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SOME PRELIMINARY IN VESTIGATIONS ON.-THE . ROPAGATION..OF
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- L UABSTRACT Lo T

‘Tars paper deéals with the propagation of VHF radio waves at 126 Mo/s within a distance of 2, .. .

- km; on'six different, paths. Praictically, obseryed Aield: strengths haye been. considered and ; .

- compared with those theoretically calculated. - = ' - e Ctm
The observations indicate a difference of about 10—12 db on average from the predicated’ i/
figures for vertically polarised waves'which is expected to arise due to absorption by vegetation
and the effect ofhillocks elaseby: The differences tend to:zero in simpler cases of diffraction .
not complicated by vegetation etc.’ An extreme diffsrenice of éven 25 db was qbservéd to be
accounted by absorption dité to surroundings of vegetation, and baildings. - il L.

ST st s CLNTER 6D VOTTONe: over 0 v syt i
The subject of: propagation of VHF Radio' Waves In ‘mountainous Tegions-‘assumed
importancq'in"vipw-‘bf‘-thetindreased‘bommunication activities in: this band: of frequencies

m hilly terrains. - VHF frequeneies have' the advantages of (i) Greater - reliability; (is)

Freedom from ‘interference and external static; (ii) Fasier directidhal transmission. and

greater secrécy; (i) Simpler antenna strictures for portability- and-easy mobility, | A

scientific study of the propagation of VHEF Radio Waves in mountainous regions is expeeted
to provide useful knowledge in assessing the difficulties faced in VHF Communication
and methods of overcoming them in mountainous areas. Diffraction can play an impor-
tant part for communication between, points which are not in  line of sight.

The classical theory of optical diffraction of Fresnel and Kirchoff? is well known.
The simplified theory of Knife Edge diffraction by L.J. Anderson, et al.? takes into con-

sideration the combined effect of the four rays (see fig 1) which reach the receiver béhind
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an obstacle. The summation expression of the total field converted into a product
expression, and thereby permits graphical evaluation. "

The four rays are (1) T-O-R: (i) T—A—O—R: (iii) T-A-O-B-R : (sv) T-O-B-R.

In this paper attempts have been made to study the diffraction of VHF Radio Waves
by mountain obstacles and to assess the extent of applicability of the existing theories
for practical computation of field strengths in the mountainous terrain with broken country
and dominated by a number of undulating hill ranges having peaks of widely varying

heights.

Literature available on the subject is not much and is far from satisfactory. The diffrac-
tion theory though old is expected to be of limited scope due to treatment of idealised
cases only. However, it continues to be the starting point. Propagation studies with
one predominant obstacle coming between the transmitter and the receiver were made?
which also is of limited applicability to mountainous areas. Paths with a number of obsta~
cles, which is the general case in a hilly terrain, have not been studied in detail for commu-
nication purposes. However, such cases are treated theoretically by assuming a fictitious
knife edge at the point where the lines tangential to the limiting elevations of the terrain
from the antennas intersect. This procedureis followed in the present study also.

.

EXPERIMENTAL DETAILS

The practical work carried out can be summarised as follows—

(i) Profile drawing—The profiles for the six selected communication paths were
drawn from Survey of India contoured map® of Landour Cantonment, Mussoorie

fig 2.

(#3) Theoretical computation—Field strengths expected at the obéervation points
were calculated from Classical Theory of diffraction of Fresnel & Kirchoff! and
Simplified theory of L.J. Anderson, ‘et al’. (See Appendices I and II)

(%) Experimental measurements of Field strength at 126 Mo/s.

Two VHF transreceivers SCR 522 were used both for transmission and reception.
SCR 522 is an aircraft set working on four crystal controlled channels in the frequency
range of 100 to 156 Mc/s. In the present case 126 Mc/s was used on a single channel.
The transmitter portion provides transmission on A.M. with an average output of 6 watts, .
The transmitter was operated from a 24 volt battery and a dynamotor for the field set
and the receiver was operated from 230 volts stabilised mains for the Laboratory set.
The antennas in both the cases were quarter wave antennas with counterpoise earth and
had omnidirectional radiation pattern. Vertical ‘polarisation is employed in the present
case. The receiver portion has a sensitivity of 5 to 10 microvolts for 10 mW: output.
The receiver portion was used as a Field Intensity Meter and for this purpose it was cali-
brated with Ferris Microvolter Model 18-C. The effective length of the antenna for
computation of field strength was assumed as A/2w  for a A/4 antenna®,
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The field strengths were computed from the measurement of AVC voltage or Cathode
current of the 1st LF. stage in the receiver portion. ~Calibration curves were drawn to

show relation between AVC voltage and signal voltage and LF. Cathode current and
signal Voltage (fig. 4).

 Field strength measurements were made at four or five soattered pomts at each loca-
tion and the values obtained tabulated,
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5| (Pt No.24onMap)| 1560 | 1400 | 160 | 630/ §40| 580 600610

VI , .
68 | (M.E.S. Office) .. | L170 542 | 628 | 141/
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** T-R line is the line connectmg the radiation and the receunng centres of the transmxttmg and the
receiving antennas respectively. -

*+* DBU—in DB with one microvolt per inetre as ODB

The relation between mgnal voltage, jield strength and the effective length of the
antenna is given byS, .

Slgnaﬁl Voltage

Field Strength—— - o
Effect;lve length of the Antenna R

"R‘ES‘ULTS AND DISCUSSIONS.

The résults have been tabulated in Table'l.  Attenuation: of cables i8 taken as 2-5
db for RG 8U gables of 50 ft. length at each end’. The observed values show a variation
of 10—20 db at different points in the same. location indicating considerable effect of
surroundmgs and importance of proper siting. Part of the difference can arise due to

, 1va,nsa,tlon in the obstacle heights due to changes in the proﬁle map for each point of a
ocation,
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The observed and calculated values of the field strengths for any one location show
a difference of approximately 10—12 db on average reaching extremes of even 25 db.
The difference is expected to bring about the considerable effect of absorption due to
vegetation and the effect of the close by hillocks, which are difficult to be quantitatively
accounted. The side of the hillocks towards field points III, IV, V is considerably more vege-
tated than the side of points I, II, VI, Also diffraction calculations were idealised
for knife edge cases and fictitious knife edges. Thesimplified theory was involving certain
ambiguity in selection of the datum line and average terrain level was taken as basis.
The agreement in the case of field point I is quite good as the path is not much complicated
by vegetation as in the case of other paths. The observations indicate that the single
ray diffraction calculations may possibly be taken as reasonably good rough guide over
which differences to the extent of even 25 db loss could be expected as absorption loss due
_ to vegetation and surroundings. The difference is reduced by proper siting. The con-
siderable effect of absorption by trees, the losses amounting to 21 db at 200 Mc/s for verti-
cally polarised waves, is also pointed out by Burrows*. ‘

CONCLUSIONS , |
It is concluded from the present study made within a distance of 2jkm, that the cal-
culated field strengths from single ray diffraction cases can be taken as rough guide over.

which variation up to 25 db even can be expected on account of absorption due to vegeta-
~ tion and the effect of neighbouring hillocks. Importance of proper siting also is indicated.



‘ More detaxled studtes thendmg to Ionger d}stan es Wlth dliférent types of typ:c&l ferrain,
 greater Tange. of frequencles, honzontal and vertmal polarlsatmns are conmdered worth- g
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C'omputatum of Kmfe ealge dqﬁ'motwn Field usm@ t:gsnel ami Kzrckoﬁ' s M ethod

-~ The methoi of computation of dxifractlon fig th using the Fresnel Kirchoff’s
method dependa  upon computing the contributiof of the exposed wave front at the receiving’
point. In estimating of this the contribution of the exposed wavefront, the eontribution
of the secondﬁr*v wavelets arising from each point of the exposed wave front, is con-
sidered elementhlly and the integration between the necessary limits performed to get the

. , total effect of the exposed wavefront and the equation ! for the field strength is

D

where S
(1) E, is the free space field at the receiver in-ths absene&of %hé Rnffe e&ge ealéulated
as

, B, — 300 /P 5 ‘ j:"( <
D v o LRIy S
where D is the distance in Kﬂometers and P is the power in Kilowatts

(2) v is a parameter given by the expressmn
13 ‘/ :'*' gt ‘ L S v .. 2
=& Adldz g e @
where ' ‘ :

- Aa) b 18 the height, of the obstacle abOVe T—-R lme in meters. - .

) D=ty +4,
(¢) A = Wave length in metres
and (@) & and d, are'ths relative distances of the" obstacle rot
R transmxtter respectwely Al the’ dmtanéeg aref “bet Te |
The evaluatlon ‘of the field strength zelative to free space val e »convemently ¢ ne
by the use of the Cornu Spiral. For this evaluation the. procedure given by Augast Hund
* was, followed, in: which the depth-of the receiving centre from the line of sight the trans-

mitter is considered. The expression for s,w,lhch is numrlcal y5ame as v in equﬁtlon (2) y
is given by : .

"t’hb reeerver anéi the ’

r‘; is the distance Sf the receiver from the obsta.cle d on
sight plane. : R RN e

. b)« is the wave length. - . LI S e ‘g R
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The expression 4/2? + y? is a measure of the total amplitude contributed by, the
number of Fresnel Zones corresponding to the particular s value.

The expressions for z and y are given by

s
z = fcqs '—r;—nds :
0 .
s
y=fsin.z§d:

The method of evaluation of the amplifude from the Cornu Spiral is well known and
it is briefly repeated here. ' :

In the case of diffraction into the shadow region of an obstacle the s value which is
dependent on the geometrical configuration determines the shadowing effect. If the
receiving centre is just on theline of sight plane, the field contribution is known to be that
contributed by half the Primary Wave front as the lower half is shadowed. This

corresponds to the vector amplitude BR, with B as one asymptotic point on the Cornu
Spiral with the coordinates (1/2,1/2), and R, being the origin.

On the Cornu Spiral the amount of shadowing is determined by RoR,’. Hence the contri-

bution of the wave front exposed is determined by the amplitude of the vector BR',. For
algebraic calculations of this, the coordinates (z, y) of the point R'; are determined by
the s value measured along the spiral from the origin. The amplitude BR', is
calculated as the coordinates of both B and R’ are known and is given by

o, = 4=+
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g

V<[ sin(-5) ds

CORNU SPIRAL

Fig. 6

In the case of receiving centre being above the line vofv sight plane, the field contri-
bution is due to half the primary wave front plus the additional Fresnel Zones un-
covered. The amplitudein this case is evaluated as the vector AR’ algebraically by the
expression ' '

j,?,l= 4+ + G + g

A sample calculation for DRL—M.E.S. Office path is given below.

In this case, we have

A = 2-:381 meters
d = 490 meters-
r. = 680 meters

¢ = 27 meters



;vNowV from table of ;Fresr? i
value of s

0-5891
— 01167

. ,‘\’Hence the geometncai f

" “Now we célcﬁiaté B,

nﬁ pr omonately factor wit o Etas
Pect to frée spa.ce ﬁeld X
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le szmph)‘ied Method for c’ompuzmg the K ge Diffr m‘ t?te S}wuiow Regwn

» The method consmts in the eva/' uatwn of the recelved ﬁeld strength convemently
jfrom; the graphs ‘which are obtaitied when the ‘summation of the four field O@mponents
‘with - differing amplitude and phase, is: ‘replaced by 'a’ product of - three terms.
This method is applied to the four ray model. The four rays being, direct ray’ from trans-
mitter to receiver via knife-edge, the ray.with efleetion on, the receiver side only, the ray
with reflection on the transmitter side only, and the ya h reflection on both sides of
the knife-edge. The mgthod was simply extended to the two ray model, with refleetion
on one side only and smgf}e “Tay: ‘model with no reflection by substwutlon of appropriate
values of reﬂecdon eoeﬁimegts G T T el e S s

The mmphﬁcatlon of the computatlon method 1s ohﬁalned by the use of asymptotic
approximation to-the equations for the: amphtqde F, and. phase B, due to knife-edge
diffraction. The ﬁnal formula when expressed as & three term product is given by,

B _ [ 1 p, cos® § (k3 + ¢1> N [(1+ 203 frv' 2t — T
E, 2n? o 2 (1 + 2k /m) ST 4 2k, /m’ 2 ]
['4,:2 ot (5, -+ o) [[1 L o, a1
(I + 2k8,/mv’ 2t Rl s 22082/@«)’02? 1 - D
where, E = received field strength.. A R
E, = free space (no obstacle) ﬁeld 300\/}) mv, m,

Vb

. where, P = power in.;kW AR |

S Do distencenEm
| oD Th
| f’°_“h [Adld ]
. v\;he'i'e,'h A helght of the knife edge above the dlrect T“———R hn,e,. e et L - )

D= d1stance between the *bransmmber aiad the: receiver, © 7 Gtel el
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Amw,,% Flat

N d1 & d, = the distances of the receiver and the transmltter, from the knife-edge
on the direct T—R line, respectively, ’

A = wave-length. All the quantities are in same units.

p; & py = ground reflection co-efficients on the receiver and the transmitter side
respectively. ;

é, & $, = are the phase changes due to reﬁectlons at the ground on the receiver
and the transmitter 81des respectlvely

= 2n[A
5 & 8, = diffraction path length differehces at- the receiver and the transmitter
sides respectlvely

81='J (ho + h3) s sz—d (h +k3)
where, Hp = height of the receiving artenna above the ground level
Hyp = height of the transmitting antenna above the ground

level.
kg = height of the knife-edge a,bove the mlage of the direct
T—R line. :
. "y, .
Yo1s -"1 + Ast
172
A D,,, = free space (no obstacle) path differences = ﬂlgHT .
S 2Hr Hp
AD = (T —R)—(T—B) = =57
2Hr Hp
AD=(T'—B —(I—B ==%"

The equation is expressed as follows for graphical evaluation in computing the field
strength. ‘

10 log

E 2
N = 10log 4 4 10 log B1 =+ 10 log B,.
where the three terms in the brackets.of eqn. (1) are designated as 4, B,, B,.

10 log 4 is evaluated from the graph drawn between 10 log 4 versus v,. 10 logB
and 10 logB,, are evaluated from the common graph of 10 log B versus 28/)\ with v, as

a parameter, and for the special case of p=1 and $=m. When there is no reflection,

terms 10 logB, and 10 logB, will vanish.
25, 28,
In this method of computation the factors v, i —7\2- V', 0oy’ 'y are first evalu.

ated For the evaluation of these, the quantities to be known ﬁrst are ko D, A, d,, d,,
H,,H,, and hy, which are already defined.

The details of calculations applying the above method for a propagatlon path is
shown below, ; ) : ‘




__Mgatlon of V.H.F. Radio-waves at 126 Mo/S in Mountainous Terrain . . Im
| PATH BETWEEN DRL. AND MES.
D =1170m , d =62%m, dy = 5i2m, Pover (P) _ <006 Kw, \=2+38 in
H,—85m,flm=572m, ;ho 14.1m, hy = 84-3m. |
5 _ 20 VP _ 300 4/ 006
o D = 110
v, = 7‘9(”')\%]12)1;”)% = 1 ( 5% 221131? 512 ')* = . T685.

2Hz Hp . 2><85><572

= 19’86 my/m.

AD= D= 770 '8310.{
Hz \ 85 8:5 X 984
b= (;, +;,3)= 628(141—}—843 = — g — = 1'3310.
2 X 1-3310 |

32,,_’?_(;, +h3) ,E’f_(141+843) M:m.%m

542 \ 542
9 +3900 )
28,\ = __.%.15_-%”9— = 8724,
- o, T8 685 x 130
Vot = 1+ ADJ, —1 FEOUNEES L
13310
, 0, 7685 _ -7685 x 10-3900
Ya= T ADE, — 80 — 1w — 1%
- 10-3900
10logd = — 105 from graph.
10 log B, = + 1‘b | _ from gr ph.
10logB, = + 0 .. from graph.

|
1

10 log 10 log 4 + 10 log B; + 10 log B,.

S

Q

= — 105 +15+0 = = 90000
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