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Report on Power Increse Study - C H UM Toronto

PURPOSE

It 1s the purpose of this report to set forth the results
of studies with respect to the possibility of finding a solu=-
tion which would enable CHUM Toronto to operate at increased

power,

TERMS OF REFEREKCE

It is becoming evident that the present CHUM signal is
subject to increasing attenuation due to the development and
building construction in the City of Toronto., These buildings,
once erected, obstruct the passage of the CHUM signal and
result in depreclation of the Station's coverage of the
Market, -

In view of the foregoing various alternatives were re-
viewed in order to ascertain if there was a solution which
would fulfill the requirements of the Liocensee and at the
same tims conform to the regulations of the Department of .
Transport, To this end three sites were fully explored as
follows}

a) Toronto Islands - present site
b; Jordan Harbour - optioned site
c) Streetsville = optioned site

It 18 to be noted that site availability was ensured in
the event a solution was derived, This was believed to be a
necessary precaution in order to facilitate completion of the
project 1f there was merit in so doing,

PROCEDURE

A complete analysls of groundwave and skywave protectlon
requirements was computed for each of the three possible
transmitting sites, On the basis of this information, maximmm
permissable radiation was determined, Subsequently patterns
were derived which would meet protection requirements and at
the same time provide best possible signal levels over the
Metropolitan area,

In the vicinity of Toronto a conductivity value of 6
was employed, Over Lake Ontario a conductivity of 15 was
utilized, This latter value was confirmed by measurement and
ia borne out by the findings of the Department of Transport
during comprehensive tests which were undertaken,
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2. Exploration of the possibility of the use of
100 kw by a Class II (CHUM) assignment.

CONCLUSION

On a long term basis it !3 believed that an alternate
channel 18 perhaps the best solution for CHUM., While under
present regulations there are currently no channels, none-
theless, a change in the provisions of the North American
Regional Broadcasting Agreement could alleviate the
situation, Specifically the restrictive provisions on the use
of Class IA channels no longer serve any useful or practical
purpose,

Under the present Agreement it 1s specified that where a
Country has a Class IA priority on a channel, another Country
may not use the channel at night within 650 mlles of the
common border and further there must be daytime protection
along the entire common border, When it is considered that
the United States has 25 such IA prioritles, within a total
complement of 107 channels, it is evident that thia ruling
imposes extreme hardship on Broadcast Allocations in Canads,

.. While Canada has seven IA channels, used exclusively by
the Canadian Broadcasting Corporation, it should be mentionsd
that the IA rules have been derogated on most if not ‘all of
these channels, To date there has been no reciprocal arrange-
ment whereby Canada has derogated the priveleges of other
Countries on their Class IA channels, '

‘Inasmuch as the existing regulations are not realistic
in terms of current conditions it 1is believed that the IA
classification of channels should be abandoned, This opportunity
would arise during the deliberations of the next North American
Reglional Broadcasting Conference, In view of the foregoing it
is therefore urged that perhaps the Canadian Association of
Broadcasters could undertake to pursue this cause through the
appropriate organizations, :

SEAL AND SIGNATURE

This report has been prepared and
compiled by George Mather, a
Consultant whose qualifications
are known to and are recogniged by
the Departmsnt of Transport,

George Mather, P.ENG.,
Consultant, ‘
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ENGINEERING BRIEF

ON BEHALF OF

RADIO CHUM-1050 LIMITED

IN SUPPORT OF

AN APPLICATION FOR AUTHORITY TO
'INCREASE FOWER AND CHANGE SITE

C H UM TORONTO, ONTABRIO
50 kw DA-2 1050 kc/s
Class II Unlimited

PREPARED BX:
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PROPERTY AND GROUND SYSTEM LAYOUT
PROADCAST TRANSMISSION SYSTEM

CH UM TORONTO 50 kw DA-2 1050 kc/s
scale: 200 feet to 1 inch
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ENGINEERING rEPURT
CONCERNING
PROELENS DUE TO
CLOZE PROXIMITY OF
BIGH ' PGYER DIXECTIONAL BROADCASTING STATIONS

PRESENTED TO:

GEORGE MATHER & ASSOCIATES
Cooksville, Ontario

BY:
GAUTNEY & JONES
RADIO ENGINEERS WASHINGTON, D. C.

September, 1962



INTRODUCTION

The attached report, prepared at the request of George Mather and

~ Associates, concerns itself with engineering problems occasioned by the

close proximity of one high power directional broadcasting station to
aﬁother. The report will concern itself primarily with experience,obtained
over the years in the United States, on such types of operation. The
report is non-mathematical in nature since the exact solutions of the
various problems encountered will depend on an exact knowledge of the
operation conditions of the stations concerned. Instead, the report will
consider the problems in a general manner and will comment on solutions
which have proven successful in this country.

In particular, the report will deal with comments concerning the
possible mutual problems which may exist between Radio Station CHUM,
Toronto, operating on 1050 kilocycles with a power of 50 kilowatts, DA-2
(at a location described in an engineering brief prepared by George Mather
and Associates and dated July, 1962) and CFRB, Toronto, operating on a
frequency of 1010 kilocycles with a power of 50 kilowatts, DA-2, operating
at its assigned location. The discussion of these two stations will be
in the light of similar experience in the United States.

Respectfully submitted September 14, 1962, by Gautney & Jones, Consulting

Radio Engineers. //”' 7
- < s {/ . -
e . 7 P oo ) ) "v/
A o R A

GEORGE E. GAUTNEY
Registered Professional Engineer
District of Columbia, No. 602



ENGINEERING REPORT
CONCERNING
PROBLEMS DUE TO CLOSE PROXIMITY OF
HIGH POWER DIRECTIONAL BROADCASTING STATIONS
Both theory and practice indicate that, when two high power directional

broadcast stations operate in close proximity to each other, certain problems
may arise. These problems may be separated into three rather broad classi-
fications: (1) External cross-modulation, (2) Internal cross-modulation,

and (3) Re-Radiation. These problems are discussed separately below.

1. External cross-modulation. In an area where the field intensities

of two or more radid signals exceed approximately 1 volt per meter, it

occasionally occurs that the program of one station will appear on the

carrier of the other and/or that the programs of one or more of the stations

will be heard at various frequencies other than their assigned frequencies.
This problem has been treated in the literature particularly by A. James Ebel
"A Note on the Sources of Spurious Radiations in the Field of Two Strong
Signals,'" Proceedings of the IRE, Volume 30, Page 81, February, 1942, and

by A. V. Eastman and L. C. F. Horle in "Generation of Spurious Signals by
Non-linearity of the Transmission Path,'" proceedings of the IRE, Volume 28,
Page 438, October, 1940.

Sometimes the spurious‘signals are due to overloading the input stages
of the receiver. If this is the case, trap circuits tuéed to the offending
station will minimize or eliminate the difficulty. Sometimes the problem
is due to non-linearity of conductors in the area. 1In either case, the
area where difficulty is experienced is usually quite limited; and once the

source of the offending difficulty is found, the remedy is straightforward.



2. Internal cross-modulation. When two transmitters operate in close

proximity to each other, each station induces currents in the antenna of

the other. If the coupling circuits of the first station are not sufficiently

selective, then the carrier of the second station and its modulation can be
imposed on the carrier of the first station. As a result of this super-
imposition, there will be genérated new frequencies equal to the sum and
difference of the two carriers; and also because of higher order curvature
of the amplifier tubes of the transmitter, the modulation of the undesired
station will appear on the carrier of the desired station. In addition,
sum-and-difference frequencies of each possible combination of the harmonics
of the desired and undesired station will also appear. The magnitude of
these various sum-and-difference components will depend on the selectivity
of the circuits involved.

The obvious cure of this type of cross-modulation is to prevent the
carrier of the undesired station from inducing appreciable power in the
final amplifier circuit of the desired station. This can be accomplished
by inserting filter circuits of the '"acceptor-rejector' type somewhere
between the antenna of the desired station and its final amplifier. This
type of circuitry and suitable locations for the circuits are diécussed
subsequently.

By the use of such circuits, there are numbers of broadcast stations
in the United States which regularly operate in close proximity to each
other without serious adverse effect. As a matter of fact, in an area near
Secaucus, New Jersey, there are nine broadcasting stations located in an
area of approximately 5 miles by 7 miles. A map showing the location of
these stations is attached to this reporc; It will be noted that WJRZ and

WNEW are located within approximately one-quarter of a mile of each other



and yet each is able to operate on its assigned frequency with its authorized
directional pattern without undue difficulty. To further complicate the
problem, WMCA is only approximately three-tenths of a mile from WNEW.

Of more particular interest here are the locations of WINS and WHN.
WINS operates on a frequency of 1010 kilocycles, while WHN operates on
1050 kilocycles. 1t will be noted that these are exactly the same
ffequencies on which CHUM and CFRB operate.

An investigation shows that WINS radiates in the direction of WHN
both day and night 3600 mv/m, unattenuated at 1 mile, based on its
theoretical pattern. This is considerably more than CHUM will radiate in
the direction of CFRB during daytime hours. During the day the radiation
from CHUM to CFRB is 2250 mv/m unattenuated at 1 mile. It will also be
noted that the distances are on the same order of magnitude. The distance
between the centers of the arrays of WINS and WHN is 1.93 miles, while the
distance between the centers of the arrays of CHUM and CFRB is 1.54 miles.

The installation of filter circuits such as mentioned above at the
base of the antennas of WHN was all that was required to eliminate any
cross-modulation in the transmitter of WHN. The problem did not exist in
the reverse direction since the radiation from WHN to WINS was only 245 mv/m
unattenuated at 1 mile.

It is believed that, based on the experience of WINS and WHN as well
as the experience of the other stations shown on the attached map and at
other locations throughout the United States where similar problems exist,
if cross-modulation problems of this type exist between CHUM and CFRB, they
can be eliminated by the installation of filter circuits either at the common

point position at CFRB or, if this is not sufficient, at the base of CFRB's



antennas. It is not believed that‘the nighttime operation of CHUM will
cause any difficulty to CFRB since during nighttime the radiation from
CHUM toward CFRB is only 670 mv/m unattenuated at 1 mile. Nor is it
believed that there will be any problems in the reverse direction since
CFRB will radiate only 400 mv/m during daytime hours and 100 mv/m during
nighttime hours toward CHUM.

3. Re-radiation. Of perhaps a more serious nature is the possibility

of re-radiation, particularly the re-radiation by the antennas of CFRB of
the signal from CHUM. Although an exact determination of the amount of

re-radiation cannot be given theoretically without an exact knowledge of

the antenna impedance of each of the antennas of CFRB as well as the

circuitry involved in the directional antenna system of that station, some

fidea of the order of magnitude can be obtained by considering a single

antenna at the midpoint of the CFRB array. This antenna will be considered
as identical to eéch of the antennas presently used at CFRB. The physical
height of the antennas corresponds to an estimated effective height of

48.5 meters. Since, ignoring attenuation occasioﬁed by finite conductivity,
CHUM will place an incident field at this hypothetical antenna of 1.46 mv/m,
there will appear across the base of the antenna, if the antenna is open-
circuited at its base, approximately 71 volts. If the hypothetical antenna
is terminated in its conjugate impedance, approximately 1 ampere will flow

in this antenna due to the incident field from CHUM. This 1 ampere of

current flow corresponds to a re-radiation of approximately 37.5 mv/m

unattenuated at 1 mile. While in general this small amount of re-radiation
would cause no difficulty in t he operation of CHUM, at certain bearings
where suppression is quite heavy, this ré-radiation could complicate the

adjustment of CHUM.



It should be remembered that the above value of re-radiation of
37.5 mv/m unattenuated at 1 mile is based on the daytime operation of CHUM.
During nighttime hours the corresponding re-radiation would be approximately
11.2 mv/m unattenuated at 1 mile.

These re-radiation values represent the result if the hypothetical
antenna at the site of CFRB is terminated in its conjugate impedance and
also if all losses due to finite conductivity and loss resistance of the
antenna are ignored. It is ha;dly likely that this will be the case in
practice; and accordingly, the re-radia;ion would be considerably less.
Further, the installation of the filters mentioned above in connection with
internal cross-modulation can, by open-circuiting (electrically) the
antennas to the signal of CHUM, reduce the re-radiation to a negligible
amount.

The reverse situation, that is re-radiation of the CFRB signal by the

antennas of CHUM, is much less severe due to the relatively small radiation

1£rom CFRB in the direction of CHUM. Nevertheless, if such radiation should

be a problem, filter circuits installed in the antennas of CHUM will either

minimize or elimirate the problem.

No attempt is made here to minimize the problems due to close proximity,
particularly the problem of re-radiation. In the ‘experience gained in
such operation in this country, the re-radiation problem has been by fag
the more difficult of solution. This is because the components used in
filter circuits are not pure inductances or pure capacitances. Each
inductor has some resistance and some distributed capacitance, which make

its behavior differ somewhat from that attributed to it in the theoretical

‘design. A discussion of such filter circuits follows this paragraph. As

stated above, this report does not attempt to minimize the problem but only



to point out that, regardless of the magnitude of the problem from the
theoretical standpoint or, for that matter, from a practical standpoint,
the problems have been met and conquered in this country; and stations have
been, and are, operating satisfactorily in close proximity to each other.

4. Discussion of Filter Circuits. Figure 1 on the attached sheet

shows a series circuit composéd of an inductance and a capacitance. Since
the inductance will contain some resistance, this resistance is also
indicated. 1If, at a specified frequency, the reactance of the capacitor
is made exactly equal to the reactance of the inductor (series resonant),
the only impedance which Figure 1 will present to the specified frequency
is the residual resistance.

At a frequency higher than the series resonant frequency, the circuit
shown in Figure 1 will present an impedance composed of the above-mentioned
resistance plus an inductive reactance equal to the difference in reactance
between the inductor and the capacitor. By placing a new capacitor in
parallel with this combination as shown in Figure 2 and making the reactance
of the new capacitor exactly equal to the inductive reactance at the new
frequency, the circuit will become parallel resonant at the second frequency
without in any way disturbing its operation at the series resonant frequency.
At the higher frequency the parallel resonant combination will present an
impedance considerably highef than its impedance at the series resonant
frequency. Thus, there will be a discrimination between the series resonant
frequency and the higher parallel resonant frequency.

If the second frequency is lower than the series’resonant frequency,
an inductor can be placed in parallel with the series resonant combination
as shown in Figure 3; and again the discrimination between the two frequencies

is present.
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by the Regulations of the Department of Transport and
international agreements to which Canada 18 a party.
Second, both stations will operate with 50 kw power; CFRB
so operates at the present time, and the CHUM proposal
calls for an increase to 50 kw. Third, and a matter of
principal concern to CFRB, CHUM proposes to operate with
50 kw power at a transmitter site at very close proximity
to that wheré,CFRB now operates. The distance between the
centers of the two antenna systems would be only 1.42
miles. Sb far as I am éware, this 1s a closer separation
thﬁn now obtains for any two directional 50 kw stations
anywhere in North America. The combination of the close-
ness of the two sites, the high power and close frequency
separation 1s a matter of real concern to CHFRB.

CHUM proposes to operate employing a six-tower direc-
tional antenna, which would be adjusted to provide
different radiation patterns.day and night. The 1location
of the CHUM site with respect to that of CFRB is such that
the proposed CHUM radiation patterns would lay down quite
high fields at the CFRB site. Our estimate of the fields
'to be laid down, based on measurements made by the CFRB
engineering staff, is that the CHUM field at CFRB would be
1450 mv/m day and 350 mv/m at night. These fields are suf-

ficlently high that technical measures would be required to

minimize adverse effects on CFRB.
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There are two principal effects which may occur which
are expected to require corrective measures. The first 1s
go-called internal cross-modulation, as a result of which
the CHUM program may .be heard in the background on the
CFRB operating frequency. The second is reradiation of
the CHUM signal from the CFRB towers. In this phenomenon,
the CFRB towers, in the absencc of corrective measures,
would reradi?te the CHUM signal at 1050 kc, giving rise to
distortion of the CHUM patterns, which, if unchecked,
could be quite severe.

Our analysis of the englneering problems presented
leads us to the conclusion that the control of these ad-
verse effects would require the installation of filters at
the base of each of the four towers of the CFRB directional
antenna. The need for such filters 1s recognized by CHUM
in a report for CHUM prepared by Gautney & Jones of
Washington, D. C., dated September, 1962, - The Gautney &
Jones report explains the problem in detail and discusses
several types of filters which might be employed for the
purpose.

The design of filters for this purpose 1is not a
simple matter under any circumstances. Given the combina-
tion of high power and close frequency separation, the

deslgn problem becomes extremely difficult, and filters
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empioying very large éomponents are needed., As an
example of the size of such filters, a cabinet approxi-
mately 6' x 8' x 4' is required to contain a single
filter, and this cabinét is well filled with.filter com-
ponents. It appears likely that individual filters would
be required to be installed at the base of each of the
four CFRB towers to control cross-modulation and reradia-
tion. ’

Because of the size and complexity of these filters,
extensive construction would be required at the base of

each of the CFRB towers. The installation of the filters

will disrupt the tuning of the CFRB directional antenna

for both the day and night patterns. The fllters must be

tuned for proper operation at both 1010 ke and 1050 kc,
and the tuning process, plus the requirement for the re-
adjustment of the CKFRB directional antenna array, will re-
quire CFRB to leave the air over an extended number of
nights.

Experience with the problems involved in obtaining
proper performance of antenna systems under these circum-
stances has been relatively limited, since high-power
directional operation w;th close frequency separation is
ordinarlily avoided at such short distances. A closely

comparable situatlon exists, however, at New York City,
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where Station WINS operates on 1010 kc and Station WHN
operates on 1050 kc. It will be noted that these are
the same frequencies as are involved at Toronto. Both
WINS and WHN operate with 50 kw power, and the distance
between the antennas 1s 1.95 miles, compared with a
separation of 1.42 miles between CFRB and the CHUM pro-
posal. WINS increased power to 50 kw in 1946, employing
a directional antenna pattern which lalid down a field at
the WHN antenna of approximately the same magnitude as
CHUM will deliver to the CFRB transmitter site. The
similarities of the two situations are summarized in fhe
following table:
TABLE I
COMPARISON OF

CFRB - CHUM AND WINS - WHN
TRANSMITTER SITE CONDITIONS

Toronto New York

CFRB CHUM WINS WHN
Frequencies 1010 k¢ 1050 ke 1010 ke 1050 ke
Power 50 kw 50 kw 50 kw 50 kw
Distance
between ‘
Sites 1.42 mi. 1.95 mi.
No. of
Towers in
Directional

Antenna 4 6 4 2
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would further increase the difficulty of adjust-
ing the patterns towafd these stafions.
There is a large chimney located approximately
one-half mile from the proposed CHUM antenna, in
a region of high field (3000 mv/m) for the pro-
posed daytime operation. The location of this
chimney is shown in Figure 1. This chimney 1s
capable of reradiating up to 120 mv/m; such re-
radiation, together with the problem of detuning
the CFRB array, would complicate the problem of
attaining proper adjustment of the CHUM array.
Two of the six towers proposed by CHUM will be
within a few feet of the shore of Lake Ontario.
The proposed ground system must be run down a
steep escarpment into the Lake. This topography
wlll make for antenna instabllity and pattern dis-
tortion, and will complicate the problems of
achieving and maintaining proper adjustment of the
CHUM antenna. |

Respectfully submitted,

A. D. RING & ASSOCIATES

lyéuxaxkol éj.iéﬁktdz

Howard T. Head

Registered Professional Engineer
District of Columbia
Registration No. 2521

June 6, 1963









r NOTES ON WINS PROJECT

In mid or léte 1947, I was assigned the project of satisfying the terms of our
construction permit for our Station WINS, New York City, for 50 kw. There were
four major problems: _

1. Array instability

2. Re-radiation

3. Adjustment of the WINS array

4, Cross modulation

Relative to Problem #, the phasing and matching components in the array were
designed for 10 kw operation and showed excessive heating and drifting at 50 kw.
New components were designed and coﬂstructed in Crosley's Engineering Shop in
Cincinnati, In early 1948, I personally moved to New York City as Resident
Project Engineer. All components in the array were replaced with the newly

designed Crosley-built components,

Relative to Problem #2, we determined through helicopter measurements that the
re-radiation from the WHN array was approximately 90 mv/m at a mile which was
far in excess of the required protection nulls of the WINS array. Because of
the vast swampland in the area of the transmitter location, it was necessary

to resort to helicopter measurement techniques. A technique was developed to
measure the re-radiation field when immersed in a direct radiation field of
approximately 1.6 volts per meter. This was accomplished by measuring space
standing wave pattern caused by the direct radiation field and the re-radiation
field along several radials from the re-radiation source. High "Q" filters or
traps were designed to control the base termination of the WHN towers to control
the current distribution from the induced field. Adjustments were made on the

traps on each of the two towers, and radial measurements of the space standing
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-ve patterns were made for each adjustment. After many months of experimenting,
it was found that an optimum adjustment could be reached which appeared to

suppress the re-radiation.

The WINS array was then adjusted to conform as closely as possible to the
theoretical design value. Because of other re-radiation sources, such as a high
tension line running through thelmajor lobe and back into a protection null
radial direction, the towers of the WOV antenna system and the towers of the
WBNX array, it was found impossible to meet the WINS protection requirements. A
study was then made to attempt to adjust the WINS array from field measurements
within a few hundred féet of the towers. This was done by accurately locating
measuring points with a surveyors transit, accurately determining distances to
each element of the array and accurately calculating the vectorial sum of the
four field vectors at these close-in locations. After completion of this phase,
it was felt that the WINS array was performing as close as possible to theoretical
values. However, the field along the required protection nulls would not meet
specifications. Filters or traps were designed for the towers of WOV and WBNX
in order to adequately suppress re-radiation. Helicopter measurements were also

made to determine the degree of improvement.

After installation of the traps in the WHN array, it was found that we had an
increased problem of cross modulation between WINS and WHN. This was caused by
the impedance of the traps at the WINS frequency creating a termination on the
WHN transmission lines at 1010 kc which resulted in transformer action through
the WHN transmission lines and caused a high voltage node at the ﬁransmitter
output. Since the WHN transmitter used overall R,F. feedback, this undesired
1010 kc voltage was demodulated by their feedback rectifier and fed back through

the system which resulted in cross modulation. It was found necessary to install
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ENGINEERING SUBMISSION PREPARED BY J. GOKDON ELDER

ON BEHALF OF STOREK RADIO INC,

1-INTRODUCTION

The investigation described in this report was under-
taken on behalf of Storer KRadio Inc., licencee of station WHN,
New York. It was carried out by the writer, with the coopera-
tion of their consulting engineers, A, D. Ring and Associates.
It is understood that, commencing in the fall of 1964, objec-
tionable skywave interference has been received consistently,
within the 3 mV/m night limitation contour of station WHN. Qur
investigation was initiated after the interference had been
traced to station CHUM, Toronto, Ontario. This station also

operates on 1050 kc/s and increased power to 50 kW last summer.

2-0BJECTIVE

The principal requirement was to establish the radi-
ated field from CHUM's night time pattern towards WHN's pro-

tected contour.

3-DISCUSSION

GENERAL
CHUM's antenna site is located on the shore of Lake
Ontario, such that the critical arc of 115° - 126° is entirely
over water for the first thirty miles or so. Even in mid
wihter the lake does not freeze over more than a short distance

off shore. Most measurements had therefore to be made by boat

or helicopter.

All field intensity measurements were made on a Nems

Clarke 120E field intensity meter, serial number 824. ' During
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1964, readings obtained from this instrument were compared with

those from new and recalibrated 120E's, which confirmed its
accuracy.

‘The first set of CHUM measurements was taken on the
22nd November 1964 and the last set on the l4th January 1965.
Normaily, all small boats are removed from the lske during
November, to avold ice damage. It was therefore very difficult
to obtain one for this project. Time was lost waiting for calm
water and good visibility. By late December, hull insurance
was extended on a daily basis depending upon weather conditions.

Canadian air regulations prohibited night flying in
the helicopter, therefore tests had to be completed within half
an hour after dusk.

when using the field intensity meter, it was always
positioned with the plane of its loop antenna in line with the
object under test to obtain maximum signal pick-up from it.

In planning the various measurements on 1050 kc/s,
it was recognized that skywave interference from WHN could

cause appreciable errors in the measurement of low field inten-

~sities. Based upon the curve in Appendix E of NARBA, the in-

terference is predicted to exceed 1.75 mV/m for 10% of the time.
Accordingly, measurements were made as soon as possible after
dusk and CHUM's pattern change, in the hope that the interfer-
ence would not have built up to its fuli night time value. The
level was assessed from time to time, as mentioned later. (No
sizgnificant fading was noted except in the case of some of the

lakeshore measurements, as noted on table 10).
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The complete programme of measurements will now be

described, under four maln headings.
3(a) BOAT MEASUREMENTS
Reference: Tables 1 - 3; Figures 1 - 4

- Three sub radials were run on the 26th November, on
true bearings from the array of approximately 115°, 120° and
125°, A twenty-six foot wooden hulled cabin cruiser waS'used;
With a constant engine speed of 1250 rpm, an actual speed of
about 7 mph was obtained. The speed was later checked over a
measured course. The compass was recalibrated and had an ac-
curacy of t1°,

Each radial was commenced at a range of three to four
miles from the CHUM array. Cross bearings were first taken on
prominent landmarks using the hand-held prismatic compass. CHUM
towers 2 - 6 and 3 - 5 were in line for the 115° radial and
towers 3 - 6 were in line for the 125° radial.

The field intensity meter was hand-held, in the open
stern of the boat, Readings were usually taken at two minute
1ntgrvals.

Additional measurements were made on the 28th December
from a steel hulled boat. It is approximately forty feet long
and does not have a mast or other superstructure.

A radial was commenced at a range of about ten and one

half miles. The field intensity meter was mounted on wood four

feet above the bows. Measurements were made from 6.21 P.M. until

7.46 P.M., normally at one minute intervals, with the instrument
orientated for maximum direct signal from CHUM. It was also
nulled on the desired signal occasionally, to assess the level

of skywave interference plus reradiation.
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Close in transverse measurements were taken after com-
pleting the radial. The 120E was mounted on a box near the stern
of the boat. Readings were commenced broadside to the array on a
bearing from it of 136° true. The boat was steered towards the
Lakeview generating station on an approximate heading of 029°
true. The estimated disténce from the array varied from 1.4 to
1.65 miles, subject to an estimated error of 0.2 mile or less.

The bearing error is about 12°,

3(b) HELICOPTER MEASUREMENTS
Reference: Tables 4 - 7; Figures 4 - 7
A Bell 47-G4 machine was employed. It was first es-
tablished that proximity to the engine etc., introduced errors
of $10% or less when measuring field intensities on 1050 kc/s.
Radial and cross minima transverse paths were followed
on the 17th December. Navigation was a problem due partly to a

20 mph westerly wind and to the lack of sights on the helicop-

N

ter's compass. The errors in distance and bearing measurements

s

were estimated to be 157 and %2° respectively. Navigational

.

details are as follows:

Radial Transverse
Indicated Air Speed 65 mph 70 mph
Ground Speed 45 mph 85 mph
Heading - 035° true
Wind west 20 mph west 20 mph
Course 297° true 045° true
Altitude above Lake Level 50' - 100 100" - 200'
Frequency of Readings 80 per mile 43 per mile
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The radial was run on an approximate bearing from the
- array of 117° true and commencing at 13.5 miles from it. The
cross minima commenced about five miles south of the array. A
heading of 035° true was followed until readings indicated that
we wére.eﬁtéring the main lobe of CHUM's pattern.

The output of the field intensity meter was fed via
a differential amplifier to a Rustrak Model # 88 strip chart re-
corder. A chart speed of one inch per minute was used. The re-

' corder and amplifier were powered by an ATR Model 28URSF Inverter.
AJN&M*NMLThe system was chééied periodically against a 4.0 volt reference
mercury battery.

Additional measurements were taken on the l4th January
of the vertical radiation pattern within the critical arc. Dis-
tances were estimated from cross bearings taken on prominent

3(?\ | landmarks, with the recalibrated hand-held prismatic compass.
The wind was north westerly and gusting at 15 - 30 mph. Since
a steady rate of descent would have been difficult to maintain,
field intensity recordings would have been less reliable than

dirgct readings. These were taken at definite altitude incre-

- INKEOLA ~ -_' -

ments.

3(c) Lakeshore Measurements
Reference: Tables 8 - 10; Figures 9, 10
The first measurements for this project were made on
CHUM's signal, just before and after pattern change on the 22nd
November. Unobstructed locations were chosen near the lake im-
medlately west of Nliagara-on~-the-Lake. Averaged cluster readings

— were used in all cases.
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- 4(b) HELICOPTER
Reference: Tables 4 - 7; Ilgures 4 - 8

The radial of figure 5 yields a radiated far field
equivalent to about 150 mV/m at one mile. All plotted points
are representative and all significant maxima and minima are
shown.A This can be verified by reference to the strip chart
of recording of figure 6. Results are in satisfactory agreement
with those obtained by boat. The recording system operated re-
liably throughout these tests.

Evidence of reradiation is quite apparent, but due to
proximity to the various sources of reradiation, an exact analy-
sls of it does not seem possible. The measured distances between
successive deep minima are 0.3 and 1.15 mile. Based upon this
and the results of the reradiation tedts, one may conclude that
the first pair are caused by the chimney and the second by CFkB's
array. On 117° true from CHUM's array, the calculated effective
distances from them are 0.39 and 1.06 mile respectively.

Rased on the transverse measurements of figure 7, the
radiated field towards WHN ie about 100 to 120 mV/m, which con-
fir%s previous measurements, |

For the vertical pattern méasurements, the horizontal
distances from the CHUM array of two and four miles are some-
what pgreater than intended due to wind drift, The maximum eleve-
tion angle of 21° is therefore less than the maximum critical
value of 24,2° on 120° true. The maximum radiation towards WHN's
3 mV/m protected contour appears to be 90 mV/m or 2.5 times the

permissible value, on about 120° true.

LS A



Page 9

4(c) LAKESHOKE
Reference: Tables 8 - 10; Figures 9, 10

The original Niagara-on-the-Lake measurements were
taken in November. ‘For their analysis,'Lake Ontario was as-
sumed to have a condvctivity of 15 mmhos/m and a dielectric
constant of 15. 15 mmhos/m is the nominal value shown on the
Department of Transport's provisional ground conductivity map
dated June 1, 1960, A dielectric constant of 15 is assumed in
Appendix I of NAKBA and in most propagation work involving the
standard broadcast band.

The 'January radial measurements on station CJBC are
plotted in figure 10, together with relevant attentuation curves
copied from graph 9, Appendix I of NARBA. This method of analy-
sls ylelds a lake conductivity value of about 8.5 mmhos/m.

A more exact analysis could have been made, sssuming
a dlelectric constant of 80. The technique is described in
section 3,184 of the Federal Communications Commission's Rules
and Regulations, volume III. However, use of the approximate
method is considered to be fully justified in this case. The
reéﬁlting error in calculating the radiated field on 1050 kc/s
is insignificant.

The January measurements on CHUM confirmed and extended
those made during November. Based upon the lower value of lake
conductivity, the apparent radiated field froﬁ CHUM's night
pattern towards WHN's protected contour is in the range 120 to

550 mV/m. This is from 2.4 to 11.5 times the theoretical value.
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reradiation from CFRB's array, the point of measurement should be

ten to twenty miles saway. The rapid change in apparent radiation

versus bearing, observed during the lakeshore measurements, may

also be attributed to the wide spacing betweén CHUM's radiators

and reradiétors. For a spacing of eight wavelengths, the average

_angle Between nulls or minima is about eleven degrees of'ézimqth,

It is understood that during CHUM's prelihinary proof

6f'performance, little if any reradiation was noted from the tall

chimney or from CFRB's towers and that consequently, detuning was

not considered
radiated field

ney are of the

field over tpe

‘pression could

radiators were

necessary. However, our results show that the re-
measured from CFRB's arfay and from the tall chim-
same order of magnitude as the permissible radiated
critical arc. We believe that the required sup-
not be achieved or maintained unless these re-

carefully detuned. Other shorter structures may

also require detuning. Some pattern distortion may be unavoid-

able due to shoreline refraction.

Based on the data contained in this report is seems

probgble that,

as presently adjusted, the CHUM array would not

devélop the authorized pattern, even after detuning of the re-

- radiators. This situation may have existed on completion of

the proof of performance. Alternatively, it may have arisen

“'due to subsequent changes in the system or damage to it.

.
ARG TN LS
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6-ENGINEER'S SEAL AND_SIGNATURE

This report is respectfully submitted by the under-
signed, a Canadian consultant practicing in the fleld of

broadcast engineering.

221§2%a<$a4//'3352;55/~’
a4

J. G. ELDER, P. Eng.

Subscribed and sworn to before me f7/ ’//
RN Yy
on this 22ud day of February 1965 e

L. M. FINDLAY, G. C.
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FEDERAL COMMUNICATIONS COMMISSION e
WASHINGTONQED. c. 20554

ADDRESS ALL COMMUNICATIONS
TO THE SECRETARY

March 1%, 1965

IN REPLY REFER TO:

8850

Mr, F. G, Nixon

Director, Telecommunications &
Electronics Branch

Department of Transport

Ottawa, Ontario, Canada

' Dear Mr, Nixon:

This refers to the operation of Station CHUM, Toronto, Ontario,
on 1050 ke/s with 50kw power and a direetional antenna (DA-2) as notified
in Canadian Change List No. 177 dated May 7, 1963,

In a telegram dated July 17, 1963, the Commission advised that
it would object to the supplementary information supplied for Station
CHUM because of objectionable daytime interference to Station WSTS,
Massena, New York,

As a result of the Commission's objection a modification of
the CHUM proposal was supplied in the form of a technical brief for
comment with your letter of August 2, 1963, In a telegraphic reply dated
August 13, 1963, the Commission advised that the revised proposal appeared
to provide adequate protection and that notification of the revised
pattern would resolve the Commission's objections, 1In the meantime an
official objection was registered with the OIR/PAU pending notification
of the modification. It is to be noted that we have no record that the
modification was ever notified and the official objection remains out-
standing,

At this time we are in receipt of letters dated March 9, 1965,
and a supporting Engineering brief on behalf of Station WHN, New York,
New York, copies enclosed, which appear to indicate that the nighttime
directional antenna for Station CHUM does not reproduce the theoretical
pattern in actual operation, and that interference is caused to the
service of Station WHN in excess of that permitted by the NARBA,

- Your early comments would be appreciated,
Very truly yours,

G A 85

Ben F, Waple
Secretary
Enclosure
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Storer Sutte 711 Madison Building
O onurany C 1155 - 15th Street. N. W. Washington. D. C. 20005
Telephone 296-7453

WARREN C.ZWICKY March 9, 1965

WASKINGTOM STAFF COUNSEL

Mr. Ben F. Waple

- Secretary

Federal Communications Commission
Washington, D. C. 20554

Ré: Station WHN, New York, New York
Dear Mr. Waple:

This will supplement the letter dated and filed by this office October 2, 1964,
which requested that the Commission communicate with the Canadian Govern-
ment looking toward the taking of such steps as may be necessary to ensure
that the increased-power operation of Station CHUM, 1050 k¢, Toronto,
Ontario, complies with its notified specifications and provides the protection
to co-channel Station WHN, New York, New York, as required by NARBA.

Transmitted herewith are the reports of two engineering consultants retained
to make studies of the CHUM operation as related to WHN protection require-
ments. The Report of Mr. J. Gordon Elder, of Elder Engineéring Ltd., King
City, Ontario, describes and sets forth the results of an intensive program

of measurements made in Canadian territory by boat, helicopter, and on land;
the Report of Mr. Howard T. Head, of A. D. Ring and Associates, analyzes
the Elder data and adds a description of field strength recordings made under
" Mr. Head's instructions within the WHN nighttime theoretical interference-
free service area.

Both Engineering Reports conclude that the radiation from CHUM toward WHN,
as indicated by the Elder measurements, is far in excess of that allowable
under NARBA. The helicopter measurements, for example, indicate that the
radiation at the pertinent vertical angle toward WHN is double the allowable
value. And, as suggested in Mr. Head's Report, the actual radiated field at
greater distances toward WHN may be even higher than that indicated by the
measyrements, because of reradiation from objects with a relatively wide
separation from the CHUM antenna.



Mr. Ben F. Waple -2 - March 9, 1965

This tends to be confirmed by the field strength recordings made in the WHN
service area, which, for the eleven periods recorded, showed medians ranging
from 150 uv/m to 550 uv/m (with an average of 275 uv/m) as opposed to the

16 uv/m median value to be expected if the CHUM antenna were properly ad-
justed. 1t is also confirmed by day-to-day listening experience of WHN per-
sonnel residing within the nighttime calculated interference-free contour, who,

'if desired by the Commission, could supply affidavits attesting that CHUM's

music and talk programming creates an almost constant and extremely annoy-
ing background disruption to WHN's nighttime service.

While the field strength recordings and listening experience within WHN's
service area are not intended to be probative in themselves, they provide
meaningful corroboration of the measurement data and conclusions set forth
in the accompanying Engineering Reports.

In its July 2, 1963 reply to our letter requesting an objection to the original
notification of the proposed CHUM power increase, the Commission indicated
that all parties would be entitled to rely on the Canadian Administration to
ensure that its notified assignments would provide in practice the protections
required under NARBA. The material furnished herewith shows such protection
not to have been achieved. Accordingly, in order to eliminate an extremely
serious interference situation, it is again respectfully requested that the Com-
mission communicate with the Canadian Government looking toward the taking
of such steps as may be necessary to bring CHUM's operation within its
notified specifications and the requirements of NARBA.,

Very truly yours,

N &

Warreq C. Zwicky

Enclosures



F 7 ¢N

TELEPHONK
298-6080
ARKA CODK 202

A.D. RING & ASSOCIATES

CONSULTING RADIO ENGINEERS

17010 H STREET, N. W. CABLE ADDRESS:
RINGCO
WASHINGTON, D. C. 200086 WASMINGTONDC

A.D.RINO

HMOWARD 7. NEAD

March 9, 1965

MARVIN SLUMBSERO

City of Washington
88
District of Columbia

Howard T. Head, being first duly sworn, upon oath
deposes and says that he 1s a consulting radio engineer,

a partner in the firm of A. D. Ring & Assoclates, with
offices at 1710 H Street, N.W,, Washington, D. C. He
is a registered professional engineer (Reg. No. 2521)

(~ in the District of Columbia. His qualifications as an
engineer are a matter of record with the Federal Communi-
cations Commission.

The firm of A. D. Ring & Assoclates has been retained
by Storer Radlo, Inc., licensee of Standard Broadcast Sta-
tion WHN, New York, N. Y., to make engineering studies of
possible obJectionable 1nterference to WHN arising from .
the operation of Station CHUM, Toronto, Ontario,

WHN is a Class II station licensed for operation on
1050 ke with a power of 50 kw, unlimited time, DA-1l, Sta-
tion CHUM 18 also a Class II statlion operating on 1050 kc.
Prior to August, 1964, CHUM operated with a power of
5 kw day, 2.5 kw night, DA-2. About August 24, 1964, how-

ever, CHUM shifted operation to a new transmitter location,
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increased power to 50 kw both day and night, and instal-
led a new directional antenna system for 50 kw operation,
employing different radiation patterns for day and night
use.

Shortly after CHUM began operation with increased
power, reports of interference to WHN from CHUM were re-
ceived., Investigation of the situation indicated that
at several locations within the WHN calculated nighttime
interference-free contour, CHUM could be heard in the
background,’ frequently to an annoying degree. In view
of these findings, 1t was decided to undertake a thorough
investigation.

Storer engineers set up field strength recording
equipment at locations inside the calculated WHN night-
time interference-free contour, and the services of
Canadian engineer J. Gordon Elder, of Elder Engineering
Ltd., King City, Ontario, were retained to make field
studies of the CHUM signal in the immediate vicinity of

the new CHUM antenna location. The results of Mr. Elder's

studies are contained 1n a separate report dated February 22,

1965, which accompanies this affidavit.

The distance from CHUM to WHN 1s 340 miles. The cal-
culated nighttime interference level (second-hour) of
WHN 18 3.5 mv/m, resulting from Station XEG, Monterrey,
N.L., Mexico. Applylng the NARBA Engineering Standards,
it 1s found that the radiation from CHUM toward WHN at the

pertinent vertical angle must not exceed 41.5 mv/m inverse
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at one mile at the angle of highest suppression. Suppres-
sion of approximately the same magnitude must be maintained
over a range of azimuthal angles from 114.5° to 126° True,
and over a range of vertical angles from 12.3° to 24.,2°
above the horizontal.

It will be noted from the Elder report that all of
the measurement data indicate radiation from CHUM toward
WHN far in excess of that capable of causing serious objec-
tionable interference to WHN. His boat measurements
(Pigures 1-4) show values of radiation ranging as high as
180 mv/m inverse in the horizontal plane, and helicopter
measurements (Figure 8) show radiation at the pertinent
vertical angles of over 80 mv/m. A value of 80 mv/m at
the pertinent vertical angle toward WHN would be capable
of raising the WHN nighttime RSS limitation from 3.5 mv/m
to 4.67 mv/m.

Field strength recordings made by the Storer staff in-
side the WHN normally-protected contour also show a much
higher level of received skywave filelds from CHUM than
would be expected. For example, the calculated median
field strength from CHUM, assuming the proper adjustment
of the CHUM directional antenna, should be approximately
16 uv/m. However, during a total of 11 quarter-hour record-
ing periods, during which the CHUM skywave signal was re-
éorded, an analysis of the recording tapes shows received
median quarter-hour values ranging from 150 pv/m to
550 uv/m, with an average medlan value of 275 uv/m. If these
values are representative of the actual expected CHUM skywave

fields, they would result in a ten percent skywave limitation
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imposed on WHN to approximately the 10 mv/m contour.

| Actually 1t 1s difficult to establish precise values
of radiated field from CHUM toward WHN, and the actual
radiated signal may be even higher than indicated by the
Elder measurements. This arises by reason of the fact
that much of the distortion of the CHUM pattern appears
to be caused by reradiation from a large chimney at a dis-
tance of 0.48 miles from the CHUM antenna, and the four
towers of the CFRB directional antenna (1010 ke¢) at a dis-
tance of 1.42 miles from the CHUM antenna. This relatively
wide separation from the CHUM antenna results in a standing-
wave pattern produced by slow relative phase changes in the

reradiation from the chimney and from the CFRB antenna as

- one proceeds outward along a radial route from the CHUM

antenna, as well as a very close-spaced series of maxima
and minima for bearing changes on the order of only 2°.

For example, the alternate minima and maxima shown on

‘Figures 1, 2, 3, and 5 of the Elder report can be explained

with relative ease by assuming the presence of a fairly
large reradiated component from the CFRB towers. The rapid
changes with small 1increments of azimuthal angle appear in
Elder's Figures 4 and 7. This effect is so large, however,
that it becomes quite difficult to determine from the

Elder data the extent to which the excessive signal from

CHUM toward WHN is the result of the reradiation alone, or

the fact that the CHUM antenna may have been adjusted in an
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attempt to compensate to some extent for the reradiation
effects. |

In order to establish the protection from CHUM toward
WHN, 1t will first be necessary thac the reradiation from
the chimmey, from the CFRB towers, and from any other sig-
nificant sources of reradiation be reduced to a negligible
value. The CHUM antenna must then be readjusted so as to
produce the calculated radiation pattern toward WHN. As
will be noticed from the Elder repoft, the presence of
Lake Ontario directly toward New York City will require
more than the usual attention to techniques for measuring
the radiation along the bearings toward WHN.

Affiant states that the calculations and exhibits in
this report were made by him personally or under his direc-
tion and that all facts contalned herein are true of his
own knowledge except where stated to be on information or
belief, and as to those facts, he believes them to be

true.

Upured 9. et

"Howard T. Head, Affliant

Subscribed and sworn to before me this 9th day of March, 1965.

otary

My Commission expires: March 31, 1968
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