmmmmmmmmmToooTm™T
wkkkk PRINTING wamwkhhdkmkhhhhh ko hkkk kA Ak vk kA A kA Ak ke Ak Ak
RAKRRRKEERRRRNKRRRRK KRR AR AR R ARRARA AR A AR AN AR AR AR AR AR AR AR ANK A kAR
RECORD MAXTIMUM VALUES

~ PRINT 2003, (VMAX(I),I=1,3),VMAX(T7), (VMAX(J),J=4,6),
2CVMAXT(K), K=1,3).VMAth7) CVMAXT(L3zLFM:QlL&VSJ&AX(MJ;MFILian
3VSJIMAX(T), (VSIMAX(N),Na4,6) :
FORMAT(1H0 SXJ’MAXIMUM VALUES'l"(]PElao‘J) Z+s6Xs VAT TIME e
*7(1PE!2 0)./ 6X, TVALUE AT SJUMAX!,7(1PE12,4))

IF(NP,EQ,1) GO TO 743 .

-

- PRINT 200“

2./.1X.'TIME-MS DNWR DNT DFC Dl P2 D3
3 b4 _PEY PE2  PE3  PE4  PES PE®& PI3
4 PI6)

CIF(NPVAL.ER,0) GO TO 742
DO 19 ML=i,12
PRINY 2005, TIMES (ML) s (SATE (ML,NL),NL=1,18)

 FORMAT(1X,3PF7.3,2X,15(1PEB,2))
 CONTINUE

CONTINUE,

IF (NPMAX,EQ,0) GO TD 743

PRINT 2006, (DDMAX (MY), Mvei 13), (DDMAXT (MM) ,MM=1,13)
FORMAT (1H0, 'MAX VALUE 13;;?59 3,),/,2%, 1AT TIME

‘e

213(1PE9,3))
_CONTINUE

CALL ADDED

IF(IGRAPQ,EQ, ) GO TD S000 _
IF((IGRAPQ.EN,2) ,AND. (TSKIPPLE0,2)) GO TO 744
ISKIPP=2

CALL INITPL(DUMDUM,10,8)
CONTINUE Tt ,
CALL GRAFF (XABS,YABS,IGRAPQ)
CONTINUE

IF (IGRAPO,NE,2) GO TO 4998
CALL ENDPLT

CONTINUE

CONTIKUE

sTOP

END



EF,STL ALSIMIN - INPOT RooTiNE (Also ywst //'O_Zré'a//faﬁb'@
LE B CROSS=REFERENCED BY XREF=1 AT m - ;

1 SURROUTINE SETSUP(TERR)
2 DIMENSION PARAMS(4,7),MACTYP(5) . . E
3 COMMON/DISIBP/STORE (9),5(15)
4 ~ COMMON/ALLES/ICONST (6),2(20),DEVPAR(T7),GUN(3)
5 COMMON/CALOUT/SAVE(102,7),SATE(102,15),TIMES(102),VMAX(B),1Z,NN
6 COMMON/BDB2DY/BDOT,R2,DT = N = o
7 DATA MACTYP/'BIGLEVRIGSUPLITTLEQUADXXOTHERX '/
) c _ RIGLEV BIGSUP  LITTLE  QUADXX
9 DATA PARAMS/ ,04%3, L043, ,005, ,002,
7’10* _+ B 50- f ] 50'.___ ’ E 183 o 67‘. 2
11 + 800, . 800, , 270, . 160, :
12 + 0, » 700, e 90, , 3, 4
13 + 20000, 220000, ’ aooo, » 500, ,
14 + 23 4. - B - B __:___._._....1__.___1_
15 + .08 , .08 , 0 L0085 /
16 e NN Is TOTAL NUMBER OF DATA RUNS TO BE DONE
17 ¢ MACHIN 18 A SIXWLETTER WORD DESIGNATING CONFINEMENT DEVICE USED,
18 C  SEF 'EXPLAIN' ROUTINE FOR OPTIONS, .
19 TERRE0
20 o READ 1000,NN,MACHIN o )
21 1000 FORMAT(IZ,As)
22 IFC(NN,EQ,0) GO TD 4999 )
23 D0 1001 Jat,S
24 IF (MACHIN, NE" MACTYP(J)) GO TO 1001 )
25 IFCJLEQ,S) GO TO 1003
26 JTsg ~ _ B T L o
27 GO TO 1008
28 1001 CONTINUE - - ) ,
29 PRINT 1002 )
30 1002 FORMAT(yX,! COLUMNS 4e9 OF FIRST CARD FOLLOWING XGT CARD MUST
39 +HOLD A 6 LETTER WORD BESIGNATING MACHINE TYPE',/,1X,! wnl/SE ON
32 _ +€ OF THE WORDS BIGLEV,  BIGSUP,LITTLE,QUADXX,0THERX,')
33 4999 TERR={
34 RETURN
35
16 c SPECIFY DEVIGE PARAMETERS,
37 C "~ SEE TEXPLAIN! ROUTINE-UNDER CARD 2 THE 7 VARIABRLES
38 ¢ LISTED THERE ARE EQUIVALENCED To DEVPAR(1)=DEVPAR(7).
39 1003 READ 1004, (DEVPAR(K),Km1,7)
40 1004 Fonngrgaf
41 GO To 1007
42 1005 DO 1006 J=1,7
43 1006 DEVPAR(J)SPARAMS(JT,J)
44 1007 CONTINUE i B
45 RETURN
Y
47 ENTRY VALIN(CII,OQ,TWALL)
4R
49 e " 8EE VEXPLAIN' ROUTINE,UNDER CARD A FOR THE INPUT VARTABLES AND
50 c ~ THEIR DEFINITIONS, IN THE ORDER LISTED THERF,THEY ARE EQUIVALENCED
59 c TO THE & ELEMENTS OF MATRIX TICONST! AND THE FIRST 10 ELEMENTS
52 c OF MATRIX 1Z'(ONLY 10 ELEMENTS OF Z ARF USED AT THIS TIME,),
53
54 READ 2001, (ICONST(I),I=1, 6):{Z(JJ;§=1;1Q1



55 2001 FORMAT()

56
57 C  CONDITION SOME INPUT VALUES o
58 C PRES=Z(1) , |
59 TFCZC1),LT.0.0) Z(1)=w2,5%2(1) -
60 c TSTOP THRU (Z(S) THRU 2(9)) ARE INPUT IN MILLISECONDS,
61 €C  THE FOLLOWING LOOP CONVERTS THEM TO SECONDS, )
62 DO 2101 MXX=S,9
63 Z(MXX)=Z(MXX)/1000. e -
64 2101 CONTINUE
65 y- REDEFINE TMW 80 IT GIVES MICROWAVE OFF TIME _RATHER THAN B
(Y ¢ MICROWAVE PULSE WIDTH, (NEW TMW=TMO4+(OLD TMW)Y)|
67 2C7)=2Z2(6)+2(7)
68 c ACTUAL @ IS A FUNCTION OF MICROWAVE FREQUENCY=«Q3Q0%xSQRT(F/2,45),
69 A=DEVPAR(SI*SORT (2(3)/2,45) D
T0
71 €  RECORD INPUT PARAMETERS AND FLAGS, - -
72 PRINT 2010, II MACHIN, (DEVPARtIL) IL=1 5), DEVPAR(T)
73 i PRINT 2011, (!CONST(IJ) 1J3t, 6) -
T4 PRINT 2012,(2¢J1),JI=1,4)
75 _ PRINT 2013.(2(JI),JI=5.91 S
76 PRINT 2014,2(10)
17 2010 FORMAT(1H1,S5¢1H*),! RUM 1,12,2%,A6,! PARAMETERS-TMAX(MS):'.BPFa 0,
78 LA PLAS' JRAD H'oOPFU 0,' PLAS LENGTHH':OPF“ 0,' OBRS' AREA",OPFQ 0
_79 S ! Q='00PF6 0,! FLD DECA*{SEC)=’1L&E7 1) - o
80 2011 FORMAT(1X, 12(1H*),10PTIONS-PONER SHAPEav.IB,! MAG, FLna!,Ia, 5
8T +UN INJ-l.Iz. __PRINT=,13,! ITERATIONS=!, IS:EEH,?,NUM OF PRT!D
82 +POINTSE ,I%)
B3 2012 FORMAT(1X,12(1H*),7X, 'EXPER PARAMS=TRUE PRESSURE=',1PER,2, 'TORR _
84 +POWER IS' 1PER’ 2,'NATTS AT!',0PFS5,2,'GH2 MAG FIELD:' OPFS 2y 'KG')
85 2013 FORMArcix 12(1H*).20x.'TSTOP(MS>-'.SPF6 3.3x.'TM0(MS)='.3PFb 3,3X% )
86 4, 'TMW (MS) e!,3PF6,3,3X,'TGI(MS8) =!,3PF6,3,3X,'TCRO(MS) =!,3PF6,3)
87 2014 FORMAT(1X, 12(1H*3,20x.'BnHM CQEFc'qIPEalzg ~ NOTE THAT GAUGE PR
88 +ESSURE I8 2,5+TRUE PRESSURE FOR H2')
89
90 o SET SOME INITIAL CONDITIONS
91
92 g STORE(1)=DFEARINITIAL DENSITy IN {0wx9/CC
9% C STORE(2)=TEA=INITIAL ELECTRON TEMPERATURE IN EV
94 o STORE(3)= TIA::NITIAL ION TEMPERATURE IN gV
95 _ STORE(1) = 0,001 S _ . —
96 STORE(2) = 0,1
97 _ STORE(3) = 0,025
98 c IF ICUNSTfsjuzlnax LT,0, READ IN NEW VALUES FOR DEA,TEA,TIA
99 IF(ICONST(5),GT.0) GO TO 2102 S B
100 READ 2001, (STORE(TJB),1JB=1,3)
101  IIMAXe=1IMAX L . ~ R
102 2102 CONTINUE
103 B R S . R o .
104 c STORE (4)=B =1,0E=S KG INITIALLY
105 STORE (4)s 1,0E=S
106
107 € STORE (5)=P - B -
108 STORE(S)= Z(2)
109 IF(CICONST (1) ,FQ,3),0R, (ICONST(1),F0,.5)) STORE(5)=0,0
110

111 C STORE(6)=8J] S0, 10U*DEAXSQRT (AMAX1 (TEA,TIAY)



112
113
114
118
116

117

118

' pua—

120

t2¢
122

123

124

125
126
127
128
129

130

134
132

134
135

136

137
138
139
140
141
142
143
144
145
146

147

148

149

150

151

33

STORE(6)= 0,104xSTORE (1) #SQRT (AMAX1(STORE (2),STORE(3)))

STORE(9)=DNWR 30,0 INITIALLY
$c2) sDNT s

(e e e N

STORE (7)sDNEUT =DNT4DFC INITTALLY
_ STORE(9)= 0,0

$(2) = (322,0%2(1))

8(3) = 0,0U4%(322,0%2(1))

STORE(7)= $(2)48(3)

c STORE(R)=TIME =0,0 INIVIALLY

STORE(B)s 0,0

c TWALL I8 WALL TEMPERATURE IN EV
TWALLZ 0,025

c DT IS ITERATION STEP SIZE,=TSTOP/IIMAX
DT= Z(S)/FLOAT(ICONST(S))

SET GUN INJECTION PARAMETERS,

DO OO

~ BUN(L) = 10 _ -

GUN(2)  =10,0
GUN(3) 40,0

8(3) sDFC =0, 04*6322 0O%*PRES) INITIALLY

GUN(1)sDEAGUN=GUN INJECTION DENSITY IN 10#%9/CC
GUN(2)=TEAGUNZGUN INJECTION ELECTRON TEMPERATURE IN EV
GUN(R)=TIAGUNBGUN INJECTION ION TEMPERATURE IN EV

c Ir ItONST(SJlNGIIS, READ IN NEW VALUES FOR DEAGUN,TEAGUN,TIAGUN

IF(ICONST(}J ,NE,.3) GO TO 2103

READ 2001, (GUNCIJA), 1JA=1,3)
2103 CONTINUE

e PRINT MAIN QUTPUT HEADING
N PRINT 2002 o
2002 FORMAT(q04X,' DOMINANT LOSS!',/,5X,'STEP
+ TE TY DNEUT
+ JSAT DENS TE TI)
RETURN
END

DENSTITY
POWER



'EF ,STL

OB & uin e

wspover  QALCUCATION oF B & (P .

'LE 15 CROSS»REFERENCED RY XREFe1 AT 2N

+

o200

110

1114

B = BCRox]

112
1153

SUBROUTINE MAGFLD
COMMON/DISIBP/STORE(9),8(48)
COMMON/ALLES/ICONST(6),2(20),DEVPAR(T),GLUNC(3)
COMMON/BDB2DT/BDOT,B2,DT
EQUIVALENCEC(ZC 1),PRES ),(Z( 2),POD Yo(ZC 3),F I
(Z(¢ 4),B0 Jo(ZC 8),TSTOP ), (2( 6),TM0 ), _ -
(ZC T7)pTMW Y,(ZC B),TRI Y,(ZC 9),TCRO ),
. (2¢10),BOHMLC ) L
EQUIVA ENCEtICDNSTflioIP”R ), CICONST(2),IR ), (TCANST(3),NGTI ),
(ICONST(4),NP ), (ICONST(S),TIMAX), (ICONST(6),IPTS )
EQUIVALENCE(STOREtichEA 1,(STORE(2),TEA ), (STORE(3),TIA ),
~ (STORE(4),B Y, (STORE(S),P ), (STORE(6),SJI ),
(STOREC(7),DNEUT),» (STORE(8),TIME ), (STORE(9),DNWR)
EQUIVALENCE(DEVPAR(1),TMAX ?m(QEME}R(?)_A )L (DEVPAR(3),AL ),
(DEVPAR(4),AD ), (DEVPAR(S),Q0 ),(DEVPARC(6),D4CC),
(DEVPAR(7),DECAY ) o B
I ennonnrmm MM M M I I I mImMmTmrmrTT T T, T, T, mn
wxkwsx CALCULATE FIFLD R R AR AR AR AR A A AR AR AR AR RN R Rk Rk
kg ik kR kAR AR AR WA IR Ak AR AR e Aok ok ok ok ok ok ok ok ok ok ok ok ok o
PI=3 1415926
ROLD=B
GO TO (110,111,112),18
CONTINUE
BIBO*SIN((PI/TMAX)*TIME)tEXPcn(G SITMAX)*TIME)/.7BB7&1 0EaS
B2SORT (ARS(BwBw(ill,05F=8)%DEAW(TEA+TIAY))
GO 70 113 N—-pgecR=8 . o
CONTINUE
IF(TIME, LE «TCRO) GO 70O 110

EXP(»(TIME=TCRO)/DECAY)
BESQRT (ABS (BaBw(U4,05EmB)4DEAR(TEA+TIA)Y)
GO TO 11%

B=RD S
B=SORT(ARS(BuBw(4,05EaB)xDEAR(TEA$TIA)))
CONTINUE )
BDOT=(R=ROLD) /DT
R2sB*B

~ RETURN

a NsNg]

6014

ENTRY MICPOW

WA AR AR AR AR AR AR AR AR A RRNRR RN AR RN RN RAARRRAAR R AR AR R ARk ke
whikhw CALCULATE POWER AR AARARAARARAARAARR AR AR A Akdhhkhdddkdkkh
RhRAARRARA TR AR AR AR AN AR AR KRR R A AR R AR IR AR R AR AR AR IR AR Rk
TP1=TIME+]1,0E=10

TM{sTIMEwl . 0E=1(

G0 TO (h0Bs606,601,602:603,6045607),TPHR

CONTINUE

"IF(TP1,GE,TMO) GO TO 606

602

603

G0 TO 60S
CONTINUE
IFCTM1 LE,TMO) GO TO 606

GO TO 60%

CONTINUE
IF((TPY,LTLTMO),0R, (TM1,GT . TMK)) GO TO 605
GO TO 606



- Bo8:
B - . I

CONTINUE
60 T0 609

CONTINUE .
IFC(TP1,LT.TMO) ,OR, (TM1,GT,TMW)) GO TO 606

P=0,0

60 606 CONTINUE
b1 P=PO - B S
62 GO TD 609
63 gg;___cout:nut ' - -
64 IFCCIPWR,EOQ, 7) AND tBDOT LT 0.0)) GO TO 605
65 608 _.P'lH‘KJ_O_LO:E O*PQ_(B!BD_OJ!J R
bb 609 - CONTINUE
6T ~ RETURN - - - -
68 END




EF,STL

LE 1 CROSS«REFERENCED BY XREF=1 AT

10

OB®IT VI E W

ALNLPLOT

+ LABL(S),LABLE(3,7),IK(7),XDEM(T7),XLABL(T),11(3),

+ 1J(3), JDAch])*YLABL(T) S(102,7)sLABLHC9),LHDG(T,4),

+ YHDG €4) , XHDG (4) ,HDGH (4, LBPEN (5, XBL (5 » XBH (5)
COMMON/CALOUT/SAVE(102.71L§{]E(102 15), TIMES (102),VMAX(8),1Z,NNN
DATA LABLE/'ELEC DENSSS TESS TISS

+NEUT DENSSS  ION SAY CURSS  POWERSS  MAG FIELDSS

+ ' /LABL/Sw! TJLABLH/9%! ' /YBDS/14%0',/

DATA LHDG/'MULTIPOLE SIMULATIONSS Y DENSITY=10%%9
+/CMawd SAT CURmMA/CMa#28$ TEMPERATURESEV POWER=WATTS

+ 88 MAG FIELDwKGAUSSSS 1/

*
¥
B
+
*

1000

__VMINNEYABS
T UMAXXEBUMINNG7,

 CALL DSHMOD(AHPERM,JDASH(I)’-ﬂunh

e

c

PoTTING Rovrine

SUBROUTINE GRAFF(XABS,YARS,IGRAPQR)

DIMENSION NMIN(?),SCDATT(lo)aSCDATY(lO 7),TRDS(2),YRDS(2,7) s

DATA JDASH/SHSOLID,1,SHSOLID,1,5H80LID,1,4/ BPEN/2HUP, UNDOWN, 2HUP,

g*aHDDNN/!LABL/.SSgS.ﬂﬁﬁ;;
XBL/S’7 5 8,5 T, 2*5 G/KBH/E* b, 2*3 2,.6/

YHDG / 575,,35,. OSIHDGH/ 175 3* 1/XHDG/1 75 ) 2%1 e 55,1,6/

YLABL/I 1125,2%1 725L1 1125..9375 1,4625,1, 1135/
TEMP=VMAX(7)
VMAX(7)=VMAX (8)
VMAX (B)=TEMP
G0 TO (3000,1000,2000),IGRAPO
XABS3XABS+9,

YABS=0,0
UMINNZXABS

VMAXXSVMINN$Z, 3
TBDS(1)=TIMES (1)
TBDS(2)=TIMES(IZ)
DO 10000 IPAGEZ=1,3
CALL planF(uHTuu.vhrun UMAXX,VMAXX,6HNORMAL , 6HBORDER)
148II(IPAGEZ)

12=1J(I1PAGEZY

CALL SCALE(TBDS,2,8CDATT,6HLINEAR,1,10)

00 100 IeIy,I2

KaIK(I)

100

c

*

~ NOW DRAW AXES,

YBDS (1,K)ESVMAX(K)
LABLE THE GRAPH
DO 20 J=i,3

CLABLCJ)=LABLEC(J, 1)

CALL PLTEXT(XLABL(I1),YLABLCI),LABL,,175,90,)
PUT IN DEMONSTRATION LINES
CALL PLOT(XDEM(I),1,4,2HUP)

CALL PLOT(XDEM(I),2,4,DA8H(0,))
DEVELOP SCALING PARAMETERS.
CALL SCALE(YBDS(1,K),2,SCDATY(1,K),6HLINEAR,1,NMIN(K))
CALL BASISC, 8..6.SCDlTT 4g,2,0 ..SCDiTYtl K)s2.6+90,)
NOW DRAW IEE_ACTU&L_EBAEH
CALL DSHCLR(SHCLEAR)

CALL LINE(TIMES,SCDATT,SAVE(1,K),8CDATY(1,K),I2Z,4HNONE,

JOASH(I),6HCLOSED)

51.5515122516;225111/1 3,5/
1J/2,4,7/1%/1,2,3,7,6,5,4/XDEM/,T7, Setya70541,.7,541+5.9/



55
56

ST

59
60
61
62
63
64
65

+6

67
68
69
70
71

o

73
74
75
76
77
78

79
80
81
82
83

5

85
86
87
88
89
90
91
92
93
9u
95
96
97
98
99
100
101
102

103

77

78

c
102
10000

- 1082

1084

2000
194

195

3000

T3=I141
TA=IK(I1)
IB=IK(I3)
CALL DSHMOD (4HPERM,SHS0LID)

CALL AXES(,8,,6,SCDATT, 4,2, 'TIMESS',SCDATY(1,IA),2,6,0,4HNONE)
CALL AXLINtSCDATYtI IB).SCDLTT;“HTERH 6HINSIDE,SHTRNSP, 4HNONE,
+ nHNONE,'ssl)

IFC(IPAGEZ,NE,.3) GO TO 102

DRAW AND LABLE THE MAG FIELD AXIS,

PO 77 1=1,8

CALL PLOT(XBL(I),XBH(I),LBPENCI)Y
KENMIN (4wt

AZ=,6 o
IF(K,LE,0) GO TO 79
D222, 6/FLOAT(K+1)

DO 78 I=i,K

AZ=AZ4D2 - o
CALL PLOT(S5,75,AZ,2HUP)
CALL PLOT(S, a,az.ananJ
CALL PLNUHEtS 95,,55,0,,4HF#y1,,.1,0, '

CALL PLNUMB(5,95,3,1,YBDS(2,7), aHFn.s..1 0e)

CHANGE PAGE PARAMETERS AND GET READY TO DEFINE THE NEXT PAGE,
VMINNsVMAXX o ) B
VMAXX=VMAXX+3,3

PRINT GRAPH HEADING AND GRAPHING UNITS|
CALL DSHCLR(SHCLEAR)

CALL PAGDEF (UMINN,9,9,UMAXX,10,7+6HNORMAL , 6HBORDER)
PO 1084 1=1,4

DD 1082 J=1,7

LABLH(J):LHDG(J 1 )

CALL PLTE!T(XHDG(I)pYHDG{I3;LABLH;HpGHjI)19!J___

GO TO 3000

DO 194 Jli,f

1F CVMAX(J) L LE,0,0) VMAX(J)=1,

DO 195 I=1,7

PO 195 J=1,12
SCJ,I)=8AVE(J,T)/VMAX(T)
CALL GnApHatTIMes.'R'.Sti 1),12,16%61, 'uoNE','MuLTIPoLE SIMULATIO
*Noa's'"TIME.,'»'DENSITY AND TEMP thRMnLIZEo).. s 'D')
CALL sanzch:MEs.fnl.sti 2) 2R, 1Z,'NONEV, VE )

CALL GRPH2V(TIMES,IR!,S8(1, !J.IRI,Iz,lnoNgl,llij

CALL GRPH?V(TIHES.'R1.St1;73 TRV ,IZ,INONET,IN')

Ck}L GRAPHptTInEs.'R'.sti 4), IZ:'bXb','NONE' IMULTIPOLE SIMULATIO
#N oo 'TIMEL, ') '"FIELD AND POWER(NORMALIZED','B') :

CALL BRPHZV(TIMESo'R'cS(!;S);'R':IZ;‘NDNE' pt)

CALL GRPH2V(TIMES,'R!,S8(1,6),1R!',1Z, INONEI,V1J1)

CALL GRPHND
RETURN

END




RUN

"‘#«v‘k‘&

BIGSUP

seurtsossneOPTIONS=POXER SHAPE=

CERENT R T e
PR B RN E K g R

PARANETERS=THAL (NS =

¥

o

EFRLD R o Re

$3a
MAGoFLD=

F}I I

LAS,KAdem G0,
[tiJe= 1}
EXPER PARAMS=TRUEL PRESSURE= 2,50~51TOKR
TSTOP(MS)Y=43,000
—— ORI COEFS T oHa

L

THD{HS ) =

PoigR
2000

PRINT=222
IS
THZ{MS) =
TMOTE THAT GAUGET PRESSURE TS 2,

PLAS, LENGTH=E00, 0RY%,
ITERATIONS

1+ 00+02UATTS A

« (200

STEP TIME(HS) DERSITY Ye YUTTTThugu T T

0 <00 L0010 , 1000 1250 83,7200 20000 3

30 «B6 0010 8,5638 L0282 83,7200 L0788 T 1t

60 1.72 .0149 70,4449 IR 83,7016 .1558 ¢

%0 2.58 TUTL76TI 16,3194 L0043 T TTeaLgs1? T W230% 0 gt

120 3,44 1,7858 92,7250 L0234 B2,2610 « 3030 i1
50 9,30 2.5417 ALATHS SCEFIT T B L8897 T e 3727 T
180 5416 3.1146 7.7114 20788 Bl.9642 L4398 1!
216 6.02 5.5539 7.3064 TLIt02 T ay,1707 T, 5035 11
240 6,88 3,8927 77,0472 21812 Bl 94566 «5639 &
270 7.74 4.1550 6,8709 L 179% T 8p,7755 T T J&20y it
360 8,60 4.3581 6,7463 21274 BO,64952 #6743 3!
330 T.46 54,5155 65,0540 L2215 T ap,8949 L7270 11
360 10.32 4,6374 6,5894 2427 30,4727 27698 11

o 390 11,18 Ha7316 £,5378 22611 T BELH11? L. BITE 1
420 12,04 4,8043 6,5024 027588 80,3777 8493 11
450 12.50 4,601 &,94741 = 2701 TR 3.3495 .B8829 it
480 13,76 4,9n035 b,1526 23312 30,3301 27123 it
510 T9.62 4,9366 6,1352 W310R T 8g.3176 T L.¥aTy i
540 15.48 4,9619 b, H237 » 3130 3G,3105 «7583 £{

- k70 16,34 4,9813 4,411 .32%1 3g.3p76 97T
600 17.23 q,?{?{ll 6,“0!’38 3-3292 89.3[}75 ’9873 $ 1
630 8,06 55,0074 6,9012  .3332 80sz3p94 L7955 11
560 18,92 5.01h% £,3968 233565 30:3133 22975 1!
890 17.78 5.0239 6,3942 s 3371 30,3193 L 7795 {
720 20,64 5,0128 6,3977 23412 80,3324 + 7954 1
750 21.50 4,993 6,706 3426 TTBpL.3s41 . 9875 11
780 2236 He 9643 6,4198 23339 30,3629 29757 i1
B10 230272 R J,%2d8a T &,4364 T 3425 TTe0L4167 L9603 {7
840 24,08 4,888 @, 4557 3411 30,4546 «9413 1
870 79,98 §.3936 66,4772 V3389 T B0, 49%56 T 9189 1
900 25,80 4,7958 6,5006 « 3340 B0.5390 «8933 11
730 26,66 4,7155 6§,5257 <3324 TTRG.5a844 T UB6YE T 1
960 27,52 4,6931 6,5524 2 3284 60.6311% 23331 1
““““ —99Q 76,38 4, 6367 65,5807 L, 3Z%0 W0, 66a} ALL H
1020 29,24 4,5816 6,6107 £ 3191 8nN,7303 07629 i
1050 3J0.10 §,5224 b,6927 T R ATWY T Ba, 7822 <722y i
1880 30.96 4,44604 6,677 +3TES 80,8350 « 6816 1
1110 31.82 44,3951 A.7180 L3028 T 80,8922 . e3A%Y U
1140 32,68 4,3256 6,7543 02753 80,9512 25736 1
1170 33,54 4,2511 6,7987 T ,2935 7 81,0136 X2 F T
1200 34,490 4,1700 46,8484 22334 81,0803 L4998 1

B 1230 35,725 4, NB08 6,705y TR 2TST T B, 1825 T O LHSOYTT T
1260 36,12 3,9808 6,%9706 » 2671 81,238 JHO13 1
1290 36,98 3,83&67 7,085 7 2600 TTA1,.3203 T LIz 1
1320 37,84 3,7333 7,1437 22517 By,4211 »3006 1
1350 38,70 3,5725 7,2636 . 2418  81,54al L2498 1
1380 39,56 3,3693 7.4193 0 2330 83,6350 1991 1
J510 THGL.H2 33,0987 T T L.6Ye7 T LGZITg T ey L.a73s T IR Y
1440 41,28 2.56704 77,7122 420703 B2,153% « 0983 i
14870 8214 1.7507 5,0931 2131 8z,728% T ,0488 1
1800 43,00 .0648 5,3633 «D812 83,8052 s 0001 i
MAXimUM VALUES 5.,0207+39 3,1768+5] 5,8(2570G1 ,0307+p1 9,79%%~0] ie

o AT TIHE {7723%02  1.8920%03  #,3000%22 7 1,6684=~02 7 1L.9350%02 0.
VALUE AT SJMAY 5.,020%+00 he3242+0G0 3,3893=-31 3,031%+n1 22295%=01 1,




2

TPLAS,RKAUes 50, PLAS.LENGTH=BUMG, O0BSeAREA=700, =20000e FLDeDECAY(SEC)= Bel=02 "

1 GUN INJ= 1 PRINT=222 ITERATYIONS= 1500 NUM,0F PRTeD POINTS= G
2 2+50~01TURR POWER 15 1.00+02WATYTS AT 2+.45GHZ — HMAG FIELDp® 1,00KGg
180 TMO(NS)=  ,000 THEI{MS)Y = .000 TG1E(MS) =  L000 TCRO(MS) = ,000
10 7 NOTE THAT GAUGE PRESSURE IS 2,5 TRUE PRESSURE FOR H2
DOMINANT LOSS
11 DHEUT b POVER JSAT DEWS TE T1 -
L0250 83,7200 000D 100.0000 .0000 '
0262 83,7200 L0788 100,0000 , 0003 oL EXT T .
0044 B3,7p190 1558 i00.0000 0130 oL EX TC
0066 83.051% = 2306  100.0p00 « 3224 oL EX fC T
L0234 82,3610 <3030 100,0000 5851 oL EX TC
040879 B81.8497 w3727 180,.0003 7568 oL EX TC
.0788 81,4642 +4396 i00.000p . 8995 oL EX TC
T G11oz 81,1707 45034  1po.Up0pg T L9990 - oL EXT L
W 1412 809460 5639 100,0000 1.0747 oL EX TC
« 1705 Bp,7755  J620%  100,0000 11327 oL EX TC
1974 BD,6452 6743 100,0500 1.1772 oL EX TC
v2215 80,5460 Y LT 100,0000 1.2116 oL EX TC
2427 80,4727 75693 1000005 1,238n oL EX TC
w2611 TBOL4177 W B8116 100,000  T1.258%  OC T EXT T
02768 80,3777 5493 100,8000 102741 oL EX TC
e 2901 3043495 .3B29 i0u.0p00 1.2882 or EX TC
03012 80,3301 91223 100,0000 1,2954 oL EX TC
e 3104 80.3176 L9373 T{n0.0png 1.3025 oL EX TC
. 3180 80,3105 +9583 100,0000 13079 oL EX TC
T W32%1  80.3076  .9749  1po0.0p0g 1.312p0 oL EX Tc
L3332 80,3p91 «7955  100.0p0g 1.3176  OL EX gL T
«3365 8063133 «9995 100,0p000 163194 oL £X TC
L3391 80,3199 <7795 100.,0000  1.3204 oL EX TC
3412 8n.3324 + 7954 100,0000 1.3186 oL EX Tc
T W3MZ26 B0 .3540 T ,987s5 100,90000 1.3194  OL EX L SO
« 3430 80,3829 9757 100,0000 1.3081 oL EX TC
I &, 3.3 BDH167 . 7603 T 100,0000 1.30085 oL EX T
P 3411 BR.43548 «FHI3 100.000D 12917 oL EX TC
+ 3387 BO, 4956 S 718y 100,0000 1.2820 ot EX Te———
<3360 60,5390 8933 100,.0p00 162717 oL EX TC
«3324 T Bp,.58449 T L. B646 100.0000 l.2608 (% EXTCO
» 32854 BNeb314 . 3331 100,8000 1.2494 oL EX TC
- . 3240 80.680) L, 7983  100,0000 1.2375 oL EX— T~
3171 8n,7303 .7629 100,0g09 12251 oL EX TC
« 3140 80.7822 <7229 TTI00,0G00 12122 oC EX TC
. 3086 80,8360 «6816 100,0000 1.1987 ot EX TC
T .,3028 BpD.8%22  .6384  ton,0p0p 1.1844 oL EX TC
. 2958 809512 V5936 100,0000 1:1692 oL EX Tc
T W2905 0 81,0138 L5720 100,0000 1.1528 oL EX TC -
2838 £:,0803 4996 100.%000 11349 GL EX TC
2787 Bi.l52> « 1507 00,0000 I.1152 1 e 3 S —
2691 81,2319 JH013 100,0300 1.0931 oL EX TC -
T 2600 81,3203 3512 100.0000  1.06786 O EX ft
.2517 81,4214 « 3006 100.,08000 1,0377 oL EX TC
- « 2515 81.5401 ~ +249%  100.0p0g  T.0p13 oL EX e N
e 2300 81,6850 1991 106.0p00 + 9546 oL EX TC
« 2170 8_1 : 8730 s 198G 00,0000 .35088 UL EX |7{.
e 2043 82415379 «0783 100,0p00 7713 FD EX TC
02161 82,7284 ,0%88 100.0p00 L4420 2 FD EX TC
.5812 83,8052 00001 100,0p00 0156 FD TC TC
5,8125=01 B.0307+01 9,29979=01 1.0000+02 1e3204+00
H,5000"02 e 66BHE=nZ 1.72350%02 D.0000  1.9723=02 - -

3,3893=01

B.0319+01

9:795%=8%

10000402

13204400
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FURCTIONAL

R
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VALUES USED In CALCULATINw pEal

‘13.(';[]0

TIME=MS DNUR ONT oFe D1 D2 D3 DY &F
L. 000 0.00 B,05+01 3,22+00 0,00 0,003 0,00 D0.00 L0
860 3,21-05 8,05+01 3,22+00 3,75-01 4,52-05 1,71~01 0.00 &,5549

1,720 =9,10703 6,05+01 3,22+00 6,3;+01 1,29<03 7,67%00 0,00  1.24%9
2,580 =5,046"01 7,79+01 3,20+00 1,14+03 8,26~03 2,12+82 0,00 7,67+0
3,090 =1.18+00 7.52+01 3.17+00 1157105”7;5?Jﬁi“ii?iiazwﬁlﬁb“”““9;72$ﬁ
4,300 =1.463+00 7,87+01 3,15+00 1,02+03 7,20=e3 5,15+02 p,00 ,954+10)
5.160 =2,05+00 7,B83+01 3,14+00 79,95+02 6,47=03 6,07+02 p,00  7.96+7
6,N20 =2.33+00 7.80+01 3,13+00 9,75+402 5,79-03 6,76+02 0,00 Y9640
6,08p =2,85+p00 7,78+01 3,12+00 7,60+02 5,19~03 7,30%02 0.00 ”7‘9ﬁ+ﬂ
7,740 =2.72+00 7.7740) 3,11+00 ?,50+92 4,67=03 7,71+02 0,00 742620
B4600 =2,84+00 7.75+01 3,11¢00 %2.42+02 4,22=03 8,03+02 0.00 7,780
P60 =2,94+00 7,749+01 3.10+00 ?.364+02 3,.85=03 8,23+02 .00 7,964+0
10,320 =3.01+00 7,749+0% 3"YETEE"?“ﬁf154“""'E_ﬁfmﬁ"ﬁi¥EE"ETEE___"V_?6+h
11,180 =3,06+00 7.73+01 23,10+00 9,28+02 3,27-03 8,63+02 p,00 7,964
12,080 ~=3,10%00 7.73+01 3 10+00 9.25+02 3,06=03 8_75¥ng 0«06  Ta%6e#n
12,900 =3,13+00 7,73+01 3.0%9+00 9‘43+n2 2.88-33 8,85+02 9,00 9-9b+0
13.760 =3,15+00 7.72+01 .09+33“W121+02*E;7§:63“8I?2+ﬁ2“b;ﬁﬁ*—“?t?6¥ﬁ
14,620 =3,16+00 7.72+401 3,0%+00 9,20402 2.561-03 8,77+32 0,00 749640
15,480 =3,17+00 7.72+01 3,0%+00 2,19+02 2,51=03 9.,02+02 p.00 2 7.76+n
16,340 =3.17+00 7,72+01 3,09+00 9,18+02 2,44-03 9,05+02 n,.0n 7.96%0
17,200 =3.17+00 7,72+01 3,09+00 9,108+02 2,37-03 7.08+02 0.00 = T.76+3
18,060 =3,17+00 7,72+01.3.09+00 9,17+02 2,36=33 ?,10%02 g.00 7,96+9
18,920 ~=3,16+00 7,72+01 3,0%9+p0 9,17+02 2,35=03 9,11+02 0.00 ‘T“‘Eih
_ 19,780 ~=3,16%00 7,72+01 3,09+00 %,17+02 2,35=03 9.12*&( 5,44+0p 7,74+
T 20,6%g  =3,14%00 7,72+01 3.09+00 9,17+02 2,36=03 F,11702 ;.?b?ﬁl“V L9640
21.500 =3,12+00 7,73+01 3,10%00 9.17+ﬂ2 2.37=03 9,08B+02 2.85+qg; 9,969
22,360 =3,07+00 7.73+0)1 2,10%00 %,18+02 2.42-03"?'5@102 Fe 9/+g;'?23&*a
23,220 =3,05%0p 7,73+01 3,10+00 .¢n+02 2,'48=0p3 8,98+02 5,09+py 7,764n
24,680 ~=3,02*00 7. fqlﬁ; 3,1p%0n 7,21+02 2,54-03 8,92+02 6 ;9?31'?,ve+n
24,940 =2,98+p00 7,.74+01 3,10+00 9,23+02 2,63=03 8,85+02 7,3p+p) T.96+0
25,600 =2,93%00 7,78+01 3,10V00 9,24+02 2,75-03 B8,78%02 8,43%n; 7,7h4n
26,66p =2,87+p0 7,75+01 3,10%00 9,26+02 2,89=03 8,70+02 ?,57+py 7.7640
27,520 =2.849+00 7.75+01 2,11+80 .48462 3.06-03 ﬁtlé+az 1.67+wz 7.76+0
28,38p =2,8p%00 7ﬂ76+m1 3,11+0C 7,.30+402 3,27=03 8,53+02 {.20+02 7. 27640
29.290 =2,75+00 7476+0G1 3.11+00 9.32+02“§2§5%03 LHHFU2 132402 TL76%0
30,100 =2.70%00 7,77+01 3.11+00 9,34+02 3,85=03 8,35%02 j,496+02 9.96+a
30,%60 =z,64+00 7,77+p1 3,11+00 9,36+02 4,24-03 8,25+02 y,4p+02 7,96+
31,820 =2.5%+p0 7_78+01 3.12v00 7,39+02 4,74=02 8,15%02 ,76+02 T,57+n
32,680 =2,53+00 7.7B+01 3,12+00 9,41+02 5,36=03 8,049+02 1,%3+p2 7,97+0
33,540 ~2,47+00 7,79+01 3,12+00 7,44+02 6,15=03 7,93%02 2,12+p2 9,970
35,600 =2,90%00 7.80+01 3,12+%00 5 ATFDZ2 T, 1B=p3 7, B0%02 2,33¢%p2 Y,97+0D
35,260 =2.33+00 7.80+01 3,13+00 .31+UZ 8,56=03 7,66+02 2,58+p2 7,77+0
36,120 =2,25+00 7.81+01 3,13+00 ¥,54+02 xih“~02 7.50%02 2, 86+02"'“?7¥0
36,98p -2 . 16+00 7 82401 3,13+00 9,58+02 1,31=02 7,32%02 3,21+p2 7,77+D

37,8640 ,06%00 7.63+01 3.149%00 9.63%02 1471702 7.11+02 3, b4+p2 V. TE4q

38,700 "1.94*00 T,84+ni 3,14+400 9 . H7+02 2,33=p2 6.,86%02 4,2p+02 9,9q+n
39,86p ~1,79*00 7.5E+01 3,15400 9,70+02 3,40~p2 6,.53+02 4 9¢+02'9 B9 +n
40,420 "1, 5%+pp 7,87+01 3,16+00 9 , 61+02 gmﬂ?_gg_g_Qngi & 06*02”’ XX
Rl.zﬁgm 1. 29+Qnm7‘?alﬁfhj'f7+ba 8 L60+02 1,02=01 5,29+02 7,79+q2 3,%@:5
42.1% =6,50701 7,95+0l1 3,1%9+00 2, é9+ D2 2,D0é~0l1 3,10%02 1-01+o 1.,91+9
5.”1'01 8.06+D: 3,2%+@n J.azFﬁﬁ‘ﬁj34+nd 2,08+01 2,27+g3

¥ sl 7=



JES USED In

CALCULATIMNe DERIVATIVES

™

D2 p3 DY PE1 PE2 PE3 PEY PEg PEs PI3 Plé
10 0.000 0.00 d.00  0.00 0.00 000 0«00 0.00 0,00 Dego
32705 1,71"01 0400 S ,55401 2¢00=05 3,21+0]1 2458=1g 1.77~07 3.16+00 1,39~1] 5,18=-g4
"9=p3 7,67+00 Q.00  J.24+0% 1.,92-03 4,13+03 1.495-07 8,23=05 1.05+03= 8“%5 113, 15~01
26=03 2,12%02 0.00 7.67+04% F,78+00 B,23+04 2,24=04 2.50 03 7.09+03~8,71~09~7.89+72
i7-03 2.91+02 p.ap Te72+0d 6,66+01 B8,61+0% 9,86=-0% 46,1603 7TTB+U§?27?7‘DB‘TJ33¥53
a=03 5,15+02 0.00 Y,95+04 §1.949402 B,71+04 1495703 1.13=02 B,67+03 2,08=06 2.,39+01
T7=-0376,07%02 0.00 = 7.796+09 2.22+02 B, 79%04 2458703 147702 7.39%03 1,52~05 6,44+n1
=03 6,76+32 0400 F.9640% 2.73402 B8,75+04 3,.40"03 2.52=02 F.86+03 5,41=05 1,14+0z
9703 7,30%02 0.00  7.96+04 3,54+02 B,75+04 4,0G1-03 3.35702 1.,03%04 [,33=0% T.69+02
I=u3 T,7:+%02 0.00 776404 4,05+02 B8,75+04 4,52"03 4,23=02 1,0%+04 2,60=04 2,23+02
12703 B5,03+02 0.00  J.76+08 4,46402 B8,75+04 9,73-03 5,15~02 1.08+04 4,3494=04 2.76+0z
15=33 8,28+02 (.00 T.96+04 4,79+02°8,75+04 5,25-03 66,0702 1.10+04 6,46=04 3,25+07
=3 A, H8%02 0600  Te96+04 5,05+02 8,75+04 5,52-03 6,98=02 1.11+04 7, L B3=04 3,6%+02
2703 B,63+02 0.00 7,96+04 5,26+02 8,7:+04 5472703 7.,86~02 1,123+04 1.13 03 4.07+02
y6=013 8,75+%02 a,00 2 T.76+n4 5,492+0D72 8,75+04 5,88=03 8,70702 1.13%04 1,38=p3 4,40+02
13=03 8,85+32 Q.00 Y.76404 5.544+02 8,74+04 6,01"03 P+47=02 1.19+04 1,61=03 4,69+02
FA=pd 0, F2%02 0,00 7.96+n% 5,63%02 B,78¥04 6,11°03 10201 T.15%09 T,83=0374,92+02
j~03 3,97+02 o.00 F.56+04 5,70+402 8,749+04 6,18-03 1,08~01 115404 2,02~03 5,12+02
v 1=03 °'U?+02 D.0Op  T.%6+p% 5775163“Ej7ﬁ+ﬁh'6.24—03 1.13-01 1,15%04 2,18~03 5,28%02
T4=03 2,05+02 g‘an 9.9é+34 5¢B0+02 8,74+404 $,28=03 1417701 1416+04 2,33%03 5,41+02
1 7=03 q;gﬁ¥ug‘q;hﬁ“_——?:vaxdq‘ztﬂ§+az . TR+04 6,32703 1.21701 1.15+07 2,45=03 5,52+07
y6=i33 7,10%02 0.00 F,26404 5,85+402 B,74+04 6,34°03 1423=0)1 1.16+0% 2,55=03 5,61+07
6=03 911702 0,00 Y. V6¥nd 5,87%02 6,70400 6,36703 1.29%01 1.16%04 2,63°03 5,67+52
16=03 F,12+02 5.44+0p 7.96+04 5,88+02 8,74+04 6,37-03 1.2470} 1.17+04 2,70=03 5.75+n2
1 6=03 9.T{?bz Y§7u+01'“_96435"5_93755“8”7¢¥ﬁ§_3_§?’03 1.23%01 1417%04 2,75703 5,81+02
9=03 7,08%02 2.85+03 9_-6+94 b «B81+02 8,74+04 6.31703 1421701 1.18+04 2,77~03 5,86%+02
f2=03 9,04+02 3,97+g) Y.96+n4 5,74+02 5, JTH+0Y 6,2503 141801 1,18+04 2,77~03 5,87+00
i8=n3 8,98+02 5,0%+04 ? 76404 5 c66+02 8 7“+u% 61703 11301 1.18+04 2,74=03 5,87+qp,
q=p3 & ”95¥63_E;1§¥ET"?}?ET§?"3“‘51h2'6,74+nﬁ 6407703 10501 1.,17+0f4 2,68=03 5,84+02
l]-r% 8,05+02 7, 3g+o] F,.%6+04 5 46+02 B, 74+p4 3.97 03 1.03°01 1.17+04 2,61=03 5,79+02
=03 o, o 78%02 B 43+ 7,%6+p4 5,35+02 g, J74+¥0Y 5,B7=p3 99,6502 1,17+04 2,52%03 5,72+n2

39=p3 8,70%02 9,57+ P.76+04

-‘{J_[J"

G,62+02

l=U7+g?'? Yé+nh 5

7=p3 8,53+02 j.20+02 7.76+04

23=03
‘e 3

#=N3 8,25+02 f.kp+p2 7

8,902
3,#5" Uz

3_35f02
o 12+02
5.80+02

6,7ﬁ+04 5.76=03, 8,

98«02

B,74+04 5,64=03 6,28~02 1

B,74+04 5,52-03 7,56=02

117404 2,41=03 5,65+02

«20+04 2,30-03 5,56+%a2

1.20+04 2,18=03 B,46+02

Ti3zv02 Y. 76500
tedé+pn2 ? Y6434

S6+04

4.88+02
4.,75+02

8,74+0G4 5,40-03 6,83-02
8,74+04 5,27~03 6.10 02

4,62+02

'e L 7H4+04 5.14"03 5.38=02

76233 B,15+02 (.76+n2 7
36=03 gfﬁﬁiﬁé'l.93*ué'3
1 5=03 7,%3+02 2,12+%p2 ¥

.
%
.
»

F7¢n4

TTEEH

P7+n4

G.48+n2 J75%04% 5,01703 4. 68=g2

4.3W?EE“§TT§?6€‘H7ﬂ7=b§“4$ﬁf‘ﬁz'

4,12+02 8,75+04 4,72~03 3.37=02

[, 2004 2,06-03 5,36+02

1.23%04

1.21%04

le21%04

1.22+04

1.,73=03

1,68-03

1,56%03

1,43=03

1.20%04% 1,81=03

-

G,2B+032
5,14%02
5,02+%072

H,9p+02

§,77+02

| G=g3 7,50%02 2.33%p2 Y.97+00

sh=03 T,66+02 2.5 roe
V4~G2 7,50%02 2,86%02 7

8+pz 7,97+p4
Serend

3,66+02 8,74+04 4,

§.03%02 B8,75+04 4,55-03 2./8%pZ
3.85+402 B,75+04 4,38=03 2.,23~02

1e22+0H
1.23+04

1903 1.749=02

[,31-03
1,19"03

i~n2 7 32+02 3.21%02 9 $97+04 3,45402 8,74+04 3,97-03 1,31%02 1.25+04 9,38-p4
1.27+04 B 1204
ya~p2 6,86+02 Q.zu+72"9.?“+n? 2,73+02 B,71+04 3,45703 6,36-03 1,30+04 6,85-p4

71“(/.

40'02
\T-n2

£,53+02 4,96%02 T.H9+n4 .
6,58+402 6,06%p2 768404

2=yl 5,29+02 7,79+02 3,ﬂg+nw

jL=~gl 3,10+02
V400 z, 0001 2,¢?+gs
N\
! .~

e

1.01+063 1,73+04
xe7°*n

1.64+02

7,.11+vU2 3,.64+02 7 Thenl 3. 21902 a ,73+0% 3,73=03 9,4549~03

Te64%82
4,51%02

1+29%0% 1,06~03 4,36+02

4,21+07
H.nS+nc
3,88+q2

2 6ﬂ*0w 8 6b+0q 3.107 33 3'90 a3
2.19402 B,49+04 2.66°03 2.p6703
7.,60+04 2,00"03 8431704
8,04+01 2,66+04 7,75-04 1,05-04
_,,,....,‘*—Dl e 754"82 3.65 Db 6.19 0y

1.33+D%
1.38+04
i 1.11%04
$,71+03

To10%04

5 e27=04
4 28 o4

_3:67;ﬂq

2.,480~04

“2ealunT

3,70402
3,50%07

3,30t07

3,10+07

FELIACE
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