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1.

Summary
In areas where television éhannels 1 and 4 hafe been jointly allocated,
lccal oscillator radiation from receivers on channel 1 may interfere with
receivers tuned to chanpel k. \
To investigate this problem, a tour of the Speﬁcer Gulf region was made
between 26 and 30 May 1975.
Vieﬁer complaints are more numerous in this ares tﬁan in other 1/l areas;
vgrtical polarisation, which is sﬁspected as an aggravating factor, is used.

The investigation was directed at gaining data on the mechanism of interference,

and an impression of the extent to which it occurs. Receiver instaliations were

examined %o see whether improvements could be effected,

A particular goal of the investigation was to determine the extent that

local oscillator interference was effectively radiated by the antenna system rather

- than directly from the receiver chassis, and tc evaluate the effectiveness of a solid-

state wideband antenna isolating amplifier in reducing interference.

For such an experiment, a simple situation is required where one resceiver is
the predominant interference source for one other receiver. A number of suitable
cases were supplied by the Whyalla District Radio Inspector.

8ix cases were fully investigated in Whyalla, two in Port Augusta, and one ™
partly invesfigated in Port Pirie.

Field intensities, and signal voltages, were measured using a Rohde and
Schwarz HFV VHF portable Field intensity meter, and a 300 ohm/50 ohm valun where
necessary. All signal voltages ‘quoted in this report have been corrected to a 300
ohm measuremént point.

In some cases where the interfering local oscillator signal could not be

resolved on the field intensity meter, interference levels were Judged subjectively.
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CONCLUSION

Interference to reception of channel 4 caused by local oscillator radiation
from some receivers tuned to chamnel 1 is a widespread and disturbing problem in

the Spencer Gulf area.

Of eight interference cases fully investiggted; six proved to be caused predom~
inantly by radiation from the antenna system of the offendiné receiver. In these
six cases, installation of an antenna isolatiﬁg amplifier reduceg the interference
effect to a negligable level. Where the radiating réceiver was fed with a sufficiently

strong signal voltage, such that a transmission line filter tuned to supress signals

~around 94 MHz would not noticably degrads reception of channel h,_effective interference

reduction could be achieved with this simple device,

.

Many interference situations are aggravated by poor or unsuitable antenna systems,

a

Surveying the results of this- investigation, it is noticable that Kriesler valve

- receivers of vintage approximately 5 to 12 years, comprise the majority of offending

-

receivers in the cases seen.

The only fully effective and Permanent solution to the 1/k igterference problenm
is a transmitter channel change. In the Spencer Gulf region, channel 4 could be altered
to 3 or 54; alternatively, channel 1 could be moved to channel O. Retaining 4, or using
3, wogld have to be carefull evaluated in the light of FM planning for the region.

On a piécemeal basis,.a significant improvement in the inferference situation could
be accomplished by a campaign of investigation and moaification of antenna systems and
radiating recéivers. By conceﬁtrating on thé worst cases, initial resuits should be
rapid; Turther work would follow a law of diminishing return,i§pd the problem is unlikely

to ever be entirely eliminated by this épproach.




METHOD
After introductions, and admission to each house, an observer is stationed
at each receiver; contact is maintained using low power 27 Mdz transceivers.

Interference effects are subjectively judged as the radiating set is taken
A

thrbugh its fine tuning range. With a fine tuning position giving maximum interference,

the antenna is disconnected from the radiating set If the interference effect.

V dlsappears (background interference of dlffernnt frequenc1es may be present from
other local oscillator sources), it is deduced that antenna radiation predeminates,
Two devices, an isolat ting amplifier, and a stub filter, are separately connected
between the radiating set and antenna and the subjectlve reduction in interference
noted. At the receiver suffering interference, the antenna is disconnected, and
the incoming Ch. 4 vision carrier signal voltageﬂis measured. All voltages é}e
corrected to 300 ohm measurement point impedance. If the interfering local oscillator
signal can be resolved on the F.I. set it is measured with the radiating set antenna
on, and off,'and with the isolating amﬁlifier and stub filter in turn connected into
the antenna system: b

A visual inspectién of the antenna systems is made, their position is noted,

and the position of receivers within the house is noted. In some cases a Tield

intensity measurement is made in the street outside, 2 metres above ground,

% e e
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SOLUTIONS TO THE PROBLZM

Partial or complete solutions to the 1/L interference problem fall into two
broad categories; a solution applied at the receiver end, or a solution at the

tranémitter end.

1. RECEIVER SOLUTION

With the present policylfollowed by~PMQ Intérferehce Inspectors, often little”
can be done with 1/4 interference complaints. The most common remedy seems to be fine
tunihg of the radiating set to minimise interference to one particular ne;ghbour.

Where neighbours coexist on a friendly basis, they can coopera%e and repeat this
procedure from time to time as drift ocecurs. Better antenna systems can be recormmended,
and if a set fault or maladjustment is suspected, a service overhaul can bé,reccmmendsi
As these measures cost the viewer money, they are often not followed up.

In practical interference cases investigated, antenna radiation was the
predominént interference source (true in 6 of the 8 cases fully investigated). Many of
these problems could be.alleviated by well designed antenna systems. A typical poor
installation consists of ‘a long vertical fﬁh of open ribbon to an Adelaide broadside
array mounted on a high tower, -with the feeder unbalanced by connection to a quarter
wave gutter mounted whip on the way., In cher cases omnidirectional gutter whips
are mounted on neighbouring houses in close proximity. With intelligently located
yagi arrays,.and coaxial feeder, many of the problems could be miniﬁised. Remaining
severe interference cases could often be cleared by use of an isolating antenna
amplifier, or in cases.where the radiating receiver is obtaining a stronger than
adequate channel U signal, by ; simple fixed tuned antenna filter. Such devices should
be permanéntiy installeq within the set, rather than hung on‘the back where they can
easily be tampered with.

0f the remaining intgrference cases, the radiating set would have to be
serviced, possibly modified to reduce chassis radiation (see Aépendix 3), or in
extreme cases, completely replaced. a

This approsch would require teams of at least two officers with fairly wide

policy and financial powers.-lew antenna systems, isolating amplifiers or filters,

B e R

set modificatidns, and subsidies to replace badly offending receivers, would have
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to be financed from govermment funds.
The extent of the interference problem is far greater than indicated by the
" number and distributicn of complaints. Many people tolerate interference, particularly

of an intermittant nature, without complaint either because of their temperamentor

through ignorance of the avenues of complaint available. When the-District Radio )
Inspector took up office in Whyalla, and his presence became known, the number of
complaints from this town grew; -

Even after these measures had been carried sut (and to do a thorough job each
town in the region would have to be cﬁnfassed virtually on a door tc door basis), a low
level background interference is likely to persist. -

- fTom our investigations, wev formed the impression that the majo?ity of sets in
usé are old enough to use valve tuners. With the long term replacement of'ﬁhis
generation of receivers with more modern designs using solid state tuners (assuming
these follow the pattern revealed ;n laboratory tests of having significantly ;ower
local oscillator radiation than earlier valve sets) it would be expected that 1/k -
interference problems may largely disappear. Several mitigating factors should bve :
kept in mind; replacement of valve receivers will take many years to complete, the
likely intrusion of european sgxs with %5.9 MHz IF may negate the lower levels of
radiation, and with colour sets the possibility of mini ising_interference by fine
tuning adjustment will be lost.

The réceiver solution does have an advantage over éll other approaches.

Although it is unlikely to ever completely eliminate the problem, if is a measure which
can be implemented progressively, on a scale dependant on the funding commitment.
Undoubtedly, even limited work to locate and treat the most severe cases would produce

considerable interference relief, while further work would follow some law of

P P

diminishing return.

.

2. TRANSMITTER SOLUTICHS : :

2.1 FREQUENCY OFFSET

FRT R,

Either Ch 1. or Ch 4 could be altered in frequenc§ by a large offset of 0.5

R

to 1 MHz. Supposing Ch 1. was lowered in frequency by this order.- Based on

CCIR protection ratic, curves, sets with IF's of 36.5 %o 36.875 MHz are cn a steer

" section of the curve, which haé a slope of about 50dB/MHz. Thus lowering the

_ frequency of Ch 1. by 0.5 MHz might be expected to reduce the interference by
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about 25dB.* This change would require retuning of the transmitter antenna,
and retuniﬁg or repilacement of the filterplexer,

In practice such an offset would possibly offer only a partial soluticn. lio
improvement at all occurs where sets having 38.9 MHz IF ére involved. And with
old sets'the‘IF may have drifted considerably, or the sets may be used with tgé
fine tuning away from the nominally correct setting (many fine .tuning controls
coversevera&.MHz).’In most of the worst interference cases we investigated, tge
local oscillator frequency of the dffending set wds very close to the Ch. L
vision carrier,

A frequency offset would certainly improve the situation, but it is doubtful

if the improvement would Justify the cost. And as a matter of policy, such a

large offset may be undesirable.

¥  Experimental work carried out by Dixon and Pierson indicates that with

typical Australian receivers the slope of the protection ratio curve

is not so favourable, suggesting a reduction of interference of only

4 to TdB for a 0.5 MHz offset.

—
. -




7.
- 2.2 TRANSLATORS
Introduction of translatofs in the major Spencer Gulf towns would virtually
eliminate the 1/l interference problem. Pockets may remain outside the areas the;%
serve where interference problems could exist, A trenslator at Cowall, installed_r
because of the iow field intensity in this town, changes channel 1 to 6, and
4 to 8, Consequently no 1/bL problem exists.
. Hdowever, field inteneitites in Whyalla,‘and pfobably in most parts of Port
Augusta, and certainly in Port Pirie, are adequate, so translators would be
difficult to jistify on a lack ef signal strength basis; elimination of 1/4
interference would have to be the basis for translator éstablishment.
. Creation of a network of translators around Spencer Gulf may be wasteful
of channels and difficult without interfering with direct receptionAQf
Adelaide channels, so prized by many country people, and would leave litile
remaining area to be served by the primary station.
) All/h problem exists even in Port Pirie, in spite of high signal strengths,

because unsuitable antenna systems are in widespread use.

pe




CHANNEL, AVATLABILITY

2.3 TRANSMITTER - CHANNEL CHANGE

Allocation of channels 1 and 4 in the same area has proved to be a bad
choice. The most permanent and zatisfactory way to. eliminate the interference
problems this has resulted in, in fact the only practical way to completely e%é
iminate these problems; is to change one channel. As channel 4 lies within the
FM band, it is preferable to move,hvrather.than 1. .

A new transmitting antenna would be required,’and there may be problems wit
the cross section of the tower being too largé, although this does not imply
that the whole tower need be replaced, | -

The channel change would have to be heavily subéidised, if not entirely
éinanced, from government funds. If a chapnel change occured, the opportunity
could be taken to double the effective radiated power of GTS, to briné it into
line with the national station. GTS presently requires a new filterplexer,
so this is one portion of tﬁe cost which could be met by the station. ﬁher more
mino; expenses would also arise; such as changes to the translator at Cowell,

advertising the change, and possibly compensation to GTS for loss of revenue

if they were off the air during a changeover periocd.

-
.

;f channel reallocatioﬁ occured, either because a high power station change
channel or because translatoré are introduced, new,recéiving antennas would
be required for optimum reception, involving viewer expehse.. Simple compromise
antennas such as the gutter whip, which comprise one half to two thirds of
all systems in Whyalla, would work on other channels. Many people with yagis
may find reception adequate withput a change; however some viewers would face
the cost of a new antenna.

If channel SA is chosen, further costs for modification of sets not tuning

this channel will occur.

Please see Appendix 4. - !

Channels available to relocate GTS-L are limited, largely by the restriction

that channels adjacent to thcse used in Adelaide are unavailable. Spencer'Gulf

viewers have a large investmeni in elaborate antenna systems directed at Adelaide.

-
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Any removal of.the option of occasionally, under favourable conditions, being able
to watch Adelaide channels would precipitaté a public outery.
‘ This resfriqts the choice to channels 3, 5%cr SA. A move to 3 or S would noﬁ
require any alteration to receiving antenna systems or receivers, whereas if SA
was used, some viewers would incur expense for antenna/regeiver modifications.

Use of channels 3 or 5 would have to be coordinated carefully with planning of
the FM service. Use of these channels caﬁcéis the advantage of moving GTS-=4 from the

FM band: consequenfly consideration could be given to moving ABNS~1, which could

probably be shifted to Channel 0. This has the added advantage of keeping the change

in a government operated area.

COST OF SOLUTIONS:

Ho cost estimates of the various solutions proposed can be made without

considerable additiocnal research, outside the scope of this report.

Channel realiocation of one of the high power stations, advocated as the most
effective and complete, and probably the quickest solutuion, is believed to be
also the most expensive.

Establishment of several.translators is likely to be of the same order of cost

as the receiver solution; both these apprcaches have disadvantages already discussed.

¥ Interference to channel 5 by local cseillator radiation of receivers tuned

to channel 2 could make 5 an unwise choice.

e e e
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N o  APPENDIX I
26 May WHYALLA
8.25 Pm FORESHORE MOTEL . +
Measured incoming signal on 300 ohm ribbon:

. . 95.25 MHz Channel b Vision Carrier 69.2 dBu (2.9mv)
-iocal Oscillator Interferencé 93.8 MHz '6h.7 dBu (1.7mV)
e : : 94,3 MHzZ '34.7 dBu  (5huv)
. Another strong local osciilator signal was obser#eé/on the F.I. set,
but disappeared before a quantitative measurement could be taken.
Picture impairment: notiéable and annoying, Unwatchable on some fine

tune settings.

27 May  WHYALLA WEST. Campbell Street
Field Intensity in the street, 2 metre above ground ‘ i
Ch b Vision 63.5 dBu (rel luV/m) 1.5uV/m ) f
Ch I Vision 56.6 dBu v 680uv/m -
Compla;nant:

No. 38 Antenna: quarter wave whip on gutter

TV Set : Thorn 7209 (valve tuner)
Also complaints from several neighbouring houses
Offender:
No. 3% Antenna: Yagi, about 20 metre distant from No. 38's antenna
TV Set : Kriesler }Fineline Deluxe ELTT approx. S years old.
The interference was serious’ at No. 38, picture unvatchable behind high
contrast intgrference pattern, when No. 34 tuned for best plcture on Ch. 1.
At No. 3L, voltages on 300 ohm ribbon: |
Ch 4 vision 60.7 dBu (1.1mV) ;o
93.8 MHz Local oscillator Signal 52.7 dBu (430uv)

Note that the fine tuning at No. 34 had to be aliered somewhat to meve

"the local oscillator signal sufficiently away from the vision carrier to make it

o mpr—— e - B . . —— e e e
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resolvable on the fI set (120 kHz bandwidth). The general technique involved in

most cases investigated wag to move the local oscillator signal sufficiently away

from the vision carrier to be res&lvable (if it wasn'; alfeady, with the radiating
set tuned to the best picture on Ch. 1) and leave it at this setting to.measure
quantitative effecfs of experiments at the radiating set. Then the experiments
would be repeated, adjusting the fine tuning of the radiating set over its full
range each time and ob;erving the subjective effeet on thg Ch 4 picture at the

complainant's.house. A

A With the isolating amplifier connected at No. 3k
Local osc. signal 26.7 dBu (22uV). Only Qéry faint
interfergnce visible. }
With 10dB paid connected-at No. 3k,

Local osc. éignal 46.2 dBu (210uv). Picture considerably

improved, now watchab;e but with some interference still

. visible.

Comment’s: the "loaB" pad has made a reduction of 6.5dB: This
relatively small reduction caused a disproportionate im-(
provement -in picture watchability.

With approximately a quarter wave open circuited 300 ohm ribbon stub

(26%" long) connected across antenna terminals at No. 3k,

Local osc. signal 35.7 dBu (61 uV) picture quality quite
good, only faintly noéicable interference with No. 3k
tuned for best picture oﬁ Ch, 1.

‘Measuring the incoming voltage at No. 34 antenna lead-in,

Ch. 4 vision T4.7 dBu (5.2mv) .

Eﬁth the stub attached, althéugh it is a slightly altered phjsical

situation from wher the stub was on the TV set, we get:

Ch L. vision (with stub) 59.7 dBu (970 uv)

this is a reduction in signal strength of 154B. Hééeyér because of the

high signal strength.initially; the stub causes no noticable picﬁure

deterioration on Ch. 4 at No. 3k.
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SUMMARY
Incoming sign. at No. 3k 60.7 dBu
Local osc. interference 52.7 dBu : Bad Interference,
, ‘ 5
Local osc. - isolating map 26.7 dBu —JdB 6.5 Good picture -
: dB 17 faint interference.
- 104B pad 46.2 dBu dB Watchable - some
_ interference.
Quarter wave Stub 35.7 dBu Good picture, faint
o interference,
* CONCLUSTION

o In this situation; where the offending set had a goéd antenna installaticn
giving.a strong incoming signal, a stub filter provided suffiéiént attenuation of
local oscillator interference to virtually cure the problem, without noticably
degrading the reception of Ch 4 at tﬂe offending set.

The isolating émplifiér also provided a solution. The stub filter ;as left.

in place at No. 3.4,

- 2T May. WHYALLA (North West) GShulz Street

Field Intensity in Street, 2m above ground:
Ch b Vision 58.5 dBu (80 uV/m)

—

Ch 1 Visién - not measured.
. Complainant:
No. 13 Antenna - Yagi, long lead in (see further comments later)

TV Set - AWA Radiola Deep Image Model P27

Offender:
No. 15 Antenna - quarter wave whip on gutter

TV Set - AWA Deep Image K9Z. Valve tuner, no shields

on tuner tubes.

YP&I, hhm' wWeY UP TDuER., CONMNECLTED in
Sketeh Plan: . SomE UNKAIOWAN LAY WiITH
H APTLAIBE DBRoAGIDE ARLAY

AJC 13 | AN IS
T
RiBBon / . "
] OVER
s’:!:':-? S ™ ReOF . e VERTIC AL SECTVend
LN e SET . U# cHirangy

Fig, 8° L ( N
Fuey ) / \ \

, NOILED ' / TV \ T GUTTER,

b&aw«o book, SET WH P

—- }

-~ ‘ , BounbRy -
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Antenna Installati;)n Ne. 13

The antenna installa%ion is worthy of some comment, as it considerably added
to or perhaps completely caused much of the cémplainants trouble,

Outside the rear door, a S50 ft. tower supporting a broadside array pointing at
Adelaide (these systems are common in the Spencer quf area), also served to support’
the local channel yagi, mounted part wéy up the tower. Ribbons from thé array and the
yagi were inteconnected in some unknown way, giving a single ribbon lead in to the
hogse. This passed over the whole roof and entéred in around the top of thke front door.
- The ribbon was nailed down the length of the architrave, and ran along the floor to the

TV set, the final 2 metres being in "figure-8" mains flex.' e

Thé incoming signal level measured at the TV set was very low, indicating a
fault in the antenna system. The inéoming ribbon measured open-circuit, alﬁhgugh the
&agi included a folded dipole. Finally, it should be noied_that the very long incoming
ribbon twhich was probably open circuited somewhere)»almost formed = large locp around
' the adjacent radiating st. . ' b

.

Nos. 13 and 15 Shulz Street comprise a "duplex" Housing Trust house, The plan
‘on each side of the party wall-is a mirrer image, so neighbouring TV sets are in effect
in adjacent rooms; in some cases back to back separated by only a brick wass.

Severe interference was noted at No. 13. Thig did not reduce noticably with the

antenna at No. 15 disconnected - a case of direet chassis radiation.

Incoming signal voltage at No. 13 ‘ '
Ch. b vision  Lh.T dBu (173 V)
- this low signal because of an aﬁtenna/feeder fault.
Locel osc. interference at No. 13: ' .,
93.8 {antenna on at No. 15; 33.7 dBu (86 uv)
MHZ ( antenna disconnected No. 15; 32.7 dBu (ﬁ3 uv)
It was possible to adjust the fine tuning at No. 15 to-give an acéeptable picture
there on Ch. 1, whilst minimising the interference at No. 137tq é tolerable level,
With a PMG owned AWA P6 portable TV éet operating on its own whip antedna,'placed

next to the existing TV set in No. 15, no interference was evident with the AWA P§

‘correctly tuned to Ch 1. However,'with the P6 grossiy mistuned such that it was unwatch-

‘able on Ch. 1, it was possible to produce some interference bars at No. 13.

PSS
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28th May.

The follow up to this case is interesting. Although it is not normal PMG polizy
to take the back off TV gets, we returned to Shulz Street with an assortment of valve
shields, Oﬁ'this second visit, measuring the local osciilator interference at the
icoming antenna lead of No. 13 gave: |

94.3 MHz. Local osc. interference 41.7 dBu(122u Volt)

With the owner's permission, valve shields were fitted to the tuner tubes at
No. 15.° ’ |

This reduced the local oscillator interference to 25.7 dBu (19.2 uv), a reduction

./‘

Sp—

of 164B.

Aithough faint interference was visible af No. 13, fitting valve shields at Neo. 15
had reduced the problem to the.level where a quite tolerable picture was cbtained at
Né. 13, irrespective of the fine tuning setting at No. iS. However, we adjugted the
fine tuﬂing at No; 15 to minimise the remaining slight interference. As the adjustment
‘was at the rear of the set, and the owner was an elderly man, it seems probable thét
" the fine setting will stay unaltered. ‘ v . ?

No. 13 still suffered a noisy picture because of the faulty antenna installation,

‘and ve tried to explain this to the occupant.

This case was interesting, as it existed because of two abnormal conditions -

(i) faulty antenna installation at No. 13 giving a very low incoming signal
voltgge and having a very leong (and possibly oﬁen circuit and hence unbalancedi?
feeder ribbon forming a physical loop around the vicinity of the radiating set.

(ii) lack of valve shields on the tuner tﬁbes in the offenaing set. It is.very
important that the osqillator.tube be well shielded in valve funers. ' L

Correcting either one of these conditions would have produced a cure. We corrected —

(ii), and advised the occupant at No. 13 tc improve {i}.

e S

27th May  WHYALLA Smoker Street

No. 15, 17 and No. 3 | ;

No. 15 was causing interference to the other half of the duplex properiys No. 17T. °
There was also a complaint from No. 3, more than a block away down the street. Presum-
.8bly the intervening neignbours were also experiencing some degree of interference from f

No. 15, but had not lodged complaints.
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Field Strength is Street - not measured.

Complainants:

~ Offender:

No., 17 Anténna: Yagi mounted part way up Adelaide mast
TV Set : Healing 24 "Colorado" - valve tuner
No. 3 i_ Antenna: Quarter wave gutter whip, connected in parallel with
Adelaide maét. Long unﬁalanced ribbon to Adelaide mast.
TV Set : not noted._However there was a valve console; and a more
' modern 12" p;rtable in use.‘
No. 15 Antenna: Yagi mounted on roof. Abgut 9 metres from antenna at

No. 17.
TV Set { Kriesler 25T valve tuner (shields intact) about 10"
ribbon in back.of ;et. -
Meesuring incoming signal voltages on the antenna lead in at No. 17 gave:

Ch. 4 vision carrier 84 aBu (1.6 nV)

i

" Local osc. signal 93.9 MHz 48 to 53 dBu (250 to 420 uV) flucuating somewhat.

Removing antenna l=ad at No. 15

Local osc. signal 23 dBu (14 w)

Putting the isolating amp in circuit at No. 15, with about 14" of connecting
ribbon to set,

Local ose. signal: 33dBu (27 uVv)

With a 26%" open circuit stub at No. 15
Local osc. signal: 25dBu (18uv) -

In this case either the isolating amplifier or the stub produced sufficiesnt

reduction in interference to constitute a cure.

Measuring the incoming signal voltages on the antenna lead in at No. 3:

Ch. b Vision carrier 58 dBu (800 uv) ;

Local osc. signal 9%.2 MHz 45 to L6 dBu (180 uv)

With antenna disconnected at No. 15

Local osc. signal 24dBu (16 uV)

AP e et e e e e
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’f& ) With set at No. 15 on another channel

Local osc. signal 24 dBu (thus this is the noise level)

With isolating amp st No. 15,

Local osc. signal 24dBu (16 uV)

With stub at No. 15, .
Local osc.'signal 29 dBu (28 uv)

. It will be noticed tﬁat the stub appe;rs more effective than the isolating
amplifier as far as No. 17 is eoncernéd; whereas the reverse is indicated at the more
distaﬁt house No. 3. However, either measure is quite effectivé, and reduces the
interference to a minor level, comparable with the general 5ackground of .interference
from other sets.

As the stub caused no noticable degradatioﬂ %o the Ch L picture at No..iS, it weas
left permanently in place,

No. 15 TV set was fine tuned on Ch. 1 with the stub in place to minimise the small

amount of interference still observable at No. 17.

——

28 May WHYALLA Charle;fAvenue (approximately widway between Davies and Opie
| Streets) |
This locaﬂion is on the NW extremity‘of the town, and is hidden from Spencer
Gulf by the water supply reserve hill. It was selected because we -expected it to be
one of the poorer reééption areas in the town. However, a field‘intensity mneasurement
in the street showed that the signal strength in this arez was comparable with values
ﬁeasuféd in the other parts of Whyalla we had visited.

Field Intensity in street, 2m. above ground:

Ch. b vision: 61.5 dBu (1.2 mV/m)

Past History

No. 37 had been causing interference toNo. 41 and severallother neighboprs
Thi; problem was éured when Ne. 37 ﬁad the TV set serficed and a Yagi antenna
installgd, pointing away from No. 41 who is using a quarter wave whip.,

ﬁo. 37: Antenna: Yégi at rear of house |

TV Set : Kriesler (approx.) 1964 valve moael

-




No. 41 ) Antenna: quarter wave- gutter mounted whip

TV Set : AWA valve model

A A4 V35 N 6.”_& NoesH -

A Rp

CHAR LES AVE~NUE

At No. b1 the incoming signal voltage on the antenn; ribbon is:
Ch. 4 vision 544Bu ‘ ‘ (h50<uV)v

A weak local oscillator signal originating at No. 36 could be detected at No. Ll.
but the_level was too low to cause any appreciable inteference, and too low to
experiment with.

Other interference complaints in Chérlss Avenue which we attempted to investigate
were: |

No. 21,kinterfering with No., 23 No. 21 not ét home.,

No. 119, intefering with No. 117, No. 117 not home.

‘28th May Other unsuccessful visits we made on this day were;

No. 6 Pattinson Close, interfering with No. 8

No. 6 would not allow us to enter the premises

No. 23 Burns Street, interfering with No. 27,
No. 23 not at home,

»

Oh the afterncon of 28th May, we travelied to Cowell, 67 miles south of Whyalia.
This is a low signal strength area for.channels 1 and b4, and is now served oy a local
translator, translating Ch 1 to 6 and 4 to 8. Consequently the 1/4 interference-
problem does not now exist in Cowell. |

Our viéit was at Mr. G; Whitfield's instigation. 'At the lccal telephone exchange
a gumber of TV sets were available for experiment, rangingAgrom modern §olid state
colour sets to old valve receivers‘with kigh local oscillator radiation.

' A National CP200C colour set was set up running from an outside antenﬁa via

coaxial cable, and tuned to Channel L,

Incoming signal voltage {(in 300 ohm) was:
Ch 4. vision 50dBu (320 uV)

s,
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With a Philips valve receiver (23CT 7/213} spaced 2¥ metres away, tuned to

Ch 1 and with no éntenna connected, considerable interference was produced on the
- Ndtional Set. Touching the diecast knob on the Philips tuner considerably increased
‘this interference level, indicating that the Philips tuner chassis was "hot'.
Using a tabie about 4 metres away from the TV sets, the F.I. meter was set up o
measure local oscillator radiation from the Philips set. ‘
At 95.2 MHz, values messured were:
38d8u, -
61dBu, with a 2 metre wire clipped to the tuner knob, and trailed alcng the floor.
Removing the Philips tuner, RF filters were installed on a*l supply leads and the
AGC lead. These filters con51st of 2 or 3 ferrite beads (2 to 3 uH) slipped over the
lead, and a ceramic or mylar bypass (.0047uf) to chassis on the side of the inductance
away from the tuner. As no earth strap was evident between the tuner chassis and the
main chassis, a piece of hookup wine about 25 em long was added to interconnect the
metalwork,
With.thése modifications the tuﬁer was refitted to the cabinet and local
oscillator “adldtlen remeasured, glVlng -
b7 dBu,
61 dBu with 2 metre clip lead. ’

Sufprisingly, the local oscillator radiation has increased. Cutting the earth
lead between. tuner and main chassis leaves the value measured with the 2 metre cllp
lead connected unaltered but reduced the figure with no clip lead to.

earth strap cut, no clip lead: 29dBu.

At this point it was noticed that the above figure was varying by‘about 104B
depending on the location of personnel working in the exchange.

In this case, RF bypassing seems ineffective, probably because local oscillator
radiation is dominated by the tuner chassis being at an RF potential, Leaﬁing the

vwhole experiment at this rather inconclusive stage, we had' to .return to Whyalla (tc

fit valve shields at No. 15 Shulz Street - described earlier).
. v/

28 May WHYALLA Billing Street,
(Evening) - central suburban part of Whyalla

No. 12 receiving interference from No. 14, These are detached houses, separated

by a driveway. Originally No. 12 had an antenna on the chimmney c¢losest to No. 1h.
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Now No. 12 has a new Rank Arena 22 Colour Set, and a new antenna installation, with

& Yagi mounted on the rear corner. of the roof (the furthest corner from No. 14) and a
coaxiallead in. This antenna installation has virtually solved the problem, and it
is only by detuning the set at No. 1k to the extent that Ch. 1 is unacceptable that
interference becomes evident at No. 12. No 14 also has a yagi antenna, with ribbon
feeder. ' |

The spacing between the yagis is about 13 metres.

The interference producing set at Nol 14 waé a Kfieéler 25 valve éet, ¥ %0 5
years old. .

At No. 12, the incoming signal voltage on the antenna lead was:

Ch. 4 vision (in 300 ohm) 61dBu (1.1mV)

Setting the fine tuning at No. 1k to produce interfereﬁce at No.'lz, we.were
unable to locate the local oscillator signal on.éhe F.I. set, so had to limit the
experiment to subjective evaluation.

Disconnecting the antenna from the set at No. 1k removes almost all the iﬁter-
ference. Atléome fine tune positions very fairt interference bars are still visible.
A quarter wave open circuit ribboﬁ stub produces abopt the same subjective
effect as the isolating émplifier; that is,bélmost all the interference is removed
except for faint traces a% soﬁe fine tuning settings. However, in this case, the

stubrnoticably degreades the Ch. 4 picture at No. 1hL.

Before we left No, 14, fine tuning on Ch. 1 was adjusted to produce no perceptible

interference at No. 12.

'SLY STREET

No. 2 and L. Called at these hoﬁses. One occupant in bed, so we

~arranged to call the following day.

29 May WHYALLA  Sly Street, . .
Central suburban area,
No. 2 and Yo. L4
" These houses are two halves ofAé Hoﬁsing Trust duplex house.

Complainant:

No. 2 . Antenna: quartef.wave gutter mounted whip

TV Set : Thorn valve set.

[T
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i:é 6ffender:
No. & Antenna: qﬁafter wave gutter mounted whip
IV Set : Kriésler 25 valve set,.

Both antennas were mounted on the gﬁtter above the living rooms windows in the
front of the house, with about 8 metres spacing between them. The TV sets were located
in the frornt living rooms, but not back to back. Separation between sets was approx.

. 8 metres also.

Signal Intensity in Siy Street, 2 metres ‘above ground:

Ch 4 vision: 60dBu {(1mV/metre)

v//

Ch 1 vision: 66dBy {omV/metre)
Ihcoming signal voltage on the antenna lead at No. 2 was:
Ch. 4 vision 65dBu (1.8av)
Whereas at No. 4 (the offender), where the antenna installation is apférently
very similar to No. 2, the incoming signal voltage on Ch. &4 was;
Ch. 4 vision  hhdBu (160 uv) |
Obviously the antenna installation is faulty, and the Ch. 4 pictufe was pcor;
-noisy and of low contrast. B

Disconnecting the antenna.at No. 4 causes the bad interference at No. 2 to

i

reduce somevhat, but it is still unacceptable, suggesting that chassis radiation is si
nificant in this case. Consequently with either the isolating amplifier or a stub filt

ﬂ{

moderate interference still exists. . .
Fine tuning the set at No. 4 to minimise interference at No. 2. helps, but the

residual interference is still evident; we had to leave this unsatisfactory situation

in existence,

-
-

In the above case the local oscillator radiation could not be resolved on *the F.I.

Set, so we were limited to a subjective evaluation.

WHYALLA Thorn Model 9064 Colour TV Set

.

The radio inspector at Whyalla has investigated a case'whére a new colour set
(Thorn 26" model 9064) installed at No. 20 Panter Street is céusing local oscillator
interference to a.neighbouring setrat Ho. 18. These two houses are ;ttacheé, and
evidently the sets are positioned in-close proximity, on cpposite sides of a brick
vall.‘He suspects that interference is also being caused tc No. 22. The inveétigation

has béen hampered by the uncooperative attitiude of the owner of the colour set; she

3
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has threatened the radio inspector with legal actioﬁ.

Consequently we did not attempt to investigate this case. Subsequent enéuiries
to AWA/Thorn reveal that this model is loeally ménufactured and has the standard 36.
875 MHz IF. It uses a Matsushita transistor turvet tuner (model ENT6752 EB or
possibly ENTETS1EB).

We have previously made measurements on a ENTATS1EB tuner at head. office, and it
appeared notcéﬁqﬁcuously worse than other solid state tgrret'tuners.

29 May WHYALLA  MT. LAURA Altitude 579 feet.

Mt. Laura is a prominant high point north west of Whyalla, about Tkm direct line
distance from the central parts of Whyalla., There is a road to the top (blockead for
the last section by a locked gate), and a building and radio masts on the summit.

Should a TV translator ever be planned for‘whyalla, Mt. ﬁaura is the ébvious
location.

I walked to the top of Mt. Laura, ﬁith the F.I. se;. Measuring field inteﬁsity

about 2m. abeve the ground level, but at the =dge of the escarpment overlooking

VYhyalla, gave:

Ch. 1 vision 86 to 88 dBu (20 to 25 mV/m)
Ch. 4 wvision 76 to f8 dBu (2 to 2.5 mV/m)

The levels appear adequately high for good guality off-air reception.

29 May PORT AUGUSTA
We arrived at Port Augusta in mid-afternoon.
‘Very few interference complaints are received from Port Augusts. Contributing

]

reasons are (i) lack of a resident radio interference inspector, and (ii) house styles
most houses are detached, and the incid;nce of the duplex house design is lower than
in Whyalla. Otﬁerwise,’from our brief experience there, the interferenée_problem
seems to be potentially quite bad. Both cases wer looked at involved whole sections

of streets receiving interference, and in one case the interference was the most

severe case we observed on the whole tour. ;

PYBUS STREET

Complainant:

"No. 84 Antenna: roof moﬁnted vagi, ribbon feeder connecting two outlets
’ parallel wired.

- e - N S ——
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IV Set : Healing "Las Vagas" 25 valve receiver
Offender: | | . '
No: 90 Antenna: Quarter wave gutter mounted whip
| TV Set ; Kriesler 25 (approx. 9 years old) valve receiver
The spacing between antennas at No. 90 and No. 84 is about 90 metres.
Other houses in the v1c1n1uy also suffer 1nterference.
Signal strengths in street:
(outside No. 90) ;
Ch. % vision: 53 dBu = (bho ﬁV/metre)
Ch. 1 vision: 55 to 57 dBu (560 to 700 uV/metre)
With the F.I. set connected directly to the antenna tsrminais of the Kriesler
at No;.90, the loeal oscillator voltage (in 300 ohm) was approximately T8 dBu (8mV)

over the fine tuning range, 92 to 96 MHz.

However, at No. 84, it was difficult to resolve the loecal oscillator signal from

_ No. 90. Several other weak local oscillator signals were found, but the visible

. interference was originating at No. 90, confirmed by switching channels there.

Removing the éntenna from the sef at No. ?O, or fitting a stub filter, or install-;
ing an isolating amplifier, all removed any visible interferenée at No. 84, ieaving
only a faint background of interference bars originating ffom other unknown sources.
At this time of the afterncon Ch. 1 was showing "Sesame Street", whereas Ch. I was
transmitting a test pattern (gt our request) so it would be expected that a large
number of sets would be in use on Ch. 1.

Later, with the antenna back on the set at No. 90, interference at Ne. 84 was
less quectionaﬁle than initially, We formed the impression that the high level of

local escillator radiation from the set at No. 90 wag an intermittant condition.

29 May. In the evening we returned to Pybus Street. Now there was no evidence of
local oscillator interfefence to TV pictures, although several strong local oscillator
signals were measured in the street, 7

Wandering up and down the street with the F.I. set, we iécalised a signal from a
hous= approximately opposite No. 92, on 9&;3 MHz and of abéut the same strenéth as the

Ch. 4 Vision carrier, measured in the middle of the street. We verified that this house

was using & TV set on Ch 1 (an HMV 25 valve set) and that this was the source of the
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94,3 MHz signal.

Another house, several hou;e% along from No. 84 {probably No. 75 or 78) was
&lso radiating a strong signal at approcx. 94 MHz but we did not verify éhis.

However, as.no subjective interfereﬁce was-visible in spite of the presence
of these strong local oscillator signals, there waé nothiﬂg further that we could dc.

Other complaints had been reported from Noé. 11, 12 Collings Streét, which runs
into Pybus Street about a block from No. 90. Possibly these houses can be included
with the Pybus Street problems, althouéh we did not have £ime to investigate Collings

Street.
) ~

Thelma Cresent ¥o. 1 and No. 3

29 May.

This was a new complaint, previously uninvestigated.

Using the narrowband (30kHz) VHF receiver mounted in +he PMG vehicle, and slowly
driving along the street, the radiéting receiver was located., The local oscillator
frequency was close to the vision carrier and could not be resolved on the F.I. set.
Complainant: , . o

No. 3 Antenna: quarter wave gutter whip

TV Set : not noted
Offender:
No. 1 '7 Antenng: quarter wave gutter whip
TV Set : 0ld model Philips valve set.
The hougeslare both:detached brick structures on typical suburban size biocks.

-

Spacing between antennas is abous 17 metres.

No. 3 was experiencing very severe interference, the worst example werobéerved
on the whole toﬁr. The picture was completely obliterated by sclid high contrést bars.
Altering the fine tuning setting at No. 1 reduced the interfergnce at seme points, al-
though at all settings the picture at No. 3 was unwatchable.

Removing the_antenna from No. 1 removed virtually all theyi£ter§erence. As the
occupant at No. 1 wés about to retire for the hight we could not pursue the}éxperimenﬁ

further. TInithis situation an isolating amplifier would be expected to perform well. .

Although we would have liked to return the fo;lowing morning, the occupant at

e
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ﬁo. 1 vas going out, and no mutually suitablé tiﬁe could be arranged before we were
due to return to Adelaide. - »

Beéause of the severity of tﬁe interference in this case, it seems.likely that

other sets in the vicinity would also be affected.

30 May PORT PIRIE Barry Street, midway between Lydeanorf and Hutchinson
Streets, (South-western portion of town)

Signal strengths in street (2 metres above ground)

Ch b4 vision 73 dBu " (4.5 mV/metre)
Ch 1 vision 77 dBu (TuV/metre) P
domélainant: '
| No. 14 Barry Street;
Antenna: Adelaide broadside array, 4 dual elements; B

mounted 10 feet above roof apex. Also an indoor
horizontal spiral had 5een tried.
Offender: (alleged) ’ ' -

No; 17 Barry Street:

Antenna; very similar to No. 1k, Aéelaidé broadside array
| ““about 10' above roof.
TV Set : a new colour set, according to No. 1L,
The occupant at No. 17 was not a home when we called, so we were unzble %o &eter—
mine the make or the model of colour set, or even to verify that this was causing
interference to No. 1k, ’ _ ;
Local 1/k antenna systems seem to be almost nonexistent in Port Pirie.
However the hiéh towers supporting.Adelaide broadside arrays (horizontally
polariséd) which are a feature of the skyline of Spencer Gulf towns,>are most
prominent in Port Pirie;y a forrest of untidy steel. Scme of these antenna systems

are obvicusly of recent installation; they are by nc means all a relic of the days

when Adelaide offered the only signals;

PORT PIRIE:
While in Port Pirie we visited GTS-l and met with the manager, Mr, Ewan Downing.

He explained another aspect of the 1/ interference problem. Evidently GTS-4
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;eceive many complaints from viewers mistaking loeal oscillator interference for
feulty transmission on Channel L. - These pebple are often sceptical of explanations
by GTS-l management that the problem lies elsewhere. In many cases poor antenna
installations aggravate the problem. So he has an interest in educating viewers, both
to explain the nature of 1/k interference, and to explain the advantages of an effecti~
gntenna installation, However he‘f%els that any advertising material for this purpose
would have far ﬁore impact if authoriséd by the Australian Broadcasting Control Board,
rather than GTS-4, even if it was televised by'Channgl L,

Qhannel 4 lavours under a considerable handicap because of this interference
problem; in severe cases Programs are unwatchable, in many less severe cases there
is an énnoying background interference effect of varisble intenéity.

Eventually the ABCB will have to acknowledgeﬁthat an unwise choice of’channels
has been made; authorising some explanatory and educaticnal meterial for use by GTS-4

would seem to represent a reasonable initial step.
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TV ANTENYA ISOLATING AMPLIFIERS

' USING EYZRID MICROCIRCUIT OM321

INTRODUCTICH
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Four azplifiers have been constructed in diecast metal boxes (120 x 60 x 43 am

external) witk self contained power  supplied. These amplifiers use the Philips type

0M321 nybrid, znd incorporate baluns to provide balanced 300 ohm input and output.

A simple high pass filter is included at the input to roll off the response below

the TV band.

The amplifiers may be identified (nos. 1 to 4) by centrepunch marks on the

- case and lig.

PERFORMANCE ‘

This was messured using, and including two Hatfield 50 ohm/300 ohm baluns.

el

Amplifi=r Jo.

1 100 MHz
2 ) L 50 MHz

100 MHz
3 100 MHz
L 100 MHz
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Reverse Gain (dB)

=32.2

-35

-32.5

=33

-32

50 MHz
100 MHz
200 MHz

" 50 MHz

100 MHz
200 MHz

50 MHz
100 MHz
200 MHz

50 MAz .

100-MHz

s

Forward Gain (dB)

12.2
13.3
3.1

13.3
13.5
13.8
12.8

13.5
13.1
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APPENDIX 3

REDUCTION OF LOCAL OSCILLATOR RADIATION BY EXPERIMENTAL
-MODIFICATION OF TV SET TYPE ASTOR "FRINGEMASTER 23" (VALVE)

Introducticn
Older model TV receivers employing valve tuners generally produce high

levels of local oscillator radiation, with chassis radiation predominating over

' antenna radiation.

One such receiver was investigated to explore the mechanism of this
radistion, and methods by which it may be reduced. All %tests were done with the tuner
switched to channel 1 only.

Approach and Results:

'The Astor "Fringemaster 23", with the hardboard backpanel removed, was
moﬁnted on a trolley in the centre of the labdratory flo;r, and about 3 metres distant
from. a SingerfNM 37{57 EMI/FI set and dipole. The.F.I. set was used purely to measure
rélative radiation valves so the effects'of modificaticns could be gauged.

A dipole antenna’connected to the ASTOR produced no detectable increase in
local oscillator radiation, so é;£sequently no antenna was used with the TV set,.

Measuredlocal oscillator radiation (L.0.R.) was initia.lly LLqm,

The tuner panel (also.containing the loudspeaker, and vglumg, contrast
and brighiness controls) was demounted from the cabinet, and swung out to the rear to
an accessible position. All leads were long enough to allow this, except for
thegarth strap which was extended with a clip lead. ‘

With the tuner inm this position', L.0.R. increased to 47dB- (+3dB).

The valve shield was removed from the oscillator/mixer tube. This caused
the L.0.R. to increase by 1345 to 60dB,

Removing the shield from the R.F. tube appeared to have no effect.

A tinplate box with soldered geams'was constructed ﬁq'cover the top of the
tuner, i.e.‘the portion frem which the tuBes protrude, This béx was a’ push fit over
the ﬁuner chassis, and was soldered ko the chassis on the three accessible sides for

& total of about 30% of the box perimeter.
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This had very little effect, reducing L.0.R. by perhaps 1dB, to aﬁprox—
imately L46dB, )

The next step was o solder small .pieces of tinplate over mest of the holes and
punchouts in the tuner chassis. In addition,rthe élip—on shield covering the botton

of the tuner chassis was soldersd to the chassis along one long edge and in several :

other spots. This also had very little effect, causing another 1dB reduction to bring

"the L.O.R. to  L54B.

The tuner in the ASTOR set does not have preset finé tuning, but uses a

variable cam shaped dielectric vane which Dasses between a metal button mounted on the

_rear of the tuner chassis (and forming part of the oscillator tuned circuit) and an

earthed metal bracket.

A tinplate shield, in the form of a shallqy box, was constructed to cover the
fine tuning capacitor, and was soldered in place. Thié produced no change in the:L.O.R.

It can thus be seen that fairly extensive additicnal shielding produced no
worthwhile improvement for this tuner. -

The ne#t move was to look more clqsely at the connecting leads between the
tuner chassis and the main chassis.

The tuner I.F. output 1s_ connected to the main chassis by a shielded lead
and a coaxial plug. D1sconn°ct1ng this plug from the main cha551s produced nc change in
L.O R., showing that no radiation from this source was originating from the main
chassis,

The only other connections to the tuner are three flying'leads lcomed
together, carrying high tensicn (200V), heater voltage (6.3v), and AGC voltage. These
are Aunshiélded and connected to the tuner on a small unshielded insulated panel.

Simple RF filters were installed on these three leads, as close as possible

~to the tuner chassis.

The filters consisted of a %PH inductance, formed by two ferrite beads, and
a 0. OOATPf bypass to the tuner chassis. A. mylar capacitor was used for the H.T.

bypass; 50v. ceramics were used for the other bypasses, .,
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Fllterlng the leads in this way produced a marked reduction in L.O.R.,

'by about 15dB,

With a tinplate shield fittedvover the filters aﬁd the generél area where
the leads enter the tuner chassis, an additional improvement of about LdB was obtained.

Installing the tuner chassis back into the cabinet in its proper position
produced a further reduction in L.0.R., giving a final figure of: 19 t0722 dB,

When this is compared with the initial L;O.R. value of LkLdB, it is Seen that
the modifications have produced a 22 to 25dB improvementi

Note that in this sort of work, a repeatability cf at best * several d3
is all that can be realistically expected. Slight cﬁanges in the test envircnment, e.g.

movement of people in the laboratory, limit the resolution available,

As no antenna was connected to the TV set, the question arises as 4o
vhether the reductlon in chass*s radiation would be swamped by radiation from
an antenna? On connectlng a dipole antenna to the modified SEu, the radiation
decreased by 2 to 11dB dependlng upon the dipole location in front of or

. behind the set, and the position of People in the laboratory.
This is interpreted as indicating that radiation from the antenna is

less than or comparable in magnitude to that from the modified set chassis.

CONCLUSICNS

By simple modifications to a valve tuner, the local oscillator radiation on
’ y
channel 1 has been reduced by 20 to 25 dB.

The most significant gain comes from simple (and inexpensive) RF filtering of

[}

supply and AGC leads to the tuner, and shielding of their entry point to the tuner,
Additional Shle;dlﬂg over the.remainder of the tuner provides no worthwhile

1mprovement. However it is important that the shield over the oscillator/mixer tube

g e
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is properly installed and effecti;e:

-Obviously this tuner has not been designed with minimum local sécillator
radiation as an objective. At the design stége, several simple and cheap alterations
could have been chosen to achieve the 20 to 25 4B lower levéls of local oscillator '
‘radiation obtained in this investigation.

The precautions necessary are:

1. R.F. Dypassing of supply leads and separate shielding of the R.F, filters

used. It would probably be wise to run supply leads in shielded cable also,

although the erffect of this has not been investigaied.

2. Bomewhat better shielding.
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APPENDIX &

AVAILABILITY OF CHANNELS - Spencer Gulf Area.

Channels already in use for high power transmissions are:
Adelaide: 2, T, 9, 10 -

Bluff: 1, b

Mt. Gamber: 8

And for low power translators:» 

Cowell: 1 -6

.-/'
L8
" Port Lincoln: 6+ 3
8+ 5 .
Channel Spacing (MHz between
vision carriers)
$ # o0
; 11
L - '
7
N Adeélajde 2 RESTRICTIONS:
o 22
3 ¢ 3 - # adjacent channel
~ 9
§ 4 $ possible sporadic E
~ 7 '

*
hAS S
G

¢ in use for low power translators

¥ local oscillator radiation

S5A
37
—— % ¢ # 6
: T
o] Adelaide 7
-0
o . T
- ¢ # 8
S 7 )
Al Adelaide 9
. 13
0

pAdelaide 1

]

VVVVVVVVVVVY
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APPENDIX 5 | -
VARTABLE Q TRANSMISSION LINE NOTCH FILTERS:

In some interference cases, reduction of local sscillator antenna radiation
by as little as 10dB is sufficient to improve an interferencg situation from
objectionable to acceptable. Quarter wave ribbon notch filters have beeﬁ useful in
some cases where the permanent fitting éf—such a filter does not degfade reception
of channel U4 noticably. .

) P
" However such a filter introduces a deep (over 40dB) narrow notch, difficult

to position accurately in freguency.

By terminating the transmission line filter with qdefinedresistance rather
‘than an open circuit, the depth cf the notch can be controlled as the Q of thé
filter is lowered. Graphs attached shows measured responses for a quarter wave
filter (i) open circuited and (ii) terminated in 3300 ohm, and also the relation-

ship between terminating resistance and notch depth. These curves give a guide

to the design of narrow band attenuators of very simple form.
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