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Helical Antennas [Section 10.3.1 of Balanis, Fourth Edition]

» Developed by John D. Kraus at the Ohio State University (OSU) in 1946.
» These notes are heavily influenced by Antennas (Second Edition) by Kraus.
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Figure 10.13 Helical antenna with ground plane. [Balanis, Fourth Edition]
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NORMAL AXIAL CONICAL
MODE MODE MODE

FIG. 13-1 Three radiation modes of a hel-
ical antenna. [Joy, notes]

z Amplitude Pattern
(linear scale)
e |

(a) Normal (broadside) mode

z

Amplitude Pattern
(linear scale)

v

(b) End-fire (axial) mode

Figure 10.14 Three-dimensional normalized amplitude linear power patterns for normal and end-fire modes
helical designs. [Balanis, Fourth Edition]
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fa} Normal mode {b} Equivalent
Figure 10.15 Normal {broadside) mode for helical sntenna and its eqoivalent.
[Balanis, Fourth Edition]

» Model helix antenna as series of loop antennas of diameter D separated by
short dipoles of length S.
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Figure 10.15 Axisl (endfire) mode of helix. [Balanis, Second Edition]
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Figure 7-3 Typical measured current distribution (a) at a frequency below the axial mode of oper-
ation and (b) at a frequency near the center of the axial mode region. (¢) Resolution of currents into
outgoing and reflected waves. (From Kraus and Williamson, “ Characteristics of Helical Antennas
Radiating in the Axial Mode,” J. Appl. Phys., 19, 87-96, January 1948.) Compare with distribution on

the long, thick cylindrical conductor in Fig. 9-18.

[From Antennas (2nd Edition) by Kraus]

e Note the standing wave current distribution for the helical antenna when
operating at a frequency below the axial mode (top picture).

e When the helical antenna is operating in the axial mode (middle picture), note
how the current magnitude initially falls exponentially near the feed (launching
the axial mode radiation), stabilizes into a relatively constant traveling wave
distribution in the middle of the helix, and has a standing wave current
distribution near the open end of the helix.
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Figure 7-13 (1) Monofilar axial-mode helical antenna on flat ground plane and (b} in shallow cupped
ground plane (see also Fig. 7-16c). (¢} General-purpose flush-mounted 2-turn monofilar axial-mode
helical antenna with taper feed for matching to 2 5003 coaxial line {after Bysirom and Bernsten, ref. 1,
p- 277) (see aiso Fig. 7-16a and b). (d) Deep conical ground-plane enclosure for reducing side and back
lobes. (Afier K. R. Carver, ref. 2, p. 277). [Kraus, Antennas (Second Edition)]
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Figure 7-19 Measured field patierns of monofilar axial-mode helical antenna of 6 turns and 14°
pitch angle, Patterns are characteristic of the axial mode of radiation over a range of circumferences
from about (.73 to 1.224. Both the circumference and the frequency {in megahertz} are indicated. The
solid patterns are for the horizontally polarized field component () and the dashed for the vertically
polarized (E,}. Both are adjusted to the same maximum. {4fter Kraus)) [Kraus, Antennas (Second Edition)]
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Figure 7-21 Half-power beam width of monofilar axial-mode helical antenna as a function of the
axial length and circumference in free-space wavelengths and also as a function of the number of turns
for C; = 1.0 and &= 12.5° (lower scaie). {After Kraus) [Kraus, Antennas (Second Edition)]
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Figure 7-22 Measured (dashed) gain curves of monofilar axial-mode helical antennas as a function
of relative frequency for different numbers of turns for a pitch angle of o = 12.8° {After H. E. King
and J. L. Wong, * Characteristics of 1 to 8 Wavelength Uniform Helical Antennas,” TEEE Trans. Ants.
Prop., AP-28, 291, March 1980)) Calculated {solid) gain curves are also shown for different numbers of
turns. [Kraus, Antennas (Second Edition)] '
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Figure 7-23 Summary of measured performance of 6-turt, 14° monofilar axial-mode helical antenna.
The curves show the HPBW for both field components, the axial ratio and the VSWR on a 53-Q line
as a function of the relative frequency {(or circumference C,). Trends of (relative} resistance R and

reactance X are shown in the VSWR inset. Note the relatively constant R and small X for C, > 0.7.
(After Kraus) [Kraus, Antennas (Second Edition)]
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