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Chapter 1

Intr oduction

Yagi-UdaAntennais aparasiticlineararrayof paralleldipoles,seeFig 1.1,oneof
which is energizeddirectly by a feedtransmissionline while theotheractaspar-
asiticradiatorwhosecurrentsareinducedby mutualcoupling.Thebasicantenna
is composedof onere�ector (in therear),onedrivenelement,andoneor moredi-
rectors(in thedirectionof transmission/reception).TheYagi-Udaantennahasre-
ceivedexhaustiveanalyticalandexperimentalinvestigationsin theopenliterature
andelsewhere.Thecharacteristicsof a Yagi areaffectedby all of thegeometric
parametersof thearray. UsuallyYagi-Udaarrayshave low input impedanceand
relatively narrow bandwidth.Improvementsin bothcanachievedat theexpenseof
others.Usuallyacompromiseis made,andit dependson theparticulardesign.
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Figure1.1: Geometryof Yagi-Udaarray
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Chapter 2

Moti vation and objectives

Often oneneedsto improve receptionof a particularradio or television station.
Oneeffective way to do this is to build a Yagi-Uda(or Yagi) antennabecauseof
their simplicity andrelatively highgain.

The goal of the project is to simulatean NBSyagi antennawhich covers all
theVHF TVchannels.wewill calculateandplot

� Far-zone�eld (bothE-planeandH-plane)

� 3-dbbeamwidths

� Front-to-backratio

� Directivity

� Complex currentdistributiononeachelement

� Input impedance.

We choosefrequency
����� ���
	���
��

. Why? Becausethe VHF TV channel
startswith 54MHz(channel2) andendswith 216MHz (channel13). Antennas'
gainsriseslowly up to thedesignfrequency andfall off sharplythereafter[5]. It
is thereforeeasierto make thedesignfrequency a little higherthandesired.
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Chapter 3

Problemsetupand analysis

In this Chapter, we will introduceformulationsandparametersusedin my simu-
lations.

3.1 Formulations
� Pocklington's IntegralEquation

Pocklington's Integral Equationis usedon �nite diameterwires. We have
the�eld equation[1]: �

�
� �������	� ��
 �����

(3.1.1)

where

� ���
�
is the total electric�eld.

� 
 ���
�
is the scatteredelectric �eld

producedby the inducedcurrentcurrentdensity � 

.

� � ���
�
is the incident

electric�eld.

WegetderivePocklington's integralequationasfollowings,���������� ��������� ����� �"!#�%$ �$ � � �'& � ��( ��)+*#,-/.10 ��243 ��� �'5/6%798 �� (3.1.2)

with
0 �;: ��<>=?< � � � �@��AB=CA � � � �D�E�F=C� � � � .

� Fourierexpansionof thecurrent

GIH �E���J� � KLMON
P G M HRQTS�UWV � ��X = � � . � �Y H[Z
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where
G M H

representsthecomplex currentcoef�cient of mode
X

onelement� and
Y H

representsthecorrespondinglengthof the � element.Pocklinton's
integral (0.02)reducesto� KM N
P G M H�� �+= � � M � P � ��X = � � .Y H � ��� <�� < �	�9A
� A � � Y H

���� V & � = � ��X = � � � . �Y �H Z

 � �������

� � ��� <�� < � �9A
� A �� �H � QTS/U>V � ��X = � � . � �HY H Z 3 � �H��
� 5 -/. 6%7 �#8��� (3.1.3)

where

� ��� <�� < �	�9A�� A �� �#���H � � ( ��) *#,��� � � ( ��) *#,��� � (3.1.4)

and ��� � : � <W=?< � � � �D��AB=CA � � � ��� � �D�����'� � � � (3.1.5)

where � � � � � �! ��#"#"#"$�!%
and

% �
total numberof elements.

0 �
is the

distancefrom thecenterof eachwire radiusto thecenterof any otherwire,
asshown in Fig. 1.1

� Methodof MomentsWe useMethodof Momentsto obtain the complex
currentcoef�ent

G M H
.

1. On drivenelement

– Thematchingis doneon thesurface.
–

8 �� �'&
at
� = �

points.
– The

�)(+*
equationon thefeedelementisKLM N
P GTH M �E� � �,& �.- H N�/ � �

2. On all otherelement

– Thematchingis doneat thecenterof thewire
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–
8 �� �E� � � � � � &

� Far-FieldPattern

Oncethecurrentdistribution is found,thefar-zone�eld generatedby sum-
ming thecontributionsfrom each.8 � �

/L H N
P 8 � H � = 5R6�� �

� � �
/L H N
P � � H � =�� ( ��) *��-/.	� U�
 �
� /L H N
P � ( ) *������ 
 � H ����� 
�� ��� � 
 � H � 
 � H �

� KM N
P GTH M V U�
 � � � � �
� � � U�
 � � � � �

� � Z � Y H
�

with

� � � V � � X = � � .Y H � & QTS�U � Z Y H
� (3.1.6)

� � � V � ��X = � � .Y H = & QTS�U � Z Y H
� (3.1.7)

3.2 NBSdesign

A governmentdocumenthasbeenpublishedwhich provides extensive dataof
experimentalin investigationscarriedoutby NationalBureauof Standards[6].We
canobtainthedesireddatafrom thegovernmentdocument,seeFig3.1.

� ElementNumber
% � ���

.

� Radiusof eachelement
� � & " & &! "�

� Directorslength
Y P � Y � � & " - � - � Y$# � & " - � & � Y&% � & " - &"' � Y&( � & " - &  � Y&) �& "  !*  � Y,+ � & "  !* - � Y  = Y �  �'& "  !* &

� Re�ector length
Y P % � & " - '!�

� Feederlength
Y P ( �'& " - 	 	

� Spacebetweendirectorsis 0.308.
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� Spacebetweenfeederandre�ector is 0.2

Theoverall antennalengthwould be �
� - " ���

. Parameters(elementlengthsand
spacings)aregivenin termsof wavelength.
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Chapter 4

Matlab implementation

In this project,I did not useany existing fancy code. Instead,I write somecode
of my own, usingmatlab.

4.1 Structur eof the code

Therearethreesubroutinesof my code.They areThedataweshoulddesignare:
yagi.m,func.mandfunc2.m,SeeAppendix

In themainsubroutineyagi.m, theinput variablesare,

� Thetotal numberof elementsof thearray(
%

).

� Thecorrespondinglengthsof eachelements(
Y ��� � ).

� Thespacingsbetweenelements(
U � * � � ).

Theoutputthethefollowing,

� Far-zone�eld (bothE-planeandH-plane)

� 3-dbbeamwidths

� Front-to-backratio

� Directivity

� Complex currentdistributiononeachelement

� Input impedance.
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4.2 Highhight of the code

In my matlabcode,thefollowing pointsmustbeemphasized:

� My codeis basedon pocklington's integral equation. The entiredomain
cosinusoidal(fourier) basismodesare usedfor eachof the antennaele-
ments..

� All theelementsarealongthey-axis,with thedrivenelementat theorigin.

� If theeffectof amodeis foundontheelementthatit is locatedthendistance
is the radius

�
of the element,otherwisethe distanceis found using the

formula

3
�;: ��� � ��� � �

.

� Whenwe calculatetheradiated�elds,

– E-plane
� � � * & � � ����� & � � �� & �	�

� ' & � � ����� �� & � �  	 & � �
– H-plane

� � * & � � ��� & � �! 	 & � �
� Whenwe calculatethedirectivity

� � * & � � � * & � "
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Chapter 5

Simulation results

All thefollowing performance�gures aretheoreticalcalculations,seeChapter3.
Thatmeans,for instance,thattheactualgainwill beslightly lessthanthatgiven.

5.1 E-plane

We canplot far-zoneElectricField bothin polarcoordinateandcartesiancoordi-
nate.seeFig.5.1.Thecorrespondingbeamwidthandfont-to-backratio areshown
in red.
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5.2 H-plane

Wecanplot far-zoneMagneticFieldbothin polarcoordinateandcartesiancoordi-
nate.seeFig.5.2.Thecorrespondingbeamwidthandfont-to-backratio areshown
in red.
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Figure5.3: Thecurrentdistribution on there�ector N=14

5.3 Complexcurr ent distrib utions

We cangetthecomplex currentdistributions(bothphaseandmagnitude)on each
of the15 elements,seethefollowing �gures.
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Figure5.4: Thecurrentdistribution on thefeederN=15
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Figure5.5: Thecurrentdistribution on thedirectorN=1
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Figure5.6: Thecurrentdistribution on thedirectorN=2
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Figure5.7: Thecurrentdistribution on thedirectorN=3
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Figure5.8: Thecurrentdistribution on thedirectorN=4

20



-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
-50

0

50

100

150

200

Element length Z
m

The current distribution on the director N = 5

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
0

0.1

0.2

0.3

0.4

0.5

T
he

 m
ag

ni
tu

de
 o

f c
ur

re
nt

Element length z
m

T
he

 p
ha

se
 o

f c
ur

re
nt

Figure5.9: Thecurrentdistribution on thedirectorN=5
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Figure5.10:Thecurrentdistribution on thedirectorN=6
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Figure5.11:Thecurrentdistribution on thedirectorN=7
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Figure5.12:Thecurrentdistribution on thedirectorN=8
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Figure5.13:Thecurrentdistribution on thedirectorN=9
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Figure5.16:Thecurrentdistribution on thedirectorN=12
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5.4 Characteristic variables

The characteristicvariablesof the designedNBS antennacanbe calculatedand
listedin thefollowing table.

Directivity 14.2106
Front-to-back ratio in e-plane 12.0779
Front-to-back ratio in h-plane 12.0811
3-dbbeamwidthin thee-plane 28.8770
3-dbbeamwidthin theh-plane 30.5268
Imputimpedance 27.46051ohms

Table5.1: Thecharacteristicsof thisantennadesign
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Chapter 6

Conclusion

FromNationalBereauof Standards,weknow 15-elementyagiantennahasmaxi-
mumdirectivity(gain)=

� - " � 3��
. In oursimulationresultweobtainthedirectivity=� - " ���#& 	

is almostthe sameasNBS design. What's more,we got the resonable
E(H)-�eld plot,complex currentdistributions,front-to-backratio,3db-beamwidth
andinput-impedance.

31



Appendix A

List of Routine

A.1 yagi.m

A.2 func.m

A.3 func2.m
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