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a b s t r a c t

Manmade electromagnetic (EM) field in the low frequency range of the spectrum, from sta-
tic to 200 kHz has caused interference with electronic equipment and poses a possible pub-
lic health risk. Typical sources of these EM emissions include television sets, video display
terminals (VDT), electric appliances, fluorescent lights, certain medical devices, walk-
through and hand-held detectors, radio stations, induction heating, wireless electricity
delivered over distance, hybrid cars and transmission lines. Our main goals for writing this
paper are, first, to describe taking measurements of the frequencies and magnetic field lev-
els in residential and occupational environments, particularly around cathode ray tube dis-
plays, induction heating units, and hybrid cars; and, second, to compare the measurements
to the established or recommended limits according to national standards so that engi-
neers and scientists can understand these nontrivial electrical measurements. The field
measurements were carried out using different kinds of devices where a brief description
of the instruments used is also provided.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Human exposure to low frequency EM radiation is not a
new concern. Our environment has always contained this
type of naturally occurring radiation as a result of solar
activity, meteorological changes, and biosphere activity.
From the beginning of the twentieth century, environmen-
tal exposure to manmade electromagnetic fields has been
increasing exponentially since the growing demand for
electricity, ever-advancing technologies, and changes in so-
cial behavior have created more and more artificial sources.
Although devices generating EM radiation have become an
essential part of our lives due to the numerous applications,
there are mounting concerns about the bioeffects that
might exist due to exposure to such fields [1,2]. In this pa-
per we evaluate the magnetic fields around cathode ray
tube displays since they have been so widely used for many
decades. Induction heating units were also evaluated due to

the potentially long exposure in an industrial environment.
Finally, hybrid cars were studied to better understand the
risks associated with the new technology introduced in
the vehicles. Previous papers have not reported rigorous
magnetic field measurements for any of these case studies.

For over two decades, researchers have investigated the
possibility that exposure to low frequency EM waves might
lead to potential health hazards. International scientific
groups believe that the data are not sufficient to draw the
conclusion that EM radiation causes cancer or leads to the
disruption of biological systems [3,4]. On the other hand,
some health effects have been statistically related to EM
exposure [5–12]. Since not all research issues have been
settled and reliable results are not forthcoming, continued
research will be required before a firm conclusion can be
reached.

Generally accepted guidelines have been established by
the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) [4]. The recommended exposure levels
for time-varying magnetic fields with frequency from 1 Hz
to 10 MHz in an occupational environment and general
public are presented in Tables 1 and 2.

0263-2241/$ - see front matter � 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.measurement.2011.05.008

⇑ Corresponding author. Tel.: +1 804 828 1281.
E-mail address: ymotai@vcu.edu (Y. Motai).

Measurement 44 (2011) 1412–1421

Contents lists available at ScienceDirect

Measurement

journal homepage: www.elsevier .com/ locate /measurement



Author's personal copy

The magnetic field levels specified above by the ICNIRP
are frequency dependent, with different levels for public
and occupational exposure. These guidelines are intended
to prevent negative effects, such as induced currents in
cells or nerve stimulations. Several institutions have criti-
cized the guidelines for lacking clear interpretation on
exposure safety and long-term exposure to equipment that
generates magnetic fields.

These controversial scientific and technical issues pose
the need for more research to improve the health risk
assessments and the reliability of the measurements. One
technique for improving the measurements is to use multi-
ple instruments with different specifications to fully
understand the nature of the magnetic fields. This tech-
nique includes quantifying the radiation fields with a de-
vice that measures the magnetic field components in the
VLF–LF band. The measured magnetic field can be any
one of the true RMS vector components (Bx, By, or bz), or
the resultant (BR ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
B2

x þ B2
y þ B2

z

q
Þ of magnetic fields. The

recently introduced IDR-200 was used to measure fields
in the VLF–LF band. These measurements were comple-
mented by the IDR-309-T, which was used to measure
the static (DC) magnetic field, and the IDR-210, which
measured magnetic fields in the bandwidth (BW) range
from 20 Hz to 4 kHz. The high precision, resolution, and
multiple features of the IDR-200 provide an important tool
needed by researchers for taking accurate and complete
measurements of magnetic fields from 1 kHz to 200 kHz.

The IDR-200 magnetic field meter has been designed to
have a very low frequency (VLF) and low frequency (LF)
bandwidth frequency response from 1 kHz to 200 kHz,
with a dynamic measurement range from 0.2 to
2000 mG. In the United States, the magnetic field is gener-
ally measured in CGS units: Gauss (G), while in most of the
rest of the world, it is measured in SI unit: Tesla (T). Since
most low frequency bands environmental exposures in-
volve magnetic field intensities that are only a fraction of

Tesla or Gauss, the common units used for measurements
are either microTesla (lT) or milliGauss (mG) with conver-
sion: 10 mG = 1 lT. The detection circuit utilizes three
orthogonal multi-turn copper loops that respond to time-
varying magnetic fields. The field measurements are also
made available externally through a RS-232 communica-
tion port and an analog recorder output.

This paper is organized as follows. Section 2 discusses
some of the related work that has been done in the areas
of static, super low frequency (SLF), VLF and LF magnetic
field measurement. Section 3 briefly discusses the theory
of operation of the IDR-200, the operation of the meter
including the analog front end, the design approaches,
and the SPICE simulation of the analog subsystem [13].
Section 4 discusses the system architecture. Section 5 de-
scribes calibration, characterization, and measurements
of magnetic fields in the cathode ray tube, induction heat-
ing coil, and hybrid car environments.

2. Comparison with other related works in magnetic
field measurement

Most of the previous papers described and analyzed the
measurement results of the magnetic field level for SLF fre-
quency especially for 50 and 60 Hz generated by power
lines and substations. Safigianni and Tsompanidou [2]
measured the 50 Hz electric and magnetic field caused by
the operation of indoor power distribution substations. In
another study, Sekerinska and Dimcev [25] covered the
measurements of the magnetic field strength at 60 Hz in-
side homes, under the transmission lines and around the
substation. Sapashe and Ashely [21] presented the mea-
surements of VDT fringing magnetic fields. In his measure-
ment, he used a single axis coil with a basic detector that
has limited BW and a relative reading with an error of
10%. Also, the device was not calibrated against any trace-
able standard. Recently, Motavalli [23] reported the mea-
surement of the magnetic fields inside the hybrid cars. In
his report, he missed some important points, especially
the discussion of the DC magnetic field created by the
power moving to and from a hybrid vehicle’s battery. Also,
the Trifield AC Gaussmeter used in his testing did not have
the feature to measure the DC magnetic field and it was a
frequency-weighted unlike the rest of the most commer-
cial Gaussmeters.

This paper examines the measurement of the magnetic
field from DC to 200 kHz by using accurate and appropriate
devices for each specific band of the frequency spectrum
under study. It analyzes clearly and precisely the magnetic
field around the VDTs and inside the hybrid cars, an issue
poorly and insufficiently addressed in previous papers.
The usage of innovative devices during the testing plays
a key role in providing highly accurate measurement
results.

3. Sensor theory and design

A multi-turn copper coil is used as a field-sensing ele-
ment in this detector design. According to Faraday’s law

Table 1
Reference levels for occupational exposure to time-varying magnetic fields
in the range from 1 Hz to 10 MHz (unperturbed RMS values).

Frequency
range

B magnetic field density:
lT f in Hz

B magnetic field
density: mG f in Hz

1–8 Hz 2 � 105/f2 20 � 105/f2

8–25 Hz 2.5 � 104/f 25 � 104/f
25–300 Hz 1 � 103 1 � 104

300–3 kHz 3 � 105/f 3 � 106/f
3–10 MHz 1 � 102 1 � 103

Table 2
Reference levels for general public exposure to time-varying magnetic
fields in the range from 1 Hz to 10 MHz (unperturbed RMS values).

Frequency
range

B magnetic field density:
lT f in Hz

B magnetic field
density: mG f in Hz

1–8 Hz 4 � 104/f2 4 � 105/f2

8–25 Hz 5 � 103/f 5 � 104/f
25–400 Hz 2 � 102 2 � 103

400–3 kHz 8 � 104/f 8 � 105/f
3–10 MHz 27 270
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of induction, the peak voltage signal, Vin, produced by a coil
positioned transverse to an incident magnetic field [14] is

Vin ¼ 2pfNAB ð1Þ

where N is the number of turns in the coil; B is amplitude
of magnetic flux density; A is coil cross-sectional area; f is
magnetic field frequency.

A sketch of the induction coil sensor is shown in Fig. 1. A
coil of 5 cm2 in cross-sectional area has been chosen for the
convenience of use and resolution of the potential mea-
surement. Further, it is desired to use standard electronic
hardware and a maximum voltage amplitude of 6 V for a
magnetic flux density of 2000 mG and a frequency of
200 kHz. A design based on these assumptions and goals
yields a sensor containing 47 wire turns. The resonance
frequency fr for the coil was measured and was found to
be equal to 2800 kHz [15]. Therefore, the air coil sensor
is operating as a linear inductor over the required BW
frequencies.

The analog front-end of the sensor circuitry associated
with three-dimensional isotropic probe coils for x, y, z
measurements are represented as a block diagram in
Fig. 2. The switching signal from each coil is fed into an
integrator section that provides a flat frequency response.
The output of the integrator is filtered and amplified by a
wide band pass filter to ensure that only the desired signals
are fed to an AC to DC converter where the DC output is
compatible with the 0–5 V range of the analog-to-digital
converter. The same signal is also fed to an analog output
that is capable to display a sinusoidal and no sinusoidal
wave and a comparator to generate a square wave digital
signal (0 V or 5 V) compatible with the frequency counter.
A more complete discussion of the individual components,
which make up the analog front-end design in Fig. 2 have
been discussed in an earlier publication [16].

4. System architecture

The analog front-end and the digital components are
combined to form the complete measurement system
shown in Fig. 3. The analog front-end processes the signal
from the coil sensor and generates two outputs. The RMS
output from the analog front-end is connected to the input
of the 10-bit ADC for further digital signal processing and
the square wave output is connected to the frequency
counter.

The microcontroller controls the channel selection
based on input from the user through the keypad or

RS232 port. The variable gain amplifier in the analog front
end is controlled by the range selection signals from the
microcontroller. The range selection can be set manually
or the microcontroller can dynamically select the range
based on the measurements from the coil sensor [16].

5. Magnetic field meter performance

5.1. Calibration procedure

The detector developed shown in Fig. 4 processes the
signal from the probe and indicates the RMS value of the
magnetic waveform field with an analog output and digital
display. The calibration tests for the Gaussmeter are done
during the manufacturing process by placing the probe
into a varying sinusoidally magnetic field with time of
known magnitude and direction produced by a circular
Helmholtz coil [16–18]. Characterization of the Gaussme-
ter IDR-200.

The linearity error over the measured frequency range
was less than 3% for the worst case. The formula used to
calculate this percentage error is as follows:

%Error¼ Measured Field ðRMSÞ� Theoretical FieldðRMSÞ
Theoretical FieldðRMSÞ

� �
�100 ð2Þ

According to the EPA [19], meters with more than 5% er-
ror should be considered inaccurate.

All testing for the prototype development was done at a
nominal temperature of 25 �C [16]. We expect all the

N=47

I (A)

Magnetic field
line B

A

Vin

Fig. 1. Air coil loop sensor (r = 1.27 cm) where the number of turns N is
equal to 47 #38 Cu is mounted transverse to the magnetic field lines.
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Fig. 2. Basic block diagram for the analog front-end.
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components of the meter to operate from 0 to 50� C, and all
the critical gain stages are based on resistor ratios, which
should remain constant as temperature varies.

5.2. Measurement results

The measurements were carried out at least 1 m above-
ground using the three-dimensional isotropic probe with
frequency indicator to ensure omnidirectional measure-
ments. Depending on the environments, the overall

campaign consisted of either spot or long-term measure-
ments that are adjusted by using the timer-controlled
recording function. These values can then be output in a file
via a PC fitted with appropriate software.

5.3. Electromagnetic field emission from video display
terminals

Video display terminals have been commonly used
along with flat screen monitors for displaying information
for a system like a computer and keyboard. A VDT pro-
duces low levels of electromagnetic (EM) field because of
the techniques used to generate and move the electron
beam that illuminates the screen of a cathode ray tube
(CRT). The EM field generated by a VDT extends over a
broad spectrum, including VLF frequency and low fre-
quency energy (30–300 kHz). These displays are also used
in television receivers, automated teller machines, video
games, and other devices.

Measurements performed around a VDT show the elec-
tromagnetic fields are confined to the conductors and no
significant electromagnetic wave radiation traveling away
from the CRTs has been detected [8]. So we can correctly
talk of magnetic fields associated with either conductors
or coils passing right through the body without any appre-
ciable attenuation but ironically have been found to have
many significant biological effects [20]. Furthermore the
electric field originates from the surface of the CRT screen
and terminates on the skin of the human operator [21].

A CRT is an evacuated glass tube, which consists of sev-
eral basic components, as illustrated in Fig. 5. The electron
gun generates a narrow beam of electrons. The anodes
accelerate the electrons. Deflecting coils produce the low
frequency electromagnetic fields that allow for constant
adjustment of the direction of the electron beam. There
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PIC Microcontroller
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Keypad
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16X2 LCD

Alarm
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Squarewave Output
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Auto Ranging

Memory
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Fig. 3. Top hierarchy model design for the isotropic Gaussmeter IDR-200.

Fig. 4. Front panel for the Gaussmeter IDR-200.

S.A. Hanna et al. / Measurement 44 (2011) 1412–1421 1415



Author's personal copy

are two sets of deflecting coils: horizontal and vertical.
Only one set of coils is shown for simplicity in Fig. 5. The
intensity of the beam can vary. The electron beam pro-
duces a tiny, bright visible spot when it strikes the phos-
phor-coated screen. Only one electron gun, which is
typical of a monochrome CRT, is shown in Fig. 5.

Most modern CRTs render color images. These devices
have three electrons guns, one for each of the primary col-
ors: red, green, and blue. This type of CRT is called an RGB
color monitor and produces three overlapping images: one
in red, one in green and one in blue. The electron beam in
the CRT moves across the screen in a series of horizontal
and vertical lines. For each horizontal line, the beam must
be swept constantly across the screen by an increasing
magnetic field while the electron beam is turned on. Once
the beam reaches the right-hand edge of the screen, the
electron beam is turned off and retraced to the left side
of the screen by a rapidly decreasing magnetic field. The
phenomenon of slow and fast changing magnetic fields
produces a sawtooth-shaped waveform as shown in
Fig. 6. This horizontal deflection fringing magnetic field
at the VDT for the model Magnavox CM8762 was captured
by using the analog output of the VLF Gaussmeter. Based
on the simplified block diagram of the measurement sys-
tem as shown in Fig. 2, the analog output is able to display
the original waveforms from 1 kHz to 200 kHz after filtra-
tion, integration, and amplification for periodic or non-
periodic waves induced by the three-axis air coil. The mag-
netic flux density of the 60 Hz fringing waveform field for
the vertical deflection close to the VDT screen is shown

in Fig. 7. This waveform voltage was measured at the ana-
log output of the three-axis ELF Milligaussmeter model
IDR-210. This device has the BW limitation between
20 Hz and 4 kHz.

The horizontal deflection system operates at frequency
of 15–100 kHz, and is the major source of VLF electric and
magnetic fields in the VDT. While the vertical deflection
system operates at a frequency of 50–80 Hz in the majority
of VDTs, and is the major source of SLF fields. In computer
systems, there are several displays modes, such as mono-
chrome, and technologies known by the acronyms such
as CGA, EGA, VGA and SVGA. The field strengths emanating
from different units vary with the product design.

The VLF magnetic field BR around an SVGA monitor
made by Magnavox model CM2089 located at our facility
was mapped from four different positions by using the
Gaussmeter IDR-200: the left, right, rear, and front of the
VDT. This particular monitor was selected randomly from
the monitors located inside our lab. For each of the four
positions, the magnetic field was measured at fixed points
on a plane through the x and y coordinates with dimen-
sions 38 � 38 cm as shown in the bottom left or right of
Figs. 8–11. The spacing between each measurement point
on each axis is 7.62 cm, and 36 points were recorded for
each side. For each side of the VDT, the height of the x–y
measurement plane was selected by finding the highest
magnetic field. The x-axis is parallel and very close to the
housing of the VDT while the y-axis direction is perpendic-
ular to the enclosure of the monitor.

Electron
gun

Anodes
Coil

Magnetic
field

Electron beam

Phosphor-coated screen

Spot

Fig. 5. Drawing model of a CRT.

Fig. 6. Sawtooth waveform (horizontal deflection) at frequency of 16 kHz
captured close to VDT screen model Magnavox CM8762 with (0.2 V/div.).

Fig. 7. Periodical waveform (vertical deflection) with frequency of 60 Hz
captured close to VDT screen model Magnavox CM8762 (0.1 V/div.).
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Fig. 8. Mapping of magnetic flux density BR horizontal deflection field at the left side of the VDT with f = 31 kHz.
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Fig. 9. Mapping of magnetic flux density BR horizontal deflection field at the right side of the VDT with f = 31 kHz.
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The map of the magnetic field for the horizontal deflec-
tion at the left side of the VDT is shown in the bottom left
of Fig. 8. The peak value BR = 24.6 mG is located at the grid
point x = 2 and y = 0. It can be seen that the magnetic field
readings are higher near the source coil or conductors, and
they fall off very rapidly while moving away from the
source. The magnetic fields generated by a multiple con-
ductor source usually decrease at a nonlinear rate of 1/
(y2) as the distance y from the VDT increases [8]. The fre-
quency measured by the VLF Gaussmeter for the horizontal
deflection was 31 kHz.

The procedure measurement of the magnetic field for
the horizontal deflection at the right side of the VDT is
shown in the bottom right of Fig. 9. The maximum reading
BR is 19.6 mG on the right side of the VDT is located at the
grid point x = 2 and y = 0 with frequency f = 31 kHz as illus-
trated by Fig. 9.

The VLF magnetic on the sides and to the rear falls so
rapidly that people located in those directions receive only
a small fraction of the exposure.

The maximum reading BR is 8.6 mG on the rear of the
VDT is located at the grid point x = 2 and y = 0 with fre-
quency f = 31 kHz as illustrated by Fig. 10.

The important locations where the SLF and the VLF
magnetic field need to be checked are in the front of the
screen where the operator may be exposed. The maximum
reading BR horizontal is 12.4 mG on the front of the VDT is
located at the grid point x = 2 and y = 0 with frequency
f = 31 kHz as shown by Fig. 11.

The maximum reading BR vertical is 10.4 mG on the
front of the VDT is located at the grid point x = 2 and
y = 0 with frequency f = 60 Hz as shown by Fig. 12. The
60 Hz sinusoidal fields are generated mainly from power
transformer.

More measurements of the magnetic flux densities with
frequencies are taken for various CRT displays at certain
distances. These data are given in Tables 3 and 4. The mea-
surement points for each device were selected at the high-
est field levels on the front surface and moving away from
the front of the devices in a straight line perpendicular to

the surface. The distance of 15 cm from the VDT is approx-
imately over a keyboard, and the distance of 50 cm is about
the position of the user. The comparison results from Ta-
bles 3 and 4 to ICNIRP reference levels for occupational
and general public exposure (Tables 1 and 2) show all
the measured values of the magnetic fields for different
frequencies are below the reference levels.

It is true that soon, LCD flat screen display monitors will
replace the most VDTs in the market. However, VDTs are
still better than LCDs for some applications that require
very high resolution or high color accuracy, such as medi-
cal imaging, and VDTs will continue to be used for these
applications in the future. There is also a large number of
VDTs, such as televisions and computer monitors, cur-
rently in use that will not be replaced by LCDs for many
years. Since VDTs were so widely used, this paper will be
very beneficial for historical cancer epidemiological stud-
ies worldwide among workers who used the VDT in their
jobs for many years.
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5.4. Induction heating process

Induction heating is a method of providing fast and con-
sistent heat for manufacturing applications that involve
changing the properties of metals or other electrically con-
ductive materials. The process relies on induced electrical
currents within the material to produce heat [22].

The basic components of an induction heating system
are an AC power supply, induction coil, and material to
be heated. High frequency currents typically in the kHz
are passed through coils that surround the conductive
materials to be heated or treated. Strong eddy currents
are produced in the target material generating large
amounts of heat without any physical contact between
the coil and the material. There is a relationship between
the frequency of the alternating current and the depth to
which the magnetic field penetrates the work pieces; low
frequencies of 5–30 kHz are effective for thicker materials
requiring deep heat penetration, while higher frequencies
of 100–400 kHz are effective for smaller parts or shallow
penetration. The illustration of an induction heater is
shown in Fig. 13. Shown is a Radyne VersaPower current
source induction heating system, which includes a Flexi-
tune 30 kW power supply made by Radyne, Milwaukee,
WI, a heating coil, and a heat load made from steel billet.
The heating coil has 3 turns of 1=4

00 tubing with a 3½00 inside
diameter, and the heat load has a diameter of 200 and is 600

long. The Gaussmeter model #: IDR-200 was used to mea-
sure the magnetic field and the frequency for this system

for the three axes at each measurement point. The data gi-
ven in Table 5 show how the magnetic field strength
around the conductive material decreases with distance
from the source, which was at a steady state in the heating
process. By comparing these results to the ICNIRP refer-
ence levels for occupational and general public exposure
(Tables 1 and 2), we noticed at 20 cm the measured mag-
netic field was higher than the reference level, and the rest
of the results are acceptable.

Although magnetic fields are the most prominent fea-
ture of the induction heating process, a strong magnetic
field is required for changing the physical structure of the
material, the stray magnetic field in the vicinity of the coils
may exceed the applicable exposure limits in some cases.
People with implanted ferromagnetic or electronic medical
devices can suffer from interferences with magnetic field
above certain level. This induction heating process is also
used inside some household appliances like the electric
stove. Some simple precautions should be followed, such
as using the Gaussmeter to measure the magnetic field
around the system and determine the safest spot for the
person to stand while the induction heating system is
active.

5.5. Hybrid cars

Gas-electric hybrid cars are poised to become the most
popular design of vehicles for passengers. Without a doubt,
scientists and consumers agree that hybrid vehicles are

Table 3
RMS Measurement of magnetic flux density BR (mG) and frequency
horizontal deflection fringing field at different distances from the fronts
of the CRTs.

CRT model 0
(cm)

15
(cm)

30
(cm)

50
(cm)

Frequency
(kHz)

Hp pavilion mx75 3.8 1.0 0.6 0.4 39
Magnavox CM8762 17.1 4.6 1.6 0.8 16
Magnavox CM2089 12.4 3.1 1.1 0.8 31
Sony Trinitron color

TV, kV-27V10
22.5 5.6 2.5 1.2 16

Sharp TV 32U-S50 8.5 4.4 1.3 0.8 17
Dell Trinitron

Ultrascan P991
10 1.6 1.0 0.6 60

RCA T09085 15 4.6 5.4 4.4 73
Compaq CV715 4.8 1.4 1 0.9 60

Table 4
RMS measurement of magnetic flux density BR (mG) vertical deflection at
60 Hz fringing field at different distances from the fronts of the CRTs.

CRT model 0
(cm)

15
(cm)

30
(cm)

50
(cm)

Frequency
(Hz)

Hp pavilion mx75 8.4 1.7 0.8 0.2 60
Magnavox CM8762 30.6 8.2 3.0 1.3 60
Magnavox CM2089 11.4 3.36 1.6 0.34 60
Sony Trinitron color

TV, kV-27V10
35 10.6 4.6 3.0 60

Sharp TV 32U-S50 23 10.5 4.4 2.1 60
Dell Trinitron

Ultrascan P991
6.3 2.2 1.4 0.4 75

RCA T09085 23.4 7.7 4.7 1.6 60
Compaq CV715 5 1.4 0.4 0.2 75

Fig. 13. Measuring setup where the three-axis coils of the VLF Gauss-
meter are placed nearby the heat load and the coil connected to the
Flexitune 30 kW power supply made by Radyne. (Photo courtesy of the
Radyne Corporation of America, Milwaukee, WI).

Table 5
RMS magnetic flux density values are taken at
different distances between the induction
heater and sensor at 25 kHz and 24.5 kW.

Distance from the induction
heater (cm)

BR

(lT)

20 154.86
30 37.12
40 17.95
50 8.76
60 4.40
70 2.88
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cleaner for the planet and more economical due to the re-
duced fuel consumption. However, there is another more
immediate concern: Are hybrids healthy for drivers? This
question was addressed in the New York Times [23]. In
addition to that, the end-users have the right to know
whether or not the magnetic field emitted from these cars
imposes a health hazard. One concern with hybrid vehicles
is that the flow of AC and DC electrical currents inside the
automotive components can be much larger than standard
gas powered vehicles and can produce larger magnetic
fields.

The main components of the new electric drive train are
the electric motor, the power converter, the power supply,
and the wires connecting these components [24]. Each of
them is a source of electromagnetic field (EMF) emissions.
The power converter is especially known as the main
source of EMF emissions. Fig. 14 represents the basic ele-
ments for a standard hybrid car; it also shows the bi-direc-
tional path of the DC current between the electric motor
and the battery charger. This circulation of current will de-
velop a static magnetic field around the conductor located
along the floor of the car.

To address these concerns, we decided to do our own
measurements for some hybrid and gasoline cars by using
three different kinds of Gaussmeters made by Integrity De-
sign & Research Corporation. For more accuracy on the
testing, it is impossible to have one single model of Gauss-
meter to do all the measurements from static to VLF fre-
quency at different sensitivities.

Since the battery is mounted in the back of hybrid cars
and the power cables must connect the battery to the front
components, they are often placed underneath the driver
and rear side. Therefore, some exposure to DC magnetic
fields is unavoidable due to the flow of a DC current inside
the cables. For this task, we used a DC Gaussmeter model
IDR-309-T with a transverse hall probe and a resolution
of 1 mG. This meter measured only the static magnetic
field. For the AC magnetic field measurements, we, first,
used the Gaussmeter IDR-200 for frequencies above
4 kHz, and, second, the Gaussmeter model IDR-210. The
latter is an isotropic meter with a bandwidth of 20 Hz–
4 kHz and resolution of 0.2 mG at 200 mG scale.

The measurements were done when the cars were run-
ning at different speeds and when they were parked. The
testing results were not simple or straightforward, because
the EMF kept changing, depending on the engagement
mode of the cars. Acceleration, deceleration, breaking, air
conditioning, external EMF atmosphere, and other factors
all directly affect the EMF emissions. The results of this
testing were only approximate at best. The AC magnetic
field measurements were the most reliable comparing to
the DC ones.

The DC magnetic tests were not feasible with the vehi-
cle in motion through the earth’s magnetic field that varies
with the maximum value close to 550 mG in the northern
part of the USA, even with no other vehicles in the vicinity.
Before taking the static measurement, we zero out the me-
ter IDR-309-T from any external magnetic field interfer-
ence by inserting the hall probe inside a zero gauss
chamber. The highest reading was close to 2 G at the floor
level when the electric motor is running. The reading
diminished upward to about 2 mG at the driver seat and
10 mG at the rear seat.

For VLF magnetic fields, there was a regular fluctuation
below 2 mG when the operating electric motor is running
alone. The frequencies registered on the meter model
IDR-210 were mainly the first, second, and third harmonics
of 60 Hz. Sometimes higher frequencies up to 2 kHz were
noted. Also, we noted sometimes that the AC magnetic
fields were consistently higher on the rear seat than the
front ones. Table 6 shows the maximum AC magnetic field
measurements for some hybrid and standard vehicles.

Battery

Driver Seat

Back Seat

Dash Board

Bidirectional
DC Current

DC Magnetic  field

M
Electric motor

Fig. 14. Some components of interests for a hybrid car are under testing
for magnetic fields.

Table 6
Magnetic field ranges inside the hybrid and gasoline cars are measured by
IDR-210.

Car’s model Dashboard Driver
seat

Rear
driver
seat

Passenger
seat

Maximum RMS magnetic flux density values BR (mG)
Toyota prius hybrid

07
35 10 6 2

Toyota prius
electric 07

30 8 5 2

Ford escape 06
hybrid

5 5 20 1

GM lumina 97
gasoline

1.5 0.8 0.5 0.2

Toyota highlander
2008 hybrid

2.8 1.4 5.4 2.6

Dodge durango
2000 gasoline

5.2 2.2 1.8 0.2
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These measurements were obtained by using the Gauss-
meter IDR-210.

After providing this data on some hybrid car models, it is
obvious that these measurements did not meet the Swedish
MPR-II standard for ELF magnetic fields [26] or to the NY
state power lines project final report [27]. Both standards
stated that levels higher than 2–3 mG correlate to twice
the cancer risk for people exposed to the magnetic fields
at super and ultra low frequency. But these data meet the
ICNIRP’s safe exposure level mentioned in the introduction.

6. Conclusions

This paper reports the results of magnetic field measure-
ments in the near field region using complementary
Gaussmeters to better understand the nature of the
magnetic fields. We explicitly mapped and studied the
frequencies and magnetic fields around different kinds of
VDTs, around one model of an induction-heating unit, and
finally inside different models of gas and electric cars. The
measurements were made to determine whether interna-
tionally accepted reference levels and other standards like
the Swedish standard for safe exposure were violated, espe-
cially around the VDT. The magnitudes of the measured field
values were within the recognized guidelines based on the
ICNIRP standard, suggesting that the fields are not danger-
ous and there is therefore no cause for concern among the
public or working personnel for the selected case studies.
However, the general public should always evaluate new
technologies that use magnetic energy, such as, the Duracell
‘‘myGrid’’ and the WiTricity power distribution technology,
before wide scale adoption.

Despite these scientific findings, the duration of expo-
sures in many studies has been brief compared to typical
occupational exposure time over a career, a typical life-
span, or latency periods for diseases such as cancer. Until
very recently no large scale epidemiological studies on
CRT users have been completed. Unfortunately, some of
the measurements taken above did not meet the Swedish
standard stating that the levels higher than 2–3 mG corre-
lated to twice the cancer risk for people exposed to the
magnetic fields. This conflict reveals the need for a conclu-
sive solution to settle this matter once and for all.
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