Government of Canada Gouvernement du Canada
Department of Communications Ministére des Communications

REPORT ON PREDICTING
TELEVISION GHOSTING INTERFERENCE
AND PICTURE QUALITY

PREPARED BY:

J. S. DADOURIAN
W.E. WRIGHT

MARCH, 1983

TK
6643
D33
1983

scommunication Regulatory Service




; Government of Canada Gouvernement du Canada
Department of Communications  Ministére des Communications

e

2~/REPORT ON PREDICTING
TELEVISION GHOSTING INTERFERENCE
AND PICTURE QUALITY —

PREPARED BY:

/. ]ﬂ DADOURIAN
W.E. WRIGH

YMUNICATIONS CANADA

MARCH, 1983

Telecommunication Regulatory Service

6643
D33
1983






TABLE OF CONTENTS

PAGE

SUMMARY ‘ 1
1. GENERAL ) 2
1.1 Purpose 2

1.2 Scope 2
1.2.1 Tower Cross-Section 2

1.2,2 Frequency Range ' 3

2, DERIVATION OF THE GHOST LEVEL AND GBOST DELAY EQUATIONS 3
2.1 Definitions of Parameters ' 3

2.2 Echo Delay Equation 5

2.3 Derivation of Echo Magnitude . 5
2.3.1 Assumptions 5

2.3.2 Basic Echo Magnitude Equation 6

2.3,3 Scattering Cross—Section Measurement 8

2.3.4 Scattering Cross-Section Equation 9

2.3.5 Incident Power on Ghost Tower 11

2.3.6 Mean Value Integral of Incident Power | 13

2.3.7 Centre of Radiation of Ghost Tower 13

2.3.8 The Transmitting Antenna Vertical Pattern Function 15

2.3.9 The Transmitting Antenna Horizontal Pattern Function 15

2,3.10 Complete Echo Magnitude Equation 16



5.

PICTURE QUALITY
3.1 Impairment Scale

3.2 Relationship between Picture Quality and Echo Delay and Magnitude

COMPUTATION OF TELEVISION GHOSTING
4.1 The Software Package

4.2 Approximate Solution

4.3 Television Ghost Prediction

(Correction Factor for UHF Band)

TYPICAL EXAMPLES OF COMPUTATIONS AND COMPARISONS WITH MEASURED GHOSTS
5.1 Typical Examples of Computations
5.2 Comparisons with Measured CGhosts

5.3 Distance (ds) Characteristic

APPENDIX

A. Listing of the Software Package in FORTRAN

B. Figure l: Graph of Scattering éross-SeCtions

C. Figure 2: Typical Ghost Elevation Situations

D. Figure 3: Typical Ghost Azimuth Situation

D. Figure 4: Effects of Ground Reflection

E. Figure 5: Ghost Delay Vs Ghost Level for Given Picture Grade
F. Figure 6: Tentative Ghost Correction Curve

G. Figure 7: Ghost Tower Height Characteristic

H. Figure 8: Distance (ds) Characteristic

I. Table for Delay Vs Distance to Viewer

16

16

17
17
18
19

20
22

D-1
E-1

F-1




SUMMARY

This report outlines a procedure to determine TV ghosting interference as

derived from the study program titled "A Study Into Television and FM Radio
Ghosting and Multipath Distortion" by E.W. Horrigan and Associates Ltd. The

study was done for the Department under DSS Contract No. 36100-7-0615.

The study by E.W. Horrigan is contained in a two-volume report. The first
volume dated September 1978 contains the results of the subjective effects of
echoes on television picture quality and the relationship between ghost delay
and ghost levels for levels of picture quality. The second volume, dated

November 1978 contains the development of the ghost prediction method.

A computer program to predict TV ghost interference and to relate the levels to

various grades of TV picture has been developed by the Department.



1.1

1.2

1.2.1

GENERAL

Purpose

The need for broﬁdcasters to select a site that will provide an
adequate signal level to the immediate and surrounding areas has on
occasions resulted in the selection of a site located in close
proximity to other antenna towers and métallic structures. In order
to reduce ghost images, caused by multipath propagation, broadcasters

are encouraged to choose transmitter sites to avoid such problems.

Ghost prediction methods nmow in use in selecting sites have not been
realistic and practical. The prediction methods often ignore the
effects of the shape of the pattern of the transmitting antenna,
ground reflections and the finite length of the ghost structure

thereby giving unrealistic results.

The purpose of this report is to provide a more accurate and practical

method for predicting the severity of TV ghost interference.

Scope
Tower Cross—Section

The scattering cross-section for typical triangular towers is shown in
Appendix B Figure 1. The results for the square section towers are
expected to be substantially the same. Therefore the perimeter of the

tower for all types of towers is used.



102.2

2.

2.1

Frequency Range

The prediction method js valid for TV channels 2-13. Because lattice
type structures are more transparent at UHF frequencies, a correction
is necessary. Pending further study an approximate correction factor
has been developed and may be applied for UHF cases, as described in

Section 4.3,

DERIVATION OF THE GHOST LEVEL AND GHOST DELAY EQUATIONS

Definition of Parameters

The following parameters are used in deriving the basic ghost

equations. The dimensions are shown in Appendices C and D:

-= (w) Width of the face of the ghost tower in metres

- (8) number of tower sides //\\ or

-- (£) radio frequency in MHz
== (by) transmitter centre of radiation above reference plane in metres
- (h‘) height of ghost tower above reference plane in metres
== (hy) height of viewing antenna above/below reference in metres
- (d‘) distance from ghost tower to the tramnsmitting tower in metres
- (dv) distance from viewer to the tramsmitting tower in metres
- (dg) distance from ghost tower to viewer in metres
-~ (d4) direct distance from transmitter centre of radiation to
point P on (hg)
-- (d,) Distance from transmitter centre of radiation to point f on

(hy) via reference plane



(p;)
(fg)
(gu,)
(gvy)
(fvy)
($v3)

-4 -

incident power at point P on ghost tower

azimuth to ghost tower in degrees

azimuth to viewer in degrees

depression angle to C/R of ghost tower (hg) in degrees
depression angle to reflection plane in degrees

depression angle to viewer in degrees

r‘(ﬂvl, ﬁvzﬁ.uﬁhg.".d relative field at given azimuth or

)

()

S(2)
(P,)
(2)

depression angle
loop length in metres (w) x (s)

wavelength in metres 300
(£)

Fresnel integral = 1/2 - £(z) cos (®/2k2) - g(2) sin ((%/2%?)
= ERP

= b1+ 0.5)

Note 1: For computational purposes the rational approximations*

for £(z) and g(z) can be used to evaluate S(,):

140.9262
£(z) = +E (2)
2+41.7922+3.10422

1
g(z) = ¢ (2)
2+4.1422+3 4922246 .67 23 g
g(z)

where

&2 x 1073

* “Approximations for Calculating Fresnel Integrals",

C. Hastings, Approximation Newsletter, April 1956,

Note 10.

Note 2: All dimensions are in metric units



2.2

2.3.1

Echo Delay Equation

An expression for echo delay (td) can be derived from the geometry of

a triangle (see Appendix D. Figure 3) as follows:

tg=3.33 {ay - ¢y + ¢ } x 2073
=3.33{d, - a, + (4,2 + 4,2 - 24,4, cos (fH,-PR,)) 1/2} x 1073 us

.D....'.‘..l...(l)

This relationship has been computed for various ghost situations and

tabulated in Appendix I.

Derivation of Echo Magnitude
Assumptions

The basic equation for "echo" magnitude, given in most texts, is only

true under the following conditions:

a) when the transmitting and receiving antennas are isotropic
radiators,

b) when the entire system is in a free-space enviromment,

¢) when the tower in question is evenly illuminated and uniformly

excited by a constant phase fronmt.

The basic echo magnitude equation has been modified to take into
consideration directional antennas, and unevenly illuminated

structures.
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The following are the factors:

i)

ii)

iii)

iv)

v)

The effective scattering cross—section of the ghost tower derived
in Section 2.3.4

the mean value of integral of incident power (Pi) derived in
Section 2.3.6

the effective centre of radiation of ghost tower derived in
Section 2.3.7

the transmitting antenna vertical pattern function derived in
Section 2.3.8

the transmitting antenna horizontal pattern function derived in

Section 2.3.9.

Basic Echo Magnitude Equation

The ghost equation as outlined below is the basic free-space isotropic

form which is later modified to conform to the restraints of a

realistic environment.

a)

b)

Pover density at viewer’s location: (Wd)

Pt Watts
Wy = —_— (in units ——2—)
4c(dy) m

Power density at ghost tower location: (Wi)

Pt Watts
(in units 3 )
4rc(dy)? n




c)

d)
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Power density at viewer’s location due to re-radiation from
ghost tower: (Ws)

LA
i
Wg -— (where C is the scattering cross-
4T (dg)
section)
Pe O

4T(ag)? . 41'\’(d8)2

Basic ghost/signal ratio

v, [o dy

Wg |47 dg dg

given d; and d, dg can be computed as follows:

dg = [dsz + dy? - 2d4dy cos (Hg "‘Ev)] 1/2

(dg) can also be obtained from equation (1) as follows:

Delay ’J S

d, = -d. + (
g " vt I 103

Therefore:

“8 - a- 1 dv
Wa 4T dg (dy - dg + PS8 )
3.33 x 1073
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Extracting the cross-section G from this equation and defining the
remainder in terms of 7\2. the equation becomes the propagation factor
related to Poynting’s vector where the energy flow is expressed for

convenience as follows:

Watt
Power flow = fs (E x H) ds (in units ———2)
: 2

N
Propagation factor: (p)
1 A 2

v

(p) =

41( ds (dv-d8+ PS )
3.33 x 1073

.0...'..'.(2)

where (p) is also the area of the equivalent spherical surface in

units of N2.

2.3.3 Scattering Cross-Section Measurement

The measurement of the scattering cross-section for typical triangular
section tower were made for loop sizes in the range of 0.5 A to 2.5N.

The results of these tests are listed below:



2.3.4
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TABLE 1
Loop Perimeter Relative Effective Area
Reflected Power per Unit A Height
A Dipol_éﬁ _Tower

0.5 -86dB -87dB 0.36 A2

1.0 -80dB ~75.5dB 1.6 \2

1.5 -86dB -83.5dB 1.0 )2

2.0 -87dB -79dB 2.7 N?

2.5 -88dB -81dB 2.3 A2

Matched Dipole reference -5dB

The measured cross-sections of the tower for umit wavelength height

are shown in Appendix B, Figure 1, together with the general equation

of the curve and of equivalent cylinder.

The cross-section for cylindrical structures have been defined in
terms of loop circumference expressed in wavelength units and merged

with the tower section equation.

Scattering Cross-Sections Equation

The measured scattering cross—sections (O't) of one wavelength high
triangular tower section as listed in Section 233 have been fitted

to a suitable equation over the loop peripheral range of 0.5A to 3.0A.

The measured triangular tower cross-section has the form of & modified

Fresnel Integral over the loop peripheral range of 0.5Ato 3.0A\.
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h z
Ty = f(-;?)f(—::)f(S(z)) Where: S(z) -O/sin (f—r t2)dt

A working equation was generated using this format which adequately

describes the measured results over the loop range 0.5Nto 3.0A,

1 t 8 A
Tpg=—(= —2. | = Q- ) s
LTI N [ A (2)]

where (z) = (-g\-l' 0.5)

Using the relationship between the Fresnel Integral and its auxiliary

functions £(z) and g(z), the Fresnel Integral S(,) can be expressed as:

S(z) = 1/2 - £(2) cos (szZ) - g(z) sin (11-22)
2 2

For computational purposes the rational approximations* for £(z) and
g(2) can be used to evaluate 8(z):

1+ 0.9262

£(z) = + g(z)
2 + 1,792z + 3.10422

1

+g(z)

E(2)

g(z) = 3
2+ 4.1422 + 3.492z2 + 6.672

where £2x 103

* “"Approximations for Calculating Fresnel Integrals",
C. Hastings, Approximation Newsletter,

April 1956, Note 10.



20 2 .
h, 2 -(==)
6 {1 . T25, faee 7%, (1/2-£(2)cos(Tz2)-g(2)sin(X22))
1.2 2N |IN 2 2

....‘...(3)
The scattering cross-section of a right cylinder (‘;yl) is defined as:

< a 2 . :
cyl = Zﬂ'i‘L where L = height of cylinder

a = radius of cylinder

and let L = —
N

phs 2
Ceyl B[i(}:) }(3A)
{

Ifi $ 3-0...................-.........o-....o........-.....-Use(3)
/

If% > 3.0..O..OO....ooo..ooo000-ooccooco.noo-ouu.un.o.lo.ooouse(3A)

2,3.5 Incident Power on Ghost Tower

In the basic ghost magnitude equation the assumption was made that the
entire system was in a free-space isotropic environment. This
situation does not generally exist in practice and therefore the

incident power camnot be expressed as:
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Consider the situation which will usually exist in a ghosting problem:
The two towers are of finite height above a common reference plane
separated by a distance which is in the range hg ¢ dg {50hg. In this
range the effects of ground reflection cannot be ignored and it is
necessary to define the incident power function and its mean value

integral.

From the geometry of Figure 4 in Appendix D, it can be shown that the

incident power Pj at any point on hg can be expressed by a

modification of the cosine law:

1/2 /2
Pi= [PV + [POVL)P - 2F(BV))F(BV2)cos —;-" i{_dsz + e-be)2] - [a,2 +_(ht+hs)al }

ht-hs

where ﬂvl-tan'l( 3 )
8

ht+hs

where ﬂvzﬂtan'l( 3 )

8
To facilitate maniﬁulation and computation let:
P, = (F1)2 + (Fz)z = 2F1F9 cos (X)

9 1/2 1/2
vhere A = -;{[dsz + (ht-hs)a - [dsz + (ht+hs)§ }
(b8)2 + (nt)?2

let = g
(dg)2
2 (hs) (nt)
2 =b
(dg)
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Radio Frequency = (f)MH,

X = 12064, [ (1ea-b)1/2 = (1sasp)}/2]

Mean Value Integral of Incident Power (P;)

The total effective power averaged over the ghost tower equated to
that of an evenly illuminated structure will provide a modifying
factor for use with the basic ghost magnitude equation. This will

relate the original free-space equation to a practical enmvironment.

If the incident power function P; is related to (x) instead of (hs)

the mean value integral (k) becomes:
X

/o P;dX

X .......000000000000(4)

k =

This function can be adequately derived by Simpson’s Rule using a
modest number of intervals of (X) because the relationship between

(hy) and (X) is not significant in defining the ratio (k).

Centre of Radiation of Ghost Tower

The effective centre of radiation on the ghost tower (hg) can be
likened to the lst moment centroid of area of the integral of Pi in

the plane normal to the reference surface.

h
8
o v

A

hg *
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With a view to the simplification of this factor several .forms of

illumination distribution have been examined and the likeliy range of

h
(]
the ratio (;—) will be between 0.5 and 1.0. Therefore, a value ot
s
0.75 will be used to compute incident power over the ghost tower.
2
However, the linear height/gain function (g-) referred to the viewing
t

location applies only where the air path and ground reflected
components of both ghost signal and direct signal are substantially

out of phase. Where first Fresnel zone clearance exists the factor
h, 2
8
(;—) should be equated to one (1) for realistic ghost computationms.
t

) ‘ ) hs 2
Linear Height/Gain Function = (E-) A -
t
Free space Function -(1) '.'........"..."..".UO'U(SA)

Approximate solution for lst “Fresnel” zone clearance:

b by
(f) d $75 Linear Height/Gain .......................use (5)
v
b by
(£ 3 > 75 Free space Path cesesssessassesascsascuse (5A)
v

vwhere h, = Tx height

h,
d

Viewer height

v = Viewer distance

(f) = frequency in MHz
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The Transmitting Antenna Vertical Pattern Function

The factor allows for the mon-isotropic vertical pattern of a

practical transmitting antenna. It provides a ratio of the relative

vertical pattern power on the centre of radiation of the ghost tower
to that at the viewer’s location by inputing the relative vertical

field at two computed angles. The factor P, is computed as follows:

_y be-hg
let 8V; = tan ( 3 )
8
_; be-by
gv3 = tan ( 3 )
- v
F(oVy) 2
.[ ] ...ooooo..cnoooooooo.ccoco--ooooaooooooo(6)
F(8V3)

The Transmitting Antenna Horizontal Pattern Function

This factor allows for the non-isotropic horizontal pattern of the
transmitting antenna in a similar manner to that used for the vertical

pattern in Section 2.3.8 above.

The pattern factor relative power function Ph is derived below:

F(bﬂg) 2

P, =
e comy)

........00.........................(7)

vhere BH; = azimuth of ghost tower

oH, = azimuth of viewer
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Complete Echo Magnitude Equation

Combining all the factors derived in Section 2.3, the basic echo

magnitude equation is modified as follows:

Ghost dB=G=10 L°310§

=10 Loglo{Eq (2) x (3 or 34) x (4) x (5 or 5A) x (6) x (7)}

K
1 4, 2 [P;dX  hy 2 F(#V))2
(=2 ==) L@ oF Ty p)e(F=T=m=)u (=) .[-----1-)] .

...Q.l.l'l.'.‘..l.I..'(s)

This equation is capable of predicting a maximum value of "ghost"

magnitude and can be

structures adjacent t

PICTURE QUALITY

Impairment Scale

The system of grading

used to evaluate the limits of proximity of

o television radiators.

established for the impairment scale, indicates

the degree of impairment in a television picture, relative to any

single performance parameter and is designated as follows:

Impairment Grade
5
4

Impairment

Imperceptible (Excellent)
Perceptible but not annoying (Good)
Somewhat annoying (Fair)

Severely annoying (Poor)

Unusable (Bad)

r({mg}
|

- '

F (g1
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Relationship between Picture Quality, and Echo Delay and Magnitude

The severity of a ghost image or interference reflection due to

multipath effect is a function of the time displacement (tq in pS)

between the direct and the reflected wave and the magnitude of the

reflected wave compared to the direct wave (G in dB). For a

particular grade of picture the shorter the time delay, the larger the

permitted reflected wave. Subjective tests have shown a relationship

between the two and the graph in the Appendix E shows this function
for various TV impairment grades. Using the linear regressions
technique, the relationship could be expressed as follows for a

typical viewing population sample:

Impairment Grade
N=¢6 - [0.143(G)exp (-

) - 6065exp (-

0.637 0.475
.)]

..............(9)

COMPUTATION OF TELEVISION GHOSTING

The Software Package

A computational package in fortran language, developed in the

Department performs the following functions

a) computes and records the echo delay in microseconds (Eq. 1).
b) computes and selects the measured tower or equivalent cylinder

cross—-section dependent upon loop size.
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c) computes incident power on ghost tower based on ground
reflection, transmitting antenna vertical patterm, ghost tower
height and separation.

d) computes mean value integral of incident radiation on ghost tower.

e) computes centre of radiation of ghost tower.

f) computes propagation co-efficient based on three paths
(dg, dy, & dg)-

g) computes tramsmitter to viewer path clearance and selects path
treatment.

h) computes T, antenna horizontal pattern co-efficient.

i)  computes T, antemna vertical pattern co-efficient.

j)  computes and records echo amplitude in dB (Eq. 8).

k) computes and records "Typical Viewer" grade of TV service (Eq. 9).
P q

The listing of the program together with typical example of program

execution is given in Appendix A.

Approximate Solution

A rough approximation of the ghost situation can be obtained without

the use of the software program, for prelimipnary planning purposes
only, by the following method:

Define the various parameters as described in section 2.

a) Calculate delay using Eq. (1)

b) Calculate propagation factor from Eq. (2)
ot ©
c) Obtain 42or -+t factor from Figure No. 1 of the Appendix B
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d) Multiply c) by L%%;? to obtain either Ocyl or G, as required
- Eq. (3) or Eq. (34)

e) Obtain rough approximation to Eq. (4) by a second order
approximation outlined below:

i) compute the relative field at ﬂVi = F(@V]) where §V; is
ht-hs
)
ds

_1(

defined as follows: @V} = tan

F(gvy) 2

i) Eq. @ [ )

f) Compute qualifying equations and obtain Eq. (5) or (5A) as
required

g) Compute Eq. (6) .

h) Compute Eq. (7)

i) Obtain Ghost in dB as follows:

Ghost dB = 10 Logyg § (Eq. (2) x (3 or 34) x (4) x (5 or 54) x (6) x (7)]

Next obtain TV Grade No. from Figure 5 of Appendix E using a) and

i) above.

This method only provides an approximate solution and may be in error

by #10 dB, dependent upon complexity of the situation.

Televigsion Ghost Prediction

(Correction factor for UHF Band)

¢
a) for the VHF Bands where ;\$3 (where P = tower width times number of
sides to tower), the ghost tower can be treated as a solid surface
even when using a typical lattice type structure. In these cases the

ghost amplitude and delay will be calculated by the methods given above.
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b) For UHF situations or where X) 3, the lattice type structure
cannot be equated to an equivalent solid cylinder because much of the
incident energy can flow through the structure unimpeded. A
correction factor, based on theoretical study of lattice transparency
relative to a solid equivalent cylinder, has been developed for
situations where {) 3 pending further study to produce a general
prediction formula covering both VHF and UHF Ghosting situations. The
Example III in Sections 5.1 illustrates the use of the tentative
correction curve (Figure 6 of Appendix F) and the related dotted curve
(Figure 1 of Appendix B). In this case the corrected ‘Ghost”
amplitude and the original delay values computed from the software

program should be applied to Figure No. 5 of Appendix E to obtain the

new Impairment Grade.

TYPICAL EXAMPLES OF COMPUTATIONS AND COMPARISONS WITH MEASURED GHOST

Typical Examples of Computations

Typical examples of TV signal ghost interference computations for

various ghost situations are given below:
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TABLE I
# Program Input Example 1 Example II Example III
1 | Width of ghost tower (W) | n 1.52 1.52 0.61
2 Number éf tower sides (8) 3 3 3
3 TV Channel frequency (f) MHz 61.25 .77.25 579 .25%*
4 | Beight of T, tower above ref. (hy) m [ 130.2 200 56
5 Distance of ghost tower (ds)\ m 555 910 147.8
6 Height of ghost tower above ref.(h;) p 97 53 19.8
7 | Distance to viewer (dy) m | 4060 720 1127
8 Height of viewer above/below ref.(h,)m -70 -285 ~67
9 | Azimuth of ghost tower (dng) Deg. 280 50.6 325
10 | Azimuth of viewer (BH,) Deg. 90 35 37
11 | Relative Horizontal Field F(fuy) 0.63 1.0 0.96
12 | Relative Horizontal Field F(fH,) 0.3 1.0 0.95
13 | Relative Vertical Field F(gvy) at C/R 0.5 0.65 0.12
14 | Relative Vertical Field F(gV,) 0.05 0.28 0.2
15 | Relative Vertical Field F(gvy) at C/R 0.65 0.21 0.7
16 | Lower limit of Integration¥ (Normally 0.0) 0.0 0.0 0.0
(Incident Power on ghost tower)
4 Program Output Exam; 1 Example II Exam 111
1 Ghost dB -32.28 -20.97 -50.83 **
2 Ghost Delay }u 3.67 160 037
3 TV Picture Grade 4.04 3.08 >5.00%*
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Lower Limit of Integrationm:

If the reference plame is drawn in accordance with the elevation
situations shown in Figure 2 of Appendix C, thé lower limit of
integration of incident power on ghost tower will be zero. However,
if an unusual situation exists and the referemce plane does not
intercept the ghost tower base because of topographical features etc.,

an appropriate lower limit of integration value should be used.

Correction factor for UHF Band:

300 300
f = 579.25MHz ; = —= = 0.52 metres
(£) 579.25
] 1'8
( =wx8=3x0,6]1=1,8 metres ; . . f = e = 3.5
A 0.52

- Correction factor relative to the Equivalent Cylinder Curve = 2.5 dB
(see Figure 6 of Appendix F) |

- Corrected ghost amplitude = -50.83 - 2.5 = -53.33 4B

~ TV Picture grade > 5.0

(see Figure 5 of Appendix E)

Comparisons with Measured Ghosts

The ghost measurements at a particular viewing site for various ghost

tower heights in Example I of Table II are tabulated below:
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TABLE IIT

Ghost Tower Height (m)

97 108 135 182

Measured Ghost dB | -32.2 | -25.6 |-19.7 |-18.8

Calculated Ghost dB | -32.28 | -31.13 |-22.42 "|-17.36

The following conclusions could be drawn from the results given in the
above table.

a) The differences in the measured and calculated ghost magnitude
values are well within the range of experimental error.

b) The reduction of the centre of radiation of ghost tower from 182m
to 97m, would result in the reductionm in ghost amplitude of about 14dB.

(see Figure 7 of Appendix G)

Distance (ds) Characteristic

The ghost ratios for various distances (ds) between the ghost tower
and transmitter at the particular azimuth to ghost tower in Example I
of Table II were computed and are plotted as shown in Figure 8 of
Appendix H, The results show that the value of reflection field

attenuates in spproximate proportion to the distance (ds).
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APPENDIX NO. I
TABLE FOR DELAY VS DISTANCE TO VIEWER

‘ @H = 20.0 DEGREES -
DS metres 500. 1000. 2000. 3000. 4000. 5000. 6000. 7000. 8000.

DV metres ps pS psS pS pS pS ps pS psS
3000. .12 .30 1.04 3.47 8.55 14.70 21.14 * *
6000. -1 .24 .59 1.14 2,09 3.83 6.95 11.54 17.10
9000. -1 .23 .51 .89 1.39 2.10 3.13 4.69 7.04
12000. .10 .22 .u8 .79 1.18 1.66 2.28 3.09 4.17
15000. .10 .21 .46 .75 1.08 1.48 1.95 2.52 3.22
18000. .10 .21 U5 72 1.02  1.37  1.77 2.23 2.78

21000. .10 .21 L4 .70 .98 1.30 1.66 2.07 2.52
24000. .10 .21 L4y .69 .96 1.26 1.59 1.95 2.36
27000. .10 .21 .43 .68 94 1,22 1.53 1.87 2.25
30000. .10 .21 U3 .67 .92 1.20 1.49 1.81 2.16
33000. .10 .21 .43 .66 .91 1.18 1.46 1.77 2.10
36000. .10 .21 h2 .66 .90 1.16 1.44% 1.73 2.05
39000. .10 .21 42 .65 .89 1.15 1,42 1.70 2.00
42000. .10 .21 b2 .65 .89 1.14 1.40 1.68 1.97
45000. .10 .21 .42 .64 .88 1.13 1.38 1.66 1.94
48000. .10 .21 .42 .64 .87 1.12  1.37 1.64 1.92
51000. .10 .20 .u2 .64 87 1.11 136 1.62  1.89
54000. .10 .20 42 .64 .87 1.10 1.35 1.61 1.88
57000. .10 .20 .h2 .64 .86 1.10 1.34 1.60 1.86
60000. .10 .20 b2 .63 .86 1.09 1.34 1.59 1.85

@H = 40.0 DEGREES
DS metres 500. 1000. 2000. 3000. 4000. 5000. 6000. 7000. 8000.

DV metres ps pS pS pS pS psS pS psS pS
3000. .46 1.08 3.17 6.84 11.91 17.73 23.91 * *
6000. 42 .91 2.16 3.91 6.3% 9.59 13.68 18.48 23.81
9000. A1 .86 1.93 3.25 4.90 6.96 9.51 12.62 16.30

12000. .40 .84 1.82 2.97 4.33 5.93 7.83 10.06 12.68
15000. 4o .83 1.76 2.82 4.03 5.41 6.99 8.79 10.85
18000. .lo .82 1.73 2.73 3.85 5.10 6.49 8.05 9.79
21000. 4o .81 1,70 2.67 3.73 4.89 6.17 7.57 9.12
24000. 4o .81 1.68 2.62 3.64 4,75 5.94 T7.24 8.66
27000. .lo .81 1.67 2.59 3.58 u4.64 5.78 7.00 B8.32
30000. 4o .80 1.66 2.56 3.53 4,55 5.65 6.82 8.06
33000. 4o .80 1.65 2.54 3.49 4,49 5.55 6.67 7.86
36000. .39 .80 1.64 2.52 3.45 4,43 5.47 6.55 T.70
39000. .39 .80 1.63 2.51 3.43 4.39 5.40 6.46 7.57
42000. -39 .80 1.63 2.50 3.40 4.35 5.34 6.38 T.46
45000. .39 .80 1.62 2.48 3.38 4,32 5.29 6.31 T7.37
48000. .39 .79 1.62 2.48 3.36 4.29 5.25 6.25 7.29
51000. -39 .79 1.62 2.47 3.35 4.26 5.21 6.20 T.22
54000. -39 .79 1.61 2.46 3.34 424 5.18 6.15 T.16
57000. .39 79 1.61 2.45 3.32 4,22 5.15 6.11 7.10
60000. .39 .79 1.61 2.45 3.31 4.21 5.13 6.08 7.06




@H = 60.0 DEGREES

DS metres 500. 1000. 2000. 3000. 4000. 5000. 6000. T000. 8000.
DV metres ps ps pS pS psS ps ps pS nS
3000. .95 2.15 5.49 10.00 15.35 21.20 * ' I
6000. .89 1.89 4.30 7.32 10.97 15.23 20.00 * "
9000. .87 1.81 3.95 6.46 9.37 12.70 16.46 20.62 #

12000. .86 1.78 3.79 6.06 8.61 11.47 14.64 18.13 21.94
15000. .85 1.7 3.69 5.83 8.18 10.76 13.59 16.67 20.00
18000. .85 1.74 3.63 5.68 7.90 10.31 12.92 15.72 18.73
21000. .85 1.73 3.58 5.57 .71 10.00 12.45 15.07 17.86
24000. .85 1.72 3.55 5.50 .57  9.77 12.11 14.59 17.22
27000. .84  1.71 3.53 5.4y .46 9.60 11.85 14.23 16.T4
30000. .84 1.71 3.51 5.39 .38 9.46 11.65 13.95 16.36
33000. .84 1.71 3.49 5.36 .31 9.35 11.49 13.72 16.05
36000. .84 1.70 3.48 5.33 .25 9.26 11.36 13.54 15.80
39000. .84 1.70 3.46 5.30 9.19 11.24 13.38 15.60
42000. .84 1.70 3.46 5.28 17 9.12 11.15 13.25 15.42
45000. .84 1.69 3.45 5.26 .13 9.07 11.07 13.13 15.27
48000. .84 1.69 3.44 5.24 .10 9.02 11.00 13.04 15.14
51000. .84 1.69 3.43 5.23 .07 8.98 10.93 12.95 15.03
54000. .84  1.69 3.43 5.21 .05 8.94 10.88 12.88 14.93
57000. .84 1.69 3.42 5.20 .03 8.91 10.83 12.81 14.84
60000. .84 1,69 3.42 5.19 T7.01 8.88 10.79 12.75 14.76
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@H = 80.0 DEGREES
DS metres 500. 1000. 2000. 3000. 4000. 5000. 6000. T7000. 8000.

DV metres ps ps ps ps ps ps psS pS psS
3000. 1.51 3.31 7.68 12.86 18.55 24.55 * * *
6000. 1.45 3.03 6.62 10.75 15.36 20.37 * * *
9000. 1.42 2.94 6.25 9.93 13.97 18.35 23.04 hd ®

12000. 1.1 2.89 6.06 9.51 13.24 17.24 21.50 A *
15000. .40 2.8 5.95 9.26 12.79 16.55 20.52 24.71 "
18000. 1.40 2.85 5.87 9.09 12.49 16.08 19.86 23.82 *
21000. 1.0 2.83 5.82 8.97 12.28 15.75 19.38 23.17 *
24000. 1.39 2.82 5.78 8.88 12.12 15.50 19.02 22.68 *
27000. 1.39 2.81 5.75 8.81 12.00 15.31 18.74 22.30 *
30000. 1.39 2.81 5.73 8.76 11.90 15.15 18.52 21.99 *
33000. 1.39 2.80 5.7 8.7t 11.82 15.02 18.33 21.74 *
36000. 1.39 2.80 5.69 8.67 11.75 14,92 18.18 21.54 24.99
39000. 1.39 2.80 5.68 8.64 11.69 14.83 18.05 21.36 24.76
42000. 1.39 2.79 5.66 8.61 11.64 14.75 17.94 21.21 24,56
45000. 1.39 2.79 5.65 8.59 11.60 14.69 17.84 21.08 24.39
48000. 1.39 2.79 5.64 8.57 11.56 14.63 17.76 20.97 24.24
51000. 1.39 2.79 5.64 8.55 11.53 14.58 17.69 20.86 24.11
54000. 1.38 2.78 5.63 8.54 11.50 14.53 17.62 20.78 23.99
57000. 1.38 2.78 5.62 8.52 11.48 14.49 17.56 20.70 23.89
60000. 1.38 2.78 5.62 8.51 11.45 14.45 17.51 20.62 23.79




@H = 100.0 DEGREES
DS metres 500. 1000. 2000. 3000. 4000. 5000. 6000. 7000. 8000.

DV metres psS ps ps pS ps pS pS ps ps
3000. 2.09 4.1 9.61 15.32 21.34 * * * *
6000. 2.02 4.17 8.82 13.86 19.23 24.84 * * .
9000. 2.00 4.09 8.51 13.23 18.21 23.43 * * *

12000. 1.99 4.04 8.34 12.88 17.64 22.59 * * .
15000. 1.98 4,02 8.24 12.67 17.2T7 22.05 * * *
18000. 1.98 4,00 8.18 12.52 17.02 21.67 * * *
21000. 1.98 3.99 8.13 12.41 16.83 21.39 * . .
24000. 1.97 3.98 8.09 12.33 16.69 21.17 * . *
27000. 1.97 3.97 8.06 12.26 16.58 21.00 * * .
30000. 1.97 3.97 8.04 12.21 16.49 20.86 * * .
33000. 1.97 3.96 8.02 12.17 16.41 20.75 * * *
36000. 1.97 3.96 8.00 12.13 16.35 20.65 . * .
39000. 1.97 3.95 7.99 12.10 16.30 20.57 24.92 * *
42000. 1.97 3.95 7.98 12.08 16.25 20.50 24.82 * *
45000. 1.97 3.95 7.97 12.06 16.21 20.44 24.73 . *
48000. 1.96 3.95 T7.96 12.04 16.18 20.39 24.66 * *
51000. 1.96 3.94 7.95 12.02 16.15 20.34 24.59 * *
54000. 1.96 3.94 7.94 12.00 16.12 20.30 24.53 * *
57000. 1.96 3.94 7.94 11.99 16.10 20.26 2u4.47 * *
60000. 1.96 3.94 7.93 11.98 16.07 20.22 24.42 * *
@H = 120.0 DEGREES

DS metres 500. 1000. 2000. 3000. 4000. 5000. 6000. T000. 8000

DV metres pS psS psS psS ps psS pS ps psS
3000. 2.60 5.35 11.20 17.32 23.61 * * * *
6000. 2.55 5.19 10.70 16.46 22.39 . . * *
9000. 2.53 5.13 10.50 16.06 21.78 * * * *
12000. 2.53 5.10 10.38 15.83 21.41 * * * .
15000. 2.52 5.08 10.31 15.68 21.16 * * * .
18000. 2.52 5.07 10.26 15.57 20.99 * * * *

21000. 2.51 5.06 10.23 15.50 20.86 * * * .
24000. 2.51 5.05 10.20 15.44 20.77 * * * *
27000. 2.51 5.05 10.18 15.39 20.69 * * . *
30000. 2.51 5.04 10.16 15.36 20.62 * o * *
33000. 2.51 5.04 10.15 15.33 20.57 * * * *
36000. 2.51 5.03 10.14 15.30 20.53 * * * *
39000. 2.51 5.03 10.12 15.28 20.49 * * bd *
42000. 2.51% 5.03 10.12 15.26 20.45 * * ol *
45000. 2.51 5.03 10.11 15.24 20.42 * * * *
48000. 2.51 5.03 10.10 15.23 20.40 * * * *
51000. 2.51 5.02 10.10 15.21 20.38 * * * *
54000. 2.51 5.02 10.09 15.20 20.36 * * * *
57000. 2.51 5.02 10.09 15.19 20.34 . * * *
60000. 2.51 5.02 10.08 15.18 20.32 * * * *
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160.0 DEGREES
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