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INTRODUCTION
Today, there is a growing cooperation of scientist from different fields such

as medicine, biology, physics and electrical engineering. The research in
biomedicine is impossible without the use of technological advances from different
areas. Ensuring controlled and well known exposition conditions is of utmost
importance for successfull experiment. Simulation of the surrounding conditions is
not an easy task and good preparation as well as the use of numerical methods and
measurements is needed. The experient with biological material include the
creation of the conditions similar to the real one. People are exposed daily to
different types of electromagnetic fields. This exposure includes both professional
(workers) and every day (ordinary people) type.

Electromagnetic sources to which humans are exposed have different powers
and frequency. On extra low frequencies (50 Hz), this includes power systems,
home electrical appliances such as TV, electrical rasors, machine washes and so
on. The most widely spread sources of electromagnetic radiation are broadcasting
transmitters and mobile base station. FM transmitters are working in the frequency
range 88-108 MHz, while TV operate on 47-68 MHz, 174-230 MHz and 470-862
MHz. The mobile base station operate in the frequency range about 900 and 1800
MHz. The power of base station can be several hundred watts, while mobile
phones can have as much as 2 W.

For the creation of ELF fields (50 Hz) separate sources for electrical and
magnetic fields are used, while for higher frequencies (900 - 1800 MHz) one
structure can be used for both electric and magnetic field creation.
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NEAR AND FAR FIELD
Electromagnetic field consists of electric and magnetic component. They can

exist separately only in the far field region where wave impedance is

=377 Q (1)

In the near field, it is not possible to know whether the source is of electric or
magnetic origin. For point sources, the far field is when R> Xlln, where R is the
distance from the source and A is the wavelength defined as

(2)

where c is the speed of light (300000 km/s) and/is the frequency of the signal.
For frequency of 50 Hz, the far field is 955 km away from the source, while

at 900 MHz the far field is 5 cm from the point source. This means that at high
frequency, the same source for generation of electric or magnetic field can be used
for practical purposes, while at the low frequencies, we need separate
instrumentation for electric or magnetic field.
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Figure I. Wave impedance versus distance

Knowing electric field, in the far field region, we can calculate the magnetic
field and vice versa. For ELF (extra low frequency) this does not make sense, but
for VHF (very high frequency) it is valid.

442



VI. simpozij HDZZ, Stubičke Toplice, 2005.

INSTRUMENTATION FOR GENERATION OF LOW FREQUENCY
ELECTRIC AND MAGNETIC FIELDS

Helmholtz coil
Generation fields of known and uniform strength is important for accurate

and repeatable susceptibility measurements. Power frequency uniform magnetic
field is created by a Helmholtz coil arrangement. It can produce an uniform
magnetic field of known strength over a volume necessary to perform experiments.
It consists of two parallel circular coils spaced one radius apart and driven in phase.
The large volume of uniformity results because there is a good deal of cancellation
for the off axis field components generated by the coil.
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Figure 2. The Helmholtz coil as two parallel coils driven in phase

For two round coils in the standard configuration (Figure 2), which is a
spacing equal to one-half of the side length for circular coils, the field is given by
the formula:

H = (3)

where H is the field strength in A/m, n is the number of turns in each coil, and / is
the coil current.
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J. Lemna minor inside Helmholtz coil

Electric plates
Electric field was generated inside two parallel circular metal plates (Figure

4). The plates (diameter 40 cm) used in this experiment are 4 cm apart (d), and
applied voltage was 1000 V (U) generating electric field of 25 kV/m (E = Uld).
High voltage autotransformer was used to transform power line voltage of 220 V to
maximum voltage of 1100 V.
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Figure 4. Electric field direction inside two parallel circular plates
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Giga Hertz transversal electromagnetic mode (GTEM) -cell

Figure 5. GTEM-cell
GTEM-cell (Giga Hertz transversal electromagnetic mode) is a transmission

structure. GTEM-cell [1] is a tapered section of rectangular 50 Q transmission line.
The GTEM-cell (Fig. 5) begins with transition from the standard 50 Q coaxial
connector (or the N type connector) to the asymmetric rectangular waveguide is
done. The distributed load section uses absorbing material for electromagnetic
wave termination and a distributed resistive load for current termination. At low
frequencies, it operates as a circuit element 50 Q. load. At high frequencies, the
absorber attenuates the incident wave as in an anechoic chamber. In this way, a
termination from DC to several GHz is achieved. The absorbing material
significantly reduces the Q of the chamber, making the resonance effects small.
The TEM [2] mode excited by either a CW source or a pulse generator simulates
an incident plane wave for susceptibility and emission tests.
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Figure 6. GTEM-cell line cross section

The characteristics of GTEM (Fig.6.) are: 50 Q. impedance, inner
conductor at 3/4 height, inner height to width equals 2 to 3 and angle
septum/bottom plate equals 15°, with angle septum/top plate equals 5°. Septum as
well as coating is made of copper. Septum is supported with dielectric material. At
the other end, there are pyramidal absorbers 25 cm long for electromagnetic wave
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termination and two parallel 100 Cl, distributed resistive load for current
termination. An object of approximately 20 cm x 20 cm can be inserted for testing.

CONCLUSION
Helmholtz coils, parallel plates and GTEM-cell have been designed at

FER, Zagreb. They can be used for biological exposures. Helmholtz coils and
parallel plates are used for extra low frequencies such as 50 Hz, while GTEM-cell
is used for higher frequencies (900 - 1800 MHz) and above.
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ABSTRACT
Electromagnetic fields (EMFs) are part of everyday life in modern world.

Extremely low-frequency EMFs (50 Hz) are produced by most electric home
appliance, electric power transmission and distribution lines. For the last ten years
mobile phones have been widely used all around the world. They operate on the
EMF frequencies from 400 MHz to 1900 MHz. The effects of EMFs on living
organisms have been the subject of debate and research for the last thirty years.
The instrumentation for generation of EMFs have been designed at the Faculty of
Electrical Engineering and Computing, Zagreb, and can be used for controlled
exposure to different EMFs. To study the effect of extremely low-frequency EMF,
duckweed (Lemna minor) - the model plant in biological measurement, test setup
was made for magnetic field in Helmholtz coil and for electric field between two
parallel circle electrodes. For the effect of mobile phones frequencies, test setup
with exposition to the electromagnetic field was done with Gigahertz Transversal
Electromagnetic Mode (GTEM) cell. The research confirmed that instrumentation
used in these experiments is suitable for evaluation of biological effects of EMFs.
The effect of different field strengths, exposure times and modulation can be tested
with these instrumentation.
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