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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: Reports and recommendations of CISPR

FOREWORD

icipate in this preparatory work. International, governmental and no
the IEC also participate in this preparation. The IEC

pnization for Standardization (ISO) in accordance with conditi

organizations.

formal decisions or agreements of the IEC on technical matters \s nearly as poss
national consensus of opinion on the relevant subjects |sinc i mittee has repres
all interested National Committees

documents produced have the form of/fecomqam | dse and are published in ]
tandards, technical specifications, tecknica es and they are accepted by the |

mittees in that sense.

rder to promote international unificatiofi,
dards transparently to the maximum| exteg POSS Ie in their national and regional standard
rgence between the IEC-Standard and\the e national or regional standard shall be|

Cated in the latter.

ntion is dra
ptent rights. p q g ponsiile for identifying any or all such patent rights.

cal committee 3 e publication of a technical report when it has co
f a differen which is normally published as an International Stand

le ’state

ical report necessarily have to be reviewed until the data they provig
ered to.beo longer valid or useful.
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163, which is a technical report, has been prepared by CISPR subcommittee A:

Radio

interference measurements and stafistical methods.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
CISPR/A/CO/67 CISPR/A(CO)82
CISPR/AICOI77 CISPR/A(CO)84

Full information on the voting for the approval of this technical report can be found in the

report

This p

on voting indicated in the above table.

ublication 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)l1l5, 1991;
CIS/A[Sec)I15A, 1991; CIS/A(Sec)116, 1991; CIS/A(Sec)124, 19971; CI Sec)128,]11992;
CIS/A(Sec)132, 1993; CIS/A/166/CD, 1995.

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

@%
¥
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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 Jcope

This ¢ ints, on
the sig prts.
Over have
signifi ations
were for some time published in CISPR 7 and 8.

At its ntents
of par ace in
part 3

1.2 H

IEC 6 rdized
in me

IEC 6

CISPR 11:1997 ] S O, t ent —
Electrbomagnetic a 1

CISPH tics of
soundq

CISPH lectric
tools ;

CISPH is and
methdds < Rart 1: Rddio disturbance and immunity measuring apparatus

CISPR1I6-Z: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 nis the stated attenuation in decibels

1.3.2
impulse bandwidth ( Bimp)

Bimp = AlDmax ! (2G, x 19)

where

A(f)max 1S the peak of the envelope at the IF output of the receiver wit Wpulse alrea 1S
applied at the receiver input;

G, is the gain of the circuit at the centre frequency.

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

where| Bg and B3 are respectively the bandwidths a
in annfex 1.3-A for further information)

points (see 1

1.3.3
impuld
the voltage-time area of a pulse defined

NOTE |Spectral densijty (D) i
impulsgs of pulse d S 8
is calibrated in r.m.s® de

noted.

3-A.2

angular
Isince D

stage
reach

hving a
ediately
pde-ray
bctor, is
e linear

operating

train of

rectangular envelope is gated such that the deflection registered is 0 63D The duration of th|SS|gnaI is equal to

the charge time of the detector.

1.3.5

electrical discharge time constant ( Tp)

time needed after the instantaneous removal of a constant sine-wave voltage applied
stage immediately preceding the input of the detector for the output of the detector to
37 % of its initial value

to the
fall to

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

n to fall
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1.3.6
mechanical time constant ( T,,) of a critically damped indicating instrument

Ty =T, /2m

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(d%a / dt?) + 2Ty(da / dt) + a = ki

where

a is the deflection;

i is the current through the instrument;
k is alconstant.

It can Qe deduced from this relation that this time constant is also equal to the duréi
constarjt amplitude) that produces a deflection equal to 35 % of the steady deflé
currentfhaving the same amplitude as that of the rectangular pulse.

NOTE 2 The methods of measurement and adjustment are deduced fro

a) Thg period of free oscillation having been adjusted to 2mT,,, damping

b) When the period of oscillation cannot be measured, the dampihg is
the ovefswing is not greater than 5 % and the moment of inertia :

1.3.7
overlojad factor

uise (of
tinuous

ch that

Imax”

ratio ¢f the level that corresponds to t \ ear function of a circuif (or a
group| of circuits) to the level that cosx ull-scale deflection of the indicating
instrument.

The maximum level at whijet te 18 1se”of a circuit (or group of circuits) does
not dgpart by more than ideal N efines the range of practical linear function
of the|circuit (or group of circui

1.3.8 Q

symmetric volta

in a two-wire circui 9 phdse mains supply, the symmetric voltage is the|radio-
frequgncy disturbance je-a g between the two wires. This is sometimes callpd the
differgntial mode woltages is>th€ vector voltage between one of the mains terminals and
earth pand Vis th ' ge between the other mains terminal and earth, the symmetric
voltage ist i Va — Vb)

1.3.9

asymmetric voltage

radio-frequency distufbance 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

sum ofi\fa-and \/h, Lo (\/n + \/h)l’)

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;

1.1

1.2

1.3

1.4

2.1

2.2

2.3

MMENDS

hat the statistics supplied by National Committees shof
ollowing information may be readily extracted:

circuit. In such cases, the number to be entered
the interference service;

at the

es for

uency

uency

ES On

have

rora
pse of
hich a

inter-

caused by a group of devices, for example, a number of

in the

should

more

bne seurceNpay cause many complaints and one complaint may be caused by
han _one source. Therefore, it is clear that the number of sources and the num
Camplaints against any classification code may not be related;

ber of

for the purpose of these statistics, both active generators of electrical energ

y and

apparatus and installations which cause interference by secondary effects (secondary

modulation) are included. See also Appendix Il for a complete list;

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;

that statistics should cover a complete calendar year; they should whenever possi
presented in the following form, without necessarily employing the finer categories
in Appendix Il. It s not intended to exclude further subdivisions; these are desirab
they should fit into the scheme of the standard form;

the code numbers refer to the items listed in Appendices | and II;

ble be
listed
le, but
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Statistics of interference complaints

Source of interference
or other cause of complaint

Number of complaints per service
from each source

Classification code Description Total number Broadcasting 2 Other
in each — services P
classification Sound ¢ Television ¢
LF/ 1] | 1" VIV
MF/
HF
Al 1
2 T
etc. as in the appendices F
Totals A N ('\
a LF low frequency (long waves); \>
MF F  medium frequency (medium waves);
HF £ high frequency (short waves).
Thege three bands may either be grouped together, as shown, or dealt wit a
1= Band Il (VHF/FM)
I = Band | (VHF/television)
114 Band Il (VHF/television);
IV/\{ = Band IV/V (UHF/television).
b The|service and band affected should be state
¢ At the time of receipt of complaints of interference,_i.e. ¥ have been investigated fully, it may pot be
poskible to apportion the complaints accurately \to the, varo oadcasting services. If this is so, then the
nunjber of complaints shoulg/ﬁé\state/dfse;@ telmund fcasting and television.
0"Recommendation 2/3:
rces of interference
uses of complaint
Main categories
Cla;sw\c\odx\ \ Description of the source
A \ \Ir@strial scientific and medical RF apparatus
Al Industrial and scientific RF apparatus
Al1 Apparatus tuned to free radiation frequency
A.1.2 Apparatus not tuned to free radiation frequencies
A.2 Medical radio-frequency apparatus
A21 Apparatus tuned to free radiation frequencies
A.2.2 Apparatus not tuned to free radiation frequencies
A.3 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.5 Low tension power supply and distribution (<450 V)
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
C.1 Generators
C.2 Motors (P > 700 W)
c.2.1 Rated power P: 700 W < P< 1 000 W
C.2.2 Rated power P: 1 000 W < P <2 000 W
Cc.2.3 Rated power P: 2 000 W < P
C.3 Contacts
Cc4 Ignition
C.5 Rectifiers
C.6 Convertors
C.7 Diode thyristor and thypatton coutre pment
CX
D i shops
D.1
D.2
D.3
E
E.1

E.2 Ne i
E.3 /\ N Name 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 Telecommunication

1.1.1 Radio communication transmitters

1.1.1.1 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 N
J Information technology equipment \ \)
J.1 Data processing equipment (DPE)

J.1.1 Large DPE in computer rooms

J.1.2 Smaller plugable

J.1.3 Home computers\and

J.2 Local area network

J.3 Commercial videq gam

J.4 Tyépqone?cc@n es me
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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

A Industrial scientific and medical RF apparatus
Al Industrial and scientific RF apparatus

Al1 Apparatus tuned to free radiation frequency
A.l1.1.1 Drying non-metals

A.1.1.2 Plastic pre-heaters

A.1.1.3 Plastic seam welders

A.1.1.4 Wood glue drying

A.1.1.5 Microwave heating

A.1.1.6 Microwave cooking

A.1.1.7 Ultrasonic soldering and cleaning

A.1.1.8 Food treatment heaters (for examp
A.1.1.2D Other

A.1.2 Not tuned to free raqiation

A.1.2.1]to A.1.2.20 As for A.1.1.1 to A(1.1.20

A.2 Medical radiofreq encat

A2.1 y to Txee radiation freguencies
A.2.1.1

A.2.1.2

A.2.1.3

A.2.1.2D

A.2.2

A.2.2.1]to A.2.2X0

A.3 Sparking apparatus (except ignition)

A3.1 excited arc welder

A.3.2 Surface 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

CISPR 16-3/TR O IEC:2000(E)
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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.1.2.3 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 (<45
B.5.1 Power lines overhead

B.5.1.1 Presence of foreign objects on line

B.5.1.2 Equipment faults

B.5.1.2D Other

B.5.2 Generating and sWwj

B.5.2.1|to B.5.2.20
B.6 Electric traction
B.6.1

B.6.1.1
B.6.1.2 [ ad distibuti voltage

B.6.1.3 Q
B.6.1.4

D <
B.6.3 /\ N lley buses

B.6.1.2

B.6.2

C \ \El/e%tricity consumers' equipment (industrial and similar)
C.1 Generators

C.2 Motors (P > 700 W)

c.2.1 Rated power P: 700 W < P< 1 000 W
c.2.1.1 Lifts

Cc.2.1.2 Central heating

C.2.1.20 Other

Cc.2.2 Rated power P: 1 000 W < P <2 000 W
c.2.2.1 Lifts

c.2.2.2 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

Cc.2.3 Rated power P: 2 000 W < P
C.2.3.1 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

Cc4 Ignition

C.4.1 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

D.1

D.1.1

D.1.1.1

D.1.1.2

D.1.2

D.1.3

D.1.20

D.2 Coitact 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.1 Fluorescent lamps

E.2 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 Ill of CISPR Recommendation 50.
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Classification code

Description of the source

F Receiving installations

F.1 Sound broadcast receivers

F.1.1 AM receiver

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, Barkhqus ion
F.2.20 Other

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

G Ignition systems of internal combu tion e glnes
G.1 Motor vehicles

G.2 Boats

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

H Id%n\lleources\)\\{than thode/specified
| \/

1.1

.1.1

.1.1.1

1.1.1.1.1

.1.1.1.2

.1.1.1.3 Lgnd mdbile stations

.1.1.1.20 Other

1.1.1.2 Harmonic radiation

1.1.1.2.1 Broadcasting stations

.1.1.2.2 Amateur stations

.1.1.2.3 Land mobile stations

1.1.1.3 Spurious radiation

1.1.1.3.1t0 1.1.1.3.20
1.1.2

1.2

1.2.1

1.2.2

1.2.3

1.2.4

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

1.3.2 Other spurious responses

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 co

J.1.2 Smaller plugableNDPE hot 1 oms

J.1.3 Home computers anchhome\vide

J.2 Local area network

J.3 Co ercialvideo \gam

J.4 TM{ nd other\djgital telecommunication equipment

(
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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 about the
probability that a batch of appliances from which the sample has been takermw iII be accepted.

This gcceptance probability is very important to the manufacturer. Th
only that if 20 % of the items of the batch are above the relevan{ li acce

probability is 20 % and knowledge is necessary about the depepde tance
probability on the sample size and the fraction items of the batch tf at are . levant
limit. The curves representing the acceptance probability vers : items abqve the limit

and the sample size as a parameter, are called the operating, char
curves can be calculated using either the non-central t-digtributjo
the bipomial distribution (sampling by attributes).

The Ploisson distribution cannot be used since th
be very small (<1 %) and the sample
batchgs, it is also possible to ensure
techni
examf

2.2.2

The fg

and h

S, = ptandard deviation of the interference level of the sample with size n of the appl
obe tested; S, is known;

should
ing of
chart
— for

duced

to be

ances

J— 1 n
X ==) X Sy =
> X h
=1
k = 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.

2.2.2.1 Determination of the constant k

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

following parameters:

1= mean value of the radio interference level of all appliances; uis unknown;

o = standard deviation of the radio interference level of all appliances; o is 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:

=
[

dy

o
1
Ux% 8
3
=

e 2 s the standardized normal density function.

in which f(y) =
V2T
K, can be determined from appropriate tables of the normal distgibut ne

f(y)

3

INL K,

3

Fraction defective p

= KN

27(75

From the definition Kp as well as the figure drawn above it follows that:

=150 K>
since L is an upper limit.

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

plx +ksy 2 L/L=p+Ko)=1-a

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

For CISPR, 0=0,2(1-a=0,8 - 80 %) and K, = 0,84.


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

CISPR 16-3/TR © IEC:2000(E)

- 19—

To determine the constant k, the expression should be rewritten as follows:

plx

H)_(—u L

+ kS, =

_u>

L/L:u+Kpa):1—a

kS,

=p

Jo/Nn o/Nn = alin

L=p+Kyo

L-u

X-u

By de

n.c.

and (n

The n
lot bei

This p

g

o
I o Y

inition:

bn-centralj rameter f0llo
ng investig IS '8

e’ condition that not more than a fraction p
ible limit.

k\/ﬁ):l—a

IN

n_Hoi g

n-1H

Kk

IN

robability function has been tabulated in [1] and [2]. Some figures are given below,

of the

With a =0,2, p=0,I1(T-a=80%, I-p=280%), the following values for k will be obtained
for different sample sizes:

n

4 5 6

7 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 +ksy s LIL=p+Ky0)
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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.

This can be rewritten as follows:

t“° >"w/n lH B(p)

For a lot with the same fraction defective p as in clause 1, B(p) equals a. With p = 0,2, a= 0,2

defectlive fraction.

Genernally the manufacturer needs an acceptance probability as
repregenting the dependence of the acceptable probability B(p
called 4

mathe

for fixed n.

In Grg order
to engure the same accep 3 2 i ill in¢rease
with the sample size. Th G JoX: A i istic| curve
increalses as the sample size anelis i ances

to be approved.

2.2.2.8 Exampl@

A batd ed according to the 80 %/80 % rule with a sample size
n==6, he consumer has an 80 % degree of confidence that 80 % |of the
batch [li

The a B(p) is 20 % at p = 0,2 (80 % below the limit). To obtain a dreater
accep ¢ percentage defective p should be decreased. At p = 0,035 (96,5 %
below i acceptance probability is 80 %. From each 10 samples consisting|of six
units f{ with p = 0,035, eight samples will on average yield a positive redult. At
p=0,009 (99,1 % below the limit), the acceptance probability is 95 %. In the latter cade, the
manufacturer has to apply a y and o which fulfil the expression u+ 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 =c) = BQBJC(l— p)"~¢ n, cintegers
oc o

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

c
p(x <c) = z BQH)X(l— p)"~* n, x, cintegers
x=o XU

p (x £|c) represents the distribution function.

The piobability that a sample with size n contains more than e ive.i —a) if

alues
able represents the values for ¢ jand n
ed number of defective items and|n the

Accorgling to the CISPR r
are given in the left-han
if a3 0,05 and p = \2.

sample size. t{%
PR

N : ;
0 7\/\ 0 13
1 1 1 22
x >O 2 29
N 3 26 3 36
32 4 43
5 38 5 50
\far(a consumer's risk for a consumer's risk
of 20 % of 5%

To have an 80 % degree of confidence that 80 % of the appliances are below the limit c 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 < ¢l p) = B(p)

If p =0,2 then B(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
< n
Bp) = Y EOp* - p)
X=X U

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
proces$s on the values to be statlstlcally controlled and indicates the dev m the
origin uction

proces
Gene good
estimati tes, a
sufficip ith the
requirg arious
fractio

Control chart techniques can easily be applie a hs the
requirg 9 ereas
at the

2.2.4

[1] anford

[2]

(3] | F.C.,
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Recommendation 46/2: Significance of a CISPR limit
(this recommendation replaces Recommendation 46/1, contained in CISPR 7B)

The CISPR,

CONSIDERING

a) that the abatement of interference aims that the majority of the appliances to be approved

shall not cause interference;

b) 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;

c) that to ensure compliance of mass-produced appliances with the CI imits, statistical

te¢hniques have to be applied;

d) that it is important for international trade that the limits shall be\R he| same

way in every country;

e) that the National Committees of the IEC which collaborate iy should

segk to secure the agreement of the competent authorities i

RECOMMENDS

that the following interpretation of CISPR limits_and ) statistical sampling for

compljance of mass-produced applianc i e \infits he adopted:

1 A CISPR limit is a limit which isNtecox i | Authorities for incorpqgration
n national standards, e i . icial specifications. It is also
recommended that international i

2 he significance of thg ved appliances shall be that, on a statistical
pasis, at least 80 ¥ S ed appliances comply with the limits with at
east 80 % confid
ype tests can be

3.1 pn a samy \ with statistical evaluation in accordancg with
clause 5 belot;

3.2 for simplicit
subsequent tests ft i time on items are taken at random from the production
Are negesss ) 3 3.2 above;

n of~coqtroversy involving the possible withdrawal of a type approval
vithdra considered only after tests on an adequate sample in accorndance
with 3

5 hat statistic assessed compliance with limits shall be made according to ¢ne of
he fwb tests described below or to some other test which ensures compliance wjth the
requirements of clause 2;

5.1 test based on the non-central t-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:

Xy + kS, <L
where

X, = arithmetic mean value of the levels of nitems in the sample;

SEemf fo-n)

level of individual item;

Sh

x
1
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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

5.2

5.3

6.1

In the| assessment of the immunity of ap
consideration should be gjve
CISPR sampling schemé
distribution and the other usi

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

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

test based on the binomial distribution. This test should be performed on a sample of
NOT [eSS than seven items. compliance 1s judged from the condition 1hat the number of

pppliances with an interference level above the permissible limit ma cin a
sample of size n;

n 7 14 20 26

c 0 1 2 3
Should the test on the sample result in non-compli 5.1 or
b.2, then a second sample may be tested and the m the

Immunity tests

Application of the CISPR 80 %/80

ptiance equipment in large-scale prodiction,
X on of thé statistical method to be used|in the
s, have’ beeyy standardized: one using the bipomial

The blinomial di i ethod
should be used i j th the
result iti th the
immur

The n ' iStriputi ethod is essentially sampling by variables. Hence, this method
is suitiablg imin at is a
measl S y all be

expres

6.2

Application guidelines

Subclause 6.1 only gives conditions related to the choice of stalistical 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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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

metho

d 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 EUT.

If the
possil

the binomial distribution has to be used.

An ex
EUT i

lightning. An example of such a test

electr
6.2.2

If the
level
variab|

forat
not bd
possil

the sitjuation in a mission te
CISPR receiver.

The d
practi
may €
to exc

A sign
sampl
EUT,
constd

P + L HIg(| + H) £ (| 1 1 + ot Y L "
Col 150 U UT LAiricu out witlt a TTATUTITVTT TITULUUTTTaAyricut uioturoarivc, 1t Iliay o

le to use only the Pass/Fail criterion. Also in this case the sampling method-bas

d. This does not exclude, howeve
situation is completely comparable
jission level is lower than the noise level

pterminatiop” of amuynity leyel in an immunity test is, generally speaking, nd
al. It always ca xpdsure of the EUT to the applied disturbance signg
asily ledd < affects during immunity testing. Nevertheless, there is ng
ude_ thi W eforehand

al whi sfe of the degradation of operation of the EUT may be availa
i , for example, the demodulated signal when testing several samj
sayanaudieequipment, for their immunity to amplitude-modulated RF sign
\nt’level and frequency. The level of the demodulated signal is then a measure

so be
ed on

ying the

ed by
s the

or the
vill be
es. In

to opt
might
r, the

with
of the

t very
|, and
need

ble for
les of
als of
of the

degra

jation of the EUT. Another example is the bit-error rate when performing immunit

tests

on dig

ital 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
requires that the actual levels of the radio disturbance generated by each equipment in 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 te tillg appatratys gsed——stch—cases—the—avattabte—distribtution—ofthe—vattes—of; radio
disturpance levels (expressed in decibels) is truncated from below, givj one-sidgd and
incomplete determination of the distribution.
Figurg 1 shows the probability density function ¢(y,);) of a no radio
disturpance values truncated from below.
Figurg 2 shows the function @(y,y,), which is an alternative e same trupcated
distribution.
This T n and
standard deviation of radio disturbanc bn the
basis pf the known parameters of tru
Assu radio
disturpance values one takes a sample ormal
distribjution N(ux;o). In thi > where
X, is the limit of sensitivity of ' atus, this limit being the point of trungation.
Hencqg, in a sample of i — ng units with radio disturbance yalues
which| are greater thgn ™ its” only can the radio disturbance levels be
measyred. It is pdssib 6 y opradio disturbance values as the measuregments
from tfuncated distri 3 sment
of the|degree or tru p \
The a bS are
an esfimatio X |and S
are dsg
(1)
(2)

where

Yo = (X — W)/ ois a specified truncation point;

®(yp) is a value of the normal distribution function
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X2

y

\/1_ Ie_zdx
2T =

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

_r
1
¢(y)= e 2
Nam
The vptues of the sampting parameters )_(y and-—S,~of the truncated distribution inciuped in
the fofmulas (1) and (2) are determined from the following expressions:

(3)
(4)
The mathematical expectation and sta in the
parent population of equipment, which i m the
paramleters of an incompletely determified samp
a) the radio disturbance n are

me

fu

b) the degree of t:unc
c) the values of\the

asured;

he basis of the known values of tD(yo);

runcation y, are determined from the tables of a

d) fro y—elensity function of normal distribution the values of ¢(yy)
arg found

e) thd statistical parameters of the truncated distribution of measured
dig by the articles of a sample of the size n — ny are determineg from
for

f) thd gtatistical parameters of the complete distribution of disturbance [levels
frgm 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:

where

)_(—UpS UxYo < py < )_(_'_UPS“JXVO
n n

Up = Ul_gis a quartile of distribution N(0.1);

Hyx (VO

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

Y -3,0 -2,5 -2,1 -2,0 -1,9 -1,8 -1,7 -1,6 -1,5 -1,4
K(v) | 1,000 | 1,001 | 1,002 | 1,003 | 1,004 | 1,005 | 1,006 | 1,009 | 1,011 | 1,015
Y -1,3 -1,2 -1,1 -1,0 -0,9 -0,8 -0,7 -0,6 -0,5 -0,4
K(v) | 1019 | 1,025 | 1,032 | 1,042 | 1,054 | 1,069 | 1,089 | 1,114 | 1,147 | 1,189
Y -0,3 -0,2 -0,1 0 0,1 0,2 0,3 0,4 0,5 0,6
K(v) | 1243 | 1,312 | 1401 | 1517 | 1,667 | 1,863 | 2,118 | 2,453 | 2,893 | 3,473
v 0,7 0,8 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6
24, 33,34 ([\ [44,99

1 (Yp) 4,241 5,261 6,623 8,448 10,90 14,22 18,73

v 1,7 1,8 1,9 2,0

u(v)| | 61,13 | 8364 | 1152 | 159,7

o3
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A 9 (i)

=== # ()

X % _ X
o y [¢
IEC 780/2000

tion  ¢(y;vo)

Sl

/0’5
@ (y)

o v= g

IEC 781/2000

Figure 2 — The truncated distribution function cD(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 (ny = 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.

Uhit of equipment number 1 2

—

he value of radio disturbance dB 19 23

b) The degree of truncation is:
2hy) 2
(o)) =— =—=0,333
Vo) n 6

c) Usging the known value of cD(yo) = 0,333, the valfie g
determined from the tables of the normal-disf i0

d) From the tables of the probability &

ers of

ers of

/2
1-0333 [1-0333 _ 1) 1%‘
0

H 0364 [ 0364

X =19,4dB
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S
S = . 12
E* 8(vo) % ) % 1@
0
1-o(yo) 1-o(yo)
S = = 72
+ 0,364 B_ 043 - 0,364 E+ 1
1-0333 O 1-0333
S=25dB
The spmpteof equipment s them assessed for compiance withthe Hmmits _as requitedyin the

applicption of non-central t-distribution using the formula

X+kb<L

In thig| particular example, the requirement is 19,4 + 1,42 [2,5

@%
¥
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3 A model for the calculation of limits

3.1 Introduction

A harmonized method of calculation is an important pre-condition for the efficient discussion
of CISPR limits by National Committees and the adoption of CISPR Recommendations.

3.1.1 Generation of EM disturbances
CISPR Recommendations are developed for protection of radio communications and often
several types of radio networks are to he prnfprfpd hy a Qinglp emission limit
Most electrotechnical equipment have the potential to interfere with raqi unlcatlons
Coupling from the source of electromagnetic disturbance to the i ations
installption may be by radiation, induction, conduction, or a cof mech-
anismp. Control of the pollution of the radio spectrum is ac at the
sourcg¢ the levels of appropriate components of the electro ltage,
current, field strength, etc.). The choice of the appropriate by the
mechanism of coupling, the effect of the disturbance on ations
and the means of measurement available.
3.1.2 [Immunity from EM disturbances
Most ¢lectronic equipment has the pd ted to
EM disturbances.
Protegtion of equipment is accomplished entry
route.[The choice is detern bance
on thg electronic equipmen
3.1.3 [Planning a radia
Beforg planningﬁ) ility of
obtaining a predete ms of
the prpbability of reater
than the mini
PIR(ur:or )2 Rp]=a

where
Pl ] pability function;
R(ug;PR)7 s the actual signal-to-interference ratio as a function of its mean value (ug) and

ofonr‘arr‘ An\llgflcn (\r,rH);
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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3.2.1 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".

3.2.1.1 Probability of instantaneous interference

Let

A denote "The desired transmitter is transmitting";

B dehote "The wanted signal is satisfactorily received in the absence of y ay";

C dehote "Another equipment is producing unwanted energy";

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

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

interfgrence means "A and B and C and D*", where D* i egat D: Let

P(x) d n, the
proba

(3.1)
It can

(3.2)
It may at the
wante

(3.3)
which

(3.4)

3.2.1.1

First, consider.th grence between equation (3.2) and (3.4). The probability of interfgrence
can bg interpreted™as the fraction of time that interference exists. In equation (3.2), this
fractign ds the number of seconds of interference during a time period divided by the number
of seconds of interference divided h\ll the number of seconds the wanted transmitter is
transmitting 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 =z 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(DUOA 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.

Noticq that it has been assumed that P(D|A and C) < P(BOA); that is, signal~gan be
received satisfactorily in the presence of unwanted energy, then it c ceived
satisfd

P(A a € ed eénergy
are om simultaneously. In some situations, the wanted transKi ! 3 unwanted
energ \ bls, or
beyon is the
fractio at the
unwar

In othe s may
be co small,
but pgrhaps not zero, because a station even
when |t cannot hear the other transmitter-

The two transmitters migp ; . , i t of a
microyvave point-to—point i i i band.
In thig case, P(A and C i factor
in squ@re brackets in

Similalily, P(CUOA) if the
two transmitters a A) =1
if the

In ger rence,
althou

3.3 (dircumstangces of interferences

In this| part, general criteria are laid down for establishing RFI limits. In this case, a distinction

is magle 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
and near-field radiation conditions on the one hand and between remote coupling and far-field
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 shopld be noted that field strength measurements, which are normahy 3 uating
remote coupling characteristics, are actually carried out under neap{i it in the
lower end of the frequency range.

Whergas close and remote coupling are generally used to d S irect_coupling path
between noise source and receiving antenna by mean etiC or ragiation
fields,| an additional coupling mode is conduction coupli e n0|se signal is
condulcted by the mains network from the mains outp of the
receiver. Inside the receiver the noise signal is cou 3 nsitive
circuits of the receiver.

Some|well-known differences exist b i -fi iati istics,
and therefore also for most close and remote

— Under far-field conditions W|th free sp i ¢ and
magnetic components G i i , i gr-field
copditions is complete

— Urder far-field con
(3.5)

where
y ¥ attenuation fa

propagationtsoefficient, which is 1 in free-space propagation and somewhat higher
) non-free-space propagation.

Under| near-field conditions the propagation coefficient x is more complex and dependgnt on
the magnetic or elestric component with values between 2 and 3.

For this+easen—itis—much-easierto-developamodelferremote—couplinrg—ecenditionrs—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 measuring method is of major importance for the specification of an RFI 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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3.3.2.1 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
field coupling to nearby antennas in this frequency range, however, is in most cases of minor
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 R
whichlisolates the source from the mains at RF frequency and which furni§hes~a standardized
RF loqad to the source. The artificial mains network generally recomme R is a

50 Q/%0 pHV-network which introduces a parallel impedance of 5 ptwork
betwepn each mains terminal and reference ground.

Althoygh not recommended by CISPR yet, the asymmetric
measyred by means of a current probe, might be used
capabijlity of the source.

for the radgiation

3.3.2.2 Interference voltage at the signal terminals

Imper etrical signals will produce
unwar P etric J(coaxial) terminals unwanted
extern of imperfect screening. [These
asymn Quple energy by inductive or ragliation
fields

The a e measted, by means of an artificial loading network. |n this
case t ‘

3.3.2.

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

The agymmetric R
will radiate ene
configuration
freque
wavelgeng

The apsorbi
with the interferen

mp, is~& device which gives measuring results in a good correspondence
e 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
of the 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.

Because broadband disturbance is, in general, of less importance at frequencies above
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 gbsorbing—characteristics—of—the—ferrite—matertat—it—ts—therefore—recommended for
frequgncies above 30 MHz.

3.3.2.4 Field-strength measurement

The upwanted field strength produced by RFI signals is likely i rward
criteripn for the interference potential of an RFI source, beca 38 i irectly
comparable with the wanted field strength at the antenna® [ rly for
remote coupling analysis.

A source radiates RFI energy from its case or cabinét)i ' i tween
internal noise source and external case or .-w- 2 i\t i i ase or
cabingt are of the order of one wavelg ent of

the figld is measured in the frequenc Ennas)
and the magnetic component of the fiel

Field-strength measurements have [ . i ce of
surroynding reflections shéutd be etimi ich i i st site.
Such a test site introduces\ G i . 8 i H from
the grpund (influence S : gmitter
fields.[It also reduces . [These
drawbjacks can range
above| 30 MHz.

Another drawbact C [ iati i gnd its
dependence on the te n which requires measurements in various directions gnd an

3.3.2.%

In order to reduce_the effect of surrounding reflections in field-strength measurements, the
sourcg¢ under test I3 replaced by a radiator of specified characteristics and an adjustable
outpuf level (usually a dlpole connected to a callbrated RF generator) to produce the same
field stre F e ; ssed as
the equrvalent power radiated from the substltutlon radiator. This method is often used at
frequencies above 1 GHz.

3.3.2.6 RFI power measurements with a reverberating chamber

The reverberating chamber method is essentially a radiation substitution method inside a
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 radie}uen\ chamber
0,01 + 0,15 + + - 0 A—
0.15|- 30 4 + - 0 - C !
30 {300 - 0 + + \\3\ )
300 —|1 000 - 0 0 + < \ \
Abovel 1 000 - - - /J\\ \\ +
where \ \)
+ = to pe recommended;
0 = usable;
— = nof normally usable. /\ ﬂ O
N/
3.3.3 |RFI signal waveforms and assodgjate

An important aspect is the R m. As
most uency
domai main).
There

Narro r than

the rs measuring receiver. The disturbance spectrum may

consig eed by a sinewave oscillator of medium or high RF |power

(ISM 4 (electronic circuits, receiver oscillators). The oscillator could

be modulsg . g@ency. Oscillator frequencies can be generated over the|entire

usablg . The effect of narrowband disturbance is considered by CISPR
over t 0 kHz to 18 GHz.

— Ngrrowbahd R om a broadband spectrum — Pulse waveforms derived from a |digital
clgck ‘oscillator contain discrete harmonic frequencies in a wide frequency [range
(boadband 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
within the channel (broadband RFI), for example, pulse derived from the mains frequency
(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
interference for short bursts with a duration of less than 200 ms and with a repetition 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 important as
well. The main radio services in residential areas which suffer from REt & ing and
(land)|mobile communication. AM sound broadcasting operates at f i W 30 MHz
and FM (stereo) sound broadcasting between 64 MHz and 108 . g uses
various channels in the range between 50 MHz and 900 being
moduliated in AM-VSB and the sound signal in either AM or F depe \ o- ndard
in usel Broadcasting also takes place in the bands betwee

In res|dential areas with private receiving antennas iati i s and
from mains cables is of major importance. Broadcast 3i Sty cable
system are less vulnerable because of the morg suitable tion which can be selected for
the cdmmon receiving antenna, but if Rkl i A [ nce is
distributed to all subscribers.

Satellite broadcast signals in the 12 e ‘afe generally not disturbed by broaldband
sourcg¢s because of the I|m|ted frequ ' mainly
depends upon the freq 5 at the

receiver.
The gnnoyance th .

broadband sour ] of annoyance. Subjective tests have shown that
for equivalent su1 i arrowband RFI should be of significantly | lower

amplitude than brgady peak measured) in the 0,15 MHz to 30 MHz range

d and

The influenc e ate of rapid pulses in a broadcast channel is accounted for in
the quasi-pea Ck acieristic, the effect of low rate pulses (clicks) by the 20 log 30/N
relaxatiq Wit: nobile communication (mainly narrowband FM), traffic noise s$urces
(ignition | S e major source of RFI. In this respect the base station antegnna is

1CE) 8
in a more favourable\position with respect to RFI signals than the mobile antenna because of
its higher locatiom\Mobile antennas on the other hand change their position continuous]y 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 RFI field
strendth but on the wanted signal level as well. The radio of wanted-to-yawa k level
which|procures a specified quality of performance is called RF protectign rat| anted

signal|level depends on the natural noise level which may be much ceiver
noise Jevel, particularly in the lower part of the frequency range.

In establishing limits for various types of noise sources it is imQortant_t ive imits(which
have an equal effect on the radio services to be protected« » : ice are
not inferested in the type of source which causes RFI. The should
be suppressed as much as possible to an equal level ¢ i

In some cases, however, this may be in contradigcti bssion
measl i fi nd not

in the

3.3.6

3.3.6.

For re| source
is use model
(see f mce (in
the tuned chan s the
protegtion ratio is ied. - Kois, i io i is gi isturbing
radio $ervice with 6 ion> i i i iation may
be different

From [this pr i (field
strengt tenna
input is calculated\tr y e field

strendth has jtq,'consider a distinct from the protection ratios given in ITU documents. A
minimum operational distance between noise source and receiving antenna is specifigd and
with the use of an estimated or empirical propagation factor, the acceptable disturbancg field
strength.at a specified measuring distance is calculated. Next some additional factors $hould
be introduced 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 guaranteeing 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
compaonent undefined).

Two cpupling paths exist between noise source and receiving antenna:

cuit of
le the

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

b) the path of disturbance conducted along and radiated b e mainstnetwork”and coupled
dinectly to the receiving antenna outside or inside the re

In the|case of external antennas, the RF power coupleg+ : ceeds
the pgwer via path appreciably. Moreover the i RGN iS de i mains
immunity characteristics of the receiver it has X L it i iffi ontrol
the mains immunity factor of a receive @yeh ion is mainly
focused on path b. For internal (ferrite\ ant S s distincti tween

paths ja and b.

The approach of the modeHi rts i \ : i ing. The
acceplable disturbance ffe & 3 eceiyvi i ection

ratio gnd field strengthNo be inth . ing $tep is
the coupling factor me i -voltage) to field strength at the antephna. It
is, hoever, mo g factor as the ratio of the RF-voltage injected
into the mains a@ : a oltage (for a specified antenna). This factor is known
as thg mains decougling ¥ . ausg of the wide spread in actual situations, extgnsive

statistjcal material s s S d abasis for limits derived from mains decoupling fgctors.
Another statigtica excalculation of limits in this concept is the variation of the RF-
imped@ancge ARINS . Although individual decoupling factors are determined by

the me a pendent of the actual mains impedance, the interference limit is
defined fo ated impedance (artificial mains network impedance), in orfer to
get rearodumb measuring results during tests. If a noise source is coupled to an Jactual
mains| netwerk theNlgad impedance of that network varies from location to location ang from
time tp time. This aspect should be considered in deriving a limit from mains decdupling
measuyring data.

3.3.6.3 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.

3.4.1 Generation of EM disturbances

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

z=xly =1 (3.6)
is satigfied with some probability a.
If in (3.6) x and y are random values with log-normal distribution d with
parameters u, (dB), Hy (dB), o, (dB) and oy (dB) will ha h with
the parameters
H= Hf— Hy
o =gz op]"?
In this| case
0 (3.7)
Solvinlg (3.7) relative t
vt g0 (3.8)
fiy =ty = t0 (3.9)
where distribution, corresponding to the probability level a.
The ( rmined for some quantile t; in distribution of probabilities |of the
value itg’ are established, in such a way that the following equality is true
Ly = iy + g0y (3.10)
L=y, — g0y (3.11)
where fg is a quantile for the probability level S.
Substituting (3.8) into (3.10) and (3.9) into (3.11)
L= Hy + 140 + a0y (3.12)
Ly = py—ty0+ 30 (3.13)

one is enabled by the expressions obtained for the calculation of limits for different

param

eters, 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=z1

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 satisfaciorily approximated by norm IStributions with

parameters Ly, dy, Hy, 0, then

(3.14)

In thig case, according to (3.12), the equation for the calgutatio septor i ityl limits
has thle following form:

(3.15)

3.5 Application of the basic model
3.5.1 [Radiation coupling

This section adapts the basi it is wished to protect a radio service
when fhere is radiation co , disturbance to the radio antennf. The
actuall signal-to-interfe ssed in terms of the wanted signal, the
disturling signal, the p Yo rs antenna gain, as follows:

R = E[ (4y:0y) + (3.16)

where

E, hd the

E; ion of

Gw mean
value (Hg,,) and standard deviation (og,,);

G, s\the actual value of the antenna gain for the disturbance signal as a function| of its
mean value (Lg;) and standard deviation (gg));

L 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 (y ,) and standard deviation (g );

L, 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 () and standard deviation (g ).

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 = Hw * How = Hi— Hgi * Hio * Hp dB (3:17)
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2 _ 2 2 2 2 2 2
Og =0y +0g, 07 +0g +07, +a, (3.18)

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:

(0] [—(Rp - UR) ! ogl = a (3.19)
therefore: Ur = Rp + t30R (3.20)

where t. = &1 (a)

By combining equations (3.17), (3.18) and (3.20) an expression is obtaipe ssible
mean | value of the disturbance field strength at a preset dista ce of
disturlpance:
Hi =|thy * How = Hoi + Hio * Hip = Ry — ta [0 + 08, + 07 x 0§ (3.21)
The mean value of the disturbance shall be below the ecified as follpws:
(3.22)
where
E is the limit for disturbance measured o
t, is ja normalized argument of the ability
leyel of compliance withrthe limi
The fr
(3.23)
where
r is
d is
X is
Comb
= Uy * Hgw — Hgi t 20 logqq [Xd] + i — Ry — 1,0
-ty low +og, +07 +07 +og +o, +w,17e (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 £, = 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) 2a (3.25)
where
R is the signal-to-disturbance ratio;
Ry
a is a specified value representing the reliability of communications.

is the minimum acceptable signal-to-disturbance ratio;

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

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

Viy s an effective value of wanted signal at the receiver input;

Vi s a value of a specified component of the electromagnefic di ltage,
ield strength, power, etc.) measured in a specified i QCIT nt (i.e.
A quasi-peak detector);

K s a decoupling factor defined as a ratio of V; t0 an e gnetic

disturbance signal at the receiver input.

For the situations where the disturbance\i Encies

below|30 MHZz):

(3.27)
where

Ky, |s a mains decoupling fas i red at the source (by an artificial [mains
network) to a value of ch s € s input to the receiving installation;

/ S a mains /mmuWi ating a yalue of disturbances at the mains inputf{to an
aquivalent if agplied at the antenna input of the redeiving
nstallation, Wo

It has|been established eri that probability distributions of V,, (dB), V; (dB) [and K

for anbitrarily~sele 3 bance sources, radio receiving installations and distances

betwegn the

A limit for elestxomaguetie disturbances is established for a definite quantile E(p) [n the
probability di of"E;. A permissible value L for E(p) is selected in such a way that at
Ei(p) # L aeliability of guaranteeing a radio reception which has a quality R = Rp wolld be
equal fto theJspecified value T

/2
2 2 2
Lor(Vi) = Ugy *+ U + Ry + 1,0g; — t|og, +0g + ak]l (3.28)

U, 0% are expectations/variances of corresponding components; t = @1, ty = o1 are
arguments of a normal distribution function which is equal to t, and p, respectively.

For series-produced articles CISPR recommends that p = 0,8; then t, = 0,84. A value of tis
selected between 0,8 and 0,99, depending on a type of a radio network (radio broadcasting,
air navigation, et al). When 1t = 0,95, then ¢, = 1,64.
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It has been found experimentally that g, 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
guality 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 economlc consrderatlons and separatlon dlstance is
ustrial

ent located in an assigned territory; etc.

3.6 An alternative method used for ISM equipment

3.6.1 |Introduction

The plrpose of this clause is to review studies made for the~deNvation< imits for the
protedtion of telecommunications from interference from IS ' b from
these |a recommended method which will meet the objecti Clause
deals pnly with radiation which occurs outside the b

3.6.2 |Derivation of limits

The full range of parameters to be taken i ount TR® thé” derivation of limits is shown in
tablealll together with the major services ' ] Hel for
the caflculation of limits.

3.6.2.1 Protection of co

The wanted field streng ection ratio required for the different| types
of ISNl equipment, the e at which protection is necessary amd the

attenuation law to~he gtionyare important. These are matters in whigh I1TU
suppoft is esse @

3.6.2.2 ulating disturbance limits

The f4 it he peen included in models for predicting interferencg from
radio- URCER ed in columns 1 to 10 of table 2 by assigning apprgpriate
valuesg ) fo example, field strength to be protection, protection ratid, etc.,
worst- AES « 1% rot ting the various communication services from interferencg from
ISM ejqui ray\be~détermined. However, a model which is based on worst-case| para-
meter$ e ally and economically unrealistic since it ignores the fact that ther¢ have

been yery few instanges of interference attributed to ISM equipment. It is therefore criticpl that
the eXperience in this subject should be taken into account. Thus, the benefits of wor|dwide
experi . . , : . . ility 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=P,xP, ~ P
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where

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

receiver;

P, is the probability of directional receiving aerials having maximum pick-up in the direction

of the disturbing source;
P53 is the probability that the victim receiver is stationary;

P, is the probability of ISM equipment generating a disturbing signal on a critical frequency;

Pg is the probability that the relevant harmonic is below the limit value;

Pg is the probability that the type of disturbing signal being generated will produce a

significant effect in the receiving system;

P

s the probability of coincident operation of the ISM source and the rece

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

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

Pqq is|the probability that buildings provide attenuation.

&

& P

ing systent;

1 interf¢rence

icg area
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Table 2 (continued)

2 o 2 €% 0 z 5Ys 5 2= 25 o
o = S 0D T LB == o c = ~ |l e2 s -
2 o3 S3E S sz E SESEE 28 | of |SEEZE|SEzE |SGEZLE
> ] £33 = vo e o E=353 Scm Cam S=sES3S | 5583 S-323
c e L3 20 CESBE 5 Xo= g3 T35 Seo agFc3z |28z 2ol n3
g s9 5om 2 g2 35 2 5T c0 33 EN SZR3% |[8=2@ |S25°%ao
g = gae g o558 g |2558°| % | 28 |BEE°°|5ZI°° |fz2£c”
£ £ }ﬁg C Z z2< 2 SE 8E SE
/7
(1) (2) (3) (4) /(5) (6) A7) (8) (9) (10) (J1) (12) (13)
156,00 to | Land mobile \/
174,00
174,00t0 |TV BC A%
216,00 Land mobile
216,00 to ILS \/
400,00 / 7 / ~ N\
400,00 to | Fixed links
470,00 Land mobile
470,00 to TV BC
585,00
585,00 to | Aeronav
614,00 TV BC
614,00 to TV BC
854,00
854,00 to | Land mobile
960,00

NOTE Explanation of column headings:
(3) Median value of the field strength to be

(4) Protection ratio. The signal-to-interfere
example, frequency stability, etc.). This
purposes.

(6) The mean minimum distance from ISM
allowed for in the probability factor.

(9) The attenuation provided by buildings in

s appropriate.

penerated by ISM equipment (for
recommended by ITU for planning

bnt at a different distance will be

(3)0002:031 O H1/€-9TdSIOD
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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
limits for ISM equipment (see CISPR 11).

Annex 3.6-A
Summary of proposals for determination of limits
3.6-Al1 Experience approach
The ekponents of this approach state simply that limits in use iR cou have been
proved by practical experience to give adequate protectio
This is a powerful argument which cannot be igno evaluation of caupling
betwepn sources of interference and communicatign servicesM complex and vilItuaIIy
impos > ainly because confrol of
the v{ : o th asdred values are very| wide.
Exper f : ‘ e fagtors which make expefience
valual tances o\ this “approach unless the experience
gained in a sufficiently large number Of countries e to similar conclusions. In this|case,
howeV e Nu countries supporting the unqualified
applic arly 3 need to support the approach gs one
factor
3.6-A PUTre bility for avoidance of interference
User 1
User |
i) regula equUie usefs to meet certain limits if interference is caused,;
i) if Qe , regulations may require an ISM user to cease operations until
the i i 3
iii) regulations basedOn the licensing of apparatus of this category.
These ‘@pproaches on their own satisfy neither the ITU/CISPR criteria for avoidance of

interference 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.

ideal situation of very low values of man-made ambient radio-frequency
societly of the adoption of such limits, however, would be high and i
presenmt technology, to continue to operate many electrical devices
the weglfare and heath of the human race.

3.6-Al4 Statistical evaluation approach

This approach states that the control of radio in
because the many factors involved are not underf
parameters which are capable of measuxementhave

The statistical evaluation approach ha
commpunicator that communication sey
circun
econo

2 treated statis

to an
ost to
b, with

jute to

tically
those

fy the
ormal
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Figure 15 — Mode
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situation derived disturbance field strength E;
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4 Technical reports

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

4.1.1 Introduction

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

The bpsis for establishing limits is that of providing a reasonably googd
measyred values of the interference and the degradation
commpunications system. The acceptable value of sighal-to-noise rafi
cation| system is a function of its parameters including bandwidth
other |design factors. As a consequence, various types of Ix
labordtory in research and development work in order to car

The purpose of this subsection is to analyse the dep
parameters of the measuring equipment and on the ywaveform of\tf

4.1.2 |Critical interference measuring ias

The most critical factors in determini ; suring
interfgrence are the following: the ban being
measyred. Considered to be of secondary ant in
correlating instruments unge ' i Ges : ign (if
used)) image and other sgurious fespo

noise:
bn the
ude of

For plirposes of discus

impulge, rando ad Si
bandwidth and the C

the impulse strengt . , P(a)
is the jpulse respgnse 2 and E'
is the|spectral amyli 9 ors to
impulge intekferen

Table |49 ferent
for all|three i erence. If the waveform being measured can be defined as|being
any of the three 5 listed in table 4.1-1, and if a standard source provides that type of

wavefprm then by using the substitution method, a satisfactory calibration can be obtained

for any_instrument with adequate overload factor independent of its bandwidth. Thus, jwith a
pure|ytm_mw_wmwww rate,

calibration can be made using a corresponding source, or a correlation factor calculated on
the basis of known circuit parameters.

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

If an interference measuring set with several types of detectors is available, for example,
peak, quasi-peak and average, the type of interference can be assessed by measuring the
ratios of the readings obtained with these detectors. These ratios will, of course, depend 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 bandwidihs and detecior parameters with the CISPR instrument is shown in
figure|4.1-3.

The rgsponse of the average detector to impulsive noise is an intergstiny Q! eading of
an average detector for impulsive noise is independent of the bangwid * latector
stages. It is, of course, directly proportional to the repetition rate. 5t cases\the reading
obtained with an average detector for impulsive noise is so low\as to Rg<0! [ value
unlesg the noise meter bandwidth is exceedingly narroy S a few
hundred hertz. For a repetition rate of 100 Hz and a z, the
average value would be approximately 1 % of the ow to
measyre with any degree of precision. Furthermorg s, the

annoyjnce effect may be well above the readi Rt Wi . This, of

4.1.4 |Random noise

The response of a noise meter to rapdo iseNi i of the
bandwidth. This result is i e of\detector used. The ratio of the random
noise bandwidth to the 3 4B b i i it [ ircui other
hand, [it has been sho ; j suring
equipment, a ratio, of & 1,04 is
a reagonable figy

4,15 (Ther.m.s. d

One df the agwy .M’s" [ i i noise
the output otaln it i idth, ile. the
noise [powe idth. Thi .m.s. datector
particlilg i tor to
measuyre ain i ajse. Another advantage is that the r.m.s. detector makes a gorrect

addition of the nQise gower produced by different sources, for example, impulsive noige and
random noise, thusaf instance allowing a high degree of background noise.

0

The r.III.Q. VG.:UCQ Uf IIU;QC UftCII yIVC A UUUd aQOCQQIIICIIt Uf thc oubjcutlvc cffcut Uf Inter'
ference to a.m. sound and television reception. However, the very wide dynamic range
needed when using very wide-band instruments for measuring impulsive noise, limits the use
of r.m.s. detectors to narrow-band instruments.

4.1.6 Discussion

The preceding paragraphs have indicated the theoretical basis for comparing measurements
obtained with different instruments. As mentioned previously, the possibility of establishing
significant correlation factors depends upon the extent to which noise can be classified and
identified so that the proper correlation factors may be used. In many frequency ranges,
impulsive interference appears to be the most serious; however, for 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 ghowm that quasi-peak Teadings are consiStent Wit bandwidt variations i the Tepetition

rate of the impulse is assumed to be twice the line frequency.

Peak ure of

the cof

The g se for

two ref

1) Th many
pulses below the measured quasi-peak level. Thiese(p : [ quasi-
pepk value but do contribute to the average

2) Thie relatively low level, but contindous, ra iSg iKevli i ntially
on ' i d from
13

Impulgive sources

Tests|on an ignition ibrating

regulgtors showed rea width,

but with time constant icator

scale.| Deviations i elation

was optained on so

Ignitio

CISPH . ' peak

detectors i i dB is

explai basis

of the

Noise|fram-high-voltage lines

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

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

a amataorc
ST T TTTOT

Table 4.1-1 — Comparative response of slideback peak, quasi-peak and axgrage deteetors
to sine wave, periodic pulse and Gaussian wavefor

AN
Detector type \ \/

Inpuf waveform Slideback peak Quasi-peak:1/600 Fie int%% \)RMS
(sb) (ap) (awerage)

CW sing wave et e \\R \ > e

Periodi¢ pulse (no 1,41 9 Af, 1,41 5 Af._ P(a AP fop+
overlap ‘mp imp 1,416 [ M

Random ++ - A £

m

t eis|the r.m.s. value of the applied sine waves

* P(a) is given in figure 4.1-2.
** g
+ Jis i i in terms of the r.m.s. value of a sine waye.

++1tis
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4.2 Interference simulators
4.2.1 Introduction

Interference simulators can be used for various applications, in particular to study signal
processing in systems and equipment in the presence of interference (for example, over-
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

normahy—retfufited—by—an—actualinterererce—souree—and—the—simutater—output—wayeform

should show a good resemblance to the actual interference signal.

4.2.2 |Types of interference signals

The fgllowing interference sources can be simulated.

a) Ndrrowband interference sources generating sine-way ' ' ceiver
ostillators and ISM equipment. These sources can be_si idte RF
standard signal generator. ISM interference is oftepmodutatediy the ma which
cah be simulated by modulating the RF signal wi i [

b) Brpadband interference sources producmg \ti adband noise, for example,

gageous discharges and corona. noise
soprce (saturated vacuum tube 'ode itable
Y ofthis type, mains modulation is

brpadband amplifier) can be used.
prIsent but because of the non- I| 8 gaseous discharges the envelppe of
the actual noise signal can deviate i omthe normal full-wave rectified [mains
wgveform. In this case i i ator at a repetition frequency of twice
the mains frequency ca ignal.

c) Thiyristor controlled 5 ‘ 3 i - hulses

of [constant a They

cah be simply /'S to
1019 s width) ©

d) Igniti 5 i 1cts and commutator motors generate short periods

i 3 ses of

o)

at random time intervals; if the average interval bdtween

ad S he reciprocal of the channel bandwidth under test (t,, < 1/B)
the p ~ ahd bécause of the random phase conditions a random fluctuating
oufputsi N 5 ults. Therefore, bursts of quasi-impulsive interference of this type
cah be sim gated broadband noise signal.

The durations and thé repetition frequency of the bursts depend on the type of interfg¢rence
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 ps at
repetition frequencies between 103 bursts/s and 104 bursts/s, depending on the number of
commutator bars and revolutions/minute of the rotor. Also in this case, mains supply causes a
similar envelope modulation of the noise bursts.
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4.2.3 Circuits for simulating broadband interference

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

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

Simulator signal Burst duration Burst repetition frequency Mains modulation a
Gaseoys discharge Continuous mes/no b
Ignition 20-200 ps 30-300 bursts/s “ ~ \QO
Switchgs 5-500 ms 0,2-30 bursts/min or si@é\ \\Qas/}s\
Commygtator motors 30-300 pus 10%-104 burs}s‘l\ \Qe}ﬁm{

a8 Depending on a.c. or d.c. supply.

RSN %

b |n the case of mains modulation, gating at a repetition frequency 2£$, idth of & ms to 2 ms may be

more appropriate.

The disadvantage of this layout is that a wide : c\y3%9e requires a |broad
bandwidth for the entire circuit between ISEAs d{oltput™yerminal. The most ¢ritical

part in this respect is the high-gain afuplifiers icetions i wide frequency range (for
example, 0 MHz to 1 000 MHZz) such aNange i in several smaller ranges or a
tunable amplifier may be used. Such a-desi sates the construction of the simulator
appreciably.

Another way to produce angat i : ignal is given in the diagram of figure|4.2-2.
In thig design, nanosdsono are generated in the output stage, for example, @ step
recovery diode or sim davice. ese pulse of constant height are triggered at random
time iptervals a ition rate to cause overlap in the RF c annel
under|test in or ive noise in the output of the channel. Ayerage
repetition rates of a fe equired for measurements in a TV channel of af least
100 kiHz for mea i annel and of at least 10 kHz in an AM channgl. The
random occurrence of th G es is obtained from the zero crossings of a broadband

signal} For this pt o-fhe output of a noise source is fed to an appropriate amplifier which is
followged b ingxcirguit for/burst simulation. The gated noise signal is fed to a bistable
multiv|b ts the zero crossings into pulses of random varying width from
which| na es at random distances are generated by the monogstable

multivjbrator.

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

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

@%
¥
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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
specified in several CISPR publications. For equipment which can be measured using the
reverberating chamber method, a procedure is required to relate the limit to be used with
the open-area test site limit. The procedure is described in this report.

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

The open-area test site measurement sets out to find the maximum leve of the
EUT (equipment under test). Whether the measurement is of the fielgrg power
density at the measurement antenna, or of the power into an antenfa in g ion |of the
EUT, the measured results can be expressed in the equivalent, ra h half-
wave fipole. Let this equivalent radiated power be P, dB(pW).

The rg¢verberating chamber measures the total radiated pow sured

power| be P, dB(pW).

T as a radiatgr with

The two measurements are related to each other Wy theygai
i lationship is given by

respe¢t to an isotropic radiator. Let this EUT gajn be B-
equation (4.3-1). The equation is derive appeandi

e reverbera ing%

Wi exactly on

4.3-1)

4.3.3 |Limits for use with th

Consiger the case of an
area test site, i.e. Pq =

This EUT shoul k Qi th orfesponding limit, L,, when it is measured |in the

reverherating chanb

e limit, L,, when measured in thg open

From gquation (4> he two limits as in equation (4.3-2).

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

The value 0 dént not only on L,, but also on G. Since G will not be the safme for
EUTs/| it is net.pe ¢ to set L, to treat EUTs in a manner identical to the effect of L.|If say
L, = L,, then.it is corfect only for EUTs with G = 2. EUTs with a G greater than 2 will{find it
easiern tdpass the reverberating limit, and vice versa.

It is necessary to determine the value of G. This can be done from measurements of P, and
P;. Figure 1 shows the lines of P, versus P, for various values of G. The shaded region Is for
negative values of G. (Experimental points appearing in this region are caused by failure to
locate the maximum open-site radiation, probably due to the maximum radiation lying outside
of the horizontal plane.)

An example is given in figure 4.3-2. A number of microwave ovens were measured for Pq 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
Pg» in dB (pW).

” Measd+e thao cama camnla 1n tha ravarbharatina chamhay for total radiatad AL f‘-\” thls
Ao OTC COTC JCTITS \)MIIIHI\/ mriaTe TOoeVvVeT M\/IM\.III& CTTUATTTIOCT TOUT UTUT TUAUTUATC O LAY} A

qugntity Py, in dB (pW).

iii) Thiis relationship between the reverberating chamber limit and the gpe&n 2z best sitle limit
cah be found by the graphical method of figure 1, or by calgtNati i each
equipment, obtaining a representative value of G for the equive KSing stagistical

me¢thods, and applying equation (4.3-2).

&
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Annex 4.3-A

Derivation of the formula

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

e=(30xpxg)l2/d

Thus,
field s

and, in the case given in 4.3.2, P, = P, and G; = G; ¢

relatio

nship is

50

P+ G=P, {2

< 2 therefo

N

QQ

»
)\/

N
o

-site, dB(pW)

N\

s

N
[«

same

re the

10

30 40

P, reverberating chamber, dB(pW)

Figure 4.3-1

50
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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 pf RF-field sources is formed by AM broadcasting transmitters in the d Sw
bands|

Because of the relatively small dimensions of TTE (compared ¢o Yh h, pf the
disturlbance signal) the asymmetrical (common-mode) source | i cation
lines Is expected to be the dominant disturbance source. T munity
test (qurrent-injection test) is relevant for this equipment. | i ';nal is
applied via the telecommunication li h the
chara 1l with
predicii alues
will bd when
specifyi ns will
be lim

In 4.4. pf the
subscfi ¢ F field
strength, and an equwale i 3 i . diction
models are needed in t gsifi i i etrical
disturlbances, 4.4.3, and when s ing i ity li , 4.4.4. [ iew that
the disturbance source i i b ifi -circui and a
sourc¢ impedanc

All mgthematical relgtion . hate i ivati ed by
the usler of this repo ( p i i given
in ann ‘

This re of experimental investigations carried out on buried teleghone-
subscfi c [6] [7] and in the Netherlands [8]. In these investigations induced-
voltag At g afnd magnetic-field-strength data were recorded at a large nuniber of
locatigns, ! a8 statistical evaluation of the parameter values. A statistical approach
was n e télephone lines have random routing in the buildings and, consequiently,
random («orientation with respect to the RF field have random coupling with nearby|metal
objectg,\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 U, could
be measured across a 10 kQ resistor and a voltage U, across a 150 Q resistor. The
investigations showed that U, can be considered as the induced open-circuit voltage. In
practice, the reference for this voltage is generally unknown. During the measurements that
reference was a special metal measuring cart connected via a copper strap to the central
heating system (CH). The equivalent resistance R, of the induced source is estimated from
data pairs {U;,, U}}.

At each location two magnetic-field-strength data of the broadcasting transmitter were
measured using a loop antenna positioned in a vertical plane and rotated about its vertical
axis tp 1 € maximum reading. One datum, Was measured Nea € outletr|under
investjgation inside the building, and one datum, H, Was measured out de the building at a

distance of about 10 m from that building. In order to obtain a sufficie signal-
to-ambient-noise ratio, the measurements were carried out in ares y high
value jof the RF field strength. This is not expected to influence the psults,
as the presence of a broadcasting transmitter is not taken jf put of
telephone-subscriber lines. Moreover, as mentioned in 4.4. vill be
normdlized to the field strength and the resulting "antenna brty of
the subscriber lines measured.

4.4.2.1 Field strength and building effect

Althodgh the RF field is not a charactehisti ‘ 5 i i i igin [of the
induced disturbances. Two aspects of\the RF i idered i i i

a) Thie measured field strength H, o c i i jth H,

calculated from the simple far-field rela@ ‘ y i . A idn)
{ = 1YK 4l4.2-1
Zor ( )
where P is [
digtance betweghthe

values of P as gi

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

NQTE Although broadsa a N antennas usually are monopoles (in the frequencies of intergst), the
half-wave dipale formwa (4 s€en used for convenience.

b) The effect of t I he field strength, which can be expressed in a buildingfeffect
parameter X

Ap = Hy (dBUA/m) — H; (dBUA/m) (414.2-2)
Thiis facter is ofteh called the building attenuation. However, this factor not only dgpends
on| the -attenuation properties of the building material itself, but also on the reradiation

pr ound,

H, and H; were measured. Therefore the term building effect is used in this report.

A consideration of these two aspects is needed in view of the antenna factors to be discussed
in 4.4.2.2 and in view of the prediction models to be discussed in 4.4.2.3.
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Figure 4.4.2-1 — Scatter plot of the measured outdoor m)
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Figure 4.4.2-2 —
a) Scatter plot of the measured outdoor magnetic field strength Hy 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 Ho/\/E 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 figure 4.4.2-1.

Figure 4.4.2-2b shows the normal probability plot of all building-effect data. If these data were
normally distributed, a straight line would have resulted. This is not the case, and the data
suggest that, in first-order approximation, two distributions are superimposed. The two
distributions are found when distinguishing between data associated with buildings
constructed from brick and/or wood (R/\I\I) and data associated with h||i|dingc constructed
from neinforced concrete (C). The normal probability plots of these distriputions are(given in
figure|4.4.2-3a and b. The negative values of A, predominantly ste ments
where| H; was measured on an upper floor of the building, whereas asured

at abqut 1,5 m above ground level outside the building. Effects ofrexadiati uence
the actual field-strength data. <\
99, 99,9 \\
99 -
v 9%
S 8p
o
2 Y
o 50
=
g ;
g % gf
3 .
O L
D N
i =
o1 ——

10 20 30 40 50
A, (dBm) (Concrete)

pxobability plot of the building-effect parameter Ap (dB)

b) Buildings constructed from reinforced concrete

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

Tabhle 4.4 2.1 QIImeI"\JI results of hllilding_nffnr‘f, AD’ :\hs\l\]/cie
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.

HC 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.
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To of 3OK bscriber lines, the open-circuit voltage
normg S » (N iding the antenna factors Gj and G, define
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Figurg 4. ‘ US, th er plot G;(G,) using all data. The plot suggests that th
one dpm| *of data with a limited scattering and a second "cloud” with much
scattefing. 1% estigation revealed that the first cloud stems from data measu
buildin cted\from brick and/or wood, see figure 4.4.2-4b, while the other cl
assoc|ated-<-with constructed (predominantly) from reinforced con

Consqquently, the building effect discussed in 4.4.2.1 is of importance.
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The normal probability plots of G (dBQm) and G, (dBQm) associated with the two types of
building material considered, are given in figure 4.4.2-5. It can be concluded that the data
follow a normal distribution, which means lognormal distributions of the G factors in Qm. The
numerical results have been summarized in table 4.4.2-2, where G, and G| are the upper and
lower limit of the range of experimental G data (see 4.4.2.2.3). The differences between G;
and G, of the two classes of building material considered are in line with the building-effect
data for these buildings (see table 4.4.2-1). No clear frequency dependence could be

observed (see 4.4.2.4).
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re-4.4\2-5 — Normal probability plots of the antenna factors:
a) G BQm) associated with buildings constructed from brick and/or wood;
b) G Qm) associated with buildings constructed from reinforced concretg
Table 4.4.2-2 — Summary of results of  G-factor analysis
G ftactor 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, B/W 45,8 10,6 46,4 134
Gy C 26,5 10,9 26,0 90
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4.4.2.2.2 L factors

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

Upo _ Uy (W)

= (4.4.2-4)
HoZo  Eo (MVIm)

G
Lo:_oz
2o

The L[factorcambeconsideredas theeffectivetengthroreffective retghtof the—subscriber line
acting| as an antenna. The results for L, have been summarized in tab A2-3, Awhere Ly
and L| are the upper and lower limit of the range of experimental L fac

Table 4.4.2-3 — Summary of L, factors (far-fie\d)

L factor Building Average* Standard \L\L& \) Ly
material deviation
dBm dB M

o

L, B/W -5,7 /rﬁs 18\,Q -35

25,0 (106) N30 -55)0
A

Ly C ;
* Note [that dBm refers to dB with respect to 1 AN /& \\/ \ x
N N

In the|literature an L factor of —3,0 dBm\averag dMion 10 dB, number df data
10) has been reported [12] for a cable/running K300 m~yunderground and 1 000 m to 3000 m
overhe¢ad (aerial cable) towards the subs al. ting frequencies were 594 kHz and
1242 [kHz. No details werge gi outthe figldystrength measurements, the reference for the
asymmetrical voltage and ' i the"buflding material. The results reported |n [12]
are in| line with the re ) iven in table 4.4.2-3. However, more fecent

investjgations by ttje Sé

L; factprs might bevdettves he & fastors in a similar way as the L, factors. Howevgr, it is
to be pxpected thag S din he far-field conditions are not satisfied and it has to
be dgcided whic has to be taken. Therefore, no L; data have| been
presented in takle 4.4 e note 2 at the end of 4.1.

4.4.2.2.

In 4.4]2.2.1 %t Wwas cQncidded that the distribution f{G) of the G factors (antenna factprs) is
lognomal orin-Mmathepnatical form

inG-p)

f(9)dG = ——e 20" dG (4.4.2-5)

Go\/g

However, by adopting this lognormal distribution it is automatically assumed that a G factor
may range from zero to infinitely large. In practice, infinitely large will never occur as
wavelength effects and effects of coupling with nearby structures create an upper limit (G or
L) of the antenna factors [13]. Consequently, for correct use in the prediction models (4.4.3
and 4.4.4) f(G) has to be truncated. Similarly, truncation has to be applied to the distribution
of the building-effect parameters.

Unfortunately, no theoretical study is known which predicts the upper limit of G (or L) of
an actual telephone-subscriber line taking into account the length and the routing of a line
inside the building and, buried, outside the building. However, it has to be expected that such
a limit exists and the best approach is to use the experimental upper limit (G or L,).
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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 _ f(G)dG ]
£(G)dG = & = FGy) FG - a,f(G)dG (4.4.2-6)
Jf(G)dG
L

The nLathematicaI form of the cumulative distributions F(Gy) and F(G)) is tivencin’jannex
4.4-D| Table 4.4.2-4 summarizes the truncation data of the G factors AahRd the bd |d|ng -effect
parameter A,. Note that at differs very little from 1, that is from c —o < G
(dBQM) < o or —o < @, (dB) < » since F(») = 0,5 and F(—«) = —0,5\Thg tpperand lower limit
in dBm of the L factor range are found by subtracting 51,5 rom thexcorresponding G
factors in dBQm.

Table 4.4.2-4 — Summary of truncati?/paﬁa\

G faktor Building Gy (dBQm) G, (dBQm) F(GY) \/ﬁ(GL) afe
or|Ay material

Apy (dB) Api JdB) FAbY) > FlAp) afa

&, BIW 70,5 s\ < No.480s ) ~0,4993 1,421

&, c 78,5 205 N 07985 ~0,4922 1,doo
d, B/W 695 (| 85 \0.4873 ~0,4971 1,416
d, c 545~ N \S9 0,4950 ~0,4971 1,dos

A Nb,o AN -10,0 0,4953 0,4981 1,do7

A 41,0\ %/ 0,4905 ~0,4837 1,426

4.4.2. iva mMmetrica urce resistance

The e
pairs {
using

e induced asymmetrical source can be determined from data
pen-circuit voltage and U, the voltage measured across 150 Q,

R, = %U'lSO (Q) (4l4.2-7)
|

The normar probability plot of R, (0BL) IS given in figure 4.4.2-6. It can be concluded that R,
(dBQ) follows a normal distribution and, hence, R, in Q follows a lognormal distribution. The
numerical results have been summarized in table 4.4.2-5. The average value found is close to
the value 150 Q used in existing immunity tests [9] [14]. In table 4.4.2-5, R,, and R, are the
upper and lower limit of the range of experimental R, -data. The relatively large and small
values of R,, and R, compared to the average value of R, stem from 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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Table 4.4.2-5 — Summary results of equivalent-resistance analysis

CISPR 16-3/TR O IEC:2000(E)

R, Standard Median R, Number Rau Ra Ra
(average) | deviation (average) of data
dBQ dB dBQ Q dBQ dBQ Q
44,2 6,8 43,5 162 204 63,7 25,2 1531 18
99,9 %
99 /
/
o 95
(o)}
g . /\
g
2 o N
2 RN
<
S 20
E N
]
© 5
4
N4
85
IEC 796/2000
alent asymmetrical resistance R, (dBQ)
ed by the measurements in the LW, MW and SW bands, no
: the building effect A,, the G factors G, and G;, and the
R, cquld be observed. This is illustrated in figures 4.4.2-7a and b the Ay
ildings, the R, data, the G, data for brick/wood buildings, apd for
Because.no clear frequency dependence of the various quantities could be observed, it will be
assumedin4.4.3 and 4.4 4 that the hll”{'ﬁhg effectthe G and the [ factors and the egu valent

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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Figure 4.4.2-7 — Examples of the frequency dependence of some parameters

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 allow for a classification of these quantities. This report gives only the procedure
for this classification. The actual class limits are outside its scope.

4.4.3.1 Field-strength classification

As mentioned in 4.4.2.1, the field strength is not a property of the subscriber line. Never-
thelesgr—information—about-the—firetd—strength—isneeded—inorder—tomake—apredictionof the
induced voltages.

From the results given in 4.4.2.1, it follows that in first-order apprg i S doqr field
strength, to be indicated by E, and H, for the electric and tic i component
respectively, is inversely proportional to the distance r betweey i S ign and
the transmitter, and proportional to the square root of the transmi QWY esults
summprized in 4.4.2.1 it follows that, in the worst case, Q y is a
factor|of 3 (= 10 dB) larger than the constant of proparti -wave
dipole
A clagsification of the outdoor electric or magneticAfig n the
probability p{E, = E| } or pr{H, = H| } [ C i ‘ than a
given |limit value, indicated by the subscri | [ ability
can beé written as
Emax
pr{H, 3 ! = E"fn(E)dH (4]4.3-1)
L

alized field-strength distribution and H,,,,, and E.,, the
phical region in which the probability has |to be
relations in equation (4.4.3-1) are equivalent.

where| f(H) and !@
maximum field strepg

estimated. Under fa

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

2 2)-2 2
(Emax —El )gmm ~ Enmin (44.3-2)
2 2 )2 2 )
(Emax - Emin)EL EL

h ol woeth wald ctvanat at th nnor anndaris of +1
where-—-t rIS—orieTreTg— st trgurrat areTmmeT—oooTiary o it

R are—E——-ihe—fetd—strength
min
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-
field region of the transmitter. A non-zero outer boundary field strength is needed, as E;, = 0
would mean that pr{E, = E } = O for all values of E,. Note that by definition p{E, = E;} = 0
and that p{E, = E,int = 1 (= 100 %). The approximation given in equation (4.4.3-2) is valid if
Emax == {Emins EL} Which is normally the case. Hence, it can be concluded that in the present
model the value of E,;, to be specified is very important. The choice of E;, and E,,, 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 E,,, = 60 V/m, which is an example of a radiation-hazard limit in the MW band of
frequencies, and E,,;, = 0,01 V/m (= 80 dBuV/m). The latter value is of the order of magnitude
of the minimum field strength in the service area of a broadcasting transmitter. Note that the
probability values are almost completely determined by E;,.

Table 4.4.3-1 — Example of field-strength classification

pr{E, 2 £} E E min P =500 kW
pr{E, 2 E_} k;7 k;zz
L L
Y0 VI m m
0 60 - (80) ( (26d)
N
100 0,01 - 295000 | 1550004
10-1 0,32 0,33 15655\ 49199
10-2 1,00 1,00 495@\ \ \1\f55e
103 3,16 3,16 2565, N\ 4914
104 9,86 10,00 N Wy D 155¢

By ex i ies in te a) fi and>not, for example, in[terms

of the ation, equation (4.4.3-1) is
applic inversely proportional |to the
distance. , Z tab ished, a certain transmitter will have a
certain value of the constant of propqgrtionali \ ¢lass boundaries can be associated
with di oint of observation. In table 4.4.3-1

examy iven i case of a half-wave dipole) and k = 22
(the W i ¥ transmitter power P = 500 kW. The R
valueg for E, = 60 V/ brackets, as, in the considered frequency
range| the far-fielghcondition i e distances.

The a gth boundaries first is that the classes are thel same
for all 2 choice of a class is then determined by the prolability
that v b, WA gttain distance from the chosen class of transmittérs. In
gener ; er probability is easier than an estimate of the field-stfength
probabili

4.4.3.2

A clagsification o ¢’ induced open-circuit common-mode voltage U, may be based pn the
probability~pr{U, = U} that U, is equal to or larger than a given limit value U,. If £(G)
descripes”the 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,

prith 2 UL} =[ 4G, duhifEUiED; (G,) (4.4.3-3)
G ) G, [Go

where G;, G,, U; 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 = (=U,/G,) and a certain
value of G,. In equation (4.4.3-3) the factor 1/G, stems from the transformation of f{H,) into
(ULl Gy).
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Note that equation (4.4.3-3) is not an explicit function of the distance between transmitter and
point of observation as a consequence of the fact that the boundaries of the RSA have been
defined by field-strength values. A similar remark has been made in connection with equation
(4.4.3-1) and similar conclusions are possible here.

Considering again the ring-shaped area as introduced in 4.4.3.1, examples of the
classification of U, i.e. U values corresponding with chosen values pr{U,, = U}, are given in
table 4.4.3-2 classification. The relations used can be found in annex 4.4-B. As in 4.4.3.1, it
was assumed that the outdoor field strength E,, = 60 VIm (Hyax = 0,16 A/m) and E,;, =
0,01 VIm (Hpin, = 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 the outdoor field stkength
Enax = 60 V/imand Eg, =0,01V/m o\

Building material B/W C /B)AK\ \ \\(,(

A, dB 1,6 20,6 \-

s, dB 4,0 8,7 NN N -

Aoy dB 12,0 41,0 / \ AN \ -

Ap) dB -10,0 2,0/\& S] ‘ - -

Gio dBOm 47,3 158\ [ DY a5p 26,5

S dB 11,2 18,5 \ )10,6 10,9

Gy dBOm 70,5 /\ 78,5 69,5 54,5

G, dBOm 11,5 \ (\QS\ 16,5 -3,5

pr{Un = Ui} U wb U U
R \% dBpVv dBpVv dBuv

1071 I \1/15 & St 114 96

1072 x 125> )ll 124 106

102 \J35 N 1 134 116

~/
1974 /\\ \QS 131 143 125

4.4.4 |C izatiody of\the immunity-test disturbance source

The rgsults ing.4.2 and 4.4.3 of this report may be used to specify the open-circuit
i | impedance of the disturbance source in a conducted-immunity test
needeld torachieve & sufficiently high probability that TTE to be connected to the subsgcriber
lines Wil .bg electromagnetically compatible.

The specification of the open-circuit voltage U, should be based on the distribution of the
voltages over all telephone outlets to be considered. Therefore, this distribution is calculated
first, using models and parameter values derived in the preceding sections. Once the
distribution is known it is possible to calculate N,(U,, = U|), i.e. the number of outlets in the
respective geographical region showing a voltage 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 4.4.2-3. After that, the relevant parameters for the
specification of the disturbance source in the immunity test will be summarized in 4.4.4.2.

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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4.4.4.1 Outlet-voltage distribution

The derivation of the outlet-voltage distribution is described in detail in annexes 4.4-B and
4.4-C. In this derivation, the following steps have been taken.

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

(Again, the magnetic field strength is considered first, as this field strength was measured
in the experlmental charactenzatlon procedure. If far- f|eId conditions are valid, so that the

2) Sity of
; tenna
fag i i i the M 2 joint
3) Cdglculate the probability p{U, = U, }. If Ny is the total numb ) s i ective
gepgraphical region and the boundary conditions are t4 i ; S L(Up 2
U)) = Ny (or =0) if pAU,, 2 U} = 1 (or = 0), then the-r bgquals
Ny OpA Uy, =2 U }.
It is the prerogative of a Product Committee to q oQsea > jch U_
followg and hence the open-circuit vo i : i i i

Assur%ving the field strength to be inversefy pro et and

the trgnsmitter and assuming constant(densities S i , itis shown
in annex 4.4-C that the fielg:strength d tri an be written as

(44.4-1)

where
total 1
and a

nstant of proportionality of the j-th transmitter and N the
onsidered. If the density u is the same around all transmitters
xame constant of proportionality k, CH, is simply a constant

times
When idertg the\electric field strength £, = (k/P)/r, the distribution n(E,) reads
N
20N\ _mk?p
é T _C
n(E,) = —= = ko (4.4.4-2)
EO EO

so that Cgy = Cho ng. In annexes 4.4-A and 4.4-B it is explained how the various relations
change when the indoor field strength H; or E; is to be used.
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AN_
o
1%
0 2
Figurg 4.4.4-1 — Example of the frequency histogram 3 i Rading igate
s¢hematically the contributions from various transmitters and nonchomoy L

The optlet density will, in general, not be homogeneg 3 Yitter. To derivel n(H,)
in that case, a possible procedure is to determine g fr isto AN(H,,AH,) qo that
n(H,) Is approximated by n(H,) = AN(H,,

In praftice, the magnitude of the electrig fiek i considered, so n(E,) may be
determined first, after which n(H,) follow ssuming far- field conditions. An exan ple of
AN(EAE,) is given in figure 4.4.4-] erent shadings indicate the vjarious
contributions resulting fron i non-homogeneous outlet depsities
aroung these transmitters

A drayback of the method Aeadi igure. 4.474- ing to
equations (4.4.4, is in particular in the lower field strength regiops the
fields |of the varl Q. AS a result, the same outlets in these regiops are
counted more than @ fon is made with respect to the broadcast frequency.
In 4.4)2.4 it has be€ s\ ® real frequency dependence could be observed, $o this
discrimination is ot \pOs ich’ leads to an over-estimate of AN(E,,AE,) at the|lower
field-strength/vatues,

A profedure i ight\be followed is then to determine n.(E,), the distribution jof the
maximum fie - i the respective geographical region resulting from the N relevant
transmitters in the direct vicinity of) that region. An example of such a distribugion is
given [in figtre 4.44 This distribution resulted for a part of Germany (having an afea of
2,5 010> km? and 42 DlO6 outlets) by calculatlng the maximum field strength in each npde at
alk [ jal _broadgasting
transmltters in the respectlve frequency range havrng a total ERP of 12,2 MW The resolutron
of the field strength, i.e. AE, was taken to be 0,1 dBuVv/m. It was assumed that the density u
was a constant (42 010%/2,5 010° = 168 km~2) throughout the region. When performing these
calculations it was found that n.,(E,) does not vary much after a certain number (50 in this
case, with a total power of 7,5 MW) of transmitters had been taken into account.
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1E9

1E8

1E7 X
1E6

TE5 \(

1E4

n, (Vim)t

1E3

0,01

Figure 4.4.4-2 — Example of n,(

g maximum field strength  E, resul itters in (or near)

n(Ey) = — CgolES

The drawn line in figurp 4.4 s = Cgo/ES with Cg, taken such that p,(E,)
= n(Ey) when Ej =1 i uation
4.4.4-P due to t ber of
transmitters is in
Whenli ber of
outlets

4.4-3)

where| the Tight- hand S|de of equat|on (444 3) foIIows When equatlon (4.4.4-2) is|used.
Equatie - 3 = d -+ the
value of E. i, foIIows when Cgo is g|ven or that CEO follows when Enmin is glven The former
approach has been used to calculate E,,;, = 0,08 V/m as indicated in figure 4.4.4-2, assuming

nm(Ey = 1 VIM) = CgolES = Cgy ) 5,4 1105 (V2/m2).
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Table 4.4.4-1 — Summary of the parameters used in the numerical examples presented in
figures 4.4.4-3 and 4.4.4-4. Some curves have the same parameter values: Figure 4.4.4-4a)
curve 2 and figure 4.4.4-3, and figure 4.4.4-4b curve 1 and figure 4.4.4-4a curve 3

Figure 4.4.4-3 4.4.4-4a 4.4.4-4b

Curve - 1 3 4 2 3 4
L-factor L, L, L, L, P L, Lx
Building B/W B/W B/W B/W B/W c c
material

M, dBm -5,7 -5,7 -5,7 -5,7 -4,2 -25,0 -5,6
S, dB 10,6 10,6 10,6 10,6 11,2 0.9 10,5
L, dBm 18,0 +00 18,0 18,0 19,0 /\( 3,0 47,0
L, m 7,9 +o0 7,9 7,9 89 A Q\ 22,4
L; dBm -35,0 —o -35,0 -35,0 -40,0 55; \};1,0
L m 0,02 —o 0,02 0,02 0,01 o,ob\ d.03
M, dB - - - - 1\Q \- Jo.6
Sa dB - - - - 408 8,7
Aoy dB - - - / ~ 1}0\ > - 41,0
T : A e T ;
N; miflions 42 42 O AN 2 L0 2/ a2 2

2/m2 _ _

o YAm?| 54 010° 5,4 [110° 5>D10\5\ 5,4000° \/— 5,4 010° -

x| VIm 10,0 10,0 \3,0& \Q\s\/ 3,0 3,0 8,0

Eimax | V/m - {— [ \ D) N7 9,5 - 4

Enn |Vim| 008 [N 008 |~ 088 ] boos 0,08 0,08 d.08

min_| V/m Y. \ \ \ - 0,02 - 0,p007
U

\Y §\‘{) Q +o& \% 79 85 42 b3

* See Mote 3 at the en}i\chRu%usﬁ\/\\\/
D%

bygiving several numerical examples of Ny(U,, = U,), i.e.|of the
r ctive geographical region showing an induced open-{circuit
y test.
sed in
of the

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. U, (see also table 4.4.4-1) is given by
Unax = Emaxly: Where E. ., is the maximum outdoor field strength in the respective
geographical region and L, the upper limit of the range of L (B/W) data (see 4.4.2.2.2). Uy
is quite large in this case. The maximum value measured in the experimental investigations
was 22 V.
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iBution. By doing so, the results represented by Curve 2 are
aximum outdoor field-strength E,,;, = 3 V/m, but due to the b
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g.effect as determined from the experimental data. In this case A, = —10 dB, {
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=975 V/m, hence an amplification of the outdoor field strength.
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outlets with U £ U, £ U5 See table 4.4.4-1 for the various parameter values used. Total number

of outlets 42 0108, homogeneous density of the outlets:

[ =168 km~2

(2)0002:031 O Y.1/€-9T ¥dSID
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a) B/W buildings

Curve 1: nontruncated L, factor, E,,, =10 V/m, Emin = 0,08 V/Im
Curve 2, truncated L factor, Enax = 10 V/im; Ein = 0,08 V/im
Curve 3, truncated L, factor, Enax = 3 VIim; Eqnin = 0,008 V/m

Curve 4, truncated L, factor, Emax = 10 Vim; 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

Cuyrve1—Cbuidin
Cyrve 2: C buildings, L; factor

One might argue that a negative value of Ap; is not realistic. As

negative values predominantly originated from measurements Whe e the 'ndor i

was measured at an upper floor of the building and the outdoo
ground level. Furthermore, reradiation effects also influenced\the ae
One may decide to truncate the building-effect distributiop Y

case ki max and Up oy reduces from 85V to L Epay =

Assuming that all 42 m|II|on outlets are located in re|

while Curve 4 follows if the L; data apé
the B/W and C buildings. Then Nt in
type off building, and the results for both types\of

NOTE ] Although the number of outlets Ngy(
relative| number is very low. ThIS tresses the i

calculafions is sufficiently high. 2
accuragy needed. The relatijve hyn is identica ; U_} in per cent.

NOTE 2 In all calcy o 3 i as considered to be a constant over the whole reg
region. [The results can pe j \ ample, the calculations leading to n,(E,), see figure 4.4.4

a locatipn-dependent p ipto ascod
NOTE 3

Hmax = Emax/£0 8 i i i = Cgil z§ (see clause 4.4.A-3 in annex 4.4-A).

4.4.4.2 Summary ofdisturbance source parameters

Assunii i i -

igire 4.4.4-4 may have noticeable vall
g "tails" of the various distributions used an

applied|truncation. In addition, i ens givenyin the annexes are not used, but a full-ny
calculafion is made (for example i as to be taken that the accuracy of the nd
e ioh of the

> yre based on L; and A, data, and a warning has to be give
As menftioned in 4.4.2, it\ Ik at inside the buildings the far-field condition will be satisfi
formally speaking™&; cagnot be ive ;. In addition Ay has been determined from magnetic field-
data and A, fothe elecix ot be the same. In the calculations leading to curves 2 and 4, it ha
been agsunred that L, WNZo\(Zo =N877 Q). However, the same curves for Ny(U, = U.) would have bee
when cprr€ctly using tR ; Ap, but quoting on Row 15 and 16 of table 4.4.4-1 the magnetic field qy

.21, the
tfength

above
data.
n that

esults
rve 3,
l over
given

es, the
i of the
merical
merical

pective
-2, take

n here.
bd and,
trength
5 tacitly
h found
antities

cribed

by an open-circuit voltage and an internal impedance, the following parameters are of

importance.

The internal impedance

The internal impedance may be specified as a purely resistive quantity, of which the
magnitude is chosen on the basis of the results for the equivalent asymmetrical resistance R,,
as given in 4.4.2.3. The choice depends on the reference for the asymmetrical disturbance
source considered to be relevant in the situations where interference problems have to be
prevented. An often used value is R, = 150 Q [9] [10] [14] which is not in conflict with R,

results presented in 4.4.2.3.
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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).

The total number of outlets in the geographical region (country) to be
considered. N is either the grand total of outlets or the total number
of outlets in a certain type of building (brick/wood or reinforced
concrete).

a) Ny
b) Mg or M_
c) SjorS
d) Gy, G,
Ly, Ly
e) Hmax or Emax

) H

mi

g) n or n

4.4.5 Bibliography
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Annex 4.4-A

The field-strength distribution

This annex considers the probability p{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

fiald el fulfillad
the fa Heter uullultlull |S FaHTeer

4.4-Al1 H,-field expressions

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

4-A1)

wherel k is a constant, r the distance between the \transmi 3 th ation,

P the [transmitter power and Z; the free 2 i min 1S
needed to indicate that equation (4.4<A1)N near-
field region.

Using|equation (4.4-A1l), it follows that

<R} (RL € Rmax ) (4 4-A2)

where = . TK gr prgbability is equal to the area of the ring determined by
R, ar : ) e ring
determi F as an
infinitely exténdesd n with

field s ues of

H, wit

IEC 802/2000

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

pr{Hy, = H_ } = min/, = (4.4-A3)
2 2 -2 -2
T[(Rmax - len) Himin = Hmax
or as
g
priHy, 2 H } = 1— 1 (4.4-A4)
Fmax ~ Min J7L
where| Hyin = (KIP) | (RmaxZo) and Hyax = (KIP)Y(RpinZo): i-e. Hpy, b field
strendth at the inner boundary and the outer boundary of the rin b case
wherel Hy, 4y >> {H . Hnint €quation (4.4-A4) reduces to
H?,
pr{H, = H } = M (4.4-A5)
which{means that pr{H, = H} is no longer a fu ¢ definition pr{H, = H4y} = 0
and pf{Hy = Hyi} = 1 so that H_is no i iStance r. Consequently, the

choice

In anr
cumul
deriv

can b

of Hpip is very important.

ex 4.4-B and annex 4.4-C the 9 f(H,) has to be known. Sin

ptive distribution F(E; > H,} and, by definition, f(H,)
ive of F(H,) with r i e normallzed distribution function
calculated using.eq

ce the
is the
f1(Hp)

- -C
A= = Guf(Hy)  (44-A6)
L/ H2a —11H2 ) HS
Hence = 1/H3. The constant of proportionality Cho N fi[Hy) =
Chofh s f(HO) The constant Cy, can formally be written as
max
-1 dH,
Cio F (4.4-A7)
Hupin ~©
The r\lc\hnn F /LI \ = rad ILIS o c\npllr\')hlr\ |n ')ll cases \uhnrn +hn Flnlrl ohrnngfh Mo Ies In

H
inverse proportlon to that distance and no specification of the transmitter power P is needed.
Of course, H, is an implicit function of rand P.

Finally, p{H, = H,} can be written formally as

Hmax

If(Ho)dHo

priHy = H}= %+ (4.

Hmax
[ f(Ho)ato

Hmin

4-A8)


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

- 96 — CISPR 16-3/TR O IEC:2000(E)

4.4-A.2 Hj-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(H,,A,) = f(H)(Ap). The
latter distribution represents the distribution of locations where the outdoor field strength
equals H, and, simultaneously, the building effect amounts A,. By carrying out the
transformation H; = H,/A, the joint distribution f(H;,Ap) is known. Since

£

PITIERN
(o )7

warw)

f(Hi, qb)dHl = f(Ab)f(Ho)dHo or f(Hl ,Ab ) == Ab f(Ab )(44-A9)
dH; | dH

and f(H,) = 1/ H3 it follows that

pf{H; < H_} :J’ dH, J'dAb 4-A10)

where E[At;z] is the expectation of A iINgNE i suti i cation

factor|a;p, see 4.4.2.1 and 4.4.2.2.3,

A-A11)

ata, as
being
fation of the lognormal distribution of Ay. In equation
on, see annex 4.4-D, while z, and z are given by

where| Ay, and /@
explaiped in 4.4.

the average value
(4.4-Al11) "erf" de

IN(Ap ) -
+oa2,  z :M+0A,/2 (4.4-A12)
O A 2

By definition—fH, he derivative of F(H;) with respect to the field strength. Hence, the
normglized_distribution f,(H;) reads

f(H;) = % with ¢t = E{ } I}ax— (4.4-A13)

I I min

where H; nin = Hpin/Ay @and H; nax = Hmax/Ar and Hp,, and Hp,, are the minimum and
maximum outdoor field strength, respectlvely

4.4-A.3 Ej-field expressions

Assuming far-field conditions, the outdoor magnetic field component H, and the outdoor
electric field component E, have a constant ratio, i.e. E; = HyZ,. If E,i, and E, 5 are the field
strength at the inner and outer boundary of the ring-shaped area, the probability that E; = E|
can be written as
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(Ef%ax B EE )Eriin

pr{E; 2 E| } =

2 2 2
(Emax - Emin )EL

(4.4-A14)

In the classification of the field strength carried out in 4.4.3.1, use has been made of equation
(4.4-A9) to determine the boundaries between the field-strength classes. In that application

equation (4.4-A9) was rewritten as

EL Emin Emin

Jpr{Eq > £ W~ (Enin / B )+ (Ein 1 Ea 2 VPMEo 2 EL

(4.4-A15)

which]equation follows directly from equation (4.4-A6), while the approx

case Where E, . >> {Enin EL}- In the latter case E| is independent ginE

Similar to 4.4-Al in the case of f{(H,), the distribution function f(E

-C .
f(Eo) = E—f = ~Cef(E,) wit

o

and pf{E, = E_ } is given by

The c

Of col

(4.1

in the

1-A16)

4-A17)
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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 U,
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 U, 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 'ien as
Hy, = (k/P) / rZO) or E, = (k/P)Ir, where k is a constant, P the transmite free-
space 0 int of
obser s € H, or
E, is In the centre of a ring-shaped area with an inner radius R 8 US| Ry ax-
The figld strength as the inner boundary is H,,,y 0Or Eqyay and Y Humin
or Eniln- ined’in.an [ s also
explaiped that the derivation of the relations will start from ey (e , i.le. use
is magle of the G factors defined by U, = G, OH. ElgCtric-fi i ing the L
factorg defined by U,, = Lg will be addressed in clau 25

4.4-B

Assunring the field distribution f,(H,) y 3 distribution f(G,) to be indepepdent,
the joint distribution f(H,,G,) f,(H,) O(Gy)—~T hisxoir stribution gives the distribution|of the
locatiq i \d/ simultaneously, the outdoor G|factor
equals G,. Then, by carrying i h = G, OH,, the distribution is foind of
the S|tuat|ons where the, asymmeltical voltage equals U, and the G|factor

equals G,. Since
fo(Ho) _ fo(Ho)

duy, 1 dH, Go

(4.4-B1)

it follows that

(Uh.Go) =

(414-B2)

(Go)
Eiﬁ CHoGof(Go)
3

Gy, Uy,

wheretireTight=tramd—part of thisequation s vatid— i thedistributiom derivedimanmmex 424-A is
used, i.e. when it is assumed that f,(Hy) = Cho /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
pr{U,, = U} can be calculated from

U .2
Go
J’E H(G,)dG  (4.4-B3)
G

o E thl UhZZ E

ChoGaf(Go) _ Cho

pf{Uh 2 UL } = dU aG
A
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where Uy, and Uy, 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
Hapin and H,,4y the voltage satisfies the relation H,;,G < U, < H,,4G. Using a truncated
lognormal distribution of the G factors (see 4.4.2.2.3), we have G < G< G,,.

If U_ has the value indicated in figure 4.4-B1, pr{U, = U} is found by integrating the joint
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, = H,,;,G_ and Uy =
HaxGu- The voltages U, and U, are defined by U, = H,,,xG, and U, = H,;,Gy, respectively.

SO\

-
N
2SR HHIAIHXNNN
o
00!

g:

IS

G

IEC 803/2000

After 4 by

pr{lh

atGCF .4-B4)
4

where| U = Mg LIn(¥0)/20 and og = Sg UIn(10)/20, Mg and Sg being the average valye and
the st

ndard deviation of the relevant truncated lognormal G factor distribution with truncation
factorLﬁheﬂﬁ*ﬁHe%thﬁ%ﬁ—%B%—Mﬁeﬁ—H—l—&. i i i i ' DRI

u ] - ; g nd 9,
which depend on the value of U, are given by equations (4.4-6) and (4.4-8)

In(G, ) - In(U. / Hmin ) —
X, = (Gu) NG,Xi: (UL /Hmin) ~ Ko (4.4-B5)

O'G\/? O_G\/?

a) UysU <Uyoy=1,

yy = MCu)-He - _IGL) " He (4.4-B6(a))

O—G\/? O_G\/E
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IN(U | Higin ) = g —203 In(G) - pg -202
zy, = , Z) = (4.4-B6(b))
Og \/E Og \/E
b) Up<U <Ugd,=1
In(Gy ) - In(U_/H -
= (Gu) - He Ly = (UL /Hmax ) ~ Hg (4.4-B7(a))
Og \/E Og \/E
IN(UL / Hmin) = Hg —20¢ |n(U I'Hmax ) =
zy = ) Zj @48 7(b))
) r
b) USUL<Ud6U:O
In(Gy ) -
L= Cu) " He (4.4-B8(a))
(oNe \/E
IN(Gy ) - g - 282
z, = 77e (4.4-B8(b))
()¢ \/E
In the|case where the G; factors are Cho IS
replaced by EI.At;2 JCHi, and 1.4.A.2
in annex 4.4-A).
Equat|ons (4.4— table
4.4.3-B and to cals
4.4-B[2 E-field\basev
Assuming fakfield™¢ culate
pr{UhrTz i NS B4) to
(4.4-B[8) min: Go
by L, and an be

used,
electric-field quantities.

provided” that all magnetic-field-related quantities are replaced by the corresponding

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 Ny(U,, = U;) showing an induced open-circuit
voltage U, 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 con5|dered Use will be made of the simple models with the ring-shaped
area (| which
give U,, normalized to the magnetic field strength After that it is possible fo catculatethle joint
distribution n(H,,G,) along the lines described in annex 4.4-B, and N, 5 after
integration of the joint distribution factor over the permissible va neters

concefned. When using the G; factors in combination with the bd g| same
procedlure can be followed as in annex 4.4-B.
4.4-C|1 H-field-based relations
AssunLing a homogeneous density of u outlets per/sq d the transmitter in
guestipn, the number dn(r) of outlets in an elementayry ring 3 r+dr is
given
(4{4-C1)
Using|H, = A-A), i equation (4.4-C1) that the nuniber of
outlets o) i yH range Hy(r) to Hy(r+dr), is given by
(4{4-C2)

In the > j-th transmitter is characterized by {k 1 J} amd the

densit is K, dn(H,) can be written as
d C
= __Ho Z 21y k2 Py = Ho gH,  (4l4-C3)
Hy  ZiHS 1A HS
Hencsg, i i ge normalized distribution n(H,) is given by
N
(1] \_dn(HO)_CHO el = 2“\— L2 (a4 a.ch b
II\I Io} - dH - 3 VVILTT \./HO - 2 LMJ!\J FJ \-r.-r \/f(a, ))
o Ho Z5 =1

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

If Ny 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

max min

Hmax
Ny = HJ’n(H)dH (4.4-C5)

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

Cuo H 1 1
Ny o= =20 2 2
EHmin Hmax

: (4.4-C6)

M O

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

No{ul = U T =

a6Co T erf(xu) = erf(x) _ erf(yu) = erf() | jeue +20f, erf(2) - efft} g da-c7)
4 H Hmin Hmax 2

The pjrameters needed in equation (4.4-C7) have been explaj 3 ati (4.4-B4) to

(4.4-B8). In annex 4.4-B it has also been explained how ta guation\(4.4-C7) tof make

a calcplation using G; factors possible.

When| it is assumed that Ny is known and . gen there remain two
"unknpwns" in equation (4.4-C6): Cy, i lated for a certain geogr%phical
region from equation (4.4-C4b), then FR all parameters in equation

(4.4-Q7) are known. As discussed in %4.4.4 ibility is to determine H,, in that
regionf and Cy, can be calculated by usi

4.4-C|2 E-field-based

Assuming far-field conditi Ot electrig field strength together with the L fiactors
may be used to calcul , O }\In that case equation (4.4-C7) can be used, provided
that Gy, is replag by Enin» Go by Ly and Mg and Sg by M, and
S, . In| other word quati 4 an be used, provided that all magnetic-field-related
ding electric-field quantities.
& 2
with Cgo = 2nz Hik7 P, (4.4-C8(a,b))
J=1
and the €£gquivalent of equation (4.4-C6) reads
C
Ny = £ ; . : (4.4-C9)
EEmin Emax E

See annex 4.4-B about how to change the various relations to make calculations using L;
factors possible, but see also note 3 at the end of 4.1.
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Annex 4.4-D

Some mathematical relations

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

. ") b 1 [ H [ ") 1 1 (DR - bl
Summgrtzes—some nratnenraticar reratrons TVUIVITIY  Uie TOyTioriTar gistuioutiurnm arfu uig

function.

4.4-D|1 The Error Function

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

The e

A use

f=_ 1 le(x)| < 15 %107

1+ px’

where
p=0,28449,6736;
a; = 0,25482 9592,

(4

(4.4-
(4.4-

(4.4-

(4.4-

(4.4-

error

14-D1)

D2(a))
D2(b))

D2(c))

D3(a))

D3(b))

a, = 0,28449 6736;
a3 = 1,42141 3741;
a, = —1,45315 2027;
as = 1,06140 5429.
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4.4-D.2 Application to the lognormal distribution

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

_(n(x) - )?

f(X)dx = — = e 207 gy (4.4-D4)

X0+ 2T

where u is the average value of In(x) and o the associated standard deV|at|on If the latter

para ciated
standard deV|at|on u=m DIn(lO)/ZO and o=S DIn(lO)/ZO The dlstnbut'on f ct|on given in
equation (4.4-D4) has the property that the integral of this function over a bquals
1if —op < X < . This means that f(x) given in equation 4.4-D4 is prope i f(x) is
the tryncated lognormal distribution of x, such that x; < x < X 5[ to be
normglized again. In that case f,(x) can formally be written as f,

%, _(n(x)-p)?

D5(a))
so that D5(b))
where D5(c))
When owing
integr
In the

P6(a))
where Z, = Yy —0\/?, Z =Yy, —0\/? (4.4-p6(b))
and in equation (4.4-B5) use was made of

Xu —2n+2g?
=2 _ I
J’x f. (x)dx = a T{erf(zu) - erf(z)} (4.4-D7(a))
Xi
where Zy =Yy +a\/5, Z =Y +o2 (4.4-D7(b))
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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
emitteld at frequencies above 30 MHz from electrically small sources physie located| close
to the|surface of real homogeneous plane ground. Its purpose is the stug ability
of rad]ation in vertical directions based on in situ measurements of the F-field
near the ground. The sources considered are electrically smatl\l elestric and
magnetic dipoles excited in the frequency range from 30 MHzto 1 0

The gffects on the vertical radiation patterns caused by~a i N1 e elgctrical
propefties of the ground, varying from wet ground to very d and the special cpse of
a groynd that behaves like a near-perfect conductor — have : déred.

Thesq studies show the limitations of the predictabili iat elevated angles| when
based| on measurements near the grosnd. The v ifies 'some of the factors|to be
considered when developing and specifyi i adi pléctromagnetic disturbances
and methods of measurement which are_ inteqded toxprotect aeronautical radionavigatign and

commpunication systems operating at fre6
vertical patterns of the fields over good ¢
real gfounds. Moreover, thg

elevated angles the in sitg me

but instead they must ei
from the equipment w

Scope Q

encie e 30 MHz. For example, it shows that
opduc not represent the field patterng over
or 0004, predictability of the field strengths at
nea i

gy in pa fcular, must be made at a known digstance

45.1

This ability of radiation in vertical directions based on
measy e/electric (E) fields emitted by electrical equipment near
the gr e guidance to the predictability of radiation emitted at elg¢vated
angleq in situ, in particular industrial, scientific, and medical| (ISM)
radio- or that purpose, it studies the calculated vertical radiation

patter S f which will be emitted at frequencies above 30 MHz from electrically
small

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

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

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

4.5.2 |Introduction

In CI§PR 11 [3], table VI in clause 5.3 provides radiation limits for thé ctiomof specific
safety| services. The limits apply to ground level measurements agnetic

disturlbances emitted by ISM radio-frequency (RF) equipment in sitty, no¢ S ite> Above
30 MHz the five frequency bands listed in table VI are all i vices,
includjng the instrument landing system or instrument low- aproa N ‘ S) marker
beacopn, localizer, and glide path frequencies, as well a guency and| other
radionavigation and communication frequencies bands e 'Many
aeronautical communications require the limitatio i jated electromggnetic
disturlbances. Work is continuing to determine what provisi v be necessary to provide
protedtion for such systems.”

The ih situ measuring distance specifi above

30 MHz, is 10 m "from (the) exterior ig in which the equipmlent is
situated". It is important to note that thie preC|s ing distance from the ISM appfpratus
itself is not specified.

The heights at which
made [using a balance

and vertically polarized E-fields are| to be
.2.4 of CISPR 11. "For Group 2 Class A

equipment the ceptre of the a a 8 3,0 m £ 0,2 m above ground. For Group|1l and
Group| 2 Class B < antenna shall be adjusted between 1 m and 4 m
for mgximum indicatig equency. The nearest point of the antenna to groungd shall
be no igh e ground of the measuring antenna when megsuring

emissjons from 1 ipment (which might include, for example, large "switched
mode |power s inCofporated in an equipment)”, see Annex 4.4-A, CISPR|11) is
not specified\ Genera S 11 allows Class A ISM equipment to be tested on a test [site or
in situlas preferred bythe\manwufacturer, while requiring Class B ISM equipment to be measured
on a le 5 : When providing for protection of specific safety services, CISPR 11
specifles that_"{nati authorities may require measurements to be made in situ...|. This
presummably incleides /3 situ measurements for both Class A and Class B ISM equipmen{ when
the neled arises, forexample under the provisions of 5.3.

Af ial H +lo tlooal £ i H Y b cliad <l H
ter CUTISTUTTITTY  UTT TITTUTUUS UT SPYTUITYTTTY 11T STtU T ASUTTTITTCTIU UTotdlivT altu TTTTa Urlng

antenna height 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?


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

CISPR 16-3/TR © IEC:2000(E) ~ 107 -

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

Verticpl polar patterns and linear height scan patterns have also been Cwated forthe E-
field rpdiation emitted from the small sources over a copper ground pla round
plane |provides boundary conditions which distinguish, in effect, a rfect copdustor from a
real ground, and allows identification of the differences between th i adration\patterns
that w ith thos : close
to the . i [ " e the errgrs Wllbe if
predid| 3 ucting
ground plane.

The fq anced
electri es as
model | ISM
equip 7z ISM
appar tus over real ground reported in 4] [ stodi i . it is shown
that the vertical oh 3 ield i 9 MHz,
encountered by an aircraft during any(single_flight p , e well
matchied with a field d|str|ut|on prodce eleve i tric or

magnetic dipole source.

4.5.3 |Method used to [ca e field pa 9 e vertical plane

The Efield verti :
a double precisionvefsi

Electr

eight scan patterns have been calculated| using
of Moments computer code known as the Nunerical
FC2 with the companion code SOMNEC allows the
field interactions at the air-ground interface [7], and so

Somm

includ e Sommerfeld Norton surface wave when calculating the total
E-fielg ussed in 4.5.4.3). The near fields were also included|in the
calculations i

The o i and “horizontal balanced electric dipoles, and vertical and horizontal
balang petic dipoles) used as the models for the calculations each had |a unit
dipole| moment (i.e. a dipole [current] moment of a Alin for the electric dipoles and a [dipole
moment.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 beacons,
horizontal polarization)
J10 108-137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) gimchuding ILS(ogalizers
(108-112 MHz), horizontal polarization)
N
243 243 MHz is for use by survival craft stations and equipment used f%ggrvivaWOS}\
330 328,6-335,4 MHz, limited to ILS (glide path, horizontal polarizatioﬁz \ >
1 000 960-1 215 MHz, reserved on a worldwide basis for the use and elgpment sf airbqrne elgctronic
aids to air navigation
Most attention has been devoted to the small sources i ound"
[1] (QCIR — medium dry ground; rocks; sand; i i ctrical

constants, the relative permittivity €, and the con
30 MHz and the other five frequencies of i

nd" at

Table 4.5-2 — Electrical ¢
(CCIR — medium dry groun

(BN
Frequeng Q c
MHz (- N mS/m
0 N

[N

Near [th
1 000 |MHz,

ends of the frequency range, at frequencies of 75 MHgz and
o other types of grounds have been used with the electricallyf small

vertical loop model (horizontal magnetic dipole) to illustrate the influence of differing values of
the gropundcenstants-on 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
€ c € g
mS/m mS/m
30 30 10 3 0,1
75 30 13 3 0,1
1 000 30 140 3 0,15
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4.5.4 Limitations of predictability of radiation at elevated angles
4.5.4.1 Influence of the electrical constants of the ground

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

4.5.4.1.1 Influence of the ground constants at 75 MHz

In figure 4.5-1(a), the vertical polar patterns at 75 MHz show the horizont polarized Hx field

strengths in the Y-Z plane at scan radii R of 10 m, 30 m, and 300 m ds having
the elgctrical constants in tables 4.5-2 and 4.5-3. It can be seen that at\e pe scan
radii, the total spread in the maximum Ex fields in the vertical direCtion\s lesst

In figure 4.5-1(b), the height scan patterns calculated up toda heig i bw the
Ez fie]d strengths in the Z-X plane at the three corre i i istances ovgr the
same [three types of real ground. It can be seen that/the sp i ‘magunitudes of the Hz field
strengths at ground level for the three ground typep i ; an 3 dB. Howgver, if
measurements of Ez are made at heights from 1 y % 3_horizontal distance of 10 m
the underestimates of the maximum Ex’fie 3 i rtical’direction range from|about
3,9dH to about 4,7 dB (a spread ofk only O ,.«at\a horizontal distance of 30 i, the
undergstimates range from about 5,1 dB\to 8 a_spread of only 0,6 dB), and at

300 m[, the underestimates range fro
Thus, |for the range of values of the g
here, the worst case spregd or vatiati
vertica

about 22,1 dB (a spread of 3|7 dB).
and measuring distances consjdered
ates of maximum field strengths|in the
heAargest measuring distance of 300 m.

4.5.4.

In figy ns at 1 000 MHz show the horizontally polarized Ex
field dtrength in the Pth e three scan radii R around the small vertical loop
over t al ground with the electrical constants at 1 000 MHz giyen in
tables| 4. 1.553. seen that for a source height of 2 m at this frequency,

multip

Figurg 4> DS the Yertical polar patterns of the vertically oriented Ez field strengths in
the Z- N vd figure” 4.5-2(c) shows the height scan patterns of the Ez field str¢ngths
calculpted upito~a heilght of 6 m in the Z-X plane, at the three scan distances and oVer the
three fypes of real ground.

Figure5-2(ay stows thatthe maximmumnT strengthof the Ex fietfd—occurs at_am _etevation
angle between 77° and 78° at all three scan radii. A comparison of figure 4.5-2(b) with
figure 4.5-2(a) also shows that, in the case of a "very dry ground”, the maximum field strength
is contributed by EZz 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 5,1 dB. The overall spread in the underestimates at 300 m distance therefore remains
only 0,8 dB.

Thus, at 1 000 MHz, the calculations show that the differing values of the 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 hased on 1 m to 4 m height scan measurements of Fz at horizontal distances

ranging from 10 m to 300 m.

4.5.4.1.3 Predictability estimated over a "medium dry ground”

The fqregoing shows that in the frequency range from 75 MHz to.1 O s jusgifigble to
make [general judgements of the predictability of the strength of radiatiopin ve 3| dirgctions
above| ground by considering the E-field patterns calculated_over a 4e ) ing the
electrical constants of a "medium dry ground”.

4.5.4.2 Predictability based on height scan measurg
distance from the source

Here We can provide an answer to th

In summary, the answer is that the predictability 0 aximum E-field strengths at el¢vated
angleg by means of 1 m to 4 m height scan S at a horizontal distance of 10|{m, for
all four types of sources placed either e a "medium dry ground", is very|good.
Undergstimates at all five @f the eronautical services are less than 6 dB.

At the| two lower frequenci ; 110 MHz, the larger underestimates occull when
the squrce is eithera siy 'iZO tric’dipole 1 m above the ground or a small viertical

loop (horizontal maghg i entre height 2 m above ground.
At the n the
source is eithe S ; ht 1 m

above

At10 with a

centrg

4.5.4.2.1 'Predictability at 75 MHz

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

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 dBuVv/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—ocet—Coluh—3)tists—the—tield—cemponent
which rovide
the beg
Tablg
on a measurement height scan from 1 m to 4 m at known distance MHz
( 2 3) @ ®) \QE> ©) (10)
Source of Max. E, At hor. |Estimated | Max. E, x. E, At hor. Estimated
radiafion @ angle, | d =10 m, | prediction | @ angle, @ angle, | d =300 m,| prediction
@ hejght in 10 m measure error, at in30m /300 m measure error, at
polar plot | this field | d =10 m | polar plo( polar plot | this field || d =300 m
Vertica Ez Ez 0 dB E. N Ez Ez -17,5dB
electric @ 15,25° @ IN,75° @ 18°
dipole l
@1m
Vertica 0 dB \Es</ -1dB Ez Ez -16 dB
electric @ 1% \ @ 13°
dipole \(-\\
@2m ~.
Horizortal 508 N Ex _12 dB Ex Ex _31,5dB
electric 675° inY-Z @ 66° inY-Z
dipole inY-Z plane inY-Z plane
@1m \ plane plane
A\
Horizontal =1,5d Ex Ex -7 dB Ex Ex -26,5dB
electric @ 28,75° inY-Z @ 28,5° inY-Z
dipole inY-Z plane inY-Z plane
@2m plane plane
Vertical lo -0,5dB Ez Ez -2,5dB Ez Ez -18 dB
(horizonta @ 19,75° in Z-X @ 20° in Z-X
magnetjc in Z-X plane in Z-X plane
dipole) plane plane
@1m
Vertical logp Ex Ez -4,5 dB Ex Ez -5,5dB Ex Ez -20,5dB
(horizontal @ 90° in Z-X @ 90° in X-Z @ 90° in Z-X
magnetrc pramne pramne prane
dipole
@2m
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
@1m
Horizontal Ey Ey -1dB Ey Ey -6,5dB 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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Figure 4.5-4(a) shows vertical polar plots of Ex in the Y-Z plane and Ez in the Z-X plane, at
110 MHz, around a small horizontal electric dipole placed 1 m above the ground. At a scan
radius of 10 m, Ex reaches a maximum field strength of over 141 dBuV/m at an elevation
angle of 41°. The polar plots of Ez in the Z-X plane show that vertically polarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 4.5-4(b) shows height scan calculations of Ex in the Y-Z plane. At a horizontal distance
of 10 m the magnitude of Ex reaches almost 139 dBuV/m at a height of 4 m, and a height
scan measurement of horizontally polarized Ex therefore underestimates the maximum

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

Figure
aroun
above
of 10

4.5-5(a) shows vertical polar plots of Ex in the Y-Z plane and
] a small vertical loop (horizontal magnetic dipole) placed at a

plane,
pf 2 m
radius
height
ude of

Ez is plmost 144 dBuV/m at a height of 1 m, which underesti at 40°
elevatjon by less than 2,5 dB.
Column (4) of table 4.5-5 summarizes the errors expeeted.| tion in
vertical directions based on measurements in heig zontal
distance of 10 m from each of the four sources operating
Tablrx 4.5-5 — Estimates of the errors i
on a measurement height scan from 1 MHz
1 (2) (3) (4) (M (8) 9) (10)
Sourde of Max. E, At ho Estimate r Estimated | Max. E, At hor. Estimated
radiafion @ angle, | d= pr iQn 0'm, | prediction | @ angle, | d = 300 m,|| prediction
@ hefight in10 m measuyre rror, at sure | error, at | in 300 m | measure error, at
polar plot | tis fie =10m his field | d =30 m | polar plot | this field || d =300 m
Vertica Ez \5</\ 0dB "\ z Ez -1,5dB Ez Ez -17,5dB
electric @ 13,82 15\25° @ 15,25°
dipole @ 1 m
Vertica Ez ~L Ez Ez -0,5dB Ez Ez -15,5dB
electric @ 36,5° @ 10,75° @ 11°
dipole @ 2 m
Horizortal Ex X 22,5 4B Ex Ex -9,5dB Ex Ex 29 dB
electric ° in @ 40° inY-Z @ 39,75° inY-Z
dipole @ 1 m inY- lane inY-z plane inY-zZ plane
lang \ plane plane
Horizonta& % E -0,5 dB Ex Ex -4,5 dB Ex Ex -23,5dB
electric @2R° R YA Z @ 19,25° inY-Z @ 19,25° inY-Z
dipole @ 2 m UNGA plane inY-z plane inY-z plane
pran plane plane
Vertical loop Ex Ez -2 dB Ey Ez -3,5dB Ey Ez -19 dB
(horizomtal @ 90° in Z-X @ 90° in Z-X @ 90° in Z-X
magnetic pl.:mp pl.:mp planp
dipole)
@1m
Vertical loop Ey Ez -2,5dB Ex Ez -2,5dB Ex Ez -17,5dB
(horizontal @ 40° in Z-X @ 48° in Z-X @ 47,5° in Z-X
magnetic in Z-X plane inY-Z plane inY-Z plane
dipole) plane plane plane
@2m
Horizontal Ey Ey -1,5dB Ey Ey -8 dB Ey Ey -27 dB
loop (vertical | @ 31,75° in Z-X @ 31° in Z-X @ 31° in Z-X
magnetic in Z-X plane in Z-X plane in Z-X plane
dipole) plane plane plane
@1m
Horizontal Ey Ey -0,5dB Ey Ey -4 dB Ey Ey -23dB
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 dBpV/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 |n the Y-Z plane and Ez |n the Z-X plane,

aroun

It can than
159 dBuV/m is reached by Ez at an elevation angle of 36,25° in the Z- ulated
EZz helght scan patterns shown in figure 4.5-7(b) produce a peak field,. uV/m,
at 10 m horizontal distance and a height of 1,65 m. This underesti Ez by
approximately 2,5 dB.
The small
horizg figure
4.5-8( of 17°
and is 0 m. The heighit scan
plot af ane in
this example, underestimates the ma y less
than (,5 dB.
Column (4) of table 4.5-6 summarizes iation in
vertical directions based on measuremen zontal
distance of 10 m from eac
Tablrx 4.5-6 — Estimatgs\of t
on a measurement height 3 MHz
(4 (5) (6) (7) (8) 9 (10)
Sourge of timatgd | Max. E, At hor. |Estimated | Max. E, At hor. Estimated
radiaftion predietion | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m,|| prediction
@ hdight rror, at in30m measure error, at in 300 m measure error, at
=10 m | polar plot | this field | d =30 m | polar plot | this field || d =300 m
Vertica Q z -1 dB Ez Ez -0,5dB Ez Ez -16 dB
electric @ 75 @ 10,5° @ 10,5°
dipole @ 1 m
Vertica Ez Ez -0,5dB Ez Ez -0,5dB Ez Ez -13dB
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-zZ 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 -15dB
(horizontal @ 70,5° in Z-X @ 69,25° in Z-X @ 69° in Z-X

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

dipole plane plane plane

@2m

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

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

dipole) plane plane plane

@1m

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

magnetjc in Z-X plane in Z-X plane inZ- plane

dipole) plane plane plahe

@2m

4.5.4.2.4 Predictability at 330 MHz

Figurg 4.5-9(a) shows vertical polar plots of Ez and Ex in the ground
the small vertical electric dipole placed at a centre heig 4 scan
radiug| of 10 m the maximum field strength of almost 2 ibuted by EA at an

elevatjon angle of 26°. Calculations of the vertically
1mtdg ¢ ost 146 dBuV/
measy = . is underestimates the ma
field sfrength by less than 2 dB.

Figurg ’ f he Y-Z plane and Ez in the Z-X
aroungd the small vertical loop placed 1 m above a "medium dry gr
It can be seen that, at 2 e maximum field strength of

167 dBuV/m is reached by Exat(an eleyati e O 69° in the Y-Z plane. The calcula
height| scan patterns iR ane skhown in fjgure 4.5-10(b) produce a peak mag
greatgr than 162 dBp 1 zont iStance, measured at a height of 1,45
height scan meaSurem ' actical Ez field therefore underestimates the ma

strendth of the xa i ica ctions, the horizontal polarized Ex at an ele
angle ~

cal polar plots of horizontally polarized E-field emi
oop placed at a height of 1 m above a "medium dry gr

It is in
330 M

showr] i . g peak of the major lobe, nearest the ground, occurs
elevat ,75°. It is therefore measured at a height of only 2,2 n
horizg , see figure 4.5-11(b). Thus, there is virtually no error

examf i ion of maximum field strength at elevated angles.

a height scaf from

m at a
imum

plane,
bund".
hlmost
ed Ez
nitude
m. A
imum
vation

ted at
bund",
at an
at a
n this

Column{4)-of table 4.5-7 summarizes the estimated errors in the predictability of radiafion in
vertical di i i i zontal

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,
(Adapted from [10]

d. Frequency = 330 MHz

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prediction
@ height in10 m measure | error, at in30m 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
Vertica Ez Ez -0,5dB Ez Ez 0 dB E. Ez -11,5dB
electric @ 27,25° @ 5,75° @ 3,5°
dipole
@2m
Horizontal Ex Ex 0 dB Ex Ex -2dB -20 dB
electric @ 13° inY-Z @ 12,75° inY-Z
dipole inY-Z plane inY-Z plane
@1m plane plane
Horizorjtal Ex Ex 0 dB Ex Ex A4 0\% ~14,5 dB

electric @ 6,5° inY-Z @ 6,5° inY:
dipole inY-Z plane inY-Z pJdne
@2m plane plane /)

dipole) plane phan plane
@1m

Vertical loop Ex Ez -4,5 dB Ex \1:;;) 35 _17,5dB
(horizontal @ 69° in Z-X @ 68,2 \nZ- 6 @ 68° in Z-X
magnetjc inY-Z plane in Y plane inY-Z plane

Vertical loop Ex Ez -2,5dB Ex Ez -2,5dB Ex Ez -12,5dB

(horizontal @ 66,75° in Z-X ° inNZ-X @ 66° in Z-X
magnetjc inY-Z pla in a inY-Z plane
dipole) plane \(_\ plane

@2m N

magnetjc in plane in Z-X plane
@1im \/\

W
Horizortal Ey k(%\ 0 dB "\ v~ Ey —2dB Ey Ey _20dB
loop (vertical | @ 12,78° in Z- @ 135° in Z-X @ 12,5° in Z-X
plane
Ey
@ 6,5°

ane
dipole) plan plane
Horizontal Ey, E 0dB
loop (vertical @ 6,5° INZ-X s in Z-X @ 6,5° in Z-X
magnetjc N -X pla in Z-X plane in Z-X plane
dipole) plan > plane plane

@2m N R

4.5.4.2.5 Pre(ictability at 1 000 MHz

Figurg 4.5-2 shows vertical polar plots of Ez and Ex, at 1 000 MHz, around a small vertical
loop pllaced at a centre height of 2 m above ground. At a scan radius of 10 m over a "mjedium
dry ground” the maximum field strength of 187 dBuV/m is contributed by the horizontally
polarized Ex at an elevation angle of 77,5° in the Y-Z plane. Calculations of the vertically
oriented Ez field in a height scan from 1 m to 4 m at 10 m horizontal distance in the Z-X plane
produce a peak field of almost 184 dBuV/m at a height of 3,2 m, as shown in figure 4.5-2(c).
A vertically polarized height scan measurement therefore underestimates the maximum field
strength by approximately 3 dB.

It is interesting to observe the vertical polar plots of horizontally polarized E-field emitted at
1 000 MHz by a small horizontal loop placed at a height of 1 m above a "medium dry ground"”,
shown in figure 4.5-12(a). The peak of the major lobe, nearest the ground, occurs at an
elevation angle of only 4,25°. Shown again in figure 4.5-12(b), it occurs at a height of 0,74 m
at a horizontal distance of 10 m, and therefore will not be 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.

Ey 0dB Ey Ey -14,5dB
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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 based

on a measurement height scan from 1 m to 4 m at known distances, d.
Frequency = 1 000 MHz (Adapted from [10])

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. |Estimated | Max. E, At hor. | Estimated | Max. E, At hor. Estimated
radiation @ angle, | d =10 m, | prediction | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prediction
@ height 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=30m polarpl-el\ this field || d =300 m
Vertica Ez Ez -0,5dB Ez Ez 0 dB Ez -9,5dB
electric @ 17,5° @ 4° 3759
dipole Q
@1m
Vertica Ez Ez -0,5dB Ez Ez 0dB Ez -5dB
electric @ 17,75° @ 2° <
dipole N
@2m 4
Horizorltal Ex Ex 0,5 dB Ex N\ Ex Ex 11 dB
electric @ 4,25° inY-Z @ 4,25° iny- @ ¥4,25° inY-Z
dipole inY-Z plane inY-Z lan inyY-z plane
@1m plane plane ( /\ plane
Horizontal Ex Ex 0 dB E. N\ Ex K,d d Ex Ex -5,5dB
electric @ 2,25° inY-Z @ 2,25 N Y<Z @ 2,25° inY-Z
dipole inY-Z plane in phene inY-Z plane
@2m plane plane plane
Vertica -2,5dB \E{Z -1dB Ez Ez -9,5dB
(horizo inNZ- @ 4° in Z-X
magnet \(-\ pldne in Z-X plane
dipole) plane
@im O\
Vertica 3 dh\ E Ez -1,5dB Ez Ez -5dB
(horizo @\{7,25° in Z-X @ 2° in Z-X
magnet inY-z plane in Z-X plane
dipole) plane plane
@2m
Horizor -0,5dB Ey Ey 0 dB Ey Ey -11 dB
loop (v§ @ 4,25° in Z-X @ 4,25° in Z-X
magnet in Z-X plane in Z-X plane
dipole) plane plane
@1m
Horizontal 0dB Ey Ey 0dB Ey Ey -5,5dB
loop (vertical |_@-2,25° @ 2,25° in Z-X @ 2,25° in Z-X
magnetjc in Z-X 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
misleadingly, the "ground wave"). The contributions of the space wave signals increqase at
lower glevation angles as more grating lobes form with increasing frequency.

It is plarticularly important to recognize that, at horizontal distance 3 wole, the
worst{case underestimations of the maximum levels of field strengths § 1 es will
generally occur when the fields are horizontally polarized. Thig'Ts \ tunate)’because
the signals for the ILS (marker beacons, localizer, and gI|de SE 3 -1) are all

horizontally polarized transmissions and therefore req
horizontally polarized disturbances.

protection from

The flgures also provide guidance to the rates (of e ields with distance.
Calculations and measurements made at a cop gight, idi , hiat the
maximum rate of change of the fieldg™wi , 3 a rate that is in\;Frsely
propoftional to distance squared. * hen a
grazinjg incidence in the far field a fields th proportional to distance squared is

to be|expected at a constant measupir
strengths along radial paths at con
inverse distance, which i
Therefore it is to be expe
waved") will, in genera

12]. However, the space wave¢ field
gles vary in simple proportiop with
fields propagating freely in $pace.
d near the ground (the so-called "ground
ith increasing distance than do the|fields

from the same source Wwhi i didlly up into space.
If the horizonta’ ‘ 6 eight” scan measurements are made in situ afe not
knowr], very large epror i f them underestimates — in the predictability [of the

strendth of radiati i directiorts from all four types of source and at all frequgncies
from 15 MHz to 1N\OOO M

4.5.4.4 Predictabih

In its mes hprocedures relating to the ways in which measuring antennas are|to be
used, |CISP " distinguish between measurements made in situ for the profection
of specific safety _seryices and those made for the protection of other services. Thug, if a
measurement of emissions is made in situ from a Group 2 Class A ISM equipment in
accor(liance with the specification, the measuring antenna is placed at a height of 3 m #/0,2 m
(7.2.4

Pa¥a hnlnhf Seah |o onnr\nfnnd

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

For example, figure 4.5-2(c) shows that, depending on the type of ground over which the
measurements are made, at a horizontal distance of 10 m from a small vertical loop source
located at a height of 2 m the measured vertically polarized field strength at 1 000 MHz might
vary by more than 6 dB for measurements made somewhere in the height tolerance 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 &nd 30 m. These effecis can be encouniered at greater horizontal measuring distances
and Igwer frequencies if the height of the radiating source is increased.

We afle now in a position to answer the third question posed in 45 3 s that
predictability is degraded by fixed height measurements. Measukeme height
should not be permitted, especially if they are being made to dete ~ ) becific
safety| services.

Height scans must be specified or, for measuring convenie in situ
could |be specified in the manner of [13], so that e n, the
measuring height would be specified as 4 m above lower
height at which the field strengths may exceed that 3

4.5.5 | Differences between the fields

and the fields over a perfect cond

There|are significant differences between S Ut e and
over a perfect conductor least
being that the reflection have
a maghitude of unity ave a
maghnitude less than In addition, for vertically polarized

ewster's angle or, expressed in another way, at

waveq over a perfect
all reflection an ¢ | im&ge in a perfect conductor is always in phage with
the vertically pola i éd \ e the conductor. This contrasts with the situatjon of

vertically polarizegdye eting”aNossy dielectric like real ground, where reflections [taking
place [below Br c 6 experience a large phase change and the image cpn be
visual|zed as b inQ nate anti-phase with the source. It should also be observegd that
the reflectio ectically polarized wave reflecting at Brewster's angle has a very
small magmni i [

The behaviowg @kthe fields above a metal ground plane compared with the fields oyer an
earthgn ground>plane js discussed at length in [11]. The brief discussion below, derived from
[11], derves to provigé an answer to the fourth question posed in 4.5.2.

Q

4.5.5. —Verticatty potarizedfretds overa perfect conductor

The contribution of the vertically polarized surface wave over real ground can be significant.
However, it cannot increase the total field strength created by a small vertical electric dipole
over real ground to equal the strength of the fields created by the same vertical dipole
moment over a perfect conductor. Figure 4.5-14 displays the vertical components of the fields
emitted at 30 MHz from a small vertical electric dipole situated 1 m above a "medium dry
ground", calculated using NEC and SOMNEC to include the surface wave, compared with the
fields calculated over an almost perfect conductor (in this case annealed copper).

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 over a real ground. If the fields over the
good conductor are mistakenly believed to resemble those over a real ground, they will
encourage a false sense of confidence that ground based 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 emitted
from the small vertical dipole show that at 1 000 MHz, just as was the case at 30 MHz, the
verticqlly polarized Tields developed near a metal ground plane at I 00Q MHz are|much
stronger than those developed near a "medium dry ground”. The sam¢ conslusions’'|(which
were fleached at a frequency of 30 MHz regarding the possible penaltigsNmpaseghon an EUT,

when |the disturbances measured on a metal ground plane site 4Are_co ith field
strength disturbance limits developed for earth sites, also apply at'a fre , MHz.
Simildrly, it can be seen in figure 4.5-15 that at 1 000 MHz fhe S | tlcally
polarized fields over a metal ground plane are a bad guide to the D 1 i fields

creatg

The hei e phase regversal
of the ce below Brewster's
angle. m distance shoys the
height], ith a reflection taking| place

at Bre ' [iS 1 i dry’ground”.
It is qui in fi .5- i d nulls and maxima at heights
greatsg , s nd the "medium dry ground"”|are in

phase| signifyi i i ground planes have similar phases when
reflecfion from the real qQrou d take t eleyation angles above Brewster's jangle.
Howeyer, it is also qui 3 ized waves reflected below Brewster's|angle
over the "medium dr phase with respect to the corresponding
reflecfed waves oxer . In other words, the vertical image in thg lossy
dielectric is rev g initerference (a null) at the surface of the "mledium
dry gfound" wheregd , nterfgrence (a maximum) occurs at the surface pf the
coppefr ground plare e eflected path lengths being the same in both cjases).
With the vertlcal dipo at a height of 1 m, a maximum occurs in the field af 10 m
distan N above the "medium dry ground", whereas a very degp null
oCCurs pper ground plane (the direct and reflected path lengthg differ

by A/2i
The hlei 3 and 300 m, up to a height of 6 m, take place below Brewster's
angle, i i_the\height scanned fields over the metal ground plane therefore cdincide

with minimaxin the~fields over real ground in both those height scans. This is larggly the
reason avhy it must not be believed that the height scanned vertically polarized | fields
calculated over a good conductor will resemble those over real ground, especially lat 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.

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
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with radiated disturbance limits developed for earth sites may slightly favour the EUT when
measuring for compliance with the limits.

In figure 4.5-17, the height scan patterns of the horizontally polarized 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 surfaces at low angles of
reflection. At higher reflection angles, and a shorter measurement distance of 10 m, the
maximum horizontally polarized fields over a metal ground plane exceed those over an

earthﬁmwuﬂwmmmm plane
becomes significantly less than unity. The reflected wave then contyib o the

constructive interference occurring at the field maxima.

The Rehaviour of the horizontally polarized fields over an earthe ‘ 9 is not
compljcated by a Brewster's angle phenomenon. In general, ) z and
above|, the horizontally polarized field patterns over a real gro of the
corregponding patterns over a metal ground plane. Some st engths
are cf lower

frequdg \. Differences arg also
create S the surface wpve is
insignfi , i i i decreases below unity
as the e

4.5.5.

We c4

In summary, the horizonta a D ies of
30 MH : i re are
some c small
differgnces are S , ists of the surface wave over a real ground. |At the
higherl frequenci ! ( ifferefices at short measuring distances are caused by
the dgcrease below agnitude of the horizontal reflection factor for real ground
when : : 9s significantly above grazing incidence. Constiuctive
interfq ed/waves over real ground then produces field strength
maxin nagnitudes than those produced over a good conductor|which
has a ity at all reflection angles.

Howe ; erénces are found when comparing the patterns of vertically polarized
fields aI graund plane with those over a real ground. The differences are primarily

creatdd by-the existence of Brewster's angle for the reflections of vertically polarized waves
from 4 lossy dielectric like real ground. When reflections from real ground take place [below
Brewsfter'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.

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.


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

CISPR 16-3/TR © IEC:2000(E) —121-

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 2 m 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.

Figure 4.5-18 illustrates the uncertainties in predictability based on measurements made at a
horizontal distance of 10 m. The bar for the uncertainty range at 330 MHz shows that the best

predictability at 330 MHz is obtained when the source behaves as either a small horizontal
dipole| (dh) or as a small horizontal loop (Ih). There is nominally zero e predlctl g the
maximum strength of the horizontally polarized Eh fields. The poaqre ijity at
330 MHz results in an underestimate of approximately 4,5 dB for the ) izpntally
polarized field Eh emitted at elevated angles from a small vertical lgop

When|measurements are made in a height scan at a hor|zont trar for
the upcertainty range at 110 MHz in figure 4.5-19 show , : ility at
110 MHz occurs when the source behaves as a small vertital dipole&w). There is a negligible
underestimate, by 0,5 dB, predicting the Ez vertical copnpore e vertieadly polarized field.
The pporest predictability at 110 MHz produces a gre imate, by 9,5 dB, |of the
horizontally polarized Eh field emitted at elevated all horizontal |dipole
source (dh)

Figurg 4.5- i i ainties in predictability that opcur if

the hari . At 243 MHz, the bar illustrating the
uncertai gt 243 MHz introduces a very| large
underestimate by 22 5dB ized/Eh fields emitted at elevated angles
from ja small 2 horizontal loop (lh). Thgq best
predictability at 243 MKz also p oduce avlarge u derestimate, by 13 dB, of the vertical Ez
component of the vertica i i Hite€d at elevated angles from a small vertical
dipole| (dv). Fig b \ . particular, graphically illustrate the very| large
underestimates @7 a pts are made to predict the strength of radiation
in vertical directighg Yase gasurements near the ground at unknown horjzontal

distances greater Q

4.5.7

The in saswement procedures at frequencies above 30 MHz which are specified in
CISPH ighificant underestimates of the field strengths emitted at el¢vated
angles nt. The underestimates can arise due to the ill-defined measurement

distangce; thexmeasuripg distance from the radiating ISM equipment is not defined.

The lgrgést underestimates of the fields at elevated angles will generally occur for horizpntally
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.

Under some conditions, measurements are specified in CISPR 11 at a fixed height of 3 m.
Measurements at a fixed height should not be specified if they are being made to determine
protection for specific safety services. There is a risk that fixed height measurements will be
made in, or close to, a null. The risk increases at the higher frequencies and when the height
to the radiation centre of the source is unknown. Fixed height measurements can seriously
underestimate the true field strength near the ground and, in consequence, the maximum field
strength at elevated angles.
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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, and other communication
systems, height scan measurements and limits for radiated disturbances from in situ ISM
equipment located near the ground must be specified at a known horizontal distance from the
equipment. Height scan measurements at a horizontal distance of 10 m from an ISM
equipment in situ allow accurate estimates to be made of the fields emitted at elevated
angle:. 1T TOT prd(,Li(,dI TEaSOoNs e 11T ST TMEaSUTENTENS TMUSt DE Tade at_a distance greater
than 0 m from the equipment which is the source of the radiation then the limits atc¢the(larger
distance, particularly if it is more than 30 m, must be derived from the XO\n i usting
them |n inverse proportion with increasing distance squared. This mt 3 or]der to
prevent relaxation of the protection the limits are intended to pro ] ication or
radionavigation systems that are operated high above ground.
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SCAN
PATH
R
X
GROUND
VERTICAL LOOP
SOURCE
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— clll

70,0 80,0 90,0 1000 110,0 120,0 130,0 140,0

E-field strength, dBuV/m

FREQUENCY =75 MHz

————— "wet ground"” €, =30, 0 =13 mS/m
"medium dry ground" €, =15, 0=15mS/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 % 0,1 m. Loop centre height 2 m. Dipole moment 1 A 2.
(Reproduced from [10])
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—————— "wet ground” €, =30, 0 =13 mS/m
"medium dry ground" € =15, 0=15mS/m
-------------- "very dry ground" € =3 0 =0,1 mS/m

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
(Reproduced from [10])

IEC 805/2000

x 0,1 m. Loop centre height 2 m. Dipole moment 1 A [h?2.
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POLAR
SCAN
PATH

X SV
\\ GROUND

VERTICAL LOOP
SOURCE
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T
95,0/ 1050 1150 1250 1350 1450 1550 1650 175,00 185,0
E-field strength, dBuV/m

ERFQUENCY =1 000 MHz

————— "wet ground" €, =30, 0 =140 mS/m
_— "medium dry ground" € =15, 0 =35 mS/m
.............. " d q" =3 =0,15 mS/
very dry groun &=3 G =0,15mS/m IEC 806/2000
Figure 4.5-2(a) — Vertical polar patterns of horizontally polarized Ex field strengths

emitted at 1 000 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane
over three different types of real ground.
Loop dimensions 0,02 m x 0,02 m. Loop centre height 2 m. Dipole moment 1 A 2.
(Reproduced from [10])
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POLAR
SCAN
PATH
GROUND
VERTICAL LOOP
SOURCE

90°

i H
105,0 1150 1250 1350 1450 155,00 1650 1750 185,0
E-field strength, dBuV/m

FREQUENCY =1 000 MRz

————— "wet ground"” € =30, 0 =140 mS/m
_ "medium dry ground" €, =15, 0 =35 mS/m
""""""" "very dry ground" €=3, 0 =0,15 mS/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 A 2.
(Reproduced from [10])
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SOURCE
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X

Scan distance =
6 T

metres

Height,

130 140 150 160 170 180 190
E-field strength, dBuV/m

FREQUENCUY = 1 UOUU MIAZ

————— "wet ground"” € =30, O = 140 mS/m
"medium dry ground" € =15, 0 =35mS/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 A 2.
(Reproduced from [10])
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X
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4 1 ]Lg' 0°
0,0 80,0 90,0 100,0 110,0 120,0 130,0 140,0
E-field strength, dBuV/m
FREQUENCY = 75 MHz
E, at a scan radius of 10 metres in the Y-Z plane
H ofl0 matracintha Z X nlaonag
...... b E—ata-seaR-radits p
e E, at a scan radius of 30 metres in the Y-Z plane
e . 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 A  [h.
Ground constants: g =15, 0 = 1,5 mS/m.
(Reproduced from [10])
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HorizonTAL | PHTH
DIPOLE //
-~ SOURCE
Y
GROUND

Scan distance =
6 T

40,0 50,0 60,0 70,0 80,0 90,0 1000 1100 1200 130,0

E-field strength, dBuV/m

FREQUENCY =75 MHz IEC 810/2000

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

Figure 4.5-4(a) — Vertical polar patterns of horizontally polarized

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

E, at a scan radius of 300 metres in the Z-X plane
IEC 811/2000

Ex and vertically oriented Ez

field strengths emitted at 110 MHz around the small horizontal electric dipole, at scan radii of
10 m, 30 m and 300 m, in the Y-Z plane and the Z-X plane respectively. Dipole length 0,2 m.

Dipole height 1 m. Dipole moment 1 A [h. Ground constants:

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

(Reproduced from [10])

IEC 812/2000

Ex field strengths

.
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Figure 4.5-5(a) — Vertical polar patterns of horizontally polarized

Ex and vertically oriented

IEC 813/2000

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

x 0,1 m. Loop centre height 2 m. Dipole moment1 A 2.
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Vertically oriented E,
-------------- Horizontally oriented E, IEC 814/2000
Figure 4.5-5(b) — Height scan patterns of vertically oriented Ez and horizontally oriented Ex field

strengths emitted at 110 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distances of 10 m, 30 m and 300 m, in the Z-X plane.
Loop dimensions 0,1 m % 0,1 m. Loop centre height 2 m. Dipole moment 1 A 2.
Ground constants: g =15, 0 =2 mS/m.
(Reproduced from [10])
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Figure 4.5-6(a) — Vertical polar patterns of vertically oriented

IEC 815/2000

Ez and horizontally oriented Ex

field strengths emitted at 243 MHz around the small vertical electric dipole,
at scan radii of 10 m, 30 m and 300 m in the Z-X plane. Dipole length 0,05 m.

Dipole centre height 1 m. Dipole moment 1 A . Ground constants:

(Reproduced from [10])

g =15,0=45mS/m,
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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 A [h. Ground constants: g =15, 0 = 4,5 mS/m.
(Reproduced from [10])
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Figure 4.5-7(a) — Vertical polar patterns of horizontally polarized Ex and vertically oriented Ez

field strengths emitted at 243 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m in the Y-Z plane and the Z-X plane respectively.
Loop dimensions 0,05 m x 0,05 m. Loop centre height 1 m. Dipole moment1 A 2.
Ground constants: g =15, 0 = 4,5 mS/m.
(Reproduced from [10])


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

CISPR 16-3/TR © IEC:2000(E) ~ 137 -

Z
d VERTICAL LOOP
SOURCE

HEIGHT

SCAN

PATH —

GROUND
X

Scan distance = 300 m 0 10 m

(%]
o
5]
£
£
=y
()
T
110,0 120,0 130,0 160,0
E-field strength, dBuV/m
FREYULCNUT = 25995 NVIT1Z
Vertically oriented E,
----------- Horizontally oriented E, IEC 8182000
Figure 4.5-7(b) — Height scan patterns of vertically oriented Ez and horizontally oriented
Ex field strengths emitted at 243 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distances of 10 m, 30 m and 300 m, in the Z-X plane. Loop dimensions 0,05 m b3

0,05 m. Loop centre height 1 m. Dipole moment 1 A 2.
Ground constants: g =15, 0 = 4,5 mS/m.
(Reproduced from [10])
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Figure 4.5-8(a) — Vertical polar patterns of horizontally polarized E-field strength
emitted at 243 MHz around the small horizontal loop (vertical magnetic dipole),
at scan radii of 10 m, 30 and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m.
Loop height 1 m. Dipole moment 1 A 2. Ground constants: g =15,0=45mS/m.
(Reproduced from [10])
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Figure 4.5-8(b) — Height scan patterns of horizontally polarized E-field strength emitted at
243 MHz from the small horizontal loop (vertical magnetic dipole), at horizontal distances of
10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m. Loop height 1 m.
Dipole moment 1 A 2. Ground constants: g =15,0=4,5mS/m,
(Reproduced from [10])


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

— 140 -

CISPR 16-3/TR O IEC:2000(E)

VERTICAL DIPOLE
SOURCE
GROUND
90°
60°
e .
* -
¢ X )
L4 : o)
i d > 30°
— N\
- N ~ - v
’ \ - - *
- - .
/ ¥ k
. %
\ N\t
’ [y s
\\ 3
\ . &
\ \
] - N\
\ 2
/ )1k
- 4 3
- f, I |4 I I ) 0°
6 70,0 80,0 90,0 100,0 110,0 120,0 130,0 140,0 150,0
E-field strength, dBuV/m
FREQUENCY = 330 MHz
E, at a scan radius of 10 metre
............. F-at-erseantadits-of to-etres
e e E, at a scan radius of 30 metres
e E, at a scan radius of 30 metres
_____ E, at a scan radius of 300 metres
""" E, at a scan radius of 300 metres [EC 821/2000
Figure 4.5-9(a) — Vertical polar patterns of vertically oriented Ez and horizontally oriented Ex
field strengths emitted at 330 MHz around the small vertical electric dipole, at scan radii of 10 m,
30 m and 300 m in the Z-X plane. Dipole length 0,05 m. Dipole centre height 1 m.
Dipole moment 1 A [h. Ground constants:
(Reproduced from [10])

g =15,0=7,5mS/m,
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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 A [h. Ground constants: g =15, 0=7,5mS/m.
(Reproduced from [10])
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Figure 4.5-10(a) — Vertical polar patterns of horizontally polarized

IEC 823/2000

Ex and vertically oriented Ez

field strengths emitted at 330 MHz around the small vertical loop (horizontal magnetic dipole),
at scan radii of 10 m, 30 m and 300 m, in the Y-Z plane and the Z-X plane respectively. Loop
dimensions 0,05 m x 0,05 m. Loop centre height 1 m. Dipole moment 1 A [h?2.

Ground constants: ¢ =15, 0 =7,5mS/m.
(Reproduced from [10])
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Figure 4.5-10(b) — Height scan patterns of vertically oriented
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 moment1 A 2.
Ground constants: ¢ =15, 0 =7,5mS/m.

(Reproduced from [10])


https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

— 144 — CISPR 16-3/TR O IEC:2000(E)

\ HORIZONTAL LOOP
SOURCE
POLAR
SCAN
PATH
GROUND
X‘l

E-field strength, dBuV/m

FREQUENCY = 330 MHz

—_— Ey at a scan radius of 10 metres
s Ey at a scan radius of 30 metres

""" E,atascan radius of 300 metres IEC 825/2000

Figure 4.5-11(a) — Vertical polar patterns of horizontally polarized E-field strength emitted
at 330 MHz around the small horizontal loop (vertical magnetic dipole), at scan radii of 10 m,
30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m. Loop height 1 m.
Dipole moment 1 A 2. Ground constants: g =15,0=7,5mS/m.
(Reproduced from [10])
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Figure 4.5-11(b) — Height scan patterns of horizontally polarized
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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

Loop height 1 m. Dipole moment 1 A 2. Ground constants:
(Reproduced from [10])

x 0,05 m.
g =15,0=45mS/m.
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Figure 4.5-12(a) — Vertical polar patterns of horizontally polarized E-field strength emitted
at 1 000 MHz around the small horizontal loop (vertical magnetic dipole), at scan radii of 10 m,
30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m  x 0,02 m. Loop height 1 m.
Dipole moment 1 A 2. Ground constants: € = 15, 6 = 35 mS/m.
(Reproduced from [10])
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Figure 4.5-12(b) — Height scan patterns of horizontally polarized E-field strength emitted
at 1 000 MHz from the small horizontal loop (vertical magnetic dipole) at horizontal distances
of 10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m x 0,02 m. Loop height 1 m.
Dipole moment 1 A @n2. Ground constants: g =15,0=35mS/m.
(Reproduced from [10])
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Figure 4.5-13 — Height scan patterns of horizontally polarized E-field strength emitted
at 1 000 MHz from the small horizontal loop (vertical magnetic dipole), at horizontal distances
of 10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m x 0,02 m. Loop height 2 m.
Dipole moment 1 A @n2. Ground constants: g =15,0=35mS/m.
(Reproduced from [10])
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Figurg 4.5-14.%~ Fleight §can patterns of the vertical component of the E-fields emitted at 30 [MHz

calcylated-in NEC (solid lines) include the surface wave over real ground. Electrical constants
usefd for the real ground plane were € =15, 6 =1 mS/m ("medium dry ground"). The dashe
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 =10=581x 107 S/m. Dipole moment = 1 A [n.
Dipole centre height above ground = 1 m. In NEC the dipole length is 0,2 m.
(Adapted from [11])

fro[La small verticalelectric dipole, at horizontal distances of 10 m, 30 m and 300 m. Fields

| =
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Figure 4,505 — 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| 300 'm. Fields calculated in NEC (solid lines) include the surface wave over real ground.
Electricalk€onstants used for the real ground plane were g, =15 0 =35 mS/m. The dashed clirves

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 =10=581x 107 S/m.

Dipole moment = 1 A [h. Dipole centre height above ground = 1 m.

In NEC the dipole length is 0,02 m.
(Adapted from [11])
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Figune 4.5-16.="Hgj can patterns of the horizontally polarized E-fields emitted at 30 MHz in

al to the axis of a small horizontal electric dipole, at horizontal distances
of 10 my30 m and 300 m. Fields calculated in NEC (solid lines) include the surface wave over

("medium dry ground"). The dashed curves were calculated geometrically to sur;1 the direct and
reflected waves from an infinitesimal horizontal electric dipole over a metal ground plane. The
electrical constants of copper were used for the metal ground plane, g =10=581x 107 S/m.
Dipole moment = 1 A . Dipole height above ground plane = 1 m.
In NEC the dipole length is 0,2 m.
(Adapted from [11])
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Figure 4.5-17.="Height scan patterns of the horizontally polarized E-fields emitted at 1 000 MHz

in|the vertical plaife normal to the axis of a small horizontal electric dipole, at horizontal
distanc€s of 10 m, 30 m and 300 m. Fields calculated in NEC (solid lines) include the surface
Ware-ovef+eat-gHotha—ErectHear—coRstaRisHsed+orthefeargrothaprahe—were E—
0 = 35 mS/m ("medium dry ground"). The dashed curves were calculated geometricallyr
to sum the direct and reflected space waves from an infinitesimal horizontal electric dipole
over a metal ground plane. The electrical constants of annealed copper were used
for the metal ground plane, € =1,0=5,81x 107 S/m. Dipole moment = 1 A [n. Dipole height
above ground plane = 1 m. In NEC the dipole length is 0,02 m.
(Adapted from [11])
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which is the maximum field emitted at elevated angles from a source behaving as a small
vertical loop (Iv) (Reproduced from [10])
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Annex 4.5-A

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

A close match can be achieved between vertical radiation patterns calculated for simple
electrically small electric dipoles and loops over real ground and the vertical radiation patterns
created by real ISM equipment. This can be shown using airborne data, measured by Ohio
UnivefSity, of the harmonic field strengths from four diiferent 27 MH Chines
positioned at ground level on an earthen open field site [4]. Each ISM/machi a RF
plastigs sealer, identified by a letter symbol A, B, C or D. Fundamyg C i owers
ranged from 2 kW to 27 kW. In [5], the horizontally polarized fourth\ K iecfield-stfength

data gt approximately 109 MHz, collected by an aircraft flying at consta s arying
slant fange, were converted to field strengths in vertical polar rathati )atbe nstant
radial|distance of 300 m, at elevation angles varying from approxim W 4° . The

patterps calculated at the same distance from small eléestric ¢ r real
ground. The objective was to meet a tolerance of fit ¥ 10 dB.
The cpmparisons show that the vertical radiation patte n ISM
equipment, at 109 MHz in the aeronautical ILS Jesalize tterns
calculated for simple dipoles and loops«

The in Jistances from the ISM equipment

were he simple inverse distance law of
attenu

.5-Al)
where
Eq
dS
E3o00 le.
The vali been plotted against elevation angle to create two vertical ragiation
patter \ of the
flight flight
which|took place™ e north of the ISM device. Each pattern therefore extends up|to an

elevatjonr 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-Al 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-Al1) 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-Al1(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
provi e the marr‘hing patterns in figurp 4 5-A2 The dipnlp moments rpqnirpd were the same,
but the source height and therefore the radiated power required to matc e\patterns [to the
north ere different from those required to match the patterns to the souytj

Figurg 4.5-A3 compares the radiation at 109 MHz emitted from Ma
sealern), derived from in-flight data measured at an altitude ¢
horizontally polarized field patterns for two small horizontal e

plastics
ulated
C was

operated with its RF shields in place. The sharp step in the™ pse to
the elrlﬁ e |ISM
equip g { dipole
at a pheight of 2,7 m, slightly higher than the 2/m dered

elsewhere in this report.

Examples of pattern matching for | 1o . ts RF
shieldp . g fields
emitteld broadside from two small vertig s [terns.
The match in figure 4.5-A4(a) was obt : centre
heightl of 0,85 m, slightly lower than_the i ere in
this ppper. Switch-off of\the NS i ar the

The figures all @
equipment can be ddri me. Each data gathering flight took place at|an air

speed| of approxima: i rgm north to south over the ISM equipment. Only one
ISM efjuipment openg poximately 1 min duration occurred during each flight.

elevatjon angle of 5° i
strengths of the disturbances radiated frorr ISM
|

Howeyer, inafi the vertical radiation patterns, it can be concluded that —

in spite fluctuations — the horizontally polarized field distripution
encou’E » aircrafif at elevated angles, during any single flight pass over thp ISM
equip ariably well matched (within = £10 dB) with field distributions cfeated

at eleyated angles byysimple electric or magnetic dipole sources. Given the relatively good
match| of the.simplevimodel patterns with the measured fields at angles above about 4, and
the bdurdary conditions which reduce the strength of the horizontally polarized fields ngar the
ground—the patterns of the fields of the simple maodels calculated near the ground will be
similar to the patterns of the real fields if they were measured at elevation angles below 4°
(see [11]). These results support the belief that the predictability of far field radiation emitted
at elevated angles by ISM equipment in situ can be judged by considering the vertical
patterns of radiation emitted by simple electric and magnetic dipoles near the ground.

Moreover, there seems to be no obvious reason why vertically polarized fields emitted by
typical ISM equipment should behave differently from the vertically polarized fields emitted
over ground by small dipoles. Such small dipole models should also serve to indicate the
predictability of vertically polarized fields.

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-Al to 4.5-A4 are adapted from figures in [5].
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a) Flight data measured sofxth of the b) Flight data measured north of the ISM equipmgnt.
IEQ 838/2000
Figure<> al radiatioh patterns of horizontally polarized fields,
an radius (Adapted from [5])
Solid ¢urves: ndamental RF power 25 kW), 180° azimuth, flight altitude
ields removed, derived from in-flight field strength data in
page 54 in [4].
a) Dagh = horizontal electric dipole, centre height above ground 1,8 m,
current) moment [.dl = 2,51 mAlh, radiated power = 704 pW.
b) Daghed curve gdrce = horizontal electric dipole, centre height above ground 1,3 m,
dipole (current) moment /.d/ = 2,82 mAl, radiated power = 996 pW.
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b) Daj = small vertical loop, centre height above ground 2 m, [dipole
oment I.dA = 3,6 mAin2, radiated power = 8,33 mW.
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z z
1 POLAR 1 POLAR
SCAN SCAN
PATH PATH
R
R x

Y
\ GROUND \ GROUND
HORIZONTAL DIPOLE HORIZONTAL DIPOLE
SOURCE SOURCE

&

X
90° 80°
70°
60° Frequency = 109 MHz 109 MHz
P Iy 50°
40°
V 30°
,
o ho
~
10°
3 - 0°
-60,0 -$0,0 -40,0 -30,0 -20,0 -10,0 O 0 20 100 20,0 30,0
E-field strength, dBu E-field strength, dBuV/m
a) Flight data measured so nt: b) Flight data measured north of the ISM equipment.

Solid

a) Dag

b) Dag

Curves:

hed.curve

IEC| 840/2000

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

rdlamental RF power 3 kW), 20° azimuth, flight afltitude
hields in place, derived from in-flight field strength data in

Rource )= horizontal electric dipole, centre height above ground 2,7 m,

Solrce = horizontal electric dipole, centre height above ground 2 m, |dipole
(current) moment /.dl = 28,2 pAlin, radiated power = 0,096 uW.
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-50,4

Q

Solid

a) Dag

b) Dag

moment /.dA = 0,23 mAin2, radiated power = 42,0 pW.

Z Z
POLAR 1 POLAR
SCAN
PATH
R
\ v 6 ()
\ GROUND GROUND
VERTICAL LOOP VERTICAL LOOP
SOURCE. SOURCE
x/
80°
70°
S 60° Frequency = 109 MHz =109 MHz
- N 50°
N 40°
A\
\\
30°
S\
o 0°
0 [/
/
o 7, 10°
&
” %
0° = 0°
400 -30.0 20,0 -10,0 0 <40.0 20,0 /40,0 260 -30y -20,0 -100 0 10,0 20,0 30,0 40,0 50,0 60,0
E-field strength, dBxY/m E-field strength, dBuV/m
Flight data measured|so ent. b) Flight data measured north of the ISM equipmgnt.
Q EC 841/2000
Figure 4.5 atligtign’ patterns of horizontally polarized fields,
scan radius (Adapted from [5])
Curves; fundamental RF power 2 kW), 20° azimuth, flight afltitude
ghields in place, derived from in-flight field strength data in
A-19 at page 72 in [4].
hed oursg”= small vertical loop, centre height above ground 0,85 m, |dipole
ent /.dA = 0,14 mAln2, radiated power = 10,4 pW.
hed curve Source = small vertical loop, centre height above ground 2 m, |dipole
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4.6 The predictability of radiation in vertical directions at frequencies up to 30 MHz
4.6.1 Scope

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

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

i I t II 1l rl +h +h 1t 'F +|r'\ 'F IA t t rJ t
various—etee r:n—\ \]’ SHA& r-r\llvr\r\r\, ah R e pﬂ eFRS—6 e—fields—a gvn—\ er-distanee have

been vay, a
gener terns,
showi des of
the fig , ‘ ati agnitodes can

The s xcited
in the rically
small e free
space

The r ing the
electri ctrical
condu d that
behay|

The p produced by walls, buildings, reinforced
concrg the sources, and the effects on| wave
propa ctrical
constd pipes,
and s at the
errors|i

4.6.2

CISPH electromagnetic disturbances emitted near the ground from
industri veditdl (ISM) radio-frequency equipment. The limits are intenfled to
provide gception of radio services. At frequencies below 30 MHz the| limits

apply zontally~griented components of the H-fields emitted by the ISM apparatus.
For measurements on\a test site, the limits apply at a distance of 30 m from the source.|When
measuyrements are~wade in situ the distance to the measurement point is defined ag§ 30 m
from the/exterior wall outside the building in which the ISM equipment is situated; the digtance
from thersource is not defined. Measurements are to be made with a vertically oriented loop,
the base of which must be 1 m above the ground.

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

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

As might be expected, at a distance of 30 m from an electrically small source there are
significant changes in the field behaviour with changing wavelength as the frequency is varied
from 100 kHz to 30 MHz. The report, therefore, concentrates attention at four frequencies,
namely 100 kHz, 1 MHz, 10 MHz and 30 MHz. At 100 kHz the distance of 30 m lies well within
the electrostatic or inductive near-field region close to the source. At 1 MHz the distance of
30 m is within A/10 of an electrically small source and places the measurement position in
what fiight be called the radiating near-iield region. At 10 MHZ, a distance ol_30 m reprgsents
approximately one wavelength from the source, a region where the far-field has become

establjshed. At 30 MHz, a distance of 30 m represents approximately 5 from
the source and places the measurement position well into the far-field

In addition to the variations in field behaviour produced by chay gr-field
conditjons as the wavelength is varied, in the frequenc z the
electrical behaviour of real ground varies. In general, real gro i ha s of a
lossy conductor at low frequencies and the characteristic S i higher
frequgncies. Moreover, the values of the electrical cgnstant videly;
they may range typically from a conductivity of 104 i B to a
condugtivity of 10~2 S/m and relative permittivit : S i alues
of the| ground constants does not engompass”all o a red in
some Jocalities.

The report shows the limitations of iogns. In
particlilar, it identifies the critical im ement
distance — the actual dist ar the

ground — if it is to be pos 'bIe ( i I\ i i bvated
angles with a known m@argin of errof.

The report indicé at can
still ogcur when the'p urces,
and the large errgrs i i i i i dground
can be determirfe Mg i i . 5 how
magnitudes g i [ ili , h they
remain significant enti near
ground wit i easurements of vertically oriented H-fields at heights up t¢ 6 m,

when thesxmea made at a distance of 30 m from the sources.

4.6.3 |Method.of calcitation of the vertical radiation patterns

The H-and E-field vertical radiation patterns in this report were calculated using a Method of

M AN 4] A bl
om Il.b bUIIIlJULUI bUUC I'\IIUVVII asS LIIC I‘lulllCIIbCll EICbLIUIIIaUIIULIbD \JUUC \I‘ll:\/} 3] A dou e

precision version, NEC2D, with the companion code SOMNEC2D, was used. NEC with
SOMNEC allows the Sommerfeld integral evaluation of the field interactions at the air-ground
interface [5] to be included in the determination of the E-fields above real grounds.

In the version of the NEC codes that were first released for public use, a section of code for
calculation of the near H-field in the presence of real ground was omitted, which can lead to
large errors in the H-field calculations [6] [7]. In the version of NEC2D used to calculate the
radiation patterns in this report the missing code has been restored, allowing calculation f all
the H-field components close to the surface of a real ground. The restored section of code
calculates the H-field components by using a six-point finite-difference approximation of the
curl of the E-field obtained by the Sommerfeld method.
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The spatial sampling interval used in the finite-difference calculation of H-field in NEC is
normally fixed at 10=3 A. For the H-field radiation patterns calculated at the frequencies of
100 kHz and 1 MHz the spatial sampling interval has to be altered to 10>\ and 10=4 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 electrically small sources that form the basis of this report consis vértical and
horizgntal balanced electric dipoles, and vertical and horizontal bal ed f tic dipoles
(horizpntally and vertically oriented loops respectively), each having/a\ukit dix nt (i.e.
a dipgle [current] moment of 1 Alh for the electric dipoles and a_dipole\mgmen Rln2 for
the mjagnetic dipoles). All were located very close electrica I erface
(within a small fraction of a wavelength); the height above ¢ dipole
was varied between either 7 cm or 15 cm and a maximum ine the sensitivity
of thel shape of the field-strength patterns to changes—i 3 ight. 1tterns
considered in this report are those that exhibited the greatestvariati ght.

The geometries of the models used fox the fie \ ations are shown in figures
4.6-1 10 4.6-4, including the paths of i been
taken|of the verified azimuthal symm c and
vertical electric dipoles to confine attentian to\the_tath ' n only
the Z-K plane.

It will pe seen in figures 4 hough
the lopps used in the y one

generator only, each K fiche ent-asymmetry to produce a significant glectric
dipole| contributiopto ) i¢ fields — because of their finite size the small| loops
did ngt behave ct ically{nfinitesimal™wagnetic dipole sources. Therefore, in the models

I

used here, each 106p ' Wo iglentical aiding generators located as shown, ahd the

electric dipole contyik Qduced\by current asymmetry arising from the use of a|single
generator was re nsigrificagnce. Of course, in the case of the horizontal mdgnetic
dipole| (vertica : always a loop current asymmetry (and a resultant electric |dipole
moment) caused b i og’the ground and this effect also occurs in the models used in
this repo

4.6.5 |Electri

Most attention in this report has been devoted to radiation sources located close to a ground
having ~alconductivity, o, of 102 S/m and a relative dielectric constant, € of 15;|these
electri T T

At the upper and lower extremes of the frequency range, 30 MHz and 100 kHz, examples of
two other sets of values of ground constants have been used with the small horizontal electric
dipole model to illustrate the influence of differing values of the ground constants on the
vertical radiation patterns. The electrical constants mentioned in 4.6.2, with the numerical
values of 0 = 10~2 S/m and g = 30 (ITU-R — cultivated land and fresh water marshes) and
0=10"%S/m and g = 3 (ITU-R — very dry ground and granite mountains in cold regions),
were chosen as the examples [1] [2].
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SCAN PATH

SCAN PATH VERTICAL DIPOLE SCAN PATH
SOURCE
\ —

/ GROUND
X/J/

IEC 842/29400

- Y oY

GROUND

EC 843/2000

Figufe 4.6-1 — Geometry of the small vertical htal

electric dipole model

HORIZONTAL LOOP

SCANH
~ SOURCE

GROUND

X -
IEC 844/24 I[EC 845/2000
Figure] Figure 4.6-4 — Geometry of the small verti¢al
mag magnetic dipole model (small horizontal lodp)

For each type.of soukce, the field patterns above a perfectly conducting ground havge also
been ¢ompared withmhe 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 detetmined-byv-assuming-it-behaves as a perfect conductor
J J L

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

Tyfe of source Predictability based on Predictability based on in
measurements near real situ measurements near v
ground at 30 m distance real ground when the

from the source measurement distance
from the source is not su

precisely known

Electr|cally small Excellent Excellent ExteHent
vertical electric (see figures 4.6-7, 4.6-9) (see figures 4.6-7, 4.6%8, (see figure 4.6-7)
dipole 4.6-9, 4.6-10

as
N
Poor
(see figure 4.6-11

Electr|cally small Excellent
horizgntal electric (see figures 4.6-11, 4.6-12,
dipole] 4.6-13) Note 3

Notes 1, 2
Electr|cally small Excellent Very good
horizgntal magnetic | (see figures 4.6-16, 4.6-18) (see figures 4.6-16, 4.6-17)
dipole| (vertical loop) Note 4 \6219.4.6-20) Note 5
Electr|cally small Poor We Impossible
verticgl magnetic (see figu 4.6-21, 4.625) exfigur \G-21, 4.6-23 (see figures 4.6-21, 4.6-22)
dipole| (horizontal te to 4»6-26) Note 8
loop) N N ote 7

~—"

ield emitted by the small horizontal electric dipole near the
ground| can overes fented H-field strength emitted at an elevated apgle by
approximately 1 dB, ver, that the measurement overestimates the strength of the
horizontally oriented H-fi i tieg)direction by 5 dB.

NOTE 1 The measuré

NOTE 4 e all horizontal electric dipole's vertical radiation patterns at 100 kHz
by a wigle range of the\electrica S the ground is shown in figure 4.6-12.

NOTE 3 s H-field pattern calculated assuming a perfectly conducting ground shows
that su¢h amas i ¥ derestimate of more than 20 dB in the absolute field strength, and falsely
indicatgs 3 easurement underestimates the maximum field strength by 6 dB (refer to Note 1).
See figlire 26

NOTE 4 ent of horizontally oriented H-field emitted by the small horizontal magnetic dipole {vertical
loop) near the. grounthgan gverestimate the maximum vertically oriented H-field strength at elevated angles|by less
than 1 OB, see,figure 4.616. Note, however, that the measurement overestimates the strength of the horigontally
orientedl H-field emitted in the vertical direction by more than 3 dB.

NOTE L XL ' L e £t L. +all H tacl Ll f ol wiad o Ul H tal +i d I
C—ertealpatterns—et-the—horizontaly—orented—H-frelds—eritted—by—the—smatherizentelmeagrete dipole

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

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

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

NOTE 8 The small horizontal loop's field patterns calculated close to the ground assuming a perfectly conducting
ground have no resemblance, in shape and absolute magnitude, to the field patterns calculated close to a real
ground. See figures 4.6-21 and 4.6-22.
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Table 4.6-2 — Predictability of radiation in vertical directions at 1 MHz, using ground-based
measurements of horizontally oriented H-field at distances up to 300 m from the source
Type of source Predictability based on Predictability based on in Predictability based on
measurements near real situ measurements near vertical radiation patterns
ground at 30 m distance real ground when the calculated at a known
from the source measurement distance distance from the source,
from the source is not assuming the ground behaves
precisely known as a perfect conductor
Electrically small Excellent Excellent Excellent
vertical electric (see figures 4.6-27, 4.6-28) | (see figures 4.6-27, 4.6-28, (see figure 4.6-27)
dipole 4.6-29)
Electr[catty smat Very good Good Poor
horizgntal electric (see figures 4.6-30, 4.6-32) | (see figures 4.6-30, 4.6-31, ee figure 4.6-30
dipolg Note 9 4.6-32, 4.6-33) Nots 10
Electr|cally small Excellent Good
horizgntal magnetic |(see figures 4.6-34, 4.6-37) | (see figures 4.6-34, 4.6-36, .6-35)
dipole| (vertical loop) Note 11 4.6-37, 4.6-38)
Electr|cally small Excellent Impossible \ \}
vertical magnetic (see figures 4.6-39, 4.6-42) | (see figures 4.6-39,4 6- figuxes 4.6-4Q)
dipole| (horizontal Note 13 to 4.6-42 Note 15
loop) Note/:u\ R

NOTE ¢ ground

can overestimate the maximum vertically oriented Hf|e|d stre i levated angles by approjimately

3 dB. Yee figure 4.6-30. Note, however, that i the strength of the horigontally

orienteql H-field emitted in the vertical directioh\ by

NOTE 10 The H-field patterns calculated at a djstans Y e Horizontal electric dipole assyming a

perfectly conducting ground show that such an assumptior_causes™an underestimate of 20 dB in the absol(ite field

strengtl at 1 MHz, and falsely indicates that aseth measurement underestimates the maximum field

strength emitted in vertical directigns by 5 dB.

NOTE 11 Measurement of th [ i d emitted by the small vertical loop near the groyind can

overestjmate the maximum field i atelevated angles by less than 3 dB, see figure 4.6-34.

NOTE 12 The patterns of [hoxjizont i€ fi caletlated at 30 m from the small vertical loop agsuming
imy d patterns over a real ground. See figures 4.6-34 and 4.6-35.

ground

directioh by more than

perfectly conducting graund
NOTE 13 The me
at 30 m distans€ ¢a

iehted H-field emitted by the small horizontal loop n
aximum vertically oriented H-field strength emitted in the
ofizontally oriented H-field emitted at elevated angles by Ig

ear the
vertical
ss than

1dB, gee figure 4.8 the vertically oriented H-field, Hz, near ground reduges the
underesgtimate of the e vertically oriented H-field emitted in the vertical direction to about 1 ¢IB, and
overestjmates t ly oriented H-field strength by more than 1 dB.

NOTE 14 The irelative magnitudes\of the H-field components near the ground and at elevated angles are strongly
dependen i e from the horizontal loop source. The horizontally oriented H-field near the| ground
is a radialtydi hich attenuates more rapidly with increasing distance than does the horigontally
oriente anigles. The vertically oriented H-field near the ground is a component| of the
horizontally polar -- gro nd wave Iaunched by the horizontal Ioop and attenuates very rapidly with indreasing

distancg from the,so

NOTE
horizon

15 At/1 MHz, the vertical radiation pattern of the horizontally oriented H-field emitted by th

e small
he field

alloop above a perfectly conducting ground has an absolute value more than 15 dB less than t

strengt

1 Lol L 1 (=) L il " 1 - il " 1 H P
I caictratet aoove a tealr grount: e Sitape o1 the vertcar pattetiT or the verucamy ortrentea

H-field

calculated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated close to

the rea

| ground. Compare figures 4.6-39 and 4.6-40. In general, the boundary condition which requi

res the

vertically oriented H-field strength to be zero at the surface of a perfectly conducting ground means that the pattern
of vertically oriented H-field at the real ground, which is non-zero, does not resemble the corresponding pattern at
the perfect ground.
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Table 4.6-3 — Predictability of radiation in vertical directions at 10 MHz, using ground-based
measurements of horizontally oriented H-field at distances up to 300 m from the source

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

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

Electrically small Excellent Excellent Impossible

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

dipole 4.6-45) Note 17

Note 16

Electr|cally small Poor Good

horizgntal electric (see figures 4.6-46, 4.6-47) | (see figures 4.6-46, 4.6-47,

dipole Note 18 4.6-48

Note 19

Electr|cally small Very good Impossible Imp ss\lv

horizgntal magnetic |(see figures 4.6-49, 4.6-50) | (see figures 4.6-49, 4.6550) igure4.6-49

dipole| (vertical loop) Note 21 Note 22 te 23

Electr|cally small Poor Impossibl Fair

verticgl magnetic (see figures 4.6-51, 4.6-52) | (see figures 4. R ee figures 4.6-51))

dipole| (horizontal Note 24 Note 26

loop)
NOTE 16 The horizontally oriented H-field nea di i i d wave
emitted|from the vertical electric dipole. At 10MHz verti i rapidly
with indreasing distance, such that there is an excess\8 0B L HB sky-
wave aftenuation over the distance from 30 m to 380 m.
NOTE 17 At a distance of 30 m from the vertical electricidips i vertical
radiation pattern of the horizontally onented i i 1t 3 -fi I a real
ground] However, the vertically/pd ‘ i i ith ingreasing
distancg at the free space rate and therefore do ! ground

at 10 MHz (see Note 16). bund at

distancgs much beyond 30

NOTE [18 The meagOxem e small
horizontal electric in the
vertical| direction by approxi gles by
about 3 dB. Measurements o S 9 se. See
figure 4.6-46.

NOTE 19 At 10 MH i t } igly with
increas|ng distarice™fo I ation is
approximately

NOTE RO/ Th iz8 } as the
distancg fro f 20 dB
more than the s wation over the same distance. Near a real ground the excess attenuation is about
7 dB oer the same |stan at 10 MHz. The vertical radiation patterns over real and perfectly conducting grounds

therefofe diffefsignificantly in that range of measuring distances. See figure 4.6-46.

NOTE 21{ Measurement of the horizontally oriented H-field near the real ground at 30 m distance from the small
vertical| logp” 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-fiel[d 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
increasing distance from the small vertical loop than do the sky-wave components, at 10 MHz. The excess
attenuation is approximately 8 dB over the distance from 30 m to 300 m. See figure 4.6-49.

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

NOTE 24 Measurement of the horizontally oriented H-field components near the real ground at 30 m distance
from the small horizontal loop can underestimate the maximum horizontally and vertically oriented H-field strengths
at elevated angles by more than 6 dB. Note, however, that a measurement of the vertically oriented H-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—tgure4-6-5+—t—mustalsoberecalled—that—n—general—the houndary—condtttor—which—regwres the
vertically oriented H-field strength to be zero at the surface of a perfectly conducting means(that at all
frequencies up to 30 MHz the patterns of vertically oriented H-field which are non-zerg I ground do not
resemble the corresponding vertically oriented H-field patterns which go to zero at the ger ing ground.

Table|4.6-4 — Predictability of radiation in vertical directions at 30 MH

measurements of horizontally oriented H-field at distances UN fr ce
Tyge of source Predictability based on Predictability base ] i ility based gn
measurements near real situ measureme nea ns
ground at 30 m distance n
from the source ance from the sourge,
ing the ground behaves
s a perfect conductr
Electr|cally small Very good Q Impossible
vertical electric (see figures 4.6-53, 4%6-54)\\(s&e figures 4,6453, 4-6-5 (see figure 4.6-53
dipole] Note 27 Note 29
Electr|cally small Poor Impossible
horizgntal electric (see figures 4.6-55, 4.4-57, (see figures 4.6-55, 4.6-56)
dipole Note 33
Electr|cally small \e\j@ossible Impossible
horizgntal magnetic (see figures 4.6-59, 4.6-60) (see figure 4.6-59
dipole| (vertical loop) Note 35 Note 36
Electr|cally small Q 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 The{mea of the hoyizontally oriented H-field near the real ground at 30 m distance ffom the
small Mertical electric nde imates the maximum field strength at elevated angles by about B dB at
30 MHZ.
NOTE 28 ted H-field near ground is a component of the vertically polarized grourld wave

emitted| from the i ectric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with ingreasing
distancg near groun that there is an excess 13 dB attenuation of the ground wave in addition to thge 20 dB
sky-waye att€énuation 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 groynd, the
Vertica| radiation pgrrnrn of tho hhri-/nntglly oriented Hofiold ic vithin ahaut 8 AB  Af tho paﬂnrn of thg LLfi |d 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.



https://iecnorm.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812

- 170 - CISPR 16-3/TR O IEC:2000(E)

NOTE 32 Excess attenuation of the horizontally oriented H-field component of the vertically polarized ground
wave emitted by the small horizontal electric dipole at the real ground is almost 12 dB more than the sky-wave
attenuation over the distance from 30 m to 300 m from the source. If the true measurement distance is not known,
the amount of excess attenuation suffered by the ground wave cannot be known when making predictions of the
strength of radiation in vertical directions based on measurements at the ground.

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

NOTE 34 Measurement of the horizontally oriented H-field near real ground at 30 m distance from the small
vertical loop can underestimate the maximum horizontally oriented H-field strength emitted in the vertical direction
by less|than 6 dB. It gives an exact indication of the strength of the vertically oriented H-field_emitted at_glevated
angles.[See figure 4.6-59.

reasing

NOTE 35 The horizontally oriented H-field components near real ground attenuate
1 ption is

distancg from the small vertical loop than do the sky-wave components, at 30
approximately 13 dB over the distance from 30 m to 300 m. See figure 4.6-59.

NOTE B6 At a distance of 30 m from the small vertical loop over a perf i \ the |vertical
radiation pattern of the horizontally oriented H-field is within about 8 dB of\the pat i I a real
ground However, the vertically polarized wave near a perfectly conductjn t e at the
free spaqce rate, unlike the vertically polarized wave over a real ground istance
at 30 MHz — see figures 4.6-59 and 4.6-60. Vertical radiation pa ducting

ground m and
beyond

NOTE al ground at 30 m distance
from th 3 elevated angles by mdre than
16 dB. ie i€ z_At a height of 6 m underedtimates
the mayi i

NOTE 3 i i -fi the grou d and at elevated angles are strongly
depend S ’ ground
is a radi { inereasing distance than does the horigontally
oriente fiefd near the ground is a component| of the
horizon : idly with
increas

NOTE 39 The shape and ity de e i ation’ pattern of the horizontally oriented H-field calculated
at a disfance of 30 m ftom i r perfectly conducting ground at 30 MHz are very similar to
the shgpe and mag t g hte that
ground{based meastyemw i i -fi i i i i ngth at

ear the
waves,
elds at
equires
ht at all
do not
jround.

elevatefl angles by 167dB
ground in both cases ar
and thdy attenuate
elevatefl angles.
the verfi i
frequenci
resemb

4.6.6.2

It is possible to present pictorially the ranges of errors of the predictability of radiation in
verticahdirections at different frequencies, when the precise horizontal measurement distance
from the—soUTCES 1S KMOWIT t0 08 3O TIT.

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 |n predicting the
maximum horizontally oriented H-field strength emitted in vertical dire s is ap. pnder-
estimate by 15 dB, again in the case of a source behaving as a small ver ic'[dipole
(horizpntal loop).

+10 _fi »
dh-. 9 H field strength at

o

verestimate
+5 dh;, 5 ‘
o dhg 3

i log frequency

Efror, dB 0 -
-5 r
Uhderestimate
- 10 L

dh, 1h & 16
| |

10 MHz 30 MHz
IEC 846/2000

G wtheé predictability of radiation in vertical directions from
blectrica 3 qted close to the ground, based on measurements of the

L
Pllle)
c
=
@
N
@
ol
|

Electricjal co | d: 0 =1 mS/m, g = 15.

Source|identification

dh = hdrizontall 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 L error range of predictability of vertically oriented
5L dh - 5 H-field strength at elevated angles
‘ dh g 3 Iv 3
- | log frequency
dh g 1 ‘ I 0
Error, dB 0 ‘ dv I 0 v -
h ® -1 dv g O
h Q-3 ‘ dvfl -3
-5 Ih ®-5
Ih ®-6 1
nderestimate. | dh ® -7
v dh -"-8 ‘
-10 +
-15 L
| |
100 kHz 1 MHz
IEC 84742000
Fidure 4.6-6 — Ranges of errors in the predictability of padiationin v directions from
¢lectrically small sources located close to the ground, ba S pents of the
horigontally oriented H-field at the ground suppleme i rements of the vertically
oriented H-field in a height scan up i 0 m¥yom the sources
Electrical constants of the ground: 0 = 1 mS/m,¢
Sourcelidentification:
dh = hdrizontal electric dipole
Iv = hotlizontal magnetic dipole (vertical loop) agnetic dipole (horizontal loop)
In figyre 4.6-6, which is i ityhof radiation in vertical directions is|to be

based| on measuremen o)\ Nthe /horizontally oriented H-field compg@nents
i : the vertically oriented H-field

supplemented with
compgnents at bi how that at 100 kHz the worst error |n the
prediction of the\gfrg h of “xadiation\in vertical directions still occurs for the verftically

oriented H-field compons G m a source behaving as a small vertical maggnetic
dipole| (horizontal < agnitude of the error has been reduced to an pinder-
estimate by 6 id kar)\The~magnitude of the largest underestimate at 100 kHz |of the
maximum stkength 0 arizogtally oriented H-fields emitted in vertical directions hag been

reduced also”occurs for the case of a source behaving as a small viertical
\ .

4.6.7 |Conclusion

Verticpl4adiation patterns have been calculated for electrically small sources located clpse to
real hamageneous plane ground, ignoring the possible contributions to pattern distortidn 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-
ments of the strength of the horizontally oriented H-field at the ground in the manner presently
described in CISPR 11.

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

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

frequgncies.

The re¢port has also shown that, even when the measurement dista und is
precisely known, predictability of the strength of radiation in veftical\di i asied on
measyrements near the ground at a distance of 30 m remains subjeck to'signifi e S.

Figurg 4.6-5 depicts the error ranges that can apply whe ictabi is baSed solgly on
measurement of the horizontally oriented H-field near grou X . It can be¢ seen
that oyer the frequency range from 100 kHz to 30 MH the T i an be as milich as
+9 dB|(overestimate) at 1 MHz, or as much as -16 d ima at the extremes|of the
frequgncy range, 100 kHz and 30 MHz.

Figure i nges \obtained for predictability of radia:l‘ion in
vertical dlrectlons when measurements x N i ented H-field near the groumd are
supplg¢mented with measurements of v -field at heights up to 6 m aboje the

dibility,

groung. It can be seen that the potent
\ ssible

but the potential undere
underestimate of 6 dB at

The sfudies in this. repg ! i ccount
when determin@' 4 C radlated electromdgnetic

disturbances fro cation
services operating ke

In addition, theé>¢ i i iati i e over
perfedtly conducting\ground [ in the
assesgme Y Vving a
condufcting_ me \§ i i b on a

test site having-a teal groand 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 Alm.

Dashed line curve — Hy at a scan distance of 30 m
Electrical constants of the ground: 0 =1 mS/m, g, = 15

Dotted line curve — Hy at a scan distance of 30 m
Perfectly conducting ground
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VERTICAL DIPOLE
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Magnetic field strength, dBUA/m
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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 — Hy at a scan distance of 300 m
Dotted line curve — Hy at a scan distance of 3 000 m
Electrical constants of the ground: 6 =1 mS/m, g, = 15
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Figure 4.6-9 — Vertical radiation patterns of  E-fields
emitted by a small vertical electric dipole located close to the ground

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

Dashed line curve —  vertically oriented Ez at a scan distance of 30 m
Dotted line curve — horizontally oriented Ex at a scan distance of 30 m
Electrical constants of the ground: ¢ = 1 mS/m, ¢, = 15
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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 Al.

vertically oriented Ez at a scan distance of 3 000 m
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,

the vertically polarized E-field
Electrical constants of the ground: 0 =1 mS/m, g, = 15

Dashed line curve —
Dotted line curve —
Dash-dot line curve —
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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
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, g, = 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 Almn.
Hy at a scan distance of 30 m in the Z-X plane

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

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
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 —  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 Ali.

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

Square loop 3 m x 3 m. Loop base height above the ground 1 m. Dipole 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

Electrical constants of the ground: 0 =1 mS/m, g, = 15
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Figure 4.6-17 — Vertical radiation patterns of the horizontally oriented H-fields

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

Square loop 3 m x 3 m. Loop base height above ground 1 m. Dipole moment 1 AlinZ2.

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

Square loop 3 m x 3 m. Loop base height above ground 1 m. Dipole moment 1 AlinZ2.

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. Loop base height above ground 1 m. Dipole moment 1 AlinZ2.

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 AlinZ2.

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

vertically oriented Ez at a scan distance of 3 000 m in the Z-X plane
horizontally oriented Ex at a scan distance of 3 000 m in the Z-X plane
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 AlinZ2.

Dashed line curve — horizontally oriented Hx at a scan distance of 30 m

Dotted line curve — horizontally oriented Hz at a scan distance of 30 m

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

Electrical constants of the ground 0 =1 mS/m, ¢, = 15
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Figure 4.6-22 — Vertical radiation patterns of the H-fields
emitted by a small vertical magnetic dipole (horizontal loop) located close to the ground

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 AlinZ2.
Dashed line curve —  horizontally oriented Hx at a scan distance of 30 m

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

Square loop 3 m x 3 m. Loop height above ground 1 m. Dipole moment 1 AlinZ2.

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 AlinZ2.

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 AlinZ2.

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 AlinZ2.

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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