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VHF ANTENNA CHARACTERISTICS

SUMMARY

This report covers the measurement of voltage standing wave ratio
(VSWR) with frequency change and polarization characteristics of several
types of antennas submitted to the Techmical Levelopment and Evaluation
Center by the Office of Federal Alrways.

The VSWR memsurements were mede over the band 100 to 140 Mg, and
horizontal plane patterns of the vertical and horizontal components of the
radiation field for each antenna were cbtained at cne frequency. The an-
tennas were designed to match a transmission line having a characteriastac
impedance of 52 ohms. All measuremente were made with the antennas mounted
approximately seven feet above the counterpoise,; which was elevated ten feet
above ground,

Three of the five antennas tested were circularly polarized, their
VEWR and polarization characteristics differing only in the magnitude of
VSWR and the ratio of the fields of the vertical to horizontal components
teken 1n the horizontal plane.

The VSWR and pclarization cheracteraistics of the two coaxial an-
tennas were similar as would be expected., The horizontally polarized com-

ponent radiated from these antemnas was found to be negligible,

The antennasa tested were

Type No. Manufecturer Polarizaticn
CA-1350 Marylend Electronic Circular

Manufacturing Corp.

CA-12k6 Bendix Radio Circular

CA-1371 Andrew Company Circular
- - Aireon Manufacturing Company Verticel (coaxial)
- - Andrew Company Vertical (coexial)

Figs. 1 toc 5 inclusive show the general construction and physical
dimensions of each antemne, Types CA-1350, CA-1246, and CA-1371 antennas
are equipped with Type UG-SB/U receptacles to facilitate commection to the
RG 8/U transmission cable. The antenna elements are connected across the
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center conductor and shell of the receptacles, the orientation of the antenna
elements being such as to produce the desired field patterns.

The Aireon coaxial antenna 1s equipped with a Type B-83-IR recep-
tacle, the irnmer conductor of which 1s connected to the upper half of the an-
tenna, while the lower half of the antenna (sleeve) 18 comnected to the shell

The Andrew coaxial antenna requires the center conductor of the
transmission cable to be soldered to the upper helf of the antenna and the
lower half of the antenna (sleeve) to be comnected to the braid, or outer
conductor of the cable.

The anternnas are provided with thresjed couplings to permit mount-
ing on tep of a steel pipe.

TEST EQUIPMENT

The VSWR measurements were made with the Andrew Company Type 3100
glotted line having a characteristic impedance of 52 ohms, A Ferris Type
18-C radio frequency signal generator waa used to excite the antennas under
test,

A Type TML transmitter and a calibrated field detector were used to
obtain the horizental plane field petterns. Provision wes made te rotate the

antennas under test through sn angle of 360 degrees,

TESTS

Tests were conducted with the antemnas mounted approximately seven
feet (center of radiation) above a 15-foot diameter counterpoise elevated ten
feet above ground. The counterpolse wag capable of rotation through en angle
of 360 degrees,

Output power limitations from the radioc frequency signal generator
restricted the line VSWR measurecments to the frequency band 100 to 1kO Mc.
Measurcments were obtained at sach four-Mc step within the band. Figs. 6 to
10 inclusaive present values of VSWR as a function of frequency for the five
different types of antennas.

The Type CA-1350 entenna produced the lowest VSWR values of the
group, having a minimum valuec of 1,0% at a frequency of 110 Mc and meximum
valuca of approximately 2.7 at the extreme onds of the frequency band 10C
and 140 Mc, Sce Fig. 6.

Fig. 7 indicates a minimum VSWR of 1.07 at a frequcncy of 120 Mc
end & meaximum VSWR of 5.15 at a frequency of 104 Mc for the Type CA-1246 an-
tenna,

Rcferring to Fag. 8, the Type CA-1371l anterna produccd a minimum
VEWR of 1,10 at a freoquency of 125 Mc and a maximum VSWR of 3.1 at 100 Mc,
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The two coaxial antennas produced a minimum VSWR of 1.40 at 120 Mc
and maximum VSWR values of 7 70 and 6.40 respectively at approximately 106
Mec. Bee Figa. 5 and 10,

Typea CA-1350 and CA-1371 antemmas exhibit fairly broad bend fre-
quency cheracteristics and may be operated over the major porticn of the
frequency band without the necessity of using matching stubs, A VSWR of 2/1
usually can be tolersted without excessive loss of power when using Type
RG 8/U cable. Type CA-1246 antenna and the two coexzial antennas (Figs. 9 and
12) are more frequency conscious and may be operated over a bandwidth of 10
or 12 Mc without the use of matching stubs,

The horizontal plane field petterns were obtained at o frequency cf
113.7 Me. The antennae were rotated through an angle of 360 degrees and the
fi1eld intemsity values obtained for each 20-degree rotation of the entemma.

Figs. 11 to 15 inclusive present the pelarization characteristics
of the five antemmas, The horizontal plane patterns 1in Faigs. 11, 12, and 13
ecch compare the amount of horizontally polarized field intensity with the
vertically polarized field Ilntensity, measured with the transmitting entenna
17 feet above ground, the field meter antemna 12 feet zbove ground, and the
horizontal distance between the two antennas 180 feet. Under these condi-
ticng, 1f the transmitting antenna radiates equal amounts of vertically and
horizontally polarized energy, the field meter will indicate a ratio of hora-
zontal to vertical field intensity of approximately 1.47., The following 18 a
comparison of the three antennas intended to radiate vertically and hori-
zontally polarized ficlda:

Anterma Type Horizontol Faeld Intensity
Vertical Fieid Intenaity

CA-1350 1.47
CA-1246 1.85
CA-1371 2.06

The CA-1350 antermn radiztes equal amounts of horizontally and
vertically polarized energy. The horizontally polarized field of the other
two antennas 18 the greater,

It 1s intcresting to notc that, 1f the field intensities for the
two polarized waves were measured at small angles of elevation (two degrees
or less), the vertically and horizontally polerized fields of the CA-1350
antenna would be essentially equal over good conductivity soil.

RECCMMENDATICHNS

The Type CA-1350 antenna has the most favorable VSWR and polariza-
tion characteriatica of the group tested., This 1s the only antenne of the
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group which radiztes equrl amounts of vertically and horizontally polarized
energy. All the other antemnas rediote a greater proportion of horizontally
polarized energy. This antemnna is guite satisfactory for communication with
aircraft i1n all directions except directly above, This criticism aprlies to
a2ll the antennas tested. Since little or no energy 1s radiated straight up
from any one of the five antennas tested, an aircraft flying dircctly czbove
or at high angles with respect to one of these antermas would be 1n a null,
resulting in temporary loss of signals,

CONCLUSIONS

The VSWR and peolarization characteristics of each of the five an-
tennas tested are gquite satisfactory for communicatlion purposes. However,
for ground to aircraft communication, 1t 1s particularly desirable to have
antennas which are responsive to vertically polarized and horizontally pol-
arized radiations., In this respect the CA-1350 antenna would most nearly meet
this requirencnt,
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