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ABSTRACT

Diamagnetic diagnostics for the EBT electron rings are
fundamental to the experiment. The diamagnetic flux pickup loops
on each cavity output signals proportional to ring perpendicular
energy. A data analysis technique is described, whichin its
simplest form is subtracting 1/4 the signal from each neighboring
cavity pickup loop from the central one's, which provides a
signal proportional to the energy in a single ring. The calibra-
tion factor relating absolute perpendicular energy to diamagnetic
signal depends weakly oh the geometrical model for the ring.
Calculations with a bumpy cylinder MHD equilibrium code give
calijbration factors in reasonable agreement (20%) to the values
obtained using a simple, concentric cylindrical current sheet model.
The cylindrical current sheet model is used to show that diamagnetic
field components measured external to the plasma require high
precision or correlation with other diagnostics in order to fix
model parameters. A computer simulation shows an assumption of
constant ring thickness and energy density with increasing length
(and energy) is compatible to diamagnetic field observations on NBT.
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Research Support for Plasma Diagnostics on Elmo Bumpy Torus -
Investigation of diamagnetic diagnostics for the electron rings

I. INTRODUCTION

Determination of the parameters of the hot electron rings in
EBT is one of the basic goals of the experiment1, having a signifi-
cant roll to play in plasma power ba]ance2 and stabi]ity3 considera-
tions. Diamagnetic flux pickup 1oops have been used since the
beginning of the experiment as a diagnostic for the ring stored
energy4. A single attempt was made to obtain data needed to
establish ring geometry by measurement of the diamagnetic field
axial components near the outside of the p]asmas, but this measure-
ment was not sufficiently useful to be made a part of the standard
diagnostics. In a similar way, diamagnetic measurements have been
made on the NBT experiment6 and the STM experiment.7 The fundamental
importance of these diamagnetic measurements prompted studies into
the calibration of existing diagnostics and feasibility of additional
diamagnetic diagnostics. In this report the results of studies
into three aspects of diamagnetic diagnostics will be presented --
elimination of intercavity cross talk effects in perpendicular
energy signals via data analysis, assessment of possible observation
of ring geometry using diamagnetic measurements, and calibration of
perpendicular energy diagnostics using current sheet and MHD
equilibrium models.

The use of diamagnetic flux pickup loops encircling each EBT
cavity to indicate electron ring perpendicular energy (wi) in the
corresponding cavity is complicated by the fact that each wl_signal
contains varying contributions due to energy in neighboring cavities.
To facilitate use of these wl_signa1s in determining ring power
distribution among the cavities a method was developed to resolve
individual cavity W, values from the array of 24 cross coupled W
signals. For a wide range of ring geometries the cross coupling can
be compensated to about 3% by the simple method of subtracting 1/4
of the raw W; signal from the two adjacent cavities from the raw W



signal of a given cavity and then multiplying the result by 8/7.
A more accurate compensation algorithm has been incorporated in
the computer code used to analyze data from plasma turn-downs.
This is described in section Il of this report.

Although ring perpendicular energy is an important plasma
parameter, the confinement properties of that ring -- expressed by
ring geometry and "beta" -- are equally important. Satisfactory
diagnostics for ring geometry have not yet been achieved on EBT by
means of diamagnetic measurements. Early attempts using small
relay coils for diamagnetic field measurement lacked sufficient
sensitivity to ring geometry to fix model parameters and simulation
studies made then were not encouraging.s’8 Use of a Hall probe
array on the STM experiment for this purpose7 prompted a fresh look
at this possibility for EBT. Also a reported relationship between
diamagnetic signals and (presumed) ring axial length for NBTg
prompted further'comparisons of model rings and external diamagnetic
field components. These studies are described in section III of
this report.

Calibration of W) signals from the diamagnetic flux pickup
Toops is somewhat model dependent and of such importance as to
merit study by more than one approach. In section IV we present
results from preliminary calculations using a bumpy cylinder MHD
equilibrium code for calibration of the W; signals.

Following the concluding comments and recommendations in
section V, we present in the appendix the FORTRAN listings and
sample inputs and outputs for the computer programs written for use
in this work.



IT. CORRECTION OF PERPENDICULAR ENERGY DIAMAGNETIC
SIGNALS FOR CROSS TALK BETWEEN SECTORS

The Nl-signa]s used routinely as an indication of ring plasma
energy in each EBT sector are subject to significant cross talk
from adjacent sectors. A method to unfold the twenty-four Wy
signals to give twenty-four signals, each proportional to the
perpendicular energy in a single electron ring, was developed and
subsequently included in the data analysis program. A derivation
of the algorithm and its implementation as a universal correction
method is given in what follows.

Derivation of voltage-energy calibration in the presence of
cross talk

Let the signal output by the integrator connected to the
pickup loops on the i'th sector be Vi and let Fi be the diamagnetic
flux Tinking one turn of the pickup loop. Then v, = FiN/t where N
is the number of turns and t is the integrator time constant (assumed
the same for all i). Let the electron ring in each EBT sector
be modeled by two current sheets. Let the inner current sheet have
total current magnitude Ii] and the outer current sheet have total
current magnitude Ii2' Let the mutual inductance coupling current
sheet Iﬂ and pickup loop j be Mji]’ and let that linking I}.2 and
pickup loop j be MjiZ' The total flux linking one turn of pickup
loop i is thus
F, = (Mij]lj] - Misalip) *+ Fe (1)
where the minus sign is used so that all M and [ values can be
positive with the outer and inner current sheets oppositely directed.
FC is the diamagnetic flux due to plasma not represented by the
current sheets, i.e., the toroidal core plasma.

Given a specific geometry for a current sheet model, Mij1
and Mijz can be calculated. We choose to use the concentri%0
cylindrical current sheet model described in another report



Based on it, a FORTRAN function DM has.been written to calculate
the M's. (A 1isting of the FORTRAN is given in the appendix.)

Lacking any knowledge to the contrary, we make the following
key assumption: The geometry of all 24 electron rings is the same;
that is, the Mij va]qes depend only on the difference between i
and j (modulo 24) not on i and j separately. While this is not
exactly true, computer studies show that the Mij are only weakly
geometry dependentlO so that the assumption does not introduce
serious error.

The perpendicular energy in the mode] is given by

Wy = 2m(ar) By, HIg + 1) (2)

where Bavg is a suitable average value for magnitude of total
magnetic field (vacuum plus diamagnetic) over the region occupied
by the ring. In (v-1) we have a set of 24 equations in 49 unknowns,
the Ii]'s, Iiz's, and Fc' To reduce the unknowns to 24 to allow for
solution for the WJ:S via Eq.(2) we do the following. First FC << Fi
is assumed and Fc is set to zero. Second the theoretical formula
for drift current]o is used to fix the difference of Iﬂ and IiZ:

B
Lig - Iy =25 (I + 1) (3)

where AB is the difference between the magnetic field at the inner
current sheet and that at the outer, and B is the mean value. This
provides the additional 24 relations needed to solve eq(V-1) for
the Ij] and IJ.2 values. (The term DF = (1 + AB/2B) is used in the
computer codes to represent this "drift factor".) If we let

I3 =(Ii1 + 112) then Ii] = Ii(l - AB/2B) and 112 = Ii(l + AB/2B)
so that Eq.(1) becomes

-n
f

24
- Z M;57(1 - 08/28) = M, ,(1 + 48/2B)]1, (4)
3=1

24
= Z Ciils
j=1



Now from the assumed identity of the geometrical factors for
all sectors one has the property that Cij is a symmetric circulant
matrix:

C..=¢C,.
1J J1i (5)

C = (C.. , addition mod 24.

i+n,j+n ij

Thus there are only 13 independent matrix elements for Cij' Such
a matrix can be inverted by Fourier techniques to give an inverse
matrix Dij having the same properties. Thus we have

I'i = Z D‘iij (6)
J

and through Eq.(2) the separated ring perpendicular energies.

FORTRAN subroutines have been written to evaluate the Ci' and
Dij and to calculate (normalized) Ii's given a set of Fj's. These
are listed in the appendix.

Correction matrix for diamagnetic flux signals

This same technique can be used to correct the v1~va}ues to
those that would be obtained if only flux from the i'th ring

contributed. Let such corrected values be labeled W Then

Wi =CyIVE= Gy Z D:5Y5 (7)
J

24

=

= (d"" )}y Z] ;55
J:

where dii = 1. There are only 12 independent elements to the
correction matrix Cij which can be represented in terms of the
normalized matrix dij having ones for all diagonal elements. The
normalizing factor is the diagonal element of the inverse of the
dij matrix. Let the twelve independent e1ements-?f dij be labeled
as fi = d1’i £] 0 i=1,2...12 and let fo = (d )1]. Then the
correction algorithm to yield the signals due to the rings in a
single sector only is



Wi = flvg H vy gty vyt vy Q) (8)

MRCEIAATINET L PR PRL S PR PR POL VY
where addition of indices is modulo 24.

Results of a few representative runs are given in Table 1,
One sees that for the model parameters tested one can use a universal
"average" set fivto correct for cross talk between sectors and
still achieve an accuracy of at least 2% of the largest of the
uncorrected readings. Since the precision of the Vs values is
not better than 2%, this fixed, average fi set was programmed into
the EBTOFF data reduction routine used on the PDP-10. Thus EBTOFF
now provides a cross talk correction option for analysis of plasma
turn down data. A listing of the FORTRAN for this revised EBTOFF
~is given in the appendix.

Hand calculation algorithm

Note that nearly all the correction for cross talk comes from
the two adjacent sectors. In fact, since the next nearest pair of
sectors has the opposite sign (fy > 0; f; <0, i>3) from the
remaining ones, only about another 1% of error will be introduced
if only the nearest neighbor sector corrections are made. For hand
calculations to 3% accuracy, simply subtract one-fourth of each
neighboring sector W, voltage signal from the one whose corrected
value is desired; then multiply this result by 1.15 to obtain the
value that would have resulted if only that sector's ring had
produced flux to link the pickup loop.



ring
thickness 2.0 2.0 4.0 2.0
ring " EE
mean radius 113.32  113.32  {13.32  |12.22 £ 2.2

drift Q- o

factor 1.065 1.065 1.129 1.058 > g%
ring K

length 5.0 10.0 10.0 10.0
fo 1.1424 | 1.1461 | 1.1448 | 1.1538 } 1.1468 {0.007
f2 -0.2475 1-0.2505 |-0.2494 |-0.2565 | -0.2510 |0.0055
f3 0.0176 | 0.0188 | 0.0184 | 0.0213 | 0.0190 {0.0023
f4 -0.0066 {-0.0068 |-0.0067 [-0.0071 {-0.0068 {0.0003
fs -0.0013 |-0.0012 }-0.0012 }-0.0011 {-0.0012 |0.0001
f6 -0.0010 {-0.0010 }-0.0010 }{-0.0010 {-0.0010 0
f7 -0.0006 }-0.0006 |-0.0006 |-0.0006 |-0.0006 0
f8 -0.0004 |-0.0004 {-0.0004 }{-0.0004 |-0.0004 0
fg ~-0.0003 |-0.0003 |-0.0003 |-0.0003 |-0.0003 0
f]O -0.0002 {-0.0002 {-0.0002 }-0.0002 | -0.0002 0
f]] -0.0001 |-0.0001 |-0.0001 [-0.0001 |-0.0001 0
f]Z -0.0005 |-0.0005 {-0.0005 }-0.0005 |-0.0005 0
f13 -0.0006 |-0.0006 |-0.0006 |-0.0006 |-0.0006 0

Table 1. Data from typical model ring calculations for

perpendicular energy signal correction coefficients.




ITI. EXAMINATION OF RELATIONSHIP OF EBT ELECTRON RING GEQMETRY TO
DIAMAGNETIC FIELD COMPONENTS WHICH CAN BE OBSERVED FROM
QUTSIDE THE PLASMA

-The fact that diamagnetic flux loop signals, which are used as
a ring energy diagnostic, are insensitive to geometry is an indication
that determination of ring geometry from diamagnetic field measure-
ments will be difficult. A single attempt was made during the EBT-I
period to obtain data to establish ring geometry by measurement of
the diamagnetic field axial component at several points near the
outside of the p]asnm.s . This measurement was not sufficiently
useful to be made part of the standard diagnostics.

Diamagnetic measurements have also been made recentlyon the NBT
expem‘ment6 and the STM experiment7 . . In order to understand
the NBT results for the radial component of the magnetic field near
the midplane versus ring energ_yg and to assess the possibility
of successfully applying the techniques used on STM to EBT, a
re-examination of the relationship of parameters for a current sheet
model of the rings to the diamagnetic field components was carried
out. The details follow.

Previous ring field simulations and revised simulation code

In Tate 1976 a set of measurements of diamagnetic field axial
components near the outside of the plasma was made using small relay
coils as pickups. The resulting data was noisy and not able to give
a definitive fit to the ring model parameters. This prompted a
simulation study of the fields due to model rings to search for
possible locations where field component measurements could discrimi-
nate between different ring geometries. (This study has been
reported elsewhere 5f8 .) The computer program used for this study
output "arrow plots" whfch showed diamagnetic field versus position
for given values of ring model parameters. The results were
pessimistic for determination of ring model parameters by field
component measurement at accessible locations. The lack of sensi-
tivity of field components to model parameters is due to the fact



that field values a distance R from the center of a cylindrical
current sheet having length L and radius A varies with A and L as
(A/R)2 + (L/R)2 compared to one. Thus the requirement that
measurements of field components be made outside the region
containing the plasma (in order to prevent the probes' modifying the
ring geometry itself) was responsible for the lack of success of the
observations using the relay coils.

Reported use of Hall probes to obtain high precision magnetic
field readings on the STM and NBT experiments prompted a restudy of
feasibility of use of an array of diamagnetic field component
measurements to determine ring geometry on EBT. The original "arrow
plot" computer code was employed again, but this time including the
theoretical AB/B drift current effectm to reduce the number of
free model parameters. A revised field simulation code (FLDEQ) was
written to output the field components at fixed positions as functions
of ring model parameters. (This code is listed in the appendix.)
FLDEQ was used to simulate the NBT experimental data as well as to
ook again at the possibility of ring geometry determination for EBT
using high precision field measurements.

Simulation of NBT radial diamagnetic field measurements

The NBT experiment used a Hall effect device, rather than a
relay coil, to measure the plasma diamagnetic field. The Hall probe
was oriented to give no output due to the vacuum field, hence its
signal was the diamagnetic component normal to the vacuum field.

This arrangement was simulated using the FLDEQ code by looking at the
radial component of the magnetic field due to a concentric cylindrical
current sheet model when the field point was 1 c¢m from the midplane
and 5 cm from the outer current sheet.

The simulated signal for the magnetic field reproduces quali-
tatively the variation of the signals reported for NBT from a Hall
effect detector as the ring energy is increasedg . The qualitative
result is compatible with an increase in ring axial extent (length)
with increase in energy while maintaining a constant energy density.
The simulated Br signal is plotted versus axial extent assumed for
the ring, in NBT geometry, in Fig. 1. The location of maximum Br at



Normalized Br signal

T L) T : L4

5 10 15 20 25 cm

Axial Length

Simulated radial diamagnetic field component versus length
of model ring for a detector 1 cm away from midplane and

5 cm away from edge of ring. (NBT conditions) (Adjacent
cavity effects included)
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about 16cm for total length does not vary significantly with changes
in assumed values for drift current effects and ring thickness.

Next the possibility of a similar variation of radial field
with ring energy was explored for EBT conditions. Plots for Br
versus ring axial extent are given in Fig. 2 for EBT-I geometry for
several possible detector Tocations at the outside of the EBT cavity.
The maximum in signal occurs for larger ring lengths than in the
NBT case primarily because the detector locations are farther from
the model rings. Although it would be interesting to look for this
fall off of field with increasing energy for EBT, it is not likely
to be observed unless the rings are longer and nearer the outside
of the machine than anticipated.

Finally we note that this result of decrease in magnetic field
with increase in current sheet length is exactly what one would
anticipate on a purely intuitive basis. For a constant energy
density in the ring one has current sheets in the model with constant
surface current densities. Zero length for the current sheet gives
zero field. As the energy and length increase, the field at a fixed
outside location increases at first, but as the length increases
sufficiently the "ends" of the ideal solenoid become more distant,
ultimately leading to continuously decreasing fields.

EBT ring geometry from external field measurements

The previous studies using "arrow plots" gave little hope for
determination of ring parameters by external field measurements.
In order to see what one might be able to do with more precise values
for field components using Hall probes a study was carried out,
using the FLDEQ simulation program. This study attempted to find
how parameters of the current sheet model for EBT rings could be
related by measuring diamagnetic field components at the outside
edge of the cavity. If one assumes only relative calibration between
detectors is available and not absolute field values then one can
determine if the data is compatible with the model but cannot fix
the model parameters. The ratios between detector signals are
predicted to be nearly constant for a wide variation of choices for
ring length and thickness, provided the radial Tocation of the ring
is set near the heating resonance and the drift current effect is near

1



1.0~

Normalized Br signal

Fig. 2.

10 20

Axial Tength

Simulated radial diamagnetic field versus length of model ring.
Solid line for detector at coordinates (1,30), dashed line for
detector at coordinates (10,30) with respect to cavity center.
(Ring model thickness 2 cm assumed){EBT-I geometry--adjacent
cavity effects included) ‘
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the theoretical value. If an absolute calibration could be obtained
for field component measurements as well as for the flux loop signals
used to measure perpendicular energy then a determination of length,
given thickness, could perhaps be made since the perpendicular
energy measurement is less sensitive to length and thickness of the
ring than some field component measurements. An attempt was made

to make this connection between field and flux signals with the data
taken in 1976, but some discrepancy was present in the relative
calibration which prevented reaching any conclusions.

Simulated data was obtained for field components at several
detector locations versus model ring length with other model parameters
fixed. The field values were ratioed to the values obtained at the
location nearest the midplane in order to eliminate an assumption
of absolute calibration for experimental data. The resulting curves
are plotted for one choice of ring thickness and radius in Fig. 3.
Note that the slopes of the curves are small. Thus in the presence
of experimental uncertainty accurate determination of length is
difficult even with the model parameters of thickness, radius, and
drift current effect known. | '

Since the other model parameters are not known a priori one
can consider cases with both length and thickness unknown. Then
for each field component a curve of length versus thickness can be
made. An example is given in Fig. 4 using simulated Br readings for
a particular length and thickness. In this case the curves are nearly
parallel so that the point of common intersection could not be found
accurately in the presence of experimental uncertainties, although
model length could be determined more accurately than thickness.

There is a need for field measurements at a combination of
precision, absolute calibration and locations that would fix the
parameters of the ring model -- not only tc evaluate these parameters
but also to determine the validity and usefulness of the model in
further plasma calculations (from the goodness of the fit of the model
to the data). The STM results indicate a more complicated ring model
will be needed for good fits 7 . A possible approach is to use a MHD
equilibrium model such as is described in the next section of this
report.

13
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Fig. 3.

Axial Length

Simulated axial diamagnetic field components at outside of
plasma (23.5cm from cavity center) relative to component at
coordinates (1.6,23.5) near the midplane, versus length of
model ring. (Ring thickness 2cm, mean radius 13.3cm assumed--
EBT-I geometry, adjacent cavity effects included)
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Model ring axial length
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Fig. 4.

Model ring thickness

Length - thickness curves for simulated experimental Bz data
for detectors at: '

(4.2,23.5) -0
(6.8,23.5) -+
(9.5,23.5) -1
(12.1,23.5) - X

Values ratioed to
signal from detector at (1.6,23.5)
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IV. "BUMPY CYLINDER" MHD EQUILIBRIUM CODE MODEL FOR CALIBRATION
OF ELECTRON RING ENERGY DIAGNOSTIC - COMPARISON TO CURRENT
SHEET MODEL

The concentric cylindrical current sheet model that has been
used to provide a calibration for the diamagnetic flux Toops’
perpendicular energy signal has been studied extensiveiy.10
Although the calibration results obtained are quite insensitive to
the model parameters (a fact attributed in part to the near
Helmholtz coil arrangement of the pickup loops), which should imply
similar calibration results would be obtained with other models,
two questions still remain as to the validity of the result. The
first question is on the adequacy of the handling of the drift current
effect for the current sheets. The second is what is the proper
choice of average magnetic flux density to use to multiply total
magnetic moment to obtain perpendicular energy. Both of these
questions are answered automatically if a MHD equilibrium model is
used in place of current sheets.* In this section we will describe
the modifications made to an existing MHD code, the normalization
factors associated with the code output, and the problems and
limitations of the code. The results of the MHD equi1ibkium code
being applied to typical ring situations will be discussed and
compared to the analogous current sheet results.

The bumpy cylinder MHD equilibrium code

We were provided a copy of the FORTRAN of the bumpy cylinder MHD
code written by Hedrick to serve as the basis for this work.
The code uses a model of pressure as a separable function of flux,
Yy, and field magnitude B with

*Remaining questions as to valid range of model parameters must be
answered through the use of other diagnostic methods. Testing of
these models has been done by assuming reasonable dimensions for
electron rings centered near the rings' heating resonance.

16
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as the pressure functions. S is a positive constant less than one
and BC is a cutoff field value - pressure is zero for B > Bc' The
code chooses the w], wz, w3, w4, values at proper’flux coordinates
to give fixed (input) values for the radial position of the pressure
profile in the midplane. The resultant equilibrium ring is thus a
~ function of six input parameters to the code: four radial values
r corresponding to the flux values wi; the cutoff field BC; and
the constant S. The code calculates the equilibrium by iteration on
the nonlinear MHD equation '

r? 3Py

A*wp + 9(1nc) * va = R v(Ino) * v, (11)

where o = 1 + (QL - pﬁ)/B2 and ¢ = wp * U, with e the vacuum
flux. The right hand side and V(Ino) values are calculated using
previous solutions for ¢, then Eq. (11) is solved by an S.0.R.
finite difference algorithm and the process repeated. The code
fixes the boundary conditions for Eq.(11) by wusing a mu]tﬁpoTe
expansion of the field due to the p]asma.H

There are several auxilary input parameters required by the
code: number of sectors to represent an infinite bumpy cylinder,
number of terms in.multipole expansion, S.0.R. acceleration parameter,
and outer loop solution mixing parameter. In addition the number of
iterations to be performed on both inner and outer loops must be
specified. Only a few of the many possible combinations of these
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auxilary parameters have been used, the choices being guided by
trial runs and the experience of other users of the ccade.]2

Several modifications were required to the FORTRAN of the MHD
equilibrium code (titled EQUIL) in order to obtain the necessary
output for calibration of the perpendicular energy diamagnetic
signals. Most of the added code was placed in subroutine BATS to
provide, on the final iteration, a numerical integration of pressure
over space to give energy, and to provide an output of perpendicular
pressure versus position in a format which gives a pressure map on
the line printer. An output of total flux linking a specified
circle of constant radial coordinate was also included. A number of
smaller changes were made to input/output to make the code compatible
with the UM computer network FORTRAN system. Certain sections of
the code whose results were not needed for the present purpose were
bypassed to reduce time required for execution, and some changes
were made in the control of the iterations and the extent of the
output. Since the code is over 2000 lines long a complete listing
is not included with this report, but listings of the main program,
which describes the modifications in comments, and of subroutine BATS,
which contains the major additions, are given in the appendix.

Normalization of variables in EQUIL code - specification of input
values - interpretation of output values

A1l length variables in EQUIL are assumed to be in centimeters.
A1l plasma variables are normalized to the magnitude of magnetic
flux density at the center of themidplane, Bo' Further, factors of
My, that would be required for SI units are omitted. The FORMAT
statements in the code specify how the input variables must be
entered, but the input variables and their interpretations are
repeated in the output. Since the interpretation of variables given
in the computer output is not always clear, and since an understanding
of these is necessary for use of the code and interpretation of the
results, the input parameters and output values are briefly described
in the appendix where a sample output is given.
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The normalization of the output values produced by EQUIL was
carefully traced through the FORTRAN listing to be sure all the
numerical constants were taken into account. Since the code only
treats one-half a mirror section due to symmetry the total ring
energy is a factor of two times the value obtained by numerical
integration in the code. As a result the values given in Table 2
were obtained. In particular we note that the ring "beta"
relative to the field at the center of the midplane, QL'= ZRLPO/BOZ’
is Jjust twice the computed value of PERP; the perpendicular energy
of the ring in Joules. is ten times the computed value WPER multiplied
by 802 in (Tes]a)z; the flux linking a circle of radius corresponding
to the index L in SI(L) in Webers equals the SI(L) value times
6.28 x ]O°4 times Bo in Tesla. Note that local ring beta is typically
a factor of 2 % times greater than QL defined with respect to Bo‘

General observations on EQUIL output

Sample output from representative runs of the MHD equilbrium
program EQUIL are given in the appendix. Some general comments on
qualitative results and limitations on their reliability will be
presented here. First we note that the pressure model built into
the code implies that, for a fixed radial profile for the rina, the
higher the beta the longer the ring in the toroidal direction.
Whether or not this implication of the model is also true for the
actual ring is significant for ring diagnostics, since a ring long
enough to be "high" beta is too long to be adequately represented by
a circular cylinder model. In EQUIL runs we have made to date we
have achieved less than 20% beta for rings when the length was forced
to be about 10 cm.

We note that for the runs of EQUIL made to date that had beta
values high enough to achieve a local minimum in B versus r, the
Wi values that resulted should produce diamagnetic flux signal voltages
(>500 mV) that are greater than those observed for EBT-I turn-downs
(<300 mV). However, no systematic study has been made on this topic.

There remain matters of numerical precision to be resolved with
the EQUIL code_ﬁtse]f. The code is written in single precision
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beta 2 8 18 23
radial triangle trapezoid triangle trapezoid
shape

r] 11 11 11 11

ro 13 ‘ 12 13 12

) 13 14 13 14

ry 15 "15 15 15

W .

1
<&57f) 32 32 ~30 28

Table 2. Diamagnetic f]ux pickup loop calibration factors
from MHD equilibrium model. (Bo = .5000(6)).
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FORTRAN and executed on a 32 bit word computer. Since the solution is
done by iteration, roundoff errors are less of a problem, but a test
case should be run in double precision. The size of the finite
difference mesh was checked at two values, and though the results
changed, the finer mesh moved the calibration factor for the
diamagnetic flux signal toward a smalier energy per volt. The number
of iterations on a given run was increased successively until only
small changes in results occurred for additional iterations in both
outer and inner loops. We note that increasing the number of
iterations also reduces the energy per volt factor. We alsoc observe
that the values for pressure converged much more rapidly than the
values for diamagnetic flux. This is due to pressure being determined
by the total flux on which the diamagnetic value is only a perturbation.
The number of multipole terms in the boundary condition expansion was
fixed at 10 and the number of sectors to approximate an infinite

bumpy cylinder was fixed at 7. Obviously a great deal more effort
could be spent assessing the effects of these numerical matters, but
the qualitative conclusions are not expected to change.

Current sheet model for bumpy cylinder

In order to make a direct comparison of diamagnetic flux signal
calibration in a MHD and a current sheet model, a program was written,
similar to the one used to calculate the mutual inductances for the
bumpy torus, to provide the ca?ibration factor for a bumpy cylinder
with an arbitrary number of sectors. This code (BUMCAL) is listed
in the appendix. The code outputs normalized flux Tinkage for single
current sheets. The drift factor effect for the concentric current
sheet model is then calculated by hand. The input values given to
the program are the number of sectors, the current sheet radius, the
current sheet width, and the separation between adjacent sectors (all
in centimeters). The output is a value APT which is the normalized
flux Tinkage for a pickup loop in a position similar to the diamagnetic
flux loops on EBT (radius 28cm, location 9.5cm from midplane). The
normalization in the code is such that to obtain the dimensional
flux 1inking one turn of the pickup loop one must multiply the value
of APT by uoRI/Z where R is pickup coil radius and I is total current
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for the sheet. Thus the formula to obtain the flux pickup loop
calibration factor is

! _ Bava _ r(ar)t 1
Volts (u0/4w5 RN [(1 + (AB/ZB))APOUt - (1 - (AB/ZB))APin}

(12)

where Bavg is the proper "average" value of total magnetic flux
density over the model ring to convert dipole moment to energy.
Ar is ring thickness, r 1is ring mean radius, N is number of turns
on the pickup coil, t is integrator{time constant , AB is change
in magnetic field across the ring thickness and B the mean value.
One case was run for comparison to the MHD values. For it
R=28cm, v =13 cm, Ar = 2 cm, L = 10 cm and BUMCAL gave
APOut = 1.0076 and APin = 0.7394. The values assumed for AB/B and
Bavg have a significant bearing on the result. To agree with the
procedure used for the EBT current sheet model the value taken
for AB/B corresponded to the vacuum field in the midplane (as read
from the output for a low beta case from EQUIL). If Bavg is taken
as the value near the center of a corresponding low beta run of
EQUIL then Bavg = 0.255 (T) for a field of 5000 Gauss at the center
of the midplane. Substituting these values in Eq. ( 12 ) gives a
numerical value for the calibration factor of 26 (Joule/volt).
Obviously there is room for considerable uncertainty in the Bavg
value used as well as in AB/B. No other cases have been checked,
but experience with the bumpy torus current sheet model shows that
little change is to be expected for different thickness Ar or length
L as long as the other values remain the same.

Comparison of MHD equilibrium model and current sheet model flux
loop enerqgy calibration factors

Four cases nave been run with EQUIL using input values that
yield rings that can reasonable be compared with the cylindrical
current sheet model. Each had a length of about 10cm and was
approximately cylindrical in geometry (as can be seen in the EOUIL
sample output in the appendix). The radial cross section, beta
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values, and flux loop calibration factors are summarized in
Table 3. We note that pickup loop calibration factors
exceeded the current sheet model value of 26 (Joule/volt) by a
range of 10 to 20%.

A 20% agreement between as crude a model as cylindrical
current sheets compared to aMHD equilibrium is encouraging. The
difference is no doubt due in part to the choice of Bavg and AB/B
for the current sheet model. A concern for the accuracy of the
MHD model results needs to be mentioned however. In each case
listed in Table 3 the radial increment for the finite differences
was 0.25cm. This put only 16 points across the ring. The case
of 2% beta and triangular radial profile was also run with a 0.5cm
radial increment. A result of 39 (Joule/volt) was obtained, which
is 20% higher than the result for 0.25cm increments. A further
reduction in increment size could reduce the calibration factor to
a value more nearly in agreement with the current sheet model.

Time did not allow such runs of EQUIL to be made during the period
of this subcontract. ’

A word of caution must be given about using these bumpy cylinder
flux pickup loop calibrations for the W) signals on EBT. First,
although the loop placement was chosen to be as near to the EBT
value as possible, there is still a difference between the toroidal
and cylindrical geometries. Second, the EQUIL code runs and BUMCAL
runs were made using a separation between adjacent mirror coils
of 44.5 cm. The separation at 152 for a 150 cm major radius torus
would be 39cm. The proper equivalent separation for a bumpy cylinder
for comparison of calibration factors is not clear, but it is clear
that adjacent sector cross talk is a bigger factor for the bumpy
cylinder, all other effects being equal. However, the current
sheet model for EBT gives values for W; signal calibration not rar
different from those found for the bumpy cyh‘ndelr-.]0
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12

Computer Output 5 multiply
by

Numbers

dimensional :
quality 5 multiply quantity

when Bo = 5000 {Gauss)

for dimensional

for any B0

P-PERP 1.989 x 10° (Nt-an"z) perpendicular (80/5000 (Gauss))2
pressure

P-PERP 2 ring beta 1

SI(L) 6.283 x 10°% (Weber) magnetic flux B,/5000 (Gauss)
1inkage

MODB 5000 (Gauss) magnetic flux Bo/5000 (Gauss)
density

WPER 2.50 (Joules) ring perpendicular (B,/5000 (Gauss))?
energy

WPAR 1.25 (Joules) ring parallel (B,/5000 (Gauss))?
energy

Joule .
(WPER/SI(L)) 3.79 (TRWTT) flux pickup loop B,/ 5000 {(Gauss)

calibration factor

Table 3.

Numerical factors to convert output from EQUIL computer code to dimensional quantities.




V. CONCLUDING COMMENTS AND RECOMMENDATIONS

The work discussed above is by no means the last word on
diamagnetic diagnostics for EBT electron rings. However, important
advances have been made in understanding‘these diagnostics, which
we will point out again along with giving our recommendations for
additional work in these areas.

The cavity cross talk compensation algorithm for the perpen-
dicular energy signals described in section II is simple and has
proven successful in use. The implementation in the EBTOFF code
is applicable to EBT-I/S only, however a similar program could
easily be written for other machines. One must caution users that
the "universal" set of correction numbers written into EBTOFF works
best for rings with mean radii near 13cm. Accuracy will be reduced
if the machine is run in a mode that would produce rings significantly
larger or smaller. In any event, the testkof accuracy is the
corrected signal output for a cavity with zero input power (which
should be near zero). |

The examination given to the possibility of obtaining ring
geometrical data from diamagnetic field component measurements leaves
the projected outcome of such an experiment with a great deal of
uncertainty. It is the feeling of the author that the best possible
set of diamagnetic data should be obtained. If this is not definitive
in itself, itcanbecorrelated to non-diamagnetic diagnostics as they
become available. Further work is needed on the use of alternate
models for ring geometry, including parameterizations of 3-D MHD
equilibria. | -

The 2-D bumpy cylinder MHD equilibrium calculations have
confirmed the basic validity of the use of a current sheet model
for calibration of the diamagnetic perpendicular energy diagnostic.
There still remain a sizeable number of calculations and code
modifications to be done to finally establish the best values and
check out possible numerical problems in the code. As 3-D MHD
equilibria are generated for geometrical modeling they can also be
used to check the W, calibration. As yet dptimization has not been
attempted on the pickup coil sizes, locations and orientations.
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While not a major task, this needs to be considered, especially
for application on any new or modified plasma experiment, such
as EBT-P.
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APPENDIX - FORTRAN Listings -and Inputs and Outputs

Cross talk compensation programs

The routines written to achieve the unfolding of intercavity
cross talk between wJ.signals have their FORTRAN listings given on
the following pages. These listings are in the form of a compressed
format file used with the UM computer network IBM-CMS software.
Subroutines called, but not in the listing, were used in prior work
at ORNL and are available on the FED PDP-10 computer. _

A1l the main programs listed prompt for input interactively or
else read as input a file produced by one of the other main programs.
A11 output is via the NAMELIST method for easy data jdentification.
Qutputs used in determining the universal correction values programmed
in EBTOFF are given in the pages following the FORTRAN listings.
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FILE:

tREAD
&1 &2
&1 &2
£1 &2
&1 &2
&1 &2
&1 &2
&1 &2
&1 €2
&1 €2
&1 &2
£1 &2
&1 g2
:READ
LOAD T
GENMOD
:READ
FORTGI
FORTGI
FORTGI
FORTGI
FORTGI
FORTGI
*READ

Qoo aoaaaQ

QOO

50

100

AIMT CPR A UNIVERSITY OF MISSOURXY COMPUTER NETWORK

AIMI EXEC L1 TEMP 07721780 09:55:02
LTAINMI EXEC A1
CAIMI EXEC A1
ATOC FORTRAN A1
BMNORM FORTRAN A1
DM FORTRAN A1
EBTOFT FORTRAN A1
MIJE! FORETRAN &A1
SYMCIR FORTRAN A1
TAIMI FORTRAN 21
o FORTRAN A1

TSTSYM FORTRAN A1

ZEROIN FORTRAN A1

LTAINI EXEC A1 TEMP 07721780 09:40:43

AIMI MIJEY AICC SYMCIR DM ZEROIN SLFL AS1 SASIMP SGAUS8 (NOMAP
TAIL

CAIMI EXEC &1 TEMP 07721780 09:40:43

TAIMT (NOPRINT NOTERM
MIJE! (NOPRINT NOTERM
ATIOC ~ (NOPRINT NOTERM
bslyl (MOPRIKT NOTERM

SYMCIR (NOPRINT NOTERM

ZEROIN (HCPRINT NOTERM

AI0C FORTRAN A1 TEMP 07,/21780 0%:40:43

SUBROUTINE AICC(AIO,EF)

K.H.CARPENTER 11JULS8O.

APPLIES IHVERSE MUTUAL INDUCTANCE M%TRIX BM TO INPUT WPER SIGNAL
VALUES EF TC GIVE UNFOLDED WPER VALUES AIC (NORMALIZED).
NORMALIZATION OF WPER FOR I'TH CAVITY IS:

WP(I) = (ATIO(I) - AIO(K)II*BVI(I)/CPHI/NTURN/(MUO/TUWOPI)
WHERE BV(I) IS "AVERAGE™ MAGNETIC FLUX DENSITY OVER ANNULUS,
CPHI IS VALUE FLUX LINKING PICKUP COIL IS MULTIPLIED BY TO
OBTAIN EF(I), AND NTURN IS TOTAL NO. OF TURNS IN SERIES
IN PICKUP COILS ON CAVITY I. AIO(K) IS RESIDUAL VALUE FOR
CAVITY HWITH NO AXMNULUS.

FOR DETAILS SEE KHC 9JULS8O.

COMMCN/CMIJE1/BM(13),AM(13),V1
DIMENSION AIO(24),EF{24)
MULTIPLIES INPUT VECTOR EF BY NATRIX BM TO OBTAIN OUTPUT
VECTCR AIOC.
BM IS A SYMMETRIC, CIRCULANT MATRIX OF DIMENSION 24.
Do 100 I=1,24
N=MOD(I+12,24%)
IF(N.E2.0)N=2Y
AZC(I)=BIM(1IXEF(I)+BM(13)XEF(N)
DO 50 J=2,12
N1=MOD(I+J~-1,24)
IF(NT.ZQ.0)N1=24
N2=MOD(25+I-J,24)
IF{(N2.EQ.0N2=24
ATC(CIN=ATO(I)+BM(JI*(EF(NI)I+EF(N2))
CONTINUE
CONTINUE
RETURN
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FILE: AIMI CPR A UNIVERSITY OF MISSOURI COMPUTER NETWORK

END
*READ BMNORM FORTRAN A1 TEMP 07/21780 09:40:43
c BMNORM K.H.CARPENTER 16JULS8O
c PROGRAM TO QUTPUT NORMALIZED ARRAY OF BM WITH BM(1)=1
c AND AN ARRAY NORMALIZED BY MULTIPLYING BY AM(1).
DIMENSION AIO(24),EF(24),BM(13),AMC(13),8N(13),BMN(13)
NAMELIST/NORM/BN, BMN,AL,RT,DF,B0,GHZ,RR, XR,32Z
NAMELIST/TAIQUT/AL,RT,DF,B0,5HZ,EF,AZI0,BM,AM,V1,RR,XR,BZ,IERR
5 READ(3, TATIOUT,END=100)
DO 10 K=1,13
BN(K)=BM(X)/BM(1)
BMN({K)=BM(K)I*AM(1) i
10 CCNTINUE
WRITE (7,NORM)

GO TO 5
100 STOP
END
:READ DM FORTRAN A1 TEMP 07721780 09:40:44

FUNCTION DM(DEG,RI,RO,CO,AL,DF,RE,Z0,AMR,IERR)
K.H.CARPENTER 8JULS8O
RETURNS NORMALIZED MUTURL INDUCTANCE VALUE BETWEEN
DIAMAGNETIC PICKUP LOOPS RND EBT ANNULUS IN CURRENT
SHEET MODEL. ARGUMENTS ARE: )
DEG = ANGLE IN DEGREES BETWEEN CAVITY WITH ANNULUS
AND CAVITY WITH PICKUP LOOPS

RI = RADIUS OF INNER CURRENT SHEET

RO = RADIUS OF OUTER CURRENT SHEET

CO0 = OUTWARD DISTANCE FROM CENTER OF CURRENT SHEET
TO CENTER OF PICKUP LOOP

AL = LENGTH OF CURRENT SHEETS

DF = DRIFT FACTOR (1 + DB/B/2)

RB = RADIUS OF PICKUP LOOPS

Z0 = HALF OF DISTANCE BETWEEN PICKUP LOOPS
AMR DISTAHCE FROM CENTER OF MACHINE TO CENTER
OF PICKUP LOOPS

RESULT IS INDEPENDENT OF UNITS USED FOR DISTANCE,BUT
UNITS MUST BE THE SAME FOR ALL ARGUMENTS.
THE ARGUMENTS ABOVE ARE UMCHANGED ON RETURN.

IERR= ERROR INDICATOR. IF IERR=0, NO ERROR.
ON RETURN DM CONTAINS THE VALUE OF THE NORMALIZED
MUTUAL INDUCTANCE BETWEEN THE PICKUP LOOPS AMD THE CURRENT
'SHEETS. THE NORMALIZATION IS:

M = DMANXTXMUO/(2%PI) WHERE
N = TOTAL TURNS IN PICKUP LOOPS
T = RO-RI

VOLTAGE SIGMNAL FROM PICKUP LOOPS (2 IN SERIES WITH TOTAL
TURNS N) DUE. TO THIS AMNULUS IS EQUAL TO MXTCXJMXAL WHERE
TC IS INTEGRATOR TIME CONSTANT AND
JM IS MAGNETIC DIPOLE MOMENT PER UNIT VOLUME
FOR ANNULUS ELECTRONS (MEAN SURFACE CURRENT).

aaaaaaoQaaoaaoaaaanonaoaaaaoaaaaogaaoaaaaQanaaaa

DOUBLE PRECISION DPI
COMMON/CFB/FB,R,X,R1,RL2,RS,R1S,R1RY,RPRI1SQ,RMR1SQ
COMMON/CSLFL/FL,B,XB,2B,ADEG,CH,SX,XBR,BSX,BCX
DATA DPI/3.141592653539793D0/

30



:READ

190

AIMI CPR A UNIVERSITY OF MISSOURI COMPUTER NETWORK

DATR NGrY4/,NS/8/

IERR = 0

NG 1=NG .

PICK UP ARGUMENTS AND PUT IN COMMONS:
ADEG = DEG

AL2 = ALs/2.0

BE = RB
SET FOR OUTER CURRENT SHEET
R1=RO

CALCULATE VALUES FOR ROTATIONAL TRANSFORM
ARAD=DEGX¥DPI~/ 180.D0

CA=COS(ARAD)

SA=SINCARAD)

ZC=Z0XCA

TZC=2.XZC

ZS=Z0XSA

TZS=2.%2S

SET XB,ZB FOR 1ST COIL

ZB=ZC+AMR*SA :

- XB=-ZS+AMR¥CA-AMR+CO

NO INTEGRATION REQUIRED IN SLFL FOR SYMMETRIC CASE
IF((ADEG.ER.0.CR.ADEG.EQ.180.).AND.CO.ER2.0.)ING1=0
CALL SLFL(NG1,NS)

AM1=FL

SET XB,ZB FOR 2ND COIL

ZB=2Z2B~TZC

XB=XB+TZS

CALL SLFLI(NG1,NS)

AM1=AMI+FL

SET FOR INNER CURRENT SHEET

R1=RI

CELL SLFL(MNG1,NS)

AMZ2=FL

SET FOR 1ST COIL AGRIN

ZB=ZB+T4C

XB=XB~-TZS

CALL SLFL(KNG1,NS)

AMZ2=AM2+FL
DM=(DF¥AM1+(DF~2.)XAM2)XRB*¥RB/AL2/(RO~RI)

RETURN

END

EBTOFT FORTRAN A1 TEMP 07721780 09:48:14
ESTOFT K.H.CARPENTER 21JULS8O

PROGRAM TO OUTPUT NORMALIZED ARRAY OF AIO WITH

WITH AION(K)I=AIO(K)IXAM(C1).

DIMENSION AION(24),ATO0(24),EF(24),BM(13),aM(133,BN{13),BMN(13)
NAMELIST/NORM/AION,AY0,AL,RT,DF,B0,GHZ,RR,%R,BZ
NAMELIST/TAIOUT/AL,RT,DF,BO0,GHZ,EF,AI0,BM,AM,V1,RR,XR,BZ,IERR
READ(3,TAIOUT,END=100)

DO 10 K=1,24

AION(KI=AM(1)XRIO(K)]

CONTINUE

WRITE (7,NORM)

GO TO 5

STOP
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FILE: AIMI CPR A UNIVERSITY OF MISSOURI COMPUTER NETWORK

END ' .

:READ MIJE!1 FORTRAN A1 TEMP 807/21780 09:40:044
SUBROUTINE MIJE1(AL,RT,DF,B0,GHZ,TIERR)

c X.H.CARPENTER 14JUL8O

DOUBLE PRECISION A(132),B(13),V(13),U(5),DET

COMMON/CMIJET/BM(13),AM(13),V1

COMMON/CWUPER/RR,XR,B2

DATAR Z0r9.5/, AMRs/150./, RB/30.0/

ZXTZRNAL ZERFUN
CRFEXKEKKKE KKK KK
This routine accepts annululs parameters and calculates
noxrmalized mutual inductance matrix AM and .its inverse BM
as pexr XKHC SJULSO. aAnnulus offset from cavity center
and nean radius calculated from Colestock midplane field
model as in WPER1 code.
This subroutine written for EBT~-I/S -~ could bhe
modified for EBT-P, et¢c., by change of major radius AMR,
pickup coil separation 2.%Z0, and midplane field model.

INPUT ARGUMENTS:

AL = , total length of assumed annulus in
toroidal direction (in cm)

RT = radial thickness assumed for annulus
(in c¢m3

DF . = drift current factor (=1 for none,
>1 foxr aiding annulus flux, <1 for
opposing annulus; =0 for routine to

calculate value)

BO = midplane central vacuum field (in Gauss)

GHZ = res. freq. of annulus electrons(in GHz)
:ON OUTPUT: ' |

TIERR = 0, if no error

-1, if argument in exrxor on call.
>0, if error detected in num. method.

DF = unchanged if >0 on call; set to
calculated value if =0 on call

AM = normalized mutual inductance matrix
values - normalization is:
M = AMXNTURNART*MUO/TWOPI

BM = inverse mnatrix to iM

Element I of AM(I) or BM(I) corresponds to M(1,I)
of symmetric, circulant matrxiux M of mutual ind.

anoOoQeaoaaaaaaoooaaaaaoanoaaaaooaoannaaaaoooaaQaaaaQaQaao

v1 = 1st eigenvalue of AM.
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FILE:

c

AIMI CPR A UNIVERSITY OF MISSOURI COMPUTER NETWORK

CEREEXKKXKKXRKKKXKEKXX

C
C

aaan

Q0

Q0

60

100

TEST INPUT ARGUMENTS FOR RANGE:
IF(GHZ.LE.0..0R.BO.LE.O0..OR.AL.LE.O0..CR.RT,.LE.0.)GO TO 100

FIND RING MEAN RADIUS AND CENTER FROM RESONAKNCE AT
GHZ AND COLESTOCK FIELD MODEL

BZ=357.3XGHZ/BO
XOUT=ZERCIN(-2.,30.,ZERFUN,0.1)
XIN =ZEROIN(-30.,-=2.,ZERFUN,0.1)
XR=0.5%(JOUT+XIN)
RR=0.5*%(XO0UT-XIN)

IF DF<0, CALCULATE DF FROM COLESTOCK FIELD MODEL AND FORMULA
DF=1.+0.5%DELB/3

IF(DF.LE.Q)DF=1.+0.5%(PAT(XOUT-0.5*%RT)-PAT{XOUT+0.5%RT)) /B2

SET FIXED PARAMETERS FOR CARLL TO DM
RI=RR-0.ZX¥RT
RO=RI+IT
CO=~-HR
IHITIALIZE LOOP
IERR=0
DEG=~15.0
CALCULATE AM MATRIX ELEMENTS
DO 59 I=1,13
DEG=DEG+15.0
A(I)=DM(DEG,RI,R0,CO,AL,DF,RB,20,2AMR,IER)
AM(I)=2(I)
IERR=IERR+IER
CONTINUE
INVERT AM TO GET BHM
IFLG=1
CALL SYMCIR(A,V,B,W,DET,24,IFLG)
IF(IFLG.NE.3)IERR=IERR+200
vi=v({1l)
DO 60 I=1,13
BM(I}=B(I)
RETURN
IERR=-1
RETURN
END
FUNCTION ZERFUN(X)
COMMON/CWPER/RR, XR,BZ
ZERFUN=BZ-PAT(X)
RETURN
END
FUNCTION PAT(¥)
Cclestock fit to midplane field restricted to zero angle.

(Agrees with measured values. For agreement with calculated
values, multiply values by 1.0176.3}
T2=0.
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=X
IF(¥X.GE.0.)G0 TO 10
T2=3.14159%%2
a=-X
10 PT=T2*%(1.~3.724E-2%T2)
Cl=(PT+20.81)%1 . 0QU6E~-Y4
C2=C1-2.04188E-3
C3=(PT+12.431)%_.5966
AL=C1+C2*SIN((R-13.83/C3)
PAT=EXP(~AL¥((X+2.9C281)%x2)})
RETURN
END
SIMCIR FORTRAN A1 TEMP 07721780 09:40:46
SUBROUTINE SYMCIR(U,V,B,W,D,N,I}
FINDS EIGENVALUES, DETERMINANT, AND INVERSE FOR A REARL,
SYMMETRIC, CIRCULANT, N X N MATRIX A(I,J) HAVING
A{I,J)=A(J,I) AND A(I,J)=A(I+L,J+L), (SUBSCRIPTS ADDED MOD N)J.

o
b
=
L]

AUTHOR: KENNETH H. CARPENTER
DEPARTMENT OF ELECTRICAL ENGINEERING
UNIVERSITY OF MISSOURI - ROLLA

DATE: 17RPRIL1980

it

Ns72 + 1, N EVEN; OR
(N+1372, N 0ODD.
oDD; Ns4 - 1, N EVEN.

U,V,B DIMENSIONS ARE:

<R X
It

W DIMENSION IS: m-1,

ARGUMENTS: ON INPUT -~ i

U IS5 A ONE DIMENSIONAL ARRAY CONTAINING THE INDEPENDENT ELEMENTS
OF 2(XI,J3: U(J) = A(1,9), J = 1,2,. . .M

N IS THE DIMINSION OF A(I.,J)

I IS A STATUS FLAG (= 0 OR 1 IF THIS IS THE FIRST CALL FOR THE
CUDRENT VALUE OF N AND 2 OR 3 FOR SUBSEQUEHNT CALLS FOR THE
SAME N WITH THE CONTENTS OF W UNCHANGED SINCE THE PREVIQUS
CALL; .
FOR I=0 OR 2, B IS NOT CALCULATED AND U IS UNCHANGED, WHILE
FOR I=1 OGR 3, B IS CRALCULATED AND U IS OVERWRITTEN.

ON OUTPUT -

V IS A ONE DIMENSIONAL ARRAY CONTAINING THE M INDEPENDENT
LIGENVALUES OF Aa(I,J). (ALL EXCEPT V(1) (AND, FOR EVEN N,
YM(M)) ARE DOUBLY DEGENERATE.)

D HAS THE VALUE OF THE DETERMINANT OF A(I,J) ON RETURN.

IF I=1 OR 3, THEN THE V(I) VALUES ARE TESTED, AND IF THE SMALLEST
ABS(V{I)) IS GREATER THAN N/AMMARX, UHERE AMMAX IS THE LARGEST
FLOATING POINT NUMBER REPRESENTABLE WITHOUT OVERFLOW,

THEMN B IS RETURNED AS A ONE DIMEMSICNAL ARRAY CONTAINING
THE INDEPENDENT ELEMENTS OF THE INVERSE OF A.

ON RETURN THE VALUES OF I HAVE THE FOLLOWING INTERPRETATIONMS:

-2 IF I = 2 OR 3 ON CALL AND ROUTINE DETECTS CHANGE IN N

-1 IF N < 1 ON CALL
B
B

130 1 I 1}

2 IF NOT CALCULATED AND U UNCHANGED FROM CALL
3 IF CRLCULATED AND U OVERWRITTEIM.

aaoaaaaaaoaoaaaaoaaooaaaoanaoaaaaaaaaaoaaaaaaaaaaaaa -
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c
C W IS A CNE DIMENSIONAL WORK ARRAY USED BY THE ROUTINE TO STORE
c COSINE VALUES; W SHOULD NOT BE CHANGED BETWEEN CALLS.
c Y
c ENTRY POINTS DEFINED IN THIS ROUTINE: SYMCIR, CCCOS, CCCCOS
c .
] THE FOLLOWING IS A DOURBLE PRECISION VERSION. TO CONVERT TO
c SINGLE PRECISION, REMOVE THE "CS”™ CHARACTERS FROM THE
C LINES BEGINNING WITH “CS", AND ADD "CD" CHARACTERS
C TO THE FIRST OF THE FOLLOWING LINES.
c :
c THIS VERSION USES THE SYMMETRY OF THE MATRIX TO REDUCE THE AMOUNT
c OF COMPUTATION, BUT DOES NOT USE AN FFT APPRCACH. THIS VERSION
c WILL BE THE MOST EFFICIENT IF N IS PRIME OR CONTAINS A LARGE
C PRIME FACTOR. IF N IS A PRODUCT OF SMALL PRIMES IT WILL BE MORE
c EFFICIENT TO IGNORE THE SYMMETRIC NATURE OF THE MATRIX AND USE
c THE FFT METHOD TO INVERT THE GENERAL CIRCULANT MATRIX.
Cc
SUBROUTINE SYMCIR(U,V,B,W,D,N,I)
Cs REAL UCD),V(1),B(1),W(1),D
DOUBLE PRECISION UC13,V{1),BC(1),WC1),D
cs REAL
DOUBLE PRECISION CCCOS,AN,A,T,PN,AMMAY,ONE,VM,VM2,SINT,SINI
COMMQN/CCCCOS/NO,NO2,NO4,IFOUR,IODD,IUP,IUPP
c THE FOLLOWING VALUES MUST BE SET TO THE LARGEST ALLOWABLE FLOATING
C POINT VALUE FOR THE CCMPUTER BEING USED:
cs DATR BAMMAX/1.E37/
DLTER AMMAX/1.D37/
cSs DATR T/2.0/,0NE/1.0/
DATA Tr2.0D0/,0MEZ1.0D0O/
c TEST N AND I AND BRANCH:
IF(H.GE.1)GO TO 10
I=-1
RETURNXN

10 IF(N-2)300,400,20
290 IF(I.GT.1)YG0 TCO 100

c IMITIALIZE COSINE 2ARRAY FOR THIS N:
NO=N
NO2=N/2
NOU=N/4
IFOUR=MOD(N, &)
IODD=MOD(N,2)

cs PN=TXTXT¥ATANC(T1.0)/FLOAT(N)
PN=T¥TXTXDATAN(1.0D0O)/DBLE(FLOAT(N))
L=Ms4 - 1 + IFOUR/2
IF{(I0DD.EQ.1)}L={(N-1)r2
IF(L.LT.1)60 TO 50

cs W{{)=COS(PN)
W(1)=DCOS(PN)
IF(L.LT.2)G0 TO 50

cs SIN1=SIN(PX)
SIN1=DSIN(PX)
IF(L.EQ.2)G0 TO 40
SINT=SINMI
DO 30 K=2,1L
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W(KI=W(K-1)XW(1)~SINT*¥SIN1
SINT=SINTXW(1)+SINIXW(K~1)
30  CONTINUE
GO TO 50
40 W(2)=W(1)XW(T1)-SINTXSINI
50 IUP=Ns2 + IODD _
IYPP=IUP + 1 - IODD

C CHECK STORED XN:
100 IF(XK.NE.NOJGO TO 500
c CALCULATE EIGENVALUES:
ISIGI=1
DO 150 L=1,IUPP
Cs V{L)=U(1)+U(IUPPIXFLOAT(ISIGIX(1~-I0ODD))

V(L)=U(1)+U(IUPPIXDBLE(FLOAT(ISIGIX(1-I0DD)3})
DO 130 K=2,IUP
V(L)=V(L)+TX¥U(KIXCCCOS((L-1)*(K~1),UWI

130 CONTINUE
150 CONTINUE
c CALCULATE DETERMINANT:
D=V(1)

IF(IODD.EQ.0)D=DXV(IUPP)
DO 16C K=2,IUP
160 D=DXV(K)I*V(K)

c CHECK IF INVEZRSE TO BE ATTEMPTED:
IF((I.ER.0).0R.(X.E2.2))G0 TO 180

c CETERMINE IF¥ INVERSE CAN BE CALCULATED:

Ccs VM=ABS(V(1))

VM=DABS(V(1))
: DO 170 K=2,IUPP
cs VM2=ABS(V(E))
VM2=DABS(V(K))
170 IF(VMZ.LT.VM)VM=VM2

cs IF(VM.GT.(FLOAT(N)/AMMAX))GO TO 200
IF(VM.GT.(DBLE(FLOATI(N))/AMMAX))GO TO 200
180 I=2
RETURN
c CALCULATE INVERSE:
200 I=3
c IN THIS VERSION WE OVERWRITE U WITH THE RECIPROCALS OF V VALUES
DO 210 K=1,IUPP
cs U(K)=1.0/V(R)/FLOAT(N)

U(KI=1.0D0/V(X)/DBLE(FLOAT(N))
210 CCHNTINUE
ISIGI=1
DO 250 L=1,IUPP
cs B{L)}=U(1)+U{IUPPIXFLOAT((1-IODDIXISIGI)

BIL)=U(1)+U(TIUPPIXDBLE(FLOAT((1-I0DDIXISIGI))

ISIGI=-~ISIGI
DO 230 K=2,IUP
B(L)=B(L)+TXU(KIXCCCOS((K-1)*X(L~-1),W)

230 CCHTINUE
250 CONTINUE
RETURN
Cc SPECIAL CARSE N=1:

300 D=U(1}

(]
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v(12=u(1)
IF((I.ER.0).CR.(T.EQ.2).0R.(D.LT.(ONE/AMMAX)))IGO TO 310
I=3
B(1)=0NE/D
RETURHN

310 I=2
RETURN

c SPECIAL CASE N=2:

400 V(1)=U(1)}+U(2)
v{23=U0C1)-U(2)
D=V (1IXV(2)

cs VM=ARBS(V(1))
VM=DABS(V(1))
cs VM2=ABS(V(2))

YM2=DABS(V(2))
IF(VM.GT.VM2)VM=VM2
IF((I.E®.0).0R.(I.EQ.2).0R.(VM.LT.(T/AMMAX))})GO TO 310
=3
UC1)=T/V(2)
UC2)=TsV(2)
B(1)Y=U(1)I+U(2)
B(2)=U(1)-U(2)
RETURN

500 I=-2
RETURN
END

FUNCTION CCCOS(M,W) RETURNS COS(2¥XPIXMsN) USING THE
VALUES PASSED IN W. )
S FUNCTION CCCOS(M,W)
DOUBLE PRECISION FUNCTION CCCOS(M,W)
Ccs REAL W((1)
DOUBLE PRECISION H(1),0NE,SI,ZERO
COMMOH/CCCCOS/N,NO2,NO4,IFOUR,IODD,IUP,IUPP
cs DATA ONE/1.0/,ZERO/0.0/
DATA OMNE/1.0DO0/,ZERO/0.0DO/
IP=MOD(M,N)
IF(IP.EQ2.03G0 TO 200
SI=0ONE
IF{(IP.GT.NO2XIP=MN~IP
IF({IODD.EQ.1).CR.(IP.LE.NOK))GO TO 100
IF(IP.EQ.NO2)G0O TO 40O
5I=-0NE
IP=NO2-IP
100 IF((IP.EQ.NO4).AND.{(IFOUR.ER.0)3G0 TO 300
CCCOS=U(IPIXST ‘
RETURN
200 CCCOS=0ONE
RETURN
300 CCCOS=ZERO
RETURN
400 CCCOS=-0NE
RETURN
END
*READ TAIMI FORTRAN A1 TEMP 07,21780 09:40:46

aQaQaQ
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c PROGRAM TAIMI K.H.CARPENTER 14JUL80
c PROVIDES A TEST DRIVER FOR ROUTINES MIJET1 AND ATIOC.
DOUBLE PRECISION A(13),B(13),V(13),W(5),DET
COMMON/CMIJE1/BM{13),aM(13),V1
COMMON/CWPER/RR,XR,BZ
DIMENSION AIO(24),EF(24)
NAMELIST/TAIOUT/AL,RT,DF,B0,GHZ,EF,AID,BM,2M,V1,RR,XR,BZ,IERR
10 WRITE(5,20)
20 FORMAT(' TAIMI: ENTER AL,RT,DF,BO,GHZ,IQUT: (-1/ TO STOP)')}
READ(5,*)YAL,RT,DF,B0,G6KZ,I0UT
IF(AL.LT.0.2)STOP
WRITE(5,30) .
30 FORMAT(' ENTER EF ARRAY")
READ(S,X*)EF
CALL MIJE1(AL,RT,DF,B0,GHZ,IERR)
IF{IERR.NE.0J)GO TO uo0
CALL AIOC(AIO,EF)
40 WRITE(IOUT,TAIOUT)

GO TC 10
END
*READ TDM FORTRAN A1 TEMP 07721780 09:40:46
C PROGRAM TDM TESTS FUNCTION DM
C TC USE: INPUT DATA TO PROMPT, ENTER ~1/ TO STOP.

NAMELIST-TDMOUT,DMO,IERR,DEG,RI,RO,C0,AL,DF,RB,Z0,AMR

10 WRITE(S5,20)

20 FORMAT(,/' EMTER DEG,AL,DF,RY,RO,RB,Z20,AMR,IOUT: (~1/ TO STOP)')
READ(S5,*)DEG,AL,DF,RI,RO,RB,Z0,AMR
IF(DEG.E2.~-1.0)STOP
bMO=DM(DEG,RI,R0Q,C0O,AL,DF,RB,Z0,AMR, IERR)
WRITE(IOUT, TDMOUT)

GO TO 10
END
:READ TSTSYM FORTRAN A1 TEMP 07721780 09:40:47
C PROGRAM TSTSYM
c THIS I5 A TEST MAIN PROGRAM TO CALL SYMCIR
C DOUBLE PRECISION VERSION ONLY GIVEH HERE.
DOUBLE PRECISION U(C103,V(10),B(10),W(10),D,CCCOS
10 WRITE(6,20)
FORMAT(' ENTER N,I,U(K),K=1,M - I2,G10.5")
READ(5,30)N,I
FORMAT(IZ2)
J=Ns2+1
READ(5,35)(U(K),K=1,J)
35 FORMAT(G10.5)
CALL SYMCIR(U,V,B,W,D,N,I)
WRITE(S,40)U,V,B,W,D,N,I
49 FORMAT(8(5D13.5/),D13.5,I5,I5)
20 60 K=1,X
D=CCCOS(K, W)
WRITE(6,502D
50 FORMAT(D15.5)
6€C CONTINUE
IF(I.GT.0)XGO TO 10
STOP
END

[y

2
o
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ETAIOUT :

AL=  10.0000000 JRT=  3.00000000 »DF= 1.09708023 »B0=
5000.00000 »GHZ=  9.00000000 »EF=  114.600006 » 92.0000000
48.0000000 ’ 104.00C000 ’ 113.600006 ’ 116.1999897 ,
87.3999939 » 40.8000031 > 82.8000031 > 99.56000051 ’
81.6000061 » 93.6000061 ’ 168.000000 , 110.000000 ,
103.199997 » 62.8000031 » H0.8000031 »  93.3999939 ’
115.199997 » 33.6000061 » 63.6000061 ’ 122.000000 ,
126.39999¢4 , 111.600006 JATO=  6.43681145 »  5.27231625 ’
.997003913E-01, 6.50013256 » - 5.90026093 » 6.65853691 ,
4.94625378 s .164234638E-01, 4.83514u404 . 5.856u3291 s
3.49065208 »  4.794894190 » 5.84751987 »  5.82244015 s
6.04162215 » 2.82667542 ’ .40u4716969 s 5.39013100 »
8.28197670 » ~.896388590 » 2.69840908 s 7.45606613 ’
6.933868141 »  5.35542011 BM= .994147062E~01, -.248593614E-01,
.135210351E-02, -.670516165E~-03, ~-.121717356E-03, -.975475357E-04,

’

5453140073

L4

r

-.570394041E~04, ~.391296198E~04, -.281329267E-04, ~.232965103E-04,
-.115305647E~04, -,.488360820E-04, .565953669E~04,AM= 11.5228319
2.97878742 > .599358559 ’ .197660506 » .869194269E~01,
.456470028E-01, .270777345E~-01, .176216638%E~01, L124043711E-01,
:939476490E~02, .766484067E-02, .676430762E~-02, .b47735596E-02,V1=
19.5079041 »RR= 13.3253174 s XR= =-1.85566235 »BZ=
IERR= 0
£END
LTAIOUT
AL= 5.00000000 (RT=  2,00000000 »DF=  1.06949806 ,BO= :
5000.00000 ,GHZ= 8.50000000 JEF=  114.600006 , 92.0000000
48.0000000 ’ 104.000000 , 113.600006 ’ 116.199997 ,
87.3999939 » 40.8000031 , 82.8000031 » 99.6000061 P
831.6000061 » 93.6000061 ’ 108.000000 ’ 110.000000 ’
103.199997 » 652.8000031 ,» H40.8000031 , 93.3999%%39 '
115.1999897 » 33.6000061 , 653.6000061 , 122.000000 )
126.396994 , 111.600006 JATO=  5.86416721 »  4.784u450853
. 155811429 », 5.88731003 » 5.39787102 . 6.06513882 ’
4.4923057¢6 ’ .676904917E-01, 4.38873u82 », 5.32783508 ’
3.20556450 » L4.37227058 », 5.33065736 s 5.31733894 ’
5.49566936 » 2.58036804 ’ .405731746 »  4.912125598 ,
7.49050140 » —.747633278 »  2.461937S0 »  6.77848625 ,
6.32378101 » 4.90178729 ,BM= .892719626E-01, -.217317082E-01,
.142146717E-02, ~.565325841E-03, ~.119711083E-03, ~.831914893E-04,
-.524385105E~-04, ~-.357543904E-04, ~.2B8233194E-04, ~-.2711221777E-04,
~.112800544E-04, -.528857893E~04, .492925756E~-04,AM= 12.7411957
3.21279240 , .652116299 , .216091335 ’ .952306390E-01,
.500676930E-01, .297175273E-01, .193418711E~01, .136220455E-01,

.103174075E~-01,

21.3786163
IEER= 0
LEND

» BR=

.842146948E~
14.0956726

02, .743104517E~-02,

» ZR=

-1.77181162

.712260231E-02,V1=

»BZ=

.60741001Y

Output from runs of TAIMI as main program, using actual W, data for input as "EP".
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ENORM

AION= 74%.1702881
67.9877014
55.7145386
67.3759744
4.66348553
31.0933075
6.43681145
5.50026093
4.83514404
5.84751987
404716969
2.69840908
10.0000000

GHZ= 9.00000000
. 643140078

EEND

ENORM

ATON= 74.7164917
68.7753296
55.9177246
67.9189453
5.17014408
31.3680267
5.86416721
5.39787102
4.38873482
5.32065796
.405781745
2.46193790
5.00000000

GHZ= §.50000000
607410014

£END

T R e T L I A

L . T N T O MR S N

Qutput from run of EBTOFT using output from TAIMI on previous page as innut.

RT

b

77
67
67
62

t ot £ ®
(>3]

r

B UNIVERSITY OF MISSOURI COMPUTER NETWORK

» 60.7543182

.72518%62
.4826813
.09098382
. 1095734
.9149933

.27251625
.658536%91
.85643291
.82244015
.39013100
.45606613

3.00000000
RR=

w e % W % M e N % e w

13.325317%

» 60.9596100

.2771149
.8829803
.7492523
.5863u495
.3660126

.78445053
.06513882
.32783508
.3173389y
.9121255¢%
.77848625

2.00000000
RR=

40

- W N e W™ eMoowM W e e

14.0956726

»1.14883041

»  74.8999329

56.5948425 ’ 189244807 ’
40.2221832 » B55.2512970 ’
68.6165924 » 32.5713043 ’
95.4318237 » =10.3289347 ’
79.8977966 » . B61.7085G47 »AIO=
.997003913E~01, 6.50013256 ’
4.94625378 , .164234638E~-01,
3.49065208 » 4.794941990 ’
6.04162216 +  2.82667542 »
8.28197670 » =.896388590 ’
6.93386841 »  5.38542011 »AL=
»DF= 1.09708023 sBO= 5000.00000
»XR= —-1.85566235 »BZ=

’ 1.98522377

» .75.0113678

5000.

»

AIO=

2
’
14
’
’

’
’

»AL=
00000

57.2373352 ’ .862457752
40.8427124 » 55.7079468
70.0213928 » 32.8769684Yy
a5.4379425 » —9.52574158
80.572525¢0 ,  62.4547577
.155811429 s 5.88731003
4.49230576 s .676904%917E-01,
3.205564590 » W4.37227058
5.495669356 » 2.58036804
7.49050140 » —.747633278
6.32378101 » 4.90179729
»DF= 1.06949806 »BO=
»dR= -1.77191162 »BZ=

’

L



The following four pages list outputs from a run of TAIMI as the
main program made to test effect of different ring parameters
on compensation for cross talk.
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LTRICUT

AL= 5.00000000 ;RT=  2.00000000 »DF=  1.06486034 »BO=
5000.00000 »GHZ= 9.00000000 JEF=  1.00000000 ’ 1.10000038
1.00Q00000 ’ 1.60000000 , 1.00000000 ' .898999376 ’
1.00000000 ’ 1.00000000 , 1.00000000 , 1.00000000 ’
1.00000000 ’ 1.000C00000 ' 1.000000090 ’ 1.0000000C0 ’
1.00000000 ’ 1.00000000 ' 1.00000000 ' 1.00000000 >
1.00000000 ’ 1.00000000 ’ 1.00000000 , 1.00000000 )
1.00000000 » 1.00000000 »AIC= .489672050E-01, .613326654E~01,

.490226261E~01,
.538532026E~01,
.514176227E~01,
514077 134E~-0G1,
.514110886E-01,
.513439544E-01,
.173927657E~02,
~.573625875E-04,
~.119005717E~04,
2.95211792 ’
.455598831E~-01,
.938211381E-02,
19.4513702 '
IERR= 0
E£END
ETAIOUT
AL= 10.0000000
5000.00000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000 ’
.489281552E~01,
.538667664E~-01,
.513809100E-01,
.513708778E-01,
.513744341E-01,
.513085%30E-01,
.188%837158E~-02,
-.570778648E~04,
-.11365063%E-04,
2.97735882 ,
.455u484514E~01,
.937622041E~-02,
19.4652710 ,
IERR~= 0
SEND
ETATIOUT
AL= 10.0000000
5000.000¢00 ’
1.000000G0 ’
.00000000 ’

.

O

.000000090
.00000000

R

.514102018E-01,
.512305349E-01,
.514147505E-01,
.514102019E-01,
.514056571E~01,

.515898652E~-01, BM=

~.651784008E-03,
-~.393594819E~-04,
-.482466567E-04,

.5

96292496

?

.270307393%E~-01,
.765378401E-02,
13.3253174

RR=

3]
fas
it

h en B b ek owa BN~

T=

1.00000000

9.00000000

.00000000
.00000000
.00000000
.0000000C0
.00000000
.00000000

14
s
’
?
b4
2

.513734594E~01,
.511788167E-01,
.513780303E-01,
.51373459%4E~01,
.513688885E~01,

.515681058E-0C1,BM=

~-.677948818E~-03,
~-.392881921E-04,
~.492614199E~04,

-5

98560870

Ed

.270160288E-01,
.764355063E-02,
13.3253174

RR=

s R
GHZ=
1.

1.
1.
1.

T=

4.00000000

9.000000900

00000000
00000000
¢0000000
00000000

’
’
2
2
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~.125958351E~03,
-.282255060E~0¢4,

~.120861834E~03,
-.280924869E-0L,

.537877777E-01,
.514714420E~01,
.514093116E-01,

.414877385E-01,
.514199734E~-01,
.514186285E-01,
.514126904E~-C 1, .514017753E-01,
.514027812E-01, .514004305E-01,
.890983248E~01, ~.245274417E~01,
-.975825735E-04,
-.2335320U6E-0Q4,
.557601597E~-04,aM= 11.52789%931 ’
.187034359 , .867057443E~01,
.175967328E~01, .123821869E~0C1,
.67508u4069E~02, .646394119E-02,V 1=

»XR= ~1.85566235 »BZ=  .643140078
»DF=  1.03247261 »BO=
;EF= 1.00000000 ’ 1.10000038
1.00000000 , .899999%976 ’
1.00000000 ’ 1.00000000 ,
1.00000000 , 1.00000000 ’
1.00000000 ’ 1.00000000 ’
1.00000000 . 1.00000000 ’
0= .488801561E-01, .612665842E~01,

L413803384E-01,
.513827354E-01,
.513819903E~-01,
.513649844E~01,
.513641834E-01,
.998100638E-01, ~-.250309035E~01,
~-.979338074E-04,
-.234509789E~-04,
.57095006%E~04,AM= 11.4863062 ,
.197297215 ,  .867392u21E-01,
.175858475E~01, .123718567E~01,
.675517693E-02, .646110252E-02,V 1=

.538087636E-01,
.514373221E-01,
.513724610E-01,
.513760410E-01,
.513660125E~01,

»XR= ~1.85366235 ,BZ= .H643140078
,DF= 1.12904644 »BO=

;EF=  1.006000000 ’ 1.10000038

1.00000000 s .899999976 ,

1.00000000 . 1.00000000 ’

1.00000000 , 1.00000000 ,

1.00000000 , 1.00000000 ,

s

>



FILE: TAIX
1.00000000 ’
1.00000000 ’

.487596467E~01,
.536258295E~01,
.511717983E-01,
.511618592E-01,
.511653386E-01,
.511018895E-01,
.1819840U40E-02,
~.569572730E~-C4,
~.11587H6U5E~-0Y,
2.97996807 ’
.457263129E-01,
.941408798E-02,

TESTDATA B

1.000000C00 ’
1.00000000
.5116U3324E~01,
.508767123E-01,
.511689298E-01,
.511643924E-01,
.511598550E~01,

.513520725E-01,BM=

~.664131949E-03,
-.390834U66E-04,
~.485625496E-04,
660070715 ,
.271314979E-01,
.768080354E-02,

»AXO=

1.00000000 ,

.535691455E~01,
.512268990E-01,
.511634424E-01,
.511668219E-01,
..511569902E-01,

-.122437C21E-03,
~.280735549E-04,

.562350033E-04, ANM=

.19798u4815 ’
.176585019E-01,
.677836314E-02,

L487029627E~

.990743041E~-01,

UNIVERSITY OF MISSOURI COMPUTER NETWORK

1.00000000 ,
01, .610840283E-01,
. 412446633E-01,
.511738248E~01,

.511728004E~01,

.511559807E~01,

.5115489525E-01,
~.247115232E-01,
~.972918497E-04,
-.232446619E~04,
11.5544739 ,
.870789886E-01,
.124286041E-01,
.649178773E~-02,V1=

19.,5448151 »RR= 13.3253174% sXR= ~1.85566235 »BZ= .643140078

IERR= 0

LEND

:READ TAIX DATRO A1 EBT1 07716780 12:15:41

ETAIOUT

AL= 10.0000000 ,RT= 2.00000000 ,DF= 1.06u486034 sBO=
5000.00000 ,GHZ= 9.00000000 yEF=  1.00000000 » 1.10000038
1.00000000 » 1.00000000 ’ 1.00000000 , .899999976 ,
1.00000000 ' 1.00000000 , 1.00000000 . 1.000C0C00 s
1.00000000 ’ 1.00000000 ’ 1.00000000 s 1.00000000 ’
1.00000000 ’ 1.00000000 ) 1.00000G00 » 1.00000000 ’
1.0¢600060C0 ’ 1.00000000 ’ 1.00000000 , 1.00000000 ,
1.00000000 : 1.00000000 JAIO= .488445349E~-01, .613085909E-01,

.489022546E-01,
.538182296E-01,
.513388328E-01,
.513288192E~01,
.513323620E-01,
.512678027E-01,
.187515398E-02,

-.570504781E-04,

-.115145758E-04,
2.97789383 ,
.455883741E-01,
.937%97550E-02,

.513313822E-01,
.511381589%9E~01,
.513359345E~01,
.513313822E~01,
.513268262E-01,

.515246019E~01, BM=

-.675019575E-03,
-.392017682E~04,
-.489770027E~04,
.598870754 ’
.270383172E-01,
.765311718E-02,

.537605137E~01,
.513949655E-01,
.513304C99%9E~-01,
.513339490E-01,
.51323927%E~01,

-.121180856E-03,
~.281514222E-04,

.568088872E~-04, AM=

. 197425544 »
.175970830E-01,
.674944371E~-02,

.996612906E-01,

.413531289E~01,
.513406843E-01,
.513398610E-01,
.513228439E~01,
.513220802E~01,
~.249662362E-01,
-.978387106E-04,
~.233308092E-04,
11.5000076 ’
.868030787E-01,
.123852938E~01,
.647038594E~02,V 1=

19.4812469 »RR=  13.3253174 »¥R= ~1.85566235 sBZ= .643140078

TERR= 0

LEEND

ETAIOUT

L= 10.0000000 »RT= 2.00000000 ,DF= 1.00000000 »BO=
5000.00000 ,GHZ= 9.00000000 ,EF= 1.00000000 , 1.10000038
1.00000000 , 1.00000000 , 1.00000000 , .899999976 ,
1.00000000 » 1.00000000 ’ 1.00000000 ’ 1.00000000 ’
1.00000000 ’ 1.00000000 ’ 1.00000000 , 1.00000000 ,
1.00000000 , 1.00000000 , 1.00000C00 ’ 1.00000000 ,
1.00000000 ’ 1.00000000 » 1.00000000 , 1.00000000 ,
1.00000000 ’ 1.000000080 ,AX0= . 702444315E-01, .877200961E~01,

.703197718E-01,
.770562887E-01,
.736609101E-01,
.736469030E-01,

.736503601E-01,
.734175444E-01,
.736563570E~01,
.736503601E-01,

43

.769810081E~01,
.737339258E-01,
.736492276E~-01,

.736537576E~01,

.595809072E-01,
.736650825E~01,
.736621022E~-01,
.736385584E~-01,



FIL

123.5776100 JRR=  13:.3253174

IERR= 0

&IND

&£TAIOUT

LL= 10.0000000 sRT= 2.00000000
5000.00000 »GHZ= 8.50000000
1.00000000 ’ 1.00000000 .
1.00000000 » 1.00000000 ’
1.00000000 , 1.00000000 »
1.000000060 » 1.00000000 ’
1.00000000 », 1.00000000 ’
1.00000000 ’ 1.00000000

IE

E: TATI

.736514320E~-01,
.7356B67944E~-01,
.224578637E-02,
.823327573E-04,
.177399925E-04,
2.04036713 ’
.317491293E~01,
.654101744E-02,

.445367955E-01,
.u438874838E-01,
LUg6940776E-01,
.466851369E-01,
.466881506E-01,
.466325618E-01,
.153389643E-02,
.521559995=2-04,
.109161447E~04,
3.24121857 ,
.500889122E~-01,
.103177540E~01,
21.4190369

RR= 0

LEEND

ETAIOQUT

AL= 10.0000000
5000.00000

1.0000000¢0
.00000000
.00000000
.00000000
.C0000000
.00000000 ’
.678210258E-01,
.752512760E-01,
.715180635E~-01,
.715030432E~01,
.715092421E-01,
.714008808E~-01,
.354029634E-02,
.784238655E-04,
.134392558E-04,
2.20501041 T
.328071117E-01,

v N e wm e

— ok ek e e

TESTDATA B

L

|

i

——

-

» RR=

o
ja

-

.736439228E-01,

.738831162E~01,BM=

.891749049E~03,
.563217618E-04,
.672791502E-04,
.413481236 ’
.188409388E~01,
.533758849E-02,

.466873683E~-01,
.465287566E~-01,
.466914922E-01,
.466873683E-01,
.466832407E~01,

.468459725E-01, BM=

.583656831E-~03,
.355875382E-04,
.434395333E-04,
654892445 ’
.297242701E~01,
.841687620E~-02,

LATIO=

.736397505E-01,
. 140509367

-.187678510E-03,
~.405385508E-0Y4,
.773137726E~0H4, AM=

. 137022257 ’
.122670084E~01,
.470673293E-C2,

+XR= —-1.85566235 ,B2Z= 643140078
,DF= 1.06949806 »BO=

,EF=  1.00000000 ’ 1.10000038
1.00000000 ’ .899999976 ’
1.00030000 » 1.000000090 ’
1.00000000 ’ 1.00000000 ,
1.000060000 ’ 1.00000000 »
1.00000000 , 1.00000000 ,

.488379L486E-01,

L46T7H217LEE-OT,

.466865823E-01,
.U66895960E-01,
.466806516E-01,

.216522872 )
.193403512E-01,
.742683187E-02,

LU4K872528E-01,

.897013545E~01,
~.115707313E-03, -.8820687164E-04,
-.256969215E-04,
.500975148E-C4, AM=

UNIVERSITY OF MISSOURI COMPUTER NETWORK

.736356378E~01,

» —.341980867E-01,
~.138853327E-03,
~.332245399E~-04,

8.09443665
.603815913E~01,
.863580L406E~-02,

.4512656U48E~02,V 1=

.377056561E-01,
.466963586E-01,
.466949418E~01,
.466797911E~-01,
.466783643E~-01,

-.211314182E-04,

12.7181473
.953212380E-01,
.1362109182-01,

.712139904E-02,V 1=

.556590805E~901,

-.220893584E-01,

.715072751E-01,
.711454153E~01,
.715137720E-01,
.715072751E-01,
.715007782E-01,

.718691945E-01, BM=

.111770U67E~-02,
.545675284E-04,
.745957803E-04,
.437428951 »
.194396973E-01,

44

.751935244E-01,
:716135502E-01,
.715051889E-01,
.715113878E~01,
.714564867E-01,
143674135

-.135483%919E-03,
~.389870111E~-04,
.878777209E-04, AM=

.142914355 ,
.126425028E-01,

14.0956726 JXR= ~1.77191162 ,BZ= .607410014
,RT= 2.00000000 ,DF= 1.049%E728 ,BO=
Z= 10.6000004 ,EF= 1.00000000 ' 1.10000038
1.060000000 ’ 1.00000000 , .89999997¢6 o
1.000006000 ’ 1.00000000 , 1.00000000 :
1.00000000 , 1.00000000 . 1.00000000 ’
1.00000000 » 1.00000000 ’ 1.00000000 ’
1.00000000 ’ 1.0060000060 , 1.00000000 ,
1.00000000 ,AT0= .677233934E-01, .8588833262E-01,

.571264774E-01,
.715169%07E-01,
.7151897092~-01,
.7149455793E~-01,
.714976788E~01,

’ ".379802398E"01}
~-.140913879E-03,
~.331950869E-04,

8.102226256
.625991821E-01,
.889838114E-02,

»

s



FILE: TAX

.674027205E-02,

13.9845362

IERR=

SEND

&TAIOUT

AL=  10.0000000
7200.00000
1.00000000
1.00000000
1.00000000
1.60000000
1.00000000
1.00000000

.5361389849E~01,
.620134026E-01,
.590u88054E-01,
.580369627E-01,
.5904814666E-01,
.58%9610152E-01,
.247903890E-02,
-.653440657E-04%,
~.123822058E-04,

2.62516117

.396756232E-01,
.815641880E-02,

16.9376221
IERR=
LZEND

TESTDATA B

0

0

.549839810E~02,

.485224649E-02,

UNIVERSITY OF MISSQURI COMPUTER NETHWORK

L 464T80256E-02,V1=

,RR= 10.771u4005 fXR= —-2.14836407 »BZ= .757476091
sRT= 2.00000000 ,DF= 1.05822468 ,BO=

,GHZ= 14.0000000 ,EF= 1.00000000 ’ 1.10000038

’ 1.00000000 ’ 1.00000000 ’ .899993976 ’

’ 1.00000000 ’ 1.00000000 , 1.0000000¢C ,

, 1.00000000 ’ 1.00000000 , 1.00000000 ’

’ 1.00000000 » 1.00000000 , 1.00000000 ’

’ 1.00000000 ’ 1.00000000 , 1.00000000 ,

’ 1.00000000 »AIO0= .560667850E~-01, .706872940E~-01,

’ .524640083

.590401143E~01,
.587856770E~01,
.590454116E~01,
.590u401143E-01,
.590348169E~01,
.592945553E-01, BM=

-.835952815E-03,

-.449940708E~04,

-.585173548E~04,

’

.235246234E-01,
.665655732E-02,

,RR=  12.2245u407

45

.619411692E-01,
.521192086E~-01,
.590387583E~01,
.590432622E~-01,
.590314232E~-01,

.116346359
-.128437387E-03,
~.323111162E-04,

.473926254E-01,

.5904987255E-01,

.590501390E~01,

.E90300262E-01,

.590305030E-01,

s, —.298H74319E-01,
-.113927192E-03,
~-.270379387E-04,

.683706021E~04,AM= 9.91672516 >
. 172266483
.152997077E-01,

» XR=

’

.5870498127E2-02,
-1.97731590

.756148696E-01,

.107689612E-01,

.563263833E~02,V1=
,BZ=z .694749832



The following two pages list the output from program BMNORM when
the output from TAIMI on the preceding four pages is the input.
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FILE: BMNORM TESTDATA B UNIVERSITY OF MISSOURI COMPUTER MNETWORK

EHORM
EN= 1.00000000 » —.247506082 ’ .175510161E-01, ~-.657714158E-02,
-. 1271044 14E-02, -.984502723E-03, .578845153E-03, -.397176016E-03,
-.284823123E~03, ~-.235656%02E-03, .120088516E-03, .486856326E~-03,
.882675064E-03,BMN= 1.14239407 » —.282749712 ’ .200501941E-01,
-.751369447E~02, ~.145203434E-02, .112469075E-02, .661269762E-03,
-.453731744E~-03, ~.325380592E-03, .269213226E-03, .137188516E~03,

t

t

-.556182116E-03, .642796978E-03,AL= 5.00000009 sRT= 2.00000000 ' DF
1.06486034 »BO0= 5000.00000 »GHZ= 9.00000000 »RR= 13.3253174

XR= -1.85566235 »BZ= .6u83140078

EEND

ENOERM

BN= 1.00000000 » —.250785351 ’ .1892%6678E~-01, -.679238886E-02,

-.121091818E~02, ~.981201651E-03, .571864657E~03, .393629540E-03,
~.281459419E~03, -.234956053E~03, .113806979E-03, .493551604E~-03,
.E72036485E~03,BMN= 1.14644814 » —.287512600 ’ .21701898%E-01,
-.7787127058-02, -.138825597E-02, ~.112489751E~-02, -.655613607E~03,
~-.45127607%E-03, -.322678825E~-03, ~-.2693650631E-03, .130588538E-03,

!
t

~.565831549%9E-03, .655810582E~03,AL= 10.0000000 »RT=  1.00000000 »DF
1.032472861 +B0= 5000.00000 »GHZ= 9.00000000 sRR= 13.3253174

XR= —-1.85566235 »BZ2=  .6u43140078

EEND

EHORM

BN= 1.00000000 » —.249424100 ’ .183684379E-01, -.670336932E-02,

~.123580%88E~02, -.982008874E-03, .57489K482E~03, .394486124E~03,
-.283358386E~03, ~-.234618463E-03, .116957308E~03, .4901627584E-03,
.567604322E-03,BMN=  1.14475060 » —.285528600 ’ .210272568E-01,
~.767369196E-02, -.141469529E~02, .112415594E-02, .658111181E-03,
-.451588538E-03, -.324374996E-03, ~.268579694E~03, .133887050E~03,

H

-.561114633E-03, .649765832E-03,AL= 10.0000000 JRT= 4.0000000¢0 » DF
1.12904644 ;B0= 5000.00000 »GHZ= 9.00000000 JRE=  13.3253174%
XR= -1.85566235 »BZ= .643140078
S&EIND
ENORM
BHN= 1.00000000 , =.250510812 ’ .188152678E-01, ~-.677313656E-02,

~.121552684E~02, -.981712248E~-03, .572443474E~03, -.393349910E-03,
-.2824708352-03, -.234101011E~-03, .115537085E-03, .49 1434475E-03,
.570019474E-03,BMN=1.14610481 , —.287111878 ’ .215642825E~-01,
-.776273012E-02, -.133358058E~-02, .112514570E-02, .656080898E~-03,
~.450820429E~03, ~-.323741464E-03, .268304255E-03, .132417699E-03,

i

1
i

~.563235721E-03, .653302530E~-03,AL= 10.0000000 »RT= 2.00000000 ,DF
1.06486034 »B0= 5000.00000 »GHZ= 9.00000000 »RR= 13.3253174
XR= -1.85566235 »BZ= .643140078
SEND
&NORM
BM= 1.00000000  , ~—-.233386507 ’ .159831755E~-01, -.634654239E-02,

-.133570097E-02, -.988213811E-03, .585859060E-03, ~-.4008398339E-03,
-.288511161E-03, -.236457825E-03, . 12625486 12-03, L.478823204E-03,
.5502391T14E-03,BMN= 1.13734341 y —.276814222 , .181783736E-01,
-.7218204442~-02, -.151915173E-02, .1123%3981E-02, .666437205E-03,
~.455892878E~-03, -.328136608E-03, ~.268933829E~-03, .143595244E-03,

{

-.5L4586685E~03, .625811284E-03,AL= 10.0000000 »RT= 2.00000000 » DF
1.00000000 »B0= 5000.00000 »GHZ= 9.00000000 »RR= 13.3253174%
XR= ~-1.85566235 »BZ=  .6H3140078
LEND
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FILE: BMNORM TESTDATA B UNIVERSITY OF MISSOURI COMPUTER NETUWORK

ENORM

BR= 1.00000000 » ~.24625444Y ’ .171000361E-01, —-.6506£~654E-02,

-.1289916%2E-02, -.984028680E~-03, —.581440283E-03, ~.396733405E-03,

~.285471797E~03, ~.235575237E~03, .121694306E-03, L48Y268414E-03,
.558492262E~-03,BMN= 1.14083481 ; —.280935705 ’ .195083171E-01,

-.742303208E-02, -.147158257E~02, .112261437E-02, .663327519E~03,

-.U52607408E~03, ~.326817157E-03, ~-.268752454E-03, .138833129E-03,

{
t

-.b52470330E-03, .637147343E~03,AL= 10.0000000 JRT=  2.00000000 »DF
1.06949306 - »B0O= 5000.00000 »GHZ= 8§.50000000 +RR=  14.0856726
XR= ~1.771%1162 »BZ=  .5607410014
L&END
ENORM
BN= 1.00000000 » —.264349818 ’ .246411525E~-01, =-.777%44177E-02,

-.942994375E~03, ~-.980787911E-03, .5458485367E-03, -~.379800564E-03,

-.271357130E-03, -.231044265E-03, .935398275E-04, ~-.519201159E-03,
.611645868E-03,BMN= 1.16407967 y =.307724476 Ty .286842808E~01,

-.905589387E-02, ~.109772128E-02, .114171603E-02, .635407865E~-03,

-, 442118384E-03, -.315881567E-03, ~.26895U4085E~03, .108887878E~-03,

i

-.604391797E-03, .712004956E~03,AL= 10.0000000 »RT=  2.00000000 »DF
1.04995728 »B0= 5000.00000 »GHZ= 10.56000004 »RR= 10.7714005
XR= -2.14836407 »B2= 757476091
ZEND
LMORM ‘
BN= 1.00600000 ; —.256539u04 ’ .213074014E-01, ~.718503445E-02,

-.11039224%E~-02, -.979206990E-03, .561633846E-03, .38672518CE-03,
.277714804E-03, ~-.232391787£-03, ~-.106425374E-03, -.502957962E~03,
.5387647082E~-03,BMN= 1.15377426 » —.295983739 ’ .245839469E-01,
.8289%1085E-02, -.127367815E~02, ,112978462E-02, .647999113E-03,
.445193619E-03, ~-.320420368E-03, -.26812776%E-03, .1227909222-03,

t
{

I
i
f

-.580300344E-03, .678012380E~03,AL= 10.0000000 »RT=  2.00000000 » DF
1.05822468 ,B0=  7200.00000 »GHZ= 14.0000000 +RR=  12.2245%07

KR= =1.977315%0 »BZ= .694749832

&END
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EBTOFF program

The EBTOFF program runs on the Fusion Energy Division PDP-10
computer at Oak Ridge National Laboratory. It is an interactive
program which needs to be run from a graphics terminal. The
program prompts for input. The modification made during the
work described in this report was to include correction for
intercavity cross talk on W, signals as an option. A sample
output plot for WL with this option in effect is given on the next
page. On the following pages the FORTRAN listing of EBTOFF, as
modified, is given.
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0§

W PER CIN ADC COUNTS] v¥S. CRVITY NO. (1=N4. 24=UB)

CEBTOFF VS ) WTS FROM R3GAGE.HTS TURN DOWN, EBT I. S8/8, N3, 55, =N2
1gg -LOMELEOR _CRY.CRASS COUBL. F2 OFF
] : . X
.y X
75 X 2 X A
4 X ! %
1 X x? X x fx X
X
BEF: 1 X
@ S0
14 7
RFT: .
oY) m
54 25
o 2 X X
_ K
-25 [ N R [ [ O T 1 [
B S 19 15 21 25

A3BEAF .EBB EBTOAT VST 3/11/86-14:27:56
SLOPRD= 1 FASPRO= 1



PROGRAM EBTOFF IK.H.CARPENTER I1SSEP79
28JULCB:KHC: VERSION 5 : Added compensaticn: for caviiy cross
coupl ing for WPER
1DRPRBO:KHC: W~ite of WPER to EBTOFF.DAT
addad.
1GMARBY:KHC: VERSION 4 : Rdded weights to W-Per curva,
for correction of uncqual gains.
11APR79:KHC: VERSION 3': Rdded BEF & AFT wvalues to plot, cnd
' addad looping on curv2 choice, and
. correcled DO limits on BEF & AFT loops.
1SFER7Q:KHC: VERSION 2 : Addsd choice of curves 1,2.3 and
plot at EEF time only if groater thon AFT

DOOOOOOOaOOO0O0O0nOO0n

29

38
48

50
68

78

80
82

Outputs plot or print of W-Per,

in 8DC units

os determined from diamugnetic loops on turn~douwn

of microwave pouwer.

Subroutines called arg in EED1O3 o~ TEK AG2
LOAD with EBDIBB.REL cnd ADETEK.REL

FPRAMETER MAX=236,M1D=24,MAKP=257

LOGICAL LDIFF
DOUELE PRECISION DWT

COMMOM/CEEB1Q/1IN, FILNAL2) , DATIM(4) , VERSND,. ISLOPR, IFASPR, IVRD,

IFAD, IFPR, ISAMPF, IDPRS, NOWDC, IBUF(342)
IFOR PLOT UNIT NO. USING TEKADE

COMMON-CADEOU/IPLTU

DIMENSION IDARCMID), IFRADAT (I
BIMENSION WTS(24), ITIU(4)
DATA UTS/24$1.B/,IMT/B/

DATA IUNIT/S3/,XAK ~1.,.24.,0.,1.

DATA IVERS/® V3 )’/

OPEN UNIT 17 FOR ASCII OUTPUT OF PESULTS'

OPENCUNIT=17.DEVICE="DSK",FILE="EBTOFF.DAT*,

INITIARLIZE FOR PLOTS AND TYPE HEARDER QUT

IOLDCR=8
IPLTU=~1

CALL IHITT(D
CALL SETBUF(1)
CALL ANMIDE
CALL SLP(D)
TYPE 18

FORMAT(" EBTOFF ¥3 - WANT TO ENTER FILE SPEC. OR TIME

ACCERT 28,MDDEIN
FORMATC(AD)

IF(MODEIN.EQ."T7)G0 T0 .58

TYPE 38

FORMATC® EBR FORMAT FILE SPEC.:*$)

ACCEPT 48, 1DAR
FORMAT(24A35)

OPEM(UMIT=IUMIT,DIALOG=IDAR, ACCESS="SERQIN",

CALL UHITCIUNIT
:0 TD €06
TYPE 60

FORMAT(” ENTER MD-DA-YR HR:MI:SE (6G):’$)
ACCEPT 7@,MONTH, IDAY, IYEAR, IHR, IMIN, ISEC

FORMAT(6G)

{LNID) ,PLOTNDO(HMAXPY , XAK(D

'\J

MODE=* IMAGE")

CALL RECHDCIUNIT,MONTH, IDAY, IVEAR, IHR, IMIN, ISEC)
INPUT FILE MOW OPENED - TYPE COMMENTS

cAaLL TYCOM
TYPE 85

51
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i

128

138
158

168

1eg
198

208

FORMATC” PLOT CURVE % 1,2,0r 37 (8 TO EXIT, -1 FOR NEW FILEY:"®)

ACCEPT 06, ICURVE

FORMATL(G)

IFCICURVE.EC.B.0R. ICURVE.GT.3)STOP” *
IFCICURVE.LT.ENGD TO !

SET UP TO READ IN DATA

IFCICURVE.EQ. IOLDCRIGO TQ 100
ILARC 1) =ICURVE-]

L0 53 K=2,HID ,
IDAR(K) = IDRR(K=13+3

GO RERD IT :

CALL FRMARYCIDARLNID,NLMAX, IFRDAT)
IOLDPCR=ICURNVE

TYPE 110

FORMATC” PLDT DATA FOR SECTOR ¢ (B TO STOPI:"9)
ACCEPT 78. ISECT

IFCISECT.LE.E)E0 TO 158 !0UT OF PLOT LDOP
H{AR(2) =i :
XKAR(35) =0,

PLOTNOC(1) =N

DO 120 K=2,N+1

PLOTHOC(K) =IFADAT(K~1, ISECT)

CALL NEWPRG

caLL AHiM0DE

CALL SLP(D)

CALL BINITT

CALL CHECK(XEX,PLOTHNO)

CALL DSPLAY(KAR,PLOTND)

CALL MOVABRS(D,38)

CALL aANMODE

WRITECIPLTY, 130) ISECT

FORMAT(” SECT.=",13)

GO 70 168

catl HOME :
CALL AMMODE 170 DUMP PLOT BUFFER
TYPE 160

FORMAT(® Enter limits of "before' then "after” intervals’,

* on timo axis - 46G°/" (-1 to skip):"%)
ACCEPT 7B, 1T1, 172,173,174
IFCITILLT.OIGO TO 260
LDIFF=ITI+IT2.6E. IT3+IT4 -
HAR(2)=N1D

XAK(3) =1,

DO 288 I=1.NID

BEF=3.

AFT=o.

DO 188 J=IT1+1, 1T2+1
BEF=CBEF+IFADAT(J,

DO 188 J=1T3+1, 1T4+1
AFT=AFT+IFADATL(I, 1)

IFCIT2.GT. ITHEEF=BEF/(IT2-ITI+1D
IFUT4.GT ITHAFT=AF T/ I T4~ 1T3+1)
PLOTNG(I1+1)=BEF-AFT .
IF(LDIFFOPLOTNOCI+1) =BEF
FLOTHOC1) =NID

IFCICURVE.NE.2)GO TO 282
IFCIUT.NE.D)GD TO 2859 -

TYPE 2818
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.2018 FORMATC® UMWEIGHTED: USE,GET,0R MAXKE?:" S
ACCEPT 28, 1W
IFCIWW.EQ.”U” .OR. IWW.ER."u™)G0 TG 282
IFCIVW.EQ, "M .OR.ILW.EQ."m"3G0 TO 2180
2015 VPE 2020
za28 FORMATC * UEIGHT FILE SPEC:*$)
ACCEPT 490.1DAR
OPEMN(UNIT=32D,DIALOG=IDAR,ACCESS="SE0IN)
READ (3@, 2826IWTS
2930 FORMAT(6G) ’
RERD(30,2048)DWT, ITIW
2343 FORMAT(IX,A18,7X,215,7X.213)
IWT=-1
2508 DO 2518 K=1,24
2518 PLOTHO (K1) =PLOTNO (K4 1)=TS KD
G0 TO 202
28508 CALL NELPAG
CALL ANMODE
cAaLL SLrP()
TYPE 2060, DWT,WTS
2058 FORMATC® WEIGHTS FRDM ”,N18.*° ARE:’/4(6F12.44)/
1 ?* USE,.GET,.MAXE.or RESET?:°%)
ACCEPT 29, 1L .
IFCIWYL.EQ.7U” LOR. TWWL.ER."U™IGD TO 2568
IFCILLEDR. "M .OR.ILWLEQR."m" G0 TOQ 2169
IFCIWY.EQ.°G" . 0R. TW.EQ."g" G0 TO 2815
RESET WZIGHTS TO UNWEIGHTED
DO 2073 K=1,24
2870 WTS(K3=1.9
. ILT=0
G0 TO 202
MAKE WEIGHTS:
2108 1WT=-1
ENCODE(19,2110,DUTIFILNA
2118  FORMAT(RZE,ARL,”.WTS")
0PEN(UNIT=25 FILE=DUT. DEVICE 'DSK’ ACCESS="SEQDUT")
DO 2129 K=1,24
IF(PLOTHO(K+1) .LT.18. )UTS(K)*@
1IF(PLOTHO(K+1) .GE. 18.)WTSCK) PLDTNO(2)/PLOTND(K+I)
2128 CONTINUE ’
WRITE(25,2138WTS, DT, IT1, 172,173,174
2138 FORMART(4(6F12.47),1X,A18,° BEF:7,215." AFT:",2I3)
' ITIU(I) 1T1 ‘ :
ITIW2)=1T2
ITIWE =1T3
ITIW(4) =1IT4
CALL MELPAG
CALL ANMODE
CeLL SLP(IY
TYPE 2149,BUWT
2148 FORMAT( Llaights. for W-PER uritien to DSK:*,a18.
10LDCR=0
: GO T0 S
202 IFCICURVE.NE.2)GO TO 2822
TYPE 319
310 FORIMAT(* COMPENSATE FOR CAVITY CROSS COUPLING?(Y OR N):”%)
ACCEPT 28, 1COMP
IFCICOMP.NE. Y” .AND, ICOMP.NE.*y")G0 TO 2822
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238

235

248
258

[p Xy Xyl w

QOOOOODDOO0OOO00O0000O0000000

FORMAT(S® PRESSURE (IN ADC COUNTS) VS. CAVITY NO. (1=N1, 24=US)*"
/" (EBTOFF*,A3)

IPLTU=~1

CALL NELPAG

catl AMMODE

CALL SLP(1)

TYPE 235

FORMAT(" PRESSURE ¥S CAVITY OUTPUT TO LPT")
GO 70 B2

WRITECIPLTU, 258) IVERS

FORMAT($” POWER (IN ADT CCUNTS) VS. CAVITY NO. (1=N1, 24=l15)*
7" (EBTOFF*,AS)

1PLTU=-1

CALL NEWPAG

CRLL ANMIDE

caLL SLP(D

TYFPE 258

FORMAT(® POWER VS CAVITY OUTPUT TO LPT*)

G0 70 82

IPLTU=-1

CALL HEWPAG

CALL PNIMODE

cAaLL SLP(D

GO 70 82

END

SUBROUTINE AIBCP(AIR.EF)

K.H.CARFENTER 28JULEB

Sam2 gode as AIB except that COMMON/CMIJEL/ removed

and BM(13) added to “DIMENSION" statemsnt, cnd values

placed in "DATA" statement for universal normal ized correction.

DIMENSION AIOC1) L EF(1),BM(13)

DATA BMr1.145,-8.2063,.0.8223,

~-D.6680,-8.8011,-0.86811,~8.6007,~8.8085,

-0.6803,-0.6092,~-8.0001,-8,0006,~8.8887/

Data volues chosen to correct to cpproximctely S

accurocy PLOTHO output values to those thot would be

obtained if only flux from each cavity’s own annulus

linked it.

Yalues are valid to 5% for all reasonable EBT-I1/S annuli.
SUBROUTIHE ARIBC(AIABL.EF) ,
K.H.CARPENTER 11JULEA. o
APPLIES INVERSE MUTUAL INDUCTANCE MATRIX BM TO INPUT LPER SICGMAL: .
VALUES EF TO GIVE UNFOLDED WPER VALUES AI8 (MORMALIZED).
MNORMALIZATION OF WPER FOR '1°TH CAVITY IS:

WPCI) = (AI9CI) -~ AI9(KY)IBY(I1)/CPHI/NTURNAUD/TLOR]
WHERE BV(I) 15 "AVERAGE" MAGNETIC FLUX DENSITY OVER ANMULUS,
CPHI IS YALUE FLUX LINKIMG PICKUP COIL IS MULTIPLIED BY 1O
OBTAIN EF(I), AND NTURN IS TOTAL NO. OF TURNS IN SERIES
IN PICKUP COILS OH CAVITY I. AIBK) 1S RESIDURL VALUE FOR
CAVITY WITH MO AMNULUS.

FOR DETAILS SEE KHC 9JULE8.

COMMON/CMIJEL/EM(13) , AMC13) V1

DIH_NSIDN A1A(24) ,EF (24)

MULTIPLIES INPUT VECTOR EF BY VQTPIX BM TO OBTAIN OUTPUT
VECTOR AIB.
Brt IS A SYMMETRIC, CIRCULANT MATRIX OF DIMZNSION 24.
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DO 328 1£=2,25
328 PLOTNO (i{+25) =PLOTNOCK)
CeLL AIBCP(PLOTNOC(Z2),PLOTNO(27))
2022 IPLTU=-3
CALL BINITT
CALL NEWUPAG
C  INSERT HERE MQLIFICATIONS TO CHBNGE STALE OF FPLOT,ETC
SAYEL=PLOTHD(2)
SAVEZ2=PLOTNO(3)
PLOTHNDC(2) =0,
PLOTHO(3) =168,
Call CRECK A, PLOTHD)
PLOTNO(2)=CRVEL
FLOTNOC3) =SAVEZ
CALL LIHEC(-1)
CaLl 3YMBEL(2)
CALL DSPLAY(MAX,PLOTND)
CALL MDOYRBES(B,589)
C(‘L' fu:ll DE
KRITECIPLTLLZ02)1T7L,172,173.1T4
205 FO?MAT(‘ BEF:* /14, IB/LK,Ia//' AFT: 717, 1371, I3
CaLl MOVARBRS(8,58)
CALL ANMODE
CaLl LRCOMCIPLTD
CAaLL HOME
caLL PuhUDE
IFCICURVE.HE.2)XGO TO 228
IFCIWT.NE. B)lQITF('PLTU 2038 IYERS, DUT /
283 FORMATC W PER. (IN ADC COUNTS) VS. CAYITY NO, (1=N1, 24=lG)"
1 77 (EBTOFF”,.R5," WTS FROM ".A18)
IFCILT.EQ.BDLRITECIPLTU, 218) IVERS
218 FORMATC(” W PER. (IN ADC COUNTS) VvS. CAVITY NO. (1=N1, 24=U8)°
1 /* (EBTOFF”,.A5) a ’ :
IFCICOMP.EQ."Y” . OR. ICOMP.EQ. "y LURITECIPLTU, 338)
3328 FORMAT(18X, 7 COMP.FOR CAV.CRDSS COUPL.”")
IPLTU=~1
CRLL NEWPARG
CALL RNIMODE
CAaLL SLP(1)
TYPE 215 .
215 FORMAT(” W PER VS CAVITY QUTPUT TO LPT*)
WRITE(17.,3813) (PLOTHO(K) ,K=2,23)
3010 FORMAT(/IHL,” EBTOFF-V4 W PER (in RDC counts) NI-HG.
1 ,” EI-E6, S1-86, Ul ue” //4(6r12 4.3}
IFCICOMP.EQ. Y .OR. ICOMP.EQ. "y )WRITE(17, 340)
349 FORMATC” CCMPENSQTED FOR CRVITY CROSS COUPLING?)
WRITECI?,3BIZITL,IT2,. 173,174
2815 FORMAT(® Scmples averoged - BEF:”,215.° AFT:",2157)
IFCIWT.RE.BILRITECI?, 30200 DUT, ITIW
3022 FORIMAT(" loighted by *,.A18,* BEF:”,215,7 AFT:*,2157)
LRITE(I?,3823)
3825 FORMAT(® Data file I1.D, and commaonts:”)
CARLL LRCOMC17)

TYPE 3830

2938  FORMAT(" W PER WRITTEN"TO EBTOFF.DAT”)
G0 TO 82

228 IFCICURYE.NE.1)GO TO 248

VRITECIPLTU, 2382 IVERS
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DO 198 1=1,24

N=MDD(I1+12.24)

IF(N.EQ.BIN=24

AIOCI) =BMOI)REF (1) +HBMC13) EF (N)

DO 5B J=2,12 :
N1=MODCI+J-1.24)
IF(NL.ER.BIN1=24
N2=MOD(25+1~J,24)
IF(N2.EQ.DIN2=24
AIO0CD =A18C D) +BIMCI I R(EF (NI) +EF (N23)

CONTIHUE

CONTINIUE

RITURN

EMD
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FLDEQ program

The FLDEQ program was used to provide the simulation of the NBT
Hall probe versus perpendicular energy data as well as to provide
the simulated data for EBT diamagnetic field components as functions
of ring parameters. The main program and all subroutines are
contained in a single FORTRAN file. FLDEQ is documented with comment
lines in the listing. The program prompts for input. A sample
terminal session showing the input dialog and the resultant output
produced is given on the next page. The program-listing then
follows.
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R;

.LOAT FLDEQ(NONAF START

EXECUTION BEGINS...

UHICH PARAMETER DO YOU WISH TO VARY 7: L=LENGTH, K=MEAN RADIUS, T=THICKNESS

L :

ENTER INITIAL VALUES OF THE PARANETERS : TOTAL LENGTH, MEAN RADIUS, THICKNESS,  AND CURRE
?

113,33 1 .937

ENTER THE UPPER LIMIT OF THE PARAMETER BEING VARIED:

?

.20

HOW MANY VALUES DO YOU WANT CALCULATED (UP TO 100) ?

?

‘20

ENTER FIELD POINT COORDINATES X,R (IN CENTINETERS)

?

1.5 25. |

ENTER ANNULUS OFFSET VALUE :
7

.-1.856

INCLUNE ADJACENT CAVITY EFFECTS 7 (Y OR N):
’Y

DO YOU WANT ANOTHER CASE 7 (Y OR N):

R

R;

TY FILE FTO8F0O1

{X,R)=( 1.50, 25.00) OFFSET= -1.836 ADJACENT INCLUDED 7 : Y
RIMAX=  0.047447 BRMAX= -0.010009 APHAX= -2.074389

LENGTH  RADIUS THICKNESS CR Bz Bk AP
1.000 13.330 1.000 0.937 0.083843 0.110523  0.054503
2.000 13.330 1.000 0.937 0.166958  0.219387 0.108919
J.000 13.330 1.000 0.937  0.24B425  0.324994  0.1431464
4.000 13.330 1.000 0.937  0.328171 0.4238462 0.217159
5.000 13.339 1.000 0.937  0.404952 0.520443  0.270814
6.000 13.330 1,000 0.937  0.478383  0.4608288 0.324073
7.000 13.330 1.000 0.%37  0.547952  0.587811 0.374853
8.000 13.330 1.000 0.937 0.4613222 0.7385386  0.429089

.000 0.937  0.9935027  0.9646922  0.994724
.000 0.937  1.000000  0.945474 1.000000

19.000 13.330
20.000 13.330

7.000 13.330 1.000 0.937  0.673811 0.8201%6  0.48073%
10.000 13.330  1.090 0.%37  0.729433  0.872421 0.531734
11.009 13.33¢ 1.000 0.937  0.779934 0.915253  0.58293%
12.000 13.330 1.000 0.937  0.825133  0.948%27  0.4831407
13.000 13.330 1.000 0.937 0.B54963  0.973491 0.4680439
14.000 13.330 1.000 0.937  0.899425 0.990067 0.728493
15.000 13.330 1.000 0.937  0.928611 0.998683  0.775741
16.000 13.330 1.000 0.937  0.952403 1.000000  0.,822190
17.000 13.330 1.099 0.937  0.921540 0.994709  0.847831
18.000 13.339 1.000 0.937  0.985615  0.983473 0.912474

1
1
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FILE:

Qa0
NN

CK

aQQ
R

aooaoaaacaoaooooaoaaQaaaaaoaaoaaoaaaaaaaaaQaaaoaQaaan

FLDES FORTRAN A  UNIVERSITY OF MISSOURI COMPUTER NETWORK
PROGRAM FLDEQ: F.ZYKAN 24JULSO
F.u.ZYKAXN 28AUGSO0 : OUTPUT NORMALIZED ; MAXIMUM FIELD

VALUES LISTED

K.H.CARPENTER 08AUG80 : R1S INSERTED IN COMMON/CFBr IN MLIN PROG.
OUTPUT CHANGED TO UNIT 8; ALTERNATE OUTPUT LOOP INSERTED AS
COMMENTS BEGINNING CK

THIS PROGRAM WILL CALCULATE THE RADIAL AND AXIAL B~FIELDS
DUE TO TWO COAXIAL CURRENT CYLINDERS WHOSE CENTERS ARE AT THE
REFERENCE, OR PRIMARY ORIGIN. THE PROGRAM IS USER~INTERACTIVE,
AND IS DESIGNED FOR USE ON THE IBM VIRTUAL MACHINE/CMS TERMI-
NALS.

THE PROGRAM PROMPTS THE USER FOR THE INPUT DATA, WHICH
CONSISTS OF THE CYLINDER (OR ANNULUS) LENGTH, RADIUS, THICKNESS,
CURRENT RATIO, AND OFFSET. THESE TERMS REPRESENT THE FOLLOWING

LENGTH-~~THE TOTAL LENGTH OF THE CYLINDERS IN CM.
RADIUS~=-THE ARITHMETIC MEAN OF THE RADII OF THE TWGC
CYLINDERS IN CM.
THICKNESS~--~-THE DIFFERENCE BETWEEN THE RADII OF THE TWO
CYLINDERS IN CM.
CURRENT RATIO-—~THIS IS THE RATIO OF THE INNER CYLINDER
CURRENT DENSITY TO THE OUTER CYLINDER
CURRENT DENSITY. .
OFFSET--~THE DISTANCE THAT THE ANNULUS IS DISPLACED FROM
THE CENTER OF THE EBT CAVITY, DUE TO THE NON-

FLDOO
FLDGO
FLDOO
FLDOO
FLDOO
FLDOO
FLDOO
FLDGO
FLDOO
FLDOO
FLDOO
FLDOO
FLDOO
FLDOO
FLDOO
FLDBOO
FLDOO
FLDOO
FLDOO
FLDOQ
FLDOO
FLDOG
FLDOO
FLDOO
FLDOO

UNIFORMITY OF THE MAGNETIC FIELD WHICH THE ELECTRONSFLDOGC

MOVE THROUGH, IN CHN.

THE USER MUST ALSO CHOOSE WHICH PARAMETER IS TO BE VARIED,
WHETHER IT IS LENGTH, MEAN RADIUS, OR THICKNESS, AND ALSO HOUW
MANY VALUES ARE TO BE CALCULATED, ALONG WITH THE UPPER LIMIT
OF THE PARAMETER BEING VARIED. THE PROGRAM WILL PROMPT FOR EBRCH.
THE USER MUST 3LSO DECIDE WHETHER OR NOT T0 INCLUDE THE EFFECTS
OF TWO SIMILAR ANNULY WHICH ARE ON EITHER SIDE OF THE 'CENTER'
ANNULUS, AND IN A CONFIGURATION LIKE THE CAVITIES IN 'EBT'(15-
DEGREES OFF OF A LINE FROM THE CENTER OF 'EBT' TO THE CENTER
OF THE FIRST ANNULUS, AND EACH 150 CM. AWAY FROM THE CENTER OF
THE 'EBT' MACHINED. ’

THE FINAL PIECE OF INFORMATION NECESSARY FOR THE CRLCULATIONS
15 THE POINT AT WHICH THE USER WANTS THE FIELDS CALCULATED.

THE OUTPUT IS DISPLAYED ON THE CRT TERMINAL, AND MUST EITHER
BE COPIED OR PRINTED FOR A HARD COPY LISTING OF THE DATAR OUTPUT.

THE PROGRAM USES A SINGLE-PRECISION ADAPTIVE SIMPSON'S RULE
FOR INTEGRATION, AND ALL ELLIPTIC INTEGRALS ARE DONE IN-LINE.

COMMON/CFB/FB,R,X,R1,AL2,RS,R1S,RIRY4,RPRSQ,RMR1SQ
DIMENSION BZZ(100),BRRC100),ALC100), ANMR(100),APP(100)

1,ATHR{100)

INITIALIZATION.

DATA IL,IR,IT,IY/'L',"R",'T',"'Y's

C15=C0S(.26179938)

S15=SIN(.26179938)
AMR IS THE DISTANCE FROM THE PHYSICAL CENTER OF THE ANNULI
TO THE CENTER OF 'EBT'.
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FILE: FLDE® FORTRAN A UNIVERSITY OF MISSOURI COMPUTER NETWORK

AMR=150 FLDOO
10 . IVL=0 FLDOO
IVe=0 . FLDOO
IVT=0 FLDOO
c . INPUT OF PARAMETERS. , FLDOO
15 WRITE(6,20) FLDOO
20 FORMAT(' WHICH PARAMETER DO YOU WISH TO VARY ?: L=LENGTH, R=MEAX RFLDOO
1ADIUS, T=THICKNESS :') FLDCO
READ(5,30)IVAR : FLDOO
30 FORMATC(RT) FLDOO
c SETTING UP INCREMENTING 'FLAG' SO THAT PROPER PARAMETER FLDOO
o} IS INCREMENTED. . FLDOO
IF(IVAR.NE.IL,.AND.IVAR.NE.IR.AXD.IVAR.NE.IT)GOTO15 FLDOO
IF(IVAR.EQ.IL)IVL=1 : , FLDOO
IF(IVAR.EQ.IR)IIVR=1 ’ FLDOO
IF(IVAR.EC.ITIIVT=1 FLDOO
WRITE(6,40) FLDOO
40 FORMAT(' ENTER INITIAL VALUES OF THE PARAMETERS : TOTAL LENGTH, MEFLDOO
14X RADIUS, THICKNESS, AND CURRENT RATIO :') _ FLDOO
READ(S5,*X)AL( 13, ANMR{1),ATHK(1),CR ‘ FLDOO
WRITE(6,60) FLDOO
60 FORMAT(' ENTER THE UPPER LIMIT OF THE PARAMETER BEING VARIED:") FLDOO
READ(5,X)FINISH FLDOO
WRITE(6,890) FLDOO
80 FORMAT(' HOW MANY VALUES DO YOU WANT CALCULATED (UP TO 100) ?%') FLDOO
READ(S, X)I)NMPT FLDOO
WRITE(6,100) FLDOO
100 FORMAT(' ENTER FIELD POINT COORDINATES X,R (IN CENTIMETERS)')’ FLDOO
READ(5,*)XL,RLL FLDOO
WRITE(6,110) FLDOO
110 FORMAT(' ENTER ANNULUS OFFSET VALUE :') FLDOO
READ(5,%)OFF - FLDOO
WRITE(6,120) FLDOO
120 FORMAT(' INCLUDE ADJACENT CAVITY EFFECTS ? (Y OR N):') FLDOO
READ(5, 130)NET FLDOO
130 FORMAT{(A1) ) FLDOO
IF(NMPT.LE.1)GOT0135 . FLDOO
c CALCULATING INCREMENTAL VALUE FOR APPROPRIATE PARAMETER. FLDOO
IF(IVAR.EQ.ILIDEL=(FINISH-AL{ 1)}/ (NMPT-1) FLDOO
IF(IVAR.EQ.IRIDEL=(FINISH-ANMR( 1))}/ (HMPT-1) FLDOO
IF(IVAR.EQ.IT)DEL=(FINISH-ATHK(13})/(NMPT-1) ) FLDOO
c ALL FIELD OUTPUT DATA IS STORED IN ARBRRAYS. FLDOO
c THIS PORTION SETS UP FIRST VALUES TO BE CALCULATED. FLDOO
c FLDOO
c INITIALIZE 'MAXIMUM' REGISTERS. FLDO1
BZMAX=0. FLDO1
BRMAX=0. FLDO1
APMAX=0. FLDO 1
1385 N=1 : FLDO1
140 AL2=AL(N)/2. FLDO1
AR1=ANMR(N)-ATHK(N)~/2. FLDO1
AR2=ANMR(N)+ATHK(N) /2. FLDO1
cc FLDOC1
cc CALCULATE FIELD DUE TO CENTER ANNULUS ) FLDO
cc FLDO 1

60 .
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aQaaan

cC
cc
cC
ccC

L

FLDE®@ FORTRAN 3 UNIVERSITY OF MISSOURI COMPUTER NETWORK

'RL' IS THE RADIAL DISTANCE OF THE POINT TO THE ANNULUS CENTERFLDO1
ADJUSTED FOR THE 'OFFSET' VALUE. FLDO1
RL=RLL-0OFF FLDO1
'"SXC' IS USED TO OBTAIN THE CORRECT SIGN FOR THE COMPONENTS FLDO1
REGARDLESS OF POINT'S LOCATION IN 'QUADRANT' ABOUT THE ANNULUSFLDO1

SXC=SIGN(1.,XL)XSIGN(1.,RL) FLDO 1
THE POINT, (X,R), AND RADIUS, R1, ARE SET UP FOR CALCULATION FLDO]
X=XL FLDO 1
R=ABS(RL) : FLDO1
INNER CURRENT-SHEET RADIUS (AR1). FLDO1
R1=AR1 FLDO1
FBI CALCULATES THE AXIAL B-FIELD COMPOMNENT FLDO 1
CALL FBI : FLDO1
BZ=CRXFB FLDO1
FBR CALCULATES THE RADIAL B~FIELD COMPONENT FLDO
CALL FBR FLDO1
BR=FBXCR FLDO1
AS1 CALCULATES THE MAGNETIC VECTOR POTENTIAL COMPONENT FLDO1
CALL AS1 FLDO1
AP=FBXCR¥*RX2, | : , FLDO1
. - FLDO1

SIMILARLY, THE OUTER SHEET VALUES (BZ,BR,E&AP) ARE CALCULATED. FLDO?1
FLDO1

OUTER CURRENT-SHEET RADIUS (AR2). FLDO1
R1=AR2 FLDO1
CRLL FBI FLDG 1
BZ=BZ~FB . FLDO1
CALL FBR ) FLDO1
BR=BR-FB FLDO 1
CALL AS1 . FLDO1
AP=AP-FBX2. %R - : FLDO1
BR=BRXSXC FLDO1
ADJ. VALUES-ARE NOW SET TO ZERO(IN CASE ADJACENT NOT CONSIDERED).FLDO]
BNR=0. FLDO 1
BNZ=0. FLDO
ANP=0. _ _ FLDO 1
CHECK TO SEE IF ADJACENT ANNULI RRE TO BE CONSIDERED. FLDO1
IF(NEI.NE.IY)GOTO150 FLDO1
FLDO1

CALCULATE ADJACENT ANNULUS EFFECTS y FLDO1

_ FLDO1

FIRST ADJACENT ANNULUS : FLDO1
FLDO 1

OFFSET EFFECT IS NOW INCLUDED. FLDO1
RMA=AMR+OFF . FLDO1
R COORDINATE-TRANSFORMATION IS PERFORMED TO CORRECTLY FLDO1
INCLUDE THE EFFECTS OF THE ADJACENT ANNULI: FLDO1
RP=RL+RMA . FLDO1
R1=AR1 . FLDO1
R=RP*C15+XL¥S15-RMA FLDO1
X=XL¥C15~RP*S15 FLDO1
SX=SIGN(1.,X)%XSIGN(1.,R) FLDO1
SA=SIGN(1.,R) FLDO1
R=ABS(R) FLDO1

AS BEFORE, THE FIELDS ARE CALCULATED WITH THE PROPER VALUES FLDO1
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FOR THE INNER AND OUTER CURRENT SHEETS OF ONE ADJACENT ANNULUSFLDO1

CALL FBI
BNZ=FB*CR

CALL FBR
BNR=FBXCR¥SX

CALL ASt
ANP=FBXCR¥R¥2.*¥SRh
R1=AR2

CALL FBI
BNZ=BNZ-FB

CALL FBR
BNR=BNR-FB*SX
CALL AS1
ANP=ANP-FB¥2.XR*SA

TRANFORMED COMPONENT VALUES ADDED TO THE CENTER~-ANNULUS FIELD

BZ=BZ+BNZXC15+BNR*S15
BR=BR+BNR¥C15-BNZ*S15
AP=AP+ANP

SECOND ADJACENT ANNULUS

AS FOR THE FIRST ADJACENT ANNULUS, THE TRANSFORMED FIELD
COMPONENTS FROM THE SECOND ADJACENT ANNULUS ARE ADDED

THE FIELD TOTALS:
R=R-XLXS15%2.
X=RP*S15+XL*XC15
R1=AR1
SA=SIGN(1.,R) ‘
SX=SIGN(1.,X)*SIGN(1.,R)
R=ABS(R)

CALL FBI
BNZ=FBXCR

CALL FBR
BNR=FBXCR¥SX

CALL AS1
ANP=FBXCRXRX2. XS}
R1=AR2

CALL FBI
BNZ=BNZ-FB

CALL FBR
BNR=BNR-FBXSX
CALL AS1
ANP=ANP-FBX*2 , XRXSA

FINAL SUM OF FIELDS

ARRAY STORAGE OF SUNMS:
BZZ{(N)=BZ+BNZ*C15-BNR*S15
BRR(M)=(BR+BNRXC15+BNZ*S15)*SXC
APP(N)=AP+ANP

COMPARRE TO PREVIOUS MAX.
IF(ABS(BZMAX) . LT.ABS(BZZ(N)IIBZMAX=BZZ(N)
IF(ABS(BRMAX).LT.ABS(BRR(NJIIBRMAX=BRR(N)
IF(ABS{APMAX).LT.ABS(APP(N)))IAPMAX=APP(N)

LAST SET TO CALCULATE 7
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IF(N.GE.NMPT)GOTO160
IF NOT, INCREMENT APPROPRIATE VALUES AND CALCULATE NEW
FIELD COMPONENTS:
N=N+1
AL(N)=AL(N-1)+IVL*DEL
ANMR(N) =ANMR(N=~1)+IVR*DEL
ATHK (N)=ATHK(N-1)+IVT¥DEL
GOTO 140
NORMALIZING SCHEME.
DO 161 I=1,NMPT
BZZ(I)=BZZ(I)/BZMAX
BRR(I)=BRR(I)/BRMAX
APP(I)=APP(I)/APMAX

OUTPUT LOOP

SETS UP A TABLE OF OUTPUT FOR ALL INPUT AND OUTPUT VALUES.

WRITE(8,162)%XL,RLL,0FF,NEI ‘

FORMAT(/! (X’R)=(‘rF?-ZP'I'DF7-2!')')3X,'0FFSBT="F7.3;

! ADJACENT INCLUDED ? : ',A1)

WRITE(8,165)BZMAX, BRMAX, APMAX

FORMAT(/5%, "BZMAX="',F10.6,4X, 'BRMAX=",F10.6,4%X, "APMAX=",F10.6)

WRITE(S8, 170) _

FORMAT(s' LENGTH RADIUS THICKNESS CR BZ BR
APY)

DO 190 N=1,NMPT N .

WRITE(S, 185)AL(N), ANMR(N),ATHK(N),CR,BZZ(N),BRR(N),APP(N)

FORMAT(U(F8.3,1%),3(F10.6,1X)) '

CONTINUE

WRITE(8,162)XL,RLL,O0FF,NEI
FORMAT(s* (X,R)=(',F?2.2,',',F7.2,')",3X,'0OFFSET=",F7.3,

' ADJACENT INCLUDED ? : ',A1)

WRITE(S,170)

FORMAT(s' LENGTH RADIUS THICKNESS, CR BZ
- APHI'")

WRITE(8,185)(AL(N), ANMR(N) ,ATHK(N},CR,BZZ(N),BRR(N),APP(XN),
N=1,NMPT)

FORMAT(OPF8.3,3F9.3,1P3E13.3)

ASKS IF USER WANTS ANOTHER CASE:

WRITE(6,200)
FORMAT(® DO YOU WANT ANOTHER CASE ? (Y OR N):')
READ(5,130)ID
IF(ID.EQ.IY)GOTD10
END

SUBROUTINE FBI

CALCULATES INTEGRAL FB OF KHC 200CT76 USING SASIMP
EXTERNAL FBFUN
COMMON/CFB/FB,R,X,R1,AL2,B5,R15,R1R4,RPR15®,RMR15¢
X=3ABS(X)

ET=1.E-4

N=1

RS=R*¥R
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R1S=R1*R1 FLDO2

R1R4 =4 XR¥XR1: . FLDO2
RPR1SQ=(R+R1)%¥x%2 © FLDO2
RMR1SQ=(R-R1)*x2 . FLDO2
IF(X.LT.AL2)GO TO 10 FLDO2
FB=SASIMP(-AL2,AL2,ET,M,N,FBFUN) . FLDO2

RETURN FLDO2

10 FB=SASIMP(~AL2,X,ET,M,N,FBFUN)+SASIMP(X,AL2,ET,M,N,FBFUN) FLDO2
RETURN FLDO2

END FLDO2

FLDO2

FUNCTION TBFUN(Z) FLDG2

c MODIFIED 30MAY77 TO CALCULATE K & E IN-LINE. IN~-LINE CODE FLDO2
c FROM ROUTINE CEIB. (REPLACES CALLS TO CEL2) FLDO2
COMMON/CFB/FB,R,X,R1,AL2,RS,R1S,R1RY4,RPRI1SE,RMR1SD FLDO2

DATAR P/1.E-5/,PI2/1.570796326794897, FLDO2
XZS=(X~-Z)¥X*x2 o FLDO2
DENM=RPR1SQ+XZS FLDO2
AK2=R1RU4/DENM FLDO2

c CALCULATE RK=K(AK2) AND RE=E(AK2) FLDO2
IF((AK2.LT.0.).0R.(AK2.6T..9993999))GOTO55 FLDO2

A=1. ' FLDO2
B=SQRT(1.~AK2) FLDO2
C=.5%AK2 FLDO2

CM=.25 : FLDO3

10 © T=A-B FLDO3
IF(T.LE.P)GO TO 20 . FLDO3

Al=n ' _ FLDO3

A= . 5%X(A+B) : FLDO3
B=SORT(A1%B) . FLDO3
C=C+CMXTXT FLDO3
CHM=CMX2. : FLDO2

GO TO 10 FLDO3

20 RK=PI2/A FLDO3
RE=RK~RK*C .. FLDO3
FBFUN=(RK+REX{R1S~-RS~XZS)/(RMR1SQ+X2S))/SQRT(DENM) FLDO3

‘RETURK FLDG3
55 WRITE(6,60) FLDO3
60 FORMAT(' *%% BAD ARGUMENT TO K IN FBI X¥*x') FLDOC3
STOP FLDO3

END FLDO3

c FLDO3
c FLDO3
SUBROUTINE FBR FLDO3

c MODIFICATION OF FBI TO CALCULATED RADIAL FIELD COMPONENT. FLDO3
c CALCULATES INTEGRAL FB OF KHC 200CT76 USING SASIMP FLDO3
EXTERNRL FRFUN : FLDO3
COMMON/CFB/FB,R,X,R1,AL2,RS,R1S,R1R4,RPR1SQ,RMR1S5Q FLDO3
X=ABS(X) FLDO3
ET=1.E-Y4 FLDO3

N=1 FLDO3

RS=RXR ' FLDO3
R1S=R1*R1 . FLDO3
R1R4=Y4 . XR¥RT - FLDO3
RPRISQ=(R+R1)IX*2 FLDO3
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RMR1SQ=(R-R1)%X%2 FLDO3
IF(X.LT.AL2)GO TO 10 FLDO3
AX=.0~AL2 FLDO3
FB=SASIMP(AX,AL2,ET,M,N,FRFUN) FLDO3
RETURN FLDO3
AX=.0-AL2 FLDO3
FB=SASIMP{(AX,%¥,ET,M,N,FRFUN)+SASIMP(X,AL2,ET,M,N, FRFUN) FLDO3
RETURN ' FLDO3
END FLDO3
FLDO3
FUNCTION FRFUN(Z) FLDO3
MODIFIED 30MAY77 TO CALCULATE K & E IN-LINE. IN-LINE CODE FLDO3
FROM ROUTIMNE CEIB. (REPLACES CALLS TO CEL2) FLDO3
COMMOM/CFB/FB,R,X,R1,AL2,RS,R1S,R1RY4,RPR1SQ,RMR1S® FLDO3
DATA P/1.E-5/,PI2/1.570796326794897/ FLDO3
XZ=X~2 FLDO3
XZS=XZ*XZ . FLDO3
DENM=RPRISQ+XZS ' FLDO3
AK2=R1R4/DENM FLDO3
CALCULATE RK=KR(AK2) AND RE=E(AK2) F1DO03
IF((AK2.LT.0.).0R.{(AK2.GT..7999999))GOTO55 FLDO3
A=1. FLDO3
B=SQRT(1.-AK2) FLDO3
C=.5%3K2 FLDO3
CM=.25 FLDO3
0 T=A-B FLDO3
JIF(T.LE.P)GO TO 20 FLDO3
A1=R FLDO3
A=.5%(R+B) FLDO3
B=SORT(A1%B) FLDO3
C=CH+HCMXTXT FLDO3
CM=CM*2. FLDO3
GO TO 10 FLDO3
0 RE=PI2/A ) FLDO3
RE=RK-RKXC FLDO3
FRFUN=XZX((.0~RK)+REX(R1S+RS+XZS)/(RMR1SQ+XZS))/(R¥SERT(DENM)) FLDO3
RETURN FLDO3
5 WRITE(6,60) FLDO3
0 FORMAT(' X*XX BAD ARGUMENT TO K IN FBR XXxx') FLDO3
STOP FLDO3
END FLDO3
FLDO3
. FLDO3
FUNCTION SASIMP(AR',R,EE,M,N,FUN) FLDO3
This is a SINGLE PRECISION version of ASIMP. FLDO3
PROGRAM ARUTHOR K. HILLSTROM FLDO3
ARGONNE NATIOMAL LABORATORY FLDO3
CHICAGO,ILL. : FLDO3
FLDO3
THIS VERSION HAS BEEN MODIFIED TC ELIMINATE ASIMP'S CHANGING FLDO3
OF ANY OF ITS ARGUMENTS EXCEPT M. IF A1=B ON CALL, THEN FLDO3
"R VALUE OF ZERO IS RETURNED IMMEDIATELY, AND M = 0. FLDO3
FLDO3
REAL FLDO3
& SASIMP,A1,B,EP,FUN,A,EPS,ABSAR,EST,FA,FM,FB,DX,5%X,FLDO3

FLDEQ FORTRAN 1A UNIVERSITY OF MISSOURI COMPUTER NETWORK
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> F1,F2,FBP,EST2,NRTR,EST1,SUM,DAFT,ESUM,TSUM,DA,DIFF FLDO3
REAL AEST2,FTST,FMAX,AF1,AF2,REST1,DELTA,AEST FLDO3
DIMENSION F2(30) ,FBP(30),EST2(30),NRTR(30) FLDO3
DIMENSION AEST2(30),FTST(3) FLDO3

c THE PARAMETER SETUP FOR THE INITIAL CALL FLDO3
IF((B-AT1).EQ.0.E0)GO TO 200 FLDO3
EP=EE FLDO3

IF (N.LE.0) GO TO 40 ' FLDO3

IF (N.GT.3) GO TO 50 FLDO3
A=R1 FLDO3
EPS=EP*15.0E0 FLDO3
ESUM=0.0E0Q . FLDO3
TSUM=0.0EQ FLDO3
LVL=1 FLDO3
DA=B-2 FLDOU
FA=FUM(R) FLDOY
FM=FUN(({A+B)*0.5E0) FLDOY
FB=FUN(B) FLDOY
M=3 FLDOY
FMAX=ABS(FR) : FLDOY
FTST(13}=FMAX FLDOY
FTST(2)=ABS(FM) FLDOY
FTST(3)=ABS(FB) FLDOY

DO 10 I=2,3 FLDOY

IF (FHMAX.GE.FTST(IY) GO TO 10 FLDOUY
FMAX=FTST(I) FLDOY

10 CONTINUE FLDOY4
EST=(FA+Y4.0EOXFM+FB)*DA/6.0EQ ‘ FLDOY
ABSAR=(FTST(1)+4 OEOXFTST(2)+FTST(3))*DA/6.0ED FLDOU
AEST=ABSAR FLDOY

c 1=RECUR FLDOU
20 DX=DA/(2.0E0¥XLVL) ' FLDOY
Sv=DX/6.0E0 . FLDOY
F1=FUN(A+0.5E0%DX) FLDOY
F2(LVL)=FUN(A+1.5E0%DX) FLDOY
EST1=SXX(FA+Y4 ,OEQXF1+FM) FLDOU
FRP(LVL)=F3B FLDOL
EST2(LVL)=SXX(FM+4 0EO*F2(LVL)+FB) ' FLDOY
SUM=EST1+EST2(LVL) FLDOY
FTST(1)=ABS(F1) ' FLDOY
FTST(2)=ABS(F2(LVL)) FLDOU

" FTST(3)Y=ABS{FM) FLDOU
AEST1=SX*(ABS(FA)+4 0EOKFTST(1)+FTST(3)) FLDOUG
AEST2(LVL)=SX*(FTST(3) +4 . 0EOXFTST(2)+ABS(FB)) FLDOL
ABSAR=ABSAR-AEST+AEST1+AEST2(LVL) , FLDOU
M=M+2 FLDOUY

GO TO (60,30,70),N FLDOU

30 DELTA=ABSAR FLDOY
GO TO 90 ' FLDOU

40 PRINT 10000 ) FLDOY4
RETURN 1 FLDOY

50 PRINT 10100 : FLDOY
RETURN FLDOY

60 DELTA=1.0EQ FLDOU

GO TO 990 FLDOU
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70 DO 80 I=1,2 , FLDOY

IF (FMAX.GE.FTST(I)) GO TO 80 FLDOY
FMAX=FTST(I) FLDOUY

80 CONTINUE : FLDOY
DELTA=FMAX FLDOY

90 DIFF=ABS(EST-SUM) FLDOU
DAFT= (EST~SUM)/15.0E0 : FLDOY

IF (DIFF-EPSXDELTA) 110,110,100 , . FLDOUY

100 IF (LVL-30) 140,120,120 FLDOU
110 IF (LVL-1) 120,140,120 FLDOY

c 2=UP FLDOY
120 A=RA+2.0E0XDX _ - FLDOUY
130 LVL=LVL~-1 FLDOUY
ESUM=ESUM+DAFT : FLDOY
L=HRTR(LVL) ' FLDOY
TSUM=TSUM+SUM FLDOY

GO TO (160,170),L FLDOY

c 11=R1, 12=R2 FLDOY
140 NRTR(LVL)=1 FLDOY
EST=EST1 ' FLDOY
REST=AEST! , FLDOUG

FB=FNM FLDOY

FM=F1 FLDOY
EPS=EPS/2.0ED FLDOU

150 LVL=LVL+1 ~ FLDOUY
GO TO 20 FLDOU

160 NRTR(LVL)=2 FLDOU
FA=FB FLDOY
FM=F2(LVL) , ! FLDOY
FR=FBP(LVL) FLDOY
EST=EST2(LVL) ' FLDOG
AEST=AEST2(LVL) FLDOY

GO TO 150 . FLDOUY

170 EPS=2.0EQXEPS FLDOU
SUM=0.0E0 FLDOY

IF (LVL-1) 180,180,130 FLDOY

180 SASIMP=TSUM , FLDOUY
A=ABS(ESUM) FLDOY
EP=DIFF/DELTA FLDOY

IF (A.GE.EP) GO TO 190 FLDOU
SASIMP=SASIMP-~ESUM FLDOUY

190 RETURN FLDOY4
200 SASIMP = 0.EO , FLDOUY
! M =0 FLDOY
RETURN . FLDOY

10000 FORMAT(' ERROR RETURN-N.LE.O') FLDOY
10100 FORMAT(' ERROR RETURN-N.GT.3') FLDOY
END FLDOY

c . FLDOY4
c : FLDOY
SUBROUTINE AS1 FLDOUY

o THIS SUBROUTINE CALCULATES INTEGRAL AS1 OF KHC 14DEC76. FLDOUY
c ARGUMENTS ARE IN COMMON/CFB/; RETURMNED VALUE IS IN FB. FLDOY
EXTERNAL ASFUN FLDOUY

COMMON/CFB/FB,R,¥%X,R1,AL2,RS,R1S,R1RY4,RPR1SE,RMR1IS® : FLDOY
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ET=1.E-4
N=1
XU=X+AL2
XL=X~AL2
RR=R/R1
IF(RR.LT.1.E-3)GOTOLO

COEF=SQRT(R1/R)/R

RI1R4=4 ¥XRXR]

RPR1SQ=(R+R1)**2

IF(XL.LT.0.3)" > TO 10
FB=SASIMP(XL,XU,ET,NFUNCT,N, ASFUN)XCOEF !

FB=(SASIMP(XL,0.,ET,M,N,ASFUN)+SASIMP(O.,XU,ET,M,N,ASFUN) )XCOEF

RETURH

IF(ABS(1.-RR).LT.1,E~-3)GOTO30
FB=2.XCOEF*SASIMP(XL,0.,ET,NFUNCT,N,ASFUN)
FB=FB+COEFXSASIMP(-YL,XU,ET,NFUNCT,N,ASFUN)
RETURN

RIRU=RI*R1X1.,001%y,

RPRISE=(R1*¥(2.0013)%x2
FB=COEFXSASIMP(XL,0.,ET,NFUNCT,N,ASFUN)
R1R4=R1¥R1%X0.899%Yy,

RPRIS2=(R1%(1.999))%x%x2
FB=FB+COEF*SASIMP(XL,0.,ET,NFUNCT, N, ASFUN)
GOTO020

R1S=R1*R1
FB=(3.141592653589793D0/4,)¥(XU/SQRT(RI1S+XUXXU)
~XL/SQRT(RI1S+XL*XL)}

END

FUNCTIONM ASFUN(Z)

MODIFIED 30MAY77 TO CALC. K &€ E IN~LINE.IN-LINE CODE

FROM ROUTINE CEIB. (REPLACES CALLS TO CEL2)
COMMOM/CFB/FB,R,X,R1,AL2,RS,R1S,R1R4,RPR1SQ,RMR1SQ
DATA P/1.E-5/,PT2/1.570796326794897/
AK2=R1R4/(RPRISQ+2Z*Z)

AK=SQRT(AK2)

CALCULATE RHE=K(AK2) AND RE=E(AK2)
IF((AK2.LT.0.).0R.(AK2.GT..9999999))GOTO55
a=1.

B=SORT(1.-RK2)
C=.5%AK2
cM=.25

T=A-B
IF(T.LE.P)GOTO20
At=3
R=.5%(A+B)
B=SOPRT(A1%B)
C=C+CMXTXT
CM=CM*2

GOTO10
RK=PI2/A
RE=RK~RKX*C

USE RK & RE TO GET ASFUN:
ASFUN=((1-AK2/2.)¥RK~RE)/AK
RETURN
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WRITE(6,60)

FORMAT('
STOP
END

BAD ARG.

UNIVERSITY OF MISSOURI COMPUTER NETWORK

TO K IN AS1")
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EQUIL program

The EQUIL FORTRAN code produces the MHD equilibrium for a
two-dimensional bumpy cylinder. The code of HedrickH has been
modified. The majority of changes are in the main proaram and
subroutine BATS, hence only these are listed here. Following
this Tisting we have included the outputs from the code for the
four cases summarized above in Table 2.

The meaning of output values (which include echoing of input)
are not always clear, so a description of them is tabulated here.
Table 4 has the input variables while Table 5 has the output
variables. The listings of sample output (following the tables)
may be consulted for more details.
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VARIABLE

SAMPLE VALUE

MEANING

s A - 0O " AN > TP S I PR I Ol e T D AT P S S D Nl WD B <l S O N ) T BN ot PP S A Sl AP kD ) NV S Al s i ] T e o T W~ — . i — AL e e, v o s Soan

ALFNU1, 2
IMX

XMAX

KMXM1

YMAX

IBUG
KMX
LMX
SEP

RADIUS ...

NP

NOM

ITERMX

INMX

IDOURB

RCuT

icur

ORC

Table 4.

e e —— — i — — i A s — — —— e —— e —— — — — et o e} il et D el ko s S b e e, S A e e Ml O D oy St ity et ot

EBTI KT8
181

45.0
41

22.225006

42
7602
44.5

9.525

20

25

ag

36

identification label
no. of increments in r

distance from center of cavity
to radial boundary in cm

no. of increments in z

Separation of coil plane
and midplane in cm

code for extra debugging output
KMXM1 + 1

IMX*KMX

separation between coils in cm

radius of mirror coil (average) om
(single loop approximation used)

no. pairs of mirror coils
used to approximate infinite set

no. pairs of rings used to
calculate boundary values

no. of iterations over
outer loop.

initial no. of iterations
for inner loop

double INMX when ITER a
multiple of IDOUB

don't calculate vacuum field
when this close to coil

(K < KCUT or 1 < ICUT required)
don't calculate vac.field

when this close to coil

acceleration parameter for SOR

Explanation of values that must be input to EQUIL code.



VARIABLE | SAMPLE VALUE | MEANING

o n - A - ] 7 " Vo 2 o ke S " W W e ot i Sl A U P} D Tl A A Yk o . Sl St B Y D A D i e el ) e S S S " WA M - - A 7 ] s st

ITNSC 0 zero for tensor pressure only
SLOP 1. mixing parameter for outer loop
INPUT 1 one for pressure model chosen

RSI1,2,3,4 11,13,13,15 radial limits in midplane

for pressure function

BC 0.60 normalized cutoff field for pres. mode
S 0.20 coef. in pressure model

IMXDL 80 end output for this I

IMDEL 2 increment for I on output

IBC 1 one for reqular boundary cond.

RMSC 8.0 value used by multipole expansion
JCUT 10 no. terms in multipole expansion

| |
| |
| l
| |
| l
| |
| !
| |
! |
| |
| |
| l
| |
IMNDL } 20 { begin output for this I
| |
l |
\ I
| |
| |
| |
| !
| |
| l
} { used to set boundary cond.

Table 4. (continued)
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VARIABLE |  SAMPLE VALUE | MEANING
| |

ITER | 10 | outer loop iteration no.

N ‘ 25 } inner loop iteration no.

RES I} 0.17E-2 i residual for SOR at ITER, N
______-__---,__?_,--,__,,__-_--~_--Y ___________________________________

RMID { 0.475E+01 { radius in midplane in cm

CURD [ -0.599E-04 | current density at RMID

MODB } 0.916E+00 { normalized B field at RMID

P~PERP E 0.0 ‘ perpendicular pressure (normalized)

P-PARA | 0.0 } parallel pressure (normalized)

DLOB { 0.0 = not calculated by this version

SI } -0.142E-02 { diamagnetic flux value (normalized)

SIV } 0.108E+02 } vacuum flux coordinate

WPER 3 0.80354E+00 } perpendicular enerqgy (normalized)

WPAR | 0.48644E-01 } parallel energy (normalized)

RAD 1 4.75 } radius for pressure map (cm)

Z { .56 } axial coord. for pres. map (cm)

—— o — N — " - T -

pressure map follows

——— A A - o > asin il dp T Ao

| |

RS ; 2.8000E+01 { pickup coil radius (cm)

7S I 9.5 | pickup coil axial position
| { (cm from midplane)
|

sI I -9.5891E+02 I diamagnetic flux linked by
| { pickup coil (normalized)
|

SIV | 1.4291E+02 ! vacuum flux linked
| |

STP I 1.4282E+02 ! ST + SIV

Table 5. Explanation of calculated values output by EQUIL code.
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CKHC
CKHC
CKHC
CKHC
CKHC
CKHC
CKHC
CHHC
CKHC
CKHC
CKHC
CKHC

aaQaaQa

*

*
X

EQUIL FORTRAN A UNIVERSITY OF MISSOURI COMPUTER NETWORK

VERSICN WITH MAXIMUM ARRAY DIMENSIONS. REQUIRES 1M TO LOAD.
VERSION WITHOUT PHI,PHIR,VR,VZ,RMID USE; HENCE NO DLOB CALC.
200AN81 CORRECT INCORRECT OUTPUT OF SOME ZEROS IN P MAP.
13JAN81 ADD DOUBLING OF ITERATIONS OF DESI AT ITER = MULTIPLES

OF IDOUB. ADD STOP IM DESI WHEN RES.GT. 100 AMND IBUG=0.
10JAN81 ADD INPUT OF IMDEL; CHANGE QUTPUT OF WPER MAP.
05J0AN81 CORRECT PLACEMENT OF LL & II INSIDE LOOP IN CALB.
03JAN81 INSERT SECTION IN BATS TO CALCULATE WPER, OUTPUT P MAP

AND PSI VALUES; OTHER CHANGES AT CKE COMMENT LINES.

22DEC80 CHANGE READS TO 5 WRITES TO 6 TO ALLOW OVER 80 CHAR LINES

18DEC80 THIS VERSION RESTORES LINES KRIS HAD COMMEMTED OQUT
18DEC80 CHANGE READ UNIT FROM 50 TO 7, HRITE UNIT FROM 51 T0O 8.
PROGRAM EQUIL(DATA,TAPES0=DATA,OUTPUT,TAPES1=0UTPUT,

* EULER, TAPES2=EULER)

MAIN PROG AXIALLY SYMMETRIC EQUILIBRIA

COMMON/DEX,/ IMX,KMX,IMXM1,KMIM1,LMX,KFLG,KCUT,ICUT,ITERMX, INMX
COMMON/GEO/ XMAX,XMIN,DELX,YMAX,YMIN,DELY,SEP,RADL

COMMON/SCALE,/ SC1(250),8C2,5C3,5C4,8C5,5C6(250),S8SC7,8C8,8C9(250),

SC10(2503,8C12(250),8C13
COMMON/BCAL/ IMIN1(250),IMAX1(250)
COMMON/PCALs SIO,BA,BAZ,BC,SIMN,SIMX,BETA
COMMON/NPCRs ICALP,ISICR
COMMON/RDE/ ORC
COMMON/MODGR/ KMXGR,IMNGR,IMXGR
COMMON/BCDEXs IBC,JCUT
COMMON/RETI/ ITER
COMMON/NUALF/s ALFNU1,ALFNU2
COMMON/PRSTP/ ITHSC
COMMON/PRIRS/ NP,NPHN
COMMON/ADAUXs IMXTP,IMHTP,IMDEL
COMMON/BUG, IBUG

DIMENSION SI(12000),S3IV(12000),STP(12000),SIGMA(12000),C01(12000),

C02(12000),DTRM(12000),CTRM(12000),B8(12000),
PHIC1),PHIR(Y)
DIMENSION VR(1),VZ2(1),

¥ RMID(1)
1000 FORMAT(1H ,2(I4,2X,F14.6,2X),I4)
1001 FORMAT(1H ,6HIMX = ,I4,2X,7HXMAX = ,F14.6/
X 1H , 8HKMXM1 = ,I4,2X,7HYMAX = ,Fi4.6/
¥ 1H ,7HIBUG = ,I4,5X,33HIBUG OF ZERO GIVES MIN DIAG PRINT)
1002 FORMAT(1H ,H4(F14.6,2X)) .
1003 FORMAT(ITH , 13HINPUT BETA = ,F14.6,2%, 11THCUTOFF B = ,F14.6/
¥ 1H ,9HMIN ST = ,F14.6,2X,9HMAX SI = ,F14.6)
1004 FORMAT(IH ,2(F14.6,2%),2(14,2¥%))
1005 FORMAT(IH ,6HSEP = ,F14.6,2X, 17HRADIUS OF LOOP = ,F14.6/
¥ 1H ,20HNO COIL PARIRS HP = ,I4/

X

1H ,37HHO PLASMA PAIRS FOR MULTIPOLE NPM = ,If4)

1005 FORMAT(1H ,5(I4,2X),F14.6)
10C7 FORMAT(1H ,39HMAX NO OF OVERALL ITERATIONS ITERMX = ,Iu4/

X
X
X
X

1H , 37HMAX NO OF ITERATIONS3 FOR DE IKMX = ,I4r

1H ,40HDOUBLE INMX WHEMN- ITER A MULT. OF IDOUB= ,I4/,

1H ,50HTO AVOID THE SINGULARITY FOR THE VAC FLUX FUNCTION/
1H ,45HIT IS SET TO ZERO FOR K GE KCUT AND I GE ICUT~
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EQUCO
EQU00
EQUOD
EQUOO
EQUOO
EQUO0
EQUOO
EQU00
EQUu00
EQUOO
EQUOO
ERU0O
EgUCQ
EQUOO
EQUOO
EQUOO
EQUOO
EQUOO
EQUOO
EQU0O
EQUOO
EQUGO
EQUOO
EQUOO
EQUQGO
EQUOO
EQUQO
EQUOO
EQuUOC
EQUOO
EQUOC
EQUOO
EQUOO
EQUOO
EQUOO
EQUOD
EQUO00
EQUOGO
Eeuoo
EQUOO
EQUOQ
EQUOOC
Eguoo
EQUOQO

'EQUO00

EQUOO
EQU0D
EQU00
EQU00
EQUOOC
EeUQO
EQUOO
EQUuoo
EQUOOC
EQUOO



FILE: EQUIL FORTRAN 1 UNIVERSITY OF MISSQURI COMPUTER NETWORK
¥ 1H ,7HKCUT = ,IY4,5X,7HICUT = ,I4/1H ,6HORC = ,F14.677) EQUOQC
1008 FORMAT(1H ,7HSIMN = ,E14.6,5X,7HSIMX = ,E14.6,5%,7HKFLG = ,I8) EQUOO
1009 FORMAT(IH ,4HK = ,I4,1X,8HIMINT = ,I6,1X,8HIMAX] = ,I6) EQUOO
1010 FORMAT(1H ,7HITER = ,I4,5X,14HB AT ORIGIN = ,E14.6) EQUOO
11060 FORMAT(224) EQUOO
1101 FORMAT(1H1/1H ,2A4) EQUCO
1200 FORMAT(1H , 17HNOTE THAT KMX = ,I5,5X,6HLMX = ,I5) EQUOO
Cc EQUOO
C INPUT: EQU0O
c EQUOD
C ALPNU1,ALFNU2 -~ ALPHA-NUMERIC LABEL (TOTAL OF 8 CHARACTERS) EQUOO
c  In¥ -~ NUMBER OF GRID POINTS FROM THE AXIS TO XMaX EQUOO
Cc IMiX - GRID DISTANCE RADIALLY OUT FROM THE RAXIS EQUOO
C  KMXM1 ~ NUMBEPR OF GRID POINTS MINUS 1 ALONG THE AXIS EQUQQ
c ' (Z DIRECTION, FROM MID-PLANE TO COIL PLANE) EQUOO
C IMAX = GRID DISTANCE FROM THE MID~PLANE TOWARD THE COIL PLANEQUOO
C IBUG ~ CAUSES DEBUGGING OUTPUT IN MAIN AND SUBROUTINE DESI EQUOGC
c WHEN NON-ZERO EQUOO
¢ SEP ~ DISTANCE BETWEEN LOOPS EQUOO
C RADL - RADIUS OF LOCP EQUO0O
C NP - NUMBER PAIRS USED TO CALCULATE PSI(VACCUMM) EQUOO
C IN SUBROUTINE VACSI EQUOO
C NPM - NUMBER OF PAIRS USED TO CALCULATE GR IN EQUOO
Cc ' SUBROUTINE FCMULT EQUOO
C ITERMX - TOTAL NUMBEPR OF OVER ALL CODE ITERATIONS EQUOQO
€ INNX . " - NUMBER OF SUCCESSIVE OVER~RELAXATION ITERATIONS IN EQUQO0
C SUBROUTINE DESI EQUOO0
c KCUT - LIMIT IN Z DIRECTION TO AVOID CALCULATION OVER EQUOO
c SINGULARITY, IN SUBROUTINES JDISP AND VACSI EQUOC
c ICUurT - LIMIT IN RADIAL DIRECTIOH TO AVOID CARLCULATION OVER EQUOO
c SINGULARITY, INX SUBROUTIHES JDISP AND VACSI EQUOO
C ORC - SCALES RESULT OF SOR IN SUBROUTINE DESI EQUO00
c EQUOO
C SEE SUBROUTINES CALP, FCMULT, AND JDISP FOR OTHER INPUT INFORMATIOM. EQUOO
C EQUOO
c CALL CHANGE(S8H+EQUILGO) EQUOO
50 ISTART=0 EQUQO
100 READ(5,1100,END=102) ALFMNU1,ALFNU2 EQU00
c IF (EOF,50) 102,104 EQUO00Q
GO TO 104 EQUOO0
102 CALL EXIT EQUOO
104 WRITE(6,1101) ALFNUI,ALFNU2 EQUO00
READ(5,1000) IMH,XMAX,KMXM1,YMAX,IBUG EQuoo
WRITE(H6,1001) IMX,XMAX,KMXM1,¥YMAX,IBUG EQUOO
IMXMI=IMX-1 EQUO1
DELX=XMAX/FLOAT(IMXM1) EgUO1
XMIN=0. EQUOI
KMX=KMEXM1+1 EQUu01
LMX=IMX*¥KNX ERUO1
DELY=YMAX/FLOAT(KMXMI~-1) EQUOQ1
WRITE(6,1200) KMX,LMX EQUO1
YHIMN=0. EQUO1
KMXGR=KMXM1 EQUO1
IMXGR=IMXM1 EQU01
IMNGR=1 EQUO1
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EQUIL FORTRAN A UNIVERSITY OF MISSOURI COMPUTER NETWORK

READ(5,1004) SEP,RADL,MP,NPHM

WRITE(6,1005) SEP,RADL,NP,NPHM

READ(5,1006) ITERMX,INMX,IDOUB,KCUT,ICUT,ORC
WRITE(6,1007) ITERMX,INMX,IDOUB,KCUT,ICUT,ORC
ITER=0

IF(ISTART .NE. 0) GO TO 120

po 115 L=1,LHX

DTRM(L)=0.

CTRM(L)=0.

SIGMA(L)=1.

115 SI(L)=0.

QG

Qo

CALCULATE SCALE FACTORS USED IN 2?77

CALL SCFAC

CALCULATE VACUUM PSI PRODUCED BY COILS

CALL VACSI (SI,SIV,STP,SIGMA,CO1,C02,DTRM,CTRM,B)
ISTART=1

120 ICALP=0

aQaaQ QaQ

aaQ

Q

ISICR=0

READ PRESSURE DATA

CALL CALP(SI,SIV,STP,SIGMA,CO1,C02,DTRM,CTRM,B,PHI,PHIR,VR,VZ,
X RMID) ’
IJDSP=0

READ FIELD INTEGRAL STUFF, SET WEIGHTS

CALL JDISP(SI,SIV,sSTP,CO1,C02,B,PHI,PHIR,VR,VZ,RMID,IJDSP,
* IJDSP1)

CALCULATE MULTIPOLE EXPANSION

CALL FCMULT

CALCULATE B, CALLS CARLP TO CALCULATE PRESSURE

200 CALL CALB(SI,SIV,STP,SIGMA,CO1,C02,DTRM,CTRM,B,PHI,PHIR,VR,VZ,

CK
CK

¥ RMID)

WRITE(6,7007)(CTRM(L),L=TIMNTP,IMXTP)

7007 FORMAT(250(1X,1P10E12.3))

IJpsp=1
IJDsSP1=0

C PREPARE FOR FIELD LINE INTEGRALS (PSI=CONSTANT ON FIELD LIME)

Q0

CALL JDISP(SI,SIV,STP,C01,C02,B,PHI,PHIR,VR,VZ,RMID,IJDSP,IJDSPY)

COMPUTE INTEGRAL DL OVER B FOR STABILITY CRITERION

CALL BATS(SI,SIV,STP,SIGMA,CO1,C02,DTRM,CTRM,B,PHI,PHIR,VR,VZ,
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* RMID) EQUO1

o , EQUO1
C DAVE NELSON'S PERSONAL STUFF, DONE ON FINAL ITERATIOM EQuU01
c EQUO1
CK CALL DAVE(SI,SIV,STP,SIGMA,C01,C02,DTRM,CTRM,B,PHI,PHIR,VR,VZ, EQUO1
o474 ¥ RMID) . EQUO1
¢ EQUO1
¢ DETERMINE DRIVING TERMS AND COEFFECIENTS FOR DEL*PSI, MULTIPOLE MOMENEQUO1
(o] EQUO 1
CALL DTCOF (SI,SIV,STP,SIGMA,C01,C02,DTRM,CTRM,B) EQUO 1
IF(IBC .Ef. 0) GO TO 201 EQUO1

c EQUOD1
C SET UP LATERAL BOUNDARY CONDITIONS BASED ON MULTIPOLE MOMENTS ERUO1
c EQUO1
CALL SETBC (SI,SIV,STP,SIGMA,C01,C02,DTRM,CTREM,B) EQUO1

201 WRITE(6,1010) ITER,B{1) EQUO1
CK EQUO1
CK WRITE(6,7007)(DTRM(L),L=IMNTP,IMXTP) EQUO1
€ 201 CONTIMNUE _ EQUO 1
IF(IBUG .EQ. 0) GO TO 211 EQUOD1
WRITE(6,1008) SIMN,SIMY,KFLG EQUO1

DO 210 K=1,KMXM1 EQUO1
WRITE(6,1009) K,IMINT(K),IMAX1(K) EQU01

210 CONTINUE EQUO01
211 IF(ITER .GE. ITERMX) GO TO 500 EQUO1
ITER =ITER+1 EQUO 1

CK EQUO1
IF(MOD(ITER,IDOUB).EQ.0)INMX=INMX*2 EQUO1

c EQUO1
C SOLVE DEL¥PSI+GRAD(SIGMA)/SIGMA.GRAD(PSI(P))==(RX*X2/SIGMA)... EQUOC1
c FOR FIXED SIGMA AND P-PARALLEL EQUO1
c EQUO0 ]
215 CALL DESY (SI,SIV,STP,SIGMA,C01,C02,DTRM,.CTRM,B) ERUO1
G0 TO 200 EQUO1

500 CONTINUE EpUO2
IJDSP=1 EQUO2
IJDSP1=1 EQUO2

¢ ' EQUO2
C PREPARE FOR FINAL FIELD LINE INTEGRALS EQUO02
c EQUO2
CALL JDISP(SI,SIV,STP,CO1,C02,B,PHI,PHIR,VR,VZ,RMID,IJDSP, EQUO2

® IJDSP1) EQUO2

GO TO 100 EQUO2

END EQUO2

c EQUO2
O E K e e e e e e e o ot e e e e e EQUO02
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SUBROUTINE BATS(SI,SIV,STP,SIGMA,CO1,C02,DTRM,CTRM,B,PHI,PHIR, BATOO

* YR,VZ,RMID) BATOO

c BATOO
c COMPUTES DL OVER B AND ITS PSI DERIVATIVE AND INTEGRAL BATOO
c B DL AND INTEGRAL DL OVER B~CUBED BATOO
c ALSO FORMS STABILITY CRITERIA BASED ON FIELD LINE INTEGRALS BATOO
c BATOO
COMMOM/DEX/ IMX,KMX,IMZM1,KHMXM1,LMX,KFLG,KCUT,ICUT,ITERMX, INMX BATOO
COMMON/SCALE/ SC1(250),SC2,SC3,SC4,5C5,S8C6(250),8C7,S5C8,SCO(250), BATOO

* SC10(250),SC12(250),SC13 BATOO
COMMON/GEO/ XMAX,XMIN,DELX,YMAX,YMIN,DELY,SEP,RADL BATOO
COMMON/PCAL/ SIO,BA,BA2,BC,SIMN,SIMX,BETA © BATOO
COMMON/PAVE/ AVEP,PSCL,PSCLP,PERP,PERPP,PARA,PARAP,CHAT,GO,GPO,  BATOO

X IOUT BATOO
COIMMON/STAB/ DLOB(250),BDL(250),DLOB3(250),DLOBP(250),PSAVE(250), BATOO

* PPSAVE(250) BATOO
COMMON/ADAUX/ IMXTP,IMNTP,IMDEL BATOO
COMMON/RETI/ITER _ BATOO
DIMENSION SI(1),SIV(1),STP(1),SIGMA(1),C01(1),C02(1),DTRM(1), BATOO

* CTRM(1),B(1),PHI(1),PHIR(C1),VR(1),VZ(1),RHID(1) BATOO
DIMENSION WTS(7) BATOO

DATA WTS(1)/.3042245/,0TS(2)/1.46038Y4/,HTS(3)/. 45344640/ BATOO

DATA WTS(4)/1.471429/,WTS(5)/.7393932/,WTS(6)/1.082474/ BATOO

DATR WTS(7)/.9886326/ BATOO

o BATOO
1002 FORMAT(1H ,7(E10.3,1X)) , BATOO
1022 FORMAT(1H ,8(E10.3,1X)) ' BATOO
1003 FORMAT(1H ,2(5X,E14.6)) BATOO
1006 FORMAT(1H ,6(E14.6,1X)) BATOO -
1000 FORMAT(/7X,4HRMID,7X,4HPSCL,6X,5HPSCLP, 5%, 6HP~PERP, 5%, BATOO
x 6HP-PARA,7X,4HDLOB) BATOO

1020 FORMAT(/7X,4HRMID,7X,4HCURD,6X, 5HMODB ,5X,6HP-PERP,5X, BATOO
x 6HP~PRRA,7X, 4HDLOB,7X,4HSI ,7X,4HSIV ) BATOO

1004 FORMAT(1H1/1H ,4X,6HRADIUS,5X, I4UHPPRIME+GAMMAXP, 2X, BATOO
* 13HUPRIME-PPRIME BATOO

¥ ,1X, I4HUPRIME-PPRIMEX, 4X, 1 IHGENERALIZED, 3X, 10HBALLOONING/ BATOO

* 1H , 15K, 9H*UPRIME/U,8X,6HU**2,/I,7X, 154DL OVER B-CUBED,4X, BATOO

* 1{HINTERCHANGE/) BATOO

o BATOO
CK SKIP DLOB CAL TO ELIMINATE USE OF PHI,PHIR,VR,VZ,RMID BATOO
GO TO 150 BATO0

¢ CRLC DLOB BDL DLOB3 BATOO
c BATOO
CK , BATOO
10 IF(ITER.LT.ITERMX)RETURN BATOC
CK BATOO
CK100DO 110 I=1,IMXTP BATOO
DO 110 I=IMNTP,IMXTP BATOO
DLOB(I)=0. BATOO
BDL(I)=0. BATOO
DLOB3(I)=0. BATOO
L=I-INX : BATOO

DO 110 K=1,KMXM1 BATOO
L=L+INX BATOO

pUM=Cco2(L) BATOO
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IF(K .LE. 7) DUM=DUMXNTS(K) BATOO
KTMP=KMX-K BATOO

IF(K .GE. KMXM1~6) DUM=DUMXWTS(KTMP) BATOO
DLOB(TI}=DLOB(I)}+DUM/CO1(L) BATOO
BDL(I)=BDL(I)}+CO1(L)*DUN BATOO

© DLOB3(I)>=DLOB3(I)+DUM/(CO1(L)*%x3) BATOO
110 CONTINUE BATOO

c BATOO
c CALC DLOBP OR U PRIME BATOO
¢ BATOO
120 DLOBP(1)=(16.*DLOB(2)~DLOB(3)~15.%DLOB(1))/6. BATOO
DLOBP(2)=(DLOBP(1)+(DLOB(3)~4.*DLOB(2)+3.%XDLOB(1)),3.)/C01(2) BATOO
DLOBP(1)=DLOBP(1),CO1(1) BATOO
IDUM=INZXTP~-1 BATOO

cK BATOO
ID2=IMNTP+2 BATOO

CK DO 122 I=3,IDUM BATOO
DO 122 I=ID2,IDUM ‘ BATOO

122 DLOBP(I)=(DLOB(I+1)-DLOB(I-1))/(2.*%CO1(I)*FLOAT(I~1)) BATOO
DLOBP(IMKTP)=(DLOB(IMXTP)-DLOB(IMXTP~1))/(COT(IMXTPI*FLOAT(IDUM)) BATOO
DUM=1./(DELXX%2) BATOO

DO 125 I=1,IMXTP BATOO

125 DLOBP(I)=DUMXDLOBP(I) BATOO

c BATOO
c CALC P AND P-PRIME AND MAKE FIRST TABLE BATOO
c BATOO
150 IF (ITER .LT. ITERMX) RETURN BATOO
200 IHOLD=IOUT . BATOO
I0UT=0 : , BATOO

I0UT=2 BATOO
WRITE(6,1020) ' BATOO

CK WRITE(6,1000) BATOO
CcK DO 210 I=1,IMKTP BATOO
DO 210 I=IMNTP,IMXTP BATOO
SI0=STP(I) BATOO

CK BA=CO1(I) BATOO
BA=B(I) ‘ BATOO

CALL CALP(SI,SIV,STP,SIGMA,CO1,C02,DTRM,CTRM,B,PHI,PHIR,VR,VZ, BATOO

X RMID) BATOO
PSAVE(I)=PSCL BATOO
PPSAVE(I)=PSCLP BATOO
PER=PERP-PSCL BATOO
PAR=PARA-PSCL BATOO
CIT=-0.5%¥SCI13¥SCI12(II*¥(ST(I+1)+SI(I-1)=2 . ¥SI(I))+ BATOO

1 SCICIIX¥SCI2(IN*¥(SI(I+1)-SI(I-1)) BATO 1

cx WRITE(6,1002) SC6(I),PSAVE(I),PPSAVE(T),PER,PAR,DLOB(I) BATO1
WRITE(6,1022) SC6(I),CJIT,BA,PER,PAR,DLOB(I),SI(I),SIV(I) BATO1

210 CONTINUE BATO1
CK SKIP SECOND. TABLE BATO 1
GO TO 220 BATO 1

c BATO1
c MAKE SECOND TABLE BATO1
c BATO 1
c WRITE(G, 1004) _ BATO1
CK DO 220 I=1,IMXTP _ BATO 1
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CK,

CK

CK

CK

CH

c

220

CKHC
Ck

CK

3s0

350
360

3001
CK

3002

3102

365

32003

370
CK

3004

BATS FORTRAN A UNIVERSITY OF MISSOURI COMPUTER NETWORK

DUM1=PPSAVE(I)+1.6666667*PSAVE(I)*DLOBP(I)}/DLOB(I)
DUMZ=DLOBP(I)-PPSAVE(I)¥(DLOB(I)*%X2)/BDL(I)
DUM3=DLOBP(I)~-PPSAVE(I)*DLOB3(I)

DUMY=DUMI*XDUM2

DUMS=DUMI*¥DUM3

WRITE(6,1006) SC6(I),DUM1,DUM2,DUM3,DUMYU,DUMS
CONTINUE )

CALCULATE WPER, WPAR AND OUTPUT PLASMA PER P MAP:
HPER=0.

WPAR=0.

DVOL1=0.25/8¢C5

L1C=-IMX

DO 360 K=1,KMX

LI1C=LI1C+INX

DO 350 I=1,IMX
IF((K.GE.KCUT).AND.(I.GE.ICUT))GO TO 350
L=L1C+Y

BA=B(L)

IF(BA.GE.BCYGO TO 3590

IF(BA.LT.BC)GO TO 3490

DTRM(LI=0.

GO TO 350

SI0=STP(L)

CALL CALP(SI,SIV,STP,SIGHMA.CD1,C02,DTRM,CTRM,B,PHI,PHIR,VR,VZ,
¥ BMID)

MOTE USE OF PSAVE AND DTRM - NO LONGER AVAILABLE FOR DAVE.
DTRM(L)=PERP
IF((PERP.EQ.0.).AND.(PARA.EQ.0.))GO TO 350
DVOL=DVOL1,SC9(I)

HPER=WPER+DVOLXPERP

WPAR=WPAR+DVOLXPARA

CONTINUE

CONTIMUE

WPAR=0.5¥WPAR

WRITE{6,3001)WPER,KPAR

FORIMAT(/6H WPER= ,E14.5,8H WPAR= ,E14.5/)
QUTPUT MAP OF WPER

WRITE(6,3002)

FORMAT(1H1,27H RAD P-PER: MID TO COIL )
MSTEP=KMXM1/21

IF(MSTEP.LT.1)MSTEP=1

MAYST=2 1XMSTEP

IF(KMXMT.LT.21)MAXST=KMXM
WRITE(6,3102)(S8SC1(K),K=1,MAXST,MSTEP)
FORMAT(/6H Z = ,21F6.2/)

DO 370 I = IMNTP,IMXTP,IMDEL

DO 365 K=1,MAXST,MSTEP
PSAVE(K)=DTRM((K—-1)XINX+I)
WRITE(6,3003)SC6(I), (PSAVE(K),K=1,MAXST,MSTEP)
FORMAT(1X,F5.2,21F6.3)

CONTINUE

OQUTPUT SI AT SPECIFIED LOCATIONS

WRITE(H,300U)
FORMAT(8Y,2HRS, 14X, 2HZS, 14X, 2HST, 14X, 3HSTV, 13X, 3HSTP )

80

BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO!
BATO1
BATO1
BATO1
BATO1
BATO1
BATO 1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO 1
BATO1
BATO1
BATO1
BATO1
BATO 1
BATO
BATO
BATO1
BATO?
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1
BATO1



FILE: BATS FOﬁTRAN A UNIVERSITY OF MISSQURI COMPUTER NETWORK

380 READ(5,3005,END=500J)RS,ZS BATO1

3005 FORMAT(2GS8.4) BATO1
I=1+RS/DELY BATO1
K=1+ZS/DELY BATO1
L=I+(K=-1)¥IMX BATO1
WRITE(6,3006)RS,2S,SI(L),SIV(L),STP(L) BATO?

3006 FORMAT(1PSE16.4) BATO1
GO TO 380 BATO1

500 STOP _ BATO1

CKHC BATO1
oy IOUT=IHOLD . BATO1
CK RETURH ) BATO1

END BATO1
c ’ BATO1

81



ERTI KT8

INX = 181 XHAX = 45.000000

KHXHD = 41 YHAX = 22.225006

IRUG = 0 IRUG OF ZERO GIVES MIN DIAG PRINT
NOTE THAT KHX = 42 LEX = 7602

SEP = 44.449997 RADIUS OF LOGP = 9.525000

NG COIL PAIRS NP = ]

NO PLASHA PAIRS FOR MULTIPOLE NPK = S

HAX NO OF OVERALL ITERATIONS. ITERHX = 20

MAX NO OF ITERATIONS FOR DE  INMX = 25

DOURBLE INMX WUHEN ITER A MULT. OF IROUR= 5

TO AVOID THE SINGULARITY FOR THE VAC FLUX FUNCTION
1T 15 SET T0 ZERD FOR K GE KCUT AND I GE ICUT

KCut = 38 ICUT = 36

ORC = 1.900000

DATA FOR CALP

ITNSC = 0 SLOP = 1.000000

INFUT = 1 '

RADII FOR SI1 BEP OF TENSOR P4RT

RSIT = 11.00 RSI2 = 13.00 RSI13 = 13.00
RC = 0.60

SINCE INPUT EQUALS ONE UE HAVE THE TAU CONST CASE
S = 0.200000

CONSTANTS FOR JDISP : v

IMNDL = 20 INXpL = 80 INDEL = 2

IBC = 1
RHSC = 8.000000
JOUT = 10

IF IRC 15 ZERQ FLUX CONSERVING BC ARE USED
RHSC IS5 USED FOR THE HMULTIPOLE EXPANSION

JCUT IS THE NUMBER OF TERMS IN THE MULTIPOLE EXFANSION

(Output from EQUIL for 2% "beta" case)

(on this and next 3 pages)

82

RSI14 =

15.00
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0
RES
RES

RES
RES

RES
RES

RES
RES

RES
RES
3

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES
10
RES
RES
11
RES
RES
12
RES
RES
i3
RES
RES
14
RES
RES

14
\J

RES
RES
14
RES
RES
17
RES
RES
18
RES
RES
19
RES
RES

B o

o (LI ] " o

Hon

o "o Hn

"o

T nou

uwon [N} L) Hon

Hou

AT ORIGIN =
0.1467818E-01
0.512124E-02
AT ORIGIN =
0.948173E~02
0.321801E~Q2
AT ORIGIN =
0.631712E-Q2
0.241754E-02
AT ORIGIN =
0.350834E-02
0.178328E-02
AT ORIGIN =
0.212197£-02
0.438005E-93
AT ORIGIN =
0.110653E-02
0.428791E-03
AT ORIGIN =
0.658941E-03
0.317713E-03
AT ORIGIN =
0.395834E-03
0.242854E-03
AT ORIGIN =
0.243099£-03
0.190864E-03
AT ORIGIN =
0.189859E-03
0.122534E~03
AT ORIGIN =
0.122095£-03

0.840853E~-04 "

AT ORIGIN =
0.837450£-04

. 0.582653E-04

AT ORIGIN =
0.580286E-04
0.405851£-04
AT ORIGIN =

T 0.404433E-04

0.282933E-04
AT ORIGIN =

0.281512E-04
0.135819E-04
AT ORIGIN =

0.1810056-04
0.641921€-05
AT ORIGIN =

0.129368E-04
0.327134€-05
AT ORIGIN =
0.841391E-
0.172169E-
AT ORIGIN =
0.547791£-05
0.897426E-06
AT ORIGIN =

0.341544E-05
0.317566E-06

5
N]

| O O

83

0.100012E+01
0.100012E+01
0.100012€+01
0.100009E+01
0.100008E+01
0.100008E+01
0.100008E+01
0.100009€+01
0.100010E+01
0.100011E+01
0.100012E+01
0.100013E+01
0.100014E+01
0.100014E401
0.100014E+401
0.100015E401
0.100015E+01
0.100015E+01
0.100015E+01

0.100013E+01



0.9245+o1
0.950E401
0.975£401
0.100E+02
0.103E402
0.105E+402
0.108E+402
0.110£+02
0.113£+02
0.115E+02
0.118E+02
0.120£+02
0.123£4902
0.125E402
0.128E4902
0.130E+02
0.133E+02
0.135€+02
0.138E+02
0.140E+02
0.143E402
0.145E402
0.148E+02
0.150E+02
0.153£+402
0.155E+402
0.158E+02
0.160E+02
0.163E402
0.165E402
0.168E+402
0.170E+402
0.173E+02
0.175E+02
0.178E+02
0.180E+02
0.183E402
0.185E+402
0.188£+02
0.190E+02
0.193E+02
0.195E+02
0.198E+02

WFER=

CURD
-0.599E-04
-0.640E-04

-0.730E-04

-0.804E-04
~0.890E-04
-0.983E-04
-0.109€-03
-0.121£-03
~0.134E-03
-0.149E-03
-0.164E-03
-0.185E-03
-0.207E-03
-0.231£-03
-0.260E-03
-0.292£-03
-0.329E-03
-0.371E-03
-0.420E~03
-0.474E-03
-0.540£-03
-0.614E-03
-0.700E-03
~0.798E-03
-0.910E-03
~0.104E-02
~0.118E-02
0.335€-03
0.453£-02
0.951E-02
0.137E-01
0.169E-01
0.163E-01
0.115E-01
0.520£-02
~0.228E-02
-0.108E-01
-0.175€-01
-0.205E-01
-0.189E-01
-0.115E-01
-0.100E-02
0.177E-02
0.140E-02
0.116E-02
0.987E-03
0.851£-03
0.742E-03
0.450E-03
0.573E-03
0.507E-03
0.451€-03
0.402E-03
0.340€-03
0.322E-03
0.290E-03
0.261E-03
0.234€-03
0.214£-03
0.195E-03
0.177E-03

0.80354E+00

WPAR=

MoDe
0.916E+00
0.%07€+400
0.898E400
0.88BE+00
0.878E+00
0.86%E+00
0.858E+00
0.848E+0D
0.837E+00
0.8264E+00
0.815E+00
0.803E+00
0.791E400
0.779E400
0.767E400
0.753E+00
0.742E+00
0.730E400

0.718E+00

0.705E+00
0.692E400
0.679E+400
0.867E400

0.654E400

0.641E+00
0.629E+00
0.618E400
0.4603E+400
0.589E+00
0.574E400
0.559E400
0.543E+400
0.524E+00
0.509E+00
0.495E+00
0.482E+400
0.471E+00
0.462E400
0.435E£+00
0.4459£+00
0.441E+00
0.430E+00
0.41%9E+00
0.407E+00
0.376E+00
0.385E+00
0.374E+00
0.3464E+00
0.353E+00
0.343E+00
0.332E+00
0.322E+00

0.313E+00 |

0.303E+00
0.294E+00
0.285E+00
0.277E+00
0.268E+00
0.259E+00
0.251E400
0.243E+00

P-FERP

0.821E-02
0.566E-02
0.303E-02
0.901E-03

OO DO VOO O DO OO OCTO OO0
L ® 8 2 » 8 » @
COD OO OO T OO DD OO OO0 OO

T s v m e e

0.48644E-01

P-FARA

0.123E-02
0.106E-02
0.773E-03
0.433£-03
0.137€6-03

SO OV O OO OO T OO OO
5 & B & & * F s & & =& » & & 2+ 3 » »
OO OO0 OSSO OO T O T OO OD

102
I

5 = & » B & ® B % & e e * @ ® &8 3 s & & s =

» & & 8 ® B B P 2 e & & & 2 8 = T 2 & ¢ - . a
C O OO OO DO OO VOO O OO OO OO OOU OO DD OO OO OO0 OO OO O U OO O DO OO DD OO TO DO OD OO ODDSOSO

OO O OO O DO T OO QDO OO O DO O OO OO DO OO 0O OO DD VO OO OO OO TOOT OO O OO D
- -

SI
-0.1426-02
-0.149E-02
-0.154E-02
-0.1576-02
-0.158E~02
-0.155E6-02
-0.148£-02
-0.1376-02
-0.120E-02
-0.963E-03
-0.635E-03
-0.260E-03

0.2376-03
0.852E-03
0.140E-02
0.2516-02
0.361E-02
0.4926-02
0.648E-02
0.832E-02
0.1056~01
0.131E-01
0.161E-01
0.197E-01
0.238E-01
0.287E-01
0.344E-01
0.411£~01
0.477E~01
0.511E-01
0.473E-01
0.328E-01
0.478E-02
-0.370E-01
-0.890E-01
-0.144E+00
~0.203E+00
-0.251E400
-0.284E+00
~0.300E+00
-0.299E+400
-0.287E+400
~0.274E+400
~0.262E400
-0.251E+00
-0.242E+400
-0.233E+00
-0.225E6400
-0.21BE+00
~0.211E400
-0.205€+00
-0.199E+400
-0.194E+00
-0.189E+00
~0.184E+00
~0.180E+00
-0.176€+00
~0.172E+00
-0.149E+00
~0.165E400
-0.162E+00

SIV
0.108E+02
0.119E+02
0.131E+02
0.7143C+02
0.135E+02
0.148E+02
0.181E+402
0.195E+02
0.209£+02
0.223E+02
0.238€+02
0.252E+02
0.2468E+02
0.283E+02
0.299E+02
0.315E+402
0.331E£+02
0.347E+02
0.364E+402
0.380E+02
0.397C+02
0.414E+402
0.431E+02
0.448E402
0.465E+02
0.483E+02
0.500E+02
0.517E+02
0.9534E402
0.552E402
0.56%9E+02
0.588E+02
0.603E+02
0.620E+02
0.637E402
0.654E+02
0.671E+02
0.4637E+02
0.704E+02
Q.720E+02

0. 78JE+07
0.800E+02
0.814E+02°
0.831E+02
0.8446E+02
0.841E+02
0.875E+02
0.890E+02
0.904E+02
0.918E+02
0,931E£+02
0.945E402
0.958E+02
0.971£+02
0.984E+02
0.997E+02
0.101E+03
0,102£+03
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EBTI KT8

INX = 181 XMAX = 45.000000

KHXH1 = 41 YHAX = 22.225006

IBUG = 0 IBUG OF ZERO GIVES NIN DIAG PRINT
NOTE THAT KHNX = 42° L¥X = 7402

SEP = 44,449997 RADIUS OF LOOP = 9.325000

NO COIL PAIKRS NP = 4

NO PLASMA FAIRS FOR MULTIPOLE NPHN = 5

HAX NO OF OVERALL ITERATIONS ITERMX = 20

HAX NO OF ITERATIONS FOR DE  INNX = 25

DOUBLE INHX WHEN ITER A MULT. OF 1DOUR= 3

TO AVOID THE SINGULARITY FOR THE VAC FLUX FUNCTION
IT IS SET 70 ZERD FOR K GE KCUT AND I GE ICUT

KCut = 38 ICUT = 36

OREC = 1.900000

DATA FOR CALP
ITNSC = 0 SLOP =  1.000000

INPUT = 1

RADII FOR SI DEP OF TENSOR PART

RSIt = 11,00 RSI2 = 12.00 KSI3 = 14,00
RL = 0.75

SINCE INPUT EQUALS ONE WE HAVE THE TAU CONST CASE
S = 0.200000 _

CONSTANTS FOR JDISP -

INNDL = 20 - IMXDL = 80 INDEL = 2

IBC = 1
RHSC = 8.000000
JCUT = 10 '

IF IBC IS ZERO FLUX CONSERVING BC ARE USED
RHSC IS USED FOR THE HULTIPOLE EXPANSION

JCUT IS THE NUMBER OF TERMS IN THE HULTIPOLE EXPANSION

(OQutput from EQUIL for 8% "beta" case)
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15.00



RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES
10
RES
RES
11
RES
RES
12
RES
RES
13
RES
RES
14
RES
RES
15
RES
RES
14
RES
RES
17
RES
RES
18
RES
RES
19
RES
RES

it on

" o o "

o

Wi HoW wou non non o i on it uoun n o on Hou

o

[

AT ORIGIN =
0.110719£400
0.337880E-01
AT ORIGIN =
0.646547E-01
0.218734E-01
AT ORIGIN =
0.454155E-01
0.169182E-01
AT ORIGIN =
0.274437€-01
0.115533E-01
AT ORIGIN =
0.171078E-01
0.4224056~02
AT ORIGIN =
0.102930E-01
0.283454E~02
AT ORIGIN =
0.676787E-02
0.219039E-02
AT ORIGIN =
0.217318E-02
0.173019E~02
AT ORIGIN =
0.311370E-02
0.135644E-02
AT ORIGIN =
0.212428£-02
0.893424E-03
AT ORIGIN =
0.167390E-02
0.5621322E-03
AT ORIGIN =
0.129173E-02
0.438384E-03
AT ORIGIN =
0.9734638E-03
0.3118626-03
AT ORIGIN =
0.722693E-03
0.220827€-03
AT ORIGIN =
0.530768£-03
0.107683E-03
AT ORIGIN =
0.430695E-03
0.550411E-04
AT ORIGIN =
0.321586£-03
0.293434E-04
AT ORIGIN =
0.221352E-03
0.1562069E-04
AT ORIGIN =
0.147408E-03
0.947245E-05
AT ORIGIN =
0.959320E-04
0.440649E-05
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0.100012E+01
0.100012E+01
0.999994E+00
0.999836E+400
0.999739E+00
0.999573E+00
0.999784E+00
0.999984E+00
0.999966E+00
0.100002E+01
0.100012E+01
0.100018E+01
0.100022E+01
0.100025E+01
0.100027E+01
0.100030E+01
0.100031E+01
0.100032E401
0.100032E+01

0.100032E+01



RHID
0.475E+01
0.500E+01
0.525E+01
0.550E+01
0.575E+01
0.600E+01
0.625E+01
0.450E+01
0.4675E+01
0.700E+01
0.723E+01
0.750E+01
0.773E401
0.800E+01
0.825E+01
0.850E+01
0.875E+01
0.900E+01
0.925E+01
0.250£+01
0.975E+01
0.100£+02
0.103E+02
0.105E+02
0.108£+02
0.110E+02
0.113E402

0.115E+402

0.118E+02
0.120E+02
0.123E+02
0.125E+02
0.128E+402
0.130E+92
0.133E+02
0.135E+02
0.138E+02
0.140E402
0.143E+02
0.145E+02
0.148E+02

0.150E+02°

0.153E+02
0.155E+02
0.158E+02
0.160E+02
0.163E+02
0.165E+02
0.168BE+02
0.170E+02
0.173£+402
0.1739E+402
0.178£+02
0.180E+02
0.183E+02
0.185E+02
0.188BE+02
0.190E+02
0.193£+02
0.195E+402
0.198E+02

WPER=

CURD
-0.387£-03
~0.421E-93
-0.459£-03
~0.499E-03
-0.544E-03
-0.590E~03
~0.844E-03
~0.6946E~-03
-0.759E-03
~0.822E-03
~0.893E-03
-0.964E-03
~0.105E-02
~-0.114E-02
-0.123E-02
~0.133E-02
-0.144E-02
-0.155E-02
-0.16BE-02
-0.181E-02
~0.195E-02

-0.209E-02

-0.225€-02
-0.239E-02
-0.255E-02
0.867E-02
0.398E-01
0.400E-01
0.493E-01
0.226E~-01
0.128E-01
0.139E-01
0.145E~01
0.138E-01
0.151E-01
0.169E-01
0.150E-01
-0.640£-02
~0.724E-01
-0.122E+00
-0.102E+00
-0.158E-01
0.769E-02
0.582E-02
0.474E-02
0.404E-02
0.352E-02
0.313E-02
0.280E-02
0.252E-02
0.227E-02
0.206E-02
0.187E-02
0.171E-02
0.1556-02
0.142E-02
0.130E-02
0.1196-02
0.109E-02
0.101E~02
0.925£-03

0.57328E+01

UPAR=

NODB
0.915E+400
0.904E+400
0.897E+00
0.887£+400
0.878£+00
0.8489E+00
0.858E400
0.848E+400
0.837E400
0.826E+00
0.815E+00
0.804E+00
0.792E400
0.781£+00
0.769E400
0.757E400
0.745E+00
0.733E400
0.721E400
0.708E400

0.696E+00,

0.683E400
0.671E+00
0.659E400
0.646E+00

-0.532E+00

0.4613E+00
0.588E+00
0.361E+00
0.539E400
0.322E+00
0.504E+00
0.489E+00
0.473E+00
0.458E+00
0.441E+00
0.424E+400
0.411E+00
0.409€+00
0.423E£400
0.439E+00
0.441E400
0.431E+00
0.418E+400
0.4056E+400
0.394E400
0.382E+00
0.371E+00
0.359E+00
0.349E+00

0.338E+00

0.328E+400
0.318E+00
0.308E+00
0.298E+00
0.289E+00
0.2B1E+400
0.272E+00
0.263E+00
0.254E+00
0.246E+400

P-FERP
0

0
0
0
0
0

a
.
-
-
»
-
-
a
.
-
-
]
-

-

.

-
.

-

75E~02
26E-01
0.220€-01
0.272E-01
0.290E-01
0.306E-01
0.324€-01
0.339E-01
0.353£~01
0.348E-01
0.383E-01
0.394E-01
0.353E-01
0.231E-01
0.801E-02

0
0
0
0
0
0
0
0
0
0
0
0
0
0
9
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
9
0
0
9
90
0
0
0
0
0
3
1
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OO O D DOV OO DO OO DO ODODOOD
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C OO OO OO OO VDO OO
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0.57892E+00

OO VOO DT OO0 O0O0O OO O
. » » N

F-PARA

0.153E-02

0.314E-02
0.444E-02
0.518E-02
0.594E~02
0.483E-02
0.767€-02
0.852£-02
0.954£~02
0.106E~01
0.115E-01
0.104E-01
0.444E-02
0.209E-02

" 9 7 ¥ u = a =
OO0 OO0 VOO0 DD O0OTO

OO OO
» - » - » » - - E » - [ 3 ” - L ] - i ] » » 1) 1 [ ] i ] - L ] i ] - E] - - - - » » L) » - [ - » . » * - a L[] - E 3

.

OOV OO QLOOO VDO O0ODODODOODDODOOD DD O DD OOD O OO DO DO O DO DD DDA OLED
. « . . = .

s1
-0.106E-01
-0.112E-01
-0.117E~01
-0.121E~-01
-0.123E-01
~0.123E-~01
-0.121£-01
-0.114E-01
-0.108£-91
-0.964E-02
-0.808E-02
-0.804E-02
-0.351E-02
~-0.354E-03
0.347E-02
0.807E-02
0.133E-01
0.199E-01
0.274E-01
0.341E-01
0.460E-01
0.575%E-01
0.706E-01
0.854E-01
0.102E+00
0.121E+00
0.134E+00
0.120E+00
0.411E-01
-0.354E~-01
-0.151E400
-0.279E+00
~0.421E£+400
-0,577E+00
-0.747E+00
-0.933E400
-0, 114E+01
-Q.134E4+01
-0.158E+01
~0.174€+01
~0.178E+01
-0.174E+01
~0, 168E+01
-0.162E+01
-0.197E+0}
~0.153E401
-0, 148E+01
~0.144E+01
~0.141E+01
-0.137E+01
~0.134E+01
-0.131E+01
-0.128E+01
~0.125E+401
~0.123E+01
~-0.120E401
~0.11BE+01
-0.116E+01
-0.114E+01
-0.,112E+01
-0.110E+01

SIV
0.108E+02
0.119E402
0.131E+02
0.143E402
0.155E+02
0.148E+02
0.181E+02
0.195E+02
0.209£+02
0.223E+402
0.238E+02

252E+02
0.248E+02
0.293E+02
0.299E+02
0.315E402
0.331E+Q2
0.347E402
0.364E+402
Q.380E+02
0.397E+02
0.414E+02
0.431E+Q02
0.448E+02
0.4465E402
0.483E+02
0.500E+02
0.517E+02
0.534E£+402
0.552E+02
0.569E+02"
0.5846E+02
0.603E+402
0.620E402
0.637E402
Q.4654E+02
0.671E+02
0.697E402
0.704E+02
0.720E+02
0.737E402
Q.7536402
0.749E402
0.785E£+02
0.800E+02
0.816E+02
0.831E£+02
0.844E+02
0.861E+02
0.875E£+02
0.890E+02
0.904E+02
0.918E£+02
0.931E+Q2
0.945E+402
0.958E+02
0.971E+402
0.984E+02
0.997E+02
0.101E+03
0.102E+403



P-PER: HID TD COIL

RAD

6,67 7.22 7.78 8.31 8.87 9.45 10.00 10.56 11,

0.0 0.56 1.1

z

1.67 2.22 2,78 3,33 3.89 4.45 5.00 5.36 6.11
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1,4222E402

51 SIU
1.4291E+02

~6.8974E-01

18
9.5000E+00

RS
2.8000E+01

R; T=800.82/807.96 17:47:55



EBTI KT8

INX = 181 XHAX = 45.000000

KHXHT = 41 YHAX = 22.225004

IRUG = 0 {BUG OF ZERO GIVES MIN D'IAG PRINT
NOTE THAT KNX = 42 LHX = 7402

SEP = 44.449997 RADIUS OF LOGP = 9.525000

NGO COIL PAIRS NP = 4

NO PLASHA FAIRS FOR HULTIPOLE HNPH = S

HAX NO OF OVERALL ITERATIONS ITERNX = 20

HAX NO OF ITERATIONS FOR DE ~ INMX = 23

DOUBLE INMX WHEN ITER A HULT. OF IDOUB= 5

TO0 AVOID THE SINGULARITY FOR THE VAC FLUX FUNCTION
IT IS SET TO ZERO FOR K GE KCUT ANR I GE ICUT

KCUT = 38 ICUT = 34

ORC = 1.900000

DATA FOR CALP

ITHSC = 0 SLOP = 1.000000

INPUT = 1

RADII FOR SI DEP OF TENSOR PARTY

RSI1 = 11.00 RS12 = 13.00 RSIZ = 13.09
BC = 0.80

SINCE INPUT EQUALS ONE WE HAVE THE TAU CONST CASE
S = 0.800000

CONSTANTS FOR JDISP

IMNDL = 20 INXnL = 89 IMDEL = 2
IBC = 1 .

RHSC = 8.000000

JOUT = 10

IF IBC IS ZERQ FLUX CONSERVING BC ARE USED
RHSC IS USED FOR THE NULTIPOLE EXPANSION .

JCUT IS THE NUHBER OF TERNS IN THE MULTIPOLE EXPANSION

(Output from EQUIL for 18% "beta" case)

90

RSI4 =

15.00



= 0
1 RES
RES
=
RES
RES
= 2
1 RES
RES
= 3
1 RES
 RES
= 8
RES
RES
= 5
1 RES
RES
= 4
RES
RES
= 7
1 RES
50 RES
= 8
! RES
RES
= .9
1 RES
100 RES
= 10
1 RES
100 RES
= 1
1. RES
100 RES
= 12
1 RES
100 RES
= 13
1 RES
100 RES
= 14
1 RES
200 RES
= 1§
1 RES
200 RES
= 16
1 RES
200 RES
= 17
1 RES
200 RES
= 18
1 RES
200 RES
= 19
1 RES
400 RES

o nou o " ou [ 1§

113

Hou ]

Hn

#n nou

iou

non "o nou [ 1} R (LI 1)

non

AT ORIGIN =
0.657314E-01
0.200650E-01
AT ORIGIN =
0.49348B%E-01
0.163373E-01
AT ORIGIN =
0.403318E-01
0.143359E-01
AT ORIGIN =
0.312744€-01
0.125747E-01
AT ORIGIN =
0.248373E-01
0,430526E-02
AT ORIGIN =
0.199719E-01
0.347072E-02
AT ORIGIN =
0.16574%E~01
0.294961E-02
AT ORIGIN =
0.137704E-01
0.253894£-02

8 AT ORIGIN =

0.115135E-01
0.220934E-02
AT ORIGIN =
0.970452E-02
0.107873E~-02
AT ORIGIN =
0.794937E-02
0.798922E-03
AT DRIGIN =
0.745048E~-02
0.4615208E~03
AT ORISIN =
0.5645208£-02
0.482134E-03
AT ORIGIN =
0.557166E-02
0.382942E-03
AT ORIGIN =
0.481144E-02
0.2024673E-03
AT ORIGIN =
0.426033E-02
0.121323E-03
AT ORIGIN =
0.371463E-02
0.803150E-04
AT ORIGIN =
0.319615E-02
0.583668E-04
AT DRIGIN =
0.273650E~02
0.443551E-04
AT ORIGIN =
0,2341467€-02

0.175014E-04

9

0.100012E+0)

©0.100012E+401

0.100012E+01
0.100000E+01
0.999930E+00
0.999739E+00
0.999903E+00
0.999982E+00
0.100004E+01
0.100008E+01
0.100018E+01
0.100022E+01
0.100027E 401
0.100030E+01
0.100033E+01
0.100037E+401
0.100039E+01
0.100040E+01
0;100041E+01

0.100041E+01



. UPER=

RNID
0.473E+01
0.500E+01
0.525E+401
0.550E+01
0.575E+01
0.4600E+01

.900E401

25E+01

SOE+01

75E+01

+100E+02
0.103E+02
0.105E+02
0.108E+02
0.110E402
0.113E402
0.115E+902
0.118E+402
0.120E+02
0.123E+02
0.125E+02
0.128E+02
0.130£+02
0.133E+02
0.135E+02
0.138E4+02
0.140E+02
0.143E+02
0.145E+02
0.148E+02
0.150E402
0.153E+02
0.155E+02
0.158E+02
0.160E+02
0.163E+02
0.145€+02
0.148E+02
0.170E+402
0.173£+02
0.175E402
0.178E402
0.180E+02
0.183E4902
0.185E+402
0,188E+02
0.190£+02
0.193£+02
0.195E+402
0.198E+02

7
8
8
8
.875E+01
4
9
9
9

CURD
-0.471E-03
-0.507€-03
-0.373E~-03
~0.617E-03
~0.697€-03
~0.754€-03
~0.850E-03
-0.922E-03
-0.104E-02
-0.113£-02
-0.128E-02
-0.140£-02
-0.138£-02
~-0.174E-02
-0.196E-02
-0.216E-02
~0.244£-02
-0.271E-02
-0.306E-02
-0.340E-02
-0.384E-02
-0.428E~02
-0.482E~02
~0.3537E-02
-0.603E-02
-0.670E-02
~0.74%E-02
~-0.828E~-02

0.950E-02
0.642E-01
0.138E+400
0.188E+00
0.170E+00
0.941E-01
0.662E-02
~0.7461E-01
-0.140E+00
~0.16%€+400
~0.153E+00
“0.110E+00
~-0.552E-01
~0.827E~03
0.124E-01
0.103E-01
0.808E-02
0.738E-02
0.637E-02
0.560E-02
0.489E-02
"0.436E-02
0.383E-02
0.344E-02
C0.304E-02
0.278E-02
0.244E-02
0.224£-02
0.199E-02
0.183£-02
0.163E-02
0.152E-02
0.135E-02

0.59176E+01

UPAR=

HODB
156400

0.878E+00
0.849E+00
0.858E+00
0.848E+00
0.837E£+00
0.824E+00
0.815£+00
0.804E+00
0.793E+400
0.781£+00
0.769E€+00
0.758E+00
0.744E400
0.734E+00
0.722E+00
0.710E+00
0.698E+00
0.484E+00
0.675E+00
0.663E+00
0.4651E+00
0.640E+00
0.629E+00
0.617E400
0.4604E400
0.582E+00
0.544E400
0.491E+00
0.432E+00
0.387E+00
0.363E+00
0.359E+00
0.373E+00
0.399E+00
0.428E+00
0.450E+00
0.459E+00
0.453E+00
0.441E+00
0.426E+00
0.413E+00
0.400€+400
0.388E+00
0.376E+00
0.364E+00
0.353E400
0.342E400
0.331E+00
0.321E+00
0.310£+00
0.301E£+00
0.291E+00
0.283£+00
0.273E+00
0.264E400
0.256E400
0.247E+090

P-FERP

25E-02
0.202E-~01

- 0.436E~01

0.680E-01
0.842E-01
0.893E-01
0.B45E-01
0.714E~01
0.526E-01
0.329£-01
0.161E-01
0.459€-02

s » a8

DO DO OO D OOOD OO O OO OO
" ©® ® B ®E N & 8 & &% ® w 3 »
SO O0O0OO SOOI OO

0.534B4E400

P-FARA

0.7864E~-03
0.4356E~02
0.111E-01
0.182£-01
0.220E-01
0.213£-01
0.167E~-01
0.106E-01
0.350E-02
0.230E~02
0.613E-03

DO O DOV OV O DO OO OOD OO OO
- L ] A & 4 s B & s » o«
OO OO OO O0CO VOO0 OO0 OO DS

IIl.llll'.‘-lllI-l'Illl'...l.lll..ll..."‘...ll.ll'll‘-l. [
VO OO VOO ODOOCOVORLRLLEOOODDVOCOOVOIDVDOT O OO0 OO DO O T DO D OOOLDDODD DO

OO O VDOV OV OO DO DO OO DO OO OO OO0 DO DO OO TS OO D OISO O

51
-0.167E-01
-0.179E-01
-0.190E-0}
-0.199E-01
-0.206E-01
-0, 211E-01
~0.214E-01
~0.213E-01
-0.208E-01
~0.199E-01
~0.184LE-01
-0.163E-01
=0.134E-01
~0.972E-02
-0.300E-02
0.8946E-03
0.313E~02

0.1469E-01
0.275E~01
0.402E-01
0.553E-01
0.731E~-01
0.941E-01
0.119E+00
0.147E+400
0.181E+00
Q.220E+90
0.2565£409
0.317E+00
0.364E400
0.342E+00
0.254E+00
~0.,492E-02
~-0.404€+00
-0.891E+00
-0.139E+01
-0.184E+01
~0.217E+01
~-0.2346E+01
~0.242E+01
-0.237E+01
~0.227E+01
-0.218E+01
-0.209C+01
-0, 201E+401
-0.193E+01
-0.187E+01
-Q0.181E+01
~0.175E+01
-0.170E+401
-0.16SE+01
~0.140E+01
-0.156E4+01
~0,.152E+01
-0.149E£4+01
-0.145E+01
~0.142E+01
~0.137E+01
-0.137E4+01
-0.134E+01
~Q0.131E+01

SV
0.108E+02
0.119E402
0.131E+02
0.143E+02
0.155E402
0.168E+02
0.181E+02
0.195E+02
0.209E+02
0.223E+02
0.238E+02
0.252E+02
0.248E+02
0.283€+02
0.299E+02
0.315E+02
0.331E+02
0.347E+02
0.364E+02
0.380E+02
0,397E+02
0.414E+02
0.431€+02
0.448E+02
0.465E+02

C0.483E402

0.500E+02
0.517E+02
0.534E+02
0.552E+02
0.569E+02
0.586E+02
0.403E+02

0.4620E+02

0.637E+402
0.5654E+02
0.671E+02
0.4687E+02
0.704E+02
0.720E402
0.737E+02
0.753E+02
0.749E+02
0.785E+02
0.800E+02
0.816E+02
Q.831E402
0.844E+02
0.861E+02

" 0.873L+Q2

0.890€+02
0.904E+02
0.918E£402
0.931E+02
0.945E+02
0.958E+02
0.971E+02
0.984E+02
0.997E+02
0.101E+403
0.102E+03



P-PER: MID T0 COIL

RAD

.87 7.22 7.78 8.33 8.8% 9.45 10.00 10.56 11,

2.78 3,33 3.87 4.45 5.00 5.56 4.1

0.0 0.56 1.1y 1,67 2.22
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st SIU
1.4291E+02

-7.8596E-01
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7.5000E+00

RS
2.8000E+01
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EBTI KT8

I¥X = 181 XMAX = 45.000000

KHXH1 = 41 YMAX = 22.225004

IBUG = 0 IBUG OF ZERO GIVES MNIN DIAG PRINT
NOTE THAT KMX = 42 LHX = 7602

SEP = 44.449997 RADIUS OF LOOP = 2.523000 "

NO COIL PAIRS WP = 4

ND PLASHMA PAIRS FOR HULTIPOLE NPH = b}

HAX NO OF OVERALL ITERATIONS ITERMX = 20

HAX NO OF ITERATIONS FOR DE  INMX = 25

DOURLE INNX WHEN ITER A NULY. OF IDOUB= b

TO AVOID THE SINGULARITY FOR THE VAC FLUX FUNCTION
IT IS SET T8 ZERO FOR K GE KCUT AND 1 GE ICUT

Kcur = 3B ICUT = 38

ORC = 1.900000

DATA FOR CALP

ITHSC = 0 SLOP = 1.000000

INPUT = 1

RADII FOR SI DEP OF TENSOR PART

RSIt = 11.00 RSIZ2 = 12.00 RSI3 = 14.90
RC = 0.460

SINCE INPUT EQUALS DNE VUE HAVE THE TAU CONST CASE
§ = 0.800000

CONSTANTS FOR JDISP

INNDL = 20 INXDL = 80 INBEL = 2
IBC = 1 ’

RMSC = 8.000000

Joutr = 10

IF IBC IS ZERO FLUX CONSERVING RC ARE USED
RHSC IS USED FOR THE MULTIPOLE EXPANSION

JCUT IS5 THE MNUNBER OF TERNS IN THE HULTIPOLE EXPANSION

(Output from EQUIL for 23% "beta" case)

94
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RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES

RES
RES
10
RES
RES
1
RES
RES
12
RES
RES
13
RES
RES
14
RES
RES
15
RES
RES
16
RES
KES
17
RES
KES
18
RES
RES
19
RES
RES
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Hon

AT ORIGIN =
0.874448E-01
0.246914E-01
AT ORIGIN =
0.734349€-01
0.241014E-01
AT ORIGIN =
0.636881E~01
0.222830E-01
AT ORIGIN =
0.527849E-01
0.195203E~01
AT ORIGIN =
0.440358E-~01
0.643954E-02
AT ORIGIN =
0.351534E-01
0.546023E~02
AT ORIGIN =
0.171483E-01
0.450835E~02
AT ORIGIN =
0.210349E-01
0.394541E-02
AT ORIGIN =
0.243801E-01
0.352247€-02
AT ORIGIN =
0.1049467E-01
0.163332E-02
AT ORIGIN =
0.668540E-02
0.115009£-02
AT ORIGIN =
0.182192£-01
0.9468513E~03
AT ORIGIN =
0.159997E~01
0.815854E-03
AT ORIGIN =
0.141629E-01
0.469108B4E-03
AT ORIGIN =
0.126106E-01
0.382972E-03
AT ORIGIN =
0.115560E-01
0.251327E-03
AT ORIGIN =
0.105046E-01
0.182810£-03
AT ORIGIN =

0.944034E-02

0.143187E-03
AT ORIGIN =

0.843725E-02
0.118888£~03
AT ORIGIN =

0.7560306-02
0.467635€-04

0.100012E+01
0.106012E+01
0.100011E+01
0.999948E+00
0.999331£+00
0.999589E+00
0.999748E+400
0.999857C+00
0.999708E£+00
0.999948E+Q0
0.100004E+01
0.100011E+01
0.100018E+01
0.100025E+01
0.100030E+01
0.100039E+01
0.100044E+01

0.100047E+01
0.100049€+01

0.100051E+01



RXID
0.475E+401
0.500£+01
0.525E+01
0.550E+01
0.575E+01
0.600E+01
0.4825E+01
0.450E+01
0.675E+01
0.700E+0
¢.725E+01
0.750E+01
0.773E+01

0.100E+02
0.103E+02
0.103E+02
0.108E+02
0.110E%02
0.113E+02
0.113E+02
0.118E+02
0.120E+02
0.123E+02
0.125E+02
0.128E+02
0.130E+02
0.133E+02
0.135E+02
0.138E+02
0.140£+02
0.143E+02
0.145E+02
0.148E+02
0.150E+02

0.153E+02

0.153E+02
0.138E+02
0.160£402
0.163E+02
0.165E+02
0.148E+02
0.170E+02
0.173E+02
0.175E+02
0.178E+02
0.1B0E+02
0.183E+02
0.185E+02
0.183E+02
0.190£+402
0.193E£+02
0.195E402
0.198E+02

WFER=

CURD

-0.717E-03
-0.747E-03
-0.8464E-03
-0.904E~03
-0.104E-02
-0.110E-02
-0.124£-02
-0.133E-02
~0.,152E-02
-0.142E~02
-0.184E-02
-0.198E-02
-0.225E-02
-0.242E~02
-0.275E-02
-0.297E-02
-0.337E-02
-0.347E-02
-0.415E-02
~0.453E~02
~0.511E~02
-0.560E~02
-0.6316-02
-0.692E-02
-0,775E-02
-0.850E-02
-0.948E£-02
-0.104E-01
0.117E~-01
0.724E-01
0.122E+00
0.144E400
0.148E+00
0.144E+00
0.141E+00
0.123E+00
0.691E-01
~-0.389E~01
~0.240E400
-0.422E+400
-0.327E+400
-0.4468E-01
0.272E-01
0.204E-01
0.1464E~01
0.137E£-01
0.116E~-01
0.101E-01
0.878E-02
0.781E-02
0.6481E-02
0.8156-02
0.537E-92
0.490E~02
0.429E-02
0.394E-02
0.347E-02
0.324E-02
0.283E-02
0.268E-02
0.233E-02

0.937546E+01

UraR=

NODB
0.914E+00
0.906E+00
0.897E+00
0.887E+00
0.878E+00
0.869E+00
0.858E+00
0.848E+00
0.837E+400
0.827E+00
0.816E+00
0.805E+00
0.793E+00
0.782E+00
0.771E400
0.759E+00
0.747E+09
0.734E400
0.724E+00
0.713E+00
0.701E+00
0.689E+00
0.478E+00
0.647E+00
0.655E+00
0.644£400
0.634E+00
0.623E+00
0.610E+00
0.584E+00
0.549E+00
0.503E400
0.453E+400
0.404E+00
0.357E+00
0.311E+00
0.274E+00
0.259E+00
0.282E+00
0.354E+00
0.436E+00
0.469E+00
0.461E+400
0.444E+400
0.428E+00
0.414E+00
0.400E+00
0.387E+400
0.374E+00
0.362E+00
0.350E+00
0.338E+00
0.328E+00
0.317E+400
0.306£400
0.297E+00
0.288E+00
0.278E+00
0.268E+400
0.260E+00
0.251E+00

P~PERP

0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.6

48E-02
0.233E-01
0.426E-01
0.520E-01
0.787E-01
0.929E-01
0.105£+00
0.114E+00
0.117E+00
0.105£+00
0.481€-01
0.211E-01

O T DO OO D OO DO OO OO
- - a » ® B & =
C OO O OO DO T ODODODDDOODOO

0.11633€+01

P~PARA

0.333E-01
0.424£-01
0.466E-01
0.379E-01
0.175E-01
0.333E-02

D R Y
OO OO OO DD OO DO ODOOOOO OO0

.

« 8 & & 4 s+ w v 3

OO DT O OO OO OO0 DT OO
-

»

9

S 8 5 s & & 3 % 8 & N E % B 8 & 8 8 ® & & 5 & 5 5 a4 6 5 B B S @ B % & B T & ® wE S & 3 » ¥ & T I = B 8 B ¥ w u ®B ® s & @
SO OO T O OO O OO0 OO OO T DOV O OO VOO O OO DO OO OO DO T OO DO CO OO DO DT DO OODOOSD

OO OO0 A OO OO OGO DO IOODOD DD DO OTD DG D ODODDODDOOD DD O DD O DO D OO OO DODDOD

SI
-0.232€-01
~0.247E-01
~0.260E-01
-0.272E-01
-0.280E-01
-0.285€-01
~0.287E-01
~0.283E-01
-0.273€-01
-0.257E-01
-0.233E-01
-0.200E-01
~0.154E-01
~0.990E-02
~0,284E-02
0.587E-02
0.165E-01
0.292€-01
0.444€E-01
0.625E-01
0.837E-01
0.109E+00
0.138E+00
0.172E400

0.211E+00

0.257E+00
0.307E+00
0.370E+400
0.439E+00
0.501E+00
0.510E+00
0.424C+00

0,.222E+00
~0.103E+Q0
-0.532E+00
-0. 113E+01
-0.182E+01
-0, 258E+01
-0.332£+01
~0.384E+01
=-0.403E+01
~0.389C+01
~-0.371E+01
~0.354E+01
-0.340E+01
~0.327E+01

- -0.315E+01

-0.305E+401
-0,293E+01
~0.286E+01

=0.277E401.

-0.26%E+01
-0.262E+01
-0.255E+01
-0.249E+01
~0.243E+01
~-0.238E+(1
-0.233E+01
~0.228E+01
~0.223E+01
~0.219E401

SIV
0.108£+02
0.119E+02
0.131E+4902
0.143E+02
0.155E+02
0.148E+02
0.181E+02
0.195E+02
0.209E+02
0.223E+02
0.238E402
0.252E402
0.248E402
0.283£+02
0.299E+02
0.315E+02
0.331E+02
0.347E402
0.344E+02
0.380£+02
0.397E+02
Q.414E+02
0.431E402
0.448E+02
0.465E+02
0.483E+02
0.500E+02
0.517E+02
0.534E+02
0.552£+02
0.569E+02
0.584E+02
0.4603E+02
0,620E+02
0.637E+02
0.654E+02
0.471E+02
0.4687E+02
0.704E402
0.720E+02
0.737E+02
0.793E+02
0.789E+02
0,735E+02
0.800£+02
0.814E+02
0.831E+402
0.B44E+0Q2
0.851E+02
0.875E+02
0.890E+02
0.904E+02
0.918E+02
0.931E+02
0.945E+02
0.958E+02
0.971E+402
0.984E+02

S 0.997E+02

0.101E+03
0.102E+03



P-PER: HID TO COIL

RAD

6.67 7.22 7.78 8.33 8.87 9.45 10.00 10.58 11,

.00 §.36 4.1

1.67 2,22 2,78 3.33 3.89 4.40

0.0 0.56 t.11
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SIv
1.4291E+02

51
~1.2713€+400

z$
9.5000E+00

RS
2.8000E+01

T=799.16/812.41 12143351
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BUMCAL program

The BUMCAL program calculates the flux linkage for the
diamagnetic pickup loop for a bumpy cylinder current sheet
model. The next page gives a sample interactive terminal
session using BUMCAL. The following pages provide a FORTRAN
1isting for BUMCAL and the ideal solenoid code, SOLBA, called
by it.

98



66

LOAR BUNCAL (NONAP START
EXECUTION BEGINS...

ENTER NOC,RS,SL,SEP,:
?

511 10 44,45

SBUHCAL

RF= 28.0000000000000000 J2F1= 9.50000000000000000 oR5=  11,0000000000000000 ,8L= 10,0000000000000000 ’
NOC= 5,5EP=  44,.4499999999999993 JOPT= ,619572240251832490

SEND

.419572240251832490
ENTER NOC,RS,SL,SEP,:
71
-1/
K



FILE:

QaQaQQ

10
20

30

4o

BUMCAL FORTRAN B UNIVERSITY OF MISSOURI COMPUTER NETWORK

PROGRAM BUMCAL K.H.CARPENTER 22JANS81

KHC 06FEB81 CORRECT LOOP ON HOC TO START AT 1.
OUTPUTS DATAR NEEDED TO CALIBRATE A BUMPY CYLINDER DIAMAGNETIC
DIAGNOSTIC USING A CURRENT SHEET MODEL.

IMPLICIT REALX¥S8 (A-H,0-2)

COMMON/CISOL/RS,SL,RF,ZF,BR,BZ,AP

NAMELIST/BUMCAL/RF,ZF1,RS,SL,NOC,SEP,APT

SEP=44.45D0

RF=28.D0

2F1=9.5DC

WRITE(5,20)

FORMAT(' ENTER NOC,RS,SL,SEP,:")

READ(5, *INOC,RS,SL, SEP

IF(HOC.LT.0)STOP

ZF=ZF1

CALL SOLBA

APT=RP :

IF(NOC.LE.1)GO TO 490

NOC1=NOC-1

DO 30 K=1,N0C!1

ZF=2F 1+KXSEP

CALL SOLBA

APT=APT+AP

ZF=ZF1-K*SEP

CALL SOLBRA

APT=APT+AP .

WRITE(6,BUMCAL) t

WRITE(S,¥)APT

GO0 TO 10

END

100
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FILE:

aaaaaaaaaQaaaaaoaaaaaaaaaaooaaaaan

KK K

LA 4

XX

KKK XK

20

SOLBA FORTRAN B8 UNIVERSITY OF MISSOURI COMPUTER

SUBROUTINE SOLBA :

IMPLICIT REAL*8 (AR-H,0-2
COMMON/CISOL-RS,SL,RF,2Z2F,BR,BZ,AP
K.H.CARPENTER 29SEP8G UMR DEPT. OF EE.

NETWORK

Calculates the B-field and A~field components for an ideal

solencid using the method of M.W.Garrett, JAP Vol.34 p2567 (1963).

This version is an adaption of the BIDSOL subroutine written by

Tommy Tucker of Oak Ridge Nat. Lab., Computer Sciences

(BIDSOL c¢converted to double precision, noxmalization changed,

calculation of vector potential added.)

Input values:
RS - PRADIUS OF SOLENOID CURRENT SHEET
SL - LENGTH OF SOLENOID CURRENT SHEET
RF -~ FIELD POINT RADIAL DISTANCE FROM SOLENOID AXIS

Div.

ZF - FIELD POINT AXIAYL DISTANCE FROM CENTER OF SOLENOID
(Input values c¢an be in any unit of length, but all four must

be in the same units.)
Qutput values:
BR - NORMALIZED RADIAL FIELD COMPONENT
BZ -~ NORMALIZED AXIAL FIELD COMPONENT
AP - NORMALIZED ANGULAR VECTOR POTENTIAL COMPONENT
To obtain dimensional values for components:
Multiply all components by surface current density
multiply all components by permeability divided by
In addition, multiply AP by the dimensional length
solenoid current sheet.

DATA PI/3.14159 265389 793238 DO/

DATK TOL/1.D~12,/, CUT/5.D~U4/, CUTSQ/25.D-8/
RSMRF=RS~RF :
RSPRF=RF+RS

RSPFSQ=RSPRF**2

DZ1=2F-0.5D0*SL

DZ2=DZ1+3SL .

DZ1S2=DZ1*DZ1 '
R152=RSPFS52+DZ218¢

R1=DSQRT(R15Q)

 DZ2859=DZ2*DZ2

ON

R2S@=RSPF3Q+DZ2SQ
R2=DSQRT(R25¢)
IF(RF.GT.1.0D~-6)GO TO 20
AXIS THE CALCULATION SIMPLIFIES TO
BZ=2.DO¥PIX(DZ2/R2-DZ1/R1)
BR=0.D0

AP=0.DD

RETURKN

CONTINUE

RSRFTUY4=RSXRF*4 D0
PAR1=RSRFTY4/R15¢Q
CHMOD1=DS2RT(1.DO~-PAR1}
A1=1.D0O

B1=CHMOD1
CPRIME=RSMRF/RSPRF

101

and
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4 times pi.
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S0LOO
SO0L0O
SOLOO
SOLOO
SOLO0O
SOLOO
S50L00
SOLOO
S0L0O
S0LOO
SO0L00
SOLOO
SOLOO
SOLO0O
S0L0O
SOLOO
SO0L0O
SOLOC
SCLOO
S0LOO
S0L0O0
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SOLOO
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SCLO0O
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S0LOO
50L0O
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FILE: SOLBA FORTRAN B UNIVERSITY OF MISSOURI COMPUTER NETWORK

CCHAR=CPRIMEXX2 SOLOO
IF(CCHAR.GE.CUTSQ)GO TO 30 SOLOO

¢ TO CALCULATE BZ AT OR NEAR THE RADIUS OF THE CURRENT SHEET, 50L00
, C MODIFY CCHAR TO ALLOW THE ITERATION TO PROCEED WITHOUT $S0L00O
¢ ZERO DIVIDED OR OVERFLOW. THE BZ CALCULATION IS CORRECTED SOLOO
c FOR THE SMALL ERROR INTRODUCED AT THE EXD OF THE ROUTINE. SO0L0O
CPRIMA=CUT ’ SOLO0O
IF(RSMRF.LT.0.D0)CPRIMA=-CPRIMA $0L0OO
CCHAR=CUTSQ SOLOO

30 CONTINUE : . SOLOO
D1=CCHAR/CMOD1 : SOLOO
CHAR=1.DO~CCHAR 50L00
E1=CHAR/CCHAR SOLGO
F1=0.D0 : S0LOO
S1=0.D0 : SOL0OO
PAR2=RBRSRFTU4,/R2SQ SO0LO0O
CMOD2=DSRRT(1.D0-PAR2) SOLOO
A2=1.D0 , SOLOO
B2=CMOD2 SOL0O
D2=CCHAR/CMOD2 SOLOD

E2=E1 S0L0D
F2=0.D0 SOLOO
$2=0.D0 S0L00
TWHOP=1.DO ‘ S0L00

1006 CONTINUE S0L0O
THOP=TWOP*2.D0 SOL0O

c=A1 | SOLOO
A1=(A1+B1)*¥0.5D0 ) : SOLOO
R1=DSQRT(C*B1) . S0LOO
CSQT1=(C-A1)%x2 v S0LOO
$1=2814CSQ1XTWOP 50L0O

c=2a2 P S0L00
A2=(A2+B2)%0.5D0 50L00
B2=DSQRT(C¥B2) SOLOD
C8Q2=(C-R2)%%X2 SOLOO
S2=S2+CSQ2%¥TWOP SOLOO

C=F1 SOLOO
F1=(E1+F1)%0_5D0 SO0LOO
DPONE=D1+1.D0 SOLOO
E1=(D1XE1+C)/DPONE S0L00
B1=B1%0.25D0XDPONEXDPONE/(A1¥D1) SOLOO

i C=F2 ) SOLOO
F2=(E2+F2)%0.5D0 SOLOO.
DPONE=D2+1.D0 . SOLOO
E2=(D2¥E2+C)/DPONE S0L01
D2=B2*0.25D0*DPONEXDPONE/ (A2%D2) SO0LO1
IF((CSQ1.GT.TOL).OR.(CSQ2.GT.TOL))GO TO 100 S0L01

C OME ADDITIONAL 'A' STEP WILL HALVE THE ERROR . SOLO 1
A1=(A1+B1)*0.5D0 SOLO1
A2=(A2+B2)%0.5D0 SOLO1

¢ BR CAN NOW BE CALCULATED FROM ELLIPTIC INTEGRAL VALUES SO0LO1
BR=0.5D0XPI*(R2%S2/A2~R1%XS1/21)/RF SOLD1

C CONTINUE ITERATIONS TO IMPROVE ACCURACY OF 3RD COMPLETE ELL. INTEGRALSOLO1
200 CONTINUE SOLC1
C=F1 : : _ SOLO 1
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F1=(E1+F1)%0.5D0

DPONE=D1+1.D0

E1=(D1X¥E1+C)/DPONE

D1=0.25D0*DPONEXDPONE/D 1

C=F2

F2=(E2+F2)%0.5D0

DPONE=D2+1.D0

E2=(D2¥E2+C)/DPONE

D2=0.25D0XDPONE*DPONE/D2

IF((D1¥D2~1.D0).GT.TOLIGO TO 200 '
F1=(E1+F1)%0.5D0

F2=(E2+F2)%0.5D0

AND AP CAN NOW BE CALCULATED
BZ=PIX*(DZ2X(RS+RS+RSMRF¥F2)/ (RSPRFXR2XA2)~
> DZ1*(RS+RS+RSMRF¥F1)/(RSPRF*R1*41))
IF((CCHAR.EQ.CUTS®).AND.(CPRIME.NE.0.D0))BZ=BZ+PIX
> DABS(CPRIMA-CPRIME)/CPRIMAX(DZ2/(R2XCMOD2)~DZ1/(R1*¥CMOD1))
RSMRFS=RSMRF**2
AP=(DZ2*(R2*%0.5DO*(PAR2+S2)~RSMRFS*F2/R2)/A2 -
> DZ1%*(R1%0.5D0*(PART+S1)~RSMRFSXF1/R1)/A1)%0.5DO*PI/ (RF*SL)
RETURN

END
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