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ABSTRACT

The report describes six computer programs which facilitate assessment of
the plasma containment properties of a wide class of magnetic field configura-
tions, including magnetic mirrors, cusps and Ioffe fields. As well as relevant
printed output the programs can provide graphical output illustrating salient
geometric features of the magnetic fields. This graphical output may be plotted
automatically either on a Benson-Lehner Model J plotter or a Stromberg-Carlson

4020 microfilm recorder.

A complete worked example is given for every program and data input is

described in detail so that the report may be used as an operating manual for

the programs.
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1. INTRODUCTION

1. For a magnetic field to be capable of containing a plasma by the mirror effect it must
be carefully designed. The complete requirements for containment are not yet properly
understood, but if the plasma is so tenuous that its modifying effect on the magnetic field
may be ignored it is possible to prescribe necessary conditions which must be satisfied
before containment can be achieved(]). Moreover, theory indicates that certain types of
plasma instability may also be suppressed if some further restrictions are imposed on the

magnetic field(z).

2 To a first approximation, the properties which the magnetic confining field B should
satisfy may be regarded as purely geometric, and the question of stable containment turns
on the relation between the field lines and the spatial distribution of the field strength
lgl. The camputer programs described in this report make it possible to assess the mirror
containment properties of a given magnetic field. In particular, they can be used to gain
an insight into special features of existing experimental apparatus and also as 'design
tools' for future experiments. Moreover, it turns out that many magnetic fields which are
of interest as possible prototypes for controlled thermonuclear reactors have a rather com-
plicated three dimensional structure and their saliant features are most easily understood
from a model or stereoscopic picture. The computer programs have therefore been equipped
to provide enough geometric information to build a model, or to draw automatically a con-

venient stereoscopic picture of selected magnetic field lines.

3. In this report a magnetic field is considered to be generated by an arbitrary number
of filamentary electric currents, There is no reason in principle why the field should
not be defined analytically, or be generated by distributed electric currents, although the

total computer time required for any calculation will increase if the magnetic field is
defined in a more complex way.

4, The camputer programs are all written in the S2 dialect of FORTRAN, and the results
which are presented as examples were obtained with the IBM 7030 (Stretch) at A.W.R.E.
Aldermaston, and a Benson-Lehner Model J automatic graph plotter at Culham. As often
happens, these programs have undergone considerable modification since their init%al con-—-
ception, The result is that they are models neither of elegance nor efficiency although
every effort has been made to ensure their accuracy and to make‘them as efficient as pro-
gramming time permitted., Also, within the limits of the built-in options, the programs may

be usefully and easily operated by people who are only marginally familiar with computing

methods.



By Where FORTRAN variable names are mentioned in the text these refer to definite data
locations whose values the program user will assign; they are also described on the Data
Sheets. Where FORTRAN subroutine names are mentioned, those subroutines must be supplied

by the user.

6. It is hoped that this report describes the programs in sufficient detail for them to
be usable by anyone with a nodding acquaintance with automatic computing. For those

requiring more detailed information the FORTRAN listings are given in the appendix.

2. PROGRAM FOR PLOTTING CONTOURS OF |B|, PROGRAM I

SCOPE_OF PROGRAM

7. This program supplies a picture of the spatial distribution of total field strength,
in a magnetic field which is generated by a given configuration of filamentary conductors.
The program user may specify any number of square plane regions intersecting the three-
dimensional region of interest in the magnetic field, and selected contours of constant |g|
are plotted automatically in these planes. By combining properly chosen segments a three-

dimensional, composite picture of the field strength distribution may be constructed.

ALLOWABLE TYPES OF FILAMENTARY CONDUCTORS

8. The basic arrangement for the filamentary conductors is an idealised generalisation of
'Ioffe geometny'(s). It consists of any number of co-axial circles, whose axis is the
z-axis of a rectangular, Cartesian co-ordinate system, and any number of infinitely long,
straight conductors, parallel with the z-axis and intersecting an (x,y) plane at arbitrary
points. The radii of the circles, their positions along the z-axis, and all currents are
also arbitrary. Dimensions and currents specifying the configuration are read into the

computer as part of the data. An example of this type of current configuration is shown
in Fig.1.
9. In addition the user may specify any number of arbitrarily oriented, finite, straight

conductors, also with arbitrary currents. These are defined by supplying the Cartesian

co-ordinates of their end points, together with their currents, as data input.

10. To complete the list of allowable types of filamentary conductor, the user may specify
an arbitrary number of completely general space curves, defined parametrically in a special
subroutine which he must supply himself. Provision is made in the body of the program for
the convenient input of supplementary defining data as well as the standard data for this

type of conductor. For example, if a general curved conductor is specified by



x(t)
z(t)

N
]

then the functions x(t), y(t) and 2z(t) must be defined in a subroutine, CURDEF, while
the values of t;, tp and current, together with an integer specifying the number of

integration steps along the curve, will be read in as standard data.

11. Any extra parameters required for the definition of x(t), y(t) and z(t) must be
read in CURDEF when a certain entry in its argument list is negative. The details of this

should be evident from the complete example which follows in para.18 et seq.

ALLOWABLE TYPES OF CROSS SECTION

12. For plotting contours of IEI the program user is allowed to specify two types of plane
region intersecting the region of interest of the magnetic field. A plane region may be
axial (lying in a plane containing the z-axis) or transverse (normal to the z-axis) and in
either case it must be square. Axial regions have one pair of edges parallel to the z-

axis, while transverse planes have their edges parallel to the x and y-axes (see Fig.2).

13. Each plane region is characterised in the data input by giving the co-ordinate values

of its midpoint XMID, YMID, ZMID and edge-length L, and another parameter P which distin-

guishes between axial and transverse planes. A plane region will be treated as axial if
00X P < 2x
and as transverse if P lies outside this range. However, note that 6, for the axial

plane satisfies

YMID,
Sin6 jéar"g“"““-"g y
ID1 + YMID3
XMID,
Cos0 = ;

2
v/ XMID? + YMID?

except when XMID, = YMID, = O, when © = P radians.

OPERATION OF THE PROGRAM

14, Having read all the relevant data, the program will deal with each square, planar
region in turn and, referring to the specified conductor configuration, will campute [Ef
at every node of a regular, rectangular grid of points spanning the square. The values of

|§] are then regarded as spot heights in a |§] surface and a standard subroutine, KONTUA
(see appendix), interpolates contours of constant |B| over the grid and effects the graphi-
cal output. The relevant contour heights are entirely at the disposal of the program user,

and are read in as part of the input data. However, in any one case the contour heights



will be the same for all planes in which contours are plotted.
OUTPUT

15, The output from the program appears in two forms - printed and graphical. The
printed output lists the input data for reference purposes, and also gives some diagnostic
printing if this should be necessary. The graphical output, which is processed by an

IBM 1401 computer and then used as input to a Benson-Lehner Model J automatic graph plotter,
results in a square frame with the appropriate contour lines drawn in it. Each contour
line is numbered with an integer (modulo 10) and the corresponding contour height may be

found from a list in the printed output.

16. A composite picture of the surfaces of constant |§| may be built up from as many axial

and transverse planes as desired.

17. A steering parameter IGRID determines whether or not the array of IEI values is to be

printed out, (see Data Sheet).

A COMPLETE EXAMPLE

18. As a further guide to the use of the program we consider the following example which,
although artificial, illustrates the main facilities available and can be used as a model,

in conjunction with Data Sheet I, for cases of practical interest.

19, The. conductor configuration is chosen as follows:
(a) Two co-axial circles with radii 1.0, normal to the z-axis, centred at z =- 1.5,
z=+ 1.5 and carrying currents -2,0, +2.0 respectively. (i.e. a simple cusp configu-
ration,)
(b) One infinitely long straight conductor, co-incident with the z-axis, carrying a
current 1.0.
(c) Four finite, straight conductors forming a square of side 2.0, centred at the
origin, whose plane is nommal to the z-axis. A current of strength 3.0 flows anti-
clockwise round the square, (as viewed in the positive z-direction),
(d) One conductor, curved rather like the seam on a tennis ball, whose parametric

equation is

X = l{a-Cos (9+%) — b.«Cos 3(e+§)}’
Y=L4wsm(8+§)+b$h1ﬁe+%», e (2)
z = c.S8in (26) ,
where A =14+ d«Sin (20) = 1 + %?
dz sis 0B)

1 - d.Sin (20)

T
1]
1]
1

|

- -



and 6= 2nt, 0Stc< 1.0,
This curve actually lies on a sphere of radius a+b if d=0 and c*=4ab ... (4)
In this example we take a =1, b = %, ¢ = Jﬁ, d = 0, and for the purposes of numeri-
cal integration we split the space curve into 32 elements. The current in the curve
will be taken as 0.5. The complete FORTRAN subroutine defining this curve might
appear as follows:-
SUBROUTINE CURDEF (T,X,Y,Z,J)
IF(J)1,1,2
1 READ 100,A,B,C,D
100 FORMAT(4F10.5)
PRINT 200,A,B,C,D
200 FORMAT(///,20X,4HA = ,F10.5,4HB = ,F10.5,4HC = ,F10.5,41ID = ,F10.5,///)
PIT2=2.0%3.14159265358979
PIB4 =0, 125%PIT2
RETURN
2 W=SINF(2.0%PIT2*T)
PHI = PIT2*T + P1IB4
FLAM= 1.0+ D*W
FMU = 1.0 - D*W }

X = FLAM*(A*COSF (PHI) - B*COSF(3.0*PHI)
Y = FMU* (A*SINF(PHI) + B*SINF(3,0%PHI)

The name CURDEF and the form of the argument list are obligatory, but the actual
details of the computation are at the discretion of the program user. Notice that
J in the above subroutine is a function number which normally takes values

1,2, ... NCUR; however after data specifying the conductor configuration has been
read, and before any calculation is done, subroutine CURDEF is called NCUR times with
J equal to -1, -2, ,..—-NCUR. This enables the program user, by testing the sign
and magnitude of J, to read in any supplementary parameters required to define the
curves. Alternatively he may specify them by FORTRAN statements and compile CURDEF
afresh each time a different run is made. In the above example only one general,
curved conductor is defined, and the supplementary parameters are A, B, C and D.
Even if no general, curved conductors are required by the problem a dummy subroutine
CURDEF is automatically included in the program to satisfy the computer operating

system. This is ignored if the user inserts a version of his own.

20. . Now suppose that we wish to plot contours of IEI = 10, 15, 20, 25, 30, 35 in the
following regions:-

(a) A transverse square of side 1.0, centred at (0.5, 0.5, 0.5).

(b) An axial square of side 1.0, also centred at (0.5, 0.5, 0.5).
The two graphs are to be 10" square, and in order to plot the contours we instruct the

program to compute |§] on two regular, square meshes (21 x 21), one for each plane, so



that the mesh interval is 0.05. These computed values of IEI are to be printed out for

detailed study.

21. The data input is arranged as follows:-

1 4 1
21 21 1

=21 S0 )

1
EXAMPLE OF THE USE OF A PROGRAM FOR PLOTTING CONTOURS OF MAGNETIC FIELD STRENGTH

1.5 1.0 2.0
=1,5 1.0 =2.0

0.0 0.0 1.0

1.0 1.0 0.0 1.0 -1.0 0.0 3.0

1.0 -1,0 0.0 ~1.0  =1.0 0,0 3.0

~1,0 -1.0 0.0 1,0 1.0 0.0 3.0

-1.0 . 0.0 1.0 1.0 0.0 3.0

0.0 1.0 32 0.5

1.0 0.5 1.414 0.0

0.5 -1.0 2.0 0.5 0.5 "
0.5 1.0 2.0 0.5 0.5

10.0

15.0

20.0

25.0

30.0

35.0

10.0

-1 (Refer to Data Sheet I)

22. The corresponding printed output is shown in Fig.3. It is mainly concerned with
listing the input data for reference purposes, The principal output is in graphical form
and 1s shown in Figs.4 and 5. The total Stretch computer time required for this example

was 2 minutes 30 seconds.

3. PROGRAM FOR PLOTTING STEREQO PAIRS AND RADIAL EXCURSION OF MAGNETIC
FIELD LINES, AND FOR EVALUATING INTEGRALS ALONG FIELD
LINES BETWEEN MIRROR POINTS - PROGRAM II

SCOPE OF PROGRAM

23. This program was designed to facilitate the study of field lines, as opposed to field
strength, in a magnetic field generated by a configuration of filamentary conductors. A
field line is defined by specifying the Cartesian co-ordinates of any point which lies on
the line. The program then numerically integrates the differential equations of the field
line in two directions, using these co-ordinates as initial conditions. The integration
terminates when either the magnetic field strength exceeds a prescribed value, or the line
intersects the surface of a cylinder (e.g. the 'walls of the apparatus'), containing the

specified region of interest. The differential equations of the field line are

ax _Bx ay _By dz B (5)
ds B ?ds B "ds B °?

-6 -



where the magnetic field vector is denoted by (B, By, B,),

2

.l 2 2
B = B + By + B

¥
and s is a distance measured along the length of the curved line. The numerical integra-

tion uses a 4th order Runge—Kutta(4) method.

24, During the integration along a magnetic field line a number of options are available
to the program user, viz:
(a) A stereo pair of pictures of the field line may be automatically plotted.

(b) The integral of a given function may be evaluated along the field line.
The value of the integral will generally only be meaningful if the
terminal points, and therefore the whole segment, lie strictly within

the cylindrical region of interest.

(c) A picture showing the radial excursion of the field lines, within the
cylindrical region of interest, may be obtained by plotting /x? + y®?

against z.

(d) As the integration proceeds along a field line, co-ordinates of points

on the line may be printed out.
Any combination of these options is available by appropriately setting the steering

parameters.

ALLOWABLE TYPES OF FILAMENTARY CONDUCTOR

25. The permitted conductor configuration for this program is precisely the same as for

Program I.

THE CYLINDRICAL REGION OF INTEREST

26. Many magnetic field configurations which are of interest because of their possible use
for confining plasma have an axis of symmetry, or at' least a preferred axis of some descrip-
tion, The region of interest in the magnetic field is then usually a more or less cylin-
drical region centred. on this preferred axis. The program user must specify the dimensions
of this 'cylinder of interest' by supplying its radius RI, and semi-length ZTX. The cylin-
der will always be centred on the co-ordinate origin, with its axis coincident with the

Z-axis. Integration along a magnetic field line ceases as soon as it hits the surface of

this cylinder.

NORMAL TERMINATION OF A MAGNETIC FIELD LINE

27. When investigating the stability of a plasma confined in a magnetic field it is some-
times of interest to evaluate certain integrals along field lines, The terminal points
for such an integration are defined as the two nearest points along the field line, one on

either side of the starting point, at which |B| attains a prescribed value BREF, It will



be seen that this arrangement is convenient for a mirror field, which requires a local
minimum of B along any field line which is capable of confining plasma, The value of
the integrand must be computed in a subroutine named INTGRD, supplied by the user, which

is called by the operative part of the program when it is required.

28. Stereo pairs of field lines will be terminated at these "mirror points', but plots
of radial excursions of the field lines will only be terminated where they intersect the

cylinder of interest.

THE STEREOSCOPIC PROJECTION SYSTEM

29. The eyes of a binocular observer are located at two points Ej, and ER 1lying in a
horizontal plane (Fig.6), and converge to a centre of interest 52, which need not be in
the same horizontal plane as the eyes. The z-axis is vertical, and 51 is an unnormalised
vector pointing from 59 toward§ the midpoint of EjEp . A spherical region of interest
is chosen with radius Ry and centre 52 , but the image may be dilated or contracted at
will by applying a magnification factor XMAG. The magnified sphere may then be rotated
éiimuthally about the axis of vector 51 through an angle PSI radians, After magnifica-
tion and rotation, points within the sphere of interest are projected from Ej, and Ep
onto a plane distant F from E[ER, the separation between this plane and centre of the
sphere being adjusted to minimise the strain on the eyes of the user. Finally the two
images are drawn automatically, each one fitting into a square of side GSIZE inches,

separated horizontally on one piece of paper by DISP inches.

30. The magnitude of vectors X, and Ei’ as well as the parameters R, , XMAG, PSI, F,
D, DISP and GSIZE must be specified by the program user, and should be chosen to fit the
binocular viewing apparatus which he will use to examine the pictures. These particular
parameters have been placed at the disposal of the program user in order to give him a
large degree of flexibility in 'mental manipulation' of the mathematical object, before

finally viewing it from the selected aspect.

31. For routine use this flexibility may be an embarrassment, and the example given later

in this section can be used as a guide.

THE STEERING PARAMETERS

32. The parameter ISTER has the following effect:-

ISTER
< - 2 Suppresses both field line integrals and stereo pairs.
- 1 Field line integrals only are computed.
0 Both field line integrals and stereo pairs are computed.

2> 1 Stereo pairs only are drawn.



Note that the stereoscopic projection data (see Data Sheet II) must be included only if

ISTER > O; otherwise it must be omitted.

33. The parameter IPLOT is concerned with drawing a graph of the radial excursions of
the field lines,

IPLOT
$- 1 Plotting of field lines' radial excursions suppressed.
2 0 Radial excursions of all field lines are plotted.
34. In addition, parameter IP, associated with each individual magnetic field line, deter-

mines whether or not the successive co-ordinate values along the line are printed out as

integration of equations (5) proceeds:

Ip
0 No co-ordinate values printed.
#0 Co-ordinate values printed.

Co-ordinate values are printed in cylindrical polar form as well as rectangular Cartesian

form, and the current value of |B| is also printed.

QUTPUT

35. There are two kinds of output - printed and graphical. The printed output lists the
input data for reference purposes and also the co-ordinates of points along a field line

if these have been requested. Some types of error condition also result in a printed

warning.

36. The graphical output may be either a stereo pair of pictures of the specified magnetic
field lines, or a graph of the radial excursions of these field lines, The stereo pair
will also show any finite, straight conductors and general, curved conductors which lie
inside the spherical region of interest (this should not be confused with the cylindrical
region of interest assumed in integrating along field lines). In addition a circle is
drawn, indicating the intersection of the plane z = 0 with the cylindrical region of

interest. Coaxial circular conductors will not be shown but short lengths of the infinite
straight conductors will be drawn.

37. The field of view of the stereo pair will just cover the sphere of interest of radius
Ry The picture showing radial excursions of the field lines will exactly cover one half
of an axial cross-section through the cylinder of interest, i.e. its dimensions will be
2(ZTX) horizontally, and RI vertically,

38. Although it is possible to obtain both types of graphical output simultaneously, the

program was actually designed to provide them on separate runs. However, if the two types



are required together, notice that the same value of GSIZE will apply to both, i.e. the
larger dimension of both the radial-excursion graph, and a single member of the stereo pair,

will be scaled to GSIZE inches.

A COMPLETE EXAMPLE

39. As an example we consider the magnetic field to be generated by a unit electric current
flowing in a single continuous loop around eight edges of a cube of side 2, centred on the
origin of co-ordinates (Fig. 7). We run the program only once, but let it operate on two
successive cases, the first case drawing a stereo pair and evaluating“/ﬁgg along selected
field lines, and the second case plotting radial excursions of these field lines with a

detailed print-out of co-ordinates along one of them.

40. For the first case we set ISTER = O, IPLOT =-1, GSIZE = 4.0,
and for the second case ISTER =-2, IPLOT = O, GSIZE = 10.0.
The following parameters will be common to both cases:-

NC O, NL =0, NFB =8, NCUR = 0.
NPB = 8, the number of field lines considered.

It

NBDS = 100, maximum allowed number of integration steps.
ZTX = 1.0, RI = 1.414.

DS 0,05, integration step length,

BREF 3.1.

41, The starting points of the eight magnetic field lines will be in the plane 2z = 0,
equispaced around a circle, radius 0.3, centred on the origin. In case 2 we print out
co-ordinates along the field line passing through the point (0.3, 0.0, 0.0). For case 1
we take the stereoscopic projection data as

Xo = (0.0, 0.0, 0.0)

X, = (4.0, 2.0, 1.0)

R, = 1.732, XMAG = 2.0, PSI =0.0, F =20.0, D=1.25, DISP =5.0.

42. This choice of parameters results in an observer whose eyes are 2.5" apart viewing an

object of 2 x 1,732 x 2,0 = 7" diameter from a distance of 20", and this 'natural' situa-

tion has been found to be satisfactory for most purposes.

43, The printed output resulting from this data input is shown in Fig.8, the stereo pair
in Fig.9 and the radial excursion graph in Fig.10. The total Stretch camputer time for
this example was 1 min. 30 sec. Fig.10 shows that the graphs of radial excursions of
field lines have been superimposed in three groups; this is due to the symmetry of the

magnetic field and the starting points of the field lines.

- 10 =



4. PROGRAM FOR ASSESSING THE HYDROVMAGNETIC STABILITY OF A LOW
£ PLASMA CONFINED BY THE MIRROR EFFECT - PROGRAM III

PREAMBLE

44. In many cases of interest, the motion of a charged particle in a magnetostatic fieldcs)
may be analysed into three parts: a rapid rotation about a 'guiding centre', in a plane
normal to the field; an oscillation of this guiding centre along a magnetic field line
between two 'mirror points' with equal values of ]EI, and a relatively slow drift in the
direction B A VB, (where B = |§|) .

45. If the spatial variation of B is sufficiently slow then the quantities

!J'=%= L LR {6)
and M,

J = [ v 2IH(E—!J.B) « ds eo s (7)
M

1
are both constants of the motion, where EL is the energy of the particle normal to the
magnetic field, m is the mass of the particle, and the integral is evaluated along a field
line between the mirror points M; and Mj .

46. Equations (6) and (7) may be regarded as defining a function

E = E(y,J,a,p) , ees (8)
where (q,ﬁ) signify the 'co-ordinates of a field line' in a direction transverse to the
magnetic field. J.B. Taylor(z) has discussed the importance of the surfaces.

E(p,J) = constant wes (0)
in assessing the hydromagnetic stability of a plasma whose pressure is small compared with

the magnetic pressure,

SCOPE_OF THE PROGRAM

47. Working with a fixed E and p, and a specified magnetic field, the program evaluates
a matrix of J values, computed according to equaticn (7), from starting points at the nodes
of a regular rectangular grid, This grid spans a given square, planar region normal to
the z-axis, called the 'J-plane'. A contour of specified height J, is then drawn. It
represents a 'drift curve', i.e, the intersectiun between the J-plane, and the three-
dimensional surface on which the guiding centre of a particle with constants of motion
(E,u,Jo) is constrained to move. The complete surface may be obtained by projecting the

drift curve in both directions, along the magnetic field lines passing through it, as far

as the surface

B(x,y,z) = . suw (10)

T Im
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49. This procedure may now be repeated for different values of E, but the same values of
p and Jg, resulting in a series of energy contours in the transverse plane, The
hydromagnetic stability of a plasma in the prescribed magnetic field turns on whether a
depression occurs in the corresponding 'energy surface', for values of E,J which are
represented in the plasma distribution, A localised depression in this energy surface
represents a localised region where the plasma will be confined and be stable against

(2)

interchange instabilities .

ALLOWABLE TYPES OF FILAMENTARY CONDUCTOR

49. The permitted conductor configuration for this program is precisely the same as that

for Program I,

SPECIFICATION OF THE CONSTANTS OF MOTION

50. Two options are available for setting up the initial constants p and Jo , as follows:
(a) For the first option one can regard the program as simulating the injection,

(1)

and subsequent ionization by the Lorentz force , of an energetic neutral particle.
A particle of unit mass is assumed to be injected, with kinetic energy EK, in some

plane
x=.x.PA.R e (ll)

Fig.11 shows a projection, onto the plane .x = 0, of the geometry involved. The

velocity of the neutral particle is
v = /2EK , vew | 12)

and ionization is assume to occur when

|va Bl Z2EL, vae L13)
EI being a prescribed value of electric field required to produce ionization, At
the point of ionization the transverse energy is computed, from the local angle between
the magnetic field and the injection line, and p is then found fram equation (6).
The basic contour height J0 is then evaluated according to equation (7), starting
the integration from the ionization point. This value J, i8 used for all the
ancillary energies which are read in, as well as for the injection kinetic energy.
This first option is assumed to be required if EI 1is set greater than or equal to

zero in the input data.

(b) The second option, which is obtained by setting EI < O in the input data, makes
it possible to prescribe an ionization position and a value of u , without reference
to any injection system. In this case the ionization position is (XPAR,YPAR,ZPAR)
and the given value of p is FMU, on the data sheet. Subsequent calculations are

identical with the first option.

-12 -



SOME REMARKS ON THE EVALUATION OF J

51. As in Program II, the user of the present program must define a cylindrical region of
interest, radius RI, semi-length ZTX. Values of |B| are computed at intervals along the
whole section of a field line which is contained within the cylinder of interest, and in

general there may be several mirror points along the line,

52, In Fig.12, lgl is plotted as a function of distance along the magnetic field; the two
upper horizontal lines represent two different values of E . S, and S, are the points
where the field line is truncated by the cylinder of interest. If the starting point for
the J integral is S,, then the region of integration in the case of 5 = P is between
the mirror points G and H. However, in the case E = Q, the region between mirror
points A and B may be a valid integration region, as well as that between the points C
and D, since a particle may start in the latter region and finish up in the former during
the course of its drift in the B AVB direction. Whether or not this transfer is in fact

possible depends on the topology of the surfaces ]E] = constant, relative to the field

lines themselves.

53. The computer program is not capable of assessing topological properties of fields
directly and is designed to cope only with the case of a single mirror region, within the
cylinder of interest, on any magnetic field line. However, it will count the number of
integration regions along any field line which it examines, and print out a 'matrix of
puddle counts', every component of which corresponds to a component of the matrix of values
of J which is also printed out. The puddle count only includes complete puddles, not
those of the form EF in Fig.12, The final energy surfaces, therefore, will only provide
an indication of plasma stability in the region of the J-point where the 'puddle counts'
are all unity. In practice this limitation does not appear to be serious, since magnetic
fields of the type for which the program was intended are usually designed to have either
one single minimum, or several widely separated local minima, in Igl. Note that a com-

ponent in any J matrix will be set to zero unless its associated 'puddle count' is unity.

THE J -PLANE PARAMETERS

54, The J-plane, containing the rectangular grid of points which form starting positions
for the purpose of evaluating J(E,u,a,B), is a square region normal to the z-axis, with
sides parallel with the x and y axes. The edge length is EDGE, in Data Sheet III, and
the x and y cc-ordinates respectively of the mid point of the plane are XMID and YMID
in the Data Sheet, The 2z position of the J-plane is taken as the 2z co-ordinate of the

point of ionization of the original, neutral, injected particle. This value is computed

.



by the program in the first option and specified by the user in the second option. The

dimensions of the rectangular grid are NX by NY.
QUTPUT

55. Output from the program is in two forms - printed and graphical. The printed output
lists the input data for reference purposes and also some quantities which are computed
prior to the main calculations. ., These include the integration step length, which is

taken as

DS = 0.02 /Ri? + 7T ... (14)

the magnetic moment g, and the constant Jos at the point of ionization, the components
and magnitude of the magnetic field at the point of ionization and the magnitude of the

field at the mirror points. This last quantity is found simply from the relation

|B| = %F , at reflection . eeo (15)

56. The matrix of J values is printed out for every energy, together with its associated
matrix of 'puddle counts', if the steering parameter IGRID is set different from zero. If

IGRID is zero this print out will take place only for the injection kinetic energy.

57. The graphical output consists of a picture of the contours, all drawn at height Jg,,

in the J surfaces corresponding to the different specified energies, as described in
paragraphs 47 and 48. The contour corresponding to the injection kinetic energy is numbered
1, and the other contours are numbered 2, 3, ... etc., in order of input of the remaining

energies, Thus the contours represent contours in an 'energy surface' for given p and Joe

A COMPLETE EXAMPLE

58. In order to illustrate the use of this program we consider an idealised, quadrupole
Ioffe apparatus, consisting of a pair of co-axial coils, radius 1,0 and separation 2.0,
together with four infinitely long conductors parallel with the z-axis, regularly disposed
about the axis of the circles. The currents in the two circular conductors are in the
same sense and of magnitude 1,0, while the currents in the four infinite, straight conduc-

tors are of magnitude 2.0, adjacent currents being anti-parallel.

59, We shall consider a J-plane of edge length 0.35, in the plane z = 0, centred on the
point (0.175, 0.175), and start the calculation by injecting a neutral particle along the
y-axis in a positive direction, set to ionize when I_\:AEI = 4.35. Grid dimensions will be

20 by 20 and the matrices will be printed out only for the injection kinetic energy.

60. The kinetic energy of the injected particle will be 0.5, and contours will also be
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drawn in the energy surface at heights corresponding to E = 0,492, 0.496, 0.504, 0,508,
0.512, 0.516, 0.520, 0.524, 0.528, 0.532 and 0.536. The radius of the cylinder of
interest will be 1.0, and its total length will be 2.0, The final graph size will be

17.5 cm. or 6.89 inches.

61. The printed output for this example is shown in Fig.13 and the graphical output in

Fig.14.

62, The total Stretch computer time required for this example was 12 mins. 12 secs.
Notice that, referring to the matrix of 'puddle counts' in the printed output, the irregu-
larities around the top and right hand edges are due to puddle counts of O and 2 in

these regions,

5. PROGRAM FOR ASSESSING THE HYDROMAGNETIC STABILITY OF A
LON 8 PLASMA CONFINED BY THE MIRROR EFFECT IN A

CYLINDRICALLY SYMMETRIC MAGNETIC FIELD - PROGRAM IV

SCOPE OF PROGRAM

63. The purpose and scope of this program are exactly the same as for Program III except
for a restriction upon the type of magnetic field considered. In cases where Program IV

is applicable it will be much more economical with computer time than will Program III.

J
64. As in Program III,values of ;E , defined by

J _ ]E_ .
;g_/éf : B. ds «es (16)

are computed by integrating along field lines in a region of relatively low ]gl Hetween
pairs of mirror points. The starting points for the integrations lie in the plane

z = ZSTART, and are equispaced between the radial positions RMIN and RMAX. It should be
noted that RMIN must be greater than zero in order for the program to work., The J inte-

grals are evaluated for a range of energies, equispaced between EMIN and EMAX. The result
J
o
[

dimensions NR by NE, spanning a rectangular region in the radius-energy plane, Contours

is that values of are evaluated at the nodal points of a uniform rectangular grid, of

J
of constant ‘g are now drawn in the surface defined by the spot heights at the nodal
points, the graphical output being effected automatically. The heights of these contour

lines, NJ in number, are equispaced between the values FIMIN and FJMAX,

65. Remarks on the cylindrical region of interest and normal termination of magnetic field

lines, made in previous sections, also apply to this program.



ALLOWABLE TYPES OF FILAMENTARY CONDUCTOR

66. The only conductors allowed are an arbitrary number of circles co-axial with the
z-axis, and an infinite line current of arbitrary magnitude along the z-axis itself. The

radii of the circles, and their currents, are campletely arbitrary.
QuUTPUT

67. Output from the program is in two forms, printed and graphical. The printed output

lists the input data for reference purposes, and can also contain some diagnostic informa-

tion in case of an input error, The computed matrix of values of $¥ , together with its
v
associated matrix of 'puddle counts' (see previous programme), is also printed out.
68. The graphical output, as mentioned previously, consists of a contour map of the 4%
B

surface over the specified rectangular region in the radius-energy plane. A special
problem of scaling arises here because (EMAX-EMIN) may be a different numerical order of
magnitude from (RMAX - RMIN). However, the user may specify a constant FMU, which repre-
sents the magnetic moment p, and by a suitable choice of FMU he can ensure that the inter-
esting range of energy is of the same order of magnitude as (RMAX -RMIN). This is possible

because only 5 enters in the integral for J.

J
69, Unlike the previous program a component of the “g matrix is not set to zero if its
v}

associated 'puddle count' is greater than one; however, it will be zero if its 'puddle
J

count' is zero. Notice also that this program prints matrices of —g values, whereas the
1%

previous program prints matrices of J values,

A COMPLETE EXAMPLE

70. To illustrate the use of this program we consider a magnetic field generated by a pair
of equal, co-axial coils carrying equal, antiparallel currents, together with an infinite
line current along the common axis. The radii of the coils will be 1.0, their separation
1.0 and their currents * 1,0; the axial current will be 0.1, The grid dimensions in the
radius-energy plane will be 20 by 20, with RMIN = 0,05, RMAX = 0,75 and EMIN = 0,3, EMAX =
1.0. Ten contours will be drawn in the i% surface between the values FJMIN = 0,0 and

FIMAX = 2.0, FMU will be taken as 0.2,

71. The radius and semi-length of the cylinder of interest will be 0.8 and 0.4 respective-
ly, and the starting points for the J integrals will lie in the plane ZSTART = O.1.

The integration step length, along the field lines, will be 0.05 and we shall take GSIZE =
10.0.

72. The printed output from this example is shown in Fig.15 and the graphical output
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appears in Fig.16. Total Stretch computer time required for this example was about 2

minutes.

73. Once again irregularities around the edge of the picture are due to puddle counts other
than unity. The region of stable containment, indicated by contours of positive slope, is

concentrated more or less towards the centre of the picture.

6. PROGRAM FOR STUDYING THE IONIZATION OF NEUTRAL ATOMS
INJECTED INTO A MAGNETIC TRAP - PROGRAM V

SCOPE_OF PROGRAM

74, This program simulates the trapping, by Lorentz ionization, of neutral atams injected
into a magnetic field(I). Neutral atoms of unit mass are injected with unit velocity
along a straight line into the field. The point at which ionization occurs may be speci-
fied by the user or may be computed as that point at which the Lorentz electric field
l!J\EI’ first exceeds a prescribed value. Once ionized the particle may then oscillate
between a pair of mirror points along a magnetic field line. The strength of the magnetic

field at the mirror points is given by

2

By =By * (37) «s (17)

ki
where B; is the field strength, and v, thé component of velocity of the particle perpen—
dicular to the field.at the point of ionization; v, the injection velocity of the particle
is taken as unity. The Larmor radius of the ionized particle is assumed to be negligibly
small.
75. The program evaluates ]!,\EI at a sequence of points along that part of the injection
trajectory which lies inside a cylinder of interest, of radius RI and semi-length ZTX.
It also draws a graph of radial excursion, between the mirror points, of the ionized parti-

cle, plotted against the =z co-ordinate of its position.

76. A number of neutral particles may be injected consecutively along the same, or

different, path and their subsequent radial excursions will be superimposed on the same

graph.

ALLOWABLE TYPES OF FILAMENTARY CONDUCTOR

77. The permitted conductor configuration is precisely the same as that for Program I.

GEOMETRY OF THE INJECTION SYSTEM

78. Apart from restriction of the injected particles to unit velocity, the injecction



system is precisely the same as described in para.50. An injection line must lie in the
plane x = XP, and the impact parameters d and 6 are referred to in the Data Sheet as

DP and TP respectively.

79. The steering parameter INJ controls the choice of ionization option as follows:

(a) INJ <O
The quantity ER, appearing on the same card as XP, DP and TP, is interpreted

at the critical value of lx,\gl at which ionization of the injected particle must occur.
As soon as this value is exceeded the subsequent path of the ionized particle is deter-
mined by the magnetic field.
(b) INJZ= O

In this case the quantity ER will be interpreted as the radius (i.e. perpen-
dicular distance from the z-axis) at which the particle is to be ionized. Fig.17
shows an axial view of the injection system which illustrates this. Again, after
ionization the subsequent path of the particle between its mirror points is completely

determined by the magnetic field.

OUTPUT

80. The output from this program is of two types - printed and graphical. The printed
output lists the input parameters for reference.purposes and if INJ'}:O it also includes
RI .
20 ° Some ancillary

computed parameters, such as the co-ordinates of ionization and mirror points, and compo-

a table, for each separate particle, of ]!,\2[ at intervals of

nents and strength of the magnetic field at the ionization point, are also printed out.

81. The graphical output consists of a picture of the radial excursion of each ionized
particle as it oscillates along a magnetic field line between its mirror points. This,

of course, is only the initial stage of its motion subsequent to ionization, These graphs
are superimposed, and each separate line is numbered so that tracks of separate particles
may be distinguished. The ionization and mirror points for each particle are indicated on

the picture by dots.

A COMPLETE _EXAMPLE

82. In order to illustrate the use of this program we consider again the magnetic field
configuration described in para, 38, We Inject four neutral particles, along an injec-
tion line defined by the impact parameters XP = 0.05, bP = 0.1 and TP = 0.15 radians,

and specify that these particles be ionized at radii 0.1, 0.2, 0.3 and 0.4 respec-
tively. The radius and semi-length of the cylinder of interest will be 0.7 and 0.6

respectively. Fig.18 illustrates the printed output from this input data, and the graph
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of the radial excursions of the ionized particles is shown in Fig.19. The total Stretch

computer time required for this example was about 2 minutes.

7. PROGRAM FOR PRODUCING TEMPLATES OF MAGNETIC FIELD LINES IN AN
IDEALISED, SYMMETRIC IOFFE APPARATUS - PROGRAM VI

SCOPE_OF PROGRAM

83. The purpose of this program is to produce pictures of transverse, plane cross-sections
through a Ioffe-type magnetic field, showing the points of intersection between a prescribed
set of magnetic field lines and these planes, The pictures may then be used as working
templates from which transverse sections, for example in perspex, may be made and stacked

together to form a three dimensional model of the magnetic field.

ALLOWABLE TYPES OF FILAMENTARY CONDUCTOR

84. The magnetic field with which this program operates is much more restricted than that
of the previous programs described in this report, since only circles co-axial with the
z-axis, and infinite lines parallel with the z-axis, are allowed as conductors, and an
implicit assumption that the field is of the Ioffe type is written into the program, That
is, every circular coil must have a 'mirror image' coil, the reflection plane being z = o,
and there must be an even number of infinite conductors, equispaced on the surface of a
circular cylinder whose axis is the z-axis, with adjacent lines carrying equal, anti-
parallel currents. A schematic transverse cross-section of such a configuration, with six

infinite conductors, is shown in Fig,20, Curved arrows indicate the general direction of
the magnetic field.

85. Notice that any given field line must lie wholly within one single sector (i.e. region
between two adjacent planes of symmetry containing exactly one infinite line conductor) and
cannot cross a plane of symmetry. The program makes use of the assumed symmetry by camput-
ing a field line only in the sector of the given starting point and then effectively reflect-
ing the whole line into adjacent sectors until all are accounted for, This results in a
considerable economy in computing time at the expense of flexihility.

86. Although the above assumptions are implicit in the main body of the program they are

not implicit in the input data and the relevant dimensions for all circular and linear
conductors of the symmetric configuration must be explicitly entered. This is to ensure

compatibility of conductor data with any of the other previous programs.
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THE TRANSVERSE SECTIONS

87. As in the previous programs the region of interest is supposed bounded by a cylinder,
co-axial with the z-axis, of radius RI and semi-length ZTX, centred on the origin. The
number of transverse sections plotted is 2.,NZT -1, equispaced along the axis of the cylin-
der of interest, so that NZT sections occupy a length ZTX, These cross-sections are in
the form of squares, of edge length 2.RB, centred on the z-axis with edges parallel with
the x- and y-axes. Thus RB is the radius of the largest circle which can be inscribed

in the plotted region of the cross-sections.

THE FIELD LINES

88. The magnetic field lines considered by the program are specified by giving the x and
y co-ordinates of their intersections with the plane z = 0. Co-ordinates of points

along the lines are then found by numerically integrating equations (5), in both directions_
away from these starting points, by a 4th order Runge-Kutta method using an integration

step length DS. Field lines are terminated at their points of intersection with the

cylinder of interest.

89. Because of the assumed symmetry of the system it is necessary to specify starting
points of field lines in only one sector; the resulting field lines will then be dupli-
cated into adjacent sectors by reflection in the planes of symmetry. The number of field
line starting points in any one sector is NPB, so the final total number of field lines

will be NL.NPB, since the number of sectors is equal to NL, the number of infinite straight

conductors.

OUTPUT

90. The output from this program consists of two forms - printed and graphical. The
printed output lists the input data for reference purposes, prints the 2z positions of

all the transverse planes on which the field line positions are to be plotted and can also

indicate some types of input error.

91. The graphical output consists of pictures of the transverse, square regions considered.
Each picture is numbered with a reference between -NZT and +NZT and its 2z position may be
found by referring to the printed output. The positions of the infinite straight conduc-
tors are marked on every picture and lines indicating the planes of symmetry are also drawn.
Numbered points printed on the pictures indicate tine places where field lines intersect the
planes, and the track of any one of the field lines considered may be found by tracing the

point marked by the reference number of that line as it alters from picture to picture.



Reference numbers are assigned to field lines in the order in which the starting points are
read into the machine, Line numbers appearing in any one symmetry sector will all be
different but will be repeated in other sectors by the reflection process described earlier,
If a field line leaves the cylinder of interest through the curved surface another one,

bearing the same number, is 'injected' at the opposite side of the same sector.

92. If RB is chosen to be so small that a point to be plotted falls outside the allowed

area (a square of side 2,RB) this fact will be indicated in the printed output.

A COMPLETE EXAMPLE

93. The magnetic field for the example will again be taken as generated by the conductor
configuration described in para. 58. The total number of transverse cross-sections will
be 9, so that NZIT is 5, and the radiusland semi-length of the cylinder of interest will
both be 1.0. We take RB = 1.001, to be sure of just including the infinite straight
conductors at the four corners, and the final graph size will be 10 inches square, The

integration step length will be 0.02.

94, We shall plot the positions of 5 field lines in one quadrant starting from positions
(0.227,0.115), (0.115,0.227), (0.155,0.580), (0.424,0.424), (0.580,0,155)

in the plane z = 0.

95. The printed output from this example is shown in Fig.21, and Figs.22, 23 and 24 show

transverse cross-sections at z = 0.0, 0.25 and 0.5 respectively. The process of automatic

re-injection of field lines is illustrated by lines 4 and 5. These are lost from the lower

right of the first quadrant and appear again in the top left, and the other quadrants are

treated correspondingly. Total Stretch computer time for this example was about 1 minute.

8. MODELS. OF A REPRESENTATIVE 'MINIMUM B' MAGNETIC FIELD

96. The idealised, quadrupole Ioffe conductor configuration described in para. 58 and

used as an example on subsequent occasions is representative of the main features of a

general type of magnetic field, viz, a field containing a local minimum in ]2 : The

magnetic field lines and surfaces of constant |B| have a spatial distribution which is

sufficiently complex for a three dimensional model to be a valuable means of displaying
geometric details of the system.

97. The computer programs described in this report have been used, among other things, for
the purpose of studying this standard, simple configuration and two models have been built

to display the essential features of the magnetic field. Plate I is a photograph of a

- 21 -



model made in thin cardboard. The transverse (horizontal) sections and the axial (vertical)

sections are fitted together in eggbox fashion and are bounded by a surface, |§| = constant,
which is just not closed, Closed 'E[ = constant surfaces are indicated by intersections
drawn on the cardboard. Magnetic field lines are represented by coloured wires threaded

through holes in the cardboard, and these have been chosen to display drift surfaces, i.e.
surfaces whereon the guiding centres of particles with given energy and adiabatic invariants
g and J must be constrained to lie. The inner drift surface, whose ends are truncated
at the surface of constant IEI where the particles would be reflected, lies in a region of

stable plasma confinement, and the outer surfaces lie in unstable regions.

98. The conductors are not shown in this model, but the mirror coils may be imagined to
lie, concentric with the vertical supporting rod, a little below and above the lowest and
highest planes of which the model is constructed. The infinite, straight conductors may
be imagined to be vertical and situated roughly between the 'ears' which are disposed

tetrahedrally about the centre.

99. A rather more detailed model of the same magnetic field configuration has been con-
structed of thin perspex sheets. This also shows surfaces of constant ]Q], magnetic field
lines and drift surfaces, thus illustrating stable and unstable regions of'plasma conf ine-

ment., A picture of this perspex model would serve only to indicate its complexity, so one

has not been included in this report.

100. The cardboard model in Plate I was made by Dr. K.V. Roberts and the author.

9, OPERATION USING THE CULHUAM PROGRAM LIBRARY SYSTEM

101. The easiest way of using the programs described in this report is to assemble card in-
put decks from Program Library Cards and data cards, rather than from actual program cards.
As far as a program user is concerned a Program Library Card is the logical equivalent of
a complete computer program, or part of a program, This system results in the elimination
of a great deal of unnecessary card handling. The present programs are each represented

by two Program Library Cards, and the card input decks should be assembled as follows:—

Job Card e

.L.C. £
Ist P Standard Cards

Subrout ine CURDEF (if required)

Supplied
by user 2nd P.L.C. &~ —

Data Cards assembled

as described on Data Sheet




Every Program Library Card has its own permanent reference number (the first number on the

card); the reference numbers appropriate to the present programs are listed in Table 1.

102, Except in the case of stereo pairs in Program II all graphical output may be automatic-—
ally transferred to the Stromberg-Carlson 4020 microfilm recorder (situated at A.W.R.E.
Aldermaston) by the simple expedient of including Program Librqny Cards 001, 127, and 153
immediately before the '2nd P.L.C.' in the diagram, The stereo pairs in Program II will
automatically appear on the S-C 4020 if input parameter F is < 0. Note that if

§-C 4020 output is expected the appropriate control cards should be inserted before the

first Program Library Card,

TABLE 1
Reference Numbers
Number Program Description
1st P.L.C, 2nd P,L.C.
I Contours of constant |B| 261 267

Stereo pictures and/or field line
I integrals and/or radial excursions 262 267

of field lines,

Energy surfaces in a general

3
il magnetic field. 26 20e

Energy surfaces in a cylindrically

2 2 267
w symmetric magnetic field. %

Injection of neutral particles
Vv . ; 265 267
into a magnetic trap.

Production of templates of field

26
Vi lines in a Ioffe apparatus. 266 7

103. A dummy subroutine CURDEF comprises part of the first Program Library Card (except in
the case of Program VI), so the system operating requirements will be satisfied even if the
user does not load his own subroutine, If the user does load his own subroutine CURDEF,

which must be preceded by a standard (S2) card, it will supersede the dummy ,

e B
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EXAMPLE OF THE USE OF A PROGRAM FOR PLOTTING CONTQURS OF MAGNETIC FIELD STRENGTH

SPECIFICATION OF CIRCULAR CONDUCTORS

HICENTRE] RADIUS CURRENT
1.5000000 }.0000000 2.0090000
-1.5000000 1.0000000 -2.0000000

SPECIFICATION OF LINEAR CONDUCTORS
X Y CURRENT
0. 0. 1.0000000

SPECIFICATION OF FINITE,STRAIGHT CONDUCTCRS

X1 Yl z1 x2 Y2 2

1.00c0 1.0000 0. 1.0000 -1.0000 0.

1.0000 -1.0000 0. -1.0060C -1.0000 0.
=1.0000 -1.0000 Q. -1.0000 1.0000 0.
-1.0000 1.0c00 0. 1.0000 1.0000 0.

DATA RELEVAMI TO GENERAL CURVED CONDUCTORS

CASE

CURRENT

3.0000
3.0000
3.0000
3.0000

T1
G.

T?

1.00¢0000C

1.00000

B =

SPECIFICATLON OF PLANES OF INTEREST

z

0.50G00G0
0.5000000

0.810LE

0.7909t C
G1 0.7352E

C.7628E

0.959TE L) 0.979YIE
0.9218E O 0.B930E

0.1156E G2 0.1172€
0.1107E 02 0.10BIE

O.1364E G2 0.1373E
0.13C5E 02 0.12868E

0.1553E €2 0.1552E
C.14BME C2 0. 1L4BIE

V. 16B1E 02 0.1670E
0. 1604E G2 0.1613E

0.1721E 02 0.)703E
U« 1635E U2 0. 1645k

G.1676E 02 D.1658E
0.1581E 02 0.1I579E

0.1577TE 02 0.1563E
0. 1878C 02 0. 1469E

0.1460E 02 0. 1449IE
U.1366c G2 0.1365E

0.1350E 02 0.1341E
0.1271E 02 0.128B7E

0.1259E 02 0. 1253E
0.1201E 02 0.12386E

0.1193E 02 0.118YE
0. 1158t €2 0.1204E

C. 10146 02 0. 11L6E
0.1137e 02 0. 1188E

0.1123E 02 0.11117E
0.1134c 02 0.1182E

0.1114E 02 0.1097E
0. 1148t 02 0.1188E

0.1124E 02 G.1096E
0.1178E 02 0.1207€

0.1156k G2 0.1125E
0.1230E 02 0.12u5€

0.1217E 02 0.1190€
0. 1305E 02 0.1305E

0.1306E 02 0.128/¢
0. 1LOBE 02 0.1390E

oo oo

02
a2

02
oz

02
02

02
02

a2
02

02
02

02
02

0.2
02

02
02

02
02

02
02

02
cz

02
02

02
02

02
02

02

02

02
02
02
02

THETA

=l.0¢C00C0
1.0000000

0.6236E
Q.7C11E

G.99 16k
0.656CE

0.1102E
0. 1046k

0.1378¢k
0.1263¢c

0. 1549E
0.14T1E

0.165%9E
0.1609E

0. 1685E
0.1625€

0. 1637t
0.1530k

0.1542E
0. 1%09E

0. 1432
0.1325¢c

0.1329€E
0. 1280E

0.1252€
0.1256E

0.1208E
0.1242E

0. 1193&
C. 1233t

0.1178c
0. 1228

0.1139C

0. 1228€

0.1105€E
0.1235€

0.1116E
0.1252€

0.1177k
0.1286t

0.1275€
0. 134LE

oo

01
01

02
02

02
02

0z
0z

oz
02

02
02

a2
Q2

02
02

a2
02

02
02

02
02

02
02

02
02

02
c2

02
v2
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CLM - R31 Figure 4: Transverse section through magnetic field, showing contours of
constant IBl (See paragraph 22)

CLM - R31 Figure 5: Axial section through magnetic field, showing contours of
constant IBl (See paragraph 22)



CLM - R31 Figure 6: The stereoscopic projection system. (See paragraph 29)

-

CLM - R31 Figure 7: Conductor configuration for a complete example. (See paragraph 39)



SAMPLE PROBLEM,STEREQO PICTURE OF,AND INTEGRALS ALONG,MAGNETIC FIELD LINES.

SPECIFICATION OF FINITEsSTRAIGHT CONDUCTORS

x1 ¥l
1.0000 1.0000
1.0000 1.0000
1.0000 -1.0000
1.0000C -1.0000
-1.0000 -1.00G0
-1.0000 -1.0000
-1.0000 1.0000
-1.0000 1.0000

SEMI=-LENGTH CONSIDERED

INTEGRATTON STEP-LENGTH

MAGNETIC FIELD AT REFLECTION

RADIUS OF VACUUM VESSEL

CO-ORDINATES OF CENTRE OF INTEREST

VIEW VECTOR

RADIUS OF SPHERE OF

MAGNIFICATION FACTOR

AZIMUTHAL ROTATICN

VIEWING DISTANCE

INTEREST

SEMI-INTEROCCULAR DISTANCE

DISPLACEMENT BETWEEN IMAGES

XMIN = -3.4210663

YMIN = =3.4145922

STARTING POINTS OF FIELD LINES

X

0.300000
a.
-0.300000
0.
0.212100
=-0.212100
=0.212100
D.212100

TABLE OF FIELD LINE INTEGRALS

K X{START)
0.300000€ 00

0.
-0.300000€ 00
0.
0.212100E 00
-0.212100E 00
-0.212100€ 00
0.212100E 00

E=NOCUVF W -

YUSTART}

0.
0.300000E
0.
-0.300000€
0.212100€
0.212100€
-0.212100E
-0.212100E

zl X2 Y2
1.0000 1.0000 1.0000
=1.0000 1.0000 -1.0000
=1.0000 1.0000 -1.0000
1.0000 -1.0000 -1.0000
1.0000 ~1.0000 -1.0000
=-1.0000 -1.0000 1.0000
-1.0000 -1.0000 1.0000
1.0000 1.0000 1.0000
1.0000000
0.0500000
3.1000000
Vo4 140000
{ 0. ' Q.
( 4.0000000, 2.0000000,
1.7320000
2.0000000
0.
20.0000000
1.2500000
5.0000000
XMAX = 3,4210663
YMAX 3.4145922
Y z
Q. 0.
0.300000 0.
. 0.
-0.300000 0.
0.212100 0.
0.212100 0.
-0.212100 0.
-0.212100 0.
Z{START} INTEGRAL NRI
0. 0.450784E 00 1
00 0. 0.45078LE 00 ]
0. 0.45078LE 00 I
00 0. 0.45C784E 00 1
00 0. 0.u50784E 00 1
0o¢ 0. 0.450784E 00 1
00 0. 0.450784E 00 1
o0 0. 0.450TBUE 00 1
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~1.0000
-1.0000
1.0000
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-1.0000
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1.0000
1.0000

0.

CASE

1.0000000)

CURRENT

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0000



SAMPLE PROBLEM.RADIAL EXCURSIONS OF,AND CO-ORDINATES ALONG,MAGNETIC FIELD LINES.
CASE

X1 Yl
1.0000 1.0000
1.0000 1.0000
1.0000 =1.0000
1.0000 =-1.0000

-1.0000 =-1.0000
-1.0000 -1.0000
-1.0000 1.0000
-1.0000 1.0000

SEMI-LENGTH CONSIDERED
INTEGRATION STEP-LENGTH
MAGNETIC FIELD AT REFLECTI

RADIUS OF VACUUM VESSEL

STARTING POINTS OF FI

X
0.300000

0.
=-0.300000
0.
0.42%200
=0.424200
=0.424200
0.424200

SPECIFICATION OF FINITE+STRAIGHT CONDUCTORS

i

1.0000
-1.0000
-1.0000

1.0000

1.0000
=-1.0000
=1.0000

1.0000

1.0000000
0.0500000
ON 3.1000000

1.4140000

ELD LINES
Y

0.
0.300000
0.
-0.300000
0.4524200
0.424200
-0.424200
-0.424200

CO-ORDINATES OF “OINTS A

X

0.3000060
0.3272K53
0.3559690
0.38594¢e8
D.u1TI1206
D 4493813
0.u4826321
C.5167795
G.5517369
0.5874205
0.6237694
0.6607052
0.6981715
0.7361136
0.7744816
C.8132298
0.8523168
0.8917046
0.9313585
0.9712L68
1.0113u406
1.0516138
1.0920429
T.1326068
1.17328170
1.21u0671
1.2549333
1.2958737¢
1.3568785
1.3779400

0.
-0.0000000
-0.0G00000
-0.0000000
-0.0000000
-0.0000000
-0.0G00000
-0.0000000
-0.0000000
-0.0000000
-0.0000000

0.0000000
-0.0000000

0.000C000
=0.0000000
-0.00600000
-0.0000000
-0.0000000
-0.0000000
-0.06000000

-0.0000000
0.0C0G000
-0.0000000

0.0000000
-0.0000000
-0.0000000
-0.0000000
-0.0000000

0.0000000

0.0000000

X2

1.0000
1.0000
1.0000
-1.0000
=1.06000
=1.0000
-1.0000
1.0000

LONG FIELD

C.

0.0418958
G.0b284T3
G. 1228599
0.1619514
0.2001494
0.237u891
0.27uG109
G.3C97584
0.3uL7772
0.3791135
0.4128135
C.uu59227
C.u784658
0.5105u462
G.5u21460
C.5733259
G.6041250
0.63U5808
C.6647290
0.6746033
C.T242354
0.7536545
0.7828875
¢.8119585
C.8408891
0.8676960
0.8984013
C.9270125
C.9555425

CO-ORDINATES OF POINTS ALONG FIELD

X

0.3000000
0.2742082
0.2499932
0.2274208
0.20655u8
0.1673532
0.1698668
U. 1560394
0.1398110
0.1271017
0.1158171
0.1658539
0.09710u8
0.089u629
0.0828248
0.0770936
0.0721794
0.0680008
0.06L4BYHE
0.061566T7
0.0591895

0.

0.0000000
0.0000000
0.0000000
0.00000090
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

0.
-0.0u28312
-0.0865731
-0.1311847
-0.1766102
-0.2227815
-0.2696211
=0.31704TY
-0.3649778
-0.4133336
-0.u620u18
-0.5110377
=0.5602651
-0.6096767
-0.6592333
-0.7089031
-0.7586605
-0.808u852
-0.B8583611
-0.9082756
-0.958218¢9

L INE

L INE

Y2 2

1.0000 =1.0000
1.0000 =1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 =1.,0000
1.0000 -1.0000
1.0000 1.0000
1.0000 1.0000

R
LINE NUMBER
0.3000000
0.3272853
0.3559690
0.3859488
0.u171206
0.4493813
0.4826321
0.5167795
0.5517369
0.567u245
0.6237694
0.6607052
0.6981715
0.7361136
0.7TuLEls
0.8132298
0.8523168
0.89170ué
0.9313585
0.9712468
1.0113406
1.0516138
1.0920429
1.1326068
1.1732870
1.2140671
1.2549333
1.2958737
1.3368785
1.3779400

R
LINE NUMBER
0.3000000
0.27u52082
0.2u499932
0.2274208
0.2065348
0.1873532
0.1698668
0. 1540394
0.1398110
0.1271017
D.1158171
0.1058539
0.0971048
0.0894629
0.0828248
0.0770936
0.0721794
0.0680008
0.06L48LE
0.0615667
0.0591895

2

CURRENT

1.0000
1.0000
1.0000
1.000C
1.0000
1.0000
1.0000
1.0000

THETA
1
=-0.
-0.000000C
-0.0000000
-0.000C000
-0.0000000
-0.0000000
-0.0000000
-0.0000009
-0.0000000
=0.0C00000
-0.0000000
0.0000000
-0.0000000
0.0C00G00
-0.0C00000
-0.0G00000
-0.0000000
0.0020%00
-0.06G00000
-0.0000000
-0.0000000
0.0000000
-0.0000000
0.0000000
-0.0000000
=-0.0000000
=-0.0000000
=-0.0000000
0.0000000
0.0000000

THETA
1
=0.
G¢.0000000
6.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.,0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

os

os

i

Moo(8e)
-0.0500000

2.6573301
2.7022925
2.7523068
2.8059416
2.8617332
2.9182061
2.973€861
3.0273081
3.0770236
3.121¢6087
3.1596781
3.18990u5
3.211Cu586
3.221978%
3.2217385
3.2095630
3.1849321
$.1u76061
3.0976522
3.03545T71
2.9617230
2.87Tuu43
2.783E667
2.6824321
2.51471117
2.4623369
2.3469294
2.2300u406
2.1131001

Moc(B)
0.0500000

2.587192171
2.5658562
2.5534658
2.5513812
2.5599111
2.5790154
2.6082876
2.6469538
2.693€8u6
2.7u76160
2.8063778
2.8681290
2.9306012
2.9913565
3.0478587
3.09756u45
3.1380278
3.1670171
3.1826325
3.1834139
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CLM - R31 Figure 9: Stereoscopic pictures of field lines due to a cube-edge arrangement
of filamentary conductors. The 3-dimensional effect should be
obtainable by viewing with the eyes diverged to infinity while
focussed on the figure. (See paragraph 43).
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CLM - R31 Figure 10: Radial excursions of magnetic field lines. (See paragraph 43).
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CLM - R31 Figure 11: Plan of neutral particle injection system. (See paragraph 50)
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CLM - R31 Figure 12: Variation of IBl along a magnetic field line. (See paragraph 52)
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SAMPLE PROBLEM. ENERGY SURFACE [N AN IDEALISED QUADRUPOLE IOFFE APPARATUS.
CASE

SPECIFICATION OF CIRCULAR CONDUCTORS

HICENTRE) RADIUS CURRENT
1.0060000 1.0000000 1.0000000
=1.0000000 1.0000000 1.000006G0

SPECIFICATION OF LIN:AR CONDUCTORS

M Y CURRENT

1.0000000 1.0000000 2.0000000
-1.0000000 1.0000000  -2.0000000
-1,0060000  -1.000G000 2.0000000

1.0000000  -1.0000000  -2.000000C

MID POINT OF PLANE LIES AT t 0.1750000, 0.17500001
EDGE LENGTH OF TRANSVERSE PLANE IN REAL SPACE 0.3500000

EDGE LENGTH OF GRAPH £.8900000 [NCHES
RADIUS CYLINDER OF INTEREST = 1.0000000

SEMI-LENGTH OF CYLINDER = 1.0000000

INTEGRATION STEP LENGTH = 0.0262643

INJECTION KINETIC ENERGY = 0.5000000

CONTOURS OF CONSTANT J ARE DARAWN AT THE FOLLCWING ENERGIES+ AS WELL AS AT THE [NJECTION ENERGY
KE ENERGY

0.4920000
0.49460000
0.50u00C0
0.50800C0
0.512000C
0.5160000
0.5200000
0.5240000
0.528000C
0.5320000
0.5360000

N-—COE~NDWBE W

NEUTRAL INJECTION PRRAMETERS

INJECTION LINE PARAMETERS POSITION AT IONISATION CRITICAL V=B,MOL{B] AT TURN
M FTHETA X ¥ z El RRM
Q. 0. 0. -0.191C000 0. 4.3500000 5.1810950
MAGNETIC MCMENT OF (ON 0.96504T0E-01
J 0.5T3451TE-01
BXION = 0.

BYION = 0.1527492E Ol
BZION = G.U4350961E 01

MBION = 0.4&611301E 01

MNEW PAGE ON GRAPH-PLOTTER. SCALE = 0.198B5TE 02 [INCHES PER UNIT VARIABLE.

CONTOUR HEIGHT 0.5T3452E-01) CONTOUR NUMBER 1

CLM - R31 Figure 13



ROW
1 0.26756-01

2 0.3122e-01
0.1395e~01

3 0.3605e~-01

0.1941E-01
4 0.LD13E-01
0.2415€-01
5 0.4407E-01
0.2910E-01
6 0.uT62E-01
0.3323E-01
T 0.5057E-01
0.3675€E=01
8 0.53ulE-01
0.4018E-01
9 0.5594E-C1
0.4319e-01
10 0.5810E-01
0.L&11E=01
I 0.5995t-01
0. 4BLEE-C
12 0.419LE=-G)
0.5041E-C1
13 0.6358E-C1
0.5218E=01
b 0.6493E-01
0.5395E-01
15 0.66CHE-CI
0.552Te-C1
16 0.869%ue-01
0.56316-01
17 0.6764E-31
G.5710E=-y1
18 U.6812E-01
0. 5766E-01
19 G.6BUlE=L]
U.57T99k=1 1
20 J.T12CE-01
G.5HI0E-u1
20k
1
2
2 1
1
E] 1
1
u
1
5 1
[
6
1
T 1
1
8 1
1
9 1
1
10
I
11 1
1
12 1
1
13 1
1
Iy 1
1
15
1
16 1
1
17 I
i
18 1

MATRIX FOR INJECTION ENERGY

0.2660E=01

0.

0.3108E-01
0.9972e-02

0.3586E-01
0.1543E-01

0.3999E-01
0.2081E-01

0.439uE-01
0.2543€E-01

0.4T49E-01
0.2980E-01

0.5045E-01
0.3396€E-01

0.5329e-01
0.3750E-01

0.55B4E=01
0.uOLSE-0

0.5799E-01
0.4319E-01

0.5984E-01
0.4562E-01

0.6183E-01
0.478BE-01

0.65u8e-01
0. u96TE=D1

O.6uBsE-01
0.5157E-01

0.6594E-01
0.5298E=01

0.66U4E-01
0:5408E=-01

0.6153E-01
0.5 1E-01

0.6802L-01
0.5535E=01

0.46831E=-01
D.9584E=01

O.6841E-01
N.55%6E-21

0.2614e=01

0.

0.3067E-01
0.5625E-02

0.3523E-01
D.1110E-01

0.3955e-01
0. 1657E-01

0.4353F-01
0.2156€=01

0.4708BE-D1
0.2638E-01

0.5008€E-01
0.30y5€e-01

0.5291E-01
0.3373c-01

0.5550€=01
0.3750e-01

0.5764E-01
0.401BE-01

0.5952E-01
0.4297e-01

0.6150E-01
0.4510E-01

0.63166-01
O.ubdbr-01

0.86u526-01
D.lblE-01

V.656UE-CI
0.50L8E-C1

0. 6E5urF=-01
0.5129r=01

0.6T23F=01
0.5226c-01

C.6T772e-01
0u5291E=-01

C.otG2e=-u1l
0.5329L-01

G.el2i=G1
Nebiulo=Ul

0.2532E-01
0.1228E-01

0.2994E-01
0.6TT3E-03

04 3431E-01
D.6146E-02

0.3879E-01
0.11B3E-01

0.u2B2E-01
0.1T10E-01

0.4839E-01
G.2200E-01

0.49LEE-OI
0.2620E-01

0.5226E-01
0.3045€-01

0.5491E-01
0.33966-01

C.5TI10E-CI
C.3875E-01

G.5E99E-01
G.3965E-01

0.6095E=01
0.4210E-01

0.826uE-01
Q. LLOUE-O)

Q.5L01E-01
C.u562E-01

Cab91LE-C]
Cau735e-ul

Cab604E-L ]
C.UubS6E-01

CohbTUE=G1
MabFubE-C 1

GabI23E-01
C.50006E-01

G.6753E-T1
L.SuusE=-ul

C.hTeIE-2T
C.5CSTE=C]

0.
0.1481E-01

0.2A92e=01
0.

0.3336E-01
0.8637E-03

0.3753e-01
0.6640E-02

0.L178E-C1
0.1224E-01

0.4539E-01
0.1755e-01

0.4B56£-01
0.2200E-01

0.5129E-C1
G.2638E-01

0.5u0BE-C1
0.2980E-01

0.5431E=0)
0.3323E-01

G.5823E-01
0.3586E-01

V.6017E-01
C.3A56E-01

0.86190E-01
Gl 4055€-01

L.6329E-C1
O.u21Te=C1

d.bbu3E-ul
Dab396E-GI

0.6534e-01
G.u539e-C)

U.6BUHNE-L]
O.ub39E-CI

C.6ASHEL |
U HTUEE- ]

Qsb6ELE-LI
C.uTuge=ul

U bARYLE=C ]
CaliTEZE=01

0.
0.1723e-01

0.27uge=01

0.3208E-01
0.

0.3633E-01
0.8583E-03

0.4027€-01
N.6795€-02

0.L396E-01
0.122uE-01

0.u47356-01
0. 1TICE-O1

0.500€E-01
0.2156E-01

0.529EE-01
0.2543E=01

0.5527E-01
0.291C€-01

0.5T723e-01
0.3192E-01

0.591LE-01
0.3452E-01

0.6092E-01
0.369CE-01

0.6234E-01
0.388CE-DI

0.A3ISCE-01
D.ug27E-01

D.6uUIE=D1
0. 417EE-01

0.6514E-01
0.4282E-01

C.656uE=-01
0.43536-01

D.A594E-01
J.U39UE=-D]

0.66C04E-01
Qabbr7E=-01

MATRIX OF PUCDLE COUNTS FOR INJECTION cHERGY

0.
0.1983€-01

0. 25%0E-01

0.3039€-01

0.

0.3L79E-01
0.

0.38B0E-01
0.8583E-03

0.u217E-01
0.6660E-02

0.4562E-01
0. 1183e=-01

0.4861E-01
0. 165TE-01

0.5157E-01
0,208 e-01

0.5395E-01
0.2415€-01

0.5597€E-01
0.2760E-01

0.5778E-01
0.3003€-01

0.5970E-01
0.3278E=01

Vab118E=01}
0. 3479€-01

0.623uE-01
0.34343€-01

0.6329E-C1
0. 4753E-01

N.6401E-01
0.3879c-01

0.6452e-01
0. 35955€6-01

0.6uB3E-01
Ve 3999E-01

0. 6493E-01
Y. un13e-01

G= 0= o= -

0.
0.2305E-01
0.2326€E-01

0.2790E=01

0.3278€-01

0.

0.-3690E-01
0.

0.4055€=01
0.84637E-03

0.uuQLE-C1
0.6148E-02

0.u686E-01
0.1110E-01

0.u98TE-OI
0. 1543E-01

0.521BE-01
Do l9u1E=01

0.5437E-01
0.2278E-01

0.56 18E-01
0.2561E-C

0.5819E-01
0.2190E-01

0.59T10E=D1
0.303%€-01

0.6092E=-01
0.3208E-01

0.6190E-01
D.5336E-01

0.626UE-01
0.3431E-01

0.6316E-01
0.3523e-01

G.6348E=-C1
G.3524E-01

O.6458C-01
0.3605e-01

e ©— O— O= -

0.
0.2558E-01
0.2068E-01

0.2561E-01

0.3003E-01

0.

0.3L52E-01

0.3856E-01
0.

0.L210E-01
0.67T3E-03

0.4510E-01
0.56256-02

0.u478BE=01
0.9972£-02

0.5041E-01
0. 1395€=01

0«5249E-C1
0.1762E-01

G.5u26E-01
«2068E-01

0.5618E-0C1
0.2326E-01

0.5778E-01
0.2540€6-01

0.59 1LE-CI
0. 2TuBE=-01

0.6017E-01
0.2092c-01

0.6095e=01
0.2996E-01

0.4150E-01
0.30676-01
G.ATB3E-0
0.31086-01

O.614e=01
e 3122E-001

0.
0.

0.1762e-01
0.2558E-01

0.2278BE-01
0.23056-01

0.2760€=01
0.1983E-01

0.31926~-01
0.1723E-01

0.3584E-01
0.1481E-01

0.3965€~01
0.1226E-01

0.u29TE-01
0.

0.u562E-01
0.

0.4BLEE-01
0.

0.506LE-01
0.

0.5249E~01
0.
0.5437E-Q1
C.

U.559T€E-01
0.

0.5723E-01
C.

0.5823E-01
0.

Q.5899c~-01
0.25326-01

0.5952¢~01
Q.26 14F=01

e S9BUE-U
U.2660F-010

G.59936=01
Q.26 13k=01

e

- N— M- -
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CLM - R31 Figure 14: Contours of an energy surface in a transverse section, at z=o,
through a quadrupole loffe magnetic field.
E =0.5, v=0.095, J=0.0573.
(See paragraph 61)



ROW

20

SAMPLE PROBLEM.ENERGY SURFACES IN A CUSP WITH AXTAL CURRENT.

SPECIFICATION OF CIRCULAR CONDUCTORS

HICENTRE) RADIUS CURRENT
0.5000000 1.0060000 1.0000000
~-0.5000000 1.0000000 -1.0000000

SPECIFICATION OF LINEAR CONDUCTORS

X Y CURRENT

Q. 0. 0. 1000000C

DS = 0.0500000

FJMIN = 0.

RHOMIN = 0.0500000 R

EMIN = 0.3000000

MU = Q.200CcCC0

ZSTART = 0.1000¢C0

NC = 2 NL = 1
LE = G.0368421
J/MUss1/2  MATRIX
0.2357E ©1 0.2189E 01 Q. 0. 0.
0. Q. 0. 0. C.
0.2206t£ 01 0.2049E 01 0. 0. 0.
0. 0. 0. 0. 0.
0.2066E C1 0.1900€ 01 0. C. 0.
G 0. 0. 0. 0.
0.1926E C1 0.176UE Q1 0.1623E 01 C. 0.
L. 0. 0. 0. 0.
01791 01 0.1629E ©1 C.I478E Q1 O.

G.

0. 0. 0.

0.1670E ©1 0.I4T7E 01 0.1365E 01 0.1229E 01 0

G

0. 0.

0.1515€ 91 0.1366E 01 0.1226E G1 0.1127€ ¢1 0.
J.4B2u1 U0 0.37B2E 00 0.3126€E 00 0.2226E 00 O.

FJIMAX = 2.5000000
HOMAX = 0.7500000
EMAX = 1.0000000
ITX = 0.4000000
NRHO = 20 NE =
DRHQ = 0.0368421
1
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0.3219e 00 0.20B9E 0C

0. 0.
0.3166E 0O 0.2317E 0O

0.

0.2997€ 00 0.23E1€ 00 0.1289E 00

1024k 01 0.926TE 00
ISUCE G0 0.LOCEE-O01

0.1309C U1 0.1238E 01 0.11186 Q1 C.1003E 01 0.8929E O 0.RO34E 00
C.s77ur 50 0.2956E 0D U.2165¢ 00 0.15B6E GO 0.6297E-01 0.

G.1249¢ ©1 0. 11136 01 0.1063c 01 0.B940E 00 0.8042E 00 0.7I41E 00
0.3046E GO 0.2243E 00 O.1489c 00 C.T72B6E-01 0.

0.

G.1107E 01 0.1001E 01 O.ETES5E 00 0.T914E QO G.69)0E GO 0.60L2E 00

0.2151E 0 0. 1440€E 0C 0.7726E-01 C. 0. 0.
G.9917k 20 C.B691E 00 0.7HBYSE 00 0.67T23E DU 0.5998E C0O 0.5177E OC
0.1315E 60 0.6127E=01 C. 0. 0. 0.
G.H56NE ON 0.TTHSE O 0.6629E 00 0.5903E 00 G.S5020E 00 0.421BE 00
0.7530E-01 0.6GT2E-02 U. C. 0. 0.
0.7340E U0 0.A593E 0L G.STY4E GO Q.uT7B2E 00 0.4 126€ 00 0.33v1E 0OC
0. TUBGE-02 0. 0. Q. 0. 0.
0.61b0E L0 0.5802E 00 0.L6B3E 00 0.LOLUOE CO 0.3255E ¢0 0.2533E 00
0. s 0. 0. Q. 0.
0.5092L OC 0.M751E 00 0.3907¢ 00 0,3035€ 00 0.2435E CO 0.1797€ 00
0. 0. 0. 0. 0. 0.
G.3902E 00 0.3746FE 0C 0.2976E 00 0.2348E 00 0.1587TE 00 0.9932E-01
G. 0. 0. 0. 0. 0.
0.28U7LE GO 0.2706E 00 0.2292€ ™ 0.1547E 00 0.9223E-01 0.3732E-01
0. 0. 0. 0. G. 0.
0.1942E (0 0.1781E 00 D.1504t 00 0.9054E-01 Q.4104kE=-O1 0.
L. 0. 0. 0. 0. 0.
0.9700E-C) 0.UBETE-0) C.6239E-01 0.1509E-01 0. 0.
C. 0. 0. 0. 0. 0.
0.4023E-02 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.

0.
0.1237€ 00

0.
0.2735€-01

0.8331€ 00
0.

0.7257€ 00
Q.

0.6262€ 00
O

0.5236E 00
C.

0.4366E 00
0.

0.3467E 00
Q.

0.2660€ GO
0.

0.1867E 00
0.

0. 1150E 00
0.

Q. 454TE-C1

0.
0.

0.
0.

0.
0.

0.
0.

CLM - R31 Figure 15

00

ol

00
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Q0

0o

[1]¢}

a0

0l

01

CASE . 1

RADIUS = 0.8000000

20 NJ = 6 NAS =
0J = 0.5000000
0. G. 0.
0. 0. 0.1633E
0. 0. Q.
0. 0.1733E 00 0.6065E-
0. 0. 0.
0.2036E 00 0.8201E-01 Q.
0. 0. Q.
0.1020E 00 0. a.
0. 0. Q.
0.8349€-02 0. 0.
0. 0. 0.
0. 0. Q.
0.7407E 00 0.648LE 00 0.5563E
0. 0. Q.
0.6446E O0C 0.5593E 00 0.uTOBE
0. 0. 0.
0.5394E 0C 0.4532€ 00 0.3808E
0. 0. 0.
0,444 1E CO 0.3652E 00 0.2BT7E
0. Q. 0.
0.3566E 00 0.27T79C 00 0.2116€
0. 0. 0.
0.2740E 0C 0.2035€6 00 0.1363E
0. 0. Q.
C.1942€ 00 0.1232E 00 0.5894E-
0. 0. -
0.1233E 00 0.6258E-01 0.1137E-
0. Q. 0.
0.4932E-01 0.8142E-02 0.

. 0. 0.
Q. 0. 0.
Q. 0. 0.
0. a. 0.
Q. 0. 0.
0. 0. Q.
0. 0. 0.
0. 0. 0.
0. 0. Q.
0. 0. 0.
0. 0. 0.

2000



MATRIX OF PUDDLE COUNTS

ROW
| 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 Q
0 0 0 0 0 0 [ 1
3 | 1 0 0 0 0 0
0 0 0 0 0 0 0 i 1
L 1 1 0 0 0 0 0 0
0 0 0 0 I 1 1 0
5 1 1 1 ] 0 0 0 0 0
0 0 0 ] 1 1 1 1 0
6 1 1 1 I 0 o] 0 0 0
0 0 0 | 1 1 1 0 0
T 1 1 1 1 1 1 1 1
1 1 1 1 1 0 0 0
a 1 1 1 1 1 1 1 I 1
1 I 1 1 1 0 0 0 0
9 I 1 1 1 1 1 1 1 1
1 | 1 1 0 0 0 0 0
10 1 1 1 1 1 1 1 1 1
1 1 1 0 0 0 "] 0 0
11 1 1 1 1 1 1 1 1 1
1 1 0 0 0 0 0 0 0
12 1 1 1 3 1 1 1 1
1 | 0 0 0 0 0 0 0
13 1 1 1 | 1 1 1 1 1
1 0 0 o 0 0 0 0 0
hu I 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 "]
15 1 1 1 1 1 1 1
0 0 0 0 ] 0 0 0
16 1 1 1 1 1 1 Q 0
0 0 0 0 0 4] 0 0 0
17 1 1 1 1 0 0 0
c 0 ] U] 0 0 0 0 1]
18 1 1 1 1 1 0 0 0 Q
0 0 0 o 0 0 o Q 0
19 1 1 1 0 Q 0 0 0
o 0 0 0 0 0 0 1}
20 1 0 0 0 0 0 0 0 0
0 0 0 0 Q 0 0 0
NEW PAGE ON GRAPH-PLOTTER. SCALE = 1.,000000E 01 [INCHES PER UNIT VARIABLE.
CONTOUR HEIGHT 0.100000E-13 CONTOUR NUMBER 1
CONTOUR HEIGHT 0.500000€ 00 CONTOUR NUMBER 2
CONTOUR HEIGHT 0.100000E 01 CONTOUR NUMBER 3
CONTOUR HEIGHT 0.150000F 01 CONTOUR NUMBER L}
CONTQUR HEIGHT 0.200000E 01 CONTOUR NUMBER 5

CONTOUR HEIGHT 0.250000E 01 CONTOUR NUMBER s sass NO INTERSECTION se=eca

-—o
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CLM - R31 Figure 16: Representation of energy surfaces in a cylindrically symmetric
magnetic field. (See paragraph 72)
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CLM - R31 Figure 17: Transverse view of neutral particle injection system. (See paragraph 79)



SAMPLE PROBLEM RADIAL EXCURSIONS OF PARTICLES IONLSED BY LORENTZ FORCE
C

ASE
SPECIFICATION OF CIRCULAR CONDUCTORS
HICENTRE) RADIUS CURRENT
1.00000G0 1.0000000 1.0000000
-1.0000000 1.0000000 1.0000000
SPECIFICATION OF LINEAR CONDUCTORS
X Y CURRENT
1.000000C 1.0000000 1.0000000
=1.0000000 1.0000000 -1.0000000
=-1.0000000 =-1.0000000 1.000000G
1.0000000 =1.0000000 -1.0000000
RADIUS OF CYLINUER OF [NTEREST = 0.7000000
SEMI-LENGTH OF CYLINDER = 0.46000000
DS = 0.0070000
KMIN = -0.60C0000 AMAX = 0.&000000 YMIN = 0. YMAX = 0.7000000
TARLE OF MOD(veR)
X Y 7 R THETA MOD(V#B)
0.0500000 -0.6982120 0.2046601 0.T7000000 -B5.9039542 3.B333667
0.0500000 =-0.6636050 0.20142397 0.6654860 -85.6911323 3.9312664
U.056U000 -0.6289980 0.1961994 0.6309822 -85.4550292 4.020uT62
0.0500000 -0.5Yu3910 N.1904691 0.5964903 -85.1916161 4.1012202
0.0500000 -0.5597841 0.1657387 0.5620126 -BL.B8958769 L. 1737768
0.0500000 -0.5251771 0. 160508y 0.5275518 -BL.561u912 L.23B4ST7
0.0500C00 -C.u705701 D.1752781 0.4931115 —-BL. 1803021 4.2955892
¢.0500000 -C.u559631 0. 17T00uT? 0.4586963 -83.7u20632 b, 345u979
0.050u000 -G.u2135861 N.lesb il 0.u2u3123 -83.2326722 u,3885001
0.0500000 -C.3b67uv] 0.1595€71 0.3899478 -82.6335024 L.42u8929
0.05006000 -0.3521u21 0.1503567 0.35567Tul -81.9186988 b, 4549493
2.0500000 =0.3175351 0. 1491264 0.3216476 =81.05150162 4.4789137
0.05G0C00 ~0.2629261 0.1436961 0.2873123 =79.9779180 L L9TOO0N
C.0500000 =C.2kES212 N.13L 6657 0.2533050 —78.46155941 L.5093923
C¢.050000C ~G.2137 142 0.133u45u 0.2194852 - T6.HI2GT5, L.5162u08
0.0500000 =C.1791072 0.1292950 0.1859553 =TL.4022628 L.51T6665
0.0500600 -C. 14450792 0. 12297410 0.1529062 =70.9133419 L.5137602
0.0500C00 =-C. 1096932 O 1177L4Y 0.12071333 -65.5350743 L.5045€u1
0.0500000 -(.07520462 N 1125140 0.09035771 -56.4105857 L.u901739
©.0500000 -C.0u06792 0.1uT293T N.064u5T77 =39.1312747 L.u705400
C.0500000 =-L.0CAUT2? 0.1026534 0.050367h ~6.92631739 4.L456705
0.05060uC G.02853L7 0.0v6E230 0.0575694 29.7131782 4. ui155327
0.0500000 G06410107 N.C15927 0.08C5u12 S1.6253760 u. 3800762
n.0s500ac0 0097 7us? 0.0LE 5624 0.1CH7IL4 62.9095uu2 4.3392360
C¢.0500000 Ca 1323557 N.LE1 1320 0. 1414851 69.3049uu6 L,2929354
C.05006000 Caleb7627 D.CT59017 0. 1162887 73.3287191 L,2510895
0.0500000 .20 15697 n.CTneT iy 0.2076784 T6.06HTATSE 4,1836100
0.0500000 G.2361767 7.665441C 0.2414113 i8.0u66391 4.120u087
€.050L000 C.27C/R3T 0.06021CT7 0.2753612 7Y.5382143 4.0514034
2.0500000 0.30535906 0.054vA00 0.309u56T B80.70176064 3.9765225
0.0500¢CUC 0.3499976 N.Lu37502 0.3436545 Bl.6360564 3.8957114
0.050u0C0 0.37h60L6 0.0Lu5197 0.3779267 B2.307u3L4 3.8089381
C.05CuCG0 C.uGe2116 v.L3v2094 0.4122549 83.0337783 3.7161998
0.C506u00 G.uL3uikée 0.6340590 0.uub6262 A3.5722375 3.6175293
0.0500C30 C.uT8u256 n.czec287 0.LE10312 BL. 0337077 3.5130C11
92.0500000 0.5130326 0.0235984 0.5154633 84.L335502 3.u027378
C.05C0000 C.5476396 0.CI1E3680 0.5499173 HL,TE33053 3.2869158
0.0500000 C.5822u65 0.01351377 0.5Au35835 #85.0918078 3. 1657697
0.0500000 C.b6168535 N.C0TI0TH 0.6168766 85.3659347 3.0395967
0.050u00C C.6514605 0.L026770 0.6533765 A5.6111176 2.908759u
0.050000C C.6R606TS =-N,C02553%3 0.6878871 85.8317031 2.7736869
0.0504000 C.7206745 =0.0077827 0.7226069 86.0312101 2.6348748
CO-ORDINATES OF MIRROR POINTS
XREF YREF IREF RREF TREF IREF

0.505279e-01 -0.B53726E-01 (0.1301H85E 00 0.9920u6E-01 -0.103639€ 01 0.130185E OC
0.394979C-01 —-0. ICEB3BE GO -0.141560E 00 0. 115783E 00 -0.122267E- 01 -0.141580€E Q0

BXION = 0.1710491
BYION = 0.39655u5
8LI0N = L. 4857340
MBION = L.5064757

NEUTRAL INJECTION PARAMETERS

INJECTION LINE PARAMETERS POSITION AT IONISATION RADIUS H00O(B) AT TURN
2] THETA X Y 4 R BRM
0. 1000000 0. 1500600 0.0500000 -0.0866025 0. 1162492 0.1000000 4.5237204

AND 50 ON FOR THE OTHER THREE INJECTED PARTICLES.

CLM - R31 Figure 18
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CLM - R31 Figure 19: Radial excursions, between mirror points, of particles trapped
by Lorentz ionisation. (See paragraph 82)
Q- / /ANTIPARALLEL CURRENTS
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PLANES OF SYMMETRY /\
\ .

CLM - R31 Figure 20: Example of the type of magnetic field assumed by Program VI, illustrating the
symmetry. (See paragraph 84)



SAMPLE PROBLEM.TRANSVERSE TEMPLATES FOR MODEL OF MAGNETIC FIELD LINES.

SPECIFICATION OF CIRCULAR CONDUCTORS

H{CENTRE) RADIUS CURRENT
1.0000000 1.0000000 1.0600000
-1.0000000 1.0000000 1.00€0000

SPECIFICATION OF LINEAR CONDUCTORS

X Y CURRENT
1.0000000 1.G000000 2.0000000
-1.0000000 1.0000000 -2.0000000
-1.0000000 =-1.0006000 2.0000000G
1.0000000 =1.0000000 -2.0000000
SEMI-LENGTH CONSIDERED 1.0000000
NUMBER OF TEMPLATES 9
INTEGRATION STEP-LENGTH 0.0200000
RADIUS OF VACUUM VESSEL 1.00Cc0000
RADIUS OF PLOTTED REGION 1.0010000

STARTING POINTS OF FIELD LINES (Z=0)

X Y

0.277000C 0.115000
0:115000 0.277000
0.155000 ¢.580600
0.424000 0.424000
0.580000 0. 155000

Z ORDINATES OF TEMPLATES

TEMPLATE NUMBER POSITION
0 =0,

-1 -0.2500000

=2 -0.5000000

-3 =0.7500000

-1 -1.0000000

Z ORDINATES OF TEMPLATES

TEMPLATE NUMBER POSITION
-0 0.

1 ' 0.2500000

2 0.5000000

3 0.7500000

4 1.0000000

CLM - R31 Figure 21



CLM-R31 Figure 22: Transverse section, at
z=o, through loffe field showing intersections
with field lines. (See paragraph 95)

CLM-R31 Figure 24: Transverse section, at
z=0.5, through loffe field showing intersections
with field lines. (See paragraph 45)

CLM-R31 Figure 23: Transverse section, z
=0,25, through loffe field showing intersec-
tions with field lines, (See paragraph 95)
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TABLE 2

o N7 | progean 1 | Frommen T | PRI, | Ty | oV | Erogn v
of ) |B | Contours otos Surfaces, Surface§, TnJeotion Templates
Subroutine General Symmetric
MAGCUR MAGCUR MAGCUR MAGCUR
MAGLIN MAGLIN MAGLIN MAGLIN
Type (a) PLOT PLOT PLOT PLOT PLOT PLOT
KONTUA KONTUA KONTUA
Standard ATANFQ ATANFQ ATANFQ ATANFQ ATANFQ
TITLER TITLER TITLER TITLER TITLER TITLER
RKSTEP RKSTEP RKSTEP RKSTEP RESTEP
GNUMB GNUMB GNUMB
FRAME FRAME
GRIDFQ GRIDFQ GRIDFY
FIELD FIELD FIELD FIELD FIELD FIELD
Type (b) DATAFB DATAFB DATAFB DATAFB
DATCUR DATCUR DATCUR DATCUR
Similar CURDEF CURDEF CURDEF CURDEF
BLINT BINT BINT
BLCOMP BCOMP BCOMP
PRELUDE PRELUDE FRELUDE FRELUDE PRELUDE PRELUDE
Main Routine |Main Routine | Main Routine | Main Routine |Main Routine | Mzin Routine
DATAB DATA1 DATAG DATAL DATAB DATAA1
DATA8 DATA7 DATAS DATANT DATA2
MODB BORG LIONES ouTPUT LION TMPLTS
MIRINT JGENER JGEN BDRAW TEMPLT
BLINE INJECT INJECT
SYMPLE
PLSTCR
Type (c) PLSTFB
PLOST
BPLOST
Specialised STEREOQ
ROTMAT
ROTATE
STEROP.
TRNSPT
GRIND
INTGRD

Two dummy subroutines PHOTBG and ENDBQQ are also included in all six programs, in order to satisfy
the Operating System., These will be overwritten if the Program Cards are included which cause graphical
output to appear on the Stromberg-Carlson 020 microfilm recorder. These library cards will also cause
the inclusion of other standard subroutines concerned with graphical output.



APPENDTIX

104. The subroutines which make up the programs described in this report may conveniently

be classified into the following groups:

(a) Standard subroutines used as self contained logical units in same, or all,

of the programs.

(b) Subroutines similar, but not identical, to those in the other programs.

These are mostly Input-Output routines.

(c) Specialised subroutines peculiar to individual programs.

105. Table 2 lists these subroutines according to the above classification. Every
program has a PRELUDE, which organises the layout of common storage, and a main routine,
which initiates the computation proper and exercises broad control. The subroutine list-
ings which follow are classified in the same way and in the interests of brevity only the
specialised subroutines are listed under individual programs. One each of the standard
and similar subroutines is listed separately, except for the small standard subroutines

ATANFQ, TITLER, GNUMB and FRAME which are merely described, as follows.

Subroutine Function

ATANFQ(X,Y) Evaluates the angle 6 which satisfies the relations

X
Cos 6 = v?§§=:=;§
Sin 6 = e
e Y
0<6< 2x

TITLER Reads and prints the contents of a title card supplied as input data.
GNUMB Plots a given number at a specified position on the graph paper.
FRAME Draws a rectangular frame of specified dimensions, forming a border to the

plotting region.

106, The comment cards which appear in the following listings should be sufficient to

indicate the purpose and methods of the various routines.
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faz) PROGRAM |

HOD{B) CONTOURS [N GENERAL MAGNETIC FIELD

onnn

SURROUTINE PRELUDE
COMMON HCyRC,CCa XL, YLCL o XP 3 ¥P o 2Py NC, NL NP
COMMON CKADWCKAI,CKA2,CKA34CRANCKBO,CKE1,CKB2,CKD3,CXBY,CEAL,
LCEA2+CEA3,CERM,CEBI,CER2,CER3, CEBY
COMKON XPLyYPL42ZPL,LDyHBoNP X, NPY 3 NT Xy NTY, NCONT
COMMON XMID,YMID, IGRIOD
COMMON NFB,XFOI,YFB), 2FB |, XFB2,YFB2,1FB2,CFB
COMMON NCUR,CCUA,TI1,T2,NI,G512E
READ 10G,NC,NL,NFB, NCUR
READ 100.NP,NPK.NPY, IGRID

100 FORMATINIY)
L=T19599
L=L-NC

NPX=1)
NTY=NPY=]

READ 1004NCONT
Lal-uP=-NPKanpY
xPL=
L=L=NPXaNPY
YPL=L
LaL-NpXeNPY
IPL=L

LeL=NTXeNTY

(52}
c MAIN POUTING * MODIB) CCNTCURS [N GENERAL MAGNETIC FIELD
DIFEUSION HCINC) sRE(NC) (CCINCH XLINLY o YLINL]CLINL) o XPENP ), YONP),
1ZRENP I, XM IDINPY, YHIDINP)
DIMENSTON XPLANAX NPY ) ¥PLINPENPY |4 ZPLINPX (NPY ) o LDINTRGNTY ) (HD
TENCONT ) 5
DIMENSION KFLIUNFO] YFBIINFEI ZFBIINFH] XFR2(NFE), YFB2INFB),
1ZEB2ENFRT G CFBINFR)
DIMEUS TGN CCUMINCUR 1o FTINCUR ] 4 TZINCUR T o KT INCUR]
COMMON HC ARG, CLu KLy YLoCLy KPYP 4 4Py NG HL NP
COMMON CKADLCKAI4CKA2,CKAS, CKAL,CKRO,CXRI/CKB2,CKO3,CKRY,CEAl,
ICEA2,CEAS CEALCED) . CEB2,CEES, CLBY
COMEON XPL,YPLy 2PL LD HB HP Xy NPY AT X4 NT Y, NCONT
COMHON XMID, YP IO, I5RID
COMMON NFByXFB1,YFD1,2FB1,KFB2,YFA2, ZFR2,CFO
COPMON NCURCCUR, T, F2,nT(GSIZE
3 3EAD 105.NK
IFINK) 12,2
2 CALL TIILERI-3)
PRINT 200,
200 FORMATIRCX) UHCASE, IT)
CALL PHOTBOC( I, 1)
CALL 0ATAB
CALL HMDOR
60 To 3
I CALL ENDHOQ

sTap
120 FORMAT(IT)Y
- EHND

521
SUBAOUTINE DATAB
DATA [NPUT ROUTINE FOR MOD(B) CONTOURS
DIMENS IO HCINC yRCINCEHCCINCYpXLINL )2 YLANL) (CLINL) o XPENP) YR INO),
TZPUNP Lo XMIDINR) , YHIDINP)
DIMENSLON XPLENTX NPY ), YPLENPX NPY )1 ZPLINPX NPY ), LDINTX NTY ], HI
1LHCONT )
BIMLNSION XFRTINFG) YFO IINFB), 2ZFBIINFD] . XFB2(NFB], YFB2INFRI,
1ZFOZINFU) +CFBINFB)
DIMENSTON CCURINCURD S T1INCURD  F2UNCURD , NTINCUR)
COMFON ML, RCyCLy KLy YLyCLyXP ¥R, ERy NG, HL NP
COMMON CKAUSCKAl,CKA2,CRACHAL,CKOD, KA1, CKOZ, CKAS, CKBL,CEAT,
ICEA2,CEA3,CEAL, CEY],CEN2,CEL3,CEBY
COMMON XPL, YPLy ZPL. LDy HB HPXyNPY o NT Xy NT Y, NCONT
CUMROY KMID.YHID, IGRID
COMHON NFB«XFR 1 YFRI, ZFR1,XFB2, YFRZ, LFB2,CFB
COMMON NCUR,CCUR, T, T2.NT,5SIZE
SEI COEFFICIENTS FUR FIELD DUE TO CIRCULAR CONDUCTORS
fSEE ELLIPIIC INTEGRALS IN C.HASTINGS}
CRAG=1.36629638112
CKAl=0.CP666344259
CKA2=0,73590092383
CKA3=0,03742563T13
CKAW=0.01L51 194212
CKBO=0.5
CKB I=0. 12898593597
CKB2=0.0bBB02LES5TA
CKO3=0.G535263553u8
CREu=0.u0LL ITETOI2
CEAl=U.uL3251L 1403
CEAZ=0.06260601220
CEAS=0.CWTST3B3I5L8
CEAU=0,G1734650645]
CEB1=g,2uyvE36a3l0
CEB2=0.09200160037
CER3=0.05069697526
CERu=0,00526LL9639
TFINCT 19243

o

READ AND PRINT DATA FOR CO-AXIAL CIHCLES
3 PRINT 121
101 FORMAT(///, 10K, J6HSPECIFICATION OF CIRCULAR CONDUCTCRS, /7, 13X, 9HHL
ICENTRED , 6K, GHRADIUS 46X s THCURRENT, / }
DO 4 KC=1,NC
REAU 1024HCIKEC) RCIKT ) ECIKT)
102 FORMAT(5F 1L, T}
PRINT BC34HCUKC)RCIKC),CCIKC)
103 FORMAT [ 10X, 5F1u. T}
b CONTINUE
2 IF(NLI .6, T
READ AND PRINT DATA FOR [NFINITE,SIRAIGHT CONDUCTORS
7 PRINT 10
104 FORMAT(///9 10Xy JUHSPECTFICATION OF LINEAR CONDUCTORS/ /4 16K, THX, 13
1%y IHY 4 11X THCURRENT, 7 |
DO 5 KL=1,A
READ 1024 XLIKL)yYLIKL ) 4CLIXLY

PRINT 103, XLEKLYs YLIKL]CLIKL)
S CONTINUE
READ AND PRINT DATA FOR FINITE,STRAIGHT CONDUCTORS
& CALL DETAFB
READ AND PRINT DATA FOR GENERAL, CURVED GCONDUCTORS
CALL DATCUR
READ &ND PAINT DATA SPECIFYING PLANES OF [NTEREST
PRINT 106
106 FORMAT(///+ 10K, 35HSPECIFICATION OF PLANES OF INTEREST //y 16Xy THZ, 1
V1o SHTHETA) 11X, NHSTZE s 10X UHKF Dy 10X, 4HYMID ./ |
DO & KP=1,NP
REAG 102, XPKP1, ¥PLKP)  LPLKP ], XHIDIKP) , YMID(KP}
PRENT 103, KPIKP),YPIKPI,2ZPIKP ) KMIDIKP ), YHIDIKP)
8 CONTINUE
IFINCONT 110, 10,11
c READ CONTOURS HEIGHTS
11 DO 9 KC=1,NCONT
READ 105,HBIKC)
9 CONFINUE
READ SIZE [IN INCHES) OF LCNGER DINENSIDN CF GRAPH
10 READ 105,GSIZE
105 FORMAT(F I, /)
PAINT GRAPHPLOTTER [NSTUCTIONS

PRINT 10T
19T FORMATU3THGI Fa M. LARKIN CULHAM, )
PRINT l0B
108 FORMATI{SUHG [ PLEASE MOUNT DIGIT PRINTER.)
RETUAN
1 5T0p
END

PATNCIPAL COMPUTING SUBAQUTINE
SUUROUT INE MODB
DIMENSION HCINC).RCINCICCONCT o XLINL) . YLINL Y CLONLT 4 XPINP) L YP (NP ),
1ZPINP) s XMIDINP ) YHIDINP)
CIMENSIGN XPLINPXJHPY ) YPLINPK,NPY] 2 ZPLINGX,NPY) LDINTXNTY) 4 HB
TINCONT )
DIMEMSION KFBIINFB)YFBI(NFB) o ZFDI(NFB),KFRZ INFB),YFB2INFBY,
TLFB2INFB) CFRINFB)
DIMENSIGN CCURINCURD  T1ENCURE, T2Z(NCUAD 4 NTINCUR)
COMMON BCyRCsCCy XLy YL4CL, XP ,YP, 20, NCy HL NP
COMMON CKAD,CXA1,CKAZ,CKAS, CRAL, CROO,CKE 1, CKAZ, CKO 3, CRBN,CEAT,
ICEAZWCEA3,CEAN,CEB1,CENZ,CEB3,LEBL
COMMON KPLoYPL, ZPL L OHB NP XL NPY 4 NT X, NTY, NCCNT
COMMON KMID, YMID, [GRID
COMMON NFB4 XFE | ¥FB 1o ZFB 1, XFD2, YFB2, ZFB2,CFY
COMMON NCUR,CCUR, T14T2,NT4RS12E
00 3 KP=l, NP
LYALUATE X 24D ¥ GAID INCREMENTS
HX=LPIKP ] /FLOATF {NRX=1)
HY=ZR(KP ) ZFLOATFINPY=1)
X 19205
KMAX=LPIKP)
YRINZXM [N
YHAR=XMAX
00 2 K¥=],NP¢
DO I Ky=1,NPY
IFLYPEERT10,5,5
5 OTFEVHOKA =2, 00 3a 14 159265358379 16, 0,4
4 EVALUATE CO-CACINATES OF PCINT ON TRANSVERSE PLANE
% XD=HRSFLOATFAKK=1)=U.58 ZP{¥P ] oxMIDIKP)
YO=HYSFLOBTF(KY=1)=Ca5eZP(KP I ¥FIDIKP)
Z0=AP (K}
60 14 7T
& PMIL2=KFIDIKP ) o824 YRIDIKP | vsz
IF(RMIN?=1.06-49120,20,21
21 TYP=ATRUFQ{AFIDIKPI,YMIDIKS))
ae 1o 22
20 TYP=YRIKP)
22 AFIU=SORTEIRMI02)
AD=HY s FLOATFEKY=1)=0.58 [P{KP)43HID
c EVALUATE CO-ORUINATES OF PCINT 0N AXIAL PLANE
XU=RI*COSF(TYP)
¥D=RUSSINFITYR)
ZU=HESFLOATFLKX=11=C. 50 1P (KR} +XPIKD)
7 CALL FIcLDORL YD ZDeAX DY A2, ZPLIKXWKY])

1 CONT VUL
2 CoNTiNue
LFCIGRIENY, ¥, 1D
4 PRINT MATRIX OF MOUGH) VALLES

10 CALL GRIDPO(IPL NOC.NPY, )
d OO U KC=RaNCONT

4 PLCT CONTOUR NLMUER KC
CALL KON'IUIIXVI‘I‘l“-ﬂx-VNIM.I‘l‘Al.I"L-NPI.‘IPV.UJ»\II'X.YTY.HB(KC)-KEpG
1STZu)
& CONTINUE
3 CoNTINUE
RETURN

SUBRGUTINE FIELDIX,Y, LyBX,BY,B2,8)
EVALUATES MAGNETIC FIELD AT (X,¥,21
DIMENSTUN HCANC) s RCTNE) (COTNE Lo ALINUT o YL (ML) ELENLD o XPENDT, vo (ypy,
12O (KR} XMIDINP) YRENI NS )
DIMENSICY XPLINPN NPYI L YPLINP K NPY D ZPL (4PX,NPY ), LDINTR NTY | HD
HUNCENT )
DIMENSION KEBIUNFBI G YFB ) INFR) o ZFOTINFR)  KEBZ(NFH), YFUZ (NFD],
LZFBZINFH) ,CRRINFR]
OIMENSIGY CCURINCUR D, TIINCURD , TZINCUR 14 AT [NCUR
COFMON KO RCoCCy XLy YLy CL KB, ¥P L0 NE, ML o NP
COMPON CKAG LKAT,CKAZ,CKAT, CRANSCRAO,CKE 1L CKAZ, CKB3, CRBY CEAL,
1CEAZ,CEAS,CEAUVCERN, CEUZ,CELS,CLNY
COMKON KPL, YPLy ZPL LDy HE s NPX, NBY NI Ky NTY  NCCNT
COMFON KMIULYFLL, IGRED
COMECN NFDoKFD1,YFBI, ZFB 1 XFE2,YFO242FN2,CFD
COMMUN KCUR,CLURLT 1, T2uNT,5S12E
N=SURTFI(Kss2eyer2])
SOR=0,0
Bl=0.y
[FENC) 10243
1 sTOP

COMPUTE FIELD FUE TO CO-AXIAL CIRCLES
300 L RC=laC
GeZ=HCIKC)
We(RCIKC) ¢0)enZbGanz
Us[RCIKC)-DlanzeGoa?
E=1,0-14.002C(KCY DI /W
VELOGF(E)
CK=CKADOES(CKAIPES (TKAZE S {CKAB4ESCKAL ] )= 1CKAD#ESCKAT4ES [CKBZoES
TITKUZ4ECKEL) 1) hoy
CE=1.0¢Em (CEAIVES(CEAZ4E» [CEASSLOCEAL) ) I=E# (CERI+En[CERZESICERTE
15CEBU M) oy
BZ=12.04CCIKC)» [CK+I(RACIKE) 8 2=Douz=
SDB=(2,CaCCIKC) sGo(=CK#((ACIKC]wa2 4D,
14500
b CONTINUE
2 IF(0=-1.0E-151B,8,12
i BXC=0.0

218CE) /U ) /SQRTF(M] 482
*2)=CEI/UNI/LSORTF W) D)

12 AXC=[5DBe%)/D
OYC=(SD#eY) /D
7 BXL=0.0
BYL=0.0
IFEALY 1. 5,8
c COMPUTE FIELD CUE 10 INFINITE STRAIGHT CONDUCTOAS
6 00 7 RL=l,nL
R2=(X=XLIRL})oe24{¥=YLIKL}1as2
A=(2.08CL(KLI)
BXL=BXL={A® I Y=YL(KL)))/R2
BYL=BYL4(A® [X=XLIKL)))/R2
T CONILHUE
5 BX=0XC+AXL
OY=aYC+BYL
[FINFBY 15013410
c CCMPUTE FIELD CUE TO FINITE,STAAIGHT CONDUCTORS
a1l CALL MAGLINIKFBIsYFBIyLFG 1y XFB2,YFB2, ZFBZ,CFOANFBy Xy Yo L, BXDBYD,
18ID)

BX=8X4DND
AY=8Y+AYD
BIZ=G6I+B2D
13 [FINCURD IS, 15418
COMPYTE FIELD CUE TO GENERAL ,CURVED CONDUCTORS
mm, 18 CALL HMAGCURIT I, T2, NToCCURNCUR, Xy ¥y ZyBXD, BYD, BZD)
BX=pX+DX *
BY=BY+BYD
Bl=8I+BID
15 B=SQRTF(BXes24BYsa2eples?)
RETURN
END



PROGRAM I §ontinued

SUBROUT INE DATAFS
READS AND PRINTS DATA FOR FINITE,STRAIGHT CONDUCTORS,
DIMENSLON HCINCH.ACINC) +CCINCHa XLINLY yYLANLToCLINLE (XPINP ), YRINP Y,
1ZP{NP1, AMIDINPY, YKLDINP )
DIMENSION XPLINPX,NPY) ) YPLINPXyNPY] , ZPLUNPX +NPY } LOINTXyNTY) o HB
TUNCONT)
DIMENSION XFEINFBH, YFBIINFBY,ZFB1INFBI;XFB2INFB) . YFAZINFB),
1ZFB2(NFR) 3 CFOINFB)
NIMENS 10N CCuR(nCUaI.I]IMCuRl.rleEulJ.NTINLuRl
COMMON HCyRC1CCoXLrYL4CLoKPYP o ZPyNC NL N
COMMON CKAD,CKATyCKAZ+CKA3,CRAl, CHBD'CHEI-CHBZ.CKBJ.CKBH-EEAI.
1CEA2,CEAS, CEIH.EEBI»CEIZ-(EB!.CEB
COMKON XPLyYPLyZPLLDsHB NPX,NPY o NTX NT Y NCONT
COMMON XM LD YMID, IRRID
COMMON NFB,XFB1,YFB1,2F@1,XFB2,YFB2,IFB2,CFR
COMMON NCURSCCUR, T1,T24NT4GST1E
TFINFD) s 192
| RETURN
2 PRINT 200
20D FGRHAT(///, 36K, uIHSRECTF LCAT[ON OF FINITE,STRAIGHT CONDUCTORS)//y1
19Xy ZHX by 12X 0 2HY 1y 12Ky 2HZ 1y 1204 2HX2y 1240 2HYZ) 12X 2HI 2, 10X5 THCURRENT
2¢/1
DO 3 XFB=1,NFB
READ 100, XFH |CKFB1,YFBICKFB), ZFBI1(KFR),XFB2(HFB],YFB2IKFB), IFB2(KF
103, CFBIKFBI
160 FORMATITFII.
PRINT ZOI.IFBIIKFII.Vfalth!!.IFlI(KFBI-lsztKFB].YFBZ|KF5IolFaJll
1FB) . CFAIRFAI
201 FORMATINOX, TF 144}
3 CoNTINUE
RETURN
END

H
SUBROUT INE OATCUR
READS AND PRINTS DATA FOR GENERAL,CURVED CONDUCTORS
DUMENSION HCINC) ACINC ) CCINC) p XLINL )2 YLINL 1 CLINL) (XPINP) o YPINPY,
1ZPINP) 4 XMIDINP ) YFIDINP |
DIMENSIGN KPLINPX,NPY)  YPLINP X, NPY} ZPLINPR NPY o LDINTE,NTY ) HD
TINCONT )
OIMEHSION XKFBIINFBY W YFBIINFD) o ZFBIINEB) (XFB2INFB) . YFEZINFRI,
1ZFB2INFB) (CFOINFOI
OIMENSICH CCURINCURY 4T 1INCUR],S T2 NCURT o NTINCUR)
COMMON HCyRCyCCy ALy YL CLyXP YR ZP NC NL NP
COMKON CKAG-CKAT,CRAZ CKASsCRAU,CKBOyCKE14CKD2s CKB3,CKBUSCEATY
1CEAZ,CEA3CEAN,CER],CEB2,CE3,CEON
COMMON APL YL, 2PL LD HB NP Xy NEY, NT X NTY NCCNT
COMMON XM[D Y104 1GRID
COPHON NFB,XFB1,YFBI,ZFB1,XFO2,YFD2, IFB2,CFB
COMMON NCURSCCUR,T1.T2.NT,.ASIZE
TFENCURD 1y 142
I RETURN
2 PRINT 200
200 FORKATI///, WUX,42HDATA RELEVANT TO GENERAL CURVED CONDUCTORS,//.17
1Xe ZHT 1, 13X, 2HT2, 12X, 2HNT, 8X, THCURRENT ./
DO 3 KEULR=1,NCUR
READ 101, TT(KCUR]TZIKCUR] +NTIKCUR) sCCURTKCURY
101 FORMATI2F 14Ty IToF 1N T
PRIAT 21,7 1IKCURY, T2IKCUR ) yNTIKRCUR] JCCURIKCUR]
201 FORMATLIOK, 2F 15, Ty [B,F15.T)

3 CONTINUE
< READ SUPPLEMENTARY PARAMETERS FOR GEMERAL,CURVED COMDUCTORS
DO 4 KCLAw I HCUR
J=-KCuR
CALL CUIDEF(T Xp¥aZsdd
W CONT[NUE
QETURN
END
ts2)
c PROGRAM 11
c &
c SAEQEOD PATAS,FIELD LINE INVEGAALS AND RACIAL EXCURSIONS
c

SUBROUTINE PRELUCE
CCHMON HC RCSCEa AL YL L NE,HL
COMFON GSLZESTHET Ay XM N, AMAR YHIN YHAX, DS
COPKON CHKAD,CKAT/CKAZ CHAS,CKAL,CKBO,CRETCRAZ, CKO3 CRALICEATY
1CEA2,CEAS, CEAL, CED],CERBZ,CFDI,CLAL
COMFOA LV, XPByYPH, IPR4NPR,A1,812,R8
COMMON NDUS o NFB.NCUN, XFB 1 YFB 14 ZFB 12 KFR2,YFB2 LFRZ CFBy T14T20NT,
TCCUM A AC ¥ X 1aRCH XHARSPS Lak s CrOISP R 1pNK X8y YRe LO4ND
A%, [PRINT, [PLOT

186 FORKATINIT)
REAG 10LNPE
READ 1G3.NBCS
L=TJ499

L=L=-NPR
IPRINTEL
L=L=-4
x=L
L=L-3
x0=L
L=L=3

L=L-Nans
Y=L
LsL-NiDs
28=L
L=L=NJUs
As=L
LaL-nED

1521
c MAIN ROUT[NE FCR STEREQ PAIRS,FIELD LINE INTEGRALS.ETC
DIMENSTON HCANC),RCINCH,CCINCI+RLENLY s YLINL) 4 CLINL]

OIMENSION XPBINPR),YPBINPEL +ZPRINPE) , IPRINVINPB)

DIMENSICN XU31,40031,X1(3),XBINGBDS),YBIABDS),BINBDS} ¢BSINBDS)
OIMENSICY XFRIINFBI YFEIINFO) 4 ZFDIINFB) o XFR2INFB) YFOZINFO),
1ZFNZINFBY CFRINFBY T IIMCURD ¢ TZINCUR ) o NT INCUR ) 4 CCURINCUR)

COMMON HCyRCyCCo XLy YLoCLoNC,NL

COMMON SSTZETHETA XMIN  XMAX,YM] N YMAX,CS

COMMON CKAD,CHANyCKAZyCRAZ, CRAL,CHO0,CHAT,CKO2,CKB3,CKBY,CEAT,
ICEAZ)CEAS,CEAL,CEBT,CER2,CERSCEBN

COMMON ZTX, XPB,YPB, IPB,NPE,Al.RL2,RE

COMRON NBCS ) NFDNCURZYFO I3 YFB14ZFB1yXFD2,YFB2,ZFO2,CFBT1,T24NT,y
TCCUR) Xy X0 X 14ROy XMAGL PS4 FrDaDISPRE N XBo YA LBIN

COMMON BREF, ISTERyBSs IPRINT, [PLOT
3 READ 100,NK
TFINKY 19242
2 CALL TITLER(=3]
PRINT 200:HK
200 FORMAT [ 90X, 4HCASERIT)
CALL PHOTBO(1,1)
CALL DaTAl
CALL DATAS
TIFCISTERIU 545
DRAW STEREQ PAIR OF CONDUCTOR CONFIGURATION
5 CALL SYMPLE
c ORGANISE REST CF £777En PICTTING
CALL BORG
b IF(ISTERYE 643

c ORGANISE INTEGRALS BETWEEN MIRROR POINTS. AND RADIAL
c EXCURSIONS
-t CALL MIRINT
[
1 CALL ENDBOO
100 FORRAT(ILT)
END
s24

SUBAQUT INE DATAI
DIMENSION HCINC)RCINC)CCINC LML) o YLINL} CLINLY
OIMENSIUN XPBINPBIYPBINPE] ;2PRINPA), IPRINTINPE)
DIMENSICN X031, X0131,X1(3),XBENBDS) s YBINADS ), ZBINBDS]BSINBOS)
DIMENSION XFBIINFB) JYFOLINFA)ZFBIINFRE . XFR2INFA)YFB2INFBI,
1ZFBZINFB) CFBINFRY, T1CNCURD , T2ENCUR] 4 NT INCUR] ,CCURINCUR)
COMKON HCyRCoCCa XLy YL #CLoNCINL
COMMON GSTZEsTHETA XMIN, XFAX, YMINYFAX, D
CoMMOY CHIIO.CKA|.CKJ\?-CK&J,EKAB|CI80vCKl‘|vCND? CKB3,CKBU,CEAL,
ICEAZsCLAS,CEAL CEBI,CEB2Z)CER,CERL
COMMON 2TX,XPB.YPH, LPB.NPB,H1,912,98
COMMON N3US NFBoNCUR XEBToYFR | ZFB |y XFRZ,YFB2,2FAZsCFBaT 1, T2,NT,
1CCUH s Xo A0 e X 14RO XMAGy PSLyFoCyDISPARIZ MK XBa YA ZB.NB
COMPFON BREF, ISTER,BS. [PAINTIPLOT
c SET COEFFICLENTS FCR FIELD DUE TO CIACULAR CONDUCTORS
CXAD=1.3E62v038112
CKAI=0.uP6883LL259
CKA2=0,035900924K3
CrAS=0.L3742563T13
CRAY=D.L1u511986212

CrBy=
CHA =0 12490593597
CKOZ=0.c6LECUASTE

CrBI=y o332 3555u8
CRBU=0.u0LUITRTONR
CEAY=2.4b3251L1ub3
CEAZ=0.0b260601220

CERZ=L.UY2UC 1HODIT
CeBi=
Cefus=
IFENG) 14203
3 eRIND 101

READ AND PRINT GATA FOR CC-AX1AL CIRCLES
ISEE ELLIPTIC INTEGRALS IN C.HASTINAS
101 FORMAT(//74 16k S6HSPFCIFICATION OF CIRCLLAR CONDUCTCRS,// 4 18X,90H1
ICLNIME D o 6X 8HABCTUS ) Xy TNCUARENT o £
DO b KC=1,NL
REAL 102yHCIKC) RCIKC ) CLIKC)
162 FCAYETISCFIu.7H)
Palal JL3,HCIRC) ACIRCI,CCINC)
103 FOARATIICA SCF1L.TH)
4 CONTINUE
2 LEIRLY 1 60T
c BEAD AND PRINT OATA FOR INFINITE,STAAIGHT CONDLCTORS
7 PRINT 1k
10k FORMATI/ /74 16X, WHSBECIF ICATION OF LINEAR CONDUCTORS,//y 18Xa1HT, 13
10 1M, 115 THCURRENT . /
DO 3 KL=lNL
REAC 102y XLIKL) S YLIKLY,CLIKL)
PRINT 103 XLIKLYYLERL)CLIRLY
5 CeMILNUE

oo

READ AND PRINT LATA FOR FINITE,STRAIGHT CONDUCIDRS
& CALL CATATE
. HMEAC AND PAINT UATA FOR GENERAL, CUMVEC C{WHU_CN)‘S
CALL DATCUR
AEAN SIZE [IN¥ INLHES) CF LCNGER LIMENSICN CF GRAPH
PEAU 105, GSI1TE
105 FORPATIFIL. D)

[ OB [NT GRAPHPLATIEA INSTUCTIONS

SRINT 137

101 FOR%AIL3THGI F. k. LARKIN CuLKAK,
BAINT 108

ILE FORRATLINHGI PLEASE HOUAT DIRIT PRINTER.I
RETURN

1 srop

END

521
y SURROUTIME CATAS
NIMENSICN WCINCH RCINC) 2CCINC T o XLINLE YLENLIWCLENL)
DIMeXS 0N XORINPR) YRR INPH] 4 ZPRINPR) , IPRINTINPDI
NIMENSTON X131, 20030, X113), YEENRDS] o YOIABNS |4 201 VBDS) »ASINGDS)
DIMENSTUN XFHICNFAL, YERTCNER T ZF TINFU) o XERZINFND YFD2INFB)
VLFO2UNERD (CFOINFID T LINCURD  T2UNCURD N TINCURT, CCURINCUR )
£OMMON HC4RLICLy XL, YL oCLaNC o NL
COMPOY ASIZE, THETA, XMIN ) WHAX YV [ YMAX LS
COMMEN CHADSCHA I CKAZ,CRAT LKA, CKAU,CRAT,CKNZ, CXO3,CRALCEST,
TCEAZCEA3,CEAULCENT,CEN2,CERS,CELY
COMMEN ETX, ¥R, TR0, 280, NPB R 1.R12,3D
COMMON YOS+ NFBNCUR, XFE 1o YFB |y ZFR1 XFAZ YFAZLFAZ CFBLT1,T2:8T,
TCCUR 21 KG ) X1 p MOy KMAGPSToF Ly CESP P 1NN X8y 10 284V
COMMCHN KREF. ISTER, DS, IPRINT, IPLCT
c * REAR STEERING OARAPLIEAS,EIC,
READ 10U, [STER, [PLOT
10k FORMATIZIT)
REAU 102, ZTX.RI
€O FORPATLF 14 T)
BRINT 2014ITX
201 FORPAT( W1, /774 10X, 22H5EF I-LENGTH CONSIDEREC (X F1M.T)
REAL Iu?.ns.HRE
PRINT 2.3.0
203 FQNAA[IJ.IGx.z!MIH?rrRA![ﬂV STEP=LENGTH, PX FIbaT)
IFIBREF 164645
5 PRINT 212,REF
212 FORKATI/ . 10A, ZEHMAGNETIC FIELD AT REFLECTION,2R.FIk.7)
& PRINT 2G4.AL
204 FOAMAT(/, 10X, 23HRADIUS OF VALLUM VESSEL, X Flu.T
IFCLSTERN T o B

< READ DATA SPECIFYING STEREC SYSTEM

8 REAL 102,%00 1), X012, X003)
102 FORMATEAF 1L 7,17}
PRINT 205,X011),X042) s x00d)
205 FORMATU//, 13X, SUHCO-0AD INATES OF CENTRE OF [NFEREST  (4FI4.7,1H: s
VELo Ty IHy g F 16Ty THY )
READ 102, %1011,x112),X1(3)
ARINT 208X 1111aK102),%043
26 annlll{f.ltl.llﬁvl:u VECTOR, 26Xy IH(4F 1N Ty 1M FlULTo 1M F 14 T4 0H)

aEAb 103, R0 KFAGSPSTaFeC

103 FORMATISFI4.7)
BRINT 207 Rus K¥AG,PSELF L

257 FORWAT(//,\UX,2CHAADIUS OF SPHERE OF INTEREST 10X, FIu,7y//y10%,20H
IMAGNIFICAT [N FACTON, 18X1F 14-Ta /7y 10Xs 1EHAZIMUTHAL ROTATEON:20X,F b
26,To# /1 10Ky 1AV IEWING DISTANCES22X,F1kaTe// 4 10X 26HSEY |- INTEROCCUL
JAR DISTANCE, 12X, FIL.T)
READ 10L+DLSP
PRINT 208,01SP

208 FORMATL//, 10X 2THOISPLACEMENT BETMEEN IPASES,VIX,Flu.?

RI=HOsXMAG

< COMPUTE PLANE,RECTANGULAR PROJECTION REGION ™
CALL GRINDIAI,F)D UL N ULHAR  URMINSURFAX YR TNy YHAX)
XMIN=URM IN
AMAXULPFAT

PRINT 209« XHINy KMAX, YHIN, YHAK
209 FORRATI///y 15X 6HXMTN =k 14. 7, FOK  BHEPAX = Flu. T/ /4 15K BHYMIN =, F
TN4.T, 10K BHYRAX =, Fl4.T)
SET UP PRIVATE PARAMETEARS IN STEREQ SUBROUTINES
CALL STEREOIACH XN R XHAGPSI FaDyXsUL LAY 1)
READ AND PRINT SFARTING PCINTS OF FIELC LINES
7 PRINT 210
210 FORMATIIHI,///7/+ 15K, 36HSTARTING O0INTS OF F'ELD LINES il 2
10Xy 1HXy 20Xy THY 4 2000 THE, /]
0D 1 K=1,NPB
READ 102, XPRIK] YPBINY  ZPAIK], [PRINTIN]
PRINT 211,XPd{KI+YPBIK]ZPRIR)
211 FORMATATR 3CTX Fluanl)



1 CONTINUE PROGRAM Il Continued
RI2=R1eA1
RB=A[
IFLIPLOT 194 10, 10
10 CALL FRAMEI=ZTX+27X,0.0,R1,GSIZE]
9 RETURN
END
152
" SUBROUTINE BORG
DIMENSION HCINC)yRCINC]ZCCIND) »XLUNLT 4 YLINLY (CLONL)
DIMENSION XPBINPD),YPBINPB) ,ZPBINPB], IPRINT (NPB]
DIMENSTON K(3),%0131,%143),%B(NBDS), YBINODS) ; ZB{NADS) +BS(NBDS)
DIMENSLON KFDIUNFB1.YFDI(NFB)(LFDIINFB) (XFB2(NFB) , YFB2(NFB),
1ZFB2INFB),CFOINFG) « T1(NCURD, T2(NCUR] 4 NT INCUR ), CCUR INCUR
COMMON HCaRCsCEy XLy YLy CLyNCoNL
COMMON GS12E, THETA, XHIN S XMAX, YM TNy YHAX, DS
COMMON CKAQ,CKA |1, CKAZ,CKA3, CKAL, CKBO,CKB |,CKB2,CKO3,CKBU,CERT,
ICEAZ,CEA3SCEAL CED | 4CEB2, CEE3, CERM
COMMON LTX,XPB,YPD, PR, NPB,314R12,AB
COMMON NBDS yNFB,y NCUR, KFB 1, YFB 14 ZFB 1, KFB2, YF82, 2FB2,CFBL T1,T2,NT,
1CCUR s Xy X0 X 14ROy XNAG,PST,FyCoDISPoR14NK o XBy YBy 28, NB
COMMON BREF, [STER,BS, IPRINT, [ALOT
DSD=DS
DO I KDS=1,2
DO 2 KPU=1,NPR
EVALUTE CO-CRDINATES OF POINTS ALONG FIELD LINE
CALL HLINEIKPB,0SD)
PLOT STEREO PAIR OF FIELD LINE
CALL BPLOST
2 CONTINUE
0SD=-0SU
1 CONTINUE
ENSURE THAT PICTURES ARE PROPEALY FINISHED OFF
CALL STEREO(XOrX14R0, XMAGPSI,FyD,X0pUL sURy V42
CALL PLOSTUULURy Vy XMIN, XMAX, YMIN, YHAX, GSTZEsDISPy 1,0)
CALL PLOSTIUL,URy VXM INgKMAK, YHIN, YHAX, GSLLE.DISP.=1,0)
AETURN
END
1521
1= SUBROUTINE MIRINT
DIMENS O HCINC)oRCENE) (CCINCFy XLINLY o YLANL] CLINLY
DIMENSLUN XRHINPB1, YRBANPE ), ZPRINPBI ¢ IPRINT [NPB)
DEMLWSTON K031,X003),X104) XBINUDS), ¥BINBDS) ,2D(NBDS) ,BS (NBES)
DIFLNSION XFOIINFBI,YFBIUNFB),ZFA1(NFB)  XEB2INFB] . YFO2(NFB),
VZFRZANFOI s CFOCYFD) o T1INCURT S T21HCUR D 4 NT INCUR | ¢ CCURCNCUR]
COMMON HC4RCyCCy XLy YL CLyNCoNL
COMMOY GS1LE, THETAy KMIN, XFAX, YHIN, ¥MAX,CS
COMMUN CKAQ,CKA1,CKAZ ,CKA3 . CKAL ,CKBO, CKE | CKB2, CKB3, CROL,CEAT,
1CEAZ, CEA3,CEAU,CEBI,CEB2,CERS, CLBY
COMMON 2T, APB, YPB, ZPB,NPD,AT,R12,RA
COMMON NBGS NFBNCUR, XFB 1, YFO I, ZFB 14 XFR2, YFB2, LFB21CFBsT1.T2,NT,
1CCURy Ky X Do X1+ A0, XMAG,PS T FalyUISP R ) NK XBy YDy ZB,NB
COMPDN HREF, ISTER, 85, [PRINT, 1PLOT
TELISTERS2) 3a30t
u PRINT 260
200 FORMATIINY, /774 20K, 29HTABLE OF F1ELD LINE INTEGRALS,//y 13X, IHK,LXy
IBHKISTART) 6K, BHYLSTART ), 6X,EHZISTART )4 61X, DHINTEGRAL s & s 3HNR 1+ /1
300 | kPA=1,N08
COMPUTE CO-ORDINATES OF POINTS ALONG FIELD LINE
CALL ULCOMP{XPR{KPE],YPBIKPE),2PEIKPBI A5 KPBI
TFLISTERS2) 14152
INTEGATE ALONG FIELD LINE BETHMEEN MIRRCR PCINTS
2 CALL ELINTIAE,YH, Z8,BS,NS.BREF.DS, FLINT R ]
PRINT 201,KPU,XPBIKPB),YPEIKPB) ¢ ZPBIKPD) FLINT NI
201 FORKATIOC, |/ UE1U.6, 15)

1 CONTINUE
RETLRY
s

SUBROUTINE BLINEIKP3,050)
c COMPUTES CO-ORDINATES OF PCINTS ALGNS FIELD LINE
c PRINFS THESE CO=ORDINATES [F IPRINT NOT EQUAL
c PLCTS RADJAL EXCURSTON IF IPLOT GREATER THAN OR EQUAL TO 0
c NORMALLY USED WITH FIELD LINE [NTEGRAL OPTION

o

DIMENSION HCANC ]2 RCINCI yCOONC )KL INLY YLINL T SCLINL)
DIMENSION XPRINPB), YPOINPBY (ZPB{NPBE, [PRINT(NPB]
OIMENSTON X033 X030, X115 5 XDINGDS) ¢ YBINDBDS ), 6 {NBDS) 4 BSENDCS )
DIMENSION XFBIINFB) ,YFBLINFB)ZFBI(NFB] XFB2(NFB),YFR2INFB),
1ZFB2INFE) , CFBINFBE, T1INCURD  TZENCUR D, NT INCURY , CCUR [NCUR]
COMMON HCyRCyCCo KLy YLoCLINC ML
COMPON GSTZLy THETA, XMINyRMAX, YMIN, YMAK,CS
COMMON CKADCKAV,CKA2,CKAZ, CRAN,CRBU,CROT,CRB2. CRASLCKBULCEAT,
ICEA2,CEA3,CEAU, CEQILCED2,CEDS,CERL
COMMON ITXoKPB.YPO,IPO,NPB,RISRIZ4AD
COMMON NBES,NFR,NCURyXFR1,YFB | ZFB1,XFO2,YFA2,2FB24CFD, 11, T24NT,
TCCUA S Xy X0 X1 RO4 XMAGPS |4 F o CaDISP RIS NK, X8, YA, £B,ND
COMMON BREF, ISTER . B5, IPRINT, 1PLOT
TECIPRINTIRPOI N1, 12,01 2
11 PRINT 202,KPR,DSR
202 FORMATCIHI,///430%, SIHCO-0RCINATES OF PCINTS ALONG FIELD LINE///y
T22Ks LHE e DTX o AHY e 17X, THE, 172 IHR, 15X, SHTHETA, 13X, 6HMODED) . /# T5Xy
21IHLINE NUMUER, L7, HK.SHDS = £ 14.7)
12 XAL1I=XPDEKRD]
YBL L =YPBEKAR)
LRI VI =ZPHIKPR) s
LECIPLOT ) 15, 16418
16 RAD=SOATF{XAI1)es2e¥D(1)ne2)
CALL GNUMBIZRE 1) 4RAD,~2TXs2TX¢0.04R1,G512EKPB)
CALL PLOTCZBIT) (RAD=2TX 21X, 0.LoRILGSIZE, Fu=11
15 NE=1
6 CALL ARSTEPIXBIAD) ¢ YEING) ¢ ZHINA), D50, XADYBO,.2R0)
RALTSORTF(XUDe XD+ Y0Ds YO0
ANG=150,08ATANFOLXBU, YBOI/3. 1L 159265358979
TFTIPLOTIIO, Tl Tl
T4 CALL PLOTIZODYRAD=ZTXyLIKsD.04R1,G51ZESO, =11
10 JFIBAEFIT 7L
# CALL FIELD(XAD,YBC,IAD,BX,0Y,02,0)
IFLIPRINTIKPBIIO, 13,9
W PRINT 20 1,XDD, YAD, 2004 AAD, ANG . B
261 FORMAL(IGK 60UX Flu.T)
13 [F{B=0REFIT,2,2
T IFCALSFOZODI=LTX) 14242
1 IHnan-mnwnnwan-!|2|3.z.2
3 NH=ND+
TFEND- ueusw.s 4
5 XBING)=XBD
YBIYH)=YOD
IBENH) =28
60 T 6
4 PRINT 200
200 FORMATCIHLW A/ ZI4F4740 1117 20K TRHNOT ENOUGH STORAGE ALLCCATED FOR
| MAGMETIC FLELD LINE e«  [NCREASE INCEX NADS)

SUBROUTINE SYMPLE
DIMENSION HCINE), RECINC ) 4CCINC) ¢ XLINLY, YLINL) 4 CLINLY
DIMENSION XPBINPDI,YPBINPB),ZPDINPAI, IPRINT(NPA)
DIMENSION XK{3)4X0431,X1¢3), XDI4BDS), YBINBDS ), 28 INBDS).BSINBDS)
DIMENSTON XFOI(NFB) o YFBIINFE) y2FBIINFR) 4 XFO2(NFBI . YFR2[NFBI,
FLFR2INFRIZCHBANFBI L T1INCUR) , T2INCUR | NT INCUR b CCURINCUR }
COMMON HCyRLCHCE XLs YLoCL NCaNL
COMMON GSI1ZEs THETAw XMING XMAK, YMIN, YMAX, DS
COMMON CKAQICXA14CKAZ LKA3,CKALSCKBUCKRA T, CKB2,Cl
1CEAZ CEASWCEAN,CED 1/ CEB2,CEE3,CEDY
COMMON LTK, KPRy YPB, ZPD.NPR.R1,R12,RB
COMPOH MHUS o NFRNCUR  XFB L. YFB 12 ZFB 1, XFB2,YFB2,IFB2,CFRy T, T24NT,
TCCURy Xy %01 X 1eRO, XHAGAPSLyFaC TSP R 1 NKy XDy YBy LB, NB
COMMON AREF4 ISTER,AS, IPRINT, IPLOT
URAW STEREQ PAIR OF
TEREST
RET=0.0351L15926535R9T%
SR=SINFCAET)
CR=COSF(BET)
x11E=R1
x{2)=0.0
X(31=0.7
CALL STERECIXD.X14ROpXMAG,PSE¢F DyX ULILRsV 2]
CALL PLOSTIUL s LRy Vo XMINy XMAK YR INy YHAX,GSTZEDISP, 1= 1)
DO 1 K=1,4200
UG=X{ |1 eCB-X12)#SB
VG=X{1le5B+X12)0CB
X(1]=uG
X(2)=v6
CALL STEREO(XD,X14R04XMAG®S1,FyDyXsULsURV2)
CALL PLOSTIULURS Ve XMIN XMAR, YMIN, YHAK,GSIZESDISP,0,= 1]
1 COMIINUE
LFENLIZ2, 240

1CKBU,CEAT,

DRAW STEREO PAIRS OF SHORT LENGTHS OF INFINITE,STRAIGHT
CONDUCTORS

L N0 4 K=I,NL

INTERSECTION BETWEEN I=0 AND CYLINDER OF

oA

Xt1h=xLiK)

X{21=YLIR)

X[3)=2TX

CALL STEREO(XOsX 14RO, XMAGsPSIoF,Da N, UL LR, V42)

CALL PLOSTIUL UR.VyXHIN, KMAX, YMIN, YHAX,GS [ZE,DI15P, 1,01

X(3)1=-X(3)

CALL STEREO(XO+X1,ROsXMAGsPSIsF Dy Xo UL URV,2)

CALL PLOSTIUL UR, W,y XMINyKMAX, YMIN, YHAX . GS [ 2E2D15P4 0401
3 CONTINUE

DRaW STEREO PAIRS OF FINITE 4STRAIGHT CONDULCTORS
2 CALL PLSTFB
DRAM STERED PAIRS OF GEMERAL,CURVEQ CONDUCTORS
CALL PLSTCR
RETURN
END
[$.3]
SUBROUTINE PLSTCA
DIMENSION HCUNCIyRCINC) yCCANC) y XLANL Y4 YLINLY, CLINLY
DIMENSION XPBUNPB),YRBINPB),2PBINPA) . IPRINTINPE]
DIMENSION K(31,X0031.X113),¥B(NBDS),YBINRDS},ZBINBDSI BSINBOS]
DIKENSION KFBLINFB) s YFBIENFH) o ZFBIINFB) , XFBZINFD) 4« YFB2(NFB)
1ZFB2UNFB)CFBINFB)» TITHCURY  T2UMCUR) o NTINCUR ) CCURINCUR)
COMMON HC,AC,CC, XL, YL CLANC,NL
COMMON GSTZE, THETA: KMIN,KMAX, YHIN, YHAK,0S
COMMON CKAD.CKA1,CKA2,CKAZ, CKAU,CKBO2CKE1,CKB2,CKB3,CKBYCEAL,
ICEA2,CEA3,CEAL,CEDI.CEB2,CER3,CEBY
COMFON ZTX1 KPR YPB, LPB,NPB,R1,RIZ,RE
COMMON NBDSyNFB.NCUR,KFB 14 YFB Iy ZFBI,KFB2: YFB2, ZFB2,CFB, T1.T2.NT,
ICCUR, Xy XO o X1, RO XMAGPSToF s CoOISPuRIaNK KBy YRy 28,NB
COMMON BREF, ISTER, RS, [PRINT, IPLOT
IFLNCURY2,2+3
PLOT STEREO PAIAS OF GEMERAL,CURVED CONDUCTORS
3 00 ) KCUR=1,NCUR
NDF=HT(KCUR)
OT=(T2(KCUR)=T I (KCURDY 1 /FLOATF (NDT}
CALL CUADEF(TI{KCUR) yXD4YD,20+KCUR)
xt11=xD
x421=YD
x(3)=1D
CALL STCREOIXOy KT ROpXMAGPSI FyDyXyULURWV2]
CALL PLOSTCUL URy Vs XMINGXMAX YHIN, YHAX GSTZE4DISP, 1,04
00 4 KDT=1.5DT
T=T HIKCURI+FLOATFIRDT ) DT
CALL CURDEFITXDy¥YNyZD KCUR)
X¢1}=XD
X(21=YD
Xt31=10
CALL STEREDIXOsX1yROWXMAGIPSLyF D) XaULsLR,V,2}
GALL PLGSTOULSUR, W, KMENy XMAX, YHIN, YMAX,GSTIESDISP,040)
4 CONT INUE
1 CONT INUE
2 RETURN
END

SUBROUT [NE PLSTFB
PLOT STEREQ PAIPS OF FINITE,STRAIGHT CONOUCTORS

HCIHCTREINC I CCINC) S KLINLE, YLINL ) 4CLINL)
XPRINPRI . YRRINPR 4 £PBANPB) 4 [PRINT [NPE

DIMENSTON X(41. X033, X 103), XA INHOS) ¢ YO (NADS 1, 28 INBDS) +BS (NADS)

DIMENSICN KEBTENFBI YFBIINFRI  ZFOTINFD ) XFBZINFB) , YFBZINFD)

VZFBZINFE) S CFRINFATLTLINCUR] o T2 ENCUR) , NT4NCURD 4CCURTNCUR)

COFMON HCRC, GO XLy YL CL N yNL

COMMON GSIZE: THETA. XM [Ny XHAX, YRIN, YMAX LS

COMMON LKADLCKAT,CKAZ CKAS.CKAL,CKBO,CKP1,CRB2,CKB3,CKON, CEAT,

ICEaZ,Ctas,CeAl,CEDI,CEB2,CERI,CLEON

COMMON ZTK, XPByYPBy EBB4NPB, YT, AE2,AY

COMKON MRCSyNFRNCUR, XFB 14 YFD 14 FO 1, XFBZ, YFA2, LFO2,CFBsT14T2,NT,

ICCURy Ry XOu K 14ROy XMAG, PS T FoCyUISP A1, NK . XBs Y8, ZB4ND

COMMON BREF ¢ ISTER4AS: [PRINT,IPLOT

1FINEG
3 D0 | KF NFB

XU1)1=KFdI(KFB)

XU21=YFE1(KFD)

X(3)=2Ful(KFR)

CALL STEREO (KD, X1 ,RO4KHAG,®S|F Dy Ko ULsLRs Y21

CALL PLOSFIUL pURs Wy KHIN XMAK YFLN. YRAKLGS | 2E,DISP, 1, 0)

X(1I=KFUZIKFB)

XI2)=YFHZ{KFD)

XI31=ZFoZIKFB)

CALL STEREOIKO X 1yROsKMAG®SToF o DaXs UL LR, Y2

CALL PLOSIIUL URGW, XMIN XM Ay THIN, YMAK GS IZEDISPL040)

DIMENSION
nisensS 10N

1 CoNi INUE
2 RETURN
END
1521
SUBROUTINE PLCSFUXL, KR, Y, XMIN KMAX, YW LN, YPAK,GSIZE, CLSP,NLP ,FODE]
c
c WRITES STEREC GRAPHIGAL INFORMA[IONW ONTC OUTPUT TAPE
c
c SET MARKER D CALL NEW PAGE ON GRAPH-PLOTIER [F
c SUDROUTINE ENTERED FOR FIRST TIME
TEONLPM= 1150645
S IFINLE™}T, 6,7
7 HLPH==|
c SET MARKEA ID CALL NEK PAGE/LINE IF REQUIRED
& TFINLAYH,Y, 10
4 NLPR=NLP
6o TC 9
10 TFINLPFI9 . 4,9
TeST WHETHER CR NOT PCINT LLIES AN GRAPH
9 IFIXL=XrIN)S0. 1,1
1 TFIXMAX=KLISE, 200,200
260 IFIXR=XMIND9LL 200,201
201 TFIXRAX-KRISC4?42
2 TFIY=YHIN)5043,4
3 IFIYFAK=Y)S0, L0
c POINT DOES LIE ON GRAPH
[ COMPUTE SCALE FACTOR
LoXX=XMAX-KMIN
YREYMAX=¥FIN
MAKE SURE GSIZE IS PCSITIVE
GSILE=AUSFIGSIZED
SCALE=GSTEE/MARIFEXL YX)
c COMPUTE GRAPH-PLOTTER CO=CRDINATES (LN INCHES)
NXG=SCALE XX
YXG=SCALEsYX
IFIKRG=15.01EQ, 80,61
00 LFIYXG=30.0162,62,81

02 XLG2SCALEw{XL=XFIN)
APGESCALES {XR=XMIN)+DI5P
¥G=SCALESLY=YMIN]
c TRANSFORM THESE CC-ORCINATES INTO COUNTS
IXL=XINTFUOD.0%XLG]
[XR=XINTF{LUU.OSKRG]
[Y=XINTF(UOO.08Y5)
IDISP=XINTFI4C0.0DISP)
49 LFINLPRITT 12,14
¢ NEV PAGE CN GRAPH-PLCITER REOUIREC
11 PRINT 1CQ.SCALE
100 FORFAT[ZHGL,2%, 26HNEN PAGE CN GRAPH=PLCOTTER, 5K, THSCALE =,Elk.8,

127H  INCHES PER UNIT VARIADLE.!
c SET GRAPH CCUNTER
TFIRKG) 36, 87, 5T
57 mMeG=-|
RO TO 3¢
34 MKG=MKG= |
PRINT
190 FORKATEZHGD, 20Ky IHC, 5K 2HOLY)
PRINT 192
192 FORMAT(ZHGD, 240X, IS, 5K, 2H011)
PaINT
102 FOQHATLI1ZHGEND CF FILE)
[4 PRINT GRAPH-MUMHER IN LIEU OF JOB NUMBER
38 KG=-MKG

PRINT 1C14KG
101 Foruml:mf,t.ll)l.qustsnto PAIR NUMBER. 14}

PRINT 30

300 FORD-M'(AHG[-ISI LUHSET ORIGEN ACCOADING TO CURAENT INSTAUCTIONS)
PRINT 30

£l FIJRHAI(2HG[.I5! 35HSET (Xs¥) = (1,2) FOR FIAST PICTURE}
PRINT 332

302 FORMAT(2HG1, 10X, BHREWMIND TO BEGINNING CF FILE AND SET (Xs¥) = 34

14} FOR SECOND PICTURE)
c CALL FOR NEW PAGE ON GRAPH-PLOTTER

PRINT

103 FORhAI’I?bHGHvOu[h +0064C+00 1% +CO2UAI

DUMMY DATA RECORD

PRINT 127

127 FORMAT(2HGD,2(12H [
PRINT 191, 1DISP

ain
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PROGRAM Il Continued

191 FORMATIZHGD Xy THD 45Xy 2HOL 4 15,51, 2HOL }
NEW PAGE AND/OR NEW LINE
CHECK THAT MODE L1ES BETWEEN -1 AND 13
13 IF(HODE+)) 14y 15,15
15 [F{13-MODE) Ik, e, 18
16 J=MODE+2
IF(HLPHI 19470, TD
70 IF{MODEM# 1119429, 19
END FREE RUN POINT 1h LUNG LINE MCOE
29 PAINT 129, 1XLM, IYH, [XKAM, [YH
129 FORMAT{2HGD, 2015y IX+ 15, IHK1)
PRINT 120, 1XLE, VM, [RRH, IYH
REMEMBER MODE
19 HODEM=MCOE
PRINT POINT IN SPECIFIED FODE
GO To |zu.2|.zz.22 22422422+224221221 225230 24125:26 104
I BRINT 114 HO|

1y FOﬁPlI’lII-?DlyTHNUUE =3 154 5%y 39HSHOULD BE BETWEEN =1 AND 13, INCL
IUSIVE.}
MODE= 12
GO TO 18
REGIN FRAEE RUN WITH PCINT IN LONG LINE MODE
20 PRINT 1214 IXLsIYs[XRo 1Y

BEGIN FREE RUN PROPER
PR!NT 120+ IXLa LYo [XR,IY
120 FORMAT(2HGD, 24 15, 14y 15, 1HS1)

G0 10

21 PAIAT 121, IKLs 1V, IXR 1

121 annnrtzhcu.2|1s.lx.ls.lHLll
Go 10

22 PRINT 122,1¥L,1¥,MODE, LXRy 1Y4MODE

122 FORMATLZHGD, 2015, 1X: 15,1110
GO TO

23 PRINT 123, 1%L, 17+ IXRy 1

123 FORMAT(2HGD42015, 12, li| HO) )
6o TO

24 PRINT 126, IXLy 1Y IXR, 1Y

126 FORMATI2HGDL2(15, 1%, 15, 1H=0}
G0 10 17
25 PRINT 125, IXLyIY, IXR, 1Y
125 FORMATIZHGD 21150 1%y 15, 1HED)
60 To i1
26 PRINT 126, 1XL 1Y, 1XG, 1Y
126 FORMATIZHGO, 2015, 1Xs [54 1011
17 NLPH=C
REMEMBER CEFAILS OF PREVICUS POINT
&7 XLGR=ALG
XRGR= ARG
YGR=YG
1XLM= XL
IRAM= XA
[yp=ly
18 RETURN
TEST FOR ALTERATICN [N MODE
12 1F(FODE-MODEK]35,30,35
TEST IF GNLY & CHANGE BETWEEN LONG LINES AND
FREE RUN
35 IFCHODE4MODEMI 30, 13,13
PRINT NORMALLY (26) [F IN SYMBOL FODE
3% [FIKUDE)31432,26
POEPARE FCR [NTERPOLATION [F LINE PODE SPECIFIEU
31 DELTA=0.049
6o To 33
32 NELTA=3.0
33 DL=SORTFIIXLG=XLGR) #s24(YG-YGR)ue2)
DR=5CRTF{(XRG=HAGR ] # 224 (YG-YGR) #s2)
0s.54(LL4CR)

CHECK [F LIMEAR INTERPOLATICN EQUIREC
TFIUELTA=DY 34, 26,26
PERFORM LINEAR [NTERPCLATION AS NECESSARY
A4 YGR =YGA+DELTA®(YG-YGR)/O
XLGA=XLGR+(XLG=XLGN) s DELTA/OL
XRGR=XRGR+ | XRG-XRGR] =0EL[A/CR
TXUNEX TSRO0 GOXLGR)Y
LXAN=X [N TF (400, Qe xR6R)
IYN=XINTFIL00,0rYGR)
BRINT 1264 [KLNy YN [XRNL 1YN
6o ro 33
POINT LIES OUT OF GRAPH-RANGE SPECIFIED
IGNOAE POINT [F SYMBOL MODE SPECIFIED
50 LF{MODEINC, 4G, 18
IGNORE POINT LF PREVICUS POINT WAS OFF GRAPH T0O
O IF{NLPHM) 18,63, 1E
U3 PRINT 121eIXLy 1Y, [XRL 1Y
PRINT 120, 1XLy 1Y, [¥R, 1Y
AEMEMHUER MCDE
&R FODEM==|
SET MARKER T CALL FCP NEW LINE NEXT TIME
NLPEE |
DELTA=0,049
XLG=SCALEs(AL=XVIN)
XRA=SCALE® (AR=AF [N} 4DISP
YGESCALES(Y-YHIN]
[MTERPOLATE TO EOGE [N FREE RUN MCCE
49 DL=SORTFI{ALG-XLGR) ##2+(¥G-YGR)ss2
DR=SURTF{ [XAG-XAGR] «# 2+ {YG-YGR}we2
D=0.5+(GL+DRI
IFIUELTA=0)bE, 78,78
NR YGR=YGROELTA*(YG-YGRI/D
XLGH=XLGA+ (LG=YLGA] «DELTA/CL
XHGA=XRGA+ (XRG-XRGRY*DELTA/CR
TFCARGR=-DISPI9E, U545
45 IFCXXG=XLGRIVE, ub, kb
L6 IFCYGRITR LT 4T
LT [FOYAG-YGR) 9y bby bR
LB TF{ALGRI9L,LOC, 400
W00 [FIXNG+LISP=XAGAIOR, 4UB,uuB
uLy [LXN=XINTFILOO.DeXLGA]
IRXN=XINTF[LOC. 08 XRGR)
1¥N=A INTFLLO0.0sYGR]
AT 126, TLXNG YNy [RXN TYN
GO TG 4y
TH ILKV=XINTFCUCD.0#XLG)
INKH=XINTFAUCD. Do XRS5
I¥YN=XINTFILD0.0eYC)

9B PAINT 129, ILRNs DYNy [RXN LYN
GO ro b
H1 PRINT 130, XXG,YXG

130 FOARMAT (/747 ,20Xs84HGRAPH DIFENSIONS TCO LARGE FOR PLCTTER TABLE:/+
125X, € 1ha 742Xy 2HBY 2K E 1o Ty 2K, SHINCHES )
RETURN
END
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SUBROUTINE BPLOST
DIMENSION HCINC],RGINC) +CCINC) e XLUNL) o YLINL) fCLINL
DIMENSICN XPB(NPRA),YPBINPE) ZPBINPB], [PRINTINPE
DIMENSIGN X[3)4%003)42113) 4 ABINUDS) »YB(NBDS ), ZBINBDS) (BSINBDSY
DIMENSION XFBICNFB],YFALINFB) +2ZFBICNFB) A XFBZINFBY. YFB2INFBI,
12FU2(NF3) 3 CFB{NFR] T I {NCUR) s T2ENCUR D NTINCUR) , CCURINCUR)
COMHON HC4RC)CCy XLy YL4CL o NC o HL
COMMON GSI2E, THETARXMIN XMAX ) YHIN, YHAXLS
COMPON CKAD,CRAL,CKA2,CKA3, CKAL,CKOO,CKET,CKB2, CRRI,CKROU,CCAT,
ICEAZ,CEAS,CEAW,CEBT,CEB2,CERT, CERL
COMPON ZTXyXPHyYPBy ZPB4NPByRL,AI2Z,RE
COMMON NBDS,NFByNCUR XFBI,YFB ) 2FB 1 XFB2.YFB2 LFB2,CFBT14T24NT
TCCUR X o KO o X 1) ROPXMAG, PEL FaCeDISAYRTHK 2B, Y0 28, N8
COMMON BREF, ISTER,BS5,IPRINT.LPLOT
PLCT STEREC PAIR OF MAGNETIC FIELO LINES
NLP=]
DO 1 KB=1,NE
XC 1 =xB(KB)
X421=YBIKB)
X(31=2B(KB)
CALL STEREO{X0sX1,80,XHAGPSEFsDeXsULILRGY2)
CALL PLOSTIUL UR, YV RMINg XMAX, YHINSYMAX GSTZEDISPANLP—1)
IFCXAIRA® 1) na2+YBIRBe D) #e2-RI21Zs3,3

2 NLP=0

1 CONTLNUE

RETURN

END

1s2°

SUBROUT INE INTGRO{JS, ANS)
DIMENSTON MCINC)¢RCINCI,CEINCH XLINLY pYLENL ) CLINL)
DIMENSION XPOINPB).YPBINPB) +ZPBINPE) . [PRINTINPB)
DIMENSTON X43)4X0(3),X1031,XBINDDS]),YBINBOS), ZBINBDS] «BSINBDS]
DIMENSTON XFBINFB] »YFBI(NFB) +IFBI{NFBI . XFB2(NFR) 4 YFO2INFBY,
TIFB2INFB) +CFBINFAI+TTINCUR) s T2INCUR) 4 NTINCUR] s CCURINCUR)
COMMON HC,RC,CCy XL YL CLoNC, NL
COMMON GSIZEsTHETAy XMINsXFAX, YMIN, YHAX, DS

7
oy

) s
.

aonn

COMMON CKAO,CKAY,CKAZ CKA3,CKAL,CKBO,CKE 1, CRB24CKBT, CKBY, CERT,
ICEA2,CEA3,CEAL,CEBT,CEB2,CERS,CEDY

COMMON ITK,XPBrYPBsZFBsNPByRIVRI2,REB

COMHON NBDS NFByNCUR XFB I YFB 1, 2F@ 1o XFB2ZyYFB2: IFB24CFBaTLaT2uNT,
!I.'.CUFhK.]D.I'I.lﬂ.leGyPS!-FuD.Dls?-ll.ﬂl‘yiln\‘lnlﬂgﬂa

COMMON BREF.ISTER,BSy [PRIN

(4 DEFINITION OF I TEMAND

ANS=1.0/BS(JS)
RETURN
END
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SUBAOUTINE STEREDIX0:X14ROsXMAGIPSIeF D X ULIURSVYI)
DIMENSTCN XO0{3).X131.X(31,813,3),x0(3)
R0 TO 11,2144
EVALUATE ROTATION MATRIX
1 CALL ROTHATIXI,A}
2 x0ih=xL1)
X012)=x12)
XOT31=X13)
TRANPORT POINT TO STANDAAC POSTTION
CALL TRNSPTIXOyA RO.XMAG FeXDI
ROTATE POINT THROUGH AZIMUTHAL ANGLE.PS
CALL ROTATEIXD.PSI)
PROJECT POINT THMICE ONTO STANDARD PLANE
CALL STCROPIXDyFyDslL UR V)
RETURN
END

SUBROUT [NE ROTMAT{X,4)

EVALUATE ROTATION MATRIX
DIMENSICN X13)4A03,3)
MZeX(1)eX11hex(2)0X(2]
VIal.0/S5CRIF(VZ}
WI=1.0/SORTFIV2+XI31eX{3})
ALy lh==X(20eV]
AC1,2)1=X1 1)V
AC1,3)=0.0
Al2,3)==X(3)ekl
AC3,3) =W lsVE
A2, 0)==R01,200003,3)
ALZy2)=A0 1, 11 eal3, Jl
At3,0)=a1
a13,21==A1

slle (2;!)

SUBHOUT INE ROTATE(X,PSI)
ROTATE POINT THROUGH AZIMUTHAL ANGLE,PSI
OLMENSTON x(3}
TFIPSI=-P5IMI 1,241
I C=COSFIPSI)
SaSINFIPSI)
P5[H=p§

2 xl=d(1)eC-XI3)e5
X(F=x(31aCex(|}es
x(1=x1
RETURMN
END

“is2

SUBROUTINE STEROP(XyFsD ULILR,VI
PROJECT POINF TWICE ONTG STANDARD PLANE
DIFENSTON X(3)
WelE=X12117X02)
ULEXA I3+ (X1 T11+00 ok
Uasci i eixlll=0lew
VEXt3)all.0¢W)
RETLRY
ENn

SURROUTINE TRNSPTIXO4A Ry XFAG,F X1}
TIANSPORT POLNT 1O STANDARC POSITION
DIMEMSION X3031,X1131,X213),403,3
RI=RexFAG
KaIX1011=X0( 1V ]expas
YelxIE21-KO(2) ) eXMAG
Z=UxI(31=-X013))eXPAG
KIULY=Alla 11 exval 1,208 eAl ), 3002
NI =AIZ4 11oXeAI2, 20 e¥eAl2,3) 920,50 (F4SORTFIFoFsL.GoRToR1D]
XP03)=Al3, 11exvhl3,21eYeald 3002
RETURN

SURROUTINE GRIMCIR ¢ FyOyULFINGULMAX (URKENURMAX, WHEN  VMAX]
COMPUTE PLANE,RECTANGULAR PROJECTION REGION

XxG.50 IFeSORTFIFeF+L . OsROR] )

YzFsReRs0eDs I A-F)

ULMAX=SERTFLY/X)

UMM I Nv==uLAX

UAHAX=ULMAX

ULH IN=URMIN

VMAX=ROSORTFLF /%)

WM N==yMaY

RETURN

B0
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PROGRAM 111

FNERGY SURFACES IN A GLNEREL WAGNETIC FLELC
SUBMCUT INE PRELLDE
COMPON CRAU,CHAT,CKAZ,CRAS, CRAL,CROULCKRA],CKAZ,CKB3.CKBL,CERL
VCEAZ2,CEL3,CEAN,CERT,CEBZ,CERS, CLOL
COMMON NK NG, ML o NE (NX NY  HT X NTY JHAS
COMPON HERC COr XLy YLy CL BS b JFAT, 13/LDE
COMMUY £DGEyGSTZE s XMIN, XMAXSYH N, YRAR R LTX RI2XPAR  YPAR, [PAR, 0P
1ARs IPARSETSER STV CT BRM,FFU,OS,FI
COoMMON FJPATD, 1J0
COMMON XFH1,YFB1,LEAT,XFA2, YFO2,ZFN2,CFB,T14T2oNI 1 CLUR
COFFON "FU, NCUR, IGRID
L=T9999
AEAD 10 pNCaNLyNFB . NCUR
READ 10veNXsNY, IGRID
READ 10u e NE
READ EOZNAS
100 FORFAT(W17)
NTX=2e (=11
ST¥ENY -
LaL-NC
HiCsL

1J=L
LEL-NTXeNTY
Lp=t

L=L-NE

EsL
LaL-NXaNYeNE
FJMATO=L
L=L-NEsNYeNE
140=L
L=L-NFB
IFB\-L

LaL=NCUR
CCURsL
RETURN
END



PROGRAM 11l Continued

€521

“@ COMMDN CKAQ,CKAT,CKA2,CKA3,CRAN,CKBO,CKE1,CKB2, CKB3,CKBU,CEA].
ICEA24CEA3,CEAY,CEB),CEB2,CEB3,CERL
COMMON NKyNCyNLyNEsNXyHY NTXoNTY, NAS
COMMON HC#RCsCCyXLaYLyCLaBS FIMATHIJ4LDSE
COMMON EDGE,GSIZE.XMIN, KMAX YHIHN, YMAX,R],2TK,R12,XPAR, YPAR, IPAR, DP
1AR, TPAR,E1yEK1 ST, CTORH,FHU,DS+FJ
COMMON FJHATD, 1D
COMMON XFB1,YFBI,ZFA1,XFB2,YFB2,ZFB2.CFB,T1,72,NV,CCUR
COMMON NFDuNCUR, IGRID
DIMENSTON HCINC) RCINC) COINCI o XLANL )W YLINL)sCLANLY
DIMENSION BSINAS), FIMATINX NY ) o LJONK MY LDENTX,NTY)  EINE)
DIMENSION FJMATDUENK.NY,NE) FJDENXsNY4HE)
DIMeNSION KFOI{NFB) YFBUINFRI2ZFBI(NFB) 4 XFB2(NFB), YFB2INFB)+2ZFB2IN
TFBI s CFBENFBY, TTENCURY o T2INCUR ]y NTINCUR] ,CCURTHCUR)
3 READ 100.NK
100 FORMATCLT)
IFINK) 14242
1 CALL ENDDQO
STOP
2 CALL TITLER(-3)
PRINT 200,NK
206G FORMAT(90X, UHCASE,IT]
CALL pHOTBQC I, 1)
CALL DATAS
TFINEY 1y hyl
4 CALL Dara7?
CALL INJECT
GO TO 3
END
1523
‘ SUBHOUTINE DATAE
COMMON CKADWCKAI,CKAZ,CKA3,CKAL,CRBO,CKRT,CKRA2,CKB3,CRBL.CEAL,
1CEAZ,CEA3,CEAL,CEBI,CEB2,CER3,CERL
COMMON NK NCyNLyNE Ny NY NTX NTY, NAS
COMMON HC,RC,CCo XLy YL4CL,AS,FIMAT, 1J,LD,E
COMMON EDGEGSTZE,XMINKHAX, YMIN, YMAX R],ZTX,R12. XPAR,YPAR, ZPAR, 0P
VAR TPARVEISEK,SToCToBAM,FMU,D5,FJ
COMMON FJUMATO, 14D
COMMON XFBI,YFRI,ZFB1,XFB2,YFR2, ZFB2,CFR,T1,T2,NT,CCUR
COMMON NFH, NCUR, IGRID
DIMENSTON HCINC]4RC{NC) pCCINC) o XLONL} 2 YLINL) »CLENLY
DIMENSION BSINAS) FUMATINX,NY), TJINXsNY ) LDINTKGNTY) EINE)
DIMENSION FJEATDINX.NY,NE) ) LIDINXNY NED
DIMENSION KFAITINFH) YFRIINFEILFBIINFB) XFRB2INFDB]YFBZINFB]ZFD2IN
VFB),CFBINFB), TIENCUR) y TZ{NCLR) yNTINCUR) yCCURINCUR )
SET COEFFICIENTS FCR FIELD DUE TO CIRCULAR CONDUCTORS
ISEE ELLIPTIC INTEGRALS IN C.HASTINGS]
CKAC=).30629u26112
Cral=0.096663ua259
CKA2=0.235V0092383
CKA3=0.03TH2563713
CRAL=D.CILS 1196212
CXBU=D.5
CkB1=0. 1269£59359T
CKB2=0.040B02LD5T74
CKB3I=u.C33T8355308
CKAL=0. GOMLITATOIZ
CEA=0, uL3251u 1463
CEA2=0.046260401220
CEA3=0.GLTST73835u8
CEAL=D.01T736506451
CERI=0.26998348310
CEBZ=0.0920G1G003T
CEB3I=0.0L06949TS28
CEBU=D.00526u49639
IFINC)1.2,3

MAIN ROUTINESENERGY SURFACES IN & GENERAL HAGNETIC FIELD

READ AND PRINT DATA FOR CO-AXIAL CIRCLES
3 PRINT 161
101 FORKAT(///y 10X, 36HSPECIFICATION OF CIRCULAR CONDUCTCRS//4 13X 49HHL
ICEMTRE ) Xy 6HRAC WS 8%y THCURRENT S/ |
DO L KC=14NC
REAU 1024 HCIKC) ,RCIKC ). CCIKCE
02 FORFATISIFIU.TY)
PAINT 103,HCIKC),RCIKC)CCIKC)
103 FORKAT(IDX,3(F1u.T))

4 CONTINUE
2 IFINLI 146, T

< READ AND PRINT DATA FOR INFINITE,STRAIGHT CONDUCTORS
7 PRINT 10

104 FORMAT(// /4 10Xy 34HSPECTFICATION OF LINEAR CCNDUCTORS, /74 16K, IHX, 13
Xy 1Y 11Xy THCURRENT 4 4 )
00 5 KL=1,NL
QEAD 102, XLIKL)4YLIKL],CLIKL)
PRINT 1G3,KLIKL)+YL{KL)4CLIKLY

5 CONTINUE
[ READ &ND PRINT DATA FOR FINITE,STRAIGHT CONDUCTORS
4 CALL DATAFB
[ READ AND PRINT DATA FOR GENERAL, CURVED CONDUCTORS
CALL DATCUR
3 READ a%D PRINT DaT4 SPECIFYING J-PLANE
READ 102,EDGELXMIDy ¥HID
[ READ SI1LE C(IN INCHES] OF LCNGER DIMENSICN CF GRAPH
AEAD 10546512k
105 FORMAT(F14.7)
XMIN=XM D=0, 5 EDGE
YMIN=YMID-0.50EUGE
PRINT 1104XM[DyYHID
110 FORMATI///y 15K, 26HM1D POINT OF PLAME LIES AT, 16Ky IHLyFINaTyIHyoF 1Y
1a741H1 )
PRINF 109,EDGE,GS12E
109 FORMATI///+ 15X, 45HEDGE LENGTH DF TRAMSVERSE PLAME IN REAL SPACE.FI
W.Tg//y 15X, 20HEOGE LENGTH OF GRAPHy25XaF 14Ty 2Ky SHINCHES)
XHAX=XMIN+EDGE
YHAK=YHIN+EOGE
c PRINT GRAPHPLOTTER INSTUCTIONS
BRINT 107
107 FORMAT{3THG ] Fo M. LARKIN CULkAN.)
PRINT 108 .
106 FORMAT{JUHG] PLEASE MOUNT DISIT PRIATER.}
RETUR
1 sTap
END
152y

&% SUBROUT INE DATA7
COMMON CKAQ(CKAT,CKAZ(CKA3,CKAL,CKBO,CKE),CKB2, CKB3,CKBY,CEAY,
ICEA2,CEAS,CEAL,CEBI,CEB2,CEB3,CEBY
COMMON NKoNCyNLyHEs NX NY s NT X NTY s NAS
COMMON HC,RC,CCy XL, YLaCL BS FIMAT 1J,LDVE
COMMDN EDGE GSIZEsXMINKPAK YHIN YHAX R E4ZTE RI2: KPARSYPAR, ZPAR,OP
TAR, TPARE1,EK.SToCT,BRM.FMULDS,FJ
COMMON FJMaTD, 140
COMMON XFB1,YFB1.ZFR 1, XFB2,YFB2, EFB2,CFByT1,T2yNT,CCUR
COMMON NF8,NCUR, [GRID
DIMENSTON HCUNC)yRCINC) 4CCUNC I XKLINL) o YLENLI 4CL ML) |
DIMENSTON DSENAS), FIMATINK,NY o JJUNX HY 14 LDANT X NFY ]y EINE)
DIMENSION FJMATDUNX,NYNE]» iJDINK,NY.NE]
DIMENSION XFBI(NFB),YFRTINFE) ZFBI{NFB],XFBZINFB), YFB2INFBI, LFB2IN
IFB) s CFBONFATTTINCUR ) 4 T2INCUR | 4 NTINCUR) +CCURINCUR)

c READ AND PRINT REST OF DATA

RERD T00+RILZTX

100 FORMATISFINLTY
PRINT Z200.R1

200 FORMATCIHN, /// /7y 15%,30HRADIUS CYLINDER OF IMTEREST = ,FIL.T)
PRINT 201,27x
201 FORMAT( /4y 15X+ 30HSEMI-LENGTH OF CYLINDER = ,FlIn. 71

Al2=RIsR1

05=0.02 *«SQATF{RI2+ITXes2)

PRINT 208,05
206 FORMAT(/, 15K, 23HINTEGRATION STEP LENGTR(5K,2H= (Flb.71
READ 1004E
READ 100,XPAR,DPAR. TPAR.EK, FMU
IFIEL)S,5.8
YPAR=UPAR
IPAR=TPAR
BRH=EK/FRU
G0 10 7
THETA=3, 14159265358979= TPAR/160.0
ST=SINFITHETAL
CT=COSFIIHETA)

T PRINT 204,EK

20k FORMATI/, 15X; 30HINJECTION KINETIC ENERGY = yFla.T]
TFINE-113,3,06
D0 | KE=2,NE
PEAD 100,EIKE)
CONT [HUE
El1)=EK
PRINT 202
202 FORMAT{ ///+ 10X, 94HCONTOURS OF CONSTANT J ARE DRAWM AT THE FOLLOWI

]

o

ING ENERGIES, AS WELL AS AT THE INJECTION EMERGY,//, 35X, 2HKE. 10X.8H
2ENERGY, /)
N0 2 KE=2,ME
K=KE
PRINT 203,KyE(KE)
203 FORMAT{30X,17,5X,F1u.7]
CONT INUE
PRINT 205
FORMAT(////7,20K, 2BHNEUTRAL INJECTION PARAMETERS,///y WuXy25HINJECT
TION LINE PARAMETERSy 11X, 22HPOSITION AT TOMISATHOM 11Xy ISHCRITICAL
2VoB,, IWHMOD(B) AT TURN,//, 18X, THD. 11Xa SETHET Ay F1X4 IHX, 13X, 1HY, 13K,
ITHZL 13X ZHET, 11X, JHBRM, /1
RETURN
END

~
]
LR
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## SUBROUTINE LIONES
LOMKON CKAD.CKAY,CKA2,CKAZ,CRAW,CKBO,CKREN4CKB2,CRA3,CKBU,CEAY,
1CEA2,CEA3,CEAN,CEB1,CEB2,CER3, CEAL
COMMON MEyNCoNL NE, NXyNY (NTR,NTY,NAS
COMMON HC,RC,CCa XLy YL, CL1BS,FIMAT.IJ,LD
COMMON EOGEGSTZEyXMINy XMAX s YMIN, YMAX RE4ZVE RI 2, XPAR, YPAR, ZPAR,DP
TAR-TPARWELs EXySToCT4BAM,FMU,D54FJ
COMKON FJMATD, 14D
COHMON XFE1,YFBI+ZFB1,XFB2,YFB2, ZFB2,CFB, T 1. T2, NT, CCUR
COMMON NFByNCUR, IGRID
DIMENSTON HC(NC)yRCINC) »CCUINC) o XLUINLI ¢ YLINL 3o CLINLY
DIMENSION BS{NASH,FIMAT(NX.NYD. IJINXsNY) o LDINTX.NTY] ,ECNE]
DIMENSION FJMATDINX NY,NE], [JOINK«NYWNE)
DIMENSION KFBIINFB)4YFBIINFD) 4ZFBIINFO},XFB2(NFB),YFB2(NFB) 2FBZIN
TFB* «CFBINFBY o TVINCURD s T2(NCUR} NTINCUR) , CCUR INCUR)

c INJECT NEUTRAL PARTICLE

VPAR=SORTF(2.0%EK]
IF(R]2-XPARSXPAR) 2,2, |
2 PRINT 200
200 FORHATI/////+30K:51HPARTICLE PATH DDES NOT ‘INTERSECT REGION OF INT
LEREST)
RETURN
| D5PAR=0.001#R]
¥PAR=-SORTF IRI2-XPAR*XPAR+ D 1E-99)
ZPAR=[DPAR-YPARSST}/CT
EFR=0.0
8R=0.0
T CALL FIELD(XPARyYPAR,ZPARyBX4BY,52,0)
EF=yPARSORTF{(DZeCT+BYsST)os240Xn02)
TEST FOR LONISATION
TFLEF-EL) 3 ket
NOT YET IONISEC. TEST FOR ESCAPE
3 IFIKPAR®®2+YPAR#82-R12-G. IE-10)5,6,6
PARTICLE STILL INSIDE CYLINDER OF INTEREST
5 YPAR=YPAR4DSPARSCT
ZPAR=ZPAR-DSPARSST

AR=D
EFR=EF
Go a7
TONISED. COMPUTE VELOCITY COMPONENFS,MU AND REFLECTION FIELD
4 N=PR+{B-DR)I®(E[-EFR)/[EF-EFR)
VPARL=VPAR®(BYsLT-B2e5T)/B
VPEAP=SORTFIVPARwe2=VPARLwe2+0. 1E=97)
NarM=0s(vPAR/VPERP)se2
FMUZ0,5OVPERPSe2/8
RETLRN
c PAATICLE I EFT CYLINDER OF INTEREST WITHCUT LONISATION
6 R¥Ma=1.0
AETURN
END
152)

& SUBROUTINE JGENER
COMMON CRAO,CKAT,CKAZ,CRAB,CKAL,CKAG,CKB1,CKAZ,CKBI,CKBL,CEAT,
ICEAZsCEAS, CEAL, CEBI,CERZ,CERS, CLOL
COMMDY NKyHCaNL ME MK NY  NTENT ¥ NAS
COMMON HCyRCyCCo XLy YLwCL RS FIPAT, 1J4LDWE
COMMON EDGE GSTZEy XM INy KHAX  YHIN, YMAX,RE, ZTK R12, XPAR, YPARy ZP AR, OP
TAR, TPAR,EL ek, ST, CT BAK,FHU,D5,FJ
COMKON FJMATD, 1
COMRON KFB1,YFO1W EFD 1, XFD2,YFB2,2FA2,CFR.T1,T2,NT,CCUR
COMBON NFB, NCURy ISR LD
OIMENSTON HCINCI,RCANC) (CCUNTT L XLINLY o YLENLE CLINL)
DIMEMSION BSTHAS) o FUMATINKGAY ] LIENKaNY )4 LOINTE G NTY ] ELNE)
DIMENSION FIMATDENKNY NED s [JDUHK NYNE)
DIMENSION XFUTINFS ) YEATENFO) ¢ LFB1INFD) yXFH2 INFD) 4 YEBZINFD) , ZFA2IN
TFHY, CFBINFB) . THINCUR), T2(NCLR Y NTINCUR),CCURINCUR)
0X=(XMAX=XMIN) /FLOATE (NK=1)
DY=(YMAX-YMIN)}/FLOATE(HY-11
GENERATE & J-MATRIX FOR EACH ENEAGY
00 | KX=1,NK
DO 2K¥= 1, N¥
XDUM=XMIN4DX v FLCATFIKX=1)
¥DUF=YMIN4DY sFLCATFIKY=1)
LDUM=ZPAR
COFPUTE FIELD STRENGTH AT POINTS ALONG FIELD LINE
CALL HCOMPIXDUM,YDUM, ZOUM4NS)
DO 4 KE=l.NE
INTEGRATE ULTWEEN MIRROR PCINTS TO EVALUATE J
CALL BINVEBSyNS ECKEDNFMULDS FJ,NRT)
STORE PUDNLE CCUNT
TJDIKX KY KE ) =NR |
IFINRL=1)4,5, 4
4 FJMATUIKK,KYKEI=0.0
60 T 3
STORE VALUE OF J
5 FJMATOIKL,KY,KE]=F)
3 CONTIMUE
2 CONIINUE
1 CONTINuE
RETURN
END

t52)
SUBAQUTINE [MJECT

P CoMMON LKADJCKAT,CKAZ,CrAS, LKA CKBDSCKE |, CKB2,CKB3,CKRUCEAT,
TCERZ CEA3,CEAN,CEB),CEB2,CERS,CERY
COMMUN WK NCoHLoNES NX Y NT X NTY  NAS
COMMON HCaRC CCy XLy YL CLyRASHFJMAT10,LD4E
COMMON FDGE ¢G5 [2E s X™ My XMAX YR INy YHAX R I 2TXyR12, XPAR, YPAR, ZPARDP
VARSTPAR, E]rEKa SToCT oBRF  FMUL0S,FJ
COMFON FJMATD, 14D
COMMON XFB1,YFB1.ZF01 KFU2, YFD2+ZFB2,CFB,T1aT2,NT, CCUR
COMMON AF By NCUR, IGRID
DEMENSICH HCINC) (RCING) »CCENC ] XLINL) e YLINLY 4CLEALY
DIMENSION BSINAS),FJMATINKNY Ly LIENRNY ) LDENTRLNTY) L EENED
DEMENSION FIMATOUNK NYoNE | o [JULNXSNY o NED
DIMENSION KFDIUNFA}, YFRIINFQ), 2FBICNFD) oXFB2INFD) , YFA2(NFU1 L ZFB2IN
TFO)CFBINFBY T TINCURD s TZINCLR ) NTENCUR) ¢ COURINCUR )
IFIc1120,20421

NON-INJECTION QPTICN
20 PRINT 209, XPaR,YPARZPAR, DK

20% FORMATE 16X, 2 IHPAATICLE NOT INJECTED, 3F1u.Te0X hHesne, 2K Flu.T)

GO TO S

INJECTION OPTICN
21 CALL LIONES
PRINT 200,0PAR, TPAR, XPAR,YPAR IPAR,E],BRM
20C FORMAT{9X, TF14. T}
TFUBRMIL iy 5
u PRINT 205
205 FORMATI///y 30X, 62Hes PARTICLE HAS NOT BEEN TONISED =+ COHPUTATI
10N UELETED o)
RETURN
5 PRINT 20kyFHU

204 FORMATI///, 16X, 22HRAGNETIC FOPENT OF [OK, I0XKE1L.TI
c COMPUTE CO-ORDINETES ALONG FIELD LINE THROUGH [ONISATION

POINT
CALL BCOMPIXPAR, YPAR,ZIPAR,NS)

INTEGRATE BETWEEN MIRROR PCINIS TO FIND JO
CALL BINTIBSsNSsEKsFHUsDS,FJNRL)
PRINT 2U64FJ

206 FORMATI/,3TX, IHJ, 10X, E1h.T,//)
c

EVALUATE AND PRINT FIELD AT [ONISATIOM POINT
CALL FIELO(XPAR,YPAR,2ZPAQ,AXD,BYD,BZD4BC)
PRINT 210,8KD,BYD,BIDB0
210 FORKATI/ 30X, 6HBKION = +EI4,T.//s30XeBHEYION = JENU.T4//y30X:BHBLI
10N = ,EI4.Te//2 30X+ BHMBION = LENL.T)
FK=FJ
IFINRI=1}E. 2.0



PROGRAM Ill Continued

1 PRINT 20T,NAL
201 FORMATIZ/27777520%, iTHeso= WARNENG weey/////y 15X, ITHNUMBER OF INT
IEGRATLON REGIONS =4 [T}
RETURN
EVALUATE J-MATRIX
2 CALL JGENEK
PRINT 202
202 FORMAT(IH14/7//120Xs29Rd MATRIX FOR LNJECTLON ENERGYs//)
c

ECOVER J-MATRIX AND PUODLE COUNTS FOR INJECTION EHERGY

DO 10 KXslyNX
00 11 KY=lgNY
FJIMATLKX KY 1 =FJMATDLKX,KY 4 1)
TJUKKKY 12T IDIRX KY 1)
11 CONTINUE
10 CONTINUE
PRINT J=MATRIX AND PUDDLE COUNTS FOR [NJECTION ENERGY
CALL GRIMD(FJIIT.NI-NY.OI
PRINT 203
203 FDRMAIIlHl..Hr.th:.unnnﬂllu OF PUDOLE COUNTS FOR [NJECTION EMERG

wli)
ClLL GRIDPQ{IJ N, NY, 1)
ORAW CONTOUR FOR IMJECTION ENERGY
CALL KONTUA{XMINGXMAR, YMEN YMAXs FJMAT NXoNY (LDsNTKoNTY FKy 1,GSIZE)
TFINE=T] 14y bk 15
15 DO 3 KE=2,NE
DO 12 KX=1,NX
DO 13 X¥=1,NY
RECOVER J=MATRIX AND PUDDLE COUNTS FOR ANOTHER ENERGY
FIMATURX KY ) =FJMATDIKX s KY (KE)
TJIKXKY )= [JDIKXsKY KE)
13 CONT INUE
12 CONTINUE
IFCIGRID) 16, 17,16
16 PRINT 20T,E(KE]
207 FORMATUIHI,//7//20%, 19H] MATRIX FOR EMERGY.F 1u.T+//)

c PRINT J-MATRIX ANC PUODLE COUNTS FOR THLS OTHER ENERGY

CALL GRIDPQIFJMAT NX«NY, 0D
PRINT 208,E(KE]
zna FORMATUIH 1, /777, 20%y 3UHMATRIX OF PUDDLE COUNTS FOR ENERGY FIu.T,//

CkLt GRIDPQI 13y NX, MY, I}
DRAM CONTOUR FOR THIS OTHER EMERGY
17 CALL KONTURCXMING XMAX, YHINy YHAK FIHAT MR NY LD NTX NTY o FRoKEGSTZE
"

3 CONTINUE
1§ RETURN
END
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c
c PROGRAM IV
c
[4 ENERGY SURFACES [N SYMMETRIC PAGNETIC FIELC

@ SUDROUTINE PRELUDE
COMMON HCyRCyCCoXL2 YLy CL NCoNL GSTZEDS
COMMON LDyNTX NI NRHO,NE s NJ 1 HAS
COMMON FJMIN,FIMAX,RHOMIN RHOMAX s EMIN EFAR FLJI ¢ 105 DJ1 DRHD,DE s FMUy
185+ LTK, RADIUS, R12
COMMON CKAO,CKA|4CKAZ CKA3,CKAL,CKBO,CKRI,CKBZyCKB3,CKBUCEAL,
1CEA2,CEAN,CEAL,CERISCED2,CERIICEBY
COMMON ISTART
READ 100,NC NL
100 FORMATEIIT)
IFCNLY )y a2
2 NL=1
1 L=79999
L=L=-NC
HC=L
L=L=NC
RCaL

READ 100,NRHO,NE
AEAU 108, HI
L=L=NRHONE
FLJ=L
L=L-NRHOSNE
1J=L
NTx=28 (NRHO-1)
NTY=NE=1
L=L-NTXeNTY
LO=L
READ 1004NAS
LaL-NAS
BSaL
RETURN
END

1521

4 ’ MAIN ROUFINE ® ENERGY SURFACES IN SYMMETRIC MAGNETIC FIELD

DIMENSTON HCUINC]WRCINCTCCINC) o XLEHLY o YLINLY, CLENLY
DIMENSION FLJINRHC NE) , 1JINRHO,NE] BSINAS)
COMHMON HC,ACsCCo XLy YL#CLoNC  NLyGSTZESDS
COMHON LOJNTXaNTY NRHONERJ NRS
COMBON FJMINGFIMAXRHOM LN RHOFAX EMINs EFAXoFLYs 19 D+ CRHO, DEFHU,
185, 21X RADIUS,RIZ
COMMON CKADCKAICKA2,CKA3,CKANCKBO CKET.CRB2,CRB3,CRBUCEALY
ICEA2,CEA3,CEAL,CEB],Ct02,CERS,CEBN
COMMON ZSTART
3 REAU 100,NK
GO0 FORMAT(ITI
IFINK) 1,242
1 CALL ENDBOO

sToP

2 CALL TITLERI-3)
PRINT 2004NK

200 FORMAT(/,90K,5HCASE 417}

CALL PHOTBOC I, 1)
CALL DATAW
CALL DATAS
CALL ouTPUT
Go 10 3
END
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o9 SUBROUTINE DATAW
DIMENSTON HCINC)4RCINCI,CCINC) XLANL) ) YLINL) +CLINL)
DIMENSICN FLJUNRHO(NE) s LJCNRHOLNE | +DS INAS)
COMHON Hc.ac CC.xL.f\..l:L.Mc.NL.l:Sle.Ds
XaNTYaNRHO NE o NJ s NAS
Juu,nunnm.nhuuu.enm.eux.su.u.nJ.nluu.nE.Fnu-
IBS+ZTX,RADIUS,RI2
COMMON CKAQ,CKA1,CKA24CKA3yCKAN,CKBO) CKB I CKB2,CRB3,CKBU CEAT,
ICEA2,CEA3,CEAM,CEB!,CEB2,CERY,CERL
COMMON ZSTART
SET COEFFICIENTS FOR FIELD DUE TO CIRCULAR CONDUCTORS
(SEE ELLIPTIC INTEGRALS [N C.HASTINGS)
CKAQ=1.38429434112

CKBO=0.5

CKB l=0. 12498593597
CKB2=0.06868024E576
CKR3=0.03328355346
CKBL=0,00ku1TETOI2
CEAI=0.4432514uB3
CEA2=0.06260801220
08757363506
«D1736506451
CERI=G.24596368310
CEB2=0.09200180037
CEBI=0.GL069697526
CEAM=0.0052649639
IFINCY 1,243

READ AMD PRINT DATA FOR CO-AXIAL CIRCLES
3 PRINT 101
101 FORMAT(///, 10X, 36HSPECIFLCATION OF CIRCULAR LONDUCTGRS s //« 13X FHHI
NCENTRE) p6Xy 6HRAC TUS 8y THCURRENT /)
0D & KC=14NC
READ 102,HCIKC),RCIKC)2CCIKE)
102 FORMATESFI4.T)
PRINT 103, HCIKC) RCIKC),CCIKC)
103 FORMATL IC: . 5F 1k.T)
& CONT INUE
2 IFCNL) 1ok

7 PRINT 104

READ ANMD PRINT DATA FOR SINGLE, INFINITE, STRAIGHT CONDUCTOR

10k FORHAI’(I!I. lD*.IhNSFECIPlClIIﬂN OF LINEAR CONDUCTORS.//, 8%, |HX, 13
» 1HYy 11X, THCURRENT 4/ )
DO 5 lLlthL
READ 102,XLCKL),YLARL}4CLIKL)
PRINT 103,XLIKL) YLIKL]).CLIKL)
5 CONTINUE
XL{11=0.0
YL{11=0.0
c READ SIZE (IN INCHES) 'OF LCNGER DIMENSION OF GRAPH
& READ 105,GS1ZE
105 FORMATIFIN.T)

c PRINT GRAPHPLOTTER INSTUCTIONS
PRINT 107
107 FOAMATI3THGL Fo Ma LARKIN CULHAM.L )
PRINT 108
108 FORMAT{3&HGI PLEASE HOUNT DIGIT PALINTER.),
RETURN
1 STDP

') SUBROUTINE DATAS
DIMENSTON HCANC) RCANC | CCING) o XLANLY » YLANL] s CLENL)
DIMENSION FLJINRHO(NEDy [J[NRHOWHE) BS{NAS)
COMMON HC,RC,CCy AL s YLoCL4NC NL,GSTZELDS
COMMON LOGHTX HTY HRHO s HE NI o NAS
COMMON FUM1N, FJHAX, RHOH INsRHORAX s EMIN, EFAK,FLI s Ed0 DJ ¢ DRHO DE s FHU
IBS,ZTXRADIUS,RI2
COMMON CMAD#CKA|SCKAZCRAT,CRAN,CRBOLCKETyCKB2,CRB3CKBY,CEAD,
ICEA2,CEA3, CEAY,CEB |, CEB2,CEB3,CEBL
COMMON 25TART
c READ AND PRINT OTHER DATA
READ 100,05
100 FORMAT{3F1k.7]
PRINT 200,08
200 FORMATUIHI,/////+23Xs5HDS = 4F1L.TI
READ 100 ,FJHIN,FIHAX
PRINI 201, FJMIN,FJNAK
201 FORMATI/ 20X, BHFJHIN = JFLU.T, 10X, BHFIHAX = ,F1u.T}
REAU 100 ,RHOMIN,RHOMAX
PRINT 202RHOMIN,RHOMAX
202 FORMAT(/) 19X GHRHOMIN = FLu.7,9Xy9HAHOKAX = 4F16.T)
READ 10C+EMIN,EFAX
PRINT 203, EMIN,EMAX
203 FORMAT(/2 1N, THENIN = (Flu.T, 11X, THERAX = ,F14.T)
PEAD 100:FMU+ZTX,RADIUS
PRINT 20%,FNU, ZTX,RADLUS
204 FORMATI/)23Rs5HMU = oF baoTy 12Ko8HITX = oF18.7,9%, 9HRADIUS = ,F1b.T
1}

RI2=RADIUS*RADIVS
READ 100,ZSTART
PRINT 204, ISTART
206 FORMATU/) 19X, 9HZSTART = ,FluaT)
PRINT 205:NCyHNLs NRHOSNE 4N KAS
205 FORMATI/ 20X, SHNC = o [T+5X.5HNL = o I7+5K, THNRHO = ,IT5X)5HNE = 4
ATo 5% 5HNS = o ITo 509 BHNAS = 171
DE=[EMAX-EMINI /FLOATF [NE=1)
DRHO= [RHOMAX=RHOM IN1/FLOATF{NRHO-1)
DJI=[FJMAX-FIMINI/FLOATFNI= 11
PRINT 207,DEs0RHO,DJ
207 FORMATI/ 23X, SHDE = 4F1k.7, 10X, THORHO = oF 167, 10X,5K00 = 4FI4.T)
RETURN
END
1521
SUBROUT INE QUTPUT
DIMENSION HCINC)4RCINC) yCCINC) o XLINL) » YLINL | 4CLCNL)
OIMENSLON FLJINRHO,ME) ¢y [JUNRHOLNE) yDS{NAS)
COMMON HCoRCHCC XL YLACLINC(NL4GSI2EDS
COMMON LOGNTHaNTY, NRHOeHE N o HAS
COMMON FIMINGFJMAX,RHOM [Ny QHOMAK, EMINsFFAKFLI s 101D, ORHO, DE«FHU,
IBS . ZTX AADLUS,AT2
COMMON CKAQ,CKA1,CKAZ CKA3,CKAL,CKBO,CKEI,CRB2,CKB3,CKBU,CEAT,
ICEA2,CEA3,CEAL,CEB],CEB2,CER, CEDL
COMMON ZSTART
c EVALUATE AND PRINT J-MATRIX AND PUDDLE COUNTS
CALL JGEN
PRINT ICO
100 FORMAT(IHN, //// 420X, 1 THI/HUSS 172 RATRIX.//}
CALL GRIOPQIFLJ.NRHOSNE U)
PRINT 101
101 FORMATU 1M1, ////4,20K,23HHATE [X OF PUDDLE COUNTS.//)
CALL GRIDPOITJ/NRHO(NE, 1)
c DAAW CONTOURS AT SPECIFIED HEIGHT [NTERVALS
D0 1 K=lsNJ
MaFJMIN+DJSFLOATFIK=11
CALL KONTURIRHOMINyRHOMAX g €M LNy EMAK ) FLJyNRHC (NE s LDSNTX NTYoH KaGS T
1261
1 CONTINUE
RETURN
END
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™ SUBROUTINE JGEN
DIMENSTGN HCINC)oRCINC) yCCERCI o XLINLDYLINL} CLUNL)
OIMENSTON FLJENRHOPNE ) o [JINAHO,NE) 2 BSINAS)
COMRON HCHAC, €0 XL s YLaCLyNC yNLaGST2E DS
COMMON LD NTXaNTYs NRHO,NES NI HAS
COMFON FJIMIA,FIFAX QHOMIN AHORAK  EMIN EFAX,FLJ. 104 D3+ ORHODE+FHU,
185, LTX RADLUS A2
COMKON CKAQ,CKALCKAZ CRA CHANCRBOCHE],CXNB2,CKO3,CKBUACEATy
1CEAZ,CEA3CEAL,CEBILCEBZ,CEBY, CEBY
COMPON ISTART
DO | KAKD= | HAKQ
V=0RHOSFLOATF(XRHO=114RHOMIN
c EVALUATE FIELD STRENGTH AT POINTS ALONG FIELD LINE
CALL BCOMPUV,0.04 ZSTART,NS)
00 2 KE=1,NE
WEEMIN*DESFLOATF (KE=1)
INFEGAATE BLTWEEN MIRROR PCINES TO FINC J
CALL BINTIBS NS WyFMU,DSFJNRT)
STORE J/(KUles1/2, AND PUBCLE COUNT
FLJIKRHO  KE)=FJ/SORTFLFMU)
1JIKRHOKEY =hR I
2 CONTINUE
1 CONTINUE
RETURN
ENO
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PROGRAM Y

LOREMTZ LOMISATICN OF INJECTED NEUTRAL PARTICLE
SUBROUT INE PRELUDE
COMMON HL4RCsCCy XL o ¥LoCLyXPaYP, 2P NCyNL 4 NP
COMMON R1,RL2,NPAR, ¥PAR,DPAR, TPAR,EPAR,GSIZE
COMMON CKAQ,CKA1,CKA2,CKA3.CKAL,CKBC,CRAI,CXA2,CKB3,CKBL,.CEAT,
ICEA2,CEA3,CcAL,CEBI,CEB2,CEE3, CERL
COMMON ZTX, BRHsCSoCoXHIN XMAX s ¥MINy YHAX S KPAR , YPART, ZPART
COMHON NFByNCUR, INJ
COMMON XFB1,YFB1,2FB1,XFB2,YFB2,ZFB2,CFB+T1,T2,NT.CCUR
READ 10CyNCyNLyNFB)NCUR
O 100,NPAR
10D FORMATILITY
L=7Y949

nonn

DPAR=L
L=L=NPAR
TPAR=L
L=L-NPAR

L=L-NFB
XFB2aL



PROGRAM V Continued

MAIN ROUTINE = LORENTZ [ONISATION OF AN [NJECTED NEUTRAL
PARTICLE

DIMENSION XEBVINFB), YFBI{NFB I ,ZFBIINFB) ,XFBZ(NFB) 4 YFBZINFBI4
1ZFB2INFBILCFBINFBE, TIINCUR ), T2(NCUR) 4 NT (NCUR] s CCUR{NCUR)
DIMENSTON HCUNC) +RCANC]CCINCT s XLINL) o YLINLY CLINLY ¢ XPUNP )5 YPINP) s
1ZPINP )

DIMENS[CN XPARINPAR| ,OPAR(NPARY, TPARINPAR] L EPARINPAR]

COMMON HC,RC,CCy KLy YL, CLyRP YRy IRy ML, NL NP

COKMON RI;R12,NPARyXPAR,DPAR, IPAR, EPAR,GSTZE

COMMON CKAD(CKal,CKA2,CKA3,CRAU,CKBO,CKE | 1CKB2,CKB3,CRBU,CEATy
1CEAZ,CEA3, CEAU,CEB ) CEB2,CED3,CEBY

COMMON LTX, BAK,CSs Co KMINXMAK, YHIN YHAX (KPAR , YPART, ZPART

COMPON NFB., NCUR, INJ

COMMON XFB 14 ¥FBI,2FB 14 XFB2,YFB2, ZFB2,CFE.T 1, T24NT, CCUR
3 READ 10C/NK

TFOAKD 19242
2 CALL TITLER(-3)

PRINT . 206N

200 FORMATI 70X WHCASE, [T}

CALL RHOTBOC 14 1)

CALL DATAR

CALL DAFANI

CALL INJECT

Go To 3
| CALL ENDBOOQ
sT0p
100 FORMATIIT)
END
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SUBROUT INE DATAB
'  OIMENSION XFBIINFB),YFONINFA ), ZFUT{NFDB]  XFBZINFBI, YFB2INFB),
1ZFBZINFU) yCFBINFBI . T 1(NCUR) » T2(NCUR) s NT{NCUR Y ACUR IRCUR)
DIKENS TGN HCANCHwRCINCH,COINC I XLINL) (YLINL D oCLANLY 4 XPINP)  YPINP Iy
1ZPINP)
OIMENSTUN XPARINPAR),DPARINPAR] , TPARINPAR) EPAR{NPAR)
COMMON HLyRCyCCy XLy YLaCL K ¥P o ZP, NCoNL 4 NP
COMMON R1yRI2,NPAR.XPAR DPAR) TPAR, EPAR.GSILE
COMMON CKAU,CKAI,CKAZ,CKAS,CKAL,CKBO,CKET,CKAZ,CKB3,CKAULCEAL,
ICEAZ,CEAS,CEAU,CEBT,CEB2,CERI, LEBY
COMEON LTX BRM,CS¢CoXMEN  KMAK, YMIN, YMAK KPAR, YPART s ZPART
COMFON HFBoNCURy IND
COMKON KFBY, YFO 1, ZF0 1o XFD2¢ YFO2¢ZFB2sCFEyT 1472, N1, CCUR
SET COEFFICIENTS FCR FIELD DUE TO CIRCULAR CONDUCTORS
[SEE ELLIPTIC INTEGRALS IN C.HASTINGS)
CKAU=1, 3h62U36112
CRAI=G.LT68635a253
CKA2=0,{13590092383
CKAS=0,037u2563713
CRAL=0.LIWS 1196212
CKOU=0.5
CKBI=0, 12496593597
CKB2=0,0688L2405T6
CKA3=0,0332035555u6
CKAL=0,u0uL 1787012
CEAI=C, Wk32514 1463
CEAZ=C.06240601220
CEASm0,OUTSTIEISNG
CEAL=C.O1T36506L5]
CEBI=C.2uWYESLESND
92001E0037
LCUGEVARTS20
CEBL=U,UDI26LLALTS
TFINCI 14243

AEAD AND PRINF DATA FOR CO-AX[2L CIRCLES
3 PRINT 61
101 FORKAT(///, 10K, S6HSPECIFICAIICH OF CIRCLLAR CONDUCTORS,//» 13Xy 9HHE
ICENTRE ) 8X ¢ SHRAL IUS  BXy THCURRENT /)
PO 4 KC=1,NC
REAU 102yHCIKC) 4 REIKE ) ¢CCEKC)
102 FORMATE$4F 1. T))
PRIMI 1L34HLIRC) RCIKC)COIKC]
103 FORKATL 10X, 31F16.T))
4 CONTINUE
2 IFINLY ) 607

READ AND PRINT DATA FOR INFINITE,STRAIGHT CONDUCTORS
7 ORINT 104
10U FORMATI///y 10X, JUHSPECIFICARICN OF LENEAR CCNOUCTORS./Z/y 16X, IHX, 13
1y Y | 1K THCURRENT, /
D0 5 KL=1,5L
REAL 102y KL LKLYy YLEKL14CLIKLE
PRINT 103 XLIRLD YLIKLTLCLEXL)
S CONTIvUE
REAL AND PRINT DATA FOR FINETE,STRAIGHT CONDUCTORS
6 CALL DATAFD
READ AND PRINT DATA FOR GEMNERAL. CURVEC CONDUGTORS
CALL DATCUR
PEAD SIZE (IN INCHES) OF LCNGER CIKENSICN CF GRAPH
REAU 1056512
105 FORMAT(F 14, )
PRINE GRAPHPLOTTER INSTUCTIONS
PRINT L7
107 FORMATISTHGL Fa M. LARKIN CULHAM. )
PRINT 15U
158 FCAMATLSUHG]
RETURN
1 Srop
END

PLEASE WOUNT DIGIT PRINTER.)
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SUBROUTINE CATANI
f DIMENSION XFBIINFBY,YFBTINFA) (ZFRIINFD)  XFB2(NFD) o YFB2INFB),
VZFD2ENFE),CFBINFB T 1INCURY » T2{NCURD, NT{NCUR), CCURINCUR)
ID[FL'\ISIGN HCANC) s RCINC) yCOENC) o KLINLY YLINL I CLINL) s XPINPY ¢ YPANP ),
IPINP)
DIMENSICN XPARCNPAR ) yDPAR{NPAR), TPARINPAR) EPARINPAR)
COMPON HC,RCaCCoXLs YLACL XP o YP, 2P, NC, HL NP
COMMON R14RI2¢NPAR,XPAR,DPAR, TPAR,EPAR,GSIL
COMMON CKAQ(CKAI,CKA2,CKAZ,CKAU,CKBO,CKBY,CKB2Z,CKB3,CKBL.CEAT,
1CEA2,CEA3,CEAN,CED,CEB2,CERS, CEDY
COMMON ZTX,BRF,DS,CoXHIN, XMAX, YMIN, YMAK,KPAR, YPART, ZPART
COMMON NFByNCUR, INJ
COMMON KFD14YFR14ZFB1,XFB2,YFB? ¢ ZFA2,CFA,T1,T2,NT,CCUR
READ AND PRINT OTHER DATA
READ 10 L, INJ
101 FORPATIIT)
REAL 100+ 2TKsRI1
100 FORMATIULFTR,T)
PRINT 200,RI
200 FORMATIIHI.//////y 15K, 33HRACIUS OF CYLIADER OF INTEREST = ,FlIu.7)
PRINT 202,27X
202 FORMATL///y 15Xs 26HSEMI-LENGTH OF CYLINDER = ,7X,Fla.7)
R12=R1eR
DO | KPAR=1,NPAR
PEAD 100,XKPAR{KPAR) ,DPARIKPAR ), TPAR(KPAR]) +EPARIKPAR)
1 CONT INUE
D5=u.01
XMIN=-2TX
KMAX=ZTX
YMIN=D.u
YMAK=R]
PRINT 2C1+DS-KFINa XMAK, YHIN; YHAX
201 FORMATI////120X 5HDS = oFlbo?, /7o 10K, THXFIN = FIU. Ty 5K, THAKAX = 4
TFINL T SXy THYMIN = JF 1.7, 5K THYMAX = ,Flk.T1
CALL FRAME(XMIN, XMAX: YMIN, Y¥AXsGSI2E)
RETURH
END
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."‘) SUBROUTINE LIONIXPAD, YPAD,2PAD,DPAD, TPAC,EPAD.BRD}

DIMENSEON XFBI(NFB),YFBIINFE),2FB81INFB) XFBZINFB),YFB2(NFB) .
1ZFB2C(NFB1«CFBINFBIsT1INCURIyT2{NCUR) 4NTI{NCUR),CCURINCUR]
DIMENSFON HCINCIyRCINC) o CCINC) o XLINLF 4 YLENL T sCLINL) 4 XPINP o YPINP]
12PINP)

DIMENSION XPAR[{NPAR)4DPARINPARI, TPARINPAR) EPARINPAR])

COMHON HCoRGaCCeXLsYL1CLoXP o YP 4 2Py NCyNL NP

COMMON RILRI2 AR+ XPARDPAR, TPAR, EPAR,GSIZE

COMHON CKAO,CKAN,CKA2,CKAZ,CKAL.CKBO,CKB1,CKE2,CKB3,CKBY,CEAY,
ICEAZ,CEA3,CEAU,CEBI,CEB2,CERS, CEDY

COMMON LTX,BRH,DS¢CoXMIN,XKMAX, YMIN, YMAXKPAR, YPART , ZPART

COMMON NFByNCUR, INJ

COMRON XFB1,YFBI4ZFB 1, XFB2,YFB2,ZFB2,CFB,T 1,72, NI, CCUR

VPAD=1.0
CHECK THAT INJECTION LINE INTERSECTS CYLINDER OF INTEREST
IFIRIZ-XPAD®e2)12,2,1
2 PRINT 200
200 FORMATU///7/+30%,51HPARTICLE PATH DCES NOT INTERSECT REGION OF INT
1EREST)
RETURN

TEST STEERING PARAMETER AND PRINT RELEVANT HEADINGS
1 IFLINJYRI, 10,10
10 RION=EPAD
IFIRION=-XPADI 2, Ty 1l
14 PRINT 201
201 FORMATU(IHI.//7 ¢ MOKy ITHTAHLE OF MODEVEB) o/ // 29X THX, 13X, THY 4 I3K,
VKL, 13X, IHR 10X, SHTHETA, 68X, EHMOD(VeB ). /)
DSPART=0.058R]

11 DSPART=0.00SeRI
9 YPAD=-SCRIF(R12-%PADse2+0. 1E-99}
ZPAD={DPAD=YPACSSINF{TPAD) ) /COSF(TPAD)
T CALL FIELD(KPAD,YPAD,ZPAD,BX Yy 8148]
EF=VPAD®{BZeCOSFITPADI+8Y=SINF{TPAD))
EF=SQUTF{EFse2+ (VPADSBX} 202}
TEST STEERING PARAMETER
TFLINIIER 15,15
PRESCRIDBED IONLSATION POSTFION
15 RPAD=SORTF{XPADse26YPALES2)
THET=16G. D= ATANFO[XPAD, YPAD)/S. |4159265358979
PRINT 202, %PAD, YPAD, ZPAQ,RPAD, THET 4 EF
202 FORVAT{20X,4F 14.T)
G0 10 3
COMPUTED 10NISATION POSITICH
B 1E(LF-EPARN .y b
3 IF{KPADes2+YPACee2-R12-0. |E-10)5,6+6
5 YPAU=YPAD+DSPARTaCOSF(TPAD)
IPADRZIP2D-0SPARTSSINF(TPAD)
G0 10 T
COMPUTE VELDCLTY COMPONENTS AND M1RROR FIELD
L VPARL=VPAOSIDYSCOSFITFADI=RZeSINFETPAD) }/B
VPEAP=SCATF|VPACes2-VPARL 82240, 1E-97)
BAD=Be [VPAN/VPERP) 22
QETLAN
6 IFLINJ) 12403413
12 BRO==1,
RETUAN
PRESCRIBED [ONISATION POSITION
14 ¥YPAD==SCRTF [RION®s2-XPADss2+1.CE =991
ZPAL= [DPAC+RICNeSINFETRAD) ) /CCSFITPAD)
CALL FIELDIKPAD,YPAD, ZPAD,AX,8Y 02,01
G0 TO b
END
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L@ SUNROUTINE BDRAW
DIMENSTON XFBIINFA),YFBIINFD) 4 2FDIINFBI oXFB2(NFB], YFOZ4NFB)
1ZFRZINFD) CFBINFB), T 1INCUR) s T2INCUR ]+ NT [NCUR) , CCUR{ACURY
DIMENSION HLENC) g ACINCH, COINC I XLENL Yo YLENLD o CLUNLY o XPINP ) o YPANP ) o
1ZPINP)
DIMENSION XPARINPAR) o DPAR{NPAR), [PARINPAR],ECARENPAR)
COMBON HEyRCyCCy KL YL CLaXP s YP ¢ ZPyNCy NL o NP
COMKUN @], RI2,NPAR, XPAC,DP AR, TPAR.EPAR,CSI2E
COMPON CKAD,CKA | CKAZ CKASCKAN,CKAO,CKOI,CKB2,CKB3,CKAU,CEAT,
ICEAZ,CEAS,CEAN,CEBY,CEB2,CEDS,CERY
COMMON £TX, BAMy DSy CoXMINGKMAKy YHING YMAK (KPAR, YPART . ZPART
COMMON NF8.NCURs TNJ
COMPON XFD 1, YFA1yZFR 1, XFB2,YFB2, 2FB2,CF8, T14T2uNT,CCUR
ORAW ©ICTURE OF AAGIAL EKCURSICN OF & FIELD LINE
00 7 KB=1s2
KO=KPARIKPAR)
YO=YPART
TH=2PART
XG=20
¥G=SOUTFIXB=KO+YBaYR}
CALL PLOTIXGYGyKMINGKMAX YV INYHAR/GSTZECD, 12)
PRINT [DENTIFYING NUMBER BY FINST POINT
CALL GNUMBIXGy Y6, 04 [N, XMAK, YFIN, YMAX, GSTLE,KPARY
CALL PLOFIXG, YO XM TN, XMAX  YM TN YMAX GSLZES 14=1)
6 LFLADSFEZAI=ZTX) 1,242
1 IFER0aX04YDoYB-R12)14242
3 CALL FIELDIXBsYB.ZA,0X,BY,82,8)
XG=10
YGESORTFEXAeKO+YBeYD)
TFIRG=XFINI2, 20421
21 IFLEMAX-XG12,22,22
22 IFQYG=YMINI2,21,23
25 IFLYMAX-YGI2,20,24
26 [F{B=0RM)U, 5,5
4 CALL PLOTEX32 Y6y XMIN, XHAK, YN [Ny YMAK GSLZE 0= 1)
CALL RKSTEP{KD,¥%,Z8,05,K81,¥R1,201)
RB=X0 1
¥o=¥al
zn=201
GO TO &
5 CALL PLOTUXGeYGaKFIN,KMAX.YFINGYHAX,GSTZELO, 12}
TG=ATANFO(XD, YD)
PRINT 2004 KBy YRy 281 ¥G, TGy 2R
200 FORMATI20Xy6E U]
2 05=-D3
T CONTINUE
RETURN
ENOD
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= SUSROUTIME [NJECT
NIMENSTON XFDICAFD) o YFBIINFE) ZFUTINFB] . XFR2INFD), YFU2INFBI,
TZFAZINFB) L CFBINFBI T LINCUR] 2 T2INCURY s NT INCUR) »CCUR [KCUR
DIMENSICN HCINC) RTINC](CCINC) (XLINLY YLINLIGCLINL Y KPINPI L YPINP,
12PN
DIMENSICN XPARINPAR) ,DPAR(NPAR] . TPARINPAR ) EPAR (NPAR)
COFRON KCoRC,CC XL, YLy CLyXPoYP 2P NCANL NP
COMMON HI.R12,NPAR, XPAR LPAR, TPAR,EPAR,GSIZE
COMMDN CKAQ,CKAIsCKA2,CKA3,CKAU,CKBC,CKE1,CKO2,CKOT,CKBU,CEAT,
1CEA2,CEa3, CEAU,CER I CEB2,CERS CEOL
COMMON ZTKyBRE, DS, Gy XHIN, XHAX s YMIN, YMAX KPAR,YPAQT , ZPART
COFMON NFByNCUR, INJ
COPMON XFB1,YFB1,LFB1KFBZ, YFO2. ZFR2,CFB,T1,T24NT4CCUR
DO | KPAR=1,NPER
INJECT A NEUTRAL PARTICLE
CALL LIQNEXPARIKPAR),YPART,ZPART NPARIKPAR]TPARIKPARLEPARIKPARL,
1BRM 1

TEST FOR 1ONISETION
4 IFIBRMI3,3,2
10NISED PRINT TITLES
2 PRINT 2CH
206 FORMAT(/// /440X, 29HCO-ORDINATES OF MIRACR PCINTS)
PRINT 203
203 FORMAT(//y 28X  UHXREF, 10X, WHYREF, IGK,LHZREF, 10X, UKRREF ¢ 10X, 4HIREF,
110X UHZREFy £1
DRAW PICTURE OF RAUIAL EXCLRSICH
CALL BURAW
CALL FIELD(XPARIKPARI,YPART IPART BX,AY,B82,8)
PRINT REFLECTICN FLELDS,
PRINT 202¢BXsBY,DL,8
202 FORMATU////,20K,BHBXION = Flk.7,//420K,BHBYLON = +F1ba¥ss/0
120X, BHBITON = ¢F1haTs// e 20X EHHBLON = SFI0,T)
3 IFLINJ)S8, 8
PRINT QTHER PARAMETERS
5 PRINT 200
200 FORKAT(/////y20%,28HNEUTRAL [NJGCTION PARAMETERS,///
11uxy25HINJECTION LINE PARAMETERS, 11X,22FPOSITION AT Tan1sar 10K,
210X, IZHCRETICAL Vo8, )X, UHMCDIB} AT TURK,//y
310Ks IHDy 11X, SHTHETAy 11Xy IHX 0 130, THY 5 13X0 THZ 4 13Xy THE 12X4 3HBRR, /)
GO TO T
6 PRINT 205
205 FORMAT[//#//¢20Xs 2BHNEUTRAL [NJECTION PARAKETERS:///v
114X, 2SHINJECTION LINE PARAMETERS,|1X,22FPOSITION AT LONISATION,
21LK 6HRADIUS s X TUMMCDIB] AT TURN,//y
31BXs IHD. | 1X4 SHTHETA, 11Ky IHXy 13X, THY, 13K, THZ THRy 12K 3HBRM, /)
7 PRINT 261,DPAR{KPAR); TPAR(KPAR), XPAR(KPAR) ) YPART, ZPART EPARIKPAR ],

18RM
2001 FORMATI9X,TFIL.T)
¥ CONT [N
RETURN
END
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“ PROGRAM VI

PRODUCTION OF TENPLATES OF FIELD LINE POSITIONS
SUBROUT ENE PRELUDE
COMMON HCaRCaCCyALoYLaCLANC INL
COMMON GSIZE, THETA» XMINS XMAX s YRIN, YHAX DS sDSH ULy VLI UR, VR
COMMON CKAQ,CKAT,CKA2,CKA3,CKAB,CKBO,CKB14CXB2yCKBI,CRBULCEAT,
1CEA2,CEA3,CEAN,CEBI,CEB2,CER3,CEBY
COMMON ZT,NET,NITM1,ZTX,XP8,YPB,XPBS5: YPBS.NPB,
THTHETAsNLO2
READ 100.NCeNL
FORMAT(3IT)
HLOZ=NL/2
L=7999¢
L=L-HC
HC=L

R14RI2,RB4DTHETA,

S
a

READ 100,NZT,NPB
HITHI=NZ2T=-1
L=L=NIT

MAIN ROUTINE * PRODUCTION CF FIELD LINE TEMPLATES [N (OFFE

FIELD

DIMENSION HCENC)yACINC) sCCANCT XL INLE 1 YLENL) 4CLINL]
DIMENSION ITUINIT)XPBINPAIYPBINPB)XPBSENPB),YPBSINPB)
COMMON HC,RCHCCa XLy YL CLoNCIHL
COMMON GSLZEsTHETA, XMIN,XFAX, YMIN) YHAX DS DSNyULs VL URLVA
COMMON CRAO,CHAI,CKA2,CKA3, CKAL,CKBO,CKP1,CKB2Z,CRB3,CKBU,CEAL,
ICEA2,CEA3, CEAL,CEBY,CER2,CERT,CEDM
COMMON LT.NEIT¢NLTH1,2ZTX)XPR,YPB, XPRS, YPRS,NPR
INTHETASNLO2

3 REAC 1004NK
TFINKD1,2,2

2 CALL FITLER(=3)
PRINT 200.NK

200 FORMAT(VOX,IT)

CALL PHCTBOL I, 1)
CALL DATAL
CALL DATAZ
CALL THeLTS

AL RI2,RB,OTHET A,

GD 10 3
1 CALL ENDBOO
Tow
100 FORMATIIT
152) END
SUBROUTINE DATAI
DIMENSTON HCANC) RCINCE yCCINCY, XLINLY 2 YLINL Y, CL(NLY
DIMENSIGN ZTINZT) XPB(NPB)YPEINPA] ,XPASINPOI,YPOSINPD)
COMMON HCaRC,CC, XL YLaCLLNC,NL
COMMON GSTZE, THETA XMIN | XPAX. YMIN: YHAXCS20SNaULVLyUR, VR
COMMON CKAQ,CKA1,CKAZ CKA3,CKAL CKBOLCKE 1 ,CKB2,CKBI,CRBY (CEAT,
VCEAZ,CEA3,CEAL,CEBI,CEB2,CER,CERY
COMMON ZToNZTANLTH, ZTX . XPB,YPB, XPBS, YPOS,NPE,
INTHETA,NLO2

RI4RI2+A8,DIHETA,

SET COEFFICIENTS FOR FIELC DUE TO CIRCULAR CONDUCTORS
(SEE ELLIPIIC INTEGRALS IN C.HASTINGS)

CRAC=1. 38629436112
CKAI=0.CP66638425%
CRAZ=0,(3590092383
CKA3=0.C3TU2563713
CRAM=0.31451198212
CKOU=0.5

CrAl=0, 12698593597
CKBZ=0.J6A802LB574
CKB3=0.033263553u8
CRBu=0.L0LL 1767012
CEAI=0.uu4251u1uAl
CEA2=0.G62606C1220
CEA3=0,0MT573E3548
CEAU=0.0173650645]
CER =0, 74970368310
CEB2=0.09200 180037
CEB320.040696975248
CEBu=0.00526uu7639
LFUNC)142,3

READ AND PRINT DATA FOR CO-AXIAL CIRCLES

3 PRINT 101
FORKAT (/7 /4 10%, 36HSPECIFICATION OF CLACULAR CONDUCTCRS,//+13Xs9HH
ICENTRE ) 14Xy GHRADIUS X THCURRENT /)
00 & KC=1,HC
READ 102,HCEKC) «RCIKC] (CCIKC)
102 FORMAT(3IF 1671

PRINT 103, HCEKC)yRCEKC) 4CEIKC)
103 FORMAT(10X, 3(FIN.T))
CONTINDE
2 IFINLEL 60T

o

F

" AEAD AND PRINT DATA FOR [NFINITE,STRAIGHT CCNDUCTORS
T PRINT 1OW
1G4 FORMATL///, 10%, 3uHSPECIFICATION OF LINEAR CCNOUCTORS,//, 18X, 1HX, 13
1Ry IHY 2 V1K THCURRENT S/ )
00 5 KL=1,NL
READ 1024 XLCKL)2YLIKLI,CLIKL]
PRINT 123, XLIKL)¢YLERL)4CLIRL]
5 CONFINUE
READ SIZE (IN
6 AEAL 105,GSI12F
105 FORMAT(FIL.T)
PRINT GRAPHPLOTTER INSTUCTIONS

INCHES) OF LCNGER DIMENSION CF GRAPH

BRINT 107
107 FORKATI37HGL
PRINT [C8
108 FORMAT ( SUHGI
RETURY
| sTopP
END

Fu Mo LARKIN CULHAM. |
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SUAROUTINE DATA2
DIMENSTON HCINC)yRCINCY  COENC) o XLANL) 4 YLINL ], CLINL)
DIMENSION ZT(NZT1,XPBINPD),YPEINPB) ,XPBS(NPR),YPBSINPD)
COMMON HCaRC,CCr XLy YLaCL o NCoNL
COMMON GSTZEyTHETA, XHIN  XHAX, ¥YM4) YMAXs DS, DSN UL VL, UR VR
COMMON CKAQ CKA1,CKAZ4CKA3.CKAL,CKBO,CKB1,CKB2,CRBI,CKRBY,CEALS
ICEA2,CEAS,CEAL,CED,CEB2,CERS,CEBL
COMMON 2T NZT NZTH1 TR, XPBsYPB: XPBS,YPRS 1 HPBy
INTHETANLO2

RE+RI2,RByDTHETS

READ AND PRINT OTHER DATA
READ 100.Z7X
FORMATI2F 1L T)
DITx=ITX/FLOATFINIT=-1]
PRINT 207,21X
201 FOAMATI I ////7 10X, 22HSEM [~LENGTH CONSIDEREC.S5X.Fik.7)
JO=2eNLT=-
PRINT 202,40 _

o
3

202 FORMAT(/ |ox.19n~uuasn OF TEMPLATES,BX,IT)
00 1 KIT=1,N
lYInlr)-DZTIIFLulrFlNZT-I)
1 CONTINUE

00 2 KPB=14NPB
QEAD 102,XPBIKPBI,YPBIKPB)

102 FORMAT(2F1L.T)
XPRSIKPBI=XPBIKPB)
YPDS(KPB)=YPBIKPB)

2 CONTINUE

READ 100,05
PAINT 203,05

203 FORMAT(/, 10X ZIHINTEGRATION STEP-LENGTH,uXF1LaT)
READ IﬂDnRI-R
PRINT 2Ch

204 FORMATI/. lﬂK'Z!HRlD[US OF VACUUM VESSEL.uX.Flu.T)
PRINT 209,88

209 FDH}‘AI’II-]DI-Z!HI‘DIUS OF PLOTTED REGION:3X,Flh.7}
PRINT
207 FDRHII’IIHlllIIIIISX.!ﬁusr-II'”NE POINTS OF FIELD LI.NES (2301474
120Xy 1HK, 20X IHY4 /)
DO 5 KPB=1,NPB
PRINT 208,XPB{KPB),YPBIKPB)
208 FORMAT{IMX FI1h.6,8XyFiN. &)
5 CONTINUE
00 & I-l.z
PRINT 205
205 FORMATS W1, /77074201, 24HL ORDINATES OF TEMPLATES, //4220%s 1SHTENPLA
1TE NUIIBER, 10K, BHPOSITION, /1
00 3 K
JZTI'Z. -J)IIKZT—l)
M=FLOATF(2eK=-3)«2T(KLT)
PRINT 206,JIT,W
206 FORMAT(/,25%, 14y 10XsF 14.T)
3 CONTINUE
& CONTINUE
RI2=A[eR1
DTHETA=Q, |*RB/IRI*GSIZE)
HTHEA=XINTF{2,083. 14 1592653569T9/DTHETA) 42
AMIN==RB
XAMAX=REB
YHIN==RB
YMAX=RB
RETURN
END
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@® SUBAOUT INE THPLTS
DIMENSICH HCINC) . REINC CINC o XLINL) ¢ YLINL] 4 CLINL)
DIMENSTON ZTINITI XPOINPEI,YPBINPB)XPBSINPB):YPBSINPE)
COMHON HC4RC,CCy XLy YL CLyNC WL
COMMON GSIZE, THETA, XM [Ny XMAX, YMIN; YHAX DS DSN UL VLo UR, VR
COMMON CKAOsCKA I, CKA2,CKA3, CKAL,CKBO,CKET,CKB2,CXBSsCKBUCEATY
1CEA2,CEA3,CEAU,CERN,CEDZ,CEE3,CEBY
COMMON 2T NZT NZTHI ZTX s XPA,YPR, XPBS, YPESNPB,
INTHETA,NLODZ

RIsRI2.RB,0THETA,

PLCT TEMPLATE AT I=0
CALL TEMALT
PLOT IDENTIFYING NUMBER ON TEMPLATE
XGN=XHKIN4D. 1o [ XFAX-XMIN)
YGNaYMINSD. |8 | YFAX=YMIN)
CALL GNUMBIXGH  YGN XMINyXMAX, YMIN, YMAK(GSLLEO)
c COMPUTE SOME PRELIMINARY CONSTANTS
THETA=ATANFOUXLE ). YLEB))
C=COSFITHETAY
S=SIAF(THETAD
15T=0G
9 1ST=[5T+1
00 1 KIT=1,N2THI
MTEM={3-2«1ST)eRIT
AODVANCE FLELD LINES UP TO NEXT POSITIVE OR NEGATIVE TEMPLATE
00 2 KPu=1,NPC
Z1=21IKZT)*(3.0-2,00FLOATFILSTH)
# CALL AKSTEP(XPBIMPO) s YPBIKPA) 4 Z1,05,X2,Y2422)
APB(RPR) =K2
YARLKPE)2Y2
Li=e2
TFIAPBIRPA)en?2eYPBIKPBYes2-R12)3, 3,0
5 CALL FIELDIXPBIKPO),YPBIKPDY,21,8X,8Y 82,8}
TFips2121,23,23
21 66 T0 102, 1304087
23 60 T0 113,12)415T
12 IFLZI2TIRIT#+1012,2,8
13 CFLLI=ZTIRZT+10160242
0 X1=XPHIKPAIsCoYPRIKPRISS
Y1=YPAIKPB] sC-XPRIKPR] =S
Xi=X10(RI-AOSFICSTI/RT
Y1==¥ la(q1-A0SFIDSHI /AT
APA{RPDI =K 1aC=Y]e5
YARINABI=Y 1aCex1es

2 CoNPIVUE
c PLCT NEXT TEMPLATE
CALL TEMRLT
c PLCT TDENTLFYING NUMRER ON TEMPLATE
CALL GNUMBIXGNyYGN, XM INp XPAN, YPL Y YMAKSGSTZESNTEM)
I CONT INUE
DS=-D§

RESET STARTLNG POINTS CF FIELD LINES
no Il KkvA=1,NPB
XPA(RPB)=XPDS(KPA)
YRHIKPE}=YPUSIKAD)
11 CoNTINvE
GO0 BACK AND CEAL WITH TEMPLATES WITH ! LESS THAN O
G0 TO (49,1004 IST
10 RETURN
END

152
J SUBROUT INe TE¥OLT

DIMENS1CY HCENC) ACINC ) oCCINCH o XLINL) #YLINL4CLINLY
RIMeNSTON ITENZTY XPOINPBIYPB(NPR] XPRSINPD) YPRSINPA)
COMMOY KEyRCyCCr AL YL CLoNCINL
COMMON GSIZEwTHETA  XMEN, KFAXYHMI N YHAK, LS DSNULLVLUA, VA
COMMON CKAD,CKA|,CKAZ,CHAT,CHAL,CHAU,CKET,CKB2, CRB3,CKBUSCEAL,
ICEAZ,CEAS, CEAl, CEAT,CED2,CER,CERY
COMFON LT NLT NITH] 2TA, XPR,YPR XPBS, YPRS NPD,
THTHET 8, NLC2

AT RI2RBAOTHETA,
DAAW CROSS=SECTION OF CYLINDER OF INFEREST
THEIA=0.0
xeR 1
¥=0.0
CALL PLETIX Yy KMING XA YMIN, YMAX,GSI2E =1y = 1)
0G | KTHETA=I NIHETA
THETA=THETA+GIRETA
X=RIsCOSHITHETA)
YER[sSTNFCTHETA)
CALL SLOTEX Yy KM TN AMAK  YMIN YRR GS12E40,=1)
1 CONTINUC
IFINLIfa Ty
c DRAW BOUNDARIES UF SYPMETRY SEGMENTS
HowlSATANFOCXLETI YLETT)
W2=ATANFOUALINL Y YLINLYY
THETAZ0. S (M 1+u2)
PHI=H]=-n2
DO 2 KLE2=).NL02
X=a 1 +COSF I THETA)
Y=a S INFITHETA)
CALL PLOF(X Y XM TN, YHAX, YR INGYMAX,GSTZE, 1h=1)
CALL PLOT(=%p=Ys XMIA XHAK) YFIN YPAX GSTIZELDe=1)
THETA=TRETA4PHL
2 CONTINUE
4 MARK POSITIONS OF
00 3 KL=T.NL
CALL PLOTIXLEKLE,YLEKLY XM I, XMAX YFIN, YMAX GSIZES0,10)
3 CONTINUE 2
7 IST=0
(3 DEAL WITH EVEN SYMRETAY SECTORS
11 I5T=05T+1
PHI=2.0e (W 1-H2}
CPHI=COSFIPHI)
SPHI=SINFIPHLI
00 & KLOZ=1,NLO2
00 5 KPd=1,yPB

10FFE BARS

X=XPBIKPB]
TEYPBIKPD)
IFIABSFIX)-RB)6:545
c PLOT POSITION CF FIELD LINE
& CALL Ptorll.v.xv|M.lnnx.fklN.r#n:oES!lk-J-IZ?
c PLOT ADJACENT LINE NUMDER

CALL GNUMBEX .Y XMIN, AMAX, YHIN, YFAK, GSLZE,KPR)
X=KPHIKOR) *CPHI-YPBIKPB) aSPF1
YPRIKPD}=XPBIKPBI*SPHI+YPA (KRB eCPHI
XPBIKPB)=X
5 CONTINUE
4 CONT INUE
< TRANSFORM POINTS [NTO ODD SYMMETRY SECTORS
THETA=0,5e{W1+H2}
CTHETA=COSFETHETA)
STHETA=SINF{ THETAI
00 10 KP8=1,NPB
X=XPB(KPB] +CTHETA+YPBIKPB) o STHETA
Y=XPHIKPB) e STHETA=YPB{KPB) sCTHETA
APB(KPB) =X+ CTHETA-YeSTHETA
YPBIKPBI=X*STHETA+YSCTHETA
10 CONTINUE
c BACK AND DEAL WITH CDD SYMMETRY SECTORS
G0 1O lII.IZlo[S
2 RETURN
END
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SUBROUT INE MAGCUR{T 14 T2,NTyCOUR s HCUR, Xy ¥4 Z48X4BY482)
DIMENSI1ON T1(NCUR),T2(NCUR},NT{NCUR}CCURINCURY
TFINCUR}3 3,0
BXx=0.0
BY=0.0
B82=0.0
DO | KCUR=14NCUR
HDT=NT{KCUR)
DT=(T24KCURY=T I (KCUR] } /FLOATF{NDT]
CALL CURDEF{(TI{KCURI4X1,Y 1, Z11KCUR)
DO 2 KDF=1,HDT
T=T1{KCUR)+FLOATF(KDT14DT
CALL CURDEF{TV,X2s¥2,22,KCURD
RX=0.5e(X14X2]=K
RY=0.58(Y1+¥2)-Y
RI=0.Se{Z1+22)~-1
R3=SOATFIRX*RX+RYSRY+RIORZ )83
BX=BX+(RY®(Z2=Z1)1-RZe{¥2-¥ 1)) 2CCURIKCURT /RS
BY=BY+(RZe(X2-X11=RXe{22-21)) *CCUR{KCUR]I/R3
BZ=pZe(RXa(Y2-Y¥1)=RYs{X2-X1)}=CLURIKCURI /RS
xi=x2
Ti=¥2
Ti=12

2 CONTINUE

1 CONTINUE

3 RETUANW
END

SUBROUTINE MAGLINIXI.¥1, ].'l.12l'2ll2ucuuﬁr1-Y-l-Bl.HY BI)
COMPUTES MAGNETIC FIELD DUE TO FIMITE,STRAIGHT CONDUCTORS
DIKENSION X1CH),YTEN)GZTIND o X2UNT, Y2UN) 2 22INY . CHIND

BN=2-21IK)
B=SORTFIDL*BL+BMaDM+BNBN]
CL=K-X21K}
CHEY=Y2(K)
CN=Z-I21K}
C=SORTF(CLSCL+CHeCMsCHECN]
AL=BL-CL
AM=BM-CH
AN=BN-CN
VL=DMeCN-BNsCH
VHM=BNeCL-BL*CN
VN2BLeCH—BMeCL -
"'Ch‘lil'l(lL'BL‘t\F'lH'I‘d‘B"’IB"lL'C{.OﬂN'CHOlNICN'ICIl[VLIVL'\HﬁlVN
14VNeVA}
BX=BXeWoVL
BY=BY+WoVM
BI=DZ+WIVN
| CONTINUE
RETURN
END |
1521
SUBROUTINE PLOTIXs Yo XMIN XMER  YMINy YHAX,GSIZENLP 4 MODE)

WAITES SINGLE POINT GRAPHICAL INFORHATION ONTO OUTPUT TAPE

SET MAAKER TO CALL NEW PAGE ON GRAPH=PLOTTER IF
SUBADUT INE ENTERED FOR FIRST TIME
[FINLPM=115,645
5 IFINLPMIT 647
7 NLPH=-1
SET HANKER TO CALL NEW PAGE/LINE IF REQUIRED
& IFINLPIE, 94 10
0 NLPH=NLP
6o 10 9
10 TFINLPHIG 8,9
TEST WHETHER OR NOT PCINT LIES ON GRAPH
9 lF[x-KNlNlSD.1‘I
1
zwnwnmmqé
3 IFIYMAK=Y)50 ka4

POINT DOES LIE ON GRAPH
COMPUTE SCALE FACTOR
b XXTAMAK-KHIN
YX=YMAX=YMIN
MaKE SURE GSILE [S POSITIVE
GS1ZEAKSFIGSIZE)
SCALE=GSIZE/MAXIFIXKs YX)
COMPUTE GRAPH-PLOTTER CO-CROINATES [IN INCHES
XXG=SCALE®XK
YXG=SCALEsYX
TFIRXG-30.01R0,B0481
60 LF{¥XG-30.01b2,82,81
B2 XGESCALE® (X=XMIN)
YG=SCALEs (Y-YFIN]
TRANSFDAM THESE CO-ORCINATES INTO COUNTS
IX=XIATE (40000 xG}
IY=KINTF(40C.08YG)
89 [FINLPMI11, 12,13
MEW PAGE ON GRAPH-PLOTTER REQUIRED
11 PRINT 10045CALE
100 FORMAT | IH1,///, 22K, 26HNEW PAGE ON GRAPH-PLOTTER., 10X, 8HSCALE =

1E14.6,2TH  INCHES PER UNIT VARIABLE.,//]
SET GRAPH COUNTER
IF(HRG)36,3T,37
3T MKG=-1

GO 10 34
36 MKG=MKG= |
PRINT 1C2
102 FORMAT(12HGEND OF FILE)
PRINT GRAPH-NUMBER IN LIEU OF JOB NUMBER
38 KG=-MKG
PRINT 101.KG
101 FORMATOIHGIG, Ly 3%, 19H1S THE GRAPH-NUMDER)
CALL FOR NEW PAGE ON GRAPH-PLOTTER
PRINT 103
103 FnlhA1lIhH5hoDDlu +006LCY
DUMNY DATA RECORD
PRINT 127
127 FORMATI TUHGD o
NEW PAGE AND/OR NEW LINE
CHECK THAT MODE LIES BETMEEN -1 AND 13
13 IFIMODE+ 1) 18,15,15
15 IFI13-MODE) 14, 1oy 18
14 J=MODE+2
IFINLPMI 19,70, 7€
70 IFTHODEM+1) 19,29, 19
END FAEE RUN POINT IN LONG LINE PCOE
29 PRINT 129, 1XM 17K
129 FORMAT(ZHGD, [5+ 1X4 154 THK)
REMEHBER FODE
19 #ODEMsMODE
PRINT POINT I[N SPECIFIED MODE
GO T 1[20421+22,22022:22,22022:22:22,22123120925426)4J
T4 PRINT 114,MODE
114 FORMAT(//420%, THMODE

=3 [5,5X, 39HSHOULD BE DETWEEN =1 AND 13, INCL
TUSTVE.)
MODE=12
GO TD 16
BEGIN FREE RUN MITH PCINT IN LONG LINE KOOE
20 PAINT 12140X,1Y

BEGIN FREE RUN PROPER
PRINT 120.0X,1Y
120 FORMAT(2HGD, 15y 1Xs 15, THS)

2] PRINT 121.0X.1Y

121 FORMAT (ZHGD, 15, 1%, 15, IHL)
GO0 TO0 17

22 PRINT 122,1X,1Y,HODE

122 FORMATI2HGD 15, 1%, 15,11}
G0 1O 1T

23 PRINT 123,1x

123 FDRHAI‘IZHGD.IS-!I.IT'HNU

a

a o nn

250 CONTINUE
c

ao

GO 10 17
24 PRINT 124,1X.1Y
124 FORMAT [ ZHGDy 15, 1%y [5s IH=)
G0 TO
25 PRINF 125,1%.1Y
125 FORHA"Z"GD.]S.IX\lﬁ Ha)
60 T0
26 PRINT lzb-lx 1r
126 FORRATIZHGD: 15, 1Xs [5. 1K}
1T NLPH=0
REMEMBER CETAILS OF PREVIOUS POINT

168 RETURN

TESY FOR ALTERATION IN MODE
12 IF{MODE-MODEM)35,30435
TEST IF ONLY A CHANGE BETWEEN LONG ‘LINES AND
FREE RUN
35 IF{KOOE+MODEMI30, 13413
RINT NORMALLY (26) IF IN SYMBOL MODE

PREPARE FOR INTERPOLATION [F LINE MODE SPECIFIED

30 IFIMODEI31,32,26

31 DELTA=0.049
60 To 3
32 DELTA=2.0
33 D=SQRTF{IXG-KGR|®a24{YC~YCR}=e2}
CHECK IF LINEAR INTERPOLATION REQUIRED
IF{DELTA-D) 34y 28426
PERFORM LINEAR TNTERPOLATION AS NECESSARY
3L XGR=XGR4DELTA«[XG=XGR) /D
YGR=YGR4DELTAs[YG-YGR)/D
IXN=X INTF(LDO.0#XGR}
IYN=XINTFINDD.0eYGR)
PRINT 1264 1XNyIYN
G0 T0 33
OINT LIES OUT OF GRAPH-RANGE SPECIFIED
50 PRINT 150,
150 anuru.m TUIHTHE POINT [,E13.641H,4E13.8.21H) LIES OFF THE GRAP
Ha
IGNORE POINT IF SYMBOL MDDE SPECIFIED
IF{MODE140, 40, 18
IGNORE POINT IF PREVICUS PUINT WAS OFF GRAPH TOO
4D IF{NLPHIIG, 43,18

K3 PRINT 121,1Ke 1Y
PRINT 12041K.1Y
REMEMBER FODE
68 HODEM=-1
SET MARKER TO CALL FOR NEW LINE NEXT TIME
NLPM=)

DELTA=D.04%
XGuSCALE={X=XMIN)
¥6=SCALEw | ¥=YMIN}
INTERPOLATE TO EDGE IN FREE AUM MCOE
49 D=SGRTF{IXG-XGR)}=a24(YG-YCR|ws2]
XGA=XGR+DELTA»( XG=KGR) /D
YGR=YGR4DELT A+ YG-YGR) /D
IFIXGR) 18,45, 45
45 [FIXXG=XGR) I8,ub6,48
U6 [FIYGR) 1By UT,NT
7 TFIYKG=YGR) 18, 4R, 4B
4B IXN=XINTF{u0O0,DeXGR)
1YN=KINTF 0.0eYGR)
PRINT 1264 IXNs 1¥YN
GG TO 49
81 PRINT 1304XXGsYXG
130 FORMATI///7/+20X+4UHGRAPH DIMENSIONS TOOQ LARGE FOR PLOTTER TADLEs/4
125K E10. Ty 2K, 2HBY 42X, E18.T42X 8HINCHES )
srop
END

}
SUBROUT INE KONTUA{KMIN, KMAX YHINy YMAK LMK RY s LD NT X NTY  H NH G5 T
IE)

NIMENSION ZINXsNY1.LDINTX,NTY)

194 IF(NX=1)1194 1194020

120 IFINY=11019, 1194021

121 IFINTK=2edNX=111119,122, 119

122 IFANTY=(NY=111119,123,11v

119 PAINT 12ToNK MY NTKNTY

127 FORMATU Mo /4747771771 20Ky 1SHDIHENSTON ERROR, 7/ /0 20%s 6HNX
s 20X 6HNY 2 074/+20%, 6HNTX w7475 20X 8HNTY 417
RETURN

123 Dx={XMAX-XMIN)/FLOATF [NK=1]
DY={ YHAX=YHMIN) /FLORTF{NY= 11

195  TFINH=11112, 113,11k

112 PRINT 1G4,AH

10k FORMAT(//412XsWHNH =, 15, 10K, IEHSHOULD BE POSITIVE)
RETUAN

ey

DRAW PERIMEFER
PLOTCXFINGYMING KMIN G XMAX  YHIN, YMAXAGST2E =1y
PLOTOXFAKy YHIN, XHIN, XMAX, YMIN, YMAX 4GS T2E, 04~
PLOTEXMAK, YMINGXMINy XMBX s YKIN, YMAKAGSTZE, |y=1
PLOY EXHAX, YMAK, XHIN XMAX Y RIN, YHAX1GS [ ZEO
PLOTCXMAK, YMAK, KHIN  XMAX, YRIN, YMAXGST2E, 14=11
PLOTUXMIN YMAKLXMIN, P YHIN, YPAXWGSTZE404-1)
PLOTEXM Ny ¥MAX ) XHMIN ) XMAX ) YMIN, YMAX (2GS LE, | ll
PLOTOXHI Ny YW DN, XMIN, XMAX  YRIN, YRAX2GSI2E) O

CHOP OFF [NFIMITE Ptaxs

113 CALL
€al

CALL
CALL
CALL
TaLL
caLL
CALL

)
£

DO 250 K¥s1,NY
DO 251 Kx=1,NK
WEMINIFIABSFIZIKXsKY )], 9.¥E 991
ZIKKKY ) =SIGNFIRs LIKXKY) )

251 CONIINUE

SCAN TRIAMGLES AND SET LU==1.0,+1
116 NXH1aNX=1
1 KNZID=0
DO 16 KY= 1, NTY
KTY=KY
DO 20 KX=l.4XM]
KTX=20K- |
TELZOKX KYP=H) 3 iy 5
3 IFILIKK KY+11=H)bylty T
5 IFILOKX KY#1I=HIT. 4,9
b TFILIKXS 1KY S 1h=H)B by 7
9 OIFIZIKX I KY41)I-HIT 408
T LOIKTAKTY) ==
KNID=KNZD#1
60 10 11
B LDIKTX,KT¥) =0
60 TO 11

IF H IS EOUAL TO ONE OF Z VALUES
INCREASE H AND START AGAIM
L H=Hel.000 1+SIGNFID. (L]
G0 1O 1
11 Kix=2eKX

IFILIRX.RYI=H} 13, 4,15
I3 IFIZIKX4 1KY I=H) 1, b, 17
15 [FIZIKX+ 1KY I=H} 17,4y 19
16 TFIZIKE4 1KY+ 1) =H) 1B, 4,17
19 TFIZIKX41,K¥+11=H1T7,54, 08
17 LDIKTX, KTY)=1
KNZD=KN2D#1
G0 1O 20
18 LDIKTX,KTY =0
20 CONTINUE
10 CONTINUE
TFIKNID)Y 120, 125,90

PRINT CUT- CONTOUR HEIGHT [H]
90 PRINT Z2uyHaNH
24 FOAMATE

un

/410X, ISHCONTOUR HEIGHT oEJ4.4, 10X, IWHCONTGUR NUMBER,
RESCAN TO FIRST NON-2ERO LD
199 DO 30 KTYD=1,NTY
D0 40 KTXD=1,NTK
KTX=KTXD
KTY=KTYD
58 [FILDERTX,KTY1)21440,21
FIND VERTICES OF THIS TRIANGLE
21 LXI={KTX+1)/2
LY1=KTY
LK2=LX1¢]
LY2=L¥ 141
LX3=LX 144 JeLDUKTX.KTY) 1 /2
LY3oLy 144 I-LDAKTX4KTY ) /2
K1=XHIN*DESFLOATF(LXI=1])
lZ-KHINvDI-FLDAlFILlZ—II
* LOATFILX3=1)
v1-vulnonv-FLnArFerl-li
¥2=YMIN+DYSFLOATF(LY2-1)
Y3=YMINSDYSFLOATFILY3= 1)




LI=L{LXN4LY 1)
I2=I1LX24LY2)
I3=2{LX3,LY3)

MTX=KFX
MTY=KTY

na

198 IFILI=F122,124,23

22 IF(Z2-H)25, 120,28

23 IF(22-H)26, 120,25 :

26 XPl=Xle(x2=X1)o(H=ZV)/I22-T})
YPI=sY140Y2=Y Do (H=210/022-21)
LT1=0
GO 10 69

25 IFILI-H)2T7, 124,28

2T IFC(Z3-H)31, 124,29

2B TF{Z3-H)29, 120,32

29 XPl=xl4(x3=x1)elh=211/(23-21)
YPI=Y [+(¥3=yilalH-Z1) /(23=21)
LT1==]
GO To &%

31 IF(Z2-H)I4D, 124,33

32 IF122-H133, 124,40

34 XP1=X24(N3-X2) e (H-12} /023221
YPI=Y2etY3-y2)e(H-22}/023-22]
Lri=1

49 XANH=XP 140,005« { XMAX=XHIN}
YNHaYR 140,005« [YMAX=YNIN}
TF{XNH=XHAX) 160, 181,181

181 XHH=XP|-0.005#1 XMAX=XMIN}

1E0 LF{YNH=YMAX11A2,183,183

183 YNH=YP1-0.005«(YMAX-YMIN]

162 NHD=XFODF(NK=13 10141

MEEP TH1S TRIANGLE

FIND FIRST POINT OF INTERSECTION
AND SET LTI

CALL PLOTIXNHYNH XMINoXHAX s YHIN YMAXGSTZE 04 NHD)

CALL PLOFIXPT,YP1y XMIN4XMAX YFIN, YHAX,GS 12!

ne

70 IFILTHITY, 91,01

TV IFLL3=H1T72, 12U, T3

T2 TFI22-H)T5, 12k T

T3 IF(L2-H) T4, 124,76

75 IFLZ1-HILG, 124,77

Th TF(L1-HITT, 124,00

01 IF(22-H1B2,)24,83

62 IFIZ1-HILS, 124,77

B3 IFIZI-H}TT, 124,88

85 IFIL3-HILO, 126,00k

B6 1FLL3-HIOk, 124,40

91 IFIZI=HIY2, 124,93

92 IFIZE-HI95, 124, B4

¥3 IFIL3-H1BL; 120,98

95 IFII2-HILO, 12U, Tk

96 IF1L2-HITU, 126,49

Tu XP2=X3+(X2-%3)e(H-13)/122-13)
YR2=v3et¥2-Y3)e(H-23)/(22-23)
Lra=1
GO TO 338

T7 xP2=x1+lX2-X1)8(H=-211/0L2-21)
Yo2=y l4iY2=-¥ 1o (H=-21)1/(22-21)
Lr2=0
GO 10 3¢

BU XPZEX1slX3-X1)8{H=-21)/023-21)
YPZ=Y 1+1Y3=¥ 1) a{H=-21)/C23=-21)

wlp=10
FIND SECOND POINT CF INTERSECTION
AND SET LTZ

LT2==1
38 CALL PLOTIXPZyYP2, XMINyAMAX  YHIN, YHAX,GSLLZE,O.=1}

on

PO=LDIK X KTY)
197 LDIKTXuKTY) =D

196 KIX=RIN+LT2=HD=l [=LT2oLT2)
KTY=KTYe(LT2eLT20(LT2=MD11/2

oo

53 IFIKTX=NTX) 54, 54,55
54 IFIKTX)55,55,58
56 IFIRTYI55455,457
S5 IFIRTY=NTY)60,60,55

nn

55 KTX=MTa+|
KTY=HIY
192 IFIRTX=NTX)5B,58,40

B0 TFILDIRTXKTYIIS N, 40,81
61 LT1==LT2
193 LX1=(KTxe11/2

LYl=xry

LX2=LX1e )

LYZ2=LY1+1

STCRE LD IN MPD AWD THEN PUT LOD=0
(MEANING=THLS TRIANGLE 15 FINISHED)

FIND NEXT TRIANGLE
LOOK TC SEE IF THIS TRIANGLE

15 OFF EOGE OF MESH

IF [T IS = GO BACK TC START OF LINE
AND FIND NEXT BRANCH

UPCATE LTI AND VERTICES OF TRIANGLES
UNLESS LO=C

SUBROUTINE BINT{D,NS.EDUM:FMU.DS+FJ+NRT)

CIMENSION BINS)
E=EDUM/FHY

DC | KS=1,NSM1
Fl=E-BIKS)
TF(F11242,1

2 F2=E-BIRSs 1)
TECF2) 141,43

3 NSl=KS+]

DC b JS=NST,N5M1
FI=E-B(J5)
TFEFID 1,145

5 F2=E-BIJS+1}
IFIF216, 6,4

b NAL=NAT+)
N523JS
GC 10 7

u CONTINUE

7 RETURN

T 0C b J5=NS1,NS2
FJ=FJ+5CRTFLE-BIJS))

8 CONTINUE
KS=NSZ

mEmsseesssestaeEaessr s bEeRRBOdNstnnnsssssss-B0sPARAMETER HAS CHANGEDwesensstassnsas—ssssanansas

1 CONTINUE
FJ=FJaDSeSORTFIZ.0eFFU)
RETUAN
END

LX3=LEI4{ IsLDIKTX,KIY}1/2
LY3=LY 1o I-LOIRT X, RTY)) /2
X1=XHIN*DXoFLOATFILX1-])
X2=XMIN4DXeFLOATF(LX2=1)
X3=XMIN+OXSFLOATFILX3=1)
¥ I=YHIN+DYSFLOATFILY I-})
Y2=YHMIN+OYSFLOATF(LY2-1)
Y3=YHIN+DYSFLOATFILY3=1)
ZImZILX1yLY 1)
Z2a2ULX24LY2)
I3=ziLx3 L3}
G0 o 70

40 CONT [AUE

30 CONTINUE
GO To 128

125 PRINT 225,HsNH

225. FORMAT(/, 10X, 15HCONTOUR HEIGHT ,E14.6,1CX. INHCONTOUR NUMBER, 17,10
1

IXs27Heess  NO INTERSECTION swess
126 RETURN
12u PRINT 224
224 FORMAT(//,TOX, | SHMACHINE ERRORY
RETURN
END

521
W SUBROUTINE RKSTEPIX0,¥0s20+D5.X,Yo1
c A

1
DVANCES X0 TO X OY RUNGE-KUFTA STEP

CALL FIELDIX0,Y0,£0+8X0,0Y0,B20,60)
DX0=DS*DX0/B0
BY0=0$+8Y0/30
DID=DS+EZ0/B0
X1=X040.5¢DX0
¥1=¥G+0.520Y0
L1=2G+0.5+D20
CALL FIELDIXI,¥1sZ2148X14BY 1 B21,01)
0X1=05*BX1/81
0Y1=05eBY1/61
DL1=DS*B21/B1
X2=K0+0.5+DX
¥2=¥G+0.58DY 1
12=20+0.5eD21
CALL FLlELO(%2,Y2,22,BX2,BY2,B22,B2}
DX2=US=DK2/82
ny2spSeny2/82
DI2=DSeut2/82
X3=x0+0X2
¥3=Y0e0Y2
13=20+D22
CALL FIRLDIX3,v3,23.Rx3,0Y3,B23,8))
DX3=D5edx3/83
OY3=DSeEvi/RI
Dr3=p5enll/al
K=aXU+(DAO+2,LoDX142.09DX24DX3) /6.0
Y=Y0e(0YD42.020Y142.000DY24DY31 /6.0
2=2U+(DI0+2.0°DZ142.0202240231/6.0
RETURN
€40

152}
SURHOUT INE GRALDPG [ZPL.NPXIKPY,J)
DIMENS ICN ZPLINPX NPY)
Ja=del
PRINT M2

102 FOAKAT(//445H  BOW)

00" 6 KY®1NPY
KDY=NPY4 |=KY

L2=1¢
TFINPA=10)041,2
1 G0 TQ (11,100,02
10 PRINT 2037KY, | ZPLIKDX,KUY ) KDX= 1, NPX)
203 FORPATI/ [us X, ICTNEY
Gc 10 &
11 @RINT 1J3,KY, [ZPLIKDX,KOY 1. KDX=1,NPX)
103 FORMAT I /4 Tly 1X, IDETN.U)

G0 10 &
2450 101 Qladd
20 PRINT 2G3,KY.(ZPLIKDX.KDY)sKEX=1, 101
60 10 3
21 PAINT 153,KY, (EPLAKDY KDY 12 KEX=1,10)
3 NEwNe-IC

IEIREI b 67
T LI=LI+)C
L2=L24 14
TFINE= 121Uyt 5
L L2=NPK
5 60 TO 131.300:JJ
30 PATNT 20us(ZPLEKDX.KDY ) KOXsL14L2
204 FORMATISX. 131110
6o 10 3
31 PRINT 104, (ZPLIKDAKDY) HOX=L1,L2
104 FORHATISX. IQEN).4)
Go T
& CONT INUE
RETURA
END
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