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In the Matter of

AMENDMENT oF FPart 73 or 1HE COMMISSION’S
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MEOQOV Concepr, & STanparp Meraop For| f o 00 506
CALCULATING RADIaTION FOR Ut 1w Evarno- ocket No. 16222
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THE STANDARD BROADCAST SERVICE

Rerorr awn Oromr
(Adopted Japuary 13,1971 ; Released January 18, 1971)

By rman Commrssion: CosvisstoNner H. Rex Ler assent; Comagis-
s1oNER HOUSER NOT PARTICIPATING.

1. Having fully considered the comments filed in response to a
Notice of Propesed Rule Making issued in this proceeding in October,
1965, the Commission, on November 19, 1969, adopted a ITurther
Notice, which embodied a proposed disposition of this matter sub-
stantially at variance with that set forth in the original notice. New
comments were requested on or before February &, 1970, and reply
comments oxn or hefore March 13, 1970. Those dates were subsequently
extended to Aprii 9,1970 and May 13, 1970.

2. Tn the Further Notice, the Commission propesed that for deter-
minations of service provided and interference caused by a station
utilizing a directional antenna, the basic radiation pattern employed
be one in which the radiated fields, theoretically determined with a
loss resistance of not less than one ohm assumed at the current loop
of each array element, would be enlarged by two factors, one of which,
& value equal to 3 percent of the root sum square of the fields of the
individnal eleirenis, or 6 millivolts per meter, whichever was the
greater value, multiplied by the vertical field distribuiion factor £ (#)
for the shortest element in the array, would be added in quadrature to
the theoretically determined radiation, and the other, equal to 5 per-
cent of theoretically determined field in each direction, multiplied
by £ (8), as defined above, would be added linearly to the field in that
direction. It wounld require that the RMS of the patiern meet the
requirements of 73.189(b) (2) of the rules, and specific justification
by the pattern designer, if a loss resistance greater than one ohm
wera utilized in the computation.

3. Measured fields could not exceed those indicated by the radiation
pattern computed as described above. If this nevertheless occurred,
these alternative procedures were to be followed, as appropriate:
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(1) If a measured field in excess of that depicted on the pattern re-
sults in interference to any other station, the input power to the
antenna must be reduced, to limit the measured fleld to the level
depicted on the pattern, or

{2) 1f the excess radiation does not result in shjecticnable inter-
ference, a modified pattern must be submitted encompassing all meas-
ured fields, which will replace the original pattern for all service
and interference determinations.

4. The Commission indicated its intention of adopting a procedure
proposed by the Association of Federal Communications Consulting
Engmeers {AFCCE) and outlined in Appendix B to the Further
Notice, to be employed by applicants where 1t is desirable or necessary
to expand the basic pattern in particular directions.

5. In its comments, AFCCE had proposed when a proofl of per-
formance is made of a directional array, that the final result be sub-
mitted to the Commission only as a tabulation of measured values. A
measured pattern would not be required. It suggested this procedure so
that there would be, for each station employing a directional antenna,
only a single radiation pattern available for each mode of directional
operation, and confusion would be avoided as to the pattern to be
employed in studies involving that station. The Commission did ndt
adopt this proposal, noting that its Implementation would leave the
Commission without a readily available means for determining
whether each station, in actual operation, is providing the minimum
required service (there may he cases in which the measured fields fall
seriously below the fields depicted on the proposed pattern). Further
cominents were requested on this aspect of the matter.

6. While the Further Notice proposed that a modified pattern for
an existing station be prepared in general accordance with the pro-
cedures specified for new stations, it discussed the circumstances under
which departures from this procedure might be desirable or necessary.

7. With respect to proposals that we, in eflect, establish two patterns,
one to which the operating fields would be adjusted, and a sec-
ond, somewhat larger pattern for service and interference determina-
tions—in this way providing for inevitable fluctuations of measured
fields, especially in pattern minimums, about the adjustment values, we
emphasized that we expected patterns would be designed providing a
reasonable tolerance, in each protected direction, between the com-
puted fleld and the maximum permitted field in that direction, to pro-
vide for day-to-day operating variations. Where these tolerances were
unduly small, we would require a gpecial showing of means by which
the radiated fields would be maintained close to their computed values

8. Finally, we indicated the conditions pursuant to which we might
conternplate a waiver of the proposed rules to permit the employment
of radiation patterns depicting radiated fields lower than 3 percent of
the RSS of the array fields.

9. We have recelved timely comments in this proceeding from the
following parties: Columbla Broadeasting System, Inc. (CBS);
Robert A. Jones, Consulting Engineer (Jones); Asscciation of Fed-
eral Communications Consulting Engincers (AFCCE): A. D. Ring
and Associates (Ring) ; Clear Channel Broadcasting Service (CCBS) ;
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Association on Broadeasting Standards, Inc. {ABS) ; A Ear} Cullum
and Assoctates (Cullum) ; and WCAT, Ine, (WCAR).

The majority of thoge commenting agree generally with the pro-
posals set forth 1n the Further Notice, but modifications or additions
are suggested by several of the parties. A number of the matters
raized can be disposed of rather simply, and we will address ourselves
to these initially.

10. First, we note that AFCCE suggested the need for a better defini-
tion of terms. “For example, the distinction between the theoretical
and computed pattern should be clearly defined.” We have heretofore
used the term “computed pattern” to describe the radiation envelope
obtained by adding to the theoretical pattern linear and orthogonal
components of specified size. However, the theoretical pattern is
obviously a “computed” pattern, and we recognize that the continued
usge of the term to identify the enlarged pattern may lead to misunder-
standings. Accordingly, we have derided to use the terms “standard
pattern” or “standard radiation pattern” interchangeably to identify
the enlarged pattern. These terms are deiined in the appended rules,
will be used henceforth in our discussicn of this matter, and will be
substituted for “computed pattern” when we summarize comments.

11. In setting the size of the orthogonal component as 8 percent of
the RSS of the fields of the array, we, in effect, accepted the radiation
“floor” of 3.5 percent of the theoretical pattern RMS proposed by
AFCOE and somewhat arbitrarily set the RSS component at a lower
figure in recognition of the fact that, in the majority of arrays, the
RSS exceeds the RMS value. While ABS and CCBS * accept the 3 per-
cent figure, AFCCE and Cullum both suggest that the differential may
be more precisely determined—that the median ratio of RSS to RMS
for a large number of existing arrays which they have studied is
14, Accordingly, an appropriate value for the orthogonal component
is 3.5/1.4, or 2.5 percent of the array R33. Jones opposes the setting
of any minimum radiation level based on the array RSS.

12. Jones is alone'in his position on this point. We will accept the
modification offered by AFCCE and Cullum and establish the size of
the orthogonal component as 2.5 percent of the array RSS2

13. Several parties point out that we have proposed an absolute
floor on pattern radiation of 6 mv,/m, swithout regard to station power;
while this is a satisfactory value for 1 kilowatt, it may be inadequate
for stations of higher power. Ring notes that for array designs having
RSS/RMS ratios appreciably less than 1 and powers in excess of 1
kilowatt, & minimum of only 2.5 percent of the RSS of the array may
represent a value, which, in practice, is too low to be achieved and
maintained. For such cases, a higher floor should be provided. It sug-
gests, as do others, that the 6 mv/m value be multiplied by the square
root of the station power expressed in kilowatts, that is, the orthogonal
component he 2.5 percent of the array BSS or 6/Pkw, whichever is
higher (either, of course, multipled by f (6) for the shortest tower in

1 pat for the limited purpose of establishing tbe radiation pattern by conventiomal
methods. See dizcusgion of CCBS, pp. 10-11. .

z fWhile it may be obvious, weé think it well to emphasize that the R85 value to be
employed in the determination of the size of the orthegonal component is from the element
field amplitiedes whick prodizce the theorefical pattern.
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the array). Adoption of this standard would mean the setting of a
radiation floor as low as 3 mv/m for stations with power of 250 watts,
whereas, inder the Commission’s proposal, the lowest permissible radi-
atlon from a station of this power would be 6 mv/m. While we are
persuaded of the general desirability of relating the radiation floor to
power level, our examination of numerous proofs of performance has
convinced us that inverse fields from a directional antenna appreciably
below 6 mv/m are extremely difficult to establish accurately, and to
mamntain by monitoring observations. Accordingly, the rules which we
adopt set a 6 mv/m minimum for powers of 1 kilowatt and less, with
this figure multiplied by the square root of the power in kilowatts for
higher power levels.

14, There is rather gemeral agreement that, in the design of the
theoretical pattern, a minimum loss resistance of one ohm should be
assumed at the current loop of each array element with the option of
employing a higher loss resistance, if such use is supported by an ade-
quate technical justification. Jones renews his arguments, advanced
in the original proceeding, that in some arrays effective losses would be
overstated with the one ohm allowance, and measured patterns may
exceed the standard patterns in size in such instances. While there 1s
some justification for assuming a simaller loss resistance for short
towers (less than 90 degrees mm electrical height}, we see little need,
even in such cases, for assuming a loss resistance of less than 1 ohm.
We are providing, in the standard pattern, a 5 percent increase over
the theoretical pattern size, and are specifying that the loss resistance
be assumed at the base of towers less than 90 degrees In electrical height
{in such towers the effect of the loss resistance will be less than if added
at the current loop). With these provisions, it appears unlikely that
the effect Jones sees will oceur,

15. We are adopting the AFCCE procedure, set forth in Appendix
B to the Further Notice, for augumentation of the standard pattern.
This procedure would normally be applied in the development of a
modified standard pattern, which will encompass measured fields where
these fields exceed the levels depicted on the original standard pattern
in one or more specific directions. However, 1t 1may also be appropriate
for application to the original pattern, where, for instance, it 1s desired
to provide additional fill for one of two symmetrical nulis.

16. Ring argues that there 1s little justification from an engineering
standpoint, and no useful purpose will be served by the addition of a
“pateh” to the radiation pattern where the measured field exceeds the
pattern in a direction where there is no protection requirement, and
such an uncorrectable excess should be ignored in the allocation process.

17. This argument appears to overlook the fact that the standard
pattern established for each station defines, at the same time, not only
the limits within which the station must operate, but also the rights
of the station to radiate specific flelds in specific directions. While
interference considerations may place no limit on. the inverse field pro-
duced by a station in a particular direction at the time the station is
authorized, the value of this field may become critical if a new station
is subsequently assigned to the channel in that direction from the
existing station. The new station enjoys protection from the existing
station based on the radiation shown on the existing station’s pattern.
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If we followed the procedure advocated by Ring, the existing station
may have been allowed to radiate more in that direction than the stand-
ard pattern depicts. While the excess radiation, from an engineering
standpoint, may not have significant praetical impact, it is quite clear
that, shonld the existing station ever have occasion to make 2 new proof
of performance, it would be required to lower its inverse field toward
the new station to the standard pattern value. Since the excess field
was originally permitted only because it could not feasibly be separately
reduced, the only recourse to the existing station at that point might
be to reduce the input power to its antenna, with a consequent overall
reduction in pattern size. Had the existing station been permitted to
modify its standard pattern to include the excess radiation at the time
it was first discovered, the latter restriction might have been avoided.

18, Thus, while we concede the validity of Ring’s technical criticism,
we find that from practical and legal standpoints we must apply tech-
niques to insure that the standard pattern mncludes all measured fields.
(It measured fields systematically exceed pattern fields, a modified
standard pattern somewhat Iarger than the orginal may be employed,
it interference considerations permit; otherwise, input power to the
antenna must be reduced to restrict critical measured fields to the
pattern values. However, where excess fields are measured only in
Iimited pattern sectors, the application of the AFCCE “patch™ would
appear to be the most feasible solution of the problem.)

19. AFCCE is the only party who responded to our reguest for com-
ments on its proposal that the end result of a proof of performance
of a directional antenna be submitted to the Commission in the form of
a tabulation of measured fields vs. azimuths—no graphical representa-
tion of the pattern would be supplied. The principal advantage to be
derived from this procedure would be that possible confusion as to
the radiation pattern which should be employed would be avoided,
since €ach statlon’s file would contain only its standard pattern.

20. Qur concern with the employment of this procedure was ex-
pressed in connection with the question of whether there should be a
Hmit placed on the minimum size of the measured pattern, envisaging a
situation where the measured patterns might be so small that the actual
coverage of a station falls seriously short of that predicted.

21. In the rule amendments outlined in the Further Notice, we pro-
posed to reguire that the measured pattern have an RMS value at feast
as great as that gpecified in Section 73.189 of the rules for the class
of skation proposed. Cullum suggests that we stipulate that the meas-
ured RMS value equal or exceed the requirements of 73.189, or be at
least 90 percent of the RMS of the standard pattern.

22. AFCCE nrges that “it is unlikely under the stricter reguire-
ments instituted in recent yearsz on proofs of performance that one
would encounter abnormally distorted patterns affecting RMS and
coverage, As the FCC itself points out, most distortions of the nature
that greatly affect the RMS are more due to ‘faulty analysis and
meagurement procedure’. In any event, if the Commission desires to as-
certain the coverage actually achieved by a station, it can be deter-
mined from the measured data.”

23. As AFCCE states, the measured RMS value and the coverage
produced by the measured fields can be determined from the measure-
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ment data.* The question is largely one of convenience. The availability
of a measured pattern makes it easy to determine whether a serious
departure from the standard pattern has occurred. We agree that
under present procedures {and with the accumulated esperience of
engineers designing directional antennas) major discrepancies do not
often ocenur. In recent years, such differences have usually resulted from
the inadequate assessment and control of the losses occurring In antenna
designs having high RSS/RMS ratios.

24, Because major discrepancies occasionally do occur, we cannot
subseribe to AFCCE’s position that we may safely assume that each
measured pattern will be of adequate size. Therefore, while we will
no longer require that a measured pattern be furnished in connection
with a proof of performance, we will expect that a statement of the
RMS value of such a pattern be included in the submission.

25. As to the minimum acceptable level for the measured RMS, we
realize that for many arrays the predicted RMS field substantially
exceeds that required by § 73.189, and an operating array which meets
only this requirement may produce coverage which falls short of that
predicted by a significant degree. Therefore, we are inclined to adopt
Cullum’s proposal. However, we believe that the alternative lower
limit he proposes—90 percent of the RMS of the standard patiern—
is somewhat too restrictive. In effect, Cullum would require that the
RMS value of the measured pattern be at least 94.5 percent of the
theoretical pattern RMS, which usually will be based on a 1 ohm ele-
ment loss. In most cases, this theoretical value probably will not be
exceeded by the measured value. On the othexr hand, we expect nega-
tive departures to be more frequent, and we believe that the floor
Cullum proposes may be somewhat too high. Consequently, we will
require that the RMS value of the measured pattern be at least 85
percent of the standard pattern RMS, or meet the minimum specified
in 73.189 for the class of station involved, whichever is the higher
value.

96. ABS notes that we have said that we will permit measured radia-
tion to be initially adjusted up to the limits depicted by the standard
pattern, but will question the feasibility of a directional proposal
where a reasonable tolerance is not provided between the standard
pattern field in a particnlar direction and the maximum permissible
field in that direction. ABS suggests that this tolerance should be suf-
ficient to provide for increases 1n. radiation resulting from day-to-day
variations in the relative amplitudes and phases of currents in the
array elements, and urges the Commission provide a standard in its
rules for the establishment of an acceptable tolerance.

27. It states that Cullum had demonstrated in the earlier proceed-
ing that such a time variant effect can be described in statistical terms,
and offers the following criterion, presumably for inclusion in our
Tules.

The computed directional pattern will be so designed as fo provide that radia-
tion of the array will not exceed the maximum permissible levels for protection
purposes for more than 50 percent of the time.

sIn fact, 73.151(a} (3) reguires that the 2§ and 5 mv/m contours be plotted from
the measured data, and AFCCE bhas not proposed that this requirement be eliminated.

27 F.O.C 24




Standard Method for Caleulating Badiation Pattern 33

28. We have examined this proposal, and conclude that it neither
offers an adequate basis for the protection of other stations (as we read
1t it would seem. to condone radiated fields in excess of the levels re-
quired for the protection of other staticns, as long as they do not oceur
more than 50 percent of the time—this seems to negate the concept
of a tolerance, which ABS believes is necessary}, nor offers specific
gutdance in the formulation of standards. .

29. We think a reasonable test, acceptable to the Commission, of
whether a sufficient tolerance has been provided between the stand-
ard pattern inverse field in a particular direction and the maximum
permissible inverse field in that direction is to add in quadrature to
the pattern valne a quantity which Cullum had suggested in the
original proceeding for use in determinmg the effect of internal
array varlations, namely:®
, E.— B XL

a0 1.64
Where:

. 1s the tolerance to be added in quadrature to the pattern value
1n 4 direction toward an existing station.

E... 13 the RSS value of the fields1n the array.,

1. is the tolerance, expressed ag a decimal, within which an appli-
cant undertakes to maintain deviations in array parameters.
With the constant 1.64, E, is of a magnitude which will not

be exceeded more than 10 percent of the time.

30. The test is applied separately for phase and amplitude varia-
tions, the value ascribed to L in each case representing an assessment
of the accuracy with which the proposed monitoring facilities can
detect variations in the particular parameter. Thus, if it is determined
that the monitoring system is incapable of detecting current ampli-
tuds deviations smaller than 5%, 0.05 is used for L. Phase deviations
are econverted to decimal form for insertion in the above equation on
the assumption that a 1 percent change in current ratio is equivalent
to a 0.6 degree change in phase. If the monitoring system is considered
capable of detecting phase changes of no smaller than =3 degrees,
this is reflected as a value for L of 0.05¢% Generally, if it appears that
L must be smaller than 0.05 if the permissible tolerance toward a pro-
tected station is not to be exceeded, the Commission will require a
showing of the means which will be employed to insure those phase
and amplitude deviations smaller than 3 degrees and 5 percent can
be reliably observed. Also, since an array whose parameters must be
held within tolerances much smaller than these may require fairly
frequent adjustment, the showing must demonstrate that the facilities

s 4nch a test would be applied only in determining the acceptability of a standard
pattern for o new station, or for an existing station proposing a major change. Alter-
natively, an applicant may submit a detailed stability study, in which the tolerable
variations of current amplitude and phase, as determined for each element in the array,
are related to the monitoring system proposed. .

4 The appropriate values for phase and current deviations should be no less than twice
the repeatability of the monitoring system. This figure depends not only on the basic

characteristics Of the monitoring ingtruments, but on the stability of the sampling system
whan subjected to temperature changes, moisiure, wind and vibration.
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for making these adjustments are readily available to the operators
on duty, and necessary corrections can readily be made.”

31. ‘While we have specified in the rules no formal procedure under
which uncorrected reradiation effects 2t a proposed antenna site would
be evaluated and expressed by suitable allowances in the radiation
pattern, we fully recognize the necessity for investigating and quan-
titizing conditions found at each site. However, it appears to us that
the procedure suggested by Cullum for this purpose, or a similar one,
can be applied more apprepriately in determining whether a radiation
pattern meorporating the degree of suppression required for the pro-
tection of other stations can ?easibly be employed at a particular site.
The inclusion of an orthogonal component computed as specified
herein in the construction of the standard pattern assures only that
the minimnm fields depicted in the standard pattern will be no less
than 2.5 percent of the array RSS. An analysis of re-radiation condi-
tions in the viemnity of a proposed site may indicate that difficulties
will be experienced in adjusting an array to such minimums. Under
these circumstances, an appropriate additional amount of null fill,
obtained by adjustinent of the theoretical parameters of the array,
should be indicated on the standard pattern to provide for the effects
of re-radiation which are not susceptible to correction. However, if
1t appears that with the degree of null fill found necessary for this
purpose the required level of protection will not be afforded other
statlons, the site may well be considered unsuitable for the proposed
directional operation.

32. It has been the contention of CCBS in its comments in response
both to the original and to the Further Notice that stations utilizing
directional antennas which offer protection for other distant stations
by severely restricting the fields radiated toward these stations, in
Tact, by a substantial margin fail to afford the degree of protection
predicted by conventional methods. CCBS urges the adoption of more
sophisticated procedures for interference evaluation, which take into
account specific propagation phenomena and other effects occurring
at points too distant from the directionsl antenna to influence measure-
ments made to establish the required radiation pattern. :

33. Absent the means for such a specific mathematical evalyation,
or distant measurements in the individual case, it suggests that stations
employing directional antennas be considered incapable of delivering
at distant points signals of less intensity than would be produced by
a radiated field approximating 10 percent of the horizontal pattern
RMS (or RSS) value. )

34. Whatever is done generally, CCCBS believes that more stringent
protection standards should be applied on the clear channels, where
the path distances between stations are generally greater than on other
channels, and protection requirements are greater. )

35. In justifying its proposal with respect to skywave protection,
CCBS describes experimental studies tending to support its conten-

7in sveh eages, the applUcable tolerances will be specified jn each station’s license. The
roceeding in Docket 18930 contemplates the possible relaxation of operator requirements
fo permit, under stated conditions, the routine operation of stationg unsing directional
antennas by holders of radio telephone third class licenses with broadeast endorsement.
Statious whose licenses get forth specific tolerances for relative phase and amplitude
variations wonld not be permitied to fake advantage of such a relaxation, even if it were
granted in other cases,
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tion that lonospheric scattering and other effects defeat efforts to
achieve protection of distant stations by utilizing directional radiation
patterns m which the fields toward these stations are highly restricted.

36, With respect to groundwave radiation, COBS advances the
theory that re-radiation sources too distant from a directional array
to afiect measurements made to prove its radiation pattern, while
mdividually perhaps not significant, are so numerous (4.e., the num-
ber of sources increases as the square of the distance from the antenna)
that their cumulative effect is far from insignificant. CCBS cites, as
an example, the multiple sources of re-radiation one might expect to
find in a city lyving in the main lobe of a directional antenna some ten
miles from the antenna. Measurements made in a different direction
to establish a pattern null would not be affected appreciably by such
re-radiation. However, it is contended that at some tens of miles from
the antenna along the protected radial the distant re-radiation sources
deliver a signal which may substantially exceed that which the diree-
tional antenna radiates in that direction.

37. The effect, of course, occurs. The eritical question is one of its
magnitude. CCBS offers no experimental data in support of its con-
tention that it is substantial-—the argument seems to run that since
the distanf possible re-radiation sources are numerous, their effect
must be substantial. We believe something more is required if the
CCOBS presentation were to be given sericus consideration.

36. Assuming, however, that all of CCBS' contentions are well
Ffounded, and we adopt its proposal, we will preclunde virtually all new
nighttime ussignments in the United States (other than Clags IV
stations), and place a rather severe restriction on new daytime assign-
ments, Moreover, the possibility that we might persuade neighboring
countries with. which we have broadcast treaties to adopt the more
stringent protection standards is extremely remote, and the inter-
ference we how experience from stations in more distant countries
{principally in Central and South America) and over which we have
no effective control, will contihue to increase. Under such cireum-
stances, even though a full reconsideration of the allocation standards
in light of our present knowledge of propagation phenomena and
cther effects might recommend a more stringent restriction be placed
on the use of directional antennas, the unilateral adoption of such
standards would be inequitable, and to a large degree, futile. Finally,
it ¢hould be observed that even under the perhaps imperfect standards
which we employ, the controls which are exercised assure domestic
stations better protection from interference from other United States
stations, both on the clear channels and other channels, than they can
expect to receive from foreign stations, even those in countries with
which we have broadcast treaties.

9. Responding to the urging of several parties, we indicated in
the Further Notice the conditions under which we would be willing
to accept an application proposing a directional pattern in which the
erthogonal component is smaller than the minimum permitted by the
amended rules. Cullum asks that provision be made for the acceptance
of such patterns in the rules, with a specification of applicable con-
ditions, arguing that otherwise acceptance must be predicated on a
waiver of the engineering rules—an action which he believes the
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Commission only takes reluctantly, if past experience is any criterion.
He further contends that the imits on radiation from new assign-
Inents are, 11 general, so restrictive that there will be many instances
where it will be necessary to utilize pattern minimums fower than
those contemplated by the general rule.

40. We have given these arguments full consideration, but have
decided not to establish rules governing the acceptability of standard
pafterns incorporating radiation minimums lower than those which
the general rule would require. If we adopted such rules, they would
be considered by some as an open invitation to bypass the newly
established radiation floor. This floor is low—much lower than we
originally proposed, and lower than the minimums suggested by a
number of the parties who commented on this matter. If it is to be
achieved and maintained in actual operation, something more than
normal attention must be given to all details of design, construetion,
and operation. While we reiterate our willingness to consider applica-
tions embodying directional proposals in which the minimum fields
are lower than the rules require, we will consider such proposals only
on an individual basis and will act favorably thereon only when the
applicant can convince us, by a suitable showing, that the proposed
operation is susceptible to practical achievement. We have previously
outlined the nature of the showing required. With some modification,
we here restate it : '

(a) A showing that the pronosed antenna site iz suitable in all regpects
for the establishment of the proposed antenna system, and that scattering
or residual re-radiation from structures on or near this site will be of insuf.
feient magnitude to preclude the adjustment of the measured fields within
the standard pattern. (In an instance where the Commission finds that such
a showing is insufficiect to demonstrate that the site is fully satisfactory
for the proposed operation, it may permit partial or terporary construc-
tion and operation, and require measurements as further evidence of

- site soitability.) A .

(b) A showing that the electrical and physical design of the array will be
such a8 to insnre stable operation. ]

(c) A deseription of the proposed current and phase monitoring system,
including the electrical components and physical design details, with a
speciflc evaluation of the ultimate accuracy of the system in detecting
changes in current amplitude or phase relationships.

{d) A showing that departures in relative enrrent amplitudes and phases
smaller than those which the monitoring system iz capable of accurately
indicating will not result in positive radiation deviations of_ a magnitude
which eould result in objectionable interference to other stations.

(e) A showing that phase or current deviations will be easily subject to
correction by operators normally manning the directional installation.

41. Perhaps we have not sufficiently emphasized previously that we
will make every effort to persuade Canada and Mexico to adopt the
standard pattern for new assignments. Lacking mutunally aceeptable
standards in this area, we have, in some instances, found it necessary
to accept station assignments in these countries using directicnal
antennas which give treaty protection to U.S. stations with yadiation
patterns indicating levels of radiation which we consider impractically
jow, In any event, before radiation patterns for existing stations in
this country can be converted to standard patiern format, an under-
standing obviously must be reached with neighboring countries, since
each standard pattern will be larger than the presently accepted

27 F.C.C 24




Standard Method for Caleulating Rodiavion Paitern a7

theoretical pattern, and in many instances paper increases in the level
of interference to stations in these countries may occur.

42, The kind of understandings necessary can be reached under the
provisions of existing agreements, and we see no major legal impedi-
ment to their accomplishment. Assuming the suceess of this endeavor,
the employment of the same pattern for each station for determining
interference to both domestic and foreign stations—an important objec-
tive of this proceeding—should become feasible.

43, In the Hurther Notice, we set forth general criteria affecting
the preparation of standard patterns for existing stafions. We have
received usefnl comments {rom several of the parties with respect to
this matter. ABS has been particularly concerned with the application
of the new rules to Jocal site changes.® ®

44. In the interest of expediting this matter, facilitating coordi-
nation with neighboring countries, and making possible earlier action
in Docket 18651, Amendment of Part 73 of the Commission's fules
Regarding AM Station Assignment Standards and the Relationship
Between the AM and FM Broodsast Services, we are adopting rules
which apply only to new assipnments and to major changes (as defined
it Section 1.571(a) (1)) in existing assignments. Minor changes will
be accomplished pursuant to existing procedures. Specifically, where
a modification of a directional radiation pattern is reguired in con-
nection with a minor change the modified pattern need not be con-
structed to meet standard pattern specifications.*® The new require-
ments will apply only to applications for construction permits for new
stations and major changes n existing stations filed after the effective
date of the rnle amendments adopted herein. Applications presently
on file and filed before this date will be examined and processed in
accordance with the rules and procedures which have appliea hitherta.

45. At such time as it appears feasible to undertake the conversion
of existing patterns to standard format further action will be taken.
Tt it appears that a procedure may be adopted for this purpose which
will not affect the substantive rights of licensees, a public notice will
be issued containing appropriate instructions. Otherwise a rule making
proceeding may be necessary. In either case, we would expect to draw
on the comments filed in the instant proceeding in formulating rules
or procedures and would incorporate them by reference in any new
formal proceeding. We do not share ADBS% fears that the rules we are
adopting today, which apply only to new assignments and major
changes In existing stations, will substantially limit our freedom of

8 ABSY expresses concern that the proposal in Docket 18110 to prohibit major changes
in broadcast facilities in markets where certain other fulltime facilities are commonly
owned would..if adopted, in some cases preclude modification of AM facilities made
necessary be cnvironmental changes. Lioeal fransmitter gite changes, even those reguiring
rather substantial direetiomal patterm modifications, are consistently treated as minor
changes. The change in “station location”, ecited in 1.57{a)(1) as a major change is 2
change in the community served by the station (see § 73.30).

2The specifications for comstruction of the sfandard pattern, set forth in § 73.150
fbY (1) (i} of tbhe appended rules require that the & percent linear component be applied
after ‘addition of the corthogonal component te the theoretical pattern. ATCCE has
indicated that it intended the application of the eomponents in this order in its original
proposal. ABS favors such a procedure. This ig aceeptable to us, and, accordingly, we
bave adopted it.

10 UUnless, of eourse, the minor change is made in a station for which a standard pattern
has been established,
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decision in Docket 18651, Tu faet, as noted above, we are taking this
step as a desirable prelude to further action in that proceeding.

46. Accordingly, IT IS ORDERED, effective February 22, 1971,
that Part 73 of the Rules and Regulations IS AMENDREIY as set forth
in the attached Appendix.

_ 47. Authority for the adoption of these rule amendments is found
in Se&tigns 4(1) and 303(r) of the Communications Act of 1934, as
amended.

48. IT IS FURTHER ORDERED, That this proceeding IS
TERMINATED. :

Feperan CoMmmUNtcaTioNs CoMMISSION,
Brx F. Waerr, Seeretary.

APPENDIX
Section 73.150 is revised to read as follows:

§73.150 Directional antenna systems

(a) For each station ermaploying a directional antenna, all deferminations of
service provided and interference caused shall he based on the inverse fields
shawn on the standard radiation patfern for that station. As applied to nighttime
operation the term ‘“standard radiation pattern” shall include the radiation
pattern in the horizontal {ground) plane, and radiation patterns at angles above
this plane, as required by paragraph {b)(1) of this section.

*(b) The following data shall be submitted with an application for authority
to install a directional antenna:

(1} The standard radiation pattern for the propoged antenna in the horizontal
plane, and where pertinent, azimuthal radiation patterns for angles of elevation
up to and ineluding 60 degrees, with a separate paitern for each increment of 5
degrees.

(i) The standard radiation pattern shall be constructed in accordance with the
following mathematical expression:

E(8,8) spa= 1.O5[(E(H,8)2, -+ Q]2

where:

E(f,9)a represents the inverse fields at one mile which are deemed to be
produced by the directional antenna in the horizontal and vertieal planes.

E(0,0),, represents the expression which determines the basic patiern shape
and size. It shall be developed with a lumped loss resistance of not less
than 1 ohm assumed to exist at the current loop of each clement of the
direetional array, or ai the base of any element of less than 90 degreesin
electrical height. An application proposing an antenna design incorporat-
ing a loss resistance greater than 1 ohm will be aceepted only if it includes
an adequate technical justification for the employment of the greater
value.

Q} is the greater of the following quantities:
0.025 f () By o1

6.0 £{6) (Prw)l?
where: .
f{6) is the vertical field distribution factor for the shortest tower in the
array (see §73.190, Figure 5).
Eys, 18 the root sum square value of the amplitudes of the inverse fields of the
elemnents of the array in the horizontal plane, as used in the expression for
E(4,8)
P, i the input power to the array, expressed in kilowatts, with Prw=1,
for input of 1 kilowatt or less. .
(i) Where the orthogonal addition of the factor Q to E(@,8) results in a
standard pattern whose minimum fields are lower than those found necessary or
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desirable, these fields may be increased by appropriate adjustment of the param-
eters of E{#,80) .

{2) The horigontal pattern shall be plotted to the largest seale possible on
letter-size polar eoordinate paper (main engraving approximately 77 X 10’7
using only scale divisions and subdivisions having 1, 2, 2.5, or 5 times 10tk and
oriented with the zero degree poini corresponding to true North. Patterns for
eleva’gmn angles above the horizontal plane, may be plotted in polar or rectangular
cogrdmates with the pattern for each angle of elevation drawn on a separate page,
Minor lobe and null detail occwring between suceessive patterns for speci%c
angles of elevation need not be submitted. Values of field intensity less than 10
percent of the effective field intensity of any pattern shall be shown on an enlarged
scale. The direction and distance shall be indicated on the horizontal plane
pattern toward each existing station which interference may be involved.

NOTE: All directions shall be determined by aceurate computation or from a
Lambert Conformal Conic Projection Map, such as United States Coast and
Geodetic Survey Map No. 3080, or map of equal aceuracy, and all distances shall
determined by aeccurate computation or from United States Albers Equal Area
Projection Map, scale 1/2,500,000, or 2 map of eaqul accuracy. These maps may
be obtained from the United States (eological Survey, Depsartment of the
Interior, Washington, D.C. 20240, and the United States Coast and Geodetic
Survey, Department of Commerce, Washington, D.C. 20235. '

(3) The effective {RMS) field intensity of E(#,8 44, E(F60)u and the root
sum square (RS8) value of the inverse fields at one mile of the array elements,
derived from the equation for E(9,8) .

{4) Physical description of the array, showing:

{i} Number of elements.

(ify Type of each clement (i.e., guyed or self-supporting, uniform cross section
or tapered (specifying base dimeunsions), grounded or insulated, ete.)

(iii) Details of top loading, or sectionalizing, if any.

(iv) Height of radiating portion of each element in feet (height above hase
insulator, or base, if grounded).

(v} Qverzell height of each element above ground.

(vi) Sketch of antenna site, indicating its dimensions, the location of the
antenna elements thereon, thelr spacing from each other, and their orientation
with respect to each other and to true north, the number and length of the radials
in the ground system about each element, the dimensions of ground screens, if
any, and bonding between towers and between radial systems.

(5) Electrical description of the array, showing:

(i) Relative amplitudes of the fields of the array elements.

{ify Relative time phasing of the fields of the array elements in degrees leading
[+] or lagging [—]. .

(iii) Space phasing between elements in degrees. ‘

(iv) All assumptions made and the basis therefor, particularly with respect
to the electrical height of the elements, current distribution along elements,
efficiency of each element, and ground conductivity.

{v) Formulas used for computing E(#,0}« and E{0,f) . together with sample
computations. . .

{vi) Complete tabulation of final computed data used in ploiting patterns,
including data for the determination of the RMS value of the pattern, and the
RSS field of the array. ) o

(6} Any additional information required by the application form.

Section 73.151 is revised to read as follows:

§73.151 Ficld strength measurements to establish performance of directional
antannas. R i

{a) In addition to the information required by the license application form, the
following showing must be submitted to establish for each mode of directional
operation, that the cffective measured field strength (RME) at one mile is not
less than 85 percent of the effective field strength specified for the standard radia-
tion pattern for that mode of directional operation, or less than that specified in
§73.189(b) for the class of siation involved, whichever is the higher value, and
that the measured field strength at one mile in any direction does not exceed the
field shown in that direction on the standard radiation pattern for that mode of
directional operation:
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(1) A tabulation of inverse field intensities in the horizontal plane at one
mile, as determined from field strength meastirements taken and analyzed in
accordance with § 75,136, and a staterent of the effective field intensity (EMS),
based on these measurements, Measurements shall be made in at least the follow-
ing directions:

(i) Those speeified in the instrument of authorization.

(i1} In major lobes. Generally at least three radialy are necessary to establish
a major lobe; however, additional radials may be required.

(ii1y Along suflicient number of other radials to establish the effective field.
In the cage of a relatively simple directional antenna pattern, approximately
five radials in addition o those in subdivisions (i) and (ii} of this subparagrapl
are sufficient. However, when more complicated patterns are involved, that is,
patterns having several or sharp lobes or nulls, measurements shall be taken
along as many radjals as may be necessary, to definitely establish the pattern{s).

(2) A tabulation of:

{i) The phase difference of the current in each other element with respect to
the reference element, and whether the current leads (4 ) orlags (— ) the current
in the reference element, as indicated by the station’s phase monitor.

{ii) The ratio of the amplitude of the current in each other element to the
current in the veference elemeni, ag indieated on the station's phase monitor.

(iii) The value of the current at the base of each element, as read from the
thermoammeter installed at the base of the element, and the ratio of the base
current in each other element to the base current in the reference element. If
there are substantial differences between the ratios established in {ii) and the
ratios computed in (iil) and/or if there are substantial differences hetween the
parameters established in (i), (ii) and (iii), and those used in the design of the
standard radistion pattern, a full explanation of the reasons for these differences
shall be given.

(3) The 25 and 5 mv/m field intensity contours and the nighttime interference-
free contour, when the pattern is for nighttime operation, as well as any other
contours specified by the ingtroment ¢f authorization, plofted on a map which
baz the largest praciical scale. These confours need not be shown for distances
greater than 20 mileg from the antenna except that the field intensity contours
on the far side of the business and residential areas of the city in which the main
studio is located shall be shown. When the station jis limited by interference
within the 5 mv/m conteur the latter contour need not be shown. In the event
the 5 mv/m contour includes and extends beyond the city and beyond 20 miles,
the highest signal intensity contour that entirely includes the city may be plotted
in Heu of the 5 mv/m coantour; in the event that the § mv/m contour does not
include the city, the contour of highest signal intensity encompassing the city
ghall be plotted in addition to the 5 mv,/m contour,

{4) The actual field intensity measured at each monitoring point established
in the various directions for which a limiting field was specified in the ingtrument
of anthorization together with accurate and detailed deseription of each monitor-
ing point to gether with ordinary snapshots, clear and sharp, taken with the field
intengity meter in its measuring position and with the camera so located that its
field of view takes in as many pertinent landmarks ag possible. In addition, the
directions for proceeding to each monitoring point together with a rough sketch
or map upon which has been indicated the most accessible approaches to the
monitoring points should be snbmitted.

Present § 73.152 is redesignated § 73.153 and a new § 73.152 is added to read as
follows:

§73.152 Modification of directional antenna data.

(a) If, after construction and final adjustment of a direetional antenna, a
measured inverse field at one mile in any direcfion exceeds the field shown on the
standard radiation pattern for the pertinent mode of directiomal operation, an
application shall be filed for a modification of permit, specifying a moedified stand-
ard radiation pattern and/or such changes as may be required in operating
parameters so that all measured effective fields will be contained within the
standard radiation pattern. The following general principles shall govern guch a
sitnation : :

(1) Where an excessive measyred field in any direction will result in objection-
able interference to another station which wonld not be computed if the stand-
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ard pattern field in that direetion were employed, the applicaiion shall specify
the ievel at which the input povwer to the anienna shall be limited to maintain
the measured field at 2 value not in excess of that shown on the standard patfern,
and shall specify the common point current corresponding to this power level.
Thig value of common point current will be specified on the license for that
station,

{2) TWhere any excessive measured field does not result in objectionable inter-
ference to anoiher station a modified standard radiation pattern shall be sub-
mitted, encompassing all measured fields, and shall supersede the previcusly
submitted standard radiation pattern for that station in the pertinent mode of
directional operation. ’

NOTHE: Where neasured fields exceed the values shown on the standard
radiation pattern, but objectionable interferemce does not result, and, accord-
ingly, a modified standard radiation pattern is submitted, the modified pattern
may he larger than the original pattern (have a higher BMS value), if the
meagured fields systematieally exceed the confines of the original pattern, or,
where the measured field exceeds the pattern in diserete directions, may be ex-
panded over sectors including thege directions. A combination of both fypes of
expansion may sometimes be desirable. Where sector expansion, or “augmenta-
tion” iz desired, it shall be achieved by application of the following equation:

Egz[ B+ 0f(8) cos (18(} Psé)z:ré
where!

E, is the standard pattern field at some particular azirmnuth and elevation
angle, before augmentation.

H, is the field in the direction specified above, after augmentation.

Q= (E—E?) in which the fields are those in the horizontal plane at an
azimuth where the maximum degree of augmentation iz applied.

£{0) is the vertical plane distribution factor for the shortest element in the
array (see §73.190, Figure 5).

8 is the angnlar range, or “span’ over which augmentation is applied. At
the limits of the “span’ the augmented paitern sector merges into the
unaugmented pattern. )

D, is the absolute horizontal angle between the azimuth at whieh the aug-
mented pattern value is being computed, and the azimuth at which the
maximum augmentsation occurs (Dy cannot exceed 3 8)

Where g standard radiation paftern is eonstructed using this method of augmen-
tation, the specific Jimits of each augmented sector shall be depicted. Field
values within an augmented sector computed prior to dugmentation shall be
depicted by a broken line.
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