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Yagi-Uda Antennas

(section 10.3.3 of Antenna Theory, Analysis and Design (4™ Edn) by Balanis)

Figure 2 Yagi-Uda antennas on pay telephones in Mexico

Advantages:
v" Lightweight,
v Durable,
v" Simple construction,

v" Low cost,
v Many desirable performance characteristics
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Characteristics

e 4.3 dBi < Typical Directivity (Gain) < 19 dBi

30 QA < Typical Input Impedance < 70 Q (w/out feed)
Bandwidth: = 2%

Typical frequency bands where utilized are the HF (3-30 MHz), VHF
(30-300 MHz), and UHF (300-1000 MHz)

Transmission line feeds:

Coaxial utilizing a Gamma match, Omega match, or modified
Gamma match.

or
Twin-lead utilizing a folded dipole or T-match.

e Optimal Designs available

History or Origin of Yagi-Uda Antennas

e Originated in 1920’s in Japan

» S. Uda, “Wireless Beam of Short Electric Waves,” J. IEE. (Japan),
pp. 273-282, March 1926, and pp. 1209-1219, November 1927.
(In Japanese)

» H. Yagi, “Beam Transmission of Ultra Short Waves,” Proc. IRE,
Vol. 26, pp. 715-741, June 1928. Republished, Proc. IEEE, Vol.
72, No. 5, pp. 634-645, May 1984.

e Extensive experimental work, theoretical analysis, and numerical
analysis done from the 1930’s to 1970’s

R.M. Fishender E.R. Wiblin
C.C. Lee L.-C. Shen
H.W. Ehrenspeck H. Poehler

H. E. Green W. Wilkinshaw
R.J. Mailloux D. Kajfez

G.A. Thiele P.A. Tirkas
D.K. Cheng C.A. Shen

N.K. Takla P.P. Viezebicke
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Far-field patterns for a resonant (reactance is zero) Driven dipole (D) with

Parasitic element (P), 1.e., a two-element dipole array. Variables include

diameters, lengths, and spacings (typically ~0.1A to 0.25)).

x Parasite in Resonance
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Dipole input impedances

» Resonances occur when the reactance is zero while the resistance is NOT at a peak
or infinity. For example, near ¢//A ~ 0.5 and 1.5.

» Anti-resonances occur when the resistance is at a peak or infinity while the
reactance is zero/finite. For example, near ¢/A ~ 0.75 and 1.
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Figure 8.8 (a) Input resistance of wire dipoles. (b) Input reactance of wire dipoles.
[Antenna Theory, Analysis and Design, Balanis, 1982, p. 334]
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Maximum Gain of Two-element array versus spacing
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Corresponding Radiation Resistance of Two-element array versus spacing
[Note: Much less than 73 Q for isolated dipole.]
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Three-element Yagi-Uda array
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Figure 10.19 Yagi-Uda antenna configuration
[Antenna Theory, Analysis and Design (4™ Edn) by Balanis]
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Gain versus number of elements
[Note: dBi1=dBd +2.15]
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Fig. 1. The Yagi array.
b/h= 0.5 e MEASURED
20 F 20
- Directivity =
. 0 m
= 9
S 10 —S-
9 —
T I0F dio0 =
Q.
2 0.3 Bandwidth o
e 1.0 *
\—\_
g ‘.5 \
O o e " .y A
(0] | 2 3 4 5 6 7
ARRAY SIZE ()

. 2, dwidth and directivity versus array size (Nb/A) with
Fi%hrge dg’aé?'elx spacings between elements. The bandwidth decreases

and the directivity increases with increasing array size. Bandwidth
is determined by the spacing while the directivity is very insensitive

to it.

[Source: L.-C. Shen, “Directivity and Bandwidth of Single-Band and Double-Band
Yagi Arrays,” IEEE Trans. Antennas Prop., pp. 778-780, Nov. 1972.]
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Figure 9.14 E- and H-plane patterns and relative current amplitudes of a 27-element
Yagi-Uda array. (SOURCE: G. A. Thiele, **Analysis of Yagi-Uda-Type Antennas,” /EEE
Trans. Antennas Propag., vol. AP-17, pp. 24-31, January 1969. © (1969) |IEEE)
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Figure 9.15 Normalized amplitude antenna patterns of initial, perturbed, and optimum
six-element Yagi-Uda arrays (Table 9.4). (source: C. A. Chen and D. K. Cheng,
“Optimum Element Lengths for Yagi-Uda Arrays,” IEEE Trans. Antennas Propag., vol.
AP-23, pp. 8-15, January 1975. © (1975) IEEE)
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