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Measurements of extremely low-frequency magnetic fields

around video display terminals

by Jukka Juutilainen, MSc, Keijo Saali, MSc'

JUUTILAINEN J, SAALI K. Measurements of extremely low-frequency magnetic fields around video
display terminals. Scand J Work Environ Health 12 (1986) 609—613. The extremely low-frequency (ELF)
magnetic field emissions of seven video display terminal (VDT) models were measured. A measuring coil
with a linearized frequency response (50 Hz to 25 kHz) was used. The dominating ELF magnetic field
around the terminals was the 50 or 60 Hz asymmetric triangular waveform from the vertical deflection
coil of the cathode ray tube. At the distance of 50 cm, the magnetic field strength was still slightly higher
than the background level in usual office rooms, but several orders of magnitude lower than the thresh-
olds of known interaction mechanisms. Some recent experiments suggest that certain biological effects
may occur at field strengths only a few times higher than those found at the position of VDT operators,
but the significance of these effects to human health is not known.
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The video display terminal (VDT) has, in recent years,
become an essential part of almost every modern of-
fice. In response to public concerns about the possible
health effects of these terminals, several studies have
been carried out in order to determine their electro-
magnetic emissions (8, 13, 16, 23, 26, 27). All mea-
surements from low-frequency electric fields to X-rays
have shown that the emissions are far below any safety
standards and known biological effects (2). However,
only a few measurements of the extremely low-fre-
quency (ELF) magnetic fields with frequencies below
1 kHz in front of three VDT models have been pub-
lished (22). ELF magnetic fields have been reported
to affect chick embryogenesis (4, 10, 11, 25). Because
questions have been raised about the effects of VDT
exposure on pregnant women (see reference 2), it ap-
peared necessary to study the magnetic fields around
several VDT models. Measurements were made at all
sides of the devices, and, in addition to the intensity
of the magnetic field, also its waveform and polariza-
tion was determined.

It is not known at present which is the most relevant
measure of low-frequency magnetic fields. Both am-
plitude (H) and induction [rate of change of the mag-
netic field (dH/dt)] have been used. The use of the lat-
ter is based on the assumption that the biological ef-
fects of magnetic fields are due to the electric currents
induced in the exposed object. Because the rate of
change of ELF magnetic fields is relatively low, the
most important such emissions from a VDT are at very
low frequencies (VLF) ie, 1 kHz—100 kHz, and not
in the ELF range. The VLF magnetic field emissions
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(both amplitude and rate of change) of several VDT
models have been measured by Paulsson et al (20). Be-
cause the rate of change would be of minor importance
at ELF in comparison to VLF, and certain suggested
biological effects of ELF magnetic fields seem to be
independent of the rate of change (10, 11, 15), we chose
to measure the amplitude (H) of the magnetic field.

Materials and methods

The magnetic field was measured with a 500-turn coil
having a diameter of 150 mm. The output voltage of
a measuring coil is proportional to the frequency (f)
of the magnetic field. The frequency response of the
coil was linearized by a low-pass filter with a frequen-
cy response proportional to 1/f above 50 Hz (figure
1). The coil was shielded against electric fields with an
aluminum plate around the coil and copper foils on
the sides of the coil. The shield also damped the self-
resonance of the coil at about 25 kHz. The resulting
frequency response is shown in figure 2. The output
of the coil was measured with a portable millivoltmeter
with an input impedance of 100 MQ. The waveform
of the measured field was monitored on an oscilloscope
connected to the output of the coil.

The measuring coil was calibrated in a known mag-
netic field between square Helmholtz coils. The 10-turn
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Figure 1. Schematic of the measuring coil.



04 /

100 1000 10000 Hz

Figure 2. Frequency response of the measuring coil.

Figure 3. Location of the measurement points.

coils had a size 0f 0.4 X 0.4 m and a width of 15 mm.
The distance between the coils was 0.24 m. The mag-
netic field strength between the calibrating coils was
calculated with a computer program based on an
analytical solution of the field equation derived from
the Biot-Savart law (21). With a current of 1 A pas-
sing through the coil, the magnetic field strength
between the coils was 30.5 A/m. The calibration was
done with a triangular waveform similar to that used
in the vertical deflection coil of a VDT cathode ray
tube. In a field strength of 1 A/m [root mean square
(rms)], the measuring coil was found to give an out-
put of 1.5 mV. This value is slightly less than the out-
put voltage (1.62 mV) obtained with a sinusoidal field
of the same strength.

Measurements were made on all four sides of the
terminals (figure 3). On each side, the location of the
maximum field at the surface of the device was found,
and measurements were taken at distances of 10, 30,
and 50 cm from this point. An additional measurement
was made at the operator’s chair at the position ap-
proximated for the fetus if the operator were a preg-
nant woman (measurement point C in figure 3). By
turning the coil to find the maximum reading, we
determined the polarization of the field in relation to

Table 1. Low-frequency magnetic field strength (A/m) around the video display terminals. Background (power off) measure-

ments are given in parentheses.

Location of Distance At operator’s
measurement 10 cm 30 cm 50 cm chair, 35 cm
Data General D 211

Front 0.87 0.20 0.10 (0.08) 0.13 (0.04)
Right side 25 0.45 0.22 (0.05) }

Left side 23 0.48 0.15 (0.03)

Back 1.8 0.09 0.05 (0.03)

Hewlett-Packard 82913A

Front 0.76 0.24 0.20 (0.16) 0.17 (0.15)
Right side 1.3 0.32 0.18 (0.15) )

Left side 1.7 0.37 0.19 (0.16)

Kaypro 16/HD

Front 27 0.35 0.11 (0.06) 0.20 (0.02)
Right side 1.5 0.21 0.18 (0.02) }

Left side 4.0 0.65 0.20 (0.01)

LSI ADM 32

Front 0.90 0.24 0.10 (0.03) 0.15 (0.03)
Right side 1.2 0.25 0.10 {0.03) .

Left side 2.2 0.40 0.17 (0.08)

Back 1.5 0.25 0.10 (0.03)

Nokia VDU 52

Front 0.91 0.22 0.09 (0.02) 0.20 (0.01)
Right side 2.2 0.42 0.15 (0.01) f

Left side 2.3 0.40 0.15 (0.07)

Back 23 0.27 0.07 (0.01)

Nokia VDU 202

Front 0.97 0.26 0.10 (0.03) 0.31 (0.07)
Right side 3.7 0.53 0.23 (0.03) P

Left side 2.0 0.42 0.19 (0.03)

Back 3.3 0.43 0.15 (0.03)

Wyse WY 85

Front 0.91 0.31 0.07 (0.01) 0.17 (0.03)
Right side 2.7 0.44 0.16 (0.04) .

Left side 3.1 0.53 0.17 {0.03)

Back 1.9 0.32 0.07 (0.03)
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the coordinates (X, y, z) shown in figure 3. The mea-
surements were made on wooden tables in usual of-
fice rooms. The background magnetic fields in each
room were measured while the VDT was turned off.

The accuracy of the measuring and calibration sys-
tem was estimated to be better than 5 %, but the un-
certainty in the position of the measuring coil during
measurements introduced an error of about 10—20 %.

Results

The magnetic field strengths of different VDT models
were similar (table 1). At a distance of 30 cm from the
terminal, the field strength varied from 0.2 to 0.35
A/m (rms). There were regular variations with a peri-
od of a few seconds in the field strengths of the two
Nokia terminals. For these, the maximum values are
reported. The strongest fields (up to 4 A/m) were
found near the left and right sides of the terminal, and
at the backside of some devices. The field appeared
to decrease rapidly with increasing distance. At a
distance of 50 cm, the field strength varied from 0.05
to 0.22 A/m. These figures are much higher than the
natural background of about 10 A/m (28), but they
are only slightly higher than the usual office back-
ground caused by various electrical appliances. The
highest value measured at the chair of the operator was
0.31 A/m. The highest values were measured around
the Kaypro 16/HD device, which is actually a com-
bination of a visual display and a microcomputer
equipped with a hard disk unit. However, the location
of the maximum fields showed that the main ELF mag-
netic field source of this device, as well as of the usual
VDT models, was the cathode ray tube.

In addition to the measurements reported in table
1, measurements were made at all sides of some ter-
minals. An example of these measurements is shown
in figure 4. The polarization of the field was always
the same, the magnetic field lines of force being parallel
to the x-axis shown in figure 3.

The dominating waveform near the terminals ap-
peared to be similar to that used in the vertical deflec-
tion coil of the cathode ray tube. The frequency of this
signal was 60 Hz in some of the devices and 50 Hz in
the others. A signal with a frequency near 20 kHz from
the horizontal deflection system was also present. The
strength of this signal varied, but it was clearly weaker
than the 50 or 60 Hz signal in all the models. The
measured waveforms shown in figure 5 are somewhat
deformed because the frequency of the signal was near
the low-frequency limit of the measuring coil. The
actual waveform is triangular with a fast rising phase
and a slow falling phase (or slow rising and fast fall-
ing phase, depending on how the polarity is chosen).
Sinusoidal 50-Hz fields could also be measured near
the power transformer of some of the terminals. How-
ever, these fields were limited to the immediate vicini-
ty of the power transformer, and the previously de-
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Figure 4. Extremely low-frequency magnetic field distribution
around a video display terminal.

Figure 5. Waveform of the extremely low-frequency magnetic
field near a video display terminal.

scribed triangular waveform was dominant at all other
locations.

Discussion

The location, polarization, waveform, and frequency
of the measured magnetic fields showed that the most
important source of ELF magnetic fields in a VDT is
the vertical deflection coil of the cathode ray tube. A
magnetic deflection system is used in the tubes with
a large deflection angle. This kind of cathode ray tube
is usual, eg, in visual display terminals and television
sets. The magnetic deflection system consists of two
rectangular coils at both sides of the neck of the cath-
ode ray tube. The most important factor determining
the field strength near the VDT seemed to be the ex-
ternal dimensions of the device. At the distance of
10 cm, the strongest fields were measured around small
devices, ie, when the measurement point was near the
deflection coils.
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No generally accepted exposure limits or emission
standards exist for low-frequency magnetic fields (9,
28). The only well-known interaction mechanism for
low-frequency magnetic fields is the induction of elec-
tric currents in biological tissues. The induced currents
are proportional to the rate of change of the magnetic
field (dH/dt). At 1 A/m, the maximum rate of change
of the magnetic field of the ELF waveform used in the
vertical deflection coil is about 4 - 10> A/ms. Theo-
retical (3) and empirical (19) thresholds for biological
effects are several orders of magnitude more than this
figure. It should be noticed that although the ampli-
tude (H) of the VLF signals from the horizontal
deflection coils is low, the rate of change of the mag-
netic field can be up to 10° A/ms (20).

Some biological experiments suggest that ELF mag-
netic fields with a relatively low intensity have certain
biological effects (1, 5, 7, 15). At least some of these
effects seem to be independent of the rate of change
of the magnetic field and therefore indicate that the
interaction mechanism is something other than the in-
duction of electric currents (10, 11, 15). The signifi-
cance of these effects to human health is not known.
Furthermore, the relationship between the effects and
field strength is not known. Our experiments with chick
embryos suggest that the minimum field strength re-
quired to disturb embryonal development is near 1
A/m rms (10). The lowest field strength found effec-
tive in stimulating the thymidine uptake of cultured
human fibroblasts was about 1.3 A/m (15). Field
strengths of more than 1 A/m were measured only at
a distance of 10 cm from the VDT. At 50 cm, the field
strength was usually below 0.2 A/m. A waveform
similar to that produced by a VDT has not been used
in biological experiments. However, sinusoidal, square,
and pulsed waveforms appear to have quite similar ef-
fects (10). Therefore the waveform is probably not
critical although small differences in the effectivity of
various waveforms are possible.

As the biophysical mechanism of the effects of the
ELF magnetic field on chick embryos is not known,
it is not possible to conclude whether similar effects
could be expected in human beings. Several recent epi-
demiologic studies suggest that work with a VDT has
no adverse effects on pregnancy outcome (24). In a
case-referent study of 2 950 mothers, no association
between VDT exposure and birth defects was found
(14). Neither did the results of two Swedish investiga-
tions suggest a teratogenetic risk for VDT operators
(6, 12). The rate of spontaneous abortion among VDT
operators was reported to be increased in the prelimi-
nary results of one study (18). However, this finding
may be explained by error due to selection bias, and
the authors have later concluded that VDT exposure
has no adverse effect on the outcome of pregnancy
amn.

In conclusion, the ELF magnetic fields around a
VDT are not hazardous to human health according to
present knowledge. However, several biological ex-
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periments suggest that also weak magnetic fields may
have biological effects with unknown mechanisms. Ad-
ditional biological experiments are necessary to con-
firm the suggested effects and to find the mechanisms
and dose-response relationships of these effects.
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