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1o Introduction

: Mothods of computing ground wave field intensities,over a
smooth grherical carth have been givon by Durrows and Gray, and by
Horton © for various frequencies, disionces, antennz heighta and ground
constonis. For fregusncies zbove 30 MC/S, o conprehensive series of
ground wove proposation curves hove bsen preparod by the Director of the

- CuCeIeRs for vorious distances and enterma heights over sea and land
Tor botg h&rizontal and vertical polarisation using metrio units of
length ~* %, . ‘

Bullington 5 producad a series of nomoegrams, which give
fleld intencities for a rango of hoights and distonces using the
simplifying assumptiona of a plane earth or a smooth spherical earth.

To allow for obstacles in the path between tranemitting and receiving
anternes he used the concept of shadow triangles embracing the
obotacles to ascess the additional losses sbove the losses inherent
in the plane and smooth earth field intensities.

The Federal Communications Commission of the U.S.A.6 presented
field intensity graphsc based on a largs number of field measurements
of talevicion stations for various frequencies and fransmitting
. antenna heights for a standard recciving antenna height of 30 feet.

The median field intensities wore less than the corresponding smooth
earth values for ghort distances ths deliciencies being greater

at higher frequencics in tho V.H.P. ronge with a tendency to be
cemperable with cmooth earth for distances above 30 to 40 miles. The
F¢C.C. later iscued amonded curves’which showed that the median
velues ars appreciably higher than smooth earth at considerable
distances.

: Epstein and Peterson 8 9 presented mothods of estimating

field intensities, which relied more dircctly on knife edge diffraction
for predicting the effect of obstacles on the path losses, The first
peper resulied from messurements made at a frequency of 850 MC/S, and
illustrated a useful method of computing the diffrection loss for
miltiple knife edge obstructions., It was found that each knife edge
such as P introduces a transmission loss at the top of the succeeding
knife edme Q approximately equal to that of a single lmife edge in
free spoce, ond at the some time acts as a new savree of signals in
the directien of the Inife edge Q, which in turn introduces a transmission
loss equivolent approximately to a kmife edge in free space with its
source at the preceding knife edge P and its recoiving point at the top

- of the next Imife edme R. The degree of zpproximation of this rule for
a double knife edge has since been pub on a firm mathematical basis by
Hillington, Hevitt and Immirzi 10, With the trend toward elevated
transmitting eites, Imife edgs diffraction methods con be used as a basis
for computing the losses of a surprising mumber of obstructed iransmission
pathse

Vhere the recoiving point is en antenna at the standard height
of 30 foet above ground, the knife-edge methods must usually be modified.
to 2llow for tho additional loms caused by the effect of the ground on
the path from the ecquivalent vave esource, which is located approximately
at the top of the last obstruction, to the receiving contenna. Epstoin

which depends on the ongle of arrival of the wave with respeet to the
ground lovel at the recciving pointe An altermotive method is to imagine
o hypothoticnl tronsnittor at the top of tho lost obotruetion ond compute
the lozs relntive to frac spoez of this frencriscion over this last leg
of the promagation poth by eoprozimate .motheds. TFor o single obstruction
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and Peterson, in their oecond paper 9 have used the "clutter loss! method,




theso methods usunlly give optimistic recults unless the obstruction
is a foirly pronounced knifs edgs. To counteract this trend it is’
desireble to allow an additionel. tronsmission loss for the rounded nature of
the obstruction.. . ’

]
P .

An altomnative method has beon developed for dealing with:
obstructsd paths snd opiicsl paths vwhich ars only poor approximations
of a omooth eorthe It is useinl as a check on the chove lknifo edge
rethods or whois doubt exists about their cpplication, Vith some types
of path, howovery it gives optimistic rosults particulerly whore multiple
Imife cdges are involved. The method is baged loargely on Bullington's
shadow triangla tochnique 5 and a statisticel analysis of Austrelian
field intonsity moosurcments in Band III. It resulied from the
cbgervation that computations using a‘plone earth and shadow mothod tend
to Nave. an opposita exwor trend with distence to those based on smooth
sarth and shadew techniques. An avorage of the results of the two types
of caleulation at any distance tends to corroot for- the srror trends of
the individual ealculations. .

Line of sight troncmiscion paths con also be txeated in a
mmber of ways. Where tha torrain conforms sprroximately to a smooth
earthy the FleCe curves 6y 7 are convenient for use, periicularly as-
they assume the use of a receiving antenna 30 feet sbove ground. The .
nedian figures oo obtained azre reduced by 6 db. when applied to the build
up area of a town. As mentloned earlier these curves allow for degradations
below emooth earth values, particularly at short distances. Where high
ground or hills are sufficient to impair the degree of clearence et.any
part of the path, the calculations cen bo made by one of the methods used
for obetructed paths, ) : :

Many cases srise in Austrelia where it is desired to compute
the medion fiocld intensity at considerable distances beyond the line of
sight. For rolling terrein and 30 f4. receiving antemnae the F.C,C. ocurves
can oe used. For mountainous terrain, or with heights appreciably greater
then 30 feet it is desirable to use an angular distance method such as
references 11 which takes account of the terrain for a specific paths

2, Meld Intensity Celoulations For line of Sisht Paths

2.1 Paths with Firet Fresnel znd "Free Space Clearancs

If the ground has first Pregnsl clearance bolow the

1ine drawn from transmitting to receiving antennae

(assuming standard refraction) then a median grade -
of signal squal to free space is assured. Tor the so-

ealled criterion of "free space” clearance” (path to

eny obstacle et least 2 greater than the direct path)

the medizn xvecelved sié-nal will also be of substantially

free space grade.

2.2 Paths eporoximating to smooth earth — 30 ft. recoiving
antennse .

The FeCole curves 6, 1 cen be used. The effective
height of the transmitting anterma can be teken as

the height of the transmitting antenna above ile

averoge height of the terrain from two o 10 miles

from the transmitter in accordance with the instructions
for using these curves. Fig {1 shows a height distance -
graph of a typical path plotted according to the usual
parabolic representation of the curved earth. The
oarthls equivalent radius is takon as 5200 miles
(stondord refrection). Another method is fo take the
cffoctive tronomitting antenna height os the diffcrence
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Foowend Fertey ten a lod of paths

deald w t1ly spaeded by the us

of o f‘ 1j of carwes shoving first Fresnel clearﬁnca
asninst al o Teom the transaitter with totzl distance
between tro t,ar hnl raoel Sl a1 tha parcmeters Such

a eot of curves is shova in ra 2 Por Bund IIl. A
sllxatlj leca comsorvasive answer for the received.
ficld intoneity.is obiained by using “froe spoce
clenrancs ag the oritorions A femily of "free space"
clearansae cupves is also shomm on figure 2 for Band IIT.
It is usu-lly found with ezperisnce that the path eclenrances
nood not Lo choskod at mors than ono or two pointas., For
recoivins points in built up arses 6 db should be deducted
from the nodisn field intensities so compuicde

-pth Fith Dlevetad Redoiving

In this cnse tho elevated naturs of the recsiving

antonna ey result from the placement of a 30 £it.

antonna on a loczl hill or from the use of a high

maohe In such cases a Gl.C.I.Re Atlas 3, 4 may be

wed in the some manner as the FP.CeCe curves in scction

2.2 sbova. Tho rooeiving antenna eifective height is
ogtimated in the scme manner ag the iransmlitting antenna
effactive beisht by the use of first Fresnel or "free space”
clezroncos, These ovo thoore icul curves to which no
corrections have boon made so thot it isdesirable to deduct
fyroa 6 to zoro  db for land paths in Band III, depending
on the ratio of the antenna heights product to the wavelsngthe

Paths Mot Annrodmotine to Smooth Eorth

Thers obstructicns significontly reduce the clearanses

of the path vhils still providing lino of sight transmission
it is ofton possiblo to apply smooth carth and plune earth
methods vwith simple corrections to allow for the effect of
obatacles. Lator in secction 3.4 examples of this techniqus
aro deseribed together with snothsr method of treating the
problems

Ohntmeted Pathg .

Sin-le Tominrnt Obstruction with Tronsmitting and
Reesiving Anbamns Viaeible from the Yop of the qutruction.

A typical path is illusitruted in figure 3. The triangle

TOR is drawn through the ironsmitting and receiving aniennae
and the top of the obstacle. The losses on this path relative
to fr2e space propagation betweon transmitiing and xeceiving
antennae can be approximated as followsi=

tI

’

(A} The loss along the path from T to O due %o
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ground . effectas. If "froe spaca" olearance
gbove the ground eximis at all points below
_the line TO, zorc loss on this sootion of
“the path oon b asouned. IF o point such a8 -
‘P has oignifioantly less than "fres spaca't
‘¢learance, a3 knife edge loss con be assessed
from figuro 8, reference 5, the distanca usad
boing the smaller of TP ox PO (in miles), -

and height H (negaiive) being the distance
in feet of P bolow the line TQ.. - This loss iam
usuzlly we1l undez 6 @b ‘

(B) A imife. edge diffraction loss dus fo the - -
bending of the dirsot rays T0 and OR by: the
Imifa edge. This i3 also asoossed from flgure
8 rofersnos 5 using the posgitive height OM and
-the smaller of the distances T0 and OR.

(C) If the obstruction 0 is a rounded hill extend.ing
for several miles rather thah a pronounced
knife odge; an additional diffraction loss of
approximately €& db. for Band III should be
added.

(D) A epace wave loss dus to ths effect of ground,
reflections on the path from O to R. This can
be assessed by the empirical "cluiter losa® ~
mothod (figure 2 referencs 9), vhich gives .
increasing lossess with increasing frequsncy and

- decrsasing losges -with increasing angle of
axrdival of oignals at the receiving antenna.

An aliemmative method fox asesssing this: loss

is to imagine a hypothetlecal transmitiing antenna.
at Oy ths effootive height of which is obtained

by drawing a tangent at the ground below the -
raceiving anterma to cut the vertical line

through 0 at a point ¥, giving ON as the effective
height of the hypothetical transmitters The medien:
field intensity for height OF and distance CR is
then computed by the F.C.C. curves (referonce 6)
and deducted from the free space field for distance
ON %o give the approximate space wave less for path
OR. This method. is %too pessimistie for small
values of ON, and in such cases the "clutier loss®

. is the only simple method available. The ratdo of -
height OF to distancs OR is also the most conveniend
method for computing the angls of arrival for use
in the "clutter loss" sstimation so that 1ittle. - -
extra work is involved in computing the loss by
both methods, thereby permitting an average of
the results by the iwo methods to be uged in
most casés..

' { (E) Ths roceived f1eld intensity is obiained by adding
the losses of (4), (B), (C) znd (D) and subtraciing

the total from the free space field for the full

distanece TR, decibel units being uced in all cassess

3.2 Multiple Obstructions

A typical path with two dominating obstructions is showm in
figurs 4o

'I‘he procedure for computing the median field intensity
at R follows similar lines to the provicus example (3.‘)
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with an cdditional kmifo edgo losa {0 be ad&ed and &
v2lloy botwoen tho knife edges to be cehcked fow
poscible losacte

{a) Tho lesg from T to O\is cotimated in
identical mannor as for section 3.1 (a).

(b). The knife edge loms for obstruction Oyls
ostimnted by drawing the etraight line
THC2 and epplying the positive height
01 1 {foot) and distsnce 01 02 (or 701
1f lesa then 0 02) to. figure 8 refeyonce
Se

{c) Ths path from 01 to 02 is checked for

- "frea space® olearances of the ground below
01 02 and zoro loss is allowed unless there
is o pround obstruction having a clcarance - -

- approciably less than “freo space”. In such

_‘an cventuality o loss (usunlly quite emall)
would be sooesned in the same manner as fo¥
ssction 3.1 (a)e.

() The lmife edge diffrootion loms for obatruction
02 i found by joiming 01 to B end applying
the pomitive hoight 02 @ and distance O1 02
(or 02 R 4f it wore lecs than 01 02) to figuwre
8 reforence Ha

{s) The spsce wave losa from 02 to R is conputed
in ths somo mannmer ns in cection o1 (d?.

(£) . If O1 or O2 is considerably rounded an additional.
3 3b, loso is added for each rounded obstructione

{z) The losses foucd im (a)y, (b)y (o) (a)y (e) and
(£) chove aze ndded ond the total subtracted
from the free apaca field intonsity (decibal
wits) for the full distance TR. .

The procedure for a path with three dominant
obatruotions is similer to that for two
deminank obatmotions with an oxirn Inifs
edro. loss to be added-and en extra velloy
botacen the knife cdmes to bte checlked for
pocsible muall losses.

ALtorative Yothed for Ohstructed Poths

For caoses where a path is not readlly olansifiod a8

one of thogs treated above, another method has teen
developed from a oiatisticol anclyois of a mumber of
Austrolion monsurensnita of Band III $elevisicen stations
using 30 ft. roceiving pntoennasd. It is bosed broadly

on Dullington's nothed 2 of drawing nghadow logs triangles™
cmbrocing tho significant cbotacles along the propagation
pothe It was found erpiricelly that when this chadow losa
ig 2lled to on equivolent plons .carth leos tho reswliing -
£icld intonsity I'p is incronciasly cotinintic with increasing
lersih of the poihe On tha other hend if a ochodow loss
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6.

A is added to cn cquivalont smooth enrth loss the Ffield

intenoity I's is inecroasingly pescimistie with increasing
disteaces An avorage of Fp ond Fa in decibol units
recults in a fleld intonsity mora in asreecment with
moagured valuess A typical path is illustrated in
figure 5, S

(a) Tigure 5A shews the geometry associated with the
conputation of tho omooth earth version Fs. The
effcotive hoight It is tho hoight of the tronsmi tting
antonna above the.aversge terxoin hoight from two to
10 miles from the transmitter. The shadow triangle
RBC is drawn frem the base of tho effcctive cntennae
R and B through the first sigmificont obstructions
W and Z ncorost to ocach antenna. To decide whether
a point such as X near.tho trancmitter can be
discarded in drswing the shndow trizngle, the line
TY can be drarm. If X has "froo spocs" clearance

.below this 1line it con be disearded. Hs (foet)and
ds {miles) can be uced to got the shadow loss from
figure 10, referonce 5, or if it is dsmired %o
restriot the number of charts in uge figurs 8 of
this sams reference can be used =nd 6 db. subtracted,
Antonna heights Ht and 30 feet and the- trensmitter
to recciver distance c¢an be used to gat the smooth
sarth field intensity in decibels units from the
CeCeIloRe Atlas, reforence 3 or 4 or from other
appropriats sources such as the F.C.C. mediazn curves
{reference 6) with suitable corvections. The shadow
loss is cubtrzoted from the smooth eerth field
intensity io got the field intensity Fa,

(b) Figurae 5D ghews the geometry applied to the same path
profile to got the plane earth version Fp, A etraight
line TR is drewn between transmitting and receiving
antennao and o point P determined at which the cuzve
of first Fresnel clearance below this line cuts
the ground profile. The first Frosnel clearance at
this point P is taken os the effective height; hiey
and is merked off as TD below the transmitting antema.
If the point P falls boyond the half distance from
transmitter to receiver firet Fresnel clsarance at
the helf distancs is the requircd offective height hte
The shadow triangle DFR is thon drewn and the shadow
loss determined by applying Hp and Dp to figure 10
reference 5. Using Hf and 30 feet 28 the antemna
heights jogether with the full distance from +transmitter
to receiver, the equivalent plane eerth field intensity
can be obtained from figure 6., The field intensity
Fp is obtained by subtraocting the shadow loss,

(c) An everage of Fs and Fp in decibel units is taken

and 3 db. subiracted to give the median field intensity.
The method is based on measurements taken in built up
areas of country towns. A site of average height is
gelocted in the town for the purrpose of drawing a
tronsmitter to receiver ground profile. The resulis
tend to be optimistic for paths having multiple

dominant obsitructions and slso wiih paths for which

the angle of sxrival at the receiving antenna relative
to ground level is emall comparcd with the angle GRB.
In the lattor cacos an approximote romedy is to =dd

a loos equivolont to half: the clutter loss as colculated
in ecction 3.1 (d).
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