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1) Model Wizard / 3D

Vytvorit model

Select Space Dimension

pomoci ,Model /,# . H - H o [+ H -~ ‘
Wizard” a vybrat T e

dimenzi reseného
problému

- 4
3 iz
ot | R ©
g 2=
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2) Select Physics / Radio Frequency / Electromagnetic Waves,
Frequency Domain (emw)

Home  Definitions  Geometry  Materials  Physics  Mesh  Study  Results  Developer 2D Plot Group 2

1) Fyzikalni rozhrani se
prida tlacitkem ,, Add”

Select Physics Review Physics Interface

| Search Electromagnetic Waves, Frequency Domain (emw)

b (D Recently Used .
Dependent Variables

Electric field: E
Electric field components:  Ex

) Electromagnetic Waves, Frequency Domain (emw)
ic Waves, Time Explicit (ewte)
ic Waves, Transient (temw)

2) Prikrocit k vybéru studie
stiskem tlacitka ,, Study”

| Add
Added physics interfaces:
12 Electromagnetic Waves, Frequency Domain {emw)

) space Dimension
Help €3 Concel [ bone

WCOMSOL



3) Select Study / Frequency Domain

@ Home  Definitions  Geomeiry  Materials  Physics  Mesh  Study  Resuhs  Developer 2D Plot Group 2

1) Oznacit studii typu
,Frequency Domain“

Select Study Frequency Domain

The Fr 77 7% used to compute the response of alinear
ST Tncarized model subjected to harmanic excitation for one or several
frequencies.

4~ General Studies
Eigenfrequency
[\ Frequency Domain
4~ Preset Studies for Selected Physics Interfaces Examples: In solid mechanics, it is used to compute the frequency response
My Adaptive Frequency Sweep of a mechanical structure with respect to particular load distributions and
5 Boundary Mode Anlysis frequencies. For quasi-static formulations i electromagnetics, it is used,
W o ol for example, to compute the impedance versus frequency, For acoustics
requency Domain, Modal and electromagnetic wave propagation, it is used to compute the
o Empty Study transmission and reflection versus frequency. A Frequency Domain study
accounts for the effects of all eigenmodes that are properly resolved by the
mesh and how they couple with the applied loads or excitations, The
output of a Frequency Domain study is typically displayed as a transfer
function, for example, magnitude or phase of deformation, sound
pressure, impedance, or scattering parameters versus frequency.

2) Dokoncit nastaveni
modelu tla¢itkem ,,Done”

Added study:
[N Frequency Domain

Added physics interfaces:
4 Electromagnetic Waves, Frequency Domain (emw)

@ Physics
Help €9 Concel [ bone
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4) Component 1 / Geometry 1 / Insert Sequence

Model Builder v 1 Se

== 1 L &~ =tE =~ Geo

4 4@ Untitled.mph (root) [ Bu
] @ Global Definitions

Pi Parameters 1 Label:
55 Materials

4 [@ Component 1 {comp1) - U Vv . .
2 = oo o« Vlozit geometrickou sekvenci ze
| Form Uni¢ [ Build All F8

souboru 01_anténa_geometry.mph

28 Materials
I %' Electromagne
A Mesh 1 @ Block
4 o Study 1 = Cone

[0y Step 1: Frequ .
Cylind

. Solver Config B Cimiey

#} Job Configur. @ Sphere

b B Results More Primitives

'E Work Plane /

Parts 3
Programming 3
G Measure l

E‘ﬁ] Insert Sequence
= Export

[E Import
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5) Component 1 / Defintions / Perfectly Matched Layer

Model Builder
= 1 1% ~=
4 @ Untitled.mph (roct)

4 @ Global Definitions

Pi Parameters 1
55 Materials

4 [@ Component 1 fcomp 1)

4 = Definitions
I | Bounda
B Equatior
b [ view1
I >¢5\ Geometry 1
55 Materials
3 t‘é"!" Electromagr]
A Mesh 1
A e Study 1
M Step 1: Freq
[ Sohver Confi
5 Job Configu
I I8l Results

WCOMS0oL

2= Variables
Variable Utilities
L View
Functions
Probes
Component Couplings
Selections
Pairs
Coordinate Systems
Moving Mesh
Topology Optimization
E Absorbing Layer
E Infinite Element Domain
[l Perfectly Matched Layer
:f Model Input

kulové

Definovat ,Perfectly Matched
Layer” pro domény 1-10 a
zmenit jeji souradnice na

Settings
Perfectly Matched Layer

MName pmll

Domain Selection

AR

Label:  Perfectly Matched Layer 1 =
gn: | Manual - |

% +

-—

B N

I Oyerride
¥ Gepmetry

Type:

| Sph erical

Center coordinate

Hm (m) ¥ (m)
0




6) Component 1 / Definitions / View 1 / Hide for Physics

Model Builder T Setfings / Y Settings ~ *|| Graphics
= Bo BB View 1) Od kryt vnitrek Hide for Physics Q@& L
4 % Untitled.mph froct) _ . ’ BRE- @m
+ © ioboDetntions = vl geOmetrie pomoci = =
el aeror YSICS tl

Pi Parameters 1
55 Materials
4 [@ Component 1 fcomp 1)
4 = Definitions
b |1 Boundary System 1 (sys1)
B Equation View
I MQ Perfectly Matched Layer 1 (pmi1)

4 @Vlew'l

8 Car) @ Directional Light
it O Ppoint Light
| € Spotiight

|aStnOSt| pOh |ed u Geometric Entity Selection
’Hide for PhySiCS " Geometric entity level: Boundary

Selection:

| Manual

2) Pomoci volby
,Paste selection” Y ——
oznacit plochy 6,
10, 25, 28 a 30

»
Selectioh: 610252830

WCOMS0oL




7) Component 1 / Electromagnetic Waves, Frequency Domain / Perfect
Electric Conductor 2

Model Builder M . . Seftings <)
< s-EE =S Defl n Ovat O kra.] OVO U Perfect Electric Conductor
4 4 Untitled.mph (root) , . . —
4 @ :Iot:l Deﬁe:itio:,s pod m | n ku y Perfect E/ectrlc Label: Perfect Electric Conductor 2 ‘E
=é= n:;:;:a:s ~ Boundary Selection
4 m Component 1 {comp 1)

_ CondUCtor” pro p|OChy Selection: | Manual -|
e antén (19, 23, 44 a 48) | © .

= Far-Field Domain = Active | 44 [
More 48 ‘b

= Perfect Electric Conductor

m Perfect Magnetic Conductor

I- Override and Contribution
I Equation
I: Constraint Settings
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8) Component 1 / Electromagnetic Waves, Frequency Domain /
Lumped Port 1

Model Builder

«~= 1

1w

Definovat budici port

4 @) 6l

Pi

r =

4 & Untitled.mph (root)

obal Definitions
Parameters 1

55 Materials
4 [@ Component 1 (comp 1)

Definitions

pro plochu 21

-

Wave Equation, Electric
Far-Field Domain

More

Perfect Electric Conductor
Perfect Magnetic Conductor
Scattering Boundary Condition
Impedance Boundary Conditicn
Transiticn Boundary Condition
Port

Lumnped Port

WCOMSOoL

Lumped Element

Settings
Lumped Port

Label: Lumped Port 1

¥ Boundary Selection

ection: [ Manual
=

Active

I» Override and Contribution
I» Equation
* Lumped Port Properties

Lumped port name:
1

Type of lumped port:

I Uniform

Terminal type:

| cable

Wave excitation at this port:

IOI\

Voltage:
Vo 1V]
Port phase:
&, 0

rad




9) Component 1 / Electromagnetic Waves, Frequency Domain /
Lumped Port 2

Model Builder
4 & Untitled.mph (root)
4 @ Global Definitions
Fi Parameters 1

Settings -

Definovat pfijimaci setings.
port pro plOChU 46 Label: Lumped Port2 ‘E

* Boundary Selection

=gs Materials
4 [@ Component 1 (comp 1)
I = Definitions

ection: | Manual v|

46 T
= Wave Equation, Electric -
= Far-Field Domain E Ej
More 3 | "
= Perfect Electric Conductor
= Perfect Magnetic Conductor -
= Scattering Boundary Condition I Override and Contribution
4 | = Impedance Boundary Condition I Equation
= Transition Boundary Condition ¥ Lumped Port Properties
w Port Lumped port name:
| | == Lumped Port 2
= Lumped Element Type of lumped port:
| Uniform v |
Terminal type:
| Ccable v

Wave excitation at this port:
| off
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10) Component 1 / Electromagnetic Waves, Frequency Domain /
Lumped Element 1

Model Builder
= 1 1=~
4 4§ Untitled.mph (root)
4 (@) Global Definitions

Fi Parameters 1

225 Materials
4 [l Component 1 (comp )
I = Definitions

= Wave Equation, Electric
= Far-Field Domain

More

/|

Perfect Electric Conductor
Perfect Magnetic Conductor
Scattering Boundary Condition
Impedance Boundary Condity
Transition Boundary Condition

Port

ooy

Lumped Port
| s Lumped Element

mw Periodic Condition
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Pridat ,Lumped Element”

typu civka pro plochu 22 \
N\

Settings
Lumped Element

Label: Lumped Element 1

¥ Boundary Selection

Seledjgn: [ Manual

22

Active

I» Override and Contribution
I Equation
* Lumped Element Properties

Lumped element name:

1

Type of lumped element:

i &

B

I Uniform

¥ Settings

B‘\ped element device:

[ Ian

Lumped\ment inductance:
Lelement  86[nH]




11) Component 1 / Electromagnetic Waves, Frequency Domain /

Lumped Element 2

Model Builder -1
- = - St E| =t
4 4§ Untitled.mph (root)
- Global Definitions
Fi Parameters 1

[
—
4

=i Materials
4 [l Component 1 (comp )
I = Definitions

Wave Equation, Electric
Far-Field Domain
More 3

Perfect Electric Conductor

Perfect Magnetic Conductor
Scattering Boundary Condition
Impedance Boundary Condity
Transition Boundary Condjfi
Port
Lumped Port

Lumped Element

Periedic Condition
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Pridat ,Lumped Element”
typu civka pro plochu 47

Settings

Lumped Element

Label: Lumnped Element 2

* Boundary Selection

: | Manual

4?

Active

> Override and Contribution
I» Equation
» Lumped Element Properties

Lumped element name:
2

Type of lumped element:

| Uniform

w Settings

aped element device:

| Inhgtor

Lumped\ment inductance:
Lelement 66[nH]




12) Component 1 / Materials / Air

Model Builder 8|S
- v !
4 & Untitled.mph (root)
4 @ Global Definitions

Pi Parameters 1

v. . Add Material v RX
PFidat material vzduchu z O et

:+ Add to Component =

materialové knihovny e

I 552 Recent Materials -
b [ Material Library
4 [3@ Built-In

58 Materials
4 [@ Component 1 {comp 1)
I = Definitions
b }’\ Geometry 1
,'él Materials
I 4 Electroma 51 Add Material from Library

A Mesh 1 Browse Materials

4 ~db Study 1
/| Step 1: Fre| == Blank Material
% 5 Elp Cre y American red oak
chver Cor ayers 3 .
X EBeryllium copper UNS C17200
. Ef} J::: Config More 5
(=48]

Mode Group

Help

older, 605n-40Pb
teel AISI 4340
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13) Component 1 / Materials / Blank Material 1

Model Build 9 v. , ’ Setti )
M T 1) Pfidat prazdny o

4 & Untitled.mph (root) s 7
+ © Glovletnions material pro domény
Geometric Entity Selection
6 a 11 Geometric entity level: | Domain v|

Pi Parameters 1
ection: | Manual

Label: Material 2 ‘E

58 Materials
4 [@ Component 1 {comp 1)
I = Definitions

b }’\ Geometry 1
4 i Materials 6 LN
ts A (] 82 AddMateriaIV 1 -
B &
=E= Blank Material "
; : Fre Layers 4
More
....... - Override
I Material Properties
f. v d 7 ¥ Material Contents
2) Definovat pozadované ,
Property Variable Value Unit Property group

Basic

hodnoty pro permitivitu, ——5icitn il 21 1 o
“le . [# | Electrical conductivity sigma.. |0 S/m Basic
permeabilitu a vodivost
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14) Study 1 / Parametric Sweep

Model Builder v
- = v =T El
4 % Untitled.mph (root)
4 () Global Definitions
Fi Parameters 1
igs Materials
4 [@ Component 1 (comp1)
I = Definitions
3 f\ Geometry 1
b iz Materials
4 é' Electrormagnetic Waves, Frequency Do
A Mesh 1
4 ~db Study 1

1) Rozsirit vypocet o
parametrickou studii rotace
prijimaci antény

I
-
4

2) Definovat krok pootoceni

;%235 / | pfiddnim parametru ,r_a“a

b (B Results fi*) Function Sweep

definici funkce ,,range”

=zi  Material Sweep

WCOMS0oL

Settings
Parametric Sweep
= Compute

Label: Parametric Sweep

¥ Study Settings

Sweeptype: | Specified combinations

23 .
Parameter name Parameter value list

/ ra ~ || range(0ldeg], 22.5[deg], 0[deg])

LERY. 2=

- Ou‘tl'le Solving

Parameter unit

deg




15) Study 1 / Step 1: Frequency Domain

Model Builder v

- v =t

Zadat pracovni frekvenci
915 [MHz] a spustit vypocet

4 @& Untitled.mph (root)
4 () Global Definitions
Pi Parameters 1
528 Materials
4 [l Component 1 (comp 1)
I = Definitions
3 }’\ Geometry 1
I 528 Materials
3 iél Electromagnetic Waves, Frequency Doplain (emiw)
A Mesh 1
4 ~do Study 1
222 Parametric Sweep
m Step 1: Frequency Domain
[fr. Sohver Configurations
g_‘l Job Configurations
b [ Results

WCOMS0oL

Settings -
Frequency Domain
= Compute

requency Domain ‘,@

» Study Settin

Frequency unit: | GHz h |

Frequencies: G15[MHz] GHz @

Load eter val -
S parsmetErvalues | Browse.. || ReadFile

Reuse solution from previous step: | Auto




16) Results / Data Sets / Study 1/Parametric Solutions 1 / Selection

Model Builder -+ Setlings Settings M
- 1 ® v StELE Solution Selection
4 <@ Untitled.mph (root) Plot Geometric Entity Selection
4 (@) Global Definitions
Pi Parameters 1 Label:  Study 1/Parametr Geometric entity level: | Dornain
528 Materials
E . -
: M |
4 [@ Component 1 {comp 1) ¥ Solution Selection | -
I = Definitions 5
Solution: [on O]
b ><'\ Geometry 1 olten : L]
I a2 Materials Component: Active 11
4 é‘ Electromagnetic Waves, Frequency Domain {ems)
A Mesh1 Frame:
[+ ~b Study 1 Solution at angle (phase):
Scale factor:

er dimensions

Propagate to Jo
(& Study 1/Solution 1 (sol1)
i Study 1/Parametric Solutions 1 (sol2)
<L~ Views % Selection

885
[E3 Add Data to Export

Definovat vybérovou
mnozinu pro vyobrazeni
vysledkd mimo , Perfectly
Matched Layer”

exz Derived Values
EE Tables
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17) Results / Electric Field (emw) / Multislice

Model Builder -
= 1 1l &~ z
4 4§ Untitled.mph (root)
4 (@) Global Definitions

Fi Parameters 1

225 Materials
4 [l Component 1 (comp )
I = Definitions
b YA Geometry 1
I 535 Materials
3 %' Electromagnetic Waves, Frequen
A Mesh 1
[+~ Study 1
el @ Results
12 Data Sets
<[~ Views
£% Derived Values
EE Tables
4 i Electric Field
Wit Multislice
[~ S-Parameter (emw)
I &% Smith Plot (emw)
& Export
E_@ Reports
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Settings
Multislice

[om) Plot

Label: Multislice

1) V grafu vykreslit elektrické
pole v logaritmickém meéritku

¥ Data

Data set: | From parent

v Expression

2) Definovat fez pouze v plose Z \ pesion

20%leg10(emw.normE)
Unit:

Description:

2\leg10{emw.normE)

Z-planes

Entry method:qg Number of planes

Planes: 1




18) Results / Electric Field (emw) / Arrow Volume

¥ Arrow Positioning

Model Builder ¥ 4| Settings Settings M
o I =~-srs =~ 3D Plot Group Arrow Volume X grid points
4 @ Untitled.mph (root) Plot Plot Entry method: | Number of points - |
4 @ Global Definitions — . ET
Pi Parameters 1 Label: Electric Field (e Label:  Arrow Volume 1 |E| Pomu:. .
izi Materials ¥ grid points
4 @ Component 1 (comp1) ¥ Data ~ Data Entry method: | Nurmber of points v|
[» = Definitions =, |
b V\\ Geometry 1 Data set: Data set: | From parent v| |£ Points: BT
I iza Materials &l Plot kS [E— PR Z grid points
ll -
3 i Electromagnetic Wa Plot In 3 Entry method: | Numbs‘of e - |
Mesh 1 X component:
b~ Study 1 W |voiume Points: 1
4 [B Results = Arrow Volume emw.Poavx
I Z DataSets ™ curfac ¥ component: ¥ Coloring and Style
L= Views emw.Poavy
o
22 Derived Values W] Slice Z component: Arrow type: | Arrow \ - |
B Tables ¥ Isosurfate b | 3 - \\
4 @ Electric Field (emw) | 15 prrow Sdrface emw.Foavz Arrow length: ogarithmic - |
43 Multislice Description: []  Powerflow, time¥egrage Range quotient: 1000
b~ S-Parameter (emw) | [ Line :
b &% Smith Plot (emw) S0 Contour Arrow base: | Tail .\ |
- Export 35 Streamlin
|=;§| Reports _ ) k | 0 7 k 7 k
= sreuln 2) Vykreslit vykonovy to

3) Definovat pocet Sipek na

1) Pridat vykresleni ,Arrow mFizku, zvolit logaritmické
Volume*” méfitko Sipek a zménit hodnotu
jeho kvocientu na 1000
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Vysledky — Elektrické pole

r_a(1)=0 deg freq(1)=0.915 GHz Multislice: 20*logl0(emw.normE) Arrow Volume: Pc
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