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FEDERAL COMMUNICATIONS COMMISSION
ENGINBERING DEPARTMENT
WASHINGTON, D. C.

April 12, 1946

- MENORANDUM TO MEMBERS OF CLEAR CHANNEL COMMITTEES I II AND III.

SUBJECT: Draft "D" of "Method of Computing Service, stc.”

As a result of the discussions at the joint meeting of your three
committees on April 8th, 9th and 10th, Draft C of the subject doeument
has been revised to Draft D, a copy of which is enclosed.

It is hoped that on its main essentials, the committees are now .
in substantial agreement, and that any further changes will be few and
minor.

As announced at the ¢lose of the meeting on Wednesday, the
committees will meet in Room 2230, New Post Office Building, on Monday
April 15th in the afternoon, at whatever hour is sst for the resumption
of the clear channel hearing after the lunch-time recess. At that
meeting consideration wiil be given to the terms of Draft D and there
will also bve a discussion of the cooperative pregaration of basic
coverage maps.

AW bk

For G. P. ADAIR
Chief Engineer



FeDERAL COMMUNICATIONS COMMISSION
ENGINBERING DEPARTMENT
WasHINGTC..? D. C,

April 12, 1946

.

Method of Computing Service and Interfersnce for Use in Comnection
with Docket 76741,

The following methods and procedures are recommended for the prep-
aration of technical testimony concerning servics and interfereuce
in the Clear Channel Hearing, Docket ﬁh/4l ‘hey are based on the
reuul4s of the studiss of uumﬂLtLQSu I, II and III. They constitute,

iv geaeral, revisions in the methods presently established in the
btamdardc of Good Enginesring Practice. The lattsr may be used Lo
The extent that they are not at variance with this document.

TABLE OF CONTLNTS:

A - Definition of terms.
B -« Types of service.
1. Standard signal to interference ratios.
2. Types of groundwave service on a percent of time
l basis.
: 3. Tyves of skywave service on a percent of time basis.
: C ~ Use of atmospherics maps.
- D ~ Use of skywave curves.
. E - Determination of RS Interference.
F ~ Use of urban service chart (Fig. 20-2)



k. Definition of Termss

Interference:s The effect obtained in reception wsea the ratio

ce
of desired fi21d intensiuy to undesired field iatensity (atmos-
pheric noise, nan-made noise or radio signal} is less than ths
value considered by listeners to be the borderline bstween

"satisfactory® and "unsatisfactory.’

Hourly median valve. {of skywafe fleld intensity, atmospheric
noise intensity, or amy other function varying with time} That
value which is exceedsd Tor a total of 30 minutses in an hour.

Skywave signal. The hourly median skywave fleld intensity

whaicn is exceedsd at a given receiving location on PE of the
nights of the year or anmy other long period. (1944 curves for

the second hour alter sunset, as prepared by uvommitise IXI, gre
to be used.)

inverss distance figld at one mile from a
in a particular directilon.

The angie @3 in Figure 6 of the Comuission’s

-

Service obtained from ths groundwave signal.’

Skvywave Service. Servics obtainad from the skywave slgnal.

B 2

Isy-Service Conbtour. The contour defining a pardicular typs of

B. Types cof Service:

1. Standard Ratio of Desired Signai- to—?nterfﬂrence, g/ This is
28 of T

the same for &ll typ: service.
Kind of Interference Ratio, Desirsad teo Undesired
Atmospheric Noise 1/ 100 * to 1, carrier to avsrage

noise. (4 k¢ e.b.w,)

Man-made noise 30 to 1, carvier to uolse lgvel
(POA 212 type meter;

% Tentative: Subject to revislen if required by further studiss
now in progress by Comrnittee I.




Other~Station Interfersunce 1/ ,
(co-channel) ratioc.

Other-Station Interference 1/
=

{adjacent chennel) Instantaneous Signal ratio
For groundwave For skywave
: service servics
lst adjacsut channel  1:1
2nd adjecent chanusl 1320
3rd adjacent channel 3/1:100

Interference between 2 te 1, groundwave to insbtan~
Station's own skywave tansous skywave or instanbansous
gignal and i%s ground- skywave to groundwave

wave {(distortion szone).

NOTLES:
In certain cases involving service or interference from skywaves,
where there is variation of ratio within the hour, the standard
ratio Lo adjusted by a factor which will account Loy this
variation in order to indicate service for 9C% of the nour. The
ratic of the value sxcesded 1079 of the hour to the hourly m 224}
valus f& 1.83 and the ralio of the how lan value to t
value exceedsd for 204 of the hour is 2.5

1

In any case a minimum sigral of Q1 mvy/a is considered nscsssar
for service. :

For gurposss of cls
adjacent chanpel interf

griibits, the Zrd
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the kind invelving the most severe interference will
determine taoe eAAﬁtence or absence of type B ssrvice
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Waen limited by atmospherics, type ¢ service will be

assumed to be bounded by the type B service srsa and
the contour at which the standard ratio

20% of the time throughout the year. This wi
determined from figures 12-2 and 14-3 in ace
with paragraph C.

When limited by other-station groundwave interference, wo

type C service is defined.

Wher limited bv other-station skvwave interferencs, type

C service will be assumed te bs btounded by the type B
service area and the contour at which the adjusted
standard ratio ;// is obtained for 20% of the nights of
the year. The groundwave signal required is as follows:

roundwavs
to ndesired 80% skywavz

Same charnel ' 37s%
1st adjacent channel 1.8:1
2nd adjacent channel 1:11

Two or more interfering skywave signals on the same
channel will be zousidered as havimg exn R3S valus
determined in accordance with parasgraph E.

not defined, and the area betwasn the typs B and Lype
areas is considered Lo be all type F service in i
absence of other kinds of interference.

When limited by man-made noise, type C service is
assumed to be bounded by the contours established by
figure 20-2 which will serve 70% and 50% of the pop-
uiasion. Note that in calculating population served,
the numbsr within type C contour will be determined in
accordance with paragraph F. -

When limited by more than ons kind of ianterferencs,
(atmospherics, man-made noise, co-channel interference,
adjacent chaunnel interference or the distortion zons),
the kind involving the most sevare interference will
determine the existence or abseunce of tyope C service
at a ooint. In any exhibit, the kind of interference
defining a contour should be indicatsad. :
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When limited oy atmospherics, type D skywave service
will be assumsd Lo ve bounded by the contour at whi

ek
the ratic of 0% skywave signal to ths 50% nighttine
atmospherics~free fileld intensity as detersined in
accordance with parggraph £, is 2.5 to 1.

When limited by cther-station grovndwave intsrfsrvence,
type D skywave service will be assumed to be bound
the contour at which the adjusted sitaandard ratio I/ g
obbained on 0% of the nights. This requires a ratic of
inteusity as follows:

Ratio of desired 90% skywave
to undsesired groundeave

Same channeld 5031
ist adjacent channel 132
2nd adjascent channel 1340
Wnoen limited by other stabion skywave
type [ skywave service will be assumed :
the contour at which the ratic of desired 209

to undesired 50% skywave is as follows:

e

Same channel 6
lst adjacent channel
2nd adjacent channel

2

20

ww O
oo
ol U

(@]

Y3

When limited by interference from the station's own

groundwave (distortion zons, outer @ugu)y type D skywava
service will b2 assumed to be bounded by the contour at

which the ratic of the 07 skywave signal to the ground-
wave signal is 2 to 1.

When limited by man-made noise, type D skywave sary
will be assumed %o be bounded by the 50% skywave co
established by Figure 20-2 which will serve GC% of ths
population. Nots that in calcwlabing population served,
the number w&uhln the type D contour will be determinsd
in accordance with paragraph F.

Le

Wnen limited bv more than one klﬂd of lHtPrf“? SO E o

(atmospherics, man-made noise, co-channel interference,
adjacent channel interference, or the distoriion zgne),
the kind involving the most severs interference will
determine the existence or absence of type D service,
at any point. In exnioits, the kind of interferencs
defining the contour whould be indicated.

-7 -
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Type E service;

When limited by atmospherics, type E skywave service will
be assumed to be bounded by the type D service ares and
tha contour at which the ratlo of the 60% skywsve signsl
to the 50% nighttime atuospherics-free field intensity

as determined in accordance with paragraph C is 2.5 to 1.

When limited by other-station groundwave interference,

type E skywave service will be assumed to be boundsd by

thse type D servics area and the contour at which the
adjusted standard ratlo ;/ is obtained on A0% of the nights.
This requires a ratic of signal intemsity as follows:

Ratic of desired 604 skywave
to undesired groundwave

Same channel 50

)
1st zdjacent chennel 1:2
2nd adjscent channel 1240

When limited by other-station skywave lnterfereunsce,

Ly pe E skywave service will be assumed to be boundad by

the se D ssrvice area and the contour at which the ratio
of daswred 609 skywave o uadeszred 509 skywave is as
follows

Same channel 60:1
1st adjacent channel 3:5
2nd adjacent chaunel 3:100

When limited by interfersnce from the staticn’s own

Zroundwave [distortion zons, outer sdge), type E skywave

service will be assumed to oe bounded by the type D
ae”v ce area and the countour at which the ratic of the
50% skywave signal to the groundwave signsl is 2 te 1.

Jhen limited by man-made nolse, type E skywave servics

will be assumed Lo be bounded by the 50% skywave coutours
sstablished by Figure 20-2 which will serve 30% and 70%
of the Qapulabch, Note that in caleuwliating population
served, ths numbsr within the type E comtour will be
dovswmlned in accordance with parsgraph F.

Wnen limited by more than one kind of interfsrencs,

(stmospherics, man-made nolse, co-channel interference,
adjacent channel interference, or the distorticn zone),
the kind involving the most severe interference will
determine the existence or absence of Lype E service
a2t any point. In exhibits, the kind of interfereuce
defining the contour should be :indicated.
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Type F. service
{1} Wher limited by atmosonsrics, typs F

skywave servics
willi be assumed to beg bounded by the type T service
arey and the contour at which the ratio of the 30%
skywvave signal to the 50% nighttime atmospherics-iras
field inbtensity as determined in accordance with
agrasn O is 2.5 te L.

{2) ¥When limited by other-statvion groundweve interfers
typs F skywave service will be assumed to te bounded oy
the type E service aisa and the conbtour at which the
adjusted standard ratic 1/ is obtaimed on 30F of the
nights of the year. This requires a ratlo of signal
intensity as follows:

Ratio of desired 30% skywavse
to wndesired groundwave

Same channel 50:1
ist adjacent channai 122
2nd adjacent channel 1240

[3) When limited bv other-station skywave interferencs,

the type F service area and the contour at which ths
ratic of desired 30% skywave tc undesired 507 skywave
is as follows:

- Same channel 601
dst adjacent channel 3¢5 .
2nd adjacent chamel 32100

(4) Whea limited by interference from tne station's own
gronrdwave (distortion zone, outer edgs), tyops F skyrave
service will be assumed to be bouaded by the type ¥

service area and the conbour at which the ratio of the

30% skywave signal to the groundwave signal is 2 to l.
In addition, between this contour and the typs B ground=

wave service area, bthe service which i1s part of the time
a skywave service and part of the time a groundwave
service will be considered also as type F ssrvice.

(5) When limited by man-made noise, type F skywave sevrvice
will be assumed to be bounded by the type E service
area and the 50% skywave contour established by Figure
20~2 which will serve 50% of the population. Nets that
in calculating population served, the number within the
type F contour will be determined in accordance with
paragraph F.

(6) When limited by more than ons kind of interfersnce,
{(atmospherics, man-made noise, co-chamnel interferencs,
adjacent channel interferencs, or the distortion ZORE) o
the kind involving the most severe interferences will

“ G



determine ~
g6t any
defining
4. Tabular Summary.
Lbbreviaticons:
4NS:  Annual nolss-free signel ansity which wilii
be free of atma:omeer pereent of the year.
SW¢ Skywave signal.
Gl Groundwave slgznal.
BE Desirad.
Uz Undesived.
50 Same channel
e KCs Adj a<@nt channel .
When limited by: o
Type of {Atnospheric Othesr Station| Other Statisn [U.storition | W
Servive | Nelse G¥ bat 2
& DGY = DGW/IGYH = BGW/U4C
JOLANS SC 2031 30
ist AC 1:1 18
2nd AC 1:20 1 2n :
I 3rd AC 1500
L . Not DGH/ U5 06K DG/ IS098W « 3T to sarve
5CEANS defined S 3751 LO0% - 0¥
Ist AC 1.8:1 231 i populat’
2nd AC  1:l1l :
? ¢ DGW = Not
20%ANS Not DGW/UBCESH defined
dafined 5 374
lst AT 1.3:3
Znd AC 111
B D?C%SHw2'5zl DYOZSW/UUW DOCESH/US0LSH | BONESW/ UGH
S0%ANS 3C 50:1 1 SC 6021
1st AC  1:2 §lst AC  3:3 Zud
2nd AC 14404 2nd AC 33100
B DOOTSW= . 523 DH0TSH,/UCY DOOEST /TS0%SH | DAOESY/
50FANS SC 501 1 SC 60:1 :
’ ! 1st AC  1:2 {1st AC  3:5 213 population
gnd AC 13401 2nd AC  3:100
F D3CRSH=0 5.1 | DIOHSW/UGH D30% sw/U)o%ow Area bounded50% SW to
50%ﬁNo SC 5051 | SC 6051 lby type B 0 sawve T0E-50%
st AC  1:2 1§ 1lst AC 3:5 land type B populanion
! 2nd AC 1:40 1 2nd AT 3:100 . ;

3#*

For clear channel hearing service exhibits, 3rd AC need noi be shown.

- 10 -



Use of Atmospherics Maps.

Two maps are provided. (Figures 12-2 and 1/4-3). These show the

daytime and the nighttime contours of field intensities in mv/m required
to render atmospherics-free service {assuming 100 to 1 as the standard
ratio) for 90% of the year for 1000 kc. Interpolation for points
between contour lines may be accomplished by using the shortest line
through the point and between adjacent comtours. The required signal
for other frequencies is determined by applying the following formulae:

Daytime Ee =~ Eyppo % (MQ‘) 0.86 ]
fre
Nighttime E. _ E r (4800 ) 0.5
£ = ¥1000 0

Where fy. is the frequency in kilocycles

Ef is the field intensity at that frequency

E1000 is the field intensity indicated by the ma p
These functions are shown graphically in Figure 4-1.
For determining the field required for service 50% of the year,
the fizld required for service for 90% of the year is multiplied
by 0.16.

In the case of groundwave service, the figld lantensity requivrsd
for service at the location of the transmitter will be considared
as determining the field intensity required in all parts of the

" service area.

Use of Skywave Curves.

1. Separate graphs for the several P% skywave signals requirsd
by by paragraph B are provided.

2. The latitude to be used is the latitude of the mid point of the
path between the transmitter and the receiving point. Note
that only on paths along the meridian is this latitude exactly
half way between the latitude of the transmitter and that of
the rsceiver. On long sast-west paths, particularly at the
higher latitudes the difference may be significant. For mid-
points above 499 and below 350, the curve for 49° and 359 pes..

pectively shall be used. In the case of skywave interference to
groundwave service of Class II stations and of stations on
regional channels the latitude of the mid point between the
cities in which the stations are located is to be used.

3, The radiation to be used is the radiation at the proper azimuth
and at the pertinent angle. In the case of skywave interference
to groundwave service, of Class II stations and of stations on
regional channels, the distance betwsen the cities in which ths
stations are located is to be used.

- 11 -



E.

F.

L

5.

The accuracy of the skywave curves is net well established by
experiment at distances less than 250 miles. They are extended
to 50 miles by assuming the same attenuation of signal below the
inverse distance field as was observed at distances from 250
miles to'600 miles. They will be used until such time as they
may be corrected by further experimental svidence.

In the case of Class IV stations on local chaunels, because of the
great amount of labor involved in determining the actual

nighttime limitation from other staticn skywaves to any given
station, a uniform value of 4.0 mv/m will be assumed as the

1limit of service which may be compared with typé B service in
other classes of stations.

Detggminat;on of RSS Interference

When two or more interfering 10% skywave signals on the same
frequency exist at a point, their resultant is considered to be

the Root-sum - square value of the components. In calculating

the RSS value, if there are no more than five signals present

all shall be included; if six or more exist, only the fivs

highest shall be included. This method may also be used for two

or more interfering P% skywave signals. It cannot be used, however,
to determine the resultant interference when the signals are
expressed as values exceeded for different percentages of time.

Use of Urban Service Chart - Figure 20-2.

The signal intensity required for the several types of service

is defined in paragraph B. In calculating population within a
particular type of service area, all of the population in the
area is included. If the city is so located with respect to

the station that the contour dividing two types of service

areas passes through the city, ordinarily all the population will
be considered as within that service area which includes mors
than 50% of the city area. However when a station delivers

a large range of field intensities over a city, the population
within each type of service area will be tabulated separately.

Interpolation between lines on the chart is to be used when
necessary.

Signal intensities less then 0.5 mv/m, nor less than the value
required for service to 50% of the population, will not be con-
sidered as rendering any service to urban areas.

In rural areas, including towns of less than 2500 population,

the minimum signal intensity requlred to overcome man-made noisa
is considered to be uniformly 0.1 mv/m.

- 12 -
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FLRODRRaL COMMUNICATIONS COMMISSION -
BNGINEERING DEPARTMENT
WASHINGTON, D, C.

Method of Computing Service and Intsvfurencs for Use in Connsction
with Docket ﬁ674i,

The following methods and procedurss ars recomended for the prep-
aration of technical tsstimony concerning service and interferencs
in the Clear Channel Hearing, Docket 7m7A,av They are bassed on the
results of the stud s of Committess I, IT and II¥. They constltute,
in gensral, revisicns in the methods prassutly ssts lished ia the
Standards of Good }rgi sring Practine. The latter mzy be used Lo
the extent thalt they are not at vsrlance with this document. It is
intended later te zncorp@raLe Tﬁss mebauds and procedurss into a
general revision of ths Commission's Standsrds.

TABLE OF GONTEHTS:

A - Definition of terms.
B - Grades of service.
1. Standard signal to interferencs ratics.
2. Grades of primary service on a percent of time basis.
3. Grades of secondery service on a percent of time basis.
C ~ Use of amospherics maps.
D -~ Use of skywave curves.
E -~ Use of groundwave curves.
F - Determination of RSS Interfersnce.
G - Qther-signal interfesrence ratliss.
H - Calculating urban population within service contours.



B.

Interference: The effact cbta @ 2 Tatbic
of desired field intensity teo undesived f r {atwos-
pheric nolse, man-maede noise or radio signal} is A@cs tham the
value considsred by listeners to be ths borderline between
"satisfactory” and "unsatisfectory.™

Hourly median valus. [of skywave fisld int snsity, atmosphe

7l
noisa intensity, or any other function varying ﬁitn time: Ths
value which is excesdsd for a tetal of 30 minutes in an hour.

~
A
Er
o

P% Skywave slgnal. The hourly median skywavs field ¢ﬂtbnsify
which is exceeded at a given recelving locaticn on P% of the
nights of the year cr any other long pericd. {1944 curves for
the second hour after sunset, as prepared by Committes III, are
to be used.)

1d. The inverse distance fleld at one mile from a

Radiated 8
g antenna, in a partlcular direction.

3
e
transmitti

1
n
193

n'}j@.

Pertinent Angle. The ang in Figure 6 of the Commission's

present Standaris.

1

Groundwave Ssrv.cg. Sarvice cbitained from the groundwsve signal.,

Skymave Service. Service obtained from the skywave signal,

v

iso-Service Contour. The contour defining a particular grade of
service.

Grades of Service:

9

1. Standard Ratio of Dssired Siegnal-to-Interference. This is
the same for all grades of service.
Type of Interference Ratio, Desired to Uadesired
Atmospheric Noise 100 * to 1, carrier to average

noise. (4 ke e.b.w.)

Man-made nolise 30 to 1, carrier to nolse
level (RCA 312 type meter) .

*  Tentative: Subjeot to revision if requirsd by further
studies now in progress by Committee I.
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Ivos of Interfersocs (Copt'd
of R

Gther-Station Interference
(co-~channel)

Otnsr~vtation Interfarance
(adjacent channel)

Interfersnce between

Svation's own ckywave

Signal and its Ground-
ave ( istortion zonej.

20 te i, instantansous cavvisr
ratic., #

[€p]
@D
[&]

parvagraph G

2 to 1, groundwave to instan-
tanecus skywave or instantanscus
skywave to groundwave.

1/ NOTE: 1In cases involving service or interferencs from
skywaves, where there ir varilation of ratic within
the hour at any point, the voint at which the standard
ratlo 1s obtained for 90% of the hour shall be used
to estaplish grades of servics.

2/ NOTE: 1In any cass a minimum signal of 0.1 mv/m is

s

considered necessary for ssrvice.



Types of groundwave service on a percent of time basiss
(Groundwave signals are assumed not to very with time.)

(a) Type A service.

(1)

(2)

(3)

When limited by atimospherics, type A service will be

assumed to be bounded by the contour at which the
standard ratlo is obtalned for 30% of the time throughout
the year. This will be determined from Figures 12-1

and 1l4-1 in accordance with paragraph C.

When limited by other-station groundwasve inferferences,
type A service will be assumed to be bounded by the
contour at which the standard ratio is obtained.

When limited by other-station skywave interferencs,

type A service will be assumed to be bounded by the
contour at which the standard ratio )} / is obtained on
90% of the nights of the year. Since the value excseded
by the signal for 10% of the hour is 1.83 ‘imes the
hourly median value, the groundwave signal required is

~as follows:

Ratio of desired groundwave
to undesired 10% skywave

Same channel 37:1
1st adjacent channel 1.8:1
L:dl

2nd adjacent channsl
Two or more interfering skywave signals on the same
channel will be considersed as having an RSS value deter=
mined in accordance with paragraph F.

When limited by interference from the statlon's own

skywave (distortion gone, inner adge), type A service will
be assumed to be bounded by the contour at which the
standard ratio 1 ;' is obtained on 90% of +the nights. This
occcurs at the poiat where the 10% skywave signal is 0.27
times the groundwave signal.

When limited by man-mede noise, type A service will be
assumed to be bouaded by the contour established by
Figure 20-1 which will serve 90% of the population. Nots
that in calculsting population serviced the number within
the type A contour will be determinsd in accordance with
paragraph H. ’ ‘

When limited by more than one kind of interfesrsnce,

Atmospherics, man-made noiss, co-channel interierenc
édjacegt channel iﬁtar?erenceg or the distortion Fone ;
the kind involving the most severe interference will
determine the existence or absence of type A service at
any point. In exhibits, ths kind of interference defining
the contour should be indicated.

-l -



(2)

o
&)
o

{4)

B ssrvices.

When linited by aitmosphsrics, type B service will be

assumed to be bounded by the type & service ares and

the contour at which the standard ratio is obtained for
50% of the time througheut the year. This will bs
determined from Figures 12-1 and 14-1 in accordance with

paragraph C.

When limited by other-statlon groundwave interferencs, no

type B service is defined and all areas outsides the type
A ssrvice area are considered as having no service.

When limited by other-station skvwsve interference, type

B service will be assumed to be bounded by the type &
service area and the contour at which the standard ratio
11 is obtailned for 50% of the nlzghts of the year. Since
the value exceeded by the signal for 104 of the hour is
1.83 times the hourly median value, the groundwave sigmal
required is as follows:

Ratio of desired groundwave

to _undesired 50% skywave

Same channel 37:3
ist adjacent channel 1.8:1
2nd adjacent channel 1231

Two or more interfering skywave signals on the same
channel will be considered as having an RSS value -
determined in accordance with paragraph F.

When limited by intsrference from the station's own

skywave, (distortion zone. inner edgeltype B service will
be assumed to be bounded by the type 4 service area and
the contour at which the standard ratio 1/ is obtained on
50% of the nights. This occurs at the point where tha
504 skywave signal is 0.27 timss the groundwavs signal.

When limited by man-made noise, type B service is assumed
to ove bounded by the type 4 service area and the contour
established by figure 20-1 %hich will servics 70% of the
population. Nove that in calculating population served,
the number within type B contcour will be determined in
accordance with paragraph H.

When limited by more than one kind of interfervence,
(Atmospherics, nman-made noise, co-channel interference,

adgac?nt channel interference or thg distortion =z @)
kind involving the most severe interference will

decermlne the existencs or absence of type B service
at a point. In any exhibit, ths kind of interference
defining a contour should be indicated.

- 5 .



3.

(¢)

Ty pes
(a)

Tyoe C service is dsfined as whatever groundwave service
exists beyond the type B service arsa. However, in the
case of groundwave service limited by the station's own
skywave, the type of service beyond type B is considered as
typs F and is continuous with the type F skywave service
limited by the interference from the station's own ground-
wave. In other words, in the absence of other kinds of
interference, the service in the distortion mone betwsen
type B (groundwave) service and type E (skywave) service

is all considered type F.

of skywave service on a percent of time basis.
Type D ssrvice.

(1) YWhen limited by atmospherics, typs D skywave service
will be assumed to be hounded by the contour at which
the ratlo of 30% skywave signal to the 504 nighttime
atmospherics-free field intensity as determined in
accordance with paragraph ¢, is 2.5 to 1.

(2) When limited by other-station groundwave interference,
type D skywave service will be assumed to be bounded by
the contour at which the standard ratio 1/ is obtained
on 0% of the nights. This requires a ratio of signal
intensity as follows:

Ratlo of desired 30% skywave
o undesired groundwavs

Same channel 50:1
1st adjacent channel 1:2
2nd adjacent channel 1:40
3rd, adjacent channel 1:106

(3) Woen limited by other-station skywave interferencs,
type D skywave service will be assumed to be bounded by
the contour at which the ratio of desired 90% skywave to
undesired 50% skywave is as follows: :

Same channel 60:1
lst adjacent channel 3:5
2nd adjacent channel 32100

(4) When limited by interference from the stadon's omn
groundwave (distortion zone, outer edge), type D skywave
service will be assumed to be bounded by the contour at
which the ratio of ths 90% skywave signal to the ground-
wave signal is 5.1 to 1. :

(5) ¥naen limited by man-made noise, type D skywave service

will be assumed to be bounded by the 50% skywave contour
established by Figure 20-1 which will serve 0% of the
population. Note that in calculating population served,
the numper within the tyse D contour will be determined
in accordance with paragraph H.

- b -



{6} When limited oy wore than one xind of interference,
(atmospherics, war-made neise, co-channsl imt?rferenc§,
adjacent channel iaterference, or the distortxon zoney,
the kind involving the most severs interference wilil
determine the existence or absence of type D service,
at any point. In exhibvits, the kind of interference
defining the contour should be indicated.

Type E service.

(1) When limited by atmosohsrics type E skywave service will
be assumed 10 08 bounded by ths tyga D service area and
the contour at which the ratioc of the 607 skywave signal

to the 50% nighttime atmospherics-free fisld intensity
as determined in szccordance with caragraph C is 2.5 to 1.

(2) ¥hen limkted by othsr-station groundwave interference,
type E skywave service wlll bs assumed to be bounded by
the type D service area and the contour at which the
standard ratic 1/ is obtained on 60% of the nights.
This requires a ratis of signal intensity as follows:

Ratio of desired 60% skywave
to_undegsired groundwavs

Same channsl 50:1
lst adjacent channel . 132
2nd adjacent channsl 4340
3rd adjacsnt channsl 15306

(3) When limited by othsr-stetion skvwave interferencs,
type E skywave service will be assumed to be bounded by
the type D service area and the contour &t which the ratiop
of desired 604 skywave o undesired 504 skywave is.
as follows:

Same channel 60:1
lst adjacent channel 3:5
2nd adjacent channel 3:100

(4) When limited by interference from the station's own
groundwave (distortion zone, ovter edge), type E skywave
service will be assumsd {0 be bounded by ths type D
service area and the contour at which the ratio of the
607 skywave signal to the groundwave signael is 5.1 to 1.

(5) When limited by mal-made noise, type E skywave service
will be assumed to be bounded by the type D service arss
agd ghe gg% skywave contour established by Figure 20-1
4 » o P 22 o 4 - vy Tt -
SRISEs A So80TER 1707 00 Lo DRRulaien- uy Nt hetedgecp?
contour will ve determinsd in accordance with paragrach H.

(6) When limited by more than one kind of interferencs,
(atmospherics, man-mnade noilse, co-channsl interference,
adjacent channel irterference, or the distortion zone),
the kind involving the most severe interference will

-7



(c

i

‘Type
(1)

(2)

determine the exlistence or absence of type F service
at any peint. In exhibits, the kind of interferencs
defining the contour should be indicated.

P service.

When limited by abtmospherics, type F skywave service
will be assumed to pe bounded by the type E service
area and the contour at which the ratio of the 30%
skywave signal to the 50% nighttime atmospherics-free
field intensity as determined in accordance with par-
agraph C 1s 2.5 to 1. '

When limited by other-station groundwave interferencs,
type F skywave service will be assumed to be bounded by
the type E service area and the contour at which the
standard ratio 1/ is obtained on 30% of the nights of
the year. This requires a ratio of signal intensity
as follows: ‘

Ratio of desired 30% skywave

to undesired groundwave

Same channel 5051
lst adjacent channsl 1:2
2nd adjacent channsl 1340
Jrd adjacent channsl 14100

When limited by other-station skywave interference,
type F skywave service will bs assumed to be boundsd by
the type E service area and tha contour at which the
ratio of desired 30% skywave to undesired 509 skywave
is as follows:

Same channel 6
lst adjacent channel
2nd adjacent channel

@

s 98 oe

1
5
1

W O

:100

When limited by interference from the station's own
groundwave (distortion zone, outer edge), type F skywave
service will be assumed to be bounded by the typs B
service area and the contour at which the ratioc of the
30% skywave signal to the groundwave signal is 5.1 to 1.
In addition, between this contour and the type B ground-
wave service area, the service which is part of the time
a skywave service and part of the time a groundwave
service wiil be considered also as type F service.

When 1imitsd by man-made noise, type F skywave service
will be assumed to be bounded by the type E service
area and the 50% skywave contour established by Figure
20-1 which will serve 50% of the population. Note that
in calculating pepulation served, the number withino the
type F convour will be determined in accordance with
paragraph {.

-8 -



(6) When limited by more than one kind of interfaren§@9
tmospherics, map-made noise, co-channel interference,
&%E%%%ﬁ%egﬁgnﬁeT ?n%er%erencei §FEhE 8istor%§on Zona) ;
the kind involving the most severe interference will
determine the existence or abssnce of type F service

at any point. In exhibits, the kind of interference
defining the contour should be indicated.

Use of Atmospherics Maps.

Two maps are provided. These show the daytime and the night-
time contours of field intensities required to rendsr atmos-
pherics-free service (assuming 100 to 1 as the standard ratio)
for 30% of the year for 1000 ke. Interpolation for points
between contour lines may be accomplished by using the shortest
line through the point and between adjacent contours. The
required signal for other frequencies is determined by spplying
the following formulae:

Daytime Ef_‘ = EJ,OUQ x (-;ng-g«om3 0.86
c

i3]

Nighttime  Ep - Eyjggp = (JﬁQ&) 0.5
C

o

b

Where ., is the frequency in kilocycles
Er is the field intensity at that frequency
Ejooo is the field intensity indicated by the map

For determining the field required for service 50% of the year,
the field required for service for 90% of the ysar is mul-
tiplied by 0.16.
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map of conductiviiy gha;T ne used (FWJUTS 3 of the present
Standards}. The rscommendsd procedure whers the s igral
traversss terrain of several conductivities is ths equivalent
distance msthod proposed by H. L. Xirke. 1In t ils method,

the actual transmitter is replaced by an inag! nary transoliter
of equal power but at a different distance, the distance
Ueing such that the fisld 2t the junction of the two con-

ductivities is the same as that from vhe actual transmibter
but for a path naving the conductivity of tae sscond pavt of

the path. In the case of high 2onductivity followad by
LOW fOnduCtiVlt the imaglnary transmitisr will be moved
nearer the receliver, and ﬂfnvevsnly A8 an oy rample, supposs

on 700 kc 8 &loﬂax ox 100 my/m at a mile is radisted over
a conductivity of 10 x 10 ~<44 c.m.u. for 15 miles nnﬁ over

3
2 x 10 ~+ tpersafter. Su uppose further 1t 1s desirsd to
determine the distance to the 0. 5 mv/m contour. The fisld
a2t 1% miles will be 4.% m¢/m and the SQUjV“Lefb distance for
conductivity of 2 x 10 ”14 is & miles, which iec 7 miles closer
than the actual trensmititer. The distance to Ths 0.5 mv/m
contour for conductivity 2 z 10 -34 is 25 milass (from the

&
< &
imaginary transmitter) or 32 miles from the actual transmitisy.

Detsrmination of RSS Interlasrence

When two or mors interfori
frequoncv exist at a ¢!
to be the Root-sum

ng 10% skywave signals on the sanme
ir resultant is considered
¢ of the components. In cale

o

ﬂu;etin* the RSS va lue, if ¢ are no wors than fivs signals
present all shall be in luded; if six or more ex iSbg only the
Tive hi ighest shall be includsd. This mathod mey also be ussd
for two or more interfsring P% skywave signals. It cannot be
used, however, to det r ine the resultant intsrference when the
lgnaau are exprassed as values exceeded for different paresnt-
ages of time.

Other--Signal Interfersnces Raties

Ine follewing tsble is to be ussd for determining the ratioc of
fleld strength of a desired o an undesired signal (or RSS value

two or more nbdesi red signals) below which interfersnce will
exist.
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& undesired desired skywave skywave TRV G
PR Y o pu s 3 gz 9 - h? A Y 7 m. % 7
signals groundwave (Type A) (Type B} . {Tvoe D}
0 ke 20:1 37:3 37:1 503
10 ke 1:1 1.8:1 L1.851 112
20 1 1. 1.14 207
20 gc l:%% 1:41 = 13ll 1240
30 ke 1:50 43100
Desired Desired Daelred Desired Dasired
Frequency 60% skywave 30% skywave 90% skywave A0% skywavs 30% skywave
Separation to unde- to unde- to uade- to unds- to unde-
of desired sired sired sired 50% sired 50%  sirved 50%
& undesired groundwave groundwave skywave skywave skywave
signals (Type E) {Type 5} Joyps DI (Tugpe Bl {Tvpe B3
0 ke 5031 50z 60:1 5022 60:1
10 ke 3:2 1:2 3:5 315 335
20 ke 1:40 IRYAS 32100 3:100 3:100
30 ke 13200 12100
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FEDEHAL CC
ENGI :
WASKINGTON, D. C.

April 3, 1946

MEMORANDUM TO MEMBEKS OF COMMITTEES I, II and IIX:

1. Draft C of the "Method of Computing Servicse, ete.” is
‘ enclosed.

2. OCurves referred to in paragraph D-3 are in preparation and
®#1ll be duplicated by hectograph for prompt distribution by
mail. They are ocased on the following assumptions:

a. Abtenuation for transmission by two reflsctinns is the
square of that for transmission by one reflecticn and the
attenuation for transmission oy thnrss feflsctions is the
cube of that for transmission by one veflection.

o. Reflections are from E layer only.

From the method of deriving these, their application to a

2.311  antenna vertical pattern should give the same resulis
as the 50% skywave signal range chart. Moreover for such
distribution, the error iavolved in owitting Ep and g is emall.
Consideration might well be given 1o substituting this method
in all cases in place of the 50% skywave signal range chart,
making the criterion as to whether to include one, two or three
rays, the amount of error invelved in cmitiing ths higher order
of reflections.

3. The promised revision in ths 50% skywave signal range chart to
show close distances is now on the drafting table and will be
distributed as socon as duplicated (by multilith process).

| s % §apnid, /0 an Lo 2270
7270 A

for G, P. ADAIR
Chief Enginser
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ot FEDERAL COMMUNICATIONS COMMISSION

ENGINEERING DEPARTMENT ant

WASHINGTON? D. C. . IR
DRAFT B
March 28 1946

Method of Computing Service and Interfsrence for use in Cannection
with Docket #6741

The following methods and procedurss are recommended for the
preparation of technical itestimony concerning service and inter-
ference in the Clear Channel Hearing, Docket #6741. They are based
on the results of the studies of Committees I, II and III. They
constitute, in general, revisions in the methods presently established
in the Standards of Good Engineering Practice. The latter may bs
used to the extent that they are not at variance with this document.
It is intended later t¢ incorporate these methods and procsdures inte
a genersl revision of the Commission’s Stendards.

TABLE OF CONTENTS

4 ~ Definition of terms.
B - Grades of ssrvics.
1. Standard signal to interfersnce ratiocs.
2. Grades of primary service on a percent of time basis.
3. Grades of secondary service on a percent of time basis.
‘= Use of atmospherics maps.
- Use of skywave curves.
- Use of groundwave curves
Determination of RSS Interfersnce.
- Qther-signal interference ratios.
- Calculating population within service contours.
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4. Definition of terns:

Interference: Ths effect obtainad in veception when the ratio
of desired field intensity to undesired field intensity {atmos-
pheric noise, man-made noise or radio signal) is less than the
value considered by listeners to be the borderline between
"satisfactory" and "unsatisfactory."

Hourly median value. {of skywave field intensity, atmospheric
noise intensity, or any other fumction varying with time): That
value which 1s sexceeded for a total of 30 minutes in an hour.

50% Skywave signal. The hourly median skywave field intensity
which is exceeded at a given receiving location on 5074 of the

A nights of the year or any other long period. (1944 curves for the
v & second hour after suuset, as prepared by Committee I1I, are to
A be used.)

104 Skywave smgnal- The hourly median skywave field intensity
which is exceeded at a given receiving location on 10% of the
nights of the year or any other long period. (1944 curves for the

second hour after sunset, as prepared by Committes III, are to
be used.)

Radiated field: The inverse distance field at one mile from a
transmitting antenna, in a particular directicn.

Pertineth Angle: The angle €1 in Figure 6 of the Commission's
present Standards. . :

Groundwave fervice: Service obtained from the groundwave signal.,

Skywave Service: Service obtained from the skywave signal.

iso-service Contours The contour defining a’particular grade of
service.

B. Grades bf Service

1. Standarc Ratio of Desired S ignal-to-Interference. This is
the same for all grades of service

Type of Interference Ratio, Desired to Undesired
Atmospheric Noise 100% to 1, carrier to any noise.

(4 ke e.b.w.)

¥Tentative: Subject to revision if required by further
studies now in progress by Committee I.

I/NOTE: 1In cases involving service or jnterBerencs from
skywaves, where there is variation of ratioc within the hour

% 8 g ﬁ? @0& ?ff which the standard ratio is obtained
5 s}
for 8% de hou ? be used to establish grades of service.



Type of Interference (Cont'd)

Man-made nolse
Other Station Interference
{co-channal)

Other Station Interference
(adjacent channel)

Station's own Skywave Signal
(fading zone)

Batio, Desired to Undssired

noiss

30 to 1, carrier to
12 wype mster)

level {RCL 3

20 to 1, instantaneous carrisr
ratio®

See paregraph G
2 to i, groundwavse 1o instan-

tansous skywave or instant-
ansous skywave L0 groundwave



2. Grades of groundwave service ona percent o” time basis: (Grgundwavs
signals are assumed not to vary with time.)

{a} Grade A service.

{1) When limited by atmospherics, grade A service will be
assumed within the contour at which the standard ratic is
cbtained for 90% of the time throughout the year. This
will be determined from Figures 12-1 and 14-1 in accordance m
with paragraph C.

(2) When limited by other-station groundwave interfersnce,
grade A sérvice will be assumed within the contour at which
the standard ratio is obtained.

(3) When limited by other station skywave interferencs,
grade A service will be assumed within the contour at which
the standard ratio 1/ is obtained on 90% of the nights of
the year. Since the value of signal for 90% of the hour is I

1.83 times the hourly median wvalue, the groundwave signal
reguired is as follows:

Ratio of groundwave
to 2 skywave

$ame channel 37:1
lst adjacent channei 1.83:1
2nd adjacent channel 1310.9

Two or more interfering skywave signals on the same
channel will be considered as having an RSS value dsier-
mined in accordance with paragraph F.

(4) When limited by interference frem the station's own

skywave (fading zone, inner edge), grade A service will

be assumed within the contour at which the standard ratio
1/ is obtained on 90% of the nights. This occurs at the

ol point where the 10% skywave signal is 0.27 times the

groundwave signal.

(5) When limited by man-made noise, grade A service will be
assumed within the contour established by figure 201 which
will serve 30% of the population. Note that in calculating
population served, the number within the grade & contour
will be determined in accordance with paragraph H.

(6} When limited by more than one type of interference, {(Atmos-
pherics, man-made noise, co-channel interference, adjacent
channel interference, or the fading zone), gxmia The type
invelving the most severe interference will determine the
exlstence or absence of grade A service at any point.

{b) Grade B service.

(1) When limited by Atmospherics, grade B service will bs



assumed beyond the grade A service area dnd within the
contour at which the standard ratio is obtained for 3504
of the time throughout the year. This will be determined
from Figures 12-1 and l4-l in accerdance with paragraph C.

(2). When limlted by other—station_g;oundwava interference, no
grade B service is defined and all arsas outside the grade
A service area are considered as having no sarvice.

(3) When limited by other~station skywave interfersnce, grade
B service will be assumed bayond the grade A service area
and within the contour at which the standard ratio 1/ is
obtained for 50% of the nights of the year. Since the
value of signal for 90% of the hour is 1.83 times the
hourly median velue, the groundwave signal required is as

follows:
Ratlo of groundwave
1o _50% of skywavs
Same channel 37:1 =
lst adjacent channel 1.83:1
2nd adjacent channel 1:10.9

Two or more interfering skywave signals on the sama
channel will be considered as having an RSS value deter-
mined in accordance with paragraph F.

(4} When limited by interferen nce from the station's own
skywave, {(Feding zone, inner edge) grade B service will be

assumed beyond the grade A service area and within the
contour at which the standard ratio 1/ is obtained on 50%
of the nights. This occurs at the point where the 50%
skywave signal is 0.27 times the groundwave signal.

{5} (When limited by man-made noise, grade B service is assumed
beyond the grade A service area and within the contour
established by figure 20-1 which will serve 70% of the
population. Note that in calculating population served,
the number within the grade B contour will be dstermined
in accordance with paragraph H.

(6) When limited by more than one type of interference. (Atmos-
pherics, man-made noise, co-channel interference, adjacent mim
channel interference or the fading zene.) The type invelving
the most severe interference will determine the existence or
absence of grade B service at a point.

{c) Grade C sarvice is defined as whatever groundwave service
exists beyond the grade B service area.

3. Grades of skywave service on a percent of time basis.

(a) Grade D s ervice.



(1) when limited by atmospherics. Grade D skywave service will
be assumed within the conteur st which the standard vatioc

1/ is obtained on 90% of the nights of the year assuming
variation of skywave service signal oh2y and a valus of
atmospheric noise fixed at the valus obtained on 50% of the
nights of the year. Thus at a location where the value of
50% atmospherics indicates a required signal of 0.4 mv/m,
this value represents the signal which must be sxceeded for
90% of the hour 1/. Since the ratio of the skywave excesded
for 30% of the hour %o the hourly median value is 0.39, the
corresponding hourly median value required is 0.4/0.39 =

1.0 mv/m. This is the value which must be cbtained on 90%
of the nights of the year for grade D skywave service.

(2) When 1imited by other-station groundwave interference,
grade D skywave service will be assumed within the contour
at which the standard ratio 1/ is obtained on 80% of the
nights. This requires a ratic of signal intensity as

followss
Ratio of desired BO% skywavs
to undegired groundwave
Same channel 531
1st adjacent channel 2.5631
2nd adjacent channel 1:7.8
3rd adjacent channsl * 1:19.5

(3) When limited by other-staticn skywave interference,
grade D skywavae service will be assumed within the contour
at which the ratioc of desired 5% skywave to undesired 6%

skywave is as follows: ¢ Y
Same channel 60:1
lst adjacent channel 331

2nd adjacent channel 3:20

{4) When limited by interference from the station's own
groundwave (fading zone, outer wall) grade D skywave
service will be assumed within the ‘eontour at which the
standard ratio 1/ is obtained on\SO%/of the nights of the
year. Since the ratio of the hourly median value of a
skywave to the value exceeded for 90% of the hour is 2.56,
the value of the 804 skywave signal must be 5.1 times the
groundwave signal.

{5) When limited by man-made noise, grade D skywave service
will be assumed within the 50% skywave contour established
by figure 20-1 which will serve 90% of ths population.
Note ‘that in calculating population servid, the numbsr

within the grade D contour will be determined in accerdance
with paragraph H.

, ‘ {(6) When dimited by more than one tyve of interference, the rule
is similar to that for grade A service.




{(b) Grade E service

(2)

(2)

(4)

(5)

(6)

¥hen limited by atmospherics grade E skywave service will

be assumed beyond the grade D service avea and within the
contour at which the standard ratio 1/ is obtained on 60%
of the nights of the year assuming variation of skywave
service signal only and a value of atmospheric nolse fixed
at the value obtalned on 50% of the nights of the ysar.

In the example given in paragraph 3 {a) (1) the 1.0 mv/m
must be obtained on 60% of the nights of the year for gradas
E skywave service.

When limited by other-station groundwave interference.

grade E skywave service will be assumed within the contour

at which the standard ratio 1/ is obtained on 50% of the
nights. This requires a ratio of signal intensity as follows:

Ratio of desired 50% skywave
to _undesired groundwave

Same channel 5lsl
ist adjacent channel 2.5631
2nd adjacent channsl i:
3rd adjacent channel 1:

When limited by other-station skywave interfsrence.

Grade E skywave service will be assumed within the eontour
at which the ratio of desired 50% skywave to undesired
50% skywave is as Yollows:

Same channel 601
lst adjacent channel  3:1
2nd adjacent channsel  3:20

When limited by i ence from the ststi 3 Ol
groundwave (fading zone, outer wall} grade E skywave
service will be assumed within the contour at which the
standard ratio 1}/ is obtained on 50% of the nights of the
year. Since the ratic of the hourly median value of &
skywave t¢ the value exceeded for 90% of the hour is 2.56,
the value of the 50% skywave signal must be 5.1 times the
groundwave signal.

¥hen limited by man-made nadise, grade E skywave service
will be assumed within the 50% skywave contour established
by figure 20-1 which will serve 70% of the population.
Note that in calculating population served, the number

within the grade D contour will be deternined in accordance
with paragraph H. :

Wher limited by more than one type of interference (atmos-
pherics, man made noise, co-channel interference, adjacent
channel, interference, or the fading zone). The type

involving the most severe interference will dstermine the
existence or absence of grade E service at any peint.




(o)

Grade F Service

(1)

(2)

o
3
S

When limited by atmospoherics grade F skywave service will

be assumed beyond the grade E service area and within

the contour at which the standard ratlo 1/ 4s obtained on
304 of the nights of the year assuming variation of skywave
service signal only and a value of atmospheric nolse fixsd
8t the valus obtained on 50% of the nights of the year.

In the example given in paragraph 3 (s} {i) ths 1.0 mv/m
must be obtained on 30% of the nights of the year for grade
F skywave service. '

When limited by other-ststion groundwave interference.
Grade F skywave service will be assumsd within the contour
at which the standard ratio 1/ is obtained on 30% of the
nights of the ysar. This requires a ratic of signal
intensity as follows:

Ratio of desired 50% skywave
to_undesired groundwave

Same channael 5331
lst adjacent channel 2.5611
2nd adjacent channel 1:7.8
3rd adjacent channsl  1:19.5

Whan limited by other-station skywave interfersnce. Orade

F skywave service will be ssstmed within ths contour at
which the ratic of desired 30% skywave to undesired 50%
skywave 1s as follows: :
Same channel’ 60
dst sdjacent channel 3

3

13
¢l
2nd adjacent channel 22

G

When limited by interference frem the sbation's own
groundwave (fading zone, ocuter wall) grade F skywave
service will be assumed within the contour at which ths
standard ratic i/ is obtained on 30% of the nights of the
year. Since the ratio of the hourly median valus of a
skywave to the value exceeded for 90% of the hour is 2.56,
the value of the 30% skywave signal must be 5.1 times the
groundwave signal.

When limited by man-made ncisg, grade F skywave servics will
be assumed within the 50% skywave contour established by
figure 20-1 which will serve 50% of the populstion. HKote
that in calculating population served, the number within
the grade F contour will be determined in accordence with
paragraph H.

When 1limited by more than one type of interferense {atmos-
pherics, men made nolse, co-channsl interference, adjacent
channel interference, or the fading zons} The tyoe involving

the most savere interferenc wi&% determinf the
existencs or absence of grade F service &t any polint.



C. Use of Atmospherics Maps.

Two maps are provided: These show the daytime and the nighttims
contours of fisld intensisies required to render atmospherics-free
service (assuming 100 to 1 as the standard ratic) for 90% of the year
for 1000 ke. Interpolation for points between contour lines may be
accomplished by using the shortest line through the point and between

adjacent contours. The required signal for other frequencies is deter-
mined by applying the following formulas.

Daytime Er = Ejpop ¥ (}QQQW 0.86
ke

Where fy. is the frequency in kilocycles

Ep is the field intensity at that frequency
Ejppo 1s the [leld intensity indicated by the map.

For determining the field required for service 50% of the ysar, ths
field required for servics for 307 of ths year is multiplied by 0.16.
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of Skywave Curves.

The latitude to be used ig the latitude of the mid-
point of the path betwesn the transmitter and the
receiving point. Note that only on patha along the
meridian 1s this latitude exactly half way betwsen

the latitude of the ftransmitter and that of the ,
receiver. On long east-wes® paths, particularly at
the higher latibudes the difference may be significant.
For midpoints above 497 and below 35°, the curve Ffor
499 and 35° respectively shall be used.

The radiation o be*used is th2 vadiation st the
proper azimuth and at the veriinent angie., In the
case of antennas with minima in the vertical plane

it 18 recognized that the field Iintensity at =

distant point may be in excess of the wvalue caleoulated
from the radiatilion at a pertinent angle in a minimum.
The fellowing will be used to make alliowance for

this fact: :

; In case of antennas with a vertical pattern in
lon vy angle above Lhe pertinent
angle 1s greater than the radiation st the
pertinent angle, the radiation 2t the peritinent
angle shall be compared with the radiation of s
short vertiecal anbtemna whicsh would radiate the
game total amount of pewer in the verticsl quad-
rant . The gsctual radiation or the radiation of
the equivalent short wertical antenna shall be
uged whichever is greater, The RMS wvalue in the
vertical plane where E & K £{8}) is given by the
sxpresalon:

o ‘ { s
E°Rus = K° B 2 (D) cos 0.4 ©
Where © 1s the angle above the horizon
£{0} 1s the function describing the vari-
atlon of radilation E with the angle Q.
K is a constant,

The accuracy of the skywave curves is not well eshabe-
lished by experiment at distances less than 250 miles.
They are extended to 50 miles by assuming the same
attermation of signal below the inverse distance field
as was observed at distances from 250 miles Lo 600
miles, They will te used until such time as they may
be corrected by further experimental evidence.




Method of Using droundwave Curves,

Where accurate measuremeants of groundwave signals are nob
evailable, the Commisuion’s groundwave curves (Appendixz T

of prasent Standards} shall be used., If the conductivity

has not veen established by weasurements, the Commission's
map of conductivity shall be used {Figure 3 of the present
Stendards ). The recommended procedurs where the gignal
traverses terralin of several conductivities is the equivalent
disvance method proposed by H. L. Kirke. In this method,

the actual transmitter Is replaced by an imsginary transmitier
of equal power but at a different distencs, the distance
being such that the field a% the juncilon of the two cone
ductivities 1s the same as that from the ~ctual brensmibter
but for a path having the conductivity of the second part
of the path. In the cass of high conductivisy followed by
low conductivity the ifmaginary transmititer will he moved
nearer the reselver, and converssly. As an 2]

on 700 kc a signal of 100 mg/m.at a mile is radisted over
a condugtivity of 10 = 10 “+% c.m.u. Ffor 15 les,

2 x 10°1% thereafter., Suppose further it 1s desired to
determine the distance to the 0.5 mv/m sonsour., The fField
at 15 miles will be 4.5 yv/m and the equlvalient distance 7
conductlvity of 2 = 107%% 1s 8 miles, vhich is 7 miles
closer than the actual Lransmitber, The distance to the 0.5
mv/m contour for condustivit 1074 48 25 miles {from

r 2 miie¢s Trom the actual transe

Lale

e

mitter,

Determination of RSS Interferencs

When two or more inberfering 10% skywave signals on the sams
frequency exist at a point, their resultant 1s considersd

to be the Root-sum - square value of the components,
Calculatlion is accomplished by considering the signals in

or der of dscreasing wmegunltude and excluding signals which
are less than 25% of the RSS of signals already included.
This method is also used for two or more interfering grounde-
wave signals or for two or wmore Interfering 50% skywave
signals. '

Other=Signal Interference Retios

The following teble 1s to be used for determining the ratio
of field strength of a desired to an undesired signal

{or RSS value of two or more undesired signals} below which
interference will exist. '



Desired = Desired Desired

Frequency  Desired groundwave groundwave 80% skywave
Separation groundwave to unée- to unde- to unde-
of desired to un- sired 10% sired 50% sired ground=
& undesired desired skywave. skywave wave
signals groundwave (Grade A} (Grade B) (Grade D}

0 ke 20:1 37:1 37:1 5121

10 ke i1 1.83:1 1.83:1 2.56:1

20 ke 1:20 1:10.9 1:10.9 1:7.8

30 ke 1:50 1:19.5
Desired Desired Desired ‘Desired Desired
504 skywave 30% skywave 80% skywave 50% skywave 30% skywave
to unde- te unde~ to unde- t0 unde- to unde-
sired groundsired ground sired 50% sired 50% sired 50%
wave . Wave skywave skywave skywave
(Grade E) (Grade F) (Grade D)  {Grade E) {Grade F)

51:1 51:1 60:1. 60:1 60:1
2.56:1 2.56:1 3:1 3:1 3:1

1:7.8 1:7.8 3320 3:20 3:20
1:19.5 1:19.5




H. Calculating urban populations within service contours.

Coverage to a clty will be assumed to be rendered to the percent
of the population indicated in figure 20-1. The field intensity contour
to be used is that which includes 50% of the area of the c¢ity, interpo-
lating when necessary between appropriate lines on the chart. Signals
less than 0.5 mv/m will not be considered to render any service to
urban areas. Rural areas and towns of less than 2,500 population will
not be considered to be limited by man-madé noise. Where two or more
cities are so located as to be effectively a single entity, the total
population shall bessed toc determine the percentage of service from
figure 20-1. When a station delivers a large range of field intensisies
over a city, the population receiving service will be computed as
follows:

(1) Contours will be drawn in accordance with Figure 20-1 for
100%, 80%, 60%, 40%, and 20% of people served in accordance with the
size of the city. :

(2) Populations will be computed between these contours.

(3) The total population within esch zone will be corrscted by
- the average percent of pecple receiving service. The sum of thése pop-
ulations gives the number of people receiving service. .
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FEDERAL COMMUNICATIONS COMMISSION
BENGINEERING DEPARTMENT
WASHINGTON? D. C.

DRAFT B
Mareh 28, 1946

Method of Computing Service and Interference for use in Connection
with Docket #6741

The following methods and procedurss are recommended for ths
-preparation of techunical testimony concerning service and inter-
ference in the Clear Channel Hearing, Docket #6741. They are based
on the results of the studiss of Committees I, II and I{I. They
constitute, in general, revisions in the methods presently esteblished
in the Standards of Good Engineering Praclice. The latter may be
used to the extent that they are not at varlancs with this document.
It is intended later to incorporate these methods and procesdures into
a general revision of the Commission's Stendards.
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A. Definition Qf terms:

Interference: The effect obtained in reception when the ratio
of desired fleld intensity to undesired fileld intensity (atmos-
pheric noise, man-made noise or radio signal) is less than the
value considered by listeners to be the borderline betwsen
"satisfactory” and "unsatisfactory."

Hourly median valus. (of skywave field intensity, atmospheric
‘noise intensity, or any other function varying with time}: That
value which is exceeded for a total of 30 minutes in an hour.

50% Skywave signal. The hourly median skywave field intensity
which is exceeded at a given receiving location on 504 of the
nights of the year or any other long period. (1944 curves for the
second hour after sunset, as prepared by Committee III, are to

be used.)

10% Skywave signal: The hourly median skywave field intensity
which 1s exceeded at a given receiving location on 10% of the .
nights of the year or any other long period. (1944 curves for the
second hour after sunset, as prepared by Committee 111, are to

be used.) «

Radiated field: The inverse distance field at one mile from a
transmitting antenna, in a particular direction.

Pertimeit Angle: The angle @7 in Figure 6 of the Commission’s
present Standards. . :

Groundwave Service: Service obtained from the groundwave signal.

Skywave Service: Service obtained from the skywave signal.

Isg-service Contour: The’contoﬁr defining a particular‘grade of
service.

Grades of Service

1. Standard Ratio of Desired S ignal-to-Interferemce. This is

. the same for all grades of service

Type of In$erference Ratio, Desired to Undesired
Atmospheric Noise i00# to 1, carrier to any noise.

(4 ke e.b.w.)

*Tentative: Subject to revision if required by furthsr
studlies now In progress by Committee I.

LNOTE: 1In cases involving service or interSerence from
skywaves, where there is variation of ratio within the hour

P& 555y Poindy, the, podnbiet which the standard ratio is obtained

be used to establish grades of servics.



Type of Interference (Cont'd)

Man-made nolse
Other Station Interference
(co-channel)

Jther Station Interference
{adjacent channel)

Station's own Skywave Signal
(fading zone)

“Ratio, Desired to Undesired

30 to 1, carrier té noise'
level (RCL 312 type meter)

20 te 1, instantanecus carrier
ratlio®*

See paregraph G
2 to i, groundwzve to lnstan-

taneous skywave or instant-
angous skywave to groundwave



; .
2. Grades of groundwave service ona percent of time basis: (Groundwave
signals ars assumed not to vary with time.}

{a) Grade A service.

(1) When limited by atmospherics, grade A service will be
assumed within the contour at which the standard ratic is
obtained for 90% of the time throughout the year. This
will be determined from Figures 12-1 and 14~1 in accordane@ "
with paragraph C.

(2) VWhen limited by other-station groundwave interference,
grade A service will be assumed within the contour at which
the stahdard ratio is obtained.

(3) When limited by other station skywave interference,
grade A A service will be assumed within the contour at which
the standard ratio 1/ is obtained on 90% of the nights of
the year. Since the value of- signal for 90% of the hour is X
1.83 times the hourly median value, the groundwave signal
required is as follows:

Ratio of groundwave
to 109 skywave

Same channel 37:1
lst adjacent channel 1.83:1
2nd adjacent channel 1:10.9

Two or more interfering skywave signals on the same
channel will be considered as having an RSS value deter-
mined in accordance with paragraph F.

(4) When limited by interference from the station's own
skywave (fading zone, inner edge), grade A service will
be assumed within the contour at which the standard ratic
1/ is obtalned on 90% of the nights. This occurs at the
point where the 10% skywave signal is 0.27 times the
groundwave signal.

(5) When limited by man-made noise, grade A service will be
assumed within the contour established by figure 20-1 which
will serve 90% of the population. KNote that in calculating
population served, the number within the grade A contour
will be determined in accordance with paragraph H.

(6) When limited by more than one type of interference, {Atmos~
pherics, man-made hoise, co-channel interference, adjacent
channel interference, or the fading zone), gexds The type
involving the most severe interference will determine the
existence or absence of grade A service at any point.

(b) Grade B service.

(1) Yhen ;;gitad by Atmospherics, grade B service will be



assumed beyond the grade A service area dnd within the
contour at which the standard ratio is obtained for 50%
of the time throughout the year. This will be determined
from Figures 12-1 and 1l4~-1 in accordance with paragraph C.

(2) When limited by other-station groundwave interference, no
grade B service is defined and 21l areas outside the grade

4 service area are consldered as having no service.

(3) When limited by other-station skywave interference, grade
B service will be assumed beyond the grade A service area '
and within the contour at which the standard ratio 1/ is
obtained for 50% of the nights of the year. Since the
value of signal for 30% of the hour is 1.83 times the
hourly median value, the groundwave signal required is as

follows:
Ratic of groundwave
to 50%¢ of skywave
Same channel : 37:1
ist adjacent channel 1.8351
2nd adjacent channel 1:10.9

Two or more interfering skywave signals on the same
channel will be considered as having an RSS value deter-
mined in accordance with paragraph F. ‘ :

(4) ¥hen limited by interference from the station's own
skywave, (Fading zone, inner edge) grade B service will be
assumed beyond the grade A service area and within the
contour at which the standard ratio 1/ is obtained on 50%
of the nights. This occurs at the point where the 50%
skywave signal is 0.27 times the groundwave signal.

(5} ({(When limited by man-made noise, grade B service is assumed
] beyond the grade A service area and within the contour
established by figure 20-1 which will serve 70% of the
population. Note that in calculating popwlation served,
the number within the grade B contour will be determined
in accordance with paragraph H.

(6) When limited by more than one type of interference. (Atmose
pherics, man-made noise, co-channel interference, adjacent mhx
channel interference or the fading zone.) The type involving
the most severe interference will determins the existence or
absence of grade B service at a point.

{¢} Grade ¢ service is defined as whatever groundwave service
exists bsyond the grade B service arsa.

3. Grades of skywave service on a percent of time basis.

(a) Grade D s ervice.



{1) VWhen limited by atmospherics. Grade D skywave service will

: be assumad within the conbtour at which the standard ratio
1/ is obtained on 30% of the nights of the year assuming
variation of skywave service signal ohily and a value of
atmospheric noiss fixed at the value obtained on 50% of the
nights of the year. Thus at a location where the valus of
50% atmospherics indicates a required signal of 0.4 mv/m,
this value repgresents the signal which must be exceeded for
90% of the hour }/. Since the ratic of the skywave exceeded
for 20% of the hour to the hourly median value is 0.39, the
corresponding hourly median value regquired is 0.4/0.39 =
1.0 mv/m. This is the value which must be obtained on 90%
of the nights of the year for grade D skywave service.

{2) When limited by other-station groundwave interference,
grade D skywave service will bg assumed within the contour
at which the stendard ratio 1/ is obtained cn 80% of the
nights. This requires a ratic of signal intensity as

followss :
Ratio of desired 80% skywave
to undesired groundwave
Same channsl 53:1
lst adjacent channsl 2.5631
2nd adjacent channel 1:7.8
3rd adjacent channsl 1:19.5

(3) When limited by other-staticn skywavs interfersnce,
grade D skywave service will be essumed within the contour
at which the ratio of desired 50% skywave to undesired 10%—
skywave is as follows: gO 52

Same channel 60:1
lst adjacent channel 331
2nd adjacent channel 3320

{4) Wnen limited by interference from the station's own
groundwave {(fading zone, outer wall) grade D skywave
service will be assumed within the contour at which the
standard ratio 1/ is obtained on 80% of ths nights of the
year. Since the ratio of the hourly median value of a
skywave to the value exceeded for 90% of the hour is 2,56,
the value of the 80% skywave signal must be 5.1 times the
groundwave signal.

(5) When limited by man-made noise, grade D skywave service
will be assumed within the 50% skywave contour established
by figure 20-1 which will ssrve 90% of the population.
Note that in calculating population servéd, the number

within the grade D contour will be determinsd in accordance
‘with psragraph H.

(6) When limited by more than ons type of interferance, the rule
is similar to that for grade A service.




(b} Grade E service

(1) Y¥hen limited by atmospherics grade E skywave service will
be assumed beyond the grade D service aves and within the
contour at which the stendard ratio 1/ is obtained ocn 60%
of the nights of the year assuming variation of skywave
service signal only and a value of atmospheric noise fixed
at the value obtained on 50% of the unights of the year.

In the example given in paragraph 3 {2} (1) the 1.0 mv/m
must be obtained on 60% of the nights of the year for grade
E skywave service.

(2) ¥When limited by other-station groundwave interferences.
grade E skywave service will be assumed within the conteur

at which the standard ratio 1/ is obtained on 50% of the
nights. This requires a ratio of signal intensity as follows:

Ratio of desired 50% skywave
to vundesired groundwave

Same channel 83zl
lst adjacent channel 2.56:1
2nd adjacent channel 1:78
3rd adjacent channel i:19.5

(3) Fhen limited by other-station skywave interference.

Grade E skywave service will be assumed within the contour
at which the ratio of desired 50% skywave to undesired
50% skywave : - is as follows:

Same channel 60:1 |
ist adjacent channel  3:3
2nd adjscent channsl 3320

- (4) When limited by i interference from the station's own

roundwave (fading zone, outer wall) grade E skywave
service will be assumed within the contour at which the
standard ratio 1/ is obtained on 504 of the nights of the
year. Since the ratio of the hourly median value of a
skywave tc the value exceeded for 90% of the hour is 2.56,
the value of the 50% skywave signal must be 5.1 times the
groundwave signal.

(5) ¥hen limited by man-made ndise, grade E skywave service
will be assumed within the 50% skywave contour sstablished
by figure 20-1 which will serves 70% of the populatioen.

 Note that in calculating population served, the number
within the grade D contour will be determined in accordance
with paragraph H. -

(6) Rhen limited by more than one type_of interference {atmos~
pherics, man made noiss, co-channel interference, adjacent
channel, interference, or the fading zone). The type

involving the most severs interference will determine the
existence or absance of grads E service at any point.
%



(¢} Grade F Service

(1) When limited by atmosphericg grade F skywave service will
- be assumed beyond the grade E service area and within.

the contour at which the standard ratio ;/ is obtained on
30% of the nights of the year assuming variation of skywave
service signal only and a value of atmospheric noise fixed
at the value obtained on 50% of the nights of the year.
In the example given in paragraph 3 {a) (1} the 1.0 mv/m
must be obtained on 30% of the nights of the year for grade
‘F skywave service.

(2) When limited by other-station groundwave interference.
Grade F skywave service will be assumed within the contour
at which the standard ratio 1/ is obtained on 30% of the
nights of ths year. This requires a ratio of signal
intensity as follows:

Ratio of desired 50% skywave
- Yo undesired groundwave

Same channel 5lsd
ist adjacent channel 2.5651
2nd adjacent chamnsl 137.8
3rd adjacent channel 1:19.5

(3) When limited by other-station skywave interfersnce. Grade
F skywave service will be, sssumed within the contour at
which the ratie of desired 30% skywave to undesirsd 50%
skywave is as follows:

Same channel 60:1
ist adjacent channsl 3:1
2nd adjacent channel 3320

(4) When limited by interference frem the station's own
groundwave (fading zone, outer wall) grade F skywave
service will be assumed within the contour at which the
standard ratic 1/ is obtained on 30% of the nights of the
year, Since the ratic of the hourly median value of a
skywave to the value exceeded for 90% of the hour is 2.56,
the value of the 30% skywave signal must be 5.1 times the
groundwave signal. :

{(5) When limited by man-made nciss, grade F skywave ssrvice will
be assumed within the 50% skywave contour established by
figure 20-1 which will serve 504 of the population. Note
that in calculating population served, the number within
the grade F contour will be determined in accordance with
paragraph H.

(6) When limited by more than-ons type of interference (atmos-
pherics, man made nolse, co-channel interferencs, adjacent
channel interference, or the fading zone) Ths type invelving

the. mest severe interferen i armi
_existence or absence of grade?Feggrgfbg%aé foeggiﬁg.th@




C. Use of Atmosgherics Meps .

Two maps are provided: These show the daytime and the nighttime
contours of field intensisies required to render atmospherics-frae
service (assuming 100 to 1 as the standard ratio) for 90% of the year
for 1000 ke. Interpolation for points between contour lines may be
accomplithed by using the shortest line through the point and between

adjacant contours. The required signal for other frequencies is deter-
mined by applying the following formulas.

Daytime Ef = Ejo00 ¥ (&%ﬁgﬁ) 0.86
c

ke

Where fy. is the frequency in kilocycles

Ef is the field intensity at that fréquency
Ejgop is the Jleld intensity indicated by the map.

For determining the field required for service 50% of the ysar, the
field required for service for 90% of the year is multiplied by 0.16.



of Skywave Curves,

The latitude to be used is the latitude of the mid-
point of the path between the transmitter and the
receiving point. Note that only on paths along the
meridian is this latitude exasctly half way between

the latitude of the transmitter and that of the
recelver., On long east-wes® paths, particularly at

the higher latitudes the difference may be significant.
For midpoints sbove 492 and below 35°, the curve for
49° and 357 respectively shall be used.

The radiation to be used is the radlation at the
proper azimuth and at the psrvinent angle. In the
case of antennas with minima in the vertical plane

it is recognlzed that the fisld intensity at &

distant point may be in excess of the value cslculated
from the radlation at a pertinent angle in 2 minimam.
The following will be used Lo make allowance for

this fact:

In case of antennas with a vertlcal psbttern in
which radlation at any angle above the pertinent
angle is greater than the radlation at the
pertinent sngle, the radiation at the pertinent
angie shall be compared with the radiation of s
short vertical antenna which would radiaste the
same total amount of power in the wvertical guad-
rant . The actual radistion or the radiation of
the equivalent short vertical antenna shall be
usaed whichever is greater. The RUS walue in the
vertical plane where B 2 K £{6) is given by the
sxpression: ,
{7

EeRyg = K2 ¢ £8 {9 cos 04 9
Where © Is the angle above the horizon '
£{0) is the function describing the vari-

ation of radiation E with the angle 0.
K is a constant,

The accuracy of the skywave curves is not well estabe
lished by experiment at distances less than 250 miles.
They are extended to 50 miles by assuming the same
attenuation of signal below the inverse distance field
as was obaerved at distances from 250 miles to 800
miles. They will be used until such time as they may
be corrected by further experimental evidence .
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Method of Using Groundwava Qupy

paurements of groundwave signals are nob
gvaiisble, fthe groundwaye curves {(Appendix I
of present Standards! be used. If the vondu*ti“ﬁ“v
hag not been eshabliis hea bv mﬁaauv%mwd%'@ the Commissionf
map of condustivity shall be used Figure 3 of the prs seni
Standards . The recommended proesdurs v Vh&?& the signal
Lraverses fﬁﬂﬁﬁiﬁ af several sonductlvitlies 1a the equilvalent
distance method proposed by H. L. Hirke. In this method,
the actual transmibtter is replaced by an imaglinarvy btrangmits
osf egual powar but at a different distance, the dlztance
being such that the fleld at the junctlon of the two con-
duetivities 1g the zazme g3 that from ﬁhe acetual transmitter
but for a path having the condusti v of the zecond part
of the path. In the zesae »f high o ne tivity followed by
low conductivity the lmaginary transmitter will be moved ¢
nearsr the receiver, and conversely. As an sxample, supposs
on 700 ko & signal of 100 my/m at a mile is radiated over
g condue i*vgty s 10 x L0 ~14 C.meite For 13 miies, and over
2 z 10-1% thereafter, Suppese further it is deslired to
*w*mﬂmznP the distance to the 0.5 mx/m nonbour . The fileld

z ‘m w : caquivalient d%se ancg oy

Wharse ag gurats e

.‘

Determination »f RSS Interference

When %two or mere inberfering 107 skywave signals on %he aame
frequency exist at a peint, their resuitant i3 considered

to be the Roobt-suy -~ sguare walue of the oompﬂnentﬁo'
salculation is acsomplished by considering the signalis in

opr der of QA»fmasﬁng magxﬂtude and excluding S?gnals which

are lsss than 25% «f the R38 of bigmais a;ﬁsady ineludsd,

This method ig also used for two or more interfering grounds-
wave 3lgnalg or for two or more Iind @ﬁfer ing BO% skyweave
signala.

Qther.-5 ignal Interferasnce Ratlos

The fﬂljowing table is to be used for determining the rdbio
of field strength of o desired to an undesired slgnal

{or R3S Walue of two or more undesired signala) below which
interferancs will exisgh,



Desired Desired Desired
Frequency Desired groundwave groundwave 80% skywave
 Separation groundwave to unde- to unde- to unde-
of desired +to un- sired 10% sired 50% sired ground-
& undesired desired skywave skywave wave
signals groundwave (Grade A) (Grade B) (Grade D)
0 ke 20:1 37:1 37:1 5i:l
10 ke i:1 1.83:1. 1.83:1 2.5631
20 ke 1:20 1:10.9 1:10.9 1:7.8
30 ke 1:50 1:19.5
Desired Desired Desired Desired Desired
504 skywave 30% skywave 80% skywave 50% skywave 30% skywave
to unde- +0 unde~ to unde- to unde-~ 1o unde-
sired groundsired ground sired 50% sired 50% sired 50%
wave wave skywave skywave skywave
{(Grade E) (Grade F) (Grade D} {Grade E) {Grade F)
51:1 51:1 60:1 60:1 . 6021
2.56:1 2.56:1 3:1 3:1 311
i:7.8 1:7.8 3:20 3320 3:20
1:19.5 1:19.5



H. Calculating urban populations within service contours.

Coverage to a city will be assumed to be rendered to the percent,
of the population indicated in figure 20-1. The field intensity contour
to be used is that which includes 50% of the arsa of the ¢ity, interpo-
lating when necessary between appropriate lines on the chart. Signals
less than 0.5 mv/m will not be considered to render any servics to
urban areas. Rural areas and towns of less than 2,500 population will
not be considered to be limited by man-madd noise. Where two or more
cities are so located as to be effectively a single entity, the total
population shall bewsed to determine the percentage of service from
figure 20-1. When a station delivers a large range of field intensisies
over a city, the population receiving service will be computed as
follows:

(1) Contours will be drawn in accordance with Figure 20-1 for-
1004, 80%, 60%, 40%, and 20% of pecple served in accordance with the
size of the city. :

(2) Populations will be computed between these contours.

(3) The total population within each zone will be corrected by
the average percent of people receiving service. The sum of thése pPop=
ulations gives the number of people receiving service.
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made bi -
representatlion of e lir Ty
may be used to estimate the inlensits of
nd 1ts growth oy duratinn,

analysgis

The practlcal and general ot
obtaln curves representing U10%
any distance, in any dircection,
transmitter local tine for a ztation

in order to achicve the most accurate vayn
rapldly as poasible ihis general szim has oeen 74
what, Onily nooen, afiernoon and evening dsis haw
The emplrical curves, Pigure ja of the Standards of O
ing Practice, for 10% fields in the second hour after sunsel hnave
been uwoed directly as point of departure ln the derivetion of
curves reprexentling flelds in other nours. Wikh vespech to fthe
first limitution, morning conditiong are known to be not quite
symmetrical with evening conditions, but they have bsen gonsidered
£o be nearly enough aymmetrical that the difference 1o of sepond-
ary pracbical Importance. The second limitatbion iga more serioun
but saved a great deal of time wibhoub } Jmiting the
immedistely uselful resulis very seriously. chisf effoect of
the direct use of the empirical fields in 3

EA :

U

L ocurves 1 5
second hour after sunset rather Lhan the theoretical Fformulas For
thils second hour curve has been to limit 4hs derivation skywave

curves for other hours to distances less han approximately 1200

.
miles,

The analysis procedure is described in detall in the rsport,
To ~atline ip briefly: The curve of diurnsl variation for 10%
flelds was determined for each transmission path and each year,
g

As described in the report and for rergona stated there, the dets
from all years on s single path were combined to determine o
composite diurnal curve for the path, Thiaz colisction of diurnal
curves was studied and it was determined thnst the fraction that

the field in any particular hour is of the valus witimately

attained in the second hour after sunset 18 predominantly a funebion
of frequency and, as far as it has been poeazible to determine an
yet, a function of frequency only. From this study, diurnal

curves typilcal of 500, 1000, and 1500 Ke wers drawn. These were
epplied to the 10% curve for 407 latitude In Flgure la of the
Standards of Good Enginesring to produce curves Esst and Weat,

North and South showing 10% fields in vapious hours for s station
located at 407 latitude for esch of three fraguencies. This
proiiferation of curves, i shouid be pobed, 13 mostly a mptiter of
geomelry -= of considering the squlvalence of distance and time.
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An sstimate i made of the avour

may be oxpected Lo pradicel skywave

ertimated thal wmeasured datas should devy et
rarely a Tactopy g large aa four Lo ond,

WIT SEEE where all the zausss Loy

dir a1, larger de vions are qulite pov ¥

that this compares gulte Tavorably with the soouracy with which

we are able to predict groundwave ab large dizbances over ground of
varying conductiviiy.

We may hope in *he course of timo -« tnd pousibly oven in Lho
near fubture == t0 remove all major gsources in skywave
propagation curves on aceount of insdequaie physical theory, and
we mey even hops Lo get good measures of the Tiuchtuatl:
messured data within the year end further, ¢ve
the Tluotuatlons from year to yesr of annuval abst :
from the data, Bub Jn any case, we shall conbimue with
measured dsta that deviates from sny partliculsr curve that we may
draw, The approsch of perfection of informetion would merely moan,
for exsmpie, that 1t could be gald that for a specifisd iniervael
of years "iL0% fields® can be expeched to deviabe from the curves of
this report by a vatic of 4 to I with & probablility of, oay, 10%
rather than, as et present, with rare probabilliby.

€

The concept of the "10% fileld? was, of course, initroduced Lo
digpose of statistlcal difficulities, The <bject was to provide
protection from interference for most of the time, for 0% of

A difficulty hoewever has arisen out of the facht that we enginesrs,
all of us, have been relucitant statisticlans., There 13 no suoh
thing =8 a8 simple 10% field, This one rapidly learns whon
abtempting to determine ¢ne from a wmess of data. [t is necessery
to define what kind of fleld and 10% of what time. The snnusl
*10% fields™ tabulated in the report arePieovels exceeded by hourly
medlan £ield intensities on 10% of the days of the year®., Iun

ne tlme

the analysis of these data the 107 problem is immediately sncounterad

again, The question ig whether to take year to year 104 wvalucs

of the annual 10% values., Whet has been Laken is the yesr to year
median, This hes the result that from year to year aunusl 0%
data can be expected to fall both above and velow the curves
shown,

The relative accuracy of the curves from frequency to fra=
quency is considered to be falrly good -= a great deal bhetter bthan
the sbsoclube sccuracy,

The report also contains two iliustrations of the appli-
catlon of the 104 curves. The one shows the encrachment of the



diztortlon zope on the primary service ares with the approach of
sunset for a station at 500, 1000 or 1500 Ko. The other i1llustratis
the growth of interference at esch of Lwo stations 8O0 miles apanrt
¢n a Irequency of 1000 Ke, the one station et 50 Kw, the other

st 10 Kw,
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MEMORANDUN D0 MEMBERES OF CLEAR CHAINEL COMRITTELS

Subject: Meebings to Conslder Chenges in
Ailocation Bitandards

There will be 2 mecting of Jommlittees I, II,
and IIT on March 27, 28, and 20 respectively, at
11 4.M. In Room 2230, Wew Poat Ofice Building,
to consider proposed changes in alloesation
stendards basoed on the results of the Commltteen?
FTK o ‘

, f dralt of the proposal will be compleied
and meiled to you by FPriday, Mareh 22,

It i intended to make use of tha ccpments
and recommendations of the Commitiees at these
mastings, to further reviss the propozal prilor to
congideration by 8 joint mesting of the thres Com-
mitiaeos on Apeil 8. Conflwvmation of the latber
date will be made later, but it is suggested that
you mark it as reservaed op your orlandar.

B, W. Allen, Jr.
Chmirman, Committes I

%o K, Roberts, Jr.
Chairman, Commitbes I

L. Po Wheelewr
Chalrman, Committee 1131
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- FEDERAL COMMUNICATIONS COMMISSION
ENGINEERING DEPARTMENT
WASHINGTON, D, C.

March 22, L1946

MEMORANDUM 00 MEMBERS OF CLEAR CHANNEL COMMITTEES I, I1 AND
I1X

 Subjzots  Peoposed Standards Revizions for Use in
Docket #6741

In view of the urgency to obtain standards which wilil
permit & uniform technical approach by 2il parties to the
problems presented by the lssues of Dockst #6741, the Com-
missiont's Englineering Department has prepared the snclnsed
propessal, It is deaired to obtain the advice and comments
nf the (Clear Channel Technical Committees comnerning them.

The subject matter falls entirely within the snops nf
the present part . of the Standards "Englosering Standaids
of Allocation.” Howsver, certain mstters which do not
appear immedistely unecesssary for meeting the issues of Docket
#B74L, have been paszed over for the time being, pending =
general ravision »f the Standards as a whola,

It is regquested that the enclosed document bs studied
sarefully and comments be praparsd for presentelbion at the
meetings »f Committess I, I snd II1 on March 27, 28 and &9,
1946, at 11 AM. in Room 2830, New Post Office Building.
Comments may inciude recommendations ag to mabters which are
not included ln the sttached document, but which are felt to
bs pertinent to the preparation of msterial for the hearing.

: i
ey AA

/7 ‘ «

G, P. Adsgiy
Chief Engineer

Enelogurs




FEDERAL COMMUNICATIONS COMMISSION
ENGINEERING DEPARTMENT
. WASHINGTON, D. C.

DRAFT A
March 22, 1946

Method of Computing Service and Interference for use in
Connection with Docket #6741

The following methods and procedures are rscommended for
the preparation of technical testimony concerning servics
and interference in the Clear Channel Hearing, Docket
#6%431, They are besged on the results of the studies of
Committees I, IY and IITI, They constitute, in general,
revisions in the methods presently established in the
Stanfards of Good Engineering Practiece, The latter may
be uged to the extent that they are not at variance with
this document, It iz intended lster to incorporate these
methods and procedures into a generasl revision of the
Cormission's Sbandards.

TABLE OF CONWPENTS

A - Definition of terms
B = Grades of service
1. Standard signal to interference ratios
2. Grades of Primary Service on a percent of
time basls
5. Grades of Secondary Service on a percent of
time basis
- Use of atmospherics maps
- Use of skywave curves
- Use of groundwave curves
- Determination of RSS Interfersnce
~ Other-Signal Interference ratios.

REEUYO



A, Definition of terms: /vl

i"”“ Cakt/ L,«(j'*&—«x
Interference° The efﬁéct obuain in e—-reccslveSr
SR ’ 0 une

desired eld NV £ (atnospherlc nozseg man-
made noﬁse or radio signal)} is less than the

value considered by listeners to be the borderline
between "satisfactory" and "unsatisfactory,."

Hourly median value (of skywave field intemsity,
atmospheric noise intensity, or any other function
varying with time}: That value which is exceeded
for a total of 30 minutes in an hour,

50% Skywave signal: The hourly median skywave
field intensity which is exceeded at a given re-
ceiving location on 50% of the nights of the year
or any other long period. (1944 curves for the
second hour after sunset, as prepared by Committee
ITI, are to be usedj.

10% Skyweve signal: The hourly median skywave field
intensity Which.i< exceeded at a given receiving
location on 10% of the nights of the year or any
other long period. (1944 curves for the second
hour after sunsetg as prepered by Committee III,
are to be used),
L(d\”*’" BRVIC indirie diste s

Hatio The upattenuated field at one mile
From the transmitting antenna.

Pertinent Angle: The angle 07 in FPigure 6 of the
Commission's present Standerdg.

al ol FupvE
%ﬁémafy Service 1s service obtained from the

- groundwave signal.

Secondary Service ls service obtained from the.
skywave signal,

E, Grades of Service

1o

Amw
Standaé%pSigna?—tovInterference Batio - This is
the same’'for all grades of service and is predi-
cated upon satisfying approximately two-thirds
of the listeners:

Type of Interference Ratio, Desired to
Undesired
Atmospheric Noise 100% to 1, carrier to Gwiuyl
4rﬁmm@w%ww noise
?*LHCQQ%N¥

* Tentative: Subject to revision if required by

further/

studies now in progress by Commtttee I,



Type of Interference (Cont!d} Ratio, Desired Lo
Undesired

Man made Nolse 50 to 1, carrier
t0 noise
level {RCA
312 type meter)

Othér Station Interference 20 to 1, carﬁier
{cowchannel) ratio”
Other Station Interference . See paragraph G

(ad jacent channel)

Statlion’s own Skywave Signal

2)
(fading zone) jgroundwave to

instantaneouv
skywave

crci
| oAV

(-t il':.g i§ \\i((}t’w x/“ e

2, Grades of Service on o Percent of Time Rasis

(Groundwave signals are assumed not to very with time).

8. When limited bv atmospheriow {See paragraph C)

*€?4 g”Preferred" Aprimary serviee will be assumed /
0 . ’ ithins chafcontbur At ghich the Atandafd | /
T et radtio’is obta»ned/for % of thé monby of - /
B NV JUNG» Thés conuaur is Lnuena’d for 1ue in /
Vort LT allsgatidf nﬂatt/erék, only for/establi hmen
e of apinjimum £¥eld \stréngth’for coverage' P
Qw*' the ¢ y/ in which thHe‘main studio- lccacedo

oram " primar§%serxlce will be agssumed
Within the contour at whieh the standsard
ratio is obtained for 90% of the time throughe
out the year. This value will ordinarily be
used for determining service for comparat ive
purposes.
: »‘(’ Ctha, é\" i by /\Pﬂ \ ({[ QRSP '
AABY "Paptiail-pr y service will be assumed
beyond the "Uewwsd" primary¥service area and
within the contour at which the standard
ratio ls obtained for 50% of the time through-
out the year.
) a}\,amkxd. Lo o
FIntermitient Hpe ce i
% ﬁﬁrviéé ;s Obﬁélﬂ:&\

o

H\SGTV1ce”afe

N o

o v L st

v wg
* For two or moremuﬁéesﬁrﬁﬂ”signais on the same frequencyy
the resultant value of interference is considered to be

the RSS value determined in accordence with paragraph P.




Bo When limited by man made noise,
Gy Roun® WAV,

ke coverage to a metropolitan dlstrﬁCu
or to a city not in a metropolitan district?
will be assumed to be rendered to the Dercent
of the population igg}cﬁg@d in the attacbed
chart. The Tield skremmbii contour to be used
is that which ineludes 50% of the area of the
5% B-city, interpolating
when necessary, between the appropriate linesg
‘on the chart. Signals less than 0.5 mv/m will

not be congidered to render any service to

- uzban areas,

(2} Rural areas and towns of less than 2,500
population will not be considered to be
l1imited by man made ncise.

¢, When lirited by othsrestation interferecnce.

(1) If interference is from groundwave, determi-
' nation of service area will bé as under
,// present standards, except for changed ad-
Jacent channel iunterference ratios.

(2) If interference is from skywave:

(a} Satisfactory service during an hour
will be assumed withlin the contour at
which the staendard interference ratio
is obtained for $0% of the hour., From
Figure 6.1, the value of the interfering.
signal sxceeded for 10% of the hour is
1.83 times the hourly median value.

(b} Normal primary service will be assumed
within the contour at which satisfactory
service during the hour is obtalned on
90% of the nights of the year. Thus ,
if the "10% skywave signal® at a point

A is 0.2 mv/m, the hourly median value
IR for QO% of the nights of the year will’
o T Ye 0.2 mv/m or less. The signal for
%o&‘ &f“f’:?“ 90% of the hour, when the median value
NN is 0.2 mv/m, will be 0.366 mv/m and the
b}fg* limitation to the full primery service
P .

the\rest of\the district the population of™ the city may

can be shﬁv to be\effectively separated pny31oally from
be used in{éhis deter§ifationo

N S N
N ) - AN



of a station on the same chammel at that

point will be 7.3 mv/m. On an adjacent
chamnel 10 k¢ removed, the limitation would bhe
0,366 mv/m.

{c) Partial primary service wlll be assumed be-
yond the normal primary service area and
within the contour at which gatisfactory service

during the hour is obtalned on 50% of the
nights of the year.

(3} Intermittent primary service is whatever
primary service is obtamned beyond the partial
primary service area.

{e) The RSS value of two or more interfering

ekt - lOA skywave ngnaiswwill bé,
used in accordance with paragraph F.

When limited by interference from the station’s own
skywave (Fading Zone /. .

(1)

{(2)

(3)

Satisfactory service during an hour will be assumed
within the contour at which the standard interfer-
ence ratio is obtained for 90% of the hour. Since
the value of the skywave exceeded 10% of the hour is
1.83 times the hcurly median value, the standard
ratio of 2 to 1 is sttainmed for less than 10% of the
hour when the hourly wmedian skywsave is less than
C.27 times the groundwave. .

Normal primary service will be assumed within the
contour at which. satisfacto*y gservice during the
hour is cobtained on 90% of the nights. That 1s,
The 10% skywave signal is 0.27 times the groundwave
signal,

Partial primary service will be assumed beyond the
normal primary service area snd within the contour
at which satisfactory service during the hour is
obtained on 50% of the nights of the year. That is,
the 50% skywave signal is 0.27 times the groundwave
signal,

When limited by more than one type of interferencs.

{Atmospherics, man made noise, co~channel other-station
Interference, adjacent channel interference, or the
fading zone). The type which invelves the greatest
interference will be used in establishing each type

of service at gny pointo
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5. Grades of Secondary Service on a Percent of Time
BaSiS'o R

a. BSatisfectory service during an hour will be _
assumed within the contour at which the standard
Interference ratio is exceeded for 90% of the
hour. The value of skywave exceeded for 90% of
the hour will be 0.39 times the hourly median

valus,

b. When limited by atmospherics.
"C; bl ""al 1 i T

e + service will be assumed within
the contour at which satisfactory service during
an hour is obtalned on 50% of the nights of the
year, assuming variation of the skywave service
signal only, and a value of atmospheric noise
fized at the wlue obtained on 50% of the nights
of the year, Thus at & location where the value
of annual 50% atmospherics indicates a required
signal of 0.4 mv/m, this represents the value of
skywave signal which must be exceeded for 90% of
the hour, The corresponding hourly median value
is 0.40/0.39 = 1.0 mv/m. This valve must be obe
tained on 50% of the nights of the year for
normai secondary service,

cs When limited by man made noise.

oz F' secondary service will be assumed to be
rendered to the percent of population indicated in
the attached chart. ahaienialbions will be made in
the same way as for pessemy service, substituting
thqfﬁﬁ% skywave contour for the groundwave conbour.

d. When lirited by other-station interference.

(1) If interference is from groundwave, "normal®
secondary service will be essumed within the

g contour at which satisfactory service during
N an hour 1s obtained on 50% of the nights.
(8) If interference is from skywave, "normal® —_

secondary service will be assumed within the
contour at which satisfactory service during
an hour is obtained on 50% of the nights,
Note that from formmla 3.4, Exhibit 23,
‘satisfectory service during the hour corres-
ponds to a ratio of 60 to 1 of the hourly



Co
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median values of desired to undesired signals
on the game channel, 3 to 1 for first adjacent
channel and 3 to 20 for second adjecent
channel.

¢. When limited by interference from the station's own
groundwave signal (Fading Zone, outer Limit].

(1} Satisfactory service during the hour will be
assumed within the contour at which the
standard interferende ratio is obtained for
90% of the hour. Since the hourly median value
of a skywave is 2,56 times the value exceeded
for 90% of the hour, the skywave will be unin-
terfered with by the groundwave when it is
greater than 5.1 times the groundwave.

{2} Normal secondary gservice will be assumsd
beyond the contour at which satisfactory
service during an hour is obTained on BO% of the
nights of the year, That is, the 50% skywave
slgnal is 5.1 times the groundwave signal.

fo When linited by more than one type of interference.

(atmosphericﬂ, man made noise, co-charnel othepe
statlon interferencs, adjacent chamnel Interference,
or fading zone Interference), The type which ine
volves the greatest inberference will be used in
establishing the service at any point.

Use of Atmospherics Maps.

Four maps are provided: Two of these show the daytime and the
nighttime contours of field intensities required to rendep
atmospherics~free service (assuming 300 to 1 as the standard
ratio) for 90% of the year for 1000 ke. The third and Fourth
show the same contours based on service for 90% of the month
of June. Interpolastion for points between contour lines nay
be accomplished by using the shortest line through the point
and between adjacent contours. The regquired signal for other
frequencies is detsrmined by applying the following formulas,

\ .
ke
Nighttime  E, = %000 x 12000 005

| \”’“ﬁ‘{‘é

Where fké is the ffequency in kilocycles
Ef7is the field intensity at that frequency

E1000 1s the field intensity indicated by the map.

For determining the field required for service 50% of the year, .
the field required for service for 90% of the yesr 1s multl plidd

by 0.15, daytime or by 0.17, nighttime.
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Use of Skywave Curved,
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The latitude to be used is the latitude of the mid-
point of the path between the transmitter and the
receiving point. Note that only on paths along the
meridian is this latitude exactly half way between

the latitude of the transmitter and that of the-
recelver., On long east-west paths, particularly at

the higher latitudes the difference may be significant.

. For midpoints above 49° and below 35°, the curve for

49° and 35° vespectively shall be used.

The radlation to bhe used is the radiation at the
proper azimuth and at the pertinent angle. In the
case of antennas with minima in the vertical plane

it 1s recognized that the field intensity at a

distant point may be in excegs of the value calculated
from the radiation at a pertinent angle in a minimum.

- The following will be used to make allowance for

this fact:

In case of antennas with a vertical pattern in
which radiation at any angle above the pertinent
angle is greater than the radiation at the
pertinent angle, the radiation at the pertinend
angle shall be compared with the radiation of =a
short vertical antemna which would radiate the
game total amount of power in the wertical guad-
rant. The sctual radiation or the radiation of
the equivalent short vertical antenna shall be
used whichever is greater. The EMS value in the
vertical plane where E = K £{©} is given by the
expressions

Y.
ERrys Q%Kgd/ﬂ 2 (&) cos 6 4 @
o

Where © 1s the angle above the horizon
£(6) 1s the function describing the vari-
ation of radiation E with the angle 8.
K is a constant.

The accuracy of the skywave curves is not well estab-
lished by experiment at distances less than 250 miles.
They are extended to 50 miles by assuming the same
attenuation of signal below the inverse distance fileld
as was observed at distances from 250 miles to 800
miles. They will be used until such time as they may
be corrected by further experimental evidence.



Method of Using Groundwave Curves.

nod
endix T

2 the conductlvity
has not been established by measurensats, the Commiassionts
wap of conductivity shall be used {(Figure 5 of the pregsend
Standards ), The recommended procedure whers the gsignal
traverses terrain of several conductiviiles 13 the squlvalent
diztance method proposed by H, L. Kirke. Tn this method . .
the astual transmitter is replaced by an imeginary transmitier
of equal power but at a diff'srent distence, the disztance
being such that the fielid at the Junction of the two con-
ductivities 1s the zame as that from the actual transmitter
but for a path having the conductivity of the second part
of the path. TIan the eass of high conductivity followed by
low conductivity the lmaginary transmitter will be moved
nearer the recelver, and conversely. As an example , suppose
on 700 ke a signal of 100 my/m at a mile is radiated over
& conduetivity of 10 x 10 4% c.m.u. for 15 miles, and over
2 x 10=44 thereaftier, Suppaese further it 1s desired to
determine the distance to the 0.5 mv/m sonbour., The fileld
at 15 mlles wilill be 4.8 gv/m ané the equivalent distance For
conductivity of 2 x 10°*% i3 8 miles, which is 7 miles
closer than the actual transmitter, Tge distance to the 0.5
my/m contour for conductivity 2 x 107*" 1s 25 miles {from
the imaginary transmitier) or 32 miles from the actual transe
mitter, '

\

Determination of RSS Interferencs

o
H

available, the Commlsslon's groundwave curves

Where accurate msasurements of groundwave gignals
(AL
of prasent Standards) shall be used,

ar
&3
I

&
d
1
8

When two or more inberfering 10% skywave slgnals on the same
freguency exilst at a point, their resultant 1s considered

to be the Rootesum - square value of the components,
Calculation is accomplished by consgidering the signals in

or der of decreasing magnitude and excluding signals which
are less than 25% of the RSS of signels already included.
Thls method is also used for two or more Interfering ground.
wave signals or for two or more interfering 50% skywave
signals. :

Otherwsignal Interference Ratios

The following table is to be used for determining the ratio
of fleld stwrength of a desired to an undesired algnal

(or RSS value of two or more undesired gignala} below which
interference will exist.



Frequency Separa- Desired Groundwave Desired 50% Skywave
tion ‘of Desired to to to to

And Undesired Signals Undesired Undesired Undesired Undesired
Groundwave .10% Skywave Groundwave 50% Skywave

A
0 ke 20:1 20:1 20:1 g0l 7
10 ke 1:1 1:1 1:1 3]
20 ke 1:20 1:20 1:20 . 3:20
30 ke , 1:50 1:50
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