Loops and Dipoles:
A Comparative Analysis

Many factors affect the gain, resistance and generai performance
of fullwavelength loop antennas. Author Dietrich reports his
analysis of loops of various shapes, and compares the
characteristics to that of a half-wavelength dipole.

By James L. Dietrich, WADRDX
1642 N. Baltimore Ave., Derby, KS 67037

long-standing question regarding
antennas concerns the precise gain
of a2 one-wavelength loop. An early
and oft-quoted figure of approximately

4 dBi was estimated by Lindsay for a one- -

wavelength circular loop.! More recently,
Belcher and Casper modeled the fuil-
wavelength loop, using two quarter-
wavelength dipoles spaced 0.318 A—the
diameter of a one-wavelength circle.* They
reported a gain of 4.09 dBi, but later un-
covered a computer-programming error. A
subsequent calculation, using a dipole
spacing of 0,25\ to better approximate a
square loop, gave 2.78 dBi of gain.* Along
these same lines, Lawson calcufated a
2.99-dBi gain, using a truncated-cosine cur-
rent distribution on two quarter-wavelength
dipoles to represent the two in-phase sides
of the square {oop, while omitting the out-
of-phase sides.® He reasoned that the fields
caused by these currents will cancel. Using
this result, he further estimated the gain of
the circular loop at 3,28 dBi by considering
an equivalent length and spacing of the two
high-current sides.

Most of the literature on this subject
deals with the circular loop, and presents
equations for field strength only.
However, one paper gives a computed
curve that shows 3.5 dBi of gain for a one-
wavelength circular loop.* Another reports
a measured value of 3.4 dBi for a 1.1-A
circumference.®

So it seems that, depending on the par-
ticular model and approximations used,
one can arrive at a gain value anywhere
from 3 to 4 dBi. Now, +(.5 dB has little
practical significance in most cases, so why
all the interest? Well, I think that because
this radiator is a basic form and enjoys such
widespread use, by itself and in parasitic
arrays, we would like to state the

'Notes appear on page 26.
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Fig. 1—Fiva full-wavelength loop shapes are
shown hera. The Delta loop is an equilateral
triangle, with sach side being one-third of a
wavalength,
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Fig. 2---Geometry used to define antenna
position and direction for a square loap (A)
and tor a half-wavelength dlpale (B), At C, the
angles ¢ and ¢ are defined for any direction.

characteristics in a precise fashion, just as
we can for the half-wavelength dipole
antenna. To this end, the following analysis
is presented for the gain, radiation
resistance and radiation pattern of
F-wavelength loops in all of the popular
configurations shown in Fig, 1.

Formulation of the Problem

The geometry of the problem is shown
in Fig. 2A. A square loop is located in the
Y-Z plane, with its center at the origin and
the feed point at the center of the lower
side. A half-wavelength dipole will be re-
ferred to, and is oriented as shown in
Fig. 2B. In Fig. 2C we can note how to
determine the angles ¢ and & for any
direction of R. The angle of R from the Z-
axis is expressed as 8. Symbol ¢ is the angle
between the X axis and the projection of
R onto the X-Y plane.

The currents for the loop are indicated by
the arrows on the sides of the square. The
heavier arrows indicate the higher current
regions. As with the half-wavelength dipole,
the amplitude is accurately described by a
cosine distribution. This has been verified
by measurement on various shapes of loops
of total length up to 3 Xx." Having
established this, the total radiation field was
obtained by first finding the field resulting
from each side of the loop mdividually,
positioned as in Fig. 2B, then repositioning
and reorienting the sides to their appropriate
positions of Fig. 2A. Finally, the four
resulting fields were added.

Results of the Analysis—The Fields

The fields for the i-wavelength square
loop are given by

CcosB—sinB

-c¢

{Eqa. 1)

Eg = cos ¢ sin A



Bp = -~ cos B sin¢sin A

Ccos B - sinB
1~ 2

+ cos B cos A —~ cos & sin A
sin ¢
(Eq. 2}
where

=
A-4cosﬂ
Bﬁ—}sinﬂsiné
C = gin f sin ¢

The total field from these two components
is

E = (B4 + E@)%

For comparison, the field for a half-
wavelength dipole, as shown in Fig. 2B, is

(Eq. 3)

ks
cos 3 cos ¢

B, =
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(Eq. 4)
Equations for each antenna have been nor-
malized so the field strength is unity in the
maximum direction:

6 = 90°and ¢ = 0°

The two similar-looking terms in Egs. 1
and 2 result from the vertical sides of the
loop. The last term in Eq. 2 is caused by
the horizontal sides. As has been estimated
in the past, the field contribution of the ver-
tical sides is small, having a maximum
value of By = 0.06 at § = 36° and
¢ = 90°, that is off the sides at an eleva-
tion of £ 36°. These four low-amplitude
lobes slightly cancel the field from the
horizontal sides in directions other than the
forward direction. This increases the gain
a small amount over that when consider-
ing the horizontal sides alone.

Radiation Patterns

To calculate the radiation (power) pat-
terns in the principal planes we have the
following:

Horizontal (¢ = 0%

Eg? =
2
T ' T
cos (T cos 8) — ¢os @ sin (T cos 6)
sin §
Vertical (f = 909) (Eq. 5)
Eg? = cos? (% sin ¢) (Eq. 6)

These are considerably simpler than
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Fig. 3—At A, horizontal radlation pattern for
the 1-wavelength square loop. With reference
to Fig. 2A, ¢ = 0" and the variable angle is 6.
The vertical radiation pattern for the
1-wavelength square loop is shown at B. With
reference to Fig. 2A, 8 = 90° and 4 is the
variable angle.

Eqs. 1 and 2, because the vertical sides
make no contribution in these planes. The
polar patterns are shown in Fig. 3. Fields
and patterns of other shapes of loops are
not given, since they are similar to the
square loop. For example, comparing the
square and circular loops, we find that the
difference in the horizontal patterns is less
than 0.2 dB. In the vertical patterns, the

maximum difference is in the vertical direc-
tion, where the square loop is 3.01 dB
down, while the circular loop is 3.74 dB
down—a difference of 0.73 dB.

For other shapes of loops, the level
relative to on-axis in the vertical direction
is given in Table 1. Note that this is not
relative to the A/2 dipole, but rather just
the amount the pattern is down from the
forward (maximum) direction.

Gain Calculation

Gain {over isotropic) may be defined as
the ratio of maximum power density to
average power density.!! For the loops
under consideration, this is expressed by
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By and Eg are the normalized fields, which
are given for the square loop in Eqs. 1 and
2. Numerical evalnation of Eq. 7 was per-
formed to an accuracy that ensured gain
figures to two decimal places. A summary
of these results is given in Table 1 for the
varions 1-wavelength loops and half-
wavelength dipole. Tt shows that the
popular square loop has a gain of about
1 dB over a half-wavelength dipole, and
that the other shapes are within about one-
third of the square configuration. There’s
nothing too surprising here, except that the
gains are a little lower than those often
quoted. This results from early estimates
of loop gain being based on the circular
case, and being a bit high besides.

As a practical matter, it should be noted
that dipoles and loops are usually operated
at resonant lengths that are very close to
one-half and one wavelength, respectively,
50 the actual gains will be those given in
Table §. For antennas of other lengths, the
gain is different. Short dipoles have
1.76 dB of gain, while a 1-wavelength
dipole has 3.82 dB of gain, (For patterns
of 1-A and 1.28-A dipoles, see The ARRL
Antenna Book, 1984 Ed., pp. 6-7, 6-8.}
I.oops exhibit similar gain behavior, as
shown in Fig. 4, which contains a plot of

Table 1

Summary of Loop and Dipole Characteristics
Gain Over  Galn Over Radfation Rel, Leve!
isotropic  Dipole Resistance at Vertical
(dB) {d8) fohms} (dB})

i V4 Dipole 215 0 73 0

{'_‘] 1x Square loop  3.14 0.9¢ 117 -3.01

ORERE Circular loop  3.49 1.34 133 - 3,74

{> 1n  Diamondloop 3.14 0.99 "7 =210

AV BN Deita loop 2.82 0.67 106 -~ 2.09
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Fig. 4—Computed gain vs. length ot a circular
loop in the direction broadside to the loop.

computed gain versus length for a circular
loop. The drop in gain for short lengths
llustrates that loop radiation patterns
develop a null in the forward direction as
the size is reduced.

Radiation Resistance

Radiation resistance for any antenna.

may be calculated by:'*

w _ B2t ,
where
E, is the field strength in the

maximum direction, at distance r,
with a current of one (1) at the feed
point.

G is gain over isotropic (not in decibels).

For the square loop,

B, = 120//2 atr = L,

Eq. 8§ was used to find the radiation
resistance for this and other shapes of loops
shown in Table 1.

‘These figures bear the same relation as
does the 73 ohms to a dipole; that is, they
apply to infinitely thin wire loops, exactly
one wavelength long. The input resistance
of a practical loop will depend, as with the
dipole, on the conductor thickness and
length., Thicker conductors and shorter
lengths lIower the resistance,

Discussion

The results given for all the loops are
self-explanatory. However, several
qualitative observations can be made. First,
all the loops are slightly less directive
(broader pattern) in the horizontal plane
than is the half-wave dipole, since their
horizontal portions are shorter. This is,
however, more than compensated for by
the “‘arraying effect’” of the two high-
current segments (Fig. 2A) that give the ver-
tical pattern directivity. The increased gain
is a result of this. [t is reflected in the
relative vertical level values for each loop
{Table 1).

In the case of the square and diamond
(corner-fed square), the gain was found to
be identical within the accuracy of the
calculations. The slightly higher vertical
directivity of the square is just compensated
by a higher horizontal directivity of the
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diamond, as a result of its greater horizon-
tal dimensions. Although the gain and
radiation resistances are identical for these
two, the patterns are not exactly the same,
nor do they differ simply as a result of a
457 rotation.

The data shown for the Delta loop ap-
plies if the feed point is at the corner or the
center of the side. The characteristics are
identical, since the current distribution is
the same. The Delta loop has the smallest
eain because the effective separation of the
high-current points is the smallest, as
evidenced by the vertical level indicated in
Table i. In contrast, the circular loop has
more high-current portion at a greater
separation than the others; hence the
highest gain.

Additionally, the Delta loop vertical pat-~
tern is symmetrical about the horizontal
plane, and the direction of maximum radia-
tion is broadside and not offset above or
below the horizontal. These two things are
not obvious since the triangle shape lacks
the vertical symmetry of the other three
forms.

Conclusion and Acknowledgment

Values of gain and radiation resistance
have been presented for several shapes of
I-wavelength loop antennas, This, and the
discussion of their pattern characteristics,
gives a clear picture of the behavior. The
results should be helpful in determining
radiation characteristics of the loop anten-
na when ground effects must be accounted
for, and may also shed some light on the
performance of Yagi arrays that use loop
elements.

My thanks to reviewer Walter Maxwell,
W2DU, for enthusiastically tackling the
technical details of the analysis to verify the
results and for his interest and suggestions
in presenting the material.
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I wonld like to get in touch with. ..

[} anyone involved in an 1BM PC user’s net.
Austin, WB8SXM, and Martha Quinn,
KASLMEF, 1806 Vinton, Royal Oak, MI 48067,

] anyone who has used a Tano Corp. Dragon
computer. M. McDaniel, W6FGE, 940 Temple
§t., San Diego, CA 92106,

{21 anyone with alignment data for 2 BC-101 and
2 Sam SD-10 manual. Lisle T. Hines, K2QLA,
11 Meadow Dr., Homer, NY 13077.

[] anyone with service information or a circuit
diagram for a Central Electronics Model MM-1
multiphase RF analyzer. Jack V. Washburn,
W9IVB, 2 Weaver Pl., Urbana, IL 61801.

1 anyone with an RIT modification for the
Heath HW-101 transceiver. Shawn Sabo,
KB4KGB, 1555 Mill Run Ct., Lawrenceville, GA
30245,

Next Month in OST

Mext month, there are plenty of
projects to keep your workbench
hopping. The amateur icoking to add
a low-power 40-meterrig to the station
will find an article on building a QRP
YFO-controlled CW transceiver. Also,
there’s Part 2 of the principies and
building of SSB gear. The beginner and
the advanced AMTCR enthusiast will
find plenty of helpful hints in *“The
User's Guide to AMTOR Operation.” Or
how about learning how to control a
CAT with your computer? For the con-
tester, there will be the November
Sweepstakes rules and the results of
the 1985 Internationali DX Contest.
Don’t miss 'em!

Feedback: Last month in this space we said
that a new column, Under Construction,
would debut in the September issue.

Because of a scheduling change, it's been
delayed a couple of months.



