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1 Introduction

1.1 Program functions

Nelson is a versatile �nite-element tool to calculate AC or RF electric �elds
generated by electrodes in conductive media. Applications include material
processing, electrosurgical procedures and RF tissue ablation.The program
handles arbitrary cylindrical or rectangular geometries. You can de�ne up to
127 electrical regions to represent electrodes or imperfectdielectric materials.
The amplitude and phase of the harmonic potential on electrodes may be set
individually. Materials are characterized by values of therelative magnetic
permeability and electrical conductivity. The graphical analysis functions
of Nelson provide full information on the amplitude and phase of magnetic

ux density, electric �eld and current density throughout the solution regions.
The program automatically calculates and records power density and total
current organized by regions. The information can be ported directly to the
TDi� program for thermal calculations. Nelson makes screen and hard-
copy plots of potential, �eld amplitude current density and resistive energy
deposition.

The intuitive graphical-user-interface makes it easy to learn Nelson and
to perform quick application setups. In contrast to other �eld solution soft-
ware, Nelson features complete data transparency. Input operations are
automatically recorded in text scripts that provide documentation of your
work. Scripts make it easy to reconstruct solutions and to share setups with
colleagues.

1.2 Learning Nelson

The size of this manual re
ects the broad capabilities of theMesh / Nelson
package. It is not necessary to read the entire document to address most
applications. We have organized the chapters to help you get started quickly.
You can investigate advanced topics as you gain more experience.

� Browse the following sections in this chapter to review some basics of
RF/AC magnetic �elds with eddy currents. You will probably return
to the material to resolve issues (such as boundary conditions) asyou
get more involved in the programs.

� Scan Chap. 1 of theMesh manual to understandTC , the TriComp
program launcher.

� Be sure to read Chapter 2 of theMesh manual which reviews essential
concepts for conformal meshes in �nite-element solutions.
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� Chapter 3 of the Mesh manual follows a walkthrough example to in-
troduce construction of a solution geometry with the interactive Mesh
drawing editor. The exercise reviews fundamental tools you will need
for you own simulations. Chapter 4 describes how to convert a script
into a conformal mesh.

� Be sure to read Chapter 2. The walkthrough example covers the steps
in creating and analyzing a �nite-element solution withNelson .

� Run some of the prepared examples supplied with the package. The
examples give insights into solution options and may serve as templates
for your own work.

� As you gain experience you will want to to take advantage of thefull
range of Mesh / Nelson capabilities. Chapter 4 of theMesh manual
is a comprehensive reference on theMesh drawing editor. Chapter 5
covers processing, plotting and repairs of meshes. Chapters 3 and 5 of
this manual summarize the solution and analysis functions ofNelson .

� Additional chapters cover advanced techniques inMesh . Chapters 6
and 7 of theMesh manual show how to make direct entries in scripts
to invoke advanced control features. Chapter 8 describes how to create
meshes from photographic and data images. This feature is useful to
model complex or irregular systems that are di�cult to describewith
simple geometric speci�cations.

1.3 Finite-element solution procedure

An in-depth understanding of �nite-element numerical methods is not nec-
essary to useNelson . Nonetheless, it is important to have a clear idea of
fundamental concepts to create e�ective solutions. This section describes
background material to understand the steps in anNelson solution.

The term �eld indicates a quantity (scalar or vector) de�ned over a region
of space. Examples of �elds include the vector electric �eldE in an electro-
static solution, electric and magnetic �elds in an electromagnetic solution and
the scalar temperatureT in a thermal solution. Variations of �eld quantities
are usually described by continuous partial di�erential equations, such as the
complex-value Poisson equation (Sect. 1.5). These equations can be solved
directly by analytic methods if the system geometry and material properties
are simple (for example, ferromagnetic layers with uniform� r between con-
centric cylinders). Analytic solutions are extremely di�cult in systems with
asymmetric structures or non-linear materials. Furthermore,closed-form re-
sults are often expressed in terms of series expansions that must beevaluated
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Figure 1: Conformal triangular mesh { de�nition of terms.

numerically. For all but the simplest problems, it is usually quicker and more
accurate to employ a direct numerical approach.

The fundamental issue in numerical �eld solutions is that digital comput-
ers cannot directly solve continuous equations. On the other hand, comput-
ers are well suited to solving large sets of coupled linear equations. The goal
of all numerical �eld methods (�nite-di�erence, �nite-ele ment or boundary-
element) is to convert the governing di�erential equationsinto a set of coupled
linear equations. The solution of the linear equations approaches the results
of the di�erential equation when the set becomes large.

The basis of the �nite-element approach is to divide the full solution vol-
ume into a number of small volumes, orelements. Here, the term small
indicates that element dimensions are much less than the scale length for
variations of �eld quantities. The division of the volume is called the com-
putational mesh. Figure 1 shows the type of mesh used for the two dimen-
sional solutions ofNelson . The �gure de�nes three terms that will be used
throughout this manual:

� Element . Volume divisions of the system.

� Nodes . Points where elements intersect.

� Facets. Surfaces between two elements.

The elements in Fig. 1 have triangular cross-sections. In a planar solution,
the cross-section lies in thex-y plane and the elements extend an in�nite
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distance in thez direction. In a cylindrical solution, an element is a �gure
of revolution about the axis with a triangular cross-section inthe z-r plane.

The mesh in Fig. 1 has the important property ofconformality. The
term means that the triangles have been specially shaped to conform to the
boundaries between materials (regions). As a result, each element has an
unambiguous material identity. The �nite-element method is based on two
approximations: 1) material properties in an element are uniform and 2)
elements are small enough so that the �eld quantities can be approximated
by simple interpolation functions. With these assumptions, the governing
di�erential equation can be integrated over elements surrounding a node to
yield a linear equation. This equation relates the �eld quantity at the node
to those at the surrounding nodes. The coupled set has one linear equation
for each node in the mesh. InNelson , solution of the set representing the
complex-value Poisson equation gives the quasi-electrostaticpotential at each
node. We can then perform two-dimensional interpolations to�nd harmonic
potential at intervening points, or take numerical spatial derivatives to �nd
the components of the electric �eld.

With this background, we can understand the steps in anNelson solu-
tion:

1. You de�ne the boundaries of material objects in a solution volume for
your application. The task is usually accomplished with the drawing
editor of Mesh . You can also specify control information such as the
target element sizes that may a�ect the accuracy and run time of the
solution. The result is a text record (script) with sets of line and arc
vectors that outline electrodes and dielectrics.

2. Mesh analyzes the boundary speci�cations and automatically gener-
ates a set of conformal triangles such as those of Fig. 1. The program
creates an output �le that lists the locations of nodes and theidentities
of elements.

3. You de�ne the material properties of regions in the solution volume.
Usually, this task is performed through an interactive dialog in Nelson .

4. Nelson reads the mesh geometry and applies the material parameters
to generate the complex-value linear equation set.

5. Nelson solves the equations using iterative methods and records the
node potentials and coordinates in an output �le. This �le serves as
a permanent record of the solution that can be re-loaded for latter
analysis.

6. You can use the interactive graphical environment ofNelson to explore
the solution. The program creates a wide variety of plots and performs
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Table 1: Nelson �les

Name Function
MName.MIN Mesh input script (de�nition of foundation mesh and

region outlines)
MName.MLS Mesh diagnostic listing
MName.MOU Mesh output (node locations and element identi�es)
EName.NIN Nelson input script (run control and material proper-

ties)
EName.NLS Nelson diagnostic listing
EName.NOU Nelson output �le (node locations and electrostatic

potential)
AName.SCR Nelson script for automatic data analysis

quantitative calculations of �eld quantities. You can also write scripts
for automatic control of complex analyses.

1.4 Scripts and data �les

Mesh and Nelson read and generate several types of �les. For a typical
solution it is not necessary for your to deal directly with the �les { the user
interface takes care of data organization. On the other hand, if you generate
a large amount of data it's a good practice to archive application results in
individual folders. Furthermore, there are advanced features of Mesh and
Nelson that require direct entries to the input scripts. For convenience, all
input scripts and output data �les are in text format. Both Mesh and Nel-
son feature integrated text editors. Table 1 lists the �le types and functions
in the Nelson package. Note that the su�xes indicate the �le function.

1.5 Theoretical background

The reference S. Humphries,Field Solutions on Computers (CRC Press,
Boca Raton, 1997), Chap. 11 gives detailed information on the theory of
non-radiative magnetic �elds in conductive materials and the application of
�nite-element methods in Nelson . This section summarizes basic concepts
that may be helpful in preparing solutions.

Static magnetic �elds are created by applied currents in coils and atomic
currents that result from domain alignment. Time-varying magnetic �elds
can generate a third type of current. The electric �eld associated with chang-
ing magnetic 
ux drives currents through conductive materials. Eddy cur-
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rents are of particular concern in magnetic materials with high conductivity
like iron. They can signi�cantly reduce the e�ectiveness of transformers and
other devices.

To derive approximate equations we assume that real currents in the
solution volume are much larger than displacement currents. The condition
is equivalent to

f �
1

2���
: (1)

In ferrites with high volume resistivity, the limit of Eq. 1 holds for frequen-
cies below about 1.0 MHZ. The approximation holds for most frequencies of
interest in iron. Dropping the displacement current, we can write Ampere's
law as:

r � B
�

= J0 + Jc: (2)

In Eq. 2, the quantity J0 is the applied current density in coils andJc is
conductive current in metals and semiconductors. The magnetic 
ux density
is related to the vector potential by:

B = r � A : (3)

Using Eq. 3, we can express Faraday's law as

r � E = �
@
@t

(r � A ) : (4)

If there are no free charges to create electrostatic-type �elds, then Eq. 4
implies that the total electric �eld is related to the vector potential by

E = �
@A
@t

: (5)

The conductive current is therefore given by

Jc = � �
@A
@t

: (6)

Combining Eqs. 2, 5 and 6, we �nd that the vector potential is given by:

r �

 
1
�

r A

!

= � J0 � �
@A
@t

= � J0 � j�! A : (7)

The �nal form applies to a system with steady-state harmonic drive currents
at angular frequency. In two-dimensional solutions, there is only one non-
zero component of vector potential. In this case, Eq. 7 has theform of the
complex-number scalar Poisson equation. This equation is easily solved with
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�nite-element techniques. Given values ofA , the magnetic 
ux density B
and electric �eld E can be determined from Eqs. 3 and 5.

In rectangular problems (variation in x and y with no variation in z)
Nelson �nds the vector potential Az created by currents that move in thez
direction. The magnetic �elds are given by:

Bx =
@Az
@y

; (8)

By = �
@Az
@x

: (9)

For problems in cylindrical coordinates,Nelson calculates the quantityrA � ,
whereA � is the vector potential created by azimuthal currents. In this case
the magnetic �elds are given by

B r = �
1
r

@
@z

(rA � ); (10)

Bz =
1
r

@
@r

(rA � ): (11)

The equations show that changes in values of the vector potential are re-
lated to the magnetic 
ux (the surface integral of the normal components of
magnetic 
ux density). For example, in a rectangular problemwith bound-
aries aty1 and y2, the di�erence in the boundary values of the vector potential
at position x0 is given by

Az(x0; y2) � Az(x0; y1) =
Z y2

y1

Bx (y0; x0) dy0: (12)

A similar equation holds for integrals in thex direction. Therefore, if we
set Az equal to a constant value (usually zero) around the complete solution
boundary, all magnetic 
ux must be trapped inside the region because the
integral of Bx or By over any plane is zero. This is equivalent to generating
the magnetic �eld inside a perfectly conducting metal box. Another way to
see this is to note that Eq. 3 implies that the magnetic 
ux density must be
parallel to a surface of constantA .

In cylindrical geometry, the symmetry of magnetic �eld linesdictates
that the axis (r = 0:0) must always be a line withrA � = 0:0. Nelson
automatically sets the condition for cylindrical problems that include r = 0:0
by adding a constant potential region on the axis. The value of the stream
function at the outer solution radiusr0 is related to the 
ux of axial �eld by

rA � jr 0 =
� 1

2�

� Z r 0

0
2�r 0dr0Bz(r; z) =

F lux
2�

: (13)
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Figure 2: Setting boundary values of the vector potential tocreate a region
of uniform 
ux.

For a uniform magnetic 
ux density B0, Eq. 13 implies that r0A � 0 = B0r 2
0=2,

As an example, Figure 2 shows the magnetic �eld lines around an iron cylin-
der immersed in a uniform solenoidal �eld of 0.1 tesla. A solenoidal �eld
B0

�= 0:1 tesla was created by settingrA � = 5:0� 10� 4 tesla-m2 on the outer
boundary at r0 = 0:10 m.

With this background, we can now discuss the implications of the two
types of boundary conditions used inNelson :

� Dirichlet . Dirichlet boundary points have a �xed value of vector po-
tential that does not change as theNelson relaxation proceeds. A line
region of uniform vector potential represents a perfectly-conducting
metal surface with magnetic �eld lines parallel to the boundary. An
internal volume region at �xed vector potential represents ametal body
that excludes the magnetic �eld.

� Neumann . A Neumann boundary is one where the normal deriva-
tive of the vector potential is speci�ed. The boundaries inNelson are
limited to the case where@A =@n = 0. The special Neumann condi-
tion implies that the magnetic �eld is normal to the boundary. One
advantage of the �nite-element method is that all boundaries that are
not �xed automatically satisfy the special Neumann condition, even if
they are slanted or curved. Neumann boundaries are often to reduce
computation time by representing only half of a symmetric system.
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Figure 3: Region divisions for theWALKTHROUGHexample, dimensions in cm.

2 Creating and analyzing a solution with Nelson

2.1 Mesh generation

As a quick introduction to Nelson techniques and capabilities, we shall work
through the example shown in Fig. 3. The simulation addresses induction
heating of the surface of a small metal object by a shaped coil. The system
has cylindrical symmetry about thez axis (bottom). The �ve coils create
a solenoid magnetic �eld at 2.0 kHz frequency. All coils are in phase and
each coil caries a peak current of 1000 A. The hollow metal piece has relative
magnetic permeability� r = 3:0 and conductivity � = 8:33� 105 S/m (volume
resistivity � = 120:0 � 
-cm). In a �nite-element solution, a Neumann or
Dirichlet condition must be speci�ed along the boundaries of the solution
volume. In this case, we use the conditionrA � = 0:0, equivalent to perfectly-
conducting walls. The extra space around the assembly ensures that the
boundary condition has a small e�ect on �elds near the work piece. The goal
of the calculation is to determine the distribution of electric and magnetic
�elds and the total volumetric resistive heating.

The Mesh script WALKTHROUGH.MIN(supplied in the Nelson example
library) is required for the solution. Copy the �le to a working directory and
be sure that theData folder in the TC program launcher is set correctly. Run
Mesh and load WALKTHROUGH.MIN. Pick the Edit script/graphics command
to enter the drawing editor. Here, you can use the display capabilities to
con�rm the following region assignments:

1. Air (Filled).

2. Ferromagnetic object (Filled).
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Figure 4: Completed mesh for the electron diode example.

3. Coil 1 (Filled).

4. Coil 2 (Filled).

5. Coil 3 (Filled).

6. Coil 4 (Filled).

7. Coil 5 (Filled).

8. Dirichlet boundary.

Abandon the drawing and return to the main menu. Click theProcesscom-
mand. A detail of the completed mesh is shown in Fig. 4. Note how the size
of the elements varies for good resolution of skin-depth e�ects on the surface
of the work piece. Choose theSave mesh (MOU)command. You can now
close or minimizeMesh .

2.2 Creating the Nelson script

Run Nelson from TC . The screen is initially blank and the status bar indi-
cates that the program is waiting for input. Note the prominent tools marked
1, 2 and 3. The notation is a reminder of the three steps in a magnetody-
namic solution:
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Figure 5: Dialog to setNelson control parameters and region properties.

1. Set up program controls and material properties.

2. Generate and solve the �nite-element equations.

3. Analyze the solution.

To start the �rst operation, we must identify the Mesh output �le that
de�nes the system geometry. Click the1 tool or the Setupmenu command.
In the dialog, choose the �leWALKTHROUGH.MOU. Nelson loads the informa-
tion and displays the dialog of Fig. 5. Note that the grid contains a row for
each mesh region with a notation of theFill status. There are �ve columns in
the grid where you can enter values:MuR (relative magnetic permeability),
Sigma (conductivity in S/m), Current (total current through the region in
amperes),Potential (vector potential Az in tesla-m or stream functionrA �

in tesla-m2 for �xed regions) and Phase(phase of the potential or current in
degrees).

The entries in the Control parameter section of the dialog have the fol-
lowing functions:

� GEOMETRY. The symmetry of the solution: planar or cylindrical. A
planar solution varies inx-y and has in�nite length in z, while a cylin-
drical solution has symmetry in� .

� FREQUENCY. AC/RF frequency in Hz.
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� RESTARGET. Accuracy tolerance for the iterative matrix solution of
the �nite-element equations.

� MAXCYCLE. Maximum number of cycles in the iterative solution.

� DUNIT. A factor to convert the units used for coordinates in theMesh
�le to meters. The value is the number of mesh units per meter: 39.37
for inches, 100.0 for cm.

� OMEGA. A parameter in the range 0.0 to 2.0 to control the iterative
matrix solution.

The values entered in the region grid box (shown in Fig. 5) de�ne the
following characteristics:

� Region 1. Air region with � r = 1:0.

� Region 2. Ferromagnetic object with� r = 3:0 and � = 8:333� 105

S/m.

� Regions 3-7. Coils with drive currents of 2000 A.

� Region 8. Fixed boundary withrA � = 0:0.

Note that regions with a non-zero entry in theMuR column and no entry
in the Current column are assigned zero drive current by default. Similarly,
regions with non-zero current are assigned� r = 1:0 by default. Set up the
dialog with the values shown in Fig. 5 and clickOK. Nelson uses the infor-
mation in the dialog to create the scriptWALKTHROUGH.NINshown in Table 2.
Chapter 3 reviews the script format and advanced program capabilities.

2.3 Finite-element solution

The next step is to generate and to solve the �nite-element equations. Click
the tool marked 2 or the menu commandSolve. Accept the default entry
of WALKTHROUGH.NINin the dialog by clicking OK. The screen turns blue to
indicate that the program is in solution mode and the status barreports
the progress of the operation. When complete,Nelson creates the output
�le WALKTHROUGH.NOUwhich contains full information on the mesh as well as
values of the complex vector potential at each node. Section3.5 describes
the �le format.
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Table 2: Nelson solution script for the WALKTHROUGHexample

Mesh = WalkThrough
Geometry = Cylin
DUnit = 100.0
ResTarget = 5.0000E-08
Omega = 1.2500E+00
MaxCycle = 5000
Freq = 2.0000E+03
* Region 1: VACUUM
Material(1) = 1.0000E+00 0.0000E+00
* Region 2: OBJECT
Material(2) = 3.0000E+00 8.3333E+05
* Region 3: COIL01
Material(3) = 1.0000E+00 0.0000E+00
Current(3) = 1.0000E+03 0.0000E+00
* Region 4: COIL02
Material(4) = 1.0000E+00 0.0000E+00
Current(4) = 1.0000E+03 0.0000E+00
* Region 5: COIL03
Material(5) = 1.0000E+00 0.0000E+00
Current(5) = 1.0000E+03 0.0000E+00
* Region 6: COIL04
Material(6) = 1.0000E+00 0.0000E+00
Current(6) = 1.0000E+03 0.0000E+00
* Region 7: COIL05
Material(7) = 1.0000E+00 0.0000E+00
Current(7) = 1.0000E+03 0.0000E+00
* Region 8: BOUNDARY
Potential(8) = 0.0000E+00 0.0000E+00
EndFile
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Figure 6: Working environment ofNelson in the analysis mode.

2.4 Solution analysis

We can now use the information inWALKTHROUGH.NOUto create plots and
to perform quantitative analyses. Choose either the tool marked 3 or the
Analyze menu command. In the dialog, accept the default choice of data
�le. Nelson loads the �le, sets up the analysis menu and toolbar and creates
the default contour plot shown in Fig. 6. Take a moment to inspect the
organization of the working environment. The status bar at bottom lists the
following information: solution �le name, data �le name, plot quantity, plot
type, interpolation method and mouse snap status. The data �le gives you
the option to record the results of analysis operations in textformat. The
plot window is divided into four areas. The main plot is at the upper left
and the plot legend is at the upper right. The orientation area at the lower
right is a miniature representation of the solution volume with an outline
showing the current view. Values appear in the information area at the
bottom left in response to analysis commands such asPoint calculation or
Region properties.
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Figure 7: Amplitude of E �

The contours in the plot of Fig. 6 lies along lines of constantrA � . In a
two-dimensional solution, the contours correspond to lines ofB (magnetic

ux density). Because the lines are separated by equal intervals of magnetic

ux, the spacing looks larger near the axis of a cylindrical solution. To plot
another quantity, click on the commandPlots/Plot settings/Type and choose
the option Element. The program issues a message that plots ofrA � are
not supported in the plot type. Click on Plots/Plot settings/Quantity and
choosejEj, the amplitude of the toroidal electric �eld. If you zoom theview,
you can reconstruct the plot of Fig. 7 which shows electric �eldin and near
the work piece.

The following chapter gives detailed reference material onanalysis func-
tions of Nelson . You can experiment with the program capabilities to create
a wide variety of plots. To complete the session, we shall run a script that
controls automatic calculations. To inspect the �le, click onEdit script in
the File menu and pick the �le WALKTHROUGH.SCR. Table 3 shows the �le
content. The �rst command ensures that the �leWALKTHROUGH.NOUis loaded
while the second command opens the data �leWALKTHOUGH.DAT. The pro-
gram sets the number of scan points to 100 and computes a set of values at
z = 0:0 ft from r = 0:0 ft to r = 1:5 ft. Finally, Nelson analyzes Region 2
(the work piece) and closes the output �le. It is easy to capturethe values in
the resulting text �le and transfer them to other software. The plot of jEj in

17



Table 3: Nelson analysis scriptWAKLTHROUGH.SCR.

INPUT WalkThrough.NOU
OUTPUT WalkThrough
NSCAN 100
SCAN 0.0 0.0 0.0 1.5
REGION 2
ENDFILE

Figure 8: Amplitude of E �

Fig. 8 was created with PsiPlot. Nelson also has internal plot capabilities
with digital oscilloscope features. TheRegion command initiates a volume
integral and produces the listing of Table 4. The resistive power dissipation
is 41.91 W.
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Table 4: Entry in the data �le created by WALKTHROUGH.SCR.

--- Region Information ---
Region No: 2
Volume: 1.089E-01 m3
Energy: 1.079E-01 J
Power: 4.191E+01 W
BPeak: 5.952E-03 tesla
ZPeak: 6.358E-01
RPeak: 9.833E-01

3 Nelson solution reference

3.1 Nelson script format

You can create a control script forNelson interactively using the interactive
dialog described in Sect. 2.2 or by writing the commands directly with a text
editor. You can easily alter any script with an editor. This chapter gives a
detailed description of the syntax and functions of script commands. Sec-
tion 3.2 covers commands that control program operation. These commands
are created by the entries in theControl parameters section of the dialog
(Fig. 5). Section 3.3 reviews commands to set simple material properties.
These commands are created by entries in theRegion propertiesgrid of the
dialog. The remaining sections describe advanced capabilities ofNelson as
well as program operation and output �le format.

The Nelson script is a text �le composed of data lines that contain
commands and parameters. You can construct a script using theSetupdialog
in Nelson . You can also write and modify scripts with an editor. Direct
script editing is required for some advancedNelson capabilities.

The script must end with the EndFile command. The entries on a line
may be separated by the standard delimiters introduced in theMesh manual:

� Space [' ']

� Comma [',']

� Tab

� Colon [':']

� Left parenthesis ['(']

� Right parenthesis [')']

� Equal sign ['=']
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Any number of delimiters may be used in a line. Blank lines and comment
lines are ignored. Comment lines begin with an asterisk (*).Nelson accepts
commands in any order. The following example illustrates a complete script:

* File: REACTOR.WIN
* 1000.0 A per coil
* Skin depth: 0.15 m
* Omega = 8.52E7
* Rho = 1.208
Freq = 13.56E6
MaxCycle = 3000
Omega = 1.90
Geometry = Cylin
DUnit = 1000.0
* Solution volume
Material(1) = 1.0
* Dielectric chamber wall
Material(2) = 7.3, 0.0
* Plasma volume
Material(3) = 1.000, 1.208
* Right cap
Material(4) = 1.0, 0.0
* Mid Coil
Material(5) = 1.0, 0.0
Current(5) = 500.0, 0.0
* Right coil
Material(6) = 1.0, 0.0
Current(6) = 1000.0, 0.0
* Axis
Potential(7) = 0.0, 0.0
ENDFILE

There are two classes of commands: program control and region proper-
ties. A control command contains a keyword and a value. Regioncommands
set the physical properties associated with elements and nodes. They have
the format:

Keyword RegNo Value

Here, the integerRegNois the region number de�ned in theMesh input �le.
The string Keyword speci�es the physical property. The value may be one
or more numbers. As an example, the command

MATERIAL 2 50.0 3400.0
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sets the properties of elements with region number 2 to� r = 50:0 and � =
3400:0 S/m. (Note : For back-compatibility, Nelson recognizes command
formats from Version 1.0 through 5.0 where control commands start with the
keyword Set and region commands start withRegion.)

3.2 Program control commands

In the following sections, commands are written symbolically and as they
might appear in the Nelson script:

MESH MPre�x
MESH PlasmaReactor
Specify the Mesh output �le that de�nes the geometry of the simulation.
The �le must have a name of the formMPrefix.MOUand be available in the
working directory. If this command does not appear in a scriptwith the name
FPrefix.NIN , then Nelson will seek the default mesh �leFPrefix.MOU.

DUNIT DUnit
DUNIT = 1.0E4
You can use any convenient distance units inMesh . This command de�nes
a factor to convert coordinates supplied byMesh to the standard distance
units of meters used inNelson . The quantity DUnit equals the number of
Mesh units per meter. For example, if theMesh dimensions are entered in
microns, setDUnit = 1:0 � 106. The default value is 1.00. (Note . Spatial
quantities recorded in the output �le FPrefex.NOUare always in meters. In
an analysis session withNelson , spatial quantities in graphs and listing �les
are scaled to theMesh units. For example, if theMesh dimensions are in
cm and DUnit = 100:0, the spatial quantities in plots will be in cm.)

GEOMETRY [Rect, Cylin]
GEOMETRY = Cylin
Nelson handles problems in rectangular or cylindrical geometries.Rectan-
gular systems have variations inx and y with in�nite length in z. Cylindrical
systems have variations inr and z with azimuthal symmetry. The parameter
options areRect and Cylin. In cylindrical solutions the program takes the
z axis along theMesh x direction and the r axis alongy. In this case the
program issues an error message if any node has ay coordinate less than 0.0.

FREQ Freq
FREQ = 3.45E6
Specify the frequency (in Hz) for current and speci�c values ofvector poten-
tial This command with a non-zero value is required for a solution.
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OMEGA Omega
OMEGA = 1.96
This command controls the over-relaxation factor for the iterative matrix
solution, a number in the range 0.0 to 2.0. Generally, higher values give
faster convergence. Reduce the over-relaxation factor if the solution does not
converge. If this command does not appear, the program uses the Chebyshev
acceleration method to pick optimal values of the over-relaxation factor.

MAXCYCLE MaxCycle
MAXCYCLE = 500
The maximum number cycles for the iterative matrix solution.The default
value is 2500.

RESTARGET ResTarget
RESTARGET = 5.0E-6
Nelson calculates the relative error in the magnitude of the vectorpotential
during the iterative matrix solution. The program stops when the error falls
below ResTarget. Solutions generally have su�cient accuracy forResTarget
less than about 1:0 � 10� 6. The default value is 5:0 � 10� 8.

3.3 Commands for material properties

The following three commands de�ne the properties of regions. The com-
mands may be generated with theSetupdialog in Nelson or directly with a
text editor.

POTENTIAL RegNo VecPot [Phase]
POTENTIAL(3) = 0.0
POTENTIAL(5) = 5.0E-3 45.0
The keyword Potential designates that the vector potential or stream func-
tion of the region nodes has �xed amplitude and phase and will not change
during the matrix relaxation. The command sets the amplitudeof the po-
tential in tela-m or tesla-m2 and the phase in degrees. The program uses a
value 0.0o if the phase is omitted.

MATERIAL RegNo MyR [Sigma]
MATERIAL(5) = 1.0
MATERIAL(3) = 200.0 5000.0
Set the properties of a ferromagnetic or air material. Enterthe relative
magnetic permeability (� r = �=� 0) and the conductivity � in S/m. If the
conductivity value is omitted, the default is � = 0:0
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3.4 Running Nelson

Nelson can run as an interactive program in a window or as a background
task. To run the program from the Command Prompt, use a command of
the form:

[ProgPath\]Nelson [DataPath\]FPrefix <ENTER>

where the �le FPrefix.NIN and theMesh output �le are available in the data
directory. With this capability, you set up extended autonomous Nelson
runs using a DOS batch �le or a Perl script.

The remainder of this section discusses commands in the main menuwhen
Nelson runs in the interactive mode. The program enters this mode when
launched fromTC or run with no input �le pre�x. The following commands
appear in theFile popup menu:

EDIT SCRIPT (NIN) (T)
EDIT LISTING (NLS) (T)
EDIT FILE (T)
These commands call the internal editor to inspect or to modifyNelson
input and output �les. Choosing a �le from an alternate directory does not
change the working directory. TheEdit script (NIN) command shows a list
of all �les with names of the form FPREFIX.NINwhile Edit listing (NLS)
displays �les with namesFPREFIX.NLS.

RUN ANALYSIS SCRIPT (T)
An analysis script allows you to perform complex or repetitive analyses on a
set of similar solutions. This command displays a dialog listing �les with the
su�x SCR. Pick a �le and click OK. The script can load data �les, open and
close data records, and perform any of the quantitative analysis functions
described in this chapter. The script command language is described in
Sect. 5.5. Note that the analysis script must be in the same directory as the
data �les.

SETUP (T)
The function of this command is to create aNelson script to control an
magnetodynamic solution. The program �rst prompts for aMesh output
�le to de�ne the system geometry. The pre�x of the �le will be used as
the argument of theMesh script command. The program then displays the
dialog shown in Fig. 5. The number of regions in the dialog is determined
by the Mesh �le. The functions of the control parameters in the upper box
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are described in Sect. 3.2. You can enter basic physical properties of regions
in the grid box (see Sect. 3.3).

The Solvepopup menu includes the following two commands.

RUN (T)
Pick an input �le (such as FPrefix.NIN ) to start a solution. The working
directory is changed if you pick a �le from an alternate directory. The run
begins if the �le FPrefix.MOU or the �le speci�ed in the Mesh command is
present. During the solution, the screen color is blue and the progress is
shown in the status bar.

STOP (T)
This command terminatesNelson and saves the current state of the relax-
ation solution. For example, you may want to stop a relaxation solution
at a moderate value of convergence to check whether the problem has been
correctly de�ned.

ANALYZE (T)
Pick a �le of the type FPrefix.NOU and call up the analysis menu for plotting
and numerical analysis.

NELSON MANUAL (T)
Display this manual in your default PDF viewer. The �le nelson.pdf must
be available in the same directory asnelson.exe .

3.5 Format of the Nelson output �le

The Nelson output �le FPrefix.NOU is in text format. The �le has three
sections:

� Header with general information on the run

� Node and element information

� Region information

The header section consists of a title line and 10 data lines:
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--- Run parameters ---
XMin: -1.270003E-01
XMax: 1.270003E-01
KMax: 101
YMin: 0.000000E+00
YMax: 2.540005E-01
LMax: 101
DUnit: 3.937000E+01
NReg: 5
ICylin: 1
Freq: 1.600000E+05

Lines 2 and 3 listxmin and xmax , the limits along horizontal axis (x or z)
of the solution volume. Dimensions are given in meters. The quantity kmax

in Line 4 is the number of nodes along the horizontal direction. Lines 5-7
describe the vertical axis (y or r ). Line 8 contains the quantity DUnit , the
conversion factor from dimensions used inMesh to meters. Line 9 gives the
number of regions in the solution, while Line 10 speci�es the symmetry (0:
planar, 1: cylindrical). Line 11 gives the RF frequency in Hz.

The node section consists of 4 title lines andkmax � lmax data lines, one
for each node of the solution space.

--- Vertices ---
k l RgNo RgUp RgDn x y

====================================================
...
32 2 1 1 1 -3.695520E-01 1.523926E-02
33 2 1 1 1 -3.543127E-01 1.523926E-02
34 2 1 1 1 -3.390734E-01 1.523926E-02
35 2 1 1 1 -3.238342E-01 1.523926E-02
36 2 2 2 2 -3.047851E-01 1.523926E-02
37 2 2 2 2 -2.933557E-01 1.523926E-02
...

A(Real) A(Imag) PowerUp PowerDn
========================================================

...
1.181298E-07 -4.793050E-08 0.000000E+00 0.000000E+00
1.092383E-07 -5.150825E-08 0.000000E+00 0.000000E+00
9.840389E-08 -5.476111E-08 0.000000E+00 0.000000E+00
8.568620E-08 -5.740852E-08 0.000000E+00 0.000000E+00
6.772824E-08 -5.910011E-08 4.268646E+00 1.538812E+00
3.718678E-08 -5.549529E-08 1.746999E+00 7.441852E-01
...

Each data line contains the following quantities:
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� The indices of the node (K ,L)

� The region number of the node (RgNo) and region numbers for two
associated elements (RgUp and RgDn). The upper element lies above
the line between nodes (K ,L) and (K +1,L) and the lower element lies
below the line.

� The coordinates of the node in meters, (x,y) or (z,r ).

� The real and imaginary parts of the vector potentialAz at the node in
tesla-m or the stream functionrA � in tesla-m2.

� The time-averaged resistive power density in the upper and lower ele-
ments at the node in W/m3.

The region section consists of four title lines following byNRegdata lines,
one for each region.

--- Regions ---
RegNo Fix VecPotAmp VecPotPhase Mu

1 0 0 0 0 0 0.000000E+00 0.000000E+00 1.256637E-06
2 0 0 0 0 0 0.000000E+00 0.000000E+00 3.769911E-06
3 0 0 0 0 0 0.000000E+00 0.000000E+00 1.256637E-06
...

Sigma CurrentAmp CurrentPhase

0.000000E+00 0.000000E+00 0.000000E+00
8.333300E+05 0.000000E+00 0.000000E+00
0.000000E+00 5.000000E+02 0.000000E+00

...

A one in the second column designates a �xed-potential region (electrode).
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4 Current distribution and energy losses in drive
coils

4.1 Theory

In calculations of previous sections, drive coils were represented as regions
with a speci�ed current and zero conductivity. The solutions determined
magnetic �eld penetration and energy losses in surrounding conductive struc-
tures. The underlying assumption was that regions carried either applied
current density J0 or induced conductive current densityJc (see Eq. 2). In
this limit, Nelson simply carries out a direct solution of Eq. 7.

In many applications, we want to �nd power loss in windings whenthe
skin depth is comparable to or less than the width of the conductor. These
solutions involve real coils with non-zero conductivity. Inthis case, regions
carry both a virtual drive current I 0 and a conductive currentI c. The quan-
tities I 0 and I c are complex numbers that represent amplitude and phase.
The total current that 
ows in a region is I t = I 0 + I c.

A self-consistent solution presents the following problem: although we
must specify I 0, to initiate the calculation, the known quantity is I t (the
current supplied by the generator). The resolution is simple when the calcu-
lation includes a single conductor. We make an initial solution assigning a
normalized virtual drive current I 0 = [1:0; 0:0]. The calculated vector poten-
tial gives the induced electric �eld and the conductive current density over
the region. We can then perform an integral to �nd the total current for the
normalized drive,i t1. The total current generally has reduced amplitude and
a di�erent phase from the vitual drive current. Let the desiredtotal current
be represented by the complex numberI t . We could achieve the value by
setting the virtual drive current to

I 0 =
I t

i t0
: (14)

Calculations are more challenging with multiple drive coils. Here, the
�elds of one coil may induce conductive current in others. Because of the
interactions, we cannot apply Eq. 14 individually to each region. Fortunately,
solutions generated byNelson are linear so we can use the principle of
superposition. Suppose there areN coil regions with � > 0:0 and let I 0n

represent the virtual drive current for coiln. The set of virtual drive currents
can be represented as a column vectorI 0 of dimensionN . The drive currents
gives rise to a set of total currentsI t . Invoking the linearity of Nelson
solutions, we can write the relationship as:

I t = A i � I 0; (15)
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whereA i is a matrix with dimensionsN � N . We can invert Eq. 15 to �nd
a relationship that gives the drive current necessary to achieve a given set of
total currents:

I 0 = A � 1
i � I t : (16)

If the vector I t represents the set of known total currents supplied by the
generator, then Eq. 16 determines the virtual drive currents necessary to
achieve the solution.

The main e�ort is to �nd the matrix A i . To evaluate the components,
Nelson performsN preliminary calculations with unity drive currents. For
example, suppose thatN = 3. The virtual drive current vector

I 02 =

2

6
4

(0:0; 0:0)
(1:0; 0:0)
(0:0; 0:0)

3

7
5 : (17)

gives a set of normalized total currents that may be associated with the
components in the second column of the matrix:

a12 = i t1; (18)

a22 = i t2; (19)

a32 = i t3: (20)

The program must performN preliminary calculations to �ll all columns of
the matrix.

In summary, Nelson performs the following operations when it detects
that the solution contains regions with drive current and non-zero conduc-
tivity:

1. Count and order the coil regions.

2. Perform N preliminary calculations with excitation by unit drive vec-
tors to evaluate theN 2 complex number matrix coe�cients.

3. Invert the matrix and determine the virtual drive currents to achieve
the target total currents.

4. Carry out the main solution with the calculated virtual drive currents
and save the results.

All operations are performed automatically so that no additional information
is required from the user. The calculation does requires moretime. For
example, a run with 10 conductive drive regions takes 11 times longer than
a simple solution.
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Figure 9: Skin depth calculator.

4.2 Examples

Two following two examples illustrate features for �nding self-consistent cur-
rent distributions in conductive coils. The �rst involves a single conductor,
a copper bus bar that carries an AC current with peak amplitude 1000.0 A.
The input �le BBAR.MINdescribes a long cylindrcal with radius 1.0 cm in
a large solution volume to approximate free space. Region 1 represents air,
the bus bar is Region 2 and Region is the solution volume boundary with
Az = 0:0

The Skin depth calculator(Fig. 9) in the Nelson Tools menu is useful
to estimate regimes where we can expect strong contributions from eddy
currents. It solves the equation:

� =
s

�
�f � r � o

; (21)

where� is the skin depth, � is the volume resistivity, f is the frequency and
� r is the relative magnetic permeability. To use the tool, �ll in three known
values and leave one �eld blank.Nelson �lls the missing �eld when you press
the Calculate button. In this case, we use the values� = 1:72 � 10� 8 
-m
(copper), � r = 1:0 and � = 0:5 � 10� 2 m. The resulting transition frequency
is 174.3 Hz. Accordingly, we shall investigate the frequency range 5.0 Hz to
250 Hz. Note that there is a practical upper limit on the frequency. If the
skin depth is comparable to or less than the element width in Region 2 (0.05
cm), the calculation may not converge.

Table 5 shows the completeNelson input script. Region 2 has the prop-
erties � r = 1:0 and � = 1=� = 5:814� 107. The target total current is
1000.0 A at 0.0o phase. The code will automatically adjust the drive current
to achieve this value. The calculation involves two matrix solutions: one to
�nd the normalization factor and one to generate the normalized �eld dis-
tribution. We can check the validity of the code by comparingvalues at low
frequency where the current density is approximately uniform with radius.
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Figure 10: Resistivite power density in the copper rod at di�erent frequencies
for exampleBBAR. Top: 75.0 Hz. Bottom: 175.0 Hz.
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Table 5: Contents of the �le BBAR.NIN

Mesh = BBar
Geometry = Rect
DUnit = 1.0000E+02
ResTarget = 2.0000E-07
MaxCycle = 5000
Freq = 250.0
Omega = 1.50
* Region 1: AIR
Material(1) = 1.0000E+00 0.0000E+00
* Region 2: COIL
Material(2) = 1.0000E+00 5.814E7
Current(2) = 1.0000E+03 0.0000E+00
* Region 3: BOUNDARY
Potential(3) = 0.0000E+00 0.0000E+00
EndFile

At a current amplitude of 1000.0 A, we predict the following values: current
density j z = 3:183� 106 A/m 2, electrical �eld Ez = 0:0548 V/m and power
density p = 8:713� 104 W/m 3. The power loss integrated over the cross
section is 27.37 W/m. TheNelson result at 2.0 Hz is 27.39 W/m.

At high frequency, the current density is forced toward the outer surface
of the rod over a width comparable to the skin depth. Figure 10 shows
the resulting distribution of resistive power loss. The non-uniform current
density also leads to an increase in the total power dissipation. Power loss
per length in the bus bar as a function of frequency is plottedin Fig. 11.

The MULTICOILexample illustrates Nelson capabilities for in a more
complex system. A 4-turn copper solenoid creates an axial magnetic �eld
that acts on an enclosed stainless steel pipe. The target total current in
each coil is 2000.0 A at 0.0o phase. Figure 12 shows the highly non-uniform
power pro�le. As a result of eddy-current e�ects, the current density is highly
enhanced at ends of the outer turns. At the end of the run,Nelson creates
the following listing of information in the NLS�le:
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Figure 11: Power loss per length as a function of frequenct in the copper rod
of exampleBBAR. The dashed line is the predicted zero-frequency value.

Figure 12: Geometry of theMULTICOILexample showing the power deposi-
tion distribution in the coil and workpiece at f = 300:0 Hz.
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Solution analysis
NReg Drive current (A) Total current (A) Power (W)

Amplitude Phase Amplitude Phase
=================================================================

2 0.0000E+00 ( 0.00) 2.2830E+03 (-106.40) 2.6125E+02
3 1.7134E+04 ( 78.31) 2.0000E+03 ( 0.00) 1.1916E+02
4 2.0217E+04 ( 78.80) 2.0000E+03 ( 0.00) 1.0957E+02
5 2.0217E+04 ( 78.80) 2.0000E+03 ( 0.00) 1.0956E+02
6 1.7134E+04 ( 78.31) 2.0000E+03 ( 0.00) 1.1914E+02

The coils drive a current with amplitude 2.83 kA and -106.4o phase in the
pipe. To achieve the desired total currents at the high frequency, the drive
currents require strong adjustment. The drive current value in the outer coils
is 17.13 kA at phase 78.31o.

Note: The following conventions are applied in the analysis routines de-
scribed in the following chapter for regions that represent drives with non-zero
conductivity. Nelson calculates induced electric �eld and current density
from the vector potential using Eq. 5. To �nd the total electric �eld and
current density, we must add the resistive components created bythe drive
current. The total values of electric �eld and current density are displayed
for conductive coil regions in element, surface and scan plots.In these plots,
the electric �eld appears to be discontinuous passing from a conducting coil
to an insulator. The code does not compute resistive �elds in insulators be-
cause they play no role in inductive coupling to other structures. Only the
inductive components ofE and j are displayed in contour plots.
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Figure 13: Nelson solution analysis environment

5 Solution analysis reference

To create plots and to perform numerical analyses, click theAnalyze com-
mand in the Nelson main menu and choose a data �le. The program enters
the solution-analysis mode shown in Fig. 13. The menu contains the fol-
lowing main entries: File, Plots, Analysis, Scans, Export and Return. The
commands of theExport menu (which generate hardcopy output and plot
�les) are identical to those in Mesh . The Return command restores the
main menu where you can perform additional solutions. Table 6 lists stan-
dard units for RF electric-�eld solutions.

5.1 File menu commands

LOAD SOLUTION FILE (T)
Read a di�erent solution �le for analysis without returning to the main menu.
Pick a new �le FPrefix.NOU in the dialog. Changing the directory in the
dialog changes the program working directory.
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Table 6: Nelson standard units

Quantity Unit
Spatial dimensions meters or units set byDUnit
Vector potential tesla-m
Phase Degrees
Electric �eld V/m (volts/meter)
Current S/m A (amperes)
Current density A/m 2 (amperes per square meter)
Conductivity S/m (Siemens/m)
Power density W/m 3 (watts per cubic meter)

OPEN DATA RECORD (T)
Commands such asPoint calculation and Line scan generate quantitative
information. You can automatically record the data generated during an
analysis session by opening a data �le. Supply a �le pre�x in the dialog or
accept the default. The data �le has a name of the formFPrefix.DAT and
will be stored in the working directory The �le is in text format. You can use
an editor to view the �le or to extract information to send to mathematical
analysis programs or spreadsheets.

CLOSE DATA RECORD (T)
Close the current data �le. Use this command if you want to start a new �le.
Note that you must close the data �le before opening it with the internal
editor.

RUN SCRIPT (T)
A script allows you to perform complex or repetitive analyses on a set of
similar solutions. This command displays a dialog listing �les with the su�x
SCR. Pick a �le and click OK. The script can load data �les, open and close
data records, and perform any of the quantitative analysis functions described
in this chapter. The script command language is described in Sect. 5.5. Note
that the analysis script must be in the same directory as the data �les.

CREATE SCRIPT
Use this command to create an analysis script with the internal text editor.
Supply a �le pre�x SPre�x in the dialog { the resulting script will be saved
with the name SPrefix.SCR. The program opens the �le in the editor and
writes a reference list of allowed commands. The list follows the EndFile
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command and will be ignored by the script parser. Enter commands above
the EndFile command.

EDIT SCRIPT
EDIT DATA FILE
EDIT FILE (T)
Use these commands to view or to modify an existing �le. The dialogshows
�les with su�x SCRfor the Edit script command andDATfor the Edit data �le
command. Changing directories in the dialog does not changethe working
directory of the program.

5.2 Plot menu commands

Spatial plots show variations of quantities over the two-dimensional space of
the simulation. Nelson deals with complex values to represent the amplitude
and phase of harmonic quantities. There are several methods to display
information on the harmonically-varying quantities:

� A snapshot of the time-dependent �eld quantity at a reference phase,
� f . For example, if an electric �eld component varied as cos(!t + 45o),
then a setting of � f = 45o would show the quantity at its peak value.
You can set� f with the Reference phasecommand.

� The peak amplitude (e.g., jBx j). The value equals the maximum am-
plitude of the quantity during the harmonic oscillation.

� Time-averages of quantities like the resistive power density.

� Amplitude and phase for quantities such as the surface integral of re-
sistive current over a region boundary. The integral is calculated by
summing the complex values ofI res � ndA and then computing the am-
plitude and phase.

To avoid confusion, we must be careful to distinguish between themagnitude
of a complex quantity (peak value during the harmonic variation) and the
spatial magnitude of a vector quantity, such as:

jB j = B 2
x + B 2

y : (22)

We shall use the following notations: 1) a quantity in bold type enclosed
between single vertical lines represents a vector magnitude as in Eq. 22, 2) a
non-vector quantity enclosed between vertical lines represents the amplitude
of the harmonic variation and 3) a vector quantity enclosed between double
vertical lines is the harmonic amplitude of the vector magnitude.

The following plot types are available:
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� Mesh . Element facets of the computational mesh.

� Region . Computational mesh with elements color-coded by region
number.

� Contour . Lines that follow constant values of a computed quantity. In
a quasi-static electric-�eld solution, constant values ofAz or rA � at the
reference phase are normal to magnetic �eld lines. Lines are separated
by equal intervals of magnetic 
ux. Note that contours ofjjB jj of jjEjj
may exhibit regions of compressed lines because the �eld amplitudes
are generally not continuous functions in space.

� Element . Elements of the solution space color-coded according to a
computed quantity (such as the magnetic �eld magnitude).

� Vector . An element plot with orientation lines included in each ele-
ment to show the local direction of a vector quantity.

� Surface . A three-dimensional plot where a computed quantity is rep-
resented as height over a region in thex-y or z-r plane. The spatial
limits of the plot correspond to the current view window forMesh, Re-
gion, Contour, Element or Vector plots. For large meshes, you may
notice a delay regenerating aSurfaceplot. The program must map the
current quantity to a rectangular grid, performing a large number of
interpolations.

The Settings popup menu contains the following commands.
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Table 7: Available plot quantities

Plot type Quantity
Contour Az or rA � (reference phase)

Magnetic 
ux density amplitude jjB jj
Induced electric �eld amplitude jjEjj

Element Magnetic 
ux density amplitude jjB jj
Total electric �eld amplitude jjEjj
Total current density amplitude jj j jj
Average resistive power densityP

Vector Magnetic 
ux density B (reference phase)
Surface Electrostatic potential Az or rA � (reference phase)

Magnetic 
ux density amplitude jjB jj
Total electric �eld amplitude jjEjj
Total current density amplitude jj j jj
Average resistive power densityP
Bx or Bz (reference phase)
By or B r (reference phase)
Ez or E � (reference phase)
Bx or Bz (real part)
By or B r (real part)
Ez or E � (real part)
Bx or Bz (imaginary part)
By or B r (imaginary part)
Ez or E � (imaginary part)
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TYPE (T)
Choose the plot type from the above list. A plot type may not support some
plotted quantities. For example, a vector plot of electrostatic potential is
unde�ned. If you receive a message when you switch plot types that the
quantity is not allowed, use theQuantity command to pick a valid option.

QUANTITY (T)
A dialog shows a list of available quantities (Table 7) consistent with the
current plot type. The list will be empty for Mesh and Region plots.

REFERENCE PHASE (T)
Change the value of the reference phase from the default of 0.0o. Enter the
new value in degrees.

PLOT LIMITS (T)
In the default autoscale mode the program picks limits inContour, Element,
Vector and Surface plots that span the full range of the current quantity.
With this command you can set speci�c limits. In the dialog uncheck the
Autoscale box and supply the minimum and maximum values. Note that
the program does not check that the values are physically reasonable. This
operation will not a�ect scaling of other plot quantities. Check the box to
return to autoscale mode.

TOGGLE GRID DISPLAY (T)
Use this command to activate or to suppress the display of grid lines in Mesh,
Region, Contour, Element and Vector plots. Grid lines corresponding to the
axes (x = 0:0 or y = 0:0) are plotted as solid lines.

GRID CONTROL
This command displays the dialog of Fig. 14 to set properties ofthe grid.
In the default autoscale mode,Nelson automatically chooses intervals and
positions so that lines occur at convenient values ofx or y (for example, 0.01
rather than 0.01153). The grid intervals change as the view is zoomed. To
set the grids manually, uncheck theAutoscale box and enter values for the
intervals in x and y.

MOUSE/KEYBOARD
By default the program uses interactive mouse entry of coordinates for com-
mands like Line scan and Zoom. This command switches the program be-
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Figure 14: Grid control dialog

tween mouse and keyboard input. Enter keyboard coordinates in the dis-
tance units used inMesh . In other words, if the solution program has
DUnit = 1:0 � 106, then enter dimensions in microns.

TOGGLE SNAP MODE
When snap mode is active, the mouse returns the coordinate values closest to
an integer multiple of the quantity DSnap. In other words, if DSnap = 0:5
and the mouse position is (5.4331, -2.6253), the returned coordinates are
(5.500, -2.500). By default, snap mode is active. Snap mode isautomatically
turned o� for coordinate input to the commandsPoint calculation and Ele-
ment properties. Otherwise, the program would pick a location closest to the
snap point rather than the tip of the cursor arrow, giving misleading results.

SNAP DISTANCE
Set the distance scaleDSnap for the mouse snap mode.

TOGGLE ELEMENT OUTLINE
This command determines whether element facets are included in Element
and Vector plots. It may be necessary to deactivate outlines for a clear view
of large meshes.
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Figure 15: Monochrome contour plot with labels

TOGGLE FIXED POINT DISPLAY
In the default mode,Nelson creates contour, element and vector plots using
element information. Therefore, isolated nodes (representing structures like
�xed-potential grids or sheets) do not appear. In response to this command,
the program plots circles at �xed-potential nodes that are surrounded by
material elements.

CONTOUR STYLE
This command is active only when the current plot type isContour. There
are four choices: monochrome, monochrome with labels, colored and colored
with labels. In the colored mode, the lines are color-coded according to the
value of the plotted quantity. A legend is included in the information window
to the right of the plot. In the labeled modes, contour lines are numbered
according to their values (Fig. 15). Overlapping labels on closely-spaced lines
may look better in a zoomed view.

NUMBER OF CONTOURS
Change the number of plotted contour lines. This command is active only
when the current plot type isContour.

The following commands, described in the Mesh manual, change the view
limits in Mesh, Region, Contour, Element and Vector plots. The current view
limits of the two-dimensional plots are used when creating three-dimensional
Surface plots.
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ZOOM WINDOW (T)
ZOOM IN (T)
EXPAND VIEW (T)
GLOBAL VIEW (T)
PAN (T)

The following commands control the appearance ofSurface plots. The
commands are active only when aSurface plot is displayed.

ROTATE 3D IMAGE (T)
Rotate the Surface plot by 90o in the spatial plane.

VIEW ANGLE 3D
Set the elevation angle for the view point.

SET GRID 3D
Change the resolution of the surface plot. To create aSurfaceplot, a quantity
is mapped to a rectangular grid with dimensionsNx � Ny. The numbers also
determine the total number of grid lines in theSurface plot. The default
values areNx = Ny = 40.

5.3 Analysis menu commands

The commands in theAnalysis popup menu generate numerical data. Most
of the functions require coordinate input from the user, usually through the
mouse. Therefore, the analysis menu is active only when aMesh, Region,
Contour, Element or Vector plot is displayed.

POINT CALCULATION (T)
Nelson employs a sophisticated interpolation technique that preserves dis-
continuities at material boundaries. The program gives correct values for
electric �eld on both sides of a dielectric boundary. Click onthe command
and then point to any position. Note that snap mode is deactivated for co-
ordinate input. The program writes a subset of interpolated quantities to
the information area below the plot and also records completeinformation if
a data �le is open. To enter point coordinates by keyboard, usethe Toggle
mouse/keyboardcommand.

LINE SCAN (T)
The line scan is one of the most useful functions ofNelson . After clicking on
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the command, supply two points with the mouse in a view of aMesh, Region,
Contour, Element or Vector plot to de�ne a scan line. The snap mode is
useful in this application (for example, you may want a scan to extend from
0.000 to 5.000 rather than 0.067 to 4.985.) The program computes a series
of values of �eld quantities at equal intervals along the line. The information
is recorded if a data �le is open. The program also makes a screenplot of
the currently selected quantity versus distance along the scan and activates
the commands in theScan plot menu (Sect.5.4).

ELEMENT PROPERTIES (T)
Pick an element with the mouse (or keyboard) and the post-processor writes
material and �eld properties to the screen. The information is recorded if a
data �le is open.

REGION PROPERTIES (T)
To �nd the �eld energy and power dissipation associated with a region of the
solution space, click the mouse close to any arc or line vector of the region.
Partial results are shown on the screen and a complete analysis isincluded
in the data �le.

VOLUME INTEGRAL
No input is needed for this command. In response to theVolume integrals
command,Nelson calculates the �eld energy resistive power dissipation for
the global solution volume and for each region with non-zero volume.

MATRIX FILE
Nelson can make matrix �les of �eld values to help you create your own
analysis routines. Although information is available in the output �le of the
solution program, it may be di�cult to deal with the conformal triangular
mesh. TheMatrix �le command uses the interpolation capabilities of the
program to create a text data �le of �eld quantities on a rectangular grid
in x-y or z-r . The command displays a dialog where you set the matrix �le
pre�x, the dimensions of the box and the number of intervals along x and
y (or z and r ). The program creates the �le FPrefix.MTX in the current
directory.

The Settings popup menu contains the following entries.

INTERPOLATION METHOD
The default interpolation method for the Point calculation and Line scan

43



commands is a second-order least-squares �t with intelligent collection of data
points. For example, only points on the side of a dielectric boundary that
contains the target point are included to give the correct �eld discontinuity at
the boundary. The least-squares �t may fail in very small regions or enclosed
areas if the program cannot identify enough data points. In this case, toggle
to the linear mode. Here, �eld values are determined by a �rst order �t in the
element that contains the target point. The status bar reports the current
interpolation type.

SCAN PLOT QUANTITY
With this command you can choose the quantity to display in screen and
hardcopy plots of line scans. Pick the quantity from the list boxand click
OK. This setting has no e�ect on the data �le records which include all �eld
quantities.

NUMBER OF SCAN POINTS
This command sets the number of line scan points used for the screen plot
and recorded in the history �le. The default value is 50 and themaximum
number is 500.

5.4 Scan plot menu

The commands of theScan menu become active when a plot is created fol-
lowing the Line scan command.

OSCILLOSCOPE MODE (T)
In the oscilloscope mode, a scan plot assumes characteristics of a digital
oscilloscope (Fig. 16). The program superimposes a cross-hair pattern on
the graph. Plot values at the intersection are displayed in theinformation
window. Move the marker along the plot by moving the mouse. If you click
the left mouse button at a point, the program displays the plot values along
with the numerical derivative and integral of the curve. Thede�nite integral
is taken from the left-hand side of the plot to the current point. Values are
displayed on the screen and written to the data �le if open. Pressthe right
mouse button to exit the oscilloscope mode.
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Figure 16: Scan plot in the oscilloscope mode

TOGGLE SCAN SYMBOLS
The setting determines whether plot symbols are added to the scan plot
showing calculated points.

TOGGLE GRID (T)
The setting determines whether grid lines are added to the screen and hard-
copy scan plots.

CLOSE SCAN PLOT (T)
The scan plot must be closed before you can use theFile and Analysis func-
tions of Nelson . This command closes the scan plot and returns the program
to the previous spatial plot.

5.5 Analysis script commands

Scripts to control analysis sessions have a name of the formFPrefix.SCR.
They should be in the same directory as the data �les. Scripts aretext �les
that follow the TriComp syntax conventions. The program ignores blank
lines and indentations. Data lines use the standard delimitersand comment
lines begin with an asterisk [*]. Processing ends when theEndFile command
is encountered.
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To run a script, choose theRun script command in theFile menu. The
program shows a list of available scripts. Pick a �le and clickOK. The script
operates on the presently loaded data �le or you can load other�les from
within the script. You can also sequentially open one or more data �les.

Nelson can perform analyses autonomously under script �le control from
the Command Prompt. If the �le GTest.SCRis in the data directory, then
use a command of the form:

[ProgPath]\ESTAT GTEST <Enter>

The main application of the command prompt mode is to generate data �les
and to perform extended analyses under batch �le control.

The following commands may appear in a script:

INPUT FileName
INPUT LIVER01.NOU
Close the current data �le and load a �le for analysis. The parameter is the
full name of the data �le. For the command illustrated, the post-processor
would load the �le LIVER01.NOU. You can load several �les for sequential
analysis.

OUTPUT FPre�x
OUTPUT SW02
Close the current data �le and open an output �le SW02.DAT.

POINT X Y
POINT Z R
POINT = (5.65, 10.68)
Perform interpolations at the speci�ed point and write the results to the
data �le. The two real number parameters are the coordinatesof the point
in Mesh units.

SCAN Xs Ys Xe Ye
SCAN Zs Rs Ze Re
SCAN = (0.00, 0.00) (10.00, 0.00)
Write the results of a line scan between the speci�ed points to the data �le.
The four real number parameters are the starting and end coordinates in
Mesh units.

INTEPOLATION [LSQ,LINEAR]
INTERPOLATION = Linear
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Set the interpolation method for subsequentPoint, Line scan and Matrix
commands. The options areLSQ (least-squares �t) and Linear.

ELEMENT X Y
ELEMENT Z R
ELEMENT = (5.65, 10.68)
Write the properties of the element at the speci�ed point to the data �le.
The two real number parameters are the coordinates of the point in Mesh
units.

NSCAN NScan
NSCAN = 150
Set the number of points in a line scan. The default is 50 and themaximum
number is 500.

REGION RegNo
REGION = 5
Write volume and surface integrals for a region to the data �le. The integer
parameter is the region number.

VOLUMEINT
Write volume integrals for the full solution and regions to the data �le.

MATRIX FPre�x Nx Ny Xs Ys Xe Ye
MATRIX FPre�x Nz Nr Zs Rs Ze Re
MATRIX = Switch1 (10, 20) (0.00, 0.00, 5.00, 10.00)
Open a matrix �le and record values. The command requires sevenparam-
eters: 1) The pre�x of the matrix �le FPrefix.MTX (string), 2) the number
of intervals along thex or z direction (integer). 3) the number of intervals
along the y or r direction (integer), 4-7) coordinates of the corners of a box
in the solution volume (real).

REFPHASE RefPhase
REFPHASE = 60.0
Set the reference phase for subsequent �eld calculations. Enterthe value in
degrees.

ENDFILE
Terminate execution of the script. You can add descriptive text in any format
after this command.
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The following is an example of a script to compare �eld values along the
axes of four di�erent solutions and to write the results to the �le COMP.DAT.

NSCAN 200
OUTPUT COMP
INPUT LIVER01.NOU
SCAN 0.00 -50.00 0.00 50.00
INPUT LIVER02.NOU
SCAN 0.00 -50.00 0.00 50.00
INPUT LIVER03.NOU
SCAN 0.00 -50.00 0.00 50.00
INPUT LIVER04.NOU
SCAN 0.00 -50.00 0.00 50.00
ENDFILE
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