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ABSTRACT

species undergoing populating and depopulating reactions and at the same
time drifting with the electric field and diffusing in the radial and
*To facilitate comparison with drift tube data, the

ersus time.
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GLOSSARY

Throughout the glossary the symbol A is used to refer to ion species
A. The symbols B or C may be substituted to form the FORTRAN variable

names a symbsl "K' mav
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replaced by the symbol "1," '"2," "3," "4," or a blank to refer to the
four intermediate and the final gates in the list of FORTRAN variable

[
dicanv T e

A calculated value of the density at time T of ion species A
AP time derivative of the density at time T of ion species A
PA predicted value of the demsity at time T+DT of ion species A
APP time derivative of the predicted density at time T+DT of ion

species A

AGAMk array of length MAXZ in which the currents due to ion species A
at gate k are stored

DA total distance that the cell space for species A has drifted

DAR radial diffusion coefficient for ion species A

DAZ axial diffusion coefficient for ion species A

DNA initial density of species A measured at the peak of the
distribution

DR grid size in the radial direction

1374 grid size in the axial direction

DT time step

E electric field value (volts/cm)

EON ratio of electric field to gas number density (voltsvcmz)

IAk counter for storing the currents at gate k for ion species A

INGAk  switch which indicates when distribution A has passed gate k

Kk represents the distance from leftmost cell of the cell space A to
gate k (cell space assumed drifting from left to right)

Lk represents the distance from the leftmost cell of the cell space
C to gate k

Mk represents the distance from the leftmost cell of the cell space
B to gate k

MAXAk  internal switch which indicates when the cell space for species

w



2

GLOSSARY (Contd)

number of cells in the axial direction

pressure of the reactant gas through which the ions are drifting
(Torr)

......... ~L al L..OoO0 PR ar 1 1 1 a1 - 1 LI o PR
pressure ot the burfer gas through which the 1ons are drifting
(Tarr)

kx\ll.l-}

frequency of the reaction producing ion species A from ion
species B

Gaussian halfwidth in radial direction of initial ion species
distributions

indicates whether rescaling is necessary for species A in the
radial or axial direction

total drift time
B N ~cAamrAacrnAanAdl e Tmac £Aan AN AL
array of length MAXZ containing corresponding times for AGAMK

temperature of the system

indicates whether rescaling is necessary for species B in the
radial or axial direction

drift velocity of ion species A

AN enarianc A

14Ul DIJC\.LCD n

reduced mobility of ion species A
position of gate k

density of gas 1
ty of gas
density of gas 2

rate constant for ion species A converting to B

indicates whether rescaling is necessary for ion species C in the
radial or axial direction

full Gaussian width in the axial direction of the inital ion
species distribution

10



I. INTRODUCTION

The performance of communications systems, radars, and other defense
systems are often predicted using phenomenology codes, some of which employ
simplified chemistry. Extensive chemical codes of the lower ionosphere
are being used to check the reliability of the simpiified chemistry. The
development of these large chemical codes requires both in situ measure-
ments of ionic- and neutral-constituent number densities and laboratory
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tory tools that is particularly well suited for studying ion-molecule

1
reactions is the drift tube. One of these is now in operation at the

A typical drift tube configuration is shown in Figure 1. Ions are

produced in the ion source. An axial electric field causes them to drift

down the tube, and most of them impact the end waii. Some of the ion

are swept through the exit aperture into the mass spectrometer. Typically

the source runs continuously, with one of the pairs of electrical grids,
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That shutter, the ''starting shutter," is electrically biased to sto
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drift of ions; then it is opened by applying a pulse of dc voltage for a
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the tube. As the cloud of ions drifts, it diffuses both axially and
radially, and the ions react with the gas molecules in the tube to form

other ions which have their own drift velocities and diffusion coeffi-
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from the ions that emerge from the exit aperture, and the signals due to

the arrival of ions of that mass are sorted and stored in a multichannel
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on. Typically, fewer than one ion per ion group negotiates the drift

tube and mass analysis chamber and is counted, so that the starting
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time profiles for the several ions are accumuiated. A complete set of
these profiles for two gas pressures at a convenient value of E/N, where

E is the drift field strength and N is the gas number density, contains

11
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ate constants. Unfortunately t
constants and some of the drift velocities cannot be easily deduced from
the arrival time curves. One approach is to compare measured arrival

time curves with curves calculated for a variety of parameters to insure

erating the calculated arrival time curves one must take into account all

the known physical phenomena which will affect the shapes of the curves,

inclindine a1l naceihla vraacrtinane nf all amaraginea 1anc A ~ommnitor nraooram
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MULTIGATE, has been developed at the BRL which permits numerical modeling
of the drift, diffusion, and reactions of several ions in a drift tube.

MULTIGATE is a FORTRAN IV program, originally conceived of by Kregel,
that uses an iterative numerical technique for drift tube modeling.

MULTIGATE uses finite difference calculus to generate time arrival his-

tories at several points, or '‘gates,' in the drift space for several ionic
species. The modified Euler method is employed for performing the actual

numerical integration phase of the program. At present, the program is

wrmadtan LA +hnisah nAat Timitad +A +hwran SAn enanine and FAlir Tntan
W1l 1LL LTIl 11Ul - LIIUUEII JIIVL 1151ALTuU LV — LilAaTCT 41Vl DPC\—LGD ajliu 1LuvuL AllLCL —
mediate gates, and one end gate, hence the name MULTIGATE.
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111 LIIC Plug.ldll 11111LT Lylllluiilal goulnicily Lly4) 45 adodoulicu wilulll

the drift space divided into four concentric shells of equal thichness DR

which are each in turn subdivided along Z into sections of length DZ.

To

~ia

densities are defined at the center of each of the resulting "rings"

i voaavTa 1% B 4~ wvaiL A Tewsatall 5

and are assumed to vary iineariy between the centers. Each ring defines
a cell for computational purposes. It has been found that 63 divisions

along the z axis (making a total of 252 cells in all for each species) are

A e A _LOLL_ A . o -
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ffect a reasonable c
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computational time. The number of cells in the cell space for each ion
c

is arbitrary provided that it is sufficiently large. One unique feature
of the program which allows a significant reduction in the number of cells

t' with the drift
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required is to have the cell space for each ion *d
velocity of the corresponding ion species. This permits the peak of each

ion cloud to remain more or less centered in its cnrreqnondln cell space.



The primary purpose of the main program is to control the flow of
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computation
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all output. It initially sets the limiting

values of the variables, determines the size of each cell, sets the gate
distances, and generates an initial distribution for each ion species in

the appropriate cell spaces. At the beginning of each run, the following

Symbol Used
in the Program Symbol Definitions

XKOA, XKOB, XKOC The reduced mobilities of 1on sgec1es A, B,
and C, respectively (cmZV

DNA, DNB, DNC Initial densities of species A, B, and C
measured at the peak of the distribution.
20, RO, XL Full Gaussian width of the initial ion

distributions in the axial direction, the
Gaussian half width of the initiai ion

P I T T LA A5 AT Al annnd s A A A
UlDULI1UUuLluII> 1]1 LIl 1Iduidl UliclLiLivil, aiiu
total leng+h of drift space (initially, the
ion distributions are centered at Z=0 and

later drift to Z=XL).

P1, P2, TEMP, EON Pressure of the reactant gas through which
the ions are drifting (Torr), pressure of

el m L. LL e o~ i e n A x ic elhn ~cmne
LIlEe burlier gds, LCHPCI&LUIC O1 Tne gasco
¥Y (aceciimad aniial) and ratin nF elacrtric
\I\} LGJJ\LIH\«U \t\-luulj 5} ALl A awv v‘.v\'é; A~
field to total gas number density (Vem®).
YKAB Rate constant for reaction which forms B
from A, or "A > B."

NS 73 s} NI Wal N2 7ol n . e ke m 4~ L Al _ T A A fal

Il\bi‘\ Il\l‘\b, LA, KAtle COnsSitdiils 10r 1redCulliolls b 7 A, A ™7 U,

YKBC, YKCB C~>A, B>C, and C -~ B.

The main program also sets certain internal switches and counters
used in the various subroutines to determine the state of the computaticn
(defined below for gate 1):

MAVYAT MAVIRI MAVY Tntavrnal cwitrhace fFAar indicating whan thao

l'ml\l‘\i, l'll"\/\l)].’ MmNl 4diivvcliriial SWIilLLLilLO 14U .LIIUL\.;GLLlls wiivil il

cell space for species A; B, and C, respec-
tively, is traversing gate 1.
IAA1l, IBB1, ICCl Counters used to indicate where the values

for the currents and corresponding times
for ion species A, B, and C, respectively,
are stored.

14
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K1, M1, L1

contains

Throughout the computation the time step, DT, used

of the ion densities is maintained at each time step at

Internal switches for indicating when the cell
spaces for species A, B, and C, respectively,
have traversed gate 1.

Counters used to indicate the position (in
units of cell thickness) of gate 1 with
respect to the cell spaces for species A,

B, and C, respectively.
similar internal switches and counters for the
ITII. SELECTION OF DT

in the integration

a value that will

for each of the three ion

species is computed by the following method. The particle current density
J due to diffusion is defined vectorially a
J = -DVn (1)
where D is the diffusion coefficient and n is the particle number density.
Since cylindrical symmetry is assumed in our case, J may be approximated
using finite difference calculus as
- An — An =
~ - — - D —
J Dz iz 'z r At 'r (2)
~J 31 +J1 , (3)
z Z r T
in which i_ and i_ are unit vectors in the z and r direction, respectively,
z T
and An, Ar, and Az are finite differences denoting differences in density,
in distance in the T; direction and in distance in the i_ direction,
respectively.

In the following discussion we shall consider a cell of thickness

Ar and length Az located at T, and z,

(also cast into a finite difference equation) we know that the part

c
From the continuity equatio

':

icle

y—
(921



current density evaluated at a particular surface of a cell times the

surface area summed over all cell surfaces when divided by the cell

araliyma wra 1 AnnwnAavima+a +ha nacat+ivra £ ha +1ma vwat+tn nf ~rhanaa £ h
\V S aviiiie wJai i aPlJLUA.LIIIa | 9L viic IIESQL.L v o s 11c CALIIC iTace \V . \.llﬂlls\./ L 11
density, n, in that cell. Current is defined to be positive if it is

directed in the direction of the appropriate unit vector. Thus the

as

instantaneous time derivative of n may be writte

—A(zn) JZ)+A(z_+082) J_(z_+Az) -A(r ) J_(r )+ A(r_+Ar) J_(r_+ Ar)

27r ArAz
o]

4)

where A(z ) and J (z ) denote the cell area defined by the surface for

¥4
which z =2z , r <r < r_+ Ar and the current through that surface,
h

in the cell differs from the

cells, and shall assume that

J (z)) = -J_(z_ + Az) = —D_%?
L v % v L 04
and
_ Ani
Jr(ro) ~ -J‘(r + Ar) = -Drzﬁ;.
Substitution yields
i 1 1 An
. D lA(z ) + A(z_ + Az) ——-+ D _IA(r ) + A(r + Ar)
_dn _ z[ "o’ 0 L ~ o’ AT (5)
“t 21T _ArAz
o
If
A(zo) = A(zO + Az) = 2nroAr
and if
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hat if An is positive, the time rate of
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change of the ion number density is negative; that is, there is a net loss

Hh o

of ions from the cell. If An is assumed to vary linearly in time in the
isities in the other cells is

neglected, the time increment associated with a change of 4An in the den-

sity in a cell can be expressed, in terms of finite differences, as

Limiting At then limits the possible An in any one time step. To insure
stability of the solution, At is set to 0.75 times this value in order to

A wlanmnn ae Aal1le A.us
< Pla\,c ad LT11D> U1l
x-direction, that is, as they pass the imaginary end plate. Consideration

must be made of the effects of the distance that each cell space drifts
If th

during a single time step. If the time step were so lar

o
ot
3

space drifted a distance equal to several DZ, there would be fewer
current calculations than there were axial cells for that jon, thus

diminishing the desired output of the program. Therefore we calculate the

maximum size of the time step permitted by the drift velocities of the ions
by the formula
g *x DZ
At = 2——, (8)
max
where Viax 1S the drift velocity of the fastest iom, g is a control factor
equal to the number of cells which may drift past the end plate in one time
step, and DZ is the axial grid size. This procedure insures that there will

Ta+ £ +%h £ + 3 e WA sicocs A11. o
be about MAXZ/g current calculations for the fastest ion. We usually set
g = 1.5,

17
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.g., RAB. The quantity 1.0/RAB is the time
constant for the reaction whose rate constant is YKAB. h
reaction is set at 0.8 x 1.0/RAB, again to insure stability of the

solution.

The program sets DT equal to the minimum time step calculated for
diffusion, drift, or any of the reactions.

s @R LLbs

IV. INITIAL DISTRIBUTION

Initially the program assumes Gaussian distribu
radial and axial directions for the densities of all of the ion species.
The distribution of ion species A is calculated from the relationship:

A(r,z) = DNA x EXP|-ar? - B(z - z,)zl , (9)
L o” ]

where DNA is the initial value of A(r,z) at the peak of the distribution,
a is calculated by the program from RO, the Gaussian halfwidth in the
radial direction, to make the density in the fourth radial zone approxi-

mately 1/e its value at the center, and B is calculated from Z0, the full

D-p (8]

Gaussian width in the axial direction, to make the full width of the

density profile in the longitudinal direction approximately ten cells.

The parameter ZO insures that the initial distribution is centered in the
cell space. The program then initializes the distributions for ion
species B and C according to

B(r,z) = A(r,z) x DNB/DNA (10)
and

C(r,z) = A(r,z) x DNC/DNA , (11)

so that all species have initially the same distribution shapes.

V. DERIVATIVE SUBRQUTINE - S

[ 2 RPN PR

Subroutine S is used to calcula
densities and of predicted ion number densities in the cells in the three
inner radial shells. Effects of drift, diffusion, and chemistry are

handled in S. 18



The calculation begins by approximating the current density at the
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These four current densities are then multiplied by the corresponding

incremental areas and summed. This resulting sum is then divided by the

=1
o |
2]
>
=]
D
-]
-y
R
o
<
(o]
[
£
(]
h
T
()
(o]
!
=
(1]
wn
"3
Q
=]
(=W
’-J .
O
(]
Pt
[
-+
(o}
e
'-l .
(4]
p—
(=W
-+
=
[¢]
o+
=~
=]
(4]
~
)
o+
o
(o]
)]
)
ol
o
=)
[1)=]

of density due to diffusion. Effects of mobility are taken into account
automatically since the cells are allowed to'"drift" with the drift velocity

of the corresponding ionic species.

The time rate of change of the density due to chemistr
species at each cell is easily calculated by multiplying t

ry for each ionic
he rate

constants

rate constants
by the appropriate densities of the interacting ionic species evaluated at
the center of that cell. First order extrapolation techniques are used

for this.

Thus, in generating the derivatives due to diffusion the subroutine
calculates the current densities times the incremental area in consecutive
cells in the radial and axial directions. The following names are used

in subroutine S:

HA's Represent densities of A.

GA's Denote product of current density and area or the
number of ions/sec passing through an elementary area.

HAP Density of A in cell (j=1,2,3, or 4; k=1,2,3,..., or
MAXZ).

HA Density of A in cell (j,k+1), in increasing axial
direction.

HAR Density of A in cell {(j+1,k), in increasing radial
direction.

GAZP Current flowing into cell (j,k) in axial direction.

GAZ Current flowing out of cell (j,k) in axial direction.

GARP Current flowing into cell (j,k) in radial direction.

GAR Current flowing out of cell (j,k) in radial direction.

In addition to the ion diffusion, the program must also calculate
the effects of chemical reactions upon the three ions. Since the cell
spaces of the three ions, in general, do not drift at the same speed, the

program must keep track of the relative shift of the cell spaces in order

19
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three cell spaces in DA, DB, and DC. Each drift distance is, of course,
the sum over time of the corresponding drift velocity times the appro-
priate time ste
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VI. SCALING - BANGR, RAP, BANGZ, AND ZAP

During the calculation, tests are made each time step to determine
whether rescaling is necessary in either the radial or axial direction.
The subroutine BANGR is used to determine whether rescaling is necessary
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centered in their respective cell spaces, it is only necessary to test

[ S ]
oS

in a plane perpendicular to the axis halfway down the cell space of each
in the radial direction occurs only when; for any ion
species, the ratio of the density in the cell in the outer radial shell
to the cell in the innermost shell is greater than 0.9, a number chosen
by trial and error. Number densities corresponding to an expanded radial

grid are calculated in subroutine RAP.

To determine whether axial rescaling is necessary, densities in the

m af
ulli Ot

ct

ha
nuc

cells in the innermost radial shells are t

densities in the first six cells, SUMA, and the sum of the densities in

0o o

the last six cells, SUMB, are compared with the sum of the densities in

\ .
all the inner cells, SUMC If on

UMC. one of t os SUMA/SUMC or SUMB/SUMC

(OIS Vs (oAU AL W)

[¢]

is greater than 0.00001 and the other is greater than 0.000005, rescaling
of the axial cells by a factor of 2 is called for. If, however, one
ratio is greater than 0.00001 while the other is less than 0.000005,
indicating that the ion cloud is leaving the cell space at one end
because of chemistry, the number densities are shifted by one cell to
reduce the problem. If rescaling of the cell space has been called for,
due to di
an expanded axial grid, are calculated in subroutine ZAP. The main
program suppresses axial rescaling if the center of the cell space of the
io

most slowly drifting

n has drifted a distance greater than the length

of the drift tube.
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VII. INTEGRATION OF PREDICTOR-CORRECTOR METHOD
USING CAL1, CAL2, AND S

Calculation of number densities in the cell space of each ion begins

t T = 0 with the initial values mentioned in Section IV. For convenience we

»

shall describe the process only for species A. The appropriate D

T is
computed, and the time counter, T, is incremented by this factor. The

first application of subroutine S in each iteration computes the time

inner radial shells and stores these values in AP. Then CALl uses A and
AP to compute the predicted value of the number density at time T,
denoted by PA, in all cells in the three inner radial shells by the

first order Euler method

PA = A + AP x DT . (12)

The technique uses the PA's for the three cells directly inside that outer
cell and a relation linking segments of a Gaussian distribution, as

follows:

AP(cell 4) APZ(cell 3)/AP(cell 1) , (13)

n

where the inner ceil is cell 1 and the outer ceil is ceil 4. The
time derivative of the predicted value of A is next calculated by S for

all cells in the three inner radial shells; and the values are placed in
APP. Finally, CALZ calculat
the old value of A. For cel

order Euler method is used.
A=A+ (1/2)*(APP + AP)*DT , (14)

where we have written a FORTRAN statement defining A over the time
interval DT. For cells in the outer radial shell, the new A is also

calculated assuming Gaussian radial distributions by the formula
A(cell 4) = A®(cell 3)/A(cell 1) . (15)

At this time BANGR and BANG
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ZAP are used for this purpose as needed. A new DT is calculated, T is

advanced, and calculations begin again at S.
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and stored in AGAM, BGAM, and CGAM, etc. The routine determines the

position of the gate in each cell space and calculates the current from
h

the densities of the two adjoining cells which straddle the gate at the
time T. That is, the value is calculated according to the formula
An
= - -— + x
r D“ I v, n , (16)

velocity, respectively, in the axial direction, and n is the number density
1

1
at the gate. The value of n in Equation (16) is determined by linear

1nfprnn19f1nn If all of the cells in the cell

m

(

pace have passed the gate
the calculation of the current is terminated for that ion at that parti-

cular gate. When the cell spaces for ions A, B, and C have all passed the
final gate, the entire calculation is stopped and the program prints output

r

alisac
va lucs,.

the code for differing

o
LWLy 4T Y ol CQLlLI1IC1I 1

values of MAXZ is shown in Figure 2. The initial parameters of the
calculation are shown on the figure. The use of MAXZ = 63 or greater is
seen to produce essentially identical results, except that the use of
larger values of MAXZ yields more data points on the arrival time curve.

The run time for the code also increases as MAXZ increases, however.

X. COMPARISON WITH ANALYTICAL CODE

—

Ty 1 .y E 1* 1 a =
Woo and Whealton™ have developed a three-dimensional analytica
model of a drift tube which considers drift, diffusion, and one reaction.
Figure 3 shows a comparison of a calculation by their code to a calcula-
h ci
1

Y 11a
d Cuid-

—
b
)
(=)
=
}_i
p_
...a
[¢]
Q
=
[«
=
ct
)—l
]
=
w
O

tion set as nearly identical as possible. The arrival curves were
normalized to produce the same height peaks, but are otherwise unchanged.
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‘References may be found on page 26.
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axis, but the curves are seen to be in agreement, in spite of the

drastically different methods used to calculate them. It is not known

wread in +h e
Uuovu i

1 onl
in the analytical

[N

model or to truncation effects in the numerical model.

Subroutine PLOT was written to provide a rough plot of the three
theoretical current distributions on a single computer output page. The
height of each distribution is independently scaled with ordinate values
referring to ion A only.

PLOT uses two other subroutines, SETUP and SORT.2 SETUP is used in

the Y-scaling and returns the minimum Y-value, the scale factor, and

the width, defined as the maximum minus the minimum value. After scaling,
points are plotted on a 50 x 120 grid using the letters, "A,'" "B," and
"C." In the event that two points fall in the same position, a 'D" is
printed.

A FORTRAN

and chemistry in a drift tube. While the program presented in this

report is concerned with three ions, the program could be extended to four

or more ions, if desired. Similarly, the p ogram could accommodate any

program can therefore be used to model the ion transport and chemistry

of any conceivable drift tube experiment. It can also be used to check
t s well as to det

which one-dimensional drift tube models, whether analytical or numerical,

can be safely used.
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IX
LISTING OF PROGRAM WITH OUTPUT

A complete listing of the program and its output is reproduced on

the following pages. This calculation took 3.4 min on the BRL computer;
n a CDC 6600

nu'ld be 1 mi!l on
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JULY 25,72 BRLESC FORTRAN 2 AND & TT 186650
* SP151 GEORGE KELLER 394 X3335 MULTIGATE
$ MAXO(S000)L INES
DIMENSION A(412),AP(412),PA(412),TA(103),AGAM(412) ,APP(412)
DIMENSION 8(412),8P(412)4PB(412),TB(103),BGAM(412),BPP(412)
DIMENSIUN C(412),CPU&12)+PC(412),TC(103),CGAM(412),CPP(412)
DIMENSION AGAM1(103),AGAM2(103) ,AGAM3(103),AGAM&(103)
DIMENSION BGAM1(103),BGAM2(103),B8GAM3(103) ,8GAM&(103)
DIMENSION CGAM1(103),CGAM2(103),2GAM3(103),C6AM4(103)
DIMENSION TA1(103),TA2(103),TA3(103),TA4(103)
DIMENSION TB1(103),7B21103),TB3(103),TB84(103)
DIMENSION TC1(103),7C2(103),TC3(103),7C4(103)
COMMON MAXZ,DR¢DZ,DT,P1
P1=3,1415926536
C REDUCED MOBILITY OF SPECIES A IN UNITS OF CM®$2/VaSEC
XKOA=3,67
C REDUCED MOBILITY OF SPECIES B IN UNITS OF CM®%2/V&SEC
XK08=1,85
C REDUCED MOBILITY OF SPECIES C IN UNITS OF CM$#2/VaSEC
XK0C=1,85
C TOTAL DRIFT DISTANCE IN UNITS OF CM
XL=Te5
C RADIUS OF INITIAL ION BURST IN RADIAL DIRECTION IN UNITS OF CM
RO=425
C LENGTH OF INITIAL 10N BURST IN LONGITUDINAL DIRECTION IN UNITS OF CM
I0=,3
C INITIAL NUMBER DENSITY OF SPECIES A, IN ARBITRARY UNITS -
DNA=1,0€12
C INITIAL NUMBER DENSITY OF SPECIES B, IN ARBITRARY UNITS
DNB=1,0
C INITIAL NUMBER DENSITY OF SPECIES C, IN ARBITRARY UNITS
DNC=1,0
C GAS TEMPERATURE, IN UNITS OF DEGREES K
TEMP=334,
C RATIO OF DRIFY FIELD TO GAS NUMBER DENSITY, IN UNITS OF VE&CM&CM
EON=24,E-17
C AS CURRENTLY SET UP, THIS PROGRAM ASSUMES THAT THERE ARE TWO GASES IN THE
C DRIFT TUBEs GAS TYPE 1 IS ASSUMED TO REACT WITH THE IONS, GAS TYPE 2 IS THE
C BUFFER GAS. CHANGES TO SUIT OTHER CONDITIONS ARE STRAIGHTFORWARD,
C PRESSJRE OF THE REACTANT GAS, IN UNITS OF TORR
P1=2,0
C PRESSURE OF THE BUFFER GAS, IN UNITS OF TORR
P2=0,0
C RATE CONSTANT FOR REACTION OF ION A YO FORM ION B , CM®*6/SEC
YKAB=2,8E~30
C RATE CONSTANT FOR REACTION OF ION B TO FORM [ON A , CM**3/SEC
YKBA=2,0E-14
C RATE CONSTANT FOR REACTION OF ION B TO FORM ION C , CM*%6/5EC
YKBC=1e2E-29
C RATE CONSTANT FUR REACTION OF ION C TO FORM ION 8 , CM#**3/SEC
YKCB=1,58E-13
FAC=(3.54E106%273,0)/TEMP
XN1=PLlsFAC
XN2=P2*FAC
FACT=(P14P2)%273,0/( 760, 0% TEMP)
XKA=XKOA/FACT
XKB=XKO0B/FACT
XKC=XKOC/FACT
XNXN=XNI#®(XN1+XN2)
C RAB IS THE FREQUENCY FOR REACTION OF ION A TO FURM [ON B
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RAB=YKABEXNXN
RBA=YKEA®({XN]L+XN2)
RBC=YKEC®XNXN
RCB=YKCB®(XNL+XN2)
RAC=0,0
RCA=0.0
E=EON*(XNL1+XN2)
THE VELOCITIES OF THE IONS
VA=E*XKA
VB=E*XKB
VC=E*XKC
FACL=TEMP/1, l6E%
DAR=XKA*FAC1
DBR=XKE*FACL
DCR=XKC*FAC1
THE PROGRAM ASSUMES THAT THE R~ AND Z-DIRECTION DIFFUSION COEFFICIENTS ARE
EQUAL. THE Z-DIRECTION COEFFICIENT CAN BE EXPECTED TO INCREASE AT HIGH
VALUES OF E/Ne
DAZ=DAR
DBZ=DBR
DCZ=DCR
DZ=10/3060
DR=R0/ 445
PRINTING OF INPUT VALUES AND COMPUTED PARAMETERSe
PRINT 201, PleP2
PRINT 202, YKAB ,YKBA
PRINT 222, ¥YxaC ,YKC8
PRINT 205, 10,RO, XL
PRINT 206, TEMP
PRINT 207, DNA,DNB,DNC
PRINT 210, XKOA,XKOBy XKOC
PRINT 215, Es EON
PRINT 200, VA,VB,V_
PRINT 208, DAR,DBR,DCR
PRINT 209, DA!,DBZ,DCIZ
PRINT 211, RABsRBA
PRINT 231, RBLC,RCB
PRINT 214, XN1yXN2
SETTING OF INTERMEDIATE GATE POSITIONS.
XL1l=e2%XL
XL2=,4%XL
XL3=e6%XL
XL&G=o80xXL
HZ=(10/20/DL)%x2
HR=(RO/NR=0g 5 ) *:k2
N DETERMINES THE NUMBER OF CELLS IN THE Z-DIRECTION(MAXZ=2N+3),
N=40
MAXZ=N+N+3
X=N+1
111=1
I1=0
37 IF(leEW-1) GO TO 10
LIMITS OT TO MAX ALLOwED BY DIFFUSION OF SPECIES A
OTAD=140/(DAL/DI#%24DAR/DOR*%2)/8,0%3,0
LIMITS DT Tu MAX ALLUWED BY DIFFUSIUN OF SPECIES B
DTB0=1,0/(DBI/DI**24DBR/DR*%*2) /A, 0%3,0
LIMITS OT T) MAX ALLOWED BY DIFFUSION OF SPECIES C
DTCO=140/(DCL/DL**%24DC/ND3*%2)/83,0%2,0
LIMITS DT TO MAX AILLOWED BY THE DRIFT VELOCITIES OF THE [ONS
DTVv=1,5%D2/(AMAX1I{VA,VB,VC)+1,0)

519142




25 JUL T2 PAGE 4

519143

C LIMITS DT TO MAX ALLOWED BY REACTIONS AMONG THE SPECIES
DTR=0,8%(1,0/AMAXL(RAByRBAJRAC,RCA,RBC,RCB))
DT=AMINL(DTAD,DTBDsDTCDLDTV,DTR)
IF(DT.EQeDTR) I=]

10 GO YO (38,40,41)4111I

C SWITCHES SET T0 O INITIALLY

38 MAXA=0
MAXAL=0
MAKA2=0
MAXA3=0
MAXA&L=0
MAXB=0
MAXB81=0
MAXB82=0
MAXB83=0
MAXB&=0
MAXC=0
MAXC1=0
MAXC2=0
MAXC3=0
MAXC&=0
L=D
MB=0
M1=0
M2=0
M3=0
Me=0
KA=0
K1=0
K2=0
K3=0
K4=0
LC=0
L1=0
L2=0
L3=0
Lé4=0
IAA=0
TAA1=0
1AA2=0
TAA3=0
TAA4=0
188=0
1881=0
18682=0
1883=0
1884=0
ICC=0
ICC1=0
1CC2=0
1CC3=0
ICC4=0
INGA=0
INGA1=0
INGA2=0
INGA3=0
INGA4=0
INGB=0
INGB1=0
INGB2=0
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INGB3=0
INGB4=0
INGC=0
INGC1=0
INGC2=0
INGC3=0
INGC4=0
C SuMS [INITIALLY SET TO O
AGAM{MAXZ) =060
AGAM1 (MAXZ)=060
AGAM2(MAXZ)=0.0
AGAM3(MAXZ)=060
AGAMG{MAXZ)=0.0
BGAM(MAXZ)=0,0
BGAML(MAXZ)=0,0
BGAM2{MAXZ) =060
BGAM3(MAXZ)=0,0
BGAM&{MAXZ ) =060
CGAM(MAXZ)=0,0
CGAM1({MAXZ)=0,0
CGAM2(MAXZ)=0,0
CGAM3(MAXZ)=0,0
CGAMGIMAXZ)=0,0
C CALCULATION OF INITIAL OENSITY DISTRIBUTIONS.
DO 6 K=1l,4
XK=K
DO 6 J=1sMAXZ
XJ=J
L=L+1
A(L)=EXP(-{XJ=-X)*$2/HL-(XK=-0e5)**2/HR)
IF(JeEQ>1} ALL)I=0,0
C(L)=A(L)*DNC/DNA
6 B(L)=A(L)*DNB/DNA
C DAyDB,DC REPRESENT TOTAL DISTANCE TRAVELED BY A,B,C.
DA=0,0
NB=0,0
DC=040
T=0.0
DO 100 JKL=1,1000
T=T+0T
DA=DA+VA*DT
0B=DB+vB*DT
DC=DC+VC*DT
L=0
C AP IS THE DERIVATIVE AT THE BEGINNING OF THE INTERVAL.
CALL S(A,B,CyAP,DAZ,DAR,RAB,RBA,RAC,RCA,DA,DB,DC)
CALL S(ByCyA,BP,DBZ,DBRyRBC,RCB,RBA,RAB,DB,DC+DA)
CALL S{CyAyB,CP,yUCZ4DCRy,RCAyRAZ yRCB4RBC+0OC+DA,DB)
C C CAL1-FIRST-0RDER PREDICTOR SCHEME (PA,PB,PC-PREDICTED VALUES).
CALL CALL(A,AP,PA)
CALL CAL1(B,BP,PB)
CALL CALLl(CsCP,PC)
CALL S(PA,PB,PC,APP,DAZ,DAR,AB,BA,RAZ,RCA,DA,DB,DC)
CALL S(PB,PC,PA,BPP,DBZ,DBR,BC,RCBIRBA+RAB,DB4DC,DA)
CALL S(PC.PA,PB,CPP,DCZyDCRHyRCA,RAC,RCB+RBC,40C+DA,DB)
C CAL2 SECOND ORDER CORRECTOR
CALL CAL2(A,APP,AP)
CALL CAL2(8B,8PP,BP)
CALL CAL2{(C,CPP,CP)
C TEST FOR RADIAL RESCALINGs
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CALL BANGRIA,MAXZ,SING) -
CALL BAMGR(B,MAXZ,TING)
CALL BAMGRIC,MAXZ,ZING)
IF(SING4TING+ZINGsEQe0s0) GOTO 40
AyB,C RESCALED IN R-DIRECTVION BY RESEVYING DR TO lel#*DR.
CALL RAP(AyMAXL)
CALL RAP{B,)MAXZ)
CALL RAP{C,MAXZ)
DR=DR*1,1
I11=2
GOTO0 37 ’ *
40 CONTINUE
TEST FOR Z RESCALING
CALL BANGZ(A,MAXZ,SINGyDA,DZ¢KA)
CALL BAMGZ(B,MAXZ,TING,DB,DZ,MB)
CALL BAMGZIC,MAXZ,ZINGyDCoDZoLC)
IF(SINGHTING#ZING.EQ.0,0) GOTO 41
IF SLOWEST ION HAS HAD CHANCE TO PASS OUT OF TUBE (NEGLECTING DIFFUSION),
STOP Z RESCALING
IFCCCAMINLIVASVB,VC) )&T)GToXL) GO TO 41
AyByC RESCALED IN Z-DIRECTION BY RESEVTING DZ TO 2,0%DZ.
IT IS ABSOLUTELY ESSENTIAL THAY THE FACTOR BY WHICH Z IS RESCALED BE LEFT AT 2
CALL ZAP(A9MAXL)
CALL ZAP(B)MAXLZ)
CALL ZAP(CyMAXZ)
DZ=DL +D1
111=3
GOTO0 37
41 CONTINUE
CURRENTS CALCULATED AT 5 GATES FOR EACH SPECIES.
CALL CURNTIAsMAXAoNoVAoToXLoDAZ yThoIAA,KKAyAGAMy INGA,DA)
CALL CURNTIAyMAXALyNoVAyToyXL19DAZyTAL,IAAL K1,AGAML ,INGAL,DA)
CALL CURNT(A,MAXA2,NoVAyToXL2,0AZ,TA2,IAA2,K2,AGAM2,INGA2+DA)
CALL CURNTIAsMAXA3sNeVAyToXL3sDAZyTA3,IAA3,K3,AGAM3,INGA3,DA)
CALL CURNT( A MAXAGyNyVA Ty XLA,DAZ s TAGyIAAL K&, AGAMS , INGAS ,0A)
CALL CURNT(ByMAXByNysVBsToXLoDBZ,TE,IBB,MB,BGAM, INGB,DB)
CALL CURNT(B,MAXBleNoVBsToyXL1,0BZ,TBLl,IBB1+M1,BGAML,INGB],08)
CALL CURNT(B,MAXB2,NyVB,TyXL2,DBZ,TB2,IBB2,M2,BGAM2+INGB2,DB)
CALL CURNT(ByMAXB3sNsVBsToXL3,DBZ,TB3,1BB3,M3,BGAM3,INGB3,D8)
CALL CURNT(ByMAXB&yNyVBy ToXL&,DBZ¢TB4&, IBB4,Me,BGAM4,INGB4,DB)
CALL CURNT(C oMAXC ¢NoyVCoToXLoDCZ 4TCoICCo1.CyCGAMyINGC,DC)
CALL CURNT(CoyMAXCLyNgVCoToXLLoDCZyTCLyICCLoL1oCGAML,INGC1,DC)
CALL CURNT(CsMAXC2yNy4VCyT9yXL2,DCZ4TC2,1CC2,L2,CGAM2,INGC2,0C)
CALL CURNT(CoMAXC34NyVCoT9yXL3,DCZyTC3,ICC3,L3,CGAM3,INGC3,DC)
CALL CURNT(CoMAXC4yNoVCyToyXL&yDCZyTCH,ICCHoL4,CGAME, INGC4,DC)
TEST TO SEE WHETHER DISTRIBUTIONS HAVE PASSED THE LAST GATE,
CALCULATION STOPS WHEN THE 3 DISTRIBUTIONS HAVE PASSED THE FINAL GATE.
IFIINGACEQu16AND> INGBoEQe 1o ANDs INGCeEQel) GOTO 101
100 CONTINUE
OUTPUT VALUES PRINTED FOR FINAL AND & INTVTERMEDIATE GATES.
101 CALL OUTP(AGAMl, TA]1,BGAML,TB1,CGAML,TCL)
CALL OUTP(AGAM2, TA2,BGAM2,TB2,CGAM2,TC2)
CALL OUTP(AGAM3, TA3,BGAM3,T83,CGAM3,TC3)
CALL JUTP(AGAM4, TA4,BGAM4,TB4,CGAM4,TC4)
CALL OUTP(AGAM,TA,BGAM,TB,CGAM, TC}
STOP
200 FORMAT(1H 430Xy 3HVA=,1PEL10e2y10XsIHVB=yLPELOe2+10X¢3HVC=,1PEL042)
201 FORMAT(1H1430Xy3HP1l=3FTe3,13X,3HP2=,F6s%)
202 FORMAT(1H 428Xy 5HYKAB=y1PELOs2,y BXs5HYKBA=yLPELO.2)
205 FORMAT(1H ¢30Xy3HZIO0=9Fbehy14X93HR0=,F6ettyl&XyBHXL=,F945)




b

206
207
208
209
210
211
222
231
214
215

c

C BANGR DETERMINES

FORMAT(LH 428Xy S5HTEMP=4FSel)
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FORMAT(IH 29Xy 4HDNA=y 1PE10¢2¢9Xy &HDNB=)1PELOe2 99Xy 4HONC=,1PELQ,2)
FORMAT(LH 29Xy 4HDAR =, 1PE10e 299Xy &®HDBR=,1PELOe2 99Xy 4HOCR=,1PELOL2)
FORMAT(IH 29Xy &HDAZ =y 1PE10a2¢ 99Xy 4HDBZ=)1lPELOe2+y9IXy4HDCZ=y1PELOG2)
FORMAT(LH 428Xy SHXKOA=gFTe54 11 ¢5SHXKDB=oFTa5911X¢5HXKOC=,FT745)

FORMAT(LH 929Xy 4HRAB=9 1PE104 299Xy 4HRBA=,1PELDe2)

FORMAT(LH +28X¢SHYKBC=9 1PELOe2y 8XySHYKCA=, 1PELOe2)

FORMAT(LH 929Xy 4HRBC=9 1PELDa 219X+ 4HR(B=)1PELOe2)
FORMAT(LH 929Xy 4HXNL1 =y 1PEL100 299X, 4HXN2=,1PE10e2)
FORMAT( LH 431Xy 2HE=, 1PE1Ca2+9X 1 4HEON=y1PE1 0e 2)
END

SUBROUT INE BANGR(A,MAXZ,SING)

DIMENSION A(1)

C L-DESIGNATES INNER RADIAL ZONE.

L=MAXZ/2

C K-DESIGNATES OUTER RADIAL ZONEe

K=l ¢MAXI+MAXZ +MAXT
SING=0,0

C RADIAL RESCALING CRITERIA.

c-

IFCACK)/ALL) ¢GTe0e90) SING=1,0
RETURN
END

SUBROUT INE BANGZ(AyMAXZ,SINGeDADZsIAP)

WHETHER RESCALING [S NECESSARY IN THE R-DIRECTIONe

C BANGZ DEVERMINES WHETHER RESCALING IS NECESSARY IN THE Z-DIRECTION.

C IF THE NEED OF Z RESCALING IS FOUND AT ONLY ONE END OF

C ENTIRE CLOUD IS SHIFTED ONE ZONE IN THE I DIRECVIONe

DIMENSION Al1l)

C SUMA-SJM OF DENSITIES IN 63 CELLS.

10

20

30

SUMA=0,40

DO 10 Jd=1,6
SUMA=SUMA+A(J)
SUMB=040

MME=MAXL-6

DO 20  J=MM6, MAXL
SUMB=SUMB+A(J)
MMT=MM6~1

SUMC=0e0

00 30 J=TyMMT
SUMCx=SUMC+A(Y)
SUMC=SUMC +SUMB+SUMA
RATA=SUMA/SUMC
RATB:=SUMB/SUMC

I1SL=0

I1SR=0

B2=0,00001
BLZ=0,000005
IF(RATA,GT+BZ) ISL=1
IF(RATB,GTeBZ) ISR=ISL+1
SING=1e0
IF(ISReEQe2) RETURN
IF(I$SLeEQe0) GOTO 60
MM=MAXZ -1
IF(RATB,GT+B2Z) RETURN
DO 50 K=1y4

MMM= *MAXZ

DO 50 J=1sMM
L=MMM-J

THE ION CLOUD,

BANGR

BANGZ

THE
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50 A(L+l)=A(L)
IAP=TAP+]
DA=DA-DL
SING=060
RETURN
60 IF(ISRLEQeD) GOTO 90
IF(RATA,GT<BZZ) RETURN
MM=MAXZ -]
DO 71 K=l,4&
MMM=MAXZE(K=-1)
DO TO Jx=2,MM
L=aJ+MNM
T0 A(L)=A(L+])
MZ=KsMAXL
TL A(NZ)=A(MZI=~-1)/2,0
TAP=1AP-1
DA=DA+DZ
90 SING=0e0
RETURN
END
c caLl
SUBIROUT IME CALL(A,B,C)
C CAL1 IS A FIRST ORDER PREDICTOR SCHEMEe
C A DENOTVES THE INITIAL VALUE, B THE DERIVATIVE, AND C THE VALUE PREDICT
DIMENSION A{1),8(1),C(1)
COMMOMN MAXZ,DR)DLsDT,PI
L=0
D0 10 K=1,3
00 10 J=1sMAXZ
LsL+]l
10 C(L)=A(L)+BI{L)*DT
DO 30 J=2.MAXZ
Llay
L3nMAXZ $MAXZ +J
Léx LI*MAXZ
ClL&)=0,0
30 IF(C{LL)0GTe1leDE-100) CEL&I=(C(L3)/C(LL))ISC(L3)
RETURN
END
c CAL2
SUBROUTINE CAL2(A,8,C)
C CAL2 1S A SECOND ORDER CORRECTOR
DIMENSION A(1),8(1),C(1)
COMMON MAXZsDRyDZ+DT,4PI
DTT=D1/724,0
L=0
DO 10 K=1,3
D0 10 J=1.MAXZ
L=L+l
10 A(L)=A(LI+(B(L)*CIL))®DTT
D0 30 J=2,MAXZ
Li=J
L3=MAXZ+MAXZ +)
Léx LA+MAXZ
A(L4)=0,0
30 IF(A(LL)IGGT4140E=-100) A{L4)I=(A(L3)/A(LL))I*A(L3)
RETVURM
END
c CURNT
SJBRIUTINE CURNT(A,MAXyN,VA,T,XL,DAZ,TA,[AA,IAP,AGAM,ING,DA)
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CURNT GENERATES THE CURRENTS AT EACH GATE,
DIMENSION A(1)y TALL),AGAM(11)
COMMON MAXLZ,DR¢DZ,DT,P1l
IF(VA.EQeDaO) RETURN
ING=1 INDICATES THE DISTRIBUTION HAS PASSED THE GATEe
IAA IS THE COUNTER FOR STORING THE CURRENTS AND CORRESPONDING TIMES IN
THE AGAM AND TA ARRAYS RESPECTIVELY.
IF(INGuEQeleORe IAALGEJMAXZ-1) GOTO 60
XA IS THE DISTANCE FROM THE LEFTMOST CELL OF THE CELL SPACE TO THE GRI
XA=(XL+FLOAT(N+1)&DZ-DA ) /DZ
[A=XA
ING=0
IF( IAeGEoMAXZ) GOTO 50
IFIMAXL,EQeD) JAA=0
IF(MAX4EQ,0) IAP=0
MAX=1
TEST VO DEVERMINE WHETHER DISTRIBUTION HAS PASSED THE GATE.
IF{1Ael.To11G0TO60
L2=TA+MAXZ
AL2=A(L2)
AJ=ACIA)
IF(AL20GT 200 0eAND.AJGGTuAL2) GOTO 40
GOTO 70
40 THE=XA-FLOAT(IA)
OTHE=100-THE
IX=1A
ALA=AJ
ATAL=A({ TIA+]1)
HOLO=0THE*AL IX)+THE®A(IX+1)
HOLD==DAZ*(AIAL-ATA)/DZ+VAXHOLD
AGAM(MAXZ ) =AGAM (MAXZ ) +HOLD®DT
IF(1A.£Qe IAP)IGOTOTO
1AP=]A
TAA=TAA+]
AGAM(IAA)=HOLD
TA(IAA) =T
50 RETURN
63 ING=1
70 RETURN
END
INTER
FUNCTION INTER(X)
INTER INSURES ROUNDING DOWN IN ALL CASES
INTER=(X+1000,0)
INTER=INTER-1000
RETURN
END
ourte
SUBROUT INE OUTP(AGAM, TA,BGAM, TB,CGAM,TC)
QUTP PRINTS THE OUTPUT VALUES. OUTPUT CONSISTS OF CURRENTS AND CORRES
PONDING TIMES FOR 3 [ONS AT 5 GATES, AS WELL AS MEAN ORIFT TIMES, SUMS
OF CURRENTS, AND RATIOS OF SUMS,.
DIMENSION AGAM( 1)y TA(1)¢BGAM(1),TB(1),CGAMIL),TC (L)
COMMON MAXZ, DRy DZ,DT,PI
COMMON /BAR/ T1,T2,T3
PRINT 19D
DO 3 J=1.MAXZ
IF(TA{J)+TB(JI+TC(J)EQuOeO) GOTO &
3 PRINT Ly AGAMIJ) s TA(J)+BGAM(I),TB(I)4CGAM(I),TC(J)
4 PRINT 5, AGAM(MAXZ)
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PRINT 7, BGAMIMAXZ)

PRINT 9, CGAMIMAXZ)

T1=TBAR(AGAM,TA,SUN)

T2=TBAR(BGAM,TB,SUM)

T3=TBAR{CGAM,TC,SUM)

PRINT 6669 T1y72,73

CALL PLOT(TA,AGAM,TBsBGAM, TC,LCGAM)

RETURN

FORMAT(1H o/,20Xy SHSUMA=, 1PEL2¢ 4)

FORMAT( 1H 520X ¢ SHSUMB=( LPE1244)

FORMAT(LH 920Xy SHSUMC=y 1PE1244)

FORMAT(1H o, 1P6E20. &)

FORMAT(1HLy 14Xs 1HAs L TX04HTIME 01 8Xo LHB ¢ L TX o 4HTIME ¢y 18X o 1HC, 17X,y

14HT IME)

666 FORMAT(1H 920Xy 3HTA=9 1PEL12e495X ¢3HTB=2 ) 1PEL20445Xy3HTCay1PEL2e4)
END

@~ O~

1

PLOT
SUBROUTINE PLOTIX1,Y19X2,Y¥2,X3,Y3)
PLOT PLOTS 3 ION ARRIVAL SPECTRA VERSUS TIME, IT [S SET UP FOR 132 COLe PRINT
MAGIC NUMBER 186 REFERS TO MAXIMUM NUMBERS OF CURRENY/TIME PAIRS
MAGIC NUMBER 62 REFERS TO MAXIMUM NUMBER OF PAIRS PER ION SPECIES
INTEGER BLANK,CA,CB4CCyCD
DIMENSION X1(1)eX2(1)eX3¢L)yYL(1),Y2(L),Y¥3(1)
DIMENSION LINE(120),M(1B6),N(2,186)RMAN(6) ,RORD(13)
DATA CA,CByCCoCDyBLANK/L1HA, LHBy LHC 9 1HDy1H /
DATA LINE/120%1H /
00 2 I=1,186
M(I)=0
2 N(1,1)=0
CALL SETUP(Y1,Y1S,Y1SCsY1D)
CALL SETUP(Y2,Y25,Y25C,Y2D)
CALL SETUP(Y3,Y3S,Y3SC,sY3D)
A=~1,E50
B=1,.€50
L=0}
D0 6 I=1,62
L=+l
NCLoL)=(YL(I)=-Y1S)eY1SC+0,5
N(2,L)=CA
IFIN(lsL)oEQeO) GO TO &
XX=X1(1)
IFIXKeGTaA) A=XX
IFIXXeLToB) B=XX
& L=l +]
NUELsL)=(Y2(1)=-Y2S)®Y2SC+0,5
N{2,L)=CB
IFIN(1,L)0EQe0) GO TO S
XX=X2(1)
IF( XX, GTsA) A=XX
IF(XXoLT4B) B=XX
5 L=L+]
NCLoL)=(Y3([)-v35)¢Y3SC+0,5
N(24L)=CC
IFIN(1,L)4ERe0) GO TO &
XX=2X3(])
IF(XXaGToA) A=XX
IF(XXeLTyB) B=XX
5 CONTINUE
X1D=A-8
X1$=8B-X1D/20.
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X1D=X1D*1l.1

C REPLACE 120 WITH 60 FOR 72 COLUMN QUTPUT

X1iSC=120e/X10

L=

DO 7 I=1+62

L=L+l
MIL)I=(XL1(I)=-X1S)*X1SC+0,5
L=L+l
MIL)={X2(T)-X1S)*X1SC+0e5
L=+l
MILI=(X3{I)-X1S)sX1SC+0,5
CONTINUE

DO 8 I=1,186

IFIN(Ly I)eGTaS1) NULoI)=N(1,1)-50
Nl(l,1)=51-N{1,1)

CALL SORT(MyN)

DD 9 1=1,13
RORD(T)=X1S+FLOAT(I-1)¢XID/12.
DD 10 I=1,6

RMAN( I) =YL1S+FLOAT(&-11¢Y]D/S,
I=0

Li=1

I=]¢}

IF(N(1l, [)eNEsO) GO TO 12
G0 TO 11

L=0

PRINT 101

L=L+}

Kzi=-1

KK=(K/10)*10

IF(LesEQeS51) GO TO 20
IF(M(I)oNEeO) GO TO 22
IF(1eGTo186) GO TO 23
I=]+1

GO0 TO 21

IF{LeEQ,N(1, 1)) GO TO 15
IF(KeEQKK) GO TO 14
PRINT 103

GO 10 13

PRINT 104, RMAN(LL)
LL=LL+1

GO 10 13

J=M(1)

JJ=LINE(J)

LINE(J)=NL2, 1)
IF(JJeNE«BLANK) LINE(J)=CD
I=1+¢1

IF(LeEQoN(1, 1)) GO YO 15
IF(KeEQ-KK) GO TO 17

C REPLACE 120 WITH 60 FOR T2 COLUMN QUTPUT

PRINT 106, (LINE(JD)eJd=1,120)
GO To 18

C REPLACE 120 WITH 60 FIOR T2 COLUMN QUTPUT

17

18
13

22

PRINT LOS,RMAN(LL)o(LINE(J)+JI=1,120)
LL=LL+1

DO 19 J=1,120

LINE(J) =BLANK

GO 7O 13

PRINT 102,RMAN(LL) ¢ (RORDI(J)»I=1,13)
RETURN

PAGE
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101 FORMAT(STHITHEORETICAL CURVES - THE Y AXIS APPLIES TO ION SPECIES
1A)
102 FORMAT(ED42,12(10H¢~~cmouun VolH#9/93X913E1042)

103 FORMAT(9X,1HI)
106 FORMAT(ED42s LH*)
105 FORMAT(E942y 1H++12041)
106 FORMAY(9X,1HIl,120A1)
END
C RAP
SUBRJJT INE RAP(A,MAXZ)
C RAP RESCALES DENSITIES IN THE R DIRECTION,
DIMENSION A(1)
DO 58 J=2,MAXZ
L2=J)+MAXZ
L3sL2+MAXZ
LesL3+MAXZ
AJ=A(J)
AL3=A(L3)
TF(AL3eGT+0e0sAND.AJGT.AL3) GOTO 56
A(J)=0,0
AlL2)=0,0
A(L3)=0,0
A(L4)=0-0
GOTOo 58
56 ALP=ALOGIAJ/AL3)/24,0
D0 55 K=1,4
Lé=J+(K-1)%MAXZ
HA=1lo 21%FLOAT{K4K-1)%s2 -1,0
55 A(LG)=AJPEXP(-ALP*HA)
58 CONTINUE
RETURN
END
C S
SJBROUTINE S(A,B,CyAP,DAZ,DAR,RAB,RBARACsyRCA»DAsD8,DC)
C S RETURNS THE DERIVATIVE IN AP
DIMENSION A(1)9AP(1),B(1),C(1),GAR(103),GARP(103)
COMMON MAXZ,DR,DZ,DT,PI
C XLC MEASURES THE RELATIVE DISTANCE OF C FROM A IN UNITS OF DZ,
XLC=(DA-DC)/ DL
LPC=INTER(XLC)
THEC=XLC~FLDAT(LPC)
C XLB MEASJURES THE RELATIVE DISTANCE OF 8 FROM A IN UNITS OF DZ.
XLB=(DA-DB) /DI
LPB=INTER(XLB)
THEB=XLB-~FLOAT(LPB)
OTHEB=1,0-THESB
OTHEC=1,0-THEC
L=1
LR=MAXZ
DO 12 K=1,3
XK=K
XKP=K+K-]
TPKDZ=2,0%P [ *$XK*DZ
ARA=P | XK PEDR® %2
VOL=ARA%D?Z
DAZDA=DAZ /D! *ARA
DARTP=DAR*TPKDZ
HAP=0,0
GAZ=049
D0 12 J=1l,MAXZ
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10

14

12

LM1=L

L=L+1

LR=LR+]

IF{KeGTol) GOTO 10
GAR(J)=0,0

GAZP=GAlZ

HA=0.0

IF(JoLT MAXZ) HA=A(L)
GAZ=-DAZDA*({ HA-HAP)
HAR=A(LR)
GARP(J)=GAR(J)
GAR(J)=-DARTP*( HAR-HAP)
IF(J.EQ.,1) GOTO 14
JPB=J+LPB
KPB=JPB+MAXZ*{K~-1)
JPC=J+LPC

KPC=JPC+MAXZ *({K~-1)
R=RAB+RAC

CHB=0,0
IF(JPBeLT . MAXZ o ANDe JPBL.GTA4 O
1+B(KPB+1)*THEB)

CHC=0.0
IF(JPCeLToMAXZ A ANDLJPCoGT&O
1+4C(KPC+1)*THEC)

) CHB=RBA*(B(KPB)*0OTHEB

} CHC=RCA®(C(KPC)*OTHEC

25 JUL T2 PAGE

AP(LM1)= =(HAP*R-CHB-CHC+(GAR(J)~GARP(J)+GAZ~GAZP)/VOL)

CONTINUE
HAP=HA
CONTINUE
RETURN
END

SUBROUTINE SETUP{(XsBsY1SC,Y1D)

SETUP

C SETUP DETERMINES SCALE FACTORS FOR PLOTTING DIFFERENT ION SPECIES
C MAGIC NUMBER 62 REFERS TO MAXIMUM NUMBER OF PAIRS PER ION SPECIES

[«

DIMENSION X(1)
A==14ES50

B=1.E50

00 1 L=1,62
XX=X{L)
IF{XXeGToA) A=XX
IF{XXeLTeB) B=XX
CONTINUE

Y1D=A-8
¥15C=50,0/Y10
RETURN

END

SUBROUTINE SORT(M,N)

SORT

C SORT INTERSORTS CURRENTV/TIME PAIRS PRIOR TO THEIR BEING PLOTTED
C MAGIC NUMBER 186 REFCRS TO MAXIMUM NUMBERS Of CURRENT/TIME PAIRS

DIMENSION M{186),N(2,186)
MM=186

MM=MM/2

IFIMM,ENQe0) RETURN
K=186-MM

J=1

1=J

IM=]+M%

IF(N(1y[)aLEJNCL,IM)) GO TO &

IT=M(1)

13
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MET)=M(IM)
MEIM)=1T
DO S L=1s2
IT=N(Ls 1)
NELo I)=NCLy IM)
N(Ly IM)=IT
[=]--MM
IF(1+GE,L) GO TO 3
J=J+1
IF(JeGT,K) GO TO 1
GO TO 2
END
TBAR
FUNCTION TBAR{XN, TI,SUM)

C TBAR CALCULATES THE MEAN ORIFT TIME,

C ZAP

184

4J

42

44

DIMENSTION XN(L),TI(1)
COMMON MAXZy DRy DZ,DT,PI
M=MAXZ-1
TBAR=04,0
SUM=0,0
DO 1 I=1lsM
SUM=SUM+XN(T )
TBAR=XN(I)®TI(I)+TBAR
TBAR=TBAR/SUM
RETURN
END

LAP
SUBROUT INE ZAP(A,MAXZ)
RESCALES DENSITIES IN THE I DIREZTION.
DIMENSION A(1),TA(200)
D0 44 K=1,%&
D0 40 J=1.MAXZ
TALU)=0.0
N=(MAXZ=-3)1/72
L=N/2+1
D0 42 J=2.MAXZ,2
MzJe(K=1)®MAXZ+]
L=L+]
TAlLL)=A(M)
D0 44 J=1,MAXZ
I=Je(K-1)®MAX2
AlT)I=TALY)
RETURN
END
LIST
DAT A

14
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Pl= 2,000

YKAB= 2480E-
YKBC= le20E-

0= ,3000
TEMP=334,0
DNA= 1, 00€E
XKOA=3467000

E= le39E

VA=  2,3TE
DAR=  4,91E
DAZ= #491E
RAB= 94 38E
RBC= 4, 02E
AN1= 5, 79E

30

29

12

P2= ,0000
YKBA= 2400E-
YKCB= 1.68E-

RU= ,2500

DONB= 1.00E
XK0B=1,85000
EON= 2,40E-
vVe=  1.19E
DBR= Z.4BE
DBZ= 2.48E
RBA= lelobE
RCB= 9.72€E
XN2=  0,00¢

25 JUL 72 PAGE

14
13

00

16
04
ol
0l
03
03
00

1
XL= 7450000
DNC= 1.00E 00
XK0C=1,85000
VC= 1.19E 04
DCR= 2e448E 01
DCl= 2.48E 01
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A
le4t26E-10
6,4097E-09
1.2068E-07
2558B00E-06
2,9160E-05
3,4199E-04
2,4735€E-03
1.7308E-02
Bo%264E-02
3,8108E-01
1+43249E 00
4e2595E 00
lel447E 01
2e8971E 01
6. 4955E 01
le4465E 02
502214E 02
1.4318€ 03
3,1407€ 03
504105E 03
Te4944E 03
8.4007E 03
7.6289€ 03
5.7358E 03
3.5693€E 03
1.8688E 03
845307€ 02
3.4273€ 02
le4lT6E 02
646627E 01
4¢3179E 01
3.4048E 01
249567E 01
246313E 01
2+3519E 01
2+1238E 01
1.9086E 01
1.7092E 01
l1e5211E 01
le3421E 01
1,0070E 01
7.0829E 00
4e5315E 00
2,6874E 00
1.9861E 00
1.4119€ 00
6¢5823E-01
247275E-01
le1865E-01
4¢3639E-02
2.0870E-02
4¢5758E-03
le5152E-03
3.,2076E-04
142307E-04
1.3195€E-05
4,1083€E-006
5.5811E-07
241183E-07

TIME
2+8483E-05
2. 9749E-05
3,1015E-05
3,2281E-05
3,3547E-05
3.4813E-05
3,6079E-05
3, T345E-05
3,8611E-05
3.9877E-05
4e1143E-05
402409E-05
4436T4E-05
404940E-05
40 6206E-05
4, T4T2E-05
5¢0004E-05
5.2536E-05
505068E-05
5¢ 7600E-05
640132E-05
602663E-05
645195E-05
64 7727E-05
7+ 0259E-05
7+2791E-05
7.5323E-05
T.7855€-05
8.0386E-05
8.2918E-05
8,5450E~-05
847982E-05
9.0514E-05
9.3046E-05
9¢5578E~0S
9, 8109€-05
1. 0064E-04
1,0317E-04
1. 0570E-04
1. 0824E-04
1.1330E£-04
14 1836E-04
1e2343E-04
le 2849E-04
1¢3102E-04
1e3356E-04
1e¢3862E-04
le4368E-04
le4B875E£-04
1l.5381E-04
1.5887€-04
1.6394E-04
10 6900E-04
14 7407E-04
1le 7T913E-04
le8419E-04
18926E-04
1e9432E-04
1.9938E-04

-}
1. 0703€E-03
4,2011€-03
le64T1E-02
5,4638E-02
165916E-01
4,1591€E-01
1.0312€ 00
2¢447T18E 00
3,5162E 01
8,9064E 01
1.8080E 02
4¢3986E 02
5+4591E 02
64 0304E 02
S¢T761E 02
5¢3081E 02
4.8299E 02
4.4109€ 02
3,8269E 02
3,6382E 02
3,5011E 02
3.3385€ 02
3.2902€ 02
3,2531E 02
3,2152E 02
3.1630E 02
3,0907E 02
2+9919E 02
246581E 02
20 4297E 02
2, 1694k 02
1.8803E 02
1.5808E 02
1¢2902E 02
1. 0166E 02
7.7188E 01
5.7268E 01
4,0907€ 01
2, 7907t 01
1.8242E 01
141980E 01
8+3748E 00
3,1993€ 00
9, 6378E-01
8¢ T7843E-02
202052€-02
4s1154E-03
600329E-0¢
3.9463E-05
5.3080E-06
509012E-07
3.,2823E-08
3.7935€£-09
3,7257€-10
1le9613E-11
201286E-12
1s9755E-13
le0113E~-14
1,0706E-15
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TIME
348611E-05
3.987TE-05
441143E-05
4e26409E-05
4436T4E-05
40 4940E-05
4. 6206E-05
4. T4T2E-05
502536E-05
545068E-05
5¢ 7T600E-05
602663E-05
645195E-05
66 TT27E-05
Te2791E-05
7.5323E-05
T«T7855€E-05
8.0386E-05
8¢5450E-05
847982E-05
940514E-05
9.5578E-05
9.810%E-05
1s0064E-04
1.0317E-04
1e0570E-04
1s0824E-04
1l«1077€E~-04
1e1583E-04
le 1836E-04
162090E-04
1le2343E-04
1e2596E-04
1¢2849E-04
1¢3102E-04
1¢3356E-04
1¢3609E-04
143862E-04
le4115€E-04
le%368E-04
1le4621E-04
1e4875E-04
145381E-04
1e588TE-04
1«6900E~04
1« T407E-04
1le7913E-04
1e8419E-04
1le9432E-04
1¢9938E-04
200445E-04
201457E-04
201964E-04
20424T0E-04
2¢3483E-04
2¢3989E-04
204496E-04
245508E-04
246015E-04

c
1.4187E-03
4. TT57E-03
1.4810E-02
4.1835E-02
1.1390E-01
2.9656E-01
1.5964E 00
6.0181E 00
4.4354E 01
9.2358€ 01
1.6424E 02
3,6627E 02
4.7742E 02
5.8323E 02
T.6407E 02
8.3870E 02
9,0476E 02
9.6381E 02
1.0652E 03
1.1088E 03
1.1481E 03
1.2086E 03
1.2270€ 03
142355€ 03
1.2284E 03
1.2012E 03
1.1553E 03
1.0905€ 03
1¢0032E 03
B+9635E 02
7.7989€ 02
6.5805E 02
5.3607€ 02
442376E 02
3,2367€ 02
2.3720€ 02
1o 6695 02
1¢1610€ 02
T.7249E 01
4.8765€ 01
3,4971E 01
1.1636E 01
1o 1616E 00
3.0250E-01
5.8353E-02
3,1301€-03
5,8187E-04
7,8297€-05
8.6709E-06
4.8076E-07
5.5078E-08
5.3659E-09
2.8329E-10
340415E-11
2.7965E-12
1.4394E-13
1.5062E~14
143460E-15
6. TT89E-17

TIME
441143E-05
452409€E-05
4e36T4E-05
44 4940E-05
4e 6206E-05
4e T4T2E-05
5. 0004E-05
5¢2536E-05
5S¢ T600E-05
600132E-05
60 2663E-05
6. TT27€-05
7+ 0259€E-05
Te2T91E-05
7. T855E-05
8, 0386E-05
8+2918E-05
8.5450E-05
9, 0514E-05
9. 3046E-05
9,5578E-05
1o 0064E-04
1s0317€E-04
1 0570E-04
16 0824E-04
1¢1077E-04
1o 1330E-04
1.1583E~-04
1¢1836E-04
1. 2090E-04
le2343E-04
1e2596E-04
le 2849€-04
1¢3102€E-04
le 3356E-04
13609E-04
103862E-04
14115€E-04
le4368BE-04
le4621E-04
le4875€-04
1+45381E-04
1le 6394E-04
14 6900E-04
le T407E-04
1¢8419E-04
1e8926E-04
le 9432E-04
1. 9938E-04
240951E~-04
20 1457E-04
24 1964E-04
242977E-04
24 3483E-04
203989€-04
245002E-04
245508E-04
206015€E-04
20 T02BE-04
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1e2748E-08 2¢0445E-04 946560E-17 206521E-04 T.0511E-18 20 7534E-04
4e1694E-09 200951E-04 2+8470E-17 2.7028E-04 6e2143E-19 24 8040E~04
4¢5919E-10 201457E-04 448256E-18 247534E-04 1.6966E-19 24854TE~04
1.8008E~10 241964E-04 Se0784E-19 2.8040E-04 3.0269E-20 2+9053E-04

SUMA=  1,1928E-01
SUMB= 24T298E-02
SUMC= 644306E-02
TA= 643261E-05 TB= 9,0324E-05 TC= 140303E-04
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THEORETICAL CURVES - THE v AXIS APPLIES TO IOM SPECIES A
0eB&E 04+ A B cC € ¢
I [ C
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A
240717E-23
1,2268E-19
409350E-17
le6449E-14
1e6499E~12
le4756E-10
644797E-09
24 44T6E-07
5¢T444E-06
1 J980E-04
le4864E-03
1.5785€E-02
142922€E-01
B842709E-01
1.8111E 01
14B8577E 02
944659 02
l+.6632E 03
2+4659E 03
3,3773€E 03
245242E 03
1.0906E 03
3.0952E 02
1.5835E 02
8.6296E 01
5.8807E 01
3.9261E 01
3.3962E 01
3.1197€ 01
209325E 01
247919E 01
2.6748E 01
2.5650€ 01
2457T9E 01
203481E 01
202388E 01
2.1196E 01
1l.9861E 01
1.8276E 01
le6514E 01
le4542F 01
1l.2440€ 01
1,0235E 01
840373€ 00
640264E 00
4,2035€E 00
2.7844E 00
9.6703E-01
2.556TE-01
le1428€E-01
4aT190€-02
7,5055€--03
T«5793E-04
0.0000E 00
0,0000€ 00
J2.,0000E 00
0, 0000 00
J0.0000E Q0
0,0000€ 00
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60 TT27E~
7,0259E-
Te2791E-
Te5323E-
TeT7855E-
86 0386E-
8,291 8E-~
84 5450E-
84 7982E-
9.0514E-
9¢ 3046E-
9.557T8E~
9.8109E-
1e D064E-
1¢DST0E-
1. 107T7E-
le 1583E-
le 1836E-
1. 2090€E-
le 2596E-
143102E-
le 3609E-
le®#115E-
le®368E-
le®621E~
le#875E-
le5381E~
1. 5887E-
le6394E~
1.6900€-
le T4OTE-
le 7T913E-
leB419E~
1eB926E-
le9432E-
16 9938E-
24 0445E-
240951E-
20 1457E-
201964E-
2024T0E-
24 29T7E-
2¢3483E-
2¢3989¢E -~
20 4496E-
245002E~
245508E~
206521E-
20 T534E-
2¢8040E-
20¢8547E-
269559¢ -
3,0572€-

0. 0000E
0o 0000E
0e 0002E
0, 0000t
0. 0000E
0, 0000°¢
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04
o1
04
04
04
04
04
04
00
00
00
00
00
00

B8
3,4811E-09
1. 9842E-06
3.,0382€E-05
20 6449E-00
1, 6797E-D2
94 3130E-02
3,8304E-01
ls 4299€ QO
4. T262E 00
1.2707€ 01
2.864TE 01
5.6922E 01
Je 8959E 01
Le 4962E 02
2.0116E 02
2.4323E 02
206T63E 02
2. T443E 02
266TO9E 02
2.3221E 02
201421E 02
1o 98TIE 02
le 8634E 02
Lo TO4SE 02
ls 6248E 02
1e5980E 02
1le 6382E 02
le6831E 02
leT363E 02
1e T950E 02
le 9355E 02
2.0179€ 02
24107LE 02
202T92E Q2
2.3286E 02
203327TE 02
2.(0325E 02
1o T408E 02
le 3849E 02
6.T513E 01
40 1400E 01
242419E 01
1.1400€ 01
5, 6T364E 00
2. 4514E 00
9. 067TTE-D1
3.38T4E-01
1+3553€E-01
40 3TI6E-02
le1914E-02
3.6433€E-03
le2156€E-03
3.1628E-04
6. 8B48LE-D5
le564TE-Q5
5. 3236E-06
12190TE-D6
0,0000E 00
0,0000€E 00
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TIME
845450E-05
90514E-05
9¢3046E-05
9¢5578E-05
1. 0064E-04
1e0317E-C4
1s05T0E-04
160824 E-04
1e1077E-04
1le1330E-C4
le1583E-04
le1836E-04
1¢2090E-04
le2343E-04
1le2596E-04
le2849E-04
143102E-04
143356E-04
1le3609E-04
le&l1l5E-04
1o 4368E-04
le4621E-04
1le48T75E-04
1e5381E-C4
1e5887E-04
1e6394E-04
16 TAOTE-C4
1. 7913E-04
le8419E-C4
1e8926E-04
1¢9938E-04
20 0445€E-04
20951E-04
2¢1964E-06
2.2470E-04
20297TE-04
243989E-04
264496E-04
245002E-04
246015€E-04
206521E-04
247028E-04
207534E-C4
248040€E-04
2¢854TE-04
249053 E-04
26¢9559E~04
300066E-04
3.0572E-C4
3,1079€-04
3.1585E~04
302091E-04
3.25908E-04
3¢3104E-C4
3.3610E-04
3.4117E-04
3.4623E-04
0.0000E QO
0.0000E QO

C

le 7TB36E-
3,4884E-
3e1252E-
2607T7T9E-
6o 2644E~
2¢5623E-
Be6213E~

245698E
e BAL16E
1e5569E
3.0970E
5e5433E
9e0186E
le3310E
le8139€E
243175E
248068E
3.2583E
346635E
“e0211E
he3343E
he 610TE
50 0B858E
5e4B8TE
6e1852E
6e5066E
Ge8168E
TellBTE
TeT320E
Be 05652E
Be4252E
942258E
945T792E
948391E
9e4337E
Be6251E
Teb256E
e 246TE
248283E
le6T38E
9 1460E
e BD64E
204213TE
BeT352E
3e4336E
le4133E

e T559€-
Lle34T2E-
he 055TE~
le4%3TE-
3e8459E~
B45302€E-
200294E-
bHeBh4lE-
leS5%B4E-
2e8844E-
5e3702E-
le68T72E-
B,517TE~
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TIME
Gle 0511 4E-05
Se 55T8E-05
Se 81 09€-05
14 0064E-04
1. 05T0E-04
1. 0824E-04
1e 1077604
1e1330E-04
lel1583€~04
le 1836E-04
12090E-04
1le2343E-04
14 2596E-04
1e26849E-04
13102€6-04
143356E-04
143609E-04
1.3862E-04
le4115E-064
1le4368E-04
le4621E-04
1o 487SE~-04
145381E-04
15887E-04
1469006 -04
1le 7407E-04
le 7913E-04
1e8419E~-04
169432E-04
1.9938E-04
240445E-04
2e L45TE-04
2¢1964E-04
2024 TOE~04
2¢3483E-04
243989E-04
24 4496E-04
24 5508E-04
2.6015E-04
2e 6521604
207028E~04
20 TS534E-04
24 8040E-04
20854TE-04
2e9053E-04
249559E-04
3,0066E-04
3405T2E-04
3.1079€-04
3e1585E-04
342091E-04
342598604
1¢3104E-04
3.3610E-04
3.4117E-04
Je4623E-04
3e5129E-04
3.5636E-04
JeT155E-04
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4e84T2E~-10
2.8034E--11
le2732€-12
562542E-14
3.0509€--15
le47T1TE~16
6e3041€E~18
3.1290€-19
1« 5767E--20
6e9551E--22
3.1745€E-23
le 6573E-24
Te4927E-26
3.2178€-27
le 7373E-28
8+ 0226E-30
3.2679E-31
148171E-32

3.8168E-04
3,9180E-04
4¢0193E-04
401206E-04
4e3231E-04
44 4244E-04
445257E-04
40 T282E-04
40 8295E-04
4¢9308E-04
5¢1333E-04
502346E-04
5¢3359E-04
545384E-04
5¢6397E-04
5741 0E-04
5¢9435E-04
6+ 0448E-04
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THEORETICAL CURVES - THE Y AXI$ APPLIES TO ION SPECIES A
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A
5,3337E-07
9,4340E
643127E
1o 6656E
3.1251E 00
2.6843E 01
1.6446E 02
5¢3821E
1.1251F 03
le4402E 03
1.1269E 03
5.8452E 02
202336E 02
T.4382E
3.8734E 01
249229 01
206628E
2.5352€ 01
2,4T13€ 0l
24371E 01
2. 4208E
244137E 01
2.4109€E 01
2.4116E 01
2.4106E 01
2.3861E 01
243320E 01
242461E 01
2.1884E 01
2.1242E O1
1.9619€ 01
1. 7530E 01
1e4903E 01
1le1731E 01
9,9823E 00
8,2421E 00
S.1367TE 00
3,0290€ 00
1.2835E 00
5.8652E-01
145212E-01
4e%258E-02
6+9090E-03
2.8022E-03
3.1761E-04
5¢5605€-05
5.2587E~-06
2.2256E-06
1,5895€E-07
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0.0000E 00
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TIME

le4368E-
le4875E-
1.5381€-
145887E-
1e6394E-
146900E-~
le T4OTE-
le 7913E-
l.8419E-
1.8926E-
1.9432E-
149938E~
2004645E-~
200951E-
241457TE-
20 1964E-
2024TO0E~
2429TTE-
243483E-
2¢3989€-
204496E-
204 5002E~
245508E~-
246015€E-
20 T028E-
248040E-~
209053E-
3.0066E-
3.0572E~
3.1079€-
3.2091E-
303104E~
3.4117E~
345129€-
3.5636E~
3. 6142E-
347155E-
3.,8168E-
3.9180€E~
4,0193E-
4e1206E~
4e2219E-~
4e3231E-~
bob244E-
4e525T€E~
4e6270E-
4o T282E-
4eB295E-
449308E-
5.0321E-
Se1333E-
5e2346E~
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00
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00
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00

B
103343E-04
605640E-03
Lo 064TE-01
9, 9407E-01
202774E 01
50 T249E 01
9, 7683E 01
12 2333E 02
L 0951E 02
9»,5273E 01
8, 4936E 01
Toe6709E 01
7,6529€ 01
T» T944E 01
8,3871E 01
81.15165E 01
9.1518€ 01
1o 0006E 02
1o 0459E 02
10 0929E 02
lo1933E 02
le2459E 02
102997E 02
144103E 02
1o #670€E 02
145251E 02
la6517€ 02
1o T200E 02
1o TBB2E 02
1, 8940E 02
10 9008E 02
10B625E 02
loT6BlE 02
103199E 02
8.,2869E 01
40 0593E 01
1.3577€ 01
lo%269E 00
206972E-01
306944E-02
1o 8947E~03
201554E-04
1a9527€-05
To6696E-07
6091B2E-08
S¢1501E-09
1o 8013E-10
le4451E~11
946807€E-13
3»18[1E'14
21.‘1385‘15
1¢5257E~16
40 T972E-18
3u5454E-19
201655E-20
404340€E-21
04 0000E 00
04 0000E 00
0s 0000E 00
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T IME
145381E-04
14588TE~-04
le6394E-04
146900E-04
le7T913E-04
leB419E-04
148926E-04
1¢9432E~-04
240445E-04
240951E-04
2.145TE-04
2424T0E-04
2429TTE~04
243483E-04
204496E-04
245002E-04
2¢5508E-04
2:6521E-04
2.T028E-04
20 7534E-04
24854TE-04
209053E-04
209559E-04
3.0572E-04
3.1079E-04
341585E-04
3.2598E-04
343104E-04
3.3610E-04
344623E-04
3.5129E-04
3.5636E-04
3.6142E-04
3.T155E-04
3.8168E-04
309180E-04
440193E-04
4e2219E-04
4¢3231E-04
4e4244E-04
4e6270E-04
4eT282E-04
4¢B8295E~04
5¢0321E-04
5e1333E~-04
50¢2346E-04
5¢4372E-04
5¢5384E~04
50639TE-04
5¢8423E-04
5¢9435E-04
660448E-04
6e24T4E-04
6¢3486E-04
60 4499E~04
645512E-04
0,0000E 00
0.0000E 00
0.0000E 00

C

3,6475€~
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205838E-
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Te 6566E
243578E
Se3304E
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le T661E
2, 0649E
24 4866E
246603E
20828TE
3.,1872E
3.3711E
345563E
309317E
4e 1234E
403191E
4¢5220E
4e 7337E
409516E
Se1T54E
5 4056E
5¢ 6412E
5¢8791E
6e¢ 1205E
643680E
66 6326E
66 9126E
T7.2050E
T«5053E
TeTT51E
Te 9633E
Be 0254E
T+ 3705€
5¢5T95E
3,5167E
le 6214E
2,0103E
40 6398E

Te2819E-
304161E-
4e4338E-
4e3194E-
le4515€E-
lo 4T799E~
le 1659E-
3.3790€~
3. 0989€~
24 1956E~
5¢8150E-
5¢1089€-~
3,4205€E-
24 0067E-
8e4367E-
Te3686E-
4o TBBOE-
247218E-
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10
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14
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TIME
le5381E-04
1e5887E-04
1o 6394E-04
1e 7407E-04
1eT913E-04
1e8419€E-04
16 8926E-04
14993 8E-04
200445E-04
200951E-04
201964E-04
2024T0E-04
202977E-04
243989E-04
204496E-04
25002E~-04
246015€E-04
206521E-04
247028E-04
24 T534E-04
24804 0E-04
24854TE-04
249053E-04
2¢9559E-04
3,0066E-04
3,0572E-04
3.1079E-04
3¢1585E-04
3.2091E-04
342598E-04
3.3104E-04
343610E-04
3.4117E-04
3.4623E-04
3.5129€-04
346142E-04
3. 7155E-04
3,8168E~-04
349180E-04
441206E-04
4e2219E-04
403231E-04
4e525TE-04
4e 62TDE~- 04
40 7282E~04
4¢930BE-04
5¢0321E-04
5¢1333E-04
5¢3359E-04
5¢4372E-04
505384E-04
Se7410E-04
5¢8423E-04
5¢9435E-04
64044 BE-04
6e1461E-04
60 24THE-D4
60 348B6E-04
60 4499E-04
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THEORETICAL CURVES ~ THE v AXIS APPLIES TO [ON SPECIES A
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A
445954E-22
441456E-17
1.9250E-14
1e7S5T4E-11
1¢5097€-09
2.36T2E-07
B841500€-06
4.1711E-04
T+3709E-03
1¢4920E-01
1.3845E 00
1.1479¢ 01
5+3827E 01
1.8559€ 02
4e1131E 02
6.0617E 02
640802E 02
441600 02
Be5318E 01
203320F Ol
1.8180E 01l
1e7526E 01
1.7550E Ol
1.7689E 01
1+.8148E 01
1.8731E 01
1.9313€ 01
1.9834E 01
2.0069E Ol
2.0267E 01
2.0549E 01
2.0693E 01
2.0647E 01
2.0425E 01
1.9943E 01
1.9264E 01
1.8412E 01
1,7375€E 01
1.5859E 01
1e3911E 01
1.1487E 01
84.8074E 00
6.0785E 00
3.7322€E 00
2.0093E 00
9,0235€E-01
3.8816E-01
1.0918E-01
4,1753E-02
160271E-02
442122E-04
le4727E-04
203593E-05
040200 00
0,0000€E 00
J.,0000€ 00
0,0000€ 00
0,0000€E 00
0.0000E 00

TIME
1o 7407€-04%
16 7913E-04
1.8419E-04
148926€-04
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Se 7842E O1
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6, 660&4E O1
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T.8127€E-02
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1.0575€£-08
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300526E~10

TIME

la7407E~04
1loe8419E~D4
108926E~-04
109432€~-04
109938E-04
200951E~-04
201457E~04
201964E~-04
21.29775‘0‘
2034B3E-04
203989E-04
205002E-04
205508E-04
206015€E~-04
206521€E~04
20T028E-04

24 7534E-04
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3.1079E-04
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THEORETICAL CURVES - THE Y AXIS APPLIES TO ION SPECIES A
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A
200963E~34
1+8809E--30
8¢ 3094E-27
8,5566E-24
5¢7420E-21
149145€-18
4,0292E-16
549632E-14
5:317T2E~12
4,0401E-10
1. 8025€E--08
T.5789E--07
1. 8549€--05
4o 40B4E-04
6e11%1E-03
8,0153E-02
64 2826E--01
403378E 00
1.8790E 01
644803E 01
1o 4943E 02
2.4921E 02
29611E 02
2.4T49E 02
1.5574E 02
T.7942E 01
3.4855€E 01
1.9166€ 01
1.35699E 01
1,2212€ 01
1.1682E 01
1.1573E 01
1e1731E 01
1l¢2167E 01
1.2729E 01
1.3334€ 01
1.3940E€ 01
le%532E 01
1.5102¢€ 01
1.5643E 01
l.6147€ 01
le6511E 01
1, 7018E 01
14 7377€ 01
1o 7697E 01
1.7977€E 01
1.8098E 01
l.8036E 01
1e7759E 01
le7292€ 01
1l«6565€ 01
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2.1457E-04
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2624TOE-04
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24 4496E-04
245002E-04
24 5508E~04
206015€E~04
24 6521E--04
20 TO28E~0%
264 T534E-04
24 8040E-04
20854TE-04
24 9053€E-04
24 9559E 04
3, 0066E-04
3,0572€~06
3.1079E-04
3,1585E~04
342091E~04
342598E-04
3,3104E-04
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3¢ 4623E-04
345129E-04
3.5636E-04
3.6142E-0¢
3, T155E-04
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3.9180€E-04
4o 0193E-04
401206E-04
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4o 4244E-04
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S5¢2346E-04
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5S¢ 4372€E-04
Se 5384E-04
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SeB8423E-04
56 9435E-04
60 0448E-04
6e 1461E~04
6624T4E~04
6e3486E-04

6
143376E-06
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2.,2078E-02
ToT7288E-01
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T+2354E 00
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2.8720E Ol
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2.2137€ 01
200857E 01
2.0304E 01
2, 0693E 01
243997E 01
2,6283E 01
2.8819€ 01
3.1572€ 01
3, 7925E 01
4,1336€ 01
4. 4855E 01
5.2839E 01
5+ 7686E Ol
6.3167TE 01
T+5872€ 01
8,2708E 01
8.9845€ 01
1. 0537E 02
1le1358E 02
1¢2186E 02
1.3277€ 02
1. 2789E 02
1l.1353E 02
5¢TTOLE O1
3,3312€ 01
1e5665E 01
2,6708E 00
86 9040E-01
2¢43505E-01
2,0203E~02
44 6605E-03
845023E~04
4. 8567E-05
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1. 2750€-06
0. 0000E 00
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0. 0000E 00
0. 0000E 00
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0. 0000E 00
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0, 0000t 0O
0 0000E 00
0. 0000€ 00
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TIME
246521E-04
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3.0066E~04
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3,2091E-04
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3.4623E-04
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THEQRETICAL CURVES - THE Y AXIS APPLIES TO ION SPECIES A
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