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Abstract—Since their introduction in the late 1960s Tapered
Anechoic Chambers have become popular tools for the
measurement of antenna patterns at frequencies under 1 GHz.
Since their inception several papers mention the fact that these
chambers did not have a spherical wave propagation and thus, the
Friis transmission equation to measure gain cannot be applied.
This knowledge was presented in 1967 by King et al. and was based
on measurements performed at X-band inside a scaled tapered
anechoic range. In this paper numerical methods are applied to
confirm the findings of the 1960s paper using different models of
tapered ranges at different frequencies. While the results confirm
the findings of the 1960s paper, they also validate some of the
theories about the operation of these antenna ranges.

I. INTRODUCTION AND BACKGROUND

It has been six decades since Emerson introduced the
tapered range idea [1,2]. As it was described in [3], Emerson
avoids any mention about doing absolute gain measurements in
his original paper [2] nor in his patent [1]. As early as two years
after Emerson’s paper engineers were studying and measuring
these chambers and trying to indeed come up with a theory for
their operation. In reference [4], the authors manufactured a
tapered chamber scaled model that was lined with lossy foam
0.95 ¢cm (0.375 in) in thickness (which the authors identified as
Emerson & Cuming type AN-73). The chamber was a 10.79 cm
(4.25 in) by 10.79 cm (4.25 in) in cross section and it is assumed
that the length of the cubical section was also 10.79 cm (4.25 in).
The chamber had a 24.76 cm (9.75 in) long tapered section. At
the end of the tapered section there was a rectangular feed
section that was 2.54 cm (1 in) by 2.54 cm by 5.08 cm (2 in) long
(see Figure 1). The authors used two “low-gain” (although the
gain is not specified) E plane sectoral horns fed by a WR-90
waveguide to do their measurements of the field strength versus
distance. The authors performed measurements at 8.5 GHz and
12 GHz, with the range antenna aperture at the interface between
the tapered section and the feed section as well as 2 cm (0.8 in)
forward (into the tapered section) and 2 cm (0.8 in) backward
(into the rectangular feed section).

While it is not mentioned implicitly in reference [4] it
appears that the scaled tapered range did not have an end wall
and thus the anechoic chamber was open ended.
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Figure 1. The scaled model of King et al. [4].

Reference [4] goes on to report reports a series of
measurements that are plotted comparing the scaled tapered
range field amplitude along its axis for different distances R
between the two antennas to the theoretical 1/R? slope and the
same measurement done in free space as well as measurement
done inside a scaled rectangular chamber with a 10.79 cm (4.25
in) by 10.79 cm (4.25 in) in cross section, lined with the same
absorber. The results show that all the tapered measurements are
between 2 and 4dB off from the free space measurement. Figure
2 reproduces the plots presented in reference [4]. From the
results the authors conclude that the variations on transmission
loss between the tapered chamber and the free space prevent the
making of absolute antenna-gain measurements, and that a gain
by substitution or reference gain antenna must be used [4]. This
conclusion is repeated in [5].
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Figure 2. The results presented by King et al. [4].
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II.  NUMERICAL ANALYSIS OF TAPERED RANGES

To verify the conclusions of [4] a model was created in CST
suite, as it had been done in [6], and solved using the time
domain solver. Similarly to [6], the absorber complex
permittivity as a function of frequency was supplied by an RF
absorber manufacturer. Unlike the scale model used in [4], the
advantage of the numerical model is that a closer model of the
RF absorber is employed. The 0.375-inch flat absorber used in
[4] is a poor approach to model actual absorber as it is only 0.27A
at 8.5 GHz and 0.38\ at 12 GHz. This thickness of absorber is
not a very good approximation to the typical absorber treatment
on a tapered range [3]. The modeled range is a cubical section of
3.05 m (10 ft) per side with a tapered section that is 5.94 m (19.5
ft) long. The center of the spherical quiet zone (QZ) of this
tapered range is 1.22m from the boundary between the cubical
and tapered section. The feed antenna is located 0.26 m (10 in)
from the end of the tapered section. The range length is 6.91 m
(272 in). The feed antenna is a biconical antenna. Each element
is a truncated cone 7.62 ¢cm (3 in) in height and with a larger base
that is 8.89 cm (3.5 in) in diameter and a smaller end with a
diameter of 0.254 ¢cm (0.1 in). The elements are separated by a
gap that is 0.254 cm and fed with a gap source with a 200 Q
impedance. Figure 3 shows the analyzed geometry. The tapered
range was treated with 66 cm (26 in) pyramidal absorber on the
end wall and 30 cm (12 in) absorber on the lateral surfaces. The
balance of the cubical section and the tapered section was treated
with 7.62 cm (3 in) wedge absorber and the feed section also had
7.62 cm lossy foam block.
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Figure 3. The second tapered model that was considered for the
simulations.

The field is computed along the range at four frequencies.
The results of these computations are shown in Figure 4. The
data show that at | GHz and 2 GHz there is a difference between
the field distributions for the free space case. At 1 GHZ the
difference is small, but the slope of the curves is considerably
different since the two curves (i.e. the free space and the tapered
chamber cases at 1 GHz) cross each other around the 100-inch
mark. However, at 1.2 GHz and 1.25 GHz, the slope of the curve
is closer for both cases even if the difference appears to be larger
(see Figure 5).

The “free space” data from the model shows a ripple related
to the PML mesh termination, a similar free space simulation is
done in MoM using WIPL-D. There is a slight variation in the
results related to the feed model used and the meshing, but the
MoM simulation do not show the ripple on the field distribution.

III. CONCLUSION

The results shown validate the measurements by King et al.
although they do not show some of the slope changes at the 13-

inch mark shown in figure 2. These may have been artifacts of
the open-ended range that, it is believed, was used to do the
measurements. Further work can be done using numerical
techniques to better understand the Tapered Anechoic range.
The fact that the field along the range deviates more with
frequency seems to validate some of the claims of the array of
sources theory presented in [3]. The similar slope of the
propagation compared to the free space explains why the phase
distribution in tapered ranges closely follows the free space
propagation as presented in [3] and in [6].
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Figure 4. E field magnitude along the range length for the free space
case and the tapered chamber case.
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Figure 5. Detail of the field along the range for 1.2 GHz and 1.25
GHz.
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