Before the
FEDERAL COMMUNICATIONS COMMISSICH FCC 78-511
Washington, D.C. 20554 4085

In the Matter of

Amendment of the rules governing the Docket No. 20845
design and measurerent of radiation
patterns for standard broadcast

stations with directiconal antennas

M e N NS S N

REPORT AND ORDER
{Proceeding terminated)
Adopted: June i, 1976; Relsaged; June 7, 19790

By the Commlssion: Commissioner Reid abseant.

1. This proceeding was instituted as a result of a recommendaticn
by the Association of Federal Communications Consulting Engineers (AFCCE), an
organization which represents many comsulting engineers practicing before the
Commission. WNotice of Proposed Rule Making in Docket No. 20645, FCC 75-1262,
40 FR 54826 (1975). Arendments to Sections 73.150 and 72.152 of our rules
were proposed. Those sections govern the design of directional antenna
patterns for standard broadcast stations. As extended, comments were due
on January 29, 1976, and reply comments were due on February 9, 1876,

2. Comments were submittad by AFCCF, Ralph Bitzer, Hatfield and
awson, Robert A. Jones, E. Harold Munn, and Robert M. Silliman and John A.
Moffet d/b/a Silliman, Moffet and Kowalski (SMK). Reply comments were received
from Clear Channel Broadcasting Service (CCBS), an informal orzanization com-
posed of the licensees of certain Class I-A clear channei broadcast stations.

3. Presently, the rules require that a proposed directional antenna
pattern be computed with an zssumed loss resistance of one ohm located at the
lcop (or the base if the tower is less than one-quarter wavelength) of each
tawer. The proposed rules would keep the one chm loss requirement only as
an upper limit on the effective field (RMS) of the pattern. The lower limit
on the thecretical RMS would be the value required by Section 73.189(b}(2)
for a station of the proposed class, as adjusted for the nominal power of the
station. All of the parties commenting applauded the proposed modification
and urged its adoption. However, AFCCE and CCBS argue that the minimum
efficiency specified in Section 73.189(D)(2) should be adjusted by the factor
of 1/1.05 to compensate for the factor of 1.05 used in computing the standard

pattern.




4. In paragraph 1% of tue ¥ f2o0e we discussed cur proposals to
make minor changes in the manner in wnich sattarus must be plottad and
submittad in order to feoster uniformity and clarity. Also in paragraph 16,
we discussged gome minor changes in the deiinitions used in computing the
modified standard pactern pursuant to Section 73.152. The changes were
designed to clarify some ambiguities in the present rule. Most parties
did not comment on these proposals. However, Hatfleld and Dawson indicated
that they were in favor of these modifications. AFCCE indicated agreement
with one excepticn and suggested two additional medifications. As proposed,
the rules would have required that rectangular plots of patterns be labealed
in increments of pot less than 10 degrees. AFCCE suggests that labeling in
106 degres increments would unduly clutter the pattern and racommends 20 degree
incrvements instead. APCCE also suggests that we specifically permit the use
of logarithmic scales on vrectangular plots., CCES agrees wich AFCCE's sugges-
ticns. AFCCE also agrees with cur proposal to replacea the variable "g§" used
in “decticn 73.152 with another letter to avoid confusion with the "G repre-
senting a different gquantity in Section 73,150, However, AFCCE indicates that
our proposed replacement of "§" by "J' mizght also result in confusion due to
the extensive use of a lower case ';" in cther areas of engineering calcula-
tiors. CCBS replics that all letters of the alphabet are used in one equation
or auother, and that any letter alleviating the present ambiguity would be

suitable. Therefore, CCBS sees no reason why "J" should not replace "3".

5. The propeosed modificatione included an attempt to 2liminace the
possibility of zero "aull £ill" even with the guadrature addition of "g" 1
borl: the standard z2nd medified standard patterns. %We noted that the amount
of null £ill is presently determined, in part, by f(8), the vertical plane
discribution factor for the shortest element in the array. If the shortest
tower is greater than one~half wavelength, 778} has a value of zero at some
vertical angle. This leads to the pessibility of a predicticn of no radiaticn
in a particular directiou since even the term desligned to compensate for a
null in the theoretical pattarn is reduced to zere. Therefore, we proposed
to calculate f(8) based on the shortest tower in the array, or, if the shortest
tower were tallsr than one-half wavelenpgch, on an assumed tower height of one-

half wavelength.

6. Many of the comments dealt with this proposal. Several of those
commenting noted that F(6) for towers greater than one-half wavelength has
values, at certain vertical angles, greater than f(2) for one-half wavelength
towers. Thus, our proposed solution would eliminate the problem of zero nulls,
but would create a misleading, small amount of null f£111 in other areas. Beforn
discussing the varicus suggestlons aimed at solving this problem, we will define
a noy variable to make the discussicn of the alternatives unambiguous. We will
repiace the variable F(9) in the definition of "@" in Seeticn 73.150 and in
the =quation in Section 73.152 with the variable g(8). Thus, for instance, in
Section 73.150, we have:




% is the greater of the follewing guantities:

0.085 gie)] 7 or

g

L]

8.0 g4(8) VP,
In our present rules, then, {8} is equal to f/8) for the shortest tower.

7. Hatfield and Dawson suggested that, in cases where the shortest
towar 1s greater than ome-half wavelength, ¢(8) be the F(9) for the shortest
tower or F(8) for a one~half wavelength tower, whichever is greater. SMX
rroposed that g{9) be tha greater of f(8) for the shortesst tower and (8} for
the tallest tower, but if the shortest tower is greater than one-half wave~
length, then g(8) should be the greater of f(68) for the tallest tower and f(9)
for a onae-half wavelength tower. AFCCE propcses, and CCB3 agrees, that 7(9)
include a quadrature component of 0.15. Thus, AFCCE and CCBS would prefer
that g(68) be computed as follows:

YI{8)< + 0.15¢
‘hen, it would be normalized so that it 1ia equal to one when 6 1s equal to zero.

B. All parties proposinz these modifications indicated that our
normal assumptica of sinusoidal current distribution in & thin wire wasg
sufficiently incorrect for electrically tall towers that one of these methods
iz necessary to compensate for the differences between the actuzl situation
and the assumption. To achieve further accuracy, Hatfisld and Dawson would
vrovide for experimental determination of f{8) based on actual measurements.

9. Our present rule concerning the caleulation of modified standard
patterns (note to Section 73.152(a)(2)) is silent on the question of overlap-
ting spans of augmentation. However, it has been our policy to prohibit such
overlap. SMK have proposad that the note be amended to permit overlap of spans
of augmentation, but have not proposed the mathed by which this would be
accomplished. SMK indicate that it is thelr experience that situatilons may
arise where more than one augmentation is necessary and it is possible that
these sugmentations may overlap.

10. 1In its reply comments, CCBS raises several issues which 1t says
must be resolved in this proceeding so that studies made in conjunction with
Docket 206421] will be more meaningful. Specifically, CCBS asks that ar addi-

1}/ In Docket 20642 we are looking toward the amendment of the rules which
gbvern the use of the 25 clear channels listed in Section 73.25(a) of our
rules. See Notiece of Inquiry and Notice of Proposed Rule Making in Docket
20842, FCC 75-1331, released December 12, 1975.
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tional "&", independent of the vertical angle, bo utilized in comp :ing cha
standard pattern. This is necessary, savs CC33, to take i.to accéunt ci2
effects of guy wires, imperfections and asymmetries in the ground svstem,
and similar departures from the idealized conditicns asgumcd in the presant
calculations., Tials second "¢ would be the same amplitude as the presenz "@"
on the horizontal plane, but would not vary with the vartical zngle as does
the preseat "&". CCBS also propeses to change the method of computing the
"¢" (which we have proposed to denote as "J'" in this proceeding) used in

the equation for the augmented pattern in Section 73.152. This "¢" 1a used
in determining the maximum amount of augmentation, and is multiplied by what
we have redescribed as g(9) to determine the augmented radiation in the
vartical plane. Since (%) is always less than one if 9 1is graater than
zero and ds equal to one if £ is zerc, the maximum augmentation always
ccours on the horizontal plane. CCBS polnts out that an array which is
adjusted s¢ that it is sufficiently different from the predicted pattern
that augmentation 1s required may very well have its maximum diffarence from
the predicted values at a vertical angle above the horizontal. hus, CCES
proposes that """ in the augmented pattarn be determined experimentally from
skywave measurements including directional to poa-directional ratio tests.
In the absence of such determinations, CCBES proposes that nulls in arrays
include a factor on the corder of ten percent of the EMS or RSS., CCBS also
wants to amend the rules to predict the prorpagation of skywave signals by
what CCBS calls more accurate methods.

DISCUSSICN

11, Our reasons for proposing the amendment setting the cne—ohm-loss
B¥S as an upper bound and the minimum efficiency specified in Section 73.189%
(8}(2) as a lower bhound were fully discussed in our Voftee; further elabora-
tion is unnecessary. Since all partiles are in favor of the one-shm-loss RMS
baing the upper bound and since we agree such a change would be 1in the public
interest, we will adopt that amendment. / However, AFCCE and CCBS propose
that the lower bound which we proposed be multiplied by 1/1.05 to further
decrease the lower bound. This would compensate for the addition of the
extra five percent when the standard pattern is computed, and zmounts to a
reguest that the standard RMS meet minimum efficiency rather than the theo-
retical RMS. The ratilomale underlying the standard pattern is discussed in
our Report and Order in Docket 18222, 27 FCC 24 77, 20 RR 24 1745 (1971).
As indicated there, one of the main purposes of the adoption of the standard
pattern was to achieve a uniform method of determining the tolerance needed
in adjusting patterns. Previously, this tolerance was determined by the
applicant who specified maximum expected operating values (MEOV) which often
reflected allocation considerations instead of the necessary tolerance for

2/ Attached hereto is Appendix B which describes the method of calculating
the multiplying constant for a theoretical pattern with an assumed loss
resistance of one ohm per tower.
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O‘*l¢cd standard patterns b ted that it is © propese )
spans which overlap. Accovdingly, we will not adont provision;
instead, we will modify the nete to clearly prohidit Howaver,

since our experlence with modified standard patterrs is somewhat limited dus
t3 the relatively few staticns which have availed themselves of the rule, ve

tand readv to institute an inguiry into tilz area 1in the furure should this
pLJa1b1t10n become a problem,

15. The argument by CCBS that severzl issues must be resolved in
rhis proceeding so that meaningiul studies relating te Docketr 20642 can be
wiw2 1s not persuasive, The z2ddition of a second "§'" to take account of
iarartures from idealized condiclons is, we believe, unnzcessary. The
t "&" is designed cto do just thaty in addition, there is a five percent

lerance added inte the standard pattern calculaticns to cover such eventu-
ai.zies., It is alsc unmacesszary to have a "32" which is independent of
vertical angle. Similarly, we will not adopt the proposal %o determine "J"
ir the equation in Section 73.152 on an experimental basis using directional
to non—-directional ratio tests. While it may be true that the vertical
adiation of a pattern sufficicently disrorted to require sugmentation may
not have a "J" which is proporticnal to g£(5/), we have consistently held
that there 1s no effective method of matﬂr:rnininfJ the astual vertical radiaz-
tivn cnarvactevistics of an array other than inference from the horizontal
oattern. Capitzl Tities Srocdeasting lJorp., 20 FCC 24 768 (1969); 49 FCC
24 5§26 (1974 ) supplemented in S1 FLC 2d 649 (1975 M7 Ve think that the
are of the art has not changed sufficiently since ‘those decisions that
ffective measurements are now pessible., Accordingly, we ccntinue our
policy that the vertical radiation pattern wust be Inferred from the
horizontal pattern, and we continue to believe that the method described
in Section 73.152 is an approptiste method of inference., As for the use
of Jdirectional to non-directional ratio tests based on actual skywave
measurements, we note that our rules maks no provision for the use of
such measurements. Consideration of a possible amendment to permit such
measurements is well beyond the scope of this proceeding. Similarly, we
reject the proposal by Hatfield and Dawson that the f(e} or g(8) be detcr-
mired from measurements. It wust be remembered that one of the aims of the
adoption of the standard pattern was to eliminate the need for referring to
measuraments other than to establish compliance with the standard pattern.
Once it is proven that the actuzl pattern 1s within the bounds of the
standard pattern, the standard pattern radfation values are utilized in
all future studies. We do not wish to incorporate the measured data into
cur determinations unless absolutely necessary. In that cass, we havs
previded two methods of augmentation in Section 73.152 of our rules. We

think that is sufficient,.

"
.yt

4/ The latter decision was recently affirmed by the United States Court of
Ayweals for the District of Cciumwbia Circuit. WBEN, Ine. v. Federal Commurica-
iong Commisstion, No. 74=1601 (filed May 18, 1973), 175 US per PC 363,
S3g £ 20 1 32eT
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21, Wo are aware chat nost enploceriag o Computer
calculations of direcrioual antenna patterns. i . davelop-
rent, However, we are 2lse aware that some crusultfants dre using cemputsrs
tv develop the parimersr for an array bosed op certain constraints concerniig,

the number of towers, lhnh avea, protecticon requirements, and sco forth. While
we find rnothing wrong with this method per se, we note that tne computer's
tendency to work with eight or nine significant figures leads some consult ants
ta specify field ratios or phasing with unrealizable precision. While we do
upl think that a rule is necessary at this stage, we note that field ratios
and phasing for the various elements in a diresccional array showld not be
spacified with more precision than can be indicated on the proposed antenna
wonltor and/or base current meters.

22. There remains the question whether the amendments which we adont
hervein should apply te pending applications. Some of the amendments, such as
ch. changes deallng wigh the ous-ohm-loss requirement, are not invelved in
this question since any application which complies with the present rule will
also comply with the propesed rule, However, other amendments, such as tie
adoption of 4{8) for towers greater than one-half wavelzngth, set restrictions
that could adversely affect pending applicatiens. With regard to the adeptiocn

g(8), we stated in our ¥orice, ecupra, at para, 14, that the situation which
would arise when "J" is zero and when the thecretlcal pattern is also zero,
leading to a predicted radiation of zero, is "a condition which, in practice,
ic impossible tu attain or maintain." Accordingly, we will apply the amended
rulas te all pending, as well as future, applications se that unrealistic
situaticns will be avoided,

uz

23, The text of the rule amendments which we are adopting is set
worzh in Appendix A.

irg
of the Rules and Regulations IS AMENDED as set forth in Appendix A herero.
Authority for this action is found in Sections 4(i) and 303{r) of the Commu-
nications Act of 192%, as amended.

24, Accordingly, IT IS ORDERED that effective July 15 1976, Part

25, IT IS FURTHER ORDERED that this proceeding 1S TERMINATED,

FEDERAL COMMUNTICATIONS COMMISSION

Vincent J. Muilins
Secretary

Attachments: Appendices

NOTE: Rules changes herein will be covered by T.S. III(76)-1.
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read as follow

cection 73.150 Directional antenna systems

{a} For each station emplorying a directional antenna, all éGeterminations
of service provided ang interference caused shall bhe based on the inverse
fi=1ds of the standard radiation pattern for that station. (As applied to
nighttime operation the term "standard radiation pattern' shall include the
radiation pattern in the horizontal plane, and radiation patterns at angles
above this plane, as required by pnaragraph (b)(1l) of this saction.) In the
event of a discrepancy between the calculatad and plotted valuss of a2 standard
vevtern, the calculated values will prevail with respect to protecticn of
domestic stations while the plotted (notified) values will prevail with
respect to protection of foreign stations,

NOTE: Applications for new stations or for major changes in
existing stations must use a standard pattern. Stations pro-
posing minor changes may, if they wish, utilize the formerly
acceptable theoretical pattern with maximum expected sperating
values (MEOV) unless the minor change would modify an existing
standard pattern.

® * % * *
(b)(1Y(i) The standaré radiation pattern shall be based on the theoretical

radiation pattern. The theoretical radiation pattern shall be calculaced in
ccordance with the following mathematical expressicn:

E(4,8),, =[x T F, £,08) /0 cos § coald, = ) + b, |{8q.1)

where:

E(¢,8)*k represents the thecretical inverse distance filelds at one miie for
- o Lis . +
thre given azimuth and elevation,

L represents the multiplying constant which determines the basic pattern size.
Tt shall be chosen so that the effective field (RMS) of the theoretical pattern
in the horizental plane shall be no greater than the value computed on the
assumption that nominal station power (see Sectilon 73.14(c)) 1s delivered to
the directional arrayv, and that a lumped loss resistance of one ohm exists at
the current loop of each element of the array, or at the base of each element
of electrical height lower than (.25 wavelength, and no less than the value
required by section 73.189(b)(2) of this part for a station of the class and
nominal power for which the pattern is designed.



7 represents the nuwber of elements (towers) in the divectional array.

i vepresents the € #lement in the array.

A
o T

. . - e . .
Ty cepresents the field ratio of the £ element in the array.

i

6 resresents the vertical elevation angle measured from the horizontal plane.

f:{¢}) represents the vertical plane distribution factor of the ith antenna.

e
(s

For a typical vertical antenna with a sinusoidal current distribution:

frg) 008 (G 8in 8) - cos & [Fg. 2}
; T (I-coe G) cos b ’

where 7 is the alactrical height of the tower,
S5ee also Section 73.150, Figure 3,
-th
5. represents the electrical spacing of the < tower from the reference point.
¢i represents the orilentation (with respect to true north) of the ith tower.
¢ represents the azimuth (with respect to true north).
. reprasants the electrical phase angle of the current in the ith tover,

The standard radiation pattern shall be constructed in accordancs with the
following mathematical expression:

E($,8) g = 1.05V1E($,8) ;53 + 7 {Eq. 3}
whare
E(¢,8JS 45 Tepresents the inverse fields at one mile which are deemed to be
prodc:eg by the directional antenna in the horizontal and vertical planes.

E(¢,G)t represents the theoretical inverse distance fields at one mile as
computed in accordance with Eq. 1, above.

¢ is the greater of the following quantities:

0.025 g(8) ©, oOF

5.0 gl8) vPry

where:

g(9) 1is the vertical plane distribution factor, f(8), for the shortest element
in tne array (see Eq. 2, above; also see Section 73,150, Figure 3). If the
shortest element has an electrical height in excess of 0.5 wavelength, 5(8)
shall be computed as follows:

_YLf(8)}% + 5.0825

g(8) = 1.030776 {Eq. 4}




3.

Ergg 15 the root sum square of the amplitudes of the inverse fields of the
elements of the array in the horizontal plane, as used in the expression for
Eﬁéje)th(see Eg. 1, above), and 1s computed as follows:

X

— . 'r—.z
7 = oA Fal
frgg T 7 #/.L1 7 )
=1L iEq. 5}
P, . is the nominal station power, expressed in kilowatts; see Section 73.14(c).
If the nominal power is less than one kileowatt, P, = 1.

kw

(i1} * * *

(2) All patterns shall be computed for integral multiples of five degrees,
beginning with zero degrees representing true north, and, shall be plotted

to the largest scale possible on unglazed letter-size paper (main engraving
approximately 7" x 10") using only scale divisions and subdivisions of 1, 2,
2.5, or 5 times 1078 The horizontal plane pattern and cther azimuythal
pattarns shall be plotted on polar coordinate paper, with the zero degree

point corresponding to true north. Patterns for elevation angles above the
horizontal plane may be plotted in polar or rectangular ccordinates, with the
pattern for each angle of elevation on a separate page. Rectangular plots shall
begin and end at true north, with all azimuths labelled in increments of not less
than 20 degrees. If a rectangular plot is used, the ordinate showing the scale
for radiation may be logarithmic. Mincr lobe and null detail ceccurring between
successlve patterns for specific angles of elevation need not be submitted.
Values of field strength on any pattern less than ten percent of the maximum
field strength plotted on that pattern shall be shown on an enlarged scale.
Rectangular plots with a logarithmic ordimate need not utilize an expanded
scale unless necessary to shew clearly the minor lobe and null detail. The
dirzction and distance towdrd each existing station with which iaterference
may be involved shall be indicated on the horizontal plane pattern, and, ars
appropriate, on patterns for other angles of elevation, with all directions
referred to true north.

NOTE: * & %

2. Section 73.152(a3(2) is amended to read as follows:

Section 73.152 Modification of directional antenna data.

* * * * *

(a)(2) Where any excessive measured field does not result in objectionable
int:rference to another station a modified standard radiation pattern shall
be submitted, encompassing all measured fields, and shall supersede the
previously submitted standard radiation pattern for that station in the
pertinent mode of directional operation.

NOTE: Where measured fields exceed the values shown on the
standard radiation pattern, but objectionable Interference
does not result, and, accordingly, a modified standard radia-
tion pattern is submitted, the modified pattern may be larger




than the original pattern (Z.2., have a higher RMS value)
if the measured filelds sygstamatically evceed the confines
of the original patteran. The larger pattern shall be com—
puted by using a larger multiplying constant, X, in the

theoretical pattern equaticn {(Eg. 1) in Section 73.150

{(B)Y{1Y{(1). Alternatively, where the measured field exceeds
the pattern in discrete directions, but objectionable inter-
ference does not result, the patfern may be expanded cover
both
sector
achieved

gsectors including these directions. A combination of
types of expansion may sometimes be desirable. Where
expansion, or "augmentation', is desired, it shall be
by application of the following equatiocn:

ya o

Elo,8) . = v{E(4,8) 35 + {J gl8) cos (180 _4))?

E ¥V
ny aea

where!

o]

E(¢,6)Qt4 is the standard pattern field at some particular azimuth and eleva-
tion angle, before augmentation, computed pursuant to Section 73.150(B) (1) (4L),

E{p,8) 15 the field in the direction specified above, after augmentatiocn.

J = V{E(¢,8),
fi
zero degrees; ¢ = main azimuth of augmentatiom).

g8} is defined in Section 73.150(b)(1)(1).

S is the angular range, or ''span’’, over which augmentation is applied.

span 1s centered on the main azimuth of augmentatlon. At the limits of

spin, the augmented pattern merges into the unaugmented pattern.
not overlap one another.

Spans

J}T“ {E(fb,ﬁjstd}z in whic‘r} E(¢{8)aug and E(¢’e)?td are rthe
‘2lds in theuhorizontal plane at the main azimuth of augmentation (2.e., 8 =

The
the
shall

D4 1s the absolute horizontal angle between the azimuth at which the augmented
pattern value is being computed and the main azimuth of augmentation.

oo excead 1/2 5.)
*® * * *

*
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METHOD OF CALCULATION COF MULTIPLYIHG CONSTANTS
USED IN COMPUTER PROGRAMS FCR STANDARD
BROADCAST DIRECTIONAL ANTENNA CALCULATIONS

Th= various steps in the calculation of the multiplying constant are:

2) Compute the no-loss multiplyving constant; that is, the multiplying
constant assuming that the nominal power is radiated.

b) Compute the no-loss loop currents {base currents if the tower is
less than 90 =zlectrical degrees),

c} Compute the total power loss using the no-loss currents.

d4) Adjust the multiplying constant to take account of the power loss;
that is, adjust sc that the nominal power is the input power to the
array rather than the radiated power.

NOTE: In the following description, the angle & is the vertical elevation angle
above the horizontal plane. Also, the term 'rmg" means the root-mean-square
field Intensity based on a multiplying constant of omne.

The no-loss multiplying constant 13 computed by the power flow integratiom
method:

Yuom

. (C1)(¥v? )

MEnem

whaere: K = the no-loss multiplying constant;

07 = 152.15158 m¥/m: this is the horilzontal radlation from a standard
hemispherical radiator in millivelts per meter at one mile; this
was derived in Cometants for Diresctional Antenna Computer Frograms,
43 FCC 24 544, 28 RR 2d 956 (1973);

Pnom = the nominal power in kilowatts;

ms = the root-mean-square effective field intensity over the hemisphere,
hem which may be obtained by integrating the & at each vertical
elevation angle over the hemisphere. The Cormission's computer
performs the integration using the trapezoidal methed of approx-

imatien:




H

the interval, in degress, between the equal

wnore A 1v-3
paints at the different vertical elevation angl:

P

b,l fn

ced
J;

m = integers from I to I, which give the elevation angle 6§ in degrees
when multipiled by 4

7 = one less than the number of intarvals; it is egual to 90/4 - I;

rms, = the root-mean-square field intensity at the specified elevation angle 9:
n n
ms, = -E_ 'E Fifi(8) Fif3(8) cos ¥;: J (S;: cos 6)
=1 j=1
, . +h :
wnere 1 = LY tower;
. th

Jg =77 tower;
n = number of towers in the array,;
. .th
F. = fleld ratio of the 2 tower;
.th
F.{8) = vertical radiation characteristic of the 1°  tower;
gan th
F.= field ratio of the J  tower;

N .t
7:(8) = vertical radiation characteristic of the Jt tower;

Y. = dlffeggnce in the electrical phase angles of the currents in the th
" and 7% towers in the array;

- . 5 .th .th

S;+ = spacing in degrees between the T and J towers in the array;
o

J (5., 258 8) = Besgel function of the first k%nd and zero order cf the apparant
0 spacing between the £ and F°7 towers.

Next, the no-loss locp current {the current at the current maxima) for a typical
tower 1s computed:

X F,
T = 1

L~ (62)(1 - cos G;)

where I. = the loop current ian arperes in the ith tower;
¥ = the no-loss multiplying constant computed above;
F, = the field ratio for the ith tower ;
1
09 = 37.256479; this was derived in Comstants for Directional Antenna

Corputer Programs, supra;

:th

. = the height, in electrical degrees, of the % tower.




3.

{(Note: If non-typical towers are used, different locp current equations may
ba required.}

If the tower Is less than %0 electrical degrases in hedght, the base currant is
computed by multiplying the sine of the tewer height bv the lgop current.
Using the no-loss currents, the total pewer lass would be:
R iy
h2 N *
logs 1000 <di=1

where P the total power loss in kilowatts;

loss

o]
n

the assumed resistance in ohms; for standard pattern calculatrions,
this would be at least one ohm;

P .th
L = the % tower;

n = the number of towers in the array;

I, = the loop currant {or base current if the tower is less than 90
electrical degrees in height) for the ith tower.

3

Finally, the multiplying constant must be adiusted to change the assumption
from nominal power being radiated to nominal power being the input power to
the array prior to taking account of the assumed loss resistance:

1od M / pr.'om

N = A
1)
8 V]‘n +4PZOSS

om

wherse KQ = the multiplying constant after adjustment for the assumed loss
resistance;

K = the no~loss multiplying constant computed above;

P;om = the nominal power in kilowatts;
P7oss = the total power loss in kilowatts.

The multiplying constant K; is then used to compute the theoretical pattern used
in generating the standard pattern.

~FCC -



