


1VHITHER GOEST SATELLITES:
A REPORT (01_06_93)

With the loss of Australian OPTUS B1 following i launch failure in January, the direction
of satellite delivered PAY TV in the (South) Pacific has become ever more muddled. The
essence of the mystery is as follows:

1) For.a PAY TV seruice to operate there must be one or more satellite transponders (i.e.,
transmission charurels) available from a satellite which has the technical capability to
serve the intended earth-target region. such a transponder must:
a) Produce sufficient power to be receiveable on the ground with'modest'home style

antermas (making Ku band satellites the senrice-of-choice);
b) Be priced such that a PAY TV entrepreneur can calculate how his use of the trans-

ponder will allow his business to produce a profit within a reasonable time frame
(3 to 5 years typically).

2) For a PAY TV service to operate, the PAY TV entrepreneur must have access to
a quantity of quality programming at pricing which will allow the business to become
profitable within a reasonable time frame (again,3-5 years).

3) For a PAY TV service to operate, there must be a method of controlling who receives
the programmes, and where they are received. such a system must:
a) Create a relatively simple system of delivering to the subscription points (homes,

taverns, et al) the hardware required to receive the transmissions, as well as a
technique to collect for programming use.

At the present time there are three C-band (3.7-4.2 GHz) INTELSAT satellites to our
north; 183/1801177 east. All are aged, nearing the end of their useful lifetimes; all have lost
the ability to stay directty over the equator and now fty in'figure 8'pafferns requiring hour to
hour tracking with dish-moving elwation motors at ground stations. Over the nixt 3 years
two of these agng Intelsat satellites will be replaced with brand new C plus Ku band capable
satellites. Additional$, a competitor to Intelsat (PanAmSat) plans to launch a similar C pt6
Ku band satellite in April of 1994 and it will have the technical capability to transmit one or
more skong Ku band signals into New Zealandfrom 166/168 east (strong: capable of being
received properly with dishes of l-Z metre size).

New Zealand alone, without Australi4 was unlikety to have satellite delivered pAy TV;
our'market'is simply not large enough to justi$r the expenses invofued in establishing and
operating such a service. Australi4 on the other hand, is uncertain whether it wants satellite
delivered PAY TV, opting instead for MDS (terrestrial microwave distribution).

Enter CDV (compressed digital video). Until 'today', if you wished to transmit more than
one TV progr:unme at a time, you needed as many transponders as you had programmes.
CDV changes that. The latest CDV techniques turn analogue video into digital signals, then
compresses the digital srgnals (much like your office computer compresses data to disc).
This allows up to 10 separate TV programmes to fit into a single satellite transponder. Wittr
cDV on the horizon, the economics of defuering pAy rv via satellite changes
dramatically; up to 10 programmes deliversd for the today cost of one. And ihe horizon is
near; practical CDV exists today; consum€r CDV products (including TV sets) 12 months
away. And it all comes tosether in 1994; stay tuned!



TECH BULLETIN 9301-
Co-C hannel Interference Solutions

On 11 VFIF channels (3 Band I, 8 Band
Itr) New Zealand has more than 1,050
operating TV transmiffers; with radiated po\4/ers
ranging from 325 kilowatts to 1/10th of a watt.
While the vast majority of transmitters operate
with powers under 30 waffs (870 transmiffers),
radiated power greater than 30 kilowatts is not
uncommon (18 transmission charurels). To fit
each of these transmitters into ths 11 available
VFIF channels, allocation engjneers at the
Department of Commerce juggle polarizations
(V or vertical; H or horizontal), antenna beam
patterns (i.e., directional to serve restricted
geographic areas), and something called offsets;
a technique that moves the precise transmitter
frequency +l- up to 26 kilohertz from the
nominal channel frequency (see footnote #1) in
an attempt to reduce the objectional screen
display if not the actual interference level that is
bound to occur when two or more transmiffers
operating on the same channel arrive at a
conlmon receiving location. When two (or
more) transmitters operating on the same
channel can be received at one offiair site, the
interference that results is called Co-Qhannel
lnterference or CCL This typrcally manifests
itself as horizontal lines (bands) across the
scresn not unlike looking at the primary picture
through venetian blinds (indeed, many people
call it venetian blind interference). The exact
pattern of the lines/venetian blinds depends
upon two factors:

1) The difference in signal
strength between the two signals;

2) The precise offset employed
by each transmitter, as certain offsets (i.e.,
difference in the two operating frequencies)
create far more intense interference for a gvsn
ratio of signal levels than others.

The offset selected by allocation
engineers is an attempt to minimize the severity
of the venetian blind effect when there is no
way to guarantee that two transmitters operating
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on the same channel will not be received at a
cofirmon site. And if there are three (or more)
stations all on the same channel receiveable at a
common oflair site? CCI or venetian blinds
becomes a constantty changing pattern of both
horizontal and diagonal lines resulting from ths
video information contained by each signal
'modulating' one another in the detector of the
TV receiver. This Tech Bulletin will spell out
antenna solutions to CCI interference; solutions
you as a stocking installer can employ to great$
improve the quality of your customer's
reception under interference conditions.
Additionally, when the data contained in this
Tech Bulletin is employed in conjunction with
other Tech Bulletin issues, you as an installing
stockist may be able to provide first-time
reception to one or more sites for'missing
services' ; such as TV3.

Quality reception of any
broadcast transmission requires that a single
modulated waveform appear at the detector of
the receiver. For example, when two (or more)
AM radio stations are simultaneously heard
the speaker may emit an arnoying tone; the
result of the two stations slight frequency offset
being detected by the demodulator. This 'beat

Fmfuote#1: TV hansmitters are required to maintain a
frequency stabrlity of +/- .001% of theiTASSIGNED
operating frequency when operating rvith a tarnmitter
power of 0.1 watt or greater.
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note', or whistle, is a form of CCI. The relative
difference in signal level between the desired
transmitter (well call it the DT') and the
undesired transmitter (TJT') determines the
loudness or annoyance level of the beat note'.
The actual frequency offset between the DT
and the UT creates the tone of the whistle.

EXAMPLE: One AM transmitter operating
on 837.0 kilohertz and a second AM transmitter

operating on 837.5 kilohertz; the difference
between the two carriers is 837.5 - 837.0 or .5
kilohertz (500 hertz). The frequency of the
'whistle'coming from the speaker will be 500
hertz. The tone will be as constant in frequency
(i.e., 500 hertz) as the relative frequency
stability between the two transmitters. The
amplitude (loudness) of the tone will be
determined by the relative strengths of the DT
and UT srgnal sources, with the loudness
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increasing as the ratio of signal levels to the
receiver detector decreases; i.e., being most
annoying (loudest) when the DT and UT
signals are of the same approximate amplitude
to the receiver detector.

Because the video portion of TV
transmissions is amplitude modulated (ust like
our AM broadcast band example), the effect
described for AM radio appears in TV
transmissions as well; affecting the vides
portion of the transmission. The AM detector in
this case is demodulating wideband video, not
audio, and rather than being displayed through
a speaker (as with radio) it is displayed on a
cathode ray (picture) tube. The beat note we
hear in an AM radio situation becomes a beat
note we see on television. The horizontal lines
appearing across the screen are the visual
equivilent to the whistle in an AM radio system.
The two carriers (DT and UT) appear at the
TV receiver's detector. If one (channel 1) TV
transmitter is operating on a frequency of
45.260.I MHz while the second is operating on
a frequency of 45.239.8 MH4 there is a
frequency difference at the receiver detector of
45.260.I (-)45.239.8 or20.3 kilohertz. Were
this an AM radio system, the 20.3 kilohertz
audio beat produced in the receiver detector
would go urmoticed by the listener; neither the
listener ears nor the AM radio's audio amplifier
stage(s) would process such a high audio
frequency. In the case of two amplitude
modulated TV carriers, the wideband detector
of the TV receiver (it must be capable of
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demodulating signals with a baseband range
from nearly Ohertz to more than 4,500,000
hertz) treats the 20.3 kilohertz beat just as if it
were a part of the demodulated TV video
information. Video amplifier stages subsequent
to the detector process the beat signal along
with the desired video waveform 'baseband' and
the result is not a whistle in the speaker but
rather horizontal lines appearing on the picture
tube. The lines in the video are the same thing
as the whistle in the speaker in an AM radio
system. As with AM radio, two factors
determine the'annoyance level'of the lines on
the TV screen; the frequency of the beat, and,
the @ orratio between DT
and UT. The perceived qualitv of reception,
given co-channel interference (CC! conditions,
can be geatly improved by'fine tuning' either
(or both) of the two conditions: i.e., the
frequency of the beat and/or the amplitude of
the beat note.

l) FREQLfENCY: TV transmitters
(including very low power translators) are
assigned precise offsets; i.e., specific operating
frequencies with a precision approaching 100
hertz (.1 kilohertz, .0001 megahertz). Studies
conducted in the fIK and North America in the
late 1940s and early 50s determined that when
CCI was unavoidable, the effects or viewer
annoyance levels could be improved if certain
offsets were avoided. Further, the degree of
viewer annoyance could be markedly impacted
by selecting precision offsets which produce the
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least disruptive pattern or lines on the TV
screen. If the channel assignment personnel at
the Department of Commerce have done their
jobs property, and if the field measurement
personnel at RFS who veriff operating
frequencies monitor these offsets routinely, the
antenna system installer will have little to say
about the offset portion of the equation. On the
other hand, if the beat pattern found at a
receiving site is consistent$ more annoying than
you believe it could (or should) be, a rwiew of
your particular offset situation might be in order
(first contact RFS to ask if the transmitters in
question might have strayed away from their
assigned precision offsets).

2) AMPLITIIDE : At any gven off-air
receiving site where two or more stations ar€
picked up when the directional receiving
antenna is pointed towards (optimized) on the
desired transmitterlDT, the installing stockist
can create an antenna receiving array which will
minimize or totally eliminate the CCI. The
weakest link in the receiving systern producing
CCI is the receiving antenna. The most practical
solution to CCI is to eliminate it before it
occurs; at the antenna.

RECEIVING AITTENNA PATTERN

Virhnlly all receiving antennas sold to
the trade for stocking and re-sale to the home
viewer have certain characteristics. It is difficult
to find a TV receiving antenna that does not
exhibit:

a) Gain: measured (if known) in dB but
more proper$ either dBi_or dBd.

b) Match: enumerated as 300
ohmszbalan ced" 7 5 ohms/unbalanced.

c) Pattern/beamwidth: stated as so many
degrees wide at the half-power (3 dB)
points in both antenna planes.

d) Front-to-back ratio: stated (if known) as
so many dB.

e) Bandwidth: stated in megahertz or more

commonly as band I or bands I, Itr, IV and
V.

In most situations involving CCI the
desired transmitter (DT) is urriving from one
direction while the undesired transmitter(s)
arrives from a different antenna pointing
direction. If the receiving anterura's pattem and
front-to-back-ratios were perfect, the antenna
would respond (i.e., pick-up) the signal from
the DT only w.hen you af,e pointed towards it,
and reject all UTs coming from other
directions. Alas no such perfect antenna exists.

The reality is that most antennas sold
concentrate on match over bandwidth rather
than on optimized beamwidths and forward
gain. This often makes them poor performers
when called upon to reject slgnals arriving at the
antsnna from a side or rear direction. Recall
that the degree of viewer annoyance is
determined by the precise offset frequency
between the DT and UT, and, the relative
amplitude (i.e., signal strength) difference
between the DT and the UT. Some background
data.

a) Co-Channel annoyance vs. amplitude
difference. Assuming the offset frequency has
been properly assigned we can refer to
extensive viewer testing conducted in North
America during the period 1956-1959 by a
group known as TASO. These tests created
simulated CCI and asked viewsrs to subjective$
rate their acceptance of picture quality. Both the
offset frequencies and the amplitude of the two
(or more) carriers were varied over a 40 dB
range while the diverse panel of viewers
(young/old, male/female, professionallurskilled
et al) recorded their picture quality judgements.
From these landmark test results a'TASO
Scale'has been adopted by engineers
throughout the world. Our interest in that scale
is three fold; a fraction of the total results.

En[ we want to know how much sienal
lwel is required in the absence of CCI to create
an acceptable picture for most viewers.
Second$, we want to know how much UT
(undesired transmitter signal) the viewer will
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tolerate when the offset frequency is optimized,
and converse$, how much UT can be tolerated
when the offset signal is not optimized. We will
do this in various forms of dBmV scales; i.e.,
decibels above or below one millivolt on your
srgnal leveVfield strength meter where the
standard reference level is 0 dBmV (which is
the same as 1,000 microvolts or 1 millivolt).

b) TASO Grades. Withaut CCl,
viewers were asked to rate the quality of
pictures while the srgnal * noise to noise ratio
was varied. In this test, the noise figure (i.e.,
threshold or floor) of the receiving system is
measured and known to the engineers. The
received noise is the sum of:

1) Any noise contributed from the
antenna system (i.e., power line, electric stock
fence, etc. radiated broadband noise).

2) Any noise contributed by the
receiver's RF/IF amplffier stage(s); i.e., the
receiver noise figure within the bandwidth of
the TV slgnal.

In the tests, the signal is injected into the
receiving system at precise amplitude lwels;
such as 40 dB greater than the receive system

noise floor. In a separate quantitative
measurement, the actual signal levels (in
microvolts or dBmV) were then deduced for
the various srgnal * noise to noise ratios (SNR)
as a guide to receive Erstem planners (see Tech
Bulletin 9302 for frrther discussion of these
tests; pages 8 and 25). A table on page'5, here,
summarizes the findings.

c) TASO GRADING With CCI. Now
that we understand the basics of TASO grading
what degradation does co-channel intederence
bring to the viewer? There are three variables
here.

l) Offset beats'. Tests tell us certain
offsets are taboo'; i.e., the annoyance level is
far worse (for a given DT to UT amplitude
ratio) than with the desireable offsets.
Unfortunatety for the installer, offsets are out of
his control (established at the respective
transmitters) although'tweeking' of the
frequency control circuits at the transmitter site
can certainly vary the offset.

2) Signal plus noise to noise ratio. It is
interesting that as the signal lwel from the DT
goes down (i.e., becomes weaker), the ill
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effects of the interfering carrier signal may
become less noticeable. The same thing
obviously happens if the signal level from the
DT is more or less constant while the slgnal
level from the UT fades up and down; the result
of changing on-path weather conditions or
freakish long distance skip from hundreds of
miles distant.

a) As the table below relates, we need the
greatest possible amplitude difference between
the DT and the UT in order to reduce the visual
impairment of CCI. The installer may need to
consider increasing the gain of the overall
anterura system in the direction of the DT as a
partial solution to CCI. We'll see why shortly.

3) Ratio of the Desired Transmitter
(DT) signal to the Undesired Transmitter (UT)
srgnal. If the normal anterura for the site in
question is not rejecting the UT signal, the
installer must create a new receiving antenna
system which has been engineered to
reject the CCI UT source at the antenna.

NOTE: While hardware does exist to reduce
the undesireable effects of CCI at the TV set
rather than at the antenna, such systems are
notorious$ dfficult to tune, require
considerable day to day minding (i.e., tweeking)

and are seldom suitable for a typical consumer.
The preferred solution to CCI is to design,
install and if required'tweek'the off-ail antenna
sJlstem so as to reject the UT signal source(s)
before the receiver. That is the focus of the
balance of this Tech Bulletin.

The table appearing below shows the CCI
test summary. On average, the viewer would be
protected from picture degradation caused by
co-channel interference by 24 dB more if the
offset frequency of the interfering transmitter
was controlled precise$. As an illustration, see
the TASO Grade 4 (marginal) entry. From the
table on p€e 5 here, we know a Grade 4
picture is in the region of 22 dB SNR at a level
of around 130 microvolts (-18 dBmV). A signal
37 dB weaker (i.e., -55 dBmV or 1.8
microvolts) from a non-desired station will
seriously degrade the already noise-degraded
picture if the non-desired srgnal is on alqqb
chosen offset. However, if the offset is moved
to an optimum frequency, the interfering carrier
can rise to a level only 13 dB below the (already
weak) -18 dBmV signal before there is serious
degradation.

So in fact interfering signal levels too weak
to detect, even with test equipment, will'appear'
as co-charurel interference when the offset

: : : :TASO :GIL{DING :/ :IrICXftItE : OUALITY; WITI{ : CCI :PRESENT: : :rASo GRADE i i' ;Hi,ffiT#iltHa?,i iil?,ffi#'; ffi;
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frequency between the two caniers is not
optimized.

MAXIMIZING ANTEI\NA GAIN
In the serious antenna design worl4 all

antennas have their forward gain referenced to
something called the isotropic antenna. In other
words, if a professional antenna marnrfacturer
says his antenna has 10 dB of gafu, he is
advisingyou that if you compared the gain of
his anterma (in the frequency band specified) to
an isotropic antenna, his antenna would have 10
dB more gain than the isotropic reference
antenna. The isotropic antenna is a
mathematical reference; you cannot build one,
nor hold one in your hand. It exists onh.' on
paper as a'mathematical model'. The isotropic
antenna is a poiirt source (like this r on the
paper) which has the real-world impossible task
of radiating equalty in 4!L directions. The nearest
reference antennayou can build or hold inyorn
hand is the resonant dipole; a simple halfirave
(leng!h) antenna that radiates equally in
directions perpendicular to the element.
Antenna manufacturers find it more convenient
to construct a test/reference dipole for the
frequency (channel) in question and then
compare their gain antenna to the test dipole.
The dipole, however, has gain when it is
compmed to the isotropic model. So when a
mantrfacturer makes a gain claim (which yoq
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the installing stockist depend upon for
accuracy), you should be clear whether the gain
is referenced to an isotropic model, or, a dipole.
The difference is 2.14 dB. That is, a dipole in
the real world has 2.14 dB more gain than the
isotropic model. A manufacturer who wants his
antenna to look better on paper (i.e., on spec
sheets) than a competitor may quote his gain as
dBi (dB gain reference an isotropic model)
rather than dBd (dB gain reference a resonant
dipole). A detailed discussion of this appears in
Tech Bulletin 9302 but cannot be total$
ignored here for reasons soon to be obvious. If
your installation problem is in an area with
generally weak reception (i.e., below TASO
Grade 3), you already know that part ofyour
customer's viewing problem can be traced to
too-little-signal from the DT. So some quick
basic data relating to improving the signal level
from the desired transmitter (DT) before
defuing into anterma rejection of the undesired
transmitter(s) (UT). Consider these numbers:

1) Measured signal level (with
FSI\{/SLM) from desired transmitter : -20

dBmV (100 microvolts).
2) Measured signal level from undesired

transmiffer with the antenna pointed at the
undesired transmitter: -30 dBmV. Thbt is a 10
dB ratio between desired and rurdesired.
However, when you rotate the antenna towards
the desired transmitter the undesired transmitter

drops off
appreciabty. An4
you measure it as
approximately
-45 dBmV (6
microvolts). Now
you have a ratio
between DT and
UT of 25 dB (ie.,
-45 to -20
dBmV). TASO
would grade this
as between
passable and
marginal in a

s
10

f,]

il

tl

0

-tl

tr



Tech Bulletin 9301 - Paee 8

best-case offset or between inferior and
unusable in a worst-case offset situation. The
likelihood is you would be closer to inferior
than passable since we have both co-charurel
interference and weak signal levels to dsal with
here. In our just stated example, the first
challenge is to raise the sisnal level of the DT.

1) The antenna manufacturer says there
is 10 dB of gain with the antenna we are using.
From Tech Bulletin 9302, we know by
doubling the frontal area (i.e., size of the
antenna array) we can expect to eain 2.5 dB
additional signal. Or by quadrupling the
antcnna, we can expect to gain 5 dB of
additional gain (over the first, single, antenna).

2) The installation could also be
improved with a mast head amplifier. We'll see
how a 20 dB gain unit with a 2 dB noise figure
affects the performance of our'system'in Tech
Bulletin 9302. Of course the masthead amplifier
is going to increase the amplitude of ever-ythine
the antenna array receives; that includes any
background noise in the are4 plus the undesired
co-channel interfering station. Well return to
these numbers. First, a more serious challenge
is to reduce the level of interfering signal at the
antenna.

ANTENNA PATTERN
Remember our mlthical modeling

anterura, the isotropic source/point? And the
more practical refereirce antenna, the resonant
dipole? The dipole obtains its 'gain' over the
isotropic point source by eliminating the
isotropic's "radiates equally well in all
directions", replacing that with "radiates equalty
well in directions perpendicular to its elernent*.
Think of an isotropic point as a three
dimensional pool of water with a pebble
dropped into the water. The splash goes up and
dowrl left and right; in fact it goes outward
away from the point of pebble impact equally in
all directions; similar to a slcy rocket exploding
high in the air. Now think of the dipole as a
two-dimensional antenna. You drop it onto a
pool of water, flat side down, and small

ripples/waves radiate outward from the point
where the dipole strikes the water but primarily
perpendicular to the axis of the dipole metal
element; there is almost no ripple nor wave
created by the end tips of the dipole. The dipole
has gain over an isotropic point source because
it eliminates any radiation from the ends of the
antenna, redirecting the radiation pattern in nruo
directions; each perpendicular to the plane of
the element. Now add a new element to the
antenna, parallel to the dipole and slightlv
longer (physically) than the dipole. This longer
element acts as a reflector to block antenna gain
(sensitivity) in the direction/plane of the dipole
* reflector. With a reflector in place, the dipole
now receives 'equally well in one direction';
squfuting away from the dipole in the direction
not blocked by the reflector.

Next add one or more elements away
from the dipole/reflector. each shorter than the
dipole and progressive$ shorter the further they
are flaced from the dipole. These are called
directors and the combination of a reflector and
(multiple) directors cause the signal beam to
become thinner and thinner; more directive,
more focused in the desired (front) direction.
As the anterura designer adds more elements
(assuming they have been added with some
knowledge of where they go and how they
interact with one another), the pattern of the
antenna becomes more sensitive to signals
arriving from the frontal (favoured) direction
and more importantly less responsive to sigrals
arrivine from the sides or perhaps the reax of
the antenna. ALAS - this additional forward
gain comes with a price. Think of alatex
balloon filled with water to the point of being
over filled. Take the balloon inyour hand and
squeeze the latex; the water shifts inside the
balloon and moves to a portion where your
hand is not exerting pressure. This portion of
the balloon grows larger while the portion you
are squeezing becomes smaller. The increase in
balloon size in one direction is like your antenna
:ui you add additional directors(elements). Each
newtv placed director reduces the gain to the
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DIPOLEI PERPEFIDICTILAR ADD DIRECTORIENTIANCED GAIN

rear and sides, while increasing the gain towards
the 'fronf. With proper skills the antenna
designer can maximizethe forward gain and
cause the directional anteffia to have less and
less 'response' to the sides and rear. This is the
basis for controlling CCI;'shaping' the antema
pattem so as to reduce to a minimum the
antenna's ability in the direction of the UT while
maximizing its gain towards the desired station;
at the front of the antenna.

And the'price'? Each director elernent
increases the physical size of the antenna and
can reduce the bandwidth of the anterma
(remember our TV channels are 7lttftIz broad
at VFIF; 8 at UIIF). It is possible to add too
many directors and defeat the entire purpose of
the antenna system!

STACKING AITTENNAS A{ORE GAIN
If the antenna designer can add too many

gain-enhancing director elements and overshoot
his performance target (see Tech Bulletin
9302), but you need additional gain for a
systenr, how is it done? The answer is stacking
or, as it is also knowrU phasine two or more
antermas together. The concept of
stacking/phasing antennas together into a single
antenna array is basic to antennas. If a single
antenna of certain physical size and
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characteristics will create 10 dB of gain in the
favoured (front) direction, a second antenna
electrically phased to the first will produce
almost (but not quite) twice as much received
signal voltage. In theory, you will gain 3 dB
more with a second antenna but in practice
some of that gain is lost in the phasing system
(see Tech Bulletin 9302 for a discussion of
how this works). The rules for'stacking' gain
follows:

1) Both antennas must be identical in
physical shape and size;

2) The'distance'from the transmitter to each
anteirna must be as close to identical as
possible;

3) The antennas must be electrically
connected together in such a manner that the
signal voltage from one adds to the signal
voltage picked up by the second anterina (that's
where 3 dB comes from; a doubling of the
srgnal voltage as presented to the transmission
line going to the TV set).

NOW - let's consider a unique situation
where the two antennas are not the same
physical distance from the transmitter. If you
erect a metal pipe vertically and place one
antenna at the top of the pipe, and the second
anterma down say I free-space wavelength
below the top antenn4 because the prpe support
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is common to both and is straight up and down,
the two identical antennas will have their
respective directors, dipole elements and
reflectors dead-in-line with one another if
viewed from below (or above). This is a
common w-ay to stack two antennas for the
additional (2.513.0 dB) stackinggain. And, balh
antennas are the same distance from the
transmitter. To connect the two antennas
together (i.e., to phase as in adding the output
voltage of one antenna to the outputvoltage of
the other antenna), we can use parallel rods of
tubing or wire (called stacking Uneg/phasing
bars), or) we can uss two identical lengths of
the same coaxial cable (called phasing S!qq)
connecting each antenna into a two-way signal
splitter (using the splitter as a signal combiner).
We'll elect to use two identical lengths of foam
type RG-6AJ here. If the antennas are 300 ohm,
we install a 300 ohm / 75 ohm outdoor
matching transformer at the antenna connection
point for both antennas. Then we cut two
identical lenglhs of RG-64J, long enough in
each case to reach from the 75 ohm output of
the matching transformer to the two-way
splitter/combiner which is attached to the
antenna mast precisety half way between the
two antennas. With weatherproof F fittings on
both snds of the cable, we now have the two
anteruras electrically connected together throqh
the combiner. Each antenna captures srglal
sending it through the matching transformer to
the two-way combiner (understand that an
outdoor two-way dittet, connected up
backwards, becomes a two-way combiner in
this application), and then the combiner outputs
the two signals in phase with one another
through its one rernaining (output in this case)
port. The performance of the antenna system
could be as shown at the top of page 11.

Now the CCI challenge.We wish to
deepen the antenna system rejection for a CCI
UT arriving from approximate$ the rear of the
antenna. The antennas alone offer but 20 dB of
front -to-back ratio; i.e., signals aniving at the
dipole element from the rear of the antenna are

attenuated by only 20 dB reference the same
signal coming to the antenna from the front.
Phase is the answer.

Remember that when we stack two
identical antennas great care is taken to insure
the signal captured by the dipole on one
anterura gets to the combiner in phase with the
signal captured by the second antenna. This
means the desired transmitter srgnal from the
front of the antenna iuray, and, whether we like
it or not, also the undssired transmitter signal
approaching from the rear of the antenna.
Suppose we installed the two antennas in such a
way the undesired transmitter signal arrives at
the combiner box out of phase with itselfl What
then? The two antennas cancel one another; the
undesired si$al is simply phase-cancelled at the
antennas! Here is how that is done.

1) The top anterura is mounted in the
standard way.

2) The bottom antenna has new holes
drilled in the boom so the boom to mast clamp
sits in a position that causes the bottom antenna
to mount on the mast 114 wavelength behind
the top antenna. If we connect the two
antennas together using identical lengths of
RG-6/IJ, the desired signal and the undesired
signal will arrive at the combiner 90 degrees
(one-quarter of a phase cycle; there being 360
degrees in a complete phase cycle) out of phase
with each other. And now we are approaching a
solution.

4) The phasing lines are now
lenglh-adjusted. Rather than making both
lines exactly the same length, we cut the two
lines so that one is electrically 1/4th wavelength
longer than the other. In the accompanying
diagram (page 11) we show this as 'X'and'X;1

1/4 wave'.
5) The longer line goes from the top

(normalty mounted) antenna to the combiner.
The shorter linq goes from the bottom antenna
(which is physically 114 wavelength behind the
top antenna) to the combiner.

Think about it.



A signal from thg_frgt$ of the antenna
amay goes into the top antenna 1l4th
wavelength (90 degrees) before it goes into the
bottom antenna. Then the signal from the t@
antenna goes through a length of coaxial cahle
that is an additional l/4 wavelength (90
degrees) longer (electrically) before it gets to the
combiner. By being 1/4th wavelength in front, it
is out of phase by 90 degrees with the bottom
antenna. But, by going through an additional
1/4th wavelength of RG-64J, it arrives at the
combiner phase adjusted with the DT signal
coming from the bottom antenna (i.e., 90
degrees faster at the top antenna, 90 degrees
slower at the top antenna + coax; net result Q
degrees change). ThE two antennas still add
signal together because they are still in phase for
a forward direction signal.

And the rear:uriving signal? It arrives at
the bottom antenna first because the bottom
antenna is 1/4th wavelength closer to the signal
source. 90 degrees in time later it arrives at the
top antenna where it must go througlr an
additional 1/4 wavelength (i.e., 90 degrees in
phase) delay on the way to the combiner. Now
the top antenna UT is 180 degrees qul-ef_phagg
with the bottom antenna UT and the turo_slgals
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cancel; electrical$, clean$. This technique
works very nicely with the following caveats:

1) The UT signal should fall someplace
between 165 and 195 compass degrees of the
DT (i.e., point your antenna at the DT and call
this 0 degrees. Now use a compass and map to
determine whether the UT will approach the
antenna aray at an angle [reference the DT] of
between 165 and 195 degrees; essentialty off
the back of the antenna. If it will, this will work
foryorl, eliminating the CCI solrce by as much
as 20[+] dB")

2) You can also use this technique for
eliminating a non-desired adjacent channel
srgnal (say you want a channel 7 signal and
there is a stronger channel6 [and/or 8] signal
otT the back side of the antenna); with a 3 dB
penalty fbr off-channel use. Arange the
antennas exactty as you would for same-charurel
configuration, except as follows:

a) Offset-mount the bottom antenna
by ll4 wavelength on the adjacent
(non-desired) p.harurel (not the desfued channel),
and,

b) Cut the cable length 1/4
wavelength longer on the non-desired
channel. not the desired channel.

STACKING YAGIS FOR RUECTION OF REAR-DIRECTION CO-CHANNEL

DESIRED
-  SIGNAL

DESIRED
SI  GNAL

o

H=1/4  WAVELENGTH

Non-desired signal is placed 180 degrees out-of-phase by bottom antenna offset and delay
in 1/4th wave of coaxial cable

' 'n " .  F  1 . .
------t

Y J

H =1 /4  WAVELENGTI {



REAR-SIDE SIGNAL IS RAIECTED BY ARRIVING AT COAXIAL COMBINER

NON-DESIRED
SIGNALE_

U C J I X C U

S I  GNAL
-  D E S I R E D.  SIGNAL
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NON-REAR OF ANTENNA / PT{ASING
Of course not all UT signals arrive at the

receiving site from the rear (i.e., +/-15 degrees
of straiglrt offthe back of the boom). The
solution for such angles of arrival is still phasins
but the technique is different. The antenn:N are
not stacked one above the other (i.e., vertically)
since it would be difficult to achieve any type of
phase difference in this configuration. Rather,
the identical-in-design antennas are placed
side-by-side in a horizontal stacking format. If
you followed the rear IJT phase cancellation,
you'll have no difficulty with the horizontal
two-stack. The key is to find a horizontal
distance, along a common antenna mounting
boom (a piece of horizontal pipe mounted
against a tower face; or, a flat roof line where
you can mount antennas in a horizontal line at
will), where the distance equals 180 degrees of
phase cancellation for the UT source. The
magic distance in free space rs LlT wavelengtll
adjusted to the actual difference in
angfe-of-arrir,'al between the two signals. We
call this distance 'fI' (see diagram page l3).
Here's how it is calculated:

1) Use a map and determine the beam
heading from your receive site to the desired
transmitter. Let's say it is +10 degrees with O
degrees true-north.

2) Now calculate the beam heading to
the undesired transmitter. In this example it is
35 degrees true.

3) The difference between the two is 35
minus 10 or 25 degrees of angle.

4) Go to Graph t here which rweals a
25 degree angfe difference requires a horizontal

soacing between the two identical antennas of
1.22 wnrelengths.

5) Now, in our example the channel of
interest is 4 where qus 1ual/sle4gth in free space
(see Table 1) equals 1.717 metres (65.7"). The
two identical antennas would then be mounted
on a horizontal cross-arm, both pointing directly
at the DT, spaced apart 1.717 metres times 1.22
(distance: Graph 1) or 2.095 metres boom
centre to boom centre (distance H). The
antennas would be phased with trvo identical
lengths of RG-6/u to a two-way outdoor
weather protected hybrid combiner (splitter
used backwards).

NOTE: With this technique, no difference
should exist in the lengths of coaxial cable
connecting each individual antenna to the
combiner. What does change with each charurel
change or each angular difference change is the
spacmg (distance H) between the two antennas.
Also obsenre in Graph 1 that as the spacing
between antennas reduces down to 0.75
wavelength, the Graphjumps to a qreater
physical spacing of nearly 2.25 wavelengths to
insure adequate physical separation (i.e., so two
antennas do not touch each other).

CIIALLENGES
When your antenna receive site requires

more for:ward gain than can be provided with
two (identical) antennas (stacked), you are
headed for four or even eiglt antennas in a
more complex array. It is not uncommon in
North America and Europe to stack foru
identical antennas horizontally; that is, all in a
line on a perhaps quite long boom. This is a



perfect$ adequate approach for increasing
forward gain but not whenyou are also
attempting to eliminate or reduce a co-channel
slgral source with precise horizontal (anterma
boom-to-boom) spacing. Because any
individual yagi (or log) antenna exhibits a
complicated antenna pattern (i.e., small lobes of
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signal response that 'squirt' out of the antenna at
unpredictable angles), when four or more
antennas end up in a horizontal line, these
essential$ unpredictable minor lobes often end
up'combining' towards a co-channel source;
insprte of your efforts to select a precision
spacing between antennas to create a null. If

you find yourself in
a CCI situation that
requires more gain
than two yagrs will
p,rovide, consider
upgrading to larger
yags. Where five
elements (reflector,
dipole and'three
directors) may
produce as much as
7 dB of gain
(reference a dipole),
a proper$ designed
ten element will
usually produce 10
dB of gain. That
says a pair of well
designed ten
elernents can offer
the same gain as
four S-element yags
in a phased affay.
And shouldyou still
be short of gain, the
co-channel problern
must be tackled with
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a so-called box' or TI Frame' anay stack as
shown on page 15. Four antennas are stacked
two side by side and two more above the first
two. For 8+ antennas, contact us.

Note: You can4E!combine antennas in this
array using a single four-way combiner; a trio
of 2 way combiners with all RG-6ru tnes of
the same length must be used. The vertical
(up/down) stacking distance should be no less
than .75 wavelength in free space for antfluras
of up to 5 elements; 1 wavelength in free spaco,
or the lsngth of the boom (whichever is greater)
for antennas of more than 5 elernents.
Selecting and stacking multiple yag or log
arrays for maximum garq as well as matching
them with appropriate masthead amplifiers is
carefulh studied in Tech Bulletin 9302.

GAIN NTIMBERS
Let's summarize the dual-challenge

problems of a typical fringe area receiving site
with co-channel interference.

First - the site suffers from low sQnal
levels aniving from the desired transmitter
(DT). Minus co-channel as a degradation
factor, we should have no less than 250
microvolts (uV) or -12 dBmV to produce a
TASO Passable Grade picture (28 dB signal +
noise to noise ratio; see Tech Bulletin 9302.)

Second - with co-channel interference, the
additional degradation can reduce the apparent
TASO grade picture by some amount. The
degree of degradation depends upon (t) the
slgral ratio between the DT and the UT when
the antenna is pointed at the DT, and, (b) the
frequency difference (i.e., tone) of the offset.



Keep in mind that with a constant ratio in
amplitude (srgnd lwels) between DT and UT,
the degradation of the co-channel can be
reduced or increased as much as24 dB simply
by tweeking on the transmitter oscillator to
move the offset frequency by as little as 260
hertz (.!). [f you suspect the offset could be
improved, talk with your regional RFS office.

The low signal level from the DT can be
enhanced by increasing the capture area of the
receiving antenna; two proper$ designed 5
element yagis, for example, produce 2.5 dB
more signal than a single yag. Or, a property
designed ten element yagl can produce from 2
to 3.0 dR more gain than a single five element
yagi. There is a caveat; properly desiened.
Mere$ adding more (director) elements is no
guarantee the larger antenna will outperform (or
even perform as well as) a smaller antenna.
Your success as an installer depends upon the
quality of the antennas you select.

The low stgnal level can also be enhanced
with a masthead amplifier. To be effective, the
masthead unit should have a noise figure that is
appreciabty better than the noise figure of the
TV set tuner; and no less than 20 dB of gain
(see Tech Bulletin 9302).

Unforhrnatety, a masthead amplifier and/or
a larger capture area antsnna will increase the
amplinrde (evel) of the IJT co-charmel source
as well as the desired transmitfer unless the
anterun is configued to reduce (phase out) the
IJT source.
ERRATA

The same phasfu€ techniques will also be
effective in eliminating multi-path gilrosting after
you determine the angle of arrival of the
delayed-in-time ehosted signal. Treat the
deflected (ghost) path just as if it were a
co-channel signal source doing the same
computations as ouflined here. Note however
that when the DT and the UT signals arrive at
the receiving site with arrival-angle differences
of less than 10 degrees, phase cancellation with
precision horizontal-horizontal spacing is not
possible.
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Robert B. Cooper began a professional career in weak signal TV
reception in 1956 as U.S. maganne RADIO ELECTRONICS engaged
him to prepare a regular feature column on this subject. Creator of 15
books, more than 2,200 magaztrte articles, 'Coop'is now a resident of
New Zealand's Far North where he continues to research and write.
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o ' TV3 claims to reach 87Yo af
New Zealand TV households and
say by adding 13 new
transmitters in i993, they will
then reach 93% of Kiwi homes.
Is this true?"
B.fL, Warkworth

Probably not. But TVNZ beats
them to death in the marketplace
by reminding potential
advertisers TV's 1 and 2 reach a
claimed 96% of homes in the
country while TV3 reaches less
than this. A story in The Herald
21 furil claimed 13 new TV3
transmitter sites, on-lease from
T\AIZ subsidiary BCL, will
reach 200,000 new people (not
homes). They also said this
represents an increase of6Yo
in people reached for TV3 'by

year end'. Unforttrnately,
reaching a level piaying field
with TVNZ is an impossible
dream for TV3; T\AIZ was there
first, got all of the best channels
and transmitting sites, and TV3
has to accept what was left over.
The aerialist can help level the
field by creating home antenna

systems designed to bring TV3
into areas where they may
never have local transmitters.
The cover (mailing sheet) for
our TB9302lists 14 (not 13)
new TV3 transmit sites, their
powers, channels and expected
start dates.

r "I understand those pubs and
motels with Aussat Ku band
dishes no longer get Austrialian
TV sports. What happened?"
B.E., Orewa

Aussat launched 3 Ku band
satellites from 1985-87. With a
finite lifetime, they were
scheduled for replacement
under the new name O$mpus.
The first Otympus was to
replace Aussat bird A1; the
second A2. Bird A1 had the
HACBSS domestic-to
-Australia (ABC) service
which'spilled over' into New
Zealand (using 4+ metre
dishes). tsubs, clubs imported
special IRD Australian
receivers to decode the
scrarnbled broadcasts.

This past.Ianuary the switch
from Aussat A series to
Olympus 81 took place. The
transmit antennas on 81 are
'tight', restricting coverage
outside of Australia. Where A1
'spilled over' , 81 does not;
end of our access to HACBSS,
at least for the time being. B
series birds do have (5)
specifi c -for-New Ze aland
transponders on board but
nobody willing to use them.

Oh yes, the launch of 82
failed (45 seconds after lift-off
a satellite-protective shroud fell
offat 23,000') setting back fuIl
implementation of O$mpus
plans.

o "If adding more directors to
ayagincreases gain. why can't
a designer keep adding
elements for more and more
gain?'
T.I.o Dunedin

Each additional director re-
duces the bandwidth of the
antenna. Bandwidth is mea-
sured as a percentage ofthe
operating frequency. At 45.25
MHa a 7 l|l;.4J{z wide channel
is 15.47o/o. At 230 MHz;
3.04o/o.It takes only 6 to 8
directors at 45.250 MHz to
reduce the bandwidthto 7
MHz. At23O MHz, 22-25
directors equals 7 ItGlz
bandwidth. If there is inter-
est in rolling your own yags,
well cover it in a future TB.

Questions for Coop? Address
to R.B. Cooper, P.O. Box
330, Mangonui, Far North.



TECH.BULLETIN?

Tech:BulleJin is the five-time-per-year lnewsletter' created for,consultancy
,,clients of ,Robert,B Cooper ln,reoognition that VHF/,IIHF reoeption:and
,ltransrnission,literature,/,data,iS,often:difficult to,locate,in,New,Zealand,,,we,,,,,,,
' *uil rttir rnateiiat auaitaUte in th;:h;p" you as a sto;kist in television receiving
..:equipment,loi'an installer of TV reCeiveis,or,as,an,aeiialistinstaller,will...i,,..'....
: benefit Thii is done,ai the most reasonable Cost possible in recognition that
per-houi consultancy raies to,assiit those *ith television:receptibn:problems,

,,,are,unfortunatoly,bt.theif bustomiZed,naturo,,not,af,fofdable:in.moSt::stockisi,oi
aerialiSt d4y,tp,da,y:reception,situationS, To avoid theie higher costs associated

lllwithlresoarching,and,answering;specific,answers,to,specific.pfoblerns,(on,*.,....
..:one-quesfion;{ one-responsb,basis);TeCh Bulletin employs,an,'eConomt of,sCale'
..appioachl.Su$eCt,mattei is.ehosen,,researched,,an{.;presented.inlthe;TeC[ I ..1.
' ' B u l l e t i n ' f o r m a t : o n ' a f i v e ; t i m e - p e r y € a r ' S c h e d u l e ' . ' ' � � � � � � � � � � � � � � � �
. ' ' '.TechBultetin.isotTe'red.toTv'.toc:Iiistc,'aerialistsandotherswith
, ur,interest in the subiect on an ann-ua:l subscription basis; see next
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TECH BULLETIN SCHEDULE - ISSUES RELEASED AND PLANNED.

TB930l: Co-Channel (interference) elimination; antenna and phasing techniques. [You are
reading this issueJ
T89302: Weak signal techniques, antenna + masthead practices. llssue now availablef
T89303: IIHF techniques, including construction guidance for low-cost UFIF parabolic
antennas to 6M diameter. fRelease date I5-07-931
T89304: Identiffing and correcting television interference problems. lRelease date I5-09-931.
T89305: Master/community aerial techniques on a budget; how New Zealand laws govern,
how to design and build CATV systems, how to source equipment. Note: This is a two-issue
series with part-two earty in 1994. [Release date ] 5-I I-931.

Each issue of TECH BULLETIN focuses on a single topic to provide a thorough schooling
in the subject matter chosen. Additional assistance available on a consulting basis.
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1) TECH BULLETINS are delivered via normal surface mail.
2) You may order individual issues OR subscribe on a calendar-year basis.
3) Outside of New Zealand, delivery is via AIRMAIL on$; rates vary as to destination.

Please contact us for quotation.

PLEASE -

4) COMPLETE the form below, and,
5) ENCLOSE the appropriate amount in cheque form made out to ROBERT B. COOPER

REGARDING CONSULTANCY -

6) One-off answer to non-complex problems is available ONLY TO subscribers (for example,
see 'A$KCOOP'in this issue). Write, enclosing a self-addressed-stamped envelope for repty.
Responses prepared on a time-as-available basis.

7) More complex questions invofuing ressarch time (example: suggesting knife-edge refraction
path zones in your reglon; where to look) are billed at an hourly rate of $75. Write posing .
question; you will be quoted estimated cost for your approval before work begins.

U YES - Enter my subscription to N,L 1993 TECH BULLETIN issues. Pa]'ment of
$50 enclosed. SEND ME _ALL 1993 ISSUES _ALL (except 9301) by return

moil or as issued.
tl SEND ME ontv those issues indicated here (future issues mailed as issued)-

f TB9301 at $15.00 I TB9302 at $15.00 fl TB9303 at $15.00 I T89304 at S15.00
fl TB9305 at $15.00

I SEI\D ME reprint of LaPorte Rhombics (construction) article at $10
tr SEND ME reprint of Half-Bolics (construction) articles at $15

Total amount enclosed - $ (sorry, no provision for invoicing)

ENTER my name/mailing address as-

NAME
COMPAIIY (if appticable)

STREET/P.O.BOX DATA

TOWN/CITY

ORDER TO: ROBERT B. COOPE& P.O. Box 330, MANGONIE FAR NORTH (New Zealand)
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USER NOTES / CO-CHANNEL PHASING



ROBERT B. COOPER
P.O. Box 330
Mangonui, Far North
(New Zealand)

TECH BULLE.TIN
(rssuE 9301)

.,.. .,,,,. .,...,,. .RADn,O',.FBSQUENCY,.SERVXCE, OFFICES,,
New Zealand Radio Frequency S-brvice 1NZnn,S1 om..s offer assistance with chising down
inte'qf�q�ence.'sources'...fi'o'ne:.who.g0es.iinto..a,hbme.'to,instaIl..oi,.service'a,TV..set..should
have a copy of Tel€Vision & Radio II{TERFtrRExcrc: Yqu{ 9qr4e Tq Pq{q 4qiqptlql
,(from.RES)r,,,and,,be,,fag$ar,'with,i*,,conterrl$.,,You',Should,,also,have, copies,of,RFS,Form
Radio T, a questionnaire relating to intorference.
.O..,FilQE',,, ',,,,,,,,,,
M4SGAREI,,,,,
AUCKLAI-rID, ,
. ; , :  : . : . : . : . ' : ' : , : ' ' . , ' ' ' , . , , , . , : , : : ' , :  ' ,
uaMIr,toN,,,,,,,,,
,ROTORUA,,,,,, ,,, ,,
:lAUruweir:,:,:,:,:
.ctSn0,nn$ I.,,,:,.,,,
NAPIDR,, ' , , , ' ' , , , , . , , , , , ,
1i . i . i1 . ;  . i1 i . i1 . ;  1.1 i1. ; . . .1. ;  ; . ; . ;  I  ; .1. ; . ;$; | l11f f ie ld; .M#gWa:: : : : : : : :  r : : : :  ; : : :  :

NUW',rtYrUburrt riarO.i A patrAarves Sts.
,PALMIERSTON,N:,,328f 330:.Broadway',,,,,',,,,,:':,:,: :
Wf,ttAIGTON,, ?o aloomfield fr," Lower Hutt,
NELSON''..i.i. ' ' l. l..l i l.,...4t:Hafiiax,S.t,,,,,,,,,,,,,,,,, '.., '..i l i. i. i ' l. i..., ,, ,
GREYMOUIH S4Tainui St, ,.  . :  :  . . : . . : : .  . . . . : . . . . .  :
:CHRISTCHURC-H:' St',, Elrno, CtS,/+l,.Hereford, St,,
nnnAnU, , ,', , Rail*ay StatiorfsJation,st' , ,
bt l t*Enn* ' '  '  ' , '  '12'  Hanover St. .  , ,1, , , ,  , , , , ' ,  , , , '

4Pp$E$.,,,:,.,' ':,:,:,',:,:': ' : ',:,:,:,,,,,,,,',,,,,,,,,,,,,8rQ ::::TEL.€O,.', ' EAX " ,' ,.,
105 Lower Cameron St. : : p.6i 3p; 449 09-438-8491 09-438-8663
Altos llouseA,lewton & Abbey, p:g: plo* 6E;217,' Og-il8-S537 09-378-8344
N . * t o " ' ' ' ' ' ' : ' ' ' ' ' ' | . . ' ' r . r e w t o n | ; � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
5!2cre;,St; p.O Eox 982 07-834-2958 07:834-2%I

.9..F.Iau,na'na' .St i : : : : ] ] : : : ] : ] : : : : : : : : : : j ] : : : : : . : . : . i . : . : ; : . : . : . : . . . i ; : . : .P'C.. .Bo*..s '47.. . ; . l : . : l : . : ' : . : . l : .07.3a6.0370�� � � � � � � � � � � � � � � �
DepqrfinentalBldg,,McleanSt. P,O,Box 846 0'7-5X7;9229 8/7-577.6750
Fost ts1dg,, Grey St, P:O: Box 339 06-867:8424 06'867.8079
Manchestei Unity,eUg tfennedy P.O; Box 4162 06:843:5829 06-843.5827

: . : : . . : : : : : : : : : : :
. . . . : . : : : : : : : : . .
Fr,O. tsox 2l7 06.758.8139 06-758-8137

,',',,,p,,Or',Sox,5063,',, ,, ' ,,,, ',,,,,,,; ',00.f56r0l,t0,,,00.f5e.Si tO
P o, noi 3 r$i 04.566-5537 06-566-5853

,:,:,:,P,O'',Box,997,:,:,:,:, ,:,:,: ,: :,:,: Al:548-.7445.,,031545:9293,
P:O,,goi+42, ;  03:768-0312 03.768.0346
F o ebi 1800 , 03+654f40r : 03-6i4'r:56

: : :::P,O,:BO* 5-89.;.. 1.;.; 1 ;.;..:;:;r;i;:$.J:684,81,2.0,,,03.684j81,21,
p6 go;:i6ij," " a3.4:/,1-rl,zs aLqia.usa




