
412 mn: TRANSACTION'S ON INSTRUMENTATION AND MEASUREMENT, VOL. IM-21, NO. 4, NOVEMBER 1972 

accuracy. of course, was far better than needed to generate 
0.1 percent delays. The overall module accuracy was mea- . 

. sured to be better than 1 percent of reading, ± 0.5 ns. 

VI. CONCLUSION 

The. folded-ramp circuit is an example of a measurement 
module designed specifically for use in computer-controlled 

systems. The circuit allows single-range time measurements 
over a range greater than 109 to l. Freezing the ramp, as 
opposed to sampling, has allowed t~e accuracy to be better 
than 1 percent of reading ± 0.5 ns,! The circuit is preferable 
for computer control since the processor is not tied up in re
peating measurements for the simulation of an autoranging 
module. 

Accuracy Limitation in Measurement.s of HF 
Field Intensities for Protection Agfl,inst 

Radiation Hazards 
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Abstract-The desired measurement accuracy; the relationships be
tween field intensity, absorbed power, and hazards; and· the usefulness 
of E and H field intensity measurements are discussed. Measurement 
accuracy versus the dimensions of the £-field antenna; measurement 
accuracy versus the capacitive coupling of the antenna with its sur
roundings; and measurement accuracy versus instrument calibration 
accuracy are all considered. A block diagram and the basic parameters 
of a universal measuring instrument now under developeent are 
included. i 

T HE Polish Central Research Institute ~or Labor Pro~ec
tion has, for a couple of years, dealt with some t.echmcal 

· and biophysical aspects of the protection of human beings 
against the e~ergy of el~ctric and magnetic fields within the 
frequency range of0.1-300 MHz. 

Special attention is paid to the accuracy evaluation of field 
intensity measurements in the Fresnel zone in the vicinity 
(decimeters, meters) of energy sources, and to a determination 
of a closer relation between electric field intensity and the 
electric .'!nergy absorbed inside the human body. 

DESIRED MEASUREMENT ACCURACY 

The concern with accuracy evaluation is caused by the fact 
that results of measuring the same near-field intensities with 
the different measuring instruments [1] ,[2] we have used are 
in many cases incomparable, as differences among them exceed 
100 percent. We wanted to explain the reasons for this 
situation, starting first with this questicn: "What accuracy of 
the measurement should be met from the point of view of 
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medical protection against electromagnetic fields?" We have 
found that this question cannot be1 answered as there is no 
universally applicable relation between intensities of electro
magnetic fieldJ and the biological effects they may cause. 

RELATIONS BETWEEN FIELD INTENSITY, ABSORBED POWER, 

AND HAZARP;S , · 
1, . 

Biological effects depend rather upon .the amount of electro-
magnetic field power dissipated in the human body which is 
not strictly related to field intensity. For example, for the 
same frequencies and intensities !of ,'electric fields below 
100 MHz, the amount of power disslpated in the human body 
ca:i take at least any values in an a~proximate range 1 : 4 due 
to the influence of an actual capacitiye coupling of the human 
body to the HF source. For general orientation only, a sim
plified calculation of that effect was made in two cases with 
the following assumptions (see [31 for an analysis of the 
mechimism of local increase in·the intensity of a hazardous HF 
electromagnetic field caused by the presence in it of a 
human being). 

1) For frequencies below 100 MHz a human body absorbs 
electric field energy in the same rltapner as homogeneous 
muscle tissue with resistivity p ~ constant ~ 1.2 n · m, per
mittivity k' ~constant~ 100, dissipaHon factor tan o ~ con-
stant~ 4. : . 

2) A quasistationary electric field of intensity E in volts per 
meter is parallel to the axis of a h~man body that can be 
considered as a solid cylinder 1.8 .m long and 0.3 m in 
diameter. 

3) The cylinder has an electric equivalent circuit in the form 
of series connections of a 0.33-µH inductance in series with a 
parallel network of re~istance 30 n and capacitance 34 pF. 

,. 
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4) The cylinder is situated in a vertical position on a con- ~OP'" tpaco 
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1) Per. plAtc; c~pa.clw 

ductive grounded plane. ) 
The cylinder is considered separately under the influence of 

two different types of electric field of the same intensity. In 
. the first case, a source 0f the field is far away from the cylinder 
and there is not any practical capacitive coupling between the 
cylinder and the source. In the second case, the cylinder is 
situated inside a parallel plate capacitor and does have capaci
tive coupling with the upper plate. 

For nboth cases, the same formulas were reached for the 
power absorbed in the solid cylinder as a fu11ction of frequency 

Po 

where P0 , Q0 , and fo are the power, Q factor, and frequency 
at resonance of the circuit which includes the solid cylinder 
and its capacity to surrounding space. Calculations done with 
the aid of the preceding equ_ation show that a human body 
seen as a solid cylinder has the first resonant frequency in the 
region of 60 MHz. 

In both cases discussed, the Q factor of the circuit Q0 ~4 
and the resonant frequency fo ~ 60 MHz. 

However, in the second case, values of Q0 and / 0 are re
duced about 10 percent, and P0 is increased, but the relative . 
power absorbec! in the rnlid cylinder goes up 1.5-2.2 times at 
frequencies lower than the resonant ones. It is, ur.d6ubtedly, 
a significant variation. These results are shown in Fig. 1. 
· Therefore, knowledge of field intensity and fieque,1cy does 
not yet give unequivocal characteri~tics of the electric field as 
a harmful factor for human health. Protection against harmful 
electromagnetic fields requires then not as much striving for 
accurate field intensity measurement as for precise determina-
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Fig. 1. The abso1bed power as a function·of frequency for a cylinder 
simulating a human body when exposed to 1) a distant source and 
2) a field in a parallel-plate capacitor. : ,\" 

For this kind of field, measurement of el~ctric field inte,1sity 
is quite adequate. For so-,;alled low-impede.nee fields with 
Wl-; > WE, both measurements of electric and magnetic com
ponents of the field should be carried ,out. Considering the 
present applications of HF electric currents; ·the last-mentioned 
fields occur with · inductive heating devices which operate 
usually at frequencies below 1 MHz. Seld0'm do these devices 

· work at hiftl1er frequencies up to 10 MHz. ,· · . 
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. tion of the power whii:h is dissipated in a human body and 
its time function. 

Concluding the above, measurements of e(ectric field intensi
ties at frequencies up to 300 MHz are of fundamental im- · 
portance and shculd be made in the vi~inify of any one field 
source, while the measurement of mag_netic field intensities is 

. ... i 
less useful and is usually restricted td som:e sources of fields l 

As measurements of that power are not yet possible, 

• i 
which operate at frequencies up to 1 MHz (~ 0 MHz). Because I 

, measurements of electromagnetic field intensity, or derivative 
of this fact, the remaining part of the pape( is mostly devoted 1 

to electric field measurements. · 
. magnitudes, are to be used as substitutes. Obviously, these 

measurements should be done with a measuring technique 
whose measurement accuracy is unequivocally determined and . 
adequate for actual measurements standards applied in science 
and technology. To get this measurement accuracy in the 
case of hazardous fields, properties of near-zone fields should 
be carefully studied. ,-

! l 
. 'i 

· MEASUREMENT ACCURACY VERSUS DIMENSIONS OF 

'£-FIELD ANTENNA ,' ,, 
On the basis of our own investigation carr,ied out during the 

past few years concerning field ·patterns in the vicinity of 
various HF sol.lrces, it ,may be state~ t~at elei::tric fields, inten- · 
sities of which are harmful to health, genet,ally occur in the 
near zone which implies an inductive comporient, the vector of 

USEFULNESS OF THEE AND H INTENSITY MEASUREMENTS which is in a radial direction from the source( 

Results of the biological investigations lead to the conclusion To determine its value, usually it is sufficient to use a field 

', 
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[4) (whici1 could probably be confirmed by, for example, intensity measuring instrument equipped 1with a directional 

measurements of a complex permittivity and permeability of · antenna. . 1 • • • . .• f, 
the human tissues), that in order to produce comparable harm- However, dipole antennas ought to'b_e used since they have, ·- _;: ~!: 
ful effects to human health, the density of the magnetic field in_ comparison with monopole antem;1as, mrch smaller sensi- I 
energy WH should be about 10 000 times the density of the · tivity to capacitive coupling with surro·~nding objects. . · i 

. electric field energy WE. Practically, it means that for fields in The 111ain factor limiting the length, of a ~ipole is the non- ' . 11-,: 

the radiation zone, and for so-called high-impedance fields, · uniformity of the electric field which exist~)n the immediate r 
where WE= WH or WE> WH, the harmful effect of the elec- vicinity of field sources [2] ,[4] ,[5]. · In this zone, the inten- '' 
tric field dominates definiteiy over the magnetic field effects. sity of an electric field decreases approxin,ately with the third 

.• \' : , • t ', I :1 
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power of the distance from an HF source. Therefore, to limit 
the error of measurement caused by the finite length of a 
dipole, the dipole should not exceed a value calculated accord
ing to the equation [2] ,[4] 

:0 1 2L~2R .. 1-. r.::7'1' 
. yp+ 1 

where R 0 is the distance from the center of a dipole to the 
electric field source and p is the permissible measurement 
error caused by the finite length· of a dipole. The formula 
sharply limits the dimensions of dipole antennas at distances 
less than SO cm. For example, if there is a need to measure 
field intensity at distances R 0 = 10-50 cm with a permissible 
error p = 0.05 (5 percent), then the length of a dipole antenna 
should not exceed 3.16 cm. 

MEASUREMENT ACCURACY VERSUS CAPACITIVE COUPLING 
iv c; BETWEEN THE ANTENNA ANn ITs 3uRRouNmNGs 

4' 
'I 

;r 

Potentials of electric field which produce a ~apacitive current 
flow between the field source and the earth may exert an 
important influence upon a measuring instrumem of nerr-zone 
fields, since the instrument may respond to the capacitive 
current in addition to the field intensity being measured 
[2] ,[4]-[6]. Currents of this type may flow in the fo!lowing 
circuits of a dipole antenna: capacitance coupling of a dipole 
arm with the HF source, coupling between the dipole arms and 
the instrument housing, and coupling between the instrument 
and the earth (housing of the field source). The coupling 
paths are illustrated in Fig. 2. 

To make negligible the influence of these currents on the 
indications of the instrument, they should not produce a volt-
age at the output terminals of the dipole which is comparable 

, , · \ with the voltage produced at this terminal by the measured 

I 
l , 

f 
l 
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intensity of the electric field. Therefore, the capacitive cur
rents / 1 and / 2 flowing throusµi both arms of a dipole under 
the influence· of the field potential should . be small and if 
possible, equal to each other. As the capacitances C1. and 
C2 , which couple the arms of a dipole with a source are 

_ i usually not equal, equality of the currents / 1 and / 2 can be. 

' l· 

~- ,, • reached with a required accuracy by placing correspondingly . 
t • high impedances Z I and Z2 (Z I = Z2 = Z) on current paths ,, ••, 

t ' going from the arms of the dipole toward the housing of the 
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instrument. Simultaneously, the following conditions should 
be satisfied: 

It should be noted that impedances Z I and Z2 may consist of 
resistances R 1 and R2 =R placed purposely in series with 
wires connecting the arms of a dipole and the input of the 
measuring circuit, and of stray capacitances appearing between · 
the arms of a dipole and instrument housing or grounded 
objects surrqunding the dipole. So, to maintain the proper 
balancing effect of resistors R I and R 2 , values of the afore
mentioned capacitances should be reduced to a minimum, 
which may require removing the main body of the instrument 
away from the dipole a disi.ance at least 20 times the dipole 

Fig. 2. 
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Near-field capacitive coupling between a dipole antenna, its 

surroundings, and a sour~e. 

length. Also, the wires connecting the dipole with the measur
ing circuit should not be shielded. 

With the properly c!lo~en resistances R I and R 2 and suffi
cient distan::e between the dipole and the instrument housing, 
touching the housing by a person carry\ng out measurements 
s!iould not have considerable influence upon the measure-'• 
ment results. - ' 

I 

In order to limit the values of currents / 1 and / 2 , the im-
pedance _between the housing of the instrument and the earth 
should be high. ThereforP,, the instrument housing should not 
be . grounded and· the instrument should have an internal 
power supply .. 
. It is ,;1ort_h emphasizing that high values of the resistances 
R I and R 2 also limit variations of the instrument indicaticns . 
due · to the difft:rences in the potentials ~hich may exist be
tween the arms of a dipole and the housing of the instrument. 

Obviously, a large distam,e between a dipole and the in-
' strument housing also reduces the influence of the housing ,. 

upon the field pattern in the dipole region.: 
Experimental investigation carried out in :ypical electric 

fieMs have proven that the presence of a person at a distance 
of approximately 1 m from the line connediny the field source 
with a measuring antenna does not produc~ ia measuring error .· 
greater than S percent in the case of an instrument where a ·. 
dipole antenna of 5-cm length was used,ancl:kompensation had -
been made for· the influence of ~xternal 9apacitite coupling · . 
[21,[7]. · , l. .... - _ 

/ . , 
. . . .., . -~ D. . 

MEASUREM:3NT ACCURACY VERSUS 1,NSTRUMENT 

CALIBRATION ACCURACY! 
. I .; 

In many cases poor calibration accurac~ can also be an 
important source of measurement er.rors,i: often exceeding 
10 percent. There is need for low cost and accurate calibration 
test stands, ready to use during productio~ and exploitation 
of the instruments. It is believed that this"kind of stand will 
be developed. , . 

For calibration of electric field inten~ity fustruments in the 
frequency range up to 30 (SO) MHz, :a sim'ple parallel plate 
capacitor. fed by a generator of S-W1,'.powe,r output can be 
successfully used [2],[5],[8]-[11]. For ~er frequencies, , 
however, this metho.d is not recommentled because of calibra-· 

. ' ' '.,1;., 
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.Fig. 3. Block-diagram of a portable instrument for measuring intensities of both electric and magn~tic fi~lds.-

TABLE I 
BASIC PARAMETERS OF THE MEASURING INSTRUMENT 

UNDER DEVELOPMI::NT 

Parameter 

Measuring range 
Frequency band 
Maximum influence of an electric 

HF potential of 
2000 V , . 

Linear dimensions ofthe 
antenna 

Antenna: instrument 
housing distance 

Electric Field 

0.5-2000 V/m 
0.1-300MHz 

20V/m 

4cm 

2m 

Magnetic Field 

0.5-500 A/m 
0.1-3 MHz 

0.5 Alm 

5 cm 

2m 

tion errors caused by resonant phenomena of the test stands 
and standing waves which arise between plates and on the · 
plates of the capacitor. 

During instrument calibration some additional measurements 
should be made to evaluate the influence of other field factors 
which could change the instrument indications. For these 
purposes, unique test stands become a necessity, too. 

It seems reasonable to list separately, in a technical de
scription of the instrument, those errors which are propor
tional to the measured field intensities and those errors which 
do not obey this proportionality and are caused, for example, 
by the mentioned capacitive coupling of the antenna with 
surrounding objects. 

The observed practice of stating an overall percentage 
accuracy of the measuring instrument without giving a de
scription of measuring conditions leads to confusion during 
measurements of field in tensity. 

Calculations of the measuring accuracy of the noxious fields, 
according to general principles of safety, should be so carried 
out as to ensure only positive errors in th~ measurements. · 

BLOCK DIAGRAM AND BASIC PARAMETERS OF A 

UNIVERSAL MEASURING INSTRUMENT 

UNDER DEVELOPMENT 

It is believed that the aforementioned factors are the funda
mental ones to be considered when dealing with accuracy of · 

electric field intensity measurements·. Similar factors also 
limit t~e accuracy of magnetic field inten4ty measurements. 
The above factors have been examined [5] ;'[12], and we }:lave 
made appropriate preparations to . develop', ia portable instru
ment that can measure the intensities o(both electric and 
magnetic fields. ,"i '· . . ·. 

A block diagram and basic parametirs ofthe instrument are 
I 

shown in Fig. 3 a:nd in Table I. , !! 
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