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Abstract 

 
The Unstructured Time-Domain ElectroMagnetics (UTDEM) portion of 
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Introduction 
 
EMPHASIS/Nevada Unstructured Time-Domain ElectroMagnetics (UTDEM) is a 
general-purpose code for solving Maxwell’s equations on arbitrary, unstructured 
tetrahedral meshes. The geometries and the meshes thereof are limited only by the 
patience of the user in meshing and by the available computing resources for the solution. 
UTDEM solves Maxwell’s equations using finite-element method (FEM) techniques on 
tetrahedral elements using vector, edge-conforming basis functions [1]. 
 
EMPHASIS/Nevada Unstructured Time-Domain ElectroMagnetic Particle-In-Cell 
(UTDEM PIC) is a superset of the capabilities found in UTDEM. It adds the capability to 
simulate systems in which the effects of free charge are important and need to be treated 
in a self-consistent manner. This is done by integrating the equations of motion for 
macroparticles (a macroparticle is an object that represents a large number of real 
physical particles, all with the same position and momentum) being accelerated by the 
electromagnetic forces upon the particle (Lorentz force). The motion of these particles 
results in a current, which is a source for the fields in Maxwell’s equations. 
 

UTDEM Simulation Process 
 
 
 

 
 
 
 
 
 
 

 
Figure 1.  UTDEM Simulation Process.  

The UTDEM simulation process is shown in Fig. 1. The geometry of interest must first 
be modeled and meshed using appropriate software. I-DEAS is one option that provides 
both, but successful meshes have been generated using CUBIT  and ICEM CFD Tetra as 
well.  Regardless of how the mesh is generated it must ultimately be written or converted 
to EXODUSII [2] format. CUBIT and ICEM do this directly as does I-DEAS with the 
addition of a special 3rd party feature. However, certain features of UTDEM require sets 
of nodes (nodesets), edges (edgesets), or faces (sidesets) to be defined. In particular, 
edgesets are not a part of the EXODUSII standard. The creation of these “edgesets” along 
with nodesets and sidesets are  handled along with the conversion from I-DEAS universal 
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format to EXODUSII format by the preprocessing step PREP [3]. Use of virtual edgesets 
(described later) avoids the requirement to process edgesets through PREP. Further 
discussion of the use of PREP is found in Appendix I. 
 
The actual input required for UTDEM consists of only two files, the Genesis file 
containing the mesh and the problem-specific input file. “Genesis” normally describes a 
mesh description file in EXODUSII format containing mesh only, no data. 
 
A critical aspect of the mesh for UTDEM is that boundary conditions are described by 
EXODUSII sidesets,  edgesets, or nodesets. These requirements will be described later as 
each feature is covered in detail. The tetrahedral elements should also be reasonably well 
shaped. 
 
UTDEM results are available in the form of observer time histories and plot dumps of 
specified variables in an EXODUSII file. These results can be displayed with most any 
simple plotting package in the case of time histories and by post-processing tools which 
can import EXODUSII, such as EnSight or Blot, in the case of plot dumps. 
 

UTDEM Input File and Keywords 
 
The UTDEM input file uses the standard NEVADA input file format, which includes 
keywords for debugging, physics type, solver control, output control, and more. Details 
of all of these except for the specific physics can be found in the ALEGRA user guide 
[4]. A complete input file for one of the UTDEM regression problems is given in 
Appendix II. 
 
UNSTRUCTURED TD ELECTROMAGNETICS 
  formulation, second order 
  aztec set, 0 
  abc bc, sideset 4 
  pec bc, sideset 2 
  observer, nodeset 28 
  observer, nodeset 29 
  source, nodeset 31, function 1  
  slot observer, nodeset 19 
  slot, edgeset 123, aztec_set 1, width 0.00001, depth 0.0, int_mat 1, 
ext_mat 2 
  slot observer, nodeset 20 
  slot, edgeset 124, aztec_set 2, width 0.00005, depth 0.0, int_mat 1, 
ext_mat 2 
END 

Figure 2.  Typical UTDEM physics keywords. 

 
The format for specifying UTDEM physics and associated keywords is shown in Fig. 2. 
The physics keyword UNSTRUCTURED TD ELECTROMAGNETICS specifies to 
the Nevada framework that the UTDEM physics  model should be used for the 
simulation. Most of the remaining keywords are specific to UTDEM and are described 
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below along with many others. Case is ignored in the input file. It is important to note 
that lines are limited to 160 characters or less. Keywords can be abbreviated to stay 
below this limit. Additionally, when a floating-point value is required, the decimal point 
needs to be included (i.e., 0. not simply 0). 
 

Solver formulation keyword 
 

formulation 
Specifies the UTDEM solver formulation for this simulation 
 
formulation, type 
 
Options for type are: 
second order 

Utilize the unconditionally stable, 2nd order electric-field wave-
equation formulation. This formulation works with all physical 
models implemented in the code and is recommended for most 
applications. 

second order artuzi 
Utilize the second order formulation above with Artuzi late-time 
stability correction. This formulation can suppress late-time drift 
due to the use of very large time steps. Note that it causes all 
results to be advanced in time by ½ time step. 

second order artuzi, static limit 
Utilize the second order formulation above with Artuzi late-time 
stability correction and the Artuzi rhs term [S]wn disabled. This 
should only be applied with caution and only when the problem is 
essentially static, where element edge lengths are much, much 
smaller than the wavelength. Although there is no theoretical 
justification for this modification, it appears to work extremely 
well in the static limit. 

first order 
Utilize the conditionally stable, coupled 1st order formulation (not 
fully implemented) 

 
For additional information on these options consult the UTDEM theory 
guide [1]. 

condition number 
Specifies that the system matrix condition number should be displayed 
whenever the matrix is refilled. 
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Boundary condition keywords 

 pec bc 
Specifies a perfect electric conductor boundary condition 
 
pec bc, sideset int 
 
The electric fields tangential to the surface described by the sideset having 
id sideset will be set to zero. This sideset id must exist in the genesis file 
or Nevada will complain. Multiple pec bc’s may exist in the same 
simulation. 
 
As with all sidesets, multiple disjoint surfaces may exist in the same 
sideset. PEC surfaces may be grouped into different sidesets for purposes 
of visualization. 
 

pmc bc 
Specifies a perfect magnetic conductor or mirror-symmetry boundary 
condition 
 
pmc bc, sideset int 
 
The pmc condition is the natural boundary condition for the edge-
conforming FEM formulation and could simply be left “free”. However, 
for PIC simulations or any simulation containing h-line integral observers, 
the user must specify a sideset defining the pmc using this keyword. 
 
The sideset id must exist in the genesis file or Nevada will complain. 
Multiple pmc bc’s may exist in the same simulation and PMC surfaces 
may be grouped into different sidesets for purposes of visualization. 

 

abc bc 
Specifies an absorbing boundary condition 
 
abc bc, sideset int 
 
A 1st order absorbing boundary condition will be applied over the surface 
described by the sideset having id sideset. This sideset id must exist in the 
genesis file or Nevada will complain. Multiple abc bc’s may exist in the 
same simulation. 
 
An absorbing boundary condition is typically specified in conjunction 
with a port boundary condition when the port is located on an exterior 
surface. 
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ibc bc 
Specifies an impedance boundary condition 
 
ibc bc, sideset int, impedance real 
 
A 1st order surface impedance boundary condition with surface impedance 
value impedance will be applied over the surface described by the sideset 
having id sideset. Presently, this “impedance” must be real, a surface 
resistance only. This sideset id must exist in the genesis file or Nevada 
will complain. Multiple ibc bc’s may exist in the same simulation. 
 

Boundary condition precedence is presently specified in the code as follows: 
PEC->IBC->ABC, i.e., an edge specified as both PEC and IBC or ABC will be 
PEC. An edge specified as both IBC and ABC will be IBC. 
 

 

Virtual edgeset keyword 

 path 
Specifies a virtual edgeset to be created along an arbitrary user-defined 
path through the geometry, independent of mesh topology. 
 
path, edgeset int, point, x=real y=real z=real point, x=real y=real 
z=real point, . . . 
 
The best-fitting path of existing edges to match the desired line segment(s) 
entered will be found. The user is responsible for picking a unique edgeset 
id. If an id is chosen which exists in the Genesis file, a warning is issued 
and the virtual edgeset is not used. If a specified segment endpoint cannot 
be reached within the default tolerance (half the local minimum edge 
length) a warning will be issued giving the actual endpoint used. 
 
These virtual edgesets may be used anywhere a mesh-defined edgeset can 
be used. The exodus edgesets keyword should not be applied to these 
edgesets. 

 

Observer keywords 
 

observer 
The following syntax specifies the simplest type of single-edge, electric-
field-projection observer: 
 
observer, nodeset int 
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The edge will be located which is defined by the nodeset having id 
nodeset. This nodeset MUST contain only 2 nodes. Presently, UTDEM 
will not issue an error if it does not, the observer will simply not be 
created. This will be fixed in a future version. Multiple observers of this 
type may exist in the same simulation. 
 
The observer time history will be written to a file with a generated name in 
the following format: problem_name.obsnodeset_id.proc_id.dat, where 
nodeset_id is the nodeset id parameter from the observer line and proc_id 
will be 0 for serial or the appropriate processor number for parallel. For 
parallel, each processor who has the observer is synchronized to the 
correct value from the owner and writes a separate observer time-history 
file. All of these files are identical at the end of the simulation. 
 
The observer time history will be written to the hisplt database 
problem_name.his with the name: OBS-nodeset_id. 

 

slot voltage observer 
The following syntax specifies the slot voltage observer: 
 
slot voltage observer, nodeset int, [direction x real y real z real] 
 
The slot voltage at the node defined by the nodeset having id nodeset will 
be monitored. This nodeset MUST contain only 1 node. An error will be 
issued if it contains more than 1 node. If the nodeset contains 0 nodes, the 
observer will simply not be created. Multiple slot observers may exist in 
the same simulation. 
 
The assumed positive direction of the voltage (actually “magnetic 
current”) can be specified by the optional parameter direction. The 
direction here is that along the slot, normal to the slot “gap” where the 
voltage would be measured across. If not specified, the natural direction 
(code internally assumed direction) will be output. This can cause 
inversion of the results in parallel depending on the number of processors. 
Consequently, it is recommended that the direction be specified. If the 
specified direction is not very close to the assumed direction, a warning is 
issued. 
 
The observer time history will be written to a file with a generated name in 
the following format: problem_name.slotobsnodeset_id.proc_id.dat, 
where nodeset_id is the nodeset id parameter from the observer line and 
proc_id will be 0 for serial or the appropriate processor number for 
parallel. For parallel, each processor who has the observer is synchronized 
to the correct value from the owner and writes a separate observer time-
history file. All of these files are identical at the end of the simulation. 
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The observer time history will be written to the hisplt database 
problem_name.his with the name: SLOTVOLOBS-nodeset_id. 
 

wire current observer 
The following syntax specifies the wire current observer: 
 
wire current observer, nodeset int, [direction x real y real z real] 
 
The wire current at the node defined by the nodeset having id nodeset will 
be monitored. This nodeset MUST contain only 1 node. An error will be 
issued if it contains more than 1 node. If the nodeset contains 0 nodes, the 
observer will simply not be created. Multiple wire observers may exist in 
the same simulation. 
 
The assumed positive direction of the current can be specified by the 
optional parameter direction. If not specified, the natural direction (code 
internally assumed direction) will be output. This can cause inversion of 
the results in parallel depending on the number of processors. 
Consequently, it is recommended that the direction be specified. If the 
specified direction is not very close to the assumed direction, a warning is 
issued. 
 
The observer time history will be written to a file with a generated name in 
the following format: problem_name.wireobsnodeset_id.proc_id.dat, 
where nodeset_id is the nodeset id parameter from the observer line and 
proc_id will be 0 for serial or the appropriate processor number for 
parallel. For parallel, each processor who has the observer is synchronized 
to the correct value from the owner and writes a separate observer time-
history file. All of these files are identical at the end of the simulation. 
 
The observer time history will be written to the hisplt database 
problem_name.his with the name: WIRECUROBS-nodeset_id. 

 

e line integral 
 
The following syntax specifies an electric-field line-integral observer, 

∫ • dlE : 
 
e line integral, edgeset int, direction x real y real z real 
 
The electric-field projections on the edges in the edgeset are simply 
summed. The vector direction is used to determine the direction of the 
integral and therefore determines the signs of all the individual edge 
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contributions to the integral by taking the dot product of the vector edge 
direction with the direction vector. Generally, the mesh should be 
designed such that the edges are aligned in the correct direction, but this is 
not required. Multiple observers of this type may exist in the same 
simulation. 
 
The observer time history will be written to a file with a generated name in 
the following format: problem_name.elinintedgeset_id.proc_id.dat, where 
edgeset_id is the edgeset id parameter from the observer line and proc_id 
will be 0 for serial or the appropriate processor number for parallel. For 
parallel, each processor who has a portion of the observer is synchronized 
to the correct value from the owner and writes a separate observer time-
history file. All of these files are identical at the end of the simulation. 
 
The observer time history will be written to the hisplt database 
problem_name.his with the name: E*DL-edgeset_id. 

 

h line integral 
The following syntax specifies a magnetic-field line-integral observer, 

∫ • dlH : 
 
h line integral, edgeset int 
 
In this case, a direction vector is not required but the user is responsible 
for creating the mesh such that the beam elements defining the edgeset are 
oriented in the correct direction around the integration loop. An average 
magnetic field is computed for each edge in the edgeset by computing the 
magnetic field at the center of each element connected to the edge. This 
vector magnetic field is then dotted with the edge direction and the 
“sense” of the edge, which is stored with the edgeset and is derived from 
the beam elements in the original mesh defining the edgeset. These dot 
products on the edges in the edgeset are then summed. Multiple hlinints 
may exist in the same simulation. 
 
The observer time history will be written to a file with a generated name in 
the following format: problem_name.hlinintedgeset_id.proc_id.dat, 
where edgeset_id is the edgeset id parameter from the hlinint line and 
proc_id will be 0 for serial or the appropriate processor number for 
parallel. For parallel, each processor who has a portion of the observer is 
synchronized to the correct value from the owner and writes a separate 
observer time-history file. All of these files are identical at the end of the 
simulation. 
 
The observer time history will be written to the hisplt database 
problem_name.his with the name: H*DL-edgeset_id. 
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Note that if the simulation contains h-line integrals along with PMC 
symmetry boundaries, the PMC’s must be defined by sidesets using the 
pmc bc keyword. 
 

surface current 
The following syntax enables the calculation of a surface current Hn× on 
the nodes of the specified conductor boundary sideset(s) 
 
surface current, sideset int [ int … ] 
 
The surface current is computed from the magnetic field which itself is 
derived from the electric field. As a result, the magnetic field value used in 
the surface current calculation is constant over each element. An average 
normal is computed at each node from the normal of the element faces that 
contain the sideset node. To enable output of the computed surface current 
values, be sure to include SURFACE_CURRENT_DEN on the list of 
requested plot variables. Because some post-processing tools may have 
problems with the length of the variable name the following is suggested 

 
plot variable 
  surface_current_den, as “js” 
end 
 
The surface current will be output at all nodes in the simulation but will 
only have non-zero values on the specified sidesets. 

 

max observer 
The following syntax specifies a maximum-field (or other registered 
variable) observer: 
 
max observer, id int, name “variable_name” [block int int …] 
 
where id is the user-defined identifier and name is the registered variable 
to be monitored such as “ELECTRIC_FIELD”. The block list is optional 
and is used to specify which element blocks are to be monitored. If the 
name or block listed is invalid then the code will issue an error. If block is 
not supplied then all blocks are used. Multiple max observers can exist for 
the same variable to monitor different sets of element blocks. 
 
Results are displayed each cycle to the screen and sent to the “HISPLT” 
time-history file at the emit screen frequency. If the variable is a vector, 
both the maximum vector (magnitude) is monitored along with the 
individual maxima of each component. For a scalar variable only a single 
value is monitored and reported. For screen results, in the case that a 
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particular variable is identically zero for that time cycle it is reported as 
“ELECTRIC_FIELD == 0”. 
 
Typical screen results for two scalar fields and one vector field are: 
 
MAX-5: ELECTRIC_FIELD_MAGNITUDE = 1.4325e+00 in Elem 13599 at (7.8396e+00,7.3799e-
01,4.2033e-01) 
MAX-6: ELECTRIC_FIELD_PROJECTION = 7.6761e-01 on Edge w/Nodes 10 - 347 at 
(7.8750e+00,6.2500e-01,1.6250e+00) 
MAX-7: ELECTRIC_FIELD = (-1.8644e-01,3.9830e-01,1.3633e+00) in Elem 13599 at 
(7.8396e+00,7.3799e-01,4.2033e-01) 
MAX-7: ELECTRIC_FIELD-X = -1.0047e+00 in Elem 8588 at (7.5214e+00,7.5055e-01,1.6395e+00) 
MAX-7: ELECTRIC_FIELD-Y = 1.0235e+00 in Elem 13902 at (7.7500e+00,1.0000e+00,1.6250e+00) 
MAX-7: ELECTRIC_FIELD-Z = 1.3633e+00 in Elem 13599 at (7.8396e+00,7.3799e-01,4.2033e-01) 

 
HISPLT names for the same variables are: 
 
MAX-5 
MAX-6 
MAX-7-X 
MAX-7-Y 
MAX-7-Z 
MAX-7-C-X 
MAX-7-C-Y 
MAX-7-C-Z 

 
 
 
 
 

Source keywords 

source 
The source keyword may be used in three different modes depending on 
the type of boundary set (nodeset, edgeset, or sideset) specified along with 
it. 
 
1. The following syntax specifies the simplest type of single-edge, 
electric-field-projection Dirichlet source: 

 
source, nodeset int, function int, scale real shift real 

 
The edge will be located which is defined by the nodeset having id 
nodeset. This nodeset MUST contain only 2 nodes. Presently, UTDEM 
will issue an error if it has > 2 nodes. If it has 0 or 1 nodes, possibly due to 
parallel decomposition, the source will simply not be created. Multiple 
sources of this type may exist in the same simulation. 
 
The keyword function int specifies a source time history defined by a 
Nevada keyword function definition described later. The function is scaled 
by scale and is shifted in time by shift. 
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The source time history will be written to a file with a generated name in 
the following format: problem_name.srcnodeset_id.proc_id.dat, where 
nodeset_id is the nodeset id parameter from the source line and proc_id 
will be 0 for serial or the appropriate processor number for parallel. For 
parallel, each processor who has the source is synchronized to the correct 
value from the owner and writes a separate source time-history file. All of 
these files are identical at the end of the simulation. 
 
The source time history will be written to the hisplt database 
problem_name.his with the name: SRC-nodeset_id. 
 
2. The following syntax specifies the next simplest electric-field-
projection Dirichlet source--a multi-edge, linear, distributed source: 

 
source, edgeset int, function int, scale real shift real, direction, x real y 
real z real, length real 

 
The edges will be located which are defined by the edgeset having id 
edgeset. The source will be applied polarized along the direction vector 
direction and scaled to provide the desired magnitude when integrated 
over the length length. The scale factor for each edge in the source is 

•lengthedge _  direction / length, where lengthedge _  is the vector edge 
length (not normalized). For this reason, this source makes sense only if 
the edges are linear and along a Cartesian axis. Multiple sources of this 
type may exist in the same simulation. 

 
The source time history will be written to a file with a generated name in 
the following format: problem_name.linsrcedgeset_id.proc_id.dat, where 
edgeset_id is the edgeset id parameter from the source line and proc_id 
will be 0 for serial or the appropriate processor number for parallel. For 
parallel, each processor who has the source is synchronized to the correct 
value from the owner and writes a separate source time-history file. All of 
these files are identical at the end of the simulation. 
 
The source time history will be written to the hisplt database 
problem_name.his with the name: LINEARSRC-edgeset_id. 
 
3. The following syntax specifies the final type of electric-field-projection 
Dirichlet source--a multi-edge, belt-distributed source: 

 
source, sideset int, function int, scale real shift real, direction, x real y 
real z real, length real 

 
This source is applied over a surface and can, for example, be used to 
create a delta-gap source on a coax center conductor. The edges will be 
located which are defined by the sideset having id sideset. The source will 
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be applied polarized along the direction vector direction and scaled to 
provide the desired magnitude when integrated over the length length. 
The scale factor for each edge in the source is •lengthedge _  direction / 
length, where lengthedge _  is the vector edge length (not normalized). 
Multiple sources of this type may exist in the same simulation. 

 
The source time history will be written to a file with a generated name in 
the following format: problem_name.dstsrcsideset_id.proc_id.dat, where 
sideset_id is the sideset id parameter from the source line and proc_id 
will be 0 for serial or the appropriate processor number for parallel. For 
parallel, each processor who has the source is synchronized to the correct 
value from the owner and writes a separate source time-history file. All of 
these files are identical at the end of the simulation. 
 
The source time history will be written to the hisplt database 
problem_name.his with the name: DISTSRC-sideset_id. 
 

port source 
The following syntax specifies a port source: 

 
port source, coaxial, sideset int, function int, scale real shift real, 
center, x real, y real, z real 
 or 
port source, parallel plate, sideset int, function int, scale real shift real, 
direction, x real y real z real, separ real 
or 
port source, field dist, sideset int, function int, scale real shift real 

 
Port sources are soft (non-Dirichlet) sources used to drive specific 
conductor configurations. The simplest are the coax and the parallel plate, 
which have been implemented. More complicated are rectangular or 
circular waveguide port sources which require fourier transforms. These 
have not yet been implemented. Multiple port sources may exist in the 
same simulation. When a port source is applied to an external surface, an 
absorbing boundary condition is also typically applied to the same sideset. 
 
Other than the normal waveform description, the coaxial port requires 
only the spatial center be specified. The TEM excitation is applied over 
the specified sideset with E polarized in the radial direction and the proper 

a
br ln

1  variation. Here, “a” is the inner radius and “b” is the outer radius, 

which are determined by the code from the sideset information. 
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The parallel-plate port requires, in addition to the waveform description, 
an E-polarization direction and a plate separation separ. The TEM 
excitation is applied over the specified sideset with polarization direction 
and magnitude scale/separation such that the voltage across the plates is 
scale. 
 
The field-distribution port obtains the port field from the sideset 
distribution factors in the original 3D genesis file. For a description of 
how to obtain this distribution, see the section on inlet-port Poisson 
solutions. 
 
The source time history will be written to a file with a generated name in 
the following format: problem_name.prtsrcsideset_id.proc_id.dat, where 
sideset_id is the sideset id parameter from the port source line and 
proc_id will be 0 for serial or the appropriate processor number for 
parallel. For parallel, each processor who has the source is synchronized to 
the correct value from the owner and writes a separate source time-history 
file. All of these files are identical at the end of the simulation. 
 
The source time history will be written to the hisplt database 
problem_name.his with the name: COAXPORTSRC-sideset_id or 
PPLTPORTSRC-sideset_id. 

 

wire voltage source 
The following syntax specifies a wire voltage source applied at a single 
wire node: 

 
wire voltage source, nodeset int, function int, scale real shift real 

 
The nodeset MUST contain only 1 node. UTDEM will issue an error if it 
does not. 
 
The source time history will be written to a file with a generated name in 
the following format: problem_name.wiresrcnodeset_id.proc_id.dat, 
where nodeset_id is the nodeset id parameter from the wire voltage  
source line and proc_id will be 0 for serial or the appropriate processor 
number for parallel. For parallel, the owning processor writes the source 
time-history file. 
 
The source time history will be written to the hisplt database 
problem_name.his with the name: WIREVOLSRC-nodeset_id. 
 

j source 
The following syntax specifies a volumetric vector current-density source: 
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j source, block int [int int …], function int, scale real shift real, 
[direction, x real, y real, z real center, x real, y real, z real, atten real, 
prop bool or string, propdir x real y real z real, radtrans bool or string, 
annulus bool or string, origin x real y real z real] 

 
The current density will be applied at all nodes in one or more mesh 
block(s), flowing in the direction direction, having the time history 
specified by function. 
 
The remaining parameters are optional. If atten is nonzero, (default is 
zero) an exponential attenuation is applied across the mesh according to 
exp(-atten * z), where z is the normal distance from the source plane to 
the node at which the current is required. The attenuation is in the propdir 
direction, so propdir and center must be provided. 
 
If prop is true or yes, (default is no) the source will emanate from a plane 
passing through the point center traveling in direction propdir. The 
source plane must be outside and behind the mesh volume with respect to 
the propagation direction, otherwise the code will issue a fatal error. If 
prop is false or no, the source will simply follow the specified time 
history simultaneously throughout the mesh block(s). If prop is yes, then 
center and propdir must be defined. 
 
If radtrans is true or yes, (default is no) then the current direction will be 
defined by data imported from a radiation-transport code such as 
CEPTRE. This data is written to the simulation genesis file by the 
transport code. 
 
If annulus is true or yes, (default is no) then a phi-directed current will be 
generated about the axis defined by direction. An origin for the annulus 
coordinate system must be provided which lies on the axis defined by 
direction. 

 
The source time history will be written to the hisplt database 
problem_name.his with the name: JSRC-1001. 

plane wave source 
The following syntax specifies plane-wave source: 

 
plane wave source, sideset int, block int [int int…], function int, 
polarization x real y real z real, propdir x real y real z real, [center x 
real y real z real] 

 
A plane wave will be launched in one or more mesh block(s), with 
polarization polarization, propagating in the direction direction, having 
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the time history specified by function. These block(s) define the total-
field region which is bounded by the supplied sideset. Any remaining 
blocks in the simulation will be the scattered-field region. 
 
The optional parameter center specifies the location of the phase center of 
the plane-wave source in mesh coordinates. This can be any point in the 
source plane. If this parameter is not supplied, the code will compute a 
phase center which is just on the incident side of the total-field region, 
normal to the propagation direction propdir. The user should take care to 
provide a phase-center location which makes sense relative to the total-
field region and the propagation direction. 
 
The source time history will be written to the hisplt database 
problem_name.his with the name: PWSRC-sideset_id. 
 

 
 

Load keywords 
 

edge load 
The following syntax specifies a single-element load on an element edge: 
 
edge load, nodeset int, type, value real 
 or 
edge load, edgeset int, type, value real 
 
If nodeset is specified, the edge will be located which is defined by the 
nodeset having id nodeset. This nodeset should contain only 2 nodes. 
UTDEM will issue an error if it contains more than 2 nodes. If it contains 
less than 2 nodes no load will be applied. If edgeset is specified, the edge 
specified in the edgeset is used. The edgeset should contain only 1 edge. If 
if contains more than 1, UTDEM will issue an error. If it contains no edge, 
no load will be applied. The parameter type is limited to “R”, “L”, or “C”: 
a single resistor, inductor, or capacitor, respectively. Multiple edge loads 
of the same or different types may exist in the same simulation, but not on 
the same edge. 
 
If it is desired to observe the voltage across the load, an observer should 
be assigned to the same nodeset using the observer keyword. 
 

spice load 
The following syntax specifies a load described by a Spice deck on an 
element edge: 
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spice load, nodeset int, deck, “filename” 
 or 
spice load, edgeset int, deck, “filename” 
 
If nodeset is specified, the edge will be located which is defined by the 
nodeset having id nodeset. This nodeset should contain only 2 nodes. 
UTDEM will issue an error if it contains more than 2 nodes. If it contains 
less than 2 nodes no load will be applied. If edgeset is specified, the edge 
specified in the edgeset is used. The edgeset should contain only 1 edge. If 
if contains more than 1, UTDEM will issue an error. If it contains no edge, 
no load will be applied. 
 
The SPICE deck containing the description of the spice load must be 
provided with the spice load keyword. 
 
 

spice step fraction 
 

The following syntax specifies the fraction of the simulation time step 
which is to be used for the maximum SPICE internal time step. The 
default value is 0.1 . 

 
spice step fraction real 
 
 

 

Slot keyword 
 

slot 
The following syntax specifies a single sub-grid, thin-slot model: 

 
slot, edgeset int, aztec_set int, width real, depth real, 
int_mat int, ext_mat int 
 
The slot is defined to lie along the edges defined by edgeset with the 
specified width and depth. Since the slot is solved using a separate linear 
system, an independent aztec_set is defined for the slot (see Linear solver 
keywords). The id of this aztec_set should be something other than 0 (the 
default), which is reserved for the primary system solve. An example of 
this can be found in the input file given in Appendix II. Multiple slots may 
exist in the same simulation. 
 
Since the slot algorithm requires a differential H-field drive based on 
fields on both sides of the PEC plane containing the slot, the materials on 
those sides must be defined by different material indices. These are 
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defined by int_mat and ext_mat and are the same material id’s as 
defined in the framework block keyword described below. These 
materials can in fact have identical constitutive parameters, but they must 
be entered as two different materials. 

 
 
 
 

Wire keywords 
 

wire 
The following syntax specifies a single sub-grid, thin-wire model: 

 
wire, edgeset int, aztec_set int, radius real 
 
The wire is defined to lie along the edges defined by edgeset with the 
specified radius. Since the wire is solved using a separate linear system, 
an independent aztec_set is defined for the wire (see Linear solver 
keywords). The id of this aztec_set should be something other than 0, 
which is reserved for the primary system solve. Multiple wires may exist 
in the same simulation. 

uncstabwire 
The following syntax specifies a single sub-grid, unconditionally stable 
thin-wire model: 

 
uncstabwire, edgeset int, aztec_set int, radius real 
 
The wire is defined to lie along the edges defined by edgeset with the 
specified radius. Since the algorithm uses a separate linear system, an 
independent aztec_set is defined for the wire (see Linear solver 
keywords). The id of this aztec_set should be something other than 0, 
which is reserved for the primary system solve. Multiple wires may exist 
in the same simulation. 

 

wire load 
The following syntax specifies a single thin-wire lumped resistive load: 

 
wire load, nodeset int, R, value real 
wire load, edgeset int, R, value real 
 
The resistor is defined to lie along the edge defined by the nodeset or 
edgeset with resistance value. 
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Hybrid keywords 
 

hybrid td electromagnetics 
This physics keyword specifies the hybrid time-domain electromagnetics 
(HTDEM) physics is to be used to couple structured and unstructured 
mesh. This goes in place of the unstructured td electromagnetics 
physics keyword (see pages 12-13). 

 

hex mass lump 
The following syntax specifies whether mass lumped integration is 
activated for hex elements: 

 
hex mass lump, bool or string 
 
Mass-lumped integration is required for successful hybrid simulations. 
The possible options are true (or yes) and false (or no). The default is 
presently false. 

wrapper 
The following syntax specifies the sideset identifying the boundary of the 
unstructured mesh: 

 
wrapper, sideset int 
 
The wrapper keyword is only processed if the edgesets identifying the 
fields to exchange between the structured and unstructured meshes are not 
detected in the mesh description. For I-DEAS generated meshes the 
preprocessor can automatically generate these edgesets and the elements 
required to interface the unstructured mesh to the structured mesh for 
models without material variations in the interface region. However, in 
cases where material variations are present in this interface region, the 
user needs to manually generate the interface elements and use the 
wrapper keyword to identify the boundary of the unstructured mesh. The 
specified sideset and the first element block found containing hexahedral 
elements are used to generate the edgesets needed to connect the meshes.  
 

far field 
The following syntax specifies that far-fields are to be computed: 

 
far field, segment=real real real real real real [, phasecenter=real real 
real, lookangles real real real real…] 
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The far field keyword requires HTDEM physics. The required sub-
keyword segment provides the coordinates of two points on the structured 
grid describing the virtual surface which surrounds the scatterer which 
resides in the unstructured mesh. This segment should reside just outside 
the hybrid interface region and inside the PML absorbing boundary 
condition which will typically terminate the structured grid for scattering 
simulations. The optional phasecenter keyword provides the 3D  
Cartesian coordinates (x, y, z) of the desired phase reference for the far 
fields. If not provided, the Cartesian coordinate origin is used as the phase 
reference. The other optional keyword lookangles provides (theta, phi) 
pairs of look angles (in degrees) where the transient far-field waveforms 
Etheta and Ephi are desired. 
 
If desired, the frequency content of the excitation waveform can be 
deconvolved from the transient field waveforms as a post-processing step. 
A PFIDL script is available for accomplishing this deconvolution. 
 
The transient fields are written to the ascii file “problem_name.EtEp.asc”. 
They are also available in the “problem_name.exo” file but only the time 
cycles corresponding to the emit plot keyword will be available there. The 
excitation waveform can be obtained from the “problem_name.his” file. 
All time cycles will be available if “emit hisplt, cycle interval = 1” is 
used. 
 
 

far field pattern 
The following syntax specifies that far-field patterns are to be computed: 

 
far field pattern, phistart=real, [phiend=real, numphi=int,] 
thetastart=real, [thetaend=real, numtheta=int,] frequencies real real 
real… 
 
The far field pattern requires the far field keyword specify at a minimum 
the location of the virtual-surface segment. The start and end keywords of 
each angle specify the starting and ending angles (in degrees) of each for 
the particular pattern. If only a single phi cut is desired, only phistart need 
be specified and similarly only thetastart for a single theta cut. At least 
one frequency must be provided at which to compute the patterns. 
 
Unlike the transient far-field results, the frequency content of the 
excitation waveform time history has been removed from the resulting 
patterns. An inherent assumption is that a single source is used. Possible 
sources include those described by the source keyword, the port source 
keyword, and the plane wave source keyword. 
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The patterns are written to the ascii file “problem_name.Pat.asc”. A script 
is available to read these patterns using PFIDL. 
 
Since the patterns involve Fourier transforms of transient results, the user 
must verify that the simulation is run long enough that all relevant far-field 
transients have damped to zero. This is to avoid problems with aliasing 
which would render the pattern results invalid. 
 

Box IEMP keyword 

box iemp 
The following syntax specifies a Box IEMP simulation: 

 
box iemp [, load current] [,load dose] 
 
If the box iemp keyword is given alone, variables are registered for DOSE 
and DOSE_RATE and the j source time history is normalized such that 
it’s time integral is unity. If the load current keyword is added, the vector 
current is loaded as provided by radiation transport through the simulation 
genesis file. This requires the radtrans keyword to be specified in the j 
source. If the load dose keyword is added, the energy deposition is loaded 
as provided by radiation transport, again through the genesis file. 
 
Note also that a box iemp simulation requires that the RIC Electrical  or 
HP Gas Electrical material model be used for all dielectrics. This 
requirement is enforced by UTDEM. The box-iemp source also requires 
that the corresponding material model use nodal variables (selected by not 
specifying NDOF, ie, taking the default). 
 
 

Update Mat State keyword 
 
update mat state 

 
The following syntax specifies whether material state is updated at the end 
of each time cycle: 

 
update mat state, bool or string, tstart real tend real interval real 

 
Options are true (or yes) and false (or no) (default). If specified, the 
material state is updated and a matrix refill is triggered. This is generally 
used only with the Breakdown Electrical material model. The time 
window over which this applies can be controlled using the tstart and 
tend keywords. The interval keyword specifies how often within the 
specified time window the update/refill is triggered. If interval is 0., then 
it is triggered every time cycle. 
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This keyword is not necessary for box iemp simulations using energy 
deposition to drive the RIC Electrical material model since UTDEM 
forces the matrix refill in that case. 

 

Time Step Mod keyword 
 

time step mod 
 

The following syntax specifies a global modification to the UTDEM-
computed stable time step: 
 
time step mod, real 
 
The default is 1. This value does not effect the time step if specified using 
the framework keyword constant time step. 

 
 

Compute Energy Keyword 
 

compute energy 
The following syntax specifies whether or not electric, magnetic, and total 
energy is computed throughout the computational volume: 
 
compute energy, bool or string 
 
The possible options are true (or yes) and false (or no). The default is 
presently false. If true, appropriate energy global variables are registered 
and the energy time histories are compute and written to the hisplt 
database problem_name.his with the names: E-ENERGY, H-ENERGY, 
and TOT-ENERGY. 
 

Framework keywords within the physics block 
 
These keywords are really framework keywords [4] but must be placed within the 
physics definition keyword (“unstructured td electromagnetics”) block. 
 

block 
 

Define a finite-element block 
 
block int material int 
 
Relates the mesh block id block to material definition material 
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function 
 

Define a user-defined function for use by the source keyword 
 
function int 
  time0 value0 
  time1 value1 
  time2 value2 
  . 
  . 
  . 
end 

 
function int gaussian, scale real shift real width real 

( )( )( )2/exp widthshifttscale −−×  
 
function int double exponential, scale real shift real alpha real beta real 

( ) ( )( ) 0,expexp >×−−×−× ttbetatalphascale  
 
function int sin squared, scale real shift real width real  
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function int triangle, scale real shift real width real  
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function int sine, scale real shift real frequency real  
 

( )shifttfrequencyscale +×× sin  

 

gradual startup factor 
 

Factor by which the initial time step is multiplied, default is 0.01 
 

gradual startup factor real 
 
Gradually increases to the initial time step. For UTDEM, the value is 
normally set to 1.0. 
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maximum time step ratio 
 

Maximum ratio by which a time step may grow in a given cycle 
 
maximum time step ratio real 
 
Gradually increases the time step from the old to the new value. 
 

constant time step 
 
Specifies a constant time step for the entire simulation 
 
constant time step real 

 
 

If no constant time step is specified, UTDEM determines a time step 
based on the Courant stability criteria. This can provide a starting point for 
setting the time step. However, for the unconditionally stable second 
order formulation, a much larger time step may be utilized. If this is done, 
the solution will remain stable but the required conjugate-gradient 
iterations required for system solution at each cycle will increase. 
Generally, for large simulation times, the overall simulation cpu time will 
be reduced by increasing the time step. 

 

domain 
 

Define global Adaptive Mesh Refinement (AMR) behavior. 
 
 
domain 
  max level = int 
  initial refinement 
    block int, level int 
  end 
end 
 
The max level keyword defines a global maximum refinement level for all 
blocks for either initial or dynamic refinement. The block keyword under 
the initial refinement keyword selects specific blocks for refinement 
before the simulation begins. 
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adaptivity specification 
 

adaptivity specification 
  enable adaptivity 
end 
 
The enable adaptivity keyword specifies that dynamic AMR is to be 
activated in the simulation. 
 
Further information on these AMR-related keywords can be found in the 
ALEGRA user guide [4]. 

 

 
 
 

UTDEM PIC Input File and Keywords 
 
The UTDEM PIC input file also uses the standard NEVADA input file format. It permits 
all of the UTDEM physics-specific command keywords described above, as well as 
several new command keywords that are described later in this section. 
 
The keyword “unstructured td electromagnetic pic” specifies to the Nevada framework 
that the UTDEM PIC physics model should be used for the simulation. All the UTDEM 
keywords are available, as well as several more that are specific to UTDEM PIC. As 
before, case is ignored in the input file and lines are limited to 160 characters or less. And 
remember that when a floating-point value is required, the decimal point needs to be 
included (i.e., 0. not simply 0). 
 

PIC-Specific Keywords 
 
The following keywords are available to UTDEM PIC physics but are also available to 
the STDEM PIC physics model (see [5]): 

define species 
The define species command keyword group provides a means of defining 
charged-particle species to be used with the various particle source and 
diagnostic commands (currently only beam emission and particle 
history). One or more particle species may be defined in one define 
species keyword group. 
 
define species 

string, mass=real, charge state=int, [mark_as_used,] 
[register_density] 

    … 
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end 
 
Each species is specified by three required parameters. The first parameter 
is a string that provides a user-specified name for the species. This name is 
used to reference the defined species in the all other input commands that 
require the use of a particle species in their specification. The two 
remaining parameters for specifying a species are the mass and charge 
state, which describe the particle species mass (in AMU), and charge 
state, respectively. The charge state is a signed integer that gives the 
particle’s charge relative to that of a proton. For example, an electron’s 
charge state would be –1 and triply ionized carbon would be +3. The 
optional mark_as_used keyword indicates that this species is to be 
immediately marked as use without waiting for another command that 
references it. The optional register_density keyword indicates that the 
charge density for this species will be unconditionally stored in its own 
registered variable. If not supplied, this specie’s charge density will only 
be stored in its own registered variable if the variable name RHO_string, 
where string is the name of the species, is specified by the plot variable 
command (see on page 52). 
 

gas drag 
The gas drag command keyword enables a gas drag model which causes 
an IONIZATION_RATE variable to be computed in each element from 
the interaction between the particles and a high pressure gas. If this 
command keyword is used then a HP Gas Electrical material model must 
also be used. Currently the gas drag model requires the same high pressure 
gas be present throughout the entire simulation domain. The gas drag 
model also requires that the corresponding material model use elemental 
variables (selected by setting NDOF=1). 
 

its file 
The its file command keyword is used to provide the name of the file 
containing the ITS distribution datasets needed by the beam emission 
command keyword when using the field distribution=ITS option. 
 
its file “string” 

 
If this keyword is not specified, the name its.pff will be used. Note that 
unless the file name consists of only identifier characters (uppercase 
letters, digits, '_'), the supplied filename must be quoted. Since this 
restriction eliminates almost all commonly used names for files, it is 
recommended that the filename always be quoted. 
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cross section database 
The cross section database command keyword is used to provide the 
pathname of the file containing the gas cross section database. Currently 
this file is used by the kinetic gas electrical material model below. 
 
cross section database “string” 

 
where string is the pathname of the database. If this keyword is not 
specified, the file CrossSections.txt in the current run directory will be 
used. Note that unless the file name consists of only identifier characters 
(uppercase letters, digits, '_'), the supplied filename must be quoted. Since 
this restriction eliminates almost all commonly used names for files, it is 
recommended that the filename always be quoted. 
 

particle history 
The particle history command keyword group provides a means of 
requesting output history diagnostics for various types of aggregate 
particle information. One or more such requests may be made in one 
particle history keyword group.  
 
particle history 
    history_specification 
    … 
end 
 
Where history_specification has one of the two following forms: 
 

string, [species=string,] [status=string,] [label=”string”] 
or 

string, kinetic gas model=int, [species=string,] [gas=string,] 
[interaction=string,] [label=”string”] 

 
 
Each request has an initial string that gives the type of the request. The 
supported request types are COUNT, which gives the number of particles 
of the specified species; ENERGY, which gives the total kinetic energy of 
all particles of the specified species; CHARGE, which gives the total 
charge of all particles of the specified species; MERGE STATS, which 
gives various statistics regarding the performance of the particle merger 
algorithm; and MERGE COUNTS, which provides various data on 
merged particles. Each request also allows an optional label keyword, 
which specifies the label to be used for the history output for this request. 
If not supplied, a default label will be constructed based on the values of 
the other keyword values. 
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The first form of the history specification listed above is used to provide 
global tallies of particle count, charge, or energy, which can be filtered by 
species and particle status. The species keyword allows the specification 
of a single particle species as defined by the define species command 
keyword group, or the special value ALL, which combines the information 
for all particle species in the simulation. If not explicitly specified, species 
defaults to ALL. If the particle history type is MERGE STATS, then the 
status keyword determines the specific statistic requested; legal values are 
SUCCESS, FAIL, FAIL_REJECT, FAIL_QERR, FAIL_QLOW, and 
FAIL_EMAX. Note that FAIL indicates the total number of merge 
failures for any reason – the other four FAIL_... values allow counts of 
merger failures for each specific failure mechanism. If the particle history 
type is MERGE COUNTS, then the status keyword determines the 
specific count category requested; legal values are SAMPLED, 
CREATED, KILLED, and NETKILLED. Note that NETKILLED is the 
difference between the total number of killed pre-merge particles and the 
total number of newly-merged particles created to replace them. For all 
other particle history types, the status keyword filters the aggregated 
information based upon the present status of the particles. Legal values for 
this keyword are CREATED, KILLED, and SURVIVING, which request 
the cumulative number of particles created during the simulation, the 
cumulative number of particles killed during the simulation, and the 
number of particles that currently survive in the simulation, respectively. 
 
The second form of history specification is used to provide information 
associated with kinetic gas collisions from a kinetic gas electrical 
material model, and can be filtered by the incident species of the collision, 
the gas molecule of the collision, and the type of collision. The required 
kinetic gas model keyword is used to specify the integer ID of the 
material model, i.e., the ID supplied with the material model’s definition. 
The species keyword is used to specify the electron species of the incident 
particle in a collision, and has legal values of PRIMARY, SECONDARY, 
or ALL, where ALL is the default if not supplied. Here, PRIMARY and 
SECONDARY indicate the electron species specified by the material 
model’s PRIMARY and SECONDARY keywords, respectively, and ALL 
specifies that the contributions from both species be combined. The gas 
keyword is used to limit contributions to those from collisions with a 
specific gas molecule of the material model, where the supplied string is 
the name of the molecule as defined in the material model. If this keyword 
is not supplied, contributions from all gas molecules in the model are 
combined. The interaction keyword is used to specify the type of 
collisions to be included in the history. Legal values are ELASTIC, 
EXCITATION, IONIZATION, ATTACHMENT, or ALL. If this keyword 
is not supplied, ALL will be used, indicating that the contributions from 
all interactions are to be combined. 
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particle snapshot 
The particle snapshot command keyword group provides a means of 
requesting output snapshot diagnostics for particles. One or more such 
requests may be made in one particle snapshot keyword group. The data 
for all requested particle snapshots will be written to the file 
problem_name.par.pff in PFF format. 
 
particle snapshot 

max1, [max2], species=string, attributes=string, label=string,     
fraction real first int last int skip int 
… 

end 
 
Each request has one, or optionally two, integers, which control the 
number of particles for which data will be output. The larger is the 
maximum number of particles to be output. The smaller is the maximum 
number of particles from a single processor to be output. If only one value 
is specified, the two values are assumed to be equal. The species keyword 
allows the specification of output for a single particle species as defined 
by the define species command keyword group, or the special value ALL, 
which outputs data for all particle species in the simulation. If not 
explicitly specified, species defaults to ALL. The attributes keyword is a 
string containing the characters “P” and/or “Q”, indicating that 
momentum and/or charge particle attributes are to be output in addition to 
the particles’ spatial locations. Default is an empty string (“”), indicating 
that only particle spatial locations will be output. The label keyword 
allows the user to supply a title prefix for the PFF dataset that will be 
written to the output file for this request. The simulation time will be 
appended to this prefix. If not supplied, a title prefix will be generated 
automatically from the species and attributes keyword values. The 
fraction keyword is used to specify a real number, between 0 and 1, 
indicating the maximum fraction of the simulation particles that will be 
output. If not specified, it defaults to 1.0. Note that if the product of this 
fraction and the total number of simulation particles exceeds max1, the 
actual fraction of the particles output will be less than the value specified 
by the fraction keyword. The first, last, and skip keywords are used to 
control the output frequency for the diagnostic request. The first and last 
keywords specify the first and last timestep indices, respectively, for 
which particle data will be output. The skip keyword is a positive integer 
that specifies the number of timesteps between outputs for this request. A 
value for skip must be specified. If first is not specified, its default value 
is that of skip. If last is negative, there is no upper limit for the timestep 
index. If not specified, last defaults to -1. 
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UTDEM PIC-Specific Keywords 
 
The following keywords are available only to UTDEM PIC: 

beam emission 
field emission 

These two command keywords define a beam emission source or a space-
charge-limited (SCL) emission source. Both emission sources describe a 
surface over which particles are emitted into the simulation region. The 
particle species and other emission characteristics are provided by the 
several available parameter options. The two commands, whose formats 
are shown below, have several common keywords. In addition, there are a 
few more keywords that apply only to one or the other of the commands, 
or are interpreted somewhat differently by the two commands. 
 
beam emission,  sideset  int  species=string  
[cycle interval int] [count int] [emit probability real] [spatial 
distribution=FIXED|RANDOM] energy distribution= 
CONSTANT real|RANDOM real [real]|MAXWELLIAN real| 
ITS [int] [MERGE_PHI| PHI0, X=real Y=real Z=real] 
[angle distribution=NORMAL|CONSTANT, X=real Y=real Z=real| 
RANDOM [real real]|COSINE] [normal tolerance real] [amplitude 
real]  [temporal function-set] 
 
field emission,  sideset  int  species=string  
[cycle interval int] [count int] [emit probability real] [spatial 
distribution=FIXED|RANDOM] energy distribution= 
CONSTANT real|RANDOM real [real]  
[angle distribution=NORMAL|CONSTANT, X=real Y=real Z=real| 
RANDOM [real real]|COSINE] [normal tolerance real] height 
distribution= FIXED real|RANDOM real [real] breakdown real 
 

Options common to beam emission and field emission commands: 

The sideset keyword is used to provide the number of the sideset in the 
Genesis input file that provides the set of faces that comprise the emission 
surface for this beam. The species keyword is used to provide the name of 
the particle species to be emitted and must match the name of a species 
that has been defined using the define species command keyword. The 
cycle interval parameter specifies the emission frequency in timesteps, 
with a default value of 1. Count specifies the number of particles emitted 
from each face in the emission per timestep, with a default value of 1. The 
emit probability keyword allows the specification of the probability, 
between 0 and 1, that any particle will actually be inserted into the system. 
It defaults to 1.0. 
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The energy distribution keyword describes the energy distribution of the 
emitted beam particles. For the beam emission command, four options are 
available: CONSTANT, RANDOM, MAXWELLIAN, and ITS. For the 
field emission command, only two options are available: CONSTANT 
and RANDOM. The CONSTANT option has a single value that gives the 
beam energy in electron Volts (eV). The RANDOM option has two values 
that give the minimum and maximum energies (in eV) for a uniform 
distribution of beam energy. If only one value is specified, it is assumed to 
be the maximum energy of the distribution, and the minimum energy is 
assumed to be zero. The MAXWELLIAN option has one value that gives 
the temperature of the distribution in eV. For this option, the energies of 
the emitted particles will be distributed using 
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 where kT is the supplied temperature of the distribution. The ITS option 
indicates that the energies for emitted particles are to be obtained by 
randomly sampling from data computed by the ITS Radiation Transport 
code (or any other source that follows the ITS/Emphasis convention for 
writing energy distributions to PFF datasets). This data is transferred from 
ITS to Emphasis via PFF datasets. These datasets are read from the PFF 
file whose name is specified using the its file command keyword. The ITS 
option has one optional integer value that is the index of the dataset within 
the PFF file that contains the energy distribution to be used for all faces on 
this beam emission surface. If not supplied, the code attempts to match the 
bounding box of the sideset defining the emission surface with the 
bounding box (if provided) of one of PFF datasets in the PFF file specified 
by the its file command keyword. If it cannot find a match, an error will 
be generated, and the dataset index will have to be explicitly provided. 
The ITS option also has the optional keyword MERGE_PHI, which 
indicates that multiple azimuth (φ) bins in the supplied dataset are to be 
merged into a single bin. Note that if field distribution is set to ITS, the 
phi0 keyword must be supplied, unless MERGE_PHI is also specified or 
the PFF dataset associated with the emission surface contains a definition 
for phi0. The phi0 keyword is used  to supply the X, Y, and Z components 
of a vector whose component perpendicular to the emission face's inward 
normal vector defines the φ = 0 axis local to the emission face. Using a 
standard “right-hand” convention, 0̂ˆ φ×n , where n̂  is the inward normal 

unit vector and 0̂φ  is the unit vector along the φ = 0 axis, defines the 
direction of the φ = 90º axis. 
 
The angle distribution keyword describes the direction of emission with 
respect to the polar angle (θ) from the surface. Four options are available: 
NORMAL, CONSTANT, RANDOM, and COSINE.  The NORMAL 
option has no parameters, and specifies that particles are to be emitted 
with an initial velocity normal to the face from which they are emitted 
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(i.e., θ  = 0). The CONSTANT option has three values that represent the 
three components of a vector in Cartesian (x,y,z) space. Particles emitted 
from the emission surface will be given an initial velocity in the direction 
of this vector, regardless of the orientation of the emission face from 
which they is emitted. The RANDOM option has two values that give the 
minimum and maximum θ  (in °) for a uniform distribution over θ. If these 
values are not specified, default values of 0° and 90° will be used. The 
COSINE option will use a cosine distribution (i.e., dN/dθ = cos θ) over the 
range from 0° to 90°. Note that if angle distribution is set to RANDOM 
or COSINE, the emitted particles will be randomly distributed (uniformly) 
in azimuth relative to the emission face. Note that if the angle 
distribution keyword is not explicitly specified, it will default to 
NORMAL, unless energy distribution is specified to be 
MAXWELLIAN, in which case angle distribution defaults to COSINE. 
 
The normal tolerance keyword allows the user to specify the tolerance 
(ε) with which the code determines that the unit normal vectors of two 
distinct faces are equal. That is, if ε≤− 21 ˆˆ nn , they are considered to be 
equal. If not specified, it will default to 0.001. For all cases except angle 
distribution = CONSTANT, each face in an emission surface needs an 
object that contains, among other things, the face’s unit normal vector in 
order to generate the velocity of an emitted particle. To the extent that 
multiple faces have the same normal vector, they can utilize the same 
object. Consequently, use of this keyword is primarily related to code 
efficiency. Note that this keyword’s value provides an upper bound for the 
error in the normal vector for any face. 
 

Options specific to the beam emission command: 

The spatial distribution keyword describes the spatial distribution of the 
emitted beam particles. Two options are available: FIXED and 
RANDOM. If FIXED is specified and the count keyword has a value of 1, 
then the single particle emitted will be placed at the barycenter of the 
emitting face. If FIXED is specified and the count keyword has a value 
greater than 1, then the particles emitted will be placed according to a 
fixed, quasi-uniform algorithm over the emitting face. If RANDOM is 
specified, each emitted particle is placed at a random point on the emitting 
face. The distribution of these randomly-chosen emission points is 
uniform per unit area. If not specified, spatial distribution defaults to 
FIXED, unless the count keyword is specified to be greater than 1, in 
which case it defaults to RANDOM. 
 
The beam emission command keyword has two keyword options that 
provide a means to specify the amplitude of the beam current. The 
amplitude keyword provides a scalar multiplier for the beam amplitude, 
in amperes, with a default value of 1.0. The temporal keyword provides a 
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means to specify non-constant time dependence for the beam amplitude. If 
specified, the amplitude at any instant in time is the product of the scalar 
multiplier provided by the amplitude keyword and the value of the 
function-set specified by temporal evaluated at the current simulation 
time. If temporal is not specified, the beam current is just the value 
supplied for the amplitude keyword independent of simulation time. 
Presently, the beam current is assumed to be distributed uniformly over 
the entire emission segment, i.e., the current density is constant. 
 

Options specific to the field emission command: 

The spatial distribution keyword describes the spatial distribution of the 
SCL-emitted particles. Two options are available: FIXED and RANDOM. 
If the count keyword has a value of 1, the FIXED and RANDOM options 
behave identically -- the single particle emitted will be placed at a location 
(xF) in the emitting face chosen to best correct the charge deficit at each 
node of the face. If the count keyword has a value greater than 1, then the 
particles are emitted in pairs. If the value of the count keyword is odd, an 
additional single particle is emitted at xF. If the spatial distribution 
keyword is FIXED, one particle of each emitted pair will be placed 
according to a fixed, quasi-uniform algorithm over the emitting face. 
Similarly, if RANDOM is specified, one particle of each emitted pair is 
placed at a random point on the emitting face. The distribution of 
randomly-chosen emission points is uniform per unit area. For both the 
FIXED and RANDOM options, the location of the second particle as well 
as the charges of both particles are chosen to best correct the charge deficit 
at each node of the face, with the added constraint that the second 
particle’s location be within the emitting face. If not specified, spatial 
distribution defaults to RANDOM. 
 
The height distribution keyword is used to specify the height above the 
emission face that each emitted particle will be injected into the 
simulation. The value provided should be between 0 and 1, and represents 
the height as a fraction of the height of the element into which the particle 
is being emitted. Two options are available: FIXED and RANDOM. The 
FIXED option has a single value for the emission height fraction. The 
RANDOM option has two values that give the minimum and maximum 
for the emission height fraction. If only one value is specified, it is 
assumed to be the maximum, and the minimum is assumed to be zero. 
There is no default for the height distribution keyword so it must always 
be specified. 
 
The breakdown keyword is used to specify the electric field intensity (E), 
normal to the surface of an emission face, required to initiate emission 
from that face. Its value should be provided with units in volts/meter. Until 
the normal electric field at any face exceeds this supplied breakdown 
value, that face will not emit any particles. Once the supplied value is 
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exceeded, the face will emit particles in an SCL fashion for the remainder 
of the simulation. There is no default for the breakdown keyword so it 
must always be specified. 
 

courant factor 
This command keyword allows the user to specify a factor ( 0>CF ) to be 
multiplied times the Courant time step ( ct sC /l=Δ ), where sl  is a 
specified scale length. This results in a simulation timestep CC tFt Δ=Δ . 
 
Courant factor real, [relative type =  MINIMUM EDGE LENGTH | 
AVERAGE EDGE LENGTH | MINIMUM ELEMENT HEIGHT] 
 
The specific scale length used can be selected using the relative type 
keyword. Currently, this length scale can be the minimum or average 
length of any edge in the problem domain, or the minimum height of any 
element in the problem domain. The minimum height of an element is 
defined to be the minimum distance from any face of the element to any 
other node of that element that is not in that face. If not supplied, the 
minimum length of any edge in the problem domain will be used. 
 
If the constant time step keyword (see [4]) is also specified, then the time 
step will be set to the smaller of the time steps determined from the two 
specifications. If neither courant factor nor constant time step is 
specified, the default UTDEM timestep will be used (not recommended 
practice). It is important to note that the timestep due to the 
electromagnetic field solver formulation being used should not be 
exceeded regardless of the method chosen for setting the timestep.  
 

particle merge 
The particle merge command keyword controls the merging of particles.  
 
particle merge, cycle interval=int, trigger=int [int], [, target=int] 
[, block=int [int …]] [, subgrids=int] [, max_iterations=int] 
[, vth_frac=real] [, qtot_frac=real] [, qmax_over_qmin=real] 
[, spread=real] [, qerr_tol=real] [, qlow_tol=real] [, emax_tol=real] 
 
The cycle interval keyword is required and controls the frequency of 
merging. The trigger keyword, also required, specifies the minimum 
number of particles of a single species in an element that will trigger an 
attempt to merge those particles. It has an optional second lower value 
(trig2) that specifies the number required to continue the merge operation 
after some of the particles have been rejected for merging by the merge 
algorithm. If trig2 is not supplied, it is set to 90% of the trigger value. The 
target keyword specifies the target number of particles to remain in the 
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cell after a successful merge; its default value is 50% of the trigger value. 
By default, particles in all element blocks will be merged. However, if one 
or more element blocks are specified with the block keyword, only 
particles in elements of the specified element blocks will be merged. The 
subgrids keyword (default value: 3) provides a scale factor for sub-
gridding each element. The number of actual sub-elements used will be 
the cube of this value. The max_iterations keyword (default value: 1) 
specifies the number of iterations used in testing for particle rejection due 
to thermal velocities much larger than the mean thermal velocity. The 
vth_frac keyword (default value: 8.0) specifies the multiple of the thermal 
velocity above which a particle will be rejected due to large thermal 
velocity. The qtot_frac keyword (default value: 5.0) is used to specify the 
rejection of heavyweight particles. Any particle whose charge is more than 
this value times the mean particle charge will be rejected. The 
qmax_over_qmin keyword (default value: 2.0) specifies the nominal ratio 
of the maximum and minimum charge of any particle in an element after 
merging has been performed. The spread keyword (default value: 1.0) is a 
scale factor determining the size of the volume into which merged 
particles associated with a single sub-grid region will be positioned. The 
qerr_tol keyword (default value: 1.0e-6) controls merge rejection due to 
nodal charge errors. The merge will be accepted only if the sum of charge 
errors over all element nodes is less than this value times the total charge 
in the element. The qlow_tol keyword (default value: 0.2) controls merge 
rejection due to low-weight merged particles. The merge will be accepted 
only if minimum charge of any merged particle is greater than this value 
times the mean charge of all merged particles in the element. The 
emax_tol keyword (default value: 4.0) controls merge rejection due to 
high-energy merged particles. The merge will be accepted only if 
maximum energy of any merged particle is less than this value times the 
maximum energy of any of the original, pre-merged particles in the 
element. 
 

particle preload 
This command preloads the specified blocks with the specified particle 
distribution. Because the particle preload command does not adjust the 
electromagnetic fields, the user is responsible for ensuring the initial 
system is charge- and current-neutral. Since only one species can be 
preloaded at a time, this means the particle preload commands will come 
in pairs. The count keyword is specified by three integers whose product 
is the number of particles loaded per element. These integers denote the 
size of a 3D lattice which distributes the inserted particles uniformly 
throughout the element. If the count keyword is not supplied, it defaults to 
“1 1 1”, in which case a single particle is loaded at each element’s 
barycenter. In order to create current-neutral distributions when a mean 
thermal temperature is specified using the temperature keyword, pairs of 
particles will be created (with opposite velocities) at each location 
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specified by the count keyword. The particle density is specified in units 
of m-3. The momentum keyword specifies the mass normalized 
momentum of preloaded particles in units of m/s. The optional 
temperature keyword specifies the mean temperature of the Maxwellian 
distribution in the rest frame in units of eV. 
 
particle preload,  block int [int …] species=string  
[count int int int] density real momentum x real y real z real  
[temperature real] 
 

particle sort 
The particle sort command keyword controls the sorting of particles  
 
particle sort [, cycle interval=int ] [, cell ] [, species ] 
[, block=int [int …] ] 
 
The cycle interval keyword controls the frequency of sorting. The default 
is to sort every cycle. The remaining keywords control how the particles 
are sorted. By default particles are sorted by cell which can also be 
specified explicitly with the cell keyword. Particles within a cell may also 
be sorted by species by specifying the species keyword. By default, 
particles in all element blocks will be sorted. However, if one or more 
element blocks are specified with the block keyword, only particles in 
elements of the specified element blocks will be sorted.  
 
 

Framework Keywords 
These keywords are framework keywords [4] which are required for a successful 
UTDEM simulation and appear outside the “unstructured td electromagnetics” block. 
 

Edgeset keyword 

exodus edge sets 
 

Define specific exodus sideset(s) existing in the model which have been 
pre-coded by the user to be converted to edgeset(s) by the Nevada 
framework. This is necessary because standard ExodusII has no notion of 
a list of edges. 
 
exodus edge sets (int, int, …) 
 
Specifies a list of sideset ids existing in the Genesis file that are to be 
converted to Nevada edgesets. Virtual edgesets defined by a path 
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keyword should not be included in this list. The sidesets on this list are the 
ones encoded by the preprocessor or the mesh generation software. 

 
 

Material keywords 

material 
 

Define a material model or models for a material 
 
 
material int 

model int 
model int 
… 

end 
 
Relates the material material to material model(s). For UTDEM, only one 
model applies to each material. 

 

model 
 

Define a material model 
 
model int string 

[parameter real] 
[parameter real] 
… 

end 
 
Relates the material model model to a specific model type defined by the 
name string and defines parameters specific to that model. 
 
For UTDEM, options for string and parameter(s) are: 
 

Simple Electrical 
eps real 
mu real 
sigma real 

end 
or 

Breakdown Electrical 
eps real 
mu real 
sigma real 
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threshold real 
sigma_bkdn real 

end 
or 

HP Gas Electrical 
eps real 
mu real 
sigma0 real 
density real 
water_fraction real 
xiev real 
ndof int 
ntimestates 3 

end 
or 

Kinetic Gas Electrical 
eps real 
mu real 
sigma0 real 
p_torr real 
mixture “string” 
no_attachment 
fractional ionization fractional_ionization_specification 
primary string 
secondary string 
emin real 
emax real 
nebins int 

end 
or 

RIC Electrical 
eps real 
mu real 
sigma0 real 
coefficient real 
exponent real 
ndof int 
ntimestates 3 

end 
 
 
where eps is the relative permittivity of the medium, mu is the relative 
permeability of the medium, and sigma (or sigma0) is the conductivity of 
the material. 
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The “Breakdown Electrical” model is a simple material breakdown model 
whereby the electric field in each element is monitored and if it reaches 
threshold V/m, the conductivity in that element is changed to 
sigma_bkdn, where it remains for the remainder of the simulation. 
 
The “HP Gas Electrical” model is a high-pressure gas chemistry model 
containing the additional parameters density, water_fraction, xiev, and 
ndof. The xiev and ndof parameters are optional. The parameter xiev can 
be used to override the default mean ionization energy of the gas (34 eV). 
If not specified ndof will default to the number of nodes in an element 
making the model variables node based. Setting ndof to one will make the 
model variables element based. 
 
The “Kinetic Gas Electrical” model is a gas chemistry model that handles 
collisions between electrons and molecules in a background gas 
kinetically. Only the mixture and p_torr parameters are required. If not 
supplied, eps, mu, and sigma0 default to values of 1.0, 1.0, and 0.0, 
respectively. p_torr is the pressure of the gas at standard temperature, in 
torr. The mixture parameter is a string containing space-delimited pairs, 
each pair comprised of a string for the name of a gas molecule followed by 
a real value representing this molecule’s fraction of the mixture (by 
volume). Note that the total of the fractions for all molecules in the 
mixture must be one. If the fraction for the last gas is not specified, its 
value will be computed automatically subject to this constraint. For 
example, the following mixture specification could be used as an 
approximate model for dry air: “N2 0.79 O2”. The no_attachment 
parameter is used to indicate that all attachment interactions should be 
neglected; if not supplied, attachment will be modeled. The primary and 
secondary parameters provide the species names of two electron species 
that are used in the material model when treating collisions. These are the 
only particles that will be considered as incident electrons for collisions 
with the background gas molecules. The primary electron species is used 
for electrons which come from other sources in the problem, such as beam 
or field emission surfaces. The secondary electron species is used by the 
material model to create the electron byproducts of ionizing collisions 
with the background gas. If either is unspecified, both default to the string 
“ELECTRON”. To compute the probability of any interaction with the 
gas, the energy-dependent cross sections of the various interactions are 
interpolated from a table that is constructed from data in the Cross Section 
Database (see the cross section database command above for more 
details). Three input parameters are used to control the construction of the 
table. The emin and emax parameters control the upper and lower energy 
bounds of the table, respectively, and are specified in eV. Default values 
are 10-1 and 105. The nebins parameter controls the number of bins into 
which the energy range of the table is logarithmically divided, and its 
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default value is 600. Consequently, the default values for these three 
parameters provide 100 bins/decade. 
 
The fractional ionization parameter is used to help control exponential 
growth in particle count by providing a time-dependent function 
specifying minimum charge magnitude qmin for secondary electrons 
created by an ionizing collision. If the magnitude of the charge of a 
secondary electron to be produced by an ionizing collision, |qsec|, is less 
than qmin, an ionization fraction Fion is computed using 
 

minsec qqFion = , 
 
subject to the additional constraint that 
 

baseion FF ≥ . 
 
The probability of the collision is then reduced by Fion, and if the collision 
still occurs, qsec is increased by 1/Fion. There are two forms available for 
fractional_ionization_specification: 
 

function int,  [scale=real,] baseline=real 
or 

real,  [scale=real,] baseline=real. 
 
The function parameter, combined with the optional multiplicative scale 
parameter provides the time-dependent specification of qmin (in 
Coulombs). If not provided, the scale parameter is set to 1.0. In the second 
form of the specification, the function can be replaced by a single real 
value, which is interpreted to the amplitude of a constant function, and the 
minimum charge in this case is simply the product of that value and the 
scale parameter. The optional baseline parameter is used to specify the 
value of Fbase, and defaults to 0.0. Finally, if the fractional ionization 
parameter is not provided, the fractional ionization model is not used. 
 
A database of gas cross section data must be available to the Kinetic Gas 
Electrical material model. See the cross section database 
command above for how this file is located. In addition to the particle 
species specified by the primary and secondary parameters, any gas 
molecules in the gas mixture that have ionizing interactions will require a 
corresponding positive ion species. Similarly, any gas molecules with 
attachment interactions will require a corresponding negative ion species 
(assuming the no_attachment parameter was not specified). By 
convention, the model assumes the names of any required positive or 
negative ion species will be the name of the gas molecule with the suffix 
“_P” or “_N” appended, respectively. If any of these particle species 
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needed by the model are not explicitly defined using the define species 
command above, the model will automatically attempt to define them. 
 
The “RIC Electrical” model is an empirical radiation-induced conductivity 
(RIC) model which takes the following form: 
 

eKγεσσ &+= 0  
 

where σ  is the conductivity in Mho/m, 0σ is the dark conductivity in 
Mho/m, ε  is the permittivity in Farad(F)/m, K  (coefficient) is in  
((Mho/F)/(Rad/s), γ& is the dose rate in Rad/s, and e is the exponent 
parameter. Typical values for kapton are 05.3 εε = , 61023.3 −×=K , and 

95.0=e . 
 
The ntimestates parameter in the HP Gas and RIC models must be set to 3 
for proper UTDEM functionality. If not, the code will halt and notify the 
user. 
 
 
 

Example input file fragments for these model specifications are shown in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Model 1 Simple Electrical 
  eps 2. 
  mu 1. 
  sigma 1.e-3 
end 

 
Model 2 Breakdown Electrical 
  eps 2. 
  mu 1. 
  sigma 0. 
  threshold 2000.0 
  sigma_bkdn 1.e7 
end 
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Model 3 HP Gas Electrical 
  eps 2. 
  mu 1. 
  sigma0 0. 
  density 1.23 
  water_fraction 0.02 
  ndof 1 
  ntimestates 3 
end 
 
Model 4 RIC Electrical 
  eps 2. 
  mu 1. 
  sigma0 0. 
  coefficient 3.23e-6 
  exponent 0.95 
  ntimestates 3 
end 
 
 

Figure 3.  Typical material model descriptions. 

 

Simulation time and output control keywords 
 
Typical simulation time and output control keywords are shown in Fig. 4. These are 
described briefly below. 
 

termination time = 1.e-8 
 
emit screen, cycle interval = 1 
emit plot, cycle interval = 10 
emit hisplt, cycle interval = 1 
plot variable 
  electric_field 
  econ 
end 

 

Figure 4.  Typical simulation and output control keywords 

termination time = real 
Total time for which to run the simulation 

 
termination cycle = int 

Total cycles for which to run the simulation 
 

emit screen, cycle interval = int 
Print status line to standard out every cycle interval cycles 

 
emit screen, time interval = float 

Print status line to standard out every time interval 
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emit plot, cycle interval = int 

Write plot variables to exodus file every cycle interval cycles 
 

emit plot, time interval = float 
Write plot variables to exodus file every time interval 

 
emit hisplot, cycle interval = int 

Write global variables to hisplt file every cycle interval cycles 
 

emit hisplot, time interval = float 
Write global variables to hisplt file every time interval 
 

plot variable 
registered-variable name 
registered-variable name 
… 

end 
 

history plot variable 
registered-variable name 
registered-variable name 
… 

end 
Valid plot variables for UTDEM are electric_field, magnetic_field, 
magnetic_flux_density, and econ (conductivity, from Simple Electrical, 
RIC Electrical, and  Breakdown Electrical material models), and 
electron_concentration, negative_ion_concentration, avalanche_rate, 
attachment_rate (from HP Gas material model). UTDEM_PIC adds the 
variables rho_string (where string is the name of a defined particle 
species), charge_density, and divd_m_rho ( ρ−⋅∇ D ). An individual 
particle species’ charge density is separately computed only if it is 
referenced using the rho_string plot variable, or explicitly defined with the 
register_density option of the define species input command (see on page 
34). If there are any remaining particle species whose charge densities are 
not computed separately due to one of these two reasons, their charge 
densities are combined and available in aggregate using the 
charge_density plot variable. The valid history plot variables are the same, 
and for those selected, time-history data for all spatial locations specified 
in the tracer points keyword will be written to the hisplt database 
problem_name.his. 

 

Linear solver keywords 
 
Typical linear solver keywords, in this case for AZTEC [6], are shown in Fig. 5. In the 
first case, conjugate gradient (cg) is specified with no preconditioning but with 



 53

symmetric diagonal scaling. No output is requested from AZTEC after each solve to a 
tolerance level of 1.e-9 with a maximum number of cg iterations set to 1000 (default is 
500). The “polynomial order” should always be set to “1” for efficiency. 
 
For the second case, cg is again specified but with jacobi preconditioning without scaling. 
The convergence norm is set to be relative to the rhs rather than default, which is the 
initial residual. If large conductivity values on the order of 1 or higher exist in the 
simulation, the convergence norm must be set to rhs to achieve convergence due to 
numerical considerations. 
 
In the third case, the Multi-Level (ML) solver is specified to achieve convergence for 
very large time steps. The settings shown are typical to achieve a successful ML solution 
with limited testing. Others are possible and perhaps even desirable. 
 
The fourth case mimics as closely as possible using Aztec the solver technology used in 
the legacy unstructured code. 
 
 

Units 
 
All UTDEM simulations are performed in MKS (SI) units. As such, all input file values 
must be scaled accordingly by the user. This is especially important for box iemp 
simulations since radiation-transport codes generally favor CGS units. 
 

Running UTDEM Simulations 
As mentioned previously, running a UTDEM simulation requires a Genesis mesh 
geometry file, problem_name.gen, and an input file, problem_name.inp (example in 
Appendix II). Assuming a standard Nevada user’s environment or a subset thereof exists 
in the user’s operating environment, two scripts are used to run simulations: 
 

alegrabal –pint problem_name 
and 

Alegra problem_name 
 
The alegrabal script invokes mesh decomposition software to divide and load balance 
the mesh among int processors. If serial execution is desired, this step is not required. 
 
 

aztec 
  solver,   cg 
  precond,  none 
  scaling,  sym_diag 
  output,   none 
  tol      = 1.e-9 
  polynomial order, 1 
  max iterations, 1000 
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end 
 
aztec 
  solver,   cg 
  precond,  jacobi 
  scaling,  none 
  convergence norm, rhs 
  output,   last 
  tol      = 1.e-9 
  polynomial order, 1 
end 
 
aztec 
  solver,   cg 
  precond,  jacobi 
  output,   none 
  tol      = 1.e-9 
  polynomial order, 1 
 
  multilevel 
    fine sweeps = 1 
    fine smoother = Hiptmair 
    coarse sweeps = 6 
    coarse smoother = Hiptmair 
    multigrid levels = 10 
    interpolation algorithm = AGGREGATION 
    smooth prolongator 
    hiptmair subsmoother=MLS 
  end 
end 
 
aztec 
  solver,   cg 
  precond,  dom_decomp 
  subdomain solver, icc 
  type overlap, symmetric 
  output,   none 
  tol      = 1.e-15 
  polynomial order, 1 
end 

 

Figure 5.  Typical solver control keywords. 

 
The Alegra script actually runs the simulation. For a parallel simulation being run for the 
first time after the alegrabal script is invoked, the decomposition is completed before the 
simulation starts. After the parallel simulation is completed, the Alegra script performs 
the necessary joining of the parallel ExodusII results into a single ExodusII file. 
 

Inlet-port Poisson Solutions 
The simulation of inlet ports where the port field distribution is derived from the static 
field distribution over the port is accomplished using the following process: 
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1. Create the full 3D mesh for the simulation, including an inlet port. The inlet must 

be planar, but can reside at an arbitrary spatial location. If meshing with I-DEAS, 
export this mesh to a genesis database using PREP [3]. PREP will initialize 
number-of-nodes-per-side distribution factors per side to zero. Other mesh 
generators producing generic must do the same. A suggested name for this mesh 
file is problem_name.gen. 

 
2. Generate a 2D mesh description of the inlet for the Poisson solver by invoking 

UTDEM Sideset Extractor physics in Emphasis (3D). The input file for this step 
contains the sideset id of the inlet port to be extracted as well as the ids of any 
sidesets intersecting the extracted sideset. These intersecting sidesets are those 
required to set boundary conditions for the 2D Poisson solve. The sideset 
extractor will extract the inlet sideset, convert it to a 2D mesh description, and 
write a 2D gen file for Emphasis. The extractor will also record in this gen file the 
appropriate transformation matrix to be applied to the Poisson results to properly 
position the Poisson solution into the 3D gen file. An example input file is shown 
in Appendix III. The extractor will create the 2D mesh file using the name 
problem_name.2D.gen. 

 
3. Solve the Poisson problem by invoking CABANA POISSON physics with the 

Poisson solution keyword in  Emphasis (2D). After the solution is obtained, 
Emphasis will write the solution and the transformation matrix into the 3D gen 
file for UTDEM.  For this step, a new copy of the full 3D gen file created in step 1 
must be available in the directory so that the Poisson results can be written into it. 
If the 3D gen file has already been modified in this manner, the Poisson solution 
will note this and ask the user to provide a new copy. Since this is a generated 
file, a suggested name for this copy is problem_name.inlet.gen. 

 
An example input file is shown in Appendix IV. Here, the Poisson solution 
keyword specifies that Cabana obtain a single Poisson solution on the mesh with 
the given boundary conditions and exit. In addition, a constant charge density 
can be supplied for the mesh volume. An ascii file will also be written containing 
the results with filename results file. Dirichlet boundary conditions are supplied 
with the conductor keyword. The export results keyword controls the writing of 
results to the UTDEM 3D genesis file and sideset specified. Further information 
can be found in [7]. 

 
4. Invoke UTDEM physics in Emphasis (3D) to complete the full 3D solution, 

specifying field dist in the port source keyword descriptor. 
 
 

Conclusion 
 
This document, along with the user guides for a modeling and meshing tool such as I-
DEAS should allow the user to successfully utilize EMPHASIS/Nevada UTDEM to 
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simulate a wide variety of EM effects. To gain experience, the UTDEM regression suite 
contains several simulations exercising most if not all of the code options. These should 
be examined and well understood before attempting more involved simulations. 
 

References 
 
1. C. D. Turner, Emphasis/NEVADA Unstructured FEM Implementation, Sandia 

National Laboratories Report SAND2003-0847, Nov. 2003. 
 
2. L. A. Schoof, V. R. Yarberry, EXODUSII: A Finite Element Data Model, Sandia 

National Laboratories Report SAND92-2137, reprinted Sep. 1996. 
 
3. M. F. Pasik, et.al., VOLMAX User’s Guide, unpublished but available here: VolMax 

User's Guide. 
 
4. S. K. Carroll, et. al., ALEGRA: Version 4.6,  Sandia National Laboratories Report 

SAND2004-6541, Jan. 2005. 
 
5. R. S. Coats, M. F. Pasik, and D. B. Seidel, Emphasis/Nevada STDEM User’s Guide 

Version 1.0, Sandia National Laboratories Report SAND2005-1024, April 2005. 
 
6. R. S. Tuminaro, M. Heroux, S. A. Hutchinson, J. N. Shadid, Official Aztec User’s 

Guide Version 2.1, Sandia National Laboratories Report SAND99-8801J, Nov. 1999. 
 
7. C. D. Turner, EMPHASIS/Nevada CABANA User Guide Version 1.0, Sandia National 

Laboratories Report SAND2005-1107, March 2005. 
 

http://doom.sandia.gov/ppt_tech/compphys/Projects/volmax/docs/dec02/VolMax-User-Guide.html�
http://doom.sandia.gov/ppt_tech/compphys/Projects/volmax/docs/dec02/VolMax-User-Guide.html�


 57

Appendix I. Use of the PREP Mesh Preprocessor 
 
The mesh preprocessor PREP is a holdover from legacy code that has been refactored to 
provide conversion from I-DEAS Universal format to ExodusII format for 
EMPHASIS/Nevada UTDEM. It is also used to provide encoded sidesets for subsequent 
conversion to edgesets by Nevada. Use of PREP is not required if 1) the chosen mesh-
generation software creates ExodusII format directly including all required nodesets, 
sideset-coded edgesets, and sidesets, or 2) the simulation requires no edgesets (or only 
virtual edgesets) but otherwise the mesh-generation software can provide the required 
ExodusII description including nodesets and sidesets. 
 
Reference [3] provides general guidance on the use of PREP but a few additional 
comments are warranted. A typical PREP input file for a pure unstructured UTDEM 
simulation is shown below. 
 
 $INPUT 
 flagwrap   =  'N' 
 flagblocks =  'N' 
 flagchaco  =  'Y' 
 flagalegra =  'Y' 
 nodeblu    =  'HLinInt1' 
 nodegryblu =  'ELinInt1 HLinInt1' 
 nodeltblu  =  'ELinInt2 HLinInt1' 
 nodemag    =  'ELinInt1' 
 nodepnk    =  'ELinInt2' 
 nodecyn    =  'Load1' 
 nodegrn    =  'Load2' 
 nodeorg    =  'Source1' 
 nodeltmag  =  'Obs' 
 $END 
 
The “flagwrap”, “flagblocks”, “flagchaco”, and “flagalegra” keywords must be set as 
shown for pure unstructured. If this were a hybrid FDTD/FETD simulation, “flagwrap” 
and “flagblocks” would be set to ‘Y’. 
 
The “node*” node color -> attribute keywords are required to assist PREP in making 
connections between our I-DEAS meshing convention of using node color to represent 
attributes requiring nodesets or edgesets, including non-port sources, observers including 
slot and wire observers, loads, slots, and wires. Attributes requiring mesh-related 
edgesets, such as ElinInt (E Line Integral) and wire, also require beam elements along the 
path to further assist PREP in correctly defining the edgeset. Attributes utilizing sidesets 
and virtual edgesets do not appear in the PREP input file. Sidesets are generated within I-
DEAS by utilizing “pressure” or “force” boundary conditions. 
 
Node color keywords containing more than one attribute, such as “nodegryblu” above, 
indicate that those paths intersect in the mesh. In this case, an E Line Integral path 
intersects an H Line Integral path. Therefore, both attributes must be assigned to that 
node color so PREP can correctly include that node in both paths. 
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Appendix II. Complete UTDEM input file 
 
$-----------------------------------BEGIN_QA--------------------------- 
$ ID:         ucavabc_slots 
$ Title:      Cavity w/slots surrounded by ABC 
$ Category:   Regression 
$ Physics:    electromagnetics 
$ Dimension:  3D 
$ Owner:      C. David Turner 
$ 
$ Description: 
$ 
$   Conducting cavity with internal source and slots in walls. 
$   Energy leaks out through slots to observer outside cavity. 
$   ABC surrounds entire object. 
$ 
$------------------------------------END_QA---------------------------- 
TITLE 
  Unstructured 3D cavity with edge source and observer 
 
$ 
$ The following line will have nevada print out the sequence of calls 
$ it makes during execution. 
$ 
$DEBUG MODE, LOCATION 
$ The following line dumps out node/edge/face/element connectivity 
info. 
$DUMP FACES 
 
UNSTRUCTURED TD ELECTROMAGNETICS 
  formulation, second order 
  aztec set, 0 
  abc bc, sideset 4 
  pec bc, sideset 2 
  observer, nodeset 28 
  observer, nodeset 29 
  source, nodeset 31, function 1 
  slot observer, nodeset 19 
  slot, edgeset 123, aztec_set 1, width 0.00001, depth 0.0, int_mat 1, 
ext_mat 2 
  slot observer, nodeset 20 
  slot, edgeset 124, aztec_set 2, width 0.00005, depth 0.0, int_mat 1, 
ext_mat 2 
 
  CONSTANT TIME STEP 1.01197539e-09 
  GRADUAL STARTUP FACTOR 1.0 
 
  BLOCK 1 
    MATERIAL 1 
  END 
  BLOCK 22 
    MATERIAL 2 
  END 
END 
FUNCTION 1 GAUSSIAN, SCALE=1.0 WIDTH=2.0e-9 SHIFT=10.0e-9 
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EXODUS EDGE SETS (123 124 153) 
 
$$$$$$$$$$$$$$$$$$$$ execution control $$$$$$$$$$$$$$$$$$$$ 
 
TERMINATION TIME 9.0e-9 
 
$$$$$$$$$$$$$$$$$$$$ solver control    $$$$$$$$$$$$$$$$$$$$ 
 
aztec 
  solver,    cg 
  precond,   jacobi 
  output,    none 
  tol        = 1.e-12 
  polynomial order,  1 
end 
 
aztec 1 
  solver,    cg 
  precond,   jacobi 
  output,    none 
  tol        = 1.e-12 
  polynomial order,  1 
end 
 
aztec 2 
  solver,    cg 
  precond,   jacobi 
  output,    none 
  tol        = 1.e-12 
  polynomial order,  1 
end 
 
units, si 
 
$$$$$$$$$$$$$$$$$$$$ output control    $$$$$$$$$$$$$$$$$$$$ 
  
EMIT SCREEN, CYCLE INTERVAL = 1 
EMIT PLOT, CYCLE INTERVAL = 2 
PLOT VARIABLE 
  ELECTRIC_FIELD 
END 
 
$$$$$$$$$$$$$$$$$$$$ material models $$$$$$$$$$$$$$$$$$$$ 
 
MATERIAL 1 
  model 1 
END 
 
MATERIAL 2 
  model 2 
END 
 
MODEL 1 SIMPLE ELECTRICAL 
  EPS 1. 
  MU 1. 
  SIGMA 0. 
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END 
 
MODEL 2 SIMPLE ELECTRICAL 
  EPS 1. 
  MU 1. 
  SIGMA 0. 
END 
 
EXIT 
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Appendix III. Sideset Extractor input file 
 
$-----------------------------------BEGIN_QA--------------------------- 
$ CVS: $Id$ 
$------------------------------------END_QA---------------------------- 
 
$debug mode, LOCATION 
 
title 
  SIDESET extract: extract a side set and turn it into a 2D mesh file 
 
$$$$$$$$$$$$$$$$$$$$ physics options $$$$$$$$$$$$$$$$$$$$ 
 
UTDEM Sideset Extractor 
  extract, sideset 10 
  intersect, sideset 9, sideset 14, sideset 15, sideset 16, end 
 
  block 1 
    material 1 
  end 
 
end 
 
$$$$$$$$$$$$$$$$$$$$ execution control $$$$$$$$$$$$$$$$$$$$ 
 
termination cycle = 1 
 
emit plot, cycle interval = 1 
 
$$$$$$$$$$$$$$$$$$$$ material models $$$$$$$$$$$$$$$$$$$$ 
 
Material 1 
end 
 
exit 
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Appendix IV. Poisson Solution input file 
 
$-----------------------------------BEGIN_QA--------------------------- 
$ CVS: $Id$ 
$------------------------------------END_QA---------------------------- 
 
$debug mode, LOCATION 
$debug mode, CABANA 
 
title 
  CABANA: Poisson solution 
 
$$$$$$$$$$$$$$$$$$$$ physics options $$$$$$$$$$$$$$$$$$$$ 
 
CABANA POISSON 
 
  Poisson solution, charge density 0., results file "inlet.out" 
 
  conductor, sideset 9, potential 0. 
  conductor, sideset 14, potential 0. 
  conductor, sideset 15, potential 1. 
  conductor, sideset 16, potential 1. 
 
  export results, genesis file "z_vert.inlet.gen", sideset 10 
 
  block 10 
    material 1 
  end 
 
end 
 
double precision exodus 
 
aztec 
  solver,   cg 
  precond,  none 
  scaling,  sym_diag 
  output,   none 
  tol      = 1.e-6 
  polynomial order, 1 
end 
 
units, si 
 
$$$$$$$$$$$$$$$$$$$$ execution control $$$$$$$$$$$$$$$$$$$$ 
$ Nevada requires termination time to be specified: 
termination time = 1.e-8 
 
$$$$$$$$$$$$$$$$$$$$ material models $$$$$$$$$$$$$$$$$$$$ 
 
emit screen, cycle interval = 1 
emit plot, cycle interval = 1 
 
plot variable 
  potential 
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  electric_field 
  charge_density 
end 
 
$$$$$$$$$$$$$$$$$$$$ material models $$$$$$$$$$$$$$$$$$$$ 
 
Material 1 
  Model 1 
end 
 
Model 1 Simple Electrical 
  eps 1. 
  mu 1. 
  sigma 0. 
end 
 
crt: off 
exit 
 
 



 64

Distribution 
 
1 MS1152 K. Cartwright, 01652 
1 MS1152 R. S. Coats, 01652 
1 MS1152 J. D. Kotulski, 01652 
1 MS1152 M. F. Pasik, 01652 
1 MS1152 T. D. Pointon, 01652 
1 MS1152 D. B. Seidel, 01652 
1 MS1152 C. D. Turner, 01652 
1 MS0899 Technical Library, 9536 (electronic copy) 


	Acknowledgement
	Contents
	List of Figures
	Introduction
	UTDEM Simulation Process
	UTDEM Input File and Keywords
	Solver formulation keyword
	formulation
	condition number

	Boundary condition keywords
	 pec bc
	pmc bc
	abc bc
	ibc bc

	Virtual edgeset keyword
	 path

	Observer keywords
	observer
	slot voltage observer
	wire current observer
	e line integral
	h line integral
	surface current
	max observer

	Source keywords
	source
	port source
	wire voltage source
	j source
	plane wave source

	Load keywords
	edge load
	spice load

	Slot keyword
	slot

	Wire keywords
	wire
	uncstabwire
	wire load

	Hybrid keywords
	hybrid td electromagnetics
	hex mass lump
	wrapper
	far field
	far field pattern

	Box IEMP keyword
	box iemp

	Update Mat State keyword
	Time Step Mod keyword
	Compute Energy Keyword
	compute energy

	Framework keywords within the physics block
	block
	function
	gradual startup factor
	maximum time step ratio
	constant time step
	domain
	adaptivity specification


	UTDEM PIC Input File and Keywords
	PIC-Specific Keywords
	define species
	gas drag
	its file
	cross section database
	particle history
	particle snapshot

	UTDEM PIC-Specific Keywords
	beam emission
	field emission
	courant factor
	particle merge
	particle preload
	particle sort


	Framework Keywords
	Edgeset keyword
	exodus edge sets

	Material keywords
	material
	model

	Simulation time and output control keywords
	Linear solver keywords

	Units
	Running UTDEM Simulations
	Inlet-port Poisson Solutions
	Conclusion
	References
	Appendix I. Use of the PREP Mesh Preprocessor
	Appendix II. Complete UTDEM input file
	Appendix III. Sideset Extractor input file
	Appendix IV. Poisson Solution input file
	Distribution


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


