Chaplec 10 Travehling Wave and Brosdbasd Artennag

10.2 Travdling Wave Antennas

’Prw{ou&&j, Linear wire anteanas weee d(‘scussef;@
and the amplitude cument distabuhion was

1, constaat /m" 'ﬁnﬁ‘n(\%ﬁsm&{ o'n‘go«(es (1< ?‘/SO)

2, Lneac ﬁr Shork d'ipO'{e,.s’ (?3,5 £1<€ g/10)

3, sinusoidal fér long dipetes (4> 2/0)

In ol cases he phase distbubion was assumed +o
be constant. The sinusordad amplifude cument
distibubion of fmg open-ended Linear anfennas is
a standing wave, This standing wave dishibution
s formc:c? bxj dwo weaves of egrbmf amivh%wf@ and
180° p}nage dl:fFCf‘@ﬁ(’fi at the open end and {m&/d[fﬂa
in opposite directions along the dipole.

Linear anttnnas that exhibit cumment (and uué%jxgc,)
standing wave pattemns are referred 1o as standing
wave or resonant antennas

One can also design antennas which have fravellin
wave  patterns cumrent and vaitqga- This can be
achieved by propecly terminating the antenna,
wire so that the veflechons are mihimized i
hot Complm}dﬁ diminated,

In 5%«1(&/:;, oM ardenna¢ whose current and vottage
dishibution can be represented by one or more
fravelling waves (as a rude wsually in the same
direction) dare referred 4 as trayelling wave or
nonresonant anfennas.

A travelling wave way Be clagsified as a slow wave
if it has a phase veloeity (vo=22) equal or smaller
tnan +he speed of Light. A fasi wave has a phase
veloohy greater than he speed of Aight.

An example of a slow wave %avdtz‘ng antenna ts a
!;ona wirg, An ankana s Msuo\ﬁg cmsﬁf\‘ed as o
long woive antenna if it is & shaight conductor with
o Length from one to severad wavelengths.
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As the wave travels alxmg He wire fmm He 75‘?
source toward the load, it continvously leaks

enegy. Therefore the current distnbution of

the forward buv@ut'ng wave along The shuchure

can be represented by

(2%} ~[a@) + jky(2) 2"
I_F'-; élz(?'}e vz = é\‘Io € Rt ]

0 = adlenuahon constant
ks = phase constant

Simplifcations :
 |1,=)=1, _J t.e, Jhe cument is assumed. constant
(ho amplitude modulation)

b/ Ohmic losses of the wive as well as Fhe logs

of enecgy in a dong wire (1>>2) due to Fhe
feakagc, aie neglected = [n(z') =0

¢ the phase constant kg(z') is assumed rndependent
of space vanables = it cmesponds o a um‘ﬁfm
Hoansmission line er wire as \Zj\a wave Hravels
along the shucture = |k, = const

Se, the current dishibution can be approximated by
T=91,e7k

Now, we can use Jccc(f\m‘gfues outined in Chapler b
and calculate the fields radiated by this dipele in

{%he far—ﬁeld approximation. T can be shown that
these felds ane given by

B Bg=He =Ho=0 Tk 7
By~ i kILlferr €—J¥(K —cos@)sine Scd:-;q_—(Cose—K\)] 00”2)
E(cosb~K)
H¢ ® —%Q
wherg K =-'%

From the radiated ‘Fo[cfs we aan caleulode he
radiated power density, Hhe ttal radiated powes
the radiation patlem, radiation resistance,
directivity, ete.



The radiation pattern shows a multilobe shuchure, /60

We can compare with Hhe pattern of 4 standing wave
Wire antenna.

(a) Traveling wave

(b) Standing wave

Figure 10.4 Three-dimensional free-space amplitude pattern for traveling and standing
wave wire antennas of [ = 5A.

vaoal'/\g wave: he Pa%am is ﬁrmei by a ﬁrwarc(] ﬁn,vol!mj
wave current I,g'5k?

Standing wave:  the pattern is formed by ﬁrwm‘dl plus
backward fra{/e%nj wave currents
I, 9 - IzeJl& = =251, sin(kz)
(when I,=1,-1,)

From the Fqure it is seen that the travelling wave

antenna is used when it is desired fo radiate or

As the Length of Hhe wire increases, Fhe waximum of
e main [pbe shift closer toward the axis and e
number o]f fofes increases.

10.2.2 V Andenna

Feed lne —

10.2.3  Rhombic Antenna —



10.3 Broadband Antennag el
10.3.1  Helical Antenna
Ansther basic, simple and prachical antenna 1s

that of a conducting wire wound in the form
of a screw Hheead ﬁrmmg a helix.

The 5eom@y‘n‘caf conﬁgumﬁ‘oﬁ of a he/(-s“x consists
usually of N tums, diameter D and spacing $
between each tum, The total Length of #he
antenna is L=NS, while the total length of
the wire 15 Ln= NLy = NVs?*+c?, where L,

is the dength of the wive between each turn,

and C=T1D is the o?cumfzrmde af e
helix.

An important pamameter ﬁar dhe helical antenca
is the pidch ag@g; i whith is the angle FzrmeaQ

by a Line tfangent b e hekiv woire and a
plane perpendicular to the helix aas

K= are%m(%é = arc‘fan(%)

When =0 +he winding is flattened and the
hdix reduces to a Loop antenna of N turns.
K x=90° the helix reduces o a Linear wire,
When 0% %< 90° a tue helix i3 —fDYW\ccQ.

Figure 10.13 Helical antenna with ground plane.

“The radiation charackenstics of the antenna can
be varied by controlling the svze of its geometical
properies compared o the wavelength, The
hedlcad antenna can operate in many modes.
Howener there are fwo pﬁncfgmﬁ, wodes of
operation:

1) the normal wode (broadside)

2, the atial made (end—ﬁ'ne)

The axl‘c\ﬁ mode S mOSt e—Fffcfant and. most f)mcﬁmf
because it can achieve ermcular polanzation over g

wider banduwidth.

Normad. (broadside) mode
In dhis mode of opetation the radiated ﬁ'e,ld 15

maximum i a plane pormad o the helix axis
and minimum ng its anis, 7he raciatisn patfer‘n




is siwailac o fhat of a Lincar dipole of 162
I< 2, ora small loop(a)) (so called

omnidivectional pattern).

To achieve the normal vade of operation, e
dimensions of Hne hekix are wsually small
compared to the wowvelength, fe., NL, &2

Since The bw«‘{w“f\g gaomcfms of%ae hebix

pD—]
ace loops of diameter D (x=»0°) and a DI
Linear wire (x—>a0°), the far-field rdiated D¢
by & smal. helix i Fhe normal mode can D
be desenbed in derms of Ey (diprle) and
Eg (looF) components. Sp, we can consides C

the helical anfenna operarting in normal

mode as Consiyh‘ng of N small )Zoaps and

N short dipoles connected ‘i‘bae%cf‘ na
geries.

{2) Normal mode (b) Equivalent

Figure 10.14 Normal (broadside) mode
Since In normal mode opecation He

for helical antenna and its equivalent.

helix dimensions are small, the current

through its Length can be assumed to be constant
and the Jotal mdiated feld can be described

by the sum of the foelds radiated by a small
loop of radius D (£5) and & shost dipete of
iwﬁh S (Ee)

E=6E +}E,
where “Jler 20 ~jkr
EG = jn 'k'—IoLlie} ""““J)\Y)B @ni E,@ = %fﬂ?;éﬁm «5\7\6

The ratio of Hhe wagnitudes is defined as e
axiad ratio

_ 1Bl _ 228
AR = )E¢‘ (TCD)Z

The wost intereshn ﬁ'om the pmd)‘cd, point cxf
view s the case when AR=1, i.¢.,

228

—————m s
-3

S e o - (mD)?
@ED)Z i = C 7fD—— 25 GI’ S"(-TZ%)->

oy = S @D} wD
tan T 22D 2%

When Hhe dimensional paameters of he helix
satisy Hhese relationchips, the radiated feld is
cirewtacty polacdiged in oll dicechans oher Hhan
8=0° where the feddd vanish.




Conclusion: because of Hie crtical dependence of 163
e radiakion chamdenshics on its geomefnad
dimensions, which must be very small
compared o the wavelength, this wode of
operation (s very narrow in bandiw (dH and,
its radiation eédamg is very Small. This
mode of operation is seddom whbzed.

Axial (end-fire) mode

This is a mere prachical mode of opecation.
In 1his mode 4here is onf{y ane major fobe |
and s maximant adiation Jnknsify s alary |
the axis of the helix. To excide is wipde,
the diameter D and he spacing S must be 1
Iarge ﬁac{?‘f)m a/ 2. C)
=
In order to obfamn cirewlar potad zation, %
primacily in fhe wain lobe, we must have g
'za','< % 4 % (w»% % =1 near opﬁ'&mum)
\ S My %
12°< w < 14° |
Usu O\My the anten N 1S Wse & in coniunc %l‘()ﬂ Figure 10.15 Axial (endfire) mode of helix.
with & 5romd plane and is fed by & ’coaxial |

Line.

Input tmpedance R ~ 140 (%‘) 120% Vekies = 100 &~ 2005

32
HPRW (d egrms) ~ g%

Directiity Dy & 5NSS
irectivily D, # 15N°"i§"

\ \ _2n+d
Axtal raho AR"MZN

To sbtain the far~fidd pathern one assumes Hat the
helix consists of an array of N identical tuens, a
uniform spachg between them and #Hhat the elements
are placed. along the z-axis. The fotal radiated feld
is obtained by multiplymg the freld fom one furn
with the array factor = pattern mulblication.
Normalized far-field pattern:

e _1{_) 0 5‘\”[%"1’] L /2
F= 5m(2N cos S\‘n[%’«] —3/—9-‘-2-_-‘_-7‘1-“ ord(hary emffféfe

Y=k, [Scosh Lo} wohee p= _Lo/a Hansw—Wocdgmﬁ
( F) P %o+(.2.%—’—-> end- fire
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10.3.% Magi - Uda, Array 0( Linear Elements

“This (s & veny ?mcﬁcaﬁ cadiator In the
fmqueac‘d bands

~ WF (3-30MH3)

~  VHF (30-300 MHz)

— UHF (300-3,000 MHz)

At Hhose frequencies, Hhese andennag assume
Mrm(cj dimensions.

“The are, 'ﬁr example, used as TV-aniennas,

One element is &A/Clﬂ'ven and Hhe other
are pacusific. A weflechr i put behind
the dnven element and directors in the
direction of desired radiation (along the
y-axis T the Figquee). The direchuify
increases with the number of divectors.

F? I"’"sn—" 2a “"{ }“‘
- - 4 T ’T

i

1 2 N-2

A second reflector may also be used, |
. N N
but that will not crease the p@rwanaﬁge noi | D | Do !
by Qﬂ‘j Sl’gmff(&mt am@uﬂt —77‘)6, fegﬁg Reflector elerient
Figure 10.17 Yagi-Uda antenna configuration.

element is commondy & folded dipole
with impedance 3000, see Figure 12

B i S

L(’.Y\q“:{f\s O'F ej‘fﬂmen’&# 2a~>;<—
Drivens (s - 0M)A ||
Ditectors:  (ou - OHs)A bt refrecessariyy of dne A
'Re]qed:af“: Somehmes longer than the )

driven element - :
Separabon between elements
Director- director: (0.3*0,1/)?\, but not necessan'hﬁ unffv)rm o
Driven element - reflector: a bit smaller than the (@ Folded dipole

2{9&6\?\ between the drven Figure 9.12 Folded dipole and
ement and the nearest divectoe

and 15 about 0.25 ) ﬁr‘ opﬁmum.

The tota phase of the cument induced w the
ditectors depend upon their Lengths and Hheir spacing
tothe adjacent elements.

The number of directors 15 usually between ¢ and 12.

Mare divectors => higher directivity but there is a Limil beyond
which very e is gasaed by ado@hf more directors,

% These Lengths are for Hhe fist (3/2) resonance. Yagi-Uda anlennas
con also be designed for higher resonances (2, 33/2,...), but seldom are,



Narrow bandwidth ~2 % /65

Numercal fechnigues are ofien used to opfimize
the parfwmamg, which depends on three parts:

1, the reflectr ~feeder amangement
2/ the feedw
3, the rows of directors

Moin [obe

=~ E-plane
mm== H-plane 180°

Figure 10,19 E-and H-plane amplitude pattems of 15-element Yagi-Uda array.

Main lobe :  controlled with he directors

Back lobes: controlled with the reflector spacing and. size,
the director spacing and size, an
the feeder Length and radius.

Tnput impedance:  depends on the reflector spacing,

the feed length anc? rodius, and
the divector spacing and size.

Gain:  depends largelij on the number of directurs ond Their
spacing omc? size. Does not depend much on the

reflector and the feeder length and size.
Use +he computer program YAG1-UDA ARRAY vy check

40 T T
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,l I !
SEEEEEE The fioni- to-back lube
= 25 vonon ! oo ] N
ézoj\ "\ T i “\ :‘\ i :“ ! rato 1% hnghéy depmden{»
% 152”\ "l“ ’,\‘ ,, \\ 'l“ \ ,l\ 1 }‘ on the director s;oac{ng.
£

-
PR A T YN VO U N N W OSSN

e Directivity (Do) \
5f  mem==— Front-to-back ratio [y
0 1 [l L 1 1 1 1 \n
0.1 02 03 0.4 0.5

Directors spacing (A)
Figure 10.22 Directivity and front-to-back ratio, as a function of director spacing, for 15-
element Yagi-Uda array. o{ Figure 10.19
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Aftec the design, Hne Yagi-Uda amray can be
onb"mi%e& f(wi:her by, for M@‘V‘ﬁ?)é@
— allowisg Jor ponuniform  Spacti behween the directors
while keeping the Lengths -ﬁ)&ﬂg—
— allowing for noaunifory Lengths while leeeping Hhe
Spacing fixed
— ollowing for nowm"far‘m spacing and Leagths simulzncousty

Design Procedure.

Design by using
1) Table 10.6 which represents ophmized. antenna pamme}m
for st different Lengths and for /a=0.0085
2, Figure 10.25 which represents uncompensated director
and reflec{vf Lengths for doot € /A €0.04

3, Figqure 10.26 which provides compensation Jength inerease
for all Hhe pacasitic lements (directors & /\fﬂcc%&f’é} as o
function of boom-to- wavelength ratio 0.601€ D/a< 0.04

Using ¥ -2 we can, according To Hue Table 10.6, only
design axrays of Jengths ok, 08, 12, 2.2, 3.2, ond 4.2
Hmes the Wav’@ﬁen?}ﬁ.

specfy e center frequency, dinefinty, d/a, and D/

and find opfimum /mras(h‘c efement lenglhs

(directors & mﬁﬁc“’mv‘}. However, the 5';)&:,5}1@

between the reﬂec%for and the dnien elepaent 00 Iy =0485h | 1 =04822
s s=0.2% for all designs. A —

A.B,C

} Reflector

1

§

X

|

i D
]

|

Table 10.6 OPTIMIZED UNCOMPENSATED LENGTHS OF PARASITIC ELEMENTS
FOR YAGI-UDA ANTENNAS OF SIX DIFFERENT LENGTHS

dir = 0.0085 LENGTH OF YAGI-UDA (IN WAVELENGTHS)

$0.= 020 | os | T [ 22 |32 |42 |
;- AP P P
0.482 | 0.482 0.482 0.482 0.482 0.475

oun | o | oas | 04zt |

REFLECTOR (L/A)
0.428
036

0.398 m ‘ 0001 0002 0003 ! Y
-mm Figure 10.25 Design curves 10 determine element lengths of Yagi-Uda arra

Element length [; (wavelengths)

lH
]
3
=
L
©
=3

0

0.398 {SOURCE:! P. P. Viezbicke, “Yagi Antenna Design,”’ NBS Technical Note 68¢
0.386 U.S. Department of Coxmnerce/National Bureau of Standards, December 1974

0.386

0394 |
oo | ose6 | 0390 |
0386 | 0390 |
I
030 |

LNy

— T ew| |
—

LENGTH OF DIRECTORS, A

0025

0020

Increase n optimum length of parasitic elements {

I | | o
SPACING BETWEEN
DIRECTORS (si/A) 020 | 020 0.25 0.20 0.20 0.308 0010
DIRECTIVITY RELATIVE
TO HALE-WAVE 0005
DIPOLE (dB) 7.1 9.2 10.2 12.25 13.4 14.2
DESIGN CURVE 0
(SEE FIGURE 10.25) B) B) B ) 0002 0006 00! 0.02 0.03 0.04

Diameter of supporting boom D (wavelengths)
Figure 10.26 {ncrease in optimum length of parasitic clements as a function of mel
boom diameter. (SOURCE: p. P. Viezbicke,' Yagi Anteana Design,’’ NBS Technical
688, U.S. Department of Commerce/National Bureau of Standards, December 1976)

SOURCE: Peter P. Viezbicke, Yagi Antenna Design, NBS Technical Note 688, December 1976.



Example 10.2

Design a Yagi-Uda array with a directivity (relative to a A/2 dipole at the same height
above ground) of 9.2 dB at f; = 50.1 MHz. The desired diameter of the parasitic
elements is 2.54 cm and of the metal supporting boom 5.1 c¢cm. Find the element
spacings, lengths, and total array length.

SOLUTION

(@

(b)

(©)

@

©

®

At fo = 50.1 MHz the wavelength is A = 5988 m = 598.8 cm. Thus
dIA = 2.54/598.8 = 4.24 X 107* and D/A = 5.1/598.8 = 8.52 X 1073

From Table 10.6, the desired array would have a total of five elements (three
directors, one reflector, one feeder). For a d/A = 0.0085 ratio the optimum
uncompensated lengths would be those shown in the second column of
Table 10.6 (I3 = I5; = 0.428A, Ay, = 0.424A, and [; = 0.482A). The overall
antenna length would be L = (0.6 + 0.2)A = 0.8A, the spacing between
directors 0.2A, and the reflector spacing 0.2A. It is now desired to find the
optimum lengths of the parasitic elements for a d/A = 0.00424.

Plot the optimized lengths from Table 10.6 (I;" = " = 0.428A, 1)) =
0.424A, and [," = 0.482)) on Figure 10.25 and mark them by a dot (-).

In Figure 10.25 draw a vertical line through d/A = 0.00424 intersecting
curves (B) at director uncompensated lengths /3’ = I' = 0.442)A and
reflector length I;' = 0.485A. Mark these points by an X.

With a divider, measure the distance (Al) along director curve (B) between
points [;" = Is" = 0.428A and I, = 0.424A. Transpose this distance from
the point I3" = Is' = 0.442) on curve (B), established in step (d) and marked
by an x, downward along the curve and determine the uncompensated length
I,/ = 0.438A. Thus the boom uncompensated lengths of the array at fy =
50.1 MHz are

L' =I5 = 0.442)

L' = 0.438A

I, = 0.485A
Correct the element lengths to compensate for the boom diameter. From
Figure 10.26, a boom diameter-to-wavelength ratio of 0.00852 requires a
fractional length increase in each element of about 0.005A. Thus the final
lengths of the elements should be

I; = Is = (0.442 4+ 0.005)A = 0.447A

I, = (0438 + 0.005)A = 0.443A

I, = (0.485 + 0.005)A = 0.490A

10.3.4  Yagi-Uda_Array of Loops

y

wawa
\J

Reflector Feed
F—w—» Directors

Figure 10.27 Yagi-Uda array of circular loops.
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