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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECHHCATIONTOR RADIODISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: Reports and recommendations of CISPR

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization't
all national electrotechnical committees (IEC National Committees). j
international co-operation on all questions concerning standardization in the

participate in this preparatory work. International, governmental ap
with the IEC also participate in this preparation. The IEC colta
Organization for Standardization (ISO) in accordance with cosdition by agreement between the
two organizations.

2) The formal decisions or agreements of the IEC on tecg

from all interested National Committees.

3) The documents produced have the form of re
of standards, technical specifications, techni
Committees in that sense.

4) In order to promote international unlflcatlo
divergence between the |
indicated in the latter.

5) The IEC provides no m
equipment declared\to be i
6) Attention is dra Q 3
of patent rights. The |EC™s

technical co | e publication of a technical report when it has collected
data of a different ki which is normally published as an International Standard, for

considered to bévo longer valid or useful.

CISPRA6+3, which is a technical report, has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods.

This consolidated version of CISPR 16-3 is based on the first edition (2000) [documents
CISPR/A/CO/67 + CISPR/A/CO/77 and CISPR/A/CO/82 + CISPR/A/CO/84] and its
amendment 1 (2002) [documents CISPR/A/297/CDV and CISPR/A/329/RVD].

o

I R I 44
vcdalrs uic ©TUltivit 1rarmoer 1.1,

-+

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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This document which is purely informative is not to be regarded as an International Standard.
The text of this report is based on the following documents:

Recommendation 2/2 — p/o CISPR. 7B, 1975; Recommendation 46/1 — p/o CISPR. 11, 1990;

Report 33 — p/o CISPR 8, 1969; Report 38 — p/o CISPR 8, 1969; Report 48 — p/o CISPR 8B,
1975; Report 49 — p/o CISPR 8C, 1980; Report 61 = CISPR 23, 1987; Report 59:
CIS/A(Sec)58 + CIS/A(Sec)58A, 1983; 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)67, 1992; CIS/A(CO)67A, 1993; CIS/A(CO)77A, 1993;
CIS/A(CO)81, 1987; CIS/A(CO)82, 1994; CIS/A(CO)84, 1994; CIS/A(Sec)84, 1987,
CIS/A(Sec)88, 1988; CIS/A(Sec)88A, 1988; CIS/A(Sec)94, 1989; CIS/A(Sec)115, M 991;
CIS/A(Sec)115A, 1991; CIS/A(Sec)116, 1991; CIS/A(Sec)124, 1991; C 1992;
CIS/A(Sec)132, 1993; CIS/A/166/CD, 1995.

A bilingual version of this publication may be issued at a later date.

The committee has decided that the contents of the base pub dment will

remain unchanged until 2004. At this date, the publication b

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

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

Part 3: Reports and recommendations of CISPR

1 General

1.1  Scope

significant technical merit but were not generally available.
were for some time published in CISPR 7 and 8.

part 3.

1.2 Reference documents

CISPR 11:1997, Indystria

Electromagnetic@z

CISPR 13:1996,
sound and televi

CISPR 14:1, ¥
tools and simi

CISPR 16-1:1999, Spscification for radio disturbance and immunity measuring apparatus and
methods — Part 1: Ratlio disturbance and immunity measuring apparatus

CISPR\16-2:1996, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 2: Methods of measurement of disturbances and immunity

ITU-R BS 468-4, Measurement of audio-frequency noise voltage level in sound broadcasting

1.3 Definitions

For the purpose of this part of CISPR 16, the definitions of CISPR 16-1 and IEV 60050(161)
as well as the following definitions apply.
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1.3.1

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

1.3.2
impulse bandwidth (Bimp)

Bimp = A(t)max / (2Go x IS)

where

A()max is the peak of the envelope at the IF output of the receiver with pulse area IS
applied at the receiver input;

Go is the gain of the circuit at the centre frequency.

Specifically, for two critically coupled tuned transformers,

where Bg and B3 are respectively the bandwidths a dB points (see 1.3-A.2

NOTE Spectral dep D) i e areasand expressed in pV/MHz or dB(pV)/MHz. For rectangular
impulses of pulse duratio i

1.3.4

electrical

time need éous application of a constant sine-wave voltage to the stage
immediately™ar e\input of the detector for the output voltage of the detector to reach
63 % of it

NOTE This time is determined as follows. A sine-wave signal of constant amplitude and having a

frequency equalyto theumid-band frequency of the i.f. amplifier is applied to the input of the stage immediately
preceding the ~detector. The indication, D, of an instrument having no inertia (for example, a cathode-ray
oscilloscope)connected to a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector, is
noted. Fhe’level of the signal is chosen such that the response of the stages concerned remains within the linear
operating range. A sine-wave signal of this level, applied for a limited time only and having a wave train of
reetangular envelope is gated such that the deflection registered is 0,63D. The duration of this signal is equal to
thel charge time of the detector.

1.3.5
electrical discharge time constant (Tp)

timeTreededafter theimstamtameous Temovat-of @ constant sine-wave vottage apptied—tothe
stage immediately preceding the input of the detector for the output of the detector to fall to
37 % of its initial value

NOTE The method of measurement is analogous to that for the charge time constant, but instead of a signal

being applied for a limited time, the signal is interrupted for a definite time. The time taken for the deflection to fall
to 0,37D is the discharge time constant of the detector.
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1.3.6
mechanical time constant (Ty) of a critically damped indicating instrument

TM:TL/ZT[

where T is the period of free oscillation of the instrument with all damping removed.
NOTE 1 For a critically damped instrument, the equation of motion of the system may be written as
T2(d2a / dt?) + 2Ty (da / dt) + a = ki

where

o is the deflection;

i is the current through the instrument;

k is a constant.

1.3.7

overload factor
ratio of the level that corresponds to t
group of circuits) to the level that
instrument.

near function of a circuit (or a
i/-scale deflection of the indicating

The maximum level at which t
not depart by more thgr 1 dB from i i fines the range of practical linear function
of the circuit (or group [of sjpeuits)

1.3.8

symmetric voltage

in a two-wire circdit\st phase mains supply, the symmetric voltage is the radio-
frequency disturba 3 » eafing between the two wires. This is sometimes called the
differential m . is the vector voltage between one of the mains terminals and
earth and Vb\ age between the other mains terminal and earth, the symmetric
voltage i th

1.3.9

asymmetric voltage
radio-frequency disturbance voltage appearing between the electrical mid-point of the mains
terminals’ and earth. It is sometimes called the common-mode voltage and is half the vector
sunmof’Va and Vb, i.e. (Va + Vb)/2

1.3.10

unsymmetric voltage

amplitude of the vector voltage, Va or Vb defined in 1.3.8 and 1.3.9. This is the voltage
measured by the use of an artificial mains V-network

1.3.11

CISPR indicating range

range specified by the manufacturer which gives the maximum and the minimum meter
indications within which the receiver meets the requirements of this part of CISPR 16
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2 Statistics

2.1 Recommendation 2/3: Statistics of complaints and sources of interference
(this recommendation replaces Recommendation 2/2 in CISPR 7B)

The CISPR,

CONSIDERING

a) that many administrations regularly publish statistics on interference complaints;
b) that it would be useful to be able to compare the figures for certain categaries;

c) that, at present, varied and ambiguous presentation often renders thj axisen, difficult,

RECOMMENDS

1 that the statistics supplied by National Committees shof orm that the

following information may be readily extracted:
1.1
1.2
1.3

1.4

2.1

2.2
caused by a group of devices, for example, a number of
circuit. In such cases, the number to be entered in the
the interference service;

be stated

one sourceNpay cause many complaints and one complaint may be caused by more
thar-one source. Therefore, it is clear that the number of sources and the number of
complaints against any classification code may not be related;

for the purpose of these statistics, both active generators of electrical energy and
apparatus and installations which cause interference by secondary effects (secondary
modulation) are included. See also Appendix Il for a complete list;

2.3 cause of complaint other than a source: a reason for unsatisfactory reception in a case
in which no source is concerned. See also Appendix Il for a complete list;

3 that statistics shoutd cover a compiete catendar year; they should wWhenever possibie be
presented in the following form, without necessarily employing the finer categories listed
in Appendix Il. It s not intended to exclude further subdivisions; these are desirable, but
they should fit into the scheme of the standard form;

the code numbers refer to the items listed in Appendices | and II;
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Statistics of interference complaints

Source of interference Number of complaints per service
or other cause of complaint from each source
Classification code Description Total number Broadcasting 2@ Other
Th each . Services
classification Sound ° Television ©
LF/ 1 | 1] VIV
MF/
HF
A |1 1
2 1
etc. as in the appendices (\
Totals N N
a  LF = low frequency (long waves); \>
MF = medium frequency (medium waves);
HF = high frequency (short waves).
These three bands may either be grouped together, as shown, or dedlt wi eparately.

Il = Band Il (VHF/FM)
| = Band | (VHF/television)
Il = Band Il (VHF/television);

IVIV = Band IV/V (UHF/television).
b The service and band affected should be stéte
¢ At the time of receipt of complaints of inter i.8,befote theX have bgen investigated fully, it may not be

possible to apportion the complaints accurat
number of complaints should be stated sepa

dcasting services. If this is so, then the
casting and television.

Appendix | to
of int

(\ ajn categories
A\

Classification cc@e\ ) Description of the source
A l}d%,cientific and medical RF apparatus
A1 dustrigt’and scientific RF apparatus
A.1.1 ApRparatus tuned to free radiation frequency
A.1.2 paratus not tuned to free radiation frequencies
A.2 Medical radio-frequency apparatus
A.2.1 Apparatus tuned to free radiation frequencies
A.2.2 Apparatus not tuned to free radiation frequencies
A3 Sparking apparatus (except ignition)
B Electric power supply, distribution and traction
B.1 AC voltages exceeding 100 kV
B.1.1 Power lines overhead
B.1.2 Generating and switching stations
B.2 DC voltages exceeding 100 kV
B.2.1 Power lines overhead
B.2.2 Converting stations
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Classification code

Description of the source

B.3 Voltages 100 kV to 1 kV (subdivision as for B.1)*
B.4 Voltages 1 kV to 450 kV (subdivision as for B.1)*
B-6 Low-tersionpewersupphrand-distributien{<460-Y,
B.5.1 Power lines overhead

B.5.2 Generating and switching stations

B.6 Electric traction

B.6.1 Railways

B.6.2 Tramways

B.6.3 Trolley buses (\
C Electricity consumers' equipment (industrial and similar, A
CA1 Generators

C.2 Motors (P > 700 W)

C.2.1 Rated power P: 700 W < P <1 000 W

Cc.2.2 Rated power P: 1 000 W < P <2 000 W

C.2.3 Rated power P: 2 000 W < P

C.3 Contacts

C.4 Ignition

C.5 Rectifiers

C.6 Convertors

C.7 Diode thyristor and thypatton€ogtrs ipment
(oX:] Cﬁzfl‘e\fenc?a\ s

D

D.1

D.2

D.3

E

E.1

E.2 Ne i

E.3 /\ & >\ame t lamps

F \ \R;éeiving installations

F.1 Sound broadcast receivers

F.2 Television receivers

F.3 Amplifiers and common aerial reception systems for broadcasting
F.4 Non-broadcasting receivers

G Ignition systems of internal combustion engines

H Identified sources other than those specified

*

For convenience of analysis, the same subdivision is used for all voltage ranges. In those cases where a

classification does not apply, for example, corona for low voltages, the category should remain blank
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Classification code Description of the source
| Other causes of complaint
1.1 Telecommunication
4 Rad AtRteation-transmitters
1.11.1.1 Fundamental radiation
1.1.1.2 Harmonic radiation
1.1.1.3 Spurious radiation
1.1.2 Telecommunication by wire
1.2 Faults of the receiving installations
1.3 Receiver characteristics
1.4 Weak or faulty signals
1.5 Atmospheric disturbances
1.6 Unidentified sources of interference
1.7 Interference not observed
J Information technology equipment
J.A1 Data processing equipment (DPE)
J.1.1 Large DPE in computer rooms
J.1.2
J.1.3
J.2
J.3
J.4
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Appendix Il to Recommendation 2/3: Classification of sources
of interference and other causes of complaint

Detailed categories

Classification code

Description of the source

A1

A1
A1.11
A1
A1
A1
A1
A1
A1
A1

© N o o r w N

A.1.1.20

A1.2

A.1.2.1to A.1.2.20
A.2

A.2.1

A2.11

A.2.1.2

A2.1.3 :

Industrial scientific and medical RF apparatus
Industrial and scientific RF apparatus
Apparatus tuned to free radiation frequency
Drying non-metals

Plastic pre-heaters

Plastic seam welders

Wood glue drying

Microwave heating

Microwave cooking

Ultrasonic soldering and cleaning

Food treatment heaters (for exampl

A.2.1.20 <

A.2.2

A.2.2.1t0 A2.2,

A3

A.3.1 RPF\excited arc welder

A.3.2 rface erosion of plastics

A.3.3 Surface erosion of metals

A.3.4 Spectrograph

A.3.5 Spark diathermy

A)3.20 Other

B Electric power supply, distribution and traction
B.1 AC voltages exceeding 100 kV
B.1.1 Power lines overhead

B.1.1.1 Corona effect

B.1.1.2 Insulators

B.1.1.3 Presence of foreign objects on line
B.1.1.20 Other
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Classification code

Description of the source

B.1.2 Generating and switching stations

B.1.2.1 Generating stations

B.1.2.2 Switching stations

B.T.2.3 Transformer stations

B.1.2.4 Saturated transformers

B.1.2.20 Other

B.2 DC voltages exceeding 100 kV

B.2.1 As for B.1.1

B.2.2 Converting stations

B.3 Voltages 100 kV to 1 kV (subdivision as for B.1)*
B.4 Voltages 1 kV to 450 V (subdivision as for B.1)*
B.5 Low tension power supply and distribution (<4
B.5.1 Power lines overhead

B.5.1.1 Presence of foreign objects on line

B.5.1.2 Equipment faults

B.5.1.20 Other

B.5.2 Generating and sWj

B.5.2.1 to B.5.2.20

B.6 Electric traction

B.6.1

B.6.1.1

B.6.1.2 [ voltage
B.6.1.3 Q

B.6.1.4 <

B.6.1.20

B.6.2

AN

C \ ElgtCtricity consumers' equipment (industrial and similar)
CA1 w Generators

C.2 Motors (P > 700 W)

C.2.1 Rated power P: 700 W < P <1 000 W

C.2/M1 Lifts

c.2.1.2 Central heating

C.2.1.20 Other

c22 Rated power P- 1 000 W < P <2 000 W
c.2.21 Lifts

Cc.22.2 Central heating

C.2.2.20 Other

*

Appendix A of CISPR Recommendation 22/3 gives a list of such appliances
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Classification code

Description of the source

C.2.3 Rated power P: 2 000 W < P
C.2.31 Lifts

C.2.3.2 Central heating

C.2.3.20 Other

C.3 Contacts

C.3.1 Lifts

C.3.2 Central heating

C.3.20 Other

C.4 Ignition

C.41 Central heating

C.4.20 Other

C.5 Rectifiers

C.6 Convertors

C.7 Diode thyristor and thyratron ¢
C.8 Cattle fences

C.20 Other installations

D IW households, shops,
D.1

D.1.1

D.1.1.1

D.1.1.2

D.1.2

D.1.3

D.1.20

D.2 Contact devices**

D.2.1 ermostats

D.2.2 Other contact devices

D.3 Diode, thyristor and thyratron control equipment (less than 1 000 W)
E Gaseous discharge and other lamps
E Fluorescent lamps

E2 Neon signs

E.3 Filament lamps

E.3.1 Vacuum

E.3.2 Gas filled

E.20 Other

*

Appendix A of CISPR Recommendation 22/3 gives a list of such appliances.

**  See Appendix Il of CISPR Recommendation 50.
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Classification code

Description of the source

F Receiving installations

F.1 Sound broadcast receivers

4 AMrecetrer

F.1.2 FM receiver

F.2 Television receivers

F.2.1 Local oscillator

F.2.1.1 Fundamental

F.2.1.2 Harmonic

F.2.2 Intermediate frequency radiation

F.2.3 Time base oscillator

F.2.4 Time base parasitic oscillation is, for example, Barkhaus on
F.2.20 Other

F.3 Amplifiers and common aerial reception sy
F.4 Non-broadcasting receivers

G Ignition systems of internal combu t|o e glnes
G.1 Motor vehicles

G.2 Boats

G.3 Powered appliances {for examp awn mo
G.20 engi%

H Id%va\lflai\%ources\sk\than thobe/specified
| int~—"

1.1

1.1.1

1.1.1.1

.1.1.1.1

1.1.1.1.2

1.1.1.1.3 Land mdbile stations

1.1.1.1.20 Other

1.1.1.2 Harmonic radiation

1.1.1.2.1 Broadcasting stations

1.1.1:242 Amateur stations

. \A2.3 Land mobile stations

M.1.3 Spurious radiation

1.1.1.3.1 to 1.1.1.3.20

As for 1.1.1.1

Telecommunication by wire

Faults of the receiving installation
Inefficient aerial installation
Faulty receivers

Maladjustment of receiver

Low mains voltage
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Classification code

Description of the source

1.3 Receiver characteristics

1.3.1 Second (image) channel response

32 Other-spuriots—Fespenses

1.3.3 Intermodulation

1.3.4 Inadequate receiver immunity

1.4 Weak or faulty signals

1.4.1 Outside service area

1.4.2 Shadow area

1.4.3 Multipath reception

1.4.3.1 Power lines

1.4.3.2 Other

1.5 Atmospheric disturbances

1.6 Unidentified sources of interference

1.7 Interference not observed Q \
J Information technology equipment \‘>
J.1 Data processing equipment

J.1.1 Large DPE in com, G
J.1.2 Smaller plugableNDPE hot i dedigated

J.1.3 Home computers an

J.2 Local area network

J.3 Co ercial video gam

J.4 TM
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2.2 Report 48: Statistical considerations in the determination
of limits of radio interference
(identical with the text taken from CISPR 8B)

2.2.1 Introduction

Compliance of mass-produced appliances with radio interference limits should be based on
the application of statistical techniques that have to ensure the consumer with an 80 %
degree of confidence that 80 % of the appliances of a type being investigated are below the
specified radio interference limit. This so-called 80 %/80 % rule protects the consumer from
appliances with too high a radio interference level, but it says hardly anything abouf the
probability that a batch of appliances from which the sample has been taken will be accepted.
This acceptance probability is very important to the manufacturer. The
only that |f 20 % of the items of the batch are above the relevan

above the limit should
” Besides sampling of

éxpression:

nce level of the sample with size n of the appliances to be

the interference level of the sample with size n of the appliances
known;

s, = > b - xf

n-1
Ky= constant to be determined in such a way that the above-stated rule is satisfied;
L = the permissible radio interference limit; L is an upper limit.
2221 Determination of the constant k

It is assumed that the production being investigated has a normal distribution with the
following parameters:

K1 = mean value of the radio interference level of all appliances; i is unknown;

o= standard deviation of the radio interference level of all appliances; gis unknown.
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Assume: p fraction that is above the limit L (fraction defective) and (1 — p) fraction of the lot
below the specified limit L.

Define a constant Kp:

in which f(y) =

K, can be determined from appropriate tables of the normal distribu

Fraction defective p

027(75

From the definition.of K, as well as the figure drawn above it follows that:

L=pu+Kyo Ko, >0
since L is an upper limit.

According to the CISPR, p = 0,2, then K, = 0,84. The test instruction can now be read as
follows:

pX +kSy 2 L/L =pu+Kyo|=1-a

The probability a of a batch with a fraction defective p being accepted gives the consumer's risk.

For CISPR, a=0,2(1-a=0,8 - 80 %) and K, = 0,84.
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To determine the constant k, the expression should be rewritten as follows:

p()_(+kSn =2L/L =,u+KpJ)=1—a'

=pLX_,U_L—,U>_ kSn L:Iu+Kp0'J

a/Nn a/dn a/\n

_X-u L-p
=p U/\/F J/JFSK\/F L:,L[+Kp0'
S, /o

By definition:

n 4 5 6 7 8 9 10 11 12

1,68 1,51 1,42 1,35 1,30 1,27 1,24 1,21 1,20

2.2.2.2 Determination of the sample size n

The producer wants to know the probability of the appliances being accepted and has to know:

p(X +kS, sL/L=p+K,0)

By definition, this expression is equal to B(p), the acceptance probability. The probability
1 — B(p) of a batch with a fraction defective p being rejected gives the producer's risk.



https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

—-20- CISPR 16-3/TR © IEC:2000+A1:2002(E)

This can be rewritten as follows:

u:; >k,/n'z1]=ﬁ(p)

For a lot with the same fraction defective p as in clause 1, S(p) equals a. With p = 0,2, = 0,2
(CISPR values) £(0,2) is 0,2. From the producer's point of view, B(p) should be maximized by
improving the production (a smaller percentage of defective) since [(p) depends on the
defective fraction.

Thefunction

Generally the manufacturer needs an acceptance probablllty as high as 95 y

mathematical representation for the O.C. curve:

\Y)

= p| e
ﬂ(p)—p[m

for fixed n.

In Graph 1, a few curves are given fo a =0, es/it can be seen that in order
to ensure the same acceptance probakilit 5 ge of defectives will increase
with the sample size. The so-called discrmi e operating characteristic curve
increases as the sample size increases an S equals the total number of appliances

to be approved.

2223 Example (se

n =6, we have

A batch of appliates 3 S ording to the 80 %/80 % rule with a sample size
batch lies below th

The acceptance D ob % at p = 0,2 (80 % below the limit). To obtain a greater
acceptance pfobs centage defective p should be decreased. At p = 0,035 (96,5 %
below the lim\t), thée ccpta probability is 80 %. From each 10 samples consisting of six
units takén with\p = O 035 eight samples will on average yield a positive result. At
p = 0,009 it), the acceptance probability is 95 %. In the latter case, the
manufacturer hias to apply a ¢ and o which fulfil the expression y+ 2,4 o< L.

2.2.3 Tests based on the binomial distribution (sampling by attributes)

The~number of defective units ¢ that occur in a sample of size n has to ensure with an 80 %
degree of confidence that 80 % of the appliances produced on a large scale are below a
specified radio interference limit L. An item has to be considered defective as soon as its
radio interference level is above the specified value L.

2.2.3.1 Determination of constant ¢

The occurrence of defective units by sampling a batch of appliances should satisfy the
requirement that the occurrences are statistically independent and not more than one
occurrence takes place at the same moment.
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The binomial distribution is characterized by the fraction defective p of the batch of appliances
being tested and the sample size n.

The probability that a sample of size n has exactly ¢ defective items is given by:

p(x =¢) = (ﬂjpcm -p)" ¢ n, cintegers
c

and that this sample contains ¢ defective items or less by:

C
p(x <¢) = z (ﬂjp"m - p)"™* n, x, ¢ integers
x=0 X

p (x < c) represents the distribution function.

The probability that a sample with size n contains more than
the batch of appliances being tested has the maximum, a ti eetive, hence:

are given in the left-
if a = 0,05 and p =

sample size. <\

AN c [
0 \7\/ 0 13
1 14 1 22
XZ 2 29
AN\ 26 3 36
32 4 43
38 5 50

for a consumer's risk for a consumer's risk

of 20 % of 5 %

Torhave an 80 % degree of confidence that 80 % of the appliances are below the limit ¢ and n
should correspond with the values listed in the left-hand table.

2.2.3.2 Determination of sample size n

Analogue to 2.2, the acceptance probability follows from:
p(x < c/p)= B(p)

If p = 0,2 then £3(0,2) = a = 0,2. The probability 1 — £(0,2) of the batch of appliances being
rejected is 0,8.
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The operating characteristic curve is given by

Bp) = Z(%j p*(1-p)™

x=0

Curves have been drawn in graph 2.

2.2.3.3 Control charts

The use of control charts (3) provides information about the influence of the production

sufficient number of samples can be taken to ensure «
required mean value y and standard deviation o.
fractions of the production may be predicted from th

224 Bibliography
(1]

(2]
(3]
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2.3 Recommendation 46/2: Significance of a CISPR limit

(this recommendation replaces Recommendation 46/1, contained in CISPR 7B)

The CISPR,

CONSIDERING

RECOMMENDS

that the abatement of interference aims that the majority of the appliances to be approved
shall not cause interference;

that the CISPR limits should be suitable for the purpose of type approval of mass-
produced appliances as well as approval of single-produced appliances;

that to ensure compliance of mass-produced appliances with the CISP.
techniques have to be applied;

R limits, statistical

that it is important for international trade that the limits shall be it\the same
way in every country;

that the National Committees of the IEC which collaborate i
seek to secure the agreement of the competent authorities

a CISPR limit is a limit which ig
in national standards, relevant

2 the significance of the limits for typefappro iances shall be that, on a statistical
basis, at least 80 O -pr appiiances comply with the limits with at
least 80 % confidents
type tests can be made:

3.1  on a samplé\of qpplianse with statistical evaluation in accordance with
clause 5 be 4

3.2 for simplicity its clause 4);
subsequeni\te ime on items are taken at random from the production
are nece
in the of ‘eqntroversy involving the possible withdrawal of a type approval,
Wi II'beconsidered only after tests on an adequate sample in accordance
with 8.1 abgye

5 that statisticallydassessed compliance with limits shall be made according to one of
the two/tests déscribed below or to some other test which ensures compliance with the
requirements of clause 2;

5.1 _<test based on the non-central f-distribution. This test should be performed on sample of
not less than five items of the type, but if in exceptional circumstances five items are not
available, then a sample of three shall be used. Compliance is judged from the following
relationship:

Xn, +kS, <L
where
X, = arithmetic mean value of the levels of n items in the sample;
5 N2
Sy :Z(X_an (n—1);

x = level of individual item;
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k = the factor derived from tables of the non-central t-distribution with 80 % confidence
that 80 % of the type is below the limit; the value of k depends on the sample size n
and is stated below:

L = the permissible limit

the quantities x, X,. S, and L are expressed logarithmically (dB(uV), dB(uV/m) or dB(pW);

3 4 5 6 7 8 9 10 11 12
2,04 1,69 1,52 1,42 1,35 1,30 1,27 1,24 1,21 1,20

5.2 test based on the binomial distribution. This test should be performed on a sample of
not less than seven items. Compliance is judged from the condition that the number of
appliances with an interference level above the permissible limit ma exceed' c in a
sample of size n;

5.3 should the test on the sample result in non-compli
5.2, then a second sample may be tested and the

6 Immunity tests

CISPR sampling scheme/
distribution and the other

The binomial distribut{on 'n
should be used @ ,
result that it is o [ i
immunity limit or ng

The non-centr distki thod’is essentially sampling by variables. Hence, this method
is suitable fof amim i in which the immunity level or the level of a signal that is a
measure Qf i df operation, can be determined. The latter level shall be
expresséd i ) i its before applying the non-central t-distribution method.

Subclauyse 6.1 only gives conditions related to the choice of statistical test method to be used
in the~assessment of the immunity of appliances and equipment in large-scale production
after-it has been decided by the relevant Product Committee that a statistical evaluation is
needed. A Product Committee may also decide that a type-test alone is adequate.

In the formulation of 6.1, use has been made of the IEC definitions of immunity level,
immunity limit and degradation, which read

— the immunity level is the maximum level of a given electromagnetic disturbance, incident
in a specified way on a particular device, equipment or system, at which no degradation of
operation occurs;

— the immunity limit is the minimum required immunity level;

— degradation is an undesired departure in the operational performance of any device,
equipment or system from its intended performance.
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6.2.1 Sampling by attributes

When testing the immunity of an equipment under test (EUT), the combination of type of
disturbance signal and type of susceptible part in the EUT might result in damage to the EUT
if the immunity level is exceeded. In such a case, only an immunity test on Pass/Fail or
(Go/No Go) basis will be possible, i.e. a test which verifies only whether the EUT complies or

does not comply with the immunity limit. Consequently, only two test results are possible: the
EUT passes or the EUT fails. The properties "pass" and "fail" are attributes of the EUT, so the
method based on the binomial distribution has to be used.

An immunity test on a Pass/Fail basis is not necessarily associated with damage to the EUDT.
If the test is to be carried out with a fixed-level electromagnetic disturbance, it may ajso‘be
possible to use only the Pass/Fail criterion. Also in this case the samplingmethod based on
the binomial distribution has to be used.

EUT is the testing of telecommunication equipment for immuygj ransienis salsed by
lightning. An example of such a test in view of the f
electroacoustic discharge test on (digital) information technotqg

¢ immunity level or the
ion, these levels will be
sampling by variables. In

e EUT is sufficiently immune, it might
7/ This does not exclude, however, the
ituation is completely comparable with

sure of the EUT to the applied disturbance signal, and
cts during immunity testing. Nevertheless, there is no need
orehand.

sampling b 3 : fer’'example, the demodulated signal when testing several samples of
EUT, say an‘audio squipment, for their immunity to amplitude-modulated RF signals of
constant level and™fréquency. The level of the demodulated signal is then a measure of the
degradation of the EUT. Another example is the bit-error rate when performing immunity tests
on digital communication equipment.
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2.4 Report 59: An analytical assessment of statistical parameters
of radio disturbance in the case of an incompletely defined sample

CISPR Recommendation 46/2 specifies the requirements for the statistical assessment of
series-produced equipment. The assessment is based on the non-central t-distribution and it

+ o ot Ll + Ll | £ NH ootk toad o o H R
TCyUuIrco uidt T aviudl 1TCVUTIo UT T TAUlTuU uroturoudrivct yTliThdiTUu Uy TAull TUYUTPTTITTTIU 1T A
sample is measured. The assessment of acceptability is then made during the mean and the
standard deviation of the radio disturbance levels measured.

In a number of cases, it may not be possible to measure the levels of radio disturbance
generated by all the units of the equipment in the sample because of insufficient sensitivity of
the testing apparatus used. In such cases the available distribution of the values of\radio
disturbance levels (expressed in decibels) is truncated from below, giving a.one-sided and
incomplete determination of the distribution.

Figure 1 shows the probability density function ¢(y ) of a na
disturbance values truncated from below.

Figure 2 shows the function @&();)p), which is an alternativei of 't 3me truncated
distribution.

disturbance values one takes a sample ] e parent population which is a normal
distribution N(ux;o). In this sample ng(< n f ydio disturbance level X < X[, where
XL is the limit of sensitivity | is limit being the point of truncation.
Hence, in a sample of the siz ng units with radio disturbance values

measured. It is possibleo adio disturbance values as the measurements
from truncated digtribug i noationydegree @()p). The ratio ng/n is the assessment
of the degree or

(1)

(o) #(vo)

S = S (2)

{1 ?g(();zo) (VO ) 1?5};()30)] +1}1/2

where
W = (XL — W)l ois a specified truncation point;

@()p) is a value of the normal distribution function
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o(y) = fe 2 ax

2T _

#(s) is a value of a probability density function of a normal distribution

parent population of equipment, which istribution, are determined from the
parameters of an incompletely determified sampieiii ollowing succession:

a) the radio disturbance
measured;

b) the degree of truncati
c) the values ofi

runcation yg are determined from the tables of a
he basis of the known values of ¢>(yo);

statistical parameters of the truncated distribution of measured

from the Sample of equipment of size n are determined from formulae (1) and (2).

NOTE ~An/example calculation is given in the appendix.

The confidence interval of the parameter X with the confidence 1 — a is determined by the
expression:

X -Us|®N oy < x+u.s XN
134 V n 134 V n

where

U, =U gis a quartile of distribution N(0.1);

2
My (yo) is a function of truncation degree determined from table 1.
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Table 1 (relative to Recommendation 46/2)

- 29—

% 30 | 25 | -2 20 | 19 | «18 | 1.7 | —16 | -15 | -14
(%) | 1000 | 1,001 | 1002 | 1,003 | 1,004 | 1,005 | 1,006 | 1009 | 1,011 | 1,015
- 4 S G
sl | 1019 | 1,025 | 1032 | 1042 | 1054 | 1,089 | 1,089 | 1,114 | 1,147 | 1,189
% 03 | 02 | -0 0 0.1 0,2 0.3 0.4 0.5 0.6
mlw) | 1243 | 1312 | 1401 | 1517 | 1667 | 1,863 | 2,118 | 2453 | 2,893 | 3.47a
% 0.7 0.8 0,9 1,0 1.1 1,2 1,3 1,4 1,5 1,6
mw) | 4241 | 5261 | 6623 | 8448 | 1090 | 1422 | 1873 | 24, 33,34 { 44,99
% 17 18 1,9 2,0 N

ulw) | 6113 | 8364 | 1152 | 1597 "\

N

)
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I XTAA)

W

IEC 780/2000

/
@ ()

IEC 781/2000

Figure 2 — The truncated distribution function tﬁ(y, yo)
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Appendix to Report 59

A numerical example is given of the calculation of the average value X and the standard
deviation S of the radio disturbance values in the case of an incompletely determined sample.
In this example calculation, the sample size is six units of equipment (n = 6) The value of

radio disturbance from two units (ng = 2) is below the limit of sensitivity of the measuring
apparatus (X < X).

As outlined in the main text the calculation is performed as follows:

a) the radio disturbance values produced by the six units of equipment of the sample ‘are
measured. These are presented in the table below.

Unit of equipment number 1 2 3

The value of radio disturbance dB 19 23 20<& &@ X< X_

b) The degree of truncation is: W
Ng 2
®(yp) = —% == =0333
(Vo) n 6
3 p of th

ormalized point of truncation is
ynctions The value is: j)p = -0,43

of a normal distribution

nd (4) assessments of the values of the statistical parameters of
gn of disturbance are made

1
n-ng

n-—ny
> X; =20,8dB
i=1

1 n—ng _
s,=|— 3 [x,-x,f| =178
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f) From the formulae (1) and (2) assessments of the values of the statistical parameters of
the complete distribution of the interference values are made.

— _ — Sy
X = XV _ : d 172
- 2\o) [ - 2yo) , VOJ 1
¢(vo) ¢(vo)
X =208 - 7 —
1-0333 (1-0333 o)
0,364 0,364
X =19,4 dB
S = Sy
1+ #(vo) (y
1-o(y,)
S = 1,7
fa 0364 (o0
1-0,333
S=25dB

The sample of equipmen
application of non-cen

)_(+kS<L Q

In this particular nentis 19,4 + 1,42 2,5 < L.
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3 A model for the calculation of limits

3.1 Introduction

A-harmonizedmethod-of-calculationis—an |mnr\rl-9nl- pre. condition-for-the—efficient-discussion

of CISPR limits by National Committees and the adoptlon of CISPR Recommendations.

3.1.1 Generation of EM disturbances

CISPR Recommendations are developed for protection of radio communications and ofien
several types of radio networks are to be protected by a single emission limit.

Most electrotechnical equipment have the potential to interfere with re
Coupling from the source of electromagnetic disturbance to the
installation may be by radiation, induction, conduction, or a cof
anisms. Control of the pollution of the radio spectrum is acge
source the levels of appropriate components of the electro
current, field strength, etc.). The choice of the appropriatg
mechanism of coupling, the effect of the disturbance on
and the means of measurement available.

3.1.2 Immunity from EM disturbances

Most electronic equipment has the pd
EM disturbances.

3.1.3 Planning.a radio
Before planningﬁ)
obtaining a predete :

the probability of
than the mini

PIR(ur:or )2 Rp]=a
where
P[]

R(ur;or\~I1s the actual signal-to-interference ratio as a function of its mean value (xr) and
standard deviation (oRr);

yability function;

Rp is the minimum permissible signal-to-interference ratio;

a is a specified value representing the reliability of communications.

This probability condition is the basis for the method of determining limits.

3.2 Probability of interference

In order to make recommendations to protect adequately the radio communications systems
of interest to the ITU considerable attention is paid within CISPR to the probability of
interference occurring. The following is an extract from ITU-R Report 829.
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3.21 Derivation of probability of interference

The Radio Regulations, No. 160, defines interference as "the effect of unwanted energy due
to one or a combination of emissions, radiations, or inductions upon reception in a radio
communication system, manifested by any performance degradation, misinterpretation, or
loss of information which could be extracted in the absence of such unwanted energy".

3.211 Probability of instantaneous interference

Let

A denote "The desired transmitter is transmitting";

B denote "The wanted signal is satisfactorily received in the absence of ynwaqted energy";

C denote "Another equipment is producing unwanted energy";

D denote "The wanted signal is satisfactorily received in the presen ¢ wanted
energy".

All of these statements refer to the same small-time period. i ¥ definitions,

interference means "A and B and C and D*", where D* i egatiqn or ypposite of D: Let

P(x) denote the "probability of X" and P(x[y) denote the : iwen y". Then, the

(3.2)
It may be preferable to corside ili interference only during the time that the
wanted transmitter is t i i
Q (3.3)
which can be red
(3.4)

3.2.1.2

First, consider gerence between equation (3.2) and (3.4). The probability of interference
can be interpreted™>as the fraction of time that interference exists. In equation (3.2), this
fraction.is-the number of seconds of interference during a time period divided by the number
of seeonds of interference divided by the number of seconds the wanted transmitter is
trapgmitting during the time period. This second fraction is larger than the first unless the
wanted transmitter is on all the time. P(BOA) is just the probability that a wanted signal will be
correctly received when there is no interference, often expressed as the probability that
S/N = R where S is the signal power, N is the noise power, and R is the signal-to-noise ratio
required for satisfactory service. In some services, this probability is called the reliability, and
is often computer when the system is designed. It can be computed if system parameters (for

example, transmitter and receiver location, power, required S/N) are known using statistical
data on transmission loss (for example, Recommendation 370) and statistical data on radio
noise (for example, Reports 322 and 670).
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Many systems, such as satellite or microwave relay point-to-point systems, are designed so
that P(BOA) = 1. In other services, such as long-distance ionospheric point-to-point services,
or mobile services near the edge of the coverage area, P(BOA) may be quite small. In this
latter case, the probability of interference will not be small regardless of the other
probabilities.

P(DOA and C) is the probability that the wanted signal will be correctly received even when
the unwanted energy is present. It can be computed if there is sufficient information about the
location, frequency, power, etc. of the source of unwanted energy. For examples, see the
references in Report 656.

Notice that it has been assumed that P(D|A and C) < P(BOA); that is, j signal can be
received satisfactorily in the presence of unwanted energy, then it cag be-received

P(A and C) is the probability that the wanted transmitter and the.source efunwanted energy
are on simultaneously. In some situations, the wanted transfi f unwanted

but perhaps not zero, because a statio
when it cannot hear the other transmitter-

Similarly, P(COA)
two transmitters a

3.3 Circumstances of interferences

In this pati;ygeneral criteria are laid down for establishing RFI limits. In this case, a distinction
is made-for areas where close coupling exists between noise sources and victim equipment
and.for)areas with remote coupling.

3)3.1 Close coupling and remote coupling

Although an ill-defined borderline exists between areas of close and remote coupling these
concepts are generally used in the following terms.

Close coupling refers to a short distance between noise source and receiving antenna (for
example, 3-30 m) which is the case for residential sources interfering with broadcasting and
land mobile receivers in residential areas. In general, frequencies up to 300 MHz are
considered.
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Remote coupling refers to longer distances, usually 30-300 m, which are normal between
professional or semi-professional sources and receivers as in the case of individual areas.
The relevant frequency spectrum is much broader: 10 kHz to 18 GHz.

For the statements given above, it follows that some similarity exists between closed coupling

Glld nmodal f;c:d |ad;at;un bUIId;t;UIIO UTl thU UTIC halld alld bUtVVCUII IUIIIUtC \JUU}J:;IIH dlld fal f;U:d
radiating conditions on the other hand. However, these concepts do not fully correspond since
at frequencies below 1 MHz remote coupling may occur under near-field conditions whereas
for frequencies above about 30 MHz close coupling may occur under far-field conditions. In
the majority of the practical situations, however, the good correspondence between
close/remote coupling and near/far-field conditions is useful in the evaluation of coupling
aspects.

It should be noted that field strength measurements, which are normahy 3.evaluating
remote coupling characteristics, are actually carried out under neapfield\coxnditions in the
lower end of the frequency range.

(3.5)

t, which is 1 in free-space propagation and somewhat higher
ee-space propagation.

the magnetic or elesiric component with values between 2 and 3.

For this-reason, it is much easier to develop a model for remote coupling conditions than for
close-coupling situations and for conduction coupling paths. Such a model is necessary to
derive emission limits for a general interference environment.

3.3.2 Measuring methods

The mpncuring method is of mnjnr impnrmnnp for the elnnr‘ifir‘m‘inn of an RFIl limit Several

measuring methods are applied and a short survey is given in the following paragraphs. In all
measurements, the measuring instrument is a selective RFI meter (CISPR receiver) as
specified for the relevant frequency range.
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3.3.21 Interference voltage at the mains terminals

In the lower frequency range up to about 30 MHz, the mains network may conduct any
injected RF energy to nearby users connected to the mains and/or couple part of the RF
energy to nearby antennas in the electric, magnetic or radiation mode. Electric or magnetic

LA~ A" \JUUP”"H v IIUGIU)’ dlirticetirido 1T UiTo IIU\."UCIIU)’ Idlluc, MUWTVTT, To TIT TTTUOSL LdoTo UT TITITTuUT
importance compared with conduction coupling through the mains network. Because of the RF
output voltage conduction mainly coupling through the mains network, the RF output voltage
at the mains terminals is used as a measure for the interfering potential of a source in this
frequency range.

This RFI voltage at the mains terminals is measured by means of an artificial mains network
which isolates the source from the mains at RF frequency and which furni§hes~a standardized
RF load to the source. The artificial mains network generally recommegded by\CISPR is a

for the radiation
capability of the source.

3.3.2.2 Interference voltage at the signal terminal§

e _of imperfect screening. These
Quple energy by inductive or radiation

on the outer surface of the screen of a screened cable
ote antennas depending on frequency, length and
€. This is particularly important at VHF and UHF in which
ad of the appliance has a length which is in the order of a half

with the interference power that can be radiated from the external lead of the appliance.

The main*part of an absorbing clamp is a ferrite cylinder clamped around the disturbance
carrying lead which attenuates conducted asymmetric currents by absorption. At the input end
ofthe cylinder a current probe is fixed.

The ferrite cylinder operates as an isolator for RFI signals between mains and noise source
and offers a specified, resistive impedance to the lead at the position of the current probe. So
the output voltage of the current probe is a measure for the RFI power entering the absorbing

clamp.

The device is clamped around the lead under test and moved along the lead to a position of
maximum output reading. This operation actually adjusts the determination between source
impedance and clamp input impedance (maximizing the RFI output power) through the
variable lead section between source and clamp.
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Under this condition the RFI power conducted through the mains lead and measured by
the absorbing clamp is a good measure for the disturbance potential. If the dimensions of the
source are not small compared with wavelength, a larger part of the RFI energy will be
radiated directly and the absorbing clamp measurement is less reliable.

Bcuauac bluadballd dietU|ba||uc ;D, ill HUIICIG:, Uf :UOO ;Illpultallbc at I‘IC\.'UCII\;;UD dbUVC
300 MHz the absorbing clamp was originally recommended for the measurement of small
appliances in the frequency range 30 MHz to 300 MHz. There is, however, a tendency to use
the absorbing clamp in the frequency range up to 1 000 MHz.

The use of the clamp is restricted at the lower part of the frequency region because of the
poor absorbing characteristics of the ferrite material. It is therefore recommended - for
frequencies above 30 MHz.

3.3.24 Field-strength measurement

The unwanted field strength produced by RFI signals is Iikely
criterion for the interference potential of an RFI

the ground (influence

fields. It also redugces
drawbacks can
above 30 MHz.

In order to reddce the effect of surrounding reflections in field-strength measurements, the
source under test i¥ replaced by a radiator of specified characteristics and an adjustable
output level (usually a dipole connected to a calibrated RF generator) to produce the same
field strength under equal environmental conditions. The RFI of the appliance is expressed as
thelequivalent power radiated from the substitution radiator. This method is often used at
frequencies above 1 GHz.

3.3.2.6 RFI power measurements with a reverberating chamber

Tha ravarbaratinaga chamhar mathnd ic accantiallyy o radiatinn crihetitiitinn mathnd incida o
—He—everseatig—ease—metnoa—15—eSSehtaty—a—aaRatHeR—SHeStHtuHer—hRemeea—hSiae—

screened cage and is used in the microwave frequency range. By using rotating reflection
plates, the standing wave patterns inside the cage are continuously varied in such a way that
the time averaged field strength is nearly independent of the position inside the cage.
Therefore, the source under test and the substitution source need not be at exactly the same
position and the calibration procedure for the radiated power is much simpler than in the
normal substitution method.
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3.3.2.7 Frequency considerations with respect to measuring methods

As indicated earlier, the radiation of a device and the conduction and radiation of connected
cables, particularly the main cables, depend on the size of the device and of the cables
compared with wavelength (frequency). The following table gives a general survey of the
usefulness of various measuring methods with respect to the frequency bands (subdivided
according to CISPR Recommendations). It should be noted that the frequency ranges are only
for indication and the quoted valuation given for guidance.

Table 1 — Guidance survey of RFI measuring methods

Frequency Terminal Asymm. Absorbing Field Subst. Reverb!
MHz voltage current clamp strength radi}t—ien\ chamber

0,01 - 0,15 + + _ 0 /\(_ _

0,15 — 30 + + - 0 \ - K -
30 - 300 - 0 ¥ ¥ A% -
300 — 1 000 - 0 0 + < \ -
Above 1 000 - - - /,\\ \\ +\ +
where \ \)

+ = to be recommended;

0 = usable;

— = not normally usable. /\(X (\
O

3.3.3 RFI signal waveforms and asso tr

iated
An important aspect is tk W is

ncy channels the spectrum (frequency
pared with the waveform (time domain).

Therefore the follpwing
Narrowband RFI e;f 3 he disturbance signal occupies a bandwidth smaller than
the radio channe easuring receiver. The disturbance spectrum may

consist of a sing gd by a sinewave oscillator of medium or high RF power
(ISM equipmg r (electronic circuits, receiver oscillators). The oscillator could
be modulated egdency. Oscillator frequencies can be generated over the entire

— Narrowband™RFI fpom a broadband spectrum — Pulse waveforms derived from a digital
clock coscillator ~contain discrete harmonic frequencies in a wide frequency range
(broadband spectrum) For fundamental (clock) frequencies appreciably higher than the
bandwidth of the radio channel, not more than one separate spectral line can coincide with
the radio channel and such a spectral line is considered as narrowband RFI.

=)' Continuous broadband RFI - Gaussian noise generated by gas discharge devices
(lighting) produces continuously a flat spectrum during the operation of the device.
Repetitive pulses produce a wide spectrum containing various discrete spectral lines. At
repetition rates much lower than the radio channel bandwidth many spectral lines occur

—withi thechanmmet{broadbanmdRF);, forexampte;, putsederivedfromrthe maimsfrequency —————

(commutator motors, thyristor voltage regulators).

The frequency curve of repetitive pulses decreases above the transition frequency (the
reciprocal of the pulse width) at 20 dB or 40 dB per decade, dependent on the pulse
shape. Continuous broadband interference is considered by CISPR over the frequency
range 150 kHz to 300 MHz.
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— Discontinuous broadband RFI — Switching operations by means of a hard contact (spark)
generates short bursts of noise. Short-duration bursts of RFI cause less severe inter-
ference effects than long-duration bursts depending, however, on the average repetition
rate of the bursts.

For this reason CISPR allows a relaxation with respect to the limit of continuous

mterference for stortburstswitha duratiom of tess tham 200 s and-withra repetitiom rate
N of less than 30 clicks per minute. This relaxation factor equals 20 log 30/N. The
frequency spectrum of such clicks is not essentially different from that of continuous
broadband interference.

3.3.4 Characteristics of interfered radio services

The characteristics of the interfered radio services with respect to RFI afe very impertant as
well. The main radio services in residential areas which suffer from RE{ are hroadgasting and

and FM (stereo) sound broadcasting between 64 MHz and 108 ATV broadsastinbg uses
various channels in the range between 50 MHz and 900 MH i igral being
modulated in AM-VSB and the sound signal in either AM or F depe i V standard
in use. Broadcasting also takes place in the bands between/14 3

In residential areas with private receiving antennas Qm noise sources and
from mains cables is of major importance. Broadcas ted through a cable

distributed to all subscribers.

Satellite broadcast signals in the 12 ; enerally not disturbed by broadband
sources because of the I|m|ted frequ broadband sources. The risk mainly

receiver.

The annoyance o t e ig gends on the RFI waveform. Narrowband and
broadband sour i 6f annoyance. Subjective tests have shown that
for equivalent subje S arrowband RFI should be of significantly lower

amplitude than brgadh gak measured) in the 0,15 MHz to 30 MHz range
The influenc ate of rapid pulses in a broadcast channel is accounted for in
the quasi-pea ristic, the effect of low rate pulses (clicks) by the 20 log 30/N

in a more favo rable position with respect to RFI signals than the mobile antenna because of
its higher locatiom Mobile antennas on the other hand change their position continuously and
are therefore’less vulnerable to stationary noise sources.

Broadcasting and mobile services may be interfered by narrowband sources as well (ISM
equipment, data processing equipment, receiver oscillators, etc.). The radiated RF power from
ISM equipment may be several orders higher than the level from broadband sources although
the distances between those sources (industrial areas) and the victim receivers are normally
longer. The disturbing energy, however, is mainly concentrated in a very narrow frequency
band. For this reason a number of frequency bands is reserved for typical ISM applications.

Other professional radio services (navigation, fixed services, satellite and microwave
communication) are, in general, less vulnerable to radio interference because of the use of
higher frequencies (greater than 1 000 MHz in which broadband interference is negligible)
more favourable antenna locations, sophisticated systems (modulation, coding, antenna
directivity) and technology (screening, filtering).
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3.3.5 Operational aspects

Noise sources in residential areas mainly consist of mass-produced devices for domestic and
sometimes for professional use. Such appliances are tested according to statistical
procedures which implies that a restricted percentage of p per cent fulfils the limit with a
limited confidence g per cent. Small batches reduce the figures p and g and CISPR

recommends a value for both p and g of 80 per cent (80 %-80 % rule). The rule is in general
adequate to protect non-vital radio services like broadcast and most land mobile
communication.

For critical or safety services, however, a much higher degree of confidence is necessary.
The actual annoyance in an interfered radio service not only depends on the RF| field
strength, but on the wanted signal level as well. The radio of wanted-to-yawanted input level
which procures a specified quality of performance is called RF protectign ratios_The*wanted
signal level depends on the natural noise level which may be much R Re receiver
noise level, particularly in the lower part of the frequency range.

3.3.6 Criteria for the determinatiop of limits

3.3.6.1 Remote coupliy

(see figure 15) was.deb
the tuned chan
protection ratio isde

radio service with the
be different.

From this protectio NE i0 8
strength to protected)\ the “acceptable disturbance field strength at the receiving antenna
eans that different types of modulation of the disturbance field

with the use-of an estimated or empirical propagation factor, the acceptable disturbance field
strength at“a specified measuring distance is calculated. Next some additional factors should
be intfoduced for the screening factor of buildings and for the probability of actual interference
under-operational conditions. Such a probability factor should take into account statistics of
antenna directivity (in the direction of the wanted transmitter and of the interference source),
distance variations, propagation variations, time coincidence, etc.

The final result of this procedure is a calculated limit which is a good basis for an operational
limit gllaranfpping that the requirements of the protection ratio is met on a statistical basis

(x % of the actual cases). It should be noted that reliable statistical values for most of the
parameters mentioned above are not (yet) available and that in those cases rough estimations
are used.

Moreover the interfering effect of out-of-band signals is more complex because of the
selectivity and non-linearity characteristics of the receiver which can differ from case to case.
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3.3.6.2 Close coupling

A simple model for close coupling situations is given in figure 16. The noise source is
considered as an RF generator with an e.m.f. Ug and an internal impedance Zg for each mains
connector/earth combination (for simplicity only one mains connector is shown). The mains
network is connected between the noise source and the interfered receiver. The mains net-

work offers an RF-impedance Z,, to the source and transfers the energy from the noise
source to the mains input of the receiver.

In addition, part of the conducted RF energy is propagated as a magnetic and electric field:
For the close coupling situations generally, near-field conditions exist (ratio electric/magnetic
component undefined).

Two coupling paths exist between noise source and receiving antenna:

a) the path of disturbance conducted along the mains network,
the receiver and the coupling between supply circuit and ante
receiver;

-voltage) to field strength at the antenna. It
is, however, mo ; factor as the ratio of the RF-voltage injected
into the mains and th ntenrq output woltage (for a specified antenna). This factor is known

as the mains decdupg : . ause of the wide spread in actual situations, extensive
statistical material1 found™abasis for limits derived from mains decoupling factors
Another statigtica encalculation of limits in this concept is the variation of the RF-
impedancg_ak the mains i . Although individual decoupling factors are determined by

the meagured g i pendent of the actual mains impedance, the interference limit is
defined fora ated impedance (artificial mains network impedance), in order to
get reproducibley measuring results during tests. If a noise source is coupled to an actual
mains network theload impedance of that network varies from location to location and from
time to time. This aspect should be considered in deriving a limit from mains decoupling
measufing data.

33:6.3 General

The derivation of limits from a hypothetical model requires the introduction of various
experimental data in such a model. As these data, as pointed out earlier, are based on
statistical measurements under different actual circumstances, the usefulness of such data for

general application Is often debatable.

On the other hand, the implementation of suppression measures should be considered on
physical, operational, manufacturing and not in the least on economic aspects. Therefore the
model should be used as a worthwhile starting point but the final limit value is often the result
of an agreement between parties involved after extensive considerations and negotiations.
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3.4 Basic model

This section contains the basic mathematical model used. The start-up point is the sup-
position that there is an identifiable probability inequality to be satisfied, and the assumption
that the parameters obey a lognormal distribution.

3.41 Generation of EM disturbances

From the mathematical point of view any limit must be calculated with the provision that
the inequality

z=xly=1 (376)

is satisfied with some probability a.

If in (3.6) x and y are random values with log-normal distribution k B) and with
parameters ty (dB), f, (dB), ox (dB) and oy, (dB) will hayesa istribwtion with
the parameters

H= Hx — Hy
1/2
o = o2 + 02
In this case
(3.7)
Solving (3.7) relative to L
(3.8)
Q (3.9)

tion, corresponding to the probability level a.

The CISPR Mk ed for some quantile fz in distribution of probabilities of the

value x or éstablished, in such a way that the following equality is true:
Ly = px + tgoy (3.10)
Ly = py - tgoy (3.11)

where fg is a quantile for the probability level .

Substituting (3.8) into (3.10) and (3.9) into (3.11)

Ly =ty + tao + tp0x (3.12)

Ly = py—tqo+ tgoy (3.13)

one is enabled by the expressions obtained for the calculation of limits for different
parameters, which ascertain the radio reception quality.
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3.4.2 Immunity from EM disturbances
The inequality (3.6) has the form:

xly 21

where

X is a parameter of receptor immunity;

y is a parameter of electromagnetic environment in respect to which the immunity limit is
established.

If the values X (dB) and Y (dB) are satisfactorily approximated by norm istributiens* with

parameters Ly, O, ly, Oy then

1/2
o= [af + 02]

Z (3.14)

In this case, according to (3.12), the equation for the calculat
has the following form:

unity limits

2 2]1

Ly=py +tq |ox + 0Oy (3.15)
3.5 Application of the basic model
3.51 Radiation coupling
This section adapts the basic model forthe case ¥ g it is wished to protect a radio service

OH[CE isturbance to the radio antenna. The
pre sed in terms of the wanted signal, the
nd\the aptenna gain, as follows:

when there is radiation coupling from
actual signal-to-interference_ratio
disturbing signal, the propagatio

R = Ew (tw:ow) + Gullg
where

E, is the actual
standard de¥i

G; is the _actual value of the antenna gain for the disturbance signal as a function of its
mean\value (x$j) and standard deviation (og;j);

Lo is-the actual value of the factor which takes account of the attenuation of the
disturbance field strength when it is propagated through free space without obstacles as
a function of its mean value (14 o) and standard deviation (ogj);

Ly is the actual value of the factor which takes account of the attenuation of the
disturbance field strength caused by obstacles in its propagation path as a function of
its mean value (Y4 p) and standard deviation (oip).

It is assumed that all the variables on the right-hand side of equation (3.16) obey a normal
distribution law, then the distribution factors are related as follows:

HR = M + How — i — HGi + Mo + Hp dB (3.17)

2 _ 2 2 2 2 2 2
OR =0y +0g, +07 +og +0/, +4, (3.18)
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With a normal distribution law the reliability of obtaining the preset quality of service can be
expressed by the following function of the normal probability-distribution:

@ [~(Rp — 4iR) | O] = (3.19)

therefore: UR = Rp + ta0R (3.20)
where t; = @1 (a)

By combining equations (3.17), (3.18) and (3.20) an expression is obtained for the permissible
mean value of the disturbance field strength at a preset distance from the source’ of
disturbance:

,Ui:ﬂw’fﬂew—ﬂei"ﬂl_o+ﬂLb—Rp—ta[U\%+UGW (3.21)

The mean value of the disturbance shall be below the limit, and i follows:

(3.22)
where
E is the limit for disturbance measured
t, is a normalized argument of the distributig ction, which) corresponds to a probability
level of compliance with the limits.
The free space attenuation factor (
(3.23)
where g
r is an average
d is the specified
x is the exponen i ines the actual free space attenuation rate.
Combinip .22) and (3.23) the limit is given by:
5 = Hw t How — Hai t 20 logqo [¥/d] + tip — Rp — th 0
~taloy + 05, + 07 + 07 + 05+ 0, + ey, ]2 (3.24)

CISPR Recommendation 46/1 (see 2.2) specifies that 80 % of series-produced equipment
should meet the disturbance limit, and that the testing should be such that there is 80 %
confidence that this is so. For these conditions t, = 0,84.

3.5.2 Mains coupling

The required quality of radio communications is considered to be fulfilled when the probability
that the actual signal-to-disturbance level is greater than the minimum acceptable value
exceeds a specified value. That is
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P(R>Rp) 2z «a (3.25)
where
R is the signal-to-disturbance ratio;
otha oainmina ton S~ A abla ciona Il to-dich rbancc rat:c

™p S—tRe—Ruh uuuuyl.uulu \Jlt’llul to—-aiStd

a is a specified value representing the reliability of communications.

The relationship between the signal-to-disturbance ratio and generated electromagnetic
disturbance is:

R=V,-V,+K dB (3.26)

where

Vw is an effective value of wanted signal at the receiver input;

Vi is a value of a specified component of the electromagnefic d| of voltage,
field strength, power, etc.) measured in a specified S acifi uipment (i.e.
a quasi-peak detector);

K is a decoupling factor defined as a ratio of V; t0 an effestive” value “6f electromagnetic

(3.27)
where
Ky is a mains decoupling fastor rela asdred at the source (by an artificial mains
network) to a value of disturbé
/ is a mains /Mmmuqi tm a alue of disturbances at the mains mput to an
equivalent K input of the receiving
installation, Wg ¢

It has been estaBlished eri that probability distributions of V,, (dB), V; (dB) and K
for arbitrarily~s : hance sources, radio receiving installations and distances
between the ted by a normal law.

Ei(p) = L a(reliabitity of guaranteeing a radio reception which has a quality R > R, would be
equal to the specified value .

1/2
Lor(Vi) = Ugw + Uy + Rp + ty0ki — t, |02, + 02 + 02 (3.28)

U, ¢ are expectations/variances of corresponding components; t, = @1, th = @1 are
arguments of a normal distribution function which is equal to f, and p, respectively.

For series-produced articles CISPR recommends that p = 0,8; then f, = 0,84. A value of ris
selected between 0,8 and 0,99, depending on a type of a radio network (radio broadcasting,
air navigation, et al). When 7= 0,95, then t, = 1,64.
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It has been found experimentally that ok is the most significant factor. A change in the value
of g with an equivalent change in the limit for E; results in no variation from the specified
quality and reliability of radio performance. Therefore, limits are calculated for equipment
located in similar conditions relative to radio receiving installations of a given radio network.
For instance, in order to protect a broadcast reception in dwelling houses, it is enough to

consider two groups only:

— equipment located in dwelling houses or connected to their supply mains;
— equipment located outside dwelling houses.
The second group, on the basis of economic considerations and separation distance, is

divided into the following subgroups: power lines; electric transport; motor vehicles; industrial
equipment located in an assigned territory; etc.

3.6 An alternative method used for ISM equipment
3.6.1 Introduction

The purpose of this clause is to review studies made for the
protection of telecommunications from interference from |

3.6.2 Derivation of limits

The full range of parameters to be take
table Il together with the major services
the calculation of limits.

of ISM equipme
attenuation law
support is essential.

values to each parameter,/ for example, field strength to be protection, protection ratio, etc.,
worst-case limits for \protecting the various communication services from interference from
ISM equipment may _be determined. However, a model which is based on worst-case para-
meters is‘both technically and economically unrealistic since it ignores the fact that there have
been very'few instances of interference attributed to ISM equipment. It is therefore critical that
the experience in this subject should be taken into account. Thus, the benefits of worldwide
expeérience in this subject can be included although it is recognized that the probability can
only be an estimate at present because so many complex factors are involved as shown in
3.7.2.3. Determination of numerical values of the probability for the various services is
urgently required and studies are being undertaken in several countries.

3.6.2.3 Probability factors

Probability of coincidence of adverse factors:

P:P1XP2—>P10
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where

P4

P>

is the probability that the major lobe of the ISM radiation is in the direction of the victim
receiver;

is the probability of directional receiving aerials having maximum pick-up in the direction
of the disturbing source;

P3
Py

P10 is the probability that buildings provide attenuation.

is the probability that the victim receiver is stationary;
is the probability of ISM equipment generating a disturbing signal on a critical frequency;
is the probability that the relevant harmonic is below the limit value;

is the probability that the type of disturbing signal being generated will produce~a
significant effect in the receiving system;

is the probability of coincident operation of the ISM source and the recei

is the probability of the disturbing source being within the distance g
is likely to occur;

is the probability of coincidence of limit value of ISM radiatio
condition is for the protected service;

ing system;
\interference

ice area

&
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Table 2,— Tabulation of the method of determining limits for ISM equipment 0,150 MHz to 960 MHz
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Table 2 (continued)
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3.6.3 Application of limits

The CISPR has traditionally adopted the view that there should be only one limit for each type
of appliance. This approach has in the past had considerable merit, but is becoming
increasingly difficult to sustain. Thus, it has been found useful to introduce several classes of

D44\
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Annex 3.6-A

Summary of proposals for determination of li

3.6-A.1 Experience approach

sed, regulations may require an ISM user to cease operations until
the interference is abated;

iii) regulations based on the licensing of apparatus of this category.

Thes€ Yapproaches on their own satisfy neither the ITU/CISPR criteria for avoidance of
intérference nor the CISPR requirements for avoidance of technical barriers to trade. User
limits would probably, in any case, be quite unacceptable in a number of countries as they
place the user in an unfavourable position legally, financially and technically.

User regulations in conjunction with manufacturer regulations are a different matter. In these
the user may be required to maintain suppression to the standard of new equipment and his

financial, legal and technical obligations are therefore clear.

Examples of limits which are in use for user-only regulations are those in force in the United
Kingdom for industrial radio-frequency heaters in the frequency range 0,15 MHz to
1 000 MHz. These broadly conform with the present CISPR limits with a provision of a 10 dB
more stringent limit where interference is caused to safety of life services.
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Other examples are the USA regulations which take the form described in item ii) and the
German regulations which take the form of item iii). In the USA the limits are considerably
less stringent than those recommended by CISPR.

3.6-A.3 Calculation of limits on a worst-case basis

This method of arriving at limits is intended to provide a high degree of protection for all
radiocommunication services. Limits are calculated using minimum values of field strength to
be protected, high values of protection ratio, maximum coupling between disturbance sources
and radiocommunication receivers, and minimum values of attenuation with distance of~the
disturbing signal.

society of the adoption of such limits, however, would be high and i
present technology, to continue to operate many electrical devices
the welfare and heath of the human race.

3.6-A.4 Statistical evaluation approach

es~Will
a and users of electrical equipment that
ations’ ate peing correctly taken into account.

9,
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4 Technical reports

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

made-with-C1SPR-apparatus
411 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 equip-
ment in international trade.

tlon between
a given
ommuni-

The basis for establishing limits is that of providing a reasonably good(corre
measured values of the interference and the degradation it pro
communications system. The acceptable value of signal-to-noise ratio

The purpose of this subsection is to analyse the dependehce o \\ ~
parameters of the measuring equipment and on the waveformy ofthe-measuored interference.

4.1.2 Critical interference measuring instr

The most critical factors in deter

For purposes of discussi
impulse, random and gi
bandwidth and t
the impulse stre

ib table 4.1-1. In this table, ois the magnitude of
dwidth, Af., is the random noise bandwidth, P(q)

is the pulse responsg tHe Sl detector, fpr is the pulse repetition frequency, and E'
is the spectral a ' € noise. The relative responses of various detectors to
impulse interference o i ent are shown in figure 4.1-1

Table 4. 1 1 dence of the noise meter response on bandwidth is different
for all t texferehce. If the waveform being measured can be defined as being

waveform, tF B sing“the substitution method, a satisfactory calibration can be obtained

n{ with adequate overload factor independent of its bandwidth. Thus, with a
purely randem interference or a purely impulsive interference of known repetition rate,
calibration“can be made using a corresponding source, or a correlation factor calculated on
the basis of known circuit parameters.

If @-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 upon
the bandwidth and other characteristics of the instrument being used for the measurement.
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4.1.3 Impulse interference — Correlation factors

The quasi-peak detector response of any interference measuring set to regularly repeated
impulses of uniform amplitude can be determined by the use of the "pulse response curve"
which is shown in figure 4.1-2. This figure shows the response of the detector in percentage of
peak response for any given bandwidth and value of charge resistance and discharge resistance.

Applying this curve, it should be noted that the peak itself is dependent upon the bandwidth,
so that as the bandwidth increases, peak value increases, but the percentage of peak, which
is read by the detector, decreases; over a narrow range of bandwidth, these effects tend to
counteract each other. The bandwidth used in this curve is the 6 dB bandwidth, which, for the
passband characteristics typical of most interference measuring equipment, is about 5 % less
than the so-called impulse bandwidth. A theoretical comparison of instruments having various
bandwidths and detector parameters with the CISPR instrument is shown infigure 4.1-3.

The response of the average detector to impulsive noise is an interesting\case. The.reading of

hand it has been shown

. Knother advantage is that the r.m.s. detector makes a correct
produced by different sources, for example, impulsive noise and

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
neededWwhen using very wide-band instruments for measuring impulsive noise, limits the use
of km: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 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.
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4.1.7 Application to typical noise sources
Commutator motors

The noise generated by commutator motors is usually a combination of impulse and random
noise. The random noise originates in the varying brush contact resistance, while the impulse

noise is generated from the switching action at the commutator bars. For optimum adjustment
of commutation the impulse noise can be minimized. However, where variable loading is
possible, measurements have confirmed that for the peak and quasi-peak detectors, the
dominant noise is of impulse type and the random component may be neglected. While the
repetition rate may be of the order of 4 kHz, the effective rate is lower because the amplitude
of the impulses is usually modulated at twice the line frequency. Hence, experimental results
have shown that quasi-peak readings are consistent with bandwidth variations if the repetition
rate of the impulse is assumed to be twice the line frequency.

Impulsive sources

Tests on an ignition
regulators showed rea

but with time constant
scale. Deviations

was obtained on so

of the actual itregularity of the amplitude and wave shape of such impulses.

Noise fromhigh-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).

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.
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4.1.8 Conclusions

Analysis of data comparing the responses of various instruments shows that it is possible to
explain in almost every case the differences in measured values on the basis of theoretical
and practical considerations. In many instances, it is indicated that waveform characteristics
are known to predict correlation factors adequately with an accuracy of 2 dB to 4 dB.

Further studies are needed

a) to characterize in some detail the waveforms of various sources of interference, and

b) to correlate these waveform characteristics with measured values and the instrument
parameters.

Table 4.1-1 — Comparative response of slideback peak, quasi-peak and average
detectors to sine wave, periodic pulse and Gaussi?r\ ve@\

Detector type/\ \

Input waveform Slideback peak Quasi-peak:1/600 iel interki& \ \/RMS

(sb) (ap) [\q ragel

CW sine wave et e k\ \ e

Periodic pulse (no 1,41 JAf, 1,41 3 A P(Q)* 41%&() |
overlap) " Imp/\ £7 N M0 Ve
Random ++ - /\1\{5 m}v 0 foE' Af B

1 e is the r.m.s. value of the applied sine wave.
*  P(a)is given in figure 4.1-2.

E' is spectral strength in r.m.s, volts/hertz bandw

+
++
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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

nrocessinain svetame and agauinmant in thg nraocaoneca Af intarfaranecg (far gvamnlag avgr
FO-E8SSHg—H—SyStohs— GHpHeRt—H— pPreSeH o+—HteHHe+e+H o+ > P -0+

ot

loading of receivers, synchronization of TV receivers, error rate of data signals, etc.) and for
assessment of the annoyance caused by disturbances in broadcast and communication
services.

A simulator should produce a stable and reproducible output signal, which requirement is
normally not fulfiled by an actual interference source, and the simulator output waveform
should show a good resemblance to the actual interference signal.

4.2.2 Types of interference signals

The following interference sources can be simulated.

b) Broadband interference sources producmg
gaseous discharges and corona. Fo

the actual noise signal can dewat
waveform. In this case
the mains frequency ca

at random time intervals; if the average interval between
the reciprocal of the channel bandwidth under test (15, < 1/B)

The duration/and thé repetition frequency of the bursts depend on the type of interference
source (See table 4.2-1).

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

Mechanical contacts produce bursts (clicks) which can vary between some milliseconds
(snap-off switches) and more than 200 ms. In the case of a contact device in a mains-fed

circuit, the noise during the burst is modulated with the full-wave rectified mains voltage.

Commutator motors produce much shorter bursts with durations between 20 us and 200 us 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,®
Gaseous discharge Continuous mes/no 0
Ignition 20-200 ps 30-300 bursts/s N aN \N\o
Switches 5-500 ms 0,2-30 bursts/min or si(@& \\Qs/}o\
Commutator motors 30-300 ps 10%-10% burs \@M
@ Depending on a.c. or d.c. supply. \ \/
b In the case of mains modulation, gating at a repetition frequency 2, @ atewidth of\] ms to 2 ms may be

more appropriate.

bandwidth for the entire circuit betweeg i S rminal. The most critical

part in this respect is the high-gain arplifier: ications i wide frequency range (for
example, 0 MHz to 1 000 MHz) such aange in several smaller ranges or a
tunable amplifier may be used. Such ad pl|tes the construction of the simulator
appreciably

Another way to produce a al is given in the diagram of figure 4.2-2
In this design, nanosgspond\pulses—a erated in the output stage, for example, a step
recovery diode or sim avice. ese pulses of constant height are triggered at random
time intervals a ta ition rate to cause overlap in the RF channel

under test in or
repetition rates of a{

ive noise in the output of the channel. Average
gquired for measurements in a TV channel of at least
annel and of at least 10 kHz in an AM channel. The

random occurrence of th Ses is obtained from the zero crossings of a broadband
signal. For this purpos < put of a noise source is fed to an appropriate amplifier which is
followed b i burst simulation. The gated noise signal is fed to a bistable
multivibrato ects the zero crossings into pulses of random varying width from

which na bR random distances are generated by the monostable
multivibrator.

The advantage of this system over the circuit of figure 4.2-1 is that the usable frequency
range-is_determined by the output pulses of the step recovery diode only. An example of such
a cincuit is given in figure 4.2-3, in which circuit output pulses are generated by the step
recovery diode HP0102, the pulse width is determined by the length of a short-circuited
coaxial cable L. Ringing effects are suppressed by the fast switch diode HP2301 and mains
modulation can be effected simply by modulating the supply voltage of the step recovery
diode with a full-wave rectified mains voltage. Pulses of 1 ns duration and 5V amplitude are
applicable and offer an output spectrum flat to about 500 MHz. Such a single pulse causes a

50 mV pulse in a TV channel and a T 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 U, T IS) 10 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.

@%
E
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Figure 4.2-1 — Block diagram and waveforms of a simulator generating noise bursts
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Figure 4.2-2 — Block diagram of a simulator generating noise bursts

according to the pulse principle
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4.3 Relationship between limits for open-area test site and the reverberating chamber
4.3.1 Introduction

At present there are limits for use with the open-area test site method of measurement

snacified in-several CISPR nubhlicatione Eaor aauinmant which can hg maoacurad 1icina thg
SpecHea—h—s8\Vetar o P RS—64 gtHpHeh+—WHeR—6eah—o ReasHHea—usSHig—he

reverberating chamber method, a procedure is required to relate the limit to be used with
the open-area test site limit. The procedure is described in this report.

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

The open-area test site measurement sets out to find the maximum levet ofadiation of the

density at the measurement antenna, or of the power into an antenra in $ itttion of the
EUT, the measured results can be expressed in the equivalent, radia erfrorm_a half-
wave dipole. Let this equivalent radiated power be Pq dB(pW).

The reverberating chamber measures the total radiated pow the measured

power be P; dB(pW).

The two measurements are related to each other Wy thengaj th IT as a radiator with
respect to an isotropic radiator. Let this EUT gai 2 . lationship is given by

(4.3-1)

4.3.3 Limits for use with the reve

Consider the case of an | e limit, L,, when measured in the open
area test site, i.e. Pq =

This EUT shoul ki QN tf orfesponding limit, L;, when it is measured in the

reverberating chantb

From equation (4: ate the two limits as in equation (4.3-2).

L=Lg+2-G (4.3-2)
The value 0 nt not only on Ly, but also on G. Since G will not be the same for
EUTs, it is not\pe ¢ to set L, to treat EUTs in a manner identical to the effect of L. If say

L, = Ly, thenlit is corfrect only for EUTs with G = 2. EUTs with a G greater than 2 will find it
easier to\pass the reverberating limit, and vice versa.

It is¢necessary to determine the value of G. This can be done from measurements of Py and
Ri{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 Py and
P;:. It can be seen that
— 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.
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On this evidence, the reverberating chamber can be related to the open site. It appears, in
fact, to be a more effective method in the ability to measure a quantity representative of the
maximum radiation.

4.3.4 Procedure for the determination of the reverberating chamber limit

The procedure is as follows.

i) Measure a sample of equipment for the maximum radiation on the open-area site. Convert
the measured quantities to the equivalent power from a half-wave dipole. Call this quantity.
Pgq, in dB (pW).

ii) Measure the same sample in the reverberating chamber for total radiated power. Call this
quantity P¢, in dB (pW).

iii) This relationship between the reverberating chamber limit and the gpg

methods, and applying equation (4.3-2).

&



https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

CISPR 16-3/TR © IEC:2000+A1:2002(E) —-69—

Annex 4.3-A

Derivation of the formula

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

e=B0xpxg)l2/d

Thus, for two antennas, with gains g1 and g, and input powers p4 and po
field strength at a point at the same distance in the direction of maximu

oducing the same

p1 % g1 = p2 X go, or, in log form, Py + G4 =P

and, in the case given in 4.3.2, P1 = Py and G1 = G; Py = erefore the

relationship is

Pt"'G:Pq"'

) N
O

3
Wk

0 10 20 30 40 50

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

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 gives
rise to a base-band signal which may become audible in the telephony system. An important
class of RF-field sources is formed by AM broadcasting transmitters in the , MWdand SW
bands.

Because of the relatively small dimensions of TTE (compared o he ength\ of the

lines is expected to be the dominant disturbance source. T gd-immunity
test (current-injection test) is relevant for this equipment. | i e hce signal is
applied via the telecommunication lines. As a conseqt
characterization of the unwanted antenna properties~©

prediction models supplying information about the proba cerbain parameter values
will be met in practice. Moreover, it discusses the para ichwdre of relevance when
specifying the disturbance source used. in the | i he\various considerations will

subscriber lines i.e. the induced asymmetrieal ope it voltage normalized to the RF field
ed/asymmetrical source. The prediction
, Jaification ORAR

This repoyti 3 of experimental investigations carried out on buried telephone-
i i [6] [7] and in the Netherlands [8]. In these investigations induced-

locations, permifting 8 statistical evaluation of the parameter values. A statistical approach
was needed, Jas the f€lephone lines have random routing in the buildings and, consequently,
random orientation with respect to the RF field have random coupling with nearby metal
objectsy’while the buildings cause a random scattering of the RF fields.

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

4.4.2 Experimental characterization

A full description of the experimental characterization has been presented in [7] [8].
Therefore, this section contains only a summary of this method with regard to the parameters
needed in this report.
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The induced asymmetrical voltage was measured at the outlet of a telephone-subscriber line
using a modified T-network [9] [10]. As a result of this modification, a voltage Uy could
be measured across a 10 kQ resistor and a voltage U, across a 150 Q resistor. The
investigations showed that U, can be considered as the induced open-circuit voltage. In
practice, the reference for this voltage is generally unknown. During the measurements that

TETETENCE Was a Special metal measuring cart connected via a copper strap to the central
heating system (CH). The equivalent resistance R, of the induced source is estimated from
data pairs {U, U}}.

At each location two magnetic-field-strength data of the broadcasting transmitter were
measured using a loop antenna positioned in a vertical plane and rotated about its vertical
axis to find the maximum reading. One datum, H;, was measured near_the outlet under
investigation inside the building, and one datum, H,, was measured outside the building at a
distance of about 10 m from that building. In order to obtain a sufficie igh_indgeed-signal-
to-ambient-noise ratio, the measurements were carried out in are with axelatively high
value of the RF field strength This is not expected to influence the ility-okthe results,
as the presence of a broadcasting transmitter is not taken jif ) i eMayout of
telephone-subscriber lines. Moreover, as mentioned in 4.4. i age will be
normalized to the field strength and the resulting "antenna J ent’a property of
the subscriber lines measured.

4.4.21 Field strength and building effect

(4.4.2-1)

free-space wave impedance (377 Q) and r the
he point of observation. In the calculations, the

where P is @ Smi
distance betwegh h

values of P as gif

Ap = Ho (dBHA/mM) — H; (dBpA/m) (4.4.2-2)

This factor is ofteh called the building attenuation. However, this factor not only depends
on the-attenuation properties of the building material itself, but also on the reradiation
properties of metallic structures in and near the building, and, on the height above ground,
Hgvand H; were measured. Therefore the term building effect is used in this report.

A)consideration of these two aspects is needed in view of the antenna factors to be discussed
in 4.4.2.2 and in view of the prediction models to be discussed in 4.4.2.3.
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Figure 4.4.2-2 —

a) Scatter plot of the measured outdoor magnetic field strength Ho 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 Ap (dB), all data
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Figure 4.4.2-2a shows the ratio H, /\/F versus the distance between the point of observation
and the transmitter, and the dash-dot line indicates a slope —1. It can be concluded that, on
average, the data follow this slope fairly well. The associated intercept is higher than that

expected from equation 4.4.2-1, which is in agreement with the (H. + 10) dBUA/m limit observed
in figllrn 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 twe
distributions are found when distinguishing between data associated with buildings
constructed from brick and/or wood (B/W) and data associated with buildings constructed
from reinforced concrete (C). The normal probability plots of these distributions are given in
figure 4.4.2-3a and b. The negative values of A, predominantly stem (from weasurements
where H; was measured on an upper floor of the building, whereas H
at about 1,5 m above ground level outside the building. Effects of
the actual field-strength data.

99,9 / 99,9 <
99 (‘ 99 <

. 95 s x
g “}ﬂ{
€ g N
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B >
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: 20 i
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N N ’ R bt
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Wood) b A, (dBm) (Concrete)

probability plot of the building-effect parameter A, (dB)

U s.constructed from brick and/or wood;
). Buildings constructed from reinforced concrete

resuls have been summarized in table 4.4.2-1. No clear frequency
data could be observed (see 4.4.2.4).

The numerica
dependence of thes4,,

Table 4.4.2-1 — Summary results of building-effect, Ap, 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.

IEC 793/2000
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The measured voltage will be normalized to the measured magnetic field strength in 4.4.2.2.1
and, assuming far-field conditions, to the electric field strength in 4.4.2.2.2. After that,
4.4.2.2.3 deals with truncation of the distributions found in 4.4.2.2.1 and 4.4.2.2.2.

80 N R . - 801 M
L "
9 9 -
60 3 60 |
! |
e} F % L
g 40 8 40
(G} N [G)) : : FN
20 o 20 \Q
0 A . A R —
-10 10 30 50 30 50
a G, (dBQm) (Al data) ) (Brick/Wood)

a) all data;
b) data assocjiated with buildi gd from brick and/or wood

4.4.2.2.1 G factors

To obtain an aptenns
normalized to @»o strengtk

/o(Qm) = Y V) (4.4.2-3)

Hino (“A/m)
Figure 44 .2<4a sk e scatter plot Gj(G,) using all data. The plot suggests that there is
one dominant “i ta with a limited scattering and a second "cloud" with much more

scattering. Fugther 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 is
associated-—with buildings constructed (predominantly) from reinforced concrete.
Consequently, the building effect discussed in 4.4.2.1 is of importance.

Theinormal probability plots of Gj (dBQm) and G, (dBQm) associated with the two types of
building material considered, are given in figure 4.4.2-5. It can be concluded that the data
follow a normal distribution, which means lognormal distributions of the G factors in Qm. The
numerical results have been summarized in table 4.4.2-2, where Gy 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;j

and G, of the two classes of building material considered are in line with the bullding-effect
data for these buildings (see table 4.4.2-1). No clear frequency dependence could be
observed (see 4.4.2.4).

IEC 794/2000
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Table 4.4.2-2 — Summary of results of G-factor analysis
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G\factor Building Average Standard Median Number of data
material deviation
dBOm dB dBQm
G; B/W 47,3 11,2 47,5 135
G; C 45,9 10,5 46,5 88
G, BN 45 8 106 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[Zy with
Zo= 377 Q. If the outdoor field strength is considered, this assumption seems to be

reasonapte and the G factor tam be converted Mo amn L factor defimed by

Ly =202 Yn o Un (V) (4.4.2-4)
° Zy HoZy E, (uVim)

The L factor can be considered as the effective length or effective height of the subscriber line
acting as an antenna. The results for Ly have been summarized in tabl +4.2-3, where Ly
and L are the upper and lower limit of the range of experimental L factg 4:2.2.3).

Table 4.4.2-3 — Summary of L, factors (far-field)

L factor Building Average* Standard \> L,
material deviation

dBm dB W dBm

L, B/W 5,7 105 N\ 180 35,0

L, c 25,0 (109~ 3,00 55,0

* Note that dBm refers to dB with respect to 1 m. (\\// /\
N

In the literature an L factor of —3,0 dB
10) has been reported [12] for a cable

L; factors might b
to be expected

be decided whic
presented in tablg

Iognormal.or mcmathematical form
(In G—,u)
20° 4G (4.4.2-5)

f(9)dG

1
=———&¢
GO'\/E

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 (Gy or

Ly) of the antenna factors [13]. Consequently for correct use in the prediction models (4.4.3
4 -4 /1\ LN hac ta bho $r atad S Ha frianon tion - ha to-bo annlicd o tha dictr

nd oo ictribh it
ahea—4a—4- L RN AL L= A= = A tFHheatea: ullllllull], tFHheator—rRas—+to—be TPPTTCT—to Lllu eHStHBuHeR

of the building-effect parameters.

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 (Gy or Ly).
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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 = (GMC _ MGG _ , rg)de (4.4.2-6)
F(Gy)-F(GL)

Gy
Jf(G)dG
GL

The mathematical form of the cumulative distributions F(Gy) and F(Gy) is given ‘invannex

in dBm of the L factor range are found by subtracting 51,5 rom the\correspoénding G
factors in dBQm.

G factor Building Gy (dBQm) G, (dBQm) K} F(Gy) \/ﬁ(GL) atg

or A, material

Apy (dB) Ap dB) E(Any) > FlAw) aty
G, B/W 70,5 s\ | (ho.480s ) —0,4993 1,021
G; c 78,5 205 04985 —0,4922 1,009
G, B/W 695 (| (.5 \0.4873 —0,4971 1,016
G, NS 0,4950 —0,4971 1,008

Ap

10,0 )\/ 0,4953 ~0,4981 1,007

Ay PR 0,4905 _0,4837 1,026

rical-source resistance

R, = Yn ~Ui 450 (Q) (4.4.2-7)

U

The normal probability plot of R; (dBQ) is given in figure 4.4.2-6. It can be concluded that R4
(dBQ)~fallows 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 Ry are the
upper and lower limit of the range of experimental Ry-data. The relatively large and small
values of Ry, and R, compared to the average value of R, stem from 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.
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R, Standard Median R, Number R.u R, R., R,
(average) | deviation (average) of data
dBQ dB dBQ dBQ dBQ Q Q
44,2 0,0 43,9 102 204 03,/ 29,2 1951 16
99,9 ,

Cumulative percentage

Because/no clear frequency dependence of the various quantities could be observed, it will be
assimed 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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a) the 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.
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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 complete

distributions attow for a crassificationm of these quarntities. 1 s report gives onty the procedure
for this classification. The actual class limits are outside its scope.

4.4.3.1 Field-strength classification

As mentioned in 4.4.2.1, the field strength is not a property of the subscriber line. Néver-
theless, information about the field strength is needed in order to make a prediction 'of ‘the
induced voltages.

summarized in 4.4.2.1 it follows that, in the worst case,
factor of 3 (= 10 dB) larger than the constant of proporti

phical region in which the probability has to be
relations in equation (4.4.3-1) are equivalent.

where f(H) and @9
maximum field stréen

estimated. Under fa

Considering a'ri 3 (RSA) around a transmitter having a circular antenna pattern,
it follows (see

E2. —E2E2  E2
e = S 452
(Emax - Emin)EL Ef

where“Enax is the field strength at the inner boundary of the RSA and Enj, the field strength
at the-outer boundary of the RSA. A similar expression is valid for the magnetic field strength,
see€ annex 4.4-A.

The inner boundary of the RSA has to be specified, as the relation between E, and r derived
from the measuring data will not be valid arbitrarily close to the transmitter, i.e. in the near-

roecHan £ th franmamaittar N o —oara At ar o Aoy fiald oferan

fietdregion-of-the-transmitter—A-ren-zero-outerboundary-field-strength-ispreeded—asEmm——>-
would mean that pr{E, = E|} = O for all values of E|. Note that by definition pr{E;, = E;} = 0
and that pr{Ey =2 Emin} = 1 (= 100 %). The approximation given in equation (4.4.3-2) is valid if
Emax == {Emin, EL}, which is normally the case. Hence, it can be concluded that in the present
model the value of E.,j, to be specified is very important. The choice of En i, and Enax Will be
discussed further in 4.4.4.
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As an example, table 4.4.3-1 gives the values of E| for a number of probability values,
assuming Emax = 60 V/m, which is an example of a radiation-hazard limit in the MW band of
frequencies, and Epjn = 0,01 V/m (= 80 dBuV/m). The latter value is of the order of magnitude
of the minimum field strength in the service area of a broadcasting transmitter. Note that the
probability values are almost completely determined by Epin.

Table 4.4.3-1 — Example of field-strength classification

pHE, > E.} E, E,. P = 500 kW
pr{E, > E_} kR=L7 k ;L22

% V/m m m
0 60 - (80) ( (260)
100 0,01 - 495000 < | 51550000
10-1 0,32 0,33 15655\ 49193
10-2 1,00 1,00 Aoz N\ "\ 11556
10-3 3,16 3,16 \rges\\\ 4919
10-4 9,86 10,00 N we > 1556

By expressing the RSA boundaries in terms of a fi
of the distance between the transmitter and he
appllcable to any transmitter producikg a |e stre gth hi

The advantage @) S
for all kinds of tra

that victim equipme

A classificati e induced open-circuit common-mode voltage U, may be based on the
probability pr{U} } that Uy is equal to or larger than a given limit value Up. If fi(G)
describesCihie truncated distribution of G factors (see 4.4.2.2.3), f,(H,) the normalized field-
strength-distribution and use is made of the relation U, = G, OH,, it is shown in annex 4.4-B
that.this probability can formally be written as

G, U,

1.(U
priU, = U } = ja/GO jofuh G—f[G—“J ¥, (G, ) (4.4.3-3)
G1 U1 (o] o

where G4, Gy, U1 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 Hy = (=Un/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(Un/Gop).
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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 Uy, i.e. UL values corresponding with chosen values pr{U, = UL}, 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.5x = 60 V/Im (Hmax = 0,16 A/m) and Enin =
0,01 V/Im (Hmin = 27 pA/m) have been specified. When using G; and specifying the outdoor
field strength, the building effect has to be taken into account, as is explained in annex 4.4-B.

Table 4.4.3-2 — Example of voltage classification assuming for thie outdqor.field
strength: E;,.x = 60 V/im and E,;, = 0,01 V/ Q\

AN
G, AN
A\

Building material BIW c <B/W\ > c
A, dB 1,6 20,6 N\ YO -
S, dB 4,0 8,7 \ -
Apy dB 12,0 41,0 / > _

N

N N
Api dB -10,0 2,0(\\)/ X \ _
Gio dBQm 473 o 0 ) wsé 26,5

S dB 11,2 \0\5\ \ \/10,6 10,9

Gy dBQm 70,5 [ 785 69,5 54,5

GL dBam \ 28 16,5 35
priUy = U} \( N U, U,
,\ dBpvV dBpvV dBpV

101 101 114 96

1072 < > z 125< 111 124 106

10-3 ( W\\/\ ) 121 134 116

19-4 \ \M\s\ 131 143 125

444 \@ immunity-test disturbance source
The res in 4.2 and 4.4.3 of this report may be used to specify the open-circuit
voltage an pedance of the disturbance source in a conducted-immunity test

needed to achi
lines will be.electro

e a sufficiently high probability that TTE to be connected to the subscriber
gnetically compatible.

The specification of the open-circuit voltage U, should be based on the distribution of the
voltagés 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 Nyo(Un = UL), i.e. the number of outlets in the
respective geographical region showing a voltage U, = 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 4423 After that the relovant parameters for the

specification of the disturbance source in the immunity test will be summarized in 4.4.4.2.

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.
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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 Hy,ax and the outer boundary by a minimum field strength Hpin.

(Again, the magnetic field strength is considered first, as this field strength was measured
in the experimental characterization procedure. If far-field conditions are valid, so thafthe
magnetic and electric field strength have a constant ratio, the results can be conyerted
directly in terms of the electric field strength.)

2) Determine the joint probability density f(H,,Gg) = f(Hy) Of(G,) desgtgibing th

e, density of

geographical region and the boundary conditions are ta
UpL) = Nt (or = 0) if pfU = U} = 1 (or = 0), then the

the transmitter and assuming constant(densities 5
.% ah be written as

(4.4.4-1)

N
O
=1 _C
n(E,) = —I— = £ (4.4.4-2)
EO EO

so that Cgy, = Cpo ng. In annexes 4.4-A and 4.4-B it is explained how the various relations

L ) 41 H ! ol ot gl L] | D !
Criartiygc wiiTciT 1T TTauuTr TICiU SUTiigur 77, U L 15 1TU DT USTU.
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AN

ngs indicate
outlet

nitter. To derive n(H,)
AN(Hy,AH,) so that

In practice, the magnitude of the electric
determined first, after which n(H,) follow
AN(Eg,AE) is given in figure 4.4.4-
contributions resulting frgm various
around these transmitters

A drawback of the method teadi igure 4-1 and a drawback of the model leading to
equations (4.4.4, is ¢ cular in the lower field strength regions the
fields of the vari itte , Q. AS a result, the same outlets in these regions are
counted more than @ i iScrimnination is made with respect to the broadcast frequency.

maximum fi g i the respective geographical region resulting from the N relevant
the direct vicinity of) that region. An example of such a distribution is
given in figure 4.4542. This distribution resulted for a part of Germany (having an area of
2,5 0105.km?2 and 42 0108 outlets) by calculating the maximum field strength in each node at
a 1 kmZby 1 km grid over this region as caused by one of the 79 actual broadcasting
trapsmitters in the respective frequency range, having a total ERP of 12,2 MW. The resolution
ofithe field strength, i.e. AE, was taken to be 0,1 dBuV/m. It was assumed that the density y
was a constant (42 010%/2,5 010° = 168 km=2) throughout the region. When performing these
calculations it was found that ny(E,) does not vary much after a certain number (50 in this
case, with a total power of 7,5 MW) of transmitters had been taken into account.
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1E9

1E8

1E7 X

1E6

Ny, (Vimy!

1E5

1E4

4.4.4-2 due to t
transmitters is in

c 1 1
n(Ey)dge = 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.
Equation’ (4.4.4-3) indicates that for a given or agreed maximum field strength E. %, the
valde-of En i, follows when Cg, is given or that Cg, follows when E,, is given. The former
approach has been used to calculate Eq,j, = 0,08 V/m as indicated in figure 4.4.4-2, assuming

Nm(Eo = 1 VIm) = Cgo/ES = Cgo ) 5,4 0105 (V2/m?2).
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Table 4.4.4-1 — Summary of the parameters used in the numerical examples presented
in figures 4.4.4-3 and 4.4.4-4. Some curves have the same parameter values:
Figure 4.4.4-4a) curve 2 and figure 4.4.4-3, and figure 4.4.4-4b curve 1 and
figure 4.4.4-4a curve 3

Figure 17333 4.33-3a 1723-2b

Curve - 1 3 4 2 3 4
L-factor L, L, L, L, L;* L, L~
Building B/W B/W B/W B/W B/W Cc Cc
material

M dBm -5,7 -5,7 -5,7 -5,7 —4,2 -25,0 =56
S, dB 10,6 10,6 10,6 10,6 11,2 ( 10,9 10,5

N N
L, dBm 18,0 +00 18,0 18,0 19,0 ,0 27,0
L, m 7,9 +00 7,9 7,9 8,9 O 1, 2,4

L dBm| -350 oo 35,0 35,0 4<ﬁ)\ —%50\/ 31,0
L m 0,02 o 0,02 0,02 0\ N7 5,002 0,03

M, dB - - - - I > 20,6
Sa dB - - - £ N 8,7
1 B B B PN 577 I (R B
e T A O i ey

N:  millions 42 42 42 \\2 }2 42 42

Ceo V2m?2| 54m05 5,4 0105 5 0% 4 M3 - 5,4 10° -
Cei V2m? - - (\ 2 3,3 010% - -

Emax  V/m 10,0 <10\,(§ \3‘{) ) \1(}) 3,0 3,0 3,0
Eimax V/m - I \ N \ )— 9,5 - 2,4

min V/m \\0\08\ 0,008 0,08 0,08 0,08

E N I
Emn  V/m <O R K _ - 0,02 - 0,0007
79

Unax 79 85 42 53

v NERNN
* See note 3 at the efd o this subclaise, )

This subclau ed giving several numerical examples of No(Un = U)), i.e. of the
number <of the\respective geographical region showing an induced open-circuit
voltage Uy Mmay be considered as the open-circuit voltage in the immunity test.

The region in amples is the aforementioned part of Germany. The relations used in
the calculation® of h = Up) can be found in annexes 4.4-B and 4.4-C. The values of the
various pafameters used in these calculations have been summarized in table 4.4.4-1.

Figure”4.4.4-2 shows an example of No(Un = U) in the voltage range U < Upax = 79 V,
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. Unax (see also table 4.4.4-1) is given by
Umax = EmaxlLu, where Epqax is the maximum outdoor field strength in the respective
geographical region and Ly 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)

jhet range of UL values is of interest.
Therefore, the results give ig M.4-8 replotted as Curve 2 in figure 4.4.4-

i the same situation as in figure 4.4.4-3 but
3 k . In that case Unax is infinitely large, which
is not very realistic. NIMNfi 44.4>4a demonstrates how the results represented by
Curve 2 are mo i '
Curve 4 in figure™

In figure 4.4%4-4b in of the building material (B/W or reinforced concrete, C) and
the choigce~of i) on the results can be observed. Curve 1 in that figure is

indoor field-strength djstribution. By doing so, the results represented by Curve 2 are found.
As for Curve) 1 the~haximum outdoor field-strength Eax = 3 V/m, but due to the building
effect the—~maximum indoor field strength Ejnax = Emax Abi» Where Ay is the lowest
building-effect as determined from the experimental data. In this case A, = =10 dB, so that
Ei ¢ax= 9,5 V/m, hence an amplification of the outdoor field strength.
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Figure 4.4.4-4 — Examples of number (left-hand scale) and relative numb

U, (volt)

10*

103

L)

VI ]

+ 102
z

1108 ©
(]
o)
©
c
[0]
o
(O]
o

-4 104

1.1

right<hand scale) of

outlets with U < U, < Upax. See table 4.4.4-1 for the various parameter values, used.
Total number of outlets 42 106, homogeneous density of the outlets: = 168 Kkm=2

100

IEC 801/2000
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a) B/W buildings

Curve 1: nontruncated L, factor, Enpax = 10 V/m, Emin = 0,08 V/im
Curve 2, truncated L, factor, Emax = 10 V/im; Emin = 0,08 V/m
Curve 3, truncated L, factor, Emax= 3 V/m; Emin = 0,008 V/m
Curve 4, truncated L, factor, Emax = 10 V/im; Emin = 0,08 V/im

b) Truncated L factors, maximum outdoor field strength 3 V/m
Curve 1: B/W buildings, L, factor
Curve 2: B/W buildings, L; factor
Curve 1: C buildings, L, factor

Curve 2: C buildings, L; factor

ground level. Furthermore, reradiation effects also influenced\the as
One may decide to truncate the building-effect distributiop”at_th
case Ej max and Umax reduces from 85 V to LyEqax = 3

NOTE 1 Although the number of outlets N(
relatlve number is very Iow Th|s S

NOTE 2 In all calcy
region. The results ca
a location-dependent ,ui

NOTE 3 Curves 2 andMNq fi NS re based on L; and A, data, and a warning has to be given here.
As mentioned in 4.4.2, it\js ® ik at inside the buildings the far-field condition will be satisfied and,
formally speaking™&;,_cagnot hederive i. In addition A, has been determined from magnetic field-strength
data and A, fo the electy ot be the same. In the calculations leading to curves 2 and 4, it has tacitly

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 Rj,
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 have to be
prevented. An often used value is Ry = 150 Q [9] [10] [14] which is not in conflict with R,
results presented in 4.4.2.3.
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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) Nt The total number of outlets in the geographical region (country) to be
considered. Nt is either the grand total of outlets or the total number
of outlets in a certain type of building (brick/wood or reinforced

concrete).

b) Mg or M_ The average value of the G or L factor, in dBQm ordBm, segetables
4.4.2-2 and 4.4.2-3. If the G; or L; factors arg used he-following
building effect parameters must be known 2 K4.2-1 and
4.4.2-4):

Ma: the average building effect Ay in dB
Sa: the standard deviation of A, in d
Apy: the maximum building effect

c) SgorS.
d) Gu, GL
Ly, L

€) Hmax Or Emax

after considering radiation hazards.

ggion where the field strength is larger than X (A/m or
d (simultaneously) a complaint occurs.

imum field strength determining the outer boundary of the
as around the transmitters (see 4.4.4.1).

is value has only to be chosen when the field-strength distribution
n(H) or n(E) is unknown. If this distribution is known, Hpin or Emin is
calculated from an equation like equation (4.4.4-3).

g) n(HYor 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 H,-field expressions

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

_ k(P

° rZO

(r 2 Rmj (4.4-A1)

IEC 802/2000

Figure 4.4-A1 - Definition of the ring-shaped area round the transmitter T



https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

CISPR 16-3/TR © IEC:2000+A1:2002(E) —95-

The probability can now be written as

1’1(RL2 - RZ ) H[? - Hupax

pr{H, = H_} = min/, = L n (4.4-A3)
T[(Rr%\ax — Rrg\in Hm%w — ngx
or as

(H2 - H? JH2,
priH, = H } = -7 ;) o (4.45Ad)

( max Hmin )HL
where Hpin = (k/P) | (RmaxZo) and Hmax = (k/P)/(RminZo), i-€. Hmax Hiwin 2ke' the field
strength at the inner boundary and the outer boundary of the ring ares he case

where Hpmax >> {H|,Hmin} €quation (4.4-A4) reduces to

2

H2
pr{H, = H } =~ —mn (4.4-A5)

which means that pr{H, = H_} is no longer a fung

ik Bdefinition pr{Hy =2 Hmax} = 0
and pr{Hy, = Hin} = 1 so that H|_ is noj/anexp @ i

-C
fn(H Y = go = —Cnof(Hy) (4.4-A6)
) H3
Hence the distrib i = 1/H3. The constant of proportionality Cno n f(Ho) =
Cuof(H,) arosg 3 \
(4.4-A7)
The relation f,(Ho,) = —Cno/H® is applicable in all cases where the field strength varies in

inverse,proportion to that distance and no specification of the transmitter power P is needed.
Of codrse, H, is an implicit function of r and P.

Finally, pr{Hy, = H} can be written formally as

Hmax

[ £(H aH
J \ U7 U
priH, = H } = Hizx— (4.4-A8)

[ 7(Ho)aH,

Hmin
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4.4-A.2 Hij-field expressions

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

Assuming f(H,) and f(Ap,) to be independent, the joint distribution f(Hy,Ap) = f(H)f(Ap). The
latter distribution represents the distribution of locations where the outdoor field strength
equals H, and, simultaneously, the building effect amounts Ap. By carrying out the
transformation H; = Hy/Ayp the joint distribution f(H;,Ap) is known. Since

. _ _ F(Ho )F(Ap) _
(Hi,Ab )dHl = f(Ab )f(HO )dHo or f(HI ’Ab ) = = Ab f(Ab )(44-A9)

dH; I dH,

and f(Ho) = 1/ H3 it follows that

pf{H; < H_} = jc/Hi jdAb (A (4.4-A10)

H; Ap

where Ay, and
explained in 4.4.%

the average value ak
(4.4-A11) "erf" de

fation of the lognormal distribution of A,. In equation
on, see annex 4.4-D, while z, and z; are given by

In(A -
+oa2, z = M+0A J2 (4.4-A12)
ga 2

By definition A Hj he derivative of F(H;) with respect to the field strength. Hence, the
normalized-distribution f,(H;) reads

Cui o Ao _
fL(H;) = H—';' with ¢ = E{Abz} j hulil (4.4-A13)

I Hi,min i

where Himin = Hmin/Ay, and Hi may = Hmay/At and Hpin and Hpay are the minimum and

maximum outdoor field strength, respectively.
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4.4-A.3 Eo-field expressions

Assuming far-field conditions, the outdoor magnetic field component H, and the outdoor
electric field component E, have a constant ratio, i.e. Eq = HoZp. If Emin and Epax are the field
strength at the inner and outer boundary of the ring-shaped area, the probability that E; = E|

can pe writien as

E2. - EZ2)E2
pr{E, = E }= (Eer - £ ) (4.4-A14)

2 2 2
(Emax B Emin )EL

In the classification of the field strength carried out in 4.4.3.1, use has begn m
(4.4-A9) to determine the boundaries between the field-strength clas
equation (4.4-A9) was rewritten as

e oftequation
that.application

— i} Emin ‘
\/pl’{Eo 2 EL} {1 _( Enin /Emax) 2} + (Emin lE

E,

(4.4-A16)
and pr{Ey = E| } is give
Emax
jf(Eo )dE,
E
{Eo 2EL} == (4.4-A17)
If(Eo )dE,
E

min

The constants Cgo and Cyg are related via Cgy = CHOZ§.

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 pr{U, = U} that Uy is equal to
or larger than a given value U_ is calculated. Results of this calculation have been used-in
4.4.3.2.

As in annex 4.4-A, it is assumed that the outdoor magnetic field strength { be written as

o ca

space wave impedance and r the distance between the transrm 3

observation. As in annex 4.4-A, it is also assumed that the transmitter ing the field H, or
E, is in the centre of a ring-shaped area with an inner radius i
The field strength as the inner boundary is Hypax OF Emax, and

4.4-B.1 H-field-based relations

the S|tuat|ons where
equals Gg. Since

fn(Ho) _ fn(Ho)

(4.4-B1)
dUy, /dH Go
it follows that
U
fo |~ |f(Go) ,
G ChoG2f(G
Un.Go) = ° - CroGof(Go) (4.4-B2)
Gy 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) = Cno /Hg, see equation (4.4-A6). If f(G;) is used,

the building effect A, 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 U, and G, the probability

prt=ti}-canbe-calewlatedfrom

2 2 2
pr{uy, =2 U} = jdu j a6 Cro®o7(Go) _ Cro j Go _ G f(G,)dG  (4.4-B3)

3 2 2
Uy G, Uy 2 G, | Up Upna
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where Up1 and Upo 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
Hmin and Hmnax the voltage satisfies the relation HpinG < Un £ HpmaxG. Using a truncated
lognormal distribution of the G factors (see 4.4.2.2.3), we have G| < G < G,.

10U has the value indicated In figure 4.4-B1, p{Un = UL} IS found by Integrating the joint
distribution over the range of U, and G values indicated by the shaded area in figure 4.4-B1.
From that figure it will be clear that U can only have values between U, = HyinGL and Uq =
HmaxGu. The voltages Uy and U are defined by Uy = HmnaxGL and Ug = HpinGu, respectively.

Uy

U, H

G XA R RARAN
s S l:'-:- 3
: S h G
Y, S ey
U, BEREERES
) U
G

IEC 803/2000

) —erf(yi) | eZﬂG+ZUé erf(z,) - e”’(zi)} (4.4-B4)

2 2
Hmax U|_

where pg~Mg OIn(40)/20 and og = Sg 0OIn(10)/20, Mg and Sg being the average value and
the stapdard deviation of the relevant truncated lognormal G factor distribution with truncation
factor~aig. The variables x, and x; are given in equation (4.4-B5), while y,, yi, zy, zi and 9,
which-depend on the value of U, are given by equations (4.4-6) and (4.4-8)

In(G,, ) — In(U;, /H+in)—
X, = (Gy) 'uG,Xi - (UL min ) — Ho (4.4-B5)
G'G\/E O'G\/E
a) UgsU_<Upydy=1,
IN(Gy ) - Ug IN(GL ) - Ug
Yy =——— Y ———— (4.4-B6(a))

G'G\/E O'G\/E
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IN(UL / Henin ) = g =205 IN(GL) - tg - 208
z, = , Z) = (4.4-B6(b))

O'G\/E O'G\/E

b) Us<U <U.9d=1

In(Gy ) - In(U_ /H -
y, = (Gu) - He Ly = (UL max ) ~ HG (4.4-B7(a))
U'G\/E G'G'\/E
IN(UL [ Hein ) = g — 203 _ (UL Himay ) =
z, = , Zj (4:4<B7(b))
U'G\/E O'G\/_
b) U, <UL <Ug: 3, =0
In(Gy ) - UG n(U /
Yy = —————— Y m (4.4-B8(a))

UG\/E

2

z, G (4.4-B8(b))
In the case where the Gj factors are ) is applicable provided that Cpq is
replaced by E|A, “ |Chi, ard H; max, respectively (see clause 4.4.A.2
in annex 4.4-A).
Equations (4.4- . 3) P ed to calculate the data summarized in table
4.4.3-3 and to calk ) in fi 4.4- 4.4-4.
4.4-B.2 E-fiel
Assuming e outdoor electric field strength may be used to calculate
pr{Up = QNNE t|on with the L, factors, see 4.4.2.2.2. In that case equations (4.4-B4) to

(4.4-B8) canbelusey, provided that CHo is replaced by Cgo, Hmax bY Emaxs Hmin bY Emin, Go
by L,, and Mg>and S by M and S;. In other words, equations (4.4-B4) to (4.4-B9) can be
used, provided that.dll 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 No(U, = UL) showing an induced open-circuit
voltage Uy, equal to or larger than a given voltage U,. This quantity is derived in a number of
steps. First, the probability density n(H,) giving the density of outlets experiencing a certain
field strength H, is considered. Use will be made of the simple models with the ring-shaped
area (RSA) already discussed in annex 4.4-A and annex 4.4-B, and of the_G, factors, which
give Uy normalized to the magnetic field strength. After that it is possible fo calculate.the joint
distribution n(Hy,G,) along the lines described in annex 4.4-B, and N (0, = U, ) Yollows after
integration of the joint distribution factor over the permissible va \ 3

concerned. When using the Gj factors in combination with the bd& g same
procedure can be followed as in annex 4.4-B.
4.4-C.1 H-field-based relations
Assuming a homogeneous density of u outlets per sq d the transmitter in
question, the number dn(r) of outlets in an elem d area between r and r+dr is
given by

(4.4-C1)

Using Hy = (k/IP)I(rZp) (see annex 4.4-
outlets dn(HO) in the area de

quation (4.4-C1) that the number of
range Hq(r) to Hy(r+dr), is given by

dH (4.4-C2)

J-th transmitter is characterized by {kj,F;} and the
ris 4, dn(Hy) can be written as

P.
i d dho c
Ho ZZTr,qu P =~ gH, (4.4-C3)

H3 ZH3 = H3

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

dn(Ho) _ Chio
dH, H3

n(Hy) = with C ——Z/ij P (4.4-C4(a,b))

o J=1
As had to be expected, the distribution n(H,) is equal to f,(Hy) discussed in annex 4.4-A.

If Nt 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)
H

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

Cho 1 1
Ny = - 4.4-C6
T2 {H?ﬂ;, H2., } ( :

T

If the connection between Nt and Cp, is made via equation (4.4-C4), the expression for the
number of outlets Ny(H, = UL ) showing an induced open-circuit voltage U, = U, is identical to
that for pr{Uh = U} as derived in annex 4.4-B, equation (4.4-B4). So No(Uy = U ) reads

No{Uh 2 UL} =

QiCho |5 € (xy) —erf(x)) _erf(yy) —erf(¥) , 2ug+20? erf(z,) -

u
2 2
4 Hioin Hinax X

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

When it is assumed that Nt is known and . sen there remain two
"unknowns" in equation (4.4-C6): Cno and Hpj lated for a certain geographical
region from equation (4.4-C4b), then F all parameters in equation
(4.4-C7) are known. As discussed in % 4.4 ibility is to determine Hpj, in that

Assuming far-field condit ectric field strength together with the L factors
may be used to calculs case equation (4.4-C7) can be used, provided
that Cpo is repl Hmin bY Emin, Go by Lo and Mg and Sg by M| and
S_. In other words ¢ be used, provided that all magnetic-field-related
quantities are replace spording electric-field quantities.

If Eq = (kIP)/ gquation (4.4-C4) reads
C N
E,; with Cg, = 2T[Z /ijj?Pj (4.4-C8(a,b))
E i
Jj=1

C
- “Eo ; 21 (4.4-C9)
2 Emm Emax
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Annex 4.4-D

Some mathematical relations

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

4.4-D.1 The Error Function

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

(4.4-D1)

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

(4.4-D2(c))

dt? +agtd +a,th + a\:,lrf')e"‘2 +£(x) (4.4-D3(a))

1
1+ px’

le(x)| < 15 x 1077 (4.4-D3(b))

where

p = 0,284496736;
aq = 0;25482 9592;
a. =0,28449 6736;
az = 1,42141 3741;
a4 = —1,45315 2027;
as = 1,06140 5429.
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4.4-D.2 Application to the lognormal distribution

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

_(n(x) - u)?
1

f(x)dx = ————e  20°  gx (4.4-D4)
X0+ 2T

where p is the average value of In(x) and o the associated standard deviation. If the latfer
parameters are known in dB and M(dB...) is the average value and S(dB) is the associated
standard deviation, ¢z = M 0In(10)/20 and o = S 0OIn(10)/20. The distribution forction\given in

the truncated lognormal distribution of x, such that xj < x <
normalized again. In that case fi(x) can formally be written as f;

X, _(In(x)-p)?
al = j—1 e 20

so that (4.4-D5(b))
where (4.4-D5(c))
When carrying out the ihteg
integral solutions, whi
In the case of e@m 4.4-B
(4.4-D6(a))

where zZy =y, -0oN2, z, =y -oJ2 (4.4-D6(b))
and in the deriva equation (4.4-B5) use was made of

Xy Y e‘2“+202

[ X2 (x)dx = oy S —Herf(z,) - erf(z} (4.4-D7(a))

X
where Zy, =Yy +a\/3, ZI =y +ov2 (4.4-D7(b))
References

D1 Handbook of mathematical functions, M. Abramowitz and [.A. Stegun, Dover
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N.J., 1959 (see also Ref. D1)
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4.5 The predictability of radiation in vertical directions at frequencies above 30 MHz

Summary

CISPR 11 sets limits for the electromagnetic disturbances emitted in situ near the ground from

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

This report considers the calculated vertical radiation patterns of the E-field which will‘be
emitted at frequencies above 30 MHz from electrically small sources physic located, close
to the surface of real homogeneous plane ground. Its purpose is the stud

properties of the ground, varying from wet ground to very d
a ground that behaves like a near-perfect conductor — have

These studies show the limitations of the predi
based on measurements near the ground. T

z. For example, it shows that
vertical patterns of the fields over go not represent the field patterns over
real grounds. Moreover, th

o conductqr
. , the report shows or good predictability of the field strengths at
elevated angles the in sitg me nes ound must not be made at fixed heights
but instead they must e S i
from the equipment w

4.51 Scope Q

radiation in vertical directions based on

angles by electri ipme n situ, in particular industrial, scientific, and medical (ISM)
radio-fregue i . For that purpose, it studies the calculated vertical radiation
e to the surface of real homogeneous plane ground.

small sourcesdoeated clo

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

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

ThU Uffcbtb JUll wavtoc plupayqtiuu ncal thc HI\)UIIL-JI Uf VVG“O, bu;:dilluo, tclla;ll illcyu:alitica,
watercourses, vegetation cover, and so on, are not within the scope of this report. It is
important to note, therefore, that the additional uncertainties in wave propagation caused by
the presence of such discontinuities, and their effects on predictability based on
measurements in situ, have not been considered.

4.5.2 Introduction

disturbances emitted by ISM radio-frequency (RF) equipment in sitg
30 MHz the five frequency bands listed in table VI are all used 3 t] gervices,
including the instrument landing system or instrument low-4 S) marker
beacon, localizer, and glide path frequencies, as well as ¢y and other
radionavigation and communication frequencies bands. | states: "Many
aeronautical communications require the limitation electromagnetic

The heights at which megs 7 3nd” vertically polarized E-fields are to be
made using a balanced dipole gre specifi 4 of CISPR 11. "For Group 2 Class A
equipment the centre ¢ o + 0,2 m above ground. For Group 1 and

for maximum indj 6 /
be not less than @ ight we ground of the measuring antenna when measuring

mode power supp
not specified. ows Class A ISM equipment to be tested on a test site or

acturer, while requiring Class B ISM equipment to be measured

on a test si nproviding for protection of specific safety services, CISPR 11
specifies WA 'onal authorities may require measurements to be made in situ...". This
presumab y~inchige measurements for both Class A and Class B ISM equment when

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

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

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

specified)?

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

4) What errors in judgement of the predictability of the vertical patterns may arise if
calculations are made using the common approximation that the influence of the real
ground can be simulated by replacing it with a perfect conductor?
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To provide some answers in the frequency range 30 MHz to 1 000 MHz a number of vertical
polar patterns and linear height scan patterns have been calculated for the E-field radiation
emitted by four kinds of electrically small sources located close to the surface of real
homogeneous plane ground. Predictability has been assessed by judging how well, or how
badly, the calculated patterns show that ground- based measurements of the vertically and

- ill 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.

ds at approximately 109 MHz,

encountered by an aircraft during any (single_fligh{{p Qver the ISM apparatus, can be well
matched W|th a field distribution prodyced elevated Aangles by a simple small electric or
VAN in : . .

4.5.3 Method used|to\cz e\fie > s in the vertical plane
The E-field verti eight scan patterns have been calculated using
a double precisionvefsi of Moments computer code known as the Numerical
i FC2 with the companion code SOMNEC allows the
field interactions at the air-ground mterface [7], and so

The small veRi and “horizontal balanced electric dipoles, and vertical and horizontal
balanced loops
dipole mament (i.e. a dipole [current] moment of a Alih for the electric dipoles and a dipole
momenrt-of 1 A2 for the loops). All were positioned with their centres at a height above
ground)of either 1 m or 2 m in order to show the effects of variations in the source height on
the vertical radiation patterns. The effects include the appearance of additional major lobes of
radiation — called grating lobes — as the spacing between the source and its image in the
ground increases beyond A/2 with increasing frequency [8].

The geometries of the models, and the paths of the scans in vertical planes at constant radius

about each source for the vertical polar pattern computations, are shown in the top right
corner of each polar pattern plot.

The planes in which the linear height scan patterns were calculated are shown in the
diagrams accompanying each linear height scan pattern plot.
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4.5.3.1 The 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 beaconsy
horizontal polarization)
110 108-137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) (i ding ILS Jocalizers
(108-112 MHz), horizontal polarization)
243 243 MHz is for use by survival craft stations and equipment used for (\}”valfp\po}e\s
330 328,6-335,4 MHz, limited to ILS (glide path, horizontal polanzat.o( \
1 000 960-1 215 MHz, reserved on a worldwide basis for the use a eveloprmen of ai Mlectronlc
aids to air navigation

ium dry ground"
[2]). The electrical
edium dry ground" at

Table 4.5-2 — Electrical cons
(CCIR — medium dry groundyroc

Frequenc
Z(y\ (]

vertical loop model (hgrizontal magnetic dipole) to illustrate the influence of differing values of
the ground consta n the vertical radiation patterns (see 4.5.4.1). The electrical constants for
"wet ground”" and "very dry ground" at 30 MHz, 75 MHz and 1 000 MHz, are listed in table 4.5-3.

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

Frequency "Wet ground” "Very dry ground"”
MHz
T O € O
mS/m mS/m
30 30 10 3 0,1
75 30 13 3 0,1
1000 30 140 3 0,15
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4.5.4 Limitations of predictability of radiation at elevated angles
4.5.41 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.

4.5.41.1 Influence of the ground constants at 75 MHz

4.5.4.1.2 Influence o

In figure 4.5-2(a®

field strength in the

Figure 4:5-2(a) shows that the maximum strength of the Ex field occurs at an elevation
angle-between 77° and 78° at all three scan radii. A comparison of figure 4.5-2(b) with
figure4.5-2(a) also shows that, in the case of a "very dry ground", the maximum field strength
is\eontributed 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, is reached at a
height of about 1,1 m, and will therefore be measured within the height scan from 1 m to 4 m.
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At 300 m horizontal distance, over "medium dry ground" and "wet ground"”, a 1 m 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 51 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 electrical constants
of the ground we have considered here produce a worst-case variation or spread of only.
1,5 dB in the underestimates of the maximum E-field strengths at elevated angles, when_the
estimates are based on 1 m to 4 m height scan measurements of Ez at horizontal distances
ranging from 10 m to 300 m.

4.5.41.3 Predictability estimated over a "medium dry ground”

electrical constants of a "medium dry ground".

4.5.4.2 Predictability based on height scan mea
distance from the source

In summary, the answer is that the predic i ¢ i E-field strengths at elevated
3 S s at a horizontal distance of 10 m, for

dipole 1 m above the ground or a small vertical
g height 2 m above ground.

30 MHz, the larger underestimates occur when the
dipole or a small vertical loop with a centre height 1 m

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,
Exseaches a maximum field strength of almost 138 dBuV/m at an elevation angle near 73°. The
palar 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.

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

Column (4) of table 4.5-4 summarizes the estimated errors to be expected in the predictability
of radiation in vertical directions when based on measurements in height scans from 1 m to
4 m at a horizontal distance of 10 m from each of the four sources operating at 75 MHz.
Column (1) lists the radiation sources and their heights. Column (2) lists the field components
which contribute the maximum field strengths in the vertical polar patterns, and the elevation
angles at which the maximum field strengths occur. Column (3) lists the field component

which should be measured in a linear height scan at a horizontal distancg
the best estimates of the maximum field strengths.

Table 4.5-4 — Estimates of the errors in prediction of radiatio
based on a measurement height scan from 1 mto 4 m

0 m to\provide

1) 2) (3) (4) (3) (10)
Source of Max. E, At hor. Estimated | Max. E, x. E, At hor. Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, @ @2ngle, | d =300 m, | prediction
@ height in 10 m measure | error, at in 30 m 300 m measure error, at

polar plot | this field | d =10 m | polar ply\t( polar plot | this field | d =300 m
Vertical Ez Ez 0dB E ) Ez Ez -17,5 dB
electric @ 15,25° @ TRT7R @ 18°
dipole A
@1m /
Vertical Ez Ez 0dB Ez x| -148B Ez Ez ~16 dB
electric @ 8° @ 175 @ 13°
dipole \(-\
@2m AN aN
Horizontal Ex E>/\ -5 Ex -12 dB Ex Ex -31,5dB
electric 725° g Y-Z 67/5° inY-Z @ 66° inY-Z
dipole in ane invy-Z plane inY-Z plane
@1m plane N plane plane
Horizontal Ex E -1,5d Ex Ex -7 dB Ex Ex —26,5 dB
electric @ 3R nY=2Z @ 28,75° inY-Z @ 28,5° inY-Z
dipole N -Z plake inY-Z plane inY-Z plane
@2m plan plane plane
Vertical lo z -0,5dB Ez Ez -2,5dB Ez Ez -18 dB
(horizonta ,5§ in Z- @ 19,75° in Z-X @ 20° in Z-X
magnetic in e in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
Vertical loop Ex Ez -4,5 dB Ex Ez -5,5dB Ex Ez -20,5 dB
(horizontat @ 90° in Z-X @ 90° in X-Z @ 90° in Z-X
magnétic plane plane plane
dipole
@\2'm
Horizontal Ey Ey -2,5dB Ey Ey -9dB Ey Ey -28,5dB
loop (vertical | @ 37,5° in Z-X @ 36,75° 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
@ m
Horizontal Ey Ey -1dB Ey Ey -6,5 dB Ey Ey -25,5dB
loop (vertical | @ 27° in Z-X @ 25,5° in Z-X @ 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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4.5.4.2.2 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

dllyiU Uf 410. T;IC pUidl }JiUtb Uf EL ;II tilU Z-X pidlIU biIUW ﬂldt thiba“y pUidl;LUd
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 E.
around a small vertical loop (horizontal magnetic dipole) placed at a
above ground and excited at 110 MHz. The maximum field strength re
of 10 m is the vertical Ez component, 146 dBuV/m at an elevatio
scan plots of Ez in figure 4.5-5(b) show that at a horizontal distanc

Table 4.5-5 — Estimates of the errors in predict

the Z-X-ptane,

gentreNheightvof 2 m
ached-at assean radius

based on a measurement height sca t Known distances, d.
Frequency =10 (Adapted from [10])

(1) (2) (3) @) A NN (7) (8) ) (10)
Source of Max. E, At hor. | Estimate ax._E, hor.\ | Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =10 m, | predictio @\angle, = , | prediction | @ angle, | d =300 m, | prediction
@ height in 10 m meagur epror,at in 3Q megsure | error, at | in 300 m measure error, at

polar plot | this Tield Nd(= 10 m Nar plo is field | d =30 m | polar plot | this field | d =300 m
Vertical Ez Ez 0 \SKSV Ez -1,5dB Ez Ez -17,5 dB
electric @ 13,5° @ 15,2 @ 15,25°
dipole @ 1 m
Vertical E%p/ Ez —NdB &z Ez -0,5 dB Ez Ez -15,5 dB
electric @ 36, > 10,75° @ 11°
dipole @ 2 m A
Horizontal E. Ex <2.5d Ex Ex -9,5dB Ex Ex -29 dB
electric 41 iN\Y~-Z @ 40° inY-Z @ 39,75° inY-Z
dipole @ 1 m n Y%Z la inY-Z plane inY-Z plane
plane plane plane
Horizontal X ~ -0,5dB Ex Ex -4.,5 dB Ex Ex -23,5dB
electric O& inY @ 19,25° inY-Z @ 19,25° inY-Z
dipole @ 2 m in e inY-Z plane inY-z plane
Me plane plane
Vertical 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/m
Vértical loop Ey Ez -2,5dB Ex Ez -2,5dB Ex Ez -17,5dB
(hprizontal @ 40° in Z-X @ 48° in Z-X @ 47,5° in Z-X
magnetic in Z-X plane inY-Z plane inY-Z plane
dipole) plane plane plane
@2m
Horizontal Ey Ey —1,5 dB Ey Ey -8 dB Ey Ey —27 dB
loop (vertical | @ 31,75° in Z-X @ 31° in Z-X @ 31° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
Horizontal Ey Ey -0,5dB Ey Ey -4 dB Ey Ey -23 dB
loop (vertical | @ 19,25° in Z-X @ 18,5° in Z-X @ 18,25° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@2m
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4.5.4.2.3 Predictability at 243 MHz

Figure 4.5-6(a) shows vertical polar plots of Ez and Ex in the Z-X plane, at 243 MHz, around
the small vertical electric dipole placed at a centre height of 1 m above ground. At a scan
radius of 10 m the maximum field strength of almost 144 dBuV/m is contributed by Ez at an
elevation angle of 33.75°. Calculations of the vertical field component Ez in a height scan

from 1 m to 4 m at a horizontal distance of 10 m produce a peak magnitude of almost
143 dBuV/m at a measuring height of 1,65 m, as shown in figure 4.5-6(b). This under-
estimates the maximum field strength by only 1 dB.

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

at 10 m horizontal distance and a height of 1,65 m. This underesti Ez by
approximately 2,5 dB.
The vertical polar plots of horizontally polarized E-field by a small

shown in figure
vation angle of 17°
PO m. The height scan

from 1 m to 4 m at known distances, d.
z (Adapted from [10])

(1) (5) (6) () (8) (9) (10)
Source of Max. E, At hor. |Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =30 m, | prediction | @ angle, | d =300 m, | prediction
@ height in 30 m measure | error, at | in 300 m measure error, at

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

Vertical Ez Ez -0,5dB Ez Ez -16 dB
electric @ 10,5° @ 10,5°
dipole @ 1 m
Vertical Ez Ez -0,5dB Ez Ez -0,5dB Ez Ez -13 dB
electric @ 18,25° @ 18,25° @7°
dipole @ 2-m
Horizontal Ex Ex -0,5dB Ex Ex -4 dB Ex Ex -22,5dB
electric @ 17,5° inY-Z @ 17,5° inY-Z @ 17,5° inY-Z
dipole @ 1 m inY-Z plane inY-Z plane inY-Z plane

plane plane plane
Horizontal Ex Ex 0 dB Ex Ex -0,5dB Ex Ex -17 dB
electric @ 9° inY-Z @ 8,75° inY-Z @ 8,75° inY-Z
dipole inY-Z plane inY-Z plane inY-Z plane
@2m plane plane plane
Vertical loop Ez Ez -2,5dB Ez Ez -2 dB Ez Ez -17 dB
(horizontal @ 36,25° in Z-X @ 36,5° in Z-X @ 36,5° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
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Vertical loop Ex Ez -2,5dB Ex Ez -3 dB Ex Ez -15 dB
(horizontal @ 70,5° in Z-X @ 69,25° in Z-X @ 69° in Z-X

magnetic inY-Z plane inY-Z plane inY-Z plane

dipole plane plane plane

@2m

Horizontal Ey Ey -0,5dB Ey Ey -3,5dB Ey Ey -22,5dB
loop (vertical @ 17° in Z-X @ 16,75° in Z-X @ 16,75° in Z-X

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

dipole) plane plane plane

@1m

Horizontal Ey Ey 0dB Ey Ey 0dB Ey Ey =17 dB
loop (vertical @ 9° in Z-X @ 8,75° in Z-X @ 8,75° in Z-X

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

dipole) plane plane plahe

@2m

4.5.4.2.4 Predictability at 330 MHz

Figure 4.5-9(a) shows vertical polar plots of Ez and Ex in the
the small vertical electric dipole placed at a centre heigh abave ground. At a scan
radius of 10 m the maximum field strength of almost i ibuted by Ez at an
X a height scan from
1 mto 4 m at 10 m horizontal distance produce g pe agritud ost 146 dBuV/m at a
measuring height of 1,45 m, as shownn figure < erestimates the maximum
field strength by less than 2 dB.

Figure 4.5-10(a) shows vertical polar e Y-Z plane and Ez in the Z-X plane,
around the small vertical loop placed 1 m above a "medium dry ground".
It can be seen that, ; maximum field strength of almost

height scan patterns i OWn in fgure 4.5-10(b) produce a peak magnitude
greater than 162 dBu iStance, measured at a height of 1,45 m. A
height scan measu er : field therefore underestimates the maximum
strength of the ertical’ di ons, the horizontal polarized Ex at an elevation
angle of 69°, by app

It is interesting to\obsery € al polar plots of horizontally polarized E-field emitted at
330 MHz by a s i gop placed at a height of 1 m above a "medium dry ground",
Q). g peak of the major lobe, nearest the ground, occurs at an
elevatiod_ ang \i ,75°. It is therefore measured at a height of only 2,2 m at a
istan , see figure 4.5-11(b). Thus, there is virtually no error in this

ation of maximum field strength at elevated angles.

example of the estim

Column.(4)of table 4.5-7 summarizes the estimated errors in the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal
distance of 10 m from each of the four sources operating at 330 MHz.
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Table 4.5-7 — Estimates of the errors in prediction of radiation in vertical directions

based on a measurement height scan from 1 m to 4 m at known distances, d.

Frequency = 330 MHz (Adapted from [10]

1) 2) (3) (4) () (6) (7) (8) 9) (10)
SeuF 3 Mae—E= Ad—her Estimated1——Mar—E; Ad—hor Estimatedt+—Mar—E- AdRoF- Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, | d = 30 m, | prediction | @ angle, | d =300 m, | prediction
@ height in 10 m measure | error, at in 30 m measure | error, at | in 300 m | measure error, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical Ez Ez -2 dB Ez Ez -0,5dB Ez Ez -15.dB
electric @ 26° @ 26° @ 9°
dipole
@1m
Vertical Ez Ez -0,5dB Ez Ez 0dB Ez -11,5dB
electric @ 27,25° @ 5,75°
dipole
@2m
Horizontal Ex Ex 0dB Ex -2 dB \%} ~20 dB
electric @ 13° inY-Z inY-Z \
dipole inY-Z plane plane plane
@1m plane J
Horizontal Ex Ex 0dB Ex N Ex ~14,5 dB
electric @ 6,5° inY-Z inY inY-Z
dipole inY-Z plane pfane plane
@2m plane m
Vertical loop | Ex Ez -4,5dB % 35 Ez -17,5dB
(horizontal @ 69° in Z-X Z- 6 in Z-X
magnetic inY-Z plane plane plane
dipole) plane
@1m
Vertical loop Ex Ez -2,5dB Ez -2,5dB Ex Ez -12,5dB
(horizontal @ 66,75° in Z-X in¢-X @ 66° in Z-X
magnetic inY-Z pla n inY-Z plane
dipole) plane \(-\ plane
Horizontal Ey \Ly/\ 0 “ Ey —2dB Ey Ey —20 dB
loop (vertical , in Z-X in Z-X @ 12,5° in Z-X
magnetic plane in Z-X plane
dipole) plane
@1m
Horizontal Ey 0dB Ey Ey -14,5 dB
loop (vertical in Z-X @ 6,5° in Z-X
magnetic plane in Z-X plane
dipole) plane
@2m
4.5.4.2.5

Figure 4.5-2 show rtical polar plots of Ez and Ex, at 1 000 MHz, around a small vertical
loop placed at a centre height of 2 m above ground. At a scan radius of 10 m over a "medium
dry groand" 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 the vertically
oriented Ez field in a height scan from 1 m to 4 m at 10 m horizontal distance in the Z-X plane
produce a peak field of almost 184 dBuV/m at a height of 3,2 m, as shown in figure 4.5-2(c).
A vertically polarized height scan measurement therefore underestimates the maximum field
strength by approximately 3 dB.

T 1S Interesting to observe the vertical polar plois of horizontally polarized E-field emiited 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 measured in a 1 m to 4 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 1 m 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

o ol
14 7 .
Frequency =1 000 MHz (Adapted from [10])

(1) (2) (3) (4) (%) (6) (7) (8) 9) (19)
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 in 30 m measure | error, at | in 300 m | measure efror, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m poIar})kJ-t\ this field | d = 300 m
Vertical Ez Ez -0,5dB Ez Ez 0dB EZ -9,5dB
electric @ 17,5° @ 4° 3,75
dipole Q
@1m
Vertical Ez Ez -0,5dB Ez Ez aB z -5dB
electric @ 17,75° @ 2° X
dipole \
@2m
Horizontal Ex Ex -0,5dB Ex X ME\\ Ex Ex -11 dB
electric @ 4,25° inY-Z @ 4,25° inY-Z
dipole inY-Z plane in Y-Z plane
@1m plane /\ plane
Horizontal Ex Ex \ad d Ex Ex -5,5dB
electric @ 2,25° inY-Z @ 2,25° inY-Z
dipole inY-Z plane inY-Z plane
@2m plane plane
Vertical loop | Ex Ez —2,5dB \E’K/ ~1dB Ez Ez ~9,5 dB
(horizontal @ 64,5° in iNZ- @ 4° in Z-X
magnetic inY-Z plane \(-\ ne in Z-X plane
dipole) plane plane
@1m /\
Vertical loop dB E Ez -1,5dB Ez Ez -5 dB
(horizontal @ ¥17,25° in Z-X @ 2° in Z-X
magnetic inY-Z plane in Z-X plane
dipole) plane plane
@2m
Horizontal —05dB Ey Ey 0 dB Ey Ey ~11 dB
loop (vertical @ 4,25° in Z-X @ 4,25° in Z-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane
@1m

N

Horizontal Ey 0 dB Ey Ey 0 dB Ey Ey -5,5dB
loop (vertical |~@.2,25¢ in Z-X @ 2,25° in Z-X @ 2,25° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane 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 height scan is created by the sum of.the
direct and reflected space wave components (the sum is sometimes called somewhat
mlsleadmgly, the "ground wave"). The contrlbutlons of the space wave s als increase at

waves") will, in gener
from the same source

If the horizonta
known, very large\efr,

strength of radiatio

accordance)with the specification, the measuring antenna is placed at a height of 3 m £ 0,2 m
(7.2.4)£n0 height scan is specified.

Thedobvious risk with fixed height measurements is that a measurement will be made at a null
in\the field strength pattern. The risk of this happening is increased if the electrical height
above ground of the radiation centre of the source increases — for example with increasing
frequency — which contributes to the formation of an increasing number of grating lobes, and
hence nulls. A few examples of the effects these nulls can have on a measurement made at a

heiaht near 3 m (aor anv othar fived heiaht) ara - shown in saveral of the fialraes
ASHgRHReaf Ao —-otHheH¢eaeightaFe-SRoWR1H-S8V-e8ra+-o++Re—HgUFeS-

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

distance. At other heights, the field strength at 30 m distance becomes greater than that at
10 m distance.

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

could be specified in the manner of [13], so that
measuring height would be specified as 4 m above
height at which the field strengths may exceed that g

There are significant differences between the field d butions above a real earth plane and
re g for the differences, not the least
pofatizations over a perfect conductor always have

dence. In addition, for vertically polarized

ewsters angle or, expressed in another way, at

being that the reflection
a magnitude of unity
magnitude less than
waves over a perfect
all reflection an
the vertically pola i §
vertically polarizegnwa ing“aNossy dielectric I|ke real ground, where reflections taking

place below Bré ; gle “experience a large phase change and the image can be
visualized as peinoNin nate anti-phase with the source. It should also be observed that

Q

[11], serves.io providé an answer to the fourth question posed in 4.5.2.

4.5.51 Vertically polarized fields over a perfect conductor

The contribution of the vertically polarized surface wave over real ground can be significant.
KHowever, 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 MHZz 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).

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
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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 aover a real ground. If the fields over the

good conductor are mistakenly believed to resemble those over a real ground, they will
encourage a false sense of confidence that ground based measurements over real ground will
give good guidance to the field strengths to be expected at elevated angles.

In figure 4.5-15, the height scan patterns of the vertical components of the E-fields emijtted
from the small vertical dipole show that at 1 000 MHz, just as was the case at 30 MHgz,.the
vertically polarized fields developed near a metal ground plane at 1 QO0\MHz afe) much
stronger than those developed near a "medium dry ground". The same conclysions which

s ¢ and the "medium dry ground" are in
phase, signifying that the\imagey i gt ] round planes have similar phases when

However, it is also quite all\potarized waves reflected below Brewster's angle
over the "mediupi\dr < d in phase with respect to the corresponding
reflected waves er giound\plarie. In other words, the vertical image in the lossy

J tive interference (a null) at the surface of the "medium

dielectric is reversé

distance at a helgo 0, above the "medium dry ground", whereas a very deep null
occurs at'that Reight over\the Copper ground plane (the direct and reflected path lengths differ

The height(scans™a{ /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.

4.5.5.2 Horizontally polarized fields over a perfect conductor

Although the contribution of the horizontally polarized surface wave over real ground at
30 MHz is small, nevertheless the height scan patterns in figure 4.5-16 show that the
horizontally polarized fields near the "medium dry ground"” are stronger in this case than
the corresponding fields near the copper ground plane.
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In both cases a null is required in the vertical field pattern at the ground, to satisfy the
boundary conditions, and the null is deeper in the copper ground plane example. This
example shows that, in contrast with vertically polarized measurements, it is possible that
measurements of horizontally polarized fields made on a metal ground plane for comparison
with radiated disturbance limits developed for earth sites may slightly favour the EUT when

measuring 1or cormpliance with tne Himits.

In figure 4.5-17, the height scan patterns of the horizontally polarized E-fields emitted at
1 000 MHz from the small horizontal electric dipole show that at height scan distance of 30 m
and more, with no useful contribution from the surface wave, the maximum horizontally
polarized fields over a "medium dry ground" are very similar to those over a copper ground
plane. The similarity of magnitude in regions of constructive interference is caused-by the
similar reflection factors (magnitudes close to unity) over both surfacés atNow_angles of

| 10 m, the

becomes significantly less than unity. The reflected wave
constructive interference occurring at the field maxima.

created at short horizontal distances,
insignificant, because the magnitude o

In summary, the
30 MHz and above

higher frequ
the decre
when réflectio \'
interference~of direst and reflected waves over real ground then produces fleld strength
maxima of somewhatsmaller magnitudes than those produced over a good conductor which
has a reflection facter'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 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.
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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 pictorially the
ranges of uncertainties in the predictability of the radiation emitted at elevated angles at
frequencies above 30 MHz. The information has been used to construct bar charts illustrating
the uncertainties for electrically small sources located 1 m or 2m above ground when
predictions of the field strengths at elevated angles are based on E-field measurements\in
1 m to 4 m height scans at horizontal distances of 10 m, 30 m and 300 m.

urements_made at a

R

Figure 4.5-18 illustrates the uncertainties in predictability based on mea

horizontal distance of 10 m. The bar for the uncertainty range at 330 t the best
predictability at 330 MHz is obtained when the source behaves ag Il herizontal
dipole (dh) or as a small horizontal loop (lh). There is nominally zery efror \nredieting the
maximum strength of the horizontally polarized Eh fields. The est\predjctability at
330 MHz results in an underestimate of approximately 4, (i 7 horizontally

polarized field Eh emitted at elevated angles from a small

best predictability at
(dv). There is a negligible
e vertically polarized field.

ictability at 243 MHz introduces a very large
underestimate b G S polarized Eh fields emitted at elevated angles
from a small h i from a small horizontal loop (lh). The best
predictability at 2 5 esa large underestimate, by 13 dB, of the vertical Ez
component of the i ield emitted at elevated angles from a small vertical
5-20, in particular, graphically illustrate the very large

W when attempts are made to predict the strength of radiation
in vertical di o) oh measurements near the ground at unknown horizontal

The in sitaymeasurement procedures at frequencies above 30 MHz which are specified in
CISPR can lead to significant underestimates of the field strengths emitted at elevated
anglés 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 those provided

by the horizontally polarized marker beacon, localizer, and glide path signals of the aero-
nautical ILS.
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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 fiefdstrengthmear the ground—amnd;, 11T ConSequeNncTE, the maximam fietd
strength at elevated angles.

Calculations or measurements of the field strength patterns of vertically polarized fields over a
perfect conductor or metal ground plane do not provide good guidance to the fields to (be
expected over a real ground. At reflection angles below Brewster's angle over real ground the
field minima and maxima are contraposed with those created by the same source over.-a metal
ground plane.

To provide protection for aeronautical safety of life services,
systems, height scan measurements and limits for radiated dist

mits at the larger
?m limits by adjusting
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 123 -

Z
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SCAN
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R
ﬂi \
GROUND
VERTICAL LOOP
SOURCE

90°

70,0 80,0 90,0 100,0 110,0 120,0 130,0 140,0
E-field strength, dBuV/m

FREQUENCY =75 MHz

—————— wet ground" € =30, 0 =13mS/m
"medium dry ground" €. =15, 0 =1,5mS/m
................ very dry ground” £=3, 0=0,1mS/m

IEC 804/2000

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 AnZ2.
(Reproduced from [10])
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-124 — CISPR 16-3/TR © IEC:2000+A1:2002(E)
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—————— "wet ground"” €,=30, 0 =13 mS/m
_— "medium dry ground" € =15, 0 =1,5mS/m
.............. "Very dry ground" sr = 3’ o= 0’1 mS/m IEC 805/2000

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 AlnZ2.

(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) —125-
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PATH

\
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\\ GROUND "

VERTICAL LOOP
SOURCE

90°

<

LS
95,0\ 1050 1150 1250 1350 1450 1550 1650 1750 185,0
E-field strength, dBuV/m

FREQUENCY =1 000 MHz

————— "wet ground"” € =30, 0 =140 mS/m
Ee— "medium dry ground" € =15, 0 =35mS/m
""""""" "very dry ground" €=3, 0=0,15mS/m

IEC 806/2000

Figure 4.5-2(a) — Vertical polar patterns of horizontally polarized EXx 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 AnZ2,
(Reproduced from [10])
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- 126 -

CISPR 16-3/TR © IEC:2000+A1:2002(E)

POLAR R 9
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SOURCE
X
90°
60°
._."‘"‘ o "q. "
4
§ ‘ 30°
fones, Y Wi n / . N P
a hY
Q) .
[} ? v < g k]
— d
{ g ‘
P I. - 3
5 §
K. . ¥ 4
\ - -~ N T.'\
) -l . .
A S R
T T 1 T 1 i 0
,01050 115,0 125,0 1350 145,0 155,0 1650 1750 185,0

E-field strength, dBuV/m
FREQUENCY = 1 000 MHz
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€, =30, 0 = 140 mS/m
"medium dry ground" € =15, 0 =35mS/m
""""""" "very dry ground" €=3 0=0,15mS/m

IEC 807/2000

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 AnZ2,
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 127 —
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_____ "wet ground"” € =30, O =140 mS/m
—_— "medium dry ground" € =15, O =35 mS/m
.............. "very dry ground"” € =3, 0 =0,15 mS/m
IEC 808/2000

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 AnZ2,
(Reproduced from [10])
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- 128 — CISPR 16-3/TR © IEC:2000+A1:2002(E)
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. 1 ;Lg' 0°
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E-field strength, dBuV/m
FREQUENCY =75 MHz
— 2\ E, at a scan radius of 10 metres in the Y-Z plane
.............. E, at a scan radius of 10 metres in the Z-X plane
AV and N E, at a scan radius of 30 metres in the Y-Z plane
SRR 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
""" E, at a scan radius of 300 metres in the Z-X plane IEC  809/2000

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 Almn.
Ground constants: ¢, =15, 6 = 1,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 129 -
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E-field strength, dBuV/m

FREQUENCY =75 MHz
IEC 810/2000

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 Alin. Ground constants: g, = 15, 6 = 1,5 mS/m.
(Reproduced from [10])
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-130 - CISPR 16-3/TR © IEC:2000+A1:2002(E)

POLAR
SCAN
PATH

POLAR
SCAN
PATH

SOURCE

X

90°

A
TSy \
ST

2sater
Ne =S A,
50 0 600 40 80,0 90,0 100,0 110,0 120,0 130,0 140,0

E-field strength, dBuV/m

FREQUENCY =110 MHz

—_ E, at a scan radius of 10 metres in the Y-Z plane

.............. E, at a scan 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
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—Y
GROUND
HORIZONTAL DIPOLE

Dipole height 1 m. Dipole moment 1 Alin. Ground constants: ¢, =15, 0 =2 mS/m.
(Reproduced from [10])

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.
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CISPR 16-3/TR © IEC:2000+A1:2002(E) — 131 -
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E-field strength, dBuV/m

FREQUENCY =110 MHz IEC 812/2000

Figure 4.5-4(b) — Height scan patterns of horizontally polarized Ex field strengths

fan
o 10T,

30 m and 300 m, in the Y-Z plane. Dipole length 0,2 m. Dipole height 1 m. Dipole moment 1 Alin.

Ground constants: g, =15, 0 =2 mS/m.
(Reproduced from [10])


https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

-132 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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_____ E, at a scan radius of 300 metres in the Y-Z plane

----- E, at a scan radius of 300 metres in the Z-X plane
IEC  813/2000

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 Aln2.
Ground constants: g, =15, 0 =2 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 133 -
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Height,

: i
100,0 110,0 120,0 , 140,0 150,0

E-field strength, dBuV/m

FREQUENCY = 110 MHz

Vertically oriented E,
IEC 814/2000

-------------- Horizontally oriented E,

Figure 4.5-5(b) — Height scan patterns of vertically oriented Ez and horizontally oriented Ex field
. . . . -
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 Aln2.
Ground constants: g, =15, 0 =2 mS/m.
(Reproduced from [10])
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- 134 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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E, at a scan radius of 30 metres
E, at a scan radius of 30 metres
_____ E, at a scan radius of 300 metres

----- E, at a scan radius of 300 metres
IEC  815/2000

I‘Igul P -
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 Alin.
Ground constants: ¢, = 15, 6 = 4,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 135-—
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IEC  816/2000

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 Alin. Ground constants: ¢, = 15, ¢ = 4,5 mS/m.

(Reproduced from [10])
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-136 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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IEC 817/2000

field strengths emitted at 243 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane and the Z-X plane respectively.
Loop dimensions 0,05 m x 0,05 m. Loop centre height 1 m. Dipole moment 1 AlnZ.
Ground constants: ¢, = 15, 6 = 4,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) — 137 —
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Figure 4.5-7(b) — Height scan patterns of vertically oriented Ez and horizontally oriented

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 Aln2.
Ground constants: ¢, = 15, 0 = 4,5 mS/m.
(Reproduced from [10])
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- 138 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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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 Aln2. Ground constants: g, = 15, 0 = 4,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 139 -
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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 Alin2. Ground constants: € =15,0=4,5mS/m.

(Reproduced from [10])
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- 140 -

CISPR 16-3/TR © IEC:2000+A1:2002(E)
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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 Alin. Ground constants: ¢, = 15, ¢ = 7,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) — 141 -
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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 1 m.
Dipole moment 1 Alin. Ground constants: ¢, = 15, ¢ = 7,5 mS/m.

(Reproduced from [10])
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- 142 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Eigur - =
9

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 Aln2.
Ground constants: ¢, =15, 6 = 7,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E)

— 143 -
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Horizontally oriented E,

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 An2.
Ground constants: ¢, =15, 6 = 7,5 mS/m.
(Reproduced from [10])
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- 144 — CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Figure 4.5-T1(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 Alin2. Ground constants: g =15,0=7,5 mS/m.
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000+A1:2002(E) —145-—
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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 An2. Ground constants: g, = 15, 0 = 4,5 mS/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 U,02Z m x U,0Z m. Loop height T m.
Dipole moment 1 Alin2. Ground constants: g, = 15, ¢ = 35 mS/m.
(Reproduced from [10])
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IEC 829/2000

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 An2. Ground constants: g = 15, 0 = 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.

(Reproduced from [10])

Dipole moment 1 An2. Ground constants: g, = 15, 0 = 35 mS/m.
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Figure 4.5-14 ~"Height\scan patterns of the vertical component of the E-fields emitted at 30 MHz
from a small ver 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 g, =1, 0 = 5,81 x 107 S/m. Dipole moment = 1 Alh.
Dipole centre height above ground =1 m. In NEC the dipole length is 0,2 m.

(Adapted from [11])
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Figure 4.5-15 — Height scan patterns of the vertical component of the E-fields emitted

at 1 000 MHz fr a small vertical electric dipole, at horizontal distances of 10 m, 30 m
and 3002m. 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. 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 g, =1, 0 = 5,81 x 107 S/m.
Dipole moment = 1 Alin. 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 = Height scan patterns of the horizontally polarized E-fields emitted at 30 MHz in

the vertical'‘plane normal to the axis of a small horizontal electric dipole, at horizontal distances
of 10,my, 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 g, =15, 0 =1 mS/m
("medium dry ground"). The dashed curves were calculated geometrically to sum the direct and
reflected waves from an infinitesimal horizontal electric dipole over a metal ground plane. The
electrical constants of copper were used for the metal ground plane, &, =1, 0 = 5,81 x 107 S/m.
Dipole moment = 1 Alin. Dipole height above ground plane =1 m.
In NEC the dipole length is 0,2 m.
(Adapted from [11])
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Figure 4:5-1 Height scan patterns of the horizontally polarized E-fields emitted at 1 000 MHz

in the-vertical pladne 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 over real ground. Electrical constants used for the real ground plane

were g =15, 0 = 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 over a metal ground plane.

The electrical constants of annealed copper were used for the metal ground plane,
g =1,0=5,81 x107 S/m. Dipole moment = 1 Alln. Dipole height above
ground plane = 1 m. In NEC the dipole length is 0,02 m.
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Figure 4.5-18 — Ranges of uncertainties in the predictability of radiation in

vertical directions

is based on measurements of the horizontally and vertically polarized E<fields eight scan
from 1 m to 4 m at a horizontal distance of 10 m from the sources. The/t example shows
how the bar chart can be interpreted. At 243 MHz, the bar shows that hest predictability, with
nominally zero error, is obtained when estimating the maximum’s ngth, of orizontally
polarized Eh field emitted at elevated angles from a source beha mg a orizontal dipole
(dh). The poorest predictability at 243 MHz, an underestima can occur

when predicting the maximum strengths of the horizonta arxize h fields and the Ez
vertical component of the vertically polarlzed fields emi

75 MHz 110 MHz

o 1000 MHz
er-

esti\r/nate Ej (@)

. y (dh) & (lh)
Uncertainty, 0 log frequency

dB

-1,5

5 E, (v)

Under- -10
estimate

“4 m height scan at 30 m horizontal distance
-15

IEC 836/2000

Figure 4.5-19 — Range ainfies in the predictability of radiation in vertical directions
from electrica a ocated at a height of 1 m or 2 m above ground. The predictability

berpreted. At 330 MHz, the bar shows that the best predictability, with
{is obtained when estimating the maximum strength of either the
horizontally polarized Eh field emitted at elevated angles from a small horizontal loop (lh) or the
Ez vertical compohent 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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Figure 4.5-20 — Ranges of uncertainties i tion in vertical directions
from electrically small sources located a m apove ground. The predictability
is based on measurements of the horizon ally pofarized E-fields in a height scan
from 1 m to 4 m at a horizontal distafice of 30 omthe sources. The following example
shows how the bar chart can be |n erp at 1 000 MHz shows that the best
predictability at that frequenk ate by as much as 5 dB, will be obtained
when predicting the maxir F vertical component of the vertically polarized
field emitted at elevatp S e behaving as a small vertical loop (lv) or a small
vertical dipole (dv). veye S S as much as 11 dB can occur at 1 000 MHz

orizontal loop (lh) or a small horizontal dipole (dh).
oduced from[10])

when predicting ma
angles from a
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Annex 4.5-A

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

A close match can be achieved between vertical radiation patterns calculated for simple
electrically small electric dipoles and loops over real ground and the vertical radiation patterns
created by real ISM equipment. This can be shown using airborne data, measured by Ohio
University, of the harmonic field strengths from four different 27 MHz_ISM machines
positioned at ground level on an earthen open field site [4]. Each ISM/machine was a RF
plastics sealer, identified by a letter symbol A, B, C or D. Fundamghtal operating powers

data at approximately 109 MHz, collected by an aircraft flying at c& ndwarying
slant range, were converted to field strengths in vertical polar rathiatign at a’constant
radial distance of 300 m, at elevation angles varying from approxi u\\ up to 90°. The
resultant far-field vertical radiation patterns were then Co ith\vertical radiation
patterns calculated at the same distance from small eIe ric and) loops over real
ground. The objective was to meet a tolerance of fit x rb|tr |Iy hosen as +10 dB.
The comparisons show that the vertical radiation patte radiation from ISM

The in-flight field strength data gathered Jistehces from the ISM equipment
were converted to vertical radiation/patterns\ us he simple inverse distance law of

(4.5-A1)
where
Eq
ds
E3oo gngth at 300 m radial distance at the same elevation angle
The val 30 have been plotted against elevation angle to create two vertical radiation
patterns fo One vertical radiation pattern has been created for that part of the

which took p|ace 1 e north of the ISM device. Each pattern therefore extends up to an
elevation‘@angle of 90°, which locates the common field point between the two patterns.

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

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

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

Figure 4.5-A3 compares the radiation at 109 MHz emitted from Machi
sealer), derived from in-flight data measured at an altitude of 1 ulated
horizontally polarized field patterns for two small horizontal el ic\di achiwe C was

operated with its RF shields in place. The sharp step in the M gth close to
the elevation angle of 20° in figure 4.5-A3(b) correspond h-on of the ISM
equipment. The match in figure 4.5-A3(a) was obtained with_a jal electric dipole
at a height of 2,7 m, slightly higher than the 2 »p eight considered
elsewhere in this report

Examples of pattern matching for ISMMachi astic sealer), with its RF
shlelds in place are shown in figure 4.5- orizontally polarized fields

The match in figure 4.5-A4(a) was obtaine: i small vertical loop at a centre
helght of 0,85 m, sllghtly lower than the 1 } ource height considered elsewhere in

speed of approxi

equipment can be,during Reri ime. Each data gathering flight took place at an air
ISM equipmenty(*

However, after
in spite of the

rtical radiation patterns, it can be concluded that —
ations — the horizontally polarized field distribution
glevated angles, during any single flight pass over the ISM
s ell matched (within = £10 dB) with field distributions created
at elevated ang imple electric or magnetic dipole sources. Given the relatively good
P im ¥Jel patterns with the measured fields at angles above about 4°, and
the boundary €onditions which reduce the strength of the horizontally polarized fields near the
ground, the patterns/of the fields of the simple models calculated near the ground will be
similar te-the patterns of the real fields if they were measured at elevation angles below 4°
(see [14]). 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

predictabitity of verticatty potarizedfietds:

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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b) Flight data measured north of the ISM equipment.
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ndamental RF power 25 kW), 180° azimuth, flight altitude
ields removed, derived from in-flight field strength data in

dipole (current) moment I.dl = 2,82 mAlm, radiated power = 996 pW.
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E-field strength, dBuV/m

small vertical loop, centre height above ground 1 m, dipole
I.dA = 3,6 mAZ2, radiated power = 6,56 mW.

small vertical loop, centre height above ground 2 m, dipole
oment /.dA = 3,6 mAMn?, radiated power = 8,33 mW.
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Solid curves: rdamental RF power 3 kW), 20° azimuth, flight altitude
ields in place, derived from in-flight field strength data in

b) Dashed ¢urve ~Solrce = horizontal electric dipole, centre height above ground 2 m, dipole

(current) moment /.dl = 28,2 pAli, radiated power = 0,096 pW.
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scan radius (Adapted from [5])
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moment /.dA = 0,14 mAZ2, radiated power = 10,4 uW.

ource = small vertical loop, centre height above ground 2 m, dipole

b) Dashed curve
moment /.dA = 0,23 mAZ2, radiated power = 42,0 uW.

IEC 841/2000
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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)

fialde amitted at fraauancies1un-to-30 MHEH=z from alactricallvy emall calircas laocatad claoca to tha
He+aS—oH e e+ He8 U8R eH8s—HpP—+to—o v v H—-erectHear-—SHa—SotHc05— S-S 0—+to—th

surface of real homogeneous plane ground, for the purpose of studying the predictability of
radiation in vertical directions based on measurements of the strength of the H-field near the
ground.

The vertical radiation patterns of the fields have been calculated at a distance of 30 m from
various electrically small sources, and then the patterns of the fields at greater distances\have
been calculated so that the field variations with distance can be quanti In thissway, a
general knowledge has been obtained of the shapes of the vertics i

electrically small sources close to res
conductivity and dielectric constants [1
behaves as a perfect conductor.

The possible effects on thé verti 1ati produced by walls, buildings, reinforced
concrete structures, and i in t ici of the sources, and the effects on wave

propagation near the ground™t d by changes with distance of the electrical
constants of the grou C S i ning roads, watercourses, buried metallic pipes,
and so on, are ' f this péport. It is important to note, therefore, that the
errors in predictab d by such effects have not been considered

electromagnetic disturbances emitted near the ground from
| (ISM) radio-frequency equipment. The limits are intended to

For measurements on\a test site, the limits apply at a distance of 30 m from the source. When
measuremenfs are~wade in situ the distance to the measurement point is defined as 30 m
from the‘exterior wall outside the building in which the ISM equipment is situated; the distance
from the source is not defined. Measurements are to be made with a vertically oriented loop,
thesbase of which must be 1 m above the ground.

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

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

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

In addition to the variations in field behaviour produced by chay
conditions as the wavelength is varied in the frequenc

some localities.

The report shows the limitations of
particular, it identifies the critical im
distance — the actual dist

The report indic
i the'p

still occur when

easurements of vertically oriented H-fields at heights up to 6 m,
made at a distance of 30 m from the sources.

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

In the version of the NEC codes that were first released for public use, a section of code for

ua:uu:at;uu Uf thc ncdal I’I‘flc:d ;II thc MITOTITIVT Uf |ca= UIUulld wdo Ulll;ttcd, vvhiuh oarl :Udd tU
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 102 A and 104 A
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 magnetic dipoles). All were located very close electrica
(within a small fraction of a wavelength); the height above g
was varied between either 7 cm or 15 cm and a maximum
of the shape of the field-strength patterns to changes—i

4.6-1 to 4.6-4, including the paths of
taken of the verified azimuthal symm

the Z-X plane.

It will be seen in figures 4
the loops used in the
generator only, each
dipole contributiomto
did not behave
used here, each lodp
electric dipole co

Most attentien in thi¥ report has been devoted to radiation sources located close to a ground
havingca~conductivity, o, of 1073 S/m and a relative dielectric constant, & of 15; these
electrical constants are in the CCIR category of a medium dry ground [1] [2].

At'the upper and lower extremes of the frequency range, 30 MHz and 100 kHz, examples of
two other sets of values of ground constants have been used with the small horizontal electric
dipole model to illustrate the influence of differing values of the ground constants on the
vertical radiation patterns. The electrical constants mentioned in 4.6.2, with the numerical

vatues of 0 = 102 S/mand &, = 30 ({TU-R = cultivated tand—and fresh water marshes) and
0=10"4S/m and ¢ = 3 (ITU-R — very dry ground and granite mountains in cold regions),
were chosen as the examples [1] [2].
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IEC 842/2000 IEC 843/2000

Figure 4.6-1 — Geometry of the small vertical 1allMhdrizontal

electric dipole model

HORIZONTAL LOOP

SCANQA‘IH SOURCE
- Y
GROUND
X
IEC 844/2000 IEC 845/2000
Figure 4.6-3 : \ mall horizontal Figure 4.6-4 — Geometry of the small vertical
magnetic dipole all vertical loop) magnetic dipole model (small horizontal loop)
For each type /the field patterns above a perfectly conducting ground have also

been comparedwith the patterns generated above real grounds, to identify the errors that can
arise from-the approximation which is sometimes made that the influence of real ground can
be determined by assuming it behaves as a perfect conductor.

In general, it is necessary to recall that specific boundary conditions apply to the fields at the
surface of a perfect conductor that do not necessarily apply at the surface of a real ground. In
particular, the H-field component normal to the surface of a perfect conductor must go to zero
at the surface, as must the tangential E-field component at the surface, and it will be recalled
that this is why a horizontally polarized surface wave cannot exist at the surface of a perfect
conductor. Further, a vertically polarized surface wave travelling on a perfectly conducting

ground plane experiences no ohmic loss, it merely attenuates with distance at the free space
rate. Those boundary conditions, however, certainly do not apply at the surface of a real
ground — thus the boundary conditions identify the most general set of differences between
the vertical radiation patterns that will exist close to the surface of a real ground when
compared with those calculated close to the surface of a perfectly conducting ground.
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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-based measurements of horizontally oriented H-field at
distances up to 3 km from the source

Type of source

Predictability based on

measurements near real

ground at 30 m distance
from the source

Predictability based on in
situ measurements near
real ground when the

measurement distanc
from the source is ng\

precisely known

Electrically small
vertical electric

Excellent
(see figures 4.6-7, 4.6-9)

Excellen

xcellent
eg figure 4.6-7)

dipole

(see figures 4- >
4.6-974.6-10

Electrically small Excellent ry g o \/ Poor

horizontal electric (see figures 4.6-11, 4.6-12, | (see fgu (see figure 4.6-11)

dipole 4.6-13) . Note 3

Notes 1, 2

Electrically small Excellent Very good

horizontal magnetic |(see figures 4.6-16, 4.6 (see figures 4.6-16, 4.6-17)

dipole (vertical loop) Note 4 — . Note 5

Electrically small XQ Impossible Impossible

vertical magnetic (s igures4.6-21, 4.6-23 (see figures 4.6-21, 4.6-22)

dipole (horizontal 4.6-26) Note 8

loop) Note 7
NOTE 1 The meas \/)field emitted by the small horizontal electric dipole near the
ground can overestiméte oriented H-field strength emitted at an elevated angle by

ever, that the measurement overestimates the strength of the

loop) near the ground cap/overestimate the maximum vertically oriented H-field strength at elevated angles by less
than 1 dB, see figure 4.6-16. Note, however, that the measurement overestimates the strength of the horizontally
oriented(H-field emitted in the vertical direction by more than 3 dB.

NOTEN\5) Vertical patterns of the horizontally oriented H-fields emitted by the small horizontal magnetic dipole
(veftical loop), calculated assuming a perfectly conducting ground, can overestimate absolute values of field
strength over real ground by 6 dB, but the shapes of the patterns are a good guide to those over real ground.
However, boundary conditions require that the vertically oriented H-field must go to zero at the surface of the
perfectly conducting ground which is not the case at the surface of a real ground. See figures 4.6-16 and 4.6-17.

NOTE 6 Measurement of horizontally oriented H-field emitted by the small vertical magnetic dipole (horizontal
loop) near the ground at a distance of 30 m underestimates the H-field strengths at elevated angles by more than

16 HR’ see Figllrn 4. 6-21 Hn\mn\/nr’ measurement of the \/nrfir\nlly oriented H. finlrl’ I—l7’ near the grnllnrl imprn\/nc

predictability; it provides an underestimate of the vertically oriented H-field emitted in the vertical direction by
approximately 6 dB, and an underestimate of the maximum horizontally oriented H-field emitted at elevated angles
by about 3 dB.

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

NOTE 8 The small horizontal loop's field patterns calculated close to the ground assuming a perfectly conducting

ground have no resemblance, in shape and absolute magnitude, to the field patterns calculated close to a real
ground. See figures 4.6-21 and 4.6-22.
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Table 4.6-2 — Predictability of radiation in vertical directions at 1 MHz,
using ground-based measurements of horizontally oriented H-field at

distances up to 300 m from the source

Type of source Predictability based on | Predictability based on in Predictability based on
mnmrecaout Clllcllta nmedar lcﬂ: a;tu IIICﬂDuIcIIIGIItD medar Vclt;\lﬂ: |nd;nt;u|| Pﬂttcllla
ground at 30 m distance real ground when the calculated at a known

from the source measurement distance distance from the source,
from the source is not assuming the ground behaves
precisely known as a perfect conductor
Electrically small Excellent Excellent Excellent
vertical electric (see figures 4.6-27, 4.6-28) | (see figures 4.6-27, 4.6-28, (see figure 4.6-27)
dipole 4.6-29)
Electrically small Very good Good
horizontal electric (see figures 4.6-30, 4.6-32) | (see figures 4.6-30, 4.6-31,
dipole Note 9 4.6-32, 4.6-33)
Electrically small Excellent Good
horizontal magnetic |(see figures 4.6-34, 4.6-37) | (see figures 4.6-34, 4.6-
dipole (vertical loop) Note 11 4.6-37, 4.6-38)
Electrically small Excellent Impossibl
vertical magnetic (see figures 4.6-39, 4.6-42) | (see figures 4.6- 4.6- (see Yigures 4.6-40)
dipole (horizontal Note 13 to 4. Note 15
loop) Ngte

can overestimate the maximum vertically ori
3 dB. See figure 4.6-30. Note, however, that
oriented H-field emitted in the vertical direction b

NOTE 10 The H-field patterns calculated at a

perfectly conducting ground show that such an\assumption
strength at 1 MHz, and falsely ipdicates that the grQund
strength emitted in vertical diregti ; figure

NOTE 11

NOTE 12 The patte of
perfectly conducting

NOTE 13 The measufen

Measurement of the hsrizontally oriented

horizontally oriented H-field emitted at elevated angles by less than
of the vertically oriented H-field, Hz, near ground reduces the
ertically oriented H-field emitted in the vertical direction to about 1 dB, and

which attenuates more rapidly with increasing distance than does the horizontally
ed angles. The vertically oriented H-field near the ground is a component of the
snd wave launched by the horizontal loop and attenuates very rapidly with increasing
distance frofm-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 small
horizontal loop above a perfectly conducting ground has an absolute value more than 15 dB less than the field
strength calculated above a real ground. The shape of the vertical pattern of the vertically oriented H-field
caleulated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated close to
the' real ground. Compare figures 4.6-39 and 4.6-40. In general, the boundary condition which requires the
vertically oriented H-field strength to be zero at the surface of a perfectly conducting ground means that the pattern
of vertically oriented H-field at the real ground, which is non-zero, does not resemble the corresponding pattern at
the perfect ground.
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Table 4.6-3 — Predictability of radiation in vertical directions at 10 MHz,
using ground-based measurements of horizontally oriented H-field at
distances up to 300 m from the source

Type of source

Predictability based on

Predictability based on in

Predictability based on

ground at 30 m distance
from the source

a;tu IIICﬂDuIcIIIGIItD medar
real ground when the
measurement distance
from the source is not
precisely known

vclt;ua: |ad;at;u|| Pﬂttcllla
calculated at a known
distance from the source,
assuming the ground behaves
as a perfect conductor

loop)

Electrically small Excellent Excellent Impossible

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

dipole 4.6-45) Note 17
Note 16

Electrically small Poor Good Impos ible

horizontal electric (see figures 4.6-46, 4.6-47) | (see figures 4.6-46, 4.6-47, (se¢ figure $6-46)

dipole Note 18 4.6-48 20
Note 19

Electrically small Very good Impossible

horizontal magnetic |(see figures 4.6-49, 4.6-50) | (see figures 4.6-49, 4.6-30) (see f| 4. 6 -49)

dipole (vertical loop) Note 21 Note 22/\ Note 23

Electrically small Poor i Fair

vertical magnetic (see figures 4.6-51, 4.6-52) (see figures 4.6-51)

dipole (horizontal Note 24 Note 26

emitted from the vertical electric dipole. At 10 MF
with increasing distance, such that there is an exex

distance at the free space ra
at 10 MHz (see Note 16).

distances much beyond 30 ro.
NOTE 18 The -.@.« e
horizontal electric dipgJé ca

oriented H-field components near real ground attenuate more rapidly with
electric dipole than do the sky-wave components. The excess attenuation is

therefore differ.significantly in that range of measuring distances. See figure 4.6-46.

NOTE 21~ “WMeasurement of the horizontally oriented H-field near the real ground at 30 m distance from the small
vertical-loop can underestimate the horizontally oriented H-field strength emitted in the vertical direction by less
than~3\dB, but it overestimates the strength of the vertically oriented H-field emitted at elevated angles by
approximately 3 dB. See figure 4.6-49.

NOTE 22 The horizontally oriented H-field components near real ground attenuate much more rapidly with
ifcreasing 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-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.
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NOTE 25 The relative magnitudes of the H-field components near the ground and at elevated angles are strongly
dependent on the actual distance from the horizontal loop source at 10 MHz. The horizontally oriented H-field near
the ground is a radially directed component which attenuates more rapidly with increasing distance than does the
horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground is a component of
the horizontally polarized ground wave launched by the horizontal loop and attenuates very rapidly with increasing
distance from the source. See figure 4.6-51.

NOTE 26 The shape of the vertical radiation pattern of the horizontally oriented H-field calculated at a distance of

30 m from the small horizontal loop over perfectly conducting ground is very similar to that calculated over a real
ground at 10 MHz. The absolute value of the field strength calculated over perfectly conducting ground is about
5 dB less than the field strength calculated over real ground. Both calculated vertical radiation patterns at 30 m
distance indicate that ground-based measurement of horizontally oriented H-field underestimates the maximum
field strength at elevated angles by more than 6 dB. The measurable horizontally oriented H-field components near
the ground in both cases are the remnants of radially directed near-field components, not a part of propagating
waves, and they attenuate more rapidly with increasing distance from the source than do the fields at elevated
angles. See figure 4.6-51. It must also be recalled that, in general, the boundary condition which requires the
vertically oriented H-field strength to be zero at the surface of a perfectly conducting greund means 4hat at all

Type of source Predictability based on | Predictability based o}i{
measurements near real situ measur

ground at 30 m distance real gro
from the source measureme jstanee

fro isyno
recis o

edictability based on
rtical fadiation patterns
alculated at a known
nce from the source,

ming the ground behaves
» asa perfect conductor

n
Electrically small Very good Impossihle N Impossible
vertical electric (see figures 4.6-53, 4.6-54) \($<' ures 4.6- 4.6-54) (see figure 4.6-53)
N

dipole Note 27 obe 28 Note 29

Electrically small Poor mpossi Impossible

horizontal electric (see figures 4.6-55, 4.67\57, exfigur 5, 4.6-56, (see figures 4.6-55, 4.6-56)

dipole 45-5 46-58 Note 33

tes 8(Q, 31 te 32

Electrically small \/(mpossible Impossible

horizontal magnetic (dee figures 4.6-59, 4.6-60) (see figure 4.6-59)

dipole (vertical Ioog{\ 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 27 Mizontally oriented H-field near the real ground at 30 m distance from the
small vertical ole uRderestimates the maximum field strength at elevated angles by about 3 dB at
30 MHz.
NOTE 28 The h oriented H-field near ground is a component of the vertically polarized ground wave

emitted from the vertisal electric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with increasing
distance near'ground, su¢h that 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. See figures 4.6-53 an 4.6-54.

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

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

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

NOTE 33 The horizontally oriented H-field near a perfectly conducting ground attenuates by 40 dB as the

distance from the small horizontal electric di:ﬁnln mncreases from 30 m to 300 m_an excess attenuation of 20 dB

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

NOTE 34 Measurement of the horizontally oriented H-field near real ground at 30 m distance from the small
vertical loop can underestimate the maximum horizontally oriented H-field strength emitted in the vertical direction
by less than 6 dB. It gives an exact indication of the strength of the vertically oriented H-field_emitted at™elevated
angles. See figure 4.6-59.

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

NOTE 37 Measurement of the horlzontally oriented Hfle d cmpnnt near the r&al ground at 30 m distance
S p a} elevated angles by more than

ee figur

is a radially directed component which attenuaes meErexrapid inereasing distance than does the horizontally
oriented H-field at elevated angles. ented fiefld near the ground is a component of the

e ho ntal lopp and at 30 MHz it attenuates very rapidly with

NOTE 39 The shape and Joitude e i ation” pattern of the horizontally oriented H-field calculated
at a distance of 30 m ftom i alkloqp over perfectly conducting ground at 30 MHz are very similar to
the shape and mag { d_oyer real ground. Both the calculated patterns indicate that
ground-based measie i iented” H-field will underestimate the maximum field strength at

elevated angles by 167dB" o1 RA8. measurable horizontally oriented H-field components near the
ground in both cases aret tally’directed near-field components, not a part of propagating waves,
and they attenuate e, rapi ith\increaging distance from the small horizontal loop than do the fields at

elevated angles. igurg 4.€ ; st-afso be recalled that, in general, the boundary condition which requires

4.6.6.2 Error ranges

It is possible’ to present pictorially the ranges of errors of the predictability of radiation in
vertical-directions at different frequencies, when the precise horizontal measurement distance
from4hg sources is known to be 30 m.

Figure 4.6-5 and 4.6-6 show in bar chart form the error ranges to be expected, in figure 4.6-5
when measurements are made of the horizontally oriented H-field near the ground at 30 m
distance from the sources, and in figure 4.6-6 when those measurements of horizontally
oriented H-field are supplemented with measurements of vertically oriented H-field in a 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 over-
estimation of the strength of radiation in vertical directions occurs in the case of a source
behaving as a small horizontal electric dipole, and the error is an overestimate by 5 dB of the
maximum strength of the horizontally oriented H-field. The largest error in overestimating the

maximum vertically oriented H-field strength at 100 kHz is an overestimate of only 1 dB, as
indicated in the chart by the solid bar, again for the case of a source behaving as a small
horizontal electric dipole. At 100 kHz, figure 4.6-5 shows that the largest error in prediction of
the strength of radiation in vertical directions occurs in the case of a source behaving as a
small vertical magnetic dipole (horizontal loop) and the error is an underestimate by 16 dB(of
the maximum vertically oriented H-field. The largest error at 100 kHz m predicting the
maximum horizontally oriented H-field strength emitted in vertical dire s is am~under-
estimate by 15 dB, again in the case of a source behaving as a small ver agnetic’ dipole
(horizontal loop).

+10 -
Overestimate
+5 | dh 5

log frequency
Error, dB 0

-

Underestimate

IEC 846/2000

e predictability of radiation in vertical directions from
gcated close to the ground, based on measurements of the

Source identifieation:
dh = horizontal electric dipole dv = vertical electric dipole

Iv = horizontal magnetic dipole (vertical loop) Ih = vertical magnetic dipole (horizontal loop)
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== = = error range of predictability of horizontally oriented

+10 1 dh-, 9 H-field strength at elevated angles
| |
. | |
Overestimate ! | == = grror range of predictability of vertically oriented
+5 L dh : 5 | ! H-field strength at elevated angles
| |
| dh g 3 v g 3
(] |
dh g 1 | | I 0 log frequency
Error, dB 0 1 vy o ‘ v -
[ | h ® -1 dv O
[ 1 [
h §-3 | dv § -3
|
-5t h®s f
h ®-6 ) a7
) -
Underestimate dh '-8 i |
=10 H
[
dht'-12
-15 L
| | I
100 kHz 1 MHz 10M
IEC 847/2000
Figure 4.6-6 — Ranges of errors in the predictability of radiati i al directions from
electrically small sources located close to the ground,/ based dsurements of the
horizontally oriented H-field at the ground supp g itk asurements of the vertically
oriented H-field in a height scai up at 2 di e ¢ from the sources

Source identification:
dh = horizontal electric dipole
Iv = horizontal magnetic dipole

electric dipole
icdl magnetic dipole (horizontal loop)

In figure 4.6-6, which ig us YiCtabili radiation in vertical directions is to be based
on measurementg nea ! horizontally oriented H-field components supplemented
with 6 m height@ 9 g vertically oriented H-field components at 30 m
distance, the charts the worst error in the prediction of the strength of
radiation in vertigd curs for the vertically oriented H-field components
emitted from a so s a/small vertical magnetic dipole (horizontal loop), but that
the magnitude e \as been reduced to an underestimate by 6 dB (solid bar). The magni-
tude of the Iq g gte at 100 kHz of the maximum strength of the horizontally

4.6.7 Canclusic
Verticalradiation patterns have been calculated for electrically small sources located close to
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 from
discontinuities in the electrical constants of the ground. Nevertheless, even with such a
simplification, the studies still show that in the case of solitary electrically small sources
located close to a plane homogeneous ground the predictability of radiation in vertical
directions can be subject to large errors, when the predictions are to be based on measure-

a Lt £ o1

4+ £ L1 4+ +l £ L1 b H o1l H 4+ £ 4 p= o 4l
mrcimno Ul uic Ollcllulll Ul urc mmurZuiidily UTTCTICU TT17TICTU at urc yrournu mnr i mmiariict grToCIlItry

described in CISPR 11.
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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

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
d,_twe more
he vertically

obvious reasons for the errors are that the boundary condition whic
oriented H-field strength and the horizontally oriented E-field streqs

dictability is based solely on
30 m distance. It can be seen

: § obtained for predictability of radiation in
vertical directions~whe Qrizontally oriented H-field near the ground are
supplemented W@ oriented H-field at heights up to 6 m above the
ground. It can be pverestimate of 9 dB at 1 MHz remains a possibility,

but the potential uQe ima fqoNdB at 100 kHz and 30 MHz has become a possible

In addition;)the comparisons of the vertical radiation patterns over real ground with those over
perfectly)conducting ground have also shown the large differences that can occur in the
assessments of the potential for interference made by measurements on a test site having a
cenducting metal ground plane compared with assessments using measurements made on a
test site having a real ground reference plane.
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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 Alin.

Dashed line curve — Hy at a scan distance of 30 m
Electrical constants of the ground: 6 =1 mS/m, ¢, = 15

Dotted line curve — Hy at a scan distance of 30 m
Perfectly conducting ground
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Figure 4.6-8 — 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 Alm.

Dashed line curve —
Dotted line curve —

Hy at a scan distance of 300 m
Hy at a scan distance of 3 000 m

Electrical constants of the ground: 6 =1 mS/m, ¢, = 15
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Figure 4.6-9 — Vertical radiation patterns of E-fields
emitted by a small vertical electric dipole located close to the ground

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

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: 0 =1 mS/m, g, = 15



https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

- 178 — CISPR 16-3/TR © IEC:2000+A1:2002(E)

A
P
R
OUAN FATH VERTICAL UIFULE
~ \\ | __—SOURCE
GROUND
X
90°
60°
L] - -
oo -~ N .,
— s, .
——
.., .
=7
~
N 30°
s N
$ ¢ NN
i N
i \
. N\
H N
l..’.
I....'
-
»' ‘.‘...
I....
e LT 0°
] 1

i ¥ . B
10 \ \Q\> 10,0 20,0 30,0

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 Alm.
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Dashedline-ecurve vertealy-oriented-Ezat-a-sea
Dotted line curve — horizontally oriented Ex at a scan distance of 3 000 m
total vector/phasor sum of Ez and Ex at a scan distance of 3 000 m,

Dash-dot line curve —
the vertically polarized E-field
Electrical constants of the ground: 6 =1 mS/m, ¢, = 15
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Figure 4.6-11 — Vertical radiation patterns of the H-fields
emitted by a small horizontal electric dipole located close to the ground
Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 Al.
Dashed line curve — horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
NDaoatiad L K H +all H tad L] 4 diat £ 2N H +h N7 ]
| AVASAVAVERLIRAVER VIV | I A v] IIUIILUIILCIII_Y JUTicTieoyu ll_y dl ad oudlil Uurotdadliive Ul Ju 11t inmnr tnic 174 VIGIIU
Solid line curve — vertically oriented Hz at a scan distance of 30 m in the Y-Z plane

Electrical constants of the ground: 6 =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 Alm.

Hy at a scan distance of 30 m in the Z-X plane

Dash-dot line curve — ground constants are 0 = 0,1 mS/m, ¢ =3
Dashed line curve —  ground constants are 6 =1 mS/m, ¢ =15
Dotted line curve — ground constants are 0 =10 mS/m, ¢, =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 Alm.

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 0 =1 mS/m, ¢ = 15
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Figure 4.6-14 — Vertical radiation patterns of the E-fields
ab a—-Sha horizontal-elec ic-dipole-located-—=c 8 8 _"c'_:"}d
Dipole length 3 m. Dipole height above ground 1 m. Dipole moment 1 Alm.
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 0 = 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 Alm.

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 0 = 1 mS/m, ¢, = 15
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Figure 4.6-16 — Vertical radiation patterns of the H-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Dashed line curve —
Dotted line curve —

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

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
Electrical constants of the ground: 0 =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

qulnrn Innp I mx3m| fafa¥al base hnighi‘ above grnllnrl 1m nilr_\nln moment 1 A2

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
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

Squalc iUU}J 3 LLL} 3 . LUU}J baac hUtht abuvc gluuud 1 LIS DI[JU;U IIIUIIIUIIt 1 I‘"\‘\EI?.
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 0 = 1 mS/m, ¢, = 15
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Figure 4.6-19 — Vertical radiation patterns of the E-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. | oop base height above ground 1 m. Dipole moment 1 Alin?

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 0 =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 Alin2.

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 0 = 1 mS/m, ¢, = 15
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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 AnZ2.
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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 0 = 1 mS/m, ¢, = 15



https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

-190 - CISPR 16-3/TR © IEC:2000+A1:2002(E)

z

//RT

SCAN PATH N NMUNRNIZUNTAL LUUF

< /SOURCE

o
GROUND

90°

-40,0 -30,0 -20,0 -10,0 0
Magnetic field strength, dBpA/m

FREQUENCY = 100 kHz
IEC 863/2000

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

ogquUare 1oop s m x5 m. LOOP neignt dbove ground T m. uip0|e moment 1 /-\Lm2.

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
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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 0 = 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 Alin<.

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 0 =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 Aln2.

Dashed line curve — horizontally oriented Ey at a scan distance of 30 m
Electrical constants of the ground 0 =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 Alm~<.

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 0 =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 Ali.

Dastredtimecurve—= Hy atascandistanceof 30m
Dash-dot line curve — Hy at a scan distance of 300 m
Electrical constants of the ground 0 = 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 Alm.

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 0 =1 mS/m, ¢ = 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 Alm.

Dashed line curve — vertically oriented £z at a scan distance of 300 m

Dotted line curve— horizontally oriented Ex at a scan distance of 300 m

Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 300 m,
the vertically polarized E-field

Electrical constants of the ground 0 = 1 mS/m, ¢, = 15
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Figure 4.6-30 — 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 Al.

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 0 = 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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CISPR 16-3/TR © IEC:2000+A1:2002(E) — 199 —

z
§

SCAN PATH
_ /. yd

LAY LAY
SCAN PATH \
AN \
|
N )

GROUND
HORIZONTAL DIPOLE
SOURCE

—<
I i
- 40,0 60 -20,0 -10,0 0

Magnetic field strength, dBUA/m

FREQUENCY =1 MHz IEC 872/2000

Figure 4.6-31 — 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 Alm.

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 300 m in the Y-Z plane
Electrical constants of the ground 0 =1 mS/m, ¢, = 15
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—200- CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Figure 4.6-32 — 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 Alm.

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 0 =1 mS/m, ¢ = 15
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 201 -
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Figure 4.6-33 — Vertical radiation patterns of the E-fields

IEC 874/2000

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 Alm.

—  Dashedtinmecurve = verticatty orientedEz ata scanm distance of 300 imtheZ=Xptame

Dotted line curve — horizontally oriented Ex at a scan distance of 300 m in the Z-X plane
Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 300 m in

the Z-X plane, the vertically polarized E-field
Electrical constants of the ground 0 = 1 mS/m, ¢, = 15
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- 202 - CISPR 16-3/TR © IEC:2000+A1:2002(E)

VA
§
!
/( ?SCAN PATH
R e
N
SCAN PATH \
v J—
GROUND
VERTICAL LOOP
SOURCE
X
90°
0°
FREQUENCY =1 MHz IEC 875/2000

Figure 4.6-34 — Vertical radiation patterns of the H-fields
emitted by a small horizontal magnetic dipole (vertical loop) located close to the ground

Square loop 3 m x 3 m. Loop base height above ground 0,15 m. Dipole moment 1 Alin2.

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 0 = 1 mS/m, ¢, = 15
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 203 —
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Figure 4.6-35 — 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 0,15 m. Dipole moment 1 AlnZ2.

Dashed line curve — Hy at a scan distance of 30 m in the Z-X plane
Dotted line curve — Hy at a scan distance of 30 m in the Y-Z plane
Perfectly conducting ground
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— 204 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Figure 4.6-36 — Vertical radiation patterns of the horizontally oriented H-fields

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

Dashed line curve —
Dotted line curve —

Square loop 3 m x 3 m. Loop base height above ground 0,15 m. Dipole moment 1 AlnZ2.

Hy at a scan distance of 300 m in the Z-X plane
Hy at a scan distance of 300 m in the Y-Z plane
Electrical constants of the ground 0 = 1 mS/m, ¢, = 15
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 205 -
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Figure 4.6-37 — 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 0,15 m. Dipole moment 1 AlnZ2.

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 0 =1 mS/m, ¢ = 15
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- 206 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Figure 4.6-38 — 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 0,15 m. Dipole moment 1 Alin2.

Dashed line curve — _ vertically orienied EzZ at a scan distance of 300 m Iin the Z-X plane

Dotted line curve — horizontally oriented Ex at a scan distance of 300 m in the Z-X plane

Dash-dot line curve — total vector/phasor sum of Ez and Ex at a scan distance of 300 m in
the Z-X plane, the vertically polarized E-field

Electrical constants of the ground 0 = 1 mS/m, ¢, = 15
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CISPR 16-3/TR © IEC:2000+A1:2002(E) - 207 —
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Figure 4.6-39 — 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 Alin<.

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
Electrical constants of the ground 0 =1 mS/m, ¢ = 15
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- 208 - CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Figure 4.6-40 — Vertical radiation patterns of the H-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

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

Square foop 3 m X 3 m. Loop height above ground T m. Dipole moment T A=,
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CISPR 16-3/TR © IEC:2000+A1:2002(E) — 209 —
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Figure 4.6-41 — Vertical radiation patterns of the H-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop s m x 3 m. Loop height above ground T m. Dipole moment T Alin<.

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 0 = 1 mS/m, ¢, = 15
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-210- CISPR 16-3/TR © IEC:2000+A1:2002(E)
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Figure 4.6-42 — 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 Aln2.

Dashed line curve — horizontally oriented Ey at a scan distance of 30 m
Dotted line curve — horizontally oriented Ey at a scan distance of 300 m
Electrical constants of the ground 0 =1 mS/m, ¢ = 15



https://standardsiso.com/api/?name=5432d65f34c9964d0d2989048bf44975

	CONTENTS
	FOREWORD
	1 General
	1.1 Scope
	1.2 Reference documents
	1.3 Definitions

	2 Statistics
	2.1 Recommendation 2/3: Statistics of complaints and sources of interference
	2.2 Report 48: Statistical considerations in the determination of limits of radio interference
	2.3 Recommendation 46/2: Significance of a CISPR limit
	2.4 Report 59: An analytical assessment of statistical parameters of radio disturbance in the case of an incompletely ...

	3 A model for the calculation of limits
	3.1 Introduction
	3.2 Probability of interference
	3.3 Circumstances of interferences
	3.4 Basic model
	3.5 Application of the basic model
	3.6 An alternative method used for ISM equipment

	4 Technical reports
	4.1 Correlation between measurements made with apparatus having characteristics differing from the CISPR characteristics ...
	4.2 Interference simulators
	4.3 Relationship between limits for open-area test site and the reverberating chamber
	4.4 Characterization and classification of the asymmetrical disturbance source induced in telephone subscriber lines by ...
	4.5 The predictability of radiation in vertical directions at frequencies above 30 MHz
	4.6 The predictability of radiation in vertical directions at frequencies up to 30 MHz
	4.7 Parameters of broadband antennas

	5 Background and history
	5.1 The history of the CISPR
	5.2 Historical background to the method of measurement of the interference power produced by electrical household and ...

	6 Reports on uncertainties in standardized emission compliance testing
	6.1 Introductory note
	6.2 General and basic considerations
	6.3 Voltage measurements
	6.4 Radiated emission measurements


