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ABSTRACT

Thisvréport describes- an urban UHF propagation study performed aﬁ'
465 MHz in'winnipég,:Manitoba.’ A cbmputefizedAdaﬁa acquisition
systen mounted:in a diesel bus enabled thorpugh méasurement of the -
propagation ehvironment.' The results are presented as modificatioﬁs
to the Egli model, and should be'uséful for any large city with level

terrain.
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INTRODUCTION

A. Objective

“The primary objective of this study was to provide a method.

of accurately forecasting UHF radio coverage in the City of

‘Winnipeg. An .accurate prediction of covergge based.upon

‘actual Winnipeg data would, it was hoped, enable reduction

of licenced UHF transmitter powers while assuring.adequate
servicé to the users. Reduéed power would significantly
reduce both local intermod and fringe.co-channei interference,

thus conserving valuable spectrum.

B. Scope

The study was carried out inametropolitah Winnipeg, with the

vast majority of measurements confined to builtéup areas. 'Two
transmitter sites were used, one 110 m high in the city centre-
and one 55 m high in the suburbs. All ﬁeasurements were made

at 465 MHz.

Y



. THE EXPERIMENT

A. Equipment

A sophisticated system was established to obtain the data used
in this project. The system consisted of two flxed UHF repeaters,‘

and a diesel bus which was equlpped for moblle measurement and

. processing of UHF signal strength data. -

Figure 1 (Section V) shows the system in block diagram form.

During,the gathering of signal strength‘data,‘one of two remote

repeateérs was keyed by transmitting a signal from the bus on the

~ particular repeater access frequency. This signal was repeated

at 465 MHz and monitored.by a receiver on the test bus. An analog‘
output voltage was obtained from the test points of this recelver
and found to be a monotonic function of signal strength at the '
RX input over the range ~8 to 60 dBuv. This analog voltage was

continuously fed into the analog to digital (AQD) converter of a

"PDP 11/10 mlnlcomputer. The converter was set up so that a pulse -

from the bus’ speedometer triggered a dlgltal 1nput to the
computer's CPU., Software was written to enable the CPU to in-
terpret this digital input in terms of the signal strength of the
RX input. When the bus was inAmotion, the sﬁeedometer pulse
trlggered the A-D board to output a dlgltal Value every 5 inches

of bus travel.

The computer pre~processed the data in groups of samples. A
pair of manual switches coupled to the CPU dividéd the stream of
digital data input from the A-D board .into discrete sets of

samples. One button instructed the computer to begin a sample

_set, and the other to end it. Pre-processed data was output via

a printer terminal also on the bus. More detail on the equipmentv
is provided in Appendix 1. Details on calculation and measure-

ment of the bus'! receiving antenna factor’are given ih‘Appeﬁdixf4.




B. Procedure

Sites for.the remote repeaters were,carefdlly:chosen.to investigate .
propagation for transmitters situated_bo;h ihside'ahd outside the
‘city.centre.:.One.repeaterdwas set up on the NorthStar.Inn'which

is a 110 m high building located in the middle of the central
business district. The other was plaeed on a 55 m high apartment
bdildihg'located at 1975 Corydon Avenue in a Suburbah area.. Both
of these buildings are the tallest in their-immediate areas, and

care was taken to ensure that the antennas were clear of obstaCles'

-on the roof of each building. These two factors ensured thaf the

. data gathered woold be valid in all. directions. The output power

of each repeater was measured using an accurately callbrated

power meter. Results are in Appendix 2.

The next step was to set up a system of routes over which the bus
would travel and collect sxgnal strength data. Routes.were designedi
emanatlng radlally from the TX sxte in.all directions. This was |
the most efficient way to collect data relating s;ghal stréngth and

distance. Certain areas of the city were chosen for more detailed

" investigation through routes which ‘included many of the’ streets ln

the area. Appendlx 3 descrlbes the routes used Ain the pr03ect..

At the beginning of each day that routes were to be run, a oali—

bration check was performed on the mobile system. The system was
found to have acceptable day to day stability. During normal data
collection, the bus was in contlnuous motion along a route, with

sxgnal strength samples sent from the A-D board to the CPU every

5 inches of travel. Sample sets were begun and ended at inter-

sections which could be precisely located on a map. In this way

"range (distahce to the transmitter) could be determinedzfor each

sample set. Figure 2 (Section V) shows a typical sample set.




" ¢. Data Format

Pre-processing of data consisted of determining'thé mean, standard .

deviation, and number of samples for each sample set, .as well as

sorting .the samples taken intd sic_jnal strength classes.

Figure 3 (Section V) shows a sample of pre-processed output.

Approximately 3500 sample sets were obtained from all parts 6f the

" city. This represents about 5.5 x lO6 fiéld strength readings or
; : , : .

one reading every 5 inches for about 700 km.



. S III.

DATA -ANALYSIS

The experlment explained in the prev1ous section enabled us to.

' complle a very large and detalled data base for Winnipeg. . This
' sectlon will deal with the procedures used in obtalnlng models‘

of the actual situation from this data.'

A. Procedures

The data base obtained from the.NorthStar repeater was studied

first, and in great detail.

" The first analy51s procedure was plottlng the data on. semi—log

‘_ paper. "With ‘range on the log-scale X ax1s, and srgnal in dBuv

on the y axis, any powexr relatlonshlp between 51gnal and- range

.would show up as a stralght line on thls type of graph. Each

sample set was treated as a p01nt, plotted w1th the mean signal

" in the set versus the range to the midpoint of the block. .

From preliminary plots of data in this manner, it was judged
that a straight line would fit the data reasonably well. - Programs

were devised for HP-25 and HP-97. programmable calculators to

‘perform least squares 11near regre551on on.these data points.

At th;S'initial'stage in the analysis,.we were verybwary of.making
decisions about the data. For this reason, individual,linear‘p
regressions were xun on data obtained from each route. Each route
was run 3 tlmes and 1nd1v1dual llnear regre551ons were performed
on these runs. Linear approximation was considered justlfled for

the whole nrban/suburban area (i.e. for ranges of 1 to 10 km from .

- the Northstar) .




The results of this analysis werxe encouraging:>‘

- High coefficients of fit (r2 = 0.8 or better) were
obtained for these regressions.’ This conflrmed the

valldity of the llnear approximation.

" = Regression results from different runs of each route.
were nearly identical. This meant that the data
exhibited a clear and reproduciblejpattern.

- Regression resuits from routes.run in many‘different>
directions from the_transmitter were very simiiar;
Thus data from routes run in all directions and
through all areas of the city exhibited the same
overall pattérn. It was judged that data obtained
from all these separate routes could be considered

representative of the same general propagation effects.‘

These results, espeeially the last, indieated>the.possibilityfand‘

‘ﬁﬁalidity of a general model of. the propagation'cOnditions based-on

this data. A plot of theAaVerage<s1gna1»strengths from different

runs of each route vs range gives a ‘good idea of the oVerall data

picture. See Figure 4 (Section V).

Analysis was done combining data from all routes into. the same ;

model, using some more sophisticated techniques. One characteristic

of the sample sets making up the data base is_that they do not
represent equal numbers of samples.. A teehnique’was de;ised .
whereby each point in-.a regression analys1s was weighted by the . |
number of s1gnal strength readings 1t represented. In this way, ‘
as 1ong as the sample sets were kept to -a reasonable size, weighted

regression eompensated nicely for varlations in block length,




Weighted regression analysis produced -a line:of.best‘ﬁit for the-

data gathered from Northstar repeater. 1 km was set as a lower

‘range limit because investigation of the antenna pattern indicated

that repeater.antenna lobing would result in a distorted picture

' below this range.  The upper range limlt was set.at 10 km because

this was the max1mum extent of the bullt-up area.

"It will be noted from Flgure 4 (Section V) that there is.a dispersion .

of signal 'strength data at any partlcular range. Broadly speaking,
the data is centered about a llne but dispersed around 1t. ‘We -

sought to investigate and model thlS dlspersion.~“

A program was written for the HP-97 that accepted the linear

~ regression results and the data points from Figure 4 and produced

histograms describing the deviation of the points from the line.

An example of the results is shown in Fiqure 5 (section V).

The hlstogram seemed to indicate a log—normal dlstrlbutlonl, as:

found by Revdink and others.

Next, a method was devised to combine-the individual.distribution
characteristics of a number of sample sets into a set of overall:

distribution characteristics. BAn HP-97 program was written to do

:this data combination, acoepting individual mean, standarxrd deviation,

and number of samples and returning an overall mean and standard

" deviation. (See Appendix 6). Data was combined in this way in a

series of'ninety 0.1 km bins between 1 and'lo‘kmg The results are
shown graphically in Figure 6. (Sectlon V). It was noted that the
standard deviation of the data was roughly constant over the entire 1
to 10 km range. This fact combined with the regression results and
the log-normal distribntion gave a good description of the actual
situation. - | ‘ - ‘ »

;'i.e. a noxmal distribution where the x-axis is a logaritihic

scale.




- 10 - o

"In analyzing the data from 1975 Corydon, use was made. of the results
~.of the previous Northstar analyéis. Grouped-analysis‘was sﬁarted

immediately with the plotting of data in Figure 7. On'the'basis'of‘

this graph and observation of lbcal terrain conditions, certain dafa

was put into a separate rural model.

Weighted iinear“;egressibn was done on both u:ban/suburbran and
iural data, resulting in separate models for>each. Tﬁe built-up’
area extends to 17 km range for 1975_Corydoh, és>60mpaied with 10. -
km for the Nofthstar.' Data dispersion fox this repeater.was
similar to that of the Northstar. ' .




fli—

. B. Reaults

"5Weighted linear regressioﬂ results are summarized in'Figure 8
(Section: V). Note that the slopes are vexy consistent for all the

modela;' Comparlson of rural and urban/suburban results for 1975

Corydon reveals that while the slopes are very s;mllar, reception in -

rural areas is about.ll dB higher than in'bﬁilt up areas.'

.The urban/suburban results from 1975 Corydon are based on data
gathered up~to a 17 km range.‘ For this reason 1t seems justified
to assune that the slope of -28-1 dB per decade seen in results
from both transmitters would apply for bullt—up areas to at least'

a 20 km range.

.The\consistent’standard deviation of the data dispersion has been-
noted previously. The mean of the standard deviatiens shown in

Figure 6 is 6.6 dB, It is thus reasonable to describe the urban/
suburban data by a band centered about the weighted linear re=-

gression line. Using the log-normal dispersion approximation,‘it
is possible to predict that about 2/3 of the data will fall within
a band 1 standard deviation on eithexr side of the linear regres—‘
sion line. (See Figure 9 Section V). Unfortunately there is not -

adequate data to present the rural data thls way.

Significantly, the data shows a homogeneous propagatidn'environmeht,
without the urban/suburban distinction which has been found in .
other cities. For example (see Appendix 8), prbpagation loss from
‘the suburban repeater to the core area is essentially identical to
that of the overall model. Tﬁe built-up area.of Winnipeg can thus

be considered a uniform.reception environment.
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Another separate result which bears menﬁioningiis the amplitude
'ldlstrlbutlon observed within individual sample sets, A Raylelgh
dlstributlon (resembllng a 10g-normal dlstributlon skawed towards
the low side) has a theoretical basis and has been observed 1n

other studles. Thls type of distribution was observed in almost

all sample sets obtained during the survey. A typical distri- : 7
bution is shown in Flgure 10 (Section V). The standard de#iationé of
local distributions obtained in this study range'frdm 0 tp.lo dB butv

most were around 4 dB. . R
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'CONCLUS IONS

A. The Final Model

'The linear regression lines representing the entire urbah/suburban

data base are:

(dBuV/sosx -5Q.7.-27.2 log d " (d in $m)
-1975‘Corydon TX:
'Ein(d?uVZSOJL) = 50.9 ~29.4 log d - (d in Km)

From Apéendix'lo, the corresponding Edli predictions are:

- Northstaxr TX:-

(dBuv/SOJL) = 45,9 ~40 log d. ~ (din Km)f

1975 Corydon TX:

Ein(éBuV/SOJI) = é}.2 -40 log d | ( din Km)

‘Thus the Northstar signal measured at 1 km 'is (50.7 - 45.9) = 4.8 db

higher than Egll predicts, while the 1975 Corydon signal is
(50,9 - 41.2) = 9,7 dB higher at 1 km. At d = 10 km, the differences

. becone 17.6 dB and 20.3 4B resPectlvely. A conservatlve model

for Winnlpeg could thus have about 5 dB less 1oss at 1 km than Egli
predicts, and a slope of about 30 dB per decade of distance.
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Applying these modifications to the Egli loss equations given by
Palmer (Review of Propagation in the 470-890 MHz Band, CRC Report

1288, Department of Communications, Ottawa. (1976)) yields the

following expression for L__, the median loss between two half-wave

50
dipoles in the Winnipeg area:

Lso(dB)= 95 + 20 log £ + 30 log d =20 log ht =10 log hr

for: £ in MHz
d in km
h in m, and hr_<_ 9.1 m(30")

This expression for loss assumes Egli's frequency dependence and
height gain factors are accurate for the Winnipeg environment, as
the experiment did not allow verification of these factors. A very
simple first-order check of TX height gaiﬁ showed 4 dB higher levels
from the Northstar (Egli predicts 6 dB), but the overall data base
showed only about 1 dB difference at 1 km, increasing to 3.3 dB at
10 km. See Appendix 9.

A very significant part of this loss model is the standard deviation
of the overall sample population. Egli's paper suggests standard
deviations on the order of 10 or 11 dB, but our data yielded 6.6 dB
as an average from 1-10 km. Since the distribution of samples is
approximately log normal, this reduction of standard deviation will
greatly reduce the power increases necessary to upgrade coverage to
the 90% or 99% reliability levels. The discrepancy between Egli's
figure and ours is largely due to the fact that his figures were

drawn from a variety of terrain types.

pData from rural areas surveyed indicated a signal level about 1l dB
higher than that for built-up areas, but with a similar distance

dependence.
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B. Area of Applicability

The survey results indicate that the mpdel shpuld hold well for
- built-up_areasA(urban“or'suburban) to at least a 20 km range. The:
level terrain of Winnipeg is similar to ‘that of many cities .on the '

great plains, thus allbwing'wide applig¢ation of this loss equation.7

The results also reveal no significant 1bss_variatidns between radial

routes.and tangential ones, a slightly unexpectea discovery. Multi-

path effects would explain this in the core area, but in residential

suburbs it is possibie that this uniformity was partly due to the
unusual elevation of the test bus antenna (3 m rather than 1 m for a

normal automobile).
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V. FIGURES 1 TO 10
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EQUIPMENT TYPES

.Test'Vehicle

Repeaters

Repeater antennas
Test Receiver
Test receiver antenna

Computer

SET-UP and CALIBRATION

APPENDIX 1 ’

- GMC Diesel Passenger Bus

- Motorola MK XII UHF tranSCeivers

~in repeater conflguratlon

- Slnclalr 329 colllnear for 453 0 MHz (6. 1 dBd galn)'
- Motorola MK XII UHF transcelver

- k/4 whip mounted on roof ‘of test bus

- Dlgltal Equipment PDP ll/lO computer w1th analog

1nterface.

‘ Combining the outputs from test points 1 and 2 on the test receiver produced

an analog voltage related to 51gna1 strength at the RX 1nput. The precise '

nature of this output was* 1nvestlgated using a v01tmeter and an accurate HP

8640B signal generator. The results were as follows:

mV |
rﬁ“odwf
' TP [+2
1 B T " .
-8 \ : 60 RX " input- levef
Inear rego, - dBuV
. Exact digit_al equivalents for a number of points in ‘the linear region were'

obtained and programmed into the computer as signal classllimits.for the

sorting routine.
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. APPENDIX 2

'REPEATER POWER MEASUREMENTS

Two power measurements wexe made at each TX 51te, one before and one after

the measurement program.' Results are tabled below (in Watts).v

NORTHSTAR TX

At X At Antenna ERP~  EIRP
Fwd, Rev. Fwd. Rev.
July 5,77 0 13.0 1.2 6.7 0.4° - 25.7  42.1
Aug. 17/77 © 15,5 1.5 5.8 0.4 22,0 36.1
NORTHSTAR AVERAGE: . 23.9 ~ 39.1
1975 CORYDON TX
July 5/77 - . . 17.4 2.4 8.1 1.5  '26.9 . 44.1
Aug. 17/77 . 21.3 2.2 10.3 1.0 37.9  62.1
1975 CORYDON AVERAGE: . .32.6  53.1°

0verall accuracy of above figures is + 0.3 as.

NOTES :

1. Reference to half-wave dipole. Includes 6.1 dB TX antenna gain with -
.rgspeét to aipols. ' ‘ ’

2, Includes 2.15 dB gain to reference to isotropic antenna.

3. Estimated from'August 17 data. .
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APPENDIX 3
‘Description of the location of routes used in this project.

I. RADIALS = have generally radial orientation wrt TX‘site. '

A. Used for both 1975 Corydon and Northstar. -

NAME LOCATION _ _

PRT . - Portage Avenue between downtown and perimetex
NES - Ness.Avenue

POW ' Powers Street. .

MAI . Main Street between downtown and périmete:-‘

HEN Henderson‘Highway_betweén'downtoWn and pefimeter

REG Regent and other streets between. downtown and perimeter -

B. Used for Northstar only

NOT Notre Dame:

SAR - Sargen

ELL ' Ellice

STA -St. Annes Road _

STM St. Mary's Road between downtbwn and perimetexr

PEM Penbina Highway

C. Used for 1975 Corydon only

KEN . = Kenaston Boulevard
'CDN ' Corydon/Roblin
GRA Grant

GRO Grosvenor




s

II. AREAS = To obtain detailed data f£rom spéqific'areas(‘

ST

S-E

N-B

St. James

‘Streets between~Sargent_and Ellice™

‘North End

Transcona
River Heights

University of Manitoba~cémpus

‘Central Business District

v
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~ APPENDIX 4

BUS ANTENNA FACTOR

A.

Caiculated

Assume that a quarter-wave whip antenna above a ‘conducting plane’is
internally matched to. 50 ohm feedllne consisting of 20 feet of RG-58
to 50 receiver input.

Antenna matching loss >‘. 0.25 4B

Line 1oss‘@ 465 MHz: L 2.8 .dB'
(14 dB per 100 ft.)' ' o

. System loss  3.05 dB>

Actual length of whip = 5 1/8" = 13.0 cm.

Effective height = 8.3 cm = 21.6 dB below lm.. |

At match, radiatlon re51stance of antenna forms a voltage div1der with

Rx 1nput impedance, causing 3 dB additional 1oss.A

Thus overall system transducer loss (= ant; factor, AF) is

AF = 3.05 4 21.6 + 3 = 27.65 dB

Measured

The antenna factor was verified experimentally ueing a Singer NM37/57

field strength meter with its callbrated log spiral antenna. The signal-

input to the NM37/57 by the bus antenna was compared (for 4 bus orlentations)

"~ with the actual field strength measured with the log spiral antenna in the

same position. The difference between these figures gave the antenna

factor plus cable loss for the bus whip antenna.
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The results werxe:

Field intensity measured with log spiral antenna : 73.2 dB V/m

- Bus antenna output:

- left side to TX . 50.9 dB 'V
- front to TX .~ 50.4 ‘
.= right side to TX 51.2 .
- back to TX - ©48.0
' Average: 50,1 dB VvV .

Bus antenna factor and cable loss = 73.2-50,1 = 23.1 dB

This is (27.65 - 23.1) = 4,55 dB lower than calculated, a~reasonabie.
agreement in light of the végaries of the mobile antenna environment.
. Probably part of the difference is due to line losses in the bus system

being lower than calculated.

Overall accuracY‘of the measured antenna factor and cable loss is‘about .
*1dB, as the,NM37/57AabsoluteAerror does not affect thg'differential

results.

The 3 dB lower sensitivity of the antenna for signals from behind the
bus was also noticed in runs made in rural areas where local scattering

was minimal.
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| WEIGHTED LINEAR REGRESSION -

APPENDIX 5 |

Theory: The :standa£d~ linear regression procedures were modified to handle
' @ata where each data point might represent a different number of
 samples. -
tlmes, it must be absorbed into the re-~

If (x ) occurs n

i’ Yi 21

gression analy_sls n, ‘times.

2 X y ‘becomes Z n, X y. etc.

using ) this- procedux:e,

s _‘ anzhy.
. (slope) m = 2'\ X )’. ' E.h
o St - G
= h;

(Intercept) Y, = y - Xm
(fit _coef“ficient)' r” is developed 'in a similar.-way

o ’ - » 2
The program accepts *i0 yi and n, and returns m, Yo -and ¥ .
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o ' APPENDIX 6

COMBINING DISTRIBUTIONS

Smt’m.lary.: An }IP?‘97 p_rogramivas writt_eﬁ to agcépt thg'ché-raqteristics» of
a number of individual dist:;ibutions‘( -)Z;A', Si, hy ) and |
return the char'acteristics of the distribution that would be
obtained if these individual distnbut:.ons were combmed
(X‘,lSo,h_o ).

r'I‘heory': ( _; -denotie‘s"individual, o ‘denotes overall) _
For each individual ‘distribution, the-p;:o{;r‘am calcﬁlateé"

(z x). = (n; =1 S =+ ni (%)
. ' and develops the following summations: .
e Aﬁ>» - N7
2(2)( Y Z"i /-2;" !

.Then the OVerall charactenstlcs are given by.

5(' - ih X (W(—Hc}\”col meqh)
2(gx‘) (2N X)/Zh

Se =

(%“s Y
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APPENDIX 7
i R : L Part A

HP-97 program for c_:omputing data dispersion histograms-;

A, Summary% " The program aqcepts the equation of the line about which ‘~'the :
" _data is disperéed, and the coordinates of the data points.
For each data po:Lnt, the program computes the Y coordinate
from the equatlon of the 1.1ne, and then subtracts J.t from the
- coordinate ‘of the. data point.. Each AY - cbtained in this way '
is sorted into a set of 24 1 db wide bins between -12 and 12 dB

‘deviation.

o g

: dmpasxm« of
b dato poivts
gt m .
i //»hwe¢réﬁbmmdm
sy db for these pouts
- 90 —9f'
Xo "X = ﬁhqyz%wn

W%ziquyfamw .oufFUﬁ§ q hsf of A%y:s cqtbk#&f cnmJ Hie
resulfs  of the oifug. ﬁma:ss - T glso c@lcua{cs mecm
o sﬁMAdaﬂi d&JthM of &y's . ~

The program outputs a list of Ay.’s calculated and the results

of the sorting process. It also calculates mean and standard

. ‘ .~ deviation ofAy.'S.A
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APPENDIX 8

s

PROPAGATION TO CITY CENTER

Reception in center of city from repeater situated outside the center.

= mean of data gétheréd in center of city

~

(ROUTE CORI) X = 27.43 dBuv/gX

- result prediéted by model'-:

" (RANGE = 5.5 km) X, = 50.87 ~ 29.43 log (5.5)
X =.29.08
P :

X_X.= 1.65 dB
P L
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- -APPENDIX 9

1

HEIGHT GAIN COMPARISON

f
Each test conductéd at a location which is at equal range from each repeater
site. | - ‘ | o

wa A
» {(mean of 2 or 3 tests) {(Northstar-
~ Test Site Northstar 1975 Coxydon ‘ 1975 Coxydon)
1 3.0 . 34.0 2.0
2 40.2  37.0 a2 L
‘3 34.3 34.4 0  Mean A = 2.6 dB. .
4 30.7 . 30.6 0.1 But Northstar TX
5 44,0  40.0 4.0 - Power was 1.3 dB
6 20.1  26.8 2.3 bpelow 1975 Coxrydon.
7 25,0 ' 2l;é o 3.2 _Thus the apparent.
8 26.3 . 22.8 3.5 height gain
9 5.6 304 5.2° = 2.6 + 1.3 = 3.9 da.
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APPENDIX 10

* EGLI RECEIVED VOLTAGE CALCULATION . - .

Egli's equation (4) (Propagatlon above 40 MC, Proc. IRE,A o

45, p. 1383—1391 (1957)) can be written as =“

‘hthrz e
p50,= K —5— Ptr‘  " where K = 5,52 x 10 f xr’
a”f , ~h in ft.
s d in mi.
- £ in MHz :
t.- ERP in watts
,and'.K=4289x10 for
. hiinm
d in km

P50
at 50% of locations. 'I‘hus

T here is defined as the power rece:.ved between half—wave d:.poles .

A}’

Ego = gy -wnere z = 50 ohm RX input |
’ N . T
~E50 (uV across .50 ) 4 631 X 10 2 (P't) for dipole,

a% ¥ hinm, din km._‘

Aperture of quarter-wave wh:.p - (—-—A—> - 2. 533 X 10 -2 )\ 2

. . ) : : ) 2 ) ) ..
: .64 ol .
_Aperture of half-wave dipole = }-a-e-ﬁ_-A =.1.305 x 10 L A 2
.".  Relative power gain of whip = 2 233 x 10 = = 0. 1941
' . - ’ R 1. 305 x 10
Thus E50 = (0. 1941)§E50 .»"- 2.04 x 102'h§h (P, );uv
"}iip ‘ é}pole - D« O _

* Egll g first equation on p. 1384 is correct only for d:.pole antennae.
For isotropic antennae, the 95 constant would be 121 4. '




*‘III . o ' C = xvi -
.°. For the Northstar TX, hﬁ = lloh, h¥ e 3m, £ = 465 MHZ,

P = 23.9 W (ERP), Egli prediqts ‘

E (dBﬁV/soJL —15779f4°f;°? a

For the 1975 Corydon TX, h_ = 55m, h = 3m, £ = 465 Mz,
_Pt - 32.6W, Egli predicts .

Ei (dBuV/SOJL) = 52.3-49 log &

‘ ‘ The above predictions’ use a recelver helght factor of 20- log h v’
not 10 log h  as Egli recommends for h_ £ 30 ft. (9.14m). To
correct to. 10 log h ' subtract 9.6. dB (' 10 log 9. 14) from the above _
expected signals. RX llne and- matchlng losses of about. 1.5 dB should
also be subtrdcted. Wlth ‘these cqrrecpipng, the expressions are:

Northstar: Ein (dBuV/SOJl) = 45,9 - 40 log d

1975 Corydon: B, (dBuV/g o) = 41.2 - 40 log 4
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