


FIG. 1—MAGNETIC FIELD drop-offs. A fast drop-off of 1/t3 (a), 1/r2 (b), and a slow drop-off

of 1/r (c) is typical of many sources of magnetic fields.

describing possible hazard lev-
els. If you are more interested a
detailed account of scientific
findings and the political history
of the effects of magnetic-field ra-
diation, we suggest a three-part
series of articles by Paul Brodeur,
The New Yorker (June 12, 19, and
26, 1989). “60-Hz and The
Human Body”, IEEE Spectrum,
Parts 1-3, Volume 27, Number 9,
pages 22-35 (August, 1990) is
also a good source for technical
information. The Environmental
Protection Agency (EPA) has pub-
lished a report titled “The Evalua-
tion of the Potential Car-
cinogenicity of Electromagnetic
Fields”, publication number
EPA/600/6-90/005B. This report
contains analyses of 64 scientific
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studies, and is currently under
review by the Scientific Advisory
Committee.

Well, that's enough back-
ground for now. Let’s examine
some of the theory behind how
the ELF meter works.

Theory

The quantity of magnetic flux
density, B, is in units of webers/
meter?, or tesla (T). The magnetic
flux, ¢, is defined by the integral

b=[B-ds=BxA
where ds is the differential sur-
face area and A is the area that
the coil encloses.

For a coil immersed in a field,
the induced open-circuit voltage,
E, is equal to the number of turns
of a coil, N, times the rate of

change of flux through it.
E = IN x ddv/dfl

Note that the value of N x db/dt
is actually negative with respect
to the induced voltage value, but
for our purposes we will just con-
sider the magnitude of the prod-
uct. The direction of the induced
current is such that its own mag-
netic field opposes the changes in
flux responsible for producing it.

If we substitute for ¢ we get

E=N x A(dB/dt)
If the magnetic field of a sine
wave is B =a(sin wt), a is the am-
plitude in teslas and w is the an-
gular velocity (2af), then
dB = aw(cos wt)dt, and
E=N X Aaw(cos ot)

Since cos wt varies from +1 to
—1, the peak magnetic field is de-
fined as

E=NAa o

For a frequency of 60 Hz, o

equals
2rx60=377
For a coil size of 32" x 3", the

area is .0068 m?2, and therefore
E=256 Nxa

For the 12-turn pickup coil that
we'll use, the sensitivity is 30 uV
per pT.

Circuit description

The meters 12-turn field pick-
up is integrated into the unit’s
circuit board. For remote sens-
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SOURCES OF MAGNETIC FIELD EXPOSURE

1™

POWER GENERATING STATION

STEP-UP TRANSFORMER

TRANSMISSION LINES STEP-DOWN TRANSFORMER PRIMARY DISTRIBUTION LINES
(20KV), 3.0mT 5-20uT (69— 765KV) 5-20uT {4-35KV)
5~70uT, WITH 1-5uT, WITH MAGNETIC
MAGNETICA?EL!% DROP-OFF FIELD DROP OFF AT 112
Yr

DISTRIBUTION SECONDARY DISTRIBUTION LINES
STEP-DOWN TRANSFORMER (115/230V)
0.1~ 1T, WITH A 0.1~ 1T, WITH A SLOW
; FAST MAGNETIC FIELD MAGNETIC FIELD DROP-OFF
DROP-OFF AT 1/ OF 1/r (DUE TO UNBALANCED
~ PHASE AND NEUTRAL LINES)
! ELECTRIC UTILITY GROUND
HOUSEHOLD WATER PIPES
CARRY RETURN CURRENT AND
[ CREATE UNBALANCED FIELDS.
GROUND CURRENTS CAN BE
A PRIMARY SOURCE OF CONTINUOUS
EXPOSURE IN SOME HO(;-!ES. WITH
A SLOW DROP-OFF
% AT #fr [ ]
- o
— ceie o
REFRIGERATOR ves
0.1- 14T, SOURCE [ e
OF MAGNETIC FIELD S
1S FROM MOTOR IN
BACK OF THE APPLIANGE, ELECTRIC RANGE TELEVISION
S0 EXPOSURE IS LOW, DROP-OFF 6-200p7, MAJOR SOURCE 2 50T, MOSTLY
18 1/ OF MAGNETIC FIELD RF FIELDS BUT
1S RESISTIVE HEATING POWER TRANSFORMER
ELEMENTS, DROP-OFF AND VERTICAL SWEEP
18 112 PRODUCE MAGNETIC FIELDS,
DROP-OFF IS 1712
ELECTRIC BLANKET VACUUM MIXER HAIR DRYER
1= 5T, HEATING ELEMENTS 200~ 100047, 50~ 600uT, DROP-OFF 10—2000y, DROP-OFF
ARE CLOSE 70 BODY, AND FIELD DROP-OFF IS 1/ 180 IS 1

EXPOSURE CAN LAST OVERNIGHT,
DROP-OFF IS 142

FIG. 2—HERE ARE SOME PRIMARY SOURCES of magnetic field exposure with the range
of field intensity in teslas, and drop-off rates.
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FIG. 3—SCHEMATIC OF THE MAGNETIC FIELD METER. The magnetic field is picked up
by L1and appears as a voltage that is proportional to the field strength at the input of IC3-
a, which amplifies the signal to 100 p.V per p.T. The signal is then further amplified by IC3-b
and IC3-c to achieve the three tesia ranges.

PARTS LIST

Al resistors are Ya-watt, 1%, unless
otherwise indicated.
R1, R3, R12—10,000 ohms
B2, R11: R15--33,200 chms
R4—10 ohms
R5-R7. R22:R24, R27—1 megohm
A8, R29—464,000-chms
R9, R13, R28—100,000 ohms
R10, R14—1000 ohms
R16, R20--42.200 ohms
R17—2 megohms
R18--51,100 ohms

C3, C7,C15—0.1. uF. polyester

C4, C6, C10-10pF, electiolytic

C5, C9—6.5 pF, ceramic disc or mica
C11—100 uF 10 volis, electrolytic
C12-—22 [iF, 10 volts, electrolytic
C13—330 pF, polyester

C16—0.047 uF, polyesteror ceramic disc
C17—0.68 uF, polyester
Semiconductors

D1, D2—1N4148 switching diode

Q1, Q2—2N4124 NPN transistor
IC1—ICL 7106 A/D converter

L1—18 turns, 3" diameter remote-sensing
coil (optional, see text)

B1—9-volt alkaline battery, with connector

Case—Pac-Tec, HPS-9VB

NOTE:The following items are avail-
able from A & T Labs, P.O. Box 552,
Warrenville, IL 60555: A kit of all
parts including PC board and case,
without battery, $85.00; an etched,
drilled ‘and plated through PC board
with solder mask and silk-screened
parts placement, $15.00; a fuily as-

R19--46,400 ohms 1C2—4070 or 4030 quad 2-input sembled and tested unit, $109.00.
R21—1-megohm potentiometer, 5% exclusive-OR gate Add 6.75% sales tax for lilinois resi-
R25—22,100 ohms IC3—1F347 quad JFET input op-amp dents; 5% shipping and handling in

R26--20,000-chm potentiometer, 5%
Capacitors

C1, C8--4.7 uF, 10 volts; electrolytic

C2, C14—0.1 uF, electiolylic or polyester

DISP1—LCD-002 liquid crystal display
Other components

S1—MS51200, SPST (Alco)
$2--MS8S4300, SPDT (Alco)

U.S,, 12% shipping and handling in
Canada: Check or money order (UPS
COD in contiguous U.S. only) is ac-
cepted.
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ing, an external field coil probe
can be used. Figure 3 shows the
complete schematic of the cir-
cuit. The magnetic field picked
up by the coil appears as a volt-
age, which is proportional to field
strength and frequency at the in-
put of a cascaded amplifier IC3-a,
-b, and -c. With a first stage am-
plifier gain of 3.3 set by R12-R10,
the overall sensitivity is 100 uV
per pT, or 100 mV per mT. The
meter sensitivity is nominally 2
volts full scale, leading to the
lowest level sensitivity of 20 mT
full scale.

Op-amp IC3-a amplifies the
signal to a normalized level of 100
nV per 1 pnT. That voltage is fur-
ther amplified by 1, 100, or
10,000 by IC3-b and -c. The three
amplifier stages provide the three
magnetic field ranges of 2 mT,
200 pT, and 2 uT (full scale).
Components R3-C3 and R12-C7
establish a frequency roll-off
characteristic that compensates
for the frequency-proportional
sensitivity of the pickup coil, and
set the 20-kHz cut-off point.

Finally, IC3-d is a precision rec-
tifier and peak detector. Its out-
put drives IC1, a combination
analog-to-digital (A/D) converter
and LCD driver. Components
R25--R29 and C13-C17 are used
by IC1 to set display-update
times, clock generation, and ref-
erence voltages. The decimal
points are driven by IC2, as deter-
mined by the range-select switch
S2. Transistors QI and Q2 serve
as a low-battery detector, and
turn on the battery annunciator
in the LCD when the battery volt-
age drops below 7 volts.

Assembly and checkout

The finished unit shown in
Fig. 4 uses a double-sided PC
board, which is available from
the source mentioned in the
parts list. We also show the com-
ponent side and solder side of the
PC board if you choose to make it
yourself. You can, however, build
the circuit on a perforated con-
struction board if you like, but
remember to include the 18-turn
remote sensing coil, L1, as indi-
cated in the Parts List. Mount all
parts below the LCD display first.
Its easier to fix assembly prob-
lems if a socket is used with the
LCD. Install all parts as shown in
Fig. 5 paying attention to compo-
nent valves and capacitor polar-

ANGE-SE

SWITCH 52
FIG. 4—THIS IS AN INTERNAL VIEW of the magnetic field meter. Assembly is easy, just

install all components below the LCD first.
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FIG. 5—PARTS PLACEMENT DIAGRAM.

ities. If you are using the internal
sensing coil, install jumpers be-
tween L1-TP3 and L1-TP4.

If you are using the case spec-
ified in the parts list, raise and
angle the display as necessary
with wire-wrap IC sockets. Make
holes in the front panel for S1 and
S2. Mount the finished PC board
in the case using a spacer for the
single screw holding the center
bottom of the board, and attach

the battery connector. You are
now ready for power-up and
checkout.

With power on, adjust R26 for
1.000 volt between TP1 and TP2.
Then, select the 20 mT range and
short the pickup coil with a very
short lead between TP3 and TP4.
Adjust offset-null potentiometer

-+ R7 for a display of 0.00. Remove

the jumper, and the meter is com-
plete.
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LEARN VCR
CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK,WORKING
PART TIME FROM YOUR OWN HOME!

( Secrets
| Revealed!

NO Special
ools of

Equipment
Needed.

THE MONEY MAKING OPPORTUNITY
OF THE 1990°S
IF you are able to work with common small hand
tools, and are familiar with basic electronics {i.e. able
to use voltmeter, understand DC electronics). . . .
IF you possess average mechanical ability, and have a
VCR on which to practice and learn. . . .then we can
teach YOU VCR maintenance and repair!
FACT: up to 90% of ALL VCR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77 million VCRs in use today nationwide!
Average VCR needs service or repair every 12 to 18
months!
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho-
tos and illustrations) and AWARD-WINNING VIDED
TRAINING TAPE reveals the SECRETS of VCR mainte-
nance and repair—"real world” information that is
NOT available elsewhere!
Also includes all the info you'll need regarding the
BUSINESS-SIDE of running a successful service op-

eration’ REE INFORMATION
CALL TOLL-FREE 1-800-537-0589
Or write to: Viejo Publications Inc.

5329 Fountain Ave.
Los Angeles, CA 90029 Dept. RE

CIRCLE 188 ON FREE INFORMATION CARD

BeanFCC

LICENSED

ELECTRONIC TECHNICIAN!

Earnup to
o] $30 an hour
==J and more!
- NC)
y O il Y\
ﬂ“‘r’f\ 3 Learn at home in spare time.
: 1 | No previous experience needed!

No costly school. No commuting to class.
The Original Home-Study course prepares
you for the “FCC Commercial Radio-
telephone License.” This valuablelicenseis
your professional “ticket” to thousands of
exciting jobs in Communications, Radio-
TV, Microwave, Maritime, Radar, Avionics
and more...even start your own business!
You don’t need a college degree to qualify,
@ but you do need an FCC License.

| Z No Need to Quit Your Job or Go To School
O This proven course is easy, fast and low
L cost! GUARANTEED PASS-—You get your
0O FCC License or money refunded. Send for
* Y FREE facts now. MAIL COUPON TODAY!

wEess=sssm=omnmnnmnennnne e

ADDRESS
vy STATE zip

| L b1
; o1 COMMAND PRODUCTIONS
‘ Q1 FCC LICENSE TRAINING, Dept. 90 i
i &} PO.Box 2824, San Francisco, CA 94126 |
| ! Please rush FREE details immediately! i
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AUDIO
3 540)(4@10.7 X‘ AMP
=5.08x108 1T} m
1 AMP WILL GENERATE 60 Hz
=50pT SINE-WAVE
GENERATOR
=

FIG. 6—USE THIS TEST SETUP TO accurately calibrate your meter. A known current is
passed through a coil whose field intensity is known. A sine-wave generator provides the
60 Hz frequency, and an audio amplifier is coupled to the coil by an 8-ohm resistor.
Measure the voltage across the resistor, and use the calculations shown.

Calibration

Calibration of the meter is
basically determined by the pick-
up-coil characteristics, amplifier
gains, and meter reference-volt-
age setting. The amplifier gains,
as we previously discussed, are
chosen to match the coil charac-
teristics as closely as possible.

If you desire to calibrate your
meter more exactly, you will need
to generate a known magnetic
field intensity. One way to do that
is to pass a known current
through a coil configuration
whose field pattern charac-
teristics are known. Figure 6
shows such a calibration setup. A
good controllable signal source is
a sine-wave generator and an au-
dio amplifier, whose output is
coupled to a coil through an 8-
ohm resistor. Measuring the volt-
age across the resistor gives the
current. Then, calculate the mag-
netic field according to Fig. 6.
{Note that while all references to
field strength here are made in
teslas, gauss are also commonly
used. The conversion is easy: 1
tesla = 10,000 gauss.)

Place the meter inside the coil
and turn it on. Use the highest
sensitivity scale that does not
overrange the display. An over-

range is indicated by a display of
1 followed by three blanks. In
most cases, the 2 T range is sat-
isfactory.

Measurement interpretation

A great deal of controversy ex-
ists in the emerging understand-
ing of potential health hazards of
low-frequency magnetic fields.
The International Radiation Pro-
tection Association (IRPA) has set
some interim standards based
on 1984 World Health Organiza-
tion guidelines. Those IRPA stan-
dards specify a continuous
maximum magnetic field ex-
posure for the general public of
100 uT, and 500 uT as the max-
imum occupational exposure al-
lowed over the entire working
day.

Some European countries
have already adopted strict mag-
netic field emission require-
ments for video display termi-
nals, but the United States is
taking a more cautious approach
about developing and enforcing
such guidelines.

Whatever studies and data you
think are accurate, now you have
a way to measure your own ex-
posure and take whatever action
you believe is prudent. R-E




