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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatio
comprising all national electrotechnical committees (IEC National Committees). Theé Object of (EC/is t
promote international co-operation on all questions concerning standardization| in the\electrical an
electronic fields. To this end and in addition to other activities, IEC publishe$ It Standards

o0 I

Technical Specifications, Technical Reports, Publicly Available Specifications hereaftdr
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical cor IEC ationgl
Committee interested in the subject dealt with may participate in thi eprational,
governmental and non-governmental organizations liaising with the IE preparatior]
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as possible, ah
international consensus of opinion on the relevant subjects committee hap

representation from all interested IEC National Committees

Jd) IEC Publications have the form of recommendations f (Nt pti accepted by IEC Nationg
Committees in that sense. While all reasona & M at the technical content of IE

Publications is accurate, IEC cannot be i

misinterpretation by any end user.
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s“undertake to apply IEC Publication

transparently to the maximum extent poséible in th' and regional publications. Any divergenc

T O

between any IEC Publication and the corraspon natignakor regional publication shall be clearly indicate
in the latter.
) IEC provides no marklng procedufe to | dicaten dl and cannot be rendered responsible for any

g) All users should ensure dition of this publication

1) No liability sha a > i , 8 Oyees, servants or agents including individual experts anfl
members of its Yechfica itt ional Committees for any personal injury, property damagg
or other damage of 2 ether direct or indirect, or for costs (including legal fees) anfl
expenses arising e of, or reliance upon, this IEC Publication or any other IEC

g) Attention is d Qrmative references cited in this publication. Use of the referenced publications is
indispens tion of this publication

9q) AttenfionN ibllity that some of the elements of this IEC Publication may be the subject df
patem Il not ke held responsible for identifying any or all such patent rights

The main task<ef IEG technical committees is to prepare International Standards. However,

34 technicalYCommiitee may propose the publication of a technical report when it hag

gollected\data of a different kind from that which is normally published as an Internationgd|

$tandard, for example "state of the art".

CESPR 16'3, W;Iil.ail ib d ibbilllibdi IUI.JUIi, ildb IL)Ul:,'ll }JIU}.}dIUuI Il.)y CESPR bull.)bullllllittcc
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:

e

Report 55 — p/O0 VISFKR ¢, TY0Y, Repoll 56 — pPp/O0 CISFR 6, 190Y, Repolt 49 — p/O0 UISEH
§C, 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; CIS/A(Sec)67,.(1985
CIS/A(CO)77A, 1993; CIS/A(CO)81, 1987; CIS/A(CO)82, 1994: C Q)84, 11994
q
(
(

LIS/A(Sec)84, 1987; CIS/A(Sec)88, 1988; CIS/A(Sec)88A, 1988; 94, 1989
L1S/A(Sec)115, 1991; CIS/A(Sec)115A, 1991; CIS/A(Sec)116, 19 4, 1991
[1S/A(Sec)128, 1992; CIS/A(Sec)132, 1993; CIS/A/166/CD, 1995.

W
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CISPR 16-1,

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 /V CISPR 16-1-2 Ancillary equipment — Conducted disturbances
and-nanaiinib
CISPR 161 ;euasur|nug] g\_} CISPR 16-1-3 | Ancillary equipment — Disturbance power
apparatus \ CISPR 16-1-4 Ancillary equipment — Radiated disturbances
Antenna calibration test sites for MHz to
CISPR 16-1-5 1000 MHz /\(
/ CISPR 16-2-1 Conducted distur nwas\m\%\ts
Methods of i
CISPR 16.2 | measurement of </y CISPR 16-2-2 Measuremery{dk{urﬁané%)ow
disturbances and NP CISPR 1623 | Radiated dlg\UrbM éﬁ“ra\”o
immunity
CISPR 1624 | Immupffy measurelpents  \
CISPR 16-3 | CISPR teohnicaligpous™._/
CISPR 16-4-1 Uncertainties-invstandargised EMC tests
Reports and % R \Q \ @
CISPR 16-3 | recommendations CISPR 16-A2 Méa/s/urgﬁqenhtkstrumentation uncertainty
of CISPR N /- S
Sta |st|c({|?0 rations in the
16-4-3\ | determination)of EMC compliance of mass-
prodused products
CISPR 16-4 | Uncertainty in EMC CISPR 16- 2 S tistiqs of colmplaints and a model for the
measurements _ (\ calctyation of limits

More specific

informa
‘hew’ CISPR 1@
CROSS REFER

ormation and background on CISPR and radio disturbance
SISPR 16-3. CISPR 16-4 contains information related t
d limit modelling.

O
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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

g 5

5.1 5.1

5.2 5.2

¥

%

o
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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 hav
gignificant technical merit but were not generally available. Reports and recommendation
were for some time published in CISPR 7 and 8.

or—

At its meeting in Campinas, Brazil, in 1988, subcommittee A agreeg able Qntent
gf part 3 and to publish the reports for posterity by giving the r 3 \0ent ptace in
part 3.
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CISPR 11, Industrial SM) radio-frequency equipment — Electro

and methods of measurement

magnetic dlsturb:nce
CISPR 16-1 (alpe ifica for radio disturbance and immunity measuring
gpparatus and meth 2 ¢ rance and immunity measuring apparatus

CISPR ™46- - Specification for radio disturbance and immunity measuring
gpparatus a Uncertainties, statistics and limit modelling

TU-R Récommenda
gound.broadcasting

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

-~

-

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

mpulse bandwidth (B;y,,)

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.

[«

\

(

r
Y

— -

t

mpulse area (sometimes called impulse strength)

bpecifically, for two critically coupled tuned transformers,
Bimp = 1,05 x Bg = 1,31 x By

vhere Bg and Bj are respectively the bandwidths at the —6 d
CISPR 16-1-1 for further information)

.3

tage immedia
p reach 63 % o

electrical'discharge time constant (Tp)

me¢needed after the instantaneous removal of a constant sine-wave voltage applied to th
tage'immediately preceding the input of the detector for the output of the detector to fall t

q
J
e

=20/
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=

A1

=

A1

U

ke ST | 1
r70 UT'TLS 1Tt dal vdaiutc

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 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

where

o is the deflection;

i is the current through the instrument;

k is 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:

g) The period of free oscillation having been adjusted to 2= T,,, damping is added so that ary = 0,35 a_ ¢~

H) When the period of oscillation cannot be measured, the damping is adjusted to be(just belaw critical suc
that the overswing is not greater than 5 % and the moment of inertia of the movem i el thate’'ty = 0,3

or 3

3.7

overload factor

natio of the level that corresponds to the range of practical of a circuit (or &
group of circuits) to the level that corresponds to the indicating

nstrument.

[he maximum level at which the steady-state
oes not depart by more than 1 dB from idea
unction of the circuit (or group of cir€uit

or group of circuits|
range of practical linea

~

=

=h O ]

3.8

symmetric voltage
in a two-wire circuit, suchhas a pply, the symmetric voltage is th
nadio-frequency disturba : veen the two wires. This is sometime
galled the differential . &is the Jvector voltage between one of the main
terminals and earth i age between the other mains terminal an
€

arth, the sym@ic ference (Va — Vb)

oo D

3.9

3dsymmetric voltage

nadio-frequency \di age appearing between the electrical mid-point of the¢
mains termifa f sometimes called the common-mode voltage and is half th¢
yector s [ a + Vb)/2.

3.10

unsymmetric’voltage
gmplitude~of the™wector voltage, Va or Vb defined in 3.8 and 3.9. This is the voltag
measured'by the use of an artificial mains V-network

U

3.4
CrSPRindicating 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.



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

-10 - CISPR 16-3/TR © IEC:2003(E)

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 basis for establishing limits is that of providing a reasonably good correlation between
measured values of the interference and the degradation it produces in a (given
gommunications system. The acceptable value of signal-to-noise i anyl.given
gommunication system is a function of its parameters including ,Jtype of
modulation and other design factors. As a consequence, various castirements
gre used in the laboratory in research and development work order toncany out the
nequired investigations.
The purpose of this subsection is to analyse the depend d values on th¢
parameters of the measuring equipment and on the wa d interference|.
nstrument for measuring
tecto and fhe type of interference being
neévertheless, quite significant ip
are: overload factor, AGC design (|f
imé constant and damping.
K made tp“three fundamental types of radio noise
[ , nee of the response to each of these on the
bhandwidth and the_t given\n table 4.1-1. In this table, ¢ is the magnitude
of the impulse s€ bandwidth, Af, is the random noise bandwidth,
P(«) is the pulse S e Aquasi-peak detector, fpgr is the pulse repetition
fl : blitude of the random noise. The relative responses gf
\ ence for one instrument are shown in figure 4.1-1
Table 4 h ys-that the¥dependence of the noise meter response on bandwidth is
q types of mterference If the waveform being measured can be defined
3s being a e if a standard source provides that
type of waveform, thgn by using the substltutlon method a satisfactory calibration can bg¢
gbtained {for any | trument with adequate overload factor independent of its bandwidth.
Thus, with a purely random interference or a purely impulsive interference of known
nepetition rate, calibration can be made using a corresponding source, or a correlatiop
faCtor calculated on the basis of known circuit 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
gercentiage of peak, which is read by the defecior, decreases; over a narrow range. gf
andwidth, these effects tend to counteract each other. The bandwidth used in this cunve-i
he 6 dB bandwidth, which, for the passband characteristics typical of t interferenc

DD~

CISPR instrument is shown in figure 4.1-3.

'he response of the average detector to impulsive noise is ari [ . The readin
f an average detector for impulsive noise is independ 3 idinof the pre
etector stages. It is, of course, directly proportional to 1 Y0)¢ \
he reading obtained with an average detector for i i iS®)is\soNow as to be of n

<

is too low to measure with any degg . / for many communicatio
ystems, the annoyance effect may b sll 8 3 ing obtained with the averag
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heasure. atmospheric noise. Another advantage is that the r.m.s. detector makes a correg
dditien of the noise power produced by different sources, for example, impulsive noise an
andem noise, thus for instance allowing a high degree of background noise.
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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
qajusiment or commutation tne mmpuise noise cal De minimized. Aaowever, whnere variabdle
Ipading is possible, measurements have confirmed that for the peak and quasi-pea
detectors, the dominant noise is of impulse type and the random component miay b
neglected. While the repetition rate may be of the order of 4 kHz, the effective\tate-is’lowe]
because the amplitude of the impulses is usually modulated at twige the-
r v
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Peak measurements show fluctuating levels on such noi§
¢f the commutator switching action.

1) The modulation of the commuta

anddm noise can likewise contribut

DO
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The relatively low
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ratio ranged fro
(120 kHz).

Impulsive sourc@

Tests on an ig )
negulators show ,
but with tim t
indicator.sc - at higher scale values are without explanation. Relatively poaor
gorreladion was oRtai on sources producing very low repetition rate pulses.

lgnition interférence

CISPR.Recommendation 35 recognizes that correlation between quasi-peak and pea
detectors can be established as a practical matter. The conversion factor of 20 dB i
explained partly on the basis of theory for uniform repeated impulses, and partly on th

asis of the actual irreaularitv of the amnlitude and wave shane of such imnulses
9 4 * g g

W

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

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 t
gxplain in almost every case the differences in measured values on the basis of theoretiga
gnd practical considerations. In many instances, it is indicated that wayefomn
¢haracteristics are known to predict correlation factors adequately with 3

to 4 dB.

|~ = g pae—

Further studies are needed

bh) to correlate these waveform characteristics with mea
parameters.

to sine wave, periodic pulse

q}ete or \fyi{e )\/

SONSC
Input waveform Slideback peak uasinpeak:1/6Q0 i¢ld intensity RMS
(sb) () (average)
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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 i
normally not fulfilled by an actual interference source, and the simulator output waveform
ghould show a good resemblance to the actual interference signal.

4.2.2 Types of interference signals

The following interference sources can be simulated.

3

o)

) Narrowband interference sources generating sine- wave
oscillators and ISM equment These sources can b
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¢) Thyristor controll
pulses of consta

= VI <

output puls

d) Ignition systemsg s and commutator motors generate short periods
(bursts) of guasi : y This type of noise is caused by very short pulses qgf
regular or irrggtla dndom time intervals; if the average interval between
adjaceny’p g | an the reciprocal of the channel bandwidth under test (t,, ¥
1/B) Sand because of the random phase conditions a random
flucfuating ~ signal (noise) results. Therefore, bursts of quasi-impulsive

W

The duration~anththe repetition frequency of the bursts depend on the type of interferenc
qource (see table 4.2-1).

o

Ignition interference is characterized by burst durations between 20 us and 200 ps an

T fraoo bata 20 burctala ond 20N b roto/o donandin o -t Bea-b
r pvuuull lluquull\n\lo PDetWweeR—so—uFrStSIS—aRe—suo—DufrStSTS o PTTIaTT Ty Ot tric AHHDef

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
Gaseous discharge Continuous f\ Yes/no®
Ignition 20-200 ps 30-300 bursts/s /\& ~ No
Switches 5-500 ms 0,2-30 bursts/min or %{'{g\tg \ \m\
Gommutator motors 30-300 ps 103-104 burstsls W

P Depending on a.c. or d.c. supply.

P In the case of mains modulation, gating at a repetition frequency |dth of1 ms to 2 ms may
more appropriate.

'he disadvantage of this layout is
andwidth for the entire circuit betw

range requires a broa
terminal. The most critic3

. In this design, nan

ecovery d|ode
me intervals anda

nder test in orde

a—<h o) rr_’(—ﬁr—n—rﬂ PO
>
]
-
)
>
(o8
o

The<advantage of this system over the circuit of figure 4.2-1 is that the usable frequenc
nafge is determined by the output pulses of the step recovery diode only. An example ¢

—. W — O 1

=0 O

O~ 0——

y
f

1 : P : : £ 40 o TR : i P P ! —1 ol
SUTIT d CTTTCUTU TS gIveTT TIT TTguUTeE &.2=95, TIT WITICTT CTITTUTC OUtput PuUIsSts dre QUIIUldiUU vy il

2}
C

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.

@C@
S
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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 measuremen

t

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 bet ts of berati hamber

and the open-area test site

The open-area test site measurement sets out to find the maximum level of radiation of th
EUT (equipment under test). Whether the measurement is of the field s Qf Yof powe
density at the measurement antenna, or of the power into an ante

EUT, the measured results can be expressed in the equivalent, ra om\a half
\

vave dipole. Let this equivalent radiated power be Pq dB(pW).

The reverberating chamber measures the total radis
measured power be P, dB(pW).

(

q

f

i elate the two limits as in equation (4.3-2).

L,=L,+2-G (4.3-2

'he valug of L, is d€pendent not only on L, but also on G. Since G will not be the same fg
EUTs,.itTs not possible to set L, to treat EUTs in a manner identical to the effect of L.
ay’L.'= L, then it is correct only for EUTs with G = 2. EUTs with a G greater than 2 wi

W =W

v

=

=

W

=

=h . _m

nddit easier to nass the reverherating limit_and \ice versa
™ J 4

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

[he procedure is as follows.

i) Measure a sample of equipment for the maximum radiation on the open-area(sijte.
Convert the measured quantities to the equivalent power from a half<waye dipote.’Ca
this quantity Pq, in dB(pW).

equipment, obtaining a representative value of G for
methods, and applying equation (4.3-2).

&
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Annex 4.3-A

Derivation of the formula

CISPR 16-3/TR © IEC:2003(E)

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

f

ormula:

e=(30xpxg)2/d

.

q

J

f

f

elationship is

50

40

q open-site, dB(pW)

P+ G = Py +2

4 X gq =Py xgy orinlogform, Py + Gy =P, + G,

nd, in the case given in 4.3.2, P, = Py and Gy = G; P, = P.

an

e

AN

\
N

9,

A

>

X

N

NS
N

[hus, for two antennas, with gains g, and g, and input powers p,; and p, producing th
ame field strength at a point at the same distance in the direction of maximum radiatien

re th

A1

1%

20

30

40

P,, reverberating chamber, dB(pW)

Figure 4.3-1
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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
dgives rise to a base-band signal which may become audible in the telephony sysiem. Ah
mportant class of RF-field sources is formed by AM broadcasting transmitters in thecLkW,
AW and SW bands.
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In 4.4.2 the antenna properties will be expre : 2]
gubscriber lines i.e. the induced asypametri i voltage normalized to the RF
fleld strength, and an equivalent resis duced asymmetrical source. The
prediction models are nge i 6f the RF fields and the induced
gdsymmetrical disturbancegs, 4 munity limits, 4.4.4. This report takep
the view that the dis hity test is to be specified by an opent
gircuit voltage and a sowce

o

'Y'the derivation of the models and those neede
he models to the respective geographical area ar

All mathematic
by the user of this
di :

D

This repor¥i 3 ylts of experimental investigations carried out on buried
telepho i Germany [6] [7] and in the Netherlands [8]. In thesg¢
investi Iltage and current data and magnetic-field-strength data wer¢
necordeda r of locations, permitting a statistical evaluation of the parametefr
vyalues. A sta pproach was needed, as the telephone lines have random routing in
the buildings™ and,_consequently, random orientation with respect to the RF field have
nandom_coupling with nearby metal objects, while the buildings cause a random scattering
of thetRF fields.

I ;D tU bc; CApCthd that thc bUIItUIItD Uf th;b IU}JUIt VV;“ O:OU bc clpp“ua'fﬂc tU Uthcl ‘lypcb f
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-subscribe

r

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 tha

t

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}

\—each—lecation—two—magnetic-field-strength—data—ofthe—broadecasting—transmitter—wer

measured using a loop antenna positioned in a vertical plane and rotated about its vertied|
axis to find the maximum reading. One datum, H;, was measured near_the outletcundefr
investigation inside the building, and one datum, H,, was measured oufsi 3 t
g distance of about 10 m from that building. In order to obtain a suffici -
gignal-to-ambient-noise ratio, the measurements were carried out ih\a@reas y
high value of the RF field strength. This is not expected to influen B
nesults, as the presence of a broadcasting transmitter is not ta t
of telephone-subscriber lines. Moreover, as mentioned in 4 3]
normalized to the field strength and the resulting "antenna y
gf the subscriber lines measured.
4.4.2.1 Field strength and building effect
er’antennas usually are monopoles (in the frequencies of interest), the
has been used for convenience.
b) on the field strength, which can be expressed in a building-
sfined by
A, = Hy (dBpA/m) — H; (dBuA/m) (4.4.2-2
Thisfactor is often called the building attenuation. However, this factor not only
depends on the attenuation properties of the building material itself, but also on thg¢
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 |
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 4.4.2-2 —

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


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

- 30 - CISPR 16-3/TR © IEC:2003(E)

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 distinquishing between data associated with buildings

gonstructed from brick and/or wood (B/W) and data associated with buildings constructed
from reinforced concrete (C). The normal probability plots of these distributions are given-ip
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) already
measured at about 1,5 m above ground level outside the buildi firexadiation
3lso influence the actual field-strength data.
99,9 99,9 N
99 \\
95
3 <
S g0 AN
O
- O
g \/
é 20
&
5
1 e
011 A e ol A dde
-10 0 10 20 30 40 B0
a A, (dBm) (Concrete)
IEC 79B/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 frequency
dependencérof data could be observed (see 4.4.2.4).
Table 4.4.2-1 — Summary results of building-effect, A, analysis
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.
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A
3 F
60 60
— L T — X
: o
G F c L
g 40 S 40
& ; o |
L ; . 1 L
20 o 20
0 = - - N S 0 —
-10 10 30 O 50 70
a G, (dBQm) (All data) BQm) (Brick/Wood)

[ 794/2000

4.4.2.21 G factors

To obtain an antenna 5
normalized to the field )
By
- M (4.4.2-3
Hino (LA/M)

Figure 4.4 e scatter plot G,(G,) using all data. The plot suggests that there i$
one dominant of data with a limited scattering and a second "cloud" with much mor¢
gcattering. her investigation revealed that the first cloud stems from data measured in
buildings construsted from brick and/or wood, see figure 4.4.2-4b, while the other cloud i$
gssociated/ with buildings constructed (predominantly) from reinforced concretel.
Consegquiently, the building effect discussed in 4.4.2.1 is of importance.

[ ool baolkalif, + £ 0O _(ADO A\ aad0 (AR Ona) tod aanthk 1 £ f

LA ||u||||a| PIUUC‘UIIILy HIUlD Ul \JJ \ul_l.)allll Aartu UO \ul_l.)(.lll/ GODUUIGlUu VVIlII uare LVV\J LyPUO

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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G\factor Building Average Standard Median Number of dapta
material deviation r
dBOm aB 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

=

[he L factor can be considered as the effective length or effective height of the subscribel
ne acting as an antenna. The results for L, have been summarized in table 4.4.2-3, wher

.
I

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

U WV

Table 4.4.2-3 — Summary of L factors (f

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

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

Ly c -25,0 (\\Aﬁ/é N \ 3,0 55,0

 Note that dBm refers to dB with respect to<1\m. & ) ( \ N )\/
N_

In the literature an L factor of —3,0 dBm ayveraga((standard deviation 10 dB, number of daté
10) has been reported m underground and 1000 m tp
3 000 m overhead (aeri . Broadcasting frequencies werg¢
594 kHz and 1 242 kHz. ut the field-strength measurements, the
neference for the as ! olta properties of the building material. The¢
nesults reported iq [1 N itf the esults for L, (B/W), as given in table 4.4.2-3.
However, more S by the’same team [15] indicate an average L-factor df
() dBm.
1l; factors might t
is to be exp 5
to be de L
present
4.4.2.2.3 Tru
In 4.4.2:2.1 it was concluded that the distribution f(G) of the G factors (antenna factors) i
lbgnormal or in mathematical form
(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

f(G)dG - (GG 1(G)dG
t Gy ~ F(Gy)-F(GL)
jf(G)dG

¢ factors in dBQm.

Table 4.4.2-4 — Summary of trunc

G factor Building Gy (dBQm G, (dB n\ alg
or Ay material
A e8] AN dB) at
G, BIWN ro,5 11,5) 0,4805 ~0,4993 1,021
o~
G, c L 78,\5\ \20,5 0,4985 ~0,4922 1,009
G, Q % < < 6@& 16,5 0,4873 ~0,4971 1,016
G, K \Mﬁ\ 35 0,4950 ~0,4971 1,008
Ay QBM 20/ ~10,0 0,4953 ~0,4981 1,007
Ay c §41, 2,0 0,4905 ~0,4837 1,026
ON

4.4.2.3 Thesequivalent asymmetrical-source resistance

12

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

150.Q, using the simple relation

U7

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 R
g N
S 80 SN
o
& 50 ’w )
(]
NeAo
E 20 \J)
3
O

65 75 85

—(dBQ)
IEC 796/2000

lot of the equivalent asymmetrical resistance R, (dBQ)

‘ Arahge~détermined by the measurements in the LW, MW and SW bands, n
lear frequenCy depgndence of the building effect A,, the G factors G, and G;, and th

I
d
gquivalerit resistance R, could be observed. This is illustrated in figures 4.4.2-7a and b th
Y
.

- WV WU

\,, data for brick/wood buildings, the R, data, the G, data for brick/wood buildings, and fo
ejnforced 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.
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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, factor for reinforced 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

t

he 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-

t

heless, 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

i
t
H
f
c

e cm S e e . S

(

espectively, is inversely proportional to the distance r between the point of observation angd
he transmitter, and proportional to the square root of the transmitter power. From._the
esults summarized in 4.4.2.1 it follows that, in the worst case 2. constant df
roportionality is a factor of 3 (= 10 dB) larger than the constant of pgoportionglity in the
ase of a half-wave dipole.

\ classification of the outdoor electric or magnetic field strehg S Y on the¢
robability p{E, > E } or pr{H, > H|} that the outdoor field g o or larger
han a given limit value, indicated by the subscript L. & X annex 4.4-A, this
robability can be written as

pr{Hy 2 (4.4.3-1
vhere f(H) and f(E) represent the noymalized fle ngth distribution and H,,,,, and E.,
he maximum field streng eghop” in which the probability has to be¢
stimated. Under far-fiel§ equation (4.4.3-1) are equivalent
Considering a ring-shap 5 2 d a transmitter having a circular antenna
attern, it foIon@ £

2 2|2 2
= (Emax £ )Emm ~ Emi“ (4.4.3-2

(Ef%ax m|n }EL

[he inpervboundary of the RSA has to be specified, as the relation between E, and

erived~from the measuring data will not be valid arbitrarily close to the transmitter, i.e. i
he near-field region of the transmitter. A non-zero outer boundary field strength is needed,

Nl

0=

I FaY Lol tlo ot L Y il | a4 L1 1 £ [ 4 tl ot alafiaitl
o l_mln U WUUITU 1o art uirat ’J".‘_O = I_L] U TVl dil vadliutTo Ul I_L INULT UlI'1rat Uy UTTITITIw

pr{Ey, > E|} = 0 and that pr{E, > E.,;;,} = 1 (= 100 %). The approximation given in equation

(

concluded that in the present model the value of E
choice of E

4.4.3-2) is valid if E >> {E E}, which is normally the case. Hence, it can be
min to be specified is very important. The

will be discussed further in 4.4.4.

max min’

min and Emax

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

f

requencies, 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
priE, > EL} kRTL7 k;Lzz
% Vim m m
0 60 - (80) (260)
T00 0,07 - 495000 7550000
10-1 0,32 0,33 15652 49193
10-2 1,00 1,00 4950 ( 11556
10-3 N 4919
104 156
i i not,\for example, in
t equation (4.4.3¢
1 is igversely proportiond|
t ertain transmitter wifl
f hemclass boundaries can bg
associated with distances R = k/RJ/IE} apd point of observation. In
table 4.4.3-1 examples of R, are given in the case of a half-wave
dipole) and k = 22 (the worst-case value G .1), while the transmitter power P
900 kW. The R values for E_ = 60{ V/ put in between brackets, as, in the
gonsidered frequency range, the farfi i ot valid at these distances
The advantage of chp pundaries first is that the classes are the
game for all kinds o e choice of a class is then determined by the
probability tha j y a certain distance from the chosen class of
transmitters. In € i e of\the latter probability is easier than an estimate qgf
{ 5
d open-circuit common-mode voltage U,, may be based on the
at Uy, is equal to or larger than a given limit value U,. If f(G)
3 ed distribution of G factors (see 4.4.2.2.3), f,(H,) the normalized field-
gtrength distribution/and use is made of the relation U, = G, - H,,, it is shown in annex 4.4-B
that this-probability can formally be written as
G Up 4 [ 1 A
pr{U, > U_} = JdG duh fl = (4.4.3-3)
G1 GO O

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

4 el ol ok ) o [ A H £L ) P | Hy 4 H Lot J
e outaoor—TIreTa SUITITyud, e Dutidnty Tl TTdos U UT LAdRTIT 1O aCLCUUTIL, do 1o U)\[JIGIIIUJ

ih annex 4.4-B.

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

N
Building material B/W Cc \ B/W\\ \ ) C
A, dB 1,6 20,6 < _\

$, dB 4,0 87 | Q \ -

Abu dB 12,0 410 (] Y% -

A dB -10,0 /@AX\/ (\\ \> _

o dBOm 473 \Q,g \ ) 45,8 26,5

4 dB 11,2 \N@\ 10,6 10,9

&, dBOM 70,5 Ns,%\ 69,5 54.5

6, dBOm <11\K (_\ \ N%20,5 \\> 16,5 35

N
pr{Uy = Uy) NV, U U
dBpV dBpV dBuV

{o- < { 11< 101 114 96

\’\{) \/\\/ 111 124 106

= < \ 35 / 121 134 116

o4 N \ 145\ 131 143 125

4.4.4 Charagcterization of the immunity-test disturbance source

he results’ presented in 4.4.2 and 4.4.3 of this report may be used to specify the open
ircuit-voltage and the internal impedance of the disturbance source in a conducted
mmunity test needed to achieve a sufficiently high probability that TTE to be connected t
he_subscriber lines will be electromagnetically compatible.

e e LR N |
O

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,;,..

max

(Again, the magnetic field strength is considered first, as this field strengthywa
measured in the experimental characterization procedure. If far-fleld cenditions ar
valid, so that the magnetic and electric field strength have a congtant ratio, the result
can be converted directly in terms of the electric field strength.

Ur— U )

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

3) Calculate the probability pr{U, > U }. If Nglis th 3 r of outlets in the
respective geographical region and the boupdg onditi are taken into account such
that Ny(Uy = U ) = Ny (or = 0) i then the number of outlets

Ny(U,, > U)) equals N1 - pr{U, >

It is the prerogative of a Product Comfimi § a value of Ny (Uy, = U) from whic

ttee toxch
U, follows and hence thesopen-circuit v of\the disturbance source in the immunity

test.

=]

Assuming the field s 3 i proportional to the distance between the outldt
and the transman i densities of outlets around the transmitters, it i
ghown in annex4.4- i

(4.4.4-1

Vhere 4 issthe density, kj the constant of proportionality of the j-th transmitter and

he totalnumber of transmitters considered. If the density x4 is the same around a
ransmitters and all transmitters have the same constant of proportionality k, CH, is simply

econstant times the sum over all transistor powers.

Q) — =

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

N
2
2;;2‘1”]ij .
n(E,) = ——; —— (4.4.4-2)
Es Es

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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bhe determined first, after which n( N
gxample of AN(E,,AE,) is given in fig b
vyarious contributions res t
densities around these tra

A drawback of th ethod’ |k Lo (Tig D
gquations (4.4@ 1 (4.4 4-2)isthat \Nip particular in the lower field strength regions the
flelds of the vari ; i 3, As a result, the same outlets in these regions ar¢
gounted more tha ination is made with respect to the broadcadgt
frequency. In 44 cen explained that no real frequency dependence could bg
observed, so_t s not possible, which leads to an over-estimate dof
AN(E,,AE,

,5 -, 10% km2 and 42 - 108 outlets) by calculating the maximum field strength in each nod
t,a™'km by 1 km grid over this region as caused by one of the 79 actual broadcastin
ansmitters in the respective frequency range, having a total ERP of 12,2 MW. Th

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.

==

A
f
t
given invfigure 4.4.4-2. This distribution resulted for a part of Germany (having an area o
f
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1E9

. .f.f.@n%. _—

1E7 X

1E8

o
.-

1E6

Ny (Vim)™!

1ES

1E4

the total nu be@t ats\in thrat region

[he drawn line in figure™4.4.4:2 represents n(g]) = —CEO/Eg’ with Cg, taken such that
m(Eo) = n(E,) when omewhat smaller than Cg, calculated fron

quation 4.4.4%’;3?e act that n, (E,) seems to "saturate" when th
umber of trans ors

\When integrating
gf outlets N

-

D

e S o« o W SRR |

E max C 1 1
| n(Eo)dee = 50— - — (4.4.4-3
E min Emin Emax

where-the right-hand side of equation (4.4.4-3) follows when equation (4.4.4-2) is used.
kEqguation (4.4.4-3) indicates that for a given or agreed maximum field strength E_ ,,, th
alte of FIIIiII follows when CEU is given or that CEU follows when FIIIiII is given The formelr

approach has been used to calculate E.;, = 0,08 V/m as indicated in figure 4.4.4-2,
assuming n,(E, = 1 V/Im) = Cgo/ES = Cgy ) 5,4 - 105 (V2/m2).

U



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

CISPR 16-3/TR © IEC:2003(E) - 43 -

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 4.4.4-42 4.4.4-40
Curve - 1 3 4 2 3 4
L-factor L, L, L, L, L+ L, L+
Building BIW BIW BIW BIW BIW c c
material

- dBm =K 7 4 =5 7 =K 7 =4 2 =250 =56
Y a8 | 106 10,6 10,6 10,6 11,2 10,9 10,8
{, dBm| 180 oo 18,0 18,0 19,0 \( :%\ 27,0
d, m 7,9 oo 7,9 7,9 8o {7 (M 22,4
f  dBm| 350 o ~35,0 35,0 —40; 65,0 \>—31,0

il m 0,02 —o 0,02 0,02 é)}\ 0002 0,03

A dB - - - - \1\6\ \- 20,6

dB _ - - N - 8,7
A Y

4.,  dB - - - (— O 12,0 - 41,0
N\ A
A dB - - - & >— / \3 -10; - 0

millions 42 42 42 Vz )42 42 42

¢, VZm2| 54.105 | 54-10° 7 108 \@ - 54 . 108 -
¢, VZm? - - —@ 3,3 10* - -

£ Vvim| 100 r\\m\,g( \3\{ \\zﬁ,o 3,0 3,0 3,0

i,max Vim - [ \ = - 9,5 - 2,4

. Vim <0§> 0,@8 ove,” | 0,008 0,08 0,08 0,08

B o V/m = < NN\ - 0,02 - 0,000}

A\,
{ v / 24 79 85 42 53

max <g \ \OO
" See note 3 q{t%\e@skof\\his ubcﬁgse.
N\

in the respective geographical region showing an induced open-circuit
oltage Up. 2 V|, re U_ may be considered as the open-circuit voltage in the immunit

est. Thesregion in these examples is the aforementioned part of Germany. The relation
sed ia-the calculation of N (U,, > U ) can be found in annexes 4.4-B and 4.4-C. The value

f(the various parameters used in these calculations have been summarized in table 4.4.4

<

O i e S e S |
T

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(U,>U,)

0 L

1E-3 0,01 0,1

To set the specifications for an imm

Therefore, the results give

4a. Curve 1 in figure 4. B
but neglecting the trupcati ,
which is not very r 5
nepresented by Ve N
Umax = 24 V. Fﬁ )
by Curve 2 are mad b
glearly demonsftate I
rnegion.

In figurg 44 44D i ence of the building material (B/W or reinforced concrete, C) and
the choi or L;) on the results can be observed. Curve 1 in that figure i
identical to figure 4.4.4-4a, so it concerns L, data for B/W-buildings. When using
ll; data the~building.gffect has to be taken into account as there is no direct model to prediqt
the indoor field-strength distribution. By doing so, the results represented by Curve 2 arg¢
found.XAs for Curve 1 the maximum outdoor field-strength E. ;. = 3 V/m, but due to the
huilding effect the maximum indoor field strength E; ..., = E ., Api, Where A, 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 BrWbtitdings; 15 factor

Curve 1: C buildings, L, factor

Curve 2: C buildings, L; factor

Dne might argue that a negative value of Ay, is not realistic. As

dB. In that case E; and U reduces from 85 /40

I,max max

Assuming that all 42 million outlets are Iocate i 5
nepresented by Curve 1 in figure 4.44 ,
while Curve 4 follows if the L, data are us r
the B/W and C buildings. Then Ny in i}
given type of building, and the results(for bath types of b
NOTE 1 Although the numbe 3
relative number is very low. This st f
the applied truncation. -
rflumerical calculation is m 2 , with n.,(E,)), care has to be taken that the accuracy gf
the numerical calcujdtions ici igh S low values of the relative number N,(U,, > U, )/Nt form ap
indication of the ace ey n€ - i bér is identical to pr{U,, > U} in per cent.

OTE 2 8 ¢ outlets x4 was considered to be a constant over the wholp
espective region. T d when, for example, the calculations leading to n.,(E,), see figurp

4.4-2, take a locatign-d

OTE 3 Cur 4-4b are based on L; and A, data, and a warning has to be given herg

ikely that inside the buildings the far-field condition will be satisfied and,
derived from G;. In addition A, has been determined from magnetic field-strengt

n

d need not be the same. In the calculations leading to curves 2 and 4, it hap

ed that L; = Gi/Z, (Zy = 377 Q). However, the same curves for Ny(U,, = U ) would have beeh
usipg the G; and Ay, but quoting on Row 15 and 16 of table 4.4.4-1 the magnetic fielf

hcitly been as3¢
bund when cogrec

—h —~+ O —h3 = Lo = =
[ N
)
3
=
o
D

quantities Hyax = 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) Ny The total number of outlets in the geographical region (country)*t
be considered. Nt is either the grand total of outlets or thé\totg

number of outlets in a certain type of building (brickiwood o
reinforced concrete).

—_—

=

B) Mg or M_ The average value of the G or L factor, in 5
4.4.2-2 and 4.4.2-3. If the G; or L; fagfors \are\us )
building effect parameters must be_k )

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

§) SgorS.
d) Gy, G_
Ly, Lo
g) H or E of the outdoor field strength in A/m or V/im

W

max ma S
S i e inner boundary of the areas around th
itters be considered.

i0g consideration seems to be relevant. Choose (or agree on
num field strength of X (A/m or V/m) such that there is a hig
obability that all equipment will be electromagnetically compatibl
en the field strength is equal to or smaller than X (A/m or V/m
d agree that special EMC hardening measures are to be taken i
that part of the region where the field strength is larger than X (A/n
or V/m) and (simultaneously) a complaint occurs.

W J ~— U .

-

=

Hanin OF Emin The minimum field strength determining the outer boundary of th

areas around the transmitters (see 4.4.4.1).

U

orin

ThiS value has only to be chosen when the rfield-strength distributio
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).

g) n(H) or n(E) The field-strength distribution as discussed in 4.4.4.1 and annex 4.4-
A.
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Annex 4.4-A

The field-strength distribution

This 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.1  Hy-field expressions

Recalling the results given in 4.4.2, it is assumed that H, can be wriitg

(4.4-A1

e e S
J
—
>0
(¢}
—_
S
Q
]
(2]
3
=
—
[}
-
©
o
=
D
=
()
>3
o
N
o
—
>0
(¢}
—
=
D
®
(2]
©
QO
o
D
=
Q
(¢}
o
>
o
=
o
]
=~
vV
Py
3
=}

o

vhere R = (k/ : 3 probeability is equal to the area of the ring determined
y R_ and Ryn igure ofmalized to the area of the total ring, i.e. the ring
etermined by pite outer boundary R, ,, has to be specified, as an
L
5

nfinitely ext ) )i e transmitter would create an infinitely large region wit
eld streng saning that pr{H, > H| } would be approaching zero for all value

O - —h — o oo <

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

n(RLZ - R? ) B H[? — Hmax

min

pr{Ho, 2 H_} = > = — (4.4-A3)
7t(Rmax _Rmin) Hgin = Hmax
or as
2 22
priH > H ) = (H’;ax H'é )Hmig (4.4-A4
(Hmax - Hmin )HL

where H,in = (k/P) I (RpmaxZo) and Hpax = (KIP)Y(RminZo)s 1-€. Hpax are)the field
gtrength at the inner boundary and the outer boundary of the ring-shap the cas¢
where H, ., >> {H|,Hin} equation (4.4-A4) reduces to

(4.4-A5

max}

which means that pr{H, > H} is no longer a funeti - ition pr{H, > H
i ztion of the distance

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

Consequently, the choice of H,;, is

v
I
-
-
Q
35
_Q.
(on
<
Q
D
=
=]
=
o
=
=
I
o
-~
iy
—
=
— v vV

T _Cg° — —Chof(Hy )(4.4-A6
3iHZa - 11HZ, ) HS

f(H,) = 1/H3. The constant of proportionality Cy, n f,(H,)
g f(H,). The constant Cy, can formally be written as

Hmax
» dH
cal = j _H3° (4.4-A7
Hmin 0

Th&relation f.(H,) = —C,,./H3 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,

Hmin

4.4-A.2 Hi-field expressions

D

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

tter distribution represents the distribution of locations where
quals H, and, simultaneously, the building effect amounts

=

—~ M — 3

where E[Agz] is t actati . Using the truncated distribution of A, with
truncation facto@

2
= I lerf(Z,) - erf(z))le 2TAT2R  (4.4-A11
2

Where Ay, and_A
3s explained™in #.4,2.2.3, upy = M, In(10)/20 and o5 = S, In(10)/20 with M, and S, bein
the average value and the standard deviation of the lognormal distribution of A,. |
gquation (4.4-A11) "erf" denotes the error function, see annex 4.4-D, while z, and z; ar
q

iven by

o =2 & <

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

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 H; min =
maximum outdoor field strength, respectively.

4.4-A.3 E,-field expressions

cenming far_field Pnndifinne, the outdoor mngnnfir\ field hnmpnnnnf l—lo and the outdo

Hmin/Ay @and Hj nax = Hmax/Ar @and Hyn and Hp, o, are the minimum and

glectric field component E_ have a constant ratio, i.e. Ej = H Z,. If E;;, and E, 5, are<th

fleld strength at the inner and outer boundary of the ring-shaped area, robabijlity) thg
k, > E| can be written as

(Eax -
(Er%ax - E2'

pr{Eo ZEL}:

been made ¢

o). D -
o
c
- Q
=
O
=
—_~
IN
.[;
)>
8
~—
o
Q
D
o
[©]
=
3
=
(0]
~—
>
(0]
o
. O
c
=
Q
Q
=
(0]
»
o
D
(0]

(4.4-A15

> E| |

which equation follows d retly from. e u%4 4-A6), while the approximation is valid i

the case where E neNatter case E| is independent of E, ;.

$imi 4-A1in the disgribution function f(E,) is given by

Emax
E
= —Cef(E,) with CZ' = J' d o
E

Emin °

(4.4-A16

Emax
J'f(E0 )dE,

E,

priEy, > E| }= (4.4-A17

<strength classes. In that

W

—

f

E max

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
Lenr‘l in4.4.32.

As in annex 4.4-A, it is assumed that the outdoor magnetic field strength H, can be Written
as H, = (k/IP) I rZy) or E, = (k/P)/r, where k is a constant, P the tran 3
free-space wave impedance and r the distance between the tran f
Qbservation. As in annex 4.4-A, it is also assumed that the trans s
or E, is in the centre of a ring-shaped area with an inner radju 5
Rmax- The field strength as the inner boundary is Hp, 5y r
bBoundary H,;, or E.,i,- The need for these boundaries ,
where it was also explained that the derivation of the C
fleld strength, i.e. use is made of the G factors defined % -
gtrength relations using the L factors defined by

4.4-B.1 H-field-based relations

Assuming the field distribution f,(H,)(and the istribution f(G,) to be independent,
the joint distribution f(H,, jointAdistribution gives the distribution gf
the locations where the [ 6 ’ Hy and, simultaneously, the outdoor G
factor equals G,. The [ transformation U, = G, - H,, the distribution i
found of the situations wt Y| S the asymmetrical voltage equals U, and the &
factor equals G@ﬂ
fn(Ho) _fa(Ho) 4,
duy, /dH G,
[
2
f(Un,Go) = S _ CroGol(Go) (4.4-B2
G, 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 join
distribution over the range of U, and G values indicated by the shaded a in figure\4.4
B1. From that figure it will be clear that U, can only have values betwegn U, < Hpi,G ang
(
M

—

Uy = HmaxGy- The voltages Uy and U, are defined by U, = H,, .G ‘and\Ug-=<_"H,in Gy
espectively.

Uh
U, x
P, % ‘nx‘ n:::=
; 2 o, X Hmin G
UC 28R ol 2 3 :-, & " /
<& : e X% X

. G
L in \) 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

Dr{lh > UL} =
il | erf(x) —erf(x) _erf(y)) — erf(y,) _ 2ug+202 erf(z,) - erf(z) | .
o0 > = > e > (4 4-B4)
4 Hmm Hmax U

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 <Ug =1
_ In(Gy ) - 1o _ IN(UL /Hmax ) — 1a

4-B7(a)

Yu =—————"—— Vi

O'G\/E

IN(U I Hnin ) — 116 — 203

O'G\/E

(4.4-B7(b)

(4.4-B8(a)

(4.4-B8(b)
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4.4-B.2 _E-field-based relations

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

t A 4. DO\ L. <l idad thaot O H 1 P~ N Ll [ = Ll [N  —
\TF.- 70U Ldil VU UoTU, YTUVIUTU tTat UHO o TUPIaALTuU Vy UEO, Ilmax Vy l_max, Ilmln Vy l_mln,

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,

f tora bl N aorea-alizad . na-aca-atl fiold ctranatl Aftor thaot 1+ 1o ool 4-)
ViV o, Wiilrorni HIVU Uh nmuTtTiTaliiceu tu uaire IIIUHIIULIU moTu OllUIIy\.II. ATLCT arac it 1o PVQOIUIU L
galculate the joint distribution n(H,,G,) along the lines described in annex 4.4-B, and Ny(U},
3 U)) follows after integration of the joint distribution factor over the pey ible values of
the parameters concerned. When using the G; factors in combination wi ilding effeg

A, the same procedure can be followed as in annex 4.4-B.

—

4.4-C.1 H-field-based relations

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

N
n(He) = THo) _ Bo ity ¢ = 2554 k2pP)  (4.4-CA(ab)
dH, H3 z2 o )
2 &

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,,, determine the
boundaries of that RSA, the following relation has to be satisfied
Hmax
Ny = J'n(H)dH (4.4-C5)

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

Ny = CHo L (4.4-C6)
2 Hmm Hmax

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 {Un > UL} =

bi6Cro | erf(xy) = erf(x) _erf(yy)—erf(M) . 2uq+2c} erf(zy) -

U 2 2
4 Hmin Hmax
The parameters needed in equation (4.4-C7) have been expl& i 4-B4) tp

(4.4-B8). In annex 4.4-B it has also been explained ho
make a calculation using G; factors possible.

A4

quation (4.4-C7) are known. As discu
h that region and Cy, can be calcula

— 0

Assuming far-field condition
may be used to galc
that Cy, is rep |
and S;. In other ) 7) can be used, provided that all magnetic-field
nelated quantitie ¢ corresponding electric-field quantities.
If E, = (kIP Yo { quation (4.4-C4) reads
Ceo . & o
- with Cg, = 2nz k2P, (4.4-C8(a,b)
E3 : J
Jj=1
gnd“the equivalent of equation (4.4-C6) reads
C
Ny = ZEo ; - 21 (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.

(‘I 4. 4. 1.0 H o 1 ] [P H [P o ] |
pIrauov i e Bl = QUTTITTITATTAT O QUITTTC rratlirerirauaval roCrativiio MIVUITVITTY uare LASAC LA AR RN

distribution and the error function.

4.4-D.1 The Error Function

By definition erf(x), the error function of x, is given by equation (4. |

X
erf(x) = —je‘“zd (4.4-D1
0

(4.4-D2(a)
(4.4-D2(b)

(4.4-D2(c)

A useful series expan
2
+agtd +agtt +a5t5)e’x +&(x) (4.4-D3(a)

1
1+ px’

|g(x)| <15 x 1077 (4.4-D3(b)
where

4, = 0,25482°959
4, = 0,28449 6736;
44=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

(In(x)-u)?
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

=

[.aldlllCtClD dal'c Ir\IIUVVII ;II dB c:llluI IAV:(UIB) ;D t:lc avtldytc vaiuc aIIL‘AI S(dB) ib t:lc dDbUb;dtU
gtandard deviation, = M - In(10)/20 and o= S - In(10)/20. The distribution function given.i
gquation (4.4-D4) has the property that the integral of this function over.all valugs\of
q
I
t

X
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where y =

\Vhen carrying out the |
integral solutions, whis

In the case of w@io

& lerf(z,)-erf(z)} (4.4-D6(a)

where zZ, =Yy —ow/E, Z, =Y —ov2 (4.4-D6(b)
3gnd in the det of equation (4.4-B5) use was made of
X ) o-2u+20°
J-x’ fi(x)dx = oy 2 {erf(zu)— erf(z )} (4.4-D7(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 detpmq“

This report considers the calculated vertical radiation patterns of the E-field which_wilFb
g¢mitted at frequencies above 30 MHz from electrically small sources phys' ally- locate
glose to the surface of real homogeneous plane ground. Its purposé he s dy of th
predictability of radiation in vertical directions based on in situ \

gtrength of the E-field near the ground. The sources conside
bhalanced electric and magnetic dipoles excited in the frequé

1 000 MHz.
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This report i t predictability of radiation in vertical directions based o
measurements of \ gth of the electric (E) fields emitted by electrical equipment neg|
the grodn int give guidance to the predictability of radiation emitted 3
glevateth.ang elecyrical equipment in situ, in particular industrial, scientific, an
medical (IS adio-frequency equipment. For that purpose, it studies the calculate
\
f
g

=

ertical radiation patterns of the E-fields which will be emitted at frequencies above 30 MH
fom electrically siall sources located close to the surface of real homogeneous plan
round:

O N OO~

The)vertical radiation patterns of the horizontally and vertically polarized E-fields, includin
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

t

hat 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.

20 =S 0 >0 N —

The heights at which meagsyremen : ]
made using a balanced®di ifi y 4 of CISPR 11. "For Group 2 Class A
gquipment the centre 3 S + 0,2 m above ground. For Group 1 angd
Group 2 Class B equipmep of the antenna shall be adjusted between 1 mand 4 m
flor maximum i i ; eney. The nearest point of the antenna to ground
ghall be not le \ e height”above ground of the measuring antenna when
M [ issiog’s f lass A equipment (which might include, for examplg,
I when not incorporated in an equipment)", see Annek
4. enerally, CISPR 11 allows Class A ISM equipment to bg¢
t as preferred by the manufacturer, while requiring Class B ISM
g a test site. However, when providing for protection of specifi
q ..national authorities may require measurements tp
k is presumably mcludes in situ measurements for both Class A and
C nt when the need arises, for example under the provisions of 5.3.

.5.2 Introduction

h CISPR 11 [3], table VI in clause 5.3 provides radiation limits for the proétettion of Specifi
afety services. The limits apply to ground level measurements of omagnetl
isturbances emitted by ISM radio-frequency (RF) equipment in s# 3
\bove 30 MHz the five frequency bands listed in table VI are
ervices, including the instrument landing system or instrume

—
—
(0)]

TN — - \J LJ

o

Many aeronautical communications require the itati X ti radiate
lectromagnetic disturbances. Work is continuing to—detern isi
ecessary to provide protection for such systems."

S
=<
<
o
=}
[
3
Q

<
O
o

he in situ measuring distance specifi
0 MHz, is 10 m "from (the) exteric
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\fter considering the methods of specifying in situ measurement distance and measuring
ntenfiaheight in CISPR 11, it is useful to address the following questions:

) ‘How well do measurements of the vertically and horizontally polarized E-fields, in

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.

ertical polar patterns and linear height scan patterns have also been calculated for the B
eld radiation emitted from the small sources over a copper ground plane—A.copper-groun
lane provides boundary conditions which distinguish, in effect, a perfect contductor from
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xthod of Moments computer code known as th
) [6]. NEC2 with the companion code SOMNEC(
ation of the field interactions at the air-groun
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alanced loogs \(magnetic dipoles) used as the models for the calculations each had a un
ipole moment (ixe. & dipole [current] moment of a A-m for the electric dipoles and a dipol
homentof/1 A-m2 for the loops). All were positioned with their centres at a height abov
round,of either 1 m or 2 m in order to show the effects of variations in the source height o
he vertical radiation patterns. The effects include the appearance of additional major lobe
f radiation — called grating lobes — as the spacing between the source and its image in th
ground increases beyond A/2 with increasing frequency [8].

)
O 0 = —

O (0 = O v
T

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 frequencies of interest and the electrical constants of the ground

The five frequencies of interest at which the models were excited, 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,
bhorizantal nolarization)
Ld 7
110 108-137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) (including ILS localiz
(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 Welectr
aids to air navigation

lost attention has been devoted to the small sources pI
1] (CCIR - medlum dry ground rocks; sand; megi iU

Q) O =
)

Table 4.5-2 — Electrical co
(CCIR — medium dry ground; ro

Frequency \> c
MHz R mS/m
N S Y

PN ANVAT z
NN |/ 15 35

Near t , )
1000 of Ywo other types of grounds have been used with the electrically
gmall verti (horizontal magnetic dipole) to illustrate the influence of differing
yalues of the undconstants on the vertical radiation patterns (see 4.5.4.1). The electricd|
gonstants for "wet>ground" and "very dry ground" at 30 MHz, 75 MHz and 1 000 MHz, arg¢
I

sted inctable 4.5-3.

Table 4.5-3 — Electrical constants for "wet ground” [1] (CCIR — marshes (fresh water);
cultivated Tand [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

I X
fleld strengths in the Y-Z plane at scan radii R of 10 m, 30 m, and 300 5
having the electrical constants in tables 4.5-2 and 4.5-3. It can be 8 :]
t N
3 dB.

In figure 4.5-1(b), the height scan patterns calculated up 46 a v
the Ez field strengths in the Z-X plane at the three co r
the same three types of real ground. It can be seen 4
fleld strengths at ground level for the three ground type
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ofreal ground with the electrical constants at 1 000 MH
. It can be seen that for a source height of 2 m at thi

]
VI IN —

h the ZX plane, and figure 4.5-2(c) shows the height scan patterns of the Ez fiel
trengths-calculated’up to a height of 6 m in the Z-X plane, at the three scan distances an
ver the-thtee types of real ground.

o _— T
T
o Oor

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 o1 figure 4.5-Z(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 1 000 MHz, the calculations show that the differing values of the electricg!
gonstants of the ground we have considered here produce a worst-case variation or spreag
g¢f only 1,5 dB in the underestimates of the maximum E-field strengths a evatedcangles,
\
q

vhen the estimates are based on 1 m to 4 m height scan measureme at horizontg|
istances ranging from 10 m to 300 m.
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At 1 0000MHz, the Targer underestimate occurs when the source is a small vertical loop wit
3 centre height 2 m above ground.
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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.
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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.

C = i ' i 2}
predictability of radiation in vertical directions when based on measurements in height
gcans from 1 m to 4 m at a horizontal distance of 10 m from each of the four sourcep
q
I
¢
I
q

&



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

CISPR 16-3/TR © IEC:2003(E)

— 67—

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°
tpote
Tm
ertical Ez Ez 0dB Ez Ez -1dB E Ez +16 dB
dlectric @ 8° @ 12,75° 13°
dipole
®2m A
Horizontal Ex Ex -5dB Ex Ex -12d Ex —-B1,5dB
dlectric @ 72,5° inY-Z @ 67,5° inY-Z in
dipole inY-Z plane inY-Z plane lane
@1m plane
Horizontal Ex Ex -1,5dB - § Ex -p6,5 dB
dlectric @ 30° inY-Z inY-Z
dipole inY-Z plane plane
®2m plane
ertical loop Ez Ez -0,5dB >2,5dB Ez Ez 118 dB
(horizontal @ 17,5° in Z-X @ 20° in Z-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane
@®@1m
ertical loop Ex Ez -4,5d -5,5dB Ex Ez -p0,5dB
(horizontal @ 90° in Zx @ 90° in Z-X
magnetic plane plane
dipole
@2m N
Horizontal Ey -2,5dB -9 dB Ey Ey -p8,5dB
lpop (vertical R jn Z-X @ 36,5° in Z-X
magnetic in lane in Z-X plane
dipole plan plane
@1m A
Horizontal Ey w Ey Ey -6,5 dB Ey Ey -p5,5 dB
lpop (vertical 27 iMNg-X @ 25,5° in Z-X @ 25° in Z-X
magnetic in pla in Z-X plane in Z-X plane
dipole) plane plane plane
@2m AN
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4.5.4.2.2 Predictability at 110 MHz

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 ptang
ground a small vertical loop (horizontal magnetic dipole) placed at a centre_height~ef)2 n
gbove ground and excited at 110 MHz. The maximum field strengt
fadius of 10 m is the vertical Ez component, 146 dBuV/m at an elevati
f
M

o=

o
A4
=
c
3
=]
—~
N
@]
=n
—
[V)
=2
()
»
T
(S}
2]
c
3
3
[V)
.
N
[¢]
(2]
~
>
[0
[¢)
=
-
o
=
()
)
x
©
[¢)
(@]
Lnal
[¢)
2
5
—

=

ertical directions based on measurements in height
istance of 10 m from each of the four sources oper,

o

vertical directions based
distances, d.

Table 4.5-5 — Estimates of the errors in predic

on a measurement height n from\
Frequency%i}()\M z (Adapted fr

[

M 2) (3) 4 N 6) () (8) 9) (10)
Source of Max. E, At hor. |Estimatéd | Max. At her. | Estimated | Max. E, At hor. Egtimated
radiation @ angle, | d =10 m, | prediction | @ angle; 30 pn, | prediction | @ angle, | d = 300 m, | pfediction
@ height in 10 m meagwre | error, a iy e re | error,at | in300m measure grror, at

polar plot thi{?e\ld\ m\@ polatplot | thys field | d = 30 m | polar plot | this field | dfF 300 m
ertical Ez N o0dB \PE;L/ Ez -1,5dB Ez Ez 17,5 dB
dlectric @ 13,5° 5° @ 15,25°
dipole @ 1 m
ertical 7 Ez 1 db\yz Ez -0,5dB Ez Ez 15,5 dB
dlectric @ 36,5 10,75° @ 11°
dipole @ 2 m A
Horizontal E -2.5 Ex Ex -9,5dB Ex Ex 29 dB
dlectric @41° in Y= @ 40° inY-Z @ 39,75° inY-Z
dipole @ 1 m in Y ane inY-Z plane inY-Z plane
/*&a«ag plane plane
Horizontal Ex "\ Ex -0,5dB Ex Ex -4,5dB Ex Ex —£3,5dB
dlectric R in\Y-Z @ 19,25° inY-Z @ 19,25° inY-Z
dipole @ Y= plahe inY-Z plane inY-z plane
plane plane plane
ertical loop \Ex\\/ Ez -2 dB Ey Ez -3,5dB Ey Ez 19 dB
(horizontal @ 90 in Z-X @ 90° in Z-X @ 90° in Z-X
magnetic plane plane plane
dipole)
1/Mm
ertical loop Ey Ez -2,5dB Ex Ez -2,5dB Ex Ez -17,5 dB
(Rorizontal @ 40 m Z-X @ 438 m Z-X @47,5 m 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,

ground the small vertical loop placed at a cenire height ol 1 m above a 'medium dry
ground”. It can be seen that, at a scan radius of 10 m, the maximum field strength of morge
than 159 dBuV/m is reached by Ez at an elevation angle of 36,25° in Z-X plane.) The
g¢alculated Ez height scan patterns shown in figure 4.5-7(b) produce a péak field strength of
157 dBuV/m, at 10 m horizontal distance and a height of 1,65 m. T 3
maximum Ez by approximately 2,5 dB.
'he vertical polar plots of horizontally polarized E-field em I
orizontal loop placed at a height of 1 m above a "medium~qr in fi D
.5-8(a). The peak of the major lobe, nearest the ground vation angle of

7° and is therefore reached at a height of 2, 9 m 2

=

)

of radiation in vertical directions based
to 4 m at known distances, d.
Adapted from [10])

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

Source of Max. E, At hor. Estimated | Max. E, At hor. Eptimated
radiation @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | pfediction
@ height in30 m measure | error, at | in 300 m | measure grror, at

Q

polar plot | this field | d = 30 m | polar plot | this field =300 m

ertical Ez Ez Ez -0,5dB Ez Ez 16 dB
dlectric 33Z5)P @ 10,5° @ 10,5°
dipole @<um

ertical Ez Ez -0,5dB Ez Ez -0,5dB Ez Ez 13 dB
dlectric @ 25° @ 18,25° @7°
dipole @ 2¢m
Horizontal Ex Ex -0,5dB Ex Ex -4 dB Ex Ex —22,5 dB
glectfic @ 17,5° inY-Z @ 17,5° inY-Z @ 17,5° inY-Z
dipdle @ 1 m in Y-Z plane inY-Z plane inY-Z plane

'r_\lnnn Ir\lann plnnn

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 0dB Ey Ey 0dB Ey Ey -17 dB
|pop—tverticat @9 T Z=X @ 8;75° T Z=X [ 87752 T Z2=X

magnetic in Z-X plane in Z-X plane in Z-X plane

dipole) plane plane plane

@2m

4.5.4.2.4 Predictability at 330 MHz

Figure 4.5-9(a) shows vertical polar plots of Ez and Ex i
ground the small vertical electric dipole placed at a centre
gcan radius of 10 m the maximum field strength of almo
3t an elevation angle of 26°. Calculations of the vertica
from 1m to 4m at 10 m horizontal distance

146 dBuV/m at a measuring height of 1,45

U

igure 4.5-9(b). Thi

Figure 4.5-10(a) shows vertical polar -Z plane and Ez in the Z-X plane
around the small vertical loop placed eightof 1 m above a "medium dr
ground". It can be seen that, at a scap radius of e maximum field strength of almos
167 dBuV/m is reached by Ex at an e eva 69° in the Y-Z plane. The calculate
Ez height scan pattern§ i angy s > in figure 4.5-10(b) produce a pea
magnitude greater than 16 & m horjZontal distance, measured at a height o
1,45 m. A height sca 3 vertical Ez field therefore underestimate
the maximum stpepgtk iationN tical directions, the horizontal polarized Ex &
gn elevation a i

Column (4),\of table 4.5-7 summarizes the estimated errors in the predictability of radiatio
in verticaVdirections based on measurements in height scans from 1m to 4 m at
horizontal distance of 10 m from each of the four sources operating at 330 MHz.

U+ o N
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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
@ 1 LA

ertical Ez Ez -0,5dB Ez Ez 0dB Ez =11,5 dB
dlectric @ 27,25° @ 5,75°
dipole
@2m
Horizontal Ex Ex 0dB Ex Ex -2 dB +20 dB
dlectric @ 13° inY-Z @ 12,75° inY-Z in Y3
dipole inY-Z plane inY-Z plane n
@1m plane plane /\
Horizontal Ex Ex 0dB Ex Ex dB \/Ex —-[14,5 dB
dlectric @ 6,5° inY-Z @ 6,5° inY-Z inY-Z
dipole inY-Z plane inY-Z plane plane
@2m plane plane

ertical loop | Ex Ez 4,5 dB Ex E SN Ez 117,548
(porizontal @ 69° in Z-X @ 68,25° in 24X in Z-X
magnetic inY-Z plane inY-Z n plane
dipole) plane plane
@®@1m

ertical loop Ex Ez -2,5dB N Ez \72/,5 dB Ex Ez -112,5dB
(porizontal @ 66,75° in Z-X @ 66X in Z-X @ 66° in Z-X
magnetic inY-Z plane HY - lan inY-Z plane
dipole) plane la plane
@2m /\ VAN
Horizontal Ey N odB Ey Ey —2dB Ey Ey 120 aB
lpop (vertical | @ 12,75° ip Z- ,5° in Z-X @ 12,5° in Z-X
magnetic in Z-X p R Z- plane in Z-X plane
dipole) pl plane plane
@1m
Horizontal Ey 0 ch?&\/ Ey Ey 0dB Ey Ey —-[14,5 dB
lpop (vertical | @ 6, iMZ-X @ 6,5° in Z-X @ 6,5° in Z-X
magnetic in Z-X pla in Z-X plane in Z-X plane
dipole) la plane plane
@2m /p\
4.5.4.2. i ility’at 1 000 MHz
Figure 4.5-2,sh rtical polar plots of Ez and Ex, at 1 000 MHz, around a small verticg|
Ipop placed at a centre height of 2 m above ground. At a scan radius of 10 m over &
medium. dry ground" the maximum field strength of 187 dBuV/m is contributed by the¢
horizontally polarized Ex at an elevation angle of 77,5° in the Y-Z plane. Calculations of th¢
yerfically 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
& Ileiglll ill TU T nmredsurce CIror, dil ill QU T nmedsurce cIror, dt ill QUU TTI nmedsurce IIOr, at
polar plot | this field | d =10 m | polar plot | this field | d = 30 m | polar plot | this field | @yF 300 m
ertical Ez Ez -0,5dB Ez Ez 0dB Ez 49,5 dB
dlectric @ 17,5° @ 4° @ B,75°
dipole
@1m (\
ertical Ez Ez | -05dB Ez Ez 0dB z @ 5 dB
dlectric @ 17,75° @ 2° N
dipole
@2m
Horizontal Ex Ex 0,5 dB Ex Ex < ?N& Ex Ex 111 dB
dlectric @ 4,25° inY-Z @ 4,25° in XY= @ inY-Z
dipole inY-Z plane inY-Z lane nY-Z plane
@1m plane plane m lane
Horizontal Ex Ex 0dB Ex (= 0d Ex Ex 15,5 dB
dlectric @ 2,25° inY-Z @ 2 inY @ 2,25° inY-Z
dipole inY-Z plane in X-Z plan inY-Z plane
@2m plane pkan plane
ertical loop Ex Ez -2,5d = Ex -1dB Ez Ez 19,5 dB
(horizontal @ 64,5° in Z-X @64,25 i Z- @ 4° in Z-X
magnetic inY-Z pla p in Z-X plane
dipole) plane pia plane
@®@1m
ertical loop Ex Ez -8 d B\/ Ez -1,5dB Ez Ez -5 dB
(porizontal @ 77,5° in Z- @ R{,25° in Z-X @ 2° in Z-X
magnetic in ¥ plane inX-Z plane in Z-X plane
dipole) pla lane plane
®2m N
Horizontal Ey Ey 0dB Ey Ey +11 dB
lpop (vertical @ 4,25° in Z-X @ 4,25° in Z-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane
@1m
H orizonté?\ Ey Ey 0dB Ey Ey 15,5 dB
lpop (vertica @ 2,25° in Z-X @ 2,25° in Z-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane
®2m
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 helght scan |s

atad b thao aof—th. = H ot ad floaotad ata th ~
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gometimes called, somewhat misleadingly, the "ground wave"). The contributions of.'th
gpace wave signals increase at lower elevation angles as more grating lobes form\wit
ncreasing frequency.
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ccordance with the specification, the measuring antenna is placed at a height of 3 m
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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.

o

Comparison of the height scan curves in figure 4.5-13 with those in figure 4.5-12(b) show
hat, at 1 000 MHz, as the small horizontal loop source height varies between 1 m and\y2'm

o 0O 0O —+ ~

eep nulls will pass through the measuring height of 3 m at horizontal ing, distance
f 10 m and 30 m. These effects can be encountered at greater easuring
istances and lower frequencies if the height of the radiating source
e are now in a position to answer the third question posed i is that
predictability is degraded by fixed height measurements. M t
ghould not be permitted, especially if they are being pfa r
gpecific safety services

Height scans must be specified or, for measuring convernientce;~the mea i
gould be specified in the manner of [13], so 5 i2¢ distance of 10 m, the
measuring height would be specified a 2 i i terrain or at such lower
height at which the field strengths m&

4.5.5 Differences between the field AT es eund and the fields over a perfect

conductor

There are significant differe b
gnd over a perfect cgnduc t
being that the reflectipn P
4 magnitude of Anity 3}
magnitude less )
waves over a perfe ,
Wi f
\ 5
t L
b b
q 'S

The behaviour of tHe fields above a metal ground plane compared with the fields over an
earthen<ground plane is discussed at length in [11]. The brief discussion below, derive
from[11], serves to provide an answer to the fourth question posed in 4.5.2.

o

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

greourd——thefields—overthegood—eonductorare—mistakenlybelievedtoresemble—those
gver a real ground, they will encourage a false sense of confidence that ground based
measurements over real ground will give good guidance to the field strengths (to-be
gxpected at elevated angles.

In figure 4.5-15, the height scan patterns of the vertical componen emitted
from the small vertical dipole show that at 1 000 MHz, just as was th z, the
yertically polarized fields developed near a metal ground plz ¢ much
gtronger than those developed near a "medium dry ground". N
were reached at a frequency of 30 MHz regarding the po L
EUT, when the disturbances measured on a metal groimd ptahe ith
fleld strength disturbance limits developed for ear f
1 000 MHz. Similarly, it can be seen in figure 4.5-15 that a 1 u MH P
yertically polarized fields over a metal ground p f
the fields created at elevated angles by the s

The height scan patterns in figure &5-1 B
neversal of the vertical dipole image i v
Brewster's angle. The dashed hori N
distance shows the height apprOX|m 3}
neflection taking place ag y
ground".

It is quite clear in fi 5
greater than 1,@ in
phase, signifyin 5
when reflection frg akes place at elevation angles above Brewster's
gngle. Howeve ) ear that vertically polarized waves reflected below
Brewster's angle\ove ' 7 dry ground" are reversed in phase with respect to the
gorrespondihg refle over the copper ground plane. In other words, the verticdl
image i {ele reversed, producing destructive interference (a null) at the
gurfac "medium dry ground" whereas constructive interference (a maximum) occur$
at the su f) the sqpper ground plane (the direct and reflected path lengths being the
game in both sases)\ With the vertical dipole source at a helght of 1 m, a maximum occury
in the field\at™10 m distance at a height of 0,75 m above the "medium dry ground", whereag
3 very deep null occurs at that height over the copper ground plane (the direct and reflected
path.lengths differ by 4/2 in both cases).

[he‘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

t
I

he corresponding fields near the copper ground plane.

n 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
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[here are sore“differences of a few decibels in field magnitudes. At the lower frequencieg
ome small differences are also created by the existence of the surface wave over a redl
round. AP the higher frequencies the field strength differences at short measuring
istances are caused by the decrease below unity of the magnitude of the horizontdl
eflection factor for real ground when reflection takes place at angles significantly abov
razing incidence. Constructive interference of direct and reflected waves over real groun
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hen 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 summarized in tables 4.5-4 to 4.5-8 can also be used to show pictoriall
the ranges of uncertainties in the predictability of the radiation emitted at elevated anglesa
frequencies above 30 MHz. The information has been used to copstruct bar’)chart
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475 7—Conciusions

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.

GCatcutationms—or measurenments—of thefietd—strengtiTpatterns—of verticatty potarized—fietd
gver a perfect conductor or metal ground plane do not provide good guidance to the field
to be expected over a real ground. At reflection angles below Brewster's-angle oveéryred
q
q

0 ¢

round the field minima and maxima are contraposed with those created Wy thesam
ource over a metal ground plane.
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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])
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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])
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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])


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

-92 - CISPR 16-3/TR © IEC:2003(E)

POLAR
SCAN
PATH

~~\| GROUND
VERTICAL LOOP
SOURCE

90° X

R
[ \ \
e
7S e\ N
prezcess iyl
e Pl e .

70\0 8 100,0 110,0 120,0 130,0 140,0 150,0 160,0
E-field strength, dBuV/m

FREQUENCY = 243 MHz

~at a scan radius of 10 metres in the Y-Z plane

E, at as€an radius of 10 metres in the Z-X plane
E, at a scan radius of 30 metres in the Y-Z plane
E, at a scan radius of 30 metres in the Z-X plane

E._ at a scan radius of 300 metres in the Y-Z plane

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),

E, at a scan radius of 300 metres in the Z-X plane
IEC 817/2000

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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Figure™ 4 i can patterns of the vertical component of the E-fields emitted at
30 MHz from:a vertical electric dipole, at horizontal distances of 10 m, 30 m and 300 m.
Fields calculated in”NEC (solid lines) include the surface wave over real ground. Electrical
constants.used for the real ground plane were ¢, = 15, 6 =1 mS/m ("medium dry ground"). The
dashed 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, with e =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 0,2 m.
(Adapted from [11])



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

- 106 - CISPR 16-3/TR © IEC:2003(E)

z
d VERTICAL DIPOLE
SOURCE
HEIGHT ‘//’/////’
SCAN
PATH J > Y
\\\‘ GROUND

[%2]
Q
©
€
£
=)
(0]
ey
C
3
»n
170,0
E-field strength, dBuV/m JEC 8322000
Figure-4 scan patterns of the vertical component of the E-fields emitted
at 1 000 a small vertical electric dipole, at horizontal distances of 10 m, 30 m

and 300 m:Fiel Alculated in NEC (solid lines) include the surface wave over real ground.
Electrical constants used for the real ground plane were ¢, = 15, 6 = 35 mS/m. The dashed
curves~were calculated geometrically to include the direct and reflected space waves from an
nfinitesimal vertlcal electric dipole over a metal ground plane. For the metal ground plane the
ithe =1, c=581x107 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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Figure 4.5-16 t sean patterns of the horizontally polarized E-fields emitted at 30 MHz in
the vertica normal to the axis of a small horizontal electric dipole, at horizontal

distances~of 10 m;30 m and 300 m. Fields calculated in NEC (solid lines) include the surface
wave aoverreal ground. Electrical constants used for the real ground plane were ¢, =15, 6 = 1

mS/m("medium dry ground”). The dashed curves were calculated geometrically to sum the
Hirect and reflected waves from an infinitesimal horizontal electric dipole over a metal groung

r
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

GROUND

in the vertical plane normal to the axis of a small horizontal electric dipole, at horizontal
distances of 10 m;x30 m and 300 m. Fields calculated in NEC (solid lines) include the surface
wave-over real ground. Electrical constants used for the real ground plane were ¢, = 15,

6 ¥35 mS/m ("medium dry ground"). The dashed curves were calculated geometrically

to.sum the direct and reflected space waves from an infinitesimal horizontal electric dipole

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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Figure 4.5-18 — Ranges of uncertainties in the predictability of radiation in ical directions
from electrically small sources located at a height of 1 m or 2 m above gro
redictability is based on measurements of the horizontally and vertica E-fields i
height scan from 1 m to 4 m at a horizontal distance of 10 m from the ellowin
xample shows how the bar chart can be interpreted. At 243 MHz, tHe barshow t the bes

redictability, with nominally zero error, is obtained when estimati

the horizontally polarized Eh field emitted at elevated angles{ ing as a
small horizontal dipole (dh). The poorest predictability at ‘ imate by as
much as 2,5 dB, can occur when predicting the maximdm stren K horizontally
polarized Eh fields and the Ez vertical component of the—ve polarized fields emitted at
elevated angles from a source behaving as a small ve v). (Reproduced from [10])
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ver-
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Figure 4.5- ertainties in the predictability of radiation in vertical directions
from e rces located at a height of 1 m or 2 m above ground. The
redictabi seéd onnmeasurements of the horizontally and vertically polarized E-fields i
heigh 4 m at a horizontal distance of 30 m from the sources. The followin
xample she X thevbar chart can be interpreted. At 330 MHz, the bar shows that the bes

redictability;<wd inally zero error, is obtained when estimating the maximum strength

either the horizontdlly polarized Eh field emitted at elevated angles from a small horizontal
loop-(Ih) or the Ez vertical component of the vertically polarized field emitted at elevated
angles‘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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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
ry-OhioYmiversity; of thetrarmomicfietdstrengthsfromfour different-27 Mz Svmmachimes
ositioned at ground level on an earthen open field site [4]. Each ISM machine was a.R
lastics sealer, identified by a letter symbol A, B, C or D. Fundamental operating power
anged from 2 kW to 27 kW. In [5], the horizontally polarized fourth harmonicXjeld-strengt
ata at approximately 109 MHz, collected by an aircraft flying a}/censtant-keight an
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The in-flight field strength data gath
were converted to vertical radiatio
gttenuation in equation (4.5-A1)

(4.5-A1

where

Eq  isthe fi

d

k300
dl
t

.
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¢ e ACh f
the flight whith-took D
to an elevation™ang , Which locates the common field point between the two
patterns:

$ommerfeld-Norton surface wave contributions to the horizontally polarized fields at very
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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

yertical Tield patterns created broadside 10 two electrically small vertical loops were used.ip
provide the matching patterns in figure 4.5-A2. The dipole moments required were~thg
game, but the source height and therefore the radiated power requjred _to match the
patterns to the north were different from those required to match the patterns to

fFigure 4.5-A3 compares the radiation at 109 MHz emitted from -
plastics sealer), derived from in-flight data measured at an altit th the
galculated horizontally polarized field patterns for two sma .
Machine C was operated with its RF shields in place. The s )
gtrength close to the elevation angle of 20° in figure 4.5-A -
gn of the ISM equipment. The match in figure 4. I
horizontal electric dipole at a height of 2,7 m, slighfy highextha P
height considered elsewhere in this report.

EExamples of pattern matching for 1§ -
ghields in place, are shown in figure 4 5
emitted broadside from two small verticak loop

The match in figure 4.5-A4(a) was @ 3
gentre height of 0,85 m, )|
glsewhere in this paper. D
near the elevation angle ok5°

The figures all stiow | {
gquipment can ime. Each data gathering flight took place at an
qir speed of approx , from north to south over the ISM equipment. Only
gne ISM equipme approximately 1 min duration occurred during each
flight.

However, after exatqinati of the vertical radiation patterns, it can be concluded that }
in spit g f angth fluctuations — the horizontally polarized field distribution
gncounte att at elevated angles, during any single flight pass over the ISNI
gquipment, €aa be \reasonably well matched (within ~ +10 dB) with field distribution§
greated at \elevated” angles by simple electric or magnetic dipole sources. Given the¢
nelatively.'\good match of the simple model patterns with the measured fields at angle§
gboverabout 4°, and the boundary conditions which reduce the strength of the horizontally
polarized fields near the ground, the patterns of the fields of the simple models calculated
near the grmmd will be similar to the patterns of the real fields if thpy were meastured dt

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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al radiation patterns of horizontally polarized fields,
Hz, 300 m scan radius (Adapted from [5])

1
igure A-4 at page 54 in [4].

Source =
dipole (current) moment /.dl ~ 2,51 mA-m, radiated power ~ 704 uW.

Source =

horizontal electric dipole, centre height above ground 1,8 m

horizontal electric dipole, centre height above ground 1.3 m

L000

1”2

=

dipole (current) moment l.dl ~ 2,82 mA-m, radiated power ~ 996 uW.
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Z Z
POLAR 1 POLAR
SCAN SCAN
PATH
R R PATH
Y \
Y
\ GROUND \ GROUND '
VERTICAL LOOP VERTICAL LOOP
SOURCE SOURCE
equency = 109|MHz

10,0 20,0 300 40,0 500 60,0 70,0
E-field strength, dBuV/m

Flight data measured north of the ISM equipment.

IEC 839/20

iental RF power 2 kW), 0° azimuth, flight altitud
in place, derived from in-flight field strength data i

= small vertical loop, centre height above ground 2 m, dipol
sment /.dA ~ 3,6 mA-m2, radiated power ~ 8,33 mW.

S

1”2

-
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1 POLAR ‘ POLAR
SCAN SCAN
PATH PATH
R
R r

Y
\|  GROUND \  GROUND
HORIZONTAL DIPOLE HORIZONTAL DIPOLE
SOURCE SOURCE.

y

o)

¢

90° 80°

60,0 -50,0 -40,0 -30,0 -20,0 -10,0
E-field strength, dB

a) Fli

90" go°

MHz

0 ® -40,0 -30,0 -20,0 -10,0 O

E-field strength, dBuV/m

10,0 20,0 30,0

IEC 840/3000
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Welds in place, derived from in-flight field strength data i
at page 65 in [4].

-

dipole (current) moment /.dl ~ 28,2 uA-m, radiated power = 0,096 uW.
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) Dashed curve

X

70°

-50,0 -40,0 -30,0 -20,0 -100 O

90°
60° Frequency = 109 MHz equency = 109 MHz
50°
N 40°
A
\\
30°
S\
20° 20°
\
10% 10
- O°
10,0 20,0 30,0

E-field strength, dBuV/m

b) Flight data measured north of the ISM equipment.

IEC $41/2000

patterns of horizontally polarized fields,
can radius (Adapted from [5])
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ment 1.dA =~ 0,14 mA-m2, radiated power ~ 10,4 pW.

Source = small vertical loop, centre height above ground 2 m, dipol
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 fram
yarious electrically small sources, and then the patterns of the fields at greater distancesg
have been calculated so that the field variations with distance can be/quantified)lr’ thig
way, a general knowledge has been obtained of the shapes of ih icalradiation
patterns, showing the magnitudes of the field strengths near grouyfd cof 2
magnitudes of the field components at elevated angles, and the clative
magnitudes can be expected to vary with distance over a plane

The sources considered are electrically small balanced 5
excited in the frequency range 100 kHz to 30 MHz. Forthe RUF N
electrically small source is defined as one whose largestNinear\dime is one-tenth or
Iess of the free space wavelength at the frequency Of i

The report also considers the effe 3
electrically small sources close to res I
gonductivity and dielectric constants [ t
bhehaves as a perfect conductor.

The possible effects on a ,
neinforced concrete struc N icinity of the sources, and the effects on
wave propagation nea produced by changes with distance of th¢
glectrical constapts D by intervening roads, watercourses, buried
metallic pipes,@ Within thre scope of this report. It is important to noteg
therefore, that ity that may be produced by such effects have nqgt
been considered.

4.6.2

CISPR e electromagnetic disturbances emitted near the ground from
industr pedical (ISM) radio-frequency equipment. The limits are intended
tp provide he reception of radio services. At frequencies below 30 MHz the¢
[imits apply.to~the horizontally oriented components of the H-fields emitted by the ISM
jdpparatus\For measurements on a test site, the limits apply at a distance of 30 m from the
gourcessWhen measurements are made in situ the distance to the measurement point i
defined™as 30 m from the exterior wall outside the building in which the ISM equipment i$
gitliated; the distance from the source is not defined. Measurements are to be made with &
\Cliibd“y UIicnicu' iUUp, “IC 'uaat: Uf W;Iibil lllubi IIJU 1 I dIUUVb iiIU gluund.

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
heasurement position in what might be called the radiating near-field region. At 70 MHz, &
distance of 30 m represents approximately one wavelength from the source, a region wher
the far-field has become established. At 30 MHz, a distance of represent
\
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videly; they may range typically from a conductivity of 40~ glative permittivity 9
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4.6.3 Method of~ealculation of the vertical radiation patterns

TheH7and E-field vertical radiation patterns in this report were calculated using a Metho
gfcMoments computer code known as the Numerical Electromagnetics Code (NEC) [4].

Bl NECoOND HE Y S 1 N <l CSOMMNMECOON Al N A
CUUUIU }JIUUIOIUII VOTOIUIT, TNV, WIillT 1o \JUIII'JGIIIUII CUUT UUIVITVIL U, VWdo UoUU. TVL-U

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.

P~

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
horizontal balanced electric dipoles, and vertical and horizontal balanced magnetic dipole$
(horizontally and vertically oriented loops respectively), each havipg\a unit dipole t
(i.e. a dipole [current] moment of 1 A-m for the electric dipoles<and a dip f
1 A-m2 for the magnetic dipoles). All were located very close glectrica )
interface (within a small fraction of a wavelength); the heigh abo & groyna of f
gach dipole was varied between either 7 cm or 15 cm and’ a m 3
the sensitivity of the shape of the field-strength patterns .
The patterns considered in this report are those in
ghape with height.

he geometries of the models used
.6-1 to 4.6-4, including the paths ©
een taken of the verified azimuthal
nd vertical electric dipoles to confin
nly the Z-X plane.

= CJ O

hn\r\-l\_’

I

Although the loops u
by one generator.onl
electric dipole ' pti
gmall loops did hot be
in the models used
hown, and the

i
9

Use of a sing
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r
q
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esultan
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.6.5 Electrical copstants of the ground

flost attention in this report has been devoted to radiation sources located close to a
round having a conductivity, o, of 10~3 S/m and a relative dielectric constant, g of 15;

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

—_~ (N —

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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N

SCAN PATH

SCAN PATH VERTICAL DIPOLE SCAN PATH
SOURCE
\ o

-Y LN - Y
e GROUND e \ GROUND

HORIZONTAL DIPOLE
SOURCE
X X

1EC | 842/2000

IEC §43/2000

Figure 4.6-1 — Geometry of the small vertical Figure 4.6-2 - all horizontal
electric dipole model :

HORIZONTAL LOOP

q

SOURCE
Y
GROUND
X
1EC | 844/2000 1EC §15/2000
Figure 4.6-3- Geome Figure 4.6-4 — Geometry of the small vertical
magnpeétic.dipol® magnetic dipole model (small horizontal lodp)

For each type of~sgurce, the field patterns above a perfectly conducting ground have alsp
bheen compared with the patterns generated above real grounds, to identify the errors that
d
d

o

an afise from the approximation which is sometimes made that the influence of real groun
an _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.
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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-

source
Type of source Predictability based on | Predictability based on in
measurements near real situ measurements near
ground at 30 m distance real ground when the
from the source measurement distance
from the source is not
precisely known/\
Electrically small Excellent Excellent \ &c}ﬁent
vertical electric (see figures 4.6-7, 4.6-9) (see figures 4.6-7, &6- (see figure 4.6-7)
dipole .6-9, 4.
~N
Electrically small Excellent Poor
horizontal electric (see figures 4.6-11, 4.6-12, (see figure 4.6-11)
dipole 4.6-13) Note 3
Notes 1, 2
Electrically small Excellent ery. ood\J Very good
horizontal magnetic |(see figures 4.6-16, 4.6<18) [\(sew figures 4.6 (see figures 4.6-16, 4.6-11)
dipole (vertical loop) Note 4 .6- 4.6- Note 5
Electrically small Poor 0ssi Impossible
vertical magnetic (see figures 4.6-21, 4.6-25)\| (see flg e 4 -21 4.6-23 (see figures 4.6-21, 4.6-23)
dipole (horizontal ot Note 8
loop) ote 7
NOTE 1 The measutem gr
the ground can ow¢ ! N
gdpproximately 1 dB\sg€ fi P
Horizontally oriented H-
NOTE 2 The sma t
100 kHz by a wide ra
NOTE 3 Th i
ghows that suck an assumption ca i
falsely indica r
tp Note

Ipop) near the gro nd carp overestimate the maximum vertically oriented H-field strength at elevated angles b
less than ¥7dB, see Tiglre 4.6-16. Note, however, that the measurement overestimates the strength of th
Horizontally efiented H-field emitted in the vertical direction by more than 3 dB.
N

(l)‘(_

w

OTE 5/ Vertical patterns of the horizontally oriented H-fields emitted by the small horizontal magnetic dipol
vertical loop), calculated assuming a perfectly conducting ground, can overestimate absolute values of field
dtrength 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
in shape and absolute magnitude, to the field patterns calculated
close to a real ground. See figures 4.6-21 and 4.6-22.

conducting ground have no resemblance,
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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 7.6-29)
Electrically small Very good Good Poor
horizontal electric (see figures 4.6-30, 4.6-32) | (see figures 4.6-30, 4.6-31, |gure 4.6-30)
dipole Note 9 4.6-32, 4.6-33) te 10
Electrically small Excellent Good Fai
horizontal magnetic |(see figures 4.6-34, 4.6-37) | (see figures 4.6-34, 4.6-36, e fig res .6- 4.6-39)
dipole (vertical loop) Note 11 4.6-37, 4.6-38) 12
Electrically small Excellent Impossible
vertical 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 thevhori electric dipole near th
dround can overestimate the maximum vertically orie em|tted at elevated angles b
t

—— < D

pproximately 3 dB. See figure 4.6-30. Note, overestimate the strength g
he horizontally oriented H-field emitted in th
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domponent of-the™orizohtally polarized ground wave launched by the horizontal loop and attenuates ver
rapidly withsincreasing~diStance from the source at 1 MHz. See figures 4.6-39 and 4.6-41.

NOTE 15:~At 1 MHz, the vertical radiation pattern of the horizontally oriented H-field emitted by the sma
Horizental"loop above a perfectly conducting ground has an absolute value more than 15 dB less than the fiel
trength calculated above a real ground. The shape of the vertical pattern of the vertically oriented H-fiel
jalculated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated clos
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.

U o O
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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 7.6-45) Note 17

Note 16
Electrically small Poor Good possible

horizontal electric (see figures 4.6-46, 4.6-47) | (see figures 4.6-46, 4.6-47, re-4:6-46)
dipole Note 18 4.6-48
Note 19 N
Electrically small Very good Impossible J (%s{k:(l?
horizontal magnetic |(see figures 4.6-49, 4.6-50) | (see figures 4.6-49, 4. (see figure -49)
dipole (vertical loop) Note 21 Note 22 g\?&)\ Note»23
Electrically small Poor Impossibte & ¥air
vertical magnetic (see figures 4.6-51, 4.6-52) | (see figures 4.6- 4.6- (seefigures 4.6-51)
dipole (horizontal Note 24 Note 26
loop)
NOTE 16 The horizontally oriented H-field ngar the ground nt ofthe vertically polarized grounfl
wave emitted from the vertical electric digoleN\At arized wave near the grounf
dttenuates rapidly with increasing distance, excess) 8 dB ground-wave attenuation ip
dddition to the 20 dB sky-wave attenuation over 0 m. See figure 4.6-43.

rediation pattern of the horizontally oriented
dround. However, the vertically/polarized eonducting ground attenuates with increasin
distance at the free space ra 6 e with distance in the way it does over a reg
dround at 10 MHz (see Note 1§). It\g sleadi avguide to the vertical radiation patterns over red

—_— =0 — —

N

T D —

2]

T~ O D

NOTE 21\ Measurement of the horizontally oriented H-field near the real ground at 30 m distance from th
gmall vertical loop can underestimate the horizontally oriented H-field strength emitted in the vertical directio
Hy le§s than 3 dB, but it overestimates the strength of the vertically oriented H-field emitted at elevated angle
Hy(approximately 3 dB. See figure 4.6-49.

o o D

OTE 22 The horizontally oriented H-fiel[d 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 horlzontally orlented H- fleld underestlmates the maximum field strength at

Q0 O 7 <

atterns of vertically oriented H-field which are non-zero at the real ground do not
Vertically oriented H-field patterns which go to zero at the perfectly conducting ground.

Type of source Predictability based on Wtablllty based on
measurements near real vertical radiation patternjs
ground at 30 m distance alculated at a known

from the source istance from the sourcg,
assumlng the ground behayes
{\ as a perfect conductor
Electrically small Very good oss\l‘N\A/ Impossible
vertical electric (see figures 4.6-53, 4.6-5%4) uresnd.6-53,476-54) (see figure 4.6-53)
dipole Note 27 Not Note 29
Electrically small ible Impossible
horizontal electric , ee flgure 4.6-55, 4.6-56, (see figures 4.6-55, 4.6-54)
dipole 4.6-58 Note 33
Note 32
Electrically small Impossible Impossible
horizontal magnetic ee figures 4.6-59, 4.6-60) (see figure 4.6-59)
dipole (vertical looR) Note 35 Note 36
Electrically small Impossible Good
vertical magnetic (see figures 4.6-61, 4.6-62) (see figure 4.6-61)
dipole (horizontal Note 38 Note 39
loop)
NOTE 2 f the horizontally oriented H-field near the real ground at 30 m distance from the
gmall verti erestimates the maximum field strength at elevated angles by about 3 dB gt
30 MHz.

N

dmitted from the vertical’electric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with increasin
distancewnear ground, such that there is an excess 13 dB attenuation of the ground wave in addition to the 20 d
g
N

WO (D

ky-wave-attenuation over the distance from 30 m to 300 m. See figures 4.6-53 an 4.6-54.

QTE 29 At a distance of 30 m from the small vertical electric dipole over a perfectly conducting ground, the
erticalradiation naﬂnrn of-the hnr:—rnnfallu oriented-Hafieldiswithin-about-8 dB__of the naﬂnrn of-the-Hafield—ovdr

real ground. However the very high rate of attenuation with a distance of a vertically polarlzed 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
eTticat—toopcam underestimrate—theTmaximomhorizomtatty —orrented—H-frefd—strength—emitted— T the—vertical
direction by less than 6 dB. It gives an exact indication of the strength of the vertically oriented H-field emittefl
dt elevated angles. See figure 4.6-59.

NOTE 35 The horizontally oriented H-field components near real ground attenuate moré¢ rapid
distance from the small vertical loop than do the sky-wave components, at 30 MHz.
dpproximately 13 dB over the distance from 30 m to 300 m. See figure 4.6-59.

with increasinf

radiation pattern of the horizontally oriented H-field is within about 8 dB of the paftern\of ield\oyér a red
round. However, the vertically polarized wave near a perfectly conducting distance 3
he free space rate, unlike the vertically polarized wave over a real ground i ) ¢ rapidly wit
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6 dB. Note, however, that a measurement of the tically i i Hz, at a height of 671
nderestimates the maximum H-field strengthgs 21 dB. See figure 4.6-61.

OTE 38 The relative magnitudes of the P \ ar the gyound and at elevated angles ar
trongly dependent on the actual distance from e horizontally oriented H-field ned
he ground is a radially directed component e rapldly with mcreasmg distance than doe

q
q
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N
ffom the small horizontal loop can underestimate the H-field ated angles by more tha
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¢ ly oriented H-field will underestimate the maximum fiel
dtrength at elevat pngle 1 ./ However, the measurable horizontally oriented H-fiel
i he remnants of radially directed near-field components, not
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It is possible to present pictorially the ranges of errors of the predictability of radiation i
yerticak-difections at different frequencies, when the precise horizontal measurement
distance from the sources is known to be 30 m.

Figure 4.6-5 and 4.6-6 show In bar chart form the error ranges 10 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
grreris—aR—uohderestmate by +6-dBef-the maxdmum—rerticathorientedH-feld—Thetargest
grror at 100 kHz in predicting the maximum horizontally oriented H-field strength emitted*i
yertical directions is an underestimate by 15 dB, again in the case of a source behaving’a
3 small vertical magnetic dipole (horizontal loop).

U J

+10
Overestimate
log frequency
Error, dB -
Underestimate
-10
-15
IEC 846/2000
Figure 4.6-5 — Rany f ertars in the predictability of radiation in vertical directions from
electrically s s : d close to the ground, based on measurements of the

Blectrica¥co

dh = horizontal’electric dj dv = vertical electric dipole

Iy = horizontal 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
|
I [
N dh'g 3 v g 3
I |
dh 1 | I 0 log frequency
Error, dB 0 | dv I 0 ! v >
| h B4 av o
[ |
h -3 I of-3
-5 n s f
h®. 6 L |
i ! an -7
Underestimate dh “'-8 i :
-10 | | l
|
|
dh:--12
- 15 L
| |
100 kHz 1 MHz
IEC 847/2000
Figure 4.6-6 — Ranges of errors in the predictability of radia 3 al directions from
electrically small sources located close to the ground, base : egments of the
horizontally oriented H-field at the ground supplem ents of the verticallyj
oriented H-field in a height scan up to 6 m at om the sources

Source identification:
dh = horizontal electric dipole
|

= horizontal magnetic dipole (vertical loop) WEY al magnetic dipole (horizontal loop)

In figure 4.6-6, which is s ability of\radiation in vertical directions is to b¢
bhased on measurements 3 ofizontally oriented H-field components
qupplemented with E i $Ca aneasurements of the vertically oriented H-field
gomponents at CE show that at 100 kHz the worst error in the
prediction of th ertical directions still occurs for the vertically
griented H-field a source behaving as a small vertical magneti¢
dipole (horizontal | agnitude of the error has been reduced to an underf
gstimate by 6 db ggnitude of the largest underestimate at 100 kHz of the
maximum str ‘ ¢ ally oriented H-fields emitted in vertical directions has
bheen reducé s also occurs for the case of a source behaving as a small
yertical 3 izOntal loop).

ertical radiation pdatterns have been calculated for electrically small sources located clos¢
tp real ‘homogeneous plane ground, ignoring the possible contributions to pattern distortion
that<might arise from the presence of nearby buildings or other field disturbing objects, or
fram discontinuities in the electrical constants of the ground. Nevertheless, even with such
asmmptification, thestudies sttt strow that i thecaseof sotitary eftectricatty smmatt—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.

measurements near the ground at a distance of 30 m remains subj

Figure 4.6-5 depicts the error ranges that can apply when p
heasurement of the horizontally oriented H-field near grg
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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


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

-132 - CISPR 16-3/TR © IEC:2003(E)

N

VERTICAL DIPOLE
SCAN PATH SOURCE

GROUND

90°

Magnetic field strength, dBuA/m

FREQUENCY = 100 kHz IEC 849/2000

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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IEC 850/2000
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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VERTICAL DIPOLE
\\ __—SOURCE

GROUND

Electric field strength, dBuV/m

FREQUENCY = 100 kHz
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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1 I 0
\)@ 10,0 20,0
netic field strength, dBpuA/m
FREQUENCY = 100 kHz )
IEC 852/2000
igure 4.6-11 — Vertical radiation patterns of the H-fields
emitted by a small horizontal electric dipole located close to the ground
Dipele 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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Figure 4.6-12 — Influence of a wide range of values of the electrical constants of the ground
on the 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.
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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Figure 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



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

— 140 -

CISPR 16-3/TR © IEC:2003(E)

z
P
-~ w\ SCAN
/ '\, PATH
\ /R \

\R
SCAN PATH N
ATH / \.
/ Ky

v
\

\

\

|

[

. GROUND '

[ VERTICAL LOOP
SOURCE

90°

1
-10,0 0 10,

6 L
<3N '
TN Ll
40, 39,0 -20,0
Magnetic field strength, dBpA/m

FREQUENCY = 100 kHz

tion patter

ns of the H-fi

IEC 857/2000

elds

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 —

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

Perfectly conducting ground
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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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619 — -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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Figure 4.6-20 — 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 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


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

CISPR 16-3/TR © IEC:2003(E) — 145 -

z
)
(‘ e

\ R
SCAN PATH N HORIZONTAL LOOP
\
N
P o v
GROUND

X

90°

> Y T 1
-30,0 20,0 -10,0 0 10,0
Magnetic field strength, dBpA/m

IEC 862/2000
FREQUENCY = 100 kHz

Figure 4.6-21 — 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 — horizontally oriented Hz at a scan distance of 30 m

Dash-dot line curve — 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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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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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 —  vertically oriented Ez at a scan distance of 30 m
Dotted line curve — horizontally oriented Ex at a scan distance of 30 m
Electrical constants of the ground ¢ =1 mS/m, g, = 15
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Figure 4.6-29 — 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.

vertically oriented Ez at a scan distance of 300 m
horizontally oriented Ex at a scan distance of 300 m
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

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