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TESTS ON REFLECTIONS FROM TELEVISION MASTS

) Abstract

Msgnitudes of reflections have been measured in Melbourne
from a 400 foot seclf supporting mest illuminated by a small transmitter
located approximately 3400 feet away and operating on channel 10 (209 -
216 Mo/s) with horizontal polarisation. Subseguent measurements have

- bsen made using the small transmitter feeding the GIV transmitting

corial at approximately the same distance from the reflecting mast.

Measurements have also been made feeding the HSV7 transmitting asrial

uppr0X1m”te1y 280 feet from the ABV2 mast acting as a reflector and feeding
a Yogi aerial at o much lower level on the HSVT mast. Some measure-

ments have been made with vertically polarized signals and some subjective

tests on the tolerable level of ghost reflections.

The conclusion is reached that although for spacing of masts
of the order of 350 feet ghosts due to such reflections should be above
the thresheld of percebtlblllty ‘they are unlikely to be serious for
anj mast spacing.

Saotion 1 - Introduction

Goncral

1. In connection with the siting of Australian television
stations reports had been received from the United Kingdom and Canada
(1)y thet aerials spaced by relatively short distances may cause
ghosts" in the home television receivers due to unwanted reflections
from transmitting aerials. These reports suggested the desirability
of locating all transmitting aerials serving the one area on the one
mast. On the other hand, in the case of a number of United States
cities, transmitting ucrlals have been located at relatively short
distances of several hundred feet ond enquiries made have indicated no
troubles due to reflections.

When these tests were commenced, the sites and masts for
‘the Melbourne and Sydney television stztions had been decided on and
the practice had been followed of locating transmitting aerials on
separate masts at a relatively short distance apart of the order of
100 yds. to 1 mile. While the enquiries mode regarding operating
conditions in the United States indicated that ghosts due to such
reflections would not cause serious trouble, it was considered
desirable to obtain some objective figurss on the magnitude of such
reflections. A programme of tests was therefore carried out to
determine magnitudes of reflections from the mast erected by the
Herald Sun TV.station (HSV?) at Bornes' Lookout neor Mt. Dandenong.




o D e

These tests carried out on reflections from the HSVT
mast some 3400 feet from the temporary transmitter were made prior
to the introduction of the Melbourne television scrvice and while the
acrial for the HSV7 transmitter was in course of installation and
before the erzction of the ABV2 and GIVY masts, While it was not
expected that serious reflections would be encountered, it was desired
to check this experimentelly befor: work had proceeded too far. After
all the stations were in operation tests were carried out using a low
power transmitter feeding signals on channel 9 into the GTVY aerial
system to asoess reflections from the HSV7 and ABV? masts some 2900
feet away and on channel 7 from the HSV] aerial system to assess
reflections from the ABV2 mast some 280 feet avay. Some subjective
tests were alsc macc using both a video system and a television

- receiver to assess the magnitude of reflections which could be

observed on a teleision picture,

Location of the masts

o3, The relative location of the GIV9, HSV7 and ABV? masts

are shown in Figure 1 attached to the end of this report.

The HSVT mast is a self supporting one 396 feet in height
with a square cross section of 60 feet side at the base falling to
approximately 6ft. side at the summit. The serial was of the super
gain type employing 16 tiers extending 72 feet from the summit,
About half the acrial was erected before the tests, erection of the
remainder proceeding during the tests.,

The HSX? mast 1s oriented so that one diagonal is
approximately 6~ west of the direction of the test transmitter.

The ABV2 mast also self supporting is located on ground
some 20 feet lower than that of the HSV] mast. It is 400 feet high,

- the top 66 feet being occupied by a steel pole supporting a Marconi

quadrant 100 mc/s acrial and approximately the next 100 feet from the
top occupied by an 8 bay Marconi supergain aerial. The base of the
mast is some 70 fset and the cross section of the mast at the super-
goin serial is approximately 6 fest. The HSVT acrial is thus

© approximately at the same level as the Marconi quadrant aerial at
- the top of the ABV mast. The GTVY mast is a 200 ft. overall self

supporting type on ground of level approximately 30 feet above that
of HSVT. '

S Section 2 - Initial Tesis transmitting from a Temporary Aerial

Genersal
4 This section describes the test mzde on channel 10 (209 -
216 Mc/s) from & low  power transmitter Joceted approximately at the

side of GIV9. The sitec of the small transmitter was approximately
3400 feot from ths HSV] mast. Measurements were made at about 14
rsceiving sites ranging from 3,5 to 13 miles distant from the test

transmitter and at various angles in a 200 degree arc.

-




Eguipment Used
5. The equipment employed was as followss—
(a) Transmitting Equipment.

An R,C.A, type T.T.X.-1H television transmitter was used
with a 6 element Yagi antenne at & height of 43 feet above ground.
The nominal output of the tronsmitier was 18 wotts peak. The
transmitter was modulated by a Pye type 3673 bar mattern generator,
which was modified to give 8 microsecond ‘spacing of the vertical bars
in lieu of the normal spacing of 3.2 microseconds. The vertical bar
output pulses of tue pattern generctor were approximately 0.3 micro-
seconds in width, this arrangement being satisfactory for viewing
echos having the expected delay times. The "excitation" and "bias"
controls of the tronsmitter were adjusted to ensure that the trans-
mitted carrier was reduced to zero during white periods of the picture
pattern. This could be observed on a monitoring cathode ray

‘oscillograph which was fed from a demodulating diode loosely coupled

to the transmitter output pick-up coil. A dirsct current amplifier
weas avallable on the C.R. oscillograph. These precautions were
necessary to ensure that the "ghosts" of the veértical bars could
not combine, in or out of phase, with any part of the picture signal
transmitted in a direct line to the receiver. The equivalent
radiated power of the transmission in the forword direcction of the
Yagi, was approximately 40 watts,

In operztion the Yagi antenna was first pointed directly
at the HSV7T mast, and measurements were made ot the receiving point
of the direct field intensity (D) and of the "ghost" field intensity
(G). The transmitting antenna was then pointed directly at the
receiver and the direct field intensity (Do) wos again measured. At
some receiving sites the direct ray path from the tronsmitting aerial
had "first Fresnel clearance" above obstructions at the transmitting
end, and the ghost to signal ratio was then simply the ratio of the
received "ghost" signal intensity G to the direct signal intensity (Do).

The ray peths of other receiving sites did not have
"first Fresnel clearance" ot the transmitting end due to obstructing
trees, etc.; and in these cases the ghost to signal ratic was taken

‘as the ratic of the "ghost" signal intensity "G" to the calculated

free space field intensity of the tronsmission Fo when beamed in the
receiving direction. In all cases the "ghost" fto signal ratio was

- corrected to allow for the shorter distance travelled by the direct

signal, giving figures which are more representative of the expected
ghost to signal ratio at a considerable distance from the trans-
mitter, and in the same directions from the transmitter.
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(b) Reeeiving Equipment

/

‘At the receiving end a 6 element Yagi similar to that
ot the transmitter was used to pick-up the television signals, The
antenna output was fed either to a television receiver via a calib-
rated R.F. cttenuator, or direcct to & television field intensity
meter, an R.C.A. type BWTA. The latior instrument was specially
calibrated for use with the Yagi antenna in lieu of the dipole it
normally uses, and was used for taking the field intensity measure-
ments designated as D and Do in section (a) above, D being the
direct field intensity with the tronsmitting Yagi pointed as HSV7.
The Y axis of an E.M,I. waveform monitor, was connected to the
receiver output, through & small coupling condenser to preserve the
high frequency response, When the Yogi antenna was connected via
the R.F. attenuator to the receiver input, the direct and reflected
synchronising and vertical bor pulses were displayed on the cathode
Ty oscillograph of the waveform monitor. The relative amplitudes
of the direct bar pulse and the bar pulse reflected from HSV7 mast
were measured by means of the R.F. attenuator; the criterion being

“the input retio measured on tle sttemuator for egucl zmplitudes of

direct ond reflected pulses as measured on the C,R,0. screen with the
outomatic gain control disconnected on the receiver, This ratio (R)
was measured with the tronsmitting antenna pointed directly at the
HSVT mast, and the "ghost" field intensity G is given by the
expression D/R. It can be seen that the ghost field intensity was
found from an absolute measurement of +the direcw:synchronising pulse
field intensity, together with relative measurcments of the direct .
and reflected bar pulses, 235th of these measurements were made with
high grade attemuators. '

The procedure adopted in regard to receiving antenna
height and the determinntion of the correction for the transmitting
path was as follows -

The transmitting antemna was at first beamed on the

. - receiving site ond the direct field intensity measured with the BUWTA

. field intensity set for various antennsa heights. In this way

consecutive maximum and minimum field intensities were measured and
from these measurements the ground reflection co-efficient and the

. local free space field Ep can be simply computed. The local free

space field intensity ie the component of the space wave which strikes

" the receiving aerial directly without reflection from the ground.

The amount by which the calculated free space field intensity, Eo
exceeded the local frse space field intensity was assumed to be the

" path loss (P decibels) introduced by the obstacles at the transmitting
-~ end. As the path between the transmitting Yagi and HSV7 mast was

clear with "firs% Fresnel zone' -clearance, and & normal service
trensmitting asrial would have similar clearance in the receiver
directivn as well, it was considered legitimate to allow for the’
factor P in computing the true expected '"ghost" - signal ratio in a
normal service, '
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Havfng established the receiving =erial height for

‘megimum received field intensity, the transmitting Yagl was beamed

on HSV] and a normal "ghost" to signal retio mecosurcment was made
for this beight. The delay of the "ghost" relative to the Afrect
signal was also measured on the waveform monitor and recorded. The

.receiving antenna height was then changed to cnother value (not for

minimum signal, because of the difficulty introduced when measuring

- il . .
- very low signals) ond another ghost" - signal ratio measurement was

made. This procedure was repected at 12 other sites with horizontally
polarised acorials.

1

Results of measurements

6o Some of the sites at which measurements were taken,

" showed very smzll trensmitter site loss, P. This was particularly

the case in Tasterly directions from the trensmitter because of the
position of the traonsmitting antenna. In table 1, the traonsmitiing

~path loss, P decibels, is computed from the known equivalent radiated

power of the transmission and the me asured maximum and minimum field

- intensities at the receiving site. In Appendix 1 examples of this

calculation are given. Table 1 is for reflection from the HSVT
mast., (See page 6)




WanHdm of Eonwcwgsosﬁm -~ Reflzcticns from HSVY mast using temporary aerial

Table 1

and transmitter

¥

‘

Receiving Distance from Bearing from Measured Trans-- True signal - ghost ratio
Bite tronsnitter transmit ter time de- mitter of HSVT mast dbconsid-~
Miles (clock-wise lay micro~ end path erable distances, d.b.
from HSVT seconds loss "P" Optimum Non optimum
. mast direct-- - decibels receiving receiving
Hosv degrees. antenna antenna
height height,
Bayswater Eal 43.5 1.1 calc, delay too small to get
echo clear of direct
o pulse,
Vermont 1.9 52 1.48 5.7 44,2 AmJA
Heathmont 5.5 58° 1.87 " 5,6 53.1 47,1
lMont Albert 13 58° echo not discernable
Mitcham 8.25 65° 2.15 -0,7 48,4  Not dis—
cernable
Croydon ! o
Eoﬁ:m&mw% 4.8 83 3.31 0,6 41.6 39.6
Croydon’ o
Sports Ground 4.4 86 3.5 3.4 47.8
Lilydale (Jest) . o
Black Springs 4.8 124 5.68 8.3 45.4 ’
Lilydale (Plants)  4.75 129° 5,47 10 41 37
Lilydale (Greys) 4,28 131° 6.0 calc. 9,9 35.5
Lilydale (Bast) 4.4 157.5 6.74 8.4 46.1 44
Silvan North 3,9 225° 6.0 6.4 42.3
s o | (comlabe 423
D _ A .. .higher). S
Silvan 4,75 235.5 5.8 1.4 " 47.1 " indiscern—
(Hamilton) able
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/In all cases the equivalent radiated power of the

~transmittier was 37.5 watts in the maximum direction of the Yagi

antenna.
From the table the following applies =

Median of maximum readings 45.4 db.,
Median of all readings 44,2 dt.
Value for which 90% of readings are
“exceeded 39.6 db,

Table 2 (see Page ") gives the results of reflections from undetermined
reflectors, usually with 2 smaller time delzy than that from HSV] mast.
The equivalent radisted power of the transmitter was 37.5 watts in the
maximum direction. This table contains only reflections which have a
greater amplitude than that from HSV7 mast. These reflections are
probably from the slopes of the mountzin betwesn the HSV mast and the

_ transmitter and could be the limiting factor rather than reflections
‘from the mast.

Measurements with vertical polarisation.

T Measurements were made at three sites with vertieally
polarised transmitting and resceiving Yagi antennce. The equivalent
rediated power was the same as for the tests withhorizontal polaris-—
2tion. Table 3 (See page & ) is a summary of the results,

3




Table 2

Results of measurements — Reflections from mountain slopes

Aﬂownmmmww

Regeiving Distance from Bearing from Measured Trans-- True signal - ghost ratio
Site . transmitter tronsmitter time de- mitter of HSV7 mast at consider-
(Miles) ¢lockwise lay micro-  end path ahle distances, d.b,
from side of seconds loss PV Optimum re- Non Optimum
HSVT mast decibels ceiving receiving
direction antenna antenna
degroes height height
Mont Albert 13 58~ 1,15 ~ 2 db 28 31
0 3 " 2.5 " 35 -
1 o n 3.5 o 35 -
- It 3 L 2,0 " - 35
Mi tcham 8.25 65° - - 0.7 45.4 -
Lilydale (Plants) 4.75 129° 4.75 10 39 -
Lilydale (Greys) 4.28 131° 3.6 & 4.4 9.9 Approx.30 -
Lilydalc (East) 4,4 157.5 - 8,4 45
Silvan )
AmDSHH&osmv 4.4 235.5 5.4 1.4 47.1 38.1
Table 3
Results of Measurements — Reflections from HSV7 mast — Vertical Polarisation
Mitcham .2 65 2.26 1.8 39.2 43.2
Lilydale (Bast) 4.4 157.5 4.95 7.6 43.1 44.1
(not mm<w
Silvan o mas®
(Hamiltons) ° 4.75 235.5 5.7 1.1 43.5 - 35.5
" 'Silvan c R ey . . .
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Thgse signal-echo ratios are compared with those
- measured for horizontal polarisation in Table 4 =g follows -

Teble 4

Comparison of measurcmaznts with Vertical and Horizontal Polarisation

7-’Receiving Delay (approx) Signal-ghost ratio, decibels
site microseconds. Horizontzl Vertical Remarks
polarisation polarisation

Mitcham 2.2 48.4 - 39.2 HSVT mast,
’ acrial
height
optimum.

Lilydale (East) not recorded 45 - not HSVT,

- aerial
height
optimum,

5.0 - 43.1 not HSVT,
aerial
height
optimum,

Silvan 5.7 47,1 43.5 HSVT mast,
(Hamiltons) aerial
' optimum,

5.4 38.1 - not HSVT, -
non optimum
zerial
height

v 4 3.6 - 31.5 not HSVT,
- optimum
aerial
height.

- From table 4 it is seen that a direct comparison between
*  horizontal and vertical polarisation can only be made at two sites,
* Mitcham and Silvan (Hamiltons). In both cases horizontal polarisation
: gave the higher signal-ghost ratio, 9.2 db. higher =t Mitcham and
- "3.6 db, higher at Silvan.

; "Variation of reflected signal with bearing from the mast.

8, There nre not sufficient measuremesnts of reflected signal
to indicate very definitely eny variation with veariction of bearing
from the mast. Two sides of the mast arc illuminated, the bearing of
the transmitter being approximately 6° east of the mast diagonal as
alrsady indiceted. There is slight evidence that rsflections are of
“greater magnitude in the direction of the transmitter but the difference
does not appear to exceed a magnitude of 3 or 4 db.
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Accuracy of Measurements

. 9. The following comments are made on accuracy -

(a) Accuracy of Instruments

. The transmitter power and the received field intensity
were each measured with the same basic voltmeter contained in the
R.C.A, field intensity measuring set type BWJA. To the extent of
the accuracy of the attenuator in this instrument, any errors of
absolute voltage measurement would cancel out in megsuring the "ghost"
ratio. The accuracy of measursment would then depend chiefly on the
original calibration of the field intensity set in regard to the
passive networks which transfer field intensity units to voltage units.
The accuracy of this calibration by the makers of the instrument is

~ believed to be of a high order, and the same applies to the signal
generator attenuator in the instrument. The relative measurements
of direct to "ghost" signal ratio R, depended also on the acauracy of

~an R,F, attenuator in the receiving aerial input, as described above.
This was a good quality instrument, the calibration of which was

- checked when set up in the field. This ratio was also checked with
a synchronised V.H.F. pulse signal generator, the output of which was
fed into the receiver input and the corresponding receiver output
pulses were displayed on the cathode ray oscillograph side by side
with the transmitter and "ghost" pulses, and amplitude comparisons
made with fixed R.F. attenuator settings. Of theé two methods the
R.F. attenuator method was generally the more conservative, and was
used for computing the "signal ghost" ratio in preference to the
signal generator methal The television receiver picture tube was
also used as an indicator of equal brightness for "ghost" and direct
signal when the R.F. attenuator was operated. It also gave results

‘which were generally less conservative than the R.F. attenuator —
C.R.0. comgination, and the latter method was always used for
comouting resulits.

(b) Terrain, Obstacles, etc.

At some of the receiving sites, there was evidence that
a reflecting object quite close to the transmitter was producing a
reflected pulse,; smaller in amplitude, but not negligible in comparison
‘with the ground pulse, in cases where the ground pulse was severely
attenuated by the transmifting Yagl antenna. As it was not possible
“to spearate the direct and reflected synchronising pulses in these
. ‘tases, a small error could possibly have been introduced in the BWT
- received field intensities, with an equal probability of positive or
negative errors. At the sites in question this effect could have
‘been virtually eliminated by the use of a higher transmitting aerial.
The transmitting antenna was only 43 feet high, whereas a television
. broadeasting antenna would normally be at least 200 feet high, with
the possibility of a different pattern of illumination of the
reflecting mast. This could pamibly cause some difference of
signal-"ghost" ratio in the two cases; but it was not expected to be
great,




Discussion of results

10, Measurements were made of reflections from the HSVT mast

at 11 sites, distributed over an arc of about 180 degrses. The
transmitting site was at the observatory, Mount Dandenong, a distance
of about 3400 fest, the transmitting antenna being 43 feet above
ground. The median of 17 (11 of them at optimum height) actual
signal-ghost ratio measurements was 44 db., and the lowest ratio was
35.5 db at a South Lilydale site. Tre value sxceeded for 90% of the
readings is 39,6 db, At some sites (see table 2) other unidentified
echoes were greater in amplitude than that from the NSVT mast. The
poorest ratios measured were 28 db. at Mont Albert and 30 db. at
South Lilydale. The Mont Albert measurements should be regarded with
some suspicion bscause the echo was very close to the direct pulse and

" no discernable echo from the HSV7 mast was found. Comparisons were

" - made betwesn vertical and horizontal polarisation of the transmitted

signal at throe of the recsiving sitss. Dircct comparisons of the
reflsction from HSVT mast was made at two of the sites, and it was

- Jdower for horizontal polarisation in both cases. At the third site,

the highest measured reflection was for vertical polarisation, from

a reflector other than HSV7 mast. Subjcctive tests have been made on
the ghost ratio for acceptable picturcs and arc recorded in Section 5
below. Thesc indicate that for the worst path differcnce possible,
for the mast separation employed in this case, namely 6800 feet, a
ratio of about 36 db could bz tolerated for like fixed ghosts.

The following inflerences werc made for other spacings
proposed. The spacings for other cases in Melbourne and Sydney are -

Melbourne
ABV -~ HSV 280 feet
GTV - HSV 3400 feet
Sydney - :
ABN - ATN 300 feet
TN -~ ATN 4600 feet

It was inferred that there would be no difficulty\in the

" case of the higher path differsnce of 6800 feet (HSV — GIV), or the

higher path differcnce of 9200 feet (ATN -~ TCN) in Sydney, although
masts of height of the order of 500 feet are used in Sydney. For the
lower spacings the worst path differsnce would be approximately 600
feet for which Section 5 indiecates an acceptabls ghost ratio of 31.5
db for the worst case. of like fixed images and 28.5 db for a fixed
unlike image. Allowing 3 db change in magnitude of reflectsd signal
for each reduction of half in path difference between transmitter and
reflecting object the median ratio for the 17 receiving points for
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600 ft. path differcnce would be 34 db and the ratio exceeded in

90% of the locations 29,5 db. The figure of 3 db change in
magnitude of rcflected signal for cach reduction of half in path
differcnce is based on a theoretical analysis, making certain
simplifying assumptions. The figure may be departed from in actual
practice and this could be particularly so for the short path differ-
cnce considered. Assuming that the 3 dh Z2igure is corrsct, the
results would mean that in 10% of the locations a r:cflected signal
would exist of magnitude slightlyin execesof the value necessary

for an acceptable ghost for the path difference of 600 feet. How-
ever, 4n most of these locations the path difference is less than

600 feet depanding on the bearing from the masts. Accordingly, on
this basis & sligh? porceptible ghost would be obscrved in less Fhan
10% of th= locations. The situation for the close spacing of HSV

and ABV and ofATN and ABN, is further alleviated by the fact that

the 200 Mc/s aerials are higher than the reflecting masts, an?l the
reflected signals for the 60 Mc/s transmissions should be lower in
magnitude. In any case the reports of American transmissions suggest

that thce situation is accevmtable for conditions not unlike the spacings

considered here. Reflections have been noted, probably from the
mountain slopes, of grcater magnitude than those from the HSV mast.
There is some evidence of a somewhat greater reflection of signals

in the direction back towards the transmitter from the illuminated

side of the mast. However, enough data has not been obtained to

draw very definite conclusions. The conclusion was reached that in

the casc of the Melbourne and Sydney configuration of television
dransmitting masts the existence of ghosts due to reflections from the
masts s unlikely to be a scrious matter generally in the service areas
of the stations. ‘

Seetion 3 —~ Reflection Tests with Transmission from GTV's Aerial
General

11. * Further confirmatory tests were conducted in November,
1957, using GIV9's transmitting aerial and an R.C.A. 18 watt trans-
mitter to determine the level of reflections from the Barnes Lookout
area, particularly the HSV7 and ABV2 antenna towers. Although tests
had been previously carrizd out by means of transmissions from a
location close to GTVY, it was desired to verify the conclusions under
conditions closer to actual television transmissions. The previous
test transmissions differ from the actual transmissions by GIV9 in
that the aerial was considerably closer to the ground and reascnable
clearances did not always exist necessitating corrections to +the
reflection ratios measured. Further, the polar curve of the trans-—
mitting Yagi aerial differed from that of the GIVY transmitting
acrial. Test using the GIV transmitter involved staffing difficulties
and power costs, and would have been in no way preferable to the use
of a test transmitter, the latter having the advantage of being
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.double sideband with less likelihood of masking of reflections due
to overshoot and ringing. No ghosts attributable to mast reflections
had b.en observed on the transmissions from the Mélbourne stations
but they may have been masked by overshoot or ringing .on ths trans-—
.mission,

o Transmittine Equipment GTV Antenna 60 Q input

Y

%

R.C.A,

CGR 805 |y 18 wats 40 @
'SIG.  GEN. l SRS Transmitte o _é:t;ui‘:enuaf;or
| e #00 yds. 50 @ _
coax. cable.
4\ A .
. Transmitter I
g:;:gl T Power Tektronix
Generator| 31.25 k.cr—thRRAX 1024 4.D.lionito-
it e , ring Oscillos~
4 0,1 u sec, . cope
ulscs
I , ~ )
Syne. Extcrnal
out Trigger
Figure 2
Sz, Figure 2 shows the test transmitter set up. The R.C.A.

: ~ transmitter, was excited by about 3.5 volts at 16.35 Mc/s from the

} - G.R., 805 signal generator. The Cintel pulse gencretor delivers

" positive and negative 0.1 microsecond pulses ofabout 3 volt amplitude
to the video input of the transmitter. The positive pulse was
suppressed in the modulator by increasing the "bias" (blaek level)
and the "excitation".. The C.W. power was monitored on the BWTA with
~ the video input removed, by attenuating with 100 yards of coaxiazl
cable and the 40 db attenuator. The pulse power and width was
monitored on a TeRIroRnix 524AD oscillograph by using a pickup loop
_ and crystal demodulator to recovir the video modulation. Approx- ,
© cimatcly 20 watts peak power at 196 Mc/s was delivered, and approximatcly

- 200 watts c.r,p.  was radiated from GTV's antenna.

A state of zero carrier is required etween pulses,
This condition is checked by temporarily making & direct connection
between the crystal demodulator output and the input’ to the D.C.
amplifier in the Tekb.ronlZ oscilloscope, '
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, Latcr the sxciter frequency was changed to 15.17 Mc/s
and HSV's frequency of 182.25 Mc/s wos radiated in lieu of GIV's

picture carrier.

Receiving Equipment

vAntenn;?7 o 1 e . 230 v. A.C.
. i + o ;A
] — i |
| s.T.C. Tektronix '
; type TV, |4 gy 524 A.D. Stabilac
171 Reu- Probe Oscillos~ 2
SAITUT . cope
i
1T 1
l, D,.C. Voltmeter
1
=
() ~
L "'405 e
= Figure 3
13, The recciving equipment shown in Figire 3 was carried

in a van and taken to various sites in the metropolitan area. A
chopnel-master 5 element travelling-weve acricl was used to pickup

the transmission, which was fed into an S.T.C. type T.V.1T71l television
receiver, from which the A,V,C. had bcen disconnected and replaced

by a metersd D.C. potential from a battery. The video output at

the picture tube was taken via the probe to a Te o tyve 524 AD
oscilloscope on which the peak to peak voltages of direct and reflectcd
pulses were measured, as well as the time delzy bestwcuen echo and
direct pulse. The bias was adjusted so that the rcceiver was in

its most sensitive position without over-loading, and this bizs
voltage was recorded for use when calibrating the recceiver in terms

of output wversus input voltages.

Calibretion of receivors

14, As the roceiver was decidedly non linsar over the

range of dircet and roflected voltages recoived, it was necessary to
determine in the laboratory the ipput voltages necessary to give the
output voltages measured in the field.




- 15 -

fj‘~ power supply to the modulation input terminal.

/ bt 230V
. S'tab‘— Aoco
ilac -
. ¥
L ! . | Rohde and
Clntfl { E.C.A, i Schwarz S,T.C. %
pulse I video > Receiver
gon-vator| 3125 | am. ‘ SIG. GEN. | | Roczive
Me/s L—uo ] - J }
6v D.C. T
1800Q D.C,
VolﬁmqterJ robe ’
, ; |
75v. D.C. + ‘ ‘
Solartron ' Tektron-
D.C, Power ix type I
Supply J” i 524 A.ka
v =1
Bias
b Bat.
Figure 4

For this purpose a Cintel pulse gencrator of the same
type as that uscd at the transmittcr was used with the R.C.A. video
amplificr (type 120A) to modulate a Rohde + Schwarz—-type BN41404
signal generator with 0.1 microsecond pulses as shown in Figure 4,
. The unwanted positive pulses produced by the Cintel unit were
suppressed to a level of about 40 db below the wanted pulse amplitude
. by applying a direet positive potential of 6 volts from a Solartron
The quiescent carrier
level between pulses was also minus 40 db., this suppression being
sufficient for calibration purposes. The output from the Rohde and
Sehwarz signal generator was applied via a balun to the input of the
. S.T,C. receiver with battery bias applied as in the field tests.
The Tekt¥enilz type 524 AD oscilloscope and the stabilac were also
" connected in the same way as for the field tests,

The output attenuator of the Rohde ond Schwarz signal ‘
- . g=nerator was then adjusted for sufficient R.F. pulse output to give
~ 7 the same reading on the oscilloscope voltage measuring device as
~ that given by ihe direct pulse received in the field test, the
recelver gain control bias having been set to the same value as that
used in the field test. The signal gencrator output voltage VD
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was recorded and then reduced to give the same pulse voltage reading
on the osecilloscope as that produced by the reflected pulse from the
transmitter, If th: new output recading of the signal generctor is
VR volts, then the truc ratio of direct to reflected field intensity
is VD v )

“_VR

Results of Mecasurcments

15, The results of measuremsnts are tabulzted in Table 5.
The congles shown are those subtended at the tranamltter by the
receiving site and HSVT mest. #With angles up to 79 it was not
possible with the pulse used to discriminate between the different
cchoes that appeared to be originated at the Barne's Lookout area.
With angles of 83 degreces =nd grcater it was possible to obtain
separatc echoes which appeared to be originating in the Barne's
Lookout arsa. The Croydon echo is of partiecular interest in that
the calculated delay between cchoes from ABV and HSV masts was O, 24

. microscconds whereas the measurement delay between the two echoes

received was 0,35 microseconds suggesting that at least one of thesec
cchoes was not due to television masts. The median ratio of dirsct
to reflected signal for measurecments at 7 sites was 39.4 db with a

9 ft. receiving antonna, At two sites only, measurements werc made
with a 15 ft. rcceiving acrial giving direct to rcflected ccho signal
ratios 1.3 and 2.2 db highcr than the corresponding 9 ft. antenna
measurcments. The ratios used to determine the median arc under-
lined. These rosults are slightly worsc than the value of 44 db
obtained for the modian value for 17 locations in Sccotion 1.

The results have been plotted on polar coordinates in
figurz 5 attached to the e¢nd of this report. The number of points
2t which measurements have been taken are not sufficient to draw any
conclusions as regards any directional cffect of the radiated signal,




Rosults of Mecasursmesnts ~ Roflections from HSVT] and ABV2 NMasts — Transmission from GTV9 acrial

Receiving Site Tronsmitter | Angle with GTV Calculated delay. Direct to ccho signal .
Distence to HSV direction microscconds " N . ratio Romarks
: (Miles) (dcgreas clock- EMMMMMMMOM.#\WM% Video R.F. input
. Tise) ABV mast {HSV mast m output db db.
| v
Mont Albert 13- ®%3.5 1.435 1.56 not visible > 40 9ft. aerial
Wi t¢ham 8L 66.2 1.92 1,78 1.85 | 53,7 39 9ft. acrial
Doncaster 12.3 1.0 2.125 1.975 1.85 - 1,9 55.6 40 . 9ft. aerial
Templestowe 11.5 79.1 2.56 - ]2.36 2.7 57 38.6 9ft. acrial
4 . 2.1 | 569 T39.9 | 15ft. acrial
1
Croydon 4,9 83.1 2.64 2.88 2.65 45.4 29.2 9ft. acrial
A i 3.0 | 51.4 32.1 9ft, aerial
3.0 45.8 3.3 15ft. acrial
Lilydalc i v .
(Plants) - 4.8 130 5.13 4.68 3.4 54.9 37.1 9ft. acrizl
- S 4.7 64.5 43.2 9ft. acrial
5.2 64.5 43.2 ‘9ft, aerial
w L. . e
Yarra Glen . 11.6 188,2 5.93:= 15.38 5.8 57.3 9ft. acrial

UEASUIEMENTS USING CHANNEL 7 PICTURE CARRIER IN LIEU OF cg 9 mHnﬁEH .ob.wwH,mw

Templestowe 1.5 79.1 2.56  }2.36, 2.6 58.2 38.3 - | 15ft. acrial
_ o, : B 2.3 . 50,7 32.5 956, aerial
! » > , 2.4

5Q.% 32.5 9ft. acrial
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. Seetion 4 -~ Reflection Measurements on Channel 7 with Transmission from
HSV7 Mast and Reflection from ABV? last

General

. 16, Following the reflection tests using GIV's transmitiing
aerial, it was decided to carry out similar tests using HSV's trans-
mitting aerial. The main reflections of interest in this particular
case were those from ABV's {fransmitiing aerial and tower, which is
spaced a distance of 280 feet from ESV's tower. Three tpes of
measurements were mafe corresponding to typical cases, which might be
encountered in the plarning of future teclevision stations in other
cities., Thev wers 2s followss-—

(1) Transmitt.ug rrom HSVT's lower antenna, which is at about the
samc height as the F.M, antenna on ABV's tower reserved fcr a
possible future F.M. service. This is the highest antenna on
the ABV mast,

(2) Transmitting from HSV7's upper antenne which is higher:than any
of the ABV anteonnas. :

(3) Transmitting from a level of about 120 feet above grour on
HSV7's mast with a Yagi type antenna. This simulates a chamel "
7 antenna that is appreciably lower than the c. > responding
channel 2 antennas.

It was not possible to make suitable transmissions tsing
HBV7's two antennas simultancously without considerable egquipment
complications, and accordingly this was not done.

Equipment

17, Because of the small spacing between the transgitting
antenna and the reflecting structurss it was necessary to use a pulse
transmission with very marrow pulses, and with the R.C,A, transmitter, the
narrowest pulses obtainable were zbout 0.2 microseconds wide. An
ordinary television recciver could not be used ° w7 U7 ramall

" delay time of the reflected signals and its lim- .o bandwidth. In

- its place a special I.F. strip, turret tuner and video amplifier was

used, the overall bandwidth being about 10 M.c/s°

4 block diagram of the transmitting equipment is shown
-~ in Figure 6, indicating little change »om the set up for the GIV tests.
At the receiving end a similar technique "o that used for the GIV tests
was at first used exclusively. This comprised measuring the amplitude
¢ direct and reflected output pulses on a Te* " . : C.R.0. with a




known bias voltage and
subsequently measuring
the input voltages to
give output pulses on

the C.R.0, of equal
Receiver comprising Tektronix amplitude to those
turret tuner, IPF . | Cathode measured in the field.
strip video detec- Ray Oscill- The ratio of these input
tor and video ograph : voltages was the required
amplifier ! direct to reflected
— = J signal ratio. The input .
voltage pulses were
l N obtained from the trans—
] f mitter operating through
R,F, Amp, Bias Solartro Mains 2 calibrated variable
| Bias® Bat- Meas~ Heater Voltage attenuator, from which
tery & uring & B + Stabil~- the desired input ratio
Potentio- volt ?Supply . izer was obtained., It was
meter i meter T suspected that, because

of fthe closeness of the
reflected pulse 1o the
ground pulse, the poara-
ﬁlr- lysing effect of the
ground pulse was altering
- the amplification of the
' reflected pulse, and that
this method was not giving
the true signal-inter-
ference ratio.

Pigure 6

';~‘§ Transm1531on Lins Cullbratlng Method

18. Accordlngly, a differsnt technique was later used, which
sliminztes errors which could arise from the overloading effect cited
above, A 50 ohm transmission line, having varisble length and variable
attenuation was shunted across the feed line from the receiving antenna.
The ‘tronsmission line was either open circuited or short circuited, and
its length could be varied in large and smell amounts so that the delay
of the pulse refleected from the end was equal to the delay of the "ghost"
rulse from ABV's zorizl and out of phase with it. Then by varying the

. ottenuation of this line, the "ghost" can be completely cancelled, and
the eriforia for cancellztion arc independent of " ﬂra1y51s" ffects in

the receiver zinee the- "ghost" and the line reflecied rulse axe un,lke
puiges aich; -Cancetr cach*@&hﬂr before nntnr;gg tae “ncely«roi.urr?rs
rosulthg from ‘residual transmitter carricr bstreen ground pulses, aro
also -elicinzted with this method. . When the impedance Zpof the aorial _
paralleled rith: the receiyer is 50 ohms non reactive as seen by looking
back from the input of the 50 ohm meoasuring line, the .signal.to ghost
ratio in docibels is just double th:z attenuation of the measuring line
in decibels, A value of 50 ohms, non reactive, is the optimum valuc
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for this impedance and efforts were made, where practicablo, 1o maintain
this vajue’. 4 formula for computing the recflection ratio when the
aerial and receiver doss not match the measuring line is derived in

the oppendix. This technique can also be used to advantage for
displaying an artificial "ghost" of eny given strength rclative to

the signal, when viewing & standard station transmission, or a test
signal from a signal generator. The comy- nents of the measuring

line are shown in Pigure 7 below,

P———

N%

Receiver comprising tuncr, I.F.

I > — strip, detcctor, video amp.,
C.R.0, and power supplics
4
l Zo
1Symmctricaﬁ
50 @ Z0 ,
| Coaxial 1 }->— F”é‘““ﬁ-__:::]
| attonuator | 50Q coaxial trans- GR constant K\
- mission line, made impedance, -
up of sections large variablc
and small length
line 50 @
Fi e

The coaxial attconuctor was variable in 1 db. steps up to 80 db, and in
order to propcrly simulate a 50 ohm transmission line it is necessary
that its impedance cheractoristic be constant at 50 ohms in both
dircetions,; a condition abdtainablc with symmetrical T or 7 scction
attenuators. The coaxial cable had e length corresponding to half
the delay of the "ghost" pulse relative to the direct pulsc, and was
made up of several lengths of 50 ohm polythens cablc (a large length
and trimming lengths) plus a G.R. 50 chm air spaced variable length
line and finally a variable short circuited stub. The variation
required to get a null is just over onc half wave length when the
overall length is approximately right,

The results arc shown in table 6 below.
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Table 6 - Results of Measurements -~ Reflectiors from ABV Mast

Transmission ILine Calibrating Method

A. HSV's Lower Antenna
: S ——————
Receiving Site [Distance Angle zelative ABV- Delay Combined Antenna| Correciion for Total attenua- Direct to mcso;
(Miles) H5Y direction degr~es | of echo |and recsiver wismatch AV tion of meas- signal ratio
micro- [admittance, dr uring line A+ 2B db.
seconds | millimhos "BY  db.
Dunnts Hill 3.1 32,3° anti-clockwise - 14.6 ~ j3.6 - 1.2 15.4 29.6
" " 0.60 25.2 - j7.6 + 1.4 12.8 27.0
"Pine Hills" 1.6 7° anti ~clockwise 0.6 25.2 - j7.6 +1.4 12,05 25.5
(1 mile nth, of " " 14.6 - j3.6 - 1.2 13.4 25.6 low
Lysterfield receiving ant.
Hills) n " 0.6 " " 14,9 28.6 high
receiving ant.,
Scorcsby (Sil. ), 7.9 2,3% anti-clockwise 25.2 - j7.6 + 1.4 11.5 24.4
Taylor's Lane " " 0.62 14.6 - j3,.6 - 1.2 14.2 27,2
Ssoresby 7. 5.4° clockwise 0.6 25.2 ~ j7.6 i 1.4 14.9 31.2
Mulgrave 1C, 7.5% clockwise 0.6 25,2 - j7.6 + 1.4 15.8 33.0
(Jackson's Rd.) '
1 mile east . o .
of Wheelers h 8.1 8.5  clockwise - 25.2 —~ j7.6 + 1.4 14.0 29.4
Hill
Mulgrave o .
(Wellington Rd,) | 10.2 €.8” clociwise r 6 i 6 -33.¢ - 1,2 £ 55
Glen Waverley . | .9.9 ..Hw.m.o clockwise - 25,2 -j7.6 ot 1.4, 16.4 "
Cwmmgnv,.,., : B .\ S B
Glen Waverley 10 2p° clockwise 0,62 25.2 ~j7.6 + 1.4 21.5 44.4

" (Monastery)




A

Receiving Site | D' stance Angle relative ABV- Delay Combined Antennal Correction for { Total etennua— | Direct to
) . of echo . . . .
(Miles) HSY airection degrees i cTo— and receiver mismatch ""A" tion of meas- | echo signal
seconds admittance, db uring line ratio A +
millimhos "B"  ds. 2B db
Syndal 10.6 30.2° clockwise 0.6 40db approx.
Surrey Dive 12.4 @Q.Ho clockwise 0.56 25.2 - j7.6 +1.4 14.9 31.2
Avaraging for sites at which more than 1 measurement was made the median direct to echo signal ratio
was 31.2 db.
B. HSV's Upper Antenna
Dunn's Hill 3,1 32.3° anti--clockwise 0.6 14.6 - j3.6 -1.2 37 db
millimhos ,
L
Wellington Rd. o
1 mile East of 8,7 8.5 cloclwise 0.6 14.6 - j3.6 . -1.2 20.6 40 db
heelerts Hill : millimhos .
Sooreshy Am.ocﬁwr 1.9 2.3° anti-clockwise | 0.62 14.6 - §3.6 1.2 17.4 33.6 b
(Taylor's o millimhos
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The median value of the reflection ratio for the lower
seetion of the HSV7 aerial is 31 db and the value exeeeded in 90%
of %he locations is 26 db, The higher section of the HSV aerial
gives a significantly higher median reflection ratio of 37 db as would
be expected.

Amplitude Calibrating method

19. As a check on the accuracy of the previous measurements

amplitude measurements were performed by the indirect method of megsuring
the direct and echo pulse amplitudes on the output C.R.0. and subseguently
translating them into relative input voltages by varying the attenuator

of a pulse signal generator in a closed circuit or by the transmitter

feeding the receiver in a closed circuit through a calibrated attenuator.
At other times the amplitude measurement was completely performed at
the receiving site by inserting a calibrated attenuator in the aerial
lead and varying the attenuation in such a way that the amplitude of
the echo pulse on the C.R.0. with gero attenuation inserted was the
same as the amplitude of the direct pulsc with attenuation inserted.
Because of direcct pick up effects at the receiver terminals this method
is only effective when measuring fairly small direct to echo signal
ratios. To remove this limitation a known attenuation was inserted

in the feed line to thc transmitting antenna when the amplitude of the
direct pulse was being measured. Using these methods the following
results were obtained with HSV's lower anteonna.

Table 7

Results of mcasurements using HSV] °~wer acrial — Amplitude Calibrating
Method

Receiving Site  Distance Angle relative to ABV- Direct t» echo signal

(Miles) HSV dircction degrecs ratio db.
Dunn's Hill 3.1 32.3°% anti-clock 33.6
Mulgrave South 10,5 40 clockwise 30.3
Mulgrave
(Wellington Rd.)10,2 8.5° clockwise 37.4 db low
30,528 B0
. antcnna
Glen Waverly  10.0 22°  clockwisc 35.7 db low
Monastcry antenna
31,6 db high
antonna

There is no consistont tendency for this method +o produce a
highcr or lower rcflection ratio than in the casc of the provious method.
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Yagi type Antonna Mounted on HSV7's Tower

20, "As already pointed out the HSV acrial is at approximately
the same lovel as the Marconi Quadrant acrial at the top of the ABV2
mest. It was fclt that in the ovent of o high band asrial being
located close and oppositc the actual structurc of a mast a worse
reflection might be experienccd. Accordingly, it was considered
desirable to carry out tests with a transmitting acrial located on the
HSV7 mast at a lcvel below the ABV? aerial and opposite th: actual
structure of thc mast. In these tosts an Antiforonce type 215 roceiving
antonna was uscd, at a distance of 120 foct abovo ground and spaced at
a distencs of about 8 fiet from the vest side of HSV's towor (25 foot
from the contre of th- towcr), The antonna was beamed at ABV's tower
at a point abovt 130 foet above ground (bclow ABV's antcnna), and the
signal to ccho ratio was mcasurcd at a number of points. The polar
diagram of thc Antifcronce 215 antconna was measured latcr with the
antenna mountcd about 16 fect above ground in a flat ficld. The
measurcd signol to ccho ratios wexe thon correcctsd to allow for tho
dircetivity of the antenna. Th' rosults arc shown in Tablc 8 on

pags 23

21, As the Yagi typc transmitting antonna was mountod rclatively
closc to thc side of HSV7's tower (about 8fcot), the possibility
cxistod that the directivity of the antonna when mounted on ths side

of the tower was different from that measured . on the ground therehy
introducing errors in the signal-ghost ratio measurement. To check
this possibility it wes decided to do at least one measurement by a
method which did not depend on the Yagi directivity. The site giving
the poorest signal to ghost ratio was chosen for the measuremsnt
(Taylor‘s Lane, Scoresby South). The forward direction of the Yagi

wvas at first pointed directly at ABV's tower giving maximum "illum-
ination" of the tower, and the direct and ghost signal pulse amplitudes
Vd and Vr were measured at the receiving sites by the methods described
above in section 4-19 (Amplitude Calibrating Method). The two voltages
were measurcd relatively on the C.R.0., and thoir ratio was mcasurad
with an attcnuator in the rceelving acrial feeder as a check. The
forward dirsction of the transmitting Yagi was then pointed directly

at the receiving site without changing the transmitter power or the
recciver gain giving a direct path voltage Vp at the recciver. This
voltage was measured on the C.R.0. and in ad ition attenuation was
added until the pulse output voltage was reduced to the same amplitude
as Vg of the first part of the measurcment. In this way the ratio

Vp was obtained in two ways, by direct relative voltage measuremcnts
Vg and by the calihrated attenuator. The true signal~ghost ratio is

v
2D - ZQ' x‘zi and consequently Vp is simply computed from the separate
T

measurements of V and Vg »
Va o Vr
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Rosults of mcasurements of reflections from ABV mast with Yagl aerial transmitting from HSV mast.

Table 8

Receiving Site

Hmmﬁmzoo .ngle relative to ABV- Delay of echo Measured signal to Correction for True dircct to
(Miles) HSV dircction, degrces microseconds echo ratio., db antenna dircct~ echo signal
, ivity. db.. ratio.
Scorcsby South . 1.9 2.3 anti-clockwise 0.61 9 12, 21,
(Taylor's Lane)
Scoresby 7.7 5.4 clockwisc 17 i12.5 . 29.5
1 mile Bast of
Whecler's Hill . 8.7 8.5 clockwise 0.6 18 13.3 31.3
Glen Waverly i
- {Rast) - . 9.9 19.5 clockwise 0.59 17 22.3 39.3
Glen vaverly , -
(Monastory ) 10.0 22  clockwise 0.59 9 25.0 34.
Syndal 10.6 31°  clockwise 0.6 16 20, 36.
Surrcy Dive 12,4 0°  clechwise 0.56 11 15.9 26,9
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As,the results of this measurement at the Scoresby South
'site agreed very closely with the previous measurement, which depended
on the Yagi directivity, it was decided that the former measurements
were sufficiently accurate for the pvrpose and no further measurements
were made using the Yagi rotation method.

- Discusgion of results

22, The reflection coefficients for this series of measurements

have been plotted on p lar coordinates in figure 8, attached to the end
of this report.

There is some evidence of an aggravation of reflection ratio
at angles ncar ithe direction of reflected signals back to the trans—

- mitting mast. In figure 9 the ratios are averaged over 40 increments,
-and a fairly directive polar curve is obtained using both the HSYV and
. Yagi aerials ~ morc directive in the case of the Yagi.

. R.C.A. data has been published for the calculated distoriion
of the polar curve produced by a longer cylinder of 1.3 wavelength (7 Tt.
at 182 Mc/s) 15 wavelength (80 ft. at 182 Mc/s) from e transmitting
aerial. From this curve reflection ratios in azimuth .mzy de deduced.
This has been done and a figure of 5.5 db added to transfer from 80 fi.
spacing to 280 ft. spacing. The polar curve so obtzined is plotted
in figure 9 attached to the end of this repori. It is a much less
directional curve =iving the same order of magnitude of reflection
ratio.

The differcnce im directivity between the malculzted curve
and the measured one is possibly due to local effects at the receiving
sites or differences associated with various transmission paths. The
diagonal of the ABV2 mast is oriented in the direction of the HSVZ

“mast. Figure 6 ind%cates a maximum reflection at approximately O
~and another near 45 . There appears to be no evident .corelation

. between the direction of maximum reflection, and the orientation of the
mast. )

" 23, There is no very significant tendency for the results using

the Yagi aerial 1o be higher or lower than those attained using the
lower section of the HSVT aerial, although comparison of the figures at
the seven individual sites where measuremcnts were made under both

u;conditiOHS'suggest a tendency for lower reflection ratios using the

-Yagi., The median value of the reflection ratios obtained with the

Yagi is 31Adb the sams as that obtainegduwith the lower soetion of: -
VHSVVacrial‘and the- 90% wvaluo 27 by 1 db hishnr. The zedlections. are
-about 8db worse thaw thos: mrasurrd from +h- CIVY « ..l and 13 du:

“worss than thos~ mroasurcd from a. tempor. ry aerial sitnd near GIV9.

The theorctical figure of 3 db per octave of distance suggests a figure
of 11 db difference between the two sites,
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Chosts due to transmitting Antenna effects .

- present at all receiving sitcs.

24.

A Mghost" pulse with a delay of about 1.2 microseconds was
Its ratio to the direct pulse was

approximately constant &t all receiving sites, and the delay time
corresponded fairly closely to an excursion up the feed line from

transmitier to antenna and back.

Tests indicated that this "ghost"

was probably being formed in two ways as follows:—

‘:(1>

(2)

Because of a dight mis-match of the antenna to the feed line,
a signal was bsing reflected down from the antenna and reflected
up again at the mismatch between the feed line and the transmitter.

When HSVT's lower antenna was being used, the upper one was open—
circuitcd at the transmitter end, und consequently the residual
coupling between the two antennas caused a signal to be picked up
by the upper antenna, propagated down the fced line to the open
circuited end of the feeder, reflected back up the feed line and
rediated as a "ghost" by the upper acrisl. This effect could be
eliminated by terminating the lower ond of the wpper aerial feeder
in 50 ohms. Such 2 termination did reduce the "ghost!" appreciably
but did not eliminate it, suggesting that the "ghost" remaining
was the result of (1) above.

The combined effect of these "ghosts" was measured at a

number of sites with the following resultss-—

Teble 9
Measurements of Reflections existing in HSV7 transmissions
Transmissions from Signal to ghost
HSV's antenna, upper Receiving Site ratio db.
or lower
lower Scoresby South (Tay-
lor!s Lane) 34.8
lewer Scoresby 38,7
lower Mulgrave (Tackson's
Rd.) _ 27.4
lower 1 mile East of Yheelr
er's Hill 32.55
lower Glen Waverly
Monastery 32.0
lower Syndal 35.2
wprer Teylor!s Lane 33.8
upper Mulgrave, Wellington 3323
Rd. 1
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The medlan value of the signal to ghost ratio when trans-
mlttlng with HSV's lower antenna was 33.7 db with 2 scatter from 27.4
to 38.7 which is probably duec to the different phasc additions ef-the
two components of the ghost. The median when transmitting from the
upper antenna was about the same. Part (l) of this "ghost! could aslso
be measured at the transmitter enf of the antenna feed line. It had
about the same relativc amplitude at this point as at the rcce1v1ng
points.

Section 5 = Subjective Examination of ths Magnitude of Ghost Refleection
n a 625 Line Picture

General

.25, ~ An examinstion was made in the laboratory to accertain what
levels of reflection were tolerable on typical pictures. The exam~
Anztion was carried out using both video signals, and 200 Mo/s video
modulated signals, :

Provious Resulis

26; Information exists in the technical literaturs on the
tolerable magnitude of ghost reflections, In particular the B.P.0. {2)
give the figures shown in Table 10 -

Table 10

B.P.O. Observation of Tolerable Ghost Signals.

‘Level of ghost rolative — Still test " Moving
to direct signal = pattern picture
- 20 ©b. - vepy apparent Noticeable
~ 30 - ) Noticeable f Just notlceable
- 40 - Just Noticezble No sign
- 44 - Nosign | No sign

) No differcnce was noticeable in these tests in the results
obtained for like and unlike ghosts. The delay employed was 0.9
mlcroaeaonds.

The ghost ratic tolerable for =1 glven time- delay depends on
the tule131on system employed, the results quoted hers being stricily
. applicable only to the British 405 line system. Thus the horizontal
sweep of the 625 line 50 fiecld or 525 line 60 field system lasts 53
microseconds, whereas that of the 405 line 50 field system lasts 88
microseconds. It is to be expected that the same picture displacement
and tolerable ghost ratio will occur for a-delay in the 405 line system




of 0.9 microsecond as for a delay in the 525 and 625 line systems of
0.5 microseaond. For the same time delay the object and ghost are
clqscr together ‘in the 405 line system, and sh.uld be less noticeable.

Viaeo tosts

27. Aooordingly some subjeetive tests were made on video signals
in whieh reflections were generated by means of o line of adjustable

length terminat-d in an impedance differing from its characteristie
impedance. At the input to the delay dine were connected 2 12 inch

video monitor and a cathode ray oscilloscope. The width of the pulse

was 0.2 microsecond. The ghosts were obssrved by replacing the pulse
generator with 2 monoscope or camera.

Results of the tests are shown in Table 11.

.- Table 11
-OBservation of tolerable ghost reflection magnitude in e 625 line pieture
Delay Path Spaeing of] Type of] Ratio signal/ghast
‘mieroseconds differenee ghost in ghost | for an aceeptable
’ (free spaee)| 21 inch picture.
diagonal Still Moving
1 1 picture. picture picture
0.9 900 4. 0.3 inch Like . 33 db| 28.5 db
Unlike 30 26.5
0.45 : 450 0.15 Like 30 25.5
‘ Unlike 26. 5] 22.5
0.3 300 0.1 Like 26 20.5
' Unlike 22~ - AT

Although the figure of 33 db was considersd suitable for an aceceptable
‘picture with a delay of 0.9 mierosecond; ghosts were just perceptable
for ratics of 40 db at this’delay. The figures are in qualitative
agreemont with the B.P.O. figure but indicate a different tolerable
megnitude of like and unlike ghosts. ' - ‘

200 Me/s test

-

28. Further tests were made at 200 Me/s on pictures on =

television reeeciver, The same measuring line as thet used in the field

tests was shunted across the feed line from the Xay Megapix to the input
.tezminals of #n ordinary household television receiver. The signal to

"ghost" ratio could be varied by varying the attenuator in the mezsuring

line and the "ghost eould be changed from a like "ghost! toc an oppusite
- "ghost" simply by varying the length of ths transmission line. If




- 30 -
1n1t1a11y adjusted for a like "ghost" a change of < wave length would
produe” an oppositc "ghost" end o chdng: of+f vavoleongth would prac-
-tieclly ¢ llmlng.tr the Yghoot", A type -G tcst pattdsr produccd by a
HONOSCOPG T2 s ut firot uscd, and-it wos foumd that o 21 db "ghost' with
a -delzsy of wbout 0. S mieroscconds :produced & visiblibut not objection -
oble interfar-nes. Inepncsing the signal to "ghost" roetio from 21 ito s
30 db mraetically sliminated the visibility of th~ Mghost!; and the -
g-nsations of wisibiliity ehungsd olo 1y ~hon-the raiio.was v.oxi-d {rom
.21 to 30 db. A grid pattern generator was then used as a modulator
©.in lieu of the monoscope. It produced on the screen about 15 vertical
‘blaek bars of about 7 microsecond duration. Bach of the bars was
made to modulate the plcture completely from standard white level to
standard black level. The "ghost" of each bar was noticeable with a
21 db signal to "ghost'" ratio, and was just perceptible with a ratio
of 30 db. The "ghost" could be black, white, or virtually eliminated
by varying the phase of the "ghost" signal. Due to over-shoot in
. the receivers it was not eany to distinguish "ghosts" of 0.6 micro-
"seconds delay corresponding to those caused by ABV's antenna reflection
* as in the video experiments which indicated that the signal to 'ghost"
.ratio for threshold visibility of the “ghost" is from 1 to 2 db less
" for-0.6 microseconds delay than for 0.9 microseconds. This would
make the signal to "ghost" ratio for just perceptible "ghost! pictures
between 28 and 29 db in the HSV-ABV case, for which the measurements
were made. In the video experiment, a smaller signal to "ghost"
ratio could be tolerated with a moving picture; a reductlon of about
4db in the signal to "ghost" ratio being obtained.

Disecussion of results

29. Figure 10 attached to the end of this report, plots
these subjective figures against delay expressed as a path difference for
free space propagation. The acceptable refleetion ratio is higher

in the case of the video observations possibly because of a more

. fastidious observer. On the graph has been plotted an arbitrary

- straight line of slope 3 db per octave. The implication from the

. slope of this line and that of the subjective curves is that the worst

- spacing is about 350 feet. A closer spacing reducing the delay

—~allows a stronger ghost to be accepted as it merges into the main image.
_ A wider spacing reduces the magnitude of the reflection. The compensat-
ing effect also implies that the best speacing is not critical.

Section 6 — Summary of Results

30, The following table 12 shows the median figures
- obtained for reflection ratio as well as the figures exceeded for 90%
;of the locations and the lowest reflegtion ratio obtained for all the

- Series measurements made,
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Table 12

Summéry of reflection retios

Reflection Ratia db
Median , 90% 100 %
. Initial tests with temporary .
-.  aerial near GTV9 (3400 ft. spaeing) 44 40 .35.5
Tests using GIVY asrial |

(2900ft. spacing) 39 39 32
Tests using HSV lower seetion asrial. 31 26 24
- Pests using Yagi on HSV mast 31 27 21

. The median and 90% figuree have been taken without

regard to any possible directional effect of the radistion of reflucted
‘signals in azimuth., The magnitudes of the reflection ratios are
approximately consistont with the theoretical change of 11 db for a
change of spacing of mast and transmitter aerial from 280 ft. to 3400
ft. and 1 db for 3400 to 2900 ft. corresponding to 3 db per octave of
distance,

31. For a rpacing of 280 feet corresponding to a ghost
displacement of 0.56 microseconds the accéptable figure is of the order of
28-31 db whereas the reflections measured from the ABV tower with the
transmitting aerial both opp.site the Marconi quadrant aerial and opposite
the lower part of the tower exceed 26-27 db for 90% of the loeations.

The celeulated figures for two turnstiles spaced 75 feet exceed 20 db

for 90% of locations corresponding to 26 db at 280 ft. spaecing.

32, It is inferred that a reflected signal 2-4 db worse than
: _acceptable, in the case of the maximum delay occurring when the
.receiving point is in & line through the two masts away from the
. reflecting one, occurs in 10% of the locations. In other directions
because of the reduced delay & lower reflected ratio would be acceptable.
From an annoyance point of view a spacing of 280 feet is almost as bad
as can occur. Closer spacings by reducing the delay meke lower
- -reflection ratios tolerable and preater spacings increcase the reflect-
ion ratio. The conclusion is reached that reflection from masts and
serials is not o serious or even annoying source of ghosis at any
: spacing even with spacings as low as can be tolerated from the point
of view of polar .diagram cietortion (60-75ft.) or with the transmitting

© merial opposite any part of the mast. It has been suggssied that the

reflection from a mast is reduced if the diagonal of the mast faces the
transmitting aerial but it has not becn possible to check this point,
the rosults exhibiting no evidence of the effect.




No ghosts definitely attributable to mast refleetions have

ibeen reported in the Melbourne area, and the existence of such ghosts
© would be masked by ringing or overshoot in the transmitter or receiver,
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APPENDIX 1

:COMPUTATION OF RESULTS OBTAINED IN SECTION 1 USING A TRANSMITTING Ykt.

The method of computation of the signal ~ "Ghost" ratio and the
transmitting sSite loss is illustrated by a specific example at the
Lilydale East site using horizontal polarisation. With the trans-
mitting Yagl beamed on the receiving site, = maximum field intensity
of 4.34 mV/m metre was observed at a receiving aerial height of 10
feet;, and a minimum field of 0.144 mV/m was measured with aerial height
219%Tt. Consequently the reflection co-efficient of the ground is -

4v34 - l

0.144 4. 34
0.144

+ 1

whieh is 0,93%.,

"It follows that the measured maximum signal of 4.34 mV/m was 1.935

* times the "local free space signal Ey, Which is defined as the intensity
~of the signal which strikes the anten%a direct without touching the

" ground,

Hence By = %.g§5 = 2.24 millivolts/metsr,

The free space field intensity whieh would be expected at this site from
a good transmitiing antenna of 37.5 watts E.R.P, and 2t the distanee

4 3/8 miles is 6.1 mV/m. Hence the actusl transmitter site used was
ineurring a.inss of 20 log. _6.1 = 8.4 db, »relative to a gocd site

in this perticular direction. 2,24

When the Yagl transmitting antenna was beamed at HSVT mast,
the received field intensity at this height of 10 feet was 0.89 mV/h,
and the signal reflected from HSV7 mast (as measured by the receiver
* R.F, attenmtator) was 26 db below 0,89 mV/mo i.e. 0.0445 mV/ﬁ. 4 good
transmitting aerial of the same E.R.P. would give a field intensity
i of 6,1 x 1,935 = 11.8 mV/m at this optimum receiving antenna height.
Hence the signal - Y"ghost™ ratio is -

1.8 = 265 = 48.4 ab.

0.0445

In this particular case the "ghost" signal travels 5.7 miles

“ from the transmitter to the receiver and the direet signal 4.4 miles,

" so that at a greast distanee the signal - ghaost ratio could be expected
: to- reduce by this distance ratio. i.e. signal - "ghost" ratio




. L ratio was also taken at a receiving antenna height of 2%
“feet and in this case the ratio of direct and reflected bar ulses
entering the receiver was 24 db., as measured with the R.F. attenuator

in the receiver.. In this case the expected field intensity from a

good transmitting antenna, and the actual directly received signal are
both reduced by the same amount relative to the 10 ft. receiving aerial
position, so that the signal — ghost ratio is 46.2 — 26 + 24 db. = 44.2db,




APPENDIX 2

, :
COMPUTATION OF REFLECTION RATIO USING AN INPUT

TRANSMISSION LINE

Measuring transmission line has Attenuation a and

Characteristic impedance‘Zo

The input impedance of the transmission line to a [pulse
whieh is not wide enough to produce standing waves is 2 s the ehar-
acteristic impedance of the line, and the impedanece of Othe effeetive

- driving source is Z., which comprises all the impedances at terminals
i paralleled, excep? the measuring line impedance ‘Zo" Refer Figure 9.

. . 2 :
_ 'The input power to the line is Vg y Vp being the voltage
‘at- the input terminals, ZO

5 The power reaching the short circuited far end of the line
is VI y Where a is the atftenuation of the line expressed as a voltage
:‘ZZO
ratio, Since the reflection coefficient is unity, this smme zmount
of power is reflected toward the input end and.if,Zb = Z_all the
. . . 0 :
power at I is delivered %o load,ZD,

Its magnitude is Vlz X 1 ViQ
= a2 I A

:Consequently the ratio of reflected to input pover across terminals I is
2

The corresponding ratio of;reflected to input voltage is 1

o

If~ZD‘is not equal to Zo some .0f the power is reflected at

terminals I back toward the short eircuited end. From the theory of
_ trensmission lines, the ratio V of the voltage across the load - +0
the travelling wavé voltage inecident =t this point is given by -~




v = f 7 2 7
. D = o]
;D + Zo Yo - xﬁ

-~

where Y is the characteristic admittance -of the measuring line and“XD
is the admlttgnce corresponding to the impedance Z.. It is seen :

that this ratio is low when ZD is low and hlghlwhenﬂz - dis high.

D
The complete expression for the ratio of reflected to

- input voltage across terminals I is =

1 X 2 ZD : = 1 ' X 2‘30 .
o e T —————
& ZD‘+ Zo '32 YO '+‘;b :

V)



















