| hd |

NRC Publications Archive
Archives des publications du CNRC

Effect of a dielectric support on the bandwidth of a helical beam
antenna
Wong, J. Y.; Thomas, R. S.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:

https://doi.org/10.4224/21273588

Report (National Research Council of Canada. Radio and Electrical Engineering
Division : ERB); no. ERB-530, 1959-09

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=baf7d776-98ec-4d77-8ef5-ddb94e1856fb
https://publications-cnrc.canada.ca/fra/voir/objet/?id=baf7d776-98ec-4d77-8ef5-ddb94e1856fb

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada


https://doi.org/10.4224/21273588
https://nrc-publications.canada.ca/eng/view/object/?id=baf7d776-98ec-4d77-8ef5-ddb94e1856fb
https://publications-cnrc.canada.ca/fra/voir/objet/?id=baf7d776-98ec-4d77-8ef5-ddb94e1856fb
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits

£y ERB-530
&G /
UNCLASSIFIED
VEY) |
#J“W :
NATIONAL REsSearRcH CounciL oF CANADA

RADIO AND ELECTRICAL ENGINEERING DIVISION

EFFECT OF A DIELECTRIC SUPPORT ON THE BANDWIDTH
OF A HELICAL BEAM ANTENNA

J.Y. WONG AND R.S. THOMAS

OTTAWA
SEPTEMBER 1959




ABSTRACT

In many applications employing a helical antenna it becomes
necessary for reasons of mechanical rigidity to mount the
helix conductor on the ground plane by means of one or more
dielectric supports. Measurements have been carried out to
determine the effect of a dielectric core and sleeve on the
electrical performance of a helical antenna. For materials
having moderate dielectric constants (around 2.5), itis
found that the useful bandwidth of the antenna remains un-
altered, but the lower cutoff frequency is reduced by about
12 percent.
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OF A HELICAL BEAM ANTENNA

-J.Y. Wong and R.S. Thomas* -

INTRODUCTION

In many applications employing a helical antenna it becomes necessary for
reasons of mechanical rigidity to mount the helix conductor on the ground plane
by means of one or more dielectric supports. If the supporting material
possesses a dielectric constant very much different from unity, the presence
of the dielectric can alter the phase velocity of the current along the helix
conductor. One direct result of this effect is a change in the radiation pattern
of the antenna, and hence a change in the bandwidth of the antenna. This effect
may often be ignored at VHF and UHF frequencies where the size of the dielec-
tric support is relatively small compared with the wavelength. However, at the
higher frequencies, the effect of the dielectric can be quite significant and
must be taken into account in the overall design of the antenna.

Some experimental results on the effect of encapsulating a helical antenna in
a foamed dielectric material have been reported by Jones [1]. Hame [2] has
also conducted limited measurements of a helical antenna enclesed in a dielec-
tric. A theoretical analysis of the effect of a dielectric support on the phase con-
stant of a helix has been carried out by Kiryushin [3]. He derived the dispersion
equation of a helix enclosed by a dielectric cylinder of finite thickness, using
the approximate theory of the tape. Although his analysis and calculations were
concerned primarily with a traveling-wave-tube application, the analysis is
sufficiently general to include the helical beam antenna case.

In this report, results of measurements are given for the radiation pattern,
axial ratio, and voltage standing-wave ratio of a dielectric-supported helical
antenna. Two configurations of the dielectric are investigated; namely, a solid
core and a sleeve. The measurements were carried out at a center frequency
of about 5000 mc/s. It will be shown that the dielectric support has a signi-
ficant effect on all three above-mentioned properties of the helix.

ANTENNA MEASUREMENTS

The basic antenna used for the measurements consisted of a 6-turn 14-degree
helix. The antenna was mounted on a 9-inch-diameter ground plane. Measure-
ments of the radiation pattern, axial ratio, and voltage standing-wave ratio were
first carried out on the basic antenna in order to establish a criterion of per-
formance for comparison with subsequent measurements on the dielectric-
supported helix. Two configurations of dielectric were investigated: solid core
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and sleeve. For the core, two different materials were used: polystyrene and
Pyrex glass, having dielectric constants of about 2.5 and 4.5, respectively. The
sleeve material was of Rexolite (dielectric constant approximately 2.5) having
the following dimensions : inner diameter 0.875"; outer diameter 1.0". A
drawing of the two different antenna configurations is given in Fig. 1, and a
photograph of the antenna with a dielectric sleeve is shown in Fig. 2.

RESULTS

All measurements were conducted over a band of frequencies from about
2700 mc/s to 6000 me/s corresponding to values of C)\ (circumference of helix

expressed in wavelengths ) from 0.58 to 1.3. Radiation patterns of the basic
antenna are shown in Fig. 3, with C)\ as the varying parameter. Patterns for

both vertical and horizontal polarizations are plotted on the same figure, and
both patterns have been normalized to unity . Figs. 4 and 5 demonstrate the
effect of the dielectric core, polystyrene and Pyrex glass, respectively, on
the radiation patterns. The results of axial ratio and VSWR measurements on
the dielectric-supported helix are illustrated in Figs. 6 and 7, respectively.
One significant effect of the dielectric can be derived from these results;
namely, that the useful bandwidth of a dielectric-supported helical antenna

is shifted to a lower band of frequencies. For the case of polystyrene, this
shift is approximately 12 percent. In terms of the current along the helix

these results suggest that the introduction of a dielectric core has reduced the
phase velocity of the current along the helix conductor — a result not entirely
unexpected. In practical terms, this means that for a given size (diameter)
helix, a dielectric-supported helix possesses a lower cutoff frequency than that
of the basic antenna — an important factor when space is at a premium. The
results for a Rexolite sleeve enclosingthe helix are given in Figs. 8, 9, and 10.
The results are in all respects similar to the case of a polystyrene core.

To summarize, the following table has been prepared. It shows (in each
case) the useful bandwidth of the antenna based on the VSW R, axial ratio, and
radiation pattern as criteria. The VSWR has been arbitrarily taken as 3:1 and
the axial ratio at 2:1. The bandwidth of the polystyrene and Rexolite-supported
antennas has been unchanged. For the case of the Pyrex glass core, the useful
bandwidth has been reduced from 1.7 to 1.4.



TABLE OF ANTENNA BANDWIDTHS

BANDWIDTH BASED ON
ANTENNA USEFUL BANDWIDTH
VSWR AXIAL RATIO PATTERN
BASIC .
HELIX 075 - 070 - 070 - L3 075-13 (1.7
POLYSTYRENE
CORE 0.63 - 063 - L.I8 060 - 1.08 0.63 - 108 (.7
GLASS
058 - LIS [0.60 - 107 056 -086| 060 -086 1.4)
CORE B
REXOLITE
- 62 - 060 - 1O 063 - 1.08 L7
SLEEVE 063 062 8 (L.7)

‘075 MEANS 075 C,

CONCLUSIONS

In order to corroborate the measurements, calculations of the phase velocity
of the current along the helix conductor are being carried out, based on the
analysis and formulas given by Kiryushin. The final form of the dispersion equa-
tion [4] is rather complex, and the problem is being programmed for an IBM 650
computer. It is hoped to report the results of these calculations in a future paper.
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FIG. 2 DIELECTRIC-SLEEVE-SUPPORTED HELIX ANTENNA
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