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CHAPTER
ONE

OVERVIEW

These are examples for illustrating the capabilities of VSim.

VSim [VSi] is an arbitrary dimensional, electromagnetics and plasma simulation code consisting of two major com-
ponents:

* VSimComposer, the graphical user interface.
» Vorpal [NC04], the VSim Computational Engine.

VSim also includes many more items such as Python, MPI, data analyzers, and a set of input simplifying macros.
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2 Chapter 1. Overview



CHAPTER
TWO

VSIM FOR BASIC SIMULATIONS EXAMPLES

These examples demonstrate the basic solvers for simple, grid-aligned boundary conditions.

These examples can be run with any license.

2.1 Basic Examples

2.1.1 Cylindrical Capacitor (cylindricalCapacitor.sdf)

Keywords:

cylindrical, capacitor, electrostatic

Problem description

The Cylindrical Capacitor simulation solves for the potential between two cylinders with a ring of charge.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Cylindrical Capacitor example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples option.
e Select Cylindrical Capacitor and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig. 2.1.
You can expand the tree elements and navigate through the various properties, making any changes you desire. The
right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the grid,
expand the Grid element and select or deselect the box next to Grid.
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VSim - Cylindrical Capacitor =8 %
@ Simuiation Setup is Ready
IndricaiCapsatonsdf | I 1
Simulation o w2 (e phi) [ Properties | [view solds ~ | [select sold ) [ Toggedxes.) (Perspectveview] [#2 [ ResetPostion |
Description
[#] Constants
Parameters
Basic Settings.
] SpaceTimeFunctions
Mate
[#] Geometries L
[#] Grids ¥
[=] Field Dynamics
[=] Fields
Phi
Charge Density
Applicd Magnetic Field
Electric Field
backgroundChargeDensity0
[=] FieldBoundaryConditions m
dirichletd
dirichletl »
Property Value
kind Background Charge Density
expression chargedDist
o Setup: COMPLETED Click run to continue Show Log
=

Fig. 2.1: Setup Window for the Cylindrical Capacitor example.

Simulation Properties

In this simulation there is a backgroundChargeDensity0 field which is given by an expression, chargedDist. That
expression is defined as a SpaceTimeFunction. The variables x and y in the expression are place holders for the actual
variables, Z and R, in the simulation. So this is a ring of charge, centered at R = 0.3, with a Gaussian fall off.

There are Dirichlet boundary conditions on the lower and upper R boundaries, with the lower bound set to 10 volts.

Running the simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.
* Here you can set run parameters, including how many cores to run with (under the Parallel Run Options).

e When you are finished setting run parameters, click on the Run button in the upper left corner of the window.
You will see the output of the run in the right pane. The run has completed when you see the output, “Engine
completed successfully.” This is shown in Fig. 2.2.

Visualizing the results

After performing the above actions, continue as follows:
* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

This particular run computes the electrostatic potential, which we see by opening the scalar data and checking the box
next to Phi, which is shown in the right of the visualization tab. See Fig. 2.3.

4 Chapter 2. VSim for Basic Simulations Examples
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VSim - Cylindrical Capacitor
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Fig. 2.3: Visualization of the electrostatic potential
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Further Experiments

Looking inside the field boundary conditions, and highlighting dirichletO, you can see that 10V was put on the lower
R boundary. You can try experimenting with this, going to run and vizualize with each change. The more voltage, the
less the background charge should matter.

You can take the charge out of the system. Highlight the backgroundChargeDensityQ label. In the property editor
below, double click on chargedDist, hit delete, and type 0.0. Then run and viz, and you will see a potential that is
independent of Z.

In Data View, choose Field Analysis and Field E_r with the Vertical Lineout Settings, then hit “Perform Lineout”. You
will see, as expected, that the radial electric field is positive (pointing outward) and falling off with the expected 1/r
behavior.

2.1.2 Oscillating Dipole Above Conducting Plane (emOscDipoleAboveConduc-
tor.sdf)

Keywords:

emOscDipoleAboveConductor, radiation

Problem Description

This problem consists of an infintesimally short dipole located a variable height and orientation above a conducting
plane. This simulation consists of electric and magnetic fields that can be visualized to see how the distance between,
and orientation of the dipole relative to the antenna effects these fields.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Dipole Above Conducting Plane example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Basic Physics option.
* Expand the Basic Examples option.
¢ Select Dipole Above Conducting Plane and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig. 2.4.
You can expand the tree elements and navigate through the various properties, making any changes you desire. The
right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the grid,
expand the Grid element and select or deselect the box next to Grid.

Simulation Properties

This example includes several constants for easy adjustment of simulation properties, Including:
¢ AMPLITUDE: The amplitude of the dipole current
* FREQUENCY: The operating frequency

6 Chapter 2. VSim for Basic Simulations Examples
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VSim - Oscillating Dipole Above Conducting Plane - [m] X
File Edit Tools View Help

Simulation Setup is Ready Save and Setup

mOscD nductor.sdf mOscD e mOscDi

%,1,2 (2,7,phi) Properties View Solids v||selectsolid  + +z v || ResetPosition

Simulation

3D View

Description

[#] Constants

[#] Parameters
Basic Settings.
Functions

[#] SpaceTimeFunctions
Materials

[ Geometries

[# Grids

[# Field Dynamics
Histories

Database

Remove Add

Property Value ~

surface meshing tol... 0.5

cfl number 095

time step 1.08000000000000e...

number of steps 400

steps between dumps 50

precision double

length unit meter

use GPU (if found)  false

verbosity information

dimensianality

grid spacing uniform

restore geometries True
MPI decomposition  default
coordinate system cartesian
[=] field solver electromagnetic v

@ Setup: COMPLETED Click run to continue Show Log

Fig. 2.4: Setup Window for the Dipole Above Conducting Plane example.

There is also a SpaceTimeFunction to define the current driver of the dipole source

Other properties of the simulation include open boundaries on all sides except for the lower x boundary, which is a
perfect electric conductor. A Dipole Current source is used to set the location of the dipole source.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

¢ To run the file, click on the Run button in the upper left corner of the Logs and output Files pane. You will see
the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.5.

Visualizing the Results

After performing the above actions, continue as follows:
* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

The electric and magnetic field components can be found in the scalar data variables of the data overview tab. To
create the plot shown in Fig. 2.6 do the following:

» Expand Scalar Data
* Expand E

e SelectE y

2.1. Basic Examples 7
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VSim - Oscillating Dipole Above Conducting Plane - [m] X
File Edit Tools View Help
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Run Domain: Dumping all at clock time 2015-04-24-16:19:59.612.
Reset to Setupv‘a\ues Globals dumped at 2018-04-24-16:19:59.615.
G) Dumping grid boundaries at 2018-04-24-1€:19:58.615,
A ) Additional Run Options Dumped ?115 boundaries at 2018-04-24-16:19:59.615.
Analyze No particles to dump.
Restart at Dump Number No flulds to dump.
= No SumRhoJ to dump.
OO EE A2 Dunping a1l multiFields at 2018-04-24-16:19:58.615.
Visuaiet) [] no Particle Sorting Dumping J at 2018-04-24-16:19:59.615.
? 4-24-16 . .
H -24-16: - .
Parallel Run Options 042416
el Run in Parallel Dunped B at 2018-04-24-16: .671.
] pisable Fer-Rank Output 211 multiFields dumped at 2018-04-24-16:19:58.675.
P No electromagnetic fields to dump.
Cores on Machine: 8 No collisions to dump.
(e 7 B n No ionization processes to dump.
Domain: Dumped all at clock time 2018-04-24-16:19:559.676.
Main loop ended at clock time 2018-04-24-16:19:59.676
Deleting domain
Deleting domain.
CUTEUT SUMMARY:
There were 0 Notices encountered in this run.
There were 0 Warnings encountered in this run.
TxsRxnProcessHldr object deleted
TxsRxnPhysicsHldr object deleted
VOREAL completed at clock time  2018-04-24-16:18:50.627.
NOTE: A VSimEM or VSimMD or VSimPD license was needed to run this simulation.
Lines from 'emOscDipoleAboveConductor.pre' processed.
Finished with 'emOscDipolefboveConductor.pre'.
fffffffffffffffffffff END ENGINE OUTPUT ——-————-————-———
Engine completed successfully.
To see results, click on the "Visualize" icon in the icon panel.
v
@ Run: SUCCESS Simulation engine finished successfully Show Log

Fig. 2.5: The Run Window at the end of execution.

 Select the box next to Display Contours and set the # of contours to 12
* Select the box next to Clip All Plots

* Rotate the plot by clicking and dragging your mouse

Further Experiments

In this example the “infinite” electric conductor is simulated by a physical conducting boundary at the bottom of the
simulation. It would be possible to achieve the same results by having a second, equal infintesimal dipole placed the
same height “below” the conducting plane.

The number of “lobes” visible in the far field is dependent on Antenna Orientation and height. If vertically oriented
there will be 2*Height/Wavelength +1 lobes.A horizontally oriented dipole will produce 2*Height/Wavelength lobes.
This can be a bit difficult to visualize using just E-field data as it must be properly thresholded. The lobes will be
easier to see in the example Advanced Dipole Above Conductor, a part of the VSimEM package.

2.1.3 Electromagnetic Plane Wave (emPlaneWave.sdf)

Keywords:

electromagnetics, plane wave, periodic boundary conditions, wave launcher
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{J vsim - Oscillating Dipole Above Conducting Plane - [m] X
g Dip g
File Edit Tools View Help
Visualization Controls Visualization Results
\’ Data Views:  Data Overview Bd
Save Image | | Labels | | Axis Scale | | Rendering || Colors | | Reset View | [] Auto Reset
LEELS | variables
v Scalar Data
Setup B Pesuddocaicr
ver:
v E by
B, [ £_magnitude
—e23
Run Oex
Q Ey L o aof
L]
A ) ez s
Analyze L ‘| |
Vector Data Mese 1205, 2
i Meshes e 1208 v
visualize i
? \!
an
Help ¥
ool
!
i
¢
i
8
L 1 v Il 1
it e i I\ i u
[] Log Scale Color
Display Contours
sorcontours: 12 ]
Clip All Plots Plane Controls
Dump: 8
Annotation Level: Axes & Legends v '
{2 Reload Data & 5
@ Visualize: READY Visualization available Show Log

Fig. 2.6: The electric field

Problem Description

A linearly-polarized (with electric field in the z-direction) electromagnetic pulse with a sinusoidal amplitude on a plane
wave is launched from the left side (x=0) to propagate in the x-direction. The transverse (y,z) boundary conditions are
periodic.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Electromagnetic Plane Wave example is accessed from within VSimComposer by the following actions:
 Select the New — From Example... menu item in the File menu.

* In the resulting Examples window expand the VSim for Basic Physics option.

» Expand the Basic Examples option.

* Select Electromagnetic Plane Wave and press the Choose button.

* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig. 2.7.
You can expand the tree elements and navigate through the various properties, making any changes you desire. The
right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the grid,
expand the Grid element and select or deselect the box next to Grid.
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VSim - Electromagnetic Plane Wave - u] x

File Edit Tools View Help

© Simulation Setup is Ready Save and Setup

scf . pre in

Simulation 2 %12 (27,phi) Properties View Solids ~ Select Solid - Toggle Axes Perspective View| +2 Reset Position
* Constants "
# Parameters M
Basic Settings 2
Functions g

* SpaceTimeFunctions
Materials
* Geometries

* Grids
# Field Dynammics
Histories
Remove Add
Property Value

@ Setup: COMPLETED Click run to continue Show Log

Fig. 2.7: Setup Window for the Electromagnetic Plane Wave example.
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Simulation Properties

This example includes several constants for easy adjustment of simulation properties. Those include:
¢ AMPLITUDE: The amplutide of the plane wave
* WAVELENGTHS: The number of wavelengths inside the domain

There is a SpaceTimeFunction to define the plane wave that is launched with a Port Launcher boundary condition.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.8.

11 vsim - Electromagnetic Plane Wave - o x
File Edit Tools View Help

V| e e e ety Rn Dump ard Stop| | Force Stop

’
BB e Step [365.30830829-18 Engine Log  File Browser
7 No electromagnetic fields to dump. -~

No collisions to dump.
No ionization proce
Domain: Dumped all

Run | Dump Periodicity 20 raking step
- Default Value (20) Taking step
Q Taking step
Reset to Setup Values Taking step
Taking step
Bl  Additional Run Options Taking step
. Taking step
RS Restart at Dump Number Taking step
PRl ] Dump at Time Zaro :Wimq :;cp

5 ] aking step

[ No Particle Sorting Taxing step
Custom Run Options Taking step
Taking step

Paraliel Run Options Taking step Shan ook
aking step 95 at clock time

L Runin Persl Taking step 96 at clock time
Taking step 97 at clock time

94 at clock time

Taking step 98 at clock time
N ; = Taking step 99 at clock time
Number of Cores |4 Taking step 100 at clock time

Dumping B at
Dumped B at
Al multi:

No electromagnetic fie:
No collisions te dump.
No ionization proce

Domain: Dumped all

Maln loop ended at clock time 2018-05-21-14:42
Deleting domain

Deleting domain.
OUTPUT SUMMARY:

Notices encountered in this run.
Warnings encountered in this runm.

2018-05-21-14:42:50.235.
d to run this similation.
ssed.

©Run: SUCCESS Simulation engine finished successfully Show Log

Fig. 2.8: The Run Window at the end of execution.

Visualizing the Results

After performing the above actions, continue as follows:
* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
The electric and magnetic field components can be found in the scalar data variables of the data overview tab.

* Make sure the Data View drop down is set to Data Overview.
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* Here you can see Variables. Expand the Scalar Data.
* Expand E
» SelectE z

Initially, no field will be seen, as one is looking at Dump 0, the initial dump, when no fields are yet in the simulation.
Move the slider at the bottom of the right pane to see the electric field at different times. The final time is shown in
Fig. 2.9.

VSim - Electromagnetic Plane Wave - [u] X
File Edit Tools View Help

wtrols

3d
V== e o e el [ [l L oo e

Welcome | | PRI
~ Scalar Data
> B
= vE Pssudocolor
[ e_magnitude var:
Q. OEx 119124010
Oey 10y
Run o —6.63721000
> Vector Data
> Meshes 1.35924000
Analyze
39192+
. 19024 5
. Uax: 119124010
e Min: 9.198=+009
Help

W 1008y 20

[ Log Scale Color
[ Display Contours

[ Clip All Plots. Plane Contrals

Annotation Level: |Axes &L

[ (D Visuslize: READY Visuaization availsble Show Log

Fig. 2.9: Visualization of plane wave as a color contour plot.

Further Experiments

To see more wavelengths, change the value of the WAVELENGTHS variable. What happens to the waves when there
are very few cells in a wavelength?

See the wave reflect off the right boundary by running for more time steps.

Try changing NDIM to 3 to see the how the simulation is uniform across the z- dimension.

2.1.4 Electromagnetic Particle In Cell (emPtclinCell.sdf)

Keywords:

electromagnetics, particle in cell, sheath
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Problem description
A dipole antenna launches a wave from a point that is midway in x and y. The simulation is periodic in y and open in
x. The electromagnetic field and plasma respond self consistently to the antenna current.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Electromagnetic Particle In Cell example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.
* Expand the Basic Examples option.
¢ Select “Electromagnetic Particle In Cell” and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.10. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid.

\Sirm - Electromagnetic Particle in Cell - u] X
File Edit Tools View Help
-
Simulstion Setup is Ready | Save and Setup

emPrelinCellsdf  emPiclinCellpre  emPclnCellin

Sirnulation 42 (24D} Properties Wiew Salids ~ || Select Solid - +2 v||  ResetPosion
Description

[#] Constants

[#] Parameters
Basic Settings
Functions

[#] SpaceTimeFunctions
Materials

[#] Geometries

[*] Grids

[#] Field Dynamics

[=] Particle Dynamics

- [=] KineticParticles

[=] electranso

visualize particleLoader

ReducedCollisions

? Fluids

[#] Histories

D View

Database

Analyze

Remave Add

Property Value
short description Electromagnetic Particle in Cell
description Electrons in a boxwith conduc..,
long description This is a simulation of electran..
image emPrclinCell.png
thumbnail emPeclinCellTn.png
wersion

@ Setup: COMPLETED Click run bo continue Show Log

Fig. 2.10: Setup Window for Electromagnetic Particle in Cell.

Simulation Properties

This simulation includes several constants for easy adjustment of simulation properties including:
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N_X, N_Y: The number of cells in each direction
e LEN_X, LEN_Y: The length of the domain in each direction
* PPC: The number of macroparticles per cell

FREQUENCY: The frequency of the dipole antenna

The Parameters element contains several parameters useful for calculating basic plasma physics properties such as the

plasma frequency and Debye length.

There are 2 SpaceTimeFunctions that are used later in the setup to describe the thermal velocity of the electrons and

the annena current profile.

The simulation has open boundary conditions in X, and periodic in y.

Running the Simulation

After performing the above actions, continue as follows:

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed

successfully.” This is shown in Fig. 2.11.

VSim - Electromagnetic Particle in Cell

File Edit Tools View Help

\

welcome

Runtime Options

These option override values calculated or set in Setup Tab

Time Step | 65,507138628e-15

Logs and Output Files

Run Dump and Stop | Force Stop

Enginelog  File Browser

Dafault Valse (6,560716095996259a-19)
Humber of Steps |00

Dafault Ve (200)

Dutp Periodicty 20

Dafault Ve (20)

Reset to Sebup Values

‘dditional Run Options

Restatt ot DU Hurber

Dunping species data electronsi.

Dumped slectronsO.

Ho fluids to dump.

Domain: Dumping histories ac 2018-04-24-18:00:37.64%.

Domain: Histories dumped ac 2015-04-24-18:00:37.662

No SumBhol to dump.

Dunping all multiFields ab 2018-04-24-15:00:37. 662

Dunping I ar 2018-04-74-16:00:37. 662

Dumped 7 at 2018-04-24-16:00:37.667.

Dunping E at Z018-04-2d4-16:00:37.667

Dunped B at 2018-04-24-16:00:37.672

Dunping B at 2018-04-24-16:00:37.672

Dunped B at 2018-04-24-16:00:37.678
o

Analyze Dunping nodalk at 2018-D4-24 37.678
[ burp ot Time Zera Punped nodalk at 2018-04-Zd- 137,682
] M Paticle Sorting Dunping nodalE at Z0LE-04-Zd 0:37. 683,
Dunped nodalE at 2018-0d-24-16:00:37.€23.
PO comemmnowens [ | IR et e 2010 04 54-Le108:57. 55
No elactromagnetic fields to dump
2 Parallel Run Options NHo collisions to dump
= [ Run in Paralel No fonization prosessas te dunp.
Donain: Pumped all &t clock time Z0LE-04-24-16:00:37.694.
Help [] Disable Per-Rank Output

Cores on Machine: 8

Nurer o Cores [5 5]

Main loop ended st clock time 2018-04-24-16:00:37.654
Bank 0 processed a total of 3.6360le+006 electronsl st an sverage of 0 seconds per particle push.
Bank 0 just processed 17890 electronsd at an average of 0 seconds per particle push.

For all ranks, toval average particle process time = 0 seconds

For all ranks, last averags parcicls process time = O seconds.

Deleting domain

Delecing domain.
OUTPUT SUMBARY:
There were 0 Notices encountered in this run
Thers wers O Warnings encountered in this num.
TxsRunProcessHldr cbject deleted
TxsRunPhysiesHldr object deleted
VORPAL completed at clock time  Z201&-0d-2d4-16:00:37.703.
NOTE: X VSinEM or USismMD or VSimPD license was needed to run this simulation.

Lines from 'emPtclinCell.pre’ processed.
Finiched with 'enPtellnCell.pre’.

Setting custom nass of 9.10938e-031 kg
Setting custom charge of -1.602182-01% C.

Serting custom mass of 9.10938e-031 ki

Secting custom charge of -1.602182-018 C.

Settings in the Z axis will be ignored
--------------------- END ENCINE QUTPUT =--mmmmmmmmmmeme

Engine completed successfully.
To see results, click on the "Viswalize' icon in the icon panel

@ run: SUCCESS Simulation engine finished successfully

Show Log

Fig. 2.11: The Run Window at the end of execution of Electromagnetic Particle in Cell.

Visualizing the Results

After performing the above actions, continue as follows:
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* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

To view the electric field and particles as shown in Fig. 2.12, do the following:

» Expand Particle Data
» Expand electrons0
Select electronsO
Expand Scalar Data
Expand E

Select E_z

Initially the field is at zero and particles are evenly distributed throughout the simulation. Move the dump slider

forward in time to view the results.

\Sim - Electromagnetic Particle in Cell
File Edit Tools View Help
Visualization Controls

Visualization Results

2d

’ Data View: | Daka Overview -
Save Image  Labels | Rendering
Welcome Variables
¥ Particle Data 4.
¥ electronst
Setup. electrons0 Wesh
[ electrons0 ux Var: sleckordd
L& - O electronso_uy Pecudocalor
[ electronsuz Varr oo
G [ electransix |
G) O electronsoy | 2040004
A v Scalar Data 3.
Analyze -—|.éé790UD4
vE
[ E_magniture —2.0d024004
Oex —~
Oty M, a2 1e00d
-
33 1in: 2 a120gd
? o )
- > nodal ] 2.
elp
> nodale <
> Vector Data
> Meshes Il
1.

[ Log Scale Color
[] Display Contours
Mesh Cantrols

Opacity

Particle Style
Size

Symbol Paint -

Colors | Reset Wiew | [] Auto Reset

1.5
(x10%-3)

bl

Dump: 10
Annotation Level: |Axes@legends v

= 5 D
(2 Reload Dat: b

(D visuslize: READY Visuaiiation svailsble

Show Log

Fig. 2.12: Visualize Window with electric field and particles

Further Experiments

Vary the antenna amplitude, to find out how low it can be before the signal is swamped by the plasma noise.

Add in a magnetic field in the plane

2.1.5 Vacuum Electromagnetic Pulse (emPulselnVacuum.sdf)

Keywords:

electromagnetics,

laser, plane wave pulse,

field energy monitoring

2.1. Basic Examples
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Problem description

A linearly-polarized (with electric field in the z-direction) electromagnetic pulse with a sinusoidal amplitude on a
plane wave is launched from the left side (x=0). The transverse (y, z) boundary conditions are periodic, but the pulse
has finite transverse extent.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Vacuum Electromagnetic Pulse example is accessed from within VSimComposer by the following actions:

* Select the New — From Example... menu item in the File menu.

* In the resulting Examples window expand the VSim for Basic Physics option.

* Expand the Basic Examples option.

e Select Vacuum Electromagnetic Pulse and press the Choose button.

* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.13. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid.

@ simulation Setup is Ready Save and Setup

in

Simulation
Description
[# Constants
[¥ Parameters
Basic Settings
Functions
[=] SpaceTimeFunctions
pulse
turnon
Materials
[* Geometries
[#] Grids
[*] Field Dynamics
Histories

%1, (z,7,phi) Properties | View Solids ~ SelectSolid  + +z v  ResetPosition

3D View

Catabase

Remove Add

Property Value
nd User Defined

kind
description

expression turnon*H (y-(-PULSEW...

@ Setup: COMPLETED Click run to continue

Show Log

Fig. 2.13

: The Setup Window for the electromagnetic pulse.
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Simulation Properties
The Vacuum Electromagnetic Pulse example includes several constants for easy adjustment of simulation properties.
Those include:

e AMPLITUDE: The amplitude of the pulse

» WAVELENGTH: The wavelength of the pulse

* PULSELENGTH: The length of the pulse in the propagation direction

e PULSEWIDTH: The width of the pulse in the transverse direction

There is also a SpaceTimeFunction defined for the pulse shape and is used in the Port Launcher boundary condition.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

 To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.”

The Run Window, showing settable parameters with the engine output in the right pane, is shown in Fig. 2.14.

VSim - Vacuum Electromagnetic Pulse - [m] X

File Edit Tools View Help

Runtime Options Logs and Output Files
\’ These option override values calculated or set in Setup Tab R CLperiSEp ) FIEaSp
[TREES|  Time Step |386.50744295e-18 | Engine Log  File Browser
Default Value (3!9559744295027275'15} Taking step 2985 at clock time 2018-04-24-15:44:07.085. ~
Taking step 296 at clock time 2018-04-24-15:44:07.090.
Number of Steps 300 | Domain: Shifting the grid.
Setuy ; Taking step 257 at clock time 2015-04-24-15:44:07.100.
E Defaut Valie (300) Taking step 298 at clock time 2018-04-24-15:44:07.107.
- Dump Periodicity [20 | Taking step 269 at clock time 2018-04-24-15:44:07.114.
& DE.FEUT Valie (20) Domain: Shifting the grid.
Run Taking step 300 at clock time 2018-04-24-15:44:07.121.
Reset to Setup Values
® Domain: Dumping all at clock time 2018-04-24-15:44:07.126.
Y Additional Run options Globals dumped at 2018-04-24-15:44:07.130.
Analyze Dumping grid boundaries at 2018-04-24-15:44:07.130.
Restart at Dump Number Dumped grid boundaries at 2018-04-24-15:44:07.130.

g Dump at Time Zero o parmieiss ;3[;‘_‘““
IR [ No Particle Sorting No SumRhoJ to dump.
usomRunoptons| | Dumping all multiFields at 2018-04-24-15:44:07.130.
Dumping E at 2018-04-24-15:44:07.130.
? Dumped E at 2018-04-24-15:44:07.135,

Parallel Run Optiens Dumping B at 2018-04-24-15:44:07.135.
Help Run in Parallel Dumped B at 2018-04-24-15:44:07.141.
[] bisable Per-Rank Output B11 multiFields dumped at 2018-04-24-15:44:07.134.
No electromagnetic fields to dump.
Cores on Machine: 8 No collisions to dump.
Number of Cores u No ionization processes to dump.
Domain: Dumped all at clock time 2013-04-24-15:44:07.144.

Main loop ended at clock time 2018-04-24-15:44:07.144
Deleting domain

Deleting domain.
QUTPUT SUMMARY:

There were 0 Notices encountered in this run.

There were 0 Warnings encountered in this run.
TxsRxnProcessHldr object deleted
TxsRxnPhysicsHldr object deleted
WVORPAL completed at clock time 2018-04-24-15:44:07.154.
NOTE: A VSimBase license was needed to run this simulation.
Lines from 'emPulseInVacuum.pre' processed.
Finished with 'emPulseInVacuum.pre'.
————————————————————— END ENGINE CUTEUT ----------==-===

Engine completed successfully.
To see results, click on the "Visualize" icon in the icon panel.

@ Run: SUCCESS Simulation engine finished successfully Show Log

Fig. 2.14: The Run Window for the electromagnetic pulse.
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Visualizing the Results

After performing the above actions, continue as follows:
* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

The electric and magnetic field components can be found in the scalar data variables of the data overview tab.
* Make sure the Data View drop down is set to Data Overview.
* Here you can see Variables. Expand the Scalar Data.

* Expand E

SelectE_z

Check the box next to Clip All Plots

Check the box next to Display Contours and set the # of contours to 5

Click and drag with your mouse to rotate the view

Initially, no field will be seen, as one is looking at Dump 0, the initial dump, when no fields are yet in the simulation.
Move the slider at the bottom of the right pane to see the magnetic field at different times.

VSim - Vacuum Electromagnetic Pulse
File Edit Tools View Help

Visualization Controls Visualization Results

\’ Data View: | Data Overview - 3d

Save Image | | Labels | | Axis Scale | | Rendering || Colors | | Reset View | [ ] Auto Reset
Variables

~ Scalar Data

Setup B Postckocoler
v E L. ;
B, [JiE_magnitude
—a.797es007
Run E Ex -
Ey | * (x1-6) Z (x107
- 30 6 4
Q, e . N 25 20246,
Analyze Vector Data o
Meshes Toril e Ed
B ol
4
Visualize
2 2
Help Qv (x107-6)

[] Log Scale Color
Display Contours

sofcomows[s &

Clip Al Plots Plane Controls

Dump: 5
Annotation Level: | Axes & Legends ~

{=/ Reload Data

@ visualize: READY Visualization available Show Log

Fig. 2.15: Ez field at Dump 5.

Further Experiments

Increase NX to better resolve the wave and see whether it slips less with respect to the box.

Increase the pulse and box widths (you will also need to increase the number of cells in the transverse directions) to
reduce diffraction.
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2.1.6 Electrostatic Particle In Cell (esPtclinCell.sdf)

Keywords:

electrostatics, particle in cell, sheath

Problem description

This Electrostatic Particle in Cell example computes the electrostatic potential and field in a box with conducting walls
and particle absorbers and with an immobile, background neutralizing charge density. The electrons move to the wall
by the potential, creating a sheath.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The electrostatic particle in cell example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.
* Expand the Basic Examples option.
* Select Electrostatic Particle in Cell and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.16. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid.

Simulation Properties

This simulation includes several constants for easy adjustment of simulation properties including:
¢ N_X, N_Y: The number of cells in each direction
* W_X, W_Y: The length of the domain in each direction
* PPC: The number of macroparticles per cell

The Parameters element contains several parameters useful for calculating basic plasma physics properties such as the
plasma frequency and Debye length.

There is a SpaceTimeFunction used later in the setup to describe the thermal velocity of the electrons.

The simulation is periodic in y with Dirichlet boundary conditions in X set to zero.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” A snapshot of the simulation run completion is shown in Fig. 2.17.
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Reset to Setup Values Dumping nodalB at 2018-04-24-15:8.
G) Dumped nodalB at 2018-04-24-15:51:01.056.
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ump at Time Zero 211 multiFields dumped at 2018-04-24-15:51:01.060.
Visua [] No Particle Sorting No electromagnetic fields to dump.
5 No iocnization processes to dump.
4 Domain: Dumped all at clock time 2018-0¢-24-15:51:01.061.
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I Rank 0 processed a total of 1.88111e+008 electrons at an average of O seconds per parcicle push.
P Rank 0 just processed 453123 electrons at an average of 0 seconds per particle push.
Cores on Machine: 8 For all ranks, total average particle process time = O seconds.
Number of Cores |4 = For all ranks, last average particle process time = O seconds.
Deleting domain
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TxsRxnPhysicsHldr object deleted
VOREAL completed at clock time  2018-04-24-15:51:101.073.
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Fig. 2.17: The Run Window at the end of execution.
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Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

To view the electric potential as shown in Fig. 2.18, do the following:
» Expand Scalar Data
* Select Phi

Move the dump slider forward in time to see the evolution of the field.

VSim - Electrostatic Particle in Cell
File Edit Tools View Help

Visualization Controls

Visualization Results

v 2
| save Image | Labels | | Rendering | | Colors || Reset View |[] Auto Reset
Weicome | VY
> Particle Data 4.0
Setup v Scalar Data Psoud ‘
[] ChargeDensity VS;HP%CO or
R > E o2
ol > nodalg -9.959
> nodalE -—6‘63‘?
G)‘ Phi -: a0 3°0
JXEeS| || > Vector Data 0.0000
> Meshes Mz}x 01 (1;)2:%
. in: 0.0000
o
Visualize (I
1)
5 2.0
y ¥
Help N
1.0
[] Log Scale Color 1.5
[ pisplay Contours °
Particle Style x (x107-3)
Dump: 20
TS
=) ' v
5 Reload Data 3 P

@ visualize: READY Visualization available

Show Log

Fig. 2.18: The Visualize Window showing the electric potential, Phi, at dump 20.

Further Experiments

Change the plasma density and see whether the frequency in the histories changes.

Use the computePtcINumDensity analysis script in the Analyze Tab to calculate the electron density at each dump and

view the sheath formation.

2.1.7 Half-wave Antenna (halfWaveAntenna.sdf)

Keywords:

electromagnetics, antennas

2.1. Basic Examples
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Problem Description

The half wave antenna example describes a simple box source in a vacuum.

This simulation can be performed with any license.

Opening the Simulation

The Half Wave Antenna example is accessed from within VSimComposer by the following actions:

* Select the New — From Example. ..

menu item in the File menu.

* In the resulting Examples window expand the VSim for Basic Physics option.

* Expand the Basic Examples option.

 Select Half Wave Antenna and press the Choose button.

* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.19. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid.

VSim - Half-Wave Antenna
File Edit Toals View Help

I | e ——

sdf | half

i il

[E= =R ==

@ Smulation Setup is Ready |Save and Setup)

Simulation
Description

[*] Constants

Parameters
Basic Settings
Functians

SpaceTimeFunctions
Materials

Geametries

[#] Grids

[=] Field Dynamics
[+] Fields
FieldBaundaryConditians

9,2 (zashi) [ properties | [view alds ~ | [Select 5ol

T 1 & T — |

=z
a
!

[=] CurrentDistributio
(5

RCSBox
Histaries

WAVELENO2
DYZONEG
DYZO2
DYZOINEG
DYZO2

@ setup: COMPLETED Click run to continue

shewlog |

Simulation Properties

Fig. 2.19: Setup Window for the Half Wave Antenna example.

This example includes several constants for easy adjustment of simulation properties, Including:
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* WAVELENGTH: The wavelength of the antenna
There is also a SpaceTimeFunction to define the current driver of the half wavelength source.

Other properties of the simulation include port boundaries on all sides except for the lower x boundary, which is a
perfect electric conductor. A Distributed Current source is used to set the current of the half wavelegth source.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. of the window.
You will see the output of the run in the right pane. The run has completed when you see the output, “Engine
completed successfully.” This is shown in Fig. 2.20.
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Dump at Time Zero
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Druped grid boundaries st 2018-Dé-24-16:22:51.502
2 Paralel Run Options No particles to dusp.
(7] Run in Parallel No fluids to dunp.
b Yo SunRhod to dump
elp [C] isable Per-Rank output Druping all multifields st 2016-04-24-16:22:51.502.
Cores on Machine: 8 Dumping I at Z018-0d-24-16:22:51. 502
Number of Cores 4 B Duuped I at 2018-04-24-16:22:51.541.

Dumping I ar 2018-04-24-16:22:51.541.
Dunped E ar 2018-04-Z4-16:72:51.573.

Tunping B at 2018-04-24-16:22:51.579
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Ho electromagnetic fields to dump.

Ho collisions to dvmp.

o ionizacion processes to dump

Domain: Dumped all at clock time 2018-04-24-16:22:51 635

Main loop ended at clock time 2018-04-2d-16:22:51 €35
Deleting domain

Deleting domain.
OQUTPUT SUMMARY

Thers were 0 Notices encountersd in this run.

There were 0 Varnings encountersd in this run.
TxsRanProcessHldr obiect deleted
TrsPanPhysicsHldr cbisct deleted
VOMPAL completed at elock time  2018-04-2d-16:22:51.672.
HOTE: A ¥SiuBase license was needed to run this simulation.
Lines from 'halfVaveAntenna.pre’ processed.
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————————————————————— END ENGINE DUTPUT ---—-----——----—

i

Engine completed sucesssfully.
To see results, click on the "Wisualize® icon in the icon panel.

@ Run: SUCCESS Sinulation engine finished successfuly Show Log

Fig. 2.20: The Run Window at the end of execution.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
To view the field pattern as shown in Fig. 2.21, do the following:

» Expand Scalar Data

* Expand B

e Select B_y
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 Select Display Contours and set the # of Contours to 100
* Move the dump slider forward in time

* Rotate the plot by clicking and dragging with your mouse.

VSim - Half-Wave Antenna (=3 E=RE|
o Results
(ssvemage] 7] o eser
Welcome | |JRINEHTR
4 Scalar Data
N
Setup 7] B_magnitud Pesudocalar
[ Bx ar: .y
. 23312000
3 ‘ - sof
OBz — 11662000
Run
3
v 00000
O, |- |} 7of
a > Meshes 1. 166e009
E 2,3312-009
Mo 2,371=-009
Win: 2,33 1009 6.0
VYisualize
?
5.0F
Help \
o
a0F
30
20F
I3
§
10F4
i
i
[ Log Seale Color T
Display Contours G0 05 10 15 Mg 25 30
# of Contours: 100]
[ Clip All Plots Plane Controls
Dump: 5
xes 0
=] i If
; :
@ visualize: READY visualization avalable Show Log

Fig. 2.21: Visualization of the wave pattern as a color contour plot.

Further Experiments

Additional experiments worth investigating are:

* Change the frequency of the source.

2.1.8 Parallel Plate Capacitor (parPlateCapacitor.sdf)
Keywords:

electrostatics, parallel plate capacitor

Problem description

This Parallel Plate Capacitor simulation computes the electrostatic potential and field for a parallel plate capacitor. It
can be run in any number of dimensions. It is periodic in the y and z directions when they are present.

This simulation can be performed with a VSimBase license.
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Opening the Simulation

The Parallel Plate Capacitor example is accessed from within VSimComposer by the following actions:
¢ Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples option.
* Select Parallel Plate Capacitor and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.22. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid

VSim - Parallel Plate Capacitor - [m] X
File Edit Tools View Help

@ Simulation Setup is Ready |Save and Setup

parPlateCapacitorsdf  parPlateCapacitorpre  parPlateCapacitorin

simulation 5 e @oph) | Properties | |View Solids - [selectSolid ~|[ Toagle Aves | [Perspecive view] [+2  ~|| Reset Position |
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Parameters
Basic Settings.
Functions
SpaceTimeFunctions
Materials

DV

Database

[*] Geometries

[#] Grids

[#] Field Dynamics
Histories

Property Value ~
surface meshing tol... 0.5
cfl number 095
time step 0.0
number of steps 1
steps between dumps 1
precision double
length unit meter
use GPU (if found)  false
verbosity information
dimensionality 3
grid spacing uniform

restore geometries  True
MPI decomposition  default
coordinate system cartesian
[=] field solver electrostatic W

@ Setup: COMPLETED Click run to continue Show Log

Fig. 2.22: Setup Window for the Parallel Plate Capacitor example.

Simulation Properties
The Simulation Elements Tree and Property Editor allow one to choose the distance between the plates, width of

the plates, voltage of the positive plate and the length of a time step (which is irrelevant as this is an electrostatic
simulation)

Running the Simulation

After performing the above actions, continue as follows:

2.1. Basic Examples 25



VSim Examples, Release 9.0.2-r2448

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

¢ To run the file, click on the Run button in the upper left corner of the Logs and output Files pane. You will see
the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.23.
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Run Dump and Stop| | Force Stop

Engine log  File Browser

Value from Basic Setting (1.0)
Number of Steps 1 |
Sciud Default Value (1)
* Dump Periodicity |1 |

E,
Default Value (1)
Run
Reset to Setup Values
» Additional Run Options
Analyze
Restart at Dump Number
& Dump at Time Zero
PN [ No Fartidle Sorting
?

Parallel Run Options

el Run in Parallel
[] pisable Per-Rank Output
Cores on Machine: 8

No ionization processes to dump.
Domain: Dumped all at clock time 2018-04-24-15:55:51.522.

at clock time 2018-04-24-15:55:51.522.
1 at clock time 2018-04-24-15:55:51.522.
vector O, |lAx - b|| = 5.53757e-023

Main loop started
Taking step
Amesos_Superludist :

Domain: Dumping all at clock time 2018-04-24-15:55:51.538.
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No SumRhoJ to dump.
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Dumping E at 2018-04-2¢-15:55:51.533.

Dumped E at 2018-04-24-15:55:51.538.

Dumping Phi at 2018-04-24-15:55:51.538.

Dumped Phi at 2018-04-24-15:55:

Dumping ChargeDensity at 2
Dumped ChargeDensity at 20
A1l multiFields dumped at 2018-04-24-15:55:51.553.
No electromagnetic fields to dump.

No collisions to dump.

Number of Cores No ionization processes to dump.

Domain: Dumped all at clock Cime 2018-04-24-15:55:51.553.
Main locp ended at clock time 2015-04-24-15:55:51.553
Deleting domain

Deleving domain.
OUTPUT SUMMARY:
There were 0 Notices encountered in chis run.
There were 0 Warnings encountered in this run.
TxsRxnProcessHldr cbject deleted
TxsRxnPhysicsHldr object deleted
VORPAL completed at clock time 2018-04-24-15:55:51.569.
NOTE: A VSimBase license was needed To run this simulation.
Lines from 'parPlateCapacitor.pre’ processed.
Fini i rPlateCapacitor.pre’.
- END ENGINE OUTPUT

Engine completed successfully.
To see results, click on the "Visualize® icon in the icon panel.

@ Run: SUCCESS Simulation engine finished successfully Show Log

Fig. 2.23: The Run Window at the end of execution.

Visualizing the Results

After performing the above actions, continue as follows:
* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
To create the image shown in Fig. 2.24, proceed as follows:

» Expand Scalar Data and select the box next to Phi

Further Experiments

Change the gap between the plates by changing the length of the grid in the z direction and see how the electric field
changes.

Change a width, e.g., LY and see whether it has an effect on the electric field.

Change the voltage on the right plate and see if it affects the electric field.

Set the periodic directions under BasicSettings to none, add boundary conditions on those directions and see how the
field changes.
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Fig. 2.24: Visualization of plane wave as a color contour plot.

2.1.9 Two-Stream Instability (twoStream.sdf)

Keywords:

electromagnetics, two-stream instability

Problem Description

The two-stream instability is a rapidly growing collision-less plasma instability arising from small charge imbalances.
A local imbalance leads to the acceleration or deceleration of particles in its vicinity, which in turn leads to an even
stronger imbalance. One setup that allows to easily observe the instability is two counter-streaming beams of identical
charge in a periodic system. The advantage of this configuration is that the generated plasma wave becomes a standing
wave, thus allowing to easily observe the formation of the phase space vortices.

In this example, we use two electron streams. At ¢ = 0 the streams have drift velocities of magnitude 7.78 x 105 m/s.
In order to accelerate the onset of the instability, the two particle beams are given a small sinusoidal perturbation in
velocity space.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Two-Stream Instability example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.

* In the resulting Examples window expand the VSim for Basic Physics option.
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» Expand the Basic Examples option.

 Select Two-Stream Instability and press the Choose button.

¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.25. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the

grid, expand the Grid element and select or deselect the box next to Grid.

twoStream sdf  twoStraam.pre

VSim - Two-Stream Instability
File Edit Tools View Help

Simulation

Description

# Constants
* Parameters

Basic Settings
Functions

=l SpaceTimeFunctions

Materials

* Geometries
* Grids

# Field Dynamics

# Particle Dynamics
* Histories

Property Value

©Setup: COMPLETED Click run to continue

twoStream.in

3D View

Database

@ Simulation Setup is Ready Save and Setup.

%:2 (2,7,phi) Properties View Solids ~ Select Solid - Toggle Axes Perspective View | +2 * Resat Position

Shaw Log

Fig. 2.25: Setup Window for the Two-Stream Instability example.

Simulation Properties

There are a number of Constants in this simulation to help make modifying the simulation even easier. Those include:

e XCELLS: The number of cells

VBAR: The average velocity

NOM_DEN_E: The electron density

WAVELENGTHS: The number of wavelengths in the domain to simulate
PPC: The number of particles per cell.

SpaceTimeFunctions are used to set the velocities of each particle stream.

The simulation is 1 dimensional and periodic in x.
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Running the Simulation

After performing the above actions, continue as follows:

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper right corner of the window. You will see the output of the
run in the right pane. The run has completed when you see the output, “Engine completed successfully.” This is

shown in Fig. 2.26.
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Fig. 2.26: The Run Window at the end of execution.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

To view the instability as shown in Fig. 2.27, do the following:

* Select the Phase Space option from the Data View menu

¢ Click the Enable Second Plot box

tronsl_ux

In the Plot 1 box, change the X-axis to electronsO_x, and the Y-axis to electronsO_ux

In the Plot 2 box, change the Base Variable to electronsl, the X-axis to electronsl_x, and the Y-axis to elec-

Click the DRAW button at the bottom, then move the Dump slider forward in time.
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Fig. 2.27: Visualization of the two-stream instability developing in particle phase space.

Further Experiments

Change the average velocity and velocity modulation and see how the speed at which the instability sets in depends
on the modulation.

View the particle density by using the computePtcINumDensity script in the Analyze Window.

2.2 Basic Examples (text-based setup)

2.2.1 Magnetic Fields of Wire (bFieldByJT.pre)

Keywords:

Calculating A vector by a current carrying long linear wire.

Problem description

This simulation illustrates how to model magnetostatics. A straight current, J,, is directed along the z-axis. The
example solves Poisson’s equation for the vector potential, A. The Oth dump of the simulation is the analytical solution
for the purpose of comparison.

This simulation can be performed with a VSimBase license.
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Opening the Simulation

The magnetic field by a current example is accessed from within VSimComposer by the following actions:
¢ Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples (text-based setup) option.
* Select “Magnetic Fields of Wire (text-based setup)” and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.28.

im - Magnetic Fields of Wire (text-based setuj -
W vsim - Mag Fields of Wire (text-based setup) [} X
File Edit Tools View Help

View Input File (] Validate
p

bFieldByIT.pre  bFieldByIT.in

This is a simulation of magnetostatics in which magnetic fields are generated by a fixed current on an
infinitely long wire, in a periodic box. The Oth dump shovrs the analytical solution for the comparison.

NDIM [3 |

0.4f
{

10 [2.0e1 |

Ro [0.1 |

e [32 |

wr (32

Nz (32 |

@ Setup: COMPLETED Click run to continue Show Log

Fig. 2.28: Setup Window for the magnetic field by a current.

Input File Features

VSimComposer allows the user to vary the applied current and a radius of the wire. These are the main parameters that
affect the A vector. By changing these parameters, a user can run simulations to explore how the A vector depends
on the applied current and radius. The input file, when viewed in the editor, also exposes all the grid sizes of the
simulation that are used by the implemented models.

Running the simulation

After performing the above actions, continue as follows:

* Proceed to the Run Window by pressing the Run button in the left column of buttons.
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* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed

successfully.” This is shown in Fig. 2.29.

VSim - Magnetic Fields of Wire (text-based setup)
File Edit Tools View Help

Runtime Options

\’ These option override values calculated or set in Setup Tab

Time Step [1.0 |

Logs and Output Files
Run Dump and Stop  Force Stop

Engine Log  File Browser

Default Value (1.0)
Number of Steps 1 |
Setud Default Valse (1)

11 Dump Periodicity |1 |
Default Valse (1)
Run
Reset to Setup Values
» Additional Run Options
Analyze
Restart at Dump Number
T Dump at Time Zero
Visuahed [] No Particle Sorting
?

Farallel Run Options
LGB ) run i Parallel
Disable Per-Rank Output
Cores on Machine: 8

Number of Cores |4 §

@ Run: SUCCESS Simulation engine finished successfully

Dumping grid boundaries at 2015-04-24-16:27:06.091.

Dumped grid boundaries at 2018-04-24-16:27:06.051.

No particles to dump.

No fluids to dump.

No SumRhoJ to dump.

Dumping all multiFields at 2018-04-24-16:27:06.091.
B

6
Dumped J at 2018-04-24-16:27:06.098.

A1l multiFields dumped at 2018-04-2¢-16:27:06.102.

No electromagnetic fields to dump.

No collisions to dump.

No ionization processes to dump.

Domain: Dumped all at clock time 2018-04-24-16:27:06.104.

Main loop ended at clock time 2018-04-24-16:27:06.104
Deleting domain

Deleting domain.
OUTPUT STMMARY:
There were 0 Notices encountered in this run.
Thers wers 0 Warnings encountered in this run.

ML time information (seconds) total avg
1- Construction = 0.199 0.199
2- Preconditioner apply = 0.€77
a- rirst application(s) only = 0.018 0.019
b- remaining applications = 0.658 0.01645

3- Total time required by ML so far is 0.876 seconds
(constr + all applications)

TxsRxnProcessHldr cbject deleted
TxzsRxnPhysicsHldr cbject deleted
VORPAL completed at clock time 2018-04-24-16:27:06.132.
NOTE: A VSimBase license was needed to run this simulation.
Lines from 'bFieldByJT.pre' processed.

Fini 1 1dByJIT.pre’ .

- -- END ENGINE OUTEUT ---

Engine completed successfully.
To see results, click on the "Visualize" icen in the icon panel.

Show Log

Fig. 2.29: The Run Window at the end of execution.

Visualizing the results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

For this example, one can see the A vector fields. To see the A vector, continue as follows:

* Make sure the Data View drop down is set to Data Overview.

* Here you can see Variables. Expand the Scalar Data. Then expand A

* Four variables are available, the three components of A and the magnitude of the vector. Select A_magnitude.

¢ Check the box next to Display Contours

* Rotate the view by clicking and dragging your mouse.

Fig. 2.30 shows the visualization seen for A_magnitude.

Further Experiments

This input file can be modified to test different current, and wire radius. This will allow users to study how to use the

magnetostatics capability in Vorpal.
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VSim - Magnetic Fields of Wire (text-based setup)
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- @ Save Image | | Labels || Axis Scale | | Rendering || Colors | | Reset View |[ ] Auto Reset
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Oa — 27502000
Run Y
Haz |
o, [
— 1207w 007
Analyze Vector Data l
Meshes W 3 5222007
i Tin, 43552008
Visualize

[] Log Scale Color
Display Contours

s ofconowrs[s ]

[ clip Al Plots Flane Controls

Dump: 0
Annotation Level: |Axes & Legends +

£ Reload Data o i

Show Log

@ Visualize: READY Visualization available

Fig. 2.30: Visualization of magnetic fields by the current as a color contour plot.

2.2.2 Oscillating Dipole Above Conducting Plane (emOscDipoleAboveConduc-
torT.pre)

Keywords:

emOscDipoleAboveConductorT, radiation

Problem Description

This problem consists of an infintesimally short dipole located a variable height and orientation above a conducting
plane. This simulation sets up a multifield, which can than have its electric and magnetic fields visualized to see how
the distance between, and orientation of the dipole relative to the antenna effects these fields.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Dipole Above Conducting Plane example is accessed from within VSimComposer by the following actions:
¢ Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples (text-based setup) option.
e Select Dipole Above Conducting Plane (text-based setup) and press the Choose button.

¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.
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The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.31.

VSim - Oscillating Dipole Above Conducting Plane (text-based setup) - [m] X
File Edit Tools View Help

.
© @ [ @ % |view InputFile Validate

emOscDipoleAboveConductorT.pre  emOscDipoleAboveConductorT.in

This is an example of constructing an dipole above a plane and setting the dipole to be
oriented horizontally or vertically with respect to the conducting plane. The field patterns are computed in this
Hom [3 | simulation while the far field radiation patterns are computed in the dipole example in the VSIMEM package-
ANTENNA_POLARIZATION [0 ]
HEIGHT [.05 ] ﬂ- “!;%.‘Q‘
FREQUENCY [6.0e9 | / ; ‘
FTS_PER_LAMEDA [8 |
x[s ]
|5 |
1z [s |
PERIODS 15 |
TIMESTEP_FACTOR |.9 |
@ setup: COMPLETED Click run to continue Show Log

Fig. 2.31: Setup Window for the Dipole Above Conducting Plane example.

Input File Features

This file has key parameters to adjust the antenna polarization, height and operating frequency. In addition the number
of points per wavelength as well as simulation domain size and runtime can be adjusted. Finally the length of one
timestep can be adjusted slightly. The input file itself consists of a multifield with 5 open boundary conditions, and
one conducting boundary condition to simulate the ground plane.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner. of the Logs and output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in the window below.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
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VSim - Oscillating Dipole Above Conducting Plane (text-based setup) - [m] X
File Edit Tools View Help
Runtime Options Logs and Output Files
\’ These option override values calculated or set in Setup Tab R i S RSy
RS  Time Step [1.0832811758608805e-11 ] Engine Log  [EialRiowesT
Defout Valse (1.0832811758698895¢-11) Taking step 225 at clock time 2018-04-24-16:10:49.238. ~
Taking step 226 at clock time 2 4-24- ©.322.
Humber ofStepleBU | Taking step 227 at clock time 2018-04-24- 9.400
Setup ‘ Taking step 228 at clock time 2018-04-24— 9.506.
Defaut Valie (230) Taking step 228 at clock time 2018-04-24-16:10:45.582.
3 Dump Periodicity [20 ] Taking step 230 at clock time 2018-04-24-16:10:49.685.
o Defout Vake (20) Main loop ended at clock time 2015-04-24-16:10:48.767
Run
Reset to Setup Values Domain: Dumping 2ll at clock time 2018-04-24-16:10:49.767.
G) Globals dumped at 2018-04-24-16:10:49.7€7.
~ Additional Run Options Dumping grid boundaries at 2018-04-24-16:10:49.767.
Analyze Dumped grid boundaries at 20185-04-24-16:10:48.767.
- No fluids to dump.
[ oump at Time zero No SumRhoJ to dump.
SRl [ no Particle Sorting Dumping all multiFields at 2018-04-24-16:10:49.767.
csommunoptons| | Dumping E at 2018-04-24-16:10:48.767.
?
- (el 2 e @y Dumped B at 2018-04-24-16:10:489
e [] Run in Parallel Dumping J at 2018-04-24-16:10:4 .
. . Dumped 7 at 2018-04-24-16:10:48.7%8,
D D RIS A1l multiFields dumped at 2018-04-24-16:10:49.798.
Cores on Machine: 8 No electromagnetic fields to dump.
Number of Cores |4 = No collisions to dump.
No icnization processes to dump.
Domain: Dumped all at clock time 2015-04-24-16:10:48.788.
Deleting domain
Deleting domain.
CUTEUT SUMMARY:
There were 0 Notices encountered in this run.
There were 0 Warnings encountered in this run.
TxsRznProcessHldr object deleted
TxsRxnPhysicsHldr object deleted
VOREAL completed at clock time  2018-04-24-16:10:48.79%.
NOTE: A VSimEM or VSimMD or VSimPD license was needed to run this simulation.
Lines from 'emGscDipoleAboveConductorT.pre’ processed.
Fi eDipoleAboveConductorT .pr
— END ENGINE GUTPUT ——-—
Engine completed successfully.
To ses results, click on the "Visualize” icon in the icon panel.
v
@ Run: SUCCESS Simulation engine finished successfully Show Log

Fig. 2.32: The Run Window at the end of execution.

The electric and magnetic field components can be found in the scalar data variables of the data overview tab.
* Make sure the Data View drop down is set to Data Overview.
* Here you can see Variables. Expand the Scalar Data.
* Expand E
e SelectE_y
* Check the box next to Display Contours and set the # of contours to 10

Initially, no field will be seen, as one is looking at Dump 0, the initial dump, when no fields are yet in the simulation.
Move the slider at the bottom of the right pane to see the electric field at different times.

Further Experiments

In this example the “infinite” electric conductor is simulated by a physical conducting boundary at the bottom of the
simulation. It would be possible to achieve the same results by having a second, equal infintesimal dipole placed the
same height “below” the conducting plane.

The number of “lobes” visible in the far field is dependent on Antenna Orientation and height. If vertically oriented
there will be 2*Height/Wavelength +1 lobes.A horizontally oriented dipole will produce 2*Height/Wavelength lobes.
This can be a bit difficult to visualize using just E-field data as it must be properly thresholded. The lobes will be
easier to see in the example Advanced Dipole Above Conductor, a part of the VSimEM package.

By adjusting the TIMESTEP_FACTOR timesteps can be made larger. If they get to large the simulation will become
unstable.

2.2. Basic Examples (text-based setup) 35



VSim Examples, Release 9.0.2-r2448

VSim - Oscillating Dipole Above Conducting Plane (text-based setup) - [m] X
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Fig. 2.33: The electric field

To improve computational speed the size of the simulation domain can be optimized by adjusting LX/LY/LZ and
PTS_PER_LAMBDA.

2.2.3 Electromagnetic Plane Wave (emPlaneWaveT.pre)

Keywords:

electromagnetics, plane wave, periodic boundary conditions, wave launcher

Problem Description

A linearly-polarized (with electric field in the y-direction) electromagnetic pulse with a sinusoidal amplitude on a plane
wave is launched from the left side (x=0) to propagate in the x-direction. The transverse (y,z) boundary conditions are
periodic.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Electromagnetic Plane Wave example is accessed from within VSimComposer by the following actions:
» Select the New — From Example. .. menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.

» Expand the Basic Examples (text-based setup) option.
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* Select Electromagnetic Plane Wave (text-based setup) and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.34.

VSim - Electromagnetic Plane Wave (text-based setup) - o x
File Edit Tools View Help

©® @ 0O @ % ViewinputFile ° Validate.
FEEl emPlaneWaveTpre  emPlaneWaveTin

An electromagnetic plane wave with  sinusoidal ampltude is launched from the left side (x=0)

NDIM [2 The transverse (y, 2) boundary conditions are periodic.

TIMESTEP_FACTOR |.995

WAVELENGTHS 5.
MX [s0 1
NY [s0 |
Nz [s0 154
NSTEPS |100 |
DUMPPERIOD |10 - 1
° ]
] ]
5 ]
2 104
] ]
- |
]
5

x (x10"-6)

©Setup: COMPLETED Click run to continue Show Log

Fig. 2.34: Setup Window for the Electromagnetic Plane Wave example.

Input File Features

The input file sets the wavelength to be one-third of the box length. It computes the TIMESTEP stability limit for the
time step and sets the actual time step to TIMESTEP_FACTOR times the stability limit for the time step.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper right corner. of the window. You will see the output of the
run in the right pane. The run has completed when you see the output, “Engine completed successfully.” This is
shown in Fig. 2.35.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
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VSim - Electromagnetic Plane Wave (text-based setup) - [m] X

File Edit View Help
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Resetto Setup Values

No collisions to
Additional Run Options No ionization pr
omain: D

Dom. unped a1l at
Restart at Dump Number
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L] Ho Particl Sorting Taking step 53 at clock tize

Custom Run Options Taking step 94 at clock time

Taking step 95 at clock time

Parallel Run Options Taking step 96 at clock time

[ Run in Parallel Taking step

Disable Per-Rank Output
Cores on Machine: 4

Number of Cores 4 =

Dumping E at

Dumped £ at 2
Dumping B at

mp.
Domain: Dumped all at clock time 2018-0

Main loop ended at clock time 2018-05-31
Deleting domain

Run: SUCCESS Simulation engine finished successfully Show Log

Fig. 2.35: The Run Window at the end of execution.

The electric and magnetic field components can be found in the scalar data variables of the data overview tab.
* Make sure the Data View drop down is set to Data Overview.
* Here you can see Variables. Expand the Scalar Data.
* Expand E
e SelectE_y

Initially, no field will be seen, as one is looking at Dump 0, the initial dump, when no fields are yet in the simulation.
Move the slider at the bottom of the right pane to see the electric field at different times. The final time is shown in
Fig. 2.36.

Further Experiments

To see more wavelengths, change the value of the WAVELENGTHS variable. What happens to the waves when there
are very few cells in a wavelength?

See the wave reflect off the right boundary by running for more time steps.

To see a numerical instability, increase TIMESTEP_FACTOR to greater than one.

To see controlled dispersion, change to a 1D simulation and set TIMESTEP_FACTOR to unity.

Try changing NDIM to 3 to see the how the simulation is uniform across the z- dimension.

2.2.4 Electromagnetic Particle In Cell (emPtclinCellT.pre)

Keywords:
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VSim - Electromagnetic Plane Wave (text-based setup)
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Fig. 2.36: Visualization of plane wave as a color contour plot.
electromagnetics, particle in cell, sheath, box bounding

Problem description

A point antenna launches a wave from a point that is midway in x and z (if two-dimensional) but 1/3 of the way up
from the bottom in y. The electromagnetic field and plasma respond self consistently to an antenna current, if set, or
else the plasma simply evolves due to its initial thermal distribution.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Electromagnetic Particle In Cell example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the VSim for Basic Physics option.

¢ Expand the Basic Examples (text-based setup) option.

Select “Electromagnetic Particle In Cell” and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The key parameters of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.37.
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V/Sim - Electromagnetic Particle in Cell {text-based setup) - o X
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Fig. 2.37: Setup Window for Electromagnetic Particle in Cell.

Input File Features
The input file sets the number of cells along each direction along with the lengths of each direction. The transverse (y,
z) boundary conditions are periodic. There are slab conductors at the limits in x.

The number of vacuum wavelengths in the box can be chosen. The wave frequency w, is then given from the vacuum
dispersion relation w = ¢/ .

Particles are loaded on a grid with a thermal velocity to generate a plasma with plasma frequency equal to
OMP_REL times the wave frequency. For the wave amplitude, the antenna strength should satisfy DEZ_ANT >
1.e9*OMP_RELA2.

The time step is chosen to be TIMESTEP_FACTOR times the combined stability limit for plasma oscillations and that
given by the CFL limit for FDTD electromagnetics.

One can turn the antenna off to see just the plasma noise and sheath generation.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner. of the window. You will see the output of the
run in the right pane. The run has completed when you see the output, “Engine completed successfully.” This is
shown in Fig. 2.38.
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V/Sim - Electromagnetic Particle in Cell {text-based setup)
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Fig. 2.38: The Run Window at the end of execution of Electromagnetic Particle in Cell.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

To view the electric field, expand “Scalar Data”, expand the E field box, and select E_magnitude. Move the slider at
the bottom of the right pane to see the electric field at different times. At Dump 4, the rings of radiation surrounding

the antenna can be seen, as shown in Fig. 2.2.4. box, as shown below.

Further Experiments

Vary the antenna amplitude, DEZ_ANT, to find out how low it can be before the signal is swamped by the plasma

noise.

Increase OMP_REL to 1.5 to see that a wave is no longer launched, but what causes that front that travels far from the

antenna.

Add in a magnetic field in the plane; remove the magnetic field out of the plane. Launch a mode with frequency above
the upper-hybrid. Does the shape of the fronts change?

2.2.5 Vacuum Electromagnetic Pulse (emPulselnVacuumT.pre)

Keywords:

electromagnetics,

laser,

plane wave pulse,

field energy monitoring
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Problem description

A linearly-polarized (with electric field in the z-direction) electromagnetic pulse with a sinusoidal amplitude on a
plane wave is launched from the left side (x=0). The transverse (y, z) boundary conditions are periodic, but the pulse
has finite transverse extent.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Vacuum Electromagnetic Pulse example is accessed from within VSimComposer by the following actions:
* Select the New — From Example. .. menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples (text-based setup) option.
e Select Vacuum Electromagnetic Pulse (text-based setup) and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window as
shown in Fig. 2.39.

Input File Features

The input file sets the wavelength to be one-eighth of the box length. It computes the CFL stability limit for the time
step and sets the actual time step to TIMESTEP_FACTOR times the stability limit for the time step.

One can change the pulse width and length to see more or less diffraction or dispersion.
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5 - O X
© @ [ @ % |view InputFile Validate
Tpre Tin
An electromagnetic pulse (wavepacket) is launched from the left side (x=0). The transverse (y, z) boundary
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@ setup: COMPLETED Click run to continue Show Log

Fig. 2.39: The Setup Window for the electromagnetic pulse.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and output Files pane. You will see
the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.”

The Run Window, showing settable parameters with the engine output in the right pane, is shown in

Visualizing the Results

After performing the above actions, continue as follows:
* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
The electric and magnetic field components can be found in the scalar data variables of the data overview tab.
* Make sure the Data View drop down is set to Data Overview.
* Here you can see Variables. Expand the Scalar Data.
* Expand B

e Select B_x

Check the box next to Display Contours and set the # of contours to 10

¢ Click and drag with your mouse to rotate the view
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Fig. 2.40: The Run Window for the electromagnetic pulse.

Initially, no field will be seen, as one is looking at Dump 0, the initial dump, when no fields are yet in the simulation.
Move the slider at the bottom of the right pane to see the magnetic field at different times.

Further Experiments

Increase CFL_FACTOR to greater than one. One should then see the simulation go numerically unstable, as one will
have violated the CFL condition.

Increase NX to better resolve the wave and see whether it slips less with respect to the box.

Increase the pulse and box widths (you will also need to increase the number of cells in the transverse directions) to
reduce diffraction.

Modify the boundary conditions to be a Matched Absorbing Layer (MAL) or Perfectly Matched Layer (PML) to see
how the wave is absorbed when it reaches the end of the simulation.

2.2.6 Electrostatic Particle In Cell (esPtclinCellT.pre)
Keywords:

electrostatics, particle in cell, sheath, box bounding
Problem description

This electrostatic particle in cell example computes the electrostatic potential and fields in a box with conducting walls
and particle absorbers and with an immobile, background neutralizing charge density. The electrons move to the wall
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Fig. 2.41: Bx fields at Dump 10.

by the potential, creating a sheath.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The electrostatic particle in cell example is accessed from within VSimComposer by the following actions:
» Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples (Text-based setup) option.
¢ Select “Electrostatic Particle in Cell (Text-based setup)” and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.42.

Input File Features

The input file allows one to choose the simulation dimension, domain size, resolution (number of cells in each di-
rection), electron temperature (eV), electron density, voltage, ratios of cyclotron frequencies to plasma frequency and
electron marcroparticles per cell.
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Fig. 2.42: Setup Window for the electrostatic particle in cell example.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” A snapshot of the simulation run completion is shown in Fig. 2.43.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
To view the electric potential

* Expand the Scalar Data

 Select phi

* Move the dump slider to the right to Dump 1

The potential in the visualization window resembles that shown in Fig. 2.44.

Further Experiments

Change the plasma density and see whether the frequency in the histories changes.
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Fig. 2.43: The Run Window at the end of execution.
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Fig. 2.44: The Visualize Window showing the electric potential, phi, at dump 1.
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Set BZRATIO to 1.0 to observe the upper-hybrid mode.
Set BXRATIO to 1.0 to observe both the plasma mode and the upper-hybrid mode.
Set a value to V_RIGHT to see how the potential distribution changes.

Change the parameter NDIM to 3 to see the potential in 3 dimensions. Note that this will take longer to simulate.

2.2.7 Parallel Plate Capacitor (parPlateCapacitorT.pre)

Keywords:

electrostatics, parallel plate capacitor

Problem description
This Parallel Plate Capacitor simulation computes the electrostatic potential and field for a parallel plate capacitor. It
can be run in any number of dimensions. It is periodic in the y and z directions when they are present.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Parallel Plate Capacitor example is accessed from within VSimComposer by the following actions:
 Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Basic Physics option.
* Expand the Basic Examples (text-based setup) option.
* Select Parallel Plate Capacitor (text-based setup) and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.45.

Input File Features

The input file allows one to choose the distance between the plates, width of the plates, voltage of the positive plate
and the length of a time step (which is irrelevant as this is an electrostatic simulation)

Running the Simulation

After performing the above actions, continue as follows:
¢ Proceed to the Run Window by pressing the Run button in the left column of buttons.

¢ To run the file, click on the Run button in the upper left corner of the Logs and output Files pane. You will see
the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.46.
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Fig. 2.45: Setup Window for the Parallel Plate Capacitor example.
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Fig. 2.46: The Run Window at the end of execution.
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Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
To visualize the electrostatic potential

» Expand Scalar Data

* Select phi

* Move the time slider to the right to view Dump 1

Fig. 2.47 shows the visualization seen.
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Fig. 2.47: Visualization of plane wave as a color contour plot.

Further Experiments

Change the GAP between the plates and see how the electric field changes.
Change a width, e.g., LY and see whether it has an effect on the electric field.
Change the voltage on the right plate and see if it effects the electric field.

Set the boundary conditions to non-periodic (0) and see how the electric field changes.

2.2.8 Two-Stream Instability (twoStreamT.pre)

Keywords:
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electromagnetics, two-stream instability

Problem Description

The two-stream instability is a rapidly growing collision-less plasma instability arising from small charge imbalances.
A local imbalance leads to the acceleration or deceleration of particles in its vicinity, which in turn leads to an even
stronger imbalance. One setup that allows to easily observe the instability is two counter-streaming beams of identical
charge in a periodic system. The advantage of this configuration is that the generated plasma wave becomes a standing
wave, thus allowing to easily observe the formation of the phase space vortices.

In this example, we use two electron streams. At ¢ = 0 the streams have drift velocities of magnitude 7.78 x 105 m/s.
In order to accelerate the onset of the instability, the two particle beams are given a small sinusoidal perturbation in
velocity space.

This simulation can be performed with a VSimBase license.

Opening the Simulation

The Two-Stream Instability example is accessed from within VSimComposer by the following actions:
 Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Basic Physics option.
» Expand the Basic Examples (text-based setup) option.
 Select Two-Stream Instability (text-based setup) and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The basic variables of this problem should now be alterable via the text boxes in the left pane of the Setup Window, as
shown in Fig. 2.48.

Input File Features

The simulation setup consists of an electromagnetic field and two particle species, one for each of the two counter
propagating electron particle streams. Each electron stream is given a drift velocity and an additional velocity pertur-
bation. For diagnostic purposes there is also output for species momentum, species energy and field energy histories.

The input file allows one to choose the average beam velocities and the amplitude of modulation. The number of
particles per cell (PPC), dimensionality, length of the simulation and length of a time step can also be modified from
the key parameters window.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

¢ To run the file, click on the Run button in the upper right corner of the window. You will see the output of the
run in the right pane. The run has completed when you see the output, “Engine completed successfully.” This is
shown in Fig. 2.49.
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Fig. 2.48: Setup Window for the Two-Stream Instability example.
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Rank 0 processed a total of 4.096e+007 electronsd at an average of 0 seconds per particle push.
Rank 0 just processed 409€ electrons0 at an average of 0 seconds per particle push.

Rank 0 processed a total of 4.056e+007 electzonsl at an average of 0 seconds per particle push.
Rank 0 just processed 409 electronsl at an average of 0 seconds per particle push.

For all ranks, total average particle process time
For all ramks, last average particle process time

arnings encountered in this run.

0 seconds
0 seconds.

Notices:
NOTICE: In Parciel gen: r not fied. Caleulat
NOTICE: In Particl genl: r not fied. Calculat

ir based on nominal number per cell from species

r based on nominal number per cell from species

Engine cempletsd successfully

To see results, click on the "Visualize™ icon in the icon panel

@ Run:  SUCCESS Simulation engine finished successfully

Show Log

Fig. 2.49: The Run Window at the end of execution.
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Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.

To view the instability in phase space:

* Select the Phase Space option from the Data View menu.

* In the Plot 1 box, change the X-axis to electronsO_x, the Y-axis to electronsO_ux, and Color to Red.

¢ Click the Enable Second Plot box.

Click the DRAW button at the bottom

In the Plot 2 box, change the X-axis to electronsi_x, the Y-axis to electronsi_ux and Color to Blue.

e Move the Dump slider over to dump number 100.

VSim - Two-Stream Instability (text-based setup)

File Edit

Tools  View Help

Visualization Controls

Visualization Results

?

Help

Data View: | Phase Space -

Plot 1

Base Variable: | electronsn -
X-axis |electrons0 x v | [JLog
Y-axis | electronsd_ux ¥ | [ Log
Z-axis | <Nene> ~ ieg
Color |Red v [Jieg

——

Symbol Point

Enable Second Plot

Plot 2

Base Variable: | electrons 1. -
X-axis |electrons1 x = | []Log
Yaxis electronsi_ux v []Leg
Z-axis | <None> v [leg

Color | Blue ~ [ieg

po———

Symbol Paint

[ Enable Third Plot.

Reset View on Draw

DRAY

Annotation Level: |Axes &legends v

2! Reload Dat:

Save Image  Labels | ResetView [ ] AutoReset

20
Scatier r
Var: slechioren_x, r
“elchored i

Scatter
Var: slzctorel_x,
achors i

electronsl_ux (x1076)

| | | Ll L |
0.010 0.020 0.030 0.040 0.050 0.060 0.070

electronsl_x

Dump: 100

0

@ Visualize: READY Visuaiization available

Show Leg

Fig. 2.50: Visualization of the two-stream instability developing in particle phase space.

Further Experiments

Look at the histories to see how the plasma waves exchange energy with fields and each other as the instability

develops.

Change the average velocity and velocity modulation and see how the speed at which the instability sets in depends
on the modulation.

To calculate the density of the particles in the simulation switch the key parameters to

1. VBAR =7.78e3

2.2. Basic Examples (text-based setup)
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2. PPC = 10. (note that decimal point is important here)
3. NDIM =2

Then after the simulation has completed go to the Analyze Window, select ptclNumDensity from the drop down menu,
input twoStreamT for the baseName and electronsO for the speciesName and hit run. This process is detailed further
in VSim In Depth
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CHAPTER
THREE

VSIM FOR ELECTROMAGNETICS EXAMPLES

These examples illustrate how to solve complex problems in electromagnetics.

These examples can be run with a VSimEM license.

3.1 Antennas

3.1.1 Yagi-Uda (YagiUda2p4.sdf)

Keywords:
yagiUdaArrayWireModel, yagiT, far field, radiation

Problem description

A Yagi-Uda array is a directional antenna consisting of several parallel dipole elements. Only one of these dipole
elements is driven, the other elements being parassitic . Directionality is acheived by requiring that there be one
longer element adjacent to the source element, which is refereed to as the reflector. The rest of the elements beginning
adjacent to the source but opposite to the reflector are shorter than the source element, these are called directors. Yagi
antennas are ubiquitous and as such optimal parameters for dipole lengths and separations have been established, we
go with values one would typically find in any text covering the matter. This example illustrates how to obtain the far
field radiation pattern of a Yagi-Uda array.

This simulation can be performed with a VSimEM license.

Opening the Simulation

The Yagi-Uda example is accessed from within VSimComposer by the following actions:
* Select the New — From Example. .. menu item in the File menu.
* In the resulting Examples window expand the VSim for Electromagnetics option.
» Expand the Antennas option.
 Select 2.4 GHz Yagi Uda Antenna and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig. 3.1.
You can expand the tree elements and navigate through the various properties, making any changes you desire. The
right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the grid,
expand the Grid element and select or deselect the box next to Grid.
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VSim - 2.4 GHz Yagi Uda Antenna - [m] X
File Edit Tools View Help

@ Simulation Setup is Ready |Save and Setup

xyz(zeph) | Properies  [view Solds ~|[selectsoid  v| [ Toggle Aves | [Perspecive View]|+z | ResetPostion |

YagiUda2pd.sdf  YagiUdazpd.pre  YagiUda2pd.in

Simulation

3D View

Description
[#] Constants
[#] Parameters
Basic Settings.
[# Functions
[#] SpaceTimeFunctions
[¥ Materials
[ Geometries
[# Grids
[# Field Dynamics
[# Histories

Database

Property Value ~
time step 0.0
cfl number 0.99
number of steps 6000
steps between dumps 200
precision double
length unit meter
use GPU (if found)  false
verbosity information
dimensionality 3
grid spacing uniform

restore geometries  True
MPI decomposition  default
coordinate system cartesian

[=] field solver electromagnetic
background per.. 1.0 v
@ Setup: COMPLETED Click run to continue: Show Log

Fig. 3.1: Setup Window for the Yagi-Uda example.

Simulation Properties

This file allows the modification of the antenna operating frequency, antenna dimensions, and simulation domain size.

By adjusting the dimensions any sized Yagi-Uda array can be simulated.

Note: To obtain good far field resolution generally four or more antenna elements is desirable (One source, one
reflector, two or more directors).

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.
* Here you can set run parameters, including how many cores to run with (under the MPI tab).

* When you are finished setting run parameters, click on the Run button in the upper left corner of the Logs and
Output Files pane. You will see the output of the run in the right pane. The run has completed when you see the
output, “Engine completed successfully.” This is shown in Fig. 3.2.

Analyzing the Results

Click the Show All Analyzers button in the bottom left of the window, select “computeFarFieldFromKirchhoffBox.py”
from the list, and click “Open.”
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VSim - 2.4 GHz Yagi Uda Antenna - [m] X
File Edit Tools View Help
Runtime Options Logs and Output Files
\’ These option override values calculated or set in Setup Tab R i S RSy
LRI Time Step [965.59060465e-15 ] Engine Log  [EialRiowesT
Defout Valie (9.655996046470038e13) Taking step 5996 at clock time 2018-04-24-16:46:09.910. ~
Taking step 5997 at clock time 2018-04-24-16:46:10.032.
Humber ofStepleUUU | Taking step 5998 at clock Time 2018-04-24-16:46:10.152.
Setup ‘ Taking step 5999 at clock time 2018-04-24-16:46:10.269.
Defaut Valie (6000) Taking step 6000 at clock time 2018-04-24-16€:46:10,333.
el Dump Periodicity [200 ]
Defout Vakie (200) Domain: Dumping all at clock time 2015-04-24-16:46:10.488.
Run Globals dumped at 2018-04-24-16:46:10.501.
Reset to Setup Values Dumping grid boundaries at 2018-04-24-16:46:10.501.
@ Dumped grid boundaries at 2018-04-24-16:46:10.501.
- Additional Run Options Mo particles co dump.
Analyze No fluids to dump.
Restart at Dump Number Domain: Dumping histories at 2018-04-24-16:46:10.501.
- Domain: Histories dumped at 2018-04-24-16:46:10.506.
] Dump at Time Zero Ne SumRhos to dump.
SRl [ no Particle Sorting Dumping all multiFields at 2018-04-24-16:46:10.506.
Py Dumped J at 2018-04-24-1 576,
H Dumping E at 2018-04-24- 0.576
- (el 2 e @y Dumped E at 2018-04-24-16: Leas.
P Run in Parallel Dunping B at 2018-04-24-16 0.648
. Dumped & at 2018-04-24-16:46:110.750.
L] piseble Per-Rank Output A1l multiFields dumped at 2018-04-24-16:46:10.754.
Cores on Machine: 8 No electromagnetic fields to dump.
(e 7 B n No collisions to dump.
No icnization processes to dump.
Domain: Dumped all at clock time 2015-04-24-16:46:10.755.
Main loop ended at clock time 2018-04-24-1€:46:10.755
Deleting domain
Deleting demain.
OUTBUT SUMMARY:
There were 0 Notices encountered in this run.
There were 0 Warnings encountered in this run.
TxsRxnProcessHldr object deleted
TxsRznPhysicsHldr object deleted
VOREAL completed at clock time  2018-04-24-16:46:14.200.
NOTE: A VSimEM or VSinMD license was needed to run this simulation.
Lines from 'YagiUda2pé.pre' processed.
Finished with 'YagildaZp4.pre’.
————————————————————— END ENGINE OUTBUT ——-————-——mmmm
Engine completed successfully.
To see results, click on the "Visualize” icon in the icon panel. v
un: imulation engine finished successfu 0w Lot
Run: SUCCESS Simulation engine finished sully Show Log

Fig. 3.2: The Run Window at the end of execution.

Next, select the computeFarFieldFromKirchhoffBox.py analysis script from the Active Analyzer drop down.

The default parameters are sufficient for this problem. Input 10.0 for the farFieldRadius parameter and run the analyzer
by clicking the “Analyze” button.

Visualizing the results

To view the near field pattern, do the following:
» Expand Scalar Data
e Expand E
e Select £ x
* Expand Geometries
* Select poly (YagiUda2p4PecShapes)
Select Clip All Plots

* Move the dump slider forward in time

The far field radiation pattern can be found in the scalar data variables of the data overview tab underneath the farE

field. Check the farE_magnitude box.

Further Experiments

Try adding more directors and changing their dimensions to see the affect on the far field pattern.

3.1. Antennas
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VSim - 24 GHz Yagi Uda Antenna

Edit Tools

View Help

Add an Analyzer

computeBeam2ModeCoupling.py
computeDebyelength.py
computefarfieldRadiation.py
computeFarFieldFromKirchhoffBox.py
computelnverseQ.py
computePtcINumDenst
computeS11Parameters.py
computeSParamsFromHists.py
computeSParamsViaOverlaplntegral. py
computeTimeSeriesAmplitude.py
computeTimeSeriesFrequency.py
computeTransitTimeFactor.py
convertFieldComponentCartToCylX.py
convertFieldComponentCartToCylZ py
extractModes.py
extractModesViaOperator.py
performLowPassFilter.py
computeSurfaceF lux.py
computeLinelntegral.py
annotateSpeciesAbsPtclData2.py (custom)
calculateM assFluxV 1.py (custom)
computeEnergy.py (custom)

y

computeFarFieldFromkirchhoffBox.py £

[ overwrite Existing Files

The folloving variables can be used in the
value boxes of the command-line
parameters to the left if there are any
available for the active analzers: $DIR,

Remove from DefautHAdd to DefaukH Open ‘

Showe All Anlyzers

Import Analyzer

where:

$DIR = C:\Users\jleddy\Document
s\xcorp\VSim®. 0\simulations
$SIMNAME = YagiUda2p4

<XVar zeroPhiDirection>
description = "Vector dirsction
default = "(1,0,0)"

</XVar>

<XVar varyingRadiusMesh>
description = "Whether to vary
default = @

</XVar>

<XVar simpsonIntegration>
description = "Use higher order
default = O

</XVar>

of theta = pi / 2, phi = 0 point.”

the

mesh by

Simpson integration.™

Analyze | ‘ Stop ‘ ‘ Clear Output
Jdaz ~ Outputs
fagivda
gildazpd </RVazs =
<XVar farFisldRadius>
fieldLabel l:l description = "Radius of the far sphere (distance to the far zone)."
</XVazr>
<Xvar tu rides
farFieldRadius description = "Time step stride.”
default = 20
</XVar>
ide |20 <XVar getF exComponent>
description = "Whether to Time integrate assuming @ single Fourler frequency
getFourierComponent D COmpORent.
default = 0
</XVar>
trequeney [ ] ||| <xvar srequency>
description = "Fourier component frequency, ignored if getFourierComponent =
numTheta </XVar>
<XVar numTheta>
description = "Number of points in the Theta direction.”
g default = €0
</XVar>
zeroThetabirection var numBhi> o o
description = "Number of points in the Phi direction.”
default = 120
zeroPhiDirection </XVax>
<XVar zeroThetaDirection>
description = "Wector dirsction of theta = 0 point."
varyingRadiusMesh [0 ¥|| aefauir = =(o,0,1)"
</XVar>

the magnitude of the field.”

I @ Analyze: READY Choose analyzers from the list or Import

Show Log

VSim8 - 2.4 GHzZ Yagi
File Edit

Welcome.

Run

Tools
Visualizate

View Help

Visualization Results

Data View: |Data Ovenview

3d

Uda'Antenna

[Save Image

Axis Scale H Rendering

Reset View ]D Auto Reset

Variables

S
=B
e directorl
E-director2
B director3
- directord
E-drivenDN
B drivenUpP
EE
[ E_magnitude
¥ E_x
~E_Y
[TE_Z
-reflector
B YagiUdaZp4PecShapes
Wector Data
Meshes
Geometries
[_] directorlMappedPolysData
["] directorlMappedPolysData_surface
"] directorzMappedPolysData
(] directorzMappedPolysData_surface
(] director3MappedPolysData.
~ [ director3MappedFolysData_surface

[«

[ Log Scale Color
|| Display Contours
i+ Clip All Plots
Mesh Controls

Plane Controls

Opacity

[ IS

Annotation Level [Axes & Legends

Dump: 20

<]

Time: 3.8624e-09

-~
{5 Reload Data q

Fig. 3.3: The electric field near-field pattern.
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VSim8 - 2.4 GHz Yagi Uda Antenna (= | O

File Edit Tools View Help

Visualization Controls Visualization Results

\' [Dote View: |Dolaownion v|' 3d > _ i )
Welcome [Save lmage] Labels || Axis Scale | Rendering || Colors IRese[View_ Auto Reset
Variables

4 Scalar Data
' B

directorl

Run director?
director3

Ay director4
drivenDN

@ drivenUP

. E
) 4 farf

| farE_magpnitude
[ fark x
farE_y
farE_z
reflector
YagiUda2p4PecShapes
Vector Data
Meshes
Geometries

Log Scale Color
Display Contours
Clip All Plots Plane Controls
Annotation Level: [Axes only .] Dump: 0

¥
= Reload Data 0 59

Fig. 3.4: The electric field manifestation of the far field pattern.

3.1.2 Antenna on Human Hand with Dielectric (antennaOnHand.sdf)

Keywords:

antennaOnHand, far field, radiation

Problem Description

This problem calculates the far-field radiation pattern of a small (cellular mobile) antenna mounted on a small curved
dielectric (plastic/PVC). The fields interact with the human hand for which the bone structure was approximated by
long thin cylinders. The antenna feed is a 850 MHz source.

This simulation can be performed with a VSimEM license.

Opening the Simulation
The Antenna on Human Hand with Dielectric example is accessed from within VSimComposer by the following
actions:

 Select the New — From Example... menu item in the File menu.

* In the resulting Examples window expand the VSim for Electromagnetics option.

» Expand the Antennas option.

¢ Select “Antenna on Human Hand with Dielectric”” and press the Choose button.

* In the resulting dialog, create a new folder if desired, and press the Save button to create a copy of this example.
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The Setup window is now shown with all the implemented physics and geometries. See Fig. 3.5.

VSim - Simulation Title — O X
File Edit Tools View Help

Editor

@ Simulation Setup is Ready |Save and Setup

antennaOnHand.sdf  antennaOnHand.pre  antennaOnHand.in

Simulation MU sz (b Properties | |View Solids ~ |selectsolid  ~ +z || ResetPostion
i

[# Constants
[#] Parameters
Basic Settings
[# Functions
[*] SpaceTimeFunctions
[= Materials
PEC
muscle
PVCplastic
bone
[= Geometries
CsG
El [¥] HandGeom
B [4] HandGeomsolid
[¥ Grids
[=] Field Dynamics
Fields
FieldBoundaryConditions
CurrentDistributions
RCSBox
[=] Histories
[ farFieldBox0 v

DV

Database

Remove Add

Property Value

kind Solid
material muscle

@ Setup: COMPLETED Click run to continue Show Log

Fig. 3.5: Setup Window for the Antenna on Human Hand with Dielectric example.

Simulation Properties

This file allows the modification of antenna operating frequency, dimensions, orientation, simulation domain size.

Running the Simulation

After performing the above actions, continue as follows:

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in that pane. The run has completed when you see the output, “Engine completed

successfully.” This is shown in the window below.

Analyzing the Results

After performing the above actions, continue as follows:
* Proceed to the Analysis window by pressing the Analyze button in the left column of buttons.
¢ Tick the box “Show All Analyzers” in the bottom left corner of the window.

* Select computeFarFieldFromKirchhoffBox.py from the list and select “Open” (Fig. 3.7)

* Input values for the analyzer parameters. The analyzer may be run multiple times, allowing the user to experi-

ment with different values.
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VSim - Simulation Title

File Edit Tools View Help
Runtime Options

\' These options override values calculated or set in
the Setup Tab

Time Step | 9.508332876071668e-12

Default Valie (9.508732876071668e-12)

G| Number of Steps 10000

+ Default Valie (10000)
L Dump Periodicity
R Defauk Valie (200)
G)‘ Reset to Setup Values
L8N Additional Run Options

= [
[] bump at Time Zero
[ o Particle Sorting

Help Parallel Run Options
Run in Parallel
[[] pisable Per-Rank Qutput
Physical Cores on Machine: 4

umber of Cores [1__3]

Logs and Output Files

Run Dump and Stop | Force Stop
Engine Log File Browser
Taking step 9985 at clock time 2018-10-22-13:13:26.005. ~
Taking step 9986 at clock time 2018-10-22-13:13:
Taking step 9987 at clock time 2018-10-22-13:13:
Taking step 9988 at clock time 113z
Taking step 2589 at clock time 113
Taking step 9990 at clock time 113
Taking step 9551 at clock time :13
Taking step 9992 at clock Gime 2018-10-22-13:13
Taking step 9553 at clock time 2018-10-22-13:13:29.485.
Taking step 9994 at clock Gime 2018-10-22-13:13:29.789.
Taking step 9995 at clock time 2018-10-22-13:13:30.073.
Taking step 9996 at clock Time 2018-10-22-13:13:30.369.
Taking step 9997 at clock time 2018-10-22-13:13:30.679.
Taking step 9998 at clock time 2018-10-22-13:13:30.970.
Taking step 9999 at clock time 2018-10-22-13:13:31.273.

Taking step 10000 at clock time 2018-10-22-13:13:31.582.

Domain: Dumping all at clock time 2018-10-22-13:13:31.857.
Globals dumped at 2018-10-22-13:13

Dumping grid boundaries at 201%
Dumped grid boundaries at 2018-10-22-13:13:31.860.
Mo particles to dump.

No fluids to dump.

Domain: Dumping histories at 2018-10-22-13:13:31.861.
Domain: Histories dumped at 2018-10-22-13:13:44.287.
Ho SumRhoJ to dump.

Dumping 2ll multiFields at 2018-10-22-13:13:44.287.
Dumping J at 2018-10-22-13:13:44.287.
Dumped J at 2013-10-22-13:13:44.395.
Dumping E at 2018-10-22-13:13:44.395.
Dumped E at 2013-10-22-13:13:44.493.

Dumped D at 2018-10-22-13: 4.714.
Dumping invEDS at 2018-10-22-13:13:44.714.

Dumped invEps at 2018-10-22-13:13:44.822.

Dumping lossFactor at 2018-10-22-13:13:44.822.
Dumped lossFactor at 2018-10-22-13:13:44.935.

A1l multiFields dumped at 2018-10-22-13:13:44.939.
Ho electromagnetic fields to dump.

@ Run: READY Click run to continue Show Log

Fig. 3.6: The Run Window at the end of execution.

— simulationName - antennaOnHand (name of the input file)
— fieldLabel - E (name of the electric field)
— farFieldRadius - 0.5 (distance to far field in m, 10.0 is a good value)

— timeStepStride - 150 (number of timesteps between far field calculations; determines how many far fields
are output)

— getFourierComponent - 0, do not integrate assuming single fourier frequency

— frequency - not used because getFourierComponent is false

— numTheta - 60 (number of theta points in the far field, 30 for a quick calculation, 60 for finer resolution)
— numPhi - 120 (number of phi points in the far field, 60 for a quick calculation, 120 for finer resolution)
— zeroThetaDirection - (0,0,1) (determines orientation of far field coordinate system)

— zeroPhiDirection - (1,0,0) (determines orientation of far field coordinate system

— varyingRadiusMesh - 1 (Set to 1 in order to make far field mesh adapt to magnitude of far field solution:
the classic lobe view - Note: using a varrying mesh option will make the analyzer run very slow.)

* Click “Analyze”

e Depending on the values of numTheta, numPhi, and timeStepStride, the script may need to run for several
minutes or longer.

Visualizing the Results

The far field radiation pattern can be found in the Scalar Data variables of the Data Overview tab. Check the farE
box. The far field mesh can also be plotted; it can be found under Geometries.
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VSim - Simulation Title — O X
File Edit Tools View Help
Analysis Controls Analysis Results
\’ Search For Analyzer computeFarFieldFromKirchhoffBox.py (Default) (2
Welcome ‘ ‘ % Analyze Stop Clear Output
A~ || outputs
[ show Al Analyzers [ontennsontand | P
Setup . C:\Frogram Files\Tech- ~
computefarfieldf romKirchhoffBox.py (Default) Contents\engine\bin\\computeFarF1eldFronKirchRoIIBoxX
Lﬂ If no options appsar on the left, then the analyzer did not
Run supply a response to the generateXVars() call. The
fzitekdRadiis]) 0.5 generateXVars() function is supplied by VpAnalyzer.py, which can
” ke imported.
3 ide |150
A"a'yze Calling generateXvVars()
<XVar simulationName>
description = "Name of the simulation.”™
Vo e — L | B
<XVar fieldLabel>
rd
description = "Name of the electromagnetic field."™
numThete dctasic - mEn
Help </XVar>
fi— <XVar farFieldRadius>
description = "Radius of the far sphere (distance to the far
zone) . "
zeroThetaDirection |(0,0,1) </¥Var>
<XVar timeStepStride>
description = "Time step stride.”
zeroPhiDirection |(1,0,0) default = 20
</XVars
<XVar getFourierComponents
varyingRadiusitesh desceiption = "Wesner oo vime invegrace assuming a single
Fourier frequency component."
ation [0 ~ default = ¢
</XVar>
Overvirite Existing Files <XVar frequency>
description = "Fourier component frequency, ignored if
getFourierComponent = 0."
The follawing variables can be used in the above analyzer | || 27>
options: <KVar numTheta>
SOR=C: description = "Number of points in the Theta direction."
' default = 60
‘\u er p upportidoneywel | ||  2=f=
Remove from Default Add to Defaut/|  Open $SIMNAME = antennaOnHand <¥Var numPhi> . . )
description = "Number of points in the Phi direction.”
default = 120 &
Import Analyzer
@ Analyze: NO RUN Open and run a simulation Show Log
Vsim - Simulation Title - ml X
File Edit Tools View Help
Visualization Controls Visualization Results
\’ Data View: | Data Overview - 3d
e — Save Image || Labels || Axis Scale | Rendering || Colors || Reset View |[ ] Auto Reset
Welcome | | ERVSTRIS
v Scalar Data @
Setup antenna -
v, far o
» antennaOnHandPecs... e fortphera_mricce
£ B
Run D
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A E
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E [ farkE_x fin: 0,000
Visualize L farEy
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Dump: 0
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@ visualize: READY Visualization available Show Log

Fig. 3.8: The Far Field Radiation Pattern.
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Further Experiments

The skin can be included as an additional geometry by simply importing the hand geometry a second time within the
same set-up, but with a very slightly higher scaling factor and setting the Skirn material for the hand geometry with the
higher scaling factor. Some “by eye” adjustments of the x-, y-, and z- traslation velues may be needed.

3.1.3 Coaxial Loop Antenna (coaxialLoopAntenna.sdf)

Keywords:

coaxial, coaxial waveguide, coaxial cable

Problem description
This example illustrates how to use the coaxial cable Field Boundary Condition and Constructive Solid Geometry to

create a coaxial loop antenna.

This simulation can be run with a VSimEM, VSimMD, VSimPD, or VSimPA license.

Opening the Simulation

The Coaxial Loop Antenna example is accessed from within VSimComposer by the following actions:
* Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Electromagnetics option.
» Expand the Antennas option.
* Select “A Loop Antenna created from a coaxial cable” and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

The Setup Window is shown Fig. 3.9.

Simulation Properties

This simulation makes use of the new coaxial waveguide Field Boundary Condition in VSim 8.1.

A coaxial waveguide is first constructed by creating a physical coaxial cable that enters the simulation domain. It is
very important that this cable exist from atleast 1 cell outside of to 1 cell inside the simulation boundary. This is done
by first creating a box primitive and setting it along the desired simulation boundary.

A cylinder corresponding to the outer diameter of the coaxial cable is then created, and subtracted from the plate.

A cylinder corresponding to the inner diameter of the coaxial cable is then created and extended into the simulation
space.

It is then made into a loop antenna by adding a second, intersecting cylinder.

The wave itself is specified by a Field Boundary Condition.
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VSim - A Loop Antenna created from a coaxial cable - [m] X
File Edit Tools View Help
coor

© Simulation Setup is Ready Save and Setup

Simulation 12 (2,7,phi) Properties View Solids ~ Select Solid [ ToggleAves |[Perspective View| +z - Reset Position
Description

= Constants

Wl © Parameters

Basic Settings

Functions

SpaceTimeFunctions

Database 0 View 3

% Materials

+ Geometries

* Grids

* Field Dynamics
Histories

Remove Add

Property Value

@ Setup: COMPLETED Click run to continue Show Log

Fig. 3.9: Setup Window for the Coaxial Loop Antenna example.

Running the Simulation

Once finished with the problem setup, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.
* Choose parallel computing options on the MPI tab

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in this pane. The run has completed when you see the output, “Engine completed
successfully.”

Visualizing the Results
Under Scalar Data select E_z. To slice inside the field, select Clip All Plots in the lower left hand corner. Click on

Plane Controls and change the cut-plane normal to lie along Y instead of Z, and adjust the origin of the normal vector
to .05 . Under the colors button set the min to -10 and the max to 10 to see the field.

Further Experiments

3.1.4 Dipole Above Conducting Plane (dipoleOnConductingPlane.sdf)

Keywords:

dipoleOnConductingPlane, far field, radiation
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Fig. 3.11: The E, field propagating off of the loop antenna.
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Problem Description

This problem illustrates how to obtain far fields within VSim by simulating an infinitesimally short dipole mounted
a variable height above a conducting plane. The conducting plane is simulated by using the method of images and
utilizes an equal magnitude dipole with direction rotated azimuthally by PI, on the opposite side of the plane. This
example is similar to the Oscillating Dipole Above Conducting Plane of VSimBase, but modified with functionality
available as part of the VSimEM package to obtain the far field radiation pattern. The number of lobes in the far field
will vary as a function of height above the conducting plane. There will be 2*HEIGHT/WAVELENGTH + 1 lobes.

This simulation can be performed with a VSimEM license.

Opening the Simulation

The Dipole Above Conducting Plane example is accessed from within VSimComposer by the following actions:
* Select the New — From Example. .. menu item in the File menu.
¢ In the resulting Examples window expand the VSim for Electromagnetics option.
» Expand the Antennas option.
* Select “Dipole Above Conducting Plane” and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
3.12. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid.

VSirm - Dipele Above Conducting Plane el o ==

File Edit Tools View Help

@ simulation Setup is Ready [Save and Setup

anedn
3 5wz (anah) [ properties | [view Solis ~ | [select S0id ~| [ Toageses ) [Perspectiveview] [+2  v][  ResetPositon |

dipoledn ingFlane.sdf | dipaleon:

Sirmulation

B E

[

[ B (3] 3

@ st COMPLETED Click run to continus Show Log

Fig. 3.12: Setup Window for the Dipole Above Conducting Plane example.
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Simulation Properties

This setup includes several Constants and Parameters to help define the dipole signals, including the frequency and
height of the antenna.

There are open boundary conditions on each side of the simulation domain.

The conducting plane is simulated by using the method of images and utilizes an equal magnitude dipole with direction
rotated azimuthally by PI, on the opposite side of the plane.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner. of the window. You will see the output of the
run in the right pane. The run has completed when you see the output, “Engine completed successfully.” This is
shown in Fig. 3.13.
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@ Run: SUCCESS  Simulation engine finished successfully Show Log

Fig. 3.13: The Run Window at the end of execution.

Analyzing the Results

* Proceed to the Analysis window by pressing the Analyze button in the left column of buttons.
* Select the Default computeFarFieldFromKirchhoffBox.py Analyzer

¢ Input values for the variables given on the left hand side of the screen. Check that these have the following
values.
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— simulationName - dipoleOnConductingPlane (name of the input file)
— fieldLabel - E

— farFieldRadius - 15.

— timeStepStride - 15

— getFourierComponent - 0

— frequency - 3e9

— numTheta - 45 (number of points in the theta direction)

— numPhi - 90 (number of points in the phi direction)

— zeroThetaDirection - (0,0,1)

— zeroPhiDirection - (1,0,0)

— varyingRadiusMesh - 1 (Varys the radius of the field based on field magnitude)
— simpsonlntegration - 0

¢ Click Run

AU Sim - Dipole Above Conducting Plane =N =R
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Fig. 3.14: The Analyze Window at the end of execution.

Visualizing the Results

The far field radiation pattern can be found in the scalar data variables of the data overview tab. Check the
farE_magnitude box.
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Fig. 3.15: The far field radiation pattern

Further Experiments

The number of lobes in the far field is dependent on Antenna Orientation and height. If vertically oriented there will
be 2*Height/Wavelength +1 lobes. A horizontally oriented dipole will produce 2*Height/Wavelength lobes.

The resolution of the far field pattern can be changed by editing the number of theta and phi points in the analyis.

If the Simulation domain is made too small, the results will be distorted as the entire near field must be within the
simulation domain in order to acheive a proper transformation to the far field.

Note that an infinite perfect electric conducting plane is simulated in the computational engine via image theory. An
equal infintesimal dipole is placed the same distance from the conducting “plane” in order to acheive the result of
having an infinite electric conductor.

3.1.5 Dish Antenna (dishAntenna.sdf)

Keywords:

electromagnetics, antennas

Problem Description

The Dish Antenna simulation illustrates how to get the radiation pattern from a source in the presence of a complex
shape.

This simulation can be performed with a VSimEM, VSimMD or VSimPD license.
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Opening the Simulation

The Dish Antenna example is accessed from within VSimComposer by the following actions:

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
3.16. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the

¢ Select the New — From Example. ..

In the resulting Examples window expand the VSim for Electromagnetics option.

Expand the Antennas option.

Select “Dish Antenna” and press the Choose button.

In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

menu item in the File menu.

grid, expand the Grid element and select or deselect the box next to Grid.

VSim - Dish Antenna

File Edit Tools View Help
Editor

Simulation
Description
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[# Materials
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® iGrd
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yMax YMAX
zMin ZMIN
zMax ZMAX
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yCells YCELLS
zCells ZCELLS

@ setup: COMPLETED Click run to continue

3D View

Catabase

%Y,Z (2,7,phi)

Froperties

View Solids ~  Select Solid

Fe

= [ Toggle Axes ] [Perspeciive iew | [+z =

@ Simulation Setup is Ready Save and Setup

Reset Position

Show Log

Simulation Properties

One can set the parameters of the grid and the source through the setup tree. The parameters are put under the Constants

section.

Running the Simulation

After performing the above actions, continue as follows:

Fig. 3.16: Setup Window for the Dish Antenna example.

* Proceed to the Run Window by pressing the Run button in the left column of buttons.
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* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the Logs and Output Files pane. The run has completed when you see the output,
“Engine completed successfully.” This is shown in Fig. 3.17.
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Main loop ended at clock time 2018-04-25-17:34:11.653
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Fig. 3.17: The Run Window at the end of execution.

Visualizing the Results

After performing the above actions, continue as follows:

* Proceed to the Visualize Window by pressing the Visualize button in the left column of buttons.
To view the electric field reflected from the dish antenna as shown in Fig. 3.18, do the following:

» Expand Scalar Data

* Expand E

e Select E_x

* Expand Geometries

Select poly (dishAntennaPecShapes)
* Select Clip All Plots

It is easier to see the fields if you change the color scale minimum and maximum. To do so, click on the Colors button,
and set a fixed minimum of -2 and a fixed maximum of 2.

Move the slider at the bottom of the right pane to see the electric field at different times.
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Fig. 3.18: Visualization of a slice of the electric field as a color contour plot at dump 19.

Further Experiments

Additional experiments worth investigating are:
* Change the resolution to see whether more resolution gives a different answer.

» Change the frequency of the source. Be careful, because at high frequencies with the chosen resolution, one will
require a large amount of memory.

3.1.6 Half-Wave Dipole in Free Space (halfWaveDipoleAntenna.sdf)
Keywords:

halfWaveDipoleAntenna, far field, radiation

Problem Description

This problem illustrates how to obtain far field radiation patterns from VSim simulation data. The simulation itself
consists of a half-wavelength long current source in free space.

This simulation can be performed with a VSimEM license.

Opening the Simulation

The Half Wave Dipole Antenna example is accessed from within VSimComposer by the following actions:
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Select the New — From Example... menu item in the File menu.

¢ In the resulting Examples window expand the VSim for Electromagnetics option.

* Expand the Antennas option.

Select “Half-Wave Dipole in Free Space” and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
3.19. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. To show or hide the
grid, expand the Grid element and select or deselect the box next to Grid.
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