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Chapter 1

Intr oduction

Yagi-UdaAntennais aparasitidineararrayof paralleldipoles,seeFig 1.1,oneof
whichis enegizeddirectly by a feedtransmissiorine while the otheractaspar
asiticradiatorwhosecurrentsareinducedby mutualcoupling. The basicantenna
is composeaf onere ector (in therear),onedrivenelementandoneor moredi-
rectors(in the directionof transmission/reception). Théagi-Udaantennahasre-
ceivedexhaustve analyticalandexperimentainvestigationsn theopenliterature
andelsewhere. The characteristicef a Yagi areaffectedby all of the geometric
parametersf thearray Usually Yagi-Udaarrayshave low inputimpedancend
relatively narrav bandwidth.Imprgementsn bothcanachievedatthe expenseof
others.Usuallya compromisas made andit depend®n the particulardesign.

i i
A oy Driven | Directors

Element
X 1 2 3 4 5 ... ... N

Figurel.1l: Geometryof Yagi-Udaarray
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Chapter 2

Moti vation and objectives

Often one needsto improve receptionof a particularradio or television station.
Oneeffective way to do thisis to build a Yagi-Uda(or Yagi) antennebecausef
their simplicity andrelatively high gain.

The goal of the project is to simulatean NBSyagi antennawhich covers all
theVHF TV channels.we will calculateandplot

Farzone eld (bothE-planeandH-plane)

3-dbbeamwidths

Front-to-backatio

Directivity

Comple currentdistribution on eachelement

Inputimpedance.

We choosefrequeny f, = 216M HZ. Why? Becausehe VHF TV channel
startswith 54MHz(channeR) and endswith 216MHz (channell3). Antennas'
gainsrise slowly up to the designfrequeny andfall off sharplythereaftef5]. It

is thereforeeasierto make thedesignfrequeng alittle higherthandesired.



Chapter 3

Problem setupand analysis

In this Chapterwe will introduceformulationsandparametersisedin my simu-
lations.

3.1 Formulations

e Pocklingtons Integral Equation

Pocklingtons Integral Equationis usedon nite diameterwires. We have
the eld equation1]:

E = E'(r)+ E*(r) (3.1.1)

where E(r) is the total electric eld. E,(r) is the scatterecelectric eld
producedby the inducedcurrentcurrentdensityJ ;. E;(r) is theincident
electric eld.

We getderive Pocklingtons integral equatiorasfollowings,

+1/2
/ L(2)
_1/2

with R = /(z — 2)2+ (y — y')2 + (2 — 2')2.

52 o JkR!

— 4 k?
(822+ )47TR

d7' = jweE! (3.1.2)

e Fourierexpansionof thecurrent

M

I(2') =) _ Inncos [(2m — 1)7;—5}

m=1 n
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wherel,,,, representthecomples currentcoefcient of modem onelement
n andl,, representghe correspondindengthof then elementPocklintons
integral (0.02)reduceso

m+1 (2m B 1)7T

M ! Y ln
Imn _1 - 7 Y 7 YT Y o
St {0 22T (00,2 )

,  (2m —1)*x?
fo/2 ' om — 1)m2!
X / G (x,:c',y, y_/) cos [M} dz;}
0 Zn In
=  jdrweE, (3.1.3)
where
! —jkR_ —jkRy
GQ <x7xl7y7 y_az'fm) = eR_ + 6R+ (314)
and
R.o=\(@—2)2+y-y)2+a+(z+2) (3.1.5)

wheren = 1,2,3,..., N and N = total numberof elements.R. is the
distancdrom the centerof eachwire radiusto the centerof ary otherwire,
asshavnin Fig. 1.1

e Method of MomentsWe use Method of Momentsto obtain the comple
currentcoefent I,,,,,.

1. Ondrivenelement

— Thematchingis doneonthesurface
— E! =0atM — 1 points.
— The Mth equationonthefeedelements

M
Z Inm(zl = 0)|n:N =1
m=1

2. Onall otherelement
— Thematchingis doneatthe center of thewire
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— El(z2=2)=0

e FarField Pattern

Oncethecurrentdistribution is found,thefarzone eld generatedby sum-
ming the contritutionsfrom each.

N

Ey, = Z Eon = —jwAy
n=1
al e~ Ikr N . o
A0 — ZAHn _ _,LL4 sind Z {e]k(:vnsm0008¢+ynsm05m¢
r
n=1 n=1
M sin(Z%)  sin(Z7)]) la
2y Lum [ 7+ 7 2
with
2m —1
7t = [7( mz L kcos&] %” (3.1.6)
2m —1 n
7 = [7( mz )™ _ kcos@] % (3.1.7)

3.2 NBSdesign

A governmentdocumenthasbeenpublishedwhich provides extensive data of
experimentalin investigationcarriedoutby NationalBureauof Standard$6].We
canobtainthe desireddatafrom thegovernmendocumentseeFig3.1.

e ElementNumberN = 15.

Radiusof eachelementa = 0.0085

Directorslengthl, = I, = 0.424,13 = 0.420,1, = 0.407,15 = 0.403, s =
0.398,1; = 0.394, 18 — 113 = 0.390

Re ectorlengthly, = 0.475

Feedetengthl,s = 0.466

Spacebetweerdirectorsis 0.308.



2a=0.017

0.475| |

14 15 1 2 3 4 5 6 7 8 9 10 11 12 13

Reflector Driven Director
Element

Figure3.1: Con gure of 15elementNBS Yagiantenna

e Spacebetweerfeederandre ector is 0.2

Theoverallantenndengthwould be L = 4.2)\. Parametergelementengthsand
spacingsparegivenin termsof wavelength



Chapter 4

Matlab implementation

In this project,| did not useary existing fang/ code. Instead, write somecode
of my own, usingmatlab

4.1 Structureof the code

Therearethreesubroutine®f my code.They areThe datawe shoulddesignare:
yagi.m,func.mandfunc2.mSeeAppendix
In the mainsubroutineyagi.m, theinputvariablesare,

e Thetotal numberof elementof thearray (V).

e Thecorrespondindengthsof eachelementgi; /).

e Thespacingdetweerelementgs;;/ ).
Theoutputthethefollowing,

Farzone eld (bothE-planeandH-plane)

3-dbbeamwidths

Front-to-backatio

Directivity

Comple& currentdistribution on eachelement

Inputimpedance.
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4.2

Highhight of the code

In my matlabcode thefollowing pointsmustbe emphasized:

My codeis basedon pocklingtons integral equation. The entire domain
cosinusoidalfourier) basismodesare usedfor eachof the antennaele-
ments..

All theelementsarealongthey-axis,with thedrivenelementatthe origin.

If theeffectof amodeis foundontheelementhatit is locatedthendistance
is the radiusa of the element,otherwisethe distanceis found using the
formulad = /(p? + a?).

Whenwe calculatetheradiated elds,
— E-plane
6= 90° : € 0° 180
T 270° 6 e [180°, 360

— H-plane
6 =90 ¢ €0°360°]
Whenwe calculatethe directivity

6 =90° ¢ =90°

11



Chapter 5

Simulation results

All thefollowing performancegures aretheoreticalcalculationsseeChapter3.
Thatmeansfor instancethattheactualgainwill beslightly lessthanthatgiven.
5.1 E-plane

We canplot farzoneElectric Field bothin polarcoordinateandcartesiarcoordi-
nate.seeFig.5.1.Thecorrespondingpeamwidthandfont-to-backratio areshavn
in red.
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The E-plane
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Figure5.1: The E-plane
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zoom in

270

3-db beamwidth
front-to-back ratio

30.5268 degrees
12.0811 db
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Figure5.2: TheH-plane

5.2 H-plane
We canplot farzoneMagneticField bothin polarcoordinateandcartesiarcoordi-

nate.seeFig.5.2. Thecorrespondingpeamwidthandfont-to-backratio areshavn
in red.
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Figure5.3: Thecurrentdistribution onthere ector N=14

5.3 Complexcurrentdistrib utions

0.2

0.25

We cangetthe complex currentdistributions(bothphaseandmagnitude)on each
of the 15 elementsseethe following gures.

15



The phase of current

The current distribution on the reflector N= 14
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Figure5.4: Thecurrentdistribution onthefeedeN=15
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The current distribution on the director N =1
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Figure5.5: Thecurrentdistribution on thedirectorN=1
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Figure5.6: Thecurrentdistribution on the directorN=2
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The phase of current
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Figure5.7: Thecurrentdistribution on the directorN=3
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The phase of current

The current distribution on the director N = 4
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Figure5.8: Thecurrentdistribution on thedirectorN=4
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The phase of current

The magnitude of current

200

150 -

100 -

-50
-0.25

-0.2

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
Element length Zm

0.2

0.25

0.5

0.4

0.3

0.2

0
-0.25

-0.2

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
Element length z

Figure5.9: The currentdistribution on thedirectorN=5
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Figure5.10: Thecurrentdistribution on the directorN=6
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Figure5.11: Thecurrentdistribution on the directorN=7
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The current distribution on the director N = 8
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Figure5.12: Thecurrentdistribution on the directorN=38

24



-150.64

-150.66

-150.68

The magnitude of current

0.5

0.4

0.3

0.2

0.1

The current distribution on the director N =9

-0.2 0 0.2
Element length z

-0.2 0 0.2
Element length z.

Figure5.13: Thecurrentdistribution on the directorN=9

25




-150.64

The current distributions on the director N = 10
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Figure5.14: Thecurrentdistribution on the directorN=10
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Figure5.15: Thecurrentdistribution on thedirectorN=11
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Figure5.16: Thecurrentdistribution on thedirectorN=12
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The current distribution on the director N = 13
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Figure5.17: Thecurrentdistribution on the directorN=13
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5.4 Characteristic variables

The characteristiozariablesof the designed\BS antennacanbe calculatedand
listedin thefollowing table.

Directivity 14.2106
Front-to-badk ratio in e-plane 12.0779
Front-to-badk ratio in h-plane 12.0811
3-dbbeamwidthn thee-plane 28.8770
3-dbbeamwidthn the h-plane 30.5268
Imputimpedance 27.460510hms

Table5.1: Thecharacteristicsef thisantennalesign
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Chapter 6

Conclusion

FromNationalBereauof Standardsye know 15-elemenyagiantennadhasmaxi-
mumdirectiity(gain)= 14.2db. In oursimulationresultwe obtainthedirectvity=
14.2106 is almostthe sameas NBS design. What's more,we got the resonable
E(H)- eld plot,comple currentdistributions,front-to-backratio, 3db-beamwidth
andinput-impedance.
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Appendix A
List of Routine
A.1 vyagi.m

A.2 func.m

A.3 func2.m
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