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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

FOREWORD

1) T trterrational—Electrotechrical—Commisston—HEG)—is—a—wordwide—organizaton—for—standardization
comprising all national electrotechnical committees (IEC National Committees). Th€ Object of IEQ is to
promote international co-operation on all questions concerning standardization| in the\electhcdl and
elgctronic fields. To this end and in addition to other activities, IEC publishe$ It Stangdards,
Tdchnical Specifications, Technical Reports, Publicly Available Specifications \ eafter

referred to as “IEC Publication(s)”). Their preparation is entrusted to technical commj N ; tional

Cdmmittee interested in the subject dealt with may participate in thi S 2 K. Intepriational,

goyvernmental and non-governmental organizations liaising with the IE i i s_prepafation.

IEC collaborates closely with the International Organization for StandardizatioQ)(l$9Q) in\acgdrdancge with

cohditions determined by agreement between the two organization

2) The formal decisions or agreements of IEC on technical m
infernational consensus of opinion on the relevant subjects
representation from all interested IEC National Committees

as possible, an
committe¢ has

3) IEL Publications have the form of recommendations f (Nt pti accepted by IEC National
Cdmmittees in that sense. While all reasona 8 M at the technical content pf IEC
Pdblications is accurate, IEC cannot be v¥hich they are used or f¢r any
misinterpretation by any end user.

4) Inlorder to promote international uniformity
trgnsparently to the maximum extent poséible in th'

s“undertake to apply IEC Publidations
and regional publications. Any diverjgence
befween any IEC Publication and the corr
in the latter

icati spon%atlna or régional publication shall be clearly indicated
5) IELC provides no marking \rrocedufe to | dicate it dl and cannot be rendered responsible f¢r any

equipment declared to ke in sonfo

6) Allusers should ensure dition of this publication.

7) Ngq liability sha a > di , 8 Oyees, servants or agents including individual experts and
me¢mbers of its Yechfica itt ional Committees for any personal injury, property dgmage
or|other damage of 2 ether direct or indirect, or for costs (including legal feeg) and

expenses arising e of, or reliance upon, this IEC Publication or any othg¢r IEC

Pyblications.

8) Atfention is dra Qrmative references cited in this publication. Use of the referenced publicatjons is
indispensdble forthe appli¢ation of this publication.

9) AtjenfionN 5 ibllity that some of the elements of this IEC Publication may be the subject of
patentJi shall not ke held responsible for identifying any or all such patent rights.

The main taskyof IEG technical committees is to prepare International Standards. Howgver,
a technical-commiitée may propose the publication of a technical report when it has
collected data of a different kind from that which is normally published as an Internafional
Stangard, for example "state of the art".

CISPR 16-3, which is a technical report, has been prepared by CISPR subcommittee A:
Radio interference measurements and statistical methods.

This second edition of CISPR 16-3, together with CISPR 16-4-1, CISPR 16-4-3 and
CISPR 16-4-4 cancels and replaces the first edition of CISPR 16-3, published in 2000, and
its amendment 1 (2002). It contains the relevant clauses of CISPR 16-3 without technical
changes.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A bilingual version of this publication may be issued at a later date.
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The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

e reconfirmed;
e withdrawn;
e replaced by a revised edition, or

e amended.
The text of this report is based on the following documents:

Report 33 — p/o CISPR 8, 1969; Report 38 — p/o CISPR 8, 1969; Report 49 — p/o CISPR
8C, 1980; Report: CIS/A(Sec)67 + CIS/A(Sweden)29; RM 2828/CISPR/A, 1985;

CIS/A(CO)32, 1985; CIS/A(Sec)58, 1983; CIS/A(Sec)58A, 1983; ClI 985;
CIS/A(CO)7T7A, 1993; CIS/A(CO)81, 1987; CIS/A(CO)82, 1994; C 994;
CIS/A(Sec)84, 1987; CIS/A(Sec)88, 1988; CIS/A(Sec)88A, 1988; 989;
CIS/A(Sec)115, 1991; CIS/A(Sec)115A, 1991; CIS/A(Sec)116, 19 991;

CIS/A(Sec)128, 1992; CIS/A(Sec)132, 1993; CIS/A/166/CD, 1995.

&
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CISPR 16-1,

—5-

INTRODUCTION

CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14

parts, to accommodate growth and easier maintenance. The new parts have also been
renumbered. See the list given below.

Old CISPR 16 publications

New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus
Radio disturbance % CISPR 16-1-2 Ancillary equipment — Conducted disturbances
CISPR 16-1 éranneda;mup;nugnlty é\.} CISPR 16-1-3 | Ancillary equipment — Disturbance power
apparatus \ . . -
\ CIoPR 10-1-4 ATTCTIAary SQUIPTITETIC — I\aurdated arstarodaricey
Antenna calibration test sites for MHzte
CISPR 16-1-5 1 000 MHz /\(
/ CISPR 16-2-1 Conducted disturl nkqeask#&e\ts
Methods of i
clEPR 16-2 | measurement of €<: CISPR 16-2-2 Measuremery{dk{url}ané%)ow
disturbances and CISPR 16-2-3 | Radiated disturban urement
disturban 4 Surbanoe médguretments)
CISPR 16-2-4 |mmqueer\ts \
CISPR 16-3 | CISPR teohnicatiepogs™.
CISPR 16-4-1 Uncertaintigsuinstandargdised EMC tests
Reports and % R \Q \ @
CISPR 16-3 | recommendations CISPR 16-A2 Méa/s/urwenhtkstrumentation uncertainty
of CISPR < F— —
Sta |stm({|? rations in the
16-4-3\ | détermination)of EMC compliance of mass-
prodused products
cIEPR 16-4 | Uncertainty in EMC CISPR 16- 4\ Statistics of complaints and a model for the
measurements calctilation of limits
Mor¢ specific informa esent
‘new| CISPR 1 i TING
CROSS REFER
Meaq 16-1,
whil€ 16-2.
Varid prmation and background on CISPR and radio disturbgnces
in g SISPR 16-3. CISPR 16-4 contains information relatdd to
unce d limit modelling.
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TABLE RECAPITULATING CROSS-REFERENCES

First edition of CISPR 16-3 Second edition of CISPR 16-3
Clauses, subclauses Clauses, subclauses
1.1 1

1.2 2

1.3 3

4 4

4.1 4.1

4.2 4.2

4.3 4.3

4.4 4.4

4.5 4.5

4.6 4.6

5 5

5.1 5.1

5.2 5.2

O

%

23
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

1 Scope

This part of CISPR 16 contains specific technical reports and information on the history of

CISPR.

Over the years, the CISPR prepared a number of recommendations and reports that have

significant technical merit but were not generally available. Reports and recommendag

were|for some time published in CISPR 7 and 8.

At it§ meeting in Campinas, Brazil, in 1988, subcommittee A agreeg
of pgdrt 3 and to publish the reports for posterity by giving the r
part B.

With
move
and
conte

dateq
referg

CISH
magi and methods of measurement
CISH
appa

CISH
appa

CISH

appa Uncertainties, statistics and limit modelling

ITU-R Récommenda
sounp\bteadcasting

SM) radio-frequency equipment — El¢

Specification for radio disturbance and immunity meas]

tion BS. 468-4, Measurement of audio-frequency noise voltage le

tions

tents
ce in

been
aints
The

t. For
bf the

ctro-

uring

uring

uring

el in

3 Definitions

For the purpose of this part of CISPR 16, the definitions of CISPR 16-1 and IEV 60050(161)

as well as the following definitions apply.

3.1
bandwidth (B,

width of the overall selectivity curve of the receiver between two points at a stated
attenuation, below the midband response. The bandwidth is represented by the symbol B,,,

where n is the stated attenuation in decibels
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3.2
impulse bandwidth (Bimp)

Bimp = Alt)max / (2G4 x 1S)
where
A(t)max is the peak of the envelope at the IF output of the receiver with an impulse area /S
applied at the receiver input;
G, is the gain of the circuit at the centre frequency.

Specifically, for two critically coupled tuned transformers,

Bimp =1,05 x Bg = 1,31 x B;
where Bg and Bj are respectively the bandwidths at the —6 d (see
CISHR 16-1-1 for further information)
3.3
impylse area (sometimes called impulse strength)
the v
NOTE . For
rectar (nVs)
applie
3.4
electri
time b the
stage i i i i & detector for the output voltage of the detector
tore i
NOTE ing a
frequs Hiately
precedi He-ray
oscillg of the
detect mains
within Vving a
wave bf this
signalli
3.5
electrical-discharge time constant (Tp)
time lheeded after the instantanecus removal of a-constant sine-wave \/nlfngn npplinr{ to the

stage immediately preceding the input of the detector for the output of the detector to fall to

37 % of its initial value

NOTE The method of measurement is analogous to that for the charge time constant, but instead of a signal
being applied for a limited time, the signal is interrupted for a definite time. The time taken for the deflection to

fall to 0,37D is the discharge time constant of the detector.

3.6
mechanical time constant (Ty) of a critically damped indicating instrument

TM=TL/2TC

where T, is the period of free oscillation of the instrument with all damping removed.
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NOTE

where
o is
i s
k is

1 For a critically damped instrument, the equation of motion of the system may be written as

T2(d?a / dt?) + 2Ty (der / dt) + & = ki

the deflection;
the current through the instrument;

a constant.

It can be deduced from this relation that this time constant is also equal to the duration of a rectangular pulse
(of constant amplitude) that produces a deflection equal to 35 % of the steady deflection produced by a

continuous current having the same amplitude as that of the rectangular pulse.

NOTE 2 The methods of measurement and adjustment are deduced from one of the following:

a) The perfodoffree oscittattonm maving been adjusted to 27 T,,, damping 15 added 5o that oy = 0 VT Ty = 0,39 [Z

b) W such
that th = 0,35
amax'

3.7

over

ratio of a circuit|(or a
group of circuits) to the level that corresponds to the indidating
instrgiment.

The maximum level at which the steady-state or group of cirguits)
does| not depart by more than 1 dB from idea range of practical linear
functjon of the circuit (or group of cir€uit

3.8

symmetric voltage

in a [two-wire circuit, suchhas a pply, the symmetric voltage is the
radig-frequency disturba : veen the two wires. This is somefimes
callef the differential . &\is the Jvector voltage between one of the mains
terminals and earth i age between the other mains terminal and
earth, the sym@ic ference (Va — Vb)

3.9

asymmetric voltage

radio age appearing between the electrical mid-point of the
main sometimes called the common-mode voltage and is half the

vectd

3.10

unsymmetric voltage
gctor voltage, Va or Vb defined in 3.8 and 3.9. This is the voltage

ampl

a + Vb)/2.

tude-"of" the

meagured-by the use of an artificial mains V-network

3.1

CISPR indicating range
range specified by the manufacturer which gives the maximum and the minimum meter
indications within which the receiver meets the requirements of CISPR 16-1-1.
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4 Technical reports

4.1 Correlation between measurements made with apparatus having characteristics
differing from the CISPR characteristics and measurements made with CISPR
apparatus

4.1.1 Introduction

CISPR standards for instrumentation and methods of measurement have been established
to provide a common basis for controlling radio interference from electrical and electronic
equipment in international trade.

The baS|s for establlshlng I|m|ts is that of prowdmg a reasonably good correlatlon between
meay F [
comr
communication system is a function of its parameters |nclud|n
moddylation and other design factors. As a consequence, various
are Ysed in the laboratory in research and development work
required investigations.

d values op the
d interferg¢nce.

The purpose of this subsection is to analyse the depend
parameters of the measuring equipment and on the wa

4.1.2

The Y 4 : nstrument for meaduring
interf i atectox, and the type of interference peing
meas i névertheless, quite significant in
correl are: overload factor, AGC design (if
used), imé constant and damping.

For j iscussi isvnade tp“three fundamental types of radio noise:
impu ‘ nee of the response to each of these op the

bandwidth and the_t given\n table 4.1-1. In this table, ¢ is the magnjitude
of th¢ impulse @‘o s¢ bandwidth, Af, is the random noise bandwidth,
P(a)

is the pulse S e Aquasi-peak detector, fpgr is the pulse repegtition

freqy E' s K blitude of the random noise. The relative responsges of
vario interfefence for one instrument are shown in figure 4.1-1.

idth is

¢ that
an be
idth.
hown
ation

factor calculated on the baS|s of known cwcwt parameters

If a particular interference waveform is of a type intermediate between these three types,
then the correction or correlation factors will also be intermediate. In any given case, it will
be necessary to classify the noise waveform in such a manner that a significant correlation
factor can be established. Hence, in order to develop this subject to any significant extent,
it will be necessary to examine typical interference sources and to determine the extent to
which they are of impulsive, random, or sine-wave type.

If an interference measuring set with several types of detectors is available, for example,
peak, quasi-peak and average, the type of interference can be assessed by measuring the
ratios of the readings obtained with these detectors. These ratios will, of course, depend
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upon the bandwidth and other characteristics of the instrument being used for the
measurement.

4.1.3 Impulse interference — Correlation factors

The quasi-peak detector response of any interference measuring set to regularly repeated
impulses of uniform amplitude can be determined by the use of the "pulse response curve"
which is shown in figure 4.1-2. This figure shows the response of the detector in percentage
of peak response for any given bandwidth and value of charge resistance and discharge
resistance. Applying this curve, it should be noted that the peak itself is dependent upon
the bandwidth, so that as the bandwidth increases, peak value increases, but the
percentage of peak, which is read by the detector, decreases; over a narrow range of
bandwidth, these effects tend to counteract each other. The bandwidth used in this curve is
the & dB bandwidth, which, for the passband characteristics typical of t interfenence
measuring equipment, is about 5 % less than the so-called impulse bandwidth. M theoretical
comparison of instruments having various bandwidths and detectod q ith the
CISHR instrument is shown in figure 4.1-3.

The response of the average detector to impulsive noise is ari [ . The reading
of an average detector for impulsive noise is independe 3 idinof the| pre-
detecgtor stages. It is, of course, directly proportional to ¢ >
the rpading obtained with an average detector for i i

order of a few hundred hertz. For a repetition ratel|of 2 A i brder
of 140 kHz, the average value would b i t . alue
is top low to measure with any degrée © . for many communidation
systgms, the annoyance effect may b sll 8 o ing obtained with the average
meter. This, of course, is one of the jusiificatigns e use—of the quasi-peak instrument.

The fesponse of a n|se peter Yo _noise) Is proportional to the square root gf the
bandwidth. This result | ; yp€ of detector used. The ratio of the rapdom
noisg bandwidthtq the i nction of the type of filter circuit. On the pther
hand, it has circuits typical of those used in interfefence
meaguring equipfrie ive random noise bandwidth to the 3 dB bandwidth of
about 1,04 is are

4.1.5

One pfdherad antages o the r.m.s. detector in correlation work is that for broadband poise
the qutp [ am it will be proportional to the square root of the bandwidth, i.g. the
noisg powerjisydirectly proportional to the bandwidth. This feature makes the r.m.s. deﬂector
parti¢ularly-desira and is one of the main reasons for adopting the r.m.s. detector to
measure'atmospheric noise. Another advantage is that the r.m.s. detector makes a cqgrrect
additiont.of the noise power produced by different sources, for example, impulsive nois¢ and
random noIsS€e, thus Tor Instance allowing a high degree of background NoISE.

The r.m.s. values of noise often give a good assessment of the subjective effect of inter-
ference to a.m. sound and television reception. However, the very wide dynamic range
needed when using very wide-band instruments for measuring impulsive noise, limits the
use of r.m.s. detectors to narrow-band instruments.

4.1.6 Discussion

The preceding paragraphs have indicated the theoretical basis for comparing
measurements obtained with different instruments. As mentioned previously, the possibility
of establishing significant correlation factors depends upon the extent to which noise can
be classified and identified so that the proper correlation factors may be used. In many
frequency ranges, impulsive interference appears to be the most serious; however, for
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power lines where corona interference is the primary concern, random interference would
be expected to be more characteristic. Additional quantitative data are needed on typical
interference characteristics. Another important parameter is the overload factor.

4.1.7 Application to typical noise sources
Commutator motors

The noise generated by commutator motors is usually a combination of impulse and random
noise. The random noise originates in the varying brush contact resistance, while the
impulse noise is generated from the switching action at the commutator bars. For optimum
adjustment of commutation the impulse noise can be minimized. However, where variable
loading is possible, measurements have confirmed that for the peak and quasi-peak
detectors, the dominant noise is of impulse type and the random component may be
neglected. While the repetition rate may be of the order of 4 kHz, the effective\tate is’lower

because the amplitude of the impulses is usually modulated at twige the EnCy.
Hende, experimental results have shown that quasi-peak readjr ist with
bandwidth variations if the repetition rate of the impulse is assun 5 e line
frequency.

Peal measurements show fluctuating levels on such noi§ ature

of thé commutator switching action.

The quasi-peak to average ratio is lower than would b e e for
two reasons.

1) The modulation of the commuta Y uces
many pulses below the measured guasi wel. Tt te to
he quasi-peak value but do contripute to the

—

2) The relatively low andom noise can likewise contiibute
spbstantially only to<the “avé brage
ratio ranged fro idths
(120 kHz).

Impujsive sourc@

Tests ating

regulators show easqQnakt : idth,

but with tim utput
indicptor.scale. Wi at higher scale values are without explanation. Relatively|poor

corrgladion was oRtainedon sources producing very low repetition rate pulses.

Ignition interference

CISAR/Recommendation 35 recognizes that correlation between quasi-peak and [peak
deteg¢tors can be established as a practical matter. The conversion factor of 20 @B is
explained partly on the basis of theory for uniform repeated impulses, and partly on the
basis of the actual irregularity of the amplitude and wave shape of such impulses.

Noise from high-voltage lines

Comparative tests were made with an instrument meeting CISPR specification and one
meeting those of the U.S.A. Standards Institute. The latter read 0 dB to 1 dB higher in one
test and 1 dB to 3 dB higher in another (see IEEE Special Publication 31C44).
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Dependence on bandwidth

- 13-

Comparisons of measurements made in the U.K. with two instruments having bandwidths of
90 kHz and 9 kHz respectively have been reported to show that for most interference
sources, the values obtained are in the ratio 14 dB to 18 dB. This figure is consistent with
the concept that the interference is dominated by impulse type noise but that some random

components are present.

4.1.8 Conclusions

Analysis of data comparing the responses of various instruments shows that it is possible to
explam in aImost every case the dlfferences |n measured values on the basis of theoretical

and

Furth

a) tq

b) tdg
pprameters.

Table 4.1-1 — Comparative response of slideback pea

to sine wave, periodic pulse

d average deted

form
2 dB

Nues and the instruTment

tors

q}ete or\fy;{e )\/

Input waveform Slideback peak i¢ld intensity RMS
(sb) (average)
CW sine wave et e e
Periodic pulse (no 1541 O, b 1,4\\&A)|mp 1,41 6 fprt 1415 [fl A
overldp) ’ PR “imp
N,
Randgm ++ k\/x M;]Afms > 0,88 | Af, E' AfLE

1 eis ther.m.s. Wft

* P(
** P
+ Jipi

++ It

sine\wav

bandwidth.

eqd the instrument is calibrated in terms of the r.m.s. value of a sine w4

icg’of the envelope are measured by the detector on random noise.

ve.



https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

Relative output (dB)

f T T T T 1T 17 1T 7 ¢ . T T T 1 1717 . T T T 1 1T 11T T T T T 7T T1TTTT
10" 2 3 4 5678910 2 3 4 5678910 2 3 4 5678910° 2 3 4 5678910°
L B A A =0
_ B e, o
| Peak { ;o = :Ilgsms /,_-4 |l
D Lt 1 LA
L1 L~
'// /‘/ d -10
, te=1ms -1 v
= LA Quasi peak { tg = 550 ms L //
i -20
/ ’/ /
A 1] p
/ L1 //
A -30
1T RMS //
L L
/ verage value N
Thefmal measuring device at the i.f. + < (\
—  output < P
4~ -50
” T
P rd
P Indication of the i
-7 pulses with vari -60
LS
~ N
—Z /(\ -70
AN
//‘ N
< = —-80

Figure 4.1-1 — Relq : variou

RV

Pulse repetition

etectors to impulse interference

i

1
1073 1072 107

R, = charging resistance, in ohms
R4 = discharging resistance, in ohms

AF =6 dB bandwidth, in hertz

f

pr = bulse repetition frequency, in hertz

10 «

IEC 785/2000

Figure 4.1-2 — Pulse rectification coefficient P(a)

frequency (Hz)

IEC 784/2000
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4.2 Interference simulators
4.2.1 Introduction

Interference simulators can be used for various applications, in particular to study signal
processing in systems and equipment in the presence of interference (for example,
overloading of receivers, synchronization of TV receivers, error rate of data signals, etc.)
and for assessment of the annoyance caused by disturbances in broadcast and
communication services.

A simulator should produce a stable and reproducible output signal, which requirement is
normally not fulfilled by an actual interference source, and the simulator output waveform

shoujd-show-a-goodresemblance-to-the-actualinierference-sighal-

4.2.20 Types of interference signals

The following interference sources can be simulated.

a) Narrowband interference sources generating sine- wave eiver
opcillators and ISM equipment. These sources can be e RF
standard signal generator. ISM interference is often modulatec hre which
cgn be simulated by modulating the RF signal with i

b) Bfroadband interference sources producing co tmos b Qadba i mple,
gpseous discharges and corona. For simula hoise
spurce (saturated vacuum tube dgiod g table
bfoadband amplifier) can be usea nalin on is
present, but because of the non-linea Pravie C i bf the
artual noise signal can deviate 3 i - ifi nains
waveform. In this case, gatlng the \noisg 9 iti twice
the mains frequency ca g S i i igngal.

c) Thyristor controll e itk \phase cpritrol generate in a RF-channel narrow
pulses of consta g a iti hains
frequency. They can™be ed by standard pulse generators with narrow
oltput puls iti

d) Ignition systemg s and commutator motors generate short periods

1as g y This type of noise is caused by very short pulsgs of
gular or irrggtla dndom time intervals; if the average interval betiveen

afjacenyp S i an the reciprocal of the channel bandwidth under test (g , <
1/B) Sand because of the random phase conditions a rapdom
signal (noise) results. Therefore, bursts of quasi-impudlsive

The duratiensant\the repetition frequency of the bursts depend on the type of interfefence
sourge (seée table 4.2-1).

Ignition interference is characterized by burst durations between 20 us and 200 ps and
repetition frequencies between 30 bursts/s and 300 bursts/s depending on the number of
cylinders and revolutions/minute of the engine.

Mechanical contacts produce bursts (clicks) which can vary between some milliseconds
(snap-off switches) and more than 200 ms. In the case of a contact device in a mains-fed
circuit, the noise during the burst is modulated with the full-wave rectified mains voltage.

Commutator motors produce much shorter bursts with durations between 20 us and 200 ps
at repetition frequencies between 103 bursts/s and 104 bursts/s, depending on the number
of commutator bars and revolutions/minute of the rotor. Also in this case, mains supply
causes a similar envelope modulation of the noise bursts.
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4.2.3 Circuits for simulating broadband interference

Simulators of this type should generate gated noise bursts with or without mains modulation
according to the characteristics laid down in table 4.2-1. Figure 4.2-1 shows a
straightforward design with a noise source followed by an appropriate amplifier of 70 dB to
80 dB gain, a gating circuit to simulate the bursts, a mains envelope modulator and an
output attenuator to adjust the required output level.

Table 4.2-1 — Characteristics of gate generator and modulator
to simulate various types of broadband interference

Simulator signal Burst duration Burst repetition frequency Mains modulation 2
Gasequs discharge Continuous f\ Yes/no-y
Ignitian 20-200 s 30-300 burstsis N \(No
Switchjes 5-500 ms 0,2-30 bursts/min or %{'{g\tg \ Ye}/@
Comnjutator motors 30-300 ps 103-104 burstsls M

2 Ddpending on a.c. or d.c. supply.

b Inlthe case of mains modulation, gating at a repetition frequency |dth of1 ms to 2 mgq may be
m@re appropriate.

The disadvantage of this layout is
bandwidth for the entire circuit betw

range requires a broad
terminal. The most cyitical

part ange
(for 4 nges
or a f the

simulator appreciably.

Another way to produce a gs g ise si is gi i i i 4.2-
2. In|this design, nan 3 > step
recoyery d|ode xdom
time |intervals anda nnel
unde i brage
repeliti a 3 of at
least entsir-an FM channel and of at least 10 kHz in an AM chahnnel.
The i of a
broa riate
amplffi hal is
fed f{ istabk ultiviBbrator which converts the zero crossings into pulses of rapdom
varyi y the
mon(

The rl\lghfgnn of this c\/ei’nm over tha circuit of 'Flnllrn 4. 2.1 isthat the usable frnnl ency

range is determlned by the output pulses of the step recovery diode only. An example of
such a circuit is given in figure 4.2-3, in which circuit output pulses are generated by the
step recovery diode HP0102, the pulse width is determined by the length of a short-
circuited coaxial cable L. Ringing effects are suppressed by the fast switch diode HP2301
and mains modulation can be effected simply by modulating the supply voltage of the step
recovery diode with a full-wave rectified mains voltage. Pulses of 1 ns duration and 5V
amplitude are applicable and offer an output spectrum flat to about 500 MHz. Such a single
pulse causes a 50 mV pulse in a TV channel and a 1 mV pulse in an FM channel,;
overlapping pulses add up, and the peak and quasi-peak value of the resulting signal is
considerably higher.
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The bandwidth of the preceding stages which generate the trigger signal (noise source,
amplifier and gating circuit) should be sufficient for the required pulse repetition rate, so for
measurements in a TV channel a bandwidth of 5 MHz to 10 MHz is quite satisfactory.
Moreover, the linearity of these stages is not critical because only the position of the zero
crossings is important. The multivibrators have to generate steep pulses of short duration
(about 0,1 us) to drive the step recovery diode.

In summary, the circuit according to figure 4.2-1 is very useful for broadband interference
simulators to be operated in a limited frequency range, whereas the circuit of figure 4.2-2 is
more suitable for simulators intended for wideband use.

@%
¥
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4.3 Relationship between limits for open-area test site and the reverberating
chamber

4.3.1 Introduction

At present there are limits for use with the open-area test site method of measurement
specified in several CISPR publications. For equipment which can be measured using the
reverberating chamber method, a procedure is required to relate the limit to be used with
the open-area test site limit. The procedure is described in this report.

4.3.2 Correlation between measurements of the reverberating chamber
and the open-area test site

The ppen-area test site measurement sets out to find the maximum level of radiation-gf the
EUT |(equipment under test). Whether the measurement is of the field s ower
densjty at the measurement antenna, or of the power into an ante f the
EUT,| the measured results can be expressed in the equivalent, ra half-
wave dipole. Let this equivalent radiated power be Pq dB(pW).
The |reverberating chamber measures the total radis the
meagured power be P, dB(pW).
The fwo measurements are related to each other b in with
resptct to an isotropic radiator. Let this EUT (galn\k f n by
equaltion (4.3-1). The equation is derivedin
3-1)

4.3.3
Cong open
area
This h the
reverf
From elate the two limits as in equation (4.3-2).

L=L,+2-G (413-2)
The yalug of L, is d€pendent not only on L, but also on G. Since G will not be the same for
EUTs$.itUis not possible to set L, to treat EUTs in a manner identical to the effect of [ . If

say L, =L, then it is correct only for EUTs with G = 2. EUTs with a G greater than 2 will
find it easier to pass the reverberating limit, and vice versa.

It is necessary to determine the value of G. This can be done from measurements of Pq and
P,. Figure 1 shows the lines of P, versus P, for various values of G. The shaded region is

for negative values of G. (Experimental points appearing in this region are caused by failure
to locate the maximum open-site radiation, probably due to the maximum radiation lying
outside of the horizontal plane.)

An example is given in figure 4.3-2. A number of microwave ovens were measured for P,
and P;. It can be seen that
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— for points lying in the positive G region, the majority have values around 2;

— more points lying in the positive G region as the frequency goes up, indicating that the
radiation pattern is becoming more directional in the vertical direction.

On this evidence, the reverberating chamber can be related to the open site. It appears, in
fact, to be a more effective method in the ability to measure a quantity representative of the
maximum radiation.

4.3.4 Procedure for the determination of the reverberating chamber limit

The procedure is as follows.

i) Measure a sample of equipment for the maximum radiation on the open-area site.

Gonvert the measured quantities to the equivalent power from a half<waye dipole| Call
this quantity Pq, in dB(pW).

ii) Measure the same sample in the reverberating chamber for tofs ia Call
this quantity Py, in dB(pW).

iii) This relationship between the reverberating chamber limit and\th [ site
limit can be found by the graphical method of figure 1, ing each
efjuipment, obtaining a representative value of G for th stical

methods, and applying equation (4.3-2).

&
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Annex 4.3-A

Derivation of the formula

Consider the general case of a lossless antenna with gain g and input power p. At distance
d in the direction of maximum radiation, the field strength e is given by the well-known
formula:

e=(30xpxg)2/d

Thus, for two antennas, with gains g, and g, and input powers p; and p, producing the

ot Lol £ o 1 ot + 4+l diat H o P~ H EH £ H diats
Sam HMTTU olrTiTygtl at a pPUITTU dt UTe oAl UTotartuT T UTe Ui TCUUTUTT UT TITAATTTTUTTT |c|u|cu.|\.n

p1 % gq = Ppa x gy, Or, in log form, P, + G4, = P, + G,

and, |in the case given in 4.3.2, P, = P, and G, = G; P, = P
relationship is

an e re the

P+ =Py +2

50 \
N
R
AN
AR

o

A\\S
N

q open-site, dB(pW)

0 10 20 30 40 50

P,, reverberating chamber, dB(pW)
IEC 788/2000

Figure 4.3-1
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Figure 4.3-2 — Examples of a number of microwave measured for Pq and Py
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4.4 Characterization and classification of the asymmetrical disturbance source
induced in telephone subscriber lines by AM broadcasting transmitters
in the LW, MW and SW bands

4.4.1 Introduction

The use of semiconductor devices in telephone terminal equipment (TTE) has created the
need to verify the immunity to RF fields of this equipment, as non-linear semiconductor
devices demodulate the induced RF signals [1-5]. The latter effect gives rise to a d.c. shift
which may alter the operating point of such a device, thus, for example, reducing the noise
margin of digital devices. In the case of amplitude-modulated RF fields, the non-linearity
gives rise to a base-band signal which may become audible in the telephony system. An
important class of RF-field sources is formed by AM broadcasting transmitters in the LW,
MW and SW bands.

Becduse of the relatively small dimensions of TTE (compared to f the
distufbance signal) the asymmetrical (common-mode) source ind \ idation
lines|is expected to be the dominant disturbance source. Thergfors i unity
test (current-injection test) is relevant for this equipment. In t i ignal
is applied via the telecommunication lines. As a consequs i ith the
characterization of the unwanted antenna properties of eIe A with
prediction models supplying information about the protabi y blues
will Qe met in practice. Moreover, it discusses the paramete i when
spec|fying the disturbance source used in the immuynity tést. Th i [ ions will

be limited to parameters relevant at th

In 4/4.2 the antenna properties will be expre XOin/ te f the
subscgriber lines i.e. the induced asypametri i voltage normalized to thp RF
field |strength, and an equivalent resis duced asymmetrical source.[ The
prediction models are nge i ificat 6f the RF fields and the induced
asynmetrical disturbancegs, 4 G [ munity limits, 4.4.4. This report {akes
the View that the dist ¢ i hity test is to be specified by an gpen-

circujt voltage and a sowce

fY'the derivation of the models and those needed
he models to the respective geographical arep are

All mathematic
by thie user of this
given in annex 44\A

This | reporki 3 ylts of experimental investigations carried out on bpuried
telepho i Germany [6] [7] and in the Netherlands [8]. In these
invegtigations\ind Iltage and current data and magnetic-field-strength data |were
recolded a 3 éer of locations, permitting a statistical evaluation of the parameter
valugs. A statisti pproach was needed, as the telephone lines have random routipg in
the buildings and,_consequently, random orientation with respect to the RF field |have
rand%m coupling with nearby metal objects, while the buildings cause a random scattering
of the¢ RF fields. l|e

It is to be expected that the contents of this report will also be applicable to other types of
lines running through buildings in a similar manner to telephone-subscriber lines, for
example, bus-system lines and signal and control lines.

4.4.2 Experimental characterization

A full description of the experimental characterization has been presented in [7] [8].
Therefore, this section contains only a summary of this method with regard to the
parameters needed in this report.
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The induced asymmetrical voltage was measured at the outlet of a telephone-subscriber
line using a modified T-network [9] [10]. As a result of this modification, a voltage Uy, could

be measured across a 10 kQ resistor and a voltage U, across a 150 Q resistor. The
investigations showed that U,, can be considered as the induced open-circuit voltage. In

practice, the reference for this voltage is generally unknown. During the measurements that
reference was a special metal measuring cart connected via a copper strap to the central
heating system (CH). The equivalent resistance R, of the induced source is estimated from

data pairs {U,,, U}

At each location two magnetic-field-strength data of the broadcasting transmitter were
measured using a loop antenna positioned in a vertical plane and rotated about its vertical

axis [fo—fimd—theTmaximumT Teading—Omne datunT, +H;,—was measured near_tire outtetgnder
inved i 1e baildipg at
a distance of about 10 m from that building. In order to obtain a suffici windiyiced-
signg ively
high qf the
resul nto accouynt i the layout
of te ill be
norm perty
of thg
4.4.2.
Althg f the
indud
a) T h H,
c on)
2-1)
W r the
d , the
%
N er’antennas usually are monopoles (in the frequencies of interest), the
h has been used for convenience.
b) T on the field strength, which can be expressed in a building-
e sfined by
A, = Hy (dBpA/m) — H; (dBuA/m) (4.412-2)
This/ factor is often called the building attenuation. However, this factor not|only
depends—on—the—attentation—properties—ofthe—buitding—rrateralitseti—but—alse—oeh the
reradiation properties of metallic structures in and near the building, and, on the height

above ground, H, and H; were measured. Therefore the term building effect is used in

this report.

A consideration of these two aspects is needed in view of the antenna factors to be
discussed in 4.4.2.2 and in view of the prediction models to be discussed in 4.4.2.3.
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Figure 4.4.2-1 — Scatter plot of the measured outdoor ma icXi m)
versus the calculated outdoor magnetic field s
a) all data; b) data of SW tra
The fesults of H,(H,) given in figure 4.4.2-1a sho iati . are
poss|ble (drawn line), but that H, < ured
valug is at most a factor of 3 highenthan tf rom equation 4.4.2-1| The
largelst deviations concern data of i . is” is understandable, as| SW
trangmitters normally have a beamed aniennazpatierny\whereas the antenna patterns ¢f the
LW and MW transmitters are generally c ing . Figure 4.4.2-1b gives the sgatter
plot H,(H,) after rejectioWs
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Figure 4.4.2-2 —

a) Scatter plot of the measured outdoor magnetic field strength H, normalized

to the square root of the reported power [11] versus the distance d (m) to the transmitter,
b) Normal probability plot of the building-effect parameter A, (dB), all data
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Figure 4.4.2-2a shows the ratio H, /\/F versus the distance between the point of observation

and the transmitter, and the dash-dot line indicates a slope —1. It can be concluded that, on
average, the data follow this slope fairly well. The associated intercept is higher than that
expected from equation 4.4.2-1, which is in agreement with the (H, + 10) dBpA/m limit

observed in figure 4.4.2-1.

Figure 4.4.2-2b shows the normal probability plot of all building-effect data. If these data
were normally distributed, a straight line would have resulted. This is not the case, and the
data suggest that, in first-order approximation, two distributions are superimposed. The two
distributions are found when distinguishing between data associated with buildings

constructed from brick and/or wood (B/W) and data associated with buildings constructed
from reinforced concrete ((‘) The normal prnhnhili’ry Ir\lni‘e of these distributions are gi\/ nin

figure 4.4.2-3a and b. The negative values of Ay predominantly stem fyom~qeasurements
where H; was measured on an upper floor of the building, wher s -alteady
meagured at about 1,5 m above ground level outside the buildi ffects jef rexadiation
also |nfluence the actual field-strength data.
99,9 99,9 e
09 \\
05
g N
S ko AN
O
s L )
é DO
3
5
1 w
1 ; A SR N
-10 0 10 20 30 4 50
a A, (dBm) (Concrete)
[EC  793/2000
probability plot of the building-effect parameter A, (dB)
ngs constructed from brick and/or wood;
ngs constructed from reinforced concrete
The |numerica MIts “have been summarized in table 4.4.2-1. No clear freqyency
depelndencerof data could be observed (see 4.4.2.4).

Building material Average Standard deviation Median Number of data
dB dB dB
Brick and/or wood 1,6 4.0 1,0 138
Reinforced concrete 20,6 8,7 20,1 84

4.4.2.2 The asymmetrical open-circuit voltage normalized to the field strength

The interface for the voltage measurements was the outlet to which the telephone set was
connected during the measurements. The investigations showed that the influence of the
telephone set and its standard lead (4 m long) on the measured voltages could be
neglected.
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The measured voltage will be normalized to the measured magnetic field strength in
4.4.2.2.1 and, assuming far-field conditions, to the electric field strength in 4.4.2.2.2. After
that, 4.4.2.2.3 deals with truncation of the distributions found in 4.4.2.2.1 and 4.4.2.2.2.

80 - — S -~ 80"
60
= L
&
g 40
g +
20
0 = - .
-10 10 30 O 5 70
a G, (dBQm) (All data) BQm) (Brick/Wood

IEC 794/2000

4.4.22.
To ¢ Uy, is
normfali [ ) - ielding the antenna factors G; and G, defined
by

U V) (4.4|2-3)

Hino (WA/m)

Figufe 4.42-4 e scatter plot G;(G,) using all data. The plot suggests that the¢re is
one dominant of data with a limited scattering and a second "cloud" with much more

scattering. her investigation revealed that the first cloud stems from data measurgd in
buildjngs_construsted from brick and/or wood, see figure 4.4.2-4b, while the other cloud is
assofiated) with buildings constructed (predominantly) from reinforced congrete.
Congequeéntly, the building effect discussed in 4.4.2.1 is of importance.

The normal probability plots of G; (dBQm) and G, (dBQm) associated with the two types of

building material considered, are given in figure 4.4.2-5. It can be concluded that the data
follow a normal distribution, which means lognormal distributions of the G factors in Qm.
The numerical results have been summarized in table 4.4.2-2, where G; and G, are the
upper and lower limit of the range of experimental G data (see 4.4.2.2.3). The differences
between G; and G, of the two classes of building material considered are in line with the
building-effect data for these buildings (see table 4.4.2-1). No clear frequency dependence
could be observed (see 4.4.2.4).
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Table 4.4.2-2 — Summary of results of G-factor analysis

ormal probability plots of the antenna factors:
associated with buildings constructed from brick and/or W

1EC  795/2000

ood;

G factor Building Average Standard Median Number of data
material deviation
dBOm dB dBOm
G; B/W 47,3 11,2 47,5 135
G; C 45,9 10,5 46,5 88
G, B/W 45,8 10,6 46,4 134
G, C 26,5 10,9 26,0 90
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4.4.2.2.2 L factors

In 4.4.2.2.1, U,, was normalized to the measured magnetic field strength, thus yielding the
G factors. Assuming far-field conditions, the electric field strength follows from E = H-Z,
with Zy, = 377 Q. If the outdoor field strength is considered, this assumption seems to be
reasonable and the G factor can be converted into an L factor defined by

Lo =G0 - U _ Un (V) (4.4.2-4)
® Zy HeZy E, (nVim) o

The L factor can be considered as the effective length or effective height of the subscriber
Iinejctmg as an antenna. The results for L, have been summarized in taple 4.4.2-3, Where

L, and L, are the upper and lower limit of the range of experimgntal Lactors|(see
4.4.2.2.3).

Table 4.4.2-3 — Summary of L factors (f

L factor Building Average* Standa LU o,
material deviati
dBm /d‘B\ dBm

L, B/IW 5,7 ( 10 35,0

Ly c 25,0 (\\Aﬁ/é AN \ 3,0 55,0

* Notg that dBm refers to dB with respect to<1\m. & ) ( \ N~ )\/
N

In the literature an L factor of —3,0 dBm averagey(standard deviation 10 dB, number of| data
10) has been reported m underground and 1 000 m to
3 000 m overhead (aeri . Broadcasting frequencies |were
594 kHz and 1 242 kHz. ut the field-strength measurementsg, the
reference for the as olta properties of the building material| The
resuIS reported i [1 N itf the esults for L, (B/W), as given in table 4.4.2-3.
However, more 3 by the’same team [15] indicate an average L-factor of

0 dBm.

L; fagtors might , i [ imi o . er, it
is to pe expécted thatinsid buildings the far-field conditions are not satisfied and it has
to be ' been
presen

4.4.2.2.3 _Tru

In 4.4.2.21 it was concluded that the distribution f(G) of the G factors (antenna factofs) is
logn drmalornmathematicalform

oo ot e Trrratro o ToT T

(InG-4)
fg)dG = — e 20 4G (4.4.2-5)

GG\/Z

However, by adopting this lognormal distribution it is automatically assumed that a G factor
may range from zero to infinitely large. In practice, infinitely large will never occur as
wavelength effects and effects of coupling with nearby structures create an upper limit (G,
or L) of the antenna factors [13]. Consequently, for correct use in the prediction models
(4.4.3 and 4.4.4) f(G) has to be truncated. Similarly, truncation has to be applied to the
distribution of the building-effect parameters.
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Unfortunately, no theoretical study is known which predicts the upper limit of G (or L) of
an actual telephone-subscriber line taking into account the length and the routing of a line
inside the building and, buried, outside the building. However, it has to be expected that
such a limit exists and the best approach is to use the experimental upper limit (G or L;).

In addition to the upper limit, one may also consider a lower limit (G, or L) and truncate

f(G) at the lower end. It is found that in the range of parameter values to be considered in
4.4.3 and 4.4.4, the influence of G| (or L|) is negligible.

The truncated probability density function reads

O[S HGdG HG )G 2.6
1(G)dG = = F @)~ -6)
jf(G)dG
GL
The mathematical form of the cumulative distributions F(G;X and ishgiven nnex
4.4-0). Table 4.4.2-4 summarizes the truncation data of the "G facto e bdilding-¢ffect
parameter A,. Note that ot differs very little from 1, that™is o*t\: y <G
(dBm) < o or —o < a, (dB) < o since F(x) = 0,5 ower
limit jn dBm of the L factor range are found by subtracting 3 nding

G fagtors in dBQm.

Table 4.4.2-4 — Summary of trunc

G factor Building G, (dBQm G, (dB m\;\ F(Gy) F(G,) bt
or Ap material

Alr,’(‘d'BJ\ Apy (dB) F(Apu) F(Ap) an

G, BIWN ro,5 11,5) 0,4805 ~0,4993 1021

G, c L 78,\5\ \20,5 0,4985 ~0,4922 1009
G, Q % < < 6}& 16,5 0,4873 ~0,4971 11016
G, \Mﬁ\ 35 0,4950 ~0,4971 1008

A\

A, QBM 20/ ~10,0 0,4953 ~0,4981 1{oo7

A, & \ 341, 2,0 0,4905 ~0,4837 1026
N

4.4.2.3 The equivalent asymmetrical-source resistance

The equivalent resistance of the induced asymmetrical source can be determined from|data
pairs| {Uy, U}, where Uy is the open-circuit voltage and U, the voltage measured agross

150 Q, using the simple relation

R, = U*‘T_Iuwso (Q) (4.4.2-7)

The normal probability plot of R, (dBQ) is given in figure 4.4.2-6. It can be concluded that
R, (dBQ) follows a normal distribution and, hence, R, in Q follows a lognormal distribution.

The numerical results have been summarized in table 4.4.2-5. The average value found is
close to the value 150 Q used in existing immunity tests [9] [14]. In table 4.4.2-5, R, and

R, are the upper and lower limit of the range of experimental R -data. The relatively large
and small values of R,, and R, compared to the average value of R, stem from
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resonances and anti-resonances in the common mode circuit of the subscriber line. No
clear-frequency dependence of R, could be observed (see 4.4.2.4) and no influence of the

building material was observed.

Table 4.4.2-5 — Summary results of equivalent-resistance analysis

R, Standard Median R, Number R,y R R, R,
(average) deviation (average) of data
dBQ dB dBQ o) dBQ dBQ o Q
44,2 6,8 43,5 162 204 63,7 25,2 1531 18
99,9 ,
. / <\ \
95
o N
g N
S 80 SN
o
& 50 ’w )
(]
N
E 20 \J)
3
© 5
65 75 85

—(dBQ)
IEC 796/2000

Fig lot of the equivalent asymmetrical resistance R, (dBQ)

4.4.2.

In the termined by the measurements in the LW, MW and SW bands, no

clear| frequency gndence of the building effect Ay, the G factors G, and G;, and the
equivalent resistance R, could be observed. This is illustrated in figures 4.4.2-7a and p the
A, datadfor brick/wood buildings, the R, data, the G, data for brick/wood buildings, ard for
reinforced concrete buildings.

Because no clear frequency dependence of the various quantities could be observed, it will
be assumed in 4.4.3 and 4.4.4 that the building effect, the G and the L factors and the
equivalent resistance are independent of the frequency in the frequency range of the LW,
MW and SW bands. A possible frequency dependence is then incorporated in the standard
deviation of the respective distributions.



https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

- 36 - CISPR 16-3/TR © IEC:2003(E)

14 65 :
. “+
W
9 e }
10 ; i 5
. - )
[ . ” 55 -
3 4 * 3 i +
6 : L i . ]
- SN » i ]
—~ FE4 + D g = 1
g 2 g 45 it i
~ L - e E | - : ‘+
o -+ L #4421 4
< 5 - x } X ‘ e i
i e 1 f St :
S| -+ 1 35 S d b
5 R 1
- T - Wy /\\
[ S i A
L10 | ; 25 : >
100 1000 10 000 100 000 100 10 ¥0'8Q0 100 000
a Frequency (kHz) (kMNz)
80 -
60 i';: 7o
- z - </
g L It 5 ‘:* 3 ] 1
) H L NG ]
40 i
S L + N ]
@ | ] b ]
OD [ i t ™ \‘ 4
20 3 ( N
NS 6 X
i N AN s
0 -4
e Amd A aliAd . re Acd L VI\ A A Ak e d b i
0 000 100 000 100 1000 10 000 100 000
c tency (kl d Frequency (kHz)
(EC 797/2000
xamples of the frequency dependence of some parameters
building effect A, in the case of brick/wood buildings
b) the equivalent resistance R,
c) the G, factor for brick/wood buildings, and

d) the G, Tactor Tor reintorced concrete buildings

4.4.3 Prediction models and classification

This section presents some simple prediction models for fields and voltages needed in the
process of classification of the electromagnetic environment and when setting immunity
limits for the telephone sets to be connected to the subscriber lines.

Because the measuring locations were not chosen randomly in order to obtain a sufficiently
high induced signal-to-ambient noise ratio, the basic data from which the parameters
reported in 4.4.2 were derived cannot be used directly as they form a non-random sample
from their actual distributions. The models to be discussed permit an estimate to be made
of the complete distributions of the field strength and induced voltage. In addition, the
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complete distributions allow for a classification of these quantities. This report gives only
the procedure for this classification. The actual class limits are outside its scope.

4.4.31 Field-strength classification

As mentioned in 4.4.2.1, the field strength is not a property of the subscriber line. Never-
theless, information about the field strength is needed in order to make a prediction of the
induced voltages.

From the results given in 4.4.2.1, it follows that in first-order approximation the outdoor field
strength, to be indicated by E, and H, for the electric and magnetic field component

respect|vely, is mversely propor’uonal to the dlstance r between the pomt of observatlon and

prop¢rtionality is a factor of 3 (= 10 dB) larger than the constant of pyoportionality ip the
case|of a half-wave dipole.
A classification of the outdoor electric or magnetic field stre h the
probability pr{E, > E|} or pr{H, > H|} that the outdoor field s arger
than|a given limit value, indicated by the subscript L. A this
probability can be written as

pr{Hy = 3-1)
wherge f(H) and f(E) represent the nofmalized fie Emax
the maximum field streng eglk o be
estimated. Under far-field ' iy
Congidering a ring-s
pattern, it foIon@

2 2|2 2
_ (Emax E )Emln ~ Emin (44 3_2)
=15 )
(Emax mln}EL

where £ is the'\field, stréngth at the inner boundary of the RSA and E,;, the|field
stren - » ! dary of the RSA. A similar expression is valid for the magnetic
field '
The jinper~boundary of the RSA has to be specified, as the relation between E, and r
derivl i i i itrari ' le. in

the near-field region of the transmitter. A non-zero outer boundary field strength is needed,
as E.,, = 0 would mean that pr{E, > E} = 0 for all values of E . Note that by definition

pr{Ey, > E|} = 0 and that pr{E, > E.,;;,} = 1 (= 100 %). The approximation given in equation
(4.4.3-2) is valid if Eq 5 >> {Enin. EL}, Which is normally the case. Hence, it can be
concluded that in the present model the value of E,;, to be specified is very important. The
choice of E,;, and E, 4 Will be discussed further in 4.4.4.

As an example, table 4.4.3-1 gives the values of E; for a number of probability values,
assuming E,;, = 60 V/m, which is an example of a radiation-hazard limit in the MW band of
frequencies, and E.;, = 0,01 V/m (= 80 dBuV/m). The latter value is of the order of
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magnitude of the minimum field strength in the service area of a broadcasting transmitter.

Note that the probability values are almost completely determined by E, ;.

Table 4.4.3-1 — Example of field-strength classification

pr{E, = E} E, E min P =500 kW
pr{E, > E_} kRTL7 k ;Lzz

% V/m m m

0 60 - (80) (260)

100 0,01 - 495000 1550000

10-1 n‘qo n"z'z 156852 401 3

10-2 1,00 1,00 4950 ( 11546

10-3 N 9

10-4 6
By eikpressing the RSA boundaries in terms of a field . e, in
terms of the distance between the transmitter and the-point i 4.3-
1) is i ional
to the distance. However, after the classes have been(establis i ittgr will
have 3 n be
assogiated with distances R = k/RJ/IE} Jull 2 i ign. In
table] wave
dipole | r P =
500 kW. The R values for E = 60{ V/ [ , as, in the
cons|dered frequency range, the farfi
The pdvantage of chp e the
same for all kinds o e choice of a class is then determined by the
probability tha a certain distance from the chosen clags of
trangmitters. € i e of\the latter probability is easier than an estimdte of
the fi i
4.4.3.
A clg d open-circuit common-mode voltage U,, may be based oh the
probabi X at Uy, is equal to or larger than a given limit value U,. If|f(G)
descfi a ed distribution of G factors (see 4.4.2.2.3), f,(H,) the normalized field-
strength distribution/and use is made of the relation U, = G, - H,,, it is shown in annex 4.4-B
that 1his probability can formally be written as

GZ
priUy > U } = jdG deh—f(Uh]-ft(Go) (4.4.3-3)
G1 U1 O GO

where G4, G,, Uy and U, are suitably chosen boundaries (see annex 4.4-B). In this
equation the product of the two distributions, i.e. the joint distribution, is needed as pr{U, >
U} depends on simultaneously meeting a certain field-strength value H, = (=U,/G,) and a
certain value of G,. In equation (4.4.3-3) the factor 1/G, stems from the transformation of
f(H,) into f(U,/G,).
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Note that equation (4.4.3-3) is not an explicit function of the distance between transmitter
and point of observation as a consequence of the fact that the boundaries of the RSA have
been defined by field-strength values. A similar remark has been made in connection with
equation (4.4.3-1) and similar conclusions are possible here.

Considering again the ring-shaped area as introduced in 4.4.3.1, examples of the
classification of U, i.e. U, values corresponding with chosen values pr{U,, > U, }, are given

in table 4.4.3-2 classification. The relations used can be found in annex 4.4-B. As in
4.4.3.1, it was assumed that the outdoor field strength E,;, = 60 V/Im (H, 5« = 0,16 A/m)

and E.,;, = 0,01 VIm (H,iy = 27 pA/m) have been specified. When using G; and specifying
the outdoor field strength, the building effect has to be taken into account, as is explained
in annex 4.4-B.

Tablle 4.4.3-2 - Example of voltage classification assuming for the ouftdoor field strength:
Eax =60 Vim and E;;,, = 0,01 V/m x

A\ D¢
Building material B/W (& \ B/W\\ \ ) Cc
A dB 1,6 20,6 < —\

S, dB 4,0 87 | X \ -

Ay dB 12,0 41,0 ( (‘ DN _

A dB -10,0 /ZQAX\/ [\ . \> B

Gio dBOQm 473 \Q,g \ ) 45,8 26,9

s dB 11,2 \N@\ \ 10,6 10,

Gy dBOM 70,5 Ns,%\ 69,5 54 5

6L dBOm <11\K (_\ \ 20,5 \\> 16,5 -39

N
AUy = U) N/ U U
dBpV dBpV dBpu

10-1 < { 11< 101 114 96

\’\<5 \/\\/ 111 124 108

1073 < \ 35 / 121 134 116

1974 N \ 145\ 131 143 125

4.4.4 terization of the immunity-test disturbance source
The fesults presented in 4.4.2 and 4.4.3 of this report may be used to specify the gpen-
circujt\voltage and the internal impedance of the disturbance source in a conducted-
immunity test needed o0 achieve a sufficiently high probability that T TE 1o be connected to
the subscriber lines will be electromagnetically compatible.

The specification of the open-circuit voltage U, should be based on the distribution of the

voltages over all telephone outlets to be considered. Therefore, this distribution is
calculated first, using models and parameter values derived in the preceding sections.
Once the distribution is known it is possible to calculate N (U, > U|), i.e. the number of

outlets in the respective geographical region showing a voltage Uy, > U, where U may be

considered as the open-circuit voltage in the immunity test. The internal impedance may be
chosen directly using the results given in table 4.4.2-3. After that, the relevant parameters
for the specification of the disturbance source in the immunity test will be summarized in
4.44.2,
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This section only gives the procedures to arrive at a specification of the parameters
needed. The assignment of actual values is the prerogative of the Product Committees.

4.4.41 Outlet-voltage distribution

The derivation of the outlet-voltage distribution is described in detail in annexes 4.4-B and

4.4-C. In this derivation, the following steps have been taken.

1) Determine the total probability density n(H,) of the telephone outlets experiencing an
outdoor magnetic field strength H in ring-shaped areas around the N transmitters to be
considered, where the inner boundary of the areas is specified by a maximum field

strength H,,,, and the outer boundary by a minimum field strength H ;.

(Again, the magnetic field strength is considered first, as this fleld_ strength| was
measured in the experimental characterization procedure. If far-fleld cenditions are
valid, so that the magnetic and electric field strength have a congtant ra e rgsults
can be converted directly in terms of the electric field strength.

2) Determine the joint probability density f(H,,G,) = f(H,) - f(G, ersjty of
optlets where the field strength has a magnitude H, and si : , the antenna
factor of the subscriber lines has the magnitude G, e result into thel joint
probability density f(U,,G,), by using the relation U

3) Qalculate the probability pr{U, > U}. is Ah 3 r of outlets in the
r¢spective geographical region and the boupdg ¢ such
that Ny(Uy = Uy) = Ny (or = 0) i itlets
No(U,, = U)) equals Nt - pr{U}, >

It is the prerogative of a Product Committee toxghe a value of Ny (U = U|) from which

U_ follows and hence the~open-circuit v of\the disturbance source in the immunity

test.

Assuming the field s 3 i proportional to the distance between the ¢utlet

and the transman i densities of outlets around the transmitters|, it is

shown in annex™4 4~ i

(4.4{4-1)

wherg 4 is_the density, kj the constant of proportionality of the j-th transmitter gnd N

the fotal\.number of transmitters considered. If the density x is the same around all

trangmifters and all transmitters have the same constant of proportionality k, CH, is s|mply

a constant times the sum over all transistor powers.

When considering the electric field strength Ej = (k/P)/r, the distribution n(E,) reads

> 2
2;;2 k2P, .
n(E,) = ——— = —F0 (4.4.4-2)
Eg E;

so that Cg, = Ciq -Zg. In annexes 4.4-A and 4.4-B it is explained how the various

relations change when the indoor field strength H; or E; is to be used.
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AN

—
)

/4

F
ing

The
n(H,
so thiat n(H,) is approximated by n(H,) = AN(

AH,)

In practice, the magnitude of the ele may
be determined first, after which n( . An
exam e the

various contributions restiti C butlet
densjties around these tra W

A drawback of th ethod’ | Lo “Fig ng to
equations (4.4@ 1 (4.4 4-2)\is\that Nip particular in the lower field strength regions the
fieldg of the vari ; i 3, As a result, the same outlets in these regiong are
coun ination is made with respect to the broagicast

freqy . as\-been explained that no real frequency dependence could be
obse is di ion—is not possible, which leads to an over-estimaje of
AN(A,, p S

A pr i nighp be followed is then to determine n,(E,), the distribution gf the
maxi i strength in the respective geographical region resulting from the N relg¢vant

trangmitters-in ( in the direct vicinity of) that region. An example of such a distributjon is
given in figure 4.4.4-2. This distribution resulted for a part of Germany (having an arga of
2,5 -[10%%km?2 and 42 - 106 outlets) by calculating the maximum field strength in each |node
at a 1 km by 1 km grid over this region as caused by one of the 79 actual broadcasting
transmitters in the respective frequency range, having a total ERP of 12,2 MW. The
resolution of the field strength, i.e. AE, was taken to be 0,1 dBuV/m. It was assumed that

the density x# was a constant (42 - 108/2,5 - 105 = 168 km=2) throughout the region. When
performing these calculations it was found that n, (E,) does not vary much after a certain

number (50 in this case, with a total power of 7,5 MW) of transmitters had been taken into
account.
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1E9

1E8

A

1E7 X

1E6

Ny (Vim)™!

1ES

1E4

the total nu be@;t gts\in thrat region

The
ny(B,) = n(E,) when

equation 4.4.4%’;3?e
number of trans ers

When integrating
of outlets N

= - Cgo/ES with Cg, taken such that
omewhat smaller than Cg, calculated|from
act that n. (E,) seems to "saturate" whepn the

number

E max C 1 1
[ n(Eo)de, - S P (4.4|4-3)
E min Emin Enax
whergsthé right-hand side of equation (4.4.4-3) follows when equation (4.4.4-2) is yised.
Equation (4.4.4-3) indicates that for a given or agreed maximum field strengtih E the

max

value of E;, follows when Cg, is given or that Cg, follows when E;, is given. The former

approach has been used to calculate E.;, = 0,08 V/m as indicated in figure
assuming n,(E, = 1 V/Im) = Cgo/ES = Cgy ) 5,4 - 105 (V2/m2).

4.4.4-2,
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Table 4.4.4-1 — Summary of the parameters used in the numerical examples presented in
figures 4.4.4-3 and 4.4.4-4. Some curves have the same parameter values: Figure 4.4.4-4a)
curve 2 and figure 4.4.4-3, and figure 4.4.4-4b curve 1 and figure 4.4.4-4a curve 3

Figure 4.4.4-3 4.4.4-4a 4.4.4-4b
Curve - 1 3 4 2 3 4
L-factor L, L, L, L, L* L, L*
Building B/W B/W B/W B/W B/W c c
material
M, dBm -5,7 -5,7 -5,7 -57 -4,2 -25,0 -5,6
S, dB 10,6 10,6 10,6 10,6 11,2 10,9 10,5
t, |dm| 180 oo 18,0 18,0 19,0 \( :%\ 27,0
L, m 7,9 +o0 7,9 7,9 8,9 AS (1\ 22,4
t, | aBm| 350 o ~35,0 35,0 —40; <550 \> 31,0
L, m 0,02 —o 0,02 0,02 é)}\ 0002 0,03
M, dB - - - - \1\6\ \_ 20,6
Sa dB - - - J PR - 8,7
A, B - - - ( - Q 12,0 - 41,0
N\ X
A dB - - - <z -10 - ,0
: SNTAR
N, rhillions 42 42 42 \12 )42 42 42
Ceo |V3m2| 54.10° 5,4 .10% 4-10% \Q@ - 54105 -
C. |vam? - - —@ 3,3 10* - -
Epgy | Vim| 100 \1N \3\& \\zﬁ,o 3,0 3,0 3,0
Ey x| V/m - [ \ 2 — - 9,5 - 2,4
E.. | vim <0§> o{s 008/ 0,008 0,08 0,08 0,08
E..| vim = < AN A - 0,02 - q,0007
’ A\
u.| v <<9 \ s |/ 2 79 85 42 53
* Sed note 3 q{th Nof\\his ubcﬁgse.
N\
This |su j cluded by giving several numerical examples of Ny (U, = U)), ile. of
the number in the respective geographical region showing an induced open-gircuit
voltage Upy>U,, re U_ may be considered as the open-circuit voltage in the immunity
test. |Thieregion in these examples is the aforementioned part of Germany. The relgtions
usedlinthe calculation of N (U, > U, ) can be found in annexes 4 4-B and 4.4-C._The values

of the various parameters used in these calculations have been summarized in table 4.4 .4-
1.

Figure 4.4.4-2 shows an example of Ny(U, > U,) in the voltage range U < U, = 79V,
based on L, data for buildings constructed from brick and/or wood (B/W) and assuming that
all 42 million outlets are in these types of building. U5, (see also table 4.4.4-1) is given by
Unax = Emaxly, where E_ .. is the maximum outdoor field strength in the respective
geographical region and L, the upper limit of the range of L (B/W) data (see 4.4.2.2.2).
Unax is quite large in this case. The maximum value measured in the experimental
investigations was 22 V.
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(x 1E7)

5

No(U2U))
N

0 L

1E-3 0,01 0,1 1
U, (volt)

To s

Ther
4a. (

4.4-
4.4-3
arge,
sults
Then

whic
repre

Umax

by C curve
clear hical
region.

In fig ence of the building material (B/W or reinforced concrete, C) and
the @ L or L;) on the results can be observed. Curve 1 in that figyre is
ident figure 4.4.4-4a, so it concerns L, data for B/W-buildings. When (ising

edict
D are

L; da

- = : b the
building effect the maximum indoor field strength E; ., = Epax Api» Where Ay; is the lowest
building effect as determined from the experimental data. In this case Ap; = —10 dB, so that
Ei max = 9,5 V/m, hence an amplification of the outdoor field strength.
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a) B/W buildings

Curve 1: nontruncated L, factor, E ,, =10 V/m, Epmin = 0,08 V/m
Curve 2, truncated L factor, Eqax = 10 Vim; Emin = 0,08 V/m
Curve 3, truncated L factor, Enax = 3 V/m; Epin = 0,008 V/im
Curve 4, truncated L factor, Eqax = 10 Vim; Epmin = 0,08 V/m

b) Truncated L factors, maximum outdoor field strength 3 V/m
Curve 1: B/W buildings, L, factor

Curve 2: B/W buildings, L, factor

| HIPAH L £ ry
UUIIUIIIUD, I_O acviyul

()]

CUIVC 1

Qurve 2: C buildings, L; factor

One |might argue that a negative value of A, is not realistic. As , the
negative values predominantly originated from measuremeg i gr | field
strength was measured at an upper floor of the building and the i S gth at
1,5 m above ground level. Furthermore, reradiation effec field-
strength data. One may decide to truncate the building-ef nd at
0 dB| In that case E; 54 @and Up,, reduces from 85 V1o

Assuming that all 42 million outlets are Iocate i j &q ildi sults
reprgsented by Curve 1 in figure 4.44 nogified’int e ve 3,
whilg Curve 4 follows if the L; data are used. ice, [ istri over
the B/W and C buildings. Then Ny in ik < [ [ in a
given type of building, and the results(for bath types of b

NOTE[1 Although the numbe Qi i 4.4- i s, the
relative number is very low. This streg imp Nie ils" i istributi and of
the applied truncation. i 8 j a full-
numetical calculation is m 2 , with n.,(E,)), care has to be taken that the accuracy of
the nymerical calcujdtions ici igh S low values of the relative number N,(U,, > U_)/Nt fgrm an
indication of the a % c - i bér is identical to pr{U,, > U} in per cent.

NOTE| 2 ati ¢ outlets x4 was considered to be a constant over the (whole
respegtive region. T, d when, for example, the calculations leading to n.,(E,), seelfigure

4.4.4-P, take a location-d

NOTE|3 Curyes 2xand igy M.4-4b are based on L; and A, data, and a warning has to be given| here.
As mgntioped IR 4.4.2, iNis—hot ve ikely that inside the buildings the far-field condition will be satisfiefd and,
formally g i X . In addition A, has been determined from magnetic field-stfength

data 4nd A d need not be the same. In the calculations leading to curves 2 and 4,[it has
tacitly|been asse t Li = GilZy (Zg = 377 Q). However, the same curves for N,(U = U ) would havg been
found|when correctly _usipg the G; and A,, but quoting on Row 15 and 16 of table 4.4.4-1 the magnetif field

quantities’ Hurax = Emax/Zo etc. and replacing Cg; by Cy; = Cgi/ Zg (see clause 4.4.A-3 in annex 4.4-A).

4.4.4.2 Summary of disturbance source parameters

Assuming that the disturbance source in the conducted-immunity test is sufficiently
described by an open-circuit voltage and an internal impedance, the following parameters
are of importance.

The internal impedance

The internal impedance may be specified as a purely resistive quantity, of which the
magnitude is chosen on the basis of the results for the equivalent asymmetrical resistance
R,, as given in 4.4.2.3. The choice depends on the reference for the asymmetrical

disturbance source considered to be relevant in the situations where interference problems
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have to be prevented. An often used value is R; = 150 Q [9] [10] [14] which is not in conflict
with R, results presented in 4.4.2.3.

The open-circuit voltage

Because the induced asymmetrical voltage has been measured at non-random locations in
order to have a sufficiently large induced-signal-to-ambient-noise ratio, the bare U, data

cannot be used and the procedure described in 4.4.4.1 has to be followed. From that
procedure, described in more detail in annexes 4.4-B and 4.4-C, it can be concluded that
the following parameters have to be considered (see also table 4.4.4-1).

a)

b)

c)

d)

f)

g)

Nt

The total number of outlets in the geographical region (country) to

Mg or M

'Imin or Emin

be considered. Nt Is either the grand total of o

4.4.2-4):
M,: the average building effect

of the outdoor field strength in A/m or|
e inner boundary of the areas aroung

ing consideration seems to be relevant. Choose (or agre
num field strength of X (A/m or V/m) such that there is &
obability that all equipment will be electromagnetically comp
en the field strength is equal to or smaller than X (A/m or
d agree that special EMC hardening measures are to be tak
that part of the region where the field strength is larger than X
or V/m) and (simultaneously) a complaint occurs.

total
d or

bbles
wing
and

ange

V/m
the

ards.
s the
e 0on)
high
atible
V/m),
en in
(A/m

The minimum field strength determining the outer boundary @

f the

n(H) or n(E)

areas around the transmitters (see 4.4.4.1).
This value has only to be chosen when the field-strength distrib

ution

n(H) or n(E) is unknown. If this distribution is known, H;, or Eiy is

calculated from an equation like equation (4.4.4-3).

The field-strength distribution as discussed in 4.4.4.1 and annex 4.4-

A.
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This

Annex 4.4-A

The field-strength distribution

annex considers the probability pr{H, > T} that in a ring-shaped area around a
transmitter the outdoor magnetic field strength H, is equal to or larger than a given field
strength H|. The magnetic field strength has been chosen because the experimental data

presented in 4.4.2 are based on magnetic-field-strength measurements. At the end of this
annex expressions will be given based on the outdoor electric field strength E,, assuming

that the far-field condition is fulfilled.

4.4-A

Rec4

wher|
P thd

need
near-

Usin

wher|
by R
deter
infini
field
of H||

.1 Hy-field expressions

lling the results given in 4.4.2, it is assumed that H, can be wrijte

ing that pr{H, > H } would be approaching zero for all v

4-A1)

nin 1S

in the

4-A2)

hined
ring

pite outer boundary R, ., has to be specified, gs an
e transmitter would create an infinitely large region with

hlues

IEC 802/2000

Figure 4.4-A1 - Definition of the ring-shaped area round the transmitter T
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The probability can now be written as

alR2 -R2,) _ HL* - Had

pr{H, = H } = > = — (4.4
7t(Rmax _Rmin) Hin = Hmax
or as
H2. . —H2H2
priH, > H_} = | = Lz) mo (4.4
(Hmax - Hmin )HL
wherg Hpin = (KIP) | (RmaxZo) @nd Hpayx = (KIP)(RminZo)» i-€. Hynax and arethe

strength at the inner boundary and the outer boundary of the ring-shap the
wherge H, 4 >> {H|,Hyin}t €quation (4.4-A4) reduces to

(4.4
which means that pr{H, > H|} is no longer a fupeti - ition pr{H, > H|

0 and pr{H, = H.,} = 1 so tha

Congequently, the choice of H,;, is

In anfnex 4.4-B and annex 4.4-C the (distri o f(H,) has to be known. Sinc
cumy ~ > H|} and, by definition, f(H,) i
deriv| fi erngth, the normalized distribution fun
fn(Hy i

3iHZa -11HZ, ) HS

H,
C_1 B nj[ax dHO
Ho — H3
Hmin 0

ztion of the distan

(4.4

-A3)

-A4)

field
case

-A5)

ax} =
ce r.

e the
s the
ction

4-A6)

A7)

The relation f,(H,) = —Cy/H® is applicable in all cases where the field strength varies in
inverse proportion to that distance and no specification of the transmitter power P is

needed. Of course, H, is an implicit function of r and P.

Finally, pr{H, > H|} can be written formally as
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Hmax
jf(HO YdH,
priH, > H.} = ,&X— (4.4-A8)

j f(Hy)dH,

HFrmin
4.4-A.2 Hi-field expressions

For the indoor field H; no direct model is available as it is for the outdoor field H,. Therefore
the distribution f(H;) has to be derived from f(H,) and the distribution f(A,) of the building
effecf.

latte distribution represents the distribution of locations where
equals H, and, simultaneously, the building effect amounts

trangformation H; = H /A, the joint distribution f(H;,Ay) is kno

F(Hi| Ay )aH; = f(Ay ) (Ho )dH, ’ ) (Ap ) (4.4-A9)

(4.4-p10)
wherg E[A;?] is th with
trundation facto@, 5

2
- DA Lerf(Z,) - erf(z;)le 2TATEOA (4.4-011)

2

data,
being
b In

given b

In(Apy ) - In(A, ) -
z, :M+0A V2, Z; :MﬂyAﬁ (4.4-A12)
O'A\/E O'A 2

By definition f(H;) is the derivative of F(H;) with respect to the field strength. Hence, the
normalized distribution f (H;) reads
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Himax
T dH.
fn(Hi)_& with €1 = {A 2} j bl (4.4-A13)
Hi Himin H|3

where Hi nin = HpinfAy and Hj nax = Hmax/Ar @and Hyin and Hy o, are the minimum and
maximum outdoor field strength, respectively.

4.4-A.3 E,-field expressions

Assuming far-field conditions, the outdoor magnetic field component H, and the outdoor
electric field component E_ have a constant ratio, i.e. E; = H Z,. If E,;, and E 5« are the

field [strength at the inner and outer boundary of the ring-shaped area, robabitity that
E, >|E_ can be written as

(E2ax -

(£2.

pri{E, 2 E_  } = A14)

In th e of
equati that
applic

n\15)

A€ u%4 4-A6), while the approximation is valid in
neNatter case E| is independent of E ;.

whic
the ¢

Simil 4-A1in the disgribution function f(E,) is given by
Emax dE
= —Cef(E,) with Cg' = [ =2 (4.4-016)
g3
Emin °
and [
Emax
J'f(E0 )dE,
=
priE, = E| j= E“— (4.4-A17)
jf(E0 )dE,
Emin

The constants Cg, and C,, are related via Cg, = cHozg

Of course, in a similar way also f(H,) and f,(H;) can be converted into f(E;) and f(E;).
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Annex 4.4-B

The induced asymmetrical open-circuit voltage distribution

In this annex the distribution function f(U,,) of the induced asymmetrical open-circuit voltage
Uy, will be derived by combining the distribution function of the field strength (see annex 4.4-
A) and that of the G factors or the L factors. After that, the probability p{U,, > U } that U, is
equal to or larger than a given value U, is calculated. Results of this calculation have been

used

As in
as H

free-
obse

or E{
Rmax
boun

wher
field

stren

4.4-B.

Assu
the jq

in4.4.3.2.

annex 4.4-A, it is assumed that the outdoor magnetic field strength H,,_can be-written
b = (k/IP) | rZy) or E, = (k/IP)/r, where k is a constant, P the tran ' s the
space wave impedance and r the distance between the tran 8 _point of
Fvation. As in annex 4.4-A, it is also assumed that the transritte ing\the fig|ld H,

facto|
foun
facto

it foll

the IIcations where the

of the situations
r equals G@ﬂ :

is in the centre of a ring-shaped area with an inner radios_R\,; 8 er radius
. The field strength as the inner boundary is H, ., 8 puter
dary Hp,i, or Enin- The need for these boundaries hds been explained in annex 4.4-A,
e it was also explained that the derivation of the 3 } regm the magnetic
- H. Electric-field-
Sed in clause B.P.

1 H-field-based relations
istribution f(G,) to be independent,
int distribution f(H,, WAdistribution gives the distributipn of

’ Hy and, simultaneously, the outdgor G
etransformation U,, = G, - H,,, the distribution is

fa(Ho)  fa(Ho)

(4.4-B1)
dUy, 1dH Go
G ChoGEf(G
f(Up,Go) = ° _ CoGo7(Go) (4.4-B2)
Gq ul

where the right-hand part of this equation is valid if the distribution derived in annex 4.4-A
is used, i.e. when it is assumed that f,(Hy) = Cpxo /Hg’, see equation (4.4-A6). If f(G)) is
used, the building effect Ay has to be taken into account and, hence, f,(H,) should be used
as discussed in 4.4.A.2 of annex 4.4-A.

By integrating the joint distribution over the permissible ranges of Uy, and G, the probability
pr{Uy = U} can be calculated from
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ChoG2f(G, o G2 G2
jdu J'dG Ho ( ) _ Cho j °© _ 29 lf(G,)dG (4.4-B3)

2 2
2 g, Uh1 th

pr{Up

where U, 1 and U,, are relevant boundaries. To find the relevant ranges and boundaries of
Uy, and G, consider figure 4.4-B1 showing the U,-G plane. As the field strength ranges
between H, and H,, ., the voltage satisfies the relation H,;,G < U, < H,,4G. Using a
truncated lognormal distribution of the G factors (see 4.4.2.2.3), we have G| < G < G,,.

If U_ has the value indicated in figure 4.4-B1, pr{U,, > U} is found by integrating the joint
distri h 4.4-
B1. From that figure it will be clear that U, can only have values betwegn U, < H{n 6| and

Uyq = HphaxGy- The voltages Uy and U, are defined by Uy = H,,G and\UL X Hbn Gus
respectively.

XX

OC
N
BN

. G
L if \) Gmax GU
IEC 803/2000

ible ranges of U, and G are within the polygon
{GL!Ub}! {GU’Ud}5 {GI,UC} and {GL’Ua}'

After|straightforward xalculations it follows from equation (4.4-B3) that pr{U,,,U| } is given by

pr{lr > U, )( =
4 Hin Hrnax "

where ug = Mg - In(10)/20 and og = Sg - In(10)/20, Mg and Sg being the average value and
the standard deviation of the relevant truncated lognormal G factor distribution with
truncation factor 4. The variables x, and x; are given in equation (4.4-B5), while y,, y;, z

z; and 6, which depend on the value of U, are given by equations (4.4-6) and (4.4-8)

u’

In(G, ) - In(U; 'Hqyin ) —
X, = (Gy) ﬂG,Xi: (UL min ) — 4G (4.4-B5)

o2 og2
G G
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a) U,<U <Uyd,=1,

In(Gy ) - 1g In(GL ) - ug
Yy=—"""y=——— (4.4-B6(a))
O'G\/E O'G\/E
IN(UL / Hegin ) — 1 — 203 (G ) - ug —202
z, = L 2| = (4.4-B6(b))
O'G\/E O'G\/E
b) Uy<U <U; oy=1
_ In(Gy ) - 1o _ IN(UL /Hmax ) — 1a

4-Bf(a))

Yu =—————"—— Vi

O'G\/E

IN(U I Hnin ) — 116 — 203

, Z) = (4.4-BY (b))

O'G\/E

(4.4-BB(a))

(4.4-B(b))

, eéquation (4.4-4) is applicable provided that (., is

Hmax bY Himin @and H 1.y, respectively (see clause

8) have been used to calculate the data summarized in table

4.4-B.2 ,E-field-based relations

Assuming far-field conditions the outdoor electric field strength may be used to calgulate
pr{Uy = U} in connection with the L factors, see 4.4.2.2.2. In that case equations (4.4-B4)

to (4.4-B8) can be used, provided that Cy, is replaced by Cry, Hyax OY Emaxe Himin PY Emin
G, by Ly, and Mg and Sg by M| and S, . In other words, equations (4.4-B4) to (4.4-B9) can

be used, provided that all magnetic-field-related quantities are replaced by the
corresponding electric-field quantities.

Similar remarks are valid in the case where L, factors are to be used, but see note 3 at the
end of 4.1.
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Annex 4.4-C

The outlet-voltage distribution

This annex considers the number of outlets N, (U, > U|) showing an induced open-circuit
voltage Uy, equal to or larger than a given voltage U . This quantity is derived in a number
of steps. First, the probability density n(H,) giving the density of outlets experiencing a
certain field strength H, is considered. Use will be made of the simple models with the ring-
shaped area (RSA) already discussed in annex 4.4-A and annex 4.4-B, and of the G,
factors, which give U,, normalized to the magnetic field strength. After that it is possible to
calculate the joint distribution n(H,,G) along the lines described in annex 4.4-B, and N (U,

> U, ) follows after integration of the joint distribution factor over the pey

the parameters concerned. When using the G; factors in combination
A, thle same procedure can be followed as in annex 4.4-B.

4.4-G.1 H-field-based relations

Assuming a homogeneous density of u outlets per square
question, the number dn(r) of outlets in an elementary
is giyen by

Usin
of ol
giver

In th
dens

Henge, in this m he normalized distribution n(H,) is given by

N
H
n(Hy) = IMHo) _ Cto yith ¢y = 2T 3 k2P,

Ll 3

_ Cho

ding

dH, (4.4
H3

ible valuts of

ffect

er in
r+dr

4c1)

mber
), is

=

4c2)

d the

LC3)

(4.4-C4(

a,b))

W s ZZ i

As had to be expected, the distribution n(H,) is equal to f,(H,) discussed in annex 4.4-A.

If N; is the total number of outlets in the RSA and if H,,, and H
boundaries of that RSA, the following relation has to be satisfied
Hmax
Ny = J'n(H)dH
Hmin

min

(4.4

determine the

-C5)
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or, after substitution of equation (4.4-C4):

(4.4

-CB)

If the connection between Nt and Cp, is made via equation (4.4-C4), the expression for the
number of outlets N (H, > U| ) showing an induced open-circuit voltage U, > U, is identical
to that for pr{Uy, > U, } as derived in annex 4.4-B, equation (4.4-B4). So N (U, = U, ) reads

NO {Uh = UL} -
ath Ho 6U erf(xu)z_erf(xl) _ erf(yu )2_ erf(Y|) +62HG +26é erf(zu)_ (44_C7)
4 Hmin Hmax
The parameters needed in equation (4.4-C7) have been expl& 4) to
(4.4-B8). In annex 4.4-B it has also been explained ho 7) to
make a calculation using G; factors possible.
When it is assumed that Ny is known and HLy two
"unkmowns" in equation (4.4-C6): brtain
geographical region from equation (4 Brs in
equation (4.4-C7) are known. As discu Hmin
in that region and C., can be calcula
4.4-¢.2 E-field-based
Assuming far-field condition ctric field strength together with the L factors
may pe used to galc 9 vided
that Cp, is rep y M_
and |S.. In other ) 7) can be used, provided that all magnetic-field-
related quantitie ¢ corresponding electric-field quantities.
If E,|= (k/P) quation (4.4-C4) reads
C N
- ZE% with Cg, = 21) " k2P, (4.4-C8(h,b))
E3 : J
Jj=1
and the equivatent of equation (#.4-C6) Teads
C
Np =B 1 ] (4.4-C9)
2 Emm Emax

See annex 4.4-B about how to change the various relations to make calculations using L,

factors possible, but see also note 3 at the end of 4.1.
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Annex 4.4-D

Some mathematical relations

In this annex a number of mathematical relations involving the so-called Error Function, as
used in annexes 4.4-B and 4.4-C, are summarized. In 4.4-D.1 a series expansion of the
error function is also given which is sufficiently accurate to be used in computer
calculations based on the analytical expressions presented in annexes 4.4-B and 4.4-C.
Clause 4.4-D.2 summarizes some mathematical relations involving the lognormal
distribution and the error function.

4.4-D.1 The Error Function

By définition erf(x), the error function of x, is given by equation (4.
X
2
erf(x) = —je‘“ d (4.4-D1)
0

The error function has the following properties

(4.4-DR(a))

(4.4-DP(c))

A us¢ful series expan

+agtd +agtt + ast® )e*x2 +8(x) (4.4-DB(a))

1

,|g(x)| <15x1077 (4.4-DB(b))
1+ px

wherg

a; = 0,25482-959
a, = 0,28449 6736;
a; = 1,42141 3741,
a, = —1,45315 2027;
as = 1,06140 5429,
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4.4-D.2 Application to the lognormal distribution

A quantity x has a lognormal distribution when the logarithm of x has a normal distribution.
In mathematical form the lognormal distribution of x reads

_(n(x)-p)?

fx)dx = — & 202 gy (4.4-D4)

XoW2n

where u is the average value of In(x) and o the associated standard deviation. If the latter
parameters are known in dB and M(dB...) is the average value and S(dB) is the associated
standard deviation, = M - In(10)/20 and o= S - In(10)/20. The distribution function given in
equa|t|on (4.4-D4) has the property that the integral of this function over.all values| of x
equal

If fi(X) is the truncated lognormal distribution of x, such that x; < x <
to bgl normalized again. In that case f(x) can formally be written ag

so thjat

wherg y =

When carrying out the |
integral solutions, whis

In th¢ case of w@io

—{erf(zu ) —erf(z )} (4.4-Db(a))

wherg zZy =yy-0oV2, z, =y -o2 (4.4-D(b))
and in the der of equation (4.4-B5) use was made of
Xy 2
-2p+2
D2t e = 0 @077 lart(z )~ erf(z) (4.4-07 (a)
X
where zZy =y, +ov2, z, =y +o2 (4.4-D7(b))

References
D1  Handbook of mathematical functions, M. Abramowitz and I[.A. Stegun, Dover
Publications Inc., New York, 1972

D2 Approximations for digital computers, C. Hastings Jr., Princeton Univ. Press,
Princeton, N.J., 1959 (see also Ref. D1)
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4.5 The predictability of radiation in vertical directions at frequencies above
30 MHz

Summary

CISPR 11 sets limits for the electromagnetic disturbances emitted in situ near the ground
from industrial, scientific and medical (ISM) radio-frequency equipment. In CISPR 11,
referring to protection of safety of life services, it is stated "Many aeronautical
communications require the limitation of vertically radiated electromagnetic disturbances.
Work is continuing to determine what provisions may be necessary to provide protection for
such systems".

This [report considers the calculated vertical radiation patterns of the E-field which_wjll be
emitted at frequencies above 30 MHz from electrically small sources phys' ally~lo¢ated
closg to the surface of real homogeneous plane ground. Its purposé he study df the
predictability of radiation in vertical directions based on in situ ) 's_ of the
strength of the E-field near the ground. The sources conside small
balanmced electric and magnetic dipoles excited in the frequé Kz to
1 000 MHz.

The |effects on the vertical radiation patterns caused-h i of the electrlcal
properties of the ground, varying from wet ground to case
of a ground that behaves like a near-perfect condu '

Thesle studies show the limitations of the predi i ion at elevated angles when
based on measurements near the gro UL s some of the factors {o be
cons|dered when developing and specjf\ it iated”electromagnetic disturbgnces
and methods of measurement which( are intendéd to ‘protect aeronautical radionavigation

and ¢ommunication systems operating ies\apbove 30 MHz. For example, it shows
that yertical patterns of i v gnductors do not represent the field pafterns
over|real grounds. Moreqver 3 at for good predictability of the|field
strengths at elevated angle situmes ents near the ground must not be made
at fixed heights S \eight scans and, in particular, must be magde at
a kngwn distan

4.5.1

This | report i b predictability of radiation in vertical directions base@ on
meagurements oft gth of the electric (E) fields emitted by electrical equipment|near
the grodn i give guidance to the predictability of radiation emitt¢d at
elevateth.ang elecyrical equipment in situ, in particular industrial, scientific,| and
medigcal (IS adio-frequency equipment. For that purpose, it studies the calculated

verti¢al radiation patterns of the E-fields which will be emitted at frequencies above 30|MHz
from| electrically siall sources located close to the surface of real homogeneous plane
grounds

The vertical radiation patterns of the horizontally and vertically polarized E-fields, including
the surface waves, have been calculated at distances of 10 m, 30 m and 300 m from
various electrically small sources, so that the field variations with distance can be
quantified. In this way, a general knowledge has been obtained of the shapes of the vertical
radiation patterns, showing the magnitudes of the E-field strengths near ground compared
with the magnitudes of the E-field components at elevated angles, and the ways in which
the relative magnitudes can be expected to vary with distance over a plane ground.

The sources considered were electrically small balanced electric and magnetic dipoles
excited in the frequency range from 30 MHz to 1 000 MHz. For the purposes of the study,
an electrically small source is defined as one whose largest linear dimension is one-tenth or
less of the free-space wavelength at the frequency of interest.
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The report also considers the effects on the vertical radiation patterns caused by a range of
electrical properties of the ground, varying from electrical conductivities and dielectric
constants of wet ground to those of very dry ground [1] [2] and the special case of a ground
that behaves like a near-perfect conductor.

The effects on wave propagation near the ground of walls, buildings, terrain irregularities,
watercourses, vegetation cover, and so on, are not within the scope of this report. It is
important to note, therefore, that the additional uncertainties in wave propagation caused
by the presence of such discontinuities, and their effects on predictability based on
measurements in situ, have not been considered.

4.5.2 Introduction

ecific
netic

In CISPR 11 [3], table VI in clause 5.3 provides radiation limits for the p
safety services. The limits apply to ground level measurements of

distufbances emitted by ISM radio-frequency (RF) equipment in site.
Above 30 MHz the five frequency bands listed in table VI are Litical
services, including the instrument landing system or instrume (ILS)

markler beacon, localizer, and glide path frequencies, as well as™a i and
othernl radionavigation and communication frequencies b S Dle jates:
"Manly aeronautical communications require the radiated
electromagnetic disturbances. Work is continuing to—determi gvisions mgy be
necepsary to provide protection for such systems."

The jn situ measuring distance specifi in A& for] ive, frequency bands gbove
30 MHz, is 10 m "from (the) exteric S ¢ i nt is
situated". It is important to note tF ISM
appafratus itself is not specified.

The heights at which meagsyremen : i i -fi to be

mad¢ using a balanced 4 of CISPR 11. "For Group 2 Clgss A
equipment the centre + 0,2 m above ground. For Group 1 and

Group 2 Class B equipmap of the antenna shall be adjusted between 1 m and 4 m

for maximum i i ; eney. The nearest point of the antenna to gfound
shall| be not le \ ¢” height” above ground of the measuring antenna Wwhen
measuri issiogs f mple,
largel " nnex
4.4-A, to be
teste ISM
equif ecific
safet nts to
be ni and
Class

After| considering the methods of specifying in situ measurement distance and measuring
antepnaheight in CISPR 11, it is useful to address the following questions:

1) How well do measurements of the vertically and horizontally polarized E-fields, in a
height scan of 1 m to 4 m at a horizontal distance of 10 m from the source over real
ground, predict the field strengths emitted at elevated angles?

2) How predictable are the field strengths at elevated angles when the horizontal
measuring distance is greater than 10 m but, beyond that fact, the actual distance is not
known (not specified)?

3) How is the predictability affected when the height above ground to the centre of the
measuring antenna is fixed, for example at a nominal 3 m?

4) What errors in judgement of the predictability of the vertical patterns may arise if
calculations are made using the common approximation that the influence of the real
ground can be simulated by replacing it with a perfect conductor?
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To provide some answers in the frequency range 30 MHz to 1 000 MHz a number of vertical
polar patterns and linear height scan patterns have been calculated for the E-field radiation
emitted by four kinds of electrically small sources located close to the surface of real
homogeneous plane ground. Predictability has been assessed by judging how well, or how
badly, the calculated patterns show that ground-based measurements of the vertically and
horizontally polarized E-fields emitted from the various sources will correlate with the
maximum strengths of either vertically or horizontally polarized E-fields (whichever are
greater) at elevated angles. The patterns have been calculated for the simplest of sources
radiating into the half-space above ground. If these patterns identify problems of
predictability, it is unlikely that predictability will be improved when real ISM devices, like
plastics welders or RF diathermy machines, are the sources.

Vertical polar patterns and linear height scan patterns have also been calculated for the E-
field radiation emitted from the small sources over a copper ground plane—A.copperground
plang provides boundary conditions which distinguish, in effect, a perfect conductonfrom a
real [ground, and allows identification of the differences between¢the vyerti radifation
patterns that will exist close to the surface of a real ground whé G fhose
calcylated close to the surface of a perfect conductor. The differences\de i ¢ |arge
the drrors will be if predictability is judged by considering vert; ted opyer a
perfgctly conducting ground plane.

The four kinds of source considered were electrically s erti hQrizontal balgnced
electfic and magnetic dipoles. There is justification/for_the™yuse f small dipole sourcgs as

mode¢ls in the study of the predictability of radiatiofy a angles from reall ISM
equipment. Airborne measurements of the fourth Yia TeNT adiated from 27 MHZ ISM
appa i : per in [5] In [5] it is shown
that X MHz,
enco| i i il i 5 e ISM apparatus, can bg well
matched with a field distribution produced at elevated\angles by a simple small electfic or
magmnetic dipole source. Some of the wor yarized in appendix 4.5-A

4.5.3

The i j 3 inear height scan patterns have been calculated
using - xthod of Moments computer code known ap the
Numeri ) [6]. NEC2 with the companion code SOMNEC
allow ation of the field interactions at the air-gnound
interf , ang i s the coptribution of the Sommerfeld-Norton surface wave Wwhen
calcylati e [ above real grounds (discussed in 4.5.4.3). The near fields|were
also in th for this report.

The by orizontal balanced electric dipoles, and vertical and horizontal
balar s gnetic dipoles) used as the models for the calculations each had a unit

dipole moment (ise. & dipole [current] moment of a A-m for the electric dipoles and a dipole
moment 'of’ 1 A-m2 for the loops). All were positioned with their centres at a height gbove
ground.of either 1 m or 2 m in order to show the effects of variations in the source height on
the vertical radiation patterns. The effects include the appearance of additional major lobes
of radiation — called grating lobes — as the spacing between the source and its image in the
ground increases beyond A/2 with increasing frequency [8].

The geometries of the models, and the paths of the scans in vertical planes at constant
radius about each source for the vertical polar pattern computations, are shown in the top
right corner of each polar pattern plot.

The planes in which the linear height scan patterns were calculated are shown in the
diagrams accompanying each linear height scan pattern plot.
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4.5.3.1

The five frequencies of interest at which the models were excited,

— 63—

The frequencies of interest and the electrical constants of the ground

in the five ITU

designated bands [9] listed in table VI of CISPR 11, are shown here in table 4.5-1.

Table 4.5-1
Excitation ITU designated bands
frequency
MHz
75 74,8-75,2 MHz, Aeronautical Radionavigation (Instrument Landing System (ILS) marker beacons,
horizontal polarization)
110 108-137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) (including ILS localizers
(108-112 MHz), horizontal polarization)
243 243 MHz is for use by survival craft stations and equipment used fory{l(vival puhposes
330 328,6-335,4 MHz, limited to ILS (glide path, horizontal polarlzatm}r\
1 000 960-1 215 MHz, reserved on a worldwide basis for the use and devel ent Wlectronic
aids to air navigation
Most| attention has been devoted to the small sources pI und"

[1] (

cons
at 30

CCIR — medlum dry ground

(CCIR — medium dry groun

trical

rocks; sand; me 0
¢ und"

Table 4.5-2 — Electricalco

; ro

Fre:\:]/IL'l_lechy “ \> mg/m
.\ S5\ 1
A SN 15
N0 N M5 2
N A28\, N 7 15 4,5
PR AN
NN |/ 15 35

Near| t
1 00(
smal
value
cons
listeg

s of the
ants—for

intable 4.5-3.

and
of Ywo other types of grounds have been used with the electrically
(horizontal magnetic dipole) to illustrate the influence of diffiering
undconstants on the vertical radiation patterns (see 4.5.4.1). The elegtrical
"wet>ground" and "very dry ground" at 30 MHz, 75 MHz and 1 000 MHZ, are

Table 4.5-3 — Electrical constants for "wet ground” [1] (CCIR — marshes (fresh water);
cultivated land [2]) and "very dry ground” [1] (CCIR — very dry ground; granite mountains

in cold regions; industrial areas [2])

Frequency "Wet ground” "Very dry ground”
MHz
& c [ c
mS/m mS/m
30 30 10 3 0,1
75 30 13 3 0,1
1 000 30 140 3 0,15
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4.5.4 Limitations of predictability of radiation at elevated angles
4.5.4.1 Influence of the electrical constants of the ground

It is useful to observe the relatively small influence of widely differing values of the ground
constants on the predictability of the field strengths at elevated angles. A small vertical loop
(horizontal magnetic dipole) at a centre height of 2 m above ground has been chosen as
the source model. The geometry of the model is shown in figure 4.5-1. For this source, the
best predictability is obtained when the vertical Ez field component is measured near the
ground to estimate the maximum strength of either the horizontally oriented Ex field or the
vertically oriented Ez field at elevated angles.

4.5.4.1.1 Influence of the ground constants at 75 MHz

In fig d Ex
field unds
havin f the
three than
3dB

In figure 4.5-1(b), the height scan patterns calculated up £ a-hei show
the Kz field strengths in the Z-X plane at the three co i C i over
the same three types of real ground. It can be seen i i e Ez
field ptrengths at ground level for the three ground types c . ever,
if measurements of Ez are made at heights frory i i ce of
10 m| the underestimates of the maxi i i ange
from [about 3,9 dB to about 4,7 dB (a B0 m,

the underestimates range from about 5,4 dB o aboul\5,7 dB_(a/spread of only 0,6 dB), and at
300 m, the underestimates range fro <
Thus| for the range of values of the ) d an{s gnhd measuring distances considered
here, the worst case spre o Or va imates of maximum field strengths in
the at the largest measuring distange of

In fig .5- , alar patterns at 1 000 MHz show the horizontally polafrized
Ex fie it ne at)the same three scan radii R around the small vertical

loop ofreal ground with the electrical constants at 1 000|MHz
givern i . . It can be seen that for a source height of 2 m af this
frequ [ grati bés are established.

Figune 4.552 ‘ thé vertical polar patterns of the vertically oriented Ez field strepgths
in th and figure 4.5-2(c) shows the height scan patterns of the Ez|field

strengths~calculated’up to a height of 6 m in the Z-X plane, at the three scan distances$ and
over thé three types of real ground.

Figure 4.5-2(a) shows that the maximum strength of the Ex field occurs at an elevation
angle between 77° and 78° at all three scan radii. A comparison of figure 4.5-2(b) with
figure 4.5-2(a) also shows that, in the case of a "very dry ground", the maximum field
strength is contributed by Ez at the scan radii of 30 m and 300 m at an elevation angle of 2°
(that is, at heights of approximately 1,1 m and 10,5 m at the two radii respectively).

Inspection of figure 4.5-2 reveals the following information. If a vertically polarized antenna
measures maximum Ez in height scans from 1 m to 4 m, then at 10 m horizontal distance
the resulting underestimates of the maximum Ex field strengths range from about 1,8 dB to
about 3,2 dB, a spread of only 1,4 dB. At 30 m horizontal distance, with "medium dry
ground" or "wet ground", a 1 m to 4 m Ez height scan measurement underestimates the
maximum Ex field strengths by about 1,4 dB ("medium dry ground") or about 2,9 dB ("wet
ground"), a spread of only 1,5 dB. Over "very dry ground", the maximum field strength, Ez,
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is reached at a height of about 1,1 m, and will therefore be measured within the height scan
from 1 mto4 m.

At 300 m horizontal distance, over "medium dry ground" and "wet ground”, a 1m to 4 m
height scan of Ez underestimates the maximum Ex field strengths (at about 77° elevation) by
about 4,4 dB ("medium dry ground") or about 5,2 dB ("wet ground"), a spread of only 0,8 dB.
Over "very dry ground" a measurement of Ez at a height of 4 m underestimates the maximum
field strength (maximum Ez at an elevation angle of 2°, height approximately 10,5 m) by
about 5,1 dB. The overall spread in the underestimates at 300 m distance therefore remains
only 0,8 dB.

Thus, at 1000 MHz, the calculations show that the differing values of the electrical

constants of the grmmd we have considered here prndlmn aworst-case variation or Q,nread
of onlly 1,5 dB in the underestimates of the maximum E-field strengths a evated angles,
wher] the estimates are based on 1 m to 4 m height scan measureme atchariZontal
distahces ranging from 10 m to 300 m.

4.5.4.1.3 Predictability estimated over a "medium dry gro

The ifiable
to m S ation in vertical
direc ound
havir

4.5.4.2

Here

In su ated
anglg 0 m,
for a very
good| less
than

At th bccur
wher small
vertid

At the z and 330 MHz, the larger underestimates occur whep the
sourge ertical electric dipole or a small vertical loop with a centre height
1 m above

At 1 POO(MHz, the Targer underestimate occurs when the source is a small vertical loog with
a centre_height 2 m above ground.

4.5.4.2.1 Predictability at 75 MHz

Figure 4.5-3(a) shows polar plots of Ex in the Y-Z plane and Ez in the Z-X plane, at 75 MHz,
around the horizontal electric dipole placed 1 m above ground. At a scan radius of 10 m,
Ex reaches a maximum field strength of almost 138 dBuV/m at an elevation angle near 73°.
The polar plots of Ez in the Z-X plane — the vertically polarized radiation emitted from the tips of
a horizontal electric dipole over real ground [7] — show that vertically polarized measurements
near the ground do not give the best predictions of field strength at high elevation angles.
Therefore, figure 4.5-3(b) shows the height scan calculations of horizontally polarized Ex in the
Y-Z plane, reaching an Ex magnitude of almost 133 dBuV/m at a horizontal distance of 10 m
and a height of 4 m. In consequence, 1 m to 4 m height scan measurements of Ex at a
distance of 10 m will underestimate the maximum Ex at 73° elevation by almost 5 dB.


https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

- 66 — CISPR 16-3/TR © IEC:2003(E)

The vertical polar plots in figure 4.5-1(a) show that measurement of Ex at a distance of
10 m near the ground will not give a good prediction of the maximum field strength emitted
at 75 MHz by a small vertical loop placed at a height of 2 m above a "medium dry ground".

Ex field strength reaches a maximum of over 142 dBuV/m in the vertical Y-Z plane. The
calculated height scan patterns in figure 4.5-1(b) show that a vertically polarized
measurement of Ez at a horizontal distance of 10 m in the Z-X plane will reach a maximum
of almost 138 dBuV/m at 1,2 m height. This underestimates by less than 5 dB the maximum
strength of the radiation in the vertical direction.

Column (4) of table 4.5-4 summarizes the estimated errors to be expected in the
predictability of radiation in vertical directions when based on measurements in height
scang—fre i 4 Refizen chstaree—e ;

operating at 75 MHz. Column (1) lists the radiation sources and their

lists the field components which contribute the maximum field strengths\in the
patterns, and the elevation angles at which the maximum field streng

lists the field component which should be measured in a linear hé€igt
distapce of 10 m to provide the best estimates of the maximum figld

&
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Table 4.5-4 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d.
Frequency = 75 MHz (Adapted from [10])

M 2) (3) (4) () (6) (7) (8) (9) (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prediction
@ height in10 m measure | error, at in30 m measure | error, at | in 300 m | measure error, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical Ez Ez 0dB Ez Ez -2 dB Ez Ez -17,5dB
electric @ 15,25° @ 17,75° @ 18°
dipole
@1m
Verticpl Ez Ez 0dB Ez Ez -1dB E Ez -16 dB
electric @ 8° @ 12,75° 13°
dipole
@ 2 n| A
Horizgntal Ex Ex -5dB Ex Ex -12d Ex -31,5dB
electric @ 72,5° inY-Z @ 67,5° inY-Z in
dipole inY-Z plane inY-Z plane lane
@ 1n plane
Horizqgntal Ex Ex -1,5dB = § Ex -26,5dB
electric @ 30° inY-Z inY-Z
dipole inY-Z plane plane
@ 2 n| plane
Vertichl loop Ez Ez -0,5dB —2,5dB Ez Ez -18 dB
(horizpntal @ 17,5° in Z-X @ 20° in Z-X
magnétic in Z-X plane in Z-X plane
dipole plane plane
@ 1n
Vertichl loop Ex Ez -4,5d -5,5dB Ex Ez -20,5dB
(horizpntal @ 90° in Zx @ 90° in Z-X
magnegtic plane plane
dipole
@2n N
Horizqgntal Ey -2,5dB -9 dB Ey Ey -28,5dB
loop (Yertical R n Z-X @ 36,5° in Z-X
magnegtic in lane in Z-X plane
dipole] plan plane
@1n A
Horizgntal Ey w Ey Ey -6,5 dB Ey Ey -25,5dB
loop (Yertical 27 iANZ-X @ 25,5° in Z-X @ 25° in Z-X
magnétic in pla in Z-X plane in Z-X plane
dipole plane YN plane plane
RN
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Figure 4.5-4(a) shows vertical polar plots of Ex in the Y-Z plane and Ez in the Z-X plane, at
110 MHz, around a small horizontal electric dipole placed 1 m above the ground. At a scan
radius of 10 m, Ex reaches a maximum field strength of over 141 dBuV/m at an elevation
angle of 41°. The polar plots of Ez in the Z-X plane show that vertically polarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 4.5-4(b) shows height scan calculations of Ex in the Y-Z plane. At a horizontal
distance of 10 m the magnitude of Ex reaches almost 139 dBuV/m at a height of 4 m, and a
height scan measurement of horizontally polarized Ex therefore underestimates the

maximum strength of Ex at 41° elevation by less than 3 dB.

Figure 4.5-5(a) shows vertical polar plots of Ex in the Y-Z plane and Ez in the Z-X plane,

around a small vertical loop (horizontal magnetic dipole) placed at a centre_heighty0f 2 m
above ground and excited at 110 MHz. The maximum field strengt scan
radiys of 10 m is the vertical Ez component, 146 dBuV/m at an elevafi The
height scan plots of Ez in figure 4.5-5(b) show that at a horizoptal d h the
magnitude of Ez is almost 144 dBuV/m at a height of 1 m 5 the
strength of Ez at 40° elevation by less than 2,5 dB.

Column (4) of table 4.5-5 summarizes the errors expected’in on in
verti¢al directions based on measurements in height ontal
distapce of 10 m from each of the four sources oper,

Table 4.5-5 — Estimates of the errors in predicti vertical directions bpsed

on a measurement height n from\ distances, d.
Frequency € 110.MHz (Adapted- fr [

1) 2) (3) ) N ( 6) (7) (8) (9) (10)
Soufce of Max. E, At hor. |Estimatéd | Max. At her. | Estimated | Max. E, At hor. Estimated
radifation @ angle, | d =10 m, | prediction | @ angle, 30 pn, | prediction | @ angle, | d =300 n, | prediction
@ height in 10 m meagwre | error, a iy e re | error,at | in300m measure] error, at

polar plot thi{?e\ld\ m\m polarplot | thys field | d = 30 m | polar plot | this field| | d = 300 m
Vertichl Ez N 0dB Ez Ez -1,5dB Ez Ez -17,5 dB
electric @ 13,5° 5° @ 15,25°
dipolel@ 1 m
Vertichl z Ez 1 dB\ z Ez -0,5dB Ez Ez -15,5 dB
electric @ 36,5 10,75° @ 11°
dipolel@ 2 m A
Horizqgntal E -2.5 Ex Ex -9,5dB Ex Ex -29 dB
electric @41° in Y3 @ 40° inY-Z @ 39,75° inY-Z
dipolel@ 1 m in Y ane inY-Z plane inY-Z plane
/*&a«ag plane plane
Horizqntal Ex Ly \EXx -0,5dB Ex Ex -4,5dB Ex Ex -23,5dB
electric R in\Y-Z @ 19,25° inY-Z @ 19,25° inY-Z
dipole| @ Y = plahe inY-Z plane inY-z plane
plame plane plane
Vertichl loop \Ex\\/ Ez -2 dB Ey Ez -3,5dB Ey Ez -19 dB
(horizpntal @ 90 in Z-X @ 90° in Z-X @ 90° in Z-X
magnétic plane plane plane
dipole
@1
Vertical loop Ey Ez -2,5dB Ex Ez -2,5dB Ex Ez -17,5dB
(horizontal @ 40° in Z-X @ 48° in Z-X @ 47,5° in Z-X
magnetic in Z-X plane inY-Z plane inY-Z plane
dipole) plane plane plane
@2m
Horizontal Ey Ey -1,5dB Ey Ey -8 dB Ey Ey -27 dB
loop (vertical | @ 31,75° in Z-X @ 31° in Z-X @ 31° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
Horizontal Ey Ey -0,5dB Ey Ey -4 dB Ey Ey -23 dB
loop (vertical | @ 19,25° in Z-X @ 18,5° in Z-X @ 18,25° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@2m
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4.5.4.2.3 Predictability at 243 MHz

Figure 4.5-6(a) shows vertical polar plots of Ez and Ex in the Z-X plane, at 243 MHz,
around the small vertical electric dipole placed at a centre height of 1 m above ground. At a
scan radius of 10 m the maximum field strength of almost 144 dBuV/m is contributed by Ez
at an elevation angle of 33,75°. Calculations of the vertical field component Ez in a height
scan from 1 m to 4 m at a horizontal distance of 10 m produce a peak magnitude of almost
143 dBuV/m at a measuring height of 1,65 m, as shown in figure 4.5-6(b). This under-
estimates the maximum field strength by only 1 dB.

Figure 4.5-7(a) shows vertical polar plots of Ex in the Y-Z plane and Ez in the Z-X plane,
around the small vertical loop placed at a centre height of 1 m above a "medium dry
ground”. It can be seen that, at a scan radius of 10 m, the maximum field strength of more
than|159 dBuV/m is reached by Ez at an elevation angle of 36,25° in , The
calcylated Ez height scan patterns shown in figure 4.5-7(b) produce a peéak field strength of

k ' 5 the

maximum Ez by approximately 2,5 dB.

small

C gure
gvation angle of
The

The |vertical polar plots of horizontally polarized E-field em
horizpntal loop placed at a height of 1 m above a "mediunprdr
4.5-§(a). The peak of the major lobe, nearest the ground
17° and is therefore reached at a height of 2, 9 m 2

heigh e Z-X
planeg i scan
by le
Colu on in
vertig izontal
dista

Table 4.5-6 — Estimates of th i ion of radiation in vertical directions bpsed
i to 4 m at known distances, d.
Adapted from [10])

(6) (7) (8) 9) (10)
Sou . E, At hor. Estimated | Max. E, At hor. Estimated
rad @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prediction
@ Hei in30 m measure | error, at | in 300 m | measurs error, at
polar plot | this field | d = 30 m | polar plot | this field | d =300 m
Vertic Ez Ez -0,5dB Ez Ez -16 dB
electri @ 10,5° @ 10,5°
dipole
Vertichl Ez Ez -0,5dB Ez Ez -0,5dB Ez Ez -13 dB
electric @ 25° @ 18,25° @7°
dipolel @ 2/m
Horizgntal Ex Ex -0,5dB Ex Ex -4 dB Ex Ex -22,5dB
electri 5> H—Y~72 @—4+5> H—Y~72 e—+5> H—Y~2
dipole @ 1 m inY-Z plane inY-Z plane inY-Z plane
plane plane plane
Horizontal Ex Ex 0 dB Ex Ex -0,5dB Ex Ex -17 dB
electric @ 9° inY-Z @ 8,75° inY-Z @ 8,75° inY-Z
dipole inY-Z plane inY-Z plane inY-Z plane
@2m plane plane plane
Vertical loop Ez Ez -2,5dB Ez Ez -2 dB Ez Ez -17 dB
(horizontal @ 36,25° in Z-X @ 36,5° in Z-X @ 36,5° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
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Vertical loop Ex Ez -2,5dB Ex Ez -3 dB Ex Ez -15 dB
(horizontal @ 70,5° in Z-X @ 69,25° in Z-X @ 69° in Z-X
magnetic inY-Z plane inY-Z plane inY-Z plane
dipole plane plane plane
@2m
Horizontal Ey Ey -0,5dB Ey Ey -3,5dB Ey Ey -22,5dB
loop (vertical @ 17° in Z-X @ 16,75° in Z-X @ 16,75° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
Horizontal Ey Ey 0 dB Ey Ey 0 dB Ey Ey -17 dB
loop (vertical @ 9° in Z-X 8,75° in Z-X @ 8,75° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipolep plah plah R
@ 2 n
4.5.4.2.4 Predictability at 330 MHz
Figufe 4.5-9(a) shows vertical polar plots of Ez and Ex i MHz,
around the small vertical electric dipole placed at a centre At a
scan|radius of 10 m the maximum field strength of almo y Ez
at arn| elevation angle of 26°. Calculations of the vertica scan
from[{1m to 4m at 10 m horizontal distance nagnitude of almost

146 ¢BuV/m at a measuring height of 1,45
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mn (4).of table 4.5-7 summarizes the estimated errors in the predictability of radiation

rtical’ directions based on measurements in height scans from 1 m to 4 m

at a

horiz

pnial distance of 10 m from each of the four sources operating at 330 MHz.
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Table 4.5-7 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d.
Frequency = 330 MHz (Adapted from [10]

M 2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, | d = 30 m, | prediction | @ angle, | d = 300 m, | prediction
@ height in10 m measure | error, at in30 m measure | error, at | in 300 m | measure error, at

polar plot | this field | d = 10 m | polar plot | this field | d = 30 m | polar plot | this field | d =300 m
Vertical Ez Ez -2 dB Ez Ez -0,5dB Ez Ez -15dB
electric @ 26° @ 26° @ 9°
dipole
@1m
Vertical Ez Ez -0,5dB Ez Ez 0dB Ez Ez -11,5dB
electric @ 27,25 @ 5,75 @ 5
dipole
@ 2 nj
Horizgntal Ex Ex 0dB Ex Ex -2 dB -20 dB
electric @ 13° inY-Z @ 12,75° inY-Z in Y3
dipole inY-Z plane inY-Z plane n
@ 1 n plane plane /\
Horizgntal Ex Ex 0dB Ex Ex dB \/Ex -14,5 dB
electric @ 6,5° inY-Z @ 6,5° inY-Z inY-Z
dipole] inY-Z plane inY-Z plane plane
@ 2 n plane plane
Vertichl loop Ex Ez -4,5dB Ex E ,5}‘8\ Ez -17,5dB
(horizpntal @ 69° in Z-X @ 68,25° in 24X in Z-X
magnétic inY-Z plane inY-Z n plane
dipole plane plane
@ 1 n|
Vertichl loop Ex Ez -2,5dB N Ez \72/,5 dB Ex Ez -12,5dB
(horizpntal @ 66,75° in Z-X @ 66X in Z-X @ 66° in Z-X
magnegtic inY-Z plane HY - lan inY-Z plane
dipole plane la plane
@2n /\ /N Qﬁ
Horizdntal Ey N odB Ey Ey —2dB Ey Ey —20 dB
loop (Yertical | @ 12,75° ip Z- ,5° in Z-X @ 12,5° in Z-X
magnétic in Z-X p R Z- plane in Z-X plane
dipole pl plane plane
@ 1 n
Horizgntal Ey 0 ch?&\/ Ey Ey 0dB Ey Ey -14,5 dB
loop (yertical | @ 6, iM\Z-X @ 6,5° in Z-X @ 6,5° in Z-X
magnegtic in Z-X pla in Z-X plane in Z-X plane
dipole la plane plane
@2n /p\
4.5.4.2. ity’at 1 000 MHz
Figufe 4.5:2:sh rtical polar plots of Ez and Ex, at 1 000 MHz, around a small vefrtical
loop [placed at a centre height of 2 m above ground. At a scan radius of 10 m oyer a
"mediumdry ground" the maximum field strength of 187 dBuV/m is contributed by the
horiz = f the

vertically oriented Ez field in a height scan from 1 m to 4 m at 10 m horizontal distance in
the Z-X plane produce a peak field of almost 184 dBuV/m at a height of 3,2 m, as shown in
figure 4.5-2(c). A vertically polarized height scan measurement therefore underestimates
the maximum field strength by approximately 3 dB.

It is interesting to observe the vertical polar plots of horizontally polarized E-field emitted at
1 000 MHz by a small horizontal loop placed at a height of 1 m above a "medium dry
ground”, shown in figure 4.5-12(a). The peak of the major lobe, nearest the ground, occurs
at an elevation angle of only 4,25°. Shown again in figure 4.5-12(b), it occurs at a height of
0,74 m at a horizontal distance of 10 m, and therefore will not be measuredina 1 mto4 m
height scan measurement. The next grating lobe is encountered at a height of 2,3 m, and
its measurement contributes an underestimate of less than 0,5 dB to the prediction of
maximum field strength of the major (lower) lobe.
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Column (4) of table 4.5-8 summarizes the errors estimated for the predictability of radiation
in vertical directions based on measurements in height scans from 1m to 4 m at a
horizontal distance of 10 m from each of the four sources operating at 1 000 MHz.

Table 4.5-8 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d.
Frequency =1 000 MHz (Adapted from [10])

M) ) (3) 4) (%) (6) (7) (8) 9) (10)

Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prediction

@ height in 10 m measure error, at in 30 m measure error, at in 300 m measure error, at
polar plot | this field | d =10 m | polar plot | this field | d = 30 m | polar plot | this field | d =300 m

Vertichl Ez Ez -0,5dB Ez Ez 0dB Ez -9,5dB
electric @ 17,5° @ 4° @ B,75°
dipole
@1n (\
Vertichl Ez Ez | -05dB Ez Ez z @ —5dB
electric @ 17,75° @ 2° N
dipole

@ 2 n x

dipole inY-Z plane inY-Z lane nY-Z plane
@ 1 n| plane plane

0dB
Horizqntal Ex Ex 0,5 dB Ex Ex < m Ex Ex ~11 dB
electric @4,25° | inY-Z @ 4,25° | in \ @ inY-z

lane

@ 2,25° inY-Z

electric @ 2,25° inY-Z @ 2 inY
dipole inY-Z plane in X-Z plan inY-Z plane
@ 2 nf plane plan plane

Horizdntal Ex Ex 0dB Ex (= 50 d Ex Ex 5,5 dB

(horizpntal @ 64,5° in Z-X @64,25 i Z- @ 4° in Z-X

Ny
Vertichl loop Ex Ez -2,5d Ex\\ -1dB Ez Ez -9,5dB
magnegtic inY-Z pla p in Z-X plane
pha plane
@ 1 n|

dipole plane

(horizpntal @ 77,5° in Z- @ R{,25° in Z-X @ 2° in Z-X

magnétic in plane inX-Z plane in Z-X plane
dipole pla

lane plane

Vertichl loop Ex Ez —% Ex_ Ez ~1,5dB Ez Ez -5dB
I\

@ 2 nf

Horizgntal Ey Ey 0dB Ey Ey -11 dB
loop (Yertical @ 4,25° in Z-X @ 4,25° in Z-X

magnétic in Z-X plane in Z-X plane

dipole plane plane

@ 1n

Horizd nté!\ Ey Ey 0dB Ey Ey -5,5dB
loop (Yertica @ 2,25° in Z-X @ 2,25° in Z-X

magnegtic in Z-X plane in Z-X plane

dipole plane plane

@ 2 nf

4.5.4.3 Predictability based on height scan measurements near real ground
at an unknown distance, greater than 10 m, from the radiation source

Here we can answer the second question posed in 4.5.2. This measurement situation is
analogous to making measurements in situ at a distance of 10 m from the wall outside a
building containing ISM equipment which is located at an unknown distance inside the
building. As mentioned earlier, we do not consider here the attenuation which may be
introduced by intervening building materials.

Calculations have been made of vertical polar patterns and linear height scan patterns at
distances of 30 m and 300 m. The reader will have already seen that patterns for those
distances have also been included in the figures.
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The figures, together with the comprehensive summaries presented in columns (7) and (10)
of tables 4.5-4 to 4.5-8, show that the predictability of fields at elevated angles based on
height scan measurements near real ground becomes more prone to underestimation as
the horizontal measuring distance increases beyond 10 m, especially at the lower
frequencies. Underestimation can become very large at a distance of 300 m. At the lower
frequencies underestimates can reach more than 30 dB at that distance when the source
behaves as a small horizontal electric dipole. The underestimates for both horizontally and
vertically polarized fields occur in spite of the significant contributions which can be made
by surface waves at the lower frequencies near 30 MHz [11]. Predictability improves as the
frequency increases, primarily because at higher frequencies the surface wave
contributions decrease and the maximum field strength measured in the height scan is
created by the sum of the direct and reflected space wave components (the sum is
sometimes called somewhat mlsleadmgly, the "ground wave) The contrlbut|ons of the

spacg w N ang i ¢ rm] with
increja

It is , the
wors ahgles
will ¢ nate,
beca .5-1)
are 4 ction
from

The hnce.
Calc t the
maxi rsely
prop en a
grazi ared
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stren with
inver bace.
There -dalled
"groy [ a ; gn do
the fi gati i i .

If the horizont { whi Gl in si b not
known, very Iarg e i i i i ili f the
stren i ' erti ioF Ncies
from

4.5.44

In its to be
used ction
of sp , if a
meagurement of “ewissions is made in situ from a Group 2 Class A ISM equipmgnt in
accofdance with the specification, the measuring antenna is placed at a height of 3 m +
0,2 m(¥2.4); no height scan is specified

The obvious risk with fixed height measurements is that a measurement will be made at a
null in the field strength pattern. The risk of this happening is increased if the electrical
height above ground of the radiation centre of the source increases — for example with
increasing frequency — which contributes to the formation of an increasing number of
grating lobes, and hence nulls. A few examples of the effects these nulls can have on a
measurement made at a height near 3 m (or any other fixed height) are shown in several of
the figures.

For example, figure 4.5-2(c) shows that, depending on the type of ground over which the
measurements are made, at a horizontal distance of 10 m from a small vertical loop source
located at a height of 2 m the measured vertically polarized field strength at 1 000 MHz
might vary by more than 6 dB for measurements made somewhere in the height tolerance
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range of 2,8 m to 3,2 m, and that at 30 m horizontal distance a measurement made at 3 m
height is also close to a null.

Figure 4.5-12(b) shows that a horizontal distance of 10 m from a small horizontal loop
source located 1 m above ground with the measured horizontally polarized field strength at
1 000 MHz might vary by more than 12 dB in the CISPR measurement height tolerance
range from 2,8 m to 3,2 m. It also shows how the field strength can vary with distance in an
apparently anomalous manner when measurements are made at a fixed height. Note that at
a height of 3 m the field strength at 30 m distance is the same as the field strength at 10 m
distance. At other heights, the field strength at 30 m distance becomes greater than that at
10 m distance.

Comparison of the height scan curves in figure 4.5-13 with those in figure 4.5-12(b) shows
that,|at 1 000 MHz, as the small horizontal loop source height varies between 1 m and[2 m,
deep| nulls will pass through the measuring height of 3 m at horizontal
of 10 m and 30 m. These effects can be encountered at greater

distapces and lower frequencies if the height of the radiating sourcg’is\i

We dre now in a position to answer the third question posed in4..2 o1’ ig that
predictability is degraded by fixed height measurements. Measuremgnts. ai\a fixed height
should not be permitted, especially if they are being pfa ion for

spec|fic safety services.

Heig ) im situ
could be specified in the manner of [13], so 5 i2% distance of 10 m|, the
meaguring height would be specified a 2 i i terrain or at such |ower

height at which the field strengths m&

4.5.5 Differences between the field aAres eund and the fields over a perfect
conductor

Therg are significant difference A i€ istributi blane
and pver a perfect cagrductor. 1 » i , least
being that the reflection™fe [ have
a magnitude of > Mcide , dve a
magnitude less i at grazirig incidence. In addition, for vertically polarized
wavegs over a perie \ i i way,
at all hase
with ilon of
vertig tions
takin e can
be o be
obse ster's

angldg

The pehaviour of tHe fields above a metal ground plane compared with the fields over an
earthef{ground plane is discussed at length in [11]. The brief discussion below, derived

f 1441 + HN| 4 ) £ ) b s A
rom LTT], SCIVTO U PTUVIUT all alfowtTl LU UIT TUUTUT YUuToUIUIT PJUSTU TIT 5.0.4.

4.5.5.1 Vertically polarized fields over a perfect conductor

The contribution of the vertically polarized surface wave over real ground can be significant.
However, it cannot increase the total field strength created by a small vertical electric
dipole over real ground to equal the strength of the fields created by the same vertical
dipole moment over a perfect conductor. Figure 4.5-14 displays the vertical components of
the fields emitted at 30 MHz from a small vertical electric dipole situated 1 m above a
"medium dry ground", calculated using NEC and SOMNEC to include the surface wave,
compared with the fields calculated over an almost perfect conductor (in this case annealed
copper).
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Comparisons of the fields over real ground with those over the good conductor show why
vertically polarized measurements at 30 MHz on a measuring site with a metal ground
plane are not comparable with measurements made on sites with earthen ground planes.
Specifically, they show why measurements of vertically polarized disturbances made on a
metal ground place for comparison with field strength disturbance limits developed for earth
sites may penalize the equipment under test (EUT). The fields measured over a metal
ground plane can exceed the limits, even when the fields from the same EUT over an
earthen ground plane are comfortably below the limits. The comparisons also show why
calculations of the vertically polarized fields created at 30 MHz over a perfect conductor or
a metal ground plane, for a given dipole moment, are a bad guide to the predictability
achievable for the fields created at elevated angles by that dipole moment over a real
ground. If the fields over the good conductor are mistakenly believed to resemble those
over a real ground, they will encourage a false sense of confidence that ground based
meagurements over real ground will give good guidance to the field_strengtns. jo be
experted at elevated angles.

In figure 4.5-15, the height scan patterns of the vertical componenis ¢ enpitted
from [the small vertical dipole show that at 1 000 MHz, just as was the 3 {7, the
verti¢cally polarized fields developed near a metal ground plane a 3
stronger than those developed near a "medium dry ground".
were| reached at a frequency of 30 MHz regarding the po

EUT, 3 with
field strength dlsturbance limits developed for earth 8S, 8 2 cy of
100 at at % f the
verti¢ally polar|zed fields over a metal ground p z i ility of
the fields created at elevated angles by the s i 3

The |height scan patterns in figure A5-1 i hase
revefsal of the vertical dipole image ip-a sy i i i elow
Brewlster's angle. The dashed hori i 10 m
distapce shows the height, approxim be_ th i i ith a
refleg¢tion taking place at’'Bre i " ium dry
ground".

It is quite clear in fi ights
grealer than 1,@ are in
phasg, signifyin ases
wher} reflection frg akes place at elevation angles above Brewster's

angle. ear that vertically polarized waves reflected helow
Brewster's angle\ove ' 7 dry ground" are reversed in phase with respect tp the
corrgspondihg re over the copper ground plane. In other words, the vertical
imagg i iefectri reversed, producing destructive interference (a null) gt the
surface ve\'m&dium dry ground" whereas constructive interference (a maximum) ogcurs
at the su f the sqpper ground plane (the direct and reflected path lengths being the

in both sases)\ With the vertical dipole source at a helght of 1 m, a maximum og¢curs
in the fieldsat 10 m distance at a height of 0,75 m above the "medium dry ground", wh?eas

a velny deep null occurs at that height over the copper ground plane (the direct and reflgected
path |engths differ by 4/2 in both cases).

The height scans at 30 m and 300 m, up to a height of 6 m, take place below Brewster's
angle. Maxima in the height scanned fields over the metal ground plane therefore coincide
with minima in the fields over real ground in both those height scans. This is largely the
reason why it must not be believed that the height scanned vertically polarized fields
calculated over a good conductor will resemble those over real ground, especially at the
larger horizontal distances. Such a belief will create false confidence that measurements
made near real ground, without regard for the horizontal distance from the source, can give
good guidance to the field strengths to be expected at elevated angles.
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4.5.5.2 Horizontally polarized fields over a perfect conductor

Although the contribution of the horizontally polarized surface wave over real ground at
30 MHz is small, nevertheless the height scan patterns in figure 4.5-16 show that the
horizontally polarized fields near the "medium dry ground" are stronger in this case than
the corresponding fields near the copper ground plane.

In both cases a null is required in the vertical field pattern at the ground, to satisfy the
boundary conditions, and the null is deeper in the copper ground plane example. This
example shows that, in contrast with vertically polarized measurements, it is possible that
measurements of horizontally polarized fields made on a metal ground plane for
comparison with radiated disturbance limits developed for earth sites may slightly favour
the EUT when measuring for compliance with the limits.

In figure 4.5-17, the height scan patterns of the horizontally polarized ields itted at
1 000 MHz from the small horizontal electric dipole show that at hé&i a i ce of
30 m| and more, with no useful contribution from the surfa : aximum
horizpntally polarized fields over a "medium dry ground" are yery simila S ber a
copper ground plane. The similarity of magnitude in regions e ce is
causgd by the similar reflection factors (magnitudes clos es at
low gngles of reflection. At higher reflection angles, and e ce of
10 m|, the maximum horizontally polarized fields ove hose
over earth
plang o the
cons

The i$ not
compli ;at frequencies of 30 MHz and
abovg, eal ground resemble the shappes of
the ¢ . Some small differences in|field
stren 5 jth those over a metal ground plape at
the | i sence\ofthe surfa€e wave over a real ground. Differgnces

are g 4 arid higher frequencies at which the sufface
wavg is |nS|gn|f|i=nt because the magnitude of the horizontal reflection factor decrdases

below unity as

4.5.5.3 perfect conductor as guides to the fields over real ground

We g

In sum y eNgorizontal polarized field patterns created over real ground at frequencies
of 30 MF ' emble the corresponding patterns over a metal ground plane.

There are someé differerices of a few decibels in field magnitudes. At the lower frequencies
some small-differences are also created by the existence of the surface wave over g real
ground., (Abt* the higher frequencies the field strength differences at short measluring
distapces’ are caused by the decrease below unity of the magnitude of the horiZontal
refleC bove
grazing incidence. Constructive interference of direct and reflected waves over real ground
then produces field strength maxima of somewhat smaller magnitudes than those produced
over a good conductor which has a reflection factor close to unity at all reflection angles.

However, very large differences are found when comparing the patterns of vertically
polarized fields over a metal ground plane with those over a real ground. The differences
are primarily created by the existence of Brewster's angle for the reflections of vertically
polarized waves from a lossy dielectric like real ground. When reflections from real ground
take place below Brewster's angle the minima in the fields occur at the same heights at
which the maxima are produced with the same measuring geometry over the metal ground
plane, most notably at the surface of the ground plane. This contrapositioning of minima
and maxima is the main reason why the height scanned vertically polarized fields calculated
over a good conductor must not be assumed to resemble those over real ground, especially
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at the larger horizontal distances when reflection take place near grazing incidence. An
assumption that there is a resemblance encourages false confidence that measurements
near real ground, without regard for the horizontal distance from the source, can give good
guidance to the field strengths to be expected at elevated angles.

Vertically polarized field patterns over a metal ground plane do not resemble the shapes
and magnitudes of the vertically polarized field patterns to be expected from the same
sources over a real ground.

4.5.6 Uncertainty ranges

The information summarlzed in tables 4.5- 4 to 4.5-8 can also be used to show pictorially

the r; 0 s d pgles at
frequ harts
illustf [ 2 m abgve ground
wher] predictions of the field strengths at elevated angles 3 F-field
measgurements in 1 m to 4 m height scans at horizontal distances 00 m.

Figune 4.5-18 illustrates the uncertainties in predictability bask : b de at
a horizontal distance of 10 m. The bar for the uncertainty fange : t the
best [predictability at 330 MHz is obtained when the source \. small
honzontal dipole (dh) or as a small horlzontal loop (IR here' is\nomwinally zero |error
predi i ields. The poprest
predi viately 4,5 dB fof the
maxi yes from a small vertical
loop

Whe i z Qrizontal distance of 30 m, the bar for
the [ in fi X pws that the best predictability at
1101 S s € is a
negligi i aredi Re Ez vertical component of the vertjcally
polar abilit 110 MHz produces a greater underestimate, by
9,5d 5 [ small
horiz

Figut cur if
the h ing the
unce large
unde ngles
from The best
predi al Ez
comy 3 atly polarized field emitted at elevated angles from a small vertical
dipole (dv). 'ures 4.5-19 and 4.5-20, in particular, graphically illustrate the very |arge
undefrestimrates Wwhjeh can occur when attempts are made to predict the strength of
radiationin vertical directions based on measurements near the ground at unkhown
horiintal distances greater than 10 m from the sources.

4.5.7 Conclusions

The in situ measurement procedures at frequencies above 30 MHz which are specified in
CISPR 11 can lead to significant underestimates of the field strengths emitted at elevated
angles from ISM equipment. The underestimates can arise due to the ill-defined
measurement distance; the measuring distance from the radiating ISM equipment is not
defined.

The largest underestimates of the fields at elevated angles will generally occur for
horizontally polarized fields. This is a cause for concern, because the aeronautical safety of
life services requiring greatest protection from disturbances originating at the ground are
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those provided by the horizontally polarized marker beacon, localizer, and glide path
signals of the aeronautical ILS.

Under some conditions, measurements are specified in CISPR 11 at a fixed height of 3 m.
Measurements at a fixed height should not be specified if they are being made to determine
protection for specific safety services. There is a risk that fixed height measurements will
be made in, or close to, a null. The risk increases at the higher frequencies and when the
height to the radiation centre of the source is unknown. Fixed height measurements can
seriously underestimate the true field strength near the ground and, in consequence, the
maximum field strength at elevated angles.

Calculations or measurements of the field strength patterns of vertically polarized fields
over a perfect conductor or metal ground plane do not provide good guidance to the fields
to bg expected over a real ground. At reflection angles below Brewsters-angle oyef real
ground the field minima and maxima are contraposed with those created Yy the-$ame
sourge over a metal ground plane.

To provide protection for aeronautical safety of life services, a idation
systgms, height scan measurements and limits for radiated disturbanck in sity 1ISM
equipment located near the ground must be specified at g < { di8 from
the gquipment. Height scan measurements at a horizonfal ¢ : ISM
equipment in situ allow accurate estimates to be ma y j ated
angles. If for practical reasons the in situ measuyfements ance
greafer than 10 m from the equipment which is the(soyrc ' imfits at
the larger distance, particularly if it is more tha ) N us i imits
by adjusting them in inverse proportjd i i 5 e SO
in ofder to prevent relaxation of the imits are i ide for

communication or radionavigation systen
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"""""""" very dry ground" €=3 G =0,1mS/m
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Figure 4.5-1(a) — Vertical polar patterns of horizontally polarized Ex field strengths
emitted at 75 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane over three different types of real

ground.

Loop dimensions 0,1 m x 0,1 m. Loop centre height 2 m. Dipole moment 1 A-mZ2.

(Reproduced from [10])
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Figure 4.5-1(b) Height scan patterns of vertically oriented Ez field strengths
emitted at 75 MHz from the small vertical loop (horizontal magnetic dipole),

at horizontal distances of 10 m, 30 m and 300 m in the Z-X plane

over three different types of real ground.
Loop dimensions 0,1 m x 0,1 m. Loop centre height 2 m. Dipole moment 1 A-mZ2.
(Reproduced from [10])

IEC 805/2000
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E-field strength, dBpV/m
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—_— "medium dry ground" g =15, c =35mS/m
very dry ground =3 G =0,15 mS/m IEC 806/2000

Figure 4.5-2(a) — Vertical polar patterns of horizontally polarized Ex field strengths
emitted at 1 000 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane
over three different types of real ground.

Loop dimensions 0,02 m x 0,02 m. Loop centre height 2 m. Dipole moment 1 A-mZ.
(Reproduced from [10])
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Figure 4.5-2(b) — Vertical polar patterns of vertically oriented Ez field strengths
emitted at 1 000 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Z-X plane
over three different types of real ground.

Loop dimensions 0,02 m x 0,02 m. Loop centre height 2 m. Dipole moment 1 A-m2.
(Reproduced from [10])
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Figure 4.5-2(c) — Height scan patterns of vertically oriented Ez field strengths
emitted at 1 000 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distance of 10 m, 30 m and 300 m in the Z-X plane
over three different types of real ground.

Loop dimensions 0,02 m x 0,02 m. Loop centre height 2 m. Dipole moment 1 A-mZ.
(Reproduced from [10])

IEC 808/2000
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Figure 4.5-3(a) — Vertical polar patterns of horizontally polarized Ex and vertically oriented
Ez field strengths emitted at 75 MHz around the small horizontal electric dipole,
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane and the Z-X plane respectively.
Dipole length 0,2 m. Dipole height 1 m. Dipole moment 1 A-m.
Ground constants: g, =15, 0 = 1,5 mS/m.

(Reproduced from [10])
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Figure 4.5-3(b) — Height scan patterns of horizontally polarized Ex field strengths
emitted at 75 MHz from the small horizontal electric dipole,
at horizontal distances of 10 m, 30 m and 300 m in the Y-Z plane. Dipole length 0,2 m.
Dipole height 1 m. Dipole moment 1 A-m. Ground constants: g, = 15, ¢ = 1,5 mS/m.

(Reproduced from [10])
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Figure 4.5-4(a) — Vertical polar patterns of horizontally polarized Ex and vertically oriented Ez
field strengths emitted at 110 MHz around the small horizontal electric dipole, at scan radii of
10 m, 30 m and 300 m, in the Y-Z plane and the Z-X plane respectively. Dipole length 0,2 m.
Dipole height 1 m. Dipole moment 1 A-m. Ground constants: ¢, = 15, c =2 mS/m.

(Reproduced from [10])
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Figure 4.5-4(b) — Height scan patterns of horizontally polarized Ex field strengths
emitted at 110 MHz from the small horizontal electric dipole, at horizontal distances of 10 m,
30 m and 300 m, in the Y-Z plane. Dipole length 0,2 m. Dipole height 1 m. Dipole moment 1
A-m. Ground constants: g, =15, c =2 mS/m.

(Reproduced from [10])
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Figure 4.5-5(a) — Vertical polar patterns of horizontally polarized Ex and vertically oriented Ez
field strengths emitted at 110 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m, in the Y-Z plane and the Z-X plane respectively.
Loop dimensions 0,1 m x 0,1 m. Loop centre height 2 m. Dipole moment 1 A-mZ2.
Ground constants: g, = 15, c =2 mS/m.

(Reproduced from [10])
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Figure 4.5-5(b) — Height scan patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 110 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distances of 10 m, 30 m and 300 m, in the Z-X plane.

Loop dimensions 0,1 m x 0,1 m. Loop centre height 2 m. Dipole moment 1 A-m2.
Ground constants: g, =15, c =2 mS/m.

(Reproduced from [10])
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Figure 4.5-6(a) — Vertical polar patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 243 MHz around the small vertical electric dipole,
at scan radii of 10 m, 30 m and 300 m in the Z-X plane. Dipole length 0,05 m.
Dipole centre height 1 m. Dipole moment 1 A-m. Ground constants: g, = 15, ¢ = 4,5 mS/m.

(Reproduced from [10])
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Figure 4.5-6(b) — Height scan patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 243 MHz from the small vertical electric dipole, at horizontal
distances of 10 m, 30 m and 300 m in the Z-X plane. Dipole length 0,05 m. Dipole centre height
1 m.

Dipole moment 1 A-m. Ground constants: ¢, = 15, ¢ = 4,5 mS/m.

(Reproduced from [10])
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Figure 4.5-7(a) — Vertical polar patterns of horizontally polarized Ex and vertically oriented Ez
field strengths emitted at 243 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane and the Z-X plane respectively.
Loop dimensions 0,05 m x 0,05 m. Loop centre height 1 m. Dipole moment 1 A-m2.
Ground constants: g, =15, 6 = 4,5 mS/m.

(Reproduced from [10])
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Figure 4.5-7(b) — Height scan patterns of vertically oriented Ez and horizontally oriented
Ex field strengths emitted at 243 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distances of 10 m, 30 m and 300 m, in the Z-X plane. Loop dimensions 0,05 m x
0,05 m. Loop centre height 1 m. Dipole moment 1 A-m?2.
Ground constants: g, =15, 0 = 4,5 mS/m.

(Reproduced from [10])
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Figure 4.5-8(a) — Vertical polar patterns of horizontally polarized E-field strength
emitted at 243 MHz around the small horizontal loop (vertical magnetic dipole),
at scan radii of 10 m, 30 and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m.
Loop height 1 m. Dipole moment 1 A-m2. Ground constants: g, = 15,6 =4,5mS/m.

(Reproduced from [10])
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Figure 4.5-8(b) — Height scan patterns of horizontally polarized E-field strength emitted at
243 MHz from the small horizontal loop (vertical magnetic dipole), at horizontal distances of
10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m. Loop height 1 m.

Dipole moment 1 A-mZ2. Ground constants: g, = 15,6 =4,5 mS/m.
(Reproduced from [10])
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Figure 4.5-9(a) — Vertical polar patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 330 MHz around the small vertical electric dipole, at scan radii of

10 m, 30 m and 300 m in the Z-X plane. Dipole length 0,05 m. Dipole centre height 1 m.
Dipole moment 1 A-m. Ground constants: ¢, = 15, ¢ = 7,5 mS/m.

(Reproduced from [10])
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Figure 4.5-9(b) — Height scan patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 330 MHz from the small vertical electric dipole, at horizontal
distances of 10 m, 30 m and 300 m in the Z-X plane. Dipole length 0,05 m. Dipole centre height
1m.

Dipole moment 1 A-m. Ground constants: ¢, = 15, ¢ = 7,5 mS/m.

(Reproduced from [10])
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Figure 4.5-10(a) — Vertical polar patterns of horizontally polarized Ex and vertically oriented Ez
field strengths emitted at 330 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m, in the Y-Z plane and the Z-X plane respectively. Loop

dimensions 0,05 m x 0,05 m. Loop centre height 1 m. Dipole moment 1 A-m2,

Ground constants: g, =15, 6 = 7,5 mS/m.
(Reproduced from [10])
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Figure 4.5-10(b) — Height scan patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 330 MHz from the small vertical loop (horizontal magnetic dipole),

at horizontal distances of 10 m, 30 m and 300 m in the Z-X plane.

Loop dimensions 0,05 m x 0,05 m. Loop centre height 1 m. Dipole moment 1 A-m2.

Ground constants: g, =15, 6 = 7,5 mS/m.
(Reproduced from [10])
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Figure 4.5-11(a) — Vertical polar patterns of horizontally polarized E-field strength emitted
at 330 MHz around the small horizontal loop (vertical magnetic dipole), at scan radii of 10 m,
30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m. Loop height 1 m.
Dipole moment 1 A-mZ2. Ground constants: g, =15,6=7,5mS/m.

(Reproduced from [10])
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Figure 4.5-11(b) — Height scan patterns of horizontally polarized E-field strength emitted
at 330 MHz from the small horizontal loop (vertical magnetic dipole), at horizontal distances
of 10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m.

Loop height 1 m. Dipole moment 1 A-m2. Ground constants: g, = 15,6 =4,5mS/m.

(Reproduced from [10])
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Figure 4.5-12(a) — Vertical polar patterns of horizontally polarized E-field strength emitted
at 1 000 MHz around the small horizontal loop (vertical magnetic dipole), at scan radii of 10 m
30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m x 0,02 m. Loop height 1 m.

Dipole moment 1 A-m2. Ground constants: g, =15, 6 =35 mS/m.

(Reproduced from [10])
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Figure 4.5-12(b) — Height scan patterns of horizontally polarized E-field strength emitted
at 1 000 MHz from the small horizontal loop (vertical magnetic dipole) at horizontal distances
of 10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m x 0,02 m. Loop height 1 m.

Dipole moment 1 A-m2. Ground constants: g, =15, 6 = 35 mS/m.

(Reproduced from [10])
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Figure 4.5-13 — Height scan patterns of horizontally polarized E-field strength emitted
at 1 000 MHz from the small horizontal loop (vertical magnetic dipole), at horizontal distances
of 10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m x 0,02 m. Loop height 2 m.
Dipole moment 1 A-m2. Ground constants: g, =15, 6 = 35 mS/m.

(Reproduced from [10])
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D,0
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Flgure™ 4 i can patterns of the vertical component of the E-fields emitted at
30 MHz from vertical electric dipole, at horizontal distances of 10 m, 30 m and 30E m.
Fidlds calculated in”NEC (solid lines) include the surface wave over real ground. Electrical

consftants used for the real ground plane were ¢, = 15, ¢ =1 mS/m ("medium dry ground”)| The

dashed\curves were calculated geometrically to include the direct and reflected space w

Aves

from an infinitesimal vertical electric dipole over a metal ground plane. For the metal ground
plane the electrical constants of copper were used, with g, =1, 6 = 5,81 x 107 S/m. Dipole

moment =1 A-m. Dipole centre height above ground =1 m. In NEC the dipole length is 0,2 m.

(Adapted from [11])
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Figure~4 scan patterns of the vertical component of the E-fields emitted
t1000 a small vertical electric dipole, at horizontal distances of 10 m, 30

and 300 m:-Fiel Alculated in NEC (solid lines) include the surface wave over real groynd.
Electrical constants used for the real ground plane were ¢, = 15, 6 = 35 mS/m. The dashled
curves.were calculated geometrically to include the direct and reflected space waves from an
infinitesimal vertical electric dipole over a metal ground plane. For the metal ground plane the
electrical constants of copper were used, withg, =1, c = 5,81 x 107 S/m.
Dipole moment =1 A-m. Dipole centre height above ground =1 m.
In NEC the dipole length is 0,02 m.
(Adapted from [11])
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e 4.5-16 an patterns of the horizontally polarized E-fields emitted at 30 MHz in

normal to the axis of a small horizontal electric dipole, at horizontall
30 m and 300 m. Fields calculated in NEC (solid lines) include the surface

wavp overreal ground. Electrical constants used for the real ground plane were ¢, = 15, ¢ = 1

mS

] (1] the

direct and reflected waves from an infinitesimal horizontal electric dipole over a metal ground
plane. The electrical constants of copper were used for the metal ground plane, ¢, =1, o = 5,81

x 107 S/m. Dipole moment = 1 A-m. Dipole height above ground plane =1 m.
In NEC the dipole length is 0,2 m.
(Adapted from [11])
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Figure 4.5- t scdn patterns of the horizontally polarized E-fields emitted at 1 000 MHz
in al

nces of 10 mx30 m and 300 m. Fields calculated in NEC (solid lines) include the surface
ave over real ground. Electrical constants used for the real ground plane were g, = 1

to sum the direct and reflected space waves from an infinitesimal horizontal electric dipole
over a metal ground plane. The electrical constants of annealed copper were used
for the metal ground plane, ¢, =1, ¢ = 5,81 x 107 S/m. Dipole moment =1 A-m. Dipole height
above ground plane =1 m. In NEC the dipole length is 0,02 m.
(Adapted from [11])
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predictability, with nominally zero error, is obtained when estlm
the horizontally polarized Eh field emitted at elevated angles{
smill horizontal dipole (dh). The poorest predictability at

poldrized Eh f|elds and the Ez vertical component of t
elevyated angles from a source behaving as a small ve

75 MHz 110 MHz

o 1000 MHz
ver- |
estimate By @)
. E, (dh)&(lh)
UncedHBalnty, log frequency

E, (v)

Under-
estinpate

-4 m height scan at 30 m horizontal distance

e ook mnnn

Figyre 4.5- ertainties in the predictability of radiation in vertical directjons
from e sources located at a height of 1 m or 2 m above ground. The
predictabi ased onmeasurements of the horizontally and vertically polarized E-fields in
a heigh 4 m at a horizontal distance of 30 m from the sources. The follgwing
example s X thevbar chart can be interpreted. At 330 MHz, the bar shows that the |best

v inally zero error, is obtained when estimating the maximum strength of
either the\horizontdlly polarized Eh field emitted at elevated angles from a small horizontal
IoJ‘up (Ih) or the Ez vertical component of the vertically polarized field emitted at elevat£d

andles‘from a small vertical dipole (dv). But at 330 MHz the height scan measurements may

provide an underestimate by as much as 3,5 dB when predicting the strength of the
horizontally polarized Eh field,
which is the maximum field emitted at elevated angles from a source behaving as a small
vertical loop (lv) (Reproduced from [10])
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will be obtained when predicting W of the Ez vertical component of|the
vertically polarized field €mit AVE 'm a source behaving as a small veftical
loop (Iv) or a small vertical di . ai underestimate by as much as 11 dB|can

oc¢ur at 1 000 MHz strength of the horizontally polarized|(Eh
field emitted atflev yle asource behaving as a small horizontal loop (lh) gqr a
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Annex 4.5-A

Harmonic fields radiated at elevated angles
from 27 MHz ISM equipment over real ground

A close match can be achieved between vertical radiation patterns calculated for simple
electrically small electric dipoles and loops over real ground and the vertical radiation
patterns created by real ISM equipment. This can be shown using airborne data, measured
by Ohio University, of the harmonic field strengths from four different 27 MHz ISM machines
positioned at ground level on an earthen open field site [4]. Each ISM machine was a RF
plastjcs sealer, identified by a Tetter symbol A, B, C or D. Fundamental operating pdwers
ranged from 2 kW to 27 kW. In [5], the horizontally polarized fourth harmonicjeld=strength

data|at approximately 109 MHz, collected by an aircraft flying a}/censtant heighf and
varyihg slant range, were converted to field strengths in vertical pe ation.patterns at
a constant radial distance of 300 m, at elevation angles varying fro i >up to
90°. |The resultant far-field vertical radiation patterns were 3 d withvvefrtical
radigtion patterns calculated at the same distance from sm icAdipoles/and |oops
over|real ground. The objective was to meet a tolerance i grbitrarily chosen
as +10 dB. The comparisons show that the vertical radiation pa (&MY monic radijation
from[ISM equipment, at 109 MHz in the aeronautica mble

the patterns calculated for simple dipoles and loops.

The |n-flight field strength data gath
were| converted to vertical radiatio
attenfuation in equation (4.5-A1)

ipment
dw of

(4.9-A1)
where
Eq
dS
Es3qo gle.
The |values\ of e rtical
radiatia that
part pf the art of

the flight whith, took
to an elevation™ang
patterns,

place to the north of the ISM device. Each pattern therefore extendls up
e of 90°, which locates the common field point between thg two

Sommerfeld-Norton surface wave contributions to the horizontally polarized fields at very
low elevation angles have also been considered inasmuch as their presence might have
complicated the adjustment with distance of the measured field strengths at those low
angles. Surface waves at frequencies above 30 MHz have been studied in [11]. In [11] it is
shown that at the distances and heights over ground at which the in-flight data were
gathered, the contributions of surface waves are insignificant.

Figure 4.5-A1 illustrates vertical patterns of horizontally polarized fourth harmonic radiation
from ISM Machine A (a 25 kW RF plastic sealer) with its RF shields removed, calculated
from the data in [4] using equation (4.5-A1) and shown as solid line curves, compared with
vertical patterns of horizontally polarized radiation calculated at 109 MHz for two electrically
small horizontal electric dipoles (dashed curves). The in-flight field strength data were
obtained at a flight altitude of 152 m (500 feet) and plotted in figure A-4, page 54 of
reference [4].
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The sharp step in the field strength from Machine A close to the elevation angle of 5° in
figure 4.5-A1(b) corresponds with the switch-on of the ISM equipment. Note that, to match
the patterns of the fields measured to the south of the ISM equipment, the dipole current
moment [.dl, the dipole height above ground, and the radiated power required from the
small electric dipole, are all different from those required to match the fields measured to
the north.

Figure 4.5-A2 uses in-flight data for ISM Machine B operated with RF shields in place,
collected at an altitude of 152 m. In figure 4.5-A2(b) the noise floor of the measurements is
visible in the solid curve for elevation angles between 12° and 20°. Switch-on of the ISM
equipment occurred near the elevation angle of 20°. Note that the horizontally polarized
vertical field patterns created broadside to two electrically small vertical loops were used to
provide the matching patterns in figure 4.5-A2. The dipole moments required were the
same, but the source height and therefore the radiated power requjre m the
pattefrns to the north were different from those required to match the patterns to th.

Figune 4.5-A3 compares the radiation at 109 MHz emitted from¢Mackj KW RF
plastjcs sealer), derived from in-flight data measured at an altit n the
calcylated horizontally polarized field patterns for two sma i S i idoles.

Machine C was operated with its RF shields in place. The shary step N i field
strength close to the elevation angle of 20° in figure 4.5-A itch-
on dgf the ISM equipment. The match in figure 4. small

horizontal electric dipole at a height of 2,7 m, slighfy highextha burce
height considered elsewhere in this report.

Examples of pattern matching for 1§ plastic sealer), with ifs RF
shields in place, are shown in figure 4°5-Ad\ i & i i ields
emitted broadside from two small verticakloops W sed to provide the matching patterns.
The match in figure 4.5-A4(a) was obtai 54 i i at a
centne height of 0,85 m, Y ini i idered
elsewhere in this paper. step
near|the elevation angle ok5°

The figures all ISM
equipment can™ ime. Each data gathering flight took place gt an
air speed of approx , from north to south over the ISM equipment.|Only
one |SM equipmeh ati approximately 1 min duration occurred during |each
flight]

However, after ex' ati of the vertical radiation patterns, it can be concluded that —
in spjt g I angth fluctuations — the horizontally polarized field distribution
encounte att at elevated angles, during any single flight pass over theg ISM
equipment, Can be \reasonably well matched (within ~ +10 dB) with field distribdtions
creafEd atelevated” angles by simple electric or magnetic dipole sources. Given the

relativelys.good match of the simple model patterns with the measured fields at angles
aboveabout 4°, and the boundary conditions which reduce the strength of the horizoptally
polarized fields near the ground, the patterns of the fields of the simple models calculated
near the ground will be similar to the patterns of the real fields if they were measured at
elevation angles below 4° (see [11]). These results support the belief that the predictability
of far field radiation emitted at elevated angles by ISM equipment in situ can be judged by
considering the vertical patterns of radiation emitted by simple electric and magnetic
dipoles near the ground.

Moreover, there seems to be no obvious reason why vertically polarized fields emitted by
typical ISM equipment should behave differently from the vertically polarized fields emitted
over ground by small dipoles. Such small dipole models should also serve to indicate the
predictability of vertically polarized fields.
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More detailed studies of the measurements reported by the Avionics Engineering Center at
Ohio University [4], and many more examples of matching the measured data with vertical
patterns calculated for electrically small electric or magnetic dipole sources, have been
described in [5]. Figures 4.5-A1 to 4.5-A4 are adapted from figures in [5].
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E-fielth, BuV/m E-field strength, dBuV/m
a)[Flight data measure ui t. b) Flight data measured north of the ISM equipment.
IHC 838/2000
al radiation patterns of horizontally polarized fields,
, 300 m scan radius (Adapted from [5])
Solid curves: hine A (fundamental RF power 25 kW), 180° azimuth, flight alfitude
192 m, RF shields removed, derived from in-flight field strength dgta in
igure A-4 at page 54 in [4].
a) Dashed’curve: Source = horizontal electric dipole, centre height above ground 1(8 m,
dipole{current} moment L dl~2 51 mA.m radiated power~704 1\

b) Dashed curve Source = horizontal electric dipole, centre height above ground 1,3 m,
dipole (current) moment l.dl ~ 2,82 mA-m, radiated power ~ 996 uW.
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a) Dashed . cuxve orizontal electric dipole, centre height above ground 2|7 m,
dipole\current) moment /.dl ~ 50,1 uA-m, radiated power ~ 0,31 uW
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dipole (current) moment /.dl ~ 28,2 uA-m, radiated power = 0,096 uW.



https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

- 116 - CISPR 16-3/TR © IEC:2003(E)

Z VA
POLAR 1 POLAR
SCAN
PATH
R
\ 6 L{
\ GROUND GROUND
VERTICAL LOOP
VERTICAL LOOP
X X
og° 80° 90°
70°
60° Frequency = 109 MHz y = 109 MHz
LS 50°
N 40°
A\
\\
30°
S\
20° 20°
\
10% 10°
0°

patterns of horizontally polarized fields,
can radius (Adapted from [5])

- o
50,0 40,0 -300 200 -100 0 100 200 300 49,0 QO 20,0 -10,0 100 200 30,0 400 500 60,
v E-field strength, dBuV/m

b) Flight data measured north of the ISM equipment.

IEC 841/2000

Solid y damental RF power 2 kW), 20° azimuth, flight alfitude

shields in place, derived from in-flight field strength dgta in

a) Da : ¢ = small vertical loop, centre height above ground 0,85 m, dipole

ment 1.dA =~ 0,14 mA-m2, radiated power ~ 10,4 pW.

b) Dashed_curve._ Source = small vertical loop, centre height above ground 2 m, dipole

oment /.dA ~ 0,23 mA-m?2, radiated power ~ 42,0 pW.
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4.6 The predictability of radiation in vertical directions at frequencies up to
30 MHz

4.6.1 Scope

This report considers the vertical radiation patterns of the magnetic (H) fields and electric
(E) fields emitted at frequencies up to 30 MHz from electrically small sources located close
to the surface of real homogeneous plane ground, for the purpose of studying the
predictability of radiation in vertical directions based on measurements of the strength of
the H-field near the ground.

The vertical radiation patterns of the fields have been calculated at a distance of 30 m from

varioys nlnr\frlr\ally small SOLHFCES, and then the poﬂ'nrne of the fialds at grnafnr distances

have| been calculated so that the field variations with distance can be/quauntified/ln this
way,[ a general knowledge has been obtained of the shapes of jh¢ o: ation
patterns, showing the magnitudes of the field strengths near groufd cofmp ith the
magnitudes of the field components at elevated angles, and the i PN ative
magmnitudes can be expected to vary with distance over a plane

The [sources considered are electrically small balanced ipoles
excited in the frequency range 100 kHz to 30 MHz. Forthe \o S t, an

electfically small source is defined as one whose Iz ges inear dime is one-tenth or

less pf the free space wavelength at the frequency

The |report also considers the effe 3 ' rtion patterns of locating the
electfically small sources close to res i trical

conductivity and dielectric constants [ that
behaves as a perfect conductor.

The |possible effects on i atterns produced by walls, buildings,
reinfprced concrete struc ) icinity of the sources, and the effegts on
waveg propagation nea produced by changes with distance gf the
electrical constapts p ad by intervening roads, watercourses, buried
metallic pipes,@ re N 'th| the scope of this report. It is important to |note,
thergfore, that i hat may be produced by such effects have not

been| considered.

4.6.2

CISAR e electromagnetic disturbances emitted near the ground|from
indusgtr pedical (ISM) radio-frequency equipment. The limits are intended
to prpvide he reception of radio services. At frequencies below 30 MHE the

limitg applysto~the horizontally oriented components of the H-fields emitted by the| ISM
apparatus: For measurements on a test site, the limits apply at a distance of 30 m from the
sour¢e{AMVhen measurements are made in s;tu the d|stance to the measurement pojnt is
definled-a = de oL : g
S|tuated the dlstance from the source is not deflned Measurements are to be made W|th a
vertically oriented loop, the base of which must be 1 m above the ground.

It is acknowledged in CISPR 11 that many aeronautical communications require the
limitation of vertically radiated electromagnetic disturbances, and that work is necessary to
determine what provisions may be required to provide protection of such systems.

The aeronautical radio services to be protected may be either horizontally or vertically
polarized transmissions. Thus, the field components at elevated angles, emitted from
potential interference sources located near the ground, that are of interest in a study of field
strength predictability include the vertically and horizontally oriented H- and E-field
components.
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In this report the judgements of predictability of radiation in vertical directions are based on
the accuracy with which ground-based measurements of the horizontally oriented H-fields
emitted from a variety of sources will indicate the maximum strengths of the horizontally or
vertically oriented H-fields at elevated angles.

As might be expected, at a distance of 30 m from an electrically small source there are
significant changes in the field behaviour with changing wavelength as the frequency is
varied from 100 kHz to 30 MHz. The report, therefore, concentrates attention at four
frequencies, namely 100 kHz, 1 MHz, 10 MHz and 30 MHz. At 100 kHz the distance of 30 m
lies well within the electrostatic or inductive near-field region close to the source. At 1 MHz
the distance of 30 m is within A/10 of an electrically small source and places the
measurement position in what might be called the radiating near-field region. At 10 MHz, a
distance of 30 m represents approximately one wavelength from the source, a region where
the }[ar-field has become established. At 30 MHz, a distance of m represents

approximately three wavelengths from the source and places the meg ent\ position
well nto the far-field.

In aqditi 2 S b far-
field iti i ied, i 8 30 MHE the
electfi 3 2 cs of
a log i S dielectric gt the
highe i 3 al/ground can| vary
wide - Iat|ve permittivity of
3to i ' Even this wide range of
valug the values that maly be
enco

The imitati q ctak of radiation in vertical directions. In
parti¢ , it ifi iti i edge of the precise measurement
dista i S and the field measurmg point negr the
ground — 8 ated
anglg

The feport indi . ) aghituge of the significant errors in predictability that
can still occur w i casterment distance over real ground is 30 m from the

sour¢es, and the |4 S R 3 ar|se from the apprOX|mat|on that the influenge of
real i . It[ also
show iced,
altho| iented
H-fie -fi :is at
heigh the
sour(

4.6.3 calculation of the vertical radiation patterns

The H=and F-field vertical radiation patterns in this report were calculated using a Meéthod
of Moments computer code known as the Numerical Electromagnetics Code (NEC) [4]. A
double precision version, NEC2D, with the companion code SOMNEC2D, was used. NEC
with SOMNEC allows the Sommerfeld integral evaluation of the field interactions at the air-
ground interface [5] to be included in the determination of the E-fields above real grounds.

In the version of the NEC codes that were first released for public use, a section of code for
calculation of the near H-field in the presence of real ground was omitted, which can lead to
large errors in the H-field calculations [6] [7]. In the version of NEC2D used to calculate the
radiation patterns in this report the missing code has been restored, allowing calculation f
all the H-field components close to the surface of a real ground. The restored section of
code calculates the H-field components by using a six-point finite-difference approximation
of the curl of the E-field obtained by the Sommerfeld method.
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The spatial sampling interval used in the finite-difference calculation of H-field in NEC is
normally fixed at 10=3 A. For the H-field radiation patterns calculated at the frequencies of
100 kHz and 1 MHz the spatial sampling interval has to be altered to 1051 and 10~4 1
respectively in order to obtain accurate calculations of the near H-fields [7] [8].

Some remaining problems of numerical stability, arising from the finite-difference
approximation of the H-fields from E-fields which in some cases have components whose
curl is mathematically zero but which have become numerically non-zero due to small
numerical inaccuracies [9], have required smoothing of some of the calculated H-field
radiation patterns.

4.6.4 The source models

The electrically small sources that form the basis of this report consist of small vertical and
horizpntal balanced electric dipoles, and vertical and horizontal balanced magnetic-dipoles
(horizontally and vertically oriented loops respectively), each havingh\a unit dipolexmoment

(i.e. ja dipole [current] moment of 1 A-m for the electric dipoles<and, a djps nt of
1 A-m2 for the magnetic dipoles). All were located very close @lectrically™t e_aivcground
interface (within a small fraction of a wavelength); the heigh abo & groyna of b se of
each|dipole was varied between either 7 cm or 15 cm and’ a a g mine
the densitivity of the shape of the field-strength patterns a i source helght
The |patterns considered in this report are those th xhibi bNn in

shapg with height.

The geometries of the models used igures
4.6-1 to 4.6-4, including the paths © has
been| taken of the verified azimuthal netic
and yertical electric dipoles to confin es in
only the Z-X plane.

It will be seen in figures 4.6< 46 > i i ators.
Althqugh the loops u i riven
by one generator.onl ificant
electric dipole ' pti b the
smal| loops did hot be fore,
in the¢ models used , C as bd as
shown, and the i iputi isi n the
use pf a single ‘\generator ) insignifi . , f the
horizpntal i , i and a
resultan 9 also

Ooccufs

4.6.5 Electrical cohstants of the ground

Most| attention in this report has been devoted to radiation sources located close|to a

PRI H A diagid £ 4n-3 o f 15
grou LAY} IIClVIIIH [} \JUIIUU\J[IVILy, O, VUl LAYJ UIIII allu d IUIOLIVU UIGIU\JlIIU \JUIIOLGIIL, Cr 3

these electrical constants are in the CCIR category of a medium dry ground [1] [2].

At the upper and lower extremes of the frequency range, 30 MHz and 100 kHz, examples of
two other sets of values of ground constants have been used with the small horizontal
electric dipole model to illustrate the influence of differing values of the ground constants
on the vertical radiation patterns. The electrical constants mentioned in 4.6.2, with the
numerical values of ¢ = 1072 S/m and ¢, = 30 (ITU-R - cultivated land and fresh water

marshes) and ¢ = 10~4 S/m and g = 3 (ITU-R — very dry ground and granite mountains in
cold regions), were chosen as the examples [1] [2].
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S

Figure 4.6-1 — Geometry of the small vertical Figure 4.6-2 - rizontal

electric dipole model

HORIZONTAL LOOR

SCAN SOURCE

GROUNII

X g
IEC 844/20 IEC 845/2000
Figu S Figure 4.6-4 — Geometry of the small vertical
magnpeétic.dipole magnetic dipole model (small horizontdl loop)
For ¢ odrce, the field patterns above a perfectly conducting ground have| also

been| compared with the patterns generated above real grounds, to identify the errorg that
can arise€ from the approximation which is sometimes made that the influence of real grjound
can be determined by assuming it behaves as a perfect conductor.

In general, it is necessary to recall that specific boundary conditions apply to the fields at
the surface of a perfect conductor that do not necessarily apply at the surface of a real
ground. In particular, the H-field component normal to the surface of a perfect conductor
must go to zero at the surface, as must the tangential E-field component at the surface, and
it will be recalled that this is why a horizontally polarized surface wave cannot exist at the
surface of a perfect conductor. Further, a vertically polarized surface wave travelling on a
perfectly conducting ground plane experiences no ohmic loss, it merely attenuates with
distance at the free space rate. Those boundary conditions, however, certainly do not apply
at the surface of a real ground — thus the boundary conditions identify the most general set
of differences between the vertical radiation patterns that will exist close to the surface of a
real ground when compared with those calculated close to the surface of a perfectly
conducting ground.


https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

-122 - CISPR 16-3/TR © IEC:2003(E)

4.6.6 Predictability of radiation in vertical directions

4.6.6.1 Tabular summaries of predictability

The vertical radiation patterns on which the judgements of predictability are based are
presented in figures 4.6-7 to 4.6-62, polar patterns showing field strength plotted against
elevation angle above the ground. To summarize the information presented in those figures,
four tables of summary information have been prepared, one for each frequency considered
in this report.

Table 4.6-1 — Predictability of radiation in vertical directions at 100 kHz, using ground-
based measurements of horizontally oriented H-field at distances up to 3 km from the

source
Type of source Predictability based on | Predictability based on in lity based on
measurements near real situ measurements near i tterns
ground at 30 m distance real ground when the pwn
from the source measurement distance burce,
from the source is not behaves
precisely known/\ ctor
Elecjrically small Excellent Excellent \ cellent
vertigal electric (see figures 4.6-7, 4.6-9) (see figures 4.6-7, &6- (see figure 4.6-1)
dipole .
N
Electrically small Excellent Poor
horigontal electric (see figures 4.6-11, 4.6-12, (see figure 4.6-1(1)
dipole 4.6-13) Note 3
Notes 1, 2
Elecjrically small Excellent ery ood\J Very good
horigontal magnetic |(see figures 4.6-16, 4.6<18) [\(sew figures) 4.6 (see figures 4.6-16, 4.6-17)
dipole (vertical loop) Note 4 6- 4.6- Note 5
Elecjrically small Poor 0ssi Impossible
vertifal magnetic (see figures 4.6-21, 4.6-25)\| (sege flg e 4 -21 4.6-23 (see figures 4.6-21, 4.6-22)
dipole (horizontal ot Note 8
loop ote 7
NOTE| 1 The measuem P near
the grpund can owé ! gle by
approkimately 1 dB\sg€ fi of the
horizantally oriented H-
NOTE| 2 The sma rns at
100 kiHz by a wide ra
NOTE| 3 Th ground
showg that,suck an assymption ca h, and
falsely indicates\tha (refer
to Nofe i
NOTE|4 Mea ertical
loop) pear the gro nd carp overestimate the maximum vertically oriented H-field strength at elevated angles by
less than #dB, see Tiglre 4.6-16. Note, however, that the measurement overestimates the strength [of the
horizdntally~eriented H-field emitted in the vertical direction by more than 3 dB.
NOTE B dipole

(vertical loop), calculated assuming a perfectly conducting ground, can overestimate absolute values of field
strength over real ground by 6 dB, but the shapes of the patterns are a good guide to those over real ground.
However, boundary conditions require that the vertically oriented H-field must go to zero at the surface of the
perfectly conducting ground which is not the case at the surface of a real ground. See figures 4.6-16 and 4.6-17.

NOTE 6 Measurement of horizontally oriented H-field emitted by the small vertical magnetic dipole (horizontal
loop) near the ground at a distance of 30 m underestimates the H-field strengths at elevated angles by more
than 16 dB, see figure 4.6-21. However, measurement of the vertically oriented H-field, Hz, near the ground
improves predictability; it provides an underestimate of the vertically oriented H-field emitted in the vertical
direction by approximately 6 dB, and an underestimate of the maximum horizontally oriented H-field emitted at
elevated angles by about 3 dB.

NOTE 7 The relative magnitudes of the H-field components near the ground and at elevated angles are
strongly dependent on the actual distance from the small horizontal loop. See figures 4.6-21, 4.6-23 and 4.6-24.

NOTE 8 The small horizontal loop's field patterns calculated close to the ground assuming a perfectly
conducting ground have no resemblance, in shape and absolute magnitude, to the field patterns calculated
close to a real ground. See figures 4.6-21 and 4.6-22.
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Table 4.6-2 — Predictability of radiation in vertical directions at 1 MHz, using ground-
based measurements of horizontally oriented H-field at distances up to 300 m from the

source
Type of source Predictability based on | Predictability based on in Predictability based on
measurements near real situ measurements near vertical radiation patterns
ground at 30 m distance real ground when the calculated at a known
from the source measurement distance distance from the source,
from the source is not assuming the ground behaves
precisely known as a perfect conductor
Electrically small Excellent Excellent Excellent
vertical electric (see figures 4.6-27, 4.6-28) | (see figures 4.6-27, 4.6-28, (see figure 4.6-27)
dipole 4.6-29)
Electricaty-small \ery good Good Poor
horigontal electric (see figures 4.6-30, 4.6-32) | (see figures 4.6-30, 4.6-31, |gure 4.6:3P)
dipole Note 9 4.6-32, 4.6-33) te 10
Elecjrically small Excellent Good Fai
horigontal magnetic |(see figures 4.6-34, 4.6-37) | (see figures 4.6-34, 4.6-36, e fig res .6- 4.6-35)
dipole (vertical loop) Note 11 4.6-37, 4.6-38) 12
Electrically small Excellent Impossible
vertifal magnetic (see figures 4.6-39, 4.6-42) | (see figures 4.6-39, 4.6:41 ee f| upés 4 6-40)
dipole (horizontal Note 13 to 4.6-4 Note 15
loop Note 1
‘\

NOTE| 9 Measurement of the horizontally oriented H-field mltt d by theyhori electric dipole nepr the
grounfl can overestimate the maximum vertically orie em|tted at elevated angles by
approkimately 3 dB. See figure 4.6-30. Note, b« overestimate the strength of
the hgrizontally oriented H-field emitted in th

NOTE| 10 The H-field patterns calculated at a\distance rizontal electric dipole assuring a
perfedtly conducting ground show that such ap-assumptioncauses an underestimate of 20 dB in the absolute
field strength at 1 MHz, and falsely indicates easurement underestimates the makimum
field strength emitted in vertical directions by

NOTE| 11 Measurement of the i R itted by the small vertical loop near the ground
can oyerestimate the maximum\{i RQitt ated angles by less than 3 dB, see figure 4.6-34.

NOTE| 12 The patterns of | i alcdlated at 30 m from the small vertical loop asquming
perfegtly conducting ground i ield patterns over a real ground. See figures 4.6-34 and 4.6-

35.

NOTE| 13 The me oriented H-field emitted by the small horizontal loop nejar the

groungd at 30 m distange ca ima e maximum vertically oriented H-field strength emitted |in the
vertical direction by mygre E &, Maximum horizontally oriented H-field emitted at elevated @ngles
by lesjs than 1 dB, & fi . . gurement of the vertically oriented H-field, Hz, near ground rgduces
the urjderestimag \ ertically oriented H-field emitted in the vertical direction to abouf 1 dB,
and oyeresti ¥ horizgntally oriented H-field strength by more than 1 dB.

NOTE| 14 i i i g of the H-field components near the ground and at elevated angl¢s are
strongly dependent oRthe actual distance from the horizontal loop source. The horizontally oriented H-fielfl near
the grpund™ i irected component which attenuates more rapidly with increasing distance thar] does
the hprizontally onente ield at elevated angles. The vertically oriented H-field near the ground is a

compdnent of\the~orizoptally polarized ground wave launched by the horizontal loop and attenuate$ very
rapidly with-increasing~diStance from the source at 1 MHz. See figures 4.6-39 and 4.6-41.

NOTE| 16/ At 1 MHz, the vertical radiation pattern of the horizontally oriented H-field emitted by the|small
horizontal loop above a perfectly conducting ground has an absolute value more than 15 dB less than the field
strength calculated above a real ground. The shape of the vertical pattern of the vertically oriented H-field
calculated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated close
to the real ground. Compare figures 4.6-39 and 4.6-40. In general, the boundary condition which requires the
vertically oriented H-field strength to be zero at the surface of a perfectly conducting ground means that the
pattern of vertically oriented H-field at the real ground, which is non-zero, does not resemble the corresponding
pattern at the perfect ground.
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Table 4.6-3 — Predictability of radiation in vertical directions at 10 MHz, using ground-
based measurements of horizontally oriented H-field at distances up to 300 m
from the source

Type of source Predictability based on | Predictability based on in Predictability based on
measurements near real situ measurements near vertical radiation patterns
ground at 30 m distance real ground when the calculated at a known

from the source measurement distance distance from the source,
from the source is not assuming the ground behaves
precisely known as a perfect conductor

Electrically small Excellent Excellent Impossible

vertical electric (see figures 4.6-43, 4.6-44) | (see figures 4.6-43, 4.6-44, (see figure 4.6-43)

dipole 4.6-45) Note 17

Note 16

Electrically small Poor Good possible

horigontal electric (see figures 4.6-46, 4.6-47) | (see figures 4.6-46, 4.6-47, re 4.6-4p)

dipole Note 18 4.6-48

Note 19 N

Elecjrically small Very good Impossible | (%s{k:(l?

horigontal magnetic |(see figures 4.6-49, 4.6-50) | (see figures 4.6-49, 4. (see“figure -40)

dipole (vertical loop) Note 21 Note 22 g\?&)\ Note»23

Elecjrically small Poor Impossibte N ¥air

vertical magnetic (see figures 4.6-51, 4.6-52) | (see figures 4.6- 4.6- (seefigures 4.6-41)

dipole (horizontal Note 24 Note 26

loop
NOTE| 16 The horizontally oriented H-field ngar the ground\ nt ofthe vertically polarized ground
wave |emitted from the vertical electric digoleN\At Z arized wave near the dround
attendates rapidly with increasing distance, e\ i excess) 8 dB ground-wave attenuafion in
additipn to the 20 dB sky-wave attenuation over S 0 m. See figure 4.6-43.

NOTE| 17 At a distance of 30 m from the verfical electricydipale ovwer a perfectly conducting ground the vgrtical
radiation pattern of the horizontally oriented i i dB of the pattern of the H-field over|a real
grounfl. However, the vertically/polarized eonducting ground attenuates with incrgasing
distance at the free space ra e with distance in the way it does over [a real

groundl at 10 MHz (see Note r real
groun

NOTE] small
horizg in the
vertic hngles
by ab n this
case.

NOTE] y with
increa xcess
atteny

NOTE] hs the
distan| 20 dB
more about
7 dB ucting
groun

NOTE| 2¥ ‘Measurement of the horizontally oriented H-field near the real ground at 30 m distance frgm the

small |vertical loop can underestimate the horizontally oriented H-field strength emitted in the vertical difection
by Iesﬂm%hrmmmﬂmmrﬁvmmmdﬁwm—mvmingles

by approximately 3 dB. See figure 4.6-49.

NOTE 22 The horizontally oriented H-field components near real ground attenuate much more rapidly with
increasing distance from the small vertical loop than do the sky-wave components, at 10 MHz. The excess
attenuation is approximately 8 dB over the distance from 30 m to 300 m. See figure 4.6-49.

NOTE 23 At a distance of 30 m from the small vertical loop over a perfectly conducting ground the vertical
radiation pattern of the horizontally oriented H-field is within about 4 dB of the pattern of the H-field over a real
ground. However, the vertically polarized wave near a perfectly conducting ground attenuates with increasing
distance at the free space rate, unlike a vertically polarized wave over a real ground which attenuates more
rapidly with distance at 10 MHz — see Note 22 and figures 4.6-49 and 4.6-50. Vertical radiation patterns
calculated over a perfectly conducting ground can therefore be very misleading as guidance to the patterns to
be expected over real ground at distances much beyond 30 m at 10 MHz.

NOTE 24 Measurement of the horizontally oriented H-field components near the real ground at 30 m distance
from the small horizontal loop can underestimate the maximum horizontally and vertically oriented H-field
strengths at elevated angles by more than 6 dB. Note, however, that a measurement of the vertically oriented H-
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field, Hz, at a height of 6 m underestimates the maximum H-field, the vertically oriented H-field, at elevated
angles by approximately 5 dB at 10 MHz. See figure 4.6-51.

NOTE 25 The relative magnitudes of the H-field components near the ground and at elevated angles are
strongly dependent on the actual distance from the horizontal loop source at 10 MHz. The horizontally oriented
H-field near the ground is a radially directed component which attenuates more rapidly with increasing distance
than does the horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground is
a component of the horizontally polarized ground wave launched by the horizontal loop and attenuates very
rapidly with increasing distance from the source. See figure 4.6-51.

NOTE 26 The shape of the vertical radiation pattern of the horizontally oriented H-field calculated at a distance of
30 m from the small horizontal loop over perfectly conducting ground is very similar to that calculated over a real
ground at 10 MHz. The absolute value of the field strength calculated over perfectly conducting ground is about 5 dB
less than the field strength calculated over real ground. Both calculated vertical radiation patterns at 30 m distance
indicate that ground-based measurement of horizontally oriented H-field underestimates the maximum field strength at
elevated angles by more than 6 dB. The measurable horizontally oriented H-field components near the ground in both
cases are the remnants of radially directed near-field components, not a part of propagating waves, and they
attenupte-rrere—rapichy-with-irereasing-distancefromthe-souree-thando-thefeldsatetevatedangles—Seefiguye 4.6-
51. It |must also be recalled that, in general, the boundary condition which requires the ve H-field
strength to be zero at the surface of a perfectly conducting ground means that at all frequencies up_to.30,MHz the
patterps of vertically oriented H-field which are non-zero at the real ground do not the~serresppnding
verticdlly oriented H-field patterns which go to zero at the perfectly conducting ground.

Taple 4.6-4 — Predictability of radiation in vertical direction

Type of source Predictability based on | Predictabili n\ﬂk }reg}@tability basgd on
measurements near real situ measuremen vertical radiation patterns
ground at 30 m distance real groun e alculated at a knpwn

distantc istance from the s¢urce,
@not assuming the ground pehaves

[e¥]
~

from the source me

from

{\ r kn ‘\/ as a perfect condyctor

Elecjrically small Very good | oss\l‘me\A/ Impossible

vertital electric (see figures 4.6-53, 4.6-54) | (s uresnd.6-53,476-54) (see figure 4.6-5
Noten28

dipole Note 27 Note 29
Elecjrically small pessible Impossible
, ee)figures 4.6-55, 4.6-56, (see figures 4.6-55, 4.6-56)

horijontal electric (see fi .
dipole 8) 4.6-58 Note 33

N\ : Note 32
Electrically small d Impossible Impossible
horigontal magnetic \(se®& figures’4.6~59 4 ee figures 4.6-59, 4.6-60) (see figure 4.6-5P)
dipole (vertical looR) Note 3 Note 35 Note 36
Electrically small Impossible Good
vertifal magnetic (see fi (see figures 4.6-61, 4.6-62) (see figure 4.6-6[1)
dipole (horizontal Note 38 Note 39
loop

NOTE m the
small dB at
30 MHz.

NOTE| wave
emitteld from the vertical’electric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with incrgasing

distanfpednear ground, such that there is an excess 13 dB attenuation of the ground wave in addition to the[20 dB
sky-wave.dttenuation over the distance from 30 m to 300 m. See figures 4.6-53 an 4.6-54.

NOTE 29 At a distance of 30 m from the small vertical electric dipole over a perfectly conducting ground, the
vertical radiation pattern of the horizontally oriented H-field is within about 8 dB of the pattern of the H-field over
real ground. However, the very high rate of attenuation with a distance of a vertically polarized ground wave over
real ground at 30 MHz is apparent even at the short range of 30 m (see figure 4.6-53). Moreover, at 30 MHz there
is an excess 13 dB attenuation of the ground wave in addition to the 20 dB sky-wave attenuation over the distance
from 30 m to 300 m. Over a perfectly conducting ground the excess ground-wave attenuation does not occur, so
that the vertical radiation patterns over perfectly conducting ground cannot give guidance to the patterns over real
ground at the distances from the small vertical electric dipole that are considered in this report.

NOTE 30 The measurement of horizontally oriented H-field emitted by the small horizontal electric dipole near
the ground can underestimate the maximum horizontally oriented H-field strength in the vertical direction by
more than 16 dB at 30 MHz (see figure 4.6-55). Note, however, that a measurement of the vertically oriented H-
field, Hz, at a height of 6 m improves predictability and underestimates the magnitude of the horizontally
oriented H-field in the vertical direction by approximately 12 dB. The height scan measurement of Hz
underestimates the magnitude of the vertically oriented H-field at elevated angles by approximately 7 dB.

NOTE 31 The small influence exerted by a wide range of the electrical constants of the real ground on the shape and
magnitude of the small horizontal electric dipole's vertical radiation pattern at 30 MHz is shown in figure 4.6-57.
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NOTE 32 Excess attenuation of the horizontally oriented H-field component of the vertically polarized ground
wave emitted by the small horizontal electric dipole at the real ground is almost 12 dB more than the sky-wave
attenuation over the distance from 30 m to 300 m from the source. If the true measurement distance is not
known, the amount of excess attenuation suffered by the ground wave cannot be known when making
predictions of the strength of radiation in vertical directions based on measurements at the ground.

NOTE 33 The horizontally oriented H-field near a perfectly conducting ground attenuates by 40 dB as the
distance from the small horizontal electric dipole increases from 30 m to 300 m, an excess attenuation of 20 dB
more than the sky-wave attenuation, as the far-field radiation pattern becomes established over that distance.
On the other hand, the excess attenuation of the H-field component of the vertically polarized ground wave is
about 12 dB near a real ground over the 30 m to 300 m distance. The vertical radiation patterns over real and
perfectly conducting grounds therefore differ significantly at 30 MHz in that range of measuring distances. See
figures 4.6-55 and 4.6-56.

NOTE 34 Measurement of the horizontally oriented H-field near real ground at 30 m distance from the small
vertical loop can underestimate the maximum horizontally oriented H-field strength emitted in the vertical
direction by less than 6 dB. It gives an exact indication of the strength of the vertically oriented H-field emitted

tadd 1 (a) { 4 L Eﬁ
at eleyated-angles—Seefigure4-6-5

NOTE| 35 The horizontally oriented H-field components near real ground attenuate mor¢ rapidty with-incr¢asing
distanfce from the small vertical loop than do the sky-wave components, at 30 MHz. The excess\dttenuation is
approkimately 13 dB over the distance from 30 m to 300 m. See figure 4.6-59.

NOTE| 36 At a distance of 30 m from the small vertical loop over a perfectly <conducting ground the\viertical

radiatfon pattern of the horizontally oriented H-field is within about 8 dB of the paftern\of ield\oyér|a real
grounfl. However, the vertically polarized wave near a perfectly conducting distapce at
the fr¢e space rate, unlike the vertically polarized wave over a real ground i ) < idly with
distanfce at 30 MHz — see figures 4.6-59 and 4.6-60. Vertical radiatio calculated over a peffectly

condufcting ground can therefore be very misleading as guidance to the_patte istance
of 30 jn and beyond.

NOTE| 37 Measurement of the horizontally oriented H-field cdmporents 13 istance
from the small horizontal loop can underestimate the H-field t ated angles by morg than
16 dB| Note, however, that a measurement of the tically i i Hz, at a height df 6 m
undergstimates the maximum H-field strengths 21 dB. See figure 4.6-61.

NOTE| 38 The relative magnitudes of the F \ ar the gyound and at elevated angl¢s are
strondly dependent on the actual distance from e horizontally oriented H-fielfl near
the grpound is a radially directed component e rapldly with increasing distance thar] does
the h oriented H-field near the ground is a

compgq by the horizontal loop and at 30 NIHz it
atteny a S See figures 4.6-61 and 4.6-62.

NOTE 3 actical radiation pattern of the horizontally oriented H-field
calcul i grizental lgop over perfectly conducting ground at 30 MiHz are
very sf g Ay { n calculated over real ground. Both the calculated p3tterns

indica : i ly oriented H-field will underestimate the maximurp field
strengd { pngle 1 ./ However, the measurable horizontally oriented H-field
comp he remnants of radially directed near-field components| not a

part o more rapidly with increasing distance from the small horizontal
loop 6 : NSee figure 4.6-61. It must also be recalled that, in genergl, the
bound i equi theNyertically oriented H-field strength to be zero at the surface of a peffectly
condufcti & at aN_frequencies up to 30 MHz the patterns of vertically oriented H-field|which

are nd 8 t resemble the corresponding vertically oriented H-field patterns whjich go
to zer S

4.6.6.

It is possible to present pictorially the ranges of errors of the predictability of radiatipn in
vertical difections at different frequencies, when the precise horizontal measuregment
distance’from the sources is known 1o be 30 m

Figure 4.6-5 and 4.6-6 show in bar chart form the error ranges to be expected, in figure 4.6-
5 when measurements are made of the horizontally oriented H-field near the ground at
30 m distance from the sources, and in figure 4.6-6 when those measurements of
horizontally oriented H-field are supplemented with measurements of vertically oriented H-
field in @ 6 m height scan near the ground at 30 m distance from the sources.

The error range bar charts summarize the information presented in the various notes to the
tables and in the radiation pattern diagrams.

The following examples serve to illustrate the ways in which the error range bar charts can
be interpreted.
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In figure 4.6-5, which is used when predictability of radiation in vertical directions is to be
based only on measurements near ground of the horizontally oriented H-field components
at 30 m horizontal distance from the sources, the charts show that at 100 kHz the largest
overestimation of the strength of radiation in vertical directions occurs in the case of a
source behaving as a small horizontal electric dipole, and the error is an overestimate by
5 dB of the maximum strength of the horizontally oriented H-field. The largest error in
overestimating the maximum vertically oriented H-field strength at 100 kHz is an
overestimate of only 1 dB, as indicated in the chart by the solid bar, again for the case of a
source behaving as a small horizontal electric dipole. At 100 kHz, figure 4.6-5 shows that
the largest error in prediction of the strength of radiation in vertical directions occurs in the
case of a source behaving as a small vertical magnetic dipole (horizontal loop) and the
error is an underestimate by 16 dB of the maximum vertically oriented H-field. The largest
error at 100 kHz in predicting the maximum horizontally oriented H-field strength emitted in

verti¢gardirectior an underestimate by a8, agair € case Of a source benavimg as
a smpll vertical magnetic dipole (horizontal loop).
- = = = error range of predictabi iented
+10 r H-field strength at ele\ated\angles
Operestimate . N \ .
== = error range of predictability of ertically osiented
+5 H-field strepgth af elevatethgngles
log frequency
Efror, dB -
Underestimate
IEC 846/20:
Fid etrqrs in the predictability of radiation in vertical directions from
6 located close to the ground, based on measurements of th¢
ield near ground at a distance of 30 m from the sources.
Electr
Sourc
dh = H dv = vertical electric dipole
Iv = herizontal magnetic dipole (vertical loop) Ih = vertical magnetic dipole (horizontal loop)
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- - - = error range of predictability of horizontally oriented

+10 ¢ dhi- 9 H-field strength at elevated angles
. |
Overestimate | L — error range of predictability of vertically oriented
| )
+5 L dh - 5 ! | H-field strength at elevated angles
[ |
N dh'g 3 v g 3
I |
dh 1 | I 0 log frequency
Error, dB 0 | dv I 0 v >
| h ™1
h§-s3
-5 |
Ih ®-6
Underestimate
- 10 -
- 15 L
| |
100 kHz 1 MHz
IEC 847000
Figure 4.6-6 — Ranges of errors in the predictability of radiati erti i bm
electrically small sources located close to the ground, base : : ]

horigontally oriented H-field at the ground suppleme ically

Electr|cal constants of the ground: ¢ = 1 mS/m,

Sourcg identification:
dh = Horizontal electric dipole
Iv = horizontal magnetic dipole (vertical loop) W)V al magnetic dipole (horizontal loop)

In figure 4.6-6, which isss D diity oRradiation in vertical directions is [o be
based on measurement 5 dN\of the hofizontally oriented H-field components
supplemented with S neasurements of the vertically oriented H-field
components at i CE show that at 100 kHz the worst error in the

prediction of tb ertical directions still occurs for the vertjcally
orien -fi cOMPON Bitts M a source behaving as a small vertical magnetic
dipole i he Waagnitude of the error has been reduced to an upder-
estim SON ] ggnitude of the largest underestimate at 100 kHz gf the

maxi
been
vertiq

ally oriented H-fields emitted in vertical directiong has
s also occurs for the case of a source behaving as a gmall

4.6.7)

Vertical radiation patterns have been calculated for electrically small sources located ¢lose
to repal<homogeneous plane ground, ignoring the possible contributions to pattern distgrtion

that -nlﬂhl' atise—from-the presence of naarh\l h||||rhnr1e or—otherfield—disturbing nhunr\ S, or
I

from dlscontmumes in the eIectncaI constants of the ground Nevertheless, even W|th such
a simplification, the studies still show that in the case of solitary electrically small sources
located close to a plane homogeneous ground the predictability of radiation in vertical
directions can be subject to large errors, when the predictions are to be based on measure-
ments of the strength of the horizontally oriented H-field at the ground in the manner
presently described in CISPR 11.

In particular, the report has identified many examples of the impossibility of making
predictions of field strength at elevated angles with a known margin of error, using ground-
based measurements, when the measuring distances from the sources are not precisely
known. The limits and methods of measurement of radiation in situ for which the precise
measurement distance from the ISM equipment is not defined in CISPR 11 cannot provide a
known level of protection of aeronautical communication services. For example, this
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limitation applies over the entire frequency range from 100 kHz to 30 MHz if the radiation
source behaves like an electrically small vertical magnetic dipole (horizontal loop).

The large errors in calculation of the vertical radiation patterns that can arise from the
approximation, which is sometimes made, that the influence of real ground can be
determined by assuming it behaves like a perfect conductor have also been indicated. Apart
from the more complex interaction between the source and its image in a real ground, two
more obvious reasons for the errors are that the boundary condition which requires the
vertically oriented H-field strength and the horizontally oriented E-field strength to be zero
at the surface of a perfectly conducting ground does not apply at the surface of a real
ground, and the vertically polarized ground wave attenuation with distance over real ground
is greater than the attenuation with distance over a perfectly conducting ground, especially
at the higher frequencies.

The report has also shown that, even when the measurement distance over real-ground is
precisely known, predictability of the strength of radiation in vertigal dirgctions )hasdd on
measgurements near the ground at a distance of 30 m remains subj sighificant exrors.

Figufe 4.6-5 depicts the error ranges that can apply when p
meagurement of the horizontally oriented H-field near gre

solefly on
. It cgn be

seen for\error can be as
much the
extregmes of the frequency range, 100 kHz and 30 MHz

Figur bn in
vertid d are
supp bove
the ¢ ns a
poss me a
poss

The |studies in this into
account when deter netic
distufbances fr, ation
services operati

In ag hose
over ave also shown the large differences that can ocqur in
the 2 tial for interference made by measurements on a tesi site
havin i 6und plane compared with assessments using measurements
made¢ 6n_a teshsitedhaving a real ground reference plane.

4.6.8 References

[1] ITU-R Recommendation 527-1, Electrical Characteristics of the Surface of the Earth,

T il T : il ' o 4.0-0.0.
IMTreTrrnmatoridr 1CICCOITImurimedatuort UTHOTT, OTlICcvd, 1J04

[2] ITU-R Report 879-1, Methods of Estimating Effective Electrical Characteristics of the
Surface of the Earth, International Telecommunication Union, Geneva, 1986

[3] CISPR 11, Limits and methods of measurement of electromagnetic disturbance
characteristics of industrial, scientific and medical (ISM) radio-frequency equipment,
Second edition, International Electrotechnical Commission, Geneva, 1990

[4] Burke, G.J. and Poggio, A.J., Numerical electromagnetics code (NEC) — Method of
Moments, Naval Ocean System Center, San Diego, CA, NOSC Tech. Document 116,
1981. (Numerical Electromagnetics Code (NEC2) developed at Lawrence Livermore
National Laboratory, Livermore, California, File Created 4/11/80, Double precision
6/4/85).


https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

(5]

[6]

[71]

8]

(9]

- 130 - CISPR 16-3/TR © IEC:2003(E)

Sommerfeld A, translated by Straus, "Partial Differential Equations in Physics,
Lectures on Theoretical Physics", Volume VI, Academic Press, New York, 1964,
Chapter VI

Macfarlane, I.P., Error in the Numerical Electromagnetic Code (NEC2) Calculation of
Magnetic Field Strength Near Ground, Australian telecommunication Research (ATR),
Vol. 24, No.1, 1990

Macfarlane, I.P., Fleming, A.H.J., Iskra, S. and Haack, G. Pilgrims' Progress —
Learning to Use the Numerical Electromagnetics Code (NEC) to Calculate Magnetic
Field Strength Close to a Sommerfeld Ground, Applied Computational
Electromagnetics Society (ACES) Journal, Vol. 5, No. 2, Winter 1990

Code
alian

Macfarlane, I.P., Addendum to: Error in the Numerical
(NEC2). Calculation of Magnetic Field Strength Near
Telecommunication Research (ATR), Vol. 24, No. 2, 1990

Haack, G.R. and Fleming, A.H.J., Using the Numerical
to Calculate Magnetic Fleld Strength Close to a Somm

NEC)
ings of
etics,
d W.



https://iecnorm.com/api/?name=c0df9bee198a0362cad0dade1606efa5

CISPR 16-3/TR © IEC:2003(E) - 131 -

R
SCAN PATH VERQSGLRCD;:;OLE
N /

\

GROUND

Magnetic field strength, dBuA/m

FREQUENCY = 100 kHz
IEC  848/2000

Figure 4.6-7 — Vertical radiation patterns of the horizontally oriented H-fields
emitted by a small vertical electric dipole located close to the ground

Dipole length 3 m. Dipole base at a height above ground of 0,15 m. Dipole moment 1 A-m.

Dashed line curve — Hy at a scan distance of 30 m
Electrical constants of the ground: ¢ =1 mS/m, g, = 15

Dotted line curve — Hy at a scan distance of 30 m
Perfectly conducting ground
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Figure 4.6-8 — Vertical radiation patterns of the horizontally oriented H-fields
emitted by a small vertical electric dipole located close to the ground

Dipole length 3 m. Dipole base at a height above ground of 0,15 m. Dipole moment 1 A-m.

Dashed line curve —  Hy at a scan distance of 300 m
Dotted line curve — Hy at a scan distance of 3 000 m
Electrical constants of the ground: ¢ =1 mS/m, g, = 15
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Figure 4.6-9 — Vertical radiation patterns of E-fields

emitted by a small vertical electric dipole located close to the ground

Dipole length 3 m. Dipole base height above ground 0,15 m. Dipole moment 1 A-m.

Dashed line curve —
Dotted line curve —

vertically oriented Ez at a scan distance of 30 m
horizontally oriented Ex at a scan distance of 30 m

Electrical constants of the ground: ¢ =1 mS/m, g, = 15
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IEC 851/2000

Figure 4.6-10 — Vertical radiation patterns of the E-fields
emitted by a small vertical electric dipole located close to the ground

Dipole length 3 m. Dipole base height above ground 0,15 m. Dipole moment 1 A-m.

Dashed line curve —  vertically oriented Ez at a scan distance of 3 000 m

Dotted line curve — horizontally oriented Ex at a scan distance of 3 000 m

Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 3 000 m,
the vertically polarized E-field

Electrical constants of the ground: ¢ =1 mS/m, g, = 15
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igure 4.6-11 — Vertical radiation patterns of the H-fields
emitted by a small horizontal electric dipole located close to the ground
Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 A-m.
Dashed line curve — horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
Dotted line curve — horizontally oriented Hy at a scan distance of 30 m in the Y-Z plane
Solid line curve — vertically oriented Hz at a scan distance of 30 m in the Y-Z plane

Electrical constants of the ground: ¢ =1 mS/m, ¢, = 15

Dash-dot line curve — horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
Perfectly conducting ground
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Figurei4.6-12 — Influence of a wide range of values of the electrical constants of the ground

by a small horizontal electric dipole located close to the ground

Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 A-m.
Hy at a scan distance of 30 m in the Z-X plane

Dash-dot line curve — ground constants are ¢ = 0,1 mS/m, ¢, =3
Dashed line curve —  ground constants are 6 = 1 mS/m, g =15
Dotted line curve — ground constants are ¢ = 10 mS/m, g, =30
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Figure 4.6-13 — Vertical radiation patterns of the horizontally oriented H-fields
emitted by a small horizontal electric dipole located close to the ground

Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 A-m.

Dashed line curve —  Hy at a scan distance of 300 m in the Z-X plane
Dotted line curve — Hy at a scan distance of 3 000 m in the Z-X plane
Electrical constants of the ground ¢ =1 mS/m, g, = 15
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Figure 4.6-14 — Vertical radiation patterns of the E-fields
emitted by a small horizontal electric dipole located close to the ground

Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 A-m.

Dashed line curve —  vertically oriented Ez at a scan distance of 30 m in the Z-X plane
Dotted line curve — horizontally oriented Ex at a scan distance of 30 m in the Z-X plane
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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Eigure 4.6.15 — Vertical radiation patterns of the E-fields
emitted by a small horizontal electric dipole located close to the ground

Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 A-m.

Dashed line curve —  vertically oriented Ez at a scan distance of 3 000 m in the Z-X plane
Dotted line curve — horizontally oriented Ex at a scan distance of 3 000 m in the Z-X
plane

Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 3 000 m
in the Z-X plane, the vertically polarized E-field
Electrical constants of the ground ¢ =1 mS/m, g, = 15
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Figure 4.6-16 — Vertical radiation patterns of the H-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. Loop base height above the ground 1 m. Dipole moment 1 A-mZ2.

Dashed line curve — horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
Dotted line curve — horizontally oriented Hy at a scan distance of 30 m in the Y-Z plane
Solid line curve — vertically oriented Hz at a scan distance of 30 m in the Y-Z plane

Electrical constants of the ground: ¢ =1 mS/m, ¢, = 15
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Figure 4.6-17 — Vertical radiation patterns of the horizontally oriented H-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. Loop base height above ground 1 m. Dipole moment 1 A-m2.

Dashed line curve —
Dotted line curve —
Solid line curve —
Perfectly conducting ground

horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
horizontally oriented Hy at a scan distance of 30 m in the Y-Z plane
vertically oriented Hz at a scan distance of 30 m in the Y-Z plane
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Figure 4.6-18 — Vertical radiation patterns of the horizontally oriented H-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. Loop base height above ground 1 m. Dipole moment 1 A-m2.
Dashed line curve —  Hy at a scan distance of 300 m in the Z-X plane

Dotted line curve — Hy at a scan distance of 3 000 m in the Z-X plane
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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Figure 4.6-19 — Vertical radiation patterns of the E-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. Loop base height above ground 1 m. Dipole moment 1 A-m2.

Dashed line curve —  vertically oriented Ez at a scan distance of 30 m in the Z-X plane
Dotted line curve — horizontally oriented Ex at a scan distance of 30 m in the Z-X plane

Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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Ei

emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. Loop base height above ground 1 m. Dipole moment 1 A-m2.

Dashed line curve —  vertically oriented Ez at a scan distance of 3 000 m in the Z-X plane
Dotted line curve — horizontally oriented Ex at a scan distance of 3 000 m in the Z-X
plane

Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 3 000 m
in the Z-X plane, the vertically polarized E-field
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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Figure 4.6-2T — Vertical radiation patterns of the H-Tields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 A-mZ2.

Dashed line curve —
Dotted line curve —
Dash-dot line curve

horizontally oriented Hx at a scan distance of 30 m
horizontally oriented Hz at a scan distance of 30 m
total vector/phasor sum of Hx and Hz at a scan distance of 30 m,
the total H-field component of the horizontally polarized radiation

Electrical constants of the ground ¢ =1 mS/m, ¢, = 15
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Figure 4.6-22 — Vertical radiation patterns of the H-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 A-mZ2.
Dashed line curve —  horizontally oriented Hx at a scan distance of 30 m

Dotted line curve — vertically oriented Hz at a scan distance of 30 m
Perfectly conducting ground
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Figure 4.6-23 — Vertical radiation patterns of the H-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 A-mZ2.
Dashed line curve —  horizontally oriented Hx at a scan distance of 300 m

Dotted line curve — vertically oriented Hz at a scan distance of 300 m
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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- 148 — CISPR 16-3/TR © IEC:2003(E)

Y4
b

e

R
SCAN PATH HORIZONTAL LOOP
~ /SOURCE
= Y
GROUND
X

90°

'\“ ‘ — aser®
T\ g
150,0 \éo -130,0 -120,0 -110,0

Magnetic field strength, dBuA/m

EREQUENCY = 100 kH=

IEC 865/2000

Figure 4.6-24 — Vertical radiation patterns of the H-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 A-mZ2.
Dashed line curve —  horizontally oriented Hx at a scan distance of 3 000 m

Dotted line curve — vertically oriented Hz at a scan distance of 3 000 m
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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Figure 4.6-25 — Vertical radiation pattern of the E-field
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 A-mZ2.

Dashed line curve —  horizontally oriented Ey at a scan distance of 30 m
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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Figure 4.6-26 — Vertical radiation patterns of the E-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 A-mZ2.
Dashed line curve —  horizontally oriented Ey at a scan distance of 300 m

Dotted line curve — horizontally oriented Ey at a scan distance of 3 000 m
Electrical constants of the ground ¢ =1 mS/m, ¢, = 15
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Figure 4.6-27 — Vertical radiation patterns of the horizontally oriented H-fields
emitted by a small vertical electric dipole located close to the ground

Dipole length 3 m. Dipole base at a height above ground of 0,15 m. Dipole moment 1 A-m.

Dashed line curve —  Hy at a scan distance of 30 m
Dash-dot line curve — Hy at a scan distance of 300 m
Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
Dotted line curve — Hy at a scan distance of 30 m
Perfectly conducting ground
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CISPR 16-3/TR © IEC:2003(E)
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Figure 4.6-28 — Vertical radiation patterns of the E-fields
emitted by a small vertical electric dipole located close to the ground

Dipole length 3 m. Dipole base at a height above ground of 0,15 m. Dipole moment 1 A-m.

Dashed line curve —
Dotted line curve —

Electrical constants of the ground ¢ =1 mS/m, g, = 15

vertically oriented Ez at a scan distance of 30 m
horizontally oriented Ex at a scan distance of 30 m
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4

emitted by a sn.mll vertical electric dipole located close to the ground
Dipole length 3 m. Dipole base height above ground 0,15 m. Dipole moment 1 A-m.

Dashed line curve —  vertically oriented Ez at a scan distance of 300 m

Dotted line curve— horizontally oriented Ex at a scan distance of 300 m

Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 300 m,
the vertically polarized E-field

Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15
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igure 4.6-30 — Vertical radiation patterns of the H-fields
emitted by a small horizontal electric dipole located close to the ground

Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 A-m.

Dashed line curve — horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
Dotted line curve — horizontally oriented Hy at a scan distance of 30 m in the Y-Z plane
Solid line curve — vertically oriented Hz at a scan distance of 30 m in the Y-Z plane

Electrical constants of the ground ¢ = 1 mS/m, ¢, = 15

Dash-dot line curve — horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
Perfectly conducting ground
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