
TNO opoil
~ A~4

rNO i~hy~ics and EI€~ctronic~
1 abardtory

t~1cctric held intensity levels near the
HAWK systeni

R 165



c
4 ~ ~q ~1 ~r I~~1 ~ ItlIl

~

ju~uqni~iu~
pi, 1~! iqn4~U~

j [up~j Jit~ilI ‘~d ~ v~nhi~

~

ttt~1~

t4 (~44 4 1

Ç 4 ~ t44~

f4~ ~4~~44j~4

t 41 t ~
44t~ 41 t. ~

tf tJtl41 ~ &tt p,’ 041
I~ ~411~1C Mtt~t

t t 4 t%444J44~ U.441~ 41tOlAøt ~ t

4144 t 10I~.) ~ ~4Jt J 04 t It ~t1 tÇ
Ir4A 44~L$~4~141 t t

0 fttt.ct 4 til 10~ 414 tl 4~ tl 444 / 4 4

410 $~41~

J~Jt44Q 40~04~

41; .~4At4).4 Wk~j — 41
40 414 [140 41 41 1~? 44 t.

f~4 43tt41 44

41 1U~lt~~41~ 1 t 4
UQ44t4~4 4P0 41~ 1 4144. Lt

44 ti;sI4tqpr ~ t~*1t4Mtt 4144414

nio .j4441 CN 414trn~~4 tIM
044~0 od44444t~444 ~e uoqitw tt~~ 4414441t 4441

~;4g44t 044041 4*ttl 444 lt444K4141J ~ ~q [4044040
44444441 4444 4444 44141 L1WI4~ 01 ~4144i t 4

Pttt 44 44 44 4444144 444~L44 t144t

6c~61 qw~o~
14

iUZ~~S44 31A4\~H

~l 14
I4rgk4~~ 1LtlC4~

414 t41404t441U[4~ I~~M ~

SJIUOOOj~ pUt~ wti41il4~j ONJ.

t~t\ ~6I~1d
3J011411 ~~qi~~ 1C~pu~qu~ pi~u ;M~I~I3



1~u~ ~ U «114

~ 1LUT~ ~ ~ «4

~ ~“ «1 119’ ‘~ Ut ~‘ip ~ «p IT! ~ ‘~ fl

~ jT~flh p 1 d\ 1 ~ ~ T? U~4?O
~ ii! 1Otjc~ 4 Of «4~ 1 ~ ‘1hfl J~, ‘T! «, ci u - ‘1!

IT ~ «J’fJ14 ,~I (T ~ r 1 ~‘ i r~ P ~I • l( pTUÇ ?pL! 9 0 «q ~( 1
~

«uopirT~M 1 u~’iow~~ ip u~~tu t~wu ~,1Ça?i~ u~ «~

i’q~ 1°I L~T!Jq ~ ~ 1 u~~purr j~ oi ~ u~ 4pU U~110O12 do iiOi

?ij~ ~u4~40 op opu~ou~ O~~1fl1 U0~WU ~ ~ ~P «40 IT11t1~U~’~ 0!

uh~ uo~fu9 1fl p40,~ po~dtuoo uo~. w~ ~i.i~u~s~jd Oq~!I? ino~ ~ui~wo~ ~~q” oo

19~h.MO~ irn 0f17 ~1L1?’~’ ~411101u ~ °~J NIdJH °Ç~ ~ 14VA~D OjI uO~Tui~ ~1PPP1

‘~1!~ oq1u?Y~j 910~’4~k ~ Of’ do p~i ~~du u.~ptl0l’T Ifip «o~1 jr1~Ut~~MVf4 ~P Lh’4

~n1ptu ftqou p ø10i~4l1h UU!11~49l01SpfO~ ‘11441 nr~ L ~OOfl ~66I ~~~W0~1Ip ui ufli
f000101CI1O0I~U 1{fl LTI’~ 10~VC1 «4o t i~ IW114O tO~oiWJlQ~ 01 1100 10 01 14

uo~ flqtlU 01’j11fl9~{O~ ~~Lp~Ul9o[ 1pU?p~O1dO .‘p IW% 0 11U~dC~ 1!!10~{ 011014 JO0~4~
1i~1 11114 Zu~fj~1ips1u~

‘z~u0nwa) ~ f~j~’\ÇLÇ 11U’~ 0111f10 OflOOtt~1 op W U0%O~0~ uow~W~114utf~o110ao~q

Of’ 1111 piopbju hit 0~fl ppflT~O?1 l’A UOflJOM U0pU01~)II 1~~1P~ «lIOp0q~~pW!1~UO
?f0000VlOdo lOpuc ,~4V, YLMVH 000 do ~0!11T0Oj 01U1’40p1 do 0000119

O7Of’ U~ !1~pJflt!i% op UT~ pur’q ~p uP~ I1U!10~11100flt11 OpWoOLldOf
Of) L1t!~1 UO1I~UO1L1! 0pJ0C1~S pUO1010W1’W uf~ uOl9JOlSppM 010(9 «U0UlO11~SiVpP1 070fl

W!4 ~UlA00WO 010011fl op in UOP~J0~p10~ oqo~unjojo Of’ UI’4 00000iq WW9 LII ioq

uni’ uom~wo onooqoq op ~i ,~iiuqod uof’ØM 00 uopio~ 1L{3liW1Lpfl1 0~f!I9U1110N Op
ioOp 01fl 110lWJp1~u! ~ ~4 Op U0~ uOILi0)~~<1i1PpIU Of’ 1011! Ufl(J0~~ ~q U0\ 0%fjo:~0?

001 00100310 of~opoL43~ OpL103WJOA ~0%0 $ui~o~oqouoq uu~ ouipfo~uri~ IDUN
&qf~11;!iji3o(9

1111
W1 Pa66V

1661 JoqL0030p

LU01f~’~% )IMVH 01fl JPOU 11f’IAO1 ~(11!WO1U1 PIl1!) OUPOI14

ja9fl!n;UoU1~h1U13W



TNO repod
ONGERUBFIICEERD

FEL 99~Â224 3

Blootstelling aan door de CWAR opgewekte elektrische velden
Uitgaande van de hoogte van het centrum van de zendantenne van 2,77 m boven
het maaiveld volgt uit berekeningen en metingen dat ongeacht de afstand tot de
antenne binnen een hoogte van 1,90 m boven het maaiveld continu verblijf is
toegestaan indien de elevatiehoek van de CWAR~antenne geen negatieve waarden
aanneemt, dat wil zeggen niet naar beneden is gericht. Dit geldt zowel voor een
roterende als voor een stilstaande CWAR~antenne. Uit berekeningen volgt dat in de
hoofdbundel van de CWAR~antenne, op afstanden groter dan ~m, condnu
verblijf conform de tweede editie van STANAG 2345 (edition~2, 1997) is
toegestaan~ De momenteel door de Koninklijke Luchtmacht gehanteerde
veiligheidsafstand van 36 m voldoet hieraan,

Blootstelling aan door HIPIR opgewekte elektrische velden
De momenteel door de Koninklijke Luchtmacht gehanteerde veiligheidsafstand tot
de HIPIR-antenne bedraagt 111.5 m. Deze afstand is gebaseerd op blootstelling in
de hoofdbundei De op de vliegbasis Twenthe uitgevoerde metingen, op afstanden
groter of gelijk aan deze veiligheidsafstand, tonen geen overschrijding van de in de
tweede editie van STANAG 2345 (edition-2, 1997) gegeven limieten, voor
continue blootstelling van het gehele lichaam of delen ervan, aan. Berekeningen
onder ~worst case’ conditie (volledige bodernreflectie) tonen aan dat op afstanden
van 111,5 m en groter aan de blootstellingslimieten wordt voldaan voor continue
blootstelling van het gehele lichaam en delen van het lichaam, met uitzondering
van de ogen. Speciale aandacht moet aan de ogen worden gegeven omdat hiervoor
een lagere blootstellingslimiet geldt in verband met een geringere bloedoirculatie.
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E Measurement errors
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List of symbols and abbreviatioris

A Ampere, unit of electric current
AJm Ampere per meter, SI unit of magnetic field strength
ANSI American National Standards Institute
CW Continuous Wave
CWAR Continuous Wave Acquisition Radar
D Average depth of irregularity
D Diameter of antenna
d Distance from the source in tn
dB Decibel
D band Frequency band between 1 0Hz and 2 0Hz
E Electric field strength

Value of the internal electric field strength in the body
tissue in V/rn
Root mean square value of the electric field avcraged in a
height interval

ELF Exiremely Low Frequency
EM Electromagnetic
EMF Eleetromagnetic Field
FM Frequency Modulation

Antenna far-fleld gain relative to an isotropic radiator
GEN Generator
0Hz Giga Hertz (1000 MHz)
H Magnetic field strength
HAWK Homing All the Way Killer
HIPIR High Powered Illurninator Radar
Hz Hertz (one Hertz equals one cycle per second)
ICNIRP International Commission on Non-lonising Radiation

Protection
1FF Identification Friend or Foe
INIRC International Nori-lonising Rad iation Committee
IRPA International Radiation Protecrion Assoc iation
ITU International Telecommunications Union
J band Frequancy band between 10 0Hz and 20 0Hz
kHz Kilo Hertz (1000 Hz)
kW Kilo Watt (1000 W)
LSCB Launcher Section Control Box
m meter, unit of length
MHz Mega Hertz (1000 kHz)
NIR Non-Jonising Radiation
NLR National Aerospace Laboralory
P Maan output power in W
PCP Piatoon Command Post
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1. Introduction

Due to concern among Airforce personnel about the supposed relationship between
health disorders and the exposure to electromagnetic fields due to radiators of the
HAWK system. TNO-PEL was sponsored by the Nerherlands Defence organisation
to investigate the electric field intensities on the site of a HAWK installation.

The resuits of this investigation are presented in this report.
Because of the large amount of measurement data, the complete set of
measurement resuits has been entered in a separate document named: ‘HAWK
measurement resuits’.
In Chapter 2 of this report the most important safety standards are mentioned in
which exposure lirnits are defined. Chapter 3 gives a brief description of the
HAWK installation and its relevant technical specifications. necessary for the
theoretical analysis. Chapter 4 deals with the theoretical approach for field
calculations which leads to the theoretical resuits presented in Chapter 5 where
electric field intensities are presented by several graphs.
Chapter 6 describes the measurement procedure and the measurement resuits,
which are compared with the theoretical values. Finally in Chapter 7 the
conciusions are formulated.
Five appendices are added to this report, which give more detailed technical
background information.



r

r

‘t’

t



TNO repOri,

FEL~99-A224 11

2. Radio frequency radiation safety standards

2.1 Introduction

The radio frequency portion of the electromagnetic spectrum extends over a wide
range of frequencies, from about 10 kHz to 300 0Hz. In the last two or three
decades, the use of devices that emit radio frequency radiation (RFR) has increased
dramatically. The proliferation of RF devices has been accompanied by increased
concern about the safety of their use. This concern, in turn, has led to increased
RFR research (resulting in a much better understanding of the interactjon of RFR
fields and biological systems) and to new RFR safety guidelines. The present
exposure standards are based on what is known about the frequency-dependent
nature of RFR energy deposition in hiological systems and about any biolog~cal
effects. In general dosimetric quantities are needed to estimate the absorbed energy
and its distribution inside the body. A dosimetric quantity that is widely adopted
for the frequency range from 100 kHz to 300 0Hz is the Specific Absorption Rate
(SAR), defined as the time derivative of the incremental energy, absorbed by or
dissipated in an iiicremental mass contained in a volume element of a given
density. SAR is expressed in the unit watt per kilogram (W/kg).
Local SAR js given by:

uE~
SAR= (11)

p

where a is the electric conductivity, E1 is the internal electric field strength in the
body tissue and p the mass density of the body tissue. In practice SAR is always
determined as an average value in the finite tissue volume. The whole body
average SAR, simply gives the power absorbed into the whole human body divided
by the mass of the body. It eau be seen from Equation (2.1) that SAR is directly
related to the conductivity of the tissue. SAR is the dosimetric unit of biological
effects associated with the temperature increase in tissue. However, also the
electric field strength can be used as a dosimetric unit particularly when effects of
other type are concerned. Microwave energy absorption occurs at the molecular,
cellular, tissue and whole-body levels. The dominant factor for net energy
absorption by an entire organism is related to the dielectric properties of tissue
types, which ultimately causes conversion of electromagnctic energy into heat. The
amount of heat transferred to a biological system is important for the purpose of
distinguishirig those cases where the biological system may be affected by a change
in temperature from those where the energy is too little or too dispersed to cause
any noticeable change in temperature. For laboratory experiments, exposure
conditjons can ho classified in three categories: thermal, a-thermal, and non
thermal, In the thermal regimen, the core temperature of the organism may rise by
up to 5 °C, in spite of thermal regulition. In the a-thermal range, thermal reg~tlat inn
maintains the organisrns ternpnrature al its nominal valu~’, Under non-thermal
conditians, thore is no challenge ~o thermal ie~uIation ur clrinee in organism
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Table 2.1: 1~N1RP Exposure limits in thefrequency rangefivm 2 GHz to 300 0Hz

ICNIRP Exposure limits
Electric field Magnetic field Power density

[V/mj [AJm1 [Wim2)
Occupational 137 0,36 50
General public 61 0,16 10

2.3 Health Council of the Netherlands

In 1997 the Health Council of the Netherlands issued new recommendations for
maximum acceptable exposure to radio frequency electromagnetic fields. The title
of this advisory report is ~Radiofrequency electromagnetic fields
(300 Hz -300 0Hz)’. The effects of exposure 10 electromagnetic fields differ,
depending on the frequency of the fields. The exposure limits which are derived
from the basic restrictions. are for the frequency of interest (10 GHz) given in Table
2.2. In this table a distinction is made between workers and the general public.
Workers are supposed to be exposed only during working hours, while the general
public can be exposed continuously.

Table 2.2: Health (ouncil propoved maximum electric eld srrengths for the frequency
.range from 2 GHz -10 0Hz

General~public j 87

2.4 STANAG 2345

Edition 2 of the Nato Standardisation Agreement (STANAG) 2345 is issued ~n
1997. The title is ~Eva1uation and Control of Personnel Exposure to Radio
Frequency fields — 3 kHt to 300 0Hz’. This RF protection standard is primarily
based. as the other standards, on the specific absorption rate. The permissible
exposure levels listed in Table 23 refer to values averaged over any 6-minute
penod and are expressed as a pov~er density. for ease of comparison witli the other
standards also the calculated equivalent (far field) electric field strength has been
given.

Health Con ncil of the Netherlands
Electric field

_________ ____ [VImj

Occupational T 194
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3. HAWKsystern

3.1 Introduction

To compare the electric field intensity generated by the HAWK radiators to the
exposure lirnits mentioned in the previous chapter, a field intensity analysis can be
made. A necessary first step in perforrning the analysis is to obtain information on
the specifications of the individual electromagnetic sources (radiators). The
HAWK system as used by the Royal Netherlands Airforce at Twenthe Air Base
consists of the following electromagnetic sources:

- High Power Illuminator Radar (HIPIR),
Continuous Wave Acquisition Radar (CWAR),

- Identification Friend or Foe (WF).

The content of this chapter will deal with the relevant specifications of these
sources. A situation sketch of the HAWK set-up at Twenthe Air Base will be given
in Section 3.5,

3.2 HIPIR

3.2.1 Description
The HIP1R is a 1 band radar developed to automatically track and illuminate
targets. It provides missi les with a reference signal and supplies pre-launch signals
to position the launcher in azimuth and elevation [1]. Because of the HIPLR’s
tracking features, negative main-beam elevation angles can occur. The main
beam’s elevation angle is not fixed (contrary to the CWAR’s main-beam elevation
angle). Both elevation and azimuth angles depend on the direction of the
illuminated target.

3.2.2 Specifications
Some relevant technical specifications of the HIPIR’s pencil-beam transmit system
are listed below:

Transmit antenna:
Height to centre of antenne:
Vertical dim. antenne aperture:
Diameter:
Antenne gain G~:
Rad iated power:
Frequency:
Duty cycle:
Beamwidth (3 dB):
Pol ari sa t 1 on:
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3.3 CWAR

3.3.1 Description
The CWAR is a radar that is developed to detect low-altitude targets in the
presence of high-level ground clutter, Moving targets are detected in speed through
an application of the doppier pririciple. CW signals and FM/CW signals are
iransmitted on alternate rotations of the CWAR antenna [ij. When operating. the
radars antenna rotation rate amounts~rotations per minute. The main-bearn’s
elevation angle is fixed and normally set to 0 degrees.

3.3.2 Specificatians
Sorne relevant tecl’nical specifications of the (‘WAR’s transmit system are listed
below:

Transmit antenna:
Height of centre of antenna:
Vert. dim. antenna apertura:
Hoc. dim. antenna ~perture:
Antenna gain G:
Radiated power:
Frequency:
Duty cycle:
\‘ertical beamwidth (3 dB):
Horizontal beamw~dth (3 dB):
Polarisation:
Rotation rate:

3.4 1FF syslem

3.4.1 Description
1FF is used to identify targets detected by the CWAR. The 1FF syslem can b~
instalied on top of the Platoon Command Post (PCP), a tripod or a mast.

3.4.2 Specifications
Som~ rJevant t~chnical specifcations of tb.~ 1FF transmir. equipriint are go~ n
b~1oss:

rrequenc~y:
Antenna gain G:
Radiated pewer:

FEL99~A224
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4. Theoretical approach

4.1 Introduction

Because resuits obtained by measurements are liable to uncertainties like
environrnental conditions, measurement errors and fluctuations in radiated power,
It is necessary to obtain theoretical information. Using the technical
electromagnetic source specitications of the previous chapter a theoretical analysis
can be performed,
The strategy for the theoretical analysis runs as follows:

1. Determination of the antenna’s aperture illumination (necessary for
calculations).

2. Calculation of the electric field intensity al several distances within the main
beam and out of the main-beam (for exainpie below the main-beam).

3. Calculations of the electric field intensity at several distances from the source.
taking ground reflections into account.

Information on electric field intensities within the main-beam is available in the
literature [2], [3] and [4] for various aperture illuminations (field distribution in the
antenna opening). Information, however, on fields generated out of the main-beam
is of importance as well, because, maximum field intensities do not necessarily
occur within the main-beam. Besides, out of the main-beam fields have to be
considered when ground reflections are taken into account. To fl11 up these lacking
information, software, based on the theory of Section 4.3 bas been developed to
determine field intensities within the main-beam as well as in any point out of the
main-beam.

4.2 Field regions

The important regions of radiation associated with a large aperture antenna are the
Fresnet (radiating near-field) and the far-field regions. In the Fresnel region the
beam is formed and hoth the antenna gain and beamwidth vary with the type of
antenna illumination and the distance from the antenna. Beyond the radiating near
field region the far-field region starts where heamwidth (in degrees) and gain are
independent of the distance. In this region ihe field strength in the main-bearn eau
be expressed by:

E— (4.1)1 4~rr

I~[E~1
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4.4 Ground reflections

Depending on the texture of the reflecting surface two types of ground reflection
can be distinguished: specular and diffuse reflection. Specular reflection is a
reflection caused by a smooth surface: It is directional and It obeys the laws of
classical optics and its phase is coherent, The laws for reflection on planar
boundaries. summarised in Appendix B, can be used. Diffuse scattering, however,
is a phenomenon that is dominant in case of reflection on rough surfaces. It has
littie directivity, its phase is incoherent and its fluctuations are large in amplitude.
in case of a smooth surface the specular reflected wave can be modelled as coming
from a virtual mirror source having an attenuation and phase shift depending on the
reflection coefficient of the ground surface. The electric field at a point P, een be
obtained by the summation of direct and reflected wave contributions. 1f the
amplitude of the reflected field is comparable to that of the directiy propagated
field, deep fades of the resultant field through destructive interference can be
produced.
For rough surfaces both specular and diffuse reflection occur. The diffusely
scattered field, whieh amplitude is usually smaller, produces. when interfering with
the direct ray, more rapid and less deep fading [5).

4,4.1 Smooth surface refleetion model: HIPIR
Because the elevation angle 0 of the HIPIR can take negative values, Figure 4.2
shows (for a smooth surface) the direct and reflected wave for a HIPIR directed
downwards to point Q(d,h,) at a distance d from the HIPIR and at a height h2 above
the surface. Point P(d,h1) is defined as the point were the electric field is calculated.
The electric field in point P(d, h1) is given by the superposition of direct and
indirect wave contributions, The amplitude of the total held follows from:

E~ota~ (d. h,) = Ed~FCC~ (d, h1) + E i~cIr.J (d~ h1) = 4 ~

and

~ (d, h1 ~ ≤ ~ (cl, Ii, )l +~ (d~ h1 )~ (4.3)

In case of constructive interference. that is direct and reflected wave add in phase,
the electric field intensity becomes:

1 E7~1~1 (d,)i1 ~ ~ (d,h1 )l + E(JJ~LI~,j (d. h1)~ (44)



~ ~1 1)

lljI — ij4 ui ~~ j)L41

1-)

44 1 - j ;~

t. ~ .1 L 1

11~1 1~ ~. 1 t t. It 1 l~ ~I ~ J 1~ )

t jL 4111

1.111 ~ Al :1It~J ~

11 ( lI~J~1 l~ ~tç~ t) ‘1;

-t ~)(4 * tt~-1~ BIl ~ ~9 1

1 ‘BIe) ~ t~Bijt1I i 1t~td) tB)~ 11)

~j 3 ,~)d ~l~/ ~!) i

I14~11t trtt~ .1 IJtU 1~fl Ii 4

It •

—

~J4J

v

( lf-p) ~ (lZ~~p1ll .j (tJg /;)P

:~t1o1II1ql 1111 )~t ?41 ~1 ~~tl1f til

ptw -tilp ti JIWUILUW. np p1it~~n ~p 3ij ( 4 ~)~j witd iii II ~ ~-tqJ
111 111. t)tlt1ttJ~ t~ 41 Bi41~ ~4 H14J1~tI 1~ 11 ~1UIî N\ /~\.)

‘tj] tutul P ~4~1III9’ 4~ lt~) t lt~p)~~ 1tJkl~I 01 uiit,~*~&Jnit1~ p~p’JJ~T [fl11 ~~l1i1)

44M ~IL1P I101lU%)~ b 1l4t~t1J ~ N~ M ) ~~4I ~0 41 ~)LU(I~I~ 114 ,umi j
ttjt.pfl*~ tlpttttUh t ~(1 1.e? tij

u~ .~4j ~j~ipotu UO~PJ~J~1J ~UfljJfl% tt~0OWS ~t1~

~ UUIJrM 4111 ~“I~ ~
J)?JIJ~11 ~IPI) ~I pf.-tl[J1U ~i ~ ~ 1j4144 IiIiI~d .If? tl’ ~ ( Y J ~I

.J JÎ)J~P4% ~fl 41~.fl~ 11 hij. 1 11 Jil J~I11) ~JIJjj~I -4j1 Uk i( J)

t- ii ~r~Ô 1111(4! (11 )~ 1$ “r ~t1di1 ~ 1 I-1T’)~ .11 flh!.1 pUlJ ii ~ ~ ‘111. 1

II II 11’

1)



k1~(1 1

1
~‘ 1

t ‘~L~

) 1

ij

(1~ II ~l4 ~

J ~ 1 ~ I~ 111

j~» w~d 1U~J~ kil ptJ1~ IP~ i1k~ ~ t~ ii Ml kk14~ ~ R ~\ 4

~%1~J4 ~ ~fl4fl4 JLJ II L~ 1~l1~Mt ~l1 1LJI~’UCIIJ~II 1 ~l ~i ~I %‘~ IU 1q1 j~ tk til 1~L~(1 t

ü~ 1fl 91UilLl~l St 11I~1~1{~) ~ 11 ii 1[j)1 ~‘qt ~~ Ik ~ Ut9 (L) ~ til

1L1~i Til) )))) ~‘~L1 ~‘ .M~ S1ulli1~ i Ik 1 ~~t1~I UI~ t ~ (.1 ~4hi

un tUuij1 p muo~ ~1~11’~~ II tp nu iqi i’ Mi\l li~ trq ~ ~ ~ ~ ,

~ ~1~1~) ~)tli1U1lkLk)J ) 4 1 ~ LII lunu uh 4~ ~JI L1~ UW~ P ~ it~1 [)LW u~tt

it~IMH ~~Ii ~ ‘~t~~” ~~U1fIUil ~4L~I Pl ‘~1 ~~Pu1 ~ ~14I 1V (lOIP ~ I°J ~1 UV spulstup

iii IS 1il1k)i~ ,iup1d t IV nPtJItTuc)u IftIli ~1P~ ~qi 11 q~ ‘~ %~VI(~ St ~ 41 ~t1i~Jd~ ti~

4L)!JIuOu IIU1I3~LJ i~t uut!Juti% lflUOlllS tut~

~ ~ (1 f1

~)4’1UI) ~ ~ ~‘~‘~‘1 ≥li; ~~) k Jrk ~S1kI4 /V~u4j1M ~Sw 1~ L11(J

.

1 11 I~k1 E~

itu/il f)UflVJ~~ 40 ~UÂ!11IIt1Ii1J

i1U1si pt1flftk~ &ii~iiunpti
1i~i! JJ~k ~ 11(11 1i~1jiN

LUPtPT9] ul~itl11 ~t1!1V1T)

JIlij (~tj ~P) ijitod (ij Çn~ puiui~jui q1Øuu~ ‘1~’d



)tlkkJ P t)~ i~UtI ~lkJuid ~ oj ~np~
Ul’~ ~Plfl iJII4~’ ~‘~PI1d IIII1IU UI~ V tt(’ ~»~Pq ‘~i ~uq ~ ~ ~~

~i ‘~ptu wq~ ~ put ~juipns q~3ntu (~iui u~~i~i~q ~(ittujn~ii~ui ~u ijidip~
h~j itH{ ~!P~ ~ ~1l’l11D~~ kick! Iii’ iq~t~qi~ ç~ ~~ipu~iddv t LIOI1~t)I Ii

~1Çpj~ t ii~l~iq tiiiici iLJ~l~ij4fp istitid iiPlJlis ~ ~t ‘~IJV{It~ til

iL~1 ~ ilip ~~P!%i~1 ~PitII tiflUi~ isnjjip) ~utuj~’iup Stiol I1~4 111 ~1i4~ II~îJ)!i1II

il{j )i~J~I iP~ A~ptlnoq ~iqi ~l utti ~nq ~uvjd ~w ~t iwjitiiioq iti~ ji

~1 ~!I~Jd\ Ii! Pi~! n~wwns SMPj il{) 4q piqui~ip ~
P1I1~ tic )i~ ijs i~P ~ luip!~ ~it1I li~~9 1! ~‘ ~t~ti~1 i41

iitijiuut iue’td v tio iuipiiui ~i ~np ttit~s~

~iZIUJJflS rrt



1 .s 1

1 ~ 1

~ 1 ‘S ~4 / ~(

‘ ~T S4~

‘t

s~ ~
• 1011 LUI 1J1I~S jsri1d ~q1 ~UIL ‘~qiPoIdçIt t~i~jp ~pçj ~ ~qi ju

d i~ % tI11~osqP ~ s.~tj~tur • L1E1P11~ ~j~tLI4 J&tJ ~t~UL~ ~ ~ ~ T ~
SV 1sU1 I1SM~II J~40) Ii 11?~j~~U ~ ~11 ~ “EI ~ 1~Jft L1101fl)LI1 ~U1 ~Ufl0~1ti

~~LP )‘~ i)~M11 ~ T~1I~~P ~ ~~~
~41 ‘H&) t)j jo A 1u~1nb~uj v v~ ‘~ .~oidv~ u~ ~oq~ sV

Z{Lfl P~i1 ~tLp j~t 1I011~II11I t ~l’ [S~1jH11St4 ~1q I1I’1 1031 J3 • t 11P3{J31 3I~I Jtt ?~Pq~I

~ pi~P 3pInIJ’lLLn’ ~qj ~II ~ 1 ~1 ~ Jd~ ~ ~t)’~11VT0tl JI 0J~\) ~itJuI

ct ~ p1~!i !U$i1~’ PUI~ ~ ~ ~ iJ0Z11 j ~ ,h 3Jd11r ihn~~itt tp~i~ $41! ~s

3uujd TU3{11~U1 UP $U1LUI1S’~P SU IJijWOJ 1)LII!OI~ J J.~4$~ J~’I J~i) 13J13 ~l \1141IXijJ~11

$41 SttJl Op OJ ~J$iP~~I1S$\UI 3q 01 SVLJ ~11SU$1L11 ~J$1J iTJI 00 Stl i1’$Jj~’I pUntuzi
10 ~ ~ ItU $((~ S3I1JV ~ 3%1)P~33L1 •~~i U1’~ NJ1~JJ 1 $41 ~(4 ?J~UJ)’ 001)1 43P 31{I $~11)3$

tI~)J1$Jj~1J •)• !JJ1V~ tflD0W~ T 1 S

~.t StIt~tJ)~ ~1 J1$.111S JI! fliq~t3I $LJI ~*u1t11tp ‘1 •tprtu 1)3$~j $41’L) S)I011P~113J1 .~ iij~’~ j ~ll1$•)J$

3)101153 01 t ~ 1 “~“ LII ~0 J3)?t!110j~ 0{I SI T UP 3111)1?t11! ~flJ~
10 U)L1$3 14 til ~L1P)51[1 34) 1 1 11314%~ 01 0011)1401514 PJ•~0 341 J1~ p~sitiqs ~ t

P 1 4$4iV7~$1 34 tlP~t 31I)I1i~1P PL1)03J0P 34) 01 000PUIIUUJ{I $LJ1 W14 ~ \Ipt13dd~ JO
111131113 ~L{I ~~U1sti 3110141)1 )3I3IUPI4 $ql 4(11’ 1)3)0V ~lJ~{{{J 341 TO 4jJlI ~~t11V3Lj 34 1

ÇflL~3~ J~~)1PJO3(fl ~IhHII

SJ1BS~J~



)U~J~J~WI ~ tiiIIW W~ z~LIttI1tI~SU ~P3J0S W3J V IIL’ ~ ~‘L3 111i~ i~)J~JUt3~ II3~

t ‘~ ~!W1~ )P~ ~ ~ 4’J0~$~ ~tp ~°s )~H ~q 01 P~)PIl ~i i ~1IPd ~?~1
(0 ~i 3~P~itP~ ~I31 30 supd ~1~t~4 Je~ L{3(I~3MJ 41. ‘,flhj \~4 ~

UPLIl 1j{I~ItI% ~ ~1LiL~ 1~i~I1I ~ ~i~iIiAP ~Lj1 ii IP{J s~~

~{1ti~ ,~43 1PI31 ~40q~~ ~ ~, i11h~31 Iii (1C)~ PUP tIl ~) 3 W~Ml~(4 %~~)uPls[p 3P 1UIII~UU1

p3111~~~Puituop u(’u~~~l ~LTLI4IP ~ III 3P~)~p~~ 11P~{) ~l?~iirij

~1~ ~iP(ifl~ ~ 43 3 3 ~~ 01 ~ (fl3JP~~ NP~

~ 11’~~ ~ P!P1~’ %i Ç4 pL1~lddV ~40 ~ Wil )Lfl PUP b~UPUiLU0r
~‘ ~T~1~1 ~3II~41 111 pUPIJpUI UPI3I L?33PIUS ~l 41Tnin~l~ul ‘ wj ~

~ 43 J11~ ~~133 ~i044P 111 iq~~~q PUP ~11dI3 ~np twuj p ~~1Mp IP ~ 1 LIT)~1
irnod P 01 I!4JI1’~ ~Mfl PIA j)~1~i{J~~i pLUJ NJ~fl ~ ~q1 LUaij {~1P!pP3 A0I l~ Jo ~){~UP

~Ul/Pi~ p131 110 [t~PW~ ~l LI I1D3Ih33P~’ ~L1J~ ~Ç) p~to~dd~i ~s 3~PJ+Ifl!~ ~L~1 ~~oqU w ~.

31’ ~3 )31!3l13J1’~ ST ~33[3 .M3) qilt{M IP) lUtod pi~u ~ i° ~
~ )~~L’3JT1% ~L{1 3I~1U~1T (31 f1JlU311d~J3I ~13Pj~TTi5 19~3~P III11IUT3~P1I1 ~1L{1 ~~0L{~ ~ tIfl~L~J

~~‘U~”’S VI ‘~

~ ~I pwu’i~ ~, 1 qJj~~j

~ ‘‘ ~‘î’ U1IIij’~WI ~j~ufl~ ‘I~E~ 14~
1~;)i ~ ~~?Ul JKI ~ ~ J jij] 1!’) ~)I J(~ 4u1(d )~ n ~u



tt.q.. It

II t

vr,.
• .

ee.. t ‘t

• t t, 4

• 144
1~ ~ • •

t, 4

•44 • 4 1

•~ 4 ‘

4•• t S
eet. t

•4 t

1... •.

•.. 4 4 •

44~hJ~.i~

1 1. i$q 1 i •i

I 1.. l’qjg~, •~ ii 4’ ~tI( 1~’t1 •(1I( 1(1,11 )l.

It. l~•’Ic’fl”~j’ Is.!’ ).1t’l’ ~‘l4 gg~ •‘ilI .r.’’..t’r.~

t, .)IIII.I1l 1.11 1 I’’~ •~ .1)1414(1 1 .4.) 1 IftsIII.lt’j’14.I Vj

IIII . (I1I’ij’i if (14 34 ~4)4~ 4l4)ti~ 1f 4 41 t 4 if Ie 1n.)iiIt~ 1 1:

1l(t() 9~ • ‘(44.1’ ((lik 4 4d4) 11

01fl ~( It) ‘)III( 4 t .ii ‘a 1~’ t t ‘•l4I,’~I )ifdgl .ts.f(j ((‘1)4 IPP S £13 .4(1 In.

2 i’;f14~i1lRi Vi’•.’ij 1”,. 29k’) ,~.l.t ~ I’’1l(ht4 t ‘luiplil ras’’’ çi 1f
t’ i “1fl • stdut lI~ q i’I~. It road ~ ja t rit a •u~ tjs

ltSblfI.1 si vna aj Ijn4i~ .n *1.104 1fl 4 ‘Uf .1 (b .‘ki 10141.11$’ 0 II-’)
f.ls) up ra uuu.q1w af,gif .119 ti’WV q lurul. j .pqt ~Ug j Pl’s lii • f ‘W t

11! .,(i’W4) Ij3fl.1jsf.~’ljpUi’(liffl)f •l( 01Ø~ Jti’.E1W’I Ipal .UIj’Uød%U3a’.
(Ii P14 ,)u’u.J r p3jejn’jI ‘u. .‘~j ‘cej pf. p .‘Uis g. .4(1 WIS» fl11’ 4%Il( ‘ip tij t

%lIflI)1 int. frMnft 1$ Ç) 304 iprut at’ 41$llfl1’(IIVI (~~I1 Su~ afj G’sl’qd m
ppr aaa p.naMJM ~ftV 1 WIJ’S ‘.%‘I.’4J.IIW )lflflIflfla’ .lWfl’%V pui’ bUflhIS(fl ‘fi”

‘q~ q~ js,~~iu~ .uansa fl1’ 10$ IRIIIMØM ~‘4~1(dUI.Q ‘0*15 5f 111(A) aqd pantus
Irti mnnnpua) p”psd r Jiusu 4qs$qrUr? 1’ * in t’ ~ddra .inj ..uqj

adu puneia tip ja iu~puaLapu. «b’II..JJJJJ wnunnus~ t na ‘iunnluu iuausflau
uøu »lp’ .‘ip pi ‘er’ .•inynar oqi put t, P4111 WIJ t’ si’ p’pwt’s Zij lii’.’ %Z(.UV

$1fliVi~ *øj icU ijrqdst aqi irijs .%dfltI) 0 ) %1(101dd~ (Wb~ f ~1kIlfl?b uiw j

suepapLi,, awu rrs

•wIm q, ‘aap wç~ .tgqauq,ur
uwli qsursfl’a.*nqup~ «1- iv~LJ3M9sklffflws’fltt% 43 *41 ~4

P~’IIdIH *ga’Up fl~.Wit’h’ t,kUnhIuTÉ. ‘ijS WipflqMnflMIff’j
~*4’

is • flÉ$t ‘1.1 put ItU(WAfl41 ‘wipt ww.masØsa int ‘win’ umwsu~ ~ ~ .4*1.94

(4* fl1 in

4’

t T —. - -•------ —T
1

t

4

4

4’
t? T ‘t
t.,

1514

Slee

Pl

4’.

‘t

Ft%t

II

• 4

•l•l • •4•

*445

e
t

‘t t

£ t

• 4

£ 4

• 4

• 4

• 44

• t

S t

• 4
t t

4 4

• 4

• t

4 4

• t

le 4

• 4

cd

‘t

4

11

• t

•4e 4 •

• 4 t

LJ~ 4 4’

•4 S

0’’

II

• S

S’

Ii

%W 14

•, U



VNO r port

2C FEL 9~A224

Figure 5.5, For lines 1 to 5 constructive interference was assumed t direct and
retlected waves add in phase) for a perfectly condueting ground. Line B represents
the intensity of the direct wave only (without ground reflection). l3ecause in reality
direct and reflected rays don’t add in phase at all locations, fading occurs (variation
in field intensity as a function of phase difference between direct and reflected
waves). As an examp~e this is shown by line A which gives the situation for dry
ground at field points 1.9 m above ground. The envelope of line A is slightly below
line 5, which represents the situation for aperJ~ctly (vriducting ground (and
consiructive interference). The resuits for situation 2 (HIPIR antenaa pointed to
Q(d~h=0m) are presented in
Figure 5.6 and Figure 5.7. F-or disi.ances larger than approximately 100 m, the field
intensity levels at heights smaller than or equal to 1.9 in are larger For situation 2
than for situation 1. In Figure 5.8 the electric field intensity at 111.5 in from the
HIPIR (the present safety distance used by the Royal Netherlands Airforce) is
presented as a function of the hei ght.

5.1.4 Conciusion theoretleal resuits EJIPIR
From the resulis plotted in Figure 5.4.
f-igure5.5.
Figure 5.6 and Figure 5.7 It follows that the electric field intensity rfl a point
depends on its distance from the HIPIR, its height above the ground and the
direction of the HIP(R antenna.
At the moment the HJPIR safety distance as used by the Royal Netaerlands
Airforceamounts 111.5 in,

From the resuits of Figore 5.8 it fo1low~ that at that distance, in a worst case
situation assuming a flat, perfeetly reflecting. ground and constructi~e interference.
the calculated electric field intensity locally can have values of maximal VIm
for heights hetween 0.0 in and 1.9 in, Only for heights lower than c~.03 in the PFI
of STANAG 2345 for partial hody exposure is exceeded. Due to the small height
and the small crossing (3V/rn of the exposure limit this interval will not be
considered. Because of fading. however. the average electric field intensity E~.
(root mean aquare ~a1ue a~eraged in the height interval from 0 m to 2 m will l’e
smaller and amounts~V/m (Figure 5.8) for the HIPIR antenna directed to point
P(d=l 1 l.5m. h=Om>.
According to ST ‘\NAG 234S (edition-2, 1 QQ7 these electric held ~alues indicate
that ~tt ii distance ol 111.5 m a whole hody exposure except for the eyes; is
perinitted without time restrietion (see ~eetio~ 2.4>. For the eyes an exposure
restrietion appli~ of naiximum 2.6 minutes exoosurn PCF any arhitiar~ period of 6~
ininurCs (asswiiing zeto exposute during the iem~uning 3.4 minutes).
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Figure 5.4: î&oret~c eIe trirjinld intentrt~. E in point P(d~h at dReanre d and hright Ii whzln FHP!R 1v
directed to point P(d,Ii), (construc tive !nteljereizce and pertect reflection assumed îrrcept ibr
Line Aj.
[,ine 1: 1 E diret 1 ÷ E reflecred at h = 0 in (pe~ect1y conducting ground)
Lino’ 2: 1 F direct! + 1 E reflected 1 at Ii = 0.5 in (peifecify conducting 3rnufldi
[me 3: F direct + R rejlected at Ii = 1.0 in (peiferily conduain~ ground)
[in 4~ E dirrer ÷ E rqinctnd at Ii = 1,5 in (peif’t’ilv condiz tin~ çround)
fin’ 5: 1 ~ clir «~t 1 i’ reJ1~ cted 1 er ii 1 9 in (per~ec~v eomlvcting ~mund)
line ~: 1 E direct + E rijlected at h 1 9 in (di~’ ~nun~ j’iding
fin’ 3’ 1 F ~1i,~’ t 1 no ~round rdllection
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Figure 5~5: (Swnefigure u~ Figure 54 huffora dijferont ronge.)
Theoretic electrk flekt intensitv Fin J’mnf P(d,h) at distance 4 and lwight h
while IJIPJIt is directed to point P(d,h)~ (t onstructive inteiferenee and peifect
re/lection aisunied exceptftir Line A)
Line 1: F direct! + 1 h i4i& ted 1 af i~ = t) in (peifrcrlv conductinç ground)
line 2 lF direct 1 F rellec ted ‘it Ii 0,5 in (purfect!v onduerinq çritun~I~
line i: 1 F dir—er + ~ i4lec t~d 1 at h 1.0 in (peîfectly conducring ground)
line 4 F t’ir~c~ t F ro1leckd 1 af h 15 in (peifcddv tonducting ground)
Line 5 111 direct 1 1 ~ r’fiertetl 1 ur Ii 1 0 m (j’eifet(v onductin~ ~rcv,: 1)
line 4: 1 h direi t F t’ ‘flecreti 1 at ii = 1.9 in (drs’ ~~iund, tadinç
line 8: 1F di»i er t (no grotind retlccdon
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Figurc 5~6: Theoretic riet fric field jnte,i~jt’~ E in point P(d,h) at th vtunce d and lieigi,i h, while IJIPIR i~
directedto pint (ddiz=Û). (Constructive inteiference and peifect reflection astuniecij.
Line 1: E dîre t + 1 8 rejlecred ‘it Ii=O in (pel J~t tiv condu tin~ ~rcund)
t me 2: ~ (hired + 1 8 re/lected at h=ft5 in (i;eiIe nv con hwtin4 ~iound)
Line ~ Ii hil?ct 1 8 i~Jiectcd ci ln= P0 in ipei/eciiv condactin4 gi aund,
t inn 4: 1 f~ diret + 8 IT~J1Ct Wd 1 cl h=L5 al (pet f~t ti~ t~ flJ.i~ tin4 ~I outidi
t ‘ik 5: 1 8 dii~ ci ÷ 8 rejîecied ar 11= P9 na (pei/~’ct1v ton’Iuctinn~ g ~OunrhJ
Line 8 ( 4iren t (no 9rotmd reflection)

31

Distanee (m>



TNO rt~p~rt

1

32 FEL2e-A224

E

-o

0

w

4 4

4 6

~ ~
:4 —

4 - -

~

4— - --1~ ——

-

--

4 — 4_ _% 444 4

~ ~~~ ______________________

Distance (m)

Pigure 5~7 (Same figure as

Figure 16 bui ~or a dijjerent rauge)
Theoretic electric fleld infensirv E in point P(cI,h) at d~stance d and height Ii,
while î-IIPJR is direrted to point Q(d,Ji=O). (Con~tructii-e inteiference and
pe,:b?ci reflection ass uinedj,
Line 1: 1 E direct 1 F refieczed 1 ac h=O in (peiyèctly con meting ground)
line 2: 1 E direct E rc~Ie~ Zeil ei h~O,5 in (p if~cîlv condic ting çround)
Line 3: 1 E direct 1 L reliecred iii 11= LO ;n (pcifec ~lv i’onducting ground)
line 4: E “Ir ~c t 1F rejlin -tel al ii= 1, Ç ei (pt’,i~i ~l” conducfnç ground)
line 5. E direct F rrflected af h= 1,9 ei cle,lecrh’ condie lu~ç ground)
Line ~: F dllrect (no ground retlection)



TNv report

FEL~99~22

1 in~ 1 E dïre t + 1~ rejlected fin t) ~~~‘I~<7 in

e’hile 1IJPîR iifltP?iflO poinfed to Q~d=1 / 1 5 m~ h0 in)
,m~, ~ ,~ ~ rL ~ t’~ ~i e~* ~m

Line 2: E direct + L retlected! ,jor 0 ni<h<2 in
while J11PIR anr~nna pornt~’d to III ~ï in, h~() ¶ mj
(2 ~ h~ ,~d i~ij~ Vlin)

[inn t: E direc t + 2 iej7ecri ~i! jhr 0 n:<h<2 in

ii luie IHEIR anrenna pointed !o Q(d= 111. ¶ in, h~ 1. ~ ,ni
L ~ lui

Zin 2 r ~iii~cr 2 rejL kil 1. je, 0in~fi~2 fli

wh,/i’ 1 ((PIJ? jnuinni~ ~iiijnt d ‘o ()(d=]i ~, ~ ei J~ t ~‘nu
1 1 n~ ~, ~ ~
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Fit~r’rn 5 ~: Tiworetic eleciric Md intens it’t i,ntwee,, l,= 0 in and h= 2 iv iieiphtatm
ilivrance,frÛin the 1-IIPIR. (pe,frct!v conducni~p, flat pround a~u,nnd.’

Dashc.I /in~s reprc~ent ie” iv ~1’1~e~ oJ luic~ 1 L - uiu)
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by a rotating antenna. 1f this value is raised to the square and divided by 377f~, the
average power density in Wim2 is obtained.

5.2.4 Conciusion theoretical resuits CWAR
Approaching the non-rotating CWAR at a height of h = 1.9 in the electric field
nowhere exceeds the STANAG 2345 (edition-2, 1997) whole body continuous
exposure level of 194 VIm (Figure 5.10 and Figure 5.11). At a height of 2,77 m,
using Figure 5.14 to determine electric field intensities at different azimuih angles,
it can be shown that within~m from the non-rotating CWAR antenna the
194 V/m limit is exceeded. For a rotating CWAR the average exposure will be
smaller than for a non-rotating radar.

5.3 1FF calculations

Using the specifications of Section 3.4.2 electric fields can be calculated by using
the far-field expression of the electric field (see Equation (5-1)). Near the 1FF
antenna this equation can be used to determine an upper limit of the electric field
intensity for a non rotating antenna. Calculations show that at distances ofIm or
more the average power density will be smaller thanW/m2 which corresponds
to an electric field intensity of~V/m. Assuming perfect ground reflection the
upper electric field bound will be doubled to become~V/m.
So at a distance of more than 3 m from the 1FF antenna the electric field will be
smaller than the STANAG 2345 (edition-2, 1997) whole body continuous exposure
limit of 112 V/m (at 1 GHz).
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Although calculafions are based on no ground reflections, resuit~ vn be
usedfir a situation with ground refleaions because fl11 upproxunate!v 40 in
ground reflections run he neçlected,
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6~. Measuremeats

In order to get a complete picture of the electroinagnetic ficld intensity near the
HAWK installation, the electric fields were measured in an environment where
reflecting objects were removed as well in a real environment where the radars
were pointed to different locations inside the Twenthe Air Base IIAWK
mstallation.

6.1 Measurement equipment and software

To ineasure the electrc field ilnensity generated by the different HAWK sources.
two isotropic field probes were used:

Hl-95440 serial number 95440, RF electric field prohe 1 Vf in - 300 V/rn
H1-4456 serial number 97982. RF electric field probe 30 V/m - 1000 VIrn

41

Lm~

fl
~ 1

~
~) 9 ;13~ 4~) s~s usiari a uü a ~u ~a ca

r •~ ~

~ ~j
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They were mounted on a wooden tripod at fixed heighes of 1.5 m and 1.9 in. Via a
glass Ober cable the measurement data was trarsported from the probes to a laptop
comroller installed in the PCP, Software was developed to collect and archive the
measurement data (Figure 6.1), For each measurement position and for rach prohe.
30 ineasurements with intervals of 1 s were rec~rdecl during 30 s and the time
averaged value was calculated.
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6.4 Measurement results

6.4.1 HIPIR measurement resuits
Measurements were performed as described in Section 6.2, Because of the large
amount of measurement data~ the complete set of measurement resuits have been
filed in TNO archives, Resuits obtained for the situation where the HIP1R was
acijusted for maximum reading of the upper field probe (height h 1.9 m) are
plotted in Figure 6.6. Measurement results aL h 1.9 m are in good agreement with
theory and fluctuate around the theoretical bound corresponding to that height (line
5). At some locations, the theoretical h = L9 in bound is exceeded, which can be
explained by height differences of the terrain; a relatively small deviation from h =

1.9 m can have a major impact on the field intensity as shown in the plots.

Additional measurements were conducted at the following locations:

a) On top of PCP, radiated by HIPIR:V/m (84 m).
b) In PCP, radiated by HIPtR~V/m (84 m).
c) On top of HIPIR, behind antenna while radiating:~V/m.
d) Around HIPIR while HIPIR is radiatin

- at h = 1.9 m directly under antenna: V/m,
- beside and behind the HIPIR: E V/tn,

e) Inside and outside LSCB, radiated by HIPIR (60 m):
- in front of LSCB:V/m,
- in LSCB bohind winclow: V/m,
- in centre of LSCB: ~V/m.

At the locations (radiated by HIPIR) on top of the PCP, in front of LSCB and in the
LSCB behind the window, the STANAG 2345 (edition-2. 1997) limit is exceeded.

Generally if reflecting objects are in the vicinity of a measurement point. the
mcasured electric field intensity can exceed the expected value that arise for only
ground reflection.
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5.1.3)
dashpd lines: HIPIR anIennap~nnted to Q(d,h=(J,i, (theoretic çitnation 2, ~ee Section 5.1 3)

Measured e/Cctric jield intensitv ~if h= 1,9 in.

Green: E direct 1 + 1 E rejlected 1 ar h=Û in, peifecllv con 1uctin~ ground,
Black’ ~ uren ÷ E reflected as J,=O5 in, pei~~ct1y eonductinp pround,
Map: E directj + t E rejiected aS ),= 1,0 ~ pe~ectl condacung ground,
Blue: [~ direc tl + b reflected 1 aS h= 1.5 in, peifecily cenducting eround,
R~ 3: 1 I~ direct 1 + ~ reJlecteci ~sr Ii = 1 ~ ei. peifretlv condut tin ~ grcund,
Yellow’ ~ direct 1 . no ground r~ tiections
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6.42 CWAR measurement resuits
Measurements were performed as described in Section 6.2. Because of the large
amount of measurement data, the complete set of measurement results have been
entereci in a separate document named: ‘Hawic measurement result&. Some resuits
are displayed in Figure 6.7 (with theoretical no-retlection curves) and Figure 6,8
(with theoretical maximum reflection curves). As expected the resuits show that the
measured values are below the theoretical maximum values for 1.9 m and 1.5 m.
The reason that some measured values are significantly below the theoretical
maximum possible values can be found in:
- Direct and retlected components do not add in phase.
- Differences in terrain height.

Power P and/or antenna gain G specitïed by the rnanufacturer deviate from
reality.

- CWAR elevation angle >0 degrees.
- Measurement errors (see Appendix E).

Additional measureineats were performed aL the t’ollowing locations:

a) On top of PCP radiated by CWAR: Vim;
b) On top of HIPIR radiated by CWAR: VIrn;
c) Around CWAR while CWAR is radiating:V/m.

Generally if reflecting objects are in the vicinity of a measurement point. the
measured electric field intensity can exceed the expected value that arise for only
ground retlectjon.
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dashecl blue,’ h = 2.77 in (no nwar~fleIcl correclion see Eq.(4.])).
blue: h = 2.77 ni (in inain—hoam),
green: h = 1,9 in,
eed: In — 1.5 in,
light blue: h = 0.5 un
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6.4,3 1FF measurement resuits
The eirciric (leid generated by the 1FF antenna was measured around the PCP at a
height of 1 .9 ru aho~e the ground. The 1FF ante’rna was insmiled on top of the PCP.
Because the 1FF antenna transmils pulses, the FF 1456 thermal isotrople electric
field probe. clesigued to menure pelse shaped field variations, was used to
determine the electric held intensity The fi ld iensoi’ did not respond which means
that the cl~ctric lieF! ilitensiry v~ilae ‘~a~ smaller than 70 V/ni (lowest value ih

~roie lanCe).

—
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7. Conciusion

To determine the electric field intensity near the HAWK installation, in December
1998 measurements have been performed on the CWAR and the HIPIR radars,
which are part of the HAWK installation at Twenthe Air Base. To support the
measurements and to be able to inter- and extrapolate the results a theoretical
analysis was made, The theoretical predictions turned out to be in good conformity
with the measurement results. Both measurement and theoretical results were
compared to STANAG 2345 (edition-2, 1997) exposure limits.

7d HIPIR

From the theoretical resuits and the measurement data it follows that the electric
field intensity at any point depends on the distance from that point to the H1PIR,
the height of that point above the ground and the elevation angle of the HIPIR
antenna. AL the moment the HIPIR safety distance as used by the Royal
Netherlands Airforce arnounts 111.5 in. From the theoretical resuits it follows that
at this distance, in a worst case situation, assuming a perfectly flat reflecting
ground, constructive interference and a negative antenna elevation angle, the
electric field intensity locally can have values of maximalV/m for heights
lower than or equal to 1.9 m. Because of fading (fluctuations in field strength as a
function of the height above ground), the average electric field intensity (in the
height interval from ground level to 2 m) will be smaller and amounts
According to STANAG 2345 (edition-2, 1997) these values indicate that at 111.5
rn from the HIPIR, continuous whole body and partial body (except for the eyes)
exposure is permitted. Purely based en HIPIR measurements, performed at
distances larger than or equal to 111.5 in at heights of 1.5 m and 1.9 m at Twenthe
Air Base, the restriction for the eyes strictly does not apply.
Some additional HIPIR rneasurements were conducted at several locations within
the HAWK site. Locations were the STANAG (edition-2, 1997) whole body
continuous exposure limit was exceeded in case of directing the beam to it, were:

a) On top of the PCP, rad iated by HIP1R:~V/m (84 m from the HIPIR
antenna).

b) Inside and outside the LSCB, radiated by HIPIR:
in front of the LSCB.~V/m, (60 in from HIPIR antenna),

- inside the LSCB behind window:~ V/m (60 m from the HIPIR antenna).

At all of these locations the distance to the HIPIR is smaller than the safety
distance of 111.5 m.

~ILt_
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7.2 CWAR

Both the theoretical anaIy~is and the measurements resuits show t~iat for heights
lower than or equal to 1.9 m the electric fiald intensities, at any distance from the
rotating or non-rotating CWAR antenna (with non negative clevation angle). are
below the STANAG 2345 (edition~2, 1997) whole body eontinuous exposure limit
of 194 V/m.
So according to STANAG 2345 ~editiom2. 1997) for heights equal to or smaller
than 1.9 m, continnous whole body exposure is permitted at any distance from the
CW AR.
No rneasurements were performed withiri the main-beam. Theoretical analysis
shows however that the 193 V/m level can be reached at~ m distance from the
non-rotating CWAR na a height of 2.77 rn (height of centre of the antenna). The
average exposure becomeS smaller if the CWAR antenna is rotating.
At the moment. the satety distance at antenna height (2.77 m) as Lsed by the Royal
Netherlands Airforce, amounts 74 m for a non-rotating CWAR antenna. tn the past
this distance was 45 m. Both values are larger than~m. So according to
STANAG 2345 (edition-2, 1997) atthe formerly uscdsafety distance of 45 mas
well as at the currently used safety distance of 71 m, continuous whole body
exposure is permitted.
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Appendix A

Appendix A Field calculation

Electric tields generated by aperture antennas (Figure A.1) can be calculated using
the equivalence principle which states that actual three dimensional sources,
(antenna and transmitter in region 1), can be replaced by fictitious equivalent
sources in a two dimensional area (the opening of the antenna named aperture) if
the tangential field distribution in that area is known, Just outside, in front of the
aperture, the generated waves are assumed to be plane waves with equal phase and
polarisation. Outside the aperure, the fields in the plane of the aperture, are
assumed to be zero.

Region 1

x

>z
0
y

Figure A. 1: Side view ofantenna aperture (vertical dashed line)

Knowing the fielddistribution in the plane of the aperture, the generated fields in
Region 2 E., and f~2 can be thought to be generated by equivalent electric and

magnetic surface current density sources in the aperture:

Ke=~flxH1, (A.1)

(A.2)

in which:

Ke: Electric surface current density [AJm];

Krn: Magnetic surface current density [V/m];

~ Tangential magnetic Held in aperture [Alrnj;

Tangential electric Held in aperture [V/m];

Unit vector normal to aperture surface directed to Region 1.

These currents, flowing through small surface elements can be associated with
currents flowing through infinitesimal small electric and magnetac dipoles.

Region 2

ONGERUBRICEERD
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App9ndixA

8=O(i~,~,x,y,z):

~y,z):

13=2it/2~:
E1Cq, ~):

P(x,y,z):
P’(x,y,z):

Angle between z axis and vector from
Q(O,O) to P(x,y,z) [rad],
Angle between the line from
P’(x,y,O) to Q(O,O) and x axis [rad],
[radlm],
Electric field distributions in aperture A
(E1 vector oriented in positive x direction) [V/mj
Point at which the field is calculated.
Projection of P on xy plane

A.3

Q(r~,~,): Point in aperture A (in xy plane)

Unit vector in 8 direction,

e8 Unit vector in 8 direction,

Unit vector in Ø direction,

e~ Unit vector in 4 direction.

At distances for which e9 e9 and e0 Equation (A.8) can be

approximated by

y, z)~ Jf jE~ (1 + cos8) e ~iPR’d~d~ (A.9)

to obtain the amplitude (also denoted as the intensity) of the electric field.

x

Q(rl,~)

A

P(x,y,z)

z

y

Figure A.2: Aperture geometîy

ONGERUBRICEERD
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Appendix 9

Appendix B Reflection on plane boundaries

The reflection coefficient depends on the electrical parameters of the surface, the
grazing angle and the direction of the electric field vector in relation to the plane of
incidence. The plane of incidence is defined as the plane defined by the vector of
propagation and the normal on the reflecting surface.

1f the electric field vector Ë lies in the plane of incidence (Figure B. 1) the
reflection coefficient for a smooth surface can be expressed by [71

— n2 sin~_Jn2 —cos2 ~
Pl,-.-- . . (8.1)

ir srn ~Jf + .qn- — cos ~/f

The reflection coefficient for ~ perpendicular on the plane of incidence is given by:

t,,
— sIn~If—~n_ —cos- ~,if

p±— , (B....)
s1n~f+~,Jn —cos tjf

in which n2 follows from

fl- = E,_~ — j—’—. (B.3)
WE0

p,,: Reflection coefficient for E vector parallel to plane of incidence,
p: Reflection coefficient for E vector perpendicular to plane of incidence,
w: Grazing angle (angle between ground surface and the wave propagation

di rection) [rad],
a,: Conductivity ground [S/m],
80: Permittivity vacuum [F/m],
82: Perrnittivity of ground. [Fim],

Complex index of refraction.

ONGERUBRICEERD
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Appendix C Rough surface criteria

Depending on the flatness of the reflecting surface, two types of reflection can be
distinguished: specular and diffuse reflection.
Specular reflection is a reflection of the same type as caused by a smooth surface:
it is directional and it obeys the laws of classical optics and its phase is coherent.
The well known laws for reflection on flat surfaces, summarised in Appendix B,
can be used. Diffuse scattering however, is a phenomenon that is dominant in case
of reflection on rough surfaces. It bas little directivity, its phase is incoherent and
its tiuctuations are large in amplitude.
The Rayleigh criterion establishes an approximate dividing line between truly
rough surfaces and those t~hat may be regarded as smooth.
The dividing line is based on a maximum phase shift that can occur due to two
reflected waves ina point (Figure C.1)

(C.1)

in which:

D: Average depth of irregularity [mj,
~.: Wavelength [ml,
ts.~: Phase difference [rad],
w: Grazing angle [rad].

To distinguish between a flat and a rough surface, Rayleigh proposed the criterion
of =7t/2. Other values of &~ like tX4=it/8 have been called more realistic [5].
Based on z~4=irJ8 the flat-rough dividing line for average depth of irregularity can
bedefinedby:

D < flat surface; (C.2)
32sinIV

D> rough surface. (C.3)
32s1n1[r

Figure C.]: Reflection on irregular su~face.

ONGERUBRICEERD
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Appenciix D

Appendix D Determination of aperture illumination

The near-field correction factors for gain and beamwidth depend on the type of
antenna illumination and the distance from the antenna [1],[3],[4].
1f the antenna aperture illumination is unknown, it can be estimated by the 3 dB
(far-field) beamwidth using the equation:

B•L
R=—~— (D.1)

in which:

R = factor to determine illumination [rad],
B = Beamwidth at 3 dB points (horizontal or vertical) [rad],
L = horizontal or vertical dimension of antenna [m],

= wavelength [m].

The ANSI standard C95.3 [2] gives guidelines for estimating the illumination of
rectangular and circular apertures (Tables D. 1 and D.2).

Table D. 1: Guidelines for rectangular aperture illuinination

Limits of R Estimated illumination F(x)
(a = dimension aperture (m))

0.88-1.2 1 (uniform)

1,2-1.45 cos(zx la)

1.45-1.66 cos20tx /a)

1,66-1.93 cos3(?tx /a)

Table D. 2.’ Guide1inesJ~r circular apertures illumination

Limits of R Estimated illumination F(r).
(q=2r/D; D=~diameter (in)
r radius(m))

1.02-1.27 1 (uniform)

1.27-1.47 (1-q2)~

1.47-1.65 (l-q2)2

1.65—1.81 (1-q2)3

ONGERUBRICEERD
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Append~x E

Appendix E Measurement errors

On december ~ 1998 the NLR laboratory validated the TNO HI-4456 probe by
performing a substitution measurement using a calibrated NLR probe as a
substitute. Together with the probe calibration reports, probe factors were checked.
The probe factors of the ECW probe HI-4450 were derived from the NLR and
TNO probe by substitution.

The calibration status of the probes at december 1h 1998 were as follows:
NLR probe, Holady H1-34450, serial number 95442, calibration valid due to 17-02-
1999
TNO probe, Holaday HI-4456, serial number 97982, calibration valid due to 16-11-
1999
ECW probe, Holaday 1-11-4450, serial number 95440, calibration valid due to 09-
01-1998

Measurement errors of the (TNO) 1-114456 probe at 10 GHz are given in table E.1.
The overall measurement errors of the ECW probe are equal to the overall
measurement errors of the TNO probe. This is due to the adjustment of the
respectively correction factors.

Tabel E. 1 Measurement errorsfbr HI-4456 probe.

Measurement error of (TNO) 111-4456 at 10 GHz

(probe rotation angle adjusted for maximum sensitivity)

Error Range

Min Max 100V/m 300V!m 1000V/m

Linearity 1 -0.5 dB +0.5 dB
(according to cal. reporO of full scale of full scale

Linearity 2 -2LSB +2 LSB
(according to cel. reporO

Isotropicity - 0.3 dB + 0 dB
(measured al NLR al 10 GI-Iz)

-0.8 dB +0.5 dB —9 V/m -27 VIm -90 V!m
TOTAL -2LSB +2LSB +6 Vim +18 V/m ±60 V/m____

ONGERUBRICEERD
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