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INTRODUCTION

Recently Chandler Wilde [1] investigated the problem of the reflection of a spherical wave from a

homogeneous impedance glue. The representation of the field he derived in given by:

tun, eum,

  

Comm) = — + Puma) (I)41-11, - am,

for the geometry shown in .
r lneelvuv r  

m... ;;

Figure 1: Geometry for reflection from an impedance boundary

Pg(;, m) accounts for the finite boundary admittance using a Huukel function representation. This

term is preunted in two integral forms which may are suitable for numerical calculation.

1)

“if. j: t‘le"’f(t)ft (2)

 

(1‘)-r P, _

where 5 is the admittance, p = “2:, and I: = E} f is the frequency of interest and c the velocity

of mud in air. This may be evaluated using Gauss-Laguerre quadreture provided that p is small,

ll - fil < i and 5 v.5 The integration is made diificult by f(t) containing two Hankel functions
with complex arguments.

2)
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Lfgew I: #14: + 5,9113”(kr./—1_ fi?)¢-I*5('+lal if 9(a) < o and um) < 0

P5 = $5” fa” jiéz?‘ otherwise (a)

with

W(t) z _(¢ _ 14+)“ - 1a-): —:’ + 2.1(1 + 57) + (B + 7)“ (4)

andaizl‘t'fl‘FFm 1-‘7'Md1=C0590 (5)

It is this second form that is used in the calculation which forms the basis of our comparisons. The

integrand is evaluated using the DOIAMF NAG routine which uses an adaptive procedure similar to
the Gauss 7 point and Kronrod 15 point rules after transforming the integrand to the (0,1) form.

Chandler Wilde also reviewed several series approximations, when 9 is large and concluded that the
model proposed by Thomasson [2] is to be preferred to the model by Kawai et al [3] and Nobile

In this paper we shall compare results from Numerical Integration with several of the more recent _

series approximations and with the widely used Weyl van der Pol model [5] for several typical
impedance boundaries and geometries.

COMPUTER MODELLING OF PROPAGATION THEORY

The propagation models examined are

e chl van der Pol [5]

I Nobile and Hayek [4]

e Attenborough, Kayak and Lawther,[6]

Kawai, Hidalra and Nakajima [3]

Thomauon [2]

Chandler Wilde (numerical integration) [1]

- Plane wave reflection coefficient model

WEYL VAN nan Pox.

The velocity potential representation is given by:

In, R. eith
“I + (me) + [1 — magnum] M,Our =
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F(w) = 1 + ifiwe‘“’erlc(-iw)

w z %(ihR,)(fi + cos 0)a

_ cos 0.; - B

W“) ' cos 0a + [i

for small angles of incidence and low adminanca surfuces . This form has become widely uccepted
when studying sound propsgniian, The complemenury error function with I complex argument may
be calculated using the Approximations [T];

a ‘ a —z”‘W(z):¢" {orallz (s)

1-3-5---(2n-1)) (7)

“'9’ = (‘ +113. (2m
ssz-ooendf$nrg(z)5§

These hnve been used to develop a Fade spproximans solusion as suggested by Chandler Wilde .

NOBILE AND HAYEK

This series is produced so that the higher order rams are produced {om she preceding terms using
I recursion formulse.

The solution ohtuined by file uuthors is given by:

cm. can, “whim, =-
¢(r.z) = T] + T'- — mgnlem + Kn! ‘ (8)

1.. = 'I‘Iylorcoeflicient = (fihgzx 2' " )«m (%)H (9)

( 2‘ " ) is the hinolnill mind“: (10)

.D = ngf‘lerId—u) (n)

E... = —BE _. + 3..-, (12)
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an =1, 5,: —B (13)

Km=—BK,,..1+ (2,52? KW, (14) ‘

K.,=o.K.=2—ikl—R—2 (15)_

with

.11 = —i"1+fisin\b — flaunt! far (Bi <0. 1n¢>o) (1s)

kWh—R: l>+5ain¢—(1-fi’)9covfi (17)

G=—H’=1+psin¢— l—fi’ccufi (18)

H=1+Ifisintb+\/1———fl;coadl (19)

n,,.=[(—%:n—m)]am—l,ao=l (zo)v

ATTENBOROUGH HAYEK AND LAWTHEE

The authors use thecontour integration method adopted by Paul [8) and nteepell descent! to calculate

the field for both local and extended reacting Inrfacen at grazing incidence. The typographical errors

- were corrected Quutmuo The final field above a. locally reacting surface is given by:

  

~ 5mm 2.1.x, ha

a" _ 41R; +R(o°)41ng _ T

, ¢(-¥)erfc(_"7;) x a; [two — am] e-‘h'(‘-F‘)*e-'h":] + V’(R) (21)

with

(=0)I =iklR;(1 + 13:030.; — (1 - mi amen)
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IV’(R) :

-(1 weak—om

A 2‘11“: 1+ficns90 4-1)}; ' 1

If Raw 1- condo) fl (1 -132); “I go - {1:112:03 + was“):

sin 99(1 — 5’),

8J5
1-+ 1i cos 00x (1+ 1+flcos00-

sin0¢(1—fi7)§,mo“ 43:)!)’(
szsx HIDAKA AND NAKAHMA

a)”

The "he. is developed using I modified riddle point method. The authors claim an improveq

Incuruy over the model due to Chain and Sorphn [10], (ill-However it is Inspected this the model
will hrnk down
is given by;

¢_

with

and

for R(\/1 — 3’)

Mchough series
rho function.

 

u we swmmcdver separation decreases. The field above hhe-impeduca boundary

_ all: + {E + ("W ‘ W‘Wflha) - 1}) +¢. (23)

a = { g2hfilfihrflfiik0+uw gigging) <9 (24)

nuisance—Wanna (25)

> o Ind Hi; > 1.

expansions for F'(x) are givsn in the paper they In not used in the evaluation of

THOMABSON

The series is produced using Wntsons Iguana. The solution is Intisfnctory if the limit ER: '> 1
edits. Whereas most ofihor solutions apply both this Ind 5 further restriction. Iris suggested by

Chandler-Wilda thnt of m models discussed here the firs: three terms of rho series will give the
most scant“ representation .

cum, hon-1.x,

    

eihnx an e—I

’1 = —41R| —41r)l; in j; w-lmd‘

+§a - mammoru - v')9)expl-iko(z. + up] (26)

m.) = (A: + my — t) m: A = [mom-m - 1)}! and s = [ikonau - 1019 (27)
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_ +1, —5 s arg(A) S 1C - [ _1‘ $3 mm) < ;' (28)

[1° 1 = —cas(9o)ui(l—y‘)isin9n (29)
x

H[,5 ] =(r’+(»iz.)’1% _ (so)

r = [(2. — 2,)“ +(y. - mi and moo = ("g “l (n)z

the integrand is evaluated to give

Ckoue'h'z’ ” (2m)lI,..
P" ~ 2w “:0 (m!)’(43’)”‘ (32)

for 52(70) > 1 with

ID = fie"erfc(A) and I, = A + — A“) 10 (33)

I... = (m _ 51, — A1)I".-. + (m —1)A=1,.._, for m 2 2 (34)

PLANE WAVE REFLECTION COEFFICIENT MODEL (P.W.C.R.)

This wave model is often used as a simple model to predict sound propagation above ground of finite
impedance

  

Gaga. R a lam,

4"" _ 4x11. +[ ( ""4112,

RESULTS

The level difference Ipectra, i.e. the transfer magnitude of function between two microphones the
lower one being doee to ground level, is examined for a range of geometries and impedancee.

The difference in magnitude of the level difference spectra between the numerical integration model
and the asymptotic series model: is shown below together with the geometry used and the impedance
of the surface. The impedance: were found using the Rayleigh—Attenhorough model [12], [13].
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CONCLUSIONS

As can be seen for the range of parameters shown the model proposed by Weyl and Van der Pol
is quite suitable for the conditions encountered when'characterizing the ground surface. Even for
value: of Hi; ol’ unity the Weyl van der Pol rnodel gives a suitable prediction.
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Numerical InlmUnn and Natalie modal:   
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The prediction of sound propagation outdoors has often to deal with the case of nearly grazing inc:-

dence. The ground influence for this case is described with the theory of spherical wave propagation

[1] by taking into account the impedance of the specific grounds. The theory predicts the Dccurnnm:

of a ground wave, propagating near the surface and depending sensitiver on the properties of the

ground. The original intention of the work presented here was to deduce effective impedances of

several outdoor grounds for nearly grazing incident sound, including a comparision with those for

larger grazing angles. During the work, the question of the influence of meteorological efl'ects, is.

wind— and temperature gradients, which are well known to establish in opposite ways during day and

night ['1], secured. Their influence on grazing sound propagation is a phenomenon not clarified until

now. These gradients had been regarded as minor efl'ects for sound propagation at smaller distances

(up to 100 m), but it is shown, that the propertiu of the ground wave are sensitive to meteorological

efl'acts. Sound speed gradients above the ground have a strong influence on sound propagation, even

over small distances of a few decameters.

THE INFLUENCE OF NIETEOROLOGY

The sound field above a flat and homogenous (as far as possible) lawn surface was measured twice on

a sunny winter day. The first measurement was taken at noon with a strong negative temperature

gradient expected, the second measurment was done shortly before sunset, where the temperature

gradient had turned positive. The positive or negative temperature distribution was checked with a

handheld thermometer.
Slow winds (wind speeds from sero to about 2 m/s) were partly present during the measurements

The noon measurement was talran upwind, the evening measurement downwind, in order to assure,

that occuring wind speed gradients did rather increase than destroy the efl'ects of the corresponding

temperature distribution. '

The sound fleld, emitted by a source elevated 40 cm above ground was picked up in three difl'erent

heights (0.4 m, 0.8 m, 1.6 m). consequtively in four difl’erent distances (12.5 m, 25 m, 50 m, 100 m).

The measuring technique is described in [3], it deliveres functions of the frequency dependent mag—

nitude and phase of the excess attenuation relative free propagation of spherical waves.

   
.u . - . ,_.

Fig. 1 shows measured magnitudes and phases of the excess attenuation in 0.4 m height and four

distance for the noon measurement. Low frequencies are transmitted from source to receiver without

loam, |H| is about +6dB (dashed lines), indicating a perfect reflection for any measured distance.

This low frequency region is dominated by the ground wave, its low pass behaviour is sensitively

depending on the properties of the ground. The cut-ofl' frequency decreases slowly with increasing

distance, the marked ground dip gets deeper. The reincrease of the magnitud towards high fre

quencies is due to positive interference of direct and reflected waves, caused by the finite difference of

the path lengths of direct and ground reflected waves. The measurement over 50 in shows a stronger

decrease of the path length difl'ersnce than expected from geometry (linear decrease), it even tends

to sero for the 100 in position, where practically no sound of high frequency is transmitted to.

The phase functions shown below reprment the phase lag of the total sound signal relative to spher-

ically diverging waves. They are determined except an unknown linear part (time delay between

Proc.l.O.A. Vol 11 Part 5 (1989) 265  
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Fig. 1: r” z

Megnitude of the excess attenuation function

for gluing sound propagation lion; 5 lawn eur-

fnce during dqy conditions. Source and receiver
height were 0.4 m, the dict-noes are noted.

Corresponding phase function: a! the excel It-

tenuetion areshown below. Low frequencim

are, relative to high frequencies, increasingly

delved wi‘h dist-nee. The phase speed of the

ground wave in nmeller than the eound speed of
n free wnve.

500 1000 2000 Soon
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Fig. 2:

Magnitude of excess attenuation function for
the lame geomeiry ea in Fig. 1, bus during
evening hours. The diluent meteorologi: dr-
cumnteneen cause very difl'erent ones attenu-

union.
The corresponding phase function- on much
stronger delayed then during the day, the phase
speed of the ground were he's got ennller (Note
the diluent scale).
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In
Fig.3:

a Magnitude of the axe attenuation for

three difl'erent wind conditions. The

-m wind afl‘ects the reincrease of the func-

tions towards high frequencies, which

is due to path length difference The

ground wave part at low frequencies is

not afl'ected. The distance is 100 in,

source and receiver height 0.4 m.

-2(J

do

an
100 ans sun tuna 2000 new Ionun

direct signal and reference signal). This linear part is mtirnated from the behaviour of the high

frequency region. which is most sensitive to an overall time lag. It shows a nearly constant behaviour

for all distances, high frequencim behave like spherical waves. The phase functions of low frequencies

decrease up to the ground dip, increasingly fast with increasing distance. This behaviour is explained

with the nature of the ground wave, which is coupled to the ground surface and travels with a phase

speed smaller than free waves.

W
Fig. 2 shows the strong influence of the difierent gradients during the two measurements at noon

and towards evening. The measured functions exactly correspond in geometry to those in Fig. 1.

They show a strong increase of the sound pressure level of high frequencies transmitted to each

receiver position. The path length difl'erences between direct and reflected sound do not decrease

with increasing distance (they even increase for how and 100m), yielding a strong and nearly constant

reincrease of the elceu attenuation functions towards high frequencies. The sound pressure level of

low frequencies exceeds +8 dB relative free propagation of a spherical wave for distances of 50 m and

more. The phase delay of the ground wave is much larger than by day.

The difl'erences in excess attenuation between day— and nighttime increase dramaticly with increas-

ing distance. During day conditions, the ground gets more and more a high order low-pass filter

.with increasing distance, in the evening, it only attenuates through the marked ground dip while

frequencim below and beyond are much better transmith from source to receiver than expected

from geometry.

Walled .
Even in a calm atmosphere, there are always slightly varying wind— and temperature fields, which '

scatter high frequent sound, yielding well audible changes in the sounding of a ground-near source.

The main influence of the wind fluctuations establishes in_ the high frequency domain while low

frequencia are not afl'scted (-a Fig.3). The variations are due to changes in the path length difference

between direct and reflected sound, which is responsible for the reincrease of the excess attenuation

towards high frequencies. Depending on the wind situation, a more or less marked interference

pattern is found at frequencies beyond the ground dip. The curves represent three measurements

over 100 m, taken consecutively for a constant geometry. The time between the measurements is of

the order 10 seconds, a single measurement is an average over a few (about 4) seconds, smoothened

afterst by averaging. -

Proc.l.O.A. Vol 11 Part 5 (1989) - 267
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W
A qualitative explanation of the measured efl'ects can be given with the aid of the image of ray
tracing. A positive sound speed gradient, ice. temperature or wind speed increasing with height

(downwind, evening teme'raturs inversion) yields sound rays, which are bended towards the ground.
The dilference between the bended paths of direct and reflected wsw increases with the sound speed

gradient
Smell variations in the sound speed distribution, as they are caused by wind. lead to large variations

in the sound speedgradient, hence to large variations in the path length difl'erence, especially close
to the ground, where the gradits usually are largest.

Negative gradients (during the day) yield a decrease of the path length dilferenoe, the rays are bended

upward and a shadow region occurs The shadow region is penetrated by waves of low frequency,
as long as their wavelength is large compared to the spatial dimensions of the gradients. The increase

of the sound pruure level to more than +6 dB is explained by a focuaaing eEect of the gradienu.
These two last statements can not be described in a quantitatively correctmanor with a ray tracing

method. because it does not account for the wave nature of sound.

THEORETICAL DESCRIPTION OF THE IMEASWNTS

Provided the efl’ective surface admittance and the geometry of the source—receiver configuration is

known, the measured functions of excess attenuation can be calculated according to the well known
theory of spherical wave reflection The measured functions are normalised to spherical spreading,
they can be written as

_ '_I MrH—l+nQe‘ , (1)

where n and r, are the path lengths of direct and rsfelcted wavesI Ar is their difi'erenoe, k is the
wavenumber in air and Q is the reflection coeficient for spherical waves or the image source strength,
respectively, A generally valid expansion for Q is [5]

  

_ 2" - v? 2'.“ fl L: L9 - —q—l+!in0+uI‘/;p.¢ l+fi(l+3+215+3”+ . Ps— 2(IIXI'+II). (2)

It is easily seen, that this series converges badly for large p., so for large numerical distances p., Q
is easier calculated by

 

o = n - mi“; 9 (n — [1 —'aisn(9m(a.))I-'fip.e-fi + 2—; + (—5}, + +. (a)

Thialatter expansion allows for a nice interpretation of the wave field to split up as a sum of sources of
difl'erent order (monopole, dipole etc) including a surface wave term, if 9. has a negative

part, is if —9m(u) > 522(9) + sins. For grasing incidence and strongly reactive admittanciss, this
surface wave dominates the ground wave, and en increases of the excess attenuation to more than

+6dB is expected theoretically This leads to the attempt of comparing the phase functions
of the evening measurement with the wavenumber of the surface wave, End/2 The phases
of the ground wave part decrease constantly for all distances. if they are depicted proportional to
the parameter hr times frequency I (-r Fig. 4). Hence the admittance can be estimated to rise
in magnitude proportional to the square root of frequency. This frequency dependence is the one

269 ' ‘ Proc.l.O.A. Vol 11 Part 5 (19:9)
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Fig. 4:

The phase functions of the evening measurement decrease

about proportional to the frequency squared. They show a

very similar behaviour, if they are depicted versus a parsin-

star, which is proportional to kr times frequency. The four

functions are when here versus In [/1000. A comparision

with the wavenumber of the surface wave, which is Inf/2,

yields a value of the magnitude of the admittance, which is

about 0.115 at 1 His and rises with the square root of fre-
quency. The value of v is confirmed by fits of the measured
functions with the theory a! spherical wave propagation, but

the frequency dependence has to be stronger.

 

a son was anon sassuse mu

predicted for the ground to behave like an infinitely extended fibrous absorbent material. However,

things are obviously more complicated. An attempt to fit the measured functions with such a
frequency depending admittance fails in predicting the measured phase, as is shown in Fig. 5. A

correct description of the frequency depending phase of the measured functions can only be achieved

with anadmittance which rises proportional to frequency. The assumption of the surface wave basing

the dominant part of the wave field is obviously incorrect for th measurements.

For the ground wave part of the measurements in discussion (frequency: 100 H: —. lerz), fl is in
the range 3.5 —~ 35, sino ranga from 0.15 to 0.01, and [ill is of the order 0.01 -v 0.1. A numerical
ccrnparision of the two series for Q shows a transitim between them for |p.| a 3. Consequently,

the expansion in eq. (2) seems to be valid rather than thet in eq. (3). The behaviour of this series
is extremely diflicult to approximate, so the complete numerical solution has to be taken for the

calculation of theoretical functions for Q.

Wm“):
in order to compare the measurements with calculated functions, it is convenient to eliminate the

geometrical parameters in eq. (1). The ratio of path lengths rl and r: is practically equal to one

for all geometries in question. Their diEerencs Ar has a marked sfl'ect on the excess attenuation

functions, because the ground dip is an interference minimum of the ground wave and the spherically
diverging waves. Consequently, it is sensitively depending on the relative magnitude and phase lag of

both. The efl'ectivc path length difl'erence for each measurement can be estimated from the reincrease
of the magnitude towards high frequeiu. The corresponding phase lag of the excess attenuation
functions can be compensated for and the image source strenth itself can be calculated.

 

,s '-- :u-ty      

 

The dependence of the theoretical image source strenth Q on the geometrical parameters is not

easily seen in eq. (2) and eq. (3), so the measured behaviour for diflerent grazing angles and difi'erent
distances (these are the two geometrical input parameters of the equations) is compared to calculated

predictions for a constant admittance. The admittance was set to an exprmsion. which was found to
give a satisfactory decription of the measurements: it = 0.11 f e-‘WMU“'"I°-”, [min], The linear
dependence of the admittance on frequency is necessary for a correct [it of the phase functions, as
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Fig. 5:

The evening measurement for 25m and h, = 0.4 m

is compared with two calculated functions, didac-
ing only in the bequency dependence of the mag-
nitude of the admittance:

u = 0.11711'e-“1'; firm}

(a) : 14 ~ I, x=l

we no sun woo 2000 5mm (5) ~' V "' fl: "zo-5'

 

The magnitude of the emu attenuation is not
very sensitive on the Many dependence of the
admittance, a fairly good lit is achieved with both
models.

The phase function is much more sensitive, a lin-
ear increase gives a clearly better fit a! the meap

sured function.

use

'270
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“ID 200 500 1000 2000 5mm

shown above. The decrease of the phase angle of the admittance towards lower frequencim yields

a better description of the small, but remarkable increase of the IE I—function in the low frequency
domain. The measurements show an increasingly resistive behaviour of the ground for increasingly
large wavelengths.

Angle dependence
Fig. 8 shows magnitude and phase lag of the image source strength calculated from evening mea-
surements in 25 in distance and three receiver heights. The image has a value of around +1 for low
frequencies and of —l for high frequencies. This reflecting behaviour is to be expected for any surface

at near grasing incidence, even for plane waves, but the increase of the measured magnitudes of the

image source to valum markedly larger than one can only he described with the reflection coeflicient
for spherical warm. or with the appearance of the ground wave, respectively. The maximum value
of |Q| increase with decreasing receiver height, is. with decreasing grazing angle. The peak is not

shifted on the frequency axis, the phase functions decrease similarly.

The straight curves in Fig. 8 are calculated functions for the given geometry. The increase of the

maximum with decreasing receivur height, which is a decrease of sinO as input parameter for the
calculation of Q, is correctly described by theory. '

in terms of the numerical distance, p, = \/ih72(fllfl9 + Edy} + ism-(:4), the sin O—term acts like
an additional real part of the admittance, a decrease of sin0 increases the phase angle of p., this
increasu the reactive behaviour of the ground, [0] gets larger

Dependence on distance
Fig.1 shows the behaviour of Q' for increasing distance and constant receiver height. The maximum

value of IQI again increases with decreasing grating angle. The maximal is shifted to lower fre-
quencies with increasing hr. This shift is sensitive to the frequency dependence of the admittance.
The straight curves in Fig.7 again represent calculated functions for the cerraponding gcometrim.
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Fig. 1:
The maximum of the image strength is shifted

to lover frequencies with increasing distance.

The straight curves again represent theoreti-

cal functions, they underpredict the measured

strong increase of |Q| for50 m and 100 m.

The magnitude and phase of the image source

strength for three difl'erent receiver heights

(noted) in a distance of 25 m. The magnitude

has a strong maximum around 700 lb, increas-

ing with decreasing receiver height. The be-

heviour is correctly described by theory.

Apart from the measurement over 1!!) m, the measured shift of the negative slope of IQI is closely

reproduced with a frequency proportional admittance.

A frequency dependence with a smaller exponent than one predicts a stronger dependence on distance.

This can again be clarified by alook at the numerical distance. The location of the maximum on

the frequency axis is mainly determined by the magnitude of p. The magnitude is determined

by the distance and In +sinal, a variation ofeach of these factors acts in the same way on calculated

functions. Provided a small grasing angle, the magnitude of the numerical distance can he written

aa IPel =, VbrhlvUH'. The stronger the frequency dependence of the admittance, the smaller is the

influence of the distance r. and vice versa, the strongest variation with distance is achieved with an

admittance not depending on frequency.

The maximum of |Q| is underestimated for 50 m and 103 m. A better fit of its height is achieved

by a reduction of the efi'ective grasing angle. A variation of this geometrical parameter should he

allowed, particularly if the strong variah'ons in the efi'ective path length difl’erena! are remembered,

which are caused by meteorological influences. However, the total shape of the calculated functions,

especially the inmaae of IQ] for low frequencies, gets even further awuy from the-measured behaviour

if the angle is altered.
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All the statements given above hold for the evening measurement. Fits of the measurements, which

were taken at noon, diii’er from the ones taken in the evening in the following way:

1. They show a less reactive behaviour of the ground, indicated by the behaviour of the excess

attenuation, which does not exceed +6dB. A satisfactory fit of the measurements desires a smaller

total phaso of the numerical distance, which can he achieved either by a variation of the phase of the

admittance or by anincrease of the efi‘ective grazing angle.

2. Corresponding functions of |Q| are shifted to higher frequencies. The location of the |Q|—maximurn

on the frequency axis is determined by the magnitude of the numerical distance. Hence its magnitude

seems to be enlarged by meteorological efi'ecte, and this indicates a larger value of the efl'ective surface

admittance.

3. The phase functions for all distances again normalise with respect to the parameter k! I, like it

is shown for the evening measurement in Fig. I, but the dependence is much weaker. The phases

decrease about proportional to m. This empirical finding does not allow for a comparision of

the phase functions with the wavenurnher of the surface wave,hut the theoretical phase of Q shows a

nearly linear dependence on lp.|. A comparision of Ind with the measured phase function yields the

reasonable value of 0.15 for the magnitude of the admittance at 1 kill, again rising with the square

root of frequency.

Conclusion

Measurements of the excess attenuation of sound, propagatingclone to a lawn surface, show large

variations due to the meteorological circumstances even at small distances. The variatims can partly

be explained by a variation of geometrical parameters within the frame of the theory of spherical

wave propagation. However, the described discrepancy in the frequency dependence of the measured

phasa indicates, that a correct model for the efl'ective surface admittance of the outdoor ground has

to accent for msteorolop‘cal influences.

On the other hand, the finding of the measured phase functions to normalise with respect to hr 1'

gives rise to an attempt of finding empirically an expression for the ground wave itself. The influence

of the ground and of meteorological parameters could be included in the efi’sctive properties of the

ground wave, which could be handled as a more illustrated phenomenon, compared to dealing with

the complicated theoretich expression for the image source strength.
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