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Abstract

The effects of 1.5- and 10-Hz electromagnetic fields (EMFs), 0.2-0.4 gauss, on the intrinsic electrical activity of the human
brain at these frequencies was studied. Each of 19 subjects exposed for 2-sec epochs exhibited altered brain electrical activity at
the frequency of the EMF during the time of stimulation, as determined by spectral analysis of the electroencephalogram. Since
brain activity at specific frequencies could be altered by applied EMFs, the results suggest that it may be possible to use EMFs to
determine whether particular intrinsic frequencies subserve specific physiological or behavioral responses:
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1. Introduction

Human brain electrical activity manifested in the
electroencephalogram (EEG) consists primarily of fre-
quencies below 20 Hz (Niedermeyer 1987). The ques-
tion whether these frequencies directly mediate behav-
ioral and physiological effects, or are epiphenomena,
has not been resolved (Adey 1970). Externally applied
electromagnetic fields (EMFs) may provide a means to
alter specific intrinsic frequencies by driving or other-
wise interacting with physiological oscillations within
the brain, thereby permitting direct assessment of their
biological significance in both normal and pathological
processes.

EMFs at 2-12 Hz have been reported to affect
behavior in man and animals (Hamer 1968; Gavalas et
al. 1970: Gavalas-Medici and Day-Magdaleno 1976;
Wever 1987), and several animal studies suggest that
EMFs can specifically alter brain electrical activity. A
relative peak in spectral power was seen in monkeys at
the frequency of the EMF (Gavalas et al. 1970), and
EMFs amplitude-modulated at 3-14 Hz were reported
to reinforce the occurrence of spontaneous rhythms in
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cats when the EMF frequency was tuned to the fre-
quency of the intrinsic rhythm (Bawin et al. 1973).
EMFs at 5-10 Hz altered intrinsic EEG power in
rabbits at the frequency of stimulation (Bell et al.
1992a).

EMFs at 35-40 Hz (Bell et al. 1991) and 60-Hz (Bell
et al. 1992b) can non-specifically alter human brain
activity, but the effects of EMFs on EEG power at the
frequency of stimulation have not previously been de-
scribed. We report here that human subjects exposed
to EMFs exhibited changes in the EEG at the fre-
quency of stimulation.

2. Methods

EMF exposure

Magnetic fields were produced using a pair of coils,
each 130 cm in diameter and consisting of 250 turns of
copper wire; the coils were maintained parallel and
separated by 65 cm (the Helmholtz condition) using a
wooden frame. The coil current was obtained from a
signal generator (Model 182A, Wavetek, San Diego,
CA), and amplifier (Model 7500, Krohn-Hite, Avon,
MA), and controlled by a computer-based timing cir-
cuit. The subjects sat between the coils (saggital plane
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Table 1

Subject Characteristics and Exposure Conditions

The subjects were clinically normal at the time they entered the
study except for those with the listed complaints

Subject Magnetic Frequency Complaint
(age, sex) field (Gauss) (Hz)
1 22 F 1.2-0.8 10 None
2 30 M 0.2-0.8 10 None
3 31 F 0.2-0.8 10 None
4 30 M 0.2-0.8 10 None
s 25 F 0.2-0.8 10 None
6 62 M 0.2-0.8 10 None
7 27 M 0.2-00.8 10 None
N 26 F 0.2--0.8 10 Seizures
Y 28 F 0.2-0.8 10 Seizures
1) 21 M 0.2-0.8 10 Numbness
11 31 F 0.2-08 1.5 None
12 30 M 0.2-0.8 1.5 None
I3 22 F 0.2-0.8 1.5 None
14 31 F 0.2--0.8 1.5 None
15 35 M 0.2-0.8 1.5 None
16 30 M 0.2-0.8 1.5 None
17 34 M 0.2-0.8 1.5 Seizures
18 hE! M 0.2-0.8 1.5 Dizziness
19 42 M 0.2-0.8 1.5 Seizures

perpendicular to the coil axis) on a wooden chair in a
dark room with their eves closed. The head and upper
chest were within a magnetic-field region that was
uniform to within 5% of its predetermined value (within
20% when the thorax and pelvis are included); the field
at the feet was about half of that at the head. The
average background 60-Hz magnetic field was about
0.1 mG.

The equipment that powered the coils and recorded
the EEG was located 15 m from the room occupied by
the subjects. The room was partially soundproofed, but
occasional sounds that occurred irregularly in an adja-
cent corridor could be heard in the room. There were
no visual, auditory, or tactile cues to the subjects that
indicated the presence of the magnetic field.

Subjects

Thirteen normal (non-symptomatic) subjects were
chosen from the general population, and 6 symp-
tomatic subjects were selected from among those with
neurological complaints who underwent a clinical EEG
as a diagnostic procedure (Table 1). The symptomatic
subjects were identified for possible inclusion by an
EEG technician, who noted the presence of a well-de-
veloped occipital alpha rhythm during the clinical EEG.
Subjects having this finding were asked to participate
in the study, and those consenting and willing to re-
main in the laboratory area after completion of their
clinical EEG. were utilized. No subject who had a
seizurc during the clinical EEG, or who had persistent
focal or generalized slowing was used. All clinical EEGs
were normal except for that from one subject (No. 17,

Table 1), which exhibited intermittent, dysrhythmic
activity, as later interpreted by the neurologist reading
the clinical tracings and blinded to whether the subject
was a study participant. The results were analyzed
without respect to age, sex, or the presence of symp-
toms.

The study was approved by the Institutional Review
Board for Human Research of the Louisiana State
University Medical Center,

EEG measurement

Gold-plated surface electrodes 1 c¢cm in diameter
(Grass Instrument Co., Quincy, MA) were placed at
C,, C,. Py, Py, O, and O, (10-20 system); to facilitate
quantitative comparisons, the electrodes were referred
to a common point (linked ears were chosen for conve-
nience), and the ground was placed on the forehead.
Electrode impedances were measured before and after
each recording, using an electrode impedance meter
(Grass Model EZM 5A, Grass Instrument Co., Quincy,
MA); typically, the impedances were 2-3 k(.

The EEG was filtered to pass 0.3-35 Hz, and then
the signal was split and simultaneously recorded on an
electroencephalograph (Model 6, Grass Instrument Co.,
Quincy, MA) and stored on a 40-Mbyte hard drive
after sampling at 200 Hz; the stored data was analyzed
on a mainframe computer using commercial software
(SAS Institute, Inc., Austin, TX). Trials containing
obvious movement artifacts were identified on the writ-
ten record, and the corresponding digitized data was
deleted.

The aim was to determine whether brief exposure to
an EMF having a frequency of an intrinsic brain rhythm
produced an alteration in the EEG at the frequency of
stimulation during the application of the field. Charac-
teristic frequencies within the A (1.5 Hz) and « (10 Hz)
bands were therefore chosen for study, and fields < 0.8
gauss were used to avoid the production of magne-
tophosphenes, which can occur at stronger fields.

A method of analysis was developed to control for
Faraday-type induction which occurs in the human
head in the presence of a magnetic field. Since the
inductive signal is proportional to the rate of change of
magnetic flux (Serway, 1990), by applying a relatively
strong magnetic field (0.8 gauss rms) and measuring
the induced signal under the assumption that the con-
tribution of the EEG was negligible, the strength of the
induced signal at lower fields could be determined on
the basis of proportionality.

Consider a pair of surface electrodes attached to a
volume electrical conductor (Fig. 1A). Application of
B,(f,), a uniform magnetic field at frequency f,, re-
sults in an inductive signal superimposed on the noise
(B =0) signal. The electrode voltage is amplified and
Fourier-transformed to produce the power spectrum.
Let P(B,.f,) be the coefficient of the power spectrum
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Fig. 1. Characterization of the signal induced in a volume conductor
by a magnetic field. B, induces a voltage that is amplified and
Fourier-transformed. P(B,,f,) is the power at f, measured during
application of B,; P(f,) is measured in the absence of the fieid.
Measurements were made during application of B, 2B, and 4B, in
consecutive time intervals (blocks). For human subjects, the order of
field presentation was varied randomly from subject to subject.
Within each block the field was on for 2 sec and off for 5 sec (the B,
block is illustrated). C,, and E, are the control and exposed epochs
in the nth trial (n = 50). For human subjects, the EEG at f_ during
the exposed epochs at B, and 2B, was compared with the power in
the corresponding contro! epochs, after the former were corrected
for the inductive signal (determined using 4B,).

at f ; it can be expressed as the sum of Pg(f,) and
P(f,), the contributions due to the field and the noise,
respectively (Oppenheim and Schafer 1975). PBo(fO)
can therefore be determined from the difference in
Fourier coefficients between field and no-field epochs.

PBO(fo) = P(Bo’fo) - Po(fo) (1)

For a sinusoidal magnetic fieid, the inductive signal
is directly proportional to the product of frequency and
field strength; the Fourier coefficient of the induced
signal is therefore proportional to the product of the
squares of frequency and field strength (Serway 1990).
Differences defined as in Eq. 1 but formed at 2B, and
4B, therefore correspond to 4 times and 16 times the
difference observed at B, respectively;

4PBo(f0) = P(ZBo’fo) - Po(fo) (2)
16PB(,(fo) = P(4Bo’f0) - Po(fo) (3)

If the volume conductor is the head of a human
subject, and the voltage is the EEG measured from any
pair of electrodes during application of the field, the
Fourier coefficient corresponding to an exposed epoch
can formally be considered to be the sum of three
contributions: the inductive signal, the EEG that would
be present if no magnetic field were applied, and a

putative effect of the field on the EEG. When modi-
fied to allow for an effect of the field (1, and u; at B,
and 2B, respectively), Egs. 1 and 2 can be rewritten

[P(Bo’fo) - PB(,(fo)] ~P(ty) +py =0 (4)
[P(ZBo’fo) _4PBL‘(f0)] —Po(fn) +“‘2=U (5)

where P,(f,) now represents the sum of the signals due
to the control EEG and noise,
If

[P(B()’fo) - PB“(fO)]
it follows that u; # 0. Similarly, if
[P(2B,.f,) — 4Py (£,)] = P(t,) 0 (7)

= Py(f,) # 0 (6)

then u, # 0. Thus, an effect of the magnetic field (B,
2B,) on EEG activity (u,, u, # 0) can be inferred from
a comparison between P(f) and the EEG power
measured during application of the field but corrécted
for the inductive signal ((P(B,{,) — Py (f,)], [P(2B,.f,)
— 4P (f)D. If, after subtracting the inductive signal,
the EEG power were the same as that in the absence
of the field, it would follow that the field had no effect
on the EEG; otherwise, the null hypothesis must be
rejected.

A trial consisted of the presentation of the magnetic
field for 2 sec, followed by an interstimulus period of 5
sec (Fig. 1B). P(B_,f ) and P(2B_.f,) were computed
for each exposure epoch in a series of 50 trials; P(f )
was determined from the 2-sec intervals immediately
preceding each of the exposure epochs. Since EEG
power was generally negligible in comparison with the
inductive signal caused by 4B, PBO(fO) could best be
estimated from Egq. 3 (highest signal-to-noise  ratio).
[P(B,.f,) — Py (f,)] and [P(2B,.f,) — 4P (f,)] were
each compared with P(f ) using the Wilcoxon signed
rank test (Pfurtscheller and Aranibar 1977) at a signifi-
cance level of P < 0.05. If statistically significant differ-
ences were found in the EEG from a particular elec-
trode, it was inferred that the subject responded to the
presence of the field by exhibiting altered brain electri-
cal activity at f_. The analysis was performed for each
of the 6 electrodes (referred to linked ears) for each
subject, using 50 trials with B = 0.2" gauss and 50
additional trials with 2B, = 0.4 gauss. The overall pro-
cedure is depicted in Fig. 1.

Saline, tap water and a melon were used to evaluate
the accuracy of the measuring system and the validity
of the procedure for determining the effect of field
strength on the magnitude of the inductive signal. For
measurements in saline and tap water, 6 measuring
electrodes were attached to the curved surface of a
plastic cylinder (20 cm in diameter), which was im-
mersed in either normal saline or tap water. The
electrodes were placed in one plane, with spatial sepa-
rations and locations that approximately corresponded
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Table 2

Evaluation of the method of measuring spectral power during application of a magnetic field

Fields of 0.2, 0.4 and 0.8 gauss at either 1.5 or 10 Hz were applied to normal saline, tap water, and a melon, as depicted in Fig. 1. The power at
the frequency of the applied field (averaged over 50 2-sec epochs) was computed for electrodes located to correspond to the indicated standard
(10-20 system) EEG electrodes. The measurements obtained at 0.2 and 0.4 gauss are expressed as a percent difference relative to that obtained
at (.8 gauss. taking into account the expected proportional differences between different field strengths. The results are expressed in terms of the
percent difference (PD) between the observed (O) and expected (E) values: PD =100x [(O—E)/E|. Individual measurements were repro-
ducible to within 5%. Electrode resistances 0.1-0.2 k), 1-2 kQ, 2-3 k{ for saline, tap water, and melon, respectively

Electrode Percent difference in spectral power (%)

1.5 Hz 10 Hz

Saline Tap Saline Tap Melon

02G 0.4G 02G 04G 02G 04G 02G 04 G 0.2G 04 G
Cy 5.1 6.6 10.9 3.0 6.1 23 7.6 4.0 15.0 42
Cy 23 0.0 16.1 7.8 9.7 3.7 7.8 7.4 5.6 5.6
P, 7.1 14.3 7.0 0.0 10.8 8.7 6.6 3.8 11.2 21.5
P, 8.7 6.5 33 0.8 6.1 23 5.3 29 18.5 1.6
0, 18.8 2.2 4.8 7.4 16.9 7.7 2.2 9.1 13.7 7.7
O, I.1 2.5 3.1 7.4 8.3 3.1 8.0 4.0 3.8 4.0
Mean + SE 6.7+1.1% 744 1.0%

to the central, parietal, and occipital electrodes on the
human subjects. All measurements were referred to a
single reference electrode, located anteriorly, and in
the same plane as the measuring electrodes. The loca-
tions of the electrodes on the melon were also similar
to the electrode locations on the human subjects.

3. Results

The contribution of the inductive signal in each of
the passive conductors was found by applying 0.8 gauss
and using Eq. 3, and the value thus determined (the
expected value) was compared with those found during
application of 0.2 and 0.4 gauss, respectively, using
Eqgs. 1 and 2 (the observed values). The inductive signal
at (.2 and 0.4 gauss was essentially as expected on the
basis of the assumption of a proportional response
(Table 2); the mean percent differences for the 3
conductors were 7.4 and 6.7% at 10 Hz and 1.5 Hz,
respectively. Thus, the response of the measuring sys-
tem to induced signals in passive conductors was pro-

Table 3

portional to the square of the field strength and fre-
quency, as expected.

Typical results obtained from a human subject using
10 Hz are shown in Table 3, which lists the mean
10-Hz power from the control and exposed epochs
from subject No. 1, after correction for the inductive
signal. The 10-Hz power during the control epochs
measured from C; and C, was 454 and 768 uV?,
respectively; during application of the field the corre-
sponding values were 1514 and 3756 ©V?2, and each of
the distributions differed significantly from their corre-
sponding controls as determined by the Wilcoxon test.
Significant differences were also found at the other
electrodes during application of 0.2 gauss, and at the C
and P electrodes during application of 0.4 gauss. The
results for all 10 subjects exposed to the 10-Hz field are
summarized in Fig. 2, which gives the observed signifi-
cant changes in spectral power caused by the magnetic
field, expressed in terms of the magnitude of the
percent difference between the observed and expected
values. The 10-Hz field produced significant effects in
the 10-Hz EEG power from 1 or more electrodes in 8

EEG spectral power at 10 Hz in subject no. 1 exposed to 10-Hz magnetic fields
The absolute value of the mean + SE are listed for the Control epochs [P,(10)] and for the exposed epochs after correction for the inductive
signal [P(0.2,10)— Py, ,(10)), and [P(0.4,10)— 4P, ,(10)]. The distributions were compared using the Wilcoxon test

Electrode Spectral power at 10 Hz (,LLVZ)

0.2 gauss 0.4 gauss

Control Exposed P Control Exposed P
C, 454+ 82 1514 +350 (0.002) 407+ 55 15321+ 1004 (0.0001)
C, 768+ 162 37564418 (0.0001) 443+ 68 14820+1119 (0.0001)
P, 704 + 164 307+139 (0.0001) 453+ 68 522+ 529 (0.04)
P, 1282+ 327 603 +130 (0.0001) 822+ 174 20044+ 376 (0.0001)
O, 7934 101 23264485 (0.0001) 1100 +222 604 +1592 0.47)
o, 797+ 127 6907 + 648 (0.0001) 2038 +643 2287+ 2368 (0.99)
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Fig. 2. Change in spectral power of human subjects at 10 Hz during
application of a 10-Hz magnetic field, The results are expressed in
terms of the percent difference between the observed and expected
power. The solid and open bars correspond to 0.2 and 0.4 gauss,
respectively. Data from nonsignificant comparisons are omitted (in-
dicated by asterisks). Percent differences greater than 100% are
shown as 100%.

of 10 subjects exposed to 0.2 gauss, and in all 10
subjects when exposed to 0.4 gauss.

Table 4 shows typical results obtained during appli-
cation of 1.5 Hz, and the results for all 1.5-Hz subjects
are summarized in Fig. 3. Significant effects on EEG
power from 1 or more electrodes was found in 6 of 9
subjects exposed at 0.2 gauss, and in all 9 subjects at
0.4 gauss (Fig. 3).

In all 4 of the field conditions studied, statistically
significant responses were usually observed at 2 or
more electrodes (Fig. 4).

4. Discussion
In each subject, the magnetic field altered ongoing

brain activity at the frequency of stimulation from one
or more electrodes (Figs. 2 and 3). The effect was more

Table 4

PERCENT DIFFERENCE (%) AT 1.5 Hz
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Fig. 3. Change in spectral power of human subjects at 1.5 Hz during
application of a 1.5-Hz magnetic field. The results are expressed in
terms of the percent difference between the observed and expected
power. The solid and open bars correspond to 0.2 and 0.4 gauss.
respectively. Data from nonsignificant comparisons are omitted: (in-
dicated by asterisks). Percent differences greater than 100% are
shown as 100%. X, data not recorded.

likely at 10 Hz compared with 1.5 Hz, and more likely
at 0.4 gauss compared with 0.2 gauss (Fig. 4), but the
strength of the effect was not proportional to either
frequency or field strength (Figs. 2 and 3). A possible
source of error that could vitiate these inferences would
be the existence of passive contributions to the signal
during presentation of the magnetic field other than
Faraday induction. If so, every comparison between
field-on and field-off groups of data would be biased
because no corrections were applied for non-inductive
signals, But non-inductive contributions were not seen
during measurements of the passive volume conduc-
tors, where the observed signal was as expected on the
basis of induction alone to within an average of about
7%. Consequently, any putative non-inductive contri-
bution must be such that it exists only for some volume

EEG spectral power at 1.5 Hz in subject no. 11 exposed to 1.3-Hz magnetic fields '
The absolute value of the mean+ SE are listed for the control epochs [P(1.5)] and for the exposed epochs afier correction for the inductive
signal [P(0.2,1.5)— Py »(1.5)], and [P(0.4,1.5)— 4P 5(1.5)l. The distributions were compared using the Wilcoxon test

Electrode Spectral power at 1.5 Hz (uV?) B
0.2 gauss 0.4 gauss
Control Exposed P Control Exposed P
C, 3836+ 551 2013+ 618 (0.003) 3656 1+ 893 674 +756 (0.007)
C; 2111+ 318 1898 + 369 0.50) 2391 +£272 1548+ 503 (0.03)
P, 2895+ 419 3223 +634 (0.91) 3662+ 679 2042 + 0611 (0.15)
P, 2133 +352 2664 + 601 (0.94) 3002 +464 1775 + 458 (0.13)
O, 2845 +448 4343+ 798 (0.23) 4251 +655 4500+ 876 (0.70)
0, 3304 £702 3483 +634 (0.92) 44124705 4857+ 932 (0.5%)
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Fig. 4. Percent of subjects that manifested a significant response to a
field at I or more electrodes. as a function of the number of

electrodes.

conductors (the human head) and not others (saline,
tap water, and a melon). Further, if non-inductive
signals were present during measurement of the EEG,
they must have (1) occurred in some subjects and not
others, (2) occurred at some electrodes and not others,
and (3) been independent of field strength; these char-
acteristics seem incompatible with passive physical sys-
tems. Other potential sources of error include artifacts
due to movement of the head or electrode wires, and
interference due to respiration. There is, however, no
reason to expect that such events occurred differently
or more often in exposed than control epochs; uncon-
trolled motion would therefore have biased the results
toward acceptance of the null hypothesis.

Neither age, sex nor the presence of symptoms had
any apparcnt differential role in the elaboration of the

observed effects, but the number of subjects within
each such class was too small to permit reliable evalua-
tion of class-specific effects. The question whether the
effects were due to a direct interaction or were a
consequence of an alerting response were not ad-
dressed in this study.

Examples of specific frequencies within the central
nervous system in relation to particular biological end-
points include 8-9 Hz in the relaxed state and 1-2 Hz
in deep sleep. In general, however, it is not clear how
most of the various frequencies that can be extracted
from the EEG using techniques such as the fast Fourier
transform should be regarded. They may originate from
relatively monochromatic physiological oscillators, or
perhaps they are merely mathematical constructs use-
ful for representing the sum of myriad post-synaptic
potentials and action potentials that propagate to the
scalp by volume conduction. The results reported here
indicate that the external EMF was transduced, result-
ing in an alteration in the EEG at the frequency of
stimulation. Thus, if electrophysiological activity at a
particular frequency were a part of the mechanistic
chain leading to a particular responsc, then observa-
tions of the response could be used to assess CNS
function. Time-estimation tasks, for example, appear to
be particularly sensitive to specific EMF frequencies
(Medici 1988).

The locus of EMF transduction is still undeter-
mined, but it occurred during a 2-sec exposure epoch,
thereby suggesting that it is in a neural or perineural
cell. The transduction mechanism may involve sub-
threshold changes in cell membrane potential (unpub-
lished data).

In summary, the EMF affected the EEG at the
frequency of stimulation in all subjects tested; the
spectral power depended on both the subject and the
conditions of measurement, and there was a nonlinear
relationship between field strength and the magnitude
of the response. Similar results were found previously
in rabbits exposed to 1-1.5 gauss, 5-10 Hz (Bell et al.,
1992a). The similarity in the responses observed in the
animal and human studies may indicate that the mech-
anism of interaction of the EMF with ncural tissue is
similar in the two species. Thus, the rabbit may be an
appropriate species for studying mechanistic and dosi-
metric aspects of tissue-EMF interactions.

References

Adey, W.R. (1970) Cerebral structure and information storage. Prog.
Physiol. Psychol., 3: 181-200.

Bawin, S.M., R.J. Gavalas-Medici and W.R. Adey (1973) Effects of
modulated very high frequency fields on specific brain rhythms in
cats. Brain Res., 58: 365-384.

Beil, G.. A. Marino, A. Chesson and F. Struve (199]1) Human
sensitivity to weak magnetic fields. Lancet. 338: 1521-1522.



32 G.B. Bell et al. / Journal of Neurological Sciences 123 (1994) 26-32

Bell, G., A. Marino, A. Chesson and F. Struve (1992a) Electrical
states in the rabbit brain can be altered by light and electromag-
netic fields. Brain Res., 570: 307-315.

Bell, G., A. Marino and A. Chesson (1992b) Alterations in brain
electrical activity caused by magnetic fields: detecting the detec-
tion process. Electroenceph. Clin. Neurophysiol., 83: 389-397.

Gavalas, R.J., D.O. Walter, J. Hamer and W.R. Adey (1970) Effect
of low-level, low-frequency electric fields on EEG and behavior
in Macaca nemestrina. Brain Res., 18: 491--501.

Gavalas-Medici, R. and S.R. Day-Magdaleno (1976) Extremely low
frequency, weak electric fields affect schedule-controlled behav-
ior of monkeys. Nature, 261: 256-259.

Hamer, J. (1968) Effects of low-level, low-frequency electric fields on
human reaction time. Commun. Behav. Biol., 2: 217-222.

Medici, R. (1988) Behavioral measures of electromagnetic field ef-
fects. In: A. Marino (Ed.), Modern Bioelectricity, Marcel Dekker,
New York, NY, pp. 557-585.

Niedermeyer, E. (1987) The normal EEG of the waking adult. In: E.
Niedermeyer and F.H. Lopes da Silva (Eds.), Electroencephalog-
raphy, 2nd edn., Urban and Schwarzenberg, Baltimore, MD

Oppenheim, A.V. and R.W. Schafer (1975) Digital Signal Processing.
Prentice-Hall, Englewood Cliffs, NJ.

Pfurtscheller, G. and A. Aranibar (1977) Event-related cortical
desynchronization detected by power measurements of -scalp
EEG. Electroenceph. Clin. Neurophysiol., 42: 817-826.

Serway, R.A. (1990) Physics for Scientists and Engineers. Saunders,
Philadelphia, PA.

Wever, R.A. (1987) The electromagnetic environment and the circa-
dian rhythms of human subjects. In: M. Grandolfo, S.M. Michael-
son and A. Rindi (Eds.), Biological Effects and Dosimetry of
Static and ELF Electromagnetic Ficlds, Plenum Press, New York,
NY.



