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Concept for the controlled plane wave exposure for animal
experiments using a parabolic reflector
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Abstract. In this paper a low-cost concept for the controlled  To obtain meaningful conclusions from the statistics the
RF plane wave exposure forvivoexperiments is presented. number of exposed animals must be high enough, a min-
The exposure setup is based on the use of a parabolic rémum of 100 rats per setup should be exposed simultane-
flector to convert the incident spherical wavefront emanat-ously. Other requirements are imposed by ithgivo char-
ing from the primary source into a plane wave. The em-acteristic of the experiment: the exposure chamber must be
ployed paraboloid is a common prime focus paraboloid usedir-conditioned and the access to the cages must be assured
in satellite-TV links. The main problems of the focussed ap-for the daily animal care.
proach are identified and a solution based on a defocussed The animals will be exposed by a linear polarized plane
system is introduced. It results in a compact, cost-effectivewave incident on them. Incident plane wave is the most com-
and still power-efficient setup for the RF exposure at mi- monly used exposure condition for vivo experiments. Of
crowave frequencies. course, the variations of the exposure dose must be kept as
Simulation results show a very good performance of thelow as possible.
concept achieving a quasi-plane wave incident on the animals To achieve the plane wave condition a long distance from
with minimum variations of the exposure dose. the antenna to the observation point is usually required. That
allows to consider the spherical wavefront radiated from the
source as a plane or quasi plane wave, i.e. a wave where
small deviations from the pure plane wave are tolerated. This
approach requires a large exposure setup and is also very

Together with the great expansion of mobile communicationsIneffICIent concerning exposure energy, as the signal power

in the last years, the public concern about possible negativéiens'ty decreases \,N',th the square of the d'St,a nce. )

effects of these systems on human beings has grown. Al- Other energy efficient approaches. found in the literature
though it is impossible in the strict sense to prove the absenc@'® NOt suitable for long-term continuous exposure (e.g.
of any effect, to get a strong body of evidence for this absencegc_mnborn et al. 2004 or are base(_j on the propagation of
should be enough. However, a body of evidence can only b@uided TEM waves and may run into problems when fre-
considered strongly if it is coherent and comprehensive withdUeNcy increases, as the dimensions required to avoid propa-

respect to the raised health concern and not an accumulatigd@tions of high order modes are too small (¢lgnsen et /.

of more or less randomly collected negative findings. Forl999 Balzano etal.2000. o

our special case of developing an exposure setup, this means 1 1€ Setup presented in this document is in analogy to the
that the exposure conditions must be controlled, well defined; COmpPact range” concept (e.Balanis 1997, which is used
standard and repeatable. In this paper a low-cost setup witf! @ntenna measurement facilities to obtain a plane wave in
these characteristics for a specific exposure case is presentd§lative short ranges. The idea behind is to convert a spheri-

However, the concept can be applied to other setups with gircal wavefront into a plane one by using parabolic reflectors.
ferent requirements. The requirements in antenna measurements are very restric-

The setup is intended for a long-term, continuous and conliV€ in terms of error to a pure plane wave and polarization
trolled exposure of living Wistar rats. The animals are di- changes, resulting in big reflector sizes, high distance from
vided into three different groups: two of them will be ex- the source to the quiet zone — the zone where the plane wave

posed, with a GSM- and a UMTS-signal respectively, ar]dcondition is best approximated — and very high price. The
one serves as control group, i.e. the animals will have the?PProach presented here is based on a common parabolic re-

same environmental conditions but no exposure at all. Thdlector used in satellite-TV links and results in a compact,

isolation between the three groups must be assured to ensuf@St-effective and still power-efficient setup.
controlled exposition. Although the setup described in this paper is intended for

a specific experiment, our concept can also be used for other
Correspondence tdS. Tejero (simon.tejero@tum.de) kind of plane wave exposure setups.

1 Introduction
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Ay Table 1. Radiation characteristic of infinitesimally small antennas.
27 Antenna Radiation characteristic ahd B-beamwidth
cm E-plane H-plane
Dipole cos 6 90° 1 360°
Aperture in
10.13¢ > free-space (14cos®)/2 131° (1+cos6)/2 131°
/ r Aperture on a
20.25 cm ground plane 1 360° cosf 90°
2
10y
Fig. 1. Open waveguide for the GSM band (925 MHz) operating in 8 \\ 7
the fundamental mode g and radiating 1 W.
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: : Fig. 3. Electric field atz=—150 cm reflected on the paraboloid from
100 200

300 Fig. 7 illuminated by a point source located at the focus and radiat-
-z (cm) ing in the UMTS band (1966 MHz) with different patterns: uniform
(solid black), (14 cos#)/2 (dashed black), cas(solid gray) and
Fig. 2. Field | Ey| (in V/m) of the GSM band (925 MHz) waveguide siné (dashed gray).
operating in the fundamental mode jggand radiating 1 W in the
absence of the paraboloidal reflector.

from the focus is small. Unfortunately, the low-cost com-
mercially available offset paraboloids have diameters lower

2 Development of the setup than 2m and this is not enough to expose a high number of

The principal idea of the exposure concept described hergnlmals.
is the well known approach of using a parabolic reflector )
to convert a spherical wavefront emanating from a primary2-1 Feéed spillover problem
source located at the focal point into a plane wave. The re-
flector employed is a common prime focus paraboloid with aTo identify the region where the field radiated by the primary
diameter of 320 cm and a focal distance of 112 cm and origfeed can be neglected a typical wide-beam feed, the open
inally intended for satellite-TV links. The use of a mass- waveguide operating in the fundamental mode, is analyzed.
production good reduces the total cost of the equipment drasThe analyzed waveguides (e.g. Fig.radiate 1 W and op-
tically. erate in the fundamental mode JEn the GSM (925 MHz)
Assuming a common prime focus paraboloid illuminated and the UMTS (1966 MHz) bands respectively. The simula-
by an ideal source located at its focus, i.e. a point source radition for the field is carried out with th¥ethod of Moments
ating only towards the reflector and illuminating it uniformly, (MoM). As shown in Fig.2 for the GSM band case (and the
the reflected wavefront on the paraboloid at the focal planesame is valid for the UMTS one), 150 cm behind the aperture
would be a plane wave with a rather constant electric field(z<—150 cm) the field is 10 times lower than in the vicinity
and only disturbed by the diffraction caused by the reflectorof the aperture and also much lower than the field expected
rims. The main problems of this approach are those createffom the reflection on the paraboloid. Hence, it can be stated
by the non-ideal feed. One problem is the spillover effect: that the spillover effect of the primary feed becomes negligi-
a real feed not only radiates towards the reflector, it radiate®le forz<—150 cm. Furthermore, by means of experimental
also towards the cages zone, disturbing the homogeneity dheasures, this disturbing field radiated toward the cages by
the field distribution. The other main problem is to achieve the primary source can be additionally reduced.
a uniform illumination of the reflector’s surface. An offset  Hence, the feed spillover problem will be solved by plac-
paraboloid could be used to avoid these two problems: theng the exposure zone in a region in which the assumption of
exposure zone, located at the focal plane, does not containegligible field of the primary feed is valid: i.e. 2m behind
the feed and the solid angle covered by the reflector viewedhe feed aperture, ir250 cm<z<—200cm.
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Fig. 4. Reflected wave on a parabolic reflector in a focussed and a 50 ¢
defocussed system. s
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2.2 Uniform illumination problem 3
[<}]
2
Another problem of the focused approach is to illuminate the %
reflector uniformly. As the focal distance-to-diameter ratio x
is low, i.e. @38, the angle which must be uniformly illumi- -70 -60 -50 —40 -30 -20
nated by the source is very large, i.e. 14Zomparing this d, (cm)

value with the half-power beamwidth of elemental radiators
(see Tabld) gives us an idea of the realization difficulty of a

source with the desired beamwidth. Also the angle required_ o _ _ - _
to illuminate only the region with radiys<125 cm (the min- Fig. 5. Standard deviation (black line), maximum positive devia-

imum to expose the required number of animals) is rathellion (gray solid line) and maximum negative deviation (gray dashed
large, i.e. 116 line) from the mean value of the reflected field evaluated at the ex-

) i . posure volume as a function of the defocussing distance. The op-
Figure3 shows the reflected field on the paraboloid from tjmum defocussing distances are 59 cm and —56 cm for the GSM-
Fig. 7 illuminated with different radiation patterns. Itis ob- and UMTS-band setups respectively.

served that to obtain a similar homogeneity as with the uni-

form illumination, the exposure zone radius must be reduced

at least to 1 m, not enough to expose a high number of aniz, values in the volume identified for the exposure, i.e. —

mals. 250 cmez<—200cm and 15cmp<125cm, at the points
Also the presence of ripples is observed in the reflectedyiven by a 4 cm rectangular grid. With the 10 192 field sam-

field. These ripples are caused by abrupt changes in the fielgles, the standard deviation and the maximum positive and

distribution at the focal-plane apertugdonzaaler and Pis- negative deviations from the mean value are obtained. Ana-

torius 1988. lllumination patterns with a smooth tapering, lyzing these parameters (shown in Fi. the optimum defo-

like cosp, prevent these undesired ripples. cussing distances has been set to —59 cm and —56 cm for the
To overcome the illumination problem the reflector will be GSM- and UMTS-band setups respectively.

defocussed. As seen in Figy.in a defocussed configuration

the reflected wavefront is curved and as the wave propagated.3 Proposed approach

the illuminated area increases. The defocussing together with

the placement of the quiet zone far enough from the reflecFigure 6 shows the final exposure setup which is placed in

tor can be used to reduce the primary source’s beamwidtta metallic shielded chamber. Besides the paraboloid and the

requirements. Even though due to the defocussing the wavdefocussed feed, the absorber material on the walls and the

is not plane any more, the radius of the wavefront is highcages for the animals are shown.

enough to consider the wave as quasi plane in the region oc- To avoid the uncontrolled reflection of the waves propagat-

cupied by a cage and to keep the loss in power efficiencying in the chamber, absorber material is put at the walls. The

within an acceptable limit. absorber material is a high loss material with an impedance
Furthermore, the defocussing generates a smooth taperingpmparable to the characteristic impedance of free space, i.e.

of the field at the focal plane preventing the above mentionedan incident wave is mainly absorbed and only a small amount

undesired ripples in the reflected field. is reflected. With typical absorber materials the amplitude of
To obtain the optimum defocussing distamggsome sta-  the reflected wave is at least 20dB lower than the incident

tistical parameters of the electric field in the exposure zonewave.

will be analyzed. By means of thehysical Optics(PO) The exposure volume is the cylindrical region with radius

the reflected field on the paraboloid is obtained for different o <125 cm and depth —250 ¢z <—200cm.

UMTS-band setup
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Table 2. Simulation results for the field distribution in the exposure

3
Parabolic volume.
reflector 42.5 cm
30 cm GSM Band UMTS Band
Mean value 7.6V/m 7.6V/m
H2em Cageﬁ Stan'dard devi(jiFion N 11.2% 10.7 %
Maximum positive deviation 33% 31%
320 cm E Maximum negative deviation —-23% -23%
d 200 cm E Relative frequency of points
GSM-band setupd = 53 cm E with a deviation undet5 % 76 % 83 %
UMTS-band setupd = 56 cm Relative frequency of points
E with a deviation ovee5 % 0.5% 0.5%
Absorber Maximum phase deviation from
material a plane wavefront +12° +12°
57 1cm Power efficiency 34 % 34 %
Fig. 6. Side view of the exposure setup.
y 3 Simulation results
] y-polarized . The simulation for the electric field in the setup is carried
open waveguide out using a combination of two numerical approaches: the
illuminating the Method of Moment&@vloM) and thePhysical Optic§PO) ap-
; reflector with1 W proximation. The MoM, typically used for electrically small
320 cm < e Focus problems, is used to simulate the feed. The PO approxima-
—dz‘ tion, a technique to model the electric currents in electrically
large objects, is employed for the parabolic reflector.
112 cm The final setup’s model is shown in Fig. a defocussed
paraboloid — with defocussing distanée=—59 cm for the
s GSM-band setup and —56 cm for the UMTS-band setup —
y with a diameter of 320cm and a focal distance of 112cm

illuminated by ay-polarized open waveguide operating in
the fundamental mode (TB) and radiating 1 W (see Fid).
The field distribution has been calculated at two different fre-
guencies: at 925 MHz (GSM band) and at 1966 MHz (UMTS
band).

As stated in Sect.2, the near field of the open waveg-
uide can be neglected fa—150 cm. Therefore, only the
reflected component of the total field (the PO component) is
investigated.

To analyze the statistics of the field in the exposure zone,
the reflected field on the paraboloid is calculated in the expo-
sure volume, —250 criz<—200cm and 15crmp<125cm,

Fig. 7. Simulated exposure setug;=—59 cm for the GSM-band at the points given by a 2cm rectangular grid. With the
setup and —56 cm for the UMTS-band setup 80106 field samples a statistical analysis is done. The
standard deviation is 11.19% for the GSM-band setup and

10.70% for the UMTS-band setup.
The power efficiency — defined as the quotient between

The animals are inside polysulfan cages with sizethe power flowing through the frontal exposure surface and

(HxWxL) 24x285x425cnm. The cages are placed on the power fed into the primary feed — is.8%6 for both
wood slats with the cage frontal looking toward the reflec- SS\UPS. Assuming a mean whole-boBipecific Absortion
tor. The horizontal distance between the cages is 30 cm anftate(SAR) of 0025# for a Wistar rat Erohlich et al,
between the slats also 30cm. As the diameter of the cros8003 the efficiency in terms of mean whole body SAR
section of the quiet zone is planned to b& R, a large num-  per unit of input power (SAR efficiency) is estimated to be
ber of cages (approx. 40) can be placed in the setup’s quie(D.OOZ%. Assuming that 40 cages with 3 rats each cage
zone. will be exposed, a total of 120 rats with an estimated weight

B
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Fig. 8. Phase fronts®(Ey)=n-60°, n=0, 1, 2, .. .) at thexz-plane
of the electric field reflected on the paraboloid of Fig.n the re-
gion occupied by a cagéi{ x H x L=24x28.5x42.5 cn) the max-
imum deviation from a plane phase front is lower thiah2°.
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Fig. 9. Absolute value of the electric field (in W) reflected on the
paraboloid of Fig7 illuminated with 1 W. In the exposure volume
the standard deviation is 11%.

of 275 g will absorb &% of the power radiated by the pri-
mary source.

In Fig. 8 the phase fronts at thez-plane are pre-
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Fig. 10. Absolute value along the worst case line of the electric
field reflected on the paraboloid of Figlluminated with 1 W. The
maximum deviations from the mean value are +33%/5@% for
the GSM-band setup and +31%/-23% for the UMTS-band setup.

In Fig. 9 contour plots of the absolute value of the elec-
tric field are shown. Figurd&O presents the field along the
worst case line, where the field presents maximum varia-
tions. The maximum deviations from the mean value are
+33%/-2350% for the GSM-band setup and +31%/-5B%
for the UMTS-band setup.

Figure 11 shows the polarization ellipses at the plane
z=—200cm. In the region with radiys<125 cm the max-
imum inclination of the main axis is lower thari &r both
setups and the axis relation greater than 10 and 17 for the
GSM- and UMTS-band setups respectively. Hence, the re-
sulting polarization can be considered linear.

4 Conclusions and outlook

A RF exposure setup based on a parabolic reflector is pre-

sented. In the region occupied by a cage with dimensionsented. The problems related to a common prime focus

W x HxL=24x285x425cm® the maximum deviation
from a plane phase front is lower tha12° for both setups.

paraboloid are solved by defocussing the system and plac-
ing the quiet zone away from the feed. A quasi plane
wave is generated in a cylindrical region with depth —
250cm<z<—200cm and radius 15cap<125cm with a
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Fig. 11. Polarization ellipses at the plage-—200 cm of the electric
field reflected on the paraboloid of Fig. In the exposure region the
maximum inclination of the lines is lower thaft and the axis re-
lation greater than 10 and 17 for the GSM- and UMTS-band setups
respectively. The polarization can be considered linear.

maximum phase error a£12° in the volume of a cage and
an absolute value standard deviation of24 and 107%

for the GSM- and UMTS-band setups respectively. Within
this volume a total of 40 cages with frontal dimensions of
30cmx30cm can be homogeneously exposed. The power
efficiency is approximately 34% and the SAR efficiency
approximately CDOZ\%. The advantages of this con-
cept are the small size of the equipment — a total volume
of 3.2x3.2x3.5m? is occupied — and the use of a mass-
production reflector, which will reduce the total cost of the
equipment drastically.

In this paper waves reflected by the absorber material have
been neglected and the configuration is still considered with-
out racks, cages and animals, that means without taking into
account the mutual effects generated by these objects. Even
though the results presented here are expected to be in good
agreement with the real field distribution, the final assess-
ment of the exposure will have to take into account all these
influences. It is expected that the limits recommended in the
literature Kuster and Scbnborn 2000 will be fulfilled.



