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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

1) The IEC (International Electrotechnical Commission) is a worldwide organization fg

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

Organization for Standardization (ISO) in accordance with conditi
two organizations.

2)| The formal decisions or agreements of the IEC on technical matters \s nearly as possible,
international consensus of opinion on the relevant subjects {sinc i mittee has representati
from all interested National Committees

3)| The documents produced have the form offecoqmm i i al ¥se and are published in the fo
of standards, technical specifications, tecknical 9 ) ides and they are accepted by the Natio

Committees in that sense.

4)| In order to promote international unificatiof,

indicated in the latter.
5)| The IEC provides no magking\proce

6)| Attention is dra
of patent rights. p q e ponsiile for identifying any or all such patent rights.

cgnsidered to,.beo longer valid or useful.

inferference measurements and statistical methods.

Standards transparently to the maximum| exteg poss Ie in their national and regional standards. A
divergence between the IECStandard _and\the e Hational or regional standard shall be cled

C|SPR16-3, which is a technical report, has been prepared by CISPR subcommittee A: Radio

ing
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The main task ofIE ¢ tees is to prepare International Standards. However,| a

technical commijttee 3 e publication of a technical report when it has collectg¢d

data of a differen which is normally published as an International Standard, for
ample ’state

Technical repart " necessarily have to be reviewed until the data they provide are

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 on voting indicated in the above table.

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

Recommendation 2/2 — p/o CISPR. 7B, 1975; Recommendation 46/1 — p/o CISPR. 11, 1990;
Report 33 — p/o CISPR 8, 1969; Report 38 — p/o CISPR 8, 1969; Report 48 — p/o CISPR 8B,
1975; Report 49 — p/o CISPR 8C, 1980; Report 61 = CISPR 23, 1987; Report 59:
CIS/A(Sec)58 + CIS/A(Sec)58A, 1983; Report: CIS/A(Sec)67 + CIS/A(Sweden)29; RM
2828/CISPR/A, 1985; CIS/A(CO)32, 1985; CIS/A(Sec)58, 1983; CIS/A(Sec)58A, 1983;
CIS/A(Sec)67, 1985; CIS/A(CO)67, 1992; CIS/A(CO)67A, 1993; CIS/A(CO)77A, 1993;
CISIACO)8 T, — 1987 CISIA(CO)82, 1994, CISIA(CO)84, 1994, CISIA(SeT)84,—19§7;
C|S/A(Sec)88, 1988; CIS/A(Sec)88A, 1988; CIS/A(Sec)94, 1989; CIS/A(Sec)l1l5, A991;
C|S/A(Sec)115A, 1991; CIS/A(Sec)116, 1991; CIS/A(Sec)124, 1991; CI Sec)128(\1992;
C

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

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

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

Part 3: Reports and recommendations of CISPR

General

1 Scope

Tll\eis part of CISPR 16 contains recommendations on statistics of dist

Al its meeting in Campinas, Brazil, in 1988, subcommi

sk
1.

IH
in|

C
E

C
54

m|

off part 3 and to publish the reports for posterity by giying th

rt 3.

? Reference documents

SPR 11:1997
ectromagnetic

SPR 16-1:3999

ethods < Part 1: Rddio disturbance and immunity measuring apparatus

SPR 16-2:1996, Specification for radio disturbance and immunity measuring apparatus a
ethods — 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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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)

S

i

thie voltage-time area of a pulse defined

N
im|

1.
el
tin
inf
64
N(

frg
pr
0S|
ng
op
re

B.3

here

Dmax IS the peak of the envelope at the IF output of the receiver wit Wpulse area
applied at the receiver input;

is the gain of the circuit at the centre frequency.

D

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

nere Bg and Bj are respectively the bandwidths a
annex 1.3-A for further information)

DTE Spectral densijty (D) i
pulses of pulse d S 8
calibrated in r.m.s® de

3.4

DTE This time.covistant isudetermined as follows. A sine-wave signal of constant amplitude and having
guency equal‘tosthe mid-band frequency of the i.f. amplifier is applied to the input of the stage immediat
bceding the ‘detector,
cilloscopelhconnected fo a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector
ted. Thétlevel of the signal is chosen such that the response of the stages concerned remains within the ling
erating/range. A sine-wave signal of this level, applied for a limited time only and having a wave train
Ctangular envelope is gated such that the deflection registered is 0,63D. The duration of this signal is equal

points (see 1.3-Al.

e
ch

a
Bly

e indication, D, of an instrument having no inertia (for example, a cathode-fay

is
ar
of
to

th

p 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 to the
stage immediately preceding the input of the detector for the output of the detector to fall to
37 % of its initial value

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

to

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

wh
o | is the deflection;

i | is the current through the instrument;
k | is a constant.

It pan be deduced from this relation that this time constant is also equal to the dur4 ' Q of a\rec
constant amplitude) that produces a deflection equal to 35 % of the steady deflé
cufrent having the same amplitude as that of the rectangular pulse.

NOTE 2 The methods of measurement and adjustment are deduced fro

a)
b)

the overswing is not greater than 5 % and the moment of inertia

18.7

o

ratio of the level that corresponds to t

hrete

erload factor
ear function of a circuit (or

ull-scale deflection of the indicatipg

of

us

at

group of circuits) to the level that cosx

instrument.

The maximum level at whijet te 1B 1se”of a circuit (or group of circuits) does
not depart by more than ideal N efines the range of practical linear functipn
off the circuit (or group [of ci

13.8 Q

symmetric voltag

inla two-wire circui phdse mains supply, the symmetric voltage is the radip-
frequency disturbance Je8 g between the two wires. This is sometimes called the
differential mode woltagex is>th€ vector voltage between one of the mains terminals and
earth and Vg is the - ge between the other mains terminal and earth, the symmettic
vqltage is [ Va - Vb)

1.9

agymmetric voltage

radio-frequéency distufbance voltage appearing between the electrical mid-point of the maips

te
Sy

1.

rminals-and earth. It is sometimes called the common-mode voltage and is half the vect
m af Wa and Vb, i.e. (Va + Vb)/2.
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

m

1.

easured by the use of an artificial mains V-network

3.11

CISPR indicating range
range specified by the manufacturer which gives the maximum and the minimum meter

in

dications 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
b

c)

RECOMMENDS

2.3

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

that, at present, varied and ambiguous presentation often renders thij axisoh.difficult,

that the statistics supplied by National Committees shof orm that the
following information may be readily extracted:

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

than~one source. Therefore, it is clear that the number of sources and the number [of
cemplaints against any classification code may not be related;

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 possible be
presented in the following form, without necessarily employing the finer categories listed
in Appendix Il. It s not intended to exclude further subdivisions; these are desirable, but
they should fit into the scheme of the standard form;

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

Source of interference Number of complaints per service
or other cause of complaint from each source
Classification code Description Total number Broadcasting 2 Other
in each S — services P
classification Sound Television
LF/ 1 | I VIV
MF/
HF
Alll 1
2 1
etc. as in the appendices F
N
Totals A ('\
al LF = low frequency (long waves); \>
MF = medium frequency (medium waves);
HF = high frequency (short waves).
These three bands may either be grouped together, as shown, or dealt wit a

IV/V = Band IV/V (UHF/television).

bl The service and band affected should be state

¢] At the time of receipt of complaints of interference,_i.e.
possible to apportion the complaints accur tely%\,a io

number of complaints shoulg/ﬁé\state/dfse;@ telyYorsgund dcasting and television.

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

rces of interference
uses of complaint

Main categories

Classw\c\odx\ \ Description of the source
A \ \Ir@strial scientific and medical RF apparatus
Al Industrial and scientific RF apparatus
AlL1l Apparatus tuned to free radiation frequency
AlL.2 Apparatus not tuned to free radiation frequencies
A.p Medical radio-frequency apparatus
A2t Apparatus-tumedto-free Tadiatiomfrequercies
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.p.1 Railways

5.2 Tramways

5.3 Trolley buses (\

Electricity consumers' equipment (industrial and similar,

i Generators
D Motors (P > 700 W)
P.1 Rated power P: 700 W < P< 1 000 W
P.2 Rated power P: 1 000 W < P <2 000 W
P.3 Rated power P: 2 000 W < P
§ Contacts
a Ignition
b Rectifiers
9 Convertors
7 Diode thyristor and thypatton edqtroe i
| S
we{ appli nor >
il
P
3
i

P Ne i
B /\ N xame t lamps

X \R;éeiving installations

i Sound broadcast receivers

4 Television receivers

B Amplifiers and common aerial reception systems for broadcasting
i Non-broadcasting receivers

Ignition systems of internal combustion engines

z[o][n m m o n[m m mm[o 0 D O[O OO OOOOO0O0O0O00[®mw

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
1.9 Faults of the receiving installations
1.3 Receiver characteristics
1.4 Weak or faulty signals
1.9 Atmospheric disturbances
1.6 Unidentified sources of interference
1.7 Interference not observed N
Information technology equipment \ \)
| Data processing equipment (DPE)
11 Large DPE in computer rooms
1.2 Smaller plugable
1.3 Home computers\and

[ N 'l

Commercial videq gam
Tyéhqone?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

Industrial scientific and medical RF apparatus

1.1

1.1.1
1.1.2
1.1.3
1.1.4
1.1.5
1.1.6
1.1.7

> > > >»>» > >»» > > >

1.1.8

1.1.20
1.2
1.2.1 to A.1.2.20

D

N
=
=

> >» >» >» » » > >
\SAREN S S E S m S p S Sy
= [
N

o
=
w

Taustriatand-scremific R apparatus
Apparatus tuned to free radiation frequency
Drying non-metals

Plastic pre-heaters

Plastic seam welders

Wood glue drying

Microwave heating

Microwave cooking

Ultrasonic soldering and cleaning

Food treatment heaters (for examp

A.R.1.20

AR.2

A.R.2.1to A.2.2X0

A.B Sparking apparatus (except ignition)
AB.1 excited arc welder

A.B.2 Surface erosion of plastics

AB.3 Surface erosion of metals

AB.4 Spectrograph

A.B'S Spark diathermy

A.3.20 Other

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

B.1.1.1 Corona effect

B.1.1.2 Insulators

B.1.1.3 Presence of foreign objects on line

B.1.1.20

Other
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Classification code Description of the source
B.1.2 Generating and switching stations
B.1.2.1 Generating stations
B.1.2.2 Switching stations
B.1.2.3 Transformer stations
B.1.2.4 Saturated transformers
B.1.2.20 Other
B.p DC voltages exceeding 100 kV
B.p.1 As for B.1.1
B.p.2 Converting stations
B.B Voltages 100 kV to 1 kV (subdivision as for B.1)*
B.p Voltages 1 kV to 450 V (subdivision as for B.1)*
B.p Low tension power supply and distribution (<45
B.p.1 Power lines overhead
B.p.1.1 Presence of foreign objects on line
B.p.1.2 Equipment faults
B.p.1.20 Other
B.p.2 Generating and sWwj
B.p.2.1 to B.5.2.20
B.p Electric traction
B.p.1
B.p.1.1
B.p.1.2 [ ad distibut] voltage
B.p.1.3 Q
B.p.1.4 <
B.p.1.20
B.p.2
B.p.3 /\ PN lley buses
C \ \El/e%tricity consumers' equipment (industrial and similar)
cp Generators
c.p Motors (P > 700 W)
cp.1 Rated power P: 700 W < P< 1 000 W
CRaLL Lifts
C.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
CB.2 Central heating
C.B.20 Other
B Ignition
cp.1l Central heating
C.4.20 Other
Cp Rectifiers
C.p Convertors
CJ Diode thyristor and thyratron ¢
CpB Cattle fences
C.po Other installations
D
D.fL
Dp.1
Dp.1.1
D[.1.2
D.p.2
D.p.3
D.p.20
D.p Coitact devices**
DpR.1 ermostats
Dp.2 Other contact devices
D.B Diode, thyristor and thyratron control equipment (less than 1 000 W)
E Gaseous discharge and other lamps
E.Q Eluarescent 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.

CISPR 16-3/TR O IEC:2000(E)
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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.p.1.1 Fundamental

F.p.1.2 Harmonic

F.p.2 Intermediate frequency radiation

F.p.3 Time base oscillator

F.p.4 Time base parasitic oscillation is, for example, Barkhqus ion
F.p.20 Other

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

G Ignition systems of internal combu tior e glnes
Gji Motor vehicles

G Boats

GRB Powered appliances {for examp awh mo
G20 engi%

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

1.3

1.1.1

.1.1.1

1.1.1.1.1

.1.1.1.2

.41.1.1.3 Lgnd mdbile stations

1.1.1.1.20 Other

.4.1.2 Harmonic radiation

1.1.1.2.1 Broadcasting stations

1.].1-2.2 Amateur stations

|.1-+2-3 tamt-mobite-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
1.9 Atmospheric disturbances
1.4 Unidentified sources of interference
1.7 Interference not observed Q \
Information technology equipment \\>
| Data processing equipment
1.1 Large DPE in co
1.2 Smaller plugableNDPE hot 1 oms
1.3 Home computers anchhome\vide

S N N N 'l

Local area netwoik

Co ercialvideo \gam
Telephohg exchan 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 frgm
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 aceepted.

of
pi
p1 f . levant
limi : item imit
ar 5e
cy or
th

The Poisson distribution cannot be used since th i i imi Id
be very small (<1 %) and the sample si ) p . i ing |of
batches, it is also possible to ensure ¢ i art

te
e

or

af ed

ol

M

dl

pe

S} = standard deviation of the interference level of the sample with size n of the appliances
to e tested; S,, is known;

)—( 1 n X S Y (XI — )?)2
= — . =] —_— "
n L ' : V n-1
=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.
22.2.1 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
=

y2

e 2 s the standardized normal density function.

=

which f(y) =

Jan

K} can be determined from appropriate tables of the normal distyi

f(y)

3

INL K,

3

Fraction defective p

KON

027(75

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

L:u+Kp0 Kp>0

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

plX+kSy 2 L/L = p+Kyo)=1-a

H)_(—u L-p _ _ kS

" PHo/dn " ofn = afdn

L:y+KpaE

P

XTI :
g/Nn  o/vn
N B L/ LR iy -
0 Sn /o
U
o
By definition:
ty|c. 1S @ non-central f-distribution with

and (n— 1) degrees of ffreeds

The non-centralj rameter f0ll0
lof being investig IS '8

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

k\/ﬁ):l—a

IN

k n H=1—0{

n-1H

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

IN

14

ith"o,.= 0,2, p=0,1 (1 —a=80%, 1 —p=80%), the following values for k will be obtaing¢d
for_different sample sizes:

n 4 5 6 7 8 9 10 11 12

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

2.2.2.2 Determination of the sample size n

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

p(X +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:

For a lot with the same fraction defective p as In clause 1, B(p) equals a. With p = 0,2, a =.0],2
(GISPR values) B(0,2) is 0,2. From the producer's point of view, B(p) should be maximized“by
improving the production (a smaller percentage of defective) since pB(p) dependsyon the
defective fraction.

S

GEnerally the manufacturer needs an acceptance probability as .
relpresenting the dependence of the acceptable probability B(p { lefegtive plis
cdlled the operating characteristic if the test and 1 — B(p) the Qf th . The
miathematical representation for the O.C. curve:

for fixed n.

In| Graph 1, a few curves are given for
to] ensure the same acceptance prob
with the sample size. The(so-calléd dt A
increases as the sample size anelis i PS
to| be approved.

p.2.3 Exampl@

Albatch of appliant
nE 6, we have
batch lies bel

N

re
ne

The accé

! B(p) is 20 % at p = 0,2 (80 % below the limit). To obtain a greater
agceptan

percentage defective p should be decreased. At p = 0,035 (96,5 %
acceptance probability is 80 %. From each 10 samples consisting of dix
units taken.from with p = 0,035, eight samples will on average yield a positive result. At
pE 0,009\(99,1 % below the limit), the acceptance probability is 95 %. In the latter case, the
minufacturer has to apply a ¢ and o which fulfil the expression u+ 2,4 o< L.

2 D _2° T aoactc W
T TCoto 10

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 enmpln contains ¢ defective items or less hy'

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

pl(x £ c¢) represents the distribution function.

f

The probability that a sample with size n contains more than e

Ac¢cording to the CISPR r
ane given in the left-han
ifla = 0,05 and p = \2.

sgmple size. t{%
PR

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

e : ;
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

E)

T||1e use of control charts (3) provides information about the influence of the producti
process on the values to be statlstlcally controlled and indicates the dev
ofi

p1

Gg
esti
sy
re

C
re
at]

[

(2]

(3]

N
ne
ion

ne
AS

rd



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

: ;
T T : i [Eguas
H 1
£ Ho1 i= i :
e HHEH
R A i
f _i
FEH R N A e P A N P R A AT D : S P
0,8 T
i i 2
HH H 4 A Y, o CHANEHH a AT T
NERyED: b i 111
- 7 NG
X £ : :
T - A _‘ 1 L
S 06 X ]
SEissaise Tt N e F HH—
< H Hiens
7z : X HEHT H
:
1 H Ras 0% 1AL REED H HH -
Acceptance probability /4 H e ' Nt orobabil MY dhTH
| = b e H
ptange p y i i
b o Bt S RN N e
4
_; T EEPL] TN
R +1
SN MHTREIN
i
s RN ST TITRIRN
] H PN g e v 4223 B tH ST :
. . A 0,2 5 T —
ALY EegEss H TN
) N LR = = .
SN : HT
e T P A A A e T ERgenen Eassanise H s
- LFFR h g! e
Ean 8 ! ] AN ¥4 } |
! t ] T 1 AR 1T 1 b ; T 1
— ] 0 ! By ! s 1 ! t

0,05 0.1 0,15 0,20 0,25 Z 0.1 015 0,20

028175
029/75

Sraph 1 Gr

Operating characteristic curves for non-central t-distribution Operating characteristic gdrves for biphomial distribution

--------------- n= 6; k=142 BT Chrr
_______ n= 8; k=130 —_——
- n=12; k=1,20
— e e e e n=51; k=099 e n =49y

(3)0002:031 O YL1/-9T "dSID


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

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

2.3 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) S-

produced appliances as well as approval of single-produced appliances;

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

techniques 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 . PR should

seek to secure the agreement of the competent authorities i 3 i

RECOMMENDS

thiat the following interpretation of CISPR limits_and 3 statistical sampling for

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

1 a CISPR limit is a limit which isNtecox i | Authorities for incorporatipn
in national standards, e i . icial specifications. It is al$o
recommended that international i

2 the significance of thg limi apptoved apgliances shall be that, on a statistigal
basis, at least 80 ¥ S ed appliances comply with the limits with |at
least 80 % confid
type tests can beg

3JL on a samy \ with statistical evaluation in accordance with
clause 5 belotw;

3.2 for simplicit
subsequent tests time on items are taken at random from the productipn
are negesss \c 3 3.2 above,;
in coxtroversy involving the possible withdrawal of a type approval,
withdra considered only after tests on an adequate sample in accordang¢e
with 3

5 that statistic assessed compliance with limits shall be made according to one [of
the two tests described below or to some other test which ensures compliance with the
reguirements of clause 2;

5.|LC~test based on the non-central t-distribution. This test should be performed on sample |of
nottesstham five items of thetype, butif imexceptiomattircumstances 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
]
I

arithmetic mean value of the levels of nitems in the sample;

SEemf fo-n)

level of individual item;

n
3N
1

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

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

In
(of¢
C
di

sh

2 test based on the binomial distribution. This test should be performed on a sample)/of

B should the test on the sample result in non-compli

SPR sampling schemé
Stribution and the other usi

The binomial di i
ould be used i i

not less than seven items. Compliance is judged from the condition
appliances with an interference level above the permissible limit ma
sample of size n;

hat the number |of
exceed c in|a

or
5.2, then a second sample may be tested and theTes i ith those from the

the assessment of the immunity of apptianc equipment in large-scale production,
j X on of thé statistical method to be used in the
s, Nave’ beeyy standardized: one using the binomijal

d
he

rgsult that it is onl he
immunity limit or p

The non-cenfral f~distributi bd
is|suitable imm a
measuré S \ he
expressed i

6.2 Application guidelines

Subclause 6.1 only gives conditions related to the choice of statistical test method to be us¢d
in the assessment of the immunity of appliances and equipment in large-scale productipn

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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2.1 Sampling by attributes

When testing the immunity of an equipment under test (EUT), the combination of type of

di
if

sturbance signal and type of susceptible part in the EUT might result in damage to the EUT
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

m

A
If

th

A
E

el

If
le

vgriables and, hence, a Product Comrx

th

passible to use only the Pass/Fail criterion. Also in this case the sampling method based

lightning. An example of such a test

ethod based on the binomial distribution has to be used.

N immunity test on a Pass/Fail basis is not necessarily associated with damage to the EU[T.
the test is to be carried out with a fixed-level electromagnetic disturbance, it may also

le binomial distribution has to be used.

Npte the above formulatiop leci pt
fofr a test on a Pass/Fail Bsasisy i i ht
not be possible to d ' d. This does not exclude, however, t+e
pgssibility of sampling \b situation is completely comparable with
thie situation in ap~emisgion te yission level is lower than the noise level of the
C|SPR receiver.@

The determinatiop” of ¢t mdnity leyel in an immunity test is, generally speaking, not very
practical. It always ca xpdsure of the EUT to the applied disturbance signal, apd
mpy easily ledo < affects during immunity testing. Nevertheless, there is no ne¢d
to| exclude_ thi ination\beforehand

Alsignal w sfe of the degradation of operation of the EUT may be available for

coanstantlevel and frequency. The level of the demodulated signal is then a measure of the
degradation of the EUT. Another example is the bit-error rate when performing immunity tests
on digital communication equipment.

, for example, the demodulated signal when testing several samples |of

T, say_an audie€quipment, for their immunity to amplitude-modulated RF signals |of
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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.

the testing apparatus used. In such cases the available distribution of the values ofiradio

disturbance levels (expressed in decibels) is truncated from below, givj hd
incomplete determination of the distribution.
Figure 1 shows the probability density function ¢(y,)) of a no s f radio

disturbance values truncated from below.

Figure 2 shows the function @®(y,y,), which is an alternative e same truncate¢d

digtribution.

S T hd
standard deviation of radio disturbanc ib , ne
basis of the known parameters of tru
Assume that for the determination of io
disturbance values one takes a sample al
distribution N(ux;o). In thi re

X| is the limit of sensitivity of ' atus, this limit being the point of truncation.
Hgnce, in a sample of — ng units with radio disturbance valugs
which are greater thgn ™ only can the radio disturbance levels be
measured. It is pdssib 6 ) opradio disturbance values as the measuremernts
from truncated tign witk thie\trunsatidn degree @(),). The ratio ng/n is the assessment

the degree or tru

U, and o in the parent population of the equipment. X and|S

S

- : /2 1)
fi-o (o )Hl—a>(yo)+yo .8
S olvo) 1 elro) c:

S= S ()

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

@(y) =

1 2

¢(y)=
" a

TlLe values of the sampling parameters )_(y and Sy of the truncated distribution included [in
th

formulas (1) and (2) are determined from the following expressions:

T 3
parent population of equipment, which
pd

a) the radio disturbance
measured;

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

runcation y, are determined from the tables of|a
he basis of the known values of tD(yo);

e ¥ & Statistical parameters of the truncated distribution of measurgd
by the articles of a sample of the size n — ny are determined frgm

f) statistical parameters of the complete distribution of disturbance levgls
from_the/sample of equipment of size n are determined from formulae (1) and (2).
NOTE , An~example calculation is given in the appendix.
The-confidence-interval-of-the-parameter—Xwith-theconfidence 1 —a-is—determined-bythe
expression:
X—USM<H <X+USM
p X p
n n

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

2

Uy (yo) 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
u(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
u(v) | 1,019 | 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
.lx(yu\ 1.243 1.312 1.401 1517 1.667 1.863 2,118 2,453 2.893 3.47
v 0,7 0,8 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6
A(v,) | 4241 | 5261 | 6,623 | 8448 | 10,90 | 14,22 | 1873 | 24, 33,34 (|\-44,99

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

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

W
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A 9 (i)

=== # ()

XL-H \) _ X- U
o 4 o
IEC  780/200

tion  ¢(y;vo)

Si

/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:

measured. These are presented in the table below.

Unit of equipment number 1 2

The value of radio disturbance dB 19 23

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

c)| Using 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 &

f) i
the complete distribution of the interference values are made.
—, = S
XX Xy - Y
y /2
a-of)m-ofe) o 8
H ¢0o) H ¢lo) HH
X =208 - 17 —
1-0333 Bl— 0333 0,435_ 1
H 0364 [ 0364 0

X =19,4dB

a) the radio disturbance values produced by the six units of equipment of the sample al'e

S
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_ Sy
S = /2
E (y ) 0 %)) EJr 1@‘
1-o(y) 1-o(yo)
_ 17
S /2
%Jr 0364 1, 0364 [, 1%‘
1-0333 T 1-0333[

[P 1
,.Ju

The sample of equipment is then assessed for compliance with the limits_as required~ir’ the
application of non-central t-distribution using the formula

X+kS<L

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

@%
S
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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

C|SPR Recommendations are developed for protection of radio communications and often
s@veral types of radio networks are to be protected by a single emission limit.

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

3.1.2 Immunity from EM disturbances

Mpst electronic equipment has the pd to

EM disturbances.

Protection of equipment is accompligshed(b o> the appropriate disturbance entry
route. The choice is determi ; i G ing, i Ce
on the electronic equipmer ‘ \ i i

3.[1.3 Planning a radia
Before planningﬁ) of
obtaining a predete of

thie probability of Sig aI to-1y terference ratio at the mput of a receiver being greater
thian the mini ign

P[R(ur:0r )2 Rp]=a

pability function;

R(ug;0g)—1s the actual signal-to-interference ratio as a function of its mean value (ug) and
standard deviation (oR);

Rl 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.


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

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

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| denote "The wanted signal is satisfactorily received in the absence of ynwagted energy";
C| denote "Another equipment is producing unwanted energy";
D| denote "The wanted signal is satisfactorily received in the presen ¢ wanted
energy".

All of these statements refer to the same small-time period. iNg definitions,
interference means "A and B and C and D*", where D* i 80 ati gpposite of D: Let
P oJgs i iwen y'. Then, the
pI '

(3[1)
It

(3.2)
It terference only during the time that the
w

(33)
w

(34)

3.

First, consider<dn grence between equation (3.2) and (3.4). The probability of interferenge
cdn be interpreted™as the fraction of time that interference exists. In equation (3.2), this
fraction is~the number of seconds of interference during a time period divided by the number
offl secands of interference divided by the number of seconds the wanted transmitter [is
tramsmitting during the time period. This second fraction is larger than the first unless the
w ; e
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 mm RepPoTt 656

Nptice that it has been assumed that P(D|A and C) < P(BOA); that is,
relceived satisfactorily in the presence of unwanted energy, then it c
satisfactorily in the absence of the unwanted energy. Thus P(l) cannote n

signalyean be
be. received

P{A and C) is the probability that the wanted transmitter and the e Yy
ale on simultaneously. In some situations, the wanted transKi unwanted
enmergy may be operated independently. For example, they™ acent’channels, jor
beyond a coordination distance. ere P(A) is t

unpwanted source is on.

In| other situations, the operation may pe\highly~qepg ) , i z\
be co-channel stations in a disciplined mokilg . 3 i Il,
byt perhaps not zero, because a station Y 30
when it cannot hear the other transmitter-

TTe two transmitters migh
m

n| this case, P(A and ¢
in|square brackets in

Similarly, P(CCA)
two transmitters a
if the unwanted tKa

In[ general
althoughythei

3.8 Circumstangces of interferences

In[ this party.general criteria are laid down for establishing RFI limits. In this case, a distinctipn
is|made,for areas where close coupling exists between noise sources and victim equipmelnt
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
clpse/remote coupling and near/far-field conditions is useful in the evaluation of couplipg
agpects.

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

Whereas close and remote coupling are generally used to d S irect_coupling palth
between noise source and receiving antenna by mean etiC or radiatipn

fields, an additional coupllng mode is conduct|on coup 2 noise signal [is
Cq 1 the malns input of tme
re e
cif
S S,
af

hd
-fidld

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

thie magneticor elestric component with values between 2 and 3.

For this(reason, it is much easier to develop a model for remote coupling conditions than for
clpse, coupling situations and for conduction coupling paths. Such a model is necessary [to
derveemission Hmits for a generat MeTfeTence envirTonTent.

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

Athough not recommended by CISPR yet, the asymmetric S e rmains lead,
3, M for the radiatipn
capability of the source.

w

B.2.2 Interference voltage at the signal terminals

un i etric J(coaxial) terminals unwantéed
e of imperfect screening. Thesge
as Quple energy by inductive or radiatipn
fid

Cd

3.

The asymmetric RAG i 5 on the outer surface of the screen of a screened cabjle
w ote antennas depending on frequency, length and
cq €. This is particularly important at VHF and UHF in whig¢h
fr ad of the appliance has a length which is in the order of a half
w

The absorbi mp, is~& device which gives measuring results in a good correspondenge
with the intefference 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 disturbange
carrying lead which attenuates conducted asymmetric currents by absorption. At the input end
ofL.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.

T||1e use of the clamp is restricted at the lower part of the frequency region because of tl|1e
poor absorbing characteristics of the ferrite material. It is therefore recommended for
frequencies above 30 MHz.

3.3.2.4 Field-strength measurement

criterion for the interference potential of an RFI source, beca
cogmparable with the wanted field strength at the antenna
regmote coupling analysis.

A|source radiates RFI energy from its case or cabin
internal noise source and external case or Cabing

cabinet are of the order of one waveje 5
thie field is measured in the frequenc
and the magnetic component of the fiel

Field-strength measurements have
syrrounding reflections shouid be
Suich a test site introducesN

thie ground (influence

figelds. It also reduges
dfawbacks can
albove 30 MHz.

Anpother drawbact
dependence on
agcurately specifi

3.3.2.5 Ra= o's\

In[ order to reduce_the effect of surrounding reflections in field-strength measurements, the
squrce under test 15 replaced by a radiator of specified characteristics and an adjustabjle
output |ével (usually a dipole connected to a calibrated RF generator) to produce the same
figld strength under equal environmental conditions. The RFI of the appliance is expressed as
the“equivalent power radiated from the substitution radiator. This method is often used jat
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

fo

r indication and the quoted valuation given for guidance.

Table 1 — Guidance survey of RFI measuring methods

Frequency Terminal Asymm. Absorbing Field Subst. Reveérb:
MHz voltage current clamp strength radie}uen\ chamber

,01 - 0,15 + + _ 0 A_ _

0,15 — 30 + + _ 0 \_ & _

30 — 300 - 0 + + \\1\ >_

p

00 — 1 000 - 0 0 +< \ _

bove 1 000 - - - /J\\ \\ +\ +

+

here \ \)

=to be recommended;

3.

A
m
dq

= usable;
= not normally usable. /\ ﬂ O

3.3 RFI signal waveforms and assodgjate

2

N n
th measuring receiver. The disturbance spectrum may
(o]« r
(15 (electronic circuits, receiver oscillators). The oscillator could
bé g@ency. Oscillator frequencies can be generated over the entire
us . The effect of narrowband disturbance is considered by CISHR
0

Narrowbanhd R om a broadband spectrum — Pulse waveforms derived from a digifal
clock ~escillator contain discrete harmonic frequencies in a wide frequency range
(breadband spectrum) For fundamental (clock) frequencies appreciably higher than the
pandwidth 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

important as
asting and
W 30 MKz

The characteristics of the interfered radio services with respect to RFI afe ve
well. The main radio services in residential areas which suffer from RPt's

(land) mobile communication. AM sound broadcasting operates at f
and FM (stereo) sound broadcasting between 64 MHz and 108 PS
vgrious channels in the range between 50 MHz and 900 ing
mpdulated in AM-VSB and the sound signal in either AM or F depe \ o- rd
injuse. Broadcasting also takes place in the bands betwee

In| residential areas with private receiving antennas i i d
from mains cables is of major importance. Broadcast 3i St (i le
system are less vulnerable because of the morg sui r

the common receiving antenna, but if Rkl i A [ is
distributed to all subscribers.

Satellite broadcast signals in the 12 hd
squrces because of the I|m|ted frequ af k inly
depends upon the freq 5 e first intermediate frequency band at the
relceiver.

The annoyance the
brioadband sour‘@ ‘
for equivalent sulbjecti

of annoyance. Subjective tests have shown that
arrowband RFI should be of significantly lower

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

The influenc e ate of rapid pulses in a broadcast channel is accounted for fin
the quasi-pea N acieristic, the effect of low rate pulses (clicks) by the 20 log 30/N
reflaxatiq it nobile communication (mainly narrowband FM), traffic noise sources
(ignition | RICE) 8 e major source of RFI. In this respect the base station antennalis

inla more faveqgrable\position with respect to RFI signals than the mobile antenna because pf
itg higher locatiom\ Mobile antennas on the other hand change their position continuously and
ane therefore less vulnerable to stationary noise sources.

Broadeasting and mobile services may be interfered by narrowband sources as well (ISM
equipment, data processing equipment, receiver oscillators, etc ). The radiated RF power fram
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.

F;Er critical or safety services, however, a much higher degree of confidence is necessaly.
The actual annoyance in an interfered radio service not only depends on the RFIfigld
stfength, but on the wanted signal level as well. The radio of wanted-to-yawapted inpub level
which procures a specified quality of performance is called RF protectign ratios Thewanted
signal level depends on the natural noise level which may be much 5 e receiver
noise level, particularly in the lower part of the frequency range.

In| establishing limits for various types of noise sources it is imQortant_t ive imi ich
have an equal effect on the radio services to be protected: » of such\d service afe
not interested in the type of source which causes RFI. The )
be suppressed as much as possible to an equal level ¢ i

In some cases, however, this may be in contradigcti ion
measures such as feasibility from physie 6 Fi ot
in|the least from an economic point oKview

3.3.6 Criteria for the determination of Jimits

38.6.1 Remote coupling

For remote coupling si Ce
is|jused as a charactefistic A0k the \int =—F i . [ el
(see figure 15) was.de in
the tuned chan@ adio”services in the allocated frequency bands the
priotection ratio is e 171G is P i is gi i ing

radio service with the
be¢ different.

Ry

Flom this pr i Id
strengt na
input is calculate at Id
strength hasa_consider a distinct from the protection ratios given in ITU documents. [A
minimum operational distance between noise source and receiving antenna is specified anpd
with the use’/of an estimated or empirical propagation factor, the acceptable disturbance fidld
strength,.at a specified measuring distance is calculated. Next some additional factors shoyld
be introduced for the screening factor of buildings and for the probability of actual interferenge
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
camponent undefined).

Tyo coupling paths exist between noise source and receiving antenna:

of
he

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

receiver;

b ed
In i ) s
thie power via path appreciably. Moreover the i NG\ is de i ins
immunity characteristics of the receiver k L ol
the mains immunity factor of a receive @Veh ion i inly
focused on path b. For internal (ferrite)\ ant : i BN
paths a and b

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

is
It

ratio and field strengthNo be
thie coupling factor me

-voltage) to field strength at the antenna.

is| however, mo sua factor as the ratio of the RF-voltage injectg¢d
info the mains a : a oltage (for a specified antenna). This factor is known
as the mains decougling ¥ ) ausg of the wide spread in actual situations, extensiye
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@)
O
QO
24
%]
—_
o
=
3
—
7]
o
@
=
<
(1)
o
—_
=
(@)
3
3
=
>
%]
Q.
[¢°]
(@}
(@]
c

=1
=

«
—
<3}
(2]
—
o
=
2}

A isti excalculation of limits in this concept is the variation of the RF-
im [ i . Although individual decoupling factors are determined by
th pendent of the actual mains impedance, the interference limit|is

defined fo ated impedance (artificial mains network impedance), in order [to
get reproduciitecmeasuring results during tests. If a noise source is coupled to an actyal
mpins network theNlgad impedance of that network varies from location to location and frgm

time to time. This aspect should be considered in deriving a limit from mains decoupling
measuring data.

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.


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

CISPR 16-3/TR © IEC:2000(E) — 43—

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=z1 )
is|satisfied with some probability a.
Iflin (3.6) x and y are random values with log-normal distribution th
parameters u, (dB), Hy (dB), o, (dB) and oy (dB) will ha th
the parameters
HF Hy — Hy
o = oz + a3}
In[this case
0 (3]7)
Solving (3.7) relative t
vt g0 (3.8)
fiy =ty = t0 (39)
w distribution, corresponding to the probability level a.
The CISPR Nt AN ermined for some quantile f; in distribution of probabilities of the
% ick imitg are established, in such a way that the following equality is true:
Ly = iy + g0y (3.10)
Ly =py—tgoy (3.1)2)
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
parameters, which ascertain the radio reception quality.
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3.4.2 Immunity from EM disturbances

The inequality (3.6) has the form:

xly=z1

where
X is a parameter of receptor immunity;

y is a parameter of electromagnetic environment in respect to which the immunity limit is
estabiished:

If |the values X (dB) and Y (dB) are satisfactorily approximated by norm istributions-with

pgrameters Ly, dy, Hy, 0, then
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has the following form:

3.6 Application of the basic model

3.5.1 Radiation coupling

This section adapts the basi ‘ it is wished to protect a radio servige
w ‘ , disturbance to the radio antenna. The
a( ssed in terms of the wanted signal, the

di 0@ antenna gain, as follows:

G e of the antenna gain for the wanted signal as a function of its mean
value (tg,,) and standard deviation (og,,);

G is>the actual value of the antenna gain for the disturbance signal as a function of {ts
mean value (Ug;) and standard deviation (og;);

LO S the actual vatue of the factor whiciT takes account of the attenuatiom 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)


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

CISPR 16-3/TR © IEC:2000(E) — 45—

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 obtaiped permissifle
mean value of the disturbance field strength at a preset dista ource |[of
disturbance:
Hi =ty * 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 follows:
(3.22)
where
E| is the limit for disturbance measured o
t,| is a normalized argument of the which corresponds to a probabiljty
level of compliance withrthe limi
The free space attenu
(3.23)
w
r
d
X
C
= Uy * Hgw — Hgi t 20 logqq [Xd] + i — Ry — 1,0
~t,[04 + 03, +07 +0? + 0l + 0l + w112 (3.244)

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>Ry)z2a (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)

where

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

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

K is a decoupling factor defined as a ratio of V; t0 an e i ue of electromagnetic

disturbance signal at the receiver input.

For the situations where the disturbance\
below 30 MHz):

(3.2]7)
where
Ki, is a mains decoupling fas i red at the source (by an artificial maips
network) to a value of ch s € s input to the receiving installation;
/ is a mains An i ating a yalue of disturbances at the mains input to @n
equivalent if agplied at the antenna input of the receiving
installation, Wo

Itfhas been esta ished i that probability distributions of V,, (dB), V; (dB) and|K
for arbitrarily~s : bance sources, radio receiving installations and distances
between the bed by a normal law.

Allimit for elestxomaguetie disturbances is established for a definite quantile E(p) in the
probability disttibution of 'E;. A permissible value L for E(p) is selected in such a way that [at
Ei(p) = L areliability of guaranteeing a radio reception which has a quality R = Rp would be
equal to_the/specified value T

/12
Lpr(\/l) = Ul:w + UI1 + Rp + tpUEi _ tr [O-éw + Ué: + 0-!2]1 (328)

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.

Tllme second group, on the basis of economic considerations and separation distance,)lis
divided into the following subgroups: power lines; electric transport; motor vehicles; industrial
equipment located in an assigned territory; etc.

w

6 An alternative method used for ISM equipment

36.1 Introduction

The purpose of this clause is to review studies made for the~deNyvation imi he
protection of telecommunications from interference from 1S ' m
these a recommended method which will meet the objecti 5e
deals only with radiation which occurs outside the b

3.6.2 Derivation of limits

The full range of parameters to be taken i i & i imite i in
le Il together with the major services Ny tection i i or
thie calculation of limits.

3.6.2.1 Protection of co

The wanted field streng ection ratio required for the different typgs
off ISM equipment, the e at which protection is necessary and tie

attenuation law to~he gtionyare important. These are matters in which IU
sypport is esse @

3.6.2.2 Proposed ulating disturbance limits

The factors that he peen included in models for predicting interference frgm
radio-frequeRcy IKCES, are ed in columns 1 to 10 of table 2 by assigning appropriate
vdlues tg/each param , forexample, field strength to be protection, protection ratio, et¢.,
worst-case limjts d@rprotecting the various communication services from interference frgm
ISM equip Nay\be~détermined. However, a model which is based on worst-case parja-

meters is both{e ally and economically unrealistic since it ignores the fact that there haye
been veryfew instanges of interference attributed to ISM equipment. It is therefore critical thfat
thie experience in this subject should be taken into account. Thus, the benefits of worldwigle
experience in this subject can be included although it is recognized that the probability can
only-be an estlmate at present because so many complex factors are mvoIved as shown in

3 wilkls is) D £ PN | a1 af itk srababilibwv—far—th 1
By ~ree U\.L\.llllllluuull or—tHReHear—vardeS—or—the pProoaoTty Tt Lll\. YaHteouS—SerHeesS— 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—probabiity—that—the—type—oi—disturbing—sighral—beirg—generated—wil—produce a
significant effect in the receiving system;

P is the probability of coincident operation of the ISM source and the receiving systeh;

P4 is the probability of the disturbing source being within the distance g interferenge
is likely to occur;

Pg is the probability of coincidence of limit value of ISM radiatio e area

P{o is the probability that buildings provide attenuation.

condition is for the protected service;

&
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Table 2 (continued)
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<5 950 9 = 35~ c EUEU mn = o= = o = 8 oo =20 hel
S 3 ) 5] L oG8 2 g55° IS <=t°' 58 = o = Fao=s®
$ g 5 C < 82 8a SE SE
= Qc = - =
7
1) (2) (3) (4) / (5) (6) A7) (8) (9) (10) (11) (12) (13)
156,00 to | Land mobile \/
174,00
174,00t0 |TV BC A%
216,00 Land mobile
216,00to |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
614,00to | TV BC
854,00
854,00 to | Land mobile
960,00

NOTE Explanation of column headings

(3) Median value of the field strength tq ropriate.

(4) Protection ratio. The signal-to-inte ated by ISM equipment (for
example, frequency stability, etc.). mmended by ITU for planning
purposes.

(6) The mean minimum distance from t a different distance will be
allowed for in the probability factor.

(9) The attenuation provided by buildin

(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-A.1 Experience approach

The exponents of this approach state simply that limits in use iR y have begn

between sources of interference and communicatign services N complex and virtually
impossible to define precisely in mathg ainly because control |of
thie various parameters is impossible d th asdred values are very wide.
Experience is therefore valuable. Unfartuns ‘ e fagtors which make experiente
vdluable tend to militate against the atceptante. ol this Tapproach unless the experienge
gqined in a sufficiently large number pOf countrieg le to similar conclusions. In this case,
however, there is not a sufficiently e Ny countries supporting the unqualifi¢d
application of the actual - R arly 3 need to support the approach as one
fafctor in the consideration

iii) regulations-basedOn the licensing of apparatus of this category.

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.

T:Lese approaches on their own satisfy neither the ITU/CISPR criteria for avoidance |of

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

ans diocommiin

di

en . AHE—RAHHRHHAHEHA—Y 0 SR d 0 e

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

3{6-A.4 Statistical evaluation approach

This approach states that the control of radio in g treated statistically
because the many factors involved are not underf Ye engineer and those
pgrameters which are capable of measuxementhave ds of values.

The statistical evaluation approach ha g\these_dificulties. It should satisfy the
cgmmunicator that communication sep Ml recelve adequate protection under normal
ci

eq
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Eim Eif ES
ISM
EQ — ™M — R
O
d N\
IEC 782/2000
E,=E,IS
E, = wanted signal field strength to be protected
S = protection ratio
E = regulated interference field strength at
a = screening factor of buildi
p = statistical probability fac
X = propagation coefficie

situation derived disturbance field strength E;;

Figure 15 — Mogde
ng distance d, (see 3.3.6.1)
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4 Technical reports

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

4.1.1 Introduction

CISPR standards for instrumentation and methods of measurement have been established to
o ommon pa OT ONrotiNg radio Mterference Irom erectrical and electrornic

juipment in international trade.

asured values of the interference and the degradation
mmunications system. The acceptable value of signal-to-noise rafi

The purpose of this subsection is to analyse the dep 4 he
parameters of the measuring equipment and on the ywaveform> qf-tk

4.11.2 Critical interference measuring ias

The most critical factors in determini g
in{erference are the following: the ban g
measured. Considered to be of secondary in
cgrrelating instruments unge ' i ces,//are: overload factor, AGC design (if
uged), image and other sgurious fespo time constant and damping.

For purposes of discyssiamy e iS made to three fundamental types of radio noise:
impulse, rando ad Si Y e ependence of the response to each of these on the
bandwidth and t C i en’in table 4.1-1. In this table, d is the magnitude |of
thie impulse strengt S ) bandwidth, Af,, is the random noise bandwidth, P(@)
is|the pulse respoefise ak detector, fpg is the pulse repetition frequency, and |[E'
is|the spectral amyli 3 rdOm noise. The relative responses of various detectors [to
impulse intekferen ument are shown in figure 4.1-1.

Table 479 ) at the\dependence of the noise meter response on bandwidth is differgnt
fofr all three i erence. If the waveform being measured can be defined as being

e 5 listed in table 4.1-1, and if a standard source provides that type [of
waveformthen by wsing the substitution method, a satisfactory calibration can be obtaing¢d
for any mstfument with adequate overload factor independent of its bandwidth. Thus, with|a
purely \random interference or a purely impulsive interference of known repetition rate,
calibration can be made using a corresponding source, or a correlation factor calculated ¢n

=S H £1 + 'S +
thc vAaolo UT ANTTUWIT CITUUTIt PalalllCLCIO.

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,

about 5 % less than the so-called impulse bandwidth. A theoretical comparison of instruments
having various bandwidths and detector parameters with the CISPR instrument is shown |i
figure 4.1-3.

The response of the average detector to impulsive noise is an interestiny e. eading |of
an average detector for impulsive noise is independent of the bandwid * [ or
stages. It is, of course, directly proportional to the repetition rate. s the reading
obtained with an average detector for impulsive noise is so low\as to R0t 4cti e

unless the noise meter bandwidth is exceedingly narroy § w
hundred hertz. For a repetition rate of 100 Hz and a W \ arger of 10 kHz, the
average value would be approximately 1 % of the to
m he
ar , lof
cqurse, is one of the justifications for

41.4 Random noise

The response of a noise meter to rapdo i i e
bandwidth. This result is i . i m
noise bandwidth to the 3 dB b i i it [ ircui er
hand, it has been sho ; j ing
equipment, a ratio of e is
afeasonable figy

ise

or
to
ct
hd

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

S vac oH—fate—+Hay-—ue-—-6 O+6 S Re—eHe e \W-e—oe Sap e

off the impulses is usually modulated at twice the line frequency. Hence, experimental resu

I/Ipu/sive sources

Te¢sts on an ignition
regulators showed res

byit with time consgtant
sgale. Deviations

was obtained on soO

9

or
N

Ig

CISPR R ati ' hk
detectors is
e is

off the actual ixegularity of the amplitude and wave shape of such impulses.

Npise frem high-voltage lines

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

Dependence on bandwidth

Comparisons of measurements made in the U.K. with two instruments having bandwidths of
90 kHz and 9 kHz respectively have been reported to show that for most interference sources,
the values obtained are in the ratio 14 dB to 18 dB. This figure is consistent with the concept
that the interference is dominated by impulse type noise but that some random components
are present.
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4.1.8 Conclusions
Analysis of data comparing the responses of various instruments shows that it is possible to
explain in almost every case the differences in measured values on the basis of theoretical

and practical considerations. In many instances, it is indicated that waveform characteristics
are known to predict correlation factors adequately with an accuracy of 2 dB to 4 dB.

Further studies are needed

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

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

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

AN
Detector type \ \/

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

CW sine wave et e \\R \ > e
41 fpr+

Pgriodic pulse (no 1,41 0 Af,

1,41 5Af, P(q ,
overlap) ‘mp imp Z{ WW 1,416 [ Ay

Random ++ - o ; ;
N @. ;?&mE Af E

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

*

P(a) is given in figure 4.1-2.

*A

+
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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.

Alsimulator should produce a stable and reproducible output signal, which requirement,|is
normally not fulfilled by an actual interference source, and the simulator output wavefoqm
should show a good resemblance to the actual interference signal.

4p.2 Types of interference signals

The following interference sources can be simulated.

a) Narrowband interference sources generating sine-way ' - ivier

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

gaseous discharges and corona. Fo ise
i le
ofthis type, mains modulation [is
present, but because of the non- I| ca beh gaseous discharges the envelope |of
the actual noise signal can deviate omthe normal full-wave rectified mains
waveform. In this case i i ator at a repetition frequency of twigce
the mains frequency ca i

of constant a
can be simply

0s
of
at random time intervals; if the average interval betweeén
he reciprocal of the channel bandwidth under test (t,, < 1/B)
ad bécause of the random phase conditions a random fluctuating

ults. Therefore, bursts of quasi-impulsive interference of this type

The duration*and thé repetition frequency of the bursts depend on the type of interferenge
squrce (See table 4.2-1).

Ighition _interference is characterized by burst durations between 20 ps and 200 ps aipd
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
Ggseous discharge Continuous mes/no b
Ignition 20-200 ps 30-300 bursts/s “ ~ \QO
Syitches 5-500 ms 0,2-30 bursts/min or si@é\ \\Qas/}s\
Cgmmutator motors 30-300 pus 10%-104 burs}s‘l\ \Qe}ﬁm{

[

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

RSN %

idth of & ms to 2 ms may ke

In the case of mains modulation, gating at a repetition frequency 2£§
more appropriate.

The disadvantage of this layout is that a wide c\yﬂ%ge requires a broad
bandwidth for the entire circuit betweeg tput™yerminal. The most critiqal
part in this respect is the high-gain afuplifiers ications i wide frequency range (flor
eXxample, 0 MHz to 1 000 MHZz) such aNange i in several smaller ranges or|a
tunable amplifier may be used. Such ad sates the construction of the simulator
appreciably.

Another way to produce a\g i : ignal is given in the diagram of figure 4.242.
In| this design, nanosdsono : yenerated in the output stage, for example, a stgp

relcovery diode or sim davice. ese pulse of constant height are triggered at random
time intervals a ition rate to cause overlap in the RF channel
under test in or ive noise in the output of the channel. Average
rejpetition rates of a equired for measurements in a TV channel of at legst
100 kHz for mea annel and of at least 10 kHz in an AM channel. The
ragndom occurrence of th $ es is obtained from the zero crossings of a broadband

signal. For this pt a the output of a noise source is fed to an appropriate amplifier which|is
followed & i burst simulation. The gated noise signal is fed to a bistahle
mpultivibrato ts the zero crossings into pulses of random varying width frgm

which na es at random distances are generated by the monostable
mpultivibrator.

The advantage of this system over the circuit of figure 4.2-1 is that the usable frequengy
range is~determined by the output pulses of the step recovery diode only. An example of su¢h
a[circuit is given in figure 4.2-3, in which circuit output pulses are generated by the stg¢p
recovery diode HPQ102 the mllcn width is determined h\/ the Innnfh of a short-circuited
coaxial cable L. Ringing effects are suppressed by the fast switch dlode 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
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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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3 Relationship between limits for open-area test site and the reverberating chamber

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

th

4

e open-area test site limit. The procedure is described in this report.

2 Correlation between measurements of the reverberating chamber

E

E
w

pd

re
ed

4.

C
ar

re

F

density at the measurement antenna, or of the power into an ante >
T, the measured results can be expressed in the equivalent, radia exfrom_a half-

The reverberating chamber measures the total radiated pgw

The two measurements are related to each other Wy theygai

and the open-area test site

ave dipole. Let this equivalent radiated power be Py dB(pW).
wer be P, dB(pW).

lationship is given

spect to an isotropic radiator. Let this EUT gain be B.
uation (4.3-1). The equation is derive appeandi

3.3 Limits for use with th

e reverbera ing%

bnsider the case of an W exactly on

ea test site, i.e. Pq =

This EUT shoul k QD th orresponding limit, L., when it is measured in t

verberating chanb

om equation (4 he two limits as in equation (4.3-2).

isier tospass the reverberating limit, and vice versa.

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

pd

T as a radiator with

(4.341)

ne

The value 0 dént not only on L,, but also on G. Since G will not be the same for
EUTs, it is not<po ¢ to set L, to treat EUTs in a manner identical to the effect of L. If say
Ll= L,, then'it is corfect only for EUTs with G = 2. EUTs with a G greater than 2 will find| it

iSnecessary 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
Py M B (PWY.

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

iii) This relationship between the reverberating chamber limit and the gpe&n 2z i hit
can be found by the graphical method of figure 1, or by calgtNati ch
equipment, obtaining a representative value of G for the equive MSing statistigal

methods, and applying equation (4.3-2).

&
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Annex 4.3-A

Derivation of the formula

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

e=(B0xpxg)l2/d
Thus, for two antennas, with gains g, and g, and input powers p; and pqg i he
figld strength at a point at the same distance in the direction of maxi
P1 X g1 = Py X gy, Or, in log form, P; + G
and, in the case given in 4.3.2, P, = P, and G; = G; ¢ < 2 therefore the
reflationship is
Pi+G=P,;+t2
© %Q) o
™
v
? N =)
JONR
o
o
g
[%2]
3 § N
(]
N
20
10
7
0 10 20 30 40 50

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

Figure 4.3-1


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

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

— 70 -

000¢/682 D031

ot

(md/gp) Jaqueyd Buneiagianay

(md/gp) Jaqueys Buneiagianay

ZHN T'0
‘yipimpueq i
V8844

:JazAreue wnioads

oluowley Yy
Juauodwod Aouanbal4

[edian pue
[ewozuoy :uoneziue|od

ot

ZHN T'0
‘yipimpueq i
V8844

:JazAjeue wnupoads

oluowirey pig
Jusuodwod Aguanbai4

[edian pue
[ewozuoy :uonezue|od

0ct 00T 08 09 oy 0c¢ orT 0ct 00T 08 09 oy 0c¢ 0
= 0
0C 0c
ZHN T'0
‘yipmpueq J|
v88sd
or JazAreue wnnoads or
°
@
7 >
/ 09 = 09
f \/ Iy
7 A =
- 08 @ 08
57 \ .W oluowey pug
/\ N S jusuodwod Aousnbaig
/\ 00T |eopien pue 00T
U [EIUOZIIOY :UOIeZIIe|0d
A 0ct ’ 0zT
' \\O
oy ortT
pial uado uI 443 palenojed pue pial uadp ur 43 parenNoed pue
Jadureyd u siemod paynisgns usamiaq uolje Jaquieyd ul siamod paynfisqns usamiag uoie|oy
(Mmd/gp) saqureyd Bunessqianay (md/gp) 1aquredo Bunesagqianay
0ct 00T 08 09 oy (014 ovT 0ct 00T 08 09 o (014 0
0
0c¢
ov > (04
:19Z%[eue WK09ds
°
@
>
09 = £ 09
@
o
> /
08 W Vo 08
.W [eluawepun4 7
~  uauodwod Aguanbai4
00T 00T
[es1aA pue
[EIUOZLIOY :UOIeZIIe|0d
02t 0cT
orT 0] 4"

piay uado ul 4y3 parenofes pue
Jagqureyd ui siamod parnisgns Usamiaq uone|ay

piay uado ul 4y3 parenofes pue
lagqueyd ui siamod parnisgns Usamiaq uore|ay

(mdrap) piay uado

(mdrap) pray uado


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

- 71—

CISPR 16-3/TR © IEC:2000(E)

000c/06Z2 D031

ot

0ct

(md/gp) Jequeys Buneiagianay

(0[0)

08 09 or 0¢

&

(md/gp) Jequeys Buneiagianay

ZHN T'0
‘yipimpueq i
V8844

:JazAjeue wnuoads

oluowey yig
Jusuodwod Aguanbai4

[edian pue
[ewozuoy :uonezue|od

piay uadoui 4y3 parenofes pue

Jagqureyd ui siamod parnigans usasmiaq uome|ay

(md/gp) J1equeys|Buneiagianay

ovt 0ct 00T 08 09 ov 0c 0 ot 0ct 00T 08 09 ov 0c
(074
ZHN T'0
‘yipimpueq 4|
V88494 ov
:1ozAreue wnnoads o
e}
0]
=}
09 =
@
o
a
o B 7
oluowirey yi. < oluowrey yig f\
:usuodwiod Aousnbai = usuodwod Aouanbaiy
00T
|eoIlaA pue |eoIlaA pue Y4
[ewuozuioy :uonezirejod [ewuozuioy :uonezirejod
0ct
p2
ovt

play uado ul 4y3 parenofes pue

lagqueyd ui siamod parnisgns Usamiaq uole|ay

piay uado uiI 4y3 parenofes pue

lagqureyd ui siamod panisgns usamiaq uore|ay

(174

or

09

08

(0[0)

0ct

ot

(14

or

09

08

(0[0)

0ct

ot

(mdrap) pray uado

(mdsap) play uado
Figure 4.3-2 — Examples of a number of microwave measured for

Pq and P


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

-72 - CISPR 16-3/TR O IEC:2000(E)

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
mjargin of digital devices. In the case of amplitude-modulated RF fields, the non-linearity gives
rige to a base-band signal which may become audible in the telephony system. An important
clpss of RF-field sources is formed by AM broadcasting transmitters in the , MWgand SW
bands.

Because of the relatively small dimensions of TTE (compared ¢o Yh h, of the
disturbance signal) the asymmetrical (common-mode) source | i icatipn
lines is expected to be the dominant disturbance source. T ty
tejst (current-injection test) is relevant for this equipment. | is
applied via the telecommunication lines. As a conseqt deals with tl|;e
characterization of the unwanted antenna propertie oh lines and with

pr
w
S{
b

In he

sy igld
st ipn
m idal
di at
th a

S

A
th

Py
EN

This repaoypti Q-1 of experimental investigations carried out on buried telephong-
sybscriber lines\i [6] [7] and in the Netherlands [8]. In these investigations induce(d-
vgltage and g afnd magnetic-field-strength data were recorded at a large number |of

locations it 8 statistical evaluation of the parameter values. A statistical approa¢h

etélephone lines have random routing in the buildings and, consequently,
ragndom .orientation with respect to the RF field have random coupling with nearby mefal
objectsywhile the buildings cause a random scattering of the RF fields.

It Tstobeexpectedthat thecomtents of this Teportwithatsobe—applicabtetoothertypes—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}}.

m asured usmg a Ioop antenna posmoned in a vertical pIane and rotated about its vert|al
aXis to find the maximum reading. One datum, H;, was measured near_the outlet tund
investigation inside the building, and one datum, HO, was measured outside the building at| a
distance of about 10 m from that building. In order to obtain a sufficie igh_indyced-signal-
tofambient-noise ratio, the measurements were carried out in ares With a xglatively high
vglue of the RF field strength. This is not expected to influence the ity oKtheyesults,
ag the presence of a broadcasting transmitter is not taken jif ) i
telephone-subscriber lines. Moreover, as mentioned in 4.4.
normalized to the field strength and the resulting "antenng
thie subscriber lines measured.

'ued olta
represent’a property [of

44.2.1 Field strength and building effect

Although the RF field is not a charactehisti ‘ 5 i i i igi he

(4.4.2-41)

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

where P is i
distance betwegh the

values of P as gi

NOTE Although broa ntennas usually are monopoles (in the frequencies of interest), the
half-wave dipale foarmwa €en used for convenience.

b) The effect of t he field strength, which can be expressed in a building-effdct
parameter X

A, = H, (dBUA/m) — H; (dBpA/m) (4.4.2)

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

A consideration of these two aspects is needed in view of the antenna factors to be discussed
in 4.4.2.2 and in view of the prediction models to be discussed in 4.4.2.3.
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value is at most a factor of 3 higher(tha y Iculated from equation 4.4.2-1. The
laygest deviations concer s itters< This is understandable, as S
transmitters normally ha ", whereas the antenna patterns of the
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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
cgnstructed from brick and/or wood (B/W) and data associated with buildings constiucted
from reinforced concrete (C). The normal probability plots of these distriputions arergiven (in

figure 4.4.2-3a and b. The negative values of A, predominantly ste asurements
where H; was measured on an upper floor of the building, whereas ady\measured
atl about 1,5 m above ground level outside the building. Effects ofrexadiati fluenge
thie actual field-strength data. <\
99,9 99,9 A
99 -

95

80

50

20

Cumulative percentage

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

IEC 798/2000

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

The numerical<resuNs have been summarized in table 4.4.2-1. No clear frequengy

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

Titdig TateTTat AVETAQE Stamdarddeviation redtam NomheTr of tata
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.


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

- 76 — CISPR 16-3/TR O IEC:2000(E)

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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sociated~ \with constructed
bnsequéently, the building effect discussed in 4.4.2.1 is of importance.

b

(predominantly) from reinforced concrete.

70

794/2000

S

3)

is
re
in
S

e_normal probability plots of G (dBQm) and G, (dBQm) associated with the two types

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

G-factor analysis

IEC 795

2000

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

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

Upo _ Uy (W)

= (4.4.2-4)
HoZo _ E, (WVIm)

G
Lo:_oz
Zo

The L factor can be considered as the effective length or effective height of the subscriperline
agting as an antenna. The results for L, have been summarized in tab .
and L, are the upper and lower limit of the range of experimental L fac (see 44.,2:2.3).

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

L factor Building Average* Standard \L\,« \) Ly
material deviation
dBm dB W

L, B/W -5,7 /rﬁs 18\,Q -35,0

*

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 of data
10) has been reported [12] for a cable/running X380 m~underground and 1 000 m to 3 000 |m
oYerhead (aerial cable) towards the subs 8l ting frequencies were 594 kHz and
142 kHz. No details were gi outthe figldystrength measurements, the reference for the
agymmetrical voltage and ' i thie buflding material. The results reported in [12]
afe in line with the re ) iven in table 4.4.2-3. However, more recent

investigations by ttje Sé

L:|factors might bevderives he’' g, factors in a similar way as the L, factors. However, it|is
to] be expected thag e din he far-field conditions are not satisfied and it has [to
be¢ decided whic has to be taken. Therefore, no L; data have be¢n
presented in takle 4.4 e note 2 at the end of 4.1.

44.2.2.

Inl 4.4.2.2.1 twas cQncidded that the distribution {G) of the G factors (antenna factors) fis
lognormal ordigsmathepnatical form
(InG-p)
1 2
f(9)dG = ——e 29" dG 4.4.25
(996 = ( )

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 ]
f(G)dG = = FGy) FG - a,f(G)dG (4.4.2-6)
[f(G)dG
L

is given -inv anngx
he by |d|ng effgct

The mathematical form of the cumulative distributions F(Gy) and F(G
44-D. Table 4.4.2-4 summarizes the truncation data of the G factors AR

(dBQOmM) < 0 or —o < a, (dB) < o since F(») = 0,5 and F(—«) = —0,5\Thg tppehand lower limit

inldBm of the L factor range are found by subtracting 51,5 rom thexcorresponding |G
falctors in dBQm.

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

G factor Building Gy (dBQm) G, (dBQm) F(Gy) \/ﬁ(GL) atg
or Ay material

Apy (dB) Api JdB) EPAby) > FlAp) atp

G, BIW 70,5 s\ [ 2\0.480s ) ~0,4993 1,021

G, c 78,5 205 N ~0,4922 1,009

G, B/W 695 (| 85 \0.4873 ~0,4971 1,016

G, c 545~ N \c3% 0,4950 ~0,4971 1,008

Nbo \\L710,0 0,4953 0,4981 1,007

41,0\ %/ 0,4905 ~0,4837 1,026

munetrica urce resistance

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

R, = %U'lSO (Q) (4.4.247)
|

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

R, Standard Median R, Number Rau Ra Rau Ra
(average) | deviation (average) of data
dBQ dB dBQ Q dBQ dBQ Q Q
44,2 6,8 43,5 162 204 63,7 25,2 1531 18
99,9 ,
99 /
/
o 95
(o)}
<
g 8 - X
o
2 \ \
2 A
<
=] 20
1S N
35
© 5
4
N
85

IEC 796/2000

R, (dBQ)

In ed by the measurements in the LW, MW and SW bands, fho

cl ~ : the building effect A,, the G factors G, and Gj;, and the
equi ' R, cquld be observed. This is illustrated in figures 4.4.2-7a and b the A
dg i S ildings, the R, data, the G, data for brick/wood buildings, and for

refi

Becausesno clear frequency dependence of the various quantities could be observed, it will e
agsumed-in 4.4.3 and 4.4.4 that the building effect, the G and the L factors and the equivalent
relsistance are mdependent of the frequency in the frequency range of the LW, MW and SW
b ||u: I‘\ pUbDIUIU ||cquc:||by uCpUIIUCIIbU ID l.lll;'ll IIIbUI[JUIaLCU III l.IIU DLallualu UCVI(J.I.IUII UI l. e
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-
thieless, information about the field strength is needed in order to make a prediction~of the
induced voltages.

Fom the results given in 4.4.2.1, it follows that in first-order apprg i 5 6 idld
strength, to be indicated by E, and H, for the electric and tic nt
relspectively, is inversely proportional to the distance r betweey i S hd
thie transmitter, and proportional to the square root of the transi gwer. Frony the results
symmarized in 4.4.2.1 it follows that, in the worst case, Q a
factor of 3 (= 10 dB) larger than the constant of proparti e
dipole.
Al classification of the outdoor electric or magneticAfig he
probability p{E, = E| } or pr{H, = H } [ C i ‘ a
given limit value, indicated by the subscri i [ ty
can be written as
Emax
pr{H, 3 ! = E"fn(E)dH (4.4.31)
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

Considering 2
it follows (see

—
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2 2|2 2
) 2 EL} - (Emax B EL )E‘min ~ Emin (4 4 3_2)
- 2 2 2 2 U
(Emax - Emin)EL El

where E,,, is the field strength at the inner boundary of the RSA and E,,;, the field strength
atl the outer boundary of the RSA. A similar expression is valid for the magnetic field strengﬂh,
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
r{E. >E k=7 k=22

\/p { [¢] L } R|_ RL

% Vim m m
0 60 - (80) ( (260)

N

100 0,01 - 295000 |\ @3s0000
10-1 0,32 0,33 1565 \ 49193
10-2 1,00 1,00 495@\ \ \1\f556
103 3,16 3,16 2565, N 4919
104 9,86 10,00 \\Q > 1556

B i ies in te a) fi and>not, for example, in terms

off ation, equation (4.4.3-1) |is
afl inversely proportional to the
di . , 2 tab' hed, a certain transmitter will have| a
cértai i i \ glass boundaries can be associatéd

w i = oint of observation. In table 4.4.3r1

iven i case of a half-wave dipole) and k = 22
¥ transmitter power P = 500 kW. The R
brackets, as, in the considered frequenty
e distances.

e
(t
values for E, = 60 V/
range, the far-fielghcondition i

The advantage of ¢ 00 i < Lrepgth boundaries first is that the classes are the same
foE \ i choice of a class is then determined by the probability
th 3 eftain distance from the chosen class of transmitters. [In
general, : ; er probability is easier than an estimate of the field-strength
probability,
44.3.2 Asy

A|classification o ¢ induced open-circuit common-mode voltage U, may be based on the
probabilitypr{U, = U} that U, is equal to or larger than a given limit value U, . If f(()
describes' the truncated distribution of G factors (see 4.4.2.2.3), f,(H,) the normalized field-

stfength distribution and use is made of the relation U, = G, OH,, it is shown in annex 4.4;B
thlat:this r\rnhnhility can fnrmnlly 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 V/Im (Hei=27 UA/m) have been specified. When using G; and specifying the outdoor
figld 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 sttength:
Enax = 60 V/imand Eg, =0,01V/m o\

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

Al dB 1,6 20,6 \-

sy dB 4,0 8,7 N ONOK N -

N
Ady dB 12,0 41,0 / - \ -

Ad dB -10,0 2,0/\& S] < - -

al, dBOm 47,3 158\ [P as) 26,5
s

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

dBOM 70,5 /\ 78,5 69,5 54,5

G| dBQm 11,5 \ 0,5 16,5 -3,5

pr{Uy = U} U wb Ul U
R \% dBpVv dBpVv dBuv

10t I \1/15 & St 114 96

1072 x 125> )ll 124 106

192 \J35 N 1 134 116

NS
19 /\\ \QS 131 143 125

44.4 C izatioh of\the IMmunity-test disturbance source

The results ing.4.2 and 4.4.3 of this report may be used to specify the open-circlit
vqgltage and theN | impedance of the disturbance source in a conducted-immunity tgst
needed to{achieve & sufficiently high probability that TTE to be connected to the subscriber
lines willkkbe electromagnetically compatible.

TheZspecification of the open-circuit voltage U, should be based on the distribution of tihe
voltages over all telephone outlets to be considered. Therefore, this distribution iIs 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

It|i
fo

A

in

w

1o
af
tir

W

ssuming the field strength to be inversely proportional to thedistance between the outlet and
thie transmitter and assuming constant(densiti

In the experimental characterization procedure. If far-field conditions are valid, so that.the
magnetic and electric field strength have a constant ratio, the results can be converted
directly in terms of the electric field strength.)

Determine the Jomt probability density f(HO,GO) = f(HO) Df(GO) destiibing t

S den5|ty of

Calculate the probability pr{U,, = U }. If Ny is the total numb ) ts i € respectiyve
geographical region and the boundary conditions are t4 into aC ount such that Ny(U,| 2
U) = Ny (or =0) if pAU,, 2 U} = 1 (or = 0), then the-r :
Nt OpA Uy, =2 U }.

around the transmitters, it is shown

ies ‘
-strength d tri an be written as

(4.4.4-1)

onsidered. If the density u is the same around all transmitters

nstant of proportionality of the j-th transmitter and N §|\e
xame constant of proportionality k, CH, is simply a constant

Rg the\electric field strength E, = (k/P)/r, the distribution n(E,) reads
N
an ITJkJZPJ
nE,) = —I= = ~ %o (4.4.4P)
Es Es

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
N

n(H,) is approximated by n(H,) = AN(H,,.

In| practice, the magnitude of the electrig fiek i considered, so n(E,) may
determined first, after which n(H,) follow ssuming far- field conditions. An example
AN(E,.AE,) is given in figure 4.4.4-1 erent shadings indicate the vario
cgntributions resulting fron i non-homogeneous outlet densiti¢
afound these transmitters

Aldrawback of the method Aeadi igure 4.2474-1 and a drawback of the model leading
equations (4.4.4; is in particular in the lower field strength regions t

figlds of the vari
cqgunted more than @

The outlet density will, in general, not be homogeneg Yitter. To derive n(H,)
in|that case, a possible procedure is to determine g fr isto AN(H,,AH,) so thiat

. XS a result, the same outlets in these regions a
fon is made with respect to the broadcast frequendy.
In|4.4.2.4 it has be€ 2\ » real frequency dependence could be observed, so this
discrimination is ot \pOs ich’ leads to an over-estimate of AN(E,,AE,) at the lower

to
ne
re

Al procedure ight\be followed is then to determine n.(E,), the distribution of the
mximum fie i i the respective geographical region resulting from the N relevant
transmitters in the direct vicinity of) that region. An example of such a distribution |is
given in figure 4.254-2. This distribution resulted for a part of Germany (having an area [of
2,5 010%-km?2 and 42 0108 outlets) by calculating the maximum field strength in each node [at
all km~by 1 km grid over this region as caused by one of the 79 actual broadcasting

bN

trnsmltters in the respectlve frequency range, having a total ERP of 12,2 MW. The resolutl

was a constant (42 D106/2 5 |Z|105 = 168 km—2) throughout the region. When performmg these

Y U

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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T

4
tr

o

L <

When integrating i the whole of the respective region, the total number

ms

1E9

1E8

1E7 X

1E6

n, | (vim)yt

1E5

1E4

1E3

0,01

Figure 4.4.4-2 — Example of n,(

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

n(Ey) = — CgolES

e drawn line in figurp = Cgo/ES with Cg, taken such that n,(§
n(E,) when E; = 1 "R ' yewhat smaller than Cg, calculated from equati
A.4-2 due to t 5 3¢ th m(Eg) seems to "saturate” when the number
ansmitters is in

fitlets Nt mus

= I n(Eq)dgo = E
Emin E

% (4.4.4-
H

nere the>right-hand side of equation (4.4.4-3) follows when equation (4.4.4-2) is usdg
luation™ (4.4.4-3) indicates that for a given or agreed maximum field strength E. ., t

DN
of

llde,of E,,;, follows when Cg, is given or that Cg, follows when E;, is given. The form

min —

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 -56
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 27,0
Ly m 7,9 +00 7.9 7,9 89 A Q\ 22,4
L, dBm -35,0 —oo0 -35,0 -35,0 -40,0 55, \}31,0
L, m 0,02 —oo 0,02 0,02 0,01 0,0 0,03
M dB - - - - 1\Q \- 20,6
S, dB - - - - 4})\ 8,7
Al dB - - - / P 1}0\ > - 41,0
Al - - A e Y e
N millions 42 42 O AN 22 (O 2/ 42 42
Cdo Vim?| 54 010° 5,4 010° 5, Dlo\é\ 5,4 107 \/— 5,4 010° -
Cd Vim? - - - s 3,3 010* - -
El.,. V/m 10,0 10,0 \3,0& \Q\G\/ 3,0 3,0 3,0
El .. Vvm - AU NDAUXD 9,5 - 2,4

N
Egn  Vm| 008 [N 008 |~ 008 ,008 0,08 0,08 0,08
Elun V/m - \ \ \ - 0,02 - 0,0007
Ul v ) Q +09 \Q 79 85 42 53
*See note 3 at the en}i\chRu&}Qus}\/\\\/
This subclauge i bygiving several numerical examples of Ny(U,, = U,), i.e. of the
number of oltlets r ctive geographical region showing an induced open-circit
vqltage may be considered as the open-circuit voltage in the immunity tesgt.
The regio se\examples is the aforementioned part of Germany. The relations used [in
the calculatio h = Up) can be found in annexes 4.4-B and 4.4-C. The values of the
various paranieters.wyged in these calculations have been summarized in table 4.4.4-1.
Figure 474.4-2 shows an example of Ny,(U,, = U,) in the voltage range U < Uy = 79 V,

Umax =

was 22 V.

EmaxLU' wh

ere Epax IS the maximum

m
utd

ax e—a O ao = CHY

oor field strength in the respecti
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

ve
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(x 1E7)

5

No(l,2U,)

1E-3 001 01 1
U, (volt)

Figure 4.4.4-3 — Example of the number of outlets wit symmegtrical open-circuit
voltage U S U, € Uy = 79V, seeta . . er opoutlets Ny = 42 0108

43. Curve 1 in figure 4.4.4%s
neglecting the truncatlon 0 th

Curve 4 in figure44.
when Ei, is reducg0
importance of the mi

In| figure 4.4. e building material (B/W or reinforced concrete, C) a
thie choice ¢ act on the results can be observed. Curve 1 in that figure
identical C ve 3 |f| re 44.4-4a, so it concerns L, data for B/W- bundlngs When usmg

indoor fieldss ‘ iBution. By doing so, the results represented by Curve 2 are foun
aximum outdoor field-strength E,,;, = 3 V/m, but due to the buildi
effect the~maximwy/indoor field strength E ,x = Epax Apiy Where Ay is the lows
biilding effect as determined from the experimental data. In this case A, = —10 dB, so th

Ejlmax 79,5 V/m, hence an amplification of the outdoor field strength.
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Figure 4.4.4-4 — Examples of number (left-hand scale) and relative number (r
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outlets with U < Uy, < Up a4 See table 4.4.4-1 for the various parameter values used. Total nurlnber

of outlets 42 0108, homogeneous density of the outlets:

u=168 km—2
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a)

b)

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 Vim; Ein = 0,008 V/Im
Curve 4, truncated L, factor, Emax = 10 Vim; Emin = 0,08 V/Im

Truncated L factors, maximum outdoor field strength 3 V/m
Curve 1: B/W buildings, L, factor
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DTE 3 Curves 2 and\MNo fi Ny yre based on L; and A, data, and a warning has to be given he
mentioned in 4.4.2, it\ Ik at inside the buildings the far-field condition will be satisfied a
mally speaking™k;,_cagnot be ive ;. In addition A, has been determined from magnetic field-streng
ta and A, for\the electy ot be the same. In the calculations leading to curves 2 and 4, it has tac
en assumred that L; NZo\(Zo =877 Q). However, the same curves for Ny(U, = U.) would have been fou
en corkgctly using R Ap, but quoting on Row 15 and 16 of table 4.4.4-1 the magnetic field quantit
ax = Emax! 20 Ceil Z; (see clause 4.4.A-3 in annex 4.4-A)

#.4.2 Summary ofdisturbance source parameters

Curve Z. B/W buildings, L; factor
Curve 1: C buildings, L, factor

Curve 2: C buildings, L; factor

ound level. Furthermore, reradiation effects also influenced\the as
he may decide to truncate the building-effect distributiop Y

se E; and Uy, reduces from 85 V to L E,

i,max max max —

DTE 1 Although the number of outlets Ny(
atlve number is very Iow ThIS tresses the i

igire 4.4.4-4 may have noticeable values, {
" of the various distributions used and of {

curacy needed. The relatjve U.} in per cent
DTE 2 In all calculatio y i as considered to be a constant over the whole respect
jion. The results can pe j y amplie, the calculations leading to n,(E,), see figure 4.4.4-2, tg

Esuming that the disturbance source in the conducted-immunity test is sufficiently describg
an“ open-circuit voltage and an internal impedance, the following parameters are

bgative values predominantly originated from measurements Whe e the 'ndor i 3 th
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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
evented. An often used value is R, = 150 Q [9] [10] [14] which is not in conflict with R,

pr
re

sults presented in 4.4.2.3.
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The open-circuit voltage

Because the induced asymmetrical voltage has been measured at non-random locations in
order to have a sufficiently large induced-signal-to-ambient-noise ratio, the bare U, data
cannot be used and the procedure described in 4.4.4.1 has to be followed. From that
procedure, described in more detail in annexes 4.4-B and 4.4-C, it can be concluded that the
following parameters have to be considered (see also table 4.4.4-1).

a)

Ny The total number of outlets in the geographical region (country) to be
considered. NT is either the grand total of outlets or the total number

r\'F wlat a rta FT2V-N nF bhayldina  (heial hayaod OF 'Fr\rr\r\d
< FeHHoefe

c)

f)

tc
oHtets—H—a—eeftath L_yr.u. OT UMIIHIIIU \ullvu\:vvuu

concrete).

Mg or M, The average value of the G or L factor, in dBQm ordBm, see.tables
4.4.2-2 and 4.4.2-3. If the G; or L; factors arg|used,\the-following
building effect parameters must be known (gee’ tables;44.2-1 and
4.4.2-4):

M,: the average building effect A, in dB
S,: the standard deviation of A, ind
Ap,- the maximum building effect
Ag|: the minimum building effect

Sgor S

Gy, G

Ly, L

Hmax or Emax :’[h
0

after considering radiation hazards.
e case of mass-produced appliances the

iQn seems to be relevant. Choose (or agree on)|a

bth of X (A/m or V/m) such that there is a high

quipment will be electromagnetically compatiljle

d strength is equal to or smaller than X (A/m or V/m), and

at special EMC hardening measures are to be taken in that
ggion where the field strength is larger than X (A/m Jor
(simultaneously) a complaint occurs.

imum field strength determining the outer boundary of the

mi
as around the transmitters (see 4.4.4.1).
is value has only to be chosen when the field-strength distribution
n(H) or n(E) is unknown. If this distribution is known, H,;, or Eyin|is
calculated from an equation like equation (4.4.4-3).
n(K)~or n(E) The field-strength distribution as discussed in 4.4.4.1 and annex 4.4-A\.
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Annex 4.4-A

The field-strength distribution

This annex considers the probability p{H, = T} that in a ring-shaped area around

transmitter the outdoor magnetic field strength H,

a

is equal to or larger than a given field

strength H,. The magnetic field strength has been chosen because the experimental data

pr

esented in 4.4.2 are based on magnetic-field-strength measurements. At the end of th

is

al

nex expressions will be given based on the outdoor electric field strength E,, assumingcth

thie far-field condition is fulfilled.

R

w
P
ng
fid

U

w
R
dd
in
fig

{4-A.1  H,-field expressions

H_

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

Ho (4.4-A
nere k is a constant, r the distance between the\tra pomt of observatlo
the transmitter power and Z, the free min
beded to indicate that equation (4.4 ransmltter, i.e. in the neg
Id region.
5ing equation (4.4-A1), it follows that

<R} (RL € Rmax ) (4.4-A

nere R = (k/IP) /
and Rpin, SE€
stermlned b

ormalized to the area of the total ring, i.e. the ri
nite outer boundary Ry, has to be specified, as

at

2)

Py
19
n
ith

of

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

2 2 -2 -2
(R -R ) _ H, " — Hmax

priH, = H } = minl, = (4.4-A3)
2 2 -2 -2
(Rmax B len) Hinin = Hmax
or as
H iy A2
priHo = H} = g‘a" 2} e (4.4-A4)
(Hmax Hmm )HL

af
ch

In
cy

where Hyin = (K/IP) | (RynaxZo) and Hyax = (KIP)(Ryino), i.e. Hy
strength at the inner boundary and the outer boundary of the rin
where H, 5y >> {H . Hnint €quation (4.4-A4) reduces to

derivative of F(H,) with r
cdn be calculated using.eq

pr{Hy, =2 H .} = —= (4.4-A

which means that pr{H, = H} is no longer a fu ¢ definition pr{Hy, = Hyax} =

d p{H, = Hyin} = 1 so that H_is no
oice of H,

iStance r. Consequently, t
min IS very important.
9 f(H,) has to be known. Since t
mulative distribution F(H; > H|} and, by definition, f{H,) is t
i e normallzed distribution function f,(H

\ = = —Cuof(Hy)  (4.4-A
L/ H2a ~11HE | HE e

min

Ho (4.4-A
H3
Hupin ~©
The selation f,(H,) = —CH0/H3 is applicable in all cases where the field strength varies

inverse proportion to that distance and no specification of the transmitter power P is needed.

5)

ne
ne

o)

7)

O

Fi

TOUTSE, H, TS am impiicit function of 7and 7.
nally, pr{H, = H } can be written formally as

Hmax

J’f(Ho)dHo
__R -
pr{iHy = H_ } = (4.4-A

Hmax
[ f(Ho)ato

Hmin

8)
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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;,A) is known. Since

f(Ho)f(Ab) _
dH; 1 dH,

~~

HiiAb)dHi = f(Ab)f(Ho)dHo or f(Hl ,Ab ) = Ab f(Ab )(44- Ag)

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

pf{H; < H_} :J’ dH; J'dAb (4.4-A10)
H A,

where E[At;z] is the expectation of A

where Ay, and /@
eXxplained in 4.4.

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

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

In(Ay ) -
+oaV2, z = M+0A J2 (4.4-A1P)
O A 2

By definitionf(H, he derivative of F(H;) with respect to the field strength. Hence, the
ngrmalizedndistribution f,(H;) reads

Hi

) = 3 with C "= E\A," | J — (473-R13)
! Hi min Hi
where H; nin = Hpin/Ay @and H; nax = Hmax/Ar and Hp,, and Hp,, are the minimum and

maximum outdoor field strength, respectively.

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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2 2 2
E -E°JEZ.
pr{EozEL}=( max L) min

2 2 2
(Emax - Emin )EL

(4.4-A1

4)

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

Emin Emin

=

\/pr{Eo 2 EL}L]-_ (Emin / Emax )2J + (Enmin / Emax )2 VPriEo 2 Ei

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

max min’

Similar to 4.4-A1 in the case of f(H,), the distribution function f(E

-C .
f(Eo) = E—f = ~Cef(E,) wit

o

and pr{E, = E_ } is given by

The constants C

Of course, in

(#4-A1

(4.4-A1

(4.4-A1

swvalid in the
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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
Hy = (k/IP) | rZy) or E, = (k/P)/r, where k is a constant, P the transmitte
space wave |mpedance and r the distance between the transm
olpservation. As in annex 4.4-A, it is also assumed that the transmitter
E} is in the centre of a ring-shaped area with an inner radius R

ol Eqqin- The need for these boundaries has been explainegd’m

eXplained that the derivation of the relations will start from
isfmade of the G factors defined by U, = G, OH. ElgCtric-fi

414-B.1 H-field-based relations

Assuming the field distribution f,(H,) y 3 distribution f(G,) to be independent,
thie joint distribution f(H,,G,) f,(H,) O(Gy)—~T hisNOIR stribution gives the distribution of the
locations where the outdooy.field strength \d/ simultaneously, the outdoor G factor
equals G,. Then, by carrying i h = G, OH,, the distribution is found [of
thie S|tuat|ons where the _asymmeltical voltage equals U, and the G factor

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

(4.4-Bl1)
duy, 1 dH, G,
it follows that
EUh E
fn ﬁ(Go)
EG Cuo G2F(G
(Un.Go) = ° = CroGo(Co) (4.4-BR)

Go ud

where the right-hand part of this equation is valid if the distribution derived in annex 4.4-Alis
udeds/ i.e when it is assumed that £, (H.,) = C.o /Hf see equation (4.4-A6) If AG) 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

0 , O
J’EG - % B(G,)dc (4.4-B3)

Up, H

ChoGaf(Go) _ Cho

pf{Uh 2 UL } = dU aG
N R :
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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.

Uh
Uy H
g
X
‘1II‘
e
[l‘ I ll--‘
2 X % in G
U, LERRRRRRaRages
U, 2% -x-,\}

G

IEC 803/2000

At i Qw's from equation (4.4-B3) that pr{U;,U,} is given by

k]

S

(4.4-Bl4)

where g & W 0In(¥0)/20 and og = Sg UIn(10)/20, Mg and Sg being the average value and
thie standard deviation of the relevant truncated lognormal G factor distribution with truncatipn
factor ais. The variables x, and x; are given in equation (4.4-B5), while y,, v, z,, z and |o,
which depend on the value of U, are given by equations (4.4-6) and (4.4-8)

In(G,) - In(U. / Hmyin ) —
X, = (Gu) uG,xi _ In(UL "Hmin) ~ Ko (4.4-B5)
O'G\/? O_G\/?
a) UysU <Uyoy=1,
In(Gy) - He In(GL) - U
Yy =y ———— (4.4-B6(2))

O—G\/? O_G\/E
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IN(UL | Hiin ) = Hg =208 IN(G) - g -202
zy, = , Z) = (4.4-B6(b))
Og \/E Og \/E
b) Up<U <Ugd,=1
In(Gy ) - Ug IN(UL / Hmax ) — He
Yy =————, y; = max (4.4-B7(a))
Og \/E Og \/E
IN(U | Hmin ) = g =204 _ (UL Hina ) -
z, = , Zj (4.4<B7(h))
SE) r
b UCSUL<Ud:6U:O
In(Gy ) -
L= Cu) " He (4.4-B8(3))
(oNe \/E
IN(Gy ) - g - 282
2y = Vi< )
()¢ \/E
In| the case where the G; factors are is
replaced by E|A JCH,, aRro 2
injannex 4.4-A).

juations (4.4-
#.3-3 and to calk

le

4)4-

As e outdoor electric field strength may be used to calculate
pH Uy to
A. 5,
by he

uq
el

S

pctric-field’quantities.

milar remarks are valid in the case where L; factors are to be used, but see note 3 at t
dafa1

ed, provided' that all magnetic-field-related quantities are replaced by the corresponding

ne

er
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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 Uh equal to or Iarger than a glven voltage U. ThIS quantlty is derlved in a number of
st
fiq
ar
gi
di
in
cqgncerned. When using the G; factors in combination with the bd
procedure can be followed as in annex 4.4-B.

4{4-C.1 H-field-based relations

As [ [ d the transmitter |in
qyestion, i ) d area’between r and r+drlis
gi
(4.4-Cl1)
Usi of
oy y
(4.4-CP)

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

dd is K, dn(H,) can be written as
d C
= __Ho Z 21y k2 Py = Ho gH,  (4.4-CB)
Hy  ZiHS 1A HS
Hence, in this ge normalized distribution n(H,) is given by
dn(Ho) _ Cho
Hy) = = with Cpyp = — k P; 4.4-C4(a,l
n(Ho ) dH, Hg Ho z H ( (a,9))

As had to be expected, the distribution n(H,) is equal to f,(H,) discussed in annex 4.4-A.
If Nt is the total number of outlets in the RSA and if H,,,, and H,,;, determine the boundaries
of that RSA, the following relation has to be satisfied

Hmax
Ny = 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

tl’\nf for nell ] Ll )l ac daovrivod 1n Aannay A4 A D Aot (A4 A4 DAY ©~ N (1] LI\ roandc
eferprbr=-Yas-dervedin-arhex4-4-Begquatienr4-4-B4—So-AsEr=-Y+reads
No{Un 2 U } =
ol C erf(xy) — erf(x erf - erf(Y, 2 erf(zy) -
tG4 Ho %u ( u)2 (x) _ (J/u)2 M) , g2uc+20f €rf(z,) Y5 (4.4-f7)
E Hmin Hmax L
The parameters 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 techange eguation\(4.4-C7) to make
a calculation using G; factors possible.

When it is assumed that Ny is known and . gen there remain two
"Unknowns" in equation (4.4-C6): Cy, i lated for a certain geographidal
region from equation (4.4-C4b), then R all parameters in equatipn
(4.4-C7) are known. As discussed in %4.4.4 ibility is to determine H,, in that

re

Assuming far-field conditi Ot electrig field strength together with the L factors
miy be used to calcul , O3 \n that case equation (4.4-C7) can be used, provided
thiat Cy, is replag
. In other word quati 4 an be used, provided that all magnetic-field-related

(4.4-C8(a,B))

al

(Z.4-C9)

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

fupnction-is-also gi\/nn which is c||ffir~ionfly accurate to he used in r\nmpnfnr calculations-based
on the analytical expressions presented in annexes 4.4-B and 4.4-C. Clause 4.4:D|.2
symmarizes some mathematical relations involving the lognormal distribution and thexerrjor
fuinction.
4}4-D.1 The Error Function
By definition erf(x), the error function of x, is given by equation
(4.4-D[1)
The error function has the following p
(4.4-D2(9))
(4.4-D2(h))
(4.4-D2(¢))
Aluseful series s'
(4.4-D3(3))
f=_ 1 JeC| < 15 x1077 (4.4-D3(1))
1+ px
where
pE 0,284496736;
a{ = 0,25482 9592;
a4 =40,28449 6736;

ag = 1,42141 3741;
a, = —1,45315 2027;
as = 1,06140 5429.


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

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

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)
XOA2T
where u is the average value of In(x) and o the associated standard deviation. If the_latter
parameters are known in dB and M(dB...) is the average value and S(dB) is the associat¢d
standard deviation, ¢ = M In(10)/20 and o = S 0OIn(10)/20. The distributfon fonction given |in
equation (4.4-D4) has the property that the integral of this function over a Is
1|if —o < X £ . This means that f(x) given in equation 4.4-D4 is prope is
thie truncated lognormal distribution of x, such that x; < x < X he
ngrmalized again. In that case f(x) can formally be written as f,
%, _(n(x)-p)?
a = 9)
s@ that (4.4-D5(h))
where (4.4-D5(¢))
When carrying out the i use has been made of the following
integral solutions, whi
In[the case of e
(4.4-D6(q))
where Z, = Yy —0\/?, Z =Yy, —0\/? (4.4-D6(h))
and in the derivati equation (4.4-B5) use was made of
Xy . e'2“+2°2
J’x f, (x)dx = a T{erf(zu) - erf(z)} (4.4-D7(3))
X
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 fro
industrial, scientific and medical (ISM) radio-frequency equipment. In CISPR 11, referring
protection of safety of life services, it is stated "Many aeronautical communications requi
the limitation of vertically radiated electromagnetic disturbances. Work is continuing

determine what provisions may be necessary to provide protection for such systems".

m
to
re
to

This report considers the calculated vertical radiation patterns of the E-field which will
emmitted at frequencies above 30 MHz from electrically small sources physic located)clo
to| the surface of real homogeneous plane ground. Its purpose is the study of the redictabil

mignetic dipoles excited in the frequency range from 30 MHzto 1 0

prioperties of the ground, varying from wet ground to very d and the special case
a ground that behaves like a near-perfect conductor — have ¢ déred.

These studies show the limitations of the predictabili iat elevated angles whg
based on measurements near the grosnd. The v ifies 'some of the factors to
cgnsidered when developing and specifyi i adi pléctromagnetic disturbanc
and methods of measurement which are_ integded togprotect aeronautical radlonaV|gat|on a
cgmmunication systems operating at fregs '
v@rtical patterns of the fields over good conduc

real grounds. Moreover, thg or 0004, predictability of the field strengths
elevated angles the in sitg me nea ound must not be made at fixed heigh
but instead they must Ve ane i

from the equipment w

p.1 Scope Q

apility of radiation in vertical directions based

in situ, in particular industrial, scientific, and medical (IS]
or that purpose, it studies the calculated vertical radiati

The vertical/radiation patterns of the horizontally and vertically polarized E-fields, includi
the surface waves, have been calculated at distances of 10 m, 30 m and 300 m from vario
electrically small sources, so that the field variations with distance can be quantified. In th
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way,-a general knowledge has been obtained of the shapes of the vertical radiation pattern

S,

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
m ntc T havo nat haaon idaorad

LK ocanc
aStHerertsS—H+ ..ul.u, Aav-e—RotBeeR-cohRstaerea-

4.2 Introduction

Inf CISPR 11 [3], table VI in clause 5.3 provides radiation limits for thé
sdfety services. The limits apply to ground level measurements
disturbances emitted by ISM radio-frequency (RF) equipment in sitt

30 MHz the five frequency bands listed in table VI are all

including the instrument landing system or instrument low- aproa
beacon, localizer, and glide path frequencies, as well :
radionavigation and communication frequencies bands | states: "Many
agronautical communications require the limitatio i jated electromagnetic
disturbances. Work is continuing to determine what provisi v be necessary to provige
protection for such systems.”

The in situ measuring distance specifi i or all )five frequency bands aboye
30 MHz, is 10 m "from (the) exterior i ig in which the equipment |is
sifuated". It is important to note that thie preC|s ing distance from the ISM apparatps
itgelf is not specified.

The heights at which
mpde 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 8 8. 3,0 m £ 0,2 m above ground. For Group 1 and
Gfoup 2 Class B < antenna shall be adjusted between 1 m and 4 m
fof maximum indicatig equency. The nearest point of the antenna to ground shall
be not less than 0. igh o¥e ground of the measuring antenna when measuring
emissions from 1 ipment (which might include, for example, large "switch¢d
mpde 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 jor
in| situ as preferred byhe\manwufacturer, while requiring Class B ISM equipment to be measur¢d
on a te 5 When providing for protection of specific safety services, CISPR 11
specifies that_"ati authorities may require measurements to be made in situ...". This
presumably ineltides /3 situ measurements for both Class A and Class B ISM equipment when
the need arises, forrexample under the provisions of 5.3.

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

Vertical polar patterns and linear height scan patterns have also been Cwlated for\the E-
figld radiation emitted from the small sources over a copper ground plafe. A cper ground

plane provides boundary conditions which distinguish, in effect, a pe a
real ground, and allows identification of the differences between th patterns
thiat will exist close to the surface of a real ground when compared d cloge
to i if
pr ing
on

ed
el hS
m M
e i adiated from 27 MHz IgM
af [ i vn
th Z,
e b |
m or
m

4.5.3 Method used to [ca e field pa 9 e vertical plane
T eight scan patterns have been calculated using

of Moments computer code known as the Numerigal
FC2 with the companion code SOMNEC allows the
field interactions at the air-ground mterface [7], and $0
al
he

he E-field verti :
double precisionefsi

S\'il'nS'(/)ITIQJ

al
nit
le

radiation — called grating Iobes — 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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5.3.1 The frequencies of interest and the electrical constants of the ground

E)

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 beacaon$,

horizontal polarization)

110 108-137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) gmchuding ILScloealize
(108-112 MHz), horizontal polarization)

0

N
243 243 MHz is for use by survival craft stations and equipment used f%ggrvivaWos\é\
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 elopmentef airbqrne electronic
aids to air navigation

Mpst attention has been devoted to the small sourcesg dium dry groun
[1] (CCIR — medium dry ground; rocks; sand; i i [2]). The electrid
cqnstants, the relative permittivity €, and the con ivity Y medium dry ground”

N
1

va@rtical loop Mo

th

30 MHz and the other five frequencies

Table 4.5-2 — Electrical ¢ 9
(CCIR — medium dry groun ; ;ymedium sized towns [2])

(N
Frequenzf\ \Q > o
MHz (- N mS/m
0 N

[N

ends of the frequency range, at frequencies of 75 MHz a
000 MHz, 0 other types of grounds have been used with the electrically sm
| (horizontal magnetic dipole) to illustrate the influence of differing values
e ground’constan

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

dll
al

nd
Al
of

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.

cultivated Tand [2]) and "very dry ground" [1] (CCIR — very dry ground; granite mountains

in cold regions; industrial areas [2])

Frequency "Wet ground" "Very dry ground"
MHz
€ c € g
mS/m mS/m
30 30 10 3 0,1
75 30 13 3 0,1
1 000 30 140 3 0,15



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

CISPR 16-3/TR © IEC:2000(E) ~ 109 —

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

Or antad E-pF ald at r\lr\ atad analac
re Tt o—T—Z1TeTo revotc ooy ST

45.4.1.1 Influence of the ground constants at 75 MHz

In
St a
th t achcof the three scan
r 3SSN 3,

figure 4.5—1(a), the vertical polar patterns at 75 MHz show the horizoritally polarized Ex figld

In fi .5- , i iQ a'm at\75 MHz show the
Ef fi i - pending heti istances over the
Y- . in maguitudes of the Ez figld
st i an 3 dB. However,| if
m i p ; horlzontal distance of 10 |m

th i i S 3 i rtical’direction range from abqut
3, ) i7 , the
un a_spread of only 0,6 dB), and [at
300 m, the underestimates range fro about 22,1 dB (a spread of 3,7 dB).
Thus, for the range of values of the y and measuring distances considered
hq ates of maximum field strengths in the
\: i heAargest measuring distance of 300 m.

45.4.1.

In| fi ns at 1 000 MHz show the horizontally polarized Ex
fiq e three scan radii R around the small vertical lopp
o] eal ground with the electrical constants at 1 000 MHz given |in
t .5- 1.553. seen that for a source height of 2 m at this frequendy,

m

Fi ) DS the yertical polar patterns of the vertically oriented Ez field strengths|in
th ' 3d figure” 4.5-2(c) shows the height scan patterns of the Ez field strengths
cdlculated up to~a height of 6 m in the Z-X plane, at the three scan distances and over the
three types of real ground.

Figure _4.5-2(a) shows that the maximum strength of the Ex field occurs at an elevatipn
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
135 dB in the underestimates of the maximum E-field strengths at elevated angles, when-the

egtimates are based on 1 m to 4 m height scan measurements of Ez at horizontal distances

ranging from 10 m to 300 m.

45.4.1.3 Predictability estimated over a "medium dry ground”

The foregoing shows that in the frequency range from 75 MHz to.1 O S jUS to
mpke general judgements of the predictability of the strength of radiatiomin Ve NS
above ground by considering the E-field patterns calculated over a4 e
electrical constants of a "medium dry ground”.

45.4.2 Predictability based on height scan measurg
distance from the source

Here we can provide an answer to th

Inl summary, the answer is that the predictability 0 aximum E-field strengths at elevatgd
anmgles by means of 1 m to 4 m height scan S at a horizontal distance of 10 m, for
al| four types of sources placed either e a "medium dry ground", is very goaod.
Underestimates at all five @f ths eronautical services are less than 6 dB

Af the two lower frequ
thie source is eith
lopp (horizontal
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45.4.2.1 ~Rredictability at 75 MHz

Figure, 4.5-3(a) shows polar plots of Ex in the Y-Z plane and Ez in the Z-X plane, at 75 MHz,
anound the horizontal electric dipole placed 1 m above ground. At a scan radius of 10 n,
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 elevatipn
amgles at which the maximum field strengths occur. Column (3) lists the field componegnt
0 m to)provigle

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

@ 18°

Vgrtical Ez Ez 0dB Ezg\\
elgctric @ 15,25° @ I, 7
difole N

@|1m

N
@ @) @) ) (s) \QE> ©) 10)
bource of Max. E, At hor. |Estimated | Max. E, x. E, At hor. Estjmated
adiation @ angle, | d =10 m, | prediction | @ angle, @ angle, | d=300 m, | prefdiction
@ height in 10 m measure error, at in30m /300 m measure erfor, at
polar plot | this field | d =10 m | polar plo( polar plot | this field =[300 m
Ez Ez -17,5dB

Vdrtical Ez Ez 0dB \Es</ -1dB Ez Ez -]
elgctric @ 8° \(‘\ @ 1% \ @ 13°

dipole

@l2m N \

6 dB

elegctric @7 Y-Z 675° inY-Z @ 66° inY-Z
dipole in ane inY-Z plane inY-Z plane
@|1m plane plane plane

A\

TaaN
Hqrizontal Ex EX/\ -5 B\\ Ex -12 dB Ex Ex -31,5dB

plaqe inY-Z plane inY-Z plane
plane plane

Hgrizontal Ex E. -1,5d Ex Ex -7 dB Ex Ex -26,5 dB
elgctric @ 30 Y A @ 28,75° inY-Z @ 28,5° inY-Z

dipole Y-
@|2 m {g%&
N

Vgrtical lo -0,5dB Ez Ez -2,5dB Ez Ez -18 dB
(hprizonta @ 19,75° in Z-X @ 20° in Z-X

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

dipole) plane plane

@|1m

Vdrtical loop Ex Ez -4,5 dB Ex Ez -5,5dB Ex Ez -20,5dB
(hprizontal @ 90° in Z-X @ 90° in X-Z @ 90° in Z-X

magnetic plane plane plane

dipale

@2

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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5.4.2.2 Predictability at 110 MHz

E)

Figure 4.5-4(a) shows vertical polar plots of Ex in the Y-Z plane and Ez in the Z-X plane, at
110 MHz, around a small horizontal electric dipole placed 1 m above the ground. At a scan
radius of 10 m, Ex reaches a maximum field strength of over 141 dBuV/m at an elevation
angle of 41°. The polar plots of Ez in the Z-X plane show that vertically polarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 4.5-4(b) shows height scan calculations of Ex in the Y-Z plane. At a horizontal distance
of 10 m the magnitude of Ex reaches almost 139 dBuV/m at a height of 4 m, and a height

scan _measurement of horizontally polarized Ex therefore underestimates the maximum
strength of Ex at 41° elevation by less than 3 dB.

Figure 4.5-5(a) shows vertical polar plots of Ex in the Y-Z plane and the Z«X“plane,
ajound a small vertical loop (horizontal magnetic dipole) placed at a 3 m
abhove ground and excited at 110 MHz. The maximum field strength re S
off 10 m is the vertical Ez component, 146 dBuV/m at an elevation The height
sgan plots of Ez in figure 4.5-5(b) show that at a horizontal dista | A0 of
Ek is almost 144 dBuV/m at a height of 1 m, which underesti ' ] f Ez at 4p°

el

C
Ve
di

pvation by less than 2,5 dB.

1) (2) (3) (4) (8) 9) 10)
Source of Max. E, At hor, Estimate Estimated | Max. E, At hor. Estimated
adiation @ angle, | d= pr iQn prediction | @ angle, | d = 300 m, | preldiction
(@ height in10 m measuyre W error, at | in 300 m | measure erfor, at

polar plot | tis fie =10m his field | d =30 m | polar plot | this field | d=[300 m
vdfrtical Ez \5</\ 0 z Ez -1,5dB Ez Ez -1f,5 dB
elgctric @ 13,82 15\25° @ 15,25°
difole @ 1 m (E\

Vdrtical Ez & Ez Ez -0,5dB Ez Ez -1p,5 dB
elgctric @ 36,5° @ 10,75° @ 11°
dipole @ 2 m N
Hqrizontal EX X S2.5.48 Ex Ex -9,5 dB Ex Ex -9 dB
elgctric ° in @ 40° inY-Z @ 39,75° inY-Z
dipole @ 1 m inY- ane inY-z plane inY-zZ plane
lang \ plane plane

Hd rizonta& E -0,5 dB Ex Ex -4,5 dB Ex Ex -2B,5dB
elgctric @ 2QF R YA Z @ 19,25° inY-Z @ 19,25° inY-Z
dipole @ 2 m Y7 plane inY-z plane inY-z plane

plan plane plane
Vgprtical loop Ex Ez -2 dB Ey Ez -3,5dB Ey Ez -19 dB
(hprizontal @ 90° in Z-X @ 90° in Z-X @ 90° in Z-X
magnetic plane plane plane
dipole)
@1 m
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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5.4.2.3 Predictability at 243 MHz

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

Fi
ar
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E

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

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

hori
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thfan 0,5 dB.

Table 4.5-6 — Estimat
on a measurement height

shown in figure
vation angle of 1r°

of t

(1) (5) (6) (7) (8) 9 10)
Source of timatgd | Max. E, At hor. |Estimated | Max. E, At hor. Es{imated
radiation predietion | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prgdiction
@ height rror, at in30m measure error, at in 300 m measure erfor, at

=10 m | polar plot | this field | d =30 m | polar plot | this field | d 9300 m
vdtical & 2 _1dB Ez Ez ~0,5dB Ez Ez |6 dB
elegctric @ {5 @ 10,5° @ 10,5°
dipole @ 1 m
Vdrtical Ez Ez -0,5dB Ez Ez -0,5dB Ez Ez -13dB
el¢ctric @ 18,25° @ 18,25° @ 7°
dipole @.2\m
Harizontal Ex Ex -0,5dB Ex Ex -4 dB Ex Ex -2p,5dB
el¢ctfic @ 17,5° inY-Z @ 17,5° inY-Z @ 17,5° inY-Z
dipole @ I'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

Hqrizontal Ey Ey 0dB Ey Ey 0dB Ey Ey —17 dB
lopp (vertical @ 9° in Z-X @ 8,75° in Z-X @ 8,75° in Z-X

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

dipole) plane plane plahe

@|2 m

4.4.2.4 Predictability at 330 MHz

Figure 4.5-9(a) shows vertical polar plots of Ez and Ex in the nd
thie small vertical electric dipole placed at a centre heig

fig
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to 4 m at 10 m horizontal distance produce a_peak \/magdi ost 146 dBuV/m at

rticaldirections based on measurements in height scans from 1 m to 4 m at a horizont
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Dlumn «4) "of table 4.5-7 summarizes the estimated errors in the predictability of radiation [i

m
a

Id strength by less than 2 dB.

gure 4.5-10(a) shows vertical polar pio e Y-Z plane and Ez in the Z-X plange,
ound the small vertical loop placed 1 m above a "medium dry ground".
can be seen that, at 2 e maximum field strength of almdst
7 dBuV/m is reached b Exat(an ele @ O 69° in the Y-Z plane. The calculated Ez
bight scan patterns in ane shown in fijgure 4.5-10(b) produce a peak magnitugle
eater than 162 dBp 1 {zont iStance, measured at a height of 1,45 m.|A
bight scan meaSurem ' atical Ez field therefore underestimates the maximum
fength of the radjatjd ica ctions, the horizontal polarized Ex at an elevatipn
gle of 69°, by appg0 ~

is interesting_to\obsery cal polar plots of horizontally polarized E-field emitted [at
0 MHz by @ s i oop placed at a height of 1 m above a "medium dry groundq",
own in {i 14.(8). g peak of the major lobe, nearest the ground, occurs at @n
pvatioq_ a ,75°. 1t is therefore measured at a height of only 2,2 m at|a
rizontal “distan , see figure 4.5-11(b). Thus, there is virtually no error in this
ample of thexestimation of maximum field strength at elevated angles.

al

stance 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
Vgrtical Ez Ez -0,5dB Ez Ez 0 dB Ez -11,5dB
elgctric @ 27,25° @ 5,75°
dipole
@|2 m
Hdrizontal Ex Ex 0 dB Ex Ex —2dB \w ~20 dB
elgctric @ 13° inY-Z @ 12,75° inY-Z n
dipole inY-Z plane inY-Z plane phane
@[1 m plane plane
Harizontal Ex Ex 0 dB Ex Ex 4 0 Ex -14,5dB
elgctric @ 6,5° inY-Z @ 6,5° inY: inY-Z
dipole inY-Z plane inY-Z pJdne plane
@|2 m plane plane /)
vdrtical loop Ex Ez ~4,5 dB Ex \EZ;) 3,5 Ez -17,5dB
(hprizontal @ 69° in Z-X @ 68,2 \nZ- 6 @ 68° in Z-X
magnetic inY-Z plane in Y plane inY-Z plane
dipole) plane phan plane
@|1m
Vdrtical loop Ex Ez -2,5dB Ex Ez -2,5dB Ex Ez -12,5dB
(hprizontal @ 66,75° in Z-X ° iNNZ-X @ 66° in Z-X
magnetic inY-Z pla in a inY-Z plane
dipole) plane pla plane
@|2 m N
Hqrizontal Ey k(%\ ods v~ Ey —2dB Ey Ey _40dB
lopp (vertical | @ 12,78 in Z- @ 135° in Z-X @ 12,5° in Z-X
magnetic in an } plane in Z-X plane
dipole) plan plane plane
@|1m
Hqrizontal Ey, E 0dB Ey Ey 0dB Ey Ey -14,5dB
lopp (vertical @ 6,5° InZ-X @ 6,5° in Z-X @ 6,5° in Z-X
magnetic N -X plare in Z-X plane in Z-X plane
dipole) plan > plane plane
RSN
45.4.2.5 Pretietability at 1 000 MHz
Figure 4.522 shows vertical polar plots of Ez and Ex, at 1 000 MHz, around a small vertigal
lopp placed at a centre height of 2 m above ground. At a scan radius of 10 m over a "medium
dny -ground” the maximum field strength of 187 dBuV/m is contributed by the horizontally
palarized 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.
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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) ) (8) 9) (10)

ource of Max, E. At hor Estimated | Max, F. At hor Estimated | Max, F. At hor Estimated
adiation @ angle, | d =10 m, | prediction | @ angle, | d =30 m, | prediction | @ angle, | d = 300 m, | prediction
@ height in 10 m measure error, at in30m measure error, at in 300 m measure effor, at
polar plot | this field | d =10 m | polar plot | this field | d=30m polarpl-el\ this field\ },d =|300 m
Vdrtical Ez Ez -0,5 dB Ez Ez 0 dB Ez -9,5 dB
elgctric @ 17,5° @ 4° 3759
dipole Q
@|1m /\
Vgrtical Ez Ez -0,5dB Ez Ez 04B Ez -b dB
elgctric @ 17,75° @ 2° v
dipole N
@[2 m N
Hdrizontal Ex Ex 0,5 dB Ex D\ Ex Ex {148
ele¢ctric @ 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

Harizontal Ex Ex 0 dB E. N\ Ex K,d d Ex Ex -5,5dB
elgctric @ 2,25° inY-Z @ 2,25 M Y<Z @ 2,25° inY-Z
dipole inY-Z plane i plane inY-Z plane

n

@|2 m plane plane plane

Vdrtical loop Ex Ez -2,5dB \E{Z -1dB Ez Ez -9,5dB
(hprizontal @ 64,5° in 4 \ inNZ- @ 4° in Z-X

magnetic inY-z pldne \(_\ pléne in Z-X plane

dipole) plane plane

glim AUNGEGN

Vgprtical loop 3 dé\ E. Ez -1,5dB Ez Ez -pb dB
(hprizontal @\{7,25° in Z-X @ 2° in Z-X

magnetic inY-z plane in Z-X plane

dipole) plane plane

@|2 m \

Harizontal -0,5dB Ey Ey 0 dB Ey Ey -11 dB
lopp (vertical @ 4,25° in Z-X @ 4,25° in Z-X

magnetic in Z-X plane in Z-X plane

dipole) plane plane

@|1m

Hqrizontal 0dB Ey Ey 0dB Ey Ey -5,5 dB
lopp (vertical @ 2,25° in Z-X @ 2,25° in Z-X

magnetic in Z-X plane in Z-X plane

dipole) plane plane

@|2 m

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.



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

CISPR 16-3/TR © IEC:2000(E) ~ 117 -

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
amdthe maximum fiefd Strengtn measured i e nefght scan 15 created py the sam or_the
direct and reflected space wave components (the sum is sometimes called somewhfat
mjsleadingly, the "ground wave"). The contributions of the space wave signals increase [at
lower elevation angles as more grating lobes form with increasing frequency.

It|is particularly important to recognize that, at horizontal distance 3 wore, the
worst-case underestimations of the maximum levels of field strengths § ) » ill
generally occur when the fields are horizontally polarized. Thig’'Ts \ 8 5e

the signals for the ILS (marker beacons, localizer, and gI|de SE o sl
haorizontally polarized transmissions and therefore req & i
haorizontally polarized disturbances.
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Calculations and measurements made at a cop gight, idi , ne
mximum rate of change of the fields™wi , A is i ly
proportional to distance squared. * a
grlazing incidence in the far field a fields [ is
to] be expected at a constant measupir 12]. However, the space wave figld
strengths along radial paths at con gles vary in simple proportion with
inverse d|stance which i fields propagating freely in space.
d near the ground (the so-called "ground

waves") will, in genera ith increasing distance than do the fielfs

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

strength of radiati i directiorts from all four types of source and at all frequencigs
from 75 MHz to 1N\OOO M

45.4.4 Pred

In| its measure fyprocedures relating to the ways in which measuring antennas are to be
uged, CISP " distinguish between measurements made in situ for the protectipn
off specific safety _services and those made for the protection of other services. Thus, if|a
measurement of emissions is made in situ from a Group 2 Class A ISM equipment |in
agcordance with the specification, the measuring antenna is placed at a height of 3 m + 0,2|m
(7.2.4);\no height scan is specified.

Theobvious Tiskwithrfixedtreght measurements 75 thata measurenrent witt e madeat = Tull
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.


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

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

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 W|th those in figure 4.5-12(b) shows
th

deep nulls will pass through the measuring height of 3 m at horizontal measuring distapce of
10 m and 30 m. These effects can be encountered at greater horizontal measuring diStancgs
and lower frequencies if the height of the radiating source is increased.

We are now in a position to answer the third question posed in 45 3 i at
predictability is degraded by fixed height measurements. Measukeme ight
should not be permitted, especially if they are being made to dete ~ ) ific
sdfety services.

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

4.5 Differences between the fields

There are significant differences between G Ut nd
g st

0
being that the reflection e

a magnitude of unity a
mignitude less than s ) In addition, for vertically polariz¢d
waves over a perfect ST i ewster's angle or, expressed in another way, jat
all reflection an €rticalk arized image in a perfect conductor is always in phase with
thie vertically pola i écl A of

V€
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ing
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at
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m

yp g g .
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.

bm the small vertical dipole show that at 1 000 MHz, just as was the case at 30 MHz, the
vartically polarized fields developed near a metal ground plane at 1 Q0Q MHz ar€“much
stronger than those developed near a "medium dry ground”. The sam¢ conslusions’ which
were reached at a frequency of 30 MHz regarding the possible penalti sNmpased\on an EU[T,

w i ite £ ith figld
st ¢ y 000 MHz.
S ' S ically
pd s

Cr1i

e phase reverdal
ce below Brewste
af m distance shows the
hei ith a reflection taking plage
at ' [} Y i dry’ground”.

of]

It]i i in fi .5- i d nulls and maxima at heights
o] , 6 nd the "medium dry ground" are |in
ph ignifyi i i ground planes have similar phases when
re e t eleyation angles above Brewster's angle.
However, it is also qui 3 ized waves reflected below Brewster's andle
oVer the "medium dr phase with respect to the corresponding
reflected waves oxer . In other words, the vertical image in the losgy
diplectric is rev g initerference (a null) at the surface of the "medium
dny ground" whereg , nterfgrence (a maximum) occurs at the surface of the
capper ground plare e eflected path lengths being the same in both cases).

Wi at a height of 1 m, a maximum occurs in the field at 10|m
di above the "medium dry ground", whereas a very deep ntll
og¢curs at thd gr tF pper ground plane (the direct and reflected path lengths differ

S
ide
e
s
e

good gwdance to the fleld 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
miaximum horizontally polarized fields over a metal ground plane exceed those over. an
edarthen ground plane because the magnitude of the reflection factor over the earth (plane
becomes significantly less than unity. The reflected wave then con less)\to the
canstructive interference occurring at the field maxima.

cogmplicated by a Brewster's angle phenomenon. In general, ) ¢ 30MHz and
above, the horizontally polarized field patterns over a real gro ‘ papes of the
carresponding patterns over a metal ground plane. Some st i A i Id strengths

af ne at the lower
fre \. Differences are also
(o] S the surface wave |is
ingignifi , i i i decreases below unity
as o

45.5.

W

In i a D ated over real ground at frequencies |of
3( : \ terns over a metal ground plane. There afe

sq eCi in x agnitudes. At the lower frequencies some small
differences are S , iste of the surface wave over a real ground. At the
higher frequenci ! ( ifferefices at short measuring distances are caused by
thie decrease below agnitude of the horizontal reflection factor for real groupd
w : : 9s significantly above grazing incidence. Constructiye
in . 3 ed/waves over real ground then produces field strength
mjxima of sg nagnitudes than those produced over a good conductor whi¢h
has a refl ity at all reflection angles.

Hpwever, Ve erénces are found when comparing the patterns of vertically polariz¢d
fields over a aI graund plane with those over a real ground. The differences are primar|ly
created by-the existenice of Brewster's angle for the reflections of vertically polarized waves
from a lossy dielectric like real ground. When reflections from real ground take place belgw
Brewsters angle the minima in the fields occur at the same heights at which the maxima a
produced with the same measurlng geometry over the metal ground plane most notably at the

why the height scanned vertlcally polarlzed 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.
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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 th

predictability at 330 MHz is obtained when the source behaves as either a small horizental
dipole (dh) or as a small horizontal loop (Ih). There is nominally zero e predieting the
i edictability [at
330 MHz results in an underestimate of approximately 4,5 dB for the ) orizontally
polarized field Eh emitted at elevated angles from a small vertical lgop

When measurements are made in a height scan at a hor|zont the bar flor
the uncertainty range at 110 MHz in figure 4.5-19 sho : edictability Jat
1] XS are is a negligible
un y erticadly polarized field.
The poorest predlctablhty at 110 MHz produces a fgre imate, by 9,5 dB, of the

hori all horizontal dipdle
¢

Fi g & in predictability that occur|if
the horizontal measuring distance is asgreat™s . At 243 MHz, the bar illustrating the

uncertainty range shows that the poorest pre ictal gt 243 MHz introduces a very large
underestimate by 22 5dB ized/Eh fields emitted at elevated angles
from a small 2 horizontal loop (lh). The begst
predictability at 243 MKz also p oduce avarge u derestimate, by 13 dB, of the vertical Ez
cgmponent of the vertica i Hite€d at elevated angles from a small vertigal
dipole (dv). Fig b \ particular, graphically illustrate the very large
underestimates @7 a pts are made to predict the strength of radiati¢n
in| vertical directighg Yase gasurements near the ground at unknown horizontal

distances greater Q

45.7 Concl

The in saswtenent procedures at frequencies above 30 MHz which are specified |in
C ighificant underestimates of the field strengths emitted at elevat¢d
angles from nt. The underestimates can arise due to the ill-defined measurement

The largest underestimates of the fields at elevated angles will generally occur for horizonta|ly
planzed flelds This is a cause for concern, because the aeronautical safety of life serwc ]

by the honzontally polarized marker beacon Iocallzer and glldepath S|gnals 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

en“inmnnf Haoiaht cocan masciiramantc
oo et reTg oo e out© Tt

at o hovigantal Adictaonecn Af 10 m  fropms o | M
||||| ot o T C ot oot rtc t— oo oot

eq
al|

di

pn

thian 10 m from the equipment which is the source of the radiation then the lim
Stance, particularly if it is more than 30 m, must be derived from the 1XONm i
thiem in inverse proportion with increasing distance squared. This mt
event relaxation of the protection the limits are intended to pro f nication pr
rgdionavigation systems that are operated high above ground.

uipment Jjn situ allow accurate estimates to be made of the fields emitted at elevated
gles. If for practical reasons the in situ measurements must be made at a _distance @greater
its at the larger
adjusting
order to
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————— wet ground ¢ = 90U, O =1lsmsS/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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"medium dry ground" € =15, 0=15mS/m
-------------- "very dry ground" € =3 0 =0,1 mS/m
IEC 805/2000

Figure 4.5-1(b) Height scan patterns of vertically oriented Ez field strengths
emitted at 75 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distances of 10 m, 30 m and 300 m in the Z-X plane
over three different types of real ground.
x 0,1 m. Loop centre height 2 m. Dipole moment 1 A [h?2.

Loop dimensions 0,1 m
(Reproduced from [10])
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CISPR 16-3/TR © IEC:2000(E) — 125 -
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wergrotmt = o0 O—="TF0O o7

_— "medium dry ground" € =15, 0 =35 mS/m
very dry ground € =3, 0 =0,15 mS/m (EC 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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i H
105,0 1150 1250 1350 1450 155,00 1650 1750 185,0
E-field strength, dBuV/m

FREQUENCY = 1 000 MHz

————— Wet ground T, =30, O = 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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_————— wWet grouria cr = oU, U = 14U 1MMS/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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E-field strength, dBuV/m

FREQUENCY = 75 MHz
E, at a scan radius of 10 metres in the Y-Z plane
.............. E, at a scan radius of 10 metres in the Z-X plane

E, at a scan radius of 30 metres in the Y-Z plane

E, at a scan radius of 30 metres in the Z-X plane
_____ E, at a scan radius of 300 metres in the Y-Z plane

""" 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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40,0 50,0 60,0 70,0 80,0 90,0 100,0 110,0 120,0 130,
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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Figure 4.5-4(a) — Vertical polar patterns of horizontally polarized

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

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:

(Reproduced from [10])

g =15,0=2mS/m.

Ez
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CISPR 16-3/TR © IEC:2000(E) ~131-
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E-field strength, dBuV/m
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FREQUENCY =110 MHz
IEC 812/2000

Figure 4.5-4(b) — Height scan patterns of horizontally polarized Ex field strengths
emitted at 110 MHz from the small horizontal electric dipole, at horizontal distances of 10 m,
30 m and 300 m, in the Y-Z plane. Dipole length 0,2 m. Dipole height 1 m. Dipole moment 1 A .
Ground constants: g =15, 0 =2 mS/m.
(Reproduced from [10])
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Figure 4.5-5(a) — Vertical polar patterns of horizontally polarized
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:
(Reproduced from [10])

IEC 813/2000

Ex and vertically oriented Ez

x 0,1 m. Loop centre height 2 m. Dipole moment1 A 2.
g =15,0=2mS/m.
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CISPR 16-3/TR © IEC:2000(E) ~ 133
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E-field strength, dBuV/m
FREQUENCUY = 11U MHAZ
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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E, at a scan radius of 10 metre
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Ca. _ E, at a scan radius of 30 metres

C, dla stdll radios of 3o Tetres

E, at a scan radius of 300 metres

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

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


https://standardsiso.com/api/?name=80094c5c5f6fd41afe0bf96ac50ac812
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— 135 -
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Figure 4.5-6(b) — Height scan patterns of vertically oriented

IEC

Ez and horizontally oriented

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:
(Reproduced from [10])

g =15,0=45mS/m,

816/2000

Ex
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Figure 4.5-7(a) — Vertical polar patterns of horizontally polarized

IEC 817/2000

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
Ground constants:
(Reproduced from [10])

x 0,05 m. Loop centre height 1 m. Dipole moment1 A [h?2.
g =15,0=45mS/m,
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CISPR 16-3/TR © IEC:2000(E) ~ 137 -
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-------------- Horizontally oriented E, IEC 818/2000

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

g =15,0=75mS/m,
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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])
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Figure 4.5-11(a) — Vertical polar patterns of horizontally polarized E-field strength emitted
at 330 MHz around the small horizontal loop (vertical magnetic dipole), at scan radii of 10 m,
30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m. Loop height 1 m.
Dipole moment 1 A 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 E-field strength emitted
at 330 MHz from the small horizontal loop (vertical magnetic dipole), at horizontal distances
of 10 m, 30 m and 300 m in the Z-X plane. Loop dimensions 0,05 m x 0,05 m.
Loop height 1 m. Dipole moment 1 A 2. Ground constants: g =15,0=45mS/m.
(Reproduced from [10])
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Figure 4.5-12(a) — Vertical polar patterns of horizontally polarized E-field strength emitted
at 1 000 MHz around the small horizontal loop (vertical magnetic dipole), at scan radii of 10 m,
30 m and 300 m in the Z-X plane. Loop dimensions 0,02 m  x 0,02 m. Loop height 1 m.
Dipole moment 1 A 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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Higure 4.5-14. ~<Meight §can patterns of the vertical component of the E-fields emitted at 30 MHZ
from a sprall verticalelectric dipole, at horizontal distances of 10 m, 30 m and 300 m. Fields
calculated,in NEC (solid lines) include the surface wave over real ground. Electrical constants
used\fer the real ground plane were € = 15,0 =1 mS/m ("medium dry ground"). The dashed
curves were calculated geometrically to include the direct and reflected space waves from an
infinitesimal vertical electric dipole over a metal ground plane. For the metal ground plane the
electrical constants of copper were used, with g =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])
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Figure 4.5-15 — Height scan patterns of the vertical component of the E-fields emitted

at 1 000,MHz fr a small vertical electric dipole, at horizontal distances of 10 m, 30 m
and 300um. Fields calculated in NEC (solid lines) include the surface wave over real ground.
Electrical~constants used for the real ground plane were g, =15, 0 = 35 mS/m. The dashed curve$
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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Figure 4.5-16= can patterns of the horizontally polarized E-fields emitted at 30 MHz in

—

Re vertical plane normal to the axis of a small horizontal electric dipole, at horizontal distances

of 10 m;-30 m and 300 m. Fields calculated in NEC (solid lines) include the surface wave over
real’ground. Electrical constants used for the real ground plane were g, =15,0=1mS/m

Tmiedium dry ground"). The dashed curves were calculated geometrically to sum the direct and

afldctad wwavac from an infinitacimal haorioantal alactric dinala aviar o matal aranind nlona Thao
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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
distanées of 10 m, 30 m and 300 m. Fields calculated in NEC (solid lines) include the surface
wave over real ground. Electrical constants used for the real ground plane were g, = 15,
0= 35 mS/m ("medium dry ground"). The dashed curves were calculated geometrically
tU SUTTT thc d;lcbt IJIICIl |cﬂcutcd opaALT Wavto fIUIII arll ;Ilf;ll;tcb;lllc\: hUI;LUIItG: C:C\.’tl;\.’ dlpU:C
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])



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

CISPR 16-3/TR © IEC:2000(E) — 153 -

75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz

I |

E, dv) E, (dv) E, (dh) E, (dh)&(lh) E, (dh)& (h)

Over-
estimate

Uncearltgainty, 0 0 io ] 0 log frequency
-2,5 -2,5 -3
E, (Iv)& (dh) E, & E, (Iv) 45 E, (V)

5 }- -5
Under- E, (dh) E, (V)
estimate

10+ 1-4 m hej

fr
i

> —=h

Pq

C

fr
i

5 —=h

=3

ve

IEC  835/20]

5 based on measurements of the horizontally and vertically polarized

bm 1 m to 4 m at a horizontal distance of 10 m from the sources. The foll
w the bar chart can be interpreted. At 243 MHz, the bar shows that the b
nominally zero error, is obtained when estimating the maximum stre
larized Eh field emitted at elevated angles from a source behaving
dh). The poorest predictability at 243 MHz, an underestimate by

75MHz 110 MHz 1000 MHz
E) (dv)
E, (dh)&(lh)

log frequenc

Over-
bstimate

hcertainty, 0
dB 15
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Figure 4.5-19 — «s in the predictability of radiation in vertical directions

m electrica ated at a height of 1 m or 2 m above ground. The predictability

5 based orizontally and vertically polarized E-fields in a height scan

pm 1 myto % xndiorizontal distance of 30 m from the sources. The following example shows

w the ba |ntepreted At 330 MHz, the bar shows that the best predictability, with
nominalty obtained when estimating the maximum strength of either the

Fh field emitted at elevated angles from a small horizontal loop (lh) or the

Ez vertical'eéomponewnt of the vertically polarized field emitted at elevated angles from a small

rtical dipoale (dv). But at 330 MHz the height scan measurements may provide an underestimate
by @s-much as 3,5 dB when predicting the strength of the horizontally polarized Eh field,
which is the maximum field emitted at elevated angles from a source behaving as a small

Do

vertical loop (lv) (Reproduced from [10])
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A in vertical directions

from electrically small sources located at a ground. The predictability

is based on measurements of the horizontally and\vextica i E-fields in a height scan
from 1 m to 4 m at a horizontal distancé of 300 m Yo/ thexsources. The following example

shows how the bar chart can be inte 2 h a 000 MHz shows that the best
predictability at that frequene ich- de jmate\by’as much as 5 dB, will be obtained

hen predicting thexpa
angles from a se

=

horigontally polarized Eh field emitted at elevated
izghtal loop (lIh) or a small horizontal dipole (dh).
gduced 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 achleved between vert|cal radlat|on patterns calculated for S|mple
elee ctre reHoops-overreatgrothdant olams ns
created by reaI ISM equipment. ThIS can be shown usmg alrborne data, measured by Ohi
Upiversity, of the harmonic field strengths from four different 27 MHz_ISM machings

positioned at ground level on an earthen open field site [4]. Each ISM/machi F
plastics sealer, identified by a letter symbol A, B, C or D. Fundamg I rs
ranged from 2 kW to 27 kW , strength
data at approximately 109 MHz, collected by an aircraft flying at consta g
slant range, were converted to field strengths in vertical polar rathati

radial distance of 300 m, at elevation angles varying from ap roxi q y . Tte
regsultant far-field vertical radiation patterns were then, o i DN
patterns calculated at the same distance from small el€stric “d} al
ground. The obJectlve was to meet a tolerance of fit x B

equipment, at 109 MHz in the aeronautical ILS NS
calculated for simple dipoles and loops«

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

af

elevation‘angle of 90°, which locates the common field point between the two patterns.

Sommerfeld-Norton surface wave contributions to the horizontally polanzed fields at very lqw
el MAation Aanco loa _havun Alcen bhaoann ~oncl idoarad tnacoaii~ h Ao thalr racanecA aht ho /e

atHeh aTYTC o v e aroU— T TTT— COTTSTOCTC O mMaSTToTT T o e+ PTCSTTTT IIIIUIIL et

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
vartical field patterns created broadside to two electrically small vertical loops were used ’Lto

provide the matching patterns in figure 4.5-A2. The dipole moments required were the samje,
buit the source height and therefore the radiated power required to matc e
north were different from those required to match the patterns to the souytj

epatterns-to t

Figure 4.5-A3 compares the radiation at 109 MHz emitted from Ma plastits
sgaler), derived from in-flight data measured at an altitude ¢ ? . dlculated
haorizontally polarized field patterns for two small horizontal e ' . ine C was
operated with its RF shields in place. The sharp step in the™ i to

the elevation angle of 20° in figure 4.5-A3(b) corresponds M
equipment. The match in figure 4.5-A3(a) was obtain Qrizer le
atl a height of 2,7 m, slightly higher than the 2/m ed

elsewhere in this report.

Examples of pattern matching for | 1o . F
shields in place, are shown in figure 4.5:A4: K s
emitted broadside from two small vertig S S.
The match in figure 4.5-A4(a) was obt : re
height of 0,85 m, slightly lower than_the i in
this paper. Switch-off of\the\S i he

elpevation angle of 5° i

The figures all W strengths of the disturbances radiated from ISM
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
I9M equipment openg

Hpwever, inati the vertical radiation patterns, it can be concluded that|-
in|spite i th” fluctuations — the horizontally polarized field distributipn
efncountered alrcraff at elevated angles, during any single flight pass over the ISM
equipment, easenably well matched (within = £10 dB) with field distributions creat¢d
atl elevated angtes byysimple electric or magnetic dipole sources. Given the relatively go¢d
miatch of thetsimpleviodel patterns with the measured fields at angles above about 4°, and
the boundary conditions which reduce the strength of the horizontally polarized fields near the
grloundi/the patterns of the fields of the simple models calculated near the ground will be
similar'to the patterns of the real fields if they were measured at elevation angles below #°
(S < [11]). ThCOC ICQu:tQ DUP}JUIt thc bC:IUf that thc Flcdlbtablllt)’ Uf fﬂl flc:d |ad;at;u|| Ulll;tt d
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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b) Flight data measured north of the ISM equipment.

IEC 8382000

ndamental RF power 25 kW), 180° azimuth, flight altitugle
ields removed, derived from in-flight field strength data |in

acurrent) moment /.d/ = 2,51 mAl, radiated power = 704 pW.

= horizontal electric dipole, centre height above ground 1,3 i,
dipole (current) moment /.d/ = 2,82 mAl, radiated power = 996 pW.
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) Flight data measured north of the ISM equipment.

IEC 839/2Qq00
tterns of horizontally polarized fields,
300 sgan radius (Adapted from [5])
S 3 B mental RF power 2 kW), 0° azimuth, flight altitude 152 m

a) Dash e A\S = small vertical loop, centre height above ground 1 m, dipdle
omemt [.dA = 3,6 mAn2, radiated power = 6,56 mW.

= small vertical loop, centre height above ground 2 m, dipdgle
oment I.dA = 3,6 mAin2, radiated power = 8,33 mW.

b) Dashed curve



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

CISPR 16-3/TR © IEC:2000(E) — 159 -

z z
1 POLAR 1 POLAR
SCAN SCAN
PATH PATH
R
R x

Y
GROUND / \ GROUND

S

b)

Dashed.eurve
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/ SOURCE / SOURCE

b) Flight data measured north of the ISM equipment.

IEC 840/2000

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

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



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

S

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

>

POLAR
SCAN
PATH

POLAR

: &

Dashed

Dashed\curve

\
AN GROUND \  GROUND
N
VERTICAL LOOP VERTICAL LOOP
SOURCE SOURCE
X
90° 80°
70°
60° Frequency = 109 MHz MHz
50°
N
N 40°
A
\\
30°

E-field strength, dBuV/m

b) Flight data measured north of the ISM equipment.

IEC 841/2000

fundamental RF power 2 kW), 20° azimuth, flight altituge
ghields in place, derived from in-flight field strength data [in

oursg”= small vertical loop, centre height above ground 0,85 m, dipgle
ent /.dA = 0,14 mAln2, radiated power = 10,4 pW.

Source = small vertical loop, centre height above ground 2 m, dipgle
moment /.dA = 0,23 mAin2, radiated power = 42,0 pW.
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4.6 The predictability of radiation in vertical directions at frequencies up to 30 MHz
4.6.1 Scope

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

The vertical radiation patterns of the fields have been calculated at a distance of 30 m frgm
various electrically small sources, and then the patterns of the fields at greater distances.haye
i a

in
s
S{

el
c(
b

The possible effects on thé verti 1ati produced by walls, buildings, reinforc¢d
cq , } in t icl of the sources, and the effects on waye
pr i t i i idal
cq v S i S,
af - he
ef >

4.6.

C S
in i i Ad pedical (ISM) radio-frequency equipment. The limits are intended
provi gception of radio services. At frequencies below 30 MHz the lim
af Zont ¢ .
For measureme€nts on\a test site, the limits apply at a distance of 30 m from the source. Whegn
measurements are~wade in situ the distance to the measurement point is defined as 30[m
from the<exterior wall outside the building in which the ISM equipment is situated; the distange
from the~source is not defined. Measurements are to be made with a vertically oriented loop,
thle 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

t}« aleetractatic aor 1nductinn naay f1ald ranion oloca o tha caonran At 1 MLIS thn dictanosn f
etectFostatte—or—thauetvre—hRearHete TCgToOTTCTOSC ot~ oUTTCC—7 Yt T 1viT 1zt re—orotartcc

30 m is within A/10 of an electrically small source and places the measurement positionjin
what might be called the radiating near-field region. At 10 MHz, a distance af 30 m represents
approximately one wavelength from the source, a region where the far-field has' becone
egtablished. At 30 MHz, a distance of 30 m represents approximately tfire ngths frgm
thie source and places the measurement position well into the far-fieleh

Inf addition to the variations in field behaviour produced by chay
cgnditions as the wavelength is varied, in the frequenc ( OMHz the

electrical behaviour of real ground varies. In general, real gro { ha a
lossy conductor at low frequencies and the characteristic i ighler
frequencies. Moreover, the values of the electrical cgnstant Vs
they may range typically from a conductivity of 104 i a

cgnductivity of 10=2 S/m and relative permittivit : e i bS
off the ground constants does not engompass”all o a in
sgme localities.

The report shows the limitations of . In
particular, it identifies the critical im nt
distance — the actual dist he
ground — if it is to be pos 'bIe ( [ I\ i i ed

amgles with a known m

The report indic8 e ' ¥ of the significant errors in predictability that can
stjll occur when the'p S S,
and the large errgrs i ¥ i i i nd
can be determirfe ming i [ . w
mpagnitudes g i [ ili , by

remain S|gn |can 3 enti [ i -fi ar
grlound ¢ easurements of vertically oriented H-fields at heights up to 6 I,
when thenpea 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
Mpments computer code known as the Numerical Electromagnetics Code (NEC) [4]. A double
prleeision version, NEC2D, with the companion code SOMNEC2D, was used. NEC with
SOMNECT 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.

46.4 The source models

horizontal balanced electric dipoles, and vertical and horizontal bal ed f PS
(hlorizontally and vertically oriented loops respectively), each having/a\ukit dix le.
a|dipole [current] moment of 1 Alh for the electric dipoles and a_dipole\ms 3 or
the magnetic dipoles). All were located very close electrica I Ce
(within a small fraction of a wavelength); the height above ¢ le
was varied between either 7 cm or 15 cm and a maximum ty
off the shape of the field-strength patterns to changes—i NS
cansidered in this report are those that exhibited the greatestyvawi

e geometries of the models used for the fie ~ 3 PS
-1 to 4.6-4, including the paths of i xn
en of the verified azimuthal symm d
vertical electric dipoles to confine attentian to\the radial scs ly

he
K < asymmetry to produce a significant electtic
dipole contributiop\to ) ic fields — because of their finite size the small loops
dig not behave ct ically{nfinitesimal™wagnetic dipole sources. Therefore, in the modgls
uged here, each lodpwa '

electric dipole coptriution preduced\by current asymmetry arising from the use of a single

geénerator was re NSigrificance. Of course, in the case of the horizontal magnetic
dipole (vertica : always a loop current asymmetry (and a resultant electric dipgle
mioment) caused b i g’the ground and this effect also occurs in the models used |in
thiis repao

Mpst attention in this report has been devoted to radiation sources located close to a ground
hqving.a. conductivity, o, of 1072 S/m and a relative dielectric constant, € of 15; thege
electrical constants are in the CCIR category of a medium dry ground [1] [2].

At the upper and lower extremes of the frequency range, 30 MHz and 100 kHz, examples of
two other sets of values of ground constants have been used with the small horizontal electric
dipole model to illustrate the influence of differing values of the ground constants on the
vertical radiation patterns. The electrical constants mentioned in 4.6.2, with the numerical
values of 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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Figure 4.6-1 — Geometry of the small vertical
electric dipole model

Figure 4.6-2 — Geownet

IEC 843/2000

S¢

IEC

T

For each type<o

bgeen compared witt
allise fromsthe approximation which is sometimes made that the influence of real ground c
be determined by assuming it behaves as a perfect conductor.

HORIZONTAL LOOP
SOURCE

GROUND

IEC 845/2000

Figure 4.6-4 — Geometry of the small vertical
magnetic dipole model (small horizontal loop)

soukce, the field patterns above a perfectly conducting ground have also
e patterns generated above real grounds, to identify the errors that czn
n

In general, 1t 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.

measurements of horizontally oriented H-field at distances up to 3 km from the source

Type of source Predictability based on Predictability based on in based/on
measurements near real situ measurements near patterns
ground at 30 m distance real ground when the alculatedh at aXknown

from the source measurement distance \ rce,
from the source is not haves|
precisely known /\ perfect conductor

Blectrically small Excellent Excellent \ ExteHent

ertical 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 N
Blectrically small Excellent Poor
Horizontal electric (see figures 4.6-11, 4.6-12, | (see figurds 4. / (see figure 4.6-11)
dipole 4.6-13) ; Note 3

Notes 1, 2

Blectrically small Excellent Very good
Horizontal magnetic |(see figures 4.6-16, 4.6-18) | (See § . 4.6-48 (see figures 4.6-16, 4.6-17)
dipole (vertical loop) Note 4 \6-19,4.6-20) Note 5
Blectrically small Poor We Impossible
ertical magnetic (see figu 4.6-21, 4.625) eNfigur \G-21, 4.6-23 (see figures 4.6-21, 4.6-22)
dipole (horizontal te to 4»6-26) Note 8

Ipop) N K ote 7

~—"

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

NPTE 1 The measuré

NOTE 2 The small ifflue all horizontal electric dipole's vertical radiation patterns at 100 kHz

byl a wide range of the\electrics S the ground is shown in figure 4.6-12.
NQTE 3 The Horizo ic o H-field pattern calculated assuming a perfectly conducting ground shofs

that such ap\as i \ derestimate of more than 20 dB in the absolute field strength, and false¢ly
indicates 3
Sqe figure 2x§-11.

NOTE 4 Measu ent of horizontally oriented H-field emitted by the small horizontal magnetic dipole (vertigal
lopp) near the gretinthcan gverestimate the maximum vertically oriented H-field strength at elevated angles by Igss
thqn 1 dB, sée)figure 4.616. Note, however, that the measurement overestimates the strength of the horizontglly
orlented H-field emitted in the vertical direction by more than 3 dB.

NOTEAS { Vertical patterns of the horizontally oriented H-fields emitted by the small horizontal magnetic dipgple
(vertical® loop), calculated assuming a perfectly conducting ground, can overestimate absolute values of figld
stlength over real ground by 6 dB_but the shapes of the patterns are a good guide to thase over real grounmd.
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

ertical 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)
Blectrically small Very good Good Poor
Horizontal electric (see figures 4.6-30, 4.6-32) | (see figures 4.6-30, 4.6-31, ee figure 4.6¢30)
dipole Note 9 4.6-32, 4.6-33) Note, 10
Blectrically small Excellent Good
Horizontal magnetic |(see figures 4.6-34, 4.6-37) | (see figures 4.6-34, 4.6-36, (
dipole (vertical loop) Note 11 4.6-37, 4.6-38)
Blectrically small Excellent Impossible

ertical magnetic (see figures 4.6-39, 4.6-42) | (see figures 4.6-39,4 6- s f S 4 6-40)
dipole (horizontal Note 13 to 4.6-42 Note 15
Ipop) Note/:u\

N
pe
st
st

N
oV]

N(
pe
N

gr
di
1

un
oV]

N
de
is
or

hari

di
N
hg

st
cal

tance from the-so

DTE 15_“At/1 MHz, the vertical radiation pattern of the horizontally oriented H-field emitted by the sm
rizontal _loop above a perfectly conducting ground has an absolute value more than 15 dB less than the fi
ength ‘calculated above a real ground. The shape of the vertical pattern of the vertically oriented H-fig
cllated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated close

DTE 9 Measurement of the horizontally oriented H-field emitted by the hor| ntal tric dipole near the grou
n overestimate the maximum vertically oriented Hf|e|d stre i levated angles by approximat
IB. See figure 4.6-30. Note, however, that the strength of the horizontg
ented H-field emitted in the vertical directiof by

DTE 10 The H-field patterns calculated at a distans Y e Horizontal electric dipole assuming
rfectly conducting ground show that such an assumptior_cagses™an underestimate of 20 dB in the absolute fig
ength at 1 MHz, and falsely indicates that aset\ measurement underestimates the maximum fi
ength emitted in vertical directigns by 5 dB.

DTE 11 Measurement of th [ i d emitted by the small vertical loop near the ground ¢
erestimate the maximum field i atelevated angles by less than 3 dB, see figure 4.6-34.

DTE 12 The patterns of |hoxjzoqt i€ fi caletlated at 30 m from the small vertical loop assum
rfectly conducting graund imy d patterns over a real ground. See figures 4.6-34 and 4.6-3%.
DTE 13 The me iehted H-field emitted by the small horizontal loop near f
bund at 30 m distansé€ ca aximum vertically oriented H-field strength emitted in the verti
ection by more than ofizontally oriented H-field emitted at elevated angles by less th
iB, see figure 4.8 the vertically oriented H-field, Hz, near ground reduces
derestimate of the e vertically oriented H-field emitted in the vertical direction to about 1 dB, &
erestimates t ly oriented H-field strength by more than 1 dB.

DTE 14 The e H-field components near the ground and at elevated angles are stron
pendentOn e from the horizontal loop source. The horizontally oriented H-field near the grou
a radia hich attenuates more rapidly with increasing distance than does the horizontg
ented H-fi anigles. The vertically oriented H-field near the ground is a component of t
rizontally pola¢ : gro nd wave Iaunched by the horizontal Ioop and attenuates very rapidly with increasi

nd
>|y
Ily

a
eld
eld

yly
nd
Iy
he

ng

all
bld
bld
to

th

e

real nrnunrl {‘nmnnrn fnnnrne A4 6.39 and-4.6-.40__ln nnnnral the boundary conditicn—which—reguires—t
P4 =T

vertically orlented H- fleld 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
ertical 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

Blectrically small Poor Good

Horizontal 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

Blectrically small Very good Impossible Imp ss\lv

Horizontal 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

Blectrically small Poor Impossibl Fair

ertical magnetic (see figures 4.6-51, 4.6-52) | (see figures 4. N ee figures 4.6-51)

dipole (horizontal Note 24 Note 26

Ipop)
NOTE 16 The horizontally oriented H-field nea ve
enpitted from the vertical electric dipole. At 10MHz idly
with increasing distance, such that there is an excess\8 0B y-
wgve attenuation over the distance from 30 m to 380 m
NOQTE 17 At a distance of 30 m from the vertical electric dip® ical
rafliation pattern of the horizontally onented bal
grpund. However, the verticall ng
digtance at the free space rate and therefore do nd
at|10 MHz (see Note 16). at
digtances much beyond 30
NOTE 18 The meaglOxem all
hdrizontal electric he
veftical direction by appfroxi by
about 3 dB. Measurements o ee
figure 4.6-46
NOTE 19 At 10 MH ith
in¢reasing distance™o is
approximately
NOTE 20/ Th he
digtance fro B
m@re than the “sk wation over the same distance. Near a real ground the excess attenuation is abgut
7 ¢B over the same |stan at 10 MHz. The vertical radiation patterns over real and perfectly conducting grounds
therefore differ significant)y 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 smfall
velrtical loep can underestimate the horizontally oriented H-field strength emitted in the vertical direction by Idss
than_3%dB, but it overestimates the strength of the vertically oriented H-field emitted at elevated angles [by

ap

proximately 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 increasi
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.

ng

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

approximately 5 dB at 10 MHz. See figure 4.6-51.

by
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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
th‘ grouria ill PO Casces die e Telnmiarts Ol Iduidlly Uilbblb‘u Ilb'dl-lit'lu COmpaorierits, Not a4 palt 01 plUpdgdli lg
wgves, and they attenuate more rapidly with increasing distance from the source than do the fields at elevated
angles. See figure 4.6-51. It must also be recalled that, in general, the boundary condition which requires the
vefrtically oriented H-field strength to be zero at the surface of a perfectly conducting means(that at Jall
frgquencies up to 30 MHz the patterns of vertically oriented H-field which are non-zerg | ground do not
resemble the corresponding vertically oriented H-field patterns which go to zero at the ger cting groun(d.

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

measurements of horizontally oriented H-field at distances UN fr ce
Type of source Predictability based on Predictability base ] i abiMased on
measurements near real situ measureme nea tical rediation patterns
ground at 30 m distance ed at a known
from the source ance from the source,
ing the ground behaves
s a perfect conductor
Blectrically small Very good Q Impossible
ertical electric (see figures 4.6-53, 4%6-54)\\(s&e figures 4.6\53, 4-6-5 (see figure 4.6-53)
dipole Note 27 Note 29
Blectrically small Poor Impossible
Horizontal electric (see figures 4.6-55, 4.4-57, (see figures 4.6-55, 4.6-56)
dipole Note 33
Blectrically small \j@ossible Impossible
Horizontal magnetic (see figures 4.6-59, 4.6-60) (see figure 4.6-59)
dipole (vertical loop) Note 35 Note 36
Blectrically small Q Impossible Good
ertical magnetic (see figures 4.6-61, 4.6-62) (see figure 4.6-61)
dipole (horizontal Note 38 Note 39
Ipop)

NOTE 27 The{mea e hoyizontally oriented H-field near the real ground at 30 m distance from the
small vertical electric nde imates the maximum field strength at elevated angles by about 3 dB |at
30 MHz.

NQPTE 28
emitted from the i ectric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with increasing
distance near greunth that there is an excess 13 dB attenuation of the ground wave in addition to the 20 iB
sky-wave att€nuation over the distance from 30 m to 300 m. See figures 4.6-53 an 4.6-54.

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

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

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

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

NQTE 34 Measurement of the horizontally oriented H-field near real ground at 30 m distance from the smfall
vefrtical loop can underestimate the maximum horizontally oriented H-field strength emitted in the vertical direetipon
byl less than 6 dB. It gives an exact indication of the strength of the vertically oriented H-field_emitted at\elevated
arnlgles. See figure 4.6-59.

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

NQTE 36 At a distance of 30 m from the small vertical loop over a perfgC
rafliation pattern of the horizontally oriented H-field is within about 8 dB of\the pat
grpund. However, the vertically polarized wave near a perfectly conductjn

frge space rate, unlike the vertically polarized wave over a real ground
at| 30 MHz — see figures 4.6-59 and 4.6-60. Vertical radiation pa
grpund can therefore be very misleading as guidance to the patje
beyond.

NOTE 37 Measurement of the horizontally oriented Hf|e

frgm the small horizontal loop can underestima 3
14 dB. Note, however, that a measurement of¢/the werti IIy orie
thé maximum H-field strengths at elevated ang

NQTE 38 The relative magnitudes of the H-field the ground and at elevated angles are strongly
degpendent on the actual distance from the horizontal loop SQuIEg. T e horizontally oriented H-field near the groujnd
is |a radially directed component which attenuates mgre apn inereasing distance than does the horizontglly
orlented H-field at elevated angles. The ver caII fiefld near the ground is a component of the
hdrizontally polarized ground w e ‘hotizgntal Igop and at 30 MHz it attenuates very rapidly with
ingreasing distance from the sourge. 6 ;

NOQTE 39 The shape and Jitude & i ation’ pattern of the horizontally oriented H-field calculated

at|a distance of 30 m ftom i al/loQp over perfectly conducting ground at 30 MHz are very similar|to
th¢ shape and mag t g at
grpund-based meastemw i i -fi i i i i at

he
’S,
at

elgvated angles by 167dB
grpund in both cases agr
and they attenuate
elgvated angles.
the vertically ori€ € all
frgquencies up ~\ te ot
resemble thé eQrre i i d.

It|is possible’ to present pictorially the ranges of errors of the predictability of radiation [in
vertical.directions at different frequencies, when the precise horizontal measurement distange
from-the sources is known to be 30 m.

Figure 4.6-5 and 4.6-6 show in bar chart form the error ranges 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 radlatlon in vertlcal dlrectlons occurs in the case of a source behaving as a

Elgctrical co )\ d: 0 =1 mS/m, g = 15.

Squrce identification?
dh = horizontal/electric dipole dv = vertical electric dipole

Iv F horizontal magnetic dipole (vertical loop) Ih = vertical magnetic dipole (horizontal loop)

ximum horizontally oriented H-field strength emitted in vertical dire
egtimate by 15 dB, again in the case of a source behaving as a small ver
(horizontal loop).

maximum vert|cally orlented Hf|eld The Iargest error at 100 kHz |n predicting\.t

s is anundsg

ally \orignted
+10 y
dh: 9
Overestimate ' wmmm = error rang
+5F dh.. 5 | )
s dhg 3
log frequency
Error, dB 0 =
-5 r
Underestimate
-10

dh, 1h & 16
| |

10 MHz 30 MHz
IEC 846/2000

Figure 4.6-5 — g G w~thé predictability of radiation in vertical directions from
electrica C qted close to the ground, based on measurements of the

Bof



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

-172 - CISPR 16-3/TR O IEC:2000(E)

- - "= 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
o dh'g 3 v g3
- | log frequency
dh g 1 ‘
Error, dB 0 ‘ dv I 0 -
j h ® -1 dv
h g -3
=5 F T
Ih -6
Underestimate dh
-10 +
-15 L
| |
100 kHz 1 MHz
IEC 847/2000
Figure 4.6-6 — Ranges of errors in the predictability of pa directions from
electrically small sources located close to the ground, ba pents of the
horizontally oriented H-field at the ground suppleme rements of the vertically
oriented H-field in a height scan up 0 m¥yom the sources

Elgctrical constants of the ground: 0 = 1 mS/m,¢
Squrce identification:
dH = horizontal electric dipole

Iv F horizontal magnetic dipole (vertical loop) agnetic dipole (horizontal loop)

of radiation in vertical directions is to be
based on measuremen ot Nthe /horizontally oriented H-field componernts
i asurements of the vertically oriented H-figld

sypplemented with
cgmponents at Q- i how that at 100 kHz the worst error in the
prediction of the\gfrg h of xadiationN\n vertical directions still occurs for the vertically

offiented H-field compons G m a source behaving as a small vertical magnetic
dipole (horizontal < agnitude of the error has been reduced to an under-
egtimate by 6 id Bar).\The~mragnitude of the largest underestimate at 100 kHz of the
mximum stk arizogtally oriented H-fields emitted in vertical directions has beg¢n
reEuced also”occurs for the case of a source behaving as a small vertidal
miagneti€_dipole\ (i

46.7 Conclusion

Vertical «adiation patterns have been calculated for electrically small sources located close [to
relal homogeneous plane ground, ignoring the possible contributions to pattern distortion thjat
ght arise from the presence of nearby buildings or other field disturbing objects, or frgm

e e H REe—eTe o oan can S, Re—eHoHHRa—NEeYe Rere Ve R—WHEA HEA- 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
tht vertically polarized ground wave attenuation with distance over real ground is greater thtn
the attenuation with distance over a perfectly conducting ground, especially at the_higher
frequencies.

measurements near the ground at a distance of 30 m remains suject to

Figure 4.6-5 depicts the error ranges that can apply whe ictabi is baSed solely ¢n
measurement of the horizontally oriented H-field near grou N . It can be se¢n
thiat over the frequency range from 100 kHz to 30 MH the Y i an be as much as
+9 dB (overestimate) at 1 MHz, or as much as -16 d ima at the extremes of the
frequency range, 100 kHz and 30 MHz.
Figure 4.6-6 illustrates the reduced w®rror i i ili iati in
vartical directions when measurements x N i ented H-field near the ground afe
he

sypplemented with measurements of v -field at heights up to 6 m above t
ground. It can be seen that the potent ' & ' ity,
byt the potential underestin ible
underestimate of 6 dB at

The studies in thig repg i ified i nt
when determin@' 7 ¢ i ic
disturbances fro 3 C icati

services operating ke

Inf addition, the™¢ i i iati i er
perfectly conducting\graund [ in the
agsessme \ a

cgnducting_ me 3 gro d plane compared with assessments using measurements made on|a
tejst site havingyareal 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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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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Eigure 4.6-10 — Vertical radiation patterns of the E-fields

emitted by a small vertical electric dipole located close to the ground
Dipole length 3 m. Dipole base height above ground 0,15 m. Dipole moment 1 Alm.

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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Eigure 4 6:12 — Infliuence of a wide range of values of the electrical canstants 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 Al.
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, ¢, =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 —
Dotted line curve —
Solid line curve —

horizontally oriented Hy at a scan distance of 30 m in the Z-X plane
horizontally oriented Hy at a scan distance of 30 m in the Y-Z plane
vertically oriented Hz at a scan distance of 30 m in the Y-Z plane

Perfectly conducting ground



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

— 186 - CISPR 16-3/TR O IEC:2000(E)

z
b
——
SCAN
R R PATH
SCAN PATH \
\
1
. Loy
AN GROUND
VERTICAL LOOP
/ SOURCE
X
<5 ¥
. H
-100;0 W -80,0 -70,0 -60,0 -50,0
Magnetic field strength, dBpA/m
FREQUENCY = 100 kHz
IEC__859/2000
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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Eigure 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


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

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

z

i

R
SCAN PATH HORIZONTAL LOOP

. /SOURCE

= Y
GROUND

/

X

- 9040 - ;0,0\/- 70,0 -60,0 -50,0 -40,0 -30,0 -20,0

Electric field strength, dBuV/m

FREQUENCY = 100 kHz

uuuuuuuuu

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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