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MESA: A portable multi-energy sensor array for
low-frequency electromagnetic field fluctuations

JAMES HOVRAN, RENSELANGE, and DAVID L. BLACK
University ofIUinois, Springfield, Illinois

The study of the relation between electromagnetic fields and various psychological phenomena
would be enhanced by the measurement and correlation of time series over multiple energy bands.
The paper discusses the design and implementation of a computerized multi-energy sensor array
(MESA) that detects and records low-frequency energy fluctuations. The current implementation of
MESA focuses on the measurement of magnetic fields, infrared and visible light frequencies, and in
dices of seismic activity. However, MESAis sufficiently flexible to accommodate the measurement of
other variables as well, and it can be configured to suit applications in laboratory and field settings.
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Because electromagnetic fields (EMFs) are associated
with hazardous biological and behavioral changes, their
detection and measurement are an important issue (see,
e.g., Kristensen, 1989; Persinger, Ludwig, & Ossenkopp,
1973; Wiedemann & Schultz, 1995). Whereas most re
search emphasizes man-made sources of EMFs, such as
power lines (e.g., Savitz, 1993), the effects of increased
geomagnetic activity have received less widespread atten
tion. This is unfortunate, since increases in geomagnetic
activity are correlated with medical conditions such as sud
den infant death syndrome (R. P.O'Connor & Persinger,
1997) and immunological alterations (Persinger, 1983).

Geomagnetic activity is also associated with more be
nign effects, such as the onset of hallucinatory episodes
and other abnormal behaviors (e.g., Gearhart & Persinger,
1986; Persinger, 1988, 1993; Persinger & Cameron, 1986;
Randall & Randall, 1991). It has been hypothesized (Per
singer, 1988, 1993) that an increase in geomagnetic ac
tivity alters melatonin and serotonin levels in the temporal
lobe, leading to microseizures. The accompanying hallu
cinations and perceptions may involve vestibular alter
ations, auditory sequences, odd smells, visual forms, acute
emotional responses, and disruption from sleep (partic
ularly during REM periods) (Baldwin, 1970; Sterman,
Shouse, & Passouant, 1982). It has further been found that
these effects closely resemble sensations reported by in
dividuals whose temporal lobe structures are stimulated
by focused, extremely low-frequency electric currents
(Persinger & Cameron, 1986).

The research cited above characteristically samples only
a limited number of electromagnetic frequencies. Savitz
(1993), however, has argued that the interactions among
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the various frequencies of the electromagnetic spectrum
may be ofcrucial importance, considering the notably dif
ferent effects of ionizing radiation, microwaves, and vis
ible light on physiological functioning. Consequently, it
seems desirable to study the physiological effects associ
ated with the interactions ofmultiple frequencies over time.

This paper describes a multi-energy sensor array
(MESA), capable of sampling and recording several dif
ferent frequencies over time so that they can be correlated
with standard signal-processing techniques (e.g., Steams
& David, 1988). The current version of MESA was de
signed to investigate Persinger's hypotheses related to ge
omagnetic activity. For this reason, the presentation em
phasizes the measurement of magnetic fields, infrared
(IR) and visible light frequencies, and seismic activity. We
want to emphasize, however, that MESA's design is suffi
ciently flexible to accommodate the measurement of
other EMFs as well, and that it can be configured to suit
the needs ofapplications in laboratory and field settings.

MESA
System and Support Specifications

As is shown in Figure 1, the current implementation of
MESA can accommodate a maximum ofeight sensor in
puts that lead into a data acquisition board that is con
trolled by a portable minicomputer with a moderately
sized hard disk drive. Naturally, a phone link can be used
between experiments to download the data to a larger com
puter system with greater secondary storage capacity.

The technical specifications for MESA are listed in
Tables 1 and 2 for quick reference. Here we will describe
the sensors used in the current implementation ofMESA,
together with their functional properties.

Sensors
Although MESA can accommodate up to eight sensor

channels simultaneously, only five are used currently.
Channels 1 & 2: Tri-Field meters (AlphaLab, Inc.)

can detect three fields-magnetic, electric, and radio fre-
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Figure 1. An outline of MESA.

Table 1
Technical Specifications for MESA

wavelength light) regions, and (2) the response of the IR
sensor is much faster, in the nanosecond range. Calibra
tion tests revealed that a 60-Hz flicker source is very eas
ily seen on the IR's output, and response to light changes
is virtually instantaneous.

Channel 5: The Vibration/relative seismic activity
sensor (Radio Shack, No. 273-091) is a large piezoelec
tric transducer, which is sold as a speaker element. By
mechanically coupling the device to a suitable structure,
such as a door frame or floor, it functions as a vibration
sensor. Voltages as high as +11 V were measured from
the device with moderate levels of compression. High
levels of compression presented a problem for the AID
equipment, because overloading ofa +5-V AID input re
sulted in "splatter" across adjacent channels. However,

quencies. However, the three fields cannot be sampled
simultaneously. The meters have two ranges for magnetic
fields, 0-3 mG and 0-100 mG. These meters measure
the RMS value of sinusoidal magnetic fields. This is a
limitation of the device, which is designed to measure ac
magnetic fields from 0.2 to 100 mG at 60-Hz frequency.
The output voltage for the meter ranges from 0.89 V for
a "zero" indication, to approximately 2.55 V for a full
scale indication. Calibration tests have shown that this
output voltage remains proportional to the external field
strength even past the meter's ability to visually indicate
the field strength (i.e., the meter was "pegged").

Channel 3: A CdS photoresistor (Radio Shack,
No. 276-1657) operates in the variable resistance mode
and is sensitiveto visible light wavelengths. The frequency/
sensitivity curve for CdS is very close to that ofthe human
eye. Its time domain response characteristic is variable;
that is, its output depends on how quickly the intensity of
a light source is changing. Minor variations appear to be
tracked precisely. For instance, the 60-Hz flicker of a
fluorescent light is easily seen on the output ofthis detec
tor. However, large changes can require up to 2 sec to be
accurately reflected in this sensor. The sensor is such that
a high voltage results from low ambient light conditions,
and a low voltage results from high ambient light condi
tions. A pull-up resistor is selected which nets the de
sired sensitivity.

Channel 4: The infrared photoresistor (Radio Shack,
No. 276-145) consists of a single transistor whose base
region is sensitive to IR wavelengths. Connections to the
base and emitter terminals of the transistor make it pos
sible to use it as a variable-resistance device, similar to the
CdS photoresistor mentioned above. The IR transistor's
characteristics with regard to light levels are very simi
lar to those of the CdS device, with two exceptions:
(l) The IR sensor is most sensitive in the infrared (long-

Number of channels
Sampling resolution
Sampling frequency

Input voltage
Input impedance
Voltage supply requirement
Current supply requirement
Power requirement
Sensor types supported

Input connector type
Time base

Computer interface

Digital I/O (computer view)

8
8 bits (256 discrete values) per channel
Variable: 1-40,60, and

1,440 samples/sec
0.0-5.0 V (each channel)
>20 Mil (each channel)
+12 V de
700 rnA (computer), 10 rnA (ND unit)
9W
Variable voltage (chs. 1-8), Variable

resistance (chs. 1-4)
50 il BNC
Supplied from host computer: 100-Hz

interrupt-driven clock
Bidirectional Centronics-compariblc

parallel port (TTL)
A(}-A2 (output): channel select
Data (input): serial data from A/D

converter
Clock (output): sample start signal and

data clock
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Table 2
MESA Data Storage Format: Variable-Length Packets

Byte Contents

[7] = I Packet contains timestamp
[7] = 0 Packet does not contain timestamp
[6:4] Reserved
[3:0] No. of one-byte samples to follow

(time-stamped packet)
2-5 Four-byte time stamp:

long integer, Intel byte ordering-seconds
elapsed since 00:00:00 GMT, January I, 1970

6-n channel data, lowest numbered channel first

(non-time-stamped packet)
2-n channel data, lowest numbered channel first

this problem was solved by placing a 5-V Zener diode
across the piezo's terminals so that any output voltages
higher than the Zener would shunt to ground.

Support Parts and Sources
All pull-up switches (RSI-RS4) used in MESA are

composed of 6PDT rotary switches from Radio Shack
(No. 275-1386) and multivalued resistors pulling up the
sensor inputs to +5 V All resistors are a O.25-W, 5% tol
erance, carbon film type (JDR Microdevices, RA30). The
project box (i.e., instrumentation case) is a JDR, GPB-862.
In addition, 50-Q BNC chassis connectors (JDR BNC
F), a 7805 +5-V regulator (JDR, 7805T), and a parallel
port connector (to computer) (JDR, DB25S) are used.
MESA currently uses coaxial cables (RD58U), approxi
mately 25 ft in length, for connection of the sensors to the
A/D converter.

Placement of the Sensors
Figure 2 illustrates the placement of the aforemen

tioned sensors for our research purposes. Optionally, a
2 X 2 ft Plexiglas sheet may be used to affix the sensors
(i.e., the two Tri-Fields and the two light sensors) in a
fixed position by means ofVelcro or electrical tape. This
arrangement facilitates their mobility, since all secured
sensors may now be moved simultaneously. However, the

Plexiglas

Tri-Reld

piezoelectric transducer is bonded to the floor, ground,
or other stable surface.

Data Acquisition Board
MESA's data acquisition board comprises an eight

channel analog multiplexer (JDR, 4051) and a serial
AID converter (JDR, ADC0831) with 8-bit resolution
(±0.5 LSB) and maximum 32-,usecconversion time. The
first four inputs to the analog multiplexer are wired to
6PDT rotary switches, with the first five switch positions
causing the multiplexer inputs to be connected to resis
tive pullups to the +5-V rail: lK, 4.75K, 10K, lOOK, and
1 MQ. The sixth (rightmost) position ofthe rotary switch
provides no pull-up voltage. The remaining four inputs to
the analog multiplexer (channels 5-8) are wired directly
to the multiplexer's inputs, for use with variable-voltage
sensors only.

The computer A/D unit interface is via the computer's
parallel port, utilizing TTL voltages (0 and +5 V). Three
pins are outputs (AO-A2) and select which of the eight
of the analog mulitplexer's inputs are to be connected to
the ADC's input. One pin is the clock output, which sig
nals the start ofa sample to the ADC and also clocks data
out ofthe ADC. The data input supplies serial data from
the ADC to the computer, clocked out one bit at a time,
by the clock output, as mentioned above.

Although the eight channels are sampled sequentially,
this occurs so quickly that the process appears simulta
neous. In particular, the skew between the channels can
hardly be detected for rates up to 40 samples/sec. The
exact sample rate may vary somewhat over a session, be
cause the computer's operating system Linux features
multiprocessing, which may occasionally cause the CPU
to be diverted from the task of sampling. It was found,
however, that the variations in the sampling rate were in
significant when no contention for processor resources
existed.

Unconnected analog inputs were pulled up by a I-MQ
resistor to +5 V, to minimize channel crosstalk. The ana
log multiplexer (and wires leading to its inputs) exhibit
some capacitive effects, which causes signal levels from

Tri-Reld

IR

MESA Piezoelectric
Transducer

Figure 2. Sensor arrangement in current implementation of MESA.
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previous channels to be held if not actively driven by a
signal source or resistive pull-up. This prevents the ap
pearance of"shadowing" effects or signal changes in ad
jacent channels following signal changes in an active
channel. With sufficient strength pull-up (or the pres
ence ofanother active signal source), the effects of shad
owing can be completely nullified. Note that shadowing
occurs only in completely unconnected channels.

The Computer System
MESA runs on a sub-notebook computer featuring an

Intel 80486 SLC 33-MHz processor with 4 MB of RAM
and an 85-MB hard drive, using the Linux operating sys
tem. All software is written in Gnu C compiler and
SVGAlib-a package of display primitives for the VGA
display most commonly found on IBM-PC-compatible
systems. The supplied software utilizes the 640 X 480
X 1 bit plane mode to display sampled data in "real-time"
(i.e., while the experiment is in progress) as well as in
"playback" mode (i.e., after the data have been gathered).
At an acquisition speed of40 samples/sec, MESA's storage
requirement is 464 bytes/sec, or approximately 1.3 MB/h.
Other features, such as variable playback speed and mag
nification ofthe displays, are also implemented. Most im
portantly, variable alarm levels can be specified for any
one of the eight possible sensor channels. For example,
MESA currently uses a reading ofz? mG on both of the
Tri-Field meters over a 3-sec interval as a threshold to
trip the computerized alarm.

Power
MESA is self-contained, including the power supply.

Therefore, the various components (i.e., acquisition board,
computer, and most of the sensors) are powered by a 10
Ib, 12-V deep-discharge marine battery of34-AH capac
ity. The battery is connected to a positive voltage regula
tor (JDR, 7805T) which produces exactly 5 V, provided
that the battery voltage remains at or above +5 V. The
calibration tests on all of MESA's components and sen
sors indicated that the apparatus can be run for over 12 h
continuously on this battery before recharging is re
quired.

Archive
Upon the completion of an experiment, the observa

tional data can be transferred from the laptop computer
for analysis by two methods. The first is the use of a
pocket Ethernet adapter to transfer the data using file
transfer protocol (ftp) or other protocol utilizing a
TCP/IP networking infrastructure. In the prototype, a
TCP/IP stack for Workgroups 3.11 was installed on an
other computer, along with an Ethernet card, and sup
plied Telnet and ftp clients on the machine running Win
dows for Workgroups were used to transfer recorded
data. The second method is to log on to the laptop com
puter via its serial port and download data using a trans
fer protocol such as Zmodem.

DISCUSSION

This paper showed that it is feasible to construct a
multi-energy sensor array that is portable and relatively
inexpensive (the current implementation costs approxi
mately $3,000) and that can be operated by a single re
searcher. Thus, it becomes practical to obtain simultane
ous time series over multiple EMF bands not only in the
laboratory (see, e.g., Green, Parks, Guyer, Fahrion, &
Coyne, 1992; Radin & Rebman, 1996) but also in natural
settings. This approach may be especially pertinent to
studying the role of EMFs in instigating hallucinations
and other psychophysiological effects, since various se
ries of frequency interactions may elicit notably different
behavioral responses. The authors are currently using
MESA in field studies to extend the research correlating
EMFs with these hallucinations and abnormal behaviors.
However, research in this area might also provide insights
into the role EMFs have in such diverse areas as dream re
call (Sandyk, 1995), correction ofregulatory dysfunctions
(Vasilevskii, Sidorov, & Suvorov, 1993), rearing behavior
in rats (Rudolph, Krauchi, Wirz, & Feer, 1985), and physi
cal and psychological therapies (M. E. O'Connor, 1993).

Although it would certainly be possible to construct a
superior system by using more advanced components, cal
ibration tests indicated that MESA achieved the reliabil
ity and precision required for our research. In addition,
the option to substitute different sensors makes MESA
sufficiently flexible for use in a variety of settings.
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