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2) AC/DC / Particle Tracing / Charged Particle Tracing (cpt)

= =11
Home  Definitions  Geometry  Materials  Physics  Mesh
Select Physics

Recently Used

AC/DC

. Electric Currents (ec)

) Electric Currents, Shell (ecs)

7 Electrical Circuit (cii
lectrostatics (es)

¥
A

X Electrostatics,
P Magnetic Field Formulation (mfh)

Currents (mfne)
" Magn urrents, Boundary Elements (mfncbe)
M Magnetic and I

@ Rotating Machinery, Magnetic (rmm)

= le Tracing

Ids (mef)

b ) Acoustics

b 3 Chemical Species Transport
b L[ Electrochemistry

b = Fluid Flow

b (|l Heat Transfer

b e Optics

Fyzikalni rozhrani se
prida kliknutim na ,, Add“

b Au Mathematics

Added physics interfaces:
' Charged Particle Tracing (cpt)

K vybéru studie se prejde stiskem ,Study“

) spaceDimension
B @ concel [ vone ‘. CDMSO'—
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] Select Study
3) Select Study -> Time Dependent .- ...

. Bidirectionally Coupled Particle Tracing

|4 Time Dependent
b~ Custom Studies
b Empty Study

Studie se vybere oznacenim

Added study:
[ Time Dependent

Added physics interfaces:
X Charged Particle Tracing (cpt)

Dokoncit zakladni nastaveni
Model Wizard
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4) Global Definitions / Parameters

Model Builder

- s v St E

4 4 Untitled.mph (root)
4 (@) Global Definitions
Pi Parameters

A

28 Materials
i im Compenent 1 (comp T)
I = Definitions
P :f“\ Geometry 1
28 Materials
4 7 Charged Particle Tracing (cpt)
b T Wall 1
I %7 Particle Properties 1
5 Equation View
A Mesh 1
4 o Study 1
@ Step 1: Time Dependent
fPre Solver Configurations
£ Job Configurations
b JE Results

Settings

Parameters

* Parameters

MName Expression Value Description
Re 6371.2[km] 6.37T12E6 m Polomér Zemé
ED T0[MeV] 1.6022E-12) Pocatecni energie castic
alpha 30[deg] 0.5236 rad "Equatarial pitch angle” - mezni dhel letici éastice pohlcené polem Zemé
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5) Component 1 / Geometry — Length unit Mm

Model Builder Settings _—
o v ETE O~ Geometr
4 g% Untitled.mph (root) 158 Build All
4 (B Global Definitions _
Pi Parameters Label: Geometry 1 |E
sza Materials .
4 [l Component 1 (comp 1) ¥ Units
> = Definitions [[] Scale values when changing units
4
>6\ G:ometry‘l . . Length unit:
Farm Union (fin)
== Materials Hm =
- }_ Charged Particle Tracing (cpt) A
b Wall 1 nm
[ }-_ Particle Properties 1 uin
Bue E . . v v7s 7 Vé v
st Equation View pm k bI k h
A Mesh = Meritko blizkého vesmiru
4 b Study 1 mm
& Step 1: Time Dependent m
|'|'|-|. Sohver Configurations in
g_i] Job Cenfigurations dm
b {8l Results i
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6) Component 1 / Sphere 1

Model Builder
- -
4 G Untitled.mph (root)
4 (@) Global Definitions
Pi Parameters
28 Materials
4 [l Component 1 fcomp 1)
I = Definitions
el >5\ Geometry 1
Sphere 1 (sph1)
Form Unien (fin)
25 Materials
4 %% Charged Particle Tracing (cpt)

[m]

I ® Particle Properties 1
B Equation View
A Mesh 1
4~ Study 1
]_ﬂ. Step 1: Time Dependent
m-, Solver Configurations
g_‘l Job Configurations
b {8l Results

Settings
Sphere
%] Build Selecte

[E2 Build All Objects

Label:  Sphere 1

¥ Object Type

Type: | Solid /

¥ Size

Radius: Re Mm
¥ Position

x 0 Mm
y: Mm
z [0 Mm
¥ Axis

Axis type: | z-axis -

~ Rotation Angle

Polomér Zemé

Stisknutim

,Build Selected” -

se provede:

5
™~ s
|
!
-
|
N
A
= 0
5 Mm
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7) Component 1 / Geometry 1 / Sphere 2

4 YA Geometry 1 ==

Sphere 1 (sphi)
 Form Union (fin) 1 Build Selected 7

Settings M

tit Materials @ Build Preceding s Sphere
4 ¥ Charged Particle Tracing (cf [BinEire
b S Wall 1 Sddbetcr ' [ Build Selected » [& Build All Objects
b % Particle Propertics 1 Add After ,
:%E:“;:':";:::’IS [ Code to Clipboard ’ Label: Sphere 2 St. k t, B .Id S | t d” d
R @ Spher isknutim ,,Build Selected” se provede
o Study 1 Copy
[ Step 1: Time Dependent | 2 pyglicate Ctrl+ Shifts D ¥ Object Type f .
. Solver Configurations = U O .
£, Job Configurations (] Delete el [ solid v|
& Results @ Disable ] Type: oli
=1 Rename F2 si
~ Size
fi#l Settings
[5 Properties Radius: 5"Re
Help
¥ Position
Mm
x 0
y: 0
z 0 Mm
¥ Axis

Axis type: | z-axis

Vypocetni doména s polomérem 5*Re
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8) Component 1 / Geometry 1 / Booleans and Partitions / Difference

Model Builder -
- v St EL S
4 & Untitled.mph (root)

4 (7 Global Definitions

@ o oL

Pi  Parameter
i Materials [ Build All &}
4 1@ Compenent 1 (comp, |mport

b = Definitions .

4 %A Geometry Defeaturing and Repair »
3 Sphere1 {sph Virtual Operations r
Sphere 2 (sph2 T Block

4 Form Union (|
25 Materials = Cone
4 X Charged Particle T ) Cylinder
b G Wall 1 a
' ) Sphere
b X Particle Proped
Bur Equation View More Primitives 3
A Mesh 1 8 WorkPlane
4~ Study 1 _
4 Step 1: Time Depey @ Etrude
"fr. Solver Configuratii <=~ Revelve
£ Job Configuration # Sweep
3 Results
& T Loft
Booleans and Partitions »
Transforms 4
Conversions 3
] Chamfer
771 Fillet
1] Delete Entities
Parts 3
Programming 3
Selections. 3

Settings -
Difference
®] Build Selected ~__ [E§ Build All Objects

Label: Difference 1

~ Difference

Stisknutim ,,Build Selected” se provede
diference

Objects to add:

sph2 IE—‘-EI

OFF
E:"D -
Active “ @

Objects to subtract:

Active

sphl

Nejprve se zapne oznacovaci rezim
(ON) a poté se primo v geometrii klikne
na doménu ,,cphl” (pomoci skrolovani)

[] Keep input objects
Keep interior boundaries

Repair tolerance: | Automatic

N COMSOL



A
9) Component 1 / Charged Particle Tracing (cpt)

Maodel Builder

- = v

Pl

4 £ Untitled.mph (root)
4 (3 Global Definitions Label:  Charged Particle Tracing =
Pi Parameters
2i Materials
4 @ Component 1 {comp ) ~ Dornain Selection
b = Definitions

- Newtonian, first order

} Sphere1 (sphl)

Mame: cpt

1 &
1 Sphere2 (sph2) 5 -
Difference 1 (dif 1) Active ET-] &:‘]
Form Union (fin} &
25 Materials N
4 % Charged Particle Tracing (cpt)
b T Wall 1
I % Particle Properties 1 .
S Equation View Equation
A Mesh 1 ~ Particle Release and Propagation
4 o Study 1 X
& Step 1: Time Dependent Eoimulafion: / Vé 7 . NI s
T Solver Configurations Newtanian, first arder M b t p t y h I t bl
£ Job Configurations Particle release specification: u S I m e ra V O a Z r C OS I IZ I CI Se
b I Results

Specify release times S

Seecyemeims < rychlosti svétla (ndrdst hmotnosti ¢astice)

[] Store extra time steps for wall interactions

Maximum number of secendary particles: Equation

10000 Equation form:
~ Additional Variables Study controlled -
[] Store particle status data Show equation assuming:
[[] Store particle release statistics Studhy 1, Time Dependent -
Dependent Variables d(m.vv) =F, m,=
dt 1
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10) Component 1 / Charged Particle Tracing (cpt) / Particle Properties

Model Builder Settings v

- = v =t

i
=
L]

Particle Praperties Poél’ta’m S hmotnostf prOtonU

4 4 Untitled.mph (root) _ : -
4 Global Definitions Label: Particle Properties 1 |@|

Pi Parameters

25 Materials - LDgUEEs
4 W Component 1 {comp1) ~ Particle Rest Mass
[ = Definitions
a )f\ Geometry 1 Particle rest mass:
5 Sphere1 (sphl) My mp_const , . . . L,
@ sphere2 (sph2) Musi se zmenit polarita nabiti na +1
[=h Difference 1 (dif1) ¥ Charge Mumber
Fo_rm Union (fin) Charge number:
=5 Materials
4 }_ Charged Particle Tracing (cpt) z 1
b Wall 1
I % Particle Properties 1

S Equation View
A Mesh 1
4~ Study 1
& Step 1: Time Dependent
[Pr. Solver Configurations
-EJ Job Cenfigurations
b J®| Results
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11) Component 1 / Charged Particle Tracing (cpt) / Magnetic Force

o ommo .
uilder -

Maodel Builder

- ‘® v =

4 % Untitled.mph (root)
4 {2 Global Definition
Pi Parameters
22 Materials
4 @ Component 1 (c|
b = Definitions
4 A\ Geometry 1
€3 Sphere1
Sphere 2.
Differenc

Form Uni

= Materials

X Particle
2 Equation
A Mesh 1
4~ Study 1
[ Step 1: Time
[T Solver Confi
24 Job Configui
b {E Results

HUE

i

W o

i

Particle Counter

Release

Accumulator

Force

Velocity Reinitialization
Rotating Frame.

Electric Force

Magnetic Force

Friction Force

Collisions

Particle-Matter Interactions
Space Charge Density Calculation
Particle-Particle Interaction

Wall

Inlet

Thermal Re-Emission
Particle Beam
Particle Counter
Outlet

Symmetry

Periodic Condition

Pairs

Edges

Points

Aasilizry Dependent Variable
Particle Properties
Release from Grid

Release from Data File

Weak Contribution

| Group by Space Dimension

Copy as Code to Clipboard

Copy

Delete Del
Disable =
Rename 7]
Settings

Properties

Help Fl

L
Label: Magnetic Force 1 =
~ Domain Selection
Selection: | Manual -
; /
B -
Active F‘D
.,

Override and Contribution
Equation
w Coordinate System Selection
Coordinate system:
Global coordinate system >
¥ Magnetic Force

Magnetic flux density:

. Magneticka sila pusobi vsude v domeéné

COMSOL ma vestavénou databazi
ylnternational Geomagnetic Reference
Field (IGRF)” a dokaze poditat s

B Earth's magneticﬁaz =

Earth's magnetic field
User define

L L
Epoch (1950 - 2015):
E 2015 1

Lo

w Advanced Settings

Time dependence of field:

Staticnary or time dependent A
[] Use piecewise polynomial recovery on fiel
Particles to affect:

All -

magnetickym polem kdekoliv na Zemi
méreném v pétiletém intervalu od roku
1950
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12) Component 1 / Charged Particle Tracing (cpt) / Release from Grid

Nication | Lomponent

uilder ) Functions

odel Builder

@ Untitled.mph (root)
4 () Global Definitions
Pi Parameters
i5i Materials
4 [l Component 1 (comp 1)
b = Definitions
4 YA Geometry 1
) Sphere 1 (sph1)
) Sphere2 (sph2)
[ Difference 1 (dif1)
[ Form Uniion {fin)

2= Materials

Charged Particle Tracing (cpt)
G Wall 1
 Particle Properties 1
I Magnetic Force 1
57 Equation View

A Mesh 1
4~ Study 1

[ Step 1: Time Dependent

"= Solver Configurations

B Job Configurations

b & Results

v -

-

Particle Counter

Release

Accumulator

Force

Velacity Reinitialization
Rotating Frame

Electric Force

Magnetic Force

Friction Force

Collisions

Particle-Matter Interactions
Space Charge Density Calculation

Particle-Particle Interaction

Wall

Inlet

Thermal Re-Emission
Particle Beam
Particle Counter
Outlet

Symmetry

Periodic Condition

Pairs. 3

Edges »

Paints, »

Ausiliary Dependent Variable
“ Particle Properties
Release from Grid

Release from Data File

* Weak Contribution

Group by Space Dimension

Copy as Code to Clipbeard v

E5 Copy

Settings -
se from Grid

Label: Release from Grid 1 |E‘

Equation
* Release Times

Distribution function:

| List of values

Release times:
o 5 |E
= |Initial Coordinates

Grid type:

| All combinations /
Gxp  2'Re m |E‘

Gyp O

Gzn 0

* |Initial Velocity

Initial velocity:

| Kinetic anergyﬁd direction / -

Initial kineticz(ergy:
£ Ed

Initial particle direction:
0

Lo sinfalpha)

cos(alpha)

Na poloméru 2*Re se objevi Castice

Castice bude mit po&ateéni energii

Poleti pod meznim uhlem potfebnym pro
uveéznéni castice v pasu kolem Zemé
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13) Component 1/ Study 1/ Step 1: Time Dependent

Model Builder

- T - SELE -~
4 G Untitled.mph (root)
el ':__') Global Definitions
Pi Parameters
=5 Materials
4 [ Component1 [compl)
[ = Definitions
a\h Geometry 1
) Sphere 1 {sphi)
3 Sphere 2 (sph2)
[ Difference 1 (dif1)
Form Union (fin)
=5 Materials
e }_ Charged Particle Tracing (cpt)
b G Wall 1
I ®¥ Particle Properties 1
I {@® Magnetic Force 1
I 25 Release from Grid 1
SF Equation View
£ Mesh 1
4~ Study 1

@ Step 1: Time Dependent
[fr. Solver Configurations
EJ lob Configurations

4 Results

¥ Study Settings
Time unit: 5
Times: range(0,0.005,3)|

Tolerance: | Physics controlled -

Results While Solving
* Physics and Variables Selection
[] Modify model configuration for study step

Physics interface Selvefor Di

Charged Particle Tracing ™~

I Values of Dependent Variables
Mesh Selection

Study Extensions

Budeme sledovat chovani ¢astice od O
/ Do 3 s po péti tisicinach sekundy

\ Stiskem ,,Compute” se spusti vypocet
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14) Results / Particle Tracing Tracejctories / Particle Trajectories

4 [ Results

l» # Data Sets
&2 Derived Values
B Tables

4 \@ Particle Trajectories (cpt)
4 2o Particle Trajectories 1

D Color Expression 1

t= Export
E‘_@ Reports

Settings -
Particle Trajectories

[l Plot W= 4=

Label: Particle Trajectories 1 =
¥ Data

Data set: | From parent | |54
- Title

¥ Coloring and Style
Line style

Line AV/

Uniform =

Type:
Interpolation:

Mumber of interpolated times: 2000
Point style
Type: None -

[] Plet along lines when animating
¥ Extra Time Steps

Maximum number of extra time steps rendered:

-
L

Maximum number of extra time steps:

Trajektorie bude cara

Pokud nastavime interpolaci, nebude
se jednat o lomenou ¢aru z vypoctenych casu.
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15) Results / Particle Tracing Tracejctories / Particle Trajectories /
Color Expression 1

Model Builder
- ® - EtE S~

4 & Untitled.mph (root)
4 () Global Definitions
Fi Pararneters
=i Materials
4 [ Component1 fcomp1)
[ = Definitions
4 N Geometry 1
Sphere 1 (sph1)
= Sphere (sphd)
Difference 1 (dif7)
Form Unien (fin)
2 Materials
el }_ Charged Particle Tracing {cpt)
b T Wall
I ¥ Particle Properties 1
I i@ Magnetic Force 1
I ¥ Release from Grid 1

T
L
-

S Equation View
A Mesh 1
4~ Study 1
]&_’L‘ Step 1: Time Dependent
b [r=. Solver Configurations
EJ Job Cenfigurations
4 {E Results
[ E Data Sets
2 Derived Values
EH Tables
4 @ Particle Trajectories (cpt)
4 2o Particle Trajectories 1
@ Color Expression 1

Label: ression 1
~ Expression
Expression:
cpt.mfl.normB
Unit:
T
(| Description:
Magnetic flux density norm
Title
Range

* Coloring and Style

Colortable: | Rainbow
Color legend

[] Reverse color table

[] Symmetrize color range

Stiskem tlac¢itka miZeme vkladat libovolné vyrazy,
napriklad:
cpt.mf1.n|:|rmB|

4 Model
4  Component 1
4 Charged Particle Tracing
4 Fields

cpt.mfl.normB - Magnetic flux density norm

Tlacitkem ,,Plot” dojde k vykresleni grafu
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16) Results / Export / Animation / Player

4 +_"': Charged Particle T| [£3 Data
b T Wall 1 W Plat
b X Particle Proper
I (B Magnetic Forc [Z3 Mesh
3 EEE Release from G [E+ Table
3 Equation Vi
5+ Equation View| —
=
A Mesh 1 3D Image
~c Study 1 [ 2DImage
& Step 1: Time Depe 101
[ S P hEse
EH Player Animation »
o = Export Al /
”; Derived Values Copy as Code to Clipboard 3
B Tables Settings

4 @ Particle Trajectorie
4 2o Particle Traject]

Color Expr

Properties

//

Help

/F1

= Export

Animace z grafu Particle

Trajectories se pripravi kliknutim

na ,,Show Frame“

Settings
Animation

[ Show Frame
Label: Animation 1

~ Scene

Subject: | Particle Trajectories (cpt)

~ & Graphics Convergence Plot 1

O aaRE L-xwiz=EE

Time=3 s Particle trajectories

rget: | Player

~ Animation Editing

Sequencetype | Stored solutions
Loop over: | Time

Tirne selection: | All

v Frames

Frame selection: | Number of frames.
Number of frames: 23

Frame number: 1

¥ Playing

Display each frame for: 0.1
[] Repeat

I Advanced

Video se spusti
kliknutim na
Tlacitko ,Play”
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