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A Note on the Difference Between
Equiangular and Archimedes Spiral
Antennas*

There seems to exist in the literature con-
siderable confusion about the various types
of spiral antennas, their characteristics, and
their bandwidth capabilities. One evidence
of this confusion appeared in a paper by
Bower and Wolfe,! in which they state that
the Archimedes spiral antenna can be speci-
fied in terms of angles and hence belongs in
the class of “frequency-independent anten-
nas.” Frequency-independent antennas are
relatively new; in fact, until 1955 there was
no evidence that a “frequency-independent”
antenna did, indeed, exist.2 Therefore, it
would appear appropriate to delineate the
characteristics and the terminology of the
antennas involved. Perhaps this brief report
of some recent work at the University of
Illinois Antenna Laboratory will aid in
pointing up the differences in operation of
the logarithmic (i.e., equiangular) and
Archimedean spiral antennas.

It has long been recognized that the log-
spiral curve is specified by an angle, «, the
angle between the position vector to a point
on the curve and a tangent to the curve at
that point. This property of the curve leads
to the alternate name, equiangular spiral.
It was pointed out by Rumsey®* in 1954
that this property of the log-spiral makes it
possible to specify an antenna based upon
this curve entirely by angles except for a
necessary arm length; hence, such an an-
tenna might possibly be a frequency-inde-
pendent structure. It has been shown’ that
frequency-independent operation of log-
spiral antennas is indeed possible over band-
widths limited only by precision of con-
struction. Rumsey also pointed out that
magnification of the log-spiral curve is
equivalent to a rotation so that a change in
the operating wavelength of a log-spiral an-
tenna can be exactly compensated by a ro-
tation of the antenna. For loosely wound
spirals in a plane (small &) the radiation pat-
terns are not rotationally symmetric and a
rotation of the elliptic cross section of the
beam is observed with frequency.® For
tightly wound spirals this rotation is un-
observable because of the symmetry of the
beam.

The Archimedean spiral is not specified
by any one angle. The angle o between the
position and tangent vectors on this curve
is a function of position on the curve. (it
can be easily shown that a =arctan ¢, where
¢ is the azimuthal angle swept out in gen-
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erating the curve.) For very tightly wound
spirals this angle, far from the origin, is a
slowlv-varying function. If, as is widely be-
lieved, the radiation from the Archimedean
spiral occurs from a localized band on the
antennas, then in these few turns of a tight
spiral sufficiently far from the origin the
angle « will be relatively constant, and the
Archimedean spiral is a very close approxi-
mation to a tightly wound log-spiral. In
fact, the Archimedean spirals which have
been utilized over broad bandwidths are so
tightly wound that the angle « changes lit-
tle over the entire radiating structure so
that the operation likewise changes little
over the operating bandwidths. This differ-
ence in the two spiral curves is the principal
reason why an Archimedean spiral antenna
must have many closely spaced turns to
operate successfully while planar log-spiral
antennas can be constructed with only 1§ or
2 turns in a relatively loose spiral.

In order to point out the difference be-
tween Archimedean and log-spirals it is
therefore necessary to magnify the changing
a of the Archimedean curve. This could be
done by constructing a loosely spiraled
planar antenna. However, it can also be
shown by constructing an Archimedean
spiral antenna on a conical surface.

It has been previously shown® that the
conical log-spiral is a useful antenna be-
cause it has a frequency-independent uni-
directional radiation pattern. One of the
characteristics of the conical log-spiral an-
tenna is that the beamwidth is directly re-
lated to the angle @ and since this angle is a
constant for a given antenna the beamwidth
can likewise be held relatively constant as a
function of frequency. Similar unidirectional
patterns can be obtained from the conical
Archimedean spiral. Planar Archimedean
spiral curves, which would describe a bal-
anced antenna with well {ormed bidirec-
tional patterns, may be orthogonally pro-
jected onto a conical surface as shown in
Fig. 1(a). A similar projection is shown for
the log-spiral in Fig. 1(b). In a particular
case observed, the angle a for the conical
Archimedean spiral antenna varied between
approximately 45 degrees and 85 degrees
whereas the log-spiral antenna constructed
on the same cone has a fixed « of 85 degrees.
The effect of the changing « on the radiation
pattern of the Archimedean spiral as com-
pared with the frequency-independent pat-
tern of the log-spiral is shown in Fig. 2. The
variation of the beamwidth of the conical
Archimedean spiral with frequency is con-
trasted with the constant beamwidth of the
conical log-spiral in Fig. 3. A similar contrast
between Archimedean- and log-spiral opera-
tion has been obtained when using four-arm
spirals to produce conical beams.”

The above comments are not intended
to detract in any way from the merit of the

6 J. D. Dyson, “The unidirectional equiangular
gspiral antenna,” IRE TRANS. ON ANIENNAS AND
PROPAGATION, vol. AP-7, pp. 329-334; October, 1959,
Also, Antenna Lab., University of Illinois, Tech.
Rept. No 33, Contract AF33(616)-3220; July, 1958.
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Archimedean spiral antenna. The Archime-
dean spiral was a significant contribution to
broad-band antennas and the work of Tur-
ner® on this antenna preceded that on the
log-spirals at Illinois. However, there are
basic differences in the Archimedean and log-
spiral structures and in their characteris-
tics, such as radiating efficiency and ulti-
mate bandwidth capabilities. To loosely
group all spiral antennas together and as-
sume that the characteristics associated
with one type are automatically to be found
in the other can lead to erroneous conclu-
sions.
P. E. MavEs
J. D. Dyson
Elec. Engrg. Dept.
University of Illinois
Urbana, Il

Rebuttal

Naturally, we were quite interested in
Mayes and Dyson's letter on the difference
between the equiangular and Archimedean
spiral antennas, and we appreciate their
calling our attention to a controversial
statement in our paper.! We implied that,
except for diameter, the Archimedean spiral
is completely described by angles, and hence
belongs to the class of so-called frequency-
independent antennas. We are afraid, how-
ever, that some of the remarks in the cor-
respondences cannot pass unanswered, and
we should like to comment on three points:

1) the statement in our paper,

2) the meaning of frequency independ-
ent antennas, and

3) the comparative data given in the
correspondence.

As the note so aptly points out, the
Archimedean spiral is nof specified by any
one angle. In fact, had this spiral been ca-
pable of such a description, namely, that the
angle between position vector and the
tangent to any point on the curve is con-
stant, Archimedes himself would probably
have called it the equiangular spiral. We do
admit, and apologize, for a poor choice of
words, but hasten to add that there is a
distinct difference between the statement
as we made it, and the statement attributed
to us in the correspondence; the words
“specify” and “describe” are not synony-
mous, in either the vernacular or the mathe-
matical sense.

With respect to our having included the
planar Archimedean spiral in the class of
frequency-independent antennas, Mayes
and Dyson’s comments are far more apro-
pos. There is, indeed, widespread confusion
about the term “frequency-independent an-
tennas.” For our part, there is no confusion;
a frequency-independent antenna is just
that—none of its characteristics exhibit

8 E M. Turner, “Sprial slot antenna,” Wright Air
Dev. Ctr., Wrnight-Patterson AFB, Ohio, Tech. Note
WCLR-55-8; June, 1955.
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any change with frequency. It is indeed un-
fortunate that the term was applied to a
physical structure in the first place. The con-
fusion stems entirely from the fact that
many authors have associated the term
“frequency-independent antenna” with the
fact that the characteristics of the antenna
are frequency-independent, and with a
geometry which theoretically gives rise to an
antenna which has frequency-independent
characteristics. The two descriptions are not
the same.

Mayes and Dyson properly point out
that, in contrast to the equiangular spiral,
the angle « between the position and tangent
vectors for Archimedean spiral is a function
of position on the curve. However, they go
on to say that “this difference in the two
spiral curves is the principal reason why an
Archimedean spiral antenna must have
many closely spaced turns to operate suc-
cessfully, while planar log-spiral antennas
can be constructed with only 1% to 2 turns
in a relatively loose spiral.” With respect to
the effect of @ on the characteristics of log-
spirals, we quote from Dyson's paper,’ in
which he states that “. .. the more tightly
spiraled antennas, and the antennas with
wider arms, tend to have smoother and
more uniform patterns.” He later states,
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Fig. 4—Typical spiral antenna characteristics.
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with reference to a particular antenna: “the
variation in beamwidth is held within 4 de-
grees by antenna reorientation when the fre-
quency is varied from 2 to 5.18 kMc. ..
compared with the variation of approxi-
mately 50 degrees over the same band of fre-
quencies without reorientation.” In other
words, for pattern or rotational symmetry
corresponding to small beamwidth varia-
tions without reorientation, the log-spiral
must be tightly wound—a conclusion quite
analogous to that made for the Archimedean
spiral.

Mayes and Dyson go on to say that in
order to point out the difference between
the two spirals, it is necessary to magnify
the changing @ of the Archimedean curve,
and proceed to illustrate their point by con-
structing spirals on a conical surface. Now
in our opinion, conclusions drawn from the
conical surface are not directly applicable to
the planar case in question. The data shown
in Fig. 3 of the correspondence are of little
value in the absence of further qualifica-
tions; and even if suitably qualified, they
might have little bearing on the more ap-
propriate comparison based on planar spirals.

To illustrate what can be done with
planar Archimedean spirals, we call your
attention to Figs. 4 and 5 which show actual
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data® taken on a cavity-backed Archime-
dean spiral; these data are typical of what
has been observed on similar units over the
frequency range from 200 through 5000
Mc. The antenna shown is nof frequency-
independent, although its characteristics
might easily be termed “broad-band.”

In contrast, data obtained by Dyson®
for a bidirectional, planar, equiangular spiral
antenna (no cavity) are reproduced in Figs.
6 and 7. These are the antennas which
Dyson and others have called “frequency-
independent.” The fact is, any antenna
whose pattern is asymmetrical and rotates
with frequency or which yields data as
shown above, is simply not frequency-inde-
pendent (with or without quotes).

To continue to describe the equiangular
spiral antenna as frequency-independent
may not lead to erroneous conclusions, but
will consistently and continually lead to
confusion.

R. BAwer

Radiation System Inc.
Alexandria, Va.

J. 1. WoLFe

Aero Geo Astro Corp.
Alexandria, Va.

9 R, Bawer and J. J. Wolfe, “The spiral antenna,”
1960 IRE INTERNATIONAL CONVENTION RECORD, pt.
1, pp. 84-95;

Correspondence

A Further Note on the Equiangular
and Archimedes Spiral Antennas

The intent of the original note was to
point out basic differences between the two
types of spiral antennas and that, although
they have many similar characteristics,
conclusions reached about one of the types
do not necessarily apply to the other.

In regard to the “rebuttal” by Bawer and
Wolle to the note, we would like to make
only four short comments:

1) The pattern rotation of the equiangu-
lar spiral antenna has been ade-
quately covered in paragraph two and
in our references.2#=¢ In fact, the
graph which Bawer and Wolfe repro-
duce as Fig. 7 was originally chosen
and published? to point out this fact.

2) On the plane or on the cone the angle
«, the angle between the position
vector and a tangent to the curve, is a
constant parameter for the equiangu-
lar spiral and a changing parameter
for the Archimedes spiral.

3) The objection to the use of the term
“frequency independent” as applying
to any physical structure has some
merit. However the logarithmic (i.e.,
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equiangular) spiral antennas are cer-
tainly in a class apart from the struc-
tures normally associated with the
term broad baund as it has been used
over the years. Further, the conical
logarithmic spiral has many charac-
teristics which are essentially fre-
quency independent over bandwidths
which are limited only by practicality
of construction and not by any basic
parameter of the spiral.

A new term is required which con-
veys the idea that the bandwidth,
over which pattern and impedance
characteristics of an antenna are es-
sentially constant, is theoretically
unlimited. We, and others, have been
using the term “frequency-independ-
ent” in this sense for several years,
Perhaps this question of terminology
should be decided by an IRE Stand-
ards Committee.

Bawer and Wolfe need not have felt

that they must defend the Archi-

medes spiral antenna. As we indicated

in the final paragraph of our original

note, it is an excellent antenna for
many applications.

P. E. Maves

J. D. Dvyson

University of Illinois

Urbana, 111.



